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Figure 10
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ENHANCED PROTEIN PURIFICATION
THROUGH A MODIFIED PROTEIN A

ELUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

‘This patent application is submitted under 35 U.S.C. §371
as a U.S. national stage application of International Patent
Application No. PC'T/US2010/047448,filed on Sep. 1, 2010
which claims priority to U.S. Provisional Patent Application
No. 61/238,867, filed Sep. 1, 2009 and ULS. Provisional
Patent Application No, 61/253,438 filed Oct. 20, 2009, the
disclosure of each of which are incorporated herein by
reference in their entirety.

FIELD OF THE INVENTION

‘The field ofthis invention relates generally to methods for
purifying a polypeptide comprising a C,,2/C,,3 region, com-
prising binding the polypeptide to Protein A andeluting with
a pHgradient.

BACKGROUND OF THE INVENTION

The large-scale, economic purification of proteins is
increasingly an important problem for the biotechnology
industry. Generally, proteins are produced by cell culture,
using either mammalian or bacterial cell lines engineered to
produce the proteinofinterest by insertion ofa recombinant
plasmid containing the gene for that protein. Since the cell
lines used are living organisms. they must be fed with a
complex growth medium, containing sugars, amino acids,
and growth lactors, usually supplied from preparations of
animal serum, Separation of the desired protein from the
nuxture of compounds fed to the cells and from the by-
products of the cells themselves to a purity suflicient for use
as a human therapeutic poses a formidable challenge.

Procedures for purification of proteins from cell debris
initially depend on the site of expression of the protein.
Someproteins can be caused to be secreted directly from the
cell into the surrounding growth media: others are made
intracellularly. For the latter proteins, the first step ofa
purification process involves lysis of the cell, which can be
done by a variety of methods, including mechanical shear,
osmotic shock. or enzymatic treatments, Such disruption
releases the entire contents ofthe cel] into the homogenate,
and in addition produces subcellular fragments that are
difficult to remove due to their small size. These are gener-
ally removed by differential centrifugation or by filtration. 5
The same problemarises, although on a smaller scale, with
directly secreted proteins due to the natural death ofcells
and release of intracellular host cell proteins in the course of
the protein production run.

Once a clarified solution containing the protein ofinterest
has been obtained. its separation from the other proteins
produced by the cell is usually attempted using a combina-
tion of different chromatography techniques. Affinity chro-
matography, which exploits a specific interaction between
the protein to be purified and an immobilized capture agent,
is commonly used for some proteins (e.g., proteins for use
as a human therapeutic). Protein A is a useful adsorbent for
aflinity chromatography of proteins, such as antibodies.
which contain an Pe region. Protein A is a 41 kD cell wall
protein from Staphylococcus areas which binds with a high
allinity (about 10-" M to human IgG) to the Fe region of
antibodies. However, since proteins tend to aggregate or
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become misfolded, the desired protein (i.c.. monomer) is
often co-purified with other impurities from these aflinity
columns, such as protein aggregates, by-products ofthe cells
themselves (i.e,. host cell impurities), or virus filter foulant,

Other techniques have been developed to further separate
these impurities and mixtures ofproteins on the basis oftheir
charge, degree of hydrophobicity. or size, such as ton
exchange chromatography, hydrophobic interaction chroma-
tography. or size exclusion chromatography. Several difler-
ent chromatographyresins or sorbents are available for each
ofthese techniques, allowing accurate tailoring of the puri-
fication scheme {o the particular protein involved. The
essence of each ofthese separation methods is that proteins
can be caused either to move at different rates down a long
solid phase (e.g,. column), achieving a physical separation
thal increases as they pass further down the solid phase. or
to adhere selectively to the separation medium, being then
differentially eluted by different solvents. However. eachof
these methods requires additional bullers. resins or sorbents,
and other resources for further purification, and this in turn
results in longer processing lime and higher cost. Thus, more
efhcient and economical methods for purifying protein
monomers are needed.

Methods of purifying polypeptides from aggregates, mul-
5 timers, and modified proteins using a protein A column and

eluting with a pH gradient elution system was described in
U.S. patent application Ser. No. 12/008,160.

All publications, patents, and patent applications cited
herein are hereby incorporated by reference herein in their
entirety for all purposes to the same extent as if each
individual publication, patent, and patent application were
specifically and individually indicated to be so incorporated
by reference,

BRIEF SUMMARY OP THE INVENTION

The present invention provides methods for purifying a
polypeptide comprising a C,,2/C,,3 region by binding the
polypeptide to Protein A and eluting with a pH gradient
starting at a lowpl. These purification methods provide the
advantages of achieving a better sequential separation of
polypeptides or non-aggregates from various impurities,
including host cell impurities, virus filter foulants, virus or
virus-like particles, basic polypeptide variants. and polypep-
tide aggregates, and also a higher purity of the desirable
polypeptide monomers in the purified fraction/pool. These
methods can be achieved using various Protein A chroma-
tography resins and chromatography sorbents. These meth-
ods can also be used at manufacturing scale and commercial
process, and can facililate the ulilizalion ofalternative
downstream purification technologies other than column
chromatography.

In one aspect, the invention provides a method for puri-
fying a polypeptide comprising a C,,2/C,,3 region, compris-
ing binding the polypeptide to Protein A and eluting with a
pHi gradient starting at or below 5.0.

In another aspect, the invention provides a method lor
purifying a polypeptide comprising a C,,2/C,,3 region, com-
prising the steps of: (a) binding the polypeptide to Protein A;
and (b) eluting the polypeptide with a pHgradient starting
at or below 5.0 using an elution buffer, wherein the elution
bulfer contains a high pli butler and a low pH buffer and
wherein the pH gradientis formed by adjusting a percentage
of each pil butler in the elution buffer.

In some embodiments, the pH gradient starts at about pH
4.2. In other embodiments. the pli gradient starts at about
pH 4.3. In some embodiments, the pH gradient starts at
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about 4.6. In some embodiments, the pH gradient endsat or
above 3.0. In some embodiments, the pl] gradient ends at
about 3.7.

In some embodiments, the high pH buffer is at about pH
5.0 and wherein the low pH buller is at about pH 2.7.

In some embodiments, the percentage of low pH bulfer
starts at about 35%. In some embodiments, the elution buffer

containing the low pH buffer at about 35%comprises about
16.25 mM acetate and about 8.75 mM formate. In other

embodiments, the percentage of lowpHbutler starts at about
25%. In some embodiments, the elution buffer containing
the low pH buffer the at about 25%comprises about 18.75
mM acetate and about 6.25 mM formate. In some embodi-

ments, the percentage of low pH bufferstarts at about 40%,
In some embodiments, the elution bulfer containing the low
pHbuffer at about 40% comprises about 15 mM acetate and
about 10 mM formate.

In some embodiments. the polypeptide is loaded with a
loading density starting at about 14 9/L. In some embodi-
ments, the polypeptide is loaded with a loading density
ranging from about 14 g/L. to about 45 g/L.

Insome embodiments, the Protein A is a Protein A column

chromatography resin or a Protein A chromatography sor-
bent. In some embodiments, the Protein A chromatography
sorbent is a membrane or a monolith,

Jn some embodiments, the Protein A is a Protein.A column

chromatography resin and wherein the polypeptide has an
elution flowrate ranging from about 5 column volume/hour
to about 25 column volume/hour.

In some embodiments, the Protein A isa ProteinAcolumn

chromatography resin and wherein a purified fraction of the
polypeptide contains about or fewer than about 12 Protein A
column volumes,

In some embodiments, a host cell impurity is separated
from the polypeptide. In some embodiments, the host cell
impurity is Chinese Hamster Ovary Protein (CHOP).

In some embodiments, an aggregate is separated fromthe
polypeptide. In other embodiments, a virus filter foulantis
separated from the polypeptide,

In some embodiments, a virus particle or a virus-like
particle is separated from the polypeptide. In other embodi-
ments, a basic polypeptide variant is separated from the
polypeptide.

In some embodiments, the C,,2/C,,3 region comprises a
Pe region of an immunoglobulin,

In some embodiments, the polypeptide is an antibody. In
some embodiments, the antibody is a monoclonal antibody,
a polyclonal antibody, a multi-specilic antibody. or an anti-
body fragment,

In other embodiments, the polypeptide is an immunoad-
hesion.

In some embodiments, the polypeptide has a purity of at
least about 98% monomer. In other embodiments, the poly-
peptide has a purity of at least about 99% monomer.

In some embodiments, the ratio ofa host cell impurity to
the purified polypeptide is at least about 75%lower. about
80% lower, about 85% lower, about 90% lower, about 95%
lower, about 96% lower. about 97% lower. about 98% lower,

or about 99%lower than the ratio in unpurified polypeptide.
In some embodiments, a ratio ofa host cell impurity to the

purified polypeptide is at least about 20% lower than the
ratio in a polypeptide purified by a step elution method,
wherein the step elution method comprises binding the
polypeptide to Protein A and eluting with a pl starting at or
below 3.6. [n some embodiments. a ratio of a host cell

impurity to the purified polypeptide is at least about 60%
lower than the ratio in a polypeptide purified by a step
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elution method, wherein the step elution method comprises
binding the polypeptide to Protein A and eluting with a pll
slarling at or below 3.6.

In some embodiments, the purified polypeptide has virus
parucle or virus-like particle count less than about 15000
particles/ml. In some embodiments,the purified polypeptide
has virus particle or virus-like particle count less than about
12500 particles/ml, less than about 10000particles/ml, less
than about 7500 particles/ml, less than about 5000 particles/
mil, less than about 2500 particles/ml, less than about 1500
particles/ml, less than about 1000 particles/m|. less than
about 750 particles/ml, less than about 500 particles/mil, less
than about 250 particles/ml, less than about 100 particles/ml,
or less than about 50 particles/ml. In some embodiments, the
virus-like particle is a retrovinis-like particle.

In some embodiments, the purified polypeptide has viral
clearance of a virus or a vinus-like particle at least about 4
LRV(log 10 reduction ofvirus). In some embodiments, the
purified polypeptide has viral clearance of a virus or a
virus-like particle ranging tromabout 4 LRVto about 8 LRV,
In some emibodiments, the purified polypeptide has viral
clearance of a virus or a virus-like particle ranging from
about 4 LRVto about 7 LRV. In some embodiments, the

purified polypeptide has viral clearance of a virus or a
virus-like particle at about 5 LRV, about 6 LRV. about 7
LRY, or about 8 LRV. In some embodiments. the virus-like

particle is a retrovirus-like particle.
In some embodiments, the purified polypeptideis a poly-

peptide monomer.
In some embodiments, the Protein A is a modified or a

hon-modified Protein A ligand.
In some embodiments. the purification is a manufacturing

scale process,
In some embodiments ofany of the aspects of the inven-

tion, the purification method further comprises subjecting
the polypeptide to a virus filtration step or an ion exchange
chromatography step. In some embodiments, the ion
exchange chromatography step runs afler the purification
slep.

In some embodiments ofany of the aspects ofthe inven-
tion. the purification method does not comprise a further
purification step to remove an aggregate.

In some embodiments ofany ofthe aspects ofthe inven-
lion, the purification method does not comprise a further
purification step to remove a virus filter foulant.

In some embodiments of any of the aspects ofthe inven-
lion, the purification method does not comprise a further
purification step to remove a basic polypeptide variant. In
some embodiments of any of the aspects ofthe invention,
the purification method does not comprise a further purifi-
cation step to remove an acidic polypeptide variant.

In another aspect, the invention provides a polypeptide
product purified by the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the pHstep-gradient chromatogram: x-axis
is in ml. from start of the Protein A run, and y-axis is
absorbance (mAU). The distinctive shape ofthe step-gradi-
ent elution in the LIV 280 trace is also shown—large peak is
al the start ofthe elution and is then decreased to a stable

height and tapers off at the lower pIls.
FIG. 2 shows the SEC(Size Exclusion Chromatography)

results by fraction of anti-VEGI antibody #1. X-axis is
retention time on SEC column (min), Y-axis is normalized
UVabsorbance (mAU), As fraction number increased (i.e..
pH decreases as the gradient elution progresses), theHMWS
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(High Molecular Weight Species) and dimer peaks (reten-
tion times of around 12.5 minutes and 13,5 minutes respec-
tively) also increased while the monomer peak decreases
(retention time of 16 minutes), The results from these curves

were quantified by integration ofall peaks (e.g., HMWS,
dimer, and monomer), comparing the separate relative peak
areas as percents (¢.g,. total area was set to 100%, a sample's
SEC integration profile could give percents. such as “31%
HMWS, 36% dimer, and 33% monomer’).

FIG. 3 shows the SEC integration result graph for anti-
VEGF antibody #1. This graph shows that the monomer
levels were highfor the first nine elution fractions with four
fractions at 100%, and the dimer and HIMWSlevels peaked
later in the elution. These assay results demonstrate that the
pl step-gradient separates aggregates from the monomer of
anti-VEGEantibody #1.

FIG, 4A shows the SECintegration profile for multiple
protein molecules (anti-CD20 antibody, anti-VEGF anti-
body #2, anti-MUC16, and anti-CD4 antibody). The pH
step-gradient successfully separated the monomers from
aggregates in anti-CID20 antibody, anti-VEGF antibody #2.
anli-MUC16, and anti-CD4 antibody,

FIG, 4B shows the SEC integration profile for an agly-
cosylated one-armed anti-Met antibody produced by a bac-
terial (. coli) host cell fermentation. The pH step-gradient
successfully separated monomers from aggregates in the
aglycosylated one-armed anti-Met antibody.

PIG, 5 shows a side-by-side comparison between an
anli-CD20 antibody standard step elution (control; eluting
proteins at pHat or below3.6 without the pH gradient) and
pl step-gradient elution. The anti-CD20 antibody and
CHOPelution graph on the leli panel shows the CHOP
levels per fraction in ppm (parts per million: unit used for
standardizing measurement of impurities to amount of prod-
uct). The anti-CD20 antibody and aggregate elution graph
on the right panel shows the SECpeak integration values per
fraction through the gradient elution. ‘The vertical lines in
both the left and right panels represent the mock pooling of
the contained fractions that would generate a pH gradient
elution pool with the characteristics shownin the table at the
bottom ofthe slide.

FIG, 6 shows the CHOP separation for an anti-VEGF
antibody #1. The CHOPlevels per fraction are expressed in
ppm or ng/mL.

FIG, 7 shows the CHOPseparation for an anti-MUC16
antibody. The CHOP levels per fraction are expressed in
ppm or ng/mL,

FIG, 8 is a MABSELECT™, MABSELECT SURE™,
PROSEP® Va. PROSEP®Ultra Plus, and POROS®: MAB- :

CAPTURE™A Protein A resin chromatogram overlay.
FIG. 9 is a Pareto Plot showing that Start % B (thestarting

pH and the slope of the elulion gradient) is the most
influential parameter in determining aggregate separation
efficiency, followed by load density and residence time.

FIG. 10 is an interaction profile for parameters of start %
B, load density and start % B, total elution length, and
residence time.

PIG, 11 is an exemplary manufacturing run for the pH
step-gradient elution.

FIG, 12 shows the results of downstream ion exchange
membrane study using two sizes of cation exchange mem-
brane and three sizes ofanion exchange membrane. The coin
and nano units are both representative of manufacturing tn
the number of membrane layers. while theACRODISC®
units have a reduced number oflayers, but are the typical
bench scale models used.

3

20

ey wa

FT]vr

40

45

LA Ae

Gf

63

6

FIG. 13 shows the SEC integration result comparison
between a 4.1 L column (Pilot seale) and a 28 mL bench
scale column min.

FIG. 14 isa VIRESOLVE®Pro permeability decay graph
of anti-VEGF antibody #1 comparing the Protein A pH
slep-gradient versus the Protein A standard step in terms of
facilitating a greater mass throughput over the VIRE-
SOLVE® Pro parvovirus filter. There was about a six-lold
increase in mass throughput over the VIRESOLVE:® Pro
using the protein A pil step-gradient.

FIG. 15 is a Protein A full pH gradient elution chromato-
gram showing the actual ARTA UNICORN™chromatog-
raphy software traces for the full pH gradient at a load
density of 21 g/L. The initial tall UV 250 spike at the start
ofthe vradient is missing. indicating that the pHat the start
of the elution is higher than what ts required to elute
products from the Protein A column.

FIG. 16 is a pH 5,0-2.7 pH gradient trial (0-100% B)
AKTA chromatogram, indicating that an anti-VEGF anti-
body#1 elutes as a discrete peakin the range of pH 4.6-3.6.

FIG. 17 is an ion exchange variant assay peak integration
across Protein A pH step-gradient elution fractions. indicat-
ing the separation of basic polypeptide variant in the tail
portion of the step-gradient elution.

FIG. 18 is RVLP (Retrovirus-like Particle) particle counts
from QPCR (Quantitative Polymerase Chain Reaction)
analysis per fraction graphed against anti-VEGFantibody #1
product elution. The majority of the RVLPseluted late in the
gradient where little product elution occurred.

FIG. 19 is LRV (log 10 reduction of virus) for each
fraction in the Protein A pH step-gradient elution ofanti-
VEGFantibody #1,

PIG. 20 shows cumulative LRVs for mock pools of the
fraction, showing that higher LRVs can be achieved in the
Protein A pool if later fractions are omitted,

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides methods for purifying 4
polypeptide comprising a C,,2/C,,3 region by binding the
polypeptide to Protein A and eluting with a pH gradient
starting at a low pH. The inventors have made the striking
discovery that eluting polypeptides comprising a C,,2/C,,3
region from Protein A with a pH gradient at a low pH can
provide a better sequential separation of polypeptides from
Various impurities, including hostcell impurities, virus filter
foulants. virus or virus-like particles, basic polypeptide
variants, and/or polypeptide aggregates, and also achieve a
higher purity or percentage of the desirable polypeptide
monomers in the purified fraction/pool. Thus, the invention
has significant advantages. ‘The inventors have also discov-
ered that these methods can be achieved using various
Protein A chromatography resins and chromatography sor-
bents and that these methods can be used at manufacturing
scale and commercial process and can facilitate the utiliza-
tion of alternative downstream purification technologies
other than column chromatography (e.g., membrane adsorb-
ers).

Accordingly. in one aspect ofthe invention, provided is a
method for purifying a polypeptide comprising a C,,2/C,,3
region, comprising binding the polypeptide to Protein A and
eluting with a pH gradient starting at or below 5.0.

In another aspect ofthe invention. provided is a method
for purifying a polypeptide comprising a C,,2/C,,3 region.
comprising the steps of (a) binding the polypeptide to
Protein A; and (b) eluting the polypeptide with a pHgradient
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starting al or below 5.0 using an elutien bufler. wherein the
elution buffer contains a high pil buffer and a low pHbuffer
and wherein the pH gradient is formed by adjusting a
percentage of each pH buffer in the elution buffer.

In yet another aspect of the invention, provided is a
polypeptide purified by the methods described herein,

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of molecular
biology (including recombinant techniques), microbiology,
cell biology, biochemistry and immunology, which are
within the skill of the art. Such techniques are explained
fully in the literature, such as, Molecular Cloning: A Labo-
ratory Manual, second edition (Sambrook et al., 1989) Cold
Spring Harbor Press: Oligonucleotide Synthesis (M.J. Gait,
ed., 1984); Methods in Molecular Biology, Humana Press:
Cell Biology: A Laboratory Notebook (J. E. Cellis, ed.,
1998) Academic Press: Animal Cell Culture (R. 1. Preshney,
ed., 1987); Introduction to Cell and Tissue Culture (J. P.
Mather and P. E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A. Doyle, J. B.
Griffiths, and D. G. Newell, eds., 1993-]998) J. Wiley and
Sons; Methods in Enzymology (Academic Press, Lne.):
Handbook of Experimental Immunology (D. M. Weir and C.
C. Blackwell, eds.); Gene ‘Transfer Vectors for Mammalian
Cells (J. M. Miller and M. P. Calos, eds.. 1987); Current
Protocols in Molecular Biology (Ff. M. Ausubel et al., eds.,
1987); PCR: The Polymerase Chain Reaction, (Mullis et al.
eds., 1994); Current Protocols in Immunology (J, EF. Coligan
et al., eds., 1991); Short Protocols in Molecular Biology
(Wiley and Sons, 1999); Immunobiology (C. A. Janeway
and P. Travers, 1997); Antibodies (P. Finch, 1997); Antibad-
ies: a practical approach (D. Catty., ed., IRL Press, 1988-
1989); Monoclonal antibodies: a practical approach (P.
Shepherd and C. Dean, eds., Oxford University Press,
2000); Using antibodies: a laboratory manual (E. Harlow
and D. Lane (Cold Spring Harbor Laboratory Press, 1999);
The Antibodies (M. Zanetti and J. D. Capra, eds., Harwood
Academic Publishers, 1995).

DEFINITIONS

It is understood that the polypeptide ofinterest herein is
one which comprises a C,,2/C,,3 region and therefore is
amenable to purification by Protein A. The term “C,,2/C,,3
region” when used herein refers to those aminoacid residues
in the Fe region of an immunoglobulin molecule which
interact with Protem A. In some embodiments, the C,,2/C,,3
region comprises an intact C,,2 region followed by an intaci
C,,3 region, and most preferably comprises a Fe region ofan
immunoglobulin. Examples of C,,2/C,,3 region-containing
proteins include antibodies, immunoadhesins and fusion
proteins comprising # protein ofinterest fised to, or conju-
gated with, a C,,2/C,,3 region.

The terms “polypeptide” and “protein” are used inter-
changeably herein to refer to polymers ofamino acids ofany
length. The polymer may be linear or branched, it may
comprise modified amino acids, and it may be interrupted by
non-amino acids. The terms also encompass an amino acid
polymer that has been modified naturally or by intervention;
for example, disulfide bond formation, glycosylation, lipi-
dation. acetylation, phosphorylation. or any other manipu-
lation or modification, such as conjugation with a labeling
component. Also included within the definition are, for
example, polypeptides containing one or more analogs ofan
anuno acid (including. for example. unnatural aminoacids,
ete.), as well as other modifications known in the art.
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As used herein, the term “purified polypeptide”or “puri-
fied protein”is an eluted product fromthe Protein A aflinity
chromatography using the pH gradient methods as described
herein. Purified polypeptides/proteins preferably contain
mostly polypeptide monomers.

As used herein, the term “unpurified polypeptide,” “unpu-
rified protein,” or “protein load” is a polypeptide or protein
in the loading material or starting material prior to the
Protein A affinity chromatography purification step.

As used herein, the term “impurity” or “impurities” 1s a
material that is different from the desired polypeptide mono-
mer product. The impurities include, but are not limited to,
a polypeptide variant (e.g., acidic or basic polypeptide
variant), polypeptide fragment, aggregate or derivative of
the desired polypeptide monomer, another polypeptide.
lipid, nucleic acid, endotoxin, host cell impurity, or virus
filter foulant.

As used herein. the term “monomer(s)”refers to a single
unit of a polypepide comprising a C,,2/C,,3 region. For
example. in the case ofan antibody, a monomer consists of
two heavy chains and two light chains; in the case of a
one-armed antibody, a monomer consists of one heavy chain
and one light chain.

As used herein, the term “basic polypeptide variant” or
“basic variant” refers to a variant ofa polypeptide of interest
whichis more basic (e.g. as determined by cation exchange
chromatography) than the polypeptide of interest.

As used herein, the term “acidic polypeptide variant” or
‘acidic variant”refers to a variant ofa polypeptide ofinterest
which is more acidic (e.g., as determined by cation exchange
chromatorgraphy) than the polypeptide ofinterest.

As used herein, the term “aggregate(s)” refers to any
multimers of a polypeptide or a polypeptide fragment com-
prising a C,,2/C,,3 region. For example, an aggregate can be
a dimer, trimer, tetramer, or a multimer greater than a
tetramer, ete.

As used herein, the term “host cell impurity” refers to any
proteinaceous contaminant or by-product introduced by the
host cell line, cell cultured fluid, or cell culture. Examples
include, but are not limited to, Chinese Hamster Ovary
Protein (CHOP), £. coli. Protein, yeast protein, simian COS
protein, or myeloma cell protein (e.g., NSO protein (mouse
plastocytoma cells derived from a BALB/c mouse)).

As used herein, the term “virus filter foulant”refers to any
large molecular weight particle or high molecular weight
species (HIMWS) with a hydrodynamic diameter similar to
or greater than the pore size distribution of the parvovirus
filter. Virus filter foulants include, but are not limited to,
soluble high molecular weight polypeptide aggregates, and
soluble and/or insoluble aggregates of host cell impurities
(e.g., CHOP).

A“host cell” includes an individual cell or cell culture that

can be or has been a recipient for vector(s) for incorporation
ofpolynucleotide inserts to produce polypeptides.Host cells
include progeny of a single host cell, and the progeny may
not necessarily be completely identical (in morphology or in
genomic DNA complement) to the original parent cell due to
natural, accidental, or deliberate mutation.

The “solid phase,” as used herein, refers to a non-aqueous
matrix to which the Protein A can adhere.

A*“bulfer” is a buffered solution that resists changes in pH
by the action of its acid-base conjugate components. Various
bullers which can be employed depending, for example, on
the desired pHofthe butler are described in Buffers. A Guide
for the Preparation and Use afBuffers in Biological Sys-
tems, Guellroy, D., Ed. Calbiochem Corporation (1975).
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The “equilibration buffer” herein is that used to prepare
the solid phase (with immobilized Protein A) lor loading the
protein of interest,

‘The “wash buffer” is used herein to refer to the buffer that

is passed over the solid phase (with immobilized Protein A)
following loading and prior to elution of the protein of
interest.

The term “antibody” is used in the broadest sense and
specifically covers monoclonal antibodies (including, full
length monoclonal antibodies), polyclonal antibodies, mul-
tispecifie antibodies (e.2., bispecific antibodies), and anti-
body fragments so long as they retain, or are modified to
comprise, a C,,2/C,,3 region as herein defined.

“Antibody fragments” comprise a portion ofa full length
antibody, generally the antigen binding or vanable region
thereof, Examples of antibody fragments include Fab, Fab’,
F(ab'),, and Fy fragments; single-chain antibody molecules;
diabodies: linear antibodies: and mullispecific antibodies
formed from antibody fragments. As used herein, the ant-
body fragment comprises a C,,2/C,,3 region.

The term “monoclonal antibody” as used herein refers to
an antibody obtained from a population of substantially
homogeneous antibodies, ie., the individual antibodies
comprising, the population are identical except tor possible
naturally occurring mutations that may be present in minor
amounts, Monoclonal antibodies are highly specific, being
directed against a single antigenic site, Furthermore. in
contrast to conventional (polyclonal) antibody preparations
which typically include different antibodies directed against
different determinants (epitopes), each monoclonal antibody
is directed against a single determinant on the antigen. The
modifier “monoclonal” indicates the character of the anti-

body as being obtained [rom a substantially homogeneous
population of antibodies, and is not to be constnied as
requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used
in accordance withthe present invention maybe made by the
hybridoma method first described by Kohler et al, Nature
256:495 (1975), or may be made by recombinant DNA
methods (see, e.g., U.S. Pat. No. 4,816,567). The “mono-
clonal antibodies” may also be isolated from phage antibody
libraries using the techniques described in Clacksonetal.,
Native 352:624-628 (1991) and Marks et al..J. Mol. Biol,
222:581-597 (1991), for example.

The monoclonal antibodies herein specifically include
“chimeric”antibodies (immunoglobulins) in whicha portion
of the heavyand/or light chain is identical with or homolo-
gous lo corresponding sequences in antibodies derived [rom
a particular species or belonging to a particular antibody
class or subelass, while the remainder of the chain(s) ts

identical with or homologous to corresponding sequences in
antibodies derived from another species or belonging to
another antibody class or subclass, as well as lragments of
such antibodies, so Jong as they exhibit the desired biologi-
cal activity (U.S. Pat. No. 4,816,567: and Morrison et al.. 5
Proe, Natl. Acad. Sci. USA 81:6851-6855 (1984)).

The term “hypervariable region” when used herein refers
to the amino acid residues ofan antibody whichare respon-
sible for antigen-binding. The hypervariable region com-
prises amino acid residues from a “complementarity deter-
mining region” or “CDR”(i.e, residues 24-34 (L.1), 50-56
(L2) and 89-97 (1.3) in the light chain variable domain and
31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy chain
variable domain; Kabat et al., Sequences of Proteins of
Jnmunological Interest, 5 th Ed. Public Health Service.
National Institutes of Health, Bethesda, Md. (1991)) and/or
those residues from a “hypervariable loop” (i.e. residues
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26-32 (L.1). 50-52 (L2) and 91-96 (L3) in the light chain
variable domain and 26-32 (P11), 53-55 (112) and 96-101

(H3) in the heavy chain variable domain; Chothia and Tesk
J. Mol. Biol. 196:901-917 (1987)). “Framework” or “ER”
residues are those variable domain residues other than the

hypervariable region residues as herein defined,
“Humanized” forms of non-human (e.g., murine) anti-

bodies are chimeric antibodies which contain minimal

sequence derived from non-human immunoglobulin. Por the
most part, humanized antibodies are human immunoglobu-
lins (recipient antibody) in which hypervariable regionresi-
dues of the recipient are replaced by hypervariable region
residues from a non-human species (donor antibody) such as
mouse, rat, rabbit or nonhuman primate having the desired
specificity, affinity, and capaciry. Iu some instances, Fv
framework region (IR) residues of the human immuno-
globulin are replaced by corresponding non-humanresidues,
Furthermore. humanized antibodies may comprise residues
which are not found in the recipient antibody or in the donor
antibody. These modifications are made to further refine
antibody performance. In general, the humanized antibody
will comprise substantially all of at least one, and typically
two, variable domains, in Whichall or substantially all of the

> hypervariable loops correspond to those of a non-human
immunoglobulin and all or substantially all of the FR
regions are those ofa human immunoglobulin sequence. The
humanized antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fe), typi-
cally that of a human immunoglobulin. Por further details,
see Jones et al., Nature 321:522-525 (1986); Riechmannet
al., Natire 332:323-329 (1988); and Presta, Curr. Op. Struct.
Biol, 2:593-596 (1992).

As used herein, the term “immunoadhesin” designates
antibody-like molecules which combine the “binding
domain” ofa heterologous “adhesin” protein (e.g. a receptor,
ligand or enzyme) with the effector functions of an immu-
noglobulin constant domain, Structurally, the immunoad-
hesins comprise a fusion of the adhesin aminoacid sequence
with the desired binding specificity which is other than the
antigen recognition and binding sile (antigen combining
site) of an antibody (i.e. is “heterologous”) and an immu-
noglobulin constant domain sequence, ‘The immunoglobulin
constant domain sequence in the immunoadhesin is preler-
ably derived from y1. 72. or y4 heavy chains since immu-
noadhesins comprising these regions can be purified by
Protein A chromatography (Lindmark et al... Jarmunol.
Meth, 62:1-13 (1983)),

The term “ligand binding domain”as used herein refers to
any native cell-surface receptor or any region or derivative
thereofretaining at least a qualitative ligand binding ofa
corresponding native receptor. In a specific embodiment, the
receptor is [roma cell-surface polypeptide having an extra-
cellular domain which is homologous to a member ofthe
immunoglobulin supergenefamily. Other receptors, which
are not members of the immunoglobulin supergenefamily
bul are nonetheless specifically covered by this definition,
are receptors for cytokines, and in particular receptors with
tyrosine kinase activity (receptor tyrosine kinases), members
of the hematopoietin and nerve growth factor receptor
superlamilies, and cell adhesion molecules, e.g. (E-. L- and
P-) selectins.

The term “receptor binding domain” is used to designate
any native ligand for a receptor, including cell adhesion
molecules. or any region or derivative of such native ligand
retaining at least a qualitative receptor binding ability ofa
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corresponding native ligand. This definition, among others.
specilically includes binding sequences from ligandsfor the
above-mentioned receptors.

An “anttbody-1mmunoadhesin chimera” comprises a mol-
ecule which combines at least one binding domain of an
antibody (as herein defined) with at least one immunoad-
hesin (as defined in this application), Exemplary antibody-
immunoadhesin chimeras are the bispecifie CD4-leG chi-
meras described in Berg et al., PNAS (USA) 88:4723-4727
(1991) and Chamowet al., J. Jmol. 153:4268 (1994),

For use herein, unless clearly indicated otherwise, use of
the terms “a”, “tan,” and the like refers to one or more.

Reference to “about” a value or parameter herein includes
(and describes) embodiments that are directed to that value
or parameter per se. For example. description relerring to
“about X” includes description of “X.” Numeric ranges are
inclusive of the numbers defining the range.

It is understood that wherever embodiments are described

herein with the language “comprising.” otherwise analogous
embodiments described in terms of “consisting of” and/or
“consisting essentially of” are also provided.
Purification of Polypeptides

The process herein involves purifying a C,,2/C,,3 region-
containing polypeptide from one or more impurities by
Protein A allinity chromaiography using a pH gradient
starting at a low pH, In one aspect, polypeptide comprising
a C,,2/C,3 region can be purified by a method comprising
binding the polypeptide to Protein A and eluting with a pH
gradient starting at or below 5,0.

In another aspect, polypeptide comprising a C,,2/C,,3
region cari also be purified by a method comprising the steps
of (a) binding the polypeptide to Protein A; and (b) eluting
the polypeptide with a pHgradientstarting at or below 5.0
using an elution buffer, wherein the elution buller contains
a high pH buffer and a low pHbuffer and wherein the pH
gradient is formed by adjusting a percentage of each pH
buffer in the elution butter,

Protein A can be a modified or a non-modified Protein A

ligand, As used herein, “Protein A ligand” encompasses
native Protein A, Protein A produced synthetically (e.g. by
peptide synthesis or by recombinant techniques), and. vari-
ants thereof whichretain the ability to bind proteins which
have a C,,2/C,,3 region. A modified Protein A ligand can be
chemically engineered to be stable in high pl] solutions for
short amounts of time (e.g.. MABSELECT SURE™ (GE
Healthcare (Piscataway, NJ.)), POROS® MABCAP-
TURE™ A (Applied Biosystems (Foster City, Calif.)). The
term “non-modilied Protein A ligand.” as used herein,
encompasses Protein A ligand that is similar to Protein A
recovered from a native source. Non-modified Protein A

ligand, for example, MABSELECT™, PROSEP™ Va,
PROSEP™Ultra Plus, can be purchased commercially from
GE Healthcare (Piscataway, N.J.) or Millipore (Billerica,
Mass.).

The Protein A can be immobilized on a solid phase. The
solid phase may be a purification column, a discontinuous
phase or discrete particles, a membrane,or filter. Examples
of materials for forming the solid phase include polysac-
charides (such as agarose and cellulose) and other mechani-
cally stable matrices such as silica (e.g.. controlled pore
glass),  poly(styrenedivinyl)benzene.—polyacrylamide.
ceramic particles, and derivatives of any ofthe above.

Protein A immobilized on a solid phase is used to purify
the C,2/C,3 region-contatning polypeptides. In some
embodiments, the solid phase is a Protein A column resin
comprising a glass bead-based resin, silica-based resin, or
agarose-based resin for immobilizing the Protein A. Por
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example. the solid phase is a controlled pore glass column
or a silicic acid column. Sometimes, the column has been

coated with a reagent, such as glycerol. in an attempt to
prevent nonspecific adherence to the column. The
PROSEP™ A column is an example of a Protein A con-
trolled pore glass column which is coated with glycerol. In
other embodiments, the solid phase is a Protein A chroma-
tography sorbent for immobilizing the Protein A. Protein A
chromatography sorbents include, but are not limited to,
membranes (e.g. Sartorius (Goettingen, Germany), SAR-
TOBIND™ Protein A membrane) or monoliths (e.g., BLA
Separations (Villach, Austria), CIM® Protein A HLD mono-
liths),

The solid phase for the Protein A chromatography can be
equilibrated with an equilibration buffer, and the unpurified
polypeptides comprising various impurities (e.g.. harvested
cell culture fuid) can then be loaded onto the equilibrated
solid phase. The polypeptide can be loaded with a loading
buller. Conveniently. the equilibration buller for equilibrat-
ing the solid phase can be the same as the loading buffer, but
this is nol required. As the polypeptides flow through the
solid phase, the polypeptides and various impurities are
adsorbed to the immobilized protein A, The wash bullers can
be used to remove some impurities, such as host cell
impurities, but not polypeptides ofinterest.

The equilibration bulfer is preferably isotonic and com-
monly has a pIT in the range from about 6 to about 8. For
example, an equilibration buffer can have 25 mM ‘Tris, 25
mM NaCl, 5 mM EDTA, and pH 7.1.

The “loading buffer”refers to a buffer that is used to load
the mixture of the C,,2/C,,3 region-containing protein and
contaminants Onto the solid phase ta which the Protein A is
immobilized. Often, the equilibration and loading buffers are
the same.

The wash buffer may serve to elute cell line impurity or
other various impurities. The conductivity and/or pH of the
wash buller is/are such that the impurities are eluted from
the Protein A chromatography, but not any significant
amounts ofthe polypeptide ofinterest.

The polypeptide bound to Protein A can be eluted with a
pHgradient using a single elution buffer or a combinationof
elution buffers.

The “elution buffer” is used to elute the C,,2/C,,3 region-
containing polypeptide from the immobilized Protein A. As
used herein, the elution buffer contains a high pHbuffer and
a low pH bulfer and thereby forms a pli gradient by
adjusting a percentage of the high pH buffer and the low pF
buller in the elution bufler. In some embodiments, the

elution bulfer has a pH in the range from about 3 to about
5. The pH values as used herein are measured without the
presence of polypeptides. Examples of pH buffers that
control the pH within this range include, but are not limited
to, phosphate, acetate, citrate, formic acid, and ammonium
bullers, as well as combinations of these. The preferred such
bulfers are acetate, and formic acid buffers.

In some embodiments, the pHgradient starts at about 5,0,
In some embodiments, the pl! gradient starts at below 5.0.
In some embodiment, the pH gradient starts ranging from
about 5.0 to about 4.0. In some embodiments, the pH
gradient starts at about 4.9, about 4.8, about 4.7, about 4.6,
about 4.5, about 4.4, about 4.3, about 4.2, about 4.1, or about

4.0. In some embodiments, the pH gradient starts at about
4.98, about 4.96. about 4.94, about 4.92, about 4.90, about
4.88, about 4.86. about 4.84. about 4.82. about 4.80, about
4.78, about 4.76, about 4.74. about 4.72, about 4.70. about
4.68. about 4.66, about 4.64, about 4.62, about 4.60, about
4.58, about 4.56, about 4.54, about 4.52, about 4.50, about
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about 4.46, about 4.44, about 4.42, about 4.40. about

4.38, about 4.36, about 4.34, about 4.32. about 4.30, about
4.28, about 4.24, about 4.22, about 4.20, about 4.18. about
4.16, about 4.14, about 4.12, about 4.10, about 4.08, about
4.06, about 4.04, or about 4.02,

In some embodiments, the pH gradient ends at about 3.0.
In some embodiments, the pH gradient ends at above 3.0. In
some embodiments. the pl] gradient ends ranging from
about 3.0 lo about 4.0. In some embodiments, the pH
gradient ends at about 3.1, about 3.2, about 3.3, about 3.4,
about 3.5, about 3.6, about 3.7, about 3.8, or about 3.9. In
some embodiments, the pH gradient ends at about 3.12,
about 3.14, about 3,16, about 3.18, about 3,20, about 3.22,
about 3,24, about 3.26, about 3,28, about 3,30, about 3,32,
about 3.34, about 3.36, about 3.38, about 3.40, about 3,42,
about 3.44, about 3.46, about 3,48, about 3.50, about 3.52,
about 3.54, about 3.56, about 3.58, about 3.60, about 3.61,
about 3.62, about 3.63, about 3.64, about 3.65, about 3.66,

about 3.67, about 3.68, about 3.69, about 3.70, about 3.71,
about 3.72, about 3.73, about 3.74, about 3.75, about 3.76,
about 3.77, about 3.78, about 3.79, about 3.80, about 3.82,
about 3.84, about 3.86, about 3.88, about 3.9, about 3.92,
about 3.94, about 3.96, or about 3.98.

In some embodiments, the pH gradient starts at about pH
4.2 and ends at about pH 3.7, In some embodiments, the pH
gradient starts at about pH 4.24 and ends at about pH 3,69.
For example. anti-VEGFantibodies, anti-CD20 antibodies,
anti-MUCI6 antibodies, anti-CD4 antibodies, and one

armed anti-Met antibodies can be purified using the pH
gradient starting at about pl] 4.24 and ends at about pil 3.69.

In other embodiments, the pH gradient starts at about pH
4.3 and ends at about pl] 3.7, In some embodiments, the pl
gradient (i.e., pH step-gradient) starts at about pH 4.34 and
ends at about pli 3.69. Por example, anti-VEGFantibodies,
anti-CD20 antibodies, anu-MUC16 antibodies, anti-CD4

antibodies, and one armed anti-Met antibodies can be puri-
fied using the pI! gradient starting at about pl 4.34 and ends
at about pl 3.69.

In some embodiments, the pH gradient starts at about pH
4.6 and ends at about pH 3.7. In some embodiments, the pH
gradient (i.e. pH full-gradient) starts at about pH] 4.58 and
ends at about pl! 3.69. For example, anti-VEGFantibodies,
anti-CD20 antibodies, anti-MUC16 antibodies, anti-CD4
antibodies, and one armed anti-Met antibodies can be puri-
fied using the pHgradient starting at about pl4.58 and ends
al about pli 3.69,

The elution buffer contains a high pH buffer and a lowpil
bulfer and the pl] gradientis formed by adjusting a percent-
age of each pH butler in the elution buffer. In some emboch-
ments, the high pH butler is at about pH 3.0 and the low pH
buffer is at about 2.7. For example, the high pH buffer can
be 25 mM acetate and pH 3.0, and the low pHbuffer can be
25 mM formic acid and pH 2.7.

Adjusting the starting percentage of the low pHbutler can
optimize and maximize the purity of the purified polypep-
ude, and also the sequential separation of the impurities,
including aggregates, cell line impurities. basic polypeptide
variant, virus particle. virus-like particle, and virus filter
foulants, from the polypeptide monomers. The percentage of
low pHbuffer in the elution buffer can start at about 25%,
about 30%, about 35%, about 40%, or about 45%.

In some embodiments, the percentage of low pHbutler in
the elution buffer can start at about 25%, In some embodi-

ments, the elution buller containing the low pH butler at
about 25% comprises about 19 mM acetate, about 6 mM
formate, and about 1140 buller conductivity at pi 4.5-4.6.
For example,the elution buffer containing the low pH buffer

4.48,
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at about 25%comprises 18.75 mM acetate. 6.25 mM for-
mate, 114) uS/em butler conductivity, at pli 4.58.

In some embodiments, the percentage of low pHbuffer in
the elution buffer can start at about 35%. In some embodi-

ments, the elntion buffer containing the low pH buffer at
about 35%comprises about 16 mM acetate, about 9 mM
formate, and about L040 buffer conductivity at pH 4.3-4.4.
For example, elution buffer containing the low pH butler at
about 35% comprises 16.25 mM acetate, 8.75 mM formate,
1039 uS/em bufler conductivity, at pl] 4.34.

In some embodiments, the percentage of low pHbuffer in
the elution buffer canstart at about 40%. In some embodi-

ments, the elution buffer containing the low pH bufler at
about 40%comprises about 15 mM acetate, about 10 mM
formate, and about 974 bufler conductivity at pH 4.2-4.3,
Por example. the elution builer containing the low pH buffer
at about 40% comprises 15 mM acetate, 10 mM formate,
974 uS/em buffer conductivity, at pH 4.24.

In some embodiments, the percentage of lowpI1 bulfer in
the elution buffer can end at about 60%, In some embodt-

ments, the elution buffer containing the low pHbuffer al
about 60% comprises about 10 mM acetate, about 15 mM
formate, and about 763 buller conductivity at pH 3.6-3.7.
For example, the low pH buffer at the end of the pH gradient
can be 10 mM acetate, 15 mM formate, 763 uS/embulfer

conductivity, al pH 3.69.
In some embodiments. the elution buller has a bulfer

conductivity ranging from about 1200 uS/em to about 500
uS/cm, In some embodiments, the elution bulfer has a buffer

conductivity ranging from about 1150 uS/em to about 700
uS/em, In some embodiments, the elution buffer has a buffer

conductivity ofabout 1145 uS/em, about 1141 wS/em, about
1130 wS/em, about 1120 uS/em, about 1110 uS/em, about
1000 uS/em, about 1039 uS/em, about 1000 uS/em, about
974 uS/em, about 900 uS/em, about 800 uS/em, about 763
uS/em, or about 700 uS/cm.

In some embodiments, the composition of the elution
bulfer is about 9-20 mM acetate and 5-15 mM formate. In

some embodiments, the composition of the elution is about
10-19 mM acetate and 6-16 mM formate.

Adjusting the loading density ofthe polypeptide can also
optimize and maximizethe purity of the purified polypeptide
and the separation of the impurities, including aggregates,
cell line impurities, basic polypeptide variant, virus particle.
virus-like particle, and virus filter foulants, from the poly-
peptide monomers.

The term “load density” or “loading density” is the
density ofthe purified polypeptide (g) per liter of chroma-
tography resin or the density of the purified polypeptide per
liter of membrane/filter volume (L.), The loading density is
measured in g/L.

In some embodiments, the polypeptide is loaded with a
loading density starting al or above 14 g/L. In some embodi-
ments, (he polypeptide is loaded with a loading density
ranging from about 14 g/L to about 45 g/L or from about 14
g/L to about 70 g/L, In some embodiments. the polypeptide
is loaded with a loading density at about 15 g/L. about 17
g/L, about 19 g/L, about 21 g/L, about 23 p/L., about 25 g/L.
about 26 g/L. about 27 g/L, about 28 g/L. about 29 g/L,
about 31 g/L, about 33 g/L, about 35 g/L. about 37 9/L.
about 39 g/L, about 41 g/L, about 43 g/L. about 45 g/L,
about 50 g/L, about 55 g/L. about 60 g/L. about 65 g/L, ot
about 70 g/L.

Adjusting the polypeptide elution residence time (or elu-
tion flow rate) can also oplimize and maximize polypeptide
purity and the sequential separation of impurities from the
polypeptide monomers. At increased loading density, the
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polypeptide elution residence time plays a muchlarger role
in the ability of the pil gradient to lractionate aggregates
efliciently. In some embodiments, the polypeptide has an
elution flow rate ranging from about 5 column volume/hour
to about 35 column volume/hour. In some embodiments, the

polypeptide has an elution Mow rate ranging from about 5
column volume/hour to about 25 column volume/hour. In

some embodiments, the polypeptide has an elution flowrate
of about 5 column volume/hour, about 7.5 column volume/
hour, about 10 column volume/hour, about 12.5 column
volume/hour, about 15 column volume/hour, about 17.5
column volume/hour, about 20 column volume/hour, about
22.5 column volume/hour, about 25 column volume/hour,
about 27.5 column volume/hour, about 30 column volume/
hour, about 32.5 column volume/hour, or about 35 column
volume/hour.

Polypeptides purilied using the methods described herein
have a yield of at least about any of 75% unpurified
polypeptide, 80%unpurified polypeptide, 85%unpurified
polypeptide, 90% unpurified polypeptide, 95% unpurified
polypeptide, 96% unpurified polypeptide, 97%unpurified
polypeptide, 98%unpurified polypeptide, or 99% unpurified
polypeptide.

Yield ts the total amount ofpurified polypeptide collected
in comparison to the unpurified polypeptide prior to the
Protein A alfinity chromatography purification as described
herein, usually expressed as a percentage ofthe unpurified
polypeptide,

In some embodiments, the ratio ofa host cell impurity to
the purified polypeptide is at Jeast about 75% lower, about
50% lower, about 85% lower. about 90% lower, about 95%
lower, about 96% lower, about 97%lower, about 98% lower,

or about 99%lower than the ratio in unpurified polypeptide.
In some embodiments, the ratio of a host cell impurity to

the purified polypeptide is at least about 20%lower, about
30%lower, about 40%lower, about 50%lower, about 60%

lower, or about 70% lower than the ratio in the polypeptide
purified using a pHpurification step(s) other than those of
the instant invention. For example, in a conventional or
typical step Protein A elution method, the polypeptide is
purified by binding the polypeptide to Protein A and eluting
the polypeptide at or below pl] 3.6 without the pHgradient.
Accordingly, in some embodiments, the ratio of a host cell
impurity to the purified polypeptide is at least about 20%
lower, about 30% lower, about 40%lower, about 50% lower,
about 60% lower, or about 70% lower than the ratio in a

polypeptide purified by a step elution method, wherein the
step elution method comprises binding the polypeptide to
Protein A and eluting with a plstarting at or below 3.6.

In some embodiments. the ralio ofa virus filter foulant to

the purified polypeptide is at least about 75%lower, at least
about 80% lower, about 85%lower, about 90%lower, about
95% lower, about 96%lower, about 97%lower, about 98%

lower. or about 99% lower than the ratio in unpurified
polypeptide.

In some embodiments, the ratio ofa virusfilter foulant to

the purified polypeptide is at Jeast about 20%lower, about
30% lower, about 40%lower, about 50% lower, about 60%

lower, or about 70%lower than the ratio in the polypeptide
purified using a pHpurification step(s) other than those of
the instant invention. For example, in a conventional or
typical siep Protein A elution method, the polypeptide is
purified by binding the polypeptide to Protein A and eluting
the polypeptide at or belowpH 3.6 without the pI gradient.
Accordingly, in some embodiments. the ratio ofa virus filter
foulant to the purified polypeptide is at least about 20%
lower, about 30%lower, about 40%lower, about 50% lower,
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about 60% lower. or about 70% lower than the ratio in a

polypeptide purified by a step elution method, wherein the
step elution method comprises binding the polypeptide to
Protein A and eluting with a pH starting at or below 3.6.

In some embodiments, the purified polypeptide has virus
particle or virus-like particle count less than about 15000
particles/m1. In some embodiments, the purified polypeptide
has virus particle or virus-like particle count less than about
12500 particles/ml, less than about 10000 particles/ml, less
than about 7500 particles/ml, less than about 5000 particles/
ml, less than about 2500 particles/ml, less than about 1500
particles/ml, less than about 1000 particles/ml, less than
about 750 particles/ml, less than about 500particles/iml, less
than about 250 particles/mil, less than about 100 particles/ml,
or less than about 50 particles/ml. In some embodiments, the
virus-like particle is a retrovirus-like particle,

As used herein, the term “virus particle” is a virion
consisting of nucleic acid core surrounded by a protective
coat of protein (capsid), “Virus-like particles” are non-
infectious virus that resemble similar morphological. bio-
chemical or other properties. They are defective in al least
one of the components necessary for virus lifecycle. An
example ofvirus-like particle is a retrovirus-like particle thal
can not replicate. Virus particle or virus-like particle can be
endogenous or exogenous (adventitious). An endogenous
virus particle or virus-like particle 1s produced by ahostcell
line, present in the cells and cell culture fluid, and can be
considered as a host cell impurity. An exogenous or adven-
titious virus or virus-like particle is not derived from a host
cell ine.

In some embodiments, the purified polypeptide has viral
clearance of a virus or a virus-like particle at least about 4
LRV(log 10 reduction ofvirus), In some embodiments, the
purified polypeptide has viral clearance of a virus or a
virus-like particle ranging [rom about 4 LLRVto about 8 LRV,
In some embodiments, the purified polypeptide has viral
clearance of a virus or # virus-like particle ranging from
about 4 LRVto about 7 LRV. In some embodiments, the

purified polypeptide has viral clearance of a virus or a
virus-like particle at about 5 LRV, about 6 LRV. about 7
LRV, or about & LRV. In some embodiments, the virus-like

particle is a retrovirus-like particle.
As used herein, the LRVis the difference oflog 10 (total

virus) in the unpurified polypeptide and in the purified
polypeptide.

In some embodiments, the purified polypeptide is a poly-
peptide monomer.

In some embodiments. a purified fraction ofthe polypep-
lide contains about or fewer than about 20 Protein A column

volumes. In some embodiments, a purified [raction ofthe
polypeptide contains about or fewer than about 15 Protein A
column volumes. In some embodiments, a purified traction
of the polypeptide contains about or fewer than about 12
Protein A column volumes. In some embodiments, a purified
fraction of the polypeptide contains about or fewer than
about 11, about 10, about 9, about 8, about 7, about 6, about
4.5, or about 5.0 Protein A column volumes.

In some embodiments, the methods described herein
remove al least two of the impurities described herein from
the desired polypeptide monomerproduct. For example. the
methods remove both an aggregate and a host cell line
impurity, both an ageregate and a virus filter foulant, both an
aggregate and a virus particle. both an aggregaie and a
virus-like particle. both an aggregate and a basic polypeptide
variant, ora host cell line impurity and a virus particle, etc.
In some embodiments, the methods described herein remove

at least three of the impurities described herein from the
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desired polypeptide monomer product. For example. the
methods remove an aggregate, a host cell impurity. and a
virus filter foulant. or an aggregate, a host cell impurity, and
a virus particle, and a basic polypeptide variants, etc. In
some embodiments, the methods described herein remove at

least four of the impurities described herein from the desired
polypeptide monomer product. For example, the methods
remove an aggregate, a host cell impurity, a virus filter
foulant, and a virus particle, or an aggregate, a host cell
impurity, a virus filter foulant, and a virus-like particle. In
some embodiments, the methods described herein remove at

least five of the impurities described herein from the desired
polypeptide monomer product. For example, the methods
remove an aggregate, a host cell impurity, a virus filter
foulant, a virus particle. and a virus-like particle, ete. In
some embodiments, the methods described herein remove

all of the impurities from the desired polypeptide product,
In some embodiments, the methods described herein do

nol comprise a lurther purification step to remove an aggre-
gate, and the purified polypeptides have a purity ofat least
about 98% or about 99% monomer. Aggregate clearance
normally performed on a separate ion exchange chromatog-
raphy step is not required following the Protein A chroma-
tography using the pH gradient as described above.

In some embodiments, the methods described herein do

not comprise a further purification step to remove a virus
filter foulant, and the purified polypeptides have a purity of
at least about 98% or about 99% monomer.

In some embodiments, the purification method does not
comprise afurther purification step to remove a basic or an
acidic polypeptide variant.

The purified polypeptide using the methods described
herein may be subjected to additional purification steps
either prior to, during, or following the Protein A chroma-
tography step. Exemplary further purification steps include,
but are not limited to, hydroxylapatite chromatography;
dialysis; aflinity chromatography using an antibody to cap-
ture the protein; hydrophobic interaction chromatography
(HIC) (e.g, fractionation on a HIC); ammonium sulphate
precipitation, Polyethylene glycol or polyethylene glycol
derivative precipitation, anion or cation exchange chroma-
tography; ethanol precipitation; reverse phase HPLC; chro-
matography onsilica; chromatofocusing; SDS-PAGE,virus
filtration, gel filtration, and weak partitioning chromatogra-
phy.

In some embodiments, the polypeptides are further sub-
jected to a Virus filtration step. For example, a parvovirus
filter can be used in the virus filtration step following the
step of Protein A chromatography using a pl gradient as
described herein.

In some embodiments, the polypeptides are further sub-
jected to an ton exchange chromatography step. In some
embodiments. the ion exchange chromatography step com-
prises a cation exchange chromatography step. In some
embodiments, the ion exchange chromatography step com-
prises an anion exchange chromatography step. In some
embodiments, the ion exchange chromatography step com-
prises a cation exchange chromatography step and an anion
exchange chromatographystep.

In some embodiments, the ion exchange chromatography
step runs continuously after the Protein A chromatography
step as described herein. Por example, cation and anion
exchange chromatography membranes can be used in place
of the standard cation and/or anion exchange chromatogra-
phy columns following the Protein A chromatography
method deseribed herein to achieve purilied polypepudes of
comparable purity and yield produced by the method of
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standard Protein A chromatography withoutthe pl gradient
followed by standard cation and anion exchange column
chromatographysteps.

In some embodiments, the methods described herein are

manufacturing scale or commercial processes. As used
herein, manufacturing scale or commercial processes refers
to a large seale purification of protein/polypeptide, for
example. at about | kL to about 25 kL fermentation scale
protein/polypeptide product per purification process.
Polypeptides

The polypeptide or protein to be purified using the meth-
ods described herein includes, but is not limited to, antibody.
immunoadhesin, or a polypeptide fused to, or conjugated
with a C,,2/C,3 region. Techniques for generating such
molecules are discussed below,
Antibodies

Antibodies within the scope of the present invention
include, bul are not limited to: anti-CD20 antibodies such as
chimeric anti-CD20 “C2B8" as in U.S. Pal, No. 5.736.137

(RITUXAN®); an-VEGF antibodies, including humanized
and/or allinity matured anti-VEGFantibodies such as the
humanized anti-VEGFantibody huA4.6.1 AVASTINE (Sim
et al.. Growth Factors, 7:53-64 (1992), International Publi-
cation No. WO 96/30046, and WO 98/45331, published Oct.
15, 1998) and V3LA: anti-MUC16 antibody; anti-CD4
antibodies such as the eM-7412 antibody (Choy et al,
Arthritis Rheum, 39(1):52-56 (1996)) and the Tbalizumab
(TNX355) antibody; anti-MET antibodies such as one-
armed 5D5 anti-C-Met antibody: anti-HER2 antibodies
Trastuzumab (HERCEPTIN®) (Carter et al., Proc. Nal.
Acad, Sei, USA, 89:4285-4289 (1992), U.S, Pat. No, 5,725.
856) and humanized 2C4 (WOO01/00245, Adams et al.), a
chimeric or humanized variant of the 2H7 antibody as in
U.S. Pat. No. 5,.721,108B1, or Tositumomab (BEXXAR®):
anui-IL-8 antibodies (St John et al., Chest, 103:932 (1993),
and International Publication No. WO 95/23865); anti-
prostate stem cell antigen (PSCA) antibodies (WOOL)
40309): anti-CD40 antibodies, including S2C6 and human-
ized variants thereof (WOO00/75348); anti-CD| antibodies
(U.S. Pat. No. 5,622,700, WO 98/23761, Steppe et al.,
Transplant fntl. 43-7 (1991), and Hourmantet al., Trans-
plantation 538:377-380 (1994)); anti-CD18& (U.S. Pat. No.
5,622,700, issued Apr. 22, 1997, or as in WO 97/26912,
published Jul. 31, 1997); anti-lgb antibodies (including £25,
26 and E27: U.S. Pat. No, 5.714.338, issued Feb. 3, 1998
or U.S. Pat. No. 5.091.313, issued Feb, 25, 1992, WO
93/04173 published Mar, 4. 1993, or International Applica-
lion No, PCT/US98/13410 filed Jun. 30, 1998, U.S.Pat. No.

5,714,338, Presta et al., J. Jumenol. 151:2623-2632 (1993),
and International Publication No, WO 95/19181), ant-

Apo-2 receptor anlibodies (WO 98/51793 published Nov,
19, 1998), anti-TNF-a antibodies, including cA2 (REMI-
CADE®), CDP571 and MAK-195 (See, U.S. Pat, No,
5,672,347 issued Sep. 30, 1997, Lorenz et al. J. anmnel.
156(4):1646-1653(1996), and Dhainaut et al. Crit. Care
Med. 23(9):1461-1469 (1995)); anti-Tissue Factor (TF) anti-
bodies (European Patent No. 0 420 937 B! granted Nav. 9,
1994); anti-human @4(i7 integrin antibodies (WO 98/06248
published Feb. 19, 1998): anti-epidermal growth factor
receptor (EGFR) antibodies (e.g. chimerized or humanized
225 antibody as in WO 96/40210 published Dec. 19, 1996):
anti-CD3 antibodies such as OKTS3 (U.S. Pat. No. 4.515.893
issued May 7, 1985); anti-CD25 or anti-Tac antibodies such
as CIU-621 (SIMULECT® and ZENAPAX®(See U.S. Pat.
No. 5,693.762 issued Dee. 2, 1997); anti-CDS2 antibodies
such as CAMPATII-If1 (Riechmannet al. Nature 332:323-
337 (1988)); anti-Pe receptor antibodies such as the M22



Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 35 of 681 PageID #: 904Case 1:18-cv-00095-CFC Document 1-3 Filed 01/12/18 Page 35 of 681 PagelD #: 904

US 9,428,548 B2

19

antibody directed against Fey RI as in Graziano et al. J,
Jmmunol, 155(10):4996-5002 (1995); anti-carcinoembry-
onic antigen (CEA) antibodies such as hMN-14 (Sharkeyet
al, Cancer Res. 55(23Suppl): 5935s-5945s (1995); antibod-
ies directed against breast epithelial cells including huBrE-3,
hu-Me 3 and CHL6 (Ceriani et al. Cancer Res, 55(23):
S5852s-5856s (1995); and Richman et al. Cawcer Res, 55(23
Supp): 5916s-5920s (1995)); antibodies that bind to colon
carcinoma cells such as C242 (Litton et al. Eur J Inimunal.

26(1): 1-9 (1996)); anti-CD38 antibodies, e.g. AT 13/5 (Ellis
etal. J, Jimunol. 155(2):925-937 (1995)); anti-CD33 anti-
bodies such as Hu M195 (Jurcie et al. Cancer Res 55(23

Suppl):5908s-5910s (1995) and CM.A-676 or CDP77 1: anti-
C1922 antibodies such as LL2 or LymphoCide (Juweidet al.
Cancer Res 55(23 Suppl):5899s-5907s (1995)): anti-Ep-
CAM antibodies such as 17-1A (PANOREX®); anti-Gplb/
IIla antibodies such as abciximab or e7E3 Fab (REO-
PRO®); anti-RSV antibodies such as MEDI-493
(SYNAGIS®); anti-CMYantibodies such as PROTOVIR'R:
anti-HIVantibodies such as PROS42: anti-hepatitis antibod-
ies such as the anti-Hep B antibody OSTAVIR@®; anti-CA
125 antibodies, such as OvaRex; anti-idiotypic GD3 epitope
antibody BEC2; anti-avB3 antibodies, including
VITAXIN'®; anti-human renal cell carcinoma antibody such
as ch-G250; ING-1; anti-human 17-IA antibody
(3622W94); anti-human colorectal tumor antibody (433):
anti-human melanoma antibody R24 directed against GD3
ganglioside; anti-human squamous-cell carcinoma (SF-25):
and anti-human leukocyte antigen (HLA) antibodies such as
Smart 1D10 and the anti-HLA DR antibody Oncolym (Lym-
1).

Aside from the antibodies specitically identilied above.
the skilled practitioner can generate antibodies directed
against an antigen of interest, e.g.. using the techniques
described below.

(i) Antigen Selection and Preparation
‘The antibody herein is directed against an antigen of

interest. Preferably. the antigen is a biologically important
polypeptide and administration ofthe antibody to a mammal!
suffering from a disease or disorder can result in a thera-
peutic benefit in that mammal. However, antibodies directed
against nonpolypeptide antigens (such as tumor-associated
glycolipid antigens; see U.S. Pat, No. 5,091,178) are also
conteniplated, Where the antigen is a polypeptide, it may be
a transmembrane molecule (¢.g. receptor) or ligand such as
a growth factor, Exemplary antigens include those proteins
described in section (3) below. Exemplary molecular targets
for antibodies encompassed bythe present inventioninclude
CDproteins such as CD3, CD4, CD8, CD19, CD20, CD22
and CD34; members of the ErbB receptor family such as the
FGPR, HER2, HERS or HER4 receptor: cell adhesion
molecules such as LFA-1, Macl, pl] 50.95, VLA-4, ICAM-
1, VCAM and av/f3 integrin including either a orf subunits
thereof(e.g. anti-CD] la, anti-CD18 or anti-CD11b antibod- 5
ies); growth factors such as VEGF; IgE; blood group anu-
gens: 1k2/ft3 receptor: obesity (OB) receptor: mpl receptor:
CTL A-4; protein C. or any of the other antigens mentioned
herein.

Soluble antigens or lragments thereof, optionally conju-
gated to other molecules, can be used as immunogens for
generating antibodies. For transmembrane molecules. such
as receptors, fragments of these (e.g. the extracellular
domain of a receplor) can be used as the immunogen.
Alternatively. cells expressing the transmembrane molecule
can be used as the immunogen. Such cells can be derived
from a natural source (e.g. cancer cell lines) or may be cells
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which have been transformed by recombinant techniques to
express the transmembrane molecule.

Other antigens and lorms thereof useful for preparing
antibodies will be apparent to those in the art.
(ii) Polyclonal Antibodies

Polyclonal antibodies are preferably raised in animals by
multiple subcutaneous (sc) or intraperitoneal (ip) injections
of the relevant antigen and an adjuvant. It may be useful to
conjugate the antigen to a protein that is immunogenic in the
species to be immunized, e.g., keyhole limpet hemocyanin,
serum albumin, bovine thyroglobulin, or soybean trypsin
inhibitor using a bifunctional or derivatizing agent, lor
example, maleimidobenzoy! sullosuccinimide ester (conju-
gation through cysteine residues), N-hydroxysuccinimide
(through lysine residues). glutaraldehyde, succinic anhy-
dride. SOCL,, or R'N—C—NR,where R and R! are differ-
ent alkyl groups.

Animals are immunized against the antigen, immuno-
genic conjugates, or derivatives by combining, e.g. 100 pig
or 5 py of the protein or conjugate (for rabbits or mice,
respectively) with 3 volumes ofFreund's complete adjuvant
and injecting the solution intradermally at multiple sites.
One month later the animals are boosted with % to {fraction
(410)} the original amount of antigen or conjugate in Fre-
und’s complete adjuvant by subcutaneous injection at mul-
tiple sites. Seven to 14 days later the animals are bled and
the serum is assayed for antibody titer.Animals are boosted
until the titer plateaus. Preferably, the animal is boosted with
the conjugate of the same antigen, but conjugated to a
diferent protein and/or through a different cross-linking
reagent. Conjugates also can be made in recombinantcell
culture as protein fusions. Also, aggregating agents such as
alum are suitably used to enhance the immune response.
(iil) Monoclonal Antibodies

Monoclonal antibodies may be made using the hybridoma
method first described by Kohler et al., Nature, 256:495
(1975), or may be made by recombinant DNA methods (U.S.
Pat. No. 4.816.567).

In the hybridoma method, a mouse or other appropriate
host animal, such as a hamster or macaque monkey, is
immunized as hereinabove described toelicit lymphocytes
that produceor are capable ofproducing antibodies that will
specifically bind to the protein used for immunization.
Alternatively, lymphocytes may be immunized in vitro,
Lymphocytes then are fused with myeloma cells using a
suitable fusing agent, such as polyethylene glycol. to form a
hybridoma cell (Goding, Monoclonal Antibodies: Principles
and Practice, pp. 59-103 (Academic Press. 1986)).

The hybridomacells thus prepared are seeded and grown
in a suitable culture mediumthat preferably contains one or
more substances that inhibit the growth or survival ofthe
unfused, parental myeloma cells. For example, 1the paren-
tal myeloma cells lack the enzyme hypoxanthine guanine
phosphoribosy! transferase (HGPRT or HPRT), the culture
medium for the hybridomas typically will include hypox-
anthine, aminopterin, and thymidine (HAT medium), which
substances prevent the growth of HGPR'I-deficient cells.

Preferred myeloma cells are those that fuse efficiently,
support stable high-level production of antibody by the
selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, preferred
myelomacell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-1] mouse tumors avail-

able from the Salk Institite Cell Distribution Center, San
Diego, Calif. USA, and SP-2 or X63-Ag8-653 cells avail-
able from the American Type Culture Collection, Rockville.
Md. USA. Human myeloma and mouse-human heteromy-
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elomacell lines also have been described for the production
of human monoclonal antibodies (Kozbor, . Immunol.
133:3001 (1984); Brodeur et al, Monoclonal Antibody Pro-
duction Techniques and Applications, pp. 51-63 (Marcel
Dekker, Inc.. New York. 1987)).

Culture medium in which hybridoma ceils are growing is
assayed for production of monoclonal antibodies directed
against the antigen. Preferably, the binding specificity of
monoclonal antibodies produced by hybridoma cells is
determined by immunoprecipitation or by an in vitro binding
assay, such as radioimmunoassay (RIA) or enzyme-linked
immunoabsorbent assay (ELISA).

After hybridomacells are identified that produce antibod-
ies of the desired specificity, affinity, and/or activity. the
clones may be subcloned by limiting dilution procedures and
grown by standard methods (Goding, Monoclonal Antibod-
ies: Principles and Practice, pp. 59-103 (Academic Press,
1986)). Suitable culture media for this purpose include, for
example, D-MEM or RPMI-1640 medium. In addition, the
hybridoma cells may be grownin vivo as ascites tumors in
an animal.

‘The monoclonal antibodies secreted by the subclones are
suitably separated from the culture medium, ascites fluid, or
serum by conventional immunoglobulin purification proce-
dures such as, lor example. Protein A-Sepharose, hydroxy-
lapatite chromatography, gel electrophoresis, dialysis. or
aflinity chromatography. Preferably the Protein A affinity
chromatography procedure using a pil gradieni described
herein is used.

DNA encoding the monoclonal antibodies is readily iso-
lated and sequenced using conventional procedures (e.g.. by
using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of
the monoclonal antibodies). The hybridoma cells serve as a
preferred source ofsuch DNA. Onceisolated, the DNA may
be placed into expression vectors, which are then transfected
into host cells such as F. coli cells, simian COS cells,

Chinese hamster ovary (CHO) cells, or myeloma cells that
do not otherwise produce immunoglobulin protein, to obtain
the synthesis of monoclonal antibodies in the recombinant
host cells,

The DNA also may be modified, for example, by substi-
tuting the coding sequence for human heavy- and light-chain
constant domains in place of the homologous murine
sequences (U.S. Pat. No. 4,816,567; Morrison, et al., Proc,
Natl Acad. Sei, USA, 81:6851 (1984)), or by covalently
Joiningto the immunoglobulin coding sequenceall or part of
the coding sequence fora non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are
substituted for the constant domains of an antibody, or they
are substituted for the variable domains of one antigen-
combining site of an antibody to create a chimeric brvalent
antibody comprising one antigen-combining site having
specificity for an antigen and another antigen-combiningsite
having specificity for a diflerent antigen,

Monoclonal antibodies can be isolated from antibody
phagelibraries generated using the techniques deseribed in
MeCalferty et al.. Namwre, 348:552-554 (1990), Clacksonet
al.. Nature, 352:624-628% (1991) and Marks et al,, J. Mol,
Biol., 222:581-597 (1991) describe the isolation of murine
and human antibodies, respectively. using phage libraries.
Subsequent publications describe the production of high
aflinity (nM range) human antibodies by chain shuffling
(Marks et al., Bio/Technolagy, 10:779-783 (1992)), as well
as combinatorial infection and in vivo recombination as a

strategy for constructing very large phage libraries (Water-
house et al., Nue. Acids. Res., 21:2265-2266 (1993)). Thus.
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these techniques are viable alternatives to traditional
hybridoma techniques for isolation of monoclonal antibod-
ies.

(iv) Humanized and Human Antibodies
A humanized antibody has one or more amino acid

residues introduced into it from a souree which is non-
human. These non-human amino acid residues are often

referred to as “inyport” residues, which are typically taken
from an “import” variable domain, Humanization can be
essentially performed following the method of Winter and
co-workers (Jones et al., Natire, 321:522-525 (1986);
Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et
al,, Science, 239:1534-1536 (1988)), by substituting rodent
CDRs or CDR sequences lor the corresponding sequences of
a human antibody, Accordingly, such “humanized” antibod-
ies are chimeric antibodies (U.S. Pat. No. 4.816,567)
wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence
from a non-human species. In practice, humanized antibod-
ies are typically human antibodies in which some CDR
residues and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and
heavy, to be used in making the humanized antibodies is
very important to reduce antigenicity, According to the
so-called “best-fit method, the sequence of the variable
domain ofa rodent antibody is screened against the entire
library of known human variable-domain sequences. The
human sequence whichis closest to that of the rodent is then
accepted as the human PR for the humanized antibody (Sims
etal. A. [nrmmmol., 151:2296 (1993)). Another method uses
a particular framework derived from the consensus sequence
of all human antibodies of a particular subgroup of light or
heavy chains. The same framework may be used for several
different humanized antibodies (Carter et al., Prae. Nail.
Acad. Sei. USA, 89:4285 (1992): Presta et al... /minnal.,
151:2623 (1993).

[tis further important that antibodies be humanized with
retention of high aflinity for the antigen and other favorable
biological properties. ‘lo achieve this goal. according to a
preferred method, humanized antibodies are prepared by a
process 6f analysis of the parental sequences and various
conceptual humanized products using three-dimensional
models of the parental and humanized sequences, Three-
dimensional immunoglobulin models are commonly avail-
able and are familiar to those skilled in the art. Computer
programsare available which illustrate and display probable
three-dimensional conlormationalstructures ofselected can-

didate immunoglobulin sequences. Inspection ofthese dis-
plays permits analysis ofthe likely role of the residues in the
functioning of the candidate immunoglobulin sequence,i.e..
the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way,
FR residues can be selected and combined from the recipient
and import sequences so that the desired antibody charac-
teristic, such as increased affinity for the target antigen(s), is
achieved. In general, the CDRresidues are directly and most
substantially involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic
animals (e.g., mice) that are capable, upon immunization, of
producing a full repertoire of human antibodies in the
absence of endogenous immunoglobulin production. For
example, it has been described that the homozygous deletion
of the antibody heavy-chain joining region (JE) gene m
chimeric and germ-line mutant mice results in complete
inhibition of endogenous antibody production. Transfer of
the human germ-line immunoglobulin gene array in such
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germ-line mutant mice will result in the production of
human antibodies upon antigen challenge. See, e.g.. Jako-
bovits et al.. Proc. Natl dead. Sei. USA, 90:2551 (1993);
Jakobovits et al., Nature, 362:255-258 (1993); Bruggermann
et al., Year in /mmune.. 7:33 (1993); and Duchosal et al.
Nature 355:258 (1992). Humun antibodies can also be
derived from phage-display libraries (Hoogenboomet al.,./,
Mol. Biol., 227:381 (1991); Marks et al., 2 Mol Biol.,
222:581-597 (1991): Vaughan et al. Natwre Biotech 14:309
(1996)).

(v) Antibody Fragments
Various techniques have been developed for the produc-

tion of antibody fragments, Traditionally, these fragments
were derived via proteolytic digestion of intact antibodies
(see, e.g., Morimoto et al, Jowrnal of Biochemical and
Biaphysieal Methods 24:107-117 (1992) and Brennanet al.,
Science, 229:81 (1985)). However, these fragments can now
be produced directly by recombinant host cells. For
example. the antibody fragments can be isolated from the
antibody phage libraries discussed above. Alternatively,
Fab'-SI Iragments can be directly recovered from I. coli
and chemically coupled to form F(ab’), fragments (Carter et
al., Bio/Teehnoleagy 10:163-167 (1992)). According to
another approach. F(ab'), fragments can be isolated directly
from recombinant host cell culture. A single chain Fv 2
fragment (scFv) can also be isolated. See WO 93/16185,
Other techniques for the production of antibody fragments
will be apparent to the skilled practitioner.
(vi) Multispecifie Antibodies

Multispecific antibodies have binding specificities for at
least two different antigens. While such molecules normally
will only bind two antigens (i.e. bispecific antibodies.
BsAbs), antibodies with additional specificities such as
trispecific antibodies are encompassed by this expression
when used herein.

Methods for making bispecific antibodies are known in
the art. Traditional production offull length bispecific anti-
bodies is based on the coexpression of two immunoglobulin
heavy chain-light chain pairs, where the two chains have
different specificities (Millstein et al., Nature, 305:537-539
(1983)). Because of the random assortment of immuno-
globulin heavy and light chains, these hybridomas (quadro-
mas) produce a potential mixture of 10 different antibody
molecules, of which only one has the correct bispecific
structure. Purification of the correct molecule. which is

usually done by affinity chromatography steps, is rather
cumbersome. and the product yields are low. Similar pro-
cedures are disclosed in WO 93/08829,and in Trauneckeret

al.. EMBO J, 10:3655-3659 (1991),
According to another approach described in W096/27011, :

the interface between a pair of antibody molecules can be
engineered to maximize the percentage of heterodimers
which are recovered from recombinant cell culture. ‘The

preferred interface comprises at least a part of the C,,3
domain of an antibody constant domain. In this method, one 5
or more small amino acid side chains from the interface of

the first antibody molecule are replaced with larger side
chains (e.g., tyrosine or tryptophan). Compensatory “cavi-
ties” of identical or similar size to the large side chain(s) are
created on the interface ofthe second antibody molecule by
replacing large amino acid side chains with smaller ones
(e.g., alanine or threonine), This provides a mechanism for
increasing the yield of the heterodimer over other unwanted
end-products such as homodimers.

Bispecilic antibodies include cross-linked or “heterocon-
jugate” antibodies, For example. one ofthe antibodies in the
heteroconjugate can be coupled to avidin, the otherto biotin.
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Such antibodies have, lor example, been proposed to target
immune system cells to wiwanted cells (U.S. Pat. No.
4.676.980), and for treatment of HIV infection (WO

91/00360, WO 92/200373, and EP 03089). Heteroconjugate
antibodies may be made using amy convenient cross-linking
methods. Surtable cross-linking agents are well knowninthe
art, and are disclosed in U.S. Pat. No. 4,676,980, along with
a number ofcross-linking techniques,

Techniques for generating bispecific antibodies [rom anti-
body fragments have also been described in the literature.
For example, bispecific antibodies can be prepared using
chemical linkage. Brennanet al., Science, 229: 81 (1985)
describe a procedure wherein intact antibodies are pro-
teolytically cleaved to generate F(ab‘), fragments. These
fragments are reduced in the presence of the dithiol com-
plexing agent sodium arsenite to stabilize vicinal dithiols
and prevent intermolecular disulfide formation. The Fab!
fragments generated are then converted to thionitrobenzoate
(TNB) derivatives. One of the Fab'-TNB derivatives is then
reconverted to the Fab'-thiol by reduction with mercapto-
ethylamine and is mixed with an equimolar amount ofthe
other Fab'-TNB derivative to form the bispecific antibody,
The bispecific antibodies produced can be used as agents for
the selective immobilization of enzymes.

Recent progress has facilitated the direct recovery of
Fab'-SH ltragments trom /. cali, which can be chemically
coupled to form bispecific antibodies. Shalabyet al.. J. Exp.
Med., 175: 217-225 (1992) describe the production ofa fully
humanized bispecific antibody F(ab'), molecule. Fach Fab!
fragment was separately secreted from FE. coli and subjected
to directed chemical coupling in vitro to form the bispecific
antibody. The bispecific antibody thus formed was able to
bind to cells overexpressing the ErbB2 receptor and normal
human T cells, as well as trigger the lytic activity of human
cytotoxic lymphocytes against human breast tumor targets,

Various techniques for making and isolating bispecific
antibody fragments directly from recombinant cell culture
have also been described. For example, bispecific antibodies
have been produced using leucine zippers. Kostelny et al...
Jmmunol., 148(5):1547-1553 (1992). The leueme zipper
peptides from the Fos and Jun proteins were linked to the
Fab! portions of two different antibodies by gene fusion. The
antibody homodimers were reduced at ihe hinge regionto
form monomers and then re-oxidized to form the antibody
heterodimers, This method can also be utilized for the

production of antibody homodimers. The “diabody™ tech-
nology described by Hollinger et al.. Proc. Natl, Acad. Sci.
USA, 90:6444-6448 (1993) has provided an allernative
mechanism for making bispecific antibody fragments. The
fragments comprise a heavy-chain variable domain (V,,)
connected to a light-chain variable domain (V,) bya linker
which is too short to allow pairing between the two domains
on the same chain. Accordingly, the V,, and V, domains of
one fragment are forced to pair with the complementary V,
and V,, domains of another fragment, thereby forming two
antigen-binding sites. Another strategy for making bispecific
antibody fragmenis by the use of single-chain Fv (sv)
dimers has also been reported. See Gruberet al., J. Jman-
yol., 152:5368 (1994), Alternatively, the antibodies can be
“linear antibodies” as described in Zapata et al. Protein Eng,
8(10):1057-1062 (1995), Briefly, these antibodies comprise
a pair of tandem Vd segments (V,-C,,1-V,, and V,) which
forma pair ofantigen binding regions. Linear antibodies can
be bispecilic or monospecific.

Antibodies with more than two valencies are contem-

plated. For example, trispecilic antibodies can be prepared.
Tutt et al. Jinnuinel 147. 60 (1991),
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Lmmunoadhesins

The simplest and most straightforward immunoadhesin
design combines the binding domain(s) of the adhesin(e.g.,
the extracellular domain (ECD) of a receptor) with the hinge
and Fe regions of an immunoglobulin heavy chain, Ordi-
narily, when preparing the immunoadhesins of the present
invention, nucleic acid encoding the binding domain of the
adhesin will be fused C-terminally to nucleic acid encoding
the N-terminus of an immunoglobulin constant domain
sequence, however N-terminal fusions are also possible.

Typically, in such fusions the encoded chimeric polypep-
tide will retain at least functionally active hinge, C,,2 and
C,3 domains ofthe constant region of an immunoglobulin
heavy chain. Fusions are also made to the C-terminus of the
Fe portion of a constant domain, or immediately N-terminal
to the C,,1 of the heavy chain or the corresponding region of
the light chain. The precise site at which the fusion is made
is nol critical: particular sites are well known and may be
selected in order to optimize the biological activity. secre-
tion, or binding characteristics of the immunoadchesin,

In some embodiments, the adhesin sequence is fused to
the N-terminus of the Fe domain of immunoglobulin G, (1g
G,). It is possible to fuse the entire heavy chain constant
region to the adhesin sequence. However, preferably, a
sequence beginning in the hinge region just upstream ofthe
papain cleavage site which defines le Fe chemically (ic.
residue 216, taking the first residue of heavy chain constant
region to be 114), or analogoussites of other immunoglobu-
lins is used in the fusion. In some embodiments, the adhesin

amino acid sequenceis fused to (a) the hinge region and or
€,,2 and C,,3 or (b) the C,,1, hinge, C,,2 and C,,3 domains,
of an IgG heavy chain.

Por bispecific immunoadhesins, the immunoadhesins are
assembled as multimers, and particularly as heterodimers or
heteroletramers. Generally, these assembled inimunoglobu-
lins will have known unit structures. A basic four chain

structural unit is the form in which IgG, gD, and IgE exist.
A four chain unit is repeated in the higher molecular weight
immunoglobulins; IgM generally exists as a pentamer of
four basic units held together by disulfide bonds. IgA
globulin, and occasionally IgG globulin, may also exist in
multimeric form in serum. In the case of multimer, each of
the four units may be the same or different,

Various exemplary assembled immunoadhesins within the
scope herein are schematically diagramed below:
(a) AC,-AC,;
(b) AC,-(AC,, AC,-AC,. AC,-V,C), or V,C,-AC,,):
(c) AC,-AC-(AC)-AC, ACAVECyp ViCp-AC, oF

ViCp-Viy)
(d) AC,-V,C,-(AC,, or AC)-VpC, or VC,-ACyh
(e) V,C,-AC,-(AC,-V,,C,, or V.C,-AC,,); and
CH CARY)AAVEVCay)
wherein each A represents identical or different adhesin
amino acid sequences;
V, is an immunoglobulin light chain variable domain:
V,, is an immunoglobulin heavy chain variable domain;
C, is an immunoglobulin lighi chain constant domain:
C,, is an immunoglobulin heavy chain constant domain:
n is an integer greater than 1;
Y designates the residue of a covalent cross-linking agent,

In the interests of brevity, the foregoing structures only
show key features: they do not indicate joining (J) or other
domains of the immunoglobulins, nor are disulfide bonds
shown. However, where such domains are required for
binding activity. they shal] be constructed to be present in
the ordinary locations which they occupy in the immuno-
globulin molecules.
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Alternatively. the adhesin sequences can be inserted
between immunoglobulin heavy chain and light chain
sequences, such that an immunoglobulin comprising a chi-
meric heavy chain is obtained. In this embodiment, the
adhesin sequences are fused to the 3' end of an immuno-
globulin heavy chain in each arm of an immunoglobulin,
either between the hinge and the C,,2 domain, or between
the C,,2 and C,, domains. Similar constructs have been
reported by Hoogenboom, et al.. Mol, Jinmunol. 28:1027-
1037 (1991).

Although the presence of an immunoglobulin light chain
is not required in the immunoadhesins ofthe present inven-
tion, an immunoglobulin light chain might be present either
covalently associated to an adhesin-immunoglobulin heavy
chain fusion polypeptide, or directly fused to the adhesin, In
the former case, DNA encoding an immunoglobulin light
chain 1s typically coexpressed with the DNA encoding the
adhesin-immunoglobulin heavy chain fusion protein. Upon
secretion, the hybrid heavy chain and the light chain will be
covalently associated to provide an immunoglobulin-like
structure comprising two disulfide-linked immunoglobulin
heavy chain-light chain pairs. Methods suitable for the
preparation of such structures are, for example, disclosed in
U.S. Pat. No. 4.816.567, issued 28 Mar. 1989.

Immunoadhesins are most conveniently constructed by
fusing the CONA sequence encoding the adhesin portion
in-frame to an immunoglobulin cDNA sequence. However,
fusion to genomic immunoglobulin lragments can also be
used (see, e.g., Aruffo et al., Cel! 61:1303-1313 (1990); and
Stamenkovie ei al., Ce// 66:1133-1144 (1991)). The latter
type of fusion requires the presence of Ig regulatory
sequences for expression. CONAs encoding IgG heavy-
chain constant regions can be isolated based on published
sequences from cDNA libraries derived from spleen or
peripheral blood lymphocytes. by hybridization or by poly-
merase chain reaction (PCR) techniques. The cONAs encod-
ing the “adhesin” and the immunoglobulin parts of the
immunoadhesin are inserted in tandeminto a plasmid veetor
that directs efficient expression in the chosen hostcells.
Other C,,2/C,3 Region-Containing Polypeptides

The polypeptide to be purified is one which is fused to, or
conjugated with, a C,,2/C,3 region. Such fusion polypep-
tides may be produced so as to increase the serum hall-life
of the protein and/or to facilitate purification ofthe protein
by Protein A affinity chromatography, Examples of biologi-
cally important proteins which can be conjugated this way
include renin; a growth hormone, including human growth
hormone and bovine growth hormone, growth hormone
releasing factor, parathyroid hormone: thyroid stimulating
hormone; lipoproteins; alpha-|-antitrypsin: insulin A-chain:
insulin B-chain: proinsulin; follicle stimulating hormone;
calcitonin; luteinizing hormone: glucagon; clotting factors
such as factor VUIC, factor LX, tissue factor, and von

Willebrands factor; anti-clotting factors such as Protein C:
atrial natriuretic factor; lung surfactant; a plasminogen acti-
vator, such as urokinase or human urine or Ussue-type
plasminogen activator (t-PA); bombesin; thrombin;
hemopoietic growth factor: tumor necrosis factor-alpha and
-beta; enkephalinase. RANTES (regulated on activation
normally T-cell expressed and secreted): human macrophage
inflammatory protein (MIP-l-alpha); a serum albumin such
as human serum albumm: Muellerian-inhibiting substance:
relaxin A-chain; relaxin B-chain; prorelaxin: mouse gonado-
tropin-associated peptide; a microbial protein, such as beta-
lactamase: DNase: IgE: a cytotoxic T-lymphocyte associated
antigen (CTLA), such as CTLA-4; inhibin: activin: vascular
endothelial growth factor (VEGF); receptors for hormones
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or growth factors: Protein A or D; rheumatoid actors: a
neurotrophic factor such as bone-derived neurotrophic fac-
tor (BDNF), neurotrophin-3, -4. -5, or -6 (NT-3, NT-4, NT-S,
or NT-6), or a ner growth [actor such as NGF-p; platelet-
derived growth factor (PDGF); fibroblast growth factor such
as aPGH and bPGP; epidermal growth factor (EGIL): trans-
forming growth factor (TGP) such as TGF-alpha and TGH-
beta, including TGF-61, TGP-62, 1GF-B3, TGF-p4, or
TGF-B5; insulin-like growth factor-I and -I] (IGF-I and
IGF-I]; des(1-3)-IGF-I (brain IGF-I), insulin-like growth
factor binding proteins; CD proteins such as CD3. CD4,
Cbs, CDI 9 and CD20; erythropoietin; osteoinductive
factors; immunotoxins; a bone morphogenetic protein
(BMP); an interferon such as interferon-a, -}, and -y; colony
stimulating factors (CSPs), e.g.. M-CSF, GM-CSF, and
G-CSF; interleukins (ILs), e.g. IL-1 to IL-10; superoxide
dismutase; ‘T-cell receptors: surface membrane proteins;
decay accelerating factor: viral antigen such as. for example,
a portion of the AIDS envelope: transport proteins: homing
receptors; addressins; regulatory proteins; integrins such as
CDlla, CD1I1b, CD1te, CD18, an ICAM, VLA-4 and

VCAM;a tumorassociated antigen such as EGFR, HER2,
HERS or HER4 receptor; and fragments of any of the
above-listed polypeptides.
Expression of Polypeptides

The polypeptide to be purified using the method described
herein is generally produced using recombinant techniques.
The polypeptide may also be produced by peptide synthesis
(or other synthetic means) or isolated from a native source.

For recombinant production of the polypeptide, the
nucleic acid encoding it is isolated and inserted into a
replicable vector for further cloning (amplification of the
DNA) or for expression. DNA encoding the polypeptide is
readily isolaied and sequenced using conventional proce-
dures (e.g., Where the polypeptide is an antibody by using
oligonucleotide probes that are capable of binding specili-
cally to genes encoding the heavy and light chains ofthe
antibody). Many vectors are available, The vector compo-
nents generally include, but are not limited to, one or more
of the following: a signal sequence, an origin of replication,
one or more marker genes, an enhancer element, a promoter,
and a transcription termination sequence (e.g., as described
in U.S. Pat. No. 5,534,615, specifically incorporated herein
by reference).

Suitable host cells for cloning or expressing the DNA in
the vectors herem are the prokaryote, yeast, or higher
eukaryotic cells, Suitable prokaryotes for this purpose
include eubacteria, such as Gram-negalive or Grani-posilive
organisms, for example. Enterobacteriaceae such as [scheri-
chia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus,
Salmonella, e.g., Salmonella typhimurium, Serratia, ¢.2.,
Serratia marcescans, and Shigella, as well as Bacilli such as
B. subtilis and B. licheniformis (e.2., B. licheniformis 41P
disclosed in DD 266.710 published 12 Apr 1989),
Pseudomonas such as P aeruginosa, and Streptomyces. 5
These examples are illustrative rather than limiting.

In addition to prokaryotes, eukaryotic microbes such as
filamentous fungi or yeast are suitable cloning or expression
hosts for polypeptide encoding vectors. Saccharontyoes cer-
evisiae. or common baker's yeast. is the most commonly
used among lower eukaryotic host microorganisms. How-
ever. a number of other genera, species, and strains are
commonly available and useful herein, such as Sehizosac-
charamyces pombe; Kluyveromyces hosts such as, e.g.. K.
lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC
16.045), A. wickeramii (ATCC 24.178), K. waltii (ATCC
56,500), K. drosophilarum (ATCC36,906), K. thermotoler-
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ans, and K. marxianus; varrowia (EP 402,226), Piehia
pastoris (EP 183,070); Candida; Trichoderma reesia (EP
244.234); Neurospora crassa; Schwanniomvees such as
Schwanniomyces occidentalis, and filamentous fungi such
as, @g.. Neuraspora, Penicillium, Tolvypocladium, and
Aspergillus hosts such as A. nidulans and A. niger.

Suitable host cells for the expression of glycosylated
polypeptide are derived from multicellular organisms,
Examples of invertebrate cells include plant and insectcells.
Numerous baculoviral strains and variants and correspond-
ing permissive insect host cells from hosts such as Spodop-
tera frugiperda (caterpillar), Aedes aegypti (mosquito),
Aedes albopictis (mosquito), Drosophila melanogaster
(lruittly), and Bombyx meri have been identified. A variety
of viral strains for transfection are publicly available, e.g.
the L-1 variant of Awegrapha californica NPV and the
Bm-5 strain of Bombyx mori NPV, and such viruses may be
used as the virus herein according to the present invention.
particularly for transfection of Spedopterafrugiperda cells.
Plant cell cultures of cotton, com, potato, soybean, petunia,
tomato, and tobacco can also be utilized as hosts.

However, interest has been greatest in vertebrate cells,
and propagation ofvertebrate cells in culture (Ussue culture)
has become a routine procedure. Examples of useful mam-
malian host cell lines include, but are not limited to, monkey
kidney CVI cells transformed by SV40 (COS-7, ATCC CRL
1651): human embryonic kidney cells (293 or 293 cells
subcloned for growth in suspension culture, Graham etal.,
J. Gen Virol. 36:59 (1977)); baby hamster kidney cells
(BES, ATCC CCL, 10); Chinese hamster ovary cells/DHFR
(CHO, Urlaub et al. Proe. Natl, Acad. Sei. USA 77:4216
(1980)); mouse sertoli cells (TM4, Mather, Biol. Reprod.
23:243-251 (1980)); monkey kidney cells (CV 1 ATCC CCL
70); African green monkey kidney cells (VERO-76, ATCC
CRL-1587): human cervical carcinoma cells (HELA, ATCC
CCL 2); canine kidney cells (MDCK, ATCC CCL 34);
bulfalo rat liver cells (BRL 3A, ATCC CRL 1442); human
lung cells (W138, ATCC CCL 75); humanliver cells (Hep
G2, HB 8065); mouse mammary tumor (MMT 060562,
ATCC CCL51): TRI cells (Mather et al., Annals NY Acad.
Sei. 383:44-68 (1982)); MRC 5 cells; FS4 cells, and human
hepatoma cells (Hep G2).

Host cells are transformed with the above-described

expression or cloning veetors lor polypeptide production
and cultured in conventional nutrient media modified as

appropriate for inducing promoters, selecting transformants.
or amplifying the genes encoding the desired sequences,

The hostcells used to produce the polypeptide used in the
methods ofthis invention may be cultured in a variety of
media. Commercially available media such as Ham’s FLO
(Sigma), Minimal Essential Medium ((MEM), (Sigma),
RPMI-1640 (Sigma), and Dulbecco’s Modified Eagle’s
Medium ((2MEM), Sigma) are suitable for culluring the
host cells. In addition, any of the media described in Ham et
al., Meith, Enz, 58:44 (1979), Barnes et al.. Anal. Biochem.
102:255 (1980), U.S.Pat. Nos, 4,767,704; 4,657,866; 4,927,
762: 4,560,655; or 5,122,469; WO 90/03430: WO 87/00195;

or U.S, Pat. No, Re. 30.985 may be used as culture media for
the host cells. Any of these media may be supplemented as
necessary with hormones and/or other growth factors (such
as insulin, transferrin, or epidermal growth factor), salts
(such as sodium chloride, calcium, magnesium, and phos-
phate), buffers (such as HEPES), nucleotides (such as
adengsine and thymidine), antibiotics (such as GENTAMY-
CIN™ drug). trace elements (defined as inorganic com-
pounds usually present at final concentrations in the micro-
molar range), and glucose or an equivalent energy source.



Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 40 of 681 PageID #: 909Case 1:18-cv-00095-CFC Document 1-3 Filed 01/12/18 Page 40 of 681 PagelD #: 909

US 9,428,548 B2
29

Any other necessary supplements may also be included at
uppropriate concentrations that would be known to those
skilled in the art. The culture conditions, such as tempera-
ture, pH. and the like, are those previously used withthe host
cell selected for expression, and will be apparent to the
ordinarily skilled artisan.

When using recombinant techniques, the polypeptide can
be produced intracellularly, in the periplasmic space. or
directly secreted into the medium, If the polypeptide is
produced intracellularly, as a first step. the particulate debris,
either host cells or lysed cells (e.g. resulting from homog-
enization), is removed, for example, by centrifugation or
ultrafiltration, Where the polypeptide is secreted into the
medium. supernatants from such expression systems are
generally first concentrated using 4 commercially available
protein concentration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unt,
Compositions Including Pharmaceutical Formulations Com-
prising Polypeptides

The invention also includes compositions. such as phar-
maceutical formulations. A pharmaceutical formulation
comprising the polypeptide purified by the methods of the
present invention, optionally conjugated with a heterologous
molecule. may be prepared by mixing the polypeptide
having the desired degree of purity with optional pharma-
ceutically acceptable carriers, excipients or stabilizers
(Remington's Pharmaceutical Sciences 2! st edition (2005)).
in the form of lyophilized formulations or aqueous solutions.

The polypeptide product comprising a C,,2/C,3 region
purified by the methods described herein can have the
desired degree of purity of at least about 98% monomer or
at least about 99% monomer.

“Pharmaceutically acceptable”carriers. excipients, or sta-
bilizers are nontoxic to recipients al the dosages and con-
centrations employed, and include buffers such as phos-
phate, citrate, and other organic acids; antioxidants
including ascorbic acid and methionine: preservatives (such
as octadecyldimethylbenzy! ammonium chloride; hexam-
ethonium chloride; benzalkonium chloride, benvethonium

chloride; phenol, butyl or benzyl alcohol; alkyl parabens
such as methyl or propyl paraben; catechol: resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptide; proteims,
such as serum albumin, gelatin, or immunoglobulins; hydro-
philic polymers such as polyvinylpyrrolidone: amino acids
such as glycine, glutamine, asparagine. histidine, arginine,
or lysine; monosaccharides. disaccharides, and other carbo-
hydrates includingglucose, mannose, or dextrins: chelating
agents such as EDTA: sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-formiog counter-ions such as
sodium; metal complexes (e.g., Zn-protein complexes); and/
or non-ionic surfactants such as TWEEN, PLURON-

ICS™, or polyethylene glycol (PEG).
The formulation herein may also contain more than one

active compound as necessary for the particular indication
being treated, preferably those with complementary activi-
ties that do not adversely affect each other. Such molecules
are suitably present in combination in amounts that are
ellective for the purpose intended,

The active ingredienis may also be entrapped in micro-
capsule prepared, for example, by coacervation techniques
or by interfacial polymerization, for example. hydroxym-
ethylcellulose or gelatin-microcapsule and poly-(methyl-
methacylate) microcapsule, respectively. in colloidal drug
delivery systems (for example, liposomes, albumin micro-
spheres, microemulsions, nano-particles and nanocapsules)
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or in macroemulsions, Such techniques are disclosed in
Remington's Pharmaceutical Sciences 21st edition (2005).

The formulation 1o be used for in vivo administration

must be sterile. This ts readily accomplished byfillration
through sterile filtration membranes.

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semiper-
meable matrices of solid hydrophobic polymers containing
the polypeptide variant, which matrices are in the form of
shaped articles, e.g.. films, or microcapsule, Examples of
sustained-release matrices include polyesters. hydrogels (for
example. poly(2-hydroxyethyl-methacrylate), or poly(vinyl-
alcohol)), polylactides (U.S. Pat. No, 3.773.919), copoly-
mers of L-glutamic acid and y ethyl-L-glutamate, non-
degradable ethylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT™
(injectable microspheres composed of lactic acid-glycolic
acid copolymer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid.

The polypeptide purified as disclosed herein or the com-
position comprising the polypeptide and a pharmaceutically
acceptable carrier is then used for various diagnostic, thera-
peutic or other uses known for such polypeptides and
compositions. For example. the polypeptide maybe used to
treat a disorder in a mammal! by administering a therapeu-
tically elective amount ofthe polypeptide to the mammal,

The following examples are provided toillustrate, but noi
to limit, the invention.

EXAMPLES

It is understood that the examples and embodiments
described herein are forillustrative purposes only and that
various modifications or changes in light thereof will be
suggested to personsskilled in the art and are to be included
within the spirit and purview of this application.

Example |

pl Gradient Elution Protein A Chromatography

Six different proteins containing the C,,2/C,3 regions,
anu-VEGE antibody #1, anti-CD20 antibody, anti-VEGF
amtibody #2, anti-MUC16 antibody. anti-CD4 antibody, and
an armed anti-Met antibody were purified using a pll
step-gradient elution method on a Protein A chromatography
column, The method is outlined in Table1,

TABLE 1 

Run Phase Specifics 

Colum Equilibration
Protein: Load
Washes
pH Step Gradiem Elution

Tris buffer, pH 7
Profiltered HOCK, 14-37 g/L.
Varios bulfers
pH Gradient: 35-60% B: A: Acetate,
pH 5.0/8: Formate, pH 2.7
NaOH
Benzyl alcohol and acetate storage
buffer

Column Regeneration
Column Stormge

Experimental Procedures
A Unicorn method file was constructed using the protein

load and buffer composition/pH parameters as listed in Table
1. This file was executed by a GE Healthcare ARTA (GE
Healthcare) Explorer FPLC (Fast Protem Liquid Chroma-
lography) system. FPLC was a bench-scale instrument made
of plastic pipmg and pumps that simulated a manufacturing
purification process. FPLC produced a “pH gradient” phase
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by mixing two buflers ina programmed changing proportion
by using a two pump (A pump and B pump) system where
the flowrate was maintained and the percent ofthe flow each
of the pumps delivered changed. Designated in the Unicorn
program was one “% B” to another over a set volume
(number of column volumes).

At the column equilibration phase, the column was taken
out of storage solution as listed in Table | and prepared for
loading the protein materials. At the protein loading phase,
HCCF (Harvested Cell Culture Pluid) was prefiltered using
a 0,2 micron pore size vacuum filter and was loaded onto the
Protein A column (MABSELECT™, MABSELECT
SURE™, POROS® MABCAPTURE™ A, PROSEP®Va,
or PROSEP® Ultra Plus). Proteins were loaded at a density
at the range of 14-37 g/L. Most runs were done at 21 g/L, At
the Wash | phase, the Wash | buffer was used to push any
load left in the AKTAlines onto the column, At the Wash2

phase, impurities such as CHOP (Chinese Hamster Ovary
Protein) was removed by the Wash 2 buffer. At the Wash 3
phase, the Wash 3 bufler was used to remove the Wash 2
bufler and the associated impurities from the column to
prepare for the elution phase. At the pH step-gradientelution
phase, a gradient formed by the precise manipulation of two
pH buffers of different pHs by a two pump system was used
to gradually move from one pH mix of the two buffers to
another mix, set by percents. The elution parameter of
“35-60% B” correlates to a pH gradient range of about
4.3-3.7,. More specifically, 35% B corresponds to elution
buffer pH of 4.34. buffer composition of 16.25 mM acetate.
8.75 mM formate, and bufler conductivity of 1039 uS/em.
60% B corresponds to elution bulfer pH of 3.69. butter
composition of 10 mM acetate and 15 mM formate. and
buffer conductivity of 763 uS/cm. During this elution phase
ofmost nuns, fractions were taken throughout the elution and
assayed using a size exclusion HPLC assay to determine
monomer versus size variant (HMWS (High Molecular
Weight Species), dimer, or fragment) elution behaviors.
These fractions were also submitted to a CHOPassay for
selected run. and all fractions were measured for protein
concentration using a NanaDrop UV spectrophotometer
(ThermoFischer Scientific, Wilmington, Del.). At the regen-
eration phase, regeneration buffer was used to wash off any
tightly bound impurities or leftover product to minimize
carryover between runs. At the storage phase, the Protein A
column was removed of regeneration buffer and stored in a
solution that was designed to maintain columnintegrity over
lime in disuse.

Phase lengths and flow rales were measured in CVs and
centimeters per hour, respectively. low rate was sealed by
cenlimeters per hour (divide the How rate in em/hr by the
bed height of the column in cm to arrive column volumes per
hour. also a standard unit) due to pressure concerns.

Chromatograms were collected and analyzed by the
AKTA (GE Healthcare) FPLC purification system and its
associated Unicorn software package. After the column A 5
purification run was performed, traces of the UV absor-
bance, pH, and conductivity (as well as other measured
values or programinstructions/logbooks) were accessed and
examined.

a. Size Exclusion Chromatography (SEC) Assay
Ananalytical size exclusion chromatography (SEC) assay

was run on an Agilent 1200 series HPLC (Agilent Teeh-
nologies, USA, part G1329A) and used to determine the
relative levels of high molecular weight species (HIMWS),
dimer, monomer, and lragment for collected samples, A
14.24 mL TSK G3000SWXL. 7.8 mmDx300 mmll (Tosoh
Bioscience, Tokyo, Japan, part 08541) column was used.
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Each sample was either diluted to approximately 0.5 g/L
antibody using the potassium phosphate/potassium chloride
HPLC running buller or sample injections were modified to
standardize mass loaded to the assay column. All samples
were prepared in Agilent HPLC 1.5 mil. glass vials. Runs
were 30 minutes with a 0.5 mL/min flow rate, Sample
injections were adjusted so that approximately 25 ng of
antibody was loaded per sample. Blanks containing the
samples” respective background butlers were run with each
sample set, UV 280 nm absorbance curves were analyzed
either manually using ChemStation (Agilent Technologies )
or automatically using CHROMELBON® (DIONEX,
Sunnyvale, Calif.) software to integrate peaks separately to
obtain percentage values ofspecies tor the samples. Percent
values obtained from this assay can be multiplied by the
concentration (mg/mL) of the fraction to get an actual
concentrations or masses for each size variant speciesin the
sample (e.g. SEC result: 4% HMWS, 3% dimer, 92%
monomer, 1% fragment; sample concentration: 2 g/L;
sample volume: 10 mL; 1.84 g/L monomer, 18.4 mg mono-
mer lotal in sample).

b, CHOP assay

Samples from selected runs were submitied to an assay
group that performed a standard and validated enzyme
linked immunosorbent assay (ELISA) to quantitate the lev-
els of CHOP. Aflinity-purified goat anti-CHOP antibodies
were immobilized on microtiter plate wells. Dilutions ofthe
samples containing CHOP, standards. and controls. were
incubated in the wells, followed by incubation with goat
anti-CHOPantibodies conjugated to horseradish peroxidase.
The horseradish peroxidase enzymatic activity was detected
with o-phenylenediamine dihydrochloride. The CHOP was
quantitated by reading absorbance at 492 mn in a microtiter
plate reader. A computer curve-fitting program was used to
generate the slandard curve and automatically calculate the
sample concentration. The assay range lor the ELISA was
typically 5 ng/ml to 320 ng/ml. Results were standardized to
ppm for pool comparisons.
Results

The elution shape ofa step-gradient is shown in FIG. 1,
All proteins were eluted by the end of the pH decline. A
larger portion of the proteins were eluted from the column
more rapidly, but enough proteins remained on the column
and were eluted during the gradient. At lower pI, the
separation between the desired product (elution range of
around pH] 4.6 to 3.7 with slight molecule to molecule
variation) and undesirable aggregate (elution range around
pH3.9 to 3.5) occurred.

In all six protein molecules tested (anti-VEGF antibody
#1, anti-CD20 antibody, anti-VEGF antibody #2, anti-
MUC16 antibody. anti-CD4 antibody, and one-armed anti-
Met antibody), high percentages (~100%) of monomer were
observed in the initial gradient fractions and the tail end
portion of the gradient contained much higher levels of
aggregated species (>50%). These SEC results are shownin
FIGS. 2-4B. Since this set of tested molecules encompasses
larger classes of protein molecules (e.g., chimeric antibod-
ies, thioMabs (recombinant monoclonal antibodies having a
point mutation by replacing one amino acid residue with
cysteine), IgG4s, and antibody fragments produced by £.
coli), this pH step-gradient method suggest broad applica-
bility to all C,,2/C,,3 region-containing polypeptides/pro-
teins (¢.2.. Fe region).
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Example 2

CHOPSeparation for Anti-CD20 Antibody,
Anti-VEGPFAntibody #1, and Anti-MUCI6
Anubody over a Protein A Chromatography

Column Using a Standard Step Elution and a pH
Step-Gradient Elution

Using the method of pH step-gradient elution protein as
described in Example |. the anti-CD20 antibody levels per
fraction in mg/mL (from the bench top offline UV 280
absorbance. which tracked with the online AKTA/Unicorn

UV280 readings lor the step-gradient elution phase as seen
on the anti-VEGF antibody #1 chromatogram in PIG. 1A)
and the CHOPlevels per fraction in ppm were measured. As
seen in the lefi panel of PIG. 5 (anti-C1D20 antibody and
CHOPelution), the later fractions at lower pH of the pil
step-gradient elution contained very little anti-CID20 anti-
body compared to the amount of CHOP. Data [rom the
control run done at the same time as the anti-C1D20 antibody
step-gradient pH elution is shown in the top rowofthe table
in FIG, 5, Control rin was using the same conditions as
described in Table 1, except that no pH step-gradient was
used during the protein elution phase, and the protein was
eluted at or below pl] 3.6. The bottom row shows a small.
but acceptable, decrease in the anti-CD20 antibody yield
using the pil step-gradient. (note: this yield loss due to
aggregate removal is expected; yield 1s calculated using the
HCCF titer value that includes aggregates in the total
amount of praduet loaded on the column). About 5% less
aggregate and half of the CHOP levels were observed in
comparison to the control pool, The results establish an
unexpected benelit of increased purity using the pH step-
gradient elution,

CHOPseparations for both anti-VEGF antibody #1 and
ani-MUCI6 antibody were also performed using the pH
step-gradient method described in Example |, Similar to the
pattern observed in anti-CD20 antibody CHOP graph, more
CHOPwaseluted at the end ofthe pHgradient in proportion
to the elution ofanti-VEGI'antibody, indicating that the pil
step-gradient elution separated host cell impurities for this
protein molecule as well as the anti-CD20 antibody. See
FIG, 6. For CHOPseparation in the anti-MUC16 antibody,
this antibody had much higher CHOPlevels in comparison
to the elution pattern observed in anti-VEGI antibody#1.
See FIG. 7. Accordingly, a significant amount of CHOP can
be fractionated from anti-MUC16 antibody by using the pF
step-gradient method as described above.

Example 3

Virus Particle Clearance Using pH Gradient Elution
Protein A Chromatography

Using the method of pHstep-gradient elution protein A 5
chromatography as described in Example 1, the virus par-
ticle clearance of anti-VEGF antibody #1 was measured.
Step-Gradient pH Elution Protein A Chromatography

All phases and buffers were the same as those used in
Example |. Fractions were tested for retrovirus-like particle
counts using a quantitative polymerase chain reaction assay.
a. Retrovirus-Like Particle Quantitative Polymerase Chain
Reaction (RVLP OPCR) Assay

The RVLP endogenous virus particle assayis a real-time
quantitative PCR assay. Viral RNA was extracted [rom
samples using Qiagen EZ1 (Qiagen, Valencia, Calif).
Sample sizes were 0.4 mL (undiluted and 1:10 diluted
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NCCF, undiluted protein A pool). Extraction efliciency was
confirmed by including a reference standard IICCP sample
with a known CHO retrovirus particle titer. Genomic DNA
was removed by DNase digestions by treating the extraction
eluate with 0.2 units/ml of DNase | at an elevated tempera-
ture for 30 min. The DNase was then heat inactivated at 70°
C. for 15 min. The absence ofretroviralDNA was confirmed

by assaying the samples without reverse transcriptase.
Real-sime quantitative PCR assays to measure CHO ret-

rovirus genomes were performed as described in De Wil et
al. (Biologicals, 28(3):137-48 (2000)). but with the use ofa
new probe at nearby region. The reagents and procedures
were also updated and improved, Primers and probe
sequences were designed to amplify a fragment in the highly
conserved pol region from the CHO type C retrovirus
genome. Each retrovirus-like particle contains two genomic
RNA molecules. Oligonucleotide probes and primers were
ordered from Applied Biosystems (Foster City, Calif.) and
Invitrogen (Carlsbad, Calif). Viral clearance was expressed
as log 10 reduction value, or LRV, whichis the difference of
log 10 (total virus) in the protein (IICCT’) load and in the
product pool. Total virus was obtained from virus titers
(particles/ml or nU/mL.) in samples and sample volume
(mL) FIG. 18 shows the endogenous virus-like particle
count for each fraction taken from the pH step-gradient
elution. Some virus eluted at the start of the gradient in the
large peak, but a larger portion ofthe virus elutedatthe tail
end of the elution. Accordingly, separation of these RVLPs
from product can benefit pH step-gradient or full-gradient
elution Protein A chromatographyoverall efliciency in terms
ofviral clearance. FIG. 19 shows LRVfor each fraction in

comparison to the IICCF load. The graph was based on a
calculation using the values from FIG. 18, A large decrease
in the LRV was observed in the later aggregate rich elution
fractions. LRV was high (desirable effect) in the middle
eluting, higher polypeptide monomerfractions.

Example 4

Basic Polypeptide Variants Clearance Using pH
Gradient Elution Protein A Chromatography

Using the method ofpl] step-gradient elution protein A
chromatography as described in Example 1, the basic poly-
peptide variants (or basic variants) clearance of anti-VEGF
antibody #1 was measured.
Step-Gradient pH Elution Protein A Chromatography

All phases and buffers were the same as those used in
Example 1. Fractions were submitted to the ion-exchange
variant assay.
a. lon-Exchange Variant Assay

An analytical ion exchange chromatography (IEC) assay
was run on an Agilent 1200 series HPLC (Agilent ‘Tech-
nologies, USA, part G1I329A) and used to determine the
relative levels of main peak to acidic and basic charged
variants for collected Anu-VEGFantibody #1 samples. A
Dionex ProPac WCX-10, 4.6%250 mm (Dionex productno.
054993) column was used with a gradient of ACES |N-(2-
Acetamido)-2-aminoethanesulfonic acid] and NaC] under
conditions of elevated temperature. Sample preparation
included buffer exchanging samples into IEC mobile phase
prior to a 20 minute heated digestion with Carboxypeptidase
(CpB), Approximately 50 pg ofAnti-VEGPantibody #1 was
injected into the columnper sample. UV280 nm traces were
obtained and integrated using ChemStation (Agilent Tech-
nologies) sofiware. Integration percents for each category ol
acidic, basic, and main peak species were analyzed lor
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ion-exchange variant composition trends across the gradient.
FIG, 17 showsthe result of the ion exchange variant assay
peak integration across 20 Protein A pHstep gradient elution
fractions. The percent of basic variants present in the trac-
lions increases dramatically in the tail portion ofthe Protein
A pH step-gradient elution. ‘This tail portion ofthe gradient
elution ts the same portion where the increased CHOPand
aggregation separation were observed, as described in
Examples 1 and 2,

Example 5

pli Step-Gradient Elution Using Multiple Protein A
Chromatography Columns

Both the MABSELECT SURE™ and the MABSE-

|,ECT™ resins were tested for the pH step-gradient elution
method as described above. These two Protein A resins,
although similar in name. have dillerent affinity ligands
attached. The MABSELECT™ bears the native Protein A

ligand. which bind to the Fe portions of antibodies. The
MABSELECT SURE™bears a modified form ofProtein A

that has been chemically altered to be stable in solutions of
high pH for short amounts of time. The overlayed AKTA
elution profiles show that the elution traces are extremely
similar for the two Protein A resins. As can be seen by the
SECintegration prolile for MabSelect in FIG. 8, comparable
aggregate separation was achieved using this resin, Other
resins tested successfully for aggregate separation were
PROSEP®Va, PROSEP®Ultra Plus, and POROS® MAB-

CAPTURE™ A, Accordingly. various affinity resins (e-g.,
MABSELECT™, MABSELECT SUERE™, PROSEP®
Va, PROSEP® Ultra Plus, and POROSR MABCAP-

TURE™) can be used in the pH step-gradient elution
method to fractionate impurities.

Example 6

Design of Experiments (DOE) Using Various
Parameters for the pI] Gradient Elution Method

Various parameters that are important in most chroma-
tography processes were explored for anti-VEGFantibody
#1 using a 35-run statistically designed study within the
ranges shownin lable 2. The “elution start “% B” parameter
affects the starting pH ofthe elution phase (which plays a
major role in determining the shape ofthe elution curve. The
higherthe starting %B, the lowerthe starting elution pH. the
more protein eluted from the column in the first fractions).
as well as the slope of the overall gradient. Parameters were
varied simullaneously in a fractional factorial study
designed to elucidate the main effects as well as the inter-
actions. All runs were fractionated during the elution, and
aggregate and concentration were assayed for all fractions.
An interpolative calculation was used to determine the mock
pool monomerlevels for pools that would result in exactly
85%yield (the lower limit of the step yield target) and these
values were used to compare the ellectiveness of each set of
min parameters in separating monomer trom aggregate efh-
ciently.

TABLE 2

DOE Parameter Ratges

Parameter Low Target High

Load Density 19 28 37
Bed Height 14m 22 om 30 ern
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TABLE 2-continoued

DOE Parameter Ranges

Parameter Low Targel High

Ehition Flow Rate 140 om/hr 210 enwlir 350) cmler
Elution Length 15 cy 20 OW 235 cyV
Elution Start % B 235 (4.6) 35 (4,3) 45 (4.2)
(plty* 

“All lutions ended at 60% B (pH 3.7)

Experimental Procedures
All parameter changes aside from the column bed height

(which requires packing of multiple columns) were exam-
ined using the Unicorn software. CVfractions were taken
throughout all ofthe elutions, assayed using the HPLC SEC
(as described above), and measured for the protein concen-
tration (UV280 absorbance as measured on a NanoDrop UV
spectrophotometer). In order to best standardize the results
for comparison. data from various sets of fractions were
compiled and a calculation was used to interpolate the
overall yield and SECprofile ofa pool from eachof the run:

The JMP®(SAS, Cary, N.C.) software package was
employed to generate a lractional factorial parameter explo-

> ration run plan. One ofthe runs was selected as ihe “exem-
plary manufacturing run” from the set because ofits high
yield, high monomerlevel, and lowpool size (PIG. 11).
Results

Pareto plot of DOE results show that the “Start % B” is
the most influential parameter in determining aggregate
separation, followed by load density (lower is better) and
residence time (residence time was calculated by dividing
the controlled parameters of bed height (em/CV) by low
rate (em/hr) for hr/CV, Accordingly. the lowerthe start %B,
the higher the elution start pH. and the more efficient the
aggregate separation: the lower the load density. the more
eflicient the aggregate separation; and the higher the resi-
dence time, the more eflicient the aggregate separation, See
PIG, 9. Further. interaction profiles from this study shows
that there was an interaction between the parameters of load
density and start % B as well as an interaction betweenthe
residence time and load density. At increased load densities,
the start % B had a greater effect on the monomerlevels of

5 85% yield mock pools than ifthe run was done at lower load
densities. Further. at increased load density, the residence
time played a muchlarger role in the ability of the gradient
to fractionale aggregates more efficiently. A lowerrate must
be used during the elution to achieve high product through-
put with the pHstep-gradient method. See FIG, 10. FIG. 11
shows that the poo! from this run was under 10 CVs(e.g...
3.4 CV or 6 CV) while delivering less than 1% aggregate
with greater than 85% yield.

In addition to the main effects (Pareto plot in FIG. 9),
interactions (FIG. 10), and exemplary manufacturing run
(FIG. 11), it was observed that overall elution length had no
ellect on aggregate separation. but could be manipulated to
decrease the pool size to result in a poo! that still has high
purity and high yield, but in a lesser volume (whichts
preferable for manufacturing scale). Also, the use ofthe pH
step-gradient resulled in lower pool volumes with purity
nearly comparable to that given by the full gradient (see
Example 8). The pli step-gradient was also found to be
robust in several process changes, including smaller changes
in load density and flowrate. as well as being completely
unaffected by bed height.
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Example 7

Protein Purification Using lon Fxchange Membrane
Chromatography Following the pH Step-Gradient

Protein A Chromatography

Yo determine whether downstream column chromatowra-
phies could be eliminated from the purification process or
substituted with membranes, bench scale cycling ofthe
Protein A pH step-gradient on anti-VEGF antibody #1 (with
a pool ofless than 1% aggregate and 4 high yield) was
loaded onto downstream charged membranes. MUSTANG)
5 (Pall corporation) and MUSTANG'®Q (Pall corporation)
membranes represent a cation exchange membrane and an
anion exchange membrane, respectively. Success was mea-
sured by the ability of the membranes to achieve the same
overall purities and yields as compared to the typical down-
stream column process.
Experimental Procedures

Parameters used for determining optimal load condition-
ing for CHOP and aggregate clearance over S and/or Q
membranes were taken from prior studies on optimal load
conditioning for CHOPclearance over S and/or Q mem-
brane using a Protein A standard step pool in Tables 3A and
3B. In these prior studies, promising results were shown
when a Protein A standard siep pool was used (control
group, using no pH gradient and eluting protein at or below
pH 3.6): however, this process had slightly higher CHOP
levels than desired and did not clear any aggregates from the
process. In these prior studies, membranes had been loaded
to 5 kg/L membrane and optimal loading conditions had
been found for impurity removal. These same conditions
were used for the Protein A step-gradient elution pool to
compare the performance ofthe different Protein A pools on
these membranes with the primary impurities targeted as
CHOPand aggregate.

TABLE 3A 

Prior parameters for determination ofoptimal load conditioning
for CHOP éléarance over S or Q miembranes 

Filter MUSTANG © 5 or Q ACRODISC ®
Filter Size O18 pl
Load anti-VEGF amibody #1 Protein A StepPool
Load Density 5 kel. membrane
Flow Rate
Assay

4 mL/min (1333 mV/he, 112 em/hn
CHOP ELISA

TABLE 3B

Prior parameters for determining whether orthogonal impurity clearance
can be achieved by nmuning 5 and Q membranes in series.

Best MUSTANG ® § pool
(Protein A Step Pool ag load)
Best MUSTANG ® © pool
(Protein A Step Pool as load)
Best MUSTANG ® Q pool (Best
MUSTANG § Pool as load)

load at pH: 3-6, 3 mS/emz:
140 ppm CHOP
load at pH; 8-9, =4
mS/cm; 30 ppm CHOP
loud wt pH: 8-¥, 2.5
mS/em: 15-20 ppm
CHOP

In the initial studies, Protein A standard step elution pools
were conditioned to specific pHs and conductivities and
passed through laboratory seale cation (MUSTANG®8)
and anion (MUSTANG®Q) exchange membrane unils that
were connected to theARKTA™ FPLCpurification system.
Flow rates were maintained and pressure traces were exam-
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ined for evidence of fouling/permeability decay. Fractions
were taken at various load densities and assayed for CHOP
(ELISA) and antibody concentrations (UV280 absorbance
on the NanoDrop UVspectropholometer), The results of
these assays were compared at various load densities to find
the optimal loading conditions for end CHOPclearance. In
the later studies, the Protein A pH step-gradientelution pool
was conditioned to the optima found in the initial studies.
Fromthis, the performance ofthe step-gradient elution poo!
was compared to that of the standard Proiein A step elution
in ability of the downstream membranes to clear CHOP and
other impurities while maintaining high yield and low
aggregate levels. Twosizes of cation exchange membrane
and three sizes of anion exchange membrane werealso used
to test reproducibility and scalability of results.
Results

Whenthe Protein A step pool was used as the load for a
cation to anion exchange membrane purification series, the
lowest CHOPlevels obtained were 15-20 ppm for mem-
branes loaded to 5 kg/l. membrane. Since the membranesdid
not clear aggregate. levels ofthis impurity were unaccept-
ably high in the end pools. In contrast, when the Protein A
pH step-gradient elution pool was loaded onto these same
membranes, CHOP levels were 0-15 ppm and aggregate
levels were still lowin the end pools, showing a benefit to
the overall process.

Further, end pools ofeach ofthe three combinations ofion
exchange membranes tested resulted in high yield and high
purity end pools, In all cases, the aggregate levels remained
low through pH adjustment and membrane processing, and
CHOPlevels were also lower than what was seenin the prior
control studies, showing an unexpected CHOP reduction
benelit to using a lower aggregate protein A pool as a feed,
See FIG, 12. Accordingly, the use of ion exchange chroma-
tography membranes in place of the usual ion exchange
chromatography columns eliminates the need for many
typical column chromatography buffers and other time/
manufacturing space consuming inconveniences. More
importantly. since these charged membranes were used in
overload mode (i.c., the load is passed through the mem-
brane to a high loading density with no washing or elution
steps needed to generate a highly purified pool), the mem-
branes allow for a continuous purification process down-
stream of the pH gradient Protein A chromatography step.

The SECintegration profiles between the pilot scale (4.1
L.) and the 28 mL benchscale are also shown to be extremely
similar, indicating that Protein A pH step-gradient can be
scaled successtully and that any small scale results can be
considered indicative of larger scale performance, See FIG,
13. These results indicate an unexpected benefit of repro-
ducibility and scalability of pH step-gradient elution Protein
A chromatography.

Example 8

VIRESOLVEW®Pro Parvovirus Filter Runs

A. VIRESOLVE®Pro Permeability Decay Comparison
The Protein A pil step-gradient was compared to the

Protein A standard step (control group, using no pH gradient
and eluting protein at or below pll 3.6) in terms of facili-
laling a greater mass throughput over a parvovirus filler
(VIRESOLVE®Pro, Millipore, Inc,). A common HCCF
feed was used to run both the Protein A pil step-gradient and
Protein A standard step control over the QSFF(Q Sepharose
Fast Flow (anion exchange column; GE Healthcare) in a
standard flow through mode before running over the VIRE-
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SOLVE®Pro parvovirus filler. Several VIRESOLVE® Pra
run conditions were tested: 1) Protein A standard step elution
pool with the SHC sterile prefiller in-line, 2) Protein A
standard step elution with a cation exchange (CEX) mem-
brane adsorber as a prefilter in-line, 3) the Protein A pH
step-gradient pool with the SHCprefilter (an uncharged 0.2
micron sterile-grade filter), and 4) the Protein A pH step-
pradient pool with a CEX membrane adsorber as a prefilter

40

parable to the levels in the standard step run with the cation
exchange membrane, The levels were slightly lower than

those from the standard step with the SHC. See Tables 4.4
and 4B. These results show that not only did the pil

step-gradient method produced higher mass throughput in
comparison to the standard step pool, it also produced
comparable or better purity.

TABLE 44

Proteim A STEP Elttion

Experiment 1 Experiment. 2

Heer Loud CHOP: CHOP CHOP
1.U0W.000 ppm ppo Mouomer Appregate ppm Monomer Aperegaie

Proteim A Pool Toon 95,39 4.61
OSFF Load THOu 44h 3.99 1080) 94.04 5.96
OSFFPool o 95.53 4.47 14 95.28 4.72
VPro Loud go 95.48 4.52
VPro Pool (SEC) s 95.52 4.48 tz 55,29 4.71
WPro Pool (CEX 5 95.52 4.48 6 95.43 47
Menitbrane)

TABLE 4B

Protein A pH STEP-GRADIENT Elution

Experiment | Experiment 2

HCCF Load CHOP: CHOP CHOP
1,000,000 ppm ppm Monomer Ageregare ppm Monomer Aggregate

Protem A Pool su0 99/28 0.72 20 99.42 O38
OSFF Load sso 98.70) 1.30
VPro Load 5 99,201 71
VPro Pool (SHC) 7? 99:27 0.73 6 99,32 0.68
VPro Pool (CEX =4 99,33 (67
Membrane)

in-line, Some pools were run with repetition. The VIRE-
SOLVE®Pro was run on a filtration setup that utilizes a set
ofperistaltic pumps. balances. and pressure sensors to report
data into a spreadsheet

The pH step-gradient pool with the SHCsterile filter in
line performed similarly to the step pool with the cation
exchange membrane, both showing around a six-fold
increase in possible mass throughput over the VIRE-
SOLVE®Pro. See PIG, 14, Accordingly, this result indi-
cates the unexpected benefit of the protein A pl step-
gradient in removing VIRESOLVE®Pro filter foulants
without the aid of a CEX membraneprefilter. Additionally,
the VIRESOLVE® Pro performance benefited by the com-
bination of the CEX membrane adsorber with the Protein A

pHstep-gradient pool, leading to an unexpected approxi-
mate 18-fold improvement in potential mass throughput as
compared to the Protein A standard step elution pool run
with the SHC on the VIRESOLVE®Pro,

B. VIRESOLVE®Pro CHOP and SEC Experiments
Samples were taken at different points during the VIRE-

SOLVER Pro run sequences and assayed for CHOP and
SEC. The Protein A standard step sequence with the SHC in
line had fairly low CHOPlevels, but still contained aggre-
gates, Aggregate levels remained low in the Protein A pH
step-gradient experiments through dillerent process steps
and resulted in an end poo! withless than 1% aggregate. This
result was a significant improvement overthe pool delivered
by the standard step pool. Purther, the CHOPlevels for the
pHstep-gradient SHC-VIRESOLVE®Pro pools were com-
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Example 9

Protein A Full pl] Gradient Elution on Protein A

Protein A full pH gradient elution was also tested, All
phases and buffers were the same as those used in the pH
step-gradient method as described in Example 1, except that
35-60% B as used in the pH step-gradient was decreased to
25-60%al the start of the gradient, whichresulted in a higher
pH start gradient (starting at about pH 4.6 and ending ai
about pH 3.7). 25% B correspond to elution buller pil of
4.58, buffer composition of 18.75 mM acetate and 6.25 mM
formate, and buffer conductivity of 1141 uS/em. 60%B
corresponds to elution bulfer pH of 3.69, bufler composition
of 10 mM acetate and 15 mM formate, and buffer condue-

tivity of 763 uS/em. See Table 5.

TABLE 3 

Run Phase Specifics 

Column Equilibration
Protein Load

Tris buffer, pH 7
Prefiltered HOCP, 14-37 g/L

Washes Various buffers
pH Full Gradient pH Gradient: 25-60%By; A: Acetate, pH 5.0)
Elution B: Formate, pH 2.7

NaOH
Benzyl alcohol and acetate storape buffer

Column Regeneration
Column Storage 

The elution shape ofa full gradient is shown in PIG. 15;
All products were eluted by the end of the pH decline. The
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chromatogram for the full pI gradient is the same in all
phases as the pH step-gradient, except that the antibody
elution begins at a higher pH. The lack of the initial tall UV
280 spike at the start of the gradient resulted in lower
concentration fractionsat the beginning ofthe gradient, with
more protein distributed through the rest of the elution
phase. This allowed for greater separation of species that
elute preferentially at higher pHs than the monomer. Thus,
this technique can be equally effective at clearing impurities
that separate from the desired product at lower pHs(i.e, the
aggregates and CHOPs separated using the step-gradient),
with the only drawback as end poo! volume as compared to
the pH] step-gradient (lower fraction concentrations at the
start of the gradient translate into a need to pool more
fractions together to achieve a mock pool ofa desired yield).
The SEC traces and integrations for this lull gradient also
demonstrate separation of aggregate [rom monomerat the
lower pHs, suggesting that benefits and applicability of the
pHstep-gradient can be extended to a full gradient as well.

Example 10

Aggregate Formation on Protein A Study

To ensure that an aggregate was neither being formed
during the low pH or the tail end ofthe pl] step-gradient
elution and that the Protein A pHstep-gradient technique
indeed separated a monomer from an aggregate, rather than
causing the formation of an aggregate, purified materials
were used to showthat aggregate levels of the feed were not
increased by processing over Protein A, with or without
HCCF components. See Table 6.

TABLE 6

50/50 Mix:
anti-VEGF Protem A pH step- HCCE flow
antibody #1 enidient pool, through + Protein

Protein A HECE conditioned te pH A pH step-
Loud Material (~pH 7.3) ha gnidient pool

Loud Monomer Unknown™ OS. 88% Unknown*
Acetic Acid Step 95.03% 99.06% Yo.) 6p
Elution Monomer

*SEC monomer assay not used on HOCCF

Whatis claimed is:

1. A method for purifying a polypeptide comprising a
C,,2/C,A region, comprising the steps off

(a) binding the polypeptide to Protein A: and
(b) eluting the polypeptide with a pH gradientstarting at

or below 5.0 using an elution buifer, wherein the
elution buffer contains a high pH buffer and a low pH
buffer and wherein the pH gradient is formed by
adjusting a percentage of each pH buffer in the elution
builer,

wherein the high pH bufferis at about 5.0 and whereinthe
lowpH bufferis at about 2.7, wherein the pH gradient
ends at about 3.7, and

wherein an aggregate, a host cell impurity. a virus filter
foulant, a virus particle and a virus-like particle are
removed from the desired polypeptide.

2. The method of claim 1, wherein the percentage of low
pl buffer starts at about 35%.

3. The method of claim 2, wherein the elution bufler

containing the low pL buller at about 35% comprises about
16.25 mM acetate and about 8.75 mM formate.
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4. The method of claim 1. wherein the percentage oflow
pl buffer starts at about 25%.

5. The method of claim 4, wherein the elution buffer

containing the low pH buffer at about 25% comprises about
18.75 mM acetate and 6.25 mM formate.

6. The method of claim 1, wherein the percentage of low
pH bufler starts at about 40%.

7. The method of claim 6, wherein the elution bulfer

containing the low pl buffer at about 40%comprises about
15 mMacetate and 10 mM formate.

8. The method ofclaim 1. wherein the polypeptide is
loaded with a loading density starting at about 14 g/L.

9. The method of claim 1, wherein the Protein A is a

Protein A column chromatography resin or a Protein A
chromatography sorbent.

10. The method of claim 9, wherein the Protein A chro-

matography sorbent is a membrane or a monolith,
11. The method ofclaim 9, wherein the Protein A is a

Protein A column chromatography resin and wherein the
polypeptide has an elution flow rate ranging from about 5
column volume/hour to about 25 column volume/hour.

12. The method of claim 9, wherein the Protein A is a

Protein A column chromatography resin and wherein a
purified traction of the polypeptide contains about or fewer
than about !2 Protein A column volumes.

13. The method of claim 1, wherein the pH gradientstarts
at about pH 4.2.

14. The method of claim 1, wherein the pHgradientstarts
at about pH4.3.

15. The method ofclaim 14, wherein the polypeptide is an
ani-VEGIT antibody. an anti-CD20 antibody, an anti-
MUCI6 antibody. an anti-METantibody or an anti-CD4
antibody.

16. The method of claim 15, wherein the antibody is an
anui-VEGF antibody,

17. The method of claim 16, wherein the anti-VEGF

antibody is bevacitzumab.
18. The method of claim 15, wherein the antibody is an

anti-C1ID20 antibody.
19, The method of claim 18, wherein the anti-CD20

antibody is rituximab.
20, The method of claim 1, wherein the pHgradientstarts

at about pH 4.6,
21, The method ofclaim 1, wherein the host cell impurity

is Chinese Hamster Ovary Protein (CHOP).
22. The method of claim 1. wherein a basic polypeptide

variant is separated from the polypeptide.
23. The method ofclaim 22. wherein the polypeptideis an

anui-VEGF antibody, an anti-CD20 antibody, an anti-
MUC16 antibody, an anti-MET antibody or an anti-CD4
antibody.

24. The method of claim 23, wherein (he antibody is an
anui-VEGF antibody,

25, The method of claim 24, wherein the anti-VEGF

antibody is bevacizumab.
26. The method of claim 23. wherein the antibody is an

anti-C1D20 antibody,
27. The method of claim 26. wherein the anti-CD20

antibody is rituximab.
28. The method ofclaim 1. wherein the C,,2/C,,3 region

comprises a Fe region of an immunoglobulin.
29, The method of claim 1, wherein the polypeptideis an

antibody.
30. The method of claim 29, wherein the antibody is a

monoclonal antibody. a polyclonal antibody, a multi-specilic
antibody, or an antibody fragment.
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31. The method ofclaim 1, wherein the polypeptideis an
immunoadhesion,

32. The method ofclaim 1, whereinthe purified polypep-
tide has a purity ofat Jeast about 98% monomer.

33, The method ofclaim 32, wherein the polypeptide is an
anti-VEGF antibody, an anti-Cl20 antibody, an anti-
MUCI6 antibody, an anti-MET antibody or an anti-CD4
antibody.

34. The method ofclaim 33, wherein the antibody is an
anti-VEGFantibody.

35. The method of claim 34, wherein the anti-VEGF
antibody is bevacizumab.

36, The method of claim 33, wherein the antibody is an
anti-CD20 antibody.

37, The method of claim 36. wherein the anti-CD20

antibody ts rituximab,
38. The method of claim 1. wherein the purified polypep-

tide has a purity ofat least about 99% monomer.
39. The method ofclaim 38, wherein the polypeptide is an

anu-VEGF antibody, an anti-CD20 antibody, an  anti-
MUC16 antibody, an anti-METantibody or an anti-CD4
antibody.

40. The method of claim 39, wherein the antibody is an
anti-VEGFantihody.

41, The method of claim 40, wherein the anti-VEGF

antibody is bevacizumub.
42. The method ofclaim 39, wherein the antibody is an

anti-CD20 antibody.
43. The method ofclaim 42 wherein the anti-CD20

antibody is rituximab,
44. The method ofclaim 1, wherein a ratio of a host cell

impurity to the purified polypeptide is at least about 20%
lower than the ratio in a polypeptide purified by a step
elution method, wherein the step elution method comprises
binding the polypepude to Protein A and eluting with a pH
starting, at or below 3.6.

45. The method ofclaim 44, whereinthe polypeptideis an
anu-VEGF antibody, an anti-CD20 antibody, an anti-
MUC16 antibody, an anti-MET antibody or an anti-CD4
antibody.

46. The method of claim 45, wherein the antibodyis an
anti-VEGFantibody,

47. The method of claim 46, wherein the anti-VEGF
antibody is beyacizumab.

48. The method ofclaim 45, wherein the antibodyis an
anti-CD20 antibody.

49. The method of claim 48. wherein the anti-CID20

antibody 1s rituximab.
50. The method of claim 1, wherein a ratio ofa host cell

impurity to the purified polypeptide is at least about 60%
lower than the ratio in a polypeptide purified by a step
elution method, wherein the step elution method comprises
binding the polypeptide to Protein A and eluting with a pH
starting at about 3.6.
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51. The method ofclaim 50. wherein the polypeptideis an
anti-VEGF antibody. an anti-CD20 antibody, an anti-
MUC16 antibody. an anti-MET antibody or an anti-CD4
antibody.

$2. The method of claim 51, wherein the antibody is an
anti-VEGF antibody.

53. The method of claim 52, wherein the anti-VEGF

antibody is bevacizumab.
$4. The method ofclaim $1, wherein the antibody is an

anti-CID20 antibody.
55. The method of claim 54, wherein the anti-CD20

antibody is rituximab.
56. The method of claim 44 or 50, wherein the purified

polypeptide is a polypeptide monomer.
57. The method of claim 1, wherein the Protein A is a

modified or a non-modified Protein A ligand.
58. The method ofclaim 1, wherein the purification is a

manufacturing scale process.
59. The method ofclaim 1, further comprising subjecting

the polypeptide to a vinis filtration step.
60. The method of claim 1, further comprising subjecting

the polypeptide to an ion exchange chromatography step.
61. The method of claim 60, wherein the ion exchange

chromatography step runs continuously after step (b).
62. The method of claim 1, wherein the method does not

comprise a further purification siep to remove an aggregate.
63. The method ofclaim 1, wherein the method does not

comprise a
further purification step to remove a virus filter foulant.
64. The method ofclaim 63, wherein the polypeptide is an

anti-VEGF antibody. an anti-CD20 antibody, an anti-
MUC16 antibody. an anti-MET antibody or an anti-CD4
antibody.

65, The method of claim 64. wherein the antibody is an
anti-VEGF antibody.

66. The method of claim 65, wherein the anti-VEGF

antibody is bevacizumab.
67. The method of claim 64, wherein the antibody is an

anti-CD20 antibody.
68. The method of claim 67, wherein the anti-CD20

antibodyis rituximab.
69, The method ofclaim 1, wherein the polypeptideis an

anu-VEGF antibody, an anti-CD20 antibody. an anti-
MUC16 antibody, an anti-MET antibody or an anti-CD4
antibody.

70. The method of claim 69, wherein the antibody is an
anti-VEGFantibody.

71. The method of claim 70, wherein the anti-VEGF
antibody is bevacizumab.

72. The method of claim 69, wherein the antibody is an
anti-CI20 antibody.

73. The method of claim 72, wherein the anti-CD20

antibody is rituximab.
++ * + * &
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METHODS FOR MAKING RECOMBINANT
PROTEINS. USING APOPTOSIS INHIBITORS

RELATED APPLICATIONS

This is a nou-provisional application claiming priority
under Section 119(¢) to provisional application no. 60/156,
232, filed Sep. 27, L999, the contents of which are incor-
porated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to improved meth-
ods of making recombinant proteins using one or more
apoptosis inhibitors.

BACKGROUND OP THE INVENTION

Control of cell numbers in mammals is believed to be

determined, in part, by a balance between cell proliferation
and cell death. One form of cell death, sometimes referred
lo as necrotic cell death, is typically characterized as a
pathologie form ofcell death resulting from some trauma. or
cellular injury. In contrast, there ts another, “physiologic”
form of cell death which usually proceeds in an orderly or
controlled manner. This orderly or controlled form of cell
death is often referred to as “apoptosis”[sec, ¢.g., Barr et al.,
Bioe/Technology, 12:487-493 (1994); Steller et al., Science,
267:1445-1449 (1995)]. Apoptotic cell death naturally
occurs in many physiological processes, including embry-
onic development and clonal] selection in the immune system
[Itoh et al., Cell, 66:233-243 (1991)],

Control of cell numbers in cell culture and bioreactors is

also a balance between cell proliferation and cell death.
There have been reports in the literature indicating cell death
in bioreactors can be an apoptotic process [SuzukiE,, et al.,
Cytatechnology, 23:55-59 (1997), Al-Rubeai, M. and Singh
R. P, Curr. Opin, Biotech, 9152-156 (1998)], It has been
described that the apoptotic process may be induced by
nutrient deprivation [Franek PF. and Chladkova-Sramkova
K., Cyrotechnology, 18:113-117 (1995); Mercille 5. and
Massie B., Biotechneal. Bioeng, 44:1140-1154 (1994);
Singh R. Pet al., Biotechnol. Bioeng,, 44:720-726 (1994)],
serum deprivation [Singh R, P, et al., Biotechnol. Bioeng.,
A44:720-726 (1994); Zanghi A., et al., Bietech. Bioeng.,
64: 108-119 (1999)] or other controllable parameters ofcell
culture in bioreactors, but is not controlled fully because of
bioreactor mechanics, a lack of full understanding of nec-
essary culture parameters, or other undetermined causes,

As presently understood, the apoptosis or cell death
program contains al least three important elements—
activators, inhibitors, wand effectors; in C. elegans, (hese
elements are encoded respectively by three genes, Ced-4 4,
Ced-9 and Ced-3 [Steller, Science, 267:1445 (1995); Chin-
naiyan et al., Science, 275:1122-1126 (1997); Wanget al.,
Cell, 90:1-20 (1997)]. Two of the TNFR family members,
TNFRI and Pas/Apol (CD95), can activate apoptotic cell
death [Chinnaiyan and Dixit, Current Biology, 6:555-62
(1996); Fraser and Evan, Cell; 85:781-784 (1996)].TNFR1
is also known to mediate activation of the transcription
factor, NF-KB [Tartaglia et al., Ce//, 74:845-853 (1993);
Hsu et al., Cell, 84:299-308 (1996)]. In addition to some
ECD homology, these two receptors share homology in their
intracellular domain (ICD) in ao oligomerization interface
known as the death domain [Tartaglia et al., supra; Nagata,
Cell, 88:355 (1997)]. Death domains are also found in
several metazoan proteins thal regulate apoptosis, namely,
the Drosophila protein, Reaper, and the mammalian proteins
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referred to as FADD/MORTI, TRADD,

[Cleaveland and Ihle, Cel/, 81:479—482 (1995)].
Upon ligand binding and receptor clustering, TNFR1 and

CD95 are believed lo recruit PADD into a death-inducing
signaling complex. CD95 purportedly binds FADDdirectly,
while TNFR binds FADD indireetly via TRADD
[Chinnatyan et al., Ce//, 81:505-512 (1995); Boldin et al...
Biol. Chem., 270:387-391 (1995); Hsu et al., supra; Chin-
naiyan et al., J. Biol. Chem., 271:4961—-4965 (1996)]. It has
been reported that FADDserves as an adaptor protein which
recruits the Ced-3-related protease, MACH-alpha/FLICE
(caspase 8), into the death signaling complex [Boldin etal.,
Cell, 85:803-815 (1996); Muzio et al., Cel/, 85:817-827
(1996)]. MACH-alpha/PLICE appears to be the tngger that
sets off a cascade of apoptotic proteases, including the
interleukin-[beta converting enzyme (ICE) and CPP32/
Yama, which may execute somecritical aspects of the cell
death programme [Fraser and Evan, supra].

It was recently disclosed that programmed cell death
involves the activity of members of a [amily of cysteine
proteases related to the C. elegans cell death gene, ced-3,
and to the mammalian [L-1-converting enzyme, ICE, The
activily of the ICE and CPP32/Yama proteases can be
inhibited by the product of the cowpox virus gene, ermA
[Ray et al., Cell, 69:597-604 (1992); Tewari et al., Cell,
81:801-809 (1995)]. Recent studies show that CrmA can
inhibit TNFR1- and CD95-induced cell death [Enari et al,
Nature, 375:78-81 (1995); Tewari et al., J. Biol. Chem.,
270:3255-3260 (1995)].

As reviewed recently by Tewari et al., TNFR, TNFR2
and CD40 modulate the expression of proinflammatory and
costimulatory cytokines, cylokine receptors, and cell adhe-
sion molecules through activation ofthe transcription factor,
NF-KB [Tewari et al., Curr, Op. Genet. Develop., 6:39-44
(1996)]. NF-KB is the prototype of a family of dimeric
transcription factors whose subunits contain conserved Rel
regions [Verma el al., Genes Develop., 92723-2735 (1996);
Baldwin, Ana, Rev, Immunol, 14:649-681 (1996)]. In its
latent form, NF-KB is complexed with members ofthe IKB
inhibitor family; upon inactivation of the KB in response to
certain stimuli, released NF-KB translocates to the nucleus

where it binds to specific DNA sequences and activates gene
transcription,

For recent reviews of such signaling pathways, see, ¢.g.,
Ashkenazi et al., Sefence, 281:1305—1308 (1998); Nagata,
Cell, 88:355-365 (1997),

To date, there have been conflicting reports as to the
effects of caspase inhibitors and expression ofanti-apoptotic
genes on cultured recombinantcells. For instance, Murray et
al., Biotech. Bioeng., 51:298-304 (1996) deseribe that over-
expression of bel-2 in NSO myelomacells failed to affect the
decline phase characteristics of the cultured cells, Other
investigators have found, in contrast, that bel-2 can be
effective in preventing different cell lines from death under
cell-culture conditions [see, e.g., Toh et al., Brorecinol.
Broeng., 48:118-122 (1995); Mastrangelo et al., 77BTECH,
16:88-95 (1998); Simpson et al., Brotechinal. Bioeng.,
54:1-16 (1997); Singh et al., Biotechnol, Bioeng.,
52:166-175 (1996)], Goswamiet al., Bietechnol. Bioeng.,
62;632-640 (1999) report that they found that the caspase
inhibitor, 2-VAD-fmk, was unable to substantially extend the
lite of a serum-lree culture of CHO cells.

and RIP

SUMMARY OFTHE INVENTION

The present invention is based on Applicants’ lindings
thatemploying one or more apoptosis inhibitor(s) in recom-
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binant cell culturing and protein production can markedly
reduce apoptosis in the cell culture and improve recombi-
nanl protein production techniques. The methods disclosed
in present application are useful, for example, in prolonging
cell viability in cell cultures or improving or enhancing yield
of the recombinant proteins from the cell cultures. Further
improvements provided by the invention are described in
detail below.

In one embodiment, the invention provides a method of
making recombinant proteins using one or more apaptasis
inhibitors. The method includes the steps of (a) providing a
vector comprising 4 gene encoding an apoptosis inhibitor,
(b) providing a vector comprising a gene encoding a protein
of interest, (c) providing a host cell, (d) transforming or
transfecting the host cell with the vectors referred to in steps
(a) and(b), (e) providing cell culture media, (f) culturing the
transformed or transfected host cell(s) in the culture media
under conditions sufficient to express the protein of interest
and the apoptosis inhibitor, and (g) recovering or purifying
the protein of interest from the host cells and/or the cell
culture media, Optionally, the method further includes the
slep of admixing an additional! apoptosis inhibitor into the
culture media. In the method, the respective genes encoding
the apoptosis inhibitor and the protein of interest may be
inserted into a single vector (¢.g., co-transfected in a single
vector), or alternatively, be inserted into two separate vec-
tors. Preferably, the respective genes encoding the apoptosis
inhibitor and the protein of interest are inserted into two
separale vectors, each vector having a different type of
selection marker from the other vector, Optionally, the
method provides for transient expression of the protein of
interest and stable or transient expression of the apoptosis
inhibitor. Optionally, the gene encoding the apoptosis inhibi-
lor comprises a gene encoding the caspase-9-DN protein or
baculovirus p35.

In another embodiment, the method includes the steps of
(a) providing a vector comprising a gene encoding a protein
of interest, (b) providing a host cell comprising DNA
encoding an apoplosis inhibitor, (c) transforming or trans-
fecting the host cell(s) with the vector referred to in step (a),
(d) providing cell culture media, (¢) culturing the trans-
formed or transfected hostcell(s) in the culture media under
conditions sufficient to express the protein of interest and the
apoptosis inhibitor, and ({) recovering or purifying the
protein of interest from the host cells and/or cell culture
media, Optionally, the gene encoding the apoptosis inhibitor
may be stably integrated into the genome ofthe host cell,
Optionally, the method includes the further step of admixing
an additional apoptosis inhibitor molecule into the culture
media, Optionally, the method provides for transient expres-
sion ofthe protein of interest and stable or Lransienl expres-
sion of the apoptosis inhibitor.

In another embodiment, the method includes the steps of
(a) providing a vector comprising a gene encoding a protein
of interest, (b) providing a host cell, (c) transforming or
transfecting the host cell with the vector referred to in step
(a), (d) providing cell culture media, (ce) providing an
apoptosis inhibitor, (f) admixing the apoptosis inhibitor into
the culture media, (g) culturing the host cell(s) in the culture
media under conditions sullicient to express the protein of
interest, and (h) recovering or purifying the protein of
interest from the host cells and/or the cell culture media,

Optionally, the method provides for transient expression of
the protein ofinterest.

In another embodiment, the method includes the steps of
(a) providing a veclor comprising a gene encoding an
apoptosis inhibitor, (b) providing a vector comprising a gene
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encoding a protein ofinterest, (c) providing a host cell, (d)
transforming or transfecting the host cell with the vectors
referred lo in steps (a) and (b), (¢) providing cell culture
media, (f) culturing the transformed or transfected host
cell(s) in the culture media under conditions sufficient to
express the protein of interest and the apoptosis inhibitor,
and (g) freezing and subsequently thawing the host cells
and/or the cell culture media. Optionally, the method further
includes the step of admixing an additional apoptosis inhibi-
lor into the culture media in steps (¢) or (f). In the method,
the respective genes encoding the apoptosis inhibitor and the
protcin of interest may be inserted into a single vector, or
allernalively, be inserted into [wo separale vectors.
Preferably, the respective genes encoding the apoptosis
inhibitor and the protein of interest are inserted into two
sepurate vectors, each vector having a different type of
selection marker from the other vector. Optionally, the
method provides for transient expression of the protein of
interest and stable or transient expression of the apoptosis
inhibitor,

In another embodiment, the method includes the steps of
(a) providing a vector comprising a gene encoding a protein
of interest, (b) providing a host cell comprising DNA
encoding an apoptosis inhibitor, (c) transforming or trans-
fecting the host cell(s) with the vector referred to in step (a),
(d) providing cell culture media, (e) culturing the trans-
formedor transfected host cell(s) in the culture media under
conditions sufficient to express the protein ofinterest and the
apoptosis inhibitor, and (f) freezing and subsequently thaw-
ing the host cells and/or cell culture media. Optionally, the
gene encoding the apoptosis inhibitor may be stably inte-
grated into the genome of the host cell. Optionally, the
method includes the further siep of admixing an additional
apoptosis inhibitor molecule into the culture media,
Optionally, the method provides for transient expression of
the protein of interest and stable or transient expression of
the apoptosis inhibitor,

In another embodiment, the methodincludes the steps of
(4) providing a vector comprising a gene encoding a protein
of interest, (b) providing a host cell, (c) transforming or
transfecting the host cell with the vector referred to in step
(a), (d) providing cell culture media, (¢) providing an
apoptosis inhibitor, (1) admixing the apoptosis inhibitor into
the cullure media, (2) culturing the host cell(s) in the culture
media under conditions sufficient to express the protein of
interest, and (bh) freezing and subsequently thawing the host
cells and/or the cell culture media. Optionally, the method
provides for transient expression of the protein of interest.

In a still further embodiment, the invention provides for
improved transfection methods wherein use of one or more
apoptosis inhibitor(s) and increased concentrations oftrans-
fection reagent can be employed to increase transfection
efficiency,

In an even further embodiment, the invention provides a
protein of interest produced in accordance with any of the
methods described herein. The protein of interest: may
comprise 4 mammalian protein or pon-mammialian protein,
and may oplionally comprise a receptor or a ligand, In one
embodiment of the invention, the protein of interest will
comprise a protein which itself is capable of inducing
apoptosis in mammalian or non-mammialian cells in vitro or
in vivo, such as Apo-2 ligand/TRAIL, Fas ligand, or ‘T'NP-
alpha.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. LA shows.a graph illustrating cell viability of CHO
cells grown in a 2 liter bioreactor. The data show that the
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cells grown in bioreactors may begin to lose viability as
early as day 3, often followed by a dramatic drop in viability
on the following day(s).

FIG. 1B shows a graph illustrating the results of three
apoptosis assays performed on the CHO cells (referred to in
FIG. 1A and Example 1): caspase-3 activation, DNA frag-
mentation and annexin/PI binding (plasma membrane
(“PM”) changes), Activation of caspases was first detected
on day 3, the day that drop in viability was detected (P1G.
LA).

FIG. 2 shows a Western blot analysis of Lysates from
caspase-9-DN transfected clones. A clone transfected with a
mpsv vector (alone) was used as a control. The blot was
probed with rabbit anti-caspase-9 antiserum (Pharmingen)
and developed using chemiluminescence,

FIG. 3 shows the results of an assay wherein caspase-9-
DN clones 2 and 14, as well as controls (E25 untransfected
cells and mpsv vectortransfected cells) were incubated with
an apoptosis inducer, staurosporine (1 micromolar). Samples
were taken and cells were analyzed for the % of viable cells.

PIG. 4 shows an analysis of caspase-3 activily or cell
samples taken at 24 hours post-induction with | micromolar
slaurosporine.

FIGS, 5-8 show assay results of caspase-9-DN expressing
clones 2 and [4, as well as controls, scaled up and seeded at
1 million cells/ml in a 2 liter bioreactor, Samples were taken
daily and were analyzed for viability (PIG. 5), viable cell
count (FIG. 6), activity of caspase-3 (PIG. 7) and the
concentration of the protein of interest (E25 antibody) ;
secreted into the medium (FIG, 8).

FIGS, 9-10 show assay results of CHO cells seeded in 60
mm dishes and exposed to caspase inhibitor, z-VAD-[mk
(added to the cell culture at 100 micromolar concentration,
48 hours after seeding). The z-VAD-fmk inhibitor was added
lo the cullure every 24 hours thereafter. Samples were laken
every day and analyzed for caspase-3 activity (FIG. 9) and
the % viable cells (PIG. 10),

TIGS. 11-12 show assay results of a Baculovirus p35
expressing Clone grown in a 2 liter bioreactor and assayed
daily for cell viability (PIG. 11) and caspase-3 activity (PIG,
12), The control is a clone transfected with a vector, cpe.

FIG. 13 shows a bar diagram ofthe effects of various
concentrations of the transfection reagent, DMRIE-C, on
cell viability.

FIG. 14 shows a comparison of total and viable transfec-
tion efficiencies obtained for caspase-9-DN clone 14 and
controls, CHO DP12 cells and E25 antibody expressing
CHO DP12 cells.

FIG. 15 shows a comparison of the specific productivity
(as measured in Dnase titer/total LDH) obtained for caspase-
9-DN clone 14 and controls, CHO DP12 cells and E25

antibody expressing CHO DP12 cells.
FIG. 16 shows a comparison of the DNase titer obtained

lor caspase-9-DN clone 14 and controls, CIO DP12 cells
and E25 antibody expressing CHO DP12 cells.

PIGS. 17 and 18 show viability and titers of caspase-9-
DN and E25 control grown in 2 liter bioreactors with
temperature shifi, concentrated medium and a feed.

FIGS, 19 and 20 show viability and viable cell count of
cultures of £25 control and caspase-9-DN clone 14 seeded
into spinners from frozen vials. Data were obtained by
irypan blue exclusion,

FIGS. 21 and 22 show viability and E25 titers of cultures
of E25 control cells and caspase-9-DN clone 14 upon
induction of expression by butyrate.
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6
DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS

I. Definitions

‘The term “apoptosis inhibitor” is used herein to refer to a
molecule or substance whose expression or presence in an in
vilro cell culture provides a reduction or inhibition of
apoptosis in the cultured cells, or provides resistance ofthe
cultured cells lo apoptotic stimuli. The apoptosis inhibitor
may comprise a protein or protein-like molecule, or an
organic or inorganic molecule. The apoptosis inhibitor may
be present (and/or function) intracellularly, extracellularly,
or at the cell surface (membrane) of the cultured cells.
Particular apoptosis inhibitors contemplated by the present
invention include, but are not limited to, the caspase-9
dominant negative (caspase-9-DN) mutant, bel-2, baculovi-
rus p35, caspase-9S (Seol,D. W.et al., J. Biol. Chem., 274,
2072-2076 (1999)), ermA, z-VAD-Imk, z-DEVD-{fmk,
B-D-fmk, and z-YVAD-fmk, and variants therol. Preferably,
the apoptosis tnhibitor is one which acts upon one or more
caspases located downstream in the intracellular cell death
pathway of the cell, such as caspase-3. Optionally, the
apoptosis inhibitor will, in an effective amount, decrease or
reduce apoptosis ina cell culture by at least 50%, preferably,
by at least 75%, more preferably, by at least 85%, and even
more preferably, by at least 95%, as compared to a control
cell culture which contains no such apoptosis inhibitor.
Apoptosis or apoptotic activity in such cell cultures can be
measured and determined using assays such as described
herein. Optionally, the apoptosis inhibitor, in an effective
amount, will enhance or increase yield of the recombinant
protein of interest by at least 1-fold, and preferably by at
least 2-fold, as compared to a control cell culture which
conlains no such apoptosis inhibitor. Optionally, the apop-
tosis inhibitor, in an effective amount, will enhance or

increase transfection efficiency in transient transfections,
preferably by at least 1-fold and more preferably, by at least
2-fold, as compared to a control cell culture which contains
no such apoptosis inhibitor.

‘The term “protein ofinterest” refers to any protein which
may be useful for research, diagnostic or therapeutic pur-
poses. The protein of interest may comprise a mammalian
protein or non-mammalian protein, and may optionally
comprise a receptor or a ligand, Exemplary proteins of
interest include, but are not limited to, molecules such as
renin; a growth hormone, including human growth hormone
and bovine growth hormone; growth hormone releasing
factor; parathyroid hormones. thyroid stimulating hormone;
lipoproteins; alpha-1-antitrypsin; insulin A-chain; insulin
B-chain; proinsulin; follicle stimulating hormone; caleito-
nin; luteinizing hormone; glucagon; clotting factors such as
factor VIC, factor 1X, tissue factor, and von Willebrands.

factor; anti-clotting factors such as Protein C; atrial natri-
uretic factor; lung surfactant; a plasminogen activator, such
as urokinase or human urine or tissue-type plasminogen
activator (t-PA); bombesin; thrombin; hemopoietic growth
factor; members of the TNF and TNF receptor (TNFR)
family, like tumor necrosis factor-alpha and -beta, CD40
ligand, Apo-2 ligand/TRAIL, DR4, DR5, DeR1, DeR2,
DcR3, OPG, Fas ligand; enkephalinase; RANTES
(regulated on activation normally T-cell expressed and
secreted); human macrophage inflammatory protein (MIP-
l-alpha); a serum albumin such as human serum albumin:
Muellerian-inhibiting substance; relaxin A-chain; relaxin
B-chain; prorelaxin; mouse gonadotropin-associaled pep-
lide; a microbial protein, such as beta-lactamase; DNase:
IgE; a cytotoxic T-lymphoeyte associated antigen (CTLA),
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such as CTLA-4; inhibin; activin; vascular endothelial
growth factor (VEGF); receptors for hormones or growth
factors; protein A or D; rheumatoid factors; a neurotrophic
factor such as bone-derived neurotrophic factor (BDNF),
neurolrophin-3, -4, -5, or -6 (NT-3, NT-4, N'ES, or NT-6), or
a nerve growth factor such as NGF-(); platelet-derived
growth factor (PDGF); fibroblast growth lacior such as
al'GFand bPGF; epidermal growth factor (EGE); transform-
ing growth factor (TGF) such as 'TGP-alpha and TGE-beta,
including TGE-B1, TGF-B2, TG-B3, TGP-B4, or TGF-B5;
insulin-like growth [factor-I and -I] (IGF-I and IGF-I);
des(1-3)-IGF-I (brain TGP-1), insulin-like growth factor
binding proteins; CD proteins such as CD3, CD4, CD&,
CD19 and CD20; erythropoietin: osteoinductive factors;
immunoloxins; a bone morphogenetic protein (BMP), an
interferon such as interferon-alpha, -beta, and -gamma;
colony stimulating factors (CSIs), e.g., M-CSF, GM-CSF,
and G-CSP; thrombopoietin (TPO); interleukins (ILS), e.z.,
IL-1 to IL-10; superoxide dismutase: T-cell receptors; sur-
face membrane proteins; decay accelerating factor; viral
angen such as, for example, a portion of the AIDS
envelope, gp120; transport proteins; homing receptors;
addressins; regulatory proteins; integrins such as CD11a,
CD1ilb, CD11le, CD18, an ICAM, VLA-+ and VCAM; a
tumor associated antigen such as HER2, HER! or HER4
receptor; and variants and/or fragments of any of ihe above-
listed polypeptides; as well as antibodies against various
protein antigens like CD proleins such as CD3, CD4, CD&,
CD19, CD20 and CD34; members of the ErbB receptor
family such as the EGF receptor, HER2, HER3 or HER4
receptor; cell adhesion molecules such as LPA-1, Macl, ;
pls0.95, VLA-4, ICAM-1, VCAM and ctv/f3 integrin
including either ct or f subunits thereof (e.g. anti-CD1 1a,
anii-CDL&8 or anti-CD11b antibodies); growth factors such
as VEGF; Igk; blood group antigens; Mk2/fi3 receptor;
obesity (OB) receptor; mpl receptor, CTLA-4;protein C; an
Apo-2L receptor such as Apo-2 (DRS), DR4, DeR1, Dek2,
DeR3; and variants and/or fragments of the above-identified
antibodiesetc. In one embodiment of the invention, a protein
of interest will comprise a protein which itself is capable of
inducing apoptosis in mammalian or non-mammialian cells
In vilro or in vivo, such as Apo-2 ligand/TRAIL, Pasligand,
or TNF-alpha.

“Isolated,” when used to deseribe the various proteins of
interest disclosed herein, means protein that has been iden-
tified and separated and/or recovered from a component of
its natural environment. Contaminant components of its
natural environment are materials that wouldtypically inter-
fere with research, diagnostic or therapeutic uses for the
protein ofinterest, and may include enzymes, hormones, and
other proteinaceous or non-proteinaceous solutes. In pre-
ferred embodiments, the protein will be purified (1) to a
degree sufficient to obtain at least 15 residues of N-terminal
or internal amino acid sequence by use of a spinning cup
sequenator, or (2) to homogeneity by SDS-PAGE under
non-reducing or reducing conditions using Coomassie blue
or, preferably, silver stain. Isolated protein includes protein
in situ within recombinant cells, since at least one compo-
nent of the protein of interest’s natural environment will not
be present, Ordinarily, however, isolated protein will be
prepared by at least one purification step,

The term “control sequences” refers to DNA sequences
necessary for the expression of an operably linked coding
sequence in a particular host organism, The control
sequences that are suitable for prokaryotes, for example,
include a promoter, optionally an operator sequence, and a
nbosome binding site. Eukaryotic cells are knownto utilize
promoters, polyadenylation signals, and enhancers.
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Nucleic acid is “operably linked” whenit is placed into a
functional relationship wilh another nucleic acid sequence.
For example, DNA tor a presequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed
aS a preprotein that participates in the seeretion of the
polypeptide; a promoter or enhancer is operably linked to a
coding sequence if it affects the transeription of the
sequence; or a ribosomebinding site is operably linked to a
coding sequence if it is positioned so as to facilitate trans-
lation. Generally, “operably linked” means that the DNA
sequences being linked are contiguous, and, in the case ofa
secretory leader, contiguous and in reading phase, However,
enhancers do not have to be contiguous. Linking is accom-
plished by ligation at convenient restriction sites. If such
sites do not exist, the synthetic oligonucleotide adaptors or
linkers are used in accordace with conventional practice.

As used herein, the expressions “cell”, “cell line”, and
“cell culture” are used interchangeably and all such desig-
nations include progeny, Thus, the terms “transformants”
and “transfectants” include the primary subject cell and
cultures derived therefrom without regard for the number of
transfers.

“Growth phase” of the cell culture refers to the period of
exponential cell growth (the log phase) where cells are
generally rapidly dividing. During this phase, cells are
cultured for a period oftime, usually between 1—4 days, and
under such conditions thai cell growth is maximized, The
determination of the growth cycle for the host cell can be
determined for the particular host cell envisioned without
undue experimentation. “Period of time and under such
conditions that cell growth is maximized”and the like, refer
to those culture conditions that, for a particular cell line, are
determined to be optimal for cell growth and division.
During the growth phase, cells are cultured in nutrient
medium containing the necessary additives generally al
about 30-40° C., preferably about 37° C., in a humidilied,
controlled atmosphere, such that optimal growth ts achieved
for the particular cell line. Cells are maintained in the growth
phase for a period of about between one and four days,
usually between two to three days.

“Transition phase” of the cell culture refers to the period
of time during which culture conditions for the production
phase are engaged. During the transition phase environmen-
tal Factors such as pH, ion concentration, and temperature
may shifted from growth conditions to production condi-
tions.

“Production phase” of the cell culture refers to the period
of time during which cell growth has reached a plateau.
During the production phase, logarithmic cell growth has
ended and protein production is primary. During this period
of time the medium is generally supplemented to support
conlinued prolein production and to achieve the desired
protein product.

The term “expression” or “expresses” is used herein to
refer to transcription and translation occurring wilhin a host
cell. The level of expression of a product gene in a host cell
may be determined on the basis of either the amount of
corresponding mRNA that is present in the cell or the
amount of the protein encoded by the product gene that is
produced by the cell. For example, mRNAtranscribed from
a product gene is desirably quantitated by northern hybrid-
ization, See, ¢.g., Sambrook ct al,, Molecular Cloning: A
Laboratory Manual, pp. 7.3-7.57 (Cold Spring Harbor
Laboratory Press, 1989). Protein encoded by a product gene
can be quantitated either by assaying for the biological
activity of the protein or by employing assays thal are
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independent of such activity, such as western blotting or
radioimmunoassay using antibodies that are capable of
reacting with the protein. See, ¢.g., Sambrooket al.,Molecu-
lar Cloning: A Laboratory Manual, pp. 18.1-18.88 (Cold
Spring Harbor Laboratory Press, 1989).

The terms “apoptosis” and “apoptotic activity” are used in
a broad sense and refer to the orderly or controlled form of
cel] death in mammalian or non-mammalian cells that is

typically accompanied by one or more characteristic cell
changes, including condensation of cytoplasm, loss of
plasma membrane microvilli, activation of caspase(s), seg-
mentation of the nucleus, degradation of chromosomal DNA
or loss of mitochondrial function, This activity can be
determined and measured, for instance, by cell viability
assays, FACS analysis, annexin V binding, or DNA electro-
phoresis such as is knownin the art and described further
herein.

ll. The Methods of the Invention

Cells grown in cell culture may begin to lose viability
within days of initiating the culture. Loss ofcell viability can 2
particularly be problematic when culturing cells in relatively
large, batch scale cultures or bioreactors. Por instance, CHO
cells grown in batch culture can begin to lose cell viability
as early as Day 4 after which a rapid decline in viability can
continue until the culture is terminated. The mechanism by
which such cultured cells die may be either through necrosis
or apoptosis. Using TUNEL. and Annexin/PI binding assays,
Applicants discovered that approximately 80% of some
CHOcells grown in batch culture may die by apoptosis
rather than through oecrosis. As described herein, Applicants
have surprisingly found methods which allow a marked
reduction of such apoptosis.

The methods disclosed in the present application have a
variely of applications and improvements for recombinant
protein production. First, by prolonging host cell viability in
culture (and during fermentation), one skilled in the art can
increase production and yield of the protein ofinterest. This
can improve the efficiency of the cell culture run and result
in marked cost savings. Further, Applicants have found the
use of one or more apoptosis inhibitors in the methods ofthe
invention may protect against potential adverse effects. of
agents like butyrate or TSA included in the cell culture, Also,
the methods herein can enhance quality of the expressed and
recovered protein of interest. The quality of the expressed
and recovered protein of interest may be evaluated using
techniques known in the art, such as SDS-PAGE, ete. The
occurrence Of cell death in recombinant cell cultures often-

limes resulls in the release of various active proteins [rom
the dying cells, such as proteases [Lao, M., et al.,
Cytotechnology, 22: 43-52 (1996); Teige, M., et al. J.
Biotechnal., 34101-1105 (1994)], glycosidases suchas siali-
dase or f-galactosidase [Gramer M. J. and Goochee C. F.,
Biotechnol. Prog,, 9:366-373 (1999)], or proline isomerase
[Schmid, Current Biology, 5:933-944 (1995)]. These and
other such proteins are often capable of degrading the
product quality or function of the desired recombinant
protein(s) being expressed, for instance, by undesired
cleavage, carbohydrate modification (glycoprotein
modification)[Wittwer A., and Howard, 8. C., Biochem.,
29:4175-4180 (1990); Hart, Curr. Op. Cell Biol.,
4:1017-1023 (1992); Goochee, et al., Bio/Technology,
9: 1347-1355 (1991)], or protein structure modification
(such as folding or aggregation). By decreasingor inhibiting
apoptosis in the cell culture, the present methods can
decrease the number or presence of such adverse proteases
in the culture media and protect the expressed protein of
interest against proteolytic degradation.
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The methods herein can further be employed to increase
transfection efficiency and viability of cells during transfec-
tion. Reagents used in various transfection techniques, such
as Lipofectamine or DMRIE-C(Gibco), can be relatively
toxic to the cells when used in higher concentrations. The
use of higher concentrations of transfection reagents,
however, would be particularly helpful to achieve higher
transfection efficiencies. The expression of apoptosis inhibi-
tor and/or the addition of apoptosis inhibitor directly to the
cell culture medium can be used to reduce or inhibit cell

death even when such higher concentrations of a transfec-
tion reagent are selected. The use of apoptosis inhibitor in
this manner can result in higher transfection cliciency and
higher yield of the recombinant protein of interest.

The methods disclosed can be further used to express
proteins of interest which are proteins that, themselves,
induce apoptosis. Such proteins like Apo-2 ligand/TRAIL or
Fas ligand, can trigger apoptosis when expressed in cells.
The presence of apoptosis inhibitor(s), in accordance with
the present methods, may block such apoptotic activily and
allow for improved expression ofthe protein of interest.

In addition, the methods can be used to inerease the

viability of cells undergoing freezing/storage/thawing pro-
cedures. During these procedures generally cells can lose
viability. The presence of apoptosis inhibitor(s) expressedin
cells (or added to the cell culture media) can provide for
increased cell viability and aid in reducing or eliminating the
variability in cell viabilities between aliquots or vials of
cells.

The methods according to the present invention are
described in further detail below.

The DNA encoding the protein of interest may be
obtained from a variety of sources, for instance, from any
cDNA library prepared from tissue believed to possess its
mRNA and to express it al a detectable level. The gene
encoding ihe protein of interest may also be obtained from
a genomiclibrary or by oligonucleotide synthesis, Screening
such a CDNA or genomic library with a selected probe may
be conducted using standard procedures, such as described
in Sambrook et al., Molecular Cloning: A Laboratory
Manual (New York: Cold Spring Harbor Laboratory Press,
1989), An alternative means to isolate the gene encoding the
protein of interest is ta use PCR methodology [Sambrook et
al, supra; Dieflenbach et al., PCR Primer: A Laboratory
Manual (Cold Spring Harbor Laboratory Press, 1995)].

Various proteinsof inierest have been specilically referred
to above and their respective gene sequences are generally
known and publicly available.

Genes encoding various apoplosis inhibitors have also
been described in the literature [see e.g., Clem R. J. et al.
Science, 254, 1388-1390 (1991); Duan, H. et al., J. Biol,
Chemistry, 271, 16720-16724 (1996); Pan, G. et al. J. Biol.
Chemistry, 273, 5841-5845 (1998); Vaux, D. L. et al.
Seience, 258, 1955-1957 (1998); Tsujimoto et al., Proc.
Nail. Acad, Sci., 83:5214-5218 (1986)]. The methods of the
present invention contemplate the use of a single apoptosis
inhibitor-encoding gene as well as the use of a combination
of two or more apoptosis inhibitor-encoding genes.
Potentially, the expression of two or more types of apoptosis
inhibitor(s) in a host cell may be beneficial in controlling
apoptosis in the cell culture, One skilled in the art can
monitor the quantity or amount of apoptosis inhibitor being,
expressed by the host cells, such as by a Western blot
analysis using an anuibody thal recognizes the apoptosis
inhibitor. The quantity or amount of apoptosis inhibitor, as
well as the timing of ils expression, can be regulated or
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monitored, for instance, by choosing a vector with ag
inducible promoter.

When selecting an apoptosis inhibitor for use in the
claimed methods, those skilled in the art will appreciate that
various apoptosis inhibitor molecules may act upon different
intracellular components of the signaling pathway which
leads to cell death. The pathways involved in cell death
comprise a family of cysteine proteases,called caspases, that
are related to the mammalian interleukin-1 beta converting
enzyme (caspase-1) and to Ced-3, the product of a gene of
C. elegans. It is believed that such caspase molecules can act
at at least two different levels. Initiator caspases are typically
“upstream” molecules that are activated in response to
stimuli indicating that the cell has been stressed, damaged,
or received some form of signal to initiate cell death by
apoptosis, An example of such an upstream caspase is
caspase-8, Initiator caspases can then, in turn, cleave and
activate another family of “downstream” caspases, such as
caspase-3. Depending upon the nalure of the apoptotic
sumulus as well as the cell type, only a portion of the 5
signaling pathway may be involved in the signaling mecha-
nism and execution of cell death, Por example, certain
apoptosis inhibitors, such as CrmA, are believed to act upon
caspases, such as caspase-8, localed upstream and are usu-
ally directly activated by death receptor binding to ligand.
Other apoptosis inhibitors are believed to act upon other
caspases localed downstream in the intracellular signaling
pathway. Thus, il is is presently believed that inhibitors of
those molecule(s) that are effectively engaged (such as
actively engaged in the signal transmission) in the celldeath ,
apparatus in a selected cell will be effective as apoptosis
inhibitors, as described herein. Applicants do note, however,
that those skilled in the art will understand that in such

signaling pathways, there is point al which the cell is
“committed” to cell death, and once the signaling pathway
has transmitted a signal(s) to the point where the cell is
committed to cell death, apoptosis inhibitor molecules, Like
those described herein, may not be effective in inhibiting, or
preventing the apoptosis of the “committed” cell.

The cytokine response modifier, CrmA,is a 38 kDa serpin
identified from cowpox virus that has been reported to
inhibit apoptosis in several systems [Gagliardini et al.,
Science, 263:826-828 (1994); Tewari el al., J. Biol. Chem.,
270:3255-3260 (1995)], CrmA has been evaluated as an
inhibitor of caspase-1 and caspase-8 [Nicholson et al.,
Nature, 376:37-43 (1995); Zhou et al., J. Biol. Chem,
272:7797-7800 (1997)]. In some studies conducted by
Applicants, it was observed thal overexpression of CrmA in
CHO dhir+cells was unable to substantially delay cell death
in the environmentof a bioreactor. This resull suggested that
in this particular CITO cell system selected by Applicants,
neither caspase-l nor caspase-8 were actively involved in
the cell death pathway of those particular cultured cells.
Accordingly, to achieve the desired effects described herein,
it is preferred to select an apoptosis inhibitor molecule
which acts downstream tn the selected host cell's cell death

signaling pathway, bul prior to the point where the céll has
been committed to cell death.

The nucleic acids (¢.g., CDNA or genomic DNA) eneod-
ing the protein of interest and the apoptosis inhibitor may be
inserted into replicable veector(s) for expression. Various
vectors are publicly available. The vector components gen-
erally include, but are not limited io, one or more of the
following: a signal sequence, an origin of replication, one or
more marker genes, an enhancer clement, a promoter, and a
transcription termination sequence, each of which is
deseribed below. Optional signal sequences, origins of
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replication, marker genes, enhancer clements and transcrip-
tion terminator sequences that may be employed are known
in the art and described in further detail in WO97/25428.

Techniques for inserting such genes into vectors are well
known to the skilled artisan and such techniques can be
accomplished without undue experimentation. Construction
of suitable vectors can employ standard ligation techniques,
Isolated plasmids or DNA fragments are cleaved, tailored,
aod re-ligated in the form desired to generate ihe plasmids
required. Techniques known in the art may be employed.
[See, e.g, Messing et al., Nucleic Acids Res., 9:309 (1981);
Maxam et al., Methods in Enzymology, 65:499 (1980)],

The gene encoding the apoptosis inhibitor and the gene
encoding the protein of interest may be inserted into a single
vector (co-transtected), or be inserted into two separate or
different vectors, Preferably, the respective genes are
inserted into two separate vectors. Each such vector will
typically contain a selection gene, also termed a selectable
marker. Typical selection genes encode proteins that (a)
confer resistance to antibiotics or other toxins, e.g.
ampicillin, neomycin, puromycin, methotrexate, or
tetracycline, (b) complement auxotrophic deficiencies, or (c)
supply critical nutrients not available from complex media,
e.g., the gene encoding D-alanine racemase for Bacilli.

An example ofsuitable selectable markers for mammalian
cells are those that enable the identilication ofcells compe-
tent to take up the encoding nuclete acid, such as DHFR or
thymidine kinase. An appropriate host cell when wild-type
DHFRis employed is the CHO cell line deficient in DHFR
activity, prepared and propagated as described by Urlaubet
al., Proc, Natl. Acad. Sei. USA, 77:4216 (1980). A suitable
selection gene for use in yeast is the Irp! gene present in thy
yeast plasmid YRp7 [Stincheomb et al., Nature, 282:39
(1979); Kingsmanet al., Gene, 72141 (1979); Tschemperet
al., Gene, 10:157 (L980)]. The trp] gene provides a selection
marker for a mutant strain of yeast lacking the ability to
grow in tryptophan, for example, ATCC No, 44076 or
PEP4-1 (Jones, Genetics, 85:12 (1977)].

In the methods employing a first vector comprising an
apoptosis inhibitor gene and a second vector comprising 4
gene encoding the protein ofinterest, it is preferred that the
first and second vector carry different selection markers. For
example, a vector comprising the apoptosis inhibitor gene
might carry a selection gene to confer ampicillin resistance
while the vector comprising the gene encoding the protein of
interest might carry a selection gene to confer methotrexate
resistance,

Expression vectors usually also contain a promoterthat is
recognized by the host organism and is operably linked to
the inserted nucleic acid sequence(s) described above, Pro-
molers are untranslated sequences located upstream (5') to
the start codon of a structural gene (generally within about
100 to L000 bp) that control the transcription and translation
of a particular nucleic acid sequence, to which they are
operably linked. Such promoters typically fall into two
classes, inducible and constitutive. Inducible promoters are
promoters thal initiate increased levels of transcription from
DNA under their control in response to some change in
culture conditions,e.g., lhe presence or absence ofa nutrient!
or a change in temperature. At this time a large number of
promoters recognizedby a variety of potential host cells are
well known. These promoters are operably linked to the
encoding DNA by removing the promoter from the source
DNA by restriction enzyme digestion and inserting, the
isolated promoter sequence into the yector.

Promoters suitable [or use with prokaryotic and eukary-
otic hosts are known in the art, and are desenbed in further
detail in WO97/25428.
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Expression vectors that provide for the transient expres-
sion of DNA encoding the protein of interest may be
employed. In general, transient expression involves the use
of an expression vectorthat is able to replicate efficiently in
a host cell, such that the host cell accumulates many copies
ofthe expression vector and, in turn, synthesizes high levels
of a desired protein encoded by the expression vector
[Sambrook et al., supra]. Transient expression systems,
comprising a suitable expression vector and a host cell,
allow for the convenient positive identification of proteins
encoded by cloned DNAs, as well as for the rapid screening
of such proteins for desired biological or physiological
properties.

Host cells are transfected or transformed with the above-

described expression vectors for production of the protein of
interest and cultured in nutrient media modified as appro-
poate for inducing promoters, selecting transformants, or
amplifying the genes encoding the desired sequences.

Transfection refers to the taking up of an expression
vector by a host cell whether or not any coding sequences 5
arc in fact expressed, Numerous methods of transfection are
known to the ordinarily skilled artisan, for example, CaPO,
and electroporation. Successful transfection is generally
recognized when any indication of the operation of this
vector ovcurs within the host cell. As described above, the

use of an apoptosis inhibitor gene (or adding an apoptosis
inhibitor molecule directly lo the culture media) may
improve transfection efficiency. It is believed that use of
such apoptosis inhibitor(s) will allow for use of increased
amounts oftransfection reagents, such as Lipofectamine or ;
DMRIE-C (as described in the Examples below).

Transformation means introducing DNA into an organism
so that the DNAis replicable, either as an extrachromosomal
element or by chromosomal integrant. Depending on the
host cell used, transformation is done using standard tech-
niques appropriate to such cells. The calcium treatment
employing calcium chloride, as described in Sambrook et
al., supra, or electroporation is generally used for prokary-
otes or other cells that contain substantial cell-wall barriers.

Infection with Agrobacterium tumefaciensis used for trans-
formation of certain plant cells, as described by Shaw et al,
Gene, 23:315 (1983) and WO 89/05859 published Jun. 29,
1989, In addition, plants may be transfected using ultra-
sound treatment as described in WO 91/00358 published
Jan. 10, 1991, For mammalian cells without such cell walls,
the calcium phosphate precipitation method of Graham and
van der Eb, Virology, 52:456—457 (1978) can be employed.
General aspects of mammalian cell host system translorma-
tions have been described in U.S. Pat. No, 4,399,216.

Transformations into yeast are typically carried oul accord-
ing lo the method of Van Solingen et al.,J. Bact, 130:946
(1977) and Hsiao et al., Prac. Natl Acad. Sci. (USA),
76:3829 (1979), However, other methods for introducing
DNA into cells, such as by nuclear microinjection,
electroporation, bacterial protoplast fusion withintact cells,
or polycations, e.g., polybrene, polyornithine, may also be
used. For various techniques for transforming mammalian
cells, see Keown et al., Methods in Enzymology,
185:527-537 (1990) and Mansour et al., Nature,
336:348-352 (1988).

Suitable host cells for expressing the DNAin the vectors
herein include prokaryote, yeast, or higher eukaryote cells,
Suitable prokaryotes include but are not limited to
eubacteria, such as Gram-negative or Gram-posilive
organisms, for example, Enterobacteriaceae such as E. coli.
Various. £, coli strains are publicly available, such as F. colt
K12 strain MM294 (ATCC 31,446); E. coli X1776 (ATCC
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31,537); E. coli strain W3110 (ATCC 27,325) and K5 772
(ATCC 53,635); Enterobacter, Erwinia, Klebsiella, Proteus,
Salmonella, ¢.g., Salmonella typhimurium, Serratia, €.g.,
Serratia marcescans, aod Shigella, as well as Bacilli such as
5. subtilis and B. licheniformis (¢.¢., B. licheniformis 41P
disclosed in DD 266,710 published Apr. 12, 1989),
Pseudomonas such as P aeruginosa, and Sireptomyces.

In addition to prokaryotes, eukaryotic microbes such as
filamentous fungi or yeast are suitable. Saccharomyces
cerevisiae is a commonly used lower eukaryotic host micro-
organism.

Suitable host cells may be derived from multicellular
organisms. Examples of invertebrate cells include insect
cells such as Drosophila S2 and Spodoptera SP, as well as
plant cells. Examples of useful mammalian host cell lines
include Chinese hamster ovary (CHO) and COScells. More
specific examples include monkey kidney CVL line trans-
formed by SV40 (COS-7, ATCC CRL1651); human embry-
onic kidney line (293 or 293 cells subcloned for growth in
suspension cullure, Graham et al., J. Gen Virol, 36:59
(1977)); Chinese hamster ovary cells/-DHFR (CHO, Urlaub
and Chasin, Proc. Natl. Acad. Sci. USA, 77:4216 (1980));
dp12.CHO (EP 307,247 published Mar. 15, 1989), mouse
sertoli cells (TM4, Mather, Biol Reprod., 23:243-251
(1980)); human lung cells (W138, ATCC CCL 75); human
liver cells (Hep G2, HB 8065); and mouse mammary tumor
(MMT 060562, ATCC CCLS51), The selection ofthe appro-
priate host cell is deemed io be within the skill in the art.

The selection of a particular apoptosis inhibitor to employ
with a particular host cell and protein of interes! can be made
without undue experimentation by one of ordinary skill in
the art.

Prokaryouc cells used to produce the protein of interest
may be cultured in suitable culture media as described
generally in Sambrook et al., supra. Particular forms of
culture media that may be employed for culturing CHO are
described further in the Examples below. Mammalian host
cells used to produce the protein of interest may be cultured
in a variety of culture media. Suitable culture conditions for
mammalian cells are well known in the art (J. Immunol.
Methods (1983)56:221—234)or can be easily determined by
the skilled artisan (see, for example, Animal Cell Culture: A
Practical ApDroach 2ad Ed,, Rickwood, D. and Hames, B,
D., eds, Oxford University Press, New York (1992)), and
vary according to the particular host cell selected,

Examples of commercially available culture media
include Ham's F10 (Sigma), Minimal Essential Medium
(*MEM”, Sigma), RPMI-1640 (Sigma), and Dulbecco's
Modified Eagle’s Medium (“DMEM”, Sigma). In addition,
any of the media described in Ham and Wallace, 1979)
Meth. Enz., 58:44; Barnes and Sato,(1980) Anal. Biochem.,
102:255; U.S, Pat. Nos. 4,767,704; 4,657,866; 4,927,762;
5,122,469 or 4,560,055; International Publication Nos. WO

90/03430; and WO 87/00195 may be used. Any such media
may be supplemented as necessary with hormones and/or
other growth factors (such as insulin, transferrin, or epider~
mal growth factor), salts (such as sodiumchloride, calcium,
magnesium, and phosphate), bulfers (such as HEPES),
nucleosides (such as adenosine and thymidine), antibiotics
(such as Gentamyein™ drug), trace elements (defined as
inorganic compounds usually present at final concentrations
in the micromolar range), and glucose or an equivalent
energy source. Any other necessary supplements may also
be included al appropriate concentrations that would be
known to those skilled in the art. The culture conditions,

such as temperature, pH, and the like, are those previously
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used with the host cell selected for expression, and will be
apparent to the ordinarily skilled artisan. The necessary
growth factors for a particular cell are readily determined
empirically without undue experimentation, as described for
example in Manunalian Cell Culture (Mather, J. P. ed.,
Plenum Press, N.Y. (1984), and Barnes and Sato, (1980)
Cell, 22:649.

Other methods, vectors, and host cells suitable for adap-
lation to the synthesis of the protein ofinterest in recombi-
nant vertebrate cell culture are described in Gething et al.,
Nature, 293:620-625 (1981); Mantei et al., Nature,
281:40-46 (1979); EP 117,060; and EP 117,058.In general,
principles, protocols, and practical techniques for maximiz-
ing the productivity of mammalian cell cultures can be
found in Mammalian Cell Biotechnology: A Practical
Approach, M. Butler, ed. (IRL Press, 1991),

The amount of apoptosis inhibitor added directly, or
admixed, to the culture media will depend on various
factors, for instance, the type of apoptosis inhibitor molecule
being employed,the type ofhost cell, culture conditions,ete.
Determining the desired concentration of apoptosis inhibitor
lo be added to the culture media is within the skill in the art

and can be ascertained empirically without undue experi-
mentation, Preferably, an effective amount or desired con-
centration of apoptosis inhibitor added directly to the culture
media is such that the apoptosis inhibitor penetrates into the
host cell. The skilled artisan will readily appreciate that
different apoptosis inhibitors may have different abilities to
penetrate into the host cell, and therefore, one should choose
a concentration which allows for such penetration into the
host cell. There will typically be an upper range of concen-
tration of apoptosis inhibitor which may not be desirable as
the concentration approaches a range which is adverse or
toxic to the host cells, As described in the Examples below,
Applicants have found that z-VAD-fmk caninhibit apoptosis
when added to cell cultures at a concentration of about LOO

micromolar. A variely of apoptosis inhibitor compounds
such as 4-VAD-[mk, z-DEVD-fmk, B-D-{mk, and z-YVAD-

fmk are available from vendors, such as Pharmingen and
Enzyme Systems, Livermore, Calif.

The apoptosis inhibitor may be added directly into the
culture media. The apoptosis inhibitor may be added at any
point during the culturing ef the cells. Optionally, the
apoptosis inhibitor is added to the culture media at the
beginning (at the time of imitiating, day 0) of the cell
culturing process. Preferably, such an apoptosis inhibitor
would be addedto the culture media during the culturing of
the cells but prior to the point when induction of apoptasis
occurs; typically, induction of apoptosis can be observed in
Jarge scale cell cultures on about day 3 or day 4 of the
culture, and therefore, the apoptosis inhibitor will preferably
be added prior to day 3 or day 4. Optionally, a desired
quantity of apoptosis inhibitor is added throughout, or for
the duration of, the cell culture, for instance, on a daily basis
for the entire fermentation. As an example, for a 5 day
culture, the apoptosis inhibitor could be added at day 0, and
every 24 hours thereafter until the culture is terminated.

In one embodimentofthe invention, the sclected host cell
isa CHO cell, preferably, a dpl2.CHO cell, and the selected
culture medium contains a basal medium component such as
a DMEM/HAM F-12 based formulation (for composition of
DMEM and HAM F12 media and especially serum [ree
media, see culture media formulations in American Type
Culture Collecuon Catalogue of Cell Lines and Hybridomas,
Sixth Edition, 1988, pages 346-349) (the formulation of
medium as described in U.S. Pat. No, 5,122,469 are par-
Ucularly appropriate) with modified concentrations of some
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components such as aminoacids, salts, sugar, and vilamins,
aod optionally containing glycine, hypoxanthine, and thy~
midine; recombinant human insulin, hydrolyzed peptone,
such as Primatone HS or Primatone RL. (Sheffield, England),
or the equivalent; a cell protective agent, such as Pluronic
F68 or the equivalent pluronic polyol; Gentamycin; and
trace elements. Preferably, the selected cell culture media is
serum free.

The proteins of interest may be produced by growing the
host cells under a variety of cell culture conditions. For
instance, cell culture procedures for the large or small scale
production of proteins are potentially useful within the
context of the present invention. Procedures including, but
not limited to, a Huidized bed bioreactor, hollow fiber
bioreactor, roller bottle culture, or stirred tank bioreactor
sysiem may be used, in the later two systems, with or
without microcarriers, and operated alternatively in a batch,
fed-batch, or continuous mode,

In a preferred embodiment, the cell culture ofthe present
invention is performed in a stirred tank bioreactor system
and a fed batch culture procedure is employed. In the
preferred bioreactor system, the size of the bioreactors are
sufficiently large to produce the desired amount ofprotein of
interest, such as 1,000 Liter or 12,000 Liter sizes, bul are not

limited to such sizes as much smaller (i.¢., 2 Liter, 400 Liter)
or larger (i.¢., 25,000 Liter, 50,000 Liter) bioreactor vessels
may be appropriate. In the preferred fed batch culture, the
mammalian host cells and culture medium are supplied to a
culturing vessel initially and additional culture nutrients are
fed, continuously or in discrete increments, to the culture
during culturing, with or without periodic cell and/or prod-
uct harvest before termination of culture. The fed batch

culture can include, for example, a semi-continuous fed
batch culture, wherein periodically whole culture (including
cells and medium) is removed and replaced by fresh
medium. Ped batch culture is distinguished from simple
batch culture in which all components for cell culturing
(including the cells and all culture nutrients) are supplied to
the culturing vessel alt the start of the culturing process. Fed
batch culture can be further distinguished from perfusion
culturing insofar as the supernate is not removed from the
culturing vessel during the process but at the termination of
the culture process (in perfusion culturing, the cells are
restrained in the culture by, e.g,, filtration, encapsulation,
anchoring to microcarriers etc, and the culture medium is
continuously or intermittently introduced and removed from
the culturing vessel).

Further, the cultured cells may be propagated according to
any schemeor routine that may be suitable for the particular
host cell and the particular production plan contemplated.
Therefore, the present invention contemplates a single step
or multiple step culture procedure. In a single step culture,
the host cells are inoculated into a culture environment and

the method steps of the instant invention are employed
during a single production phase of the cell culture,
Alternatively, a multi-stage culture is envisioned. In the
multi-stage culture, cells may be cultivated in a number of
steps or phases. For instance, cells may be growninafirst
step or growth phase culture wherein cells, possibly
removed from slorage, are inoculatedinto a medium suitable
for promoting growth and high viability, The cells may be
maintained in the growth phase for a suitable period of time
by the addition of fresh medium to the host cell culture,

According to a preferred aspect of the invention, led batch
or continuous cell culture conditions are devised to enhance

growth of the mammalian cells in the growth phase of the
cell culture. In the growth phase, cells are grown under
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conditions and for a period of lime that is maximized for
growth. Culture conditions, such as temperature, pH, dis-
solved oxygen (dO.,) and the like, are those used with the
particular host and will be apparent to the ordinarily skilled
artisan. Generally, the pH is adjusted to a level between
about 6.5 and 7.5 using either an acid (¢.g,, CO.) or a base
(e.g., Na.CO, or NaOH). A suitable temperature range for
culturing mammalian cells such as CHO cells is between
about 30 to 38° C. and preferably about 37° C. and a suitable
dO, is between 5—90% ofair saturation.

Ata particular stage the cells may be used to inoculate a
production phase or step of the cell culture, Alternatively, as
described above, the production phase or step may be
continuous with the inoculation or growth phase or step.

According to the present invention, the cell culture enyvi-
ronment during the production phase ofthe cell culture is
controlled. According to the steps of the presently disclosed
methods, the concentration of apoptosis inhibitor in the
culture medium can be manipulated such that the desired
content and quality ofthe protein of interest is achieved and»,
maintained in the resulting cell culture Auid. In a preferred
aspect, the production phase of the cell cullure is preceded
by a transition phase of the cell culture in which expression
of or addition of apoptosis inhibitor(s) for the production
phase of the cell culture are engaged. Concentrations of
apoptosis inhibitor(s) are preferably monitored in connec-
tion with other process parameters such as the osmolality of
ihe production phase since osmolality can affect the cell
specific productivity,

In any of the above-described methods, it is contemplated
(hat it may be desirable to include a desired amount of agent
like butyrate or TSA in the cell culture medium. Various
forms of butyrate and its salts are knownin theart, such as
butyne acid and sodium butyrate, and are publicly available
from sources such as Sigma Chemical Co. Butyrate has been
reported in the literature to enhance the productivity and
protein expression ofcell cultures [Arts et al., Biochem J.,
310:171-176 (1995); Gorman et al., Nucleic Acids Res.,
11:7631-7648 (1983); Krugh, Mol Cell. Biechem.,
42:65-82 (1982); Lamotte et al., Cyrotechnolagy, 29:55-64
(1999); Chotigeat et al., Cytotechnalogy, 15:217-221
(1994)]. Trichostatin A (TSA) is an inhibitor of histone
deacetylase and may act similarly to butyrate in enhancing
the productivity and protein expression in cell cultures
[Medina et al.,Cancer Research, 57:3697-3707 (1997)],
Although butyrate has some positive effects on protein
expression, it is also appreciated in the art that at certain
concentrations, butyrate can induce apoptosis in the cultured
cells and thereby decrease viability of the culture as well as
viable cell density [Hague et al., /nr.J. Cancer, 55:498-S05
(1993); Calabresse et al., Biochim. Biophys. Res. Conum.,
195:31—38 (1993); Fillipovichet al., Biochim. Biophys, Res.
Comm., 198:257-265 (1994); Medina et al., Cancer
Research, 57:3697-3707 (1997)]. In the methods of the
present invention, a desired amount of butyrate or TSA may
be added to the cell culture at the onset of the production
phase and more preferably, may be added tothe cell culture
after a temperature shift has been implemented. Butyrate or
TSA can be added in a desired amount determined empiri-
cally by those skilled in the art, but preferably, butyrate is
added to the cell culture at a concentration of about 1 to

about 25 mM, and more preferably, al a concentration of
about 1 to about 6 mM.

Expression of the protein of interest may be measured in
a sample directly, for example, by ELISA, conventional
Southern blotting, Northern blotting to quantitate the tran-
scription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA,
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77:5201-5205 (1980)], dot blotting (DNA analysis), or in
situ. hybridization, using an appropriately labeled probe.
Various labels may be employed, most commonly
radioisotopes, and particularly **p. However, other tech-
niques may also be employed, such as using hiotin-modified
nucleotides for introduction into a polynucleotide, The
biotin then serves as the site for binding to avidin or
antibodies, which may be labeled with a wide variety of
labels, such as radionucleotides, Auorescers or enzymes.
Alternatively, antibodies may be employed that can recog-
nize specific duplexes, including DNA duplexes, RNA
duplexes, and DNA-RNA hybrid duplexes or DNA-protein
duplexes. The antibodies in turn may be labeled and the
assay may be carried oul where the duplex is bound to a
surface, so that upon the formation of duplex on the surface,
the presence of antibody bound to the duplex can be
detected.

Gene expression, allernatively, may be measured by
immunological methods, such as immunohistochemical
staining ofcells or tissue sections and assay ofcell culture
or body fluids, to quantilale directly the expression of gene
product. With immunohistochemical staining techniques, a
cell sample is prepared, typically by dehydration and
fixation, followed by reaction with labeled antibodies spe-
cific for the gene product coupled, where the labels are
usually visually detectable, such as enzymatic labels, fluo-
rescent labels, luminescent labels, and the like,

Antibodies useful for immunohistochemical staining and/
or assay of sample fluids may be either monoclonal or
polyclonal, and may be prepared in any mammal.

Ii is usually necessary to recover or purify the protein of
interes! from recombinant cell proteins or polypeptides lo
obtain preparations thal are substantially homogeneous, As
a first step, the cullure medium or lysate may be centrifuged
to remove particulate cell debris. The protein of interest
thereafter is purified from contaminant soluble proteins and
polypeptides, with the following procedures being exem-
plary of suitable purification procedures: by fractionation on
an ion-exchange column; ethanol precipitation; reverse
phase HPLC: chromatography on silica or on a eationex-
change resin such as DEAE; chromatography on protein A
Sepharose columns, chromatofocusing; SDS-PAGE; ammo-
nium sulfate precipitation; and gel filtration using, for
example, Sephadex G-75.

The recoveredor purified protein of interest will lypically
be analyzed by one or more of the following methods:
SDS-polyacrylamide gel electrophoresis, HPLC, mass spec-
trometry of a trypiic digest, ¢lycoprotein analysis and activ-
ity assays,

The following examples are offered for illustrative pur-
poses only, and are not intended to limit the scope of the
present invention in any way.

All patent and literature references cited in the present
specification are hereby incorporated by reference in their
entirety.

EXAMPLES

Commercially available reagents referred to in the
examples were used according to manufacturer's instruc-
tions unless otherwise indicated. The source of those cells

identified in the following examples, and throughout the
specification, unless otherwise indicated, is the American
Type Culture Collection, Manassas, Va.

Example 1

Apoptotic Cell Death in Bioreactors

Serum [ree adapted, CTIO (dhir+) cells were scaled up
and seceded at 1 million cells/ml! in 2 liter bioreactors (n=2).
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The cell culture media was a serum-free DMEM/Tam F-12

based medium containing recombinant human insulin and
irace elements. Cells were grown al 37° C. with agitation sel
at 275 rpm. pH was kept al 7.2 and was automatically
adjusted throughout the experiment. Bioreactors were
sparged with a mixture of oxygen and air. ‘This is a model
sysiem that mimics the conditions during large-scale pro-
duction oftherapeutic proteins.

Samples were taken every day to measure the following
parameters: cell viability, caspase activity (Clontech), DNA
fragmentation and annexin/PI binding (Chemicon). PIG. 1A
shows cell viability as determined (by Trypan blue
exclusion) over the course of 5 days. FIG, 1B showsthat loss
of cell viability over the 5 day period in culture was the
result of apoptosis.

Example 2

Effects of Caspase-9 Dominant Negative in CHO
Cells

Expression construct: C-lerminal FLAG-tagged caspase-
9-dominant negative (“caspase-9-DN”) cDNA (Duan, H. et
al., J. Biol. Chemistry, 271, 16720-16724 (1996); Pan, G. et
al., J. Biol, Chemistry, 273, 5841-5845 (1998)) was sub-
cloned in a mpsv splice donor as further described: 2 ug of
mpsv vector (Genentech, Inc.) was digested with 5 U of
EcoRI and 5 U of BamHI (Boehringer Mannheim) and 2 ul
of buffer A( Boehringer Mannheim)in a total volume of 20
ul for | hour at 37° C. 2 ug of caspase-9-DN/peDNA3
construct was digested with 5 U of HindIII and 5 U of Xbal
with 2 ul of buffer B (Boehringer Mannheim) in a total
volume of 20 ul for 1 hour at 37° C. After incubation, | ul
of | mM dNTPs (Clontech) and 0.2 U of Klenow poly-
merase (Boehringer Mannheim) was added to each reaction
and the incubation was continued for an additional 15
mioutes al 37° C,

Aliquots of each digest were analyzed by 1% agarose gel
electrophoresis. |.2 kbp caspase-9-DN cDNA and linearized
9.7 kbp mpsv vector were cut out of the gel and the DNA
was purified using GeneClean (BiolOL, Inc.) according to
the manufacturer’s instructions,

Ligation of caspase-9-DN and mpsv vector: 50 ng of
vector and 42 ng of insert were ligated in 10 ul 2xligation
butfer and Lul T4 DNA ligase in 20 ul total volume at room
temperature for 5 minutes (Boehringer Mannheim).

Transformation: MaxEfliciency DUSalfa competent cells
(Gibco BRL) were transformed with 2 ul ligation mixture
according to manufacturer's instructions. Transformed cells
were then plated on carbenicillin containing L.B plates.
Colonies were randomly picked and analyzed by restriction
digest lo identify a colony containing the correct construct.
Colony #30 was chosen for further work.

Transfection: E25 producing CHO DP12 cells [as desig-
nated throughout the present application, “E25”refers to the
transfected CHOcells expressing a humanized monoclonal
antibody against human IgE; see Presta et al., J.
Tmmunolagy, 151:2623-2632 (1993)] were chosen for trans-
fection with mpsv/caspase-9-DN and mpsv vector. Trans-
fection was done using LipofectAMINE Plus Reagent
(Gibco BRL) and was performed as follows:

£25 cells grown in suspension were plated on 60 mm
lissue culture dishes (1 million cells/plate) 24 hours prior to
transfection in a serum-containing medium. DNA for trans-
lection was quantified spectropholometncally. Two ug of
DNA was mixed with 250 ul serum-free medium and 8 ul of

Plus reagent and incubated for 15 minutes at room tempera-
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ture. Twelve ul of reagent were mixed with 250 ul of
serum-free medium anddirectly added to the mixture fol-
lowed by incubation forlS minutes al room temperature. The
medium on top of the cells was replaced with 5 ml of fresh
serum-free medium and the transfection mixture was added

to the dish. Three hours post-transfection, medium was
replaced with a serum-containing medium. 24 hours post-
transfection, each transfected dish was split into 5 dishes and
a selection pressure was applied by the addition of 5 ug/ml
puromycin. ‘Transfected clones (resistant to puromycin)
began to appear about two weeksafter transfection. Several
clones were chosen for analysis of caspase-9-DN expression
by Western blotting.

Western blot analysis: Selected clones were picked and
transferred into a 24 well plate. When confluent, cells from
each well were rinsed with PBS and lysed for 3 minutes in
100 ul lysis buffer (3% NP 40 in PBS), The lysates were
centrifuged for 3 minutes at 12,000xg. Supernatant was
collected, mixed with an equal volume of reducing 2xSDS
loading buffer (Novex) and boiled for 3 minutes. Samples
were stored at —20° C, Aliquots of the lysates were subjected
to 4 protein assay to determine the total protein concentra-
tion using Micro BCA Protein Assay Reagent Kit (Pierce).

Aliquots oflysates corresponding to 3 ug of total protein
were loaded on a 10%SDS 'Tris-glycine gel (Novex) and ran
for 14 hours. Proteins were transferred to an Immobilon-P

transfer Membrane according to manufacturer's directions.

The membrane was probed with rabbit anli-caspase-9
serum (Pharmingen) followed by HRP conjugated goat-anti-
rabbil antiserum and developed using ECL. Western Blotting
detection Reagent (Amersham). Clones with high as well as
low expression of caspase-9-DN (clones 2 and 14) were
selected for further characterization. See 1G. 2.

Induction of apoptosis with staurosporine: Clones 2 and
14 expressing low and high levels of caspase-9-DN
(respectively) were adapted to growth in serum-free medium
in spinners. Clones were seeded in spinners al | million
cells/m! and an apoptosis inducing agent, staurosporine
(Sigma), was added at | uM final concentration. Aliquots of
culture were analyzed for apoptosis by several assays:
agnexin/PI (Chemicon) to measure the %of apoptotic cells
and by caspase-3 activity (Clontech) according to manufac-
turer's instructions. See PIGS, 3 and 4.

‘The effect of caspase-9-DN expression on viability in 2
liter bioreactors: Serum free adapted, caspase-9-DN
expressing clones 2 and 14, a vector control and untrans-
fected E25 cells were scaled up and seeded at 1 million
cells/ml in 2 liter bioreactors (n=2). The cell culture media
was a serum-free DMEM/Ham F-12 based medium contain-

ing recombinant human insulin and trace elements. Cells
were grown at 37° C, with agitation set at 275 rpm, pH was
kept at 7.2 and was automatically adjusted throughout the
experiment. Bioreactors were sparged with a mixture of
oxygen and air. This is a model system that mimics the
conditions during large-scale production oftherapeutic pro-
leins.

Samples were taken every day to measure the following
parameters: cell viability, cell density, apoptosis, caspase-3
activation, glucose consumption, osmolality, lactate produc-
tion and E25 titers, Sec FIGS, 5-8,

The resulis show stable expression of caspase-9-DN in
CHOcells expressing E25. The stable expression resultedin
a resistance of the cells lo an apoptosis inducing agent,
staurosporine. The resistance was proportionalto the expres-
sion levels of caspase-9-DN. In the environment of a
bioreactor, the high expessing clone 14 showed dramatically
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prolonged viabilily and viable cell count compared with the
lower expressing clone 2, which showedonly a moderate
prolongation of viability and viable cell count. Prolongation
of viability is reflected in the delayed onset of caspase-3
activation in clone |4 compared with the controls. Unex-
pected results were obtained in the assay for the amount of
E25 antibody secreted into the medium. Allhough caspase-
9-DN clone [4 resulted in superior prolongation of viability
in the bioreactor than clone 2, clone 14 produced less protein
of interest (E25 antibody). The data suggested that high
expression of apoptosis inhibitor may not concomitantly
delay cell death and increase yield of the protein of interest.

However, in another 2 liter bioreactor assay, a cell culture
was similarly run as described above with the exception of
the following changes: (1) caspase-9-expressing clone 14
and E25 control cells were seeded at | million cells/ml; and

(2) the medium was a serum free, concentrated medium
(used to enhance nutrient supply in the medium) based on
DMEM/Ham FP-12 with insulin andtrace elements. The cell

cultures were grown for | day at 37° C. and then temperature =
shifted to 33° C. On the third day, the pH of the cultures was
shifted from pH 7.15 to pH 7.0, and the cultures were fed
with concentrated DMEM/Ham F-12, glucose and protein
hydrolysate medium in order to supply enough nutrients to
support optimal growth,

The results are shown in FIGS. 17 and 18. As illustrated

in the graphs, caspase-9-DN expression resulted in prolon-
gation of viability and increase in viable cell densities, as
well as higher titers of the protein of interest (E25 antibody)
as compared to the control. Under the concitions of fed-
batch culture where nutrients were not limiting, the data
showed that prolongation of viability and increase in viable
cell densities were accompanied by a marked increase in
product titer.

Example 3

Effects of Caspase Inhibitor z-VAD-fmk on
Apoptosis

CHO (dhifr+) cells grown in suspension were seeded at |
million cells/ml in 60 mm tissue culture dishes. The cell
culture media was a serum-free DMEM/Ham P-12 based

medium containing recombinant buman insulin and trace
elements. Viability of the culture on day 0 was 96%, Two
plates were analyzed each day for viability by Trypan Blue
exclusion and by annexin/PI binding (Clontech) and for
viable cell density. The experiment was carried out for LO
days. A chemical inhibitor of caspases, z-VAD-fmk
(Enzyme Systems Products) was dissolved in DMSO to
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make a 100 mM (LO00x) stock and 4 ul was added to a 60 ©
mm dish containing 4 ml of culture. The inhibitor was added
48 hours after the start of the experiment (prior to the onset
of apoptosis) and a new aliquot of the z-VAD-fmk inhibitor
was added every 24 hours. Controls were cultures without
any addition and cultures with the addition of DMSOonly.

The results are shown in FIGS. 9-10.

The chemical compound, z-VAD-Imk,is a caspase inhibi-
tor and when added to the culture at 100 uM concentration,

resulted in an inhibition of caspase-3 activily and prolon-
gation ofcell viability.

Example 4

Expression of Baculovirus p35 in CHO Cells

Expression construct: The baculovirus p35 eDNA
(Beidler, D. et al. J. Biol. Chemistry, 270,16526-16528
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(1995); Clem, R. J. et al., Scfence, 254, 1388-1390 (1991))
was subcloned from a peDNA3 vector (Invitrogen) into a
CPC splice donor vector as follows: 2 ug of CPC vector
(Genentech, Inc.) was linearized by digestion in 25 ul
containing 7 U of EcoRI and 7 U of Xbal tn High buffer
(Boehringer Mannheim) for 2 hours at 37° C. Baculovirus
p35 cDNA was cut out of the peDNA 3 vector (Invitrogen)
with the same restriction enzymes, An aliquot of cach
réaction was analyzed by electrophoresis in 1%agarose gel
containing ethidium bromide. Bands corresponding to the
linearized CPC vector (9.7 kbp) and p35 cDNA (0.9 kbp)
were cul out of the gel and isolated using GeneClean (Bio
LOL, Inc.) according 10 manufacturer’s instructions.

Ligation: 50 ng of vector and 25 og of p35 cDNA were
mixed with 10 ul of T4 ligation buffer and | ul T4 DNA
ligase (Rapid DNA Ligation Kit, Boehringer Mannheim)in
20 ul total reaction volume. The reaction was incubated for

5 minules at room temperature.
Transformation: 100 ul of Max Efficiency DHSalfa Com-

pelent cells (Boehringer Mannheim) were mixed with 2 ul of
ligation mixture and incubated on ice for 30 minutes. Cells
were heat-shocked for 45 seconds at 42° C. followed by
incubation on ice for 2 minutes. 0.9 ml of LB medium was
added lo the cells and incubated for | hour al 37° C, with

agitation, LOO ul of transformed cells were plated on LB agar
plate with carbenicillin. Four clones were randomly picked
and were grown overnight in 4 ml of LB+carbenicillin, The
plasmid was isolated from these colonies using QlAprep
Spin Miniprep Kit (Qiagen) according to manufacturer’s
instructions. [solated plasmids were subjected to an analyti-
cal digest lo confirm the correct construct.

Expression of baculovirus p35 in CHO ceils; CHO
(dhir+) cells grown in a DMEM/Ham F’-12 media containing,
2%fetal bovine serum (Gibco), recombinant human insulin
und trace elements were plated 48 hours prior to transfection
al 2 million cells/100 m tissue culture dish. LipofectAMINE
Plus Reagent (Gibco BRL) was used for transfection and
was performed according to manufacturer's instructions.
CHOcells were transfected with a p35 /CPC construct and
CPCvector alone as a control. One transfected plate of each
type was harvested 24 hours after transfection to assay the
level of p35 expression in transient transfectants (Western
blottiog using anti-p35 rabbit polyclonal serum at 1:1000
dilution). Other tranfected plates were grown further and
selection pressure (5 ug/ml puromycin) was applied 48
hours post-transfection, About two wecks later colonies
resistant to puromycin developed and were adapted to serum
free growth and sealed up for further analysis.

The effect of p35 expression on viability in 2 liter biore-
actors: The serum free adapted clone expressing p35 and a
vector control were scaled up and seeded at | million
cells/ml in 2 liter bioreactors (n=2). The cell culture media
was a serum-free DMEM/Ham F-12 based medium contain-

ing recombinant human insulin and trace elements. Cells
were grown al 37° C. with agitation set at 275 rpm. pH was
kept at 7.2 and was automatically adjusted throughout the
experiment. Bioreactors were sparged with a mixture of
oxygen and air. This is a model system thal mimics the
conditions during large-scale production of therapeutic pro-
teins. Samples were taken every day ta measure the follow-
ing parameters: cell viability, cell density, apoptosis,
caspase-3 activation, glucose consumption, osmolality and
lactate production,

The results are shown in FIGS. 11-12.

The results indicate (hat the apoptosis inhibitor, baculovi-
rus p35, when expressed in CHOcells results in prolonga-
tion of viability in the environment of the bioreactor.
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Example 5

Increased Transfection Efficiency and Expression of
E25 Antibody in Transient Transfections Using,

Caspase-9-DN

Serumfree adapled CHO DP12 cells were seeded at 1.5
million cells/ml in untreated 12 well tissue culture plates in
medium based on DMEM/HAM F-12 with modified con-

centrations of some components and containing recombi-
nant human insulin, trace elements and serum. Transfection

was performed using DMRIE-C (Gibco BRL) according to
manufacturer’s jostructions. Caspase-9-DN expressing
clone 14 was transfected next to controls which were CHO

DP12 cells and E25 cells (CHO DP12, expressing E25).
Red shifted GFP expressing vecior (Quantum Biotech-

nologies Inc.) was co-transfected wiih a DNase expressing
vector [Shak, S. et al., (1990), Proe Natl Acad, Sci USA,
87:9188-9192)]. 24 hours post-transfection, propidium
iodide was added to an aliquot of the culture and total and
viable transfection efficiencies were assayed by low cytom-
etry on FACSCalibur (Becton Dickinson). Five days after
transfection, a sample of the medium was subjected for
DNase titer analysis using ELISA.

The data indicated (FIG. 13) thal transfection reagent, tn
our experiment DMRIE-C. can be toxic to cells when used
al higher concentrations (above 6 ul), In PIG. 14, caspase-
9-DN clone 14 shows(in all concentrations of DMRIE-C
tested) higher total and viable transfection efficiencies than
controls. The transfection efficiency of clone 14 increased
with the amount oftransfection reagent and reached maxi-
mum at 12 ul of DMRIE-C, al which concentration both

controls already started to show a decrease in transfection
elliciency.It is possible that transfection efficiency of clone
14 will increase even further when higher than currently
tested amount of DMRIE-Cts used. ‘The increase in trans-

fection efficiency of clone 14 was reflected in the specific
productivity (DNasetiter/total LDH) of the culture and in
DNase titer (FIGS. 15, 16), both of which were increased up
to four-fold compared with the controls.

Example 6

Effect of Caspase 9-DN Expression on Viability
and Viable Cell Number After Thawing a Frozen

Culture

2x10" cells of caspase-9-DN expressing clone 14 and E25
control cells were frozen in a freezing medium (1 g/L
methylcellulose in modified DMEM/Ham F-12 and 10%
DMSQ) andstored at -80° C. for an extended period of
lime. Onthe day ofthe experiment, vials of frozen cells were
laken oul of the freezer, thawed al 37° C. and added to a

spinner with a pre-warmed growth medium (modified
DMEM/Ham F-12). Cells were cultured for 8 days and
assayed for viability and viable cell density,

The results are shown in FIGS, 19 and 20, The results

indicate that caspase-9-DN expressing cells maintained
higher viability and viable cell count than the control E25
cells. Thus, expression of caspase-9-DN in the CHO cells
had a beneficial effect on viability and viable cell densities
upon thawing the frozen cell cultures.

Example 7

Caspasce-9-DN Expressing Cells Show Resistance
lo Butyrate

The following study was conducted to examine whether
caspase-9-DN expression alfects resistance of the cells to
potential adverse effects of butyrate.
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Caspase-9-DN expressing clone 14 and E25 controlcells
were seeded at 1x10° cells/ml in 60 mm tissue culture
dishes. Each dish contained 4 ml of culture medium, Cul-

tures were grown al 37° C. in concentrated medium based on
DMEM/Ham F-12 with insulin and trace elements. Cultures

were temperature shified to 33° C. on the second day and
butyrate was added on the third day at varying final con-
centrations (0, 1, 2, 3, 5, 10 mM) (n=2), Viability of the
cultures and titers were assayed daily.

The results are shown in FIGS, 21 and 22. The results

showed that E25 contral cells lose viability more rapidly
than caspase-9-DN expressing cells (see PIG. 21, day 7 and
day 9), This is reflected in the titers of protein of interest,
Titers shown in FIG, 22 indicate that caspase-9-DN cells
gave highertiters than 0 butyrate addition in cultures with 1
2 3 and 5 mM butyrate. On the other band, titers of E25
controls improved with only 1 and 2 mM butyrate. The
results suggest that caspase-9-DN expression protects cells
from adverse effects of butyrate and can result in extended
viability and higher titers.

What is claimed is:

1. Amethod of making recombinantproteins using one or
more apoptosis inhibitors, comprising the steps of:

(a) providing a vector comprising a gene encoding
caspase-9 dominant negative protein,

(b) providing a vector comprising a gene encoding a
protein of interest,

(c) providing a Chinese hamster ovary (CHO) host cell,
(d) transforming or transfecting the host cell with the

vector of steps (a) and (b),
(c) providing cell culture media,
(0 culturing the transformed or transfected host cell in the

cell culture media under conditions sufficient for

expression ofthe protein of interest and the caspase-9
dominant negative prolein, and optionally

(2) recovering or purifying the protein of interest from the
host cell and/or the cell culture media.

2. The method of claim 1 further comprising the step of
admixing ian additional apoptosis inhibitor into the cell
culture media in steps (e) or (f).

3. The method of claim L wherein the vector of step (a)
and the veetor of step (b) are the same vector.

4. The method ofclaim 1 wherein the vectors ofsteps (a)
and (b) are two separate vectors.

5, The method of claim 4 wherein the vectors of steps (a)
and (b) comprise different antibiotic resistance selection
markers.

6. The method of claim 1 wherein the host cells are

cullured under conditions lor transient expression of the
protein of interest.

7. The method of claim 1 wherein the protein of interest
comprises a protein which is capable of inducing apoptosis
in a mammalian or non-mammaliancell.

8. The method of claim 1 wherein said cell culture media
is serum-free media.

9. The method of claim 1 wherein said cell culture media

comprises butyrate.
10. The method of claim 1 wherein alter step ({), the host

cell(s) and/or cell culture media is frozen and subsequently
thawed.

1. A method of making recombinant proteins using one
of more apoptosis inhibitors, comprising the steps of:

(a) providing a veclor comprising a gene encoding a
protein ofinterest,

(b) providing a Chinese hamster ovary (CHO) host cell
comprising 4 gene encoding caspase-9 dominant nega-
live protein,
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(c) transforming or transfecting the host cel] with the
vector ofstep (a),

(d) providing cell culture media,

(c) culturing the transformedortransfected host cell in the
cell culture media under conditions sufficient for

expression ofthe protein ofinterest and the caspase-9
dominant negative protem and optionally

(0 recovering or purifying the protein ofinterest from the
host cell and/or cell culture media.

12. The method ofclaim 11 wherein the gene encoding the
caspase-9 dominant negative protein is stably integrated into
the genomeofthe host cell.

13. The method of claim 11 further comprising the step of
admixing an additional apoptosis inhibitor molecule into the
cell culture media in steps (d) or (e).

14. The method of claim 11 wherein said cell culture

media comprises butyrate.
15, The method of claim U1 wherein after step (¢), the host

cell(s) and/or cell culture media is frozen and subsequently,
thawed,

16. A method of making recombinant proteins using one
or more apoptosis inhibitors, comprising the steps of:

(a) providing a vector comprising a gene encoding a
protein of interest,

(b) providing a Chinese hamster ovary (CHO) host cell,

(c) transforming or transfecting the host cell with the
vector of step (a),

(d) providing cell culture media,
(c) providing an amount ofcaspase inhibitor z-VAD-fmk,

(1) admixing the caspase inhibitor into the cell culture
media,

(g) culturing the host cell in the cell cullure media under
conditions sufficient for expression of the protein of
interest, and optionally

(h) recovering or purifying the protein ofinterest from the
host cell and/or the cell culture media.

17. The method ofclaim 16 wherein after step (g), the host
cell(s) and/or cell culture media is frozen and subsequently
thawed.

18, A method of increasing yield of a protein ofinterest
in a cell culture, comprising the steps of:
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(a) providing a vector comprising a gene encoding
caspase-9 dominant negative protein,

(b) providing a vector comprising a gene encoding a
proicin of interest,

(c) providing a Chinese hamster ovary (CHO) host cell,

(d) transforming or transfecting the host cell with the
vector of steps (a) and (b),

(€) providing cell culture media,

(f) culturing the transformed or transfected host cell in the
cell culture media under conditions sufficient for

expression Of the protein ofinterest and an amount of
the caspase-9 dominant negative protein whichis effec-
live in increasing yield of the protein of interest, and
optionally

(2) recovering or purifying the protein of interest from the
host cell and/or the cell culture media.

19. The method of claim 18 wherein said cell culture
media is serum-free media.

20. The method of claim 18 wherein after step ({), the host
cell(s) and/or cell culture media ts frozen and subsequently
thawed.

21. A method of prolonging host cell viability in a cell
culture, comprising the steps of:

(a) providing a vector comprising a gene encoding
caspase-9 dominant negative protein,

(b) providing a vector comprising 4 gene encoding a
prolein of interest,

(c)providing a Chinese hamster ovary (CHO)host cell,
(d) transforming or transfecting the host cell wilh the

vector of steps (a) and (b),
(c) providing cell culture media,

(f) culturing the transformed ortransfected hostcell in the
cell culture media under conditions sufficient for

expression of the protein of interest and an amount of
caspase-9 dominant negalive protein whichis effective
for prolonging viability of the host cells in the cell
culture, and optionally

(g) recovering or purifying the protein of interest from the
host cell and/or the cell culture media.
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CELL CULTURE PROCESS

This is a divisional application claiming priority to
application Ser. No, 09/553,924, filed Apr. 21, 2000, which
claims priority to U.S. Provisional Application Serial No.
60/131,076, filed Apr. 26, 1999, the entire disclosure of
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

|. Field of the Invention

The present invention concerns a process for the produc-
tion of glycoproteins in mammalian cell culture, More
specifically, the invention provides a process for producing
glycoproteins in mammalian cells that results in enhanced
oecupaney of an N-linked glycosylation site occupied only
in a fraction of a glycoprotein. A process for increasing the
fraction of Type I tissue plasminogen activator ({-PA) in a
mammalian cell culture is specifically disclosed.

2. Description of Related Disclosures and Technology
Glycoproteins

Glycoproteins, many of which have been produced by
techniques of recombinant DNA technology, are of great
imporlance as diagnostic and therapeutic agents. In a
eukaryotic cell environment, glycosylation 1s attached to a
secreled or membrane-spanning protein by co- and postl-
translational modification. Proteins destined for the cell

surface are first co-translationally translocated into the
lumen of the endoplasmic reticulum (ER) mediated by a
signal Sequenceat or near the amino terminus ofthe nascent 3
chain. Inside the ER, the signal sequence ts usually removed
and a high-mannose core oligosaccharide unil is allached to
the asparagine (N) residue(s) present as part of the sequence
Asu-X-Ser/Thr, where X is any amino acid except, perhaps,
proline.

‘The efficiency of this co-translational glycosylation step is
dependent on the presentation of an appropriate conforma-
uion of the peptide chain as it enters the endoplasmic
reticulum (Imperiali and O'Connor, Pure & Applied Chem.,
70: 33-40 (1998)). Potential N-linked glycosylation sites
may no longer be accessible after the protein has folded
(Kornfeld & Kornfeld, Ann Rev. Biochem. 54:631-664
(1985)). Proteins next move from the ER to the Golgi
apparatus where further modifications, such as sulfation and
processing of the high-mannose oligosaccharide chain to a
complex-type oligosaccharide, occur and the proteins are
directed to their proper destinations.

N-linked oligosaccharides can have a profound impact on
the pharmaceutical properties of glycoprotein therapeutics
(c.g., in vivo half-life and bioactivity). Different bioprocess
parameters (¢.g., bioreactor type, pH, media composition,
and ammonia) have been shown to alfect protein glycosy-
lation significantly. Changes in terminal glycosylation
(sialylation and galactosylation) and N-glycan branching are
the most frequently observedalterations.
The Carbohydrate Structure of Tissue Plasminogen Activa-
lor

Tissue plasminogen activator (t-PA), a glycoprotein, is a
multidomain serine protease whose physiological role is to
convert plasminogen to plasmin, and thus to initiate or
accelerate the processof fibrinolysis. Initial clinical interest
in 1-PA was raised because ofils relatively high activity in
the presence, as compared to the absence, of fibrin. Wild-
type {-PA is a poor enzymein the absence of fibrin, but the
presence of fibrin strikingly enhancesils ability to activate
plasminogen, Recombinant human 1-PA is used therapeuti-
cally as a fibrinolytic agent in the treatment of acule myo-
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cardial infarction and pulmonary embolism, both conditions
usually resulting from an obsiruction of a blood vessel by a
fibrin-containing thrombus,

In addition to its striking fibrin specificity, -PA exhibits
several further distinguishing characteristics:

(a) T-PA differs from most serine proteases in thal the
single-chain form of the molecule has appreciable
cozymatic activily. Toward some small substrates, and
toward plasminogen in the absence offibrin, two-chain
i-PA has greater activity than one-chain (-PA. In the
presence of fibrin, however, the two forms of t-PA are
equally active (Ryken et al, J. Biol, Chem, 257:
2920-2925 (1982); Lijnen et al., Thromb. Haemost.,
64: 61-68 (1990); Bennett et al, J. Biol. Chem.,266:
5191-520! (1991)). Most other serine proteases exist
as zymogens and require proteolytic cleavage to a
two-chain form to release full enzymatic activity.

(b) The action oft-PA in vivo andin vitro can be inhibited
by a serpin, PAI-l (Vaughan et al.,.J. Clin. Invest, 84:
586-591 (1989); Wiman et al., J. Biel, Chem., 259:
3644-3647 (1984).

(c) T-PA binds to fibrin in vitro with a Kk, in the wM range,
(d) T-PA has a rapid in vivo clearance thal is mediated by

one or more receptors in the liver (Nilsson et al.,
Tiwamb, Res., 39: 511-521 (1985); Bugelski et al.,
Thram. Res., 53; 287-303 (1989); Morton etal.,J. Biol,
Chem., 264; 7228-7235 (1989).

Asubstantially pure form of t-PA was first produced from
a natural source and tested for in vivo activity by Collenet
al., U.S. Pat. No. 4,752,603 issued Jun. 21, L988 (see also
Rijken et al., J. Biol, Chem,, 256: 7035 (1981)). Pennica et
al. (Nature, 301: 214 (1983)) determined the DNA sequence
off-PA and deducedthe amino acid sequence from this DNA
sequence (U.S. Pat. No. 4,766,075 issued Aug. 23, 1988).

Human wild-type t-PA has potential N-linked glycosyla-
lion sites al amino acid positions 117, 184, 218, and 4468.
Recombinant human t-PA(ACTIVASE® t-PA) produced by
expression in CHO cells was reported to contain approxi-
mately 7% by weight of carbohydrate, consisting of a
high-mannose oligosaccharide at position 117, and complex
oligosaccharides at Asn-184 and Asn-448 (Vehar et al,
“Characterization Studies of Human Tissue Plasminogen
Activator produced by Recombinant DNA Technology,"
Cald Spring Harbor Symposia on Quantitative Biology,
L1:551-562 (1986)).

Position 218 has not been found to be glycosylated in
native t-PA or recombinant wild-type t-PA. Sites 117 and
448 appear always to be glycosylated, while site 184 is
thought to be glycosylated only in a fraction of the mol-
ecules. The -PA molecules thal are glycosylated at position
184 are termed ‘Type | t-PA, and the molecules thal are not
glycosylated al position 184 are termed Type Il t-PA. In
melanoma-derived t-PA, the ratio of Type [to Type [t-PA
is about 1:1. The most comprehensive analysis of the
carbohydrate structures of CHO cell-derived human t-PA
was carried oul by Spellman et al., J. Biol, Chem,, 264;
14100-14111 (1989), who showed thatat least 17 different
Asn-linked carbohydrate structures could be detected on the
protein. These ranged from the high-mannose structures at
position 117 to di-, tri-, and tetra-antennary
N-acetyllactosamine-type structures at positions 1&4 and
448. Type I and Type Il 1-PAs were reported to be
N-glycosylated in an identical way at Asn-117 and Asn-448
positions, when isolated [rom the same cell line. For further
details, see also Parekh et al., Biochemistry, 28: 7644-7662
(1989). The specific fibrinolytic activity of Type I t-PA has
been shown to be about 50%greater than that of Type L t-PA
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(Einarssonet al., Biochim. Biophys. Acta,830: 1—L0 (1985)).
Further, increased Type I is correlated with increased half-
life (Cole et al., Fibrinolysis, 7: 15-22 (1993)). However,
‘Type LU t-PA, which lacks a portion of carbohydrate assaci-
ated with Type | 1-PA, as well as desialated 1-PA, demon-
strated a longer ‘T2 beta than standard t-PA (Beebe and
Aronson, Thromb. Res. 51: 11-22 (1988).

Analysis of the sequence of t-PA has identified the mol-
ecule as having five domains. Each domain has been defined
with reference to homologous structural or functional
regions in other proteins such as trypsin, chymotrypsin,
plasminogen, prothrombin, fibronectin, and epidermal
growth factor (EGF). These domains have been designated,
starting at the N-terminus of the amino acid sequence of
1-PA, as the finger (F) domain from amino acid | to about
amino acid 44, the growth factor (G) domain from about
aminoacid 45 to about aminoacid 91 (based on homology
with EGF), the kringle-] (K1) domain from about amino
acid 92 to about amino acid 173, the kringle-2 (K2) domain
from aboul amino acid 18010 about amino acid 261, and the 2

serine protease (P) domain from about aminoacid 264 Lo the
carboxy! terminus al amino acid 527. These domains are
situated essentially adjacentto each other, and are connected
by short “linker” regions. These linker regions bringthe total
number of amino acids of the mature polypeptide to 527,
although three additional residues (Gly-Ala-Arg) are occa-
sionally found at the amino terminus. This additional trip-
eptide is generally thought to be the result of incomplete
precursor processing, and it is not known to impart func-
tionality. Nutive t-PA can be cleaved between position 275 3
and position 276 (located in the serine protease domain) to
generate the two-chain form of the molecule.

Each domain contributes in a different way to the overall
biologically significant properties of the t-PA molecule.
Domain deletion studies show that the loss of the finger,
growth factor, or kringle-2 domain resulls in a lower-affinity
binding of the variant t-PA to fibrin (van Zonneveld et al.,
Proc. Natl. Acad. Sei. USA, 83: 4670-41674 (1986); Ver-
heijen et al., EMBO J., 5: 3525-3530 (1986)); however,
more recent results obtained with substitution mutants indi-

cate that the kringle-2 domain is less involved in fibrin
binding than earlier expected (Bennett et al., supra). The
domain deletion studies have implicated the finger and
grewth factor domains in clearance by the liver (Collen et
al., Blood, 71: 216-219( 1988); Kalyan et al... Biol, Chem.,
263; 3971-3978 (1988); Pu et al., Thremb, Res., 50; 33-41
(1988); Refino et al., Fibrinolysis, 2: 30 (1988); Larsen et
al., Blood, 73: 1842-1850 (1989); Browne et al., J. Brol.
Chem., 263: 1599-1602 (1988)). The kringle-2 domain is
responsible for binding to lysine. The serine protease
domain is responsible for the enzymatic activity of -PA and
contains specific regions where mutations were shown to
affect both fibrin binding and fibrin specificity (possibly
direct interactions with fibrin), and other regions where only
fibrin specificity is altered (possibly indirect interactions
with fibrin) (Bennett et al.. supra), Studies with mutants
resulting from site-directed alterations indicate the involve-
ment of the glycosylation of t-PA in clearance (Lau et al.
Bio/Technology, 53: 953-958 (1987); Lau et al, Bia/
Technology, 6: 734 (1988)).

An unglycosylated variant of t-PA consisting of the
krinyle-2 and protease domains was described to have a
slower plasma clearance than wild-type t-PA (Martio et al.,
Fibrinolysis, 4:(Suppl.3):9 (Abstract 26) (1990)). The
elfects of altering oligosaccharide structures at sites 164 and
448 of 1-PA were also examined by Howard et al.,
Glycobiology, 1: 411-418 (1991). Hotehkiss et al. (Thromb.
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Haemost, 60: 255-261 (1988)) selectively removed oli-
gosaccharide residues from the t-PA molecule, and demon-
strated thal the removal of these residues decreased the rate

of clearance of t-PA. These researchers, and Lau et al.

((1987), supra, (L988), supra) also generated the t-PA variant
N1170 (wherein asparagine at position LL7 of wild-type
human t-PA was substituted with glutamine) to preven!
glycosylation at position 117, ‘This variant, similarly to that
obtained by enzymatic removal of the high-mannose oli-
gosaccharide at this position, exhibited an about two-fold
slower clearance rate than wild-type human t-PA. See also
EP-A 238,304 published Sep. 23, 1987 and EP-A 227,462
published Jul, 1, 1987.

Several reports have suggested that the carbohydrate
moicties of t-PA influence the in vitro activity of this enzyme
(Eimarsson et al., supra; Opdenakker et al., Proc, Sci. Exp.
Biol, Med., 182: 248-257 (1986)), T-PA is endocytosed by
mannose receptors of liver endothelial cells and by galactose
receptors of parenchymal cells. Indeed, the in vivo clearance
of recombinant human t-PA produced in mammalian cell
cultures was influenced by carbohydrate structures, particu-
larly by the high-mannose oligosaccharides (Hotchkiss et
al., supra). A t-PA variant (desigoated TNK t-PA)thal has a
glycosylation site added at amino acid position 103, the
nalive glycosylation site removed al amino acid position
117, and the sequence at amino acid positions 296-299 of
native human t-PA replaced by AAAA, has been shown to
have increased circulatory half-life, and markedly better
fibrin specificity than wild-type human t-PA (Keyt et al.,
Prac. Natl. Acad. Sci. USA, 91: 3670-3674 (1994).
Glycoproteins Other than Native -PA with More than One
Glyoform

Cells expressing 1PA-6, a molecule composed of the
kringle-2 and serine protease domains of 1-PA, processil into
two glycoforms, a monoglycosylaled form with Asn-448
occupied, and a diglycosylated form with Asn-448 and
Asni84 occupied (Berg et al., Blood, 81: 1312-1322
(1993)).

Plasminogen exists in two glycoforms. The more glyco-
sylated form, commonly referred to as “plasminogen-1,”"
“plasminogen [,” or “Type 1 plasminogen,” has a
galactosamine-based oligosaccharide attached at amino acid
position 345 (Thr345) and a complex glycosamine-based
oligosaccharide al amino acid position 288 (Asn288) of a
native human plasminogen molecule. The less glycosylated
form, commonly referred to as “plasminogen-2,” “plasmi-
nogen II,” or “Type 2 plasminogen,” has a single oligosac-
charide chain allached at amino acid position 345 (Thr345)
(Hayes and Castellino, J. Biol. Chem., 254(18): 8772-8776,
8777-8780 (1979); Linen et al., Kur J. Biochem, 120:
149-154 (1981); Takada et al., Tirambosis Research, 39;
289-296 (1985)).

Other glycoproteins displaying variable site occupancy
(variations in N- and O-glycosylation sile-occupancy)
include granulocyte-macrophage colony-stimulating factor
(Okamoto et al., Archives of Biochemistry and Biophysics,
286:562-568 (1991)), interferon-gamma (Curling et al.,
Biachem. J,, 272: 333-337 (1990)), protein C (Miletich and
Broze, J. Biol Chem., 265; 11397-11404 (1990)), and
interleukin-2. Glycosylation of gamma-interferon was stable
throughout an optimized culture design strategy using [fed-
batch cultures, with exposure to glucose starvation possibly
leading to a dramatic change in glycosylation efficiency (Xie
et al., Biotechnol. Bineng., 56: 577-582 (1997)).

Different factors have been discussed to be potentially
responsible for variable site-occupancy, including availabil-
ity of dolichol-phosphate and nucleotide sugars (Nyberg et
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al., Biotechnol. Bioeng., 62: 336-347 (1999)), glycosyl-
transferase activity (Hendrickson and Imperial,
Biochemisiry, 34: 9444-9450 (1995); Kaufman et al..
Biochemistry, 33: 9813-9819 (1994)), and variable glyeo-
sylation site accessibilily due to competition with protein
folding (Holst et al., The EMBO J., 13: 3538-3546 (1996);
Imperiali, Ace. Chem, Res., 30: 452-459 (1997), Shelikoffet
al., Biotechnol, Bioeng., 50: 73-90 (1996)). Any of these
factors could be influenced by cell culture conditions. 'I-PA
sile-occupancy usually varies within a rather narrow range
(25%).
Studies of Oligosaccharyltransferase/Metal-gations in Gly-
cosylation

Asparagine-linked glycosylation involves the enzyme-
catalyzed modification of an asparagine side chain in a
nascent polypeptide with a tri-anlennary tetradeca-
saccharide moiety. This first committed step in the biosyn-
thesis of N-linked glycoproteins is catalyzed by
oligosaccharyltransferase, a heleromeric membrane-
associated enzyme complex found in the lumen of the
endoplasmic reticulum of eukaryolic cells. See [mperiali, 2
supra; Allen et al.,J. Biol. Chem., 270: 4797-4804 (1995);
Sharma et al., Bur J. Biochem, 116: 101-108 (1981);
Silberstein and Gilmore, The FASEB Journal, 10; 849-858
(1996); Kumar el al., Biochem, Mol, Biol. Intl, 36: 817-826
(1995); Bause et al., Biochem. J., 312: 979-985 (1995): Xu
and Coward, Biochemistry, 36; 14683-14689 (1997);
Kumar et al., Biochem. Biophys. Res. Comm,, 247: 524-529
(1998); Watt et al, Curr Op. Struct, Biol., 7: 652-660
(1997).

Por optimal activity, oligosaccharyliransferase requires a
small amount of manganese divalent lon, but other divalent
metal cations with an octahedral coordination geometry will
Support transfer, although at reduced rates (Hendrickson and
Imperiali, supra; Kaufman et al., supra; Kumar et al., Bio-
chem. & Mol. Biol. International, 36: 817-826 (1995)).
The Role of Temperature in Mammalian Cell Cultures

‘To simulate norma! bedy environment, fermentor tem-
perature in cultivating mammalian cells is controlled almost
exclusively at 37° C. This dogmais so widely accepted that,
so far, little attention has been paid to varying temperature
in the cell culture process. The scarce literature data suggest
that reduced fermentor temperature results in improved cell
viability and shear resistance, higher cell density and titer in
batch cultures, and a reduction in glucose/lactate metabo-
lism (Chuppa et al., Biotechnol. Bioeng, 55: 328-338
(1997)).

Specifically, Reuveny et al., J. Jimmunol. Methads, 86:
53-59 (1986) studied the effect of temperatures in the range
of 28° C. to 37° C, on batch hybndoma cell cultures. They
found that although at lower temperatures the cell viability
was improved, this was accompanied by a decrease in
glucose uplake and a decrease in the specific antibody
production, Therefore, in this particular case, lower tem-
peratures did not enhance the overall performance ofthe cell
culture process,

Sureshkumar and Mutharasan, Biotechnol. Bioeng., 37:
292-295 (1991) iovestigated the effect of the temperature
range of 29° C. to 42° C, on the cell culture process, and
found that maximum cell densily was achieved at 33° C. In
contrast, the glucose uptake and specific lactate production
rates were dramatically lower at 33° C. (han at 39° C. These
results showed that the optimal temperatures for growth and
productivity may considerably differ, While ihe viability
increase al temperatures below 37° C. appears to be a
general phenomenon, the effect of lemperature on specific
productivity has been shown to be cell-line dependent
(Chuppa ct al., supra).
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Weidemann et al., Cyoreciinology, 13: 111-116 (1994)
cultivated adherent recombinant baby hamster kidney
(BHK) cells at temperatures between 30° and 37° C. The
low-temperature cultivation in batch and repeated batch
mode in a two-liter bioreactor showed a lower growth rate
aod a lower glucose consumption rate (ic., less lactate
production), On the other hand, the maximum cell densily
and productivity were not affected by the temperature reduc-
lion.

Kretzmer et al., “Cultivation Temperature-Effect on Cell
Culture Processes and Their Optimization” (American
Chemical Society Meeting, San Francisco, Calif,), abstract
138, presented Apr, 16, 1997, disclosed the effect of culti-
vation temperature on cell culture processes and their
optimization, but apparently no specilic glycosylation analy-sis.

It has been suggested that reduced fermentor temperatures
might have other advantages related to product quality and
integrity, bul the effeer of low temperatures on product
quality, and in particular, on protein glycosylation, has been
scarcely studied. Chuppa et al., supra, have reported that
fermentation temperature did nol have a significant effect on
the sialic acid content of glycoproteins. Although the total
sugar conlent was somewhal lower at 37° C. than al 34° C.
or 35.5° C., the authors viewed this difference as “not
substantial.”

However, U.S. Pat. No. 5,705,364 described preparing
glycoproteins by mammalian cell culture wherein the sialic
acid content of the glycoprotein produced was controlled
over a broad range of values by manipulating the cell culture
covironment, including the temperature. The host cell was
cultured in a production phase of the culture by adding an
alkanoie acid or salt thereof 1o the culture at a certain

concentration range, maintaining the osmolality of the cul-
ture al about 250 to about 600 mOsm, and maintaining the
temperature of the culture between about 30 and 35° C,

Bahr-Davidson, “Factors Affecting Glycosylation Site
Occupancy of ASN- 184 of 'Tissue-Type Plasminogen Acti-
valor Produced in Chinese Hamster Ovary Cells,” A Dis-
sertation submitted to the Department of Chemical Engi-
neering and the Committee of Graduate Studies of Stanford
University in Partial Fulfillment of the Requirements for the
Degree of Doctor of Philosophy, May 1995, investigated the
effects of temperature on glycosylation site Occupancy and
reportedthat site occupancy was increased by exposing cells
to 26° C, (see pages 50-51),
Hormonal and Other Treatments to Influence Glycosylation

The effect of various additives such as components of
plasma to the culture media on protein production and
glycosylation has been studiedin the literature, for example,
the effects of hormonal treatments on membrane glycosy-
lation in rat kidney brush broder membranes (Mittal et al.,
Indian J, Exper. Biol., 34: 782-785 (1996)). Studies of
Muc-1 mucin expression established the hormonal basis for
MRNAexpression (Parry et al.,./. Cel! Sei, 101: 191-199
(1992)). Thyroid hormone regulation of alpha-lactalbumin
with differential glycosylation has been reported (Ziska et
al, Endocrinology, 123: 2242-2248 (1988)). The cellular
response to protein N-glycosylation was increased in the
presence of thyroxine, insulin, and thrombin, and the effect
was dose-dependent (Oliveira and Banerjee, J. Cell.
Physiol, 144: 467-472 (1990)), Thyroxine was found to
induce changes in the glycosylation pattern of rat alpha-
fetoprotein (Naval et al., Jar J. Biochem, 18: 115-122
(1986)).

In addition to hormonal treatments, glutath one and
glucose-6-phosphate dehydrogenase deficiency increased
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protein glycosylation (Jain, Free Radical Biology &
Medicine, 24: 197-201 (1998)). Thyrotropin was found to
contro] oligosaccharyliransferase activity in thyroid cells
(Desruisseau et al., Mol Cell. Endocrinol, 122: 223-228
(1996)). The addition of glucose and tri-iodothyronine (T5)
lo a medium producing a pro-urokinase derivative improved
productivity (Hosoi et al., Cytofechnaloy, 19: 1-10.(1996)).
Also, fucosyliransferase activity in the rat small intestine
was responsive to hydrocortisone regulation during the
suckling period (Biol et al., Biochim. Rioplys. Acta, 1133:
206-212 (1992)). Hydrocortisone treatment also induced
quantitative alterations in glycosylation of mouse mammary
tumor virus precursors (Maldarelli and Yagi, JNCI, 77:
1109-1115 (1986)). Glycosylation of cellular glycoconju-
gates in a carcinoma cell line was enhanced by a retinoic
acid (Sacks et al., Glyeoconjugare J,, 13: 791-796 (1996)),
Further, retinoic acid had reversible effects on glycosami-
noglycan synthesis during differentiation of HL-60leukemia
cells (Reiss et al., Can Res., 45: 2092-2097 (1985)).
Additionally, retinoie acid, as well as hydrocortisone, was 2
found to modulate glycosaminoglycan synthesis of human
malignant keratinocytes (Reiss et al,, J. favest, Dermatol.
86: 683-688 (1986)).

‘The competition between folding and glycosylation in the
endoplasmic reticulum has been described (Holst et al.,
supra), a8 has acute heal shock inducing the phenomenon of
prompt glycosylation (Jethmalani et al... Biol. Chem., 269:
23603-23609 (1994)).

There is a need for increasing glycosylation site occu-
pancyin glycoproteins having multiple glycoforms to pro- 3
duce glycoprotein therapeutics of consistent product quality.
For example, there is a need fo increase the fraction of Type
I 1-PA in the t-PA production process. Such increase in
sile-Occupancy generates t-PA with activity more closely
resembling the international human t-PA standard, and thus
more closely resembling human t-PA. Type I I-PA is also
more soluble than Type IL, which may be of some value in
processing steps. Further, increased ‘Type Lis correlated with
increasing circulatory half-life, as noted above.

SUMMARY OF THE INVENTION

It has been found that during the production ofa wild-type
elycoprotein, namely human t-PA, in mammalian cells,
namely Chinese Hamster Ovary (CHO)cells, use of certain
divalent metals, hormones, or factors that manipulate cell-
eycle distribution to control or influence glycosylation sig-
nificantly increases sile occupancy of a elycosylation site of
the glycoprotein. Por example, decreasing the cullivation
temperature from 37° C. to about 30-35% C. in the produc-
lion phase significantly enhances the occupancy of the
glycosylation sile al amino acid position 184, and thereby
increases the ralio of Type I 1-PA io Type Ul t-PA.
Specifically, decreasing the temperature from 37 to 33 or 31°
C. increased (-PA site-occupaney up to 6%. ‘Temperatures
below 37° C, are expected similarly to facilitate the occu-
paney ofnot-easily-accessible N-linked glycosylation sites
in other glycoproteins. Accordingly, temperature can be used
as a sensitive tool for fine tuning the ratio of variously
glycosylated forms of glycoproteins having one or more
N-linked glycosylation sites occupied only in a fraction of
the protein.

In addition, other environmental factors, including those
that manipulate the culture’s growth state, and correspond-
ingly cell-cycle distribution, such as butyrate, or a cell-cycle
inhibitor that increases the proportion of cells in the GO/G1
phase such as quinidine, plasma components such as thyroid
hormones, and/or certain divalent metal cations significantly
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elevated the (-PA Type I content (about 1-2.5%) compared
to control conditions, and are expected toact similarly with
respect lo other glycoproteins. In contrast, addition of the
relevant nucleoside precursor molecules (c.g., uridine,
puanosine, mannose) did not resull in improved silte-
occupancy.

In one aspect, the invention concerns a process for pro-
ducing a glycoprotein comprising culturing mammalian host
cells producing the glycoproteins (i.c., cells expressing
nucleic acid encoding the glycoprotein) in the presence of
(a) a factor that modifies growth state in a cell culture, (b)
a divalent metal cation that can adopt and prefers an octa-
hedral coordination geometry, or (c) a plasma component,
whereby the occupancy of an N-linked glycosylation site
occupied only in 4 fraction of the glycoprotein is enhanced
in the glycoprotein so produced. Preferably, the factorts a
cell-cycle inhibitor that blocks cells in the GO/GL phase, a
butyrate salt, and/or a temperature of the culture of between
about 30 and 35° C., the divalent cation is manganese or
iron, and the plasma component is a hormone. Preferably,
the cell culture procedure includes a growth phase, followed
by a transition phase and a production phase. In a preferred
embodiment, in the growth phase the mammalian host cells
are cultured at about 37° C., whereupon, during the transi-
lion phase, the temperature is lowered to between about 30°
C. and 35° C. The host cells preferably are CIO cells, and
the glycoprotein preferably ts t-PA.

In another aspect, the invention provides a process for
producing human 1-PA comprising culturing CHO cells
expressing nucleic acid encoding said (-PA in a serum-free
medium in a production phase at a temperature of between
about 30° C. and 35° C, and in the presence of about 0 to 2
mM of a butyrate sall, whereby the occupancy of an
N-linked glycosylation site oceupied only in a fraction of
t-PA is enhanced in the t-PA so produced:

In a still further aspect, the invention supplies a process
for producing human t-PA comprising culturing CHOcells
expressing nucleic acid encoding said t-PA in a serum-free
medium in a growth phase al a temperature of about 37—40°
C., wherein said medium comprises from about 10 nM to
100 uM of adivalent metal cation that can adopt and prefers
an octahedral coordination geometry; culturing said cell in a
transition phase at a lemperature of about 37-40° C.; and
culturing said cell in a production phase wherein alter about
48 hours into the production phase the temperature is
lowered to between about 30° C. and 35° C. and about 0.75

to 1.5 mM of a butyrate salt ts added to the medium,
whereby the oceupaney of an N-linked glycosylation site
occupied only in a fraction of t-PA is enhanced in the t-PA
so produced. In this process, a plasma component such as a
thyroid hormone, e.g., thyroxine or tri-iodothyronine, or a
cell-cycle inhibitor that blocks cells in the GO/G1L phase such
as quinidine is optionally added to the culture medium
before or during the growth phase.

Hence, the process herein facilitates the production of a
preferred glycoform of a glycoprotein, such as Type I t-PA,
in a mammalian cell culture, and also increases the ratio of

preferred to non-preferred glycoproteins, such as the ratio of
Type 1 to Type 11 t-PA, in a mammalian cell culture.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a depiction of Type I t-PA and Type I 1-PA
and a chromatogram thereof.

FG, 2 showsthe percentage of Type I human t-PA in cell
cultures of CHO cells cultivated at various scales at 37° C,

FIG, 3 shows graphs ofthe percentage of Type T human
t-PA in cell cultures of CHOcells at 37° C. as a function of
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12K-fermentation run time, with cach graph line represent-
ing a different nun.

FIGS. 4A and 4B show the percentage of Type | human
t-PA in cell cultures of CHOcells cultivated on a laboratory
scale (in 25 em* T-flasks and LOO0-m1 spinner flasks-FIG. 4A)
or in a 5-liter bioreactor (FIG, 4B for 5-7 days at 33° C.
relative to control (cell culture kept at 37° C.),

FIG, 5 shows the percentage of Type | human !-PA in cell
cultures of CHO cells cultivated in 'I-flasks at 37° C. for 34

days wherein sodium butyrate is added in the amount
indicated at the time of inoculation. The values are from

Iriplicate experiments,

FIG. 6 showsthe percentage of Type I human t-PAin cell
cultures of CHO cells cultivated in 60-mm culture dishes at

37° C. for 4—6 days wherein temperature changes with or
without sodium butyrate are compared (wherein 37° C.1—
means control at 37° C. with no butyrate; 37° C.11x is at 37°
C. with 0.75 mM butyrate, 37° C.12x is al 37 °C, with 1.5
mM butyrate, 33° C.l—is at 33° C. with no butyrate, 33°
C.11x is at 33° C. with 0.75 mM butyrate, 33° C.12x is at
33° C. with 1.5 mM butyrate, 31° C.1—is at 31° C. with no
bulyrate, 31° C\11x is al 31° C. with 0.75 mM butyrate, and
31° C12is at 31° C. with 1.5 mM butyrate),

FIG, 7 shows percentage of Type | human 1-PA in cell 5
cultures of CHO cells cultivated in 5-liter bioreactors alter

5-7 days, wherein temperature changes with or without
sodium butyrate are compared (where control is at 37° C.
without butyrate, 33° C. is at 33° C. without butyraie, 2x
butn is at 37° C. with 1.5 mM butyrate, and 33° C./2x is at 5
33° C. with 1.5 mM butyrate).

FIG. 8 shows the percentage of Type 1 human 1-PA in cell
cultures of CHOcells cultivated in fermentors over lime al

37° C, in which sodium butyrate was added to a concentra-
tion of 0.75 mM at approximately 48 hours, and the per-
centages of cells in GO/G1 phase al the corresponding time
points. These results reflect the averages of three separate
cultures.

FIG. 9 shows the percentage of Type | human 1-PA in cell
cultures of CHO cells cultivated in T-flasks at 37° C. for 34

days wherein at the time ofinoculation no cell-cycle inhibi-
tor is added (control), thymidine (250 we/mL) is added, or
quinidine (90 uM)is added. The values are from triplicate
experiments,

PIGS. LOA and 10B show the percentage of Type | human
\-PA in cell cultures of CHO cells cultivated in 60-mm

culture dishes at 37° C, for 4-6 days wherein al the time of
inoculation 3 nM of MnCl, is added (control), or LOM, LOO
oM, | «M, 10 «M, or 100 «eM MnCl, is added. The values
are expressed in triplicate for PIG, LOA andas an average of
lriplicates for FIG. LOB.

PIG. 11 showsthe percentage ofType | human t-PA in cell
cultures of CHO cells cultivated in 60-mm culture dishes at

37° C. for 4-6 days wherein at the time of inoculation no
ferric citrate is added (control), or 10 vM ferrie citrate, 50
HM ferric citrate, or 100 eM ferric citrate is added.

PIG. 12 shows the percentage of Type | human t-PA in cell
cultures of CHO cells cultivated in 60-mmculture dishes at

37° C. for 4-6 days wherein the cells are cultivated in the
presence ofincreased amounts of specified nucleotide sugar
precursor molecules.

FIGS. 13A and 13B show the percentage of Type | human
1-PA in cell cultures of CHO cells cultivated in 60-mm

culture dishes at 37° C. for 7 days wherein al the time of
inoculation no hormoneis added (control), or 1 nM, 100M,
or 100 nM of tri-iodothyronine (Tritod.) or of thyroxine
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(Thyrox.) is added, The vahies are expressedin triplicate for
FIG. 13A and as an average of triplicates for PIG. 13B.

DETAILED DESCRIPTION OF THE
INVENTION

I, Definitions
As used herein, the word “enhanced” as it relates to

occupancy of an N-linked glycosylation site occupied only
in a fraction of ihe glycoprotein refers lo relative value
obtained by practicing the current invention versus control
value obtained by not using the parameters ofthis invention,
The value is calculated based on the percentage of glyco-
sylation sites occupied at the particular position of the
glycoprotein in question versus a baseline value, which is
determined without using the factors, cations, or plasma
components herein claimed, lor example, t-PA 1s secreted as
a mixture of two major glycoforms, Type I (all three
N-glycosylation sites are occupied) and ‘Type IT (Asn-184 is
nol occupied), and an enhanced occupancy level means an
increased sile occupancy such thal the mixture has increased
amounts of Type I relative to Type IT t-PA versus the control.
This oecupancy level can be measured, for example, by
using reversed-phase high-pressure liquid chromalography
(RP-HPLC) to elute the fragments of the different types of
glycoprotein (the types having, different glycosylation site
occupancy levels) and integrating the peak areas for each
type of glycoprotein to determine relative quantities. The
most typical way to express these quantilics is by the
percentage ofthe higher-occupancy type of glycoprotein to
total types of glycoprotein. A specific example of an assay
used to measure enhancement for Type I/Type II t-PA is set
forth below in Example 1.

As used herein, “glycoprotein” refers generally to pep-
udes and proteins having more than about ten amino acids
and at least one glycosylation site thal is occupied only in a
fraction of the glycoprotein product, i.c., they display vari-
able site-occupancy or variations in N- and O-glycosylation
site-occupaney, The glycoproteins may be homologous to
the host cell, or preferably, they are heterologous, Le.,
foreign, to the host cell being utilized, such as a human
protein produced by a CHO cell. Preferably, mammalian
glycoproteins (glycoproteins that were originally derived
from a mammalian organism) are used, more preferably,
those which are directly secreted into the medium, and most
preferably, those wherein N-glycosylation site-occupancy is
involved.

The specifically-preferred glycoproteins herein are t-PA,
plasminogen, interferon-gamma, Protein C, IL-2, and CSF,
for example, GM-CSF. The more preferred glycoproteins
are t-PA or plasminogen, and the most preferred is t-PA,
more notably human t-PA,

‘The terms “ussue plasminogen activator’, and “I-PA”
refer to human extrinsic (Ussue-lype) plasminogen activator
having fibrinolytic activity that typically has a structure with
five domains (finger, growth factor, kringle-1, kringle-2, and
protease domains), but nonetheless may have fewer domains
or may have someofits domains repeated if it still functions
as ad thrombolytic agent and retains the N-linked glycosyla-
tion sites at positions 117, LS4, and 448. Al minimum, the
i-PA consists of a protease domain that is capable of con-
verling plasminogen to plasmin, and an N-terminal region
believed to be at least partially responsible for fibrin binding,
and retains the N-linked glycosylation sites al positions
corresponding, to amino acid positions 117, 184, and 448 of
wild-type human t-PA. The retention of these glycosylation
sites is due to the fact that variable site occupancy of
recombinant and melanoma-derived wild-type t-PA leads to
production of hwo variants, designated as “Type 1 t-PA™ and
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“Type IL t-PA”, respectively. Type [t-PA contains N-linked
oligosaccharidesat positions 117, 184, and 448. Type 11 1-PA
contained N-linked oligosaccharides al positions 117 and
448. See FIG. 1. tt will be understood that natural allelic

variations exist and can occur among tndividuals, as dem-
onstrated by one or more amino acid differences in the
amino acid sequence of {-PA of each individual.

The terms “wild-type human tissue plasminogen
activator’, “wild-type human t-PA", “native human tissue
plasminogen activator,” and “native human t-PA", where
“human t-PA” may be abbreviated as “ht-PA”, refer to
nalive-sequence human t-PA,i.c., thal encoded by the cDNA
sequence reported in U.S. Pat. No, 4,766,075, issued Aug,
23, 1988, Aminoacid site numbers or positions in the t-PA
molecule are labeled in accordance with U.S. Pat. No,

4,766,075, The t-PA may be from any native source, In
addition, the 1-PA may be obtained from any recombinant
expression system, including, for example, CHO cells or
human embryonic kidney 293 cells,

As used herein, references lo various domains of t-PA 2

mean the domains of wild-type human 1-PA as hereinabove
defined, and functionally equivalent portions of human t-PA
having amino acid alterations as compared to the native
human {-PA sequence, or of (native or variant) t-PA from
other sources, such as bat tissue plasminogen activator
(bai-PA). Thus, as used herein, the term “protease domain”
refers to the region extending from amino acid position 264
lo amino acid position 527, inclusive, of the mature form of
wild-type human t-PA, and to functionally equivalent por-
lions of human t-PA having amino acid alterations as com- :
pared to the native human t-PA sequence, or of t-PA from
other sources, such as bat-PA.

As used herein, “factor that modifies growth state in a cell
culture” refers to a factor thal increases the proportion of
cells in the GO/GI phase of growth such as a cell-cycle
inhibitor that causes cells to accumulate or blocks the cells

in the GO/G1 phase. Such factors manipulate cell cycle
distribution to control or influence glycosylation. Such a
factor may affect glycosylation in mechanisms beyond
growth state, but are defined herein as affecting at least the
growth state.

As used herein, a “cell-cycle inhibitor that blocks cells in
the GO/G1 phase of growth”is a molecule that causes cells
to accumulate in the GO/G1 phase of growth. This can be
determined by cell cycle analysis, Le., uniform suspensions
of nuclei are stained with propidium iodide (PI) using the
detergent-irypsin method of Vindeloy et al., Cyromerry, 3:
323-327 (1983) to determine relative cellular DNA content
by flow cytometric analysis. Events are gated using doublet
discrimination to exclude doublets, and the data are modeled

using ModFit LT Cell Cycle Analysis™ software (Verily
Software House). A preferred such inhibitor herein is qui-
nidine.

By “butyrate” or “butyrate salt” is meant any correspond-
ing salt of butyric acid, such as sodium butyrate or potas-
sium butyrate.

By “phase” is meant a certain phase of culturing ofthe
cells as is well recognized by the practitioner. For example,
“growth phase” of the cell culture refers to the period of
exponential cell growth (the log phase) where cells are
generally rapidly dividing. During this phase, cells are
cultured for a period of time, usually between 1—4 days, and
under such conditions that cell growth is maximized. The
vrowth cycle for the host cell can be determined for the
particular host cell envisioned without undue experimenta-
tion. During the growth phase, cells are cultured in nutrient
medium containing the necessary additives generally at
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about 30-40° C., preferably about 37° C., in a humidilied,
controlled atmosphere, such that optimal growth ts achieved
for the particular cell line. Cells are maintained in the growth
phase for a period of between about one and four days,
usually between about two and three days.

“Transition phase” of the cell culture refers to the period
of ime during which culture conditions for the production
phase are engaged. During the transition phase environmen-
lal factors such as temperature are shifted from growth
conditions to production conditions.

“Production phase” ofthe cell culture refers to the period
oftime during which cell growth has plateaued. During the
production phase, logarithmic cell growth has ended and
glycoprotein production is primary. During this period of
time the medium is generally supplemented to support
continued glycoprotein production and to achieve the
desired glycoprotein product.

By “divalent metal cation that can adopt and prefers an
octahedral coordination geometry” is meant a metal cation
with bwo valencies that is capable of, and actually shows
preference for, adopting an octahedral coordination geom-
etry. Such calions are also characterized in that oligosac-
charvliransferase can function (i., is activated) in their
presence. Examples of such metal ions include manganese
(Mn-*), iron (Fe**), calcium (Ca**), and magnesium
(Mg**). Divalent cations that show preferences for other
coordination geometries, including nickel (Ni**), copper
(Cu**), cadmium (Cd**), and zine (Zn**), fail to activate the
enzyme and at high concentrations also competitively inhibit
activity in the presence of manganese. Hence, these latter
cations are excluded from the definition,

By “plasma component” is meant a constituent of normal
plasma. This would include growth promoters and tumor-
promoting agents for endothelial cell growth, regulators of
differentiation of epithelial issues, glucagon, heparin, phor-
bol myristate acetate, PRL, thyroglobulin, &Br-cAMP,
thrombin, vitamin A and its derivatives (retinoids such as
retinole acid, ¢.g., beta-all-trans retinoic acid), glutathione,
steroids such as corticosterone, cortisol, and corticoids, e.g.,
glucocorticoids such as hydrocortisone, and hormones,pref-
erably those that are vital hormones of metabolism such as
estrogen, insulin, and thyroid hormones, ¢.g., thyroxine and
tri-iodothyronine (T;). The thyroid hormones are preferred,
and most preferably thyroxine and tri-iodothyronine, Since
some serum, including fetal calf serum, contains thyroid
hormones and the thyroid hormone binding protein at nano-
molar levels, it is preferred to use serum-free medium,
particularly if thyroid hormones are employed to enhance
sile-occupancy,

The terms “cell culture medium,” “culture medium,” and
“fermentation medium”refer lo a nutrient solution used for

growing mammaliancells that typically provides al least one
component from one or more of the following categories:

1) an energy source, usually in the form of a carbohydrate
such as glucose;

2) all essential amino acids, and usually the basic sel of
twenty amino acids plus cysteine;

3) vitamins and/or other organic compounds requiredal
low concentrations;

4) free fatty acids; and
5) trace elements, where trace elements are delined as

inorganic compounds or naturally-occurring clemenis
that are typically required at very low concentrations,
usually in the micromolar range.

The cell culture medium ts generally “serum free” when
the medium is essentially free of serum from any mamma-
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lian source (e.g. fetal bovine serum (FBS)). By “essentially
free” is meant that the cell culture medium comprises
between about 0-5%serum, preferably between about 0-1 %
serum, and most preferably between about 0-0.1%serum.
Advantageously, serum-free “defined” medium can be used,
wherein the identity and concentration of each of the com-
ponents in the medium is known (i¢., an undefined com-
ponent such as bovine pituitary extract (BPE) is not present
in the culture medium).

In the context of the present invention the expressions
“cell”, “cell line”, and “cell culture” are used
interchangeably, and all such designations include progeny.
Thus, the words “transformants” and “transformed (host)
cells” include the primary subject cell and cultures derived
therefrom without regard for the number of transfers, [It is
also understood that all progeny may not be precisely
idéntical in DNA content, due to deliberate or inadvertent

mutations. Mulant progeny that haye the same function or
biological activity as screened for in the originally trans-
formed cell are included. Where distinct designations are 2
intended, it will be clear from the context.

The term “mammalian host cell’, “host cell”, “mamma-
lian cell”, “mammalian recombinant host cell,” and the like,

refer to cell lines derived from mammals that are capable of
growth and survival when placed in either monolayer culture
or in suspension culture in a medium containing the appro-
priate nutrients and growth factors. The necessary growth
factors for a particular cell line are readily determined
empirically without undue experimentation, as described,
for example, in Mammalian Cell Culture, Mather, J. P. ed. 3
(Plenum Press: N-Y., 1984), and Barnes and Sato, Ce//, 22:
649 (1980), ‘Typically, the cells are capable of expressing
and secreting large quantities of a particular glycoprotein of
interest into the culture medium. Examples of suitable
mammalian host cells within the context of the present
invention may include CHO cells (EP 117,159, published
Aug. 29, 1989; U.S. Pat. Nos. 4,766,075; 4,853,330; 5,185,
259; Lubiniecki et al., in Advances in Animal Cell Biology
and Technolagy for Biapracesses, Spier et al., eds. (1989),
pp-442—451), for example, CIO derivatives such as CHO/-
DHFR (Urlaub and Chasin, Proc. Nati. Acad, Sei. USA, 77:
4216 (1980)), CHO-K1 DUX BLL (Simonsen and Levinson,
Pree. Natl, Acad. Sci, USA 80: 2495-2499(1983); Urlaub
and Chasin, supra), and dp 12.CHO cells (EP 307,247
published Mar. 15, 1989); rat myeloma YB2/3.cAg20(WO
86/00127 published Apr. 1, 1985); mouse C127 fibroblasts
(Reddy et al., DNA, 6: 461-472 (1987)); mouse sertoli cells
(TM4, Mather, Biol. Reprod., 23; 243-251 (1980)); human
cervical carcinoma cells (HELA, ATCC CCL 2); human
lung cells (W138, ATCC CCL 75); human liver cells (Hep
G2, HB 8065); mouse mammary tumor (MMT 060562,
ATCC CCLS51), TRI cells (Mather et al., Annals N.Y. Acad.
Sci., 383: 44-68 (1982)); MRC5 cells; PS4 cells; and human
melanoma cells (Browne et al., Thromb. Haemost, 54:
422-424 (1985)). Preferred host cells include CHO-K1
DUX B11 and dp 12.CHO cells.

The CHOcells developed for large-scale production of
I-PA are maintained cryogenically in a MCB/working cell
bank (WCB) system as described by Wiebe etal., in Large
Seale Mammalian Cell Culture Technology, Lubiniecki, ed.,
(Marcel Dekker: New York, 1990), pp. 147-160. DHFR+
CHO-K1 cells transfected with DNA encoding human t-PA
have been deposited at the American Type Culture
Collection, Manassas, Va. (ATCC), and are available under
accession number CCL 61. A sample of another 1-PA-
producing CHOcell line (CHOcell line 1-15,.) has been
deposited under ATCC accession number CRL 9606, The
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latter cell line was reported to result in human t-PA levels
approaching 50 py/cell/day.
If. Modes for Carrying Out the Invention
General and Specific Features of Invention

li has been discovered that utilizing a factor that modifies
growth state in a cell culture (such as a cell-cycle inhibitor,
a butyrate salt, or lowering the lemperature during the
production of a glycoprotein in a mammalian cell culture
from 37° C. to about 30-35° C.),or utilizing a divalent metal
cation that can adopt and prefers an octahedral coordination
geometry, or utilizing a plasma component, enhances the
occupancy of the glycosylationsite al a selected and desired
amino acid position of the wild-type glycoprotein.

For example, this lowering of temperature enhances the
eecupancy ofthe glycosylation site al amino acid position
184 of wild-type human t-PA and, accordingly, increases the
ratio of Type 1 t-PA to Type IL t-PA. The ability to adjust, and
increase, the Type I to Type I t-PA ratio is significant, since
it enables (he manufacturer to produce a recombinant protein
in which this ratio closely approximates the ralio present tn
native t-PA (about 1:1). In addition, the ratio of Type T to
Type IE 1-PA affects the solubility and clearance rateof |-PA,
and there is evidence that an increased Type I -PA concen-
tration somewhal increases the circulatory half-life of t-PA.
It is knownthat the high-mannose oligosaccharide al amino
acid position 117 is primarily responsible for the rapid
clearance of native human t-PA. When this oligosaccharide
is removed, it has been observed that Type I t-PA has a
longer half-life than Type II t-PA, indicating that there is a
secondary mechanism on which the extra oligosaccharide
present on Type [t-PA has a positive effect. The experimen-
tal findings herein can be extended to other glycoproteins
that (like t-PA) have at least one glycosylation site that is
occupied only in a fraction of the glycoprotein product.

If the factor is a butyrate sali, generally the butyrate is
present in a concentration of up to about 2 mM, more
preferably about 0.35 to 2 mM,still more preferably about
0.75 to 1.5 mM. The concentration thereof to be selected

within this range depends mainly on the temperature to
which the culture is subjected and the type of glycoprotein.
Hence, if for t-PA the temperature remains at about 37 ° C,
or is lowered to about 33-35° C., the butyrate concentration
is preferably lower than about 1.5 mM, and more preferably
is about 0.3 to 1 mM, mast preferably 0,75 mM, However,
if for |-PA the temperature is lowered to about 30-31° C.,
preferably the butyrate concentration is about 1-2 mM,
more preferably about 1.5 mM. This illustration showsthat
more (han one of these factors may be operating or present
In the cell culture.

In a preferred aspect, the temperature lowering and/or
butyrate addition take(s) place during the production phase
of the growth cycle. In such a scenario, the temperature is
lowered to between about 30 and 35° C. and/or a butyrate
salt is added about 48 hours into the production phase. The
production phase is suitably preceded by a growth phase and
a transition phase of growth eyele, During the growth phase
ihe lemperature is preferably kept at about 37° C., and/or
during the transition phase the temperature of the culture is
preferably lowered to between about 30° C, and 35° C.,
more preferably about 31-33° C., and most preferably about
31°C.

Alternatively, or additionally to the factor(s) above, the
cells are cultured in the presence of a divalent cation as
defined above, The choice of divalent cation to use, as well

as lhe specific concentration thereof, depends, inter alia, on
the type of glycoprotein being produced and the metal
cations and other components already present in the culture
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medium and their respective concentrations. For example, if
the glycoprotein has a number of thio groups,it is preferred
to use a thiophilic metal such as manganese and iron, with
iron being the most thiophilic metal. In contrast, if the
glycoprotein contains more oxygen groups, then the oxo-
philic cations, magnesium and calcium, are preferred. If
calcium jon is already present in sufficient quantities in the
medium,it is not typically used for the purposes herein and
a different metal cation is used. Further, the size of the metal
cation may have an influence, with iron and magnesium
being smaller and calcium and manganese being larger.
Steric effects due to sulfur groups on the glycoprotein may
dictate a cation of smaller ionic radius. The preferred
divalent metal cation herein is manganese, magnesium, or
iron, more preferably manganese or iron, and most prefer-
ably manganese.

The divalent metal cation is preferably present tn the
cullure medium during the whole cultivation lime, and al
least is added during the growth phase. The concentration
thereof generally ranges between about 10 nm and 150 0M, 2
preferably from about 10 nm to 100 0M for manganese and
from about 20 4M to LOO wM for iron.

In another alternative, alone or logether with the divalent
calion and/or factor, a plasma componentis present during
ihe culturing, The plasma componentis typically present in
an amount from about 1 oM to 15-20 «M, depending mainly
oo the type of glycoprotein being produced, the type of
plasma component utilized, and the scale of fermentation.
For example, ifthe plasma componentis a thyroid hormone,
it is preferably present in an amount of about 1-150 0M, 3
preferably about LO-L00 nM. Lf the plasma component is
vlutathione, it is preferably present at about 1—10 sM, and if
hydrocortisone, it is preferably present at about 5-15 0M,
preferably about LO oM. Preferably, the plasma component
is ad hormone, more preferably a thyroid hormone, and most
preferably thyroxine or tri-iodothyronine,

The degree of site-occupaney to be achieved for the
glycoprotein is balanced against the desired degree of secre-
tion of the glycoprotein, which is generally taken into
accountin selecting which factors and other components to
employ, and at what concentrations or temperatures, For
example, site-occupancy is generally controlled in a select
range of about +5%without affecting t-PA secretion.
Cell Culture Procedures

According to the present invention mammalian cells are
cultured to produce a desired glycoprotein product, In
choosing a host cell for the production of the glycoprotein
within the context ofthe present invention,il is important to
recognize that different host cells have characteristic and
specific mechanisms for the translational and post-
lranslational processing aod modification (e.g.,
glycosylation, cleavage) of the proteins expressed. Appro-
priate cell lines should be chosen to ensure that the desired
post- translational modifications are possible. Alternatively,
host cells can be modified to express a desired gene product
required for the specific post-translational modification,

In particular, the mammalian cells that express the desired
glycoprotein should express or be manipulated to express
the particular enzymes such that under suitable conditions,
the appropriate post-translational modification occurs in
vivo, The enzymes include those enzymes necessary for the
addition and completion of N- and O-linked carbohydrates
such as those described in Hubbard and Ivatt, Ann, Rev.

Biochem., 50: 555-583 (1981) for N-linked oligosaccha-
rides. The enzymes optionally include
oligosaccharyliransferase, alpha-glucosidase I, alpha-
glucosiduse I], ER alpha(1,2)mannosidase, Golgi alpha-
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mannodase [, N-acetylyglucosaminyliransferase 1, Golgi
alpha-mannodase I, N-acetylyglucosaminyltransferase IT,
alpha(] ,6)fucosyliransferase, ((1.4)galactosyllransferase.
and an appropriate sialyliransferase.

For culturing the mammalian cells that express the desired
glycoprotein and are capable of adding the desired carbo-
hydrates in specifie position and linkage, numerous culture
conditions can be used, paying particular attention to the
host cell being cultured. Suitable culture conditions for
mammalian cells are well knownin the art (Cleveland etal.,
J. Immunol. Methods, 56: 221-234 (1983)) or can be easily
determined by the skilled artisan (see, for example, Animal
Cell Culture: A Practical Aprraach 2nd Ed, Rickwood, D
and Hames, B. D., eds. (Oxford University Press: New York,
1992)), and vary according to the particular host cell
selected.

The mammalian cell culture of the present invention is
prepared in a medium suitable for the particular cell being
cultured, The nutrient solution may optionally be supple-
mented with one or more components from any of the
following calegories:

1) plasma components as defined above and/or growth
factors such as, for example, insulin, transferrin, and
EGE,

2) salts and bulfers such as, for example, sodium chloride,
calcium, magnesium, phosphate, and HEPES;

3) nucleosides and bases such as, for example, adenosine,
thymidine, and hypoxanthine;

4) protein and tissue hydrolysates:
5) antibiotics such as GENTAMYCIN™drug; and
6) lipids such as linoleic or other fatty acids and their

suitable carriers.

Any other necessary supplements may also be included at
appropriate concentrations that would be known to those
skilled in the art,

Commercially available media such Ham’s F10 (Sigma),
Minimal Essential Medium (MEM, Sigma), RPMI-1640
(Sigma), and Dulbeeco’s Modified Eagle’s Medium
(DMEM, Sigma) are exemplary nutrient solutions. In
addition, any of the media deseribed in Ham and McKeehan,
Meth. Fnz., 58: 44 (1979); Barnes and Sato, Anal. Biochem.,
102: 255 (1980), U.S. Pat. No. 4,767,704; U.S. Pal. No.
4,657,866; U.S, Pat, No. 4,927,762; U.S. Pat. No, 5,122,469
or U.S. Pat. No, 4,560,655; WO 90/03430; and WO

87/00195 may be used as culture media. Any of these media
may be supplemented as necessary with {he components as
mentioned above,

The use of a special medium lacking animal serum
(serum-l[ree medium) is preferred to avoid interference or
counter-aclion from components of the serum wilh one or
more of the factors, divaleot metal cations, plasma
components, or other ingredients employed in accordance
with the present invention. Moreover, the concentration of
the amine groups should be sufficiently high to keep t-PA in
solution as the concentration increases. This can be achieved

by using greater than about 1 mM lysine concentrations, by
the presence of HEPES, or by the use of sufficiently high
ammonium chloride concentrations, although any other
amine or ammonium source will do.

If the goal is to produce t-PA in substantially single-chain
form, the culture medium (just as the medium used in the
subsequent recovery and purification steps) contains a pro-
tease inhibitor, such as aprotinin, alpha-1 antitrypsin,
alpha-2 macroglobulin, soybean trypsin, etc. Preferably,
aprotinin is employed at a concentration of about 5 to LOO
KIU/ml, more preferably about LO KIU/ml in the t-PA
production medium,
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In a particularly preferred embodiment, the mammalian
host cell is a CHO cell, preferably CHO-K1 DUX BILL. The
necessary nutrients and growth factors for the medium,
including their concentrations, for a particular cell line, are
determined empirically withoul undue experimentation as
described, for example, in Mamunalian Cell Culture, Mather,
ed. (Plenum Press: NY, 1984) and by Barnes and Sato, Cell,
22; 649 (1980). A suitable medium contains a basal medium
component such as a DMEM/HAM F-12-bused formulation
(for composition of DMEM and HAM F12 media and
especially serum-free media, see culture media formulations
in American Type Culture Collection Catalogue of Cell
Lines and Hybridomas, Sixth Edition, L988, pages
346-349), with modified concentrations of some compo-
nents such as amino acids, salts, sugar, and vitamins, and
optionally containing glycine, hypoxanthine, and thymidine;
recombinant human insulin, hydrolyzed peptone, such as
PRIMATONE HS™ or PRIMATONE RL™ (Sheffield,
England), or the equivalent; a cell protective agent, such as
PLURONIC F68™or the equivalent pluronic polyol: GEN-
TAMYCIN™; and trace elements. The formulations of
medium as described in U.S. Pat. No. 5,122,469, character-

ized by the presence of high levels of certain amino acids,
as well as PS-20 as described below, are particularly appro-
priate.

The glycoproteins of the present invention may be pro-
duced by growing cells which express the desired glyco-
protein under a variety of cell culture conditions. lor
instance, cell culture proceduresfor the large- or small-scale
productionofglycoproteins are potentially useful within the 3
context of the present invention. Procedures including, but
not limited to, a Muidized bed bioreactor, hollow fiber
bioreactor, roller bottle culture, or stirred tank bioreactor

system may be used, in the later two systems, wilh or
without microearriers, and operated alternatively in a batch,
fed-batch, or continuous mode.

In a preferred embodimentthe cell culture of the present
Invention is performed in a stirred tank bioreactor system
and a fed-batch culture procedure is employed. In the
preferred fed-batch culture the mammalian host cells and
culture medium are supplied to a culturing vessel initially
and additional culture nutrients are fed, continuously or in
discrete increments, to the culture during culturing, with or
without periodic cell and/or product harvest before termi-
nation of culture. The fed-batch culture can include, for

example, a semi-continuous fed-batch culture, wherein peri-
odically whole culture (including cells and medium) is
removed and replaced by fresh medium Fed-batch culture is
distinguished from simple-batch culture in which all com-
ponentsfor cell culturing (including the cells and all culture
nulrients) are supplied to the culturing vessel alt the start of
the culturing process. Ped-batch culture can be further
distinguished from perfusion culturing insofar as the super-
nale is ool removed from the culturing vessel during the
process(in perfusion culturing, the cells are restrained in the
culture by, e¢.g., filtration, encapsulation, anchoring to
microcarriers, ei¢., and the culture medium is continuously
or intermittently introduced and removed from the culturing
vessel).

Further, the cells of the culture may be propagated aceord-
ing to any scheme or routine that may be suitable for the
particular host cell and the particular production plan eon-
templated. Therefore, the present invention contemplates a
single-step or multiple-step culture procedure. In a single-
step culture the host cells are inoculated into a culture
environment and the processes of the instant invention are
employed during a single production phase of the cell
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culture. Allernatively, a multi-stageculture is envisioned. In
the multi-stage culture cells may be cultivated in a number
of steps or phases. For instance, cells may be grownin a first
step or growth phase culture wherein cells, possibly
removed from storage, are inoculated into a medium suitable
for promoting growth and high viability. The cells may be
maintained in the growth phase fora suitable period of time
by the addition of fresh medium to the host cell culture.

According to a preferred aspect of the invention, fed-
batch or continuous cell culture conditions are devised to

enhance growth of the mammaliancells in the growth phase
of the cell culture, In the growth phase cells are grown under
conditions and for a period of time that is maximized for
growth. Culture conditions, such as temperature, pH, dis-
solved oxygen (DO,), and the like, are those used with the
particular host and will be apparent to the ordinarily-skilled
artisan. Generally, the pH is adjusted to a level between
about 6.5 and 7.5 using either an acid (e.g., CO.) or a base
(¢.g.. NayCO, or NaOH), A suitable temperalure range for
culturing mammalian cells such as CHO cells is between
about 30 to 40° C, and preferably about 37° C, and a suitable
DO, is between 5—90%of air saturation.

Al a particular stage the cells may be used to inoculale a
production phase or step of the cell culture. Allernatively, as
described above the production phase or step may be con-
tinuous with the inoculation or growth phase or step.

According to the present invention, the cell-culture envi-
ronment during the production phase ofthe cell culture is
controlled, In a preferred aspect, the production phase of the
cell culture process is preceded by a transition phase of the
cell culiure in which parameters for the production phase of
the cell culture are engaged.

‘T-PA production in mammalian, e.g., CHO, cells typically
employs a semi-continuous process whereby cells are cul-
ture ina “seed-train” for various periods of time and are
periodically transferred to inoculum fermentors 10 initiate
the cell-amplification process en route to t-PA production at
larger scale. Thus, cells used for rt-PA production are in
culture for various periods of time up to a maximum
predefined cell age. The parameters of the cell culture
process, such as seed density, pH, DO. and temperature
during culture, duration of the production culture, operating
conditions of harvest, ete. are a function ofthe particularcell
line and culture medium used, and can be determined

empirically, without undue experimentation.
Recovery of the Glycoprotein from the Cell Culture

Following the polypeptide production phase, the glyco-
protein of interest is recovered from the culture medium
using techniques which are well established in the art. The
glycoprotein of interest preferably is recovered from the
culture medium as a seereled polypeptide, although it also
may be recovered from host cell lysates.

Asa first siep, the culture medium or lysate ts centrifuged
to remove particulate cell debris. The glycoprotein thereafter
is purified from contaminant soluble proteins and
polypeptides, with the following procedures being exem-
plary ofsuitable purification procedures: by fractionation on
immunoaffinity or ion-exchange columns; ethanol precipi-
tation; reverse phase HPLC; chromatography on silica or on
a calion-exchange resin such as DEAE; chromatolocusing;
SDS-PAGE; ammonium sulfate precipitation; gel filtration
using, for example, SEPHADEX G-75™; and protein A
SEPHAROSE™columns to remove contaminants such as

IgG. A protease inhibitor such as phenyl methyl sulfonyl
fluoride (PMSF) also may be useful to inhibit proteolytic
degradation during purification. One skilled in the art will
appreciate that purification methods suitable for the glyco-
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protein of interest may require modification to account for
changes in the character ofthe glycoprotein upon expression
in recombinant cell culture.

Also ofutility within the context of the present invention
are purification techniques and processes that select for the
carbohydrates of the invention, Such techniques include, for
example, ion-exchange soft gel chromatography or HPLC
using calion- or anion-exchange resins, wherein the more
acidic or more basic fraction is collected, depending on
which carbohydrate is being selected for.

In a preferred embodiment, CHO cells capable of pro-
ducing hi-PA are grown as a suspension in a CHO medium
to a predetermined cell density. The cell suspension may be
concentrated by cross-flow filtration, Active ht-PA is pro-
duced subsequently by the CHO cells suspended in the
serum-free expression medium, The ht-PA thus produced is
secreted by the CHO cells into the expression medium and
may be separated from it by standard techniques.

Several techniques may be used for recovery of the t-PA.
For example, al the end of the culture, tangential flow 2
fillration, including high-pressure-tangential flow fillration,
can be used to remove the medium containing [-PA from the
cells.

The cell culture supernalanis may concentrated,
diafiltered, and loaded onto an affinity column capable of
specific binding of 1-PA, typically a lysine affinity column,
Under the chromatography conditions employed, t-PA
adheres selectively to the affinity column from whichil can
be recovered and subjected to further purification.

In the diafiltration step, the supernatant of the cell culture 3
on a dialysis membrane may be diafiltered with a dialysis
buffer comprising propylene glycol, the solution obtained by
diafiltration may be loaded on an affinity column capable of
selective binding of t-PA, and t-PA may be eluted [rom the
allinity column with a buffer at a pH of about 5.0 to about
9.0. The affinity column preferably is a lysine affinity
column, which is preferably eluted at a pH of about 5.0 to
about 8.5, more preferably from about 6.0 to about 8.5.
Lysine affinity columns are well known in the art and are
commercially available. Suitable columns include Lysine
CPG™ (Bioprocessing), ECH Lysine CL™ (Pharmacia),
and Lysine Hyper D™(Biosepra), The gel is preferably
equilibrated with a 50 mM NaJHPO, or K.HPO, solution
(pli 7.5) prior to loading of the t-PA solution. The elution
buffer typically contains 200 mM arginine, and 50 mM
Na,HPO, or KPO,(pil 7.5). Preferably,the elution buller
additionally contains propylene glycol in a concentration of
about 2.5 to about 20%,

After the foregoing recovery/inilial purification steps, the
feed stream containing 0.5 to 3.0 mg/ml t-PA simullancously
generally contains about 0.05 to 5 ng/ml of DNA as deler-
mined by a DNA dot blot assay using **P-labeled DNA
derived from the same cell line, resulting in a calculated
clearance of approximately 2x10"-fold (depending on the
source ofthe lysine resin and on the wash conditions used).
To further reduce the level of DNAin the productto less than
one picogram per human dose, @ specific ion-exchange step
may be incorporated into the purification procedure, using
commercially available ion-exchange columns, such as a
DE-52"™ column (Whatman), or DEAE-SEPHAROSE
FAST FLOW™column (Pharmacia).

‘The purification protocol further includes additional steps
that inactivate and/or remove retroviruses that might poten-
lially be present in the cell culture fluid of continuous
mammalian cell lines. A significant number ofviral clear-
ance steps are available, including additional ultrafiltration/
diafiltration steps, treatment with chaotropes such as urea or
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guanidine, pil extremes, detergents, heat, chemical
derivatization, such as formaldehyde, proteases, conven-
tional separalion, such as ion-exchange or size exclusion
chromatography, organic solvents, etc. The particular step(s)
chosen for viral removal is/are ool critical aspect(s) of the
present invention, and need to meet the following criteria for
1-PA: 1. 1-PA must be stable under the treatment conditions

while the target virus must be sensitive to the treatment, and
2. the “window of clearance” must be maximum. The

“window ofclearance”Is definedfor this purpose as the ratio
ofinitial virus titer (spike) in the process fluid prior to the
treatment to virus titer aller the treatment of the process
fluid,

The recombinant human t-PA recovered and purified
following the foregoing protocol typically is at least
about97-99.9%pure (depending on the lysine resin), If
necessary, further purification can be achieved by additional
steps, such as calion-exchange chromatography.
Accordingly, the product is suitable for therapeutic applica-
lions, Various variants of native human t-PA can be purified
by essentially the same procedure, and other glycoproteins
may be purified by procedures used for their wild-type
counterparts, using procedures well-knownin the art.

The present invention is further illustrated by the
following, non-limiting examples.[1 is noted that the method
of the present invention is equally applicable to the produc-
tion of other glycoproteins having more than one glycoform
in mammalian cell cultures, and the modifications that might
become necessary in the course of the adaptation of the
exemplified method to the production of different glycopro-
teins are well within the skill of an ordinary artisan.

EXAMPLE 1

Temperature Shift in the Production of rht-PA
Materials and Methods

CHOcells: The CHOcell line used as the mammalian

host cell line was derived from CHO-K1 (ATCC No. CCL61
CHO-E1), and is a CHO-K1 mutant dihydrofolate reductase
(DHPR>)-deficient cell line named CHO-K1 DUX-BI11
(DHER-) (obtained from Dr. L. Chasin of Columbia Uni-
versity; Simonsen and Levinson, supra; Urlaub and Chasin,
supra).

PS-20basal medium: The componentsofthis medium are
listed in Table 1 below,

 

TABLE 1

Concentration
Component (mg/l)

Calcium chloride, anhydrous 116.61
Cupric sulfate, pentahydrate 0.10012
Ferric nitrate, nonahydrate 0.05
Ferrous sulfate, heplahydrate 0.417
Potassium chloride 759.0)
Magnesitim sulfate, anhydrous 48,835
Magnesiumchloride, anhydrous. 143.05
Sodium phosphate, monobasic, monohydrate 62,5
Sodium phosphate, dibasic. anhydrous 71.02
Zine sulfate. hepmbhyidrate 0.4315Linoleic acid O04

Lipoic wcid (DL thioctic acid) 0.735
Putreseine, dihydrochloride 0.5635
Sodium pyruvate: 385.0
Alanine S115
Arginine, monohydroehloride 780.5

 

Asparagine, monohydrate 52.53
Aspartic acid 46.35
Cysteine, monohydrochioride, monohydrate 122.92
Cystine. dihydrochloride 31.285
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TABLE 1-continued

Concentration
Component (mg/l)

Glutamic acid 51,45
Glutamine 1606.0
Histidine. monohydrochlaride, monohydrate 94,36
Isoleucine 6.29
Leucine 98.35
Lysine, monobydrochloride 200.75
Metlrionine 30.68
Phenylalanine 50,36
Proline 120,75
Serine 37,75
Threonine 8915
Tryptophan 15,14
Tyrosine, disodiumsalt, dihydrate 79.125
Valine 87,95
Biotin 0.0256
D-Caleiuin pantothenate 3.68
Choline chloride 50.86
Cyanocobalamin (B12) 4.760
Folic acid 6.35
Inositol 66.60
Nicotinamide. 2.1295
Pyridoxal, monohydrochloride 2.000)
Pyridoxine, monohydrochloride 0.217
Riboflavin (),3330)
Thiamine, monohydrochloride 3.190Glucose 4307.0
Sodium bicarbonate 2440.0
Sodiumchloride 5900.0
Pluronic F-b8 Peril 4000.0
HEPES 2383.0
Phenol Red 8.10

For convenience, the solid ingredients of the medium may
be combined together with the amino acids, and this mixture
may be stored as a single unil.

Type l/Type U1 t-PA assay:
1, Thaw cell culture supernatant sample (If whole broth,

spin out cells io centrifuge.)
2, Add 2 wl freshly thawed plasminogen to 400 yl of

sample.
3. Incubate at 37° C. for 60 minutes.

4. Add 20 wl freshly-thawed | M DTT and 400 wl 8 M
guanidine-HCW50 mM 'TRIS/3.2 mM EDTAsolution,

- Incubate at 37° C. for 15 minutes.

. Transfer to vial and load 250 yl for assay on HP 1090™
HPLC using the following conditions:
ZORBAX™ C8 column at 40° C.;
Monitoring of eluents by fluorescence (excilalion alt

275 nm, emission al 340 om);
Running each sample with the following 70-minute

method where eluent A is 0.1%trifluoroacetic acid

(TFA) in water and eluent B is 0.1%TFA in aceto-
nilrile:

0 to 5 min.—75% A (and 25%B)
5 to 35 min.—a linear gradient from 75% A to 60%

A
35,1 lo 45 min—O0%A

45 min. to 70 min—75% A to re-equilibrate the
columa

Type l/Type Uf fragments elute afier approximately 25
minutes, and peak areas are integrated to determine
relative quantities.

Protocol

Recombinant ht-PA-producing CHO cells were carried tn
spinner flasks passaged every 3 or 4 days (al a density of
0.1% packed cell volume (PCV)) in selective medium
(PS-20 basal medium supplemented with 500 mM
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methotrexale, LO mg/l. recombinant human insulin (rh-
insulin), O.L ml/L trace elements, and 0.05 ml/L lipid-
ethanol), Sufficient culture was removed to seed 15 ml of
medium at 0.2% PCV, and placed in a 50 ml sterile Paleon
tube. The culture was centrifuged for 10 minutes al
700-1000 rpm and the supernatant was poured off. Upon
addition of 15 ml of fresh selective medium,the culture was

agitated gently to resuspend cells. Five ml of culture was
placed in three '[-25 flasks (25 em? 'I-flasks). The caps were
left loosened to allow equilibration with incubator atmo-
sphere and the flasks were placed in a 33° C. or 31° C.
incubator with 5%carbon dioxide. After 5 to 8 days of
incubation, the cells were counted using a hemacytometer
and/or by checking packed cell volume, and viability was
checked using trypan blue. The culture was removed from
the flasks, centrifuged for 10 minutes at 2000-2200rpm, and
the supernatant was assayed for rht-PA glycosylation. Alter-
natively lo the T-25 flasks, the cells were cultured using
60-mm cell culture plates in triplicates.

Supernatants were frozen at —20° C. or -70° C. until the
‘Type T/Il t-PA analysis took place.

For spinner experiments, the foregoing protocol was used,
excepl the cells were passaged into 200 ml of fresh medium
(with initial PCV of 0.1%), in a 250-ml spinner flask. ‘The
caps were closed tightly on the flask, which was then placed
in the 33° C, or 31° C, incubator on a magneticstir plate at
60 rpm.

The mini-fermentor experiments were performed under
standard t-PA production conditions in fed-batch mode as
noted herein in 5-liter stirred tank bioreactors (Applikon,
Foster City, Calif). The temperature was shifted to 33° C. or
31° C. on day 2 of the production phase.

For control experiments, the foregoing experiments were
followed, except that incubation took place at 37° C.
Further, experiments were performed as above in 12-K
fermentors over the course of 200 hours and the percentage
of Type | t-PA was assessed.

For the experiments herein and below, culture conditions
were usually changed on day 1 (e.g., addition of different
media components) and day 2 (e.g., temperature shift).
Results

t-PAsite occupancy al Asn-184 was found to be relatively
consistent across a variety of scales (T-flask, spinner, and
80-L, 400-L, 2000-L, and 12,000-L fermentors) (FIG, 2) and
from run to run in production. The factors that can affectsite
occupancy include those factors affecting oligosaccharide-
dolichol availability (dolichol phosphate, lipids, and
hormones), factors affecting protein translation elongation
rate (e.g., cyclohexamide), factors affecting oligosaccharyl-
transferase activily or protein folding rate (e.g.,
dithiothreitol), and factors acting through uoknown
mechanisms, such as lime in culture, [lustrating the latter-
most phenomenon, FIG. 3 shows graphs of the percentage of
‘Type | human t-PA in cell cultures of CHO cells at 37° C. as
a function of 12K-fermentation rin time, with each graph
line representing a different run. These results show that
site-occupancy increases over the course of a batch culture
(over culture length).

FIG. 4 shows that reducing temperature increases t-PA
site occupancy. Specifically, FIG. 4A shows the resulis of
laboratory-scale experiments performed for 5-7 days
(T-flasks and spinner flasks). In the control experiments,
where in the production phase the temperature remained at
37° C., the product contained about 38%Type I t-PA. In
contrast, in the experiments where in the production phase
the temperature was lowered to 33° C., the t-PA product
obtained contained about 43-46% Type I 1-PA. FIG. 4B
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shows the results of bioreactor experiments, indicating that
the lower temperature similarly yields a higher percentage of
Type I t-PA.

EXAMPLE 2

Butyrate Addition in the Production of rhi-PA
Materials and Methods

The quantity of cells needed for a 0.2% packed cell
volume seed density was centrifuged at approximately
700xg for 10 minutes, and resuspended in 25 cm* T-flasks
in the appropriate fresh medium for each test case. The
T-flasks were set up in triplicate with 5 mL in each flask and
incubated for 3 to 4 days al 37° C. and 95% air 5% CO.
Sodium butyrate was added to a concentration of 0.375 mM,
0.75 mM, or 1.5 mM at the time of inoculation for the 25
em*flasks, Cells were also cultured in spinner flasks al
volumes of LOO ml with similar butyrate concentrations to
the T-flask cases. for lermentor experiments, butyrate was
addedon the second day of the experiments. T-flask cultures
were also carried out al 33° C, and 37° C. with no butyrate
additions. The data shown for the T-flask cultures at 33° C,

are from two triplicate experiments (n=6), ‘I-PA site-
occupancy was analyzed using the method of Example 1.
Results

FIG, 5 shows that the presence of sodium butyrate al
concentrations of 0.375 lo 1.5 mM at the time ofinoculation

increased t-PA site-occupancy in the T-flasks at 37° C. The
same increased effect was observed for the spinner flask and
fermentor experiments.

FIG. 6 shows that for the 60-mm culture plate
experiments, temperature shifts to 33° C, and 31° C. had the
largest effect and increased t-PAsite-occupancy gradually up
lo 6%. 0.75 mM butyrate increased the Type I content
slightly (about 1%) compared lo oo butyrate (FIG. 6). In
contrast, a further increase of the butyrate concentration (1.5
mM) lowered site-occupaney at 37° C. and 33° C., but
increasedil al 31° C. (FIG. 6).

PIG. 7 shows the effect of temperature and butyrate on
(-PA sile-occupancyin 5-liter bioreactors. The Type | con-
lent was analyzed on days 5—7, Decreasing temperature from
37° C. to 33° C, increased i-PA site occupancy. However,
increasing the butyrate concentration from 0.75 to 1.5 mM
decreased the [ype | content at both temperatures. This
confirms the data obtained in 60-mm plate experiments (see
FIG, 6).

EXAMPLE3

Cell-cyele Inhibitor Addition in the Production of
rhi-PA

Introduction

Temperature reduction, culture length, and butyrate addi-
lion were found to increase the glycosylation of 1-PA at the
Asn-184 site, as noted in Examples 1 and 2. All ofthese
factors correspond wiih decreased cell growth rate, leading
to the hypothesis thal glycosylation andsite-occupancy are
cell-eycle dependent. This hypothesis was tested by per-
forming two additional experiments reflected in this
example using cell-cycle inhibitors (quinidine and
thymidine).
Materials and Methods

Cells were cultured as for the sodium butyrate experiment
described in Example 2. Thymidine was dissolved in water
and sterile filtered for a 33-36x stock solution. Quinidine

was made up in dimethyl sulfoxide (DMSO)and filtered to
make a 1000-1800x stock. Thymidine and quinidine were
added to the cultures at the lime of inoculation to final
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concentrations of 250 we/mL and 90 0M, respectively, T-PA
sile-occupancy was analyzed using the method of Example
I.
Results

The cell cyele analysis tor the control, the quinidine, and
the thymidine is shown in Table 2, as determined by model
F_ANL_T3.MOD.

TABLE 2

Cell-Cycle Analysis

Anal ysis Cell Cycle Control Quinidine Thymidine

GO/G1 53.91% at 84.70 67.34% at 84.65 32.58% at 84.60
G2-M 11.72% at 165.58 6.55% at 165.45 10.00%at 163.36
5 3437% 24.11% a7435e
G7Gl 1.95 1,05 195
2 CV 1,97 1,79 1,99 

FIG. 8 shows thal site occupancy and cell-cycle position
vary similarly over lime in a culture. PIG. 9 shows thal
quinidine blocks the cells in the G1/G1 phase (with 67%in
the GO/G1 phase) and results in increasedsite occupancy as
compared to the control with no cell-cycle inhibitor (54%in
the G1/G1 phase), and (hymidine causes the cells to accu-
mulate in the $/G2 phases (with 33%in the GO/G1 phase)
and results in decreased site occupancy as compared to the
control, These results confirmed that factors that increase the

proportion of cells in the GO/G1 phase increase site occu-
pancy.

EXAMPLE 4

Divalent Metal Cation, Nucleotide Sugar Precursor,
and Hormone Addition in the Production of rhi-PA

Materials and Methods

Allexperiments were done in 60-mm culture dishes using
the procedure described in Example 1 except that a Mnsalt,
Fe salt, nucleotide sugar precursor, or hormone was addedto
the growth medium during the growth phase, with Mn or Fe
salt or nucleotide sugar precursor added on day 1. All plates
were inoculated al a seeding density of 0.1%PCV and a
working volume of 6-8 ml. All cases were done in tripli-
cates. Plates were incubated at 37° C. in CO, incubators.

The amounts of MnCl, or ferric citrate in the growth
medium during the growth phase were increased. For MaCl,
3.nM wasthe control, with increasing amounts of MnCl, at
concentrations of LO nM, 100 oM, 1 uM, 10 #M, and 100
uM.For ferric citrate, the control was no sall, with increas-
ing amounts at 10, 50, and 100 «M. The amountsof uridine,
adenosine, and guanosine were 0.5 mM each and the amount
of mannose was 5 9/1 (guanosine and mannose were
combined), and -GHT ts selective medium minus glycine,
hypoxanthine and thymidine.

The amounts of tri-iodothyronine and thyroxine
employed in the culture medium were increased relative to
a control with no hormone, with amounts of | oM, 10 aM,

or 100 nM tri-iodothyronine, or | nM, 10 oM, or 100 oM
ihyroxine,

T-PA site-occupancy was analyzed on days 4-6
(manganese,iron, or nucleotide sugar precursor experiment)
or on day 7 (hormones) using the method described in
Example 1,
Results

The effect of increasing manganese concentration on t-PA
sile-occupancy(triplicate runs) is shown in FIGS. 10A and
LOB. Supplementing the medium with additional manganese
over the 3 nM control value significantly increased the PA
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Type 1 content (improved site-occupaney) about 2.5%. A
posilive titration effect was observed between 3 nM and LOO
nM. Nofurther improvement occurred when increasing the
concentration up to LOO wM, which is still an effective
concentration.

Oligosaccharyliransferase requires Mn-* ions for maxi-
mal activily, but other divalent metal cations with an octa-
hedral coordination geometry, including Mg, Ca, and Fe,
will support transfer, albeit at reduced rates (Hendrickson
and Imperiali, suprs, and Kaufman et al., supra). Hence, the
effect of Fe** ont-PA site-oceupancy was investigated. As is
evident from FIG.11, the addition of 10-100 uM Fe** (ferric
citrate) increased {-PA site occupancy gradually up to about
4%.

Increasing the availability of nucleotide sugar precursors
(c.g., nucleosides, mannose, glycine, thymidine, or
hypoxanthine) did nol impreve site-occupancy. Moreover,
the addition of uridine and guanosine decreased {-PA sile-
occupancy about 2%(see PIG. 12),

The effect of thyroid hormones (thyroxine and tri- 2
iodothyronine) on t-PA sile-occupancy is shown in FIGS,
IZA and 13B. These hormones increased site-occupancy
about 2%, and it is expected that other plasma components
as defined above would simuarly have such an effect.

In conclusion, several cullure conditions thal affect 1-PA

N-glycosylation site-occupancy have been identified, These
factors are potentially useful to further improve product
consistency. T-PA site occupancy at Asn-184 is relatively
consistent across a variety of conditions, including a variety

on
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of scales (T-Hask, spinner, 80-liter, 400-liter, 2000-liter, and
12,000-liter), and from nin to min in production. Factors that
increase the proportion ofcells in the GO/G1 phase, such as.
temperature, butyrate, and cell-cycle inhibitors, increase site
occupancy, as do increased amounts of certain divalent
metal cations and/or plasma components preferably present
during the whole cultivation ime.

‘The entire disclosures of all citations cited throughout the
specification, and the references cited therein, are hereby
expressly incorporated by reference.

Although the foregoing refers to particular preferred
embodiments, it will be understood that the present inven-
tion is nat so limited. It will occur to those ordinarily skilled
in the art that various modifications may be made without
diverting from the overall concept of the invention. All such
modifications are intended to be within the scope of the
present invention.

Whatis claimed is:

1. A process for producing a human glycoprotein having
multiple glycoforms, comprising culturing Chinese hamster
ovary cells expressing nucleic acid encoding said glycapro-
tein in a serum-free medium in a production phase al a
lemperature of about 30° C. to 35° C. and in the presence of
about 0 to 2 mM of a butyrate salt, wherein the process
produces an increased percentage of glycoprotein molecules
having one glycoform relative to an identical process per-
formed at 37° C. in the absence of butyrate.

- + + &
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(57) ABSTRACT

The invention provides a method for increasing product
yicld of a polypeptide of interest produced by recombinant
host cells, where expression of the polypeptide by the
recombinant host cells is regulated by an inducible system.
More specifically, the method involves culturing the recom-
binant host cells under conditions of high metabolic and
growth rate and then reducing the metabolic rate of the
recombinant bost cells at the time of induction of polypep-
lide expression, In particular, the invention provides a
method of increasing product yield of an antibody, growth
factor, or protease produced by a recombinant F£. coli host
cell regulated by an inducible system.
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METABOLIC RATE SHIFTS IN
FERMENTATIONS EXPRESSING

RECOMBINANTPROTEINS

This application claims priority under 35 U.S.C, §119(e)
from U.S. Provisional Application Serial No. 60/245,962,
filed Nov. 3, 2000.

FIELD OF THE INVENTION

The present invention relates to improvements in product
yield from fermentation to produce recombinant proteins,
particularly in prokaryotic and simple eukaryotic systems.
Moreparticularly, this invention greatly increases the yield
of properly assembled proteins in large scale fermentations.

BACKGROUNDOF THE INVENTION

The production of large quantitics of relatively pure,
biologically active polypeptides and proteins is important
economically for the manufacture of human and animal
pharmaceutical formulations, enzymes, and other speciality
chemicals. Recombinant DNA techniques have becomethe
method of choice to produce large quantities of exogenous
proteins using bacteria and other host cells. The expression
of proteins by recombinant DNA techniques for the produc-
tion ofcells or cell parts that function as biocatalysts is also
an important application.

Producing recombinantprotein involves transfecting host
cells with DNA encoding the protein and growing the cells
under conditions favoring expression of the recombinant
protein. The prokaryote F. coli is favored as host because it
can be made to produce recombinant proteins in high yields,
Numerous U.S. patents on general bacterial expression of
DNAencoding proteins exist, including U.S, Pal. No. 4,565,
785 on a recombinant DNA molecule comprising a bacterial
gene for an extracellular or periplasmic carrier protein and
a non-bacterial gene; U.S. Pat. No. 4,673,641 on
co-production of a foreign polypeptide with an aggregate-
forming polypeptide; U.S. Pat. No. 4,738,921 on an expres-
sion vector with a trp promoter/operator and trp LE fusion
with a polypeptide such as 1GP-1; U.S. Pat. No. 4,795,706 on
expression control sequences to include with a foreign
protein; U.S. Pat. No. 4,710,473 on specific circular DNA
plasmids such as those encoding IGF-I; U.S. Pat. No.
5,342,763 on improving expression in bacteria by manipu-
lating oxygen delivery; and U.S. Pat. No, 5,639,635 on
secretion of the expressed protein into the bacterial peri-
plasm.

Recombinant proteins become less expensive if the fer-
mentation yield improves, Yield depends upon the rate at
which the recombinant protein is properly folded and
assembled protein is formed and upon the length of time
over which the protein is produced.

The recombinant protein expression rate is typically
affected by the growth and metabolic rates of the cells. At s
higher growth rates, the rate at which a protein can be
expressed when induced typically increases (Curless et al.,
Biotechnol. Prog. 1990, 6;149). However, upon induction,
high proicin expression rates may nol always lead to high
rales of formation of active, properly formed products. In
other words, while the quantity of protein translated may be
maximized, other factors may compromise the quality of the
product, such as degradation of the protein by proteases or
other detrimental post-translational modifications (Ryan et
al., Biotechnol. Prog. 1996, 12:596; Yoonet al., Biotechnol.
Prog. 1994, 43:995). Efficient fermentation requires balanc-
ing growth rate against yield of usable protein; compromises
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between these factors result in a decrease ofthe overall yield
belowits theoretical potential. Consequently, some interme-
diate growth rates may be more favorable for the production
of high quantities of high quality product,

An added complication is that induction of recombinant
protein expression essentially highjacks the cellular protein
assembly process to make large quantities of a product with
no benefit, and often with significant detriment,to the cell.
In fact, for cases in which induction is triggered by phos-
phate depletion using the alkaline phosphatase promoter,
growth rate is dramatically curtailed by the phosphate star-
vation itself. This effect does not alfect the metabolic rate,
however.

Thus, there is a need in the art to increase the yield of
usable recombinant protein production. The present inven-
tion advantageously and unexpectedly addresses this need
by permitting high levels of protein synthesis, assembly and
folding. Because different factors may play critical roles in
maximizing usable protein yield prior to induction during
the growth phase of the culture, and post-induction, the
independent control of these two factors can lead to
improved yields of usable products, such as for the case of
soluble, properly folded and assembled antibody fragments.

SUMMARY OF THE INVENTION

The invention provides a method for increasing product
yield of a polypeptide of interest produced by recombinant
host cells, where expression of the polypeptide by the
recombinant bost cells is regulated by an inducible system.
More specifically, the method involves culturing the recom-
binant host cells under conditions of high metabolic and
growth rate, then reducing the metabolic rate of the recom-
binant host cells at the time of induction of polypeptide
expression.

1n a specific embodimentthe invention provides a method
of increasing productyield of an antibody, growth factor, or
protease produced by a recombinant £. coli host cell regu-
lated by an inducible system,

In a further specific embodiment, the invention provides
a method ofincreasing the yield ofactively folded proteins
having different structures, for example Pab', versus Fab Pv
antibody fragments, by selecting the time to initiate reduc-
tion in metabolic rate (the rate shift), the rate of adjustment
(shift) of the metabolic rate, and the final metabolic rate.
Adjusting these parameters of the invention enhances the
yield of correctly folded proteins having different secondary
and tertiary structures, interaction and refolding
characteristics, size and contact area, and other factors that
can affect protein assembly and function,

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows anti-CD1§ yield (liter) in a senes of
anti-CD 18 Fab’, fermentations. X-axis: approximate oxygen
uptake rate which reflects the severity of the oxygen use rate
shilf.

FIG. 2 shows actual oxygen uptake rate profile from the
fermentations in FIG, 1. ‘Titers exceeding LOOO mg/L. are

represented by a thin solid line ( ); liters between
800-900 my/L are represented by a dotted line (-----); and
the unshifted control (~600 mg/L) is represented by a heavy

solid line ( ).
FIG, 3. shows the titer results for quantitating antibody

production ofthe various runs as a function of fermentation
time. A Jess severe shift is represented by squares (---[---),
a more severe shift is represented by triangles (A---) andthe
control is represented by diamonds (#).
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FIGS. 4A and 4B show titer proliles for a series of
anti-VEGF fermentations or without (B) oxygen use rate
(OUR)shifts. The graphs each present data from three runs.
Run | is represented by diamonds (#), Run 2 is represented
by squares (Ml) aod Run3is represented by triangles (A).

PIGS. 5A and 5B show OURprofiles for the runs in FIG,
4. Run 1 is represented by diamonds (#), Run 2 is repre-
sented by squares (MM) and Run3 is represented by triangles
(A).

DETAILED DESCRIPTION

The present invention advantageously provides a method
for increasing yield of a heterologous recombinant protein
produced by recombinant host cells by first increasing the
protein production capacity of the cells in culture by cul-
turing the cells at a high growth rate, and then decreasing
metabolic rate of the cells (rate shift) to permit proper
folding or assembly of the heterologous protein. In a specilic
embodiment, implementing a high growth rate was found to
extend the period of heterologous gene expression. In a
further specific embodiment, the metabolic rate shift
increases the yield of properly folded and, if appropriate,
assembled protein. These features together increase fermen-
tation efficiency.

The invention is based on observations in a numberof £.

coli fermentations producing anti-CD18 Fab', and anti-
VEGFFab, that the deliberate downshifting of the cellular
metabolic rate of the cells (by manipulating the oxygen
transfer rate and correspondingly, the glucose feed rate in the
fermentor) significantly improves product yields. In
particular, growing the cells at a relatively bigh metabolic
rate, and then dramatically shifting down the metabolic rate
after the induction of antibody expression greatly improves
yield, A substantial amount of data demonstrates that this
approach extendsthe period of antibody fragment assembly,
leading to significantly highertiters.

These experiments also established that for any given
heterologous protein expression system, i.e., the nature of
the protein and characteristic of the host, tuning the meta-
bolic rate shift further increases useful protein yields. The
tuning variables include the tuning of the metabolic rate
shifl, the step-down rate (rate of decrease in available
oxygen or carbon/energy source, or both), and the final
metabolic rate (available oxygen level, available carbon/
energy source level or both).

Consequently, post-induction, the protein expression rale
can be controlled by manipulating the metabolic rate, one
common measure of which is the oxygen uptake rate of the
cells in the fermentor. Metabolic rate control can be

achieved by controlling the feeding of the primary carbon
source, commonly glucose, often in conjunction with
manipulation of fermentor parameters such as agitation rate
and back pressure, to control the oxygen transferrate to the
cells. Conversely, metabolic rate control can be achieved by s
limiting the available oxygen, in conjunction with a reduc-
tion in the glucose feed rate. Similar trade-offs exist between
protein syathesis rate and the rate of formation of usable
product for controlling, the metabolic rate post-induction as
previously discussed for controlling growth rate pre-
induction. For the case of maximizing the yield of antibody
fragments, the rate and periodof assembly of soluble, active
product from the individual light-chain and heavy-chain
polypeptides occurs al some favorable post-induction meta-
bolic rate.

While data in the literature suggests that fermentations
may have a favorable growth rate for protein production, the
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results in this application show that the shifting of metabolic
rates in different phases of the fermentation provides a
critical benefit. In other words, we see significantly
improved product yields by shifting the metabolic rate
compared to the titers obtained by running the fermentation
ata previously favorable, constant metabolic rate. While all
of the data to date has been obtained using fermentations
producing antibody fragments in F. coli, this approach
applies to a variety of proteins, including growth hormone,
expressed in Other prokaryotic and simple eukaryotic sys-
lems,

As used herein, “reducing metabolic rate” or “shifting
down metabolic rate” means altering the host cell culture
conditions such that the host cells undergoing rapid growth
and expansion reduce (or stop) growth and expansion. For
the case of cells already in a reduced growth state, the rates
of oxygen uptake and the corresponding rates of uptake of
a carbon/energy source are reduced. Since, in the case of
respiring cells, the metabolic rates are determined primarily
by the rate at which the cell oxidizes the available carbon/
energy source using the available oxygen, the metabolic rate
can be reducedby limiting either of these tworeactants. So
reduction of metabolic rate can result from inter alia (1)
reducing the amount of available oxygen in the cell culture
(i.c., fermentation); (2) reducing the amount of available
carbon/energy sources; or (3) reducing both,

The term “available oxygen”refers to oxygen that can be
used by the cells. “Decreasing available oxygen” can be
effected by decreasing the oxygen transfer rate to the culture,
or decreasing the oxygen transfer by the cells or both. Often
it is desirable to reduce the feed rate of glucose (or alterna-
tive carbon/energy source) correspondingly, and so the dis-
solved oxygen concentration may be decreased or not,
depending on which reactant most directly limits respiration.

As usedherein, the phrase “carbon/energy source” refers
to a source of carbon and energy for the cells. Examples of
such a source include glycerol, succinate, lactate, and sugars
such as, ¢.y., glucose, lactose, sucrose, and fructose. The
selection of the particular carbon/energy source to employ
will depend mainly on the characteristics of the host cell,
The preferred carbon/energy source for £. coli fermentation
15 glucose.

Thus, decreasing available carbon/energy sources can
mean reducing the concentration or feed rate of the carbon/
energy source, or reducing the rate of transfer 10 the host
cells or uptake by the host cells of the carbon/energy source,
or both.

As used herein “culturing the host cells under conditions
of high metaboli¢ and growth rate” means establishing the
host cell culture conditions to favor growth. e.g., by pro-
viding unrestricted or relatively high feed rates of nutrients
energy and oxygen, suchthat the cells have rapid growth and
metabolic rates prior to reducing metabolic rate to increase
“product yield”. Under these conditions host cell doubling
time decreases towards its minimum and host cell metabo-

lism increases exponentially towards its maximum, poten-
tially achieving either or both conditions. Measurement of
metabolic And growth rates is easily determined using,
routine lechniques, including, but not limited (o measure-
ment Of increases in cell number, measurement of increases

in cell density (¢.g., optical density), measurement of pH
changes of the growth medium containing the cell, mea-
surement of accumulated metabolites, measurement of heat

production, measurement of electrical conductivity of the
medium, measurement of nutrient feed rates, and measure-

ment of oxygen uptake and carbon dioxide evolution rates.
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As used herein, the term “product yield” refers to the
quantity of useful recombinant protein produced by a fer-
mentation system. Protein quantity is readily determined
using routine techniques, including but not limited to
chromatography, spectrometry gel electrophoresis,
immunoassay, Coomassie blue or silver staining, and the
Lorry essay. Protein quality is further evaluated by compar-
ing product to a standard in appropriate biophysical or
aclivily assays, e.g., high performance liquid
chromatography, spectroscopic analysis, or immunoassay.
Activity assays can reveal properly folded or assembled
functional protein. Thus, properly assembled antibody may
bind antigen, preferably with similar affinity as a control
antibody, A properly assembly growth factor, hormone, or
cytokine will bind its cognate receptor and induce cell
signaling, again in a manner comparableto that of wild-type
growth factor, hormone, or cytokine. A properly refolded
protease will cleave peptide bonds with similar specificity to
that of a wild-type protease.

As used herein, “polypeptide of interest”refers generally 2
to peptides and proteins having more than about 10 amino
acids. The polypeptides may be endogenous to the bacterial
host cell, or, preferably, may be exogenous tothe host cell,
such as yeast polypeptides, or more preferably, mammalian
polypeptides. Examples of bacterial polypeptides include, 2
e.g, alkaline phosphatase and beta-lactamase. Examples of
mammalian polypeptides include molecules such as, ¢.g.,
renin, a growth hormone, including human growth bormone,
des-N-methionyl human growth hormone, and bovine
growth hormone; growth hormonereleasing factor; parathy-
roid hormone; thyroid stimulating hormone; thyroxine; lipo-
proteins; alphal-antitrypsin; insulin A-chain; insulin
B-chain; proinsulin; follicle stimulating hormone: calcito-
nin; leutinizing hormone; glucagon; clotting factors such as
factor VUIC, factor 1X, tissue factor and Von Willebrands 3

factor; anti-clotting factors such as Protein C; atrial naturi-
etic factor; lung surfactant; a plasminogenactivator, such as
urokinase or human urine or tissue-type plasminogen acti-
vator (t-PA); bombesin; thrombin; hematopoietic growth
factor; tumor necrosis factor-alpha and -beta; enkephalinase:
a serum albumin such as human serum albumin; mullerian-
inhibiting substance; relaxin A-chain; relaxin B-chain; pro-
relaxin; mouse gonadotropin-associated peptide; a microbial
protein, such as beta-lactanase; DNase; inhibin; activin:
vascular endothelial growth factor; receptors for hormones
or growth factors; integrin; thrombopoietin; protein A or D;
rheumatoid factors; a neurotrophic factor such as bone-
derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5,
or -6 (N'T-3, NIH, N'I-S, or N'T-6), or a nerve growth factor
such as NGP-beta; platelet-derive growth factor (PDGF);
fibroblast growth factor such as aFGFand bFGF; epidermal
growth factor (EGP); transforming growth factor (TGF)
such as TGf-alpha and TGF-beta, including TGF-betal,
TGF-beta2, TGP-beta3, TGP-beta4, or TGF-beta5; insulin-
like growth factor-I and -]I (IGF-I and IGF-ID); insulin-like 5
growth factor binding proteins; CD proteins such as CD-3,
CD-4, CD-8, and CD-19; erythropoietin; osteoinductive
factors; immunotoxins; a bone morphogenetic protein
(BMP); somatotropins; interferons such as interferon-alpha,
-bela, and -gamma; colony stimulating factors (CSFs), €..,
M-CSF, GM-CSF, and G-CSTI;interleukins (ILs), €.g., IL-1
to IL-15; superoxide dismutase; ‘[-cell receptors; surface
membrane proteins; decay accelerating factor; viral
antigens, such as, for example, a portion of the AIDS
envelope; transport proteins; homing receptors; addressins;
regulatory proteins; antibodies; and fragments of any of the
above-listed polypeptides.
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As used herein, the term “antibody” refers to full-length
immunoglobins (IgA, 1gD, IgE, 1gG, IgM) and all isotypes
thereof, humanized or chimerie antibodies, multispecific
antibodies, CDR-modified antibodies, and antibody frag-
ments thereof. Antibody fragments include Fab',, Fab. scFv
single chain antibodies, and the like,

The preferred polypeptides of interest are those that are
easily produced in bacterial cells with a minimum of pro-
teolysis and a maximum in properly refolded or active
material and need not be glycosylated for their intended
utility. Examples of such mammalian polypeptides include
antibodies (or fragments thereof), IGE-I, growth hormone,
DNase, relaxin, growth hormone releasing factor, insulin,
urokinase, immunotoxins, and antigens, Particularly pre-
ferred mammalian polypeptides include antibodies, IGF-I,
and growth hormone.

A modified “host cell” is a cell in which a nucleic acid

encoding the polypeptide of interest has been introduced.
Alternatively the polypeptide of interest can be encoded by
a gene that is part of the cell’s genome, but for which
regulatory sequences have been modified to provide for
increased levels of expression,

Examples of bost cells include, but are not limited to,
bacterial organisms (bacteria), archaebacteria, simple single
celled eukaryotes such as yeast and other fungi, plant cells,
and animal cells. Suitable bacteria for this purpose include
acrobic and facullative anaerobic bacteria, whether archae-

bacteria and eubacteria, especially eubacteria, and most
preferably Enterobacteriaceae. Examples of useful bacteria
include Escherichia, Enterobacter, Azotobacter, Erwinia,
Bacillus, Pseudomonas, Klebsiella, Proteus, Salmonella,
Serratia, Shigella, Rhizobia, Vitreoscilla, and Paracoccus,
Suitable £. coli hosts include £. coli W311L0 (ATCC27,325),
E. cali 294 (ATCC31, 446), £. coli B, and £. cali X1776
(ATCC31,537). These examplesare illustrative rather than
limiting. Mutant cells of any of the above-mentioned bac-
feria may also be employed. It is, of course, necessary to
select the appropriate bacteria taking into consideration
replicability of the replicon in the cells of a bacterium. For
example, &. coli, Serratia, or Salmonella species can be
suitably used as the host when well known plasmids such as
pBR322, pBR325, pACYCL77, or pKN410 are used to
supply the replicon. £. coli strain W3110is a particularly
preferred parent host because it is a commonhost strain for
recombinant DNA product fermentations. Preferably, the
host cell should secrete minimal amounts of proteolytic
enzymes, For example, strain W3110 may be modified to
effect a genetic mutation in the genes encoding proteins,
with examples of such hosts including /. co/i W3110strain
1 A2, which has the complete genotype A fhudA; /. coli
W3110 strain 9E4, which has the complete genotype A
fhuA-ptr3; E. coli W3110 strain 27C7 (ATCC 55,244),
which has the complete genotype A fhuA-ptr3 phoA-A-E15-
A-(argl’-lac) 169 ompT-A-degP41kan’; £. coli W3110 strain
37D6, which has the complete genotype A fhuA-ptr3 phoA-
A-E15-A-(argF-lac)169 ompT-A-degP41kan" rbs7-A-ilvG;
&. coli W3110strain 40B 4, which is strain 37D6 with a

non-kanamycin resistant degP deletion mutation; and an £.
coli strain having mutant periplasmic protease disclosed in
U.S. Pat. No, 4,946,783 issued Aug. 7, 1990, Examples of
mammalian cells are COS-1 or CHOcells, HeLa cells, 293T
(human kidney cells), mouse primary myoblasts, and NIE
3T3 cells. Examples of yeast species are 5. cerevisiae,
Candida albicans, Candidautilis, and Phaffia rhodozyma.
Other suitable host cells are insect cells such as SF-9 cells

(Spodoptera frugiperda),
Host cells grow under amenable culture conditions, i.c.,

appropriate conditions of temperature (generally around
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25-37° C.), pH (generally pH 7-8), humidity (generally
about 100%), oxygen, and nutrient availability including
carbon/energy sources. As described herein, availability of
oxygen and an energy source determine host cell growthrate.

As used herein, “large-scale” fermentation refers to fer-
mentation in a fermentorthat is at least approximately 1000
liters in volumetric capacily, i e., working volume, leaving
adequate room for headspace. “Small-scale” fermentation
refers generally to fermentation in a fermentor that is no
more than approximately 100 liters in volumetric capacity,
preferably no more than approximately 10liters.

Recombinant Host Cells

In accordance with the present invention there may be
employed conventional molecular biology, microbiology,
and recombinant DNAtechniques within the skill of the art.
Such techniques are explained fully in the literature, See,
e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A
Laboratory Manual, Second Edition (1989) Cold Spriag
Harbor Laboratory Press, Cold Spring Harbor, N.Y. (herein
“Sambrook et al., 1989"); DNA Cloning: A Practical
Approach, Volumes | and Il (D. N. Glover ed. 1985);
Oligonucleotide Synthesis (M. J. Gait ed. 1984); Nucleic
Acid Hybridization (B. D. Hames & S.J. Higgins eds. 1985);
Transcription And Translation (B. D. Hames & S. J.
Higgins, eds. 1984); Animal Cell Culture (R. 1. Ereshney, ed.
1986); Immobilized Cells And Enzymes (MRLPress, 1986):

A Practical Guide To Molecular Cloning (B. Perbel, 1984);
Current Protocols in Molecular Biology, (P. M. Ausubel et
al. eds, 1994). Escherichia coli and Salmonella (Neidhardt
etal, ASM Press, 1996), particularly describes recombinant
technology in bacteria.

A*recombinant DNA molecule” is a DNA molecule that ,
has undergone a molecular biological manipulation,

The polynucleotides herein may be flanked by natural
regulatory (expression control) sequences, or may be asso-
ciated with heterologous sequences, including promoters,
internal ribosome entry sites (IRES) and other ribosome
binding site sequences, enhancers, response elements,
suppressors, signal sequences, polyadenylation sequences,
introns, 5'- and 3'-non-coding regions, and the like. The
nucleic acids may also be modified by many means known
in the art, Non-limiting examples of such modifications
include methylation, “caps”, substitution of one or more of
the naturally occurring nucleotides with an analog, and
internucleotide modifications such as, for example, those
with uncharged linkages (e.g ,, methyl phosphonates,
phosphotriesters, phosphoroamidales, carbamates, ete.) and
with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.). Polynucleotides may contain one
or more additional covalently linked moieties, such as, for
example, proteins (¢.g., nucleases, toxins, antibodies, signal
peptides, poly-L-lysine, etc.), intercalators (¢.g., acridine, s
psoralen, etc.), chelators (e.g., metals, radioactive metals,
iron, oxidative metals, etc.), and alkylators. The polynucle-
otides may be derivatized by formation of a methy!or ethyl
pbosphotriester or an alkyl phosphoramidate linkage.
Furthermore, the polynucleotides herein may also be modi-
fied with a label capable of providing a detectable signal,
either directly or indirectly. Exemplary labels include
radioisotopes, fluorescent molecules, biotin, and the like.

A*“coding sequence”or a sequence “encoding” an expres-
sion product, such as a RNA, polypeptide, protein, or
enzyme, is a nucleotide sequence that, when expressed,
results in the production of that RNA, polypeptide, protein,
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or enzyme, ie., the nucleotide sequence encodes an amino
acid sequence for that polypeptide, protein or enzyme, A
coding sequence for a protein may include a start codon
(usually ATG) and a stop codon,

The term “gene”, also called a “structural gene” means a
DNAsequence that codes for or corresponds to a particular
sequence of amino acids which comprise all or part of one
or more proleins or enzymes, and may or may not include
regulatory DNA sequences, such as promoter sequences,
which determine for example the conditions under which the
gene is expressed, Some genes, which are not structural
genes, may be transcribed from DNA to RNA,butare not
translated into a polypeptide sequence. Other genes may
function as regulators ofstructural genes or as regulators of
DNAtranscription.

The terms “express” and “expression” mean allowing or
causing the information in a gene or DNA sequence to
become manifest, for example producing a protein by acti-
vating the cellular functions involved in transcription and
translation of a corresponding gene or DNA sequence. A
DNA sequence is expressed in or by a cell to form an
“expression product” such as a protein. The expression
productitself, e.g,, the resulting protein, mayalso be said to
be “expressed” by the cell. An expression product can be
characterized as intracellular, extracellular or secreted. The

term “intracellular” means something that is inside a cell.
The term “extracellular” means something that is outside a
cell, A substance is “secreted” by a cell if it appears in
significant measure outside the cell, fron somewhere on or
inside the cel).

The term “expression system” means a host cell and
compatible vector under suitable conditions, ¢.g,. for the
expression of a protein coded for by foreign DNA carried by
the vector and introduced to the host cell. In a specific
embodiment, the recombinant protein is expressed in Fcoli
host cells,

The term “heterologous” refers to a combination ofele-
ments not naturally occurring. For example, heterologous
DNArefers to DNA notnaturally located in the cell, or in a
chromosomal site of the cell. Preferably, the heterologous
DNAincludes a gene foreign to the cell. A heterologous
expression regulatory element is such an element opera-
lively associated with a different gene than the one it is
operatively associated with in nature. In the context of the
present invention, a gene encoding a protein of interest in
heterologous to the vector DNA in whichit is inserted for
cloning or expression, and it is heterologous to a host cell
containing such a vector, in whichit is expressed, ¢.g., an Li.
coli cell.

The term “transfection” means the introduction of a

foreign nucleic acid into a cell. The term “transformation”
means the introduction of a “foreign” (ie. extrinsic or
extracellular) gene, DNA or RNA sequenceto a bost cell, so
that the host cell will replicate the DNA and express the
introduced gene or sequence to produce a desired substance,
typically a protein or enzyme coded by the introduced gene
or sequence. The introduced gene or sequence may also be
called a “cloned” or “foreign” gene or sequence, and may
include regulatory or control sequences, such as start, stop,
promoter, signal, secretion, or other sequences used by a
cell's genetic machinery, The gene or sequence may include
nonfunctional sequences or sequences with no known func-
tion. DNA maybe introduced eitheras an extrachromosomal
element or by chromosomal integration, and a host cell tat
receives and expresses introduced DNA or RNA has been
“transformed” and is a “transformant” or a “clone.” 'The
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DNAor RNAintroduced to a host cell can come from any
source, including cells of the same genus or species as the
host cell, or cells of a different genus or species.

Depending on the host cell used, transformation is done
using standard techniques appropriate to such cells. The
calcium treatment employing calcium chloride, as described
in section 1.82 of Sambrooket al., supra, is generally used
for bacterial cells that contain substantial cell-wall barriers.

Another method for transformation employs polyethylene
glycol/DMSO,as described in Chung and Miller (Nucleic
Acids Res, 1988, 16:3580). Yet another method is the use of
the technique termed electroporation.

The terms “vector”, “cloning vector” and “expression
vector” mean the vehicle by which a DNA or RNA sequence
(e.g., a foreign gene) can be introduced into a host cell, so
as to transform the host and promote expression (¢.g.,
transcription and translation) of the introduced sequence.
Vectors include plasmids, phages, viruses, etc.; they are
discussed in greater detail below.

Vectors typically comprise the DNA of a transmissible
agent, into which foreign DNAis inserted. A common way
to insert one segment of DNAinto another segment of DNA
involves the use of enzymescalled restriction enzymesthat
cleave DNA at specific sites (specific groups of nucleotides)
called restriction sites. A “cassette” refers lo a DNA coding,
sequence or segment of DNAthat codes for an expression
produet that can be inserted into a vector at defined restric-
lion sites, The cassette restriction sites are designed to
ensure insertion of the cassette in the proper reading frame.
Generally, foreign DNAis inserted at one or more restriction
sites of the vector DNA, and then is carried by the vector
into a host cell along with the transmissible vector DNA. A
segment or sequence of DNA having inserted or added
DNA, such as an expression vector, can also be called a
“DNAconstruct.” A common type of vector is a “plasmid”,
which generally is a self-contained molecule of double-
stranded DNA, usually of bacterial origin, that can readily
accept additional (foreign) DNA and that can readily be
introduced into a suitable host cell. A plasmid vector often
contains coding DNA and promoter DNA and has one or
more restriction sites suitable for inserting foreign DNA.
Coding DNAis a DNA sequence that encodes a particular
amino acid sequence for a particular protein or enzyme.
Promoter DNAis a DNA sequence thatinitiates, regulates,
or otherwise mediates or controls the expression of the
coding DNA. Promoter DNA and coding DNA maybe from
the same gene or from different genes, and may be from the
same or different organisms.

A large numberof vectors, including plasmid and fungal
vectors, have been described for replication and/or expres-
sion in a variety of eukaryotic and prokaryotic hosts. Non-
limiting examples include pKK plasmids (Clonetech), pUC
plasmids, pET plasmids (Novagen, Inc., Madison, Wis.),
pRSETor pREPplasmids (Invitrogen, San Diego, Calif), or
pMALplasmids (New England Biolabs, Beverly, Mass.),
and many appropriate host cells, using methods disclosed or
cited herein or otherwise known to those skilled in the

relevant art. Recombinant cloning vectors will often include
One or more replication systems for cloning or expression,
one of more markers for selection in the host, ¢.g., antibiotic
resistance, and one or More expression cassettes,

A wide variety of host/expression vector combinations
(i.c., expression systems) may be employed in expressing
the proteins of interest. Useful expression vectors, for
example, may consist of segments of chromosomal, non-
chromosomal and synthetic DNA sequences. Suitable vec-
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lors include known bacterial plasmids, e.g, &. coli plasmids
col E1, pCR1, pBR322, pMal-C2, pET, pGEX (Smith et al.,
Gene 67:31—40, 1988), pMB9 and their derivatives, plas-
mids such as RP4; phage DNAS,e.g. the numerous deriva-
tives of phage 1, €.g., NM989, and other phage DNA,e.g.,
M13 and filamentous single stranded phage DNA; yeast
plasmids such as the 2 m plasmid or derivatives thereof;
vectors derived from combinations of plasmids and phage
DNAs,such as plasmids that have been modified to employ
phage DNAor other expression contro] sequences; and the
like.

Yeast expression systems can also be used according to
the invention to express any protein of interest. For example,
the non-fusion pYES2 vector (Xbal, Sphl, Shol, NotI,
GstXl, EcoRI, BstXI, BamH1, Sacl, Kpni, and Hindlll
cloning sit; Invitrogen) or the fusion pYESHisA,B, C (Xbal,
Sphl, Shol, Notl, BstXI, EcoRI, BamH1, Sacl, Kpnl, and
Hindi cloning site, N-terminal peptide purified with Pro-
Bond resin and cleaved with enterokinase; Invitrogen), to
mention just two, can be employed according to the inven-
tion.

The host cells can inherently also harbor the polypeptide
of interest, For example, alkaline phosphatase is a protein
that is homologousto £. coli and can be induced without any
further transfection of the cell with vector DNA. For heter-

ologous polypeptides such as, e.g., antibody and growth
hormone, the heterologous nucleic acid (e€.g., CDNA) is
suilably inserted into a replicable vector for expression in
the culture medium under the control of a suitable promoter.
Asnoted above, many vectors are available for this purpose,
and selection of the appropriate vector will depend mainly
on the size of the nucleic acid to be insertedinto the vector

and the particular bost cell to be transformed with thevector.
Each vector contains various components depending onits
{ unction (amplification of DNA or expression of DNA) and
the particular host cel] with which it is compatible. ‘The
vector components for bacterial transformation generally
include, but are not limited to, one or moreofthe following:
a signal sequence, an origin of replication, one or more
marker genes, and a promoter,

The DNA encoding the polypeptide ofinterest herein may
be expressed not only directly, but also as a fusion with
another polypeptide, preferably a signal sequence or other
polypeptide having a specific cleavagesite at the N-terminus
of the mature polypeptide. In general, the signal sequence
may be a componentofthe vector, or it may be a part of the
polypeptide DNA that is inserted into the vector. The het-
erologous signal sequence selected should be one that is
recognized and processed (i.¢., cleaved by a signal
peptidase)by the host cell. For bacteria! host cells that do not
recognize and process the native polypeptide signal
sequence, the signal sequence is substituted by a bacterial
signal sequence selected, for example, from the group
consisting ofthe alkaline phosphatase, penicillinase, Ipp, or
heat-stable enterotoxin If Jeaders.

Both expression and cloning vectors contain a nucleic
acid sequence that enables the vector to replicale in one or
more selected host cells. Generally, in cloning vectors this
sequenceis one that enables the vectorto replicate indepen-
dently of the host chromosomal DNA, and includes origins
of replication or autonomously replicating sequences. Such
sequences are well known for a variety of bacteria. The
origio of replication from the plasmid pBR322 is suitable for
most Gram-negative bacteria.

Expression and cloning vectors also generally contain a
selection gene, also termed a selectable marker. This gene
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encodes a protein necessary for the survival or growth of
transformed host cells grown in a selective culture medium.
Host cells not transformed with the vector containing the
selection gene will not survive in the culture medium.
Typical selection genes encode proteins that (a) confer
resistance to antibiotics or other toxins, ¢.g,, ampicillin,
neomycin, methotrexate, or tetracycline; (b) complement
auxotrophic deficiencies; or (c) supply critical nutrients not
available from complex media, ¢.g., the gene encoding
D-alanine racemase for Bacilli. One example of a selection
scheme utilizes a drug to arrest growth of a host cell. Those
cells that are successfully transformed with a heterologous
gene produce a protein conferring drug resistance and thus
survive the selection regimen.

The expression vector for producing a heterologous
polypeptide also contains an inducible promoter that is
recognized by the host organism and is operably linked to
the nucleic acid encoding the polypeptide of interest. Pro-
moters suitable for use with bacterial hosts include the

beta-lactamase and lactose promoter systems (Chang et al.,
Nature 1978, 275:615; Goeddel ct al., Nature 1979,
281:544), alkaline phosphatase, a tryptophan (trp) promoter
system (Goeddel, Nucleic Acids Res. 1980, 8:4057 and EPO
36,776) and hybrid promoters such as the tac promoter
(de Boeret al., Proc. Natl. Acad. Sci. USA 1983, 80:21-25).
However, other known bacterial promoters are suitable.
Their nucleotide sequences have been published, thereby
enabling a skilled worker operably to ligate them to DNA
encoding the polypeptide of interest (Siebenlist et al., Cell
1980, 20:269) using linkers or adaptors to supply any
required restriction sites. Promoters for use in bacterial
systems also generally contain a Shine-Dalgarno (S.D.)
sequence operably linked to the DNA encoding the polypep-
lide of interest. The promoter can be removed from the
bacterial source DNA by restriction enzyme digestion and
inserted into the vector containing the desired DNA.

A “promoter sequence” is a DNA regulatory region
capable of binding RNA polymerase in a cell and initiating
transcription of a downstream (3' direction) coding
sequence. For purposesofdefining the present invention, the
promoter sequence is bounded at ils 3' terminus by the
transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or
elements necessary to initiate transcription at levels detect-
able above background. Within the promoter sequence will
be found a transcriptioninitiation site (conveniently defined
for example, by mapping, with nuclease S1), as well as
protein binding domains (consensus sequences) responsible
for the binding of RNA polymerase.

An “inducible promoter” or “regulated promoter” is a
promoter thal regulates expression in response to a stimulus.
The promoter may be bound by a transcription regulatory
protein, ¢.g., 4 repressor or an activator, Which represses or
aclivales gene expression, respectively, The repressor of
aclivator protein in turn is responsive to the stimulus, such
as the presence or absence of a nutrient, such as lactose, a
outrient such as phosphate, a toxin, such as a heavy metal,
acidic pH, increased temperature, or some other environ-
mental signal.

A coding sequence is “under the control of* or “opera-
lively associated with” transcriptional and translational con-
trol sequences in a cell when RNA polymerase transcribes
the coding sequence into mRNA, which is then trans-RNA
spliced (if it contains introns) and translated into the protein
encoded by the coding sequence,

Construction of suilable vectors containing one or more of
the above listed components employs standard ligation
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techniques. Isolated plasmids or DNA fragments are
cleaved, tailored, and religated in the form desired to gen-
erate the plasmids required,

For analysis to confirm correct sequences in plasmids
constructed, the ligation mixtures are used to transform E.
coli K12 strain 294 (ATCC31,446) or other strains, and
successful transformants are selected by ampicillin or tetra-
cycline resistance where appropriate. Plasmids from the
transformants are prepared, analyzed by restriction endonu-
clease digestion, and/or sequenced by the method of Sanger
et al., Proc, Natl, Acad, Sci. USA 1977, 74:5463-5467 or
Messing ¢1 al., Nucleic Acids Res. 1981, 9:309), or by the
method of Maxam et al. (Methods in Enzymology 1980,
65:499).

Host cells are transformed with the above-described

expression vectors ofthis invention and cultured in conven-
tional nutrient media modified as appropriate for the pro-
moter utilized,

Inducible Expression Systems

In general, plasmid vectors containing replicon and con-
trol sequencesthat are derived from species compatible with
the host cell are used in connection with bacterial bosts. The

vector ordinarily carries a replicationsile, as well as marking,
sequencesthat are capable of providing phenotypic selection
in transformed cells. For example, £. coli is typically
transformed using pBR322, a plasmid derived from an E£.
coli species (see, e.g., Bolivar et al., Gene 1977, 2:95),
pBR322 contains genes for ampicillin and tetracycline resis-
lance and (thus provides easy means for identifying trans-
formed cells. The pBR322 plasmid, or other microbial
plasmid or phage, also generally contains, or is modified to
contain, promoters that can be used by the microbial organ-
ism for expression of the selectable marker genes.

Thus, expression of the polypeptide of interest may be
controlled by any inducible promoter/enhancer element
known in the art, but these regulatory elements must be
functional in the host selected for expression. Promoters that
may be used to control gene expression include, but are not
limited to, prokaryotic expression promoters such as the
beta-lactamase promoter (Villa-Komaroff, et al., Proc. Natl.
Acad. Sci. USA 1978, 75:3727-3731), or the tac promoter
(DeBoer, et al., Proc. Natl. Acad. Sci. USA 1983, 80;21-25;
see also Sheibani, Prep, Biochem. Biotechnol, 1999, 29:77;
“Useful proteins from recombinant bacteria” in Scientific
American, 242:74~-94, 1980; Gossen et al., Curr. Opin.
Biotechnol. 1994, 5:516). In a specific embodiment, a phoA
promoter provides for regulated expression. Expression sys-
tems have been described for industrial Gram-positive
bacteria, such as Bacillus, Clostridium, Lactococcus,
Lactobacillus, Staphylococcus and Streptococcus based pri-
marily on the capacity of these bacteria to utilize specific
sugars Or to secrete autoinducing peptides that are involved
in quorum sensing (de Vos et al., Curr. Opin. Biotechnol.
1997, $:547), particularly for lactic acid bacteria (de Vos,
Curr, Opin. Microbiol, 1999, 2:289; Djordjevic and
Klaeohammer, Mol. Biotechnol. 1998, 9:127). Other expres-
sion systems include, bul are by no means limited to, the
tryptophan promoter (Chevalet ct al., Biotechnol. Bioeng.
2000, 69;351), the £. cofi Nu-system (Schroeckh et al, J.
Biotechnol, 1999, 75:241); the PalkBPGHJKL promoter
(Staijen et al, J. Bacteriol. 1999, 181:1610); the FE. coli
araBAD promoter/araC regulator system (Newman and
Fuqua, Gene 1999, 227-197); tetracycline-regulated systems
(Liu et al., Biotechniques 1998, 24; 624; Gallia and Khalili,
Oncogene 1998, 16:1879); the VanS-VanR two-component
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regulatory system (Haldimann et al., J. Bacteriol, 1997,
179;5903); a polassium-regulaled system (Treuner-Lange et
al, J. Bacteriol. 1997, 179:4501); a pH-inducible system
(San etal., Ann. NY Acad. Sei. 1994, 721:268), a peroxide/
ascorbate-inducible system (Bishai etal., J. Bacteriol. 1994,
176;2914); systems based on the T7 promoter (sce Lama and
Carrasco, Biochem. Biophys. Res. Commun. 1992,
188:972); antibiotic-inducible systems (see Nielsen et al.
Mol. Microbiol. 1991, 5:1961); and other regulated systems
(see Alksne and Rasmussen, J. Bacteriol. 1997, 179:2006;
Everett et al., Microbiology 1995, 141:419).

Inducible promoter elements from yeast or other fungi
such as the Gal 4 promoter, the ADC (alcohol
dehydrogenase) promoter, PGK (phosphoglycero! kinase)
promoter, alkaline phosphatase promoter are also well
known.

Fermentations

Various larger-scale fed-batch fermentations are available
for production of recombinant proteins. Larger fermenta-
tions have al least 1000 liters of capacity, preferably about
1000 to 100,000 liters of capacity, i.c.. working volume,
leaving adequate room for headspace. These fermentors use
agitator impellers or other suitable means to distribute
oxygen and nutrients, especially glucose (the preferred
carbon/energy source). Small-scale fermentation refers gen-
erally lo fermentation in a fermentor that is no more than
approximately 100 liters in volumetric capacity, preferably
no more than approximately 10liters.

Host cells used to produce the polypeptide of interest of
this invention are cultured in suitable media in which the

promoter can be constitutively or artificially induced as
described generally, e.g, in Sambrook et al., supra. Examples
of suitable media are given below in the example section.

Any necessary supplements besides carbon, nitrogen, and
inorganic phosphate sources may also be included at appro-
priate concentrations introduced alone or as a mixture with
another supplement or medium such as a complex nitrogensource.

Initially, prior to expression ofthe polypeptide ofinterest,
the host cells inoculated inte tbe fermentor are grown under
favorable growth conditions, ¢.g., with all of the available
oxygen and carbon/energy sources (or, preferably, source),
along with essential nutrients and pH control, necessary for
logarithmic growth. In accordance with the invention, these
conditions are maintained, ¢.g., by feeding concentrated
glucose at a rate that controls dissolved oxygen contentat a
set point, until the host cells expand in culture to the desired
ogumber or cell density.

After reaching target cell density, two manipulations of
the fermentation occur. The first is to provide the signal to
induce expression of the polypeptide of interest, e.g., by
depleting phosphate levels as exemplified infra.

The second manipulation (which can result from the first)
is to downshift or reduce the host cell metabolic rate. Since

during logarithmic growth the metabolic rate is directly
proportional to availability of oxygen and a carbon/energy
source, reducing the levels of available oxygen or carbon/
energy sources, or both, will reduce metabolic rate. Manipu-
lation of fermentor operating parameters, such as agitation
rale or back pressure, as well as reducing O, pressure,
modulates available oxygen levels, Reducing concentration
or delivery rate, or both, of the carbon/energy source(s) has
similar effect. Furthermore, depending on the nature of the
expression system, induction of expression can lead to a
dramatic decrease in metabolic rate. Finally, upon reaching
maximum cell density, growth stops or the rate decreases
dramatically.
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As discussed above, reduction in host cell metabolic rate

results in more controlled expression of the polypeptide of
interest, which permits folding and protein assembly to
occur.

Gene expression may be measured in a sample directly,
for example, by conventional Northern blotting to quantitate
the transcription of mRNA (Thomas, Proc. Natl. Acad. Sci.
USA 1980, 77: 5201-5205). Various labels may be
employed, most commonly radioisotopes, particularly *“P.
However, other techniques may also be employed, such as
using biotin-modified nucleotides for introduction into a
polynucleotide. The biotio then serves as the site for binding
to avidin or antibodies, which may be labeled with a wide
variety of labels, such as radionuclides, fluorescers,
enzymes, or the like.

The polypeptide of interest preferably is recovered from
the periplasm or culture medium as a secreted polypeptide,
although it also may be recovered from host cell lysates
when directly expressed wilhoul a secretory signal.
Alternatively, the cells or portions thereof may be used as
biocatalysts or for other functions without substantial puri-
fication,

It is often preferred to purify the polypeptide ofinterest
from recombinant cell proteins or polypeptides to obtain
preparations that are substantially homogeneous as to the
polypeptide of interest, As a first step, the culture medium or
lysate is centrifuged to remove particulate cell debris, The
membrane and soluble protein fractions may then be sepa-
rated if necessary. The polypeptide may then be purified
from the soluble protein fraction and from the membrane
fraction of the culture lysate, depending on whether the
polypeptide is membrane bound,is soluble, or is present in
an aggregated form. The polypeptide thereafter is solubi-
lized and folded, if necessary, and is purified from contami-
nant soluble proteins and polypeptides, with the following
procedures being exemplary of suitable purification proce-
dures: fractionation on immunoaflinity or ion-exchange col-
umns; ethanol precipitation; reverse phase HPLC; chroma-
lography on silica or on a cation-exchange resin such as
DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate
precipitation; and gel filtration using, for example, Sephadex
G-75.

EXAMPLES

The following examples illustrate without limiting the
invention.

Example |

Anti-CDI18 Fermentation

Materials and Methods
Fermentation

The host used in these fermentations was a derivative of

E. coli W3110, designated 49A5. The complete genotype of
49AS is W310 AthuA phoAAAEI5A(argP-lac)169deoC
degP41 (APstIl-Kan’) IN (rroD-rrnE)1 ilvG2096( Val")
AfucPAmalE. The plasmid, pS1130, contains the genes from
the light-chain fragment of anti-CD18 and a fragment of the
heavy chain with a C-terminal leucine-zipper, both behind
the phoA promoter and both preceded by a STII signal
sequence. Consequently, upon induction of expression, the
light-chain and heavy-chain fragments were synthesized and
secreted into the periplasm where some fraction of the
individual peptides fold and assemble to form an Fab', with
leucine zippers on the heavy chains.

For each 10-liter fermentation, a single vial containing 1.5
ml of culture in 10-15% DMSO wasthawed into a IL shake
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flask containing 500 ml of LB medium supplemented with
0.5 mil of tetracycline solution (5 mg/ml) and 2.5 ml IM
sodium phosphate solution. This seed culture was grownfor
approximately 16 hours at 30° C. and was then used to
inoculate a LO-liter fermentor.

The fermentor initially contained approximately 4.7 liters
of medium containing approximately 3.5 g of glucose, 75 ml
of 1M magnesium sulfate, 8 ml of a trace element solution
(27 g/L ferric chloride hexahydrate, 8 g/L zine sulphate
heptahydrate, 7 g/L cobalt chloride hexahydrate, 7 g/L
sodium molybdate, 8 g /L cupric sulfate pentahydrate, 2 g /L.
boric acid, 5 g/L manganese sulfate monohydrate, 10%
hydrochloric acid), 8 ml of a 2.7%ferric chloride solution,
15 ml of a tetracycline solution (5 mg/ml in ethanol), 7.5 ml
of Fermax Adjuvant 27 (or some equivalent anti-foaming
agent), 1 bag of HCDsalts (19.5 g potassium phosphate
dibasic, 9.75 g sodium phosphate monobasic dihydrate, 37.5
g ammonium sulfate, 7.5 g sodium citrate dihydrate, L1.3 g
potassium phosphate monobasic) and 150 g of NZ Amine A
(a protein hydrolysate). Fermentations were performedat
30° C. with 10 slpm ofair flow and were controlled at a pH
of 7.040.2 (although occasional excursions beyond this
range occurred in some cases). The fermentor back pressure
and agitation rate were varied to manipulate the oxygen
transfer rate in the fermentor and, consequently, control the 2
cellular respiration rate,

Following inoculation of the fermentor with the cell-
containing medium from the shake flask, the culture was
grown in the fermentor to high cell densities using a
computer-based algorithm to feed a concentrated glucose
solution to the fermentor. Ammonium bydroxide (58%
solution) and sulfurie acid (24%solution) were also fed to
the fermentor as seeded to control pH. Further additions of
anti-foam were also used in some cases to control foaming.
Whenthe culture reached a cell density of approximately 40
OD559, an additional 75 ml of 1M magnesium sulfate was
added to the fermentor, Additionally, a concentrated salt feed
(10 g/L ammonium sulfate, 26 g/L potassium phosphate
dibasic, 13 g/L sodium phosphate monobasic dihydrate, 2
g/L. sodium citrate dibydrate, 15 g/L potassium pboshate
monobasic, $ ml/L 2.7%ferric chloride, 8 ml/L trace ele-

ments solution) was started ala rate of 1.9 ml/min when the
culture reached approximately 20 OD..,, and continued until
approximalely 940 ml were added to the fermentation.
Fermentations were typically continued for 72-80 hours.

During the fermentation, once the dissolved oxygen set-
point for the fermentation was reached, the concentrated
glucose solution was fed based on the dissolved oxygen
probe signal in order to control the dissolved oxygen con-
centration at the setpoint without excess glucose feeding.
Consequently, in this control scheme, manipulations of
fermentor operating parameters such as the agitation rate or
back pressure, which affect the oxygen transfer capacity in
the fermentation, correspondingly manipulate the oxygen
uptake rate or metabolic rate of the cells.

Amass spectrometer was used to monitor the composition
ofthe off-gas from the fermentations and enable the calcu-
lation of the oxygen uptake and carbon dioxide evolution
rates in the fermentations.

Product Assays
To assess the quantity of antibody product in the

fermentations, a number of assays were used, To measure
assembled anti-CD18 Fab',-leucine zipper, a cation
exchange HPLC (high performance liquid chromatography)
assay was used. To prepare cell samples for this assay,
fermentation broth was first diluted in phospbate-buffered
saline to a concentration of 20 OD,.,. One mlofthis diluted
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broth was then centrifuged for 15 minutes al approximately
15,000xg and the remaining supernatam’ was. discarded,
leaving a cell pellet for the HPLCanalysis. This pellet was
then frozen at —20° C, to —70° C. until needed for the assay.
The frozen pellets were resuspended in a lysis buffer con-
taining 500 zi of 100 mM (or 200 mM) TRIS buffer at pH
8, 20 1 of 6 mg/ml lysozyme in water (freshly prepared),
and 104d of 100 mM EDTA. The samples were sonicated for
10 pulses, and then incubated typically on ice for at least
thirty minutes prior to further analysis. In some cases, a
second round of sonication may then be performed. The
samples were then centrifuged again for fifleen minutesat
approximately 15,000xg to obtain the soluble fraction of the
lysate (in the supernatant). Samples were diluted at least 1:1
and 250 sd were loaded onto a CsX column on a Hewlett-
Packard 1090 HPLC system. Samples were eluted using a
gradient of 5 to 50 mM sodium phosphate (pH 7.0) over
fourteen minutes, and peaks were monitored using UV
absorbance at 278 om. The peak containing anti-CD18&
Fab'2-leucine zipper was identified and quantified by com-
parison with purified standards.

Results

A series of anti-CD18 Fab', fermentations were run in
which varying oxygen uptake rate profiles were used (PIG.
1). The contro! used a constant with a previously favorable
oxygen uplake rate. The x-axis shows the approximate
oxygen uptake rates during the growth phase and at the end
of the fermentation. The case with the single number of 3.5
represents an unshifted control mio al approximately 3.5
mmol/1/min O,. The controls represent an average of nine
fermentations run using similar conditions to the shifted
cases with the exception that no attempts were madeto shift
the OUR resulting in roughly constant OUR’s of 3.5.

The actual oxygen uptake rate profiles from the fermen-
tations shown in FIG. 1 are displayed and are grouped
according to titer (FIG. 2). The runs in which the tiler
exceeded 1000 mg/L. are shownin four runs (#1—4) recorded
with a thin solid line, the runs in which the liter was between

800-900 mg/L are shown in four runs (#5-8) recorded with
a dotted line, and the unshifted control run is shown in the
run (#9) recorded with a heavy solid line. These results
strongly support the hypothesis that increased down-shilts of
the oxygen uptake rales significantly increase the fermen-
tation yield of anti-CD18 Fab'2.

To further investigate the cause of this effect, the liter
assay results for these various mins are shown as a function
of fermentation time (I1G. 3). These results suggest that in
the cases with the largest OUR shifts, anti-CD18 yield is
increased as a result of an extended period of prodnet
formation,

Example 2

Anti-VEGF Fermentation

Materials and Methods
Fermentation

The organism used for these fermentations was 43H1
W311L0 AfhuA phoAAEIS A(argF-lac)l69pirA AompT
degP41 (APstIl-Kan’) IN (rmnD-rrnE)1 ilvG209( Val’) pre-
iikan pre suppressor, The plasmid used in these runs was
YO317tet20 and confers resistance to ampicillin and tetra-
cycline. Anti-VEGF Fab was expressed from the phoA
promoter. For the standard protocol, the fermenter condi-
tions did not change with time. For the oxygen use rate
(OUR) shifted runs, the agitation and back pressure were



Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 118 of 681 PageID #: 987Case 1:18-cv-00095-CFC Document1-3 Filed 01/12/18 Page 118 of 681 PagelD #: 987

US 6,716,602 B2
17

gradually decreased from 1000 RPM and 1.0 bar to 600
RPM and 0,3 bar respectively.

The standard and “OUR” fermentation protocols are
summarized in Table 1.

wn

TABLE 1

OURShifl_ and Standard Protocols

 

Parameter Standard OURShifted £6
Temperature 30° Cc. an”
Airflow 20 Limin 20 L/min
Back pressure 1.0) bar vonstant 1.0 start decreasing to 0.3 bay
Agitation Rate constant 1000 RPM decreasing to 600
Salt Feed 650 RPM constant high high cell density salts*™ with

cell density salts™ yeast extract (100 g) 15 

“High cell density salts is a feed consisting Of inorganic salts yielding
between 200-300 OD... units. Extra yeast extract without the OUR shift
protece! decreases the yield of the product,

Product Sample Preparation and Product Assay
One-milliliter samples of fermentation broth were taken

every two hours and frozen on dry ice. Samples were stored
long term at —20° C, The samples were subsequently thawed
and diluted 6x into extraction buffer (LO mM TrisCl, pH6.8,
1 mM EDTA, 0.2 mg/ml lysozyme, and 5 mM
iodoacetamide) and vortexed. After ten minutes on ice, ~
1/100 volume of 1 M MgSO,and 1/100 volume of 2 mg/ml
DNAse were added and the samples vortexed again. After
another ten-minute incubation on ice, the samples were
sonicated for len seconds (Branson sonilier, microtip probe,
setting 4, pulsed) and placed back on ice. Sonication was ~
repeated for a total of two rounds. The samples were then
centrifuged for twenty minutes at 4° C. at 16,000xg. The
resulting supernatants were then analyzed by affinity chro-
matography using VEGY immobilized on an HPLC resin es
(Poros AL). The VEGFcolumn was loaded and equilibrated ~~
in phosphate-bulfered saline and the product eluted in 12
mM HCl with 150 mM NaCl. The product was quantitated
by measuring the A... of the samples and comparing to a
standard curve generated by spiking purified anti-VEGF into
fermentation broth containing either anti-CD18 or Apo2L.

20

Results

Observations for anti-VEGF Fab fermentations were

similar to those with anti-CD18 Fab',. Titer profiles for a
series of anti-VEGF fermentations with and without OUR
shifts are shown in FIG. 4. These data demonstrate a

statistically significant improvementin titer as a result of the
OUR shifts comparedto the standard protocol (See ‘Table 2),

SO
TABLE 2 

Titer profiles for OUR Shifts vs Standard Protocols

OURShift (mg/L) Standard (mg/L) 

RUN | 1107.6 805.4 53
RUN 2 999.5 $525
RUN 3 956.4 736.9
Average 1021.2 698.3
Standard Deviation 79 130.5
t-test 0.01

60 

The corresponding OURprofiles for these runs are shown
in FIG. 5.

The present invention is not to be limited in scope by the
specific embodiments described herein. Indeed, various
modifications of the invention in addition to those described

herein will become apparent to those skilled in the art from

65
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the foregoing description and the accompanying figures.
Such modifications are intendedto fall within the scope of
the appended claims.

It is further to be understood that all values. are

approximate, and are provided for description.
Patents, palent applications, publications, product

descriptions, and protocols are cited throughout this
application, the disclosures of which are incorporated herein
by reference in their entireties for all purposes.

Whatis claimed is:

1. A method for increasing product yield of a properly
folded polypeptide of interest produced by recombinanthost
cells, wherein expression ofthe polypelptide by the recom-
binant host cells is regulated by an inducible system, which
method comprises

(a) culturing the recombinant host cells under conditions
of high metabolic and growth rate; and

(b) reducing the metabolic rate of the cultured recombi-
nant host cells at the time of induction of polypeptide
expression, wherein reducing the metabolic rate com-
prises reducing the feed rate of a carbon/energy source,
or reducing the amount of available oxygen, or both,
and wherein the reduction in metabolic rate results in

increased yield of properly folded polypeptide.
2. The method according to claim 1, wherein reducing the

metabolic rate comprises decreasing available oxygen to the
hos! cells.

3. The method according to claim 1, wherein reducing the
metabolic rale comprises decreasing available carbon/
energy sources to the host cells.

4. The method according to claim 3, wherein the carbon/
energy source is glucose.

5. ‘The method according to claim 1, wherein reducing the
metabolic rate comprises decreasing both the oxygen trans-
fer rate and available carbon/energy sourceto the host cells.

6. The method according to claim 1, wherein the meta-
bolic rate is reduced by about half in step (b).

7. The method according to claim 1, which comprises
growing the cells to maximum density in step (a).

8. The method according to claim 7, wherein the meta-
bolic rate is reduced by about half in step (b).

9. The method according to claim 1, wherein Ihe recom-
binant host cell is a bacterial cell selected from the group
consisting of £. coli and Salmonella.

10, The method according to claim 1, wherein the induc-
ible system is a phosphate depletion inducible system.

11. The method according to claim 1, wherein the
polypeptide is assembled in the host cell.

12. The method according to claim 9, wherein the
polypeptide is seereted into the periplasm ofthe bost cell.

13. The method according to claim 1, wherein the
polypeptide is an antibody.

14. The method according to claim 1, wherein the
polypeptide is selected from the group consisting of an Fab',
antibody and an Fab antibody or other form of antibody.

15. The method according to claim 1, wherein the meta-
bolic and growth rate of the host cells is maximized in step
(a).

16, A method of increasing product yield of a properly
folded antibody, growth factor, or mammalian protease
produced by a recombinant £. co/i host cell, wherein expres-
sion of the antibody, growth factor, or protease is regulated
by an inducible system, which method comprises

(a) culturing host cells under conditions of high metabolic
and growth rate; and

(b) reducing metabolic rate of the recombinanthostcells
at the time of induction of antibody, growth factor, or
protease expression.
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17, The method according to claim 16, wherein the
antibody is an Fab', antibody.

18. The method according to claim 16, wherein the
antibody is an Fab antibody.

19, The method according to claim 16, wherein reducing
the metabolic rate comprises decreasing available oxygen to
the host cells.

20. The method according to claim 16, wherein reducing,
the metabolic rate comprises decreasing available carbon/
energy sources (0 the host cells.

21. The method according to claim 19, wherein the
carbon/energy source is glucose.

22. The method according to claim 16, wherein the
metabolic rate is reduced by about half in step (b).

23. The method according to claim 16, wherein the
inducible system is a phosphate depletion inducible system.

24. The method according to claim 16, wherein the
metabolic and growth rate of the host cells is maximized in
step (a).

25. A method for increasing product yield of a properly 2
folded mammalian polypeptide of interest produced by
recombinant host cells, wherein expression of the polypep-
tide by the recombinant host cells is regulated by an induc-
ible system, which method comprises

(a) culturing the recombinant host cells under conditions. *
of high metabolic and growth rate; and

(b) reducing metabolic rate of the recombinant host cells
at the time of induction of polypeptide expression.

26. The method according to claim 25, wherein reducing
the metabolic rate comprises decreasing available oxygen to
the host cells,

27. The method according to claim 25, wherein reducing
the metabolic rate comprises decreasing available carbon/
energy sources to the hostcells.
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28. The method according to claim 25, wherein the
carbon/energy source is glucose.

29. The method according to claim 25, wherein reducing
the metabolic rate comprises decreasing both the oxygen
transfer rate and available carbon/energy source to the host
cells.

30. The method according to claim 25, wherein the
metabolic rate is reduced by about half in step (b).

31. The methodaccording to claim 25, which comprises
growing the cells to maximum density in siep (a),

32, The method according to claim 31, wherein the
metabolic rate is reduced by about half in step (b).

33. The method according to claim 25, wherein the
recombinant host cell is a bacterial cell selected from the

group consisting of £. coli and Salmonella.
34. The method according to claim 25, wherein the

inducible system is a phosphate depletion inducible system.
35. The method according to claim 25, wherein the

polypeptide is assembled in the host cell.
36. The method according to claim 33, wherein the

polypeptide is secreled into the periplasm ofthe host cell,
37. The method according to claim 25 wherein the

polypeptide is an antibody,
38. The method according to claim 25, wherein the

polypeptideis selected from the group consisting of an Fab',
antibody and an Fab antibody or other form of antibody.

39. The method according to claim 25, wherein the
metabolic and growth rate of the host cells is maximized in
step (a).
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METHODS FOR GROWING MAMMALIAN
CELLS IN VITRO

FIELD OF THE INVENTION

The invention provides a method for reducing lactate for-
mation and/or glucose consumption in mammalian cell cul-
tures by the addition ofa bi- or tricarbonic acid, e.g. citric
acid.

BACKGROUND OF THE INVENTION

Optimization strategies of cell culture processes aim at
maximizing the longevity of cell culture (Bibila, T..A., and
Robinson, D. K., Biotechnol. Prog. 11 (1995) 1-13). The final
integrated numberofviable cells over cultivation timeis often
used as 4 measure ofcultivation success and is positively
correlated with product formation, As used herein, this inte-
gral is defined as CTI (CTI=Cell density TimeIntegral).

Lactate is a major waste product formed during the culti-
vation of mammalian cells, Under typical culture conditions,
the cells consume glucose in great excess and metabolize it
mainly to lactate. The accumulation oflactate affects cell
srowth, CTL and protein production adversely as a result of
pHand/or pH adjustment by alkali (Chang, Y. H. D., et al.,
Biotechnol. Bioeng. 47 (1995) 319-326); Omasa,‘[., et al.
Biotechnol, Bioeng. 39 (1992) 556-565 and Chen. K.. etal.
Biotechnol. Bioeng. 72 (2001) 55-62).

There have been a lot ofattempts to reduce lactate forma-
ion. It was suggested by Glacken, M. W., et al., (Biotechnol.
Bioeng. 28 (1986) 1376-1389); Hu, W.S,, et al., (Dev. Biol.
Stand. 66(1987) 279-290); and Nie, L., and Wang, D, I. C.,
Cytotechnology 15 (1994) 17-29) to grow mammaliancells at
low glucose concentrations with dynamic controlled feeding
with glucose. The idea was to achieve a metabolic shift from
high glucose/lactate flux to a low glucose/lactate flux. How-
ever, such methods require adaptations ofthe cells and need
carefully designed control mechanisms offeeding. They are
therefore complicated and difficult to perform (U.S, Pat. No.
6,156,570).

Other methods for reducing lactate formationare based on
genelic engineering means. One method is described by
Chen, K., et al., Biotechnol. Bioeng. 72 (2001) 55-62) sug-
gesting manipulation of the metabolic pathway for lactate in
the mammalian cells by inactivation of at least one copy of
lactate dehydrogenase genes in the cells. Another method is
described by Irani, N.. et al., (J. Biotechnol, 66 (1999) 238-
246), whichintroduces a pyruvate carboxylase gene into the
host cell genome. [t is assumed that the conversion of pyru-
vate to lactate is reduced and therefore the longevity of the
cell culture is improved,

The addition offerric citrate as a substituent for transfer-

ring in serum-free media for the cultivation of mammalian
cells has been knownfora long time (cf. ¢.g., Toyoda, K.. and
Inouye, K.. Agric. Biol. Chem. 55 (1991) 1631-1633; Franek, 5:
PF. and Dolnikova, J., Cytotechnology 7 (1991) 33-38: Kovar.
J., and Franek, F., Exp. Cell Res. 182 (1989) 358-369;
Schneider, Y. J., J. Immunol. Meth. 116 (1989) 65-77: and
Kovar, J.. Hybridoma 7 (1988) 255-263).

SUMMARY OF THE INVENTION

It has surprisingly been found that the addition of one or
more bi- or tricarbonic acids inhibits the consumption of
glucose and/or the formation of lactate from glucose consid-
erably and therefore. improves cell density and cell viability
during mammalian cell cultivation. Based on these findings,
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the yield of a protein ofinterest (POT) whichis produced by
such a cell cultivation increases considerably using the
method according to the preseni invention. Further, the addi-
tion of bi- or tricarbonic acid reduces the amount ofalkali

whichis needed to maintain a constant pH value from about
50% to about 70%. Accordingly, the present inventionrelates
to a method for reduction of glucose consumption and/or
lactate production during cultivation of animal cells in vitro.
The cultivation is performed in the presence of one or more
bi- or tricarbonic acidsor their salts, such as oxoglutaric acid,
succinic acid, fumarie acid, malic acid, ketoglutaric acid or
citric acid or combinations thereofat a concentration ofabout

1 to 50 mmol/l. Specifically, where the di- or tricarbonic acid
or salt is citric acid or citrate, this amount ofcitric acid or

citrate is not bound in chelate complex with iron or another
transition metal ton,

In a preferred embodiment of the invention, the animal
cells are mammaliancells, preferably hybridoma or myeloma
cells. CHO, NSO, BIIK, or HleLa cells which produce mono-
clonal antibodies or proteinaceous hormones.

In a further preferred embodiment of the invention. the
cells are cultivated in a fed batch, batch perfusion, dialysis,
solid state, or continuous fermentation, preferably over a time
period of 10to 20 days.

DETAILED DESCRIPTION OF THE INVENTION

According to the invention, the specific rate of glucose
consumption (12/10° cellsxday) is reduced to at least about
40%, preferably from about 40 to about 60%,in relation to a
fermentation process using a method in which no uncom-
plexed citrate is present. ‘The specific rate of lactate produc-
tion (g/L0° cellsxday) is reduced to at least about 50%,
preferably from about 50 to about 70%, in relation to a fer-
mentation process using a method in which no uncomplexed
citrate is present.

Accumulation oflactate in the cell culture medium can

inhibit cell growth and the POI production during cell culti-
vation. The growth-inhibitory lactate concentration varies
with the cell line and the process. The lactate concentration
afler a certain time in a cultivation process is a result ofthe
specific productionrate oflactate and the CTI. This invention
reduces the specific production rate of lactate. so that the
period prolongs before the inhibitory concentration takes
place, or in the best case, the concentration oflactate stays
below the inhibitory concentration. However, this invention
results in considerable increase of the CT] during the culti-
vation.

Cultivation ofthe cells is performed ina production dimen-
sion, i.e., in volumes of 10-10,000 | bioreactors, Such meth-

ods are described, for example. in Bibila, 1, A., and Robinson,
D. K., Biotechnol. Prog, 11 (1995) 1-13.

Preferably, the fermentation medium is a serum-lree
medium. Such media are widely described in the state ofthe
art (see e.g. Murakami, H., Monoclonal Antibodies: Produc-
tion and Application (1989) 107-141).

Bi- and tricarbonie acids are preferably added asanalkali
metal or alkaline metal salt or as [ree acid al a concentration

ofabout 1 to 50 mmol/l. This acid is preferably not bound to
achelate complex withironor another transition metal. How-
ever, the medium may preferably contain an additional
amount ofa bi- and tricarbonic acid ora citrate salt thereof in

a chelate complex with iron, which is added as an iron source
ofthe serum-free medium, As previously stated, ironcitrate is
widely known as an additive to serum-free media as iron
source should be, for example, transferrin.
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The term “complexed bi- and tricarbonic acid” means an
aqueous solution of stoichiometric amounts ofthe acid and
iron ions whichleads to complex formation within the law of
mass action.

POI refers to any protein for which expressionis desired.
Preferably the term encompasses any recombinant formof a
desired protein. Such proteins of interest are, for example.
protein hormoneslike erythropoietin, or antibodies and the
like, Such recombinant proteins are reviewed by, e.2., Hud-
son, P. J., and Souriau, C., Expert. Opin. Biol. Ther. 1 (2001)
845-855).

The mammalian cells are preferably recombinantcell lines
like CHO cells or hybridoma or which myelomacells are
transformed with expression vectors capable of expressing
such a POL. Such methods are well known in the art and

reviewed by, e.., Colosimo, A., et. al., Biotechniques 29
(2000) 314-331).

Fermentation in fed batch mode is preferably performed in
stirred bioreactors for 4 to 10 days. The cell density is pref-
erably between about 0.2 to about 10x10° cells/ml. PO, is 2
preferably between about 15 to about 30% and pH between
about 6.9 to about 7.3.

Fermentation in dialysis mode (Comer, M.J., et. al... Cyto-
technology 3 (1990) 295-299) can be performed in stirred
dialysis bioreactors for about 12 to about 16 days. The cell
density is preferably between about 0,2 to about 30x10°
cells/ml. PO, between about 1 5 to about 30%and pH between
about 6.9 to about 7.3.

Acommon serum-free fermentation medium is used and a

solution ofconcentrated nutrients is used for feeding.
The following examples and references are providedto aid

ihe understanding of the present invention, the true scope of
whichis set forth in the appended claims, Itis understood that
modifications can be madein the proceduresset forth without
departing from the spirit of the invention.

EXAMPLE1

The cells of a myeloma cell line (Sp2/0) were thawed and
expanded up to 2 L in spinnerflasks over a period ofapproxi-
mately 14 days for the inoculation ofa LOL bioreactor. Alter
2 to 4 days the cells were split or transferred to a LOO L
bioreactor and further cultivated for 2 to 4 days. The 100 L.
bioreactor served as inoculum for the 1000 L production
bioreactor. For each inoculumstep a starting cell density of
about 0.2 to about 0.4%10° viable cells per mL, was used.

The production bioreactor ran in a dialysis mode. The
bioreactor wasa stirred tank reactor with a working volume of
about 900 to about 1300 L. Aeration was performed by sparg-
ing. The following process parameters were controlled: pH,
temperature, pO*, pressure and agitationrate. The bioreactor
was equipped for dialysis mode with hollow fibre cartridges.
The cartridges were connected to an external loop with a
dialysis mediumreservoir. The dialysis of the culture was
started 2 to 4 days afier inoculation, During fermentation the
reservoir was repeatedly filled up with fresh dialysis medium.
Some medium components were fed as separate sterile solu-
ions to the bioreactor, These comprise glucose, amino acids.
vitamins, and trace elements.

Fermentation was terminated after a maximum of 16 days.
The citrate was added to the fermentation medium and to

the dialysis medium.

Results of Example 1

‘Tables | and 2 show the specific consumption rate of glu-
cose and the CT! of runs with and without the addition of
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citrate (similar results can be found if fumarate is used). The

fermentations were performed in the dialysis mode at the
1000 Lseale. The addition ofcitrate to the media reduced the

specific consumption rate for glucose about 44% and
increased the CT] ta about 205%. At the same lumethe spe-
cific production rate for lactate was reduced to about 40%
(Tables 3 and 4).

During fermentationthe specific production rate ofthe POT
were nearly constant. therefore the amounts of POT compara-
tively increased with the CTI.

TABLE 1

Fermentations In Dialysis Mode Without Addition Of Citrate
 

 
Run Specific consumption rate ofglicase CTI
No. 2/10° cells x day Relative units

1 663 134
2 873 98
3 776 96
4 736 Loa
5 1424 72

Mean: sag Loo

TABLE 2

Fermentations In Dialysis Mode With Addition Of 2.4 Mmol/L Citrate 

Run Specific consumptionrate of glucose CT
No. pg/10® cells x day Relative wnits

6 705 [42
v 351 262
8 429 219
9 549 195

io 481 208
Ll 353 275
f2 535 113
i3 337 [28
14 319 215
15 578 [92

Mean: S04 205

By addition ofcitrate to the fermentation medium, the
amount of alkali which is required to adjust a constant pl
value during the cullivation was reduced to about 34% of the
control (Tables 3 and 4).

TABLE 3

Fermentations In Dialysis Mode Without Addition OF Citrate 

Run Specific productionrate oflactate Alkali Addition
No. 2/108 cells x day Relative units

| 506 Lio
2 746 LH
3 S74 Sy
4 595 77
5 1064 [4

Mean: 6o7 Lod

 
Run Specific production rate of lactate Alkali addition
No. 1/108 cells x day Relative units

6 441 Lay
T 176 is
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TABLE 4-continued

Fermentations In Dialysis Mode With Addition OF 2.4 Mmol/L Citrale

Run Specific production rate oflactate Alkali addition 4
Na, we/ 10° cells x day Relative units

8 200 19
9 320 13

10 241 At)
i 200 7 10
2 284 15
13 338 8
14 259 55
15 307 46

Mean 282 34
8

EXAMPLE2

The cells of a myelomacell line were thawed (Sp2/0) and
expanded up to 2 Lin spinnerflasks for the inoculation ofa 10. 7"
L bioreactor.

The production bioreactor ran in a fed batch mode. The
bioreactor wasa stirred tank reactor witha working volumeol
from about 9 to about 13 L. Aeration was performed by 35
sparging. The following process parameters were controlled:
pH. temperature, pO2, pressure and agitation rate. Feeding of
the culture was started 2 to 4 days afler inoculation, Compo-
nents including glucose. amino acids, vitamins, and trace
elements were fed as separate sterile solutions to the biore-
actor,

Fermentation was terminated after maximumof 10 days.
Citrate was added to the fermentation medium and the

feeding medium.
vy an

Results of Example 2

Tables 5 and 6 show the specific production rate and the
CTI of runs with and without the addition ofcitrate, The

fermentations were performed in the feed batch mode at the
10 L seale, ‘The addition ofcitrate to the media reduced the 4

specific consumption rate for glucose to about 56%and
increased the CTI ta about 341%. At the same time the spe-
cific formation rate for lactate reduced to about 48%. This

demonstrates the inhibition of the metabolic flux from ylu-
cose through glycolysis by the addition ofcitrate.

TABLE 5 

Fermentations In Fed Batch Mode Withour Addition Of Citrate 

taySpecificconsumption Specific prodiiction

 
Run rate of plucose rate of lactate CTI
No. jue/ LOS cells x day jue/ 10° wells x day Relative units

1 1206 A710 84
2 999 SIV ae

6

TABLE 5-continued 

Fermentations In Fed Batch Mode Without Addition Of Clirate

Specific consumption ‘Specific production

 

 

Run rate of glucose rate oflnctate cll
No, 12/10* cells x day peLO" cells x day Relative units

3 TTD S27 10h
4 703 471 14
5 \022 714 75
6 ode Wz 62
7 839 605 ot
5 333 So7 Bo
i] 912 612 90

ty] O67 668 184
Mean: 955 643 1g

TABLE 6 

Fermentations In Fed Bateli Mode With Addition Of 2.4 Mmol/L Citrate

Specific consumption Specific production

 
Run rate of glucose rate of lactate CTI
No, 1ig/10°cells x day peLO® cells x day Relative units
11 443 230 78
tz 713 362 321
13 451 304 224

Mean: 336 309 341 

Whatis claimedis:

1. A method for reducing glucose consumption during
cultivation of CHO, myeloma, or hybridomacells, compris-
ing cultivating CHO, myeloma, or hybridoma cells in culture
medium in the presence ofcitric acid or citrate wherein said
citric acid or citrate is maintained at a concentration ofabout

1 to 50 mmol/] during cultivation and wherein said citric acid
or citrate is not bound in a chelate complex with iron or
another transition metal ion.

2. The method ofclaim 1, wherein the cells are myeloma
cells.

3. The method ofclaim 1, wherein the cells are hybridoma
or CHO cells.

4..A method for reducing lactate production during culti-
vation of CLIO, myeloma. or hybridoma cells, comprising
cultivating CHO, myeloma, or hybridoma cells in culture
medium in the presence ofcitric acid or citrate wherein said
citric acid orcitrate is maintained at a concentration of about

1 to S50 mmol/! during cultivation and wherein said citric acid
or citrate is nol bound in a chelate complex with iron or
anothertransition metal ion.

5. The method ofclaim 4, whereinthe cells are myeloma
cells.

6, The method according to claim 4, wherein the cells are
hybridoma or CHOcells.

+ & 2 2 &
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METHOD FOR PRODUCING RECOMBINANT 
PROTEINS WITH A CONSTANT CONTENT 

OF PC02 IN THE MEDIUM

CROSS-REFERENCE TO RELATED 
APPLICATIONS

This application is the National Stage of International 
Application No. PCT/EP2009/001742, filed Mar. 11, 2009, 
which claims benefit to German Application No. 10 2008 013 
899.1 filed on Mar. 12,2008. The contents of the applications 
cited above are incorporated by reference in their entirety.

FIELD OF THE INVENTION

Background of the Invention

The present invention relates to a method for the recombi
nant production of a polypeptide in a eukaryotic host cell 
modified in the citrate cycle, wherein the cell is cultured in a 
medium with a content of dissolved C02 (pC02) which is 
maintained at a constant value in the range of 10% to 20%.

The ton-scale production of therapeutic proteins for spe
cific therapies implies new requirements regarding expres
sion and production systems. The main expression systems 
used are, amongst others, animal cell culture systems. The 
capability of animal cells to correctly fold and post-transla- 
tionally modify proteins is, above all, a requirement for clini
cal application in humans. At present, almost 70% of all 
recombinant proteins are produced in animal cells in the 
pharmaceutical industry, most of these in CHO cells (Chinese 
Hamster Ovary cells) (Wurm, 2004). In comparison to micro
biological systems, however, animal cell culture processes 
are characterized by longer generation time and lower final 
cell density in fermentations. Thus, product titres and space- 
time yields are lower than in microbiological processes. One 
possibility to compensate this disadvantage is metabolic 
engineering, i.e. controlling cell growth and minimizing apo
ptosis, programmed cell death, by genetic modification of the 
producing cells. In addition to genetic approaches, culture 
control strategies prove to be suitable optimization 
approaches the potential of which is often underestimated. It 
is, for example, possible to efficiently influence glycosyla- 
tion, carbon metabolism, cell growth and cell death by using 
procedural monitoring and control strategies as well as the 
composition of culture media.

Thus, procedural development aims not only at the devel
opment of metabolically optimized cell lines but also at maxi
mum exploitation of the potential of an existing cell line by 
optimum medium conditions and optimum process control. 
Apart from process parameters easily controllable such as 
oxygen content and temperature, more complex influence 
factors such as the content of dissolved carbon dioxide are 
taken into consideration for process control. In animal cell 
culture processes, C02 accumulates as final product in physi
cally dissolved form and chemically dissociated as hydrogen- 
carbonate in aqueous culture media. Today, the development 
towards high cell density processes using animal cells in fed 
batch processes results, in conjunction with industrially used 
large-volume fermenters and hydrostatic pressures prevailing 
therein, i.e. in C02 partial pressures of 150-200 mm Hg 
which, consequently, are five times higher than the cell physi
ological values of 31-54 mm Hg. For example, for the provi
sion of polypeptides (cytokines) produced by recombinant 
CHO cells, said cells were cultivated at 37° C. and 5% C02 
(36 mm Hg pC02) in order to express the recombinant cytok
ines (U.S. Pat. No. 6,406,888Β1). Fogolin et al., Journal of

1
Biotechnology, 2004, 109, 179-191 shows that the genetic 
modified cell line CHO-Kl-hGM-CSF expresses a recombi
nant yeast pyruvate carboxylase (PYC2) at 37° C. and 5% 
C02. The results of this study revealed that the expression of 
PYC2 and a reduced culture temperature have an additive 
effect on the cell specific productivity of the genetic modified 
cell line CHO-Kl-hGM-CSF. Moreover, the effects of 
elevated pC02, osmolarity on the growth rate and specific 
human tPA production rate of a recombinant CHO cell line 
have been studied by Kimura and Miller, Biotechnology and 
Bioengineering, 1996, 52, 152-160. The media used for the 
experiments in this study contain 36 mm Hg pC02 (5% C02), 
140, 195, 250 mm HgpC02. However, these authors were of 
the opinion that the highest recombinant protein production 
rate can be achieved at 37° C. and36mmHgpC02 (5%C02). 
Adverse effects on growth and productivity for hybridomas, 
NS0, CHO, ΒΗΚ and insect cells have been reported for such 
high pC02 concentrations. In industrial laige-scale ferment
ers, the accumulation of C02 is a restrictive factor. The des
orption of dissolved C02 from the culture medium is a chal
lenge for process engineering. Thus, the oxygen supply for 
the cultured cells has to be provided. Correcting variables for 
enhancing the oxygen transfer into the liquid phase are, for 
example, stirrer velocity and volumetric gas flow. However, 
these cannot be freely modified due to the partially cell dis
rupting shear stress and foaming.

BRIEF SUMMARY OF THE INVENTION

Thus, the technical problem underlying the present inven
tion is to provide an optimized method for the recombinant 
production of proteins in eukaryotic host cells which over
comes the disadvantages described above, i.e. which through
out provides an optimum content of physically dissolved C02 
in the medium.

The solution of this technical problem is provided by the 
embodiments characterized in the patent claims. The strategy 
leading to the present invention was based on the approach of 
controlling the set value of pC02 with simultaneous control 
of dissolved oxygen, pH value and overpressure in the reactor. 
This rational approach of the decoupled control of as many 
parameters as possible associated with pC02-related difficul
ties resulted in the surprising finding that the yield of recom- 
binantly produced protein unexpectedly increased with a 
pC02 value maintained constant in the range of 10% to 20% 
of dissolved C02. Moreover, the control of the pC02 concen
trations over the entire process of fermentation had a positive 
effect on culture viability and allowed for a prolonged sta
tionary phase of high cell density. The respective results of the 
strategy resulting in the present invention when applied to the 
culture of animal cells are summarized below:
(a) pC02 Control

Based on an in situ sterilisable pC02 probe, a pC02 con
troller was developed for the studies which would meet indus
trial requirements and which was implemented successfully 
in development fermentation. With simultaneous, indepen
dent control of p02 and pH, this pC02 controller allows both, 
pC02-static culture and the generation of set value profiles for 
pC02. Applications in fed-batch mode and chemostat mode 
were established successfully on the 1 L and 10 L scale. The 
control range is 1.5-25.0% pC02. Thus, for the parameter 
C02, it is possible to deal with problems in industry on a small 
scale.
(b) Overpressure Control

An overpressure valve was developed for scales 1 L (up to 
150 mbar overpressure) and 10 L (up to 1000 bar overpres
sure) which may be used independently from the controls for
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pC02, p02 and pH. Thus, problems of scale transmission in 
industrial bioprocesses (hydrostatic pressure, mixing time) 
can be represented on a small scale.
(c) pH Adjustment Agents

It was possible to show that the use of Na2C03 for basic 
pH-adjustment results in increased viable cell density, pro
longed viable culture period and, consequently, an increased 
space-time yield of a monoclonal antibody fusion protein in 
CHO cultures.
(d) Pressure-Controlled Sampling

The pressure-controlled sampling system allows the treat
ment of fermentation samples under bioreactor conditions 
(temperature, overpressure, pC02). For the first time, it is 
possible to study intracellular processes (e.g. intracellular 
pH) under bioprocess conditions.
(e) Effect of pC02 on the Intracellular pH Value of CHO Cells

The developed pC02 controller in combination with the
pressure-controlled sampling allowed, for the first time, to 
observe the two-phase reaction of the intracellular pH-value 
with respect to changes in the pC02-value in the culture 
medium. Due to the dissociation equilibrium of C02 in aque
ous solutions, the “chemical effect” as a direct effect causes a 
temporary change of the intracellular value (acidification of 
cytosol upon pC02 increase, alkalisation of cytosol upon 
pC02 neutralization). Contrary to this effect, there is a long
term and permanent reaction of the cell, the “physiological 
effect”. For the first time, it was possible to observe this 
super-compensation by the deflection of the intracellular pH 
caused by the “chemical effect” in vitro and in situ (chemo- 
stat). The higher the pC02 gradient, the greater was the 
change of the intracellular pH.
(f) Findings Resulting from pC02-Controlled Bioprocesses 
with Recombinant CHO Cell Lines

Static pC02 set value control increases process robustness.
Set value profiles of pC02 may be used in combination 

with cell physiology studies under bioprocess for a ratio
nal development of bioprocesses.

The pC02 levels are related directly to the intracellular pH 
value.

The intracellular pH value is related to cell cycle phase 
distribution.

An increasing gradient between the extracellular pH value 
and the intracellular pH value promotes formation and 
export of lactate.

Apart from the pH control of the culture medium, a pC02 
control in pH-static bioprocesses may influence the lac
tate formation via the intracellular pH value, even in 
glucose-limited process conditions.

The recombinant cell line CHO-hGM-CSF-PYC2, which 
expresses the cytosolic pyruvate carboxylase, exhibited 
a pC02-sensitive energy metabolism. By increasing the 
controlled static pC02 level, it was possible to intensify 
the oxidative metabolism via an increase in the intracel
lular pH value in the course of culture. Furthermore, 
together with an increase in the statically controlled 
pC02 level, a prolonged viable culture period, efficient 
maintenance of the cell cycle in the G1 GO-phase, 
increased cell-specific productivity and an increase in 
the space-time yield by 100% was observed.

In statically controlled pC02 bioprocesses, a prolonged 
culture period has to be attributed, primarily, to the 
increased pC02 level, not to osmolality.

The optimum process values for controlled pC02 levels are 
found at 15% pC02.

The control of pC02 and, thus, the inhibition of the accu
mulation of C02 in the aqueous medium of bioprocesses 
allows, also in HC03--buffered media, a reliable online-

3
determination of the respiratory quotient RQ in cell cul
ture processes with exhaust gas analysis.

DESCRIPTION OF THE FIGURES

FIG. 1: Schematic control loop of the cascaded pC02 con
troller developed

Undercut of the set value of pC02: PID 1 controls the 
opening width of the C02-MFC (0-5 L-h-1) installed in ratio
mode until the set value is reached. Exceedance of the set 
value for pC02: PID 1 initially closes C02-MFC and, upon 
continuous positive deviation of the set value, opens an addi
tional N2-MFC (0-15 L-h-1) via PID 2 (controller cascade).

FIG. 2: Controlled gas concentrations ofdissolvedp02and 
pC02 by ratio gassing and maximized C02-discharge due to 
increased gassing ratio in the 10 L stirring vessel reactor

50 mbar overpressure, 0.15 Μ NaCl, 37° C., 200 rpm, pH 
uncontrolled.

FIG. 3: Controlled gas concentrations of dissolved p02 and 
pC02 by ratio gassing and maximized C02-discharge due to 
increased gassing ratio in the 10 L stirring vessel reactor at 
750 mbar overpressure

0.15 Μ NaCl, 37° C., 200 rpm, pH uncontrolled.
FIG. 4: Process scheme of the controlled overpressure 

system implemented in Biostat ES
FIG. 5: Dynamic set value control of the control factors 

concentration of dissolved carbon dioxide pC02 (continuous 
line) and overpressure ρ (interrupted line) in the stirring ves
sel reactor

(Biostat ES, Β. Braun International; industrial production 
medium, standard fermentation parameters) by developed 
PID controller in process control software Lab View.

FIG. 6: Titration profile of the pH control to pH 7.2 with 1 
Μ NaOH upon a set value surge from 5% pC02 to 15% pC02

Biostat ES, ratio gassing 30 L-h-1, 10 L working volume, 
aqueous buffer solution with NaHC03/NaH2P04/Na2HP04 
analogous to industrial production medium, 37° C., 750 mbar 
overpressure.

FIG. 7: Titration profile of the pH control to pH 7.2 with 1 
Μ Na2C03 upon a set value surge from 5% pC02 to 15% 
pC02

Biostat ES, ratio gassing 30 L-h-1, 10 L working volume, 
aqueous buffer solution with NaHC03/NaH2P04/Na2HP04 
analogous to industrial production medium, 37° C., 750 mbar 
overpressure.

FIG. 8: Cumulative entry of the 1 Μ bases for pH control 
upon set value surge from 5% pC02 to 15% pC02

Biostat ES, ratio gassing 30 L-h-1, 10 L working volume, 
aqueous buffer solution with NaHC03/NaH2P04/Na2HP04 
analogous to industrial production medium, 37° C., 750 mbar 
overpressure.

FIG. 9: Fed-batch fermentation with constant 5% (ν/ν) of 
C02 in the gassing mixture and pH-adjustment agent NaOH 
and Na2C03, respectively

Viable cell densities ZDL, viabilities VIA, product titre 
PRO (1 L, CHO-MUC1, 150 mbar overpressure, ρΗ7.2,200 
rpm, membrane gassing).

FIG. 10: Fed-batch fermentation with variable C02 ratios 
in the gassing mixture and pH adjustment agent NaOH and 
Na2C03, respectively

Viable cell densities ZDL, viabilities VIA, product titre 
PRO (1 L, CHO-MUC1, 150 mbar overpressure, ρΗ7.2,200 
rpm, membrane gassing; cf. also FIG. 11).

FIG. 11: Glucose and lactate concentrations in fed-batch 
cultivation of cell line CHO-MUC1 with pH-dependent vari
able C02 ratios in the gassing mixture
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1 L, CHO-MUC1, 150 mbar overpressure, pH 7.2, 200 
rpm, membrane gassing; cf. also FIG. 10.

FIG. 12: Osmolalities OSM and viable cell densities ZDL 
of a fed-batch fermentation

1 L, CHO-MUC1, 150 mbar overpressure, pH 7.2, 200 
rpm, membrane gassing.

FIG. 13: Combined parameters for the characterization of 
the different sampling methods in Biostat ES (10 L)

open, closed storage: reaction tubes completely filled with 
medium (50 mL, Falcon); sampling apparatus developed: 
gas-tight and closed syringe without overpressure completely 
filled with medium.

FIG. 14: C02 loss with different sampling types under 
atmospheric pressure in Biostat ES

(0.15 Μ NaCl, 630 mbar overpressure), in situ and off-line 
C02 measurement YSI and AVL Compact 3; reaction tubes 
(50 ml, Falcon) completely filled with medium.

FIG. 15: In situ C02 equilibrium concentrations (Biostat 
ES) for different overpressures (A), time-dependent C02 con
centrations in the sample subsequent to collection by means 
of gas-tight syringe and subsequent storage without overpres
sure (Β)

0.15 Μ NaCl, 37° C., otherwise standard fermentation 
conditions in the stirring vessel.

FIG. 16: Photo of the pressure-controlled sampling unit of 
Biostat ES with reference to the components described in the 
text

FIG. 17: Transparent support unit (1) of the pressure-con- 
trolled sampling apparatus developed with three different 
syringes (2-4) for different sample volumes and adapter 
sleeve (5) for precise insertion of the syringes into the support 

Sample volumes can be pre-selected by locating the pos
terior stop plate (6) in position.

FIG. 18: Top view of the support unit of the developed 
pressure-maintaining sampling apparatus with installed 
syringe

FIG. 19: Comparison of the in situ C02 concentrations (in 
situ YSI; off-line AVL Compact 3) in the cell-containing 
production medium at the end of a fermentation of the CHO- 
MUC1 cell line at 750 mbar overpressure

Storage of the samples at 37° C. and without agitating 
during the measurement period; reaction tubes (50 mL, Fal
con) completely filled with medium.

FIG. 20: Flow cytometric pH, measurements after 25 min 
(Α,Β) and 50 min (C), respectively, of pressureless incubation 
with the fluorescence dye SNARF-1; fluorescences (FL2, 
FL3) and their intensity ratio (ratio), respectively 

Explanations: see text.
FIG. 21: Flow cytometric pH, measurements after 25 min 

isobaric incubation in the developed pressure-controlled 
sampling apparatus with the fluorescence dye SNARF-1 (D) 
and after isobaric storage (25 min) and subsequent pressure
less incubation (25 min) with the fluorescence dye SNARF-1 
(Ε); fluorescences (FL2, FL3) and their intensity ratio (ratio), 
respectively

Explanations: see text.
FIG. 22: Temporary intracellular alkalizing effect of dif

ferent pC02 depletions in the medium on the CHO-MUC1 
cell line cultured in the medium

pC02 depletion by gassing the SNARF-l-dyed cell sus
pension in vitro with air at different incubation time. For all 
samples, the total duration of incubation prior to flow cyto
metric evaluation of intracellular pH is identical with the 
duration of neutralization by gassing with air.

FIG. 23: Initial intracellular alkalizing effect (<5 min) 
upon depletion of dissolved C02 from the culture medium on

5
the CHO-MUC1 cell line cultured therein and subsequent 
acidification of cytosol due to physiological effect (<40 min) 

C02 depletion by gassing the SNARF-1-dyed cell suspen
sion in vitro with air at different incubation stages. For all 
samples, the total duration of incubation prior to flow cyto
metric evaluation of intracellular pH is identical with the 
duration of neutralization by gassing with air.

FIG. 24: Biphasic pH, curves at different start pC02 con
centrations of 5%, 7% and 10%. Initial intracellular alkaliz
ing effect upon depletion of dissolved C02 from the culture 
medium on the CHO-MUC1 cell line (chemical effect) and 
subsequent supercompensation of the alkalization due to the 
physiological effect below initial pH,

C02 depletion by gassing the SNARF-1-dyed cell suspen
sion in vitro with air at different incubation time. For all 
samples, the total duration of incubation prior to flow cyto
metric evaluation of intracellular pH is identical with the 
duration of neutralization by gassing with air.

FIG. 25: Continuous pC02-controlled process (1.0 L, 
D=0.8 d“l, pH 7.0, adjustment agent Na2C02 surges of 2.5% 
to 5.0% and from 5.0% to 10%, respectively

FIG. 26: Viable cell numbers ZDL and viabilities VIA at 
5%, 15%, 25% and 5-15% pC02, respectively 

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 27: G0G1 phase fraction of the cell cycle distributions 
in processes with different pC02 set value controls

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 28: Turning point in the cell cycle phase fraction 
G0G1, corresponding pC02 value and intracellular pH,-value 
in the industrial pC02 profile

5-15%, CHO-MUC1, 10 L fed batch, 750 mbar overpres
sure, standard fermentation conditions.

FIG. 29: G0G1 phase fraction and intracellular pH-value 
pH, at 25% pC02

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 30: Specific rates of glutamine consumption qGLN 
for different pC02 set value profiles

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 31: Specific yield coefficients Υ related to glutamate 
GLT per glutamine GLN

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 32: Cell-specific lactate formation rates qLAC for 
different pC02 set value profiles

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 33: Lactate formation LAC for different pC02 set 
value profiles

CHO-MUC1,10 L fed batch, 750 mbar overpressure, stan
dard fermentation conditions.

FIG. 34: Product titre PRO MUCl-IqG 
10 L fed batch, 750 mbar overpressure, standard fermen

tation conditions.
FIG. 35: Glucose-limited chemostat process (1 L) of cell 

line CHO-MUC1
Cell-specific lactate formation qLAC increased by pH con

trol and increase in pC02 set value, respectively; specific 
growth rate μ, flow rate D.

FIG. 36: Glucose-limited chemostat process (1 L) of cell 
line CHO-MUC1

Curves of glucose, lactate and glutamine concentration, 
respectively (GLC, LAC and GLN).
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FIG. 37: (a) conventional metabolic pathway of the sub
strate glucose via pyruvate to lactate; (b) enabling the trans
formation of pyruvate and hydrogen carbonate into oxaloac- 
etate and transfer of subsequent malate into the tricarbonic 
acid cycle (TCA) by cytosolic pyruvate carboxylase PYC2; 
modified according to Irani (1999)

FIG. 38: Fed-batch cultivation of cell line CHO-hGM- 
CSF-PYC2: curve of viable cell densities (filled symbol) and 
pC02 concentrations (open symbol), adjustment of pC02 to 
5% and 15% and/or no adjustment of pC02, respectively 

FIG. 39: Viable cell densities ZDL and viabilities VIA at 
uncontrolled and controlled pC02 concentrations of 5% and 
15%, respectively, in 1 L fed-batch of cell line CHO-hGM- 
CSF-PYC2: pC02 control allows prolonged production 
period with highly viable cells

FIG. 40: Osmolality OSM and cumulative lye inlet (1 Μ 
Na2C03) with uncontrolled pC02, controlled pC02 at 5% 
and 15%, respectively

Enhanced lye inlet during the exponential growth phase 
with uncontrolled pC02 in comparison to pC02-controlled 
processes; the osmolality curve is similar in all processes.

FIG. 41: Lactate concentrations LAC in the individual 
bioprocesses

pC02 control prevents rapid and high lactate formation. 
FIG. 42: Cell-specific lactate formation rates qLAC 
Lactate metabolism with uncontrolled pC02 (≥ 180 h) and 

controlled pC02 of 5% (≥220 h) can be observed; no metabo
lism of lactate with controlled pC02 of 15%.

FIG. 43: Cell-specific product formation rates SPR of the 
recombinant growth factor hGM-CSF with different pC02 
process conditions

Inverse activity in pC02-uncontrolled process in compari
son to pC02-controlled processes: decrease of SPR upon 
entry into stationary growth phase without pC02 control; in 
contrast, high increase in SPR with controlled pC02 of 5% 
and 15%, respectively.

FIG. 44: Absolute final concentration of growth factor 
hGM-CSF produced at the end of fermentation (80% viability 
of the culture) for the relevant pC02 profile

FIG. 45: Cell cycle distribution ratio S/(G0G1), cell-spe
cific product formation rate SPR and intracellular pH value 
pH,, in the course of a pC02-uncontrolled-uncontrolled fed- 
batch culture of cell line CHO-hGM-CSF-PYC2

Decrease of pH, of about 0.3 subsequent to the beginning of 
feed, increase in pH, at entry into the growth phase.

FIG. 46: Cell cycle distribution ratio S/(G0G1), cell-spe
cific product formation rate SPR and intracellular pH value 
pH, in the course of a fed-batch culture of cell line CH-hGM- 
CSF-PYC2 C02-controlled to 5%

Decrease of pH, of about 0.4 subsequent to the beginning of 
feed, increase in pH, at entry into the stationary growth phase.

FIG. 47: Cell cycle distribution ratio S/(G0G1), cell-spe
cific product formation rate SPR and intracellular pH value 
pH, in the course of a fed-batch culture of cell line CH-hGM- 
CSF-PYC2 pC02-controlled to 15%

No decrease of pH, subsequent to the beginning of feed, 
initially minor reduction of the pH, increase at entry into the 
stationary growth phase, subsequently increase with the SPR.

FIG. 48: Cell-specific productivities and cell cycle phase 
fractions G0G1 of the fed-batch processes with uncontrolled 
and/or up to 5% and 15% pC02 controlled pC02

1 L scale, cell line CHO-hGM-CSF-PYC2, standard fer
mentation conditions.

FIG. 49: OUR, CPR and RQ of the fed-batch process with 
controlled pC02 of 5%

CHO-hGM-CSF-PYC2, 1 L fed batch, standard fermenta
tion conditions.
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FIG. 50: OUR, CPR and RQ of the fed-batch process with 

controlled pC02 of 15%
CHO-hGM-CSF-PYC2, 1 L fed batch, standard fermenta

tion conditions.
FIG. 51 shows the removal of flanking yeast-specific 

sequences from the 5'- and 3'-regions of the PYC2 gene.

DETAILED DESCRIPTION OF THE INVENTION

Thus, the present invention relates to a method for the 
recombinant production of a polypeptide in a eukaryotic host 
cell modified in the citrate cycle, wherein the method com
prises the following steps:
(a) cultivating the eukaryotic host cell in a suitable medium 

under conditions which allow the expression of the 
polypeptide, wherein the content of dissolved C02 (pC02) 
in the medium is maintained at a constant value in the range 
of 10% to 20%; and

(b) recovering the polypeptide from the cell or from the 
medium.
Due to the method of the present invention, a very high 

product concentration is achieved, resulting in a reduction of 
recovery costs. Thus, the increase in the product titre allows 
the production of a desired amount of products in a small 
culture volume, which results in lower investment costs.

The person skilled in the art is familiar with genes the 
products of which are involved in the citrate cycle and, thus, 
he is able to produce eukaryotic host cells which are modified 
in the citrate cycle and which are suitable for the method of 
the present invention (cfi, e.g., Irani et ah, (1999), Chen et al., 
(2001); Paredes etal., (1999), Bellet al., (1995)). In addition, 
the person skilled in the art can use host cells exhibiting 
modifications as the above which are already obtainable from 
sources accessible to the public. Furthermore, the person 
skilled in the art is also familiar with suitable culture condi
tions and media for the cultivation of such cells as well as with 
conditions under which the gene expressing the desired 
recombinant protein is expressed to a high degree. In order to 
achieve a constant content of dissolved C02 in the medium, 
the person skilled in the art can preferably make use of the 
control units which are described in the following Examples.

The term “constant value” or “stable value” as used herein 
refers to the fact that the content of dissolved C02 does not 
deviate more than 20% from the desired or programmed set 
value, i.e., for example, it is in the range of 8-12% for a set 
value of 10%.

The method of the present invention can be carried out 
using different eukaryotic production cell lines. The modifi
cation in the citrate cycle, preferably a genetic modification, 
can be effected, for example, by insertion of additional genes 
of the same organism or of another organism into the DNA or 
by a vector or by enhancing or attenuating the activity or 
expression of a gene by introducing a more effective pro
moter, e.g. from CMV, or by corresponding mutations in the 
coding region of the gene which lead to the substitution, 
deletion or addition of one or more amino acid residues.

In a preferred embodiment of the method of the present 
invention, the host cell is an animal cell, preferably a mam
malian cell or insect cell. Such cells, in particular cells for the 
efficient production of recombinant polypeptides are known 
to the person skilled in the art. The following cell lines can be 
indicated by way of example: mammalian cells such as CHO 
cell lines, e.g. CHO-K1, ΒΗΚ, such as ΒΗΚ-21, hybridoma, 
NS/0, other myeloma cells and insect cells or other higher 
cells. The use of cells which do not produce in a growth- 
dependent manner is particularly preferred.
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In a further embodiment of the method of the present 
invention, the host cell is a host cell that is modified in the 
citrate cycle. The different metabolic pathways of the citrate 
cycle have been known for a long time, as have the genes 
involved and their control. Thus, the person skilled in the art 
is able to carry out the desired modification(s) according to 
standard methods. A particularly preferred host cell modified 
in the citrate cycle is a cell expressing cytosolic pyruvate 
carboxylase, preferably a cytosolic pyruvate carboxylase 
from Saccharomyces cerevisiae (PYC2, isoenzyme 2). The 
gene coding this carboxylase and suitable expression vectors 
for the transformation of eukaryotic cells are described, 
amongst others, in U.S. Pat. No. 6,706,524 and Stucka et al. 
(1991); see also Wagner (1998); Irani (1999); Bollati Fogolin 
(2003); WO 00/46378.

The cell line CHO-hGM-CSF-PYC2, which contains the 
plasmid pCMVSHE-PYC2, the production of which plasmid 
is also described in U.S. Pat. No. 6,706,524 in detail, is 
particularly preferred for the method of the present invention.

The method of the present invention allows to obtain high 
yields of polypeptides, suchas glycoproteins, fusion proteins, 
antibodies and their fragments, interferons, cytokins, prefer
ably hGM-CSF, growth factors, e.g. erythropoietin (ΕΡΟ), 
hormones etc. in a recombinant manner.

An essential feature of the method of the present invention 
is the fact that the content of dissolved C02 is maintained 
constant using suitable measures as described in the follow
ing Examples. The person skilled in the art can—dependent 
on the cell line used—determine the particularly suitable 
content of C02 within the range of 10% to 20% by means of 
standard assays. The content of dissolved C02 (pC02), which 
is to be maintained constant, is preferably in the range of 10% 
to 20%, more preferably in the range of 11% to 19%, more 
preferably in the range of 12% to 18%, more preferably in the 
range of 12.5% to 17.5%, more preferably in the range of 13% 
to 17%, more preferably in the range of 14% to 16%.

The method of the present invention can be carried out 
using known methodologies, e.g. batch, fed-batch, chemo- 
static process or perfusion culture, with the fed-batch process 
being preferred. All established types of culture vessels, such 
as stirring vessels, canbeusedfortheseprocesses. Preferably, 
the culture system should allow for high cell densities.

In principle, any medium suitable for the cultivation of 
eukaryotic cells can be used as culture medium. For the cul
tivation of mammalian cells, it is possible to use media which 
arebasedontheknownformulations, suchas IMDM, DMEM 
or Ham’s F12, and which possibly have been optimized for 
the method of the present invention so that there is no limita
tion with respect to specific individual components. This can 
be achieved, for example, by a higher concentration of indi
vidual components. In principle, it is also possible to dose 
single nutrients separately from the medium if necessary.

The pH range is preferably between 6.7-7.7, particularly 
preferred between 7-7.3. However, other pH ranges are also 
conceivable. The temperature range is preferably between 
35° C.-38.5° C., particularly preferred at 37° C., e.g., for 
mammalian cells, such as CHO cells. However, other tem
perature ranges are also conceivable, such as e.g. <35° C. in 
the case of non-mammalian cells.

In order to maintain the content of dissolved C02 in the 
medium constant, it is preferably maintained constant by 
using a control system with a cascaded pC02 controller via 
mass flow controllers (MFC), for example, as described in the 
Examples below. An approach, wherein, via the MFC (a), the 
C02 ratio in the supply air is increased by an overcut of the set 
value of pC02 in the medium, (b) the C02 ratio in the supply 
air is decreased by an exceedance of the set value of pC02 in

9
the medium, and (c) the cascaded controller opens an addi
tional MFC for the delivery of N2, preferably in combination 
with step (b), if the exceedance of the set value cannot be 
sufficiently compensated by a decrease of the C02 ratio in the 
supply air, is particularly preferred and advantageous.

Example 1

Material and Methods

(A) Cell Lines
All cell lines used were adapted to culture in suspension in 

serum-free media.
(1) CHO-MUC1

The cell line CHO-MUC1 used in the present invention is 
based on a CHO-K1 cell line of ATCC (American Type Cul
ture Collection, Rockville, USA) (CCL-61). It was trans
fected with the recombinant plasmid MUC1 -IgG2a-pcDNA3 
(Link et al., 2004) in confluent culture using electroporation. 
Apart from resistance against the antibiotic geneticin (G418), 
the construct, which is under constitutive control of the 
cytomegalovirus promoter (CMV), also mediates the expres
sion of the MUCl-IgG2a fusion protein. The extracellular 
part of the human breast cancer-associated mucin glycopro
tein MUC1 (C-terminal) is fused (N-terminally) to the Fc part 
of a murine immunoglobulin of subclass 2a (IgG2a) via an 
enterokinase cleavage site and, thus, it is secreted into the 
medium. Selection and subsequent subcloning resulted in 
clone CHO-MUC1 -IgG2a-PH3931 -16TR which was used in 
the present invention (Link, 2003). This cell line exhibits 
genicitin resistance up to a concentration of 400 pg mL-1.
(2) CHO-hGM-CSF-ΡΥC2

Clones of the recombinant CHO-hGM-CSF-PYC2 cell 
lines were provided by courtesy of Μ. Bollati Fogolin (GBF 
mbH, Braunschweig). They were generated by co-transfec- 
tion of the recombinant cell line CHO-K1 -hGM-CSF (Bollati 
Fogolin, 2001) with plasmids pCMVSHE-PYC2, which con
tains the gene coding cytosolic pyruvate carboxylase from 
yeast (Wagner, 1998; Irani, 1999) and pHMR272, which 
codes hygromycin resistance.

The plasmid pCMVSHE-PYC2 was generated as follows. 
The cDNA of pyruvate carboxylase (PYC2, isoenzyme 2) 
from Saccharomyces cerevisiae was obtained from R. Stucka 
(Stucka etal., 1991). In order to avoid possible interactions of 
the yeast vector fragment bordering the coding region, the 
cDNA was trimmed down to the essential coding sequences 
by endonuclease restriction and ligation with small PCR frag
ments according to a procedure well known in the art (FIG. 
51).

The modified cDNA was placed under the transcription 
control of a CMV promoter. The resulting pCMVPYC2 plas
mid also contains an ampicillin-resistance gene. It will be 
clear that other promoters and resistance genes or general 
selection markers can be used.

FIG. 51 shows the removal of flanking yeast-specific 
sequences from the 5'- and 3'-regions of the PYC2 gene.

First using PvuII, a 678 bp fragment was cut out from the 
5'-end, the missing 381 bp were ligated by means of PCR 
(polymerase chain reaction) via specific primers, and a Hin- 
dlll restriction site was built on before the coding sequence.

For the 3'-end, a corresponding procedure was carried out 
via the Clal restriction site by removal of 469 bp and ligation 
with a fragment 176 bp long. The fragment was provided with 
a Hindlll and Smal restriction site at the 3'-end.

Clone CHO-hGM-CSF-ΡΥ C2-4D5 (Bollati Fogolin, 
2003) was used for the studies carried out in the present 
invention. The cell line secretes the recombinant, glycosy
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lated “human granulocyte-macrophage colony-stimulating 
factor” (hGM-CSF) into the culture medium and exhibits 
hygromycin resistance up to a concentration of 250 pg mL-1.
(3) CHO-hGM-CSF

The cell population that was derived by analogous trans
fection of the CFiO-hGM-CSF cell line with plasmid 
pFiMR272 alone and subsequent selection was used as refer
ence for the PYC2 expressing clone. This mixed population 
of different individual clones exhibits hygromycin resistance 
up to a concentration of250 pgmL-1 (Bollati Fogolin, 2003). 
(Β) Culture Media

For strain maintenance and selection, the above-indicated 
antibiotics were used in appropriate concentrations.
(1) ProCH04-CDM

The serum and protein-free medium ProCFi04-CDM 
(Biowhittaker Europe) which is commercially available was 
used for the cultivation of the CFiO-MUCl cell line in strain 
maintenance and small scale fermenter system (1 L, Αρρ- 
likon) for preliminary studies of the effect of the pFi tritration 
agents. The medium has a glucose content of 4.30 gL-1 and 
contains 5.00 gL-1 FiEPES. It was supplemented with 
NaFlC03- (final 3.78 gL-1), glutamine (final 4.1 mM), 
hypoxanthine (final 0.1 mM) and thymidine (final 0.1 mM). 
The pFi value was adjusted to pFi 7.0.
(2) Industrial Production Medium (Roche Diagnostics 
GmbFl)

This medium was prepared according to the instructions 
with ultrapure water (SQ, Millipore) and supplemented for all 
cell lines. All media were adjusted to pFi 7.0 by titration with 
4 Μ NaOFi. Subsequent to sterile filtration (0.2 pm) and 
sterile test (72 h, RT), these serum-free media were stored for 
up to one month (4° C.). The glucose concentration of the 
main fermentation medium is 8.0 gL-1. For the feeding 
method, a medium concentrate with high glucose concentra
tion was used.
(C) Off-Line Analysis
(1) Assessment of Cell Number, Viability and Sterility

The sample which were collected daily from the appropri
ate suspension cultures were examined microscopically for 
contamination (bacteria, fungi). Cell number and viability 
were assessed manually (light microscopy) and automatically 
(ViCell XR, Beckman Coulter, Krefeld). The ratio of live 
cells was determined using the exclusion method with a 0.5% 
(w/v) trypan blue solution. In order to identify dead cells, 
0.2% trypan blue solution was added to the cell suspension in 
a mixture ratio of 1:1, carefully mixed and the number of dyed 
cells was determined by counting eight large squares of a 
counting chamber according to Neubauer (depth 0.100 mm, 
haemacytometer) under a light microscope with 100-fold 
magnification. By subtracting the resulting concentration of 
dead cells from the concentration of the cells in total, the 
concentration of viable cells in suspension is determined. 
Their ratio with respect to the concentration of the cells in 
total is referred to as viability. This measuring principle was 
automated in ViCell XR. Mixing with trypan blue and the 
discrimination between live and dead cell is effected by 
means of the contrast ratio. To this aim, an integrated camera 
supplies the corresponding images for the computer-assisted 
analysis.
(2) Analysis of the Media

Substrate, metabolite and product concentrations con
tained in the medium are accessible from the cell-free 
medium supernatants (10 min., 200 g) of the culture using the 
methods described below. The temporary storage of the cell- 
free supernatants is carried out at -80° C. If not indicated 
otherwise, all measurements and calibrations are carried out 
according to the manufacturer’s instructions.

11
Glucose

In order to evaluate the content of glucose in culture super
natants, an automatic glucose analyser (EBIO Compact, 
Eppendorf, Flamburg) was used. The measurement is based 
on a coupled enzymatic electrochemical process wherein the 
hydrogen peroxide which, in addition to gluconic acid, is 
released by the immobilized glucose oxidase is measured 
amperometrically at a Pt/AgCl/Ag electrode. The electrode 
current resulting from the oxidation of the hydrogen peroxide 
into oxygen is directly proportional to the hydrogen peroxide 
concentration and, thus, to the glucose concentration of the 
sample.
Lactate

Lactate is also quantified according to an electro-enzy
matic principle in an analyser (Yellow Springs Instruments, 
Ohio, USA). By means of immobilized lactate oxidase, lac
tate is reacted into pyruvate and hydrogen peroxide. The latter 
can be quantified as in glucose quantification.
Glutamine and Glutamate

The simultaneous quantification of glutamine and 
glutamate is carried out according to the principle described 
for glucose quantification using two immobilized enzymes on 
different sensors. Glutamate oxidase catalyses the reaction of 
glutamate with oxygen into a-ketoglutarate and hydrogen 
peroxide with elimination of ammonia. At the glutamine sen
sor, glutaminase first effects the formation of glutamate 
which is then reacted in an analogous manner. Thus, the 
glutamine sensor also detects free glutamate in the solution 
which is factored in by the analyser.
Osmolality

Osmolality is a measure for the number of dissolved par
ticles per measuring unit of the solvent. According to the 
definition, deionised water freezes at 0° C. under normal 
conditions. A related depression of the freezing point of 1.858 
Κ corresponds to an osmolality of 1 osmol/kg. The measure
ment of osmolality using the freezing point osmometer starts 
with cooling the sample to -7.0° C. The crystallisation of the 
subcooled solution is induced by means of a seed crystal and 
the quantity of heat produced is measured until the freezing 
point is reached. This difference to the pure solvent water is 
directly proportional to the osmolality of the sample.
Amino Acids

The concentration of free amino acids in the culture super
natant was determined by reverse-phase F1PLC (Fligh Perfor
mance/Pressure Liquid Chromatography) (Biintemeyer, 
1988). To carry out the analyses, a fully automated F1PLC 
system D450 (Kontron Instruments, Echingen) with two high 
pressure pumps (Model 420), automatic sampling (Model 
460) as well as a fluorescence detector (Model SFM 25) and 
computer-assisted evaluation unit (KromaSystem 2000, ver
sion 1.60) was used. Separation was carried out using a RP18, 
column (Ultrasphere ODS, 150 mmx4.6 mm, particle size 5 
pm, Beckman, Munich) with octadecylsilicate as stationary 
phase. To this, a further RP18 column (Flypersil ODS, 10 
mmx4.6 mm, particle size 10 pm, Techlab, Erkerode) was 
proposed in order to increase the dwell time. Prior to separa
tion, the derivatization of the amino acids by ortho-phthal- 
dialdehyde (ΟΡΑ) (Sigma, Deisenhofen) (Lim, 1987; Biinte- 
meyer, 1991) occurred. The primary amino groups of the 
amino acids react in alkalic medium (pFl>9) with ΟΡΑ and 
3-mercaptopropionic acid to fluorescent isoindol derivatives 
(FIG. 2.1). Detection was carried out at an emission wave
length of 450 nm subsequent to excitation with light of a 
wavelength of 340 nm.

The cell-free culture supernatants (500 pi) were mixed 
with trichloroacetic acid (100 pi, 36% w/v) and the precipi
tated proteins were sedimented (10 minutes, 15000 g). The
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intermediate phase was recovered (250 μ1) and neutralized 
(12.5 μ1 NaOH 1 Μ). This stock solution was added to the 
derivatization in suitable pre-dilution and alkalization with 
sodium borate buffer (0.4 m, pH 9.5), wherein, due to the 
instability of the isoindol derivatives, the derivatization was 
carried out only immediately before HPLC separation by 
automatic addition of the derivatization reagent (50 mg ΟΡΑ 
in 1 ml methanol, 100 μ1 3-mercaptopropionic acid and 9 ml 
0.6 Μ sodium borate buffer, pH 10.4) to the sample. The 
gradient used for the HPLC separation of the amino acid 
derivatives (Biintemeyer, 1991) was run from the more polar 
(99% ν/ν 0.1 m sodium acetate pH 7.5, 1% ν/ν tetrahydro- 
furane) to the more non-polar buffer (30% 0.085 Μ sodium 
acetate pH 5.2, 70% methanol) which allowed to quantify all 
amino acids with the exception of cysteine and proline. Pro
line as secondary amine exhibits no reaction and cysteine 
forms, together with ΟΡΑ, a non-fluorescent derivative.
(3) MUCl-IgG2a ELISA

The MUC1 -IgG2a antibody produced by the CHO-MUC1 
cell line cultivated in this study is a representative of the 
murine immunoglobulin G (IgG) whose Η chain is of type y 
and whose subclass is 2a. It is N-terminally linked to MUC1 
whereby the detection of a molecule of this antibody always 
includes the detection of a molecule of fused MUC1. In order 
to prevent the detection of incompletely translated product, 
only cell viabilities of more than 80% were taken into con
sideration. The quantitative evaluation of MUCl-IgG2a in 
culture supernatant was carried out by means of ELISA.

The quantification of the MUCl-IgG fusion protein was 
carried out according to the studies by Link (2003) (Parker, 
1990; Link, 2003). 96-well immunoplates (F96 Maxisorp, 
Nunc, Wiesbaden) were used as adsorbing solid phase for 
MUCl-IgG quantification by means of ELISA. The catching 
antibody adsorbed to the solid phase was a commercially 
available goat anti-mouse IgG (Μ-8642, Sigma, Deisen- 
hofen) which was obtained by immunisation of goats against 
murine IgG. The supplied antibody (1 mg) was dissolved in 
PBS (25 ml, final 40 pg mL-1), aliquoted (1 mL) and stored at 
-20° C. Prior to use, it was diluted in PBS to 3 pg mL-1. The 
supernatants to be quantified as to MUC1 -IgG2a as well as a 
MUCl-IgG2a standard were used as determinable antigens. 
The standard was pre-diluted to 1 pg mL-1 in dilution buffer 
prior to use in ELISA.

The alkaline phosphatase conjugate goat anti-mouse IgG 
ΑΡ of the catching antibody (Α-5143, Sigma, Deisenhofen) 
which carries alkaline phosphatase (ΑΡ) as substrate-reacting 
enzyme and specifically binds to the heavy y chain of the 
murine IgG was used as enzyme-marked antibody. It was 
stored at 4° C. By the alkaline phosphatase, the substrate 
p-nitrophenol phosphate (ρΝΡΡ, Ν-2770, Sigma, Deisen
hofen) was reacted into yellow p-nitrophenol which was 
determined photometrically. The extinction of the resulting 
staining was evaluated using a spectrophotometric analyser 
(405 nm, Wallac Victor2, Perkin Elmer Life Sciences, Bad 
Wildbach).

In order to coat the Maxisorp immunoplates with the catch
ing antibody goat anti-mouse IgG, this was pipetted into each 
of the wells of the microtitre plate (100 pL per well). Subse
quently, the closed test plate was incubated (4° C., 14 h) and 
after removing the buffer by rapidly turning the microtitre 
plate upside down and slapping it, it was rinsed with washing 
buffer (10 times) and tapped dry. In order to block the unspe
cific binding sites of the catching antibody, blocking buffer 
was added to each well (200 pL per well) and the covered 
plate was incubated (37° C., 2 h). The plate was then washed 
with washing buffer (3 times) and tapped to dry it off.

13
The cell-free culture samples to be analysed were first 

centrifuged (15000 g, 3 minutes) and the resulting superna
tant was used as product-containing sample for further analy
sis. A suitable pre-dilution in dilution buffer was carried out in 
order to obtain comparable resulting intensities from stan
dards and samples for the evaluation of the colour reaction, 
allowing conclusions with respect to product concentrations. 
BSA contained in the dilution buffer served as neutralizing 
agent for unspecific binding sites. For a double-determination 
of the samples (columns 3-12) and the standard (columns 1 
and 2), respectively, 280 pL per well were pipetted into row Η 
of pre-dilution plates (96 wells, Nunc, Wiesbaden) divided 
into Α1 to Η12. Subsequently, a 1:2 dilution was carried out 
step-by step by transferring 140 pL per step into the wells of 
the following row which each contained 140 pL of dilution 
buffer.

The wells of the coated test plate are loaded each with 100 
pL of the pre-diluted samples and standards with the dilution 
increasing with each row in analogy to the pre-dilution plate 
and the covered plate was incubated (37° C., 1 h).

To balance the spectrometer against a blank sample, two 
wells (bottom right) were treated only with dilution buffer. 
Subsequently, after slapping it, the plate was rinsed with 
washing buffer (10 times) and the plate was tapped to dry it 
off. In the following step, the enzyme, labelled goat anti
mouse IgG ΑΡ antibody was first taken up into dilution buffer 
in the ratio 1:1000 and, subsequently, pipetted into the wells 
of the test plate (100 pL per well). Incubation was carried out 
anew (37° C., 1 h) and the test plate was then washed with 
washing buffer (10 times) after removing the residue buffer 
by slapping. Since substrate ρΝΡΡ is sensitive to light, all 
following steps were carried out in quick succession in the 
dark. The reaction of p-nitrophenyl phosphate into yellow 
product by the antibody-bound alkaline phosphatase was 
induced by adding substrate to each well of the test plate (100 
pL). The plate was incubated in darkness (room temperature, 
10-30 minutes) until an intensive yellow staining (extinction 
of 0.7-0.8) was observed in the well with the reacted standard. 
The evaluation of the intensities of the staining was carried 
out by spectrophotometry at 405 nm.
(4) hGM-CSF EILSA

Competitive ELISA (Bollati Fogolin, 2002) was used to 
detect the cytokine hGM-CSF. 96-well immunoplates (F96 
Maxisorp, Nunc, Wiesbaden) were used as adsorbing solid 
phase for quantification of hGM-CSF by ELISA. Recombi
nant, unglycosylated HGM-CSF from Ε. coli which is com
mercially available (Leucomax, active ingredient: molgra- 
mostim, Schering-Plough corporation Kenilworth, N.J., 
USA) was used for coating the Maxisorp plates and as con
centration standard. A monoclonal mouse-anti-GM-CSF 
antibody (Μ7Ε10) (Etcheverrigaray, 1998), which was 
kindly provided by Ms. Bollati Fogolin, was used as primary 
antibody. This antibody is directed against an hGM-CSF 
domain which is accessible independently of the glycosyla- 
tion status of the protein. The enzyme labelled antibody was 
a peroxidase conjugate goat-anti-mouse-IgG-HRP that car
ries horseradish peroxidase as substrate-reacting enzyme and 
specifically binds to the Fab2 fragment of the murine IgG 
primary antibody (Dianova 115-035-072,0.8 mg mL-1). The 
substrate 1,2-phenylenediamine-dihydrochloride (OPD, 
Fluka) was reacted into an orange end product by horseradish 
peroxidase after the enzyme reaction was stopped. The 
extinction was evaluated by photometry. The extinction of the 
resulting staining was read in spectrophotometric analyser 
(492 nm, measuring time 1 second/well, Wallac Victor2, Per
kin Elmer Life Sciences, Bad Wildbach).
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In order to coat the Maxisorp immunoplates with hGM- 
CSF from Ε. coli as competitor to glycosylated hGM-CSF 
from the fermentation supernatant, the first was pipetted into 
each well of the microtitre plate (per well 16.5 ng in 100 pL 
coating buffer). Subsequently, the closed test plate was incu
bated in an atmosphere saturated with water vapour (37° C., 1 
h, subsequently 4° C., 14 h) and after removing the residue 
buffer by slapping rinsed with washing buffer (10 times) and 
tapped to dry off. In order to determine the standard curve, 
dilutions of the unglycosylated hGM-CSF standards in the 
range of 200-0.195 ng mL-1 were carried out in dilution 
buffer. The samples from the culture supernatants were also 
diluted sequentially 1:2 in dilution buffer and pipetted 
together with the prepared standards into the wells of the 
coated microtitre plate (lOOpLperwell). Plain dilution buffer 
is used as control for complete binding without competition 
of hGM-CSF-containing standard or culture supernatant. 
Then, the primary antibody Μ7Ε10 (1:100 000 in dilution 
buffer, 100 pL per well) was added to the wells of the plate 
loaded with samples and standards and it was incubated (37° 
C., 1 h). After removing the solution and washing the plate 
with washing buffer (7 times), an incubation was carried out 
(37° C., 1 h) with conjugate antibody (1:5000 in dilution 
buffer, 100 pL per well). After washing the plate (7 times), the 
enzyme reaction was started by adding the freshly prepared 
dye solution. After 15 minutes incubation, the reaction was 
stopped by adding stop solution (50 pL per well) and the 
resulting extinction is evaluated at a wavelength of 492 nm 
(per 1 s).
(5) Flow Cytometric Cell Analysis

The correspondingly prepared samples were measured 
using FACSCalibur Calibur flow cytometer (Becton Dickin
son, San Jose, Calif., USA) and CellQuest software version 
3.3 (both Becton Dickinson, San Jose, Calif., USA). Off-line 
analysis of the data was carried out using CellQuest 3.3, 
Modfit and FCSassist 1.0 on a G4 Apple Macintosh computer. 
Cell Cycle Phase Distribution

To determine the individual cell phases (G1, S, G2, Μ), the 
culture sample in form of a single cell suspension was liber
ated from supernatant (200 g, 7 min) and washed twice in 
ice-cold PBS (200 g, 7 min). The resulting pellet was resus
pended dropwise in a mixture (-20° C.) of 80% (ν/ν) metha
nol (high-grade, Merck) under intensive agitation and incu
bated (4° C., 2 h—2 months). The cells were then pelleted 
(200 g, 7 min), subsequently, they were resuspended in a 
mixture of 0.1% (w/v) saponine (Roth) in PBS and washed 
twice (200 g, 7 min). Resuspension of4xl06 cells in 1 mLdye 
solution (0.1% w/v saponine, 1 g mL-1 RNase S (Sigma), 
0.02 mg mL-1 propidium iodide (Sigma)) and incubation 
(RT, 30 min) resulted in a pink-stained cell pellet. First the 
enzymatic degradation of the RNA was stopped by storage on 
ice and, then, the stained cells were subjected to flow cytom
etry. Measuring was carried out according to the manufactur
er’ s instructions and protocols of the relevant literature 
regarding flow cytometry (Melamed, 1990; Givan, 1992; 
Shapiro, 1994; BD-Biosciences 2000).
Intracellular pH Value

The intracellular pH value (pH,) of animal cells is related to 
different cellular functions. Modifications in cell growth, 
metabolism and protein production as well as in enzyme 
activities, transport mechanisms, proliferation induction and 
maintenance energy requirement involve variances in pH, 
(Madshus, 1988; Grinstein, 1989). Thus, the control ofpFl,is 
of fundamental biological significance for the cell. The iso
electric points of many biologically important macro-mol
ecules in the cell are near the physiological value of pH 7 so 
that comparatively small modifications in proton concentra

15
tion can have major effects on the conformation and interac
tion of proteins and nucleic acids. To prevent an acidification 
of cytosol, the H+ protons are directly removed from the cell 
or hydrogen carbonate ions HC03_ are introduced into the 
cell in order to neutralize the protons in cytosol. For this pH, 
control, different mechanisms are available in animal cells 
(Madshus, 1988; Reusch, 1995): Na+/H+ exchanger, Na+ 
dependent and independent C1“/HC03_ antiporter, Na+/ 
HC03_ symporter, H+translocating ATPases (proton pumps).

In contrast to the external pH (pHe) which, in animal cell 
cultures, is in the range of 6.6-7.4, the above-mentioned 
mechanisms allow that the cell can actively maintain internal 
pH values which deviate from the external values by 0.1-0.5 
pH units. The cell organelles have distinctive pH values in 
order to fulfil their biological functions. Furthermore, sensi
tively controlled pH gradients are important for posttransla- 
tional protein sorting and processing. Dysfunctions of this 
intracellular control may occur in cell cultures due to accu
mulation of organic acids and bases, such as e.g. lactate, 
ammonium or C02, in the culture medium. Correlations 
between pH, and cell cycle phases have also been described. 
Thus, in general, a more alkaline pH value is measured in the 
cytosol if the cell is in a metabolically active phase of the cell 
cycle (S and/or G2 phase, respectively) (Welsh and Al-Ru- 
beai, 1996).

The intracellular pH value can be determined flow cyto- 
metrically using a pH-sensitive fluorescence dye that is 
stimulated in the cell. The fluorescence dye used in the 
present invention 5'(and 6')-carboxy-10-dimethylamino-3- 
hydroxyspiro[7H-benzo[c]xanthene-7,r(3'H)-isobenzofu- 
ran]-3' one, often referred to as carboxy seminaphtor- 
hodafluor acetoxymethyl ester or simply carboxy-SNARF-1 - 
AM, in the following referred to as SNARF-1) is a weak acid 
with a pKa value of 7.3-7.4 at 37° C. and, upon excitation with 
light of a wavelength of 488 nm, exhibiting two fluorescence 
signal maxima of different wavelength (FL2: 580 nm, FL3: 
640 nm, FIGS. 3-7) (C-1270, Molecular Probes). The relative 
correlation of these emission maxima shows a pH-dependent 
shift and, thus, allows to measure pH, independently of the 
amount of dye excited in the cell.

Being an acetoxymethyl derivative, the fluorescence dye is 
cell membrane dependent and is hydrolysed in the cytosol of 
unspecific esterases. This free-form fluorophor remains in the 
cell and can be exited for emission in the cell. In order to 
determine the intracellular pH value, a calibration curve must 
be established by implication of known pH, values. It must be 
based on the same cell population from which the sample to 
be measured is derived (Owen, 1991; Owen, Carango et al. 
1992). In this context, the maintenance of the reactor condi
tions during the preparation of the samples and the selection 
of the calibration method are of equal importance (Cherlet, 
Franck et al., 1999; Bond and Varley, 2005; Jockwer, Gatgens 
et al., 2005) in order to obtain representative pH, values.

In the present invention, the pseudo zero-point calibration 
method which is based on the deflection of the stationary pH, 
by adding weak acids and bases in known mixture ratios to the 
cells was used to calibrate the intracellular pH value. Accord
ing to this, the resulting fluorescence ratio reflects the new 
pH,. If the molar concentration of the mixture of a weak acid 
and base was sufficiently high, a further addition of the same 
mixture will not alter either the fluorescence ratio or the pH,, 
so that the deflected pH, represents a new pseudo zero-point 
satisfying the equation 3-3. If concentrated mixtures of dif
ferent molar ratios of weak acid to weak base are added to the 
cells loaded with the pH-sensitive fluorescence dye are, it is 
possible to establish a calibration curve by plotting the pseudo 
zero-pH against the fluorescence ratios obtained. This cali
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bration method can be reproduced flow-cytometrically and 
requires only little time for implementation, it is independent 
of the intracellular K+ concentration and, thus, suitable for 
analysis in the course of the fermentation process.

For representative sampling from bioreactors (with pres
sure blanketing) and cultivation with defined compositions of 
dissolved gasses, a specific sampling (Jockwer, Gatgens et 
al., 2005) was developed which is the result of the present 
invention. The parameters which are relevant for the pH, 
during the period of dye absorption such as pC02, pressure, 
pFl and temperature are entered into this device so that the cell 
sample is stained under reproducible reactor conditions. 
Thus, the pH, measured in said manner represents the real 
conditions in the bioreactor better than conventional meth
ods. Together with the stained sample, an unstained sample of 
the same population was studied as a control under identical 
conditions.
Solutions and Buffers

17

HEPES buffer (Ν- [2-hydroxyethyljpiperazine- 
N'-[2-ethanesulfonic acid]

(10 mM)

2.383 gL"1 HEPES (10 mM)
7.802 g L”1 NaCl (133.5 mM)
0.298 g L-1 KC1 (4 mM)
0.166 g L-1 NaH2P04*H20 (1.2 mM)
0.144 gL-1MgS04 (1.2 mM)
1.981 g L-1 a-D-glucose (11 mM)
0.294 gL“1CaCl2*2H20
pH 7.4, sterile filtration, storage at 4° C.

(2 mM)

dye SNARF-1 (carboxy seminaphtorhodafluor 
acetoxymethyl ester)

(2 mM)

50 pg carboxy-SNARF-l-AM (C1272, Molecular Probes,
Leiden, The Netherlands)

44 μ1 DMSO
Butyric acid BA 1Μ
(n-butyric acid) 4.6 mL butyric acid 10.9Μ

ad 50 mL H20

(ρΚ^ = 4.82, 
Sigma)

pH 7.4, sterile filtration, 
storage at 4° C.

trimethylamine 1Μ
ΤΜΑ 12.3 mL trimethylamine 4.06Μ (ρΚ^ = 9.8,

Sigma)
ad 50 mL H20 

pH 7.4, sterile filtration, 
storage at 4° C.

HDFBS 10% (y/y) dialysed FBS in HEPES buffer

TABLE 1

Pseudo-zero calibration solutions (Chow, Hedley et al., 1996)

6-fold concentrate 
ΒΑ/ΤΜΑ [mM]

0.5 log 
([ΒΑ/ΤΜΑ])

BA
[pL]

ΤΜΑ
[pL]

HDFBS
[mL]

6/96 -0.6 60 960 8.98
6/24 -0.3 60 240 9.70
6/6 0 60 60 9.88

24/6 0.3 240 60 9.70
96/6 0.6 960 60 8.98

Prior to sampling from the relevant culture system by 
means of the sampling apparatus developed (Jockwer, Gat
gens et al., 2005) the 6-fold concentrated pseudo-zero cali
bration solutions (Table 3-1) were placed into measurement 
tanks of the flow cytometer (200 pL each), the tanks were 
closed in a gas-tight manner and stored in a cool place (4° C.). 
The two calibration solutions of the highest and of the lowest 
mixture ratio of acid to base were prepared twice each for the 
adjustment of the measuring ranges of the flow cytometer. For 
the sample that was to be determined, 3 measuring tanks were

treated with HDFBS (200 pL per tank) in the same manner. 
Prior to collecting the sample from the culture medium, 22 pL 
of the fluorescence dye were placed into the pre-incubated 
sampling apparatus (37° C.). The staining of the cells in 
esterase-free culture medium was started by mixing the cell 
suspension during the isobaric and gas-tight sampling and 
was continued in darkness under agitation (appropriate reac
tor pressure, 25 min, 37° C.). After 15 minutes incubation, the 
temperature of the calibration and measuring solutions, still 
sealed and gas-tight, is adjusted to reactor temperature (water 
bath, 37° C.). Once the incubation of the cells with the fluo
rescence dye under reactor conditions is terminated, the cells 
are immediately subjected to pressure control and dissolved 
gas analysis (Compact 3, Roche Diagnostics GmbH) and 
subsequently suspended in the corresponding measuring and 
calibration solutions (200 pL each) to be measured after 10 
seconds by means of a flow cytometer (FACSCalibur, Becton 
Dickinson). For this purpose, first a repeat determination of 
the sample to be determined is carried out in measuring buffer 
(HDFBS) and only then the stained cells are measured 
sequentially in the corresponding measuring buffers. The pH 
value of each sample is measured (Compact 3, Roche Diag
nostics GmbH) immediately after the flow cytometric mea
surement of this sample.

The time elapsing between the opening of the sampling 
apparatus and the dissolved gas analysis of stained and 
unstained cells is less than 5 seconds, the time elapsing until 
the flow cytometric measurement is terminated is less than 90 
seconds. Between the termination of the fluorescence analy
sis and the determination of the external pH value, 15 seconds 
elapse. This procedure in combination with the (pressure 
maintaining) sampling apparatus allows to determine a rep
resentative pH, value (see also Chapter 4.2) (Chow, Hedley et 
al, 1996).
Measurement

The flow cytometric measurement of the fluorescence to 
determine the pH, values is carried out according the manu
facturer’s instructions for the device (FACSCalibur, Becton 
Dickinson), the dye (Carboxy-SNARFl-AM, Molecular 
Probes, Leiden, The Netherlands) and according to the rel
evant literature (Chow and Hedley, 1997).

The basic settings which must be optimized for each 
sample are listed below:

measurement window 1: SSC/FSC (scatter diagram, scal
ing double linear, total cell population)

measurement window 2: counts (linear)/FL2 (log.) (histo
gram)

measurement window 3: counts (linear)/FL3 (log.) (histo
gram)

measurement window 4: counts (linear)/fluorescence ratio 
(FL2/FL3)

Dead cells, agglomerations and insufficiently stained cells 
were excluded from the measurement by suitable limiting 
values. Since it is not possible to implement measurement 
window 4 in real time with the measuring device used, the 
fluorescence ratio is calculated using the program FCSassist 
(Becton Dickinson). The program CellQuest 3.3 (Becton 
Dickinson) was used for the evaluation. Plotting the “mean 
fluorescence intensity ratio” (MFI) against each induced pH, 
value according to equation 3-3 results in the calibration 
curve which allows to calculate the pH, of the sample.
(6) Dissolved Gases, pH Value and Depending Parameter

The blood gas analyzer AVL Compact 3 (Roche Diagnos
tics GmbH) is used for direct evaluation of the dissolved gases 
C02 and 02, the pH value and the calculation of the dependent 
concentrations of hydrogen carbonate and “total C02” from 
the cell-containing culture samples (>55 pL, 37° C.) accord

18

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 135 of 681 PageID #: 1004



US 8,460,895 Β2

ing to the manufacturer’s instructions (Roche 2003). After 
placement of the relevant physiological sample, the device 
automatically determines the above-mentioned parameters. 
For this purpose, the following miniaturised electrodes are 
installed in a tempered measuring chamber: 

pfl reference electrode 
pfl measuring electrode 
p02 measuring electrode 
pC02 measuring electrode
The direct pC02 measurement is a modification of pfl 

measurement. Via a membrane that is impermeable to ions, 
only gaseous C02 gets into the measuring buffer the pfl of 
which is modified by dissociated C02, is measured and, after 
amplification, is indicated as pC02 value [rnmFlg]. The con
version into [%] pC02 and/or p02, respectively, is carried out 
separately after the automatic measurement of the atmo
spheric pressure which is carried out for each sample mea
surement. Calibration gases and buffer solutions supplied to 
the device allow for automated calibration and cleaning 
according to defined cycles.
(D) Cultivation of Animal Cells

All operations were carried out in compliance with the 
standard operation regulations and directives for the handling 
of genetically modified organisms, security level SI.
(Ε) Bioreactor Cultivation

All tests were carried out in commercially available stirred 
reactors with a working volume of 1 L (Applikon Biotek, 
Kniillwald) and 10 L (Β. Braun Biotech International, Mel- 
sungen), respectively, under sterile conditions. All measured 
values were transferred to the process computer via measure
ment amplifiers and analog-to-digital coder (SMP Interface, 
Siemens) and processed using the process control software 
Lab View (National Instruments, USA) and stored. The fol
lowing process parameters were identical in both systems 
throughout the cultivation period and were constantly moni
tored.
standard fermentation conditions (1 L & 10 L reactors) 
stirring velocity 200 rpm 
temperature 37° C.
dissolved oxygen saturation 40% (in relation to air) 
pH 7.0
ratio gassing (1 L reactor: 2.4-5.0 Lh-1; 10 L reactor: 30-45 
Lh-1)

The mixture of high-grade gas fractions of nitrogen (N2), 
oxygen (02) and carbon dioxide (C02) for the maintenance of 
the controlled concentration of dissolved oxygen p02 with 
constant gassing rate is referred to as “ratio mode”.
(1) Measurement of the Process Parameters 
Dissolved Oxygen (p02)

The in situ measurement of the concentration of dissolved 
oxygen in the different aqueous solutions was carried out by 
means of oxygen electrodes according to Clark (InPro 6000, 
Mettler Toledo, Urdorf, CH).
Dissolved Carbon Dioxide (pC02)

The in situ measurement of the concentration of dissolved 
carbon dioxide in the different aqueous solutions and during 
fermentation was carried out by means of the commercially 
available probe YSI 8500, Yellow Springs Instruments (Yel
low Springs, USA) and/or, for comparison measurements in 
the cell-free system, by means of the probe InPro 5000, Met
tler Toledo (Urdorf, CH). Both devices were operated in 
display mode [% COJ. In this context, the indication [%] 
refers to the equilibrium conditions between C02 rate [%] in 
the gassing mixture and aqueous culture medium under stan
dard fermentation conditions (37° C.) which were set under 
calibration conditions.

19
The calibration conditions used and the display values of 

C02 [%] allow the calculation of the equilibrium concentra
tions of dissolved C02 during the process. As in other publi
cations in this technical field, the term pC02 [%] is used 
herein as a synonym for “dissolved concentration” and “par
tial pressure” of C02 though the absolute concentrations of 
C02 actually dissolved in the culture medium have to be 
calculated on its basis (Zhangi, Schmelzer et al., 1999; Patti- 
son, Swamy et al., 2000; Schmelzer, de Zengotita et al., 
2000). 1% saturation corresponds to approximately 7.5 mm 
Hg, 10% correspond to approximately 75 mm Hg.
Exhaust Gas Analysis

Oxygen and carbon dioxide quantification in the nonaque- 
ous exhaust air of both processes is carried out using the 
exhaust analyzer Xentra 4900 (Servomex, Hamm). The oxy
gen rate is measured paramagnetically (0-100% ν/ν), the 
carbon dioxide rate is measured by infrared spectroscopy 
(0-25% ν/ν).

The pH value is measured using a single-rod pH measure
ment assembly with gel electrolyte (Applisens, The Nether
lands). In contrast to conventional pH electrodes with liquid 
electrolyte, the pH electrode used exhibits, after autoclaving, 
an internal pressure which considerable reduces the perme
ation of the glass membrane by extraneous substances and the 
electrode drift associated therewith. Prior to installation and 
sterilisation, the pH electrode is calibrated to two defined pH 
values (pH 4.00 and pH 6.96) at 37° C. according to the 
manufacturer’s instruction. Prior to starting the fermentation, 
correct operability was ensured by external comparison mea
surements with the blood gas analyzer (Chapter 3.3.4). Pro
cess overpressure is measured by means of two pre-pressur- 
ized gel-filled electrodes installed in the cover of the culture 
vessel (Β. Braun International, Melsungen; Bioengineering 
AG, Wald, CH). The temperature in the culture vessel is 
measured at all operation stages by means of a ΡΤ 100 resis
tance thermometer of the reactor manufacturer installed in the 
probe ring.
(F) Mathematical Methods

For cultivation and fermentation, parameters allowing the 
description of growth and metabolic rates are determined by 
analytic methods. Cell densities are indicated in animal cell 
culture in contrast to microbial systems. In general, dry bio
mass is not of interest.

Viability describes the rate of viable cell density ZDL with 
respect to total cell density ZDG:

20

Viabilitat = VIA = ---- -- ■ 100% (equation 3-6)

All cell density dependant values determined in the present 
invention refer to the viable cell number ZDL. It can be 
assumed that the contribution of non-viable cells to metabo
lism is not substantial. Viability is a measuring value with 
respect to the state of a culture. The growth rate WTR indi
cates the number of divisions taking place in one time inter
val.

ν = WTR = (equation 3-7)
h ~ h

WTR=cell division rate, h-1
n=number of division steps during period of time t2-t: 
t=time, h
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The cell number increase is calculated based on the number 
of division steps as follows:

N2=Nl-2n (equation 3-8)

N=number of cells, total number of cells or number of viable 
cells
n=number of division steps

Solved forn and substituted into equation 3-8, the equation 
for the growth rate reads:

21

log/V2 - log/Vi
WTR= ------—

log2-fe -h)
(equation 3- 9)

15

The specific growth rate μ is calculated by correlating 
growth velocity with viable cell density.

1 4 (ZDL) (equation 3-10)
ZDL dt

p=specific growth velocity, h-1
ZDL=cell density, viable, cells mL-1 25
t=time, h

For the increase in the number of viable cells it is true that:

Ζ1)ℓ.,. Ζ1)ℓ. | ■0" ''" 1 (equation 3-11)

Thus, for μ it is true that:

η//)/., - η//)/. (equation 3-12)

Specific substrate consumption rates can easily be calcu
lated for discontinuous processes. For pulsed feed (bolus) in 
fed-batch processes, the same correlations can be used since 
the duration of feeding (<15 s in the experiments of the 40 
present invention) and, thus, substrate consumption by the 
cultured cells during this period of time decreases towards 
zero. It is however necessary to include any modifications in 
substrates, metabolites and fermentation volumes resulting 
from feeding and to adjust them mathematically. (Cell-)spe- 45 
cific consumption and formation rates are often the only 
factors allowing the comparison of different processes.

It is true that:

dS 1
qS= -----------
* dt ZDL

50

(equation 3-13)

qS=specific substrate consumption rate, mol 
S=substrate concentration, mol L-1 
t=time, h
ZDL=cell density, viable, cells/mL

The mean cell number in the period of time At (tj-tj) is 
determined by the logarithmic mean if the time interval 
between two sampling points is sufficiently long:

_ ZDL2 ZDLj (equation 3-14)
1ηΖΡ/-2 - InZP/q

ZDL=mean of cell number, viable, cells mL-1

The integration of equation 3-13 under consideration of 
equation 3-14 results in:

,. _ / Υ ~ 3 j i (equation 3-15)
q ~\t2-h) ZDL

The specific product formation rate is calculated analo
gously to the substrate consumption rate:

22

SPR = qPRO = ( PR02 - PROi 
ti - h

1
ZDL

(equation 3-16)

SPR=qPRO=specific product formation rate, g cell_1-h_1 
PRO=product concentration, g L-1 
Yield Coefficient

The correlation between consumption and formation rates 
of substrates and products, respectively, is indicated by the 
yield coefficient Υ.

qAΥ(Α l Β) = 4— 
qB

(equation 3-17)

Y(A/B)=yield coefficient for A in correlation to Β 
qA=cell-specific rate for substance A, mol cell_1-h_1 
qB=cell-specific rate for substance Β, mol cell_1-h_1 
Chemostat

For a continuous process, the volume flow into the reactor 
is equal to the volume flow from the reactor. In chemostat 
processes, the cell size distribution in the volume flow 
extracted corresponds to the cell size distribution in the reac
tor. Culture volume is constant. When calculating the rates, 
flow rate D has to be taken into consideration.

(equation 3-18)

D=flow rate, h-1 
F=flow, L
VJ}=culture volume, L

Mean retention time of a volume element in the reactor is 
defined as retention time τ.

Υ (equation 3-19)

x=retention time, h
Thus, flow rate is the reciprocal of retention time.
Consequently, for chemostat, it applies that, in equilib

rium, growth rate is adjustable via flow rate, it is true that: 
μ=ϋ.

With respect to substrate consumption in continuous sys
tems with constant culture volumes, it is true that:

dS
di = Ρ · {Si - So) - Qs (equation 3-20)
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culture medium. Thus, the balance can be established analo
gously to dissolved oxygen balance (Frahm, Blank et al., 
2002).

24
S,=substrate concentration in the culture, mol L-1 
S0=substrate concentration in the feed, mol L-1 
Q^volumetric consumption rate, mol L-1 
and consequently:

5

t -¾) (equation 3-21)
h~h )

23

In order to calculate the specific substrate consumption 
rate, the number of cells in form of the logarithmic mean is 
additionally included in the calculation.

15
(equation 3-22)

CER=CTR=0.89-iia°2-(c*CO2-c1c°2) (equation 3-26)

with
kiac°2=0.89-kia°2=volume-related carbon dioxide transfer 

coefficient, h-1
c*co2=saturati0n concentration of carbon dioxide in the 

medium, mol L-1 (calculated on the basis of the carbon 
dioxide concentration of exhaust air) 

cUncontrolled dissolved carbon dioxide concentration, 
mol-L-1

Respiratory Quotient RQ
The correlation of cell-specific carbon dioxide evolution 

rate qCER with cell-specific oxygen uptake rate qOUR is 
referred to as respiratory quotient RQ.

10

ΐ r (s-
qS==-\D-(S:-S0) + 

ZDL L
(22ΖΤ1)1 
W2 - h )\

qS=specific substrate consumption rate, mol cell-1-h-1 
Sj 2=substrate consumption forQ 2, mol L-1

Specific productivity is calculated analogously to the sub
strate consumption rate:

RQ
qCER
qOUR

(equation 3-27)

1
qPRO = = · 

ZDL
D ■ PRO +

PR02 - PROi V 
h ~ h ).

(equation 3-23)

RQ=respiratory quotient
25 qCER=cell-specific carbon dioxide evolution rate, mol 

qOUR=cell-specific oxygen uptake rate, mol cell-1-h-1

qPRO=specific product forming rate, g cell-1-h-1 
PR012=product concentration for t12, g L-1 30

The instantaneous space-time yield in continuous pro
cesses is calculated as follows:

RZ\ PR°'D 21 (equation 3-24) 35
Vr

RZA=space-time yield, gL-1-d-1
Oxygen Uptake Rate OUR 40

Due to the relatively low growth rates of animal cell cul
tures, the high volume flows used in the present invention for 
gassing the culture and the high control performance of the 
developed PID controller for dissolved oxygen, it is possible 
to assume equilibrium conditions for oxygen balancing 45 
(Frahm, Blank et al., 2002). Thus, the oxygen uptake OUR 
can be equalised to the oxygen transfer rate OTR for transfer 
from the gas phase into the liquid phase and results from 
equation 3-25,

OUR = OTR = k°L2a-(c°2-c°2) (equation 3-25)

kjUa^olume-related oxygen transfer coefficient, h-1 55
c^^oxygen concentration in the gassing mixture, mol-L-1 
Cj^^ontrolled concentration of dissolved oxygen, mol-L-1 

The concentration of dissolved oxygen and dissolved car
bon dioxide and the oxygen and carbon dioxide concentra
tions of the gassing mixture are control and correcting vari- 60 

ables, respectively, and are registered by the process control 
system. The volume-related oxygen transfer coefficient was 
determined earlier for the relevant process conditions by 
experiment.
Carbon Dioxide Evolution Rate CER 65

Due to the controlled pC02 values and simultaneous pFl 
control in the culture medium, C02 is not accumulated in the

Example 2

Optimization of pC02-Associated Process Parameter

In industrial cell fermentation facilities there are hydro
static pressures up to 350 mbar in the bottom region (filling 
point/level 3.5 m) due to the different reactor heights of 
stirred reactor. Due to reasons of sterility, the fermenters are 
additionally subjected to pressure blanketing involving over
pressures of up to 300 mbar so that in production fermenters 
of 10 m3 working volume total overpressures of up to 650 
mbar could occur in the bottom region. With this overpres
sure, the C02 which is produced by the cells accumulates in 
the medium and can reach inhibiting levels with high density 
fermentations if the dissolved carbon dioxide discharge has 
not been optimized via gassing.

For the simulation of the production scale and for the 
uncoupled analysis of the involved parameters pressure and 
content of the dissolved carbon dioxide—synonymously 
referred to as pC02—with bioprocesses involving animal 
cells, a controller system has been established in analogy to 
the concentration of dissolved oxygen p02. In this context, 
the control of the content of the dissolved carbon dioxide in 
the medium should be possible under different pressure con
ditions, the correcting variable of the pC02 control system 
being transferable to bioreactors. Thus, gassing rates, stirring 
velocities and culture medium were based on industrial 
parameters.
(A) Control of the Content of the Dissolved Carbon Dioxide 
in the Culture Medium
(1) Set-Up and Procedure of the pC02 Control

According to standard means, the reaction systems used 
were supplied with submersible ratio gassing. For the pC02 
control, their C02 mass flow controllers (MFC, Type Brooks 
5850 Ε C02, 0-5 L-h-1) were actuated by implemented PID 
controllers in the process control system Lab View (Texas 
Instruments). In addition, only with the 10 L stirred reactor an 
N2 mass flow controller (Brooks 5850 TRN2 0-15 L-h-1) was 
installed in the gassing section so that the gassing volume 
flow rate for pC02 saturation can be increased from 30 L-h-1
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to a maximum of 45 L-h-1. The measurement of the control 
variable pC02 in the medium was carried out by means of an 
in situ pC02 probe YSI 8500 (Yellow Springs Instruments) 
every 15 seconds discontinuously (chapter 3.5.3.2).

The PID controllers implemented for the control variable 
in the process control system (LabView, National Instru
ments, USA) pC02 work in a cascaded manner (FIG. 1). In 
the case of a positive deviation from the pC02 set value, the 
C02 content in the ratio gassing is reduced correspondingly 
by the controller PID 1 (FIG. 1). If, despite the completely 
closed C02 MFC, the controller PID 1 does not successfully 
control the pC02 set value in the case of a positive deviation 
(e.g. by produced C02 of the cells), the cascaded controller 
PID 2 actuates an additional N2 mass flow controller and 
appropriately increases the total volume flow rate of the gas
sing by 15 L-h-1 at the most (FIG. 1).

Thus, the pC02 controller described herein is suitable for 
control of a set value for the concentration of dissolved car
bon dioxide. By means of this pC02 controller it is now 
possible to adjust defined pC02 values during the whole cul
ture process and to analyse their effect on the cultivated cells. 
According to Flenry’s Law, the solubility of a gas in liquid is 
proportional to its partial pressure in the gas phase above. Due 
to the controller, accumulation of C02 in the medium is pos
sible by increasing the C02 ratio in the supply air. With the 
cultivation period progressing and the cell density in the 
reactor increasing, the ratio of C02 produced by the cells 
increases in the medium. Consequently, the controller reacts 
by reducing the C02 ratio in the supply air by the controller. 
If the volumetric carbon dioxide evolution rate (CER) of the 
cultivated cells is so high that by a complete reduction of the 
C02 ratio in the supply air down to naught the control variable 
of pC02 can no longer be reached, the cascaded controller 
increases the total volume flow of the gassing and, thus, the 
transfer of C02 from the liquid phase into the gas phase.
(2) Control Performance of pC02 and p02 Control

The increased gas volume flow by the addition of nitrogen 
in the supply air for an improved discharge of C02 takes effect 
as a disturbance variable on oxygen control. By means of the 
control of the set values shown in the following, the suitability 
of the pC02 control together with the p02 control was analy
sed both in the 1 L and in the volume. The interaction of the 
controllers with the pFl controller using different titration 
agents is described below.

The initial parameters of the controller settings were deter
mined according to the recommendations by Ziegler and 
Nichols (Rake, 1993). For this purpose, the PID controllers of 
both control systems were configured as simple Ρ controllers 
(hold-back time Tv=0, reset time Τ^=∞). Variation of the 
proportional region XP up to the critical system enhancement 
of the respective control system results in Χ^, crit. The period 
of controlling oscillation with Χ^ crit corresponds to the time

25

TABLE 2

Recommended controller parameters according 
to Ziegler and Nichols at stability margin

PID ratio setting value

Ρ Χρ≈ 1.7Χρ crit
I Tw-0.5 Tcrit
D ο.ΐ2 Tcri{

By means of an appropriate control of the set values (Table 
2) of both control systems, the quality of control for the use in 
fermentations of animal cells was optimized. Both control

systems work independently from one another with minimal 
initial oscillating time and control deviation. It was possible 
to minimise the effect of the increased volume flow on the 
control of the dissolved oxygen with increased C02 discharge 
(FIG. 4-2 and FIG. 4-3).

26

TABLE 3

Set value profile for the qualification 
of control in FIG. 2 and FIG. 3

set value time

PC02 [%] P02 [%] [hi

5 40 1
15 40 1
15 50 1
10 30 1

5 40 ΐ

The absolute control deviation for dissolved oxygen in the 
case of set value variances (which do not occur in that manner 
under cultivation conditions) in processes with low overpres
sure (50 mbar) is less than 2%: Analogously, the control 
deviation for the dissolved carbon dioxide ratio is <1 % (abso
lute) with set value variances of absolute 5-10%, which are 
unusual in fermentation processes (FIG. 2). Also in the case of 
a reactor involving pressure blanketing (750 mbar) for the 
simulation of high filling levels in industrial production facili
ties and the thus increased solubilities of C02 and 02 in the 
liquid phase, the quality of the implemented control is suffi
cient for animal cell culture processes (FIG. 3).

With the set value control performed according to Table 3, 
the dissolved oxygen value alone temporarily exceeded the 
set value (<4% absolute) if the total volume flow is increased 
for discharge of the dissolved C02 (FIG. 3). The control of 
pC02 with deviations of <1 % absolute was very exact. Due to 
a time-pending control of the set value of the pC02, it was 
possible to reproduce the defined profiles from production 
fermenters onto a small scale.

In the following the pC02 and p02 controllers described 
herein were optimized for the decoupled control in combina
tion with the implemented overpressure controller in order to 
be able to reproduce large-scale fermenters with regard to 
these process parameters.
(Β) Overpressure Controller

There is a trend towards laige-scale production facilities 
also in animal cell fermentation so that for the simulation of 
the different hydrostatic pressure conditions from industrial 
production scales a pressure control system up to 1000 mbar 
overpressure was developed for the stirred reactor with a steal 
vessel used in the present invention (10 L working volume, Β. 
Braun, chapter 3.5.2). This reactor was meant to control 
defined set values independently from the controllers for 
pC02, p02 and pFl value.
(1) Set-Up and Functionality

At the non-sterile side of the exhaust air line of the fer
menter a pressure control valve (Brooks pressure controller, 
Model 5866 Series, 0-68 L-h-1) was installed. The opening 
width was the actuating variable for the developed PID pres
sure controller in the process control system (LabView). The 
control variable was measured on the inside of the reactor lid 
by means of a gel filled pressure sensor and transferred to the 
process control system. Due to the rapid decrease in pressure 
even with small opening widths of the pressure control valve 
in contrast to the slow increase in pressure due to the low 
gassing rate with closed pressure control valve, it was not 
possible to control the control process within the required
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tolerance. Thus, in addition, a membrane valve was installed 
further down the exhaust air line in the direction of the 
exhaust analyser, whose valve position could be preset manu
ally (FIG. 4).

The set-up developed in said manner, i.e. with an additional 
membrane valve, has the following advantages:

safety margin: Maintenance of an adjustable minimum 
pressure in case of failure of the pressure control valve 
during operation

sufficient inertia of the control process despite sub-opti
mum flow rate of the pressure control valve (maximum 
possible valve throughput 68 L-h-1, maximum gassing 
rate 45 L-h-1)

Due to the variable gassing rates necessary for pC02 con
trol, installation and manual adjustment of the pressure by 
means of the membrane valve alone was not possible.
(2) Quality Control of Overpressure Control

Control optimization was carried out according to Ziegler 
and Nichols (Rake, 1993). The operation capability of the 
overpressure control of a static set value with simultaneous 
control of pC02 set value profiles was furthermore comple
mented by an automated, process time dependent control of 
the set value. This allowed for the generation of defined 
overpressure profiles for, e.g., the simulation of mixture pro
files prevailing in large-volume production fermenters. Due 
to mixing times of partly several minutes, the mixing profiles 
in these reactors deviate from the model of homogenously 
mixed reactors and according thereto different spatial posi
tions of the suspended cells in the hydrostatic pressure profile. 
FIG. 5 shows an example of a time-dependent pressure profile 
in the 10 L stirring vessel based on a pressure profile of a 
production fermenter. At the same time a dynamic control of 
the pC02 set value is shown which can be carried out inde
pendently from the pressure profile adjusted.

The control of the intermittent set value of the reactor 
overpressure ρ (each for 30 min at 750 mbar and 1 h at 450 
mbar) between the process times t=20 h and t=26 h shows a 
high quality of control (±30 mbar) without having significant 
effects on the control of the set value of the dissolved carbon 
dioxide concentration (<1% absolute) (FIG. 5). This is par
ticularly important when considering the increasing solubil
ity of the C02 in the case of increase in pressure. Likewise, 
changes of the pC02 set value do not show any changes of the 
quality of control of overpressure in the course of the process 
(FIG. 5) despite the fact that e.g. for decreasing the pC02 ratio 
in the fermenter medium by increased nitrogen flow, the total 
gas volume flow into the fermenter was increased by 50%. Set 
values between 1.5-25% pC02 with up to 1000 mbar over
pressure could be adjusted and corrected in this set-up.

It was shown that it is possible to control oxygen, pressure 
and pC02 independently from one another and with high 
quality of control. Despite constant, low rotational speed of 
the stirrer the oxygen entry for animal cell cultures is suffi
cient. Due to appropriate control of the set value, the simula
tion of the enrichment of C02 is possible during the course of 
the process. Also, a profile for the simulation of changes in 
pressure due to hydrostatic effects in high production reactors 
can be adjusted. Thus, in total, it is possible that the existing 
requirements for the industrial process parameters considered 
can be implemented dynamically.
(C) pH Adjustment Agents

In the excess metabolism cultivated cell lines produce sig
nificant amounts of lactate and other organic acids which, 
together with the C02 discharged into the medium, lower the 
pH value of the culture medium in the course of the process. 
The effect of the pH value in the medium on the cell physi
ology and product quality (e.g. of secreted glycoproteins) has

27
been examined sufficiently. Thus, in optimized processes, the 
pH value of the medium is adjusted in defined ranges, mostly 
between pH 6.6 and pH 7.4, by addition of different bases to 
the cultivated cell suspension. Common bases are NaOH, 
which is available for CIP (clean in place) processes in most 
validated production facilities, and Na2C03 and/or NaHC03, 
which is a buffer component in most cell culture media. 
Often, C02 is mixed to the gassing air of cell culture pro
cesses in the starting phase to lower the pH value of the 
medium. In that way, even with media free of NaHC03 a 
balance is formed between the C02 added during gassing and 
the aqueous culture medium.

Negative effects of pH correction can occur in large-scale 
production facilities in the case of addition of strong bases via 
the head region. In this context, due to long mixing times of up 
to several minutes, pH gradients of up to 0.8 pH units between 
instillation site and pH measuring point were described 
(Langheinrich and Nienow, 1999). The settings of the pH 
controller also have great effects on cell density and induction 
of apoptosis in the culture vessel (Osman, Birch et al., 2001 ; 
Osman, Birch et al., 2002).
(1) Effect of the pH Adjustment Agent to a Cell-Free System

The basic pH adjustment agents NaOH and Na2C03 were 
compared with different, simulated cell culture conditions but 
identical control settings (FIGS. 6 and 7). Their effect on 
cultivation of a CHO cell line in fed-batch processes is 
described in the following.

With identical pH control settings in Biostat ES, controlled 
5% pC02 were adjusted in an aqueous phosphate/hydrogen 
carbonate buffer mixture in Biostat (30 L-h-1, 37° C., 200 
rpm, 750 mbar overpressure). The result was a pH initial 
value of 7.28. Then, due to a change in the set value in the 
process control system, a switch of pC02 from 5% pC02 to 
15% pC02 was provoked and pH control was started simul
taneously. For this purpose, the pH set value was adjusted to 
7.2 with NaOH (1 Μ, FIG. 6) and/or Na2C03 (1 Μ, FIG. 7). 
These test conditions simulated an accelerated enrichment of 
the C02 produced by the cells in the medium and the pH 
control with the corresponding base, which is directed against 
the acidification caused (FIGS. 6 and 7).

For pH control using NaOH, 2.6 h and 26 dosages were 
necessary for the change of the pC02 set value (FIG. 6). The 
resulting dosage frequency is 10h-1. For the pH control using 
Na2C03, the pC02 setting time was reduced by 60% to 1.6 h 
(FIG. 7). The C02 additionally entered by the Na2C03 causes 
reconcentration of the dissolved C02 parallel to the pC02 
controller. In comparison to the NaOH, the dosage frequency 
(8 h-1) is reduced. The tendency of reduced base consumption 
with use of Na2C03 instead of NaOH is illustrated by means 
of the cumulative dosage profile in FIG. 8. For the pC02 set 
value change described, the double amount of 1 Μ NaOH is 
required for pH control. In total, 220 g 1 Μ NaOH (0.21 mol) 
in contrast to 110 g 1 Μ Na2C03 (0.1 mol) were entered into 
the reactor (FIG. 8).

Thus, the entry of sodium ions is identical with both titra
tion agents. Thus, a negative effect on the cell culture by 
potentially different osmotic effects due to use of the bases 
described can be excluded with pC02 control. Since the final 
conditions of both titration systems are identical due to the 
equilibrium conditions, the bases NaOH and Na2C03 can 
have a different effect on the cultivated cells due to the fol
lowing effects: number of dosages, frequency of dosages, 
disturbances of the C02 balance—extracellular & intracellu
lar.

Osman et al. examined the effect of pH disturbances on the 
mouse myeloma cell line GS-NS0 in set cultures (Osman, 
Birch et al., 2002). For this purpose, they exposed the cells to
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pH increases to pH 8.0, several times sequentially, as they 
also occur by suboptimum mixing in production fermenters 
with addition of strong bases such as NaOH and/or Na2C03 
(Langheinrich and Nienow 1999). They found that with 
increasing number of pH deflections to pH 8.0 the cell viabil
ity decreases. Likewise, an increasing frequency of the bases 
addition to pH 9.0 decreased the cell viability significantly 
(Osman, Birch et ah, 2002). Since with use of NaOH as pH 
adjustment agent in the present invention, both effects 
described by Osman et al. play a role (increase in dosage 
frequency and number of dosages), similarly negative effects 
on cultivated cells are to be expected. In contrast to the results 
achieved under the pC02-controlled conditions mentioned 
above, it has to be assumed that the negative effect of NaOH 
is significantly stronger on cell physiology if pC02 control is 
not used.

It is to be assumed that the strong disturbance of the C02 
balance in the culture medium by titration with NaOH (pro
longed pC02 adjustment time, compare FIGS. 6 and 7) can 
also have an effect on the cytosole of the cells present in the 
culture medium. This hypothesis is supported by the findings 
presented with the development of the pressure-controlled 
sampling apparatus and those shown in the following as to the 
effect of pH titration agents on cultivated animal cells on a 
small scale.
(2) Effect pH Adjustment Agents on Fed-Batch Cultivations 
of a CHO-K1 Cell Line at the 1 L Scale

The above observations of effects of NaOH and Na2C03 
should be evaluated in fed-batch cultivations of the cell line 
CHO-MUC1 in small-scale fermenter systems (1 L Αρρ- 
likon). The small fermenter described was operated in the Fed 
Batch Modus with membrane gassing and overpressure to 
simulate the hydrostatic pressure effects of bigger reactors. 
The pressurizer unit (provided by Bioengineering) worked 
autonomously and the pressure was adjusted manually by 
means of a retention valve behind the exhaust filter. The 
pressure measurement took place on the sterile side with an 
adapter piece especially designed by means of a piezosensi
tive pressure sensor. During pre-fermentation of the cells in 
the reactor, an overpressure of 60 mbar was maintained to 
simulate small fermenters of industrial propagation. By 
means of partial harvesting of the fermenter volume, increas
ing the pressure to 150 mbar and use of a main fermentation 
medium, the main production process (100 L) was simulated. 
By means of feeding medium the glucose ratio was main
tained above 1.0 g L_1 and the glutamine ratio between 0.8 g 
L-1 and 1.0 g L-1.

In the following, the live cell densities and viabilities 
achieved in the course of the process are illustrated in the 
FIGS. 9 and 10 for different C02 profiles of the gassing 
mixture. The results illustrated in FIG. 9 were realised with a 
constant ratio of 5% (ν/ν) C02 in the gassing mixture. For 
manual pH control at pH 7.2, however, the C02 ratio in the 
gassing mixture was successively reduced for the fermenta
tion illustrated in FIG. 10.

For both C02 gassing modes, higher viable cell densities, 
prolonged cultivation periods and higher product concentra
tions can be achieved when using Na2C03 instead of NaOH 
(FIGS. 9 and 10). The lactate concentrations show a continu
ous increase over the whole course of process for both pH 
adjustment agents used (FIG. 11).

Therefore, the resulting cell-specific lactate formation 
rates are higher when NaOH is used as base than when 
Na2C03 is used (calculated data not shown). When NaOH is 
used as adjustment agent, osmolalitites over the threshold of 
400 mOsmol kg-1 correlate with a slowing down of cell 
growth, when Na2C03 is used, however, the cells continue to
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grow exponentially to enter the stationary growth phase at a 
later point in time (FIG. 12). High-osmolar processes, as 
described in the literature as to increase in productivity (Kim, 
Kim et al., 2002), can be further optimized by use of Na2C03 
instead of NaOH as pH adjustment agent, according to the 
results shown herein. Particularly in combination with the 
pC02 controller developed, processes of that kind can prob
ably be further improved with regard to cell metabolism, cell 
physiology and product formation. On the basis of these 
results, Na2C03 was used exclusively as pH adjustment agent 
for further cultivations in the present invention.

Example 3

Pressure-Controlled Sampling for Fermentation 
Accompanying Measurement of Cell-Physiological 
Parameters in Pressure Blanketing Fermentations of 

Animal Cells

As already described above, industrial fermentations of 
animal cells are carried out on a large scale where, according 
to Henry’s Law, hydrostatic pressure, in combination with 
sterilisation-related overpressure, causes increased solubility 
of gases contained in the culture medium. In particular, the 
solubility of carbon dioxide produced by the cells and 
released into the aqueous medium is approximately 25 times 
higher than that of oxygen under similar conditions (Bailey 
and Ollis, 1986). The related and easy-to-measure change of 
the pH value in the culture medium can be minimized by 
using suitable buffer systems and pH adjustment agents. 
Since C02 is a small unpolar molecule, it is capable to per
meate the membrane of animal cells and, thus, influence the 
intracellular pH value (Thomas, 1995).

In general, cell-containing samples are collected in defined 
intervals from the culture for fermentation accompanying 
analysis. According to the state of the art, conventional sam
pling methods from fermentations with pressure blanketing, 
envisage opening a valve installed in the bottom region and 
releasing, due to the overpressure in the culture vessel, a 
defined volume of cell-containing sample without pressure 
into a suitable vessel. The related expansion of the cell sus
pension involves a time-dependent degasification of the sus
pension. The actual concentrations of dissolved gas in the 
corresponding fermenters may, consequently, be represented 
only insufficiently by the blood gas analyzers according to 
conventional sampling (see below).

The following Examples give results of studies on this 
matter which, in addition to the extracellular changes in the 
medium, feature on the effect of the sampling method on the 
intracellular pH value of the cells contained in the medium. 
The development of an apparatus for pressure-controlled 
sampling and the necessity to apply it with analysis of the 
intracellular pH value of animal cells, which accompanies 
cultivation in large-scale fermentation and/or fermentation 
with pressure blanketing, are presented.
(A) Construction and Development of a Pressure-Controlled 
Sampling Apparatus
(1) Qualification by In Situ and Off-Line pC02 Measure
ments

In order to examine the effect of different sampling meth
ods on the concentrations of dissolved gas in the medium— 
according to the state of the art and using the apparatus 
developed—different concentrations of dissolved carbon 
dioxide and different pressures were set in the 10 L reactor 
Biostat ES to simulate the different conditions in industrial 
large-scale fermenters. For this purpose, the appropriate 
medium was gassed with defined carbon dioxide ratios in the
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gassing mixture under standard fermentation conditions (ra
tio gassing 30 L-h-1, 37° C., 200 rpm) and otherwise the 
parameters indicated in Example 2(E). In this context, the ρΕ1 
value was not adjusted by the addition of a base. For the 
measurements, the C02 concentration increased by the 
increasing total pressure in the medium was in equilibrium 
with the gaseous phase (exhaust analysis. Xentra 4900, Ser- 
vomex). FIG. 13 shows the parameters the combination of 
which led to the 30 experiments which were carried out.

The measurements of the dissolved carbon dioxide ratio 
were carried out using in situ pC02 probes (Yellow Springs 
Instruments, USA) and/or, subsequent to sampling, off-line 
using a blood gas analyzer (AVL Compact 3, Roche Diagnos
tics GmbFl). FIG. 14 indicates exemplary results for 0.15 Μ 
NaCl as aqueous medium. From this, the relatively high loss 
of dissolved C02 between in situ measurement values and 
conventional sampling methods becomes clear 
(ApCO2=30%).

The smaller loss of C02 with use of the sealed syringe is to 
be attributed, primarily, to the lower degree of mixing with 
C02-free ambient air which inevitably occurs with conven
tional sampling. Sampling with the syringe is carried out by 
means of a sterile adapter which could be connected directly 
to the sampling valve of the reactor (FIG. 16). The internal 
pressure of the reactor moved the plunger installed in a gas- 
tight manner in the syringe fixed in a support against atmo
spheric pressure to the preset stop (FIGS. 17 and 18). Com
parative results of this preferred sampling method with 
different reactor overpressures are shown in FIG. 15. Further 
reduction of C02 loss was pursued by modification of this 
sampling method.

The use of this syringe-based reactor sampling technique 
already allows to minimize the loss of dissolved gas concen
tration (ApC02) from 30% to 20%.

The maintenance of the overpressure prevailing in the reac
tor at sampling time should further minimize the loss of 
dissolved gas. For continuous measurement of the sample 
pressure, a piezoelectric pressure receiver was integrated into 
the sampling line and connected to a digital display (FIG. 16).

Thus, pressure measurement was also possible after uncou
pling the sampling unit from the reactor. Control of the 
sample pressure indicated on reactor level and, consequently, 
the isobaric collection of the sample was carried out manually 
by slowly releasing the (cell-)suspension from the pressure- 
blanketed fermenter into the sampling unit connected thereto 
(FIG. 16). The knurled screws installed allowed fine-tuning 
of the sample pressure subsequent to uncoupling the unit 
from the reactor (FIG. 16-18). The pressure-controlled sam
pling apparatus (DNP) developed in this way maintained the 
dissolved gas concentrations in the cell-free sample on reac
tor level over a period of several hours (Klinger, 2006). FIGS. 
17 and 18 show a photography of the support unit for different 
sample volumes which were obtained using syringes and 
adapter sleeves and a top-view of the support unit with 
installed syringe.

At this stage of the development, due to the sterile con
struction, it was possible to use and qualify the specifically 
developed DPN for sampling in pressure-blanketed fermen
tations of animal cells. The sterile couplings (Staubli, Swit
zerland) in combination with the steam-sterilisable sampling 
valve of the bioreactor, the sterile mode of operation of the 
stirring vessel was not limited (qualifications not shown).

FIG. 19 shows in an exemplary manner, the C02 concen
tration measured off-line according to conventional sampling 
method in comparison with the pressure-controlled sampling 
method developed at termination of a pressure-blanketed fed- 
batch cultivation of the CFIO-MUCI cell line. Even though
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the dissolved carbon dioxide concentrations do not signifi
cantly differ in the different vessels immediately after sam
pling, the concentration of dissolved C02 in the conventional 
sampling methods decreases by 20% during the first 12 min
utes already. Thus, if conventional sampling techniques are 
applied, a representative measurement of dissolved C02 in 
fermentations with pressure blanketing is only possible with 
immediate measurement by means of a blood gas analyzer.

The use of the sampling apparatus developed, while main
taining reactor pressure and reactor temperature, is an essen
tial advantage. The sampling apparatus maintains the initial 
reactor concentration of dissolved C02 over a storage period 
of one hour (FIG. 19). In this context, the concentration of 
dissolved oxygen was not limiting at any time (Klinger, 
2006). Due to fact that the pressure and pC02 concentrations 
of the reactor are maintained outside the reactor, the pressure- 
controlled sampling apparatus developed allows medium- 
term sample treatment (<1 h) under bioreactor conditions.

In particular, the period of time analysed in FIG. 19 is 
suited in an optimum manner for the treatment of cell-con
taining sample with a fluorescence dye as, for example, it is 
required for the measurement of the intracellular pFl value. 
The fundamental correlations between the pC02 level in the 
culture medium and the intracellular pFl value are shown in 
Example 4, the results of pC02-controlled fermentation 
obtained using the sampling apparatus as described herein are 
given in Examples 5 to 7.

In the following, exemplary results of flow cytometric 
studies on cell physiological qualifications of the different 
sampling methods are presented.
(2) Qualification by Means of Flow Cytometric Measure
ments

Maintaining the reactor conditions (temperature, pFl value, 
components of the medium, concentrations of dissolved gas, 
pressure) was considered only to some extent by the flow 
cytometric determination of the intracellular pFl value using 
conventional protocols according to the state of the art. Little 
attention was paid, in particular, to the sampling from pres
sure-blanketed fermentations and the associated degasifica
tion of the medium and their effect on the physiology of the 
cells contained in the sample. From the following Examples, 
it becomes clear that, even though the extracellular measure
ment values pFl and C02 show no detectable changes in the 
medium after sampling, the cells suspended in the medium 
can already differ significantly with respect to the physiologi
cal conditions in the bioreactor.

By using the developed sampling apparatus in flow cyto
metric determinations, it is possible to measure intracellular 
pFl values which represent the physiological state of the 
examined cells in the bioreactor essentially better than it is 
possible in the state of the art. The following FIGS. 20 and 21 
show results from flow cytometric pFl, measurements which 
were achieved without (FIG. 20) and with pressure-con- 
trolled sampling (FIG. 21), respectively. In the partial illus
trations 2 and 3, to the right of the respective Figure, the 
intensities of the corresponding fluorescences (FL2-F1 AND 
FL3-F1, respectively) are plotted against the cell size. The 
partial illustrations 1, on the left, show the ratio peak resulting 
from the ratios of fluorescence intensities FL3/FL2. This ratio 
determines the pFl, value according to the calibration values. 
Its value is determined by the number of counts per detection 
channel.

In order to determine the pFl,. value of a CFIO cell popula
tion in the pressure-blanketed fermenter according to the state 
of the art, first, a sample was collected in a sterile manner 
under decompression to atmospheric pressure and then incu
bated with the fluorescence dye SNARF-1 for 25 minutes as
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described above. The subsequent measurement in the flow 
cytometer showed the fluorescence intensity ratios shown in 
FIGS. 20 A and Β. In FIG. 20 Al, a double-peak can be 
observed which is based on two cell populations with differ
ent fluorescence intensities (FIG. 20 Α2 and A3). Despite the 
selection of suitable boundaries for the individual peaks (FIG. 
20 Β, upper populations), it is not possible to relate the peaks 
unequivocally to the initial pH, value of the population in the 
reactor.

Upon observation of the same sample after a period of 50 
minutes (FIG. 2-20 C), the fluorescence of the cell population 
has completely shifted causing due to its homogeneity a 
single peak of the corresponding fluorescence intensity ratio 
(FIG. 20 Cl). This single peak represents the final state of a 
time-dependent change of the fluorescent cell population for 
which, temporarily, a double population can be observed as 
shown in FIG. 20 A.

This assumption was to be confirmed by using the pres
sure-controlled sampling for the incubation of the reactor 
sample, which was obtained in an isobaric manner, with the 
fluorescence dye SNARF-1. If the partial populations with 
high fluorescence intensity (scatter diagrams in FIG. 20 Α2, 
A3) and the position of the corresponding ratio peaks (FIG. 
20 Al) after isobaric incubation in the pressure-controlled 
sampling apparatus are compared with those from incubation 
without pressure according to conventional sampling (scatter 
diagram in FIG. 21D2 and D3 and ratio peak FIG. 20 Dl), the 
following differences can be observed. Contrary to incuba
tion without pressure (according to the state of the art), even 
after 25 minutes of incubation, a homogenous fluorescent cell 
population (FIG. 21 D2 and D3) and a corresponding single 
ratio peak (FIG. 21 Dl) can be observed. If the same sample 
is incubated for further 25 minutes without overpressure, the 
whole fluorescent cell population is shifted analogously to the 
one without pressure (cf. FIG. 21 Ε2 and Ε3; FIG. 21 C2 and 
C3). The final positions of the single peaks are identical (cf. 
FIG. 21 El and FIG. 20 Cl) after a period of 50 minutes, but 
they do not reflect the real pH, of the cell population in the 
reactor.

This supports the theory that, during incubation without 
pressure under expansion, cell populations from the reactor 
are subjected to a time-dependent pH, change which can be 
measured by means of the inhomogeneous shift of the fluo
rescence populations and the transient ratio double-peak. 
These intracellular changes can be measured before extracel
lular parameter such as pH and pC02 may cause significant 
changes of the measurement values and, thus, may falsify the 
measurement of the intracellular pH value of the cell popu
lation in pressure-blanketed fermenters considerably.

Al-Rubeai (Welsh and Al-Rubeai, 1996) attributed the 
time-dependent sub-peak (FIG. 20 Al, left peak) occurring 
due to (intracellular) degasification to the non-viable cell 
population. Thus, according to their studies, there is a striking 
correlation between the ratio of non-viable cells and the cell 
populations which are represented by an analogous sub-peak. 
This is not confirmed by the results presented herein. In fact, 
the cell populations used for the above-mentioned studies 
exhibited viabilities >95% and were in the exponential 
growth phase without limitations. Early apoptotic signals 
which coincide with an acidification of the cytosol can be 
excluded as cause for the ratio double-peak shown herein 
(FIG. 20, Al left peak). According to this, with respect to the 
bioprocess, they would imply that the pressure variations 
observed with conventional sampling induced severe apop
tosis analogously to e.g. the repetitive (fed-)batch processes, 
which, however, cannot be observed. The ratio double-peak 
as observed herein is transient and, thus, it is to be attributed
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only to sampling and/or incubation without pressure and the 
resulting degasification of the cells in suspension.

In fact, in the present invention, ratio double-peaks were 
also observed with the use of the pressure-controlled sam
pling apparatus, but only at the end of (fed-)batch cultivations 
when measurable decreases in viability can be registered 
(data not shown). These coincide with late phases of the 
apoptosis which were measured by parallely applied flow 
cytometry by means of DNA quantification (sub-Gl peak 
with cell cycle analysis using DNA fragments).

Thus, the results shown herein support the necessity of 
isobaric sampling with pressure-blanketed fermentations in 
order to correctly determine the intracellular pH values of the 
reactor population.

Example 4

Effects of the Content of the Dissolved Carbon 
Dioxide on the Intracellular pH Value of Animal 

Cells

As a small unpolar molecule, physically dissolved C02, a 
product of metabolism of cultivated cells, can permeate the 
cell membrane relatively unhindered without requiring spe
cific transporters (Thomas, 1995). However, within the cell 
and in the extracellular aqueous medium, it is in equilibrium 
with hydrogen carbonate for which active transports systems 
are provided to the cell (Hu, Seth et al., 2007). Thus, a change 
in the concentration of one of the species always causes a 
corresponding change of the other species involved in the 
equilibrium and, consequently, a change of the pH value. If 
changes in the concentration of dissolved C02 and/or hydro
gen carbonate occur in the culture medium of the cells, this 
has always time-dependent effects on the intracellular pH 
value (pH,) of the cells. The maintenance of the physiological 
medium and, thus, the intracellular processes is carried out by 
the cell via regulation of the pH, by using transporters in the 
cell membrane, in part, under energy-consumption condi
tions (Madshus, 1988; Reusch, 1995).

In the following, the correlation between the pC02 content 
of the culture medium and the pH, of the cells cultured therein 
is studied. The CHO-MUC1 cell line was cultured with con
trolled pC02 values in the reactor system (chemostat, 1 L), a 
sample was collected under maintenance of the reactor con
ditions and, for the determination of the pH,, incubated with 
the pH-sensitive fluorescence dye according to the experi
ment in question. The concentrations of the pC02 in the 
sample were determined off-line (AVL Compact 3) and the 
intracellular pH value was measured by means of flow cytom
etry.
(A) In Vitro Effects of pC02 on pH,

The pC02 saturation to the corresponding pC02 levels in 
the medium were achieved by gassing the stained cell sus
pension with air (AVL Compact 3) immediately (<5 s) before 
the flow cytometric pH, measurement. The effects on the 
intracellular pH value due to different pC02 saturations in the 
culture medium in vitro are shown in FIG. 22. The parallel 
graphs of the curves obtained from different reactor samples 
are indicative for a direct correlation between pC02 concen
trations in the medium enclosing the cells and the intracellu
lar pH value of the cells. The higher the C02 saturation in the 
culture medium, the higher was the temporary alkalization of 
the cytosol of the cells contained in the culture medium.

The observed phenomenon of the short-term intracellular 
alkalization with depletion of dissolved C02 in the culture 
medium can be attributed to the shift of its equilibrium. If the 
C02 which is physically dissolved in the medium and is in
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equilibrium with hydrogen carbonate and protons is removed, 
this will cause an increase in the pH value since the binding of 
hydrogen carbonate to hydronium ions will increase to 
replace the dispersing C02 with elimination of water. This 
equilibrium shift takes place in the cytosol so that with 
decreasing pC02 concentration in the medium, the measured 
pH, value increases as shown in FIG. 22. In the following, this 
short-time effect is referred to as “chemical effect” of the 
changes of the content of dissolved C02 on the intracellular 
pH value.

As the following studies show, a viable cell actively reacts 
to this change in its environment. On a deflection from the 
physiological equilibrium state, as upon the removal of dis
solved C02 from the culture medium shown in FIG. 22, in 
addition to the short-term chemical effect described, the cells 
always exhibit a reaction in form of a “physiological effect” 
(FIG. 23). A biphasic development of the pH, could be 
observed in all experiments (FIGS. 23 and 24). In this context, 
the short-time alkalization of the cytosol due to C02 depletion 
was always followed by a phase of acidification of the cyto
sol, which is contrary to the shift of the C02 equilibrium. Only 
30 to 40 minutes after in vitro C02 depletion in the medium, 
the intracellular pH value of the population dropped below 
the initial value (FIGS. 23 and 24). In this context, no signifi
cant changes of the extracellular pH value are measured in the 
cell culture medium used (FIG. 23), whereas the intracellular 
pH value shows the above-described biphasic change, with 
the extracellular pH value being constant.

This super-compensation of pH, deflection could be 
observed with different initial pC02 values (FIG. 24), 
wherein the pC02 gradient between the initial concentration 
in the culture medium and the final value after C02 depletion 
determines the degree of the intracellular alkalization via the 
“chemical effect” (FIG. 24).

The super-compensation with an acidification below the 
initial value if the intracellular pH, which was observed in the 
second phase, can be correlated with active transport pro
cesses through the cell membrane. As already discussed 
above, there are several relevant transporters in CHO cells 
which are responsible for pH, control. They adjust the intra
cellular pH value by means of a flow equilibrium prior to a 
dissolved C02 disturbance. This phenomenon will be further 
discussed in the following Example where the in situ effects 
of C02 enrichment in the culture medium on the cytosolic pH 
value will be examined.
(Β) In Situ Effects of pC02 on pH,

The observed in vitro effects of the time-dependent cell 
response on C02 depletion in the culture medium (FIGS. 23 
and 24) were to be simulated in situ in the controlled small- 
scale fermentation system (Applikon 1 L). For this purpose, 
the set value profile of pC02 was raised gradually during a 
continuous chemostat cultivation. In FIG. 25, the resulting 
pH, values are plotted for the viable cell density in relation to 
process time.

As can be seen from FIG. 25, the above, in vitro observed, 
effects of the short-time alkalization and the long-time acidi
fication of the cytosol after a decrease of the pC02 level in the 
culture medium also occur in situ with, in contrast, an esca
lated enrichment of the culture medium in the small-scale 
fermenter. In this context, corresponding short-time acidifi
cation and long-time alkalization can be observed as reac
tions of the cell to the escalated increase in dissolved C02 
concentrations in the medium. It must be noted that the long
time alkalizations of the cells after the pC02 surge to a higher 
value (FIG. 25) remain at this level (+0.1 pH, units per surge 
from 2.5% to 5.0% and from 5.0% to 10.0% pC02, respec
tively, in the medium). Thus, the intracellular pH value seems
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to be directly correlated with the pC02 level of the culture 
medium, since, apart from this parameter, the cultivation 
conditions are constant in the chemostat process. Thus, there 
is the possibility to influence the pH, of the cells, with the 
described consequences regarding physiology and metabo
lism, via the pC02 concentration in the culture medium.

To date, only incomplete studies on this subject matter have 
been described in the literature. These examined continuous 
processes regarding the influence of pC02 on animal cells, 
however, they were based on methods using cell retention 
which could not ensure a constant cell population (size dis
tribution, cell cycle phase distribution, metabolic consump
tion and formation rates). Phenomena which can be generally 
observed are the alkalization of the cytosol with accelerated 
cell growth and generally intensified metabolism and/or a 
more acidic pH, with resting cells (Engasser, Marc et al., 
1996; Welsh and Al-Rubeai, 1996). In combination with the 
pC02 controller developed, the chemostat process as studied 
herein with a cell output over the complete size distribution 
and with constant cell density provides, for the first time, the 
possibility of detailed cell physiological and metabolic stud
ies of the cells in equilibrium state. Thus, it is possible to 
decouple the effects of the pC02 content in the medium on 
pH, from the changes which, due to cell growth and cell cycle 
phase distribution, occur e.g. in batch processing or in pro
cessing with cell retention and associated size selection.

In the early 1990s, Wu et al. already began to work on 
single-cell-based computer simulation of the intracellular pH 
control in CHO cells (Wu, 1993). The “regular model” for cell 
growth in suspended batch cultures postulated by Wu 
describes pH, values for states of equilibrium and alkaline 
depletions in CHO cells in a satisfying manner, however, the 
description requires modifications with respect to the pH, 
after transient acidification of the cells. The modifications 
indicated by the authors in this context describe the property 
of CHO cells allowing activating the NA+/H+-antiporter with 
acute acidification of the cytosol and reducing the activity of 
said antiporter to a basal level once a new equilibrium is 
achieved even if the cytosolic pH is still more acidic than the 
initial pH. The above-mentioned findings from the pH- and 
pC02-controlled chemostat process are contrary to the modi
fications of the pH, regulation model of Wu. The effect 
described by Wu shows high similarity to the “chemical 
effect”, which would be a possible explanation for short-time 
pHi changes in such simulations. However, once a new in situ 
equilibrium state is reached in the controlled system, the 
“physiological effect” prevails with super-compensation by 
active transport processes and also by activating the NA+/H+- 
antiporters, as postulated by Wu. This “physiological effect” 
in dynamic situation models of animal cells should be con
sidered in an appropriate manner.

Example 5

pC02-Controlled Fed-Batch Cultivation of Cell Line 
CHO-MUC1 in 10 L-Scale

The findings obtained in the above Examples on the basis 
of the effect of the different pH adjustment agents, the reac
tions of the intracellular pH value to the pC02 in vitro and in 
situ and the procedural implementation of the control strate
gies for pC02 and overpressure will be consolidated in the 
following. For this purpose, the bioreactor Biostat ES was 
used with the model cell line CHO-MUC1 under industrial 
conditions (overpressure, pC02 profiles, medium, processing 
mode). Subsequent to revitalisation in spinner flasks, the 
inoculum was cultivated in a working volume of up to 1 liter
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at 5% C02 in the incubator. Subsequent to inoculation, the 
viable cell density in the 10 L reactor was 1.5χ105 cells mL-1. 
All further fermentations in 10 L-scale were carried out under 
standard fermentation conditions as described in Example 
1(E) with constant energy transfer. Foaming was counter
acted by manually adding an anti-foaming agent (Dow Medi
cal Grade C). The overpressure in the fermenter was adjusted 
to 750 mbar, the pC02 values to constant 5%, 15%, 25% 
and/or a profile of 5-15% pC02, respectively. The dynamic 
set value profile of 5-15% pC02 was intended to simulate 
C02 enrichment in the culture medium during the fermenta
tion process in industrial production processes. According to 
the relevant literature, 25% pC02 should have a deleterious 
C02 effect on the cultivated cells (Kimura and Miller, 1996; 
Pattison, Swamy et al., 2000; de Zingotita, 2002).

In all cultivations, the concentrations of the control sub
strates glucose and glutamine was maintained in the range of 
between 2-5 L-1 and 0.5-1.0 g L-1, respectively, by daily 
pulsed feed, so that amino acid eliminations were prevented. 
The abort criterion for the fermentation was a viability below 
80% in order not to detect erroneously the incompletely trans
lated fusion protein or fusion protein affected by proteases of 
the cell in ELISA.
(A) Growth Behaviour

FIG. 26 shows growth behaviour and viabilities for the 
different pC02 control profiles. From this, the following ten
dency becomes apparent. In general, the cultures in the biore
actor grew more rapidly at lower pC02 values if these were 
adjusted to constant set values. At 5% pC02, the maximum 
density of viable cell achieved is highest (1.3χ107 mL-1) and 
in minimum time (150 h). In this case, viability decreases 
comparatively early so that the duration of cultivation is sig
nificantly shortened (<200 h). Cultivation with a pC02 profile 
simulating the course of growth in an industrial fermenter on 
production scale shows a striking course of growth (see also 
FIG. 28 showing pH,). In this case, the pC02 value is from 5% 
(start) to 15% (190 h and more) and the related growth curve 
is between the curves of controlled constant 5% and 15% 
pC02 (FIG. 26). At 25% pC02, the culture shows slower 
growth, but exhibits higher viable cell densities than the cul
ture at 15% pC02. Thus, no toxic effect is observed at 25% 
pC02 yet, a further increase in pC02 was not possible due to 
technical factors. Viability curves and death rates are similar 
for all controlled constant pC02 values (FIG. 26).
(Β) Cell Cycle Phase Distribution

In the following, the cell cycle curves of the G0G1 phase 
fractions of cultivations with different pC02 set value profiles 
are studied (FIG. 27). In this context, the relatively high 
G0G1 fraction at 15% pC02 is to be noted which increases 
from 150 h onward until cultivation is stopped and, thus, 
reflects a progressing cell arrestation.

The curve of the G0G1 phase fractions for cultivation with 
a pC02 profile of 5-15% is, up to 150 h, analogous to the curve 
for cultivation that is pC02-controlled at constant 5%. Thus, 
this curve is similar to the curve for 15% pC02. This indus
trial pC02 profile shows, however, a particularly distinct turn
ing point at approximately 170 h with the G0G1 fraction 
decreasing. This correlates with a pC02 value of 13% (FIG. 
28). A further increase in the pC02 value to 15% and its 
fixation at this level does not result in a further increase in the 
G0G1 phase fraction (FIG. 28). Flowever, in the process 
which is adjusted to constant 15% pC02 since cultivation 
start, the G0G1 phase fraction further increases until the end 
of the process (FIG. 27).
(1) Consequences for Process Development

It remains to be examined whether, in this case, a higher 
G0G1 phase fraction could be achieved by means of static
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control of the set value at 13% (turning point G0G1 phase 
fraction) with the start of cultivation. Thus, a dynamic pC02 
set value profile—as applied herein or similar—is useful for 
cell (line)-specific pC02 optimization, e.g. by applying the 
turning point method as shown herein to the curve of cell 
cycle distributions or other cell parameters (e.g. pH,-, specific 
rates). Contrary to the profile of industrial large-scale fer
menters which is to be simulated, the pC02 set value profile as 
shown herein is applied externally via the control by means of 
C02 addition via gassing. In industrial production ferment
ers, C02 enriched in the medium is provided by the cells 
themselves. Therefore, it is possible that a corresponding pH, 
profile can differ accordingly. This might also be analysed 
analogously if the pressure-controlled sampling apparatus 
developed in the present invention is used.
(C) Intracellular pFl Value

Since is has been shown that the pH, value can be influ
enced by applying the strategy of pC02 control, this should 
also affect cell cycle phase distribution. FIG. 29 shows the 
G0G1 fractions and pH, values for the process with controlled 
constant 25% pC02 as a comparison. An acidification process 
in the cytosol can be observed which coincides with the 
turning point in the G0G1 phase fraction curve (200 h). Thus, 
turning points in the pH, curve of the studied CFIO-Kl cell 
line coincide with turning points in the curve of the G0G1 cell 
cycle.

In this context, the cell is exposed to a constant pC02 value 
in its environment throughout the whole cultivation process. 
The pH, value increases continuously until it reaches a value 
of 7.35 and, at the turning point of the G0G1 phase fraction 
curve, continuously decreases until it reaches pFl 7.0. A short- 
time alkalization prior to the decrease of viability and termi
nation of cultivation can also be observed.

In general, at a pC02 of this high level, the G0G1 fraction 
is similarly high at the beginning of cultivation (FIG. 27) 
which is reflected by the slow growth behaviour. Throughout 
the whole fermentation process, the G0G1 phase fraction is 
within a small range (50-60% G0G1 fraction).

Since intracellular enzyme activities also show pFl depen
dencies, influencing the intracellular pFl by means of pC02 
and the corresponding control strategy is an important pro
cess parameter which is to be optimized. Bresnahan and 
Dittmer correlated, for example, increased specific antibody 
productivities with increased intracellular pFl and cell cycle 
arrestation, respectively, in the late G1 phase (Bresnahan, 
Boldogh et al., 1996; Dittmer and Mocarski, 1997). The con
troller developed in this invention, for the first time, allows to 
study the decoupling of the pC02 level from the pFl value of 
the culture medium and osmolality.

The correlations between pC02 with central cell metabo
lism will be examined in the following.
(D) Glutamine and Glutamate Metabolism

With increasing pC02, the glutamine uptake rate is slightly 
increased, this becomes particularly manifest at 25% pC02 
(FIG. 30). Similar starting curves for specific glutamine 
uptake rates can be observed for 5% pC02 and 5-15% pC02 
as already observed with the G0G1 phase fraction (FIG. 27).

Based on the yield coefficients for glutamate versus 
glutamine illustrated in FIG. 31, it is possible to assume that, 
in processes with high values of constant controlled pC02, 
the increased glutamine uptake contributes to the formation 
of glutamate to a lower degree. Y(GLT/GLN) which indicate 
the correlation between formed glutamate GLT with con
sumed glutamine GLN are, on average, lower with the con
stant pC02 control value increasing and, furthermore, show 
different progression curves. With progressing process, a 
continuous increase of the yield coefficient at a high level can
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be observed at 5% pC02, whereas, at 25% pC02, only a slight 
increase can be observed at a similarly low level. At 15% 
pC02, the process shows a more constant yield coefficient 
with a slight tendency to decrease throughout the process. 
With an increasing pC02 set value profile (5-15%), however, 
the curve of the corresponding yield coefficient is irregular. 
The local maximum of the yield coefficient at 170 h coincides 
with the turning point identified before for the G0G1 phase 
fraction (compare FIG. 31 and FIG. 28).
(Ε) Lactate Metabolism

The cell-specific lactate formation rates show the charac
teristics as depicted in FIG. 32 resulting in cumulative lactate 
concentration curves as depicted in FIG. 33. In this context, 
the cell-specific curve at 25% pC02 has to be noticed which 
shows an increase in the exponential growth phase (70 h-120 
h) and again at the end of cultivation (>200 h). The other 
fermentations examined, in general, show a decrease with 
respect to the cell-specific lactate formation rate with pro
gressing cultivation. The fermentation at 15% pC02 shows 
the highest specific lactate formation in the stationary growth 
phase.
(F) Product Formation

The product formations for the processes which are regu
lated to controlled constant pC02 values of 5% and 25% 
pC02 do not show any differences in their progression except 
with respect to the final antibody concentration MUCl-IgG, 
which is caused by the varying process durations. The sub
stantially higher productivity of the process which was regu
lated to an increasing pC02 set value profile (FIG. 34), is 
significant.
(G) Consequences for Process Development

Thus, in general, with pC02 adjustment to controlled con
stant pC02 levels, it is possible to enhance process robustness 
under the conditions as shown herein. According to the results 
as shown herein, the adjusted pC02 set value profiles, in 
particular, have potential for cell line specific optimization. 
Thus, it was possible to increase productivity, under as con
stant conditions as possible, (e.g. energy transfer, overpres
sure, temperature, pFl value) by increasing the pC02 profile. 
With regard to different industry-related issues, the pC02 
control as well as the overpressure control developed were 
simultaneously and successfully used in the 10 L bioreactor 
in fed-batch processes. The results obtained by pC02 control 
show high potential for the optimization of industrial cell 
cultivation processes by controlling the following param
eters: intracellular pFl value, cell cycle distribution, central 
metabolism (e.g. glucose, lactate, glutamine, glutamate), 
apoptosis/duration of cultivation.

Example 6

Chemostat Culture of Cell Line CFlO-MUCl-IgG: 
pC02 Set Value Control with Glucose Limitation and 

“Metabolic Shift”

The differences recognized in the central carbon metabo
lism caused by the different pC02 set value profiles were 
studied in greater detail in the chemostat process (1 L).

In the 1 L bioreactor described in Example 1(Ε), the recom
binant CFIO-Kl cell line CFIO-MUCI -IgG was cultivated in 
the chemostat process. For this purpose, gassing was carried 
out by means of an L-shaped gassing tube (Applikon) which 
introduced the gassing mixture with constant volume flow 
into the medium below the propeller stirrer (2.4 Lh-1). In this 
context, the cell suspension was removed from the near bot
tom region by means of an immersion nozzle in order to 
continuously add fresh medium via the head region so that the
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reactor volume was maintained constant. The corresponding 
flow rates D and growth rates ρ are shown in FIG. 35, viable 
cell density was within flow equilibrium at 7.5 (±l)xl06 
mL-1.

In the batch phase (<120 h) the substrate glucose is con
sumed and the culture is delivered to the metabolic switch in 
order to initiate lactate remetabolisation. In this phase, 
glutamine is sufficiently available as an alternative carbon 
source, there were no amino acid limitations. Subsequent to a 
gradual increase in flow rate D with an increasing number of 
viable cells, pFl control was started at 230 h (from pFl 6.6 to 
pFl 7.0 using 1Μ Na2C03). Thus, the lactate remetabolisation 
prevailing up to then was stopped and an increased lactate 
formation occurred.

In the glucose-limited chemostat process, the cell-specific 
lactate formation rates decreased during the process. Flow- 
ever, the growth rate remained equal to the flow rate (FIG. 35). 
If there is a set value suige from controlled 10% pC02 to 20% 
pC02 (420 h) in this flow equilibrium, the cell-specific lactate 
formation rate triples during the following 150 h and the 
glutamine uptake decreases (FIG. 36). At this position of the 
gradients between internal and external pFl value, on the basis 
of the findings of the present invention, it is possible to influ
ence the pFl, and, thus, directly influence lactate transport and 
metabolism via an optimized pC02 control (also in combina
tion with pFl set value control in the culture medium).

Example 7

pC02 Controlled Fed-Batch Cultivations of Cell 
Line CFlO-hGM-CSF-ΡΥC2 on a 1 L-Scale

As proven in the present invention so far, apart from the pFl 
value of the culture medium, also pC02 and pC02 set value 
control affect the central metabolism significantly, even under 
glucose-limited conditions. Furthermore, exact knowledge of 
the intracellular pFl value is essential for a metabolically and 
energetically optimized cell culture process. Since in particu
lar the metabolic switch for lactate remetabolisation may 
enable efficient metabolic pathways with an associated 
increase in productivity in recombinant cell lines, high pro
cess robustness desirable for industrial processes. Therefore, 
in the experiments described herein, the combination of the 
pC02 process engineering developed herein should be carried 
out using a CFIO cell line which is optimized via metabolic 
engineering and pC02-sensitive at the same time. Conse
quently, a sensitive alignment of the control strategies in the 
fermenter with the desired cell metabolism is required. In this 
context, the energy transfer must also be taken into account. 
In this study, the parameter of the empty tube velocity of gas 
was selected for pC02 control and regulation. Flowever, if the 
stirrer interferes also with the control cascade for p02 and 
pC02, the effect of eneigy transfer has to be studied in an 
analogous approach according to the experimental set-up 
shown herein. In studies of this kind, the procedural param
eter always have to be considered separately from the effect of 
the composition of the culture media.

Since direct effects of pC02 control on lactate metabolism 
could be identified, a cell line optimized with regard to lactate 
metabolism by means of metabolic engineering is used 
herein. The cell line CF10-hGM-CSF-PYC2 has a pyruvate 
carboxilase with cytosolic activity affecting also the central 
metabolism (Wagner, 1998; Irani, 1999; Bollati Fogolin, 
2001; Bollati Fogolin, 2003) (FIG. 37). pC02 control should 
allow, for the first time, to purposefully change the hydrogen 
carbonate concentration in the cell and, thus, the concentra
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tion of a substrate of pyruvate carboxylase via the pC02 level 
in the medium and thus influence the central metabolism.

Subsequently, the effect of different controlled pC02 con
centrations on parameters such as cell physiology and cell 
metabolism as well as on intracellular pH and productivity 
was to be studied on a 1 L-scale using the fed-batch fermen
tation of cell line CHO-hGM-CSF-PYC2 which secretes the 
growth factor hGM-CSF into the medium. Constant cultiva
tion conditions which are analogous to the 10 L-scale allow to 
compare the results with the results obtained for the antibody 
producing cell line CHO-MUC1. The pyruvate carboxylase 
from S. cerevisiae which exhibits cytosolic activity in this 
recombinant cell line and which catalyses the anaplerotic 
reaction of pyruvate with hydrogen carbonate into oxalac- 
etate allows the metabolic exploitation of hydrogen carbon
ate, which is present in the cytosol, by the cell via the citric 
acid cycle (FIG. 37b).

According to the analysis of the metabolic flows in ΒΗΚ- 
PYC cells expressing the recombinant cytosolic pyruvate 
carboxilase (Paul, 2006), the flow of the recombinant cytol- 
solic pyruvate carboxylase was very low under the process 
conditions examined in this context. Consequently, a depen
dency on pC02 concentration and a pH,, dependency of this 
metabolic pathway caused by said concentration dependency 
were to be studied. This approach was considered purposeful 
since the hydrogen carbonate concentration is an important 
parameter for the reaction of cytosolic pyruvate into oxalac- 
etate and since, according to the results obtained herein, it 
should be possible to influence hydrogen carbonate concen
tration via the (controlled) pC02 level in the culture medium 
(and, thus, also in the cytosol). It is also conceivable to influ
ence the newly introduced metabolic pathway in the model 
cell line CHO-hGM-CSF-ΡΥC2 via the secondary parameter 
pH,—which, also according to the results shown herein, can 
be influenced by the pC02 level—, for example, via the pH 
dependency of pyruvate carboxylase activity and lactate 
dehydrogenase activity.
(A) Process Conditions

Dependency of the cellular parameters on the controlled 
pC02 level was studied. The inoculum was cultivated at 5% 
C02 in the incubator as described above. All inoculum cul
tures used had viabilities higher than 95%. In the 1 L stirred 
reactor, standard fermentation conditions were used (Ex
ample 1(E)). Glucose concentration was maintained in the 
range of 2-5 gL-1 by adding a sterile bolus (maximum 5% ν/ν; 
l-2d_1) of a concentrated feed solution. This allowed to pre
vent both, glucose limitation and the Crabtree effect (also: 
negative Pasteur effect) which occurs with a glucose concen
tration of approximately 10 gL-1 and higher. Accordingly, the 
glutamine concentration was maintained between 0.5-1.0 
gL-1 and amino acid limitations were avoided. Throughout 
the entire cultivation process, pC02 values were controlled to 
be constant 5% pC02 and 15% pC02, respectively. A culti
vation with uncontrolled pC02 concentration was run as ref
erence (FIG. 38). Here, pH set value deflections of the culture 
medium were counteracted by adjusted admixture of C02 in 
the gassing air as well as by controlled addition of sodium 
carbonate solution (1 Μ). With this C02-based pH control, 
the increased formation of acidic metabolites (e.g. lactate) 
during the cultivation process results in a reduction of the C02 
ratio in the supply air but it may cause a decrease of the pC02 
concentration in the medium below physiological concentra
tions (<5%). This reduction can already be observed with the 
set-up with constant gassing rate as used herein (FIG. 38) and 
is probably further increased upon successive increase in the 
gassing rate which is used in order to increase the oxygen 
transfer into the culture medium.
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(Β) Viable Cell Densities and Viability

Viable cell densities and viabilities are shown in FIG. 39. In 
this context, the following tendencies can be observed. All 
cultures reach the stationary growth phase after approxi
mately the same time span (170 h; 7 days). For the different 
pC02 profiles, the maximum viable cell densities do not differ 
significantly (9-11χ106 mL-1). The later entry into the sta
tionary phase with controlled pC02 of 15% may be caused by 
the initially lower viability of the culture subsequent to inocu
lation of the stirring vessel. Possibly, the transition of the cells 
from the pre-cultivation at 5% C02 into the culture medium 
equilibrated at 15% C02 in the reactor first has a negative 
effect on the viability. Effects of these pC02 surges on the 
cells were studied in Example 4. It proved that, in comparison 
with the process according to the state of the art in which 
pC02 is not controlled, the control of pC02 concentrations 
throughout the whole fermentation process has a positive 
effect on the viability of the cultures and allows an extended 
stationary phase of high cell density. The higher the con
trolled pC02 value, the longer the culture is viable. The opti
mum for the recombinant CHO-K1 cell line studied is closer 
to 15% pC02 than to 5% pC02.
(C) Addition of Base and Osmolalities

The adjustment of the initial controlled pC02 value upon 
inoculation was carried out with simultaneous control of the 
pH value. Thus, the pH value decrease due to the C02 added 
for high pC02 values was counteracted by the addition of 
sodium carbonate solution. This caused a higher initial addi
tion of base into the fermenter at 15% pC02 as can be seen in 
FIG. 40. However, the process without pC02 control initially 
does not require any base since the acidification of the 
medium can first be counteracted by a reduction of the C02 
ratio in the supply air (FIG. 40). Whereas the addition of base 
at controlled 5% pC02 and controlled 15% pC02 is identical 
for the intervals of the process time 80-180 h (parallel curves), 
the addition of base in processes with uncontrolled pC02 is 
greatly increased during this time. Thus, only the process at 
15% pC02 requires a base until the process is terminated 
(FIG. 40), implying that the metabolism of the cultivated cells 
is still active. The final osmolalities of all described processes 
are, however, identical and show an analogous curve through
out the process period (FIG. 40). The extended process dura
tion due to higher viabilities is, thus, not coupled to osmola
lity, but has to be primarily attributed to the controlled pC02 
level.
(D) Lactate Metabolism

Also with the lactate formation of the different processes, 
graduation can be observed (FIG. 41). The non-controlled 
pC02 process forms more lactate from the start of the process 
already and achieves, compared to the other processes, a 
higher concentration maximum. Subsequently, there is the 
controlled 5% pC02 process involving decreasing lactate 
accumulation, followed by the controlled 15% pC02 process.

Independently from the controlled glucose and glutamine 
concentrations, respectively, which were all maintained 
between2.0to 5.0gL-1 and0.5 to l.OgL-1,respectively, over 
the entire fed-batch process (datanot shown), in the processes 
with uncontrolled pC02 and with controlled 5% pC02 a lac
tate metabolisation with entry into the stationary phase can be 
observed (from 180 h and 220 h, respectively, FIG. 42). This 
diauxy behaviour is not very distinct in the controlled 15% 
pC02 process. Its cell-specific lactate formation rate is in the 
positive range over the entire course of cultivation (FIG. 42), 
however, the lactate accumulation in this process is the lowest 
(FIG. 41).

These observations allow for the following conclusions: In 
the studied fed-batch process, the cell line CHO-hGM-CSF-
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PYC2 used showed lower maximum lactate concentrations 
with controlled pC02 values (reduction by 30% with 15% 
pC02 compared to non-controlled pC02 process). The reme- 
tabolisation of lactate observed with entry into the stationary 
phase is more distinct with higher lactate concentrations. This 
change inmetabolism is not coupled to a limitation of glucose 
or glutamine. The central metabolism, in this case lactate 
formation serves as an example, can thus be influenced by 
control of pC02. In this recombinant cell system with cyto
solic pyruvate carboxylase, an increase in metabolic effi
ciency can be achieved by increase in pC02 in the culture 
medium (preferably carried out by an appropriate control and 
regulation, as shown herein).
(Ε) Product Formation

The specific product formation rate differs with different, 
controlled pC02 values significantly (FIG. 43). In compari
son with the uncontrolled pC02 process, the specific product 
formation rates are strongly increased with continuously con
trolled pC02: for the controlled 15% pC02 process compared 
to the controlled 5% pC02 process by 15% on average (FIG. 
43). Thus, by control of pC02 up to constant 15% pC02, the 
increased specific product formation rate and the extended 
process duration result in a maximisation of the hGM-CSF 
product titre by 100% in the case of the cell line CHO-hGM- 
CSF-PYC2 used (FIG. 44).
(F) pH, Cell Cycle Phase Distribution and Specific Produc
tivity

In the following, the cause of the increased productivity 
with increased controlled pC02 concentrations was to be 
analysed. For this purpose, the intracellular pH curves, spe
cific productivities and selected cell cycle phase distributions 
of the individual fermentations with different pC02 profiles 
were contrasted.

In Example 4 it was clearly shown which effects pC02 has 
on pH,. Thus, pC02 jumps in the culture medium of the 
processes always cause a biphasic change of the intracellular 
pH value. In the following figures (FIG. 45-47), the curves of 
the intracellular pH value (before pulsed feed), the specific 
productivities and the ratios of the percentages of cells in the 
S-phase and cells in the G0G1 phase (S/G0G1) are shown.

In the fed-batch cultivation with uncontrolled pC02 (FIG. 
45), the first feeding coincides with the decrease of the pH, by 
0.3 units. With entry into the stationary growth phase, the pH, 
increases again. In comparison with the controlled pC02 
processes, the SPR remains extremely low. The pH, also 
remains on an extremely low level (pH,<7.1) during the entire 
cultivation.

With the 5% controlled pC02 culture (FIG. 46), the pH, 
decreases, independently from the entry into the stationary 
growth phase, due to the first feeding by approximately 0.3 
units. The entry into the stationary growth phase coincides 
with an increase in the pH, by 0.5 units. The SPR also strongly 
increases in the stationary growth phase. In total, the pH, is on 
a higher level than with the uncontrolled pC02 culture (FIG. 
45), however, it fluctuates more than with the 15% controlled 
pC02 process (FIG. 47). Furthermore, the increase in the 
S/(G0GI) ratio at the end of the stationary growth phase 
shows an incomplete arrestation of the cell cycle.

With the controlled 15% pC02 culture (FIG. 47), after the 
first feeding, the pH, does not decrease—contrary to the cul
tivations with uncontrolled and controlled 5% pC02, respec
tively. Even after entry into the stationary growth phase, the 
pH, only decreases slightly and for a short period. On the 
whole, with controlled 15% pC02, this cultivation shows the 
lowest variations of the pH, values and, moreover, the highest 
pH, level in the course of cultivation. Furthermore, in this 
context, a constant low cell cycle phase fraction S/(G0G1)
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can be observed from approximately 200 h, which corre
sponds to a successful arrestation of the cell cycle (FIG. 47). 
The thus extended viable culture period in combination with 
the increasing SPR during the stationary growth phase results 
in the highest end product titre in this cultivation series (FIG. 
44).

In summary, the cell-specific productivities with the cell 
cycle phase fractions of the cells in the G0G1 phase are shown 
for the processes with different pC02 profiles in FIG. 48.

Accordingly, the following results can be summarised for 
the described fermentations with different pC02 profiles for 
the cell line CHO-hGM-CSF-PYC2 analysed: An increasing 
pH, correlates with the increased G0G1 phase fraction of 
cultivated cells. An increased G0G1 phase fraction correlates 
with an increase in the cell-specific productivity. The higher 
the controlled pC02 set value during the course of the pro
cess, the higher is the phase fraction G0G1 in the stationary 
growth phase.

The increase in the specific productivity by arrestation of 
cells in the G0/G1 phase is described in the literature. A 
three-fold higher specific production formation rate was 
observed e.g. with use of AMP (adenosine monophosphate), 
since the cells during the exponential growth phase were 
arrested and, thus, transferred into a long stationary phase.

The process strategy of pC02 control as pursued herein 
results for CHO-hGM-CSF-ΡΥC2 in a product concentration 
which is 10-fold higher (at controlled 15% pC02) than with 
the strategy based on temperature decrease by Bollati et al. 
(Bollati Fogolin, 2003). According to the findings obtained 
therein, it can be assumed that also in the latter case solubility 
of C02 in the culture medium was increased due to the tem
perature decrease and, thus, may have played a role in the 
increased productivity via an extended process duration and 
an extended G0/G1 phase. Similar effects due to temperature 
decrease have already been described (Bloemkolk, 1992; 
Moore, 1997; Kaufmann, 1999). Even tough, contrary to the 
batch method, in the fed-batch method used, limitations of the 
substrate can of course be avoided and an extended process 
duration can be achieved, increased, controlled pC02 is a 
basic factor for higher specific product formation rates. This 
increase is probably related to the increased solubility of C02 
in the culture medium.
(G) Cell Respiration

In combination with pH control, measurement and control 
of pC02 in the culture medium developed in the present 
invention an enrichment of C02 in the liquid phase was coun
teracted (Example 2). Thus, it became possible to balance 
C02 by means of supply and exhaust air. The correlation of 
the oxygen uptake rate (OUR) with the carbon dioxide evo
lution rate (CER) results in the respiratory quotient (RQ). A 
complete respiration of glucose into C02 would result in 
RQ=1. An RQ value >1 would only occur with fermentation, 
lipid or protein anabolism, whereas an RQ value <1 is an 
indicator for incomplete oxidation of amino acids and for 
protein and lipid catabolism (Hauser and Wagner, 1997; 
Alberts, 2002).

As described in Example 1, the oxygen transfer rate OTR 
can be calculated based on the kza value. This value was 
determined cell-free under standard pressure in culture 
medium using the reconcentration method under standard 
fermentation conditions in both reactors. For the 1 L reactor 
used under atmospheric pressure, ^8,-,2=3.55 h-1. Using the 
diffusivities of the gases oxygen and carbon dioxide via the 
proportionality factor 0.89 (Frahm, Blank et al., 2002), the 
value for this reactor is kLac02=3.16 h-1.

The OUR was calculated using the flow volume of oxygen 
in the supply air. The partial pressure of oxygen in the reactor
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was measured online by means of an oxygen sensor. Based on 
the p02 value, the concentration of oxygen dissolved was 
calculated using the Henry constant for oxygen at 37° C. 
Based on the oxygen concentration in the supply air, the 
theoretical saturation concentration c* was calculated. This 
allowed to calculate the OTR value. In a stationary controlled 
state, OTR is equal to OUR and CTR is equal to CER, respec
tively.

In analogy to OUR, CER can be calculated on the basis of 
the measurement of the exhaust air. FIGS. 49 and 50 show the 
OUR, CER and RQ values for the pC02 controlled processes. 
After reaching a maximum value, the RQ value shows a 
substantially more rapid decrease at 5% pC02 than in the 
controlled 15% pC02 process. After a process time of 300 h, 
the RQ value of the process at 5% pC02 is merely a third of 
the RQ value at 15% pC02. The metabolism of this compara
tively more productive process with controlled 15% pC02 is 
more oxidative throughout the whole process duration than 
the metabolism of the process with controlled 5% pC02.

Due to the comparatively high gas volume flows, the low 
cell consumption and production rates allow no balancing 
with respect to the differences in concentrations in supply and 
exhaust air. In this respect, the RQ calculations presented 
herein have some disadvantages in comparison with calcula
tions described for microbial cultivations. Nonetheless, the 
RQ calculations demonstrate the potential of pC02 control to 
determine the parameter RQ in real time during fermentations 
also in animal cell cultivation processes. This would allow 
RQ parameter based process control in industrial high cell 
density processes via pC02 and, consequently, via purposeful 
adjustment of pH, with the above-mentioned optimization 
potentials.

The product formation occurs essentially in the G0G1 
phase of the cell line studied. The higher the controlled pC02, 
the higher is the number of cells remaining in this phase. 
Thus, the higher viability of cells at a higher controlled pC02 
implies that cells remain longer in the G0G1 phase with an 
increased pC02.
(Η) Apoptosis

It was studied whether a higher controlled pC02 level has 
an anti-apoptotic effect on the cell culture. The 5-phase pH, 
curve is a common characteristic of all cultivations described 
above, which is clear from FIGS. 45 to 47. It is highly prob
ably that, in all cultivations, the last turning point of the pH, 
curve marks the beginning apoptosis. In this context, the cell 
alkalinizes intracellularly before viabilities decrease below 
80%, which was the criterion for stopping all cultivations. In 
the flow cytometric measurements of cell cycle which accom
panied cultivation, a higher number of DNA fragments was 
also detected as sub-Gl -peak after this late pH, turning point 
(data not shown) which in general can be observed in late 
phases of apoptosis (budding).
(I) Consequences for Process Development

With uncontrolled pC02 or pC02 controlled at a low level 
(5%), pulsed feeds can have unfavourable effects on the intra
cellular pH value (FIG. 45-47). Apart from this feed tech
nique, the pharmaceutical industry uses continuous feed 
throughout the whole fed-batch process in analogous pro
cesses. If pC02 is not controlled to maintain a relatively 
constant and/or high level, respectively (see above), this is a 
possibility not to provoke uncontrolled pH, oscillations based 
on the results shown herein to begin with. It would, however, 
be possible to purposefully achieve the same effect on the pHi 
of cells and, thus, on their physiology and metabolism by 
combining pulsed and continuous feed, which would have to 
optimized, preferably in combination with pC02-controlled 
cultivation. A strategy adapted to the process phases of

45
growth and production might be rationally optimized on the 
basis of the findings of the present invention. Due to the high 
intracellular buffer capacity by HC03", a high (controlled) 
pC02 content in the medium causes lower environment-de- 
pendent pHz. oscillations.

ABBREVIATIONS

46

Abbreviation Explanation

ATCC American Type Culture Collection
BA butyric acid
BGA blood gas analyzer
ΒΗΚ baby hamster kidney
BSA bovine serum albumin
CA carboanhydrase
CD chemically defined
CER C02 evolution rate
CHO Chinese hamster ovary
CIP clean-in-place
CMV cytomegalovirus
CTR C02 transfer rate
DMSO dimethyl sulfoxide
DNA deoxyribonucleic acid
DPN pressure-controlled sampling apparatus
Ε. coli Escherichia coli
ELISA enzyme-linked immunosorbent assay
FACS fluorescence-assisted cell sorting
FBS fetal bovine serum
FL fluorescent light
FSC forward scatter
G418 genicitin
GFP green fluorescent protein
GLC glucose
GLN glutamine
GLT glutamate
HDFSB dialysed FBS in HEPES buffer
HEPES Ν- [2-hydroxy ethyl]piperazine-N'- [2- 

ethanesulfonic acid]
hGM-CSF human granulocyte-macrophage colony- 

stimulating factor
HPLC high performance liquid chromatography
HPTS hydroxypyrene-3-sulfonic acid
HRP horseradish peroxidase
HTS high throughput screening
IgG immunoglobulin
LAC lactate
LGH lactate dehydrogenase
MCB master cell bank
MFC mass flow controller
MUC1 mucin glycoprotein
NAD nicotinamide adenine dinucleotide
ΝΗΕ sodium/proton exchanger
ΟΡΑ ortho-phthaldialdehyde
OPD 1,2-phenylenediamine dihydrochloride
OSM osmolality
OTR oxygen transfer rate
OUR oxygen uptake rate
PBS phosphate buffered saline
pH, intracellular pH
pNPP p-nitrophenol phosphate
PRO product
PYC pyruvate carboxylase
RNA ribonucleic acid
RP reverse phase
rpm revolutions per minute
RQ respiratory quotient
RZA space-time yield
SNARF-1 5'(and 6')-carboxy-10-dimethylamino-3-

hydroxyspiro[7H-benzo[c]xanthene-
7,l'(3'H)-isobenzofuran]-3'one

ssc sideward scatter
TCA tricarboxilic acid cycle, citric acid cycle, 

citrate cycle
ΤΜΑ trimethylamine
tPA tissue plasminogene activator
VIA viability
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-continued

Abbreviation Explanation

WCB working cell bank
WTR growth rate
ZDG total cell density
ZDL viable cell density
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The invention claimed is:
1. A method for the recombinant production of a polypep

tide in a eukaryotic host cell modified in the citrate cycle to 
express a cytosolic pyruvate carboxylase, the method com
prising the following steps:

(a) cultivating the eukaryotic host cell in a suitable medium 
under conditions which allow the expression of the 
polypeptide, wherein the content of dissolved C02 in the 
medium is maintained at a constant value in the range of 
10% to 20% of the saturated solution of C02 under a 
given set of conditions, and wherein a base is added to 
adjust the pH of the medium; and

(b) recovering the polypeptide from the cell or from the 
medium.

2. The method of claim 1, wherein the host cell is an animal 
cell.

3. The method of claim 2, wherein the animal cell is a 
mammalian cell.

4. The method of claim 3, wherein the mammalian cell is a 
CHO, ΒΗΚ, hybridoma or myeloma cell.

5. The method of claim 1, wherein the host cell modified in 
the citrate cycle is a cell which expresses a cytosolic pyruvate 
carboxylase.
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6. The method of claim 1, wherein the polypeptide is a 
fusion protein, an antibody or a fragment thereof, an inter
feron, cytokine or growth factor.

7. The method of claim 1, wherein the content of dissolved 
C02 in the medium is maintained at a constant value in the 5 
range of 12.5% to 17.5% of the saturated solution of C02 
under a given set of conditions.

8. The method of claim 1, characterized in that it is carried 
out as a fed-batch method.

9. The method of claim 1, wherein the content of dissolved to 
C02 in the medium is maintained constant by means of a 
control system with a cascaded pC02-controller via mass 
flow controllers (MFC).

10. The method of claim 9, wherein any increase in the 
content of dissolved C02 in the medium is first reduced by 15 
decreasing a C02 ratio in a supply air, and if the C02 ratio in 
the supply air is reduced to zero, and the content of dissolved 
C02 still exceeds a set value, then the cascaded controller 
delivers an additional amount of N2.

11. The method of claim 1, wherein the host cell is an insect 20 

cell.
12. The method of claim 1, wherein the base is Na2C03.
13. The method of claim 1, wherein the content of dis

solved C02 in the medium is maintained at a constant value of 
15%. 25
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Figure 24
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Figure 30
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PRODUCTION OF PROTEINS IN 

GLUTAMINE-FREE CELL CULTURE MEDIA

RELATED APPLICATIONS
5

This application claims the benefit under 35 USC § 119 to 
U.S. Provisional Application 61/232,889 filedAug. 11,2009.

FIELD OF THE INVENTION
to

The present invention relates generally to glutamine-free 
cell culture media. The invention further concerns the pro
duction of recombinant proteins, such as antibodies, in 
glutamine-free mammalian cell culture.

15
BACKGROUND OF THE INVENTION

Mammalian cells have become the dominant system for the 
production of mammalian proteins for clinical applications, 
primarily due to their ability to produce properly folded and 20 
assembled heterologous proteins, and their capacity for post- 
translational modifications. It is conventional to have 
glutamine in cell culture media during recombinant produc
tion of heterologous proteins, including antibodies. 
L-glutamine is an essential amino acid, which is considered 25 
the primary eneigy and nitrogen sources for cells in culture. 
Most commercially available media are formulated with free 
L-glutamine which is either included in the basal formula or 
added to liquid media formulations at the time of use. Thus, 
all mammalian cell culture media contain glutamine except 30 
those for glutamine synthetase transfected cell lines, such as 
GS NS0 and GS CHO cell lines, where the cells themselves 
produce the glutamine needed for growth. Glutamine is 
widely used at various concentrations typically from 1 to 20 
mM in base media and much higher concentration in feeds for 35 
fed-batch process. For example, the concentration of 
L-glutamine is 0.5 mM in Ames’ Medium and 10 mM in 
MCDP Media 131. DMEM/Ham’s Nutrient Mixture F-12 
(50:50) is often used as a starting formulation for proprietary 
media used with Chinese Hamster Ovary (CHO) cells. 40 
L-glutamine in DMEM/Ham’s Nutrient Mixture F-12 is 2.5 
mM. L-glutamine concentration in Serum-Free/Protein Free 
Hybridoma Medium is 2.7 mM. L-glutamine in DMEM, 
GMEM, IMDM and H-Y medium is 4 mM, of which IMDM 
is often used as a starting formulation for proprietary hybri- 45 
doma cell culture media. It is generally held that hybridoma 
cells grow better in concentrations of L-glutamine that are 
above the average levels found in media. (Dermis R. Comad, 
Glutamine in Cell Culture, Sigma-Aldrich Media Expert)

It was shown that glutamine is the main source of ammonia 50 
accumulated in cell culture (see review by Markus Schneider, 
et. al. 1996, Journal o f Biotechnology 46:161-185). Thus, 
lowering glutamine in cell culture media significantly 
reduced the accumulation of NH4+ level, resulting in lower 
cytotoxicity (see Markus Schneider, et. al. 1996, supra). 55 
Reduced NH4+ cytotoxicity resulted in higher cell viability, 
thus extended culture longevity. Based on an estimated 
glutamine consumption study using CHO cells, it was sug
gested that cells may consume glutamine at a rate of 0.3-0.4 
mM per day (Miller, et. al. 1988, Biotechnol. Bioeng. 32: 60 
947-965). Altamirano et al. (2001, J. Biotechnol. 110:171-9) 
studied the effect of glutamine replacement by glutamate and 
the balance between glutamate and glucose metabolism on 
the redistribution of CHO cells producing recombinant 
human tissue plasminogen activator (rhut-PA). When 65 
glutamine was replaced with glutamate and balanced with 
glucose catabolism (carbon and nitrogen ratio, C/N ratio),

cell metabolism was found redistributed and forced to utilize 
carbon and energy source more favorably to production of 
rhut-PA. It was also reported that CHO cells in adherent 
cultures can grow in the absence of added glutamine due to 
endogenous glutamine synthetase activity that allowed cells 
to synthesize glutamine from glutamic acid in the medium 
(Sanfeliu and Stephanopoulos, 1999, Biotechnol. Bioeng. 
64:46-53). However, compared to control cultures in 
glutamine-containing media, the cell growth rate in 
glutamine-free media was slower with an increased fraction 
of cells distributed in the G0/G1 phase. The depletion of both 
glutamine and glutamic acid did cause cell death.

SUMMARY OF THE INVENTION

The present invention is based, at least in part, on the 
unexpected finding that not only can recombinant proteins be 
produced in a mammalian host cell using a glutamine-free 
production medium without any significant adverse effect, in 
fact the use of a glutamine-free medium in the production 
phase significantly increases cell viability, culture longevity, 
specific productivity and/or the final recombinant protein 
titer.

The present invention is also based on the unexpected 
finding that the addition of asparagine to a glutamine-free 
production medium can further enhance the cell viability, 
culture longevity, specific productivity and/or the final 
recombinant protein titer in a mammalian host cell using a 
glutamine-free production medium without any significant 
adverse effect.

In one aspect, the invention concerns a process for produc
ing a polypeptide in a mammalian host cell expressing said 
polypeptide, comprising culturing the mammalian host cell in 
a production phase of the culture in a glutamine-free produc
tion culture medium supplemented with asparagine.

In one embodiment, the mammalian host cell is a Chinese 
Hamster Ovary (CHO) cell.

In another embodiment, the mammalian host cell is a dhfr“ 
CHO cell.

In yet another embodiment, the production medium is 
serum-free.

In a further embodiment, the production culture medium 
comprises one or more ingredients selected from the group 
consisting of

1) an energy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
In a still further embodiment, wherein the production cul

ture medium additionally comprises one or more ingredients 
selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
In all embodiments, the production phase may, for 

example, be a batch or fed batch culture phase.
In all embodiments, the process may further comprise the 

step of isolating said polypeptide.
In a further embodiment, isolation may be followed by 

determining one or more of cell viability, culture longevity, 
specific productivity and final recombinant protein titer fol
lowing isolation.

In a still further embodiment, at least one of the cell viabil
ity, culture longevity, specific productivity and final recom-
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binant protein titer is increased relative to the same polypep
tide produced in a glutamine-containing production medium 
of the same composition.

In a further aspect, the invention concerns a ready-to-use 
glutamine-free cell culture medium for the production of a 5 
polypeptide in a production phase.

In yet another embodiment, the polypeptide is a mamma
lian glycoprotein.

In other embodiments, the polypeptide is selected from the 
group consisting of antibodies, antibody fragments, and to 
immunoadhesins.

In all embodiments, the polypeptide may, for example, be 
an antibody, or a biologically functional fragment of an anti
body. Representative antibody fragments include Fab, Fab', 
F(ab')2, scFv, (scFv)2, dAb, complementarity determining 15 
region (CDR) fragments, linear antibodies, single-chain anti
body molecules, minibodies, diabodies, and multispecific 
antibodies formed from antibody fragments.

In a still further embodiment, the antibody or antibody 
fragment is chimeric, humanized or human. 20

Therapeutic antibodies include, without limitation, anti- 
F1ER2 antibodies anti-CD20 antibodies; anti-IL-8 antibodies; 
anti-VEGF antibodies; anti-CD40 antibodies, anti-CDlla 
antibodies; anti-CD18 antibodies; anti-IgE antibodies; anti- 
Apo-2 receptor antibodies; anti-Tissue Factor (TF) antibod- 25 
ies; anti-human a437 integrin antibodies; anti-EGFR antibod
ies; anti-CD3 antibodies; anti-CD25 antibodies; anti-CD4 
antibodies; anti-CD52 antibodies; anti-Fc receptor antibod
ies; anti-carcinoembryonic antigen (CEA) antibodies; anti
bodies directed against breast epithelial cells; antibodies that 30 
bind to colon carcinoma cells; anti-CD38 antibodies; anti- 
CD33 antibodies; anti-CD22 antibodies; anti-EpCAM anti
bodies; anti-GpIIb/IIIa antibodies; anti-RSV antibodies; anti- 
CMV antibodies; anti-FHV antibodies; anti-hepatitis 
antibodies; anti-CA 125 antibodies; anti-av|33 antibodies; 35 
anti-human renal cell carcinoma antibodies; anti-human 
17-1A antibodies; anti-human colorectal tumor antibodies; 
anti-human melanoma antibody R24 directed against GD3 
ganglioside; anti-human squamous-cell carcinoma; and anti
human leukocyte antigen (F1LA) antibodies, and anti-FILA 40 
DR antibodies.

In other embodiments, the therapeutic antibody is an anti
body binding to a F1ER receptor, VEGF, IgE, CD20, CD1 la, 
CD40, or DR5.

In other embodiments, the therapeutic antibody is an anti- 45 
BR3 antibody or BR3-Fc immunoadhesin.

In other embodiments of the method of the present inven
tion, the polypeptide expressed in the recombinant host cell is 
a therapeutic polypeptide. For example, the therapeutic 
polypeptide can be selected from the group consisting of a 50 
growth hormone, including human growth hormone and 
bovine growth hormone; growth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipopro
teins; alpha-1-antitrypsin; insulin A-chain; insulin B-chain; 
proinsulin; follicle stimulating hormone; calcitonin; luteiniz- 55 
ing hormone; glucagon; clotting factors such as factor VIIIC, 
factor IX, tissue factor, and von Willebrands factor; anti
clotting factors such as Protein C; atrial natriuretic factor; 
lung surfactant; a plasminogen activator, such as urokinase or 
human urine or tissue-type plasminogen activator (t-PA); 60 
bombesin; thrombin; hemopoietic growth factor; tumor 
necrosis factor-alpha and -beta; enkephalinase; RANTES 
(regulated on activation normally T-cell expressed and 
secreted); human macrophage inflammatory protein (MIP-1 - 
alpha); a serum albumin such as human serum albumin; 65 
Muellerian-inhibiting substance; relaxin A-chain; relaxin 
B-chain; prorelaxin; mouse gonadotropin-associated pep
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tide; a microbial protein, such as beta-lactamase; DNase; IgE; 
a cytotoxic T-lymphocyte associated antigen (CTLA), such as 
CTLA-4; inhibin; activin; vascular endothelial growth factor 
(VEGF); receptors for hormones or growth factors; Protein A 
or D; rheumatoid factors; a neurotrophic factor such as bone- 
derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, 
or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth factor 
such as NGF- (3; platelet-derived growth factor (PDGF); fibro
blast growth factor such as aFGF and bFGF; epidermal 
growth factor (EGF); transforming growth factor (TGF) such 
as TGF-alpha and TGF-beta, including TGF-|31, TGF-|32, 
TGF-|33, TGF-|34, or TGF-|35; insulin-like growth factor-I 
and -II (IGF-I and IGF-II); des(l-3)-IGF-I (brain IGF-I), 
insulin-like growth factor binding proteins; CD proteins such 
as CD3, CD4, CD8, CD19, CD20, CD34, and CD40; eryth
ropoietin; osteoinductive factors; immunotoxins; a bone mor
phogenetic protein (BMP); an interferon such as interferon- 
alpha, -beta, and -gamma; colony stimulating factors (CSFs), 
e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., 
IL-1 to IL-10; superoxide dismutase; T-cell receptors; surface 
membrane proteins; decay accelerating factor; viral antigen 
such as, for example, a portion of the AIDS envelope; trans
port proteins; homing receptors; addressins; regulatory pro
teins; integrins such as CDlla, CDllb, CDllc, CD 18, an 
ICAM, VLA-4 and VCAM; a tumor associated antigen such 
as F1ER2, F1ER3 or F1ER4 receptor; and fragments of said 
polypeptides.

In all embodiments, the recombinant host cell can be an 
eukaryotic host cell, such as a mammalian host cell, includ
ing, for example, Chinese Flamster Ovary (CFIO) cells.

These and other aspects will be apparent from the descrip
tion below, including the Examples and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Apomab antibody cube plot analysis of titer results 
from a Full Factorial Design of Experiment (DOE) evaluating 
the effect of different concentrations of Glutamine, 
Glutamate, Asparagine and Aspartate. The model predicts 
that the highest titer is achieved in Glutamine-Free media 
supplemented with lOmM Asparagine, lOmMAsparticAcid 
and 1 mM Glutamic Acid.

FIG. 2. BR3-Fc immunoadhesin cube plot analysis of titer 
results from a Full Factorial DOE evaluating the effect of 
different concentrations of Glutamine, Glutamate, Aspar
agine and Aspartate. The model predicts that the highest titer 
is achieved in Glutamine-Free media supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid.

FIG. 3. anti-VEGF antibody cube plot analysis of titer 
results from a Full Factorial DOE evaluating the effect of 
different concentrations of Glutamine, Glutamate, Aspar
agine and Aspartate. The model predicts that the highest titer 
is achieved in Glutamine-Free media supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid.

FIG. 4. Effect of Asparagine under Glutamine-free, low 
Glutamate and high Aspartate conditions on Apomab anti
body titer. In Glutamine-free medium, Apomab antibody titer 
was significantly increased in the presence of 2.5-15 mM 
Asparagine compared to Glutamine-free cultures without 
Asparagine. Under these conditions, the presence or absence 
of Glutamate had no effect on titer.

FIG. 5. Apomab antibody titer production across various 
Asparagine and Aspartate concentrations in Glutamine-free
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and low Glutamate conditions. A positive titration effect was 
observed when increasing Aspartate from 0 to 10 mM under 
these conditions.

FIGS. 6. A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 1 5 
mM Glutamic Acid on titer. The final titer for Apomab anti
body, anti-VEGF antibody and BR3-Fc immunoadhesin was 
significantly higher in Glutamine-free medium compared to 
Glutamine-containing medium.

FIGS. 7A and B. Effect of DMEM/F12 glutamine-free 10 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid on titer. The final titer 
for Apomab antibody and anti-VEGF antibody was signifi
cantly higher in Glutamine-free DMEM/F12 medium com- 15 
pared to Glutamine-containing DMEM FI2 medium.

FIGS. 8A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 1 
mM Glutamic Acid on cell specific productivity (Qp). Cell 
specific productivity for Apomab antibody, anti-VEGF anti- 20 
body and BR3-Fc immunoadhesin was significantly higher in 
Glutamine-free medium compared to Glutamine-containing 
medium.

FIGS. 9A and B. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 25 
Aspartic Acid and 1 mM Glutamic Acid on cell specific 
productivity (Qp). Cell specific productivity for Apomab 
antibody and anti-VEGF antibody was significantly higher in 
Glutamine-free DMEM/F12 medium compared to 
Glutamine-containing DMEM/F12 medium. 30

FIGS. 10A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 1 
mM Glutamic Acid on Cell Viability. Cell viability for 
Apomab antibody, anti-VEGF antibody and BR3-Fc immu
noadhesin was higher in Glutamine-free medium compared 35 
to Glutamine-containing medium.

FIGS. 11A and B. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid on Cell Viability. In 
DMEM/F12 medium, cell viability was not consistently 40 
improved in Glutamine-free medium. Viability was higher for 
Apomab antibody, but lower for anti-VEGF antibody com
pared to Glutamine containing medium.

FIGS. 12 A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 1 45 
mM Glutamic Acid on ammonia formation Ammonia was 
usually lower in Glutamine-free cultures compared to 
Glutamine-containing cultures.

FIGS. 13A and B. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 50 
Aspartic Acid and 1 mM Glutamic Acid on ammonia forma
tion. Ammonia was significantly reduces in Glutamine-free 
DMEM/F12 medium compared to Glutamine-containing 
DMEM/F12 medium.

55
DETAILED DESCRIPTION OF THE INVENTION 

A. Definitions

The terms “cell culture medium”, “culture medium”, and 60 
“nutrient mixture” refer to a nutrient solution used for grow
ing mammalian cells that typically provides at least one com
ponent from one or more of the following categories:

1) a n  e n e r g y  s o u rc e , u s u a l ly  in  th e  f o r m  o f  a  c a r b o h y d ra te
s u c h  a s  g lu c o s e ;  65

2) some or all of the essential amino acids, and usually the 
basic set of twenty amino acids plus cystine;

US 8,512
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3) vitamins and/or other organic compounds typically 
required at low concentrations;

4) free fatty acids; and
5) trace elements, where trace elements are defined as 

inorganic compounds or naturally occurring elements that are 
typically required at very low concentrations, usually in the 
micromolar range.

The nutrient mixture may optionally be supplemented with 
one or more component from any of the following categories:

1) hormones and other growth factors as, for example, 
insulin, transferrin, and epidermal growth factor;

2) salts and buffers as, for example, calcium, magnesium, 
and phosphate; and

3) nucleosides such as, for example, adenosine and thymi
dine.

The cell culture medium is generally “serum free” when 
the medium is essentially free of serum from any mammalian 
source (e.g. fetal bovine serum (FBS)). By “essentially free” 
is meant that the cell culture medium comprises between 
about 0-5% serum, preferably between about 0-1% serum, 
and most preferably between about 0-0.1% serum. Advanta
geously, serum-free “defined” medium can be used, wherein 
the identity and concentration of each of the components in 
the medium is known (i.e., an undefined component such as 
bovine pituitary extract (BPE) is not present in the culture 
medium).

In the context of the present invention the expressions 
“cell”, “cell line”, and “cell culture” are used interchange
ably, and all such designations include progeny. Thus, the 
words “transformants” and “transformed (host) cells” include 
the primary subject cell and cultures derived therefrom with
out regard for the number of transfers. It is also understood 
that all progeny may not be precisely identical in DNA con
tent, due to deliberate or inadvertent mutations. Mutant prog
eny that have the same function or biological activity as 
screened for in the originally transformed cell are included. 
Where distinct designations are intended, it will be clear from 
the context.

The term “animal host cell,” “animal cell,” “animal recom
binant host cell,” and the like, encompasses invertebrate, non
mammalian vertebrate (e.g., avian, reptile and amphibian) 
and mammalian cells. Examples of invertebrate cells include 
the following insect cells: Spodoptera frugiperda (caterpil
lar), Aedes aegypti (mosquito), Aedes albopictus (mosquito), 
Drosophila melanogaster (fruitfly), and Bombyx mori. See, 
e.g., Luckowetal., Bio/Technology, 6:47-55 (1988); Milleret 
al., in Genetic Engineering, Setlow, J. K. et ah, eds., Vol. 8 
(Plenum Publishing, 1986), pp. 277-279; and Maeda et al., 
Nature, 315:592-594 (1985).

The term “mammalian host cell,” “mammalian cell,” 
“mammalian recombinant host cell,” and the like, refer to cell 
lines derived from mammals that are capable of growth and 
survival when placed in either monolayer culture or in sus
pension culture in a medium containing the appropriate nutri
ents and growth factors. The necessary nutrients and growth 
factors for a particular cell line are readily determined empiri
cally without undue experimentation, as described for 
example in Mammalian Cell Culture (Mather, J. P. ed., Ple
num Press, N. Y. (1984)), and by Barnes and Sato (Cell, 
22:649 (1980)). Typically, the cells are capable of expressing 
and secreting large quantities of a particular protein of interest 
(typically a recombinant protein) into the culture medium, 
and are cultured for this purpose. However, the cells may be 
cultured for a variety of other purposes as well, and the scope 
of this invention is not limited to culturing the cells only for 
production of recombinant proteins. Examples of suitable 
mammalian cell lines, capable of growth in the media of this

,983 B2
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invention, include monkey kidney CVI line transformed by 
SV40 (COS-7, ATCC® CRL 1651); human embryonic kid
ney line 293S (Graham et al., J. Gen. Virolo., 36:59 (1977)); 
baby hamster kidney cells (BHK, ATCC® CCL 10); mouse 
sertoli cells (TM4, Mather, Biol. Reprod., 23:243 (1980)); 5 
monkey kidney cells (CVI-76, ATCC® CCL 70); African 
green monkey kidney cells (VERO-76, ATCC® CRL-1587); 
human cervical carcinoma cells (HELA, ATCC® CCL 2); 
canine kidney cells (MDCK, ATCC® CCL 34); buffalo rat 
liver cells (BRL 3A, ATCC® CRL 1442); human lung cells to 
(W138, ATCC® CCL 75); human liver cells (Hep G2, HB 
8065); mouse mammary tumor cells (MMT 060562, ATCC® 
CCL 51); rat hepatoma cells (HTC, MI.54, Baumann et al., J. 
Cell Biol., 85:1 (1980)); andTR-1 cells (Mather etal., Annals 
N.Y. Acad. Sci., 383:44 (1982)) and hybridoma cell lines. 15 
Chinese hamster ovary cells (Uriah and Chasin, Proc. Natl. 
Acad. Sci. USA, 77:4216 (1980)) are a preferred cell line for 
practicing this invention. CHO cells suitable for use in the 
methods of the present invention have also been described in 
the following documents: EP 117,159, published Aug. 29, 20 
1989; U.S. Pat. Nos. 4,766,075; 4,853,330; 5,185,259; 
Lubiniecki et al., in Advances in Animal Cell Biology and 
Technology for Bioprocesses, Spier et al., eds. (1989), pp. 
442-451. Known CHO derivatives suitable for use herein 
include, for example, CHO/-DHFR (Urlaub and Chasin, 25 
Proc. Natl. Acad. Sci. USA, 77: 4216 (1980)), CHO-K1 DUX 
B ll (Simonsen and Levinson, Proc. Natl. Acad. Sci. USA 80: 
2495-2499 (1983); Urlaub and Chasin, supra), and dp 
12.CHO cells (EP 307,247 published Mar. 15, 1989). Pre
ferred host cells include CHO-K1 DUXB11 and dp 12.CHO 30 
cells.

“dhfr" CHO cell” refers to a dihydrofolate reductase 
(DHFR) deficient CHO cell. Production of recombinant pro
teins in mammalian cells has allowed the manufacture of a 
number of laige, complex glycosylated polypeptides for 35 
clinical applications. Chinese hamster ovary (CHO) DHFR- 
cells and the amplifiable selectable marker DHFR are rou
tinely used to establish cell lines that produce clinically useful 
amounts of product. (Uriah, G. and Chasin, L. A. (1980) Proc. 
Natl Acad. Sci. USA, 77, 4216-4220; Kaufman, R. J. and 40 
Sharp, P. (1982) J. Mol. Biol, 159, 601-621; Gasser, C. S, 
Simonsen, C. S , Schilling, J. W. and Schmike, R. T. (1982) 
Proc. Natl Sci. USA, 79, 6522-6526)

By “ p h a s e ”  is  m e a n t  a  c e r ta in  p h a s e  o f  c u l tu r in g  o f  th e  c e l ls  
a s  is  w e l l  r e c o g n iz e d  by th e  p ra c t i t io n e r .  45

“Growth phase” of the cell culture refers to the period of 
exponential cell growth (the log phase) where cells are gen
erally rapidly dividing. During this phase, cells are cultured 
for a period of time, usually between 1 -4 days, and under such 
conditions that cell growth is maximized. The growth cycle 50 
for the host cell can be determined for the particular host cell 
envisioned without undue experimentation. During the 
growth phase, cells are cultured in nutrient medium contain
ing the necessary additives generally at about 30-40° C, 
preferably about 37° C , in a humidified, controlled atmo- 55 
sphere, such that optimal growth is achieved for the particular 
cell line. Cells are maintained in the growth phase for a period 
of between about one and four days, usually between about 
two and three days.

“Transition phase” of the cell culture refers to the period of 60 
time during which culture conditions for the production phase 
are engaged. During the transition phase environmental fac
tors such as temperature are shifted from growth conditions to 
production conditions.

“Production phase” of the cell culture refers to the period of 65 
time during which cell growth has plateaued. During the 
production phase, logarithmic cell growth has ended and
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protein production is primary. During this period of time the 
medium is generally supplemented to support continued pro
tein production and to achieve the desired protein product.

The phrase “fed batch cell culture” when used herein refers 
to a batch culture wherein the animal (e.g. mammalian) cells 
and culture medium are supplied to the culturing vessel ini
tially and additional culture nutrients are fed, continuously or 
in discrete increments, to the culture during culturing, with or 
without periodic cell and/or product harvest before termina
tion of culture. Fed batch culture includes “semi-continuous 
fed batch culture” wherein periodically whole culture (in
cluding cells and medium) is removed and replaced by fresh 
medium. Fed batch culture is distinguished from simple 
“batch culture” in which all components for cell culturing 
(including the animal cells and all culture nutrients) are sup
plied to the culturing vessel at the start of the culturing pro
cess. Fed batch culture can be further distinguished from 
perfusion culturing insofar as the supernatant is not removed 
from the culturing vessel during the process (in perfusion 
culturing, the cells are restrained in the culture by, e.g, filtra
tion, encapsulation, anchoring to microcarriers etc and the 
culture medium is continuously or intermittently introduced 
and removed from the culturing vessel). However, removal of 
samples for testing purposes during fed batch cell culture is 
contemplated.

When used herein, the term “glutamine” refers to the 
amino acid L-glutamine (also known as “Gin” and “Q” by 
three-letter and single-letter designation, respectively) which 
is recognized as both an amino acid building block for protein 
synthesis and as an energy source in cell culture. Thus, the 
terms “glutamine” and “L-glutamine” are used interchange
ably herein.

The word “glucose” refers to either of a-D-glucose or 
(3-D-glucose, separately or in combination. It is noted that a  
and (3 glucose forms are interconvertible in solution.

The expression “osmolality” is a measure of the osmotic 
pressure of dissolved solute particles in an aqueous solution. 
The solute particles include both ions and non-ionized mol
ecules. Osmolality is expressed as the concentration of 
osmotically active particles (i.e, osmoles) dissolved in 1 kg 
of water (1 mOsm/kg H20  at 38° C. is equivalent to an 
osmotic pressure of 19 mm Hg). “Osmolarity” refers to the 
number of solute particles dissolved in 1 liter of solution. 
Solutes which can be added to the culture medium so as to 
increase the osmolality thereof include proteins, peptides, 
amino acids, non-metabolized polymers, vitamins, ions, 
salts, sugars, metabolites, organic acids, lipids, etc. In the 
preferred embodiment, the concentration of amino acids and 
NaCl in the culture medium is increased in order to achieve 
the desired osmolality ranges set forth herein. When used 
herein, the abbreviation “mOsm” means “milliosmoles/kg 
H20 ”.

The term “cell density” as used herein refers to that number 
of cells present in a given volume of medium.

The term “cell viability” as used herein refers to the ability 
of cells in culture to survive under a given set of culture 
conditions or experimental variations. The term as used 
herein also refers to that portion of cells which are alive at a 
particular time in relation to the total number of cells, living 
and dead, in the culture at that time.

The terms “amino acids” and “amino acid” refer to all 
naturally occurring alpha amino acids in both their D and L 
stereoisomeric forms, and their analogs and derivatives. An 
analog is defined as a substitution of an atom in the amino acid 
with a different atom that usually has similar properties. A 
derivative is defined as an amino acid that has another mol
ecule or atom attached to it. Derivatives would include, for
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example, acetylation of an amino group, animation of a car
boxyl group, or oxidation of the sulfur residues of two cys
teine molecules to form cystine.

The term “protein” is meant to refer to a sequence of amino 
acids for which the chain length is sufficient to produce the 
higher levels of tertiary and/or quaternary structure. This is to 
distinguish from “peptides” or other small molecular weight 
drugs that do not have such structure. Typically, the protein 
herein will have a molecular weight of at least about 15-20 
kD, preferably at least about 20 kD. Examples of proteins 
encompassed within the definition herein include all mam
malian proteins, in particular, therapeutic and diagnostic pro
teins, such as therapeutic and diagnostic antibodies, and, in 
general proteins that contain one or more disulfide bonds, 
including multi-chain polypeptides comprising one or more 
inter- and/or intrachain disulfide bonds.

The term “therapeutic protein” or “therapeutic polypep
tide” refers to a protein that is used in the treatment of disease, 
regardless of its indication or mechanism of action. In order 
for therapeutic proteins to be useful in the clinic it must be 
manufactured in large quantities. “Manufacturing scale” pro
duction of therapeutic proteins, or other proteins, utilize cell 
cultures ranging from about 400 L to about 80,000 L, depend
ing on the protein being produced and the need. Typically 
such manufacturing scale production utilizes cell culture 
sizes from about 400 L to about 25,000 L. Within this range, 
specific cell culture sizes such as 4,000 L, about 6,000 L, 
about 8,000, about 10,000, about 12,000 L, about 14,000 L, or 
about 16,000 L are utilized.

As used herein, “polypeptide of interest” refers generally 
to peptides and proteins having more than about ten amino 
acids. The polypeptides may be homologous to the host cell, 
or preferably, may be exogenous, meaning that they are het
erologous, i.e., foreign, to the host cell being utilized, such as 
a human protein produced by a non-human mammalian, e.g., 
Chinese Hamster Ovary (CHO) cell. Preferably, mammalian 
polypeptides (polypeptides that were originally derived from 
a mammalian organism) are used, more preferably those 
which are directly secreted into the medium. The term 
“polypeptide” or “polypeptide of interest” specifically 
includes antibodies, in particular, antibodies binding to mam
malian polypeptides, such as any of the mammalian polypep
tides listed below or fragments thereof, as well as immunoad- 
hesins (polypeptide-Ig fusion), such as those comprising any 
of the mammalian polypeptides listed below, or fragments 
thereof.

Examples of mammalian polypeptides include, without 
limitation, transmembrane molecules (e.g. receptors) and 
ligands such, as growth factors. Exemplary polypeptides 
include molecules such as renin; a growth hormone, includ
ing human growth hormone and bovine growth hormone; 
growth hormone releasing factor; parathyroid hormone; thy
roid stimulating hormone; interferon such as interferon-a, -(3, 
and -y; lipoproteins; a -1-antitrypsin; insulin A-chain; insulin 
B-chain; proinsulin; follicle stimulating hormone; calcitonin; 
luteinizing hormone; glucagon; clotting factors such as factor 
VIIIC, factor IX, tissue factor, and von Willebrands factor; 
anti-clotting factors such as Protein C; atrial natriuretic fac
tor; lung surfactant; a plasminogen activator, such as uroki
nase or human urine or tissue-type plasminogen activator 
(t-PA), including t-PA variants; bombesin; thrombin; 
hemopoietic growth factor; tumor necrosis factor-alpha and 
-beta; enkephalinase; RANTES (regulated on activation nor
mally T-cell expressed and secreted); human macrophage 
inflammatory protein (MIP-l-a); a serum albumin such as 
human serum albumin; Muellerian-inhibiting substance; 
relaxin A-chain; relaxin B-chain; prorelaxin; mouse gonadot

ropin-associated peptide; a microbial protein, such as (3-lac- 
tamase; DNase; IgE; a cytotoxic T-lymphocyte associated 
antigen (CTLA), such as CTLA-4; inhibin; activin; vascular 
endothelial growth factor (VEGF); receptors for hormones or 

5 growth factors; protein A or D; rheumatoid factors; a neu
rotrophic factor such as bone-derived neurotrophic factor 
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT4, NT-5, or 
NT-6), or a nerve growth factor such as NGF-|3; platelet- 
derived growth factor (PDGF); fibroblast growth factor such 

to as aFGF and bFGF; epidermal growth factor (EGF); trans
forming growth factor (TGF) such as TGF-a and TGF-|3, 
including TGF-|31, TGF-|32, TGF-|33, TGF-|34, or TGF-|35; 
insulin-like growth factor-I and -II (IGF-I and IGF-II); des(l- 
3)-IGF-I (brain IGF-I), insulin-like growth factor binding 

15 proteins; CD proteins such as CD3, CD4, CD8, CD19, CD20, 
CD34, CD40; erythropoietin; osteoinductive factors; immu- 
notoxins; a bone morphogenetic protein (BMP); an interferon 
such as interferon-a, -(3, and -y; colony stimulating factors 
(CSFs), e.g, M-CSF, GM-CSF, and G-CSF; interleukins 

20 (ILs), e.g, IL-1 to IL-10; superoxide dismutase; T-cell recep
tors; surface membrane proteins; decay accelerating factor; 
viral antigen such as, for example, a portion of the AIDS 
envelope; transport proteins; homing receptors; addressins; 
regulatory proteins; integrins such as CD 11a, CD lib , 

25 CD1 lc, CD 18, an ICAM, VLA-4 and VCAM; a tumor asso
ciated antigen such as HER1 (EGFR), HER2, HER3 or HER4 
receptor; Apo2L/TRAIL, hedgehog, mitogen activated pro
tein kinase (MAPK), and fragments of any of the above-listed 
polypeptides. Apo2L (TRAIL) and is variants are disclosed, 

30 for example, in U.S. Application Publication No. 
20040186051. Anti-VEGF antibodies are disclosed, for 
example, in U.S. Pat. Nos. 8,994,879; 7,060,269; 7,169,901; 
and 7,297,334. Anti-CD20 antibodies are disclosed, for 
example, in U.S. Application Publication No. 20060246004. 

35 The BR3 polypeptide, anti-BR3 antibodies and BR3-Fc 
immunoadhesins are described, for example, in U.S. Appli
cation Publication No. 20050070689.

As used herein, the term “immunoadhesin” designates 
antibody-like molecules which combine the binding specific- 

40 ity of a heterologous protein (an “adhesin”) with the effector 
functions of immunoglobulin constant domains. Structurally, 
the immunoadhesins comprise a fusion of an amino acid 
sequence with the desired binding specificity which is other 
than the antigen recognition and binding site of an antibody 

45 (i.e, is “heterologous”), and an immunoglobulin constant 
domain sequence. The adhesin part of an immunoadhesin 
molecule typically is a contiguous amino acid sequence com
prising at least the binding site of a receptor or a ligand. The 
immunoglobulin constant domain sequence in the immu- 

50 noadhesin may be obtained from any immunoglobulin, such 
as IgG-1, IgG-2, IgG-3, or IgG-4 subtypes, IgA (including 
IgA-1 and IgA-2), IgE, IgD or IgM.

As noted above, in certain embodiments, the protein is an 
antibody. “Antibodies” (Abs) and “immunoglobulins” (Igs) 

55 are glycoproteins having the same structural characteristics. 
While antibodies exhibit binding specificity to a specific anti
gen, immunoglobulins include both antibodies and other anti- 
body-like molecules which generally lack antigen specificity. 
Polypeptides of the latter kind are, for example, produced at 

60 low levels by the lymph system and at increased levels by 
myelomas.

The term “antibody” is used in the broadest sense and 
specifically covers monoclonal antibodies (including full 
length antibodies which have an immunoglobulin Fc region 

65 or intact monoclonal antibodies), antibody compositions with 
polyepitopic specificity, polyclonal antibodies, multivalent 
antibodies, multispecific antibodies (e.g, bispecific antibod-
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ies) formed from at least two intact antibodies, diabodies, and 
single-chain molecules such as scFv molecules, as well as 
antibody fragments (e.g., Fab, F(ab')2, and Fv).

Unless indicated otherwise, the expression “multivalent 
antibody” is used throughout this specification to denote an 5 
antibody comprising three or more antigen binding sites. The 
multivalent antibody is typically engineered to have the three 
or more antigen binding sites and is generally not a native 
sequence IgM or IgA antibody.

The terms “full length antibody,” “intact antibody” and to 
“whole antibody” are used herein interchangeably to refer to 
an antibody in its substantially intact form, not antibody 
fragments as defined below. The terms particularly refer to an 
antibody with heavy chains that contain the Fc region.

“Antibody fragments” comprise only a portion of an intact 15 
antibody, generally including an antigen binding site of the 
intact antibody and thus retaining the ability to bind antigen.
In one embodiment, an antibody fragment comprises an anti
gen binding site of the intact antibody and thus retains the 
ability to bind antigen. In another embodiment, an antibody 20 
fragment, for example one that comprises the Fc region, 
retains at least one of the biological functions normally asso
ciated with the Fc region when present in an intact antibody, 
such as FcRn binding, antibody half life modulation, ADCC 
function and complement binding. In one embodiment, an 25 
antibody fragment is a monovalent antibody that has an in 
vivo half life substantially similar to an intact antibody. For 
example, such an antibody fragment may comprise an antigen 
binding arm linked to an Fc sequence capable of conferring in 
vivo stability to the fragment. 30

Papain digestion of antibodies produces two identical anti- 
gen-binding fragments, called “Fab” fragments, each with a 
single antigen-binding site, and a residual “Fe” fragment, 
whose name reflects its ability to crystallize readily. Pepsin 
treatment yields an F(ab')2 fragment that has two antigen- 35 
combining sites and is still capable of cross-linking antigen.

The Fab fragment contains the heavy- and light-chain vari
able domains and also contains the constant domain of the 
light chain and the first constant domain (CF11) of the heavy 
chain. Fab' fragments differ from Fab fragments by the addi- 40 
tion of a few residues at the carboxy terminus of the heavy 
chain CF11 domain including one or more cysteines from the 
antibody hinge region. Fab'-SFl is the designation herein for 
Fab' in which the cysteine residue(s) of the constant domains 
bear a free thiol group. F(ab')2 antibody fragments originally 45 
were produced as pairs of Fab' fragments which have hinge 
cysteines between them. Other chemical couplings of anti
body fragments are also known. Examples of antibody frag
ments encompassed by the present definition include: (i) the 
Fab fragment, having VL, CL, VF1 and CF11 domains; (ii) the 50 
Fab' fragment, which is a Fab fragment having one or more 
cysteine residues at the C-terminus of the CF11 domain; (iii) 
the Fd fragment having VF1 and CF11 domains; (iv) the Fd' 
fragment having VF1 and CF11 domains and one or more 
cysteine residues at the C-terminus of the CF11 domain; (v) 55 
the Fv fragment having the VL and VF1 domains of a single 
arm of an antibody; (vi) the dAb fragment (Wardet al., Nature 
341, 544-546 (1989)) which consists of a VF1 domain; (vii) 
isolated CDR regions; (viii) F(ab')2 fragments, a bivalent 
fragment including two Fab' fragments linked by a disulphide 60 
bridge at the hinge region; (ix) single chain antibody mol
ecules (e.g. single chain Fv; scFv) (Bird et al., Science 242: 
423-426 (1988); and Huston et al, PNAS (USA) 85:5879- 
5883 (1988)); (x) “diabodies” with two antigen binding sites, 
comprising a heavy chain variable domain (VH) connected to 65 
a light chain variable domain (VL) in the same polypeptide 
chain (see, e.g, EP 404,097; WO 93/11161; and Hollinger et
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al, Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); (xi) 
“linear antibodies” comprising a pair of tandem Fd segments 
(VH-CH1-VH-CH1) which, together with complementary 
light chain polypeptides, form a pair of antigen binding 
regions (Zapata et al. Protein Eng. 8(10):1057 1062 (1995); 
and U.S. Pat. No. 5,641,870).

“Fv” is the minimum antibody fragment which contains a 
complete antigen-binding site. In one embodiment, a two- 
chain Fv species consists of a dimer of one heavy- and one 
light-chain variable domain in tight, non-covalent associa
tion. In a single-chain Fv (scFv) species, one heavy- and one 
light-chain variable domain can be covalently linked by a 
flexible peptide linker such that the light and heavy chains can 
associate in a “dimeric” structure analogous to that in a two- 
chain Fv species. It is in this configuration that the three 
CDRs of each variable domain interact to define an antigen
binding site on the surface of the VH-VL dimer Collectively, 
the six CDRs confer antigen-binding specificity to the anti
body. However, even a single variable domain (or half of an 
Fv comprising only three CDRs specific for an antigen) has 
the ability to recognize and bind antigen, although at a lower 
affinity than the entire binding site.

“Single-chain Fv” or “scFv” antibody fragments comprise 
the VH and VL domains of an antibody, wherein these 
domains are present in a single polypeptide chain. Generally, 
the scFv polypeptide further comprises a polypeptide linker 
between the VH and VL domains which enables the scFv to 
form the desired structure for antigen binding. For a review of 
scFv see Pluckthun, in The Pharmacology of Monoclonal 
Antibodies, vol. 113, Rosenburg and Moore eds, Springer- 
Verlag, New York, pp. 269-315 (1994).

The term “diabodies” refers to small antibody fragments 
with two antigen-binding sites, which fragments comprise a 
heavy-chain variable domain (VH) connected to a light-chain 
variable domain (VL) in the same polypeptide chain (VH- 
VL). By using a linker that is too short to allow pairing 
between the two domains on the same chain, the domains are 
forced to pair with the complementary domains of another 
chain and create two antigen-binding sites. Diabodies may be 
bivalent or bispecific. Diabodies are described more fully in, 
for example, EP 404,097; W093/1161; Hudson et al, (2003) 
Nat. Med. 9:129-134; and Hollinger et al, Proc. Natl. Acad. 
Sci. USA 90: 6444-6448 (1993). Triabodies and tetrabodies 
are also described in Hudson et al, (2003) Nat. Med. 9:129- 
134.

The term “monoclonal antibody” as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e, the individual antibodies com
prising the population are identical except for possible muta
tions, e.g, naturally occurring mutations, that may be present 
in minor amounts. Thus, the modifier “monoclonal” indicates 
the character of the antibody as not being a mixture of discrete 
antibodies. Monoclonal antibodies are highly specific, being 
directed against a single antigen. In certain embodiments, a 
monoclonal antibody typically includes an antibody compris
ing a polypeptide sequence that binds a target, wherein the 
target-binding polypeptide sequence was obtained by a pro
cess that includes the selection of a single taiget binding 
polypeptide sequence from a plurality of polypeptide 
sequences. For example, the selection process can be the 
selection of a unique clone from a plurality of clones, such as 
a pool of hybridoma clones, phage clones, or recombinant 
DNA clones. It should be understood that a selected taiget 
binding sequence can be further altered, for example, to 
improve affinity for the target, to humanize the target binding 
sequence, to improve its production in cell culture, to reduce 
its immunogenicity in vivo, to create a multispecific antibody,
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etc., and that an antibody comprising the altered target bind
ing sequence is also a monoclonal antibody of this invention.
In contrast to polyclonal antibody preparations that typically 
include different antibodies directed against different deter
minants (epitopes), each monoclonal antibody is directed 5 
against a single determinant on the antigen. In addition to 
their specificity, monoclonal antibody preparations are 
advantageous in that they are typically uncontaminated by 
other immunoglobulins.

The modifier “monoclonal” indicates the character of the to 
antibody as being obtained from a substantially homoge
neous population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used in 
accordance with the present invention may be made by a 15 
variety of techniques, including, for example, the hybridoma 
method (e.g., Kohler and Milstein, Nature, 256:495-97 
(1975); Hongo et al, Hybridoma, 14 (3): 253-260 (1995), 
Flarlow et al., Antibodies: A Laboratory Manual, (Cold 
Spring Flarbor Laboratory Press, 2nd ed. 1988); Flammerling 20 
et al., in: Monoclonal Antibodies and T-Cell Hybridomas 
563-681 (Elsevier, N.Y., 1981)), recombinant DNA methods 
(see, e.g., U.S. Pat. No. 4,816,567), phage-display technolo
gies (see, e.g., Clackson et al., Nature, 352: 624-628 (1991); 
Marks et al., J. Mol. Biol. 222: 581-597 (1991); Sidhu et al, 25 
J. Mol. Biol. 338(2): 299-310 (2004); Lee et al, J. Mol. Biol. 
340(5): 1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci. 
USA 101(34): 12467-12472 (2004); and Lee et al, J. Immu
nol. Methods 284(1-2): 119-132 (2004), and technologies for 
producing human or human-like antibodies in animals that 30 
have parts or all of the human immunoglobulin loci or genes 
encoding human immunoglobulin sequences (see, e.g, WO 
1998/24893; WO 1996/34096; WO 1996/33735; WO 1991/ 
10741; Jakobovits et al, Proc. Natl. Acad. Sci. USA 90: 2551 
(1993); Jakobovits et al. Nature 362: 255-258 (1993); 35 
Bruggemann et al. Year in Immunol. 7:33 (1993); U.S. Pat. 
Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 
and 5,661,016; Marks et al, Bio/Technology 10: 779-783 
(1992); Lonbeig et al. Nature 368: 856-859 (1994); Morri
son, Nature 368: 812-813 (1994); Fishwild et al. Nature 40 
Biotechnol. 14: 845-851 (1996); Neuberger, Nature Biotech- 
nol. 14: 826 (1996); and Lonberg and Fluszar, Intern. Rev. 
Immunol. 13: 65-93 (1995).

The monoclonal antibodies herein specifically include 
“chimeric” antibodies in which a portion of the heavy and/or 45 
light chain is identical with or homologous to corresponding 
sequences in antibodies derived from a particular species or 
belonging to a particular antibody class or subclass, while the 
remainder of the chain(s) is identical with or homologous to 
corresponding sequences in antibodies derived from another 50 
species or belonging to another antibody class or subclass, as 
well as fragments of such antibodies, so long as they exhibit 
the desired biological activity (U.S. Pat. No. 4,816,567; and 
Morrison et al, Proc. Natl. Acad. Sci. USA 81:6851-6855 
(1984)). 55

“Fhimanized” forms of non-human (e.g, murine) antibod
ies are chimeric antibodies that contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 
humanized antibodies are human immunoglobulins (recipi
ent antibody) in which residues from a hypervariable region 60 
of the recipient are replaced by residues from a hypervariable 
region of a non-human species (donor antibody) such as 
mouse, rat, rabbit or nonhuman primate having the desired 
specificity, affinity, and capacity. In some instances, frame
work region (FR) residues of the human immunoglobulin are 65 
replaced by corresponding non-human residues. Further
more, humanized antibodies may comprise residues that are
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not found in the recipient antibody or in the donor antibody. 
These modifications are made to further refine antibody per
formance. In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the hypervariable 
loops correspond to those of a non-human immunoglobulin 
and all or substantially all of the FRs are those of a human 
immunoglobulin sequence. The humanized antibody option
ally will also comprise at least a portion of an immunoglobu
lin constant region (Fc), typically that of a human immuno
globulin. For further details, see Jones et al. Nature 321:522- 
525 (1986); Riechmann et al. Nature 332:323-329 (1988); 
andPresta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also, 
e.g, Vaswani and Hamilton, Ann. Allergy, Asthma & Immu
nol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions 
23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 
5:428-433 (1994); and U.S. Pat. Nos. 6,982,321 and 7,087, 
409. See also van Dijk and van de Winkel, Curr. Opin. Phar
macol., 5: 368-74 (2001). Human antibodies can be prepared 
by administering the antigen to a transgenic animal that has 
been modified to produce such antibodies in response to 
antigenic challenge, but whose endogenous loci have been 
disabled, e.g, immunized xenomice (see, e.g, U.S. Pat. Nos. 
6,075,181 and 6,150,584 regarding XENOMOUSE™ tech
nology). See also, for example, Li et al, Proc. Natl. Acad. Sci. 
USA, 103:3557-3562 (2006) regarding human antibodies 
generated via a human B-cell hybridoma technology. The 
humanized antibody may also include a Primatized™ anti
body wherein the antigen-binding region of the antibody is 
derived from an antibody produced by immunizing macaque 
monkeys with the antigen of interest.

A “human antibody” is one which possesses an amino acid 
sequence which corresponds to that of an antibody produced 
by a human and/or has been made using any of the techniques 
for making human antibodies as disclosed herein. This defi
nition of a human antibody specifically excludes a humanized 
antibody comprising non-human antigen-binding residues. 
Human antibodies can be produced using various techniques 
known in the art. In one embodiment, the human antibody is 
selected from a phage library, where that phage library 
expresses human antibodies (Vaughan et al. Nature Biotech
nology 14:309-314 (1996): Sheets et al. PNAS (USA) 
95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol. 
Biol., 227:381 (1991); Marks et al, J. Mol. Biol., 222:581 
(1991)). Human antibodies can also be made by introducing 
human immunoglobulin loci into transgenic animals, e.g, 
mice in which the endogenous immunoglobulin genes have 
been partially or completely inactivated. Upon challenge, 
human antibody production is observed, which closely 
resembles that seen in humans in all respects, including gene 
rearrangement, assembly, and antibody repertoire. This 
approach is described, for example, in U.S. Pat. Nos. 5,545, 
807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, 
and in the following scientific publications: Marks et al, 
Bio/Technology 10: 779-783 (1992); Lonberg et al. Nature 
368: 856-859 (1994); Morrison, Nature 368:812-13 (1994); 
Fishwild et al. Nature Biotechnology 14: 845-51 (1996); 
Neuberger, Nature Biotechnology 14: 826 (1996); Lonbeig 
and Huszar, Intern. Rev. Immunol. 13:65-93 (1995). Alterna
tively, the human antibody may be prepared via immortaliza
tion of human B lymphocytes producing an antibody directed 
against a target antigen (such B lymphocytes may be recov
ered from an individual or may have been immunized in 
vitro). See, e.g. Cole et al. Monoclonal Antibodies and Can
cer Therapy, Alan R. Liss, p. 77 (1985); Boemer et al, J. 
Immunol., 147 (l):86-95 (1991); and U.S. Pat. No. 5,750,373.
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An “affinity matured” antibody is one with one or more 
alterations in one or more CDRs/HVRs thereof which result 
in an improvement in the affinity of the antibody for antigen, 
compared to a parent antibody which does not possess those 
alteration(s). Preferred affinity matured antibodies will have 5 
nanomolar or even picomolar affinities for the target antigen. 
Affinity matured antibodies are produced by procedures 
known in the art. Marks et al., Bio/Technology 10:779-783 
(1992) describes affinity maturation by VH and VL domain 
shuffling. Random mutagenesis of CDR/HVR and/or frame- to 
work residues is described by: Barbas et al., Proc Nat. Acad. 
Sci. USA 91:3809-3813 (1994); Schier et al. Gene 169:147- 
155 (1995); Yeltonet al, J. Immunol. 155:1994-2004 (1995); 
Jackson e tal, J. Immunol. 154(7):3310-9 (1995); and Hawk
ins et al, J. Mol. Biol. 226:889-896 (1992). 15

The “variable region” or “variable domain” of an antibody 
refers to the amino-terminal domains of the heavy or light 
chain of the antibody. The variable domain of the heavy chain 
may be referred to as “VH.” The variable domain of the light 
chain may be referred to as “VL.” These domains are gener- 20 
ally the most variable parts of an antibody and contain the 
antigen-binding sites.

The term “variable” refers to the fact that certain portions 
of the variable domains differ extensively in sequence among 
antibodies and are used in the binding and specificity of each 25 
particular antibody for its particular antigen. However, the 
variability is not evenly distributed throughout the variable 
domains of antibodies. It is concentrated in three segments 
called complementarity-determining regions (CDRs) or 
hypervariable regions (HVRs) both in the light-chain and the 30 
heavy-chain variable domains. The more highly conserved 
portions of variable domains are called the framework 
regions (FRs). The variable domains of native heavy and light 
chains each comprise four FRs, largely adopting a beta-sheet 
configuration, connected by three hypervariable regions, 35 
which form loops connecting, and in some cases forming part 
of, the beta-sheet structure. The hypervariable regions in each 
chain are held together in close proximity by the FRs and, 
with the hypervariable regions from the other chain, contrib
ute to the formation of the antigen-binding site of antibodies 40 
(see Rabat et al. Sequences o f Proteins o f Immunological 
Interest, 5th Ed. Public Health Service, National Institutes of 
Health, Bethesda, Md. (1991)). The constant domains are not 
involved directly in binding an antibody to an antigen, but 
exhibit various effector functions, such as participation of the 45 
antibody in antibody-dependent cellular toxicity.

The term “hypervariable region,” “HVR,” or “HV,” when 
used herein refers to the amino acid residues of an antibody 
which are responsible for antigen-binding. For example, the 
term hypervariable region refers to the regions of an antibody 50 
variable domain which are hypervariable in sequence and/or 
form structurally defined loops. Generally, antibodies com
prise six HVRs; three in the VH (HI, H2, H3), and three in the 
VL (LI, L2, L3). In native antibodies, H3 and L3 display the 
most diversity of the six HVRs, and H3 in particular is 55 
believed to play a unique role in conferring fine specificity to 
antibodies. See, e.g, Xu et al. Immunity 13:37-45 (2000); 
Johnson and Wu, in Methods in Molecular Biology 248:1-25 
(Lo, ed. Human Press, Totowa, N.J, 2003). Indeed, naturally 
occurring camelid antibodies consisting of a heavy chain only 60 
are functional and stable in the absence of light chain. See, 
e.g, Hamers-Casterman et al. Nature 363:446-448 (1993); 
Sheriff et al. Nature Struct. Biol. 3:733-736 (1996).

The “light chains” of antibodies (immunoglobulins) from 
any vertebrate species can be assigned to one of two clearly 65 
distinct types, called kappa (k) and lambda (X), based on the 
amino acid sequences of their constant domains.
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Depending on the amino acid sequences of the constant 
domains of their heavy chains, antibodies (immunoglobulins) 
can be assigned to different classes. There are five major 
classes of immunoglobulins: IgA, IgD, IgE, IgG and IgM, and 
several of these may be further divided into subclasses (iso
types), e.g, IgGl, IgG2, IgG3, IgG4, IgAl, and IgA2. The 
heavy chain constant domains that correspond to the different 
classes of immunoglobulins are called a, 8,6, y, and p, respec
tively. The subunit structures and three-dimensional configu
rations of different classes of immunoglobulins are well 
known and described generally in, for example, Abbas et al. 
Cellular and Mol. Immunology, 4th ed. (2000). An antibody 
may be part of a larger fusion molecule, formed by covalent or 
non-covalent association of the antibody with one or more 
other proteins or peptides.

The term “Fc region” is used to define the C-terminal 
region of an immunoglobulin heavy chain which may be 
generated by papain digestion of an intact antibody. The Fc 
region may be a native sequence Fc region or a variant Fc 
region. The Fc region of an immunoglobulin generally com
prises two constant domains, a CH2 domain and a CH3 
domain, and optionally comprises a CH4 domain.

By “Fc region chain” herein is meant one of the two 
polypeptide chains of an Fc region.

The “CH2 domain” of a human IgG Fc region (also 
referred to as “Cg2” domain) is unique in that it is not closely 
paired with another domain. Rather, two N-linked branched 
carbohydrate chains are interposed between the two CH2 
domains of an intact native IgG molecule. It has been specu
lated that the carbohydrate may provide a substitute for the 
domain-domain pairing and help stabilize the CH2 domain. 
Burton, Molec. Immunol. 22:161-206 (1985). The CH2 
domain herein may be a native sequence CH2 domain or 
variant CH2 domain.

The “CH3 domain” comprises the stretch of residues C-ter- 
minal to a CH2 domain in an Fc region. The CH3 region 
herein may be a native sequence CH3 domain or a variant 
CH3 domain (e.g. a CH3 domain with an introduced “pro- 
troberance” in one chain thereof and a corresponding intro
duced “cavity” in the other chain thereof; see U.S. Pat. No. 
5,821,333, expressly incorporated herein by reference). Such 
variant CH3 domains may be used to make multispecific (e.g. 
bispecific) antibodies as herein described.

“Hinge region” herein may be a native sequence hinge 
region or a variant hinge region. The two polypeptide chains 
of a variant hinge region generally retain at least one cysteine 
residue per polypeptide chain, so that the two polypeptide 
chains of the variant hinge region can form a disulfide bond 
between the two chains. The preferred hinge region herein is 
a native sequence human hinge region, e.g. a native sequence 
human IgGl hinge region.

A “functional Fc region” possesses at least one “effector 
function” of a native sequence Fc region. Exemplary “effec
tor functions” include Clq binding; complement dependent 
cytotoxicity (CDC); Fc receptor binding; antibody-depen- 
dent cell-mediated cytotoxicity (ADCC); phagocytosis; 
down regulation of cell surface receptors (e.g. B cell receptor; 
BCR), etc. Such effector functions generally require the Fc 
region to be combined with a binding domain (e.g. an anti
body variable domain) and can be assessed using various 
assays known in the art for evaluating such antibody effector 
functions.

A “native sequence Fc region” comprises an amino acid 
sequence identical to the amino acid sequence of an Fc region 
found in nature. Native sequence human Fc regions include a 
native sequence human IgGl Fc region (non-A and A allo
types); native sequence human IgG2 Fc region; native
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sequence human IgG3 Fc region; and native sequence human 
IgG4 Fc region as well as naturally occurring variants thereof.

An “intact” antibody is one which comprises an antigen
binding variable region as well as a light chain constant 
domain (CL) and heavy chain constant domains, CH\, CH2 5 
and 0^3. The constant domains may be native sequence 
constant domains (e.g. human native sequence constant 
domains) or amino acid sequence variant thereof. Preferably, 
the intact antibody has one or more effector functions.

A “parent antibody” or “wild-type” antibody is an antibody l o 
comprising an amino acid sequence which lacks one or more 
amino acid sequence alterations compared to an antibody 
variant as herein disclosed. Thus, the parent antibody gener
ally has at least one hypervariable region which differs in 
amino acid sequence from the amino acid sequence of the 15 
corresponding hypervariable region of an antibody variant as 
herein disclosed. The parent polypeptide may comprise a 
native sequence (i.e. a naturally occurring) antibody (includ
ing a naturally occurring allelic variant), or an antibody with 
pre-existing amino acid sequence modifications (such as 20 
insertions, deletions and/or other alterations) of a naturally 
occurring sequence. Throughout the disclosure, “wild type,” 
“WT,” “wt,” and “parent” or “parental” antibody are used 
interchangeably.

As used herein, “antibody variant” or “variant antibody” 25 
refers to an antibody which has an amino acid sequence which 
differs from the amino acid sequence of a parent antibody. 
Preferably, the antibody variant comprises a heavy chain vari
able domain or a light chain variable domain having an amino 
acid sequence which is not found in nature. Such variants 30 
necessarily have less than 100% sequence identity or similar
ity with the parent antibody. In a preferred embodiment, the 
antibody variant will have an amino acid sequence from about 
75% to less than 100% amino acid sequence identity or simi
larity with the amino acid sequence of either the heavy or light 35 
chain variable domain of the parent antibody, more preferably 
from about 80% to less than 100%, more preferably from 
about 85% to less than 100%, more preferably from about 
90% to less than 100%, and most preferably from about 95% 
to less than 100%. The antibody variant is generally one 40 
which comprises one or more amino acid alterations in or 
adjacent to one or more hypervariable regions thereof.

A “variant Fc region” comprises an amino acid sequence 
which differs from that of a native sequence Fc region by 
virtue of at least one amino acid modification. In certain 45 
embodiments, the variant Fc region has at least one amino 
acid substitution compared to a native sequence Fc region or 
to the Fc region of a parent polypeptide, e.g. from about one 
to about ten amino acid substitutions, and preferably from 
about one to about five amino acid substitutions in a native 50 
sequence Fc region or in the Fc region of the parent polypep
tide, e.g. from about one to about ten amino acid substitutions, 
and preferably from about one to about five amino acid sub
stitutions in a native sequence Fc region or in the Fc region of 
the parent polypeptide. The variant Fc region herein will 55 
typically possess, e.g., at least about 80% sequence identity 
with a native sequence Fc region and/or with an Fc region of 
a parent polypeptide, or at least about 90% sequence identity 
therewith, or at least about 95% sequence or more identity 
therewith. 60

Antibody “effector functions” refer to those biological 
activities attributable to the Fc region (a native sequence Fc 
region or amino acid sequence variant Fc region) of an anti
body, and vary with the antibody isotype. Examples of anti
body effector functions include: Clq binding and comple- 65 
ment dependent cytotoxicity (CDC); Fc receptor binding; 
antibody-dependent cell-mediated cytotoxicity (ADCC);

US 8,512
17

phagocytosis; down regulation of cell surface receptors (e.g. 
B cell receptor); and B cell activation.

“Antibody-dependent cell-mediated cytotoxicity” or 
“ADCC” refers to a form of cytotoxicity in which secreted Ig 
bound onto Fc receptors (FcRs) present on certain cytotoxic 
cells (e.g. Natural Killer (NK) cells, neutrophils, and mac
rophages) enable these cytotoxic effector cells to bind spe
cifically to an antigen-bearing target cell and subsequently 
kill the target cell with cytotoxins. The primary cells for 
mediating ADCC, NK cells, express FcyRIII only, whereas 
monocytes express FcyRI, FcyRII and FcyRIII. FcR expres
sion on hematopoietic cells is summarized in Table 3 on page 
464 of Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 
(1991). To assess ADCC activity of a molecule of interest, an 
in vitro ADCC assay, such as that described in U.S. Pat. No. 
5,500,362 or U.S. Pat. No. 5,821,337 may be performed. 
Useful effector cells for such assays include peripheral blood 
mononuclear cells (PBMC) and Natural Killer (NK) cells. 
Alternatively, or additionally, ADCC activity of the molecule 
of interest may be assessed in vivo, e.g., in a animal model 
such as that disclosed in Clynes et al. PNAS (USA) 95:652- 
656 (1998).

“Fluman effector cells” are leukocytes which express one 
or more FcRs and perform effector functions. In certain 
embodiments, the cells express at least FcyRIII and perform 
ADCC effector function(s). Examples of human leukocytes 
which mediate ADCC include peripheral blood mononuclear 
cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic 
T cells and neutrophils; with PBMCs and NK cells being 
generally preferred. The effector cells may be isolated from a 
native source thereof, e.g. from blood or PBMCs as described 
herein.

“Fc receptor” or “FcR” describes a receptor that binds to 
the Fc region of an antibody. In some embodiments, an FcR is 
a native human FcR. In some embodiments, an FcR is one 
which binds an IgG antibody (a gamma receptor) and 
includes receptors of the FcyRI, FcyRII, and FcyRIII sub
classes, including allelic variants and alternatively spliced 
forms of those receptors. FcyRII receptors include FcyRIIA 
(an “activating receptor”) and FcyRIIB (an “inhibiting recep
tor”), which have similar amino acid sequences that differ 
primarily in the cytoplasmic domains thereof. Activating 
receptor FcyRIIA contains an immunoreceptor tyrosine- 
based activation motif (ITAM) in its cytoplasmic domain 
Inhibiting receptor FcyRIIB contains an immunoreceptor 
tyrosine-based inhibition motif (ITIM) in its cytoplasmic 
domain, (see, e.g., Daeron, Annu. Rev. Immunol. 15:203-234 
(1997)). FcRs are reviewed, for example, in Ravetch and 
Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et al., 
Immunomethods 4:25-34 (1994); and de Flaas et al., J. Lab. 
Clin. Med. 126:330-41 (1995). OtherFcRs, including those to 
be identified in the future, are encompassed by the term 
“FcR” herein.

The term “Fc receptor” or “FcR” also includes the neonatal 
receptor, F cRn, which is responsible for the transfer of mater
nal IgGs to the fetus (Guyer eta\.,J. Immunol. 117:587 (1976) 
and Kim et al., J. Immunol. 24:249 (1994)) and regulation of 
homeostasis of immunoglobulins. Methods of measuring 
binding to FcRn are known (see, e.g., Ghetie and Ward., 
Immunol. Today 18(12):592-598 (1997); Ghetie et al., Nature 
Biotechnology, 15(7):637-640 (1997); Flinton et al., J. Biol. 
Chem. 279(8):6213-6216 (2004); WO2004/92219 (Hintonet 
al.).

Binding to human FcRn in vivo and serum half life of 
human FcRn high affinity binding polypeptides can be 
assayed, e.g., in transgenic mice or transfected human cell 
lines expressing human FcRn, or in primates to which the
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polypeptides with a variant Fc region are administered. WO 
2000/42072 (Presta) describes antibody variants with 
improved or diminished binding to FcRs. See also, e.g., 
Shields et al. J. Biol. Chem. 9(2):6591-6604 (2001).

“Complement dependent cytotoxicity” or “CDC” refers to 5 
the lysis of a target cell in the presence of complement. 
Activation of the classical complement pathway is initiated 
by the binding of the first component of the complement 
system (Clq) to antibodies (of the appropriate subclass), 
which are bound to their cognate antigen. To assess comple- to 
ment activation, a CDC assay, e.g., as described in Gazzano- 
Santoro et al., J. Immunol. Methods 202:163 (1996), may be 
performed. Polypeptide variants with altered Fc region amino 
acid sequences (polypeptides with a variant Fc region) and 
increased or decreased Clq binding capability are described, 15 
e.g, inU.S. Pat. No. 6,194,551 B1 and WO 1999/51642. See 
also, e.g, Idusogie et al. J. Immunol. 164: 4178-4184 (2000).

An “affinity matured” antibody is one with one or more 
alterations in one or more CDRs thereof which result an 
improvement in the affinity of the antibody for antigen, com- 20 
pared to a parent antibody which does not possess those 
alteration(s). In one embodiment, an affinity matured anti
body has nanomolar or even picomolar affinities for the target 
antigen. Affinity matured antibodies are produced by proce
dures known in the art. Marks et al. Bio/Technology 10:779- 25 
783 (1992) describes affinity maturation by VH and VL 
domain shuffling. Random mutagenesis of CDR and/or 
framework residues is described by: Barbas et al. Proc Nat. 
Acad. Sci, USA 91:3809-3813 (1994); Schier et al. Gene 
169:147-155 (1995);Yeltonetal.J. Immunol. 155:1994-2004 30 
(1995); Jackson etal, J. Immunol. 154(7):3310-9 (1995); and 
Hawkins et al, J. Mol. Biol. 226:889-896 (1992).

The term “therapeutic antibody” refers to an antibody that 
is used in the treatment of disease. A therapeutic antibody 
may have various mechanisms of action. A therapeutic anti- 35 
body may bind and neutralize the normal function of a target 
associated with an antigen. For example, a monoclonal anti
body that blocks the activity of the of protein needed for the 
survival of a cancer cell causes the cell’s death. Another 
therapeutic monoclonal antibody may bind and activate the 40 
normal function of a target associated with an antigen. For 
example, a monoclonal antibody can bind to a protein on a 
cell and trigger an apoptosis signal. Yet another monoclonal 
antibody may bind to a target antigen expressed only on 
diseased tissue; conjugation of a toxic payload (effective 45 
agent), such as a chemotherapeutic or radioactive agent, to the 
monoclonal antibody can create an agent for specific delivery 
of the toxic payload to the diseased tissue, reducing harm to 
healthy tissue. A “biologically functional fragment” of a 
therapeutic antibody will exhibit at least one if not some or all 50 
of the biological functions attributed to the intact antibody, 
the function comprising at least specific binding to the target 
antigen.

The antibody may bind to any protein, including, without 
limitation, a member of the HER receptor family, such as 55 
HER1 (EGFR), HER2, HER3 and HER4; CD proteins such 
as CD3, CD4, CD8, CD19, CD20, CD21, CD22, andCD34; 
cell adhesion molecules suchas LFA-1, Mol, pl50,95, VLA- 
4, ICAM-1, VCAM and av/p3 integrin including either a  or (3 
or subunits thereof (e.g. anti-CDlla, anti-CD18 or anti- 60 
CD1 lb antibodies); growth factors such as vascular endothe
lial growth factor (VEGF); IgE; blood group antigens; flk2/ 
flt3 receptor; obesity (OB) receptor; and protein C. Other 
exemplary proteins include growth hormone (GH), including 
human growth hormone (hGH) and bovine growth hormone 65 
(bGH); growth hormone releasing factor; parathyroid hor
mone; thyroid stimulating hormone; lipoproteins; a-l-antit-
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rypsin; insulin A-chain; insulin B-chain; proinsulin; follicle 
stimulating hormone; calcitonin; luteinizing hormone; gluca
gon; clotting factors such as factor VIIIC, factor, tissue factor, 
and von Willebrands factor; anti-clotting factors such as Pro
tein C; atrial natriuretic factor; lung surfactant; a plasminogen 
activator, such as urokinase or tissue-type plasminogen acti
vator (t-PA); bombazine; thrombin; tumor necrosis factor-a 
and -(3; enkephalinase; RANTES (regulated on activation 
normally T-cell expressed and secreted); human macrophage 
inflammatory protein (MIP-l-a); serum albumin such as 
human serum albumin (HSA); mullerian-inhibiting sub
stance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse 
gonadotropin-associated peptide; DNase; inhibin; activin; 
receptors for hormones or growth factors; an integrin; protein 
A or D; rheumatoid factors; a neurotrophic factor such as 
bone-derived neurotrophic factor (BDNF), neurotrophin-3, 
-4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth 
factor such as NGF-|3; platelet-derived growth factor 
(PDGF); fibroblast growth factor such as aFGF and bFGF; 
epidermal growth factor (EGF); transforming growth factor 
(TGF) such as TGF-a and TGF-|3, including TGF-|31, TGF- 
(32, TGF-|33, TGF-|34, or TGF-|35; insulin-like growth fac- 
tor-I and -II (IGF-I and IGF-II); des(l-3)-IGF-I (brain IGF-I); 
insulin-like growth factor binding proteins (IGFBPs); eryth
ropoietin (EPO); thrombopoietin (TPO); osteoinductive fac
tors; immunotoxins; a bone morphogenetic protein (BMP); 
an interferon such as interferon-a, -(3, and -y; colony stimu
lating factors (CSFs), e.g, M-CSF, GM-CSF, and G-CSF; 
interleukins (ILs), e.g, IL-1 to IL-10; superoxide dismutase; 
T-cell receptors; surface membrane proteins; decay acceler
ating factor (DAF); a viral antigen such as, for example, a 
portion of the AIDS envelope; transport proteins; homing 
receptors; addressins; regulatory proteins; immunoadhesins; 
antibodies; and biologically active fragments or variants of 
any of the above-listed polypeptides. Many other antibodies 
and/or other proteins may be used in accordance with the 
instant invention, and the above lists are not meant to be 
limiting.

Therapeutic antibodies of particular interest include those 
in clinical oncological practice or development such as com
mercially available AVASTIN® (bevacizumab), HERCEP- 
TIN® (trastuzumab), LUCENTIS® (ranibizumab), RAP- 
TIVA® (efalizumab), RITUXAN® (rituximab), and 
XOLAIR® (omalizumab), as well as, anti-amyloid beta 
(Abeta), anti-CD4 (MTRX1011A), anti-EGFL7 (EGF-like- 
domain 7), anti-IL13, Apomab (anti-DR5-targeted pro-apo- 
ptotic receptor agonist (PARA), anti-BR3 (CD268, BLyS 
receptor 3, BAFF-R, BAFF Receptor), anti-beta 7 integrin 
subunit, dacetuzumab (Anti-CD40), GA101 (anti-CD20 
monoclonal antibody), MetMAb (anti-MET receptor 
tyrosine kinase), anti-neuropilin-1 (NRP1), ocrelizumab 
(anti-CD20 antibody), anti-0X40 ligand, anti-oxidized LDL 
(oxLDL), pertuzumab (HER dimerization inhibitors (HDIs), 
and. rhuMAb IFN alpha.

A “biologically functional fragment” of an antibody com
prises only a portion of an intact antibody, wherein the portion 
retains at least one, and as many as most or all, of the functions 
normally associated with that portion when present in an 
intact antibody. In one embodiment, a biologically functional 
fragment of an antibody comprises an antigen binding site of 
the intact antibody and thus retains the ability to bind antigen. 
In another embodiment, a biologically functional fragment of 
an antibody, for example one that comprises the Fc region, 
retains at least one of the biological functions normally asso
ciated with the Fc region when present in an intact antibody, 
such as FcRn binding, antibody half life modulation, ADCC 
function and complement binding. In one embodiment, a
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biologically functional fragment of an antibody is a monova
lent antibody that has an in vivo half life substantially similar 
to an intact antibody. For example, such a biologically func
tional fragment of an antibody may comprise an antigen 
binding arm linked to an Fc sequence capable of conferring in 5 
vivo stability to the fragment.

The term “diagnostic protein” refers to a protein that is 
used in the diagnosis of a disease.

The term “diagnostic antibody” refers to an antibody that is 
used as a diagnostic reagent for a disease. The diagnostic to 
antibody may bind to a target antigen that is specifically 
associated with, or shows increased expression in, a particular 
disease. The diagnostic antibody may be used, for example, to 
detect a taiget in a biological sample from a patient, or in 
diagnostic imaging of disease sites, such as tumors, in a 15 
patient. A “biologically functional fragment” of a diagnostic 
antibody will exhibit at least one if not some or all of the 
biological functions attributed to the intact antibody, the func
tion comprising at least specific binding to the taiget antigen.

“Purified” means that a molecule is present in a sample at 20 
a concentration of at least 80-90% by weight of the sample in 
which it is contained. The protein, including antibodies, 
which is purified is preferably essentially pure and desirably 
essentially homogeneous (i.e. free from contaminating pro
teins etc.). 25

An “essentially pure” protein means a protein composition 
comprising at least about 90% by weight of the protein, based 
on total weight of the composition, preferably at least about 
95% by weight.

An “essentially homogeneous” protein means a protein 30 
composition comprising at least about 99% by weight of 
protein, based on total weight of the composition.

As used herein, “soluble” refers to polypeptides that, when 
in aqueous solutions, are completely dissolved, resulting in a 
clear to slightly opalescent solution with no visible particu- 35 
lates, as assessed by visual inspection. A further assay of the 
turbidity of the solution (or solubility of the protein) may be 
made by measuring UV absorbances at 340 nm to 360 nm 
with a 1 cm path-length cell where turbidity at 20 mg/ml is 
less than 0.05 absorbance units. 40

An “isolated” antibody or polypeptide is one which has 
been identified and separated and/or recovered from a com
ponent of its natural environment. Contaminant components 
of its natural environment are materials which would interfere 
with research, diagnostic or therapeutic uses for the antibody, 45 
and may include enzymes, hormones, and other proteina
ceous ornonproteinaceous solutes. In some embodiments, an 
antibody is purified (1) to greater than 95% by weight of 
antibody as determined by, for example, the Lowry method, 
and in some embodiments, to greater than 99% by weight; (2) 50 
to a degree sufficient to obtain at least 15 residues of N-ter- 
minal or internal amino acid sequence by use of, for example, 
a spinning cup sequenator, or (3) to homogeneity by SDS- 
PAGE under reducing or nonreducing conditions using, for 
example, Coomassie blue or silver stain. Isolated antibody 55 
includes the antibody in situ within recombinant cells since at 
least one component of the antibody’s natural environment 
will not be present. Ordinarily, however, isolated antibody 
will be prepared by at least one purification step.

The terms “Protein A” and “ProA” are used interchange- 60 
ably herein and encompasses Protein A recovered from a 
native source thereof, Protein A produced synthetically (e.g. 
by peptide synthesis or by recombinant techniques), and vari
ants thereof which retain the ability to bind proteins which 
have a ̂ 2 /0 ^ 3  region, such as an Fc region. Protein A can be 65 
purchased commercially from Repligen, Pharmacia and Fer- 
matech. Protein A is generally immobilized on a solid phase
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support material. The term “ProA” also refers to an affinity 
chromatography resin or column containing chromato
graphic solid support matrix to which is covalently attached 
Protein A.

The term “chromatography” refers to the process by which 
a solute of interest in a mixture is separated from other solutes 
in a mixture as a result of differences in rates at which the 
individual solutes of the mixture migrate through a stationary 
medium under the influence of a moving phase, or in bind and 
elute processes.

The term “affinity chromatography” and “protein affinity 
chromatography” are used interchangeably herein and refer 
to a protein separation technique in which a protein of interest 
or antibody of interest is reversibly and specifically bound to 
a biospecific ligand. Preferably, the biospecific ligand is 
covalently attached to a chromatographic solid phase material 
and is accessible to the protein of interest in solution as the 
solution contacts the chromatographic solid phase material. 
The protein of interest (e.g., antibody, enzyme, or receptor 
protein) retains its specific binding affinity for the biospecific 
ligand (antigen, substrate, cofactor, or hormone, for example) 
during the chromatographic steps, while other solutes and/or 
proteins in the mixture do not bind appreciably or specifically 
to the ligand. Binding of the protein of interest to the immo
bilized ligand allows contaminating proteins or protein impu
rities to be passed through the chromatographic medium 
while the protein of interest remains specifically bound to the 
immobilized ligand on the solid phase material. The specifi
cally bound protein of interest is then removed in active form 
from the immobilized ligand with low pH, high pH, high salt, 
competing ligand, and the like, and passed through the chro
matographic column with the elution buffer, free of the con
taminating proteins or protein impurities that were earlier 
allowed to pass through the column. Any component can be 
used as a ligand for purifying its respective specific binding 
protein, e.g. antibody.

The terms “non-affinity chromatography” and “non-affin
ity purification” refer to a purification process in which affin
ity chromatography is not utilized. Non-affinity chromatog
raphy includes chromatographic techniques that rely on non
specific interactions between a molecule of interest (such as a 
protein, e.g. antibody) and a solid phase matrix.

A “cation exchange resin” refers to a solid phase which is 
negatively charged, and which thus has free cations for 
exchange with cations in an aqueous solution passed over or 
through the solid phase. A negatively charged ligand attached 
to the solid phase to form the cation exchange resin may, e.g., 
be a carboxylate or sulfonate. Commercially available cation 
exchange resins include carboxy-methyl-cellulose, sulphop- 
ropyl (SP) immobilized on agarose (e.g. SP-SEPHAROSE 
FAST FLOW™ or SP-SEPHAROSE HIGH PERFOR
MANCE™, from Pharmacia) and sulphonyl immobilized on 
agarose (e.g. S-SEPHAROSE FAST FLOW™ from Pharma
cia). A “mixed mode ion exchange resin” refers to a solid 
phase which is covalently modified with cationic, anionic, 
and hydrophobic moieties. A commercially available mixed 
mode ion exchange resin is BAKERBOND ABX™ (J.T. 
Baker, Phillipsburg, N.J.) containing weak cation exchange 
groups, a low concentration of anion exchange groups, and 
hydrophobic ligands attached to a silica gel solid phase sup
port matrix.

The term “anion exchange resin” is used herein to refer to 
a solid phase which is positively charged, e.g. having one or 
more positively charged ligands, such as quaternary amino 
groups, attached thereto. Commercially available anion 
exchange resins include DEAE cellulose, QAE SEPHA- 
DEX™ and FAST Q SEPHAROSE™ (Pharmacia).
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A “buffer” is a solution that resists changes in pH by the 
action of its acid-base conjugate components. Various buffers 
which can be employed depending, for example, on the 
desired pH of the buffer are described in Buffers. A Guide for 
the Preparation and Use o f Buffers in Biological Systems, 5 
Gueffroy, D., ed. Calbiochem Corporation (1975). In one 
embodiment, the buffer has a pH in the range from about 2 to 
about 9, alternatively from about 3 to about 8, alternatively 
from about 4 to about 7 alternatively from about 5 to about 7. 
Non-limiting examples of buffers that will control the pH in 10 
this range include MES, MOPS, MOPSO, Tris, HEPES, 
phosphate, acetate, citrate, succinate, and ammonium buffers, 
as well as combinations of these.

The “loading buffer” is that which is used to load the 15 
composition comprising the polypeptide molecule of interest 
and one or more impurities onto the ion exchange resin. The 
loading buffer has a conductivity and/or pH such that the 
polypeptide molecule of interest (and generally one or more 
impurities) is/are bound to the ion exchange resin or such that 20 
the protein of interest flows through the column while the 
impurities bind to the resin.

The “intermediate buffer” is used to elute one or more 
impurities from the ion exchange resin, prior to eluting the 
polypeptide molecule of interest. The conductivity and/or pH 25 
of the intermediate buffer is/are such that one or more impu
rity is eluted from the ion exchange resin, but not significant 
amounts of the polypeptide of interest.

The term “wash buffer” when used herein refers to a buffer 
used to wash or re-equilibrate the ion exchange resin, prior to 30 
eluting the polypeptide molecule of interest. Conveniently, 
the wash buffer and loading buffer may be the same, but this 
is not required.

The “elution buffer” is used to elute the polypeptide of 
interest from the solid phase. The conductivity and/or pH of 35 
the elution buffer is/are such that the polypeptide of interest is 
eluted from the ion exchange resin.

A “regeneration buffer” may be used to regenerate the ion 
exchange resin such that it can be re-used. The regeneration 
buffer has a conductivity and/or pH as required to remove 40 
substantially all impurities and the polypeptide of interest 
from the ion exchange resin.

The term “substantially similar” or “substantially the 
same,” as used herein, denotes a sufficiently high degree of 
similarity between two numeric values (for example, one 45 
associated with an antibody of the invention and the other 
associated with a reference/comparator antibody), such that 
one of skill in the art would consider the difference between 
the two values to be of little or no biological and/or statistical 
significance within the context of the biological characteristic 50 
measured by said values (e.g., Kd values). The difference 
between said two values is, for example, less than about 50%, 
less than about 40%, less than about 30%, less than about 
20%, and/or less than about 10% as a function of the refer
ence/comparator value. 55

The phrase “substantially reduced,” or “substantially dif
ferent,” as used herein with regard to amounts or numerical 
values (and not as reference to the chemical process of reduc
tion), denotes a sufficiently high degree of difference between 
two numeric values (generally one associated with a molecule 60 
and the other associated with a reference/comparator mol
ecule) such that one of skill in the art would consider the 
difference between the two values to be of statistical signifi
cance within the context of the biological characteristic mea
sured by said values (e.g., Kd values). The difference between 65 
said two values is, for example, greater than about 10%, 
greater than about 20%, greater than about 30%, greater than
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about 40%, and/or greater than about 50% as a function of the 
value for the reference/comparator molecule.

The term “vector,” as used herein, is intended to refer to a 
nucleic acid molecule capable of transporting another nucleic 
acid to which it has been linked. One type of vector is a 
“plasmid,” which refers to a circular double stranded DNA 
into which additional DNA segments may be ligated. Another 
type of vector is a phage vector. Another type of vector is a 
viral vector, wherein additional DNA segments may be 
ligated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are 
introduced (e.g., bacterial vectors having a bacterial origin of 
replication and episomal mammalian vectors). Other vectors 
(e.g., non-episomal mammalian vectors) can be integrated 
into the genome of a host cell upon introduction into the host 
cell, and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the expres
sion of genes to which they are operatively linked. Such 
vectors are referred to herein as “recombinant expression 
vectors,” or simply, “expression vectors.” In general, expres
sion vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, 
“plasmid” and “vector” may be used interchangeably as the 
plasmid is the most commonly used form of vector.

“Percent (%) amino acid sequence identity” with respect to 
a reference polypeptide sequence is defined as the percentage 
of amino acid residues in a candidate sequence that are iden
tical with the amino acid residues in the reference polypeptide 
sequence, after aligning the sequences and introducing gaps, 
if necessary, to achieve the maximum percent sequence iden
tity, andnot considering any conservative substitutions as part 
of the sequence identity. Alignment for purposes of determin
ing percent amino acid sequence identity can be achieved in 
various ways that are within the skill in the art, for instance, 
using publicly available computer software such as BLAST, 
BLAST-2, ALIGN or Megalign (DNASTAR) software. 
Those skilled in the art can determine appropriate parameters 
for aligning sequences, including any algorithms needed to 
achieve maximal alignment over the full length of the 
sequences being compared. For purposes herein, however, % 
amino acid sequence identity values are generated using the 
sequence comparison computer program ALIGN-2. The 
ALIGN-2 sequence comparison computer program was 
authored by Genentech, Inc., and the source code has been 
filed with user documentation in the U.S. Copyright Office, 
Washington D.C., 20559, where it is registered under U.S. 
Copyright Registration No. TXU510087. The ALIGN-2 pro
gram is publicly available from Genentech, Inc., South San 
Francisco, Calif., or may be compiled from the source code. 
The ALIGN-2 program should be compiled for use on a 
UNIX operating system, preferably digital UNIX V4.0D. All 
sequence comparison parameters are set by the ALIGN-2 
program and do not vary.

In situations where ALIGN-2 is employed for amino acid 
sequence comparisons, the % amino acid sequence identity of 
a given amino acid sequence A to, with, or against a given 
amino acid sequence B (which can alternatively be phrased as 
a given amino acid sequence A that has or comprises a certain 
% amino acid sequence identity to, with, or against a given 
amino acid sequence B) is calculated as follows:

100 times the fraction X/Y

where X is the number of amino acid residues scored as 
identical matches by the sequence alignment program 
ALIGN-2 in that program’s alignment of A and B, and 

where Y is the total number of amino acid residues in B.
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It will be appreciated that where the length of amino acid 
sequence A is not equal to the length of amino acid sequence 
B, the % amino acid sequence identity of A to B will not equal 
the % amino acid sequence identity of B to A. Unless specifi
cally stated otherwise, all % amino acid sequence identity 
values used herein are obtained as described in the immedi
ately preceding paragraph using the ALIGN-2 computer pro
gram.

“Percent (%) nucleic acid sequence identity” is defined as 
the percentage of nucleotides in a candidate sequence that are 
identical with the nucleotides in a reference Factor D-encod- 
ing sequence, after aligning the sequences and introducing 
gaps, if necessary, to achieve the maximum percent sequence 
identity. Alignment for purposes of determining percent 
nucleic acid sequence identity can be achieved in various 
ways that are within the skill in the art, for instance, using 
publicly available computer software such as BLAST, 
BLAST-2, ALIGN or Megalign (DNASTAR) software. 
Those skilled in the art can determine appropriate parameters 
for measuring alignment, including any algorithms needed to 
achieve maximal alignment over the full length of the 
sequences being compared. Sequence identity is then calcu
lated relative to the longer sequence, i.e. even if a shorter 
sequence shows 100% sequence identity with a portion of a 
longer sequence, the overall sequence identity will be less 
than 100%.

“Treatment” refers to both therapeutic treatment and pro
phylactic or preventative measures. Those in need of treat
ment include those already with the disorder as well as those 
in which the disorder is to be prevented. “Treatment” herein 
encompasses alleviation of the disease and of the signs and 
symptoms of the particular disease.

A “disorder” is any condition that would benefit from 
treatment with the protein. This includes chronic and acute 
disorders or diseases including those pathological conditions 
which predispose the mammal to the disorder in question. 
Non-limiting examples of disorders to be treated herein 
include carcinomas and allergies.

“Mammal” for purposes of treatment refers to any animal 
classified as a mammal, including humans, non-human 
higher primates, other vertebrates, domestic and farm ani
mals, and zoo, sports, or pet animals, such as dogs, horses, 
cats, cows, etc. Preferably, the mammal is human.

B. Exemplary Methods and Materials for Carrying 
Out the Invention

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of molecular 
biology and the like, which are within the skill of the art. Such 
techniques are explained fully in the literature. See e.g., 
Molecular Cloning: A Laboratory Manual, (J. Sambrook et 
al., Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989); Current Protocols in Molecular Biology (F. 
Ausubel et al., eds., 1987 updated); Essential Molecular Biol
ogy (T. Brown ed., IRL Press 1991); Gene Expression Tech
nology (Goeddel ed., Academic Press 1991); Methods for 
Cloning and Analysis o f Eukaryotic Genes (A. Bothwell et 
al., eds., Bartlett Publ. 1990); Gene Transfer and Expression 
(M. Kriegler, Stockton Press 1990); RecombinantDNA Meth
odology II (R. Wu et al., eds., Academic Press 1995); PCR: A 
Practical Approach (M. McPherson et al., IRL Press at 
Oxford University Press 1991); Oligonucleotide Synthesis 
(M. Gait ed., 1984); Cell Culture for Biochemists (R. Adams 
ed., Elsevier Science Publishers 1990); Gene Transfer Vectors 
for Mammalian Cells (J. Miller & M. Calos eds., 1987); 
Mammalian Cell Biotechnology (M. Butler ed., 1991); Ani-

25
mal Cell Culture (J. Pollard et al., eds., Humana Press 1990); 
Culture o f Animal Cells, 2”rfEd. (R. Freshneyetal., eds., Alan 
R. Liss 1987); Flow Cytometry and Sorting (M. Melamed et 
al., eds., Wiley-Liss 1990); the senes Methods inEnzymology 

5 (Academic Press, Inc.); Wirth M. and Hauser H. (1993); 
Immunochemistry in Practice, 3rd edition, A. Johnstone & R. 
Thorpe, Blackwell Science, Cambridge, Mass., 1996; Tech
niques in Immunocytochemistry, (G. Bullock & P. Petrusz 
eds., Academic Press 1982, 1983, 1985, 1989); Handbook of 

to Experimental Immunology, (D. Weir & C. Blackwell, eds.); 
Current Protocols in Immunology (J. Coligan et al., eds. 
1991); Immunoassay (E. P. Diamandis & T. K. Christopoulos, 
eds., Academic Press, Inc., 1996); Goding (1986) Mono
clonal Antibodies: Principles and Practice (2d ed) Academic 

15 Press, New York; Ed Harlow and David Lane, Antibodies A 
laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y., 1988; Antibody Engineering, 2”rfedition 
(C. Borrebaeck, ed., Oxford University Press, 1995); and the 
series Annual Review o f Immunology, the series Advances in 

20 Immunology.
1. Recombinant Production of Proteins in Mammalian 

Host Cells Using a Glutamine-Free Cell Culture Medium 
The present invention concerns the large-scale recombi

nant production of proteins in mammalian host cells, using a 
25 glutamine-free cell culture medium supplemented with 

asparagine. Mammalian cells have become the dominant sys
tem for the production of mammalian proteins for clinical 
applications, primarily due to their ability to produce properly 
folded and assembled heterologous proteins, and their capac- 

30 ity for post-translational modifications. Chinese hamster 
ovary (CHO) cells, and cell lines obtained from various other 
mammalian sources, such as, for example, mouse myeloma 
(NS0), baby hamster kidney (BHK), human embryonic kid
ney (HEK-293) and human retinal cells have been approved 

35 by regulatory agencies for the production of biopharmaceu- 
tical products, including therapeutic antibodies. Of these, 
Chinese Hamster Ovary Cells (CHO) are among the most 
commonly used industrial hosts, which are widely employed 
for the production of heterologous proteins. Thus, methods 

40 for the laige-scale production of antibodies in CHO, includ
ing dihydrofolate reductase negative (DHFR-) CHO cells, 
are well known in the art (see, e.g. Trill et al., Curr. Opin. 
Biotechnol. 6(5):553-60 (1995) andU.S. Pat. No. 6,610,516). 

As a first step, the nucleic acid (e.g., cDNA or genomic 
45 DNA) encoding the desired recombinant protein may be 

inserted into a replicable vector for cloning (amplification of 
the DNA) or for expression. Various vectors are publicly 
available. The vector components generally include, but are 
not limited to, one or more of the following: a signal 

50 sequence, an origin of replication, one or more marker genes, 
an enhancer element, a promoter, and a transcription termi
nation sequence, each of which is described below. Optional 
signal sequences, origins of replication, marker genes, 
enhancer elements and transcription terminator sequences 

55 that may be employed are known in the art and described in 
further detail in PCT Publication WO 97/25428.

Expression and cloning vectors usually contain a promoter 
that is recognized by the host organism and is operably linked 
to the protein-encoding nucleic acid sequence. Promoters are 

60 untranslated sequences located upstream (5') to the start 
codon of a structural gene (generally within about 100 to 1000 
bp) that control the transcription and translation of a particu
lar nucleic acid sequence to which they are operably linked. 
Such promoters typically fall into two classes, inducible and 

65 constitutive. Inducible promoters are promoters that initiate 
increased levels of transcription from DNA under their con
trol in response to some change in culture conditions, e.g., the
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presence or absence of a nutrient or a change in temperature.
At this time a large number of promoters recognized by a 
variety of potential host cells are well known. These promot
ers are operably linked to DNA encoding the desired protein 
by removing the promoter from the source DNA by restric- 5 
tion enzyme digestion and inserting the isolated promoter 
sequence into the vector.

Promoters suitable for use with prokaryotic and eukaryotic 
hosts are known in the art, and are described in further detail 
in PCT Publication No. W097/25428. 10

Construction of suitable vectors containing one or more of 
the above-listed components employs standard ligation tech
niques. Isolated plasmids or DNA fragments are cleaved, 
tailored, and re-ligated in the form desired to generate the 15 
plasmids required.

For analysis to confirm correct sequences in plasmids con
structed, the ligation mixtures can be used to transform E. coli 
cells, such as E. coli K12 strain 294 (ATCC® 31,446) and 
successful transformants selected by ampicillin or tetracy- 20 
cline resistance where appropriate. Plasmids from the trans
formants are prepared, analyzed by restriction endonuclease 
digestion, and/or sequenced using standard techniques 
known in the art. (See, e.g., Messing et al., Nucleic Acids Res. 
1981, 9:309; Maxam et al., Methods in Enzymology 1980, 25 
65:499).

Expression vectors that provide for the transient expression 
in mammalian cells may be employed. In general, transient 
expression involves the use of an expression vector that is able 
to replicate efficiently in a host cell, such that the host cell 30 
accumulates many copies of the expression vector and, in 
turn, synthesizes high levels of a desired polypeptide encoded 
by the expression vector (Sambrook et al., supra). Transient 
expression systems, comprising a suitable expression vector 
and a host cell, allow forthe convenient positive identification 35 
of polypeptides encoded by cloned DNAs, as well as for the 
rapid screening of such polypeptides for desired biological or 
physiological properties.

Other methods, vectors, and host cells suitable for adapta
tion to the synthesis of a desired heterologous protein in 40 
recombinant vertebrate cell culture are described in Gething 
et al., Nature 1981, 293:620-625; Mantei et al., Nature 1979, 
281:40-46; EP 117,060; andEP 117,058.

For large-scale production, according to the present inven
tion mammalian host cells are transfected and preferably 45 
transformed with the above-described expression vectors and 
cultured in nutrient media modified as appropriate for induc
ing promoters, selecting transformants, or amplifying the 
genes encoding the desired sequences.

Transfection refers to the taking up of an expression vector 50 
by a host cell whether or not any coding sequences are in fact 
expressed. Numerous methods of transfection are known to 
the ordinarily skilled artisan, for example, CaP04 and elec
troporation. Successful transfection is generally recognized 
when any indication of the operation of this vector occurs 55 
within the host cell.

Transformation means introducing DNA into an organism 
so that the DNA is replicable, either as an extrachromosomal 
element or by chromosomal integrant. Depending on the host 
cell used, transformation is done using standard techniques 60 
appropriate to such cells. The calcium treatment employing 
calcium chloride, as described in Sambrook et al., supra, or 
electroporation is generally used for prokaryotes or other 
cells that contain substantial cell-wall barriers. Infection with 
Agrobacterium tumefaciens is used for transformation of cer- 65 
tain plant cells, as described (Shaw et al., Gene 1983, 23:315 
and PCT Publication No. WO 89/05859). In addition, plants
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may be transfected using ultrasound treatment, PCT Publica
tion No. WO 91/00358 published 10 Jan. 1991.

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method (Graham and van der Eb, 
Virology 1978, 52:456-457) may be employed. General 
aspects of mammalian cell host system transformations have 
been described in U.S. Pat. No. 4,399,216. For various tech
niques for transforming mammalian cells, see also Keown et 
al. Methods in Enzymology 1990, 185:527-537 and Mansour 
et al. Nature 1988, 336:348-352.

During large-scale production, to begin the production 
cycle usually a small number of transformed recombinant 
host cells is allowed to grow in culture for several days. Once 
the cells have undergone several rounds of replication, they 
are transferred to a laiger container where they are prepared to 
undergo fermentation. The media in which the cells are grown 
and the levels of oxygen, nitrogen and carbon dioxide that 
exist during the production cycle may have a significant 
impact on the production process. Growth parameters are 
determined specifically for each cell line and these param
eters are measured frequently to assure optimal growth and 
production conditions.

When the cells grow to sufficient numbers, they are trans
ferred to large-scale production tanks to begin the production 
phase, and grown for a longer period of time. At this point in 
the process, the recombinant protein can be harvested. Typi
cally, the cells are engineered to secrete the polypeptide into 
the cell culture media, so the first step in the purification 
process is to separate the cells from the media. Harvesting 
usually includes centrifugation and filtration to produce a 
Harvested Cell Culture Fluid (HCCF). The media is then 
subjected to several additional purification steps that remove 
any cellular debris, unwanted proteins, salts, minerals or 
other undesirable elements. At the end of the purification 
process, the recombinant protein is highly pure and is suitable 
for human therapeutic use.

Although this process has been the subject of much study 
and improvements over the past several decades, there is 
room fur further improvements in the large-scale commercial 
production of recombinant proteins, such as antibodies. Thus, 
increases in cell viability, longevity and specific productivity 
of mammalian host cell cultures, and improvements in the 
titer of the recombinant proteins produced have a genuine 
impact on the price of the recombinant protein produced, and, 
in the case of therapeutic proteins, the price and availability of 
drug products.

The present invention concerns an improved method for 
the production of heterologous proteins in mammalian cell 
culture, using a glutamine-free culture medium with added 
asparagine in the production phase of the cell culture process. 
The culture media used in the process of the present invention 
can be based on any commercially available medium for 
recombinant production of proteins in mammalian host cells, 
in particular CHO cells.

Examples of commercially available culture media include 
Ham’s F10 (Sigma), Minimal Essential Medium (“MEM”, 
Sigma), RPMI-1640 (Sigma), and Dulbecco’s Modified 
Eagle’s Medium (“DMEM”, Sigma). Any such media may be 
supplemented as necessary with hormones and/or other 
growth factors (such as insulin, transferrin, or epidermal 
growth factor), salts (such as sodium chloride, calcium, mag
nesium, and phosphate), buffers (such as HEPES), nucleo
sides (such as adenosine and thymidine), antibiotics (such as 
Gentamycin™ drug), trace elements (defined as inoiganic 
compounds usually present at final concentrations in the 
micromolar range), and glucose or an equivalent energy 
source. Any other necessary supplements may also be
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included at appropriate concentrations that would be known 
to those skilled in the art. The culture conditions, such as 
temperature, pH, and the like, are those previously used with 
the host cell selected for expression, and will be apparent to 
the ordinarily skilled artisan. In addition, the culture media of 5 
the present invention can be based any of the media described 
in Ham and McKeehan, Meth. Enz., 58: 44 (1979); Barnes 
and Sato, Anal. Biochem., 102: 255 (1980); U.S. Pat. No. 
4,767,704; U.S. Pat. No. 4,657,866; U.S. Pat. No. 4,927,762; 
U.S. Pat. No. 5,122,469 or U.S. Pat. No. 4,560,655; WO to 
90/03430; and WO 87/00195, provided that glutamine is 
omitted as an ingredient.

Under Glutamine-free conditions Asparagine is required 
since mammalian cells can synthesize Asparagine only in 
presence of Glutamine. Asparagine is synthesized by amide 15 
transfer from Glutamine in the presence of Asparagine syn
thetase. The Asparagine is preferably added to the culture 
medium at a concentration in the range of 2.5 mM to 15 mM.
In various embodiments of the present invention, the pre
ferred concentration of Asparagine should be at least 2.5 mM. 20 
In preferred embodiments, the asparagine is added at a con
centration of 10 mM.

In general, principles, protocols, and practical techniques 
for maximizing the productivity of mammalian cell cultures 
can be found in, and can be adapted for the production of 25 
recombinant proteins using the cell culture media herein.

The necessary nutrients and growth factors for the 
medium, including their concentrations, for a particular cell 
line, are determined empirically without undue experimenta
tion as described, for example, in Mammalian Cell Culture, 30 
Mather, ed. (Plenum Press: NY, 1984); Barnes and Sato, Cell,
22: 649 (1980) or Mammalian Cell Biotechnology: A Practi
cal Approach, M. Butler, ed. (IRL Press, 1991). A suitable 
medium contains a basal medium component such as a 
DMEM/HAM F-12-based formulation (for composition of 35 
DMEM and HAM F12 media and especially serum-free 
media, see culture media formulations in American Type 
Culture Collection Catalogue of Cell Lines and Hybridomas, 
Sixth Edition, 1988, pages 346-349), with modified concen
trations of some components such as amino acids, salts, sugar, 40 
and vitamins, and optionally containing glycine, hypoxan- 
thine, and thymidine; recombinant human insulin, hydro
lyzed peptone, such as PRIMATONE HS™ or PRIMATONE 
RL™ (Sheffield, England), or the equivalent; a cell protective 
agent, such as PLURONIC F68™ or the equivalent pluronic 45 
polyol; GENTAMYCIN™; and trace elements. The formu
lations of medium as described in U.S. Pat. No. 5,122,469, 
characterized by the presence of high levels of certain amino 
acids, as well as PS-20 as described below, are particularly 
appropriate. 50

The glycoproteins of the present invention may be pro
duced by growing cells which express the desired glycopro
tein under a variety of cell culture conditions. For instance, 
cell culture procedures for the large- or small-scale produc
tion of glycoproteins are potentially useful within the context 55 
of the present invention. Procedures including, but not limited 
to, a fluidized bed bioreactor, hollow fiber bioreactor, roller 
bottle culture, or stirred tank bioreactor system may be used, 
in the later two systems, with or without microcarriers, and 
operated alternatively in a batch, fed-batch, or continuous 60 
mode.

In a particular embodiment the cell culture of the present 
invention is performed in a stirred tank bioreactor system and 
a fed-batch culture procedure is employed. In the preferred 
fed-batch culture the mammalian host cells and culture 65 
medium are supplied to a culturing vessel initially and addi
tional culture nutrients are fed, continuously or in discrete
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increments, to the culture during culturing, with or without 
periodic cell and/or product harvest before termination of 
culture. The fed-batch culture can include, for example, a 
semi-continuous fed-batch culture, wherein periodically 
whole culture (including cells and medium) is removed and 
replaced by fresh medium Fed-batch culture is distinguished 
from simple-batch culture in which all components for cell 
culturing (including the cells and all culture nutrients) are 
supplied to the culturing vessel at the start of the culturing 
process. Fed-batch culture can be further distinguished from 
perfusion culturing insofar as the supemate is not removed 
from the culturing vessel during the process (in perfusion 
culturing, the cells are restrained in the culture by, e.g., filtra
tion, encapsulation, anchoring to microcarriers, etc., and the 
culture medium is continuously or intermittently introduced 
and removed from the culturing vessel).

Further, the cells of the culture may be propagated accord
ing to any scheme or routine that may be suitable for the 
particular host cell and the particular production plan con
templated. Therefore, the present invention contemplates a 
single-step or multiple-step culture procedure. In a single- 
step culture the host cells are inoculated into a culture envi
ronment and the processes of the instant invention are 
employed during a single production phase of the cell culture. 
Alternatively, a multi-stage culture is envisioned. In the 
multi-stage culture cells may be cultivated in a number of 
steps orphases. For instance, cells may be grown in a first step 
or growth phase culture wherein cells, possibly removed from 
storage, are inoculated into a medium suitable for promoting 
growth and high viability. The cells may be maintained in the 
growth phase for a suitable period of time by the addition of 
fresh medium to the host cell culture.

According to a specific aspect of the invention, fed-batch or 
continuous cell culture conditions are devised to enhance 
growth of the mammalian cells in the growth phase of the cell 
culture. In the growth phase cells are grown under conditions 
and for a period of time that is maximized for growth. Culture 
conditions, such as temperature, pH, dissolved oxygen 
(D02), and the like, are those used with the particular host and 
will be apparent to the ordinarily-skilled artisan. Generally, 
the pH is adjusted to a level between about 6.5 and 7.5 using 
either an acid (e.g., C 02) or a base (e.g., Na2C 03 or NaOH). 
A suitable temperature range for culturing mammalian cells 
such as CHO cells is between about 30 to 40° C. and prefer
ably about 37° C. and a suitable D 02 is between 5-90% of air 
saturation.

At a particular stage the cells may be used to inoculate a 
production phase or step of the cell culture. Alternatively, as 
described above the production phase or step may be continu
ous with the inoculation or growth phase or step.

Production of a taiget protein in mammalian, e.g., CHO, 
cells typically employs a semi-continuous process whereby 
cells are culture in a “seed-train” for various periods of time 
and are periodically transferred to inoculum fermentors to 
generate enough cell mass to inoculate a production fermen- 
tor at laiger scale. Thus, cells used for the production of the 
desired protein are in culture for various periods of time up to 
a maximum predefined cell age. The parameters of the cell 
culture process, such as seed density, pH, D 02 and tempera
ture during culture, duration of the production culture, oper
ating conditions of harvest, etc. are a function of the particular 
cell line and culture medium used, and can be determined 
empirically, without undue experimentation.

According to the present invention, the cell-culture envi
ronment during the production phase of the cell culture is 
controlled. In a preferred aspect, the production phase of the
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cell culture process is preceded by a transition phase of the 
cell culture in which parameters for the production phase of 
the cell culture are engaged.

The desired polypeptide, such as antibody, preferably is 
recovered from the culture medium as a secreted polypeptide, 5 
although it also may be recovered from host cell lysates when 
directly produced without a secretory signal. If the polypep
tide is membrane-bound, it can be released from the mem
brane using a suitable detergent solution (e.g., Triton-X 100) 
or its extracellular region may be released by enzymatic 10 
cleavage.

When the polypeptide is produced in a recombinant cell 
other than one of human origin, it is free of proteins or 
polypeptides of human origin. However, it is usually neces
sary to recover or purify recombinant proteins from recom- 15 
binant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to the desired polypep
tide. As a first step, the culture medium or lysate may be 
centrifuged to remove particulate cell debris. The heterolo
gous polypeptide thereafter is purified from contaminant 20 
soluble proteins and polypeptides, with the following proce
dures being exemplary of suitable purification procedures: by 
fractionation on an ion-exchange column such as 
SP-Sepharose™ or CM-Sepharose™; hydroxyapatite; 
hydrophobic interaction chromatography; ethanol precipita- 25 
tion;

chromatofocusing; ammonium sulfate precipitation; gel 
filtration using, for example, Sephadex G-75™; and/or dia- 
filtration.

Recombinant polypeptides can be isolated, e.g. by affinity 30 
chromatography.

A protease inhibitor such as phenyl methyl sulfonyl fluo
ride (PMSF) also may be useful to inhibit proteolytic degra
dation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled 35 
in the art will appreciate that purification methods suitable for 
the purification and isolation of recombinant proteins, includ
ing antibodies, can be used herein, and modified if needed, 
using standard techniques.

Expression of the desired heterologous protein may be 40 
measured in a sample directly, for example, by conventional 
Southern blotting, Northern blotting to quantitate the tran
scription of mRNA (Thomas, Proc. Natl. Acad. Sci. USA 
1980, 77:5201-5205), dot blotting (DNA analysis), or in situ 
hybridization, using an appropriately labeled probe, based on 45 
the sequences provided herein. Various labels may be 
employed, most commonly radioisotopes, and particularly 
32P. However, other techniques may also be employed, such 
as using biotin-modified nucleotides for introduction into a 
polynucleotide. The biotin then serves as the site for binding 50 
to avidin or antibodies, which may be labeled with a wide 
variety of labels, such as radionucleotides, fluorescers or 
enzymes. Alternatively, antibodies may be employed that can 
recognize specific duplexes, including DNA duplexes, RNA 
duplexes, and DNA-RNA hybrid duplexes or DNA-protein 55 
duplexes. The antibodies in turn may be labeled and the assay 
may be carried out where the duplex is bound to a surface, so 
that upon the formation of duplex on the surface, the presence 
of antibody bound to the duplex can be detected.

Gene expression, alternatively, may be measured by immu- 60 
nological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 
to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is 
prepared, typically by dehydration and fixation, followed by 65 
reaction with labeled antibodies specific for the gene product 
coupled, where the labels are usually visually detectable,
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such as enzymatic labels, fluorescent labels, luminescent 
labels, and the like. Antibodies useful for immunohis
tochemical staining and/or assay of sample fluids may be 
either monoclonal or polyclonal, and may be prepared in any 
mammal

2. Antibodies
In a preferred embodiment, the methods of the present 

invention are used for the recombinant production of antibod
ies, including therapeutic and diagnostic antibodies. Antibod
ies within the scope of the present invention include, but are 
not limited to: anti-HER2 antibodies including Trastuzumab 
(HERCEPTIN®) (Carter et al, Proc. Natl. Acad. Sci. USA, 
89:4285-4289 (1992), U.S. Pat. No. 5,725,856); anti-CD20 
antibodies such as chimeric anti-CD20 “C2B8” as inU.S. Pat. 
No. 5,736,137 (RITUXAN®), a chimeric or humanized vari
ant of the 2H7 antibody as in U.S. Pat. No. 5,721,108B1, or 
Tositumomab (BEXXAR®); anti-IL-8 (St John et al., Chest, 
103:932 (1993), and International Publication No. WO 
95/23865); anti-VEGF antibodies including humanized and/ 
or affinity matured anti-VEGF antibodies such as the human
ized anti-VEGF antibody huA4.6.1 AVASTIN® (Kim et al., 
Growth Factors, 7:53-64 (1992), International Publication 
No. WO 96/30046, and WO 98/45331, published Oct. 15, 
1998); anti-PSCA antibodies (W001/40309); anti-CD40 
antibodies, including S2C6 and humanized variants thereof 
(WO00/75348); anti-CDlla (U.S. Pat. No. 5,622,700, WO 
98/23761, Steppe et al., Transplant Inti. 4:3-7 (1991), and 
Hourmant et al., Transplantation 58:377-380 (1994)); anti- 
IgE (Presta et al., J. Immunol. 151:2623-2632 (1993), and 
International Publication No. WO 95/19181); anti-CD18 
(U.S. Pat. No. 5,622,700, issued Apr. 22, 1997, or as in WO 
97/26912, published Jul. 31, 1997); anti-IgE (including E25, 
E26 and E27; U.S. Pat. No. 5,714,338, issued Feb. 3, 1998 or 
U.S. Pat. No. 5,091,313, issued Feb. 25, 1992, WO 93/04173 
published Mar. 4, 1993, or International Application No. 
PCT/US98/13410 filed Jun. 30, 1998, U.S. Pat. No. 5,714, 
338); anti-Apo-2 receptor antibody (WO 98/51793 published 
Nov. 19, 1998); anti-TNF-a antibodies including cA2 
(REMICADE®), CDP571 andMAK-195 (See, U.S. Pat. No. 
5,672,347 issued Sep. 30, 1997, Lorenz et al., J. Immunol. 
156(4): 1646-1653 (1996), and Dhainaut et al., Crit. Care 
Med. 23(9):1461-1469 (1995)); anti-Tissue Factor (TF) (Eu
ropean Patent No. 0 420 937 B1 granted Nov. 9, 1994); 
anti-human a 4(37 integrin (WO 98/06248 published Feb. 19, 
1998); anti-EGFR (chimerized or humanized 225 antibody as 
in WO 96/40210 published Dec. 19, 1996); anti-CD3 anti
bodies such as OKT3 (U.S. Pat. No. 4,515,893 issued May 7, 
1985); anti-CD25 or anti-tac antibodies such as CHI-621 
(SIMULECT®)and(ZENAPAX®) (SeeU.S. Pat.No. 5,693, 
762 issued Dec. 2, 1997); anti-CD4 antibodies such as the 
cM-7412 antibody (Choy et al., Arthritis Rheum 39(l):52-56 
(1996)); anti-CD52 antibodies such as CAMPATH-1H 
(Riechmann et al., Nature 332:323-337 (1988)); anti-Fc 
receptor antibodies such as the M22 antibody directed against 
FcyRI as in Graziano et al., J. Immunol. 155(10):4996-5002 
(1995); anti-carcinoembryonic antigen (CEA) antibodies 
such as hMN-14 (Sharkey et al., Cancer Res. 55(23Suppl): 
5935s-5945s (1995); antibodies directed against breast epi
thelial cells including huBrE-3, hu-Mc 3 and CHL6 (Ceriani 
etal., Cancer Res. 55(23): 5852s-5856s (1995); andRichman 
et al., Cancer Res. 55(23 Supp): 5916s-5920s (1995)); anti
bodies that bind to colon carcinoma cells such as C242 (Litton 
etal., EurJ. Immunol. 26(1): 1-9 (1996)); anti-CD38 antibod
ies, e.g. AT 13/5 (Ellis et al., J. Immunol. 155(2):925-937 
(1995)); anti-CD33 antibodies such as Hu Ml 95 (Jurcic et al., 
Cancer Res 55(23 Suppl):5908s-5910s (1995) and CMA-676 
or CDP771; anti-CD22 antibodies such as LL2 or Lympho-
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Cide (Juweid et al., Cancer Res 55(23 Suppl):5899s-5907s 
(1995)); anti-EpCAM antibodies such as 17-1A (PAN- 
OREX®); anti-GpIIb/IIIa antibodies such as abciximab or 
c7E3 Fab (REOPRO®); anti-RSV antibodies such as MEDI- 
493 (SYNAGIS®); anti-CMV antibodies such as PRO- 5 
TOVIR®; anti-EIIV antibodies such as PR0542; anti-hepati
tis antibodies such as the anti-Eiep B antibody OSTAVIR®; 
anti-CA 125 antibody OvaRex; anti-idiotypic GD3 epitope 
antibody BEC2; anti-av|33 antibody VITAXIN®; anti-hu- 
man renal cell carcinoma antibody such as ch-G250; ING-1; to 
anti-human 17-1A antibody (3622W94); anti-human col
orectal tumor antibody (A33); anti-human melanoma anti
body R24 directed against GD3 ganglioside; anti-human 
squamous-cell carcinoma (SF-25); and anti-human leukocyte 
antigen (HLA) antibodies such as Smart ID10 and the anti- 15 
HLA DR antibody Oncolym (Lym-1). The preferred target 
antigens for the antibody herein are: HER2 receptor, VEGF, 
IgE, CD20, CD1 la, and CD40.

Many of these antibodies are widely used in clinical prac
tice to treat various diseases, including cancer. 20

In certain specific embodiments, the methods of the present 
invention are used for the production of the following anti
bodies and recombinant proteins.

Anti-CD20 Antibodies
Rituximab (RITUXAN®) is a genetically engineered chi- 25 

meric murine/human monoclonal antibody directed against 
the CD20 antigen. Rituximab is the antibody called “C2B8” 
in U.S. Pat. No. 5,736,137 issued Apr. 7, 1998 (Anderson et 
al.). Rituximab is indicated for the treatment of patients with 
relapsed or refractory low-grade or follicular, CD20-positive, 30 
B cell non-Hodgkin’s lymphoma. In vitro mechanism of 
action studies have demonstrated that rituximab binds human 
complement and lyses lymphoid B cell lines through comple
ment-dependent cytotoxicity (CDC) (Reff et al., Blood 83(2): 
435-445 (1994)). Additionally, it has significant activity in 35 
assays for antibody-dependent cellular cytotoxicity (ADCC). 
More recently, rituximab has been shown to have anti-prolif- 
erative effects in tritiated thymidine incorporation assays and 
to induce apoptosis directly, while other anti-CDl 9 and CD20 
antibodies do not (Maloney et al., Blood 88(10):637a (1996)). 40 
Synergy between rituximab and chemotherapies and toxins 
has also been observed experimentally. In particular, ritux
imab. sensitizes drug-resistant human B cell lymphoma cell 
lines to the cytotoxic effects of doxorubicin, CDDP, VP-1 6, 
diphtheria toxin and ricin (Demidem et al., Cancer Chemo- 45 
therapy & Radiopharmaceuticals 12(3):177-186 (1997)). In 
vivo preclinical studies have shown that rituximab depletes B 
cells from the peripheral blood, lymph nodes, and bone mar
row of cynomolgus monkeys, presumably through comple
ment and cell-mediated processes (Reff et al., Blood 83(2): 50 
435-445 (1994)).

Patents and patent publications concerning CD20 antibod
ies include U.S. Pat. Nos. 5,776,456, 5,736,137, 6,399,061, 
and 5,843,439, as well as U.S. patent application Nos. US 
2002/0197255A1, US 2003/0021781A1, US 2003/0082172 55 
Al, US 2003/0095963 Al, US 2003/0147885 Al (Anderson 
et al.); U.S. Pat. No. 6,455,043B1 and WO00/09160 (Grillo- 
Lopez, A.); WOOO/27428 (Grillo-Lopez and White); WO00/ 
27433 (Grillo-Lopez and Leonard); WOOO/44788 (Braslaw- 
sky et al.); W001/10462 (Rastetter, W.); W001/10461 60 
(Rastetter and White); W001/10460 (White and Grillo-Lo
pez); U.S. application No. US2002/0006404 and WO02/ 
04021 (Hanna and Hariharan); U.S. application No. US2002/ 
0012665 Al and WO01/74388 (Hanna, N.); U.S. application 
No. US 2002/0058029 Al (Hanna, N.); U.S. application No. 65 
US 2003/0103971 Al (Hariharan and Hanna); U.S. applica
tion No. US2002/0009444A1, and W001/80884 (Grillo-Lo-
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pez, A.); WO01/97858 (White, C.); U.S. application No. 
US2002/0128488A1 and W002/34790 (Reff, M.); W)02/ 
060955 (Braslawskyetal.); WO2/096948 (Braslawsky etal.); 
WO02/079255 (Reff and Davies); U.S. Pat. No. 
6,171,586B 1, and W098/56418 (Lam et al.); W098/58964 
(Raju, S.); W099/22764 (Raju, S.); W099/51642, U.S. Pat. 
No. 6,194,551B1, U.S. Pat. No. 6,242,195B1, U.S. Pat. No. 
6,528,624B1 and U.S. Pat. No. 6,538,124 (Idusogie et al.); 
WO00/42072 (Presta, L.); WO00/67796 (Curd et al.); WO01/ 
03734 (Grillo-Lopez et al.); U.S. application No. US 2002/ 
0004587A1 and WOOl/77342 (Miller and Presta); U.S. 
application No. US2002/0197256 (Grewal, I.); U.S. applica
tion No. US 2003/0157108 Al (Presta, L.); U.S. Pat. Nos. 
6,090,365B1, 6,287,537B1, 6,015,542, 5,843,398, and 
5,595,721, (Kaminski et al.); U.S. Pat. Nos. 5,500,362, 5,677, 
180, 5,721,108, and 6,120,767 (Robinson et al.); U.S. Pat. 
No. 6,410,391B1 (Raubitschek et al.); U.S. Pat. No. 6,224, 
866B1 and WO00/20864 (Barbera-Guillem, E.); WO01/ 
13945 (Barbera-Guillem, E.); WO00/67795 (Goldenberg); 
U.S. application No. US 2003/01339301 Al and WO00/ 
74718 (Goldenberg and Hansen); WO00/76542 (Golay et 
al.); WO01/72333 (Wolin and Rosenblatt); U.S. Pat. No. 
6,368,596B1 (Ghetie et al.); U.S. application No. US2002/ 
0041847 Al, (Goldenberg, D.); U.S. application No. 
US2003/0026801A1 (Weiner and Hartmann); WO02/ 
102312 (Engleman, E.); U.S. patent application No. 2003/ 
0068664 (Albitar et al.); W003/002607 (Leung, S.); WO 
03/049694 and US 2003/0185796 Al (Wolin et al.); WO03/ 
061694 (Sing and Siegall); US 2003/0219818 Al (Bohen et 
al.);US 2003/0219433 Al and WO 03/068821 (Hansen etal.) 
each of which is expressly incorporated herein by reference. 
See, also, U.S. Pat. No. 5,849,898 and EP application no. 
330,191 (Seed et al.); U.S. Pat. No. 4,861,579 and EP332, 
865A2 (Meyer and Weiss); U.S. Pat. No. 4,861,579 (Meyer et 
al.) and W095/03770 (Bhat et al.).

Publications concerning therapy with Rituximab include: 
Perotta and Abuel “Response of chronic relapsing ITP of 10 
years duration to Rituximab” Abstract #3360 Blood 10(1) 
(part 1-2): p. 88B (1998); Stashi et al., “Rituximab chimeric 
anti-CD20 monoclonal antibody treatment for adults with 
chronic idopathic thrombocytopenic purpura” Blood 98(4): 
952-957 (2001); Matthews, R. “Medical Heretics” New Sci
entist (7 Apr. 2001); Leandro et al., “Clinical outcome in 22 
patients with rheumatoid arthritis treated with B lymphocyte 
depletion” Ann Rheum Dis 61:833-888 (2002); Leandro etal., 
“Lymphocyte depletion in rheumatoid arthritis: early evi
dence for safety, efficacy and dose response. Arthritis & 
Rheumatism 44(9): 5370 (2001); Leandro et al., “An open 
study of B lymphocyte depletion in systemic lupus erythema
tosus”, Arthritis & Rheumatism 46(l):2673-2677 (2002); 
Edwards and Cambridge “Sustained improvement in rheu
matoid arthritis following a protocol designed to deplete B 
lymphocytes”Rheumatology 40:205-211 (2001); Edwards et 
al., “B-lymphocyte depletion therapy in rheumatoid arthritis 
and other autoimmune disorders” Biochem. Soc. Trans. 
30(4):824-828 (2002); Edwards et al., “Efficacy and safety of 
Rituximab, a B-cell targeted chimeric monoclonal antibody: 
A randomized, placebo controlled trial in patients with rheu
matoid arthritis. Arthritis & Rheumatism 46(9): 5197 (2002); 
Levine and Pestronk “IgM antibody-related polyneuropa
thies: B-cell depletion chemotherapy using Rituximab” Neu
rology 52: 1701-1704 (1999); DeVita et al., “Efficacy of 
selective B cell blockade in the treatment of rheumatoid 
arthritis” Arthritis & Rheumatism 46:2029-2033 (2002); 
Hidashida et al., “Treatment of DMARD-Refractory rheuma
toid arthritis with rituximab.” Presented at the Annual Scien
tific Meeting of the American College of Rheumatology;
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October 24-29; New Orleans, La. 2002; Tuscano, J. “Success
ful treatment of Infliximab-refractory rheumatoid arthritis 
with rituximab” Presented at the Annual Scientific Meeting of 
the American College of Rheumatology; October 24-29; New 
Orleans, La. 2002. Sarwal et al., N. Eng. J. Med. 349(2): 125- 5 
138 (Jul. 10, 2003) reports molecular heterogeneity in acute 
renal allograft rejection identified by DNA microarray pro
filing.

In various embodiments, the invention provides pharma
ceutical compositions comprising humanized anti-CD20 to 
antibodies. In certain embodiments, the humanized antibody 
composition of the invention further comprises amino acid 
alterations in the IgG Fc and exhibits increased binding affin
ity for human FcRn over an antibody having wild-type IgG 
Fc, by at least 60 fold, at least 70 fold, at least 80 fold, more 15 
preferably at least 100 fold, preferably at least 125 fold, even 
more preferably at least 150 fold to about 170 fold.

The N-glycosylation site in IgG is at Asn297 in the CH2 
domain. Humanized antibody compositions of the present 
invention include compositions of any of the preceding 20 
humanized antibodies having an Fc region, wherein about 
80-100% (and preferably about 90-99%) of the antibody in 
the composition comprises a mature core carbohydrate struc
ture which lacks fucose, attached to the Fc region of the 
glycoprotein. Such compositions were demonstrated herein 25 
to exhibit a surprising improvement in binding to Fc(RIIIA 
(FI 58), which is not as effective as Fc(RIIIA (VI58) in inter
acting with human IgG. Fc(RIIIA (F158) is more common 
thanFc(RIIIA (V 158) in normal, healthy African Americans 
and Caucasians. See Lehrnbecher et al., Blood 94:4220 30 
(1999). Historically, antibodies produced in Chinese Hamster 
Ovary Cells (CHO), one of the most commonly used indus
trial hosts, contain about 2 to 6% in the population that are 
nonfucosylated. YB2/0 and Lecl3, however, can produce 
antibodies with 78 to 98% nonfucosylated species. Shinkawa 35 
et al., J  Bio. Chem. 278 (5), 3466-347 (2003), reported that 
antibodies produced in YB2/0 and Lee 13 cells, which have 
less FUT8 activity, show significantly increased ADCC activ
ity in vitro. The production of antibodies with reduced fucose 
content are also described in e.g., Li et al., (GlycoFi) “Opti- 40 
mization of humanized IgGs in glycoengineered Pichia pas- 
toris” in Nature Biology online publication 22 Jan. 2006; 
Niwa R. et al. Cancer Res. 64(6):2127-2133 (2004); US 
2003/0157108 (Presta); U.S. Pat. No. 6,602,684 and US 
2003/0175884 (Glycart Biotechnology); US 2004/0093621, 45 
US 2004/0110704, US 2004/0132140 (all of Kyowa Hakko 
Kogyo).

A bispecific humanized antibody encompasses an anti
body wherein one arm of the antibody has at least the antigen 
binding region of the H and/or L chain of a humanized anti- 50 
body of the invention, and the other arm has V region binding 
specificity for a second antigen. In specific embodiments, the 
antigens are selected from the group consisting of CD-20, 
CD3, CD64, CD32A, CD16, NKG2D or other NK activating 
ligands. 55

Anti-HER2 Antibodies
A recombinant humanized version of the murine HER2 

antibody 4D5 (huMAb4D5-8, rhuMAb HER2, trastuzumab 
or HERCEPTIN®; U.S. Pat. No. 5,821,337) is clinically 
active in patients with HER2-overexpressing metastatic 60 
breast cancers that have received extensive prior anti-cancer 
therapy (Baselga et al, J. Clin. Oncol. 14:737-744 (1996)). 
Trastuzumab received marketing approval from the Food and 
Drug Administration (FDA) Sep. 25, 1998 for the treatment 
of patients with metastatic breast cancer whose tumors over- 65 
express the HER2 protein. In November 2006, the FDA 
approved Herceptin as part of a treatment regimen containing
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doxorubicin, cyclophosphamide and paclitaxel, for the adju
vant treatment of patients with HER2-positive, node-positive 
breast cancer.

In various embodiments, the invention provides pharma
ceutical compositions comprising humanized anti-HER2 
antibodies. HER2 antibodies with various properties have 
been described in Tagliabue et al, Int. J. Cancer 47:933-937
(1991) ; McKenzie et al. Oncogene 4:543-548 (1989); Maier 
et al. Cancer Res. 51:5361-5369 (1991); Bacus et al. 
Molecular Carcinogenesis 3:350-362 (1990); Stancovski et 
al, PNAS (USA) 88:8691-8695 (1991); Bacus et al. Cancer 
Research 52:2580-2589 (1992); Xu et al, Int. J. Cancer 
53:401-408 (1993); W094/00136; Kasprzyk et al. Cancer 
Research 52:2771-2776 (1992); Hancock e ta l. Cancer Res. 
51:4575-4580(1991); Shawveretal, Cancer Res. 54:1367- 
1373 (1994); Arteaga et al. Cancer Res. 54:3758-3765 
(1994); Harwerth et al, J. Biol. Chem. 267:15160-15167
(1992) ; U.S. Pat. No. 5,783,186; and Klapper etal. Oncogene 
14:2099-2109 (1997).

Anti-VEGF Antibodies
anti-VEGF antibodies including humanized and/or affinity 

matured anti-VEGF antibodies such as the humanized anti- 
VEGF antibody huA4.6.1 AVASTIN® (Kim et al. Growth 
Factors, 7:53-64 (1992), International Publication No. WO 
96/30046, and WO 98/45331, published Oct. 15, 1998) are 
FDA approved for the treatment of cancer. In various embodi
ments, the invention provides pharmaceutical compositions 
comprising humanized anti-VEGF antibodies.

Anti-CD1 la Antibodies
The humanized anti-CDl la antibody efalizumab or Rap- 

tiva (U.S. Pat. No. 6,037,454) received marketing approval 
from the Food and Drug Administration on Oct. 27, 2003 for 
the treatment for the treatment of psoriasis. One embodiment 
provides for pharmaceutical compositions comprising anti
human CD1 la antibodies.

Apomab Antibodies
Antibodies to the DR5 receptor (anti-DR5) antibodies can 

also be produced in accordance with the present invention. 
Such anti-DR5 antibodies specifically include all antibody 
variants disclosed in PCT Publication No. WO 2006/083971, 
such as the anti-DR5 antibodies designated Apomabs 1.1,2.1,
3.1, 4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 7.2, 7.3, 8.1, 8.3, 9.1,
1.2, 2.2, 3.2, 4.2, 5.2, 6.2, 7.2, 8.2, 9.2, 1.3, 2.2, 3.3, 4.3, 5.3,
6.3, 7.3, 8.3, 9.3, and 25.3, especially Apomab 8.3 and 
Apomab 7.3, preferably Apomab 7.3. The entire content of 
WO 2006/083971 is hereby expressly incorporated by refer
ence. Apomab is a fully human monoclonal antibody which is 
a DR5-targeted pro-apoptotic receptor agonist (PARA) spe
cifically designed to induce apoptosis. Apoptosis is a natural 
process by which damaged or unwanted cells, including those 
that are cancerous, die and are cleared from the body. Pro- 
apoptotic receptor DR5 is expressed in a broad range of 
malignancies.

Anti-BR3 Antibodies and Immunoadhesins
Antibodies to the BR3 (anti-BR3) antibodies and BR3-Fc 

immunoadhesins can also be produced in accordance with the 
present invention. Such anti-BR3 antibodies and immunoad
hesins specifically include all variants disclosed in U.S. 
Application Publication No. 20050070689. The entire con
tent of U.S. Application Publication No. 20050070689 is 
hereby expressly incorporated by reference.

3. General Methods for the Recombinant Production of 
Antibodies

The antibodies and other recombinant proteins herein can 
be produced by well known techniques of recombinant DNA 
technology. Thus, aside from the antibodies specifically iden-
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tified above, the skilled practitioner could generate antibodies 
directed against an antigen of interest, e.g., using the tech
niques described below.

Antigen Selection and Preparation
The antibody herein is directed against an antigen of inter- 5 

est. Preferably, the antigen is a biologically important 
polypeptide and administration of the antibody to a mammal 
suffering from a disease or disorder can result in a therapeutic 
benefit in that mammal However, antibodies directed against 
nonpolypeptide antigens (such as tumor-associated gly- 10 
colipid antigens; see U.S. Pat. No. 5,091,178) are also con
templated. Where the antigen is a polypeptide, it may be a 
transmembrane molecule (e.g. receptor) or ligand such as a 
growth factor. Exemplary antigens include those proteins 15 
described in section (3) below. Exemplary molecular targets 
for antibodies encompassed by the present invention include 
CD proteins such as CD3, CD4, CD8 , CD19, CD20, CD22, 
CD34, CD40; members of the ErbB receptor family such as 
the EGF receptor, HER2, HER3 or HER4 receptor; cell adhe- 20 
sion molecules such as LFA-1, Macl, pl50,95, VLA-4, 
ICAM-1, VCAM and av/|33 integrin including either a  or (3 
subunits thereof (e.g. anti-CDl la, anti-CD18 or anti-CDl lb 
antibodies); growth factors such as VEGF; IgE; blood group 
antigens; Hk2/flt3 receptor; obesity (OB) receptor; mpl recep- 25 
tor; CTLA-4; protein C, or any of the other antigens men
tioned herein. Antigens to which the antibodies listed above 
bind are specifically included within the scope herein.

Soluble antigens or fragments thereof, optionally conju
gated to other molecules, can be used as immunogens for 30 
generating antibodies. For transmembrane molecules, suchas 
receptors, fragments of these (e.g. the extracellular domain of 
a receptor) can be used as the immunogen. Alternatively, cells 
expressing the transmembrane molecule can be used as the 35 
immunogen. Such cells can be derived from a natural source 
(e.g. cancer cell lines) or may be cells which have been 
transformed by recombinant techniques to express the trans
membrane molecule.

Other antigens and forms thereof useful for preparing anti- 40 
bodies will be apparent to those in the art.

Polyclonal Antibodies
Polyclonal antibodies are preferably raised in animals by 

multiple subcutaneous (sc) or intraperitoneal (ip) injections 
of the relevant antigen and an adjuvant. It may be useful to 45 
conjugate the antigen to a protein that is immunogenic in the 
species to be immunized, e.g., keyhole limpet hemocyanin, 
serum albumin, bovine thyroglobulin, or soybean trypsin 
inhibitor using a bifunctional or derivatizing agent, for 
example, maleimidobenzoyl sulfosuccinimide ester (conju- 50 
gation through cysteine residues), N-hydroxysuccinimide 
(through lysine residues), glutaraldehyde, succinic anhy
dride, SOCl2, or RXN =C =N R , where R and R1 are different 
alkyl groups.

Animals are immunized against the antigen, immunogenic 55 
conjugates, or derivatives by combining, e.g., 100 pg or 5 pg 
of the protein or conjugate (for rabbits or mice, respectively) 
with 3 volumes of Freund’s complete adjuvant and injecting 
the solution intradermally at multiple sites. One month later 
the animals are boosted with Vsto l/iothe original amount of 60 
antigen or conjugate in Freund’s complete adjuvant by sub
cutaneous injection at multiple sites. Seven to 14 days later 
the animals are bled and the serum is assayed for antibody 
titer. Animals are boosted until the titer plateaus. Preferably, 
the animal is boosted with the conjugate of the same antigen, 65 
but conjugated to a different protein and/or through a different 
cross-linking reagent. Conjugates also can be made in recom
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binant cell culture as protein fusions. Also, aggregating 
agents such as alum are suitably used to enhance the immune 
response.

Monoclonal Antibodies
Monoclonal antibodies may be made using the hybridoma 

method first described by Kohler et ah, Nature, 256:495 
(1975), or may be made by recombinant DNA methods (U.S. 
Pat. No. 4,816,567).

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster or macaque monkey, is immu
nized as hereinabove described to elicit lymphocytes that 
produce or are capable of producing antibodies that will spe
cifically bind to the protein used for immunization. Alterna
tively, lymphocytes may be immunized in vitro. Lympho
cytes then are fused with myeloma cells using a suitable 
fusing agent, such as polyethylene glycol, to form a hybri
doma cell (Goding, Monoclonal Antibodies: Principles and 
Practice, pp. 59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in 
a suitable culture medium that preferably contains one or 
more substances that inhibit the growth or survival of the 
unfused, parental myeloma cells. For example, if the parental 
myeloma cells lack the enzyme hypoxanthine guanine phos- 
phoribosyl transferase (HGPRT or HPRT), the culture 
medium for the hybridomas typically will include hypoxan
thine, aminopterin, and thymidine (HAT medium), which 
substances prevent the growth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, 
support stable high-level production of antibody by the 
selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. Among these, preferred 
myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 andMPC-11 mouse tumors available 
from the Salk Institute Cell Distribution Center, San Diego, 
Calif. USA, and SP-2 or X63-Ag8-653 cells available from 
the American Type Culture Collection, Rockville, Md. USA. 
Human myeloma and mouse-human heteromyeloma cell 
lines also have been described for the production of human 
monoclonal antibodies (Kozbor, J. Immunol., 133:3001 
(1984); Brodeur et al., Monoclonal Antibody Production 
Techniques and Applications,^. 51-63 (Marcel Dekker, Inc., 
New York, 1987)).

Culture medium in which hybridoma cells are growing is 
assayed for production of monoclonal antibodies directed 
against the antigen. Preferably, the binding specificity of 
monoclonal antibodies produced by hybridoma cells is deter
mined by immunoprecipitation or by an in vitro binding 
assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibod
ies of the desired specificity, affinity, and/or activity, the 
clones may be subcloned by limiting dilution procedures and 
grown by standard methods (Goding, Monoclonal Antibod
ies: Principles and Practice, pp. 59-103 (Academic Press, 
1986)). Suitable culture media for this purpose include, for 
example, D-MEM or RPMI-1640 medium. In addition, the 
hybridoma cells may be grown in vivo as ascites tumors in an 
animal.

The monoclonal antibodies secreted by the subclones are 
suitably separated from the culture medium, ascites fluid, or 
serum by conventional immunoglobulin purification proce
dures such as, for example, Protein A-Sepharose, hydroxya
patite chromatography, gel electrophoresis, dialysis, or affin
ity chromatography. Preferably the Protein A 
chromatography procedure described herein is used.

DNA encoding the monoclonal antibodies is readily iso
lated and sequenced using conventional procedures (e.g., by
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using oligonucleotide probes that are capable of binding spe
cifically to genes encoding the heavy and light chains of the 
monoclonal antibodies). The hybridoma cells serve as a pre
ferred source of such DNA. Once isolated, the DNA may be 
placed into expression vectors, which are then transfected 5 
into host cells such as E. coli cells, simian COS cells, Chinese 
hamster ovary (CHO) cells, or myeloma cells that do not 
otherwise produce immunoglobulin protein, to obtain the 
synthesis of monoclonal antibodies in the recombinant host 
cells. to

The DNA also may be modified, for example, by substi
tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (U.S. Pat. No. 4,816,567; Morrison, et al., Proc. 
Natl Acad. Sci. USA, 81:6851 (1984)), or by covalently join- 15 
ing to the immunoglobulin coding sequence all or part of the 
coding sequence for a non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are sub
stituted for the constant domains of an antibody, or they are 
substituted for the variable domains of one antigen-combin- 20 
ing site of an antibody to create a chimeric bivalent antibody 
comprising one antigen-combining site having specificity for 
an antigen and another antigen-combining site having speci
ficity for a different antigen.

In a further embodiment, monoclonal antibodies can be 25 
isolated from antibody phage libraries generated using the 
techniques described in McCafferty et al., Nature, 348:552- 
554 (1990). Clackson et al. Nature, 352:624-628 (1991) and 
Marks et al, J. Mol. Biol., 222:581-597 (1991) describe the 
isolation of murine and human antibodies, respectively, using 30 
phage libraries. Subsequent publications describe the produc
tion of high affinity (nM range) human antibodies by chain 
shuffling (Marks et al, Bio/Technology, 10:779-783 (1992)), 
as well as combinatorial infection and in vivo recombination 
as a strategy for constructing very large phage libraries (Wa- 35 
terhouseetal,Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, 
these techniques are viable alternatives to traditional hybri
doma techniques for isolation of monoclonal antibodies.

Humanized and Human Antibodies
A humanized antibody has one or more amino acid resi- 40 

dues introduced into it from a source which is non-human. 
These non-human amino acid residues are often referred to as 
“import” residues, which are typically taken from an 
“import” variable domain. Humanization can be essentially 
performed following the method of Winter and co-workers 45 
(Jones et al. Nature, 321:522-525 (1986); Riechmann et al. 
Nature, 332:323-327 (1988); Verhoeyen et al. Science, 239: 
1534-1536 (1988)), by substituting rodent CDRs or CDR 
sequences for the corresponding sequences of a human anti
body. Accordingly, such “humanized” antibodies are chi- 50 
meric antibodies (U.S. Pat. No. 4,816,567) wherein substan
tially less than an intact human variable domain has been 
substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically 
human antibodies in which some CDR residues and possibly 55 
some FR residues are substituted by residues from analogous 
sites in rodent antibodies.

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important to reduce antigenicity. According to the so-called 60 
“best-fit” method, the sequence of the variable domain of a 
rodent antibody is screened against the entire library of 
known human variable-domain sequences. The human 
sequence which is closest to that of the rodent is then accepted 
as the human FR for the humanized antibody (Sims et al, J. 65 
Immunol., 151:2296 (1993)). Another method uses a particu
lar framework derived from the consensus sequence of all
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human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies (Carter et al, Proc. Natl. Acad. Sci. 
USA, 89:4285 (1992); Presta et al, J. Immnol., 151:2623
(1993)).

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three-dimensional 
models of the parental and humanized sequences. Three- 
dimensional immunoglobulin models are commonly avail
able and are familiar to those skilled in the art. Computer 
programs are available which illustrate and display probable 
three-dimensional conformational structures of selected can
didate immunoglobulin sequences. Inspection of these dis
plays permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e, 
the analysis of residues that influence the ability of the can
didate immunoglobulin to bind its antigen. In this way, FR 
residues can be selected and combined from the recipient and 
import sequences so that the desired antibody characteristic, 
such as increased affinity for the target antigen(s), is achieved. 
In general, the CDR residues are directly and most substan
tially involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic ani
mals (e.g, mice) that are capable, upon immunization, of 
producing a full repertoire ofhuman antibodies in the absence 
of endogenous immunoglobulin production. For example, it 
has been described that the homozygous deletion of the anti
body heavy-chain joining region (J^) gene in chimeric and 
germ-line mutant mice results in complete inhibition of 
endogenous antibody production. Transfer of the human 
germ-line immunoglobulin gene array in such germ-line 
mutant mice will result in the production ofhuman antibodies 
upon antigen challenge. See, e.g, Jakobovits et al, Proc. 
Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al. 
Nature, 362:255-258 (1993); Bruggermann et al. Year in 
Immuno., 7:33 (1993); and Duchosal et al. Nature 355:258 
(1992). Human antibodies can also be derived from phage- 
display libraries (Hoogenboom et al, J. Mol. Biol., 227:381 
(1991); Marks et al, J  Mol. Biol., 222:581-597 (1991); 
Vaughan et al. Nature Biotech 14:309 (1996)).

Antibody Fragments
Various techniques have been developed for the production 

of antibody fragments. Traditionally, these fragments were 
derived via proteolytic digestion of intact antibodies (see, 
e.g, Morimoto et al. Journal ofBiochemical and Biophysical 
Methods 24:107-117 (1992) and Brennan etal., Science, 229: 
81 (1985)). However, these fragments can now be produced 
directly by recombinant host cells. For example, the antibody 
fragments can be isolated from the antibody phage libraries 
discussed above. Alternatively, Fab'-SH fragments can be 
directly recovered from E. coli and chemically coupled to 
form F(ab')2 fragments (Carter et al, Bio/Technology 
10:163-167 (1992)). According to another approach, F(ab')2 
fragments can be isolated directly from recombinant host cell 
culture. Other techniques for the production of antibody frag
ments will be apparent to the skilled practitioner. In other 
embodiments, the antibody of choice is a single chain Fv 
fragment (scFv) (see WO 93/16185).

Multispecific Antibodies
Multispecific antibodies have binding specificities for at 

least two different antigens. While such molecules normally 
will only bind two antigens (i.e. bispecific antibodies,
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BsAbs), antibodies with additional specificities such as 
trispecific antibodies are encompassed by this expression 
when used herein.

Methods for making bispecific antibodies are known in the 
art. Traditional production of full length bispecific antibodies 5 
is based on the coexpression of two immunoglobulin heavy 
chain-light chain pairs, where the two chains have different 
specificities (Millstein et ah, Nature, 305:537-539 (1983)). 
Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a to 
potential mixture of 10 different antibody molecules, of 
which only one has the correct bispecific structure. Purifica
tion of the correct molecule, which is usually done by affinity 
chromatography steps, is rather cumbersome, and the product 
yields are low. Similar procedures are disclosed in WO 15 
93/08829, and in Traunecker et al., EMBO J, 10:3655-3659 
(1991).

According to another approach described in WO96/27011, 
the interface between a pair of antibody molecules can be 
engineered to maximize the percentage of heterodimers 20 
which are recovered from recombinant cell culture. The pre
ferred interface comprises at least a part of the CH2> domain of 
an antibody constant domain. In this method, one or more 
small amino acid side chains from the interface of the first 
antibody molecule are replaced with laiger side chains (e.g. 25 
tyrosine or tryptophan). Compensatory “cavities” of identical 
or similar size to the large side chain(s) are created on the 
interface of the second antibody molecule by replacing large 
amino acid side chains with smaller ones (e.g. alanine or 
threonine). This provides a mechanism for increasing the 30 
yield of the heterodimer over other unwanted end-products 
such as homodimers.

Bispecific antibodies include cross-linked or “heterocon
jugate” antibodies. For example, one of the antibodies in the 
heteroconjugate can be coupled to avidin, the other to biotin. 35 
Such antibodies have, for example, been proposed to target 
immune system cells to unwanted cells (U.S. Pat. No. 4,676, 
980), and for treatment of HIV infection (WO 91/00360, WO 
92/200373, and EP 03089). Heteroconjugate antibodies may 
be made using any convenient cross-linking methods. Suit- 40 
able cross-linking agents are well known in the art, and are 
disclosed in U.S. Pat. No. 4,676,980, along with a number of 
cross-linking techniques.

Techniques for generating bispecific antibodies from anti
body fragments have also been described in the literature. For 45 
example, bispecific antibodies can be prepared using chemi
cal linkage. Brennan et al., Science, 229: 81 (1985) describe 
a procedure wherein intact antibodies are proteolytically 
cleaved to generate F(ab')2 fragments. These fragments are 
reduced in the presence of the dithiol complexing agent 50 
sodium arsenite to stabilize vicinal dithiols and prevent inter- 
molecular disulfide formation. The Fab' fragments generated 
are then converted to thionitrobenzoate (TNB) derivatives. 
One of the Fab'-TNB derivatives is then reconverted to the 
Fab'-thiol by reduction with mercaptoethylamine and is 55 
mixed with an equimolar amount of the other Fab'-TNB 
derivative to form the bispecific antibody. The bispecific anti
bodies produced canbeusedas agents for the selective immo
bilization of enzymes.

Recent progress has facilitated the direct recovery of Fab'- 60 
SH fragments from E. coli, which can be chemically coupled 
to form bispecific antibodies. Shalaby et al., J. Exp. Med., 
175: 217-225 (1992) describe the production of a fully 
humanized bispecific antibody F(ab')2 molecule. Each Fab' 
fragment was separately secreted from E. coli and subjected 65 
to directed chemical coupling in vitro to form the bispecific 
antibody. The bispecific antibody thus formed was able to
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bind to cells overexpressing the ErbB2 receptor and normal 
human T cells, as well as trigger the lytic activity of human 
cytotoxic lymphocytes against human breast tumor targets.

Various techniques for making and isolating bispecific 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispecific antibodies 
have been produced using leucine zippers. Kostelny et al., J. 
Immunol., 148(5):1547-1553 (1992). The leucine zipperpep- 
tides from the Fos and Jun proteins were linked to the Fab' 
portions of two different antibodies by gene fusion. The anti
body homodimers were reduced at the hinge region to form 
monomers and then re-oxidized to form the antibody het
erodimers. This method can also be utilized for the produc
tion of antibody homodimers. The “diabody” technology 
described by Hollinger et al., Proc. Natl. Acad. Sci. USA, 
90:6444-6448 (1993) has provided an alternative mechanism 
for making bispecific antibody fragments. The fragments 
comprise a heavy-chain variable domain (VH) connected to a 
light-chain variable domain (VL) by a linker which is too short 
to allow pairing between the two domains on the same chain. 
Accordingly, the NH and NL domains of one fragment are 
forced to pair with the complementary NL and NH domains of 
another fragment, thereby forming two antigen-binding sites. 
Another strategy for making bi specific antibody fragments by 
the use of single-chain Fv (sFv) dimers has also been 
reported. See Gruber et al., J. Immunol., 152:5368 (1994). 
Alternatively, the antibodies can be “linear antibodies” as 
described in Zapata et al., Protein Eng. 8(10):1057-1062 
(1995). Briefly, these antibodies comprise a pair of tandem Fd 
segments (VH-CH\-VH-CH\) which form a pair of antigen 
binding regions. Linear antibodies can be bispecific ormono- 
specific.

Antibodies with more than two valencies are contem
plated. For example, trispecific antibodies can be prepared. 
Tutt et al., J. Immunol. 147: 60 (1991).

Immunoadhesins
The simplest and most straightforward immunoadhesin 

design combines the binding domain(s) of the adhesin (e.g. 
the extracellular domain (ECD) of a receptor) with the hinge 
and Fc regions of an immunoglobulin heavy chain. Ordi
narily, when preparing the immunoadhesins of the present 
invention, nucleic acid encoding the binding domain of the 
adhesin will be fused C-terminally to nucleic acid encoding 
the N-terminus of an immunoglobulin constant domain 
sequence, however N-terminal fusions are also possible.

Typically, in such fusions the encoded chimeric polypep
tide will retain at least functionally active hinge, CH2 and CH2 
domains of the constant region of an immunoglobulin heavy 
chain. Fusions are also made to the C-terminus of the Fc 
portion of a constant domain, or immediately N-terminal to 
the CH\ of the heavy chain or the corresponding region of the 
light chain. The precise site at which the fusion is made is not 
critical; particular sites are well known and may be selected in 
order to optimize the biological activity, secretion, or binding 
characteristics of the immunoadhesin.

In a preferred embodiment, the adhesin sequence is fused 
to the N-terminus of the Fc domain of immunoglobulin Gj 
(IgGj). It is possible to fuse the entire heavy chain constant 
region to the adhesin sequence. However, more preferably, a 
sequence beginning in the hinge region just upstream of the 
papain cleavage site which defines IgG Fc chemically (i.e. 
residue 216, taking the first residue of heavy chain constant 
region to be 114), or analogous sites of other immunoglobu
lins is used in the fusion. In a particularly preferred embodi
ment, the adhesin amino acid sequence is fused to (a) the 
hinge region and CH2 and CH2> or (b) the CH\ , hinge, CH2 and 
Ch2> domains, of an IgG heavy chain.

,983 B2
42

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 238 of 681 PageID #: 1107



For bispecific immunoadhesins, the immunoadhesins are 
assembled as multimers, and particularly as heterodimers or 
heterotetramers. Generally, these assembled immunoglobu
lins will have known unit structures. A basic four chain struc
tural unit is the form in which IgG, IgD, and IgE exist. A four 5 
chain unit is repeated in the higher molecular weight immu
noglobulins; IgM generally exists as a pentamer of four basic 
units held together by disulfide bonds. IgA globulin, and 
occasionally IgG globulin, may also exist in multimeric form 
in serum. In the case of multimer, each of the four units may to 
be the same or different.

Various exemplary assembled immunoadhesins within the 
scope herein are schematically diagrammed below:

ACL-ACL\
ACn-iACn, ACL-ACH, ACL-VHCH, o r  Y LCL-ACH); 15
ACL-ACH-{ACL-ACH, AC^VjjCj], VLCL-ACH, o r  VLCL- 

V^C^)
A C ^ J Z n - i A C n ,  o r  A Q - V ^ ,  o r  V ^ Q - A C ^ ) ;
VLCL-A C ^ A Q - V ^ ,  orV^Q-AC^); and 
( A - Y ) A V L C L - V n C H ) 2; 20
wherein each A represents identical or different adhesin 

amino acid sequences;
VL is an immunoglobulin light chain variable domain;
VH is an immunoglobulin heavy chain variable domain;
CL is  a n  im m u n o g lo b u l in  l ig h t  c h a in  c o n s ta n t  d o m a in ;  25 
CH is  a n  im m u n o g lo b u l in  h e a v y  c h a in  c o n s ta n t  d o m a in ; 
n  is  a n  in te g e r  g r e a te r  th a n  1;
Y designates the residue of a covalent cross-linking agent.
In the interests of brevity, the foregoing structures only 

show key features; they do not indicate joining (J) or other 30 
domains of the immunoglobulins, nor are disulfide bonds 
shown.

Flowever, where such domains are required for binding 
activity, they shall be constructed to be present in the ordinary 
locations which they occupy in the immunoglobulin mol- 35 
ecules.

Alternatively, the adhesin sequences can be inserted 
between immunoglobulin heavy chain and light chain 
sequences, such that an immunoglobulin comprising a chi
meric heavy chain is obtained. In this embodiment, the 40 
adhesin sequences are fused to the 3' end of an immunoglo
bulin heavy chain in each arm of an immunoglobulin, either 
between the hinge and the CH2 domain, or between the CH2 
and Ch2> domains. Similar constructs have been reported by 
Floogenboom, et ah, Mol. Immunol. 28:1027-1037 (1991). 45

Although the presence of an immunoglobulin light chain is 
not required in the immunoadhesins of the present invention, 
an immunoglobulin light chain might be present either 
covalently associated to an adhesin-immunoglobulin heavy 
chain fusion polypeptide, or directly fused to the adhesin. In 50 
the former case, DNA encoding an immunoglobulin light 
chain is typically coexpressed with the DNA encoding the 
adhesin-immunoglobulin heavy chain fusion protein. Upon 
secretion, the hybrid heavy chain and the light chain will be 
covalently associated to provide an immunoglobulin-like 55 
structure comprising two disulfide-linked immunoglobulin 
heavy chain-light chain pairs. Methods suitable for the prepa
ration of such structures are, for example, disclosed in U.S. 
Pat. No. 4,816,567, issued 28 Mar. 1989.

Immunoadhesins are most conveniently constructed by 60 
fusing the cDNA sequence encoding the adhesin portion in- 
frame to an immunoglobulin cDNA sequence. Flowever, 
fusion to genomic immunoglobulin fragments can also be 
used (see, e.g. Aruffo et ah, Cell 61:1303-1313 (1990); and 
Stamenkovic et al., Cell 66:1133-1144 (1991)). The latter 65 
type of fusion requires the presence of Ig regulatory 
sequences for expression. cDNAs encoding IgG heavy-chain
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constant regions can be isolated based on published 
sequences from cDNA libraries derived from spleen or 
peripheral blood lymphocytes, by hybridization or by poly
merase chain reaction (PCR) techniques. The cDNAs encod
ing the “adhesin” and the immunoglobulin parts of the immu- 
noadhesin are inserted in tandem into a plasmid vector that 
directs efficient expression in the chosen host cells.

Further details of the invention are provided in the follow
ing non-limiting Examples.

All patents, patent applications, publications, product 
descriptions, and protocols are cited throughout this applica
tion, the disclosures of which are incorporated herein by 
reference in their entireties.

EXAMPLES

The following examples are offered for illustrative pur
poses only, and are not intended to limit the scope of the 
present invention in any way. Commercially available 
reagents referred to in the examples were used according to 
manufacturer’s instructions unless otherwise indicated. The 
source of those cells identified in the following examples, and 
throughout the specification, by ATCC® accession numbers 
is the American Type Culture Collection, Manassas, Va.

Example 1

Production of Polypeptides in Glutamine-Free 
Production Medium

Materials and Methods:
Cell Lines.
In these studies, CLIO host cells expressing an Apomab 

antibody, anti-VEGF antibody, and the fusion protein BR3- 
Fc, respectively were used. The host cells were adapted in 
suspension and serum free cultures. Frozen stocks were pre
pared as master or working cell banks in the media described 
below.

Cell line maintenance was carried out using a 250-mL or 
1-Liter Coming® vented shake flasks maintained in a 
Thermo Scientific Forma® reach-in a C 02 humidified incu
bator maintained at 37° C. and 5% C 02. Flasks were agitated 
at rate of 150 rpm on a New Bmnswick Scientific Innova®- 
2100 platform shaker with a custom aluminum-substrate plat
form. Cell cultures were passed every 3 or 4 days with fresh 
media and seeded at 0.11% or 0.20% Packed Cell Volume 
(PCV). PCV was obtained using a glass 10-mL KIMAX® 
USA PCV tube.

Culture Media and Conditions.
Media studies were initiated using 250-mL Coming vented 

shake flask inoculated in singlet, duplicate, or triplicate at 100 
mL working volume at 0.20% PCV for all cases using cell 
culture from a source 1-Liter Corning® vented shake flask 
with a 500-mL working volume. PCV was obtained using a 
glass 10-mL KIMAX® USA PCV tube.

Prior to initiation of the study cell culture was centrifuged 
at 1000 rpm for 5 -minutes in a Sorvall® RT 6000B centrifuge 
to complete a 100% media exchange of inoculum media 
containing glutamine with the respective test media. Differ
ent concentrations of Glutamine, Glutamate, Asparagine and 
Aspartate were evaluated in the different test media. The 
following concentrations were tested: Glutamine 0-10 mM, 
Glutamate 1-10 mM, Asparagine 0-15 mM, Aspartate 1-10 
mM. Media conditions were evaluated in full factorial DOE 
studies.

The effect of Glutamine-free medium on was also tested in 
commercially available DMEM/F12 medium. The medium

,983 B2
44

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 239 of 681 PageID #: 1108



45
US 8,512,983 B2

46
was used at 5x concentration (7.05 g/L) with extra Aspar
agine (lOmM total), Aspartate (10 mM total), Glutamine (10 
mM total for the Glutamine-containing medium), Glutamate 
(1 mM total), and glucose (8 g/L total). Glutamine-free and 
Glutamine-containing medium were compared using 5 
Apomab and anti-VEGF antibody expressing cells.

Shake flasks were maintained in a Thermo Scientific 
Forma® reach-in a C 02 humidified incubator maintained at 
37° C. and5%C02. Flasks were agitated at rate of 150 rpm on 
a New Brunswick Scientific Innova®-2100 platform shaker to 
with a custom aluminum-substrate platform.

The medium used contained the following components: 
Organic Salts and Trace Elements 
Ammonium Paramolybdate, Tetrahydrate 
Ammonium Vanadium Oxide 15
Calcium Chloride, Anhydrous 
Cupric Sulfate, Pentahydrate 
Ferrous Sulfate, Fleptahydrate 
Potassium Chloride
Magnesium Chloride, Anhydrous 20
Manganese Sulfate, Monohydrate 
Nickel Chloride, Flexahydrate 
Selenious Acid
Sodium Metasilicate, Nonahydrate
Sodium Phosphate, Monobasic, Monohydrate 25
Stannous Chloride, Dihydrate 
Zinc Sulfate, Fleptahydrate 
Lipids
Linoleic Acid
Lipoic Acid (aka Thioctic Acid) 30
Putrescine, Dihydrochloride 
Amino Acids 
L-Alanine
L-Arginine, Monohydrochloride
L-Asparagine 35
L-Aspartic Acid
L-Cysteine, Monohydrochloride, Monohydrate
L-Glutamic Acid
L-Glutamine
L-Flistidine, Monohydrochloride, Monohydrate 40
L-Isoleucine
L-Leucine
L-Lysine, Monohydrochloride 
L-Methionine
L-Phenylalanine 45
L-Proline
L-Serine
L-Threonine
L-Tryptophan
L-Tyrosine, Disodium Salt, Dihydrate 50
L-Valine
Vitamins
Biotin
D-Calcium Pantothenate
Choline Chloride 55
Folic Acid
I-Inositol
Niacinamide
Pyridoxine, Monohydrochloride
Riboflavin 60
Thiamine, Monohydrochloride 
Vitamin B-12
Carbon Source, Growth Factors, and Miscellaneous 
Fluronic F-68
D-Glucose 65
Sodium Bicarbonate 
Sodium Pyruvate

Sodium Chloride 
Sodium Flydroxide 
Insulin 
Galactose

The commercially-available DMEM/F-12 culture medium 
was also tested, having the following components;

(mg/L)

VITAMINS

Biotin 0.00365
D-calcium pantothenate 2.24
Choline chloride 8.98
Cyanocobalamin 0.68
Folic acid 2.65
i-inositol 12.6
Niacinamide 2.0185
Pyridoxal HC1 2
Pyridoxine HCI 0.031
Riboflavin 0.219
Thiamine HCI 2.17
AMINO ACIDS

L-alanine 4.455
L-arginine HCI 147.5
L-asparagine monohydrate 7.5
L-aspartic acid 6.65
L-cysteine HCI monohydrate 17.56
L-cystine 2HC1 31.29
L-glutamic acid 7.35
L-glutamine 365
Glycine 18.75
L-histidine HCI monohydrate 31.48
L-isoleucine 54.47
L-leucine 59.05
L-lysine HCI 91.25
L-methionine 17.24
L-phenylalanine 35.48
L-proline 17.25
L-serine 26.25
L-threonine 53.45
L-tryptophan 9.02
L-tyrosine 2Na dihydrate 55.79
L-valine 52.85
OTHER

Dextrose anhydrous 3151
HEPES 3575
Hypoxanthine sodium salt 2.39
Linoleic acid 0.042
DL-a-Lipoic acid 0.105
Phenol red sodium salt 8.602
Putrescine 2HCI 0.081
Sodium pyruvate 55
Thymidine 0.365
ADD: Sodium bicarbonate 1200
INORGANIC SALTS

Calcium chloride anhydrous 116.61
Cupric sulfate pentahydrate 0.00125
Ferric nitrate nonahydrate 0.05
Ferrous sulfate heptahydrate 0.417
Magnesium chloride anhydrous 28.61
Magnesium sulfate anhydrous 48.84
Potassium chloride 311.8
Sodium chloride 6999.5
Sodium phosphate dibasic anhydrous 71.02
Sodium phosphate monobasic 62.5
monohydrate
Zinc sulfate heptahydrate 0.4315

The medium for inoculum culture (as opposed for the 
production phase) was usually supplemented with 5 mM 
glutamine, 8 g/L glucose, and 75-2000 nM Methotroxate.

For studies pFl adjustment was performed as needed to 
maintain pFl value at 7.00±0.10 using 1M Sodium Carbonate.
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Adjustment in pH value was made in by adding 1 mL/L of 1M 
Sodium Carbonate to raise pH units up 0.10.

Cell culture was analyzed up to 14-days by taking a 3.5 -mL 
sample and analyzed for viable cell count, viability, and cell 
size using a Beckman Coulter ViCell™-1.0 cell counter. 5 
Nutrient analysis was performed using the Nova 400 Bio
medical Bioprofile®. Osmolality was measured using an 
Advanced® Instrument multi-sample Osmometer (Model 
3 900). Recombinant product titer concentration was obtained 
using the Agilent 1100 Series HPLC. to

Recombinant Proteins.
The recombinant proteins produced were Apomab 

(TRAIL), anti-VEGF, and the immunoadhesin BR3-Fc.
Data Analysis.
Statistical analyses of the data were carried out using a full 15 

factorial design of experiment, which is an experiment whose 
design consists of two or more factors, each with discrete 
possible values or “levels”, and whose experimental units 
take on all possible combinations of these levels across all 
such factors. A full factorial design may also be called a 20 
fully-crossed design. Such an experiment allows studying the 
effect of each factor on the response variable, as well as the 
effects of interactions between factors on the response vari
able.

Results 25
As shown in FIGS. 1-5, use of a glutamine-free production 

medium increased the final recombinant protein titer of 
Apomab antibody, BR3-Fc immunoadhesin and anti-VEGF 
antibody. In each case, cube plot analysis of titer results using 
Full Factorial DOE evaluating the effect of different concen- 30 
trations of Glutamine, Glutamate, Asparagine and Aspartate 
predict that the highest titer is achieved in Glutamine-Free 
media supplemented with lOmM Asparagine, 10 mM Aspar
tic Acid and 1 mM Glutamic Acid. (FIGS. 1-3)

The effect of Asparagine under Glutamine-free, low 35 
Glutamate and high Aspartate conditions on Apomab anti
body titer is shown in FIG. 4. In Glutamine-free medium, 
Apomab antibody titer was significantly increased in the 
presence of 2.5-15 mM Asparagine compared to Glutamine- 
free cultures without Asparagine. Under these conditions, the 40 
presence or absence of Glutamate had no effect on titer.

Apomab antibody titer production across various Aspar
agine and Aspartate concentrations in Glutamine-free and 
low Glutamate conditions is illustrated in FIG. 5. A positive 
titration effect was observed when increasing Aspartate from 45 
0 to 10 mM under these conditions.

The effect of glutamine-free medium supplemented with 
10 mM Asparagine, 10 mM Aspartic Acid and 1 mM 
Glutamic Acid on titer is demonstrated in FIGS. 6A-C, 
wherein the final titer for Apomab antibody, anti-VEGF anti- 50 
body and BR3-Fc immunoadhesin (A-C, respectively) was 
significantly higher in Glutamine-free medium compared to 
Glutamine-containing medium.

Similar results were obtained using the commercial 
DMEM/F-12 culture medium. As shown in FIGS. 7A and B, 55 
the final titer for Apomab antibody and anti-VEGF antibody 
(A and B, respectively) was significantly higher in 
Glutamine-free DMEM/F12 medium supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid compared to Glutamine-containing DMEM F12 60 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid.

As shown in FIGS. 8 and 9, use of a glutamine-free pro
duction medium also increased specific production measured 
as Qp (mg/mL-cell/day). FIGS. 8 A-C illustrate that cell 65 
specific productivity (Qp) for Apomab antibody, anti-VEGF 
antibody and BR3-Fc immunoadhesin (A-C, respectively)
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was significantly higher in Glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 1 
mM Glutamic Acid compared to Glutamine-containing 
medium. FIGS. 9A and B illustrate that cell specific produc
tivity for Apomab antibody and anti-VEGF antibody (A and 
B, respectively) was significantly higher in Glutamine-free 
DMEM/F12 medium supplemented with 10 mMAsparagine, 
10 mM Aspartic Acid and 1 mM Glutamic Acid compared to 
Glutamine-containing DMEM/F12 medium.

As shown in FIGS. 10 and 11, use of a glutamine-free 
production medium was shown to improve cell viability and 
extend culture longevity significantly. FIGS. 10A-C. illus
trate that cell viability for Apomab antibody, anti-VEGF anti
body and BR3-Fc immunoadhesin (A-C, respectively) was 
higher in Glutamine-free medium supplemented with 10 mM 
Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic Acid 
compared to Glutamine-containing medium. FIGS. 11A and 
B indicate that, in DMEM/F12 medium, cell viability was not 
consistently improved in Glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 1 
mM Glutamic Acid. Of note, viability was higher for Apomab 
antibody (FIG. 11 A), but lower for anti-VEGF antibody 
(FIG. 11B) compared to Glutamine containing medium.

As shown in FIGS. 12 and 13, use of a glutamine-free 
production medium reduced NH4+ accumulation signifi
cantly compared to glutamine-containing medium. FIGS. 12 
A-C illustrate that ammonia levels were usually lower in 
Glutamine-free cultures supplemented with 10 mM Aspar
agine, 10 mM Aspartic Acid and 1 mM Glutamic Acid com
pared to Glutamine-containing cultures. FIGS. 13 A and B 
illustrate that ammonia levels were significantly reduced in 
Glutamine-free DMEM/F 12 medium supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid compared to Glutamine-containing DMEM/F 12 
medium.

The invention illustratively described herein can suitably 
be practiced in the absence of any element or elements, limi
tation or limitations that is not specifically disclosed herein. 
Thus, for example, the terms “comprising,” “including,” 
“containing,” etc. shall be read expansively and without limi
tation. Additionally, the terms and expressions employed 
herein have been used as terms of description and not of 
limitation, and there is no intention in the use of such terms 
and expressions of excluding any equivalent of the invention 
shown or portion thereof, but it is recognized that various 
modifications are possible within the scope of the invention 
claimed. Thus, it should be understood that although the 
present invention has been specifically disclosed by preferred 
embodiments and optional features, modifications and varia
tions of the inventions embodied herein disclosed can be 
readily made by those skilled in the art, and that such modi
fications and variations are considered to be within the scope 
of the inventions disclosed herein.

From the description of the invention herein, it is manifest 
that various equivalents can be used to implement the con
cepts of the present invention without departing from its 
scope. Moreover, while the invention has been described with 
specific reference to certain embodiments, a person of ordi
nary skill in the art would recognize that changes can be made 
in form and detail without departing from the spirit and the 
scope of the invention. The described embodiments are con
sidered in all respects as illustrative and not restrictive. It 
should also be understood that the invention is not limited to 
the particular embodiments described herein, but is capable 
of many equivalents, rearrangements, modifications, and sub
stitutions without departing from the scope of the invention.
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Thus, additional embodiments are within the scope of the 
invention and within the following claims.

All U.S. patents and applications; foreign patents and 
applications; scientific articles; books; and publications men
tioned herein are hereby incorporated by reference in their 5 
entirety as if each individual patent or publication was spe
cifically and individually indicated to be incorporated by 
reference, including any drawings, figures and tables, as 
though set forth in full.

to
What is claimed is:
1. A process for producing a polypeptide in a mammalian 

host cell expressing said polypeptide, comprising culturing 
the mammalian host cell in a production phase of the culture
in a glutamine-free production culture medium containing 15 
asparagine, wherein the asparagine is added at a concentra
tion in the range of 7.5 mM to 15 mM.

2. The process of claim 1 wherein the asparagine is added 
at a concentration in the range of 7.5 mM to 10 mM.

3. The process of claim 1 wherein said recombinant host 20 
cell is an eukaryotic host cell.

4. The process of claim 3 wherein said eukaryotic host cell 
is a Chinese Hamster Ovary (CHO) cell.

5. The process of claim 4 wherein the mammalian host cell
is  a  dhfVCHO cell. 25

6. The process of claim 1 wherein the production medium 
is serum-free.

7. The process of claim 1 wherein the production culture
medium comprises one or more ingredients selected from the 
group consisting of 30

1) a n  e n e ig y  s o u rc e ;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements. 35
8. The process of claim 7 wherein the production culture 

medium additionally comprises one or more ingredients 
selected from the group consisting of:

1) hormones and other growth factors;
2) s a lts  a n d  b u f f e r s ;  a n d  40
3) nucleosides.
9. The process of claim 1 wherein the production phase is 

a batch or fed batch culture phase.
10. The process of claim 1 further comprising the step of

isolating said polypeptide. 45
11. The process of claim 10 further comprising determin

ing one or more of cell viability, culture longevity, specific 
productivity and final recombinant protein titer following 
isolation.

12. The process of claim 11 wherein at least one of the cell 50 
viability, culture longevity, specific productivity and final 
recombinant protein titer is increased relative to the same 
polypeptide produced in a glutamine-containing production 
medium of the same composition.

13. The process of claim 1 wherein the polypeptide is a 55 
mammalian glycoprotein.

14. The process of claim 1 wherein the polypeptide is 
selected from the group consisting of antibodies, antibody 
fragments, and immunoadhesins.

15. The process of claim 14 wherein said antibody frag- 60 
ment is selected from the group consisting of Fab, Fab', F(ab')
2, scFv, (scFv)2, dAb, complementarity determining region 
(CDR) fragments, linear antibodies, single-chain antibody 
molecules, minibodies, diabodies, and multispecific antibod
ies formed from antibody fragments. 65

16. The process of claim 14 wherein the antibody or anti
body fragment is chimeric, humanized or human.
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17. The process of claim 14 wherein said antibody or 
antibody fragment is a therapeutic antibody or a biologically 
functional fragment thereof.

18. The process of claim 17 wherein said therapeutic anti
body is selected from the group consisting of anti-HER2 
antibodies anti-CD20 antibodies; anti-IL-8 antibodies; anti- 
VEGF antibodies; anti-CD40 antibodies, anti-CDlla anti
bodies; anti-CD18 antibodies; anti-IgE antibodies; anti- 
Apo-2 receptor antibodies; anti-Tissue Factor (TF) 
antibodies; anti-human a4|37 integrin antibodies; anti-EGFR 
antibodies; anti-CD3 antibodies; anti-CD25 antibodies; anti- 
CD! antibodies; anti-CD52 antibodies; anti-Fc receptor anti
bodies; anti-carcinoembryonic antigen (CEA) antibodies; 
antibodies directed against breast epithelial cells; antibodies 
that bind to colon carcinoma cells; anti-CD38 antibodies; 
anti-CD33 antibodies; anti-CD22 antibodies; anti-EpCAM 
antibodies; anti-GpIIb/IIIa antibodies; anti-RSV antibodies; 
anti-CMV antibodies; anti-HIV antibodies; anti-hepatitis 
antibodies; anti-CA 125 antibodies; anti-av|33 antibodies; 
anti-human renal cell carcinoma antibodies; anti-human 
17-1A antibodies; anti-human colorectal tumor antibodies; 
anti-human melanoma antibody R24 directed against GD3 
ganglioside; anti-human squamous-cell carcinoma; and anti
human leukocyte antigen (HLA) antibodies, and anti-HLA 
DR antibodies.

19. The process of claim 17 wherein said therapeutic anti
body is an antibody binding to a HER receptor, VEGF, IgE, 
CD20, CD1 la, CD40, BR3 or DR5.

20. The process of claim 19 wherein said therapeutic anti
body binding to DR5 is selected from the group consisting of 
Apomabs 1.1,2.1,3.1,4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3,7.1,7.2, 
7.3, 8.1, 8.3, 9.1, 1.2, 2.2, 3.2, 4.2, 5.2, 6.2, 7.2, 8.2, 9.2, 1.3, 
2.2, 3.3, 4.3, 5.3, 6.3, 7.3, 8.3, 9.3, and 25.3.

21. The process of claim 19 wherein said therapeutic anti
body is an anti-BR3 antibody.

22. The process of claim 14 wherein said immunadhesin is 
a BR3-Fc immunoadhesin.

23. The process of claim 1 wherein said polypeptide is a 
therapeutic polypeptide.

24. The process of claim 23 wherein said therapeutic 
polypeptide is selected from the group consisting of a growth 
hormone, including human growth hormone and bovine 
growth hormone; growth hormone releasing factor; parathy
roid hormone; thyroid stimulating hormone; lipoproteins; 
alpha-1-antitrypsin; insulin A-chain; insulin B-chain; proin
sulin; follicle stimulating hormone; calcitonin; luteinizing 
hormone; glucagon; clotting factors such as factor VIIIC, 
factor IX, tissue factor, and von Willebrands factor; anti
clotting factors such as Protein C; atrial natriuretic factor; 
lung surfactant; a plasminogen activator, such as urokinase or 
human urine or tissue-type plasminogen activator (t-PA); 
bombesin; thrombin; hemopoietic growth factor; tumor 
necrosis factor-alpha and -beta; enkephalinase; RANTES 
(regulated on activation normally T-cell expressed and 
secreted); human macrophage inflammatory protein (MIP-1 - 
alpha); a serum albumin such as human serum albumin; 
Muellerian-inhibiting substance; relaxin A-chain; relaxin 
B-chain; prorelaxin; mouse gonadotropin-associated pep
tide; a microbial protein, such as beta-lactamase; DNase; IgE; 
a cytotoxic T-lymphocyte associated antigen (CTLA), such as 
CTLA-4; inhibin; activin; vascular endothelial growth factor 
(VEGF); receptors for hormones or growth factors; Protein A 
or D; rheumatoid factors; a neurotrophic factor such as bone- 
derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, 
or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth factor 
such as NGF- (3; platelet-derived growth factor (PDGF); fibro
blast growth factor such as aFGF and bFGF; epidermal

,983 B2
50
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growth factor (EGF); transforming growth factor (TGF) such 
as TGF-alpha and TGF-beta, including TGF-|31, TGF-|32,
TGF-|33, TGF-|34, or TGF-|35; insulin-like growth factor-I 
and -II (IGF-I and IGF-II); des(l-3)-IGF-I (brain IGF-I), 
insulin-like growth factor binding proteins; CD proteins such 5 
as CD3, CD4, CD8, CD19, CD20, CD34, and CD40; eryth
ropoietin; osteoinductive factors; immunotoxins; a bone mor
phogenetic protein (BMP); an interferon such as interferon- 
alpha, -beta, and -gamma; colony stimulating factors (CSFs), 
e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., to 
IL-1 to IL-10; superoxide dismutase; T-cell receptors; surface 
membrane proteins; decay accelerating factor; viral antigen 
such as, for example, a portion of the AIDS envelope; trans
port proteins; homing receptors; addressins; regulatory pro
teins; integrins such as CDlla, CDllb, CDllc, CD18, an 15 
ICAM, VLA-4 and VCAM; a tumor associated antigen such 
as F1ER2, F1ER3 or F1ER4 receptor; and fragments of said 
polypeptides.

25. A ready-to-use glutamine-free cell culture medium 
containing asparagine for the production of a polypeptide in a 20 
production phase, wherein the asparagine is at a concentra
tion in the range of 7.5 mM to 15 mM.
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PREVENTION OF DISULFIDE BOND 
REDUCTION DURING RECOMBINANT 

PRODUCTION OF POLYPEPTIDES

CROSS REFERENCE TO RELATED 5
APPLICATIONS

This application is a continuation of U.S. application Ser. 
No. 12/217,745, filed Jul. 8, 2008, which is a non-provisional 
application filed under 37 CFR 1.53(b)(1), claiming priority 10 
under 35 USC 119(e) to provisional Application No. 60/948, 
677 filed Jul. 9, 2007, the contents of which are incorporated 
herein by reference.

FIELD OF THE INVENTION 15

The invention concerns methods and means for preventing 
the reduction of disulfide bonds during the recombinant pro
duction of disulfide-containing polypeptides. In particular, 
the invention concerns the prevention of disulfide bond reduc- 20 
tion during harvesting of disulfide-containing polypeptides, 
including antibodies, from recombinant host cell cultures.

BACKGROUND OF THE INVENTION
25

In the biotechnology industry, pharmaceutical applications 
require a variety of proteins produced using recombinant 
DNA techniques. Generally, recombinant proteins are pro
duced by cell culture, using either eukaryotic cells, such as 
mammalian cells, or prokaryotic cells, such as bacterial cells, 30 
engineered to produce the protein of interest by insertion of a 
recombinant plasmid containing the nucleic acid encoding 
the desired protein. For a protein to remain biologically 
active, the conformation of the protein, including its tertiary 
structure, must be maintained during its purification and iso- 35 
lation, and the protein’s multiple functional groups must be 
protected from degradation.

Mammalian cells have become the dominant system for the 
production of mammalian proteins for clinical applications, 
primarily due to their ability to produce properly folded and 40 
assembled heterologous proteins, and their capacity for post- 
translational modifications. Chinese hamster ovary (CHO) 
cells, and cell lines obtained from various other mammalian 
sources, such as, for example, mouse myeloma (NS0), baby 
hamster kidney (BHK), human embryonic kidney (HEK- 45 
293) and human retinal cells, such as the PER.C6® cell line 
isolated from a human retinal cell, which provides human 
glycosylation characteristics, and is able to naturally produce 
antibodies that match human physiology, have been approved 
by regulatory agencies for the production of biopharmaceu- 50 
tical products.

Usually, to begin the production cycle, a small number of 
transformed recombinant host cells are allowed to grow in 
culture for several days (see, e.g., FIG. 23). Once the cells 
have undergone several rounds of replication, they are trans- 55 
ferred to a larger container where they are prepared to 
undergo fermentation. The media in which the cells are grown 
and the levels of oxygen, nitrogen and carbon dioxide that 
exist during the production cycle may have a significant 
impact on the production process. Growth parameters are 60 
determined specifically for each cell line and these param
eters are measured frequently to assure optimal growth and 
production conditions.

When the cells grow to sufficient numbers, they are trans
ferred to large-scale production tanks and grown for a longer 65 
period of time. At this point in the process, the recombinant 
protein can be harvested. Typically, the cells are engineered to
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secrete the polypeptide into the cell culture media, so the first 
step in the purification process is to separate the cells from the 
media. Typically, harvesting includes centrifugation and fil
tration to produce a Harvested Cell Culture Fluid (HCCF). 
The media is then subjected to several additional purification 
steps that remove any cellular debris, unwanted proteins, 
salts, minerals or other undesirable elements. At the end of the 
purification process, the recombinant protein is highly pure 
and is suitable for human therapeutic use.

Although this process has been the subject of much study 
and improvements over the past several decades, the produc
tion of recombinant proteins is still not without difficulties. 
Thus, for example, during the recombinant production of 
polypeptides comprising disulfide bonds, especially multi
chain polypeptides comprising inter-chain disulfide bonds 
such as antibodies, it is essential to protect and retain the 
disulfide bonds throughout the manufacturing, recovery and 
purification process, in order to produce properly folded 
polypeptides with the requisite biological activity.

SUMMARY OF THE INVENTION

The instant invention generally relates to a method for 
preventing reduction of a disulfide bond in a polypeptide 
expressed in a recombinant host cell, comprising supplement
ing the pre-harvest or harvested culture fluid of the recombi
nant host cell with an inhibitor of thioredoxin or a thiore- 
doxin-like protein.

In one embodiment, the thioredoxin inhibitor is added to 
the pre-harvest culture fluid.

In another embodiment, the thioredoxin inhibitor is added 
to the harvested culture fluid.

In a further embodiment, the thioredoxin inhibitor is a 
direct inhibitor of thioredoxin.

In all embodiments, the thioredoxin inhibitor may, for 
example, be an alkyl-2-imidazolyl disulfide or a naphtho
quinone spiroketal derivative.

In a further embodiment, the thioredoxin inhibitor is a 
specific inhibitor of thioredoxin reductase.

In a still further embodiment, the thioredoxin inhibitor is a 
gold complex, where the gold complex may, for example, be 
aurothioglucose (ATG) or aurothiomalate (ATM). While the 
effective inhibitory concentration may vary, it typically is 
between about 0.1 mM and 1 mM. Similarly, the minimum 
effective inhibitory concentration varies depending on the 
nature of the polypeptide and overall circumstances, and is 
typically reached when the ATG or ATG concentration is at 
least about four-times of thioreduxin concentration in the 
pre-harvest or harvested culture fluid.

In another embodiment of this aspect of the invention, the 
thioredoxin inhibitor is a metal ion, where the metal ion, 
without limitation, may be selected from the group consisting 
of Hg2+, Cu2+, Zn2+, Co2+, and Mn2+. When the metal ion is 
added in the form of cupric sulfate, the effective inhibitory 
concentration generally is between about 5 pM and about 100 
pM, or between about 10 pM and about 80 pM, or between 
about 15 pM and about 50 pM. The minimum inhibitory 
concentration of cupric sulfate also varies, but typically is 
reached when cupric sulfate is added at a concentration at 
least about two-times of thioredoxin concentration in the 
pre-harves or harvested culture fluid.

In different embodiment, the thioredoxin inhibitor is an 
oxidizing agent, e.g., an inhibitor of G6PD, such as, for 
example, pyridoxal 5'-phosphate, 1 fluoro-2,4 dinitroben
zene, dehydroepiandrosterone (DHEA) or epiandrosterone 
(EA); cystine or cysteine. Typical effective inhibitor concen
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trations of DHEA are between about 0.05 mM and about 5 
mM, or between about 0.1 mM and about 2.5 mM.

In a further embodiment, the thioredoxin inhibitor is an 
inhibitor of hexokinase activity, including, without limita
tion, chelators of metal ions, such as, for example, ethylene- 5 
diamine tetraacetic acid (EDTA). EDTA is typically added 
and effective at a concentration between about 5 mM and 
about 60 mM, or about 10 mM and about 50 mM, or about 20 
mM and about 40 mM.

In other preferred embodiments, the inhibitor of hexoki- 10 
nase activity is selected from the group consisting of sorbose-
1- phosphate, polyphosphates, 6-deoxy-6-fluoroglucose,
2- C-hydroxy-methylglucose, xylose, and lyxose.

Other inhibitors include cystine, cysteine, and oxidized 15 
glutathione which are typically added at a concentration at 
least about 40-times of the concentration of the polypeptide in 
question in the pre-harvest or harvested culture fluid.

In a still further embodiment, the thioredoxin inhibitor is an 
siRNA, an antisense nucleotide, or an antibody specifically 20 
binding to a thioredoxin reductase.

In another embodiment, the thioredoxin inhibitor is a mea
sure indirectly resulting in the inhibition of thioredoxin activ
ity. This embodiment includes, for example, air sparging the 
harvested culture fluid of the recombinant host cell, and/or 25 
lowering the pH of the harvested culture fluid of the recom
binant host cell.

In various embodiments, indirect means for inhibiting 
thioredoxin activity, such as air spaiging and/or lowering of 
the pH, can be combined with the use of direct thioredoxin 30 
inhibitors, such as those listed above.

In all embodiments, the polypeptide may, for example, be 
an antibody, or a biologically functional fragment of an anti
body. Representative antibody fragments include Fab, Fab', 
F(ab')2, scFv, (scFv)2, dAb, complementarity determining 35 
region (CDR) fragments, linear antibodies, single-chain anti
body molecules, minibodies, diabodies, and multispecific 
antibodies formed from antibody fragments.

Therapeutic antibodies include, without limitation, anti- 
HER2 antibodies anti-CD20 antibodies; anti-IL-8 antibodies; 40 
anti-VEGF antibodies; anti-CD40 antibodies, anti-CDlla 
antibodies; anti-CD18 antibodies; anti-IgE antibodies; anti- 
Apo-2 receptor antibodies; anti-Tissue Factor (TF) antibod
ies; anti -human a 4|37 integrin antibodies; anti-EGFR antibod
ies; anti-CD3 antibodies; anti-CD25 antibodies; anti-CD4 45 
antibodies; anti-CD52 antibodies; anti-Fc receptor antibod
ies; anti-carcinoembryonic antigen (CEA) antibodies; anti
bodies directed against breast epithelial cells; antibodies that 
bind to colon carcinoma cells; anti-CD38 antibodies; anti- 
CD33 antibodies; anti-CD22 antibodies; anti-EpCAM anti- 50 
bodies; anti-GpIIb/IIIa antibodies; anti-RSV antibodies; anti- 
CMV antibodies; anti-HIV antibodies; anti-hepatitis 
antibodies; anti-CA 125 antibodies; anti-av|33 antibodies; 
anti-human renal cell carcinoma antibodies; anti-human 
17-1A antibodies; anti-human colorectal tumor antibodies; 55 
anti-human melanoma antibody R24 directed against GD3 
ganglioside; anti-human squamous-cell carcinoma; and anti
human leukocyte antigen (HLA) antibodies, and anti-HLA 
DR antibodies.

In other embodiments, the therapeutic antibody is an anti- 60 
body binding to a HER receptor, VEGF, IgE, CD20, CD1 la, 
CD40, or DR5.

In a further embodiment, the HER receptor is HER1 and/or 
HER2, preferably HER2. The HER2 antibody may, for 
example, comprise a heavy and/or light chain variable 65 
domain sequence selected from the group consisting of SEQ 
ID NO: 16, 17, 18, and 19.
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In another embodiment, the therapeutic antibody is an 
antibody that binds to CD20. The anti-CD20 antibody may, 
for example, comprise a heavy and/or light chain variable 
domain sequence selected from the group consisting of SEQ 
ID NOS: 1 through 15.

In yet another embodiment, the therapeutic antibody is an 
antibody that binds to VEGF. The anti-VEGF antibody may, 
for example, comprise a heavy and/or light chain variable 
domain sequence selected from the group consisting of SEQ 
ID NOS: 20 through 25.

In an additional embodiment, the therapeutic antibody is an 
antibody that binds CD 11a. The anti-CDlla antibody may, 
for example, comprise a heavy and/or light chain variable 
domain sequence selected from the group consisting of SEQ 
ID NOS: 26 through 29.

In a further embodiment, the therapeutic antibody binds to 
a DR5 receptor. The anti-DR5 antibody may, for example, be 
selected from the group consisting of Apomabs 1.1, 2.1, 3.1,
4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 7.2, 7.3, 8.1, 8.3, 9.1, 1.2,
2.2, 3.2, 4.2, 5.2, 6.2, 7.2, 8.2, 9.2, 1.3, 2.2, 3.3, 4.3, 5.3, 6.3,
7.3, 8.3, 9.3, and 25.3, and preferably is Apomab 8.3 or 
Apomab 7.3, and most preferably Apomab 7.3.

In other embodiments of the method of the present inven
tion, the polypeptide expressed in the recombinant host cell is 
a therapeutic polypeptide. For example, the therapeutic 
polypeptide can be selected from the group consisting of a 
growth hormone, including human growth hormone and 
bovine growth hormone; growth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipopro
teins; alpha-1-antitrypsin; insulin A-chain; insulin B-chain; 
proinsulin; follicle stimulating hormone; calcitonin; luteiniz
ing hormone; glucagon; clotting factors such as factor VIIIC, 
factor IX, tissue factor, and von Willebrands factor; anti
clotting factors such as Protein C; atrial natriuretic factor; 
lung surfactant; a plasminogen activator, such as urokinase or 
human urine or tissue-type plasminogen activator (t-PA); 
bombesin; thrombin; hemopoietic growth factor; tumor 
necrosis factor-alpha and -beta; enkephalinase; RANTES 
(regulated on activation normally T-cell expressed and 
secreted); human macrophage inflammatory protein (MIP-1 - 
alpha); a serum albumin such as human serum albumin; 
Muellerian-inhibiting substance; relaxin A-chain; relaxin 
B-chain; prorelaxin; mouse gonadotropin-associated pep
tide; a microbial protein, such as beta-lactamase; DNase; IgE; 
a cytotoxic T-lymphocyte associated antigen (CTLA), such as 
CTLA-4; inhibin; activin; vascular endothelial growth factor 
(VEGF); receptors for hormones or growth factors; Protein A 
or D; rheumatoid factors; a neurotrophic factor such as bone- 
derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, 
or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth factor 
such as NGF- (3; platelet-derived growth factor (PDGF); fibro
blast growth factor such as aFGF and bFGF; epidermal 
growth factor (EGF); transforming growth factor (TGF) such 
as TGF-alpha and TGF-beta, including TGF-|31, TGF-|32, 
TGF-|33, TGF-|34, or TGF-|35; insulin-like growth factor-I 
and -II (IGF-I and IGF-II); des(l-3)-IGF-I (brain IGF-I), 
insulin-like growth factor binding proteins; CD proteins such 
as CD3, CD4, CD8, CD19, CD20, CD34, and CD40; eryth
ropoietin; osteoinductive factors; immunotoxins; a bone mor
phogenetic protein (BMP); an interferon such as interferon- 
alpha, -beta, and -gamma; colony stimulating factors (CSFs), 
e.g., M-CSF, GM-CSF, and G-CSF; interleukins (ILs), e.g., 
IL-1 to IL-10; superoxide dismutase; T-cell receptors; surface 
membrane proteins; decay accelerating factor; viral antigen 
such as, for example, a portion of the AIDS envelope; trans
port proteins; homing receptors; addressins; regulatory pro
teins; integrins such as CDlla, CDllb, CDllc, CD18, an
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ICAM, VLA-4 and VCAM; a tumor associated antigen such 
as HER2, HER3 or EIER4 receptor; and fragments of said 
polypeptides.

In all embodiments, the recombinant host cell can be an 
eukaryotic host cell, such as a mammalian host cell, includ- 5 
ing, for example, Chinese Elamster Ovary (CEIO) cells.

In all embodiments, the recombinant host cell can also be a 
prokaryotic host cell, such as a bacterial cell, including, with
out limitation, E. coli cells.

10

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Dialysis Experiment: Digital gel-like imaging 
obtained from Bioanalyzer analysis (each lane representing a 
time point) demonstrating that ocrelizumab (rhuMAb 2H7— 15 
Variant A) inside the dialysis bag remained intact during the 
incubation period.

FIG. 2. Dialysis Experiment: Digital gel-like imaging 
obtained from Bioanalyzer analysis (each lane representing a 
time point) showing that ocrelizumab outside the dialysis bag 20 
was reduced during the incubation period. This is evidenced 
by the loss of intact antibody (-150 kDa) and the formation of 
antibody fragments depicted in the Figure. At the 48-hour 
time point (Lane 7), the reduced antibody appeared to be 
reoxidized, presumably as a result of loosing reduction activ- 25 
ity in the Harvested Cell Culture Fluid (HCCF). The band 
appearing just above the 28 kDa marker arose from the light 
chain of antibody. There was a significant amount of free light 
already present in the HCCF before the incubation began. The 
presence of excess free light chain and dimers of light chain in 30 
the HCCF is typical for the cell line producing ocrelizumab.

FIG. 3. Free Thiol Levels from Dialysis Experiment: Puri
fied ocrelizumab in phosphate buffered saline (PBS) was 
inside the dialysis bag and HCCF containing ocrelizumab 
was outside the bag. Free thiols inside (boxes) and outside 35 
(diamonds) the dialysis bag reached comparable levels within 
a few hours, indicating a good exchange of small molecule 
components in the HCCF between inside and outside the 
dialysis bag.

FIG. 4. Thioredoxin System and Other Reactions Involved 40 
in Antibody Reduction: The thioredoxin system, comprising 
thioredoxin (Trx), thioredoxin reductase (TrxR) and 
NADPH, functions as a hydrogen donor system for reduction 
of disulfide bonds in proteins. Trx is a small monomeric 
protein with a COX active site motif that catalyzes many 45 
redox reactions through thiol-disulfide exchange. The oxi
dized Trx can be reduced by NADPH via TrxR. The reduced 
Trx is then able to catalyze the reduction of disulfides in 
proteins. The NADPH required for thioredoxin system is 
provided via reactions in pentose phosphate pathway and 50 
glycolysis.

FIG. 5. In Vitro Activity of Thioredoxin System: Digital 
gel-like image from Bioanalyzer analysis (each lane repre
senting a time point) demonstrating that incubation of intact 
ocrelizumab (1 mg/mL) with 0.1 mM TrxR (rat liver), 5 mM 55 
Trx (human), and 1 mM NADPH in PBS resulted in the 
complete reduction of ocrelizumab; the ocrelizumab was 
completely reduced in less than 21 hours.

FIG. 6. In Vitro Activity of Thioredoxin System Inhibited 
by Aurothioglucose: The addition of aurothioglucose (ATG) 60 
to the same reaction mixture as described in the caption for 
FIG. 5, above, effectively inhibited the ocrelizumab reduc
tion. This is seen by the digital gel-like image from Bioana
lyzer analysis (each lane representing a time point).

FIG. 7. In vitro Activity of Thioredoxin System Inhibited 65 
by Aurothiomalate: The addition of aurothiomalate (ATM) at 
a concentration of 1 mM to the same reaction mixture as
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described in the caption for FIG. 5, above, effectively inhib
ited the ocrelizumab reduction. This is seen by the digital 
gel-like image from Bioanalyzer analysis (each lane repre
senting a time point).

FIG. 8. In Vitro Activity of Thioredoxin System: Digital 
gel-like image from Bioanalyzer analysis (each lane repre
senting a time point) showing that incubation of intact ocre
lizumab (1 mg/mL) with 0.1 mM TrxR (rat liver), 5 mM Trx 
(human), and 1 mM NADPH in 10 mM histidine sulfate 
buffer resulted in the reduction of ocrelizumab in less than 1 
hour.

FIG. 9. In vitro Activity of Thioredoxin System Inhibited 
by CuS04: The addition of CuS04 at a concentration of 50 
pM to the same reaction mixture as described in the caption 
for FIG. 8 effectively inhibited the ocrelizumab reduction as 
shown in the digital gel-like image from Bioanalyzer analysis 
(each lane representing a time point).

FIG. 10. Ocrelizumab Reduction: Digital gel-like image 
from Bioanalyzer analysis (each lane representing a time 
point) showing that ocrelizumab was reduced in an incuba
tion experiment using HCCF from a homogenized CCF gen
erated from a 3-L fermentor.

FIG. 11. Inhibition of Ocrelizumab Reduction In HCCF by 
Aurothioglucose: Digital gel-like image from Bioanalyzer 
analysis (each lane representing a time point) showing that 
the addition of 1 mM aurothioglucose to the same HCCF as 
used for the incubation experiment as shown in FIG. 10 
inhibited the reduction of ocrelizumab.

FIG. 12. Inhibition of Ocrelizumab Reduction In HCCF by 
Aurothiomalate: Digital gel-like image from Bioanalyzer 
(each lane representing a time point) analysis indicating that 
the addition of 1 mM aurothiomalate to the same HCCF as 
used for the incubation experiment shown in FIG. 10 inhib
ited the reduction of ocrelizumab.

FIG. 13. Losing Reduction Activity in HCCF: The HCCF 
from one of the large scale manufacturing runs for ocreli
zumab (the “beta” run) that was subj ect to several freeze/thaw 
cycles demonstrated no ocrelizumab reduction when used in 
an incubation experiment. This was shown by Bioanalyzer 
analysis (each lane representing a time point), and can be 
contrasted to the antibody reduction seen previously in the 
freshly thawed HCCF from the same fermentation batch.

FIG. 14. The Lost Reduction Activity in HCCF Restored 
by Addition of NADPH: The reduction of ocrelizumab was 
observed again in the Bioanalyzer assay (each lane represent
ing a time point) after the addition of NADPH at a concen
tration of 5 mM into the HCCF where the reduction activity 
has been eliminated under the conditions described above in 
FIG. 13.

FIG. 15. The Lost Reduction Activity in HCCF Restored 
by Addition of Glucose-6-Phosphate: The reduction of ocre
lizumab was observed again in the Bioanalyzer assay (each 
lane representing a time point) after the addition of G6P at a 
concentration of 10 mM into the HCCF where the reduction 
activity has been eliminated due to the treatment described 
above in FIG. 13.

FIG. 16. Ocrelizumab Reduction: A digital gel-like image 
from Bioanalyzer analysis showing that ocrelizumab was 
reduced in an incubation experiment using a HCCF from a 
large scale manufacturing run (the “alpha” run).

FIG. 17. EDTA Inhibits Ocrelizumab Reduction: Digital 
gel-like image from Bioanalyzer analysis (each lane repre
senting a time point) showing that the reduction of ocreli
zumab was inhibited in an incubation experiment using a 
HCCF from the alpha run with EDTA added at a concentra
tion of 20 mM to the HCCF whose reducing activity is dem
onstrated in FIG. 16.
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FIG. 18. The Lost Reduction Activity in “Beta Run” HCCF 
Restored by Addition of Glucose-6-Phosphate but No Inhi
bition of Reduction by EDTA: The reduction of ocrelizumab 
was observed in the Bioanalyzer assay (each lane represent
ing a time point) after the addition of G6P at a concentration 5 
of 5 mM and 20 mM EDTA into the HCCF whose reduction 
activity had been lost (see FIG. 13). In contrast to the results 
shown in FIG. 17, the presence of EDTA did not block the 
reduction of ocreliumab.

FIG. 19. Inhibition of Ocrelizumab Reduction: by (i) addi- to 
tion of EDTA, (ii) addition of CuS04, or (iii) adjustment of 
pH to 5.5. All three different methods, (1) addition of EDTA,
(2) addition of CuS04, and (3) adjustment of pH to 5.5, used 
independently, were effective in inhibiting ocrelizumab 
reduction. This was demonstrated by the depicted quantita- 15 
tive Bioanalyzer results that showed that nearly 100% intact 
(150 kDa) antibody remained in the protein A elution pools.
In contrast, ocrelizumab was completely reduced in the con
trol HCCF after 20 hours of HCCF hold time.

FIG. 20. Inhibition of Ocrelizumab Reduction by Air 20 
Sparging: Sparging the HCCF with air was effective in inhib
iting ocrelizumab disulfide bond reduction. This was demon
strated by the quantitative Bioanalyzer results showing that 
nearly 100% intact (150 kDa) antibody remained in the pro
tein A elution pools. In contrast, ocrelizumab was almost 25 
completely reduced in the control HCCF after 5 hours of 
sparging with nitrogen.

FIG. 21 shows the VL (SEQ ID NO. 24) amino acid 
sequence of an anti-Her2 antibody (Trastuzumab).

FIG. 22 shows the VH (SEQ ID No. 25) amino acid 30 
sequence of an anti-Her2 antibody (Trastuzumab).

FIG. 23 is a schematic showing some steps of a typical 
large scale manufacturing process.

FIG. 24 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 35 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate.

FIG. 25 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 1 mM histidine 40 
sulfate+1 mMATG.

FIG. 26 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+0.6 pM ATG (6:1 ATG:TrxR). 45

FIG. 27 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+0.4 pM ATG (4:1 ATG:TrxR).

FIG. 28 is a digital gel-like image from Bioanalyzer analy- 50 
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+0.2 pM ATG (2:1 ATG:TrxR).

FIG. 29 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 55 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+0.1 mM autothiomalate (ATM).

FIG. 30 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 60 
sulfate+0.01 mM autothiomalate (ATM).

FIG. 31 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+20 pM CuS04 (4:1 Cu2+:Trx). 65

FIG. 32 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1
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pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+10 pM CuS04 (2:1 Cu2+:Trx).

FIG. 33 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+5 pM CuS04 (1:1 Cu2+:Trx).

FIG. 34 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+532 pM cystamine (20:1 cystamine:2H7 disulfide).

FIG. 35 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+266 pM cystamine (10:1 cystamine:2H7 disulfide).

FIG. 36 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+133 pM cystamine (5:1 cystamine:2H7 disulfide).

FIG. 37 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+26.6 pM cystamine (1:1 cystamine:2H7 disulfide).

FIG. 38 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate (pH=7.6)+2.6 mM cystine.

FIG. 39 is a digital gel-like image from Bioanalyzer analy
sis: 2H7 (Variant A)+l mM NADPH+5 pM thioredoxin+0.1 
pM thioredoxin reductase (recombinant) in 10 mM histidine 
sulfate+2.6 mM GSSG (oxidized glutathione).

FIG. 40 Reconstructed enzymatic reduction system. 1 
mg/ml 2H7 (Variant A)+10 pg/mL hexokinase, 50 pg/mL 
glucose-6-phosphate dehydrogenase, 5 pM thioredoxin, 0.1 
pM thioredoxin reductase, 2 mM glucose, 0.6 mM ATP, 2mM 
Mg2+, and 2 mM NADP in 50 mM histidine sulfate buffer at 
pH=7.38.

FIG. 41 The thioredoxin system requires NADPH. 1 mg/ml 
2H7 (Variant A)+5 pM thioredoxin, 0.1 pM thioredoxin 
reductase, and 2 mM NADP in 50 mM histidine sulfate buffer 
at pH=7.38.

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS

I. Definitions

In the present invention, in the context of proteins, includ
ing antibodies, in general, or with regard to any specific 
protein or antibody, the term “reduction” is used to refer to the 
reduction of one or more disulfide bonds of the protein or 
antibody. Thus, for example, the terms “ocrelizumab reduc
tion” is used interchangeably with the term “ocrelizumab 
disulfide bond reduction” and the term “antibody (Ab) reduc
tion” is used interchangeably with the term “antibody (Ab) 
disulfide bond reuction.”

The terms “reduction” or “disulfide bond reduction” are 
used in the broadest sense, and include complete and partial 
reduction and reduction of some or all of the disulfide bonds, 
interchain or intrachain, present in a protein such as an anti
body.

By “protein” is meant a sequence of amino acids for which 
the chain length is sufficient to produce the higher levels of 
tertiary and/or quaternary structure. This is to distinguish 
from “peptides” or other small molecular weight drugs that 
do not have such structure. Typically, the protein herein will 
have a molecular weight of at least about 15-20 kD, prefer
ably at least about 20 kD. Examples of proteins encompassed

,869 B2
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within the definition herein include all mammalian proteins, 
in particular, therapeutic and diagnostic proteins, such as 
therapeutic and diagnostic antibodies, and, in general pro
teins that contain one or more disulfide bonds, including 
multi-chain polypeptides comprising one or more inter- and/ 
or intrachain disulfide bonds.

The term “therapeutic protein” or “therapeutic polypep
tide” refers to a protein that is used in the treatment of disease, 
regardless of its indication or mechanism of action. In order 
for therapeutic proteins to be useful in the clinic it must be 
manufactured in large quantities. “Manufacturing scale” pro
duction of therapeutic proteins, or other proteins, utilize cell 
cultures ranging from about 400 L to about 80,000 L, depend
ing on the protein being produced and the need. Typically 
such manufacturing scale production utilizes cell culture 
sizes from about 400 L to about 25,000 L. Within this range, 
specific cell culture sizes such as 4,000 L, about 6,000 L, 
about 8,000, about 10,000, about 12,000 L, about 14,000 L, or 
about 16,000 L are utilized.

The term “therapeutic antibody” refers to an antibody that 
is used in the treatment of disease. A therapeutic antibody 
may have various mechanisms of action. A therapeutic anti
body may bind and neutralize the normal function of a target 
associated with an antigen. For example, a monoclonal anti
body that blocks the activity of the of protein needed for the 
survival of a cancer cell causes the cell’s death. Another 
therapeutic monoclonal antibody may bind and activate the 
normal function of a target associated with an antigen. For 
example, a monoclonal antibody can bind to a protein on a 
cell and trigger an apoptosis signal. Yet another monoclonal 
antibody may bind to a target antigen expressed only on 
diseased tissue; conjugation of a toxic payload (effective 
agent), such as a chemotherapeutic or radioactive agent, to the 
monoclonal antibody can create an agent for specific delivery 
of the toxic payload to the diseased tissue, reducing harm to 
healthy tissue. A “biologically functional fragment” of a 
therapeutic antibody will exhibit at least one if not some or all 
of the biological functions attributed to the intact antibody, 
the function comprising at least specific binding to the target 
antigen.

The term “diagnostic protein” refers to a protein that is 
used in the diagnosis of a disease.

The term “diagnostic antibody” refers to an antibody that is 
used as a diagnostic reagent for a disease. The diagnostic 
antibody may bind to a target antigen that is specifically 
associated with, or shows increased expression in, a particular 
disease. The diagnostic antibody may be used, for example, to 
detect a taiget in a biological sample from a patient, or in 
diagnostic imaging of disease sites, such as tumors, in a 
patient. A “biologically functional fragment” of a diagnostic 
antibody will exhibit at least one if not some or all of the 
biological functions attributed to the intact antibody, the func
tion comprising at least specific binding to the taiget antigen.

“Purified” means that a molecule is present in a sample at 
a concentration of at least 80-90% by weight of the sample in 
which it is contained.

The protein, including antibodies, which is purified is pref
erably essentially pure and desirably essentially homoge
neous (i.e. free from contaminating proteins etc.).

An “essentially pure” protein means a protein composition 
comprising at least about 90% by weight of the protein, based 
on total weight of the composition, preferably at least about 
95% by weight.

An “essentially homogeneous” protein means a protein 
composition comprising at least about 99% by weight of 
protein, based on total weight of the composition.

As noted above, in certain embodiments, the protein is an 
antibody. “Antibodies” (Abs) and “immunoglobulins” (Igs) 
are glycoproteins having the same structural characteristics. 
While antibodies exhibit binding specificity to a specific anti- 

5 gen, immunoglobulins include both antibodies and other anti- 
body-like molecules which generally lack antigen specificity. 
Polypeptides of the latter kind are, for example, produced at 
low levels by the lymph system and at increased levels by 
myelomas.

to The term “antibody” is used in the broadest sense and 
specifically covers monoclonal antibodies (including full 
length antibodies which have an immunoglobulin Fc region), 
antibody compositions with polyepitopic specificity, bispe
cific antibodies, diabodies, and single-chain molecules such 

15 as scFv molecules, as well as antibody fragments (e.g., Fab, 
F(ab')2, and Fv).

The term “monoclonal antibody” as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies com- 

20 prising the population are identical except for possible muta
tions, e.g., naturally occurring mutations, that may be present 
in minor amounts. Thus, the modifier “monoclonal” indicates 
the character of the antibody as not being a mixture of discrete 
antibodies. In certain embodiments, such a monoclonal anti- 

25 body typically includes an antibody comprising a polypeptide 
sequence that binds a taiget, wherein the target-binding 
polypeptide sequence was obtained by a process that includes 
the selection of a single target binding polypeptide sequence 
from a plurality of polypeptide sequences. For example, the 

30 selection process can be the selection of a unique clone from 
a plurality of clones, such as a pool of hybridoma clones, 
phage clones, or recombinant DNA clones. It should be 
understood that a selected target binding sequence can be 
further altered, for example, to improve affinity for the target, 

35 to humanize the taiget binding sequence, to improve its pro
duction in cell culture, to reduce its immunogenicity in vivo, 
to create a multispecific antibody, etc., and that an antibody 
comprising the altered target binding sequence is also a 
monoclonal antibody of this invention. In contrast to poly- 

40 clonal antibody preparations which typically include differ
ent antibodies directed against different determinants 
(epitopes), each monoclonal antibody of a monoclonal anti
body preparation is directed against a single determinant on 
an antigen. In addition to their specificity, monoclonal anti- 

45 body preparations are advantageous in that they are typically 
uncontaminated by other immunoglobulins.

The modifier “monoclonal” indicates the character of the 
antibody as being obtained from a substantially homoge
neous population of antibodies, and is not to be construed as 

50 requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used in 
accordance with the present invention may be made by a 
variety of techniques, including, for example, the hybridoma 
method (e.g., Kohler et ah, Nature, 256: 495 (1975); Harlow 

55 et al., Antibodies: A Laboratory Manual, (Cold Spring Har
bor Laboratory Press, 2nd ed. 1988); Hammerling et al., in: 
Monoclonal Antibodies and T-Cell Hybridomas 563-681 
(Elsevier, N.Y., 1981)), recombinant DNA methods (see, e.g., 
U.S. Pat. No. 4,816,567), phage display technologies (see, 

60 e.g., Clackson et al., Nature, 352: 624-628 (1991); Marks et 
al, J. Mol. Biol. 222: 581-597 (1992); Sidhu et al, J. Mol. 
Biol. 338(2): 299-310 (2004); Lee et al, J. Mol. Biol. 340(5): 
1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci. USA 101 
(34): 12467-12472 (2004); and Lee et al, J. Immunol. Meth- 

65 ods 284(1-2): 119-132 (2004), and technologies forproduc- 
ing human or human-like antibodies in animals that have 
parts or all of the human immunoglobulin loci or genes
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encoding human immunoglobulin sequences (see, e.g., 
W098/24893; WO96/34096; W096/33735; WO91/10741; 
Jakobovits et a\.,Proc. Natl. Acad. Sci. 77514 90:2551 (1993); 
Jakobovits et al., Nature 362: 255-258 (1993); Bruggemann 
etal., Year in Immunol. 7:33 (1993); U.S. Pat. Nos. 5,545,807; 
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016; 
Marks et al., BioTechnology 10: 779-783 (1992); Lonberg et 
al., Nature 368: 856-859 (1994); Morrison, Nature 368: 812- 
813 (1994); Fishwild et al., Nature Biotechnol. 14: 845-851 
(1996); Neuberger, Nature Biotechnol. 14: 826 (1996) and 
Lonbeig and Fluszar, Intern. Rev. Immunol. 13: 65-93 (1995).

The monoclonal antibodies herein specifically include 
“chimeric” antibodies in which a portion of the heavy and/or 
light chain is identical with or homologous to corresponding 
sequences in antibodies derived from a particular species or 
belonging to a particular antibody class or subclass, while the 
remainder of the chain(s) is identical with or homologous to 
corresponding sequences in antibodies derived from another 
species or belonging to another antibody class or subclass, as 
well as fragments of such antibodies, so long as they exhibit 
the desired biological activity (U.S. Pat. No. 4,816,567; and 
Morrison et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 
(1984)).

“Fhimanized” forms of non-human (e.g., murine) antibod
ies are chimeric antibodies that contain minimal sequence 
derived from non-human immunoglobulin. In one embodi
ment, a humanized antibody is a human immunoglobulin 
(recipient antibody) in which residues from a hypervariable 
region of the recipient are replaced by residues from a hyper
variable region of a non-human species (donor antibody) such 
as mouse, rat, rabbit, or nonhuman primate having the desired 
specificity, affinity, and/or capacity. In some instances, frame
work region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Further
more, humanized antibodies may comprise residues that are 
not found in the recipient antibody or in the donor antibody. 
These modifications may be made to further refine antibody 
performance. In general, a humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the hypervariable 
loops correspond to those of a non-human immunoglobulin, 
and all or substantially all the FRs are those of a human 
immunoglobulin sequence. The humanized antibody option
ally will also comprise at least a portion of an immunoglobu
lin constant region (Fc), typically that of a human immuno
globulin. For further details, see Jones et al., Nature 321:522- 
525 (1986); Riechmann et al., Nature 332:323-329 (1988); 
andPresta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also 
the following review articles and references cited therein: 
Vaswani and Hamilton, Ann. Allergy, Asthma & Immunol. 
1:105-115 (1998); Harris, Biochem. Soc. Transactions 
23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 
5:428-433 (1994). The humanized antibody includes a Pri- 
matized™ antibody wherein the antigen-binding region of 
the antibody is derived from an antibody produced by immu
nizing macaque monkeys with the antigen of interest.

A “human antibody” is one which possesses an amino acid 
sequence which corresponds to that of an antibody produced 
by a human and/or has been made using any of the techniques 
for making human antibodies as disclosed herein. This defi
nition of a human antibody specifically excludes a humanized 
antibody comprising non-human antigen-binding residues.

An “affinity matured” antibody is one with one or more 
alterations in one or more CDRs/HVRs thereof which result 
in an improvement in the affinity of the antibody for antigen, 
compared to a parent antibody which does not possess those 
alteration(s). Preferred affinity matured antibodies will have

nanomolar or even picomolar affinities for the target antigen. 
Affinity matured antibodies are produced by procedures 
known in the art. Marks et al., Bio/Technology 10:779-783 
(1992) describes affinity maturation by NH and NL domain 

5 shuffling. Random mutagenesis of CDR/HVR and/or frame
work residues is described by: Barbas et al., Proc Nat. Acad. 
Sci. USA 91:3809-3813 (1994); Schieretal., Gene 169:147- 
155 (1995); Yelton et al, J. Immunol. 155:1994-2004 (1995); 
Jackson et al, J. Immunol. 154(7):3310-9 (1995); andHawk- 

10 ins et al, J. Mol. Biol. 226:889-896 (1992).
The “variable region” or “variable domain” of an antibody 

refers to the amino-terminal domains of the heavy or light 
chain of the antibody. The variable domain of the heavy chain 
may be referred to as “VH.” The variable domain of the light 

15 chain may be referred to as “V^.” These domains are gener
ally the most variable parts of an antibody and contain the 
antigen-binding sites.

The term “variable” refers to the fact that certain portions 
of the variable domains differ extensively in sequence among 

20 antibodies and are used in the binding and specificity of each 
particular antibody for its particular antigen. However, the 
variability is not evenly distributed throughout the variable 
domains of antibodies. It is concentrated in three segments 
called complementarity-determining regions (CDRs) or 

25 hypervariable regions (HVRs) both in the light-chain and the 
heavy-chain variable domains. The more highly conserved 
portions of variable domains are called the framework 
regions (FR). The variable domains of native heavy and light 
chains each comprise four FR regions, laigely adopting a 

30 beta-sheet configuration, connected by three CDRs, which 
form loops connecting, and in some cases forming part of, the 
beta-sheet structure. The CDRs in each chain are held 
together in close proximity by the FR regions and, with the 
CDRs from the other chain, contribute to the formation of the 

35 antigen-binding site of antibodies (see Rabat et al. Sequences 
o f Proteins o f Immunological Interest, Fifth Edition, National 
Institute of Health, Bethesda, Md. (1991)). The constant 
domains are not involved directly in the binding of an anti
body to an antigen, but exhibit various effector functions, 

40 such as participation of the antibody in antibody-dependent 
cellular toxicity.

The “light chains” of antibodies (immunoglobulins) from 
any vertebrate species can be assigned to one of two clearly 
distinct types, called kappa (k) and lambda (X), based on the 

45 amino acid sequences of their constant domains.
Depending on the amino acid sequences of the constant 

domains of their heavy chains, antibodies (immunoglobulins) 
can be assigned to different classes. There are five major 
classes of immunoglobulins: IgA, IgD, IgE, IgG and IgM, and 

50 several of these may be further divided into subclasses (iso- 
types), e.g, IgG1; IgG2, IgG3, IgG4, IgA1; and IgA2. The 
heavy chain constant domains that correspond to the different 
classes of immunoglobulins are called a, d, e, g, and m, 
respectively. The subunit structures and three-dimensional 

55 configurations of different classes of immunoglobulins are 
well known and described generally in, for example, Abbas et 
al. Cellular and Mol. Immunology, 4th ed. (2000). An anti
body may be part of a larger fusion molecule, formed by 
covalent or non-covalent association of the antibody with one 

60 or more other proteins or peptides.
The terms “full length antibody,” “intact antibody” and 

“whole antibody” are used herein interchangeably to refer to 
an antibody in its substantially intact form, not antibody 
fragments as defined below. The terms particularly refer to an 

65 antibody with heavy chains that contain the Fc region.
“Antibody fragments” comprise only a portion of an intact 

antibody, wherein the portion retains at least one, and as many
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as most or all, of the functions normally associated with that 
portion when present in an intact antibody. In one embodi
ment, an antibody fragment comprises an antigen binding site 
of the intact antibody and thus retains the ability to bind 
antigen. In another embodiment, an antibody fragment, for 
example one that comprises the Fc region, retains at least one 
of the biological functions normally associated with the Fc 
region when present in an intact antibody, such as FcRn 
binding, antibody half life modulation, ADCC function and 
complement binding. In one embodiment, an antibody frag
ment is a monovalent antibody that has an in vivo half life 
substantially similar to an intact antibody. For example, such 
an antibody fragment may comprise an antigen binding arm 
linked to an Fc sequence capable of conferring in vivo stabil
ity to the fragment.

Papain digestion of antibodies produces two identical anti- 
gen-binding fragments, called “Fab” fragments, each with a 
single antigen-binding site, and a residual “Fc” fragment, 
whose name reflects its ability to crystallize readily. Pepsin 
treatment yields an F(ab')2 fragment that has two antigen
combining sites and is still capable of cross-linking antigen.

The Fab fragment contains the heavy- and light-chain vari
able domains and also contains the constant domain of the 
light chain and the first constant domain (CFil) of the heavy 
chain. Fab' fragments differ from Fab fragments by the addi
tion of a few residues at the carboxy terminus of the heavy 
chain CFil domain including one or more cysteines from the 
antibody hinge region. Fab'-SFi is the designation herein for 
Fab' in which the cysteine residue(s) of the constant domains 
bear a free thiol group. F(ab')2 antibody fragments originally 
were produced as pairs of Fab' fragments which have hinge 
cysteines between them. Other chemical couplings of anti
body fragments are also known.

“Fv” is the minimum antibody fragment which contains a 
complete antigen-binding site. In one embodiment, a two- 
chain Fv species consists of a dimer of one heavy- and one 
light-chain variable domain in tight, non-covalent associa
tion. In a single-chain Fv (scFv) species, one heavy- and one 
light-chain variable domain can be covalently linked by a 
flexible peptide linker such that the light and heavy chains can 
associate in a “dimeric” structure analogous to that in a two- 
chain Fv species. It is in this configuration that the three 
CDRs of each variable domain interact to define an antigen
binding site on the surface of the V^-V^ dimer. Collectively, 
the six CDRs confer antigen-binding specificity to the anti
body. Fiowever, even a single variable domain (or half of an 
Fv comprising only three CDRs specific for an antigen) has 
the ability to recognize and bind antigen, although at a lower 
affinity than the entire binding site.

“Single-chain Fv” or “scFv” antibody fragments comprise 
the and VL domains of an antibody, wherein these domains
are present in a single polypeptide chain. Generally, the scFv 
polypeptide further comprises a polypeptide linker between 
the ~VH and VL domains which enables the scFv to form the 
desired structure for antigen binding. Fora review of scFv see 
Pluckthun, in The Pharmacology of Monoclonal Antibodies, 
vol. 113, Rosenburg and Moore eds., Springer-Verlag, New 
York, pp. 269-315 (1994).

The term “diabodies” refers to small antibody fragments 
with two antigen-binding sites, which fragments comprise a 
heavy-chain variable domain (VH) connected to a light-chain 
variable domain (VL) in the same polypeptide chain (V^-V^). 
By using a linker that is too short to allow pairing between the 
two domains on the same chain, the domains are forced to pair 
with the complementary domains of another chain and create 
two antigen-binding sites. Diabodies may be bivalent or 
bispecific. Diabodies are described more fully in, for

13
example, EP 404,097; W093/1161; Hudson et al, (2003) 
Nat. Med. 9:129-134; and Hollinger et al., Proc. Natl. Acad. 
Sci. USA 90: 6444-6448 (1993). Triabodies and tetrabodies 
are also described in Hudson et al., (2003) Nat. Med. 9:129- 

5 134.
The antibody may bind to any protein, including, without 

limitation, a member of the HER receptor family, such as 
HER1 (EGFR), HER2, HER3 and HER4; CD proteins such 
as CD3, CD4, CD8, CD19, CD20, CD21, CD22, and CD34; 

to cell adhesion molecules such as LFA-1, Mol, pi 50, 95, VLA- 
4, ICAM-1, VCAM and av/p3 integrin including either a  or (3 
or subunits thereof (e.g. anti-CDlla, anti-CD18 or anti- 
CD1 lb antibodies); growth factors such as vascular endothe
lial growth factor (VEGF); IgE; blood group antigens; flk2/ 

15 flt3 receptor; obesity (OB) receptor; and protein C. Other 
exemplary proteins include growth hormone (GH), including 
human growth hormone (hGH) and bovine growth hormone 
(bGH); growth hormone releasing factor; parathyroid hor
mone; thyroid stimulating hormone; lipoproteins; a-l-antit- 

20 rypsin; insulin A-chain; insulin B-chain; proinsulin; follicle 
stimulating hormone; calcitonin; luteinizing hormone; gluca
gon; clotting factors such as factor VIIIC, factor, tissue factor, 
and von Willebrands factor; anti-clotting factors such as Pro
tein C; atrial natriuretic factor; lung surfactant; a plasminogen 

25 activator, such as urokinase or tissue-type plasminogen acti
vator (t-PA); bombazine; thrombin; tumor necrosis factor-a 
and -(3; enkephalinase; RANTES (regulated on activation 
normally T-cell expressed and secreted); human macrophage 
inflammatory protein (MIP-l-a); serum albumin such as 

30 human serum albumin (HSA); mullerian-inhibiting sub
stance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse 
gonadotropin-associated peptide; DNase; inhibin; activin; 
receptors for hormones or growth factors; an integrin; protein 
A or D; rheumatoid factors; a neurotrophic factor such as 

35 bone-derived neurotrophic factor (BDNF), neurotrophin-3, 
-4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth 
factor such as NGF-|3; platelet-derived growth factor 
(PDGF); fibroblast growth factor such as aFGF and bFGF; 
epidermal growth factor (EGF); transforming growth factor 

40 (TGF) such as TGF-a and TGF-|3, including TGF-|31, TGF- 
(32, TGF-|33, TGF-|34, or TGF-|35; insulin-like growth fac- 
tor-I and -II (IGF-I and IGF-II); des(l-3)-IGF-I (brain IGF-I); 
insulin-like growth factor binding proteins (IGFBPs); eryth
ropoietin (EPO); thrombopoietin (TPO); osteoinductive fac- 

45 tors; immunotoxins; a bone morphogenetic protein (BMP); 
an interferon such as interferon-a, -(3, and -y; colony stimu
lating factors (CSFs), e.g, M-CSF, GM-CSF, and G-CSF; 
interleukins (ILs), e.g, IL-1 to IL-10; superoxide dismutase; 
T-cell receptors; surface membrane proteins; decay acceler- 

50 ating factor (DAF); a viral antigen such as, for example, a 
portion of the AIDS envelope; transport proteins; homing 
receptors; addressins; regulatory proteins; immunoadhesins; 
antibodies; and biologically active fragments or variants of 
any of the above-listed polypeptides. Many other antibodies 

55 and/or other proteins may be used in accordance with the 
instant invention, and the above lists are not meant to be 
limiting.

A “biologically functional fragment” of an antibody com
prises only a portion of an intact antibody, wherein the portion 

60 retains at least one, and as many as most or all, of the functions 
normally associated with that portion when present in an 
intact antibody. In one embodiment, a biologically functional 
fragment of an antibody comprises an antigen binding site of 
the intact antibody and thus retains the ability to bind antigen. 

65 In another embodiment, a biologically functional fragment of 
an antibody, for example one that comprises the Fc region, 
retains at least one of the biological functions normally asso
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ciated with the Fc region when present in an intact antibody, 
such as FcRn binding, antibody half life modulation, ADCC 
function and complement binding. In one embodiment, a 
biologically functional fragment of an antibody is a monova
lent antibody that has an in vivo half life substantially similar 5 
to an intact antibody. For example, such a biologically func
tional fragment of an antibody may comprise an antigen 
binding arm linked to an Fc sequence capable of conferring in 
vivo stability to the fragment.

The terms “thioredoxin inhibitor” and “Trx inhibitor” are to 
used interchangeably, and include all agents and measures 
effective in inhibiting thioredoxin activity. Thus, thioredoxin 
(Trx) inhibitors include all agents and measures blocking any 
component of the Trx, G6PD and/or hexokinase enzyme sys
tems. In this context, “inhibition” includes complete elimina- 15 
tion (blocking) and reduction of thioredoxin activity, and, 
consequently, complete or partial elimination of disulfide 
bond reduction in a protein, such as an antibody.

An “isolated” antibody is one which has been identified 
and separated and/or recovered from a component of its natu- 20 
ral environment. Contaminant components of its natural envi
ronment are materials which would interfere with research, 
diagnostic or therapeutic uses for the antibody, and may 
include enzymes, hormones, and other proteinaceous or non- 
proteinaceous solutes. In some embodiments, an antibody is 25 
purified (1) to greater than 95% by weight of antibody as 
determined by, for example, the Lowry method, and in some 
embodiments, to greater than 99% by weight; (2) to a degree 
sufficient to obtain at least 15 residues of N-terminal or inter
nal amino acid sequence by use of, for example, a spinning 30 
cup sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using, for example, Coo- 
massie blue or silver stain. Isolated antibody includes the 
antibody in situ within recombinant cells since at least one 
component of the antibody’s natural environment will not be 35 
present. Ordinarily, however, isolated antibody will be pre
pared by at least one purification step.

The terms “Protein A” and “ProA” are used interchange
ably herein and encompasses Protein A recovered from a 
native source thereof, Protein A produced synthetically (e.g. 40 
by peptide synthesis or by recombinant techniques), and vari
ants thereof which retain the ability to bind proteins which 
have a CH2/Cffi region, such as an Fc region. Protein A can be 
purchased commercially from Repligen, GE Flealthcare and 
Fermatech. Protein A is generally immobilized on a solid 45 
phase support material. The term “ProA” also refers to an 
affinity chromatography resin or column containing chro
matographic solid support matrix to which is covalently 
attached Protein A.

The term “chromatography” refers to the process by which 50 
a solute of interest in a mixture is separated from other solutes 
in a mixture as a result of differences in rates at which the 
individual solutes of the mixture migrate through a stationary 
medium under the influence of a moving phase, or in bind and 
elute processes. 55

The term “affinity chromatography” and “protein affinity 
chromatography” are used interchangeably herein and refer 
to a protein separation technique in which a protein of interest 
or antibody of interest is reversibly and specifically bound to 
a biospecific ligand. Preferably, the biospecific ligand is 60 
covalently attached to a chromatographic solid phase material 
and is accessible to the protein of interest in solution as the 
solution contacts the chromatographic solid phase material.
The protein of interest (e.g., antibody, enzyme, or receptor 
protein) retains its specific binding affinity for the biospecific 65 
ligand (antigen, substrate, cofactor, or hormone, for example) 
during the chromatographic steps, while other solutes and/or
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proteins in the mixture do not bind appreciably or specifically 
to the ligand. Binding of the protein of interest to the immo
bilized ligand allows contaminating proteins or protein impu
rities to be passed through the chromatographic medium 
while the protein of interest remains specifically bound to the 
immobilized ligand on the solid phase material. The specifi
cally bound protein of interest is then removed in active form 
from the immobilized ligand with low pH, high pH, high salt, 
competing ligand, and the like, and passed through the chro
matographic column with the elution buffer, free of the con
taminating proteins or protein impurities that were earlier 
allowed to pass through the column. Any component can be 
used as a ligand for purifying its respective specific binding 
protein, e.g. antibody.

The terms “non-affinity chromatography” and “non-affin
ity purification” refer to a purification process in which affin
ity chromatography is not utilized. Non-affinity chromatog
raphy includes chromatographic techniques that rely on non
specific interactions between a molecule of interest (such as a 
protein, e.g. antibody) and a solid phase matrix.

A “cation exchange resin” refers to a solid phase which is 
negatively charged, and which thus has free cations for 
exchange with cations in an aqueous solution passed over or 
through the solid phase. A negatively charged ligand attached 
to the solid phase to form the cation exchange resin may, e.g., 
be a carboxylate or sulfonate. Commercially available cation 
exchange resins include carboxy-methyl-cellulose, sulphop- 
ropyl (SP) immobilized on agarose (e.g. SP-SEPHAROSE 
FAST FLOW™ or SP-SEPHAROSE HIGH PERFOR
MANCE™, from GE Healthcare) and sulphonyl immobi
lized on agarose (e.g. S-SEPHAROSE FAST FLOW™ from 
GE Healthcare). A “mixed mode ion exchange resin” refers to 
a solid phase which is covalently modified with cationic, 
anionic, and hydrophobic moieties. A commercially available 
mixed mode ion exchange resin is BAKERBOND ABX™ (J. 
T. Baker, Phillipsburg, N.J.) containing weak cation 
exchange groups, a low concentration of anion exchange 
groups, and hydrophobic ligands attached to a silica gel solid 
phase support matrix.

The term “anion exchange resin” is used herein to refer to 
a solid phase which is positively charged, e.g. having one or 
more positively charged ligands, such as quaternary amino 
groups, attached thereto. Commercially available anion 
exchange resins include DEAE cellulose, QAE SEPHA- 
DEX™ and FAST Q SEPHAROSE™ (GE Healthcare).

A “buffer” is a solution that resists changes in pH by the 
action of its acid-base conjugate components. Various buffers 
which can be employed depending, for example, on the 
desired pH of the buffer are described in Buffers. A Guide for 
the Preparation and Use o f Buffers in Biological Systems, 
Gueffroy, D., ed. Calbiochem Corporation (1975). In one 
embodiment, the buffer has a pH in the range from about 2 to 
about 9, alternatively from about 3 to about 8, alternatively 
from about 4 to about 7 alternatively from about 5 to about 7. 
Non-limiting examples of buffers that will control the pH in 
this range include MES, MOPS, MOPSO, Tris, HEPES, 
phosphate, acetate, citrate, succinate, and ammonium buffers, 
as well as combinations of these.

The “loading buffer” is that which is used to load the 
composition comprising the polypeptide molecule of interest 
and one or more impurities onto the ion exchange resin. The 
loading buffer has a conductivity and/or pH such that the 
polypeptide molecule of interest (and generally one or more 
impurities) is/are bound to the ion exchange resin or such that 
the protein of interest flows through the column while the 
impurities bind to the resin.

869 B2
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The “intermediate buffer” is used to elute one or more 
impurities from the ion exchange resin, prior to eluting the 
polypeptide molecule of interest. The conductivity and/or pH 
of the intermediate buffer is/are such that one or more impu
rity is eluted from the ion exchange resin, but not significant 5 
amounts of the polypeptide of interest.

The term “wash buffer” when used herein refers to a buffer 
used to wash or re-equilibrate the ion exchange resin, prior to 
eluting the polypeptide molecule of interest. Conveniently, 
the wash buffer and loading buffer may be the same, but this to 
is not required.

The “elution buffer” is used to elute the polypeptide of 
interest from the solid phase. The conductivity and/or pH of 
the elution buffer is/are such that the polypeptide of interest is 
eluted from the ion exchange resin. 15

A “regeneration buffer” may be used to regenerate the ion 
exchange resin such that it can be re-used. The regeneration 
buffer has a conductivity and/or pH as required to remove 
substantially all impurities and the polypeptide of interest 
from the ion exchange resin. 20

The term “substantially similar” or “substantially the 
same,” as used herein, denotes a sufficiently high degree of 
similarity between two numeric values (for example, one 
associated with an antibody of the invention and the other 
associated with a reference/comparator antibody), such that 25 
one of skill in the art would consider the difference between 
the two values to be of little or no biological and/or statistical 
significance within the context of the biological characteristic 
measured by said values (e.g., Kd values). The difference 
between said two values is, for example, less than about 50%, 30 
less than about 40%, less than about 30%, less than about 
20%, and/or less than about 10% as a function of the refer
ence/comparator value.

The phrase “substantially reduced,” or “substantially dif
ferent,” as used herein with regard to amounts or numerical 35 
values (and not as reference to the chemical process of reduc
tion), denotes a sufficiently high degree of difference between 
two numeric values (generally one associated with a molecule 
and the other associated with a reference/comparator mol
ecule) such that one of skill in the art would consider the 40 
difference between the two values to be of statistical signifi
cance within the context of the biological characteristic mea
sured by said values (e.g., Kd values). The difference between 
said two values is, for example, greater than about 10%, 
greater than about 20%, greater than about 30%, greater than 45 
about 40%, and/ or greater than about 50% as a function of the 
value for the reference/comparator molecule.

The term “vector,” as used herein, is intended to refer to a 
nucleic acid molecule capable of transporting another nucleic 
acid to which it has been linked. One type of vector is a 50 
“plasmid,” which refers to a circular double stranded DNA 
into which additional DNA segments may be ligated. Another 
type of vector is a phage vector. Another type of vector is a 
viral vector, wherein additional DNA segments may be 
ligated into the viral genome. Certain vectors are capable of 55 
autonomous replication in a host cell into which they are 
introduced (e.g., bacterial vectors having a bacterial origin of 
replication and episomal mammalian vectors). Other vectors 
(e.g., non-episomal mammalian vectors) can be integrated 
into the genome of a host cell upon introduction into the host 60 
cell, and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the expres
sion of genes to which they are operatively linked. Such 
vectors are referred to herein as “recombinant expression 
vectors,” or simply, “expression vectors.” In general, expres- 65 
sion vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification,
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“plasmid” and “vector” may be used interchangeably as the 
plasmid is the most commonly used form of vector.

“Percent (%) amino acid sequence identity” with respect to 
a reference polypeptide sequence is defined as the percentage 
of amino acid residues in a candidate sequence that are iden
tical with the amino acid residues in the reference polypeptide 
sequence, after aligning the sequences and introducing gaps, 
if necessary, to achieve the maximum percent sequence iden
tity, andnot considering any conservative substitutions as part 
of the sequence identity. Alignment for purposes of determin
ing percent amino acid sequence identity can be achieved in 
various ways that are within the skill in the art, for instance, 
using publicly available computer software such as BLAST, 
BLAST-2, ALIGN or Megalign (DNASTAR) software. 
Those skilled in the art can determine appropriate parameters 
for aligning sequences, including any algorithms needed to 
achieve maximal alignment over the full length of the 
sequences being compared. For purposes herein, however, % 
amino acid sequence identity values are generated using the 
sequence comparison computer program ALIGN-2. The 
ALIGN-2 sequence comparison computer program was 
authored by Genentech, Inc., and the source code has been 
filed with user documentation in the U.S. Copyright Office, 
Washington D.C., 20559, where it is registered under U.S. 
Copyright Registration No. TXU510087. The ALIGN-2 pro
gram is publicly available from Genentech, Inc., South San 
Francisco, Calif., or may be compiled from the source code. 
The ALIGN-2 program should be compiled for use on a 
UNIX operating system, preferably digital UNIX V4.0D. All 
sequence comparison parameters are set by the ALIGN-2 
program and do not vary.

In situations where ALIGN-2 is employed for amino acid 
sequence comparisons, the % amino acid sequence identity of 
a given amino acid sequence A to, with, or against a given 
amino acid sequence B (which can alternatively be phrased as 
a given amino acid sequence A that has or comprises a certain 
% amino acid sequence identity to, with, or against a given 
amino acid sequence B) is calculated as follows:

100 times the fraction X/Y
where X is the number of amino acid residues scored as 

identical matches by the sequence alignment program 
ALIGN-2 in that program’s alignment of A and B, and

where Y is the total number of amino acid residues in B. 
ft will be appreciated that where the length of amino acid 
sequence A is not equal to the length of amino acid sequence 
B, the % amino acid sequence identity of A to B will not equal 
the % amino acid sequence identity of B to A. Unless specifi
cally stated otherwise, all % amino acid sequence identity 
values used herein are obtained as described in the immedi
ately preceding paragraph using the ALIGN-2 computer pro
gram.

“Percent (%) nucleic acid sequence identity” is defined as 
the percentage of nucleotides in a candidate sequence that are 
identical with the nucleotides in a reference Factor D-encod- 
ing sequence, after aligning the sequences and introducing 
gaps, if necessary, to achieve the maximum percent sequence 
identity. Alignment for purposes of determining percent 
nucleic acid sequence identity can be achieved in various 
ways that are within the skill in the art, for instance, using 
publicly available computer software such as BLAST, 
BLAST-2, ALIGN or Megalign (DNASTAR) software. 
Those skilled in the art can determine appropriate parameters 
for measuring alignment, including any algorithms needed to 
achieve maximal alignment over the full length of the 
sequences being compared. Sequence identity is then calcu
lated relative to the longer sequence, i.e. even if a shorter

869 B2
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sequence shows 100% sequence identity with a portion of a 
longer sequence, the overall sequence identity will be less 
than 100%.

“Treatment” refers to both therapeutic treatment and pro
phylactic or preventative measures. Those in need of treat
ment include those already with the disorder as well as those 
in which the disorder is to be prevented. “Treatment” herein 
encompasses alleviation of the disease and of the signs and 
symptoms of the particular disease.

A “disorder” is any condition that would benefit from 
treatment with the protein. This includes chronic and acute 
disorders or diseases including those pathological conditions 
which predispose the mammal to the disorder in question. 
Non-limiting examples of disorders to be treated herein 
include carcinomas and allergies.

“Mammal” for purposes of treatment refers to any animal 
classified as a mammal, including humans, non-human 
higher primates, other vertebrates, domestic and farm ani
mals, and zoo, sports, or pet animals, such as dogs, horses, 
cats, cows, etc. Preferably, the mammal is human.

An “interfering RNA” or “small interfering RNA 
(siRNA)” is a double stranded RNA molecule less than about 
30 nucleotides in length that reduces expression of a target 
gene. Interfering RNAs may be identified and synthesized 
using known methods (Shi Y., Trends in Genetics 19(1): 9-12 
(2003), WO/2003056012 and W02003064621), and siRNA 
libraries are commercially available, for example from Dhar- 
macon, Lafayette, Colo. Frequently, siRNAs can be success
fully designed to target the 5' end of a gene.

II. Compositions and Methods of the Invention

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of molecular 
biology and the like, which are within the skill of the art. Such 
techniques are explained fully in the literature. See e.g., 
Molecular Cloning: A Laboratory Manual, (J. Sambrook et 
al., Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1989); Current Protocols in Molecular Biology (F. 
Ausubel et al., eds., 1987 updated); Essential Molecular Biol
ogy (T. Brown ed., IRL Press 1991); Gene Expression Tech
nology (Goeddel ed., Academic Press 1991); Methods for 
Cloning and Analysis o f Eukaryotic Genes (A. Bothwell et 
al., eds., Bartlett Publ. 1990); Gene Transfer and Expression 
(M. Kriegler, Stockton Press 1990); RecombinantDNA Meth
odology II  (R. Wu et al., eds., Academic Press 1995); PCR: A 
Practical Approach (M. McPherson et al., IRL Press at 
Oxford University Press 1991); Oligonucleotide Synthesis 
(M. Gait ed., 1984); Cell Culture for Biochemists (R. Adams 
ed., Elsevier Science Publishers 1990); Gene Transfer Vectors 
for Mammalian Cells (J. Miller & M. Calos eds., 1987); 
Mammalian Cell Biotechnology (M. Butler ed., 1991); Ani
mal Cell Culture (J. Pollard et al., eds., Humana Press 1990); 
Culture o f Animal Cells, 2nd Ed. (R. Freshney et al., eds., Alan 
R. Liss 1987); Flow Cytometry and Sorting (M. Melamed et 
al., eds., Wiley-Liss 1990); the series Methods in Enzymology 
(Academic Press, Inc.); Wirth M. and Hauser H. (1993); 
Immunochemistry in Practice, 3rd edition, A. Johnstone & R. 
Thorpe, Blackwell Science, Cambridge, Mass., 1996; Tech
niques in Immunocytochemistry, (G. Bullock & P. Petrusz 
eds., Academic Press 1982, 1983, 1985, 1989); Handbook of 
Experimental Immunology, (D. Weir & C. Blackwell, eds.); 
Current Protocols in Immunology (J. Coligan et al., eds. 
1991); Immunoassay (E. P. Diamandis &T. K. Christopoulos, 
eds., Academic Press, Inc., 1996); Goding (1986) Mono
clonal Antibodies: Principles and Practice (2d ed) Academic 
Press, New York; Ed Harlow and David Lane, Antibodies A

19
laboratory Manual, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y., 1988; Antibody Engineering, 2”rfedition 
(C. Borrebaeck, ed., Oxford University Press, 1995); and the 
series Annual Review o f Immunology, the series Advances in 

5 Immunology.
1. Prevention of Disulfide Bond Reduction
The present invention concerns methods for the prevention 

of the reduction of disulfide bonds of proteins during recom
binant production. In particular, the invention concerns meth- 

10 ods for preventing the reduction of disulfide bonds of recom
binant proteins during processing following fermentation. 
The methods of the invention are particularly valuable for 
large scale production of disulfide bond containing proteins, 
such as at a manufacturing scale. In one embodiment, the 

15 methods of the invention are useful for laige scale protein 
production at a scale of greater than 5,000 L.

It has been experimentally found that disulfide bond reduc
tion occurs during processing of the Harvested Cell Culture 
Fluid (HCCF) produced during manufacturing of recombi- 

20 nant proteins that contain disulfide bonds. Typically, this 
reduction is observed after cell lysis, especially mechanical 
cell lysis during harvest operations, when it reaches a certain 
threshold, such as, for example, from about 30% to about 
70%, or from about 40% to about 60%, or from about 50% to 

25 about 60% total cell lysis. This threshold will vary, depending 
on the nature of the protein (e.g. antibody) produced, the 
recombinant host, the production system, production param
eters used, and the like, and can be readily determined experi
mentally.

30 Theoretically, such reduction might result from a variety of 
factors and conditions during the manufacturing process, and 
might be caused by a variety of reducing agents. The present 
invention is based, at least in part, on the recognition that the 
root cause of this reduction is an active thioredoxin (Trx) or 

35 thioredoxin-like system in the HCCF.
The Trx enzyme system, composed of Trx, thioredoxin 

reductase (TrxR) and NADPH, is a hydrogen donor system 
for reduction of disulfide bonds in proteins. Trx is a small 
monomeric protein with a COX active site motif that cata- 

40 lyzes many redox reactions through thiol-disulfide exchange. 
The oxidized Trx can be reduced by NADPH via TrxR. The 
reduced Trx is then able to catalyze the reduction of disulfides 
in proteins. The NADPH required for thioredoxin system is 
provided via reactions in pentose phosphate pathway and 

45 glycolysis. The results presented herein demonstrate that 
NADPH, which is required for activity of the Trx system is 
provided by glucose-6-phosphate dehyrogenase (G6PD) 
activity, which generates NADPH from glucose and ATP by 
hexokinase (see FIG. 4). These cellular enzymes (Trx system, 

50 G6PD, and hexokinase) along with their substrates are 
released into the CCF upon cell lysis, allowing reduction to 
occur. Accordingly, disulfide reduction can be prevented by 
inhibitors of the Trx enzyme system or upstream enzyme 
systems providing components for an active Trx system, such 

55 as G6PD and hexokinase activity.
For further details of these enzyme systems, or regarding 

other details of protein production, see, for example: Babson, 
A. L. and Babson, S. R. (1973) Kinetic Colorimetric Mea
surement of Serum Lactate Dehydrogenase Activity. Clin. 

60 Chem. 19: 766-769;MichaelW. Lairdetal., “Optimizationof 
BLyS Production and Purification fromEschericia coli,”Pro
tein Expression and Purification 39:237-246 (2005); John C. 
Joly et al., “Overexpression of Eschericia coli Oxidoreduc- 
tases Increases Recombinant Insulin-like Growth Factor-I 

65 Accumulation,” Proc. Natl. Acad. Sci. USA 95:2773-2777 
(March 1998); Dana C. Andersen et al., “Production Tech
nologies for Monoclonal Antibodies and Their Fragments,”

20
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Current Opinion in Biotechnology 15:456-462 (2004); Yariv 
Mazoretal., “Isolation of Engineered, Full-lengthAntibodies 
from Libraries Expressed in Escherichia coli,” Nature Bio
tech. 25, 563-565 (1 Jun. 2007); Laura C. Simmons et al., 
“Expression of Full-length Immunoglobulins in Escherichia 
coir. Rapid and Efficient Production of Aglycosylated Anti
bodies,” Journal o f Immunological Methods 263:133-147 
(2002); Paul H. Bessette et al., “Efficient Folding of Proteins 
with Multiple Disulfide Bonds in the Escherichia coli cyto
plasm,” Proc. Natl. Acad. Sci. 96(24): 13703-08 (1999); 
Chaderjian, W. B., Chin, E. T., Harris, R. J., and Etcheverry, T. 
M., (2005) “Effect of copper sulfate on performance of a 
serum-free CHO cell culture process and the level of free thiol 
in the recombinant antibody expressed,” Biotechnol. Prog. 
21: 550-553; Gordon G., Mackow M. C., and Levy H. R., 
(1995) “On the mechanism of interaction of steroids with 
human glucose 6-phosphate dehydrogenase,” Arch. Bio- 
chem. Biophys. 318: 25-29; Gromer S., Urig S., and Becker
K. , (2004) “TheTrx System—From Science to Clinic,” 
Medicinal Research Reviews, 24: 40-89; Hammes G. G. and 
Kochavi D., (1962a) “Studies of the Enzyme Hexokinase. I. 
Steady State Kinetics at pH 8,” J. Am. Chem. Soc. 84:2069- 
2073; Hammes G. G. and Kochavi D., (1962b) “Studies of the 
Enzyme Hexokinase. III. The Role of the Metal Ion,” J. Am. 
Chem. Soc. 84:2076-2079; Johansson C., Lillig C. H., and 
Holmgren A., (2004) “Human Mitochondrial Glutaredoxin 
Reduces S-Glutathionylated Proteins with High Affinity 
Accepting Electrons from Either Glutathione or Thioredoxin 
Reductase,” J. Biol. Chem. 279:7537-7543; Legrand, C., 
Bour, J. M., Jacob, C., Capiaumont J., Martial, A., Marc, A., 
Wudtke, M., Kretzmer, G., Demangel, C., Duval, D., and 
Hache J., (1992) “Lactate Dehydrogenase (LDH) Activity of 
the Number of Dead Cells in the Medium of Cultured Eukary
otic Cells as Marker,” J. Biotechnol., 25: 231-243; 
McDonald, M. R., (1955) “Yeast Hexokinase: ATP+ 
Hexose—»Hexose-6-phosphate+ADP,” Methods in Enzymol- 
ogy, 1: 269-276, Academic Press, NY; Sols, A., DelaFuente, 
G., Villar-Palasi, C., and Asensio, C., (1958) “Substrate 
Specificity and Some Other Properties of Bakers’ Yeast Hex
okinase,” Biochim Biophys Acta 30: 92-101; Kirkpatrick D.
L. , Kuperus M., Dowdeswell M., Potier N., Donald L. J., 
Kunkel M., Berggren M., Angulo M., and Powis G., (1998) 
“Mechanisms of inhibition of the Trx growth factor system by 
antitumor 2-imidazolyl disulfides,” Biochem. Pharmacol. 55: 
987-994; Kirkpatrick D. L., Watson S., Kunkel M., Fletcher 
S., Ulhaq S., and Powis G., (1999) “Parallel syntheses of 
disulfide inhibitors of the Trx redox system as potential anti
tumor agents,” Anticancer Drug Des. 14: 421-432; Mil- 
hausen, M., and Levy, H. R., (1975) “Evidence for an Essen
tial Lysine in G6PD fromLeuconostoc mesenteroides,” Eur. J. 
Biochem. 50: 453-461; Pleasants, J. C., Guo, W., andRaben- 
stein, D. L., (1989) “A comparative study of the kinetics of 
selenol/diselenide and thiol/disulfide exchange reactions,” J. 
Am. Chem. Soc. I l l :  6553-6558; Whitesides, G. M., Lilbum,
J. E., and Szajewski, R. P, (1977) “Rates of thioldisulfide 
interchange reactions between mono- and dithiols and Ell- 
man’s reagent,” J. Oig. Chem. 42: 332-338; and Wipf P, 
Hopkins T. D., Jung J. K., Rodriguez S., Birmingham A., 
Southwick E. C., Lazo J. S., and Powis G, (2001) “New 
inhibitors of the Trx-TrxR system based on a naphthoquinone 
spiroketal natural product lead,” Bioorg. Med. Chem. Lett. 11: 
2637-2641.

According to one aspect of the present invention, disulfide 
bond reduction can be prevented by blocking any component 
of the Trx, G6PD and hexokinase enzyme systems. Inhibitors 
of these enzyme systems are collectively referred to herein as 
“thioredoxin inhibitors,” or “Trx inhibitors.” The Trx inhibi

tors are typically added to the cell culture fluid (CCF), which 
contains the recombinant host cells and the culture media, 
and/or to the harvested cell culture fluid (HCCF), which is 
obtained after harvesting by centrifugation, filtration, or simi- 

5 lar separation methods. The HCCF lacks intact host cells but 
typically contains host cell proteins and other contaminants, 
including DNA, which are removed in subsequent purifica
tion steps. Thus, the Trx inhibitors may be added before 
harvest and/or during harvest, preferably before harvest.

10 Alternatively or in addition other, non-specific methods 
can also be used to prevent the reduction of disulfide bond 
reduction following fermentation during the recombinant 
production of recombinant proteins, such as air sparging or 
pH adjustment. Certain reduction inhibition methods con- 

15 templated herein are listed in the following Table 1.

TABLE 1

Reduction Inhibition Methods

Method1 Purpose

Addition of EDTA, EGTA, or 
citrate

To inhibit hexokinase

Addition of sorbose-l-phosphate, 
polyphosphates, 6-deoxy-6- 
fluoroglucose, 2-C-hydroxy- 
methylglucose, xylose, or lyxose

To inhibit hexokinase

Addition of epiandrosterone or 
dehydroepiandrosterone (DHEA)

To inhibit G6PD

Addition of pyridoxal 5'-phosphate 
or l-fluoro-2,4-dinitrobenzene

To inhibit G6PD

Addition of metal ions such as 
Cu2+, Zn2+ Hg2+, Co2+, or Mn2+

To inhibit Trx system

Addition of alkyl-2-imidazolyl 
disulfides and related compounds 
(e.g., 1 methylpropyl-2-imidazolyl 
disulfide2) or naphthoquinone 
spiroketal derivatives (e.g. 
palmarumycin CP:2)

To inhibit Trx

Addition of aurothioglucose 
(ATG) or aurothiomalate (ATM)

To inhibit TrxR

Air sparging To deplete G6P and NADPH; 
oxidizing agent

Cystine Oxidizing agent
Oxidized glutathione Oxidizing agents
pH Adjustment to below 6.0 To reduce thiol-disulfide exchange 

rate and Trx system activity

Applied to CCF prior to harvest or in HCCF immediately after harvest. 
^Currently not available commercially

45
“Trx inhibitors” for use in the methods of the present 

invention include, without limitation, (1) direct inhibitors of 
Trx, such as alkyl-2-imidazolyl disulfides and related com
pounds (e.g., 1 methylpropyl-2-imidazolyl disulfide) (Kirk- 

50 patrick et al., 1998 and 1999, supra) and naphthoquinone 
spiroketal derivatives (e.g., palmarumycin CPJ (Wipf et al., 
2001, supra); (2) specific inhibitors of TrxR, including gold 
complexes, such as aurothioglucose (ATG) and aurothioma- 
late (ATM) (see, e.g., the review by Gromer et al., 2004), 

55 which are examples of irreversible inhibitors of TrxR; (3) 
metal ions, such as Hg2+, Cu2+, Zn2+, Co2+, and Mn2+, which 
can form readily complexes with thiols and selenols, and thus 
can be used in embodiments of the instant invention as inhibi
tors of TrxR or Trx; (4) inhibitors of G6PD, such as, for 

60 example, pyridoxal 5'-phosphate and 1 fluoro-2,4 dinitroben
zene (Milhausen and Levy 1975, supra), certain steroids, such 
as dehydroepiandrosterone (DHEA) and epiandrosterone 
(EA) (Gordon et al., 1995, supra); and (4) inhibitors of hex
okinase activity (and thereby production of G6P for the 

65 G6PD), including chelators of metal ions, e.g. Mg2+, such as 
EDTA, and compounds that react with SH groups, sorbose- 
1-phosphate, polyphosphates, 6-deoxy-6-fluoroglucose,

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 296 of 681 PageID #: 1165



2-C-hydroxy-methylglucose, xylose and lyxose (Sols et al., 
1958, supra; McDonald, 1955, supra); further hexokinase 
inhibitors are disclosed in U.S. Pat. No. 5,854,067 entitled 
“Hexokinase Inhibitors.” It will be understood that these 
inhibitors are listed for illustration only. Other Trx inhibitors 5 
exists and can be used, alone or in various combinations, in 
the methods of the present invention.

“Trx inhibitors” for use in the methods of the present 
invention also include reagents whereby the reduction of 
recombinantly produced antibodies or proteins may be to 
reduced or prevented by decreasing the levels of enzymes of 
the Trx system, the pentose phosphate pathway or hexokinase 
at various points during the production campaign. In some 
embodiments, this reduction of enzyme levels may be accom
plished by the use of targeted siRNAs, antisense nucleotides, 15 
or antibodies. To design targeted siRNAs or antisense nucle
otides to the genes as found in CHO cells, these gene 
sequences are available from public databases to select 
sequences for targeting enzymes in different organisms. See 
Example 9 below for examples of the genes of the E. coli and 20 
mouse Trx system.

In addition to using inhibitors discussed above, it is also 
possible in certain embodiments of the instant invention to 
prevent the reduction of a recombinant protein to be purified 
by spaiging the HCCF with air to maintain an oxidizing redox 25 
potential in the HCCF. This is a non-directed measure that can 
deplete glucose, G6P and NADPH by continuously oxidizing 
the reduced forms of Trx and TrxR. Air spaiging of the HCCF 
tank can be performed, for example, with an air flow of about 
100 liters to about 200 liters, such as, for example, 150 liters 30 
per minutes. Air sparging can be performed to reach an end
point percentage of saturation; for example, air sparging can 
be continued until the HCCF is about 100% saturated with air, 
or it can be continued until the HCCR is about 30% saturated 
with air, or until it is between about 100% saturated to about 35 
30% saturated with air. The minimum amount of dissolved 
oxygen (d02) required for the desired inhibitory effect also 
depends on the antibody or other recombinant protein pro
duced. Thus, for example, about 10% d02 (or about 10 seem 
for continuous stream) will have the desired effect during the 40 
production of antibody 2H7 (Variant A), while Apomab might 
require a higher (about 30%) d02.

In further embodiments of the instant invention, another 
non-directed method usable to block the reduction of the 
recombinant protein is lowering the pH of the HCCF. This 45 
embodiment takes advantage of particularly slow thiol-disul
fide exchange at lower pH values (Whitesides et al., 1977, 
supra; Pleasants et al., 1989, supra). Therefore, the activity of 
the Trx system is significantly lower at pH values below 6, and 
thus the reduction of the recombinant protein, such as ocre- 50 
lizumab, can be inhibited.

The non-directed approaches can also be combined with 
each other and/or with the use of one or more Trx inhibitors.

Disulfide bond reduction can be inhibited (i.e., partially or 
fully blocked) by using one or more Trx inhibitors and/or 55 
applying non-directed approaches following completion of 
the cell culture process, preferably to CCF prior to harvest or 
in the HCCF immediately after harvest. The optimal time and 
mode of application and effective amounts depend on the 
nature of the protein to be purified, the recombinant host cells, 60 
and the specific production method used. Determination of 
the optimal parameters is well within the skill of those of 
ordinary skill in the art.

For example, in a mammalian cell culture process, such as 
the CHO antibody production process described in the 65 
Examples herein, if cupric sulfate (CuS04 in the form of 
pentahydrate or the anhydrous form) is used as a Trx inhibitor,
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it can be added to supplement the CCF or HCCF in the 
concentration range of from about 5 pM to about 100 pM, 
such as from about 10 pM to about 80 pM, preferably from 
about 15 pM to about 50 pM. Since some cell cultures already 
contain copper (e.g. about 0.04 pM CuS04 for the CHO cell 
cultures used in the Examples herein), this amount is in addi
tion to the copper, if any, already present in the cell culture. 
Any copper (II) salt can be used instead of CuS04 as long as 
solubility is not an issue. For example, copper acetate and 
copper chloride, which are both soluble in water, can be used 
instead of CuS04. The minimum effective concentration may 
also depend on the antibody produced and the stage where the 
inhibitor is used. Thus, for example, when cupric sulfate is 
added pre-lysis, for antibody 2H7 (Variant A) the minimum 
effective concentration is about 30 pM, for Apomab is about 
75 pM, and for antibody Variant C (see Table 2) is about 50 
pM. When cupric sulfate is added in CC medium, for anti
body 2H7 (Variant A) the minimum effective concentration is 
about 15 pM, for Apomab is about 25 pM, and for antibody 
Variant C is about 20 pM. One typical minimal CuS04 inhibi
tor concentration of 2xTrx concentration (or Trx equiva
lence).

EDTA can be used in a wide concentration range, depend
ing on the extent of cell lysis, the recombinant host cell used, 
and other parameters of the production process. For example, 
when using CHO or other mammalian host cells, EDTA can 
be typically added in a concentration of between about 5 mM 
to about 60 mM, such as from about 10 mM to about 50 mM, 
or from about 20 mM to about 40 mM, depending on the 
extent of cell lysis. For lower degree of cell lysis, lower 
concentrations of EDTA will suffice, while for a cell lysis of 
about 75%-100%, the required EDTA concentration is 
higher, such as, for example, from about 20 mM to about 40 
mM. The minimum effective concentration may also depend 
on the antibody produced. Thus, for example, for antibody 
2H7 (Variant A) the minimum effective EDTA concentration 
is about 10 mM.

DHEA as a Trx inhibitor is typically effective at a lower 
concentration, such as for example, in the concentration 
range from about 0.05 mM to about 5 mM, preferably from 
about 0.1 mM to about 2.5 mM.

Other Trx inhibitors, such as aurothioglucose (ATG) and 
aurothiomalate (ATM) inhibit reduction of disulfide bonds in 
the pM concentration range. Thus, for example, ATG or ATM 
may be added in a concentration between about 0.1 mM to 
about 1 mM. While the minimum inhibitory concentration 
varies depending on the actual conditions, for ATG andATM 
typically it is around 4xTrxR concentration.

It is noted that all inhibitors can be used in an excess 
amount, therefore, it is not always necessary to know the 
amount of Trx or TrxR in the system.

In a preferred embodiment, the mammalian host cell used 
in the manufacturing process is a Chinese hamster ovary 
(CHO) cell (Urlaub et al,,Proc. Natl. Acad. Sci. USA 77:4216 
(1980)). Other mammalian host cells include, without limi
tation, monkey kidney CV1 line transformed by SV40 (COS- 
7, ATCC CRL 1651); human embryonic kidney line (293 or 
293 cells subcloned for growth in suspension culture), Gra
ham et al., J. Gen Virol. 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10); mouse sertoli cells (TM4, 
Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney 
cells (CV1 ATCC CCL 70); African green monkey kidney 
cells (VERO-76, ATCC CRL-1587); human cervical carci
noma cells (HELA, ATCC CCL 2); canine kidney cells 
(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, 
ATCC CRL 1442); humanlung cells (W138, ATCC CCL 75); 
human liver cells (Hep G2, HB 8065); mouse mammary
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tumor (MMT 060562, ATCC CCL51); TR1 cells (Mather et 
al. Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC 5 cells;
FS4 cells; a human hepatoma line (Hep G2); and myeloma or 
lymphoma cells (e.g.YO, J558L, P3 andNSO cells) (see U.S.
Pat. No. 5,807,715). 5

A preferred host cell for the production of the polypeptides 
herein is the CHO cell line DP12 (CHO K1 dhfr). This is one 
of the best known CHO cell lines, widely used in laboratory 
practice (see, for example, EP 0,307,247, published Mar. 15, 
1989). In addition, other CHO-K1 (dhfr-) cell lines are 10 
known and can be used in the methods of the present inven
tion.

The mammalian host cells used to produce peptides, 
polypeptides and proteins can be cultured in a variety of 
media. Commercially available media such as Ham’s F10 15 
(Sigma), Minimal Essential Medium ((MEM), Sigma), 
RPMI-1640 (Sigma), and Dulbecco’s Modified Eagle’s 
Medium ((DMEM, Sigma) are suitable for culturing the host 
cells. In addition, any of the media described in Ham and 
Wallace (1979), Meth. inEnz. 58:44, Barnes and Sato (1980), 20 
Anal. Biochem. 102:255, U.S. Pat. Nos. 4,767,704; 4,657, 
866; 4,927,762; or 4,560,655; WO 90/03430; WO 87/00195; 
U.S. Pat. No. Re. 30,985; or U.S. Pat. No. 5,122,469, the 
disclosures of all of which are incorporated herein by refer
ence, may be used as culture media for the host cells. Any of 25 
these media may be supplemented as necessary with hor
mones and/or other growth factors (such as insulin, transfer
rin, or epidermal growth factor), salts (such as sodium chlo
ride, calcium, magnesium, and phosphate), buffers (such as 
HEPES), nucleosides (such as adenosine and thymidine), 30 
antibiotics (such as Gentamycin™ drug), trace elements (de
fined as inoiganic compounds usually present at final concen
trations in the micromolar range), and glucose or an equiva
lent energy source. Any other necessary supplements may 
also be included at appropriate concentrations that would be 35 
known to those skilled in the art. The culture conditions, such 
as temperature, pH, and the like, are those previously used 
with the host cell selected for expression, and will be apparent 
to the ordinarily skilled artisan.

A protocol for the production, recovery and purification of 40 
recombinant antibodies in mammalian, such as CHO, cells 
may include the following steps:
Cells may be cultured in a stirred tank bioreactor system and 
a fed batch culture, procedure is employed. In a preferred fed 
batch culture the mammalian host cells and culture medium 45 
are supplied to a culturing vessel initially and additional 
culture nutrients are fed, continuously or in discrete incre
ments, to the culture during culturing, with or without peri
odic cell and/or product harvest before termination of culture.
The fed batch culture can include, for example, a semi-con- 50 
tinuous fed batch culture, wherein periodically whole culture 
(including cells and medium) is removed and replaced by 
fresh medium. Fed batch culture is distinguished from simple 
batch culture in which all components for cell culturing (in
cluding the cells and all culture nutrients) are supplied to the 55 
culturing vessel at the start of the culturing process. Fed batch 
culture can be further distinguished from perfusion culturing 
insofar as the supemate is not removed from the culturing 
vessel during the process (in perfusion culturing, the cells are 
restrained in the culture by, e.g., filtration, encapsulation, 60 
anchoring to microcarriers etc. and the culture medium is 
continuously or intermittently introduced and removed from 
the culturing vessel).

Further, the cells of the culture may be propagated accord
ing to any scheme or routine that may be suitable for the 65 
particular host cell and the particular production plan con
templated. Therefore, a single step or multiple step culture
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procedure may be employed. In a single step culture the host 
cells are inoculated into a culture environment and the pro
cesses are employed during a single production phase of the 
cell culture. Alternatively, a multi-stage culture can be used. 
In the multi-stage culture cells may be cultivated in a number 
of steps or phases. For instance, cells may be grown in a first 
step or growth phase culture wherein cells, possibly removed 
from storage, are inoculated into a medium suitable for pro
moting growth and high viability. The cells may be main
tained in the growth phase for a suitable period of time by the 
addition of fresh medium to the host cell culture.

In certain embodiments, fed batch or continuous cell cul
ture conditions may be devised to enhance growth of the 
mammalian cells in the growth phase of the cell culture. In the 
growth phase cells are grown under conditions and for a 
period of time that is maximized for growth. Culture condi
tions, such as temperature, pH, dissolved oxygen (d02) and 
the like, are those used with the particular host and will be 
apparent to the ordinarily skilled artisan. Generally, the pH is 
adjusted to a level between about 6.5 and 7.5 using either an 
acid (e.g., C02) or a base (e.g., Na2C03 orNaOH). A suitable 
temperature range for culturing mammalian cells such as 
CHO cells is between about 30° C. to 38° C., and a suitable 
d02 is between 5-90% of air saturation.

At a particular stage the cells may be used to inoculate a 
production phase or step of the cell culture. Alternatively, as 
described above the production phase or step may be continu
ous with the inoculation or growth phase or step.

The cell culture environment during the production phase 
of the cell culture is typically controlled. Thus, if a glycopro
tein is produced, factors affecting cell specific productivity of 
the mammalian host cell may be manipulated such that the 
desired sialic acid content is achieved in the resulting glyco
protein. In a preferred aspect, the production phase of the cell 
culture process is preceded by a transition phase of the cell 
culture in which parameters for the production phase of the 
cell culture are engaged. Further details of this process are 
found in U.S. Pat. No. 5,721,121, and Chaderjian et al., Bio- 
technol. Prog. 21(2):550-3 (2005), the entire disclosures of 
which are expressly incorporated by reference herein.

Following fermentation proteins are purified. Procedures 
for purification of proteins from cell debris initially depend 
on the site of expression of the protein. Some proteins can be 
caused to be secreted directly from the cell into the surround
ing growth media; others are made intracellularly. For the 
latter proteins, the first step of a purification process involves 
lysis of the cell, which can be done by a variety of methods, 
including mechanical shear, osmotic shock, or enzymatic 
treatments. Such disruption releases the entire contents of the 
cell into the homogenate, and in addition produces subcellu- 
lar fragments that are difficult to remove due to their small 
size. These are generally removed by differential centrifuga
tion or by filtration. The same problem arises, although on a 
smaller scale, with directly secreted proteins due to the natu
ral death of cells and release of intracellular host cell proteins 
and components in the course of the protein production run.

Once a clarified solution containing the protein of interest 
has been obtained, its separation from the other proteins 
produced by the cell is usually attempted using a combination 
of different chromatography techniques. These techniques 
separate mixtures of proteins on the basis of their chaige, 
degree of hydrophobicity, or size. Several different chroma
tography resins are available for each of these techniques, 
allowing accurate tailoring of the purification scheme to the 
particular protein involved. The essence of each of these 
separation methods is that proteins can be caused either to 
move at different rates down a long column, achieving a
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physical separation that increases as they pass further down 
the column, or to adhere selectively to the separation medium, 
being then differentially eluted by different solvents. In some 
cases, the desired protein is separated from impurities when 
the impurities specifically adhere to the column, and the 
protein of interest does not, that is, the protein of interest is 
present in the “flow-through.” Thus, purification of recombi
nant proteins from the cell culture of mammalian host cells 
may include one or more affinity (e.g. protein A) and/or ion 
exchange chomarographic steps.

Ion exchange chromatography is a chromatographic tech
nique that is commonly used for the purification of proteins. 
In ion exchange chromatography, charged patches on the 
surface of the solute are attracted by opposite charges 
attached to a chromatography matrix, provided the ionic 
strength of the surrounding buffer is low. Elution is generally 
achieved by increasing the ionic strength (i.e. conductivity) of 
the buffer to compete with the solute for the charged sites of 
the ion exchange matrix. Changing the pH and thereby alter
ing the charge of the solute is another way to achieve elution 
of the solute. The change in conductivity or pH may be 
gradual (gradient elution) or stepwise (step elution). In the 
past, these changes have been progressive; i.e., the pH or 
conductivity is increased or decreased in a single direction.

For further details of the industrial purification of thera
peutic antibodies see, for example, Fahmer et ah, Biotechnol. 
Genet. Eng. Rev. 18:301-27 (2001), the entire disclosure of 
which is expressly incorporated by reference herein.

In addition to mammalian host cells, other eukaryotic 
organisms can be used as host cells for expression of the 
recombinant protein. For expression in yeast host cells, such 
as common baker’s yeast or Saccharomyces cerevisiae, suit
able vectors include episomally-replicating vectors based on 
the 2-micron plasmid, integration vectors, and yeast artificial 
chromosome (YAC) vectors. Other yeast suitable for recom
binant production of heterologous proteins include 
Schizosaccharomycespombe (Beach and Nurse, Nature, 290: 
140 (1981); EP 139,383 published 2 May 1985); Kluyvero- 
myces hosts (U.S. Pat. No. 4,943,529; Fleer et ah, Bio/Tech- 
nology, 2: 968 975 (1991)) such as, e.g, A. lactis (MW98-8C, 
CBS683, CBS4574; Louvencourt et al, J. Bacteriol, 737 
(1983)), K. fragilis (ATCC 12,424), K. bulgaricus (ATCC 
16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 
56,500), K. drosophilarum (ATCC 36,906; Van den Berg et 
al, Bio/Technology, 8: 135 (1990)), K. thermotolerans, and
K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 
183,070; Sreekrishna et al, J. Basic Microbiol, 28: 265 278 
(1988)); Candida; Trichoderma reesia (EP 244,234); Neuro- 
spora crassa (Case et al, Proc. Natl. Acad. Sci. USA, 76: 
5259 5263 (1979)); Schwanniomyces such as Schwanniomy- 
ces occidentalis (EP 394,538 published 31 Oct. 1990); and 
filamentous fungi such as, e.g, Neurospora, Penicillium, 
Tolypocladium (WO 91/00357 published 10 Jan. 1991), and 
Aspergillus hosts such as A. nidulans (Ballance et al, Bio- 
chem. Biophys. Res. Commun, 112: 284 289 (1983); Tilbum 
et al. Gene, 26: 205 221 (1983); Yelton et al, Proc. Natl. 
Acad. Sci. USA, 81: 1470 1474 (1984)) and A. niger (Kelly 
and Hynes, EMBO J, 4: 475 479 (1985)). Methylotropic 
yeasts are suitable herein and include, but are not limited to, 
yeast capable of growth on methanol selected from the genera 
consisting of Hansenula, Candida, Kloeckera, Pichia, Sac
charomyces, Torulopsis, and Rhodotorula. A list of specific 
species that are exemplary of this class of yeasts may be found 
in C. Anthony, The Biochemistry of Methylotrophs, 269 
(1982). Expression systems for the listed and other yeasts are 
well known in the art and/or are commercially available.

27
For expression in insect host cells, such as Sf9 cells, suit

able vectors include baculoviral vectors. For expression in 
plant host cells, particularly dicotyledonous plant hosts, such 
as tobacco, suitable expression vectors include vectors 

5 derived from the Ti plasmid of Agrobacterium tumefaciens.
The methods of the present invention also extend to cul

tures of prokaryotic host cells. Prokaryotic host cells suitable 
for expressing antibodies and other proteins to be protected 
by means of the instant invention include Archaebacteria and 

to Eubacteria, such as Gram-negative or Gram-positive organ
isms. Examples of useful bacteria include Escherichia (e.g, 
E. coll), Bacilli (e.g, B. subtilis), Enterobacteria, Pseudomo
nas species (e.g, P. aeruginosa), Salmonella typhimurium, 
Serratia marcescans, Klebsiella, Proteus, Shigella, Rhizobia, 

15 Vitreoscilla, or Paracoccus. In one embodiment, gram-nega
tive cells are used. Examples of E. coli strains include strain 
W3110 (Bachmann, Cellular and Molecular Biology, vol. 2 
(Washington, D.C.: American Society for Microbiology, 
1987), pp. 1190-1219; ATCC Deposit No. 27,325) and 

20 derivatives thereof, including strain 33D3 having genotype 
W3110 AfhuA (AtonA) ptr3 lac Iq lacL8 AompTA(nmpc- 
fepE) degP41 kanR (U.S. Pat. No. 5,639,635). Other strains 
and derivatives thereof, such as E. coli 294 (ATCC 31,446), E. 
coliB,E. coli 1776 (ATCC 31,537) and£. coliRV308 (ATCC 

25 31,608) are also suitable. These examples are illustrative 
rather than limiting. Methods for constructing derivatives of 
any of the above-mentioned bacteria having defined geno
types are known in the art and described in, for example, Bass 
et al. Proteins, 8:309-314 (1990). It is generally necessary to 

30 select the appropriate bacteria taking into consideration rep
licability of the replicon in the cells of a bacterium. For 
example, E. coli, Serratia, or Salmonella species can be suit
ably used as the host when well known plasmids such as 
pBR322, pBR325, pACYC177, or pKN410 are used to sup- 

35 ply the replicon. Typically the host cell should secrete mini
mal amounts of proteolytic enzymes, and additional protease 
inhibitors may desirably be incorporated in the cell culture.

Methods for the production, recovery and purification of 
recombinant proteins from non-mammalian host cell cultures 

40 are also well known in the art. If the polypeptide is produced 
in a non-mammalian cell, e.g, a microorganism such as fungi 
or E. coli, the polypeptide will be recovered inside the cell or 
in the periplasmic space (Kipriyanov and Little, Molecular 
Biotechnology, 12: 173 201 (1999); Skerra and Pluckthun, 

45 Science, 240: 1038 1040 (1988)). Hence, it is necessary to 
release the protein from the cells to the extracellular medium 
by extraction such as cell lysis. Such disruption releases the 
entire contents of the cell into the homogenate, and in addi
tion produces subcellular fragments that are difficult to 

50 remove due to their small size. These are generally removed 
by differential centrifugation or by filtration.

Cell lysis is typically accomplished using mechanical dis
ruption techniques such as homogenization or head milling. 
While the protein of interest is generally effectively liberated, 

55 such techniques have several disadvantages (Engler, Protein 
Purification Process Engineering, Harrison eds, 37 55 
(1994)). Temperature increases, which often occur during 
processing, may result in inactivation of the protein. More
over, the resulting suspension contains a broad spectrum of 

60 contaminating proteins, nucleic acids, and polysaccharides. 
Nucleic acids and polysaccharides increase solution viscos
ity, potentially complicating subsequent processing by cen
trifugation, cross-flow filtration, or chromatography. Com
plex associations of these contaminants with the protein of 

65 interest can complicate the purification process and result in 
unacceptably low yields. Improved methods for purification 
of heterologous polypeptides from microbial fermentation
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broth or homogenate are described, for example, in U.S. Pat.
No. 7,169,908, the entire disclosure of which is expressly 
incorporated herein by reference.

It is emphasized that the fermentation, recovery and puri
fication methods described herein are only for illustration 5 
purposes. The methods of the present invention can be com
bined with any manufacturing process developed for the pro
duction, recovery and purification of recombinant proteins.

2. Antibodies
In a preferred embodiment, the methods of the present to 

invention are used to prevent the reduction of inter- and/or 
intrachain disulfide bonds of antibodies, including therapeu
tic and diagnostic antibodies. Antibodies within the scope of 
the present invention include, but are not limited to: anti- 
HER2 antibodies including Trastuzumab (HERCEPTIN®) 15 
(Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285-4289
(1992) , U.S. Pat. No. 5,725,856); anti-CD20 antibodies such 
as chimeric anti-CD20 “C2B8” as in U.S. Pat. No. 5,736,137 
(RITUXAN®), a chimeric or humanized variant of the 2E17 
antibody as in U.S. Pat. No. 5,721,108B1, or Tositumomab 20 
(BEXXAR®); anti-IL-8 (St John et al. Chest, 103:932
(1993) , and International Publication No. WO 95/23865); 
anti-VEGF antibodies including humanized and/or affinity 
matured anti-VEGF antibodies such as the humanized anti- 
VEGF antibody huA4.6.1 AVASTIN® (Kim et al. Growth 25 
Factors, 7:53-64 (1992), International Publication No. WO 
96/30046, and WO 98/45331, published Oct. 15,1998); anti- 
PSCA antibodies (W001/40309); anti-CD40 antibodies, 
including S2C6 and humanized variants thereof (WO00/ 
75348); anti-CDl la (U.S. Pat. No. 5,622,700, WO 98/23761, 30 
Steppe et al. Transplant Inti. 4:3-7 (1991), and Flourmant et 
al. Transplantation 58:377-380 (1994)); anti-IgE (Presta et 
al, J. Immunol. 151:2623-2632 (1993), and International 
Publication No. WO 95/19181); anti-CD18 (U.S. Pat. No. 
5,622,700, issued Apr. 22, 1997, or as in WO 97/26912, 35 
published Jul. 31, 1997); anti-IgE (including E25, E26 and 
E27; U.S. Pat. No. 5,714,338, issued Feb. 3,1998 or U.S. Pat.
No. 5,091,313, issued Feb. 25,1992, WO 93/04173 published 
Mar. 4, 1993, or International Application No. PCT/US98/ 
13410 filed Jun. 30, 1998, U.S. Pat. No. 5,714,338); anti- 40 
Apo-2 receptor antibody (WO 98/51793 published Nov. 19, 
1998); anti-TNF-a antibodies including cA2 (REMI- 
CADE®), CDP571 andMAK-195 (See, U.S. Pat. No. 5,672,
347 issued Sep. 30, 1997, Lorenz et al., J. Immunol. 156(4): 
1646-1653 (1996), and Dhainaut et al., Crit. Care Med. 23(9): 45 
1461-1469 (1995)); anti-Tissue Factor (TF) (European Patent 
No. 0 420 937 B1 granted Nov. 9, 1994); anti-human a 4|37 
integrin (WO 98/06248 published Feb. 19,1998); anti-EGFR 
(chimerized or humanized 225 antibody as in WO 96/40210 
published Dec. 19,1996); anti-CD3 antibodies such as OKT3 50 
(U.S. Pat. No. 4,515,893 issued May 7, 1985); anti-CD25 or 
anti-tac antibodies such as CF1I-621 (SIMULECT®) and 
(ZENAPAX®) (See U.S. Pat. No. 5,693,762 issued Dec. 2, 
1997); anti-CD4 antibodies such as the cM-7412 antibody 
(Choy etal., Arthritis Rheum 39(l):52-56 (1996)); anti-CD52 55 
antibodies such as CAMPATF1-1F1 (Riechmann et al., Nature 
332:323-337 (1988)); anti-Fc receptor antibodies such as the 
M22 antibody directed against FcyRI as in Graziano et al., J. 
Immunol. 155(10):4996-5002 (1995); anti-carcinoembry- 
onic antigen (CEA) antibodies such as hMN-14 (Sharkey et 60 
al., Cancer Res. 55(23 Suppl): 5935s-5945s (1995); antibod
ies directed against breast epithelial cells including huBrE-3, 
hu-Mc 3 and CF1L6 (Ceriani et al., Cancer Res. 55(23): 
5852s-5856s (1995); and Richman et al., Cancer Res. 55(23 
Supp): 5916s-5920s (1995)); antibodies that bind to colon 65 
carcinoma cells such as C242 (Litton et al., Eur J. Immunol. 
26(l):l-9 (1996)); anti-CD38 antibodies, e.g. AT 13/5 (Ellis

US 8,574,
29

et al., J. Immunol. 155(2):925-937 (1995)); anti-CD33 anti
bodies such as Flu M l95 (Jurcic et al., Cancer Res 55(23 
Suppl): 5908s-5910s (1995) and CMA-676 or CDP771; anti- 
CD22 antibodies such as LL2 or LymphoCide (Juweid et al., 
Cancer Res 55(23 Suppl): 5899s-5907s (1995)); anti-Ep- 
CAM antibodies such as 17-1A (PANOREX®); anti-GpIIb/ 
Ilia antibodies such as abciximab or c7E3 Fab (REOPRO®); 
anti-RSV antibodies such as MEDI-493 (SYNAGIS®); anti- 
CMV antibodies such as PROTOVIR®; anti-FHV antibodies 
such as PR0542; anti-hepatitis antibodies such as the anti- 
Flep B antibody OSTAVIR®; anti-CA 125 antibody OvaRex; 
anti-idiotypic GD3 epitope antibody BEC2; anti-av|33 anti
body VITAXIN®; anti-human renal cell carcinoma antibody 
such as ch-G250; ING-1; anti-human 17-1A antibody 
(3622W94); anti-human colorectal tumor antibody (A33); 
anti-human melanoma antibody R24 directed against GD3 
ganglioside; anti-human squamous-cell carcinoma (SF-25); 
and anti-human leukocyte antigen (F1LA) antibodies such as 
Smart ID10 and the anti-FILA DR antibody Oncolym (Lym- 
1). The preferred target antigens for the antibody herein are: 
HER2 receptor, VEGF, IgE, CD20, CD1 la, and CD40.

Many of these antibodies are widely used in clinical prac
tice to treat various diseases, including cancer.

In certain specific embodiments, the methods of the present 
invention are used for the production of the following anti
bodies and recombinant proteins.

Anti-CD20 Antibodies
Rituximab (RITUXAN®) is a genetically engineered chi

meric murine/human monoclonal antibody directed against 
the CD20 antigen. Rituximab is the antibody called “C2B8” 
in U.S. Pat. No. 5,736,137 issued Apr. 7, 1998 (Anderson et 
al.). Rituximab is indicated for the treatment of patients with 
relapsed or refractory low-grade or follicular, CD20-positive, 
B cell non-Flodgkin’s lymphoma. In vitro mechanism of 
action studies have demonstrated that rituximab binds human 
complement and lyses lymphoid B cell lines through comple
ment-dependent cytotoxicity (CDC) (Reff et al., Blood 83(2): 
435-445 (1994)). Additionally, it has significant activity in 
assays for antibody-dependent cellular cytotoxicity (ADCC). 
More recently, rituximab has been shown to have anti-prolif- 
erative effects in tritiated thymidine incorporation assays and 
to induce apoptosis directly, while other anti-CDl 9 and CD20 
antibodies do not (Maloney et al., Blood 88(10):637a (1996)). 
Synergy between rituximab and chemotherapies and toxins 
has also been observed experimentally. In particular, ritux
imab. sensitizes drug-resistant human B cell lymphoma cell 
lines to the cytotoxic effects of doxorubicin, CDDP, VP-1 6, 
diphtheria toxin and ricin (Demidem et al., Cancer Chemo
therapy & Radiopharmaceuticals 12(3):177-186 (1997)). In 
vivo preclinical studies have shown that rituximab depletes B 
cells from the peripheral blood, lymph nodes, and bone mar
row of cynomolgus monkeys, presumably through comple
ment and cell-mediated processes (Reff et al., Blood 83(2): 
435-445 (1994)).

Patents and patent publications concerning CD20 antibod
ies include U.S. Pat. Nos. 5,776,456, 5,736,137, 6,399,061, 
and 5,843,439, as well as U.S. patent application Nos. US 
2002/0197255A1, US 2003/0021781A1, US 2003/0082172 
Al, US 2003/0095963 Al, US 2003/0147885 Al (Anderson 
et al.); U.S. Pat. No. 6,455,043B1 and WO00/09160 (Grillo- 
Lopez, A.); WOOO/27428 (Grillo-Lopez and White); WO00/ 
27433 (Grillo-Lopez and Leonard); WOOO/44788 (Braslaw- 
sky et al.); W001/10462 (Rastetter, W.); W001/10461 
(Rastetter and White); W001/10460 (White and Grillo-Lo
pez); U.S. application No. US2002/0006404 and WO02/ 
04021 (Flanna and Flariharan); U.S. application No. US2002/ 
0012665 Al and WO01/74388 (Hanna, N.); U.S. application

869 B2
30
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No. US 2002/0058029 A1 (Hanna, N.); U.S. application No. 
US 2003/0103971 A1 (Hariharan and Hanna); U.S. applica
tion No. US2002/0009444A1, and W001/80884 (Grillo-Lo- 
pez, A.); WO01/97858 (White, C.); U.S. application No. 
US2002/0128488A1 and W002/34790 (Reff, M.); W) 
02/060955 (Braslawsky et al.); WO2/096948 (Braslawsky et 
al.); WO02/079255 (Reff and Davies); U.S. Pat. No. 6,171, 
586B1, and W098/56418 (Lam et al.); W098/58964 (Raju, 
S.); W099/22764 (Raju, S.); W099/51642, U.S. Pat. No. 
6,194,551B1, U.S. Pat. No. 6,242,195B1, U.S. Pat. No. 
6,528,624B1 and U.S. Pat. No. 6,538,124 (Idusogie et al.); 
WO00/42072 (Presta, L.); WO00/67796 (Curd et al.); WOO 1/ 
03734 (Grillo-Lopez et al.); U.S. application No. US 2002/ 
0004587A1 and WOOl/77342 (Miller and Presta); U.S. 
application No. US2002/0197256 (Grewal, I.); U.S. applica
tion No. US 2003/0157108 Al (Presta, L.); U.S. Pat. Nos. 
6,090,365B1, 6,287,537B1, 6,015,542, 5,843,398, and 
5,595,721, (Kaminski et al.); U.S. Pat. Nos. 5,500,362, 5,677, 
180, 5,721,108, and 6,120,767 (Robinson et al.); U.S. Pat. 
No. 6,410,391B1 (Raubitschek et al.); U.S. Pat. No. 6,224, 
866B1 and WO00/20864 (Barbera-Guillem, E.); WOOL 
13945 (Barbera-Guillem, E.); WO00/67795 (Goldenberg); 
U.S. application No. US 2003/01339301 Al and WO00/ 
74718 (Goldenberg and Hansen); WO00/76542 (Golay et 
al.); WO01/72333 (Wolin and Rosenblatt); U.S. Pat. No. 
6,368,596B1 (Ghetie et al.); U.S. application No. US2002/ 
0041847 Al, (Goldenberg, D.); U.S. application No. 
US2003/0026801A1 (Weiner and Hartmann); WO02/ 
102312 (Engleman, E.); U.S. patent application No. 2003/ 
0068664 (Albitar et al.); W003/002607 (Leung, S.); WO 
03/049694 and US 2003/0185796 Al (Wolin et al.); WO03/ 
061694 (Sing and Siegall); US 2003/0219818 Al (Bohen et 
al.); US 2003/0219433 Al and WO 03/068821 (Hansen etal.) 
each of which is expressly incorporated herein by reference. 
See, also, U.S. Pat. No. 5,849,898 and EP application no. 
330,191 (Seed et al.); U.S. Pat. No. 4,861,579 and EP332, 
865A2 (Meyer and Weiss); U.S. Pat. No. 4,861,579 (Meyer et 
al.) and W095/03770 (Bhat et al.).

Publications concerning therapy with Rituximab include: 
Perotta and Abuel “Response of chronic relapsing ITP of 10 
years duration to Rituximab” Abstract #3360 Blood 10(1)

31
30(4):824-828 (2002); Edwards et al., “Efficacy and safety of 
Rituximab, a B-cell targeted chimeric monoclonal antibody: 
A randomized, placebo controlled trial in patients with rheu
matoid arthritis. Arthritis & Rheumatism 46(9): S197 (2002); 

5 Levine and Pestronk “IgM antibody-related polyneuropa
thies: B-cell depletion chemotherapy using Rituximab” Neu
rology 52: 1701-1704 (1999); DeVita et al., “Efficacy of 
selective B cell blockade in the treatment of rheumatoid 
arthritis” Arthritis & Rheumatism 46:2029-2033 (2002); 

to Hidashida et al., “Treatment of DMARD-Refractory rheuma
toid arthritis with rituximab.” Presented at the Annual Scien
tific Meeting of the American College of Rheumatology; 
October 24-29; New Orleans, La. 2002; Tuscan, J. “Success
ful treatment of Infliximab-refractory rheumatoid arthritis 

15 with rituximab” Presented at the Annual Scientific Meeting of 
the American College of Rheumatology; October 24-29; New 
Orleans, La. 2002. Sarwal et al., N. Eng. J. Med. 349(2):125- 
138 (Jul. 10, 2003) reports molecular heterogeneity in acute 
renal allograft rejection identified by DNA microarray pro- 

20 filing.
In various embodiments, the invention provides pharma

ceutical compositions comprising humanized 2H7 anti- 
CD20 antibodies. In specific embodiments, the humanized 
2H7 antibody is an antibody listed in Table 2.

32

TABLE 2

Humanized anti-CD20 Antibody and Variants Thereof

2H7
variant

SEQ ID 
NO.

v *
SEQ ID 

NO.
Full L chain 
SEQ ID NO.

Full H chain 
SEQ ID NO.

A 1 2 6 7
B 1 2 6 8
C 3 4 9 10
D 3 4 9 11
F 3 4 9 12
G 3 4 9 13
H 3 5 9 14
I 1 2 6 15

Each of the antibody variants A, B and I of Table 2 com
prises the light chain variable sequence (NL):

(SEQ ID  NO: 1) 
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYA

PSNLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFG

QGTKVEIKR;

(part 1-2): p. 88B (1998); Stashi et al., “Rituximab chimeric 
anti-CD20 monoclonal antibody treatment for adults with 
chronic idiopathic thrombocytopenic purpura” Blood 98(4): 
952-957 (2001); Matthews, R. “Medical Heretics” New Sci
entist (7 Apr. 2001); Leandro et al., “Clinical outcome in 22 
patients with rheumatoid arthritis treated with B lymphocyte 
depletion”Hra? RheumDis 61:833-888 (2002); Leandro et al., 
“Lymphocyte depletion in rheumatoid arthritis: early evi
dence for safety, efficacy and dose response. Arthritis & 
Rheumatism 44(9): 5370 (2001); Leandro et al., “An open 
study of B lymphocyte depletion in systemic lupus erythema
tosus”, Arthritis & Rheumatism 46(l):2673-2677 (2002); 
Edwards and Cambridge “Sustained improvement in rheu
matoid arthritis following a protocol designed to deplete B 
lymphocytes”Rheumatology 40:205-211 (2001); Edwards et 
al., “B-lymphocyte depletion therapy in rheumatoid arthritis 
and other autoimmune disorders” Biochem. Soc. Trans.

50

the heavy chain variable sequence (VHy.

(SEQ ID  NO: 2) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

55 IYPGNGDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSNSYWYFDVWGQGTLVTVSS.

Each of the antibody variants C, D, F and G of Table 2 
comprises the light chain variable sequence (Vz):

60
(SEQ ID  NO: 3) 

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAP

SNLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQG

65 TKVEIKR,
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- c o n t i n u e d

(SEQ ID  NO: 4) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSASYWYFDVWGQGTLVTVSS.

The antibody variant H of Table 2 comprises the light chain 
variable sequence (Vz) of SEQ ID NO:3 (above) and the 
heavy chain variable sequence (V^):

(SEQ ID  NO: 5) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSYRYWYFDVWGQGTLVTVS S

Each of the antibody variants A, B and I of Table 2 com
prises the full length light chain sequence:

(SEQ ID  NO: 6) 
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIYAP

SNLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQG

TKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVD

NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL

SSPVTKSFNRGEC.

Variant A of Table 2 comprises the full length heavy chain 
sequence:

(SEQ ID  NO: 7) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSNSYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNST YRWSVLTVLHQDWLNGKE YKCKVSNKALPAPIEKTISKAKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK.

Variant B of Table 2 comprises the full length heavy chain 
sequence:

(SEQ ID  NO: 8) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSNSYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNAT YRWSVLTVLHQDWLNGKE YKCKVSNKALPAP IA A TI SKAKGQPRE 

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP 

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 

GK.

Variant I of Table 2 comprises the full length heavy chain 
sequence:

(SEQ ID  NO: 15) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSNSYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNAT YRWSVLTVLHQDWLNGKE YKCKVSNAALPAPI AATI SKAKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK.

Each of the antibody variants C. D, F, G and H of Table 2 
comprises the full length light chain sequence:

(SEQ ID  NO: 9) 
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAP

SNLASGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQG

TKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNFYPREAKVQWKVD

NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL

SSPVTKSFNRGEC.

Variant C of Table 2 comprises the full length heavy chain 
sequence:

(SEQ ID  NO: 10) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARW

YYSASYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNAT YRWSVLTVLHQDWLNGKE YKCKVSNKALPAP I  AATI SKAKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK.
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36
Variant D of Table 2 comprises the full length heavy chain 

sequence:
Variant H of Table 2 comprises the full length heavy chain 

sequence:

(SEQ ID  NO: 11) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSASYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNAT YRWSVLTVLHQDWLNGKE YKCAVSNKALPAPI EAT ISKAKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK.

Variant F of Table 2 comprises the full length heavy chain 
sequence:

(SEQ ID  NO: 12) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSASYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNAT YRWSVLTVLHQDWLNGKE YKCKVSNAALPAPIAATI SKAKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP

GK.

Variant G of Table 2 comprises the full length heavy chain 
sequence:

(SEQ ID  NO: 13) 
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVV

YYSASYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ

YNAT YRWSVLTVLHQDWLNGKE YKCKVSNAALPAP I  AAT I  SKAKGQPRE

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHWHYTQKSLSLSP

GK.

5 (SEQ ID  NO: 14)
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGA

IYPGNGATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARW

YYSYRYWYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCL

10
VKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGT 

QTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP 

KPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ 

15 YNAT YRWSVLTVLHQDWLNGKE YKCKVSNAALPAP IA A TI SKAKGQPRE 

PQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP 

PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 

20 GK.

In certain embodiments, the humanized 2H7 antibody of 
the invention further comprises amino acid alterations in the 
IgG Fc and exhibits increased binding affinity for human 

25 FcRn over an antibody having wild-type IgG Fc, by at least 60 
fold, at least 70 fold, at least 80 fold, more preferably at least 
100 fold, preferably at least 125 fold, even more preferably at 
least 150 fold to about 170 fold.

The N-glycosylation site in IgG is at Asn297 in the C^2 
30 domain. Humanized 2H7 antibody compositions of the 

present invention include compositions of any of the preced
ing humanized 2H7 antibodies having a Fc region, wherein 
about 80-100% (and preferably about 90-99%) of the anti
body in the composition comprises a mature core carbohy- 

35 drate structure which lacks fiicose, attached to the Fc region 
of the glycoprotein. Such compositions were demonstrated 
herein to exhibit a surprising improvement in binding to 
FcyRIIIA(F158), which is not as effective as FcyRIIIA 

4Q (V158) in interacting with human IgG. FcyRIIIA (F158) is 
more common than FcyRIIIA (VI58) in normal, healthy Afri
can Americans and Caucasians. See Lehmbecher et al., Blood 
94:4220 (1999). Historically, antibodies produced in Chinese 
Hamster Ovary Cells (CHO), one of the most commonly used 

45 industrial hosts, contain about 2  to 6% in the population that 
arenonfucosylated. YB2/0 and L e d 3, however, can produce 
antibodies with 78 to 98% nonfucosylated species. Shinkawa 
et al., JBio. Chem. 278 (5), 3466-347 (2003), reported that 
antibodies produced in YB2/0 and Lecl3 cells, which have 

50 less FUT8 activity, show significantly increased ADCC activ
ity in vitro. The production of antibodies with reduced fucose 
content are also described in e.g., Li et al., (GlycoFi) “Opti
mization of humanized IgGs in glycoengineered Pichia pas- 
toris” in Nature Biology online publication 22 Jan. 2006; 

55 Niwa R. et al. Cancer Res. 64(6):2127-2133 (2004); US 
2003/0157108 (Presta); U.S. Pat. No. 6,602,684 and US 
2003/0175884 (Glycart Biotechnology); US 2004/0093621, 
US 2004/0110704, US 2004/0132140 (all of Kyowa Hakko 
Kogyo).

60 A bispecific humanized 2H7 antibody encompasses an 
antibody wherein one arm of the antibody has at least the 
antigen binding region of the H and/or L chain of a humanized 
2H7 in antibody of the invention, and the other arm has V 
region binding specificity for a second antigen. In specific 

65 embodiments, the second antigen is selected from the group 
consisting of CD3, CD64, CD32A, CD16, NKG2D or other 
NK activating ligands.
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Anti-HER2 Antibodies
A recombinant humanized version of the murine HER2 

antibody 4D5 (huMAb4D5-8, rhuMAb EIER2, trastuzumab 
or HERCEPTIN®; U.S. Pat. No. 5,821,337) is clinically 
active in patients with HER2-overexpressing metastatic 
breast cancers that have received extensive prior anti-cancer 
therapy (Baselga et al., J. Clin. Oncol. 14:737-744 (1996)). 
Trastuzumab received marketing approval from the Food and 
Drug Administration (FDA) Sep. 25, 1998 for the treatment 10 
of patients with metastatic breast cancer whose tumors over
express the HER2 protein. In November 2006, the FDA 
approved Herceptin as part of a treatment regimen containing 
doxorubicin, cyclophosphamide and paclitaxel, for the adju
vant treatment of patients with HER2-positive, node-positive 15 
breast cancer.

37
the following VH sequence (SEQ ID NO:21):

EIQLVQSGPE LKQPGETVRI SCKASGYTFT NYGMNWVKQA 

PGKGLKWMGW INTYTGEPTY AADFKRRFTF SLETSASTAY 

LQISNLKNDD TATYFCAKYP HYYGSSHWYF DVWGAGTTVT V S S .

In another embodiment, the anti-VEGF antibody com
prises the following VL sequence (SEQ ID NO:22):

DIQMTQSPSS LSASVGDRVT ITCSA SQ D IS NYLNWYQQKP 

GKAPKVLIYF TSSLHSGVPS RFSGSGSGTD FTLT ISSLQ P

38

In one embodiment, the anti-HER2 antibody comprises the 
following Vz and VHdomain sequences:

h u m a n iz e d  2C4 v e r s i o n  5 74  a n t i b o d y  VL
(SEQ ID  NO: 16) 

DIQMTQSPSSLSASVGDRVTITCKASQDVSIGVAWYQQKPGKAPKLLIYS

EDFATYYCQQ YSTVPWTFGQ GTKVEIKR;

20 the following VH sequence (SEQ ID NO:23):

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA

ASYRYTGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYYIYPYTFGQ

GTKVEIK.

PGKGLEWVGW INTYTGEPTY AADFKRRFTF SLDTSKSTAY
25

LQMNSLRAED TAVYYCAKYP HYYGSSHWYF DVWGQGTLVT V S S .

a n d  h u m a n iz e d  2C4 v e r s i o n  5 74  a n t i b o d y  VH
(SEQ ID  NO: 17) 

EVQLVESGGGLVQPGGSLRLSCAASGFTFTDYTMDWVRQAPGKGLEWVAD
30

VNPNSGGSIYNQRFKGRFTLSVDRSKNTLYLQMNSLRAEDTAVYYCARNL 

GPSFYFDYWGQGTLVTVSS.

In another embodiment, the anti-HER2 antibody com
prises the VL (SEQ ID NO: 18) and (SEQ ID NO: 19) 35 
domain sequences of trastuzumab as shown in FIG. 21 and 
FIG. 22, respectively.

Other HER2 antibodies with various properties have been 
described in Tagliabue et al., Int. J. Cancer 47:933-937 40
(1991) ; McKenzie et al., Oncogene 4:543-548 (1989); Maier 
et al., Cancer Res. 51:5361-5369 (1991); Bacus et al., 
Molecular Carcinogenesis 3:350-362 (1990); Stancovski et 
al, PNAS (USA) 88:8691-8695 (1991); Bacus et al. Cancer 
Research 52:2580-2589 (1992); Xu et al, Int. J. Cancer 45 
53:401-408 (1993); W094/00136; Kasprzyk et al. Cancer 
Research 52:2771-2776 (1992); Hancock et al. Cancer Res. 
51:4575-4580 (1991); Shawveretal, Cancer Res. 54:1367- 
1373 (1994); Arteaga et al. Cancer Res. 54:3758-3765
(1994); Harwerth et al, J. Biol. Chem. 267:15160-15167 50
(1992) ; U.S. Pat. No. 5,783,186; andKlapperet al., Oncogene 
14:2099-2109 (1997).

Anti-VEGF Antibodies
The anti-VEGF antibodies may, for example, comprise the 55 

following sequences:
In one embodiment, the anti-VEGF antibody comprises 

the following VL sequence (SEQ ID NO:20):

DIQMTQTTSS LSASLGDRVI ISCSA SQ D IS NYLNWYQQKP 

DGTVKVLIYF TSSLHSGVPS RFSGSGSGTD Y SLTISNLEP 

EDIATYYCQQ YSTVPWTFGG GTKLEIKR;

In a third embodiment, the anti-VEGF antibody comprises 
the following VL sequence (SEQ ID NO:24):

DIQLTQSPSS LSASVGDRVT ITCSA SQ D IS NYLNWYQQKP 

GKAPKVLIYF TSSLHSGVPS RFSGSGSGTD FTLT ISSLQ P 

EDFATYYCQQ YSTVPWTFGQ GTKVEIKR;

the following VH sequence (SEQ ID NO:25):

EVQLVESGGG LVQPGGSLRL SCAASGYDFT HYGMNWVRQA 

PGKGLEWVGW INTYTGEPTY AADFKRRFTF SLDTSKSTAY 

LQMNSLRAED TAVYYCAKYP YYYGTSHWYF DVWGQGTLVT V S S .

Anti-CD1 la Antibodies
The humanized anti-CDl la antibody efalizumab or Rap- 

tiva® (U.S. Pat. No. 6,037,454) received marketing approval 
from the Food and Drug Administration on Oct. 27, 2003 for 
the treatment for the treatment of psoriasis. One embodiment 
provides for an anti-human CD1 la antibody comprising the 
VL and V^ sequences of HuMHM24 below:

VL (SEQ ID  NO: 2 6 ) :
DIQMTQSPSSLSASVGDRVTITCRASKTISKYLAWYQQKPGKAPKLLIYS 

GSTLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQHNEYPLTFGQ 

GTKVEIKR;

VH  (SEQ ID NO: 2 7 ) :
EVQLVESGGGLVQPGGSLRLSCAASGYSFTGHWMNWVRQAPGKGLEWVGM 

IHPSDSETRYNQKFKDRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARGI 

YFYGTTYFDYWGQGTLVTVSS.
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The anti-human CDlla antibody may comprise the VH of 
SEQ ID NO:27 and the full length L chain of HuMHM24 
having the sequence of:

5
(SEQ ID  NO: 28 ) 

DIQMTQSPSSLSASVGDRVTITCRASKTISKYLAWYQQKPGKAPKLLIYS

GSTLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQHNEYPLTFGQ

GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKV 10

DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG

LSSPVTKSFNRGEC,

the L chain above with the H chain having the sequence of: 15

US 8,574,
39

(SEQ ID  NO: 29 ) 
EVQLVESGGGLVQPGGSLRLSCAASGYSFTGHWMNWVRQAPGKGLEWVGM

20
IHPSDSETRYNQKFKDRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARGI

YFYGTTYFDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLV

KDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSLGTQ

TYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK 25

PKDTLMISRTPEVTCWVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP

QVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP 30

VLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

K.

Antibodies to the DR5 receptor (anti-DR5) antibodies can 35 
also be produced in accordance with the present invention. 
Such anti-DR5 antibodies specifically include all antibody 
variants disclosed in PCT Publication No. WO 2006/083971, 
suchastheanti-DR5 antibodies designatedApomabs 1.1,2.1,
3.1, 4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 7.2, 7.3, 8.1, 8.3, 9.1, 40
1.2, 2.2, 3.2, 4.2, 5.2, 6.2, 7.2, 8.2, 9.2, 1.3, 2.2, 3.3, 4.3, 5.3,
6.3, 7.3, 8.3, 9.3, and 25.3, especially Apomab 8.3 and
Apomab 7.3, preferably Apomab 7.3. The entire content of 
WO 2006/083971 is hereby expressly incorporated by refer
ence. 45

3. Other Disulfide-Containing Proteins
In addition to antibodies, the methods of the present inven

tion find utility in the manufacturing of other polypeptides 
including disulfide bonds. Representative examples of such 
polypeptides include, without limitation, the following thera- 50 
peutic proteins: tissue plasminogen activators (t-PAs), suchas 
human tissue plasminogen activator (htPA, alteplase, ACTI- 
VASE®), a thrombolytic agent for the treatment of myocar
dial infarction; a TNKase™, a ht-PA variant with extended 
half-life and fibrin specificity for single-bolus administration; 55 
recombinant human growth hormone (rhGH, somatropin, 
NUTROPIN®, PROTROPIN®) for the treatment of growth 
hormone deficiency in children and adults; and recombinant 
human deoxyribonuclease I (DNase I) for the treatment of 
cystic fibrosis (CF). 60

Examples of disulfide-containing biologically important 
proteins include growth hormone, including human growth 
hormone and bovine growth hormone; growth hormone 
releasing factor; parathyroid hormone; thyroid stimulating 
hormone; lipoproteins; alpha-1-antitrypsin; insulin A-chain; 65 
insulin B-chain; proinsulin; follicle stimulating hormone; 
calcitonin; luteinizing hormone; glucagon; clotting factors

such as factor VIIIC, factor IX, tissue factor, and von Will- 
ebrands factor; anti-clotting factors such as Protein C; atrial 
natriuretic factor; lung surfactant; a plasminogen activator, 
such as urokinase or human urine or tissue-type plasminogen 
activator (t-PA); bombesin; thrombin; hemopoietic growth 
factor; tumor necrosis factor-alpha and -beta; enkephalinase; 
RANTES (regulated on activation normally T-cell expressed 
and secreted); human macrophage inflammatory protein 
(MIP-1-alpha); a serum albumin such as human serum albu
min; Muellerian-inhibiting substance; relaxin A-chain; 
relaxin B-chain; prorelaxin; mouse gonadotropin-associated 
peptide; a microbial protein, such as beta-lactamase; DNase; 
IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), 
such as CTLA-4; inhibin; activin; vascular endothelial 
growth factor (VEGF); receptors for hormones or growth 
factors; Protein A or D; rheumatoid factors; a neurotrophic 
factor such as bone-derived neurotrophic factor (BDNF), 
neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or 
a nerve growth factor such as NGF-|3; platelet-derived growth 
factor (PDGF); fibroblast growth factor such as aFGF and 
bFGF; epidermal growth factor (EGF); transforming growth 
factor (TGF) such as TGF-alpha and TGF-beta, including 
TGF-pi, TGF-132, TGF-|33, TGF-|34, orTGF-|35; insulin-like 
growth factor-I and -II (IGF-I and IGF-II); des(l-3)-IGF-I 
(brain IGF-I), insulin-like growth factor binding proteins; CD 
proteins such as CD3, CD4, CD8, CD19, CD20, CD34, and 
CD40; erythropoietin; osteoinductive factors; immunotox- 
ins; a bone morphogenetic protein (BMP); an interferon such 
as interferon-alpha, -beta, and -gamma; colony stimulating 
factors (CSFs), e.g, M-CSF, GM-CSF, and G-CSF; interleu
kins (ILs), e.g., IL-1 to IL-10; superoxide dismutase; T-cell 
receptors; surface membrane proteins; decay accelerating 
factor; viral antigen such as, for example, a portion of the 
AIDS envelope; transport proteins; homing receptors; 
addressins; regulatory proteins; integrins such as CDlla, 
CDllb, CDllc, CD18, an ICAM, VLA-4 and VCAM; a 
tumor associated antigen such as HER2, HER3 or HER4 
receptor; and fragments of any of the above-listed polypep
tides.

4. General Methods for the Recombinant Production of 
Antibodies

The antibodies and other recombinant proteins herein can 
be produced by well known techniques of recombinant DNA 
technology. Thus, aside from the antibodies specifically iden
tified above, the skilled practitioner could generate antibodies 
directed against an antigen of interest, e.g., using the tech
niques described below.

Antigen Selection and Preparation
The antibody herein is directed against an antigen of inter

est. Preferably, the antigen is a biologically important 
polypeptide and administration of the antibody to a mammal 
suffering from a disease or disorder can result in a therapeutic 
benefit in that mammal. However, antibodies directed against 
nonpolypeptide antigens (such as tumor-associated gly- 
colipid antigens; see U.S. Pat. No. 5,091,178) are also con
templated. Where the antigen is a polypeptide, it may be a 
transmembrane molecule (e.g. receptor) or ligand such as a 
growth factor. Exemplary antigens include those proteins 
described in section (3) below. Exemplary molecular targets 
for antibodies encompassed by the present invention include 
CD proteins such as CD3, CD4, CD8, CD19, CD20, CD22, 
CD34, CD40; members of the ErbB receptor family such as 
the EGF receptor, HER2, HER3 or HER4 receptor; cell adhe
sion molecules such as LFA-1, Macl, p i50, 95, VLA-4, 
ICAM-1, VCAM and av/133 integrin including either a  or (3 
subunits thereof (e.g. anti-CDl la, anti-CD18 or anti-CDl lb 
antibodies); growth factors such as VEGF; IgE; blood group

869 B2
40
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antigens; flk2/flt3 receptor; obesity (OB) receptor; mpl recep
tor; CTLA-4; protein C, or any of the other antigens men
tioned herein. Antigens to which the antibodies listed above 
bind are specifically included within the scope herein.

Soluble antigens or fragments thereof, optionally conju
gated to other molecules, can be used as immunogens for 
generating antibodies. For transmembrane molecules, suchas 
receptors, fragments of these (e.g. the extracellular domain of 
a receptor) can be used as the immunogen. Alternatively, cells 
expressing the transmembrane molecule can be used as the 
immunogen. Such cells can be derived from a natural source 
(e.g. cancer cell lines) or may be cells which have been 
transformed by recombinant techniques to express the trans
membrane molecule.

Other antigens and forms thereof useful for preparing anti
bodies will be apparent to those in the art.

Polyclonal Antibodies
Polyclonal antibodies are preferably raised in animals by 

multiple subcutaneous (sc) or intraperitoneal (ip) injections 
of the relevant antigen and an adjuvant. It may be useful to 
conjugate the antigen to a protein that is immunogenic in the 
species to be immunized, e.g., keyhole limpet hemocyanin, 
serum albumin, bovine thyroglobulin, or soybean trypsin 
inhibitor using a bifunctional or derivatizing agent, for 
example, maleimidobenzoyl sulfosuccinimide ester (conju
gation through cysteine residues), N-hydroxysuccinimide 
(through lysine residues), glutaraldehyde, succinic anhy
dride, SOCl2, or R1N =C =N R , where R and R1 are different 
alkyl groups.

Animals are immunized against the antigen, immunogenic 
conjugates, or derivatives by combining, e.g., 100 pg or 5 pg 
of the protein or conjugate (for rabbits or mice, respectively) 
with 3 volumes of Freund’s complete adjuvant and injecting 
the solution intradermally at multiple sites. One month later 
the animals are boosted with Vs to Vio the original amount of 
antigen or conjugate in Freund’s complete adjuvant by sub
cutaneous injection at multiple sites. Seven to 14 days later 
the animals are bled and the serum is assayed for antibody 
titer. Animals are boosted until the titer plateaus. Preferably, 
the animal is boosted with the conjugate of the same antigen, 
but conjugated to a different protein and/or through a different 
cross-linking reagent. Conjugates also can be made in recom
binant cell culture as protein fusions. Also, aggregating 
agents such as alum are suitably used to enhance the immune 
response.

Monoclonal Antibodies
Monoclonal antibodies may be made using the hybridoma 

method first described by Kohler et al., Nature, 256:495 
(1975), or may be made by recombinant DNA methods (U.S. 
Pat. No. 4,816,567).

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster or macaque monkey, is immu
nized as hereinabove described to elicit lymphocytes that 
produce or are capable of producing antibodies that will spe
cifically bind to the protein used for immunization. Alterna
tively, lymphocytes may be immunized in vitro. Lympho
cytes then are fused with myeloma cells using a suitable 
fusing agent, such as polyethylene glycol, to form a hybri
doma cell (Coding, Monoclonal Antibodies: Principles and 
Practice, pp. 59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in 
a suitable culture medium that preferably contains one or 
more substances that inhibit the growth or survival of the 
unfused, parental myeloma cells. For example, if the parental 
myeloma cells lack the enzyme hypoxanthine guanine phos- 
phoribosyl transferase (F1GPRT or F1PRT), the culture 
medium for the hybridomas typically will include hypoxan

thine, aminopterin, and thymidine (FIAT medium), which 
substances prevent the growth of FIGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, 
support stable high-level production of antibody by the 

5 selected antibody-producing cells, and are sensitive to a 
medium such as FIAT medium. Among these, preferred 
myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 andMPC-11 mouse tumors available 
from the Salk Institute Cell Distribution Center, San Diego, 

10 Calif. USA, and SP-2 or X63-Ag8-653 cells available from 
the American Type Culture Collection, Rockville, Md. USA. 
Fluman myeloma and mouse-human heteromyeloma cell 
lines also have been described for the production of human 

15 monoclonal antibodies (Kozbor, J. Immunol., 133:3001 
(1984); Brodeur et al., Monoclonal Antibody Production 
Techniques and Applications,^. 51-63 (Marcel Dekker, Inc., 
New York, 1987)).

Culture medium in which hybridoma cells are growing is 
20 assayed for production of monoclonal antibodies directed 

against the antigen. Preferably, the binding specificity of 
monoclonal antibodies produced by hybridoma cells is deter
mined by immunoprecipitation or by an in vitro binding 
assay, such as radioimmunoassay (RIA) or enzyme-linked 

25 immunoabsorbent assay (ELISA).
After hybridoma cells are identified that produce antibod

ies of the desired specificity, affinity, and/or activity, the 
clones may be subcloned by limiting dilution procedures and 
grown by standard methods (Goding, Monoclonal Antibod- 

30 ies: Principles and Practice, pp. 59-103 (Academic Press, 
1986)). Suitable culture media for this purpose include, for 
example, D-MEM or RPMI-1640 medium. In addition, the 
hybridoma cells may be grown in vivo as ascites tumors in an 
animal.

35 The monoclonal antibodies secreted by the subclones are 
suitably separated from the culture medium, ascites fluid, or 
serum by conventional immunoglobulin purification proce
dures such as, for example, Protein A-Sepharose, hydroxya
patite chromatography, gel electrophoresis, dialysis, or affin- 

40 ity chromatography. Preferably the Protein A 
chromatography procedure described herein is used.

DNA encoding the monoclonal antibodies is readily iso
lated and sequenced using conventional procedures (e.g., by 
using oligonucleotide probes that are capable of binding spe- 

45 cifically to genes encoding the heavy and light chains of the 
monoclonal antibodies). The hybridoma cells serve as a pre
ferred source of such DNA. Once isolated, the DNA may be 
placed into expression vectors, which are then transfected 
into host cells such as E. coli cells, simian COS cells, Chinese 

50 hamster ovary (CHO) cells, or myeloma cells that do not 
otherwise produce immunoglobulin protein, to obtain the 
synthesis of monoclonal antibodies in the recombinant host 
cells.

The DNA also may be modified, for example, by substi- 
55 tuting the coding sequence for human heavy- and light-chain 

constant domains in place of the homologous murine 
sequences (U.S. Pat. No. 4,816,567; Morrison, et al., Proc. 
Natl. Acad. Sci. USA, 81:6851 (1984)), or by covalently join
ing to the immunoglobulin coding sequence all or part of the 

60 coding sequence for a non-immunoglobulin polypeptide.
Typically such non-immunoglobulin polypeptides are sub

stituted for the constant domains of an antibody, or they are 
substituted for the variable domains of one antigen-combin
ing site of an antibody to create a chimeric bivalent antibody 

65 comprising one antigen-combining site having specificity for 
an antigen and another antigen-combining site having speci
ficity for a different antigen.
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In a further embodiment, monoclonal antibodies can be 
isolated from antibody phage libraries generated using the 
techniques described in McCafferty et al., Nature, 348:552- 
554 (1990). Clackson et al. Nature, 352:624-628 (1991) and 
Marks et al, J. Mol. Biol., 222:581-597 (1991) describe the 
isolation of murine and human antibodies, respectively, using 
phage libraries. Subsequent publications describe the produc
tion of high affinity (nM range) human antibodies by chain 
shuffling (Marks et al, Bio/Technology, 10:779-783 (1992)), 
as well as combinatorial infection and in vivo recombination 
as a strategy for constructing very large phage libraries (Wa
terhouse eta\.,Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, 
these techniques are viable alternatives to traditional hybri- 
doma techniques for isolation of monoclonal antibodies.

Humanized and Human Antibodies
A humanized antibody has one or more amino acid resi

dues introduced into it from a source which is non-human. 
These non-human amino acid residues are often referred to as 
“import” residues, which are typically taken from an 
“import” variable domain. Humanization can be essentially 
performed following the method of Winter and co-workers 
(Jones et al. Nature, 321:522-525 (1986); Riechmann et al. 
Nature, 332:323-327 (1988); Verhoeyen et al. Science, 239: 
1534-1536 (1988)), by substituting rodent CDRs or CDR 
sequences for the corresponding sequences of a human anti
body. Accordingly, such “humanized” antibodies are chi
meric antibodies (U.S. Pat. No. 4,816,567) wherein substan
tially less than an intact human variable domain has been 
substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically 
human antibodies in which some CDR residues and possibly 
some FR residues are substituted by residues from analogous 
sites in rodent antibodies.

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important to reduce antigenicity. According to the so-called 
“best-fit” method, the sequence of the variable domain of a 
rodent antibody is screened against the entire library of 
known human variable-domain sequences. The human 
sequence which is closest to that of the rodent is then accepted 
as the human FR for the humanized antibody (Sims et al, J. 
Immunol., 151:2296 (1993)). Another method uses a particu
lar framework derived from the consensus sequence of all 
human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies (Carter et al, Proc. Natl. Acad. Sci. 
USA, 89:4285 (1992); Presta et al, J. Immunol., 151:2623
(1993)).

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three-dimensional 
models of the parental and humanized sequences. Three- 
dimensional immunoglobulin models are commonly avail
able and are familiar to those skilled in the art. Computer 
programs are available which illustrate and display probable 
three-dimensional conformational structures of selected can
didate immunoglobulin sequences. Inspection of these dis
plays permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e, 
the analysis of residues that influence the ability of the can
didate immunoglobulin to bind its antigen. In this way, FR 
residues can be selected and combined from the recipient and 
import sequences so that the desired antibody characteristic, 
such as increased affinity for the target antigen(s), is achieved.

In general, the CDR residues are directly and most substan
tially involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic ani
mals (e.g, mice) that are capable, upon immunization, of 

5 producing a full repertoire ofhuman antibodies in the absence 
of endogenous immunoglobulin production. For example, it 
has been described that the homozygous deletion of the anti
body heavy-chain joining region (J^) gene in chimeric and 
germ-line mutant mice results in complete inhibition of 

to endogenous antibody production.
Transfer of the human germ-line immunoglobulin gene 

array in such germ-line mutant mice will result in the produc
tion ofhuman antibodies upon antigen challenge. See, e.g, 
Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); 

15 Jakobovits et al. Nature, 362:255-258 (1993); Bruggermann 
et al. Year in Immuno., 7:33 (1993); and Duchosal et al. 
Nature 355:258 (1992). Human antibodies can also be 
derived from phage-display libraries (Hoogenboom et al, J. 
Mol. Biol., 227:381 (1991); Marks et al, J. Mol. Biol., 222: 

20 581-597 (1991); Vaughan et al. Nature Biotech 14:309 
(1996)).

Antibody Fragments
Various techniques have been developed for the production 

of antibody fragments. Traditionally, these fragments were 
25 derived via proteolytic digestion of intact antibodies (see, 

e.g, Morimoto et al. Journal ofBiochemical and Biophysical 
Methods 24:107-117 (1992) and Brennan etal., Science, 229: 
81 (1985)). However, these fragments can now be produced 
directly by recombinant host cells. For example, the antibody 

30 fragments can be isolated from the antibody phage libraries 
discussed above. Alternatively, Fab'-SH fragments can be 
directly recovered from E. coli and chemically coupled to 
form F(ab')2 fragments (Carter et al, Bio/Technology 
10:163-167 (1992)). According to another approach, F(ab')2 

35 fragments can be isolated directly from recombinant host cell 
culture. Other techniques for the production of antibody frag
ments will be apparent to the skilled practitioner. In other 
embodiments, the antibody of choice is a single chain Fv 
fragment (scFv) (see WO 93/16185).

40 Multispecific Antibodies
Multispecific antibodies have binding specificities for at 

least two different antigens. While such molecules normally 
will only bind two antigens (i.e. bispecific antibodies, 
BsAbs), antibodies with additional specificities such as 

45 trispecific antibodies are encompassed by this expression 
when used herein.

Methods for making bispecific antibodies are known in the 
art. Traditional production of full length bispecific antibodies 
is based on the coexpression of two immunoglobulin heavy 

50 chain-light chain pairs, where the two chains have different 
specificities (Millstein et al. Nature, 305:537-539 (1983)). 
Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a 
potential mixture of 10 different antibody molecules, of 

55 which only one has the correct bispecific structure. Purifica
tion of the correct molecule, which is usually done by affinity 
chromatography steps, is rather cumbersome, and the product 
yields are low. Similar procedures are disclosed in WO 
93/08829, and in Traunecker et al, EMBO J., 10:3655-3659 

60 (1991).
According to another approach described in WO96/27011, 

the interface between a pair of antibody molecules can be 
engineered to maximize the percentage of heterodimers 
which are recovered from recombinant cell culture. The pre- 

65 ferred interface comprises at least a part of the CH2> domain of 
an antibody constant domain. In this method, one or more 
small amino acid side chains from the interface of the first
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antibody molecule are replaced with larger side chains (e.g. 
tyrosine or tryptophan). Compensatory “cavities” of identical 
or similar size to the large side chain(s) are created on the 
interface of the second antibody molecule by replacing large 
amino acid side chains with smaller ones (e.g. alanine or 5 
threonine). This provides a mechanism for increasing the 
yield of the heterodimer over other unwanted end-products 
such as homodimers.

Bispecific antibodies include cross-linked or “heterocon
jugate” antibodies. For example, one of the antibodies in the to 
heteroconjugate can be coupled to avidin, the other to biotin. 
Such antibodies have, for example, been proposed to target 
immune system cells to unwanted cells (U.S. Pat. No. 4,676, 
980), and for treatment of F1IV infection (WO 91/00360, WO 
92/200373, and EP 03089). Fleteroconjugate antibodies may 15 
be made using any convenient cross-linking methods. Suit
able cross-linking agents are well known in the art, and are 
disclosed in U.S. Pat. No. 4,676,980, along with a number of 
cross-linking techniques.

Techniques for generating bispecific antibodies from anti- 20 
body fragments have also been described in the literature. For 
example, bispecific antibodies can be prepared using chemi
cal linkage. Brennan et al., Science, 229: 81 (1985) describe 
a procedure wherein intact antibodies are proteolytically 
cleaved to generate F(ab')2 fragments. These fragments are 25 
reduced in the presence of the dithiol complexing agent 
sodium arsenite to stabilize vicinal dithiols and prevent inter- 
molecular disulfide formation. The Fab' fragments generated 
are then converted to thionitrobenzoate (TNB) derivatives. 
One of the Fab'-TNB derivatives is then reconverted to the 30 
Fab'-thiol by reduction with mercaptoethylamine and is 
mixed with an equimolar amount of the other Fab'-TNB 
derivative to form the bispecific antibody. The bispecific anti
bodies produced canbeusedas agents for the selective immo
bilization of enzymes. 35

Recent progress has facilitated the direct recovery of Fab'- 
SF1 fragments from E. coli, which can be chemically coupled 
to form bispecific antibodies. Shalaby et al., J. Exp. Med.,
175: 217-225 (1992) describe the production of a fully 
humanized bispecific antibody F(ab')2 molecule. Each Fab' 40 
fragment was separately secreted from E. coli and subjected 
to directed chemical coupling in vitro to form the bispecific 
antibody. The bispecific antibody thus formed was able to 
bind to cells overexpressing the ErbB2 receptor and normal 
human T cells, as well as trigger the lytic activity of human 45 
cytotoxic lymphocytes against human breast tumor targets.

Various techniques for making and isolating bispecific 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispecific antibodies 
have been produced using leucine zippers. Kostelny et al., J. 50 
Immunol., 148(5):1547-1553 (1992). The leucine zipperpep- 
tides from the Fos and Jun proteins were linked to the Fab' 
portions of two different antibodies by gene fusion. The anti
body homodimers were reduced at the hinge region to form 
monomers and then re-oxidized to form the antibody het- 55 
erodimers. This method can also be utilized for the produc
tion of antibody homodimers. The “diabody” technology 
described by Flollinger et al., Proc. Natl. Acad. Sci. USA, 
90:6444-6448 (1993) has provided an alternative mechanism 
for making bispecific antibody fragments. The fragments 60 
comprise a heavy-chain variable domain (VH) connected to a 
light-chain variable domain (VL) by a linker which is too short 
to allow pairing between the two domains on the same chain. 
Accordingly, the NH and NL domains of one fragment are 
forced to pair with the complementary NL and NH domains of 65 
another fragment, thereby forming two antigen-binding sites. 
Another strategy for making bispecific antibody fragments by
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the use of single-chain Fv (sFv) dimers has also been 
reported. See Gruber et al., J. Immunol., 152:5368 (1994). 
Alternatively, the antibodies can be “linear antibodies” as 
described in Zapata et al., Protein Eng. 8(10):1057-1062
(1995). Briefly, these antibodies comprise a pair of tandem Fd 
segments (V^-C^l-V^-C^l) which form a pair of antigen 
binding regions. Linear antibodies can be bispecific ormono- 
specific.

Antibodies with more than two valencies are contem
plated. For example, trispecific antibodies can be prepared. 
Tutt et al., J. Immunol. 147: 60 (1991).

Immunoadhesins
The simplest and most straightforward immunoadhesin 

design combines the binding domain(s) of the adhesin (e.g. 
the extracellular domain (ECD) of a receptor) with the hinge 
and Fc regions of an immunoglobulin heavy chain. Ordi
narily, when preparing the immunoadhesins of the present 
invention, nucleic acid encoding the binding domain of the 
adhesin will be fused C-terminally to nucleic acid encoding 
the N-terminus of an immunoglobulin constant domain 
sequence, however N-terminal fusions are also possible.

Typically, in such fusions the encoded chimeric polypep
tide will retain at least functionally active hinge, CH2 and CH2 
domains of the constant region of an immunoglobulin heavy 
chain. Fusions are also made to the C-terminus of the Fc 
portion of a constant domain, or immediately N-terminal to 
the CH\ of the heavy chain or the corresponding region of the 
light chain. The precise site at which the fusion is made is not 
critical; particular sites are well known and may be selected in 
order to optimize the biological activity, secretion, or binding 
characteristics of the immunoadhesin.

In a preferred embodiment, the adhesin sequence is fused 
to the N-terminus of the Fc domain of immunoglobulin 
(IgGJ. It is possible to fuse the entire heavy chain constant 
region to the adhesin sequence. Flowever, more preferably, a 
sequence beginning in the hinge region just upstream of the 
papain cleavage site which defines IgG Fc chemically (i.e. 
residue 216, taking the first residue of heavy chain constant 
region to be 114), or analogous sites of other immunoglobu
lins is used in the fusion. In a particularly preferred embodi
ment, the adhesin amino acid sequence is fused to (a) the 
hinge region and CH2 and CH2 or (b) the CH\ , hinge, CH2 and 
Ch2> domains, of an IgG heavy chain.

For bispecific immunoadhesins, the immunoadhesins are 
assembled as multimers, and particularly as heterodimers or 
heterotetramers. Generally, these assembled immunoglobu
lins will have known unit structures. A basic four chain struc
tural unit is the form in which IgG, IgD, and IgE exist. A four 
chain unit is repeated in the higher molecular weight immu
noglobulins; IgM generally exists as a pentamer of four basic 
units held together by disulfide bonds. IgA globulin, and 
occasionally IgG globulin, may also exist in multimeric form 
in serum. In the case of multimer, each of the four units may 
be the same or different.

Various exemplary assembled immunoadhesins within the 
scope herein are schematically diagrammed below:

ACl -ACl ;
ACfl-(ACi7, ACl -ACh , ACL-VJCH, or NLCL-ACH)-
ACi -ACfl-(ACi -ACi7, ACL-VJCH, VLCL-ACH, orNLCL- 

V ^ h)
ACi -VflCfl-(ACfl, or ACL- N ^  orNLCL-ACH)-
Vi Ci -ACi r (ACi - V ^ ,  or V^Q-AC^); and
(A-Y )„-(Vi Ci - V ^ ) 2,
wherein each A represents identical or different adhesin 

amino acid sequences;
VL is an immunoglobulin light chain variable domain;
Nh  is an immunoglobulin heavy chain variable domain;
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CL is an immunoglobulin light chain constant domain;
CH is an immunoglobulin heavy chain constant domain;
n is an integer greater than 1 ;
Y designates the residue of a covalent cross-linking agent.
In the interests of brevity, the foregoing structures only 5 

show key features; they do not indicate joining (J) or other 
domains of the immunoglobulins, nor are disulfide bonds 
shown. However, where such domains are required for bind
ing activity, they shall be constructed to be present in the 
ordinary locations which they occupy in the immunoglobulin 10 
molecules.

Alternatively, the adhesin sequences can be inserted 
between immunoglobulin heavy chain and light chain 
sequences, such that an immunoglobulin comprising a chi- 15 
meric heavy chain is obtained. In this embodiment, the 
adhesin sequences are fused to the 3' end of an immunoglo
bulin heavy chain in each arm of an immunoglobulin, either 
between the hinge and the CH2 domain, or between the CH2 
and Ch2> domains. Similar constructs have been reported by 20 
Hoogenboom, et al., Mol. Immunol. 28:1027-1037 (1991).

Although the presence of an immunoglobulin light chain is 
not required in the immunoadhesins of the present invention, 
an immunoglobulin light chain might be present either 
covalently associated to an adhesin-immunoglobulin heavy 25 
chain fusion polypeptide, or directly fused to the adhesin. In 
the former case, DNA encoding an immunoglobulin light 
chain is typically coexpressed with the DNA encoding the 
adhesin-immunoglobulin heavy chain fusion protein. Upon 
secretion, the hybrid heavy chain and the light chain will be 30 
covalently associated to provide an immunoglobulin-like 
structure comprising two disulfide-linked immunoglobulin 
heavy chain-light chain pairs. Methods suitable for the prepa
ration of such structures are, for example, disclosed in U.S. 35 
Pat. No. 4,816,567, issued 28 Mar. 1989.

Immunoadhesins are most conveniently constructed by 
fusing the cDNA sequence encoding the adhesin portion in- 
frame to an immunoglobulin cDNA sequence. However, 
fusion to genomic immunoglobulin fragments can also be 40 
used (see, e.g. Aruffo et al., Cell 61:1303-1313 (1990); and 
Stamenkovic et al., Cell 66:1133-1144 (1991)). The latter 
type of fusion requires the presence of Ig regulatory 
sequences for expression. cDNAs encoding IgG heavy-chain 
constant regions can be isolated based on published 45 
sequences from cDNA libraries derived from spleen or 
peripheral blood lymphocytes, by hybridization or by poly
merase chain reaction (PCR) techniques. The cDNAs encod
ing the “adhesin” and the immunoglobulin parts of the immu- 
noadhesin are inserted in tandem into a plasmid vector that 50 
directs efficient expression in the chosen host cells.

The following examples are offered for illustrative pur
poses only, and are not intended to limit the scope of the 
present invention in any way. 55

All patent and literature references cited in the present 
specification are hereby incorporated by reference in their 
entirety.

EXAMPLES 6Q

Commercially available reagents referred to in the 
examples were used according to manufacturer’s instructions 
unless otherwise indicated. The source of those cells identi
fied in the following examples, and throughout the specifica- 65 
tion, by ATCC accession numbers is the American Type Cul
ture Collection, Manassas, Va.
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Example 1 

Description of Materials and Methods

The following materials and methods were used in 
Examples 2-8 below.

Materials
Materials and devices used in the experiments described in 

the experimental examples include: stainless steel vials 
(mini-tanks, Flow Components, Dublin, Calif.; short (50 cc) 
and tall (55 cc)); dialysis tubing (Spectra/Por, 6-8000 
MWCO, cat. #132645), 0.22 pm filter (Millipore Millipak 
Gamma Gold cat. # MPGL04GH2); phosphate buffered 
saline (PBS, EMD, cat. #6506); ethylenediaminetetraacetic 
acid (EDTA, Sigma, cat. # E4884); a-nicotinamide adenine 
dinucleotide phosphate (NADPH, Calbiochem, cat. 
#481973); dehydroepiandrosterone (DHEA, TCI, cat. # 
D0044); cupric sulfate (Sigma, cat. # C8027), glucose-6 - 
phosphate (G6 P, Calbiochem, cat. #346764); aurothioglu- 
cose (ATG, USP, cat. #1045508); aurothiomalate (ATM, Alfa 
Aesar, cat. #39740); reduced glutathione (GSH, J. T. Baker, 
cat. # M770-01); monobromobimane (mBB, Fluka, cat. 
#69898); histidine (J. T. Baker, cat. #2080-05); sodium sul
fate (J. T. Baker, cat. #3897-05); Trx (Sigma, cat. # T8690); 
TrxR (Sigma, cat. # T9698). All chemicals and reagents were 
used as received with no further purification. Stock solutions 
of EDTA (250 mM, pH 7.5), CuS04 (lOmM), ATG (30mM), 
ATM (30 mM), NADPH (75 mM), G6P (300 mM) were 
prepared for use in the mini-tank time course studies.

Generation of Cell Culture Fluid (CCF)
In order to generate ocrelizumab CCF for the various 

reduction studies, a representative small-scale fermentation 
process was utilized similar to the methods described previ
ously (Chaderjian et al., 2005). Briefly, 3 liter glass stirred- 
tank Applikon® bioreactors fitted with pitched blade impel
lers were used for the inoculum-train and production cultures 
with the ocrelizumab media components. The bioreactors 
were outfitted with calibrated dissolved oxygen (DO), pH and 
temperature probes. DO, pH, temperature, and agitation rate 
were controlled using digital control units to the defined 
parameters of the ocrelizumab manufacturing process. The 
working volume for both the inoculum-train and production 
cultures was 1.5 L. Daily samples were analyzed on a NOVA 
Bioprofile blood gas analyzer to ensure the accuracy of the 
on-line value for pH and dissolved oxygen as well as to 
monitor the glucose, lactate, ammonium, glutamine, 
glutamate, and sodium concentrations in the cultures. Daily 
samples were also taken to monitor cell growth, viability, and 
titer. Cell growth was measured both by viable cell counts 
using a ViCell as well as on a packed cell volume (PCV) basis. 
Culture viability was determined by trypan blue exclusion on 
a ViCell instrument. Supernatant samples were assayed by an 
HPLC-based method to measure ocrelizumab titer values.

Harvested Cell Culture Fluid (HCCF) Preparation
Complete lysis of CCF was achieved by high pressure 

homogenization using a Microfluidics HC-8000 homog- 
enizer. The pressure regulator of the instrument was set to 
4,000-8,000 psi, and the CCF was pulled in through the 
homogenizer to obtain complete cell lysis (membrane break
age) after a single pass. The CCF homogenate was collected 
once water was purged through the system. The homogenate 
was transferred to centrifuge bottles and centrifuged in a 
Sorval RC-3B rotor centrifuge at 4,500 rpm for 30 minutes at 
20° C. The centrate was decanted and then depth filtered 
followed by 0 .2 2  pm sterile filtration using a peristaltic pump 
with silicon tubing to generate the final HCCF from the 
homogenized CCF (100% cell lysis). Alternatively, the CCF
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was centrifuged straight from the fermentor without any 
homogenization and then the centrate was filtered with a 
sterile 0.22 pm filter to generate the HCCF.

Mini-Tank Handling
A laminar flow hood was used in handling all mini-tanks 5 

and all materials used in the HCCF incubation experiments 
were either autoclaved or rinsed using 70% isopropanol to 
minimize bacterial contamination.

Lactate Dehydrogenase Assay
For lactate dehydrogenase assay, see Babson & Babson 10 

(1973) and Legrand et al., (1992), which are hereby incorpo
rated by reference.

Dialysis Experiment
A dialysis experiment was carried out in order to determine 3 5 

whether the components causing reduction of ocrelizumab 
were small molecules or macromolecules (i.e. enzymes). A 
sample of 3 mL of purified and formulated ocrelizumab (30.2 
mg/mL) was dialyzed against 1 L of phosphate buffered 
saline (PBS, 10 mM pH 7.2) for 24 hours and the PBS was 20 
changed after 8 hours. The concentration of the ocrelizumab 
sample was then adjusted to 1 mg/mL using the absorbance at 
280 nm. Aliquots were stored at -70° C. prior to use. Dialysis 
tubing was hydrated overnight in a 0.05% azide solution and 
rinsed with sterile water prior to use. The HCCF obtained 25 
from homogenization of CCF from a 3-L fermentor was 
thawed and filtered through a 0.22 pm Millipak filter using a 
peristaltic pump. Six short mini-tanks were filled with 30 mL 
of HCCF each. To each mini-tank, 500 pL of ocrelizumab 
sample in sealed dialysis tubing was added. The mini-tanks 30 
were sealed and loaded into a bench top mixer (Barnstead 
Lab-Line MAX Q 4000) operating at 35 rpm and ambient 
temperature. For each time-point, one mini-tank was 
removed from the mixer, and aliquots of the HCCF (in the 35 
mini-tank) and ocrelizumab sample (in the dialysis bag) were 
taken and stored at -70° C. until analyzed with the free thiol 
assay and the Bioanalyzer assay (described below).

Test Inhibitors for Reduction in a Small-Scale In Vitro 
System 40

A tall mini-tank was filled with 27 mL of HCCF. Depend
ing on the experiment design, various reagents (NADPH, 
G6 P, inhibitors of G6 PD or TrxR) were added to the desired 
concentration, and the final volume in the mini-tank was 
brought to 30 mL with PBS (10 mM pH 7.2). The mini-tanks 45 
were sealed and loaded into a bench top mixer running at 35 
rpm and ambient temperature. At each-time point for sam
pling, the exteriors of the mini-tanks were sterilized with 70% 
IPA and opened in a laminar flow hood for the removal of an 
aliquot. The mini-tanks were then re-sealed and loaded back 50 
into the bench top mixer. All aliquots were stored at -70° C. 
until analyzed with the free thiol assay and Bioanalyzer assay 
(described below).

In Vitro Trx/TrxRreductase Studies
A commercial TrxR (rat liver) solution (4 pM) was diluted 55 

with water to yield a 2.86 pM solution. Lyophilized Trx 
(human) was reconstituted with PBS (10 mM, pH 7.2) yield
ing a 500 pM solution. A solution of 20 mM NADPH and 10 
mM ATG and ATM solutions were prepared in water.

In a black polypropylene 1.5 mL micro centrifuge tube, 60 
437 pL PBS, 25 pL NADPH, 16 pL formulated ocrelizumab 
solution (30.2 mg/mL) and 5 pL Trx were gently mixed. The 
reaction was initiated by the addition of 17.5 pL TrxR. The 
reaction was incubated at room temperature for 24 hours. 
Aliquots of 20 pL were taken at each sampling time-point and 65 
stored at -70° C. until analyzed by the Bioanalyzer assay (see 
below). Controls were performed to determine if the enzy-
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mafic pathway was active when an enzyme was omitted by 
substituting an equal volume of PBS for either Trx and/or 
TrxR in the reaction mixture.

Inhibition of the Trx system was demonstrated using the 
same reaction conditions described above with the addition of 
5 pL ATG or ATM. To demonstrate the inhibition of Trx 
system by Cu2+, 2.5 pL of CuS04 (10 mM) was added to 
reaction mixture using the same enzymes but a different 
buffer (10 mM histidine, 10mMNa2SO4, 137mMNaCl, 2.5 
mM KC1, pH 7.0) to prevent formation of insoluble Cu3 (P04) 
2 -

Free Thiol Assay
A standard curve using GSH was generated in PBS (10 

mM, pH 6.0±0.05). From a 1 lOmM GSH solution, standards 
were prepared at concentrations of 0, 5.5, 11, 22, 44, 55, 110 
and 550 pM through serial dilution. From an acetonitrile 
stock solution of mBB (10 mM stored at -20° C.), a 100 pM 
solution of mBB was prepared in PBS (10 mM, pH 
10.0±0.05) and stored away from light.

In a black, flat bottomed 96 well plate, 100 pL of mBB was 
dispensed into each well. For the standard curve, 10 pL of 
standard GSH solution was added yielding a working pH of 
8.0±0.2. For samples, lOpL of sample was added to the wells. 
All wells were prepared in triplicate. The plate was incubated 
at room temperature for 1 hour in the dark then read using a 
fluorescence plate reader (Molecular Devices SpectraMax® 
Gemini XS) with an excitation wavelength of 390 nm and an 
emission wavelength of 490 nm. A linear standard curve was 
generated using the average result of the three standard wells 
plotted versus GSH concentration. Free thiol levels in 
samples were calculated from the linear equation of the stan
dard curve using the average value of the three sample wells.

Bioanalyzer Assay
Capillary electrophoresis measurements were acquired 

using the Agilent 2100 Bioanalyzer. Sample preparation was 
carried out as described in the Agilent Protein 230 Assay 
Protocol (manual part number G2938-90052) with minor 
changes. HCCF samples were diluted, 1:4 and Protein A 
samples were diluted to 1.0 g/L with water prior to prepara
tion. For HCCF samples at the denaturing step, 24 pL of a 50 
mM iodoacetamide (IAM), 0.5% SDS solution was added in 
addition to the 2 pL of denaturing solution provided. For 
Protein A samples, 0.5% SDS with no JAM and 2 pL of 
denaturing solution were used. Digital gel-like images were 
generated using Agilent 2100 Expert software.

Stock Solutions for HCCF Hold Time Studies
Three separate stock solutions were used in the lab scale 

HCCF hold time studies: (1) 250 mM stock solution of EDTA 
(pH 7.4) prepared using EDTA, disodium dihydrate 
(Mallinckrodt, cat. #7727-06 or Sigma, cat. # E-5134) and 
EDTA, tetrasodium dihydrate (Sigma, cat. #E-6511), (2) 50 
mM stock solution of cupric sulfate pentahydrate (CuS04, 
Sigma, cat. # C-8027), and (3) 1 M acetic acid solution 
(Mallinckrodt, cat. # V I93).

Inhibitor Additions and Cell Culture Fluid (CCF) Blending
A stock solution of either 250 mM EDTA or 50 mM CuS04 

was added to the CCF prior to homogenization to evaluate a 
range of final concentrations to prevent antibody disulfide 
reduction. Once the final HCCF was generated from the 
homogenized CCF, these solutions were then mixed with the 
HCCF generated from the non-homogenized CCF (also con
taining EDTA or CuS04) in order to dilute and decrease the 
total level of cell lysis to below the 100% maximum. Alter
natively, a stock solution of 1 M acetic acid was added to a 
final blended HCCF solution (homogenized CCF and non- 
homogenized CCF) to decrease the pH of the solution to 
prevent antibody disulfide reduction.
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Approximately 30-50 mL of each HCCF solution (contain
ing EDTA, CuS04, acetic acid, or no addition for the control) 
was held in a 50 mL 316L stainless steel vial. The vial was 
sealed with a clamp, and the solution was not aerated or 
agitated. The vial was stored at room temperature (18-22° C.). 5 
At pre-determined time points, the solution was removed and 
purified over a lab scale protein A affinity resin.

Similar results can be obtained with other oxidizing agents, 
such as, for example, cystine and oxidized glutathione.

Air Sparging to
To evaluate air sparging of the HCCF generated from 

homogenized CCF to prevent antibody disulfide reduction,
3-L glass or 15-L stainless steel vessels were utilized. 
Approximately 1-5 L of HCCF was 0.22 pm sterile filtered 
into each sterilized vessel. Experimental conditions were 15 
maintained at 18-22° C. and 50 (15-L fermentor) or 275 rpm 
(3-L fermentor) agitation either with or without pH control by 
the addition of carbon dioxide. Solutions were either spaiged 
with air to increase the dissolved oxygen level to air saturation 
or with nitrogen (control) to remove any dissolved oxygen in 20 
solution. Gas flow to each vessel was variable dependent 
upon whether a constant aeration rate was used or a minimum 
level of dissolved oxygen was maintained. At pre-determined 
time points, 25-50 mL samples were removed from both 
vessels and purified over a lab scale protein A affinity resin 25 
prior to analysis.

Protein A Processing
Antibody in harvested cell culture fluid samples can be 

captured and purified using a specific affinity chromatogra
phy resin. Protein A resin (Millipore, Prosep-vA High Capac- 30 
ity) was selected as the affinity resin for antibody purification. 
The resin was packed in a 0.66 cm inner diameter glass 
column (Omnifit®) with a 14 cm bed height resulting in a 4.8 
mL final column volume. Chromatography was performed 
using an AKTA Explorer 100 chromatography system (GE 35 
Healthcare).

The resin was exposed to buffers and HCCF at a linear flow 
rate between 350-560 cm/hr. The resin was equilibrated with 
25 mM Tris, 25 mM NaCl, 5 mM EDTA, pH 7.1. For each 
purification, the resin was loaded between 5-15 mg antibody 40 
per mL of resin. The antibody concentration in the HCCF was 
determined using an immobilized protein A HPLC column 
(Applied Biosystems, POROS A). After loading, the resin 
was washed with 25 mM Tris, 25 mM NaCl, 5 mM EDTA, 0.5 
M TMAC, pH 7.1, and then the antibody was eluted using 45
0.1M acetic acid, pH 2.9. Elution pooling was based on UV 
absorbance at 280 nm measured inline after the column. The 
purified elution pools were pH-adjusted using 1 M Sodium 
HEPES to pH 5.0-5.5. After regeneration of the resin with 
0.1M phosphoric acid, the same or similar packed resins were 50 
used for subsequent purification of other HCCF solutions.

The antibody concentration in the purified protein A pool 
was measured using UV spectrometry at 280 nm. The purified 
protein A elution pools were analyzed by the Bioanalyzer 
assay to quantitate the percentage of intact antibody at 150 55 
kDa molecular weight.

Example 2

Dialysis Experiment 60

A dialysis experiment was designed and carried out to 
determine if the reduction of ocrelizumab was caused by 
small reducing molecules or macromolecules (e.g., 
enzymes). In this dialysis experiment, purified intact ocreli- 65 
zumab was placed in a dialysis bag with a molecular weight 
cut off (MWCO) of 7000 and incubated the dialysis bag in
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HCCF containing ocrelizumab in a stainless steel mini-tank. 
As shown in FIGS. 1 and 2, the ocrelizumab inside the bag 
was not reduced after the incubation period (FIG. 1), whereas 
the ocrelizumab outside the bag in the HCCF was signifi
cantly reduced soon after the incubation started. This was 
evidenced by the loss of intact ocrelizumab (-150 kDa) and 
the formation of ocrelizumab fragments (various combina
tions of heavy and light chains) (FIG. 2). The mass spectrom
etry analysis of the ocrelizumab in the protein A elution pools 
from the reduced manufacturing runs indicated that those 
observed fragments were formed by reduction of only the 
inter-chain disulfide bonds.

The free thiol measurement showed that no free thiols were 
present inside the dialysis bag at the beginning of the incu
bation; however the levels of free thiols inside and outside the 
dialysis bag become comparable in less than five hours after 
the incubation started, indicating that the small molecule 
components in the HCCF are fully equilibrated inside and 
outside the dialysis bag (FIG. 3). Since the reduction was 
observed only outside but not inside the dialysis bag with a 
MWCO of 7000 Da, the molecular weight of the reducing 
molecule(s) must be greater than 7000 Da. Thus, an enzy
matic reaction is responsible for the reduction of ocreli
zumab.

Example 3

Reduction of Ocrelizumab (rhuMAb 2H7, Variant A) 
by Trx/TrxR In Vitro

The Trx system was tested for its ability to reduce ocreli
zumab in vitro by incubating intact ocrelizumab with Trx, 
TrxR, and NADPH. The Bioanalyzer results indicate that 
ocrelizumab was reduced in vitro by the Trx system (FIG. 5). 
The rate of reduction in this in vitro system appears to be 
slower than that in the HCCF (for example when compared to 
the reduction shown in FIG. 2). This is likely due to lower 
concentrations of the enzymes (Trx and Trx-R) and/or the 
buffer system used in the in vitro reaction because reaction 
rate of Trx system is dependent on both the enzyme concen
trations and buffer systems.

Example 4 

Inhibitors of the Trx System

(i) Inhibition of Reduction of Recombinant Antibody by 
Cupric Sulfate

Cupric sulfate is known for its ability to provide oxidizing 
redox potential and has been used in the cell culture processes 
to minimize free thiol (i.e., minimize unpaired cysteine) lev
els in recombinant antibody molecules (Chaderjian et al., 
2005, supra). Cupric sulfate was tested for efficacy in inhib
iting the Trx system in vitro and the subsequent reduction of 
ocrelizumab. In this in vitro reduction experiment, the buffer 
system was changed from PBS to histidine sulfate to avoid the 
formation of insoluble Cu3(P04)2. FIG. 8 shows that ocreli
zumab was readily reduced by the Trx system in the histidine 
sulfate buffer (even faster than in PBS buffer). The addition of 
CuS04 to this reaction clearly inhibits the ocrelizumab reduc
tion (FIG. 9).

(ii) Inhibition of Reduction of Recombinant Antibody in 
HCCF by ATG and ATM

Two commercially available specific inhibitors of TrxR, 
aurothioglucose (ATG) and aurothiomalate (ATM), were 
tested for their ability to inhibit the Trx system in vitro and the 
reduction of ocrelizumab. Both ATG and ATM can effectively
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inhibit the reduction of ocrelizumab in the assay described 
above (see FIGS. 6 and 7). The addition of aurothioglucose or 
aurothiomalate, at a concentration of 1 mM to the same reac
tion mixture as described in the caption for FIG. 5 effectively 
inhibited the ocrelizumab reduction as shown in the digital 
gel-like image from Bioanalyzer analysis.

If the Trx system was active in the HCCF and reduced 
ocrelizumab as observed in the manufacturing runs resulting 
in reduced antibody molecules or in the lab scale experi
ments, both gold compounds (ATG and ATM) should be able 
to inhibit the reduction of ocrelizumab in HCCF. FIG. 10 
shows that ocrelizumab was readily reduced in an HCCF 
from homogenized CCT generated from a 3-L fermentor after 
a period of incubation. However, the ocrelizumab reduction 
event was completely inhibited when either 1 mM ATG or 
ATM was added to the HCCF (FIGS. 11 and 12). These 
results demonstrated that the Trx system is active in the 
HCCF and is directly responsible for the reduction of ocreli
zumab.

Example 5

The Source of NADPH for Trx System Activity and 
the Roles of G6P and Glucose in Reduction 

Mechanism

The reduction of disulfides by the Trx system requires the 
reducing equivalents from NADPH (FIG. 4). The main cel
lular metabolic pathway that provides NADPH for all reduc
tive biosynthesis reactions is the pentose phosphate pathway. 
For the antibody reduction event to occur, the enzymes in this 
pathway must be still active in the HCCF in order to keep the 
Trx system active. At a minimum, the first step in the pentose 
phosphate pathway (catalyzed by G6 PD) must be active to 
reduce NADP+ to NADPH while converting G6 P to 6 -phos- 
phogluconolactone. In addition, G6 P is most likely produced 
from glucose and adenosine 5'-triphosphate (ATP) by the 
hexokinase activity in HCCF. The overall mechanism of ocre
lizumab reduction is summarized in FIG. 4.

The reducing activity in the HCCF appeared to be transi
tory in some cases and may be inhibited over time under 
certain storage conditions or after multiple freeze/thaw 
cycles. HCCF that has fully lost reducing activity provided an 
opportunity to explore the role of NADPH and G6 P in the 
reduction of ocrelizumab by Trx system.

An HCCF from a large scale manufacturing run (the “beta” 
run) was subjected to several freeze/thaw cycles and used in 
an experiment designed to measure reduction; no ocreli
zumab reduction was observed (FIG. 13) despite its ability to 
bring about antibody reduction seen previously in freshly- 
thawed HCCF from this same fermentation. NADPH was 
added to this non-reducing HCCF at a concentration of 5 mM 
and the reduction event returned (FIG. 14). Therefore, the Trx 
system is still intact and active in the HCCF where reduction 
no longer occurs, and capable of reducing protein and/or 
antibody if supplied with cofactors. Additionally, the reduc
ing activity was lost over time as the NADPH source was 
depleted (presumably due to the oxidation of NADPH by all 
of the reductive reactions that compete for NADPH), and not 
because the Trx system was degraded or inactivated.

This was verified by another experiment. 10 mM G6 P was 
added to a HCCF that had been repeatedly freeze-thawed 
from the beta run. This G6 P addition reactivated the Trx 
system which subsequently reduced ocrelizumab in the 
HCCF incubation experiment (FIG. 15). This demonstrated 
that the reduction of ocrelizumab in the HCCF was caused by 
the activities of both the Trx system and G6PD. Furthermore,

53
G6 PD is still active in a repeatedly freeze/thawed HCCF of 
the beta run; the loss of reduction activity in this a repeatedly 
freeze/thawed HCCF beta run appears to be due to the deple
tion of G6 P, which thus eliminated the conversion of NADP+ 

5 to NADPH.
In our studies, we have observed that EDTA can effectively 

inhibit the ocrelizumab reduction in the HCCF incubation 
experiment. As shown in FIG. 16, the ocrelizumab was 
reduced after incubating the HCCF from a 12,000 L scale 
ocrelizumab manufacturing run (not repeatedly freeze/ 
thawed and no loss of reducing activity) at ambient tempera
ture for more than 19 hours. However, the reduction was 
completely inhibited when 20 mM EDTA was added to the 12 
kL HCCF and held in a separate stainless steel minitank (FIG.
17) . In the first step of glycolysis, the hexokinase catalyzes 

15 the transfer of phosphate group from Mg2+-ATP to glucose,
a reaction that requires the complexation of Mg2+ with ATP 
(Hammes & Kochavi, 1962a & 1962b, supra). Since EDTA is 
a metal ion chelator, especially for Mg2+, it can be an effec
tive inhibitor of hexokinase. The observation that an excess 

20 amount of EDTA can effectively block the reduction indicates 
the involvement of hexokinase (i.e. providing G6 P) in the 
mechanism of ocrelizumab reduction. Without being bound 
by this, or any other theory, EDTA blocks the reduction of 
ocrelizumab by eliminating the hexokinase activity and 

25 thereby reducing the G6 P level available for G6PD, and sub
sequently the NADPH level available for the Trx system.

Although EDTA is every effective in blocking the reduc
tion of ocrelizumab in fresh HCCF, it was unable to prevent 
the reduction of ocerlizumab in the beta run HCCF in which 
the Trx system activity was lost then reactivated by the addi
tion of G6 P. For example, the reduction of ocrelizumab was 
observed in an HCCF incubation experiment in which 5 mM 
G6 P and 20 mM EDTA (final concentrations) were added to 
the beta run HCCF that had fully lost reducing activity (FIG.
18) . However, no reduction was seen in the control incubation 

35 experiment in which no G6 P and EDTA were added. Without
being bound by this or any other theory, the EDTA used in this 
manner may therefore inhibit neither the Trx system nor the 
G6 PD, and may function as an inhibitor for hexokinase, 
which produces the G6 P for the G6PD. Without G6 P, the Trx 

40 system would not be supplied with the necessary NADPH for 
activity.

Example 6

45 Inhibition of Reduction of Recombinant Antibody by 
DHEA

Dehydroepiandrosterone (DHEA), as well as other similar 
G6 PD inhibitors, effectively blocks G6 PD activity (Gordon 
et al., 1995, supra). G6 PD inhibitors also prevent the reduc- 

50 tion of an antibody in HCCF, for example, ocrelizumab, by 
blocking the generation of NADPH. The ability of DHEA to 
inhibit the reduction of orcelizumab is demonstrated in an 
HCCF incubation experiment. Adding DHEA to a HCCF 
prevents antibody reduction.

55 DHEA is typically used in the concentration range from 
about 0.05 mM to about 5 mM. DHEA is also typically used 
in the concentration range from about 0.1 mM to about 2.5 
mM.

60 Example 7

Inhibition of Reduction of Recombinant Antibody by 
(i) EDTA, (ii) Cupric Sulfate, and (iii) Acetic Acid 

Additions
65

Four different HCCFs were stored and held in the stainless 
steel vials. The solutions were similar in the amount of cell

54
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56
lysis, which were generated by diluting HCCF from homog
enized CCF with F1CCF from non-homogenized CCF. For 
example, 150 mL of the first lysed solution was mixed with 50 
mL of the second solution, respectively. The four F1CCF 
mixtures evaluated in this study contained either: (1) 20 mM 5 
EDTA, (2) 30 pM CuS04, (3) 15 mM acetic acid (pH 5.5), and 
(4) no chemical inhibitor was added for the control solution. 
The ocrelizumab antibody from all four mixtures was purified 
immediately (t=0 hr) using protein A chromatography and 
then again after 20 hr and 40 hr of storage in the stainless steel 10 
vials. Purified protein A elution pools were analyzed by the 
Bioanalyzer assay to quantitate the percentage of intact anti
body (150 kDa). The results showed that greater than 90% 
intact antibody was present in all four mixtures at the initial 15 
time point (FIG. 19). However, at the 20 hr time point, intact 
antibody was not detected in the control mixture (without any 
addition) indicating reduction of the antibody disulfide 
bonds. In the three other mixtures, over 90% intact antibody 
was still detected at both 20 hr and 40 hr time points, dem- 20 
onstrating the prevention of disulfide bond reduction by all 
three inhibitors tested.

Example 8

25
Inhibition of Reduction of Recombinant Antibody by 

Air Spaiging the HCCF

One HCCF mixture generated from homogenized CCF 
was stored and held in two separate 10 L stainless steel 3Q 
fermentors. One vessel was sparged with air while the other 
vessel was sparged with nitrogen gas. The ocrelizumab anti
body was purified immediately (t= 0  hr) from the initial mix
ture using protein A chromatography. At selected time points,

50 mL samples were removed from each vessel and the anti
body was purified using protein A chromatography. Purified 
protein A elution pools were then analyzed by the Bioana
lyzer assay to quantitate the percentage of intact antibody at 
150 kDa. The results showed that approximately 85% intact 
antibody was present in the initial solution (FIG. 20), indicat
ing some early reduction of the antibody disulfide bonds prior 
to exposure to oxygen (i.e. sparged air in the fermentor). Once 
the mixture was spaiged with air for two hours, greater than 
90% intact antibody was measured for the remainder of the 36 
hr study. In contrast, when the mixture was spaiged with 
nitrogen gas, the antibody reduction event continued as mea
sured at 2 hr (28% 150kDa peak) and 6 hr (5% 150kDapeak). 
These results demonstrated the prevention of disulfide bond 
reduction in the antibody when the HCCF mixture generated 
from homogenized CCF was exposed to oxygen.

Example 9

Design of Targeted siRNA or Antisense Nucleotide 
Trx Inhibitors

The design of targeted siRNAs or antisense nucleotides to 
the genes as found in CHO cells may be done by using 
publicly available sequences such as those forE. coli thiore- 
doxin TrxA (SEQ ID NO:30), E. coli thioredoxin reductase 
TrxB (SEQ ID NO:31); mouse thioredoxin 1 (SEQ ID 
NO:32), mouse thioreodoxin 2 (SEQ ID NO:33), mouse 
thioredoxin reductase 1 (SEQ ID NO:34), and mouse thiore
doxin reductase 2 (SEQ ID NO:35). One of ordinary skill in 
the art can use these sequences to select sequences to design 
Trx inhibitors for targeting enzymes in different organisms 
and/or cells, such as CHO cells.

The sequence of E. coli Thioredoxin TrxA is:

ATG TTA CAC CAA CAA CGA AAC 

TTA TAT ATG AGC GAT AAA ATT 

GAT GTA CTC AAA GCG GAC GGG 

TGG TGC GGT CCG TGC AAA ATG 

GAC GAA TAT CAG GGC AAA CTG 

AAC CCT GGC ACT GCG CCG AAA 

CTG TTC AAA AAC GGT GAA GTG 

AAA GGT CAG TTG AAA GAG TTC

CAA CAC GCC AGG CTT ATT 

ATT CAC CTG ACT GAC GAC 

GCG ATC CTC GTC GAT TTC 

ATC GCC CCG ATT CTG GAT 

ACC GTT GCA AAA CTG AAC 

TAT GGC ATC CGT GGT ATC 

GCG GCA ACC AAA GTG GGT 

CTC GAC GCT AAC CTG GCG

(SEQ ID NO: 3 0)
CCT GTG GAG 

AGT TTT GAC ACG 

TGG GCA GAG 

GAA ATC GCT 

ATC GAT CAA 

CCG ACT CTG CTG 

GCA CTG TCT 

TAA.

The sequence of E. coli Thioredoxin TrxB is:

(SEQ ID NO: 3 1)
ATG GGC ACG ACC AAA CAC AGT AAA CTG CTT ATC CTG GGT TCA GGC CCG

GCG GGA TAC ACC GCT GCT GTC TAC GCG GCG CGC GCC AAC CTG CAA CCT

GTG CTG ATT ACC GGC ATG GAA AAA GGC GGC CAA CTG ACC ACC ACC ACG

GAA GTG GAA AAC TGG CCT GGC GAT CCA AAC GAT CTG ACC GGT CCG TTA

TTA ATG GAG CGC ATG CAC GAA CAT GCC ACC AAG TTT GAA ACT GAG ATC

ATT TTT GAT CAT ATC AAC AAG GTG GAT CTG CAA AAC CGT CCG TTC CGT CTG

AAT GGC GAT AAC GGC GAA TAC ACT TGC GAC GCG CTG ATT ATT GCC ACC

GGA GCT TCT GCA CGC TAT CTC GGC CTG CCC TCT GAA GAA GCC TTT AAA GGC
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58
CGT GGG GTT TCT GCT TGT GCA ACC

AAA GTT GCG GTC ATC GGC GGC GGC

TAT CTG TCT AAC ATC GCT TCG GAA

TTC CGC GCG GAA AAA ATC CTC ATT

AAC GGC AAC ATC ATT CTG CAC ACC

GGC GAT CAA ATG GGT GTC ACT GGC

AGC GAT AAC ATC GAG TCA CTC GAC

CAC AGC CCG AAT ACT GCG ATT TTC

GGC TAC ATC AAA GTA CAG TCG GGT

AGC ATT CCT GGC GTC TTT GCC GCA

CAG GCC ATT ACT TCG GCC GGT ACA

GAA CGC TAC CTC GAT GGT TTA GCT

-continued
TGC GAC GGT TTC TTC TAT CGC AAC CAG

AAT ACC GCG GTT GAA GAG GCG TTG

GTG CAT CTG ATT CAC CGC CGT GAC GGT

AAG CGC CTG ATG GAT AAA GTG GAG

AAC CGT ACG CTG GAA GAA GTG ACC

GTT CGT CTG CGC GAT ACG CAA AAC

GTT GCC GGT CTG TTT GTT GCT ATC GGT

GAA GGG CAG CTG GAA CTG GAA AAC

ATT CAT GGT AAT GCC ACC CAG ACC

GGC GAC GTG ATG GAT CAC ATT TAT CGC

GGC TGC ATG GCA GCA CTT GAT GCG

GAC GCA AAA TAA.

The sequence of mouse thioredoxin 1 is:

(SEQ ID NO: 3 2 )  25
ATGGTGAAGCTGATCGAGAGCAAGGAAGCTTTTCAGGAGGCCCTGGCCGC

CGCGGGAGACAAGCTTGTCGTGGTGGACTTCTCTGCTACGTGGTGTGGAC

CTTGCAAAATGATCAAGCCCTTCTTCCATTCCCTCTGTGACAAGTATTCC

AATGTGGTGTTCCTTGAAGTGGATGTGGATGACTGCCAGGATGTTGCTGC 30

AGACTGTGAAGTCAAATGCATGCCGACCTTCCAGTTTTATAAAAAGGGTC

AAAAGGTGGGGGAGTTCTCCGGTGCTAACAAGGAAAAGCTTGAAGCCTCT

ATTACTGAATATGCCTAA. 35

The sequence of mouse thioreodoxin 2 is:

(SEQ ID NO: 3 3)  
ATGGCTCAGCGGCTCCTCCTGGGGAGGTTCCTGACCTCAGTCATCTCCAG 40

GAAGCCTCCTCAGGGTGTGTGGGCTTCCCTCACCTCTAAGACCCTGCAGA

CCCCTCAGTACAATGCTGGTGGTCTAACAGTAATGCCCAGCCCAGCCCGG

ACAGTACACACCACCAGAGTCTGTTTGACGACCTTTAACGTCCAGGATGG 45

ACCTGACTTTCAAGACAGAGTTGTCAACAGTGAGACACCAGTTGTTGTGG

ACTTTCATGCACAGTGGTGTGGCCCCTGCAAGATCCTAGGACCGCGGCTA

GAGAAGATGGTCGCCAAGCAGCACGGGAAGGTGGTCATGGCCAAAGTGGA 50

CATTGACGATCACACAGACCTTGCCATTGAATATGAGGTGTCAGCTGTGC

CTACCGTGCTAGCCATCAAGAACGGGGACGTGGTGGACAAGTTTGTGGGG

ATCAAGGACGAGGACCAGCTAGAAGCCTTCCTGAAGAAGCTGATTGGCTG 55

A.

The sequence of mouse thioredoxin reductase 1 is:
60

(SEQ ID NO: 3 4)  
ATGAATGGCTCCAAAGATCCCCCTGGGTCCTATGACTTCGACCTGATCAT

CATTGGAGGAGGCTCAGGAGGACTGGCAGCAGCTAAGGAGGCAGCCAAAT
65

TTGACAAGAAAGTGCTGGTCTTGGATTTTGTCACACCGACTCCTCTTGGG

-continued
ACCAGATGGGGTCTCGGAGGAACGTGTGTGAATGTGGGTTGCATACCTAA

GAAGCTGATGCACCAGGCAGCTTTGCTCGGACAAGCTCTGAAAGACTCGC

GCAACTATGGCTGGAAAGTCGAAGACACAGTGAAGCATGACTGGGAGAAA

ATGACGGAATCTGTGCAGAGTCACATCGGCTCGCTGAACTGGGGCTACCG

CGTAGCTCTCCGGGAGAAAAAGGTCGTCTATGAGAATGCTTACGGGAGGT

TCATTGGTCCTCACAGGATTGTGGCGACAAATAACAAAGGTAAAGAAAAA

ATCTATTCAGCAGAGCGGTTCCTCATCGCCACAGGTGAGAGGCCCCGCTA

CCTGGGCATCCCTGGAGACAAAGAGTACTGCATCAGCAGTGATGATCTTT

TCTCCTTGCCTTACTGCCCGGGGAAGACCCTAGTAGTTGGTGCATCCTAT

GTCGCCTTGGAATGTGCAGGATTTCTGGCTGGTATCGGCTTAGACGTCAC

TGTAATGGTGCGGTCCATTCTCCTTAGAGGATTTGACCAAGACATGGCCA

ACAAAATCGGTGAACACATGGAAGAACATGGTATCAAGTTTATAAGGCAG

TTCGTCCCAACGAAAATTGAACAGATCGAAGCAGGAACACCAGGCCGACT

CAGGGTGACTGCTCAATCCACAAACAGCGAGGAGACCATAGAGGGCGAAT

TTAACACAGTGTTGCTGGCGGTAGGAAGAGATTCTTGTACGAGAACTATT

GGCTTAGAGACCGTGGGCGTGAAGATAAACGAAAAAACCGGAAAGATACC

CGTCACGGATGAAGAGCAGACCAATGTGCCTTACATCTACGCCATCGGTG

ACATCCTGGAGGGGAAGCTAGAGCTGACTCCCGTAGCCATCCAGGCGGGG

AGATTGCTGGCTCAGAGGCTGTATGGAGGCTCCAATGTCAAATGTGACTA

TGACAATGTCCCAACGACTGTATTTACTCCTTTGGAATATGGCTGTTGTG

GCCTCTCTGAAGAAAAAGCCGTAGAGAAATTTGGGGAAGAAAATATTGAA

GTTTACCATAGTTTCTTTTGGCCATTGGAATGGACAGTCCCATCCCGGGA

TAACAACAAATGTTATGCAAAAATAATCTGCAACCTTAAAGACGATGAAC

GTGTCGTGGGCTTCCACGTGCTGGGTCCAAACGCTGGAGAGGTGACGCAG

GGCTTTGCGGCTGCGCTCAAGTGTGGGCTGACTAAGCAGCAGCTGGACAG

CACCATCGGCATCCACCCGGTCTGTGCAGAGATATTCACAACGTTGTCAG

TGACGAAGCGCTCTGGGGGAGACATCCTCCAGTCTGGCTGCTGA
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60
The sequence of mouse thioredoxin reductase 2 is:

(SEQ ID NO: 3 5)  
ATGGCGGCGATGGTGGCGGCGATGGTGGCGGCGCTGCGTGGACCCAGCAG

GCGCTTCCGGCCGCGGACACGGGCTCTGACACGCGGGACAAGGGGCGCGG

CGAGTGCAGCGGGAGGGCAGCAGAGCTTTGATCTCTTGGTGATCGGTGGG

GGATCCGGTGGCCTAGCTTGTGCCAAGGAAGCTGCTCAGCTGGGAAAGAA

GGTGGCTGTGGCTGACTATGTGGAACCTTCTCCCCGAGGCACCAAGTGGG

GCCTTGGTGGCACCTGTGTCAACGTGGGTTGCATACCCAAGAAGCTGATG

CATCAGGCTGCACTGCTGGGGGGCATGATCAGAGATGCTCACCACTATGG

CTGGGAGGTGGCCCAGCCTGTCCAACACAACTGGAAGACAATGGCAGAAG

CCGTGCAAAACCATGTGAAATCCTTGAACTGGGGTCATCGCGTCCAACTG

CAGGACAGGAAAGTCAAGTACTTTAACATCAAAGCCAGCTTTGTGGATGA

GCACACAGTTCGCGGTGTGGACAAAGGCGGGAAGGCGACTCTGCTTTCAG

CTGAGCACATTGTCATTGCTACAGGAGGACGGCCAAGGTACCCCACACAA

GTCAAAGGAGCCCTGGAATATGGAATCACAAGTGACGACATCTTCTGGCT

GAAGGAGTCCCCTGGGAAAACGTTGGTGGTTGGAGCCAGCTATGTGGCCC

TAGAGTGTGCTGGCTTCCTCACTGGAATTGGACTGGATACCACTGTCATG

ATGCGCAGCATCCCTCTCCGAGGCTTTGACCAGCAAATGTCATCTTTGGT

CACAGAGCACATGGAGTCTCATGGCACCCAGTTCCTGAAAGGCTGTGTCC

CCTCCCACATCAAAAAACTCCCAACTAACCAGCTGCAGGTCACTTGGGAG

GATCATGCTTCTGGCAAGGAAGACACAGGCACCTTTGACACTGTCCTGTG

GGCCATAGGGCGAGTTCCAGAAACCAGGACTTTGAATCTGGAGAAGGCTG

GCATCAGTACCAACCCTAAGAATCAGAAGATTATTGTGGATGCCCAGGAG

GCTACCTCTGTTCCCCACATCTATGCCATTGGAGATGTTGCTGAGGGGCG

GCCTGAGCTGACGCCCACAGCTATCAAGGCAGGAAAGCTTCTGGCTCAGC

GGCTCTTTGGGAAATCCTCAACCTTAATGGATTACAGCAATGTTCCCACA

ACTGTCTTTACACCACTGGAGTATGGCTGTGTGGGGCTGTCTGAGGAGGA

GGCTGTGGCTCTCCATGGCCAGGAGCATGTAGAGGTTTACCATGCATATT

ATAAGCCCCTAGAGTTCACGGTGGCGGATAGGGATGCATCACAGTGCTAC

ATAAAGATGGTATGCATGAGGGAGCCCCCACAACTGGTGCTGGGCCTGCA

CTTCCTTGGCCCCAACGCTGGAGAAGTCACCCAAGGATTTGCTCTTGGGA

TCAAGTGTGGGGCTTCATATGCACAGGTGATGCAGACAGTAGGGATCCAT

CCCACCTGCTCTGAGGAGGTGGTCAAGCTGCACATCTCCAAGCGCTCCGG

CCTGGAGCCTACTGTGACTGGTTGCTGA.
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Example 10

In Vitro Trx/Trx Reductase Studies
60

Materials and Methods
A commercial TrxR (rat liver) solution (4 pM) was diluted 

with water to yield a 2.86 pM solution. Lyophilized Trx 
(human) was reconstituted with PBS (10 mM, pH 7.2) yield- 65 
ing a 500 pM solution. A solution of 20 mM NADPH and 10 
mM ATG and ATM solutions were prepared in water.

In a black polypropylene 1.5 mL micro centrifuge tube, 
437 pL reaction buffer (10 mM histidine, 10 mM Na2S04, 
137 mM NaCl, 2.5 mM KC1, pH 7.0), 25 pL NADPH, 16 pL 
formulated ocrelizumab solution (30.2 mg/mL) and 5 pL Trx 
were gently mixed. The reaction was initiated by the addition 
of 17.5 pL TrxR. The reaction was incubated at room tem
perature for 24 hours. Aliquots of 20 pL were taken at each 
sampling time-point and stored at -70° C. until analyzed by 
the Bioanalyzer assay.

Inhibition of the Trx system was demonstrated using the 
same reaction conditions described above with the addition of 
various inhibitors.

1. In Vitro Activity of Thioredoxin System
FIG. 24 shows a digital gel-like image from Bioanalyzer 

analysis (each lane representing a time point) showing that 
incubation of intact ocrelizumab (“2H7,” a humanized anti- 
CD20 antibody, referred to as “Variant A” above) (1 mg/mL) 
with 0.1 pM TrxR (rat liver), 5 pM Trx (human) and 1 mM 
NADPH in 10 mM histidine sulfate buffer results in the 
reduction of ocrelizumab in less than one hour.

2. In Vitro Activity of Thioredoxin System Inhibited by 
Aurothioglucose

Aurothioglucose (ATG) was added to the ocrelizumab 
mixture described above, at the following concentrations: 1 
mM; 0.6 pM (6:1 ATG:TrxR); 0.4 pM (4:1 ATG:TrxR); and 
0.2 pM (2:1 ATG:TrxR).

As attested by the digital gel-like images from Bioanalyzer 
analysis shown in FIGS. 25-27, aurothioglucose added at 
concentrations 1 mM, 0.6 pM, and 0.4 pM effectively inhibits 
the reduction of ocrelizumab by the thioredoxin system. 
However, as shown in FIG. 28, under these experimental 
conditions aurothioglucose added at a concentration of 0.2 
pM cannot inhibit ocrelizumab reduction after 24 hours.

3. In Vitro Activity of Thioredoxin System Inhibited by 
Aurothiomalate

Aurothiomalate (ATM) was added to the ocrelizumab mix
ture described above, at concentrations of 0.1 mM and 0.01 
mM. As attested by the digital gel-like images from Bioana
lyzer analysis shown in FIGS. 29 and 30, ATM effectively 
inhibits the reduction of ocrelizumab by the thioredoxin sys
tem at both concentrations tested.

4. In Vitro Activity of Thioredoxin System Inhibited by 
Cuso4

CuS04 was added to the ocrelizumab mixture described 
above, at concentrations of20pM(4:l Cu2+:Trx); 10pm(2:l 
Cu2+:Trx); and 5 pM (1:1 Cu2+:Trx). As shown in FIGS. 
31-33, CuS04 effectively inhibits thioredoxin-induced 
reduction of ocrelizumab at concentrations of 20 pM and 10 
pM (FIGS. 31 and 32), but the 5 pM concentration is insuf
ficient to result in a complete inhibition of reduction (FIG. 
33).

5. In Vitro Activity of Thioredoxin System Inhibited by 
Cystamine

Cystamine was added to the ocrelizumab mixture describe 
above at the following concentrations: 532 pM (20:1 cysta- 
mine:2H7 (Variant A) disulfide); 266 pM (10:1 cystamine: 
2H7 (Variant A) disulfide); 133 pM (5:1 cystamine:2H7 dis
ulfide); and 26.6 pM (1:1 cystamine:2H7 (Variant A) 
disulfide). As shown in FIGS. 34-37, cystamine effectively 
inhibits thioredoxin-induced reduction of ocrelizumab at 
concentrations of 532 pM (20:1 cystamine:2H7 (Variant A) 
disulfide) and 266 pM (10:1 cystamine:2H7 (Variant A)) 
(FIGS. 34 and35)butthe 133 pM (5:1 cystamine:2H7 (Vari
ant A) disulfide) and 26.6 pM (1:1 cystamine:2H7 (Variant A) 
disulfide) concentrations are insufficient to inhibit the reduc
tion of ocrelizumab after 24 hours (FIGS. 36 and 37).
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6. In Vitro Activity of Thioredoxin System Inhibited by 
Cystine

Cystine was added to the ocrelizumab mixture described 
above at a concentration of 2.6 mM. As shown in FIG. 38, at 
this concentration cystine effectively inhibits reduction of 5 

ocrelizumab by the thioredoxin system. It is noted that the 
minimum effective concentration of cystine (just as the effec
tive minimum concentration of other inhibitors) depends on 
the actual circumstances, and might be different for different 
proteins, such as antibodies, and might vary depending on the to 
timing of addition. Thus, for example, if cystine is added 
pre-lysis, the minimum effective concentration for antibody 
2H7 (Variant A) is about 1.3 mM, for Apomab about 1 mM 
and for antibody Variant C about 4.5 mM. When cystine is 
added in the cell culture medium, the minimum effective 15 
concentration typically is somewhat higher, and is about 5.2 
mM for 2H7 (Variant A), 6 mM for Apomab and 9 mM for 
antibody Variant C. Usually, for cystine, cystamine and oxi
dized glutathione (see below) the minimum effective inhibi
tory concentration is about 40x of the antibody concentration 
(in pM). 20

7. In Vitro Activity of Thioredoxin System Inhibited by 
Oxidized Glutathione (GSSG)

GSSG was added to the ocrelizumab mixture described 
above at a concentration of 2.6 mM. As shown in FIG. 39, at 
this concentration GSSG effectively inhibits reduction of 25 
ocrelizumab by the thioredoxin system. It is noted, however, 
that the minimum effective concentration of oxidize glu
tathione (just as that of the other inhibitors) depends on the 
actual circumstances, such as, for example, on the nature of 
the protein (e.g. antibody) produced and the timing of addi- 30 
tion. For example, for antibody 2H7 (Variant A) the minimum 
effective concentration is about 1.3 mM for addition prior to 
lysis.

8. In Vitro Activity of Enzymatic Reduction System
FIG. 40 shows a digital gel-like image from Bioanalyzer 35 

analysis (each lane representing a time point) showing that 
incubation of intact ocrelizumab (“2H7,” a humanized anti- 
CD20 antibody, Variant A) (1 mg/mL) with 10 pg/mL hex- 
okinase, 50 pg/mL glucose-6-phosphate dehydrogenase, 5 
pM thioredoxin, 0.1 pM thoredoxin reductase, 2 mM glucose,
0.6 mM ATP, 2 mM Mg2+, and 2 mM NADP in 50 mM 40 
histidine sulfate buffered at pH 7.3 8 results in the reduction of 
ocrelizumab in about one hour. Addition of 0.1 mM HDEA, a 
known glucose-6-phosphate dehydrogenase inhibitor does 
not inhibit the reduction.

9. In Vitro Activity of Enzymatic Reduction System 45 
Requires NADPH

As shown in the digital gel-like image from Bioanalyzer 
analysis of FIG. 41, incubation of intact ocrelizumab (1 
mg/mL) with 5 pM thioredoxin, 0.1 pM thioredoxin reduc
tase, and 2 mM NADP in 50 mM histidine sulfate buffer at pH 50 
7.38 does not result in the reduction of the ocrelizumab anti
body. Reduction of ocrelizumab could not occur without hex- 
okinase and glucose-6-phosphate dehydrogenase and their 
substrates to generate NADPH.

The invention illustratively described herein can suitably 55 
be practiced in the absence of any element or elements, limi
tation or limitations that is not specifically disclosed herein.

US 8,574,
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Thus, for example, the terms “comprising,” “including,” 
“containing,” etc. shall be read expansively and without limi
tation. Additionally, the terms and expressions employed 
herein have been used as terms of description and not of 
limitation, and there is no intention in the use of such terms 
and expressions of excluding any equivalent of the invention 
shown or portion thereof, but it is recognized that various 
modifications are possible within the scope of the invention 
claimed. Thus, it should be understood that although the 
present invention has been specifically disclosed by preferred 
embodiments and optional features, modifications and varia
tions of the inventions embodied herein disclosed can be 
readily made by those skilled in the art, and that such modi
fications and variations are considered to be within the scope 
of the inventions disclosed herein. The inventions have been 
described broadly and generically herein. Each of the nar
rower species and subgeneric groupings falling within the 
generic disclosure also form the part of these inventions. This 
includes within the generic description of each of the inven
tions a proviso or negative limitation that will allow removing 
any subject matter from the genus, regardless or whether or 
not the material to be removed was specifically recited. In 
addition, where features or aspects of an invention are 
described in terms of the Markush group, those schooled in 
the art will recognize that the invention is also thereby 
described in terms of any individual member or subgroup of 
members of the Markush group. Further, when a reference to 
an aspect of the invention lists a range of individual members, 
as for example, ‘SEQ ID NO: 1 to SEQ ID NO: 100, inclusive,’ 
it is intended to be equivalent to listing every member of the 
list individually, and additionally it should be understood that 
every individual member may be excluded or included in the 
claim individually.

The steps depicted and/or used in methods herein may be 
performed in a different order than as depicted and/or stated. 
The steps are merely exemplary of the order these steps may 
occur. The steps may occur in any order that is desired such 
that it still performs the goals of the claimed invention.

From the description of the invention herein, it is manifest 
that various equivalents can be used to implement the con
cepts of the present invention without departing from its 
scope. Moreover, while the invention has been described with 
specific reference to certain embodiments, a person of ordi
nary skill in the art would recognize that changes can be made 
in form and detail without departing from the spirit and the 
scope of the invention. The described embodiments are con
sidered in all respects as illustrative and not restrictive. It 
should also be understood that the invention is not limited to 
the particular embodiments described herein, but is capable 
of many equivalents, rearrangements, modifications, and sub
stitutions without departing from the scope of the invention. 
Thus, additional embodiments are within the scope of the 
invention and within the following claims.

All U.S. patents and applications; foreign patents and 
applications; scientific articles; books; and publications men
tioned herein are hereby incorporated by reference in their 
entirety as if each individual patent or publication was spe
cifically and individually indicated to be incorporated by 
reference, including any drawings, figures and tables, as 
though set forth in foil.
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SEQUENCE LIS T IN G

< 1 6 0 >  NUMBER OF SEQ ID NOS: 35

< 2 1 0 >  SEQ ID NO 1 
< 2 1 1 >  LENGTH: 1 0 7  
< 2 1 2 >  TYPE: PRT
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< 2 1 3  > ORGANISM: A r t i f i c i a l  
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: l i g h t  c h a i n  v a r i a b l e  

< 4 0 0 >  SEQUENCE: 1

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
1 5  10  15

A s p  A r g  V a l  T h r  l i e  T h r  C y s  A r g  A l a  S e r  S e r  S e r  V a l  S e r  T y r  M et 
20  25  30

H i s  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  P r o  L e u  l i e  T y r  
35  40  45

A l a  P r o  S e r  A s n  L e u  A l a  S e r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  G l y  S e r  
50  55  60

G l y  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  L e u  G i n  P r o  G l u
65  70  75  80

A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  T r p  S e r  P h e  A s n  P r o  P r o  T h r
85  90 95

P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  A r g  
1 0 0  1 0 5

< 2 1 0 >  SEQ ID NO 2
< 2 1 1 >  LENGTH: 122
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: h e a v y  c h a i n  v a r i a b l e

< 4 0 0 >  SEQUENCE: 2

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  
1 5  10

G i n  P r o  G l y  G l y  
15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  T h r  
20  25

P h e  T h r  S e r  T y r  
30

A s n  M e t  H i s  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  
35  40

L e u  G l u  T r p  V a l  
45

G l y  A l a  l i e  T y r  P r o  G l y  A s n  G l y  A s p  T h r  S e r  T y r  A s n  G i n  L y s  P h e  
50  55  60

L y s  G l y  A r g  P h e  T h r  l i e  S e r  V a l  A s p  L y s  S e r  L y s  
65  70  75

A s n  T h r  L e u  T y r  
80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  
85  90

V a l  T y r  T y r  C ys  
95

A l a  A r g  V a l  V a l  T y r  T y r  S e r  A s n  S e r  T y r  T r p  T y r  
1 0 0  1 0 5

P h e  A s p  V a l  T r p  
110

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 3
< 2 1 1 >  LENGTH: 107
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: l i g h t  c h a i n  v a r i a b l e  

< 4 0 0 >  SEQUENCE: 3

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
1 5  10  15

A s p  A r g  V a l  T h r  l i e  T h r  C y s  A r g  A l a  S e r  S e r  S e r  V a l  S e r  T y r  L e u  
20  25  30

H i s  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  P r o  L e u  l i e  T y r  
35  40  45
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-continued
A l a P r o

50
S e r A s n L e u A l a S e r

55
G l y V a l P r o S e r

60
P h e S e r G l y S e r

G l y
65

S e r G l y T h r A s p P h e
70

T h r L e u T h r l i e S e r
75

S e r L e u G i n P r o G l u
80

A sp P h e A l a T h r T y r
85

T y r Cy s G i n G i n T r p
90

A l a P h e A s n P r o P r o
95

T h r

P h e G l y G i n G l y T h r L y s V a l G l u H e L y s A r g

< 2 1 0 >  SEQ ID NO 4
< 2 1 1 >  LENGTH: 122
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: h e a v y  c h a i n  v a r i a b l e  

< 4 0 0 >  SEQUENCE: 4

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  
1 5  10

G i n  P r o  G l y  G l y  
15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  T h r  
20  25

P h e  T h r  S e r  T y r  
30

A s n  M e t  H i s  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  
35  40

L e u  G l u  T r p  V a l  
45

G l y  A l a  l i e  T y r  P r o  G l y  A s n  G l y  A l a  T h r  S e r  T y r  A s n  G i n  L y s  P h e  
50  55  60

L y s  G l y  A r g  P h e  T h r  l i e  S e r  V a l  A s p  L y s  S e r  L y s  
65  70  75

A s n  T h r  L e u  T y r  
80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  
85  90

V a l  T y r  T y r  C ys  
95

A l a  A r g  V a l  V a l  T y r  T y r  S e r  A l a  S e r  T y r  T r p  T y r  
1 0 0  1 0 5

P h e  A s p  V a l  T r p  
110

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 5
< 2 1 1 >  LENGTH: 122
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: h e a v y  c h a i n  v a r i a b l e

< 4 0 0 >  SEQUENCE: 5

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  
1 5  10

G i n  P r o  G l y  G l y  
15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  T h r  
20  25

P h e  T h r  S e r  T y r  
30

A s n  M e t  H i s  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  
35  40

L e u  G l u  T r p  V a l  
45

G l y  A l a  l i e  T y r  P r o  G l y  A s n  G l y  A l a  T h r  S e r  T y r  A s n  G i n  L y s  P h e  
50  55  60

L y s  G l y  A r g  P h e  T h r  l i e  S e r  V a l  A s p  L y s  S e r  L y s  
65  70  75

A s n  T h r  L e u  T y r  
80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  
85  90

V a l  T y r  T y r  C ys  
95

A l a  A r g  V a l  V a l  T y r  T y r  S e r  T y r  A r g  T y r  T r p  T y r  
1 0 0  1 0 5

P h e  A s p  V a l  T r p  
110

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0
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< 2 1 0 >  SEQ ID NO 6
< 2 1 1 >  LENGTH: 213
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  l i g h t  c h a i n  

< 4 0 0 >  SEQUENCE: 6

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  
1 5  10

A s p  A r g  V a l  T h r  l i e  T h r  C y s  A r g  A l a  S e r  S e r  S e r  V a l  S e r  
20  25  30

H i s  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  P r o  L e u  
35  40  45

A l a  P r o  S e r  A s n  L e u  A l a  S e r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  
50  55  60

G l y  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  L e u  G i n  
65  70  75

A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  T r p  S e r  P h e  A s n  P r o  
85  90

P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  A r g  T h r  V a l  A l a  
1 0 0  1 0 5  1 1 0

S e r  V a l  P h e  l i e  P h e  P r o  P r o  S e r  A s p  G l u  G i n  L e u  L y s  S e r  
1 1 5  1 2 0  1 2 5

A l a  S e r  V a l  V a l  C y s  L e u  L e u  A s n  A s n  P h e  T y r  P r o  A r g  G l u  
1 3 0  1 3 5  1 4 0

V a l  G i n  T r p  L y s  V a l  A s p  A s n  A l a  L e u  G i n  S e r  G l y  A s n  S e r  
1 4 5  1 5 0  1 5 5

S e r  V a l  T h r  G l u  G i n  A s p  S e r  L y s  A s p  S e r  T h r  T y r  S e r  L e u  
1 6 5  170

T h r  L e u  T h r  L e u  S e r  L y s  A l a  A s p  T y r  G l u  L y s  H i s  L y s  V a l  
1 8 0  1 8 5  1 9 0

C y s  G l u  V a l  T h r  H i s  G i n  G l y  L e u  S e r  S e r  P r o  V a l  T h r  L y s  
1 9 5  2 0 0  2 0 5

A s n  A r g  G l y  G l u  Cy s

V a l  G l y  
15

T y r  M et

l i e  T y r

G l y  S e r

P r o  G l u  
80

P r o  T h r  
95

A l a  P r o

G l y  T h r

A l a  L y s

G i n  G l u  
160

S e r  S e r  
1 7 5

T y r  A l a  

S e r  P h e

2 1 0

< 2 1 0 >  SEQ ID NO 7
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n  s e q u e n c e

< 4 0 0 >  SEQUENCE: 7

G l u
1

V a l G i n L e u V a l
5

G l u S e r G l y G l y G l y
10

L e u V a l G i n P r o G l y
15

G l y

S e r L e u
Arg 20

S e r Cy s A l a A l a S e r
25

G l y T y r T h r P h e T h r
30

S e r T y r

A s n M et H i s
35

T r p V a l
Arg

G i n A l a
40

P r o G l y L ys G l y
45

G l u T r p V a l

G l y A l a
50

l i e T y r P r o G l y
55

G l y A s p T h r S e r T y r
60

A s n G i n L y s P h e

65
G l y A r g P h e T h r l i e

70
S e r V a l A s p L y s S e r

75
L y s A s n T h r L e u T y r

80

L e u G i n M et A s n S e r
85

L e u A r g A l a G l u
90

T h r A l a V a l T y r T y r
95

C ys
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A l a  A r g  V a l  V a l  T y r  T y r  S e r  A s n  S e r  T y r  T r p  T y r  P h e  
1 0 0  1 0 5

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  A l a  S e r  T h r  
1 1 5  1 2 0  1 2 5

S e r  V a l  P h e  P r o  L e u  A l a  P r o  S e r  S e r  L y s  S e r  T h r  S e r  
1 3 0  1 3 5  1 4 0

A l a  A l a  L e u  G l y  C y s  L e u  V a l  L y s  A s p  T y r  P h e  P r o  G l u  
1 4 5  1 5 0  1 5 5

V a l  S e r  T r p  A s n  S e r  G l y  A l a  L e u  T h r  S e r  G l y  V a l  H i s  
1 6 5  170

A l a  V a l  L e u  G i n  S e r  S e r  G l y  L e u  T y r  S e r  L e u  S e r  S e r  
1 8 0  1 8 5

V a l  P r o  S e r  S e r  S e r  L e u  G l y  T h r  G i n  T h r  T y r  l i e  C ys  
1 9 5  2 0 0  2 0 5

H i s  L y s  P r o  S e r  A s n  T h r  L y s  V a l  A s p  L y s  L y s  V a l  G l u  
2 1 0  2 1 5  2 2 0

C y s  A s p  L y s  T h r  H i s  T h r  C y s  P r o  P r o  C y s  P r o  A l a  P r o  
2 2 5  2 3 0  2 3 5

G l y  G l y  P r o  S e r  V a l  P h e  L e u  P h e  P r o  P r o  L y s  P r o  L y s  
2 4 5  2 50

M et  H e  S e r  A r g  T h r  P r o  G l u  V a l  T h r  C y s  V a l  V a l  V a l  
2 6 0  2 6 5

H i s  G l u  A s p  P r o  G l u  V a l  L y s  P h e  A s n  T r p  T y r  V a l  A s p  
2 7 5  2 8 0  2 8 5

V a l  H i s  A s n  A l a  L y s  T h r  L y s  P r o  A r g  G l u  G l u  G i n  T y r  
2 9 0  2 9 5  3 0 0

T y r  A r g  V a l  V a l  S e r  V a l  L e u  T h r  V a l  L e u  H i s  G i n  A s p  
3 0 5  3 1 0  3 1 5

G l y  L y s  G l u  T y r  L y s  C y s  L y s  V a l  S e r  A s n  L y s  A l a  L e u  
3 2 5  3 30

l i e  G l u  L y s  T h r  l i e  S e r  L y s  A l a  L y s  G l y  G i n  P r o  A r g  
3 4 0  3 4 5

V a l  T y r  T h r  L e u  P r o  P r o  S e r  A r g  G l u  G l u  M et T h r  L y s  
3 5 5  3 6 0  3 6 5

S e r  L e u  T h r  C y s  L e u  V a l  L y s  G l y  P h e  T y r  P r o  S e r  A s p  
3 7 0  3 7 5  3 8 0

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  
3 8 5  3 9 0  3 9 5

P r o  V a l  L e u  A s p  S e r  A s p  G l y  S e r  P h e  P h e  L e u  T y r  S e r  
4 0 5  4 10

V a l  A s p  L y s  S e r  A r g  T r p  G i n  G i n  G l y  A s n  V a l  P h e  S e r  
4 2 0  4 2 5

M et  H i s  G l u  A l a  L e u  H i s  A s n  H i s  T y r  T h r  G i n  L y s  S e r  
4 3 5  4 4 0  4 4 5

S e r  P r o  G l y  L y s  
4 5 0

< 2 1 0 >  SEQ ID NO 8
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n

< 4 0 0 >  SEQUENCE: 8

A s p  V a l  T r p  
110

L y s  G l y  P r o

G l y  G l y  T h r

P r o  V a l  T h r  
160

T h r  P h e  P r o  
1 7 5

V a l  V a l  T h r  
1 9 0

A s n  V a l  A s n

P r o  L y s  S e r

G l u  L e u  L e u  
2 40

A s p  T h r  L e u  
2 5 5

A s p  V a l  S e r  
2 7 0

G l y  V a l  G l u

A s n  S e r  T h r

T r p  L e u  A s n  
3 20

P r o  A l a  P r o  
3 3 5

G l u  P r o  G i n  
3 5 0

A s n  G i n  V a l

l i e  A l a  V a l

T h r  T h r  P r o  
4 00

L y s  L e u  T h r  
4 1 5

C y s  S e r  V a l  
4 3 0

L e u  S e r  L e u

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  G i n  P r o  G l y  G l y
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1 5  10

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  T h r  P h e  T h r  
20  25  30

A s n  M e t  H i s  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  L e u  G l u  
35  40  45

G l y  A l a  l i e  T y r  P r o  G l y  A s n  G l y  A s p  T h r  S e r  T y r  A s n  G i n  
50  55  60

L y s  G l y  A r g  P h e  T h r  l i e  S e r  V a l  A s p  L y s  S e r  L y s  A s n  T h r  
65  70  75

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  V a l  T y r  
85  90

A l a  A r g  V a l  V a l  T y r  T y r  S e r  A s n  S e r  T y r  T r p  T y r  P h e  A s p  
1 0 0  1 0 5  1 1 0

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  A l a  S e r  T h r  L y s  
1 1 5  1 2 0  1 2 5

S e r  V a l  P h e  P r o  L e u  A l a  P r o  S e r  S e r  L y s  S e r  T h r  S e r  G l y  
1 3 0  1 3 5  1 4 0

A l a  A l a  L e u  G l y  C y s  L e u  V a l  L y s  A s p  T y r  P h e  P r o  G l u  P r o  
1 4 5  1 5 0  1 5 5

V a l  S e r  T r p  A s n  S e r  G l y  A l a  L e u  T h r  S e r  G l y  V a l  H i s  T h r  
1 6 5  170

A l a  V a l  L e u  G i n  S e r  S e r  G l y  L e u  T y r  S e r  L e u  S e r  S e r  V a l  
1 8 0  1 8 5  1 9 0

V a l  P r o  S e r  S e r  S e r  L e u  G l y  T h r  G i n  T h r  T y r  l i e  C y s  A s n  
1 9 5  2 0 0  2 0 5

H i s  L y s  P r o  S e r  A s n  T h r  L y s  V a l  A s p  L y s  L y s  V a l  G l u  P r o  
2 1 0  2 1 5  2 2 0

C y s  A s p  L y s  T h r  H i s  T h r  C y s  P r o  P r o  C y s  P r o  A l a  P r o  G l u  
2 2 5  2 3 0  2 3 5

G l y  G l y  P r o  S e r  V a l  P h e  L e u  P h e  P r o  P r o  L y s  P r o  L y s  A s p  
2 4 5  2 50

M et  H e  S e r  A r g  T h r  P r o  G l u  V a l  T h r  C y s  V a l  V a l  V a l  A s p  
2 6 0  2 6 5  2 7 0

H i s  G l u  A s p  P r o  G l u  V a l  L y s  P h e  A s n  T r p  T y r  V a l  A s p  G l y  
2 7 5  2 8 0  2 8 5

V a l  H i s  A s n  A l a  L y s  T h r  L y s  P r o  A r g  G l u  G l u  G i n  T y r  A s n  
2 9 0  2 9 5  3 0 0

T y r  A r g  V a l  V a l  S e r  V a l  L e u  T h r  V a l  L e u  H i s  G i n  A s p  T r p  
3 0 5  3 1 0  3 1 5

G l y  L y s  G l u  T y r  L y s  C y s  L y s  V a l  S e r  A s n  L y s  A l a  L e u  P r o  
3 2 5  3 30

l i e  A l a  A l a  T h r  l i e  S e r  L y s  A l a  L y s  G l y  G i n  P r o  A r g  G l u  
3 4 0  3 4 5  3 5 0

V a l  T y r  T h r  L e u  P r o  P r o  S e r  A r g  G l u  G l u  M et T h r  L y s  A s n  
3 5 5  3 6 0  3 6 5

S e r  L e u  T h r  C y s  L e u  V a l  L y s  G l y  P h e  T y r  P r o  S e r  A s p  l i e  
3 7 0  3 7 5  3 8 0

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  T h r  
3 8 5  3 9 0  3 9 5

P r o  V a l  L e u  A s p  S e r  A s p  G l y  S e r  P h e  P h e  L e u  T y r  S e r  L y s  
4 0 5  4 10

V a l  A s p  L y s  S e r  A r g  T r p  G i n  G i n  G l y  A s n  V a l  P h e  S e r  C ys  
4 2 0  4 2 5  4 3 0

15

S e r

T r p

L y s

L e u

T y r
95

V a l

G l y

G l y

V a l

P h e
1 7 5

V a l

V a l

L e u

T h r
2 5 5

V a l

V a l

A l a

A l a
3 3 5

P r o

G i n

A l a

T h r

L e u
4 1 5

S e r

T y r

V a l

P h e

T y r
80

C ys

T r p

P r o

T h r

T h r
160

P r o

T h r

A s n

S e r

2 40

S e r

G l u

T h r

A s n
3 20

P r o

G i n

V a l

V a l

P r o
4 00

T h r

V a l
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-continued

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Asn Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys Phe
50 55 60

Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Val Val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
115 120 125

Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr
130 135 140

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
145 150 155 160

Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro
165 170 175

Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr
180 185 190

Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn
195 200 205

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser
210 215 220

Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
225 230 235 240

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
260 265 270

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
275 280 285

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ala Thr
290 295 300

Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn
305 310 315 320

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro
325 330 335

Ile Ala Ala Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln
340 345 350

Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val
355 360 365

Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val
370 375 380

Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
385 390 395 400

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
405 410 415

Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
420 425 430
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M et H i s  G l u  A l a  L e u  H i s  A s n  H i s  T y r  T h r  G i n  L y s  S e r  L e u  S e r  L e u  
4 3 5  4 4 0  4 4 5

S e r  P r o  G l y  L y s  
4 5 0

< 2 1 0 >  SEQ ID NO 9
< 2 1 1 >  LENGTH: 213
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  l i g h t  c h a i n  

< 4 0 0 >  SEQUENCE: 9

1
H e G i n M et T h r

5
G i n S e r P r o S e r S e r

10
L e u S e r A l a S e r V a l

15
G l y

A sp A r g V a l T h r
20

l i e T h r Cy s A r g A l a
25

S e r S e r S e r V a l S e r
30

T y r L e u

H i s T r p T y r
35

G i n G i n L y s P r o G l y
40

L y s A l a P r o L y s P r o
45

L e u l i e T y r

A l a P r o
50

S e r A s n L e u A l a S e r
55

G l y V a l P r o S e r
60

P h e S e r G l y S e r

G l y
65

S e r G l y T h r A s p P h e
70

T h r L e u T h r l i e S e r
75

S e r L e u G i n P r o G l u
80

A sp P h e A l a T h r T y r
85

T y r Cy s G i n G i n T r p
90

A l a P h e A s n P r o P r o
95

T h r

P h e G l y G i n G l y
100

T h r L y s V a l G l u l i e
1 0 5

L y s
Arg

T h r V a l A l a
1 1 0

A l a P r o

S e r V a l P h e
1 1 5

l i e P h e P r o P r o S e r
1 2 0

A s p G l u G i n L e u
1 2 5

S e r G l y T h r

A l a S e r
1 3 0

V a l V a l Cy s L e u L e u
1 3 5

A s n A s n P h e T y r P r o
1 4 0

Arg G l u A l a L y s

V a l
1 4 5

G i n T r p
Lys

V a l
1 5 0

A s n A l a L e u G i n S e r
1 5 5

G l y A s n S e r G i n G l u
160

S e r V a l T h r G l u G i n
1 6 5

A s p S e r L y s A s p S e r
170

T h r T y r S e r L e u S e r
1 7 5

S e r

T h r L e u T h r
180

S e r L y s A l a A s p T y r
1 8 5

G l u L ys H i s L y s V a l
1 9 0

T y r A l a

Cy s G l u V a l
1 9 5

T h r H i s G i n G l y
2 0 0

S e r S e r P r o V a l T h r
2 0 5

L y s S e r P h e

A s n  A r g  G l y  G l u  Cy s  
2 1 0

< 2 1 0 >  SEQ ID NO 10
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n

< 4 0 0 >  SEQUENCE: 10

G l u
1

V a l G i n L e u V a l
5

G l u S e r G l y G l y G l y
10

L e u V a l G i n P r o G l y
15

G l y

S e r L e u A r g
20

S e r Cy s A l a A l a S e r
25

G l y T y r T h r P h e T h r
30

S e r T y r

A s n M et H i s
35

T r p V a l A r g G i n A l a
40

P r o G l y L ys G l y
45

G l u T r p V a l

G l y  A l a  l i e  T y r  P r o  G l y  A s n  G l y  A l a  T h r  S e r  T y r  A s n  G i n  L y s  P h e  
50  55  60
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L y s  G l y  A r g  P h e  T h r  l i e  S e r  V a l  A s p  L y s  S e r  L y s  A s n  T h r  L e u  
65  70  75

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  V a l  T y r  T y r  
85  90 95

A l a  A r g  V a l  V a l  T y r  T y r  S e r  A l a  S e r  T y r  T r p  T y r  P h e  A s p  V a l  
1 0 0  1 0 5  1 1 0

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  A l a  S e r  T h r  L y s  G l y  
1 1 5  1 2 0  1 2 5

S e r  V a l  P h e  P r o  L e u  A l a  P r o  S e r  S e r  L y s  S e r  T h r  S e r  G l y  G l y  
1 3 0  1 3 5  1 4 0

A l a  A l a  L e u  G l y  C y s  L e u  V a l  L y s  A s p  T y r  P h e  P r o  G l u  P r o  V a l  
1 4 5  1 5 0  1 5 5

V a l  S e r  T r p  A s n  S e r  G l y  A l a  L e u  T h r  S e r  G l y  V a l  H i s  T h r  P h e  
1 6 5  1 70  1 75

A l a  V a l  L e u  G i n  S e r  S e r  G l y  L e u  T y r  S e r  L e u  S e r  S e r  V a l  V a l  
1 8 0  1 8 5  1 9 0

V a l  P r o  S e r  S e r  S e r  L e u  G l y  T h r  G i n  T h r  T y r  l i e  C y s  A s n  V a l  
1 9 5  2 0 0  2 0 5

H i s  L y s  P r o  S e r  A s n  T h r  L y s  V a l  A s p  L y s  L y s  V a l  G l u  P r o  L y s  
2 1 0  2 1 5  2 2 0

C y s  A s p  L y s  T h r  H i s  T h r  C y s  P r o  P r o  C y s  P r o  A l a  P r o  G l u  L e u  
2 2 5  2 3 0  2 3 5

G l y  G l y  P r o  S e r  V a l  P h e  L e u  P h e  P r o  P r o  L y s  P r o  L y s  A s p  T h r  
2 4 5  2 5 0  2 5 5

M et  H e  S e r  A r g  T h r  P r o  G l u  V a l  T h r  C y s  V a l  V a l  V a l  A s p  V a l  
2 6 0  2 6 5  2 7 0

H i s  G l u  A s p  P r o  G l u  V a l  L y s  P h e  A s n  T r p  T y r  V a l  A s p  G l y  V a l  
2 7 5  2 8 0  2 8 5

V a l  H i s  A s n  A l a  L y s  T h r  L y s  P r o  A r g  G l u  G l u  G i n  T y r  A s n  A l a  
2 9 0  2 9 5  3 0 0

T y r  A r g  V a l  V a l  S e r  V a l  L e u  T h r  V a l  L e u  H i s  G i n  A s p  T r p  L e u  
3 0 5  3 1 0  3 1 5

G l y  L y s  G l u  T y r  L y s  C y s  L y s  V a l  S e r  A s n  L y s  A l a  L e u  P r o  A l a  
3 2 5  3 3 0  3 3 5

l i e  A l a  A l a  T h r  l i e  S e r  L y s  A l a  L y s  G l y  G i n  P r o  A r g  G l u  P r o  
3 4 0  3 4 5  3 5 0

V a l  T y r  T h r  L e u  P r o  P r o  S e r  A r g  G l u  G l u  M et T h r  L y s  A s n  G i n  
3 5 5  3 6 0  3 6 5

S e r  L e u  T h r  C y s  L e u  V a l  L y s  G l y  P h e  T y r  P r o  S e r  A s p  l i e  A l a  
3 7 0  3 7 5  3 8 0

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  T h r  T h r  
3 8 5  3 9 0  3 9 5

P r o  V a l  L e u  A s p  S e r  A s p  G l y  S e r  P h e  P h e  L e u  T y r  S e r  L y s  L e u  
4 0 5  4 1 0  4 1 5

V a l  A s p  L y s  S e r  A r g  T r p  G i n  G i n  G l y  A s n  V a l  P h e  S e r  C y s  S e r  
4 2 0  4 2 5  4 3 0

M et  H i s  G l u  A l a  L e u  H i s  A s n  H i s  T y r  T h r  G i n  L y s  S e r  L e u  S e r  
4 3 5  4 4 0  4 4 5

S e r  P r o  G l y  L y s  
4 5 0

< 2 1 0 >  SEQ ID NO 11
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l

T y r
80

C ys

T r p

P r o

T h r

T h r
160

P r o

T h r

A s n

S e r

2 40

S e r

G l u

T h r

A s n
3 20

P r o

G i n

V a l

V a l

P r o
4 00

T h r

V a l
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< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION:

< 4 0 0 >  SEQUENCE: 11

G l u
1

V a l G i n L e u V a l
5

G l u

S e r L e u
Arg 20

S e r Cy s

A s n M et H i s
35

T r p V a l
Arg

G l y A l a
50

l i e T y r P r o G l y

65
G l y A r g P h e T h r l i e

70

L e u G i n M et A s n S e r
85

L e u

A l a
Arg

V a l V a l
100

T y r T y r

G l y G i n G l y
1 1 5

T h r L e u V a l

S e r V a l
1 3 0

P h e P r o L e u A l a

A l a
1 4 5

A l a L e u G l y Cy s
1 5 0

V a l S e r T r p A s n S e r
1 6 5

G l y

A l a V a l L e u G i n
180

S e r S e r

V a l P r o S e r
1 9 5

S e r S e r L e u

H i s L y s
2 1 0

P r o S e r A s n T h r

Cy s
2 2 5

A sp L y s T h r H i s T h r
2 3 0

G l y G l y P r o S e r V a l
2 4 5

P h e

M et l i e S e r
2 6 0

T h r P r o

H i s G l u
2 7 5

P r o G l u V a l

V a l H i s
2 9 0

A s n A l a L y s T h r

T y r
3 0 5 Arg

V a l V a l S e r V a l
3 1 0

G l y L y s G l u T y r
3 2 5

Cy s

H e G l u A l a T h r
3 4 0

l i e S e r

V a l T y r T h r
3 5 5

L e u P r o P r o

S e r L e u
3 7 0

T h r Cy s L e u V a l

US 8,574,869 B2
77

- c o n t i n u e d

f u l l  l e n g t h  h e a v y  c h a i n  s e q u e n c e

S e r  G l y

A l a  A l a

G i n  A l a  
40

A s n  G l y  
55

S e r  V a l

A r g  A l a

S e r  A l a

T h r  V a l  
1 2 0

P r o  S e r  
1 3 5

V a l  L y s

A l a  L e u

G l y  L e u

G l y  T h r  
2 0 0

L y s  V a l  
2 1 5

C y s  P r o  

L e u  P h e

G l u  V a l

L y s  P h e  
2 8 0

L y s  P r o  
2 9 5

L e u  T h r

A l a  V a l

L y s  A l a

S e r  A r g  
3 6 0

L y s  G l y  
3 7 5

G l y  G l y  
10

S e r  G l y  
25

P r o  G l y

A l a  T h r

A s p  L y s

G l u  A s p  
90

S e r  T y r  
1 0 5

S e r  S e r  

S e r  L y s

A s p  T y r

T h r  S e r  
170

T y r  S e r  
1 8 5

G i n  T h r

A s p  L y s

P r o  Cy s

P r o  P r o  
2 5 0

T h r  Cy s  
2 6 5

A s n  T r p

A r g  G l u

V a l  L e u

S e r  A s n  
3 3 0

L y s  G l y  
3 4 5

G l u  G l u

P h e  T y r

L e u  V a l

T y r  T h r

L y s  G l y

S e r  T y r  
60

S e r  L y s  
75

T h r  A l a

T r p  T y r

A l a  S e r

S e r  T h r  
1 4 0

P h e  P r o  
1 5 5

G l y  V a l

L e u  S e r

T y r  l i e

L y s  V a l  
2 2 0

P r o  A l a  
2 3 5

L y s  P r o

V a l  V a l

T y r  V a l

G l u  G i n  
3 0 0

H i s  G i n  
3 1 5

L y s  A l a

G i n  P r o

M et T h r

P r o  S e r  
3 8 0

G i n  P r o

P h e  T h r
30

L e u  G l u  
45

A s n  G i n

A s n  T h r

V a l  T y r

P h e  A s p  
110

T h r  L y s  
1 2 5

S e r  G l y

G l u  P r o

H i s  T h r

S e r  V a l  
1 9 0

C y s  A s n  
2 0 5

G l u  P r o

P r o  G l u

L y s  A s p

V a l  A s p  
2 7 0

A s p  G l y  
2 8 5

T y r  A s n

A s p  T r p

L e u  P r o

A r g  G l u  
3 5 0

L y s  A s n  
3 6 5

A s p  l i e

G l y  G l y  
15

S e r  T y r

T r p  V a l

L y s  P h e

L e u  T y r  
80

T y r  C ys  
95

V a l  T r p

G l y  P r o

G l y  T h r

V a l  T h r  
160

P h e  P r o  
1 7 5

V a l  T h r  

V a l  A s n

L y s  S e r

L e u  L e u  
2 40

T h r  L e u  
2 5 5

V a l  S e r

V a l  G l u

A l a  T h r

L e u  A s n  
3 20

A l a  P r o  
3 3 5

P r o  G i n

G i n  V a l

A l a  V a l

78

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  T h r  T h r  P r o  
3 8 5  3 9 0  3 9 5  4 00
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P r o V a l L e u A sp S e r
4 0 5

A s p G l y S e r P h e P h e
4 1 0

L e u T y r S e r L y s
4 1 5

T h r

V a l A sp L y s S e r
4 2 0 Arg

T r p G i n G i n G l y
4 2 5

A s n V a l P h e S e r C ys
4 3 0

S e r V a l

M et H i s G l u
4 3 5

A l a L e u H i s A s n H i s
4 4 0

T y r T h r G i n L y s S e r
4 4 5

L e u S e r L e u

S e r  P r o  G l y  L y s  
4 5 0

< 2 1 0 >  SEQ ID NO 12
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n  s e q u e n c e

< 4 0 0 >  SEQUENCE: 12

G l u
1

V a l G i n L e u V a l
5

G l u S e r G l y G l y G l y
10

L e u V a l G i n P r o G l y
15

G l y

S e r L e u
Arg 20

S e r Cy s A l a A l a S e r
25

G l y T y r T h r P h e T h r
30

S e r T y r

A s n M et H i s
35

T r p V a l
Arg

G i n A l a
40

P r o G l y L ys G l y
45

G l u T r p V a l

G l y A l a
50

l i e T y r P r o G l y
55

G l y A l a T h r S e r T y r
60

A s n G i n L y s P h e

65
G l y A r g P h e T h r l i e

70
S e r V a l A s p L y s S e r

75
L y s A s n T h r L e u T y r

80

L e u G i n M et A s n S e r
85

L e u
Arg

A l a G l u
90

T h r A l a V a l T y r T y r
95

C ys

A l a
Arg

V a l V a l
100

T y r T y r S e r A l a S e r
1 0 5

T y r T r p T y r P h e A s p
1 1 0

V a l T r p

G l y G i n G l y
1 1 5

T h r L e u V a l T h r V a l
1 2 0

S e r S e r A l a S e r T h r
1 2 5

L y s G l y P r o

S e r V a l
1 3 0

P h e P r o L e u A l a P r o
1 3 5

S e r S e r L y s S e r T h r
1 4 0

S e r G l y G l y T h r

A l a
1 4 5

A l a L e u G l y Cy s
1 5 0

V a l L y s A s p T y r P h e
1 5 5

P r o G l u P r o V a l T h r
160

V a l S e r T r p A s n S e r
1 6 5

G l y A l a L e u T h r S e r
170

G l y V a l H i s T h r P h e
1 7 5

P r o

A l a V a l L e u G i n
180

S e r S e r G l y L e u T y r
1 8 5

S e r L e u S e r S e r V a l
1 9 0

V a l T h r

V a l P r o S e r
1 9 5

S e r S e r L e u G l y T h r
2 0 0

G i n T h r T y r l i e C ys
2 0 5

A s n V a l A s n

H i s L y s
2 1 0

P r o S e r A s n T h r
2 1 5

V a l A s p L y s L ys V a l
2 2 0

G l u P r o L y s S e r

Cy s
2 2 5

A sp L y s T h r H i s T h r
2 3 0

Cy s P r o P r o Cy s P r o
2 3 5

A l a P r o G l u L e u
2 40

G l y G l y P r o S e r V a l
2 4 5

P h e L e u P h e P r o P r o
2 5 0

L ys P r o L y s A s p T h r
2 5 5

L e u

M et H e S e r
2 6 0

T h r P r o G l u V a l T h r
2 6 5

Cy s V a l V a l V a l
2 7 0

V a l S e r

H i s G l u
2 7 5

P r o G l u V a l L y s P h e
2 8 0

A s n T r p T y r V a l
2 8 5

G l y V a l G l u

V a l H i s
2 9 0

A s n A l a L y s T h r
2 9 5

P r o A r g G l u G l u G i n
3 0 0

T y r A s n A l a T h r

T y r  A r g  V a l  V a l  S e r  V a l  L e u  T h r  V a l  L e u  H i s  G i n  A s p  T r p  L e u  A s n
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3 0 5  3 1 0  3 1 5

G l y  L y s  G l u  T y r  L y s  C y s  L y s  V a l  S e r  A s n  A l a  A l a  L e u  P r o  A l a  
3 2 5  3 3 0  3 3 5

l i e  A l a  A l a  T h r  l i e  S e r  L y s  A l a  L y s  G l y  G i n  P r o  A r g  G l u  P r o  
3 4 0  3 4 5  3 5 0

V a l  T y r  T h r  L e u  P r o  P r o  S e r  A r g  G l u  G l u  M et T h r  L y s  A s n  G i n  
3 5 5  3 6 0  3 6 5

S e r  L e u  T h r  C y s  L e u  V a l  L y s  G l y  P h e  T y r  P r o  S e r  A s p  l i e  A l a  
3 7 0  3 7 5  3 8 0

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  T h r  T h r  
3 8 5  3 9 0  3 9 5

P r o  V a l  L e u  A s p  S e r  A s p  G l y  S e r  P h e  P h e  L e u  T y r  S e r  L y s  L e u  
4 0 5  4 1 0  4 1 5

V a l  A s p  L y s  S e r  A r g  T r p  G i n  G i n  G l y  A s n  V a l  P h e  S e r  C y s  S e r  
4 2 0  4 2 5  4 3 0

M et  H i s  G l u  A l a  L e u  H i s  A s n  H i s  T y r  T h r  G i n  L y s  S e r  L e u  S e r  
4 3 5  4 4 0  4 4 5

S e r  P r o  G l y  L y s  
4 5 0

< 2 1 0 >  SEQ ID NO 13
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n  s e q u e n c e

< 4 0 0 >  SEQUENCE: 13

G l u
1

V a l G i n L e u V a l
5

G l u S e r G l y G l y G l y
10

L e u V a l G i n P r o G l y
15

S e r L e u
Arg 20

S e r Cy s A l a A l a S e r
25

G l y T y r T h r P h e T h r
30

S e r

A s n M et H i s
35

T r p V a l
Arg

G i n A l a
40

P r o G l y L ys G l y
45

G l u T r p

G l y A l a
50

H e T y r P r o G l y
55

G l y A l a T h r S e r T y r
60

A s n G i n L y s

65
G l y A r g P h e T h r l i e

70
S e r V a l A s p L y s S e r

75
L y s A s n T h r L e u

L e u G i n M et A s n S e r
85

L e u
Arg

A l a G l u
90

T h r A l a V a l T y r T y r
95

A l a
Arg

V a l V a l
100

T y r T y r S e r A l a S e r
1 0 5

T y r T r p T y r P h e A s p
1 1 0

V a l

G l y G i n G l y
1 1 5

T h r L e u V a l T h r V a l
1 2 0

S e r S e r A l a S e r T h r
1 2 5

L y s G l y

S e r V a l
1 3 0

P h e P r o L e u A l a P r o
1 3 5

S e r S e r L y s S e r T h r
1 4 0

S e r G l y G l y

A l a
1 4 5

A l a L e u G l y Cy s
1 5 0

V a l L y s A s p T y r P h e
1 5 5

P r o G l u P r o V a l

V a l S e r T r p A s n S e r
1 6 5

G l y A l a L e u T h r S e r
170

G l y V a l H i s T h r P h e
1 7 5

A l a V a l L e u G i n
180

S e r S e r G l y L e u T y r
1 8 5

S e r L e u S e r S e r V a l
1 9 0

V a l

V a l P r o S e r
1 9 5

S e r S e r L e u G l y T h r
2 0 0

G i n T h r T y r l i e C ys
2 0 5

A s n V a l

H i s L y s
2 1 0

P r o S e r A s n T h r
2 1 5

V a l A s p L y s L ys V a l
2 2 0

G l u P r o L y s

3 20

P r o

G i n

V a l

V a l

P r o
4 00

T h r

V a l

G l y

T y r

V a l

P h e

T y r
80

C ys

T r p

P r o

T h r

T h r
160

P r o

T h r

A s n

S e r
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Cy s
2 2 5

A sp L y s T h r H i s T h r
2 3 0

Cy s P r o P r o Cy s P r o
2 3 5

A l a P r o G l u L e u
2 40

G l y G l y P r o S e r V a l
2 4 5

P h e L e u P h e P r o P r o
2 5 0

L ys P r o L y s A s p T h r
2 5 5

L e u

M et l i e S e r
2 6 0

T h r P r o G l u V a l T h r
2 6 5

Cy s V a l V a l V a l
2 7 0

V a l S e r

H i s G l u
2 7 5

P r o G l u V a l L y s P h e
2 8 0

A s n T r p T y r V a l
2 8 5

G l y V a l G l u

V a l H i s
2 9 0

A s n A l a L y s T h r
2 9 5

P r o Arg G l u G l u G i n
3 0 0

T y r A s n A l a T h r

T y r
3 0 5 Ars

V a l V a l S e r V a l
3 1 0

L e u T h r V a l L e u H i s
3 1 5

G i n A s p T r p L e u A s n
3 20

G l y t y s G l u T y r
3 2 5

Cy s L y s V a l S e r
3 3 0

A l a A l a L e u P r o A l a
3 3 5

P r o

H e A l a A l a T h r
3 4 0

l i e S e r L y s A l a
3 4 5

G l y G i n P r o Arg G l u
3 5 0

P r o G i n

V a l T y r T h r
3 5 5

L e u P r o P r o S e r
3 6 0

G l u G l u Met T h r
3 6 5

A s n G i n V a l

S e r L e u
3 7 0

T h r Cy s L e u V a l
3 7 5

G l y P h e T y r P r o S e r
3 8 0

A s p l i e A l a V a l

G l u
3 8 5

T r p G l u S e r A s n G l y
3 9 0

G i n P r o G l u A s n A s n
3 9 5

T y r L y s T h r T h r P r o
4 00

P r o V a l L e u A sp S e r
4 0 5

A s p G l y S e r P h e P h e
4 1 0

L e u T y r S e r L y s L e u
4 1 5

T h r

V a l A sp L y s S e r
4 2 0

A r g T r p G i n G i n G l y
4 2 5

A s n V a l P h e S e r C ys
4 3 0

S e r V a l

M et H i s G l u
4 3 5

A l a L e u H i s T r p H i s
4 4 0

T y r T h r G i n L y s S e r
4 4 5

L e u S e r L e u

S e r P r o
4 5 0

G l y L y s

< 2 1 0 >  SEQ ID NO 14
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n

< 4 0 0 >  SEQUENCE: 14

G l u
1

V a l G i n L e u V a l
5

G l u S e r G l y G l y G l y
10

L e u V a l G i n P r o G l y
15

G l y

S e r L e u
Arg 20

S e r Cy s A l a A l a S e r
25

G l y T y r T h r P h e T h r
30

S e r T y r

A s n M et H i s
35

T r p V a l A r g G i n A l a
40

P r o G l y L ys G l y
45

G l u T r p V a l

G l y A l a
50

l i e T y r P r o G l y
55

G l y A l a T h r S e r T y r
60

A s n G i n L y s P h e

65
G l y A r g P h e T h r l i e

70
S e r V a l A s p L y s S e r

75
L y s A s n T h r L e u T y r

80

L e u G i n M et A s n S e r
85

L e u A r g A l a G l u
90

T h r A l a V a l T y r T y r
95

C ys

A l a
Arg

V a l V a l
100

T y r T y r S e r T y r
1 0 5

T y r T r p T y r P h e A s p
1 1 0

V a l T r p

G l y G i n G l y
1 1 5

T h r L e u V a l T h r V a l
1 2 0

S e r S e r A l a S e r T h r
1 2 5

L y s G l y P r o
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S e r  V a l  P h e  P r o  L e u  A l a  P r o  S e r  S e r  L y s  S e r  T h r  S e r  
1 3 0  1 3 5  1 4 0

A l a  A l a  L e u  G l y  C y s  L e u  V a l  L y s  A s p  T y r  P h e  P r o  G l u  
1 4 5  1 5 0  1 5 5

V a l  S e r  T r p  A s n  S e r  G l y  A l a  L e u  T h r  S e r  G l y  V a l  H i s  
1 6 5  170

A l a  V a l  L e u  G i n  S e r  S e r  G l y  L e u  T y r  S e r  L e u  S e r  S e r  
1 8 0  1 8 5

V a l  P r o  S e r  S e r  S e r  L e u  G l y  T h r  G i n  T h r  T y r  l i e  C ys  
1 9 5  2 0 0  2 0 5

H i s  L y s  P r o  S e r  A s n  T h r  L y s  V a l  A s p  L y s  L y s  V a l  G l u  
2 1 0  2 1 5  2 2 0

C y s  A s p  L y s  T h r  H i s  T h r  C y s  P r o  P r o  C y s  P r o  A l a  P r o  
2 2 5  2 3 0  2 3 5

G l y  G l y  P r o  S e r  V a l  P h e  L e u  P h e  P r o  P r o  L y s  P r o  L y s  
2 4 5  2 50

M et  H e  S e r  A r g  T h r  P r o  G l u  V a l  T h r  C y s  V a l  V a l  V a l  
2 6 0  2 6 5

H i s  G l u  A s p  P r o  G l u  V a l  L y s  P h e  A s n  T r p  T y r  V a l  A s p  
2 7 5  2 8 0  2 8 5

V a l  H i s  A s n  A l a  L y s  T h r  L y s  P r o  A r g  G l u  G l u  G i n  T y r  
2 9 0  2 9 5  3 0 0

T y r  A r g  V a l  V a l  S e r  V a l  L e u  T h r  V a l  L e u  H i s  G i n  A s p  
3 0 5  3 1 0  3 1 5

G l y  L y s  G l u  T y r  L y s  C y s  L y s  V a l  S e r  A s n  A l a  A l a  L e u  
3 2 5  3 30

l i e  A l a  A l a  T h r  l i e  S e r  L y s  A l a  L y s  G l y  G i n  P r o  A r g  
3 4 0  3 4 5

V a l  T y r  T h r  L e u  P r o  P r o  S e r  A r g  G l u  G l u  M et T h r  L y s  
3 5 5  3 6 0  3 6 5

S e r  L e u  T h r  C y s  L e u  V a l  L y s  G l y  P h e  T y r  P r o  S e r  A s p  
3 7 0  3 7 5  3 8 0

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  
3 8 5  3 9 0  3 9 5

P r o  V a l  L e u  A s p  S e r  A s p  G l y  S e r  P h e  P h e  L e u  T y r  S e r  
4 0 5  4 10

V a l  A s p  L y s  S e r  A r g  T r p  G i n  G i n  G l y  A s n  V a l  P h e  S e r  
4 2 0  4 2 5

M et  H i s  G l u  A l a  L e u  H i s  A s n  H i s  T y r  T h r  G i n  L y s  S e r  
4 3 5  4 4 0  4 4 5

S e r  P r o  G l y  L y s  
4 5 0

< 2 1 0 >  SEQ ID NO 15
< 2 1 1 >  LENGTH: 452
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: f u l l  l e n g t h  h e a v y  c h a i n  

< 4 0 0 >  SEQUENCE: 15

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  G i n  
1 5  10

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  T h r  P h e  
20  25

G l y  G l y  T h r

P r o  V a l  T h r  
160

T h r  P h e  P r o  
1 7 5

V a l  V a l  T h r  
1 9 0

A s n  V a l  A s n

P r o  L y s  S e r

G l u  L e u  L e u  
2 40

A s p  T h r  L e u  
2 5 5

A s p  V a l  S e r  
2 7 0

G l y  V a l  G l u

A s n  A l a  T h r

T r p  L e u  A s n  
3 20

P r o  A l a  P r o  
3 3 5

G l u  P r o  G i n  
3 5 0

A s n  G i n  V a l

l i e  A l a  V a l

T h r  T h r  P r o  
4 00

L y s  L e u  T h r  
4 1 5

C y s  S e r  V a l  
4 3 0

L e u  S e r  L e u

P r o  G l y  G l y  
15

T h r  S e r  T y r  
30

A s n  M e t  H i s  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  L e u  G l u  T r p  V a l
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35  40  45

G l y  A l a  l i e  T y r  P r o  G l y  A s n  G l y  A s p  T h r  S e r  T y r  A s n  G i n  L y s  
50  55  60

L y s  G l y  A r g  P h e  T h r  l i e  S e r  V a l  A s p  L y s  S e r  L y s  A s n  T h r  L e u  
65  70  75

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  V a l  T y r  T y r  
85  90 95

A l a  A r g  V a l  V a l  T y r  T y r  S e r  A s n  S e r  T y r  T r p  T y r  P h e  A s p  V a l  
1 0 0  1 0 5  1 1 0

G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  A l a  S e r  T h r  L y s  G l y  
1 1 5  1 2 0  1 2 5

S e r  V a l  P h e  P r o  L e u  A l a  P r o  S e r  S e r  L y s  S e r  T h r  S e r  G l y  G l y  
1 3 0  1 3 5  1 4 0

A l a  A l a  L e u  G l y  C y s  L e u  V a l  L y s  A s p  T y r  P h e  P r o  G l u  P r o  V a l  
1 4 5  1 5 0  1 5 5

V a l  S e r  T r p  A s n  S e r  G l y  A l a  L e u  T h r  S e r  G l y  V a l  H i s  T h r  P h e  
1 6 5  1 70  1 75

A l a  V a l  L e u  G i n  S e r  S e r  G l y  L e u  T y r  S e r  L e u  S e r  S e r  V a l  V a l  
1 8 0  1 8 5  1 9 0

V a l  P r o  S e r  S e r  S e r  L e u  G l y  T h r  G i n  T h r  T y r  l i e  C y s  A s n  V a l  
1 9 5  2 0 0  2 0 5

H i s  L y s  P r o  S e r  A s n  T h r  L y s  V a l  A s p  L y s  L y s  V a l  G l u  P r o  L y s  
2 1 0  2 1 5  2 2 0

C y s  A s p  L y s  T h r  H i s  T h r  C y s  P r o  P r o  C y s  P r o  A l a  P r o  G l u  L e u  
2 2 5  2 3 0  2 3 5

G l y  G l y  P r o  S e r  V a l  P h e  L e u  P h e  P r o  P r o  L y s  P r o  L y s  A s p  T h r  
2 4 5  2 5 0  2 5 5

M et  H e  S e r  A r g  T h r  P r o  G l u  V a l  T h r  C y s  V a l  V a l  V a l  A s p  V a l  
2 6 0  2 6 5  2 7 0

H i s  G l u  A s p  P r o  G l u  V a l  L y s  P h e  A s n  T r p  T y r  V a l  A s p  G l y  V a l  
2 7 5  2 8 0  2 8 5

V a l  H i s  A s n  A l a  L y s  T h r  L y s  P r o  A r g  G l u  G l u  G i n  T y r  A s n  A l a  
2 9 0  2 9 5  3 0 0

T y r  A r g  V a l  V a l  S e r  V a l  L e u  T h r  V a l  L e u  H i s  G i n  A s p  T r p  L e u  
3 0 5  3 1 0  3 1 5

G l y  L y s  G l u  T y r  L y s  C y s  L y s  V a l  S e r  A s n  A l a  A l a  L e u  P r o  A l a  
3 2 5  3 3 0  3 3 5

l i e  A l a  A l a  T h r  l i e  S e r  L y s  A l a  L y s  G l y  G i n  P r o  A r g  G l u  P r o  
3 4 0  3 4 5  3 5 0

V a l  T y r  T h r  L e u  P r o  P r o  S e r  A r g  G l u  G l u  M et T h r  L y s  A s n  G i n  
3 5 5  3 6 0  3 6 5

S e r  L e u  T h r  C y s  L e u  V a l  L y s  G l y  P h e  T y r  P r o  S e r  A s p  l i e  A l a  
3 7 0  3 7 5  3 8 0

G l u  T r p  G l u  S e r  A s n  G l y  G i n  P r o  G l u  A s n  A s n  T y r  L y s  T h r  T h r  
3 8 5  3 9 0  3 9 5

P r o  V a l  L e u  A s p  S e r  A s p  G l y  S e r  P h e  P h e  L e u  T y r  S e r  L y s  L e u  
4 0 5  4 1 0  4 1 5

V a l  A s p  L y s  S e r  A r g  T r p  G i n  G i n  G l y  A s n  V a l  P h e  S e r  C y s  S e r  
4 2 0  4 2 5  4 3 0

M et  H i s  G l u  A l a  L e u  H i s  A s n  H i s  T y r  T h r  G i n  L y s  S e r  L e u  S e r  
4 3 5  4 4 0  4 4 5

P h e

T y r
80

C ys

T r p

P r o

T h r

T h r
160

P r o

T h r

A s n

S e r

2 40

S e r

G l u

T h r

A s n
3 20

P r o

G i n

V a l

V a l

P r o
4 00

T h r

V a l

S e r  P r o  G l y  L y s  
4 5 0
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35 40 45

Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys Phe
50 55 60

Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Val Val Tyr Tyr Ser Asn Ser Tyr Trp Tyr Phe Asp Val Trp
100 105 110

Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro
115 120 125

Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr
130 135 140

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr
145 150 155 160

Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro
165 170 175

Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr
180 185 190

Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn
195 200 205

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser
210 215 220

Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
225 230 235 240

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu
245 250 255

Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser
260 265 270

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu
275 280 285

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ala Thr
290 295 300

Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn
305 310 315 320

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Ala Ala Leu Pro Ala Pro
325 330 335

Ile Ala Ala Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln
340 345 350

Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val
355 360 365

Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val
370 375 380

Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro
385 390 395 400

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr
405 410 415

Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val
420 425 430

Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu
435 440 445

Ser Pro Gly Lys
450
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< 2 1 0 >  SEQ ID NO 16
< 2 1 1 >  LENGTH: 107
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y

< 4 0 0 >  SEQUENCE: 16

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  
1 5

A s p  A r g  V a l  T h r  l i e  T h r  C y s  L y s  
2 0

V a l  A l a  T r p  T y r  G i n  G i n  L y s  P r o

S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
10 15

A l a  S e r  G i n  A s p  V a l  S e r  l i e  G l y  
25  30

G l y  L y s  A l a  P r o  L y s  L e u  L e u  l i e
35  40  45

T y r  S e r  A l a  S e r  T y r  A r g  T y r  T h r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  G l y  
50  55  60

S e r  G l y  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  L e u  G i n  P r o
65  70  75  80

G l u  A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  T y r  T y r  l i e  T y r  P r o  T y r
85  90 95

T h r  P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  
1 0 0  1 0 5

< 2 1 0 >  SEQ ID NO 17
< 2 1 1 >  LENGTH: 119
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 17

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  G i n  P r o  G l y  G l y  
1 5  10  15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  P h e  T h r  P h e  T h r  A s p  T y r  
20  25  30

T h r  M e t  A s p  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  L e u  G l u  T r p  V a l
35  40  45

A l a  A s p  V a l  A s n  P r o  A s n  S e r  G l y  G l y  S e r  l i e  T y r  A s n  G i n  A r g  P h e  
50  55  60

L y s  G l y  A r g  P h e  T h r  L e u  S e r  V a l  A s p  A r g  S e r  L y s  A s n  T h r  L e u  T y r
65  70  75  80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  V a l  T y r  T y r  C ys
85  90 95

A l a  A r g  A s n  L e u  G l y  P r o  S e r  P h e  T y r  P h e  A s p  T y r  T r p  G l y  G i n  G l y  
1 0 0  1 0 5  1 1 0

T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5

< 2 1 0 >  SEQ ID NO 18
< 2 1 1 >  LENGTH: 107
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: l i g h t  c h a i n  

< 4 0 0 >  SEQUENCE: 18

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
1 5  10  15

A s p  A r g  V a l  T h r  l i e  T h r  C y s  A r g  A l a  S e r  G i n  A s p  V a l  A s n  T h r  A l a  
20  25  30
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V a l  A l a  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  L e u  L e u  l i e  
35  40  45

T y r  S e r  A l a  S e r  P h e  L e u  T y r  S e r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  G l y  
50  55  60

S e r  A r g  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  L e u  G i n  P r o
65  70  75  80

G l u  A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  H i s  T y r  T h r  T h r  P r o  P r o
85  90 95

T h r  P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  
1 0 0  1 0 5

< 2 1 0 >  SEQ ID NO 19
< 2 1 1 >  LENGTH: 120
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: h e a v y  c h a i n  

< 4 0 0 >  SEQUENCE: 19

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  
1 5  10

G i n  P r o  G l y  G l y  
15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  
20  25

l i e  L y s  A s p  T h r  
30

T y r  l i e  H i s  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  
35  40

L e u  G l u  T r p  V a l  
45

A l a  A r g  l i e  T y r  P r o  T h r  A s n  G l y  T y r  T h r  
50  55

A r g  T y r  
60

A l a  A s p  S e r  V a l

L y s  G l y  A r g  P h e  T h r  l i e  S e r  A l a  A s p  T h r  
65  70

S e r  L y s  
75

A s n  T h r  A l a  T y r  
80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  
85  90

V a l  T y r  T y r  C ys  
95

S e r  A r g  T r p  G l y  G l y  A s p  G l y  P h e  T y r  A l a  M et A s p  
1 0 0  1 0 5

T y r  T r p  G l y  G i n  
110

G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 20
< 2 1 1 >  LENGTH: 108
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: a r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 20

A s p  l i e  G i n  M e t  T h r  G i n  T h r  T h r  S e r  S e r  L e u  S e r  A l a  S e r  L e u  G l y  
1 5  10  15

A s p  A r g  V a l  l i e  l i e  S e r  C y s  S e r  A l a  S e r  G i n  A s p  l i e  S e r  A s n  T y r  
20  25  30

L e u  A s n  T r p  T y r  G i n  G i n  L y s  P r o  A s p  G l y  T h r  V a l  L y s  V a l  L e u  l i e  
35  40  45

T y r  P h e  T h r  S e r  S e r  L e u  H i s  S e r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  G l y  
50  55  60

S e r  G l y  S e r  G l y  T h r  A s p  T y r  S e r  L e u  T h r  l i e  S e r  A s n  L e u  G l u  P r o  
65  70  75  80

G l u  A s p  l i e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  T y r  S e r  T h r  V a l  P r o  T r p  
85  90 95

T h r  P h e  G l y  G l y  G l y  T h r  L y s  L e u  G l u  l i e  L y s  A r g  
1 0 0  1 0 5
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< 2 1 0 >  SEQ ID NO 21
< 2 1 1 >  LENGTH: 123
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: a r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 21

G l u  l i e  G i n  L e u  V a l  G i n  S e r  G l y  P r o  G l u  L e u  L y s  G i n  P r o  
1 5  10

G l y  G l u  
15

T h r  V a l  A r g  l i e  S e r  C y s  L y s  A l a  S e r  G l y  
20  25

G l y  M e t  A s n  T r p  V a l  L y s  G i n  A l a  P r o  G l y  
35  40

G l y  T r p  l i e  A s n  T h r  T y r  T h r  G l y  G l u  P r o  
50  55

T y r  T h r  P h e  T h r  
30

L y s  G l y  L e u  L y s  
45

T h r  T y r  A l a  A l a
60

A s n  T y r  

T r p  M et 

A s p  P h e

L y s  A r g  A r g  P h e  T h r  P h e  S e r  L e u  G l u  T h r  
65  70

S e r  A l a  S e r  T h r  
75

A l a  T y r  
80

L e u  G i n  l i e  S e r  A s n  L e u  L y s  A s n  A s p  A s p  T h r  A l a  T h r  T y r  
85  90

P h e  C ys  
95

A l a  L y s  T y r  P r o  H i s  T y r  T y r  G l y  S e r  S e r  
1 0 0  1 0 5

H i s  T r p  T y r  P h e  A s p  V a l  
110

T r p  G l y  A l a  G l y  T h r  T h r  V a l  T h r  V a l  S e r  
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 22
< 2 1 1 >  LENGTH: 108
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 22

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
1 5  10  15

A s p  A r g  V a l  T h r  l i e  T h r  C y s  S e r  A l a  S e r  G i n  A s p  l i e  S e r  A s n  T y r  
20  25  30

L e u  A s n  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  V a l  L e u  l i e  
35  40  45

T y r  P h e  T h r  S e r  S e r  L e u  H i s  S e r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  G l y  
50  55  60

S e r  G l y  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  L e u  G i n  P r o
65  70  75  80

G l u  A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  T y r  S e r  T h r  V a l  P r o  T r p
85  90 95

T h r  P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  A r g  
1 0 0  1 0 5

< 2 1 0 >  SEQ ID NO 23
< 2 1 1 >  LENGTH: 123
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y

< 4 0 0 >  SEQUENCE: 23

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  G i n  P r o  G l y  G l y  
1 5  10  15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  T h r  P h e  T h r  A s n  T y r
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G l y  M e t  A s n  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  L e u  G l u  T r p  V a l  
35  40  45

G l y  T r p  l i e  A s n  T h r  T y r  T h r  G l y  G l u  P r o  T h r  T y r  A l a  A l a  A s p  P h e  
50  55  60

L y s  A r g  A r g  P h e  T h r  P h e  S e r  L e u  A s p  T h r  S e r  L y s  S e r  T h r  A l a  T y r
65  70  75  80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  V a l  T y r  T y r  C ys
85  90 95

A l a  L y s  T y r  P r o  H i s  T y r  T y r  G l y  S e r  S e r  H i s  T r p  T y r  P h e  A s p  V a l  
1 0 0  1 0 5  1 1 0

T r p  G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 24
< 2 1 1 >  LENGTH: 108
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 24

A s p  l i e  G i n  L e u  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
1 5  10  15

A s p  A r g  V a l  T h r  l i e  T h r  C y s  S e r  A l a  S e r  G i n  A s p  l i e  S e r  A s n  T y r  
20  25  30

L e u  A s n  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  V a l  L e u  l i e  
35  40  45

T y r  P h e  T h r  S e r  S e r  L e u  H i s  S e r  G l y  V a l  P r o  S e r  A r g  P h e  S e r  G l y  
50  55  60

S e r  G l y  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  L e u  G i n  P r o
65  70  75  80

G l u  A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  T y r  S e r  T h r  V a l  P r o  T r p
85  90 95

T h r  P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  A r g  
1 0 0  1 0 5

< 2 1 0 >  SEQ ID NO 25
< 2 1 1 >  LENGTH: 123
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 25

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  G l y  L e u  V a l  G i n  P r o  
1 5  10

G l y  G l y  
15

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  A s p  P h e  T h r  H i s  T y r  
20  25  30

G l y  M e t  A s n  T r p  V a l  A r g  G i n  A l a  P r o  G l y  L y s  G l y  L e u  G l u  T r p  V a l  
35  40  45

G l y  T r p  l i e  A s n  T h r  T y r  T h r  G l y  G l u  P r o  T h r  T y r  A l a  A l a  A s p  P h e  
50  55  60

L y s  A r g  A r g  P h e  T h r  P h e  S e r  L e u  A s p  T h r  S e r  L y s  S e r  T h r  
65  70  75

A l a  T y r  
80

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  A s p  T h r  A l a  V a l  T y r  
85  90

T y r  C ys  
95

A l a  L y s  T y r  P r o  T y r  T y r  T y r  G l y  T h r  S e r  H i s  T r p  T y r  P h e  A s p  V a l
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100 1 0 5 110

T r p  G l y  G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 26
< 2 1 1 >  LENGTH: 108
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y

< 4 0 0 >  SEQUENCE: 26

A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  S e r  V a l  G l y  
1 5  10  15

A s p  A r g  V a l  T h r  l i e  T h r  C y s  A r g  A l a  S e r  L y s  T h r  l i e  S e r  L y s  T y r  
20  25  30

L e u  A l a  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  L e u  L e u  l i e
35

T y r  S e r  G l y  S e r  T h r  
50

S e r  G l y  S e r  G l y  T h r  
65

G l u  A s p  P h e  A l a  T h r  
85

T h r  P h e  G l y  G i n  G l y  
100

40

L e u  G i n  S e r  G l y  V a l  P r o  
55

A s p  P h e  T h r  L e u  T h r  l i e  
70  75

T y r  T y r  C y s  G i n  G i n  H i s  
90

T h r  L y s  V a l  G l u  l i e  L y s  
1 0 5

45

S e r  A r g  P h e  S e r  G l y  
60

S e r  S e r  L e u  G i n  P r o  
80

A s n  G l u  T y r  P r o  L e u  
95

< 2 1 0 >  SEQ ID NO 27
< 2 1 1 >  LENGTH: 121
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y

< 4 0 0 >  SEQUENCE: 27

G l u
1

V a l G i n L e u V a l
5

G l u S e r G l y G l y G l y
10

L e u V a l G i n P r o G l y
15

G l y

S e r L e u
Arg 20

S e r Cy s A l a A l a S e r
25

G l y T y r S e r P h e T h r
30

G l y H i s

T r p M et
35

T r p V a l
Arg

G i n A l a
40

P r o G l y L ys G l y
45

G l u T r p V a l

G l y M et
50

H e H i s P r o S e r
55

S e r G l u T h r
Arg

T y r
60

A s n G i n L y s P h e

65
A sp A r g P h e T h r l i e

70
S e r V a l A s p L y s S e r

75
L y s A s n T h r L e u T y r

80

L e u G i n M et A s n S e r
85

L e u A r g A l a G l u
90

T h r A l a V a l T y r T y r
95

C ys

A l a
Arg

G l y l i e
100

T y r P h e T y r G l y T h r
1 0 5

T h r T y r P h e A s p T y r
1 1 0

T r p G l y

G i n G l y T h r L e u V a l T h r V a l S e r S e r
1 1 5  1 2 0

< 2 1 0 >  SEQ ID NO 28
< 2 1 1 >  LENGTH: 214
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y

< 4 0 0 >  SEQUENCE: 28
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A s p  l i e  G i n  M e t  T h r  G i n  S e r  P r o  S e r  S e r  L e u  S e r  A l a  
1 5  10

A s p  A r g  V a l  T h r  l i e  T h r  C y s  A r g  A l a  S e r  L y s  T h r  l i e  
20  25

L e u  A l a  T r p  T y r  G i n  G i n  L y s  P r o  G l y  L y s  A l a  P r o  L y s  
35  40  45

T y r  S e r  G l y  S e r  T h r  L e u  G i n  S e r  G l y  V a l  P r o  S e r  A r g  
50  55  60

S e r  G l y  S e r  G l y  T h r  A s p  P h e  T h r  L e u  T h r  l i e  S e r  S e r  
65  70  75

G l u  A s p  P h e  A l a  T h r  T y r  T y r  C y s  G i n  G i n  H i s  A s n  G l u  
85  90

T h r  P h e  G l y  G i n  G l y  T h r  L y s  V a l  G l u  H e  L y s  A r g  T h r  
1 0 0  1 0 5

P r o  S e r  V a l  P h e  l i e  P h e  P r o  P r o  S e r  A s p  G l u  G i n  L e u  
1 1 5  1 2 0  1 2 5

T h r  A l a  S e r  V a l  V a l  C y s  L e u  L e u  A s n  A s n  P h e  T y r  P r o  
1 3 0  1 3 5  1 4 0

L y s  V a l  G i n  T r p  L y s  V a l  A s p  A s n  A l a  L e u  G i n  S e r  G l y  
1 4 5  1 5 0  1 5 5

G l u  S e r  V a l  T h r  G l u  G i n  A s p  S e r  L y s  A s p  S e r  T h r  T y r  
1 6 5  170

S e r  T h r  L e u  T h r  L e u  S e r  L y s  A l a  A s p  T y r  G l u  L y s  H i s  
1 8 0  1 8 5

A l a  C y s  G l u  V a l  T h r  H i s  G i n  G l y  L e u  S e r  S e r  P r o  V a l  
1 9 5  2 0 0  2 0 5

P h e  A s n  A r g  G l y  G l u  Cy s  
2 1 0

< 2 1 0 >  SEQ ID NO 29
< 2 1 1 >  LENGTH: 4 5 1
< 2 1 2 >  TYPE: PRT
< 2 1 3  > ORGANISM: A r t i f i c i a l
< 2 2 0 >  FEATURE:
< 2 2 3 >  OTHER INFORMATION: a n t i b o d y  

< 4 0 0 >  SEQUENCE: 29

G l u  V a l  G i n  L e u  V a l  G l u  S e r  G l y  G l y  
1 5

G l y  L e u  V a l  G i n  
10

S e r  L e u  A r g  L e u  S e r  C y s  A l a  A l a  S e r  G l y  T y r  S e r  P h e  
20  25

T r p  M e t  A s n  T r p  V a l  A r g  G i n  A l a  P r o  
35  40

G l y  L y s  G l y  L e u  
45

G l y  M e t  l i e  H i s  P r o  S e r  A s p  S e r  G l u  
50  55

T h r  A r g  T y r  A s n  
60

L y s  A s p  A r g  P h e  T h r  l i e  S e r  V a l  A s p  
65  70

L y s  S e r  L y s  A s n  
75

L e u  G i n  M e t  A s n  S e r  L e u  A r g  A l a  G l u  
85

A s p  T h r  A l a  V a l  
90

A l a  A r g  G l y  l i e  T y r  P h e  T y r  G l y  T h r  T h r  T y r  P h e  A s p  
1 0 0  1 0 5

G i n  G l y  T h r  L e u  V a l  T h r  V a l  S e r  S e r  
1 1 5  1 2 0

A l a  S e r  T h r  L y s  
1 2 5

V a l  P h e  P r o  L e u  A l a  P r o  S e r  S e r  L y s  
1 3 0  1 3 5

S e r  T h r  S e r  G l y  
1 4 0

S e r  V a l  G l y  
15

S e r  L y s  T y r  
30

L e u  L e u  l i e

P h e  S e r  G l y

L e u  G i n  P r o
80

T y r  P r o  L e u  
95

V a l  A l a  A l a  
110

L y s  S e r  G l y

A r g  G l u  A l a

A s n  S e r  G i n  
160

S e r  L e u  S e r  
1 7 5

L y s  V a l  T y r  
1 9 0

T h r  L y s  S e r

P r o  G l y  G l y  
15

T h r  G l y  H i s  
30

G l u  T r p  V a l

G i n  L y s  P h e

T h r  L e u  T y r
80

T y r  T y r  C ys  
95

T y r  T r p  G l y  
110

G l y  P r o  S e r

G l y  T h r  A l a

A l a  L e u  G l y  C y s  L e u  V a l  L y s  A s p  T y r  P h e  P r o  G l u  P r o  V a l  T h r  V a l
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1 4 5

S e r  T r p

V a l  L e u

P r o  S e r

L y s  P r o  
2 1 0

A s p  L y s  
2 2 5

G l y  P r o

l i e  S e r

G l u  A sp

H i s  A s n  
2 9 0

A r g  V a l  
3 0 5

L y s  G l u

G l u  L y s

T y r  T h r

L e u  T h r  
3 7 0

T r p  G l u  
3 8 5

V a l  L e u  

A s p  L y s  

H i s  G l u  

P r o  G l y

A s n  S e r

G i n  S e r  
180

S e r  S e r  
1 9 5

S e r  A s n

T h r  H i s

S e r  V a l

A r g  T h r  
2 6 0

P r o  G l u  
2 7 5

A l a  L y s

V a l  S e r

T y r  L y s

T h r  H e  
3 4 0

L e u  P r o  
3 5 5

C y s  L e u

S e r  A s n

A s p  S e r

S e r  A r g  
4 2 0

A l a  L e u  
4 3 5

1 5 0

G l y  A l a  
1 6 5

S e r  G l y

L e u  G l y

T h r  L y s

T h r  Cy s  
2 3 0

P h e  L e u  
2 4 5

P r o  G l u

V a l  L y s

T h r  L y s

V a l  L e u  
3 1 0

C y s  L y s  
3 2 5

S e r  L y s

P r o  S e r

V a l  L y s

G l y  G i n  
3 9 0

A s p  G l y  
4 0 5

T r p  G i n  

H i s  A s n

L e u  T h r

L e u  T y r

T h r  G i n  
2 0 0

V a l  A s p  
2 1 5

P r o  P r o

P h e  P r o

V a l  T h r

P h e  A s n  
2 8 0

P r o  A r g  
2 9 5

T h r  V a l

V a l  S e r

A l a  L y s

A r g  G l u  
3 6 0

G l y  P h e  
3 7 5

P r o  G l u

S e r  P h e

G i n  G l y

H i s  T y r  
4 4 0

S e r  G l y  
170

1 8 5

T h r  T y r

L y s  L y s

C y s  P r o

P r o  L y s  
2 5 0

C y s  V a l  
2 6 5

T r p  T y r

G l u  G l u

L e u  H i s

A s n  L y s  
3 3 0

G l y  G i n  
3 4 5

G l u  M et

T y r  P r o

A s n  A s n

P h e  L e u  
4 1 0

A s n  V a l  
4 2 5

T h r  G i n

1 5 5

V a l  H i s

S e r  S e r

l i e  C ys

V a l  G l u  
2 2 0

A l a  P r o  
2 3 5

P r o  L y s

V a l  V a l

V a l  A s p

G i n  T y r  
3 0 0

G i n  A s p  
3 1 5

A l a  L e u

P r o  A r g

T h r  L y s

S e r  A s p  
3 8 0

T y r  L y s  
3 9 5

T y r  S e r  

P h e  S e r  

L y s  S e r

T h r  P h e

V a l  V a l  
1 9 0

A s n  V a l  
2 0 5

P r o  L y s

G l u  L e u

A s p  T h r

A s p  V a l  
2 7 0

G l y  V a l  
2 8 5

A s n  S e r

T r p  L e u

P r o  A l a

G l u  P r o  
3 5 0

A s n  G i n  
3 6 5

l i e  A l a

T h r  T h r

L y s  L e u

C y s  S e r  
4 3 0

4 4 5

160

P r o  A l a  
1 7 5

T h r  V a l

A s n  H i s

S e r  C ys

L e u  G l y  
2 40

L e u  M et 
2 5 5

S e r  H i s

G l u  V a l

T h r  T y r

A s n  G l y  
3 20

P r o  l i e  
3 3 5

G i n  V a l  

V a l  S e r

V a l  G l u

P r o  P r o  
4 00

T h r  V a l  
4 1 5

V a l  M et

4 5 0

< 2 1 0 >  SEQ ID NO 30  
< 2 1 1 >  LENGTH: 384  
< 2 1 2 >  TYPE: DNA
< 2 1 3 >  ORGANISM: E .  c o l i  T h i o r e d o x i n  T r x A

< 4 0 0 >  SEQUENCE: 30

a t g t t a c a c c a a c a a c g a a a c c a a c a c g c c a g g c t t a t t c c t g t g g a g t t a t a t a t g a g c 60

g a t a a a a t t a t t c a c c t g a c t g a c g a c a g t t t t g a c a c g g a t g t a c t c a a a g c g g a c g g g 1 2 0

g c g a t c c t c g t c g a t t t c t g g g c a g a g t g g t g c g g t c c g t g c a a a a t g a t c g c c c c g a t t 1 8 0

c t g g a t g a a a t c g c t g a c g a a t a t c a g g g c a a a c t g a c c g t t g c a a a a c t g a a c a t c g a t 2 4 0

c a a a a c c c t g g c a c t g c g c c g a a a t a t g g c a t c c g t g g t a t c c c g a c t c t g c t g c t g t t c 3 0 0

a a a a a c g g t g a a g t g g c g g c a a c c a a a g t g g g t g c a c t g t c t a a a g g t c a g t t g a a a g a g 3 6 0

t t c c t c g a c g c t a a c c t g g c g t a a 3 8 4
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< 2 1 0 >  SEQ ID NO 31  
< 2 1 1 >  LENGTH: 966 
< 2 1 2 >  TYPE: DNA
< 2 1 3 >  ORGANISM: E .  c o l i  t h i o r e d o x i n  r e d u c t a s e  T r x B  

< 4 0 0 >  SEQUENCE: 31

a t g g g c a c g a c c a a a c a c a g t a a a c t g c t t a t c c t g g g t t c a g g c c c g g c g g g a t a c a c c 60

g c t g c t g t c t a c g c g g c g c g c g c c a a c c t g c a a c c t g t g c t g a t t a c c g g c a t g g a a a a a 1 2 0

g g c g g c c a a c t g a c c a c c a c c a c g g a a g t g g a a a a c t g g c c t g g c g a t c c a a a c g a t c t g 1 8 0

a c c g g t c c g t t a t t a a t g g a g c g c a t g c a c g a a c a t g c c a c c a a g t t t g a a a c t g a g a t c 2 4 0

a t t t t t g a t c a t a t c a a c a a g g t g g a t c t g c a a a a c c g t c c g t t c c g t c t g a a t g g c g a t 3 0 0

a a c g g c g a a t a c a c t t g c g a c g c g c t g a t t a t t g c c a c c g g a g c t t c t g c a c g c t a t c t c 3 6 0

g g c c t g c c c t c t g a a g a a g c c t t t a a a g g c c g t g g g g t t t c t g c t t g t g c a a c c t g c g a c 4 2 0

g g t t t c t t c t a t c g c a a c c a g a a a g t t g c g g t c a t c g g c g g c g g c a a t a c c g c g g t t g a a 4 8 0

g a g g c g t t g t a t c t g t c t a a c a t c g c t t c g g a a g t g c a t c t g a t t c a c c g c c g t g a c g g t 5 4 0

t t c c g c g c g g a a a a a a t c c t c a t t a a g c g c c t g a t g g a t a a a g t g g a g a a c g g c a a c a t c 6 0 0

a t t c t g c a c a c c a a c c g t a c g c t g g a a g a a g t g a c c g g c g a t c a a a t g g g t g t c a c t g g c 6 6 0

g t t c g t c t g c g c g a t a c g c a a a a c a g c g a t a a c a t c g a g t c a c t c g a c g t t g c c g g t c t g 7 2 0

t t t g t t g c t a t c g g t c a c a g c c c g a a t a c t g c g a t t t t c g a a g g g c a g c t g g a a c t g g a a 7 8 0

a a c g g c t a c a t c a a a g t a c a g t c g g g t a t t c a t g g t a a t g c c a c c c a g a c c a g c a t t c c t 8 4 0

g g c g t c t t t g c c g c a g g c g a c g t g a t g g a t c a c a t t t a t c g c c a g g c c a t t a c t t c g g c c 9 0 0

g g t a c a g g c t g c a t g g c a g c a c t t g a t g c g g a a c g c t a c c t c g a t g g t t t a g c t g a c g c a 9 6 0

a a a t a a 966

< 2 1 0 >  SEQ ID NO 32
< 2 1 1 >  LENGTH: 3 1 8
< 2 1 2 >  TYPE: DNA
< 2 1 3 >  ORGANISM: m u s  m u s c u l u s

< 4 0 0 >  SEQUENCE: 32

a t g g t g a a g c t g a t c g a g a g c a a g g a a g c t t t t c a g g a g g c c c t g g c c g c c g c g g g a g a c 60

a a g c t t g t c g t g g t g g a c t t c t c t g c t a c g t g g t g t g g a c c t t g c a a a a t g a t c a a g c c c 1 2 0

t t c t t c c a t t c c c t c t g t g a c a a g t a t t c c a a t g t g g t g t t c c t t g a a g t g g a t g t g g a t 1 8 0

g a c t g c c a g g a t g t t g c t g c a g a c t g t g a a g t c a a a t g c a t g c c g a c c t t c c a g t t t t a t 2 4 0

a a a a a g g g t c a a a a g g t g g g g g a g t t c t c c g g t g c t a a c a a g g a a a a g c t t g a a g c c t c t 3 0 0

a t t a c t g a a t a t g c c t a a 3 1 8

< 2 1 0 >  SEQ ID NO 33
< 2 1 1 >  LENGTH: 501
< 2 1 2 >  TYPE: DNA
< 2 1 3 >  ORGANISM: m u s  m u s c u l u s

< 4 0 0 >  SEQUENCE: 33

a t g g c t c a g c g g c t c c t c c t g g g g a g g t t c c t g a c c t c a g t c a t c t c c a g g a a g c c t c c t 60

c a g g g t g t g t g g g c t t c c c t c a c c t c t a a g a c c c t g c a g a c c c c t c a g t a c a a t g c t g g t 1 2 0

g g t c t a a c a g t a a t g c c c a g c c c a g c c c g g a c a g t a c a c a c c a c c a g a g t c t g t t t g a c g 1 8 0

a c c t t t a a c g t c c a g g a t g g a c c t g a c t t t c a a g a c a g a g t t g t c a a c a g t g a g a c a c c a 2 4 0

g t t g t t g t g g a c t t t c a t g c a c a g t g g t g t g g c c c c t g c a a g a t c c t a g g a c c g c g g c t a 3 0 0
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g a g a a g a t g g t c g c c a a g c a g c a c g g g a a g g t g g t c a t g g c c a a a g t g g a c a t t g a c g a t 3 6 0

c a c a c a g a c c t t g c c a t t g a a t a t g a g g t g t c a g c t g t g c c t a c c g t g c t a g c c a t c a a g 4 2 0

a a c g g g g a c g t g g t g g a c a a g t t t g t g g g g a t c a a g g a c g a g g a c c a g c t a g a a g c c t t c 4 8 0

c t g a a g a a g c t g a t t g g c t g a 5 0 1

< 2 1 0 >  SEQ ID NO 34
< 2 1 1 >  LENGTH: 1 49 4
< 2 1 2 >  TYPE: DNA
< 2 1 3 >  ORGANISM: m u s  m u s c u l u s

< 4 0 0 >  SEQUENCE: 34

a t g a a t g g c t c c a a a g a t c c c c c t g g g t c c t a t g a c t t c g a c c t g a t c a t c a t t g g a g g a 60

g g c t c a g g a g g a c t g g c a g c a g c t a a g g a g g c a g c c a a a t t t g a c a a g a a a g t g c t g g t c 1 2 0

t t g g a t t t t g t c a c a c c g a c t c c t c t t g g g a c c a g a t g g g g t c t c g g a g g a a c g t g t g t g 1 8 0

a a t g t g g g t t g c a t a c c t a a g a a g c t g a t g c a c c a g g c a g c t t t g c t c g g a c a a g c t c t g 2 4 0

a a a g a c t c g c g c a a c t a t g g c t g g a a a g t c g a a g a c a c a g t g a a g c a t g a c t g g g a g a a a 3 0 0

a t g a c g g a a t c t g t g c a g a g t c a c a t c g g c t c g c t g a a c t g g g g c t a c c g c g t a g c t c t c 3 6 0

c g g g a g a a a a a g g t c g t c t a t g a g a a t g c t t a c g g g a g g t t c a t t g g t c c t c a c a g g a t t 4 2 0

g t g g c g a c a a a t a a c a a a g g t a a a g a a a a a a t c t a t t c a g c a g a g c g g t t c c t c a t c g c c 4 8 0

a c a g g t g a g a g g c c c c g c t a c c t g g g c a t c c c t g g a g a c a a a g a g t a c t g c a t c a g c a g t 5 4 0

g a t g a t c t t t t c t c c t t g c c t t a c t g c c c g g g g a a g a c c c t a g t a g t t g g t g c a t c c t a t 6 0 0

g t c g c c t t g g a a t g t g c a g g a t t t c t g g c t g g t a t c g g c t t a g a c g t c a c t g t a a t g g t g 6 6 0

c g g t c c a t t c t c c t t a g a g g a t t t g a c c a a g a c a t g g c c a a c a a a a t c g g t g a a c a c a t g 7 2 0

g a a g a a c a t g g t a t c a a g t t t a t a a g g c a g t t c g t c c c a a c g a a a a t t g a a c a g a t c g a a 7 8 0

g c a g g a a c a c c a g g c c g a c t c a g g g t g a c t g c t c a a t c c a c a a a c a g c g a g g a g a c c a t a 8 4 0

g a g g g c g a a t t t a a c a c a g t g t t g c t g g c g g t a g g a a g a g a t t c t t g t a c g a g a a c t a t t 9 0 0

g g c t t a g a g a c c g t g g g c g t g a a g a t a a a c g a a a a a a c c g g a a a g a t a c c c g t c a c g g a t 9 6 0

g a a g a g c a g a c c a a t g t g c c t t a c a t c t a c g c c a t c g g t g a c a t c c t g g a g g g g a a g c t a 1 0 2 0

g a g c t g a c t c c c g t a g c c a t c c a g g c g g g g a g a t t g c t g g c t c a g a g g c t g t a t g g a g g c 1 0 8 0

t c c a a t g t c a a a t g t g a c t a t g a c a a t g t c c c a a c g a c t g t a t t t a c t c c t t t g g a a t a t 1 1 4 0

g g c t g t t g t g g c c t c t c t g a a g a a a a a g c c g t a g a g a a a t t t g g g g a a g a a a a t a t t g a a 1 2 0 0

g t t t a c c a t a g t t t c t t t t g g c c a t t g g a a t g g a c a g t c c c a t c c c g g g a t a a c a a c a a a 1 2 6 0

t g t t a t g c a a a a a t a a t c t g c a a c c t t a a a g a c g a t g a a c g t g t c g t g g g c t t c c a c g t g 1 3 2 0

c t g g g t c c a a a c g c t g g a g a g g t g a c g c a g g g c t t t g c g g c t g c g c t c a a g t g t g g g c t g 1 3 8 0

a c t a a g c a g c a g c t g g a c a g c a c c a t c g g c a t c c a c c c g g t c t g t g c a g a g a t a t t c a c a 1 4 4 0

a c g t t g t c a g t g a c g a a g c g c t c t g g g g g a g a c a t c c t c c a g t c t g g c t g c t g a 1 4 9 4

< 2 1 0 >  SEQ ID NO 35
< 2 1 1 >  LENGTH: 1 5 7 8
< 2 1 2 >  TYPE: DNA
< 2 1 3 >  ORGANISM: m u s  m u s c u l u s

< 4 0 0 >  SEQUENCE: 35

a t g g c g g c g a t g g t g g c g g c g a t g g t g g c g g c g c t g c g t g g a c c c a g c a g g c g c t t c c g g 60

c c g c g g a c a c g g g c t c t g a c a c g c g g g a c a a 9 9 9 9 c 9 c 9 9 c g a g t g c a g c g g g a g g g c a g 1 2 0

c a g a g c t t t g a t c t c t t g g t g a t c g g t g g g g g a t c c g g t g g c c t a g c t t g t g c c a a g g a a 1 8 0
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g c t g c t c a g c t g g g a a a g a a g g t g g c t g t g g c t g a c t a t g t g g a a c c t t c t c c c c g a g g c 2 4 0

a c c a a g t g g g g c c t t g g t g g c a c c t g t g t c a a c g t g g g t t g c a t a c c c a a g a a g c t g a t g 3 0 0

c a t c a g g c t g c a c t g c t g g g g g g c a t g a t c a g a g a t g c t c a c c a c t a t g g c t g g g a g g t g 3 6 0

g c c c a g c c t g t c c a a c a c a a c t g g a a g a c a a t g g c a g a a g c c g t g c a a a a c c a t g t g a a a 4 2 0

t c c t t g a a c t g g g g t c a t c g c g t c c a a c t g c a g g a c a g g a a a g t c a a g t a c t t t a a c a t c 4 8 0

a a a g c c a g c t t t g t g g a t g a g c a c a c a g t t c g c g g t g t g g a c a a a g g c g g g a a g g c g a c t 5 4 0

c t g c t t t c a g c t g a g c a c a t t g t c a t t g c t a c a g g a g g a c g g c c a a g g t a c c c c a c a c a a 6 0 0

g t c a a a g g a g c c c t g g a a t a t g g a a t c a c a a g t g a c g a c a t c t t c t g g c t g a a g g a g t c c 6 6 0

c c t g g g a a a a c g t t g g t g g t t g g a g c c a g c t a t g t g g c c c t a g a g t g t g c t g g c t t c c t c 7 2 0

a c t g g a a t t g g a c t g g a t a c c a c t g t c a t g a t g c g c a g c a t c c c t c t c c g a g g c t t t g a c 7 8 0

c a g c a a a t g t c a t c t t t g g t c a c a g a g c a c a t g g a g t c t c a t g g c a c c c a g t t c c t g a a a 8 4 0

g g c t g t g t c c c c t c c c a c a t c a a a a a a c t c c c a a c t a a c c a g c t g c a g g t c a c t t g g g a g 9 0 0

g a t c a t g c t t c t g g c a a g g a a g a c a c a g g c a c c t t t g a c a c t g t c c t g t g g g c c a t a g g g 9 6 0

c g a g t t c c a g a a a c c a g g a c t t t g a a t c t g g a g a a g g c t g g c a t c a g t a c c a a c c c t a a g 1020

a a t c a g a a g a t t a t t g t g g a t g c c c a g g a g g c t a c c t c t g t t c c c c a c a t c t a t g c c a t t 1 0 8 0

g g a g a t g t t g c t g a g g g g c g g c c t g a g c t g a c g c c c a c a g c t a t c a a g g c a g g a a a g c t t 1 1 4 0

c t g g c t c a g c g g c t c t t t g g g a a a t c c t c a a c c t t a a t g g a t t a c a g c a a t g t t c c c a c a 1200

a c t g t c t t t a c a c c a c t g g a g t a t g g c t g t g t g g g g c t g t c t g a g g a g g a g g c t g t g g c t 1 2 6 0

c t c c a t g g c c a g g a g c a t g t a g a g g t t t a c c a t g c a t a t t a t a a g c c c c t a g a g t t c a c g 1 3 2 0

g t g g c g g a t a g g g a t g c a t c a c a g t g c t a c a t a a a g a t g g t a t g c a t g a g g g a g c c c c c a 1 3 8 0

c a a c t g g t g c t g g g c c t g c a c t t c c t t g g c c c c a a c g c t g g a g a a g t c a c c c a a g g a t t t 1 4 4 0

g c t c t t g g g a t c a a g t g t g g g g c t t c a t a t g c a c a g g t g a t g c a g a c a g t a g g g a t c c a t 1 5 0 0

c c c a c c t g c t c t g a g g a g g t g g t c a a g c t g c a c a t c t c c a a g c g c t c c g g c c t g g a g c c t 1 5 6 0

a c t g t g a c t g g t t g c t g a 1 5 7 8

What is claimed is:
1. A method for the prevention of the reduction of a disul

fide bond in an antibody expressed in a recombinant host cell, 
comprising, following fermentation, sparging the pre-harvest 
or harvested culture fluid of said recombinant host cell with 
air, wherein the amount of dissolved oxygen (d02) in the 
pre-harvest or harvested culture fluid is at least 10%.

2. The method of claim 1 wherein said air sparging is 
continued until the pre-harvest or harvested culture fluid is at 
least 30% saturated with air.

3. The method of claim 1 wherein said air sparging is 
continued until the pre-harvest or harvested culture fluid is 
between about 100% saturated to about 30% saturated with 
air.

4. The method of claim 1 wherein the amount of dissolved 
oxygen (d02) in the pre-harvest or harvested culture fluid is at 
least 30%.

5. The method of claim 1 wherein the antibody is a thera
peutic antibody.

6. The method of claim 1 wherein the antibody is a bio
logically functional fragment of an antibody.

7. The method of claim 1 wherein the host cell is eukaryotic 
host cell.

8. The method of claim 7 wherein the eukaryotic host cell 
is a mammalian host cell.

9. The method of claim 1 wherein the host cell is prokary
otic host cell.

10. The method of claim 9 wherein the prokaryotic host cell 
is a bacterial cell.
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The current invention reports a method for the recombinant 
production of a secreted heterologous immunoglobulin in a 
CHO cell comprising the following steps: i) providing a CHO 
cell, which is adapted to growth in suspension culture, 
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third nucleic acid encoding the light chain of said heterolo
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tance to a eukaryotic selection agent, iii) transfecting said 
CHO cell, wherein said transfecting comprises a) transfecting 
said CHO cell with said vector comprising a fourth nucleic 
acid conferring resistance to a first eukaryotic selection agent, 
b) selecting a CHO cell by growth in cultivation medium 
containing said first eukaryotic selection agent, c) transfect
ing said selected CHO cell with said vector comprising a 
fourth nucleic acid conferring resistance to a second eukary
otic selection agent different to said first eukaryotic selection 
agent, d) selecting a CHO cell by selected growth in cultiva
tion medium containing said first and said second eukaryotic 
selection agent, iv) cultivating said transfected CHO cell in a 
medium in the presence of said first and second eukaryotic 
selection agent, under conditions suitable for the expression 
of said second, and third nucleic acid, and v) recovering said 
secreted heterologous immunoglobulin from the cultivation 
medium.
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Fig. 4
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Fig. 8
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PROTEIN EXPRESSION FROM MULTIPLE 
NUCLEIC ACIDS

This application is the National Stage of International 
Application No. PCT/EP2008/008523, filed Oct. 9, 2008, 
which claims the benefit of EP 07019999.7 filed Oct. 12, 
2007, which is hereby incorporated by reference in its 
entirety.

The current invention is in the field of polypeptide produc
tion. More precisely it is reported the production of an immu
noglobulin in a mammalian cell whereby the mammalian cell 
is transfected with different vectors each comprising an 
expression cassette for the immunoglobulin of interest.

BACKGROUND OF THE INVENTION

Expression systems for the production of recombinant 
polypeptides are well-known in the state of the art and are 
described by, e.g., Marino, M. H., Biopharm. 2 (1989) 18-33; 
Goeddel, D. V., et al., Methods Enzymol. 185 (1990) 3-7; 
Wurm, F., and Bernard, A., Curr. Opin. Biotechnol. 10 (1999) 
156-159. Polypeptides for use in pharmaceutical applications 
are preferably produced in mammalian cells such as CHO 
cells, NS0 cells, SP2/0 cells, COS cells, HEK cells, BHK 
cells, PER.C6® cells, or the like. The essential elements of an 
expression plasmid are a prokaryotic plasmid propagation 
unit, for example forE. coli, comprising a prokaryotic origin 
of replication and a prokaryotic selection marker, an eukary
otic selection marker, and one or more expression cassettes 
for the expression of the structural gene(s) of interest each 
comprising a promoter, a structural gene, and a transcription 
terminator including a polyadenylation signal. For transient 
expression in mammalian cells a mammalian origin of repli
cation, such as the SV40 Ori or OriP, can be included. As 
promoter a constitutive or inducible promoter can be selected. 
For optimized transcription a Kozak sequence may be 
included in the 5' untranslated region. For mRNA processing, 
in particular mRNA splicing and transcription termination, 
mRNA splicing signals, depending on the organization of the 
structural gene (exon/intron organization), may be included 
as well as a polyadenylation signal.

Expression of a gene is performed either as transient or as 
permanent expression. The polypeptide(s) of interest are in 
general secreted polypeptides and therefore contain an N-ter- 
minal extension (also known as the signal sequence) which is 
necessary for the transport/secretion of the polypeptide 
through the cell into the extracellular medium. In general, the 
signal sequence can be derived from any gene encoding a 
secreted polypeptide. If a heterologous signal sequence is 
used, it preferably is one that is recognized and processed (i.e. 
cleaved by a signal peptidase) by the host cell. For secretion 
in yeast for example the native signal sequence of a heterolo
gous gene to be expressed may be substituted by a homolo
gous yeast signal sequence derived from a secreted gene, such 
as the yeast invertase signal sequence, alpha-factor leader 
(including Saccharomyces, Kluyveromyces, Pichia, and 
Hansenula α-factor leaders, the second described in U.S. Pat. 
No. 5,010,182), acid phosphatase signal sequence, or the C. 
albicans glucoamylase signal sequence (EP 0 362 179). In 
mammalian cell expression the native signal sequence of the 
protein of interest is satisfactory, although other mammalian 
signal sequences may be suitable, such as signal sequences 
from secreted polypeptides of the same orrelated species, e.g. 
for immunoglobulins from human or murine origin, as well as 
viral secretory signal sequences, for example, the herpes sim
plex glycoprotein D signal sequence. The DNA fragment

1
encoding for such a presegment is ligated in frame to the DNA 
fragment encoding a polypeptide of interest.

Today CHO cells are widely used for the expression of 
pharmaceutical polypeptides, either at small scale in the labo
ratory or at large scale in production processes. Due to their 
wide distribution and use the characteristic properties and the 
genetic background of CHO cells is well known. Therefore, 
CHO cells are approved by regulatory authorities for the 
production of therapeutic proteins for application to human 
beings.

In EP 0 569 678 are reported double transfectants of MHC 
genes as cellular vaccines for immunoprevention of tumor 
metastasis. WO 97/08342 reports an improved method for 
measuring the activity of a promoter sequence in a mamma
lian cell using a reporter gene. The use of anti-RhoA and 
anti-RhoC siRNAs in order to inhibit specifically RhoA or 
RhoC synthesis is reported in WO 2005/113770. A method 
for the recombinant production or expression of eukaryotic 
alkaline phosphatase mutant in yeast cells is reported in U.S. 
Pat. No. 7,202,072. WO 2001/038557 reports a method of 
screening multiply transformed cells using bicistronic 
expression of fluorescent proteins. A method for producing 
recombinant eukaryotic cell lines expressing multiple pro
teins or RNAs of interest is reported in WO 1999/47647. 
Systems, including methods, compositions, and kits, for 
transfection of cells with transfection materials using coded 
carriers are reported in WO 2003/076588. In U.S. Pat. No. 
5,089,397 is reported an expression system for recombinant 
production of a desired protein comprising CHO cells trans
formed with a DNA sequence having the desired protein 
coding sequence under the control of the human metallothio- 
nein-II promoter. A method for producing recombinant pro
teins is reported in US 2003/0040047. Lamango et al. (La- 
mango, N. S., et al., Arch. Biochem. Biophys. 330 (1996) 
238-250) report the dependency of the production of prohor
mone convertase 2 from the presence of the neuroendocrine 
polypeptide 7B2. The transfection of a BPV-l-based expres
sion vector into cells harboring unintegrated replicating 
BPV-1 genomes is reported by Waldenstroem, M., et al., Gene 
120(1992) 175-181. U.S. Pat. No. 4,912,038 reports methods 
and vectors for obtaining canine and human 32K alveolar 
surfactant protein. In WO 89/10959 are reported recombinant 
DNA techniques and the expression of mammalian polypep
tides in genetically engineered eukaryotic cells. A repeated 
co-transfer of an expression vector for human growth hor
mone and an expression vector for a selection marker gene is 
reported in DD 287531.

SUMMARY OF THE INVENTION

A first aspect of the current invention is a method for the 
recombinant production of a heterologous immunoglobulin 
which is secreted to the cultivation medium in a CHO cell 
comprising:
a) providing a CHO cell, which is 

adapted to growth in suspension culture, 
adapted to growth in serum-free medium, 
mycoplasm free, and
optional virus free,

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin, and/or a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin,
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whereby a first transfection vector is provided which com
prises said provided nucleic acid, which comprises said 
first as well as said second and/or third nucleic acid, and 
an additional fourth nucleic acid sequence conferring 
resistance to a first eukaryotic selection agent, and 

whereby a second transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
the identical first as well as second and/or third nucleic 
acid as that/those in said provided nucleic acid contained 
in the first transfection vector, and an additional fourth 
nucleic acid sequence conferring resistance to a second 
eukaryotic selection agent, which is different from the 
fourth nucleic acid in said first transfection vector, 
whereby said second eukaryotic selection agent is dif
ferent from said first eukaryotic selection agent,

c) transfecting said provided CHO cell and selecting said 
transfected CHO cell with said transfection vectors of step
b), wherein said transfecting and selecting comprises the 
following steps in the following order:
(i) transfecting said CHO cell with said first transfection 

vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in a cultivation medium containing said first 
eukaryotic selection agent to which the first transfection 
vector confers resistance,

(iii) transfecting said CHO cell selected in (ii) with said 
second transfection vector,

(iv) selecting a CHO cell transfected in (iii) by selected 
growth in a cultivation medium containing said first 
eukaryotic selection agent, to which said first transfec
tion vector confers resistance, and containing said sec
ond eukaryotic selection agent, to which said second 
transfection vector confers resistance,

d) cultivating said transfected and selected CHO cell of step c) 
in a medium containing said first and second eukaryotic 
selection agent under conditions suitable for the expression 
of said second and/or third nucleic acid,

e) recovering said secreted heterologous immunoglobulin 
from the cultivation medium and thereby producing a het
erologous immunoglobulin in a CHO cell, which immuno
globulin is secreted to the cultivation medium.
In one embodiment of the method according to the inven

tion said CHO cell is a CHO K1 cell, or a CHO DG44 cell, or 
a CHO XL99 cell, or a CHO DXB11 cell, or a CHO DP 12 
cell. In another embodiment the promoter employed for the 
transcription of said second and third nucleic acids is different 
from the promoter employed for the transcription of said 
fourth nucleic acid. A further embodiment is that the pro
moter employed for the transcription of said second and third 
nucleic acids is the same. In one embodiment said promoter 
employed for the transcription of said second and third 
nucleic acid is the CMV promoter. In another embodiment 
said promoter employed for the transcription of said fourth 
nucleic acid is the SV40 promoter. In one embodiment said 
heterologous immunoglobulin is an anti-Aβ antibody. Exem
plary anti-Aβ antibodies are reported e.g. in WO 2003/ 
070760.

In one embodiment said selecting a transfected CHO cell in 
step c) (ii) and/or (iv) is by growth in cultivation medium 
without a selection agent for 10 to 72 hours followed by 
selected growth in a cultivation medium containing said first 
eukaryotic selection agent in case of (ii) or said first and 
second eukaryotic selection agent in case of (iv).

In still a further embodiment the codon usage of said sec
ond and third nucleic acid is optimized for the translation in 
CHO cells. Also an embodiment is that said second and/or 
third nucleic acid contains an intronic nucleic acid sequence.

3
Another embodiment comprises that said first transfection 
vector and said second transfection vector differ only in the 
nucleic acid conferring resistance to said eukaryotic selection 
agent, i.e. in said fourth nucleic acid, and are otherwise at 
least 95% identical based on the nucleic acid sequence. In 
another embodiment said transfection vectors differ each 
only in the nucleic acid conferring resistance to said first, 
second, and third eukaryotic selection agent.

In one embodiment said method further comprises: 
after step b) a step bl): 
b l) providing a nucleic acid comprising 

a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin, and/or a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin, 

whereby a third transfection vector is provided which com
prises said provided nucleic acid, which comprises the 
identical frist as well as second and/or third nucleic acid 
as that/those in said provided nucleic acid contained in 
the first and second transfection vector, and an additional 
fourth nucleic acid sequence conferring resistance to a 
third eukaryotic selection agent, which is different from 
the fourth nucleic acid in said first and second transfec
tion vector, whereby said third eukaryotic selection 
agent is different from said first eukaryotic selection 
agent and is also different from said second eukaryotic 
selection agent,

and further comprises after step c) (iv) the following steps (v) 
and (vi)

(v) transfecting said CHO cell selected in (iv) with said 
third transfection vector,

(vi) selecting a CHO cell transfected in (v) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent to which the first transfection 
vector confers resistance and said second eukaryotic 
selection agent to which the second transfection vector 
confers resistance and said third eukaryotic selection 
agent to which the third transfection vector confers 
resistance,

and further said medium for cultivating said transfected CHO 
cell in step d) comprises said first, second, and third eukary
otic selection agent.

In one embodiment said selecting a CHO cell transfected in 
step c) (vi) is by growth in cultivation medium without a 
selection agent for 10 to 72 hours followed by selected growth 
in a cultivation medium containing said first and second and 
third eukaryotic selection agent.

In another embodiment the method according to the inven
tion comprises a further step
f) purifying said recombinantly produced and recovered het

erologous immunoglobulin of step e) with one or more 
chromatographic steps.
One embodiment is that said step c) and said step d) are 

performed in the same medium. Still another embodiment is 
that said medium is a serum-free medium, or a serum-free 
medium supplemented with defined animal-derived compo
nents, or an animal-derived component free medium, or a 
protein-free medium, or a chemically defined medium, or a 
defined protein-free medium. In a further embodiment in said 
step d) is said cultivating in the presence of said eukaryotic 
selection agents in a volume of less than 500 liter and said 
cultivating is in the absence of said eukaryotic selection 
agents in a volume of 500 liter or more, whereby said recov
ering said secreted heterologous immunoglobulin is from the
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cultivation medium without said eukaryotic selection agents. 
In a further embodiment said cultivating in said step d) is 
comprising sequential cultivations each with increasing cul
tivation volume up to a preset final cultivation volume, 
whereby the cultivations are performed in the presence of said 
eukaryotic selection agents up to a cultivation volume of 1% 
(v/v) of the cultivation volume of the final cultivation and in 
the absence of said eukaryotic selection agents in a cultivation 
volume of more than 1 % (v/v) of the cultivation volume of the 
final cultivation.

The productivity of said CHO cells is in one embodiment 
over 40 generations not less than 70% and not more than 
130% of the productivity after 10 generations of cultivation as 
split-batch cultivation. In another embodiment is the produc
tivity of said CHO cells over 60 generations not less than 50% 
and not more than 150% of the productivity after 10 genera
tions of cultivation as split-batch cultivation. In still a further 
embodiment is the productivity of said CHO cell at least 1.5 
g/1 of said heterologous immunoglobulin within 21 days as 
fed-batch cultivation.

A second aspect of the current invention is a CHO cell 
obtainable with the following method:
a) providing a CHO cell, which is 

adapted to growth in suspension culture, 
adapted to growth in serum-free medium, 
mycoplasma free, and
optional virus free,

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of a heterologous immunoglobulin, and/or a third 
nucleic acid sequence encoding the light chain of a het
erologous immunoglobulin,

whereby a first transfection vector is provided which com
prises said provided nucleic acid, which comprises said 
frist as well as second and/or third nucleic acid, and an 
additional fourth nucleic acid sequence conferring resis
tance to a first eukaryotic selection agent, and 

whereby a second transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
the identical frist as well as second and/or third nucleic 
acid as that/those in said provided nucleic acid contained 
in the first transfection vector, and an additional fourth 
nucleic acid sequence conferring resistance to a second 
eukaryotic selection agent, which is different from the 
fourth nucleic acid in said first transfection vector, 
whereby said second eukaryotic selection agent is dif
ferent from said first eukaryotic selection agent,

c) transfecting said CHO cell, wherein said transfecting com
prises the following steps in the following order:
(i) transfecting said CHO cell with said first transfection 

vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in cultivation medium containing a first eukary
otic selection agent to which the first transfection vector 
confers resistance,

(iii) transfecting said CHO cell selected in (ii) with said 
second transfection vector,

(iv) selecting a CHO cell transfected in (iii) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent to which the first transfection 
vector confers resistance and said second eukaryotic 
selection agent to which the second transfection vector 
confers resistance.

5
DETAILED DESCRIPTION OF THE INVENTION

Methods and techniques known to a person skilled in the 
art, which are useful for carrying out the current invention, are 
described e.g. in Ausubel, F. M., ed., Current Protocols in 
Molecular Biology, Volumes I to III (1997), Wiley and Sons; 
Sambrook, et al., Molecular Cloning: A Laboratory Manual, 
Second Edition, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y. (1989).

General chromatographic methods and their use are known 
to a person skilled in the art. See for example, Chromatogra
phy, 5th edition, Part A: Fundamentals and Techniques, Heft- 
mann, E. (ed), Elsevier Science Publishing Company, New 
York, (1992); Advanced Chromatographic and Electromigra
tion Methods in Biosciences, Deyl, Z. (ed.), Elsevier Science 
BV, Amsterdam, The Netherlands, (1998); Chromatography 
Today, Poole, C. F., and Poole, S. K., Elsevier Science Pub
lishing Company, New York, (1991); Scopes, Protein Purifi
cation: Principles and Practice (1982); Sambrook, J., et al. 
(ed), Molecular Cloning: A Laboratory Manual, Second Edi
tion, Cold Spring Harbor Laboratory Press, Cold Spring Har
bor, N.Y., 1989; or Current Protocols in Molecular Biology, 
Ausubel, F. M., et al. (eds), John Wiley & Sons, Inc., New 
York.

For the purification of recombinantly produced heterolo
gous immunoglobulins often a combination of different col
umn chromatography steps is employed. Generally a Protein 
A affinity chromatography is followed by one or two addi
tional separation steps. The final purification step is a so 
called “polishing step” for the removal of trace impurities and 
contaminants like aggregated immunoglobulins, residual 
HCP (host cell protein), DNA (host cell nucleic acid), viruses, 
orendotoxins. Forthis polishing step often an anion exchange 
material in a flow-through mode is used.

Different methods are well established and widespread 
used for protein recovery and purification, such as affinity 
chromatography with microbial proteins (e.g. protein A or 
protein G affinity chromatography), ion exchange chroma
tography (e.g. cation exchange (carboxymethyl resins), anion 
exchange (amino ethyl resins) and mixed-mode exchange), 
thiophilic adsorption (e.g. with beta-mercaptoethanol and 
other SH ligands), hydrophobic interaction or aromatic 
adsorption chromatography (e.g. withphenyl-sepharose, aza- 
arenophilic resins, or m-aminophenylboronic acid), metal 
chelate affinity chromatography (e.g. with Ni(II)- and Cu(II)- 
afBnity material), size exclusion chromatography, and elec- 
trophoretical methods (such as gel electrophoresis, capillary 
electrophoresis) (Vijayalakshmi, M. A., Appl. Biochem. Bio
tech. 75 (1998) 93-102).

The term “amino acid” as used within this application 
denotes the group of carboxy α-amino acids, which directly 
or in form of a precursor can be encoded by a nucleic acid. The 
individual amino acids are encoded by nucleic acids consist
ing of three nucleotides, so called codons or base-triplets. 
Each amino acid is encoded by at least one codon. The encod
ing of the same amino acid by different codons is known as 
“degeneration of the genetic code”. The term “amino acid” as 
used within this application denotes the naturally occurring 
carboxy α-amino acids and is comprising alanine (three letter 
code: ala, one letter code: A), arginine (aig, R), asparagine 
(asn, N), aspartic acid (asp, D), cysteine (cys, C), glutamine 
(gin, Q), glutamic acid (glu, E), glycine (gly, G), histidine 
(his, H), isoleucine (ile, I), leucine (leu, L), lysine (lys, K), 
methionine (met, M), phenylalanine (phe, F), proline (pro, P), 
serine (ser, S), threonine (thr, T), tryptophan (trp, W), tyrosine 
(tyr, Y), and valine (val, V).
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A “nucleic acid” or a “nucleic acid sequence”, which terms 
are used interchangeably within this application, refers to a 
polymeric molecule consisting of individual nucleotides 
(also called bases) a, c, g, and t (or u in RNA), for example to 
DNA, RNA, or modifications thereof. This polynucleotide 
molecule can be a naturally occurring polynucleotide mol
ecule or a synthetic polynucleotide molecule or a combina
tion of one or more naturally occurring polynucleotide mol
ecules with one or more synthetic polynucleotide molecules. 
Also encompassed by this definition are naturally occurring 
polynucleotide molecules in which one or more nucleotides 
are changed (e.g. by mutagenesis), deleted, or added. A 
nucleic acid can either be isolated, or integrated in another 
nucleic acid, e.g. in an expression cassette, a plasmid, or the 
chromosome of a host cell. A nucleic acid is characterized by 
its nucleic acid sequence consisting of individual nucleotides.

To a person skilled in the art procedures and methods are 
well known to convert an amino acid sequence, e.g. of a 
polypeptide, into a corresponding nucleic acid sequence 
encoding this amino acid sequence. Therefore, a nucleic acid 
is characterized by its nucleic acid sequence consisting of 
individual nucleotides and likewise by the amino acid 
sequence of a polypeptide encoded thereby.

A “polypeptide” is a polymer consisting of amino acids 
joined by peptide bonds, whether produced naturally or syn
thetically. Polypeptides of less than about 20 amino acid 
residues may be referred to as “peptides”, whereas molecules 
consisting of two or more polypeptides or comprising one 
polypeptide of more than 100 amino acid residues may be 
referred to as “proteins”. A polypeptide may also comprise 
non-amino acid components, such as carbohydrate groups, 
metal ions, or carboxylic acid esters. The non-amino acid 
components may be added by the cell, in which the polypep
tide is expressed, and may vary with the type of cell. Polypep
tides are defined herein in terms of their amino acid backbone 
structure or the nucleic acid encoding the same. Additions 
such as carbohydrate groups are generally not specified, but 
may be present nonetheless.

The term “immunoglobulin” encompasses the various 
forms of immunoglobulin structures including complete 
immunoglobulins and immunoglobulin conjugates. The 
immunoglobulin employed in the current invention is prefer
ably a human antibody, or a humanized antibody, or a chi
meric antibody, or a T cell antigen depleted antibody (see e.g. 
WO 98/33523, WO 98/52976, and WO 00/34317). Genetic 
engineering of antibodies is e.g. described in Morrison, S. L., 
et a l, Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855; U.S. 
Pat. Nos. 5,202,238 and 5,204,244; Riechmann, L., et al., 
Nature 332 (1988) 323-327; Neubeiger, M. S., et al., Nature 
314 (1985) 268-270; Lonberg,N., Nat. Biotechnol. 23 (2005) 
1117-1125. Immunoglobulins may exist in a variety of for
mats, including, for example, Fv, Fab, and F(ab)2 as well as 
single chains (scFv) or diabodies (e.g. Fluston, J. S., et al., 
Proc. Natl. Acad. Sci. USA 85 (1988) 5879-5883; Bird, R. E , 
et al., Science 242 (1988) 423-426; in general, Flood et al., 
Immunology, Benjamin N.Y., 2nd edition (1984); and 
Fhmkapiller, T. and Flood, L., Nature 323 (1986) 15-16).

The term “complete immunoglobulin” denotes an immu
noglobulin which comprises two so called light chains and 
two so called heavy chains. Each of the heavy and light chains 
of a complete immunoglobulin contains a variable domain 
(variable region) (generally the amino terminal portion of the 
polypeptide chain) comprising binding regions that are able 
to interact with an antigen. Each of the heavy and light chains 
of a complete immunoglobulin comprises a constant region 
(generally the carboxyl terminal portion). The constant 
region of the heavy chain mediates the binding of the anti

7
body i) to cells bearing a Fc gamma receptor (FcγR), such as 
phagocytic cells, or ii) to cells bearing the neonatal Fc recep
tor (FcRn) also known as Brambell receptor. It also mediates 
the binding to some factors including factors of the classical 
complement system such as component (Clq). The variable 
domain of an immunoglobulin’s light or heavy chain in turn 
comprises different segments, i.e. four framework regions 
(FR) and three hypervariable regions (CDR).

The term “immunoglobulin conjugate” denotes a polypep
tide comprising at least one domain of an immunoglobulin 
heavy or light chain conjugated via a peptide bond to a further 
polypeptide. The further polypeptide is a non-immunoglobu- 
lin peptide, such as a hormone, or growth receptor, or antifu- 
sogenic peptide, or complement factor, or the like. Exemplary 
immunoglobulin conjugates are reported in WO 2007/ 
045463.

The term “heterologous immunoglobulin” denotes an 
immunoglobulin which is not naturally produced by a mam
malian cell or the host cell. The immunoglobulin produced 
according to the method of the invention is produced by 
recombinant means. Such methods are widely known in the 
state of the art and comprise protein expression in eukaryotic 
cells with subsequent recovery and isolation of the heterolo
gous immunoglobulin, and usually purification to a pharma
ceutically acceptable purity. For the production, i.e. expres
sion, of an immunoglobulin a nucleic acid encoding the light 
chain and a nucleic acid encoding the heavy chain are inserted 
each into an expression cassette by standard methods. 
Nucleic acids encoding immunoglobulin light and heavy 
chains are readily isolated and sequenced using conventional 
procedures. Flybridoma cells can serve as a source of such 
nucleic acids. The expression cassettes may be inserted into 
an expression plasmid(s), which is (are) then transfected into 
host cells, which do not otherwise produce immunoglobulins. 
Expression is performed in appropriate prokaryotic or 
eukaryotic host cells and the immunoglobulin is recovered 
from the cells after lysis or from the culture supernatant.

An “isolated polypeptide” is a polypeptide that is essen
tially free from contaminating cellular components, such as 
carbohydrate, lipid, or other proteinaceous impurities associ
ated with the polypeptide in nature. Typically, a preparation 
of isolated polypeptide contains the polypeptide in a highly 
purified form, i.e. at least about 80% pure, at least about 90% 
pure, at least about 95% pure, greater than 95% pure, or 
greater than 99% pure. One way to show that a particular 
protein preparation contains an isolated polypeptide is by the 
appearance of a single band following sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis of the protein 
preparation and Coomassie Brilliant Blue staining of the gel. 
Flowever, the term “isolated” does not exclude the presence of 
the same polypeptide in alternative physical forms, such as 
dimers or alternatively glycosylated or derivatized forms.

“Fleterologous DNA” or “heterologous polypeptide” 
refers to a DNA molecule or a polypeptide, or a population of 
DNA molecules or a population of polypeptides, that do not 
exist naturally within a given host cell. DNA molecules het
erologous to a particular host cell may contain DNA derived 
from the host cell species (i.e. endogenous DNA) so long as 
that host DNA is combined with non-host DNA (i.e. exog
enous DNA). For example, a DNA molecule containing a 
non-host DNA segment encoding a polypeptide operably 
linked to a host DNA segment comprising a promoter is 
considered to be a heterologous DNA molecule. Conversely, 
a heterologous DNA molecule can comprise an endogenous 
structural gene operably linked with an exogenous promoter.

A peptide or polypeptide encoded by a non-host DNA 
molecule is a “heterologous” peptide or polypeptide.
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The term “cell” or “host cell” refers to a cell into which a 
nucleic acid, e.g. encoding a heterologous polypeptide, can 
be or is transfected. The term “cell” includes both prokaryotic 
cells, which are used for propagation of plasmids, and eukary
otic cells, which are used for the expression of a nucleic acid 
and production of the encoded polypeptide. In one embodi
ment, the eukaryotic cells are mammalian cells. In another 
embodiment the mammalian cell is a CHO cell, preferably a 
CHO K1 cell (ATCC CCL-61 or DSM ACC 110), or a CHO 
DG44 cell (also known as CHO-DHFR[-], DSM ACC 126), 
or a CHO XL99 cell, a CHO-T cell (see e.g. Morgan, D., et al., 
Biochemistry 26 (1987) 2959-2963), or a CHO-S cell, or a 
Super-CHO cell (Pak, S. C. O., et al. Cytotechnology. 22 
(1996) 139-146). If these cells are not adapted to growth in 
serum-free medium or in suspension an adaptation prior to 
the use in the current method is to be performed. As used 
herein, the expression “cell” includes the subject cell and its 
progeny. Thus, the words “transformant” and “transformed 
cell” include the primary subject cell and cultures derived 
there from without regard for the number of transfers or 
subcultivations. It is also understood that all progeny may not 
be precisely identical in DNA content, due to deliberate or 
inadvertent mutations. Variant progeny that have the same 
function or biological activity as screened for in the originally 
transformed cell are included.

The term “expression” as used herein refers to transcrip
tion and/or translation processes occurring within a cell. The 
level of transcription of a nucleic acid sequence of interest in 
a cell can be determined on the basis of the amount of corre
sponding mRNA that is present in the cell. For example, 
mRNA transcribed from a sequence of interest can be quan
titated by RT-PCR or by Northern hybridization (see Sam- 
brook, et al., 1989, supra). Polypeptides encoded by a nucleic 
acid of interest can be quantitated by various methods, e.g. by 
ELISA, by assaying for the biological activity of the polypep
tide, or by employing assays that are independent of such 
activity, such as Western blotting or radioimmunoassay, using 
immunoglobulins that recognize and bind to the polypeptide 
(see Sambrook, et al., 1989, supra).

An “expression cassette” refers to a construct that contains 
the necessary regulatory elements, such as promoter and 
polyadenylation site, for expression of at least the contained 
nucleic acid in a cell.

A “transfection vector” is a nucleic acid (also denoted as 
nucleic acid molecule) providing all required elements for the 
expression of the in the transfection vector comprised coding 
nucleic acids/structural gene(s) in a host cell. A transfection 
vector comprises a prokaryotic plasmid propagation unit, e.g. 
for E. coli, in turn comprising a prokaryotic origin of repli
cation, and a nucleic acid conferring resistance to a prokary
otic selection agent, further comprises the transfection vector 
one or more nucleic acid(s) conferring resistance to an 
eukaryotic selection agent, and one or more nucleic acid 
encoding a polypeptide of interest. Preferably are the nucleic 
acids conferring resistance to a selection agent and the 
nucleic acid(s) encoding a polypeptide of interest placed each 
within an expression cassette, whereby each expression cas
sette comprises a promoter, a coding nucleic acid, and a 
transcription terminator including a polyadenylation signal. 
Gene expression is usually placed under the control of a 
promoter, and such a structural gene is said to be “operably 
linked to” the promoter. Similarly, a regulatory element and a 
core promoter are operably linked if the regulatory element 
modulates the activity of the core promoter.

A “promoter” refers to a polynucleotide sequence that 
controls transcription of a gene/ structural gene or nucleic acid 
sequence to which it is operably linked. A promoter includes

9
signals for RNA polymerase binding and transcription initia
tion. The promoter(s) used will be functional in the cell type 
of the host cell in which expression of the selected sequence 
is contemplated. A laige number of promoters including con
stitutive, inducible and repressible promoters from a variety 
of different sources, are well known in the art (and identified 
in databases such as GenBank) and are available as or within 
cloned polynucleotides (from, e.g., depositories such as 
ATCC as well as other commercial or individual sources). A 
“promoter” comprises a nucleotide sequence that directs the 
transcription of an operably linked structural gene. Typically, 
a promoter is located in the 5' non-coding or untranslated 
region of a gene, proximal to the transcriptional start site of a 
structural gene. Sequence elements within promoters that 
function in the initiation of transcription are often character
ized by consensus nucleotide sequences. These promoter ele
ments include RNA polymerase binding sites, TATA 
sequences, CAAT sequences, differentiation-specific ele
ments (DSEs; McGehee, R. E., et al., Mol. Endocrinol. 7 
(1993) 551-560), cyclic AMP response elements (CREs), 
serum response elements (SREs; Treisman, R., Seminars in 
Cancer Biol. 1 (1990) 47-58), glucocorticoid response ele
ments (GREs), and binding sites for other transcription fac
tors, such as CRE/ATF (O’Reilly, M. A., et al., J. Biol. Chem. 
267 (1992) 19938-19943), AP2 (Ye, J ,  et al., J. Biol. Chem. 
269 (1994) 25728-25734), SP1, cAMP response element 
binding protein (CREB; Loeken, M. R., Gene Expr. 3 (1993) 
253-264) and octamer factors (see, in general, Watson et al., 
eds., Molecular Biology of the Gene, 4th ed. (The Benjamin/ 
Cummings Publishing Company, Inc. 1987), and Lemaigre, 
F. P. and Rousseau, G. G., Biochem. J. 303 (1994) 1-14). 
Among the eukaryotic promoters that have been identified as 
strong promoters for high-level expression are the SV40 early 
promoter, adenovirus major late promoter, mouse metal- 
lothionein-I promoter, Rous sarcoma virus long terminal 
repeat, Chinese hamster elongation factor 1 alpha (CHEF-1, 
see e.g. U.S. Pat. No. 5,888,809), human EF-1 alpha, ubiq- 
uitin, and human cytomegalovirus immediate early promoter 
(CMV IE).

The “promoter” can be constitutive or inducible. An 
enhancer (i.e., a cis-acting DNA element that acts on a pro
moter to increase transcription) may be necessary to function 
in conjunction with the promoter to increase the level of 
expression obtained with a promoter alone, and may be 
included as a transcriptional regulatory element. Often, the 
polynucleotide segment containing the promoter will include 
enhancer sequences as well (e.g., CMV or SV40).

An “enhancer”, as used herein, refers to a polynucleotide 
sequence that enhances transcription of a gene or coding 
sequence to which it is operably linked. Unlike promoters, 
enhancers are relatively orientation and position independent 
and have been found 5' or 3' (Lusky, M., et al., Mol. Cell Bio., 
3 (1983) 1108-1122)to the transcription unit, within an intron 
(Banerji, J., et al., Cell, 33 (1983) 729-740) as well as within 
the coding sequence itself (Osborne, T. F., et al., Mol. Cell. 
Bio., 4 (1984) 1293-1305). Therefore, enhancers may be 
placed upstream or downstream from the transcription initia
tion site or at considerable distances from the promoter, 
although in practice enhancers may overlap physically and 
functionally with promoters. A laige number of enhancers, 
from a variety of different sources are well known in the art 
(and identified in databases such as GenBank) and are avail
able as or within cloned polynucleotide sequences (from, e.g., 
depositories such as the ATCC as well as other commercial or 
individual sources). A number of polynucleotides comprising 
promoter sequences (such as the commonly-used CMV pro
moter) also comprise enhancer sequences. For example, all of
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the strong promoters listed above may also contain strong 
enhancers (see e.g. Bendig, M., M., Genetic Engineering 7 
(Academic Press, 1988) 91-127).

A “nucleic acid conferring resistance to a selection agent” 
is a nucleic acid that allows cells carrying it to be specifically 
selected for or against, in the presence of a selection agent. 
Such a nucleic acid is also denoted as selection marker. Typi
cally, a selection marker will confer resistance to a selection 
agent (drug) or compensate for a metabolic or catabolic 
defect in the host cell. A selection marker can be positive, 
negative, or bifunctional. A useful positive selectionmarkeris 
an antibiotic resistance gene. This selection marker allows 
cells transformed therewith to be positively selected for in the 
presence of the corresponding selection agent, i.e. under 
selected growth in the presence e.g. of the corresponding 
antibiotic. A non-transformed cell is not capable to grow or 
survive under the selective growth conditions, i.e. in the pres
ence of the selection agent, in culture. Positive selection 
markers allow selection for cells carrying the marker, 
whereas negative selection markers allow cells carrying the 
marker to be selectively eliminated. Eukaryotic selection 
markers include, e.g., the genes for aminoglycoside phospho
transferase (APE!) (conferring resistance to the selection 
agents such as e.g. hygromycin (hyg), neomycin (neomycin 
phosphotransferase II, neo), and G418), dihydrofolate reduc
tase (DE1FR) (conferring resistance to the selection agent 
methotrexate), thymidine kinase (tk), glutamine synthetase 
(GS), asparagine synthetase, tryptophan synthetase (confer
ring resistance to the selection agent indole), histidinol dehy
drogenase (conferring resistance to the selection agent histi
dinol D), cytidine deaminase, adenosine deaminase and 
nucleic acids conferring resistance to puromycin, bleomycin, 
phleomycin, chloramphenicol, Zeocin, and mycophenolic 
acid. Further selection marker nucleic acids are reported e.g. 
in WO 92/08796 and WO 94/28143. Prokaryotic selection 
markers include, e.g. the beta-lactamase gene (conferring 
resistance to the selection agent ampicillin).

Expression of a gene is performed either as transient or as 
permanent expression. The polypeptide(s) of interest are in 
general secreted polypeptides and therefore contain an N-ter- 
minal extension (also known as the signal sequence) which is 
necessary for the transport/secretion of the polypeptide 
through the cell wall into the extracellular medium. In gen
eral, the signal sequence can be derived from any gene encod
ing a secreted polypeptide. If a heterologous signal sequence 
is used, it preferably is one that is recognized and processed 
(i.e. cleaved by a signal peptidase) by the host cell. For secre
tion in yeast for example the native signal sequence of a 
heterologous gene to be expressed may be substituted by a 
homologous yeast signal sequence derived from a secreted 
gene, such as the yeast invertase signal sequence, alpha-factor 
leader (including Saccharomyces, Kluyveromyces, Pichia, 
and Hansenula α-factor leaders, the second described in U.S. 
Pat. No. 5,010,182), acid phosphatase signal sequence, or the 
C. albicans glucoamylase signal sequence (EP 0 362 179). In 
mammalian cell expression the native signal sequence of the 
protein of interest is satisfactory, although other mammalian 
signal sequences may be suitable, such as signal sequences 
from secreted polypeptides of the same orrelated species, e.g. 
for immunoglobulins from human or murine origin, as well as 
viral secretory signal sequences, for example, the herpes sim
plex glycoprotein D signal sequence. The DNA fragment 
encoding for such a presegment is ligated in frame, i.e. oper- 
ably linked, to the DNA fragment encoding a polypeptide of 
interest.
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The first aspect of the current invention is a method for the 

recombinant production of a secreted heterologous immuno
globulin in a CFIO cell which comprises:
a) providing a CFIO cell, which is adapted to growth in sus

pension culture, adapted to growth in serum-free medium, 
and mycoplasma free;

b) providing a transfection vector, which comprises the fol
lowing elements:
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin and a third nucleic 
acid sequence encoding the light chain of said heterolo
gous immunoglobulin,

a fourth nucleic acid sequence conferring resistance to a 
eukaryotic selection agent,

whereby each of said first to fourth nucleic acid sequence is 
contained in an expression cassette,

c) transfecting and selecting said CFIO cell, wherein said 
transfecting and selecting comprises the following steps in 
the following order:
(i) transfecting said CFIO cell with a transfection vector 

comprising said first to third nucleic acid and a fourth 
nucleic acid sequence conferring resistance to a first 
eukaryotic selection agent,

(ii) selecting a CFIO cell transfected in (i) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent,

(iii) transfecting said CFIO cell selected in (ii) with a trans
fection vector comprising said first to third nucleic acid 
and a fourth nucleic acid sequence different from that in 
the transfection vector used in (i) conferring resistance 
to a second eukaryotic selection agent different to said 
first eukaryotic selection agent,

(iv) selecting a CFIO cell transfected in (iii) by selected 
growth in cultivation medium containing said first and 
said second eukaryotic selection agent,

d) cultivating said transfected and selected CFIO cell of step c) 
in a cultivation medium containing said first and second 
eukaryotic selection agent, under conditions suitable for 
the expression of said second, and third nucleic acid,

e) recovering said secreted heterologous immunoglobulin 
from the cultivation medium and thereby recombinantly 
producing a heterologous immunoglobulin.
The method according to the invention is suited for the 

production of a secreted heterologous immunoglobulin in 
large scale, i.e. industrially. The cultivation of a cell for the 
production of a desired polypeptide in large scale generally 
consists of a sequence of individual cultivations, wherein all 
cultivations except the final, i.e. the large scale, cultivation, 
i.e. the last one in the sequence, are performed until a certain 
cell density is reached in the culture vessel. If the predeter
mined cell density is reached the entire cultivation or a frac
tion thereof is used to inoculate the next cultivation vessel, 
which has a larger volume, up to 1000 times the volume of the 
preceding cultivation. All cultivations which serve as a basis 
for at least one further cultivation in a larger volume are 
denoted as seed train fermentations. Only in the large scale 
cultivation, i.e. in the cultivation which is not intended to 
serve as the basis for a further cultivation in a larger volume, 
which is also denoted as main fermentation, is the endpoint of 
the cultivation determined depending on the concentration of 
the produced secreted heterologous immunoglobulin in the 
cultivation medium. The term “large scale” as used within 
this application denotes the final cultivation of an industrial 
production process. Preferably a large scale cultivation is
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performed at a volume of at least 1001, more preferably of at 
least 500 1, most preferably of at least 1000 1 up to a volume 
of 20,000 1. In one embodiment the final, i.e. large scale, 
cultivation medium does not contain a eukaryotic selection 
agent.

In one embodiment the cultivation of said transfected CHO 
cell is performed in the presence of said eukaryotic selection 
agent in a volume of less than 500 liter and the cultivation of 
said transfected CHO cell is performed in the absence of said 
eukaryotic selection agents in a volume of 500 liter or more 
and that said recovering said secreted heterologous immuno
globulin is from the cultivation medium without said eukary
otic selection agents. In a further embodiment the cultivation 
is comprising sequential cultivations with increasing cultiva
tion volume up to a final cultivation volume, whereby the 
cultivations are performed in the presence of said eukaryotic 
selection agents up to a cultivation volume of 1% (v/v) of the 
cultivation volume of the final or main cultivation and in the 
absence of all of said eukaryotic selection agents in a culti
vation volume of more than 1% (v/v) of the cultivation vol
ume of the final cultivation. In a further embodiment said 
cultivation is comprising sequential seed train cultivations 
with increasing cultivation volume, whereby each of the seed 
train cultivations is performed in the presence of said eukary
otic selection agents and the main fermentation is performed 
in the absence of all of said eukaryotic selection agents. In one 
embodiment the cultivation of said transfected CHO cell is 
performed in the presence of said eukaryotic selection agent 
in the seed train fermentations and the cultivation of said 
transfected CHO cell is performed in the absence of said 
eukaryotic selection agents in the main fermentation and that 
said recovering said secreted heterologous immunoglobulin 
is from the main cultivation medium not containing said 
eukaryotic selection agents. In these embodiments the 
eukaryotic selection agents are added during the growth 
phase and omitted during the production phase of said CHO 
cell. The term “production phase” denotes the cultivation of a 
CHO cell in a laige volume, i.e. the main fermentation, after 
which the produced heterologous immunoglobulin is recov
ered.

In another embodiment of the method according to the 
invention the productivity of said CHO cell is over 40 gen
erations not less than 70% and not more than 130% of the 
productivity after 10 generations of cultivation as split-batch 
cultivation. In an embodiment the productivity of said CHO 
cells is over 60 generations not less than 50% and not more 
than 150% of the productivity after 10 generations of culti
vation as split-batch cultivation. The productivity of said 
CHO cell is at least 1.5 g/1 of said heterologous immunoglo
bulin within 21 days as fed-batch cultivation in another 
embodiment. In one embodiment the specific productivity of 
the CHO cell obtained with the method according to the 
invention is more than 1 μg/106 cells/d, more than 5 μg/106 
cells/d, or more than 10 μg/106 cells/d. In one embodiment the 
secreted heterologous immunoglobulin is a completely pro
cessed secreted heterologous immunoglobulin. The term 
“completely processed secreted heterologous immunoglobu
lin” denotes an immunoglobulin i) which is secreted to the 
cultivation medium and whose signal sequences has been 
cleaved, ii) which comprises an antigen binding region, iii) 
which has secondary modifications, such as attached saccha
rides or polysaccharides, and/or correctly formed disulfide 
bonds.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-Aβ antibody. In another embodi
ment the heavy chain variable domain of said anti-Aβ anti
body comprises a CDR3 with an amino acid sequence
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selected from SEQ ID NO: 1,2, or 3. In a further embodiment 
the light chain variable domain of said anti-Aβ antibody 
comprises a CDR3 with an amino acid sequence selected 
from SEQ ID NO: 4, 5, or 6. In a further embodiment said 
anti-Aβ antibody comprises a heavy chain variable domain 
with an amino acid sequence selected from SEQ ID NO: 7, 8, 
or 9. In still a further embodiment said anti-Aβ antibody 
comprises a light chain variable domain with an amino acid 
sequence selected from SEQ ID NO: 10, 11, or 12.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-P-Selectin antibody. In a further 
embodiment said anti-P-Selectin antibody comprises a heavy 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 13,14, or 15. In still a further embodiment 
said anti-P-Selectin antibody comprises a light chain variable 
domain with an amino acid sequence selected from SEQ ID 
NO: 16, 17, or 18.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-IL-13Rα antibody. In a further 
embodiment said anti-IL-13Rα antibody comprises a heavy 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 19, 20, 21, 22, or 23. In still a further 
embodiment said anti-IL-13Rα antibody comprises a light 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 24, 25, 26, 27, or 28.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-CD4 antibody-conjugate. In 
another embodiment the heavy chain variable domain of said 
anti-CD4 antibody in said conjugate comprises a CDR3 with 
an amino acid sequence selected from SEQ ID NO: 29,30, or 
31. In a further embodiment the light chain variable domain of 
said anti-CD4 antibody in said conjugate comprises a CDR3 
with an amino acid sequence selected from SEQ ID NO: 32, 
33, or 34. In a further embodiment said anti-CD4 antibody in 
said conjugate comprises a heavy chain variable domain with 
an amino acid sequence selected from SEQ ID NO: 35,36, or 
37. In still a further embodiment said anti-CD4 antibody in 
said conjugate comprises a light chain variable domain with 
an amino acid sequence selected from SEQ ID NO: 38,39, or 
40.

A mammalian cell usable for the laige scale production of 
therapeutics, i.e. polypeptides intended for the use in humans, 
has to fulfill distinct criteria. Amongst others are these that it 
has to be cultivatable in serum-free, preferably innon-defined 
mammal-derived components free medium, or in a serum- 
free medium supplemented with defined mammal-derived 
components. Serum is a mixture of multitude of compounds. 
Normally bovine serum has been used for the cultivation of 
mammalian cells. With the arising problem of transmissible 
diseases from one species to another the use of serum and 
other non-defined mammal-derived compounds has to be 
avoided. The term “non-defined mammal-derived com
pound” as used within this application denotes compounds 
which are derived from a mammal, especially preferred from 
a cow, a pig, a sheep, or a lamb, and whose composition can 
be specified to less than 80%, preferably to less than 90% 
(w/w). A “defined mammal-derived compound” is a com
pound that is obtained from a mammal, especially preferred 
from a cow, a pig, a sheep, or a lamb, and whose composition 
can be specified to more than 95% (w/w), preferably to more 
than 98% (w/w), most preferably to more then 99% (w/w). An 
example of a defined mammal-derived compound is choles
terol from ovine wool, and galactose from bovine milk. In one 
embodiment the medium can be supplemented with defined 
or non-defined not mammal -derived compounds. An example 
of such a not mammal-derived compound is cod-liver oil.
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Therefore in one embodiment of the current invention the 
medium used in the cultivation is a serum-free medium, or a 
serum-free medium supplemented with defined mammal-de
rived components, or an mammal-derived component free 
medium, or a protein-free medium, a protein-free medium 
supplemented with defined mammal-derived components, or 
a chemically defined medium, or a mammal-derived compo
nent free medium, or a defined protein-free medium. 
Examples of an mammal-derived component free medium 
are the CD CHO medium available from Invitrogen Corp., or 
the ProCH04 available from Gibco. An example of a protein 
free medium is HyQ SFM4CHO available from Hyclone.

In another embodiment of the method according to the 
invention is the method beginning with the first transfection 
and ending with the recovery of the secreted heterologous 
immunoglobulin performed in the same medium. The term 
“in the same medium” denotes within the current application 
that beginning with the first transfection and ending with the 
recovery of the secreted heterologous immunoglobulin from 
the cultivation medium the same medium is used. This does 
not denote that the same additives have to be added to the 
medium in all steps, i.e. the medium may be supplemented 
with different additive in different steps of the method. Addi
tives are compounds that are added to a medium in total to less 
than 20% (w/w), in one embodiment to less than 15% (w/w), 
in another embodiment to less than 10% (w/w). In one 
embodiment the medium used in the method according to the 
invention is the same medium in all steps and is a medium 
suitable for the laige scale production of the secreted heter
ologous immunoglobulin.

It has surprisingly been found that with the method accord
ing to the invention a multiple transfected CHO cell can be 
obtained that has similar growth characteristics and an 
improved productivity compared to a one-time transfected 
CHO cell. The term “similar growth characteristics” denotes 
that the multiple transfected CHO cell grows to at least 50% 
of the cell density within the same time as the one-time 
transfected CHO cell. In another embodiment said multiple 
transfected CHO cell grows to at least 90% of the cell density 
as the one-time transfected cell. In still a further embodiment 
is the doubling time of the multiple transfected cell at most 
150% of that of the one-time transfected cell. In one embodi
ment said multiple transfected CHO cell is a CHO cell trans
fected two or three times. In another embodiment the multiple 
transfected cell has an improved volumetric yield in a culti
vation medium. The overall productivity of a laige scale 
fermentation process is best determined by the volumetric 
yield, i.e. the amount of polypeptide per unit volume of the 
cultivation. This volumetric yield is the product of cell den
sity, specific productivity of each cell and cultivation time. 
Thus, a cultivation with low cell density but high specific 
productivity will have the same volumetric yield in the same 
time as a cultivation with high cell density but low specific 
productivity in the same cultivation time. Thus, with the mul
tiple transfected CHO cell and the method according to the 
invention a CHO cell is obtainable with similar growth char
acteristics but an improved volumetric yield/productivity 
compared to one-time transfected CHO cells.

The secreted heterologous immunoglobulin can be recov
ered from the cultivation medium with chromatographic 
methods known to a person of skill in the art. Therefore in one 
embodiment the method according to the invention comprises 
the final step of purifying said heterologous immunoglobulin 
with one or more chromatographic steps.

A vector suited for use in the method according to the 
invention comprises a prokaryotic origin of replication, and a 
first nucleic acid conferring resistance to a prokaryotic selec
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tion agent, and/or a second nucleic acid encoding the heavy 
chain of said heterologous immunoglobulin, and/or a third 
nucleic acid encoding the light chain of said heterologous 
immunoglobulin, and a fourth nucleic acid conferring resis
tance to a eukaryotic selection agent.

The comprised first nucleic acid confers resistance to the 
addition of a prokaryotic selection agent to the cultivation 
medium. Exemplary prokaryotic selection agents are e.g. 
ampicillin, kanamycin, chloramphenicol, tetracycline, or 
erythromycin. The term “a nucleic acid conferring resistance 
to a selection agent” and grammatical equivalents thereof 
denotes within the current application that the polypeptide 
encoded by said nucleic acid can neutralize said selection 
agent by modification or degradation or can counteract the 
effect of said selection agent. Thus, a cell comprising a 
nucleic acid conferring resistance to a selection agent has the 
ability to survive and proliferate with the selection agent 
present in the cultivation medium. Exemplary eukaryotic 
selection agents are e.g. neomycin, hygromycin, puromycin, 
methotrexate, Geneticin® (G418), or mycophenolic acid. 
The selection agent is chosen with the proviso that the 
prokaryotic and the eukaryotic selection agent is not a metal.

The transfection of the provided CHO cell according to the 
method according to the invention is performed as sequential 
steps of transfection and selection. CHO cells suitable in the 
method according to the invention are e.g. a CHO K1 cell, or 
a CHO DG44 cell, or a CHO XL99 cell, or a CHO DXB11 
cell, or a CHO DP12 cell, or a super-CHO cell. Within the 
scope of the present invention, transfected cells may be 
obtained with substantially any kind of transfection method 
known in the art. For example, the nucleic acid may be intro
duced into the cells by means of electroporation or microin
jection. Alternatively, lipofection reagents such as FuGENE 6 
(Roche Diagnostics GmbH, Germany), X-tremeGENE 
(Roche Diagnostics GmbH, Germany), LipofectAmine (In
vitrogen Corp., USA), and nucleotransfection (AMAX 
Corp.) may be used. Still alternatively, the nucleic acid may 
be introduced into the cell by appropriate viral vector systems 
based on retroviruses, lentiviruses, adenoviruses, or adeno- 
associated viruses (Singer, O., Proc. Natl. Acad. Sci. USA 
101 (2004) 5313-5314).

After the transfection positive transfected cells are selected 
in the presence of selection agents, i.e. by selected growth. It 
has surprisingly been found that more than one eukaryotic 
selection agent can be present in the cultivation medium not 
interfering with growth and heterologous polypeptide expres
sion if the cultivated CHO cell has been transfected with all 
required corresponding nucleic acids conferring resistance to 
these eukaryotic selection agents according to the current 
invention. It has also been found that CHO cells can be 
cultivated in the concomitant presence of three eukaryotic 
selection agents without a reduction of the doubling time to 
more than 150% of the doubling time of the non-transfected 
or one-time transfected CHO cell. Therefore, the multiple 
transfected CHO cell comprises nucleic acids, which are in 
each transfection step of the method according to the inven
tion comprising a different, not previously transfected, 
nucleic acid as fourth nucleic acid which confers a new resis
tance not already present in said CHO cell to a different 
eukaryotic selection agent. Therefore, after the second trans
fection step a successfully transfected cell is selected for by 
cultivation in the concomitant presence of two different 
eukaryotic selection agents. After the third transfection the 
transfected cell can be cultivated for selection in the concomi
tant presence of three different eukaryotic selection agents.

Thus, the vector employed in the different transfection 
steps according to the method according to the invention is at
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least 95% identical on the nucleic acid level except for the 
nucleic acid conferring resistance to a eukaryotic selection 
agent, i.e. the fourth nucleic acid.

For the expression of a secreted heterologous immunoglo
bulin the vector with which the CFiO cell is transfected and 
which comprises a nucleic acid conferring resistance to a 
eukaryotic selection agent also comprises a nucleic acid 
encoding the light chain of said heterologous immunoglobu
lin and/or a nucleic acid encoding the heavy chain of said 
heterologous immunoglobulin. If the vector comprises only a 
nucleic acid encoding either the light chain of said immuno
globulin or the heavy chain of said immunoglobulin said 
CFiO cell is also transfected in each step by another vector 
comprising a nucleic acid encoding the corresponding other 
chain of said immunoglobulin.

In one embodiment the first to fourth nucleic acid sequence 
comprised in the transfection vectors according to the inven
tion (i.e. the first, second, and third transfection vector) is 
contained in an expression cassette. An “expression cassette” 
refers to a construct that contains the necessary regulatory 
elements, such as promoter and polyadenylation site, for 
expression of at least the contained nucleic acid in a cell, e.g. 
a promoter, a nucleic acid to be expressed, and a transcription 
terminator including a polyadenylation signal. The promoter 
contained in the expression cassette determines the amount of 
transcription of the operably linked nucleic acid and there
with it determines the amount of the translation of said 
nucleic acid. A first promoter inducing a laiger amount of 
translation of a nucleic acid compared to a second promoter is 
termed a “stronger promoter” with respect to said second 
promoter. It is intended to produce the secreted heterologous 
immunoglobulin and not the polypeptide conferring resis
tance to a selection agent. Thus, the capacity of the host cells 
transcription and translation machinery has to be split up 
correspondingly. Therefore, in one embodiment the promoter 
employed for the transcription of said second and third 
nucleic acids is different from the promoter employed for the 
transcription of said fourth nucleic acid. In another embodi
ment is the amount of transcript of said second and third 
nucleic acid encoding the chains of said heterologous immu
noglobulin laiger than the amount of transcript of said forth 
nucleic acid conferring resistance to a selection agent. Thus, 
the promoter employed for the expression of said second and 
third nucleic acid is stronger than the promoter employed for 
the expression of said fourth nucleic acid. In another embodi
ment is the promoter employed for the transcription of said 
second and third nucleic acids the same but different from the 
promoter of said fourth nucleic acid. In one embodiment the 
promoter for the expression of said second and third nucleic 
acid is the CMV promoter or a variant thereof and the pro
moter for the expression of said fourth nucleic acid is the 
SV40 promoter or a variant thereof.

In a further embodiment of the method according to the 
invention the codon usage of said second and third nucleic 
acid is optimized for the expression in CFiO cells. This allows 
a more efficient use of the transfer-RNAs present in the 
recombinant CFiO cell. In another embodiment said second 
and/or third nucleic acid comprise an intronic nucleic acid 
sequence, in another embodiment the intronic nucleic acid is 
a mouse/human hybrid intron. In the genome of eukaryotic 
cells the genomic DNA sequences contain coding (exonic) 
and non-coding (intronic) nucleic acid sequences. After tran
scription of the DNA to the pre-mRNA, the pre-mRNA also 
contains these intronic and exonic nucleic acid sequences. 
Prior to translation the non-coding intronic nucleic acid 
sequences are removed during mRNA processing by splicing 
them out of the primary mRNA transcript to generate the
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mature mRNA. The splicing of the primary mRNA is con
trolled by a splice donor site in combination with a properly 
spaced apart splice acceptor site. The splice donor site is 
located at the 5' end and the splice acceptor site is located at 
the 3' end of an intronic sequence and both are only partly 
removed during the pre-mRNA splicing.

To produce a secreted polypeptide, the nucleic acid(s) 
encoding the chains of the heterologous immunoglobulin 
include a DNA segment that encodes a signal sequence/leader 
peptide. The signal sequence directs the newly synthesized 
polypeptide to and through the Endoplasmatic reticulum 
(ER) membrane where the polypeptide can be routed for 
secretion. The signal sequence is cleaved off by a signal 
peptidases during crossing of the ER membrane. As for the 
function of the signal sequence the recognition by the host 
cell’s secretion machinery is essential. Therefore, the used 
signal sequence has to be recognized by the host cell’s pro
teins and enzymes of the secretion machinery.

In one embodiment the method according to the invention 
comprises a third transfection step in step c):

(v) transfecting said CHO cell selected in (iv) with said 
vector comprising a fourth nucleic acid sequence differ
ent from that in the transfection vector used in (i) and 
(iii) conferring resistance to a third eukaryotic selection 
agent, which is different from said first and said second 
eukaryotic selection agent,

(vi) selecting a CHO cell transfected in (v) by selected 
growth in a cultivation medium containing said first and 
said second and said third eukaryotic selection agent.

In this embodiment the cultivation medium employed for 
the cultivation of said transfected CHO cell in step d) further 
comprises a third eukaryotic selection agent.

A second aspect of the current invention is a CHO cell 
expressing a secreted heterologous immunoglobulin obtain
able with the following method:
a) providing a CHO cell, which is 

adapted to growth in suspension culture, 
adapted to growth in serum-free medium, 
mycoplasma free,

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin, and a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin, 

whereby a first transfection vector is provided which com
prises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 
first eukaryotic selection agent, 

whereby a second transfection vector is provided which 
comprises said provided nucleic acid and an additional 
fourth nucleic acid sequence different from the fourth 
nucleic acid in said first transfection vector conferring 
resistance to a second eukaryotic selection agent, 
whereby said second eukaryotic selection agent is dif
ferent to said first eukaryotic selection agent,

c) transfecting and selecting said CHO cell, wherein said 
transfecting and selecting comprises the following steps in 
the following order:
(i) transfecting said CHO cell with said first transfection 

vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in a cultivation medium containing a first 
eukaryotic selection agent to which the first transfection 
vector confers resistance,
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(iii) transfecting said CHO cell selected in (ii) with said 

second transfection vector,
(iv) selecting a CHO cell transfected in (iii) by selected 

growth in a cultivation medium containing said first 
eukaryotic selection agent, to which the first transfection 
vector confers resistance, and said second eukaryotic 
selection agent, to which the second transfection vector 
confers resistance.

The term “virus free” which is used within this application 
denotes that the CHO cell does not contain any viral nucleic 
acid which would result if expressed during cultivation in 
harmful, in down stream processing operations not separat- 
able products for humans.

The following examples, and figures are provided to aid the 
understanding of the present invention, the true scope of 
which is set forth in the appended claims. It is understood that 
modifications can be made in the procedures set forth without 
departing from the spirit of the invention.

DESCRIPTION OF THE FIGURES

FIG. 1 Annotated plasmid map of plasmid p5128.
FIG. 2 Annotated plasmid map of plasmid p5137.
FIG. 3 Annotated plasmid map of plasmid p5151.
FIG. 4 Annotated plasmid map of plasmid p5057.
FIG. 5 Annotated plasmid map of plasmid p5069.
FIG. 6 (A) Antibody titers of clones obtained after subclon

ing with limited dilution and of clones obtained with the 
method according to the invention; X-axis: (1) G24, (2) lim
ited dilution, (3) method according to the invention; Y-axis: 
immunoglobulin concentration [μg/ml].

(B) Specific production rates of clones obtained after sub
cloning with limited dilution and of clones obtained with 
the method according to the invention; X-axis: (1) G24, 
(2) limited dilution, (3) method according to the inven
tion; Y-axis: specific production rate [pg/d*cell].

FIG. 7 SDS-Page after protein-A HPLC purification of the 
antibody. For the four samples 35-45, 37-65, 39-4 and 43-16 
two bands are visible, the upper being the heavy chain, the 
lower being the light chain. Sample 25g7 is a control antibody 
with antibody-related side products (above the heavy chain 
and between heavy and light chain). Samples: (1) Molecular 
weight marker, (2) 35-45, (3) 37-65, (4) 39-4, (5) 43-16), (6) 
25g7, (7) Reference antibody, (8) Medium 25x.

FIG. 8 Annotated plasmid map of plasmid p6311.
FIG. 9 Annotated plasmid map of plasmid p5321.

EXAMPLES

Materials & Methods
General information regarding the nucleotide sequences of 

human immunoglobulins light and heavy chains is given in: 
Rabat, E. A., et al., Sequences of Proteins of Immunological 
Interest, 5th ed., Public Health Service, National Institutes of 
Health, Bethesda, Md. (1991). Amino acids of antibody 
chains are numbered according to EU numbering (Edelman, 
G. M , et a l, Proc. Natl. Acad. Sci. USA 63 (1969) 78-85; 
Rabat, E. A , et a l. Sequences of Proteins of Immunological 
Interest, 5th ed . Public Health Service, National Institutes of 
Health, Bethesda, M d, (1991)).
Recombinant DNA Techniques:

Standard methods were used to manipulate DNA as 
described in Sambrook, J ,  et a l. Molecular cloning: A labo
ratory manual; Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, N.Y, 1989. The molecular biological reagents 
were used according to the manufacturer’s instructions.
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Gene Synthesis:

Desired gene segments were prepared from oligonucle
otides made by chemical synthesis. The 100-600 bp long gene 
segments, which are flanked by singular restriction endonu
clease cleavage sites, were assembled by annealing and liga
tion of oligonucleotides including PCR amplification and 
subsequently cloned into the pCR2.1 -TOPO-TA cloning vec
tor (InvitrogenCorp, USA) via A-overhangs orpPCR-Script 
Amp SR(+) cloning vector (Stratagene Corp, USA). The 
DNA sequence of the subcloned gene fragments were con
firmed by DNA sequencing.
Protein Determination:

Protein concentration was determined by determining the 
optical density (OD) at 280 nm, using the molar extinction 
coefficient calculated on the basis of the amino acid sequence. 
Antibody Titer Determination:

Antibody titers were determined either by anti-human Fc 
ELISA or by Protein A chromatography using the autologous 
purified antibody as a reference.
SDS-PAGE

LDS sample buffer, fourfold concentrate (4x): 4 g glycerol, 
0.682 g TRIS-Base, 0.666 g TRIS-hydrochloride, 0.8 g LDS 
(lithium dodecyl sulfate), 0.006 g EDTA (ethylene diamin 
tetra acid), 0.75 ml of a 1 % by weight (w/w) solution of Serva 
Blue G250 in water, 0.75 ml of a l% by weight (w/w) solution 
of phenol red, add water to make a total volume of 10 ml.

The culture broth containing the secreted antibody was 
centrifuged to remove cells and cell debris. An aliquot of the 
clarified supernatant was admixed with !4 volumes (v/v) of 
4xLDS sample buffer and Vio volume (v/v) of 0.5 M 1,4- 
dithiotreitol (DTT). Then the samples were incubated for 10 
min. at 70° C. and protein separated by SDS-PAGE. The 
NuPAGE® Pre-Cast gel system (Invitrogen Corp.) was used 
according to the manufacturer’s instruction. In particular, 
10% NuPAGE® Novex® Bis-TRIS Pre-Cast gels (pH 6.4) 
and a NuPAGE® MOPS running buffer was used.
Western Blot

Transfer buffer: 39 mM glycine, 48 mM TRIS-hydrochlo
ride, 0.04% by weight (w/w) SDS, and 20% by volume 
methanol (v/v)

After SDS-PAGE the separated antibody chains were 
transferred electrophoretically to a nitrocellulose filter mem
brane (pore size: 0.45 μm) according to the “Semidry-Blot- 
ting-Method” of Burnette (Burnette, W. N , Anal. Biochem. 
112 (1981) 195-203).

Example 1

Expression Vector for Expressing an Anti-Aβ Antibody
An example (preferably monoclonal) antibody for which a 

cell line for expression can be obtained according to the 
current invention is an antibody against the amyloid β-A4 
peptide (anti-Aβ antibody). Such an antibody and the corre
sponding nucleic acid sequences are, for example, reported in 
WO 2003/070760 or US 2005/0169925 or in SEQ ID NO: 1 
to 12.

The anti-Aβ antibody expressing Chinese hamster ovary 
(CHO) cell line was generated by three successive complete 
transfections and selection campaigns.

A genomic human K-light chain constant region gene seg
ment (C-kappa, CL) was added to the light chain variable 
region of the anti-Aβ antibody, while a human γ 1 -heavy chain 
constant region gene segment {CHl-Αm%e-CH2-CH3) was 
added to the heavy chain variable region of the anti-Aβ anti
body. The complete K-light and γl-heavy chain antibody 
genes were then joined with a human cytomegalovirus
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(HCMV) promoter at the 5'-end and a human immunoglobu
lin polyadenylation signal sequence at the 3'-end.
a) Heavy Chain Expression Cassette

The transcription unit of the anti-Aβ antibody heavy chain 
is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus,

a 5'-untranslated region derived from a human antibody 
germline gene,

the anti-Aβ antibody heavy chain variable domain includ
ing a signal sequence derived from a human antibody 
germline gene,

a human/mouse heavy chain hybrid intron 2 including the 
mouse Ig heavy chain enhancer element (see e.g. (Neu- 
berger, M. S , EMBO J. 2 (1983) 1373-1378), 

the genomic human γl-heavy chain gene constant region, 
the human immunoglobulin γl-heavy chain polyadenyla

tion (“poly A”) signal sequence, 
the unique restriction sites AscI and SgrAI at the 5'- and 

3'-end, respectively.
b) Light Chain Expression Cassette

The transcription unit of the anti-Aβ antibody light chain is 
composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (HCMV), 

a 5'-untranslated region derived from a human antibody 
germline gene,

the anti-Aβ antibody light chain variable region including 
a signal sequence derived from a human antibody ger
mline gene,

a human/mouse K-light gene hybrid intron 2 including the 
mouse Ig χ-light chain enhancer element (Picard and 
Schaffner, A lymphocyte-specific enhancer in the mouse 
immunoglobulin kappa gene. Nature 307 (1984) 80-82), 

the human K-light gene constant region (C-kappa), 
the human immunoglobulin K-polyadenylation (“poly A”) 

signal sequence,
the unique restriction sites Sse8387 and Fsel at the 5'- and 

3'-end, respectively.
c) Expression Plasmids 5128, 5137, and 5151

For expression and production of the anti-Aβ antibody the 
light and heavy chain expression cassettes were placed on a 
single expression vector (heavy chain upstream of light chain 
in clockwise orientation). Three identical expression vectors 
were generated differing only in the selectable marker gene 
included, in particular, in the gene conferring resistance to the 
selection agent neomycin, hygromycin, or puromycin. The 
vectors also include a mouse DHFR gene which was not used 
for selection or amplification.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

a selectable marker (either a neomycin, hygromycin or 
puromycin resistance gene),

an origin of replication allowing for the replication of the 
plasmid in E. coli,

a beta-lactamase gene which confers ampicillin resistance 
in E. coli,

a mouse derived DHFR gene.
The plasmid map of the expression vector 5128 containing 

a hygromycin selectable marker gene is shown in FIG. 1. The 
plasmid map of the expression vector 5137 containing a neo
mycin selectable marker gene is shown in FIG. 2. The plasmid 
map of the expression vector 5151 containing a puromycin 
selectable marker gene is shown in FIG. 3.
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Example 2

Transfection and Selection of a CHO Cell Expressing an 
Anti-Aβ Antibody

Parent CHO-K1 cells, pre-adapted to growth in serum-free 
suspension culture in synthetic animal component free 
ProCH04 medium (Cambrex Corp.) containing 8 mM 
glutamine and lxHT supplement (Gibco/Invitrogen) were 
used as host cell line. This supplemented ProCH04 medium 
is designated in the following as ProCH04-complete 
medium. The adherent growing CHO-K1 parent cell line was 
received from ATTC as ATCC CCL-61.

The preadapted parent host cells were propagated in sus
pension in synthetic, animal component-free ProCH04-com- 
plete medium under standard humidified conditions (95%, 
37° C., and 5% C 0 2). On regular intervals depending on the 
cell density the cells were splitted into fresh medium. The 
cells were harvested by centrifugation in the exponential 
growth phase, washed once in sterile Phosphate Buffered 
Saline (PBS) and resuspended in sterile PBS.

Prior to transfection the anti-Aβ antibody expressing plas
mids were linearized within the β-lactamase gene {E. coli 
ampicillin resistance marker gene) using the restriction endo
nuclease enzyme Pvul or Avill. The cleaved DNA was pre
cipitated with ethanol, dried under vacuum, and dissolved in 
sterile PBS.

In general, for transfection, the (parent or already trans
fected) CHO cells were electroporated with 20-50 μg linear
ized plasmid DNA per approximately 107 cells in PBS at 
room temperature. The electroporations were performed with 
a Gene Pulser XCell electroporation device (Bio-Rad Labo
ratories) in a 2 mm gap cuvette, using a square wave protocol 
with a single 180 V pulse. After transfection, the cells were 
plated out in ProCH04-complete medium in 96-well culture 
plates. After 24 h of growth a solution containing one or more 
selection agents were added (ProCH04-complete selection 
medium; G418: 400 μg/ml; hygromycin: 600 μg/ml; puromy
cin: 8 μg/ml). Once a week the ProCH04-complete selection 
medium was replaced. The antibody concentration of the 
anti-Aβ antibody was analyzed with an ELISA assay specific 
for human IgGl in the culture supernatants.

For selection of high-yield anti-Aβ antibody production 
cell lines the productivity was tested in ProCH04-complete 
selection medium after propagation in 6-well culture plates, 
T-flasks and/or Erlenmeyer shake flasks using an anti-human 
IgGl ELISA and/or analytic Protein A HPLC.

Subclones were obtained by two methods, Limiting Dilu
tion (LD) and Fluorescence Activated Cell Sorting (FACS). 
Limiting Dilution:

For limiting dilution cells were plated out in ProCH04- 
conditioned medium (consisting of 50% (v/v) fresh 
ProCH04-complete selection medium and 50% (v/v) 
ProCH04-complete conditioned selection medium derived 
from the cells to be propagated) at a cell density of 0.5-2 cells 
per 0.1 ml medium per well of a 96-well culture plate. Once 
a week the medium was replaced by ProCH04-complete 
selection medium. The antibody concentration of the anti-Aβ 
antibody was analyzed by an ELISA assay specific for human 
IgGl in the culture supernatants.
Single Cell Deposition by Flow Cytometry Including Identi
fication and Isolation of Clones:

The identification and isolation of stably transfected clones 
was performed with the aid of a cell surface labeling tech
nique using fluorescently tagged Protein A that binds to 
secreted but still membrane-attached antibodies. The fluores
cence intensity of the stained cells was used as criterion for 
cell selection.
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In the case of fluorescence activated cell sorting the elec
troporated population of cells were directly seeded into 
T-flasks in ProCH04-complete medium. The appropriate 
selection agent or agents (G418, hygromycin, and/or puro- 
mycin) was/were added to the culture one day after transfec
tion and the transfectant pool was expanded.

Cells from the expanded transfectant pool were first treated 
with Accumax (PAA Laboratories) for 15 minutes at 37° C. 
and then passed through a 40 μM nylon mesh to remove 
remaining laige cell aggregates. The cells were collected by 
centrifugation, resuspended in PBS containing 5% FCS 
(Gibco/Invitrogen) at a cell density of 10s to 107 cells/ml and 
incubated for 20 minutes on ice. Thereafter, the cells were 
stained with 10 ng/ml Protein A Alexa Fluor 488 (Molecular 
Probes Inc.) in a volume of 8 ml FCS-PBS for 30 minutes on 
ice in the dark. Afterwards, the cells were washed once with 
5% FCS-PBS and once with ProCH04 medium containing 8 
mM Ultra Glutamine (Cambrex Corp.), lxHT supplement 
and 5% FCS. Finally the cells were resuspended in the 
supplemented ProCHO medium used for washing at a cell 
density of 10s to 107 cells/ml and transferred to a BD FAC- 
SAria cell sorter (BD Biosciences).

Single cells were sorted by flow cytometry and deposited in 
wells of 96-well culture plates containing of ProCH04-con- 
ditioned medium. The selected and deposited cells encom
passed cells with the top 10%, 7%, or 4% of fluorescence 
intensity of the gated live cells. After 48 hours ProCH04 
complete selection medium containing the appropriate selec
tion agent in 2-fold concentration was added to each well. 
Once a week the medium was replaced with ProCH04-com- 
plete selection medium. The antibody concentration of the 
anti-Aβ antibody was analyzed with an ELISA assay specific 
for human IgGl in the culture supernatants.
Transfection and Selection Steps:

For the first transfection and selection step the plasmid 
5137 has been used. Plasmid 5137 has been transfected with 
electroporation into parent cell line adapted to growth in 
ProCH04-complete medium. The transfected cells were cul
tivated in ProCH04-complete medium supplemented with up 
to 700 μg/ml G418 in 96 well plates. The antibody concen
tration in the culture supernatants was evaluated by an anti
human IgGl ELISA. Approximately 1000 clones have been 
tested and the selected of them were further cultivated in 
24-well plates, 6-well plates and subsequently in shaker 
flasks. The growth and productivity of approximately 20 
clones was assessed in static and suspension cultures by anti
human IgGl ELISA and/or analytic protein A HPLC. The 
best clone (best clone does not denote the most productive 
clone it denotes the clone with the best properties for the 
further steps) was subcloned by limited dilution in ProCH04- 
conditioned medium supplemented with 700 μg/ml G418. 
The selected clone was named 8C8.

For the second transfection and selection step the plasmid 
5128 has been used. Plasmid 5128 has been transfected with 
electroporation into cell line clone 8C8 cultivated in 
ProCH04-complete medium supplemented with 700 μg/ml 
G418. The transfected cells were expanded for about two to 
three weeks in ProCH04-conditioned medium supplemented 
with 200 μg/ml G418 and 300 μg/ml hygromycin (ProCH04- 
double selection medium). Single antibody secreting cells 
were identified and deposited on the basis of their fluores
cence intensity after staining with a Protein A Alexa Fluor 
conjugate by FACS analysis. The deposited cells were culti
vated in ProCH04-double selection medium in 96 well 
plates. The antibody concentration in the culture supernatants
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was evaluated by an anti-human IgGl ELISA. Approxi
mately 500 clones have been tested and the selected of them 
were further cultivated in 24-well plates, 6-well plates and 
subsequently in shaker flasks. The growth and productivity of 
approximately 14 clones was assessed in static and suspen
sion cultures by anti-human IgGl ELISA and/or analytic 
Protein A HPLC. The selected clone was named 4F5.

For the third transfection and selection step the plasmid 
5151 has been used. Plasmid 5151 has been transfected with 
electroporation into cell line clone 4F5 cultivated in 
ProCH04-double selection medium. The transfected cells 
were expanded for about two to three weeks in ProCH04- 
triple selection medium (ProCH04-conditioned medium 
supplemented with 200 μg/ml G418 and 300 μg/ml hygromy
cin and 4 μg/ml puromycin). Single antibody secreting cells 
were identified and deposited on the basis of their fluores
cence intensity after staining with a Protein A Alexa Fluor 
conjugate by FACS analysis. The deposited cells were culti
vated in ProCH04-triple selection medium in 96 well plates. 
The antibody concentration in the culture supernatants was 
evaluatedby an anti-human IgGl ELISA. Approximately 500 
clones have been tested and the selected of them were further 
cultivated in 24-well plates, 6-well plates and subsequently in 
shaker flasks. The growth and productivity of approximately 
10 clones was assessed in static and suspension cultures by 
anti-human IgGl ELISA and/or analytic protein A HPLC. 
The selected clone was named 20F2.

Clone 20F2 has been selected based on his growth, pro
ductivity, and product quality characteristics after growth in 
fed-batch suspension culture in ProCH04-triple selection 
medium, i.e. in the concomitant presence of the three select
ing agents G418, hygromycin, and puromycin.
Clone Characteristics:

As can be seen from the following table the doubling time 
and cell density after three days of cultivation were compa
rable when the basic cell line CHO-K1 (wild-type) and the 
selected clones are compared.

TABLE 1

24

Growth characteristics

Clone

Doubling

[hi

Starting 
cell density 

[106 cells/ml]

Cell density 
at day 3 

[106 cells/ml]

Viability 
at day 3 

[%]

CHO-K1 22-23 3 18-20 97-98

(wild-type)

8C8 26-28 3 12-15 96-98

4F5 22-24 3 24-27 96-97

20F2 24-26 2 23-26 97-98

Example 3

Stability of Clone 20F2 Expressing an Anti-Aβ Antibody 
Stability of growth and product formation was evaluated in 

sequential cell subculture over a time period of 60 days (about 
60 generations) in the presence and absence of the selection 
agents (with and without antibiotics). The cultivation was 
performed as described above.
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TABLE 2

Characteristics of clone 20F2._______

_____________ Clone 20F2

cultivation in the cultivation in
presence o f three the absence of

Parameter selection agents selection agents

Mean value viability [%] 97 97
Mean value doubling time [h] 27 26
Mean value SPR [pg/c/d] 11 9

Following extensive passage (up to generation 60) no evi
dence was obtained indicating that the anti-Aβ antibody pro
ducing clone 20F2 was unstable with respect to cell growth 
and product formation in the presence or absence of the three 
selection agents, respectively.

Example 4

Expression Vector for Expressing an Anti-P-Selectin Anti
body

Another example (preferably monoclonal) antibody for 
which a cell line for expression can be obtained according to 
the current invention is an antibody against the human P-Se- 
lectin glycoprotein (anti-P-Selectin antibody). Such an anti
body and the corresponding nucleic acid sequences are for 
example described in WO 2005/100402, or US 2005/ 
0226876 or SEQ ID NO: 13 to 18.

The anti-P-Selectin antibody expressing Chinese hamster 
ovary cell line was generated by two successive complete 
transfections and clone selection campaigns.

A genomic human kappa-light chain constant region gene 
segment (C-kappa) was added to the light chain variable 
region of the anti-P-Selectin antibody, whereas a human 
gamma 4-heavy chain constant region gene segment (CH1- 
Fiinge-Cf^-Cfβ) was added to the heavy chain variable 
region of the anti-P-Selectin antibody. The complete kappa- 
light and gamma 4-heavy chain antibody genes were then 
joined with a human cytomegalovirus immediate early pro
moter and enhancer (CMV IE) at the 5'-end and the Simian 
Virus 40 early polyadenylation (SV 40 early poly A) signal 
sequence at the 3'-end.
a) Fieavy Chain Expression Cassette

The transcription unit of the anti-P-Selectin antibody 
heavy chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-P-Selectin antibody 

gamma 4-heavy chain including a signal peptide in an 
intron-exon gene structure, 

the SV 40 early poly A signal sequence.
b) Light Chain Expression Cassette

The transcription unit of the anti-P-Selectin antibody light 
chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-P-Selectin kappa-light 

chain in an intron-exon gene structure, 
the SV 40 early poly A signal sequence.

c) Expression Plasmids 5057 and 5069
For the expression and production of the anti-P-Selectin 

antibody the light and heavy chain expression cassettes were 
placed on a single expression vector (light chain upstream of 
heavy chain). Two identical expression vectors were gener-
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ated differing only in the selectable marker gene included, in 
particular, the murine dihydrofolate reductase (DFiFR) gene 
or a neomycin resistance gene.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

a selectable marker, either the murine DFiFR gene or a gene 
conferring resistance to the selection agent neomycin 
under the control of the SV40 early promoter and origin, 

an origin of replication allowing for the replication of the 
plasmid in E. coli taken from pUCl 9 (pUC origin), 

a beta-lactamase gene which confers ampicillin resistance 
in E. coli.

The plasmid map of the expression vector 5057 containing 
the murine DFiFR marker gene is shown in FIG. 4. The 
plasmid map of the expression vector 5069 containing a neo
mycin selectable marker gene is shown in FIG. 5.

Example 5

Transfection and Selection of a CFiO Cell Line Expressing an 
Anti-P-Selectin Antibody

CFiO-Kl cells, pre-adapted to growth in serum-free sus
pension culture in protein-free FiyQ SFM4CFIO medium 
(Fiyclone, Cat. No. SFI30549) supplemented with defined 
animal-derived components (cholesterol from ovine wool 
and cod-liver oil) were used as the host cell line. The cells 
were propagated in shake flasks in protein-free FiyQ 
SFM4CFIO medium under standard humidified conditions 
(95%, 37° C., and 5% C 0 2) and under constant agitation at 
150 rpm/min. Depending on the cell density the cells were 
split into fresh medium.

The adherent CFiO-Kl cell lines had been obtained from 
the American Type Culture Collection as ATCC CCL-61. 
First Transfection and Selection

Prior to transfection the expression plasmid 5057 was lin
earized within the beta-lactamase gene using the restriction 
enzyme Pvul. The cleaved DNA was purified using QiaQuick 
spin columns (Qiagen) according to the manufacturer’s rec
ommendations.

Transfection was carried out by electroporation using Gene 
Pulser XCell (BIO-RAD) and 0.2 cm-cuvettes (BIO-RAD, 
Cat. No. 165-2086). For transfection 10s to 107CHO-K1 cells 
were harvested by centrifugation, resuspended in PBS, trans
ferred to the cuvette and mixed with 20-50 μg linearized 
plasmid DNA. The cells were exposed to a single square wave 
pulse (160 V, 15 ms) and subsequently diluted in HyQ 
SFM4CHO medium to a density of approx. 4xl05 cells/ml 
and seeded in a T75 cell culture flask. After 48 hours of 
propagation without the supplementation of a selection agent, 
the cells were diluted in HyQ SFM4CHO medium supple
mented with 200 nM MTX to a density of 104 to 105 cells/ml 
and seeded in 96-well plates with 3-7000 cells per well. After 
approx, two weeks, fresh medium was added per well and 
after additional two weeks the culture medium was com
pletely replaced by fresh medium. Four days later the culture 
supernatants were tested for antibody production by anti
human Fc ELISA. In total approximately 600 clones were 
screened.

45 clones with antibody titers of more than 10 μg/ml were 
picked and transferred to 48-well plates. The clones were 
expanded to shaker flasks over additional passages and sub
sequently transferred to serum free production medium for 
the final productivity assessment. A 125 ml shaker flask was 
inoculated with 105 to 10s cells/ml in medium supplemented 
with 200 nM MTX. Viable cell density and viability were 
monitored over one week. Antibody titers were measured by 
Protein A chromatography on the final day. Based on these
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data, clone G24 was selected for further development. G24 
reached a maximal viable cell density of 3.3x10s cells/ml. 
The antibody titer was 402 μg/ml. The average specific pro
duction rate (SPR) was 28 pg/(cell*d).
Second Transfection and Selection:

Clone G24 was subjected to a second transfection. For the 
second transfection plasmid 5069 was used. Linearization 
and purification of the plasmid as well as electroporation of 
G24 were performed as described for the first transfection. 
After 48 hours of propagation without selection pressure, the 
cells were diluted in HyQ SFM4C1TO medium supplemented 
with 200 nM MTX and 400 μg/ml G418 to a density of 103 to 
104 cells/ml and seeded in 96-well plates with 500 cells per 
well. After approx, two weeks, fresh medium was added per 
well and after an additional week the culture medium was 
completely replaced by fresh medium. Four days later the 
culture supernatants were tested for antibody production by 
anti-human Fc ELISA. In total approximately 220 clones 
were screened.

Then 13 clones with antibody titers of more than 150 μg/ml 
were picked and transferred to 24-well plates. The clones 
were expanded to shaker flasks over additional passages and 
subsequently transferred to serum free production medium 
for the final productivity assessment. A shaker flask was 
inoculated with 105 to 10s cells/ml in 50 ml medium supple
mented with 200 nM MTX and 400 μg/ml G418. Viable cell 
density and viability were monitored over one week. Anti
body titers were measured by Protein A chromatography on 
the final day. Based on these data, clone G24_x6 was consid
ered the best clone. G24_x6 reached a maximal viable cell 
density of3.0xl0s cells/ml. The antibody titer was 685 μg/ml. 
The average specific production rate (SPR) from was 48 
pg/(cell*d).
Limiting Dilution:

To compare the method according to the invention with 
simple subcloning with respect to their effect on productivity 
we subjected clone G24 to limited dilution or single cell 
deposition in 96-well plates.

For limiting dilution the cells were seeded in 96-well plates 
in FlyQ SFM4CF10 medium supplemented with 50% (v/v) 
conditioned medium, 10% FCS and 200 nM MTX at 0.5 
cells/well. Alternatively 1 cell/well was deposited in 96-well 
plates by FACS. After 10 days, fresh HyQ SFM4CHO 
medium, 200 nM MTX without FCS was added per well and 
after an additional week the culture medium was completely 
replaced by HyQ SFM4CHO medium, 200 nM MTX. Four 
days later the culture supernatants were tested for antibody 
production by anti-human Fc ELISA. In total approximately 
230 clones were screened.

Eleven subclones with antibody titers of more than 130 
μg/ml were transferred to 24-well plates. After passages in 
6-well plates, the clones were transferred to shaker flasks and 
subsequently transferred to serum free production medium 
for the final productivity assessment. A shaker flask was 
inoculated with 105 to 10s cells/ml in medium supplemented 
with 200 nM MTX. Viable cell density and viability were 
monitored over one week. Antibody titers were measured by 
Protein A chromatography on the final day. Based on these
data G24_13 was considered the best clone. G24_13
reached a maximal viable cell density of 3.6x10s cells/ml. 
The antibody titer was 472 μg/ml. The average the specific 
production rate (SPR) was 31 pg/(cell*d).

Table 3 summarizes the productivity data of best perform
ing subclone G24_13 and the best performing clone G24_x6
obtained with the method according to the invention in com
parison to their parental clone G24. With the method accord
ing to the invention a clone with volumetric and specific

27
productivity increased by more than 50% can be obtained 
whereas after subcloning only a minor increase of both 
parameters was observed.

FIG. 6 shows an overview of the volumetric (A) and spe
cific (B) productivities of all subclones of G24 that had been 
investigated in shake flasks. As can be seen, the average 
volumetric and specific productivity of the clones obtained 
with the method according to the invention was significantly 
higher than after subcloning.

TABLE 3

28

Productivity o f the best producing clones 
compared to the parental clone G24.

G24
G24_13

(Subclone)

G24_x6 (method
according to 

the invention)

Antibody concentration 
in the supernatant 
[μg/ml]

402 472 685

SPRρg/(cell*d)] 28 31 48
Max. cell density 
[105/ml]

33 36 30

Clone Characteristics:
As can be seen from the following table the doubling time 

and the cell density after three days of cultivation were com
parable when the one-time transfected cell line G24 and the 
selected clones are compared.

TABLE 4

Growth characteristics

Clone

Doubling

[h]

Starting 
cell density 

[106 cells/ml]

Cell density 
at day 3 

[106 cells/ml]

Viability 
at day 3 

[%]

G24 29 0.3 0.7 91
G24_13 27 0.3 2.0 91
G24_x6 24 0.3 2.5 93

Example 6

Transfection and Selection of a CHO Cell Line Expressing an 
Anti-P-Selectin Antibody

CHO-DG44 cells pre-adapted to growth in serum-free sus
pension culture in protein-free HyQ SFM4CHO medium 
(Hyclone, Cat. No. SH30549) were used as the host cell line. 
The host cell line was cultured in commercial medium HyQ 
SFM4CHO-utility (Hyclone, Cat. No. SH30516) during 
transfections, screening and subcloning steps.
First Transfection and Selection

Prior to transfection the expression plasmid 5057 (FIG. 4) 
was linearized within the beta-lactamase gene using the 
restriction enzyme Pvul.

The transfection of the host cell line was performed by 
nucleotransfection provided by AMAXA (Nucleofector Kit 
T, Cat. No. VCA-1002, Transfection program U-17). Cells 
were cultured in medium supplemented with 10% fetal calf 
serum for 48 h after transfection.

Transfected cells were plated on 96-well plates with 1000 
cells per well in medium supplemented with 10% fetal calf 
serum in the presence of 40 nM methotrexate (MTX) as 
selection agent and incubated for approx, three weeks.

Antibody concentration was determined by ELISA in the 
supernatant of the 96-well plates. About 400 primary clones 
were screened. Twenty-four clones with the highest antibody
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productivity were transferred to 24-well plates and cultivated 
in the presence of the selection agent without supplementa
tion with fetal calf serum. Product quality was analyzed by 
Western Blotting detecting light and heavy antibody chains. 
Nine clones which showed the highest productivity and 
which expressed antibody without detectable antibody 
derived side products (Western blot) were expanded into 
shake flasks.

Productivity was analyzed in batch shake flasks after 7 and 
10 days of incubation. Product quality was assessed by SDS- 
PAGE after Protein-A HPLC purification (FIG. 7). Best prod
uct concentration was reached with clone 43-16.Best specific 
productivity per cell was achieved with clone 35-45. Both 
clones showed no detectable side products in the SDS-PAGE. 
Both clones were selected for subcloning by limiting dilution.

Parental clones 35-45 and 43-16 were subcloned by limit
ing dilution on 96-well plates in commercial ElyQ medium 
supplemented with 5% (v/v) fetal calf serum in the presence 
of 20 nM MTX. After 20 days of incubation antibody pro
duction was screened by ELISA. Best subclones in terms of 
productivity were expanded to shake flasks and subsequently 
transferred to serum free production medium for the final 
productivity assessment. The two best subclones, 35-45-F2 
and 43-16-A10, of the parental clones 35-45 and 43-16 were 
assessed in standard batch shake flask assay. Productivity was 
270 μg/ml and 185 μg/ml after 7 days and 337 μg/ml and 343 
μg/ml after 10 days, respectively.
Second Transfection and Selection:

Subclone 43-16-A10 was transfected with the expression 
vector p5069 (FIG. 5) using the nucleofection method 
(Amaxa Nucleofector Kit T, VCA-1002, Transfection pro
gram U-17). The second transfection was also carried out in 
Fly clone medium: FlyQ SFM4CF10-utility (Cat. No. 
SF130516) supplemented with 10% fetal calf serum and 20 
nM MTX. Two days after the second transfection cells were 
transferred to 96-well plates with 1000 cells per well. As 
second selection agent 250 μg/ml G418 was added.

After cultivation for two weeks more than 2000 primary 
wells were screened by antibody titer determination by anti- 
humanFc ELISA. Fifty clones with highest productivity were 
transferred into 24-well plates and screened a second time by 
anti-human Fc ELISA three days later. All clones were trans
ferred to 6-well plates and screened by anti-human Fc ELISA 
three days later. The six clones with the best productivity were 
directly subcloned from the 6-well plate stage.
Limiting Dilution:

The best parental clones of the second transfection and 
selection round 43-16A10_Sl, 43-16A10_S13,
43-16A10_S14, 43-16A10_S19, 43-16A10_S24,
43-16A10_S43 were subcloned by limiting dilution. The 
product quality of the twelve best subclones was assessed in 
SDS-PAGE and Western-Blotting from the 24-well stage. No 
unwanted antibody related side products were detected.

Three subclones, 43-16-A10-S1-16, 43-16-A10-S24-11, 
and 43-16-A10-S43-14, were selected according to their pro
ductivity in 6-well plates for the expansion in shake flasks. 
They were transferred to serum free production medium for 
the final productivity assessment. Their productivity was 
compared to the subclone after the first transfection, clone 
43-16-A10. The productivity was increased twofold for two 
of the clones after the second transfection and selection, 
43-16-A10-S1-16 and 43-16-A10-S24-11, from 221 μg/ml 
after 7 days in the batch shake flask to 436 μg/ml and 407 
μg/ml, respectively. After 10 days incubation in the batch 
shake flask the productivity increased from 306 μg/ml to 683 
μg/ml and 446 μg/ml, respectively.

29
The specific productivity per cell increased as well from 17 

pg/cell/day for the clone 43-16-A10 after the first transfection 
to 40 pg/cell/day for the first transfected clone 43-16-A10- 
S1 -16 and to 33 pg/cell/day for the second transfected clone 
43-16-A10-S24-11. The doubling time was not affected by 
the second transfection. The doubling time for the clone 
43-16-A10 after the first transfection was 33 h and it was 32 
h for both clones 43-16-A10-S1-16 and 43-16-A10-S24-11.

30

Example 7

Expression Vector for Expressing an Anti-IL-13Rα Antibody 
Another example (preferably monoclonal) antibody for 

which a cell line for expression can be obtained according to 
the current invention is an antibody binding to the IL-13 
Receptor alpha 1 (anti-IL-13Rαl anti-IL-13Rα antibody). 
Such an antibody and the corresponding nucleic acid 
sequences are for example described in WO 2006/072564 or 
SEQ ID NO: 19 to 28.

A genomic human kappa-light chain constant region gene 
segment (C-kappa) was added to the light chain variable 
region of the anti-IL-13Rα antibody whereas a human 
gamma 1-heavy chain constant region gene segment (CHl- 
Hm%e-CH2-CH3) was added to the heavy chain variable 
region of the anti-IL-13Rα antibody. The expression plasmid 
5321 comprises an expression cassette for the anti-IL-13Rα 
antibody γl-heavy chain, and the anti-IL-13Rα antibody 
K-light chain, and a nucleic acid encoding the murine DF1FR 
gene. An annotated plasmid map is shown in FIG. 9.
a) Fleavy Chain Expression Cassette

The transcription unit of the anti-IL-13Rα antibody con
jugate heavy chain is composed of the following elements: 

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-IL-13Rα antibody gamma 

1 -heavy chain conjugate including a signal peptide in an 
intron-exon gene structure,

the human gamma 1-immunoglobulin polyadenylation 
signal sequence.

b) Light Chain Expression Cassette
The transcription unit of the anti-IL-13Rα antibody light 

chain is composed of the following elements:
the immediate early enhancer and promoter from the 

human cytomegalovirus (CMV IE), 
a 5'-untranslated region (5' UTR), 
the coding sequence for the anti-IL-13Rα kappa-light 

chain in an intron-exon gene structure, 
the human immunoglobulin kappa-polyadenylation signal 

sequence.
c) Expression Plasmids

For the expression and production of the anti-IL-13Rα 
antibody conjugate the light and heavy chain expression cas
settes were placed on a single expression vector (light chain 
upstream of heavy chain). Two identical expression vectors 
were generated differing only in the selectable marker gene 
included, in particular, the murine DF1FR gene and both the 
murine DF1FR gene and a hygromycin resistance gene.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

an origin of replication allowing for the replication of the 
plasmid in E. coli (pUC origin), 

a beta-lactamase gene which confers ampicillin resistance 
in E. coli.
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Transfection and Selection of a CHO Cell Line Expressing an 
Anti-IL-13Rα Antibody

For the first transfection and selection step the plasmid 
5321 has been used. Plasmid 5321 has been transfected with 
electroporation into parent cell line adapted to growth in 
ProCEi04-complete medium. The transfected cells were cul
tivated in EiyQSFMCEiO-medium (FiyClone) supplemented 
with up to 200 nM methotrexate in plates. The antibody 
concentration in the culture supernatants was evaluated by an 
anti-human IgGl ELISA. The clones have been tested and the 
selected of them were further cultivated in 24-well plates, 
6-well plates and subsequently in shaker flasks. The growth 
and productivity was assessed in static and suspension cul
tures by anti-human IgGl ELISA and/or analytic Protein A 
FiPLC. The best clone (best clone does not denote the most 
productive clone it denotes the clone with the best properties 
for the further steps) was selected. The selected clone was
named 200_019. Productivity was 90 μg/ml with an average
specific production rate of 7 pg/cell*d after 7 days of cultiva
tion.

For the second transfection and selection step a plasmid 
with a DF1FR and hygromycin resistance gene has been used. 
The plasmid has been transfected with electroporation into 
the selected cell line cultivated in FlyQSFMCFlO-medium 
(FiyClone) supplemented with up to 200 nM methotrexate. 
The double selection medium contained in addition 300 
μg/ml hygromycine B. Single antibody secreting cells were 
identified and deposited on the basis of their fluorescence 
intensity after staining with a Protein A Alexa Fluor conjugate
by FACS analysis. The selected clone was named 5_17_35.
Productivity was 150 μg/ml with an average specific produc
tion rate of 10 pg/cell*d after 7 days of cultivation.

Example 9

Expression Vector for Expressing an Anti-CD4 Antibody 
Conjugate

Another example (monoclonal) antibody for which a cell 
line for expression can be obtained according to the current 
invention is an antibody against the human CD4 surface 
receptor (anti-CD4 antibody) which is conjugated to two to 
eight antifusogenic peptides. Such an antibody and the cor
responding nucleic acid sequences are for example reported 
in PCT/EP2008/005894 or SEQ ID NO: 29 to 40.

A genomic human kappa-light chain constant region gene 
segment (C-kappa) was added to the light chain variable 
region of the anti-CD4 antibody of SEQ ID NO: 39, whereas 
a human gamma 1 -heavy chain constant region gene segment 
{CHl-Αm%e-CH2-CH3) was added to the heavy chain variable 
region of the anti-CE)4 antibody of SEQ ID NO: 36. The 
expression plasmid 6311 comprises an anti-CD4 antibody 
γl-heavy chain, which is joint at the last but one C-terminal 
amino acid, i.e. the C-terminal lysine residue of the heavy 
chain is removed, with a nucleic acid encoding an antifuso
genic peptide of SEQ ID NO: 41 via the peptidic glycine- 
serine linker of SEQ ID NO: 42, and a anti-CD4 antibody 
K-light chain, and a nucleic acid conferring resistance to the 
selectable marker neomycin. An annotated plasmid map is 
shown in FIG. 8.
a) Fleavy Chain Expression Cassette

The transcription unit of the anti-CD4 antibody conjugate 
heavy chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),

32
the coding sequence for the anti-CD4 antibody gamma 

1 -heavy chain conjugate including a signal peptide in an 
intron-exon gene structure, 

the SV 40 early poly A signal sequence.
b) Light Chain Expression Cassette

The transcription unit of the anti-CD4 antibody conjugate 
light chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-CD4 kappa-light chain in 

an intron-exon gene structure, 
the SV 40 early poly A signal sequence.

c) Expression Plasmids
For the expression and production of the anti-CD4 anti

body conjugate the light and heavy chain expression cassettes 
were placed on a single expression vector (light chain 
upstream of heavy chain). Three identical expression vectors 
were generated differing only in the selectable marker gene 
included, in particular, a neomycin resistance gene, a puro- 
mycin resistance gene, and a hygromycin resistance gene.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

an origin of replication allowing for the replication of the 
plasmid in E. coli taken from pUCl 8 (pUC origin), 

a beta-lactamase gene which confers ampicillin resistance 
in E. coli.

Example 10

Transfection and Selection of a CFIO Cell Line Expressing an 
Anti-CD4 Antibody Conjugate 
Transfection and Selection Steps:

For the first transfection and selection step the plasmid 
6311 has been used. Plasmid 6311 has been transfected with 
electroporation into parent cell line adapted to growth in 
ProCF104-complete medium. The transfected cells were cul
tivated in ProCF104-complete medium supplemented with up 
to 700 μg/ml G418 in 96 well plates. The antibody concen
tration in the culture supernatants was evaluated by an anti
human IgGl ELISA. Approximately 5000 clones have been 
tested and the selected of them were further cultivated in 
24-well plates, 6-well plates and subsequently in shaker 
flasks. The growth and productivity of approximately 15 
clones was assessed in static and suspension cultures by anti
human IgGl ELISA and/or analytic Protein A FIPLC. The 
best clone (best clone does not denote the most productive 
clone it denotes the clone with the best properties for the 
further steps) was subcloned by limited dilution in ProCF104- 
conditioned medium supplemented with 700 μg/ml G418.

Subclones were obtained by two methods, Limiting Dilu
tion (LD) and Fluorescence Activated Cell Sorting (FACS). 
Limiting Dilution:

For limiting dilution cells were plated out in ProCF104- 
selection medium at a cell density of 0.5-2 cells per 0.1 ml 
medium per well of a 96-well culture plate.
Single Cell Deposition by Flow Cytometry Including Identi
fication and Isolation of Clones:

In the case of fluorescence activated cell sorting the elec
troporated population of cells were directly seeded into 
T-flasks in ProCF104-complete medium. The appropriate 
selection agent or agents (G418, hygromycin, and/or puro- 
mycin) was/were added to the culture one day after transfec
tion and the transfectant pool was expanded. The growth and 
productivity of approximately 112 clones was assessed in
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static and suspension cultures by anti-human IgGl ELISA 
and/or analytic Protein A HPLC. The selected clone was 
named 1-17.

For the second transfection and selection step a plasmid 
with a hygromycin resistance gene has been used. The plas
mid has been transfected with electroporation into cell line 
clone 1-17 cultivated in ProCF104-complete medium supple
mented with 700 μg/ml G418. The transfected cells were 
expanded for about two to three weeks in ProCF104-condi- 
tioned medium supplemented with 200 μg/ml G418 and 300 
μg/ml hygromycin (ProCF104-double selection medium). 
Single antibody secreting cells were identified and deposited 
on the basis of their fluorescence intensity after staining with 
a Protein A Alexa Fluor conjugate by FACS analysis. The 
deposited cells were cultivated in ProCF104-double selection 
medium in 96 well plates. The antibody concentration in the 
culture supernatants was evaluated by an anti-human IgGl
ELISA. The selected clone was named 24_16. For the third
transfection and selection step a plasmid with a puromycin 
resistance gene has been used. The plasmid has been trans
fected with electroporation into cell line clone 24_16 culti
vated in ProCF104-double selection medium. The transfected 
cells were expanded for about two to three weeks in 
ProCF104-triple selection medium (ProCF104-conditioned 
medium supplemented with 200 μg/ml G418 and 300 μg/ml 
hygromycin and 4 μg/ml puromycin). Single antibody secret
ing cells were identified and deposited on the basis of their 
fluorescence intensity after staining with a Protein A Alexa 
Fluor conjugate by FACS analysis. The deposited cells were 
cultivated in ProCF104-triple selection medium in 96 well 
plates. The antibody concentration in the culture supernatants 
was evaluated by an anti-human IgGl ELISA. The selected
clone was named 1_24.
Clone Characteristics:

As can be seen from the following table the doubling time 
and the cell density after three days of cultivation were com
parable when the basic cell line CFIO-Kl (wild-type) and the 
selected clones are compared.

TABLE 5
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Growth characteristics

Doubling Starting Cell density Viability
time cell density at day 3 at day 3

Clone [h] [106 cells/ml] [106 cells/ml] i%]

CHO-K1 22-25 3 18-22 96-98
(pre adapted) 
1-17 25-30 3 13-15 95-97
24_16 25-30 3 15-16 95-96
1_24 30-32 3 12-14 95-97

The invention claimed is:
1. A method for the recombinant production of a heterolo

gous immunoglobulin in a CLIO cell which is secreted to the 
cultivation medium comprising:

a) providing a CLIO cell, wherein said CLIO cell is 
adapted to growth in suspension culture, 
adapted to growth in serum-free medium, and 
mycoplasma free,

b) providing a nucleic acid comprising
i) a prokaryotic origin of replication,
ii) a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
iii) a second nucleic acid sequence encoding the heavy 

chain of said heterologous immunoglobulin, and a 
third nucleic acid sequence encoding the light chain 
of said heterologous immunoglobulin,

whereby a first transfection vector is provided which com
prises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 
first eukaryotic selection agent,

whereby a second transfection vector is provided which 
comprises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 
second eukaryotic selection agent, whereby said second 
eukaryotic selection agent is different to said first 
eukaryotic selection agent,

b l)  providing a nucleic acid comprising
i) a prokaryotic origin of replication,
ii) a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
iii) a second nucleic acid sequence encoding the heavy 

chain of said heterologous immunoglobulin, and/or a 
third nucleic acid sequence encoding the light chain 
of said heterologous immunoglobulin,

whereby a third transfection vector is provided which com
prises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 
third eukaryotic selection agent, whereby said third 
eukaryotic selection agent is different to said first 
eukaryotic selection agent and is also different to said 
second eukaryotic selection agent,

c) transfecting said CLIO cell, wherein said transfecting 
comprises the following:
(i) transfecting said CLIO cell with said first transfection 

vector,
(ii) selecting a CLIO cell transfected in (i) by selected 

growth in cultivation medium containing a first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance,

(iii) transfecting said selected CLIO cell in (ii) with said 
second transfection vector,

(iv) selecting a CLIO cell transfected in (iii) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance and said second eukary
otic selection agent to which the second transfection 
vector confers resistance,

(v) transfecting said CLIO cell selected in (iv) with said 
third transfection vector,

(vi) selecting a CLIO cell transfected in (v) by selected 
growth in a cultivation medium containing said first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance and said second eukary
otic selection agent to which the second transfection 
vector confers resistance and said third eukaryotic 
selection agent to which the third transfection vector 
confers resistance,

d) cultivating said transfected CLIO cell in a medium in the 
presence of said first and said second and third eukary
otic selection agent, under conditions suitable for the 
expression of said second, and/or third nucleic acid, and

e) recovering said secreted heterologous immunoglobulin 
from the cultivation medium and thereby producing a 
heterologous immunoglobulin in a CLIO cell which is 
secreted to the cultivation medium;

wherein said resultant CLIO cell is stable in the absence of 
any or all selection agents, as used in the previous steps, 
for up to generation 60.

2. The method of claim 1, wherein said CLIO cell is 
selected from the group consisting of a CLIO K1 cell, a CLIO 
DG44 cell, a CHO XL99 cell, a CHO DXB11 cell, and a CHO 
DP12 cell; and wherein further the heterologous immunoglo
bulin is selected from the group consisting of an anti-AB
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antibody, an anti P-selection antibody, ananti-IL-13Roranti- 
body and an anti-CD4 antibody conjugate.

3. The method of claim 2, wherein said second and/or third 
nucleic acid contains hybrid intronic nucleic acid sequence.

4. The method of claim 2, characterized in that said first 
transfection vector and said second transfection vector differ 
only in the nucleic acid conferring resistance to said eukary
otic selection agent.

5. The method of claim 2, wherein step c) and step d) are 
performed in the same medium.

6. The method of claim 5, wherein said medium is selected 
form the group consisting of a serum-free medium, a serum- 
free medium supplemented with defined animal-derived 
components, an animal-derived component free medium, a 
protein-free medium, a protein-free medium supplemented 
with defined animal-derived components, a defined protein- 
free medium, and a chemically defined medium.

7. The method of, claim 2, wherein the cultivating of step d) 
is either in the presence of the eukaryotic selection agents in 
a volume of less than 500 liter or said cultivating is in the 
absence of said eukaryotic selection agents in a volume of 500

35
liter or more, and that the recovering of the secreted heterolo
gous immunoglobulin is from the cultivation medium without 
said eukaryotic selection agents.

8. The method of claim 2, characterized in that the produc
tivity of said CHO cells is over 40 generations not less than 
70% and not more than 130% of the productivity after 10 
generations of cultivation as split-batch cultivation.

9. The method of claim 8, characterized in that the produc
tivity of said CHO cell is at least 1.5 g/I of said heterologous 
immunoglobulin within 21 days as fed-batch cultivation.

10. The method of claim 1, characterized in that said 
method further comprises:

f) purifying said heterologous immunoglobulin with one or 
more chromatographic steps.

11. The method of claim 10, characterized in that said 
transfected CHO cell of step c) has

a doubling time of 150% or less of the doubling time of the 
CHO cell selected in substep (ii),

a volumetric yield of at least 125% compared to the volu
metric yield of the CHO cell selected in (ii).
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PROTEIN EXPRESSION FROM MULTIPLE 
NUCLEIC ACIDS

CROSS-REFERENCE TO RELATED 
APPLICATIONS

This application claims priority to and is a continuation of 
pending U.S. application Ser. No. 12/681,781, filed Apr. 6, 
2010, which in turn claims the benefit of International 
Application No. PCT/EP2008/008523, filed Oct. 9, 2008, 
which claim the benefit of European Patent Application No. 
07019999.7 filed Oct. 12, 2007 both of which are hereby 
incorporated by reference in their entirety.

FILED OF THE INVENTION

The current invention is in the field of polypeptide pro
duction. More precisely it is reported the production of an 
immunoglobulin in a mammalian cell whereby the mamma
lian cell is transfected with different vectors each comprising 
an expression cassette for the immunoglobulin of interest.

BACKGROUND OF THE INVENTION

Expression systems for the production of recombinant 
polypeptides are well-known in the state of the art and are 
described by, e.g., Marino, Μ. Η., Biopharm. 2 (1989) 
18-33; Goeddel, D. V, et al. Methods Enzymol. 185 (1990) 
3-7; Wurm, F., and Bernard, A., Curr. Opin. Biotechnol. 10 
(1999) 156-159. Polypeptides for use in pharmaceutical 
applications are preferably produced in mammalian cells 
such as CHO cells, NS0 cells, SP2/0 cells, COS cells, ΗΕΚ 
cells, ΒΗΚ cells, PER.C6® cells, or the like. The essential 
elements of an expression plasmid are a prokaryotic plasmid 
propagation unit, for example for Ε. coli, comprising a 
prokaryotic origin of replication and a prokaryotic selection 
marker, an eukaryotic selection marker, and one or more 
expression cassettes for the expression of the structural 
gene(s) of interest each comprising a promoter, a structural 
gene, and a transcription terminator including a polyade- 
nylation signal. For transient expression in mammalian cells 
a mammalian origin of replication, such as the SV40 Ori or 
OriP, can be included. As promoter a constitutive or induc
ible promoter can be selected. For optimized transcription a 
Kozak sequence may be included in the 5' untranslated 
region. For mRNA processing, in particular mRNA splicing 
and transcription termination, mRNA splicing signals, 
depending on the organization of the structural gene (exon/ 
intron organization), may be included as well as a polyade- 
nylation signal.

Expression of a gene is performed either as transient or as 
permanent expression. The polypeptide(s) of interest are in 
general secreted polypeptides and therefore contain an 
N-terminal extension (also known as the signal sequence) 
which is necessary for the transport/secretion of the poly
peptide through the cell into the extracellular medium. In 
general, the signal sequence can be derived from any gene 
encoding a secreted polypeptide. If a heterologous signal 
sequence is used, it preferably is one that is recognized and 
processed (i.e. cleaved by a signal peptidase) by the host 
cell. For secretion in yeast for example the native signal 
sequence of a heterologous gene to be expressed may be 
substituted by a homologous yeast signal sequence derived 
from a secreted gene, such as the yeast invertase signal 
sequence, alpha-factor leader (including Saccharomyces, 
Kluyveromyces, Pichia, and Hansenula a-factor leaders, the 
second described in U.S. Pat. No. 5,010,182), acid phos

1
phatase signal sequence, or the C. albicans glucoamylase 
signal sequence (ΕΡ 0 362 179). In mammalian cell expres
sion the native signal sequence of the protein of interest is 
satisfactory, although other mammalian signal sequences 
may be suitable, such as signal sequences from secreted 
polypeptides of the same or related species, e.g. for immu
noglobulins from human or murine origin, as well as viral 
secretory signal sequences, for example, the herpes simplex 
glycoprotein D signal sequence. The DNA fragment encod
ing for such a presegment is ligated in frame to the DNA 
fragment encoding a polypeptide of interest.

Today CHO cells are widely used for the expression of 
pharmaceutical polypeptides, either at small scale in the 
laboratory or at large scale in production processes. Due to 
their wide distribution and use the characteristic properties 
and the genetic background of CHO cells is well known. 
Therefore, CHO cells are approved by regulatory authorities 
for the production of therapeutic proteins for application to 
human beings.

In ΕΡ 0 569 678 are reported double transfectants of MHC 
genes as cellular vaccines for immunoprevention of tumor 
metastasis. WO 97/08342 reports an improved method for 
measuring the activity of a promoter sequence in a mam
malian cell using a reporter gene. The use of anti-RhoA and 
anti-RhoC siRNAs in order to inhibit specifically RhoA or 
RhoC synthesis is reported in WO 2005/113770. A method 
for the recombinant production or expression of eukaryotic 
alkaline phosphatase mutant in yeast cells is reported in U.S. 
Pat. No. 7,202,072. WO 2001/038557 reports a method of 
screening multiply transformed cells using bicistronic 
expression of fluorescent proteins. A method for producing 
recombinant eukaryotic cell lines expressing multiple pro
teins or RNAs of interest is reported in WO 1999/47647. 
Systems, including methods, compositions, and kits, for 
transfection of cells with transfection materials using coded 
carriers are reported in WO 2003/076588. In U.S. Pat. No. 
5,089,397 is reported an expression system for recombinant 
production of a desired protein comprising CHO cells trans
formed with a DNA sequence having the desired protein 
coding sequence under the control of the human metalloth- 
ionein-II promoter. A method for producing recombinant 
proteins is reported in US 2003/0040047. Lamango et al. 
(Lamango, Ν. S., et al., Arch. Biochem. Biophys. 330 (1996) 
238-250) report the dependency of the production of pro
hormone convertase 2 from the presence of the neuroendo
crine polypeptide 7Β2. The transfection of a BPV-1-based 
expression vector into cells harboring unintegrated replicat
ing BPV-1 genomes is reported by Waldenstroem, Μ., et al., 
Gene 120 (1992) 175-181. U.S. Pat. No. 4,912,038 reports 
methods and vectors for obtaining canine and human 32Κ 
alveolar surfactant protein. In WO 89/10959 are reported 
recombinant DNA techniques and the expression of mam
malian polypeptides in genetically engineered eukaryotic 
cells. A repeated co-transfer of an expression vector for 
human growth hormone and an expression vector for a 
selection marker gene is reported in DD 287531.

SUMMARY OF THE INVENTION

A first aspect of the current invention is a method for the 
recombinant production of a heterologous immunoglobulin 
which is secreted to the cultivation medium in a CHO cell 
comprising:
a) providing a CHO cell, which is

adapted to growth in suspension culture,
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adapted to growth in serum-free medium, 
mycoplasm free, and 
optional virus free,

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin, and/or a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin, 

whereby a first transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
said first as well as said second and/or third nucleic 
acid, and an additional fourth nucleic acid sequence 
conferring resistance to a first eukaryotic selection 
agent, and

whereby a second transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
the identical first as well as second and/or third nucleic 
acid as that/those in said provided nucleic acid con
tained in the first transfection vector, and an additional 
fourth nucleic acid sequence conferring resistance to a 
second eukaryotic selection agent, which is different 
from the fourth nucleic acid in said first transfection 
vector, whereby said second eukaryotic selection agent 
is different from said first eukaryotic selection agent,

c) transfecting said provided CHO cell and selecting said 
transfected CHO cell with said transfection vectors of step
b) , wherein said transfecting and selecting comprises the 
following steps in the following order:
(i) transfecting said CHO cell with said first transfection 

vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in a cultivation medium containing said first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance,

(iii) transfecting said CHO cell selected in (ii) with said 
second transfection vector,

(iv) selecting a CHO cell transfected in (iii) by selected 
growth in a cultivation medium containing said first 
eukaryotic selection agent, to which said first transfec
tion vector confers resistance, and containing said 
second eukaryotic selection agent, to which said second 
transfection vector confers resistance,

d) cultivating said transfected and selected CHO cell of step
c) in a medium containing said first and second eukaryotic 
selection agent under conditions suitable for the expres
sion of said second and/or third nucleic acid,

e) recovering said secreted heterologous immunoglobulin 
from the cultivation medium and thereby producing a 
heterologous immunoglobulin in a CHO cell, which 
immunoglobulin is secreted to the cultivation medium. 
In one embodiment of the method according to the

invention said CHO cell is a CHO Κ1 cell, or a CHO DG44 
cell, or a CHO XL99 cell, or a CHO DXB11 cell, or a CHO 
DP12 cell. In another embodiment the promoter employed 
for the transcription of said second and third nucleic acids is 
different from the promoter employed for the transcription 
of said fourth nucleic acid. A further embodiment is that the 
promoter employed for the transcription of said second and 
third nucleic acids is the same. In one embodiment said 
promoter employed for the transcription of said second and 
third nucleic acid is the CMV promoter. In another embodi
ment said promoter employed for the transcription of said 
fourth nucleic acid is the SV40 promoter. In one embodi

3
ment said heterologous immunoglobulin is an anti-Ap anti
body. Exemplary anti-Ap antibodies are reported e.g. in WO 
2003/070760.

In one embodiment said selecting a transfected CHO cell 
in step c) (ii) and/or (iv) is by growth in cultivation medium 
without a selection agent for 10 to 72 hours followed by 
selected growth in a cultivation medium containing said first 
eukaryotic selection agent in case of (ii) or said first and 
second eukaryotic selection agent in case of (iv).

In still a further embodiment the codon usage of said 
second and third nucleic acid is optimized for the translation 
in CHO cells. Also an embodiment is that said second and/or 
third nucleic acid contains an intronic nucleic acid sequence. 
Another embodiment comprises that said first transfection 
vector and said second transfection vector differ only in the 
nucleic acid conferring resistance to said eukaryotic selec
tion agent, i.e. in said fourth nucleic acid, and are otherwise 
at least 95% identical based on the nucleic acid sequence. In 
another embodiment said transfection vectors differ each 
only in the nucleic acid conferring resistance to said first, 
second, and third eukaryotic selection agent.

In one embodiment said method further comprises: 
after step b) a step bl): 
bl) providing a nucleic acid comprising 

a prokaryotic origin of replication, 
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin, and/or a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin, 

whereby a third transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
the identical frist as well as second and/or third nucleic 
acid as that/those in said provided nucleic acid con
tained in the first and second transfection vector, and an 
additional fourth nucleic acid sequence conferring 
resistance to a third eukaryotic selection agent, which 
is different from the fourth nucleic acid in said first and 
second transfection vector, whereby said third eukary
otic selection agent is different from said first eukary
otic selection agent and is also different from said 
second eukaryotic selection agent, 

and further comprises after step c) (iv) the following steps 
(ν) and (vi)
(ν) transfecting said CHO cell selected in (iv) with said 

third transfection vector,
(vi) selecting a CHO cell transfected in (ν) by selected 

growth in cultivation medium containing said first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance and said second eukary
otic selection agent to which the second transfection 
vector confers resistance and said third eukaryotic 
selection agent to which the third transfection vector 
confers resistance,

and further said medium for cultivating said transfected 
CHO cell in step d) comprises said first, second, and third 
eukaryotic selection agent.
In one embodiment said selecting a CHO cell transfected 

in step c) (vi) is by growth in cultivation medium without a 
selection agent for 10 to 72 hours followed by selected 
growth in a cultivation medium containing said first and 
second and third eukaryotic selection agent.

In another embodiment the method according to the 
invention comprises a further step
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f) purifying said recombinantly produced and recovered 
heterologous immunoglobulin of step e) with one or more 
chromatographic steps.
One embodiment is that said step c) and said step d) are 

performed in the same medium. Still another embodiment is 
that said medium is a serum-free medium, or a serum-free 
medium supplemented with defined animal-derived compo
nents, or an animal-derived component free medium, or a 
protein-free medium, or a chemically defined medium, or a 
defined protein-free medium. In a further embodiment in 
said step d) is said cultivating in the presence of said 
eukaryotic selection agents in a volume of less than 500 liter 
and said cultivating is in the absence of said eukaryotic 
selection agents in a volume of 500 liter or more, whereby 
said recovering said secreted heterologous immunoglobulin 
is from the cultivation medium without said eukaryotic 
selection agents. In a further embodiment said cultivating in 
said step d) is comprising sequential cultivations each with 
increasing cultivation volume up to a preset final cultivation 
volume, whereby the cultivations are performed in the 
presence of said eukaryotic selection agents up to a culti
vation volume of 1% (ν/ν) of the cultivation volume of the 
final cultivation and in the absence of said eukaryotic 
selection agents in a cultivation volume of more than 1% 
(ν/ν) of the cultivation volume of the final cultivation.

The productivity of said CHO cells is in one embodiment 
over 40 generations not less than 70% and not more than 
130% of the productivity after 10 generations of cultivation 
as split-batch cultivation. In another embodiment is the 
productivity of said CHO cells over 60 generations not less 
than 50% and not more than 150% of the productivity after 
10 generations of cultivation as split-batch cultivation. In 
still a further embodiment is the productivity of said CHO 
cell at least 1.5 g/1 of said heterologous immunoglobulin 
within 21 days as fed-batch cultivation.

A second aspect of the current invention is a CHO cell 
obtainable with the following method:
a) providing a CHO cell, which is 

adapted to growth in suspension culture, 
adapted to growth in serum-free medium, 
mycoplasma free, and
optional virus free,

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of a heterologous immuno globulin, and/or a third 
nucleic acid sequence encoding the light chain of a 
heterologous immunoglobulin, 

whereby a first transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
said frist as well as second and/or third nucleic acid, 
and an additional fourth nucleic acid sequence confer
ring resistance to a first eukaryotic selection agent, and 

whereby a second transfection vector is provided which 
comprises said provided nucleic acid, which comprises 
the identical frist as well as second and/or third nucleic 
acid as that/those in said provided nucleic acid con
tained in the first transfection vector, and an additional 
fourth nucleic acid sequence conferring resistance to a 
second eukaryotic selection agent, which is different 
from the fourth nucleic acid in said first transfection 
vector, whereby said second eukaryotic selection agent 
is different from said first eukaryotic selection agent,

c) transfecting said CHO cell, wherein said transfecting 
comprises the following steps in the following order:

5
(i) transfecting said CHO cell with said first transfection 

vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in cultivation medium containing a first eukary
otic selection agent to which the first transfection 
vector confers resistance,

(iii) transfecting said CHO cell selected in (ii) with said 
second transfection vector,

(iv) selecting a CHO cell transfected in (iii) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance and said second eukary
otic selection agent to which the second transfection 
vector confers resistance.

DETAILED DESCRIPTION OF THE 
INVENTION

Methods and techniques known to a person skilled in the 
art, which are useful for carrying out the current invention, 
are described e.g. in Ausubel, Ε Μ., ed., Current Protocols 
in Molecular Biology, Volumes I to III (1997), Wiley and 
Sons; Sambrook, et al., Molecular Cloning: A Laboratory 
Manual, Second Edition, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, Ν.Υ. (1989).

General chromatographic methods and their use are 
known to a person skilled in the art. See for example, 
Chromatography, 5th edition, Part A: Fundamentals and 
Techniques, Heftmann, Ε. (ed), Elsevier Science Publishing 
Company, New York, (1992); Advanced Chromatographic 
and Electromigration Methods in Biosciences, Deyl, Ζ. 
(ed.), Elsevier Science By, Amsterdam, The Netherlands, 
(1998); Chromatography Today, Poole, C. Ε, and Poole, S. 
Κ., Elsevier Science Publishing Company, New York, 
(1991); Scopes, Protein Purification: Principles and Practice 
(1982); Sambrook, J., et al. (ed), Molecular Cloning: A 
Laboratory Manual, Second Edition, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, Ν.Υ., 1989; or Cur
rent Protocols in Molecular Biology, Ausubel, Ε Μ., et al. 
(eds), John Wiley & Sons, Inc., New York.

For the purification of recombinantly produced heterolo
gous immunoglobulins often a combination of different 
column chromatography steps is employed. Generally a 
Protein A affinity chromatography is followed by one or two 
additional separation steps. The final purification step is a so 
called “polishing step” for the removal of trace impurities 
and contaminants like aggregated immunoglobulins, 
residual HCP (host cell protein), DNA (host cell nucleic 
acid), viruses, or endotoxins. For this polishing step often an 
anion exchange material in a flow-through mode is used.

Different methods are well established and widespread 
used for protein recovery and purification, such as affinity 
chromatography with microbial proteins (e.g. protein A or 
protein G affinity chromatography), ion exchange chroma
tography (e.g. cation exchange (carboxymethyl resins), 
anion exchange (amino ethyl resins) and mixed-mode 
exchange), thiophilic adsorption (e.g. with beta-mercap- 
toethanol and other SH ligands), hydrophobic interaction or 
aromatic adsorption chromatography (e.g. with phenyl-sep- 
harose, aza-arenophilic resins, or m-aminophenylboronic 
acid), metal chelate affinity chromatography (e.g. with 
Ni(II)- and Cu(II)-affinify material), size exclusion chroma
tography, and electrophoretical methods (such as gel elec
trophoresis, capillary electrophoresis) (Vijayalakshmi, Μ. 
A., Appl. Biochem. Biotech. 75 (1998) 93-102).

The term “amino acid” as used within this application 
denotes the group of carboxy a-amino acids, which directly
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or in form of a precursor can be encoded by a nucleic acid. 
The individual amino acids are encoded by nucleic acids 
consisting of three nucleotides, so called codons or base- 
triplets. Each amino acid is encoded by at least one codon. 
The encoding of the same amino acid by different codons is 
known as “degeneration of the genetic code”. The term 
“amino acid” as used within this application denotes the 
naturally occurring carboxy a-amino acids and is compris
ing alanine (three letter code: ala, one letter code: A), 
aiginine (arg, R), asparagine (asn, Ν), aspartic acid (asp, D), 
cysteine (cys, C), glutamine (gin, Q), glutamic acid (glu, Ε), 
glycine (gly, G), histidine (his, El), isoleucine (ile, I), leucine 
(leu, lysine (lys, Κ), methionine (met, Μ), phenylalanine 
(phe, F), proline (pro, Ρ), serine (ser, S), threonine (thr, Τ), 
tryptophan (trp, W), tyrosine (tyr, Υ), and valine (val, V).

A “nucleic acid” or a “nucleic acid sequence”, which 
terms are used interchangeably within this application, 
refers to a polymeric molecule consisting of individual 
nucleotides (also called bases) a, c, g, and t (or u in RNA), 
for example to DNA, RNA, or modifications thereof. This 
polynucleotide molecule can be a naturally occurring poly
nucleotide molecule or a synthetic polynucleotide molecule 
or a combination of one or more naturally occurring poly
nucleotide molecules with one or more synthetic polynucle
otide molecules. Also encompassed by this definition are 
naturally occurring polynucleotide molecules in which one 
or more nucleotides are changed (e.g. by mutagenesis), 
deleted, or added. A nucleic acid can either be isolated, or 
integrated in another nucleic acid, e.g. in an expression 
cassette, a plasmid, or the chromosome of a host cell. A 
nucleic acid is characterized by its nucleic acid sequence 
consisting of individual nucleotides.

To a person skilled in the art procedures and methods are 
well known to convert an amino acid sequence, e.g. of a 
polypeptide, into a corresponding nucleic acid sequence 
encoding this amino acid sequence. Therefore, a nucleic acid 
is characterized by its nucleic acid sequence consisting of 
individual nucleotides and likewise by the amino acid 
sequence of a polypeptide encoded thereby.

A “polypeptide” is a polymer consisting of amino acids 
joined by peptide bonds, whether produced naturally or 
synthetically. Polypeptides of less than about 20 amino acid 
residues may be referred to as “peptides”, whereas mol
ecules consisting of two or more polypeptides or comprising 
one polypeptide of more than 100 amino acid residues may 
be referred to as “proteins”. A polypeptide may also com
prise non-amino acid components, such as carbohydrate 
groups, metal ions, or carboxylic acid esters. The non-amino 
acid components may be added by the cell, in which the 
polypeptide is expressed, and may vary with the type of cell. 
Polypeptides are defined herein in terms of their amino acid 
backbone structure or the nucleic acid encoding the same. 
Additions such as carbohydrate groups are generally not 
specified, but may be present nonetheless.

The term “immunoglobulin” encompasses the various 
forms of immunoglobulin structures including complete 
immunoglobulins and immunoglobulin conjugates. The 
immunoglobulin employed in the current invention is pref
erably a human antibody, or a humanized antibody, or a 
chimeric antibody, or a Τ cell antigen depleted antibody (see 
e.g. WO 98/33523, WO 98/52976, and WO 00/34317). 
Genetic engineering of antibodies is e.g. described in Mor
rison, S. L, et al., Proc. Natl. Acad Sci. USA 81 (1984) 
6851-6855; U.S. Pat. No. 5,202,238 and U.S. Pat. No. 
5,204,244; Riechmann, L., et al., Nature 332 (1988) 323- 
327; Neuberger, Μ. S, et al. Nature 314 (1985) 268-270; 
Lonbeig, Ν, Nat. Biotechnol. 23 (2005) 1117-1125. Immu
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noglobulins may exist in a variety of formats, including, for 
example, Fv, Fab, and F(ab)2 as well as single chains (scFv) 
or diabodies (e.g. Fluston, J. S, et al, Proc. Natl. Acad. Sci. 
USA 85 (1988) 5879-5883; Bird, R. Ε, et al. Science 242 
(1988) 423-426; in general, Flood et al. Immunology, Ben
jamin Ν.Υ, 2nd edition (1984); and Flunkapiller, Τ. and 
Hood, L, Nature 323 (1986) 15-16).

The term “complete immunoglobulin” denotes an 
immuno globulin which comprises two so called light chains 
and two so called heavy chains. Each of the heavy and light 
chains of a complete immunoglobulin contains a variable 
domain (variable region) (generally the amino terminal 
portion of the polypeptide chain) comprising binding 
regions that are able to interact with an antigen. Each of the 
heavy and light chains of a complete immunoglobulin 
comprises a constant region (generally the carboxyl terminal 
portion). The constant region of the heavy chain mediates 
the binding of the antibody i) to cells bearing a Fc gamma 
receptor (FcyR), such as phagocytic cells, or ii) to cells 
bearing the neonatal Fc receptor (FcRn) also known as 
Brambell receptor. It also mediates the binding to some 
factors including factors of the classical complement system 
such as component (Clq). The variable domain of an 
immunoglobulin’s light or heavy chain in turn comprises 
different segments, i.e. four framework regions (FR) and 
three hypervariable regions (CDR).

The term “immunoglobulin conjugate” denotes a poly
peptide comprising at least one domain of an immunoglobu
lin heavy or light chain conjugated via a peptide bond to a 
further polypeptide. The further polypeptide is a non-immu- 
noglobulin peptide, such as a hormone, or growth receptor, 
or antifusogenic peptide, or complement factor, or the like. 
Exemplary immunoglobulin conjugates are reported in WO 
2007/045463.

The term “heterologous immunoglobulin” denotes an 
immunoglobulin which is not naturally produced by a mam
malian cell or the host cell. The immunoglobulin produced 
according to the method of the invention is produced by 
recombinant means. Such methods are widely known in the 
state of the art and comprise protein expression in eukaryotic 
cells with subsequent recovery and isolation of the heter
ologous immunoglobulin, and usually purification to a phar
maceutically acceptable purity. For the production, i.e. 
expression, of an immunoglobulin a nucleic acid encoding 
the light chain and a nucleic acid encoding the heavy chain 
are inserted each into an expression cassette by standard 
methods. Nucleic acids encoding immunoglobulin light and 
heavy chains are readily isolated and sequenced using 
conventional procedures. Hybridoma cells can serve as a 
source of such nucleic acids. The expression cassettes may 
be inserted into an expression plasmid(s), which is (are) then 
transfected into host cells, which do not otherwise produce 
immunoglobulins. Expression is performed in appropriate 
prokaryotic or eukaryotic host cells and the immunoglobulin 
is recovered from the cells after lysis or from the culture 
supernatant.

An “isolated polypeptide” is a polypeptide that is essen
tially free from contaminating cellular components, such as 
carbohydrate, lipid, or other proteinaceous impurities asso
ciated with the polypeptide in nature. Typically, a prepara
tion of isolated polypeptide contains the polypeptide in a 
highly purified form, i.e. at least about 80% pure, at least 
about 90% pure, at least about 95% pure, greater than 95% 
pure, or greater than 99% pure. One way to show that a 
particular protein preparation contains an isolated polypep
tide is by the appearance of a single band following sodium 
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis of
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the protein preparation and Coomassie Brilliant Blue stain
ing of the gel. However, the term “isolated” does not exclude 
the presence of the same polypeptide in alternative physical 
forms, such as dimers or alternatively glycosylated or 
derivatized forms.

“Heterologous DNA” or “heterologous polypeptide” 
refers to a DNA molecule or a polypeptide, or a population 
of DNA molecules or a population of polypeptides, that do 
not exist naturally within a given host cell. DNA molecules 
heterologous to a particular host cell may contain DNA 
derived from the host cell species (i.e. endogenous DNA) so 
long as that host DNA is combined with non-host DNA (i.e. 
exogenous DNA). For example, a DNA molecule containing 
a non-host DNA segment encoding a polypeptide operably 
linked to a host DNA segment comprising a promoter is 
considered to be a heterologous DNA molecule. Conversely, 
a heterologous DNA molecule can comprise an endogenous 
structural gene operably linked with an exogenous promoter.

A peptide or polypeptide encoded by a non-host DNA 
molecule is a “heterologous” peptide or polypeptide.

The term “cell” or “host cell” refers to a cell into which 
a nucleic acid, e.g. encoding a heterologous polypeptide, can 
be or is transfected. The term “cell” includes both prokary
otic cells, which are used for propagation of plasmids, and 
eukaryotic cells, which are used for the expression of a 
nucleic acid and production of the encoded polypeptide. In 
one embodiment, the eukaryotic cells are mammalian cells. 
In another embodiment the mammalian cell is a CHO cell, 
preferably a CHO Κ1 cell (ATCC CCL-61 or DSM ACC 
110), or a CHO DG44 cell (also known as CHO-DHFR[-], 
DSM ACC 126), or a CHO XL99 cell, a CHO-T cell (see 
e.g. Moigan, D., et al., Biochemistry 26 (1987) 2959-2963), 
or a CHO-S cell, or a Super-CHO cell (Pak, S. C. O., et al. 
Cytotechnology. 22 (1996) 139-146). If these cells are not 
adapted to growth in serum-free medium or in suspension an 
adaptation prior to the use in the current method is to be 
performed. As used herein, the expression “cell” includes 
the subject cell and its progeny. Thus, the words “transfor
mant” and “transformed cell” include the primary subject 
cell and cultures derived there from without regard for the 
number of transfers or subcultivations. It is also understood 
that all progeny may not be precisely identical in DNA 
content, due to deliberate or inadvertent mutations. Variant 
progeny that have the same function or biological activity as 
screened for in the originally transformed cell are included.

The term “expression” as used herein refers to transcrip
tion and/or translation processes occurring within a cell. The 
level of transcription of a nucleic acid sequence of interest 
in a cell can be determined on the basis of the amount of 
corresponding mRNA that is present in the cell. For 
example, mRNA transcribed from a sequence of interest can 
be quantitated by RT-PCR or by Northern hybridization (see 
Sambrook, et al., 1989, supra). Polypeptides encoded by a 
nucleic acid of interest can be quantitated by various meth
ods, e.g. by ELISA, by assaying for the biological activity of 
the polypeptide, or by employing assays that are indepen
dent of such activity, such as Western blotting or radioim
munoassay, using immunoglobulins that recognize and bind 
to the polypeptide (see Sambrook, et al., 1989, supra).

An “expression cassette” refers to a construct that con
tains the necessary regulatory elements, such as promoter 
and polyadenylation site, for expression of at least the 
contained nucleic acid in a cell.

A “transfection vector” is a nucleic acid (also denoted as 
nucleic acid molecule) providing all required elements for 
the expression of the in the transfection vector comprised 
coding nucleic acids/structural gene(s) in a host cell. A
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transfection vector comprises a prokaryotic plasmid propa
gation unit, e.g. for Ε. coli, in turn comprising a prokaryotic 
origin of replication, and a nucleic acid conferring resistance 
to a prokaryotic selection agent, further comprises the trans
fection vector one or more nucleic acid(s) conferring resis
tance to an eukaryotic selection agent, and one or more 
nucleic acid encoding a polypeptide of interest. Preferably 
are the nucleic acids conferring resistance to a selection 
agent and the nucleic acid(s) encoding a polypeptide of 
interest placed each within an expression cassette, whereby 
each expression cassette comprises a promoter, a coding 
nucleic acid, and a transcription terminator including a 
polyadenylation signal. Gene expression is usually placed 
under the control of a promoter, and such a structural gene 
is said to be “operably linked to” the promoter. Similarly, a 
regulatory element and a core promoter are operably linked 
if the regulatory element modulates the activity of the core 
promoter.

A “promoter” refers to a polynucleotide sequence that 
controls transcription of a gene/structural gene or nucleic 
acid sequence to which it is operably linked. A promoter 
includes signals for RNA polymerase binding and transcrip
tion initiation. The promoter(s) used will be functional in the 
cell type of the host cell in which expression of the selected 
sequence is contemplated. A large number of promoters 
including constitutive, inducible and repressible promoters 
from a variety of different sources, are well known in the art 
(and identified in databases such as GenBank) and are 
available as or within cloned polynucleotides (from, e.g., 
depositories such as ATCC as well as other commercial or 
individual sources). A “promoter” comprises a nucleotide 
sequence that directs the transcription of an operably linked 
structural gene. Typically, a promoter is located in the 5' 
non-coding or untranslated region of a gene, proximal to the 
transcriptional start site of a structural gene. Sequence 
elements within promoters that function in the initiation of 
transcription are often characterized by consensus nucleo
tide sequences. These promoter elements include RNA 
polymerase binding sites, TATA sequences, CAAT 
sequences, differentiation-specific elements (DSEs; McGe- 
hee, R. Ε., et al., Mol. Endocrinol. 7 (1993) 551-560), cyclic 
AMP response elements (CREs), serum response elements 
(SREs; Treisman, R., Seminars in Cancer Biol. 1 (1990) 
47-58), glucocorticoid response elements (GREs), and bind
ing sites for other transcription factors, such as CRE/ATF 
(O’Reilly, Μ. A, et al, J. Biol. Chem. 267 (1992) 19938- 
19943), ΑΡ2 (Ye, J, et al, J. Biol. Chem. 269 (1994) 
25728-25734), SP1, cAMP response element binding pro
tein (CREB; Loeken, Μ. R, Gene Expr. 3 (1993) 253-264) 
and octamer factors (see, in general, Watson et al, eds. 
Molecular Biology of the Gene, 4th ed. (The Benjamin/ 
Cummings Publishing Company, Inc. 1987), and Lemaigre, 
F. Ρ. and Rousseau, G. G, Biochem. J. 303 (1994) 1-14). 
Among the eukaryotic promoters that have been identified as 
strong promoters for high-level expression are the SV40 
early promoter, adenovirus major late promoter, mouse 
metallothionein-I promoter, Rous sarcoma virus long termi
nal repeat, Chinese hamster elongation factor 1 alpha 
(CHEF-1, see e.g. U.S. Pat. No. 5,888,809), human EF-1 
alpha, ubiquitin, and human cytomegalovirus immediate 
early promoter (CMV IE).

The “promoter” can be constitutive or inducible. An 
enhancer (i.e, a cis-acting DNA element that acts on a 
promoter to increase transcription) may be necessary to 
function in conjunction with the promoter to increase the 
level of expression obtained with a promoter alone, and may 
be included as a transcriptional regulatory element. Often,
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the polynucleotide segment containing the promoter will 
include enhancer sequences as well (e.g., CMV or SV40).

An “enhancer”, as used herein, refers to a polynucleotide 
sequence that enhances transcription of a gene or coding 
sequence to which it is operably linked. Unlike promoters, 
enhancers are relatively orientation and position indepen
dent and have been found 5' or 3' (Lusky, Μ., et al., Mol. Cell 
Bio.,3 (1983) 1108-1122)ΐο the transcription unit, within an 
intron (Banerji, J., et al., Cell, 33 (1983) 729-740) as well as 
within the coding sequence itself (Osborne, Τ. F., et al., Mol. 
Cell. Bio., 4 (1984) 1293-1305). Therefore, enhancers may 
be placed upstream or downstream from the transcription 
initiation site or at considerable distances from the promoter, 
although in practice enhancers may overlap physically and 
functionally with promoters. A large number of enhancers, 
from a variety of different sources are well known in the art 
(and identified in databases such as GenBank) and are 
available as or within cloned polynucleotide sequences 
(from, e.g., depositories such as the ATCC as well as other 
commercial or individual sources). A number of polynucle
otides comprising promoter sequences (such as the com- 
monly-used CMV promoter) also comprise enhancer 
sequences. For example, all of the strong promoters listed 
above may also contain strong enhancers (see e.g. Bendig, 
Μ., Genetic Engineering 7 (Academic Press, 1988) 91-127).

A “nucleic acid conferring resistance to a selection agent” 
is a nucleic acid that allows cells carrying it to be specifically 
selected for or against, in the presence of a selection agent. 
Such a nucleic acid is also denoted as selection marker. 
Typically, a selection marker will confer resistance to a 
selection agent (drug) or compensate for a metabolic or 
catabolic defect in the host cell. A selection marker can be 
positive, negative, or bifunctional. A useful positive selec
tion marker is an antibiotic resistance gene. This selection 
marker allows cells transformed therewith to be positively 
selected for in the presence of the corresponding selection 
agent, i.e. under selected growth in the presence e.g. of the 
corresponding antibiotic. A non-transformed cell is not 
capable to grow or survive under the selective growth 
conditions, i.e. in the presence of the selection agent, in 
culture. Positive selection markers allow selection for cells 
carrying the marker, whereas negative selection markers 
allow cells carrying the marker to be selectively eliminated. 
Eukaryotic selection markers include, e.g., the genes for 
aminoglycoside phosphotransferase (APT!) (conferring 
resistance to the selection agents such as e.g. hygromycin 
(hyg), neomycin (neomycin phosphotransferase II, neo), and 
G418), dihydro folate reductase (DF1FR) (conferring resis
tance to the selection agent methotrexate), thymidine kinase 
(tk), glutamine synthetase (GS), asparagine synthetase, tryp
tophan synthetase (conferring resistance to the selection 
agent indole), histidinol dehydrogenase (conferring resis
tance to the selection agent histidinol D), cytidine deami
nase, adenosine deaminase and nucleic acids conferring 
resistance to puromycin, bleomycin, phleomycin, chloram
phenicol, Zeocin, and mycophenolic acid. Further selection 
marker nucleic acids are reported e.g. in WO 92/08796 and 
WO 94/28143. Prokaryotic selection markers include, e.g. 
the beta-lactamase gene (conferring resistance to the selec
tion agent ampicillin).

Expression of a gene is performed either as transient or as 
permanent expression. The polypeptide(s) of interest are in 
general secreted polypeptides and therefore contain an 
N-terminal extension (also known as the signal sequence) 
which is necessary for the transport/secretion of the poly
peptide through the cell wall into the extracellular medium. 
In general, the signal sequence can be derived from any gene
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encoding a secreted polypeptide. If a heterologous signal 
sequence is used, it preferably is one that is recognized and 
processed (i.e. cleaved by a signal peptidase) by the host 
cell. For secretion in yeast for example the native signal 
sequence of a heterologous gene to be expressed may be 
substituted by a homologous yeast signal sequence derived 
from a secreted gene, such as the yeast invertase signal 
sequence, alpha-factor leader (including Saccharomyces, 
Kluyveromyces, Pichia, and Hansenula a-factor leaders, the 
second described in U.S. Pat. No. 5,010,182), acid phos
phatase signal sequence, or the C. albicans glucoamylase 
signal sequence (ΕΡ 0 362 179). In mammalian cell expres
sion the native signal sequence of the protein of interest is 
satisfactory, although other mammalian signal sequences 
may be suitable, such as signal sequences from secreted 
polypeptides of the same or related species, e.g. for immu
noglobulins from human or murine origin, as well as viral 
secretory signal sequences, for example, the herpes simplex 
glycoprotein D signal sequence. The DNA fragment encod
ing for such a presegment is ligated in frame, i.e. operably 
linked, to the DNA fragment encoding a polypeptide of 
interest.

The first aspect of the current invention is a method for the 
recombinant production of a secreted heterologous immu
noglobulin in a CFIO cell which comprises:
a) providing a CFIO cell, which is adapted to growth in 

suspension culture, adapted to growth in serum-free 
medium, and mycoplasma free;

b) providing a transfection vector, which comprises the 
following elements:
a prokaryotic origin of replication, 
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin and a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin, 

a fourth nucleic acid sequence conferring resistance to a 
eukaryotic selection agent,

whereby each of said first to fourth nucleic acid sequence 
is contained in an expression cassette,

c) transfecting and selecting said CFIO cell, wherein said 
transfecting and selecting comprises the following steps 
in the following order:
(i) transfecting said CFIO cell with a transfection vector 

comprising said first to third nucleic acid and a fourth 
nucleic acid sequence conferring resistance to a first 
eukaryotic selection agent,

(ii) selecting a CFIO cell transfected in (i) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent,

(iii) transfecting said CFIO cell selected in (ii) with a 
transfection vector comprising said first to third nucleic 
acid and a fourth nucleic acid sequence different from 
that in the transfection vector used in (i) conferring 
resistance to a second eukaryotic selection agent dif
ferent to said first eukaryotic selection agent,

(iv) selecting a CFIO cell transfected in (iii) by selected 
growth in cultivation medium containing said first and 
said second eukaryotic selection agent,

d) cultivating said transfected and selected CFIO cell of step 
c) in a cultivation medium containing said first and second 
eukaryotic selection agent, under conditions suitable for 
the expression of said second, and third nucleic acid,

e) recovering said secreted heterologous immunoglobulin 
from the cultivation medium and thereby recombinantly 
producing a heterologous immunoglobulin.

12

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 410 of 681 PageID #: 1279



US 9,428,766 Β2

The method according to the invention is suited for the 
production of a secreted heterologous immunoglobulin in 
large scale, i.e. industrially. The cultivation of a cell for the 
production of a desired polypeptide in laige scale generally 
consists of a sequence of individual cultivations, wherein all 
cultivations except the final, i.e. the large scale, cultivation, 
i.e. the last one in the sequence, are performed until a certain 
cell density is reached in the culture vessel. If the predeter
mined cell density is reached the entire cultivation or a 
fraction thereof is used to inoculate the next cultivation 
vessel, which has a larger volume, up to 1000 times the 
volume of the preceding cultivation. All cultivations which 
serve as a basis for at least one further cultivation in a larger 
volume are denoted as seed train fermentations. Only in the 
large scale cultivation, i.e. in the cultivation which is not 
intended to serve as the basis for a further cultivation in a 
larger volume, which is also denoted as main fermentation, 
is the endpoint of the cultivation determined depending on 
the concentration of the produced secreted heterologous 
immunoglobulin in the cultivation medium. The term “large 
scale” as used within this application denotes the final 
cultivation of an industrial production process. Preferably a 
large scale cultivation is performed at a volume of at least 
100 1, more preferably of at least 500 1, most preferably of 
at least 1000 1 up to a volume of 20,000 1. In one embodi
ment the final, i.e. large scale, cultivation medium does not 
contain a eukaryotic selection agent.

In one embodiment the cultivation of said transfected 
CHO cell is performed in the presence of said eukaryotic 
selection agent in a volume of less than 500 liter and the 
cultivation of said transfected CHO cell is performed in the 
absence of said eukaryotic selection agents in a volume of 
500 liter or more and that said recovering said secreted 
heterologous immunoglobulin is from the cultivation 
medium without said eukaryotic selection agents. In a fur
ther embodiment the cultivation is comprising sequential 
cultivations with increasing cultivation volume up to a final 
cultivation volume, whereby the cultivations are performed 
in the presence of said eukaryotic selection agents up to a 
cultivation volume of 1% (ν/ν) of the cultivation volume of 
the final or main cultivation and in the absence of all of said 
eukaryotic selection agents in a cultivation volume of more 
than 1% (ν/ν) of the cultivation volume of the final culti
vation. In a further embodiment said cultivation is compris
ing sequential seed train cultivations with increasing culti
vation volume, whereby each of the seed train cultivations 
is performed in the presence of said eukaryotic selection 
agents and the main fermentation is performed in the 
absence of all of said eukaryotic selection agents. In one 
embodiment the cultivation of said transfected CHO cell is 
performed in the presence of said eukaryotic selection agent 
in the seed train fermentations and the cultivation of said 
transfected CHO cell is performed in the absence of said 
eukaryotic selection agents in the main fermentation and that 
said recovering said secreted heterologous immunoglobulin 
is from the main cultivation medium not containing said 
eukaryotic selection agents. In these embodiments the 
eukaryotic selection agents are added during the growth 
phase and omitted during the production phase of said CHO 
cell. The term “production phase” denotes the cultivation of 
a CHO cell in a laige volume, i.e. the main fermentation, 
after which the produced heterologous immunoglobulin is 
recovered.

In another embodiment of the method according to the 
invention the productivity of said CHO cell is over 40 
generations not less than 70% and not more than 130% of 
the productivity after 10 generations of cultivation as split-
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batch cultivation. In an embodiment the productivity of said 
CHO cells is over 60 generations not less than 50% and not 
more than 150% of the productivity after 10 generations of 
cultivation as split-batch cultivation. The productivity of 
said CHO cell is at least 1.5 g/1 of said heterologous 
immunoglobulin within 21 days as fed-batch cultivation in 
another embodiment. In one embodiment the specific pro
ductivity of the CHO cell obtained with the method accord
ing to the invention is more than 1 pg/106 cells/d, more than 
5 pg/106 cells/d, or more than 10 pg/106 cells/d. In one 
embodiment the secreted heterologous immunoglobulin is a 
completely processed secreted heterologous immunoglobu
lin. The term “completely processed secreted heterologous 
immunoglobulin” denotes an immunoglobulin i) which is 
secreted to the cultivation medium and whose signal 
sequences has been cleaved, ii) which comprises an antigen 
binding region, iii) which has secondary modifications, such 
as attached saccharides or polysaccharides, and/or correctly 
formed disulfide bonds.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-Ap antibody. In another embodi
ment the heavy chain variable domain of said anti-Ap 
antibody comprises a CDR3 with an amino acid sequence 
selected from SEQ ID NO: 1, 2, or 3. In a further embodi
ment the light chain variable domain of said anti-Ap anti
body comprises a CDR3 with an amino acid sequence 
selected from SEQ ID NO: 4, 5, or 6. In a further embodi
ment said anti-Ap antibody comprises a heavy chain vari
able domain with an amino acid sequence selected from 
SEQ ID NO: 7, 8, or 9. In still a further embodiment said 
anti-Ap antibody comprises a light chain variable domain 
with an amino acid sequence selected from SEQ ID NO: 10, 
11, or 12.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-P-Selectin antibody. In a further 
embodiment said anti-P-Selectin antibody comprises a 
heavy chain variable domain with an amino acid sequence 
selected from SEQ ID NO: 13, 14, or 15. In still a further 
embodiment said anti-P-Selectin antibody comprises a light 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 16, 17, or 18.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-IL-13Ra antibody. In a further 
embodiment said anti-IL-13Ra antibody comprises a heavy 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 19, 20, 21, 22, or 23. In still a further 
embodiment said anti-IL-13Ra antibody comprises a light 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 24, 25, 26, 27, or 28.

In one embodiment of the invention the heterologous 
immunoglobulin is an anti-CD4 antibody-conjugate. In 
another embodiment the heavy chain variable domain of 
said anti-CD4 antibody in said conjugate comprises a CDR3 
with an amino acid sequence selected from SEQ ID NO: 29, 
30, or 31. In a further embodiment the light chain variable 
domain of said anti-CD4 antibody in said conjugate com
prises a CDR3 with an amino acid sequence selected from 
SEQ ID NO: 32, 33, or 34. In a further embodiment said 
anti-CD4 antibody in said conjugate comprises a heavy 
chain variable domain with an amino acid sequence selected 
from SEQ ID NO: 35, 36, or 37. In still a further embodi
ment said anti-CD4 antibody in said conjugate comprises a 
light chain variable domain with an amino acid sequence 
selected from SEQ ID NO: 38, 39, or 40.

A mammalian cell usable for the large scale production of 
therapeutics, i.e. polypeptides intended for the use in 
humans, has to fulfill distinct criteria. Amongst others are
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these that it has to be cultivatable in serum-free, preferably 
in non-defined mammal-derived components free medium, 
or in a serum-free medium supplemented with defined 
mammal-derived components. Serum is a mixture of mul
titude of compounds. Normally bovine serum has been used 
for the cultivation of mammalian cells. With the arising 
problem of transmissible diseases from one species to 
another the use of serum and other non-defined mammal- 
derived compounds has to be avoided. The term “non- 
defined mammal-derived compound” as used within this 
application denotes compounds which are derived from a 
mammal, especially preferred from a cow, a pig, a sheep, or 
a lamb, and whose composition can be specified to less than 
80%, preferably to less than 90% (w/w). A “defined mam
mal-derived compound” is a compound that is obtained from 
a mammal, especially preferred from a cow, a pig, a sheep, 
or a lamb, and whose composition can be specified to more 
than 95% (w/w), preferably to more than 98% (w/w), most 
preferably to more then 99% (w/w). An example of a defined 
mammal-derived compound is cholesterol from ovine wool, 
and galactose from bovine milk. In one embodiment the 
medium can be supplemented with defined or non-defined 
not mammal-derived compounds. An example of such a not 
mammal-derived compound is cod-liver oil.

Therefore in one embodiment of the current invention the 
medium used in the cultivation is a serum-free medium, or 
a serum-free medium supplemented with defined mammal- 
derived components, or an mammal-derived component free 
medium, or a protein-free medium, a protein-free medium 
supplemented with defined mammal-derived components, 
or a chemically defined medium, or a mammal-derived 
component free medium, or a defined protein-free medium. 
Examples of an mammal-derived component free medium 
are the CD CHO medium available from Invitrogen Corp., 
or the ProCH04 available from Gibco. An example of a 
protein free medium is HyQ SFM4CHO available from 
Hyclone.

In another embodiment of the method according to the 
invention is the method beginning with the first transfection 
and ending with the recovery of the secreted heterologous 
immunoglobulin performed in the same medium. The term 
“in the same medium” denotes within the current application 
that beginning with the first transfection and ending with the 
recovery of the secreted heterologous immunoglobulin from 
the cultivation medium the same medium is used. This does 
not denote that the same additives have to be added to the 
medium in all steps, i.e. the medium may be supplemented 
with different additive in different steps of the method. 
Additives are compounds that are added to a medium in total 
to less than 20% (w/w), in one embodiment to less than 15% 
(w/w), in another embodiment to less than 10% (w/w). In 
one embodiment the medium used in the method according 
to the invention is the same medium in all steps and is a 
medium suitable for the large scale production of the 
secreted heterologous immunoglobulin.

It has surprisingly been found that with the method 
according to the invention a multiple transfected CHO cell 
can be obtained that has similar growth characteristics and 
an improved productivity compared to a one-time trans
fected CHO cell. The term “similar growth characteristics” 
denotes that the multiple transfected CHO cell grows to at 
least 50% of the cell density within the same time as the 
one-time transfected CHO cell. In another embodiment said 
multiple transfected CHO cell grows to at least 90% of the 
cell density as the one-time transfected cell. In still a further 
embodiment is the doubling time of the multiple transfected 
cell at most 150% of that of the one-time transfected cell. In
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one embodiment said multiple transfected CHO cell is a 
CHO cell transfected two or three times. In another embodi
ment the multiple transfected cell has an improved volu
metric yield in a cultivation medium. The overall produc
tivity of a large scale fermentation process is best 
determined by the volumetric yield, i.e. the amount of 
polypeptide per unit volume of the cultivation. This volu
metric yield is the product of cell density, specific produc
tivity of each cell and cultivation time. Thus, a cultivation 
with low cell density but high specific productivity will have 
the same volumetric yield in the same time as a cultivation 
with high cell density but low specific productivity in the 
same cultivation time. Thus, with the multiple transfected 
CHO cell and the method according to the invention a CHO 
cell is obtainable with similar growth characteristics but an 
improved volumetric yield/productivity compared to one
time transfected CHO cells.

The secreted heterologous immunoglobulin can be recov
ered from the cultivation medium with chromatographic 
methods known to a person of skill in the art. Therefore in 
one embodiment the method according to the invention 
comprises the final step of purifying said heterologous 
immunoglobulin with one or more chromatographic steps.

A vector suited for use in the method according to the 
invention comprises a prokaryotic origin of replication, and 
a first nucleic acid conferring resistance to a prokaryotic 
selection agent, and/or a second nucleic acid encoding the 
heavy chain of said heterologous immunoglobulin, and/or a 
third nucleic acid encoding the light chain of said heterolo
gous immunoglobulin, and a fourth nucleic acid conferring 
resistance to a eukaryotic selection agent.

The comprised first nucleic acid confers resistance to the 
addition of a prokaryotic selection agent to the cultivation 
medium. Exemplary prokaryotic selection agents are e.g. 
ampicillin, kanamycin, chloramphenicol, tetracycline, or 
erythromycin. The term “a nucleic acid conferring resistance 
to a selection agent” and grammatical equivalents thereof 
denotes within the current application that the polypeptide 
encoded by said nucleic acid can neutralize said selection 
agent by modification or degradation or can counteract the 
effect of said selection agent. Thus, a cell comprising a 
nucleic acid conferring resistance to a selection agent has the 
ability to survive and proliferate with the selection agent 
present in the cultivation medium. Exemplary eukaryotic 
selection agents are e.g. neomycin, hygromycin, puromycin, 
methotrexate, Geneticin® (G418), or mycophenolic acid. 
The selection agent is chosen with the proviso that the 
prokaryotic and the eukaryotic selection agent is not a metal.

The transfection of the provided CHO cell according to 
the method according to the invention is performed as 
sequential steps of transfection and selection. CHO cells 
suitable in the method according to the invention are e.g. a 
CHO Κ1 cell, or a CHO DG44 cell, or a CHO XL99 cell, or 
a CHO DXB11 cell, or a CHO DP12 cell, or a super-CHO 
cell. Within the scope of the present invention, transfected 
cells may be obtained with substantially any kind of trans
fection method known in the art. For example, the nucleic 
acid may be introduced into the cells by means of electropo
ration or microinjection. Alternatively, lipofection reagents 
such as FuGENE 6 (Roche Diagnostics GmbH, Germany), 
X-tremeGENE (Roche Diagnostics GmbH, Germany), 
LipofectAmine (Invitrogen Corp., USA), and nucleotrans- 
fection (ΑΜΑΧ Corp.) may be used. Still alternatively, the 
nucleic acid may be introduced into the cell by appropriate 
viral vector systems based on retroviruses, lentiviruses, 
adenoviruses, or adeno-associated viruses (Singer, O., Proc. 
Natl. Acad. Sci. USA 101 (2004) 5313-5314).
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After the transfection positive transfected cells are 
selected in the presence of selection agents, i.e. by selected 
growth. It has surprisingly been found that more than one 
eukaryotic selection agent can be present in the cultivation 
medium not interfering with growth and heterologous poly
peptide expression if the cultivated CHO cell has been 
transfected with all required corresponding nucleic acids 
conferring resistance to these eukaryotic selection agents 
according to the current invention. It has also been found 
that CHO cells can be cultivated in the concomitant presence 
of three eukaryotic selection agents without a reduction of 
the doubling time to more than 150% of the doubling time 
of the non-transfected or one-time transfected CHO cell. 
Therefore, the multiple transfected CHO cell comprises 
nucleic acids, which are in each transfection step of the 
method according to the invention comprising a different, 
not previously transfected, nucleic acid as fourth nucleic 
acid which confers a new resistance not already present in 
said CHO cell to a different eukaryotic selection agent. 
Therefore, after the second transfection step a successfully 
transfected cell is selected for by cultivation in the concomi
tant presence of two different eukaryotic selection agents. 
After the third transfection the transfected cell can be 
cultivated for selection in the concomitant presence of three 
different eukaryotic selection agents.

Thus, the vector employed in the different transfection 
steps according to the method according to the invention is 
at least 95% identical on the nucleic acid level except for the 
nucleic acid conferring resistance to a eukaryotic selection 
agent, i.e. the fourth nucleic acid.

For the expression of a secreted heterologous immuno
globulin the vector with which the CHO cell is transfected 
and which comprises a nucleic acid conferring resistance to 
a eukaryotic selection agent also comprises a nucleic acid 
encoding the light chain of said heterologous immunoglobu
lin and/or a nucleic acid encoding the heavy chain of said 
heterologous immunoglobulin. If the vector comprises only 
a nucleic acid encoding either the light chain of said immu
noglobulin or the heavy chain of said immunoglobulin said 
CHO cell is also transfected in each step by another vector 
comprising a nucleic acid encoding the corresponding other 
chain of said immunoglobulin.

In one embodiment the first to fourth nucleic acid 
sequence comprised in the transfection vectors according to 
the invention (i.e. the first, second, and third transfection 
vector) is contained in an expression cassette. An “expres
sion cassette” refers to a construct that contains the neces
sary regulatory elements, such as promoter and polyade- 
nylation site, for expression of at least the contained nucleic 
acid in a cell, e.g. a promoter, a nucleic acid to be expressed, 
and a transcription terminator including a polyadenylation 
signal. The promoter contained in the expression cassette 
determines the amount of transcription of the operably 
linked nucleic acid and therewith it determines the amount 
of the translation of said nucleic acid. A first promoter 
inducing a larger amount of translation of a nucleic acid 
compared to a second promoter is termed a “stronger 
promoter” with respect to said second promoter. It is 
intended to produce the secreted heterologous immuno
globulin and not the polypeptide conferring resistance to a 
selection agent. Thus, the capacity of the host cells tran
scription and translation machinery has to be split up cor
respondingly. Therefore, in one embodiment the promoter 
employed for the transcription of said second and third 
nucleic acids is different from the promoter employed for the 
transcription of said fourth nucleic acid. In another embodi
ment is the amount of transcript of said second and third
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nucleic acid encoding the chains of said heterologous immu
noglobulin larger than the amount of transcript of said forth 
nucleic acid conferring resistance to a selection agent. Thus, 
the promoter employed for the expression of said second and 
third nucleic acid is stronger than the promoter employed for 
the expression of said fourth nucleic acid. In another 
embodiment is the promoter employed for the transcription 
of said second and third nucleic acids the same but different 
from the promoter of said fourth nucleic acid. In one 
embodiment the promoter for the expression of said second 
and third nucleic acid is the CMV promoter or a variant 
thereof and the promoter for the expression of said fourth 
nucleic acid is the SV40 promoter or a variant thereof.

In a further embodiment of the method according to the 
invention the codon usage of said second and third nucleic 
acid is optimized for the expression in CHO cells. This 
allows a more efficient use of the transfer-RNAs present in 
the recombinant CHO cell. In another embodiment said 
second and/or third nucleic acid comprise an intronic nucleic 
acid sequence, in another embodiment the intronic nucleic 
acid is a mouse/human hybrid intron. In the genome of 
eukaryotic cells the genomic DNA sequences contain coding 
(exonic) and non-coding (intronic) nucleic acid sequences. 
After transcription of the DNA to the pre-mRNA, the 
pre-mRNA also contains these intronic and exonic nucleic 
acid sequences. Prior to translation the non-coding intronic 
nucleic acid sequences are removed during mRNA process
ing by splicing them out of the primary mRNA transcript to 
generate the mature mRNA. The splicing of the primary 
mRNA is controlled by a splice donor site in combination 
with a properly spaced apart splice acceptor site. The splice 
donor site is located at the 5' end and the splice acceptor site 
is located at the 3' end of an intronic sequence and both are 
only partly removed during the pre-mRNA splicing.

To produce a secreted polypeptide, the nucleic acid(s) 
encoding the chains of the heterologous immunoglobulin 
include a DNA segment that encodes a signal sequence/ 
leader peptide. The signal sequence directs the newly syn
thesized polypeptide to and through the Endoplasmatic 
reticulum (ER) membrane where the polypeptide can be 
routed for secretion. The signal sequence is cleaved off by a 
signal peptidases during crossing of the ER membrane. As 
for the function of the signal sequence the recognition by the 
host cell’s secretion machinery is essential. Therefore, the 
used signal sequence has to be recognized by the host cell’s 
proteins and enzymes of the secretion machinery.

In one embodiment the method according to the invention 
comprises a third transfection step in step c):

(ν) transfecting said CHO cell selected in (iv) with said 
vector comprising a fourth nucleic acid sequence dif
ferent from that in the transfection vector used in (i) and 
(iii) conferring resistance to a third eukaryotic selection 
agent, which is different from said first and said second 
eukaryotic selection agent,

(vi) selecting a CHO cell transfected in (ν) by selected 
growth in a cultivation medium containing said first 
and said second and said third eukaryotic selection 
agent.

In this embodiment the cultivation medium employed for 
the cultivation of said transfected CHO cell in step d) further 
comprises a third eukaryotic selection agent.

A second aspect of the current invention is a CHO cell 
expressing a secreted heterologous immunoglobulin obtain
able with the following method:
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a) providing a CHO cell, which is 
adapted to growth in suspension culture, 
adapted to growth in serum-free medium, 
mycoplasma free,

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy chain 

of said heterologous immunoglobulin, and a third 
nucleic acid sequence encoding the light chain of said 
heterologous immunoglobulin, 

whereby a first transfection vector is provided which 
comprises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 
first eukaryotic selection agent, 

whereby a second transfection vector is provided which 
comprises said provided nucleic acid and an additional 
fourth nucleic acid sequence different from the fourth 
nucleic acid in said first transfection vector conferring 
resistance to a second eukaryotic selection agent, 
whereby said second eukaryotic selection agent is 
different to said first eukaryotic selection agent,

c) transfecting and selecting said CHO cell, wherein said 
transfecting and selecting comprises the following steps 
in the following order:
(i) transfecting said CHO cell with said first transfection 

vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in a cultivation medium containing a first 
eukaryotic selection agent to which the first transfec
tion vector confers resistance,

(iii) transfecting said CHO cell selected in (ii) with said 
second transfection vector,

(iv) selecting a CHO cell transfected in (iii) by selected 
growth in a cultivation medium containing said first 
eukaryotic selection agent, to which the first transfec
tion vector confers resistance, and said second eukary
otic selection agent, to which the second transfection 
vector confers resistance.

The term “virus free” which is used within this applica
tion denotes that the CHO cell does not contain any viral 
nucleic acid which would result if expressed during culti
vation in harmful, in down stream processing operations not 
separatable products for humans.

The following examples, and figures are provided to aid 
the understanding of the present invention, the true scope of 
which is set forth in the appended claims. It is understood 
that modifications can be made in the procedures set forth 
without departing from the spirit of the invention.

DESCRIPTION OF THE FIGURES

FIG. 1 Annotated plasmid map of plasmid ρ5128.
FIG. 2 Annotated plasmid map of plasmid ρ5137.
FIG. 3 Annotated plasmid map of plasmid ρ5151.
FIG. 4 Annotated plasmid map of plasmid ρ5057.
FIG. 5 Annotated plasmid map of plasmid ρ5069.
FIG. 6 (A) Antibody titers of clones obtained after sub

cloning with limited dilution and of clones obtained with the 
method according to the invention; X-axis: (1) G24, (2) 
limited dilution, (3) method according to the invention; 
Y-axis: immunoglobulin concentration [pg/ml].

(Β) Specific production rates of clones obtained after 
subcloning with limited dilution and of clones obtained with 
the method according to the invention; X-axis: (1) G24, (2)
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limited dilution, (3) method according to the invention; 
Y-axis: specific production rate [pg/d*cell].

FIG. 7 SDS-Page after protein-A HPLC purification of the 
antibody. For the four samples 35-45, 37-65, 39-4 and 43-16 
two bands are visible, the upper being the heavy chain, the 
lower being the light chain. Sample 25g7 is a control 
antibody with antibody-related side products (above the 
heavy chain and between heavy and light chain). Samples: 
(1) Molecular weight marker, (2) 35-45, (3) 37-65, (4) 39-4, 
(5) 43-16), (6) 25g7, (7) Reference antibody, (8) Medium 
25χ.

FIG. 8 Annotated plasmid map of plasmid ρ6311.
FIG. 9 Annotated plasmid map of plasmid ρ5321.

EXAMPLES 

Materials & Methods

General information regarding the nucleotide sequences 
of human immuno globulins light and heavy chains is given 
in: Rabat, Ε. A., et ah, Sequences of Proteins of Immuno
logical Interest, 5th ed., Public Health Service, National 
Institutes of Health, Bethesda, Md. (1991). Amino acids of 
antibody chains are numbered according to EU numbering 
(Edelman, G. Μ., et al., Proc. Natl. Acad. Sci. USA 63 
(1969) 78-85; Rabat, Ε. A., et al., Sequences of Proteins of 
Immunological Interest, 5th ed., Public Health Service, 
National Institutes of Health, Bethesda, Md., (1991)). 
Recombinant DNA Techniques:

Standard methods were used to manipulate DNA as 
described in Sambrook, J., et al., Molecular cloning: A 
laboratory manual; Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, Ν.Υ., 1989. The molecular biological 
reagents were used according to the manufacturer’s instruc
tions.
Gene Synthesis:

Desired gene segments were prepared from oligonucle
otides made by chemical synthesis. The 100-600 bp long 
gene segments, which are flanked by singular restriction 
endonuclease cleavage sites, were assembled by annealing 
and ligation of oligonucleotides including PCR amplifica
tion and subsequently cloned into the pCR2.1-TOPO-TA 
cloning vector (Invitrogen Corp., USA) via A-overhangs or 
pPCR-Script Amp SR(+) cloning vector (Stratagene Corp., 
USA). The DNA sequence of the subcloned gene fragments 
were confirmed by DNA sequencing.
Protein Determination:

Protein concentration was determined by determining the 
optical density (OD) at 280 nm, using the molar extinction 
coefficient calculated on the basis of the amino acid 
sequence.
Antibody Titer Determination:

Antibody titers were determined either by anti-human Fc 
ELISA or by Protein A chromatography using the autolo
gous purified antibody as a reference.
SDS-PAGE

LDS sample buffer, fourfold concentrate (4χ): 4 g glyc
erol, 0.682 g TRIS-Base, 0.666 g TRIS-hydrochloride, 0.8 g 
LDS (lithium dodecyl sulfate), 0.006 g EDTA (ethylene 
diamin tetra acid), 0.75 ml of a 1% by weight (w/w) solution 
of Serva Blue G250 in water, 0.75 ml of a 1% by weight 
(w/w) solution of phenol red, add water to make a total 
volume of 10 ml.

The culture broth containing the secreted antibody was 
centrifuged to remove cells and cell debris. An aliquot of the 
clarified supernatant was admixed with 1/a volumes (ν/ν) of 
4xLDS sample buffer and Vio volume (ν/ν) of 0.5 Μ
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1,4-dithiotreitol (DTT). Then the samples were incubated 
for 10 min. at 70° C. and protein separated by SDS-PAGE. 
The NuPAGE® Pre-Cast gel system (Invitrogen Corp.) was 
used according to the manufacturer’s instruction. In particu
lar, 10% NuPAGE® Novex® Bis-TRIS Pre-Cast gels (pEi 
6.4) and a NuPAGE® MOPS running buffer was used. 
Western Blot

Transfer buffer: 39 mM glycine, 48 mM TRIS-hydrochlo
ride, 0.04% by weight (w/w) SDS, and 20% by volume 
methanol (ν/ν)

After SDS-PAGE the separated antibody chains were 
transferred electrophoretically to a nitrocellulose filter mem
brane (pore size: 0.45 pm) according to the “Semidry- 
Blotting-Method” of Burnette (Burnette, W. Ν., Anal. Bio- 
chem. 112 (1981) 195-203).

Example 1

Expression Vector for Expressing an Αηϋ-Αβ 
Antibody

An example (preferably monoclonal) antibody for which 
a cell line for expression can be obtained according to the 
current invention is an antibody against the amyloid β-Α4 
peptide (αηϋ-Αβ antibody). Such an antibody and the cor
responding nucleic acid sequences are, for example, 
reported in WO 2003/070760 or US 2005/0169925 or in 
SEQ ID NO: 1 to 12.

The 8ηϋ-Αβ antibody expressing Chinese hamster ovary 
(CEiO) cell line was generated by three successive complete 
transfections and selection campaigns.

A genomic human K-light chain constant region gene 
segment (C-kappa, CL) was added to the light chain variable 
region of the 8ηϋ-Αβ antibody, while a human γ1-heavy 
chain constant region gene segment (C^-Eiinge-C^-C^) 
was added to the heavy chain variable region of the 8ηϋ-Αβ 
antibody. The complete K-light and γ1-heavy chain antibody 
genes were then joined with a human cytomegalovirus 
(EiCMV) promoter at the 5'-end and a human immunoglobu
lin polyadenylation signal sequence at the 3'-end.
a) Eieavy Chain Expression Cassette

The transcription unit of the 8ηϋ-Αβ antibody heavy chain 
is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus,

a 5'-untranslated region derived from a human antibody 
germline gene,

the 8ηϋ-Αβ antibody heavy chain variable domain includ
ing a signal sequence derived from a human antibody 
germline gene,

a human/mouse heavy chain hybrid intron 2 including the 
mouse Ig heavy chain enhancer element (see e.g. 
(Neuberger, Μ. S, ΕΜΒΟ J. 2 (1983) 1373-1378), 

the genomic human γ1-heavy chain gene constant region, 
the human immunoglobulin γ1-heavy chain polyade

nylation (“poly A”) signal sequence, 
the unique restriction sites AscI and SgrAI at the 5'- and 

3'-end, respectively.
b) Light Chain Expression Cassette

The transcription unit of the 8ηϋ-Αβ antibody light chain 
is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (EiCMV), 

a 5'-untranslated region derived from a human antibody 
germline gene,
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the 8ηϋ-Αβ antibody light chain variable region including 

a signal sequence derived from a human antibody 
germline gene,

a human/mouse K-light gene hybrid intron 2 including the 
mouse Ig /-light chain enhancer element (Picard and 
Schafifner, A lymphocyte-specific enhancer in the 
mouse immunoglobulin kappa gene. Nature 307 (1984) 
80-82),

the human K-light gene constant region (C-kappa),
the human immunoglobulin K-polyadenylation (“poly A”) 

signal sequence,
the unique restriction sites Sse8387 and Fsel at the 5'- and 

3'-end, respectively.
c) Expression Plasmids 5128, 5137, and 5151

For expression and production of the αηϋ-Αβ antibody the 
light and heavy chain expression cassettes were placed on a 
single expression vector (heavy chain upstream of light 
chain in clockwise orientation). Three identical expression 
vectors were generated differing only in the selectable 
marker gene included, in particular, in the gene conferring 
resistance to the selection agent neomycin, hygromycin, or 
puromycin. The vectors also include a mouse DFiFR gene 
which was not used for selection or amplification.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

a selectable marker (either a neomycin, hygromycin or 
puromycin resistance gene),

an origin of replication allowing for the replication of the 
plasmid in Ε. coli,

a beta-lactamase gene which confers ampicillin resistance 
in Ε. coli,

a mouse derived DFiFR gene.
The plasmid map of the expression vector 5128 contain

ing a hygromycin selectable marker gene is shown in FIG. 
1. The plasmid map of the expression vector 5137 contain
ing a neomycin selectable marker gene is shown in FIG. 2. 
The plasmid map of the expression vector 5151 containing 
a puromycin selectable marker gene is shown in FIG. 3.

Example 2

Transfection and Selection of a CEiO Cell 
Expressing an Αηϋ-Αβ Antibody

Parent CFiO-Kl cells, pre-adapted to growth in serum- 
free suspension culture in synthetic animal component free 
ProCFi04 medium (Cambrex Corp.) containing 8 mM glu
tamine and 1 xFiT supplement (Gibco/Invitrogen) were used 
as host cell line. This supplemented ProCF104 medium is 
designated in the following as ProCF104-complete medium. 
The adherent growing CFIO-Kl parent cell line was received 
from ATTC as ATCC CCL-61.

The preadapted parent host cells were propagated in 
suspension in synthetic, animal component-free ProCF104- 
complete medium under standard humidified conditions 
(95%, 37° C., and 5% C02). On regular intervals depending 
on the cell density the cells were splitted into fresh medium. 
The cells were harvested by centrifugation in the exponen
tial growth phase, washed once in sterile Phosphate Buffered 
Saline (PBS) and resuspended in sterile PBS.

Prior to transfection the 8ηϋ-Αβ antibody expressing 
plasmids were linearized within the β-1α℮ℓ3ηΐ38℮ gene (Ε. 
coli ampicillin resistance marker gene) using the restriction 
endonuclease enzyme Pvul or Avill. The cleaved DNAwas 
precipitated with ethanol, dried under vacuum, and dis
solved in sterile PBS.
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In general, for transfection, the (parent or already trans
fected) CHO cells were electroporated with 20-50 pg lin
earized plasmid DNAper approximately 107 cells in PBS at 
room temperature. The electroporations were performed 
with a Gene Pulser XCell electroporation device (Bio-Rad 
Laboratories) in a 2 mm gap cuvette, using a square wave 
protocol with a single 180 V pulse. After transfection, the 
cells were plated out in ProCH04-complete medium in 
96-well culture plates. After 24 h of growth a solution 
containing one or more selection agents were added 
(ProCH04-complete selection medium; G418: 400 pg/ml; 
hygromycin: 600 pg/ml; puromycin: 8 pg/ml). Once a week 
the ProCH04-complete selection medium was replaced. The 
antibody concentration of the anti-Ap antibody was ana
lyzed with an ELISA assay specific for human IgGl in the 
culture supernatants.

For selection of high-yield anti-Ap antibody production 
cell lines the productivity was tested in ProCH04-complete 
selection medium after propagation in 6-well culture plates, 
T-flasks and/or Erlenmeyer shake flasks using an anti-human 
IgGl ELISA and/or analytic Protein A HPLC.

Subclones were obtained by two methods, Limiting Dilu
tion (LD) and Fluorescence Activated Cell Sorting (FACS). 
Limiting Dilution:

For limiting dilution cells were plated out in ProCH04- 
conditioned medium (consisting of 50% (ν/ν) fresh 
ProCH04-complete selection medium and 50% (ν/ν) 
ProCH04-complete conditioned selection medium derived 
from the cells to be propagated) at a cell density of 0.5-2 
cells per 0.1 ml medium per well of a 96-well culture plate. 
Once a week the medium was replaced by ProCH04- 
complete selection medium. The antibody concentration of 
the anti-Ap antibody was analyzed by an ELISA assay 
specific for human IgGl in the culture supernatants.
Single Cell Deposition by Flow Cytometry Including Iden
tification and Isolation of Clones:

The identification and isolation of stably transfected 
clones was performed with the aid of a cell surface labeling 
technique using fluorescently tagged Protein A that binds to 
secreted but still membrane-attached antibodies. The fluo
rescence intensity of the stained cells was used as criterion 
for cell selection.

In the case of fluorescence activated cell sorting the 
electroporated population of cells were directly seeded into 
T-flasks in ProCH04-complete medium. The appropriate 
selection agent or agents (G418, hygromycin, and/or puro
mycin) was/were added to the culture one day after trans
fection and the transfectant pool was expanded.

Cells from the expanded transfectant pool were first 
treated with Accumax (ΡΑΑ Laboratories) for 15 minutes at 
37° C. and then passed through a 40 μΜ nylon mesh to 
remove remaining large cell aggregates. The cells were 
collected by centrifugation, resuspended in PBS containing 
5% FCS (Gibco/Invitrogen) at a cell density of 106 to 107 
cells/ml and incubated for 20 minutes on ice. Thereafter, the 
cells were stained with 10 ng/ml Protein A Alexa Fluor 488 
(Molecular Probes Inc.) in a volume of 8 ml FCS-PBS for 
30 minutes on ice in the dark. Afterwards, the cells were 
washed once with 5% FCS-PBS and once with ProCH04 
medium containing 8 mM Ultra Glutamine (Cambrex 
Corp.), 1χΗΤ supplement and 5% FCS. Finally the cells 
were resuspended in the supplemented ProCHO medium 
used for washing at a cell density of 106 to 107 cells/ml and 
transferred to a BD FACSAria cell sorter (BD Biosciences).

Single cells were sorted by flow cytometry and deposited 
in wells of 96-well culture plates containing of ProCH04- 
conditioned medium. The selected and deposited cells
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encompassed cells with the top 10%, 7%, or 4% of fluores
cence intensity of the gated live cells. After 48 hours 
ProCH04 complete selection medium containing the appro
priate selection agent in 2-fold concentration was added to 
each well. Once a week the medium was replaced with 
ProCH04-complete selection medium. The antibody con
centration of the anti-Ap antibody was analyzed with an 
ELISA assay specific for human IgGl in the culture super
natants.
Transfection and Selection Steps:

For the first transfection and selection step the plasmid 
5137 has been used. Plasmid 5137 has been transfected with 
electroporation into parent cell line adapted to growth in 
ProCH04-complete medium. The transfected cells were 
cultivated in ProCH04-complete medium supplemented 
with up to 700 pg/ml G418 in 96 well plates. The antibody 
concentration in the culture supernatants was evaluated by 
an anti-human IgGl ELISA. Approximately 1000 clones 
have been tested and the selected of them were further 
cultivated in 24-well plates, 6-well plates and subsequently 
in shaker flasks. The growth and productivity of approxi
mately 20 clones was assessed in static and suspension 
cultures by anti-human IgGl ELISA and/or analytic protein 
A HPLC. The best clone (best clone does not denote the 
most productive clone it denotes the clone with the best 
properties for the further steps) was subcloned by limited 
dilution in ProCH04-conditioned medium supplemented 
with 700 pg/ml G418. The selected clone was named 8C8.

For the second transfection and selection step the plasmid 
5128 has been used. Plasmid 5128 has been transfected with 
electroporation into cell line clone 8C8 cultivated in 
ProCH04-complete medium supplemented with 700 pg/ml 
G418. The transfected cells were expanded for about two to 
three weeks in ProCH04-conditioned medium supple
mented with 200 pg/ml G418 and 300 pg/ml hygromycin 
(ProCH04-double selection medium). Single antibody 
secreting cells were identified and deposited on the basis of 
their fluorescence intensity after staining with a Protein A 
Alexa Fluor conjugate by FACS analysis. The deposited 
cells were cultivated in ProCH04-double selection medium 
in 96 well plates. The antibody concentration in the culture 
supernatants was evaluated by an anti-human IgGl ELISA. 
Approximately 500 clones have been tested and the selected 
of them were further cultivated in 24-well plates, 6-well 
plates and subsequently in shaker flasks. The growth and 
productivity of approximately 14 clones was assessed in 
static and suspension cultures by anti-human IgGl ELISA 
and/or analytic Protein A HPLC. The selected clone was 
named 4F5.

For the third transfection and selection step the plasmid 
5151 has been used. Plasmid 5151 has been transfected with 
electroporation into cell line clone 4F5 cultivated in 
ProCH04-double selection medium. The transfected cells 
were expanded for about two to three weeks in ProCH04- 
triple selection medium (ProCH04-conditioned medium 
supplemented with 200 pg/ml G418 and 300 pg/ml hygro
mycin and 4 pg/ml puromycin). Single antibody secreting 
cells were identified and deposited on the basis of their 
fluorescence intensity after staining with a Protein A Alexa 
Fluor conjugate by FACS analysis. The deposited cells were 
cultivated in ProCH04-triple selection medium in 96 well 
plates. The antibody concentration in the culture superna
tants was evaluated by an anti-human IgGl ELISA. 
Approximately 500 clones have been tested and the selected 
of them were further cultivated in 24-well plates, 6-well 
plates and subsequently in shaker flasks. The growth and 
productivity of approximately 10 clones was assessed in
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static and suspension cultures by anti-human IgGl ELISA 
and/or analytic protein A HPLC. The selected clone was 
named 20F2.

Clone 20F2 has been selected based on his growth, 
productivity, and product quality characteristics after growth 
in fed-batch suspension culture in ProCF104-triple selection 
medium, i.e. in the concomitant presence of the three 
selecting agents G418, hygromycin, and puromycin.
Clone Characteristics:

As can be seen from the following table the doubling time 
and cell density after three days of cultivation were com
parable when the basic cell line CFIO-Kl (wild-type) and the 
selected clones are compared.
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TABLE 1

Growth characteristics

Clone

Doubling

[h]

Starting 
cell density 

[106 cells/ml]

Cell density 
at day 3 

[106 cells/ml]

Viability at

[%]

CHO-K1 22-23 3 18-20 97-98
(wild-type)
8C8 26-28 3 12-15 96-98
4F5 22-24 3 24-27 96-97
20F2 24-26 2 23-26 97-98

Example 3

Stability of Clone 20F2 Expressing an Αηϋ-Αβ 
Antibody

Stability of growth and product formation was evaluated 
in sequential cell subculture over a time period of 60 days 
(about 60 generations) in the presence and absence of the 
selection agents (with and without antibiotics). The cultiva
tion was performed as described above.

TABLE 2

Characteristics of clone 20F2.

Clone 20F2

cultivation in the cultivation in the
presence of three absence of selection

Parameter selection agents agents

Mean value viability [%] 97 97
Mean value doubling time [h] 27 26
Mean value SPR [pg/c/d] 11 9

Following extensive passage (up to generation 60) no 
evidence was obtained indicating that the anti-Ap antibody 
producing clone 20F2 was unstable with respect to cell 
growth and product formation in the presence or absence of 
the three selection agents, respectively.

Example 4

Expression Vector for Expressing an 
Anti-P-Selectin Antibody

Another example (preferably monoclonal) antibody for 
which a cell line for expression can be obtained according to 
the current invention is an antibody against the human 
P-Selectin glycoprotein (anti-P-Selectin antibody). Such an 
antibody and the corresponding nucleic acid sequences are

for example described in WO 2005/100402, or US 2005/ 
0226876 or SEQ ID NO: 13 to 18.

The anti-P-Selectin antibody expressing Chinese hamster 
ovary cell line was generated by two successive complete 
transfections and clone selection campaigns.

A genomic human kappa-light chain constant region gene 
segment (C-kappa) was added to the light chain variable 
region of the anti-P-Selectin antibody, whereas a human 
gamma 4-heavy chain constant region gene segment (CH1- 
Flinge-Cf^-Cf^) was added to the heavy chain variable 
region of the anti-P-Selectin antibody. The complete kappa- 
light and gamma 4-heavy chain antibody genes were then 
joined with a human cytomegalovirus immediate early pro
moter and enhancer (CMV IE) at the 5'-end and the Simian 
Virus 40 early polyadenylation (SV 40 early poly A) signal 
sequence at the 3'-end.
a) Fleavy Chain Expression Cassette

The transcription unit of the anti-P-Selectin antibody 
heavy chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-P-Selectin antibody 

gamma 4-heavy chain including a signal peptide in an 
intron-exon gene structure, 

the SV 40 early poly A signal sequence.
b) Light Chain Expression Cassette

The transcription unit of the anti-P-Selectin antibody light 
chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-P-Selectin kappa-light 

chain in an intron-exon gene structure, 
the SV 40 early poly A signal sequence.

c) Expression Plasmids 5057 and 5069
For the expression and production of the anti-P-Selectin 

antibody the light and heavy chain expression cassettes were 
placed on a single expression vector (light chain upstream of 
heavy chain). Two identical expression vectors were gener
ated differing only in the selectable marker gene included, in 
particular, the murine dihydrofolate reductase (DF1FR) gene 
or a neomycin resistance gene.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

a selectable marker, either the murine DF1FR gene or a 
gene conferring resistance to the selection agent neo
mycin under the control of the SV40 early promoter 
and origin,

an origin of replication allowing for the replication of the 
plasmid in Ε. coli taken from pUC19 (pUC origin), 

a beta-lactamase gene which confers ampicillin resistance 
in Ε. coli.

The plasmid map of the expression vector 5057 contain
ing the murine DF1FR marker gene is shown in FIG. 4. The 
plasmid map of the expression vector 5069 containing a 
neomycin selectable marker gene is shown in FIG. 5.

Example 5

Transfection and Selection of a CFIO Cell Line 
Expressing an Anti-P-Selectin Antibody

CFIO-Kl cells, pre-adapted to growth in serum-free sus
pension culture in protein-free FlyQ SFM4CF10 medium 
(Flyclone, Cat. No. SF130549) supplemented with defined 
animal-derived components (cholesterol from ovine wool
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and cod-liver oil) were used as the host cell line. The cells 
were propagated in shake flasks in protein-free HyQ 
SFM4CHO medium under standard humidified conditions 
(95%, 37° C., and 5% C02) and under constant agitation at 
150 rpm/min. Depending on the cell density the cells were 
split into fresh medium.

The adherent CHO-K1 cell lines had been obtained from 
the American Type Culture Collection as ATCC CCL-61. 
First Transfection and Selection

Prior to transfection the expression plasmid 5057 was 
linearized within the beta-lactamase gene using the restric
tion enzyme Pvul. The cleaved DNA was purified using 
QiaQuick spin columns (Qiagen) according to the manufac
turer’s recommendations.

Transfection was carried out by electroporation using 
Gene Pulser XCell (BIO-RAD) and 0.2 cm-cuvettes (BIO
RAD, Cat. No. 165-2086). For transfection 106 to 107 
CHO-K1 cells were harvested by centrifugation, resus
pended in PBS, transferred to the cuvette and mixed with 
20-50 pg linearized plasmid DNA. The cells were exposed 
to a single square wave pulse (160 V, 15 ms) and subse
quently diluted in HyQ SFM4CHO medium to a density of 
approx. 4χ105 cells/ml and seeded in a Τ75 cell culture flask. 
After 48 hours of propagation without the supplementation 
of a selection agent, the cells were diluted in HyQ 
SFM4CHO medium supplemented with 200 ηΜ ΜΤΧ to a 
density of 104 to 105 cells/ml and seeded in 96-well plates 
with 3-7000 cells per well. After approx, two weeks, fresh 
medium was added per well and after additional two weeks 
the culture medium was completely replaced by fresh 
medium. Four days later the culture supernatants were tested 
for antibody production by anti-human Fc ELISA. In total 
approximately 600 clones were screened.

45 clones with antibody titers of more than 10 pg/ml were 
picked and transferred to 48-well plates. The clones were 
expanded to shaker flasks over additional passages and 
subsequently transferred to serum free production medium 
for the final productivity assessment. A 125 ml shaker flask 
was inoculated with 105 to 106 cells/ml in medium supple
mented with 200 ηΜ ΜΤΧ. Viable cell density and viability 
were monitored over one week. Antibody titers were mea
sured by Protein A chromatography on the final day. Based 
on these data, clone G24 was selected for further develop
ment. G24 reached a maximal viable cell density of 3.3χ 106 
cells/ml. The antibody titer was 402 pg/ml. The average 
specific production rate (SPR) was 28 pg/(cell*d).
Second Transfection and Selection:

Clone G24 was subjected to a second transfection. For the 
second transfection plasmid 5069 was used. Linearization 
and purification of the plasmid as well as electroporation of 
G24 were performed as described for the first transfection. 
After 48 hours of propagation without selection pressure, the 
cells were diluted in HyQ SFM4CHO medium supple
mented with 200 ηΜ ΜΤΧ and 400 pg/ml G418 to a density 
of 103 to 104 cells/ml and seeded in 96-well plates with 500 
cells per well. After approx, two weeks, fresh medium was 
added per well and after an additional week the culture 
medium was completely replaced by fresh medium. Four 
days later the culture supernatants were tested for antibody 
production by anti-human Fc ELISA. In total approximately 
220 clones were screened.

Then 13 clones with antibody titers of more than 150 
pg/ml were picked and transferred to 24-well plates. The 
clones were expanded to shaker flasks over additional pas
sages and subsequently transferred to serum free production 
medium for the final productivity assessment. A shaker flask 
was inoculated with 105 to 106 cells/ml in 50 ml medium
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supplemented with 200 ηΜ ΜΤΧ and 400 pg/ml G418. 
Viable cell density and viability were monitored over one 
week, Antibody titers were measured by Protein A chroma
tography on the final day. Based on these data, clone G24_x6 
was considered the best clone. G24_x6 reached a maximal 
viable cell density of 3.0x10s cells/ml. The antibody titer 
was 685 pg/ml. The average specific production rate (SPR) 
from was 48 pg/(cell*d).
Limiting Dilution:

To compare the method according to the invention with 
simple subcloning with respect to their effect on productivity 
we subjected clone G24 to limited dilution or single cell 
deposition in 96-well plates.

For limiting dilution the cells were seeded in 96-well 
plates in HyQ SFM4CHO medium supplemented with 50% 
(ν/ν) conditioned medium, 10% FCS and 200 ηΜ ΜΤΧ at 
0.5 cells/well. Alternatively 1 cell/well was deposited in 
96-well plates by FACS. After 10 days, fresh HyQ 
SFM4CHO medium, 200 ηΜ ΜΤΧ without FCS was added 
per well and after an additional week the culture medium 
was completely replaced by HyQ SFM4CHO medium, 200 
ηΜ ΜΤΧ. Four days later the culture supernatants were 
tested for antibody production by anti-human Fc ELISA. In 
total approximately 230 clones were screened.

Eleven subclones with antibody titers of more than 130 
pg/ml were transferred to 24-well plates. After passages in 
6-well plates, the clones were transferred to shaker flasks 
and subsequently transferred to serum free production 
medium for the final productivity assessment. A shaker flask 
was inoculated with 105 to 106 cells/ml in medium supple
mented with 200 ηΜ ΜΤΧ. Viable cell density and viability 
were monitored over one week. Antibody titers were mea
sured by Protein A chromatography on the final day. Based 
on these data G24_13 was considered the best clone. 
G24_13 reached a maximal viable cell density of 3.6x10s 
cells/ml. The antibody titer was 472 pg/ml. The average the 
specific production rate (SPR) was 31 pg/(cell*d).

Table 3 summarizes the productivity data of best perform
ing subclone G24_13 and the best performing clone G24_x6 
obtained with the method according to the invention in 
comparison to their parental clone G24. With the method 
according to the invention a clone with volumetric and 
specific productivity increased by more than 50% can be 
obtained whereas after subcloning only a minor increase of 
both parameters was observed.

FIG. 6 shows an overview of the volumetric (A) and 
specific (Β) productivities of all subclones of G24 that had 
been investigated in shake flasks. As can be seen, the 
average volumetric and specific productivity of the clones 
obtained with the method according to the invention was 
significantly higher than after subcloning.

TABLE 3
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Productivity of the best producing clones compared to the 
_________________ parental clone G24._________________

G24
G24_13

(Subclone)

G24_χ6 (method
according to the 

invention)

Antibody concentration 
in the supernatant
[Mg/ml]

402 472 685

SPR pg/(cell * d)] 28 31 48
Max. cell density 
[105/ml]

33 36 30
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Clone Characteristics:
As can be seen from the following table the doubling time 

and the cell density after three days of cultivation were 
comparable when the one-time transfected cell line G24 and 
the selected clones are compared.

TABLE 4

Growth characteristics

Clone

Doubling

[hi

Starting 
cell density 

[106 cells/ml]

Cell density 
at day 3 

[106 cells/ml]

Viability 
at day 3 

[%]

G24 29 0.3 0.7 91
G24_13 27 0.3 2.0 91
G24_χ6 24 0.3 2.5 93

Example 6

Transfection and Selection of a CLIO Cell Line 
Expressing an Anti-P-Selectin Antibody

CE10-DG44 cells pre-adapted to growth in serum-free 
suspension culture in protein-free ElyQ SFM4CE10 medium 
(Elyclone, Cat. No. SE130549) were used as the host cell line. 
The host cell line was cultured in commercial medium ElyQ 
SFM4CHO-utility (Hyclone, Cat. No. SH30516) during 
transfections, screening and subcloning steps.
First Transfection and Selection

Prior to transfection the expression plasmid 5057 (FIG. 4) 
was linearized within the beta-lactamase gene using the 
restriction enzyme Pvul.

The transfection of the host cell line was performed by 
nucleotransfection provided by ΑΜΑΧΑ (Nucleofector Kit 
Τ, Cat. No. VCA-1002, Transfection program U-17). Cells 
were cultured in medium supplemented with 10% fetal calf 
serum for 48 h after transfection.

Transfected cells were plated on 96-well plates with 1000 
cells per well in medium supplemented with 10% fetal calf 
serum in the presence of 40 ηΜ methotrexate (ΜΤΧ) as 
selection agent and incubated for approx, three weeks.

Antibody concentration was determined by ELISA in the 
supernatant of the 96-well plates. About 400 primary clones 
were screened. Twenty-four clones with the highest antibody 
productivity were transferred to 24-well plates and culti
vated in the presence of the selection agent without supple
mentation with fetal calf serum.

Product quality was analyzed by Western Blotting detect
ing light and heavy antibody chains. Nine clones which 
showed the highest productivity and which expressed anti
body without detectable antibody derived side products 
(Western blot) were expanded into shake flasks.

Productivity was analyzed in batch shake flasks after 7 
and 10 days of incubation. Product quality was assessed by 
SDS-PAGE after Protein-A FiPLC purification (FIG. 7). 
Best product concentration was reached with clone 43-16. 
Best specific productivity per cell was achieved with clone 
35-45. Both clones showed no detectable side products in 
the SDS-PAGE. Both clones were selected for subcloning by 
limiting dilution.

Parental clones 35-45 and 43-16 were subcloned by 
limiting dilution on 96-well plates in commercial ElyQ 
medium supplemented with 5% (ν/ν) fetal calf serum in the 
presence of 20 ηΜ ΜΤΧ. After 20 days of incubation 
antibody production was screened by ELISA. Best sub
clones in terms of productivity were expanded to shake

flasks and subsequently transferred to serum free production 
medium for the final productivity assessment. The two best 
subclones, 35-45-F2 and 43-16-Α10, of the parental clones 
35-45 and 43-16 were assessed in standard batch shake flask 
assay. Productivity was 270 pg/ml and 185 pg/ml after 7 
days and 337 pg/ml and 343 pg/ml after 10 days, respec
tively.
Second Transfection and Selection:

Subclone 43-16-Α10 was transfected with the expression 
vector ρ5069 (FIG. 5) using the nucleofection method 
(Amaxa Nucleofector Kit Τ, VCA-1002, Transfection pro
gram U-17). The second transfection was also carried out in 
Elyclone medium: ElyQ SFM4CF10-utility (Cat. No. 
SF130516) supplemented with 10% fetal calf serum and 20 
ηΜ ΜΤΧ. Two days after the second transfection cells were 
transferred to 96-well plates with 1000 cells per well. As 
second selection agent 250 pg/ml G418 was added.

After cultivation for two weeks more than 2000 primary 
wells were screened by antibody titer determination by 
anti-human Pc ELISA. Fifty clones with highest productiv
ity were transferred into 24-well plates and screened a 
second time by anti-human Fc ELISA three days later. All 
clones were transferred to 6-well plates and screened by 
anti-human Pc ELISA three days later. The six clones with 
the best productivity were directly subcloned from the 
6-well plate stage.
Limiting Dilution:

The best parental clones of the second transfection and 
selection round 43-16A10-S1, 43-16A10-S13, 43-16Α10- 
S14, 43-16A10-S19, 43-16A10-S24, 43-16A10-S43 were 
subcloned by limiting dilution. The product quality of the 
twelve best subclones was assessed in SDS-PAGE and 
Western-Blotting from the 24-well stage. No unwanted 
antibody related side products were detected.

Three subclones, 43-16-A10-S1-16, 43-16-A10-S24-11, 
and 43-16-A10-S43-14, were selected according to their 
productivity in 6-well plates for the expansion in shake 
flasks. They were transferred to serum free production 
medium for the final productivity assessment. Their produc
tivity was compared to the subclone after the first transfec
tion, clone 43-16-Α10. The productivity was increased two
fold for two of the clones after the second transfection and 
selection, 43-16-A10-S1-16 and 43-16-A10-S24-11, from 
221 pg/ml after 7 days in the batch shake flask to 436 pg/ml 
and 407 pg/ml, respectively. After 10 days incubation in the 
batch shake flask the productivity increased from 306 pg/ml 
to 683 pg/ml and 446 pg/ml, respectively.

The specific productivity per cell increased as well from 
17 pg/cell/day for the clone 43-16-Α10 after the first trans
fection to 40 pg/cell/day for the first transfected clone 
43-16-A10-S1-16 and to 33 pg/cell/day for the second 
transfected clone 43-16-A10-S24-11. The doubling time was 
not affected by the second transfection. The doubling time 
for the clone 43-16-Α10 after the first transfection was 33 h 
and it was 32 h for both clones 43-16-A10-S1-16 and 
43-16-A10-S24-11.

Example 7

Expression Vector for Expressing an Anti-IL-13Ra 
Antibody

Another example (preferably monoclonal) antibody for 
which a cell line for expression can be obtained according to 
the current invention is an antibody binding to the IL-13 
Receptor alpha I (anti-IL-13Ral anti-IL-13Ra antibody).
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Such an antibody and the corresponding nucleic acid 
sequences are for example described in WO 2006/072564 or 
SEQ ID NO: 19 to 28.

A genomic human kappa-light chain constant region gene 
segment (C-kappa) was added to the light chain variable 
region of the anti-IL-13Ra antibody whereas a human 
gamma 1-heavy chain constant region gene segment (CH1- 
Hinge-Cf^-C^) was added to the heavy chain variable 
region of the anti-IL-13Ra antibody. The expression plas
mid 5321 comprises an expression cassette for the anti-IL- 
13Ra antibody yl-heavy chain, and the anti-IL-13Ra anti
body K-light chain, and a nucleic acid encoding the murine 
DHFR gene. An annotated plasmid map is shown in FIG. 9.
a) Fleavy Chain Expression Cassette

The transcription unit of the anti-IL-13Ra antibody con
jugate heavy chain is composed of the following elements: 

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR), 
the coding sequence for the anti-IL-13Ra antibody 

gamma 1-heavy chain conjugate including a signal 
peptide in an intron-exon gene structure, 

the human gamma 1-immunoglobulin polyadenylation 
signal sequence.

b) Light Chain Expression Cassette
The transcription unit of the anti-IL-13Ra antibody light 

chain is composed of the following elements:
the immediate early enhancer and promoter from the 

human cytomegalovirus (CMV IE), 
a 5'-untranslated region (5' UTR), 
the coding sequence for the anti-IL-13Ra kappa-light 

chain in an intron-exon gene structure, 
the human immunoglobulin kappa-polyadenylation signal 

sequence.
c) Expression Plasmids

For the expression and production of the anti-IL-13Ra 
antibody conjugate the light and heavy chain expression 
cassettes were placed on a single expression vector (light 
chain upstream of heavy chain). Two identical expression 
vectors were generated differing only in the selectable 
marker gene included, in particular, the murine DF1FR gene 
and both the murine DF1FR gene and a hygromycin resis
tance gene.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

an origin of replication allowing for the replication of the 
plasmid in Ε. coli (pUC origin), 

a beta-lactamase gene which confers ampicillin resistance 
in Ε. coli.

Example 8

Transfection and Selection of a CFIO Cell Line 
Expressing an Anti-IL-13Ra Antibody

For the first transfection and selection step the plasmid 
5321 has been used. Plasmid 5321 has been transfected with 
electroporation into parent cell line adapted to growth in 
ProCF104-complete medium. The transfected cells were 
cultivated in FlyQSFMCFlO-medium (FlyClone) supple
mented with up to 200 ηΜ methotrexate in plates. The 
antibody concentration in the culture supernatants was 
evaluated by an anti-human IgGl ELISA. The clones have

31
been tested and the selected of them were further cultivated 
in 24-well plates, 6-well plates and subsequently in shaker 
flasks. The growth and productivity was assessed in static 
and suspension cultures by anti-human IgGl ELISA and/or 
analytic Protein A F1PLC. The best clone (best clone does not 
denote the most productive clone it denotes the clone with 
the best properties for the further steps) was selected. The 
selected clone was named 200_019. Productivity was 90 
pg/ml with an average specific production rate of 7 pg/cell*d 
after 7 days of cultivation.

For the second transfection and selection step a plasmid 
with a DF1FR and hygromycin resistance gene has been 
used. The plasmid has been transfected with electroporation 
into the selected cell line cultivated in FlyQSFMCFlO- 
medium (FlyClone) supplemented with up to 200 ηΜ metho
trexate. The double selection medium contained in addition 
300 pg/ml hygromycine Β. Single antibody secreting cells 
were identified and deposited on the basis of their fluores
cence intensity after staining with a Protein A Alexa Fluor 
conjugate by FACS analysis. The selected clone was named 
5_17_35. Productivity was 150 pg/ml with an average 
specific production rate of 10 pg/cell*d after 7 days of 
cultivation.

Example 9

Expression Vector for Expressing an Anti-CD4 
Antibody Conjugate

Another example (monoclonal) antibody for which a cell 
line for expression can be obtained according to the current 
invention is an antibody against the human CD4 surface 
receptor (anti-CD4 antibody) which is conjugated to two to 
eight antifusogenic peptides. Such an antibody and the 
corresponding nucleic acid sequences are for example 
reported in PCT/EP2008/005894 or SEQ ID NO: 29 to 40.

A genomic human kappa-light chain constant region gene 
segment (C-kappa) was added to the light chain variable 
region of the anti-CD4 antibody of SEQ ID NO: 39, whereas 
a human gamma 1-heavy chain constant region gene seg
ment {CHl-Hm%e-CH2-CH3) was added to the heavy chain 
variable region of the anti-CD4 antibody of SEQ ID NO: 36. 
The expression plasmid 6311 comprises an anti-CD4 anti
body γ1-heavy chain, which is joint at the last but one 
C-terminal amino acid, i.e. the C-terminal lysine residue of 
the heavy chain is removed, with a nucleic acid encoding an 
antifusogenic peptide of SEQ ID NO: 41 via the peptidic 
glycine-serine linker of SEQ ID NO: 42, and a anti-CD4 
antibody K-light chain, and a nucleic acid conferring resis
tance to the selectable marker neomycin. An annotated 
plasmid map is shown in FIG. 8.
a) Fleavy Chain Expression Cassette

The transcription unit of the anti-CD4 antibody conjugate 
heavy chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),
the coding sequence for the anti-CD4 antibody gamma 

1-heavy chain conjugate including a signal peptide in 
an intron-exon gene structure, 

the SV 40 early poly A signal sequence.
b) Light Chain Expression Cassette

The transcription unit of the anti-CD4 antibody conjugate 
light chain is composed of the following elements:

the immediate early enhancer and promoter from the 
human cytomegalovirus (CMV IE), 

a 5'-untranslated region (5' UTR),

32

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 420 of 681 PageID #: 1289



US 9,428,766 Β2

the coding sequence for the anti-CD4 kappa-light chain in 
an intron-exon gene structure, 

the SV 40 early poly A signal sequence,
c) Expression Plasmids

For the expression and production of the anti-CD4 anti
body conjugate the light and heavy chain expression cas
settes were placed on a single expression vector (light chain 
upstream of heavy chain). Three identical expression vectors 
were generated differing only in the selectable marker gene 
included, in particular, a neomycin resistance gene, a puro- 
mycin resistance gene, and a hygromycin resistance gene.

The expression vectors contain beside the light and heavy 
chain expression cassette the following elements:

an origin of replication allowing for the replication of the 
plasmid in Ε. coli taken from pUC18 (pUC origin), 

a beta-lactamase gene which confers ampicillin resistance 
in Ε. coli.

Example 10

Transfection and Selection of a CEIO Cell Line 
Expressing an Anti-CD4 Antibody Conjugate

Transfection and Selection Steps:
For the first transfection and selection step the plasmid 

6311 has been used. Plasmid 6311 has been transfected with 
electroporation into parent cell line adapted to growth in 
ProCH04-complete medium. The transfected cells were 
cultivated in ProCH04-complete medium supplemented 
with up to 700 pg/ml G418 in 96 well plates. The antibody 
concentration in the culture supernatants was evaluated by 
an anti-human IgGl ELISA. Approximately 5000 clones 
have been tested and the selected of them were further 
cultivated in 24-well plates, 6-well plates and subsequently 
in shaker flasks. The growth and productivity of approxi
mately 15 clones was assessed in static and suspension 
cultures by anti-human IgGl ELISA and/or analytic Protein 
A HPLC. The best clone (best clone does not denote the 
most productive clone it denotes the clone with the best 
properties for the further steps) was subcloned by limited 
dilution in ProCH04-conditioned medium supplemented 
with 700 pg/ml G418.

Subclones were obtained by two methods, Limiting Dilu
tion (LD) and Fluorescence Activated Cell Sorting (FACS). 
Limiting Dilution:

For limiting dilution cells were plated out in ProCH04- 
selection medium at a cell density of 0.5-2 cells per 0.1 ml 
medium per well of a 96-well culture plate.
Single Cell Deposition by Flow Cytometry Including Iden
tification and Isolation of Clones:

In the case of fluorescence activated cell sorting the 
electroporated population of cells were directly seeded into 
T-flasks in ProCH04-complete medium. The appropriate 
selection agent or agents (G418, hygromycin, and/or puro- 
mycin) was/were added to the culture one day after trans-
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fection and the transfectant pool was expanded. The growth 
and productivity of approximately 112 clones was assessed 
in static and suspension cultures by anti-human IgGl ELISA 
and/or analytic Protein A HPLC. The selected clone was 

5 named 1-17.
For the second transfection and selection step a plasmid 

with a hygromycin resistance gene has been used. The 
plasmid has been transfected with electroporation into cell 
line clone 1-17 cultivated in ProCH04-complete medium 

10 supplemented with 700 pg/ml G418. The transfected cells 
were expanded for about two to three weeks in ProCH04- 
conditioned medium supplemented with 200 pg/ml G418 
and 300 pg/ml hygromycin (ProCH04-double selection 
medium). Single antibody secreting cells were identified and 

15 deposited on the basis of their fluorescence intensity after 
staining with a Protein A Alexa Fluor conjugate by FACS 
analysis. The deposited cells were cultivated in ProCH04- 
double selection medium in 96 well plates. The antibody 
concentration in the culture supernatants was evaluated by 

2ο an anti-human IgGl ELISA. The selected clone was named 
24_16.

For the third transfection and selection step a plasmid 
with a puromycin resistance gene has been used. The 
plasmid has been transfected with electroporation into cell 

25 line clone 24_16 cultivated in ProCH04-double selection 
medium. The transfected cells were expanded for about two 
to three weeks in ProCH04-triple selection medium 
(ProCH04-conditioned medium supplemented with 200 
pg/ml G418 and 300 pg/ml hygromycin and 4 pg/ml puro- 

30 mycin). Single antibody secreting cells were identified and 
deposited on the basis of their fluorescence intensity after 
staining with a Protein A Alexa Fluor conjugate by FACS 
analysis. The deposited cells were cultivated in ProCH04- 
triple selection medium in 96 well plates. The antibody 

35 concentration in the culture supernatants was evaluated by 
an anti-human IgGl ELISA. The selected clone was named 
1_24.
Clone Characteristics:

As can be seen from the following table the doubling time 
40 and the cell density after three days of cultivation were 

comparable when the basic cell line CHO-K1 (wild-type) 
and the selected clones are compared.

34

TABLE 5
45

Growth characteristics

Clone

Doubling

[hi

Starting 
cell density 

[106 cells/ml]

Cell density 
at day 3 

[106 cells/ml]

Viability 
at day 3 

[%]

50 CHO-K1
(pre adapted)

22-25 3 18-22 96-98

1-17 25-30 3 13-15 95-97
24_16 25-30 3 15-16 95-96
1_24 30-32 3 12-14 95-97

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 42

<210> SEQ ID NO 1

<211> LENGTH: 13
<212> TYPE: PRT
<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: VH CDR3
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-continued

<400> SEQUENCE: 1

Leu Thr His Tyr Ala Arg Tyr Tyr Arg Tyr Phe Asp Val 
15 10

<210> SEQ ID NO 2
<211> LENGTH: 17
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: VH CDR3 

<400> SEQUENCE: 2

Gly Lys Gly Asn Thr His Lys Pro Tyr Gly Tyr Val Arg Tyr Phe Asp 
15 10 15

Val

<210> SEQ ID NO 3
<211> LENGTH: 15
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: VH CDR3 

<400> SEQUENCE: 3

Leu Leu Ser Arg Gly Tyr Asn Gly Tyr Tyr His Lys Phe Asp Val 
15 10 15

<210> SEQ ID NO 4
<211> LENGTH: 8
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: VL-CDR3

<400> SEQUENCE: 4

Gin Gin Val Tyr Asn Pro Pro Val 
1 5

<210> SEQ ID NO 5
<211> LENGTH: 8
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: VL-CDR3

<400> SEQUENCE: 5

Phe Gin Leu Tyr Ser Asp Pro Phe 
1 5

<210> SEQ ID NO 6
<211> LENGTH: 8
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: VL-CDR3 

<400> SEQUENCE: 6

Gin Gin Leu Ser Ser Phe Pro Pro 

1 5

<210> SEQ ID NO 7
<211> LENGTH: 122
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
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-continued

<223> OTHER INFORMATION: VH

<400> SEQUENCE: 7

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala He Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Thr His Tyr Ala Arg Tyr Tyr Arg Tyr Phe Asp Val Trp
100 105 110

Gly Gin Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 8
<211> LENGTH: 126
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: VH

<400> SEQUENCE: 8

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ala He Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Lys Gly Asn Thr His Lys Pro Tyr Gly Tyr Val Arg Tyr
100 105 110

Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser
115 120 125

<210> SEQ ID NO 9
<211> LENGTH: 124

<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: VH

<400> SEQUENCE: 9

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 

15 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 

20 25 30

Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
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-continued

35 40 45

Ser Ala He Ser Gly Ser Gly Gly Ser Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Leu Leu Ser Arg Gly Tyr Asn Gly Tyr Tyr His Lys Phe Asp
100 105 110

Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 10
<211> LENGTH: 110
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: VL

<400> SEQUENCE: 10

Asp He Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu
35 40 45

He Tyr Gly Ala Ser Ser Arg Ala Thr Gly Val Pro Ala Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gin Gin Val Tyr Asn Pro Pro
85 90 95

Val Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr
100 105 110

<210> SEQ ID NO 11
<211> LENGTH: 110
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: VL

<400> SEQUENCE: 11

Asp He Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu

35 40 45

He Tyr Gly Ala Ser Ser Arg Ala Thr Gly Val Pro Ala Arg Phe Ser

50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Glu

65 70 75 80

Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Phe Gin Leu Tyr Ser Asp Pro

85 90 95

Phe Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr

100 105 110
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-continued

<210> SEQ ID NO 12
<211> LENGTH: 110
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: VL

<400> SEQUENCE: 12

Asp lie Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu
35 40 45

He Tyr Gly Ala Ser Ser Arg Ala Thr Gly Val Pro Ala Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Leu Ser Ser Phe Pro
85 90 95

Pro Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr
100 105 110

<210> SEQ ID NO 13
<211> LENGTH: 124
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Asp Met His Trp Val Arg Gin Ala Thr Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Gly He Thr Thr Ala Gly Asp Thr Tyr Tyr Pro Gly Ser Val Lys
50 55 60

Gly Arg Phe Thr He Ser Arg Glu Asn Ala Lys Asn Ser Leu Tyr Leu
65 70 75 80

Gin Met Asn Ser Leu Arg Ala Gly Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Gly Arg He Ser Met Asp Arg Gly Val Lys Asn Asn Trp Phe Asp
100 105 110

Pro Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 14

<211> LENGTH: 124
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Arg Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr
20 25 30

Asp Met His Trp Val Arg Gin Ala Thr Gly Lys Gly Leu Glu Trp Val

35 40 45
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-continued

Ser Ala He Thr Ala Ala Gly Asp He Tyr Tyr Pro Gly Ser Val Lys
50 55 60

Gly Arg Phe Thr lie Ser Arg Glu Asn Ala Lys Asn Ser Leu Tyr Leu
65 70 75 80

Gin Met Asn Ser Leu Arg Ala Gly Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Gly Arg Tyr Ser Gly Ser Gly Ser Tyr Tyr Asn Asp Trp Phe Asp
100 105 110

Pro Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 15
<211> LENGTH: 124
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Gin Pro Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Val Ser Gly Asn Thr Leu Thr Glu Leu
20 25 30

Ser Met His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Met
35 40 45

Gly Gly Phe Asp Pro Glu Asn Gly Glu Ala He Tyr Ala Gin Lys Phe
50 55 60

Gin Gly Arg Val Thr Met Thr Ala Asp Thr Ser Thr Asp Thr Ala Tyr
65 70 75 80

Met Asp Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Asp Leu Ala Gly Gly Ser Asp Phe Tyr Tyr Tyr Gly Leu Asp
100 105 110

Val Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 16 
<211> LENGTH: 107 
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Glu He Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu He
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly He Pro Ala Arg Phe Ser Gly

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gin Gin Arg Asn Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys
100 105

<210> SEQ ID NO 17
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46
-continued

<211> LENGTH: 107
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

Glu He Val Leu Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu He
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly lie Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gin Gin Arg Ser Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys
100 105

<210> SEQ ID NO 18 
<211> LENGTH: 107 
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Ala He Gin Leu Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr He Thr Cys Arg Ala Ser Gin Gly He Ser Ser Ala
20 25 30

Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He
35 40 45

Tyr Asp Ala Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Phe Asn Ser Tyr Pro Tyr
85 90 95

Thr Phe Gly Gin Gly Thr Lys Leu Glu He Lys
100 105

<210> SEQ ID NO 19
<211> LENGTH: 119
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: LC5002-002 VH gamma/heavy chain variable domain

<400> SEQUENCE: 19

Glu Val Gin Leu Leu Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn He Tyr
20 25 30

Ala Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val

35 40 45

Ser Val He Ser Gly Arg Gly He Thr Thr Tyr Tyr Ala Asp Ser Val

50 55 60

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
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-continued

65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Asp Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Ser Ser Ser Trp Thr Asp Phe Asp Tyr Trp Gly Gin Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 20
<211> LENGTH: 119
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: LC5002-003 VH gamma/heavy chain variable domain 

<400> SEQUENCE: 20

Glu Val Gin Leu Leu Glu Ser Gly Gly Asp Leu He Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn He Tyr
20 25 30

Ala Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Val He Ser Gly Arg Gly He Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asp Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Ser Ser Tyr Trp Thr Asp Phe Asp Tyr Trp Gly Gin Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 21
<211> LENGTH: 118
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: LC5002-005 VH gamma/heavy chain variable domain

<400> SEQUENCE: 21

Glu Val Gin Val Leu Asp Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Thr Ala Ser Gly Phe Thr Phe Arg Leu Tyr
20 25 30

Thr Met Ser Trp Val Arg Gin Thr Pro Gly Arg Gly Leu Glu Trp Val
35 40 45

Ser Gly He Ser Gly Ser Gly Leu Ser Thr Tyr Phe Ala Asp Ser Val

50 55 60

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Val Tyr

65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95

Ala Lys Glu Gly Asp Trp He Tyr Phe Asp Ser Trp Gly Gin Gly Thr

100 105 110

Leu Val lie Val Ser Ser 

115

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 428 of 681 PageID #: 1297



49
US 9,428,766 Β2

50
-continued

<210> SEQ ID NO 22
<211> LENGTH: 123
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: LC5002-007 VH gamma/heavy chain variable domain 

<400> SEQUENCE: 22

Gin Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys Val Ser Gly Gly Thr Phe Ser Ser Tyr
20 25 30

Ala Phe Ser Trp Val Arg Gin Ala Pro Gly Gin Gly Leu Glu Trp Met
35 40 45

Gly Arg He lie Pro He Leu Gly Arg Thr Asn Tyr Ala Gin Lys Phe
50 55 60

Gin Gly Arg Val Thr He Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Val Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Glu Gly Glu Thr Leu Asp Tyr Phe Tyr Tyr Gly Met Asp Val
100 105 110

Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 23
<211> LENGTH: 119
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: LC5002-018 VH gamma/heavy chain variable domain

<400> SEQUENCE: 23

Glu Val Gin Leu Leu Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn He Tyr
20 25 30

Ala Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Val He Ser Gly Ser Gly Val Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Gly Ser Ser Trp Tyr Val Asp Phe Asp Tyr Trp Gly Gin Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 24
<211> LENGTH: 107

<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223 > OTHER INFORMATION: LC5002-002 VL kappa light/chain variable domain 

<400> SEQUENCE: 24

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
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15 10 15

Asp Arg Val Thr He Thr Cys Arg Ala Ser Gin Gly He Ser Arg Trp
20 25 30

Val Ala Trp Tyr Gin Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu He
35 40 45

Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ser Tyr Pro Trp
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu lie Lys
100 105

<210> SEQ ID NO 25
<211> LENGTH: 107
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: LC5002-003 VL kappa/light chain variable domain 

<400> SEQUENCE: 25

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr He Thr Cys Arg Ala Ser Gin Gly He Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gin Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu He
35 40 45

Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ser Tyr Pro Trp
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys
100 105

<210> SEQ ID NO 26
<211> LENGTH: 107
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: LC5002-005 VL kappa/light chain variable domain

<400> SEQUENCE: 26

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr He Thr Cys Arg Ala Ser Gin Gly He Ser Ser Trp

20 25 30

Leu Ala Trp Tyr Gin Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu He

35 40 45

Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro

65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ser His Pro Pro

85 90 95

52
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54
-continued

Thr Phe Gly Gin Gly Thr Lys Leu Glu He Lys 
100 105

<210> SEQ ID NO 27
<211> LENGTH: 107
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: LC5002-007 VL kappa/light chain variable domain 

<400> SEQUENCE: 27

Glu He Val Leu Thr Gin Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gin Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu
35 40 45

lie Tyr Gly Ala Ser Ser Arg Ala He Gly He Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gin His Tyr Gly Ser Ser Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys
100 105

<210> SEQ ID NO 28
<211> LENGTH: 107
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223 > OTHER INFORMATION: LC5002-018 VL kappa/light chain variable domain 

<400> SEQUENCE: 28

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr He Thr Cys Arg Ala Ser Gin Gly He Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gin Gin Lys Pro Glu Lys Ala Pro Lys Ser Leu He
35 40 45

Tyr Ala Ala Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ser Tyr Pro Trp
85 90 95

Thr Phe Gly Gin Gly Thr Lys Val Glu He Lys
100 105

<210> SEQ ID NO 29
<211> LENGTH: 13

<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 29

Glu Lys Asp Asn Tyr Ala Thr Gly Ala Trp Phe Ala Tyr 
15 10

<210> SEQ ID NO 30 
<211> LENGTH: 13

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 431 of 681 PageID #: 1300



55
US 9,428,766 Β2

-continued

<212> TYPE: PRT
<213> ORGANISM: Mus musculus

<400> SEQUENCE: 30

Glu Lys Asp Asn Tyr Ala Thr Gly Ala Trp Phe Ala Tyr 
15 10

<210> SEQ ID NO 31 
<211> LENGTH: 11 
<212> TYPE: PRT 
<213> ORGANISM: Mus

<400> SEQUENCE: 31

Ala Arg Lys Tyr Gly 
1 5

<210> SEQ ID NO 32 
<211> LENGTH: 8 
<212> TYPE: PRT 
<213> ORGANISM: Mus

<400> SEQUENCE: 32

Gin Gin Tyr Tyr Ser 
1 5

<210> SEQ ID NO 33 
<211> LENGTH: 8 
<212> TYPE: PRT 
<213> ORGANISM: Mus

<400> SEQUENCE: 33

Gin Gin Tyr Tyr Ser 
1 5

<210> SEQ ID NO 34 
<211> LENGTH: 6 
<212> TYPE: PRT 
<213> ORGANISM: Mus

<400> SEQUENCE: 34

Tyr Asp Asn Leu Leu 
1 5

<210> SEQ ID NO 35
<211> LENGTH: 122
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: mutated heavy chain variable domain

<400> SEQUENCE: 35

Glu Val Lys Leu Gin Glu Ser Gly Pro Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Val He His Trp Val Arg Gin Lys Pro Gly Gin Gly Leu Asp Trp He

35 40 45

Gly Tyr lie Asn Pro Tyr Asn Asp Gly Thr Asp Tyr Asp Glu Lys Phe

50 55 60

Lys Gly Lys Ala Thr Leu Thr Ser Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

musculus

Gly Asp Tyr Asp Pro Phe 
10

musculus

Tyr Arg Thr

musculus

Tyr Arg Thr

musculus

Phe
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58
-continued

Ala Arg Glu Lys Asp Asn Tyr Ala 
100

Gly Gin Gly Thr Thr Val Thr Val 
115 120

<210> SEQ ID NO 36
<211> LENGTH: 122
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mutated

<400> SEQUENCE: 36

Gin Val Gin Leu Gin Gin Ser Gly
1 5

Ser Val Lys Met Ser Cys Lys Ala
20

Val He His Trp Val Arg Gin Lys
35 40

Gly Tyr lie Asn Pro Tyr Asn Asp
50 55

Lys Gly Lys Ala Thr Leu Thr Ser
65 70

Met Glu Leu Ser Ser Leu Arg Ser
85

Ala Arg Glu Lys Asp Asn Tyr Ala
100

Gly Gin Gly Thr Leu Val Thr Val
115 120

<210> SEQ ID NO 37
<211> LENGTH: 120
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: mutated

<400> SEQUENCE: 37

Gin Val Gin Leu Val Glu Ser Gly
1 5

Ser Leu Arg Leu Ser Cys Ser Ala
20

Ala Met Ser Trp Val Arg Gin Ala
35 40

Ala Ala He Ser Asp His Ser Thr
50 55

Lys Gly Arg Phe Thr He Ser Arg
65 70

Leu Gin Met Asp Ser Leu Arg Pro
85

Ala Arg Lys Tyr Gly Gly Asp Tyr
100

Gly Thr Pro Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 38 

<211> LENGTH: 112 
<212> TYPE: PRT

Thr Gly Ala Trp Phe Ala Tyr Trp 
105 110

Ser Ser

heavy chain variable domain

Pro Glu Val Val Lys Pro Gly Ala
10 15

Ser Gly Tyr Thr Phe Thr Ser Tyr
25 30

Pro Gly Gin Gly Leu Asp Trp He
45

Gly Thr Asp Tyr Asp Glu Lys Phe
60

Asp Thr Ser Thr Ser Thr Ala Tyr
75 80

Glu Asp Thr Ala Val Tyr Tyr Cys
90 95

Thr Gly Ala Trp Phe Ala Tyr Trp
105 110

Ser Ser

heavy chain variable domain

Gly Gly Val Val Gin Pro Gly Arg
10 15

Ser Gly Phe Thr Phe Ser Asn Tyr
25 30

Pro Gly Lys Gly Leu Glu Trp Val
45

Asn Thr Tyr Tyr Pro Asp Ser Val
60

Asp Asn Ser Lys Asn Thr Leu Phe
75 80

Glu Asp Thr Ala Val Tyr Tyr Cys
90 95

Asp Pro Phe Asp Tyr Trp Gly Gin

105 110
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<400> SEQUENCE: 38

US 9,428,766 Β2
59 60

-continued

Asp lie Val Met Thr Gin Ser Pro Ser Ser Leu Ala Val Ser Val Gly
1 5 10 15

Glu Lys Val Thr Met He Cys Lys Ser Ser Gin Ser Leu Leu Tyr Ser
20 25 30

Thr Asn Gin Lys Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin
35 40 45

Ser Pro Lys Leu Leu He Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val
50 55 60

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
65 70 75 80

He Ser Ser Val Lys Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin
85 90 95

Tyr Tyr Ser Tyr Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys
100 105 110

<210> SEQ ID NO 39
<211> LENGTH: 112
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mutated light chain variable domain 

<400> SEQUENCE: 39

Asp He Val Met Thr Gin Ser Pro Asp Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Glu Arg Val Thr Met Asn Cys Lys Ser Ser Gin Ser Leu Leu Tyr Ser
20 25 30

Thr Asn Gin Lys Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin
35 40 45

Ser Pro Lys Leu Leu He Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val
50 55 60

Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
65 70 75 80

He Ser Ser Val Gin Ala Glu Asp Val Ala Val Tyr Tyr Cys Gin Gin
85 90 95

Tyr Tyr Ser Tyr Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys
100 105 110

<210> SEQ ID NO 40
<211> LENGTH: 108
<212> TYPE: PRT
<213 > ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: mutated light chain variable domain

<400> SEQUENCE: 40

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr He Thr Cys Lys Ala Ser Gin Asp He Asn Asn Tyr
20 25 30

He Ala Trp Tyr Gin His Thr Pro Gly Lys Ala Pro Lys Leu Leu He

35 40 45

His Tyr Thr Ser Thr Leu Gin Pro Gly Val Pro Ser Arg Phe Ser Gly

50 55 60
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-continued

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr lie Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp lie Ala Thr Tyr Cys Leu Gin Gin Tyr Asp Asn Leu Leu Phe
85 90 95

Thr Phe Gly Gin Gly Thr Lys Leu Gin lie Thr Arg 
100 105

<210> SEQ ID NO 41
<211> LENGTH: 37
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223 > OTHER INFORMATION: afp-1 

<400> SEQUENCE: 41

Asn Met Thr Trp Met Glu Trp Asp Arg Glu lie Asn Gin Tyr Thr Ser 
15 10 15

Leu lie His Ser Leu lie Glu Glu Ser Gin Asn Gin Gin Glu Lys Asn 
20 25 30

Glu Gin Glu Leu Leu 
35

<210> SEQ ID NO 42
<211> LENGTH: 15
<212> TYPE: PRT
<213 > ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION: linker 

<400> SEQUENCE: 42

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
15 10 15

The invention claimed is:
1. A CHO cell secreting a heterologous immunoglobulin 

obtainable with the following method: 40
a) providing a CHO cell, which is

adapted to growth in suspension culture, 
adapted to growth in serum-free medium, and 
mycoplasma free, ^

b) providing a nucleic acid comprising 
a prokaryotic origin of replication,
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,
a second nucleic acid sequence encoding the heavy 50 

chain of said heterologous immunoglobulin, and a 
third nucleic acid sequence encoding the light chain 
of said heterologous immunoglobulin, 

whereby a first transfection vector is provided which 
comprises said provided nucleic acid and an additional 55 
fourth nucleic acid sequence conferring resistance to a 
first eukaryotic selection agent, 

whereby a second transfection vector is provided which 
comprises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 60 
second eukaryotic selection agent, whereby said second 
eukaryotic selection agent is different to said first 
eukaryotic selection agent, 

bl) providing a nucleic acid comprising
a prokaryotic origin of replication, 65
a first nucleic acid sequence conferring resistance to a 

prokaryotic selection agent,

a second nucleic acid sequence encoding the heavy 
chain of said heterologous immunoglobulin, and/or a 
third nucleic acid sequence encoding the light chain 
of said heterologous immunoglobulin, 

whereby a third transfection vector is provided which 
comprises said provided nucleic acid and an additional 
fourth nucleic acid sequence conferring resistance to a 
third eukaryotic selection agent, whereby said third 
eukaryotic selection agent is different to said first 
eukaryotic selection agent and is also different to said 
second eukaryotic selection agent,

c) transfecting said CHO cell, wherein said transfecting 
comprises the following steps in the following order:
(i) transfecting said CHO cell with said first transfec

tion vector,
(ii) selecting a CHO cell transfected in (i) by selected 

growth in cultivation medium containing a first 
eukaryotic selection agent to which the first trans
fection vector confers resistance,

(iii) transfecting said selected CHO cell in (ii) with said 
second transfection vector,

(iv) selecting a CHO cell transfected in (iii) by selected 
growth in cultivation medium containing said first 
eukaryotic selection agent to which the first trans
fection vector confers resistance and said second 
eukaryotic selection agent to which the second trans
fection vector confers resistance,

(ν) transfecting said CHO cell selected in (iv) with said 
third transfections vector,
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(vi) selecting a CHO cell transfected in (ν) by selected 
growth in a cultivation medium containing said first 
eukaryotic selection agent to which the first trans
fection vector confers resistance and said second 
eukaryotic selection agent to which the second trans- 5 
fection vector confers resistance and said third 
eukaryotic selection agent to which the third trans
fection vector confers resistance,

d) cultivating said transfected CHO cell in a medium in 
the presence of said first and said second eukaryotic to 
selection agent, under conditions suitable for the 
expression of said second, and/or third nucleic acid, 
wherein said transfected CHO cell secretes the heter
ologous immunoglobulin and

e) recovering said secreted heterologous immunoglobulin 15 
from the cultivation medium and thereby producing a 
heterologous immunoglobulin in a CHO cell which is 
secreted to the cultivation medium,

wherein said resultant CHO cell is stable in the absence of 
any or all selection agents, as used in the previous steps, for 20 
up to generation 60.

63

* * * * *
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DECREASING LACTATE LEVEL AND 
INCREASING POLYPEPTIDE PRODUCTION 
BY DOWNREGULATING THE EXPRESSION 

OF LACTATE DEHYDROGENASE AND 
PYRUVATE DEHYDROGENASE KINASE

CROSS-REFERENCE TO RELATED 
APPLICATIONS

This application is a continuation of International Patent 
Application No. PCT/US2011/038191, filed May 26, 2011; 
which claims priority benefit to U.S. Provisional Patent 
Application No. 61/349,727 filed May 28, 2010, the content 
of each of which is hereby incorporated herein by reference 
in its entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing sub
mitted via EFS-Web and hereby incorporated by reference in 
its entirety. Said ASCII copy, created on Nov. 15, 2012, is 
named 146392007800, and is 3.83 bytes in size.

FIELD OF THE INVENTION

The field of this invention relates generally to methods 
and compositions for reducing lactate production and 
increasing polypeptide production in cultured cells.

BACKGROUND OF THE INVENTION

Biopharmaceutical market is growing rapidly, and the 
industry is projected to reach $70 billion dollars by year 
2010. See Genetic Engineering in Livestock: New Applica
tions and Interdisciplinary Perspectives (Engelhard et al., 
2009) Springer Berlin Heidelberg. Given the increase in 
demand in therapeutic proteins and the increase in compe
titions in market sharing among companies, there is a need 
in improving technologies to achieve better productivity in 
therapeutic proteins. Towards this goal, different 
approaches, such as host cell engineering, have been 
explored. See Kuystermans et al., Cytotechnology 53(1-3): 
3-22 (2007); and O’Callaghan and James, Brief Fund. 
Genomic Proteomic 7(2):95-110 (2008). Cultured cells, 
such as Chinese Hamster Ovary (CHO) cells, are widely 
used to produce therapeutic proteins. For example, ρΗ- 
controlled fed-batch bioreactor culture has been used widely 
to produce recombinant monoclonal antibodies. Langhein- 
rich and Nienow, Biotechnol. Bioeng. 66(3): 171-9 (1999). 
Lactate is one of the main accumulated waste products 
during fed-batch culture, and it has been shown to inhibit 
cell growth and protein production. See Glacken et al., 
Biotechnol. Bioeng. 32:491-506 (1988); and Lao and Toth, 
Biotechnol. Prog. 13:688-691 (1997). This in turn leads to 
an increase in the amount of alkali needed for adding into the 
culture medium to control the pH. Dietl et al., J. Immunol. 
184(3):1200-9 (2010); Langheinrich and Nienow, Biotech
nol. Bioeng, 66(3): 171-9(1999). Increased addition of alkali 
to the cell culture medium for maintaining the pH can result 
in an increase in osmolality, and this increase can lead to cell 
growth inhibition and decreased antibody productivity. Cruz 
et al., Enzyme Microb. Technol. 27(1-2):43-52 (2000); Iran 
etal., Biotechnol. Bioeng. 66:238-246 (1999). Hence, reduc
ing the lactate level is desired for the development of 
polypeptide or a higher titer antibody production process.

There are many factors that can influence lactate produc
tion in cell culture, such as controlling the pyruvate level.

1
See Liu et al., J. Biol. Chem., 284(5):2811-22 (2009); and 
Samuvel et al., J. of Immunol. 182(4):2476-84 (2009). 
Pyruvate is the substrate for the enzymes pyruvate dehy
drogenase (PDH) and lactate dehydrogenase (LDH).

The PDH complex is a multi-enzyme unit consisting of 
three catalytic enzymes, El, Ε2, and Ε3. Patel and Koro- 
tchkina, Exp. Mol. Med. 33(4):191-7 (2001). This complex 
catalyzes the rate-limiting conversion reaction in converting 
from pyruvate to acetyl-CoA, which is the entry point of 
tricarboxylic acid (TCA) cycle. The activity of PDH is 
regulated by the enzymes pyruvate dehydrogenase kinases 
(PDHK(s)) and pyruvate dehydrogenase phosphatases 
(PDHPs). PDHKs phosphorylate PDH to suppress its enzy
matic activity, whereas PDHP dephosphorylate and thus 
activate PDH. See Patel and Korotchkina, Exp. Mol. Med. 
33(4): 191-7 (2001); Roche and Hiromasa, Cell Mol. Life. 
Sci. 64(7-8):830-49 (2007); Holness and Sugden, Biochemi
cal Society Transactions, 31:1143-1151 (2003). There are 
four isotypes of PDHK in mammalian cells (PDHK1, 
PDHK2, PDHK3, and PDHK4) with tissue specific distri
butions. See Harris et al., Adv. Enzyme Regul. 42:249-59 
(2002); and Bowker-Kinley et al., Biochem. J. 329(1): 191-6 
(1998).

LDH directly catalyzes the interconversion of pyruvate 
and lactate with concurrent interconversion of NADH and 
NAD+. In mammalian cells, LDHs exist as either homo- or 
heterotetramers consisting mostly A and Β subunits (or Η 
and Μ subunits, respectively) encoded by LDHa and LDHb 
genes, and sometimes homotetramers of C subunit encoded 
by LDHc genes. See Baumgart et al., J. Biol. Chem. 271 
(7):3846-55 (1996); Li et al., J. Biol. Chem. 258(11):7029- 
32 (1983); Skory C. D., Αρρℓ. Environ. Microbiol. 66(6): 
2343-8 (2000); and Read et al. Proteins 43(2):175-185 
(2001). For example, in CHO cells, LDH isotypes have been 
shown to be intermediates of the Α3Β and Α2Β2 tetramer. 
Jeong et al, Biochem. Biophys. Res. Commun. 289(5): 
1141-9 (2001). Previous studies have shown that down
regulating LDHa in CHO cells by disrupting the gene via 
homologous recombination (Chen et al, Biotechnol. Bioeng. 
72(1):55-61 (2001)), antisense technology (Jeong et al, 
Biochem. Biophys. Res. Commun. 289(5): 1141-9 (2001)), or 
small or short interfering RNA (siRNA) (Kim and Lee, Αρρℓ. 
Microbiol. Biotechnol. 74(1):152-9 (2007)) can reduce lac
tate level, but did not achieve appreciable improvement in 
protein productivity. For example, in the case of LDHa 
specific siRNA, even though there was reportedly a 45-79% 
reduction in lactate level, there was no significant improve
ment in Specific Productivity (Qp) and product (antibody) 
titer, suggesting that knocking down LDHa alone in CHO 
cells is not sufficient to improve Qp and product yield 
efficiently. Thus, more efficient methods for reducing lactate 
production are needed for achieving a better therapeutic 
polypeptide production.

All publications, patents, and patent applications cited 
herein are hereby incorporated by reference herein in their 
entirety for all purposes to the same extent as if each 
individual publication, patent, and patent application were 
specifically and individually indicated to be so incorporated 
by reference.

BRIEF SUMMARY OF THE INVENTION

The present invention provides methods and composi
tions for reducing lactate production and increasing poly
peptide production in cultured cells. The inventors have 
discovered that concomitant downregulation of a LDH and 
PDHKs via siRNAs in cultured cells expressing polypep
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tides (e.g., antibodies) decreased lactate level, lactate pro
duction rate, and osmolality, and increased specific poly
peptide productivity (e.g., Specific Productivity) and 
polypeptide production (e.g., productivity). Further, these 
cultured cells with downregulated LDF1 and PDFIKs exhib
ited no negative impact on cell growth, cell viabilities, and 
the quality of polypeptides produced.

In one aspect, the invention provides a method for reduc
ing lactate production in cultured cells, the method com
prising culturing cells expressing a) a small interfering RNA 
(siRNA) specific for a lactate dehydrogenase (LDF1) and b) 
an siRNA specific for a pyruvate dehydrogenase kinase 
(PDHK).

In another aspect, the invention provides cells in culture 
comprising a) an siRNA specific for a LDF1 and an siRNA 
specific for a PDF1K.

In some embodiments, the cultured cells further express 
an siRNA specific for a second PDF1K. In some embodi
ments, the cultured cells further express an siRNA specific 
for a third PDF1K. In some embodiments, the cultured cells 
further express an siRNA specific for a fourth PDF1K.

In another aspect, the invention provides a method for 
reducing lactate production in cultured cells, the method 
comprising culturing cells comprising a first heterologous 
nucleic acid sequence encoding a small interfering RNA 
(siRNA) specific for a lactate dehydrogenase (LDF1) and a 
second heterologous nucleic acid sequence encoding an 
siRNA specific for a pyruvate dehydrogenase kinase 
(PDF1K), wherein the first heterologous nucleic acid 
sequence is operably linked to a first promoter, and wherein 
the second heterologous nucleic acid sequence is operably 
linked to a second promoter.

In another aspect, the invention provides cells in culture 
comprising a first heterologous nucleic acid sequence encod
ing a first siRNA specific for a LDF1 and a second heter
ologous nucleic acid sequence encoding a second siRNA 
specific for a PDF1K, wherein the first heterologous nucleic 
acid sequence is operably linked to a first promoter, and 
wherein the second heterologous nucleic acid sequence is 
operably linked to a second promoter.

In some embodiments, the cells further comprise a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for a second PDF1K and wherein the third heterolo
gous nucleic acid sequence is operably linked to a third 
promoter. In some embodiments, the cells further comprise 
a fourth heterologous nucleic acid sequence encoding an 
siRNA specific for a third PDF1K and wherein the fourth 
heterologous nucleic acid sequence is operably linked to a 
fourth promoter. In some embodiments, the cells further 
comprise a fifth heterologous nucleic acid sequence encod
ing an siRNA specific for a fifth PDF1K and wherein the fifth 
heterologous nucleic acid sequence is operably linked to a 
fifth promoter.

In some embodiments, the LDF1 is LDFla, LDFlb, or 
LDHc.

In some embodiments, the PDF1K is selected from the 
group consisting of PDHK1, PDHK2, PDHK3, andPDHK4. 
In some embodiments, the PDF1K is selected from the group 
consisting of PDF1K1, PDF1K2, and PDF1K3. In some 
embodiments, the PDF1K is selected from the group con
sisting of PDF1K1 and PDF1K2. In some embodiments, the 
PDF1K is selected from the group consisting of PDF1K1 and 
PDF1K3. In some embodiments, the PDF1K is selected from 
the group consisting of PDF1K2 and PDF1K3.

In some embodiments, the method for reducing lactate 
production in cultured cells comprises culturing cells com
prising a first heterologous nucleic acid sequence encoding

3
an siRNA specific for a lactate dehydrogenase (LDF1) and a 
second, third, and fourth heterologous nucleic acid 
sequences encoding three different siRNAs specific for a 
first, second, and third PDFIKs, wherein the first heterolo
gous nucleic acid sequence is operably linked to a first 
promoter, and wherein the second, third, and fourth heter
ologous nucleic acid sequences are operably linked to a 
second, third, and fourth promoters, respectively. In some 
embodiments, the LDF1 is LDFla, wherein the first PDF1K is 
PDHK1, the second PDHK is PDHK2, and the third PDHK 
is PDHK3.

In some embodiments, the cells in culture comprises a 
first heterologous nucleic acid sequence encoding a first 
siRNA specific for a LDH and a second, third, and fourth 
heterologous nucleic acid sequences encoding three differ
ent siRNAs specific for a first, second, and third PDHKs, 
wherein the first heterologous nucleic acid sequence is 
operably linked to a first promoter, and wherein the second, 
third, and fourth heterologous nucleic acid sequences are 
operably linked to a second, third, and fourth promoters, 
respectively. In some embodiments, the LDH is LDHa, 
wherein the first PDHK is PDHK1, the second PDHK is 
PDHK2, and the third PDHK is PDHK3.

In some embodiments, the cultured cells produce a het
erologous polypeptide. In some embodiments, the heterolo
gous polypeptide is an antibody.

In some embodiments, the lactate synthesis rate of the 
cultured cells is lower than the lactate consumption rate. In 
some embodiments, the average lactate production rate is 
less than about negative 0.02 mg/106 cells/day.

In some embodiments, the cultured cells containing siR
NAs specific for the LDH and PDHK(s) has an osmolality 
at less than about 300 mOsm.

In some embodiments, the cultured cells have a Specific 
Productivity (Qp) of at least about 75% higher than cultured 
cells without the heterologous nucleic acid sequence com
prising the PDHK(s) and the LDH.

In some embodiments, the cultured cells have a Specific 
Productivity (Qp) of at least about 75% higher than cultured 
cells without the siRNAs specific for the LDH and 
PDHK(s).

In some embodiments, the cultured cells have a polypep
tide productivity (e.g., antibody productivity or titer in g/L) 
of about 10% to about 800% higher than cultured cells 
without the heterologous nucleic acid sequence comprising 
the PDHK(s) and the LDH. In some embodiments, the 
cultured cells have a polypeptide productivity of about 55% 
higher than cultured cells without the heterologous nucleic 
acid sequence comprising the PDHK(s) and the LDH. In 
some embodiments, the cultured cells have of a polypeptide 
productivity of at least about 68% higher than cultured cells 
without the heterologous nucleic acid sequence comprising 
the PDHK(s) and the LDH.

In some embodiments, the cultured cells have a polypep
tide productivity of about 10% to about 800% higher than 
cultured cells without the siRNAs specific for the PDHK(s) 
and the LDH. In some embodiments, the cultured cells have 
a polypeptide productivity of about 55% higher than cul
tured cells without the siRNAs specific for the PDHK(s) and 
the LDH. In some embodiments, the cultured cells have a 
polypeptide productivity of at least about 68% higher than 
cultured cells without the siRNAs specific for the PDHK(s) 
and the LDH.

In some embodiments, the cultured cells are mammalian 
cells. In some embodiments, the cultured cells are non
mammalian cells.
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In another aspect, the invention provides a method of 
silencing or down-regulating LDH and PDHK transcription 
in a cultured cell comprising: introducing into the cell a 
vector comprising a first heterologous nucleic acid sequence 
encoding a siRNA specific for the LDH and a second 
heterologous nucleic acid sequence encoding an siRNA 
specific for the PDHK, wherein the first heterologous 
nucleic acid sequence is operably linked to a first promoter, 
and wherein the second heterologous nucleic acid sequence 
is operably linked to a second promoter, wherein the siRNAs 
are expressed, thereby silencing or down-regulating gene 
transcription of the LDH and the PDHK.

In another aspect, the invention provides a method of 
making a cell that exhibits decreased lactate production in 
culture, comprising introducing into the cell a vector com
prising a first heterologous nucleic acid sequence encoding 
a siRNA specific for the LDH and a second heterologous 
nucleic acid sequence encoding an siRNA specific for the 
PDHK, wherein the first heterologous nucleic acid sequence 
is operably linked to a first promoter, and wherein the second 
heterologous nucleic acid sequence is operably linked to a 
second promoter.

In another aspect, the invention provides a vector com
prising a first heterologous nucleic acid sequence encoding 
a small interfering RNA (siRNA) specific for a lactate 
dehydrogenase (LDH) and a second heterologous nucleic 
acid sequence encoding an siRNA specific for a pyruvate 
dehydrogenase kinase (PDHK), wherein the first heterolo
gous nucleic acid sequence is operably linked to a first 
promoter, and wherein the second heterologous nucleic acid 
sequence is operably linked to a second promoter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows siRNA construct targeting LDHa/PDHKl, 
2, 3. siRNAs targeting LDHa, PDHK1, PDHK2 and PDHK3 
were cloned into single pSilencer 3.1 hygromycin vector. 
Targeting sequence for LDHa was under U6 promoter 
regulation whereas siRNAs for PDHK1, 2, and 3 were under 
HI promoter regulation.

FIG. 2 shows relative LDHa, PDHK1, 2, and 3 mRNA 
expression levels in selected 12 siRNA clones (as shown in 
light gray color). Expression levels of LDHa and PDHKs 
were normalized to housekeeping gene b-microglobulin. 
The average mRNA expression levels from 12 mock clones 
were shown in dark gray color.

FIG. 3 shows lactate profiles, average lactate production 
rates, and day 14 pH values in fed-batch shake flask evalu
ation. Lactate concentrations were measured using Nova 
analyzer on day 3, 7, 10 and 14 during a 14-day shake flask 
evaluation. 3A). Lactate profile of mock (dark gray) and 
siRNA (light gray) clones; 3Β). Average lactate production 
rate between days 3 and 14 (mg/106 cells/day); and 3C). Day 
14 pH values. The fed-batch shake flask experiments were 
performed 3 times and the data shown is from 1 experiment.

FIG. 4 shows titer, Specific Productivity (Qp) and cell 
growth profiles in fed-batch shake flask evaluation. 4Α). 
Day 14 titer (productivity) in g/L; 4Β). Specific Productivity 
in pg/cell/day; and 4C). Cell growth measure by integrated 
viable cell count (IVCC) in 100 millions of cells per day per 
liter. Mock clones are in dark gray and siRNA clones are in 
light gray.

FIG. 5 shows lactate profile, average lactate production 
rates, and osmolality profile in 2 L bioreactor evaluations. 
5Α). Lactate profile; 5Β). Average lactate production rates; 
and 5C). Osmolality profile.

5
FIG. 6 shows productivity profile of cultured cells con

taining siRNA, mock, or parent clones in 2 L bioreactor 
evaluation.

DETAILED DESCRIPTION OF THE 
INVENTION

The present invention provides methods and composi
tions for reducing lactate production and increasing poly
peptide production in cultured cells. The inventors have 
discovered that concomitant downregulation of a LDH and 
PDHKs via siRNAs by a process known as RNA interfer
ence (RNAi) in cultured cells expressing polypeptides (e.g., 
antibodies) decreased lactate level, lactate production rate, 
and cell osmolality, and increased specific polypeptide pro
ductivity (e.g., Specific Productivity) and polypeptide pro
duction (e.g., productivity). Further, these cultured cells with 
the downregulated LDH and PDHKs exhibited no negative 
impact on cell growth, cell viabilities, and the quality of 
polypeptides produced. Thus, without wishing to be bound 
by theory, decreasing the pyruvate-lactate conversion by 
knocking down the expression of a LDH and promoting 
pyruvate into tricarboxylic acid cycle (TCA or Krebs cycle) 
by knocking down the expression of one or more PDHKs 
may create a synergistic effect in lactate reduction and 
providing cells with more energy and metabolic intermedi
ates. These effects in turn may lead to increased polypeptide 
(e.g., antibody) production in cultured cells.

Accordingly, in one aspect of the invention, provided is a 
method for reducing lactate production in cultured cells, 
comprising culturing cells expressing a) an siRNA specific 
for a LDH and b) an siRNA specific for a PDHK.

In another aspect, provided are cells in culture comprising 
a) an si RNA specific for a LDH and an siRNA specific for 
a PDHK.

In another aspect, the invention provides a method for 
reducing lactate production in cultured cells, comprising 
culturing cells comprising a first heterologous nucleic acid 
sequence encoding an siRNA specific for a LDH and a 
second heterologous nucleic acid sequence encoding an 
siRNA specific for a PDHK, wherein the first heterologous 
nucleic acid sequence is operably linked to a first promoter, 
and wherein the second heterologous nucleic acid sequence 
is operably linked to a second promoter.

In yet another aspect, the invention provides cells in 
culture comprising a first heterologous nucleic acid 
sequence encoding a first siRNA specific for a LDH and a 
second heterologous nucleic acid sequence encoding a sec
ond siRNA specific for a PDHK, wherein the first heterolo
gous nucleic acid sequence is operably linked to a first 
promoter, and wherein the second heterologous nucleic acid 
sequence is operably linked to a second promoter.

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of molecular 
biology (including recombinant techniques), microbiology, 
cell biology, biochemistry and immunology, which are 
within the skill of the art. Such techniques are explained 
fully in the literature, such as, Molecular Cloning: A Labo
ratory Manual, second edition (Sambrook et ah, 1989) Cold 
Spring Harbor Press; Oligonucleotide Synthesis (Μ. J. Gait, 
ed., 1984); Methods in Molecular Biology, Humana Press; 
Cell Biology: A Laboratory Notebook (J. Ε. Cellis, ed., 
1998) Academic Press; Animal Cell Culture (R. I. Freshney, 
ed., 1987); Introduction to Cell and Tissue Culture (J. Ρ. 
Mather and Ρ. Ε. Roberts, 1998) Plenum Press; Cell and 
Tissue Culture: Laboratory Procedures (A. Doyle, J. Β. 
Griffiths, and D. G. Newell, eds., 1993-1998) J. Wiley and
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Sons; Methods in Enzymology (Academic Press, Inc.); 
Handbook of Experimental Immunology (D. Μ. Weir and C. 
C. Blackwell, eds.); Gene Transfer Vectors for Mammalian 
Cells (J. Μ. Miller and Μ. Ρ. Calos, eds., 1987); Current 
Protocols in Molecular Biology (F. Μ. Ausubel et al., eds., 
1987); PCR: The Polymerase Chain Reaction, (Mullis et al., 
eds., 1994); Current Protocols in Immunology (J. Ε. Coligan 
et al., eds., 1991); Short Protocols in Molecular Biology 
(Wiley and Sons, 1999); Immunobiology (C. A. Janeway 
and Ρ. Travers, 1997); Antibodies (Ρ. Finch, 1997); Antibod
ies: a practical approach (D. Catty., ed., IRL Press, 1988- 
1989); Monoclonal antibodies: a practical approach (Ρ. 
Shepherd and C. Dean, eds., Oxford University Press, 
2000); Using antibodies: a laboratory manual (Ε. Harlow 
and D. Lane (Cold Spring Harbor Laboratory Press, 1999); 
The Antibodies (Μ. Zanetti and J. D. Capra, eds., Harwood 
Academic Publishers, 1995).
Definitions

As used herein, the term “cells in culture” or “cultured 
cells” refers two or more cells in a solution (e.g., a cell 
medium) that allows the cells to undergo one or more cell 
divisions.

The term “polynucleotide” or “nucleic acid,” as used 
interchangeably herein, refers to polymers of nucleotides of 
any length, and include DNA and RNA. The nucleotides can 
be deoxyribonucleotides, ribonucleotides, modified nucleo
tides or bases, and/or their analogs, or any substrate that can 
be incorporated into a polymer by DNA or RNApolymerase. 
A polynucleotide may comprise modified nucleotides, such 
as methylated nucleotides and their analogs. If present, 
modification to the nucleotide structure may be imparted 
before or after assembly of the polymer. The sequence of 
nucleotides may be interrupted by non-nucleotide compo
nents. A polynucleotide may be further modified after 
polymerization, such as by conjugation with a labeling 
component. Other types of modifications include, for 
example, “caps”, substitution of one or more of the naturally 
occurring nucleotides with an analog, intemucleotide modi
fications such as, for example, those with uncharged link
ages (e.g., methyl phosphonates, phosphotriesters, phospho- 
amidates, cabamates, etc.) and with charged linkages (e.g., 
phosphorothioates, phosphorodithioates, etc.), those con
taining pendant moieties, such as, for example, proteins 
(e.g., nucleases, toxins, antibodies, signal peptides, ply-L- 
lysine, etc.), those with intercalators (e.g., acridine, psoralen, 
etc.), those containing chelators (e.g., metals, radioactive 
metals, boron, oxidative metals, etc.), those containing alky- 
lators, those with modified linkages (e.g., alpha anomeric 
nucleic acids, etc.), as well as unmodified forms of the 
polynucleotide(s). Further, any of the hydroxyl groups ordi
narily present in the sugars may be replaced, for example, by 
phosphonate groups, phosphate groups, protected by stan
dard protecting groups, or activated to prepare additional 
linkages to additional nucleotides, or may be conjugated to 
solid supports. The 5' and 3' terminal OH can be phospho- 
rylated or substituted with amines or organic capping group 
moieties of from 1 to 20 carbon atoms. Other hydroxyls may 
also be derivatized to standard protecting groups. Polynucle
otides can also contain analogous forms of ribose or deoxy- 
ribose sugars that are generally known in the art, including, 
for example, 2'-0-methyl-, 2'-0-allyl, 2'-fluoro- or 2'-azido- 
ribose, carbocyclic sugar analogs, f -anomeric sugars, epi- 
meric sugars such as arabinose, xyloses or lyxoses, pyranose 
sugars, furanose sugars, sedoheptuloses, acyclic analogs and 
abasic nucleoside analogs such as methyl riboside. One or 
more phosphodiester linkages may be replaced by alterna
tive linking groups. These alternative linking groups

7
include, but are not limited to, embodiments wherein phos
phate is replaced by P(0)S (“thioate”), P(S)S (“dithioate”), 
(0)NR2 (“amidate”), P(0)R, P(0)OR', CO or CH2 (“forma- 
cetal”), in which each R or R' is independently Η or 
substituted or unsubstituted alkyl (1-20 C) optionally con
taining an ether (—O—) linkage, aryl, alkenyl, cycloalkyl, 
cycloalkenyl or araldyl. Not all linkages in a polynucleotide 
need be identical. The preceding description applies to all 
polynucleotides referred to herein, including RNA and 
DNA.

The term “RNA interference (RNAi)” refers to the pro
cess of sequence-specific, transcriptional gene silencing 
(e.g., posttranscriptional gene silencing) mediated or initi
ated by siRNA. Without wishing to be bound by theory, 
during RNAi, in practicing the methods of the invention, 
siRNA can induce degradation of target mRNA with con
sequent sequence-specific inhibition of gene expression of a 
LDH and one or more PDHKs.

The term “heterologous nucleic acid” or “heterologous 
polypeptide” refers to a nucleic acid or a polypeptide whose 
sequence is not identical to that of another nucleic acid or 
polypeptide naturally found in the same host cell.

The term “small interfering RNA,” “short interfering 
RNA,” or “siRNA” refers to an RNA duplex of nucleotides, 
or, in some alternative aspects, a single molecule of RNA 
that is targeted to a nucleic acid of interest, e.g., a LDH or 
PDHK(s). The siRNA comprise a sense RNA strand and a 
complementary antisense RNA strand annealed together by 
standard Watson-Crick base-pairing interactions. SiRNA 
can either be transfected directly or otherwise produced 
within a cultured cell.

In one variation, the sense RNA strand and the comple
mentary antisense RNA strand are linked by a spacer leading 
to the expression of a stem-loop or a hairpin structure termed 
short hairpin RNA (shRNA). The hairpin is then cleaved by 
an endonuclease (e.g., Dicer) to generate an siRNA. In 
another variation, the shRNA is a bi-functional shRNA 
consisting of two stem-loop structures, with one stem-loop 
structure composed of fully matched sequence guiding the 
RNA duplex for mRNA degradation via cleavage dependent 
RISC(RNA-induced silencing complex) loading, and with 
the second stem-loop structure composed of mis-matched 
strand inhibiting translation of the mRNA through mRNA 
sequestration via cleavage-independent RISC loading.

As used herein, an siRNA “specific” for a LDH or PDHK 
refers to an siRNA that is targeted to a nucleic acid of 
interest (e.g., a LDH or PDHK(s)) and that the nucleotide 
sequence of the duplex portion of the siRNA is complemen
tary to a nucleotide sequence of the targeted gene (e.g., a 
LDH or PDHK(s)).

As used herein, “operably linked” as used herein refers to 
a functional relationship between two or more nucleic acid 
(e.g., DNA) segments. Typically, it refers to the functional 
relationship of transcriptional regulatory sequence to a tran
scribed sequence. For example, a promoter is operably 
linked to a coding sequence, such as a nucleic acid of the 
invention, if it stimulates or modulates the transcription of 
the coding sequence in an appropriate host cell or other 
expression system. Generally, promoter transcriptional regu
latory sequences that are operably linked to a transcribed 
sequence are physically contiguous to the transcribed 
sequence, i.e., they are cis-acting. However, some transcrip
tional regulatory sequences, such as enhancers, need not be 
physically contiguous or located in close proximity to the 
coding sequences whose transcription they enhance.

As used herein, the term “promoter” includes all 
sequences capable of driving transcription of a coding
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sequence in a cultured cell, e.g., a mammalian cell. Thus, 
promoters used in the constructs of the invention include 
cis-acting transcriptional control elements and regulatory 
sequences that are involved in regulating or modulating the 
timing and/or rate of transcription of a gene (e.g., a LDH or 
PDHK(s)). For example, a promoter can be a cis-acting 
transcriptional control element, including an enhancer, a 
promoter, a transcription terminator, an origin of replication, 
a chromosomal integration sequence, 5' and 3' untranslated 
regions, or an intronic sequence, which are involved in 
transcriptional regulation. These cis-acting sequences typi
cally interact with proteins or other biomolecules to carry 
out (turn on/ofif, regulate, modulate, etc.) transcription. 
“Constitutive” promoters are those that drive expression 
continuously under most environmental conditions and 
states of development or cell differentiation. “Inducible” or 
“regulatable” promoters direct expression of the nucleic acid 
of the invention under the influence of environmental con
ditions or developmental conditions. Examples of environ
mental conditions that may affect transcription by inducible 
promoters include anaerobic conditions, elevated tempera
ture, drought, or the presence of light.

As used herein, “vector” means a construct, which is 
capable of delivering, and preferably expressing, one or 
more gene(s) or sequence(s) of interest (e.g., LDFla and 
PDFlK(s)) in a host cell. Examples of vectors include, but 
are not limited to, viral vectors, naked DNA or RNA 
expression vectors, plasmid, cosmid or phage vectors, DNA 
or RNA expression vectors associated with cationic con
densing agents, DNA or RNA expression vectors encapsu
lated in liposomes, and certain eukaryotic cells, such as 
producer cells. Suitable vectors are those which are com
patible with the host cell employed. Suitable vectors can be 
derived, for example, from a bacterium, a virus (such as 
bacteriophage Τ7 or a M-13 derived phage), a cosmid, a 
yeast, or a plant. Protocols for obtaining and using such 
vectors are known to those in the art (see, for example, 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
2nd ed. Cold Spring Harbor, 1989).

As used herein, the average lactate production rate is 
calculated as lactate synthesis rate minus lactate consump
tion rate in mg/cells/day.

As used herein, “Specific Productivity” or “Qp” refers to 
the specific protein, e.g., antibody, production rate inpg/cell/ 
day. Specific productivity is calculated as protein titer (pg/ 
cell/day)/IVCC (calculate integrated viable cell count; cell/ 
day).

The terms “polypeptide” and “protein” are used inter
changeably herein to refer to polymers of amino acids of any 
length. The polymer may be linear or branched, it may 
comprise modified amino acids, and it may be interrupted by 
non-amino acids. The terms also encompass an amino acid 
polymer that has been modified naturally or by intervention; 
for example, disulfide bond formation, glycosylation, lipi- 
dation, acetylation, phosphorylation, or any other manipu
lation or modification, such as conjugation with a labeling 
component. Also included within the definition are, for 
example, polypeptides containing one or more analogs of an 
amino acid (including, for example, unnatural amino acids, 
etc.), as well as other modifications known in the art.

The term “antibody” is used in the broadest sense and 
specifically covers monoclonal antibodies (including full 
length monoclonal antibodies), polyclonal antibodies, mul
tispecific antibodies (e.g., bispecific antibodies), and anti
body fragments.

“Antibody fragments” comprise a portion of a full length 
antibody, generally the antigen binding or variable region
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thereof. Examples of antibody fragments include Fab, Fab', 
F(ab')2, and Fv fragments; single-chain antibody molecules; 
diabodies; linear antibodies; and multispecific antibodies 
formed from antibody fragments.

The term “monoclonal antibody” as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations 
which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. The 
modifier “monoclonal” indicates the character of the anti
body as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used 
in accordance with the present invention may be made by the 
hybridoma method first described by Kohler et al, Nature 
256:495 (1975), or may be made by recombinant DNA 
methods (see, e.g., U.S. Pat. No. 4,816,567). The “mono
clonal antibodies” may also be isolated from phage antibody 
libraries using the techniques described in Clackson et al., 
Nature 352:624-628 (1991) and Marks et al., J. Mol. Biol. 
222:581-597 (1991), for example.

The monoclonal antibodies herein specifically include 
“chimeric” antibodies (immunoglobulins) in which a portion 
of the heavy and/or light chain is identical with or homolo
gous to corresponding sequences in antibodies derived from 
a particular species or belonging to a particular antibody 
class or subclass, while the remainder of the chain(s) is 
identical with or homologous to corresponding sequences in 
antibodies derived from another species or belonging to 
another antibody class or subclass, as well as fragments of 
such antibodies, so long as they exhibit the desired biologi
cal activity (U.S. Pat. No. 4,816,567; and Morrison et al., 
Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

The term “hypervariable region” when used herein refers 
to the amino acid residues of an antibody which are respon
sible for antigen-binding. The hypervariable region com
prises amino acid residues from a “complementarity deter
mining region” or “CDR” (i.e. residues 24-34 (LI), 50-56 
(L2) and 89-97 (L3) in the light chain variable domain and 
31-35 (HI), 50-65 (Η2) and 95-102 (Η3) in the heavy chain 
variable domain; Rabat et al., Sequences of Proteins of 
Immunological Interest, 5th Ed. Public Health Service, 
National Institutes of Health, Bethesda, Md. (1991)) and/or 
those residues from a “hypervariable loop” (i.e. residues 
26-32 (LI), 50-52 (L2) and 91-96 (L3) in the light chain 
variable domain and 26-32 (HI), 53-55 (Η2) and 96-101 
(Η3) in the heavy chain variable domain; Chothia and Lesk 
J. Mol. Biol. 196:901-917 (1987)). “Framework” or “FR” 
residues are those variable domain residues other than the 
hypervariable region residues as herein defined.

“Humanized” forms of non-human (e.g., murine) anti
bodies are chimeric antibodies which contain minimal 
sequence derived from non-human immunoglobulin. For the 
most part, humanized antibodies are human immunoglobu
lins (recipient antibody) in which hypervariable region resi
dues of the recipient are replaced by hypervariable region 
residues from a non-human species (donor antibody) such as 
mouse, rat, rabbit or nonhuman primate having the desired 
specificity, aflinity, and capacity. In some instances, Fv 
framework region (FR) residues of the human immuno
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globulin are replaced by corresponding non-human residues. 
Furthermore, humanized antibodies may comprise residues 
which are not found in the recipient antibody or in the donor 
antibody. These modifications are made to further refine 
antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically 
two, variable domains, in which all or substantially all of the 
hypervariable loops correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin sequence. The 
humanized antibody optionally also will comprise at least a 
portion of an immunoglobulin constant region (Fc), typi
cally that of a human immunoglobulin. For further details, 
see Jones et al., Nature 321:522-525 (1986); Riechmann et 
al., Nature 332:323-329 (1988); andPresta, Curr. Op. Struct. 
Biol. 2:593-596 (1992).

As used herein, the term “immunoadhesin” designates 
antibody-like molecules which combine the “binding 
domain” of a heterologous “adhesin” protein (e.g. a receptor, 
ligand or enzyme) with the effector functions of an immu
noglobulin constant domain. Structurally, the immunoad- 
hesins comprise a fusion of the adhesin amino acid sequence 
with the desired binding specificity which is other than the 
antigen recognition and binding site (antigen combining 
site) of an antibody (i.e. is “heterologous”) and an immu
noglobulin constant domain sequence. The immunoglobulin 
constant domain sequence in the immunoadhesin is prefer
ably derived from γ1, γ2, or γ4 heavy chains since immu- 
noadhesins comprising these regions can be purified by 
Protein A chromatography (Lindmark et al., J. Immunol. 
Meth. 62:1-13 (1983)).

The term “ligand binding domain” as used herein refers to 
any native cell-surface receptor or any region or derivative 
thereof retaining at least a qualitative ligand binding of a 
corresponding native receptor. In a specific embodiment, the 
receptor is from a cell-surface polypeptide having an extra
cellular domain which is homologous to a member of the 
immunoglobulin supeigenefamily. Other receptors, which 
are not members of the immunoglobulin supergenefamily 
but are nonetheless specifically covered by this definition, 
are receptors for cytokines, and in particular receptors with 
tyrosine kinase activity (receptor tyrosine kinases), members 
of the hematopoietin and nerve growth factor receptor 
superfamilies, and cell adhesion molecules, e.g. (Ε-, L- and 
Ρ-) selectins.

The term “receptor binding domain” is used to designate 
any native ligand for a receptor, including cell adhesion 
molecules, or any region or derivative of such native ligand 
retaining at least a qualitative receptor binding ability of a 
corresponding native ligand. This definition, among others, 
specifically includes binding sequences from ligands for the 
above-mentioned receptors.

An “antibody-immunoadhesin chimera” comprises a mol
ecule which combines at least one binding domain of an 
antibody (as herein defined) with at least one immunoad
hesin (as defined in this application). Exemplary antibody- 
immunoadhesin chimeras are the bispecific CD4-IgG chi
meras described in Beig et al., PNAS (USA) 88:4723-4727 
(1991) and Chamow et al., J. Immunol. 153:4268 (1994).

The term “osmolality” refers to the number of solute 
particles dissolved in 1 liter of solution. Solutes which can 
be added to the culture medium so as to increase the 
osmolality thereof include proteins, peptides, amino acids, 
non-metabolized polymers, vitamins, ions, salts (e.g., 
sodium or potassium salts), sugars, metabolites, organic 
acids, lipids, etc. When used herein, the abbreviation 
“mOsm” means “milliosmoles/Liter 1T20.”
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As used herein, a “host cell” includes an individual cell, 

cultured cells, or cell in culture that can be or has been a 
recipient for vector(s) or siRNA(s) for incorporation of 
polynucleotide inserts to produce polypeptide. Flost cells 
include progeny of a single cultured cell, and the progeny 
may not necessarily be completely identical (in morphology 
or in genomic DNA complement) to the original parent cell 
due to natural, accidental, or deliberate mutation.

For use herein, unless clearly indicated otherwise, use of 
the terms “a”, “an,” and the like refers to one or more.

Reference to “about” a value or parameter herein includes 
(and describes) embodiments that are directed to that value 
or parameter per se. For example, description referring to 
“about X” includes description of “X.” Numeric ranges are 
inclusive of the numbers defining the range.

It is understood that wherever embodiments are described 
herein with the language “comprising,” otherwise analogous 
embodiments described in terms of “consisting of’ and/or 
“consisting essentially of’ are also provided.

Where aspects or embodiments of the invention are 
described in terms of a Markush group or other grouping of 
alternatives, the present invention encompasses not only the 
entire group listed as a whole, but each member of the group 
individually and all possible subgroups of the main group, 
but also the main group absent one or more of the group 
members. The present invention also envisages the explicit 
exclusion of one or more of any of the group members in the 
claimed invention.
Methods for Reducing Lactate Production

The methods herein involve culturing cells expressing 
siRNAs specific for a LDF1 and at least one or more PDFIKs 
to reduce lactate production via RNA interference (RNAi). 
In one aspect, the method comprises culturing cells express
ing a) an siRNA specific for LDF1 and b) an siRNA specific 
for a PDHK.

In some embodiments, the cultured cells further express 
an siRNA specific for a second PDF1K. In some embodi
ments, the cultured cells further express an siRNA specific 
for a third PDF1K. In some embodiments, the cultured cells 
further express an siRNA specific for a fourth PDF1K.

In another aspect, the method comprises a first heterolo
gous nucleic acid sequence encoding an siRNA specific for 
a LDF1 and a second heterologous nucleic acid sequence 
encoding an siRNA specific for a PDF1K, wherein the first 
heterologous nucleic acid sequence is operably linked to a 
first promoter, and wherein the second heterologous nucleic 
acid sequence is operably linked to a second promoter.

In another aspect, provided is a method of silencing or 
down-regulating LDF1 and PDF1K transcription in a cultured 
cell comprising: introducing into the cell a vector compris
ing a first heterologous nucleic acid sequence encoding an 
siRNA specific for the LDF1 and a second heterologous 
nucleic acid sequence encoding an siRNA specific for the 
PDF1K, wherein the first heterologous nucleic acid sequence 
is operably linked to a first promoter, and wherein the second 
heterologous nucleic acid sequence is operably linked to a 
second promoter, wherein the siRNAs are expressed, 
thereby silencing or down-regulating gene transcription of 
the LDH and the PDHK.

In some embodiments, the cultured cells further comprise 
a third heterologous nucleic acid sequence encoding an 
siRNA specific for a second PDHK and wherein the third 
heterologous nucleic acid sequence is operably linked to a 
third promoter. In some embodiments, the cultured cells 
further comprise a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for a third PDHK and 
wherein the fourth heterologous nucleic acid sequence is

12

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 459 of 681 PageID #: 1328



US 9,487,809 Β2

operably linked to a fourth promoter. In some embodiments, 
the cultured cells further comprise a fifth heterologous 
nucleic acid sequence encoding an siRNA specific for a fifth 
PDHK and wherein the fifth heterologous nucleic acid 
sequence is operably linked to a fifth promoter.

In some embodiments, the LDH is LDHa, LDHb, or 
LDHc. In some embodiments, the PDHK is selected from 
the group consisting of PDHK1, PDHK2, PDHK3, and 
PDHK4. In some embodiments, the PDHK is selected from 
the group consisting of PDHK1, PDHK2, and PDHK3. In 
some embodiments, the PDHK is selected from the group 
consisting of PDHK2, PDHK3, and PDHK4. In some 
embodiments, the PDHK is selected from the group con
sisting of PDHK1, PDHK3, and PDHK4. In some embodi
ments, the PDHK is selected from the group consisting of 
PDHK1 and PDHK2. In some embodiments, the PDHK is 
selected from the group consisting of PDHK1 and PDHK3. 
In some embodiments, the PDHK is selected from the group 
consisting of PDHK2 and PDHK3. In some embodiments, 
the PDHK is selected from the group consisting of PDHK2 
and PDHK4. In some embodiments, the PDHK is selected 
from the group consisting of PDHK3 and PDHK4.

In some embodiments, the method comprises culturing 
cells expressing a) an siRNA specific for LDHa and b) an 
siRNA specific for PDHK1, PDHK2, and PDHK3, respec
tively. In some embodiments, the method comprises cultur
ing cells expressing a) an siRNA specific for LDHb and b) 
an siRNA specific for PDHK1, PDHK2, and PDHK3, 
respectively. In some embodiments, the method comprises 
culturing cells expressing a) an siRNA specific for LDHc 
and b) an siRNA specific for PDHK1, PDHK2, and PDHK3, 
respectively.

In some embodiments, the method comprises culturing 
cells expressing a) an siRNA specific for LDHa, LDHb, or 
LDHc and b) an siRNA specific for two PDHKs, wherein the 
PDHK is selected from the group consisting of PDHK1, 
PDHK2, PDHK3, and PDHK4. For example, the method 
comprises culturing cells expressing a) an siRNA specific 
for LDHa and b) an siRNA specific for PDHK1 and PDHK2, 
respectively.

In some embodiments, the mRNA expression level for a 
LDH is reduced by at least about 75% and the mRNA 
expression level for a PDHK is reduced by at least about 
25% in cultured cells expressing a) an siRNA specific for a 
LDH and b) an siRNA specific for a PDHK in comparison 
to cultured cells without the siRNAs specific for a LDH and 
a PDHK. In some embodiments, the LDH is LDHa, LDHb, 
or LDHc and the mRNA expression level for the LDH is 
reduced by at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, or at least about 95%. In 
some embodiments, the PDHK is PDHK1, PDHK2, or 
PDHK3, and the mRNA expression level for the PDHK is 
reduced by at least about 25%, at least about 30%, at least
about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least
about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, or at least 
about 95%.

In some embodiments, in cultured cells expressing a) an 
siRNA specific for LDHa and b) an siRNA specific for 
PDHK1, PDHK2, and PDHK3, the mRNA expression level 
for LDHa is reduced by about 90% and the mRNA expres
sion levels for PDHK1, PDHK2, and PDHK3 are reduced by 
about 32%, 83%, and 70%, respectively, in comparison to 
cultured cells without the siRNAs specific for the LDHa, 
PDHK1, PDHK2, and PDHK3.

13
In some embodiments, the method comprises a first 

heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, LDHb, or LDHc, a second heterologous 
nucleic acid sequence encoding an siRNA specific for 
PDHK1, a third heterologous nucleic acid sequence encod
ing an siRNA specific for PDHK2, and a fourth heterologous 
nucleic acid sequence encoding an siRNA specific for 
PDHK3, wherein the first heterologous nucleic acid 
sequence is operably linked to a first promoter, and wherein 
the second, third, and fourth heterologous nucleic acid 
sequence is operably linked to a second promoter.

In some embodiments, the method comprises a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, LDHb, or LDHc, a second heterologous 
nucleic acid sequence encoding an siRNA specific for a 
PDHK, and a third heterologous nucleic acid sequence 
encoding an siRNA specific for a PDHK, wherein the first 
heterologous nucleic acid sequence is operably linked to a 
first promoter, wherein the second and third heterologous 
nucleic acid sequences are operably linked to a second 
promoter, and wherein the PDHK is selected from the group 
consisting of PDHK1, PDHK2, PDHK3, and PDHK4.

In some embodiments, the mRNA expression level for a 
LDH is reduced by at least about 75% and the mRNA 
expression level for a PDHK is reduced by at least about 
25% in cultured cells comprising a first heterologous nucleic 
acid sequence encoding an siRNA specific for a LDH and a 
second heterologous nucleic acid sequence encoding an 
siRNA specific for a PDHK in comparison to cultured cells 
without the heterologous nucleic acid sequence comprising 
the LDH and the PDHK(s), wherein the first heterologous 
nuclei acid sequence is operably linked to a first promoter, 
and wherein the second heterologous nucleic acid sequence 
is operably linked to a second promoter. In some embodi
ments, the LDH is LDHa, LDHb, or LDHc and the mRNA 
expression level for the LDH is reduced by at least about 
75%, at least about 80%, at least about 85%, at least about 
90%, or at least about 95%. In some embodiments, the 
PDHK is PDHK1, PDHK2, or PDHK3, and the mRNA 
expression level for the PDHK is reduced by at least about 
25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, or at least about 95%.

In some embodiments, in cultured cells comprising a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK1, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for PDHK2, and a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK3, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter, and wherein the second, third, and 
fourth heterologous nucleic acid sequence is operably linked 
to a second promoter, the mRNA expression level for LDHa 
is reduced by about 90% and the mRNA expression levels 
for PDHK1, PDHK2, and PDHK3 are reduced by about 
32%, 83%, and 70%, respectively, in comparison to cultured 
cells without the siRNAs specific for the LDHa, PDHK1, 
PDHK2, and PDHK3.

The siRNA used in the invention described herein can be 
obtained or made from a variety of sources, e.g., produced 
in vitro, ex vivo or in vivo, as described herein. In some 
embodiments, the siRNA can contain from about 1 to about 
200 nucleotides, from about 5 to about 100 nucleotides, 
from about 10 to about 50 nucleotides, from about 15 to
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about 30 nucleotides, or from about 19 to about 25 nucleo
tides. In some embodiments, the length of the siRNAis less 
than 30 nucleotides. In some embodiments, the length of the 
siRNAs is more than 30 nucleotides. In some embodiments, 
the siRNA can be 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 
29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 
13, 12, 11, 10, 9 or less nucleotides in length.

In some embodiments, the siRNA can be generated by 
chemical synthesis, by in vitro transcription using a poly
merase, or by an endoribonuclease (e.g., Dicer) digestion of 
long double strand RNA (dsRNA). In some embodiments, 
the siRNA can be entirely, or in part, comprised of synthetic 
nucleotides, natural bases or modified bases.

In some embodiments, the siRNA can be expressed intra- 
cellularly. The siRNA can be encoded by a nucleic acid 
sequence, and the nucleic acid sequence can also include one 
or more promoters. The nucleic acid sequence can also 
include a polyadenylation signal. In some embodiments, 
sense and antisense strands of the RNA duplex can be 
produced from two independent promoters and annealed 
with the cultured cell. In some embodiments, the sense and 
antisense strands of the RNA duplex can also be linked by 
a base pair spacer (e.g., a base pair spacer may comprise a 
single or multiple base pair) or a stem-loop to form a shRNA 
and expressed by a single promoter. In some embodiments, 
the shRNA can be a bi-functional shRNA. The hairpin can 
be cleaved by an endoribonuclease (e.g., Dicer) to generate 
effective siRNA molecules. The spacer or stem-loop is 
positioned between the sense and antisense strands that form 
the duplex. The stem-loop can vary in length. In some 
embodiments, the stem-loop is 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, or 15 or more nucleotides in length. The hairpin 
structure can also contain 3' or 5' overhang portions. In some 
embodiments, the overhang is a 3' or a 5' overhang 1, 2, 3, 
4 or 5 nucleotides in length. Compositions and methods for 
RNA-mediated gene regulation by siRNA, shRNA, or 
bifunctional shRNA are described, for example, in U.S. 
Appl. No. 20090215860, Rutz and Scheffold, Arthritis 
Research & Therapy, 6(2):78-85 (2004), and Rao et ah, 
Advanced Drug Delivery Reviews 61:746-759 (2009).

In some embodiments, the siRNA used in the present 
invention can have perfect homology with target sequences 
to produce target specific responses. In some embodiments, 
the siRNA used in the present invention have about any of 
99%, 98%, 97%, 96%, 95%, 94%, 92%, 91%, 90%, 88%,
86%, 84%, 82%, 80%, 78%, 76%, 74%, 72%, 70%, 65%,
60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%,
10%, or 5%, homology with taiget sequences. In one varia
tion, the siRNA used in the present invention can hybridize 
under physiologic conditions to a nucleic acid target 
sequence, e.g., it can specifically hybridize to a target 
sequence in a cell, e.g., in vivo. In another variation, the 
siRNA targets more than one taiget sequence, target marker 
or reporter gene.

The extent of sequence identity (homology) necessary for 
in vivo targeting of an siRNA to a target nucleic acid (eg., 
specific binding of an siRNA to a target sequence in a cell 
under physiologic conditions) can be tested under routine 
screening conditions, eg., in cell culture and the like.

In some embodiments, the target sequence for PDHK1 is 
GCAGTTCCTGGACTTCGGA (SEQ ID ΝΟ:2). In some 
embodiments, the target sequence for PDHK2 is CATTCA- 
GTACTTCTTGGAC (SEQ ID ΝΟ:3). In some embodi
ments, the target sequence for PDE1K3 is TGTAGCTGAT- 
GTCGTGAAA (SEQ ID ΝΟ:4).

Lactate dehydrogenase (LDE1) converts pyruvate into 
lactate. The accession numbers of exemplary LDE1 (eg.,
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LDEla, LDElb, or LDElc) polypeptides and nucleic acids 
include, but are not limited to, DQ912661 (LDEla in CLIO 
cells), BC067223 (human LDEla), BC084698 (rat LDEla), 
BC094428 (mouse LDEla), BC002362 (human LDElb), 
NM_012595 (rat LDElb), NM_008492 (mouse LDElb), 
BC090043 (human LDElc), NM_017266 (rat LDElc), and 
NM_013580 (mouse LDElc). Standard methods known by 
persons skill in the art can be used to determine whether a 
LDE1 polypeptide has LDE1 activity by measuring the ability 
of the polypeptide to convert pyruvate into lactate in vitro, 
in a cell extract, or in vivo.

Pryuvate dehydrogense kinase (PDE1K) inhibits the con
version of pyruvate into acetyl-CoA. The accession numbers 
of exemplary PDE1K1 polypeptides and nucleic acids 
include, but are not limited to, L42450 (human), BC089783 
(rat), and NM_172665 (mouse). The accession numbers of 
exemplary PDE1K2 polypeptides and nucleic acids include, 
but are not limited to, NM_002611 (human), NM_030872 
(rat), and NM_133667 (mouse). The accession numbers of 
exemplary PDE1K3 polypeptides and nucleic acids include, 
but are not limited to, L42452 (human), BC169078 (rat), and 
NM_145630 (mouse). The accession numbers of exemplary 
PDE1K4 polypeptides and nucleic acids include, but are not 
limited to, NM_002612 (human), NM_053551 (rat), and 
NM_013743 (mouse). Standard methods known by person 
skilled in the art can be used to determine whether a PDE1K 
polypeptide has PDE1K activity by measuring the ability of 
the polypeptide to inhibit the conversion of pyruvate into 
acetyl-CoA in vitro, in a cell extract, or in vivo.

Promoters are well known in the art. Any promoter that 
functions in the host cell can be used for expression of 
siRNAs specific for a LDE1 and one or more of PDE1K in the 
host cell. Virtually any promoter capable of driving these 
siRNAs is suitable for the present invention including, but 
not limited to, U6, HI, CYC1, HIS3, GAL1, GAL4, GAL 10, 
ADH1, PGK, ΡΗ05, GAPDH, Τ7, CMV, SV40, and EFla. 
For example, in some embodiments, the method comprises 
a first heterologous nucleic acid sequence encoding an 
siRNA specific for LDHa, a second heterologous nucleic 
acid sequence encoding an siRNA specific for PDHK1, a 
third heterologous nucleic acid sequence encoding an 
siRNA specific for PDHK2, and a fourth heterologous 
nucleic acid sequence encoding an siRNA specific for 
PDHK3, wherein the first heterologous nucleic acid 
sequence is operably linked to a first promoter U6, and 
wherein the second, third, and fourth heterologous nucleic 
acid sequences are operably linked to a second promoter HI. 
In one variation, the first heterologous nucleic acid sequence 
encoding an siRNA is specific for LDHb. In another varia
tion, the first heterologous nucleic acid sequence encoding 
an siRNA is specific for LDHc.

In another aspect, provided is a method of making a cell 
that exhibits decreased lactate production in culture, com
prising introducing into the cell a vector comprising a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for the LDH and a second heterologous nucleic acid 
sequence encoding an siRNA specific for the PDHK, 
wherein the first heterologous nucleic acid sequence is 
operably linked to a first promoter, and wherein the second 
heterologous nucleic acid sequence is operably linked to a 
second promoter.

The first heterologous nucleic acid sequence encoding an 
siRNA specific for the LDH and the second heterologous 
nucleic acid sequence encoding the siRNA specific for the 
PDHK can be inserted into a vector by a variety of proce
dures. For example, the LDH and PDHK siRNA sequences 
are ligated to the desired position in the vector following
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digestion of the insert and the vector with appropriate 
restriction endonucleases, such as KasI, BamHI, Hindlll, or 
BhIII. In some embodiments, a vector containing siRNAs 
sequences specific for LDHa and PDHK1, PDHK2, and 
PDHK3 are constructed by inserting the LDHa siRNA 
sequence into the KasI site of the vector (e.g., pSilencer 
3.1-Η1 hygro vector) with an addition of U6 promoter at its 
immediate 5' end, inserting the PDHK1 and PDHK2 siRNA 
sequences into BamHI/Hindlll and Hindlll sites, respec
tively, and inserting the PDHK3 siRNA sequence into BgHI 
with an addition of HI promoter at the immediate 5' ends of 
PDHK1, PDHK2, and PDHK3. Cultured cells expressing 
decreased lactate production can then be generated by 
transfecting the vectors containing LDHa and PDHK1, 
PDHK2, and PDHK3 siRNA.
Compositions

The cultured cells produced by the methods described 
herein are also provided in the present invention. The 
compositions of the present invention can be practiced in 
vivo, ex vivo, or in vitro. In one aspect, provided are cells 
in culture expressing a) an siRNA specific for LDH and b) 
an siRNA specific for a PDHK. In some embodiments, the 
cultured cells further express an siRNA specific for a second 
PDHK. In some embodiments, the cultured cells further 
express an siRNA specific for a third PDHK. In some 
embodiments, the cultured cells further express an siRNA 
specific for a fourth PDHK.

In some embodiments, cells in culture express a) an 
siRNA specific for LDHa and b) an siRNA specific for 
PDHK1, PDHK2, and PDHK3, respectively. In some 
embodiments, cells in culture express a) an siRNA specific 
for LDHb and b) an siRNA specific for PDHK1, PDHK2, 
and PDHK3, respectively. In some embodiments, cells in 
culture express a) an siRNA specific for LDHc and b) an 
siRNA specific for PDHK1, PDHK2, and PDHK3, respec
tively.

In some embodiments, cells in culture express a) an 
siRNA specific for LDHa and b) an siRNA specific for two 
PDHKs, wherein the PDHK is selected from the group 
consisting of PDHK1, PDHK2, PDHK3, and PDHK4. In 
some embodiments, cells in culture express a) an siRNA 
specific for LDHb and b) an siRNA specific for two PDHKs, 
wherein the PDHK is selected from the group consisting of 
PDHK1, PDHK2, PDHK3, and PDHK4. In some embodi
ments, cells in culture express a) an siRNA specific for 
LDHc and b) an siRNA specific for two PDHKs, wherein the 
PDHK is selected from the group consisting of PDHK1, 
PDHK2, PDHK3, and PDHK4.

In another aspect, provided are cells in culture comprising 
a first heterologous nucleic acid sequence encoding an 
siRNA specific for a LDH and a second heterologous nucleic 
acid sequence encoding an siRNA specific for a PDHK, 
wherein the first heterologous nucleic acid sequence is 
operably linked to a first promoter, and wherein the second 
heterologous nucleic acid sequence is operably linked to a 
second promoter. In some embodiments, the cells further 
comprise a third heterologous nucleic acid sequence encod
ing an siRNA specific for a second PDHK and wherein the 
third heterologous nucleic acid sequence is operably linked 
to a third promoter. In some embodiments, the cells further 
comprise a fourth heterologous nucleic acid sequence 
encoding an siRNA specific for a third PDHK and wherein 
the fourth heterologous nucleic acid sequence is operably 
linked to a fourth promoter. In some embodiments, the cells 
further comprise a fifth heterologous nucleic acid sequence
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encoding an siRNA specific for a fifth PDHK and wherein 
the fifth heterologous nucleic acid sequence is operably 
linked to a fifth promoter.

In some embodiments, cells in culture comprises a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK1, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for PDHK2, and a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK3, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter (e.g., U6), and wherein the second, 
third, and fourth heterologous nucleic acid sequences are 
operably linked to a second promoter (e.g., HI). In one 
variation, the first heterologous nucleic acid sequence 
encoding an siRNA is specific for LDHb. In another varia
tion, the first heterologous nucleic acid sequence encoding 
an siRNA is specific for LDHb.

In some embodiments, cells in culture comprise a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for a PDHK, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for a PDHK, wherein the PDHK is selected from the 
group consisting of PDHK 1, PDHK2, PDHK3, andPDHK4, 
wherein the first heterologous nucleic acid sequence is 
operably linked to a first promoter (e.g., U6), and wherein 
the second and the third heterologous nucleic acid sequences 
are operably linked to a second promoter (e.g., HI). In one 
variation, the first heterologous nucleic acid sequence 
encoding an siRNA is specific for LDHb. In another varia
tion, the first heterologous nucleic acid sequence encoding 
an siRNA is specific for LDHc.

In some embodiments, the cell culture includes at least 
about 5, 10, 15, 20, 50, 75, 100, 200, 500, 750, 1,000, 5,000, 
7,500, 10,000, 15,000 or more cells.

In another aspect, provided are cells in culture having a 
lactate synthesis rate that is lower than a lactate consumption 
rate. In some embodiments, the cells in culture have an 
average lactate production rate of less than about any of 
negative 0.2 mg/106 cells/day, negative 0.1 mg/106 cells/day, 
negative 0.08 mg/106 cells/day, negative 0.06 mg/106 cells/ 
day, negative 0.04 mg/106 cells/day, negative 0.02 mg/106 
cells/day, negative 0.01 mg/106 cells/day, negative 0.008 
mg/106 cells/day, negative 0.006 mg/106 cells/day, negative 
0.004 mg/106 cells/day, or negative 0.002 mg/106 cells/day.

In some embodiments, cells in culture comprises a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK1, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for PDHK2, and a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK3, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter (e.g., U6), wherein the second, 
third, and fourth heterologous nucleic acid sequences are 
operably linked to a second promoter (e.g., HD, and wherein 
the cells in culture have an average lactate production rate of 
about negative 0.02 mg/106 cells/day.

In another aspect, provided are cells in culture containing 
siRNA specific for a LDH and PDHK(s) having a decreased 
osmolality. In some embodiments, cells in culture containing 
siRNA specific for a LDH and PDHK(s) have an osmolality 
at less than about any of 500 mOsm, 450 mOsm, 400 mOsm 
350 mOsm, 300 mOsm, 250 mOsm, 200 mOsm, or 150 
mOsm.

18

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 462 of 681 PageID #: 1331



US 9,487,809 Β2

In some embodiments, cells in culture comprises a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK1, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for PDHK2, and a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK3, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter (e.g., U6), wherein the second, 
third, and fourth heterologous nucleic acid sequence is 
operably linked to a second promoter (e.g., HD, and wherein 
the cells in culture have an osmolality at about 300 mOsm.

In another aspect, provided are cells in culture having an 
increased Specific Productivity (Qp). In some embodiments, 
the cultured cells have a Specific Productivity of at least 
about 60% higher, at least about 65% higher, at least about 
70% higher, at least about 75% higher, at least about 80% 
higher, at least about 85% higher, at least about 90% higher, 
or at least about 95% higher than cultured cells without the 
heterologous nucleic acid sequence comprising the 
PDHK(s) and the LDH. In some embodiments, the cultured 
cells have a Specific Productivity of about 67% higher, about 
69% higher, about 71% higher, about 72% higher, about
73% higher, about 74% higher, about 75% higher, about
76% higher, about 77% higher, about 78% higher, about
79% higher, about 81% higher, about 83% higher, about
85% higher, about 87% higher, about 89% higher, about
91% higher, about 93% higher, about 95% higher, about
97% higher, or at about 99% higher than cultured cells
without the heterologous nucleic acid sequence comprising 
the PDHK(s) and the LDH.

In some embodiments, cells in culture comprises a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK1, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for PDHK2, and a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK3, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter (e.g., U6), wherein the second, 
third, and fourth heterologous nucleic acid sequence is 
operably linked to a second promoter (e.g., HI), and wherein 
the cells in culture have a Specific Productivity of about 75% 
higher.

In another aspect, provided are the cultured cells produced 
by the method herein with an increased polypeptide produc
tivity (e.g., antibody productivity or titer in g/L). In some 
embodiments, the cultured cells have a polypeptide produc
tivity of about 10% to about 800% higher than cultured cells 
without the heterologous nucleic acid sequence comprising 
the PDHK(s) and the LDH. In some embodiments, the 
cultured cells have a polypeptide productivity of about 10% 
higher, about 15% higher, about 20% higher, about 25%
higher, about 30% higher, about 35% higher, about 40%
higher, about 45% higher, about 50% higher, about 55%
higher, about 58% higher, about 60% higher, about 65%
higher, about 70% higher, about 71% higher, about 75%
higher, about 80% higher, about 85% higher, about 90%
higher, about 95% higher, about 100% higher, about 125% 
higher, about 150%, about 200% higher, about 250% higher, 
about 300% higher, about 350% higher, about 400% higher, 
about 450% higher, about 500 higher, about 550% higher, 
about 600% higher, about 650% higher, about 700% higher, 
about 750% higher, or about 800% higher than cultured cells 
without the heterologous nucleic acid sequence comprising 
the PDHK(s) and the LDH. In some embodiments, the 
cultured cells have a polypeptide productivity of at least
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about 55% higher, at least about 60% higher, at least about 
65% higher, at least about 68% higher, at least about 70% 
higher, at least about 80% higher, at least about 85% higher, 
or at least about 90% higher than cultured cells without the 
heterologous nucleic acid sequence comprising the 
PDHK(s) and the LDH.

In some embodiments, cells in culture comprises a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for LDHa, a second heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK1, a third 
heterologous nucleic acid sequence encoding an siRNA 
specific for PDHK2, and a fourth heterologous nucleic acid 
sequence encoding an siRNA specific for PDHK3, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter (e.g., U6), wherein the second, 
third, and fourth heterologous nucleic acid sequence is 
operably linked to a second promoter (e.g., HI), and wherein 
the cultured cells have an antibody productivity (e.g., in g/L) 
of at least about 68% higher than cultured cells without the 
heterologous nucleic acid sequence comprising the PDHK1, 
PDHK2, PDHK3, and LDHa.

In some embodiments, the cultured cells have a polypep
tide productivity of about 10% to about 800% higher than 
cultured cells without the siRNAs specific for the PDHK(s) 
and the LDH (in some embodiments, an antibody). In some 
embodiments, the cultured cells have a polypeptide produc
tivity of about 10% higher, about 15% higher, about 20% 
higher, about 25% higher, about 30% higher, about 35%
higher, about 40% higher, about 45% higher, about 50%
higher, about 55% higher, about 60% higher, about 65%
higher, about 70% higher, about 75% higher, about 80%
higher, about 85% higher, about 90% higher, about 95%
higher, about 100% higher, about 125% higher, about 150%, 
about 200% higher, about 250% higher, about 300% higher, 
about 350% higher, about 400% higher, about 450% higher, 
about 500 higher, about 550% higher, about 600% higher, 
about 650% higher, about 700% higher, about 750% higher, 
or about 800% higher than cultured cells without the siR
NAs specific for the PDHK(s) and the LDH. In some 
embodiments, the cultured cells have a polypeptide produc
tivity of at least about 65% higher, at least about 68% higher, 
at least about 70% higher, at least about 80% higher, at least 
about 85% higher, or at least about 90% higher than cultured 
cells w without the siRNAs specific for the PDHK(s) and the 
LDH. In some embodiments, the antibody productivity is at 
least about 68% higher than cultured cells without the 
siRNAs specific for the PDHK(s) and the LDH.

In another aspect, provided is a vector comprising a first 
heterologous nucleic acid sequence encoding an siRNA 
specific for a LDH and a second heterologous nucleic acid 
sequence encoding an siRNA specific for a PDHK, wherein 
the first heterologous nucleic acid sequence is operably 
linked to a first promoter, and wherein the second heterolo
gous nucleic acid sequence is operably linked to a second 
promoter.

In some embodiments, the vector contains a nucleic acid 
under the control of an expression control sequence. As used 
herein, an “expression control sequence” means a nucleic 
acid sequence that directs transcription of a nucleic acid of 
interest. An expression control sequence can be a promoter, 
such as a constitutive or an inducible promoter, or an 
enhancer. An “inducible promoter” is a promoter that is 
active under environmental or developmental regulation. 
The expression control sequence is operably linked to the 
nucleic acid segment to be transcribed.

In some embodiments, the vector also includes a termi
nation sequence. Termination control regions may also be
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derived from various genes native to the host cell. In some 
embodiments, the termination sequence and the promoter 
sequence are derived from the same source. In another 
embodiment, the termination sequence is endogenous to the 
host cell. Optionally, a termination site may be included. For 
effective expression of the polypeptides, DNA encoding the 
polypeptide are linked operably through initiation codons to 
selected expression control regions such that expression 
results in the formation of the appropriate messenger RNA.

In some embodiments, the vector contains a selective 
marker. The term “selective marker” refers to a nucleic acid 
capable of expression in a host cell that allows for ease of 
selection of those host cells containing an introduced nucleic 
acid or vector. Examples of selectable markers include, but 
are not limited to, antibiotic resistance nucleic acids (e.g., 
kanamycin, ampicillin, carbenicillin, gentamicin, hygromy- 
cin, phleomycin, bleomycin, neomycin, or chloramphenicol) 
and/or nucleic acids that confer a metabolic advantage, such 
as a nutritional advantage on the host cell. In some embodi
ments, the selective marker is the hygromycin nucleic acid. 
Polypeptides

The polypeptide or protein to be produced using the 
methods and cultured cells described herein includes, but is 
not limited to, antibody or immunoadhesin. Techniques for 
generating such molecules are discussed below.
Antibodies

Antibodies within the scope of the present invention 
include, but are not limited to: anti-CD20 antibodies such as 
chimeric anti-CD20 “C2B8” as in U.S. Pat. No. 5,736,137 
(RITUXAN®); anti-VEGF antibodies, including humanized 
and/or affinity matured anti-VEGF antibodies such as the 
humanized anti-VEGF antibody huA4.6.1 AVASTIN® (Kim 
et al., Growth Factors, 7:53-64 (1992), International Publi
cation No. WO 96/30046, and WO 98/45331, published Oct. 
15, 1998) and V3LA; anti-MUC16 antibody; anti-CD4 
antibodies such as the cM-7412 antibody (Choy et al. 
Arthritis Rheum. 39(1):52-56 (1996)) and the Ibalizumab 
(ΤΝΧ355) antibody; anti-MET antibodies such as one- 
armed 5D5 anti-C-Met antibody; anti-F!ER2 antibodies 
Trastuzumab (F1ERCEPTIN®) (Carter et al., Proc. Natl. 
Acad. Sci. USA, 89:4285-4289 (1992), U.S. Pat. No. 5,725, 
856) and humanized 2C4 (W001/00245, Adams et al.), a 
chimeric or humanized variant of the 2F17 antibody as in 
U.S. Pat. No. 5,721,108Β1, or Tositumomab (BEXXAR®); 
anti-IL-8 antibodies (St John et al., Chest, 103:932 (1993), 
and International Publication No. WO 95/23865); anti
prostate stem cell antigen (PSCA) antibodies (WOOl/ 
40309); anti-CD40 antibodies, including S2C6 and human
ized variants thereof (WO00/75348); anti-CDl antibodies 
(U.S. Pat. No. 5,622,700, WO 98/23761, Steppe et al., 
Transplant Inti. 4:3-7 (1991), and Flourmant et al., Trans
plantation 58:377-380 (1994)); anti-CD18 (U.S. Pat. No. 
5,622,700, issued Apr. 22, 1997, or as in WO 97/26912, 
published Jul. 31, 1997); anti-IgE antibodies (including Ε25, 
Ε26 and Ε27; U.S. Pat. No. 5,714,338, issued Feb. 3, 1998 
or U.S. Pat. No. 5,091,313, issued Feb. 25, 1992, WO 
93/04173 published Mar. 4, 1993, or International Applica- 
tionNo. PCT/US98/13410 filed Jun. 30, 1998, U.S. Pat. No. 
5,714,338, Presta et al, J. Immunol. 151:2623-2632 (1993), 
and International Publication No. WO 95/19181); anti- 
Apo-2 receptor antibodies (WO 98/51793 published Nov. 
19, 1998); anti-TNF-a antibodies, including ℮Α2 (REMI- 
CADE®), CDP571 and MAK-195 (See, U.S. Pat. No. 
5,672,347 issued Sep. 30, 1997, Lorenz et al. J. Immunol. 
156(4): 1646-1653 (1996), and Dhainaut et al. Crit. Care 
Med. 23(9):1461-1469 (1995)); anti-Tissue Factor (TF) anti
bodies (European Patent No. 0 420 937 Β1 granted Nov. 9,
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1994); anti-human α4β7 integrin antibodies (WO 98/06248 
published Feb. 19, 1998); anti-epidermal growth factor 
receptor (EGFR) antibodies (e.g. chimerized or humanized 
225 antibody as in WO 96/40210 published Dec. 19, 1996); 
anti-CD3 antibodies such as ΟΚΤ3 (U.S. Pat. No. 4,515,893 
issued May 7, 1985); anti-CD25 or anti-Tac antibodies such 
as CHI-621 (SIMULECT® and ZENAPAX® (See U.S. Pat. 
No. 5,693,762 issued Dec. 2, 1997); anti-CD52 antibodies 
such as CAMPATH-1H (Riechmann et al. Nature 332:323- 
337 (1988)); anti-Fc receptor antibodies such as the Μ22 
antibody directed against Fey RI as in Graziano et al. J. 
Immunol. 155(10):4996-5002 (1995); anti-carcinoembry- 
onic antigen (CEA) antibodies such as hMN-1 4 (Sharkey et 
al. Cancer Res. 55(23Suppl): 5935s-5945s (1995); antibod
ies directed against breast epithelial cells including huBrE-3, 
hu-Mc 3 and CHL6 (Ceriani et al. Cancer Res. 55(23): 
5852s-5856s (1995); and Richman et al. Cancer Res. 55(23 
Supp): 5916s-5920s (1995)); antibodies that bind to colon 
carcinoma cells such as C242 (Litton et al. Eur J Immunol. 
26(1): 1-9 (1996)); anti-CD38 antibodies, e.g. AT 13/5 (Ellis 
et al. J. Immunol. 155(2):925-937 (1995)); anti-CD33 anti
bodies such as Hu Ml95 (Jurcic et al. Cancer Res 55(23 
Suppl):5908s-5910s (1995) andCMA-676 or CDP771; anti- 
CD22 antibodies such as LL2 or LymphoCide (Juweid et al. 
Cancer Res 55(23 Suppl):5899s-5907s (1995)); anti-Ep- 
CAM antibodies such as 17-1Α (PANOREX®); anti-GpIIb/ 
Ilia antibodies such as abciximab or ℮7Ε3 Fab (REO- 
PRO®); anti-RSV antibodies such as MEDI-493 
(SYNAGIS®); anti-CMV antibodies such as PROTOVIR®; 
anti-HIV antibodies such as PR0542; anti-hepatitis antibod
ies such as the anti-Hep Β antibody OSTAVIR®; anti-CA 
125 antibodies, such as OvaRex; anti-idiotypic GD3 epitope 
antibody BEC2; 8ηϋ-ανβ3 antibodies, including 
VITAXIN®; anti-human renal cell carcinoma antibody such 
as ch-G250; ING-1; anti-human 17-1A antibody 
(3622W94); anti-human colorectal tumor antibody (Α33); 
anti-human melanoma antibody R24 directed against GD3 
ganglioside; anti-human squamous-cell carcinoma (SF-25); 
and anti-human leukocyte antigen (HLA) antibodies such as 
Smart ID10 and the anti-HLA DR antibody Oncolym (Lym- 
1)·

Aside from the antibodies specifically identified above, 
the skilled practitioner can generate antibodies directed 
against an antigen of interest, e.g, using the techniques 
described below.
(i) Antigen Selection and Preparation

The antibody herein is directed against an antigen of 
interest. Preferably, the antigen is a biologically important 
polypeptide and administration of the antibody to a mammal 
suffering from a disease or disorder can result in a thera
peutic benefit in that mammal. However, antibodies directed 
against nonpolypeptide antigens (such as tumor-associated 
glycolipid antigens; see U.S. Pat. No. 5,091,178) are also 
contemplated. Where the antigen is a polypeptide, it may be 
a transmembrane molecule (e.g. receptor) or ligand such as 
a growth factor. Exemplary antigens include those proteins 
described in section (3) below. Exemplary molecular targets 
for antibodies encompassed by the present invention include 
CD proteins such as CD3, CD4, CD8, CD19, CD20, CD22 
and CD34; members of the ErbB receptor family such as the 
EGFR, HER2, HER3 or HER4 receptor; cell adhesion mol
ecules such as LFA-1, Macl, pi 50,95, VLA-4, ICAM-1, 
VCAM and αν/β3 integrin including either α or β subunits 
thereof (e.g. anti-CDlla, anti-CD18 or anti-CDllb antibod
ies); growth factors such as VEGF; IgE; blood group anti
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gens; flk2/flt3 receptor; obesity (OB) receptor; mpl receptor; 
CTLA-4; protein C, or any of the other antigens mentioned 
herein.

Soluble antigens or fragments thereof, optionally conju
gated to other molecules, can be used as immunogens for 
generating antibodies. For transmembrane molecules, such 
as receptors, fragments of these (e.g. the extracellular 
domain of a receptor) can be used as the immunogen. 
Alternatively, cells expressing the transmembrane molecule 
can be used as the immunogen. Such cells can be derived 
from a natural source (e.g. cancer cell lines) or may be cells 
which have been transformed by recombinant techniques to 
express the transmembrane molecule.

Other antigens and forms thereof useful for preparing 
antibodies will be apparent to those in the art.
(ii) Polyclonal Antibodies

Polyclonal antibodies are preferably raised in animals by 
multiple subcutaneous (sc) or intraperitoneal (ip) injections 
of the relevant antigen and an adjuvant. It may be useful to 
conjugate the antigen to a protein that is immunogenic in the 
species to be immunized, e.g., keyhole limpet hemocyanin, 
serum albumin, bovine thyroglobulin, or soybean trypsin 
inhibitor using a bifunctional or derivatizing agent, for 
example, maleimidobenzoyl sulfosuccinimide ester (conju
gation through cysteine residues), N-hydroxysuccinimide 
(through lysine residues), glutaraldehyde, succinic anhy
dride, SOCl2, or RXN=C=NR, where R and R1 are differ
ent alkyl groups.

Animals are immunized against the antigen, immuno
genic conjugates, or derivatives by combining, e.g., 100 pg 
or 5 pg of the protein or conjugate (for rabbits or mice, 
respectively) with 3 volumes of Freund’s complete adjuvant 
and injecting the solution intradermally at multiple sites. 
One month later the animals are boosted with Vs to {fraction 
(1/ΐο)} the original amount of antigen or conjugate in Fre
und’s complete adjuvant by subcutaneous injection at mul
tiple sites. Seven to 14 days later the animals are bled and 
the serum is assayed for antibody titer. Animals are boosted 
until the titer plateaus. Preferably, the animal is boosted with 
the conjugate of the same antigen, but conjugated to a 
different protein and/or through a different cross-linking 
reagent. Conjugates also can be made in recombinant cell 
culture as protein fusions. Also, aggregating agents such as 
alum are suitably used to enhance the immune response.
(iii) Monoclonal Antibodies

Monoclonal antibodies may be made using the hybridoma 
method first described by Kohler et al., Nature, 256:495 
(1975), or may be made by recombinant DNA methods (U.S. 
Pat. No. 4,816,567).

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster or macaque monkey, is 
immunized as hereinabove described to elicit lymphocytes 
that produce or are capable of producing antibodies that will 
specifically bind to the protein used for immunization. 
Alternatively, lymphocytes may be immunized in vitro. 
Lymphocytes then are fused with myeloma cells using a 
suitable fusing agent, such as polyethylene glycol, to form a 
hybridoma cell (Coding, Monoclonal Antibodies: Principles 
and Practice, ρρ. 59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown 
in a suitable culture medium that preferably contains one or 
more substances that inhibit the growth or survival of the 
unfused, parental myeloma cells. For example, if the paren
tal myeloma cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (F1GPRT or F1PRT), the culture 
medium for the hybridomas typically will include hypox-
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anthine, aminopterin, and thymidine (FIAT medium), which 
substances prevent the growth of FIGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, 
support stable high-level production of antibody by the 
selected antibody-producing cells, and are sensitive to a 
medium such as FIAT medium. Among these, preferred 
myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 and MPC-11 mouse tumors avail
able from the Salk Institute Cell Distribution Center, San 
Diego, Calif. USA, and SP-2 or X63-Ag8-653 cells avail
able from the American Type Culture Collection, Rockville, 
Md. USA. Fluman myeloma and mouse-human heteromy
eloma cell lines also have been described for the production 
of human monoclonal antibodies (Kozbor, J. Immunol., 
133:3001 (1984); Brodeur et al, Monoclonal Antibody Pro
duction Techniques and Applications, ρρ. 51-63 (Marcel 
Dekker, Inc., New York, 1987)).

Culture medium in which hybridoma cells are growing is 
assayed for production of monoclonal antibodies directed 
against the antigen. Preferably, the binding specificity of 
monoclonal antibodies produced by hybridoma cells is 
determined by immunoprecipitation or by an in vitro binding 
assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibod
ies of the desired specificity, affinity, and/or activity, the 
clones may be subcloned by limiting dilution procedures and 
grown by standard methods (Goding, Monoclonal Antibod
ies: Principles and Practice, ρρ. 59-103 (Academic Press, 
1986)). Suitable culture media for this purpose include, for 
example, D-MEM or RPMI-1640 medium. In addition, the 
hybridoma cells may be grown in vivo as ascites tumors in 
an animal.

The monoclonal antibodies secreted by the subclones are 
suitably separated from the culture medium, ascites fluid, or 
serum by conventional immunoglobulin purification proce
dures such as, for example, Protein A-Sepharose, hydroxy- 
lapatite chromatography, gel electrophoresis, dialysis, or 
affinity chromatography. Preferably the Protein A affinity 
chromatography procedure using a pFl gradient described 
herein is used.

DNA encoding the monoclonal antibodies is readily iso
lated and sequenced using conventional procedures (e.g., by 
using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of 
the monoclonal antibodies). The hybridoma cells serve as a 
preferred source of such DNA. Once isolated, the DNA may 
be placed into expression vectors, which are then transfected 
into host cells such as Ε. coli cells, simian COS cells, 
Chinese hamster ovary (CLIO) cells, or myeloma cells that 
do not otherwise produce immunoglobulin protein, to obtain 
the synthesis of monoclonal antibodies in the recombinant 
host cells.

The DNA also may be modified, for example, by substi
tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (U.S. Pat. No. 4,816,567; Morrison, et al., Proc. 
Natl Acad. Sci. USA, 81:6851 (1984)), or by covalently 
joining to the immunoglobulin coding sequence all or part of 
the coding sequence for a non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are 
substituted for the constant domains of an antibody, or they 
are substituted for the variable domains of one antigen
combining site of an antibody to create a chimeric bivalent 
antibody comprising one antigen-combining site having 
specificity for an antigen and another antigen-combining site 
having specificity for a different antigen.
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Monoclonal antibodies can be isolated from antibody 
phage libraries generated using the techniques described in 
McCafferty et ah, Nature, 348:552-554 (1990). Clackson et 
al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. 
Biol., 222:581-597 (1991) describe the isolation of murine 
and human antibodies, respectively, using phage libraries. 
Subsequent publications describe the production of high 
affinity (ηΜ range) human antibodies by chain shuffling 
(Marks et al., Bio/Technology, 10:779-783 (1992)), as well 
as combinatorial infection and in vivo recombination as a 
strategy for constructing very large phage libraries (Water- 
house et al., Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, 
these techniques are viable alternatives to traditional 
hybridoma techniques for isolation of monoclonal antibod
ies.
(iv) Humanized and Human Antibodies

A humanized antibody has one or more amino acid 
residues introduced into it from a source which is non
human. These non-human amino acid residues are often 
referred to as “import” residues, which are typically taken 
from an “import” variable domain. Humanization can be 
essentially performed following the method of Winter and 
co-workers (Jones et al., Nature, 321:522-525 (1986); 
Riechmannetal.,/Vaft/re, 332:323-327 (1988); Verhoeyenet 
al., Science, 239:1534-1536 (1988)), by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such “humanized” antibod
ies are chimeric antibodies (U.S. Pat. No. 4,816,567) 
wherein substantially less than an intact human variable 
domain has been substituted by the corresponding sequence 
from a non-human species. In practice, humanized antibod
ies are typically human antibodies in which some CDR 
residues and possibly some FR residues are substituted by 
residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is 
very important to reduce antigenicity. According to the 
so-called “best-fit” method, the sequence of the variable 
domain of a rodent antibody is screened against the entire 
library of known human variable-domain sequences. The 
human sequence which is closest to that of the rodent is then 
accepted as the human FR for the humanized antibody (Sims 
et al., J. Immunol., 151:2296 (1993)). Another method uses 
a particular framework derived from the consensus sequence 
of all human antibodies of a particular subgroup of light or 
heavy chains. The same framework may be used for several 
different humanized antibodies (Carter et al., Proc. Natl. 
Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immunol., 
151:2623 (1993)).

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three-dimensional 
models of the parental and humanized sequences. Three- 
dimensional immunoglobulin models are commonly avail
able and are familiar to those skilled in the art. Computer 
programs are available which illustrate and display probable 
three-dimensional conformational structures of selected can
didate immunoglobulin sequences. Inspection of these dis
plays permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., 
the analysis of residues that influence the ability of the 
candidate immunoglobulin to bind its antigen. In this way, 
FR residues can be selected and combined from the recipient 
and import sequences so that the desired antibody charac
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teristic, such as increased affinity for the target antigen(s), is 
achieved. In general, the CDR residues are directly and most 
substantially involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic 
animals (e.g., mice) that are capable, upon immunization, of 
producing a full repertoire of human antibodies in the 
absence of endogenous immunoglobulin production. For 
example, it has been described that the homozygous deletion 
of the antibody heavy-chain joining region (JH) gene in 
chimeric and germ-line mutant mice results in complete 
inhibition of endogenous antibody production. Transfer of 
the human germ-line immunoglobulin gene array in such 
germ-line mutant mice will result in the production of 
human antibodies upon antigen challenge. See, e.g., Jako- 
bovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); 
Jakobovits et al., Nature, 362:255-258 (1993); Bruggermann 
et al., Year in Immuno., 7:33 (1993); and Duchosal et al. 
Nature 355:258 (1992). Human antibodies can also be 
derived from phage-display libraries (Hoogenboom et al., J. 
Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 
222:581-597 (1991); Vaughan et al. Nature Biotech 14:309 
(1996)).
(ν) Antibody Fragments

Various techniques have been developed for the produc
tion of antibody fragments. Traditionally, these fragments 
were derived via proteolytic digestion of intact antibodies 
(see, e.g., Morimoto et al. Journal of Biochemical and 
Biophysical Methods 24:107-117 (1992) and Brennan et al., 
Science, 229:81 (1985)). However, these fragments can now 
be produced directly by recombinant host cells. For 
example, the antibody fragments can be isolated from the 
antibody phage libraries discussed above. Alternatively, 
Fab'-SH fragments can be directly recovered from Ε. coli 
and chemically coupled to form F(ab')2 fragments (Carter et 
al., Bio/Technology 10:163-167 (1992)). According to 
another approach, F(ab')2 fragments can be isolated directly 
from recombinant host cell culture. A single chain Fv 
fragment (scFv) can also be isolated. See WO 93/16185. 
Other techniques for the production of antibody fragments 
will be apparent to the skilled practitioner.
(vi) Multispecific Antibodies

Multispecific antibodies have binding specificities for at 
least two different antigens. While such molecules normally 
will only bind two antigens (i.e. bispecific antibodies, 
BsAbs), antibodies with additional specificities such as 
trispecific antibodies are encompassed by this expression 
when used herein.

Methods for making bispecific antibodies are known in 
the art. Traditional production of full length bispecific anti
bodies is based on the coexpression of two immunoglobulin 
heavy chain-light chain pairs, where the two chains have 
different specificities (Millstein et al., Nature, 305:537-539 
(1983)). Because of the random assortment of immuno
globulin heavy and light chains, these hybridomas (quadro- 
mas) produce a potential mixture of 10 different antibody 
molecules, of which only one has the correct bispecific 
structure. Purification of the correct molecule, which is 
usually done by affinity chromatography steps, is rather 
cumbersome, and the product yields are low. Similar pro
cedures are disclosed in WO 93/08829, and in Traunecker et 
al.,ΕΜΒΟΑ, 10:3655-3659 (1991).

According to another approach described in W096/ 
27011, the interface between a pair of antibody molecules 
can be engineered to maximize the percentage of heterodi
mers which are recovered from recombinant cell culture. 
The preferred interface comprises at least a part of the Cfi 
domain of an antibody constant domain. In this method, one
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or more small amino acid side chains from the interface of 
the first antibody molecule are replaced with larger side 
chains (e.g., tyrosine or tryptophan). Compensatory “cavi
ties” of identical or similar size to the large side chain(s) are 
created on the interface of the second antibody molecule by 
replacing large amino acid side chains with smaller ones 
(e.g., alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unwanted 
end-products such as homodimers.

Bispecific antibodies include cross-linked or “heterocon
jugate” antibodies. For example, one of the antibodies in the 
heteroconjugate can be coupled to avidin, the other to biotin. 
Such antibodies have, for example, been proposed to target 
immune system cells to unwanted cells (U.S. Pat. No. 
4,676,980), and for treatment of FilV infection (WO 
91/00360, WO 92/200373, and ΕΡ 03089). Heteroconjugate 
antibodies may be made using any convenient cross-linking 
methods. Suitable cross-linking agents are well known in the 
art, and are disclosed in U.S. Pat. No. 4,676,980, along with 
a number of cross-linking techniques.

Techniques for generating bispecific antibodies from anti
body fragments have also been described in the literature. 
For example, bispecific antibodies can be prepared using 
chemical linkage. Brennan et ah, Science, 229: 81 (1985) 
describe a procedure wherein intact antibodies are pro
teolytic ally cleaved to generate F(ab')2 fragments. These 
fragments are reduced in the presence of the dithiol com- 
plexing agent sodium arsenite to stabilize vicinal dithiols 
and prevent intermolecular disulfide formation. The Fab' 
fragments generated are then converted to thionitrobenzoate 
(ΤΝΒ) derivatives. One of the Fab'-TNB derivatives is then 
reconverted to the Fab'-thiol by reduction with mercapto- 
ethylamine and is mixed with an equimolar amount of the 
other Fab'-TNB derivative to form the bispecific antibody. 
The bispecific antibodies produced can be used as agents for 
the selective immobilization of enzymes.

Recent progress has facilitated the direct recovery of 
Fab'-SH fragments from Ε. coli, which can be chemically 
coupled to form bispecific antibodies. Shalaby et al., J. Exp. 
Med., 175: 217-225 (1992) describe the production of a fully 
humanized bispecific antibody F(ab')2 molecule. Each Fab' 
fragment was separately secreted from Ε. coli and subjected 
to directed chemical coupling in vitro to form the bispecific 
antibody. The bispecific antibody thus formed was able to 
bind to cells overexpressing the ErbB2 receptor and normal 
human Τ cells, as well as trigger the lytic activity of human 
cytotoxic lymphocytes against human breast tumor targets.

Various techniques for making and isolating bispecific 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispecific antibodies 
have been produced using leucine zippers. Kostelny et al., J. 
Immunol., 148(5): 1547-1553 (1992). The leucine zipper 
peptides from the Fos and Jun proteins were linked to the 
Fab' portions of two different antibodies by gene fusion. The 
antibody homodimers were reduced at the hinge region to 
form monomers and then re-oxidized to form the antibody 
heterodimers. This method can also be utilized for the 
production of antibody homodimers. The “diabody” tech
nology described by Hollinger et al., Proc. Natl. Acad. Sci. 
USA, 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fragments. The 
fragments comprise a heavy-chain variable domain (VH) 
connected to a light-chain variable domain (VL) by a linker 
which is too short to allow pairing between the two domains 
on the same chain. Accordingly, the VH and YL domains of 
one fragment are forced to pair with the complementary YL 
and Nh domains of another fragment, thereby forming two 
antigen-binding sites. Another strategy for making bispecific 
antibody fragments by the use of single-chain Fv (sFv) 
dimers has also been reported. See Gruber et al., J. Immu-
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ηοℓ., 152:5368 (1994). Alternatively, the antibodies can be 
“linear antibodies” as described in Zapata et al. Protein Eng. 
8(10):1057-1062 (1995). Briefly, these antibodies comprise 
a pair of tandem Fd segments (Vg-Cgd-V^ and VL) which 
form a pair of antigen binding regions. Linear antibodies can 
be bispecific or monospecific.

Antibodies with more than two valencies are contem
plated. For example, trispecific antibodies can be prepared. 
Tutt et al. J. Immunol. 147: 60 (1991).
Immunoadhesins

The simplest and most straightforward immunoadhesin 
design combines the binding domain(s) of the adhesin (e.g., 
the extracellular domain (ECD) of a receptor) with the hinge 
and Fc regions of an immunoglobulin heavy chain. Ordi
narily, when preparing the immunoadhesins of the present 
invention, nucleic acid encoding the binding domain of the 
adhesin will be fused C-terminally to nucleic acid encoding 
the N-terminus of an immunoglobulin constant domain 
sequence, however N-terminal fusions are also possible.

Typically, in such fusions the encoded chimeric polypep
tide will retain at least functionally active hinge, CH2 and 
CH2> domains of the constant region of an immunoglobulin 
heavy chain. Fusions are also made to the C-terminus of the 
Fc portion of a constant domain, or immediately N-terminal 
to the CH\ of the heavy chain or the corresponding region of 
the light chain. The precise site at which the fusion is made 
is not critical; particular sites are well known and may be 
selected in order to optimize the biological activity, secre
tion, or binding characteristics of the immunoadhesin.

In some embodiments, the adhesin sequence is fused to 
the N-terminus of the Fc domain of immunoglobulin Gj (Ig 
Gj). It is possible to fuse the entire heavy chain constant 
region to the adhesin sequence. However, preferably, a 
sequence beginning in the hinge region just upstream of the 
papain cleavage site which defines IgG Fc chemically (i.e. 
residue 216, taking the first residue of heavy chain constant 
region to be 114), or analogous sites of other immunoglobu
lins is used in the fusion. In some embodiments, the adhesin 
amino acid sequence is fused to (a) the hinge region and or 
Ch2 and CH2> or (b) the CH\, hinge, CH2 and CH2> domains, 
of an IgG heavy chain.

For bispecific immunoadhesins, the immunoadhesins are 
assembled as multimers, and particularly as heterodimers or 
heterotetramers. Generally, these assembled immunoglobu
lins will have known unit structures. A basic four chain 
structural unit is the form in which IgG, IgD, and IgE exist. 
A four chain unit is repeated in the higher molecular weight 
immunoglobulins; IgM generally exists as a pentamer of 
four basic units held together by disulfide bonds. IgA 
globulin, and occasionally IgG globulin, may also exist in 
multimeric form in serum. In the case of multimer, each of 
the four units may be the same or different.

Various exemplary assembled immunoadhesins within the 
scope herein are schematically diagramed below:
(a) ACl-ACl;
(b) ACh-(ACh, ACl-ACh, AQ-V^Av, or UQ-AC^);
(c) ACl-ACjj-(ACl-ACh, ACl-NJEh, ΝlCl-ACh, or
ν,℮,-ν/,j)
(d) ACi-VaC^AC^ or ACL-NJEH, or V^-AC*);
(e) V^-AC^AQ-V^, or V^Q-AC^); and
(f) (A-n.-tViQ-VjAr)*
wherein each A represents identical or different adhesin 
amino acid sequences;
VL is an immunoglobulin light chain variable domain;
VH is an immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
CH is an immunoglobulin heavy chain constant domain; 
η is an integer greater than 1;
Υ designates the residue of a covalent cross-linking agent.
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In the interests of brevity, the foregoing structures only 
show key features; they do not indicate joining (J) or other 
domains of the immunoglobulins, nor are disulfide bonds 
shown. However, where such domains are required for 
binding activity, they shall be constructed to be present in 
the ordinary locations which they occupy in the immuno
globulin molecules.

Alternatively, the adhesin sequences can be inserted 
between immunoglobulin heavy chain and light chain 
sequences, such that an immunoglobulin comprising a chi
meric heavy chain is obtained. In this embodiment, the 
adhesin sequences are fused to the 3' end of an immuno
globulin heavy chain in each arm of an immunoglobulin, 
either between the hinge and the CH2 domain, or between 
the Ch2 and Cfi domains. Similar constructs have been 
reported by Hoogenboom, et al., Mol. Immunol. 28:1027- 
1037 (1991).

Although the presence of an immunoglobulin light chain 
is not required in the immunoadhesins of the present inven
tion, an immunoglobulin light chain might be present either 
covalently associated to an adhesin-immunoglobulin heavy 
chain fusion polypeptide, or directly fused to the adhesin. In 
the former case, DNA encoding an immunoglobulin light 
chain is typically coexpressed with the DNA encoding the 
adhesin-immunoglobulin heavy chain fusion protein. Upon 
secretion, the hybrid heavy chain and the light chain will be 
covalently associated to provide an immunoglobulin-like 
structure comprising two disulfide-linked immunoglobulin 
heavy chain-light chain pairs. Methods suitable for the 
preparation of such structures are, for example, disclosed in 
U.S. Pat. No. 4,816,567, issued 28 Mar. 1989.

Immunoadhesins are most conveniently constructed by 
fusing the cDNA sequence encoding the adhesin portion 
in-frame to an immunoglobulin cDNA sequence. However, 
fusion to genomic immunoglobulin fragments can also be 
used (see, e.g., Aruffo et al., Cell 61:1303-1313 (1990); and 
Stamenkovic et al., Cell 66:1133-1144 (1991)). The latter 
type of fusion requires the presence of Ig regulatory 
sequences for expression. cDNAs encoding IgG heavy- 
chain constant regions can be isolated based on published 
sequences from cDNA libraries derived from spleen or 
peripheral blood lymphocytes, by hybridization or by poly
merase chain reaction (PCR) techniques. The cDNAs encod
ing the “adhesin” and the immunoglobulin parts of the 
immunoadhesin are inserted in tandem into a plasmid vector 
that directs efficient expression in the chosen host cells. 
Expression of Polypeptides

The polypeptide (e.g., antibody) to be produced using the 
method described herein is generally produced using recom
binant techniques.

Suitable host cells for cloning or expressing the siRNAs 
in the vectors herein are the prokaryote, yeast, or higher 
eukaryotic cells. Suitable prokaryotes for this purpose 
include eubacteria, such as Gram-negative or Gram-positive 
organisms, for example, Enterobacteriaceae such as Escheri
chia, e.g., Ε. coli, Enterobacter, Erwinia, Klebsiella, Pro
teus, Salmonella, e.g., Salmonella typhimurium, Serratia, 
e.g., Serratia marcescans, and Shigella, as well as Bacilli 
such as Β. subtilis and 5. licheniformis (e.g., Β. licheniformis 
41Ρ disclosed in DD 266,710 published 12 Apr. 1989), 
Pseudomonas such as Ρ. aeruginosa, and Streptomyces. 
These examples are illustrative rather than limiting.

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression 
hosts for polypeptide encoding vectors. Saccharomyces cer- 
evisiae, or common baker’s yeast, is the most commonly 
used among lower eukaryotic host microorganisms. How
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ever, a number of other genera, species, and strains are 
commonly available and useful herein, such as Schizosac- 
charomyces pombe; Kluyveromyces hosts such as, e.g., Κ. 
lactis, Κ. fragilis (ATCC 12,424), Κ. bulgaricus (ATCC 
16,045), Κ. wickeramii (ATCC 24,178), Κ. waltii (ATCC 
56,500), Κ. drosophilarum (ATCC 36,906), Κ. thermotoler- 
ans, and Κ. marxianus; yarrowia (ΕΡ 402,226); Pichia 
pastoris (ΕΡ 183,070); Candida; Trichoderma reesia (ΕΡ 
244,234); Neurospora crassa; Schwanniomyces such as 
Schwanniomyces occidentalis; and filamentous fungi such 
as, e.g., Neurospora, Penicillium, Tolypocladium, and 
Aspergillus hosts such as A. nidulans and A. niger.

Suitable cultured cells for the expression of glycosylated 
polypeptide are derived from multicellular organisms. 
Examples of invertebrate cells include plant and insect cells. 
Numerous baculoviral strains and variants and correspond
ing permissive insect host cells from hosts such as Spodop- 
tera frugiperda (caterpillar), Aedes aegypti (mosquito), 
Aedes albopictus (mosquito), Drosophila melanogaster 
(fruitfly), and Bombyx mori have been identified. A variety 
of viral strains for transfection are publicly available, e.g., 
the L-l variant of Autographa californica NPV and the 
Bm-5 strain of Bombyx mori NPV, and such viruses may be 
used as the virus herein according to the present invention, 
particularly for transfection of Spodoptera frugiperda cells. 
Plant cell cultures of cotton, com, potato, soybean, petunia, 
tomato, and tobacco can also be utilized as hosts.

However, interest has been greatest in vertebrate cells, 
and propagation of vertebrate cells in culture (tissue culture) 
has become a routine procedure. Examples of useful mam
malian cell lines include, but are not limited to, monkey 
kidney CV1 cells transformed by SV40 (COS-7, ATCC CRL 
1651); human embryonic kidney cells (293 or 293 cells 
subcloned for growth in suspension culture, Graham et al., 
J. Gen Virol. 36:59 (1977)); baby hamster kidney cells 
(ΒΗΚ, ATCC CCL 10); Chinese hamster ovary cells/DHFR 
(CHO, Urlaub et al, Proc. Natl. Acad. Sci. USA 77:4216 
(1980)); mouse sertoli cells (ΤΜ4, Mather, Biol. Reprod. 
23:243-251 (1980)); monkey kidney cells (CV1 ATCC CCL 
70); African green monkey kidney cells (VERO-76, ATCC 
CRL-1587); human cervical carcinoma cells (HELA, ATCC 
CCL 2); canine kidney cells (MDCK, ATCC CCL 34); 
buffalo rat liver cells (BRL 3Α, ATCC CRL 1442); human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep 
G2, ΗΒ 8065); mouse mammary tumor (ΜΜΤ 060562, 
ATCC CCL51); TRI cells (Mather et al. Annals Ν.Υ. Acad. 
Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and human 
hepatoma cells (Hep G2).

Host cells are transformed with the above-described 
expression or cloning vectors for polypeptide production 
and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, 
or amplifying the genes encoding the desired sequences.

The host cells used to produce the polypeptide used in the 
methods of this invention may be cultured in a variety of 
media. Commercially available media such as Ham’s F10 
(Sigma), Minimal Essential Medium ((MEM), (Sigma), 
RPMI-1640 (Sigma), and Dulbecco’s Modified Eagle’s 
Medium ((DMEM), (Sigma), or GIBCO® Dulbecco’s 
Modified Eagle Medium: Nutrient Mixture F-12 (Invitro- 
gen) are suitable for culturing the host cells. In addition, any 
of the media described in Ham et al, Meth. Εηζ. 58:44 
(1979), Barnes et al. Anal. Biochem. 102:255 (1980), U.S. 
Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 4,560,655; or 
5,122,469; WO 90/03430; WO 87/00195; or U.S. Pat. No. 
Re. 30,985 may be used as culture media for the host cells. 
Other defined or synthetic growth media may also be used,
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and the appropriate medium for growing a specific type of 
host cells are known by one of skill in the art of molecular 
and cell biology. Any of these media may be supplemented 
as necessary with hormones and/or other growth factors 
(such as insulin, transferrin, or epidermal growth factor), 
salts (such as sodium chloride, calcium, magnesium, and 
phosphate), buffers (such as HEPES), nucleotides (such as 
adenosine and thymidine), antibiotics (such as GENTAMY- 
CIN™, hygromycin), trace elements (defined as inorganic 
compounds usually present at final concentrations in the 
micromolar range), and glucose or an equivalent energy 
source. Any other necessary supplements may also be 
included at appropriate concentrations that would be known 
to those skilled in the art. The culture conditions, such as 
temperature, ρΕ1, and the like, are those previously used with 
the host cell selected for expression, and will be apparent to 
the ordinarily skilled artisan.

Standard cell culture conditions can be used to culture the 
cells. Cells are grown and maintained at an appropriate 
temperature, gas mixture, and ρΕ1 (such as at about 20° C. to 
about 37° C., at about 6% to about 84% C02, and at a ρΕ1 
between about 5 to about 9). In some embodiments, cells are 
grown in an appropriate cell medium at 37° C. for the first 
48 hours, and shifted to 33° for the next 12 days. Reactions 
may be performed under aerobic or anoxic conditions based 
on the requirements of the host cells. In some embodiments, 
the cells are grown using any known mode of fermentation, 
including, but not limited to, batch, fed-batch, or continuous 
processes.

When using recombinant techniques, the polypeptide can 
be produced intracellularly, in the periplasmic space, or 
directly secreted into the medium. If the polypeptide is 
produced intracellularly, as a first step, the particulate debris, 
either host cells or lysed cells (e.g. resulting from homog
enization), is removed, for example, by centrifugation or 
ultrafiltration. Where the polypeptide is secreted into the 
medium, supernatants from such expression systems are 
generally first concentrated using a commercially available 
protein concentration filter, for example, an Amicon or 
Millipore Pellicon ultrafiltration unit.
Kits

The present invention also provides kits comprising com
positions and instructions for use comprising description of 
the methods of the invention. The kits can comprise cultured 
cells, siRNAs, target sequences, transfecting agents, instruc
tions for the methods of the present invention, or any 
combination thereof.

The following examples are provided to illustrate, but not 
to limit, the invention.

EXAMPLES

It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application.

Example 1

Knocking Down of PDHK1, PDHK2, PDHK3, and 
LDEla Reduces Lactate Production and Increases 

Antibody Titer/Productivity

Materials and Methods
Construction of the Vector Targeting LDEla/PDElKl, 2, 3

Targeting sequence for LDEla was selected as described 
previously by Kim and Lee et al, Αρρℓ. Microbiol. Biotech- 
ηοℓ. 74(1):152-159 (2007), and the LDEla siRNA sequence

31
is CTCGATTCCGTTATCTGAT (SEQ ID ΝΟ:1). To design 
the siRNA-targeted sequence for PDElKs, partial cDNA 
sequences for CLIO PDE1K1, 2, and 3 were cloned by reverse 
transcription of polymerase chain reaction (RT-PCR) with 
primers located within the highly conserved regions of 
PDElKs. Partially cloned sequences were used for siRNA 
sequence designing according to the method described by 
Elbashier et al. (.Methods 26:199-213 (2002)).

PDHK1 targeting (siRNA) sequence:
(SEQ ID NO: 2)

GCAGTTCCTGGACTTCGGA

PDHK2 targeting (siRNA) sequence:
(SEQ ID NO: 3)

CATTCAGTACTTCTTGGAC

PDHK3 targeting (siRNA) sequence:
(SEQ ID NO: 4)

TGTAGCTGATGTCGTGAAA

The single construct containing targeting sequences for 
LDEla and PDElKs was constructed using the pSilencer 
3.1-Ell hygro vector (Cat#. ΑΜ5766, Applied Biosystems/ 
Ambion, Austin, Tex.). LDEla siRNA was inserted into the 
KasI site of pSilencer 3.1, with an addition of U6 promoter 
from pSilencer 2.1 at its immediate 5' end. SiRNA sequences 
for PDE1K1 and 2 siRNAs were inserted into BamEH/Elindlll 
and Elindlll sites respectively. A BgHI site was introduced to 
the 3' side of PDE1K2 siRNA and used for the insertion of 
PDE1K3 siRNA. For negative control, pSilencer 3.1 vector 
containing a scrambled siRNA sequence was utilized.
Cell Culture

CLIO cells deficient in dihydrofolate reductase (DE1FR) 
were cultured in a proprietary DMEM/F12-based medium in 
shake flask vessels at 37° C. and 5% C02. Cells were 
passaged every three to four days.
Stable siRNA Cell Line (siRNA Clone) Development

A CLIO cell line resistant to 25 ηΜ methotrexate (ΜΤΧ) 
and expressing a recombinant monoclonal antibody was 
transfected using Lipofectamine 2000 CD (Cat#12566-014, 
Invitrogen, Carlsbad, Calif.) according to manufacturer’s 
recommendation (Invitrogen, Carlsbad, Calif.). Transfected 
cells were centrifuged and seeded into DMEM/F-12-based 
selective (glycine-, hypoxanthine- and thymidine-free) 
medium containing 25 ηΜ ΜΤΧ and 400 ug/ml hygromycin 
(Cat #10687010, Invitrogen, Carlsbad, Calif.). Re-sus- 
pended cells were plated into 96-well plates to generate 
individual clones. SiRNA clones were derived from siRNA 
plasmid transfection containing targeting sequences for 
LDEla and PDFIKs genes, while mock clones were derived 
from mock plasmid (Cat#AM5766, Applied Biosystems/ 
Ambion, Austin, Tex.) transfection containing a scramble 
sequence designed by manufacture with no appreciable 
homology to known genes.
Quantitative Real Time PCR (qRT-PCR or Taqman) Analy
sis

Total RNA from individual clones were isolated using the 
RNeasy 96 kit (Cat#74181, Qiagen) and were treated with 
DNase digestion (Cat#79254, RNase free DNase set, Qia
gen) to remove residual DNA possibly present in isolated 
RNA samples. Taqman was performed using universal qRT- 
PCR master mix according to the manufacturer’s instruc
tions (Cat#4309169, Applied Biosystems) and expression 
levels of PDFIKs and LDEla were normalized to housekeep
ing gene β-microglobulin.
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The primers and probe sequences used for Taqman analy
sis were as follows:

Xdi

PDHKlforward primer: 

GCCCATCTCATCGAAAACA 

PDHK1 reverse primer: 

AGCCATCTTTAATGACTTCGACTAC 

PDHK1 probe:

TCGCAGTTTGGATTTATGCTTCCAATG 

PDHK2 forward primer: 

GATCTGTCCATCAAAATGAGTGA 

PDHK2 reverse primer: 

TGTGGAGTACATGTAGCTGAAGAG 

PDHK2 probe:

CTCTCAATCTTCCTCAAGGGGACACC 

PDHK3 forward primer: 

CAGCCTGGAGCCTACAAGA 

PDHK3 reverse primer: 

GGCATACAGTCGAGAAATTGG 

PDHK3 probe:

AAGCCATAACCAAATCCAGCCAAGG 

LDHa forward primer:

GC CGAGAGCATAATGAAGAA 

LDHa reverse primer:

C CATAGAGAC C C Τ ΤΑΑΤ CAT GG ΤA

(SEQ ID NO: 5)

(SEQ ID NO: 6)

(SEQ ID NO: 7)

(SEQ ID NO: 8)

(SEQ ID NO: 9)

(SEQ ID NO: 10)

(SEQ ID NO: 11)

(SEQ ID NO: 12)

(SEQ ID NO: 13)

(SEQ ID NO: 14)

(SEQ ID NO: 15)

LDHa probe:

CTTAGGCGGGTGCATCCCATTT
(SEQ ID NO: 16)

p-microglobulin forward primer:
(SEQ ID NO: 17)

TCCTCTCAGTGGTCT GOT TGG

p-microglobulin reverse primer:
(SEQ ID NO: 18)

TGGCGTGTGTAGACTTGCACTT

p-microglobulin probe: 

TGCCATCCAGCGTCCCCCA
(SEQ ID NO: 19)

Fed-Batch Shake Flask Clone Evaluation
Twelve siRNA clones and twelve mock clones were 

seeded into the proprietary production medium with a pFl of 
7.15 employing a 14-day fed-batch culture process with one 
bolus feed on day 3 and a temperature shift from 37° C. to 
33° C. on day 2. Cell viability and viable cell counts were 
monitored by Trypan blue dye exclusion using a Vicell 
(Beckman Coulter). Lactate concentrations were measured 
on day 3, 7, 10 and 14 using a Nova Bioprofile analyzer 
(Nova biomedical). The average cell specific lactate produc
tion rate, qj is calculated as the slope of the graph of 
integrated total cell number, and the cumulative lactate 
produced, [St-S0], based on the lactate mass balance equa
tion formulated over the whole culture volume:

5
where St is the total amount of lactate in the culture volume 
(mg) at time t, S0 is the total amount of lactate in the culture 
volume (mg) at time t=0, X is the total number of cells in the 
culture volume at any given time 4 and qj is the specific 

10 lactate production rate in mg/cell/day. Since the above 
equation is written for the time interval between t=0 and t=t, 
qj is the average lactate production rate over this time 
interval. Per the convention used in this work, if more lactate 
is produced than consumed by the cell, then the value of qj 

15 is positive.
Bioreactor Fed-Batch Operation

Bioreactor experiments were performed in 2 L stirred tank 
bioreactors (Applikon, Foster City, Calif.) operated at 1.5 L 

20 working volume. After a concentrated nutrient feed at 72 
hours post-inoculation, glucose was added as needed during 
the 14-day fed-batch culture. Dissolved oxygen and agita
tion were maintained in the bioreactor cultures at setpoints 
of 30% of air saturation and 275 rpm, respectively. Culture 

25 pFl was controlled at 7.0 by addition of C02 gas or 1 Μ 
Na2C03. Culture temperature was maintained at 37° C. for 
the first 48 hours, and shifted to 33° C. thereafter. Process 
control in each bioreactor was achieved using a Digital 
Control Unit from Β. Braun Biotech (Allentown, Pa.).

30 Sample Analyses
Antibody titer was determined using conventional protein 

A affinity chromatography with UV detection. See Fahmer 
et al., Biotechnol. Appl. Biochem. 30:121-128 (1999). Cul- 
ture samples were analyzed for viable cell concentration and 
viability by Vi-Cell AS cell counter (Beckman Coulter, 
Fullerton, Calif.), pFl and lactate by Bioprofile 400 bioana
lyzer (Nova Biomedical, Waltham, Mass.), and osmolality 
by a multi-sample osmometer (Advanced Instruments, Nor
wood, Mass.).

40 '
Statistical Analysis

Two tailed student t-test was carried out using JMP 
software.
Results

45
Construction of a siRNA Vector Targeting PDFIKs and 
LDHa

There are four PDHK genes reported by Harris et al. {Adv. 
Enzyme Regul. 42:249-59 (2002) in mammalian cells. To 

50 assess if all four PDHK genes present in CHO cells, four sets 
of RT-PCR primers were designed based on the conserved 
regions between human and mouse PDHK sequences. The 
PCR results revealed that even though all four PDHK 
mRNAs can be detected in CHO cells, PDHK4 mRNA level 

55 is minimal and much lower than other 3 PDHKs in DHFR- 
deficient (dihydrofolate reductase-deficient) CHO cells. 
Hence, only the expression of PDHK1, 2, and 3 genes was 
knocked down along with LDHa gene. For LDHa and each 
PDHK, three siRNA sequences were designed and tested in 

60 CHO cells to choose the siRNA sequence exhibiting best 
down-regulation of the taiget gene. The best siRNA 
sequence for LDHa was selected based on the findings by 
Kim and Lee. Appl. Microbiol. Biotechnol. 74(1):152-9 
(2007). The siRNA sequence for LDHa and PDHKs were 

65 constructed in a single vector where siRNA for LDHa was 
under the control of U6 promoter, whereas siRNAs for each 
PDHK were driven by HI promoters (FIG. 1).
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Generation of Stable Clones with Reduced Expression of 
PDHK1, 2, 3, and LDHa

The siRNA construct targeting PDHKs and LDHa was 
transfected into CHO cells expressing a monoclonal anti
body to get individual clones named siRNA clones. Indi
vidual siRNA clones were assayed for mRNA expression of 
four genes, PDHK1, 2, 3 and LDHa, using Taqman analysis. 
Twelve siRNA clones that exhibited most reduced expres
sion of above four genes were identified (FIG. 2) for further 
analysis. The mock vector containing scramble sequence 
was also transfected into the same antibody expressing cells 
to get individual clones named mock clones. Twelve mock 
clones were chosen randomly as control and their mRNA 
expression levels of LDHa and PDHK1, 2, and 3 genes were 
also analyzed by Taqman. On average, the mRNA expres
sion levels for LDHa, PDHK1, 2, and 3 in selected twelve 
siRNA clones were reduced by 90%, 32%, 83%, and 70% 
respectively compared to mock clones (FIG. 2).
Fed-Batch Shake Flask Evaluation of siRNA and Mock 
Clones
(a) Reduced Lactate Levels and Higher pHs in Culture 
Media Observed in siRNA Clones

To evaluate the effect of siRNA-mediated down-regula
tion of LDHa and PDHKs on lactate production, 12 siRNA 
and 12 mock clones were evaluated in shake flask vessels in 
our proprietary medium employing a 14-day, fed-batch, and 
temperature shift process. The experiment has been repeated 
for three times and similar results were observed. The results 
from one set of experiment is shown as representatives in the 
figures. The results showed that compared to mock clones, 
siRNA clones had reduced lactate levels (FIG. 3) in general. 
By day 14, siRNA clones showed 91% less lactate in 
average than mock clones (ρ0.0001) (FIG. 3Α). Consistent 
with the lower lactate level in siRNA clones over the 14-day 
production period, the average lactate production rate for 
siRNA clones was negative 0.02 mg/106 cells/day, suggest
ing that lactate synthesis rate is lower than the consumption 
rate. In contrast, the average lactate production rate was 0.01 
mg/106 cells/day for mock clones, indicating the overall 
lactate synthesis rate is higher than the consumption rate. 
This difference in lactate production rate between siRNA 
and mock clones was statistically significant (p<0.002) 
(FIG. 3Β). Since lactate level in the media affects pH, by day 
14, the average pH for mock clones dropped to 6.54, 
whereas the average pH for siRNA clones was 7.04 (FIG. 
3C). The observed lower average pH is in agreement with 
higher average lactate level for mock clones, 
b) Increased Antibody Titer and Specific Productivity (Qp) 
Observed in siRNA Clones

To investigate whether knocking down gene expression of 
PDHKs and LDHa affect antibody production, samples were 
collected from fed-batch shake flask experiments on day 3, 
7, 10 and 14 to measure antibody titers by protein A 
chromatography. The data showed that, on average, siRNA 
clones produced 68% more antibody that that of mock 
clones (FIG. 4Α, p<0.022), and average cell-specific pro
ductivity (Qp) measured in pg/cell-d for siRNA clones was 
75% higher than that for mock clones (FIG. 4Β, p<0.006). 
To evaluate cell growth, shake flask samples were collected 
on day 3, 7, 10, and 14 to measure viable cell counts and 
viabilities to calculate integrated viable cell count (IVCC). 
In contrast to antibody titers and Qps, no appreciable cell 
growth differences were observed between the two groups 
(FIG. 4C). Antibody product quality attributes including 
glycan profile, charge variants and percentage of aggrega
tion were comparable between siRNA and mock clones.

35
Bioreactor Fed-Batch Culture Evaluation of siRNA Mock 
Clones

Since pH-controlled fed-batch bioreactor culture is the 
standard scale-down model for large scale manufacturing, 
the performance of some siRNA and mock clones in 2 L 
bioreactors was further investigated. Given the limitation in 
bioreactor availability and experimental complexity, 12 
siRNA and 12 mock clones in duplicates were not run due 
to impracticability. Two representative siRNA clones and 
two representative mock clones whose metabolic profiles 
best represented the average performance for each group to 
minimize selection bias, along with the parental line used for 
siRNA and mock plasmid transfections for 2 L bioreactor 
evaluation were selected. Cell culture samples were col
lected daily (except on days 6 and 13) for lactate, glucose, 
osmolality, and titer analysis. The lactate levels for siRNA 
clones generally remained flat whereas the lactate levels for 
mock and parental clones continued to increase during the 
14-day production period. On day 14, the two siRNA clones 
had 86% lower lactate level on average in media than mock 
clones or parental clone (FIG. 5Α) and had lower specific 
lactate production rate than mock clones and parent line 
(FIG. 5Β). Similarly, the osmolarities for siRNA clones 
remained around 300 mOsm whereas the osmolarities for 
mock clones or parental clone continued to increase during 
the 14-day production period. On day 14, average osmo
larities for 2 siRNA clones were 60% lower than those of 
mock and parent clones (FIG. 5C). Importantly, on day 14, 
the siRNA clones on average produced 125% more antibody 
than that of mock clones (FIG. 6). As observed in fed-batch 
shake flask evaluation, siRNA and mock clones have com
parable viabilities and cell growth in 2 L bioreactors. 
Discussion

Previous study demonstrated that down-regulating LDHa 
gene expression alone was able to reduce lactate production. 
Kim and Lee, Αρρℓ. Microbiol. Biotechnol. 74(1):152-9 
(2007). However, in their study despite the 45-79% reduc
tion in lactate level, there was no significant improvement in 
Qp and product titer suggesting that knocking down LDHa 
alone in CHO cells is not sufficient to improve Qp and 
product yield efficiently. Further, simultaneously down
regulating PDHK1, 2, and 3 in CHO cells was neither 
sufficient to reduce lactate level nor to increase antibody 
productivity. Since the only way for cells to generate lactate 
is through pyruvate reduction, and pyruvate can not only be 
converted to lactate by LDH but also be converted to 
acetyl-CoA by PDH entering TCA cycle to be oxidized, 
reducing lactate production by knocking down LDHa 
expression and promoting pyruvate into TCA cycle by 
knocking down PDHKs may syneigize to reduce lactate 
level and to provide cells with more energy and possibly 
metabolic intermediates leading to increased antibody pro
duction.

The expression of LDHa, PDHK2, and PDHK3 was 
substantially reduced and the expression of PDHK1 was 
moderately reduced in all clones tested. The moderate 
reduction in PDHK1 expression is likely due to non-opti
mum siRNA targeting sequence since moderate reduction 
was observed with three PDHK1 siRNA sequences tested. 
Variations on lactate production and antibody production in 
mock and siRNA clones were observed, since each clone 
had different expression levels of LDHa and PDHKs. Nev
ertheless, by day 14, the average lactate level in siRNA 
group was lower than that in mock group leading to the 
lower average pH for mock clones than that of siRNA clones 
in fed-batch shake flask culture. More importantly, in addi
tion to lower specific lactate production rate, the average
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titer and Qp for siRNA clones increased by 68% and 75% 
respectively compared to those of mock clones with no 
noticeable differences in cell growth and product quality 
between siRNA and mock clones. Interestingly, for the day 
14 titers versus day 14 lactate levels, there was a good 
inverse relationship between titers and lactate levels among 
mock clones, but not among siRNA clones. The observed 
differences in titers and lactate levels among mock clones 
may be likely that parental clone is heterogeneous in anti
body productivity and cellular metabolism even though the 
cell line was derived from a single clone. A total of 12 mock 
clones were evaluated to take into consideration of clonal 
variation. The data indicate that knocking down LDHa and 
PDHKs simultaneously reduces lactate level and improves 
antibody production in CHO cells. Hence, for the develop
ment of robust and productive antibody production pro
cesses, simultaneous down regulation of both LDHa and 
PDHKs provides an efficient approach.

37
The performance of 2 mock and 2 siRNA clones in 2 L 

bioreactors with duplicates was further investigated. Those 
4 clones were selected to best represent the average produc
tivity in each group based on fed-batch shake flask evalu- 

5 ations. Similar to the observations from shake flask experi
ment, the siRNA clones had lower lactate levels and higher 
titers than mock clones in 2 L bioreactor evaluation. Given 
that pH is controlled in fed-batch 2 L bioreactors, the mock 
cultures exhibited increased osmolality than siRNA cultures 

10 since higher lactate levels in mock clones needed more 
alkali addition to maintain set point pH.

In summary, the data from fed-batch shake flask and 2 L 
bioreactor evaluations demonstrated that simultaneous 

15 knockdown of LDHa, PDHK1, 2, and 3 in CHO cells is 
effective in reducing lactate level and in increasing antibody 
titer without impacting cell growth and product quality.

38

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19

<210> SEQ ID NO 1 
<211> LENGTH: 19 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 1

ctcgattccg ttatctgat 19

<210> SEQ ID NO 2 
<211> LENGTH: 19 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 2

gcagttcctg gacttcgga 19

<210> SEQ ID NO 3 
<211> LENGTH: 19 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 3

cattcagtac ttcttggac 19

<210> SEQ ID NO 4 
<211> LENGTH: 19 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 4

tgtagctgat gtcgtgaaa 19

<210> SEQ ID NO 5 
<211> LENGTH: 19 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
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-continued

SEQUENCE: 5

gcccatctca tcgaaaaca 19

<210> SEQ ID NO 6
<211> LENGTH: 25
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 6

agccatcttt aatgacttcg actac 25

<210> SEQ ID NO 7
<211> LENGTH: 27
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 7

tcgcagtttg gatttatgct tccaatg 27

<210> SEQ ID NO 8
<211> LENGTH: 23
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 8

gatctgtcca tcaaaatgag tga 23

<210> SEQ ID NO 9
<211> LENGTH: 23
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 9

tgtggagtac atgtagctga aga 23

<210> SEQ ID NO 10
<211> LENGTH: 26
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 10

ctctcaatct tcctcaaggg gacacc 26

<210> SEQ ID NO 11
<211> LENGTH: 19
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 11

cagcctggag cctacaaga 19
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-continued

<210> SEQ ID NO 12
<211> LENGTH: 21
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 12

ggcatacagt cgagaaattg g 21

<210> SEQ ID NO 13
<211> LENGTH: 25
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 13

aagccataac caaatccagc caagg 25

<210> SEQ ID NO 14
<211> LENGTH: 20
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 14

gccgagagca taatgaagaa 20

<210> SEQ ID NO 15
<211> LENGTH: 24
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 15

ccatagagac ccttaatcat ggta 24

<210> SEQ ID NO 16
<211> LENGTH: 22
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 16

cttaggcggg tgcatcccat tt 22

<210> SEQ ID NO 17
<211> LENGTH: 21
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct

SEQUENCE: 17

tcctctcagt ggtctgcttg g 21

<210> SEQ ID NO 18
<211> LENGTH: 22
<212 > TYPE: DNA
<213 > ORGANISM: Artificial Sequence
<220> FEATURE:
<223 > OTHER INFORMATION: Synthetic Construct
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-continued

44

<400> SEQUENCE: 18

tggcgtgtgt agacttgcac tt 22

<210> SEQ ID NO 19 
<211> LENGTH: 19 
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence 
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct 

<400> SEQUENCE: 19

tgccatccag cgtccccca 19

What is claimed is:
1. A method for reducing lactate production in cultured 

cells, the method comprising culturing cells comprising a ^ 
first heterologous nucleic acid sequence encoding a small 
interfering RNA (siRNA) specific for a lactate dehydroge
nase (LDH) and a second heterologous nucleic acid 
sequence encoding an siRNA specific for a pyruvate dehy
drogenase kinase (PDHK), wherein the first heterologous 25 
nucleic acid sequence is operably linked to a first promoter, 
and wherein the second heterologous nucleic acid sequence
is operably linked to a second promoter, wherein the cul
tured cells have a polypeptide productivity of at least about 
68% higher than cultured cells without the heterologous 3Q 
nucleic acid sequence comprising siRNA specific for PDHK 
and the siRNA specific for LDH.

2. The method of claim 1, wherein the LDH is LDHa.
3. The method of claim 1, wherein the cultured cells 

further comprise a third heterologous nucleic acid sequence 35 
encoding an siRNA specific for a second PDHK and wherein 
the third heterologous nucleic acid sequence is operably 
linked to a third promoter.

4. The method of claim 3, wherein the cultured cells 
further comprise a fourth heterologous nucleic acid 4Q 
sequence encoding an siRNA specific for a third PDHK and 
wherein the fourth heterologous nucleic acid sequence is 
operably linked to a fourth promoter.

5. The method of claim 4, wherein cultured cells further 
comprise a fifth heterologous nucleic acid sequence encod
ing an siRNA specific for a fourth PDHK and wherein the 
fifth heterologous nucleic acid sequence is operably linked 
to a fifth promoter.

6. The method of any one of claims 1, 3, 4, and 5, wherein 
the PDHK is selected from the group consisting of PDHK1, 
PDHK2, PDHK3, and PDHK4.

7. The method of claim 1, wherein the cultured cells 
produce a heterologous polypeptide.

8. The method of claim 7, wherein the heterologous 
polypeptide is an antibody.

9. The method of claim 4, wherein an average lactate 
production rate of the cultured cells is less than about 
negative 0.02 mg/106 cells/day.

10. The method of claim 4, wherein the cultured cells 
have a Specific Productivity of at least about 75% higher 
than cultured cells without the heterologous nucleic acid 
sequence comprising the siRNA specific for PDHKs and the 
siRNA specific for LDH.

11. The method of claim 4, wherein the cultured cells 
maintain an osmolality at less than about 300 mOsm over 14 
days.

12. The method of claim 7, wherein the cultured cells are 
mammalian cells.
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PRODUCTION OF PROTEINS IN 
GLUTAMINE-FREE CELL CULTURE MEDIA

CROSS-REFERENCE TO RELATED 
APPLICATIONS

This application is a continuation of U.S. application Ser. 
No. 13/945,531, filed Jul. 18, 2013, now abandoned, which 
is a continuation of U.S. application Ser. No. 12/852,377, 
filed Aug. 6, 2010, now U.S. Pat. No. 8,512,983, issuedAug. 
20, 2013, which claims priority under 35 USC §119(e) and 
the benefit of U.S. Provisional application No. 61/232,889, 
filed Aug. 11, 2009, the contents of which are incorporated 
herein by reference in their entireties.

BACKGROUND OF THE INVENTION

Mammalian cells have become the dominant system for 
the production of mammalian proteins for clinical applica
tions, primarily due to their ability to produce properly 
folded and assembled heterologous proteins, and their 
capacity for post-translational modifications. It is conven
tional to have glutamine in cell culture media during recom
binant production of heterologous proteins, including anti
bodies. L-glutamine is an essential amino acid, which is 
considered the primary eneigy and nitrogen sources for cells 
in culture. Most commercially available media are formu
lated with free L-glutamine which is either included in the 
basal formula or added to liquid media formulations at the 
time of use. Thus, all mammalian cell culture media contain 
glutamine except those for glutamine synthetase transfected 
cell lines, such as GS NS0 and GS CHO cell lines, where the 
cells themselves produce the glutamine needed for growth. 
Glutamine is widely used at various concentrations typically 
from 1 to 20 mM in base media and much higher concen
tration in feeds for fed-batch process. For example, the 
concentration of L-glutamine is 0.5 mM in Ames’ Medium 
and 10 mM in MCDP Media 131. DMEM/Ham’s Nutrient 
Mixture F-12 (50:50) is often used as a starting formulation 
for proprietary media used with Chinese Hamster Ovary 
(CHO) cells. L-glutamine in DMEM/Ham’s Nutrient Mix
ture F-12 is 2.5 mM. L-glutamine concentration in Serum- 
Free/Protein Free Hybridoma Medium is 2.7 mM. L-gluta- 
mine in DMEM, GMEM, IMDM and Η-Υ medium is 4 mM, 
of which IMDM is often used as a starting formulation for 
proprietary hybridoma cell culture media. It is generally held 
that hybridoma cells grow better in concentrations of L-glu- 
tamine that are above the average levels found in media. 
(Dennis R. Comad, Glutamine in Cell Culture, Sigma- 
Aldrich Media Expert)

It was shown that glutamine is the main source of ammo
nia accumulated in cell culture (see review by Markus 
Schneider, et. al. 1996, Journal of Biotechnology 46:161- 
185). Thus, lowering glutamine in cell culture media sig
nificantly reduced the accumulation of NH4+ level, resulting 
in lower cytotoxicity (see Markus Schneider, et. al. 1996, 
supra). Reduced NH4+ cytotoxicity resulted in higher cell 
viability, thus extended culture longevity. Based on an 
estimated glutamine consumption study using CHO cells, it 
was suggested that cells may consume glutamine at a rate of 
0.3-0.4 mM per day (Miller, et. al. 1988, Biotechnol. Bio- 
eng. 32: 947-965). Altamirano et al. (2001, J. Biotechnol. 
110:171-9) studied the effect of glutamine replacement by 
glutamate and the balance between glutamate and glucose 
metabolism on the redistribution of CHO cells producing 
recombinant human tissue plasminogen activator (rhut-PA). 
When glutamine was replaced with glutamate and balanced

1
with glucose catabolism (carbon and nitrogen ratio, C/N 
ratio), cell metabolism was found redistributed and forced to 
utilize carbon and energy source more favorably to produc
tion of rhut-PA. It was also reported that CHO cells in 
adherent cultures can grow in the absence of added gluta
mine due to endogenous glutamine synthetase activity that 
allowed cells to synthesize glutamine from glutamic acid in 
the medium (Sanfeliu and Stephanopoulos, 1999, Biotech
nol. Bioeng. 64:46-53). However, compared to control cul
tures in glutamine-containing media, the cell growth rate in 
glutamine-free media was slower with an increased fraction 
of cells distributed in the G0/G1 phase. The depletion of 
both glutamine and glutamic acid did cause cell death.

SUMMARY OF THE INVENTION

The present invention is based, at least in part, on the 
unexpected finding that not only can recombinant proteins 
be produced in a mammalian host cell using a glutamine- 
free production medium without any significant adverse 
effect, in fact the use of a glutamine-free medium in the 
production phase significantly increases cell viability, cul
ture longevity, specific productivity and/or the final recom
binant protein titer.

The present invention is also based on the unexpected 
finding that the addition of asparagine to a glutamine-free 
production medium can further enhance the cell viability, 
culture longevity, specific productivity and/or the final 
recombinant protein titer in a mammalian host cell using a 
glutamine-free production medium without any significant 
adverse effect.

In one aspect, the invention concerns a process for pro
ducing a polypeptide in a mammalian host cell expressing 
said polypeptide, comprising culturing the mammalian host 
cell in a production phase of the culture in a glutamine-free 
production culture medium supplemented with asparagine.

In one embodiment, the mammalian host cell is a Chinese 
Hamster Ovary (CHO) cell.

In another embodiment, the mammalian host cell is a 
dhfr CHO cell.

In yet another embodiment, the production medium is 
serum-free.

In a further embodiment, the production culture medium 
comprises one or more ingredients selected from the group 
consisting of

1) an eneigy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
In a still further embodiment, wherein the production 

culture medium additionally comprises one or more ingre
dients selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
In all embodiments, the production phase may, for 

example, be a batch or fed batch culture phase.
In all embodiments, the process may further comprise the 

step of isolating said polypeptide.
In a further embodiment, isolation may be followed by 

determining one or more of cell viability, culture longevity, 
specific productivity and final recombinant protein titer 
following isolation.

In a still further embodiment, at least one of the cell 
viability, culture longevity, specific productivity and final 
recombinant protein titer is increased relative to the same
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polypeptide produced in a glutamine-containing production 
medium of the same composition.

In a further aspect, the invention concerns a ready-to-use 
glutamine-free cell culture medium for the production of a 
polypeptide in a production phase.

In yet another embodiment, the polypeptide is a mamma
lian glycoprotein.

In other embodiments, the polypeptide is selected from 
the group consisting of antibodies, antibody fragments, and 
immunoadhesins.

In all embodiments, the polypeptide may, for example, be 
an antibody, or a biologically functional fragment of an 
antibody. Representative antibody fragments include Fab, 
Fab', F(ab)2, scFv, (scFv)2, dAb, complementarity determin
ing region (CDR) fragments, linear antibodies, single-chain 
antibody molecules, minibodies, diabodies, and multispe
cific antibodies formed from antibody fragments.

In a still further embodiment, the antibody or antibody 
fragment is chimeric, humanized or human.

Therapeutic antibodies include, without limitation, anti- 
F1ER2 antibodies anti-CD20 antibodies; anti-IL-8 antibod
ies; anti-VEGF antibodies; anti-CD40 antibodies, anti- 
CDlla antibodies; anti-CD18 antibodies; anti-IgE 
antibodies; anti-Apo-2 receptor antibodies; anti-Tissue Fac
tor (TF) antibodies; anti-human a4ft7 integrin antibodies; 
anti-EGFR antibodies; anti-CD3 antibodies; anti-CD25 anti
bodies; anti-CD4 antibodies; anti-CD52 antibodies; anti-Fc 
receptor antibodies; anti-carcinoembryonic antigen (CEA) 
antibodies; antibodies directed against breast epithelial cells; 
antibodies that bind to colon carcinoma cells; anti-CD38 
antibodies; anti-CD33 antibodies; anti-CD22 antibodies; 
anti-EpCAM antibodies; anti-GpIIb/IIIa antibodies; anti- 
RSV antibodies; anti-CMV antibodies; anti-FHV antibodies; 
anti-hepatitis antibodies; anti-CA 125 antibodies; 8ηϋ-ανβ3 
antibodies; anti-human renal cell carcinoma antibodies; anti
human 17-1A antibodies; anti-human colorectal tumor anti
bodies; anti-human melanoma antibody R24 directed 
against GD3 ganglioside; anti-human squamous-cell carci
noma; and anti-human leukocyte antigen (F1LA) antibodies, 
and anti-FILA DR antibodies.

In other embodiments, the therapeutic antibody is an 
antibody binding to a F1ER receptor, VEGF, IgE, CD20, 
CD 11 a, CD40, or DR5.

In other embodiments, the therapeutic antibody is an 
anti-BR3 antibody or BR3-Fc immunoadhesin.

In other embodiments of the method of the present 
invention, the polypeptide expressed in the recombinant host 
cell is a therapeutic polypeptide. For example, the therapeu
tic polypeptide can be selected from the group consisting of 
a growth hormone, including human growth hormone and 
bovine growth hormone; growth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipopro
teins; alpha-1-antitrypsin; insulin A-chain; insulin B-chain; 
proinsulin; follicle stimulating hormone; calcitonin; 
luteinizing hormone; glucagon; clotting factors such as 
factor VIIIC, factor IX, tissue factor, and von Willebrands 
factor; anti-clotting factors such as Protein C; atrial natri
uretic factor; lung surfactant; a plasminogen activator, such 
as urokinase or human urine or tissue-type plasminogen 
activator (t-PA); bombesin; thrombin; hemopoietic growth 
factor; tumor necrosis factor-alpha and -beta; enkephalinase; 
RANTES (regulated on activation normally T-cell expressed 
and secreted); human macrophage inflammatory protein 
(MIP-1-alpha); a serum albumin such as human serum 
albumin; Muellerian-inhibiting substance; relaxin A-chain; 
relaxin B-chain; prorelaxin; mouse gonadotropin-associated 
peptide; a microbial protein, such as beta-lactamase; DNase;

3
IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), 
such as CTLA-4; inhibin; activin; vascular endothelial 
growth factor (VEGF); receptors for hormones or growth 
factors; Protein A or D; rheumatoid factors; a neurotrophic 
factor such as bone-derived neurotrophic factor (BDNF), 
neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or 
a nerve growth factor such as NGF-P; platelet-derived 
growth factor (PDGF); fibroblast growth factor such as 
aFGF and bFGF; epidermal growth factor (EGF); transform
ing growth factor (TGF) such as TGF-alpha and TGF-beta, 
including TGF-pi, ΤΟΡ-β2, ΤΟΡ-β3, ΤΟΡ-β4, or ΤΟΡ-β5; 
insulin-like growth factor-I and -II (IGF-I and IGF-II); 
des(l-3)-IGF-I (brain IGF-I), insulin-like growth factor 
binding proteins; CD proteins such as CD3, CD4, CD8, 
CD19, CD20, CD34, and CD40; erythropoietin; osteoinduc
tive factors; immunotoxins; a bone morphogenetic protein 
(BMP); an interferon such as interferon-alpha, -beta, and 
-gamma; colony stimulating factors (CSFs), e.g., M-CSF, 
GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10; 
superoxide dismutase; T-cell receptors; surface membrane 
proteins; decay accelerating factor; viral antigen such as, for 
example, a portion of the AIDS envelope; transport proteins; 
homing receptors; addressins; regulatory proteins; integrins 
such as CDlla, CDllb, CDllc, CD18, an ICAM, VLA-4 
and VCAM; a tumor associated antigen such as F1ER2, 
F1ER3 or F1ER4 receptor; and fragments of said polypep
tides.

In all embodiments, the recombinant host cell can be an 
eukaryotic host cell, such as a mammalian host cell, includ
ing, for example, Chinese Flamster Ovary (CFIO) cells.

These and other aspects will be apparent from the descrip
tion below, including the Examples and the appended 
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Apomab antibody cube plot analysis of titer 
results from a Full Factorial Design of Experiment (DOE) 
evaluating the effect of different concentrations of Gluta
mine, Glutamate, Asparagine and Aspartate. The model 
predicts that the highest titer is achieved in Glutamine-Free 
media supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid.

FIG. 2. BR3-Fc immunoadhesin cube plot analysis of titer 
results from a Full Factorial DOE evaluating the effect of 
different concentrations of Glutamine, Glutamate, Aspara
gine and Aspartate. The model predicts that the highest titer 
is achieved in Glutamine-Free media supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid.

FIG. 3. anti-VEGF antibody cube plot analysis of titer 
results from a Full Factorial DOE evaluating the effect of 
different concentrations of Glutamine, Glutamate, Aspara
gine and Aspartate. The model predicts that the highest titer 
is achieved in Glutamine-Free media supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid.

FIG. 4. Effect of Asparagine under Glutamine-free, low 
Glutamate and high Aspartate conditions on Apomab anti
body titer. In Glutamine-free medium, Apomab antibody 
titer was significantly increased in the presence of 2.5-15 
mM Asparagine compared to Glutamine-free cultures with
out Asparagine. Under these conditions, the presence or 
absence of Glutamate had no effect on titer.

FIG. 5. Apomab antibody titer production across various 
Asparagine and Aspartate concentrations in Glutamine-free
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and low Glutamate conditions. A positive titration effect was 
observed when increasing Aspartate from 0 to 10 mM under 
these conditions.

FIGS. 6. A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 
1 mM Glutamic Acid on titer. The final titer for Apomab 
antibody, anti-VEGF antibody and BR3-Fc immunoadhesin 
was significantly higher in Glutamine-free medium com
pared to Glutamine-containing medium.

FIGS. 7-A and Β. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid on titer. The final 
titer for Apomab antibody and anti-VEGF antibody was 
significantly higher in Glutamine-free DMEM/F12 medium 
compared to Glutamine-containing DMEM F12 medium.

FIGS. 8 A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 
1 mM Glutamic Acid on cell specific productivity (Qp). Cell 
specific productivity for Apomab antibody, anti-VEGF anti
body and BR3-Fc immunoadhesin was significantly higher 
in Glutamine-free medium compared to Glutamine-contain
ing medium.

FIGS. 9 A and Β. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid on cell specific 
productivity (Qp). Cell specific productivity for Apomab 
antibody and anti-VEGF antibody was significantly higher 
in Glutamine-free DMEM/F12 medium compared to Glu
tamine-containing DMEM/F12 medium.

FIGS. 10 A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 
1 mM Glutamic Acid on Cell Viability. Cell viability for 
Apomab antibody, anti-VEGF antibody and BR3-Fc immu
noadhesin was higher in Glutamine-free medium compared 
to Glutamine-containing medium.

FIGS. 11 A and Β. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid on Cell Viability. In 
DMEM/F12 medium, cell viability was not consistently 
improved in Glutamine-free medium. Viability was higher 
for Apomab antibody, but lower for anti-VEGF antibody 
compared to Glutamine containing medium.

FIGS. 12 A-C. Effect of glutamine-free medium supple
mented with 10 mM Asparagine, 10 mM Aspartic Acid and 
1 mM Glutamic Acid on ammonia formation Ammonia was 
usually lower in Glutamine-free cultures compared to Glu
tamine-containing cultures.

FIGS. 13 A and Β. Effect of DMEM/F12 glutamine-free 
medium supplemented with 10 mM Asparagine, 10 mM 
Aspartic Acid and 1 mM Glutamic Acid on ammonia 
formation. Ammonia was significantly reduces in Gluta- 
mine-free DMEM/F12 medium compared to Glutamine- 
containing DMEM/F12 medium.

DETAILED DESCRIPTION OF THE 
INVENTION

A. Definitions

The terms “cell culture medium”, “culture medium”, and 
“nutrient mixture” refer to a nutrient solution used for 
growing mammalian cells that typically provides at least one 
component from one or more of the following categories:

1) an energy source, usually in the form of a carbohydrate 
such as glucose;

2) some or all of the essential amino acids, and usually the 
basic set of twenty amino acids plus cystine;

5
3) vitamins and/or other organic compounds typically 

required at low concentrations;
4) free fatty acids; and
5) trace elements, where trace elements are defined as 

inorganic compounds or naturally occurring elements that 
are typically required at very low concentrations, usually in 
the micromolar range.

The nutrient mixture may optionally be supplemented 
with one or more component from any of the following 
categories:

1) hormones and other growth factors as, for example, 
insulin, transferrin, and epidermal growth factor;

2) salts and buffers as, for example, calcium, magnesium, 
and phosphate; and

3) nucleosides such as, for example, adenosine and thy
midine.

The cell culture medium is generally “serum free” when 
the medium is essentially free of serum from any mamma
lian source (e.g. fetal bovine serum (FBS)). By “essentially 
free” is meant that the cell culture medium comprises 
between about 0-5% serum, preferably between about 0-1% 
serum, and most preferably between about 0-0.1% serum. 
Advantageously, serum-free “defined” medium can be used, 
wherein the identity and concentration of each of the com
ponents in the medium is known (i.e., an undefined com
ponent such as bovine pituitary extract (ΒΡΕ) is not present 
in the culture medium).

In the context of the present invention the expressions 
“cell”, “cell line”, and “cell culture” are used interchange
ably, and all such designations include progeny. Thus, the 
words “transformants” and “transformed (host) cells” 
include the primary subject cell and cultures derived there
from without regard for the number of transfers. It is also 
understood that all progeny may not be precisely identical in 
DNA content, due to deliberate or inadvertent mutations. 
Mutant progeny that have the same function or biological 
activity as screened for in the originally transformed cell are 
included. Where distinct designations are intended, it will be 
clear from the context.

The term “animal host cell,” “animal cell,” “animal 
recombinant host cell,” and the like, encompasses inverte
brate, non-mammalian vertebrate (e.g., avian, reptile and 
amphibian) and mammalian cells. Examples of invertebrate 
cells include the following insect cells: Spodoptera fru- 
giperda (caterpillar), Aedes aegypti (mosquito), Aedes 
albopictus (mosquito), Drosophila melanogaster (fruitfly), 
and Bombyx mori. See, e.g., Luckow et ah, Bio/Technology, 
6:47-55 (1988); Miller et ah, in Genetic Engineering, Set- 
low, J. Κ. et al., eds., Vol. 8 (Plenum Publishing, 1986), ρρ. 
277-279; and Maeda et al. Nature, 315:592-594 (1985).

The term “mammalian host cell,” “mammalian cell,” 
“mammalian recombinant host cell,” and the like, refer to 
cell lines derived from mammals that are capable of growth 
and survival when placed in either monolayer culture or in 
suspension culture in a medium containing the appropriate 
nutrients and growth factors. The necessary nutrients and 
growth factors for a particular cell line are readily deter
mined empirically without undue experimentation, as 
described for example in Mammalian Cell Culture (Mather, 
J. Ρ. ed. Plenum Press, Ν.Υ. (1984)), and by Barnes and Sato 
(Cell, 22:649 (1980)). Typically, the cells are capable of 
expressing and secreting large quantities of a particular 
protein of interest (typically a recombinant protein) into the 
culture medium, and are cultured for this purpose. However, 
the cells may be cultured for a variety of other purposes as 
well, and the scope of this invention is not limited to 
culturing the cells only for production of recombinant pro

6

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 508 of 681 PageID #: 1377



US 9,714,293 Β2

teins. Examples of suitable mammalian cell lines, capable of 
growth in the media of this invention, include monkey 
kidney CVI line transformed by SV40 (COS-7, ATCC® 
CRL 1651); human embryonic kidney line 293S (Graham et 
al., J. Gen. Virolo., 36:59 (1977)); baby hamster kidney cells 
(ΒΗΚ, ATCC® CCL 10); mouse sertoli cells (ΤΜ4, Mather, 
Biol. Reprod., 23:243 (1980)); monkey kidney cells (CVI- 
76, ATCC® CCL 70); African green monkey kidney cells 
(VERO-76, ATCC® CRL-1587); human cervical carcinoma 
cells (HELA, ATCC® CCL 2); canine kidney cells (MDCK, 
ATCC® CCL 34); buffalo rat liver cells (BRL 3Α, ATCC® 
CRL 1442); human lung cells (W138, ATCC® CCL 75); 
human liver cells (Hep G2, ΗΒ 8065); mouse mammary 
tumor cells (ΜΜΤ 060562, ATCC® CCL 51); rat hepatoma 
cells (HTC, MI.54, Baumann et al., J. Cell Biol., 85:1 
(1980)); and TR-1 cells (Mather et al., Annals Ν.Υ. Acad. 
Sci., 383:44 (1982)) and hybridoma cell lines. Chinese 
hamster ovary cells (Uriah and Chasin, Proc. Natl. Acad. 
Sci. USA, 77:4216 (1980)) are a preferred cell line for 
practicing this invention. CHO cells suitable for use in the 
methods of the present invention have also been described in 
the following documents: ΕΡ 117,159, published Aug. 29, 
1989; U.S. Pat. Nos. 4,766,075; 4,853,330; 5,185,259; 
Lubiniecki et al., in Advances in Animal Cell Biology and 
Technology for Bioprocesses, Spier et al., eds. (1989), ρρ. 
442-451. Known CHO derivatives suitable for use herein 
include, for example, CHO/-DHFR (Urlaub and Chasin, 
Proc. Natl. Acad. Sci. USA, 77: 4216 (1980)), CHO-K1 
DUX Bll (Simonsen and Levinson, Proc. Natl. Acad. Sci. 
USA 80: 2495-2499 (1983); Urlaub and Chasin, supra), and 
dp 12.CHO cells (ΕΡ 307,247 published Mar. 15, 1989). 
Preferred host cells include CHO-K1 DUX Bll and dp 
12.CHO cells.

“dhfr" CHO cell” refers to a dihydrofolate reductase 
(DHFR) deficient CHO cell. Production of recombinant 
proteins in mammalian cells has allowed the manufacture of 
a number of large, complex glycosylated polypeptides for 
clinical applications. Chinese hamster ovary (CHO) DHFR- 
cells and the amplifiable selectable marker DHFR are rou
tinely used to establish cell lines that produce clinically 
useful amounts of product. (Uriah, G. and Chasin, L. A. 
(1980) Proc. Natl Acad. Sci. USA, 77, 4216-4220; Kaufman, 
R. J. and Sharp, Ρ. (1982) J. Mol. Biol, 159, 601-621; 
Gasser, C. S, Simonsen, C. S, Schilling, J. W. and Schmike, 
R. Τ. (1982) Proc. Natl Sci. USA, 79, 6522-6526)

By “phase” is meant a certain phase of culturing of the 
cells as is well recognized by the practitioner.

“Growth phase” of the cell culture refers to the period of 
exponential cell growth (the log phase) where cells are 
generally rapidly dividing. During this phase, cells are 
cultured for a period of time, usually between 1 -4 days, and 
under such conditions that cell growth is maximized. The 
growth cycle for the host cell can be determined for the 
particular host cell envisioned without undue experimenta
tion. During the growth phase, cells are cultured in nutrient 
medium containing the necessary additives generally at 
about 30-40° C, preferably about 37° C, in a humidified, 
controlled atmosphere, such that optimal growth is achieved 
for the particular cell line. Cells are maintained in the growth 
phase for a period of between about one and four days, 
usually between about two and three days.

“Transition phase” of the cell culture refers to the period 
of time during which culture conditions for the production 
phase are engaged. During the transition phase environmen
tal factors such as temperature are shifted from growth 
conditions to production conditions.

7
“Production phase” of the cell culture refers to the period 

of time during which cell growth has plateaued. During the 
production phase, logarithmic cell growth has ended and 
protein production is primary. During this period of time the 
medium is generally supplemented to support continued 
protein production and to achieve the desired protein prod
uct.

The phrase “fed batch cell culture” when used herein 
refers to a batch culture wherein the animal (e.g. mamma
lian) cells and culture medium are supplied to the culturing 
vessel initially and additional culture nutrients are fed, 
continuously or in discrete increments, to the culture during 
culturing, with or without periodic cell and/or product 
harvest before termination of culture. Fed batch culture 
includes “semi-continuous fed batch culture” wherein peri
odically whole culture (including cells and medium) is 
removed and replaced by fresh medium. Fed batch culture is 
distinguished from simple “batch culture” in which all 
components for cell culturing (including the animal cells and 
all culture nutrients) are supplied to the culturing vessel at 
the start of the culturing process. Fed batch culture can be 
further distinguished from perfusion culturing insofar as the 
supernatant is not removed from the culturing vessel during 
the process (in perfusion culturing, the cells are restrained in 
the culture by, e.g, filtration, encapsulation, anchoring to 
microcarriers etc and the culture medium is continuously or 
intermittently introduced and removed from the culturing 
vessel). However, removal of samples for testing purposes 
during fed batch cell culture is contemplated.

When used herein, the term “glutamine” refers to the 
amino acid L-glutamine (also known as “Gin” and “Q” by 
three-letter and single-letter designation, respectively) 
which is recognized as both an amino acid building block for 
protein synthesis and as an energy source in cell culture. 
Thus, the terms “glutamine” and “L-glutamine” are used 
interchangeably herein.

The word “glucose” refers to either of a-D-glucose or 
P-D-glucose, separately or in combination. It is noted that α 
and β glucose forms are interconvertible in solution.

The expression “osmolality” is a measure of the osmotic 
pressure of dissolved solute particles in an aqueous solution. 
The solute particles include both ions and non-ionized 
molecules. Osmolality is expressed as the concentration of 
osmotically active particles (i.e, osmoles) dissolved in 1 kg 
of water (1 mOsm/kg H20 at 38° C. is equivalent to an 
osmotic pressure of 19 mm Hg). “Osmolarity” refers to the 
number of solute particles dissolved in 1 liter of solution. 
Solutes which can be added to the culture medium so as to 
increase the osmolality thereof include proteins, peptides, 
amino acids, non-metabolized polymers, vitamins, ions, 
salts, sugars, metabolites, organic acids, lipids, etc. In the 
preferred embodiment, the concentration of amino acids and 
NaCl in the culture medium is increased in order to achieve 
the desired osmolality ranges set forth herein. When used 
herein, the abbreviation “mOsm” means “milliosmoles/kg 
H20”.

The term “cell density” as used herein refers to that 
number of cells present in a given volume of medium.

The term “cell viability” as used herein refers to the 
ability of cells in culture to survive under a given set of 
culture conditions or experimental variations. The term as 
used herein also refers to that portion of cells which are alive 
at a particular time in relation to the total number of cells, 
living and dead, in the culture at that time.

The terms “amino acids” and “amino acid” refer to all 
naturally occurring alpha amino acids in both their D and L 
stereoisomeric forms, and their analogs and derivatives. An
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analog is defined as a substitution of an atom in the amino 
acid with a different atom that usually has similar properties. 
A derivative is defined as an amino acid that has another 
molecule or atom attached to it. Derivatives would include, 
for example, acetylation of an amino group, animation of a 
carboxyl group, or oxidation of the sulfur residues of two 
cysteine molecules to form cystine.

The term “protein” is meant to refer to a sequence of 
amino acids for which the chain length is sufficient to 
produce the higher levels of tertiary and/or quaternary 
structure. This is to distinguish from “peptides” or other 
small molecular weight drugs that do not have such struc
ture. Typically, the protein herein will have a molecular 
weight of at least about 15-20 kD, preferably at least about 
20 kD. Examples of proteins encompassed within the defi
nition herein include all mammalian proteins, in particular, 
therapeutic and diagnostic proteins, such as therapeutic and 
diagnostic antibodies, and, in general proteins that contain 
one or more disulfide bonds, including multi-chain polypep
tides comprising one or more inter- and/or intrachain disul
fide bonds.

The term “therapeutic protein” or “therapeutic polypep
tide” refers to a protein that is used in the treatment of 
disease, regardless of its indication or mechanism of action. 
In order for therapeutic proteins to be useful in the clinic it 
must be manufactured in large quantities. “Manufacturing 
scale” production of therapeutic proteins, or other proteins, 
utilize cell cultures ranging from about 400 L to about
80.000 L, depending on the protein being produced and the 
need. Typically such manufacturing scale production utilizes 
cell culture sizes from about 400 L to about 25,000 L. Within 
this range, specific cell culture sizes such as 4,000 L, about
6.000 L, about 8,000, about 10,000, about 12,000 L, about
14.000 L, or about 16,000 L are utilized.

As used herein, “polypeptide of interest” refers generally 
to peptides and proteins having more than about ten amino 
acids. The polypeptides may be homologous to the host cell, 
or preferably, may be exogenous, meaning that they are 
heterologous, i.e., foreign, to the host cell being utilized, 
such as a human protein produced by a non-human mam
malian, e.g., Chinese Hamster Ovary (CHO) cell. Preferably, 
mammalian polypeptides (polypeptides that were originally 
derived from a mammalian organism) are used, more pref
erably those which are directly secreted into the medium. 
The term “polypeptide” or “polypeptide of interest” specifi
cally includes antibodies, in particular, antibodies binding to 
mammalian polypeptides, such as any of the mammalian 
polypeptides listed below or fragments thereof, as well as 
immunoadhesins (polypeptide-Ig fusion), such as those 
comprising any of the mammalian polypeptides listed 
below, or fragments thereof.

Examples of mammalian polypeptides include, without 
limitation, transmembrane molecules (e.g. receptors) and 
ligands such, as growth factors. Exemplary polypeptides 
include molecules such as renin; a growth hormone, includ
ing human growth hormone and bovine growth hormone; 
growth hormone releasing factor; parathyroid hormone; 
thyroid stimulating hormone; interferon such as interferon- 
α, -β, and -γ; lipoproteins; α-1-antitrypsin; insulin A-chain; 
insulin B-chain; proinsulin; follicle stimulating hormone; 
calcitonin; luteinizing hormone; glucagon; clotting factors 
such as factor VIIIC, factor IX, tissue factor, and von 
Willebrands factor; anti-clotting factors such as Protein C; 
atrial natriuretic factor; lung surfactant; a plasminogen acti
vator, such as urokinase or human urine or tissue-type 
plasminogen activator (t-PA), including t-PA variants; 
bombesin; thrombin; hemopoietic growth factor; tumor
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necrosis factor-alpha and -beta; enkephalinase; RANTES 
(regulated on activation normally T-cell expressed and 
secreted); human macrophage inflammatory protein (MIP- 
1-α); a serum albumin such as human serum albumin; 
Muellerian-inhibiting substance; relaxin A-chain; relaxin 
B-chain; prorelaxin; mouse gonadotropin-associated pep
tide; a microbial protein, such as P-lactamase; DNase; IgE; 
a cytotoxic T-lymphocyte associated antigen (CTLA), such 
as CTLA-4; inhibin; activin; vascular endothelial growth 
factor (VEGF); receptors for hormones or growth factors; 
protein A or D; rheumatoid factors; a neurotrophic factor 
such as bone-derived neurotrophic factor (BDNF), neuro- 
trophin-3, -4, -5, or -6 (NT-3, ΝΤ4, NT-5, or NT-6), or a 
nerve growth factor such as NGF-P; platelet-derived growth 
factor (PDGF); fibroblast growth factor such as aFGF and 
bFGF; epidermal growth factor (EGF); transforming growth 
factor (TGF) such as TGF-a and TGF-P, including TGF-pi, 
TGF-P2, TGF-P3, ΤΟΡ-β4, or ΤΟΡ-β5; insulin-like growth 
factor-I and -II (IGF-I and IGF-II); des(l-3)-IGF-I (brain 
IGF-I), insulin-like growth factor binding proteins; CD 
proteins such as CD3, CD4, CD8, CD19, CD20, CD34, 
CD40; erythropoietin; osteoinductive factors; immunotox- 
ins; a bone morphogenetic protein (BMP); an interferon 
such as interferon-a, -β, and -γ; colony stimulating factors 
(CSFs), e.g, M-CSF, GM-CSF, and G-CSF; interleukins 
(ILs), e.g, IL-1 to IL-10; superoxide dismutase; T-cell 
receptors; surface membrane proteins; decay accelerating 
factor; viral antigen such as, for example, a portion of the 
AIDS envelope; transport proteins; homing receptors; 
addressins; regulatory proteins; integrins such as CDlla, 
CDllb, CDllc, CD18, an ICAM, VLA-4 and VCAM; a 
tumor associated antigen such as HER1 (EGFR), HER2, 
HER3 or HER4 receptor; Apo2L/TRAIL, hedgehog, mito
gen activated protein kinase (ΜΑΡΚ), and fragments of any 
of the above-listed polypeptides. Apo2L (TRAIL) and is 
variants are disclosed, for example, in U.S. Application 
Publication No. 20040186051. Anti-VEGF antibodies are 
disclosed, for example, in U.S. Pat. Nos. 8,994,879; 7,060, 
269; 7,169,901; and 7,297,334. Anti-CD20 antibodies are 
disclosed, for example, in U.S. Application Publication No. 
20060246004. The BR3 polypeptide, anti-BR3 antibodies 
and BR3-Fc immunoadhesins are described, for example, in 
U.S. Application Publication No. 20050070689.

As used herein, the term “immunoadhesin” designates 
antibody-like molecules which combine the binding speci
ficity of a heterologous protein (an “adhesin”) with the 
effector functions of immunoglobulin constant domains. 
Structurally, the immunoadhesins comprise a fusion of an 
amino acid sequence with the desired binding specificity 
which is other than the antigen recognition and binding site 
of an antibody (i.e, is “heterologous”), and an immuno
globulin constant domain sequence. The adhesin part of an 
immunoadhesin molecule typically is a contiguous amino 
acid sequence comprising at least the binding site of a 
receptor or a ligand. The immunoglobulin constant domain 
sequence in the immunoadhesin may be obtained from any 
immunoglobulin, such as IgG-1, IgG-2, IgG-3, or IgG-4 
subtypes, IgA (including IgA-1 and IgA-2), IgE, IgD or 
IgM.

As noted above, in certain embodiments, the protein is an 
antibody. “Antibodies” (Abs) and “immunoglobulins” (Igs) 
are glycoproteins having the same structural characteristics. 
While antibodies exhibit binding specificity to a specific 
antigen, immunoglobulins include both antibodies and other 
antibody-like molecules which generally lack antigen speci
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ficity. Polypeptides of the latter kind are, for example, 
produced at low levels by the lymph system and at increased 
levels by myelomas.

The term “antibody” is used in the broadest sense and 
specifically covers monoclonal antibodies (including full 
length antibodies which have an immunoglobulin Fc region 
or intact monoclonal antibodies), antibody compositions 
with polyepitopic specificity, polyclonal antibodies, multi
valent antibodies, multispecific antibodies (e.g., bispecific 
antibodies) formed from at least two intact antibodies, 
diabodies, and single-chain molecules such as scFv mol
ecules, as well as antibody fragments (e.g., Fab, F(ab')2, and 
Fv).

Unless indicated otherwise, the expression “multivalent 
antibody” is used throughout this specification to denote an 
antibody comprising three or more antigen binding sites. 
The multivalent antibody is typically engineered to have the 
three or more antigen binding sites and is generally not a 
native sequence IgM or IgA antibody.

The terms “full length antibody,” “intact antibody” and 
“whole antibody” are used herein interchangeably to refer to 
an antibody in its substantially intact form, not antibody 
fragments as defined below. The terms particularly refer to 
an antibody with heavy chains that contain the Fc region.

“Antibody fragments” comprise only a portion of an 
intact antibody, generally including an antigen binding site 
of the intact antibody and thus retaining the ability to bind 
antigen. In one embodiment, an antibody fragment com
prises an antigen binding site of the intact antibody and thus 
retains the ability to bind antigen. In another embodiment, 
an antibody fragment, for example one that comprises the Fc 
region, retains at least one of the biological functions 
normally associated with the Fc region when present in an 
intact antibody, such as FcRn binding, antibody half life 
modulation, ADCC function and complement binding. In 
one embodiment, an antibody fragment is a monovalent 
antibody that has an in vivo half life substantially similar to 
an intact antibody. For example, such an antibody fragment 
may comprise an antigen binding arm linked to an Fc 
sequence capable of conferring in vivo stability to the 
fragment.

Papain digestion of antibodies produces two identical 
antigen-binding fragments, called “Fab” fragments, each 
with a single antigen-binding site, and a residual “Fc” 
fragment, whose name reflects its ability to crystallize 
readily. Pepsin treatment yields an F(ab')2 fragment that has 
two antigen-combining sites and is still capable of cross- 
linking antigen.

The Fab fragment contains the heavy- and light-chain 
variable domains and also contains the constant domain of 
the light chain and the first constant domain (CF11) of the 
heavy chain. Fab' fragments differ from Fab fragments by 
the addition of a few residues at the carboxy terminus of the 
heavy chain CF11 domain including one or more cysteines 
from the antibody hinge region. Fab'-SFl is the designation 
herein for Fab' in which the cysteine residue(s) of the 
constant domains bear a free thiol group. F(ab')2 antibody 
fragments originally were produced as pairs of Fab' frag
ments which have hinge cysteines between them. Other 
chemical couplings of antibody fragments are also known. 
Examples of antibody fragments encompassed by the pres
ent definition include: (i) the Fab fragment, having VL, CL, 
VH and CF11 domains; (ii) the Fab' fragment, which is a Fab 
fragment having one or more cysteine residues at the C-ter- 
minus of the CF11 domain; (iii) the Fd fragment having VH 
and CHI domains; (iv) the Fd' fragment having VH and CHI 
domains and one or more cysteine residues at the C-terminus
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of the CHI domain; (ν) the Fv fragment having the VL and 
VH domains of a single arm of an antibody; (vi) the dAb 
fragment (Ward et ah, Nature 341, 544-546 (1989)) which 
consists of a VH domain; (vii) isolated CDR regions; (viii) 
F(ab')2 fragments, a bivalent fragment including two Fab' 
fragments linked by a disulphide bridge at the hinge region; 
(ix) single chain antibody molecules (e.g. single chain Fv; 
scFv) (Bird et al., Science 242:423-426 (1988); and Huston 
et al, PNAS (USA) 85:5879-5883 (1988)); (χ) “diabodies” 
with two antigen binding sites, comprising a heavy chain 
variable domain (VH) connected to a light chain variable 
domain (VL) in the same polypeptide chain (see, e.g, ΕΡ 
404,097; WO 93/11161; and Hollinger et al, Proc. Natl. 
Acad. Sci. USA, 90:6444-6448 (1993)); (xi) “linear antibod
ies” comprising a pair of tandem Fd segments (VH-CH1- 
VH-CH1) which, together with complementary light chain 
polypeptides, form a pair of antigen binding regions (Zapata 
et al. Protein Eng. 8(10):1057 1062 (1995); and U.S. Pat. 
No. 5,641,870).

“Fv” is the minimum antibody fragment which contains a 
complete antigen-binding site. In one embodiment, a two- 
chain Fv species consists of a dimer of one heavy- and one 
light-chain variable domain in tight, non-covalent associa
tion. In a single-chain Fv (scFv) species, one heavy- and one 
light-chain variable domain can be covalently linked by a 
flexible peptide linker such that the light and heavy chains 
can associate in a “dimeric” structure analogous to that in a 
two-chain Fv species. It is in this configuration that the three 
CDRs of each variable domain interact to define an antigen
binding site on the surface of the VH-VL dimer Collectively, 
the six CDRs confer antigen-binding specificity to the 
antibody. However, even a single variable domain (or half of 
an Fv comprising only three CDRs specific for an antigen) 
has the ability to recognize and bind antigen, although at a 
lower affinity than the entire binding site.

“Single-chain Fv” or “scFv” antibody fragments comprise 
the VH and VL domains of an antibody, wherein these 
domains are present in a single polypeptide chain. Generally, 
the scFv polypeptide further comprises a polypeptide linker 
between the VH and VL domains which enables the scFv to 
form the desired structure for antigen binding. For a review 
of scFv see Pluckthun, in The Pharmacology of Monoclonal 
Antibodies, vol. 113, Rosenbuig and Moore eds, Springer- 
Verlag, New York, ρρ. 269-315 (1994).

The term “diabodies” refers to small antibody fragments 
with two antigen-binding sites, which fragments comprise a 
heavy-chain variable domain (VH) connected to a light- 
chain variable domain (VL) in the same polypeptide chain 
(VH-VL). By using a linker that is too short to allow pairing 
between the two domains on the same chain, the domains are 
forced to pair with the complementary domains of another 
chain and create two antigen-binding sites. Diabodies may 
be bivalent or bispecific. Diabodies are described more fully 
in, for example, ΕΡ 404,097; W093/1161; Hudson et al, 
(2003) Nat. Med. 9:129-134; and Hollinger et al, Proc. Natl. 
Acad. Sci. USA 90: 6444-6448 (1993). Triabodies and 
tetrabodies are also described in Hudson et al, (2003) Nat. 
Med. 9:129-134.

The term “monoclonal antibody” as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e, the individual antibodies 
comprising the population are identical except for possible 
mutations, e.g, naturally occurring mutations, that may be 
present in minor amounts. Thus, the modifier “monoclonal” 
indicates the character of the antibody as not being a mixture 
of discrete antibodies. Monoclonal antibodies are highly 
specific, being directed against a single antigen. In certain
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embodiments, a monoclonal antibody typically includes an 
antibody comprising a polypeptide sequence that binds a 
target, wherein the taiget-binding polypeptide sequence was 
obtained by a process that includes the selection of a single 
target binding polypeptide sequence from a plurality of 
polypeptide sequences. For example, the selection process 
can be the selection of a unique clone from a plurality of 
clones, such as a pool of hybridoma clones, phage clones, or 
recombinant DNA clones. It should be understood that a 
selected target binding sequence can be further altered, for 
example, to improve affinity for the target, to humanize the 
target binding sequence, to improve its production in cell 
culture, to reduce its immunogenicity in vivo, to create a 
multispecific antibody, etc., and that an antibody comprising 
the altered taiget binding sequence is also a monoclonal 
antibody of this invention. In contrast to polyclonal antibody 
preparations that typically include different antibodies 
directed against different determinants (epitopes), each 
monoclonal antibody is directed against a single determinant 
on the antigen. In addition to their specificity, monoclonal 
antibody preparations are advantageous in that they are 
typically uncontaminated by other immunoglobulins.

The modifier “monoclonal” indicates the character of the 
antibody as being obtained from a substantially homoge
neous population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used 
in accordance with the present invention may be made by a 
variety of techniques, including, for example, the hybridoma 
method (e.g., Kohler and Milstein, Nature, 256:495-97 
(1975); Hongo et al, Hybridoma, 14 (3): 253-260 (1995), 
Flarlow et al., Antibodies: A Laboratory Manual, (Cold 
Spring Flarbor Laboratory Press, 2nd ed. 1988); Hammer- 
ling et al., in: Monoclonal Antibodies and T-Cell Hybrido- 
mas 563-681 (Elsevier, Ν.Υ., 1981)), recombinant DNA 
methods (see, e.g., U.S. Pat. No. 4,816,567), phage-display 
technologies (see, e.g., Clackson et al., Nature, 352: 624-628 
(1991); Marks et al., J. Mol. Biol. 222: 581-597 (1991); 
Sidhu et al, J. Mol. Biol. 338(2): 299-310 (2004); Lee et al, 
J. Mol. Biol. 340(5): 1073-1093 (2004); Fellouse, Proc. 
Natl. Acad. Sci. USA 101(34): 12467-12472 (2004); and Lee 
et al, J. Immunol. Methods 284 (1-2): 119-132 (2004), and 
technologies for producing human or human-like antibodies 
in animals that have parts or all of the human immunoglobu
lin loci or genes encoding human immunoglobulin 
sequences (see, e.g, WO 1998/24893; WO 1996/34096; 
WO 1996/33735; WO 1991/10741; Jakobovits et al, Proc. 
Natl. Acad. Sci. USA 90: 2551 (1993); Jakobovits et al. 
Nature 362: 255-258 (1993); Bruggemann et al. Year in 
Immunol. 7:33 (1993); U.S. Pat. Nos. 5,545,807; 5,545,806; 
5,569,825; 5,625,126; 5,633,425; and 5,661,016; Marks et 
al, Bio/Technology 10: 779-783 (1992); Lonberg et al. 
Nature 368: 856-859 (1994); Morrison, Nature 368: 812- 
813 (1994); Fishwild et al. Nature Biotechnol. 14: 845-851 
(1996); Neuberger, Nature Biotechnol. 14: 826 (1996); and 
Lonbeig and Fluszar, Intern. Rev. Immunol. 13: 65-93 
(1995).

The monoclonal antibodies herein specifically include 
“chimeric” antibodies in which a portion of the heavy and/or 
light chain is identical with or homologous to corresponding 
sequences in antibodies derived from a particular species or 
belonging to a particular antibody class or subclass, while 
the remainder of the chain(s) is identical with or homolo
gous to corresponding sequences in antibodies derived from 
another species or belonging to another antibody class or 
subclass, as well as fragments of such antibodies, so long as

13
they exhibit the desired biological activity (U.S. Pat. No. 
4,816,567; and Morrison et al, Proc. Natl. Acad. Sci. USA 
81:6851-6855 (1984)).

“Flumanized” forms of non-human (e.g, murine) anti
bodies are chimeric antibodies that contain minimal 
sequence derived from non-human immunoglobulin. For the 
most part, humanized antibodies are human immunoglobu
lins (recipient antibody) in which residues from a hyper
variable region of the recipient are replaced by residues from 
a hypervariable region of a non-human species (donor 
antibody) such as mouse, rat, rabbit or nonhuman primate 
having the desired specificity, affinity, and capacity. In some 
instances, framework region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humanized antibodies may comprise 
residues that are not found in the recipient antibody or in the 
donor antibody. These modifications are made to further 
refine antibody performance. In general, the humanized 
antibody will comprise substantially all of at least one, and 
typically two, variable domains, in which all or substantially 
all of the hypervariable loops correspond to those of a 
non-human immunoglobulin and all or substantially all of 
the FRs are those of a human immunoglobulin sequence. 
The humanized antibody optionally will also comprise at 
least a portion of an immunoglobulin constant region (Fc), 
typically that of a human immunoglobulin. For further 
details, see Jones et al. Nature 321:522-525 (1986); Riech- 
mann et al. Nature 332:323-329 (1988); and Presta, Curr. 
Op. Struct. Biol. 2:593-596 (1992). See also, e.g, Vaswani 
and Hamilton, Ann. Allergy, Asthma & Immunol. 1:105-115 
(1998); Harris, Biochem. Soc. Transactions 23:1035-1038 
(1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 
(1994); and U.S. Pat. Nos. 6,982,321 and 7,087,409. See 
also van Dijk and van de Winkel, Curr. Opin. Pharmacol., 
5: 368-74 (2001). Human antibodies can be prepared by 
administering the antigen to a transgenic animal that has 
been modified to produce such antibodies in response to 
antigenic challenge, but whose endogenous loci have been 
disabled, e.g, immunizedxenomice (see, e.g, U.S. Pat. Nos. 
6,075,181 and 6,150,584 regarding XENOMOUSE™ tech
nology). See also, for example, Li et al, Proc. Natl. Acad. 
Sci. USA, 103:3557-3562 (2006) regarding human antibod
ies generated via a human B-cell hybridoma technology. The 
humanized antibody may also include a Primatized™ anti
body wherein the antigen-binding region of the antibody is 
derived from an antibody produced by immunizing macaque 
monkeys with the antigen of interest.

A “human antibody” is one which possesses an amino 
acid sequence which corresponds to that of an antibody 
produced by a human and/or has been made using any of the 
techniques for making human antibodies as disclosed herein. 
This definition of a human antibody specifically excludes a 
humanized antibody comprising non-human antigen-bind
ing residues. Human antibodies can be produced using 
various techniques known in the art. In one embodiment, the 
human antibody is selected from a phage library, where that 
phage library expresses human antibodies (Vaughan et al. 
Nature Biotechnology 14:309-314 (1996): Sheets et al. 
PNAS (USA) 95:6157-6162 (1998)); Hoogenboom and Win
ter, J. Mol. Biol., 227:381 (1991); Marks et al, J. Mol. Biol., 
222:581 (1991)). Human antibodies can also be made by 
introducing human immunoglobulin loci into transgenic 
animals, e.g, mice in which the endogenous immunoglobu
lin genes have been partially or completely inactivated. 
Upon challenge, human antibody production is observed, 
which closely resembles that seen in humans in all respects, 
including gene rearrangement, assembly, and antibody rep
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ertoire. This approach is described, for example, in U.S. Pat. 
Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633, 
425; 5,661,016, and in the following scientific publications: 
Marks et ah, Bio/Technology 10: 779-783 (1992); Lonberg et 
al., Nature 368: 856-859 (1994); Morrison, Nature 368:812- 
13 (1994); Fishwild et al., Nature Biotechnology 14: 845-51 
(1996); Neuberger, Nature Biotechnology 14: 826 (1996); 
Lonbeig and Fluszar, Intern. Rev. Immunol. 13:65-93 (1995). 
Alternatively, the human antibody may be prepared via 
immortalization of human Β lymphocytes producing an 
antibody directed against a taiget antigen (such Β lympho
cytes may be recovered from an individual or may have been 
immunized in vitro). See, e.g., Cole et al., Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, ρ. 77 (1985); 
Boerner et al., J. Immunol., 147 (1):86-95 (1991); and U.S. 
Pat. No. 5,750,373.

An “affinity matured” antibody is one with one or more 
alterations in one or more CDRs/FIVRs thereof which result 
in an improvement in the affinity of the antibody for antigen, 
compared to a parent antibody which does not possess those 
alteration(s). Preferred affinity matured antibodies will have 
nanomolar or even picomolar affinities for the target antigen. 
Affinity matured antibodies are produced by procedures 
known in the art. Marks et al., Bio/Technology 10:779-783 
(1992) describes affinity maturation by VF1 and VL domain 
shuffling. Random mutagenesis of CDR/F1VR and/or frame
work residues is described by: Barbas et al., Proc Nat. Acad. 
Sci. USA 91:3809-3813 (1994); Schier et al., Gene 169: 
147-155 (1995); Yelton et al, J. Immunol. 155:1994-2004 
(1995); Jackson et al, J. Immunol. 154(7):3310-9 (1995); 
and Hawkins et al, J. Mol. Biol. 226:889-896 (1992).

The “variable region” or “variable domain” of an anti
body refers to the amino-terminal domains of the heavy or 
light chain of the antibody. The variable domain of the heavy 
chain may be referred to as “VH.” The variable domain of 
the light chain may be referred to as “VL.” These domains 
are generally the most variable parts of an antibody and 
contain the antigen-binding sites.

The term “variable” refers to the fact that certain portions 
of the variable domains differ extensively in sequence 
among antibodies and are used in the binding and specificity 
of each particular antibody for its particular antigen. How
ever, the variability is not evenly distributed throughout the 
variable domains of antibodies. It is concentrated in three 
segments called complementarity-determining regions 
(CDRs) or hypervariable regions (HVRs) both in the light- 
chain and the heavy-chain variable domains. The more 
highly conserved portions of variable domains are called the 
framework regions (FRs). The variable domains of native 
heavy and light chains each comprise four FRs, largely 
adopting a beta-sheet configuration, connected by three 
hypervariable regions, which form loops connecting, and in 
some cases forming part of, the beta-sheet structure. The 
hypervariable regions in each chain are held together in 
close proximity by the FRs and, with the hypervariable 
regions from the other chain, contribute to the formation of 
the antigen-binding site of antibodies (see Rabat et al. 
Sequences of Proteins of Immunological Interest, 5th Ed. 
Public Health Service, National Institutes of Health, 
Bethesda, Md. (1991)). The constant domains are not 
involved directly in binding an antibody to an antigen, but 
exhibit various effector functions, such as participation of 
the antibody in antibody-dependent cellular toxicity.

The term “hypervariable region,” “HVR,” or “HV,” when 
used herein refers to the amino acid residues of an antibody 
which are responsible for antigen-binding. For example, the 
term hypervariable region refers to the regions of an anti
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body variable domain which are hypervariable in sequence 
and/or form structurally defined loops. Generally, antibodies 
comprise six HVRs; three in the VH (HI, Η2, Η3), and three 
in the VL (LI, L2, L3). In native antibodies, Η3 and L3 
display the most diversity of the six HVRs, and Η3 in 
particular is believed to play a unique role in conferring fine 
specificity to antibodies. See, e.g, Xu et al. Immunity 
13:37-45 (2000); Johnson and Wu, in Methods in Molecular 
Biology 248:1-25 (Lo, ed. Human Press, Totowa, N.J, 
2003). Indeed, naturally occurring camelid antibodies con
sisting of a heavy chain only are functional and stable in the 
absence of light chain. See, e.g, Hamers-Casterman et al. 
Nature 363:446-448 (1993); Sheriff et al. Nature Struct. 
Biol. 3:733-736 (1996).

The “light chains” of antibodies (immunoglobulins) from 
any vertebrate species can be assigned to one of two clearly 
distinct types, called kappa (κ) and lambda (λ), based on the 
amino acid sequences of their constant domains.

Depending on the amino acid sequences of the constant 
domains of their heavy chains, antibodies (immunoglobu
lins) can be assigned to different classes. There are five 
major classes of immunoglobulins: IgA, IgD, IgE, IgG and 
IgM, and several of these may be further divided into 
subclasses (isotypes), e.g, IgGl, IgG2, IgG3, IgG4, IgAl, 
and IgA2. The heavy chain constant domains that corre
spond to the different classes of immunoglobulins are called 
α, δ, 6, γ, and μ, respectively. The subunit structures and 
three-dimensional configurations of different classes of 
immunoglobulins are well known and described generally 
in, for example, Abbas et al. Cellular and Mol. Immunol
ogy, 4th ed. (2000). An antibody may be part of a laiger 
fusion molecule, formed by covalent or non-covalent asso
ciation of the antibody with one or more other proteins or 
peptides.

The term “Fc region” is used to define the C-terminal 
region of an immunoglobulin heavy chain which may be 
generated by papain digestion of an intact antibody. The Fc 
region may be a native sequence Fc region or a variant Fc 
region. The Fc region of an immunoglobulin generally 
comprises two constant domains, a CH2 domain and a CH3 
domain, and optionally comprises a CH4 domain.

By “Fc region chain” herein is meant one of the two 
polypeptide chains of an Fc region.

The “CH2 domain” of a human IgG Fc region (also 
referred to as “Cg2” domain) is unique in that it is not 
closely paired with another domain. Rather, two N-linked 
branched carbohydrate chains are interposed between the 
two CH2 domains of an intact native IgG molecule. It has 
been speculated that the carbohydrate may provide a sub
stitute for the domain-domain pairing and help stabilize the 
CH2 domain. Burton, Molec. Immunol. 22:161-206 (1985). 
The CH2 domain herein may be a native sequence CH2 
domain or variant CH2 domain.

The “CH3 domain” comprises the stretch of residues 
C-terminal to a CH2 domain in an Fc region. The CH3 
region herein may be a native sequence CH3 domain or a 
variant CH3 domain (e.g. a CH3 domain with an introduced 
“protroberance” in one chain thereof and a corresponding 
introduced “cavity” in the other chain thereof; see U.S. Pat. 
No. 5,821,333, expressly incorporated herein by reference). 
Such variant CH3 domains may be used to make multispe
cific (e.g. bispecific) antibodies as herein described.

“Hinge region” herein may be a native sequence hinge 
region or a variant hinge region. The two polypeptide chains 
of a variant hinge region generally retain at least one 
cysteine residue per polypeptide chain, so that the two 
polypeptide chains of the variant hinge region can form a
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disulfide bond between the two chains. The preferred hinge 
region herein is a native sequence human hinge region, e.g. 
a native sequence human IgGl hinge region.

A “functional Fc region” possesses at least one “effector 
function” of a native sequence Fc region. Exemplary “effec
tor functions” include Clq binding; complement dependent 
cytotoxicity (CDC); Fc receptor binding; antibody-depen- 
dent cell-mediated cytotoxicity (ADCC); phagocytosis; 
down regulation of cell surface receptors (e.g. Β cell recep
tor; BCR), etc. Such effector functions generally require the 
Fc region to be combined with a binding domain (e.g. an 
antibody variable domain) and can be assessed using various 
assays known in the art for evaluating such antibody effector 
functions.

A “native sequence Fc region” comprises an amino acid 
sequence identical to the amino acid sequence of an Fc 
region found in nature. Native sequence human Fc regions 
include a native sequence human IgGl Fc region (ηοη-Α and 
A allotypes); native sequence human IgG2 Fc region; native 
sequence human IgG3 Fc region; and native sequence 
human IgG4 Fc region as well as naturally occurring vari
ants thereof.

An “intact” antibody is one which comprises an antigen
binding variable region as well as a light chain constant 
domain (CL) and heavy chain constant domains, C^l, CH2 
and Ch3. The constant domains may be native sequence 
constant domains (e.g. human native sequence constant 
domains) or amino acid sequence variant thereof. Preferably, 
the intact antibody has one or more effector functions.

A “parent antibody” or “wild-type” antibody is an anti
body comprising an amino acid sequence which lacks one or 
more amino acid sequence alterations compared to an anti
body variant as herein disclosed. Thus, the parent antibody 
generally has at least one hypervariable region which differs 
in amino acid sequence from the amino acid sequence of the 
corresponding hypervariable region of an antibody variant 
as herein disclosed. The parent polypeptide may comprise a 
native sequence (i.e. a naturally occurring) antibody (includ
ing a naturally occurring allelic variant), or an antibody with 
pre-existing amino acid sequence modifications (such as 
insertions, deletions and/or other alterations) of a naturally 
occurring sequence. Throughout the disclosure, “wild type,” 
“WT,” “wt,” and “parent” or “parental” antibody are used 
interchangeably.

As used herein, “antibody variant” or “variant antibody” 
refers to an antibody which has an amino acid sequence 
which differs from the amino acid sequence of a parent 
antibody. Preferably, the antibody variant comprises a heavy 
chain variable domain or a light chain variable domain 
having an amino acid sequence which is not found in nature. 
Such variants necessarily have less than 100% sequence 
identity or similarity with the parent antibody. In a preferred 
embodiment, the antibody variant will have an amino acid 
sequence from about 75% to less than 100% amino acid 
sequence identity or similarity with the amino acid sequence 
of either the heavy or light chain variable domain of the 
parent antibody, more preferably from about 80% to less 
than 100%, more preferably from about 85% to less than 
100%, more preferably from about 90% to less than 100%, 
and most preferably from about 95% to less than 100%. The 
antibody variant is generally one which comprises one or 
more amino acid alterations in or adjacent to one or more 
hypervariable regions thereof.

A “variant Fc region” comprises an amino acid sequence 
which differs from that of a native sequence Fc region by 
virtue of at least one amino acid modification. In certain 
embodiments, the variant Fc region has at least one amino
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acid substitution compared to a native sequence Fc region or 
to the Fc region of a parent polypeptide, e.g. from about one 
to about ten amino acid substitutions, and preferably from 
about one to about five amino acid substitutions in a native 
sequence Fc region or in the Fc region of the parent 
polypeptide, e.g. from about one to about ten amino acid 
substitutions, and preferably from about one to about five 
amino acid substitutions in a native sequence Fc region or in 
the Fc region of the parent polypeptide. The variant Fc 
region herein will typically possess, e.g., at least about 80% 
sequence identity with a native sequence Fc region and/or 
with an Fc region of a parent polypeptide, or at least about 
90% sequence identity therewith, or at least about 95% 
sequence or more identity therewith.

Antibody “effector functions” refer to those biological 
activities attributable to the Fc region (a native sequence Fc 
region or amino acid sequence variant Fc region) of an 
antibody, and vary with the antibody isotype. Examples of 
antibody effector functions include: Clq binding and 
complement dependent cytotoxicity (CDC); Fc receptor 
binding; antibody-dependent cell-mediated cytotoxicity 
(ADCC); phagocytosis; down regulation of cell surface 
receptors (e.g. Β cell receptor); and Β cell activation.

“Antibody-dependent cell-mediated cytotoxicity” or 
“ADCC” refers to a form of cytotoxicity in which secreted 
Ig bound onto Fc receptors (FcRs) present on certain cyto
toxic cells (e.g. Natural Killer (ΝΚ) cells, neutrophils, and 
macrophages) enable these cytotoxic effector cells to bind 
specifically to an antigen-bearing target cell and subse
quently kill the target cell with cytotoxins. The primary cells 
for mediating ADCC, ΝΚ cells, express FcyRIII only, 
whereas monocytes express FcyRI, FcyRII and FcyRIII. FcR 
expression on hematopoietic cells is summarized in Table 3 
on page 464 of Ravetch and Kinet, Annu. Rev. Immunol 
9:457-92 (1991). To assess ADCC activity of a molecule of 
interest, an in vitro ADCC assay, such as that described in 
U.S. Pat. No. 5,500,362 or 5,821,337 may be performed. 
Useful effector cells for such assays include peripheral blood 
mononuclear cells (PBMC) and Natural Killer (ΝΚ) cells. 
Alternatively, or additionally, ADCC activity of the mol
ecule of interest may be assessed in vivo, e.g., in a animal 
model such as that disclosed in Clynes et al. PNAS (USA) 
95:652-656 (1998).

“Fhiman effector cells” are leukocytes which express one 
or more FcRs and perform effector functions. In certain 
embodiments, the cells express at least FcyRIII and perform 
ADCC effector function(s). Examples of human leukocytes 
which mediate ADCC include peripheral blood mononu
clear cells (PBMC), natural killer (ΝΚ) cells, monocytes, 
cytotoxic Τ cells and neutrophils; with PBMCs and ΝΚ cells 
being generally preferred. The effector cells may be isolated 
from a native source thereof, e.g. from blood or PBMCs as 
described herein.

“Fc receptor” or “FcR” describes a receptor that binds to 
the Fc region of an antibody. In some embodiments, an FcR 
is a native human FcR. In some embodiments, an FcR is one 
which binds an IgG antibody (a gamma receptor) and 
includes receptors of the FcyRI, FcyRII, and FcyRIII sub
classes, including allelic variants and alternatively spliced 
forms of those receptors. FcyRII receptors include FcyRIIA 
(an “activating receptor”) and Fey RUB (an “inhibiting 
receptor”), which have similar amino acid sequences that 
differ primarily in the cytoplasmic domains thereof. Acti
vating receptor FcyRIIA contains an immunoreceptor tyro- 
sine-based activation motif (ITAM) in its cytoplasmic 
domain Inhibiting receptor FcyRIIB contains an immunore
ceptor tyrosine-based inhibition motif (ITIM) in its cyto
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plasmic domain, (see, e.g., Daeron, Annu. Rev. Immunol. 
15:203-234 (1997)). FcRs are reviewed, for example, in 
Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991); 
Capel et al., Immunomethods 4:25-34 (1994); and de Haas et 
al, J. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, 
including those to be identified in the future, are encom
passed by the term “FcR” herein.

The term “Fc receptor” or “FcR” also includes the neo
natal receptor, FcRn, which is responsible for the transfer of 
maternal IgGs to the fetus (Guyer et al., J. Immunol. 117:587 
(1976) and Kim et al., J. Immunol. 24:249 (1994)) and 
regulation of homeostasis of immunoglobulins. Methods of 
measuring binding to FcRn are known (see, e.g., Ghetie and 
Ward., Immunol. Today 18(12):592-598 (1997); Ghetie et 
al., Nature Biotechnology, 15(7):637-640 (1997); Hinton et 
al, J. Biol. Chem. 279(8):6213-6216 (2004); WO 2004/ 
92219 (Hinton et al.).

Binding to human FcRn in vivo and serum half life of 
human FcRn high affinity binding polypeptides can be 
assayed, e.g, in transgenic mice or transfected human cell 
lines expressing human FcRn, or in primates to which the 
polypeptides with a variant Fc region are administered. WO 
2000/42072 (Presta) describes antibody variants with 
improved or diminished binding to FcRs. See also, e.g. 
Shields et al. J. Biol. Chem. 9(2):6591-6604 (2001).

“Complement dependent cytotoxicity” or “CDC” refers to 
the lysis of a target cell in the presence of complement. 
Activation of the classical complement pathway is initiated 
by the binding of the first component of the complement 
system (Clq) to antibodies (of the appropriate subclass), 
which are bound to their cognate antigen. To assess comple
ment activation, a CDC assay, e.g, as described in Gazzano- 
Santoro et al, J. Immunol. Methods 202:163 (1996), may be 
performed. Polypeptide variants with altered Fc region 
amino acid sequences (polypeptides with a variant Fc 
region) and increased or decreased Clq binding capability 
are described, e.g, in U.S. Pat. No. 6,194,551 Β1 and WO 
1999/51642. See also, e.g, Idusogie et al. J. Immunol. 164: 
4178-4184 (2000).

An “affinity matured” antibody is one with one or more 
alterations in one or more CDRs thereof which result an 
improvement in the affinity of the antibody for antigen, 
compared to a parent antibody which does not possess those 
alteration(s). In one embodiment, an affinity matured anti
body has nanomolar or even picomolar affinities for the 
target antigen. Affinity matured antibodies are produced by 
procedures known in the art. Marks et al. Bio/Technology 
10:779-783 (1992) describes affinity maturation by VH and 
VL domain shuffling. Random mutagenesis of CDR and/or 
framework residues is described by: Barbas et al. Proc Nat. 
Acad. Sci, USA 91:3809-3813 (1994); Schier et al. Gene 
169:147-155 (1995); Yelton et al. J. Immunol. 155:1994- 
2004 (1995); Jackson et al, J. Immunol. 154(7):3310-9 
(1995); and Hawkins et al, J. Mol. Biol. 226:889-896 (1992).

The term “therapeutic antibody” refers to an antibody that 
is used in the treatment of disease. A therapeutic antibody 
may have various mechanisms of action. A therapeutic 
antibody may bind and neutralize the normal function of a 
target associated with an antigen. For example, a monoclo
nal antibody that blocks the activity of the of protein needed 
for the survival of a cancer cell causes the cell’s death. 
Another therapeutic monoclonal antibody may bind and 
activate the normal function of a target associated with an 
antigen. For example, a monoclonal antibody can bind to a 
protein on a cell and trigger an apoptosis signal. Yet another 
monoclonal antibody may bind to a target antigen expressed 
only on diseased tissue; conjugation of a toxic payload
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(effective agent), such as a chemotherapeutic or radioactive 
agent, to the monoclonal antibody can create an agent for 
specific delivery of the toxic payload to the diseased tissue, 
reducing harm to healthy tissue. A “biologically functional 
fragment” of a therapeutic antibody will exhibit at least one 
if not some or all of the biological functions attributed to the 
intact antibody, the function comprising at least specific 
binding to the target antigen.

The antibody may bind to any protein, including, without 
limitation, a member of the HER receptor family, such as 
HER1 (EGFR), HER2, HER3 and HER4; CD proteins such 
as CD3, CD4, CD8, CD19, CD20, CD21, CD22, and CD34; 
cell adhesion molecules such as LFA-1, Mol, ρ150,95, 
VLA-4, ICAM-1, VCAM and av/p3 integrin including 
either α or β or subunits thereof (e.g. anti-CDlla, anti-CD18 
or anti-CDllb antibodies); growth factors such as vascular 
endothelial growth factor (VEGF); IgE; blood group anti
gens; flk2/flt3 receptor; obesity (OB) receptor; and protein 
C. Other exemplary proteins include growth hormone (GH), 
including human growth hormone (hGH) and bovine growth 
hormone (bGH); growth hormone releasing factor; parathy
roid hormone; thyroid stimulating hormone; lipoproteins; 
α-1-antitrypsin; insulin A-chain; insulin B-chain; proinsu
lin; follicle stimulating hormone; calcitonin; luteinizing hor
mone; glucagon; clotting factors such as factor VIIIC, factor, 
tissue factor, and von Willebrands factor; anti-clotting fac
tors such as Protein C; atrial natriuretic factor; lung surfac
tant; a plasminogen activator, such as urokinase or tissue- 
type plasminogen activator (t-PA); bombazine; thrombin; 
tumor necrosis factor-a and -β; enkephalinase; RANTES 
(regulated on activation normally T-cell expressed and 
secreted); human macrophage inflammatory protein (MIP- 
1-α); serum albumin such as human serum albumin (HSA); 
mullerian-inhibiting substance; relaxin A-chain; relaxin 
B-chain; prorelaxin; mouse gonadotropin-associated pep
tide; DNase; inhibin; activin; receptors for hormones or 
growth factors; an integrin; protein A or D; rheumatoid 
factors; a neurotrophic factor such as bone-derived neuro
trophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, 
NT-4, NT-5, or NT-6), or a nerve growth factor such as 
ΝΟΡ-β; platelet-derived growth factor (PDGF); fibroblast 
growth factor such as aFGF and bFGF; epidermal growth 
factor (EGF); transforming growth factor (TGF) such as 
TGF-a and ΤΟΡ-β, including ΤΟΡ-β1, ΤΟΡ-β2, ΤΟΡ-β3, 
ΤΟΡ-β4, or ΤΟΡ-β5; insulin-like growth factor-I and -II 
(IGF-I and IGF-II); des(l-3)-IGF-I (brain IGF-I); insulin
like growth factor binding proteins (IGFBPs); erythropoietin 
(ΕΡΟ); thrombopoietin (ΤΡΟ); osteoinductive factors; 
immunotoxins; a bone morphogenetic protein (BMP); an 
interferon such as interferon-a, -β, and -γ; colony stimulat
ing factors (CSFs), e.g, M-CSF, GM-CSF, and G-CSF; 
interleukins (ILs), e.g, IL-1 to IL-10; superoxide dismutase; 
T-cell receptors; surface membrane proteins; decay acceler
ating factor (DAF); a viral antigen such as, for example, a 
portion of the AIDS envelope; transport proteins; homing 
receptors; addressins; regulatory proteins; immunoadhesins; 
antibodies; and biologically active fragments or variants of 
any of the above-listed polypeptides. Many other antibodies 
and/or other proteins may be used in accordance with the 
instant invention, and the above lists are not meant to be 
limiting.

Therapeutic antibodies of particular interest include those 
in clinical oncological practice or development such as 
commercially available AVASTIN® (bevacizumab), HER- 
CEPTIN® (trastuzumab), LUCENTIS® (ranibizumab), 
RAPTIVA® (efalizumab), RITUXAN® (rituximab), and 
XOLAIR® (omalizumab), as well as, anti-amyloid beta
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(Abeta), anti-CD4 (MTRX1011A), anti-EGFL7 (EGF-like- 
domain 7), anti-IL13, Apomab (anti-DR5-targeted pro- 
apoptotic receptor agonist (PARA), anti-BR3 (CD268, BLyS 
receptor 3, BAFF-R, BAFF Receptor), anti-beta 7 integrin 
subunit, dacetuzumab (Anti-CD40), GA101 (anti-CD20 
monoclonal antibody), MetMAb (anti-MET receptor tyro
sine kinase), anti-neuropilin-1 (NRP1), ocrelizumab (anti- 
CD20 antibody), anti-OX40 ligand, anti-oxidized LDL (οχ- 
LDL), pertuzumab (F1ER dimerization inhibitors (FIDIs), 
and. rhuMAb IFN alpha.

A “biologically functional fragment” of an antibody com
prises only a portion of an intact antibody, wherein the 
portion retains at least one, and as many as most or all, of the 
functions normally associated with that portion when pres
ent in an intact antibody. In one embodiment, a biologically 
functional fragment of an antibody comprises an antigen 
binding site of the intact antibody and thus retains the ability 
to bind antigen. In another embodiment, a biologically 
functional fragment of an antibody, for example one that 
comprises the Fc region, retains at least one of the biological 
functions normally associated with the Fc region when 
present in an intact antibody, such as FcRn binding, antibody 
half life modulation, ADCC function and complement bind
ing. In one embodiment, a biologically functional fragment 
of an antibody is a monovalent antibody that has an in vivo 
half life substantially similar to an intact antibody. For 
example, such a biologically functional fragment of an 
antibody may comprise an antigen binding arm linked to an 
Fc sequence capable of conferring in vivo stability to the 
fragment.

The term “diagnostic protein” refers to a protein that is 
used in the diagnosis of a disease.

The term “diagnostic antibody” refers to an antibody that 
is used as a diagnostic reagent for a disease. The diagnostic 
antibody may bind to a target antigen that is specifically 
associated with, or shows increased expression in, a par
ticular disease. The diagnostic antibody may be used, for 
example, to detect a target in a biological sample from a 
patient, or in diagnostic imaging of disease sites, such as 
tumors, in a patient. A “biologically functional fragment” of 
a diagnostic antibody will exhibit at least one if not some or 
all of the biological functions attributed to the intact anti
body, the function comprising at least specific binding to the 
target antigen.

“Purified” means that a molecule is present in a sample at 
a concentration of at least 80-90% by weight of the sample 
in which it is contained. The protein, including antibodies, 
which is purified is preferably essentially pure and desirably 
essentially homogeneous (i.e. free from contaminating pro
teins etc.).

An “essentially pure” protein means a protein composi
tion comprising at least about 90% by weight of the protein, 
based on total weight of the composition, preferably at least 
about 95% by weight.

An “essentially homogeneous” protein means a protein 
composition comprising at least about 99% by weight of 
protein, based on total weight of the composition.

As used herein, “soluble” refers to polypeptides that, 
when in aqueous solutions, are completely dissolved, result
ing in a clear to slightly opalescent solution with no visible 
particulates, as assessed by visual inspection. A further assay 
of the turbidity of the solution (or solubility of the protein) 
may be made by measuring UV absorbances at 340 nm to 
360 nm with a 1 cm path-length cell where turbidity at 20 
mg/ml is less than 0.05 absorbance units.

An “isolated” antibody or polypeptide is one which has 
been identified and separated and/or recovered from a com
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ponent of its natural environment. Contaminant components 
of its natural environment are materials which would inter
fere with research, diagnostic or therapeutic uses for the 
antibody, and may include enzymes, hormones, and other 
proteinaceous or nonproteinaceous solutes. In some embodi
ments, an antibody is purified (1) to greater than 95% by 
weight of antibody as determined by, for example, the 
Lowry method, and in some embodiments, to greater than 
99% by weight; (2) to a degree sufficient to obtain at least 
15 residues of N-terminal or internal amino acid sequence 
by use of, for example, a spinning cup sequenator, or (3) to 
homogeneity by SDS-PAGE under reducing or nonreducing 
conditions using, for example, Coomassie blue or silver 
stain. Isolated antibody includes the antibody in situ within 
recombinant cells since at least one component of the 
antibody’s natural environment will not be present. Ordi
narily, however, isolated antibody will be prepared by at 
least one purification step.

The terms “Protein A” and “ProA” are used interchange
ably herein and encompasses Protein A recovered from a 
native source thereof, Protein A produced synthetically (e.g. 
by peptide synthesis or by recombinant techniques), and 
variants thereof which retain the ability to bind proteins 
which have a 0^2/0^3 region, such as an Fc region. Protein 
A can be purchased commercially from Repligen, Pharmacia 
and Fermatech. Protein A is generally immobilized on a 
solid phase support material. The term “ProA” also refers to 
an affinity chromatography resin or column containing chro
matographic solid support matrix to which is covalently 
attached Protein A.

The term “chromatography” refers to the process by 
which a solute of interest in a mixture is separated from 
other solutes in a mixture as a result of differences in rates 
at which the individual solutes of the mixture migrate 
through a stationary medium under the influence of a 
moving phase, or in bind and elute processes.

The term “affinity chromatography” and “protein affinity 
chromatography” are used interchangeably herein and refer 
to a protein separation technique in which a protein of 
interest or antibody of interest is reversibly and specifically 
bound to a biospecific ligand. Preferably, the biospecific 
ligand is covalently attached to a chromatographic solid 
phase material and is accessible to the protein of interest in 
solution as the solution contacts the chromatographic solid 
phase material. The protein of interest (e.g., antibody, 
enzyme, or receptor protein) retains its specific binding 
affinity for the biospecific ligand (antigen, substrate, cofac
tor, or hormone, for example) during the chromatographic 
steps, while other solutes and/or proteins in the mixture do 
not bind appreciably or specifically to the ligand. Binding of 
the protein of interest to the immobilized ligand allows 
contaminating proteins or protein impurities to be passed 
through the chromatographic medium while the protein of 
interest remains specifically bound to the immobilized 
ligand on the solid phase material. The specifically bound 
protein of interest is then removed in active form from the 
immobilized ligand with low pH, high pH, high salt, com
peting ligand, and the like, and passed through the chro
matographic column with the elution buffer, free of the 
contaminating proteins or protein impurities that were ear
lier allowed to pass through the column. Any component can 
be used as a ligand for purifying its respective specific 
binding protein, e.g. antibody.

The terms “non-affinity chromatography” and “non-affin
ity purification” refer to a purification process in which 
affinity chromatography is not utilized. Non-affinity chro
matography includes chromatographic techniques that rely
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on non-specific interactions between a molecule of interest 
(such as a protein, e.g. antibody) and a solid phase matrix.

A “cation exchange resin” refers to a solid phase which is 
negatively charged, and which thus has free cations for 
exchange with cations in an aqueous solution passed over or 
through the solid phase. A negatively charged ligand 
attached to the solid phase to form the cation exchange resin 
may, e.g., be a carboxylate or sulfonate. Commercially 
available cation exchange resins include carboxy-methyl- 
cellulose, sulphopropyl (SP) immobilized on agarose (e.g. 
SP-SEPHAROSE FAST FLOW™ or SP-SEPHAROSE 
F1IGF1 PERFORMANCE™, from Pharmacia) and sulphonyl 
immobilized on agarose (e.g. S-SEPF1AROSE FAST 
FLOW™ from Pharmacia). A “mixed mode ion exchange 
resin” refers to a solid phase which is covalently modified 
with cationic, anionic, and hydrophobic moieties. A com
mercially available mixed mode ion exchange resin is ΒΑΚ- 
ERBOND ΑΒΧ™ (J. Τ. Baker, Phillipsburg, N.J.) contain
ing weak cation exchange groups, a low concentration of 
anion exchange groups, and hydrophobic ligands attached to 
a silica gel solid phase support matrix.

The term “anion exchange resin” is used herein to refer to 
a solid phase which is positively charged, e.g. having one or 
more positively charged ligands, such as quaternary amino 
groups, attached thereto. Commercially available anion 
exchange resins include DEAE cellulose, QAE SEPF1A- 
DEX™ and FAST Q SEPHAROSE™ (Pharmacia).

A “buffer” is a solution that resists changes in pFl by the 
action of its acid-base conjugate components. Various buf
fers which can be employed depending, for example, on the 
desired pFl of the buffer are described in Buffers. A Guide for 
the Preparation and Use of Buffers in Biological Systems, 
Gueffroy, D., ed. Calbiochem Corporation (1975). In one 
embodiment, the buffer has a pFl in the range from about 2 
to about 9, alternatively from about 3 to about 8, alterna
tively from about 4 to about 7 alternatively from about 5 to 
about 7. Non-limiting examples of buffers that will control 
the pFl in this range include MES, MOPS, MOPSO, Tris, 
F1EPES, phosphate, acetate, citrate, succinate, and ammo
nium buffers, as well as combinations of these.

The “loading buffer” is that which is used to load the 
composition comprising the polypeptide molecule of inter
est and one or more impurities onto the ion exchange resin. 
The loading buffer has a conductivity and/or pFl such that 
the polypeptide molecule of interest (and generally one or 
more impurities) is/are bound to the ion exchange resin or 
such that the protein of interest flows through the column 
while the impurities bind to the resin.

The “intermediate buffer” is used to elute one or more 
impurities from the ion exchange resin, prior to eluting the 
polypeptide molecule of interest. The conductivity and/or 
pFl of the intermediate buffer is/are such that one or more 
impurity is eluted from the ion exchange resin, but not 
significant amounts of the polypeptide of interest.

The term “wash buffer” when used herein refers to a 
buffer used to wash or re-equilibrate the ion exchange resin, 
prior to eluting the polypeptide molecule of interest. Con
veniently, the wash buffer and loading buffer may be the 
same, but this is not required.

The “elution buffer” is used to elute the polypeptide of 
interest from the solid phase. The conductivity and/or pFl of 
the elution buffer is/are such that the polypeptide of interest 
is eluted from the ion exchange resin.

A “regeneration buffer” may be used to regenerate the ion 
exchange resin such that it can be re-used. The regeneration
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buffer has a conductivity and/or pFl as required to remove 
substantially all impurities and the polypeptide of interest 
from the ion exchange resin.

The term “substantially similar” or “substantially the 
same,” as used herein, denotes a sufficiently high degree of 
similarity between two numeric values (for example, one 
associated with an antibody of the invention and the other 
associated with a reference/comparator antibody), such that 
one of skill in the art would consider the difference between 
the two values to be of little or no biological and/or 
statistical significance within the context of the biological 
characteristic measured by said values (e.g., Kd values). The 
difference between said two values is, for example, less than 
about 50%, less than about 40%, less than about 30%, less 
than about 20%, and/or less than about 10% as a function of 
the reference/comparator value.

The phrase “substantially reduced,” or “substantially dif
ferent,” as used herein with regard to amounts or numerical 
values (and not as reference to the chemical process of 
reduction), denotes a sufficiently high degree of difference 
between two numeric values (generally one associated with 
a molecule and the other associated with a reference/com
parator molecule) such that one of skill in the art would 
consider the difference between the two values to be of 
statistical significance within the context of the biological 
characteristic measured by said values (e.g., Kd values). The 
difference between said two values is, for example, greater 
than about 10%, greater than about 20%, greater than about 
30%, greater than about 40%, and/or greater than about 50% 
as a function of the value for the reference/comparator 
molecule.

The term “vector,” as used herein, is intended to refer to 
a nucleic acid molecule capable of transporting another 
nucleic acid to which it has been linked. One type of vector 
is a “plasmid,” which refers to a circular double stranded 
DNA into which additional DNA segments may be ligated. 
Another type of vector is a phage vector. Another type of 
vector is a viral vector, wherein additional DNA segments 
may be ligated into the viral genome. Certain vectors are 
capable of autonomous replication in a host cell into which 
they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). 
Other vectors (e.g., non-episomal mammalian vectors) can 
be integrated into the genome of a host cell upon introduc
tion into the host cell, and thereby are replicated along with 
the host genome. Moreover, certain vectors are capable of 
directing the expression of genes to which they are opera
tively linked. Such vectors are referred to herein as “recom
binant expression vectors,” or simply, “expression vectors.” 
In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of plasmids. In the present 
specification, “plasmid” and “vector” may be used inter
changeably as the plasmid is the most commonly used form 
of vector.

“Percent (%) amino acid sequence identity” with respect 
to a reference polypeptide sequence is defined as the per
centage of amino acid residues in a candidate sequence that 
are identical with the amino acid residues in the reference 
polypeptide sequence, after aligning the sequences and 
introducing gaps, if necessary, to achieve the maximum 
percent sequence identity, and not considering any conser
vative substitutions as part of the sequence identity. Align
ment for purposes of determining percent amino acid 
sequence identity can be achieved in various ways that are 
within the skill in the art, for instance, using publicly 
available computer software such as BLAST, BLAST-2, 
ALIGN or Megalign (DNASTAR) software. Those skilled

24

5

10

15

20

25

30

35

40

45

50

55

60

65

Case 1:18-cv-00095-CFC   Document 1-3   Filed 01/12/18   Page 517 of 681 PageID #: 1386



US 9,714,293 Β2

in the art can determine appropriate parameters for aligning 
sequences, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences 
being compared. For purposes herein, however, % amino 
acid sequence identity values are generated using the 
sequence comparison computer program ALIGN-2. The 
ALIGN-2 sequence comparison computer program was 
authored by Genentech, Inc., and the source code has been 
filed with user documentation in the U.S. Copyright Office, 
Washington D.C., 20559, where it is registered under U.S. 
Copyright Registration No. TXU510087. The ALIGN-2 
program is publicly available from Genentech, Inc., South 
San Francisco, Calif., or may be compiled from the source 
code. The ALIGN-2 program should be compiled for use on 
a UNIX operating system, preferably digital UNIX V4.0D. 
All sequence comparison parameters are set by the 
ALIGN-2 program and do not vary.

In situations where ALIGN-2 is employed for amino acid 
sequence comparisons, the % amino acid sequence identity 
of a given amino acid sequence A to, with, or against a given 
amino acid sequence Β (which can alternatively be phrased 
as a given amino acid sequence A that has or comprises a 
certain % amino acid sequence identity to, with, or against 
a given amino acid sequence Β) is calculated as follows:

100 times the fraction Χ/Υ

where X is the number of amino acid residues scored as 
identical matches by the sequence alignment program 
ALIGN-2 in that program’s alignment of A and Β, and

where Υ is the total number of amino acid residues in Β.
It will be appreciated that where the length of amino acid 

sequence A is not equal to the length of amino acid sequence 
Β, the % amino acid sequence identity of A to Β will not 
equal the % amino acid sequence identity of Β to A. Unless 
specifically stated otherwise, all % amino acid sequence 
identity values used herein are obtained as described in the 
immediately preceding paragraph using the ALIGN-2 com
puter program.

“Percent (%) nucleic acid sequence identity” is defined as 
the percentage of nucleotides in a candidate sequence that 
are identical with the nucleotides in a reference Factor 
D-encoding sequence, after aligning the sequences and 
introducing gaps, if necessary, to achieve the maximum 
percent sequence identity. Alignment for purposes of deter
mining percent nucleic acid sequence identity can be 
achieved in various ways that are within the skill in the art, 
for instance, using publicly available computer software 
such as BLAST, BLAST-2, ALIGN or Megalign (DNAS- 
TAR) software. Those skilled in the art can determine 
appropriate parameters for measuring alignment, including 
any algorithms needed to achieve maximal alignment over 
the full length of the sequences being compared. Sequence 
identity is then calculated relative to the longer sequence, i.e. 
even if a shorter sequence shows 100% sequence identity 
with a portion of a longer sequence, the overall sequence 
identity will be less than 100%.

“Treatment” refers to both therapeutic treatment and 
prophylactic or preventative measures. Those in need of 
treatment include those already with the disorder as well as 
those in which the disorder is to be prevented. “Treatment” 
herein encompasses alleviation of the disease and of the 
signs and symptoms of the particular disease.

A “disorder” is any condition that would benefit from 
treatment with the protein. This includes chronic and acute 
disorders or diseases including those pathological conditions 
which predispose the mammal to the disorder in question.
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Non-limiting examples of disorders to be treated herein 
include carcinomas and allergies.

“Mammal” for purposes of treatment refers to any animal 
classified as a mammal, including humans, non-human 
higher primates, other vertebrates, domestic and farm ani
mals, and zoo, sports, or pet animals, such as dogs, horses, 
cats, cows, etc. Preferably, the mammal is human.

Β. Exemplary Methods and Materials for Carrying 
Out the Invention

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of molecular 
biology and the like, which are within the skill of the art. 
Such techniques are explained fully in the literature. See 
e.g., Molecular Cloning: A Laboratory Manual, (J. Sam- 
brook et ah, Cold Spring Flarbor Laboratory, Cold Spring 
Flarbor, Ν.Υ., 1989); Current Protocols in Molecular Biol
ogy (F. Ausubel et ah, eds., 1987 updated); Essential 
Molecular Biology (Τ. Brown ed., IRL Press 1991); Gene 
Expression Technology (Goeddel ed., Academic Press 
1991); Methods for Cloning and Analysis of Eukaryotic 
Genes (A. Bothwell et ah, eds., Bartlett Publ. 1990); Gene 
Transfer and Expression (Μ. Kriegler, Stockton Press 1990); 
Recombinant DNA Methodology II (R. Wu et al., eds., 
Academic Press 1995); PCR: A Practical Approach (Μ. 
McPherson et al., IRL Press at Oxford University Press 
1991); Oligonucleotide Synthesis (Μ. Gait ed., 1984); Cell 
Culture for Biochemists (R. Adams ed., Elsevier Science 
Publishers 1990); Gene Transfer Vectors for Mammalian 
Cells (J. Miller & Μ. Calos eds., 1987); Mammalian Cell 
Biotechnology (Μ. Butler ed., 1991); Animal Cell Culture (J. 
Pollard et al., eds., Flumana Press 1990); Culture of Animal 
Cells, 2nd Ed. (R. Freshney et al., eds., Alan R. Liss 1987); 
Flow Cytometry and Sorting (Μ. Melamed et al., eds., 
Wiley-Liss 1990); the series Methods in Enzymology (Aca
demic Press, Inc.); Wirth Μ. and Flauser FI. (1993); Immu- 
nochemistry in Practice, 3rd edition, A. Johnstone & R. 
Thorpe, Blackwell Science, Cambridge, Mass., 1996; Tech
niques in Immunocytochemistry, (G. Bullock & Ρ. Petrusz 
eds., Academic Press 1982, 1983, 1985, 1989); Flandbook of 
Experimental Immunology, (D. Weir & C. Blackwell, eds.); 
Current Protocols in Immunology (J. Coligan et al., eds. 
1991); Immunoassay (Ε. Ρ. Diamandis & Τ. Κ. Christopou- 
los, eds., Academic Press, Inc., 1996); Goding (1986) Mono
clonal Antibodies: Principles and Practice (2d ed) Aca
demic Press, New York; Ed Flarlow and David Lane, 
Antibodies A laboratory Manual, Cold Spring Flarbor Labo
ratory, Cold Spring Flarbor, Ν.Υ., 1988; Antibody Engineer
ing, 2nd edition (C. Borrebaeck, ed., Oxford University 
Press, 1995); and the series Annual Review of Immunology, 
the series Advances in Immunology.

1. Recombinant Production of Proteins in Mammalian 
Flost Cells Using a Glutamine Free Cell Culture Medium

The present invention concerns the large-scale recombi
nant production of proteins in mammalian host cells, using 
a glutamine-free cell culture medium supplemented with 
asparagine. Mammalian cells have become the dominant 
system for the production of mammalian proteins for clinical 
applications, primarily due to their ability to produce prop
erly folded and assembled heterologous proteins, and their 
capacity for post-translational modifications. Chinese ham
ster ovary (CFIO) cells, and cell lines obtained from various 
other mammalian sources, such as, for example, mouse 
myeloma (NS0), baby hamster kidney (BF1K), human 
embryonic kidney (F1EK-293) and human retinal cells have 
been approved by regulatory agencies for the production of
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biopharmaceutical products, including therapeutic antibod
ies. Of these, Chinese Hamster Ovary Cells (CHO) are 
among the most commonly used industrial hosts, which are 
widely employed for the production of heterologous pro
teins. Thus, methods for the large-scale production of anti
bodies in CHO, including dihydrofolate reductase negative 
(DHFR-) CHO cells, are well known in the art (see, e.g. 
Trill et al., Curr. Opin. Biotechnol. 6(5):553-60 (1995) and 
U.S. Pat. No. 6,610,516).

As a first step, the nucleic acid (e.g., cDNA or genomic 
DNA) encoding the desired recombinant protein may be 
inserted into a replicable vector for cloning (amplification of 
the DNA) or for expression. Various vectors are publicly 
available. The vector components generally include, but are 
not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker 
genes, an enhancer element, a promoter, and a transcription 
termination sequence, each of which is described below. 
Optional signal sequences, origins of replication, marker 
genes, enhancer elements and transcription terminator 
sequences that may be employed are known in the art and 
described in further detail in PCT Publication WO 97/25428.

Expression and cloning vectors usually contain a pro
moter that is recognized by the host organism and is oper- 
ably linked to the protein-encoding nucleic acid sequence. 
Promoters are untranslated sequences located upstream (5') 
to the start codon of a structural gene (generally within about 
100 to 1000 bp) that control the transcription and translation 
of a particular nucleic acid sequence to which they are 
operably linked. Such promoters typically fall into two 
classes, inducible and constitutive. Inducible promoters are 
promoters that initiate increased levels of transcription from 
DNA under their control in response to some change in 
culture conditions, e.g., the presence or absence of a nutrient 
or a change in temperature. At this time a large number of 
promoters recognized by a variety of potential host cells are 
well known. These promoters are operably linked to DNA 
encoding the desired protein by removing the promoter from 
the source DNA by restriction enzyme digestion and insert
ing the isolated promoter sequence into the vector.

Promoters suitable for use with prokaryotic and eukary
otic hosts are known in the art, and are described in further 
detail in PCT Publication No. W097/25428.

Construction of suitable vectors containing one or more of 
the above-listed components employs standard ligation tech
niques. Isolated plasmids or DNA fragments are cleaved, 
tailored, and re-ligated in the form desired to generate the 
plasmids required.

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform 
Ε. coli cells, such as Ε. coli Κ12 strain 294 (ATCC® 31,446) 
and successful transformants selected by ampicillin or tet
racycline resistance where appropriate. Plasmids from the 
transformants are prepared, analyzed by restriction endonu
clease digestion, and/or sequenced using standard tech
niques known in the art. (See, e.g., Messing et al., Nucleic 
Acids Res. 1981, 9:309; Maxam et al., Methods in Enzy- 
mology 1980, 65:499).

Expression vectors that provide for the transient expres
sion in mammalian cells may be employed. In general, 
transient expression involves the use of an expression vector 
that is able to replicate efficiently in a host cell, such that the 
host cell accumulates many copies of the expression vector 
and, in turn, synthesizes high levels of a desired polypeptide 
encoded by the expression vector (Sambrook et al., supra). 
Transient expression systems, comprising a suitable expres
sion vector and a host cell, allow for the convenient positive
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identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for 
desired biological or physiological properties.

Other methods, vectors, and host cells suitable for adap
tation to the synthesis of a desired heterologous protein in 
recombinant vertebrate cell culture are described in Gething 
et al., Nature 1981, 293:620-625; Mantei et al., Nature 1979, 
281:40-46; ΕΡ 117,060; and ΕΡ 117,058.

For laige-scale production, according to the present 
invention mammalian host cells are transfected and prefer
ably transformed with the above-described expression vec
tors and cultured in nutrient media modified as appropriate 
for inducing promoters, selecting transformants, or ampli
fying the genes encoding the desired sequences.

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences 
are in fact expressed. Numerous methods of transfection are 
known to the ordinarily skilled artisan, for example, CaP04 
and electroporation. Successful transfection is generally 
recognized when any indication of the operation of this 
vector occurs within the host cell.

Transformation means introducing DNA into an organism 
so that the DNA is replicable, either as an extrachromosomal 
element or by chromosomal integrant. Depending on the 
host cell used, transformation is done using standard tech
niques appropriate to such cells. The calcium treatment 
employing calcium chloride, as described in Sambrook et 
al., supra, or electroporation is generally used for prokary
otes or other cells that contain substantial cell-wall barriers. 
Infection with Agrobacterium tumefaciens is used for trans
formation of certain plant cells, as described (Shaw et al., 
Gene 1983, 23:315 and PCT Publication No. WO 
89/05859). In addition, plants may be transfected using 
ultrasound treatment, PCT Publication No. WO 91/00358 
published 10 Jan. 1991.

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method (Graham and van der Eb, 
Virology 1978, 52:456-457) may be employed. General 
aspects of mammalian cell host system transformations have 
been described in U.S. Pat. No. 4,399,216. For various 
techniques for transforming mammalian cells, see also 
Keown et al. Methods in Enzymology 1990, 185:527-537 
and Mansour et al. Nature 1988, 336:348-352.

During large-scale production, to begin the production 
cycle usually a small number of transformed recombinant 
host cells is allowed to grow in culture for several days. 
Once the cells have undergone several rounds of replication, 
they are transferred to a larger container where they are 
prepared to undergo fermentation. The media in which the 
cells are grown and the levels of oxygen, nitrogen and 
carbon dioxide that exist during the production cycle may 
have a significant impact on the production process. Growth 
parameters are determined specifically for each cell line and 
these parameters are measured frequently to assure optimal 
growth and production conditions.

When the cells grow to sufficient numbers, they are 
transferred to large-scale production tanks to begin the 
production phase, and grown for a longer period of time. At 
this point in the process, the recombinant protein can be 
harvested. Typically, the cells are engineered to secrete the 
polypeptide into the cell culture media, so the first step in the 
purification process is to separate the cells from the media. 
Harvesting usually includes centrifugation and filtration to 
produce a Harvested Cell Culture Fluid (HCCF). The media 
is then subjected to several additional purification steps that 
remove any cellular debris, unwanted proteins, salts, min
erals or other undesirable elements. At the end of the
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purification process, the recombinant protein is highly pure 
and is suitable for human therapeutic use.

Although this process has been the subject of much study 
and improvements over the past several decades, there is 
room fur further improvements in the large-scale commer
cial production of recombinant proteins, such as antibodies. 
Thus, increases in cell viability, longevity and specific 
productivity of mammalian host cell cultures, and improve
ments in the titer of the recombinant proteins produced have 
a genuine impact on the price of the recombinant protein 
produced, and, in the case of therapeutic proteins, the price 
and availability of drug products.

The present invention concerns an improved method for 
the production of heterologous proteins in mammalian cell 
culture, using a glutamine-free culture medium with added 
asparagine in the production phase of the cell culture pro
cess. The culture media used in the process of the present 
invention can be based on any commercially available 
medium for recombinant production of proteins in mamma
lian host cells, in particular CHO cells.

Examples of commercially available culture media 
include Ham’s F10 (Sigma), Minimal Essential Medium 
(“MEM”, Sigma), RPMI-1640 (Sigma), and Dulbecco’s 
Modified Eagle’s Medium (“DMEM”, Sigma). Any such 
media may be supplemented as necessary with hormones 
and/or other growth factors (such as insulin, transferrin, or 
epidermal growth factor), salts (such as sodium chloride, 
calcium, magnesium, and phosphate), buffers (such as 
HEPES), nucleosides (such as adenosine and thymidine), 
antibiotics (such as Gentamycin™ drug), trace elements 
(defined as inorganic compounds usually present at final 
concentrations in the micromolar range), and glucose or an 
equivalent energy source. Any other necessary supplements 
may also be included at appropriate concentrations that 
would be known to those skilled in the art. The culture 
conditions, such as temperature, pH, and the like, are those 
previously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. In 
addition, the culture media of the present invention can be 
based any of the media described in Ham and McKeehan, 
Meth. Εηζ., 58: 44 (1979); Barnes and Sato, Anal. Biochem., 
102: 255 (1980); U.S. Pat. No. 4,767,704; U.S. Pat. No. 
4,657,866; U.S. Pat. No. 4,927,762; U.S. Pat. No. 5,122,469 
or U.S. Pat. No. 4,560,655; WO 90/03430; and WO 
87/00195, provided that glutamine is omitted as an ingre
dient.

Under Glutamine-free conditions Asparagine is required 
since mammalian cells can synthesize Asparagine only in 
presence of Glutamine. Asparagine is synthesized by amide 
transfer from Glutamine in the presence of Asparagine 
synthetase. The Asparagine is preferably added to the culture 
medium at a concentration in the range of 2.5 mM to 15 mM. 
In various embodiments of the present invention, the pre
ferred concentration of Asparagine should be at least 2.5 
mM. In preferred embodiments, the asparagine is added at a 
concentration of 10 mM.

In general, principles, protocols, and practical techniques 
for maximizing the productivity of mammalian cell cultures 
can be found in, and can be adapted for the production of 
recombinant proteins using the cell culture media herein.

The necessary nutrients and growth factors for the 
medium, including their concentrations, for a particular cell 
line, are determined empirically without undue experimen
tation as described, for example, in Mammalian Cell Cul
ture, Mather, ed. (Plenum Press: NY, 1984); Barnes and 
Sato, Cell, 22: 649 (1980) or Mammalian Cell Biotechnol
ogy: A Practical Approach, Μ. Butler, ed. (IRL Press, 1991).
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A suitable medium contains a basal medium component 
such as a DMEM/HAM F-12-based formulation (for com
position of DMEM and HAM F12 media and especially 
serum-free media, see culture media formulations in Ameri
can Type Culture Collection Catalogue of Cell Lines and 
Hybridomas, Sixth Edition, 1988, pages 346-349), with 
modified concentrations of some components such as amino 
acids, salts, sugar, and vitamins, and optionally containing 
glycine, hypoxanthine, and thymidine; recombinant human 
insulin, hydrolyzed peptone, such as PRIMATONE HS™ or 
PRIMATONE RL™ (Sheffield, England), or the equivalent; 
a cell protective agent, such as PLURONIC F68™ or the 
equivalent pluronic polyol; GENTAMYCIN™; and trace 
elements. The formulations of medium as described in U.S. 
Pat. No. 5,122,469, characterized by the presence of high 
levels of certain amino acids, as well as PS-20 as described 
below, are particularly appropriate.

The glycoproteins of the present invention may be pro
duced by growing cells which express the desired glyco
protein under a variety of cell culture conditions. For 
instance, cell culture procedures for the large- or small-scale 
production of glycoproteins are potentially useful within the 
context of the present invention. Procedures including, but 
not limited to, a fluidized bed bioreactor, hollow fiber 
bioreactor, roller bottle culture, or stirred tank bioreactor 
system may be used, in the later two systems, with or 
without microcarriers, and operated alternatively in a batch, 
fed-batch, or continuous mode.

In a particular embodiment the cell culture of the present 
invention is performed in a stirred tank bioreactor system 
and a fed-batch culture procedure is employed. In the 
preferred fed-batch culture the mammalian host cells and 
culture medium are supplied to a culturing vessel initially 
and additional culture nutrients are fed, continuously or in 
discrete increments, to the culture during culturing, with or 
without periodic cell and/or product harvest before termi
nation of culture. The fed-batch culture can include, for 
example, a semi-continuous fed-batch culture, wherein peri
odically whole culture (including cells and medium) is 
removed and replaced by fresh medium Fed-batch culture is 
distinguished from simple-batch culture in which all com
ponents for cell culturing (including the cells and all culture 
nutrients) are supplied to the culturing vessel at the start of 
the culturing process. Fed-batch culture can be further 
distinguished from perfusion culturing insofar as the super- 
nate is not removed from the culturing vessel during the 
process (in perfusion culturing, the cells are restrained in the 
culture by, e.g., filtration, encapsulation, anchoring to micro
carriers, etc., and the culture medium is continuously or 
intermittently introduced and removed from the culturing 
vessel).

Further, the cells of the culture may be propagated accord
ing to any scheme or routine that may be suitable for the 
particular host cell and the particular production plan con
templated. Therefore, the present invention contemplates a 
single-step or multiple-step culture procedure. In a single- 
step culture the host cells are inoculated into a culture 
environment and the processes of the instant invention are 
employed during a single production phase of the cell 
culture. Alternatively, a multi-stage culture is envisioned. In 
the multi-stage culture cells may be cultivated in a number 
of steps or phases. For instance, cells may be grown in a first 
step or growth phase culture wherein cells, possibly 
removed from storage, are inoculated into a medium suitable 
for promoting growth and high viability. The cells may be 
maintained in the growth phase for a suitable period of time 
by the addition of fresh medium to the host cell culture.
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According to a specific aspect of the invention, fed-batch 
or continuous cell culture conditions are devised to enhance 
growth of the mammalian cells in the growth phase of the 
cell culture. In the growth phase cells are grown under 
conditions and for a period of time that is maximized for 
growth. Culture conditions, such as temperature, pH, dis
solved oxygen (D02), and the like, are those used with the 
particular host and will be apparent to the ordinarily-skilled 
artisan. Generally, the pH is adjusted to a level between 
about 6.5 and 7.5 using either an acid (e.g., C02) or a base 
(e.g., Na2C03 or NaOH). A suitable temperature range for 
culturing mammalian cells such as CHO cells is between 
about 30 to 40° C. and preferably about 37° C. and a suitable 
D02 is between 5-90% of air saturation.

At a particular stage the cells may be used to inoculate a 
production phase or step of the cell culture. Alternatively, as 
described above the production phase or step may be con
tinuous with the inoculation or growth phase or step.

Production of a target protein in mammalian, e.g., CHO, 
cells typically employs a semi-continuous process whereby 
cells are culture in a “seed-train” for various periods of time 
and are periodically transferred to inoculum fermentors to 
generate enough cell mass to inoculate a production fermen- 
tor at laiger scale. Thus, cells used for the production of the 
desired protein are in culture for various periods of time up 
to a maximum predefined cell age. The parameters of the cell 
culture process, such as seed density, pH, D02 and tempera
ture during culture, duration of the production culture, 
operating conditions of harvest, etc. are a function of the 
particular cell line and culture medium used, and can be 
determined empirically, without undue experimentation.

According to the present invention, the cell-culture envi
ronment during the production phase of the cell culture is 
controlled. In a preferred aspect, the production phase of the 
cell culture process is preceded by a transition phase of the 
cell culture in which parameters for the production phase of 
the cell culture are engaged.

The desired polypeptide, such as antibody, preferably is 
recovered from the culture medium as a secreted polypep
tide, although it also may be recovered from host cell lysates 
when directly produced without a secretory signal. If the 
polypeptide is membrane-bound, it can be released from the 
membrane using a suitable detergent solution (e.g., Triton-X 
100) or its extracellular region may be released by enzy
matic cleavage.

When the polypeptide is produced in a recombinant cell 
other than one of human origin, it is free of proteins or 
polypeptides of human origin. However, it is usually nec
essary to recover or purify recombinant proteins from 
recombinant cell proteins or polypeptides to obtain prepa
rations that are substantially homogeneous as to the desired 
polypeptide. As a first step, the culture medium or lysate 
may be centrifuged to remove particulate cell debris. The 
heterologous polypeptide thereafter is purified from con
taminant soluble proteins and polypeptides, with the follow
ing procedures being exemplary of suitable purification 
procedures: by fractionation on an ion-exchange column 
such as SP-Sepharose™ or CM-Sepharose™; hydroxyapa
tite; hydrophobic interaction chromatography; ethanol pre
cipitation; chromatofocusing; ammonium sulfate precipita
tion; gel filtration using, for example, Sephadex G75™; 
and/or diafiltration.

Recombinant polypeptides can be isolated, e.g. by affinity 
chromatography.

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 
degradation during purification, and antibiotics may be

31
included to prevent the growth of adventitious contaminants. 
One skilled in the art will appreciate that purification meth
ods suitable for the purification and isolation of recombinant 
proteins, including antibodies, can be used herein, and 
modified if needed, using standard techniques.

Expression of the desired heterologous protein may be 
measured in a sample directly, for example, by conventional 
Southern blotting, Northern blotting to quantitate the tran
scription of mRNA (Thomas, Proc. Natl. Acad. Sci. USA 
1980, 77:5201-5205), dot blotting (DNAanalysis), or in situ 
hybridization, using an appropriately labeled probe, based 
on the sequences provided herein. Various labels may be 
employed, most commonly radioisotopes, and particularly 
32P. However, other techniques may also be employed, such 
as using biotin-modified nucleotides for introduction into a 
polynucleotide. The biotin then serves as the site for binding 
to avidin or antibodies, which may be labeled with a wide 
variety of labels, such as radionucleotides, fluorescers or 
enzymes. Alternatively, antibodies may be employed that 
can recognize specific duplexes, including DNA duplexes, 
RNA duplexes, and DNA-RNA hybrid duplexes or DNA- 
protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to 
a surface, so that upon the formation of duplex on the 
surface, the presence of antibody bound to the duplex can be 
detected.

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical 
staining of cells or tissue sections and assay of cell culture 
or body fluids, to quantitate directly the expression of gene 
product. With immunohistochemical staining techniques, a 
cell sample is prepared, typically by dehydration and fixa
tion, followed by reaction with labeled antibodies specific 
for the gene product coupled, where the labels are usually 
visually detectable, such as enzymatic labels, fluorescent 
labels, luminescent labels, and the like. Antibodies useful for 
immunohistochemical staining and/or assay of sample fluids 
may be either monoclonal or polyclonal, and may be pre
pared in any mammal.

2. Antibodies
In a preferred embodiment, the methods of the present 

invention are used for the recombinant production of anti
bodies, including therapeutic and diagnostic antibodies. 
Antibodies within the scope of the present invention include, 
but are not limited to: anti-HER2 antibodies including 
Trastuzumab (HERCEPTIN®) (Carter et ah, Proc. Natl. 
Acad. Sci. USA, 89:4285-4289 (1992), U.S. Pat. No. 5,725, 
856); anti-CD20 antibodies such as chimeric anti-CD20 
“C2B8” as in U.S. Pat. No. 5,736,137 (RITUXAN®), a 
chimeric or humanized variant of the 2Η7 antibody as in 
U.S. Pat. No. 5,721,108Β1, or Tositumomab (BEXXAR®); 
anti-IL-8 (St John et ah, Chest, 103:932 (1993), and Inter
national Publication No. WO 95/23865); anti-VEGF anti
bodies including humanized and/or affinity matured anti- 
VEGF antibodies such as the humanized anti-VEGF 
antibody huA4.6.1AVASTIN® (Kim et ah, Growth Factors, 
7:53-64 (1992), International Publication No. WO
96/30046, and WO 98/45331, published Oct. 15, 1998); 
anti-PSCA antibodies (W001/40309); anti-CD40 antibod
ies, including S2C6 and humanized variants thereof (WO00/ 
75348); anti-CDlla (U.S. Pat. No. 5,622,700, WO 
98/23761, Steppe et ah, Transplant Inti. 4:3-7 (1991), and 
Hourmant et al., Transplantation 58:377-380 (1994)); anti- 
IgE (Presta et al., J. Immunol. 151:2623-2632 (1993), and 
International Publication No. WO 95/19181); anti-CD18 
(U.S. Pat. No. 5,622,700, issued Apr. 22, 1997, or as in WO 
97/26912, published Jul. 31, 1997); anti-IgE (including Ε25,
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Ε26 and Ε27; U.S. Pat. No. 5,714,338, issued Feb. 3, 1998 
or U.S. Pat. No. 5,091,313, issued Feb. 25, 1992, WO 
93/04173 published Mar. 4, 1993, or International Applica- 
tionNo. PCT/US98/13410 filed Jun. 30, 1998, U.S. Pat. No. 
5,714,338); anti-Apo-2 receptor antibody (WO 98/51793 
published Nov. 19, 1998); anti-TNF-a antibodies including 
℮Α2 (REMICADE®), CDP571 and MAK-195 (See, U.S. 
Pat. No. 5,672,347 issued Sep. 30, 1997, Lorenz et al., J 
Immunol. 156(4): 1646-1653 (1996), and Dhainaut et al., 
Crit. Care Med. 23(9):1461-1469 (1995)); anti-Tissue Fac
tor (TF) (European Patent No. 0 420 937 Β1 granted Nov. 9, 
1994); anti-human a4P7 integrin (WO 98/06248 published 
Feb. 19, 1998); anti-EGFR (chimerized or humanized 225 
antibody as in WO 96/40210 published Dec. 19, 1996); 
anti-CD3 antibodies such as ΟΚΤ3 (U.S. Pat. No. 4,515,893 
issued May 7, 1985); anti-CD25 or anti-tac antibodies such 
as CHI-621 (SIMULECT®) and (ZENAPAX®) (See U.S. 
Pat. No. 5,693,762 issued Dec. 2, 1997); anti-CD4 antibod
ies such as the cM-7412 antibody (Choy et al., Arthritis 
Rheum 39(1):52-56 (1996)); anti-CD52 antibodies such as 
CAMPATH-1H (Riechmann et al. Nature 332:323-337 
(1988)); anti-Fc receptor antibodies such as the Μ22 anti
body directed against FcyRI as in Graziano et al, J. Immu
nol. 155(10):4996-5002 (1995); anti-carcinoembryonic anti
gen (CEA) antibodies such as hMN-14 (Sharkey et al. 
Cancer Res. 55(23Suppl): 5935s-5945s (1995); antibodies 
directed against breast epithelial cells including huBrE-3, 
hu-Mc 3 and CHL6 (Ceriani et al. Cancer Res. 55(23): 
5852s-5856s (1995); and Richman et al. Cancer Res. 55(23 
Supp): 5916s-5920s (1995)); antibodies that bind to colon 
carcinoma cells such as C242 (Litton et al, EurJ. Immunol. 
26(1):1-9 (1996)); anti-CD38 antibodies, e.g. AT 13/5 (Ellis 
et al, J. Immunol. 155(2):925-937 (1995)); anti-CD33 anti
bodies such as Hu Ml95 (Jurcic et al. Cancer Res 55(23 
Suppl):5908s-5910s (1995) andCMA-676 or CDP771; anti- 
CD22 antibodies such as LL2 or LymphoCide (Juweid et al. 
Cancer Res 55(23 Suppl):5899s-5907s (1995)); anti-Ep- 
CAM antibodies such as 17-1Α (PANOREX®); anti-GpIIb/ 
Ilia antibodies such as abciximab or ℮7Ε3 Fab (REO- 
PRO®); anti-RSV antibodies such as MEDI-493 
(SYNAGIS®); anti-CMV antibodies such as PROTOVIR® ; 
anti-HIV antibodies such as PR0542; anti-hepatitis antibod
ies such as the anti-Hep Β antibody OSTAVIR®; anti-CA 
125 antibody OvaRex; anti-idiotypic GD3 epitope antibody 
BEC2; 8ηϋ-ανβ3 antibody VITAXIN®; anti-human renal 
cell carcinoma antibody such as ch-G250; ING-1; anti
human 17-1Α antibody (3622W94); anti-human colorectal 
tumor antibody (Α33); anti-human melanoma antibody R24 
directed against GD3 ganglioside; anti-human squamous
cell carcinoma (SF-25); and anti-human leukocyte antigen 
(HLA) antibodies such as Smart ID 10 and the anti-HLA DR 
antibody Oncolym (Lym-1). The preferred target antigens 
for the antibody herein are: HER2 receptor, VEGF, IgE, 
CD20, CDlla, and CD40.

Many of these antibodies are widely used in clinical 
practice to treat various diseases, including cancer.

In certain specific embodiments, the methods of the 
present invention are used for the production of the follow
ing antibodies and recombinant proteins.

Anti-CD20 Antibodies
Rituximab (RITUXAN®) is a genetically engineered 

chimeric murine/human monoclonal antibody directed 
against the CD20 antigen. Rituximab is the antibody called 
“C2B8” in U.S. Pat. No. 5,736,137 issued Apr. 7, 1998 
(Anderson et al.). Rituximab is indicated for the treatment of 
patients with relapsed or refractory low-grade or follicular, 
CD20-positive, Β cell non-Hodgkin’s lymphoma. In vitro
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mechanism of action studies have demonstrated that ritux
imab binds human complement and lyses lymphoid Β cell 
lines through complement-dependent cytotoxicity (CDC) 
(Reff et al. Blood 83(2):435-445 (1994)). Additionally, it 
has significant activity in assays for antibody-dependent 
cellular cytotoxicity (ADCC). More recently, rituximab has 
been shown to have anti-proliferative effects in tritiated 
thymidine incorporation assays and to induce apoptosis 
directly, while other anti-CD 19 and CD20 antibodies do not 
(Maloney et al. Blood 88(10):637a (1996)). Synergy 
between rituximab and chemotherapies and toxins has also 
been observed experimentally. In particular, rituximab. sen
sitizes drug-resistant human Β cell lymphoma cell lines to 
the cytotoxic effects of doxorubicin, CDDP, VP-1 6, diph
theria toxin and ricin (Demidem et al. Cancer Chemo
therapy & Radiopharmaceuticals 12(3): 177-186 (1997)). In 
vivo preclinical studies have shown that rituximab depletes 
Β cells from the peripheral blood, lymph nodes, and bone 
marrow of cynomolgus monkeys, presumably through 
complement and cell-mediated processes (Reff et al. Blood 
83(2):435-445 (1994)).

Patents and patent publications concerning CD20 anti
bodies include U.S. Pat. Nos. 5,776,456, 5,736,137, 6,399, 
061, and 5,843,439, as well as U.S. patent application Nos. 
US 2002/0197255Α1, US 2003/0021781Α1, US 2003/ 
0082172 Al, US 2003/0095963 Al, US 2003/0147885 Al 
(Anderson et al.); U.S. Pat. No. 6,455,043Β1 and WO00/ 
09160 (Grillo-Lopez, A.); WOOO/27428 (Grillo-Lopez and 
White); WOOO/27433 (Grillo-Lopez and Leonard); WO00/ 
44788 (Braslawsky et al.); W001/10462 (Rastetter, W.); 
W001/10461 (Rastetter and White); W001/10460 (White 
and Grillo-Lopez); U.S. application No. US2002/0006404 
and W002/04021 (Hanna and Hariharan); U.S. application 
No. US2002/0012665 Al and WO01/74388 (Hanna, Ν.); 
U.S. application No. US 2002/0058029 Al (Hanna, Ν.); 
U.S. application No. US 2003/0103971 Al (Hariharan and 
Hanna); U.S. application No. US2002/0009444A1, and 
W001/80884 (Grillo-Lopez, A.); WO01/97858 (White, C.); 
U.S. application No. US2002/0128488A1 and W002/34790 
(Reff, Μ.); W02/060955 (Braslawsky et al.); WO2/096948 
(Braslawsky et al.); WO02/079255 (Reff and Davies); U.S. 
Pat. No. 6,171,586Β1, and W098/56418 (Lam et al.); 
W098/58964 (Raju, S.); W099/22764 (Raju, S.); W099/ 
51642, U.S. Pat. No. 6,194,551Β1, U.S. Pat. No. 6,242, 
195Β1, U.S. Pat. No. 6,528,624Β1 and U.S. Pat. No. 6,538, 
124 (Idusogie et al.); WO00/42072 (Presta, L.); WO00/ 
67796 (Curd et al.); W001/03734 (Grillo-Lopez et al.); U.S. 
application No. US 2002/0004587Α1 and WOOl/77342 
(Miller and Presta); U.S. application No. US2002/0197256 
(Grewal, I.); U.S. application No. US 2003/0157108 Al 
(Presta, L.); U.S. Pat. Nos. 6,090,365Β1, 6,287,537Β1, 
6,015,542, 5,843,398, and 5,595,721, (Kaminski et al.); U.S. 
Pat. Nos. 5,500,362, 5,677,180, 5,721,108, and 6,120,767 
(Robinson et al.); U.S. Pat. No. 6,410,391Β1 (Raubitschek 
et al.); U.S. Pat. No. 6,224,866Β1 and WO00/20864 (Bar- 
bera-Guillem, Ε.); WO01/13945 (Barbera-Guillem, Ε.); 
WO00/67795 (Goldenberg); U.S. application No. US 2003/ 
01339301 Al and WOOO/74718 (Goldenberg and Hansen); 
WO00/76542 (Golay et al.); WO01/72333 (Wolin and 
Rosenblatt); U.S. Pat. No. 6,368,596Β1 (Ghetie et al.); U.S. 
application No. US2002/0041847 Al, (Goldenberg, D.); 
U.S. application No. US2003/0026801A1 (Weiner and Hart
mann); W002/102312 (Engleman, Ε.); U.S. patent applica
tion No. 2003/0068664 (Albitar et al.); W003/002607 (Le
ung, S.); WO 03/049694 and US 2003/0185796 Al (Wolin 
et al.); W003/061694 (Sing and Siegall); US 2003/0219818 
Al (Bohen et al.); US 2003/0219433 Al and WO 03/068821
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(Hansen et al.) each of which is expressly incorporated 
herein by reference. See, also, U.S. Pat. No. 5,849,898 and 
ΕΡ application no. 330,191 (Seed et al.); U.S. Pat. No. 
4,861,579 and ΕΡ332,865Α2 (Meyer and Weiss); U.S. Pat. 
No. 4,861,579 (Meyer et al.) and W095/03770 (Bhat et al.).

Publications concerning therapy with Rituximab include: 
Perotta and Abuel “Response of chronic relapsing ITP of 10 
years duration to Rituximab” Abstract #3360 Blood 10(1) 
(part 1-2): ρ. 88Β (1998); Stashi et al., “Rituximab chimeric 
anti-CD20 monoclonal antibody treatment for adults with 
chronic idopathic thrombocytopenic purpura” Blood 98(4): 
952-957 (2001); Matthews, R. “Medical Heretics” New 
Scientist (7 Apr. 2001); Leandro et al., “Clinical outcome in 
22 patients with rheumatoid arthritis treated with Β lym
phocyte depletion” Ann Rheum Dis 61:833-888 (2002); 
Leandro et al., “Lymphocyte depletion in rheumatoid arthri
tis: early evidence for safety, efficacy and dose response. 
Arthritis & Rheumatism 44(9): S370 (2001); Leandro et al., 
“An open study of Β lymphocyte depletion in systemic lupus 
erythematosus”, Arthritis & Rheumatism 46(1):2673-2677 
(2002); Edwards and Cambridge “Sustained improvement in 
rheumatoid arthritis following a protocol designed to deplete 
Β lymphocytes” Rheumatology 40:205-211 (2001);
Edwards et al., “B-lymphocyte depletion therapy in rheu
matoid arthritis and other autoimmune disorders” Biochem. 
Soc. Trans. 30(4):824-828 (2002); Edwards et al., “Efficacy 
and safety of Rituximab, a B-cell targeted chimeric mono
clonal antibody: A randomized, placebo controlled trial in 
patients with rheumatoid arthritis. Arthritis & Rheumatism 
46(9): 5197 (2002); Levine and Pestronk “IgM antibody- 
related polyneuropathies: B-cell depletion chemotherapy 
using Rituximab” Neurology 52: 1701-1704 (1999); DeVita 
et al., “Efficacy of selective Β cell blockade in the treatment 
of rheumatoid arthritis” Arthritis & Rheumatism 46:2029- 
2033 (2002); Hidashida et al., “Treatment of DMARD- 
Refractory rheumatoid arthritis with rituximab.” Presented 
at the Annual Scientific Meeting of the American College of 
Rheumatology; October 24-29; New Orleans, La. 2002; 
Tuscano, J. “Successful treatment of Infliximab-refractory 
rheumatoid arthritis with rituximab” Presented at the Annual 
Scientific Meeting of the American College of Rheumatol
ogy; October 24-29; New Orleans, La. 2002. Sarwal et al., 
Ν. Eng. J. Med. 349(2):125-138 (Jul. 10, 2003) reports 
molecular heterogeneity in acute renal allograft rejection 
identified by DNA microarray profiling.

In various embodiments, the invention provides pharma
ceutical compositions comprising humanized anti-CD20 
antibodies. In certain embodiments, the humanized antibody 
composition of the invention further comprises amino acid 
alterations in the IgG Fc and exhibits increased binding 
affinity for human FcRn over an antibody having wild-type 
IgG Fc, by at least 60 fold, at least 70 fold, at least 80 fold, 
more preferably at least 100 fold, preferably at least 125 
fold, even more preferably at least 150 fold to about 170 
fold.

The N-glycosylation site in IgG is at Asn297 in the CH2 
domain. Humanized antibody compositions of the present 
invention include compositions of any of the preceding 
humanized antibodies having an Fc region, wherein about 
80-100% (and preferably about 90-99%) of the antibody in 
the composition comprises a mature core carbohydrate 
structure which lacks fucose, attached to the Fc region of the 
glycoprotein. Such compositions were demonstrated herein 
to exhibit a surprising improvement in binding to Fc(RIIIA 
(FI58), which is not as effective as Fc(RIIIA (VI58) in 
interacting with human IgG. Fc(RIIIA (FI58) is more com
mon than Fc(RIIIA (VI58) in normal, healthy African

35
Americans and Caucasians. See Lehmbecher et al., Blood 
94:4220 (1999). Historically, antibodies produced in Chi
nese Hamster Ovary Cells (CHO), one of the most com
monly used industrial hosts, contain about 2 to 6% in the 
population that are nonfucosylated. ΥΒ2/0 and Lee 13, how
ever, can produce antibodies with 78 to 98% nonfucosylated 
species. Shinkawa et al., J. Bio. Chem. 278 (5), 3466-347 
(2003), reported that antibodies produced in ΥΒ2/0 and 
Lee 13 cells, which have less FUT8 activity, show signifi
cantly increased ADCC activity in vitro. The production of 
antibodies with reduced fucose content are also described in 
e.g., Li et al., (GlycoFi) “Optimization of humanized IgGs 
in glycoengineered Pichia pastoris” in Nature Biology 
online publication 22 Jan. 2006; Niwa R. et al., Cancer Res. 
64(6):2127-2133 (2004); US 2003/0157108 (Presta); U.S. 
Pat. No. 6,602,684 and US 2003/0175884 (Glycart Biotech
nology); US 2004/0093621, US 2004/0110704, US 2004/ 
0132140 (all of Kyowa Hakko Kogyo).

A bispecific humanized antibody encompasses an anti
body wherein one arm of the antibody has at least the 
antigen binding region of the Η and/or L chain of a human
ized antibody of the invention, and the other arm has V 
region binding specificity for a second antigen. In specific 
embodiments, the antigens are selected from the group 
consisting of CD-20, CD3, CD64, CD32A, CD16, NKG2D 
or other ΝΚ activating ligands.

Anti-HER2 Antibodies
A recombinant humanized version of the murine HER2 

antibody 4D5 (huMAb4D5-8, rhuMAb HER2, trastuzumab 
or HERCEPTIN®; U.S. Pat. No. 5,821,337) is clinically 
active in patients with HER2-overexpressing metastatic 
breast cancers that have received extensive prior anti-cancer 
therapy (Baselga et al., J. Clin. Oncol. 14:737-744 (1996)). 
Trastuzumab received marketing approval from the Food 
and Drug Administration (FDA) Sep. 25, 1998 for the 
treatment of patients with metastatic breast cancer whose 
tumors overexpress the HER2 protein. In November 2006, 
the FDA approved Herceptin as part of a treatment regimen 
containing doxorubicin, cyclophosphamide and paclitaxel, 
for the adjuvant treatment of patients with HER2-positive, 
node-positive breast cancer.

In various embodiments, the invention provides pharma
ceutical compositions comprising humanized anti-HER2 
antibodies. HER2 antibodies with various properties have 
been described in Tagliabue et al., Int. J. Cancer 47:933-937 
(1991); McKenzie et al., Oncogene 4:543-548 (1989); Maier 
et al., Cancer Res. 51:5361-5369 (1991); Bacus et al., 
Molecular Carcinogenesis 3:350-362 (1990); Stancovski et 
al, PNAS (USA) 88:8691-8695 (1991); Bacus et al. Cancer 
Research 52:2580-2589 (1992); Xu et al, Int. J. Cancer 
53:401-408 (1993); W094/00136; Kasprzyk et al. Cancer 
Research 52:2771-2776 (1992); Hancock et al. Cancer Res. 
51:4575-4580(1991); Shawveretal, Cancer Res. 54:1367- 
1373 (1994); Arteaga et al. Cancer Res. 54:3758-3765 
(1994); Harwerth et al, J. Biol. Chem. 267:15160-15167 
(1992); U.S. Pat. No. 5,783,186; and Klapper et al. Onco
gene 14:2099-2109 (1997).

Anti-VEGF Antibodies
anti-VEGF antibodies including humanized and/or affin

ity matured anti-VEGF antibodies such as the humanized 
anti-VEGF antibody huA4.6.1 AVASTIN® (Kim et al. 
Growth Factors, 7:53-64 (1992), International Publication 
No. WO 96/30046, and WO 98/45331, published Oct. 15, 
1998) are FDA approved for the treatment of cancer. In 
various embodiments, the invention provides pharmaceuti
cal compositions comprising humanized anti-VEGF anti
bodies.
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Anti-CD 1 la Antibodies
The humanized anti-CDlla antibody efalizumab or Rap- 

tiva® (U.S. Pat. No. 6,037,454) received marketing 
approval from the Food and Drug Administration on Oct. 27, 
2003 for the treatment for the treatment of psoriasis. One 5 
embodiment provides for pharmaceutical compositions 
comprising anti-human CDlla antibodies.

Apomab Antibodies
Antibodies to the DR5 receptor (anti-DR5) antibodies can 

also be produced in accordance with the present invention. 10 
Such anti-DR5 antibodies specifically include all antibody 
variants disclosed in PCT Publication No. WO 2006/ 
083971, such as the anti-DR5 antibodies designated Apom- 
abs 1.1, 2.1, 3.1, 4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 7.2, 7.3, 15 
8.1, 8.3, 9.1, 1.2, 2.2, 3.2, 4.2, 5.2, 6.2, 7.2, 8.2, 9.2, 1.3, 2.2, 
3.3, 4.3, 5.3, 6.3, 7.3, 8.3, 9.3, and 25.3, especially Apomab 
8.3 and Apomab 7.3, preferably Apomab 7.3. The entire 
content of WO 2006/083971 is hereby expressly incorpo
rated by reference. Apomab is a fully human monoclonal 20 

antibody which is a DR5-taigeted pro-apoptotic receptor 
agonist (PARA) specifically designed to induce apoptosis. 
Apoptosis is a natural process by which damaged or 
unwanted cells, including those that are cancerous, die and 
are cleared from the body. Pro-apoptotic receptor DR5 is 25 
expressed in a broad range of malignancies.

Anti-BR3 Antibodies and Immunoadhesins
Antibodies to the BR3 (anti-BR3) antibodies and BR3-Fc 

immunoadhesins can also be produced in accordance with 
the present invention. Such anti-BR3 antibodies and immu- 30 
noadhesins specifically include all variants disclosed in U.S. 
Application Publication No. 20050070689. The entire con
tent of U.S. Application Publication No. 20050070689 is 
hereby expressly incorporated by reference.

3. General Methods for the Recombinant Production of 35 
Antibodies

The antibodies and other recombinant proteins herein can 
be produced by well known techniques of recombinant DNA 
technology. Thus, aside from the antibodies specifically 
identified above, the skilled practitioner could generate 40 
antibodies directed against an antigen of interest, e.g., using 
the techniques described below.

Antigen Selection and Preparation
The antibody herein is directed against an antigen of 

interest. Preferably, the antigen is a biologically important 45 
polypeptide and administration of the antibody to a mammal 
suffering from a disease or disorder can result in a thera
peutic benefit in that mammal. Flowever, antibodies directed 
against nonpolypeptide antigens (such as tumor-associated 
glycolipid antigens; see U.S. Pat. No. 5,091,178) are also 50 
contemplated. Where the antigen is a polypeptide, it may be 
a transmembrane molecule (e.g. receptor) or ligand such as 
a growth factor. Exemplary antigens include those proteins 
described in section (3) below. Exemplary molecular targets 
for antibodies encompassed by the present invention include 55 
CD proteins such as CD3, CD4, CD8, CD19, CD20, CD22, 
CD34, CD40; members of the ErbB receptor family such as 
the EGF receptor, F1ER2, F1ER3 or F1ER4 receptor; cell 
adhesion molecules such as LFA-1, Macl, ρ150,95, VLA-4, 
ICAM-1, VCAM and ανγ/β3 integrin including either α or 60 

β subunits thereof (e.g. anti-CDlla, anti-CD18 or anti- 
CDllb antibodies); growth factors such as VEGF; IgE; 
blood group antigens; flk2/flt3 receptor; obesity (OB) recep
tor; mpl receptor; CTLA-4; protein C, or any of the other 
antigens mentioned herein. Antigens to which the antibodies 65 
listed above bind are specifically included within the scope 
herein.

US 9,714
37

Soluble antigens or fragments thereof, optionally conju
gated to other molecules, can be used as immunogens for 
generating antibodies. For transmembrane molecules, such 
as receptors, fragments of these (e.g. the extracellular 
domain of a receptor) can be used as the immunogen. 
Alternatively, cells expressing the transmembrane molecule 
can be used as the immunogen. Such cells can be derived 
from a natural source (e.g. cancer cell lines) or may be cells 
which have been transformed by recombinant techniques to 
express the transmembrane molecule.

Other antigens and forms thereof useful for preparing 
antibodies will be apparent to those in the art.

Polyclonal Antibodies
Polyclonal antibodies are preferably raised in animals by 

multiple subcutaneous (sc) or intraperitoneal (ip) injections 
of the relevant antigen and an adjuvant. It may be useful to 
conjugate the antigen to a protein that is immunogenic in the 
species to be immunized, e.g., keyhole limpet hemocyanin, 
serum albumin, bovine thyroglobulin, or soybean trypsin 
inhibitor using a bifunctional or derivatizing agent, for 
example, maleimidobenzoyl sulfosuccinimide ester (conju
gation through cysteine residues), N-hydroxysuccinimide 
(through lysine residues), glutaraldehyde, succinic anhy
dride, SOCl2, or RXN=C=NR, where R and R1 are differ
ent alkyl groups.

Animals are immunized against the antigen, immuno
genic conjugates, or derivatives by combining, e.g., 100 pg 
or 5 pg of the protein or conjugate (for rabbits or mice, 
respectively) with 3 volumes of Freund’s complete adjuvant 
and injecting the solution intradermally at multiple sites. 
One month later the animals are boosted with Vs to V10 the 
original amount of antigen or conjugate in Freund’s com
plete adjuvant by subcutaneous injection at multiple sites. 
Seven to 14 days later the animals are bled and the serum is 
assayed for antibody titer. Animals are boosted until the titer 
plateaus. Preferably, the animal is boosted with the conju
gate of the same antigen, but conjugated to a different 
protein and/or through a different cross-linking reagent. 
Conjugates also can be made in recombinant cell culture as 
protein fusions. Also, aggregating agents such as alum are 
suitably used to enhance the immune response.

Monoclonal Antibodies
Monoclonal antibodies may be made using the hybridoma 

method first described by Kohler et al., Nature, 256:495 
(1975), or may be made by recombinant DNA methods (U.S. 
Pat. No. 4,816,567).

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster or macaque monkey, is 
immunized as hereinabove described to elicit lymphocytes 
that produce or are capable of producing antibodies that will 
specifically bind to the protein used for immunization. 
Alternatively, lymphocytes may be immunized in vitro. 
Lymphocytes then are fused with myeloma cells using a 
suitable fusing agent, such as polyethylene glycol, to form a 
hybridoma cell (Goding, Monoclonal Antibodies: Principles 
and Practice, ρρ. 59-103 (Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown 
in a suitable culture medium that preferably contains one or 
more substances that inhibit the growth or survival of the 
unfused, parental myeloma cells. For example, if the paren
tal myeloma cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (F1GPRT or F1PRT), the culture 
medium for the hybridomas typically will include hypox
anthine, aminopterin, and thymidine (FIAT medium), which 
substances prevent the growth of FIGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, 
support stable high-level production of antibody by the

,293 Β2
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selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. Among these, preferred 
myeloma cell lines are murine myeloma lines, such as those 
derived from MOPC-21 and MPC-11 mouse tumors avail
able from the Salk Institute Cell Distribution Center, San 
Diego, Calif. USA, and SP-2 or X63-Ag8-653 cells avail
able from the American Type Culture Collection, Rockville, 
Md. USA. Human myeloma and mouse-human heteromy
eloma cell lines also have been described for the production 
of human monoclonal antibodies (Kozbor, J. Immunol., 
133:3001 (1984); Brodeur et ah, Monoclonal Antibody Pro
duction Techniques and Applications, ρρ. 51-63 (Marcel 
Dekker, Inc., New York, 1987)).

Culture medium in which hybridoma cells are growing is 
assayed for production of monoclonal antibodies directed 
against the antigen. Preferably, the binding specificity of 
monoclonal antibodies produced by hybridoma cells is 
determined by immunoprecipitation or by an in vitro binding 
assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibod
ies of the desired specificity, affinity, and/or activity, the 
clones may be subcloned by limiting dilution procedures and 
grown by standard methods (Coding, Monoclonal Antibod
ies: Principles and Practice, ρρ. 59-103 (Academic Press, 
1986)). Suitable culture media for this purpose include, for 
example, D-MEM or RPMI-1640 medium. In addition, the 
hybridoma cells may be grown in vivo as ascites tumors in 
an animal

The monoclonal antibodies secreted by the subclones are 
suitably separated from the culture medium, ascites fluid, or 
serum by conventional immunoglobulin purification proce
dures such as, for example, Protein A-Sepharose, hydroxy
apatite chromatography, gel electrophoresis, dialysis, or 
affinity chromatography. Preferably the Protein A chroma
tography procedure described herein is used.

DNA encoding the monoclonal antibodies is readily iso
lated and sequenced using conventional procedures (e.g., by 
using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of 
the monoclonal antibodies). The hybridoma cells serve as a 
preferred source of such DNA. Once isolated, the DNA may 
be placed into expression vectors, which are then transfected 
into host cells such as Ε. coli cells, simian COS cells, 
Chinese hamster ovary (CHO) cells, or myeloma cells that 
do not otherwise produce immunoglobulin protein, to obtain 
the synthesis of monoclonal antibodies in the recombinant 
host cells.

The DNA also may be modified, for example, by substi
tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (U.S. Pat. No. 4,816,567; Morrison, et al., Proc. 
Natl Acad. Sci. USA, 81:6851 (1984)), or by covalently 
joining to the immunoglobulin coding sequence all or part of 
the coding sequence for a non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are 
substituted for the constant domains of an antibody, or they 
are substituted for the variable domains of one antigen
combining site of an antibody to create a chimeric bivalent 
antibody comprising one antigen-combining site having 
specificity for an antigen and another antigen-combining site 
having specificity for a different antigen.

In a further embodiment, monoclonal antibodies can be 
isolated from antibody phage libraries generated using the 
techniques described in McCafferty et al., Nature, 348:552- 
554 (1990). Clackson et al. Nature, 352:624-628 (1991) and 
Marks et al, J. Mol. Biol., 222:581-597 (1991) describe the

39
isolation of murine and human antibodies, respectively, 
using phage libraries. Subsequent publications describe the 
production of high affinity (ηΜ range) human antibodies by 
chain shuffling (Marks et al, Bio/Technology, 10:779-783 
(1992)), as well as combinatorial infection and in vivo 
recombination as a strategy for constructing very large 
phage libraries (Waterhouse et al, Nuc. Acids. Res., 
21:2265-2266 (1993)). Thus, these techniques are viable 
alternatives to traditional hybridoma techniques for isolation 
of monoclonal antibodies.

Humanized and Human Antibodies
A humanized antibody has one or more amino acid 

residues introduced into it from a source which is non
human. These non-human amino acid residues are often 
referred to as “import” residues, which are typically taken 
from an “import” variable domain. Humanization can be 
essentially performed following the method of Winter and 
co-workers (Jones et al. Nature, 321:522-525 (1986); 
Riechmann et al. Nature, 332:323-327 (1988); Verhoeyen et 
al. Science, 239:1534-1536 (1988)), by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Accordingly, such “humanized” antibod
ies are chimeric antibodies (U.S. Pat. No. 4,816,567) 
wherein substantially less than an intact human variable 
domain has been substituted by the corresponding sequence 
from a non-human species. In practice, humanized antibod
ies are typically human antibodies in which some CDR 
residues and possibly some FR residues are substituted by 
residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is 
very important to reduce antigenicity. According to the 
so-called “best-fit” method, the sequence of the variable 
domain of a rodent antibody is screened against the entire 
library of known human variable-domain sequences. The 
human sequence which is closest to that of the rodent is then 
accepted as the human FR for the humanized antibody (Sims 
et al, J. Immunol., 151:2296 (1993)). Another method uses 
a particular framework derived from the consensus sequence 
of all human antibodies of a particular subgroup of light or 
heavy chains. The same framework may be used for several 
different humanized antibodies (Carter et al, Proc. Natl. 
Acad. Sci. USA, 89:4285 (1992); Presta et al, J. Immnol., 
151:2623 (1993)).

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three-dimensional 
models of the parental and humanized sequences. Three- 
dimensional immunoglobulin models are commonly avail
able and are familiar to those skilled in the art. Computer 
programs are available which illustrate and display probable 
three-dimensional conformational structures of selected can
didate immunoglobulin sequences. Inspection of these dis
plays permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e, 
the analysis of residues that influence the ability of the 
candidate immunoglobulin to bind its antigen. In this way, 
FR residues can be selected and combined from the recipient 
and import sequences so that the desired antibody charac
teristic, such as increased affinity for the target antigen(s), is 
achieved. In general, the CDR residues are directly and most 
substantially involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic 
animals (e.g, mice) that are capable, upon immunization, of
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producing a full repertoire of human antibodies in the 
absence of endogenous immunoglobulin production. For 
example, it has been described that the homozygous deletion 
of the antibody heavy-chain joining region (¾ gene in 
chimeric and germ-line mutant mice results in complete 
inhibition of endogenous antibody production. Transfer of 
the human germ-line immunoglobulin gene array in such 
germ-line mutant mice will result in the production of 
human antibodies upon antigen challenge. See, e.g., Jako- 
bovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); 
Jakobovits et al., Nature, 362:255-258 (1993); Bruggermann 
et al., Year in Immuno., 7:33 (1993); and Duchosal et al., 
Nature 355:258 (1992). Fluman antibodies can also be 
derived from phage-display libraries (Floogenboom et al., J. 
Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 
222:581-597 (1991); Vaughan et al., Nature Biotech 14:309 
(1996)).

Antibody Fragments
Various techniques have been developed for the produc

tion of antibody fragments. Traditionally, these fragments 
were derived via proteolytic digestion of intact antibodies 
(see, e.g., Morimoto et al., Journal of Biochemical and 
Biophysical Methods 24:107-117 (1992) and Brennan et al., 
Science, 229:81 (1985)). Flowever, these fragments can now 
be produced directly by recombinant host cells. For 
example, the antibody fragments can be isolated from the 
antibody phage libraries discussed above. Alternatively, 
Fab'-SFl fragments can be directly recovered from Ε. coli 
and chemically coupled to form F(ab')2 fragments (Carter et 
al., Bio/Technology 10:163-167 (1992)). According to 
another approach, F(ab')2 fragments can be isolated directly 
from recombinant host cell culture. Other techniques for the 
production of antibody fragments will be apparent to the 
skilled practitioner. In other embodiments, the antibody of 
choice is a single chain Fv fragment (scFv) (see WO 
93/16185).

Multispecific Antibodies
Multispecific antibodies have binding specificities for at 

least two different antigens. While such molecules normally 
will only bind two antigens (i.e. bispecific antibodies, 
BsAbs), antibodies with additional specificities such as 
trispecific antibodies are encompassed by this expression 
when used herein.

Methods for making bispecific antibodies are known in 
the art. Traditional production of full length bispecific anti
bodies is based on the coexpression of two immunoglobulin 
heavy chain-light chain pairs, where the two chains have 
different specificities (Millstein et al., Nature, 305:537-539 
(1983)). Because of the random assortment of immuno
globulin heavy and light chains, these hybridomas (quadro- 
mas) produce a potential mixture of 10 different antibody 
molecules, of which only one has the correct bispecific 
structure. Purification of the correct molecule, which is 
usually done by affinity chromatography steps, is rather 
cumbersome, and the product yields are low. Similar pro
cedures are disclosed in WO 93/08829, and in Traunecker et 
al, EMBOJ, 10:3655-3659 (1991).

According to another approach described in W096/ 
27011, the interface between a pair of antibody molecules 
can be engineered to maximize the percentage of heterodi
mers which are recovered from recombinant cell culture. 
The preferred interface comprises at least a part of the Cfi 
domain of an antibody constant domain. In this method, one 
or more small amino acid side chains from the interface of 
the first antibody molecule are replaced with larger side 
chains (e.g. tyrosine or tryptophan). Compensatory “cavi
ties” of identical or similar size to the large side chain(s) are
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created on the interface of the second antibody molecule by 
replacing large amino acid side chains with smaller ones 
(e.g. alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unwanted 
end-products such as homodimers.

Bispecific antibodies include cross-linked or “heterocon
jugate” antibodies. For example, one of the antibodies in the 
heteroconjugate can be coupled to avidin, the other to biotin. 
Such antibodies have, for example, been proposed to taiget 
immune system cells to unwanted cells (U.S. Pat. No. 
4,676,980), and for treatment of F1IV infection (WO 
91/00360, WO 92/200373, and ΕΡ 03089). Heteroconjugate 
antibodies may be made using any convenient cross-linking 
methods. Suitable cross-linking agents are well known in the 
art, and are disclosed in U.S. Pat. No. 4,676,980, along with 
a number of cross-linking techniques.

Techniques for generating bispecific antibodies from anti
body fragments have also been described in the literature. 
For example, bispecific antibodies can be prepared using 
chemical linkage. Brennan et al. Science, 229: 81 (1985) 
describe a procedure wherein intact antibodies are pro- 
teolytically cleaved to generate F(ab')2 fragments. These 
fragments are reduced in the presence of the dithiol com- 
plexing agent sodium arsenite to stabilize vicinal dithiols 
and prevent intermolecular disulfide formation. The Fab' 
fragments generated are then converted to thionitrobenzoate 
(ΤΝΒ) derivatives. One of the Fab'-TNB derivatives is then 
reconverted to the Fab'-thiol by reduction with mercapto- 
ethylamine and is mixed with an equimolar amount of the 
other Fab'-TNB derivative to form the bispecific antibody. 
The bispecific antibodies produced can be used as agents for 
the selective immobilization of enzymes.

Recent progress has facilitated the direct recovery of 
Fab'-SH fragments from Ε. coli, which can be chemically 
coupled to form bispecific antibodies. Shalaby et al, J. Exp. 
Med., 175: 217-225 (1992) describe the production of a fully 
humanized bispecific antibody F(ab')2 molecule. Each Fab' 
fragment was separately secreted from Ε. coli and subjected 
to directed chemical coupling in vitro to form the bispecific 
antibody. The bispecific antibody thus formed was able to 
bind to cells overexpressing the ErbB2 receptor and normal 
human Τ cells, as well as trigger the lytic activity of human 
cytotoxic lymphocytes against human breast tumor targets.

Various techniques for making and isolating bispecific 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispecific antibodies 
have been produced using leucine zippers. Kostelny et al, J. 
Immunol., 148(5): 1547-1553 (1992). The leucine zipper 
peptides from the Fos and Jun proteins were linked to the 
Fab' portions of two different antibodies by gene fusion. The 
antibody homodimers were reduced at the hinge region to 
form monomers and then re-oxidized to form the antibody 
heterodimers. This method can also be utilized for the 
production of antibody homodimers. The “diabody” tech
nology described by Hollinger et al, Proc. Natl. Acad. Sci. 
USA, 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fragments. The 
fragments comprise a heavy-chain variable domain (VH) 
connected to a light-chain variable domain (VL) by a linker 
which is too short to allow pairing between the two domains 
on the same chain. Accordingly, the NH and NL domains of 
one fragment are forced to pair with the complementary NL 
and Nh domains of another fragment, thereby forming two 
antigen-binding sites. Another strategy for making bispecific 
antibody fragments by the use of single-chain Fv (sFv) 
dimers has also been reported. See Gruber et al, J. Immu
nol., 152:5368 (1994). Alternatively, the antibodies can be
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“linear antibodies” as described in Zapata et al., Protein Eng. 
8(10):1057-1062 (1995). Briefly, these antibodies comprise 
a pair of tandem Fd segments (V^-C^l-V^-C^l) which 
form a pair of antigen binding regions. Linear antibodies can 
be bispecific or monospecific.

Antibodies with more than two valencies are contem
plated. For example, trispecific antibodies can be prepared. 
Tutt et al., J. Immunol. 147: 60 (1991).

Immunoadhesins
The simplest and most straightforward immunoadhesin 

design combines the binding domain(s) of the adhesin (e.g. 
the extracellular domain (ECD) of a receptor) with the hinge 
and Fc regions of an immunoglobulin heavy chain. Ordi
narily, when preparing the immunoadhesins of the present 
invention, nucleic acid encoding the binding domain of the 
adhesin will be fused C-terminally to nucleic acid encoding 
the N-terminus of an immunoglobulin constant domain 
sequence, however N-terminal fusions are also possible.

Typically, in such fusions the encoded chimeric polypep
tide will retain at least functionally active hinge, CH2 and 
CH2> domains of the constant region of an immunoglobulin 
heavy chain. Fusions are also made to the C-terminus of the 
Fc portion of a constant domain, or immediately N-terminal 
to the CH\ of the heavy chain or the corresponding region of 
the light chain. The precise site at which the fusion is made 
is not critical; particular sites are well known and may be 
selected in order to optimize the biological activity, secre
tion, or binding characteristics of the immunoadhesin.

In a preferred embodiment, the adhesin sequence is fused 
to the N-terminus of the Fc domain of immunoglobulin 
(IgGJ. It is possible to fuse the entire heavy chain constant 
region to the adhesin sequence. Flowever, more preferably, 
a sequence beginning in the hinge region just upstream of 
the papain cleavage site which defines IgG Fc chemically 
(i.e. residue 216, taking the first residue of heavy chain 
constant region to be 114), or analogous sites of other 
immunoglobulins is used in the fusion. In a particularly 
preferred embodiment, the adhesin amino acid sequence is 
fused to (a) the hinge region and CH2 and CH2> or (b) the 
CH\, hinge, Ch2 and CH2> domains, of an IgG heavy chain.

For bispecific immunoadhesins, the immunoadhesins are 
assembled as multimers, and particularly as heterodimers or 
heterotetramers. Generally, these assembled immunoglobu
lins will have known unit structures. A basic four chain 
structural unit is the form in which IgG,

IgD, and IgE exist. A four chain unit is repeated in the 
higher molecular weight immunoglobulins; IgM generally 
exists as a pentamer of four basic units held together by 
disulfide bonds. IgA globulin, and occasionally IgG globu
lin, may also exist in multimeric form in serum. In the case 
of multimer, each of the four units may be the same or 
different.

Various exemplary assembled immunoadhesins within the 
scope herein are schematically diagrammed below:

ACl-ACl;
Α℮^(Α℮^, ACl-ACh, ACt-VnCn, or V^-AC*);
ACZ-ACjj-(ACl-ACh, ACl-VJZh, VlCl-ACh, or VLCL-

ACZ-V(ACh, orAQ-V^, or V^-AC*);
V^-AC^AQ-V^, or V^-AC*); and 
(Α-Υ),,-(ν^-ν,Α^;
wherein each A represents identical or different adhesin 

amino acid sequences;
VL is an immunoglobulin light chain variable domain;
VH is an immunoglobulin heavy chain variable domain;
CL is an immunoglobulin light chain constant domain;
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CH is an immunoglobulin heavy chain constant domain;
η is an integer greater than 1 ;
Υ designates the residue of a covalent cross-linking agent.
In the interests of brevity, the foregoing structures only 

show key features; they do not indicate joining (J) or other 
domains of the immunoglobulins, nor are disulfide bonds 
shown. Flowever, where such domains are required for 
binding activity, they shall be constructed to be present in 
the ordinary locations which they occupy in the immuno
globulin molecules.

Alternatively, the adhesin sequences can be inserted 
between immunoglobulin heavy chain and light chain 
sequences, such that an immunoglobulin comprising a chi
meric heavy chain is obtained. In this embodiment, the 
adhesin sequences are fused to the 3' end of an immuno
globulin heavy chain in each arm of an immunoglobulin, 
either between the hinge and the CH2 domain, or between 
the Ch2 and CH2> domains. Similar constructs have been 
reported by Floogenboom, et al., Mol. Immunol. 28:1027- 
1037 (1991).

Although the presence of an immunoglobulin light chain 
is not required in the immunoadhesins of the present inven
tion, an immunoglobulin light chain might be present either 
covalently associated to an adhesin-immunoglobulin heavy 
chain fusion polypeptide, or directly fused to the adhesin. In 
the former case, DNA encoding an immunoglobulin light 
chain is typically coexpressed with the DNA encoding the 
adhesin-immunoglobulin heavy chain fusion protein. Upon 
secretion, the hybrid heavy chain and the light chain will be 
covalently associated to provide an immunoglobulin-like 
structure comprising two disulfide-linked immunoglobulin 
heavy chain-light chain pairs. Methods suitable for the 
preparation of such structures are, for example, disclosed in 
U.S. Pat. No. 4,816,567, issued 28 Mar. 1989.

Immunoadhesins are most conveniently constructed by 
fusing the cDNA sequence encoding the adhesin portion 
in-frame to an immunoglobulin cDNA sequence. Flowever, 
fusion to genomic immunoglobulin fragments can also be 
used (see, e.g. Arufifo et al., Cell 61:1303-1313 (1990); and 
Stamenkovic et al., Cell 66:1133-1144 (1991)). The latter 
type of fusion requires the presence of Ig regulatory 
sequences for expression. cDNAs encoding IgG heavy- 
chain constant regions can be isolated based on published 
sequences from cDNA libraries derived from spleen or 
peripheral blood lymphocytes, by hybridization or by poly
merase chain reaction (PCR) techniques. The cDNAs encod
ing the “adhesin” and the immunoglobulin parts of the 
immunoadhesin are inserted in tandem into a plasmid vector 
that directs efficient expression in the chosen host cells.

Further details of the invention are provided in the fol
lowing non-limiting Examples.

All patents, patent applications, publications, product 
descriptions, and protocols are cited throughout this appli
cation, the disclosures of which are incorporated herein by 
reference in their entireties.

EXAMPLES

The following examples are offered for illustrative pur
poses only, and are not intended to limit the scope of the 
present invention in any way. Commercially available 
reagents referred to in the examples were used according to 
manufacturer’s instructions unless otherwise indicated. The 
source of those cells identified in the following examples,
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and throughout the specification, by ATCC® accession 
numbers is the American Type Culture Collection, Manas
sas, Va.

Example 1

Production of Polypeptides in Glutamine-Free Production 
Medium

Materials and Methods:
Cell Lines.
In these studies, CLIO host cells expressing an Apomab 

antibody, anti-VEGF antibody, and the fusion protein BR3- 
Fc, respectively were used. The host cells were adapted in 
suspension and serum free cultures. Frozen stocks were 
prepared as master or working cell banks in the media 
described below.

Cell line maintenance was carried out using a 250-mL or 
1-Liter Coming® vented shake flasks maintained in a 
Thermo Scientific Forma® reach-in a C02 humidified incu
bator maintained at 37° C. and 5% C02. Flasks were agitated 
at rate of 150 rpm on a New Bmnswick Scientific Innova®- 
2100 platform shaker with a custom aluminum-substrate 
platform. Cell cultures were passed every 3 or 4 days with 
fresh media and seeded at 0.11% or 0.20% Packed Cell 
Volume (PCV). PCV was obtained using a glasslO-mL 
KIMAX® USA PCV tube.

Culture Media and Conditions.
Media studies were initiated using 250-mL Corning 

vented shake flask inoculated in singlet, duplicate, or trip
licate at 100 mL working volume at 0.20% PCV for all cases 
using cell culture from a source 1-Liter Corning® vented 
shake flask with a 500-mL working volume. PCV was 
obtained using a glass 10-mL KIMAX® USA PCV tube.

Prior to initiation of the study cell culture was centrifuged 
at 1000 rpm for 5-minutes in a Sorvall® RT 6000Β centri
fuge to complete a 100% media exchange of inoculum 
media containing glutamine with the respective test media. 
Different concentrations of Glutamine, Glutamate, Aspara
gine and Aspartate were evaluated in the different test media. 
The following concentrations were tested: Glutamine 0-10 
mM, Glutamate 1-10 mM, Asparagine 0-15 mM, Aspartate 
1-10 mM. Media conditions were evaluated in full factorial 
DOE studies.

The effect of Glutamine-free medium on was also tested 
in commercially available DMEM/F12 medium. The 
medium was used at 5χ concentration (7.05 g/L) with extra 
Asparagine (10 mM total), Aspartate (10 mM total), Gluta
mine (10 mM total for the Glutamine-containing medium), 
Glutamate (1 mM total), and glucose (8 g/L total). Gluta- 
mine-free and Glutamine-containing medium were com
pared using Apomab and anti-VEGF antibody expressing 
cells.

Shake flasks were maintained in a Thermo Scientific 
Forma® reach-in a C02 humidified incubator maintained at 
37® C. and 5% C02. Flasks were agitated at rate of 150 rpm 
on a New Brunswick Scientific Innova®-2100 platform 
shaker with a custom aluminum-substrate platform.

The medium used contained the following components:

Organic salts and Trace Elements

Ammonium Paramolybdate, Tetrahydrate 
Ammonium Vanadium Oxide 
Calcium Chloride, Anhydrous 
Cupric Sulfate, Pentahydrate 
Ferrous Sulfate, Heptahydrate
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-continued

Potassium Chloride 
Magnesium Chloride, Anhydrous 
Manganese Sulfate, Monohydrate 
Nickel Chloride, Hexahydrate 
Selenious Acid
Sodium Metasilicate, Nonahydrate
Sodium Phosphate, Monobasic, Monohydrate
Stannous Chloride, Dihydrate
Zinc Sulfate, Heptahydrate
Lipids

Linoleic Acid
Lipoic Acid (aka Thioctic Acid) 
Putrescine, Dihydrochloride 
Amino Acids

L-Alanine
L-Arginine, Monohydrochloride 
L-Asparagine 
L-Aspartic Acid
L-Cysteine, Monohydrochloride, Monohydrate
L-Glutamic Acid
L-Glutamine
L-Histidine, Monohydrochloride, Monohydrate
L-Isoleucine
L-Leucine
L-Lysine, Monohydrochloride
L-Methionine
L-Phenylalanine
L-Proline
L-Serine
L-Threonine
L-Tryptophan
L-Tyrosine, Disodium Salt, Dihydrate
L-Valine
Vitamins

D-Calcium Pantothenate 
Choline Chloride 
Folic Acid 
I-Inositol 
Niacinamide
Pyridoxine, Monohydrochloride 
Riboflavin
Thiamine, Monohydrochloride 
Vitamin B-12
Carbon Source, Growth Factors, and 
Miscelaneous

Fluronic F-68 
D-Glucose 
Sodium Bicarbonate 
Sodium Pyruvate 
Sodium Chloride 
Sodium Hydroxide 
Insulin 
Galactose

The commercially-available DMEM/F-12 culture 
medium was also tested, having the following components;

(mg/L)

VITAMINS

Biotin 0.00365
D-calcium pantothenate 2.24
Choline chloride 8.98
Cyanocobalamin 0.68
Folic acid 2.65
i-inositol 12.6
Niacinamide 2.0185
Pyridoxal HC1 2
Pyridoxine HCI 0.031
Riboflavin 0.219
Thiamine HCI 2.17
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-continued

(mg/L)

AMINO ACIDS

L-alanine 4.455
L-arginine HC1 147.5
L-asparagine monohydrate 7.5
L-aspartic acid 6.65
L-cysteine HCI monohydrate 17.56
L-cystine 2HC1 31.29
L-glutamic acid 7.35
L-glutamine 365
Glycine 18.75
L-histidine HCI monohydrate 31.48
L-isoleucine 54.47
L-leucine 59.05
L-lysine HCI 91.25
L-methionine 17.24
L-phenylalanine 35.48
L-proline 17.25
L-serine 26.25
L-threonine 53.45
L-tryptophan 9.02
L-tyrosine 2Na dihydrate 55.79
L-valine 52.85
OTHER

Dextrose anhydrous 3151
HEPES 3575
Hypoxanthine sodium salt 2.39
Linoleic acid 0.042
DL-a-Lipoic acid 0.105
Phenol red sodium salt 8.602
Putrescine 2HCI 0.081
Sodium pyruvate 55
Thymidine 0.365
ADD: Sodium bicarbonate 1200
INORGANIC SALTS

Calcium chloride anhydrous 116.61
Cupric sulfate pentahydrate 0.00125
Ferric nitrate nonahydrate 0.05
Ferrous sulfate heptahydrate 0.417
Magnesium chloride anhydrous 28.61
Magnesium sulfate anhydrous 48.84
Potassium chloride 311.8
Sodium chloride 6999.5
Sodium phosphate dibasic anhydrous 71.02
Sodium phosphate monobasic 62.5
monohydrate
Zinc sulfate heptahydrate 0.4315

The medium for inoculum culture (as opposed for the 
production phase) was usually supplemented with 5 mM 
glutamine, 8 g/L glucose, and 75-2000 ηΜ Methotroxate.

For studies pfl adjustment was performed as needed to 
maintain pfl value at 7.00±0.10 using 1Μ Sodium Carbon
ate. Adjustment in pfl value was made in by adding 1 mL/L 
of 1Μ Sodium Carbonate to raise pfl units up 0.10.

Cell culture was analyzed up to 14-days by taking a 
3.5-mL sample and analyzed for viable cell count, viability, 
and cell size using a Beckman Coulter ViCell™-1.0 cell 
counter. Nutrient analysis was performed using the Nova 
400 Biomedical Bioprofile®. Osmolality was measured 
using an Advanced® Instrument multi-sample Osmometer 
(Model 3900). Recombinant product titer concentration was 
obtained using the Agilent 1100 Series F1PLC.

Recombinant Proteins.
The recombinant proteins produced were Apomab 

(TRAIL), anti-VEGF, and the immunoadhesin BR3-Fc.
Data Analysis.
Statistical analyses of the data were carried out using a 

full factorial design of experiment, which is an experiment 
whose design consists of two or more factors, each with
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discrete possible values or “levels”, and whose experimental 
units take on all possible combinations of these levels across 
all such factors. A full factorial design may also be called a 
fully-crossed design. Such an experiment allows studying 
the effect of each factor on the response variable, as well as 
the effects of interactions between factors on the response 
variable.

Results
As shown in FIGS. 1-5, use of a glutamine-free produc

tion medium increased the final recombinant protein titer of 
Apomab antibody, BR3-Fc immunoadhesin and anti-VEGF 
antibody. In each case, cube plot analysis of titer results 
using Full Factorial DOE evaluating the effect of different 
concentrations of Glutamine, Glutamate, Asparagine and 
Aspartate predict that the highest titer is achieved in Glu
tamine-Free media supplemented with 10 mM Asparagine, 
10 mM Aspartic Acid and 1 mM Glutamic Acid. (FIGS. 1-3)

The effect of Asparagine under Glutamine-free, low Glu
tamate and high Aspartate conditions on Apomab antibody 
titer is shown in FIG. 4. In Glutamine-free medium, Apomab 
antibody titer was significantly increased in the presence of 
2.5-15 mM Asparagine compared to Glutamine-free cultures 
without Asparagine. Under these conditions, the presence or 
absence of Glutamate had no effect on titer.

Apomab antibody titer production across various Aspara
gine and Aspartate concentrations in Glutamine-free and low 
Glutamate conditions is illustrated in FIG. 5. A positive 
titration effect was observed when increasing Aspartate from 
0 to 10 mM under these conditions.

The effect of glutamine-free medium supplemented with 
10 mM Asparagine, 10 mM Aspartic Acid and 1 mM 
Glutamic Acid on titer is demonstrated in FIGS. 6 A-C, 
wherein the final titer for Apomab antibody, anti-VEGF 
antibody and BR3-Fc immunoadhesin (A-C, respectively) 
was significantly higher in Glutamine-free medium com
pared to Glutamine-containing medium.

Similar results were obtained using the commercial 
DMEM/F-12 culture medium. As shown in FIGS. 7 A and Β, 
the final titer for Apomab antibody and anti-VEGF antibody 
(A and Β, respectively) was significantly higher in Gluta- 
mine-free DMEM/F12 medium supplemented with 10 mM 
Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic Acid 
compared to Glutamine-containing DMEM F12 medium 
supplemented with 10 mM Asparagine, 10 mM Aspartic 
Acid and 1 mM Glutamic Acid.

As shown in FIGS. 8 and 9, use of a glutamine-free 
production medium also increased specific production mea
sured as Qp (mg/mL-cell/day). FIGS. 8 A-C illustrate that 
cell specific productivity (Qp) for Apomab antibody, anti- 
VEGF antibody and BR3-Fc immunoadhesin (A-C, respec
tively) was significantly higher in Glutamine-free medium 
supplemented with 10 mM Asparagine, 10 mM Aspartic 
Acid and 1 mM Glutamic Acid compared to Glutamine- 
containing medium. FIGS. 9 A and Β illustrate that cell 
specific productivity for Apomab antibody and anti-VEGF 
antibody (A and Β, respectively) was significantly higher in 
Glutamine-free DMEM/F12 medium supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic 
Acid compared to Glutamine-containing DMEM/F12 
medium.

As shown in FIGS. 10 and 11, use of a glutamine-free 
production medium was shown to improve cell viability and 
extend culture longevity significantly. FIGS. 10 A-C. illus
trate that cell viability for Apomab antibody, anti-VEGF 
antibody and BR3-Fc immunoadhesin (A-C, respectively) 
was higher in Glutamine-free medium supplemented with 10 
mM Asparagine, 10 mM Aspartic Acid and 1 mM Glutamic
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Acid compared to Glutamine-containing medium. FIGS. 11 
A and Β indicate that, in DMEM/F12 medium, cell viability 
was not consistently improved in Glutamine-free medium 
supplemented with 10 mM Asparagine, 10 mM Aspartic 
Acid and 1 mM Glutamic Acid. Of note, viability was higher 
for Apomab antibody (FIG. 11 A), but lower for anti-VEGF 
antibody (FIG. 11 Β) compared to Glutamine containing 
medium.

As shown in FIGS. 12 and 13, use of a glutamine-free 
production medium reduced NFl^ accumulation signifi
cantly compared to glutamine-containing medium. FIGS. 12 
A-D illustrate that ammonia levels were usually lower in 
Glutamine-free cultures supplemented with lOmM Aspara
gine, 10 mM Aspartic Acid and 1 mM Glutamic Acid 
compared to Glutamine-containing cultures. FIGS. 13 A and 
Β illustrate that ammonia levels were significantly reduced 
in Glutamine-free DMEM/F12 medium supplemented with 
10 mM Asparagine, 10 mM Aspartic Acid and 1 mM 
Glutamic Acid compared to Glutamine-containing DMEM/ 
F12 medium.

The invention illustratively described herein can suitably 
be practiced in the absence of any element or elements, 
limitation or limitations that is not specifically disclosed 
herein. Thus, for example, the terms “comprising,” “includ
ing,” “containing,” etc. shall be read expansively and with
out limitation. Additionally, the terms and expressions 
employed herein have been used as terms of description and 
not of limitation, and there is no intention in the use of such 
terms and expressions of excluding any equivalent of the 
invention shown or portion thereof, but it is recognized that 
various modifications are possible within the scope of the 
invention claimed. Thus, it should be understood that 
although the present invention has been specifically dis
closed by preferred embodiments and optional features, 
modifications and variations of the inventions embodied 
herein disclosed can be readily made by those skilled in the 
art, and that such modifications and variations are consid
ered to be within the scope of the inventions disclosed 
herein.

From the description of the invention herein, it is manifest 
that various equivalents can be used to implement the 
concepts of the present invention without departing from its 
scope. Moreover, while the invention has been described 
with specific reference to certain embodiments, a person of 
ordinary skill in the art would recognize that changes can be 
made in form and detail without departing from the spirit 
and the scope of the invention. The described embodiments 
are considered in all respects as illustrative and not restric
tive. It should also be understood that the invention is not 
limited to the particular embodiments described herein, but 
is capable of many equivalents, rearrangements, modifica
tions, and substitutions without departing from the scope of 
the invention. Thus, additional embodiments are within the 
scope of the invention and within the following claims.

All U.S. patents and applications; foreign patents and 
applications; scientific articles; books; and publications 
mentioned herein are hereby incorporated by reference in 
their entirety as if each individual patent or publication was 
specifically and individually indicated to be incorporated by 
reference, including any drawings, figures and tables, as 
though set forth in full.

What is claimed is:
1. A process for producing a polypeptide in a host cell 

expressing said polypeptide, comprising culturing the host 
cell in a production phase of the culture in a glutamine-free 
production culture medium containing asparagine and aspar
tic acid, wherein the asparagine is added at a concentration
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in the range of 7.5 mM to 15 mM and wherein the aspartic 
acid is added at a concentration in the range of 1 mM to 10 
mM.

2. The process of claim 1 further comprising the step of 
isolating said polypeptide.

3. The process of claim 2 further comprising determining 
one or more of cell viability, culture longevity, specific 
productivity and final recombinant protein titer following 
isolation.

4. The process of claim 3 wherein at least one of the cell 
viability, culture longevity, specific productivity and final 
recombinant protein titer is increased relative to the cell 
viability, culture longevity, specific productivity and final 
recombinant protein titer in a glutamine-containing produc
tion medium of the same composition.

5. The process of claim 1 wherein the asparagine is added 
at a concentration in the range of 7.5 mM to 10 mM.

6. The process of claim 1 wherein the asparagine is added 
at a concentration of 10 mM.

7. The process of claim 1 wherein the production medium 
is serum-free.

8. The process of claim 1 wherein the production culture 
medium comprises one or more ingredients selected from 
the group consisting of

1) an energy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
9. The process of claim 8 wherein the production culture 

medium additionally comprises one or more ingredients 
selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
10. The process of claim 1 wherein the production phase 

is a batch or fed batch culture phase.
11. The process of claim 10, wherein the production 

culture medium comprises one or more ingredients selected 
from the group consisting of

1) an energy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
12. The process of claim 11, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
13. The process of 11, wherein the asparagine is added at 

a concentration of 10 mM.
14. The process of claim 11, wherein the aspartic acid is 

added at a concentration of 10 mM.
15. The process of claim 11, wherein the production 

medium is serum-free.
16. The process of claim 10, wherein the production 

culture medium additionally comprises one or more ingre
dients selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
17. The process of claim 16, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
18. The process of claim 16, wherein the asparagine is 

added at a concentration of 10 mM.
19. The process of claim 16, wherein the aspartic acid is 

added at a concentration of 10 mM.
20. The process of claim 16, wherein the production 

medium is serum-free.
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21. The process of claim 1 wherein said host cell is an 
eukaryotic host cell.

22. The process of claim 21 wherein said eukaryotic host 
cell is a mammalian host cell.

23. The process of claim 22, wherein the asparagine is 
added at a concentration in the range of 7.5 mM to 10 mM.

24. The process of claim 22, wherein the asparagine is 
added at a concentration of 10 mM.

25. The process of claim 22, wherein the aspartic acid is 
added at a concentration of 10 mM.

26. The process of claim 22, wherein the production 
medium is serum-free.

27. The process of claim 22, wherein the production 
culture medium comprises one or more ingredients selected 
from the group consisting of

1) an energy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
28. The process of claim 27, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
29. The process of claim 27, wherein the asparagine is 

added at a concentration of 10 mM.
30. The process of claim 27, wherein the production 

culture medium additionally comprises one or more ingre
dients selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
31. The process of claim 22, wherein the production 

culture medium additionally comprises one or more ingre
dients selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
32. The process of claim 31, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
33. The process of claim 31, wherein the asparagine is 

added at a concentration of 10 mM.
34. The process of claim 31, wherein the aspartic acid is 

added at a concentration of 10 mM.
35. The process of claim 31, wherein the production 

medium is serum-free.
36. The process of claim 22, wherein the production phase 

is a batch or fed batch culture phase.
37. The process of claim 36, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
38. The process of claim 36, wherein the asparagine is 

added at a concentration of 10 mM.
39. The process of claim 36, wherein the aspartic acid is 

added at a concentration of 10 mM.
40. The process of claim 36, wherein the production 

medium is serum-free.
41. The process of claim 22 wherein said mammalian host 

cell is a Chinese Hamster Ovary (CHO) cell.
42. The process of claim 41 wherein the mammalian host 

cell is a dhfr- CHO cell.
43. The process of claim 41, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
44. The process of claim 41, wherein the asparagine is 

added at a concentration of 10 mM.
45. The process of claim 41, wherein the aspartic acid is 

added at a concentration of 10 mM.
46. The process of claim 41, wherein the production 

medium is serum-free.
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47. The process of claim 41, wherein the production 

culture medium comprises one or more ingredients selected 
from the group consisting of

1) an eneigy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
48. The process of claim 47, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
49. The process of claim 47, wherein the asparagine is 

added at a concentration of 10 mM.
50. The process of claim 47, wherein the production 

culture medium additionally comprises one or more ingre
dients selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
51. The process of claim 41, wherein the production 

culture medium additionally comprises one or more ingre
dients selected from the group consisting of:

1) hormones and other growth factors;
2) salts and buffers; and
3) nucleosides.
52. The process of claim 51, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
53. The process of claim 51, wherein the asparagine is 

added at a concentration of 10 mM.
54. The process of claim 51, wherein the aspartic acid is 

added at a concentration of 10 mM.
55. The process of claim 51, wherein the production 

medium is serum-free.
56. The process of claim 41, wherein the production phase 

is a batch or fed batch culture phase.
57. The process of claim 56, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
58. The process of claim 56, wherein the asparagine is 

added at a concentration of 10 mM.
59. The process of claim 56, wherein the aspartic acid is 

added at a concentration of 10 mM.
60. The process of claim 56, wherein the production 

medium is serum-free.
61. The process of claim 56, wherein the production 

culture medium comprises one or more ingredients selected 
from the group consisting of

1) an eneigy source;
2) essential amino acids;
3) vitamins;
4) free fatty acids; and
5) trace elements.
62. The process of claim 61, wherein the asparagine is 

added at a concentration in the range of 7.5 mM to 10 mM.
63. The process of claim 61, wherein the asparagine is 

added at a concentration of 10 mM.
64. The process of claim 61, wherein the aspartic acid is 

added at a concentration of 10 mM.
65. The process of claim 1 wherein the polypeptide is a 

mammalian glycoprotein.
66. The process of claim 1 wherein the polypeptide is 

selected from the group consisting of antibodies, antibody 
fragments, and immunoadhesins.

67. The process of claim 66 wherein said antibody frag
ment is selected from the group consisting of Fab, Fab', 
F(ab')2, scFv, (scFv)2, dAb, complementarity determining 
region (CDR) fragments, linear antibodies, single-chain 
antibody molecules, minibodies, diabodies, and multispe
cific antibodies formed from antibody fragments.
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68. The process of claim 66 wherein the antibody or 
antibody fragment is chimeric, humanized or human.

69. The process of claim 66 wherein said antibody or 
antibody fragment is a therapeutic antibody or a biologically 
functional fragment thereof.

70. The process of claim 69 wherein said therapeutic 
antibody is selected from the group consisting of anti-HER2 
antibodies; anti-CD20 antibodies; anti-IL-8 antibodies; anti- 
VEGF antibodies; anti-CD40 antibodies; anti-CD 11a anti
bodies; anti-CD 18 antibodies; anti-IgE antibodies; anti- 
Apo-2 receptor antibodies; anti-Tissue Factor (TF) 
antibodies; anti-human α4β7 integrin antibodies; anti- 
EGFR antibodies; anti-CD3 antibodies; anti-CD25 antibod
ies; anti-CD4 antibodies; anti-CD52 antibodies; anti-Fc 
receptor antibodies; anti-carcinoembryonic antigen (CEA) 
antibodies; antibodies directed against breast epithelial cells; 
antibodies that bind to colon carcinoma cells; anti-CD38 
antibodies; anti-CD33 antibodies; anti-CD22 antibodies; 
anti-EpCAM antibodies; anti-GpIIb/IIIa antibodies; anti- 
RSV antibodies; anti-CMV antibodies; anti-FilV antibodies; 
anti-hepatitis antibodies; anti-CA 125 antibodies; 8ηΑ-ανβ3 
antibodies; anti-human renal cell carcinoma antibodies; anti
human 17-1A antibodies; anti-human colorectal tumor anti
bodies; anti-human melanoma antibody R24 directed 
against GD3 ganglioside; anti-human squamous-cell carci
noma; and anti-human leukocyte antigen (FiLA) antibodies, 
and anti-FiLA DR antibodies.

71. The process of claim 69 wherein said therapeutic 
antibody is an antibody binding to a TIER receptor, VEGF, 
IgE, CD20, CD 11 a, CD40, BR3 or DR5.

72. The process of claim 71, wherein the therapeutic 
antibody is selected from the group consisting of bevaci- 
zumab, rituximab, and trastuzumab.

73. The process of claim 72, wherein the asparagine is 
added at a concentration in the range of 7.5 mM to 10 mM.

74. The process of claim 72, wherein the asparagine is 
added at a concentration of 10 mM.

75. The process of claim 72, wherein the aspartic acid is 
added at a concentration of 10 mM.

76. The process of claim 72, wherein the production 
medium is serum-free.

77. The process of claim 1 wherein said polypeptide is a 
therapeutic polypeptide.

78. The process of claim 77 wherein said therapeutic 
polypeptide is selected from the group consisting of a 
growth hormone, including human growth hormone and

53
bovine growth hormone; growth hormone releasing factor; 
parathyroid hormone; thyroid stimulating hormone; lipopro
teins; alpha-1-antitrypsin; insulin A-chain; insulin B-chain; 
proinsulin; follicle stimulating hormone; calcitonin; 
luteinizing hormone; glucagon; clotting factors such as 
factor VIIIC, factor IX, tissue factor, and von Willebrands 
factor; anti-clotting factors such as Protein C; atrial natri
uretic factor; lung surfactant; a plasminogen activator, such 
as urokinase or human urine or tissue-type plasminogen 
activator (t-PA); bombesin; thrombin; hemopoietic growth 
factor; tumor necrosis factor-alpha and -beta; enkephalinase; 
RANTES (regulated on activation normally T-cell expressed 
and secreted); human macrophage inflammatory protein 
(MIP-1-alpha); a serum albumin such as human serum 
albumin; Muellerian-inhibiting substance; relaxin A-chain; 
relaxin B-chain; prorelaxin; mouse gonadotropin-associated 
peptide; a microbial protein, such as beta-lactamase; DNase; 
IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), 
such as CTLA-4; inhibin; activin; vascular endothelial 
growth factor (VEGF); receptors for hormones or growth 
factors; Protein A or D; rheumatoid factors; a neurotrophic 
factor such as bone-derived neurotrophic factor (BDNF), 
neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or 
a nerve growth factor such as ΝΟΡ-β; platelet-derived 
growth factor (PDGF); fibroblast growth factor such as 
aFGF and bFGF; epidermal growth factor (EGF); transform
ing growth factor (TGF) such as TGF-alpha and TGF-beta, 
including ΤΟΡ-β1, ΤΟΡ-β2, ΤΟΡ-β3, ΤΟΡ-β4, or ΤΟΡ-β5; 
insulin-like growth factor-I and -II (IGF-I and IGF-II); 
des(l-3)-IGF-I (brain IGF-I), insulin-like growth factor 
binding proteins; CD proteins such as CD3, CD4, CD8, 
CD19, CD20, CD34, and CD40; erythropoietin; osteoinduc
tive factors; immunotoxins; a bone morphogenetic protein 
(BMP); an interferon such as interferon-alpha, -beta, and 
-gamma; colony stimulating factors (CSFs), e.g., M-CSF, 
GM-CSF, and G-CSF; interleukins (ILs), e.g., IL-1 to IL-10; 
superoxide dismutase; T-cell receptors; surface membrane 
proteins; decay accelerating factor; viral antigen such as, for 
example, a portion of the AIDS envelope; transport proteins; 
homing receptors; addressins; regulatory proteins; integrins 
such as CDlla, CDllb, CDllc, CD18, an ICAM, VLA-4 
and VCAM; a tumor associated antigen such as FIER2, 
FIER3 or FIER4 receptor; and fragments of said polypep
tides.
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VARIABLE TANGENTIAL FLOW 
FILTRATION

The current invention is in the field of protein concentra
tion, to be more precise it relates to the use of tangential flow 
filtration (TFF) for immunoglobulin concentration.

BACKGROUND OF THE INVENTION

Proteins and especially immunoglobulins play an impor
tant role in today’s medical portfolio. Expression systems for 
the production of recombinant polypeptides are well-known 
in the state of the art and are described by, e.g., Marino, Μ. Η., 
Biopharm. 2 (1989) 18-33; Goeddel, D. V., et al., Methods 
Enzymol. 185 (1990) 3-7; Wurm, F., and Bernard, A., Curr. 
Opin. Biotechnol. 10(1999) 156-159. Polypeptides foruse in 
pharmaceutical applications are mainly produced in mamma
lian cells such as CHO cells, NSO cells, Sp2/0 cells, COS 
cells, ΗΕΚ cells, ΒΗΚ cells, PER.C6® cells, and the like.

For human application every pharmaceutical substance has 
to meet distinct criteria. To ensure the safety of biopharma- 
ceutical agents to humans, for example, nucleic acids, 
viruses, and host cell proteins, which would cause severe 
harm, have to be removed. To meet the regulatory specifica
tion one or more purification steps have to follow the manu
facturing process. Among other, purity, throughput, and yield 
play an important role in determining an appropriate purifi
cation process.

Due to their chemical and physical properties, such as 
molecular weight and domain architecture including second
ary modifications, the downstream processing of immuno
globulins is very complicated. For example, are not only for 
formulated drugs but also for intermediates in downstream 
processing (DSP) concentrated solutions required to achieve 
low volumes for economic handling and application storage. 
Furthermore short concentration times are favored to ensure 
smooth processes and short operating times. In this context 
imperfect TFF processes especially after final purification 
steps can cause sustained damage even affecting drug prod
uct. The correlation between shear stress and aggregation in 
tangential flow concentration processes for monoclonal anti
body (mAh) intermediate solutions was investigated by 
Ahrer, Κ, et al. (J. Membr. Sci. 274 (2006) 108-115). The 
influence of concentration time and selected flow and pres
sure on process performance and aggregation status was 
monitored (see e.g. Dosmar, Μ., et al., Bioprocess Int. 3 
(2005) 40-50; Luo, R., et al., Bioprocess Int. 4 (2006) 44-46).

Mahler, H.-C., et al. (Eur. J. Pharmaceut. Biopharmaceut. 
59 (2005) 407-417) reported the induction and analysis of 
aggregates in a liquid IgGl-antibody formulation formed by 
different agitation stress methods. In U.S. Pat. No. 6,252,055 
a concentrated monoclonal antibody preparation is reported. 
A method for producing a concentrated antibody preparation 
is reported in US 2006/0182740. A combined process includ
ing an ultrafiltration, a diafiltration, and a second ultrafiltra
tion sequence is reported in US 2006/0051347. In ΕΡ 0 907 
378 is reported a process for concentrating an antibody prepa
ration using a cross-flow ultrafiltration with a fixed recircu
lation rate of 250 ml/min. Methods for tangential flow filtra
tion and an apparatus therefore is reported in US 2004/ 
0167320. In WO 97/45140 a concentrated antibody solution 
is reported.

SUMMARY OF THE INVENTION

The current invention provides a method for the concen
tration of solutions containing recombinantly produced 
immunoglobulins.

1
In more detail, one aspect of the current invention is a 

method for concentrating an immunoglobulin solution by 
tangential flow filtration wherein the transmembrane pressure 
and the cross-flow, which are applied, are variable with

a) a transmembrane pressure of from 1.4 bar to 1.6 bar and 
a cross-flow of from 75 ml/min. to 90 ml/min. in a 
concentration range up to 30 mg immunoglobulin per ml 
of solution to be concentrated,

b) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 140 ml/min. to 160 ml/min. in a 
concentration range of from 15 mg/ml up to 55 mg/ml, 
and

c) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 120 ml/min. to 140 ml/min. in a 
concentration range of more than 45 mg/ml.

In one embodiment the concentration range in step c) is of 
from 50 mg/ml up to 275 mg/ml. In a preferred embodiment 
the concentration range in step c) is of from 50 mg/ml up to 
180 mg/ml. In a more preferred embodiment the concentra
tion range in step c) is of from 50 mg/ml up to 130 mg/ml. In 
another embodiment the transmembrane pressure and cross- 
flow are 1.5 bar and 80 ml/min. in step a), 0.85 bar and 150 
ml/min. in step b), and/or 0.85 bar and 130 ml/min. in step c). 
In another embodiment the immunoglobulin solution is a 
buffered, aqueous immunoglobulin solution.

Another aspect of the current invention is a method for 
producing a heterologous immunoglobulin comprising the 
following steps in this order:

a) providing a recombinant mammalian cell comprising 
one or more nucleic acids encoding a heterologous 
immunoglobulin,

b) cultivating the cell of step a) under conditions suitable 
for the expression of the heterologous immunoglobulin,

c) recovering the heterologous immunoglobulin from the 
recombinant mammalian cell or the culture medium,

d) concentrating the obtained aqueous, buffered solution 
comprising the heterologous immunoglobulin using a 
tangential flow filtration with variable transmembrane 
pressure and cross flow.

In one embodiment step d) of the method comprises con
centrating the obtained aqueous, buffered solution using a 
tangential flow filtration with variable transmembrane pres
sure and cross flow with

i) a transmembrane pressure of from 1.4 bar to 1.6 bar and 
a cross-flow of from 75 ml/min. to 90 ml/min. in a 
concentration range up to 30 mg immunoglobulin per ml 
of solution to be concentrated,

ii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 140 ml/min. to 160 ml/min. in a 
concentration range of from 15 mg/ml up to 55 mg/ml, 
and

iii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 120 ml/min. to 140 ml/min. in a 
concentration range of more than 45 mg/ml.

In another embodiment the method comprises prior to step
d) or after step d) the following step:

e) purifying the aqueous, buffered solution containing the 
heterologous immunoglobulin.

In another embodiment the heterologous immunoglobulin 
is a complete immunoglobulin, or an immunoglobulin frag
ment, or an immunoglobulin conjugate. In one embodiment 
the mammalian cell is a CHO cell, a ΒΗΚ cell, a NSO cell, a 
Sp2/0 cell, a COS cell, a ΗΕΚ cell, or a PER.C6® cell.

DETAILED DESCRIPTION OF THE INVENTION

The current invention reports a method for concentrating 
immunoglobulin solutions to a concentration of more than
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100 mg/ml. It has been surprisingly found that with a method 
according to the invention this can be achieved with low 
aggregate formation and in short time.

The terms “tangential flow filtration” or “TFF”, which are 
used interchangeably within the current invention, denote a 
filtration process wherein a solution containing a polypeptide 
to be concentrated flows along, i.e. tangential, to the surface 
of a filtration membrane. The filtration membrane has a pore 
size with a certain cut off value. In one embodiment the cut off 
value is in the range of 20 kDa to 50 kDa, preferably of 30 
kDa. This filtration process is a kind of an ultrafiltration 
process. The term “cross-flow” denotes the flow of the solu
tion to be concentrated tangential to the membrane (retentate 
flow). The term “flux” or “permeate flow”, which can be used 
interchangeably within the current invention, denotes the 
flow of fluid across the membrane, i.e. through the pores of 
the membrane. That is, it denotes the volumetric rate of flow 
of the permeate through the membrane. A flow is usually 
given in terms of volume per unit membrane area per unit time 
as liters/m2/h (LMH). In one embodiment the cross-flow is 
characterized in that the cross-flow is in ml/min for a mem
brane area of 0.02 m2. In another embodiment the cross flow 
is in the individual steps 240 l/m2/h, 450 l/m2/h, and 390 
l/m2/h. The permeate comprises the solvent of the solution to 
be concentrated as well as molecules with a molecular weight 
below the cut off value of the employed membrane but not the 
heterologous immunoglobulin. The terms “transmembrane 
pressure” or “TMP”, which can be used interchangeably 
within the current invention, denote the pressure which is 
applied to drive the solvent and components smaller than the 
cut off value of the filtration membrane through the pores of 
the filtration membrane. The transmembrane pressure is an 
average pressure of the inlet, outlet and permeate and can be 
calculated as:

3

(Pin + Pou,)

llVlr— Ρ permeate

The term “immunoglobulin” refers to a protein consisting 
of one or more polypeptide(s) substantially encoded by 
immunoglobulin genes. The recognized immunoglobulin 
genes include the different constant region genes as well as 
the myriad immunoglobulin variable region genes. Immuno
globulins may exist in a variety of formats, including, for 
example, Fv, Fab, and F(ab)2 as well as single chains (scFv) or 
diabodies (e.g. Huston, J. S., etal., Proc. Natl. Acad. Sci.USA 
85 (1988) 5879-5883; Bird, R. Ε, et al. Science 242 (1988) 
423-426; in general, Hood et al., Immunology, Benjamin 
Ν.Υ., 2nd edition (1984); and Hunkapiller, Τ. and Hood, L., 
Nature 323 (1986) 15-16).

The term “complete immunoglobulin” denotes an immu
noglobulin which comprises two so called light immunoglo
bulin chain polypeptides (light chain) and two so called heavy 
immunoglobulin chain polypeptides (heavy chain). Each of 
the heavy and light immunoglobulin chain polypeptides of a 
complete immunoglobulin contains a variable domain (vari
able region) (generally the amino terminal portion of the 
polypeptide chain) comprising binding regions that are able 
to interact with an antigen. Each of the heavy and light immu
noglobulin chain polypeptides of a complete immunoglobu
lin also comprises a constant region (generally the carboxyl 
terminal portion). The constant region of the heavy chain 
mediates the binding of the antibody i) to cells bearing a Fc 
gamma receptor (FcyR), such as phagocytic cells, or ii) to 
cells bearing the neonatal Fc receptor (FcRn) also known as

Brambell receptor. It also mediates the binding to some fac
tors including factors of the classical complement system 
such as component (Clq). The variable domain of an immu
noglobulin’s light or heavy chain in turn comprises different 
segments, i.e. four framework regions (FR) and three hyper
variable regions (CDR).

The term “immunoglobulin fragment” denotes a polypep
tide comprising at least one domain of the variable domain, 
the C^l domain, the hinge-region, the CH2 domain, the CH~i 
domain, the C^ domain of a heavy chain, the variable 
domain or the CL domain of a light chain. Also comprised are 
derivatives and variants thereof. For example, a variable 
domain, in which one or more amino acids or amino acid 
regions are deleted, may be present.

The term “immunoglobulin conjugate” denotes a polypep
tide comprising at least one domain of an immunoglobulin 
heavy or light chain conjugated via a peptide bond to a further 
polypeptide. The further polypeptide is a non-immunoglobu- 
lin peptide, such as a hormone, or growth receptor, or antifu- 
sogenic peptide, or complement factor, or the like.

General chromatographic methods and their use are known 
to a person skilled in the art. See for example, Chromatogra
phy, 5th edition, Part A: Fundamentals and Techniques, Heft- 
mann, Ε. (ed.), Elsevier Science Publishing Company, New 
York, (1992); Advanced Chromatographic and Electromigra
tion Methods in Biosciences, Deyl, Ζ. (ed.), Elsevier Science 
BV, Amsterdam, The Netherlands, (1998); Chromatography 
Today, Poole, C. F., and Poole, S. Κ., Elsevier Science Pub
lishing Company, New York, (1991); Scopes, Protein Purifi
cation: Principles and Practice (1982); Sambrook, J., et al. 
(ed.), Molecular Cloning: A Laboratory Manual, second edi
tion, Cold Spring Harbor Laboratory Press, Cold Spring Har
bor, Ν.Υ., 1989; or Current Protocols in Molecular Biology, 
Ausubel, F. Μ., et al. (eds), John Wiley & Sons, Inc., New 
York.

For the purification of recombinantly produced heterolo
gous immunoglobulins often a combination of different col
umn chromatography steps is employed. Generally a protein 
A affinity chromatography is followed by one or two addi
tional separation steps. The final purification step is a so 
called “polishing step” for the removal of trace impurities and 
contaminants like aggregated immunoglobulins, residual 
HCP (host cell protein), DNA (host cell nucleic acid), viruses, 
orendotoxins. Forthis polishing step often an anion exchange 
material in a flow-through mode is used.

Different methods are well established and widespread 
used for protein recovery and purification, such as affinity 
chromatography with microbial proteins (e.g. protein A or 
protein G affinity chromatography), ion exchange chroma
tography (e.g. cation exchange (carboxymethyl resins), anion 
exchange (amino ethyl resins) and mixed-mode exchange), 
thiophilic adsorption (e.g. with beta-mercaptoethanol and 
other SH ligands), hydrophobic interaction or aromatic 
adsorption chromatography (e.g. withphenyl-sepharose, aza- 
arenophilic resins, or m-aminophenylboronic acid), metal 
chelate affinity chromatography (e.g. with Ni(II)- and Cu(II)- 
affinity material), size exclusion chromatography, and elec- 
trophoretical methods (such as gel electrophoresis, capillary 
electrophoresis) (Vijayalakshmi, Μ. A., Appl. Biochem. Bio
tech. 75 (1998) 93-102).

The term “heterologous immunoglobulin” denotes an 
immunoglobulin which is not naturally produced by a mam
malian cell. The immunoglobulin produced according to the 
method of the invention is produced by recombinant means. 
Such methods are widely known in the state of the art and 
comprise protein expression in eukaryotic cells with subse
quent recovery and isolation of the heterologous immunoglo
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bulin, and usually purification to a pharmaceutically accept
able purity. For the production, i.e. expression, of an 
immunoglobulin a nucleic acid encoding the light chain and a 
nucleic acid encoding the heavy chain are inserted each into 
an expression cassette by standard methods. Nucleic acids 
encoding immunoglobulin light and heavy chains are readily 
isolated and sequenced using conventional procedures. 
Flybridoma cells can serve as a source of such nucleic acids. 
The expression cassettes may be inserted into an expression 
plasmid(s), which is (are) then transfected into the host cell, 
which does not otherwise produce immunoglobulins. Expres
sion is performed in appropriate prokaryotic or eukaryotic 
host cells and the immunoglobulin is recovered from the cells 
after lysis or from the culture supernatant.

The term “immunoglobulin solution” as used within the 
current application denotes an aqueous, buffered solution 
containing a complete immunoglobulin, an immunoglobulin 
fragment, or an immunoglobulin conjugate. This solution 
may be, e.g., a culture supernatant, or a column chromatog
raphy eluate, or a polished immunoglobulin solution.

“Fleterologous DNA” or “heterologous polypeptide” 
refers to a DNA molecule or a polypeptide, or a population of 
DNA molecules or a population of polypeptides, that do not 
exist naturally within a given host cell. DNA molecules het
erologous to a particular host cell may contain DNA derived 
from the host cell species (i.e. endogenous DNA) so long as 
that host DNA is combined with non-host DNA (i.e. exog
enous DNA). For example, a DNA molecule containing a 
non-host DNA segment encoding a polypeptide operably 
linked to a host DNA segment comprising a promoter is 
considered to be a heterologous DNA molecule. Conversely, 
a heterologous DNA molecule can comprise an endogenous 
structural gene operably linked with an exogenous promoter. 
A peptide or polypeptide encoded by a non-host DNA mol
ecule is a “heterologous” peptide or polypeptide.

The term “under conditions suitable for the expression of 
the heterologous immunoglobulin” denotes conditions which 
are used for the cultivation of a mammalian cell expressing an 
immunoglobulin and which are known to or can easily be 
determined by a person skilled in the art. It is also known to a 
person skilled in the art that these conditions may vary 
depending on the type of mammalian cell cultivated and type 
of immunoglobulin expressed. In general the mammalian cell 
is cultivated at a temperature of from 20° C. to 40° C., and for 
a period of time sufficient to allow effective protein produc
tion of the immunoglobulin, e.g. of from 4 to 28 days.

The term “recombinant mammalian cell” refers to a cell 
into which a nucleic acid, e.g. encoding a heterologous 
polypeptide, can be or is introduced/transfected. The term 
“cell” includes cells which are used for the expression of 
nucleic acids. In one embodiment the mammalian cell is a 
CHO cell (e.g. CHO Kl, CHO DG44), or a ΒΗΚ cell, or a 
NSO cell, or a SP2/0 cell, or a ΗΕΚ 293 cell, or a ΗΕΚ 293 
ΕΒΝΑ cell, or a PER.C6® cell, or a COS cells. In a preferred 
embodiment the mammalian cell is a CFIO cell, or a BF1K 
cell, or F1EK cell, or Sp2/0 cell, or a PER.C6® cell. As used 
herein, the expression “cell” includes the subject cell and its 
progeny. Thus, the term “recombinant cell” include the pri
mary transfected cell and cultures including the progeny cells 
derived there from without regard to the number of transfers. 
It is also understood that all progeny may not be precisely 
identical in DNA content, due to deliberate or inadvertent 
mutations. Variant progeny that have the same function or 
biological activity as the originally transformed cell are 
included.

The term “buffered” as used within this application denotes 
a solution in which changes of pFl due to the addition or

5
release of acidic or basic substances is leveled by a buffer 
substance. Any buffer substance resulting in such an effect 
can be used. In one embodiment pharmaceutically acceptable 
buffer substances are used, such as e.g. phosphoric acid or 
salts thereof, acetic acid or salts thereof, citric acid or salts 
thereof, morpholine or salts thereof, 2-(N-morpholino) 
ethanesulfonic acid or salts thereof, Flistidine or salts thereof, 
Glycine or salts thereof, or tris (hydroxymethyl) ami- 
nomethane (TRIS) or salts thereof. In a preferred embodi
ment the buffer substance is phosphoric acid or salts thereof, 
acetic acid or salts thereof, or citric acid or salts thereof, or 
histidine or salts thereof. Optionally the buffered solution 
may comprise an additional salt, such as e.g. sodium chloride, 
and/or sodium sulphate, and/or potassium chloride, and/or 
potassium sulfate, and/or sodium citrate, and/or potassium 
citrate. In one embodiment of the invention the pFl value of 
the buffered aqueous solution is of from pFl 3.0 to pFl 10.0, 
preferably of from pFl 3.0 to pFl 7.0, more preferred of from 
ρ1Τ4.0ΐορ1Τ 6.0, and most preferred offrompFl 4.5 topFl 5.5.

It has now surprisingly been found that with a tangential 
flow filtration (TFF) method according to the current inven
tion in which the transmembrane pressure and cross-flow are 
variable during the filtration process and are adapted depend
ing on the actual concentration of the immunoglobulin in the 
solution to be concentrated a concentrated immunoglobulin 
solution with low aggregate formation can be obtained in a 
short time. That is, it has surprisingly been found that aggre
gate formation during tangential flow filtration is low if a TFF 
method according to the invention is applied, i.e. a method in 
which during the filtration process the transmembrane pres
sure is changed and adapted according to the actual concen
tration of the antibody solution. The method according to the 
invention is a variable method compared to constant methods 
as known from the art, i.e. to methods in which the transmem
brane pressure is adopted prior to the filtration process and is 
held constant during the entire tangential flow filtration pro
cess.

The current invention comprises a method for concentrat
ing an immunoglobulin solution by tangential flow filtration 
wherein the transmembrane pressure and the cross-flow, 
which are applied, are variable and changed during the filtra
tion process depending on the immunoglobulin concentration 
in the concentrated immunoglobulin solution, whereby

a) a transmembrane pressure of from 1.4 bar to 1.6 bar and 
a cross-flow of from 75 ml/min. to 90 ml/min. is applied 
in a concentration range up to 30 mg immunoglobulin 
per ml of the solution to be concentrated,

b) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 140 ml/min. to 160 ml/min. is 
applied in a concentration range of from 15 mg/ml up to 
55 mg/ml, and

c) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 120 ml/min. to 140 ml/min. is 
applied in a concentration range of more than 45 mg/ml.

A correlation between shear stress in TFF and aggregate 
formation exists. To evaluate the effect the flow-induced 
shear stress xw on the surface of the used membrane was 
calculated with the following formula

6

dtfiAp) ab
tw = ——— wherein dH is dH = 4—----- —

4L 2 (a + b)

based on Gerhart, et al. (Fundamentals of Fluid Mechanics, 
Addison-Wesley Publishing Company (1993)) and on 
Cheryan, et al. (Ultrafiltration and Microfiltration Handbook,
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second edition CRC Press LLC (1998)). In this formula d^is 
the hydraulic diameter, a the width, b the height, and L the 
length of the flow channel. Further, Ap=p,-p0, with ρ, is the 
applied inlet pressure, and pc is the outlet pressure. In one 
example a Hydrosart™ membrane (Sartocon Slice 200 Hyd- 
rosart™ of Sartorius AG, Gottingen, Germany) consisting of 
regenerated cellulose, with a nominal molecular weight cut 
off of 30 kDa and a membrane area of 0.02 m2 was employed. 
For the used membrane cassette a hydraulic diameter of 1.08 
mm was calculated. The membrane was at first operated with 
a standard TFF method, i.e. without a change of transmem
brane pressure and cross-flow during the concentration pro
cess. Three different constant methods with preset, constant 
Λρ and a preset, constant transmembrane pressure (ΤΜΡ) of
0.6 bar were analyzed.

7

TABLE 1

Overview of applied pressure differences 
and the corresponding shear stress.

Λρ [bar] [Pa]

1.2 216
1.8 324
3.0 541

By observing flux versus ascending protein concentration 
there is no significant difference in the curves for processes at 
different Λρ. But for the 3 bar mode a lower end concentration 
due to a high inlet pressure was observed. Compared to a 
concentration mode performed under a lower constant cross- 
flow (CF; 90 ml/min.) and a lower mean Λρ (about 0.9 bar) a 
higher Λρ of 1.2-1.8 bar contributes to an improved flux 
performance over time and a higher end concentration (ΤΜΡ 
always 0.6 bar).

Comparing turbidity, light obscuration (LO), and dynamic 
light scattering (DLS) data before and after the concentration 
process showed that enhanced aggregate formation was 
found with increased shear stress (FIG. 2).

A TFF method has been developed with comparable over
all process time compared to the stressing high inlet pressure 
mode (Λρ=3 bar), based on TMP/CF-scouting experiments 
(see e.g. Luo, R., et al., Bioprocess Int. 4 (2006) 44-54). The 
method according to the invention has been developed to 
improve flux performance over time with reduced immuno
globulin aggregate formation, i.e. to combine a low aggregate 
formation and a short overall concentration time. During the 
developing of the method according to the invention a ΤΜΡ 
and CF scouting was performed depending on the prevailing 
immunoglobulin concentration in the immunoglobulin solu
tion to be concentrated. An method with adapted ΤΜΡ and CF 
depending on the best flux profile at a given concentration was 
found. Without the disadvantage of high inlet pressure at the 
final stage of the concentration (see e.g. Dosmar, Μ., et al., 
Bioprocess Int. 3 (2005) 40-50) the method according to the 
invention showed a low aggregation burden in turbidity, LO, 
and DLS data for produced concentrates (see FIGS. 3 and 4). 
In addition a higher end concentration was achieved with the 
method according to the invention.

In the method according to the invention the transmem
brane pressure and cross-flow are varied with respect to the 
actual concentration of the concentrated immunoglobulin 
solution. In one embodiment the method according to the 
invention is a variable tangential flow filtration method 
wherein the actual concentration of the immunoglobulin in 
the solution to be concentrated determines the applied trans
membrane pressure and cross-flow. Thus, the transmembrane

pressure and cross-flow are adjusted depending on the actual 
concentration of the immunoglobulin in order to reduce the 
stress applied and, thus, to reduce the formation of aggregated 
immunoglobulin molecules and to provide a short overall 
concentration time.

In the method according to the invention three concentra
tion ranges are defined. The first actual concentration range of 
the solution to be concentrated is from 0 mg/ml to 30 mg/ml, 
the second actual concentration range is from 15 mg/ml to 55 
mg/ml, and the third actual concentration range is from 45 
mg/ml to 180 mg/ml. As it can be seen these concentration 
ranges are overlapping ranges. It has been found that in the 
overlapping concentration ranges of from 15 mg/ml to 30 
mg/ml and of from 45 mg/ml to 55 mg/ml different values for 
the transmembrane pressure and the cross-flow can be used in 
the method according to the invention. In these overlapping 
concentration ranges any of the two ΤΜΡ and CF settings can 
be applied without a notable effect on aggregated formation 
or process time.

Thus, in one embodiment of the method according to the 
invention the conditions from a) to b) and from b) to c) can be 
changed at any concentration value in the overlapping con
centration ranges.

In one embodiment the concentration range in step c) is of 
from 50 mg/ml up to 275 mg/ml. In another embodiment the 
transmembrane pressure and cross-flow is 1.5 bar and 80 
ml/min. in step a), 0.85 bar and 150 ml/min. in step b), and/or 
0.85 bar and 130 ml/min. in step c). In another embodiment is 
the immunoglobulin solution a buffered, aqueous immuno
globulin solution. In one embodiment the concentration range 
is in step a) of 5 to 25 mg/ml, in step b) of from 25 to 50 mg/ml, 
and in step c) of from 50 to 140 mg/ml.

Another aspect of the current invention is a method for 
producing a heterologous immunoglobulin comprising the 
following steps in the following order:

a) providing a recombinant mammalian cell comprising 
one or more nucleic acids encoding a heterologous 
immunoglobulin,

b) cultivating the mammalian cell under conditions suit
able for the expression of the heterologous immunoglo
bulin,

c) recovering the heterologous immunoglobulin from the 
recombinant mammalian cell or the culture medium as 
aqueous, buffered solution,

d) concentrating the obtained aqueous, buffered solution 
comprising the heterologous immunoglobulin using a 
tangential flow filtration with variable, immunoglobulin 
concentration dependent transmembrane pressure and 
cross-flow.

In one embodiment of the production method according to 
the invention comprises step d) concentrating the obtained 
aqueous, buffered solution using a tangential flow filtration 
with variable, immunoglobulin concentration dependent 
transmembrane pressure and cross-flow with

i) a transmembrane pressure of from 1.4 bar to 1.6 bar and 
a cross-flow of from 75 ml/min. to 90 ml/min. in a 
concentration range up to 30 mg immunoglobulin per ml 
of solution to be concentrated,

ii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 140 ml/min. to 160 ml/min. in a 
concentration range of from 15 mg/ml up to 55 mg/ml, 
and

iii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 120 ml/min. to 140 ml/min. in a 
concentration range of more than 45 mg/ml.
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In another embodiment the method comprises prior to, i.e. 
before, or after step d) the following step:

e) purifying the aqueous, buffered solution containing the 
heterologous immunoglobulin.

The purification in step e) can be by different methods and 
techniques, such as a chromatography step, or a combination 
of different or similar chromatographic steps, or precipita
tion, or salting out, or ultrafiltration, or diafiltration, or lyo- 
philization, or buffer change, or combinations thereof, or the 
like.

In another embodiment the heterologous immunoglobulin 
is a complete immunoglobulin, or an immunoglobulin frag
ment, or an immunoglobulin conjugate. In one embodiment 
the mammalian cell is a CHO cell, a ΒΗΚ cell, a NSO cell, a 
Sp2/0 cell, a COS cell, a ΗΕΚ cell, or a PER.C6® cell. In a 
preferred embodiment the mammalian cell is a CHO cell, or 
a ΒΗΚ cell, or a ΗΕΚ cell, or a Sp2/0 cell, or a PER.C6® cell.

The following examples and figures are provided to aid the 
understanding of the present invention, the true scope of 
which is set forth in the appended claims. It is understood that 
modifications can be made in the procedures set forth without 
departing from the spirit of the invention.

An anti-IL-IR antibody (see e.g. WO 2005/023872) and an 
anti-P-selectin antibody (see e.g. WO 2005/100402) were 
available in sufficient quantities in our laboratories at the time 
of the invention and therefore the current invention is exem
plified with these two immunoglobulins. Likewise the inven
tion is in general practicable with any immunoglobulin. This 
exemplified description is done only by way of example and 
not by way of limitation of the invention.

DESCRIPTION OF THE FIGURES

FIG. 1 Flux versus protein concentration of an anti-IL-IR 
antibody solution before flushing of the membrane for differ
ent constant Λρ modes and a concentration method under 
constant CF of 90 ml/min. 1: constant method Λρ=1.2 bar, 2: 
constant method Λρ=1.8 bar, 3: constant method Λρ=3.0 bar, 
4: constant method CF 90 ml/min.

FIG. 2 Number of particles before and after concentration 
of an anti-IL-IR antibody solution with constant method. 1: 
before concentration, 2: xw=216, 3: xw=324, 4: xw=541.

FIG. 3 Comparison of number of particles of an anti-IL-IR 
antibody solution before and after concentration with differ
ent methods. 1: before concentration, 2: variable method 
according to the invention, 3: constant method CF 90 ml/min., 
4: xw=541.

FIG. 4 Flux versus protein concentration of an anti-IL-IR 
antibody solution. 1: constant method CF=90 ml/min., 2: 
xw=541, 3: variable method according to the invention.

FIG. 5 Transmembrane flux versus transmembrane pres
sure of an anti-IL-IR antibody solution at a protein concen
tration of 5.3 mg/ml for cross-flows of 50 ml/min. (filled 
circles), 80 ml/min. (filled triangles), and 130 ml/min. (filled 
squares).

FIG. 6 Transmembrane flux versus transmembrane pres
sure of an anti-IL-IR antibody solution at a protein concen
tration of 45 mg/ml for cross-flows of 80 ml/min. (filled 
circles), 130ml/min. (filled triangles), and 150ml/min. (filled 
squares).

FIG. 7 Transmembrane flux versus transmembrane pres
sure of an anti-IL-IR antibody solution at a protein concen
tration of 90 mg/ml for cross-flows of 50 ml/min. (filled 
circles), 80 ml/min. (filled triangles), and 130 ml/min. (filled 
squares).

FIG. 8 Transmembrane flux versus transmembrane pres
sure of an anti-IL-IR antibody solution at a protein concen

9
tration of 180 mg/ml for cross-flows of 50 ml/min. (filled 
circles), 80 ml/min. (filled triangles), and 130 ml/min. (filled 
squares).

FIG. 9 Particle analysis of the concentrate of an anti-IL-IR 
antibody solution in citrate buffer obtained by different meth
ods. 1: before concentration, 2: variable method according to 
the invention, 3: constant method CF 90 ml/min., 4: constant 
method Λρ=1.8 bar, 5: constant method Λρ=3.0 bar.

FIG. 10 Dynamic light scattering analysis of the concen
trate of an anti-IL-IR antibody solution in citrate buffer 
obtained by different methods. Filled rhombus: before con
centration, filled square: variable method according to the 
invention, filled triangle: constant method CF 90 ml/min., 
filled circles: constant method ΛΡ=1.8 bar.

FIG. 11 Turbidity measurement of concentrate of an anti- 
IL-IR antibody solution in citrate buffer obtained by different 
methods. 1: before concentration, 2: variable method accord
ing to the invention, 3: constant method CF=90 ml/min., 4: 
constant method Λρ=1.8 bar, 5: constant method Λρ=3.0 bar.

FIG. 12 Turbidity measurement of concentrate of an anti- 
IL-IR antibody solution obtained with the method according 
to the invention and a constant method employing different 
buffers. 1: before concentration in citrate buffer, 2: variable 
method according to the invention with citrate buffer, 3: con
stant method Λρ=3.0 bar with citrate buffer, 4: before con
centration in histidine buffer, 5: variable method according to 
the invention with histidine buffer, 6: constant method 
Λρ=3.0 bar with histidine buffer.

FIG. 13 Dynamic light scattering analysis of the concen
trate obtained by different methods and obtained in different 
buffer: a) anti-IL-IR antibody in citrate buffer (filled rhom
bus: before concentration, filled square: after concentration 
with variable method according to the invention, filled tri
angle: constant method Λρ=1.8 bar), b) anti-IL-IR antibody in 
histidine buffer (filled rhombus: before concentration, filled 
square: after concentration with variable method according to 
the invention, filled triangle: constant method Λρ=3.0 bar).

FIG. 14 Turbidity measurement (a) and dynamic light scat
tering (b) results of the concentration of an anti-P-selectin 
antibody in histidine buffer. 1: before concentration (filled 
rhombus), 2: variable method according to the invention 
(filled square), 3: constant method Λρ=3.0 bar (filled tri
angle).

FIG. 15 Effect of concentration mode on filterability of 
concentrated immunoglobulin solutions.

EXAMPLE 1 

Analytical Methods

a) Turbidity Measurement.
The photometric absorbance was determined at 350 nm 

and 550 nm, where no intrinsic chromophores in the antibody 
solution absorb (UV-VIS spectrophotometer Evolution 500, 
Thermo Fisher Scientific, Waltham, USA). The samples were 
measured undiluted. As a reference medium the appropriate 
buffer solution was used. Every measurement was conducted 
three times.
b) Size-Exclusion-HPLC.

The chromatography was conducted with a Tosoh Haas 
TSK 3000 SWXL column on an ASI-100 HPLC system (Di- 
onex, Idstein, Germany). The elution peaks were monitored 
at 280 nm by a UV diode array detector (Dionex). After 
dissolution of the concentrated samples to 1 mg/ml the col
umn was washed with a buffer consisting of 200 mM potas
sium dihydrogen phosphate and 250 mM potassium chloride 
pH 7.0 until a stable baseline was achieved. The analyzing
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runs were performed under isocratic conditions using a flow 
rate of 0.5 ml/min. over 30 minutes at room temperature. The 
chromatograms were integrated manually with Chromeleon 
(Dionex, Idstein, Germany). Aggregation in % was deter
mined by comparing the area under the curve (AUC) of high 
molecular weight forms with the AUC of the monomer peak.
c) Light Obscuration.

To monitor the particle burden in a range of 1-200 pm a 
SVSS-C particle analyzer was used (PAMAS Partikelmess- 
andAnalysesysteme, Rutesheim, Germany). The system was 
calibrated according to the requirements of US Pharmacopeia 
Vol. 24, <788>, with near-monosize polystyrene spheres. 
Three measurements of a volume of 0.5 ml with a pre-flushing 
volume of 0.5 ml were performed. Results were calculated as 
mean value and referred to a sample volume of 1.0 ml. The 
number of particles counted was within the sensor’s concen
tration limit.
d) Dynamic Light Scattering (DLS).

DLS is a non-invasive technique for measuring particle 
size, typically in the sub-micron size range. In the current 
invention the Zetasizer Nano S apparatus (Malvern Instru
ments, Worcestershire, UK) with a temperature controlled 
quartz cuvette (25° C.) was used for monitoring a size range 
between 1 nm and 6 pm. The intensity of the back scattered 
laser light was detected at an angle of 173°. The intensity 
fluctuates at a rate that is dependent upon the particle diffu
sion speed, which in turn is governed by particle size. Particle 
size data can therefore be generated from an analysis of the 
fluctuation in scattered light intensity (Dahneke, Β. Ε. (ed), 
Measurement of Suspended Particles by Quasielectric Light 
Scattering, Wiley Inc. (1983); Pecora, R., Dynamic Light 
Scattering: Application of Photon Correlation Spectroscopy, 
Plenum Press (1985)). The size distribution by intensity was 
calculated using the multiple narrow mode of the DTS soft
ware (Malvern). Experiments were conducted with undiluted 
samples.
e) Fourier-Transformed Infrared Spectroscopy.

The FT-IR spectra of the undiluted protein solutions were 
recorded by using a Tensor 27 spectrometer (Bruker Optik, 
Ettlingen, Germany) with a flow-through transmission cell 
(AquaSpec) connected to a thermostat. For each spectrum a 
120-scan interferogram was collected at a single-beam mode 
with a 4 cm-1 resolution. As reference media the appropriate 
permeate was used. The collected interferogram of the pro
tein and the buffer system were Fourier transformed. Further, 
the spectrum of the protein was corrected for the spectrum of 
the corresponding buffer system.

EXAMPLE 2

Determination of ΤΜΡ and CF Conditions

A conditioned and filtered citrate-buffered aqueous solu
tion (pH 5.5) of an anti-IL-IR antibody was concentrated 
twenty fold up to 100 mg/ml by use of an automated TFF 
system AKTAcrossflow™ (GE Healthcare, Amersham Bio
science ΑΒ, Uppsala, Sweden) by employing a scaleable flat 
sheet cassette (Sartorius, Gottingen, Germany) with a Hyd- 
rosart™ membrane of regenerated cellulose, with a nominal 
molecular weight cut-off of 30 kDa and a membrane area of 
0.02 m2. Different concentration programs generated with the 
UNICORN software controlling AKTAcrossflow™ were 
performed. Total membrane loading was about 400 g/m2.

Flux and pressure profiles at four preset transmembrane 
pressures are determined at different immunoglobulin con

11
centrations in the immunoglobulin solution to be concen
trated with respect to different cross-flows. The ΤΜΡ was set 
to 0.3 bar, 0.5 bar, 0.9 bar, or 2.0 bar. The cross-flows for each 
ΤΜΡ and protein concentration were 50 ml/min, 80 ml/min, 
130 ml/min. (not at 45 mg/ml protein concentration), and 150 
ml/min. (only at 45 mg/ml protein concentration). The differ
ent protein concentrations were 5.3 mg/ml, 45 mg/ml, 90 
mg/ml, and 180 mg/ml. The results are shown in FIGS. 5 to 8.

It has been found during the concentration processes that a 
high feed flux and a high feed pressure result in a good 
transmembrane flux. But during the concentration process, 
especially at the end, a polarization layer is established result
ing in a membrane overpressure and also a reduced (perme
ate) flux. It was also found that an increased feed pressure 
results in a higher flux and therefore a fast concentration 
process but this acceleration is accompanied by an increased 
aggregate formation (FIGS. 9 to 11).

Taking into account the above the ranges and conditions for 
an improved method for immunoglobulin concentration were 
found to be:

a transmembrane pressure of from 1.4 bar to 1.6 bar and a 
cross-flow of from 75 ml/min. to 90 ml/min. in a con
centration range up to 30 mg immunoglobulin per ml of 
solution to be concentrated,

a transmembrane pressure of from 0.8 bar to 0.9 bar and a 
cross-flow of from 140 ml/min. to 160 ml/min. in a 
concentration range of from 15 mg/ml up to 55 mg/ml, 
and

a transmembrane pressure of from 0.8 bar to 0.9 bar and a 
cross-flow of from 120 ml/min. to 140 ml/min. in a 
concentration range of more than 45 mg/ml.

These parameters result in a method with a reduced aggre
gate formation and a short concentration time.

EXAMPLE 3

Comparison of the Variable Method According to the 
Invention to Constant Methods

The method according to the invention was compared to 
different constant parameter methods for the production of a 
concentrated immunoglobulin solution. The target concentra
tion was set to 90 mg/ml. The tangential flow filtration was 
performed with the devices according to Example 2. The 
different parameters of the compared methods (methods 1 to 
4 are constant methods, method 5 is the variable method 
according to the invention) were the following:
Method 1: transmembrane pressure=0.6 bar

cross-flow=90 ml/min
Λρ=0.7 bar

Method 2: transmembrane pressure=0.6 bar
Λρ=1.2 bar

Method 3: transmembrane pressure=0.6 bar
Λρ=1.8 bar

Method 4: transmembrane pressure=0.6 bar
Λρ=3.0 bar

Method 5: a) transmembrane pressure=1.5 bar, Λρ=0.5 bar,
b) transmembrane pressure=0.85 bar, Λρ=1.2 bar,
c) transmembrane pressure=0.85 bar.
The different parameters and the time required to achieve a 

concentration of the immunoglobulin solution to an immu
noglobulin concentration of 90 mg/ml are shown in Table 2.
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TABLE 2

Comparison of the parameters for different concentrations methods.

Method δρ ΤΜΡ
Feed
press

Ret
press

Feed Ret Particles >1 
pm/ml time

1 0.7 bar 0.6 bar 1.2 bar 0.5 bar 100 ml/min 90 ml/min 7321820 149 min.
2 1.2 bar 0.6 bar 1.4 bar 0.2 bar 170 ml/min 160 ml/min 15403850 126 min.
3 1.8 bar 0.6 bar 2.1 bar 0.3 bar 230 ml/min 215 ml/min 16989540 125 min.
4 3.0 bar 0.6 bar 2.8 bar 0.2 bar 300 ml/min 280 ml/min 19415180 116 min.
5 0.5 bar 1.5 bar 2.0 bar 1.5 bar 100 ml/min 80 ml/min 12182240 118 min.

1.2 bar 0.85 bar 1.7 bar 0.5 bar 165 ml/min 150 ml/min
— 0.85 bar — 0.5 bar 135 ml/min 130 ml/min

From the results of the different methods it can be seen that j 5 
with method 5, i.e. with a variable method, compared to 
methods 2 to 4 a dramatically reduced aggregate formation 
can be obtained and thus an immunoglobulin concentrate 
with improved characteristics. Compared to method 1 a faster 
concentration process can be achieved. 20

EXAMPLE 4

Concentration of an Anti-IL-IR Antibody in
Different Buffer Systems 25

A comparative concentration of an aqueous anti-IL-IR 
antibody solution buffer with citrate buffer or histidine buffer 
was performed with the device of Example 2 and the method 
according to the invention (method S of Example 3). The 30 
results are shown in FIGS. 12 and 13. From FIG. 12 and FIG.
13, respectively, can be seen that the employed buffer has no 
effect on the concentration process according to the inven
tion.

35
EXAMPLE 5

Concentration of an Anti-P-Selectin Antibody

The concentration of an anti-P-selectin antibody was per- 40 

formed according to the method of Example 2 and the results 
are shown in FIG. 14.

EXAMPLE 6

Filtration of Concentrated Solution
45

The concentrated solution obtained according to the 
method of Example 2 was filtrated after the tangential flow 
filtration with a pressure of 0.75 bar through a Durapore 50 
(PVDF, Millipore GmbFi, Schwalbach, Germany) membrane 
(4.52 cm2 filter area).

It has been found that the filterability of highly concen
trated immunoglobulin solutions depends on the employed 
concentration method. It has further been found that the con- 55 
centrated immunoglobulin solution obtained with the vari
able method according to the invention show a reduced 
decline in the filtration flow when compared with other fixed 
methods (FIG. 15).

60
The invention claimed is:
1. A method for concentrating an immunoglobulin solution 

by tangential flow filtration, characterized in that the trans
membrane pressure and the cross-flow are variable, and 
changed during the filtration process according to the con- 65 
centration of the immunoglobulin to be concentrated, 
wherein

i) a transmembrane pressure of from 1.4 bar to 1.6 bar and 
a cross-flow of from 75 ml/min. to 90 ml/min. is applied 
in a concentration range up to 30 mg immunoglobulin 
per ml of solution to be concentrated,

ii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 140 ml/min. to 160 ml/min. is 
applied in a concentration range of from 15 mg/ml up to 
55 mg/ml, and

iii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 120 ml/min. to 140 ml/min is 
applied in a concentration range of more than 45 mg/ml 
up to about 130 mg/ml.

2. The method of claim 1, wherein the transmembrane 
pressure and cross-flow

in i) are 1.5 bar and 80 ml/min.,
in ii) are 0.85 bar and 150 ml/min., and;
in iii) are 0.85 bar and 130 ml/min.
3. The method of claim 1, wherein the concentration range 

is
in i) of 5 to 25 mg/ml,
in ii) of from 25 to 50 mg/ml, and
in iii) from 50 to 140 mg/ml.
4. A method for producing a heterologous immunoglobulin 

comprising:
a) providing a recombinant mammalian cell comprising 

one or more nucleic acids encoding a heterologous 
immunoglobulin,

b) cultivating said cell under conditions suitable for the 
expression of the heterologous immunoglobulin,

c) recovering the heterologous immunoglobulin from the 
recombinant mammalian cell or the culture medium; 
and

d) concentrating the obtained aqueous, buffered solution 
comprising the heterologous immunoglobulin using a 
tangential flow filtration wherein the concentration of 
the heterologous immunoglobulin determines the trans
membrane pressure and cross flow in said filtration and

wherein the variable transmembrane pressure and cross-flow 
of step d) are selected from the group consisting of

i) a transmembrane pressure of from 1.4 bar to 1.6 bar and 
a cross-flow of from 75 ml/min to 90 ml/min. in a con
centration range up to 30 mg immunoglobulin per ml of 
solution to be concentrated,

ii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 140 ml/min. to 160 ml/min. in a 
concentration range of from 15 mg/ml up to 55 mg/ml,

iii) a transmembrane pressure of from 0.8 bar to 0.9 bar and 
a cross-flow of from 120 ml/min. to 140 ml/min. in a 
concentration range of more than 45 mg/ml up to about 
130 mg/ml.
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5. The method of claim 4, further comprising prior to or 
after step d), the following:

e) purifying the aqueous buffered solution containing the 
heterologous immunoglobulin.

6. The method of claim 5, wherein the heterologous immu- 5 
noglobulin is a complete immunoglobulin, or an immunoglo
bulin fragment, or an immunoglobulin conjugate.

7. The method of claim 6, characterized in that the mam
malian cell is a CHO cell, a ΒΗΚ cell, a ΗΕΚ cell, or a Sp2/0 
cell. to

8. The method of claim 4, wherein said tangential flow 
filtration employs a membrane with a cut off value in the 
range of from 20 to 50 kDa molecular weight.

9. The method of claim 4, wherein said immunoglobulin
solution has a pH value of from pH 3.0 to pH 10.0. 15

10. The method claim 9, wherein said pH value is in the 
range of from pH 3.0 to pH 7.0.

11. The method of claim 4, characterized in that said 
method is a variable tangential flow filtration method wherein 
the actual concentration of the immunoglobulin in the solu- 20 

tion to be concentrated determinates the applied transmem
brane pressure and cross-flow.

12. The method of claim 4, characterized in that the trans
membrane pressure and cross-flow can be changed at any 
concentration value in the overlapping concentration ranges. 25

13. The method of claim 4, characterized in that the con
centration range is

in i) of 5 to 25 mg/ml,
in ii) of from 25 to 50 mg/ml, and
in iii) of from 50 to 140 mg/ml. 30

15
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PRE-FILTRATION ADJUSTMENT OF 
BUFFER SOLUTES

PRIORITY TO RELATED APPLICATION(S)

This application claims the benefit of European Patent 
Application No. 09012316.7 filed Sep. 29, 2009 and Interna
tional Patent Application PCT/EP2010/062554, filed Aug. 
27,2010. The entire contents of the above-identified applica
tions are hereby incorporated by reference.

Herein is reported a method for the pre-filtration adjust
ment of the solute concentration prior to a tangential flow 
filtration in order to obtain a bulk pharmaceutical active pro
tein ingredient.

BACKGROUND OF THE INVENTION

Polypeptides play an important role in today’s medical 
portfolio. Expression systems for the production of recombi
nant polypeptides are well-known. For human application 
every pharmaceutical substance has to meet distinct criteria. 
To ensure the safety of biopharmaceutical agents to humans, 
for example, nucleic acids, viruses, and host cell proteins, 
which would cause severe harm, have to be removed. To meet 
the regulatory specification one or more purification steps 
have to follow the manufacturing process. Among other, 
purity, throughput, and yield play an important role in deter
mining an appropriate purification process.

Due to their chemical and physical properties, such as 
molecular weight and domain architecture, including second
ary modifications, the downstream processing of immuno
globulins is essential. For example, concentrated solutions 
are required not only for formulated drugs but also for inter
mediates in downstream processing (DSP) to achieve low 
volumes for economic handling and application storage. Fur
thermore, fast concentration processes are favored to ensure 
smooth processes and short operating times. In this context 
tangential flow filtration (TFF) processes are used.

Saxena, A., et al. report membrane-based techniques for 
the separation and purification of proteins (Adv. Colloid 
Interfacial Sci. 145 (2009) 1-22. In WO 2009/010269 a vari
able tangential flow filtration method is reported. Mignard, 
D., et al. report fouling during the cross-flow ultrafiltration of 
proteins (J. Membr. Sci. 186 (2001) 133-143). An optimiza
tion diagram for membrane separations is reported by Van 
Reis, R., et al, J. Membr. Sci. 129 (1997) 19-29).

Thermodynamic non-ideality of protein containing solu
tions during membrane based processes has been reported by 
Donnan, F. G, Z. Elektrochem. 17 (1911) 572-581. Stoner et 
al. (J. Pharm. Sci. 93 (2004) 2332-2342) reported the concen
tration of charged solutes encompassing chloride, histidine 
and acetate during dialysis of the different proteins at various 
protein concentrations.

SUMMARY OF THE INVENTION

One aspect as reported herein is an ultrafiltration method 
for concentrating an immunoglobulin solution comprising 
the following steps:

a) providing an immunoglobulin solution with a pH value 
and with a first concentration S+ or S“ of a buffer sub
stance,

b) adjusting the first concentration of the buffer substance 
to a second concentration S' and maintaining the pH 
value, whereby the second concentration S' is calculated

1
with equation 2 if the buffer substance is a cation/neutral 
pair or with equation 3 if the buffer substance is a neu
tral/anion pair,

c) concentrating the solution of b) by a tangential flow 
filtration,

wherein equation 2 is

2

and equation 3 is

with
the molar concentration in the retentate of positively/nega

tively charged solutes (S+/S“), the charge of the protein 
(z), the molar concentration (P) and the molecular 
weight (Mp) of the protein, the density of the solution in 
the retentate (p) and the permeate (p'), and the theoreti
cal molar concentration of the diffusible solute (S'), 

whereby the theoretical diffusible solute concentration S' is 
corrected by a correction factor that is considering the 
pH value wherein the ratio between buffer anion/buffer 
cation and buffer acid is calculated for each pH value 
determined in the retentate by using the Henderson- 
Hasselbach-Equation and the relative increase at each 
pH value is used as the respective correction factor.

In one embodiment the buffer substance is histidine and 
that the second concentration is calculated with equation 2. In 
one embodiment the pH value is of from pH 5.0 to pH 6.0. In 
a further embodiment the pH value is pH 5.5. In another 
embodiment the first concentration is approximately 20 mM. 
In a further embodiment the second concentration is of from 
24 mM to 37 mM with a protein concentration of the concen
trated solution of from 100 g/1 to 300 g/1, respectively. In one 
embodiment the protein concentration is approximately 200 
g/1 and the second concentration is of from 28 mM to 31 mM. 
In another embodiment the first concentration is approxi
mately 46 mM. In a further embodiment the second concen
tration is of from 52 mM to 72 mM with a protein concentra
tion of the concentrated solution of from 100 to 300 g/1, 
respectively. In one embodiment the protein concentration is 
approximately 200 g/1 and the second concentration is of 
from 59 mM to 62 mM.

In another embodiment the buffer substance is acetate and 
the concentration is calculated with equation 3. In one 
embodiment the pH value is of from pH 4.5 to pH 6.0. In a 
further embodiment the pH value is pH 5.5. In another 
embodiment the first concentration is approximately 20 mM. 
In a further embodiment the second concentration is of from 
8 mM to 19 mM with a protein concentration of the concen
trated solution of from 300 g/1 to 100 g/1, respectively. In one 
embodiment the protein concentration is approximately 200 
g/1 and the second concentration is of from 12 mM to 17 mM. 
In another embodiment the first concentration is approxi
mately 45 mM. In a further embodiment the second concen
tration is of from 41 mM to 48 mM with a protein concentra
tion of the concentrated solution of from 300 to 100 g/1,
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respectively. In one embodiment the protein concentration is 
approximately 200 g/1 and the second concentration is of 
from 43 mM to 47 mM.

In one embodiment the immunoglobulin is an anti-P-selec- 
tin antibody or an anti-Aβ antibody.

Another aspect as reported herein is a method for produc
ing an immunoglobulin in vitro comprising

a) cultivating a cell comprising a nucleic acid encoding the 
immunoglobulin,

b) recovering the immunoglobulin from the cultivation 
medium or the cell of step a)

c) purifying the immunoglobulin,
d) concentrating the immunoglobulin with a method as 

reported herein and thereby producing an immunoglo
bulin.

DETAILED DESCRIPTION OF THE INVENTION

Herein is reported a tangential flow filtration method with 
a pre-filtration solute concentration adjustment in order to 
ensure a defined concentration of the components of the solu
tion after tangential flow filtration.

The term “cation/neutral pair” denotes a buffer substance 
which provides for a buffer system consisting of the buffer 
substance in neutral form and the buffer substance in proto- 
nated, i.e. positively charge form, as cation. One example 
thereof is histidine. The term “neutral/anion pair” denotes a 
buffer substance which provides for a buffer system consist
ing of the buffer substance in neutral form and the buffer 
substance in de-protonated, i.e. negatively charge form, as 
anion. One example is acetate.

The term “tangential flow filtration”, or short “TFF”, 
denotes a filtration process wherein a solution containing a 
polypeptide to be concentrated flows along, i.e. tangential, to 
the surface of a filtration membrane. The filtration membrane 
has a pore size with a certain cut off value. In one embodiment 
the cut off value is in the range of 20 kDa to 50 kDa, in another 
embodiment of 30 kDa. TFF was conducted as ultra filtration. 
The term “cross-flow” denotes the flow of the solution to be 
concentrated tangential to the membrane (retentate flow). The 
term “flux” or “permeate flow”, which can be used inter
changeably, denotes the flow of fluid through the membrane, 
i.e. through the pores of the membrane. That is, it denotes the 
volumetric rate of the permeate flow through the membrane. 
A flow is usually given in terms of volume per unit membrane 
area per unit time as liters/m2/h (LMH). The permeate com
prises the solvent of the solution to be concentrated on the 
retentate side as well as molecules with a molecular weight 
below the cut off value of the employed membrane but not the 
polypeptide to be concentrated. The terms “transmembrane 
pressure” or “TMP”, which can be used interchangeably, 
denote the pressure which is applied to drive the solvent and 
components smaller than the cut off value of the membrane 
through the pores of the membrane. The transmembrane pres
sure is an average pressure of the inlet, outlet and permeate 
and can be calculated as:

3

τ,,τ, (Pin + Pout) _ (equation 1)
1 IV1 r — ^ Ppermeote·

The term “solute” as used herein denotes all components, 
i.e. ionic and non-ionic, of a solution to be concentrated 
except the water molecules and the molecules of the polypep
tide to be concentrated. Generally comprises the solution to

be concentrated a polypeptide, water and a buffer salt, and 
optionally a non-buffer salt, such as sodium chloride.

A “polypeptide” is a polymer of amino acid residues joined 
by peptide bonds, whether produced naturally or syntheti
cally. Polypeptides of less than about 20 amino acid residues 
are referred to as “peptides”. A “protein” is a macromolecule 
comprising one or more polypeptide chains or at least one 
polypeptide chain of more than 100 amino acid residues. A 
polypeptide may also comprise non-peptidic components, 
such as carbohydrate groups. Carbohydrates and other non- 
peptidic substituents may be added to a polypeptide by the 
cell in which the polypeptide is produced, and will vary with 
the type of cell. Polypeptides are defined herein in terms of 
their amino acid backbone structures; substituents such as 
carbohydrate groups are generally not specified, but may be 
present nonetheless.

The term “immunoglobulin” refers to a protein consisting 
of one or more polypeptide(s) substantially encoded by 
immunoglobulin genes. The recognized immunoglobulin 
genes include the different constant region genes as well as 
the myriad immunoglobulin variable region genes. Immuno
globulins may exist in a variety of formats, including, for 
example, Fv, Fab, andF(ab)2as well as single chains (scFv) or 
diabodies (in general, Hood, L. E., et al., Immunology, The 
Benjamin N.Y., 2nd edition (1984)). The term “immunoglo
bulin”, thus, denotes a complete immunoglobulin consisting 
of two immunoglobulin heavy chains and two immunoglo
bulin light chains, as well as an “immunoglobulin fragment” 
comprising at least one domain selected from the variable 
domain, the CH\ domain, the hinge-region, the CH2 domain, 
the Ch2> domain, or the C^ domain of a heavy chain, or the 
variable domain or the CL domain of a light chain and an 
“immunoglobulin conjugate” comprising at least one domain 
of an immunoglobulin heavy or light chain conjugated via a 
peptide bond to a further polypeptide. The further polypep
tide is a non-immunoglobulin peptide, such as a hormone, or 
toxin, or growth receptor, or antifusogenic peptide, or 
complement factor, or the like.

For the purification of biotechnologically produced immu
noglobulins often a combination of different column chroma
tography steps is employed. In one embodiment a protein A 
affinity chromatography is followed by one or two additional 
separation steps. The final purification step is a so called 
“polishing step” for the removal of trace impurities and con
taminants like aggregated immunoglobulins, residual HCP 
(host cell protein), DNA (host cell nucleic acid), viruses, or 
endotoxins. For this polishing step in one embodiment an 
anion exchange material in a flow-through mode is used.

Different methods are well established and widespread 
used for protein recovery and purification, such as affinity 
chromatography with microbial proteins (e.g. protein A or 
protein G affinity chromatography), ion exchange chroma
tography (e.g. cation exchange (carboxymethyl resins), anion 
exchange (amino ethyl resins) and mixed-mode exchange), 
thiophilic adsorption (e.g. with beta-mercaptoethanol and 
other SH ligands), hydrophobic interaction or aromatic 
adsorption chromatography (e.g. withphenyl-sepharose, aza- 
arenophilic resins, or m-aminophenylboronic acid), metal 
chelate affinity chromatography (e.g. with Ni(II)- and Cu(II)- 
afifinity material), size exclusion chromatography, and elec- 
trophoretical methods (such as gel electrophoresis, capillary 
electrophoresis). These methods can be combined indepen
dently in different embodiments of the current invention.

The term “immunoglobulin in monomeric form” and 
grammatical equivalents thereof denotes an immunoglobulin 
molecule not associated with a second immunoglobulin mol
ecule, i.e. neither covalently nor non-covalently bound to
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another immunoglobulin molecule. The term “immunoglo
bulin in aggregated form” and grammatical equivalents 
thereof denotes an immunoglobulin molecule which is asso
ciated, either covalently or non-covalently, with at least one 
additional immunoglobulin molecule or fragment thereof, 
and which is eluted in a single peak from a size exclusion 
chromatography column. The term “in monomeric form” and 
grammatical equivalents thereof as used within this applica
tion not necessarily denotes that 100% of an immunoglobulin 
molecule are present in monomeric form. It denotes that an 
immunoglobulin is essentially in monomeric form, i.e. at 
least 90% of the immunoglobulin is in monomeric from, in 
one embodiment at least 95% of the immunoglobulin is in 
monomeric form, in another embodiment at least 98% of the 
immunoglobulin is in monomeric form, in a further embodi
ment at least 99% of the immunoglobulin is in monomeric 
form, and in a final embodiment more than 99% of the immu
noglobulin is in monomeric form determined as peak area of 
a size exclusion chromatogram of the immunoglobulin prepa
ration. The term “in monomeric and in aggregated form” 
denotes a mixture of immunoglobulin molecules not associ
ated with other immunoglobulin molecules and of immuno
globulin molecules associated with other immunoglobulin 
molecules. In this mixture neither of the monomeric form nor 
the aggregated form is present exclusively. The term “high 
molecular weight (HMW) form” denotes polymeric, i.e. 
aggregated, immunoglobulin, whereby the aggregate is still 
soluble in an aqueous buffered solution.

The term “100%” as used within this application denotes 
that the amount of components other than a specified compo
nent are below the detection limit of the referred to analytical 
method under the specified conditions.

The terms “90%”, “95%”, “98%”, “99%” as used within 
this application denote no exact values but values within the 
accuracy of the referred to analytical method under the speci
fied conditions.

Generally ion exchange chromatography in flow-through 
mode is the final chromatographic step in purification pro
cesses of monoclonal immunoglobulins to remove residual 
host cell DNA, endotoxins and retrovirus-like particles. 
Hence, the purified ion exchange chromatography pool is in 
e.g. a phosphate- or tris (hydroxymethyl)-aminomethan 
buffer. Subsequently, the conditions have to be changed to a 
buffer system for e.g. ensuring stability of the active pharma
ceutical ingredient during storage. Generally the pH value is 
slightly acidic e.g. between pH 5 and pH 6 and a conductivity 
of less than 5 mS/cm is required (Daugherty, A. L. and Mrsny, 
R. J., Adv. Drug Deliv. Rev. 58 (2006) 686-706).

Concomitantly the ion exchange pool is the basis buffer for 
formulation by using/adding different stock solutions of 
excipients like surfactants and sugars. Therefore, the ion 
exchange chromatography pool is concentrated and diafil- 
tered into a suitable buffer composition by ultrafiltration to 
provide a defined composition of protein, buffer solutes, pH 
and conductivity.

Electrostatic interactions of ions and polypeptides at non
isoelectric pH values lead to unequal partitioning thereof 
during an ultrafiltration process on the retentate and permeate 
side of the ultrafiltration membrane. This results in a signifi
cant variation of solute concentration before and after tangen
tial flow filtration (for concentration and diafiltration) and 
results in variations in pH and conductivity before, during and 
after the tangential flow filtration.

For example, an immunoglobulin ion exchange chroma
tography pool was diafiltered against 20 mM histidine buffer 
(pH 5.5; 1.6 mS/cm) of a 1 to 10-fold diafiltration volume 
(DV) with respect to the pool volume. Thereafter, the diafil-

5
tered pool was concentrated to more than 210 mg/ml protein 
concentration in a tangential flow filtration. It has been found 
that even after applying a 10-fold diafiltration volume the 
predefined conditions forthe histidine buffer system concern
ing pH value and conductivity could not be maintained con
stant after the complete concentration process. After starting 
the concentration process the pH value increases to pH 5.7 
and conductivity reaches 2.2 mS/cm at a protein concentra
tion of 215 mg/ml in the retentate.

Moreover, conductivity and pH value were monitored dur
ing the UF concentration process in 20 mM histidine buffer at 
pH 5.5. With increased protein concentration an increase in 
conductivity was observed again. In addition, an increase in 
the pH value up to pH 5.8 was observed as well.

A different but also similar observation was made during 
an UF concentration processes with another buffer system (20 
mM acetate buffer at pH 5.5). During the UF process the pH 
value increased to pH 5.8 similar as observed with the 20 mM 
histidine buffer, but the conductivity decreased with increas
ing protein concentration. Essentially the same was observed 
at a higher acetate concentration of 45 mM at pH 5.0.

During the UF concentration process of the monoclonal 
immunoglobulin in two different, defined buffer systems, a 
significant accumulation of the buffer substance in the case of 
acetate in the retentate, and a significant loss of the buffer 
substance in the case of histidine in the retentate has been 
observed (see e.g. FIGS. 1 and 3). The concentration of 
acetate nearly doubled whereas the concentration of histidine 
was halved at an immunoglobulin concentration of about 200 
mg/ml. Both induced changes in conductivity and pH during 
the concentration process.

The unequal partitioning of the solute compounds during 
diafiltration and concentration operations results in excipient 
concentrations, pH and conductivity values which are signifi
cantly different from those of the diafiltration buffer at the 
start of the process. As this can influence stability of the final 
formulated immunoglobulin the preset solute compound con
centration are required to be present in the concentrated 
immunoglobulin preparation.

Different possibilities to correct the changes during tan
gential flow filtration are likely:

restock/dilute with buffer solution after concentration,
adjustment of the pH value close to the isoelectric point 

value before the tangential flow filtration (see e.g. FIG. 
2),

defined addition/reduction of solute prior to tangential flow 
filtration (see e.g. FIG. 4).

The dilution after the UF with buffer solution is not suited 
as this will result also in a dilution and reduction of the 
immunoglobulin concentration. This is in direct opposite to 
the intention of the UF process to provide concentrated 
immunoglobulin solutions.

It has now been found that the defined addition/reduction 
of solute concentration prior to the tangential flow filtration 
process is advantageous in order to correct the concentration 
changes independent of the concentration device, membrane 
material, and concentration parameters. It has been found that 
as in one embodiment in case of a histidine buffer (=solute) an 
adjustment at about pH 5.0 to 29.6 mM and 60 mM histidine, 
respectively, before tangential flow filtration is required to 
achieve a predefined histidine buffer concentration of 20 mM 
and 46 mM histidine, respectively, after the tangential flow 
filtration in the concentration of an immunoglobulin of the 
IgG 1 and IgG 4 class to 215 mg/ml.

In an alternative way of addressing the concentration 
changes during the ultrafiltration process the concentrates 
were readjusted to a pH value of pH 5.0 by adding 0.5 M
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8
hydrochloric acid (HC1) to the stirred solution after the UF 
process. This was only necessary for the solutions which were 
concentrated at pFl 7.5 and at 20 mM histidine pFl 5.0 due to 
the pFl shift during UF. The experiments conducted at 29.6 
mM histidine pFl 5.0 did not show a pFl shift as reported 5 
before. Table 1 shows the pFl values before UF, after UF and 
after readjustment to pFl 5.0.

TABLE 1
to

starting
conditions pH before UF pH after UF pH end product

20 mM histidine 
buffer, pH 5.0

4.97 +/- 0.04 5.40 +/- 0.06 4.90 +/- 0.14

32 mM histidine 
buffer, pH 5.0

5.0 +/- 0.04 5.20 +/- 0.05 — 15

20 mM histidine 
buffer, pH 7.4

7.37 +/- 0.06 7.47 +/- 0.05 4.81 +/- 0.22

pH values before UF, after UF and for the end product with readjusted pH to 5.0; 
0.5M hydrochloric acid was taken to readjust the pH to pH 5.0 in the end product; 
mean values of three measurements are presented ± SD.

The adjustment of the solute concentration prior to the UF 
is calculated based on the following equations 2 and 3.

25

S'

(equation 2)

molar concentration at end concentration: 0.00133 mol/1 
charge of the protein: +9 
(determination see Example 13) 
starting protein concentration: 15 mg/ml 
(determination see Example 4) 
target buffer concentration: 0.020 M 
density of the protein solution at end of concentration: 

1.0551 g/ml
(determination see Example 14)
The values have been entered into equation 2' to result in:

[histidine concentration prior to the concentration] =

(((2 * 0.020 + 9 * 0.00133)2 - (9 * 0.00133)2) * 0.25)1/2 
1.0551 - (0.00133* 150,000)/1000

0.9989 mol/1 =

0.02955 mol/1 = 29.6 mM

Therefore, in order to make the calculation e.g. for a final 
concentration of200 mg/ml, the charge of the immunoglobu
lin to be concentrated according to example 13, the density of 
the immunoglobulin solution after the concentration accord
ing to example 14, and the concentration of the immunoglo
bulin in the starting immunoglobulin solution according to 
example 4 have to be determined experimentally.

It is also possible to use literature values for the density of 
the starting solution according to the following Table 2.

Equation 2 describes the molar concentration in the reten- 
tate of positively charged solutes (S+) being able to pass the 
membrane. S+ depends on the charge of the protein (z), the 
molar concentration (P) and the molecular weight (Mp) of the 
protein, as well as on the density of the solution in the reten- 35 
tate (p) and the permeate (p'). S' is the theoretical molar 
concentration of the diffusible solute.

S'

(equation 3) 40

Equation 3 describes the molar concentration in the reten- 45 
tate of negatively charged solutes (S“) being able to pass the 
membrane.

For an exemplary immunoglobulin against the amyloid β 
peptide (anti-Aβ antibody) as reported in WO 2003/070760 
or US 2005/0169925 the calculation is made as outlined in the 50 
following:

For obtaining a solution with a final immunoglobulin con
centration of 200 mg/ml in 20 mM histidine buffer at pFl 5.5. 
The histidine concentration before the concentration step is 
calculated with equation 2 rearranged to calculate S' as the 55 
solute molecule is a positively charged molecule.

The rearranged equation 2 (equation 2') is:

(2*p+] + z*U2-fe*U2 
4

1000

(equation 2') 60

The following parameter values were employed: 65
molecular mass of the immunoglobulin: 150,000 g/mol 
density of the permeate: 0.9989 g/ml

TABLE 2

Density of protein solutions.

protein concentration density of the solution
[mg/ml] [g/ml]

15 1.0105
28 1.0140
41 1.0174
55 1.0211
68 1.0246
85 1.0291

100 1.0331
112 1.0362
120 1.0384
138 1.0431
185 1.0556
200 1.0596

The rearranged equation 3 (equation 3') is:

(2 *P+]-Z*P)2-fe*P)2 (equation 3')
4

H 1000

In case of an anionic buffer salt (solute) due to the increase 
of the pFl value during the UF process the percentage of buffer 
salt (solute) in anionic form also increases. Therefore more 
buffer salt anions will actually be lost than restocked based on 
the calculation by using the above equations without consid
ering the pFl value. Therefore, the theoretical diffusible solute 
concentration S' has to be corrected by using a factor consid
ering the pFl value. The ratio between buffer anion/buffer 
cation and buffer acid can be calculated for each pFl value 
determined in the retentate by using the Henderson-Hassel- 
bach-Equation. The relative increase at each pFl value can be 
used as the respective correction factor.
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The molar solute concentration was approximated by 
inserting the actual charge value of the immunoglobulin at the 
pH value in equations 2 and 3, respectively. The overall pro
tein charge was determined by zeta potential measurements 
(see example 13).

Several possibilities to determine the protein valence 
depending on the pH value are available. Beside the calcu
lated titration curves based on protein sequence by combining 
the average p Revalues of all acidic and basic amino acid side 
chains, the experimental determination based on electro
phoretic mobility, like the zeta potential measurement 
(Faude, A., et al., J. Chromatogr. A 1161 (2007) 29-35; Sali
nas, B. A., J. Pharm. Sci. 99 (2009) 82-93) or gel- and capil
lary electrophoresis (Winzor, D. J., et al., Anal. Biochem. 333 
(2004) 225-229) is possible. Since the protein valence 
depends not only upon pH but also on the buffer electrolyte 
composition of the environment, there is no realistic alterna
tive available to determine the actual charge of the protein.

Two immunoglobulin solutions (see example section for 
details) were concentrated from 15 mg/ml to 200 mg/ml. One 
solution used contained 20 mM histidine at pH 5.0 and one 
solution used contained 20 mM histidine at pH 5.5 before UF. 
Both immunoglobulin solutions were intended to have 20 
mM histidine present at the predefined pH after the concen
tration process. During UF the displacement of histidine was 
observed, which was quantitatively corrected by employing 
equation 2 with a protein charge of+11. At 200 mg/ml immu
noglobulin concentration only 10.8 mM histidine remained 
without restock prior to the UF. It was calculated that 29.6 
mM histidine should be present before the UF, to end up with 
20 mM histidine after processing at 200 mg/ml protein con
centration. Experimental data conducted in a buffer system 
containing 30.3±0.7 mM histidine at pH 5.5 showed that 
concentrates at 200 mg/ml exhibit a histidine concentration of 
18.6±0.4 mM as predicted. Thus, it was confirmed that by 
using a higher histidine concentration at the beginning of the 
UF, calculated by using equation 2', the intended histidine 
concentration was present after UF up to a target protein 
concentration of 200 mg/ml.

Moreover, the intended histidine concentration of 46 mM 
at a protein concentration of 200 mg/ml can be achieved by 
applying an initially higher histidine concentration of 60 mM 
before UF as calculated by using equation 2'. In this case a 
protein charge of +7 was applied.

In case of histidine, the calculated higher solute molarity 
before starting the UF concentration process resulted in the 
intended molarities of histidine in the concentrated bulks. 
Moreover, during and after the UF process the pH value 
remained almost constant compared to experiments con
ducted at a lower molarity.

At a protein concentration of 200 mg/ml the pH value was 
shifted from pH 5.44±0.04 to pH 5.80±0.05, if the histidine 
concentration was not increased to 29.6 mM histidine before 
the UF. If the histidine concentration was increased to 29.6 
mM, the pH was almost constant, i.e. pH 5.45±0.04 before 
and pH 5.57 after UF processing.

It has further been found that an adjustment of the pH value 
is not necessary.

If the pH value is adjusted close to the isoelectric point 
prior to the tangential flow filtration process the formation of 
aggregates and particles is induced during the tangential flow 
filtration process. In contrast thereto the systematic correc
tion of concentration parameters prior to the tangential flow 
filtration process does not induce the formation of aggregates 
and/or particles.

Immunoglobulin solutions at a concentration of 20 mg/ml 
were ultrafiltrated up to 200 mg/ml. Buffer systems based on

9
histidine were used. On the one hand, experiments were con
ducted in a 29.6 mM histidine buffer pH 5.0. On the other 
hand UF was performed in a 20 mM histidine buffer pH 7.4. 
Results were compared to experiments conducted in a buffer 
system containing 20 mM histidine at pH 5.0 (see FIGS. 6 and
7)·

It was observed, that particle formation during of UF was 
enhanced at pH 7.4. In the course of UF up to 8* 10s particles 
larger than 1 μm were formed and the turbidity increased from
0.1 AU to 1.6 AU. Solutions containing different immunoglo
bulins ultrafiltrated at a pH value of pH 5.0 were analyzed 
with respect to particle formation and turbidity. The forma
tion of particles and the turbidity was clearly reduced at this 
pH value. This can be attributed to the pH value of pH 7.4 
which is close to the isoelectric point (IP) of one of the 
antibodies, which was determined to be about 8 (Nakatsuka, 
S. and Michaels, A. S., J. Membr. Sci. 69 (1992) 189-211).

Particle measurement, turbidity at 350 nm and SE-HPLC 
were performed to monitor the induction of aggregate due to 
the addition of hydrochloric acid. For the readjusted end 
product an induction of particles larger 1 μm and an increase 
in turbidity was observed for the solutions concentrated in 20 
mM histidine at pH 5.0.

An increase of HMWs from 2.23±0.05% to 2.71% was 
determined. For the solution containing 29.6 mM histidine at 
pH 5.0 prior to the UF, the number of particles per ml larger 
than 1 μm, the turbidity values and the percentage of HMWs 
remained constant.

After readjusting the pH value from pH 7.4 to pH 5.0 the 
percentage in HMWs increased from 0.74% to 17.15±0.97%. 
Concomitantly, the number of particles larger than 1 μm and 
the turbidity values decreased. Nevertheless, the number of 
particles and the turbidity values remained much higher com
pared to the two other processes.

It has been observed, that the addition of a higher molar 
HC1 increases the percentage of dimers as well as of oligo
mers. This was prevented, by adding a 0.02 M HC1. Concomi
tantly, the addition of a diluted HC1 resulted in a massive 
dilution of the concentrated protein bulk, ending up with 
about a third in protein concentration after pH adjustment.

It has also been found that with a change of the pH value 
prior to the tangential flow filtration process a reduction of the 
transmembrane flux is associated resulting in a dramatically 
increased concentration time (see FIG. 8). If a correction of 
the solute concentration is performed prior to the UF no 
reduction of the transmembrane flux occurs and the concen
tration time is unaffected.

The permeate flux was observed to be significantly reduced 
during processing compared to the experiments conducted at 
pH 5.0. The process time was more than doubled from 120±2 
min. to 300±2 min. when a pH value of pH 7.4 was adjusted 
before the UF was started. It has been observed, that the 
addition of histidine prior to the UF step had no influence on 
the permeate flux.

It has also been found that with the altered buffer compo
sition during the tangential flow filtration process the stability 
of the concentrated protein is affected.

UF processes are conducted during process and formula
tion development. Different UF systems, membrane material 
and operational parameters are applied to concentrate the 
protein bulk. In order to proof, that the herein presented 
model is adequately reflecting the experimental values con
cerning the loss of histidine during UF concentration, differ
ent membrane materials, UF systems and operational param
eters were tested (see Table 3 and FIG. 5).
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________________________ Different set-ups.

UF membrane
histidine material/

concentration pore size
[mM] pH value [kDa] UF system Λp [bar]

20 5.0 RC/30 stirred cell 2.0
20 5.0 RC/30 cross flow 0.8
20 5.0 RC/30 cross flow 1.5
20 5.0 PES/30 cross flow 1.5

Especially polyethersulfone (PES) is known to adsorb pro
tein to a higher extent than regenerated cellulose (RC), due to 
enhanced hydrophobicity. Moreover, proteins and solutes can 
interact with the membrane surface based on charge-charge 
interactions. As a consequence, the outcome of the solute 
molarity in the concentrates can be influenced by the choice 
of the membrane material.

Independent from the applied UF system, membrane mate
rial or operational conditions, the experimental data concern
ing the histidine molarity during UF can be approximated by 
using the equations as reported before.

In FIG. 10 a graph showing the concentration of histidine to 
be adjusted prior to the ultrafiltration depending on the 
intended final protein concentration in order to have a final 
solution with 20 mM histidine buffer at pFl 5.5 exemplified 
with an anti-Aβ antibody calculated according to the method 
as reported herein is shown.

The following examples and figures are provided to aid the 
understanding of the present invention, the true scope of 
which is set forth in the appended claims. It is understood that 
modifications can be made in the procedures set forth without 
departing from the spirit of the invention.

DESCRIPTION OF THE FIGURES

FIG. 1 Buffer ion concentration before and after tangential 
flow filtration exemplified with a histidine and an acetate 
buffer exemplified with an anti-Aβ antibody; black=histidine 
buffer; white=acetate buffer.

FIG. 2 Buffer ion concentrations before and after tangen
tial flow filtration exemplified with a histidine and an acetate 
buffer with adjustment of the pH value close to the isoelectric 
point prior to the tangential flow filtration; black=histidine 
buffer 20 mM pH 5; white=histidine buffer 20 mM pH 7.5.

FIG. 3 Course of the buffer ion concentration during tan
gential flow filtration exemplified with a histidine and an 
acetate buffer with adjustment of the buffer ion concentration 
prior to the tangential flow filtration; small diamonds: experi
mental data of 20 mM histidine buffer, solid line: fit for this 
data; large diamonds: experimental data of 29.6 mM histidine 
buffer, dashed lined: fit of this data.

FIG. 4 Buffer ion concentrations before and after tangen
tial flow filtration exemplified with a histidine and an acetate 
buffer with adjustment of the buffer ion concentration prior to 
the tangential flow filtration; black=histidine buffer 20 mM; 
white=histidine buffer 29.6 mM.

FIG. 5 Change of the buffer ion concentration in a concen
tration process with different concentration device; solid line: 
fit; white triangles: Hydrosart™; grey triangles: stirring cell; 
black small triangles: PESU; black large triangles: ΛP=0.8 
bar.

FIG. 6 Induction of high molecular weight compounds 
during concentration due to pH adjustment; 
black=concentrated at pH 5.0; light grey=concentrated at pH

12
7.5; dark grey=concentrated at pH 5 and addition of addi
tional histidine prior to concentration.

FIG. 7 Induction of particles during concentration due to 
pH adjustment; black=concentrated at pH 5.0; light 
grey=concentrated at pH 7.5; dark grey=concentrated at pH 5 
and addition of additional histidine prior to concentration.

FIG. 8 Dependency of the transmembrane flux on the 
retentate concentration and on the adjustment method; white 
small diamond=pH 7.5; grey diamond=pH 5.0 with a P of 0.8 
bar; black diamond=pH 5.0 PESU; white large diamond=pH 
5.0 Hydrosart™; black triangle=pH 5.0 with addition of his
tidine prior to concentration.

FIG. 9 Zeta potential determined according to Example 13 
for an anti-IL-lR antibody.

FIG. 10 Graph showing the concentration of histidine to be 
adjusted prior to the ultrafiltration depending on the intended 
final protein concentration in order to have a final solution 
with 20 mM histidine buffer at pH 5.5 exemplified with an 
anti-Aβ antibody.

EXAMPLE 1 

Material and Methods

Chemicals
All chemicals and reagents used were at least analytical 

grade. Hydrochloric acid and sodium hydroxide were taken 
from Merck KG (Darmstadt, Germany). L-histidine from 
Ajinomoto (Raleigh, USA) was used. Acidic acid was taken 
from Fluka (Steinheim, Germany). Sodium chloride was 
taken from Merck KG (Darmstadt, Germany).
Antibody

The method as reported herein is exemplified with an 
immunoglobulin against the amyloid β peptide (anti-Aβ anti
body) as reported in WO 2003/070760 or US 2005/0169925.

Another exemplary immunoglobulin is an anti-P-Selectin 
antibody as reported in WO 2005/100402 or US 2005/ 
0226876.

EXAMPLE 2 

Sample Preparation

A solution of the immunoglobulin in 20 mM histidine 
buffer at pH 5.5 and at a concentration of 50 mg/ml was taken 
for the concentration experiments in histidine buffer. To 
obtain material containing a higher molarity of histidine, 
histidine base was added to the protein solution and the pH 
was adjusted to pH 5.5 by adding 0.1 M hydrochloric acid.

To obtain solutions containing 20 mM and 45 mM acetate 
buffer pH 5.0, respectively, the 20 mM histidine material was 
diafiltered against the 10-fold volume of sodium acetate 
buffer pH 5.0 by using TFF.

A solution of an immunoglobulin in 20 mM histidine 
buffer at pH 5.0 and a concentration of 20 mg/ml was taken 
for the experiments in histidine buffer.

Before ultrafiltration (UF) processing the solutions were 
diluted to 10 mg/ml protein concentration by using the cor
responding buffer and filtered through a 0.22 μm membrane 
cartridge (Sartorius, Gottingen, Germany).

EXAMPLE 3 

Tangential Flow Filtration

For the preparation of concentrated immunoglobulin solu
tions the automated tangential flow filtration (TFF) system
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AKTAcrossflow™ (GE Healthcare, Uppsala, Sweden) was 
used. The method as reported in WO 2009/010269 was used 
for all experiments.

In short a retentate flow rate of 240 l/m2/h and a TMP of 
1.25 bars were chosen as the condition at the beginning of the 
UF process for an immunoglobulin concentration of from 5 
mg/ml to 25 mg/ml. From 25 mg/ml to 50 mg/ml the TMP 
was lowered to 0.85 bars. In addition, the retentate flow rate 
was increased to 450 l/m2/h, bringing the permeate flux from 
30 up to 45 l/m2/h. For a concentration range of from 50 
mg/ml up to target concentration of 140 mg/ml or more a 
TMP of 0.85 bars and an increased retentate flow rate of 390 
l/m2/h were set.

A Sartocon Slice flat sheet cassette with a Hydrosart™ 
membrane of regenerated cellulose, with a nominal molecu
lar weight cutoff (NMWC) of 30 kDa and a membrane area of 
0.02 m2 was used (Sartorius, Gottingen, Germany). The total 
membrane loading was about 400 g/m2 for each experiment. 
After the concentration the membrane module was cleaned 
with 1 M sodium hydroxide. The normalized flux rate for 
water (NWF) was determined after every cleaning cycle and 
compared to the obtained value before initial use. The cassette 
was only applied for the next experiments, if the NWF decline 
in (l/m2/h)/l bar at 20° C. was below 10% of the initial value 
to ensure complete cleaning and comparable membrane prop
erties.

EXAMPLE 4

Concentration Determination

Immunoglobulin concentration was determined by using 
the photometric absorbance at 280 nm and 320 nm after 
buffer blank subtraction (UV-Vis spectrophotometer Evolu
tion 500, Thermo Fisher Scientific, Waltham, USA). The 
absorbance at 320 nm was subtracted from the absorbance at 
280 nm and this absorbance value was used to calculate the 
protein content according to the law of Lambert-Beer.

EXAMPLE 5

Conductivity and pH Monitoring

During the TFF process every time the concentration 
doubled 1 ml was taken from the retentate. The pH was 
determined by using the Microprocessor pH Meter pH 196 
equipped with a pH single-rod measuring cell E50-1.5 from 
WTW (Weilheim, Germany). The conductivity was deter
mined by using the ProfiLine Konduktumeter LF 197 
equipped with a standard conductivity cell TetraCon 325 
from WTW (Weilheim, Germany). All samples were tem
pered in a water bath to 25° C. before measuring pH and 
conductivity.

EXAMPLE 6

Size Exclusion High Pressure Liquid 
Chromatography

Size exclusion high pressure liquid chromatography (SE- 
HPLC) experiments were conducted with a TSK 3000 S WXL 
column (Tosoh Bioseparation GmbH, Stuttgart, Germany) on 
a Summit HPLC-system (Dionex, Idstein, Germany). The 
elution peaks were monitored at 280 nm by the UV diode 
array detector UVD170U from Dionex (Idstein, Germany). 
Isocratic chromatography was conducted at room tempera
ture using an aqueous buffer composed of200 mM potassium

13
phosphate and 250 mM potassium chloride at pH 7.0 and a 
flow rate of 0.5 ml/min. Each sample contained 100 μg immu
noglobulin load per injection. The chromatograms were inte
grated manually by using the Chromeleon software (Dionex, 
Idstein, Germany). Percentage of higher molecular weight 
species (HMWs) including dimers and larger soluble oligo
mers was determined as relative area (mAU*min.) referred to 
total area of the two HMW peaks, the monomer peak and the 
peak of lower molecular weight species (LMWs).

EXAMPLE 7 

Histidine Assay

Every time the protein concentration in the retentate 
doubled the histidine concentration was determined. The 
samples were diluted to about 100 μM histidine concentration 
with purified water (Milli-Q, Millipore, Billerica, USA). 
Afterward, 500 μl diluted sample was mixed with 500 μl 
perchloric acid (5%) (Fluka, Steinheim, Germany). After 10 
min. the sample was centrifuged at 25° C. with 13.000 rpm for 
10 min. (miniSpin, Eppendorf, Hamburg, Germany). 100 μl 
of the supernatant were injected on a MonoS 5/50 GL CEX 
column (GE Healthcare, Uppsala, Sweden). Chromato
graphic runs were conducted on a Ultimate 3000 HPLC- 
system (Dionex, Idstein, Germany) at room temperature 
using a gradient elution applying two aqueous buffers com
posed of 50 mM acetate, pH 3.2 (buffer A) and 50 mM acetate, 
pH 3.2, 1 M sodium chloride (buffer B). A flow-rate of 1.0 
ml/min. was applied. Elution was monitored at 210 nm. The 
chromatograms were integrated manually by using the 
Chromeleon software (Dionex, Idstein, Germany). To quan
tify the amount of histidine, the area (mAU*min.) of the 
defined peak was compared with a standard curve 
(r2=0.9998).

EXAMPLE 8

Acetate Assay

Every time the protein concentration in the retentate 
doubled the acetate concentration was determined. The 
samples were diluted to about 25 mM acetate concentration 
with purified water (Milli-Q, Millipore, Billerica, USA). 
Afterwards, 500 μl diluted sample was mixed with 500 μl 
perchloric acid (5%) (Fluka, Steinheim, Germany). After 10 
min. the sample was centrifuged at 25° C. with 13.000 rpm for 
10 min. (miniSpin, Eppendorf, Hamburg, Germany). 100 μl 
of the supernatant were injected on a LiChrosorb RP C18 
4/250 column (Merck KG, Darmstadt, Germany). Chromato
graphic runs were conducted on a Ultimate 3000 HPLC- 
system (Dionex, Idstein, Germany) at room temperature 
using a isocratic elution over 15 min. applying a aqueous 
buffer composed of 6 mM phosphoric acid (Fluka, Steinheim, 
Germany), pH 2.6 (Kordis-Krapez, M., et al., Food Technol. 
Biotechnol. 39 (2001) 93-99). After each sample run the 
column was washed with 3 ml acetonitrile (Merck KG, Darm
stadt, Germany) to avoid sample carryover. A flow-rate of 1.0 
ml/min. was applied. Elution was monitored at 210 nm. The 
chromatograms were integrated manually by using the 
Chromeleon software (Dionex, Idstein, Germany). To quan
tify the amount of acetate the area (mAU*min) of the defined 
peak was compared with a standard curve (r2=0.9999).

EXAMPLE 9 

Chloride Assay

Every time the protein concentration in the retentate 
doubled the chloride concentration was determined. The
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samples were diluted 1:200 with purified water (Milli-Q, 
Millipore, Billerica, USA). 10 μl of the diluted sample was 
injected on an IonPac AS1 1-HC 2/250 column (Merck KG, 
Darmstadt, Germany). Chromatographic runs were con
ducted on a ICS 3000 Reagent-Free Ion Chromatography 
system (Dionex, Idstein, Germany) at room temperature 
using a gradient elution over 30 min. applying a aqueous 
solution up to 100 mM sodium hydroxide. A flow-rate of 0.38 
ml/min. was applied. Detection was carried out on an ICS 
3000 CD conductivity detector. The chromatograms were 
integrated manually by using the Chromeleon software (Di
onex, Idstein, Germany). To quantify the amount of chloride 
the area (mAU*min) of the defined peak was compared with 
a standard curve (r^O.9963).

EXAMPLE 10

Sodium Assay

To quantify the amount of sodium ions, the samples were 
analyzed with the multi sensor system BioProfile lOOplus 
(NOVA Biomedical, Waltham, USA). Sodium ions were 
quantified at 25° C. after a two point calibration. Samples 
were diluted 1:1 with purified water (Milli-Q, Millipore, Bil
lerica, USA) before measuring.

EXAMPLE 11 

Turbidity Measurement

Turbidity was determined as photometric absorbance of 
the undiluted concentrates at 350 nm and 550 nm after buffer- 
blank subtraction, where no intrinsic chromophores of the 
monoclonal immunoglobulin absorb (UV-Vis spectropho
tometer Evolution 500, Thermo Fisher Scientific, Waltham, 
USA) (Capelle, M. A. H., et ah, Eur. J. Pharm. Biopharm. 65 
(2007) 131-148). The samples were mixed before measuring. 
In the presence of suspended particles an increase in UV 
absorbance at all weave lengths occurs due to scattering 
effects (Eberlein, G. A., et ah, PDA J of Pharmac. Science and 
Technol. 48 (1994) 224-230).

EXAMPLE 12 

Light Obscuration

Light obscuration (LO) was used to monitor the formation 
of particles in a range of 1-200 μm similar to the method 
<788> Particulate Matter of Injection in the United States 
Pharmacopoeia and the European Pharmacopoeia method 
2.9.1. (European Directorate for the Quality of Medicine 
(Ed.), European Pharmacopoeia, Deutscher Apotheker Ver- 
lag/Govi-Verlag, Stuttgart/Eschborn, 2001a, 140-141;
United States Pharmacopeia Convention (Ed.), United States 
Pharmacopeia, United States Pharmacopeia Convention, 
Rockville, Md., 2002, 2046-2051). The particle counter 
SVSS-C (PAMAS Partikelmess- and Analysesysteme, 
Rutesheim, Germany) was equipped with a laser diode and a 
photodiode detector in order to determine the residual pho
tocurrent after particles have passed the course of the beam. 
As particle sensor the F1CB-LD-25/25 was applied. Concen
trates of a higher content of particles than 120 000/ml where 
diluted with buffer to match the specified capacity of the used 
sensor. Three measurements of a volume of 0.5 ml for each 
sample were analyzed after an equilibrating flush of 0.3 ml. 
Results were calculated as mean value of three measurements 
and referred to a sample volume of 1.0 ml. Before diluting the 
concentrates the buffer was filtered using Stericup Express

15
plus 0.1 μm filter devices (Millipore, Billerica, USA) and the 
particle burden was determined as described before.

EXAMPLE 13 

Zeta Potential Measurement

To determine the charge of the protein at different pFl 
values, electrophoretic mobility of the protein was deter
mined by performing Laser-Doppler-Velocimetry using the 
Malvern Zetasizer Nano S (Malvern Instruments, Worcester
shire, UK). The zeta potential ζ was calculated from the 
Flenry’s equation with assumption of uniform charge distri
bution by using the Malvern DTS software (Version 5.0, 
Malvern Instruments, Worcestershire, UK):

2 εkζ (equation 4)
μ” = ^r

Where μe is the electrophoretic mobility, E is the dielectric 
constant of the solution, k^ is the model based constant with a 
value of 1.5 for a salt concentrations higher than 1 mM, η is 
the viscosity of the solution and ζ is the zeta potential. For 
sample preparation the 5 mg/ml mAh solutions were dialyzed 
into 50 mM acetate buffer pFl 5.0 and titrated to a pFl of 2.0 
afterwards by using 0.2 M hydrochloric acid. The samples 
were titrated with a 0.2 M sodium hydroxide solution from 
pF12topF[12by applying the titrator MPT2 (Malvern Instru
ments, Worcestershire, UK). The zeta potential was deter
mined in 15 steps between pFl 2 and 12 in a temperature 
controlled folded capillary cell (Malvern Instruments, 
Worcestershire, UK) at 25° C. Each measurement was 
repeated threefold and mean values±SD are reported. See 
FIG. 9 for an exemplary zeta potential determination of an 
anti-IL-lR antibody.

EXAMPLE 14

Determination of Protein Solution Density

The density p of the protein solutions was determined at 
every protein concentration step. A pycnometer (Schott, 
Mainz, Germany) with a volume of 2.076 ml was filled with 
the sample solution previously tempered to 20° C. The mass 
of the unfilled and filled pycnometer was determined by using 
an analytical balance (MC 210 S, Sartorius, Gottingen, Ger
many). The density was calculated according to the common 
equation β =m/V.

The invention claimed is:
1. A method for concentrating an immunoglobulin solution 

comprising the following steps:
a) providing an immunoglobulin solution with a pFl value, 

with a first immunoglobulin protein concentration, and 
with a first concentration S+ or S“ of a buffer substance,

b) adjusting said first concentration of said buffer sub
stance to a second concentration S' and maintaining said 
pFl value, whereby said second concentration S' is cal
culated with equation 2 if said buffer substance is a 
cation/neutral pair or with equation 3 if said buffer sub
stance is a neutral/anion pair,

c) concentrating the solution of b) with a tangential flow 
filtration to a second immunoglobulin protein concen
tration,

wherein equation 2 is
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and equation 3 is

with
the molar concentration in the retentate of positively/nega

tively charged solutes (S+/S“), the charge of the protein 
(z), the molar concentration (P) and the molecular 
weight (Mp) of the protein, the density of the solution in 
the retentate (p) and the permeate (p'), and the theoreti
cal molar concentration of the diffusible solute (S').

2. The method of claim 1, wherein said buffer substance is 
histidine and that said second concentration is calculated with 
equation 2.

3. The method of claim 1, wherein said first concentration 
is approximately 20 mM.

4. The method of claim 3, wherein said second concentra
tion is of from 24 mM to 37 mM.

5. The method of claim 1, wherein wherein said first con
centration is approximately 46 mM.

6. The method of claim 5, wherein said second concentra
tion is of from 52 mM to 72 mM.

7. The method of claim 1, wherein said buffer substance is 
acetate and that said concentration is calculated with equation 
3.

8. The method of claim 7, wherein said first concentration 
is 20 mM.

9. The method of claim 8, wherein said second concentra
tion is of from 8 to 19 mM.

10. The method of claim 7, wherein said first concentration 
is 45 mM.

11. The method of claim 10, wherein said second concen
tration is of from 41 mM to 48 mM.

12. The method of claim 1, wherein the immunoglobulin is 
an anti-P selectin antibody or an anti-Aβ antibody.

13. A method for producing an immunoglobulin compris
ing

a) cultivating a cell comprising a nucleic acid encoding 
said immunoglobulin,

b) recovering said immunoglobulin from the cultivation 
medium or the cell of step a)

c) purifying said immunoglobulin,
d) concentrating said immunoglobulin with the method of 

claim 1 and thereby producing an immunoglobulin.
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