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METHODS OF PRODUCING

IMMUNOGLOBULINS, VECTORS AND
TRANSFORMED HOST CELLS FOR USE

THEREIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 06/483,457, filed Apr. 8, 1983, now U’S. Pat.
No. 4,816,567, issued Mar. 28, 1989.

BACKGROUND OF THE INVENTION

This invention relates to the field of immunoglobulin
production and to modification of naturally occurring immu-
noglobulin amino acid sequences.Specifically, the invention
relates to using recombinant techniques to produce both
immunoglobulins which are analogous to those normally
found in vertebrate systems and to take advantage of these
gene modification techniques to construct chimeric or other
modified forms.

A. Immunoglobulins and Antibodies
Antibodies are specific immunoglobulin polypeptides

produced by the vertebrate immune system in response to
challenge by foreign proteins, glycoproteins, cells, or other
antigenic foreign substances. The sequence of events which
permits the organism to overcome invasion by foreign cells
or to rid the system of foreign substancesisat least partially
understood. An important part of this process is the manu-
facture of antibodies which bind specifically to a particular
foreign substance. The binding specificity of such polypep-
tides to a particular antigen is highly refined, and the
multitude of specificities capable of being generated by the
individual vertebrate is remarkable in its complexity and
variability. Thousands of antigens are capable of eliciting
responses, each almost exclusively directed to the particular
antigen whichelicited it.

Immunoglobulins include both antibodies, as above
described, and analogous protein substances which lack
antigen specificity. The latter are produced at low levels by
the lymph system and in increased levels by myelomas.

A.1 Source and Utility
Two major sources of vertebrate antibodies are presently

utilized—generation in situ by the mammalian B lympho-
cytes and in cell culture by B-cell hybrids. Antibodies are
madein situ as a result of the differentiation of immature B

lymphocytes into plasmacells, which occurs in response to
stimulation by specific antigens. In the undifferentiated B
cell, the portions of DNA coding for the various regions on
the immunoglobulin chains are separated in the genomic
DNA.The sequences are reassembled sequentially prior to
transcription. A review of this process has been given by
Gough, Trends in Biochem Sci, 6: 203 (1981). Theresulting
rearranged genomeis capable of expression in the mature B
lymphocyte to produce the desired antibody. Even when
only a single antigen is introduced into the sphere of the
immune system for a particular mammal, however, a uni-
form population of antibodies does not result. The in situ
immuneresponseto any particular antigen is defined by the
mosaic of responses to the various determinants which are
present on the antigen. Each subset of homologous antibody
is contributed by a single population of B-cells—hence in
situ generation of antibodies is “polyclonal”.

This limited but inherent heterogeneity has been over-
come in numerousparticular cases by use of hybridoma
technology to create “monoclonal” antibodies (Kohler,etal.,
Eur. J. Immunol., 6: 511 (1976)). In this process, splenocytes
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or lymphocytes from a mammal which has been injected
with antigen are fused with a tumorcellline, thus producing
hybrid cells or “hybridomas” which are both immortal and
capable of producing the genetically coded antibody of the
B cell. The hybrids thus formed we segregated into single
genetic strains by selection,dilution, and regrowth, and each
strain thus represents a single genetic line. They therefore
produce immunoreactive antibodies against a desired anti-
gen which are assured to be homogenous, and which
antibodies, referencing their pure genetic parentage, are
called “monoclonal”. Hybridomatechnologyhasto this time
been focused largely on the fusion of murine lines, but
human-human hybridomas (Olsson, L. et al., Proc. Nail.
Acad. Sci. (USA), 77: 5429 (1980)); human-murine hybri-
domas (Schlom,J., et al. (ibid) 77: 6841 (1980)) and several
other xenogenic hybrid combinations have been prepared as
well. Alternatively, primary, antibody producing, B cells
have been immortalized in vitro by transformation with viral
DNA.

Polyclonal, or, much more preferably monoclonal, anti-
bodies have a variety of useful properties similar to those of
the present invention. For example, they can be used as
specific immunoprecipitating reagents to detect the presence
of the antigen whichelicited the initial processing of the B
cell genome by coupling this antigen-antibody reaction with
suitable detection techniques such as labeling with radio-
isotopes or with enzymes capable of assay (RIA, EMIT,and
ELISA). Antibodies are thus the foundation of immuno
diagnostic tests for many antigenic substances. In another
important use, antibodies can be directly injected into sub-
jects suffering from an attack by a substance or organism
containing the antigen in question to combatthis attack. This
processis currently in its experimental stages, but its poten-
tial is clearly seen. Third, whole body diagnosis andtreat-
ment is made possible because injected antibodies are
directed to specific target disease tissues, and thus can be
used either to determine the presence of the disease by
carrying with them a suitable label, or to attack the diseased
tissue by carrying a suitable drug.

Monoclonal antibodies produced by hybridomas, while
theoretically effective as suggested above and clearly pref-
erable to polyclonal antibodies because of their specificity,
suffer from certain disadvantages. First, they tend to be
contaminated with other proteins and cellular materials of
hybridoma,(and, therefore, mammalian) origin. Thesecells
contain additional materials, notably nucleic acid fragments,
but protein fragments as well, which are capable of
enhancing, causing, or mediating carcinogic responses.
Second, hybridomalines producing monoclonal antibodies
tend to be unstable and may alter the structure of antibody
producedor stop producing antibody altogether (Kohler,G.,
et al. Proc. Natl Acad. Sci (USA) 77: 2197 (1980);
Morrison,S. L., J. Jmmunol. 123: 793 (1979)). The cell line
genomeappearsto alter itself in response to stimuli whose
nature is not currently known,andthis alteration may result
in production of incorrect sequences. Third, both hybridoma
and B cells inevitably produce certain antibodies in glyco-
sylated form (Melchers, F., Biochemistry, 10: 653 (1971))
which, under some circumstances, may be undesirable.
Fourth, production of both monoclonal and polyclonal anti-
bodies is relatively expensive. Fifth, and perhaps most
important, production by current techniques (either by
hybridomaor by B cell response) does not permit manipu-
lation of the genomeso as to produce antibodies with more
effective design components than those normally elicited in
response to antigens from the mature B cell in situ. The
antibodies of the present invention do not suffer from the
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foregoing drawbacks, and, furthermore, offer the opportu-
nity to provide molecules of superior design.

Even those immunoglobulins whichlack the specificity of
antibodies are useful, although over a smaller spectrum of
potential uses than the antibodies themselves. In presently
understood applications, such immunoglobulins are helpful
in proteins replacement therapy for globulin related anemia.
In this context, an inability to bind to antigen is in fact
helpful, as the therapeutic value of these proteins would be
impaired by such functionality. At present, such non-specific
antibodies are derivable in quantity only from myelomacell
cultures suitably induced. The present invention offers an
alternative, more economical source. It also offers the oppor-
tunity of canceling out specificity by manipulating the four
chains of the tetramer separately.

A.2 General Structure Characteristics

The basic immunoglobin structural unit in vertebrate
systems is now well understood (Edelman, G. M., Ann. N.Y.
Acad. Sci., 190: 5 (1971)). The units are composed of two
identical light polypeptide chains of molecular weight
approximately 23,000 daltons, and two identical heavy
chains of molecular weight 53,000—70,000. The four chains
are joined by disulfide bonds in a “Y” configuration wherein
the light chains bracket-the heavy-chains starting at the
mouth of the Y and continuing through the divergent region
as shownin FIG. 1. The “branch”portion,as there indicated,
is designated the Fab region. Heavy chainsare classified as
gamma, mu, alpha, delta, or epsilon, with some subclasses
among them, and the nature of this chain, as it has a long
constant region, determines the “class”of the antibody as
IgG, IgM, IgA, IgD, or IgE. Light chains are classified-as
either kappa or lambda. Each heavy chain class can be
prepared with either kappa or lambdalight chain. The light
and heavy chains are covalently bonded to each other, and
the “tail” portions of the two heavy chains are bonded to
each other by covalent disulfide linkages when the immu-
noglobulins are generated either by hybridomas or by B
cells. However, if non-covalent association of the chains can
be effected in the correct geometry, the aggregate will still be
capable of reaction with antigen, or of utility as a protein
supplement as a non-specific immunoglobulin.

The amino acid sequence runs from the N-terminal end at
the top of the Y to the C-terminal end at the bottom of each
chain. At the N-terminal end is a variable region which is
specific for the antigen which elicited it, and is approxi-
mately 100 amino acids in length, there being slight varia-
tions between light and heavy chain and from antibody to
antibody. The variable region is linked in each chain to a
constant region which extends the remaining length of the
chain. Linkage is seen, at the genomic level, as occurring
through a linking sequence known currently as the “J”
region in the light chain gene, which encodes about 12
amino acids, and as a combination of “D” region and “J”
region in the heavy chain gene, which together encode
approximately 25 amino acids.

The remaining portions of the chain are referred to as
constant regions and within a particular class do not to vary
with the specificity of the antibody (i.e., the antigeneliciting
it),

As stated above, there are five known major classes of
constant regions which determine the class of the immuno-
globulin molecule (IgG, IgM, IgA, IgD, and IgE correspond-
ing to y, uw, a, 6, and € heavy chain constant regions). The
constant region or class determines subsequent effector
function of the antibody, including activation of complement
(Kabat, E. A., Structural Concepts in Immunology and
Immunochemistry, 2nd Ed., p. 413-436, Holt, Rinehart
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Winston (1976)), and other cellular responses (Andrews,D.
W., et al., Clinical Immunobiology pp 1-18, W. B. Sanders
(1980); Kohl, S., et al., Immunology, 48: 187 (1983)); while
the variable region determines the antigen with whichit will
react.

B. Recombinant DNA Technology
Recombinant DNA technology has reached sufficient

sophistication that it includes a repertoire of techniques for
cloning and expression of gene sequences. Various DNA
sequences can be recombined with some facility, creating
new DNAentities capable of producing heterologous protein
product in transformed microbes and cell cultures. The
general means and methods for the in vitro ligation of
various blunt ended or “sticky” ended fragments of DNA,
for producing expression vectors, and for transforming
organisms are now in hand.

DNA recombination of the essential elements (ie., an
origin of replication, one or more phenotypic selection
characteristics, expression control sequence, heterologous
gene insert and remainder vector) generally is performed
outside the host cell. The resulting recombinant replicable
expression vector, or plasmid, is introduced into cells by
transformation and large quantities of the recombinant
vehicle is obtained by growing the transformants. Where the
gene is properly inserted with reference to portions which
govern the transcription and translation of the encoded DNA
message, the resulting expression vectoris useful to produce
the polypeptide sequence for which the inserted gene codes,
a processreferred to as “expression.” The resulting product
may be obtained bylysis, if necessary, of the host cell and
recovery of the product by appropriate purifications from
other proteins.

In practice, the use of recombinant DNAtechnology can
express entirely heterologous polypeptides—so-called
direct expression—oralternatively may express a heterolo-
gous polypeptide fused to a portion of the amino acid
sequence of a homologous polypeptide. In the latter cases,
the intended bioactive product is sometimes rendered bio-
inactive within the fused, homologous/heterologous
polypeptide until it is cleaved in an extracellular environ-
ment.

The art of maintaining cell or tissue cultures as well as
microbial systems for studying genetics and cell physiology
is well established. Means and methods are available for

maintaining permanent cell lines, prepared by successive
serial transfers from isolated cells. For use in research, such
cell lines are maintained on a solid support in liquid
medium, or by growth in suspension containing support
nutriments. Scale-up for large preparations seems to pose
only mechanical problems.

SUMMARYOF THE INVENTION

The invention relates to antibodies and to non-specific
immunoglobulins (NSIs) formed by recombinant techniques
using suitable host cell cultures. These antibodies and NSIs
can be readily prepared in pure “monoclonal” form. They
can be manipulated at the genomic level to produce chime-
ras of variants which draw their homology from species
which differ from each other. They can also be manipulated
at the protein level, since all four chains do not need to be
produced by the same cell. Thus, there are a number of
“types” of immunoglobulins encompassed by the invention.

First, immunoglobulins, particularly antibodies, are pro-
duced using recombinant techniques which mimic the amino
acid sequence of naturally occurring antibodies produced by
either mammalian B cells in situ, or by B cells fused with
suitable immortalizing tumor lines, i.e., hybridomas.
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Second, the methods of this invention produce, and the
invention is directed to, immunoglobulins which comprise
polypeptides not hitherto found associated with each other in
nature. Such reassembly is particularly useful in producing
“hybrid” antibodies capable of binding more than oneanti-
gen; and in producing “composite” immunoglobulins
wherein heavy and light chains of different origins essen-
tially damp out specificity. Third, by genetic manipulation,
“chimeric” antibodies can be formed wherein, for example,
the variable regions correspond to the amino acid sequence
from one mammalian model system, whereas the constant
region mimics the amino acid sequence of another. Again,
the derivation of these two mimicked sequences may be
from different species. Fourth, also by genetic manipulation,
“altered” antibodies with improved specificity and other
characteristics can be formed.

Twoother types of immunoglobulin-like moieties may be
produced: “univalent” antibodies, which are useful as hom-
ing carriers to target tissues, and “Fab proteins” which
include only the “Fab” region of an immunoglobulin mol-
ecule i.e., the branches of the “Y”. These univalent antibod-
ies and Fab fragments mayalso be “mammalian”1.e., mimic
mammalian amino acid sequences; novel assemblies of
mammalian chains, or chimeric, where for example, the
constant and variable sequence patterns may be ofdifferent
origin. Finally, either the light chain or heavy chain alone, or
portions, thereof, produced by recombinant techniques are
included in the invention and may be mammalian or chi-
meric.

In other aspects, the invention is directed to DNA which
encodes the aforementioned NSIs, antibodies, and portions
thereof, as well as expression vectors or plasmids capable of
effecting the production of such immunoglobulins in suit-
able host cells. It includes the host cells and cell cultures

whichresult from transformation with these vectors. Finally,
the inventionis directed to methods of producing these NSIs
and antibodies, and the DNA sequences, plasmids, and
transformed cells intermediate to them.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representation of the general structure of
immunoglobulins.

FIGS. 2A-B showsthe detailed sequence of the cDNA
insert of pK17G4 which encodes kappa anti CEA chain.

FIG. 3 showsthe coding sequence of the fragment shown
in FIG. 2, along with the corresponding amino acid
sequence.

FIGS. 4A—C showsthe combined detailed sequence of the
cDNAinserts of py298 and py11 which encode gammaanti
CEAchain.

FIGS. 5A-B shows the corresponding amino acid
sequence encoded by the fragment in FIG.4.

FIGS. 6 and 7 outline the construction of expression
vectors for kappa and gammaanti-CEAchainsrespectively.

FIGS. 8A,8B, and 8C showtheresults of sizing gels run
on, extracts of FE. coli expressing the genes for gammachain,
kappa chain, and both kappa and gammachainsrespectively.

FIG. 9 shows the results of western blots of extracts of
cells transformed as those in FIGS.8.

FIG. 10 shows a standard curve for ELISA assay of anti
CEAactivity.

FIGS.11 and 12 show the construction of a plasmid for
expression of the gene encoding a chimeric heavy chain.

FIG. 13 showsthe construction of a plasmid for expres-
sion of the gene encoding the Fab region of heavy chain.
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DETAILED DESCRIPTION

A.Definitions

As used herein, “antibodies” refers to tetramers or aggre-
gates thereof which have specific immunoreactive activity,
comprising light and heavy chains usually aggregated in the
“Y” configuration of FIG. 1, with or without covalent
linkage between them; “immunoglobulins” refers to such
assemblies whether or not specific immunoreactive activity
is a property. “Non-specific immunoglobulin” (“NSI”)
means those immunoglobulins which do not possess
specificity—i.e., those which are not antibodies.

“Mammalian antibodies” refers to antibodies wherein the

amino acid sequences of the chains are homologous with
those sequences found in antibodies produced by mamma-
lian systems, either in situ, or in hybridomas. These anti-
bodies mimic antibodies which are otherwise capable of
being generated, although in impure form, in these tradi-
tional systems.

“Hybrid antibodies” refers to antibodies wherein chains
are separately homologous with referenced mammalian anti-
body chains and represent novel assemblies of them, so that
two different antigens are precipitable by the tetramer. In
hybrid antibodies, one pair of heavy and light chain is
homologousto antibodies raised against one antigen, while
the other pair of heavy and light chain is homologous to
those raised against another antigen. This results in the
property of “divalence” 1.e., ability to bind two antigens
simultaneously. Such hybrids may, of course, also be formed
using chimeric chains, as set forth below.

“Composite” immunoglobulins means those wherein the
heavy and light chains mimic those of different species
origins or specificities, and the resultant is thus likely to be
a non-specific immunoglobulin (NSD,i.e.—lacking in anti-
body character.

“Chimeric antibodies” refers to those antibodies wherein

one portion of each of the amino acid sequences of heavy
and light chains is homologous to corresponding sequences
in antibodies derived from a particular species or belonging
to a particular class, while the remaining segment of the
chains is homologous to corresponding sequences in
another. Typically, in these chimeric antibodies, the variable
region of both light and heavy chains mimics the variable
regions of antibodies derived from one species of mammals
while the constant portions are homologousto the sequences
in antibodies derived from another. One clear advantage to
such chimeric forms is that, for example, the variable
regions can conveniently be derived from presently known
sources using readily available hybridomasor B cells from
non human host organisms in combination with constant
regions derived from, for example, human cell preparations.
While the variable region has the advantage of ease of
preparation, and the specificity is not affected by its source,
the constant region being human,is less likely to elicit an
immune response from a human subject whenthe antibodies
are injected than would the constant region from a non-
human source.

However, the definition is not limited to this particular
example. It includes any antibody in whicheither or both of
the heavy or light chains are composed of combinations of
sequences mimicking the sequences in antibodies of differ-
ent sources, whether these sources be differing classes,
differing antigen responses,or differing species of origin and
whether or not the fusion point is At the variable/constant
boundary. Thus,it is possible to produce antibodies in which
neither the constant nor the variable region mimic known
antibody sequences. It then becomespossible, for example,
to construct antibodies whose variable region has a higher
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specific affinity for a particular antigen, or whose constant
region can elicit enhanced complementfixation or to make
other improvements in properties possessed by a particular
constant region.

“Altered antibodies” means antibodies wherein the amino

acid sequence has been varied from that of a mammalian or
other vertebrate antibody. Because of the relevance of
recombinant DNAtechniquesto this invention, one need not
be confined to the sequences of amino acids found in natural
antibodies; antibodies can be redesigned to obtain desired
characteristics. The possible variations are many and range
from the changing of just one or a few aminoacids to the
complete redesign of, for example, the constant region.
Changes in the constant region will, in general, be made in
order to improvethe cellular process characteristics, such as
complementfixation, interaction with membranes, and other
effector functions. Changes in the variable region will be
made in order to improve the antigen binding characteristics.
The antibody can also be engineered soasto aid the specific
delivery of a toxic agent according to the “magic bullet”
concept. Alterations, can be made by standard recombinant
techniques and also by oligonucleotide-directed mutagen-
esis techniques (Dalbadie-McFarland,et al Proc. Natl. Acad.
Sci. (USA), 79:6.409 (1982)).

“Univalent antibodies” refers to aggregations which com-
prise a heavy chain/light chain dimer bound to the Fe (or
stem) region of a second heavy chain. Such antibodies are
specific for antigen but have the additional desirable prop-
erty of targeting tissues with specific antigenic surfaces,
without causing its antigenic effectiveness to be impaired—
1e., there is no antigenic modulation. This phenomenon and
the property of univalent antibodiesin this regard is set forth
in Glennie, M. J., et al., Nature, 295: 712 (1982). Univalent
antibodies have heretofore been formed by proteolysis.

“Fab” region refers to those portions of the chains which
are roughly equivalent, or analogous,to the sequences which
comprise the Y branch portions of the heavy chain and to the
light chain in its entirety, and which collectively (in
aggregates) have been shown to exhibit antibody activity.
“Fab protein”, which protein is one of the aspects of the
invention, includes aggregates of one heavy and onelight
chain (commonly knownas Fab’), as well as tetramers which
correspond to the two branch segments of the antibody Y,
(commonly knownas F(ab),), whether any of the above are
covalently or non-covalently aggregated, so long as the
aggregation is capable of selectively reacting with a par-
ticular antigen or antigen family. Fab antibodies have, as
have univalent ones, been formed heretofore by proteolysis,
and share the property of not eliciting antigen modulation on
target tissues. However, as they lack the “effector” Fe:
portion they cannoteffect, for example, lysis of the target
cell by macrophages.

“Fab protein” has similar subsets according to the defi-
nition of the present invention as does the general term
“antibodies” or “immunoglobulins”. Thus, “mammalian”
Fab protein, “hybrid” Fab protein “chimeric” Fab and
“altered” Fab protein are defined analogously to the corre-
sponding definitions set forth in the previous paragraphs for
the various types of antibodies.

Individual heavy or light chains may of course be
“mammalian”, “chimeric” or “altered” in accordance with
the above. As will become apparent from the detailed
description of the invention, it is possible, using the tech-
niques disclosed to prepare other combinations of the four-
peptide chain aggregates, besides those specifically defined,
such as hybrid antibodies containing chimeric light and
mammalian heavy chains, hybrid Fab proteins containing
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chimeric Fab proteins of heavy chains associated with
mammalian light chains, and so forth.

“Expression vector” includes vectors which are capable of
expressing DNA sequences contained therein, i.e., the cod-
ing sequences are operably linked to other sequences
capable of effecting their expression.It is implied, although
not always explicitly stated, that these expression vectors
must be replicable in the host organisms either as episomes
or as an integral part of the chromosomal DNA.Clearly a
lack of replicability would render them effectively inoper-
able. A useful, but not a necessary, element of an effective
expression vector is a marker encoding sequence—te. a
sequence encoding a protein which results in a phenotypic
property (e.g. tetracycline resistance) of the cells containing
the protein which permits thosecells to be readily identified.
In sum, “expression vector” is given a functional definition,
and any DNA sequence whichis capable of effecting expres-
sion of a specified contained DNA code is included in this
term, as it is applied to the specified sequence. As at present,
such vectors are frequently in the form of plasmids, thus
“plasmid” and “expression vector” are often used inter-
changeably. However, the invention is intended to include
such other forms of expression vectors which serve equiva-
lent functions and which may, from time to time become
knownin theart.

“Recombinanthostcells” refers to cells which have been

transformed with vectors constructed using recombinant
DNAtechniques. As defined herein, the antibody or modi-
fication thereof produced by a recombinant host cell is by
virtue of this transformation, rather than in such lesser
amounts, or more commonly, in such less than detectable
amounts, as would be produced by the untransformed host.

In descriptions of processes for isolation of antibodies
from recombinant hosts, the terms “cell” and “cell culture”
are used interchangeably to denote the source of antibody
unless it is clearly specified otherwise. In other words,
recovery of antibody from the “cells” may meaneither from
spun down whole cells, or from the cell culture containing
both the medium and the suspendedcells.
B. Host Cell Cultures and Vectors

The vectors and methodsdisclosed herein are suitable for

use in host cells over a wide range of prokaryotic and
eukaryotic organisms.

In-general, of course, prokaryotes are preferred for clon-
ing of DNA sequencesin constructing the vectors useful in
the invention. For example, F. coli K12 strain 294 (ATCC
No. 31446) is particularly useful. Other microbial strains
which may be used include F. coli strains such as E. coli B,
and E. coli X1776 (ATTC No. 31537). These examples are,
of course, intended to be illustrative rather than limiting.

Prokaryotes may also be used for expression. The afore-
mentioned strains, as well as E. coli W3110 (F, 2,
prototrophic, ATTC No. 27325), bacilli such as Bacillus
subtilus, and other enterobacteriaceae such as Salmonella
typhimurium or Serratia marcesans, and various Pseudomo-
nas species may be used.

In general, plasmid vectors containing replicon and con-
trol sequences which are derived from species compatible
with the host cell are used in connection with these hosts.

The vector ordinarily carries a replication site, as well as
marking sequences which are capable of providing pheno-
typic selection in transformed cells. For example, E. coli is
typically transformed using pBR322, a plasmid derived
from an E. coli species (Bolivar, et al., Gene 2: 95 (1977)).
PBR322 contains genes for ampicillin and tetracycline resis-
tance and thus provides easy means for identifying trans-
formed cells. The pBR322 plasmid, or other microbial
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plasmid must also contain, or be modified to contain,
promoters which can be used by the microbial organism for
expression of its own proteins. Those promoters most com-
monly used in recombinant DNA construction include the
B-lactamase (penicillinase) and lactose promoter systems
Changet al, Nature 275: 615 (1978); Itakura, et al, Science
198: 1056 (1977); (Goeddelet al, Nature 281: 544 (1979))
and a tryptophan (trp) promoter system (Goeddel, et al,
Nucleic kids Res., 8: 4057 (1980); EPO Appl Publ No.
0036776). While these are the most commonly used, other
microbial promoters have been discovered and utilized., and
details concerning their nucleotide sequences have been
published, enabling a skilled worker to ligate them func-
tionally with plasmid vectors (Siebenlist, et al, Cell 20: 269
(1980)).

In addition to prokaryates, eukaryotic microbes, such as
yeast cultures may also be used. Saccharomyces cerevisiae,
or commonbaker’s yeast is the most commonly used among
eukaryotic microorganisms, although a number of other
strains are commonly available. For expression in
Saccharomyces, the plasmid YRp7, for example,
(Stinchcombet al, Nature, 282: 39 (1979); Kingsmanetal,
Gene, 7: 141 (1979); Tschemper,et al, Gene, 10: 157 (1980))
is commonly used. This plasmid already contains the trp1
gene which provides a selection marker for a mutantstrain
of yeast lacking the ability to grow in tryptophan, for
example ATCC No. 44076 or PEP4-1 (Jones, Genetics, 85:
12 (1977)). The presenceofthe trp1 lesion as a characteristic
of the yeast host cell genome then provides an effective
environment for detecting transformation by growth in the
absence of tryptophan.

Suitable promoting sequencesin yeast vectors include the
promoters for 3-phosphoglycerate kinase (Hitzeman,etal.,
J. Biol. Chem., 255: 2073 (1980)) or other glycolytic
enzymes (Hess, et al, J. Adv. Enzyme Reg., 7: 149 (1968);
Holland, et al, Biochemistry, 17: 4900 (1978)), such as
enolase, glyceraldehyde-3-phosphate dehydrogenase,
hexokinase, pyruvate decarboxylase, phosphofructokinase,
glucose-6-phosphate isomerase, 3-phosphoglycerate
mutase, pyruvate kinase, triosephosphate isomerase, phos-
phoglucose isomerase, and glucokinase. In constructing
suitable expression plasmids, the termination sequences
associated with these genes are also ligated into the expres-
sion vector 3' of the sequence desired to be expressed to
provide polyadenylation of the mRNA and termination.
Other promoters, which have the additional advantage of
transcription controlled by growth conditions are the pro-
moter regions for alcohol dehydrogenase 2, isocytochrome
C, acid phosphatase, degradative enzymes associated with
nitrogen metabolism, and the aforementioned
glyceraldehyde-3-phosphate dehydrogenase, and enzymes
responsible for maltose and galactose utilization (Holland,
ibid.). Any plasmid vector containing yeast-compatible
promoter, origin of replication and termination sequencesis
suitable.

In addition to microorganisms cultures of cells derived
from multicellular organisms may also be used as hosts. In
principle, any such cell culture is workable, whether from
vertebrate or invertebrate culture. Howeverinterest has been

greatest in vertebrate cells, and propagation of vertebrate
cells in culture (tissue culture) has becomea routine proce-
dure in recent years (Tissue Culture, Academic Press, Kruse
and Patterson, editors (1973)). Examples of such useful host
cell lines are VERO and HeLacells, Chinese hamster ovary
(CHO)cell lines, and W138, BHK, COS-7 and MDCKcell
lines. Expression vectors for such cells ordinarily include (if
necessary) an origin of replication, a promoter located in
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front of the gene to be expressed, along with any necessary
ribosome binding sites, RNA splice sites, polyadenylation
site, and transcriptional terminator sequences.

For use in mammalian cells, the control functions on the
expression vectors are often provided by viral material. For
example, commonly used promoters are derived from
polyoma, Adenovirus 2, and most frequently Simian Virus
40 (SV40). The early and late promoters of SV40 virus are
particularly useful because both are obtained easily from the
virus as a fragment which also contains the $V40 viral origin
of replication (Fiers, et al, Nature, 273: 113 (1978)) incor-
porated herein by reference. Smaller or larger SV40 frag-
ments may also be used, provided there is included the
approximately 250 bp sequence extending from the Hind III
site toward the Bgl I site located in the viral origin of
replication. Further, it is also possible, and often desirable,
to utilize promoter or control sequences normally associated
with the desired gene sequence, provided such control
sequences are compatible with the host cell systems.

An origin of replication may be provided either by
construction of the vector to include an exogenous origin,
such as may be derived from SV40 or other viral (e.g.
Polyoma, Adeno, VSV, BPY, etc.) source, or may be pro-
vided by the host cell chromosomal replication mechanism.
If the vectoris integrated into the host cell chromosome,the
latter is often sufficient.

It will be understood that this invention, although
described herein in terms of a preferred embodiment, should
not be construed as limited to those host cells, vectors and
expression systems exemplified.
C. Methods Employed

C.1 Transformation
If cells without formidable cell wall barriers are used as

host cells, transfection is carried out by the calctum phos-
phate precipitation method as described by Graham and Van
der Eb, Virology, 52: 546 (1978). However, other methods
for introducing DNAinto cells such as by nuclear injection
or by protoplast fusion may also be used.

If prokaryotic cells or cells which contain substantial cell
wall constructions are used, the preferred method oftrans-
fection is calctum treatment using calcium chloride as
described by Cohen, F. N.et al Proc. Natl. Acad. Sci. (USA)
69: 2110 (1972).

C.2 Vector Construction

Construction of suitable vectors containing the desired
coding and control sequences employ standard ligation
techniques. Isolated plasmids or DNA fragments are
cleaved,tailored, and religated in the form desired to form
the plasmids required. The methods employed are not
dependent on the DNAsource, or intended host.

Cleavageis performed by treating with restriction enzyme
(or enzymes) in suitable buffer. In general, about 1 ug
plasmid or DNA fragments is used with about 1 unit of
enzyme in about 20 wl of buffer solution. (Appropriate
buffers and substrate amounts for particular restriction
enzymes are specified by the manufacturer.) Incubation
times of about 1 hour at 37° C. are workable. After

incubations, protein is removed by extraction with phenol
and chloroform, and the nucleic acid is recovered from the
aqueousfraction by precipitation with ethanol.

If blunt ends are required, the preparationis treated for 15
minutes at 15° with 10 units of E. coli DNA Polymerase I
(Klenow), phenol-chloroform extracted, and ethanol pre-
cipitated.

Size separation of the cleaved fragments is performed
using 6 percent polyacrylamide gel described by Goeddel,
D., et al, Nucleic Acids Res., 8: 4057 (1980) incorporated
herein by reference.
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For ligation, approximately equimolar amounts of the
desired components, suitably end tailored to provide correct
matching are treated with about 10 units T4 DNAligase per
0.5 ug DNA. (When cleaved vectors are used as
components, it may be useful to prevent religation of the
cleaved vector by pretreatment with bacterial alkaline
phosphatase.)

In the examples described below correct ligations for
plasmid construction are confirmed by transforming FE. coli
K12 strain 294 (ATCC 31446) with the ligation mixture.
Successful transformants were selected by ampicillin or
tetracycline resistance depending on the mode of plasmid
construction. Plasmids from the transformants were then

prepared, analyzed byrestriction and/or sequenced by the
method of Messing,et al, Nucleic Acids Res., 9:309 (1981)
or by the method of Maxam,et al, Methods in Enzymology,
65:499 (1980).
D. Outline of Procedures

D.1 Mammalian Antibodies

The first type of antibody which formsapart of this
invention, and is prepared by the methodsthereof, is “mam-
malian antibody”-one wherein the heavy and light chains
mimic the amino acid sequences of an antibody otherwise
produced by a mature mammalian B lymphocyte either in
situ or when fused with an immortalized cell as part of a
hybridomaculture. In outline, these antibodies are produced
as follows:

Messenger RNA coding for heavy or light chain is iso-
lated from a suitable source, either mature B cells or a
hybridomaculture, employing standard techniques of RNA
isolation, and the use of oligo-dT cellulose chromatography
to segregate the poly-A mRNA. The poly-A mRNA may,
further, be fractionated to obtain sequencesofsufficient size
to code for the amino acid sequences in the light or heavy
chain of the desired antibody as the case may be.

A cDNAlibrary is then prepared from the mixture of
mRNA using a suitable primer, preferably a nucleic acid
sequence whichis characteristic of the desired cDNA. Such
a primer may be hypothesized and synthesized based on the
amino acid sequence of the antibody if the sequence is
known.In the alternative cDNA from unfractionated poly-A
mRNAfrom a cell line producing the desired antibody or
poly-dT may also be used. The resulting cDNAis optionally
size fractionated on polyacrylamide gel and then extended
with, for example, dC residues for annealing with pBR322
or other suitable cloning vector which has been cleaved by
a suitable restriction enzyme, such as Pst I, and extended
with dG residues. Alternative means of forming cloning
vectors containing the cDNA using other tails and other
cloning vector remainder may, of course, also be used but
the foregoing is a standard and preferable choice. A suitable
host cell strain, typically FE. coli, is transformed with the
annealed cloning vectors, and the successful transformants
identified by meansof, for example, tetracycline resistance
or other phenotypic characteristic residing on the cloning
vector plasmid.

Successful transformants are picked and transferred to
microtiter dishes or other support for further growth and
preservation. Nitrocellulose filter imprints of these growing
cultures are then probed with suitable nucleotide sequences
containing bases known to be complementary to desired
sequences in the cDNA.Several types of probe may be used,
preferably synthetic single stranded DNA sequenceslabeled
by kinasing with ATP**. Thecells fixed to the nitrocellulose
filter are lysed, the DNA denatured, and then fixed before
reaction with kinased probe. Clones which successfully
hybridize are detected by contact with a photoplate, then
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plasmids from the growing colonies isolated and sequenced
by means knownintheart to verify that the desired portions
of the gene are present.

The desired gene fragments are excised and tailored to
assure appropriate reading frame with the control segments
when inserted into suitable expression vectors. Typically,
nucleotides are added to the 5' end to includea start signal
and a suitably positioned restriction endonucleasesite.

The tailored gene sequenceis then positioned in a vector
which contains a promoter in reading frame with the gene
and compatible with the proposed host cell. A number of
plasmids such as those described in U\S. patent application
Ser. Nos. 307,473; 291,892; and 305,657 (EPO Publ. Nos.
0036776; 0048970 and 0051873) have been described
which already contain the appropriate promoters, control
sequences, ribosome binding sites, and transcription termi-
nation sites, as well as convenient markers.

In the present invention, the gene coding for the light
chain and that coding for the heaving chain are recovered
separately by the procedures outlined above. Thus then may
be inserted into separate expression plasmids, or together in
the same plasmid, so long as each is undersuitable promoter
and translation control.

The expression vectors constructed above are then used to
transform suitable cells. The light and heavy chains may be
transformed into separate cell cultures, either of the same or
of differing species; separate plasmids for light and heavy
chain may be used to co-transform a single cell culture, or,
finally, a single expression plasmid containing both genes
and capable of expressing the genesfor both light and heavy
chain may be transformed into a single cell culture.

Regardless of which of the three foregoing options is
chosen, the cells are grown under conditions appropriate to
the production of the desired protein. Such conditions are
primarily mandated by the type of promoter and control
systems used in the expression vector, rather than by the
nature of the desired protein. The protein thus produced is
then recovered from the cell culture by methods known in
the art, but choice of which is necessarily dependent on the
form in which the protein is expressed. For example, it is
common for mature heterologous proteins expressed in F.
coli to be deposited within the cells as insoluble particles
which require cell lysis and solubilization in denaturant to
permit recovery. On the other hand, proteins under proper
synthesis circumstances, in yeast and bacterial strains, can
be secreted into the medium (yeast and gram positive
bacteria) or into the periplasmic space (gram negative
bacteria) allowing recovery by less drastic procedures.Tis-
sue culture cells as hosts also appear, in general, to permit
reasonably facile recovery of heterologous proteins.

Whenheavy and light chain are coexpressed in the same
host, the isolation procedure is designed so as to recover
reconstituted antibody. This can be accomplishedin vitro as
described below, or might be possible in vivo in a micro-
organism which secretes the IgG chains out of the reducing
environment of the cytoplasm. A more detailed description
is given in D.2, below.

D.2 Chain Recombination Techniques
The ability of the method of the invention to produce

heavy and light chains or portions thereof, in isolation from
each other offers the opportunity to obtain unique and
unprecedented assemblies of immunoglobulins, Fab regions,
and univalent antibodies. Such preparations require the use
of techniques to reassemble isolated chains. Such meansare
knownintheart, and it is, thus, appropriate to review them
here.

While single chain disulfide bond containing proteins
have been reduced and reoxidized to regenerate in high yield
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native structure and activity (Freedman, R. B., et al. In
Enzymology ofPost Translational Modification ofProteins,
I: 157-212 (1980) Academic Press, NY.), proteins which
consist of discontinuous polypeptide chains held together by
disulfide bonds are moredifficult to reconstructin vitro after

reductive cleavage. Insulin, a cameo case, has received
much experimental attention over the years, and can now be
reconstructed so efficiently that an industrial process has
been built around it (Chance, R. E., et al., In Peptides:
Proceedings of the Seventh Annual American Peptide Sym-
posium (Rich, D. H. and Gross. E., eds.) 721-728, Pierce
Chemical Co., Rockford, Ill. (1981)).

Immunoglobulin has proved a moredifficult problem than
insulin. The tetrameris stabilized intra and intermolecularly
by 15 or more disulfide bonds. It has been possible to
recombine heavy andlight chains, disrupted by cleavage of
only the interchain disulfides, to regain antibody activity
even without restoration of the inter-chain disulfides

(Edelman, G. M.,et al., Proc. Natl. Acad. Sci. (USA) 50: 753
(1963)). In addition, active fragments of IgG formed by
proteolysis (Fab fragments of ~50,000 MW)canbesplit into
their fully reduced heavy chain and light chain components
and fairly efficiently reconstructed to give active antibody
(Haber, E., Proc. Natl. Acad. Sci. (USA) 52: 1099 (1964);
Whitney, P. L., et al., Proc. Natl. Acad. Sci. (USA) 53: 524
(1965)). Attempts to reconstitute active antibody from fully
reduced native IgG have been largely unsuccessful, presum-
ably due to insolubility of the reduced chains and of side
products or intermediates in the refolding pathway (see
discussion in Freedman, M.H., et al., J. Biol. Chem. 241:
5225 (1966)). If, however, the immunoglobulin is randomly
modified by polyalanylation of its lysines before complete
reduction, the separated chains have the ability to recover
antigen-combining activity upon reoxidation (ibid).

Aparticularly suitable method for immunoglobulin recon-
stitution is derivable from the now classical insulin recom-

bination studies, wherein starting material was prepared by
oxidative sulfitolysis, thus generating thiol-labile
S-sulfonate groups at all cysteines in the protein, non-
reductively breaking disulfides (Chance et al. (supra)). Oxi-
dative sulfitolysis is a mild disulfide cleavage reaction
(Means, G. E., et al., Chemical Modification of Proteins,
Holden-Day, San Francisco (1971)) which is sometimes
more gentle than reduction, and which generates derivatives
which are stable until exposed to mild reducing agent at
which time disulfide reformation can occur via thiol-

disulfide interchange. In the present invention the heavy and
light chain S-sulfonates generated by oxidative sulfitolysis
were reconstituted utilizing both air oxidation and thiol-
disulfide interchange to drive disulfide bond formation. The
general procedure is set forth in detail in U.S. Ser. No.
452,187,filed Dec. 22, 1982 (EPO Appln. No. 83.307840.5),
incorporated herein by reference.

D.3 Variants Permitted by Recombinant Technology
Using the techniques described in paragraphs D.1 and

D.2, additional operations which were utilized to gain effi-
cient production of mammalian antibody can be varied in
quite straightforward and simple ways to produce a great
variety of modifications of this basic antibody form. These
variations are inherent in the use of recombinant technology,
which permits modification at a genetic level of amino acid
sequences in normally encountered mammalian immuno-
globulin chains, and the great power of this approachlies in
its ability to achieve these variations, as well as in its
potential for economic and specific production of desired
scarce, and often contaminated, molecules. The variations
also inhere in the ability to isolate production of individual
chains, and thus create novel assemblies.
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Briefly, since genetic manipulations permit reconstruction
of genomic materialin the process of construction of expres-
sion vectors, such reconstruction can be manipulated to
produce new coding sequencesfor the components of “natu-
ral” antibodies or immunoglobulins. As discussed in further
detail below, the coding sequence for a mammalian heavy
chain may not be derived entirely from a single source or
single species, but portions of a sequence can be recovered
by the techniques described in D.1 from differing pools of
mRNA,such as murine-murine hybridomas, human-murine
hybridomas,or B cells differentiated in response to a series
of antigen challenges. The desired portions of the sequences
in each case can be recovered using the probe and analysis
techniques described in D.1, and recombined in an expres-
sion vector using the same ligation procedures as would be
employed for portions of the same model sequence. Such
chimeric chains can be constructed of any desired length;
hence, for example, a complete heavy chain can be
constructed, or only sequence for the Fab region thereof.

The additionalarea offlexibility which arises from the use
of recombinant techniques results from the powerto produce
heavy and light chains or fragments thereof in separate
cultures or of unique combinations of heavy andlight chain
in the same culture, and to prevent reconstitution of the
antibody or immunoglobulin aggregation until the suitable
components are assembled. Thus, while normal antibody
production results automatically in the formation of “mam-
malian antibodies” because the light and heavy chain por-
tions are constructed in response to a particular determinant
in the samecell, the methodsofthe present invention present
the opportunity to assemble entirely new mixtures. Some-
what limited quantities of “hybrid” antibodies have been
produced by “quadromas” i.e., fusions of two hybridoma
cell cultures which permit random assemblies of the heavy
and light chains so produced.

The present invention permits a more controlled assembly
of desired chains, either by mixing the desired chains in
vitro, or by transforming the same culture with the coding
sequences for the desired chains.

D.4 Composite Immunoglobulins
The foregoing procedure, which describes in detail the

recombinant production of mammalian antibodies is
employed with some modifications to construct the remain-
ing types of antibodies or NSIs encompassed by the present
invention. To prepare the particular embodiment of com-
posite non-specific immunoglobulin wherein the homology
of the chains corresponds to the sequences of immunoglo-
bulins of different specificities,it is of course, only necessary
to prepare the heavy and light chains in separate cultures and
reassemble them as desired.

For example, in order to make an anti-CEA light chain/
antihepatitis heavy chain composite antibody, a suitable
source for the mRNAused as a template for the light chain
clone would comprise, for instance, the anti CEA producing
cell line of paragraph E.1. The mRNAcorresponding to
heavy chain would be derived from B cells raised in
response to hepatitis infection or from hybridoma in which
the B cell wasof this origin. It is clear that such composites
can be assembled using the methods of the invention almost
at will, and are limited only by available sources of MRNA
suitable for use as templates for the respective chains. All
other features of the process are similar to those described
above.

D.5 Hybrid Antibodies
Hybrid antibodies are particularly useful as they are

capable of simultaneous reaction with more than one anti-
gen. Pairs of heavy and light chains corresponding to chains



Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 36 of 636 PageID #: 104Case 1:18-cv-00924-CFC-SRF Document 3 Filed 06/21/18 Page 36 of 636 PagelD #: 104

US 6,331,415 B1
15

of antibodies for different antigens, such as those set forth in
paragraph D.4 are prepared in four separate cultures, thus
preventing premature assembly of the tetramer. Subsequent
mixing of the four separately prepared peptides then permits
assembly into the desired tetramers. While random aggre-
gation maylead to the formation of considerable undesired
product, that portion of the product in which homologous
light and heavy chains are bound to each other and mis-
matched to another pair gives the desired hybrid antibody.

D.6 Chimeric Antibodies

For construction of chimeric antibodies (wherein, for
example, the variable sequences are separately derived from
the constant sequences) the procedures of paragraph C.1 and
D.2 are again applicable with appropriate additions and
modifications. A preferred procedure is to recover desired
portions of the genes encoding for parts of the heavy and
light chains from suitable, differing, sources and then to
religate these fragments using restriction endonucleases to
reconstruct the gene coding for each chain.

For example, in a particularly preferred chimeric
construction, portions of the heavy chain gene and of the
light chain gene which encode the variable sequences of
antibodies produced by a murine hybridoma culture are
recovered and closed from this culture and gene fragments
encoding the constant regions of the heavy and light chains
for human antibodies recovered and cloned from, for
example, human myeloma cells. Suitable restriction
enzymes may then be usedto ligate the variable portions of
the mouse gene to the constant regions of the human gene
for each of the two chains. The chimeric chains are produced
as set forth in D.1, aggregated as set forth in D.2 and used
in the same manner as the non-chimeric forms. Of course,
any splice point in the chains can be chosen.

D.7 Altered Antibodies

Altered antibodies present, in essence, an extension of
chimeric ones. Again, the techniques of D.1 and D.2 are
applicable; however, rather than splicing portions of the
chain(s), suitable amino acid alterations, deletions or addi-
tions are made using available techniques such as mutagen-
esis (supra). For example, genes which encode antibodies
having diminished complementfixation properties, or which
have enhanced metal binding capacities are prepared using
such techniques. The latter type may, for example, take
advantage of the known gene sequence encoding metal-
othionein II (Karin, M., et al., Nature, 299: 797 (1982)). The
chelating properties of this molecular fragment are useful in
carrying heavy metals to tumor sites as an aid in tumor
imaging (Scheinberg, D. A., et al., Science, 215: 19 (1982).

D.8 Univalent Antibodies

In another preferred embodiment, antibodies are formed
which comprise one heavy andlight chain pair coupled with
the Fe regionof a third (heavy) chain. These antibodies have
a particularly useful property. They can, like ordinary
antibodies, be used to target antigenic surfaces of tissues,
such as tumors, but, unlike ordinary antibodies, they do not
cause the antigenic surfacesofthe target tissue to retreat and
become non-receptive. Ordinary antibody use results in
aggregation and subsequent inactivation, for several hours,
of such surface antigens.

The method of construction of univalent antibodies is a

straightforward application of the invention. The gene for
heavy chain of the desired Fe region is cleaved byrestriction
enzymes, and only that portion coding for the desired Fe
region expressed. This portion is then bound using the
technique of D.2 to separately produced heavy chain the
desired pairs separated from heavy/heavy and Fe/Fe
combinations, and separately produced light chain added.
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Pre-binding of the two heavy chain portions thus diminishes
the probability of formation of ordinary antibody.

D.9 Fab Protein

Similarly, it is not necessary to includethe entire gene for
the heavy chain portion. All of the aforementioned varia-
tions can be superimposed on a procedure for Fab protein
production and the overall procedure differs only in that the
portion of the heavy chain coding for the amino terminal 220
amino acids is employed in the appropriate expression
vector.

E. Specific Examples of Preferred Embodiments
The invention has been described above in general terms

and there follow several specific examples of embodiments
whichset forth details of experimental procedure in produc-
ing the desired antibodies. Example E.1 sets forth the
general procedure for preparing anti CEA antibody
components, i.e. for a “mammalian antibody”. Example E.3
sets forth the procedure for reconstitution and thus is appli-
cable to preparation of mammalian, composite, hybrid and
chimeric immunoglobulins, and Fab proteins and univalent
antibodies. Example E.4 sets forth the procedure for tailor-
ing the heavy or light chain so that the variable and constant
regions maybe derived from different sources. Example E.5
sets forth the method of obtaining a shortened heavy chain
genome which permits the production of the Fab regions
and, in an analogous manner, Fe region.

The examplesset forth below are includedfor illustrative
purposes and do not limit the scope of the invention.

E.1 Construction of Expression Vectors for Murine anti-
CEA Antibody Chains and Peptide Synthesis

Carcinoembryonic antigen (CEA) is associated with the
surface of certain tumor cells of humanorigin (Gold, P., et
al., J. Exp. Med., 122: 467 (1965)). Antibodies which bind
to CEA (anti-CEA antibodies) are useful in early detection
of these tumors (Van Nagell, T. R., et al., Cancer Res. 40:
502 (1980)), and have the potential for use in treatment of
those human tumors which appear to support CEA attheir
surfaces. A mouse hybridomacell line which secretes anti-
CEAantibodies of the Igy, class, CEA.66-E3, has been
prepared as described by Wagener,C,et al., J. Immunol. (in
press) which is incorporated herein by reference, and was
used as mRNAsource. The production of anti CEA anti-
bodies by this cell line was determined. The N-terminal
sequences of the antibodies produced by these cells was
compared with those of monoclonal anti CEA as follows.
Purified IgG wastreated with PCAse (Podell, D. N., et al.,
BBRC81: 176 (1978)), and then dissociated in 6M guani-
dine hydrochloride, 10 mM 2-mercaptoethanol (1.0 mg of
immunoglobulin, 5 min, 100° C. water bath). The dissoci-
ated chains were separated on a Waters Associates alkyl
phenyl column using a linear gradient from 100 percent A
(0.1 percent TFA-water) to 90 percent B (TFA/H,0/MeCN
0.1/9.9/90) at a flow rate of 0.8 ml/min. Three major peaks
were eluted and analyzed on SDSgels by silver staining. The
first two peaks were pure light chain (MW 25,000 daltons),
the third peak showed a (7:3) mixture of heavy and light
chain. 1.2 nmoles of light chain were sequenced by the
method of Shively, J. E., Methods in Enzymology, 79: 31
(1981), with an NH,-terminal yield of 0.4 nmoles. A mixture
of heavy and light chains (3 nmoles) was also sequenced,
and sequenceof light chain was deducted from the double
sequence to yield the sequence of the heavy chain.

In the description which follows, isolation and expression
of the genes for the heavy and light chains for anti CEA
antibody produced by CEA.66-E3 are described. As the
constant regions of these chains belong to the gamma and
kappa families, respectively, “light chain” and “kappa
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chain”, and “heavy chain” and “gammachain”, respectively,
are used interchangeably below.

E.1.1 Isolation of Messenger RNA for Anti CEA Light
and Heavy (Kappa and Gamma) Chains

Total RNA from CEA.66-E3 cells was extracted essen-

tially as reported by Lynchet al, Virology, 98: 251 (1979).
Cells were pelleted by centrifugation and approximately 1 g
portions of pellet resuspended in 10 ml of 10 mM NaCl, 10
mM Tris HCl (pH 7.4), 1.5 mM MgCl,. The resuspended
cells were lysed by addition of non-ionic detergent NP-40 to
a final concentration of 1 percent, and nuclei removed by
centrifugation. After addition of SDS (pH 7.4) to 1 percent
final concentration, the supernatant was extracted twice with
3 ml portions of phenol (redistilled)/chloroform: isoamyl
alcohol 25:1 at 4° C. The aqueous phase was made 0.2 M in
NaCl and total RNA wasprecipitated by addition of two
volumes of 100 percent ethanol and overnight storage at
-20° C. After centrifugation, polyA mRNA waspurified
from total RNA by oligo-dT cellulose chromatography as
described by Aviv and Leder, Proc. Nat’l, Acad. Sci. (USA),
69: 1408 (19672), 142 ug of polyA mRNAwasobtained
from 1 g cells.

E.1.2 Preparation of E. coli Colony Library Containing
Plasmids with Heavy and Light DNA SequenceInserts

5 ug of the unfractionated polyA mRNA prepared in
paragraph E.1.1 was used as template for oligo-dT primed
preparation of double-stranded (ds) cDNAbystandard pro-
cedures as described by Goeddel et al., Nature 281: 544
(1979) and Wickenset al., J. Biol. Chem. 253: 2483 (1978)
incorporated herein by reference. The cDNA wassize frac-
tionated by 6 percent polyacrylamide gel electrophoresis and
124 ng of ds cDNAgreater than 600 base pairs in length was
recovered by electroelution. A 20 ng portion of ds cDNA
was extended with deoxy C residues using terminal deoxy-
nucleotidyl transferase as described in Changet al., Nature
275: 617 (1978) incorporated herein by reference, and
annealed with 200 ng of the plasmid pBR322 (Bolivaret al.,
Gene 2: 95 (1977)) which had been cleaved with Pst I and
tailed with deoxy G. Each annealed mixture was then
transformed into F. coli K12 strain 294 (ATCC No. 31446).
Approximately 8500 ampicillin sensitive, tetracycline resis-
tant transformants were obtained.

E.1.3 Preparation of Synthetic Probes
The 14mer, 5' GGTGGGAAGATGGA3' complementary

to the coding sequence of constant region for mouse
MOPC21 kappa chain which begins 25 basepairs 3' of the
variable region DNA sequence was used as kappa chain
probe. A 15 mer, 5|' GACCAGGCATCCCAG3', comple-
mentary to a coding sequence located 72 basepairs 3' of the
variable region DNA sequence for mouse MOPC21 gamma
chain was used to probe gammachain gene.

Both probes were synthesized by the phosphotriester
method described in German Offenlegungschrift 2644432,
incorporated herein by reference, and made radioactive by
kinasing as follows: 250 ng of deoxyoligonucleotide were
combined in 25 ul of 60 mM Tris HCl (pH 8), 10 mM
MgCl, 15 mM beta-mercaptoethanol, and 100 “Ci (y-*°P)
ATP (Amersham,5000 Ci/mMole). 5 units of T4 polynucle-
otide kinase were added and the reduction was allowed to

proceed at 37° C. for 30 minutes and terminated by addition
of EDTA to 20 mM.

E.1.4 Screening of Colony Library for Kappa or Gamma
Chain Sequences

~2000 colonies prepared as described in paragraph E.1.2
were individually inoculated into wells of microtitre dishes
containing LB (Miller, Experiments in Molecular Genetics,
p. 431-3, Cold Spring Harbor, Lab., Cold Spring Harbor,
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N.Y. (1972))+5 ug/mltetracycline and stored at -20° C.after
addition of DMSOto 7 percent. Individual colonies from
this library were transferred to duplicate sets of Schleicher
and Schuell BA85/20 nitrocellulose filters and grown on
agar plates containing LB+5 ug/ml tetracycline. After ~10
hours growth at 37° C. the colonyfilters were transferred to
agar plates containing LB+5 ug/ml tetracycline and 12.5
ug/ml chloramphenicol and reincubated overnight at 37° C.
The DNAfrom each colony was then denatured andfixed to
the filter by a modification of the Grunstein-Hogness pro-
cedure as described in Grunstein et al., Proc. Natl. Acad. Sci.
(USA) 72: 3961 (1975), incorporated herein by reference.
Eachfilter was floated for 3 minutes on 0.5 N NaOH,1.5 M
NaCl to lyse the colonies and denature the DNA then
neutralized by floating for 15 minutes on 3 M NaCl, 0.5 M
Tris HCl (pH 7.5). The filters were then floated for an
additional 15 minutes on 2XSSC, and subsequently baked
for 2 hours in an 80° C. vacuum oven. The filters were

prehybridized for ~2 hours at room temperature in 0.9 M
NaCl, 1X Denhardts, 100 mM Tris HCl (pH 7.5), 5 mM
Na-EDTA, 1 mM ATP, 1 M sodium phosphate (dibasic), 1
mM sodium pyrophosphate, 0.5 percent NP-40, and 200
ug/ml E. coli t-RNA, and hybridized in the same solution
overnight, essentially as described by Wallace et al. Nucleic
Acids Research 9: 879 (1981) using ~40x10° cpm of either
the kinased kappa or gammaprobe described above.

After extensive washing at 37° C. in 6X SSC, 0.1 percent
SDS,the filters were exposed to Kodak XR-5 X-ray film
with DuPont Lightning-Plus intensifying screens for 16-24
hours at -80° C. Approximately 20 colonies which hybrid-
ized with kappa chain probe and 20 which hybridized with
gamma chain probe were characterized.

E.1.5 Characterization of Colonies which Hybridize to
Kappa DNA Sequence Probe

Plasmid DNAs isolated from several different transfor-

mants which hybridized to kappa chain probe were cleaved
with Pst I and fractionated by polyacrylamide gel electro-
phoresis (PAGE). This analysis demonstrated that a number
of plasmid DNAs contained cDNAinserts large enough to
encode full length kappa chain. The complete nucleotide
sequence of the cDNAinsert of one of these plasmids was
determined by the dideoxynucleotide chain termination
method as described by Smith, Methods Enzymol. 65, 560
(1980) incorporated herein by reference after subcloning
restriction endonuclease cleavage fragments into M13 vec-
tors (Messinget al., Nucleic Acids Research 9: 309 (1981).
FIG. 2 showsthe nucleotide sequence of the cDNAinsert of
pK17G4 and FIG. 3 shows the gene sequence with the
corresponding amino acid sequence. Thus, the entire coding
region of mouse anti-CEA kappa chain wasisolated on this
one large DNA fragment. The amino acid sequence of kappa
chain, deduced from the nucleotide sequence of the pK17G4
cDNA insert, corresponds perfectly with the first 23
N-terminal amino acids of mature mouse anti-CEA kappa
chain as determined by amino acid sequence analysis of
purified mouse anti-CEA kappachain. The coding region of
pK17G4 contains 27 basepairs or 9 amino acids of the
presequence and 642 basepairs or 214 aminoacids of the
mature protein. The mature unglycosylated protein (MW
24,553) has a variable region of 119 amino acids, including
the J1 joining region of 12 amino acids, and a constant
region of 107 amino acids. After the stop codon behind
amino acids 215 begins 212 basepairs of 3' untranslated
sequence up to the polyA addition. The kappa chain probe
used to identify pK17G4 hybridizes to nucleotides 374-388
(FIG.2).
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E.1.6 Characterization of Colonies which Hybridize to
Gamma 1 DNA Probe

Plasmid DNAisolated from several transformants posi-
tive for hybridization with the heavy chain gamma1 probe
was subjected to Pst I restriction endonuclease analysis as
described in E.1.5. Plasmid DNAs demonstrating the largest
cDNAinsert fragments were selected for further study.
Nucleotide sequence coding for mouse heavy (gamma-1)
chain, shows an Neolrestriction endonuclease cleavagesite
near the junction between variable and constant region.
Selected plasmid DNAs were digested with both PstI and
Neol and sized on polyacrylamide. This analysis allowed
identification of a number of plasmid DNAs that contain
Ncolrestriction endonucleasesites, although none that dem-
onstrate cDNAinsert fragments large enough to encode the
entire coding region of mouse anti-CEA heavy chain.

In one plasmid isolated, p y298 the cDNAinsert of about
1300 bp contains sequence information for the 5' untrans-
lated region, the signal sequence and the N-terminal portion
of heavy chain. Because py298 did not encode the
C-terminal sequence for mouse anti-CEA gamma1 chain,
plasmid DNAwasisolated from other colonies and screened
with PstI and Ncol. The C-terminal region of the cDNA
insert of py11 was sequence and shown to contain the stop
codon, 3' untranslated sequence and that portion of the
coding sequence missing from p y298.

FIG.4 presents the entire nucleotide sequence of mouse
anti-CEA heavy chain (as determined by the dideoxynucle-
otide chain termination method of Smith, Methods
Enzymol, 65: 560 (1980)) and FIG. 5 includesthetranslated
sequence.

The amino acid sequence of gamma 1 (heavy chain)
deduced from the nucleotide sequence of the py298 cDNA
insert correspondsperfectly to the first 23 N-terminal amino
acids of mature mouse anti-CEA gamma 1 chain as deter-
mined by amino acid sequence analysis of purified mouse
anti-CEA gamma-1 chain. The coding region consists of 57
basepairs or 19 amino acids of presequences and 1346
basepairs or 447 aminoacids of mature protein. The mature
unglycosolated protein (MW 52,258) has a variable region
of 135 amino acids, including a D region of 12 aminoacids,
and a J4 joining region of 13 amino acids. The constant
region is 324 amino acids. After the stop codon behind
amino acid 447 begins 96 bp of 3' untranslated sequences up
to the polyA addition. The probe used to identify py298 and
pyll hybridized to nucleotides 528-542 (FIG.4).

E.1.7 Construction of a Plasmid for Direct Expression of
Mouse Mature Anti-CEA Kappa Chain Gene,
pKCEAtrp207-1*

FIG.6 illustrated the construction of pkKCEAtrp207-1*
First, an intermediate plasmid pHGH207-1*, having a

single trp promoter, was prepared as follows:
The plasmid pHGH 207 (described in U.S. patent appli-

cation Ser. No. 307,473, filed Oct. 1, 1981 (EPO PubIn. No.
0036776)) has a double lac promoter followed by the trp
promoter, flanked by EcoR I sites and was used to prepare
pHGH207-1. pHGH207 was digested with BamH 1, fol-
lowed by partial digestion with EcoR I. The largest
fragment, which contains the entire trp promoter, was iso-
lated and ligated to the largest EcoR I- BamH I fragment
from pBR322,and the ligation mixture used to transform F.
coli 294. Tet® Amp* colonies were isolated, and most of
them contained pHGH207-1. pHGH207-1* which lacks the
EcoR1site between the amp* geneand the trp promoter, was
obtained by partial digestion of pHGH207-1 with EcoR I,
filling in the ends with Klenow and dNTPs,andreligation.

5 ug of pHGH207-1* was digested with EcoRI, and the
ends extended to blunt ends using 12 units of DNA Poly-
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merase I in a 50 wl reaction containing 60 mM NaCl, 7 mM
MgCl, 7 mM Tris HCl (pH 7.4) and 1 mM in each dNTP
at 37° C. for 1 hour, followed by extraction with phenol/
CHC1, and precipitation with ethanol. The precipitated DNA
was digested with BamH I, and the large vector fragment
(fragment 1) purified using 5 percent polyacrylamide gel
electrophoresis, electroelution, phenol/CHCl, extraction
and ethanol precipitation.

The DNAwasresuspended in 50 ul of 10 mM Tris pH 8,
1 mM EDTAandtreated with 500 units Bacterial Alkaline

Phosphatase (BAP)for 30' at 65° followed by phenol/CHC1,
extraction and ethanol precipitation.

A DNAfragment containing part of the light chain
sequence was prepared as follows: 7 ug of pH17G4 DNA
was digested with Pst I and the kappa chain containing
cDNAinsert wasisolated by 6 percent gel electrophoresis,
and electroelution. After phenol/CHCI, extraction, ethanol
precipitation and resuspension in water, this fragment was
digested with Ava II. The 333 bp Pst I-Ava IIT DNA fragment
was isolated and purified from a 6 percent polyacrylamide
gel.

A 15 nucleotide DNA primer was synthesized by the
phosphotriester method G. O. 2,644,432 (supra) and hasthe
following sequence:

Met Asp Ile Val Met
5' ATG GAC ATT GTT ATG 3'

The 5' methionine serves as the initiation codon. 500 ng
ofthis primer was phosphorylated at the 5' end with 10 units
T4 DNAkinase in 20 ul reaction containing 0.5 mM ATP.
~200 ng of the Pst I-Ava II DNA fragment was mixed with
the 20 ul of the phosphorylated primer, heated to 95° C. for
3 minutes and quick frozen in a dry-ice ethanol bath. The
denatured DNA solution was made 60 mM NaCl, 7 mM
MgCl, 7 mM Tris HCl (pH 7.4), 12 mM in each dNTPand
12 units DNA Polymerase I-Large Fragment was added.
After 2 hours incubation at 37° C. this primer repair reaction
was phenol/CHCl, extracted, ethanol precipitated, and
digested to completion with Sau 3A. The reaction mixture
was then electrophoresed on a 6 percent polyacrylamide gel
and ~50 ng of the 182 basepair amino-terminal blunt-end to
Sau 3A fragment (fragment 2) was obtained after electro-
elution.

100 ng of fragment1 (supra) and 50 ng of fragment 2 were
combined in 20 wl of 20 mM Tris HCl (pH 7.5), 10 mM
MgCl, 10 mM DTT, 2.5 mM ATPand 1 unit of T4 DNA
ligase. After overnight ligation at 14° C. the reaction was
transformed into F. coli K12 strain 294. Restriction endo-

nuclease digestion of plasmid DNA from a number of
ampicillin resistant transformants indicated the proper con-
struction and DNA sequence analysis proved the desired
nucleotide sequence through the initiation codon of this new
plasmid, pkKCEAInt1 (FIG.6).

The remainder of the coding sequence of the kappa light
chain gene was prepared as follows:

The Pst I cDNA insert fragment from 7 ug of K17G4
DNA waspartially digested with Ava II and the Ava II
cohesive ends were extended to blunt ends in a DNA

Polymerase I large fragment reaction. Following 6 percent
polyacrylamide gel electrophoresis the 686 basepair Pst I to
blunt ended Ava II DNAfragmentwasisolated, purified and
subjected to Hpa II restriction endonuclease digestion. The
497 basepair Hpa II to blunt ended Ava II DNA fragment
(fragment 3) wasisolated and purified after gel electrophore-sis.

10 wg of pKCEAInt1 DNA was digested with Ava I,
extended with DNA polymerase I large fragment, and



Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 39 of 636 PageID #: 107Case 1:18-cv-00924-CFC-SRF Document 3 Filed 06/21/18 Page 39 of 636 PagelD #: 107

US 6,331,415 B1
21

digested with XbaI. Both the large blunt ended Ava I to Xba
I vector fragment and the small blunt ended Ava I to Xba I
fragment were isolated and purified from a 6 percent poly-
acrylamide gel after electrophoresis. The large vector frag-
ment (fragment 4) was treated with Bacterial Alkaline
Phosphatase (BAP), and the small fragment was digested
with HpaII, electrophoresed on a 6 percent polyacrylamide
and the 169 basepair Xba I-Hpa II DNAfragment(fragment
5) was purified. ~75 ng of fragment 4, ~50 ng of fragment
3 and ~50 ng of fragment 5 were combined in a T4 DNA
ligase reaction and incubated overnight at 14°, and the
reaction mixture transformed into F. coli K12 strain 294.

Plasmid DNA from six ampicillin resistant transformants
were analyzed by restriction endonuclease digestion. One
plasmid DNA demonstrated the proper construction and was
designated pKCEAInt2.

Final construction was effected by ligating the K-CEA
fragment, including the trp promoter from pKCEAInt2 into
pBR322(XAP). (pBR322(XAP) is prepared as described in
USS. application Ser. No. 452,227,filed Dec. 22, 1982; from
pBR322 by deletion of the Aval-Pvull fragment followed by
ligation.)

The K-CEA fragment was prepared by treating
pKCEAInt2 with AvaI, blunt ending with DNA polymerase
I (Klenow fragment) in the presence of DNTPs, digestion
with Pst I and isolation of the desired fragment by gel
electrophoresis and electroelution.

The large vector fragment from pBR322(XAP) waspre-
pared by successive treatment with EcoR I, blunt ending
with polymerase, and redigestion with Pst I, followed by
isolation of the large vector fragment by electrophoresis and
electroelution.

The K-CEAandlarge vector fragments as prepared in the
preceding paragraphs were ligated with T4 DNAligase, and
the ligation mixture transformed into F. coli as above.
Plasmid DNA from several ampicillin resistant transfor-
mants were selected for analysis, and one plasmid DNA
demonstrated the proper construction, and was designated
pKCEAtrp207-I*.

E.1.8 Construction of a Plasmid Vector for Direct Expres-
sion of Mouse Mature Anti-CEA Heavy (Gamma1) Chain
Gene, pyCEAtrp207-1*

FIG. 7 illustrates the construction of pyCEAtrp207-1*.
This plasmid was constructed in two parts beginning with
construction of the C-terminal region of the gamma1 gene.

5 wg of plasmid pHGH207-1* was digested with AvaI,
extended to blunt ends with DNA polymeraseI large frag-
ment (Klenow fragment), extracted with phenol/CHCL,, and
ethanol precipitated. The DNA was digested with BamH I
treated with BAP and the large fragment (fragment A) was
purified by 6 percent polyacrylamide gel electrophoresis and
electroelution.

~5 ug of pyll was digested with Pst I and the gamma
chain cDNAinsert fragment containing the C-terminal por-
tion of the gene was purified, digested with Ava II followed
by extension of the Ava II cohesive ends with Klenow,
followed by Taq I digestion. The 375 basepair blunt ended
AvaII to Taq I fragment (fragment B) was isolated and
purified by gel electrophoresis and electroelution.

9 ug of py298 was digested with Taq I and BamHI for
isolation of the 496 basepair fragment (fragment C).

Approximately equimolar amounts of fragments A, B, and
C wereligated overnight at 14° in 20 wl reaction mixture,
then transformed into F. coli strain 294. The plasmid DNA
from six ampicillin resistant transformants was committed to
restriction endonuclease analysis and one plasmid DNA,
named pyCEAInt, demonstrated the correct construction of
the C-terminal portion of gamma1 (FIG.5).
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To obtain the N-terminal sequences, 30 ug of py298 was
digested with Pst I and the 628 basepair DNA fragment
encoding the N-terminal region of mouse anti-CEA gamma
chain was isolated and purified. This fragment was further
digested with Alu I and RsaI for isolation of the 280
basepair fragment. A 15 nucleotide DNA primer

met glu val met leu
5' ATG GAA GIG ATG CTG 3'

was synthesized by the phosphotriester method (supra).
The 5' methionine serves as the initiation codon. 500 ng

of this synthetic oligomer primer was phosphorylated at the
5' end in a reaction with 10 units T4 DNA kinase containing
0.5 mM ATP in 20 wl reaction mixture. ~500 ng of the 280
basepair Alu I-Rsa I DNA fragment was mixed with the
phosphorylated primer. The mixture was heat denatured for
3 minutes at 95° and quenched in dry-ice ethanol. The
denatured DNA solution was made 60 mM NaCl, 7 mM
MgCl, 7 mM Tris HCl (pH 7.4), 12 mM in each dNTPand
12 units DNA Polymerase I-Large Fragment was added.
After 2 hours incubation at 37° C., this primer repair reaction
was phenol/CHCl, extracted, ethanol precipitated, and
digested to completion with Hpall. ~50 ng of the expected
125 basepair blunt-end to Hpa II DNA fragment (fragment
D) was purified from the gel.

A second aliquot of py298 DNA wasdigested with PstI,
the 628 basepair DNA fragmentpurified by polyacrylamide
gel electrophoresis, and further digested with BamH I and
HpaII. The resulting 380 basepair fragment (fragment E)
was purified by gel electrophoresis.

~5 ug of pyCEAIntI was digested with EcoR I, the
cohesive ends were made flush with DNA polymerase I
(Klenow), further digested with BamHI, treated with BAP
and electrophoresed on a 6 percent polyacrylamide gel. The
large vector fragment(fragment F) wasisolated and purified.

In a three fragment ligation, 50 ng fragment D, 100 ng
fragment E, and 100 ng fragment F were ligated overnight
at 4° in a 20 wl reaction mixture and usedto transform EF.coli
K12 strain 294. The plasmid DNAs from 12 ampicillin
resistant transformants were analyzed for the correct con-
struction and the nucleotide sequence surrounding the ini-
tiation codon was verified to be correct for the plasmid
named pyCEAInt2.

The expression plasmid, pyCEAtrp207-I* used for
expression of the heavy chain gene is prepared by a 3-way
ligation using the large vector fragment from pBR322(XAP)
(supra) and two fragments prepared from pyCEAInt2.

pBR322(XAP) was treated as above by digestion with
EcoR1, blunt ending with DNA polymerase (Klenow) in the
presence of dNTPs, followed by digestion with Pst I, and
isolation of the large vector fragment by gel electrophoresis.
A 1543 base pair fragment from pyCEAInt2 containing trp
promoter linked with the N-terminal coding region of the
heavy chain gene wasisolated by treating pyCEAInt2 with
Pst I followed by BamH I, andisolation of the desired
fragment using PAGE. The 869 base pair fragment contain-
ing the C-terminal coding portion of the gene was prepared
by partial digestion of pyCEAInt2 with AvaI, blunt ending
with Klenow, and subsequent digestion with BamHI, fol-
lowed bypurification of the desired fragment by gel elec-
trophoresis.

The aforementioned three fragments were then ligated
under standard conditions using T4 DNA ligase, and a
ligation mixture used to transform EF. coli strain 294. Plas-
mid DNAs from several tetracycline resistant transformants
were analyzed; one plasmid DNA demonstrated the proper
construction and was designated pyCEAtrp207-1*.
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E.1.9 Production of Immunoglobulin Chains by FE. coli
E. coli strain W3110 (ATTC No. 27325) wastransformed

with pyCEAtrp207-1* or pKCEAtrp207-1* using standard
techniques.

To obtain double transformants, F. coli strain W3110 cells
were transformed with a modified pKCEAtrp207-1*,
pKCEAtrp207-1*A, which had been modified by cleaving a
Pst I-Pvu I fragment from the amp” gene and religating.
Cells transformed with pKCEAtrp207-1*A are thus sensi-
tive to ampicillin but still resistant to tetracycline. Success-
ful transformants were retransformed using pyCEAInt2
which confers resistance to ampicillin but not tetracycline.
Cells containing both pKCEAtrp207-1*A and pyCEAInt2
thus identified by growth in a medium containing both
ampicillin and tetracycline.

To confirm the production of heavy and/orlight chains in
the transformed cells, the cell samples were inoculated into
M9 tryptophan free medium containing 10 ug/ml
tetracycline, and induced with indoleacrylic acid ([AA)
when the OD 550 reads 0.5. The induced cells were grown
at 37° C. during various time periods and then spun down,
and suspended in TE buffer containing 2 percent SDS and
0.1 M £-mercaptoethanol and boiled for 5 minutes. A
10xvolume of acetone was added and the cells kept at 22°
C. for 10 minutes, then centrifuged at 12,000 rpm. The
precipitate was suspended in O’Farrell SDS sample buffer
(O’Farrell, P. H., J. Biol. Chem., 250: 4007 (1975)); boiled
3 minutes, recentrifuged, and fractionated using SDS PAGE
(10 percent), and stained with silver stain (Goldman,D.et
al., Science 211: 1437 (1981)); or subjected to Western blot
using rabbit anti-mouse IgG (Burnett, W. N., et al., Anal.
Biochem. 112: 195 (1981)),for identification light chain and
heavy chain.

Cells transformed with pyCEAtrp207-1* showed bands
upon SDS PAGEcorresponding to heavy chain molecular
weight as developed bysilver stain. Cells transformed with
pKCEAtrp207-1* showed the proper molecular weight band
for light chain as identified by Western blot; double trans-
formed cells showed bands for both heavy and light chain
molecular weight proteins when developed using rabbit
anti-mouse IgG by Western blot. These results are shown in
FIGS. 8A, 8B, and 8C.

FIG. 8Ashowsresults developed by silver stain from cells
transformed with pyCEAtrp207-1*. Lane 1 is monoclonal
anti-CEA heavy chain (standard) from CEA.66-E3. Lanes
2b—5b are timed samples 2 hrs, 4 hrs, 6 hrs, and 24 hrsafter
IAA addition. Lanes 2a—5a are corresponding untransformed
controls; Lanes 2c—5c are corresponding uninduced trans-
formants.

FIG. 8B showsresults developed by Western blot from
cells transformed with pKCEAtrp207-1*. Lanes 1b-6b are
extracts from induced cell immediately, 1 hr, 3.5 hrs, 5 hrs,
8 hrs, and 24 hrs after IAA addition, and 1a—6a correspond-
ing uninduced controls. Lane 7 is an extract from a
pyCEAtrp207-1* control, lanes 8, 9, and 10 are varying
amounts of anti CEA-kappa chain from CEA.66-E3cells.

FIG. 8C showsresults developed by Western blot from
four colonies of double transformedcells 24 hours after IAA

addition (lanes 4-7). Lanes 1-3 are varying amounts of
monoclonal gamma chain controls, lanes 8 and 9 are
untransformed and pyCEAtrp207-1* transformed cell
extracts, respectively.

In another quantitative assay, frozen, transformed F. coli
cells grown according to E.1.10 (below) were lysed by
heating in sodium dodecyl sulfate (SDS)/B-mercaptoethanol
cell lysis buffer at 100°. Aliquots were loaded on an SDS
polyacrylamide gel next to lanes loaded with various
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amounts of hybridoma anti-CEA. The gel was developed by
the Western blot, Burnett (supra), using ***I-labeled sheep
anti-mouse IgG antibody from New England Nuclear. The
results are shown in FIG.9. The figure showsthat the E. coli
products co-migrate with the authentic hybridoma chains,
indicating no detectable proteolytic degradation in E. coli.
Heavy chain from mammalian cells is expected to be
slightly heavier than £. coli material due to glycosylation in
the former. Using the hybridomalanes as a standard, the
following estimates of heavy and light chain production
were made:

(Per gram ofcells)

E. coli (W3110/pyCEAtrp207-1*)
E. coli (W3110/pKCEAtrp207-1*)
E. coli (W3110/pKCEAtrp207-1*A, pyCEAInt2)

5 mg y¥
1.5 mg K

0.5 mg K, 1.0 mg y

E.1.10 Reconstitution of Antibody from Recombinant K
and Gamma Chains

In order to obtain heavy and light chain preparations for
reconstitution, transformed cells were grown in larger
batches, harvested and frozen. Conditions of growth of the
variously transformed cells were as follows:

E. coli (W3110/pyCEAtrp207-1*) were inoculated into
500 ml LB medium containing 5 ug/ml tetracycline and
grown on a rotary shaker for 8 hours. The culture was then
transferred to 10 liters of fermentation medium containing
yeast nutrients, salts, glucose, and 2 yg/ml tetracycline.
Additional glucose was added during growth and at OD
550=20, indoleacrylic (IAA), a trp derepressor, was added to
a concentration of 50 ug/ml. The cells were fed additional
glucose to a final OD 550=40, achieved approximately 6
hours from the IAA addition.

E. coli (W3110) cells transformed with pKCEA trp 207-
1* and double transformed (with pKCEAtrp207-1*A and
pyCEAInt2) were grown in a manner analogous to that
described above except that the OD 550 six hours after IAA
addition at harvest was 25-30.

The cells were then harvested by centrifugation, and
frozen.

E.2 Assay Method for Reconstituted Antibody
Anti-CEAactivity was determined by ELISA asa crite-

rion for successful reconstitution. Wells of microtiter plates
(Dynatech Immulon) were saturated with CEA by incubat-
ing 100 wl of 2-5 wg CEA/ml solution in 0.1M carbonate
buffer, pH 9.3 for 12 hours at room temperature. The wells
were then washed 4 times with phosphate buffered saline
(PBS), and then saturated with BSA by incubating 200 wl of
0.5 percent BSA in PBS for 2 hours at 37° C., followed by
washing 4 times with PBS. Fifty microliters of each sample
was applied to each well. A standard curve (shown in FIG.
10), was run, which consisted of 50 ul samples of 10 ug, 5
ug, 1 ug, 500 ng, 100 ng, 50 ng, 10 ng, 5 ng and 1 ng
anti-CEA/ml in 0.5 percent BSA in PBS,plus 50 wl of 0.5
percent BSA in PBS alone as a blank. All of the samples
were incubated in the plate for 90 minutes at 37° C.

The plates were then washed 4 times with PBS, and sheep
anti-mouse IgG-alkaline phosphate (TAGO, Inc.) was
applied to each well by adding 100 wl of an enzyme
concentration of 24 units/ml in 0.5 percent BSA in PBS. The
solution was incubated at 37° C. for 90 minutes. The plates
were washed 4 times with PBS before adding the substrate,
100 zl of a 0.4 mg/ml solution of p-nitrophenylphosphate
(Sigma) in ethanolamine buffered saline, pH 9.5. The sub-
strate was incubated 90 minutes at 37° C. for color devel-

opment.
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The A,5) of each well was read by the Microelisa Auto
Reader (Dynatech) set to a threshold of 1.5, calibration of
1.0 and the 0.5 percent BSA in PBS (Blank) well set to
0.000. The A,;, data was tabulated in RS-1 on the VAX
system, and the standard curve data fitted to a four-
parameter logistic model. The unknown samples’ concen-
tration were calculated based on the A,5, data.

E.3 Reconstitution of Recombinant Antibody and Assay
Frozen cells prepared as described in paragraph E.1.10

were thawed in cold lysis buffer [10 mM Tris HCl, pH 7.5,
1 mM EDTA, 0.1M NaCl, 1 mM phenylmethylsulfonyl
fluoride (PMSF)] and lysed by sonication. The lysate was
partially clarified by centrifugation for 20 mins at 30,000
rpm. The supernatant was protected from proteolytic
enzymes by an additional 1 mM PMSF,and used immedi-
ately or stored frozen at -80° C.; frozen lysates were never
thawed more than once.

The S-sulfonate ofF. coli produced anti-CEA heavy chain
(y) was prepared as follows: Recombinant FE. coli cells
transformed with pyCEAtrp207-1* which contained heavy
chain as insoluble bodies, were lysed and centrifuged as
above; the pellet was resuspended in the same buffer,
sonicated and re-centrifuged. This pellet was washed once
with buffer, then suspended in 6M guanidine HCl, 0.1M Tris
HCl, pH 8, 1 mM EDTA, 20 mg/ml sodium sulfite and 10
mg/ml sodium tetrathionate and allowed to react at 25° for
about 16 hrs. The reaction mixture was dialyzed against 8M
urea, 0.1M Tris HCl, pH 8, and stored at 4°, to give a 3
mg/ml solution of y-SSO5.

650 ul of cell lysate from cells of various F. coli strains
producing various IgG chains, was added to 500 mg urea. To
this was added B-mercaptoethanol to 20 mM,Tris-HCl, pH
8.5 to 50 mM and EDTA to 1 mM,and in some experiments,
y-SSO, was added to 0.1 mg/ml. After standing at 25° for
30-90 mins., the reaction mixtures were dialyzed at 4°
against a buffer composed of 0.1M sodium glycinate, pH
10.8, 0.5M urea, 10 mM glycine ethyl ester, 5 mM reduced
glutathione, 0.1 mM oxidized glutathione. This buffer was
prepared from N,-saturated water and the dialysis was
performed in a capped Wheaton bottle. After 16-48 hours,
dialysis bags were transferred to 4° phosphate buffered
saline containing 1 mM PMSF and dialysis continued
another 16—24 hrs. Dialysates were assayed by ELISA as
described in paragraph E.2 for ability to bind CEA. The
results below show the values obtained by comparison with
the standard curve in x ng/ml anti-CEA. Also shownare the
reconstitution efficiencies calculated from the ELISA

responses, minus the background (108 ng/ml) of cells pro-
ducing K chain only, and from estimates of the levels of y
and K chains in the reaction mixtures.

ng/ml Percent
anti-CEA recombination

E. coli W3110 producing IFN-aA (control) 0) _—
E. coli (W3110/pKCEAtrp207-1*) 108 —
E. coli (W3110/pKCEAtrp207-1*), 848 0.33
plus y-SSO;
E. coli (W3110/pKCEAtrp207-1*A, 1580 0.76
pyCEAInt2)
Hybridoma anti-CEA K-SSO, and y-SSO3 540 0.40

E.4 Preparation of Chimeric Antibody
FIGS. 11 and 12 show the construction of an expression

vector for a chimeric heavy (gamma) chain which comprises
the murine anti CEA variable region and human y-2 constant
region.
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A DNAsequence encoding the human gamma-2 heavy
chain is prepared as follows: the cDNAlibrary obtained by
standard techniques from a human multiple myelomacell
line is probed with 5|' GGGCACTCGACACAA 3'to obtain
the plasmid containing the cDNAinsert for human gamma-2
chain (Takahashi, et al., Cell, 29: 671 (1982), incorporated
herein by reference), and analyzed to verify its identity with
the known sequence in human gamma-2 (Ellison, J., et al.,
Proc. Natl. Acad. Sci. (USA), 79: 1984 (1982) incorporated
herein by reference).

As shown in FIG. 11, two fragments are obtained from
this cloned human gamma 2 plasmid (py2). The first frag-
ment is formed by digestion with Pvull followed by diges-
tion with Ava III, and purification of the smaller DNA
fragment, which contains a portion of the constant region,
using 6 percent PAGE. The second fragmentis obtained by
digesting the py2 with any restriction enzyme which cleaves
in the 3' untranslated region of y2, as deduced from the
nucleotide sequence, filling in the Klenow and dNTPs,
cleaving with AvaIII, and isolating the smaller fragment
using 6 percent PAGE. (The choice of a two step, two
fragment composition to supply the PvulI-3' untranslated
fragment provides a cleaner path to product due to the
proximity of the AvallI site to the 3 terminal end thus
avoiding additional restriction sites in the gene sequence
matching the 3' untranslated region site.) pyCEA207-1* is
digested with EcoR 1, treated with Klenow and dNTPstofill
in the cohesive end, and digested with Pvu II, the large
vector fragment containing promoter isolated by 6 percent
PAGE.

The location and DNA sequence surrounding the Pvull
site in the mouse gamma-1 geneare identical to the location
and DNAsequence surrounding the Pvull site in the human
gamma-2 gene.

The plasmid resulting from a three way ligation of the
foregoing fragments, pChim1, contains, under the influence
of trp promoter, the variable and part of the constant region
of murine anti-CEA gamma 1 chain, and a portion of the
gamma 2 human chain. pChim1 will, in fact, express a
chimeric heavy chain whentransformedinto F. coli, but one
wherein the change from mouse to human does not take
place at the variable to constant junction.

FIG. 12 shows modification of pChim1 to construct
pChim2 so that the resulting protein from expression will
contain variable region from murine anti CEA antibody and
constant region from the human y-2 chain.First, a fragment
is prepared from pChim1 by treating with Neco I, blunt
ending with Klenow and dNTPs, cleaving with Pvu II, and
isolating the large vector fragment which is almost the
complete plasmid except for short segment in the constant
coding region for mouse anti CEA. A second fragmentis
prepared from the previously described py2 by treating with
Pvu II, followed by treating with any restriction enzyme
which cleaves in the variable region, blunt ending with
Klenow and dNTPsandisolating the short fragment which
comprises the junction between variable and constant
regions of this chain.

Ligation of the foregoing two fragments produces an
intermediate plasmid which is correct except for an extra-
neous DNAfragment which contains a small portion of the
constant region of the murine anti CEA antigen, and a small
portion of the variable region of the human gammachain.
This repair can be made by excising the Xba I to Pvu II
fragment and cloning into M13 phage as described by
Messing et al., Nucleic Acids Res. 9: 309 (1981), followed
by in vitro site directed deletion mutagenesis as described by
Adelman,et al., DNA, in press (1983) whichis incorporated
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herein by reference. The Xba I-Pvu II fragment thus modi-
fied is ligated back into the intermediate plasmid to form
pChim2. This plasmid then is capable of expressing in a
suitable host a cleanly constructed murine variable/human
constant chimeric heavy chain.

In an analogous fashion, but using mRNA templates for
cDNAconstruction for human kapparather than y chain, the
expression plasmid for chimeric light chain is prepared.

The foregoing two plasmids are then double transformed
into E. coli W3110, the cells grown and the chains recon-
stituted as set forth in paragraph E.1-E.3 supra.

E.5 Preparation of Altered Murine Anti-CEA Antibody
E.5.1 Construction of Plasmid Vectors for Direct Expres-

sion of Altered Murine Anti-CEA Heavy Chain Gene
The cysteine residues, and the resultant disulfide bonds in

the region of amino acids 216-230 in the constant region of
murine anti-CEA heavy chain are suspected to be important
for complementfixation (Klein,et al., Proc. Natl. Acad. Sci.,
(USA), 78: 524 (1981)) but not for the antigen binding
property of the resulting antibody. To decrease the probabil-
ity of incorrect disulfide bond formation during reconstitu-
tion according to the process of the invention herein, the
nucleotides encoding the amino acid residues 226-232
which includes codons for three cysteines, are deleted as
follows:

A “deleter” deoxyoligonucelotide, 5' CTAACACCATGT-
CAGGGTis used to delete the relevant portions of the gene
from pyCEAtrp207-1* by the procedure of Wallace,et al.,
Science, 209: 1396 (1980) or of Adelman,et al., DNA 2, 183
(1983). Briefly, the “deleter” deoxyoligonucelotide is
annealed with denatured pyCEAtrp207-1* DNA,and primer
repair synthesis carried out in vitro, followed by screening
by hybridization of presumptive deletion clones with P**
labelled deleter sequence.

E.5.2 Production of Cysteine Deficient Altered Antibody
The plasmid prepared in E.5.1 is transformed into an E.

coli strain previously transformed with pKCEAtrp207-1* as
described above. The cells are grown, extracted for recom-
binant antibody chains, and the altered antibody reconsti-
tuted as described in E.1.10.

E.6 Preparation of Fab
E.6.1 Construction of a Plasmid Vector for Direct Expres-

sion of Murine Anti-CEA Gamma 1 Fab Fragment Gene
pyCEAFabtrp207-1*

FIG.13 presents the construction of pyCEAFabtrp207-1*.
5 ug of pBR322 was digested with Hind III, the cohesive
ends made flush by treating with Klenow and dNTPs;
digested with Pst I, and treated with BAP. The large vector
fragment, fragment I, was recovered using 6 percent PAGE
followed by electroelution.

5 ug of pyCEAtrp207-1* was digested with both BamH I
and Pst I and the ~1570 bp DNA fragment (fragment IT)
containing the trp promoter and the gene sequence encoding
the variable region continuing into constant region and
further into the anti-CEA gamma1 chain hinge region, was
isolated and purified after electrophoresis.

Expression of the anti-CEA gamma1 chain Fab fragment
rather than complete heavy chain requires that a termination
codon be constructed at the appropriate location in the gene.
Forthis, the 260 bp Nco I-Nde I DNA fragment from 20 yg
of the py298 wasisolated and purified. A 13 nucleotide DNA
primer, the complement of which encodes the last 3
C-terminal amino acids of the Fab gene and 2 basesof the
3 needed for the stop codon, was synthesized by the phos-
photriester method (supra). The probe hybridizes to nucle-
otides 754 to 767 (FIG. 4) which has the following
sequence:

5

10

15

20

25

30

35

40

45

50

55

60

65

28

AspCysGlyStop
5' GGGATTGTGGTTG 3'

The third base of the stop codon is provided by the
terminal nucleotide of the filled-in Hind III site from

pBR322 cleavage described above. 500 ng of this primer
was used in a primer repair reaction by phosphorylation at
the 5' end in a reaction with 10 units T4 DNA kinase

containing 0.5 mM ATP in 20 yl, and mixing with ~200 ng
of the Nco I-Nde I DNA fragment. The mixture was heat
denatured for 3 minutes at 95° and quenched in dry-ice
ethanol. The denatured DNA solution was made 60 mM

NaCl, 7 mM MgCl, 7 mM Tris HCl (pH 7.4), 12 mM in
each dNTPand 12 units DNA Polymerase I-Large Fragment
wasadded. After 2 hours incubation at 37° C., this primer
repair reaction was phenol/CHCl, extracted, ethanol
precipitated, digested with BamH I and the reaction elec-
trophoresed through a 6 percent polyacrylamide gel. ~50 ng
of the 181 bp blunt end to BamH I DNAfragment, fragment
III, was isolated and purified.

~100 ng of fragment I, ~100 ng each of fragments II and
III were ligated overnight and transformed into E. coli K12
strain 294. Plasmid DNA from several tetracycline resistant
transformants was analyzed for the proper construction and
the nucleotide sequence through the repair blunt end filled-in
HindIII junction was determinedfor verification of the TGA
stop codon.

E.6.2 Production of Fab Protein

The plasmid prepared in E.6.1 is transformed into an EF.
coli strain previously transformed with pKCEAtrp207-1* as
described above. The cells are grown, extracted for recom-
binant antibody chains and the Fab protein reconstituted as
described in E.1.10.

Whatis claimedis:

1. A process for producing an immunoglobulin molecule
or an immunologically functional immunoglobulin fragment
comprising at least the variable domains of the immunoglo-
bulin heavy and light chains, in a single host cell, comprising
the steps of:

(i) transforming said single host cell with a first DNA
sequence encoding at least the variable domain of the
immunoglobulin heavy chain and a second DNA
sequence encoding at least the variable domain of the
immunoglobulin light chain, and

(ii) independently expressing said first DNA sequence and
said second DNAsequenceso that said immunoglobu-
lin heavy and light chains are produced as separate
molecules in said transformed single hostcell.

2. The process according to claim 1 wherein said first and
second DNA sequencesare present in different vectors.

3. The process according to claim 1 wherein said first and
second DNA sequencesare present in a single vector.

4. A process according to claim 3 wherein the vectoris a
plasmid.

5. The process according to claim 4 wherein the plasmid
is pBR322.

6. The process according to claim 1 wherein the host cell
is a bacterium or yeast.

7. The process according to claim 6 wherein the hostcell
is E. coli or S. cerevisiae.

8. A process according to claim 7 wherein the hostcell is
E. coli strain X1776 (ATCC No. 31537).

9. A process according to claim 1 wherein the immuno-
globulin heavy and light chains are expressedin the hostcell
and secreted therefrom as an immunologically functional
immunoglobulin molecule or immunoglobulin fragment.
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10. A process according to claim 1 wherein the immuno-
globulin heavy and light chains are produced in insoluble
form and are solubilized and allowedto refold in solution to

form an immunologically functional immunoglobulin mol-
ecule or immunoglobulin fragment.

11. A process according to claim 1 wherein the DNA
sequences code for the complete immunoglobulin heavy and
light chains.

12. The process according to claim 1 wherein said first or
said second DNA sequence further encodes at least one
constant domain, wherein the constant domain is derived
from the same source as the variable domain to whichit is
attached.

13. The process according to claim 1 wherein said first or
said second DNA sequence further encodes at least one
constant domain, wherein the constant domain is derived
from a species or class different from that from which the
variable domain to whichit is attached is derived.

14. The process according to claim 1 wherein said first
and second DNA sequencesare derived from one or more
monoclonal antibody producing hybridomas.

15. A vector comprising a first DNA sequence encoding at
least a variable domain of an immunoglobulin heavy chain
and a second DNA sequence encoding at least a variable
domain of an immunoglobulin light chain wherein saidfirst
DNAsequence and said second DNA sequenceare located
in said vector at different insertion sites.

16. A vector according to claim 15 which is a plasmid.
17. A host cell transformed with a vector according to

claim 15.

18. A transformed host cell comprising at least two
vectors, at least one of said vectors comprising a DNA
sequence encoding at least a variable domain of an immu-
noglobulin heavy chain and at least another one of said
vectors comprising a DNA sequence encoding at least the
variable domain of an immunoglobulin light chain.

19. The process of claim 1 wherein the host cell is a
mammalian cell.

20. The transformedhostcell of claim 18 wherein the host
cell is a mammalian cell.

21. A method comprising

a) preparing a DNA sequence consisting essentially of
DNAencoding an immunoglobulin consisting of an
immunoglobulin heavy chain and light chain or Fab
region, said immunoglobulin having specificity for a
particular knownantigen;

b) inserting the DNA sequenceofstep a) into a replicable
expression vector operably linked to a suitable pro-
moter;

c) transforming a prokaryotic or eukaryotic microbial host
cell culture with the vector of step b);

d) culturing the host cell; and
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e) recovering the immunoglobulin from the host cell
culture, said immunoglobulin being capable of binding
to a knownantigen.

22. The method of claim 21 wherein the heavy and light
chain are the heavy and light chains of anti-CEA antibody.

23. The method of claim 21 wherein the heavy chain is of
the gammafamily.

24. The method of claim 21 wherein the light chain is of
the kappa family.

25. The method of claim 21 wherein the vector contains

DNAencoding both a heavy chain and a light chain.
26. The method of claim 21 wherein the hostcell is E. coli

or yeast.
27. The method of claim 26 wherein the heavy chain and

light chains or Fab region are deposited within the cells as
insoluble particles.

28. The method of claim 27 wherein the heavy and light
chains are recovered from the particles bycell lysis followed
by solubilization in denaturant.

29. The method of claim 21 wherein the heavy and light
chains are secreted into the medium.

30. The method of claim 21 wherein the host cell is a gram
negative bacterium and the heavy and light chains are
secreted into the periplasmic space of the host cell bacte-rium.

31. The method of claim 21 further comprising recovering
both heavy and light chain and reconstituting light chain and
heavy chain to form an immunoglobulin having specific
affinity for a particular knownantigen.

32. The insoluble particles of heavy chain andlight chains
or Fab region produced by the method of claim 27.

33. A process for producing an immunoglobulin molecule
or an immunologically functional immunoglobulin fragment
comprising at least the variable domains of the immunoglo-
bulin heavy and light chains, in a single host cell, compris-
ing:

independently expressing a first DNA sequence encoding
at least the variable domain of the immunoglobulin
heavy chain and a second DNA sequence encoding at
least the variable domain of the immunoglobulin light
chain so that said immunoglobulin heavy and light
chains are produced as separate molecules in said
single host cell transformed with said first and second
DNAsequences.

34. The process of claim 9, further comprising the step of
attaching the immunoglobulin molecule or immunoglobulin
fragment to a label or drug.

35. The process of claim 10, further comprising the step
of attaching the immunoglobulin molecule or immunoglo-
bulin fragment to a label or drug.

36. The process of claim 33, further comprising the step
of attaching the immunoglobulin molecule or immunoglo-
bulin fragment to a label or drug.

* * * * *
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Motion by the Party Cabilly et al Pursuant to 37 CFR € 1.635
to Replace Exhibits 1-20 Filed on Jan. 8, 1992 With a Cor-
rected Set of Exhibits and for the Return of Exhibits 1-20

Filed 1-20 on Jan. 8, 1992, Jan. 22, 1992 (Int. No. 102,572).
Corrected Submission of Stipulation Concerning Testimony,
Feb. 5, 1992 (Int. No. 102,572).
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Cabilly et al. Motion for Extension of Time, Feb. 10, 1992
(Int. No. 102,572).
Main Brief at Final Hearing of Junior Party Cabilly et al.,
Feb. 18, 1992 (Int. No. 102,572).
Transmittal of Brief for the Party Bosset al., Mar. 18, 1992
(Int. No. 102,572).
Brief at Final Hearing for Senior Party Bosset al., Feb. 18,
1992 (Int. No. 102,572).
Reply Brief at Final Hearing of Junior Party Cabilly et al.,
Apr. 7, 1992 (nt. No. 102,572).
Cabilly et al Motion Pursuant to 37 C.F. R. § 1.635 To Enter
Additional Pages Into the Cabilly et al Record, Apr. 14, 1992
(Int. No. 102,572).
Opposition to Cabilly et al Motion Pursuant to 37 C.F. R.
§1.635 To Enter Additional Pages Into the Cabilly et al
Record, Apr. 22, 1992 (Int. No. 102,572).
Cabilly et al Reply to Boss et al Opposition to Cabilly et al
Motion Pursuant to 37 C.F. R. § 1.635 To Enter Additional
Pages Into the Cabilly et al Record, May 7, 1992 (Int. No.
102,572).
Notice of Filing Substitute Exhibits 8 and 20 for the Cabilly
et al. Record, May 7, 1992 (Int. No. 102,572).
Cabilly et al. Notice of Submission of Replacement Set of
Exhibits 1-20, May 7, 1992 (Int. No. 102,572).
Notice of Final Hearing for Mar. 29, 1994 (paper #54), Feb.
4, 1992 (Int. No. 102,572).
Cabilly et al. Supplemental Brief at Final Hearing, Apr. 5,
1992 (Int. No. 102,572).
Final Decision (Priority awarded to Bosset al.) (paper #57),
Aug. 13, 1998 (Int. No. 102,572).
Transmittal and Filing of Agreements Under 35 USC
§135(c) (Int. No. 102,572).
Communication form BPAI re: Filing of agreements and
request to keep separate from interferencefile acknowledged
(paper #59), Sep. 10, 1998 (Int. No. 102,572).
Notice From PTO Requesting Comunication Regarding
Appeal, Nov. 19, 1998 (Int. No. 102,572).
Belated Response to Communication Regarding Appeal,
Dec. 1, 1998 (Int. No. 102,572).
Bosset al. Power to Inspect and Make Copies, Dec. 9, 1998
(Int. No. 102,572).
Final Order After District Court Judgment, Jul. 25, 2001
(Int. No. 102,572).
Petition Pursuant to 37 C.F.R. § 1.666(b) for Access to
Settlement Agreement(filed by Med Immune), May 8, 2002
(Int. No. 102,572).
Order on Petition for Access Pursuant to 35 U.S.C. § 165(c)
and 37 C.E.R. § 1.666(b), Jun. 19, 2002 (Int. No. 102,572).
Cabilly et al. Objection to Petition for Access to Settlement
Agreement, Jul. 22, 2002 (Int. No. 102,572).
Celltech’s Objection to Petition for Access to Settlement
Agreement, Jul. 22, 2002 (Int. No. 102,572).
Reply to Objections of Celltech R&D Ltd. and Cabillyet al.
to MedImmune’s Petition for Access to Settlement Agree-
ment, Aug. 1, 2002 (Int. No. 102,572).
Curriculum Vitae ofArt Riggs (Int. No. 102,572).
Proposal to Genentech re: funding for IgG (Bates Nos.
0921-0926) (Int. No. 102,572).
Curriculum Vitae of Jack Shively (Int. No. 102,572).
Curriculum Vitae of Ron Wetzel (Int. No. 102,572).
Curriculum Vitae of William Holmes (Int. No. 102,572).
Curriculum Vitae of Michael Rey (Int. No. 102,572).
Curriculum Vitae of Michael Mumford (Int. No. 102,572).
Curriculum Vitae of Shmuel Cabilly (Int. No. 102,572).

Cabilly Nbk (Bates Nos. 0970-0976, 0982-0987, 0989,
0991-0992, 0994-01001, 01013-01014) (Int. No. 102,572).
Interference Initial Memorandum (Int. No. 104,532).
Glaxo WellcomeInc.’s Observations, Apr. 18, 2001 (Int. No.
104,532).
Glaxo Wellcome Inc. Miscellaneous Motion 10 (Suppress
New Evidence Supporting Cabilly Reply 6), Apr. 18, 2001
(Int. No. 104,532).
Notice Declaring Interference, May 15, 2000 (Int. No. 104,
532).
Cabilly Notice of Real Party in Interest, May 25, 2000 (Int.
No. 104,532).
Glaxo Wellcome Inc. Notice of Reap Party in Interest, May
26, 2000 (Int. No. 104,532).
Glaxo Wellcome Notice of Intent to File Preliminary
Motions, Jul. 10, 2000 (Int. No. 104,532).
Glaxo WellcomeInc. Notice of Related Litigation, Jul. 11,
2000 (Int. No. 104,532).
Glaxo WellcomeInc. List of Preliminary MotionsIt Intends
to File, Jul. 11, 2000 (Int. No. 104,532).
Cabilly List of Preliminary Motions, Jul. 11, 2000 (Int. No.
104,532).
Cabilly Notice, 37 C.F.R. § 1.660(d), Jul. 11, 2000 Cnt. No.
104,532).
Glaxo WellcomeInc. Miscellaneous Motion 1 (with attach-
ments), Sep. 28, 2000 (Int. No. 104,532).
Glaxo Wellcome Reply to Opposition to Miscellaneous
Motion 1, Oct. 10, 2000 (Int. No. 104,532).
Order Denying Glaxo Wellcome Inc. Miscellaneous Motion
1, Oct. 18, 2000 (Int. No. 104,532).
Order Regarding Discovery, Oct. 26, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 1, Nov. 1, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 2, Nov. 1, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 3, Nov. 1, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 4, Nov. 1, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 5, Nov. 1, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 6, Nov. 1, 2000 Cintl. No. 104,
532).
Cabilly Preliminary Motion 7, Nov. 13, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 8, Nov. 13, 2000 (Int. No. 104,
532).
Cabilly Preliminary Motion 9, Nov. 13, 2000 (Int. No. 104,
532).
Letter Regarding Error in Notice Declaring Interference,
Nov. 1, 2000 (Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 1, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 2, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 3, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 4, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 5, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 6, Nov. 1, 2000
(Int. No. 104,532).
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Glaxo Wellcome, Inc.’s Preliminary Motion 7, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 8, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 9, Nov. 1, 2000
(Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 10, Nov. 1,
2000 (Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 11, Nov. 1,
2000 (Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 12, Nov. 1,
2000 (Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 13, Nov. 1,
2000 (Int. No. 104,532).
Glaxo Wellcome, Inc.’s Preliminary Motion 14, Nov. 1,
2000 (Int. No. 104,532).
Glaxo Wellcome Inc. Preliminary Statement, Nov. 8, 2000
(Int. No. 104,532).
Cabilly Preliminary Statement, Nov. 1, 2000 (Int. No. 104,
532).
Glaxo Wellcome Objection to Admissibility of Evidence,
Nov.8, 2000 (Int. No. 104,532).
Cabilly Objection to Evidence, Nov. 13, 2000 (Int. No. 104,
532).
Cabilly Miscellaneous Motion 1 (Motion for Permission to
Issue a Subpoena, 35 U.S.C. § 24), Dec. 8, 2000 (Int. No.
104,532).
Opposition to Cabilly Miscellaneous Motion 1, Dec. 15,
2000 (Int. No. 104,532).
Decision Granting Cabilly Miscellaneous Motion 1, Dec.
20, 2000 (Int. No. 104,532).
Glaxo Wellcome Inc. Objection to Admissibility of Evi-
dence Dec. 20, 2000 (Int. No. 104,532).
Cabilly Reply to Opposition to Cabilly Miscellaneous
Motion 1, Dec. 20, 2000 (Int. No. 104,532).
Cabilly Response to Objections to Admissibility of Evi-
dence, Jan. 16, 2001 (Int. No. 104,532).
Glaxo Wellcome Miscellaneous Motion 2, Jan. 16, 2001
(Int. No. 104,532).
Glaxo Wellcome Miscellaneous Motion 3, Jan. 16, 2001
(Int. No. 104,532).
Glaxo Response to Cabilly’s Objection to Evidence, Jan. 16,
2001 (Int. No. 104,532).
Cabilly Opposition 1, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 2, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 3, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Response to Glaxo Motion 4, Feb. 2, 2001 (Int. No.
104,532).
Cabilly Opposition 5, Feb. 2, 2001 (Int. N
Cabilly Opposition 6, Feb. 2, 2001 (Int. N
Cabilly Opposition 7, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 8, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 9, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 10, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 11, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 12, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 13, Feb. 2, 2001 (Int. No. 104,532).
Cabilly Opposition 14, Feb. 2, 2001 (Int. No. 104,532).
Glaxo Wellcome Inc. Objection to Admissibility of Evi-
dence, Jan. 23, 2001 (Int. No. 104,532).
Order Denying Glaxo Motions Miscellaneous Motions 1 and
2, Jan. 29, 2001 (Int. No. 104,532).
Glaxo Miscellaneous Motion 4, Feb. 2, 2001 (Int. No. 104,
532).

 

. 104,532).
Oo

0. 104,532).
Oo
Oo 

Glaxo Miscellaneous Motion 5, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 6, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Wellcome Miscellaneous Motion 6 (Correct Opp. No.
3), Mar. 9, 2001 (Int. No. 104,532).
Glaxo Wellcome Miscellaneous Motion 7 (Correct Opp. No.
5), Mar. 9, 2001 (Int. No. 104,532).
Glaxo Wellcome Miscellaneous Motion 8 (Correct Opp. No.
6), Mar. 9, 2001 (Int. No. 104,532).
Glaxo Wellcome Inc.’s Miscellaneous Motion No. 9, Mar.
16, 2001 (Int. No. 104,532).
Glaxo Opposition to Motion 1, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 2, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 3, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 4, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 5, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Wellcome’s Supplemental Opposition to Cabilly’s
Preliminary Motion 6, May 5, 2001 (Int. No. 104,532).
Glaxo Opposition to Motion 7, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 8, Feb. 2, 2001 (Int. No. 104,
532).
Glaxo Opposition to Motion 9, Feb. 2, 2001 (Int. No. 104,
532).
Cabilly Response to Glaxo Miscellaneous Motion 4, Feb. 8,
2001 Unt. No. 104,532).
Glaxo Wellcome Inc. Objection to Admissibility of Evi-
dence, Feb. 9, 2001 (Int. No. 104,532).
Order Granting Glaxo Miscellaneous Motion 4, Feb. 13,
2001 Unt. No. 104,532).
Order Authorizing Deposition Testimony, Mar. 5, 2001 (Int.
No. 104,532).
Cabilly Reply 1, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 2, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 3, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 4, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 5, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 6, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 7, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 8, Mar. 27, 2001 (Int. No. 104,532).
Cabilly Reply 9, Mar. 27, 2001 (Int. No. 104,532).
Glaxo Reply 1, Mar. 27, 2001 (Int. No. 104,532).
Glaxo Reply 2, Mar. 27, 2001 (Int. No. 104,532).
Glaxo Reply 3, Mar. 27, 2001 (Int. No. 104,532).
Glaxo Reply 4, Mar. 27, 2001 CInt. No. 104,532).
Glaxo Reply 5, Mar. 27, 2001 (Int. No. 104,532).

No
No
No
N

 

Glaxo Reply 6, Mar. 27, 2001 UInt. No. 104,532).
Glaxo Reply 7, Mar. 27, 2001 Unt. No. 104,532).
Glaxo Reply 8, Mar. 27, 2001 CInt. No. 104,532).
Glaxo Reply 9, Mar. 27, 2001 (Int. No. 104,532).
Glaxo Reply 11, Mar. 27, 2001 (Int. No. 104,532).
Glaxo Reply 14, Mar. 27, 2001 (Int. No. 104,532).
Order Granting Glaxo Wellcome Inc. Miscellaneous
Motions, Apr. 2, 2001 (Int. No. 104,532).
Cabilly Response to Objection to Admissibility of Evidence,
Feb. 22, 2001 (Int. No. 104,532).
Glaxo Wellcome Inc. Objection to Admissibility of Evi-
dence, Apr. 3, 2001 (Int. No. 104,532).
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Transcript of teleconference with APJ on Apr. 5, 2001 (Int.
No. 104,532).
Order Authorizing Glaxo Supplemental Opposition 6, Apr.
6, 2001 (nt. No. 104,532).
Cabilly Motion to Suppress, 37 C.F.R. § 1.656(h), Apr. 18,
2001 (Int. No. 104,532).
Glaxo Wellcome Inc.’s Request for Defer Decision on
Motions Until Final Hearing or to Permit the Filing of
Briefs, Apr. 18, 2001 Unt. No. 104,532).
Glaxo Wellcome Inc.’s Miscellaneous Motion 11(Suppres-
sion of Certain Deposition Exhibits and Deposition Testi-
mony), Apr. 18, 2001 Unt. No. 104,532).
Glaxo Wellcome Inc.’s Miscellaneous Motion 12 (Suppres-
sion of Deposition Testimony), Apr. 18, 2001 (Int. No. 104,
532).
Glaxo Wellcome Inc.’s Notice of Change of Real Party in
Interest, Apr. 19, 2001 Cnt. No. 104,532).
Petition from the Apr. 6, 2001 Order of the APJ Under 37
C.F.R. 1.644(a)(1), Apr. 20, 2001 (Int. No. 104,532).
Memorandum Opinion and Order, Apr. 30, 2001 (Int. No.
104,532).
Order Regarding Glaxo Wellcome Inc. Motions, May 2,
2001 (Int. No. 104,532).
Cabilly’s Opposition to Glaxo Miscellaneous Motion 10,
May 2, 2001 (Int. No. 104,532).
Cabilly’s Opposition to Glaxo Wellcome Misc. Motion 11,
May 2, 2001 (Int. No. 104,532).
Cabilly’s Opposition to Glaxo Wellcome Misc. Motion 12,
May 2, 2001 (Int. No. 104,532).
Glaxo Wellcome Inc.’s Opposition to Cabilly Motion to
Suppress (With exhibits attached), May 2, 2001 (Int. No.
104,532).
Cabilly’s Reply to Glaxo’s Supplemental Opposition to Pre-
liminary Motion 6, Jun. 1, 2001 (Int. No. 104,532).
Glaxo Wellcome Objection to Admissibility of Evidence,
Jun. 8, 2001 (Int. No. 104,532).
Glaxo Wellcome’s Reply to Cabilly’s Opposition to Misc.
Motion 10, Jul. 2, 2001 (Int. No. 104,532).
Glaxo Wellcome’s Reply to Cabilly’s Oppositions to Misc.
Motion 11, Jul. 2, 2001 (Int. No. 104,532).
Glaxo Wellcome’s Reply to Cabilly’s Oppositions to Misc.
Motion 12, Jul. 2, 2001 (Int. No. 104,532).
Cabilly Reply to the Opposition to It’s Motion to Suppress
Evidence, Jul. 2, 2001 (Int. No. 104,532).
Submission of Transcript of Oral Hearing Held Sep. 18,
2001, Sep. 24, 2001 (Int. No. 104,532).
Order Making Visual Aid of Record, Sep 27, 2001 (Int. No.
104,532).
Order Regarding Filing of Glaxo Supplemental Evidence,
Nov. 13, 2001 (Int. No. 104,532).
Glaxo Wellcome Inc.’s Submission of Late Evidence, Nov.
15, 2001 (Int. No. 104,532).
Cabilly Motion to Suppress, Nov. 20, 2001 Cnt. No. 104,
532).
Glaxo Wellcome Inc.’s Opposition to Cabilly Motion to
Suppress, Nov. 21, 2001 (Int. No. 104,532).
Cabilly Reply to Glaxo Opposition to Motion To Suppress,
Nov. 27, 2001 (Int. No. 104,532).
Decision on Preliminary and Other Motions and Final Judg-
ment, Sep. 4, 2002 (Int. No. 104,532).
Cabilly Exhibit List (Int. No. 104,532).
Notice of Allowability, Paper No. 21 dated Jun. 13, 1995 in
USS. Appl. No. 08/155,864 (Exhibit 1006; Int. No. 104,532).

Notice of Allowability, Paper No. 9 dated Jun. 7, 1995 in
USS. Appl. No. 08/335,400 (Exhibit 1007; Int. No. 104,532).
Notice of Allowability, Paper No. 9 dated Jun. 8, 1995 in
USS. Appl. No. 08/335,401 (Exhibit 1008; Int. No. 104,532).
Declaration of Stephen V. Desiderio, M.D., Ph.D. (Exhibit
1028; Int. No. 104,532).
Declaration of Sharon S. Krag, Ph.D. (Exhibit 1029; Int. No.
104,532).
Declaration of John E. Shively, Ph.D. (Exhibit 1030; Int. No.
104,532).
Activase™ 7 (Alteplase) package insert dated Jun. 1988
(Exhibit 1033; Int. No. 104,532).
Declaration of James Scott Crowe, Paper No. 16, received in
executed form in Group 1800 on Nov. 17, 1994 in U.S. Appl.
No. 08/155,864 (Exhibit 1034; Int. No. 104,532).
Declaration of Robert Lifely, Paper No. 10, received in
executed form in Group 1800 on Apr. 12, 1994 in U.S. Appl.
No. 08/155,864 (Exhibit 1035; Int. No. 104,532).
Declaration of Geoffrey Hale, Paper No. 16, received in
executed form in Group 1800 on Nov. 17, 1994 in U.S. Appl.
No. 08/155,864 (Exhibit 1036; Int. No. 104,532).
Curriculum Vitae of John E. Shively, Ph.D. (Exhibit 1039;
Int. No. 104,532).
Curriculum Vitae of Stephen V. Desiderio, M.D., Ph.D.
(Exhibit 1040; Int. 104,532).
Curriculum Vitae of Sharon S. Krag, Ph.D. (Int. 104,532).
Citation of Information, dated Sep. 6, 1995 in U.S. Appl. No.
08/335,400 (Exhibit 1049; Int. No. 104,532).
Citation of Information, Paper No. 14 dated Sep. 6, 1995 in
USS. Appl. No. 08/335,401 (Exhibit 1050; Int. No. 104,532).
Examiner Communication, Paper No. 30 dated May 16,
1996 in U.S. Appl. No. 08/155,864 (Exhibit 1051; Int. No.
104,532).
Examiner Communication dated Dec. 29, 1995 in U.S. Appl.
No. 08/335, 400 (Exhibit 1052; Int. No. 104,532).
Examiner Communication, Paper No. 15 dated Jan. 5, 1996
in U.S. Appl. No. 08/335,401 (Exhibit 1053; Int. No. 104,
532).
Office Action dated Mar. 10, 1992, Paper No. 5 in U.S. Appl.
No. 07/770,730, filed Oct. 16, 1991 (Exhibit 1057; Int. No.
104,532).
Preliminary Amendment, Paper No. 9 in U.S. Appl. No.
08/155,864, filed Nov. 23, 1993 in U.S. Appl. No. 08/155,
864, filed Nov. 23, 1993.

Preliminary Amendment of Mar. 30, 1994 submitted in U.S.
Appl. No. 08/155,864 (Exhibit 1058; Int. No. 104,532).
Declaration of Robert Lifely, submitted in U.S. Appl. No.
08/155,864, dated Jun. 4, 1994 (Exhibit 1059; Int. No. 104,
532).
Preliminary Communication, Paper No. 15, received in
Group 1800 on Nov.17, 1994 in U.S. Appl. No. 08/155,864
(Exhibit 1060; Int. No. 104,532).
Declaration of Geoffrey Hale, submitted in U.S. Appl. No.
08/155,864, dated Nov. 16, 1994 (Exhibit 1062; Int. No.
104,532).
Amendment in U.S. Appl. No. 08/155,864 dated Feb. 28,
1995 (Exhibit 1063; Int. No. 104,532).

Office Action dated Jan. 6, 1995, Paper No. 4 in U.S. Appl.
No. 08/335,400, filed Nov. 3, 1994 (Exhibit 1064; Int. No.
104,532).

Amendment of May 8, 1995 submitted in U.S. Appl. No.
08/335,400 (Exhibit 1065; Int. No. 104,532).
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Office Action dated Jan. 11, 1995, Paper No. 4in U.S. Appl.
No. 08/335,401, filed Nov. 3, 1994 (Exhibit 1066; Int. No.
104,532).
Amendment dated May 8, 1995, Paper No. 7 in U.S. Appl.
No. 08/335,400 to Page (Exhibit 1067; Int. No. 104,532).
Second Declaration of Sharon S. Krag, Ph.D. (Exhibit 1071;
Int. No. 104,532).
Third Declaration of Sharon S. Krag, Ph.D. (Exhibit 1075;
Int. No. 104,532).
Amendment filed in U.S. Appl. No. 08/909,611 (Exhibit
1081; Int. No. 104,532).
Declaration of Steven B. Kelber (Exhibit 1085; Int. No. 104,
532).
Protocol UAC 180 of the University of Alabama’s Compre-
hensive Cancer Center, describing Clinical Phase I trials
conducted over the period Nov. 1989 through Oct. 1990.
(See in particular, § 5.1, p. 9.) (Exhibit 1090; Int. No. 104,
532).
Data Report for Protocol UAC 180 dated Aug. 24, 1990:
Patient data collected after administration of cB72.3 mono-

clonal antibody (Exhibit 1093; Int. No. 104,532).
Status Report: Phase I Contract Cancer Therapy Evaluation
Program Nol—CM-97611 dated Feb. 4, 1991 (pp. 1-12)
(Exhibit 1094; Int. No. 104,532).
James Scott Crowe Deposition Transcript (Exhibit 1100;Int.
No. 104,532).
Methodsin Enzymology, vol. 101, Part C, Table of Contents,
p. v—viii (Exhibit 1101; Int. No. 104,532).
Yarranton Deposition Transcript and Supporting Exhibits
(Exhibit 1112; Int. No. 104,532).
Second Declaration of Stephen V. Desiderio, M.D., Ph.D.
(Exhibit 1113; Int. No. 104,532).
LoBuglio Deposition Transcript (Exhibit 1114; Int. No. 104,
532).
Fourth Declaration of Sharon S. Krag, Ph.D. (Exhibit 1117;
Int. No. 104,532).
Deposition Transcript of Ellen Vitetta, Jan. 8, 2001 (Exhibit
1120;Int. No. 104,532).
Deposition Transcript of RichardYoule Jan. 3, 2001 (Exhibit
1121; Int. No. 104,532).
Third Declaration of Stephen V. Desiderio, M.D., Ph.D.
(Exhibit 1122; Int. No. 104,532).
Deposition Transcript of Sharon Krag Jan. 5, 2001 (Exhibit
1123; Int. No. 104,532).
Deposition Transcript of Stephen Desiderio Dec. 28, 2000
(Exhibit 1125; Int. No. 104,532).
ATCCdeposit verification for CEA.66-E3—(Exhibit 1126;
Int. No. 104,532).
Chart Entitled “A Human Leucocyte Surface Markers by
Immunotech” (Exhibit 1127; Int. No. 104,532).
Excerpts from Prosecution File History of 5,545,403 (U.S.
Appl. No. 08/155,864) (not entire file history) (Exhibit
1154; Int. No. 104,532).
Excerpts from Prosecution File History of 5,545,404 (U.S.
Appl. No. 08/355,400) (not entire file history) (Exhibit
1155; Int. No. 104,532).
Transcript from Second Deposition of Robert Lifely, Ph.D.
(Exhibit 1165; Int. No. 104,532).
Transcript from Deposition of Nicholas Rapson, Ph.D.
(Exhibit 1166; Int. No. 104,532).
Transcript from Second Deposition of James Scott Crowe,
Ph.D. (Exhibit 1167; Int. No. 104,532).
Transcript from Second Deposition of Richard Youle, Ph.D.
(Exhibit 1168; Int. No. 104,532).

Deposition of Vitetta Mar. 18, 2001 (Exhibit 1169; Int. No.
104,532).
Transcript from Second Deposition of Sharon Krag, Ph.D.
(Exhibit 1171; Int. No. 104,532).
Deposition Transcript of Mark Sydenham (Exhibit 1172; Int.
No. 104,532).
Excerpts from Prosecution File History of U.S. Appl. No.
08/155,864 (Exhibit 1173; Int. No. 104,532).
Declaration of Vladimir Drozdoff, Ph.D. (Exhibit 1174; Int.
No. 104,532).
Verdict—United States District Court, District of Delaware
(Exhibit 1175; Int. No. 104,532).
Ellen Vitetta Deposition Transcript, May 21, 2001 (Exhibit
1176; Int. No. 104,532).
Linda Thurmond Deposition Transcript, May 18, 2001
(Exhibit 1179; Int. No. 104,532).
Glaxo Wellcome Inc. Exhibit List (Int. No. 104,532).
Office Action dated May 27, 1999 from Cabilly’s U.S. Appl.
No. 08/909,611 (Paper 14) (Exhibit 2001; Int. No. 104,532).
Declaration of John Ridgway dated Jun. 17, 1999 (with
attached Exhibit A) from Cabilly’s U.S. Appl. No. 08/908,
611 (Paper 15) (Exhibit 2002; Int. No. 104,532).
Interview Summary dated Jun. 22, 1999 from Cabilly’s U.S.
Appl. No. 08/909,611 (Paper 16) (Exhibit 2003; Int. No.
104,532).
Interview Summary dated Jul. 12, 1999 from Cabilly’s U.S.
Appl. No. 08/909,611 (Paper 17) (Exhibit 2004; Int. No.
104,532).
Office Action dated Mar. 2, 2000 from Cabilly’s U.S. Appl.
No. 08/909,611 (Paper 18) (Exhibit 2005; Int. No. 104,532).
Headings in the Cabilly Application (Exhibit 2010; Int. No.
104,532).
Curriculum Vitae of Dr. Richard Youle (Exhibit 2011; Int.
No. 104,532).
Declaration 1 of Dr. Richard Youle (Exhibit 2012; Int. No.
104,532).
CD Molecules printout (‘Human cell surface molecule rec-
ognized by the International Workshops on Human Leuko-
cyte Differentiation Antigens”), Protein Reviews on the Web
(Exhibit 2018; Int. No. 104,532).
Vitetta Declaration 1 (Dr. Ellen Vitetta) (Exhibit 2028; Int.
No. 104,532).
Lifely Declaration with Exhibits dated Apr. 6, 1994 (Exhibit
2033; Int. No. 104,532).
Medline Abstracts regarding rat anti-CDw52 therapeutic
antibodies (Exhibit 2051; Int. No. 104,532).
File History of Page’s U.S. Appl. No. 07/777,730,filed Oct.
16, 1991 (Exhibit 2056; Int. No. 104,532).
Curriculum Vitae of Dr. Ellen Vitetta (Exhibit 2058; Int. No.
104,532).
Medline Abstracts regarding murine anti-CD4 therapeutic
antibodies (Exhibit 2064; Int. No. 104,532).
Crowe Declaration with Exhibits (Exhibit 2088; Int. No.
104,532).
Cabilly Claims Corresponding to the Count (Exhibit 2096;
Int. No. 104,532).
Availability of CEA.66—-E3 (Exhibit 2097; Int. No. 104,532).
Declaration 2 of Dr. Richard Youle (Exhibit 2098; Int. No.
104,532).
EPO Communication dated Jun. 2, 1987 during prosecution
of Cabilly et al. European Application No.
84302368.0-2105 (Exhibit 2111; Int. No. 104,532).
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Jan. 29, 1987 response of Cabilly et al. filed before EPO
during prosecution of Cabilly et al. European Application
No. 84302368.0-2105 (Exhibit 2112; Int. No. 104,532).
Search results of ATCC product listing of deposited cell
lines (Exhibit 2114; Int. No. 104,532).
Legal Analysis Concerning Written Description (Exhibit
2126; Int. No. 104,532).
Amendment dated May 8, 1995, Paper No. 7 in U.S. Appl.
No. 08/335,400 (Exhibit 2133; Int. No. 104,532).
Amendment of May 11, 1995 submitted in U.S. Appl. No.
08/335,401 (Exhibit 2134; Int. No. 104,532).
Genentech, Inc.’s released product sales for Rituxan
(Exhibit 2139; Int. No. 104,532).
Genentech Reports 25 Percent Increase in Product Sales for
Third Quarter (from Genentech web site) (Exhibit 2140;Int.
No. 104,532).
Genentech Reports 1999 Year-EndResults (from Genentech
website) (Exhibit 2141; Int. No. 104,532).
Cancer data sheet from the National CancerInstitute “Can-

cerNet”internet site (Exhibit 2142; Int. No. 104,532).
FDA Product Description Sheet (Exhibit 2143; Int. No. 104,
532).
Datasheet on CD52 from Workshop on Leukocyte Antigens
(Exhibit 2146; Int. No. 104,532).
Declaration 3 of Dr. Richard Youle (Exhibit 2148; Int. No.
104,532).
Declaration 4 of Dr. Richard Youle (Exhibit 2130; Int. No.
104,532).
Datasheet on CD4 from Workshop on Leukocyte Antigens
(Exhibit 2151; Int. No. 104,532).
File History of Page’s U.S. Appl. No. 07/943,146, filed Sep.
10, 1992 (Exhibit 2149; Int. No. 104,532).
File History of Page’s U.S. Appl. No. 08/046,893, filed Apr.
15, 1993 (Exhibit 2150; Int. No. 104,532).
Request for Admissions 1—11—Rituxan (Exhibit 2155; Int.
No. 104,532).
Herceptin—description sheets (4 pages) (Exhibit 2156; Int.
No. 104,532).
Vitetta Declaration 2 (Exhibit 2157; Int. No. 104,532).
Youle Declaration 5 (Exhibit 2159; Int. No. 104,532).
Mark Sydenham Declaration (Exhibit 2160; Int. No. 104,
532).
Declaration 2 of J. Scott Crowe (Exhibit 2161; Int. No. 104,
532).
Robinson’s U.S. Appl. No. 09/021,934, filed Feb. 12, 1998
and selected papers from the file wrapper (Exhibit 2162;Int.
No. 104,532).
Hale Declaration (Exhibit 2167; Int. No. 104,532).
Youle Declaration 6 (Exhibit 2169; Int. No. 104,532).
Deposition Transcript of Ellen Vitetta, Ph.D., Jan. 8, 2001
(Exhibit 2170; Int. No. 104,532).
Deposition Transcript of James S. Crowe Dec. 14, 2000
(Exhibit 2171; Int. No. 104,532).
VS Form 16-6A—USS. Veterinary Permit for Importation
and Transportation of Controlled Materials and Organisms
and Vectors—Permit No. 27899—Date Issued: Nov. 8,
1991—Re: Campath 1H Monoclonal Antibody (Exhibit
2172; Int. No. 104,532).
Internal Notice of Shipment of Campath 1H May 10, 1990
(Exhibit 2173; Int. No. 104,532).
Deposition Transcript of Stephen V. Desiderio, Dec. 28,
2000 (Exhibit 2177; Int. No. 104,532).
Deposition Transcript of Mark Robert Lifely Jan. 9, 2000
(Exhibit 2180; Int. No. 104,532).

Deposition Transcript of John Shively Jan. 12, 2001 (Exhibit
2181; Int. No. 104,532).
Cabilly Claims 53-67 (Exhibit 2184; Int. No. 104,532).
Mar. 6, 1989 Memorandum from Jeffrey M. Johnston, M.D.
Re: Campath and Rheumatoid Arthritis Overview Medical
Position (Exhibit 2191; Int. No. 104,532).
Mar. 28, 1989—Lab Meeting—handwritten notes—First
Mention of Campath-1H, 3 pages (Exhibit 2190; Int. No.
104,532).
Jul. 13, 1989—handwritten notes—4 pages (Exhibit 2192;
Int. 104,532).
Jun. 11, 1990—Laboratory Notebook 90/0522, Iodination of
C-1IH (Exhibit 2193; Int. No. 104,532).
CV of Linda Thurmond (Exhibit 2194; Int. No. 104,532).
CV of Mark Sydenham (Exhibit 2195; Int. No. 104,532).
131 Declaration of Rapson (Exhibit 2196; Int. No. 104,532).
131 Declaration of Thurmond (Exhibit 2197; Int. No. 104,
532).
Declaration 4 of James Scott Crowe (Exhibit 2198; Int. No.
104,532).
P73 Campath—IH Project Team Meeting Minutes—Feb.6,
1990 (Exhibit 2199; Int. No. 104,532).
Laboratory Notebook (Exhibit 2201; Int. No. 104,532).
Laboratory Notebook (Exhibit 2202; Int. No. 104,532).
Laboratory Notebook (Exhibit 2203; Int. No. 104,532).
Laboratory Notebook—May 23, 1990—-Oct. 12, 1990
(Exhibit 2200; Int. No. 104,532).
Laboratory Notebook—Nov. 27,
(Exhibit 2204; Int. No. 104,532).
Laboratory Notebook (Exhibit No. 2205; Int. No. 104,532).
Laboratory Notebook (Exhibit No. 2206; Int. No. 104,532).
Laboratory Notebook (Exhibit 2207; Int. No. 104,532).
Laboratory Notebook (Exhibit 2208; Int. No. 104,532).
Laboratory Notebook (Exhibit 2209; Int. No. 104,532).
Laboratory Notebook (Exhibit 2210; Int. No. 104,532).
Laboratory Notebook (Exhibit 2211; Int. No. 104,532).
Laboratory Notebook (Exhibit 2212; Int. No. 104,532).
Laboratory Notebook (Exhibit 2213; Int. No. 104,532).
Laboratory Notebook (Exhibit 2214; Int. No. 104,532).
Laboratory Notebook (Exhibit 2215; Int. No. 104,532).
Laboratory Notebook (Exhibit 2216; Int. No. 104,532).
Laboratory Notebook (Exhibit 2217; Int. No. 104,532).
CV of James S. Crowe (Exhibit 2218; Int. No. 104,532).
Vitetta Declaration 3 (Exhibit 2220; Int. No. 104,532).
Jul. 13, 1989 Memorandum from Jeffrey M. Johnston to
Research Committee RE: Campath-1H: A Humanized
Anti-lymphocyte monoclonal antibody (Exhibit 2221; Int.
No. 104,532).
Thurmond Personal Notebook Entry for Jun. 26, 1989
(Exhibit 2224; Int. No. 104,532).
Thurmond Personal Notebook Entry for Oct. 17, 1994
(Exhibit 2225; Int. No. 104,532).
Youle Declaration 7 (Exhibit 2234; Int. No. 104,532).
Herceptin description sheets from Genentech web site (16
pages) (Exhibit 2235; Int. No. 104,532).
Rituxan description sheets from Genentech web site (11
pages) (Exhibit 2236; Int. No. 104,532).
Reuters news article and San Francisco Chronicle News

article (Exhibit 2241; Int. No. 104,532).
Results of Medline search of “therapeutic antibodies” years
1966-1990 (Exhibit 2242; Int. No. 104,532).
Vitetta Declaration 4 (Exhibit 2243; Int. No. 104,532).
Certificate of Correct Inventorship U.S. Patent No. 5,545,
405, Jun. 17, 1997 (Exhibit 2245; Int. No. 104,532).

1991-Dec. 4, 1991
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Declaration of Mary Anne Armstrong (Exhibit 2249; Int.
No. 104,532).
Declaration of Jeffrey J. Berns (Exhibit 2250; Int. No. 104,
532).
Library of Congress Online Catalog record for Cabilly
Exhibit 1074 (Exhibit 2251; Int. No. 104,532).
Library of Congress Online Catalog record for Cabilly
Exhibit 1073 (Exhibit 2256; Int. No. 104,532).
National Library of Medicine PubMed Medline record for
Cabilly Exhibit 1074 (Exhibit 2252; Int. No. 104,532).
Oct. 17, 1994 Teleconference on Campath Long Term Fol-
low Up (handwritten sheet and translation page) (Exhibit
2253; Int. No. 104,532).
Declaration 3 of Crowe (Exhibit 2254; Int. No. 104,532).
Declaration 2 of Jeffrey J. Berns (Exhibit 2255; Int. No.
104,532).
Excerpts from 21 C.F.R. (Exhibit 2270; Int. No. 104,532).
Vitetta Declaration 5 (Exhibit 2271; Int. No. 104,532).
Supplemental 131 Declaration of Thurmond (Exhibit 2272;
Int. No. 104,532).
Hornev. Patton (Exhibit 2273; Int. No. 104,532).
Office Action in U.S. Appl. No. 08/046,893 to Page dated
Jun. 23, 1993 (Exhibit 2274; Int. No. 104,532).
Letter dated Apr. 20, 2001 from Jean Harney to Jerry Mur-
phy (Exhibit 2277; Int. No. 104,532).
Excerpts from Lifely Lab notebook ZEIA/90/17 (Exhibit
2278; Int. No. 104,532).
Documents from EP 120694 file, namely Aug. 30, 1988
Celltech’s request to amend the application and Jun. 15,
1990 Minutes of the Oral Proceedings.
Declaration of Michael Francis Tuite with CV attached)
(May 26, 1995) (EP 120694).
Declaration of Atsuo Ochi (CV attached. Regarding EP
120694 and EP 125023 oppositions)(May 17, 1996).
Declaration of Gabrielle L. Boulianne(Exhibits A-C
attached. Regarding EP 120694 and EP 125023 opposi-
tions.) (May 15, 1996).
Minutes from the EP 120694 oral proceedings (Aug. 13,
1996).
Interlocutory Decision in Opposition Proceedings (Article
106(3)EPC) (EP 120694) (Feb. 14, 1997).
Decision of PCR EP 0200362 and decision of PCR EP

0201184. Sections 5 only. Submitted by PDL on Mar. 27,
1997 (Dec. 14, 1995) (EP 120694).
Reasons for the Decision of T612/92 and T694/92. Submit-

ted by PDL on Mar. 27, 1997 (EP 120694).
Appeal No. T400/97-344, Appellant: Genentech, Inc. Euro-
pean Patent No. 120694 (Celltech), European Patent Appli-
cation No. 84301996.9, Grounds of Appeal (Apr. 1, 1997
Notice ofAppeal attached) (Jun. 13, 1997).
Papers relevant to the interpretation of Ellison et al. PNAS
79:1984-1988(1982), Fig. 2 from Ellison paper and pp. 203
& 211 from New England Biolabs Catalog with Ellison
paper attached. Ellison paper already cited previously (EP
120694).
European Patent Office communication with copy of EP
120694 maintained patent in amended form (Oct. 17, 2001).
Decision to Maintain the European Patent in Amended Form
(Article 102(3) EPC) (Regarding EP 120694) (Mar. 14,
2002).
Jan. 29, 1987 response of Cabilly et al. filed before EPO
during prosecution of Cabilly et al. European Application
No. 84302368.0-2105 (EP 125023).

Jun. 2, 1987 Communication from EPO Examiner during
prosecution of Cabilly et al. European Application No.
84302368.0-2105 (EP 125023).
Opposition to EP 125023 B of Genentech, Patentee’s
Response to the Opponents’ Arguments (Feb. 22, 1993).
Response on behalf of the Patentees to the Further Submis-
sions filed on behalf of Opponents I and IV in connection
with Opposition Proceedings to EP-B—0125023
(84302368.0) (Aug. 9, 1994 Declaration of Leon R. Lyle
with Exhibits A-B and Aug. 11, 1994 Affidavit of Allan
Robert Adler with Exhibits A-E) (Oct. 31, 1995) (EP
125023).
Genentech’s request for Opponent IV to provide the subject
matter to be presented by Dr. Shulman at the oral proceed-
ings (Mar. 3, 1997) (EP 125023).
Genentech’s opposition to PDL’s request to admit the entire
Bossfile as documentationsat the oral proceedings (Mar. 18,
1997) (EP 125023).
Documents submitted by Genentech prior to oral proceed-
ings (Mar. 27, 1997) (EP 125023).
Decision Revoking the European Patent (Article 102(1)
EPC) (EP 125,023 with Minutes attached) (Oct. 16, 1997).
Appeal T1212/97-334 in Re Genentech EP—B—125023 Sub-
stantiation of the Proprietor’s Appeal (Feb. 26, 1999).
Genentech’s suggestions on the time frame of the oral pro-
ceedings (Nov. 18, 1999) (EP 125023).
Opposition to European Patent No. EP—B—0125023
(84302368.0—2106) (Genentech’s submission prior to the
oral proceedings with affidavit from Christopher Denison
dated Apr. 19, 2000 and exhibits attached) (Apr. 20, 2000).
European Patent EP—B—125023 (Genentech, Inc.) Declara-
tion of Dr. Richard Axel dated Apr. 18, 2000 with Exhibit A.
Declaration of Paul J. Carter dated Apr. 20, 2000 with
Exhibit A and ATCCletter (EP 125023).
Genentech’s Submissions in Response to Board ofAppeals’
Feb. 2, 2000 Communication. Richard Axel’s Apr. 18, 2000
Declaration with Exhibit A, Paul J. Carter’s Apr. 20, 2000
Declaration with Exhibit A, ATCC letter, Walter Moore’s
Apr. 21, 2000 Statement and claim requests (Apr. 21, 2000)
(EP 125023).
Minutes of the public oral proceedings before the Technical
Board of Appeal 3.3.4 of May 22, 2000 (Regarding EP
120694) (May 22, 2000).
Statement By Walter Moore (Regarding the non-availability
of the Herzenberg grant application) (Apr. 21, 2000).
Minutes of the public oral proceedings before the Technical
Board ofAppeal 3.3.4 of May 14, 2001 (EP 0125023) (May
14, 2001).
Decision of the Technical Board ofAppeal 3.3.4 of May 14,
2001 (Regarding EP—B—125,023. Sep. 27, 2001 correction
to the decision attached.) (May 14, 2001).
FDI Advisory 76—7, Procedure for Requests for Grant Appli-
cations and Progress Reports (May 19, 1976 Memofrom the
NIH Freedom of Information Coordinator at the US Depart-
ment of Health, Education, and Welfare, and May 10, 1976
letter accompanying the memo) (May 1997).
Public Information Regulation (Paragraphs 5.71(c) and 5.72
(e)only), U.S. Department of Health, Education, and Welfare
(Aug. 1974).
Slide entitled “18 Publications Discussing Chimeric Mono-
clonal Antibodies Before the 1987 Application”, presented
at Jury trial (2002).
Cabilly, S. (Letter from Shmuel Cabilly to Arthur D. Riggs)
(Aug. 5, 1980) (ND Calif, Case No. C98-3926 MMC).
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Genentech, Inc.’s Notice of Mot. and Mot. Summ.Adjudica-
tion on Diligence (Jul. 28, 2000), Genentech, Inc. v. Celltech
Therapeutics, Ltd., No. C98-3926 MMC, 2001 USS. Dist.
Lexis 3489 (N.D. Cal. Mar. 16, 2001).
Genentech, Inc.’s Decl. of Kate H. Murashige, Ph.D.,
Genentech, Inc. v. Celltech Therapeutics, Ltd., No.
C98-3926 MMC, 2001 U.S. Dist. Lexis 3489 (N.D. Cal.
Mar. 16, 2001).
Response of Cabilly et al. filed before EPO during prosecu-
tion of Cabilly et al. European Application No.
84302368.0-2105 (Feb. 9, 1988).
Plaintiff MedImmune, Inc.’s First Amended Complaint,
Demand for Jury Trial (U.S. District Court, Case No.
03-2567 MRP (CTX) MedImmune, Inc. vs. Genentech, Inc.,
City ofHope, and Celltech R&D Ltd.) (Aug. 13, 2003).
Joint Claim Construction Statement (Nov. 7, 2003).
Declaration of Dean G. Dunlavey in Support of Defendant
Genentech, Inc.’s Opening Brief Regarding Claim Con-
struction with Exhibits A-P (Dec. 22, 2003).
Joint Statement Responsive to Court’s Jan. 28, 2004 Order
re: Terms to be Construed at Markman Hearing (Feb. 9,
2004).
Defendant Genentech, Inc.’s Reply Brief Regarding Claim
Construction (Feb. 13, 2004).
Supplemental Declaration of Dean G. Dunlavey in Support
of Defendant Genentech, Inc.’s Reply Brief Regarding
Claim Construction with Exhibit Q (Feb. 13, 2004).
MedImmune, Inc.’s Responses and Objections to Genen-
tech, Inc.’s Second Set of Interrogatories (Feb. 24, 2004).
Deposition Transcript Exhibits 1-29 of Janet Hasak (Feb.
25, 2004).
Deposition Transcript of Exhibits 30-33 of Genentech
through witness, Janet Hasak (Feb. 25, 2004).
Deposition Transcript of Genentech through witness, Janet
Hasak (Feb. 25, 2004).
Deposition Transcript of Wendy M. Lee and Exhibits 34-47
(Mar. 4, 2004).
Deposition Transcript of Wendy M. Lee and Exhibits 48-60
(Mar. 5, 2004).
Curriculum Vitae of Jeanne Perry.
Reporter’s Transcript, Motion to Dismiss, Monday (May 21,
2001).
Memorandum and Order (May 23, 2001).
Expert Report of Deborah L. French, Ph.D., with Exhibits A,
B, C (Dec. 6, 2001).
Declaration of Lewis L. Lanier, Ph.D. with Exhibits A-B
(Jan. 8, 2002).
Rebuttal Expert Report of Deborah L French, Ph.D. (Jan. 25,
2002).
Lanier deposition transcript (Feb. 14, 2002).
Harris deposition transcript (Feb. 27, 2002).
Transcript of Proceedings Before the Honorable Gregory G.
Hollows United States Magistrate Judge Markman Hearing
(Mar. 6, 2002) (vols. I-III).
Transcript of Proceedings Before the Honorable Gregory G.
Hollows United States Magistrate Judge Markman Hearing
(Mar. 7, 2002) (vol. II).
Genentech’s Post-Hearing Markman Submission (Mar. 12,
2002).
Magistrate’s Findings and Recommendations [Markman
Hearing) (Mar. 20, 2002).
Genentech’s Objections to Magistrate’s Findings & Recom-
mendations [Markman Hearing] (Apr. 1, 2002).

Genentech’s Response to Chiron’s Objection and Magis-
trate’s Findings & Recommendations [Markman Hearing]
Apr. 8, 2002), with attached Exhibits.
Memorandum and Order [Markman) (Apr. 22, 2002).
Genentech’s Second Supplemental Response to Chiron’s
Interrogatory No. 25 (May 13, 2002).
Declaration of Lewis L. Lanier, Ph.D. in Support of Chiron’s
Oppositions to Genentech’s Motions for Summary Judg-
ment (May 20, 2002).
Declaration of William J. Harris, PH.D. in Support of Chi-
ron’s Replies to Summary Judgment Oppositions, with
Exhibits A-D (May 27, 2002).
Genentech’s Reply in Support of its Motion for Summary
Judgmentre Invalidity for Anticipation and Lack of Priority
(May 28, 2002).
Reporter’s Transcript, Motion to Preclude Admission of
Undisclosed License Agreements and Cross Motions for
Summary Judgment (Monday, Jun. 3, 2002).
Memorandum and Order re: Priority, Anticipation, Written
Description, Enablement, Best Mode, Utility (Jun. 24,
2002).
Supplemental Expert Report of Deborah L. French Ph.D.
(Jul. 3, 2002).
Chiron’s Motion for Clarification regarding Memorandum
and Order re: Priority, Anticipation, Written Description,
Enablement, Best Mode, Utility, or, in the alternative,
Motion for Reconsideration (Jul. 3, 2002).
Genentech’s Inc.’s Proposed Jury Instructions (Phase I) (Jul.
26, 2002).
Genentech Inc.’s Responsive Trial Brief (Jul. 26, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 6, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 8, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 9, 2002).
Genentech’ Inc.’s Memorandum of Points and Authorities in

Support of Objections to Chiron’s Proposed Limiting
Instruction (Aug. 9, 2002).
Genentech Inc.’s Request for a Remedial Jury Instruction,
with Exhibits A-C (Aug. 12, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 12, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 13, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 14, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 16, 2002).
Genentech’s Objections to Chiron’s Proposed Jury Instruc-
tions (Phase I) (Aug. 16, 2002).
Genentech’s Opposition to Chiron’s Motion for Judgmentas
a Matter of Law Under Fed. R. Civ. P.50(A), with attached
testimonycited to therein (Aug. 16, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 20, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 21, 2002).
Reporter’s Daily Transcript Jury Trial (Aug. 22, 2002).
Reporter’s Daily Transcript, Jury Trial (Sep. 3, 2002).
Memorandum of Points and Authorities Supporting Genen-
tech’s Motion for Judgment as a Matter of Law UnderFed.
R. Civ. P.50(A) (Sep. 3, 2002).
Reporter’s Daily Transcript, Jury Trial (Sep. 4, 2002).
Memorandum and Order Re: Rule 50 Motions (Sep. 11,
2002).
Genentech’s Opposition to Chiron’s Rule 50/59 Motion,
with Attached Appendix of transcript and trial transcript
pages cited to therein (Oct. 7, 2002).
Memorandum and Order Re: Renewed Motion for JMOL;
Motion for New Trial (Oct. 22, 2002).
Brief of Defendant—Cross—Appellant, Genentech, Inc. (May
12, 2003).
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Chiron Corp. v. Genentech, Inc., 363 F.3d 1247 (Fed. Cir.
2004).
Expert Report of Dr. Rodney Kellemsfiled Aug. 27, 2004 in
Inve Columbia University Patent Litigation, MDL No. 1592.
Rebuttal Expert Report of Dr. Rodney Kellemsfiled Sep. 17,
2004 in In re Columbia University Patent Litigation, MDL
No. 1592.

Deposition of Robert E. Kellems, Oct. 2, 2004, taken in Jn re
Columbia University Patent Litigation, MDL No. 1592.
Plaintiffs’ Joint Contentions On Invalidity to Non—Statutory
Double Patenting, served Jul. 23, 2004 in In re Columbia
University Patent Litigation, MDL No. 1592.
Exhibit 1 to Plaintiffs’ Joint Contentions On Invalidity to
Non-Statutory Double Patenting, served Jul. 23, 2004 in Jn
re Columbia University Patent Litigation, MDL No. 1592.
Exhibit 2 to Plaintiffs’ Joint Contentions On Invalidity to
Non-Statutory Double Patenting, served Jul. 23, 2004 in Jn
re Columbia University Patent Litigation, MDL No. 1592.
Decision on Motions (paper # 258 ), Nov. 30, 2004 (Int. No.
105, 048).
Decision on Priority (paper #39), Sep. 30, 2005 (Int. No.
105, 266).
Decision on Priority (paper #32), Sep. 30, 2005 (Int. No.
105, 267).
Abreau S.L. et al. Biochem. Biophys. Res. Comm. 82(4):
1300-1305, Jun. 1978. Intracellular location ofhuman fibro-
blast interferon messenger RNA.
Adams J.M.et al. Biochem. 55: 147-155, 1966. N—-formyl-
methionyltRNAasthe initiator of protein synthesis.
Alberts B. et al. Molecular Biology of the Cell. 107-108,
921, 1983.

Alt F. et al. Cell 27: 381-390, Dec. 1981. Organization and
reorganization of immunoglobulin genes in A-MuLv-trans-
formed cells: rearrangement of heavy but not light chain
genes.

Applebaum S.W.et al. Biochem. J. 193: 209-216, 1981. The
preparation and characterization of locust vitellogenin mes-
senger RNA andthe synthesis of its complementary DNA.
Atherton K.T. et al. J. Gen. Virol. 29: 297-304, 1975. Inter-
feron induction by viruses and polynucleotides: a differen-
tial effect of camptothecin.
Aviv H.et al. Proc. Natl. Acad. Sci. USA 68(9): 2303-2307,
Sep. 1971. Protein synthesis directed by encephalomyo-
carditis virus RNA:properties of a transfer RNA-dependent
system.
Aviv H.et al. Proc. Nat. Acad. Sci. USA 69(6): 1408-1412,
Jun. 1972. Purification of biologically active globin messen-
ger RNAby chromatography on oligothymidylic acid—cellu-
lose.

Ballantine JLE.M. et al. 4 Embryol. Exp. Morph. 51:
137-153, 1979. Changes in protein synthesis during the
development ofXenopus laevis.
Banerji J. et al. Cell 33: 729-740, 1983. A lymphocyte—spe-
cific cellular enhancer is located downstream of the joining
region in immunoglobulin heavy chain genes.
Bantle J.A. et al. Analytical Biochem. 72: 413-427, 1976.
Specificity of oligo (dT)-cellulose chromatography in the
isolation of polyadenylated RNA.
Beato M.et al. FEBS Lett. 59(2): 305-309, Nov. 1975.
Translation of the messenger RNA for rabbit uterglobulin in
Xenopus oocytes.
Bergman W.et al. J. Biol. Chem. 254(13): 5690-5694, 1979.
Formation of intermolecular disulfide bonds on nascent

immunoglobulin polypeptides.

Berridge M.V. et al. Ce// 8: 283-297, Jun. 1976. Translation
ofXenopus liver messenger RNA in Xenopus oocytes: vitel-
logenin synthesis and conversionto platelet proteins.
Bevan M.J. Biochem. J. 122: 5-11, 1971. The vectoral
release of nascent immunoglobulin peptides.
Blobel G. FEBS Gene Expression, 1977. Mechanisms for
the intracellular compartmentaion of newly synthesized pro-
teins.

Blobel G.et al. J. Cell Biol. 67: 835-851, 1975. Transfer of
proteins across membranes.
Bole D.G.et al. J Cell. Biol. 102: 1558-1566, 1986. Post-
translational association of Immunoglobulin heavy chain
binding protein with nascent heavy chains in nonsecreting
and secreting hybridomas.
Boss M.et al. Nucl. Acids. Res. 12(9): 3791-3806, 1984.
Assembly of functional antibodies from immunoglobulin
heavy and light chains synthesized in FE. coli.
Brack C.et al. Ce// 15: 1-14, Sep. 1978. A complete immu-
noglobulin gene is created by somatic recombination.
Brinster R.L. et al. Nature 306: 332-336, 1983. Expression
of a microinjected immunoglobulin gene in the spleen of
transgenic mice.
Britten R.J. Science 142: 963-965, Nov. 1963. Complemen-
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EX PARTE

REEXAMINATION CERTIFICATE

ISSUED UNDER35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted andis no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

The patentability of claims 1-20 and 33-36is confirmed.

Claims 21, 27 and 32 are determined to be patentable as
amended.

Claims 22-26 and 28-31, dependent on an amended
claim, are determinedto be patentable.

21. A method comprising
a) preparing a first DNA sequence[consisting essentially

of DNA] encoding an immunoglobulin [consisting of

2

an immunoglobulin] heavy chain and a second DNA
sequence encoding an immunoglobulin light chain [or
Fab region, said immunoglobulin having specificity for
a particular knownantigen];

b) inserting the DNA [sequence] sequences of step a) into
areplicable expression vector wherein each sequenceis
operably linked to a suitable promoter;

c) transforming a prokaryotic or eukaryotic microbial host
cell culture with the vector of step b);

d) culturing the host cell so that said immunoglobulin
heavy and light chains are produced as separate mol-
ecules in said transformed host cell, and

e) recovering the immunoglobulin from the host cell
culture, said immunoglobulin being capable of binding
to a knownantigen.

27. The method of claim 26 wherein the heavy chain and

99 light [chains or Fab region] chain are deposited within the
cells as insoluble particles.

32. The insoluble particles of heavy chain andlight chains
[or Fab region] produced by the method of claim 27.

* * * * *
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29, 2001. 
Cabilly Opposition 1, Feb. 2, 2001. 
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METHODS OF MAKING ANTIBODY HEAVY
AND LIGHT CHAINS HAVING SPECIFICITY

FOR A DESIRED ANTIGEN

This is acontinuation ofapplication(s) Ser. No. 07/205,419
filed on 10 Jun. 1988, now U.S. Pat. No. 6,331,415, issued on
18 Dec. 2001, which is a continuation of Ser. No. 06/483,457
filed on 8 Apr. 1983, now U.S.Pat. No. 4,816,567, issued on
28 Mar. 1989, which applications are incorporated herein by
reference and to which application(s) priority is claimed
under 35 USC §120.

BACKGROUND OF THE INVENTION

This invention relates to the field of immunoglobulin pro-
duction and to modification of naturally occurring immuno-
globulin amino acid sequences. Specifically, the invention
relates to using recombinant techniques to produce both
immunoglobulins which are analogous to those normally
found in vertebrate systems and to take advantage of these
gene modification techniques to construct chimeric or other
modified forms.

A. Immunoglobulins and Antibodies
Antibodies are specific immunoglobulin polypeptides pro-

duced by the vertebrate immune system in responseto chal-
lenge by foreign proteins, glycoproteins, cells, or other anti-
genic foreign substances. The sequence of events which
permits the organism to overcomeinvasion byforeign cells or
to rid the system of foreign substances is at least partially
understood. An importantpart of this process is the manufac-
ture of antibodies which bind specifically to a particular for-
eign substance. The binding specificity of such polypeptides
to a particular antigen is highly refined, and the multitude of
specificities capable of being generated by the individual
vertebrate is remarkable in its complexity and variability.
Thousands of antigens are capable of eliciting responses,
each almost exclusively directed to the particular antigen
whichelicited it.

Immunoglobulins include both antibodies, as above
described, and analogousprotein substances which lack anti-
gen specificity. The latter are produced at low levels by the
lymphsystem andin increased levels by myelomas.

A.1 Source and Utility
Two major sources of vertebrate antibodies are presently

utilized—generation in situ by the mammalian B lympho-
cytes and in cell culture by B-cell hybrids. Antibodies are
madein situ as a result of the differentiation of immature B

lymphocytes into plasma cells, which occurs in response to
stimulation by specific antigens. In the undifferentiated B
cell, the portions ofDNA codingfor the various regions on the
immunoglobulin chains are separated in the genomic DNA.
The sequences are reassembled sequentially prior to tran-
scription. A review of this process has been given by Gough,
Trends in Biochem Sci, 6: 203 (1981). The resulting rear-
ranged genome is capable of expression in the mature B
lymphocyteto producethe desired antibody. Even when only
a single antigen is introduced into the sphere of the immune
system for a particular mammal, however, a uniform popula-
tion of antibodies does not result. The in situ immune

responseto any particular antigen is defined by the mosaic of
responses to the various determinants which are present on
the antigen. Each subset of homologousantibody is contrib-
uted by a single population of B cells—hencein situ genera-
tion of antibodies is “polyclonal”.

This limited but inherent heterogeneity has been overcome
in numerousparticular cases by use ofhybridomatechnology
to create “monoclonal” antibodies (Kohler, et al., Eur J.
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Immunol., 6: 511 (1976)). In this process, splenocytes or
lymphocytes from a mammal which has been injected with
antigen are fused with a tumorcell line, thus producing hybrid
cells or “hybridomas” which are both immortal and capable
ofproducing the genetically coded antibody ofthe B cell. The
hybrids thus formedare segregated into single genetic strains
by selection, dilution, and regrowth, and each strain thus
represents a single genetic line. They therefore produce
immunoreactive antibodies against a desired antigen which
are assured to be homogenous, and which antibodies, refer-
encing their pure genetic parentage,are called “monoclonal”.
Hybridomatechnologyhasto this time been focused largely
on the fusion ofmurinelines, but human-human hybridomas
(Olsson, L. et al., Proc. Natl Acad. Sci. (USA), 77: 5429
(1980)); human-murine hybridomas (Schlom, J., et al. (bid)
77: 6841 (1980)) and several other xenogenic hybrid combi-
nations have been prepared as well. Alternatively, primary,
antibody producing, B cells have been immortalized in vitro
by transformation with viral DNA.

Polyclonal, or, much more preferably, monoclonal, anti-
bodies have a variety of useful properties similar to those of
the present invention. For example, they can be used as spe-
cific immunoprecipitating reagents to detect the presence of
the antigen which elicited the initial processing ofthe B cell
genomeby coupling this antigen-antibody reaction with suit-
able detection techniques such as labeling with radioisotopes
or with enzymes capable of assay (RIA, EMIT, and ELISA).
Antibodies are thus the foundation of immuno diagnostic
tests for many antigenic substances. In another importantuse,
antibodies can be directly injected into subjects suffering
from an attack by a substance or organism containing the
antigen in question to combat this attack. This process is
currently in its experimental stages, but its potentialis clearly
seen. Third, whole body diagnosis and treatment is made
possible because injected antibodies are directed to specific
target disease tissues, and thus can be used either to determine
the presence of the disease by carrying with them a suitable
label, or to attack the diseased tissue by carrying a suitable
drug.

Monoclonal antibodies produced by hybridomas, while
theoretically effective as suggested above andclearly prefer-
able to polyclonal antibodies because of their specificity,
suffer from certain disadvantages. First, they tend to be con-
taminated with otherproteins and cellular materials ofhybri-
doma, (and, therefore, mammalian) origin. These cells con-
tain additional materials, notably nucleic acid fragments, but
protein fragments as well, which are capable of enhancing,
causing, or mediating carcinogic responses. Second, hybri-
doma lines producing monoclonal antibodies tend to be
unstable and mayalter the structure of antibody produced or
stop producing antibody altogether (Kohler, G., et al., Proc.
Natl. Acad. Sci (USA) 77: 2197 (1980); Morrison, S. L., J.
Immunol. 123: 793 (1979)). The cell line genomeappears to
alter itself in response to stimuli whose natureis not currently
known,andthis alteration mayresult in production of incor-
rect sequences. Third, both hybridoma andB cells inevitably
produce certain antibodies in glycosylated form (Melchers,
F., Biochemistry, 10: 653 (1971)) which, under some circum-
stances, may be undesirable. Fourth, production of both
monoclonalandpolyclonalantibodiesis relatively expensive.
Fifth, and perhaps most important, production by current
techniques(either by hybridomaor by B cell response) does
not permit manipulation of the genome so as to produce
antibodies with more effective design components than those
normally elicited in response to antigens from the mature B
cell in situ. The antibodies of the present invention do not
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suffer from the foregoing drawbacks, and, furthermore, offer
the opportunity to provide molecules of superior design.

Even those immunoglobulins whichlack the specificity of
antibodies are useful, although over a smaller spectrum of
potential uses than the antibodies themselves. In presently
understood applications, such immunoglobulins are helpful
in protein replacementtherapy for globulin related anemia. In
this context, an inability to bindto antigenis in fact helpful, as
the therapeutic value of these proteins would be impaired by
such functionality. At present, such non-specific antibodies
are derivable in quantity only from myelomacell cultures
suitably induced. The present invention offers an alternative,
more economical source. It also offers the opportunity of
cancelling out specificity by manipulating the four chains of
the tetramer separately.

A.2 General Structure Characteristics

The basic immunoglobin structural unit in vertebrate sys-
tems is now well understood (Edelman, G. M., Ann. N.Y
Acad. Sci., 190: 5 (1971)). The units are composed of two
identical light polypeptide chains of molecular weight
approximately 23,000 daltons, and two identical heavy
chains of molecular weight 53,000-70,000. The four chains
are joined by disulfide bonds in a “Y” configuration wherein
the light chains bracketthe heavy chainsstarting at the mouth
oftheY and continuing throughthe divergent region as shown
in FIG. 1. The “branch”portion,as there indicated, is desig-
nated the Fab region. Heavy chainsare classified as gamma,
mu, alpha, delta, or epsilon, with some subclasses among
them, and the nature of this chain, as it has a long constant
region, determines the “class” of the antibody as IgG, IgM,
IgA, IgD, or IgE. Light chainsare classified as either kappa or
lambda. Each heavy chain class can be prepared with either
kappa or lambdalight chain. The light and heavy chains are
covalently bondedto each other, and the “tail” portions of the
two heavy chains are bondedto each other by covalent disul-
fide linkages when the immunoglobulinsare generated either
by hybridomasor by B cells. However, if non-covalent asso-
ciation of the chains can be effected in the correct geometry,
the aggregate will still be capable ofreaction with antigen, or
of utility as a protein supplementas a non-specific immuno-
globulin.

The amino acid sequence runs from the N-terminal end at
the top of the Y to the C-terminal endat the bottom of each
chain. At the N-terminal end is a variable region which is
specific for the antigen whichelicited it, and is approximately
100 amino acids in length, there being slight variations
betweenlight and heavy chain and from antibody to antibody.
The variable region is linked in each chain to a constant region
which extends the remaining length of the chain. Linkage is
seen, at the genomic level, as occurring through a linking
sequence known currently as the “J” region in the light chain
gene, which encodes about 12 amino acids, and as a combi-
nation of “D”region and “J” region in the heavy chain gene,
which together encode approximately 25 aminoacids.

The remaining portions of the chain are referred to as
constant regions and within a particular class do not to vary
with the specificity of the antibody(1.e., the antigen eliciting
it).

As stated above, there are five known Major classes of
constant regions which determine the class of the immuno-
globulin molecule (IgG, IgM, IgA, IgD, and IgE correspond-
ing to y, u, a, 6, and € heavy chain constant regions). The
constant region or class determines subsequenteffector func-
tion ofthe antibody, including activation ofcomplement(Ka-
bat, E. A., Structural Concepts in Immunology and Immu-
nochemistry, 2nd Ed., p. 413-436, Holt, Rinehart, Winston
(1976)), and other cellular responses (Andrews, D. W., etal.,
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Clinical Immunobiology pp 1-18, W. B. Sanders (1980);
Kohl,S., et al., Jmmunology, 48: 187 (1983)); while the vari-
able region determines the antigen with which it will react.

B. Recombinant DNA Technology

Recombinant DNA technology has reached sufficient
sophistication that it includes a repertoire of techniques for
cloning and expression of gene sequences. Various DNA
sequences can be recombined with somefacility, creating
new DNAentities capable ofproducing heterologous protein
product in transformed microbes andcell cultures. The gen-
eral means and methodsfor the in vitro ligation of various
blunt endedor “sticky” ended fragments ofDNA,for produc-
ing expression vectors, and for transforming organisms are
now in hand.

DNA recombination of the essential elements (i.e., an ori-
gin of replication, one or more phenotypic selection charac-
teristics, expression control sequence, heterologous gene
insert and remainder vector) generally is performed outside
the host cell. The resulting recombinantreplicable expression
vector, or plasmid,is introduced into cells by transformation
and large quantities ofthe recombinantvehicle is obtained by
growing the transformant. Where the gene is properly
inserted with reference to portions which govern the tran-
scription andtranslation of the encoded DNA message, the
resulting expression vector is useful to produce the polypep-
tide sequence for which the inserted gene codes, a process
referred to as “expression.” The resulting product may be
obtainedbylysis, ifnecessary, ofthe host cell and recovery of
the product by appropriate purifications from otherproteins.

In practice, the use of recombinant DNA technology can
express entirely heterologous polypeptides—so-called direct
expression—oralternatively may express a heterologous
polypeptide fused to a portion of the amino acid sequence of
a homologous polypeptide. In the latter cases, the intended
bioactive product is sometimes rendered bioinactive within
the fused, homologous/heterologous polypeptide until it is
cleaved in an extracellular environment.

The art of maintaining cell or tissue cultures as well as
microbial systems for studying genetics and cell physiology
is well established. Means and methods are available for

maintaining permanent cell lines, prepared by successive
serial transfers from isolated cells. For use in research, such
cell lines are maintained on a solid support in liquid medium,
or by growth in suspension containing support nutriments.
Scale-up for large preparations seems to pose only mechani-
cal problems.

SUMMARY OF THE INVENTION

The invention relates to antibodies and to non-specific
immunoglobulins (NSIs) formed by recombinant techniques
using suitable host cell cultures. These antibodies and NSIs
can be readily prepared in pure “monoclonal”form. They can
be manipulated at the genomic level to produce chimeras of
variants which draw their homology from species which dif-
fer from each other. They can also be manipulated at the
protein level, since all four chains do not need to be produced
by the same cell. Thus, there are a number of “types” of
immunoglobulins encompassed bythe invention.

First, immunoglobulins, particularly antibodies, are pro-
duced using recombinant techniques which mimic the amino
acid sequence of naturally occurring antibodies produced by
either mammalian B cells in situ, or by B cells fused with
suitable immortalizing tumorlines,i.e., hybridomas. Second,
the methods of this invention produce, and the invention is
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directed to, immunoglobulins which comprise polypeptides
not hitherto found associated with each other in nature. Such

reassemblyis particularly useful in producing “hybrid”anti-
bodies capable of binding more than one antigen; and in
producing “composite” immunoglobuins wherein heavy and
light chains of different origins essentially damp out speci-
ficity. Third, by genetic manipulation, “chimeric” antibodies
can be formed wherein, for example, the variable regions
correspond to the amino acid sequence from one mammalian
model system, whereas the constant region mimics the amino
acid sequenceof another. Again, the derivation of these two
mimicked sequences may be from different species. Fourth,
also by genetic manipulation, “altered” antibodies with
improvedspecificity and other characteristics can be formed.

Twoother types of immunoglobulin-like moieties may be
produced: “univalent” antibodies, which are useful as homing
carriers to target tissues, and “Fab proteins” which include
only the “Fab”region ofan immunoglobulin molecule i.e, the
branches of the “Y”. These univalent antibodies and Fab

fragments mayalso be “mammalian”i.e., mimic mammalian
amino acid sequences; novel assemblies of mammalian
chains, or chimeric, where for example, the constant and
variable sequence patterns may beofdifferent origin.Finally,
either the light chain or heavy chain alone,or portionsthereof,
produced by recombinant techniques are included in the
invention and may be mammalian or chimeric.

In other aspects, the invention is directed to DNA which
encodes the aforementioned NSIs, antibodies, and portions
thereof, as well as expression vectors or plasmids capable of
effecting the production of such immunoglobulins in suitable
host cells. It includes the host cells and cell cultures which

result from transformation with these vectors. Finally, the
invention is directed to methods ofproducing these NSIs and
antibodies, and the DNA sequences, plasmids, and trans-
formedcells intermediate to them.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is arepresentation of the general structure of immu-
noglobulins.

FIGS. 2A-Bshowthe detailed sequence ofthe cDNAinsert
of pK17G4 which encodes kappa anti CEA chain.

FIG. 3 showsthe coding sequenceofthe fragment shown in
FIG.2, along with the corresponding amino acid sequence.

FIGS. 4A-C show the combined detailed sequence of the
cDNAinserts of py298 and py11 which encode gammaanti
CEAchain.

FIGS. 5A-B show the corresponding amino acid sequence
encoded by the fragmentin FIG.4.

FIGS.6 and 7 outline the construction of expression vec-
tors for kappa and gammaanti-CEA chainsrespectively.

FIGS. 8A, 8B, and 8C showtheresults of sizing gels run on
extracts of F. coli expressing the genes for gamma chain,
kappa chain, and both kappa and gammachainsrespectively.

FIG.9 showsthe results ofwestern blots ofextracts ofcells
transformed as those in FIG.8.

FIG. 10 showsa standard curve for ELISA assayofanti
CEAactivity.

FIGS.11 and 12 show the construction of a plasmid for
expression of the gene encoding a chimeric heavy chain.

FIG. 13 showsthe construction of a plasmid for expression
of the gene encoding the Fab region of heavy chain.

DETAILED DESCRIPTION

A.Definitions

As used herein, “antibodies”refers to tetramers or aggre-
gates thereof which have specific immunoreactive activity,
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comprising light and heavy chains usually aggregated in the
“Y” configuration of FIG. 1, with or without covalent linkage
between them; “immunoglobulins”refers to such assemblies
whetheror not specific immunoreactive activity is a property.
“Non-specific immunoglobulin” (‘NSI’’) means those immu-
noglobulins which do not possess specificity—i.e., those
whichare not antibodies.

“Mammalian antibodies” refers to antibodies wherein the

amino acid sequences of the chains are homologous with
those sequences foundin antibodies produced by mammalian
systems, either in situ, or in hybridomas. These antibodies
mimic antibodies which are otherwise capable of being gen-
erated, although in impure form,in these traditional systems.

“Hybrid antibodies” refers to antibodies wherein chains
are separately homologouswith referenced mammalian anti-
body chains and represent novel assemblies of them, so that
two different antigens are precipitable by the tetramer. In
hybrid antibodies, one pair of heavy and light chain is
homologousto antibodies raised against one antigen, while
the other pair ofheavy and light chain is homologousto those
raised against another antigen. This results in the property of
“divalence”i.e., ability to bind two antigens simultaneously.
Such hybrids may, of course, also be formed using chimeric
chains, as set forth below.

“Composite” immunoglobulins means those wherein the
heavy andlight chains mimic those of different species ori-
gins or specificities, and the resultant is thus likely to be a
non-specific immunoglobulin (NSD), i.e. —lacking in anti-
body character.

“Chimeric antibodies” refers to those antibodies wherein

one portion of each ofthe amino acid sequences ofheavy and
light chains is homologous to corresponding sequences in
antibodies derived from a particular species or belonging to a
particular class, while the remaining segmentofthe chainsis
homologous to corresponding sequences in another. Typi-
cally, in these chimeric antibodies, the variable region ofboth
light and heavy chains mimics the variable regions of anti-
bodies derived from one species ofmammals, while the con-
stant portions are homologousto the sequencesin antibodies
derived from another. One clear advantage to such chimeric
formsis that, for example, the variable regions can conve-
niently be derived from presently known sources using
readily available hybridomasorB cells from non human host
organisms in combination with constant regions derived
from, for example, human cell preparations. While the vari-
able region has the advantage of ease of preparation, and the
specificity is not affected by its source, the constant region
being human,is less likely to elicit an immuneresponse from
a human subject whenthe antibodies are injected than would
the constant region from a non-human source.

However, the definition is not limited to this particular
example. It includes any antibody in which either or both of
the heavy or light chains are composed of combinations of
sequences mimicking the sequences in antibodiesofdifferent
sources, whether these sources be differing classes, differing
antigen responses, or differing species of origin and whether
or not the fusion point is at the variable/constant boundary.
Thus,it is possible to produce antibodies in which neither the
constant nor the variable region mimic known antibody
sequences. It then becomespossible, for example, to con-
struct antibodies whosevariable region has a higher specific
affinity for a particular antigen, or whose constant region can
elicit enhanced complement fixation or to make other
improvements in properties possessed by a particular con-
stant region.

“Altered antibodies” means antibodies wherein the amino

acid sequence has been varied from that of a mammalian or
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other vertebrate antibody. Because of the relevance ofrecom-
binant DNA techniques to this invention, one need not be
confined to the sequences of amino acids found in natural
antibodies; antibodies can be redesigned to obtain desired
characteristics. The possible variations are many and range
from the changing of just one or a few aminoacids to the
complete redesign of, for example, the constant region.
Changesin the constant region will, in general, be made in
order to improve the cellular process characteristics, such as
complementfixation, interaction with membranes, and other
effector functions. Changes in the variable region will be
madein order to improvethe antigen binding characteristics.
The antibody can also be engineered soasto aid the specific
delivery of a toxic agent according to the “magic bullet”
concept. Alterations, can be made by standard recombinant
techniquesandalso by oligonucleotide-directed mutagenesis
techniques (Dalbadie-McFarland,et al Proc. Natl. Acad. Sci.
(USA), 79:6409 (1982)).

“Univalent antibodies”refers to aggregations which com-
prise a heavy chain/light chain dimer bound to the Fe (or
stem) region of a second heavy chain. Such antibodies are
specific for antigen, but have the additional desirable property
of targeting tissues with specific antigenic surfaces, without
causing its antigenic effectiveness to be impaired—i.e., there
is no antigenic modulation. This phenomenon andthe prop-
erty ofunivalent antibodiesin this regard is set forth in Glen-
nie, M. J., et al., Nature, 295: 712 (1982). Univalent antibod-
ies have heretofore been formed by proteolysis.

“Fab” region refers to those portions of the chains which
are roughly equivalent, or analogous, to the sequences which
comprise the Y branch portions of the heavy chain andto the
light chain in its entirety, and which collectively (in aggre-
gates) have been shown to exhibit antibody activity. “Fab
protein”, which protein is one ofthe aspects of the invention,
includes aggregates of one heavy and onelight chain (com-
monly knownas Fab'), as well as tetramers which correspond
to the two branch segments of the antibody Y, (commonly
known as F(ab),), whether any of the above are covalently or
non-covalently aggregated, so long as the aggregation is
capable of selectively reacting with a particular antigen or
antigen family. Fab antibodies have, as have univalent ones,
been formedheretofore by proteolysis, and share the property
of not eliciting antigen modulation on target tissues. How-
ever, as they lack the “effector” Fe portion they cannoteffect,
for example, lysis of the target cell by macrophages.

“Fab protein” has similar subsets according to the defini-
tion of the present invention as does the general term “anti-
bodies”or “immunoglobulins”. Thus, “mammalian” Fab pro-
tein, “hybrid” Fab protein “chimeric” Fab and “altered” Fab
protein are defined analogously to the corresponding defini-
tions setforth in the previous paragraphsfor the various types
of antibodies.

Individual heavy or light chains may of course be “mam-
malian”, “chimeric” or “altered” in accordance with the
above. As will become apparentfrom the detailed description
of the invention,it is possible, using the techniques disclosed
to prepare other combinations of the four-peptide chain
aggregates, besides those specifically defined, such as hybrid
antibodies containing chimeric light and mammalian heavy
chains, hybrid Fab proteins containing chimeric Fab proteins
ofheavy chains associated with mammalian light chains, and
so forth.

“Expression vector” includes vectors which are capable of
expressing DNA sequencescontainedtherein, 1.e., the coding
sequences are operably linked to other sequences capable of
effecting their expression. It is implied, although not always
explicitly stated, that these expression vectors must berepli-
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cable in the host organismseither as episomesoras an integral
part of the chromosomal DNA.Clearly a lack ofreplicability
would render them effectively inoperable. A useful, but not a
necessary, element of an effective expression vector is a
marker encoding sequence—i.e. a sequence encoding a pro-
tein which results in a phenotypic property (e.g. tetracycline
resistance) of the cells containing the protein which permits
those cells to be readily identified. In sum, “expression vec-
tor”is given a functional definition, and any DNA sequence
which is capable of effecting expression of a specified con-
tained DNA codeis includedinthis term,asit is applied to the
specified sequence. As at present, such vectors are frequently
in the form of plasmids, thus “plasmid” and “expression
vector” are often used interchangeably. However, the inven-
tion is intended to include such other forms of expression
vectors which serve equivalent functions and which may,
from time to time become knownintheart.

“Recombinant hostcells” refers to cells which have been

transformed with vectors constructed using recombinant
DNAtechniques. As defined herein, the antibody or modifi-
cation thereof produced by a recombinant host cell is by
virtue of this transformation, rather than in such lesser
amounts, or more commonly, in such less than detectable
amounts, as would be produced by the untransformed host.

In descriptions of processes for isolation of antibodies
from recombinant hosts, the terms “cell” and “cell culture”
are used interchangeably to denote the source of antibody
unless it is clearly specified otherwise. In other words, recov-
ery of antibody from the “cells” may mean either from spun
down wholecells, or from the cell culture containing both the
medium and the suspendedcells.

B. Host Cell Cultures and Vectors

The vectors and methods disclosed herein are suitable for

use in host cells over a wide range ofprokaryotic and eukary-
otic organisms.

In general, ofcourse, prokaryotesare preferred for cloning
of DNA sequences in constructing the vectors useful in the
invention. For example, E. coli K12 strain 294 (ATCC No.
31446)is particularly useful. Other microbial strains which
may be used include F. coli strains such as F. coli B, and E.
coli X1776 (ATTC No. 31537).
These examples are, of course, intended to be illustrative
rather than limiting.

Prokaryotes may also be used for expression. The afore-
mentioned strains, as well as E£. coli W3110 (F-, , pro-
totrophic, ATTC No. 27325), bacilli such as Bacillus subtilus,
and other enterobacteriaceae such as Salmonella typhimu-
rium or Serratia marcesans, and various Pseudomonas spe-
cies may be used.

In general, plasmid vectors containing replicon and control
sequences which are derived from species compatible with
the host cell are used in connection with these hosts. The

vector ordinarily carries a replication site, as well as marking
sequences which are capable of providing phenotypic selec-
tion in transformed cells. For example, F. coli is typically
transformed using pBR322, a plasmid derived from an F. coli
species (Bolivar, et al., Gene 2: 95 (1977)). pBR322 contains
genes for ampicillin andtetracycline resistance and thus pro-
vides easy means for identifying transformed cells. The
pBR322 plasmid, or other microbial plasmid must also con-
tain, or be modified to contain, promoters which can be used
by the microbial organism for expression of its own proteins.
Those promoters most commonly used in recombinant DNA
construction include the B-lactamase (penicillinase) and lac-
tose promoter systems (Changet al, Nature, 275: 615 (1978);
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Itakura, et al, Science, 198: 1056 (1977); (Goeddel, et al
Nature 281: 544 (1979)) and a tryptophan (trp) promoter
system (Goeddel, et al, Nucleic Acids Res., 8: 4057 (1980);
EPO Appl Publ No. 0036776). While these are the most
commonly used, other microbial promoters have been dis-
covered and utilized, and details concerning their nucleotide
sequences have been published, enabling a skilled worker to
ligate them functionally with plasmid vectors (Siebenlist, et
al, Cell 20: 269 (1980)).

In addition to prokaryates, eukaryotic microbes, such as
yeast cultures may also be used. Saccharomyces cerevisiae,
or commonbaker’s yeast is the most commonly used among
eukaryotic microorganisms, although a number of other
strains are commonlyavailable. For expression in Saccharo-
myces, the plasmid YRp7, for example, (Stinchcomb,etal,
Nature, 282: 39 (1979); Kingsmanet al, Gene, 7: 141 (1979);
Tschemper, et al, Gene, 10: 157 (1980)) is commonly used.
This plasmid already containsthe trp1 gene which 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)). The presence of
the trp1 lesion as a characteristic ofthe yeast host cell genome
then provides an effective environmentfor detecting transfor-
mation by growth in the absence of tryptophan.

Suitable promoting sequencesin yeast vectors include the
promoters for 3-phosphoglycerate kinase (Hitzeman,et al., /.
Biol. Chem., 255: 2073 (1980)) or other glycolytic enzymes
(Hess, et al, J. Adv. Enzyme Reg., 7: 149 (1968); Holland,etal,
Biochemistry, 17: 4900 (1978)), such as enolase, glyceralde-
hyde-3-phosphate dehydrogenase, hexokinase, pyruvate
decarboxylase, phosphofructokinase, glucose-6-phosphate
isomerase, 3-phosphoglycerate mutase, pyruvate kinase,tri-
osephosphate isomerase, phosphoglucose isomerase, and
glucokinase. In constructing suitable expression plasmids,
the termination sequences associated with these genes are
also ligated into the expression vector 3' of the sequence
desired to be expressed to provide polyadenylation of the
mRNA and termination. Other promoters, which have the
additional advantage of transcription controlled by growth
conditions are the promoter regions for alcohol dehydroge-
nase 2, isocytochrome C, acid phosphatase, degradative
enzymesassociated with nitrogen metabolism,and the afore-
mentioned glyceraldehyde-3-phosphate dehydrogenase, and
enzymes responsible for maltose and galactose utilization
(Holland, ibid.). Any plasmid vector containing yeast-com-
patible promoter, origin of replication and termination
sequencesis suitable.

In addition to microorganisms, cultures of cells derived
from multicellular organisms may also be used as hosts. In
principle, any such cell culture is workable, whether from
vertebrate or invertebrate culture. Howeverinterest has been

greatest in vertebrate cells, and propogation of vertebrate
cells in culture (tissue culture) has becomea routine proce-
dure in recent years (Tissue Culture, Academic Press, Kruse
and Patterson, editors (1973)). Examples of such useful host
cell lines are VERO and HeLacells, Chinese hamster ovary
(CHO)cell lines, and W138, BHK, COS-7 and MDCKcell
lines. Expression vectors for such cells ordinarily include (Gif
necessary) an origin ofreplication, a promoterlocatedin front
of the gene to be expressed, along with any necessary ribo-
some binding sites, RNA splice sites, polyadenylationsite,
and transcriptional terminator sequences.

For use in mammalian cells, the control functions on the
expression vectors are often provided by viral material. For
example, commonly used promoters are derived from
polyoma, Adenovirus 2, and most frequently Simian Virus 40
(SV40). The early and late promoters of SV40 virus are
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particularly useful because both are obtained easily from the
virus as a fragment which also contains the SV40 viral origin
ofreplication (Fiers,et al, Nature, 273: 113 (1978)) incorpo-
rated herein by reference. Smaller or larger SV40 fragments
mayalso be used, provided there is included the approxi-
mately 250 bp sequence extending from the HindIIIsite
toward the BglI site located in theviralorigin ofreplication.
Further, it is also possible, and often desirable, to utilize
promoter or control sequences normally associated with the
desired gene sequence, provided such control sequences are
compatible with the host cell systems.

An origin of replication may be provided either by con-
struction ofthe vectorto include an exogenousorigin, such as
may be derived from SV40 or other viral (e.g. Polyoma,
Adeno, VSV, BPYV, etc.) source, or may be provided by the
host cell chromosomalreplication mechanism.Ifthe vectoris
integrated into the host cell chromosome,the latter is often
sufficient.

It will be understoodthat this invention, although described
herein in terms of a preferred embodiment, should not be
construed as limited to those host cells, vectors and expres-
sion systems exemplified.

C. Methods Employed

C.1 Transformation

If cells without formidable cell wall barriers are used as

host cells, transfection is carried out by the calcium phosphate
precipitation method as described by Graham andVan der Eb,
Virology, 52: 546 (1978). However, other methodsfor intro-
ducing DNAinto cells such as by nuclear injection or by
protoplast fusion mayalso be used.

If prokaryotic cells or cells which contain substantial cell
wall constructionsare used, the preferred method oftransfec-
tion is calcium treatment using calcium chloride as described
by Cohen, F. N. et al Proc. Natl. Acad. Sci. (USA), 69: 2110
(1972).

C.2 Vector Construction

Construction of suitable vectors containing the desired
coding and control sequences employ standardligation tech-
niques. Isolated plasmids or DNA fragments are cleaved,
tailored, and religated in the form desired to form the plas-
mids required. The methods employed are not dependent on
the DNAsource, or intended host.

Cleavage is performedby treating with restriction enzyme
(or enyzmes) in suitable buffer. In general, about 1 ug plasmid
or DNA fragments is used with about 1 unit of enzyme in
about 20 ul of buffer solution. (Appropriate buffers and sub-
strate amounts for particular restriction enzymesare specified
by the manufacturer.) Incubation times of about 1 hour at 37°
C. are workable. After incubations, protein is removed by
extraction with phenol and chloroform,andthe nucleicacid is
recovered from the aqueous fraction by precipitation with
ethanol.

If blunt ends are required, the preparationis treated for 15
minutes at 15° with 10 units of F. coli DNA Polymerase I
(Klenow), phenol-chloroform extracted, and ethanolprecipi-
tated.

Size separation of the cleaved fragments is performed
using 6 percent polyacrylamide gel described by Goeddel, D.,
et al, Nucleic Acids Res., 8: 4057 (1980) incorporated herein
by reference.

For ligation, approximately equimolar amounts of the
desired components, suitably endtailored to provide correct
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matching are treated with about 10 units T4 DNA ligase per
0.5 ug DNA. (When cleaved vectors are used as components,
it may be useful to prevent religation of the cleaved vector by
pretreatment with bacterial alkaline phosphatase.)

In the examples described below correct ligationsfor plas-
mid construction are confirmed by transforming F. coli K12
strain 294 (ATCC 31446) with the ligation mixture. Success-
ful transformants were selected by ampicillin or tetracycline
resistance depending on the mode of plasmid construction.
Plasmids from the transformants were then prepared, ana-
lyzed by restriction and/or sequenced by the method ofMess-
ing, et al, Nucleic Acids Res., 9:309 (1981) or by the method
of Maxam,et al, Methods in Enzymology, 65:499 (1980).

D.Outline of Procedures

D.1 Mammalian Antibodies

Thefirst type of antibody which formsa part of this inven-
tion, and is prepared by the methodsthereof, is “mammalian
antibody”-one wherein the heavy and light chains mimic the
amino acid sequences of an antibody otherwise produced by
a mature mammalian B lymphocyte either in situ or when
fused with an immortalized cell as part of a hybridomacul-
ture. In outline, these antibodies are produced as follows:

Messenger RNA coding for heavy or light chain is isolated
from a suitable source, either mature B cells or a hybridoma
culture, employing standard techniques of RNA isolation,
and the use of oligo-dT cellulose chromatographyto segre-
gate the poly-A mRNA.The poly-A mRNA may,further, be
fractionated to obtain sequencesof sufficient size to code for
the amino acid sequencesin the light or heavy chain of the
desired antibody as the case may be.

A cDNA library is then prepared from the mixture of
mRNA using a suitable primer, preferably a nucleic acid
sequence whichis characteristic ofthe desired cDNA.Such a
primer may be hypothesized and synthesized based on the
amino acid sequenceofthe antibody ifthe sequence is known.
In the alternative cDNA from unfractionated poly-A mRNA
from a cell line producing the desired antibody or poly-dT
may also be used. The resulting cDNA is optionally size
fractionated on polyacrylamide gel and then extended with,
for example, dC residues for annealing with pBR322 or other
suitable cloning vector which has been cleaved by a suitable
restriction enzyme, such as Pst I, and extended with dGresi-
dues. Alternative means of forming cloning vectors contain-
ing the cDNA using other tails and other cloning vector
remainder may, of course, also be used but the foregoing is a
standard and preferable choice. A suitable host cell strain,
typically £. coli, is transformed with the annealed cloning
vectors, and the successful transformants identified by means
of, for example, tetracycline resistance or other phenotypic
characteristic residing on the cloning vector plasmid.

Successful transformants are picked and transferred to
microtiter dishes or other support for further growth and
preservation. Nitrocellulose filter imprints of these growing
cultures are then probed with suitable nucleotide sequences
containing bases known to be complementary to desired
sequences in the cDNA.Several types of probe maybe used,
preferably synthetic single stranded DNA sequenceslabeled
by kinasing with ATP**. The cells fixed to the nitrocellulose
filter are lysed, the DNA denatured, and then fixed before
reaction with kinased probe. Clones which successfully
hybridize are detected by contact with a photoplate, then
plasmids from the growing colonies isolated and sequenced
by means knownin theart to verify that the desired portions
of the gene are present.
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The desired gene fragments are excised and tailored to
assure appropriate reading frame with the control segments
when inserted into suitable expression vectors. Typically,
nucleotides are added to the 5' end to includea start signal and
a suitably positionedrestriction endonucleasesite.

The tailored gene sequenceis then positioned in a vector
which contains a promoterin reading frame with the gene and
compatible with the proposedhost cell. A numberofplasmids
such as those described in U.S. Pat. Nos. 307,473; 291,892;
and 305,657, have been described which already contain the
appropriate promoters, control sequences, ribosome binding
sites, and transcription termination sites, as well as conve-
nient markers.

In the present invention, the gene coding for the light chain
and that coding for the heavy chain are recovered separately
by the procedures outlined above. Thus they maybe inserted
into separate expression plasmids, or together in the same
plasmid, so long as each is undersuitable promoterandtrans-
lation control.

The expression vectors constructed above are then used to
transform suitable cells. The light and heavy chains may be
transformedinto separate cell cultures, either of the same or
of differing species; separate plasmids for light and heavy
chain may be usedto co-transform a single cell culture,or,
finally, a single expression plasmid containing both genes and
capable ofexpressing the genesforboth light and heavy chain
maybe transformedinto a single cell culture.

Regardless of whichofthe three foregoing options is cho-
sen, the cells are grown under conditions appropriate to the
production of the desired protein. Such conditions are prima-
rily mandated by the type of promoter and control systems
used in the expression vector, rather than by the nature of the
desired protein. The protein thus producedis then recovered
from the cell culture by methods knownin the art, but choice
of which is necessarily dependent on the form in which the
protein is expressed. For example, it is common for mature
heterologous proteins expressed in £. coli to be deposited
within the cells as insoluble particles which require cell lysis
and solubilization in denaturant to permit recovery. On the
other hand, proteins under proper synthesis circumstances, in
yeast and bacterial strains, can be secreted into the medium
(yeast and gram positive bacteria) or into the periplasmic
space (gram negative bacteria) allowing recovery by less
drastic procedures. Tissue culture cells as hosts also appear, in
general, to permit reasonably facile recovery ofheterologous
proteins.

When heavyand light chain are coexpressed in the same
host, the isolation procedure is designed so as to recover
reconstituted antibody. This can be accomplishedin vitro as
described below, or might be possible in vivo in a microor-
ganism which secretes the IgG chains out of the reducing
environmentofthe cytoplasm. A moredetailed description is
given in D.2, below.

D.2 Chain Recombination Techniques

The ability ofthe method ofthe invention to produce heavy
and light chains or portions thereof, in isolation from each
other offers the opportunity to obtain unique and unprec-
edented assemblies of immunoglobulins, Fab regions, and
univalent antibodies. Such preparations require the use of
techniques to reassemble isolated chains. Such meansare
knownin the art, and it is, thus, appropriate to review them
here.

While single chain disulfide bond containing proteins have
been reduced and reoxidized to regenerate in high yield native
structure and activity (Freedman, R. B., et al. In Enzymology
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of Post Translational Modification of Proteins, I: 157-212
(1980) Academic Press, NY.), proteins which consist of dis-
continuous polypeptide chains held together by disulfide
bondsare moredifficult to reconstruct in vitro after reductive

cleavage. Insulin, a cameo case, has received much experi-
mentalattention over the years, and can now be reconstructed
so efficiently that an industrial process has been built around
it (Chance, R. E., et al., In Peptides: Proceedings of the
Seventh Annual American Peptide Symposium (Rich, D. H.
and Gross, E., eds.) 721-728, Pierce Chemical Co., Rockford,
Til. (1981)).

Immunoglobulin has proved a more difficult problem than
insulin. The tetrameris stabilized intra and intermolecularly
by, 15 or more disulfide bonds.It has been possible to recom-
bine heavy and light chains, disrupted by cleavage ofonly the
interchain disulfides, to regain antibody activity even without
restoration of the inter-chain disulfides (Edelman, G. M., et
al., Proc. Natl. Acad. Sci. (USA) 50: 753 (1963)). In addition,
active fragments of IgG formed by proteolysis (Fab frag-
ments of ~50,000 MW)canbesplit into their fully reduced
heavy chain andlight chain components andfairly efficiently
reconstructed to give active antibody (Haber, E., Proc. Natl.
Acad. Sci. (USA) 52: 1099 (1964); Whitney, P. L., et al., Proc.
Natl. Acad. Sci. (USA) 53: 524 (1965)). Attempts to reconsti-
tute active antibody from fully reduced native IgG have been
largely unsuccessful, presumably due to insolubility of the
reduced chains and of side products or intermediates in the
refolding pathway (see discussion in Freedman,M.H., et al.,
J. Biol. Chem. 241: 5225 (1966)). If, however, the immuno-
globulin is randomly modified by polyalanylation of its
lysines before complete reduction, the separated chains have
the ability to recover antigen-combining activity upon reoxi-
dation (ibid).

A particularly suitable method for immunoglobulin recon-
stitution is derivable from the now classical insulin recombi-

nation studies, wherein starting material was prepared by
oxidative sulfitolysis, thus generating thiol-labile S-sulfonate
groupsatall cysteines in the protein, non-reductively break-
ing disulfides (Chanceet al. (supra)). Oxidative sulfitolysis is
a mild disulfide cleavage reaction (Means, G. E., et al.,
Chemical Modification ofProteins, Holden-Day, San Fran-
cisco (1971)) which is sometimes more gentle than reduction
(Wetzel, R., Biochemistry, submitted (1983)), and which gen-
erates derivatives which are stable until exposed to mild
reducing agent at which timedisulfide reformation can occur
via thiol-disulfide interchange (Morehead, H., etal. Biochem-
istry, in press, (1983)). In the present invention the heavy and
light chain S-sulfonates generated by oxidative sulfitolysis
were reconstituted utilizing both air oxidation andthiol-dis-
ulfide interchange to drive disulfide bond formation. The
general procedure is set forth in detail in U.S. Pat. No. 452,
187, filed Dec. 22, 1982, incorporated herein by reference.

D.3 Variants Permitted by Recombinant Technology

Using the techniques described in paragraphs D.1 and D.2,
additional operations which were utilized to gain efficient
production of mammalian antibody can be varied in quite
straightforward and simple waysto producea great variety of
modifications of this basic antibody form. These variations
are inherent in the use of recombinant technology, which
permits modification at a genetic level of amino acid
sequences in normally encountered mammalian immunoglo-
bulin chains, and the great power of this approachlies in its
ability to achieve these variations, as well as in its potential for
economicandspecific production ofdesired scarce, and often
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contaminated, molecules. The variations also inhere in the
ability to isolate production of individual chains, and thus
create novel assemblies.

Briefly, since genetic manipulations permit reconstruction
of genomic material in the process of construction of expres-
sion vectors, such reconstruction can be manipulated to pro-
duce new coding sequences for the components of “natural”
antibodies or immunoglobulins. As discussed in further detail
below, the coding sequence for a mammalian heavy chain
may not be derived entirely from a single source or single
species, but portions of a sequence can be recovered by the
techniques described in D.1 from differing pools of mRNA,
such as murine-murine hybridomas, human-murine hybrido-
mas, or B cells differentiated in responseto a series ofantigen
challenges. The desired portions ofthe sequencesin each case
can be recovered using the probe and analysis techniques
described in D.1, and recombined in an expression vector
using the sameligation procedures as would be employed for
portions of the same model sequence. Such chimeric chains
can be constructed of any desired length; hence, for example,
acomplete heavy chain can be constructed, or only sequence
for the Fab region thereof.

The additionalarea of flexibility which arises from the use
ofrecombinant techniques results from the powerto produce
heavy andlight chains or fragments thereof in separate cul-
tures or of unique combinations of heavy and light chain in
the sameculture, andto prevent reconstitution ofthe antibody
or immunoglobulin aggregation until the suitable compo-
nents are assembled. Thus, while normal antibody production
results automatically in the formation of “mammalian anti-
bodies” because the light and heavy chain portions are con-
structed in response to a particular determinant in the same
cell, the methodsofthe present invention present the oppor-
tunity to assemble entirely new mixtures. Somewhatlimited
quantities of “hybrid” antibodies have been produced by
“quadromas”i.e., fusions of two hybridoma cell cultures
which permit random assemblies of the heavy and light
chains so produced.

The present invention permits a more controlled assembly
ofdesired chains, either by mixing the desired chainsinvitro,
or by transforming the same culture with the coding
sequences for the desired chains.

D.4 Composite Immunoglobulins

The foregoing procedure, which describes in detail the
recombinant production of mammalian antibodies is
employed with some modifications to construct the remain-
ing types of antibodies or NSIs encompassed by the present
invention. To prepare the particular embodiment of compos-
ite non-specific immunoglobulin wherein the homology of
the chains correspondsto the sequences of immunoglobulins
of different specificities, it is of course, only necessary to
prepare the heavy and light chains in separate cultures and
reassemble them as desired.

For example, in order to make an anti-CEA light chain/
anti-hepatitis heavy chain composite antibody, a suitable
source for the mRNAused as a template for the light chain
clone would comprise, for instance, the anti CEA producing
cell line ofparagraph E.1. The mRNA corresponding to heavy
chain would be derived from B cells raised in response to
hepatitis infection or from hybridomainwhichthe B cell was
of this origin. It is clear that such composites can be
assembled using the methodsofthe invention almostat will,
and are limited only by available sources of mRNA suitable
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for use as templates for the respective chains. All other fea-
tures of the process are similar to those described above.

D.5 Hybrid Antibodies

Hybrid antibodies are particularly useful as they are
capable of simultaneousreaction with more than one antigen.
Pairs of heavy and light chains corresponding to chains of
antibodies for different antigens, such as those set forth in
paragraph D.4 are prepared in four separate cultures, thus
preventing premature assembly of the tetramer. Subsequent
mixing of the four separately prepared peptides then permits
assembly into the desired tetramers. While random aggrega-
tion may lead to the formation of considerable undesired
product, that portion of the product in which homologous
light and heavy chains are bound to each other and mis-
matched to another pair gives the desired hybrid antibody.

D.6 Chimeric Antibodies

For construction of chimeric antibodies (wherein, for
example, the variable sequences are separately derived from
the constant sequences) the procedures of paragraph D.1 and
D.2 are again applicable with appropriate additions and modi-
fications. A preferred procedureis to recover desired portions
of the genes encoding for parts of the heavy andlight chains
from suitable, differing, sources and then to religate these
fragments using restriction endonucleases to reconstruct the
gene coding for each chain.

For example, ina particularly preferred chimeric construc-
tion, portions of the heavy chain gene andofthe light chain
gene which encodethe variable sequences of antibodies pro-
duced by a murine hybridoma culture are recovered and
cloned from this culture and gene fragments encoding the
constant regions of the heavy and light chains for human
antibodies recovered and cloned from, for example, human
myeloma cells. Suitable restriction enzymes may then be
used to ligate the variable portions of the mouse geneto the
constant regions ofthe humangenefor each ofthe two chains.
The chimeric chains are producedas set forth in D.1, aggre-
gated as set forth in D.2 and used in the same manneras the
non-chimeric forms. Of course, any splice point in the chains
can be chosen.

D.7 Altered Antibodies

Altered antibodies present, in essence, an extension of
chimeric ones. Again, the techniques of D.1 and D.2 are
applicable; however, rather than splicing portions of the
chain(s), suitable amino acid alterations, deletions or addi-
tions are made using available techniques such as mutagen-
esis (supra). For example, genes which encode antibodies
having diminished complementfixation properties, or which
have enhanced metal binding capacities are prepared using
such techniques. The latter type may, for example, take
advantage of the known gene sequence encoding metalothio-
nein II (Karin, M., et al., Nature, 299: 797 (1982)). The
chelating properties of this molecular fragment are useful in
carrying heavy metals to tumorsites as an aid in tumor imag-
ing (Scheinberg, D. A., et al., Science, 215: 19 (1982).

D.8 Univalent Antibodies

In another preferred embodiment, antibodies are formed
which comprise one heavy andlight chain pair coupled with
the Fc region of a third (heavy) chain. These antibodies have
a particularly useful property. They can, like ordinary anti-
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bodies, be usedto target antigenic surfaces oftissues, such as
tumors, but, unlike ordinary antibodies, they do not cause the
antigenic surfaces of the target tissue to retreat and become
non-receptive. Ordinary antibody useresults in aggregation
and subsequentinactivation, for several hours, ofsuch surface
antigens.

The method of construction of univalent antibodies is a

straightforward application of the invention. The gene for
heavy chain of the desired Fe region is cleaved byrestriction
enzymes, and only that portion coding for the desired Fe
region expressed. This portion is then bound using the tech-
nique of D.2 to separately produced heavy chain the desired
pairs separated from heavy/heavy and Fe/Fe combinations,
and separately producedlight chain added. Pre-binding ofthe
two heavy chain portions thus diminishes the probability of
formation of ordinary antibody.

D.9 Fab Protein

Similarly, it is not necessary to include the entire gene for
the heavy chain portion. All of the aforementioned variations
can be superimposed on a procedure for Fab protein produc-
tion and the overall procedure differs only in that that portion
of the heavy chain coding for the amino terminal 220 amino
acids is employed in the appropriate expression vector.

E. Specific Examples of Preferred Embodiments

The invention has been described above in general terms
and there follow several specific examples of embodiments
whichset forth details of experimental procedure in produc-
ing the desired antibodies. Example E.1 sets forth the general
procedure for preparing anti CEA antibody components, i.e.
for a “mammalian antibody”. Example E.3 sets forth the
procedure for reconstitution and thus is applicable to prepa-
ration ofmammalian, composite, hybrid and chimeric immu-
noglobulins, and Fab proteins and univalent antibodies.
Example E.4 sets forth the procedure for tailoring the heavy
or light chain so that the variable and constant regions may be
derived from different sources. Example E.5 sets forth the
method of obtaining a shortened heavy chain genome which
permits the production ofthe Fab regions and, in an analogous
manner, Fe region.

The examplesset forth below are includedfor illustrative
purposes and do notlimit the scope of the invention.

E.1 Construction of Expression Vectors for Murine Anti-
CEA Antibody Chains and Peptide Synthesis

Carcinoembryonic antigen (CEA) is associated with the
surface ofcertain tumorcells ofhuman origin (Gold,P., etal.,
J. Exp. Med., 122: 467 (1965)). Antibodies which bind to
CEA(anti-CEA antibodies) are useful in early detection of
these tumors (Van Nagell, T. R., et al., Cancer Res. 40: 502
(1980)), and have the potential for use in treatment of those
human tumors which appearto support CEAattheir surfaces.
A mouse hybridomacell line which secretes anti-CEA anti-
bodies of the Igy, class, CEA.66-E3, has been prepared as
described by Wagener, C,et al., J. Jmmunol. (in press) which
is incorporated herein by reference, and was used as mRNA
source. The production of anti CEA antibodies by this cell
line was determined. The N-terminal sequencesof the anti-
bodies produced by these cells was compared with those of
monoclonal anti CEA as follows. Purified IgG was treated
with PCAse(Podell, D. N., et al., BBRC 81: 176 (1978)), and
then dissociated in 6M guanidine hydrochloride, 10 mM
2-mercaptoethanol (1.0 mg of immunoglobulin, 5 min, 100°
C. water bath). The dissociated chains were separated on a
Waters Associates alkyl phenyl column using a linear gradi-
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ent from 100 percent A (0.1 percent TFA-water) to 90 percent
B (TFA/H,O/MeCN 0.1/9.9/90)at a flow rate of 0.8 ml/min.
Three major peaks were eluted and analyzed on SOSgels by
silver staining. Thefirst two peaks were pure light chain (MW
25,000 daltons), the third peak showed a (7:3) mixture of
heavy and light chain. 1.2 nmoles of light chain were
sequenced by the methodof Shively, J. E., Methods in Enzy-
mology, 79: 31 (1981), with an NH.-terminal yield of 0.4
nmoles. A mixture of heavy andlight chains (3 nmoles) was
also sequenced, and sequence of light chain was deducted
from the double sequenceto yield the sequence of the heavy
chain.

In the description which follows, isolation and expression
of the genes for the heavy and light chains for anti CEA
antibody produced by CEA.66-E3 are described. As the con-
stant regions of these chains belong to the gammaand kappa
families, respectively, “light chain” and “kappa chain”, and
“heavy chain” and “gamma chain”, respectively, are used
interchangeably below.

E.1.1 Isolation ofMessenger RNA forAnti CEA Light and
Heavy (Kappa and Gamma) Chains

Total RNA from CEA.66-E3 cells was extracted essen-

tially as reported by Lynchetal, Virology, 98: 251 (1979).
Cells were pelleted by centrifugation and approximately 1 g
portions of pellet resuspended in 10 ml of 10 mM NaCl, 10
mMTris HCl (pH 7.4), 1.5 mM MgCl. The resuspendedcells
were lysed by addition ofnon-ionic detergent NP-40 to a final
concentration of 1 percent, and nuclei removed by centrifu-
gation. After addition of SDS (pH 7.4) to 1 percent final
concentration, the supernatant was extracted twice with 3 ml
portions of phenol (redistilled)/chloroform:isoamyl alcohol
25:1 at 4° C. The aqueous phase was made 0.2 M in NaCl and
total RNA wasprecipitated by addition oftwo volumes of 100
percent ethanol and overnight storage at -20° C. After cen-
trifugation, polyA mRNA waspurified from total RNA by
oligo-dT cellulose chromatography as described by Aviv and
Leder, Proc. Nat'l. Acad. Sci. (USA), 69: 1408 (1972). 142 ug
of polyA mRNAwasobtained from 1 g cells.

E.1.2 Preparation of £. coli Colony Library Containing
Plasmids with Heavy and Light DNA SequenceInserts

5 ug of the unfractionated polyA mRNApreparedin para-
graph E.1.1 was used as template for oligo-dT primedprepa-
ration of double-stranded (ds) cDNA by standard procedures
as described by Goeddelet al., Nature 281: 544 (1979) and
Wickenset al., J. Biol. Chem. 253: 2483 (1978) incorporated
herein by reference. The cDNA wassize fractionated by 6
percent polyacrylamide gel electrophoresis and 124 ng of ds
cDNAgreater than 600 base pairs in length was recovered by
electroelution. A 20 ng portion of ds cDNA was extended
with deoxy C residues using terminal deoxynucleotidyl trans-
ferase as described in Changet al., Nature 275: 617 (1978)
incorporated herein by reference, and annealed with 200 ng of
the plasmid pBR322 (Bolivaretal., Gene 2: 95 (1977)) which
had been cleaved with Pst I and tailed with deoxy G. Each
annealed mixture was then transformedinto £. co/i 12 strain

294 (ATCC No. 31446). Approximately 8500 ampicillin sen-
sitive, tetracycline resistant transformants were obtained.

E.1.3 Preparation of Synthetic Probes
The 14mer, 5' GGTGGGAAGATGGA3' complementary

to the coding sequence of constant region for mouse
MOPC21 kappa chain which begins 25 basepairs 3' of the
variable region DNA sequence was used as kappa chain
probe. A 15 mer, 5' GACCAGGCATCCCAG3', complemen-
tary to a coding sequence located 72 basepairs 3' of the
variable region DNA sequence for mouse MOPC21 gamma
chain was used to probe gammachain gene.
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Both probes were synthesized by the phosphotriester
method described in German Offenlegungschrift 2644432,
incorporated herein by reference, and made radioactive by
kinasing as follows: 250 ng of deoxyoligonucleotide were
combinedin 25 ul of 60 mM Tris HCl (pH 8), 10 mM MgCl,
15 mMbeta-mercaptoethanol, and 100 Ci (y-*?P) ATP (Am-
ersham, 5000 Ci/mMole). 5 units ofT4 polynucleotide kinase
were added andthe reaction was allowedto proceed at 37° C.
for 30 minutes and terminated by addition of EDTA to 20
mM.

E.1.4 Screening of Colony Library for Kappa or Gamma
Chain Sequences

~2000 colonies prepared as described in paragraph E.1.2
were individually inoculated into wells of microtitre dishes
containing LB (Miller, Experiments in Molecular Genetics,
p. 431-3, Cold Spring Harbor Lab., Cold Spring Harbor, N.Y.
(1972))+5 ug/mltetracycline and stored at —20° C.after addi-
tion of DMSO to 7 percent. Individual colonies from this
library were transferred to duplicate sets of Schleicher and
Schuell BA85/20 nitrocellulose filters and grown on agar
plates containing LB+5 ug/mltetracycline. After ~10 hours
growth at 37° C. the colony filters were transferred to agar
plates containing LB+5 pg/ml tetracycline and 12.5 ug/ml
chloramphenicol and reincubated overnight at 37° C. The
DNA from each colony was then denatured andfixed to the
filter by a modification of the Grunstein-Hogness procedure
as described in Grunstein et al., Proc. Natl. Acad. Sci. (USA)
72: 3961 (1975), incorporated herein by reference. Eachfilter
wasfloated for 3 minutes on 0.5 N NaOH,1.5 M NaClto lyse
the colonies and denature the DNA then neutralized by float-
ing for 15 minutes on3 M NaCl, 0.5 M Tris HCl (pH 7.5). The
filters were then floated for an additional 15 minutes on

2xSSC, and subsequently baked for 2 hours in an 80° C.
vacuum oven. Thefilters were prehybridized for ~2 hours at
room temperature in 0.9 M NaCl, 1xDenhardts, 100 mM Tris
HCl (pH 7.5), 5 mM Na-EDTA, 1 mM ATP, 1 M sodium
phosphate (dibasic), 1 mM sodium pyrophosphate, 0.5 per-
cent NP-40, and 200 ug/ml F. coli t-RNA, and hybridized in
the samesolution overnight, essentially as described by Wal-
lace et al. Nucleic Acids Research 9: 879 (1981) using ~40x
10° cpm of either the kinased kappa or gamma probe
described above.

After extensive washing at 37° C. in 6xSSC, 0.1 percent
SDS, the filters were exposed to Kodak XR-5 X-ray film with
DuPont Lightning-Plusintensifying screens for 16-24 hours
at -80° C. Approximately 20 colonies which hybridized with
kappa chain probe and 20 which hybridized with gamma
chain probe were characterized.

E.1.5 Characterization of Colonies which Hybridize to
Kappa DNA Sequence Probe

Plasmid DNAsisolated from several different transfor-

mants which hybridized to kappa chain probe were cleaved
with Pst I and fractionated by polyacrylamide gel electro-
phoresis (PAGE). This analysis demonstrated that a number
of plasmid DNAs contained cDNA inserts large enough to
encode full length kappa chain. The complete nucleotide
sequence of the cDNA insert of one of these plasmids was
determined by the dideoxynucleotide chain termination
method as described by Smith, Methods Enzymol. 65, 560
(1980) incorporated herein by reference after subcloning
restriction endonuclease cleavage fragments into M13 vec-
tors (Messinget al., Nucleic Acids Research 9: 309 (1981).
FIG. 2 showsthe nucleotide sequence of the cDNA insert of
pK17G4and FIG.3 showsthe gene sequence with the corre-
sponding amino acid sequence. Thus,the entire coding region
ofmouse anti-CEA kappa chain wasisolated on this one large
DNA fragment. The amino acid sequence of kappa chain,
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deduced from the nucleotide sequence of the pK17G4 cDNA
insert, corresponds perfectly with the first 23 N-terminal
amino acids ofmature mouse anti-CEA kappachain as deter-
mined by amino acid sequence analysis of purified mouse
anti-CEA kappa chain. The coding region of pK17G4 con-
tains 27 basepairs or 9 amino acids of the presequence and
642 basepairs or 214 amino acids of the mature protein. The
mature unglycosylated protein (MW 24,553) has a variable
region of 119 aminoacids, including the J1 joining region of
12 aminoacids, and a constant region of 107 amino acids.
After the stop codon behind aminoacid 215 begins 212 base-
pairs of 3' untranslated sequence up to the polyA addition.
The kappa chain probeusedto identify pX17G4 hybridizes to
nucleotides 374-388 (FIG.2).

E.1.6 Characterization of Colonies which Hybridize to
Gamma 1 DNA Probe

Plasmid DNAisolated from several transformantspositive
for hybridization with the heavy chain gamma 1 probe was
subjected to Pst I restriction endonuclease analysis as
described in E.1.5. Plasmid DNAs demonstrating the largest
cDNA insert fragments were selected for further study.
Nucleotide sequence coding for mouse heavy (gamma-1)
chain, shows an Ncolrestriction endonuclease cleavagesite
near the junction between variable and constant region.
Selected plasmid DNAs were digested with both PstI and
NcoI and sized on polyacrylamide. This analysis allowed
identification ofa numberofplasmid DNAsthat contain Neol
restriction endonuclease sites, although none that demon-
strate cDNA insert fragments large enough to encode the
entire coding region of mouse anti-CEA heavy chain.

In one plasmidisolated, p y298 the cDNA insert of about
1300 bp contains sequence information forthe 5' untranslated
region, the signal sequence and the N-terminal portion of
heavy chain. Because py298 did not encode the C-terminal
sequence for mouse anti-CEA gamma1 chain, plasmid DNA
wasisolated from other colonies and screened with PstI and

NcoI. The C-terminal region of the cDNAinsert of py11 was
sequenced and shownto contain the stop codon, 3' untrans-
lated sequence andthat portion of the coding sequence miss-
ing from p y298.

FIG.4 presents the entire nucleotide sequence of mouse
anti-CEA heavy chain (as determined by the dideoxynucle-
otide chain termination method of Smith, Methods Enzymol.,
65: 560 (1980)) and FIG. 5 includes the translated sequence.

The amino acid sequence of gamma 1 (heavy chain)
deduced from the nucleotide sequence of the py298 cDNA
insert correspondsperfectly to the first 23 N-terminal amino
acids of mature mouse anti-CEA gamma 1 chain as deter-
mined by amino acid sequence analysis of purified mouse
anti-CEA gamma-1 chain. The coding region consists of 57
basepairs or 19 amino acids of presequences and 1346 base-
pairs or 447 aminoacids of mature protein. The mature ung-
lycosolated protein (MW 52,258) has a variable region of 135
aminoacids, including a D region of 12 aminoacids, and a J4
joining region of 13 aminoacids. The constant region is 324
amino acids. After the stop codon behind amino acid 447
begins 96 bp of 3' untranslated sequences up to the polyA
addition. The probe used to identify py298 and py11 hybrid-
ized to nucleotides 528-542 (FIG.4).

E.1.7 Construction of a Plasmid for Direct Expression of
Mouse Mature Anti-CEA Kappa Chain Gene, pKCE-
Atrp207-1*

FIG.6 illustrates the construction of pKCEAtrp207-1*
First, an intermediate plasmid pHGH207-1™, having a

single trp promoter, was prepared as follows:
The plasmid pHGH 207 (described in U.S. Pat. No. 307,

473, filed Oct. 1, 1981) has a double lac promoter followed by
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the trp promoter, flanked by EcoR I sites and was used to
prepare pHGH207-1. pHGH207wasdigested with BamH 1,
followed by partial digestion with EcoR I. The largest frag-
ment, which containstheentire trp promoter, was isolated and
ligated to the largest EcoR I-BamHI fragmentfrom pBR322,
and the ligation mixture used to transform E. coli 294. Tet®
Amp* colonies were isolated, and most of them contained
pHGH207-1. pHGH207-1" which lacks the EcoR1 site
between the amp* geneandthe trp promoter, was obtained by
partial digestion of pHGH207-1 with EcoR I, filling in the
ends with Klenow and dNTPs,andreligation.

5 ug of pHGH207-1™ was digested with EcoRI, and the
ends extended to blunt ends using 12 units of DNA Poly-
merase I ina 50 ul reaction containing 60 mM NaCl, 7 mM
MgCl,, 7 mM Tris HCl (pH 7.4) and 1 mM in each dNTPat
37° C. for 1 hour, followed by extraction with phenol/CHCl,
and precipitation with ethanol. The precipitated DNA was
digested with BamH I, and the large vector fragment (frag-
ment 1) purified using 5 percent polyacrylamide gel electro-
phoresis, electroelution, phenol/CHCl, extraction and etha-
nol precipitation.

The DNA was resuspendedin 50 wl of 10 mM Tris pH 8, 1
mM EDTAandtreated with 500 units Bacterial Alkaline

Phosphatase (BAP) for 30' at 65° followed by phenol/CHCl,
extraction and ethanolprecipitation.

A DNA fragment containing part of the light chain
sequence waspreparedas follows: 7 ug ofpXk17G4 DNA was
digested with Pst I and the kappa chain containing cDNA
insert wasisolated by 6 percentgel electrophoresis, and elec-
troelution. After phenol/CHCl, extraction, ethanol precipita-
tion and resuspension in water, this fragment was digested
with Ava II. The 333 bp Pst I-Ava I] DNA fragment was
isolated and purified from a 6 percent polyacrylamidegel.

A 15 nucleotide DNA primerwas synthesized by the phos-
photriester method G. O. 2,644,432 (supra) and hasthe fol-
lowing sequence:

Met Asp Ile Val Met
ATG GAC ATT GTT ATG 3!5

The 5' methionineservesas theinitiation codon. 500 ng of
this primer was phosphorylated at the 5' end with 10 units T4
DNAkinase in 20 ul reaction containing 0.5 mM ATP. ~200
ng ofthe Pst I-Ava II DNA fragment was mixed with the 20 ul
of the phosphorylated primer, heated to 95° C. for 3 minutes
and quick frozen in a dry-ice ethanol bath. The denatured
DNAsolution was made 60 mM NaCl, 7 mM MgCl, 7 mM
Tris HCI (pH 7.4), 12 mM in each dNTP and 12 units DNA
Polymerase I-Large Fragment was added. After 2 hours incu-
bation at 37° C. this primer repair reaction was phenol/CHCl,
extracted, ethanol precipitated, and digested to completion
with Sau 3A. The reaction mixture wasthen electrophoresed
on a 6 percent polyacrylamide gel and ~50 ng of the 182
basepair amino-terminal blunt-end to Sau 3A fragment(frag-
ment 2) was obtained after electroelution.

100 ng of fragment1 (supra) and 50 ng of fragment 2 were
combined in 20 ul of 20 mM Tris HCl (pH 7.5), 10 mM
MgCl,, 10 mM DTT, 2.5 mM ATP and 1 unit of 14 DNA
ligase. After overnight ligation at 14° C. the reaction was
transformed into FE. coli K12 strain 294. Restriction endonu-

clease digestion ofplasmid DNA from a numberofampicillin
resistant transformants indicated the proper construction and
DNA sequence analysis proved the desired nucleotide
sequence through the initiation codon of this new plasmid,
pKCEAInt1 (FIG.6).
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The remainder of the coding sequence of the kappalight
chain gene waspreparedas follows:

The Pst I cDNA insert fragment from 7 ug of K17G4 DNA
waspartially digested withAva IJ and theAva II cohesive ends
were extended to blunt ends in a DNA Polymerase I large
fragment reaction. Following 6 percent polyacrylamide gel
electrophoresis the 686 basepair Pst I to blunt ended Ava II
DNA fragmentwasisolated, purified and subjected to Hpa I
restriction endonuclease digestion. The 497 basepair HpaII
to blunt ended Ava IIT DNA fragment (fragment 3) wasiso-
lated and purified after gel electrophoresis.

10 ug of pKCEAIntl DNA was digested with Ava I,
extended with DNA polymerase I large fragment, and
digested with Xba IJ. Both the large blunt ended Ava I to Xba
I vector fragment and the small blunt ended Ava I to Xba I
fragment were isolated and purified from a 6 percent poly-
acrylamide gel after electrophoresis. The large vector frag-
ment (fragment 4) was treated with Bacterial Alkaline Phos-
phatase (BAP), and the small fragment wasdigested with Hpa
II, electrophoresed on a 6 percent polyacrylamide and the 169
basepair Xba I]-Hpa II DNA fragment (fragment 5) was puri-
fied. ~75 ng of fragment 4, ~50 ng of fragment 3 and ~50 ng
offragment 5 were combined in a T4 DNAligase reaction and
incubated overnight at 14°, and the reaction mixture trans-
formed into £. coli K12 strain 294. Plasmid DNA from six

ampicillin resistant transformants were analyzed byrestric-
tion endonuclease digestion. One plasmid DNA demon-
strated the proper construction and was designated
pKCEAInt2.

Final construction was effected by ligating the K-CEA
fragment, including the trp promoter from pKCEAInt2 into
pBR322(XAP). (pBR322(XAP) is prepared as described in
US.Pat. No. 452,227, filed Dec. 22, 1982.)

The K-CEA fragment was prepared by treating
pKCEAInt2 withAva I, blunt ending with DNA polymerase I
(Klenow fragment) in the presence ofDNTPs,digestion with
Pst I and isolation of the desired fragment by gel electro-
phoresis andelectroelution.

The large vector fragment from pBR322(XAP) was pre-
pared by successive treatment with EcoRI, blunt ending with
polymerase, and redigestion with Pst I, followed byisolation
of the large vector fragment by electrophoresis and electro-
elution.

The K-CEA andlarge vector fragments as prepared in the
preceding paragraphs were ligated with T4 DNAligase, and
the ligation mixture transformed into £. coli as above. Plas-
mid DNA from several ampicillin resistant transformants
were selected for analysis, and one plasmid DNA demon-
strated the proper construction, and was designated pKCE-
Atrp207-I*.

E.1.8 Construction of a Plasmid Vector for Direct Expres-
sion of Mouse Mature Anti-CEA Heavy (Gamma 1) Chain
Gene, pyCEAtrp207-1*

FIG. 7 illustrates the construction of pyCEAtrp207-1*.
This plasmid was constructed in two parts beginning with
construction of the C-terminal region of the gamma1 gene.

5 ug of plasmid pHGH207-1* was digested with Ava I,
extended to blunt ends with DNA polymerase I large frag-
ment (Klenow fragment), extracted with phenol/CHCl,, and
ethanol precipitated. The DNA was digested with BamH I
treated with BAP andthe large fragment (fragment A) was
purified by 6 percent polyacrylamide gel electrophoresis and
electroelution.

~5 ug ofpyl1 was digested with Pst I and the gamma chain
cDNA insert fragment containing the C-terminal portion of
the gene waspurified, digested withAva I] followed by exten-
sion ofthe Ava II cohesive ends with Klenow,followed by Taq
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I digestion. The 375 basepair blunt ended Ava II to Taq I
fragment (fragment B) wasisolated and purified by gel elec-
trophoresis andelectroelution.

9 ug of py298 was digested with Taq I and BamH I for
isolation of the 496 basepair fragment (fragment C).

Approximately equimolar amounts offragments A, B, and
C wereligated overnight at 14° in 20 ul reaction mixture, then
transformed into £. coli strain 294. The plasmid DNA from
six ampicillin resistant transformants was committed to
restriction endonuclease analysis and one plasmid DNA,
named pyCEAInt, demonstrated the correct construction of
the C-terminal portion of gamma 1 (FIG. 5).

To obtain the N-terminal sequences, 30 pg of py298 was
digested with Pst I and the 628 basepair DNA fragment
encoding the N-terminal region of mouse anti-CEA gamma
chain was isolated and purified. This fragment was further
digested with Alu J and RsaI for isolation of the 280 basepair
fragment. A 15 nucleotide DNA primer

met glu val met leu
5' ATG GAA GTG ATG CTG 3!

was synthesized by the phosphotriester method (supra).
The 5' methionineservesas theinitiation codon. 500 ng of

this synthetic oligomer primer was phosphorylated at the 5'
end in a reaction with 10 units T4 DNA kinase containing 0.5
mM ATP in 20 ul reaction mixture. ~500 ng of the 280
basepair Alu I-Rsa I] DNA fragment was mixed with the
phosphorylated primer. The mixture was heat denatured for 3
minutes at 95° and quenched in dry-ice ethanol. The dena-
tured DNA solution was made 60 mM NaCl, 7 mM MgCl,, 7
mM Tris HCl (pH 7.4), 12 mM in each dNTP and 12 units
DNA Polymerase I-Large Fragment was added. After 2 hours
incubation at 37° C., this primer repair reaction was phenol/
CHCl, extracted, ethanol precipitated, and digested to
completion with Hpall. ~50 ng of the expected 125 basepair
blunt-end to Hpa II DNAfragment(fragment D) waspurified
from the gel.

Asecondaliquot ofpy298 DNAwasdigestedwith PstI, the
628 basepair DNA fragment purified by polyacrylamide gel
electrophoresis, and further digested with BamH I and HpaII.
The resulting 380 basepair fragment (fragment E) was puri-
fied by gel electrophoresis.

~5 ug ofpyCEAIntl was digested with EcoRI, the cohesive
ends were made flush with DNA polymerase I (Klenow),
further digested with BamHI, treated with BAPandelectro-
phoresed on a 6 percent polyacrylamide gel. The large vector
fragment (fragment F) wasisolated and purified.

In a three fragment ligation, 50 ng fragment D, 100 ng
fragment E, and 100 ng fragment F were ligated overnight at
4° in a 20 ul reaction mixture and used to transform £. coli
K12 strain 294. The plasmid DNAsfrom 12 ampicillin resis-
tant transformants were analyzed for the correct construction
and the nucleotide sequence surroundingtheinitiation codon
wasverified to be correct for the plasmid named pyCEAInt2.

The expression plasmid, pyCEAtrp207-I* used for expres-
sion of the heavy chain geneis prepared by a 3-wayligation
using the large vector fragment from pBR322(XAP)(supra)
and two fragments prepared from pyCEAInt2.

pBR322(XAP) was treated as above by digestion with
EcoR1, blunt ending with DNA polymerase (Klenow)in the
presence of dNTPs, followed by digestion with Pst I, and
isolation of the large vector fragment by gel electrophoresis.
A 1543 base pair fragment from pyCEAInt2 containing trp
promoter linked with the N-terminal coding region of the
heavy chain gene wasisolated by treating pyCEAInt2 with Pst
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I followed by BamHI, andisolation of the desired fragment
using PAGE. The 869 base pair fragment containing the
C-terminal coding portion ofthe gene waspreparedbypartial
digestion of pyCEAInt2 with Ava I, blunt ending with Kle-
now, and subsequent digestion with BamH I, followed by
purification of the desired fragment by gel electrophoresis.

The aforementioned three fragments were then ligated
under standard conditions using T4 DNA ligase, and a liga-
tion mixture used to transform F. coli strain 294. Plasmid

DNAsfrom several tetracycline resistant transformants were
analyzed; one plasmid DNA demonstrated the proper con-
struction and was designated pyCEAtrp207-1™.

E.1.9 Production of Immunoglobulin Chains by £. coli
E. coli strain W3110 (ATTC No.27325) was transformed

with pyCEAtrp207-1™ or pXCEAtrp207-1* using standard
techniques.

To obtain double transformants, #. coli strain W3110 cells
were transformedwith a modified pKCEAtrp207-1™, pKCE-
Atrp207-1"A, which had been modified by cleaving a Pst
I-Pvu I fragment from the amp* geneandreligating. Cells
transformed with pKCEAtrp207-1*A are thus sensitive to
ampicillin but still resistant to tetracycline. Successful trans-
formants were retransformed using pyCEAInt2 which con-
fers resistance to ampicillin but not tetracycline. Cells con-
taining both pKCEAtrp207-1*A and pyCEAInt2 thus
identified by growth in a medium containing both ampicillin
and tetracycline.

To confirm the production of heavy and/or light chains in
the transformed cells, the cell samples were inoculated into
M9tryptophan free medium containing 10 pg/ml tetracy-
cline, and induced with indoleacrylic acid (AA) when the
OD 550 reads 0.5. The induced cells were grown at 37° C.
during various time periods and then spun down, and sus-
pended in TE buffer containing 2 percent SDS and 0.1 M
6-mercaptoethanol and boiled for 5 minutes. A 10x volume of
acetone was addedandthe cells kept at 22° C. for 10 minutes,
then centrifuged at 12,000 rpm. The precipitate was sus-
pended in O’Farrell SDS sample buffer (O’Farrell, P. H., /
Biol. Chem., 250: 4007 (1975)); boiled 3 minutes, recentri-
fuged, and fractionated using SDS PAGE(10 percent), and
stained with silver stain (Goldman, D.et al., Science 211:
1437 (1981)); or subjected to Western blot using rabbit anti-
mouse IgG (Burnett, W. N., et al., Anal. Biochem. 112: 195
(1981)), for identification light chain and heavy chain.

Cells transformed with pyCEAtrp207-1* showed bands
upon SDS PAGEcorresponding to heavy chain molecular
weight as developed by silver stain. Cells transformed with
pKCEAtrp207-1* showedthe proper molecular weight band
for light chain as identified by Western blot; double trans-
formed cells showed bands for both heavy and light chain
molecular weight proteins when developed using rabbitanti-
mouse IgG by Western blot. These results are shown in FIGS.
8A, 8B, and 8C.

FIG. 8A showsresults developedbysilver stain from cells
transformed with pyCEAtrp207-1™. Lane 1 is monoclonal
anti-CEA heavy chain (standard) from CEA.66-E3. Lanes
2b-5b are timed samples 2 hrs, 4 hrs, 6 hrs, and 24 hrs after
JAA addition. Lanes 2a-5a are corresponding untransformed
controls; Lanes 2c-5¢ are corresponding uninducedtransfor-
mants.

FIG. 8B shows results developed by Western blot from
cells transformed with pXCEAtrp207-1™. Lanes 1b-6b are
extracts from induced cells immediately, 1 hr, 3.5 hrs, 5 hrs, 8
hrs, and 24 hrs after IAA addition, and 1a-6a corresponding
uninduced controls. Lane 7 is an extract from a pyCE-
Atrp207-1* control, lanes 8, 9, and 10 are varying amounts of
anti CEA-kappa chain from CEA.66-E3cells.
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FIG. 8C showsresults developed by Western blot from four
colonies ofdouble transformedcells 24 hours after [AA addi-

tion (lanes 4-7). Lanes 1-3 are varying amounts of mono-
clonal gamma chain controls, lanes 8 and 9 are untransformed
and pyCEAtrp207-1™ transformed cell extracts, respectively.

In another quantitative assay, frozen, transformed E. coli
cells grown according to E.1.10 (below) were lysed by heat-
ing in sodium dodecyl] sulfate (SDS)/y-mercaptoethanolcell
lysis buffer at 100°. Aliquots were loaded on an SDS poly-
acrylamide gel next to lanes loaded with various amounts of
hybridomaanti-CEA.The gel was developed by the Western
blot, Bumett (supra), using '*I-labeled sheep anti-mouse
IgG antibody from New England Nuclear. The results are
shown in FIG. 9. The figure showsthat the E. coli products
co-migrate with the authentic hybridoma chains, indicating
no detectable proteolytic degradation in F. coli. Heavy chain
from mammalian cells is expected to be slightly heavier than
E. coli material due to glycosylation in the former. Using the
hybridomalanes as a standard, the following estimates of
heavy and light chain production were made:

(Per gram ofcells)

E. coli (W3110/pyCE Atrp207-1*)
E. coli (W3110/pKCEAtrp207-1*)
E. coli (W3110/pKCEAtrp207-1*A, pyCEAInt2)

5 mgy
1.5 mgk
0.5 mg K, 1.0 mgy

E.1.10 Reconstitution of Antibody from Recombinant K
and Gamma Chains

In order to obtain heavy and light chain preparations for
reconstitution, transformed cells were grown in larger
batches, harvested and frozen. Conditions of growth of the
variously transformedcells were as follows:

E. coli (W3110/pyCEAtrp207-1") were inoculated into
500 ml LB medium containing 5 pg/ml tetracycline and
grown on a rotary shaker for 8 hours. The culture was then
transferred to 10 liters of fermentation medium containing
yeast nutrients, salts, glucose, and 2 g/ml tetracycline. Addi-
tional glucose was added during growth and at OD 550=20,
indoleacrylic (IAA), a trp derepressor, was added to a con-
centration of 50 g/ml. The cells were fed additional glucose
to a final OD 550=40, achieved approximately 6 hours from
the IAA addition.

E. coli (W3110)cells transformed with pXCEAtrp 207-1*
and double transformed (with pKCEAtrp207-1*A and
pyCEAInt2) were grown in a manner analogous to that
described above except that the OD 550 six hours after IAA
addition at harvest was 25-30.

The cells were then harvested by centrifugation, and fro-zen.

E.2 Assay Method for Reconstituted Antibody
Anti-CEA activity was determined by ELISA asa criterion

for successful reconstitution. Wells of microtiter plates (Dy-
natech Immulon) were saturated with CEA byincubating 100
ul of 2-5 ug CEA/mlsolution in 0.1M carbonate buffer, pH
9.3 for 12 hours at room temperature. The wells were then
washed 4 times with phosphate buffered saline (PBS), and
then saturated with BSA by incubating 200 ul of 0.5 percent
BSA in PBSfor 2 hours at 37° C., followed by washing 4
times with PBS. Fifty microliters of each sample was applied
to each well. A standard curve (shown in FIG. 10), was run,
which consisted of 50 ul samples of 10 ug, 5 wg, 1 ug, 500 ng,
100 ng, 50 ng, 10 ng, 5 ng and 1 ng anti-CEA/mlin 0.5 percent
BSA in PBS,plus 50 ul of 0.5 percent BSA in PBS alone as a
blank. All of the samples were incubated in the plate for 90
minutes at 37° C.
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The plates were then washed 4 times with PBS, and sheep
anti-mouse IgG-alkaline phosphate (TAGO, Inc.) was
applied to each well by adding 100 ul of an enzyme concen-
tration of24 units/ml in 0.5 percent BSA in PBS. Thesolution
was incubated at 37° C. for 90 minutes. The plates were
washed 4 times with PBS before adding the substrate, 100 ul
ofa 0.4 mg/mlsolution ofp-nitrophenylphosphate (Sigma) in
ethanolamine buffered saline, pH 9.5. The substrate was incu-
bated 90 minutes at 37° C. for color development.

The A,;) of each well was read by the Microelisa Auto
Reader (Dynatech)set to a threshold of 1.5, calibration of 1.0
and the 0.5 percent BSA in PBS (Blank) well set to 0.000. The
A450 data was tabulated in RS-1 on the VAX system, and the
standard curve data fitted to a four-parameter logistic model.
The unknown samples’ concentrations were calculated based
on the A,5, data.

E.3 Reconstitution of Recombinant Antibody and Assay
Frozen cells prepared as described in paragraph E.1.10

were thawed in cold lysis buffer [10 mM Tris HCI, pH 7.5, 1
mM EDTA, 0.1M NaCl, 1 mM phenylmethylsulfony] fiuo-
ride (PMSF)] and lysed by sonication. The lysate was par-
tially clarified by centrifugation for 20 mins at 3,000 rpm. The
supernatant was protected from proteolytic enzymes by an
additional 1 mM PMSF, and used immediately or stored
frozen at -80° C.; frozen lysates were never thawed more thanonce.

The S-sulfonate ofE. coli produced anti-CEA heavy chain
(y) was prepared as follows: RecombinantF. coli cells trans-
formed with pyCEAtrp207-1* which contained heavy chain
as insoluble bodies, were lysed and centrifuged as above; the
pellet was resuspended in the same buffer, sonicated and
re-centrifuged. This pellet was washed once with buffer, then
suspended in 6M guanidine HCI, 0.1M Tris HCI, pH 8, 1 mM
EDTA, 20 mg/ml sodium sulfite and 10 mg/ml sodium
tetrathionate and allowed to react at 25° for about 16 hrs. The

reaction mixture was dialyzed against 8M urea, 0.1M Tris
HCl, pH 8, and stored at 4°, to give a 3 mg/mlsolution of
y-SSO,.

650 ul of cell lysate from cells of various £. coli strains
producing various IgG chains, was added to 500 mg urea. To
this was added B-mercaptoethanol to 20 mM,Tris-HCl, pH
8.5 to 50 mM and EDTAto 1 mM,and in some experiments,
y-SSO, was added to 0.1 mg/ml. After standing at 25° for
30-90 mins., the reaction mixtures were dialyzedat 4° against
a buffer composed of 0.1M sodium glycinate, pH 10.8, 0.5M
urea, 10 mMglycine ethyl ester, 5 mM reduced glutathione,
0.1 mM oxidized glutathione. This buffer was prepared from
N,-saturated water and the dialysis was performed in a
capped Wheatonbottle. After 16-48 hours, dialysis bags were
transferred to 4° phosphate buffered saline containing 1 mM
PMSFanddialysis continued another 16-24 hrs. Dialysates
were assayed by ELISA as described in paragraph E.2 for
ability to bind CEA. The results below show the values
obtained by comparison with the standard curve inxng/ml
anti-CEA. Also shownare the reconstitution efficienciescal-

culated from the ELISA responses, minus the background
(108 ng/ml) of cells producing K chain only, and from esti-
mates ofthe levels ofy and K chainsin the reaction mixtures.

Percent
ng/ml recom-

anti-CEA bination

E. coli W3110 producing IFN-aA (control) 0 —
E. coli (W3110/pKCEAtrp207-1*) 108 —_—
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-continued

Percent
ng/ml recom-

anti-CEA bination

E. coli (W3110/pKCEAtrp207-1*), plus y-SS0, 848 0.33
E. coli (W3110/pKCEAtrp207-1*A, pyCEAInt2) 1580 0.76
Hybridomaanti-CEA K-SS03 and y-SS03 540 0.40

E.4 Preparation of Chimeric Antibody
FIGS. 11 and 12 show the construction of an expression

vector for a chimeric heavy (gamma) chain which comprises
the murine anti CEA variable region and humany-2 constant
region.

A DNA sequence encoding the human gamma-2 heavy
chain is prepared as follows: the cDNA library obtained by
standard techniques from a human multiple myelomacell line
is probed with 5' GGGCACTCGACACAA 3'to obtain the
plasmid containing the cDNA insert for human gamma-2
chain (Takahashi, et al., Ce//, 29: 671 (1982), incorporated
herein by reference), and analyzedto verify its identity with
the known sequence in human gamma-2 (Ellison, J., et al.,
Proc. Natl. Acad. Sci. (USA), 79: 1984 (1982) incorporated
herein by reference).

As shownin FIG. 11, two fragments are obtained from this
cloned human gamma2 plasmid (py2). Thefirst fragmentis
formed by digestion with Pvull followed by digestion with
AvaIII, and purification ofthe smaller DNA fragment, which
contains a portion of the constant region, using 6 percent
PAGE.The secondfragmentis obtained by digesting the py2
with any restriction enzyme which cleaves in the 3' untrans-
lated region of y2, as deduced from the nucleotide sequence,
filling in with Klenow and dNTPs, cleaving with Ava III, and
isolating the smaller fragment using 6 percent PAGE. (The
choice of a two step, two fragment composition to supply the
Pvull-3' untranslated fragment provides a cleaner path to
product due to the proximity of the AvallI site to the 3 termi-
nal end thus avoiding additional restriction sites in the gene
sequence matching the 3' untranslated region site.)
pyCEA207-1* is digested with EcoR1, treated with Klenow
and dNTPsto fill in the cohesive end, and digested with Pvu
II, the large vector fragment containing promoterisolated by
6 percent PAGE.

The location and DNA sequence surrounding the Pvullsite
in the mouse gamma-1 geneare identical to the location and
DNA sequence surrounding the Pvull site in the human
gamma-2 gene.

The plasmid resulting from a three way ligation of the
foregoing fragments, pChim1, contains, under the influence
oftrp promoter, the variable andpart ofthe constant region of
murine anti-CEA gamma1 chain, anda portion ofthe gamma
2 human chain. pChim1 will, in fact, express a chimeric heavy
chain when transformed into £. coli, but one wherein the
change from mouse to human does not take place at the
variable to constant junction.

FIG. 12 shows modification of pChim1 to construct
pChim2so that the resulting protein from expression will
contain variable region from murine anti CEA antibody and
constant region from the humany-2 chain.First, a fragmentis
prepared from pChim1 bytreating with NecoI, blunt ending
with Klenow and dNTPs, cleaving with Pvu II, andisolating
the large vector fragment which is almost the complete plas-
mid except for short segmentin the constant coding region for
mouse anti CEA. A second fragment is prepared from the
previously described py2 by treating with Pvu II, followed by
treating with any restriction enzyme which cleaves in the
variable region, blunt ending with Klenow and dNTPs and
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isolating the short fragment which comprises the junction
between variable and constant regionsof this chain.

Ligation ofthe foregoing two fragments producesan inter-
mediate plasmid which is correct except for an extraneous
DNA fragment which contains a small portionofthe constant
region of the murine anti CEA antigen, and a small portion of
the variable region of the human gammachain. This repair
can be made by excising the Xba I to Pvu II fragment and
cloning into M13 phage as described by Messing et al.,
Nucleic Acids Res. 9: 309 (1981), followed by in vitro site
directed deletion mutagenesis as described by Adelman, et
al., DNA, in press (1983) which is incorporated herein by
reference. The Xba I-Pvu II fragment thus modified is ligated
back into the intermediate plasmid to form pChim2. This
plasmid then is capable of expressing in a suitable host a
cleanly constructed murine variable/human constant chi-
meric heavy chain.

In an analogous fashion, but using mRNA templates for
cDNA construction for human kapparather than y chain, the
expression plasmid for chimeric light chain is prepared.

The foregoing two plasmids are then double transformed
into £. coli W3110, the cells grown and the chains reconsti-
tuted as set forth in paragraph E.1-E.3 supra;

E.5 Preparation ofAltered Murine Anti-CEA Antibody
E.5.1 Construction of Plasmid Vectors for Direct Expres-

sion ofAltered Murine Anti-CEA Heavy Chain Gene
The cysteine residues, and the resultant disulfide bonds in

the region of amino acids 216-230 in the constant region of
murine anti-CEA heavy chain are suspected to be important
for complementfixation (Klein,et al., Proc. Natl. Acad. Sci.,
(USA), 78: 524 (1981)) but not for the antigen binding prop-
erty of the resulting antibody. To decrease the probability of
incorrect disulfide bond formation during reconstitution
according to the process of the invention herein, the nucle-
otides encoding the amino acid residues 226-232 which
includes codonsfor three cysteines, are deleted as follows:

A “deleter” deoxyoligonucleotide, 5' CTAACACCATGT-
CAGGGTis used to delete the relevant portions of the gene
from pyCEAtrp207-1* by the procedure of Wallace,etal.,
Science, 209: 1396 (1980) or of Adelman,et al., DNA (in
press) 1983. Briefly, the “deleter” deoxyoligonucleotide is
annealed with denatured pyCEAtrp207-1* DNA,and primer
repair synthesis carried outin vitro, followed by screening by
hybridization of presumptive deletion clones with p°?
labelled deleter sequence.

E.5.2 Production of Cysteine Deficient Altered Antibody
The plasmid prepared in E.5.1 is transformed into anF. coli

strain previously transformed with pKCEAtrp207-1™ as
described above. The cells are grown, extracted for recombi-
nant antibody chains, andthe altered antibody reconstituted
as described in E.1.10.

E.6 Preparation of Fab
E.6.1 Construction of a Plasmid Vector for Direct Expres-

sion of Murine Anti-CEA Gamma 1 Fab Fragment Gene
pyCEAFabtrp207-1*

FIG.13 presents the construction ofpyCEAFabtrp207-1*.
5 ug ofpBR322 was digested with HindIII, the cohesive ends
madeflush by treating with Klenow and dNTPs; digested
with Pst I, and treated with BAP. The large vector fragment,
fragmentI, was recovered using 6 percent PAGE followed by
electroelution.

5 ug of pyCEAtrp207-1* was digested with both BamH I
and Pst I and the ~1570 bp DNA fragment (fragment II)
containing the trp promoter and the gene sequence encoding
the variable region continuing into constant region and fur-
ther into the anti-CEA gamma 1 chain hinge region, was
isolated and purified after electrophoresis.
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Expression of the anti-CEA gamma 1 chain Fab fragment
rather than complete heavy chain requires that a termination
codon be constructed at the appropriate location in the gene.
Forthis, the 260 bp Nco I-Nde I DNA fragmentfrom 20 ug of
the py298 wasisolated and purified. A 13 nucleotide DNA
primer, the complement ofwhich encodesthe last 3 C-termi-
nal amino acids ofthe Fab gene and2 basesofthe 3 needed for
the stop codon, was synthesized by the phosphotriester
method (supra). The probe hybridizes to nucleotides 754 to
767 (FIG. 4) which hasthe following sequence:

AspCysGlyStop
5' GGGATTGTGGTTG 3!

Thethird baseofthe stop codonis provided by the terminal
nucleotide ofthe filled-in Hind III site from pBR322 cleavage
described above. 500 ng of this primer was used in a primer
repair reaction by phosphorylation at the 5' end in a reaction
with 10 units T4 DNAkinase containing 0.5 mMATPin 20 ul,
and mixing with ~200 ng of the Nco I-Nde I DNA fragment.
The mixture was heat denatured for 3 minutes at 95° and

quenched in dry-ice ethanol. The denatured DNA solution
was made 60 mM NaCl, 7 mM MgCl., 7 mM Tris HCl (pH
7.4), 12 mM in each dNTP and 12 units DNA Polymerase
I-Large Fragment was added. After 2 hours incubation at 37°
C., this primer repair reaction was phenol/CHCl, extracted,
ethanol precipitated, digested with BamH I andthe reaction
electrophoresed through a 6 percent polyacrylamide gel. ~50
ng of the 181 bp blunt end to BamH I DNA fragment, frag-
mentIII, was isolated and purified.

~100 ng offragmentI, ~100 ng each offragments II and III
were ligated overnight and transformedinto E. co/iK12 strain
294. Plasmid DNA from several tetracycline resistant trans-
formants was analyzed for the proper construction and the
nucleotide sequence through the repair blunt end filled-in
Hind III junction was determinedfor verification of the TGA
stop codon.

E.6.2 Production of Fab Protein

The plasmid prepared in E.6.1 is transformedinto anF.coli
strain previously transformed with pKCEAtrp207-1* as
described above. Thecells are grown, extracted for recombi-
nant antibody chains and the Fab protein reconstituted as
described in E.1.10.

The invention claimed is:

1. A method for making an antibody heavy chain or frag-
mentthereofand an antibody light chain or fragment thereof
each having specificity for a desired antigen, wherein the
heavy chain or fragment thereof comprises a human constant
region sequence and a variable region comprising non human
mammalian variable region sequences, the method compris-
ing culturing a recombinanthost cell comprising DNA encod-
ing the heavy chain or fragment thereof and the light chain or
fragmentthereof and recovering the heavy chain or fragment
thereof and light chain or fragmentthereof from the hostcell
culture.

2. The methodof claim 1 wherein the light chain or frag-
ment thereof comprises a human constant region sequence
and a variable region comprising non human mammalian
variable region sequences.

3. The method of claim 1 wherein the host cell comprises a
vector comprising DNA encoding the heavy chain or frag-
ment thereof and DNA encodingthe light chain or fragment
thereof.

4. The method of claim 1 wherein the host cell comprises a
vector comprising DNA encoding the heavy chain or frag-
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mentthereof and a further vector comprising DNA encoding
the light chain or fragment thereof.

5. The method of claim 1 wherein the non human mamma-

lian variable region sequences are murine.
6. The method ofclaim 1 wherein thehostcell is a prokary-

otic cell.

7. The methodofclaim 6 wherein the prokaryotic cell is an
E. coli cell.

8. The method ofclaim 1 wherein the hostcell is an eukary-
otic cell.

9. The method of claim 8 wherein the eukaryotic cell is a
mammalian cell.

10. The method of claim 9 wherein the mammaliancell is

selected from the group consisting ofaVERO, HeLa, Chinese
Hamster Ovary (CHO), W138, BHK, COS-7 and MDCK
cell.

11. The method ofclaim 10 wherein the mammalian cell is
a CHO cell.

12. The method ofclaim 10 wherein the mammalian cell is
a COS-7cell.

13. The method of claim 8 wherein the eukaryoticcell is a
yeast cell.

14. The method of claim 13 wherein the yeast cell is a
Saccharomyces cerevisiae cell.

15. A method for making an antibodyor antibody fragment
capable of specifically binding a desired antigen, wherein the
antibody or antibody fragment comprises (a) an antibody
heavy chain or fragment thereof comprising a human con-
stant region sequence and a variable region comprising non
human mammalian variable region sequences and (b) an anti-
body light chain or fragment thereof comprising a human
constant region sequence and a variable region comprising
non human mammalian variable region sequences, the
method comprising coexpressing the heavy chain or fragment
thereof andthe light chain or fragment thereof in a recombi-
nant host cell.

16. The methodofclaim 15 further comprising recovering
the antibody or antibody fragment from a cell culture com-
prising the recombinantcell.

17. The methodofclaim 15 whichresults in the production
of an antibody fragment.

18. The method ofclaim 17 whereinthe antibody fragment
is an F(ab), fragment.

19. The method ofclaim 17 whereinthe antibody fragment
is a Fab fragment.

20. The method ofclaim 15 whichresults in the production
of an antibody.

21. A method for making an antibody capable of specifi-
cally binding a desired antigen, the antibody comprising
heavy and light immunoglobulin polypeptide chains each
comprising a human constant region sequence anda variable
region comprising non human mammalian variable region
sequences, the method comprisingthestepsof (a) transform-
ing a recombinanthostcell with a replicable expression vec-
tor comprising DNA encoding the heavy immunoglobulin
polypeptide chain and a replicable expression vector com-
prising DNAencodingthe light immunoglobulin polypeptide
chain, wherein each of the DNAsis operably linked to a
promoter; and (b) culturing the host cell to produce a host cell
culture that expresses said antibody.

22. A replicable expression vector comprising DNA
encoding an antibody heavy chain or fragment thereof and an
antibody light chain or fragment thereof each having speci-
ficity for a desired antigen, the heavy chain or fragment
thereof and the light chain or fragment thereof each compris-
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ing a human constant region sequence anda variable region
comprising non human mammalian variable region
sequences.

23. A recombinanthost cell comprising the vector of claim
22.

24. A recombinanthost cell comprising (a) a vector com-
prising DNA encoding an antibody heavy chain or fragment
thereof comprising a human constant region sequence and a
variable region comprising non human mammalian variable
region sequencesand(b) a vector comprising DNA encoding
an antibody light chain or fragment thereof comprising a
human constant region sequence anda variable region com-
prising non human mammalian variable region sequences.

25. A method for making an antibody heavy chain orfrag-
mentthereofand an antibody light chain or fragment thereof
each having specificity for a desired antigen, wherein the
heavy chain or fragment thereof comprises a variable region
sequence and a human constant region sequence, the method
comprising culturing a recombinant host cell comprising
DNA encoding the heavy chain or fragment thereof and the
light chain or fragment thereof and recovering the heavy
chain or fragmentthereofand light chain or fragment thereof
from the host cell culture.

26. The method of claim 25 wherein the light chain or
fragment thereof comprises a variable region sequence and a
human constant region sequence.

27. The method ofclaim 25 wherein the host cell comprises
a vector comprising DNA encoding the heavy chain orfrag-
ment thereof and DNA encodingthe light chain or fragment
thereof.

28. The method ofclaim 25 wherein the host cell comprises
a vector comprising DNA encoding the heavy chain orfrag-
mentthereofand a further vector comprising DNA encoding
the light chain or fragment thereof.

29. The method of claim 25 wherein the host cell is a

prokaryoticcell.
30. The methodofclaim 29 wherein the prokaryotic cell is

an E. coli cell.
31. The method of claim 25 wherein the host cell is a

eukaryotic cell.
32. The methodof claim 31 wherein the eukaryotic cell is

a mammalian cell.
33. The method ofclaim 32 wherein the mammalian cell is

selected from the group consisting ofaVERO, HeLa, Chinese
Hamster Ovary (CHO), W138, BHK, COS-7 and MDCK
cell.

34. The method ofclaim 32 wherein the mammalian cell is
a CHO cell.

35. The method ofclaim 32 wherein the mammalian cell is
a COS-7cell.

36. The methodof claim 31 wherein the eukaryotic cell is
a yeast cell.

37. The method of claim 36 wherein the yeast cell is a
Saccharomyces cerevisiae cell.

38. A method for making an antibody or antibody fragment
capable of specifically binding a desired antigen, wherein the
antibody or antibody fragment comprises (a) an antibody
heavy chain or fragment thereofcomprising a variable region
sequence and a humanconstant region sequence and (b) an
antibody light chain or fragment thereof comprising a vari-
able region sequence and a human constant region sequence,
the method comprising coexpressing the heavy chain orfrag-
ment thereof and the light chain or fragment thereof in a
recombinanthost cell.

39. The methodofclaim 38 further comprising recovering
the antibody or antibody fragment from a cell culture com-
prising the recombinantcell.
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40. The method ofclaim 38 which results in the production
of an antibody fragment.

41. The method ofclaim 38 wherein the antibody fragment
is an F(ab), fragment.

42. The method ofclaim 40 wherein the antibody fragment
is a Fab fragment.

43. The method ofclaim 38 whichresults in the production
of an antibody.

44. A method for making an antibody capable of specifi-
cally binding a desired antigen, the antibody comprising
heavy and light immunoglobulin polypeptide chains each
comprising a variable region sequence and a humanconstant
region sequence, the method comprising thesteps of(a) trans-
forming a recombinanthostcell with a replicable expression
vector comprising DNA encoding the heavy immunoglobulin
polypeptide chain and a replicable expression vector com-
prising DNAencodingthe light immunoglobulin polypeptide
chain, wherein each of the DNAsis operably linked to a
promoter; and (b) culturing the host cell to produce a host cell
culture that expresses said antibody.
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45. A replicable expression vector comprising DNA
encoding an antibody heavy chain or fragmentthereofand an
antibody light chain or fragment thereof each having speci-
ficity for a desired antigen, the heavy chain or fragment
thereof and the light chain or fragment thereof each compris-
ing a variable region sequence and a human constant region
sequence.

46. A recombinanthost cell comprising the vector of claim
45.

47. A recombinanthost cell comprising (a) a vector com-
prising DNA encoding an antibody heavy chain or fragment
thereof comprising a variable region sequence and human
constant region sequence and (b) a vector comprising DNA
encoding an antibody light chain or fragment thereof com-
prising a variable region sequence and a human constant
region sequence.
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METHOD FOR MAKING HUMANIZED 
ANTIBODIES 

CROSS REFERENCES 

This application is a continuation-in-part of US. appli 
cation Ser. No. 07/715,272 ?led Jun. 14, 1991 (abandoned) 
Which application is incorporated herein by reference and to 
Which application priority is claimed under 35 USC §120. 

FIELD OF THE INVENTION 

This invention relates to methods for the preparation and 
use of variant antibodies and ?nds application particularly in 
the ?elds of immunology and cancer diagnosis and therapy. 

BACKGROUND OF THE INVENTION 

Naturally occurring antibodies (immunoglobulins) com 
prise tWo heavy chains linked together by disul?de bonds 
and tWo light chains, one light chain being linked to each of 
the heavy chains by disul?de bonds. Each heavy chain has 
at one end a variable domain (VH) folloWed by a number of 
constant domains. Each light chain has a variable domain 
(VL) at one end and a constant domain at its other end, the 
constant domain of the light chain is aligned With the ?rst 
constant domain of the heavy chain, and the light chain 
variable domain is aligned With the variable domain of the 
heavy chain. Particular amino acid residues are believed to 
form an interface betWeen the light and heavy chain variable 
domains, see eg Chothia et al., J. Mol. Biol. 186:651—663 
(1985); Novotny and Haber, Proc. Natl. Acad. Sci. USA 
82:4592—4596 (1985). 

The constant domains are not involved directly in binding 
the antibody to an antigen, but are involved in various 
effector functions, such as participation of the antibody in 
antibody-dependent cellular cytotoXicity. The variable 
domains of each pair of light and heavy chains are involved 
directly in binding the antibody to the antigen. The domains 
of natural light and heavy chains have the same general 
structure, and each domain comprises four framework (FR) 
regions, Whose sequences are someWhat conserved, con 
nected by three hyper-variable or complementarity deter 
mining regions (CDRs) (see Kabat, E. A. et a., Sequences of 
Proteins of Immunological Interest, National Institutes of 
Health, Bethesda, Md., (1987)). The four frameWork regions 
largely adopt a [3-sheet conformation and the CORs form 
loops connecting, and in some cases forming part of, the 
[3-sheet structure. The CDRs in each chain are held in close 
proximity by the frameWork regions and, With the CDRs 
from the other chain, contribute to the formation of the 
antigen binding site. 

Widespread use has been made of monoclonal antibodies, 
particularly those derived from rodents including mice, 
hoWever they are frequently antigenic in human clinical use. 
For eXample, a major limitation in the clinical use of rodent 
monoclonal antibodies is an anti-globulin response during 
therapy (Miller, R. A. et al., Blood 62:988—995 (1983); 
Schroff, R. W. et al., Cancer Res. 45:879—885 (1985)). 

The art has attempted to overcome this problem by 
constructing “chimeric” antibodies in Which an animal 
antigen-binding variable domain is coupled to a human 
constant domain (Cabilly et al., US. Pat. No. 4,816,567; 
Morrison, S. L. et al., Proc. Natl. Acad. Sci. USA 
81:6851—6855 (1984); Boulianne, G. L. et al., Nature 
312:643—646 (1984); Neuberger, M. S. et al., Nature 
314:268—270 (1985)). The term “chimeric” antibody is used 
herein to describe a polypeptide comprising at least the 
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2 
antigen binding portion of an antibody molecule linked to at 
least part of another protein (typically an immunoglobulin 
constant domain). 
The isotype of the human constant domain may be 

selected to tailor the chimeric antibody for participation in 
antibody-dependent cellular cytotoXicity (ADCC) and 
complement-dependent cytotoXicity (see eg Briiggemann, 
M. et al., J. Exp. Med. 166:1351—1361 (1987); Riechmann, 
L. et al., Nature 332:323—327 (1988); Love et al., Methods 
in Enzymology 178:515—527 (1989); Bindon et al., J. Exp. 
Med. 168:127—142 (1988). 

In the typical embodiment, such chimeric antibodies 
contain about one third rodent (or other non-human species) 
sequence and thus are capable of eliciting a signi?cant 
anti-globulin response in humans. For eXample, in the case 
of the murine anti-CD3 antibody, OKT3, much of the 
resulting anti-globulin response is directed against the vari 
able region rather than the constant region (J affers, G. J. et 
a., Transplantation 41:572—578 (1986)). 

In a further effort to resolve the antigen binding functions 
of antibodies and to minimiZe the use of heterologous 
sequences in human antibodies, Winter and colleagues 
(Jones, P. T. et al., Nature 321:522—525 (1986); Riechmann, 
L. et al., Nature 332:323—327 (1988); Verhoeyen, M. et al., 
Science 239:1534—1536 (1988)) have substituted rodent 
CDRs or CDR sequences for the corresponding segments of 
a human antibody. As used herein, the term “humanized” 
antibody is an embodiment of chimeric antibodies Wherein 
substantially 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 therapeutic promise of this approach is supported by 

the clinical ef?cacy of a humaniZed antibody speci?c for the 
CAMPAT H-1 antigen With tWo non-Hodgkin lymphoma 
patients, one of Whom had previously developed an anti 
globulin response to the parental rat antibody (Riechmann, 
L. et al., Nature 332:323—327 (1988); Hale, G. et al., Lancet 
i.'1394—1399 (1988)). Amurine antibody to the interleukin 2 
receptor has also recently been humaniZed (Queen, C. et al., 
Proc. Natl. Acad. Sci. USA 86:10029—10033 (1989)) as a 
potential immunosuppressive reagent. Additional references 
related to humaniZation of antibodies include Co et al., Proc. 
Natl. Acad. Sci. USA 88:2869—2873 (1991); Gorman et al., 
Proc. Natl. Acad. Sci. USA 88:4181—4185 (1991); Daugh 
erty et al., NucleicAcids Research 19(9):2471—2476 (1991); 
BroWn et al., Proc. Natl. Acad. Sci. USA 88:2663—2667 
(1991); Junghans et al., Cancer Research 50:1495—1502 
(1990). 

In some cases, substituting CDRs from rodent antibodies 
for the human CDRs in human frameWorks is suf?cient to 
transfer high antigen binding af?nity (Jones, P. T. et al., 
Nature 321:522—525 (1986); Verhoeyen, M. et al., Science 
239:1534—1536 (1988)), Whereas in other cases it has been 
necessary to additionally replace one (Riechmann, L. et al., 
Nature 332:323—327 (1988)) or several (Queen, C. et al., 
Proc. Natl. Acad. Sci. USA 86:10029—10033 (1989)) frame 
Work region (FR) residues. See also Co et al., supra. 

For a given antibody a small number of FR residues are 
anticipated to be important for antigen binding. Firstly for 
eXample, certain antibodies have been shoWn to contain a 
feW FR residues Which directly contact antigen in crystal 
structures of antibody-antigen compleXes (e.g., revieWed in 
Davies, D. R. et al.,Ann. Rev. Biochem. 59:439—473 (1990)). 
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Secondly, a number of FR residues have been proposed by 
Chothia, Lesk and colleagues (Chothia, C. & Lesk, A. M.,J. 
Mol. Biol. 196:901—917 (1987); Chothia, C. et al., Nature 
342:877—883 (1989); Tramontano, A. et al., J. Mol. Biol. 
215: 175—182 (1990)) as critically affecting the conformation 
of particular CDRs and thus their contribution to antigen 
binding. See also Margolies et al., Proc. Natl. Acad. Sci. 
USA 72:2180—2184 (1975). 

It is also knoWn that, in a feW instances, an antibody 
variable domain (either VH or VL) may contain glycosyla 
tion sites, and that this glycosylation may improve or abolish 
antigen binding, Pluckthun, Biotechnology 9:545—51 
(1991); Spiegelberg et al., Biochemistry 9:4217—4223 
(1970); Wallic et al., J. Exp. Med. 168:1099—1109 (1988); 
S011 et al., Proc. Natl. Acad. Sci. USA 66:975—982 (1970); 
Margni et al., Ann. Rev. Immunol 6:535—554 (1988). 
Ordinarily, hoWever, glycosylation has no in?uence on the 
antigen-binding properties of an antibody, Pluckthun, supra, 
(1991). 

The three-dimensional structure of immunoglobulin 
chains has been studied, and crystal structures for intact 
immunoglobulins, for a variety of immunoglobulin 
fragments, and for antibody-antigen complexes have been 
published (see e.g., Saul et al., Journal ofBiological Chem 
istry 25:585—97 (1978); Sheriff et al., Proc. Natl. Acad. Sci. 
USA 84:8075—79 (1987); Segal et al., Proc. Natl. Acad. Sci. 
USA 71:4298—4302 (1974); Epp et al., Biochemistry 14(22) 
:4943—4952 (1975); Marquart et al., J. Mol. Biol. 
141:369—391 (1980); Furey et al.,J. Mol. Biol. 167:661—692 
(1983); SnoW and AmZel, Protein: Structure, Function, and 
Genetics 1:267—279, Alan R. Liss, Inc. pubs. (1986); 
Chothia and Lesk, J. Mol. Bol. 196:901—917(1987); Chothia 
et al., Nature 342:877—883 (1989); Chothia et al., Science 
233:755—58 (1986); Huber et al., Nature 264:415—420 
(1976); Bruccoleri et al., Nature 335:564—568 (1988) and 
Nature 336:266 (1988); Sherman et al., Journal ofBiologi 
cal Chemistry 263:4064—4074 (1988); AmZel and Poljak, 
Ann. Rev. Biochem. 48:961—67 (1979); Silverton et al., Proc. 
Natl. Acad. Sci. USA 74:5140—5144 (1977); and Gregory et 
al., Molecular Immunology 24:821—829 (1987). It is knoWn 
that the function of an antibody is dependent on its three 
dimensional structure, and that amino acid substitutions can 
change the three-dimensional structure of an antibody, SnoW 
and AmZel, supra. It has previously been shoWn that the 
antigen binding af?nity of a humaniZed antibody can be 
increased by mutagenesis based upon molecular modelling 
(Riechmann, L. et al., Nature 332:323—327 (1988); Queen, 
C. et al., Proc. Natl. Acad. Sci. USA 86:10029—10033 

(1989)). 
Humanizing an antibody With retention of high af?nity for 

antigen and other desired biological activities is at present 
dif?cult to achieve using currently available procedures. 
Methods are needed for rationaliZing the selection of sites 
for substitution in preparing such antibodies and thereby 
increasing the ef?ciency of antibody humaniZation. 

The proto-oncogene HER2 (human epidermal groWth 
factor receptor 2) encodes a protein tyrosine kinase 
(p185HER2) that is related to and someWhat homologous to 
the human epidermal groWth factor receptor (see Coussens, 
L. et al., Science 230:1132—1139 (1985); Yamamoto, T. et 
al., Nature 319:230—234 (1986); King, C. R. et al., Science 
229:974—976 (1985)). HER2 is also knoWn in the ?eld as 
c-erbB-2, and sometimes by the name of the rat homolog, 
neu. Ampli?cation and/or overeXpression of HER2 is asso 
ciated With multiple human malignancies and appears to be 
integrally involved in progression of 25—30% of human 
breast and ovarian cancers (Slamon, D. J. et al., Science 
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235:177—182 (1987), Slamon, D. J. et al., Science 
244:707—712 (1989)). Furthermore, the extent of ampli?ca 
tion is inversely correlated With the observed median patient 
survival time (Slamon, supra, Science 1989). 
The murine monoclonal antibody knoWn as muMAb4D5 

(Fendly, B. M. et al., Cancer Res. 50:1550—1558 (1990)), 
directed against the extracellular domain (ECD) of 
p185HER2, speci?cally inhibits the groWth of tumor cell lines 
overeXpressing p185HER2 in monolayer culture or in soft 
agar (HudZiak, R. M. et al., Molec. Cell. Biol 9:1165—1172 
(1989); Lupu, R. et al., Science 249:1552—1555 (1990)). 
MuMAb4D5 also has the potential of enhancing tumor cell 
sensitivity to tumor necrosis factor, an important effector 
molecule in macrophage-mediated tumor cell cytotoXicity 
(HudZiak, supra, 1989; Shepard, H. M. and LeWis, G. D. J. 
Clinical Immunology 8:333—395 (1988)). Thus muMAb4D5 
has potential for clinical intervention in and imaging of 
carcinomas in Which p185HER2 is overeXpressed. The 
muMAb4D5 and its uses are described in PCT application 
WO 89/06692 published Jul. 27, 1989. This murine antibody 
Was deposited With the AT CC and designated ATCC CRL 
10463. HoWever, this antibody may be immunogenic in 
humans. 

It is therefore an object of this invention to provide 
methods for the preparation of antibodies Which are less 
antigenic in humans than non-human antibodies but have 
desired antigen binding and other characteristics and activi 
ties. 

It is a further object of this invention to provide methods 
for the ef?cient humaniZation is of antibodies, i.e. selecting 
non-human amino acid residues for importation into a 
human antibody background sequence in such a fashion as 
to retain or improve the affinity of the non-human donor 
antibody for a given antigen. 

It is another object of this invention to provide humaniZed 
antibodies capable of binding p185HER2. 

Other objects, features, and characteristics of the present 
invention Will become apparent upon consideration of the 
folloWing description and the appended claims. 

SUMMARY OF THE INVENTION 

The objects of this invention are accomplished by a 
method for making a humaniZed antibody comprising amino 
acid sequence of an import, non-human antibody and a 
human antibody, comprising the steps of: 

a. obtaining the amino acid sequences of at least a portion 
of an import antibody variable domain and of a con 
sensus variable domain; 

b. identifying Complementarity Determining Region 
(CDR) amino acid sequences in the import and the 
human variable domain sequences; 

c. substituting an import CDR amino acid sequence for 
the corresponding human CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework 
Region (FR) of the import antibody and the corre 
sponding FR of the consensus antibody; 

e. identifying import antibody FR residues in the aligned 
FR sequences that are non-homologous to the corre 
sponding consensus antibody residues; 

f. determining if the non-homologous import amino acid 
residue is reasonably eXpected to have at least one of 
the folloWing effects: 
1. non-covalently binds antigen directly, 
2. interacts With a CDR; or 
3. participates in the VL— H interface; and 
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g. for any non-homologous import antibody amino acid 
residue Which is reasonably expected to have at least 
one of these effects, substituting that residue for the 
corresponding amino acid residue in the consensus 
antibody FR sequence. 

Optionally, the method of this invention comprises the 
additional steps of determining if any non-homologous 
residues identi?ed in step (e) are exposed on the surface of 
the domain or buried Within it, and if the residue is exposed 
but has none of the effects identi?ed in step (f), retaining the 
consensus residue. 

Additionally, in certain embodiments the method of this 
invention comprises the feature Wherein the corresponding 
consensus antibody residues identi?ed in step (e) above are 
selected from the group consisting of 4L, 35L, 36L, 38L, 
43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 
69L, 70L, 71 L, 73L, 85L, 87L, 98L, 2H, 4H, 24H, 36H, 
37H, 39H, 43H, 45H, 49H, 58H, 60H, 67H, 68H, 69H, 70H, 
73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H 
(utiliZing the numbering system set forth in Kabat, E. A. et 
al., Sequences of Proteins of Immunological Interest 
(National Institutes of Health, Bethesda, Md., 1987)). 

In certain embodiments, the method of this invention 
comprises the additional steps of searching either or both of 
the import, non-human and the consensus variable domain 
sequences for glycosylation sites, determining if the glyco 
sylation is reasonably expected to be important for the 
desired antigen binding and biological activity of the anti 
body (i.e., determining if the glycosylation site binds to 
antigen or changes a side chain of an amino acid residue that 
binds to antigen, or if the glycosylation enhances or Weakens 
antigen binding, or is important for maintaining antibody 
af?nity). If the import sequence bears the glycosylation site, 
it is preferred to substitute that site for the corresponding 
residues in the consensus human if the glycosylation site is 
reasonably expected to be important. If only the consensus 
sequence, and not the import, bears the glycosylation site, it 
is preferred to eliminate that glycosylation site or substitute 
therefor the corresponding amino acid residues from the 
import sequence. 

Another embodiment of this invention comprises aligning 
import antibody and the consensus antibody FR sequences, 
identifying import antibody FR residues Which are non 
homologous With the aligned consensus FR sequence, and 
for each such non-homologous import antibody FR residue, 
determining if the corresponding consensus antibody resi 
due represents a residue Which is highly conserved across all 
species at that site, and if it is so conserved, preparing a 
humaniZed antibody Which comprises the consensus anti 
body amino acid residue at that site. 

Certain alternate embodiments of the methods of this 
invention comprise obtaining the amino acid sequence of at 
least a portion of an import, non-human antibody variable 
domain having a CDR and a FR, obtaining the amino acid 
sequence of at least a portion of a consensus antibody 
variable domain having a CDR and a FR, substituting the 
non-human CDR for the human CDR in the consensus 
antibody variable domain, and then substituting an amino 
acid residue for the consensus amino acid residue at at least 
one of the folloWing sites: 

a. (in the FR of the variable domain of the light chain) 4L, 
35L, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L, 
65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L, 
98L, or 

b. (in the FR of the variable domain of the heavy chain) 
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 
60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 78H, 91H, 
92H, 93H, and 103H. 
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In preferred embodiments, the non-CDR residue substituted 
at the consensus FR site is the residue found at the corre 
sponding location of the non-human antibody. 

Optionally, this just-recited embodiment comprises the 
additional steps of folloWing the method steps appearing at 
the beginning of this summary and determining Whether a 
particular amino acid residue can reasonably be expected to 
have undesirable effects. 

This invention also relates to a humaniZed antibody 
comprising the CDR sequence of an import, non-human 
antibody and the FR sequence of a human antibody, Wherein 
an amino acid residue Within the human FR sequence 
located at any one of the sites 4L, 35L, 36L, 38L, 43L, 44L, 
46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L, 69L, 70L, 
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H, 60H, 
67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 91H, 92H, 
93H, and 103H has been substituted by another residue. In 
preferred embodiments, the residue substituted at the human 
FR site is the residue found at the corresponding location of 
the non-human antibody from Which the non-human CDR 
Was obtained. In other embodiments, no human FR residue 
other than those set forth in this group has been substituted. 

This invention also encompasses speci?c humaniZed anti 
body variable domains, and isolated polypeptides having 
homology With the folloWing sequences. 

1. SEQ. ID NO. 1, Which is the light chain variable 
domain of a humaniZed version of muMAb4D5: 
DIQMTOSPSSLSASVGDRVTITCRASQD 
VNTAVAWYQQKPGKAPKLLIYSASFLES 
GVPSRFSGSRSGTDFTLTISSLQPEDFA 
TYYCQQHYTTPPTFGQGTKVEIKRT 

2. SEQ. ID NO. 2, Which is the heavy chain variable 
domain of a humanized version of muMAb4D5): 
EVQLVESGGGLVOPGGSLRLSCAASGFNIK 
DTYIHWVRQAPGKGLEWVARIYPTNGYTRY 
ADSVKGRFTISADTSKNTAYLQMNSLRAED 
TAVYYCSRWGGDGFYAMDVWGQGTLVTVSS 

In another aspect, this invention provides a consensus 
antibody variable domain amino acid sequence for use in the 
preparation of humaniZed antibodies, methods for obtaining, 
using, and storing a computer representation of such a 
consensus sequence, and computers comprising the 
sequence data of such a sequence. In one embodiment, the 
folloWing consensus antibody variable domain amino acid 
sequences are provided: 

SEQ. ID NO. 3 (light chain): DDIOMTQSPSSLSAS 
VGDRVTITCRASQDVSSYLAWYQQKPGKAPKLL 
IYAASSLESGVPSRFSGSGSGTDFTLTISSLQP 
EDFATYYCQQYNSLPYTFGQGTKVEIKRT, and 

SEQ. ID NO. 4 (heavy chain): EVQLVESGGGLVQPG 
GSLRLS CAASGFTFSDYAMSWVRQAPGKGL 
EWVAVISENGGYTRYADSVKGRFTISADTSKNT 
AYLQMNSLRAEDTAWYCSRWGGDGFYAMD 
VWGQGTLVTVSS 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shoWs the comparison of the VL domain amino 
acid residues of muMAb4D5, huMAb4D5, and a consensus 
sequence (FIG. 1A, SEQ.ID NO. 5, SEQ. ID NO. 1 and 
SEQ. ID NO. 3, respectively). FIG. 1B shoWs the compari 
son betWeen the VH domain amino acid residues of the 
muMAb4D5, huMAb4D5, and a consensus sequence (FIG. 
1B, SEQ. ID NO. 6, SEQ. ID NO. 2 and SEQ. ID NO. 4, 
respectively). Both FIGS. 1A and 1B use the generally 
accepted numbering scheme from Kabat, E. A., et al., 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md. (1987)). In both FIG. 1A 
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and FIG. 1B, the CDR residues determined according to a 
standard sequence de?nition (as in Kabat, E. A. et al., 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md., 1987)) are indicated by 
the ?rst underlining beneath the sequences, and the CDR 
residues determined according to a structural de?nition (as 
in Chothia, C. & Lesk, A. M., J. Mol. Biol. 196:901—917 
(1987)) are indicated by the second, loWer underlines. The 
mismatches betWeen genes are shoWn by the vertical lines. 

FIG. 2 shoWs a scheme for humaniZation of muMAb4D5 
VL and VH by gene conversion mutagenesis. 

FIG. 3 shoWs the inhibition of SK-BR-3 proliferation by 
MAb4D5 variants. Relative cell proliferation Was deter 
mined as described (HudZiak, R. M. et al., Molec. Cell. Biol. 
9:1165—1172 (1989)) and data (average of triplicate 
determinations) are presented as a percentage of results With 
untreated cultures for muMAb4D5 (O), huMAb4D5-8 (0) 
and huMAb4D5-1 

FIG. 4 shoWs a stereo vieW of ot-carbon tracing for a 
model of huMAb4D5-8 VL and VH. The CDR residues 
(Kabat, E. A. et al., Sequences ofProteins of Immunological 
Interest (National Institutes of Health, Bethesda, Md., 
1987)) are shoWn in bold and side chains of VH residues 
A71, T73, A78, S93, Y102 and VL residues Y55 plus R66 
(see Table 3) are shoWn. 

FIG. 5 shoWs an amino acid sequence comparison of VL 
(top panel) and VH (loWer panel) domains of the murine 
anti-CD3 monoclonal Ab UCHT1 (muxCD3, Shalaby et al., 
J. Exp. Med. 175, 217—225 (1992) With a humaniZed variant 
of this antibody (huxCD3v1). Also shoWn are consensus 
sequences (most commonly occurring residue or pair of 
residues) of the most abundant human subgroups, namely 
VL K 1 and VH III upon Which the humaniZed sequences are 
based (Kabat, E. A. et al., Sequences of Proteins of immu 
nological Interest, 5”1 edition, National Institutes of Health, 
Bethesda, Md., USA (1991)). The light chain sequences— 
muxCD3, huxCD3v1 and huKI—correspond to SEQ.ID. 
NOs 16, 17, and 18, respectively. The heavy chain 
sequences—muxCD3, huxCD3v1 and huxI—correspond to 
SEQ.ID.NOs 19, 26, and 21, respectively. Residues Which 
differ betWeen muxCD3 and huxCD3v1 are identi?ed by an 
asterisk (*), Whereas those Which differ betWeen humaniZed 

and consensus sequences are identi?ed by a sharp sign A bullet (') denotes that a residue at this position has been 

found to contact antigen in one or more crystallographic 
structures of antibody/antigen complexes (Kabat et al., 
1991; Mian, I. S. et al., J. Mol. Biol 217, 133—151 (1991)). 
The location of CDR residues according to a sequence 
de?nition (Kabat et al., 1991) and a structural de?nition 
(Chothia and Lesk, supra 1987) are shoWn by a line and 
carats () beneath the sequences, respectively. 

FIG. 6A compares murine and humaniZed amino acid 
sequences for the heavy chain of an anti-CD18 antibody. 
H52H4-160 (SEQ. ID. NO. 22) is the murine sequence, and 
pH52—8.0 (SEQ. ID. NO. 23) is the humaniZed heavy chain 
sequence. pH52—8.0 residue 143S is the ?nal amino acid in 
the variable heavy chain domain VH, and residue 144A is the 
?rst amino acid in the constant heavy chain domain CH1. 

FIG. 6B compares murine and humaniZed amino acid 
sequences for the light chain of an anti-CD18 antibody. 
H52L6-158 (SEQ. ID. NO. 24) is the murine sequence, and 
pH52—9.0 (SEQ. ID. NO. 25) is the humaniZed light chain 
sequence. pH52—9.0 residue 128T is the ?nal amino acid in 
the light chain variable domain VL, and residue 129V is the 
?rst amino acid in the light chain constant domain CL. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

In general, the folloWing Words or phrases have the 
indicated de?nitions When used in the description, examples, 
and claims: 
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The murine monoclonal antibody knoWn as muMAb4D5 

(Fendly, B. M. et al., Cancer Res. 50:1550—1558 (1990)) is 
directed against the extracellular domain (ECD) of 
p185HER2. The muMAb4D5 and its uses are described in 
PCT application WO 89/06692 published Jul. 27, 1989. This 
murine antibody Was deposited With the ATCC and desig 
nated ATCC CRL 10463. In this description and claims, the 
terms muMAb4D5, chMAb4D5 and huMAb4D5 represent 
murine, chimeriZed and humaniZed versions of the mono 
clonal antibody 4D5, respectively. 
A humaniZed antibody for the purposes herein is an 

immunoglobulin amino acid sequence variant or fragment 
thereof Which is capable of binding to a predetermined 
antigen and Which comprises a FR region having substan 
tially the amino acid sequence of a human immunoglobulin 
and a CDR having substantially the amino acid sequence of 
a non-human immunoglobulin. 

Generally, 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 
referred to herein as “import” residues, Which are typically 
taken from an “import” antibody domain, particularly a 
variable domain. An import residue, sequence, or antibody 
has a desired af?nity and/or speci?city, or other desirable 
antibody biological activity as discussed herein. 

In general, the humaniZed antibody Will comprise sub 
stantially all of at least one, and typically tWo, variable 
domains (Fab, Fab‘, F(ab‘)2, Fabc, Fv) in Which all or 
substantially all of the CDR regions correspond to those of 
a non-human immunoglobulin and all or substantially all of 
the FR regions are those of a human immunoglobulin 
consensus sequence. The humaniZed antibody optimally 
also Will comprise at least a portion of an immunoglobulin 
constant region (Fc), typically that of a human immunoglo 
bulin. Ordinarily, the antibody Will contain both the light 
chain as Well as at least the variable domain of a heavy 
chain. The antibody also may include the CH1, hinge, CH2, 
CH3, and CH4 regions of the heavy chain. 
The humaniZed antibody Will be selected from any class 

of immunoglobulins, including IgM, IgG, IgD, IgA and IgE, 
and any isotype, including IgG1, IgG2, IgG3 and lgG4. 
Usually the constant domain is a complement ?xing constant 
domain Where it is desired that the humaniZed antibody 
exhibit cytotoxic activity, and the class is typically IgG1. 
Where such cytotoxic activity is not desirable, the constant 
domain may be of the IgG2 class. The humaniZed antibody 
may comprise sequences from more than one class or 
isotype, and selecting particular constant domains to opti 
miZe desired effector functions is Within the ordinary skill in 
the art. 

The FR and CDR regions of the humaniZed antibody need 
not correspond precisely to the parental sequences, e.g., the 
import CDR or the consensus FR may be mutageniZed by 
substitution, insertion or deletion of at least one residue so 
that the CDR or FR residue at that site does not correspond 
to either the consensus or the import antibody. Such 
mutations, hoWever, Will not be extensive. Usually, at least 
75% of the humaniZed antibody residues Will correspond to 
those of the parental FR and CDR sequences, more often 
90%, and most preferably greater than 95%. 

In general, humaniZed antibodies prepared by the method 
of this invention are produced by a process of analysis of the 
parental sequences and various conceptual humaniZed prod 
ucts using three dimensional models of the parental and 
humaniZed sequences. Three dimensional immunoglobulin 
models are commonly available and are familiar to those 
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skilled in the art. Computer programs are available Which 
illustrate and display probable three dimensional conforma 
tional structures of selected candidate immunoglobulin 
sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the 
candidate immunoglobulin sequence, i.e., the analysis of 
residues that in?uence the ability of the candidate immuno 
globulin to bind its antigen. 

Residues that in?uence antigen binding are de?ned to be 
residues that are substantially responsible for the antigen 
af?nity or antigen speci?city of a candidate 
immunoglobulin, in a positive or a negative sense. The 
invention is directed to the selection and combination of FR 
residues from the consensus and import sequence so that the 
desired immunoglobulin characteristic is achieved. Such 
desired characteristics include increases in af?nity and 
greater speci?city for the target antigen, although it is 
conceivable that in some circumstances the opposite effects 
might be desired. In general, the CDR residues are directly 
and most substantially involved in in?uencing antigen bind 
ing (although not all CDR residues are so involved and 
therefore need not be substituted into the consensus 
sequence). HoWever, FR residues also have a signi?cant 
effect and can exert their in?uence in at least three Ways: 
They may noncovalently directly bind to antigen, they may 
interact With CDR residues and they may affect the interface 
betWeen the heavy and light chains. 
A residue that noncovalently directly binds to antigen is 

one that, by three dimensional analysis, is reasonably 
expected to noncovalently directly bind to antigen. 
Typically, it is necessary to impute the position of antigen 
from the spatial location of neighboring CDRs and the 
dimensions and structure of the target antigen. In general, 
only those humaniZed antibody residues that are capable of 
forming salt bridges, hydrogen bonds, or hydrophobic inter 
actions are likely to be involved in non-covalent antigen 
binding, hoWever residues Which have atoms Which are 
separated from antigen spatially by 3.2 Angstroms or less 
may also non-covalently interact With antigen. Such residues 
typically are the relatively larger amino acids having the side 
chains With the greatest bulk, such as tyrosine, arginine, and 
lysine. Antigen-binding FR residues also typically Will have 
side chains that are oriented into an envelope surrounding 
the solvent oriented face of a CDR Which extends about 7 
Angstroms into the solvent from the CDR domain and about 
7 Angstroms on either side of the CDR domain, again as 
visualiZed by three dimensional modeling. 

Aresidue that interacts With a CDR generally is a residue 
that either affects the conformation of the CDR polypeptide 
backbone or forms a noncovalent bond With a CDR residue 
side chain. Conformation-affecting residues ordinarily are 
those that change the spatial position of any CDR backbone 
atom (N, Ca, C, O, C6) by more than about 0.2 Angstroms. 
Backbone atoms of CDR sequences are displaced for 
example by residues that interrupt or modify organiZed 
structures such as beta sheets, helices or loops. Residues that 
can exert a profound affect on the conformation of neigh 
boring sequences include proline and glycine, both of Which 
are capable of introducing bends into the backbone. Other 
residues that can displace backbone atoms are those that are 
capable of participating in salt bridges and hydrogen bonds. 

Aresidue that interacts With a CDR side chain is one that 
is reasonably expected to form a noncovalent bond With a 
CDR side chain, generally either a salt bridge or hydrogen 
bond. Such residues are identi?ed by three dimensional 
positioning of their side chains. A salt or ion bridge could be 
expected to form betWeen tWo side chains positioned Within 
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10 
about 2.5—3.2 Angstroms of one another that bear opposite 
charges, for example a lysinyl and a glutamyl pairing. A 
hydrogen bond could be expected to form betWeen the side 
chains of residue pairs such as seryl or threonyl With aspartyl 
or glutamyl (or other hydrogen accepting residues). Such 
pairings are Well knoWn in the protein chemistry art and Will 
be apparent to the artisan upon three dimensional modeling 
of the candidate immunoglobulin. 

Immunoglobulin residues that affect the interface betWeen 
heavy and light chain variable regions (“the VL—VH 
interface”) are those that affect the proximity or orientation 
of the tWo chains With respect to one another. Certain 
residues involved in interchain interactions are already 
knoWn and include VL residues 34, 36, 38, 44, 46, 87, 89, 91, 
96, and 98 and VH residues 35, 37, 39, 45, 47, 91, 93, 95, 
100, and 103 (utilizing the nomenclature setforth in Kabat et 
al., Sequences of Proteins of immunological Interest 
(National Institutes of Health, Bethesda, Md., 1987)). Addi 
tional residues are neWly identi?ed by the inventors herein, 
and include 43L, 85L, 43H and 60H. While these residues 
are indicated for IgG only, they are applicable across spe 
cies. In the practice of this invention, import antibody 
residues that are reasonably expected to be involved in 
interchain interactions are selected for substitution into the 
consensus sequence. It is believed that heretofore no human 
iZed antibody has been prepared With an intrachain-affecting 
residue selected from an import antibody sequence. 

Since it is not entirely possible to predict in advance What 
the exact impact of a given substitution Will be it may be 
necessary to make the substitution and assay the candidate 
antibody for the desired characteristic. These steps, 
hoWever, are per se routine and Well Within the ordinary skill 
of the art. 

CDR and FR residues are determined according to a 
standard sequence de?nition (Kabat et al., Sequences of 
Proteins of Immunological Interest, National Institutes of 
Health, Bethesda Md. (1987), and a structural de?nition (as 
in Chothia and Lesk, J. Mol. Biol. 196:901—917 (1987). 
Where these tWo methods result in slightly different identi 
?cations of a CDR, the structural de?nition is preferred, but 
the residues identi?ed by the sequence de?nition method are 
considered important FR residues for determination of 
Which frameWork residues to import into a consensus 
sequence. 

Throughout this description, reference is made to the 
numbering scheme from Kabat, E. A., et al., Sequences of 
Proteins of Immunological Interest (National Institutes of 
Health, Bethesda, Md. (1987) and (1991). In these 
compendiums, Kabat lists many amino acid sequences for 
antibodies for each subclass, and lists the most commonly 
occurring amino acid for each residue position in that 
subclass. Kabat uses a method for assigning a residue 
number to each amino acid in a listed sequence, and this 
method for assigning residue numbers has become standard 
in the ?eld. The Kabat numbering scheme is folloWed in this 
description. 

For purposes of this invention, to assign residue numbers 
to a candidate antibody amino acid sequence Which is not 
included in the Kabat compendium, one folloWs the folloW 
ing steps. Generally, the candidate sequence is aligned With 
any immunoglobulin sequence or any consensus sequence in 
Kabat. Alignment may be done by hand, or by computer 
using commonly accepted computer programs; an example 
of such a program is the Align 2 program discussed in this 
description. Alignment may be facilitated by using some 
amino acid residues Which are common to most Fab 
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sequences. For example, the light and heavy chains each
typically have two cysteines which have the same residue
numbers; in V, domain the two cysteines are typically at
residue numbers 23 and 88, and in the V,, domain the two
cysteine residues are typically numbered 22 and 92. Frame-
workresidues generally, but not always, have approximately
the same numberofresidues, however the CDRs will vary
in size. For example, in the case of a CDR from a candidate
sequence whichis longer than the CDR in the sequence in
Kabat to which it is aligned, typically suffixes are added to
the residue number to indicate the insertion of additional

residues (see, e.g. residues 100abcde in FIG. 5). For candi-
date sequences which, for example, align with a Kabat
sequence for residues 34 and 36 but have no residue between
them to align with residue 35, the number 35 is simply not
assigned to a residue.

Thus, in humanization of an import variable sequence,
where onecuts out an entire human or consensus CDR and

replaces it with an import CDR sequence, (a) the exact
numberof residues may be swapped, leaving the numbering
the same, (b) fewer import amino acid residues may be
introduced than are cut, in which case there will be a gap in
the residue numbers, or (c) a larger number of amino acid
residues maybe introduced then were cut, in which case the
numbering will involve the use of suffixes such as 100abede.

The terms “consensus sequence” and “consensus anti-
body”as used herein refers to an amino acid sequence which
comprises the most frequently occurring amino acid residues
at each location in all immunoglobulins of any particular
subclass or subunit structure. The consensus sequence may
be based on immunoglobulins of a particular species or of
many species. A “consensus” sequence, structure, or anti-
body is understood to encompass a consensus human
sequence as described in certain embodiments of this
invention, and to refer to an amino acid sequence which
comprises the most frequently occurring amino acid residues
at each location in all human immunoglobulins of any
particular subclass or subunit structure. This invention pro-
vides consensus human structures and consensusstructures

which consider other species in addition to human.

The subunit structures of the live immunoglobulin classes
in humansare as follows:

Class Heavy Chain Subclasses Light Chain Molecular Formula

IgG Y yl, 72, 3, ¥4 KorA (Yok), (y2A2)
IgA a al, a2 KorAk (GK)n°, (AAn®
IgM 7 none KorA—(bK2)s, (WAd)s
IgD 6 none KorA (8K), (Q:A5)
IgE € none KorA—(€5K>), (€:A5)

(®, may equal 1, 2, or 3)

In preferred embodiments of an IgGyl human consensus
sequence, the consensus variable domain sequences are
derived from the most abundant subclasses in the sequence
compilation of Kabatet al., Sequences ofProteins ofImmu-
nological Interest, National Institutes of Health, Bethesda
Md.(1987), namely V, « subgroup I and V,, group III. In
such preferred embodiments, the V, consensus domain has
the amino acid sequence:
DIQMTOQSPSSLSASVGDRVTITCRASQD-

VSSYLAW YQQKPGKAPKLLIYAASSLES-
GVPSRFSGSGSGTDFTLTISSLQPEDFA-

TYYCQOYNSLPYTFGOQGTKVEIKRT (SEQ. ID NO.
3);

10

15

20

25

30

35

40

45

50

55

60

12

the V,, consensus domain has the amino acid sequence:
EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYAMSW

VRQAPGKGLEWVAVISENGGYTRYADSVKGRFT
ISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGD

GFYAMDVWGQGTLVTVSS(SEQ. ID NO.4).
These sequences include consensus CDRs as well as

consensus FR residues (see for example in FIG. 1).
While not wishing to be limited to any particular theories,

it may bethat these preferred embodimentsare less likely to
be immunogenic in an individual than less abundant sub-
classes. However, in other embodiments, the consensus
sequence is derived from other subclasses of human immu-
noglobulin variable domains. In yet other embodiments, the
consensus sequence is derived from human constant
domains.

Identity or homology with respect to a specified amino
acid sequence of this invention is defined herein as the
percentage of amino acid residues in a candidate sequence
that are identical with the specified residues, after aligning
the sequences and introducing gaps, if necessary, to achieve
the maximum percent homology, and not considering any
conservative substitutions as part of the sequence identity.
None of N-terminal, C-terminal or internal extensions,
deletions, or insertions into the specified sequence shall be
construed as affecting homology. All sequence alignments
called for in this invention are such maximal homology
alignments. While such alignments may be done by hand
using conventional methods,a suitable computer program is
the “Align 2” program for which protection is being sought
from the U.S. Register of Copyrights (Align 2, by
Genentech, Inc., application filed Dec. 9, 1991).

“Non-homologous” import antibody residues are those
residues which are not identical to the amino acid residueat

the analogous or corresponding location in a consensus
sequence, after the import and consensus sequences are
aligned.

The term “computer representation” refers to information
which is in a form that can be manipulated by a computer.
The act of storing a computer representation refers to the act
of placing the information in a form suitable for manipula-
tion by a computer.

This invention is also directed to novel polypeptides, and
in certain aspects, isolated novel humanized anti-p185’“**
antibodies are provided. These novel anti-p185’”"** anti-
bodies are sometimes collectively referred to herein as
huMAb4D5,and also sometimesas the light or heavy chain
variable domains of huMAb4D5,and are defined herein to
be any polypeptide sequence which possesses a biological
property of a polypeptide comprising the following polypep-
tide sequence:
DIQMTQSPSSLSASVGDRVTITCRASODVNTAVAWY

QQKPGKAPKLLIYSASFLESGVPSRFSGSRSGT
DFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTK

VEIKRT (SEQ. ID NO. 1, which is the light chain
variable domain of huMAb4D5); or

EVQLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHW
VRQAPGKGLEWVARIYPTNGYTRYADS VKGRFT
ISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGD

GFYAMDVWGOQGTLVTVSS(SEQ.ID NO.2, which is
the heavy chain variable domain of huMAb4D5).
“Biological property”, as relates for example to anti-

p185“**, for the purposes herein means anin vivo effector
or antigen-binding function or activity that is directly or
indirectly performed by huMAb4D5(whetherin its native or
denatured conformation). Effector functions include
p1s5““"" binding, any hormonal or hormonal antagonist
activity, any mitogenic or agonist or antagonistactivity, any
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cytotoxic activity. An antigenic function means possession
of an epitope or antigenic site that is capable of cross-
reacting with antibodies raised against the polypeptide
sequence of huMAb4D5.

Biologically active huMAb4D5 is defined herein as a
polypeptide that shares an effector function of hoMAb4D5.
A principal known effector function of huMAb4D5is its
ability to bind to p185¥#*?,

Thus, the biologically active and antigenically active
huMAb4D5 polypeptides that are the subject of certain
embodiments of this invention include the sequence of the
entire translated nucleotide sequence of huMAb4D5; mature
huMAb4D5; fragments thereof having a consecutive
sequence of at least 5, 10, 15, 20, 25, 30 or 40 amino acid
residues comprising sequences from muMAb4D5plusresi-
dues from the human FR of huMAb4D5; amino acid
sequence variants of huMAb4D5 wherein an amino acid
residue has been inserted N- or C-terminal to, or within,
huMAb4D5or its fragment as defined above; amino acid
sequence variants of huMAb4D5orits fragment as defined
above wherein an amino acid residue of huMAb4D5orits

fragment as defined above has been substituted by another
residue, including predetermined mutations by, e.g., site-
directed or PCR mutagenesis; derivatives of huMAb4D5or
its fragments as defined above wherein huMAb4D5orits
fragments have been covalent modified, by substitution,
chemical, enzymatic, or other appropriate means, with a
moiety other than a naturally occurring amino acid; and
glycosylation variants of hoMAb4D5(insertion of a glyco-
sylation site or deletion of any glycosylation site by deletion,
insertion or substitution of suitable residues). Such frag-
ments and variants exclude any polypeptide heretofore
identified, including muMAb4D5or any knownpolypeptide
fragment, which are anticipatory order 35 U.S.C. 102 as well
as polypeptides obvious thereover under 35 U.S.C. 103.

An “isolated” polypeptide means polypeptide which has
been identified and separated and/or recovered from a com-
ponentofits natural environment. Contaminant components
of its natural environment are materials which would inter-

fere with diagnostic or therapeutic uses for the polypeptide,
and may include enzymes, hormones, and other proteina-
ceous or nonproteinaceous solutes. In preferred
embodiments, for example, a polypeptide product compris-
ing huMAb4D5will be purified from a cell culture or other
synthetic environment (1) to greater than 95% by weight of
protein as determined by the Lowry method, and most
preferably more than 99% by weight, (2) to a degree
sufficient to obtain at least 15 residues of N-terminal or

internal amino acid sequencebyuseof a gas- or liquid-phase
sequenator (such as a commercially available Applied Bio-
systems sequenator Model 470, 477, or 473), or (3) to
homogeneity by SDS-PAGEunderreducing or nonreducing
conditions using Coomassie blueor, preferably, silver stain.
Isolated huMAb4D5 includes huMAb4D5 in situ within

recombinant cells since at least one component of the
huMAb4D5 natural environment will not be present.
Ordinarily, however, isolated huMAb4D5 will be prepared
by at least one purification step.

In accordance with this invention, huMAb4D5 nucleic
acid is RNA or DNAcontaining greater than ten bases that
encodesa biologically or antigenically active hMAb4D5,is
complementary to nucleic acid sequence encoding such
huMAb4D5,or hybridizes to nucleic acid sequence encod-
ing such huMAb4D5and remainsstably boundto it under
stringent conditions, and comprises nucleic acid from a
muMAb4D5 CDRand a human FR region.

Preferably, the huMAb4D5 nucleic acid encodes a
polypeptide sharing at least 75% sequence identity, more
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preferably at least 80%, still more preferably at least 85%,
even more preferably at 90%, and most preferably 95%,
with the huMAb4D5 amino acid sequence. Preferably, a
nucleic acid molecule that hybridizes to the huMAb4D5
nucleic acid contains at least 20, more preferably 40, and
most preferably 90 bases. Such hybridizing or complemen-
tary nucleic acid, however, is further defined as being novel
under 35 U.S.C. 102 and unobvious under 35 U.S.C. 103

over any prior art nucleic acid.
Stringent conditions are those that (1) employ low ionic

strength and high temperature for washing, for example,
0.015 M NaCl/0.0015 M sodium citrate/0/1% NaDodSO,at
50° C.; (2) employ during hybridization a denaturing agent
such as formamide, for example, 50% (vol/vol) formamide
with 0.1% bovine serumalbumin/0/1% Ficoll/0/1%

polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH
6.5 with 750 mM NaCl, 75 mM sodium citrate at 42° C.; or
(3) employ 50% formamide, 5xSSC (0.75 M NaCl, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1%
sodium pyrophosphate, 5xDenhardt’s solution, sonicated
salmon sperm DNA(50 g/ml), 0.1% SDS, and 10% dextran
sulfate at 42 C., with washes at 42 C. in 0.2xSSC and 0.1%
SDS.

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, a
ribosome binding site, and possibly, other as yet poorly
understood sequences. Eukaryotic cells are knownto utilize
promoters, polyadenylation signals, and enhancers.

Nucleic acid is “operably linked” whenit is placed into a
functional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader is
operably linked to DNAfor a polypeptide if it is expressed
as a preprotein that participates in the secretion of the
polypeptide; a promoter or enhanceris operably linked to a
coding sequence if it affects the transcription of the
sequence; or a ribosome bindingsite 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 of a
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, then synthetic oligonucleotide adaptors or
linkers are used in accord with conventional practice.

An “exogenous” element is defined herein to mean
nucleic acid sequencethat is foreign to the cell, or homolo-
gousto the cell but in a position within the host cell nucleic
acid in which the elementis ordinarily not found.

As used herein, the expressions “cell,” “cell line,” and
“cell culture” are used interchangeably and all such desig-
nations include progeny. Thus, the words “transformants”
and “transformedcells” include the primary subject cell and
cultures derived therefrom without regard for the numberof
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 origi-
nally transformed cell are included. Where distinct desig-
nations are intended, it will be clear from the context.

“Oligonucleotides” are short-length, single- or double-
stranded polydeoxynucleotides that are chemically synthe-
sized by known methods (such as phosphotriester,
phosphite, or phosphoramidite chemistry, using solid phase
techniques such as described in EP 266,032 published May
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4, 1988, or via deoxynucleoside H-phosphonate intermedi-
ates as described by Froehler et al., Nucl. Acids Res., 14:
5399-5407 [1986]). They are then purified on polyacryla-
mide gels.

The technique of “polymerase chain reaction,” or “PCR,”
as used herein generally refers to a procedure wherein
minute amounts of a specific piece of nucleic acid, RNA
and/or DNA,are amplified as described in U.S. Pat. No.
4,683,195 issued Jul. 28, 1987. Generally, sequence infor-
mation from the ends of the region of interest or beyond
needsto be available, such that oligonucleotide primers can
be designed; these primers will be identical or similar in
sequence to opposite strands of the template to be amplified.
The 5’ terminal nucleotides of the two primers may coincide
with the ends of the amplified material. PCR can be used to
amplify specific RNA sequences, specific DNA sequences
from total genomic DNA, and cDNAtranscribed from total
cellular RNA, bacteriophage or plasmid sequences,etc. See
generally Mullis et al., Cold Spring Harbor Symp. Quant.
Biol., 51: 263 (1987); Erlich, ed., PCR Technology,
(Stockton Press, N.Y., 1989). As used herein, PCR is con-
sidered to be one, but not the only, example of a nucleic acid
polymerase reaction method for amplifying a nucleic acid
test sample, comprising the use of a known nucleic acid
(DNA or RNA) as a primer and utilizes a nucleic acid
polymerase to amplify or generate a specific piece of nucleic
acid or to amplify or generate a specific piece of nucleic acid
which is complementary to a particular nucleic acid.

Suitable Methods for Practicing the Invention

Some aspects of this invention include obtaining an
import, non-human antibody variable domain, producing a
desired humanized antibody sequence and for humanizing
an antibody gene sequence are described below. A particu-
larly preferred method of changing a gene sequence, such as
gene conversion from a non-human or consensus sequence
into a humanized nucleic acid sequence, is the cassette
mutagenesis procedure described in Example 1.
Additionally, methods are given for obtaining and producing
antibodies generally, which apply equally to native non-
human antibodies as well as to humanized antibodies.

Generally, the antibodies and antibody variable domains
of this invention are conventionally prepared in recombinant
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cell culture, as described in more detail below. Recombinant
synthesis is preferred for reasons of safety and economy,but
it is knownto prepare peptides by chemical synthesis and to
purify them from natural sources; such preparations are
included within the definition of antibodies herein.

Molecular Modeling

An integral step in our approach to antibody humanization
is construction of computer graphics models of the import
and humanized antibodies. These models are used to deter-

mine if the six complementarity-determining regions
(CDRs) can be successfully transplanted from the import
framework to a human one and to determine which frame-

work residues from the import antibody, if any, need to be
incorporated into the humanized antibody in order to main-
tain CDR conformation. In addition, analysis of the
sequences of the import and humanized antibodies and
reference to the models can help to discern which frame-
work residues are unusual and thereby might be involved in
antigen binding or maintenanceofproper antibodystructure.

All of the humanized antibody models of this invention
are based on a single three-dimensional computer graphics
structure hereafter referred to as the consensus structure.

This consensus structure is a key distinction from the
approach of previous workers in the field, who typically
begin by selecting a human antibody structure which has an
amino acid sequence which is similar to the sequence of
their import antibody.

The consensusstructure of one embodiment ofthis inven-

tion was built in five steps as described below.

Step 1

Seven Fab X-ray crystal structures from the Brookhaven
Protein Data Bank were used (entries 2FB4, 2RHE, 3FAB,
and 1 REI which are humanstructures, and 2MCP, 1 FBJ,
and 2HFL which are murinestructures). For each structure,
protein mainchain geometry and hydrogen bondingpatterns
were used to assign each residue to one of three secondary
structure types: alpha-helix, beta-strand or other (i.e. non-
helix and non-strand). The immunoglobulin residues used in
superpositioning and those included in the consensusstruc-
ture are shownin Table 1.

TABLEI

Immunoglobulin Residues Used in Superpositioning and Those Included in the

Ig? 2FB4

18-24
32-37

60-66
69-74
84-88

RMS°

18-25
34-39
46-52
57-61
68-71
78-84
92-99

Consensus Structure

2RHE 2MCP 3FAB 1FBJ 2HFL 1REI Consensus”

VK domain

2-11
18-24 19-25 18-24 19-25 19-25 19-25 16-27
34-39 39-44 32-37 32-37 32-37 33-38 33-39

41-49
62-68 67-72 53-66 60-65 60-65 61-66 59-77
71-76 76-81 69-74 69-74 69-74 70-15
86-90 91-95 84-88 84-88 84-88 85-89 82-91

101-105
0.40 0.60 0.53 0.54 0.48 0.50

Vy domain

3-8
18-25 18-25 18-25 18-25 17-23
34-39 34-39 34-39 34-39 33-41
46-52 46-52 46-52 46-52 45-51
59-63 56-60 57-61 57-61 57-61
70-73 67-70 68-71 68-71 66-71
80-86 TI-83 78-84 78-84 75-82
94-101 91-98 92-99 92-99 88-94

102-108
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TABLEI-continued

Immunoglobulin Residues Used in Superpositioning and Those Included in theConsensus Structure

Ig? 2FB4 2RHE 2MCP 3FAB 1FBJ 2HFL 1REI Consensus”
RMS*° 0.43 0.85 0.62 0.91
Rms‘ 0.91 0.73 0.77 0.92

*Four-letter code for Protein Data Bank file.

Residue numbers for the crystal structures are taken from the Protein Data Bank files. Residue
numbers for the consensus structure are according to Kabatetal.
°Root-mean-square deviation in A for (N, Ca, C) atoms superimposed on 2FB4.
“Root-mean-square deviation in A for (N, Ca, C) atoms superimposed on 2HFL.

Step 2 6 deviant bond lengths and angles to assume a standard
Having identified the alpha-helices and beta-strands in (chemically acceptable) geometry. See Table II.

each of the seven structures, the structures were superim-
posed on one another using the INSIGHT computer program TABLEII
(Biosym Technologies, San Diego, Calif.) as follows: The
2FB4 structure was arbitrarily chosen as the template (or 20 Average Bond Lengths and Angles for “Average” (Before) and
reference) structure. The 2FB4 washeld fixed in space and Energy-Minimized Consensus (After 50 Cycles) Structures
the other six structures rotated and translated in space so that Stan-
their common secondary structural elements (i.e. alpha- dard
helices and beta-strands) were oriented such that these ViK ViK Vu Vu Geo-
common elements were as close in position to one another 25 before after before after metry
as possible. (This superpositioning was performed using (4) (4) (A) (4) (4)
accepted mathematical formulae rather than actually physi-=j_ca —1,459(0.012) 1.451(0.004) 1.451(0.023) 1.452(0.004) 1.449
cally moving the structures by hand.) Ca-C —-1.515(0.012) 1.523(0.005) 1.507(0.033) 1.542(0.005) 1.522

Step 3 O=C —1.208(0.062) 1.229(0.003) 1.160(0.177) 1.231(0.003) 1.229

With the seven structures thus superimposed, for each 30 CoS, FSoso026) 183000002) 1499100089) 1530(0002) 1326
residue in the template (2FB4) Fab one calculates the
distance from the template alpha-carbon atom (Ca) to the (*) (*) (*) (*) (*)
analogous Ca atom in each of the other six superimposed
structures. This results in a table of Ca-Ca distances for CN—Co 123.5(4.2) 123.80L.1)  125.34.6)  124.0(1-1) 121.9

: vee : N—Ca-C 110.0(4.0) 109.5(1.9) 110.3(2.8) 109.5(1.6) 110.1
each residue position in the sequence. Such a table is 35 Qyc_wn 116.6(4.0) 116.6(1.2) 117.6(5.2) 116.6(0.8) 116.6
necessary in order to determine whichresidue positions will O=C—N 123.1(4.1) 123.4(0.6) 122.2(4.9) 123.3(0.4) 122.9
be included in the consensus model. Generally, is if all N—Ca-CB—110.3(2.1) 109.8(0.7)  110.6(2.5)  109.8(0.6) 109.5
Ca-Ca distances for a given residue position were =1.0 A, CB-Ca-C 1142.4) 114107) 114.22.2) 111.106) 141.1
that position was includedin the consensusstructure.If for
a given position only one Fab crystal structure was >1.0 A, 40 Values in parentheses are standard deviations. Note that
the position was included but the outlying crystal structure while some bond length and angle averages did not change
wasnot included in the next step (for this position only). In appreciably after energy-minimization, the corresponding
general, the seven f-strands were included in the consensus standard deviations are reduced due to deviant geometries
structure while some of the loops connecting the p-strands, assuming standard values after energy-minimization. Stan-
e.g. complementarity-determining regions (CDRs), were not 45 dard geometry values are from the AMBER forcefield as
included in view of Ca divergence. implemented in DISCOVER (Biosym Technologies).

Step 4 The consensusstructure might conceivably be dependent
For each residue which was included in the consensus upon which crystal structure was chosen as the template on

structure after step 3, the average of the coordinates for which the others were superimposed. Asatest, the entire
individual mainchain N, Ca, C, O and Cp atoms were 50 procedure was repeated using the crystal structure with the
calculated. Due to the averaging procedure, as well as worst superposition versus 2FB4, 1.e. the 2HFL Fab
variation in bond length, bond angle and dihedral angle structure, as the new template (reference). The two consen-
among the crystal structures, this “average” structure con- sus structures compare favorably (root-mean-squared devia-
tained some bond lengths and angles which deviated from tion of 0.11 A for all N, Ca and C atoms).
standard geometry. For purposesof this invention, “standard 55—_Note that the consensusstructure only includes mainchain
geometry” is understood to include geometries commonly (N, Ca, C, O, CB atoms) coordinates for only those residues
accepted as typical, such as the compilation of bond lengths whichare part of a conformation commonto all seven X-ray
and angles from small molecule structures in Weiner,S. J.et. crystal structures. For the Fab structures, these include the
al., J. Amer. Chem. Soc., 106: 765-784 (1984). common (-strands (which comprise two B-sheets) and a few

Step 5 60 non-CDR loops which connect these f-strands. The consen-
In order to correct these deviations, the final step was to sus structure does not include CDRsorsidechains, both of

subject the “average” structure to 50 cycles of energy which vary in their conformation among the seven struc-
minimization (DISCOVERprogram, Biosym Technologies) tures. Also, note that the consensusstructure includes only
using the AMBER (Weiner,S.J. et. al., J. Amer. Chem. Soc., the V, and V,, domains.
106: 765-784 (1984)) parameter set with only the Ca 65 This consensusstructureis used as the archetype. It is not
coordinates fixed (i.e. all other atoms are allowed to move)
(energy minimization is described below). This allowed any

particular to any species, and has only the basic shape
without side chains. Starting with this consensusstructure
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the model of any import, human, or humanized Fab can be
constructed as follows. Using the amino acid sequenceofthe
particular antibody V, and V;, domains of interest, a com-
puter graphics program (such as INSIGHT, Biosym
Technologies) is used to add sidechains and CDRsto the
consensusstructure. When a sidechain is added, its confor-
mation is chosen on the basis of known Fab crystal struc-
tures (see the Background section for publications of such
crystal structures) and rotamer libraries (Ponder, J. W. &
Richards, F. M., J. Mol. Biol. 193: 775-791 (1987)). The
model also is constructed so that the atoms of the sidechain

are positioned so as to not collide with other atoms in the
Fab.

CDRsare added to the model (now having the backbone
plus side chains) as follows. Thesize (i.e. number of amino
acids) of each import CDR is compared to canonical CDR
structures tabulated by Chothia et al., Nature, 342:877-883
(1989)) and which were derived from Fab crystals. Each
CDRsequenceis also reviewed for the presence or absence
of certain specific amino acid residues which are identified
by Chothia as structurally important: e.g. light chain resi-
dues 29 (CDR1) and 95 (CDR3), and heavy chain residues
26, 27, 29 (CDR1) and 55 (CDR2). For light chain CDR2,
and heavy chain CDR3, only the size of the CDR is
compared to the Chothia canonicalstructure. If the size and
sequence (i.e. inclusion of the specific, structurally impor-
tant residues as denoted by Chothiaetal.) of the import CDR
agrees in size and has the same structurally important
residues as those of a canonical CDR, then the mainchain
conformation of the import CDR in the modelis taken to be
the sameas that of the canonical CDR. This meansthat the

import sequence is assigned the structural configuration of
the canonical CDR, which is then incorporated in the
evolving model.

However, if no matching canonical CDRcan be assigned
for the import CDR, then one of two options can be
exercised. First, using a program such as INSIGHT (Biosym
Technologies), the Brookhaven Protein Data Bank can be
searched for loops with a similar size to that of the import
CDR and these loops can be evaluated as possible confor-
mations for the import CDR in the model. Minimally, such
loops must exhibit a conformation in which no loop atom
overlaps with other protein atoms. Second, one can use
available programs which calculate possible loop
conformations, assuming a given loop size, using methods
such as described by Bruccoleri et al., Nature 335: 564-568
(1988).

When all CDRs and sidechains have been added to the

consensusstructure to give the final model (import, human
or humanized), the modelis preferably subjected to energy
minimization using programs which are available commer-
cially (e.g. DISCOVER, Biosym Technologies). This tech-
nique uses complex mathematical formulae to refine the
model by performing such tasks as checking that all atoms
are within appropriate distances from one another and
checking that bond lengths and angles are within chemically
acceptable limits.

Models of a humanized, import or human antibody
sequence are used in the practice of this invention to
understand the impact of selected amino acid residues of the
activity of the sequence being modeled. For example, such
a model can show residues which may be important in
antigen binding, or for maintaining the conformation of the
antibody, as discussed in more detail below. Modeling can
also be used to explore the potential impact of changing any
amino acid residue in the antibody sequence.
Methods for Obtaining a Humanized Antibody Sequence
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In the practice of this invention, the first step in human-
izing an import antibody is deriving a consensus aminoacid
sequence into which to incorporate the import sequences.
Next a model is generated for these sequences using the
methods described above. In certain embodiments of this

invention, the consensus human sequencesare derived from
the most abundant subclasses in the sequence compilation of
Kabat et al. (Kabat, E. A. et al., Sequences of Proteins of
Immunological Interest (National Institutes of Health,
Bethesda, Md., 1987)), namely V, « subgroup I and V,,
groupIII, and have the sequencesindicated in the definitions
above.

While these steps may be taken in different order, typi-
cally a structure for the candidate humanized antibody is
created by transferring the at least one CDR from the
non-human, import sequence into the consensus human
structure, after the entire corresponding human CDR has
been removed. The humanized antibody may contain human
replacements of the non-human import residues at positions
within CDRsas defined by sequence variability (Kabat, E.
A.et al., Sequences of Proteins of Immunological Interest
(National Institutes of Health, Bethesda, Md., 1987)) or as
defined by structural variability (Chothia, C. & Lesk, A.M.,
J. Mol. Biol. 196:901-917 (1987)). For example,
huMAb4D5 contains human replacements of the
muMAb4D5residues at three positions within CDRs as
defined by sequence variability (Kabat, E. A. et al.,
Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987)) but not as
defined by structural variability (Chothia, C. & Lesk, A.M.,
J. Mol Bol. 196:901-917 (1987)): V,-CDR1 K24R,
V,-CDR2 R54L and V,-CDR2 T56S.

Differences between the non-human import and the
human consensus framework residues are individually
investigated to determine their possible influence on CDR
conformation and/or binding to antigen. Investigation of
such possible influences is desirably performed through
modeling, by examination of the characteristics of the amino
acids at particular locations, or determined experimentally
through evaluating the effects of substitution or mutagenesis
of particular amino acids.

In certain preferred embodiments of this invention, a
humanized antibody is made comprising amino acid
sequence of an import, non-human antibody and a human
antibody, utilizing the steps of:

a. obtaining the amino acid sequencesofat least a portion
of an import antibody variable domain and of a con-
sensus human variable domain;

b. identifying Complementarity Determining Region
(CDR) amino acid sequences in the import and the
human variable domain sequences;

c. substituting an import CDR amino acid sequence for
the corresponding human CDR amino acid sequence;

d. aligning the amino acid sequences of a Framework
Region (FR) of the import antibody and the corre-
sponding FR of the consensus antibody;

e. identifying import antibody FR residues in the aligned
FR sequences that are non-homologous to the corre-
sponding consensus antibody residues;

f. determining if the non-homologous import amino acid
residue is reasonably expected to have at least one of
the following effects:
1. non-covalently binds antigen directly,
2. interacts with a CDR; or
3. participates in the V,—-V,, interface; and

g. for any non-homologous import antibody amino acid
residue which is reasonably expected to have at least
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one of these effects, substituting that residue for the
corresponding amino acid residue in the consensus
antibody FR sequence.

Optionally, one determines if any non-homologousresi-
dues identified in step (e) are exposed on the surface of the
domain or buried within it, and if the residue is exposed but
has noneofthe effects identified in step (f), one mayretain
the consensus residue.

Additionally, in certain embodiments the corresponding
consensus antibody residues identified in step (e) above are
selected from the group consisting of 4L, 35L, 36L, 38L,
43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 68L,
69L, 70L, 71 L, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H,
58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H,
91H,92H,93H,and 103H (utilizing the numbering system
set forth in Kabat, E. A. et al., Sequences of Proteins of
Immunological Interest (National Institutes of Health,
Bethesda, Md., 1987)).

In preferred embodiments, the method of this invention
comprises the additional steps of searching either or both of
the import, non-humanand the consensus variable domain
sequences for glycosylation sites, determining if the glyco-
sylation is reasonably expected to be important for the
desired antigen binding and biological activity of the anti-
body (i.e., determining if the glycosylation site binds to
antigen or changesa side chain of an amino acid residue that
bindsto antigen,or if the glycosylation enhances or weakens
antigen binding, or is important for maintaining antibody
affinity). if the import sequence bears the glycosylation site,
it is preferred to substitute that site for the corresponding
residues in the consensus human sequence if the glycosy-
lation site is reasonably expected to be important. If only the
consensus sequence, and not the import, bears the glycosy-
lation site, it is preferred to eliminate that glycosylationsite
or substitute therefor the corresponding aminoacid residues
from the import sequence.

Another preferred embodiment of the methods of this
invention comprises aligning import antibody and the con-
sensus antibody FR sequences, identifying import antibody
FR residues which are non-homologous with the aligned
consensus FR sequence, and for each such non-homologous
import antibody FR residue, determining if the correspond-
ing consensus antibody residue represents a residue whichis
highly conserved across all species at that site, and if it is so
conserved, preparing a humanized antibody which com-
prises the consensus antibody aminoacid residue atthatsite.

In certain alternate embodiments, one need notutilize the
modeling and evaluation steps described above, and may
instead proceed with the steps of obtaining the amino acid
sequence of at least a portion of an import, non-human
antibody variable domain having a CDR and a FR,obtaining
the amino acid sequenceofat least a portion of a consensus
human antibody variable domain having a CDR and a FR,
substituting the non-human CDRfor the human CDRin the
consensus human antibody variable domain, and then sub-
stituting an amino acid residue for the consensus aminoacid
residue at at least one of the followingsites:

a. (in the FR of the variable domainofthe light chain) 4L,
35L, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L,
65L, 66L, 67L, 68L, 69L, 70L, 71L, 73L, 85L, 87L,
98L, or

b. fin the FR of the variable domain of the heavy chain)
2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 58H,
60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H,
91H, 92H, 93H, and 103H.

Preferably, the non-CDR residue substituted at the consen-
sus FRsite is the residue found at the corresponding location
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of the non-humanantibody. If desired, one may utilize the
other method steps described above for determining whether
a particular amino acid residue can reasonably be expected
to have undesirable effects, and remedying those effects.

If after making a humanized antibody according to the
steps above and testing its activity one is not satisfied with
the humanized antibody, one preferably reexamines the
potential effects of the amino acidsat the specific locations
recited above. Additionally, it is desirable to reinvestigate
any buried residues which are reasonably expected to affect
the V,-V,, interface but may not directly affect CDR
conformation. It is also desirable to reevaluate the human-

ized antibody utilizing the steps of the methods claimed
herein.

In certain embodiments of this invention, amino acid
residues in the consensus human sequence are substituted
for by other amino acid residues. In preferred embodiments,
residues from a particular non-human import sequence are
substituted, however there are circumstances where it is
desired to evaluate the effects of other amino acids. For

example, if after making a humanized antibody according to
the steps above and testing its activity one is not satisfied
with the humanized antibody, one may compare the
sequences of other classes or subgroups of human
antibodies, or classes or subgroups of antibodies from the
particular non-human species, and determine which other
amino acid side chains and amino acid residues are found at

particular locations and substituting such other residues.
Antibodies

Certain aspects of this invention are directed to natural
antibodies and to monoclonal antibodies,as illustrated in the
Examples below and by antibody hybridomas deposited
with the ATCC (as described below). Thus, the references
throughout this description to the use of monoclonal anti-
bodies are intended to include the use of natural or native
antibodies as well as humanized and chimeric antibodies. As

used herein, the term “antibody” includes the antibody
variable domain and other separable antibody domains
unless specifically excluded.

In accordance with certain aspects of this invention,
antibodies to be humanized (import antibodies) are isolated
from continuous hybrid cell lines formed by the fusion of
antigen-primed immune lymphocytes with myelomacells.
in certain embodiments, the antibodies of this invention are
obtained by routine screening. Polyclonal antibodies to an
antigen generally are raised in animals by multiple subcu-
taneous(sc) or intraperitoneal (ip) injections of the antigen
and an adjuvant. It may be useful to conjugate the antigen or
a fragment containing the target amino acid sequence 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 bifunc-
tional or derivatizing agent, for example, maleimidobenzoyl
sulfosuccinimide ester (conjugation through cysteine
residues), N-hydroxysuccinimide (through lysine residues),
glutaraldehyde, succinic is anhydride, SOCLI,, or
R’N=C=NR,where R and R?are different alkyl groups.

The route and schedule of the host animal or cultured

antibody-producing cells therefrom are generally in keeping
with established and conventional techniques for antibody
stimulation and production. While mice are frequently
employed as the test model, it is contemplated that any
mammalian subject including human subjects or antibody-
producing cells obtained therefrom can be manipulated
according to the processes of this invention to serve as the
basis for production of mammalian, including human,
hybrid cell lines.
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Animals are typically immunized against the immuno-
genic conjugates or derivatives by combining 1 mg or 1 yg
of 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 Ys to “10 the original amount of
conjugate in Freund’s complete adjuvant (or other suitable
adjuvant) by subcutaneousinjection at multiple sites. 7 to 14
days later animals are bled and the serum is assayed for
antigen 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 agent. Conjugates also can
be madein recombinantcell culture as protein fusions. Also,
aggregating agents such as alum are used to enhance the
immuneresponse.

After immunization, monoclonal antibodiesare prepared
by recovering immune lymphoid cells—typically spleen
cells or lymphocytes from lymph node tissue—from immu-
nized animals and immortalizing the cells in conventional
fashion, e.g. by fusion with myeloma cells or by Epstein-
Barr (EB)-virus transformation and screening for clones
expressing the desired antibody. The hybridoma technique
described originally by Kohler and Milstein, Eur. J. Immu-
nol. 6:511 (1976) has been widely applied to produce hybrid
cell lines that secrete high levels of monoclonal antibodies
against many specific antigens.

It is possible to fuse cells of one species with another.
However,it is preferable that the source of the immunized
antibody producing cells and the myelomabe from the same
species.

The hybrid cell lines can be maintained in culture in vitro
in cell culture media. The cell lines of this invention can be

selected and/or maintained in a composition comprising the
continuouscell line in hypoxanthine-aminopterin thymidine
(HAT) medium. In fact, once the hybridomacell line is
established, it can be maintained on a variety of nutritionally
adequate media. Moreover, the hybrid cell lines can be
stored. and preserved in any numberof conventional ways,
including freezing and storage underliquid nitrogen. Frozen
cell lines can be revived and cultured indefinitely with
resumed synthesis and secretion of monoclonal antibody.
The secreted antibody is recovered from tissue culture
supernatant by conventional methods such as precipitation,
Ion exchange chromatography, affinity chromatography, or
the like. The antibodies described herein are also recovered

from hybridomacell cultures by conventional methods for
purification of IgG or IgM asthe case maybe that heretofore
have been used to purify these immunoglobulins from
pooled plasma, e.g. ethanol or polyethylene glycol precipi-
tation procedures. The purified antibodiesaresterile filtered,
and optionally are conjugated to a detectable marker such as
an enzymeor spin label for use in diagnostic assays of the
antigen in test samples.

While routinely rodent monoclonal antibodies are used as
the source of the import antibody, the invention is not
limited to any species. Additionally, techniques developed
for the production of chimeric antibodies (Morrison et al.,
Proc. Natl. Acad. Sci., 81:6851 (1984); Neuberger et al.,
Nature 312:604 (1984); Takeda et al. Nature 314:452
(1985)) by splicing the genes from a mouse antibody mol-
ecule of appropriate antigen specificity together with genes
from a human antibody molecule of appropriate biological
activity (such as ability to activate human complement and
mediate ADCC) can be used; such antibodies are within the
scope of this invention.

Techniques for creating recombinant DNAversionsof the
antigen-binding regions of antibody molecules (known as
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Fab fragments) which bypass the generation of monoclonal
antibodies are encompassed within the practice of this
invention. One extracts antibody-specific messenger ANA
molecules from immune system cells taken from an immu-
nized animal, transcribes these into complementary DNA
(cDNA), and clones the CDNAinto a bacterial expressions
system. One example of such a technique suitable for the
practice of this invention was developed by researchers at
Scripps/Stratagene, and incorporates a proprietary bacte-
riophage lambda vector system which contains a leader
sequence that causes the expressed Fab protein to migrate to
the periplasmic space (between the bacterial cell membrane
and the cell wall) or to be secreted. One can rapidly generate
and screen great numbers of functional FAb fragments for
those which bind the antigen. Such FAb fragments with
specificity for the antigen are specifically encompassed
within the term “antibody”as it is defined, discussed, and
claimed herein.

Amino Acid Sequence Variants
Amino acid sequence variants of the antibodies and

polypeptides of this invention (referred to in herein as the
target polypeptide) are prepared by introducing appropriate
nucleotide changes into the DNA encoding the target
polypeptide, or by in vitro synthesis of the desired target
polypeptide. Such variants include, for example, humanized
variants of non-human antibodies, as well as deletions from,
or insertions or substitutions of, residues within particular
amino acid sequences. Any combination of deletion,
insertion, and substitution can be madeto arrive at the final
construct, provided that the final construct possesses the
desired characteristics. The amino acid changes also may
alter post-translational processes of the target polypeptide,
such as changing the number or position of glycosylation
sites, altering any membrane anchoring characteristics, and/
or altering the intra-cellular location of the target polypep-
tide by inserting, deleting, or otherwise affecting any leader
sequence of the native target polypeptide.

In designing amino acid sequence variants of target
polypeptides, the location of the mutation site and the nature
of the mutation will depend on the target polypeptide
characteristics) to be modified. The sites for mutation can be
modified individually or in series, e.g., by (1) substituting
first with conservative amino acid choices and then with

moreradical selections depending uponthe results achieved,
(2) deleting the target residue,or (3) inserting residues of the
same or a different class adjacent to the located site, or
combinationsof options 1-3. In certain embodiments, these
choices are guided by the methods for creating humanized
sequences set forth above.

A useful method for identification of certain residues or

regionsof the target polypeptide that are preferred locations
for mutagenesis is called “alanine scanning mutagenesism”
as described by Cunningham and Wells (Science, 244:
1081-1085 [1989). Here, a residue or group of target resi-
dues are identified (e.g., charged residues such as arg, asp,
his, lys, and glu) and replaced by a neutral or negatively
charged aminoacid (most preferably alanine or polyalanine)
to affect the interaction of the amino acids with the sur-

rounding aqueous environmentin or outside the cell. Those
domains demonstrating functional sensitivity to the substi-
tutions then are refined by introducing further or other
variantsat or for the sites of substitution. Thus, while the site
for introducing an amino acid sequence variation is
predetermined, the nature of the mutation per se need not be
predetermined. For example, to optimize the performance of
a mutation at a given site, ala scanning or random mutagen-
esis may be conducted at the target codon or region and the
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expressed target polypeptide variants are screened for the
optimal combination of desired activity.

There are two principal variables in the construction of
amino acid sequence variants: the location of the mutation
site and the nature of the mutation. In general, the location
and nature of the mutation chosen will depend upon the
target polypeptide characteristic to be modified.

Aminoacid sequence deletions of antibodies are generally
not preferred, as maintaining the generally configuration of
an antibody is believed to be necessary for its activity. Any
deletions will be selected so as to preserve the structure of
the target antibody.

Amino acid sequence insertions include amino- and/or
carboxyl-terminal fusions ranging in length from oneresi-
due to polypeptides containing a hundred or moreresidues,
as well as intrasequence insertions of single or multiple
amino acid residues. Intrasequence insertions (i.e., inser-
tions within the target polypeptide sequence) may range
generally from about 1 to 10 residues, more preferably 1 to
5, most preferably 1 to 3. Examples of terminal insertions
include the target polypeptide with an N-terminal methionyl
residue, an artifact of the direct expression of target polypep-
tide in bacterial recombinant cell culture, and fusion of a
heterologous N-terminal signal sequence to the N-terminus
of the target polypeptide molecule to facilitate the secretion
of the mature target polypeptide from recombinant host
cells. Such signal sequences generally will be obtained from,
and thus homologous to, the intended host cell species.
Suitable sequences include STII or Ipp for FE. coli, alpha
factor for yeast, and viral signals such as herpes gD for
mammalian cells.

Other insertional variants of the target polypeptide
include the fusion to the N- or C-terminus of the target
polypeptide of immunogenic polypeptides, e.g., bacterial
polypeptides such as beta-lactamase or an enzyme encoded
by the FE. coli trp locus, or yeast protein, and C-terminal
fusions with proteins having a long half-life such as immu-
noglobulin constant regions (or other immunoglobulin
regions), albumin,orferritin, as described in WO 89/02922
published Apr. 6, 1989.

Another group of variants are amino acid substitution
variants. These variants have at least one aminoacid residue

in the target polypeptide molecule removed and a different
residue inserted in its place. The sites of greatest interest for
substitutional mutagenesis include sites identified as the
active site(s) of the target polypeptide, and sites where the
amino acids found in the target polypeptide from various
species are substantially different in terms of side-chain
bulk, charge, and/or hydrophobicity. Other sites for substi-
tution are described infra, considering the effect of the
substitution of the antigen binding, affinity and other char-
acteristics of a particular target antibody.

Other sites of interest are those in which particular
residues of the target polypeptides obtained from various
species are identical. These positions may be important for
the biological activity of the target polypeptide. Thesesites,
especially those falling within a sequence of at least three
other identically conserved sites, are substituted in a rela-
tively conservative manner. If such substitutions result in a
change in biological activity, then other changes are intro-
duced and the products screened until the desired effect is
obtained.

Substantial modifications in function or immunological
identity of the target polypeptide are accomplished by
selecting substitutions that differ significantly in their effect
on maintaining (a) the structure of the polypeptide backbone
in the area of the substitution, for example, as a sheet or
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helical conformation, Ib) the charge or hydrophobicity of the
molecule at the target site, or (c) the bulk of the side chain.
Naturally occurring residues are divided into groups based
on commonside chain properties:

(1) hydrophobic: norleucine, met, ala, val, leu,ile;
(2) neutral hydrophilic: cys, ser, thr;
(3) acidic: asp, glu;
(4) basic: asn,gin, his, lys, arg;
(5) residues that influence chain orientation: gly, pro; and
(6) aromatic: trp, tyr, phe.
Non-conservative substitutions will entail exchanging a

memberof one of these classes for another. Such substituted

residues may be introduced into regions of the target
polypeptide that are homologous with other antibodies of the
same class or subclass, or, more preferably, into the non-
homologous regions of the molecule.

Any cysteine residues not involved in maintaining the
proper conformation of target polypeptide also may be
substituted, generally with serine, to improve the oxidative
stability of the molecule and prevent aberrant crosslinking.

DNAencoding amino acid sequencevariantsofthe target
polypeptide is prepared by a variety of methods known in
the art. These methods include, but are not limited to,
isolation from a natural source (in the case of naturally
occurring amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed) mutagenesis,
PCR mutagenesis, and cassette mutagenesis of an earlier
prepared variant or a non-variant version of the target
polypeptide. A particularly preferred method of gene con-
version mutagenesis is described below in Example 1. These
techniques may utilized target polypeptide nucleic acid
(DNA or RNA),or nucleic acid complementary to the target
polypeptide nucleic acid.

Oligonucleotide-mediated mutagenesis is a preferred
method for preparing substitution, deletion, and insertion
variants of target polypeptide DNA. This technique is well
knowninthe art as described by Adelmanet al., DNA, 2: 183
(1983). Briefly, the target polypeptide DNAis altered by
hybridizing an oligonucleotide encoding the desired muta-
tion to a DNA template, where the template is the single-
stranded form of a plasmid or bacteriophage containing the
unaltered or native DNA sequenceofthe target polypeptide.
After hybridization, a DNA polymeraseis used to synthesize
an entire second complementary strand of the template that
will thus incorporate the oligonucleotide primer, and will
code for the selected alteration in the target polypeptide
DNA.

Generally, oligonucleotides of at least 25 nucleotides in
length are used. An optimal oligonucleotide will have 12 to
15 nucleotides that are completely complementary to the
template on either side of the nucleotide(s) coding for the
mutation. This ensures that the oligonucleotide will hybrid-
ize properly to the single-stranded DNA template molecule.
The oligonucleotides are readily synthesized using tech-
niques knownin the art such as that described by Creaetal.
(Proc. Natl. Acad. Sci. USA, 75: 5765 [1978)]).

Single-stranded DNA template may also be generated by
denaturing double-stranded plasmid (or other) DNA using
standard techniques.

For alteration of the native DNA sequence (to generate
amino acid sequence variants, for example), the oligonucle-
otide is hybridized to the single-stranded template under
suitable hybridization conditions. A DNA polymerizing
enzyme, usually the Klenow fragment of DNA polymerase
1, is then added to synthesize the complementary strand of
the template using the oligonucleotide as a primer for
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synthesis. A heteroduplex molecule is thus formed such that
one strand of DNA encodes the mutated form of the target
polypeptide, and the other strand (the original template)
encodesthe native, unaltered sequenceofthe target polypep-
tide. This heteroduplex molecule is then transformed into a
suitable host cell, usually a prokaryote such as E. coli
JM101. After the cells are grown, they are plated onto
agaroseplates and screened using the oligonucleotide primer
radiolabeled with 32-phosphate to identify the bacterial
colonies that contain the mutated DNA. The mutated region
is then removed and placed in an appropriate vector for
protein production, generally an expression vector of the
type typically employed for transformation of an appropriate
host.

The method described immediately above may be modi-
fied such that a homoduplex molecule is created wherein
both strands of the plasmid contain the mutation(s). The
modifications are as follows: The single-stranded oligo-
nucleotide is annealed to the single-stranded template as
described above. A mixture of three deoxyribonucleotides,
deoxyriboadenosine (dATP), deoxyriboguanosine (dGTP),
and deoxyribothymidine (dTTP), is combined with a modi-
fied thio-deoxyribocytosine called dCTP-(aS) (which can be
obtained from Amersham Corporation). This mixture is
added to the template-oligonucleotide complex. Upon addi-
tion of DNA polymerase to this mixture, a strand of DNA
identical to the template except for the mutated bases is
generated. In addition, this new strand of DNA will contain
dCTP-(aS) instead of dCTP, which serves to protect it from
restriction endonuclease digestion.

After the template strand of the double-stranded hetero-
duplex is nicked with an appropriate restriction enzyme, the
template strand can be digested with ExolII nuclease or
another appropriate nuclease past the region that contains
the site(s) to be mutagenized. The reaction is then stopped to
leave a molecule that is only partially single-stranded. A
complete double-stranded DNA homoduplexis then formed
using DNA polymerase in the presence of all four deoxyri-
bonucleotide triphosphates, ATP, and DNA ligase. This
homoduplex molecule can then be transformed into a suit-
able host cell such as F. coli JM101, as described above.

DNA encodingtarget polypeptide variants with more than
one aminoacid to be substituted may be generated in one of
several ways. If the amino acids are located close together
in the polypeptide chain, they may be mutated simulta-
neously using one oligonucleotide that codes for all of the
desired amino acid substitutions. If, however, the amino
acids are located some distance from each other (separated
by more than about ten amino acids), it is more difficult to
generate a single oligonucleotide that encodes all of the
desired changes. Instead, one of two alternative methods
may be employed.

In thefirst method, a separate oligonucleotide is generated
for each amino acid to be substituted. The oligonucleotides
are then annealed to the single-stranded template DNA
simultaneously, and the second strand of DNA that is
synthesized from the template will encodeall of the desired
amino acid substitutions.

The alternative method involves two or more rounds of

mutagenesis to produce the desired mutant. The first round
is as described for the single mutants: wild-type DNA is used
for the template, an oligonucleotide encoding the first
desired amino acid substitution(s) is annealed to this
template, and the heteroduplex DNA molecule is then gen-
erated. The second round of mutagenesis utilizes the
mutated DNA producedin the first round of mutagenesis as
the template. Thus, this template already contains one or
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more mutations. The oligonucleotide encoding the addi-
tional desired amino acid substitution(s) is then annealed to
this template, and the resulting strand of DNA now encodes
mutations from boththe first and second rounds of mutagen-
esis. This resultant DNA can be used as a template in a third
round of mutagenesis, and so on.

PCR mutagenesis is also suitable for making amino acid
variants of target polypeptide. While the following discus-
sion refers to DNA,it is understood that the technique also
finds application with RNA. The PCR technique generally
refers to the following procedure (see Erlich, supra, the
chapter by R. Higuchi, p. 61-70): When small amounts of
template DNA are used as starting material in a PCR,
primersthatdiffer slightly in sequence from the correspond-
ing region in a template DNA can be used to generate
relatively large quantities of a specific DNA fragmentthat
differs from the template sequence only at the positions
where the primers differ from the template. For introduction
of a mutation into a plasmid DNA, oneof the primers is
designed to overlap the position of the mutation and to
contain the mutation; the sequence of the other primer must
be identical to a stretch of sequence of the opposite strand of
the plasmid, but this sequence can be located anywhere
along the plasmid DNA.It is preferred, however, that the
sequence of the second primeris located within 200 nucle-
otides from that of the first, such that in the end the entire
amplified region of DNA bounded by the primers can be
easily sequenced. PCR amplification using a primerpair like
the one just described results in a population of DNA
fragments that differ at the position of the mutation specified
by the primer, and possibly at other positions, as template
copying is somewhaterror-prone.

If the ratio of template to product material is extremely
low, the vast majority of product DNA fragments incorpo-
rate the desired mutation(s). This product material is used to
replace the corresponding region in the plasmid that served
as PCR template using standard DNAtechnology. Mutations
at separate positions can be introduced simultaneously by
either using a mutant second primer, or performing a second
PCR with different mutant primers and ligating the two
resulting PCR fragments simultaneously to the vector frag-
ment in a three (or more)-part ligation.

In a specific example of PCR mutagenesis, template
plasmid DNA (1 wg) is linearized by digestion with a
restriction endonuclease that has a unique recognition site in
the plasmid DNAoutside of the region to be amplified. Of
this material, 100 ng is added to a PCR mixture containing
PCR buffer, which contains the four deoxynucleotide tri-
phosphates andis included in the GeneAmp® kits (obtained
from Perkin-Elmer Cetus, Norwalk, Conn. and Emeryville,
Calif.), and 25 pmole of each oligonucleotide primer, to a
final volume of 50ul. The reaction mixture is overlayed with
35 zl mineral oil. The reaction is denatured for 5 minutesat
100° C., placed briefly on ice, and then 1 sl Thermus
aquaticus (Taq) DNA polymerase (5 units/ul, purchased
from Perkin-Elmer Cetus, Norwalk, Conn. and Emeryville,
Calif.) is added below the mineral oil layer. The reaction
mixture is then inserted into a DNA Thermal Cycler
(purchased from Perkin-Elmer Cetus) programmed as fol-
lows: 2 min. at 55° C., then 30 sec. at 72° C., then 19 cycles
of the following: 30 sec. at 94° C., 30 sec. at 55° C., and 30
sec. at 72° C.

At the end of the program, the reaction vial is removed
from the thermal cycler and the aqueous phasetransferred to
a new vial, extracted with phenol/chloroform (50:50:vol),
and ethanol precipitated, and the DNA is recovered by
standard procedures. This material is subsequently subjected
to the appropriate treatments for insertion into a vector.
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Another method for preparing variants, cassette
mutagenesis, is based on the technique described by Wellset
al. (Gene, 34: 315 [1985]). The starting material is the
plasmid (or other vector) comprising the target polypeptide
DNAto be mutated. The codon(s) in the target polypeptide
DNAto be mutated are identified. There must be a unique
restriction endonuclease site on each side of the identified

mutation site(s). If no suchrestriction sites exist, they may
be generated using the above-described oligonucleotide-
mediated mutagenesis method to introduce them at appro-
priate locations in the target polypeptide DNA. After the
restriction sites have been introduced into the plasmid, the
plasmidis cut at these sites to linearize it. A double-stranded
oligonucleotide encoding the sequence of the DNA between
the restriction sites but containing the desired mutation(s) is
synthesized using standard procedures. The two strands are
synthesized separately and then hybridized together using
standard techniques. This double-stranded oligonucleotide is
referred to as the cassette. This cassette is designed to have
3' and 5' ends that are compatible with the ends of the
linearized plasmid, such that it can be directly ligated to the
plasmid. This plasmid now contains the mutated target
polypeptide DNA sequence.

Insertion of DNA into a Cloning Vehicle

The cDNA or genomic DNA encodingthe target polypep-
tide is inserted into a replicable vector for further cloning
(amplification of the DNA)or for expression. Many vectors
are available, and selection of the appropriate vector will
depend on 1) whetherit is to be used for DNA amplification
or for DNA expression, 2) the size of the DNAtobeinserted
into the vector, and 3) the host cell to be transformed with
the vector. Each vector contains various components
depending on its function (amplification of DNA or expres-
sion of DNA) and the host cell for which it is compatible.
The vector components generally include, but are not lim-
ited 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.

(a) Signal Sequence Component
In general, the signal sequence may be a componentof the

vector, or it may be a part of the target polypeptide DNAthat
is inserted into the vector.

The target polypeptides of this invention may be
expressed not only directly, but also as a fusion with a
heterologous polypeptide, preferably a signal sequence or
other polypeptide having a specific cleavage site at the
N-terminus of the mature protein or polypeptide. In general,
the signal sequence may be a componentofthe vector, orit
may bea part of the target polypeptide DNAthatis inserted
into the vector. Included within the scope of this invention
are target polypeptides with any native signal sequence
deleted and replaced with a heterologous signal sequence.
The heterologous signal sequence selected should be one
that is recognized and processed (i.e. cleaved by a signal
peptidase) by the host cell. For prokaryotic host cells that do
not recognize and process the native target polypeptide
signal sequence, the signal sequence is substituted by a
prokaryotic signal sequence selected, for example, from the
group of the alkaline phosphatase, penicillinase, Ipp, or
heat-stable enterotoxin 11 leaders. For yeast secretion the
native target polypeptide signal sequence maybe substituted
by the yeast invertase, alpha factor, or acid phosphatase
leaders. In mammalian cell expression the native signal
sequence is satisfactory, although other mammalian signal
sequences may besuitable.
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(b) Origin of Replication Component
Both expression and cloning vectors contain a nucleic

acid sequence that enables the vector to replicate in one or
more selected host cells. Generally, in cloning vectors this
sequence is one that enables the vector to replicate indepen-
dently of the host chromosomal DNA,and includesorigins
of replication or autonomously replicating sequences. Such
sequences are well known for a variety of bacteria, yeast,
and viruses. The origin of replication from the plasmid
pBR322is suitable for most Gram-negative bacteria, the 2u
plasmid origin is suitable for yeast, and various viral origins
(SV40, polyoma, adenovirus, VSV or BPV) are useful for
cloning vectors in mammalian cells. Generally, the origin of
replication componentis not needed for mammalian expres-
sion vectors (the SV40 origin may typically be used only
because it contains the early promoter).

Most expression vectorsare “shuttle” vectors, 1.e. they are
capable of replication in at least one class of organisms but
can be transfected into another organism for expression. For
example, a vector is cloned in F. coli and then the same
vector is transfected into yeast or mammalian cells for
expression even though it is not capable of replicating
independently of the host cell chromosome.

DNA may also be amplified by insertion into the host
genome. This is readily accomplished using Bacillus species
as hosts, for example, by including in the vector a DNA
sequence that is complementary to a sequence found in
Bacillus genomic DNA.Transfection of Bacillus with this
vector results in homologous recombination with the
genome and insertion of the target polypeptide DNA.
However, the recovery of genomic DNAencodingthetarget
polypeptide is more complex than that of an exogenously
replicated vector because restriction enzyme digestion is
required to excise the target polypeptide DNA.

(c) Selection Gene Component
Expression and cloning vectors should contain a selection

gene, also termed a selectable marker. This gene 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 selec-
tion genes encode proteins that (a) confer resistance to
antibiotics or other toxins, e.g. ampicillin, neomycin,
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.

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 express a protein
conferring drug resistance and thus survive the selection
regimen. Examples of such dominantselection use the drugs
neomycin (Southern et al., J. Molec. Appl. Genet., 1: 327
[1982]), mycophenolic acid (Mulliganet al., Science=: 1422
[1980]) or hygromycin (Sugden et al., Mol. Cell. Biol., 5:
410-413 [1985]). The three examples given above employ
bacterial genes under eukaryotic control to convey resis-
tance to the appropriate drug G418 or neomycin (geneticin),
xgpt (mycophenolic acid), or hygromycin, respectively.

Another example of suitable selectable markers for mam-
malian cells are those that enable the identification of cells

competent to take up the target polypeptide nucleic acid,
such as dihydrofolate reductase (DHFR) or thymidine
kinase. The mammalian cell transformants are placed under
selection pressure which only the transformants are uniquely
adapted to survive by virtue of having taken up the marker.
Selection pressure is imposed by culturing the transformants
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under conditions in which the concentration of selection

agent in the medium is successively changed, thereby lead-
ing to amplification of both the selection gene and the DNA
that encodes the target polypeptide. Amplification is the
process by which genesin greater demandfor the production
of a protein critical for growth are reiterated in tandem
within the chromosomes of successive generations of
recombinant cells. Increased quantities of the target
polypeptide are synthesized from the amplified DNA.

For example, cells transformed with the DHFR selection
geneare first identified by culturing all of the transformants
in a culture medium that contains methotrexate (Mtx), a
competitive antagonist of DHFR. An appropriate host cell
when wild-type DHFR is employed is the Chinese hamster
ovary (CHO)cell line deficient in DHFR activity, prepared
and propagated as described by Urlaub and Chasin, Proc.
Natl. Acad. Sci. USA, 77: 4216 [1980]. The transformed
cells are then exposed to increased levels of methotrexate.
This leads to the synthesis of multiple copies of the DHFR
gene, and, concomitantly, multiple copies of other DNA
comprising the expression vectors, such as the DNA encod-
ing the target polypeptide. This amplification technique can
be used with any otherwise suitable host, e.g., ATCC No.
CCL61 CHO-K1, notwithstanding the presence of endog-
enous DHFRif, for example, a mutant DHFR genethat is
highly resistant to Mtx is employed (EP 117,060).
Alternatively, host cells (particularly wild-type hosts that
contain endogenous DHFR) transformed or co-transformed
with DNA sequences encoding the target polypeptide, wild-
type DHFRprotein, and another selectable marker such as
aminoglycoside 3' phosphotransferase (APH) can be
selected by cell growth in medium containing a selection
agent for the selectable marker such as an aminoglycosidic
antibiotic, e.g., kanamycin, neomycin, or G418. See US.
Pat. No. 4,965,199.

Asuitable selection gene for use in yeastis the trp1 gene
present in the yeast plasmid YRp7 (Stinchcomb et al.,
Nature, 22: 39[1979]; Kingsmanet al., Gene, 7: 141 [1979];
or Tschemperet al., Gene, 10: 157 [1980]). The trp1 gene
provides a selection marker for a mutant strain of yeast
lacking the ability to grow in tryptophan, for example,
ATCCNo.44076 or PEP4-1 (Jones, Genetics, 5: 12 [1977]).
The presenceof the trp1 lesion in the yeast host cell genome
then provides an effective environment for detecting trans-
formation by growth in the absence of tryptophan. Similarly,
Leu2-deficient yeast strains (ATCC 20,622 or 38,626) are
complemented by known plasmids bearing the Leu2 gene.

(d) Promoter Component
Expression and cloning vectors usually contain a pro-

moter that is recognized by the host organism and is oper-
ably linked to the target polypeptide nucleic acid. 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, such as that encoding the
target polypeptide, 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 undertheir
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 encod-
ing the target polypeptide by removing the promoter from
the source DNA byrestriction enzyme digestion and insert-
ing the isolated promoter sequenceinto the vector. Both the
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native target polypeptide promoter sequence and many
heterologous promoters may be used to direct amplification
and/or expression of the target polypeptide DNA. However,
heterologous promoters are preferred, as they generally
permit greater transcription and higher yields of expressed
target polypeptide as comparedto the native target polypep-
tide promoter.

Promoters suitable for use with prokaryotic hosts include
the B-lactamase and lactose promoter systems (Changetal.,
Nature, 275: 615 [1978]; and Goeddelet al., Nature, 281:
544 [1979]), alkaline phosphatase, a tryptophan (trp) pro-
moter system (Goeddel, Nucleic Acids Res., 8: 4057 [1980]
and EP 36,776) and hybrid promoters such as the tao
promoter (deBoer et al., Proc. Natl. Acad. Sci, USA, 80:
21-25 [1983]). 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 target polypeptide
(Siebenlist et al., Cell, 20: 269 [1980]) using linkers or
adaptors to supply any required restriction sites. Promoters
for use in bacterial systems also generally will contain a
Shine-Dalgarno (S.D.) sequence operably linked to the DNA
encoding the target polypeptide.

Suitable promoting sequences for use with yeast hosts
include the promoters for 3-phosphoglycerate kinase
(Hitzemanet al., J. Biol. Chem., 255: 2073 [1980]) or other
glycolytic enzymes (Hessetal., J. Adv. Enzyme Reg., 2: 149
[1968]; and Holland, Biochemistry, 17: 4900 [1978], such
asenolase, glyceraldehyde-3-phosphate dehydrogenase,
hexokinase, pyruvate decarboxylase, phosphofructokinase,
glucose-6-phosphate isomerase, 3-phosphoglycerate
mutase, pyruvate kinase, triosephosphate isomerase, phos-
phoglucose isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters
having the additional advantage of transcription controlled
by growth conditions, are the promoter regions for alcohol
dehydrogenase 2, isocytochrome C, acid phosphatase, deg-
radative enzymes associated with nitrogen metabolism,
metallothionein, glyceraldehyde-3-phosphate
dehydrogenase, and enzymes responsible for maltose and
galactose utilization. Suitable vectors and promoters for use
in yeast expression are further described in Hitzemanetal.,
EP 73,657A. Yeast enhancers also ate advantageously used
with yeast promoters.

Promoter sequences are known for eukaryotes. Virtually
all eukaryotic genes have an AJ-rich region located approxi-
mately 25 to 30 bases upstream from the site where tran-
scription is initiated. Another sequence found 70 to 80 bases
upstream from the start of transcription of many genes is a
CXCAATregion where X may be any nucleotide. At the 3'
end of most eukaryotic genes is an AATAAA sequencethat
may bethe signal for addition of the poly A tail to the 3’ end
of the coding sequence. All of these sequences are suitably
inserted into mammalian expression vectors.

Target polypeptide transcription from vectors in mamma-
lian host cells is controlled by promoters obtained from the
genomesof viruses such as polyomavirus, fowlpox virus
(UK 2,211,504 published Jul. 5, 1989), adenovirus (such as
Adenovirus 2), bovine papillomavirus, avian sarcomavirus,
cytomegalovirus, a retrovirus, hepatitis-B virus and most
preferably Simian Virus 40 (SV40), from heterologous
mammalian promoters, e.g. the actin promoter or an immu-
noglobulin promoter, from heat-shock promoters, and from
the promoter normally associated with the target polypeptide
sequence, provided such promoters are compatible with the
host cell systems.

The early and late promoters of the SV40 virus are
conveniently obtained as an SV40restriction fragment that
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also contains the SV40 viral origin of replication.Fierset al.,
Nature, 273:113 (1978); Mulligan and Berg, Science, 209:
1422-1427 (1980); Pavlakis et al., Proc. Natl. Acad. Sci.
USA, 78: 7398-7402 (1981). The immediate early promoter
of the human cytomegalovirus is conveniently obtained as a
HindIII E restriction fragment. Greenawayet al., Gene, 18:
355-360 (1982). A system for expressing DNA in mamma-
lian hosts using the bovine papilloma virus as a vector is
disclosed in U.S. Pat. No. 4,419,446. A modification of this
system is described in U.S. Pat. No. 4,601,978. See also
Gray et al., Nature, 29: 503-508 (1982) on expressing
cDNAencoding immuneinterferon in monkeycells; , Reyes
et al., Nature, 297: 598-601 (1982) on expression of human
B-interferon cDNA in mouse cells under the control of a
thymidine kinase promoter from herpes simplex virus,
Canaani and Berg, Proc. Natl. Acad. Sci. USA, 79:
5166-5170 (1982) on expression of the humaninterferon B1
gene in cultured mouse and rabbit cells, and Gormanet al.,
Proc. Natl. Aced. Sci. USA, 79: 6777-6781 (1982) on
expression of bacterial CAT sequences in CV-1 monkey
kidney cells, chicken embryo fibroblasts, Chinese hamster
ovary cells, HeLa cells, and mouse NIH-3T3cells using the
Rous sarcoma virus long terminal repeat as a promoter.

(e) Enhancer Element Component
Transcription of DNA encoding the target polypeptide of

this invention by higher eukaryotes is often increased by
inserting an enhancer sequence into the vector. Enhancers
are cis-acting elements of DNA,usually about from 10-300
bp, that act on a promoter to increase its transcription.
Enhancers are relatively orientation and position indepen-
dent having been found 5' (Laiminsetal., Proc. Natl. Acad.
Sci. USA, 78: 993 [1981]) and 3' (Luskyet al., Mol. Cell Bio.
3: 1108 [1983]) to the transcription unit, within an intron
(Banerji et al., Cell, 33: 729 [1983]) as well as within the
coding sequence itself (Osborne et al., Mol. Cell Bio., 4:
1293 [1984]). Many enhancer sequences are now known
from mammalian genes (globin, elastase, albumin,
a.-fetoprotein and insulin). Typically, however, one will use
an enhancer from a eukaryotic cell virus. Examples include
the SV40 enhancer on the late side of the replication origin
(bp 100-270), the cytomegalovirus early promoter enhancer,
the polyoma enhancer on the late side of the replication
origin, and adenovirus enhancers. See also Yaniv, Nature,
297: 17-18 (1982) on enhancing elements for activation of
eukaryotic promoters. The enhancer maybespliced into the
vector at a position 5' or 3' to the target polypeptide DNA,
but is preferably located at a site 5' from the promoter.

(f) Transcription Termination Component
Expression vectors used in eukaryotic host cells (yeast,

fungi, insect, plant, animal, human, or nucleated cells from
other multicellular organisms) will also contain sequences
necessary for the termination of transcription and for stabi-
lizing the mRNA. Such sequences are commonly available
from the 5' and, occasionally 3' untranslated regions of
eukaryotic or viral DNAs or cDNAs. These regions contain
nucleotide segments transcribed as polyadenylated frag-
ments in the untranslated portion of the mRNAencoding the
target polypeptide. The 3' untranslated regions also include
transcription terminationsites.

Construction of suitable vectors containing one or more of
the above listed components the desired coding and control
sequences employs standard ligation techniques. Isolated
plasmids or DNA fragments are cleaved, tailored, and reli-
gated in the form desired to generate the plasmids required.

For analysis to confirm correct sequences in plasmids
constructed, the ligation mixtures are used to transform F.
coli K12 strain 294 (ATCC 31,446) and successful transfor-
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mants selected by ampicillin or tetracycline resistance where
appropriate. Plasmids from the transformants are prepared,
analyzed by restriction endonuclease digestion, and/or
sequenced is by the method of Messinget al., Nucleic Acids
Res., 9: 309 (1981) or by the method of Maxam et al.
Methods in Enzymology 65: 499 (1980).

Particularly useful in the practice of this invention are
expression vectors that provide for the transient expression
in mammalian cells of DNA encodingthe target polypeptide.
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 of the
expression vector and, in turn, synthesizes high levels of a
desired polypeptide encoded by the expression vector. Tran-
sient expression systems, comprising a suitable expression
vector and a host cell, allow for the convenient positive
identification of polypeptides encoded by cloned DNAs,as
well as for the rapid screening of such polypeptides for
desired biological or physiological properties. Thus, tran-
sient expression systemsare particularly useful in the inven-
tion for purposes of identifying analogs and variants of the
target polypeptide that have target polypeptide-like activity.

Other methods, vectors, and host cells suitable for adap-
tation to the synthesis of the target polypeptide in recombi-
nant vertebrate cell culture are described in Gethinget al.,
Nature, 293: 620-625 [1981]; Mantei et al., Nature, 281:
40-46 [1979]; Levinsonet al.,; EP 117,060; and EP 117,058.
A particularly useful plasmid for mammalian cell culture
expression of the target polypeptide is pRK5 (EP pub.no.
307,247) or pSVI6B.
Selection and Transformation of Host Cells

Suitable host cells for cloning or expressing the vectors
herein are the prokaryote, yeast, or higher eukaryote cells
described above. Suitable prokaryotes include eubacteria,
such as Gram-negative or Gram-positive organisms, for
example, FE. coli , Bacilli such as B. subtilis, Pseudomonas
species such as P. aeruginosa, Salmonella typhimurium, or
Serratia marcescans. Onepreferred E. coli cloning host is E.
coli 294 (ATCC 31,446), although other strains such as E.
coli B, E. coli X1776 (ATCC 31,537), and E. coli W3110
(ATCC27,325) are suitable. These examplesareillustrative
rather than limiting. Preferably the host cell should secrete
minimal amounts of proteolytic enzymes. Alternatively, in
vitro methods of cloning, e.g. PCR or other nucleic acid
polymerase reactions, are suitable.

In addition to prokaryotes, eukaryotic microbes such as
filamentous fungi or yeast are suitable hosts for target
polypeptide-encoding vectors. Saccharomyces cerevisiae, or
common baker’s yeast, is the most commonly used among
lower eukaryotic host microorganisms. However, a number
of other genera, species, and strains are commonly available
and useful herein, such as Schizosaccharomyces pombe
[Beach and Nurse, Nature, 290: 140 (1981); EP 139,383
published May 2, 1985], Kluyveromyces hosts (U.S. Pat.
No. 4,943,529) suchas, e.g., K. lactis [Louvencourtetal., J.
Bacteriol, 737 (1983)], K. fragilis, K. bulgaricus, 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 244,2341], Neurospora crassa [Caseet al., Proc.
Natl. Acad. Sci. USA, 76: 5259-5263 (1979)], and filamen-
tous fungi such as, e.g, Neurospora, Penicillium, Tolypocla-
dium [WO 91/00357 published Jan. 10, 1991], and Aspergil-
lus hosts such as A. nidulans [Ballance et al., Biochem.
Biophys. Res. Commun. 112: 284-289 (1983); Tilburnetal.,
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)].
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Suitable host cells for the expression of glycosylated
target polypeptide are derived from multicellular organisms.
Such host cells are capable of complex processing and
glycosylation activities. In principle, any higher eukaryotic
cell culture is workable, whether from vertebrate or inver-
tebrate culture. Examples of invertebrate cells include plant
and insect cells. Numerous baculoviral strains and variants

and corresponding permissive insect host cells from hosts
such as Spodoptera frugiperda (caterpillar), Aedes aegypti
(mosquito), Aedes albopictus (mosquito), Drosophila mela-
nogaster (fruitfly), and Bombyx mori host cells have been
identified. See, e.g., Luckow et al., Bio/Technologvy 6:
47-55 (1988); Miller et al., in Genetic Engineering Setlow,
J. K. et a, eds., Vol. 8 (Plenum Publishing, 1986), pp.
277-279; and Maedaet al., Nature, 315: 592-594 (1985). A
variety of such viral strains are publicly available, e.g., the
L-1 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 cutures of cotton, corn, potato, soybean, petunia,
tomato, and tobacco can beutilized as hosts. Typically, plant
cells are transfected by incubation with certain strains of the
bacterium Agrobacterium tumefaciens, which has been pre-
viously manipulated to contain the target polypeptide DNA.
During incubation of the plant cell culture with A.
tumefaciens, the DNA encoding target polypeptide is trans-
ferred to the plant cell host such that it is transfected, and
will, under appropriate conditions, express the target
polypeptide DNA. In addition, regulatory and signal
sequences compatible with plant cells are available, such as
the nopaline synthase promoter and polyadenylation signal
sequences. Depickeret al., J. Mol. Appl. Gen., 1: 561 (1982).
In addition, DNA segments isolated from the upstream
region of the T-DNA 780 gene are capable of activating or
increasing transcription levels of plant-expressible genes in
recombinant DNA-containing plant tissue. See EP 321,196
published Jun. 21, 1989.

However, interest has been greatest in vertebrate cells,
and propagation ofvertebrate cells in culture (tissue culture)
has become a routine procedure in recent years [Tissue
Culture, Academic Press, Kruse and Patterson, editors
(1973)]. Examples of useful mammalian hostcell lines are
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); Chinese hamster ovary
cells/-DHFR (CHO, Urlaub and Chasin, Proc. Nail. Acad.
Sci. USA, 77: 4216 [1980]); 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 CCL34); buffalo rat liver cells (BRL 3A,
ATCC CRL 1442); human lung cells (W138, ATCC CCL
75); humanliver cells (Hep G2, HS 8065); mouse mammary
tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et
al., Annals N.Y. Acad. Sci., 383: 44-68 [1982]); MRC 5
cells; FS4 cells; and a human hepatomacell line (Hep G2).
Preferred host cells are human embryonic kidney 293 and
Chinese hamster ovary cells.

Hostcells are transfected and preferably transformed with
the above-described expression or cloning vectors of this
invention and cultured in conventional nutrient media modi-

fied as appropriate for inducing promoters, selecting
transformants, or amplifying the genes encodingthe desired
sequences.
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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 methodsoftransfection are
knownto the ordinarily skilled artisan, for example, CaPO,
and electroporation. Successful transfection is generally
recognized when any indication of the operation of this
vector occurs within the host cell.

Transformation meansintroducing DNAinto an organism
so that the DNA isreplicable, 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 section 1.82 of
Sambrooket al., supra, is generally used for prokaryotes or
other cells that contain substantial cell-wall barriers. Infec-

tion with Agrobacterium tumefaciens is used for transfor-
mation of certain plant cells, as described by Shawetal.,
Gene, 23: 315 (1983) and WO 89/05859 published Jun. 29,
1989. For mammalian cells without such cell walls, the
calcium phosphate precipitation method described in sec-
tions 16.30-16.37 of Sambrook et al., supra, is preferred.
General aspects of mammalian cell host system transforma-
tions have been described by Axelin U'S. Pat. No. 4,399,216
issued Aug. 16, 1983. Transformations into yeast are typi-
cally carried out according to the method of Van Solingen et
al., J. Bact., 130: 946 (1977) and Hsiao et al., Proc. Nail.
Acad. Sci. (USA), 76: 3829 (1979). However, other methods
for introducing DNAinto cells such as by nuclearinjection,
electroporation, or protoplast fusion may also be used.
Culturina the Host Cells

Prokaryotic cells used to producethe target polypeptide of
this invention are cultured in suitable media as described

generally in Sambrooket al., supra.
The mammalian host cells used to produce the target

polypeptide of this invention maybe 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) are suitable for culturing the
host cells. In addition, any of the media described in Ham
and Wallace, Meth. Enz., 58: 44 (1979), Barnes and Sato,
Anal. Biochem. 102: 255 (1980), 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, 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 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.

The host cells referred to in this disclosure encompass
cells in in vitro culture as well as cells that are within a host
animal.

It is further envisioned that the target polypeptides of this
invention may be produced by homologous recombination,
or with recombinant production methods utilizing control
elements introduced into cells already containing DNA
encoding the target polypeptide currently in use in the field.
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For example, a powerful promoter/enhancer element, a
suppressor, or an exogenoustranscription modulatory ele-
mentis inserted in the genome of the intended host cell in
proximity and orientation sufficient to influence the tran-
scription of DNA encoding the desired target polypeptide.
The control element does not encode the target polypeptide
of this invention, but the DNA is present in the host cell
genome. One next screens for cells making the target
polypeptide of this invention, or increased or decreased
levels of expression, as desired.
Detecting Gene Amplification/Expression

Gene amplification and/or expression may be measured in
a sample directly, for example, by conventional Southern
blotting, northern blotting to quantitate the transcription of
mRNA (Thomas, Proc. Natl. Acad. Sci. USA, 77: 5201-5205
[1980]), dot blotting (DNA analysis), or in situ
hybridization, using an appropriately labeled probe, based
on the sequences provided herein. Various labels may be
employed, most commonly radioisotopes, particularly *7P.
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 radionuclides, fluorescers,
enzymes, or the like. 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 boundto the
duplex can be detected.

Gene expression, alternatively, may be measured by
immunological methods, such as immunohistochemical
staining of 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 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. A particularly sensitive
staining techniquesuitable for use in the present invention is
described by Hsu et al., Am. J. Clin. Path., 75: 734-738
(1980).

Antibodies useful for immunohistochemical staining and/
or assay of sample fluids may be either monoclonal or
polyclonal, and may be prepared in any mammal.
Conveniently, the antibodies may be prepared against a
native target polypeptide or against a synthetic peptide based
on the DNA sequences provided herein as described further
in Section 4 below.

Purification of the Target Polypeptide
The target polypeptide preferably is recovered from the

culture medium as a secreted polypeptide, although it also
may be recovered from host cell lysates when directly
expressed without a secretory signal.

When the target polypeptide is expressed in a recombi-
nant cell other than one of humanorigin,the target polypep-
tide is completely free of proteins or polypeptides of human
origin. However, it is necessary to purify the target polypep-
tide from recombinantcell proteins or polypeptides to obtain
preparations that are substantially homogeneous as to the
target polypeptide. As a first step, the culture medium or
lysate is centrifuged to remove particulate cell debris. The
membrane and soluble protein fractions are then separated.
The target polypeptide may then be purified from the soluble
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protein fraction and from the membrane fraction of the
culture lysate, depending on whetherthe target polypeptide
is membrane bound. The following procedures are exem-
plary of suitable purification procedures: fractionation on
immunoaffinity or ion-exchange columns; ethanol precipi-
tation; reverse phase HPLC; chromatographyonsilica or on
a cation exchange resin such as DEAE; chromatofocusing;
SDS-PAGE; ammonium sulfate precipitation; gel filtration
using, for example, Sephadex G-75; and protein A
Sepharose columns to remove contaminants such as IgG.

Target polypeptide variants in which residues have been
deleted, inserted or substituted are recovered in the same
fashion, taking account of any substantial changes in prop-
erties occasioned by the variation. For example, preparation
of a target polypeptide fusion with another protein or
polypeptide, e.g. a bacterial or viral antigen, facilitates
purification; an immunoaffinity column containing antibody
to the antigen (or containing antigen, where the target
polypeptide is an antibody) can be used to adsorb the fusion.
Immunoaffinity columns such as a rabbit polyclonal anti-
target polypeptide column can be employed to absorb the
target polypeptide variant by binding it to at least one
remaining immune epitope. A protease inhibitor such as
phenyl methyl sulfonyl fluoride (PMSF) also may be useful
to inhibit proteolytic degradation during purification, and
antibiotics may be included to prevent the growth of adven-
titious contaminants. One skilled in the art will appreciate
that purification methods suitable for native target polypep-
tide may require modification to account for changes in the
character of the target polypeptide or its variants upon
expression in recombinantcell culture.
Covalent Modifications of Target Polypeptides

Covalent modifications of target polypeptides are
included within the scope of this invention. One type of
covalent modification included within the scope of this
invention is a target polypeptide fragment. Target polypep-
tide fragments having up to about 40 amino acid residues
may be conveniently prepared by chemical synthesis, or by
enzymatic or chemical cleavage of the full-length target
polypeptide or variant target polypeptide. Other types of
covalent modifications of the target polypeptide or frag-
ments thereof are introduced into the molecule by reacting
specific amino acid residues of the target polypeptide or
fragments thereof with an organic derivatizing agent that is
capable of reacting with selected side chains or the N- or
C-terminal residues.

Cysteinyl residues most commonly are reacted with
a-haloacetates (and corresponding amines), such as chloro-
acetic acid or chloroacetamide, to give carboxymethyl or
carboxyamidomethyl derivatives. Cysteinyl residues also
are derivatized by reaction with bromotrifluoroacetone,
a-bromo-B-(5-imidozoyl)propionic acid, chloroacetyl
phosphate, N-alkylmaleimides,3-nitro-2-pyridyl disulfide,
methyl2-pyridyldisulfide, p-chloromercuribenzoate,
2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-
oxa-1,3-diazole.

Histidyl residues are derivatized by reaction with dieth-
ylpyrocarbonate at pH 5.5—7.0 because this agent is rela-
tively specific for the histidyl side chain. Para-
bromophenacyl bromide also is useful; the reaction is
preferably performed in 0.1M sodium cacodylate at pH 6.0.

Lysinyl and amino terminal residues are reacted with
succinic or other carboxylic acid anhydrides. Derivatization
with these agents has the effect of reversing the charge of the
lysinyl residues. Other suitable reagents for derivatizing
q-amino-containing residues include imidoesters such as
methyl picolinimidate; pyridoxal phosphate; pyridoxal;
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chloroborohydride; trinitrobenzenesulfonic acid;
O-methylisourea; 2,4-pentanedione; and transaminase-
catalyzed reaction with glyoxylate.

Arginyl residues are modified by reaction with one or
several conventional reagents, among them phenylglyoxal,
2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin.
Derivatization of arginine residues requires that the reaction
be performedin alkaline conditions becauseof the high pK,
of the guanidine functional group. Furthermore, these
reagents may react with the groups of lysine as well as the
arginine epsilon-amino group.

The specific modification of tyrosyl residues may be
made, with particular interest in so introducing spectral
labels into tyrosyl residues by reaction with aromatic dia-
zonium compoundsortetranitromethane. Most commonly,
N-acetylimidizole and tetranitromethane are used to form
O-acetyl tyrosyl species and 3-nitro derivatives, respec-
tively. Tyrosyl residues are iodinated using **°I or **"] to
prepare labeled proteins for use in radioimmunoassay, the
chloramine T method described above being suitable.

Carboxyl side groups (aspartyl or glutamyl) are selec-
tively modified by reaction with carbodiimides (R'—
N=C=N—R’), where R and R'are different alkyl groups,
such as 1-cyclohexy]l-3-(2-morpholinyl-4-ethyl) carbodiim-
ide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiim-
ide. Furthermore, aspartyl and glutamyl residues are con-
verted to asparaginyl and glutaminyl residues by reaction
with ammonium ions.

Derivatization with bifunctional agents is useful for
crosslinking target polypeptide to a water-insoluble support
matrix or surface for use in the method for purifying
anti-target polypeptide antibodies, and vice versa. Com-
monly used crosslinking agents include, e.g., 1,1-bis
(diazoacetyl)-2-phenylethane, glutaraldehyde,
N-hydroxysuccinimide esters, for example, esters with
4-azidosalicylic acid, homobifunctional imidoesters, includ-
ing disuccinimidyl esters such as 3,3'-dithiobis
(succinimidylpropionate), and bifunctional maleimides such
as bis-N-maleimido-1,8-octane. Derivatizing agents such as
methyl-3-[(p-azidophenyl)dithio]propioimidate yield photo-
activatable intermediates that are capable of forming
crosslinks in the presence of light. Alternatively, reactive
water-insoluble matrices such as cyanogen bromide-
activated carbohydrates and the reactive substrates
described in U.S. Pat. Nos. 3,969,287; 3,691,016; 4,195,
128; 4,247,642; 4,229,537; and 4,330,440 are employed for
protein immobilization.

Glutaminyl and asparaginyl residues are frequently dea-
midated to the corresponding glutamyl and aspartyl
residues, respectively. Alternatively, these residues are dea-
midated under mildly acidic conditions. Either form of these
residues falls within the scope of this invention.

Other modification include hydroxylation of proline and
lysine, phophorylation of hydroxyl groups of seryl or threo-
nyl resides, methylation of the a@-amino groups of lysine,
arginine, and histidine side chains, (T. E. Creighton, Protein:
Structure and Molecular Properties, W. H. Freeman & Co.,
San Francisco, pp. 79-86 [1983]), acetylation of the
N-terminal amine, and amidaatioon of any C-terminal car-
boxyl group.

Another type of covalent modification of the target
polypeptide included within the scope of this invention
comprises altering the native glucosylatuion pattern of the
polypeptide. By altering is meant deleting one or more
carbohydrate moieties found in the native target
polypeptide, and/or adding one or more glycosylation sites
that are not present in the native target polypeptide.
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Gylcosylation of polypeptides is typically either N-linked
or O-linked refers to the attachment of the carbonhydrate
moiety to the side chain of an asparagine reisdue. The
tri-peptide sequences asparagine-X-resine and asparagine-
X-threonine, where X is any aminoe acid exceptproline, are
the recoginition sequences for enzymatic attachmentof the
carbohydrate moiety to the asparagine side chain. Thus, the
presence of either of these tri-peptide sequences in a
polypeptide creates a potential glycosylation site. O-linked
glycosylation refers to the attachment of one of the sugars
N-acetylgactosamine, galactose, or xylose, to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also be
used.

Addition of glycosylation sites to the target polypeptide is
conveniently accomplished by altering the amino acid
sequence such that it contains one or more of hte above-
described tri-peptide sequences (for N-linked glycosylation
sites). The alteration may also be made by the addition of,
or substitution by, one or more serine or theonine resides to
the native target polypeptide sequence (for O-linked glyco-
sylation sites). For ease, the target polypeptide amino acid
sequencesis preferably altered through changes at the DNA
level, particularly by mutating the DNA encodingthe target
polypeptide at preselected bases such that condons are
generated that will translate into the desired amino acids.
The DNA mutation(s) may be made using methods
described above under the heading of “Amino Acid
Sequence Variants of Target Polypeptide”.

Another meansof increasing the number of carbohydrate
moieties on the target polypeptide is by chemical or enzy-
matic coupling glycosides to the polypeptides. These pro-
cedures are advantageous in that they do not require pro-
duction of the polypeptide in a host cell that has
glycosylation capabilities for N- or O-linked glycosylation.
Depending on the couple mode used, the sugar(s) may be
attached to (a) arginine and histidine, (b) free carboxyl
groups, (c) free sulfhydryl groups such as those of cysteine,
(d) free hydroxyl groups such as those of serine, threonine,
or hydroxyproline, (e) aromatic residues such as those of
phenylalanine, tyrosine, or tryptophan, or (f) the amide
group of glutamine. These methods are described in WO
87/05330 published Sep. 11, 1987, and in Aplin and Wriston
(CRC Crit. Rev. Biochem., pp. 259-306 [1981]).

Removal of carbohydrate moieties present on the native
target polypeptide may be accomplished chemically or enzy-
matically. Chemical deglycosylation requires exposure of
the polypeptide to the compoundtrifluoromethanesulfonic
acid, or an equivalent compound. This treatment results in
the cleavage of most or all sugars except the linking sugar
(N-acetylglucosamine or N-acetylgalactosamine), while
leaving the polypeptide intact. Chemical deglycosylation is
described by Hakimuddin et al. (Arch. Biochem. Biophys.,
259:52 [1987]) and by Edge et al. (Anal. Biochem., 118:131
[1981]). Enzymatic cleavage of carbohydrate moieties on
polypeptides can be achieved by the use of a variety of endo-
and exo-glycosidases as described by Thotakuraet al. (Meth.
Enzymol. 138:350 [1987]).

Glycosylation at potential glycosylation sites may be
prevented by the use of the compound tunicamycin as
described by Duskin et al. V. Biol. Chem., 257:3105
[1982]). Tunicamycin blocks the formation of protein-N-
glycoside linkages.

Another type of covalent modification of the target
polypeptide comprises linking the target polypeptide to
various nonproteinaceous polymers, e.g. polyethylene
glycol, polypropylene glycol or polyoxyalkylenes, in the
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manner set forth in U.S. Pat. Nos. 4,640,835; 4,496,689;
4,301,144; 4,670,417; 4,791,192 or 4,179,337.

The target polypeptide also may be entrapped in micro-
capsules prepared, for example, by coacervation techniques
or by interfacial polymerization (for example, hydroxym-
ethylcellulose or gelatin-microcapsules and poly-
[methylmethacylate]microcapsules, respectively), in colloi-
dal drug deliverysystems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules), or in macroemulsions. Such techniques are
disclosed in Reminaton’s Pharmaceutical Sciences, 16th
edition, Osol, A., Ed., (1980).

Target polypeptide preparations are also useful in gener-
ating antibodies, for screening for binding partners, as
standards in assays for the target polypeptide (e.g. by
labeling the target polypeptide for use as a standard in a
radioimmunoassay, enzyme-linked immunoassay, or
radioreceptor assay), in affinity purification techniques, and
in competitive-type receptor binding assays when labeled
with radioiodine, enzymes,fluorophores, spin labels, and the
like.

Since it is often difficult to predict in advance the char-
acteristics of a variant target polypeptide, it will be appre-
ciated that some screening of the recovered variant will be
neededto select the optimal variant. For example, a change
in the immunological character of the target polypeptide
molecule, such as affinity for a given antigen or antibody,is
measured by a competitive-type immunoassay. The variant
is assayed for changes in the suppression or enhancementof
its activity by comparison to the activity observed for the
target polypeptide in the same assay. Other potential modi-
fications of protein or polypeptide properties such as redox
or thermal stability, hydrophobicity, susceptibility to pro-
teolytic degradation, stability in recombinantcell culture or
in plasma, or the tendency to aggregate with carriers or into
multimers are assayed by methods well knownin theart.
Diagnostic and Related Uses of the Antibodies

The antibodies of this invention are useful in diagnostic
assays for antigen expression in specific cells or tissues. The
antibodies are detectably labeled and/or are immobilized on
an insoluble matrix.

The antibodies of this invention find further use for the

affinity purification of the antigen from recombinant cell
culture or natural sources. Suitable diagnostic assays for the
antigen andits antibodies dependonthe particular antigen or
antibody. Generally, such assays include competitive and
sandwich assays, and steric inhibition assays. Competitive
and sandwich methods employ a phase-separation step as an
integral part of the method while steric inhibition assays are
conducted in a single reaction mixture. Fundamentally, the
same proceduresare used for the assay of the antigen and for
substances that bind the antigen, although certain methods
will be favored depending upon the molecular weight of the
substance being assayed. Therefore, the substance to be
tested is referred to herein as an analyte, irrespective of its
status otherwise as an antigen or antibody, and proteins that
bind to the analyte are denominated binding partners,
whether they be antibodies, cell surface receptors, or anti-
gens.

Analytical methodsfor the antigen orits antibodiesall use
one or more of the following reagents: labeled analyte
analogue, immobilized analyte analogue, labeled binding
partner, immobilized binding partner and steric conjugates.
The labeled reagents also are known as “tracers.”

The label used (and this is also useful to label antigen
nucleic acid for use as a probe) is any detectable function-
ality that does not interfere with the binding of analyte and
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its binding partner. Numerous labels are known for use in
immunoassay, examples including moieties that may be
detected directly, such as fluorochrome, chemiluminescent,
and radioactive labels, as well as moieties, such as enzymes,
that mustbe reacted or derivatized to be detected. Examples
of such labels include the radioisotopes *°P, *C, ‘*°I, 3H,
and 171, fluorophores such as rare earth chelates or fluo-
rescein and its derivatives, rhodamine and its derivatives,
dansyl, umbelliferone, luceriferases, e.g., firefly luciferase
and bacterial luciferase (U.S. Pat. No. 4,737,456), luciferin,
2,3-dihydrophthalazinediones, horseradish peroxidase
(HRP), alkaline phosphatase, B-galactosidase,
glucoamylase, lysozyme, saccharide oxidases, e.g., glucose
oxidase, galactose oxidase, and glucose-6-phosphate
dehydrogenase, heterocyclic oxidases such as uricase and
xanthine oxidase, coupled with an enzyme that employs
hydrogen peroxide to oxidize a dye precursor such as HRP,
lactoperoxidase, or microperoxidase, biotintavidin, spin
labels, bacteriophage labels, stable free radicals, and the
like.

Conventional methods are available to bind these labels

covalenily to proteins or polypeptides. For instance, cou-
pling agents such as dialdehydes, carbodiimides,
dimaleimides, bis-imidates, bis-diazotized benzidine, and
the like may be used to tag the antibodies with the above-
described fluorescent, chemiluminescent, and enzyme
labels. See, for example, U.S. Pat. No. 3,940,475
(fluorimetry) and U.S. Pat. No. 3,645,090 (enzymes); Hunter
et al., Nature, 144: 945 (1962); David et al., Biochemistry,
13: 1014-1021 (1974); Painet al., J. Immunol. Methods, 40:
219-230 (1981); and Nygren, J. Histochem. and Cytochem.,
30: 407-412 (1982). Preferred labels herein are enzymes
such as horseradish peroxidase and alkaline phosphatase.

The conjugation of such label, including the enzymes,to
the antibody is a standard manipulative procedure for one of
ordinary skill in immunoassay techniques. See, for example,
O’Sullivan et al., “Methods for the Preparation of Enzyme-
antibody Conjugates for Use in Enzyme Immunoassay,” in
Methods in in Enzymology, ed. J. J. Langone and H. Van
Vunakis, Vol. 73 (Academic Press, New York, N.Y., 1981),
pp. 147-166. Such bonding methods are suitable for use
with the antibodies and polypeptides of this invention.

Immobilization of reagents is required for certain assay
methods. Immobilization entails separating the binding part-
ner from any analyte that remains free in solution. This
conventionally is accomplished by either insolubilizing the
binding partner or analyte analogue before the assay
procedure, as by adsorption to a water-insoluble matrix or
surface (Bennich et al., U.S. Pat. No. 3,720,760), by cova-
lent coupling (for example, using glutaraldehyde cross-
linking), or by insolubilizing the partner or analogue
afterward, e.g., by immunoprecipitation.

Other assay methods, known as competitive or sandwich
assays, are well established and widely used in the com-
mercial diagnostics industry.

Competitive assays rely on the ability of a tracer analogue
to compete with the test sample analyte for a limited number
of binding sites on a common binding partner. The binding
partner generally is insolubilized before or after the com-
petition and then the tracer and analyte bound to the binding
partner are separated from the unbound tracer and analyte.
This separation is accomplished by decanting (where the
binding partner was preinsolubilized) or by centrifuging
(where the binding partner was precipitated after the com-
petitive reaction). The amount of test sample analyte is
inversely proportional to the amount of bound tracer as
measured by the amount of marker substance. Dose-
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response curves with known amounts of analyte are pre-
pared and compared with the test results to quantitatively
determine the amount of analyte present in the test sample.
These assays are called ELISA systems when enzymesare
used as the detectable markers.

Another species of competitive assay, called a “homoge-
neous” assay, does not require a phase separation. Here, a
conjugate of an enzyme with the analyte is prepared and
used such that when anti-analyte binds to the analyte the
presence of the anti-analyte modifies the enzymeactivity. In
this case, the antigen or its immunologically active frag-
ments are conjugated with a bifunctional organic bridge to
an enzymesuch as peroxidase. Conjugates are selected for
use with antibody so that binding of the antibody inhibits or
potentiates the enzymeactivity of the label. This method per
se is widely practiced under the name of EMIT.

Steric conjugates are used in steric hindrance methodsfor
homogeneous assay. These conjugates are synthesized by
covalently linking a low-molecular-weight hapten to a small
analyte so that antibody to hapten substantially is unable to
bind the conjugate at the same time as anti-analyte. Under
this assay procedure the analyte present in the test sample
will bind anti-analyte, thereby allowing anti-hapten to bind
the conjugate, resulting in a change in the character of the
conjugate hapten, e.g., a change in fluorescence when the
hapten is a fluorophore.

Sandwich assays particularly are useful for the determi-
nation of antigen or antibodies. In sequential sandwich
assays an immobilized binding partner is used to adsorb test
sample analyte, the test sample is removed as by washing,
the bound analyte is used to adsorb labeled binding partner,
and bound material is then separated from residual tracer.
The amount of bound tracer is directly proportional to test
sample analyte. In “simultaneous” sandwich assaysthe test
sample is not separated before adding the labeled binding
partner. A sequential sandwich assay using an anti-antigen
monoclonal antibody as one antibody and a polyclonal
anti-antigen antibody asthe other is useful in testing samples
for particular antigen activity.

The foregoing are merely exemplary diagnostic assays for
the import and humanized antibodies of this invention.
Other methods nowor hereafter developed for the determi-
nation of these analytes are included within the scope hereof,
including the bioassays described above.
Immunotoxins

This inventionis also directed to immunochemical deriva-
tives of the antibodies of this invention such as immuno-

toxins (conjugates of the antibody and a cytotoxic moiety).
Antibodies which carry the appropriate effector functions,
such as with their constant domains, are also used to induce
lysis through the natural complementprocess,andto interact
with antibody dependent cytotoxic cells normally present.

For example, purified, sterile filtered antibodies are
optionally conjugated to a cytotoxin such as ricin for use in
AIDStherapy. U.S. patent application Ser. No. 07/350,895
illustrates methods for making and using immunotoxins for
the treatment of HIV infection. The methods of this

invention, for example, are suitable for obtaining humanized
antibodies for use as immunotoxins for use in AIDStherapy.

The cytotoxic moiety of the immunotoxin may be a
cytotoxic drug or an enzymatically active toxin of bacterial,
fungal, plant or animal origin, or an enzymatically active
fragment of such a toxin. Enzymatically active toxins and
fragments thereof used are diphtheria A chain, nonbinding
active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
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dianthin proteins, Phytolaca americana proteins (PAPI,
PAPI, and PAP-S), momordica charantia inhibitor, curcin,
crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin,
restrictocin, phenomycin, enomycin and the tricothecenes.
In another embodiment, the antibodies are conjugated to
small molecule anticancer drugs such as cis-platin or 5FU.
Conjugates of the monoclonal antibody and such cytotoxic
moieties are made using a variety of bifunctional protein
coupling agents. Examples of such reagents are SPDP,IT,
bifunctional derivatives of imidoesters such as dimethyl
adipimidate HCI, active esters such as disuccinimidyl
suberate, aldehydes such as glutaraldehyde, bis-azido com-
pounds such as bis (p-azidobenzoyl) hexanediamine, bis-
diazonium derivatives such as bis-(p-diazoniumbenzoyl)-
ethylenediamine, diisocyanates such as tolylene 2,6-
diisocyanate and bis-active fluorine compounds such as
1,5-difluoro-2,4-dinitrobenzene. The lysing portion of a
toxin may be joined to the Fab fragment of the antibodies.

Immunotoxins can be made in a variety of ways, as
discussed herein. Commonly known crosslinking reagents
can be used to yield stable conjugates.

Advantageously, monoclonal antibodies specifically bind-
ing the domain of the antigen which is exposed on the
infected cell surface, are conjugated to ricin A chain. Most
advantageously the ricin A chain is deglycosylated and
produced through recombinant means. An advantageous
method of making the ricin immunotoxin is described in
Vitetta et al., Science 238:1098 (1987).

When used to kill infected human cells in vitro for

diagnostic purposes, the conjugates will typically be added
to the cell culture medium at a concentration of at least about
10 nM.The formulation and mode of administration for in

vitro use are not critical. Aqueous formulations that are
compatible with the culture or perfusion medium will nor-
mally be used. Cytotoxicity may be read by conventional
techniques.

Cytotoxic radiopharmaceuticals for treating infected cells
may be made by conjugating radioactive isotopes (e.g.I, Y,
Pr) to the antibodies. Advantageously alpha particle-
emitting isotopes are used. The term “cytotoxic moiety” as
used herein is intended to include such isotopes.

In a preferred embodiment, ricin A chain is deglycosy-
lated or produced without oligosaccharides, to decrease its
clearance by irrelevant clearance mechanisms (e.g., the
liver). In another embodiment, whole ricin (A chain plus B
chain) is conjugated to antibody if the galactose binding
property of B-chain can be blocked (“blocked ricin”).

In a further embodiment toxin-conjugates are made with
Fab or F(ab’), fragments. Because of their relatively small
size these fragments can better penetrate tissue to reach
infected cells.

In another embodiment, fusogenic liposomesare filled
with a cytotoxic drug and the liposomes are coated with
antibodies specifically binding the particular antigen.
Antibody Dependent Cellular Cytotoxicity

Certain aspects of this invention involve antibodies which
are (a) directed against a particular antigen and (b) belong to
a subclass or isotype that is capable of mediating the lysis of
cells to which the antibody molecule binds. More
specifically, these antibodies should belong to a subclass or
isotype that, upon complexing with cell surface proteins,
activates serum complement and/or mediates antibody
dependent cellular cytotoxicity (ADCC)byactivating effec-
tor cells such as natural killer cells or macrophages.

Biological activity of antibodies is known to be
determined, to a large extent, by the constant domainsor Fe
region of the antibody molecule (Uananue and Benacerraf,
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Textbook of Immunology, 2nd Edition, Williams & Wilkins,
p. 218 (1984)). This includes their ability to activate comple-
ment and to mediate antibody-dependent cellular cytotox-
icity (ADCC) as effected by leukocytes. Antibodies of
different classes and subclasses differ in this respect, as do
antibodies from the same subclass but different species;
according to the present invention, antibodies of those
classes having the desired biological activity are prepared.
Preparation of these antibodies involves the selection of
antibody constant domains are their incorporation in the
humanized antibody by known technique. For example,
mouse immunoglobulins of the IgG3 and lgG2a class are
capable of activating serum complement upon bindingto the
target cells which express the cognate antigen, and therefore
humanized antibodies which incorporate IgG3 and lgG2a
effector functions are desirable for certain therapeutic appli-
cations.

In general, mouse antibodies of the IgG2a and IgG3
subclass and occasionally IgG1 can mediate ADCC, and
antibodies of the IgG3, IgG2a, and IgM subclasses bind and
activate serum complement. Complementactivation gener-
ally requires the binding of at least two IgG molecules in
close proximity on the target cell. However, the binding of
only one IgM molecule activates serum complement.

The ability of any particular antibody to mediate lysis of
the target cell by complement activation and/or AOCC can
be assayed. The cells of interest are grown and labeled in
vitro; the antibody is addedto the cell culture in combination
with either serum complement or immune cells which may
be activated by the antigen antibody complexes. Cytolysis of
the target cells is detected by the release of label from the
lysed cells. In fact, antibodies can be screened using the
patient’s own serum as a source of complement and/or
immune cells. The antibody that is capable of activating
complement or mediating ADCCinthein vitro test can then
be used therapeutically in that particular patient.

This invention specifically encompasses consensus Fe
antibody domains prepared and used according to the teach-
ings of this invention.
Therapeutic and Other Uses of the Antibodies

When used in vivo for therapy, the antibodies of the
subject invention are administered to the patient in thera-
peutically effective amounts (i.e. amounts that have desired
therapeutic effect). They will normally be administered
parenterally. The dose and dosage regimen will depend upon
the degree of the infection, the characteristics of the par-
ticular antibody or immunotoxin used, e.g., its therapeutic
index, the patient, and the patient’s history. Advantageously
the antibody or immunotoxin is administered continuously
over a period of 1-2 weeks,intravenouslyto treat cells in the
vasculature and subcutaneously and intraperitoneallyto treat
regional lymph nodes. Optionally, the administration is
made during the course of adjunct therapy such as combined
cycles of radiation, chemotherapeutic treatment, or admin-
istration of tumor necrosis factor, interferon or other cyto-
protective or immunomodulatory agent.

For parenteral administration the antibodies will be for-
mulated in a unit dosage injectable form (solution,
suspension, emulsion) in association with a pharmaceuti-
cally acceptable parenteral vehicle. Such vehicles are inher-
ently nontoxic, and non-therapeutic. Examples of such
vehicles are water, saline, Ringer’s solution, dextrose
solution, and 5% human serum albumin. Nonaqueous
vehicles such as fixed oils and ethyl oleate can also be used.
Liposomes may be used as carriers. The vehicle may contain
minor amounts of additives such as substances that enhance

isotonicity and chemical stability, e.g., buffers and preser-
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vatives. The antibodies will typically be formulated in such
vehicles at concentrations of about 1 mg/ml to 10 mg/ml.

Use of IgM antibodies may be preferred for certain
applications, however IgG molecules by being smaller may
be more able than IgM moleculesto localize to certain types
of infected cells.

There is evidence that complement activation in vivo-
leads to a variety of biological effects, including the induc-
tion of an inflammatory response and the activation of
macrophages (Uananue and Benecerraf, Textbook of
Immunology, 2nd Edition, Williams & Wilkins, p. 218
(1984)). The increased vasodilation accompanying inflam-
mation may increasethe ability of various agents to localize
in infected cells. Therefore, antigen-antibody combinations
of the type specified by this invention can be used thera-
peutically in many ways. Additionally, purified antigens
(Hakomori, Ann. Rev. Immunol. 2:103 (1984)) or anti-
idiotypic antibodies (Nepom et al., Proc. Natl. Acad. Sci.
81:2864 (1985); Koprowski et al., Proc. Natl. Acad. Sci.
81:216 (1984)) relating to such antigens could be used to
induce an active immuneresponse in humanpatients. Such
a response includes the formation of antibodies capable of
activating human complement and mediating ADCC and by
such mechanismscause infected cell destruction.

Optionally, the antibodies of this invention are useful in
passively immunizing patients, as exemplified by the admin-
istration of humanized anti-HIV antibodies.

The antibody compositions used in therapy are formulated
and dosages established in a fashion consistent with good
medical practice taking into account the disorder to be
treated, the condition of the individual patient, the site of
delivery of the composition, the method of administration
and other factors known to practitioners. The antibody
compositions are prepared for administration according to
the description of preparation of polypeptides for
administration, infra.
Deposit of Materials

As described above, cultures of the muMAb4D5 have
been deposited with the American Type Culture Collection,
10801 University Blvd., Mauassas, Va., USA (ATCC).

This deposit was made underthe provisions of the Budap-
est Treaty on the international Recognition of the Deposit of
Microorganismsfor the Purpose of Patent Procedure and the
Regulations thereunder (Budapest Treaty). This assures
maintenanceof viable cultures for 30 years from the date of
the deposit. The organisms will be made available by ATCC
under the terms of the Budapest Treaty, and subject to an
agreement between Genentech, Inc. and ATCC, which
assures permanent and unrestricted availability of the prog-
eny of the cultures to the public upon issuance of the
pertinent U.S. patent or upon laying open to the public of
any U.S. or foreign patent application, whichever comes
first, and assures' availability of the progeny to one deter-
mined by the U.S. Commissionerof Patents and Trademarks
to be entitled thereto according to 35 USC §122 and the
Commissioner’s rules pursuant thereto (including 37 CFR
§1.12 with particular reference to 886 OG 638).

In respect of those designations in which a European
patent is sought, a sample of the deposited microorganism
will be made available until the publication of the mention
of the grant of the European patentor until the date on which
the application has been refused or withdrawn or is deemed
to be withdrawn, only by the issue of such a sample to an
expert nominated by the person requesting the sample. (Rule
28(4) EPC)

The assignee of the present application has agreed that if
the cultures on deposit should die or be lost or destroyed
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when cultivated under suitable conditions, they will be
promptly replaced on notification with a viable specimen of
the same culture. Availability of the deposited strain is not to
be construed as a license to practice the invention in con-
travention of the rights granted under the authority of any
government in accordance with its patent laws.

The foregoing written specification is considered to be
sufficient to enable one skilled in the art to practice the
invention. The present inventionis notto be limited in scope
by the constructs deposited, since the deposited embodi-
ments are intended to illustrate only certain aspects of the
invention and any constructs that are functionally equivalent
are within the scope of this invention. The deposit of
material herein does not constitute an admission that the

written description herein contained is inadequate to enable
the practice of any aspect of the invention, includingthe best
modethereof, nor is it to be construed as limiting the scope
of the claimsto the specific illustrations that they represent.
Indeed, various modifications of the invention in addition to
those shown and described herein will become apparent to
those skilled in the art from the foregoing description and
fall within the scope of the appended claims.

It is understoodthat the application of the teachings of the
present invention to a specific problem or situation will be
within the capabilities of one having ordinary skill in the art
in light of the teachings contained herein. Examples of the
products of the present invention and representative pro-
cesses for their isolation, use, and manufacture appear
below, but should not be construed to limit the invention.

EXAMPLES

Example 1

Humanization of muMAb4D5

Here we report the chimerization of muMAb4D5
(chMAb4D5)andthe rapid and simultaneous humanization
of heavy (V,,) and light (V,) chain variable region genes
using a novel “gene conversion mutagenesis”strategy. Eight
humanized variants (huMAb4D5)were constructed to probe
the importance of several FR residues identified by our
molecular modeling or previously proposedto becritical to
the conformation of particular CDRs (see Chothia, C. &
Lesk, A. M., J. Mol. Biol. 196:901-917 (1987); Chothia,C.
et al., Nature 342:877-883 (1989); Tramontano,A.et al., J.
Mol. Biol. 215:175-182 (1990)). Efficient transient expres-
sion of humanized variants in non-myelomacells allowed us
to rapidly investigate the relationship between binding affin-
ity for p185’""* ECD andanti-proliferative activity against
p185""*? overexpressing carcinomacells.

Materials and Methods

Cloning of Variable Region Genes. The muMAb4D5 V,,
and V, genes were isolated by polymerase chain reaction
(PCR) amplification of mRNA from the corresponding
hybridoma (Fendly, B. M.et al., Cancer Res. 50:1550-1558
(1990)) as described by Orlandi et al. (Orlandi, R. et al.,
Proc. Natl. Acad. Sci. USA 86:3833-3837 (1989)). Amino
terminal sequencing of muMAb4D5V,and V,, was used to
design the sense strand PCR primers, whereasthe anti-sense
PCR primers were based upon consensus sequences of
murine framework residues (Orlandi, R. et al., Proc. Nail.
Acad. Sci. USA 86:3833-3837 (1989); Kabat, E. A. et al.,
Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987)) incorporating
restriction sites for directional cloning shownby underlining
and listed after the sequences: V, sense, 5'-TCC
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GATATCCAGCTGACCCAGTCTCCA-3' (SEQ. ID NO.
7), EcoRV; V, anti-sense, 5'-GTTTGATCTCCAGCTT
GGTACCHSCDCCGAA-3' (SEQ. ID NO.8), Asp718; V;,
sense, 5'-AGGTSMARCTGCAGSAGTCWGG-3' (SEQ. ID
NO. 9), PstI and V,, anti-sense, 5'-TGAGGAGAC
GGTGACCGTGGTCCCTTGGCCCCAG-3' (SEQ. ID.
NO. 10), BstEII; where H=A or C or T, S=C or G, D=A or
G or T, M=A or C, R=A or G and W=A or T. The PCR
products were cloned into pUC119 (Vieira, J. & Messing,J.,
Methods Enzymol. 153:3-11 (1987)) and five clones for each
variable domain sequenced by the dideoxy method (Sanger,
F.et al., Proc. Natl. Acad. Sci. USA 74:5463-5467 (1977)).

Molecular Modelling. Models for muMAb4D5 V,, and
V, domains were constructed separately from consensus
coordinates based upon seven Fab structures from the
Brookhaven protein data bank (entries 1FB4, 2RHE, 2MCP,
3FAB, 1FBJ, 2HFL and 1REI). The Fab fragment KOL
(Marquart, M.et al., J. Mol. Biol. 141:369-391 (1980)) was
first chosen as a template for V, and V,, domains and
additional structures were then superimposed upon this
structure using their main chain atom coordinates INSIGHT
program, Siosym Technologies). The distance from the
template Ca to the analogous Ca in each of the superim-
posed structures was calculated for each residue position.If
all (or nearly all) Co—Ca. distances for a given residue were
<1 A, then that position was included in the consensus
structure. In most cases the f6-sheet framework residues
satisfied these criteria whereas the CDR loops did not. For
each of these selected residues the average coordinates for
individual N, Ca, C, O and CB atoms were calculated and
then corrected for resultant deviations from non-standard

bond geometry by 50 cycles of energy minimization using
the DISCOVER program (Biosym Technologies) with the
AMBERforcefield (Weiner, S. J. et al., J. Amer. Chem. Soc.
106:765-784 (1984)) and Ca coordinates fixed. The side
chains of highly conserved residues, such as the disulfide-
bridged cysteine residues, were then incorporated into the
resultant consensus structure. Next the sequences of
muMAb4D5V,and V,, were incorporated starting with the
CDRresidues and using the tabulations of CDR conforma-
tions from Chothia et al. (Chothia, C. et al. Nature
342:877-883 (1989)) as a guide. Side-chain conformations
were chosen on the basis of Fab crystal structures, rotamer
libraries (Ponder, J. W. & Richards, F. M., J. Mol. Biol.
193:775-791 (1987)) and packing considerations. Since
V-COR3 could not be assigned a definite backbone con-
formation from thesecriteria, two models were created from
a search of similar sized loops using the INSIGHTprogram.
A third model was derived using packing and solvent
exposure considerations. Each model was then subjected to
5000 cycles of energy minimization.

In humanizing muMAb4DS, consensus human sequences
werefirst derived from the most abundant subclasses in the

sequence compilation of Kabat et al. (Kabat, E. A.et al.,
Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987)), namely V, «
subgroup I and V,, group III, and a molecular model
generated for these sequences using the methods described
above. A structure for huMAb4D5 wascreated by transfer-
ring the CDRs from the muMAb4D5 model into the con-
sensus humanstructure. All huMAb4D5 variants contain

human replacements of muMAb4D5residuesat three posi-
tions within CDRs as defined by sequence variability
(Kabat, E. A.et al., Sequences ofProteins ofImmunological
Interest (National Institutes of Health, Bethesda, Md.,
1987)) but notas defined by structural variability (Chothia,
C. & Lesk, A. M., J. Mol. Biol. 196:901-917 (1987)):
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V,-CDR1 K24R, V,-CDR2 R54L and V,-CDR2 T56S.
Differences between muMAb4D5and the human consensus

framework residues (FIG. 1) were individually modeled to
investigate their possible influence on CDR conformation
and/or binding to the p185’“"* ECD.

Construction of Chimeric Genes. Genes encoding
chMAb4D5 light and heavy chains were separately
assembled in previously described phagemid vectors con-
taining ihe human cytomegalovirus enhancer and promoter,
a5’ intron and SV40 polyadenylation signal (Gorman, C. M.
et al, DNA & Prot. Engin. Tech. 2:3-10 (1990)). Briefly,
gene segments encoding muMAb4D5V,(FIG. 1A) and REI
human «, light chain C, (Palm, W. & Hilschmann, N., Z.
Physiol. Chem. 356:167-191 (1975)) were precisely joined
as were genes for muMAb4D5V,, (FIG. 1B) and human y1
constant region (Capon, D. J. et al., Nature 337:525-531
(1989)) by simple subcloning (Boyle, A., in Current Proto-
cols in Molecular Biology, Chapter 3 (F. A. Ausubelet al.,
eds., Greene Publishing & Wiley-Interscience, New York,
1990)) and site-directed mutagenesis (Carter, P., in
Mutagenesis: A Practical Approach, Chapter 1 (IRL Press,
Oxford, UK 1991)). The y1 isotype was chosen asit has been
found to be the preferred human isotype for supporting
ADCC and complement dependent cytotoxicity using
matched sets of chimeric (Bruggemann,M.etal., J. Exp.
Med. 166:1351-1361 (1987)) or humanized antibodies
(Riechmann, L. et al., Nature 332:323-327 (1988)). The
PCR-generated V, and V,, fragments (FIG. 1) were subse-
quently mutagenized so that they faithfully represent the
sequence of muMAb4D5 determinedat the protein level: V,,
Q1E, V, Vio4L and T109A (variants are denoted by the
aminoacid residue and numberfollowed by the replacement
amino acid). The human y1 constant regionsare identical to
those reported by Ellison et al. (Ellison, J. W.et al., Nucleic
Acids Res. 13:4071-4079 (1982)) except for the mutations
E359D and M361L (Eu numbering,as in Kabat, E.A.etal.,
Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987)) which we
installed to convert the antibody from the naturally rare A
allotype to the much more common non-A allotype
(Tramontano, A.et al., J. Mol. Biol. 215:175-182 (1990)).
This was an attempt to reduce the risk of anti-allotype
antibodies interfering with therapy.

Construction of Humanized Genes. Genes encoding
chMAb4D5 light chain and heavy chain Fd fragment (V,,
and C,1 domains) were subcloned together into pUC119
(Vieira, J. & Messing, J., Methods Enzymol. 153:3-11
(1987)) to create pAK1 and simultaneously humanized in a
single step (FIG.2). Briefly, sets of 6 contiguous oligonucle-
otides were designed to humanize V,, and V, (FIG. 1).
These oligonucleotides are 28 to 83 nucleotides in length,
contain zero to 19 mismatches to the murine antibody
template and are constrained to have 8 or 9 perfectly
matched residues at each end to promote efficient annealing
andligation of adjacent oligonucleotides. The sets of V,, and
V, humanization oligonucleotides (5 pmol each) were phos-
phorylated with either ATP or y-**P-ATP(Carter, P. Methods
Enzymol. 154: 382-403 (1987)) and separately annealed
with 3.7 pmol of pAK1 template in 40 41 10 mM Tris-HCl
(pH 8.0) and 10 mM MgCl, by cooling from 100° C. to
room temperature over ~30 min. The annealed oligonucle-
otides were joined by incubation with T4 DNAligase (12
units; New England Biolabs) in the presence of 2 ul 5 mM
ATP and 2 wl 0.1 M DTT for 10 min at 14° C. After
electrophoresis on a 6% acrylamide sequencing gel the
assembled oligonucleotides were located by autoradiogra-
phy and recovered by electroelution. The assembled oligo-
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nucleotides (~0.3 pmol each) were simultaneously annealed
to 0.15 pmolsingle-stranded deoxyuridine-containing pAK1
prepared according to Kunkel et al. (Kunkel, T. A. etal.,
Methods Enzymol. 154:367-382 (1987)) in 10 ul 40 mM
Tris-HCl (pH 7.5) and 16 mM MgCl, as above. Heterodu-
plex DNA wasconstructed by extending the primers with T7
DNApolymerase and transformed into FE. coli BMH 71-18
mutL as previously described (Carter, P., in Mutagenesis: A
Practical Approach, Chapter 1 (IRL Press, Oxford, UK
1991)). The resultant phagemid DNApool wasenrichedfirst
for huV, by restriction purification using XhoI and then for
huV,, by restriction selection using Stul as described in
Carter, P., in Mutagenesis: A PracticalApproach, Chapter 1
(IRL Press, Oxford, UK 1991); and in Wells, J. A.et al., Phil.
Trans. R. Soc. Lond., A 317-415-423 (1986). Resultant
clones containing both huV, and huV,, genes were identi-
fied by nucleotide sequencing (Sanger,F. et al., Proc. Nail.
Acad. Sci. USA 74:5463-5467 (1977)) and designated
pAK2. Additional humanized variants were generated by
site-directed mutagenesis (Carter, P., in Mutagenesis: A
Practical Approach, Chapter 1 (IRL Press, Oxford, UK
1991)). The muMAb4D5 V, and V,, gene segments in the
transient expression vectors described above were then
precisely replaced with their humanized versions.

Expression and Purification of MAb4D5Variants. Appro-
priate MAb4D5 light and heavy chain cDNA expression
vectors were co-transfected into an adenovirus transformed

human embryonic kidneycell line, 293 (Graham,F. L.et al.,
J. Gen. Virol. 36:59-72 (1977)) using a high efficiency
procedure (Gorman, C. M.et al., DNA & Prot. Engin. Tech.
2:3-10 (1990); Gorman, C., in DNA Cloning, vol I], pp
143-190 (D. M.Glover, ed., IRL Press, Oxford, UK 1985)).
Media were harvested daily for up to 5 days and the cells
re-fed with serum free media. Antibodies were recovered

from the media and affinity purified on protein A sepharose
CL-4B (Pharmacia) as described by the manufacturer. The
eluted antibody was buffer-exchanged into phosphate-
buffered saline by G25 gelfiltration, concentrated by ultra-
filtration (Centriprep-30 or Centricon-100, Amicon),sterile-
filtered (Millex-GV, Millipore) and stored at 4° C. The
concentration of antibody was determined by using both
total immunoglobulin and antigen binding ELISAs. The
standard used was huMAb4D5-5, whose concentration had
been determined by amino acid composition analysis.

Cell Proliferation Assay. The effect of MAb4D5 variants
upon proliferation of the human mammary adenocarcinoma
cell line, SK-BR-3, was investigated as previously described
(Fendly, B. M. et al., Cancer Res. 50:1550-1558 (1990))
using saturating MAb4D5 concentrations.

Affinity Measurements. The antigen binding affinity of
MAb4D5variants was determined using a secreted form of
the p185““*? ECD prepared as described in Fendly, B. M.
et al., J. Biol. Resp. Mod. 9:449-455 (1990). Briefly, anti-
body and p185¥“** ECD were incubated in solution until
equilibrium was found to be reached. The concentration of
free antibody was then determined by ELISA using immo-
bilized p185”"*? ECD and used to calculate affinity (K,)
according to Friguet et al. (Friguet, B. et al., J. Immunol.
Methods 77:305-319 (1985)).

Results

Humanization of muMAb4D5. The muMAb4D5 V, and
V7 gene segments werefirst cloned by PCR and sequenced
(FIG. 1). The variable genes were then simultaneously
humanized by gene conversion mutagenesis using preas-
sembled oligonucleotides (FIG. 2). A 311-mer oligonucle-
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otide containing 39 mismatches to the template directed 24
simultaneous amino acid changes required to humanize
muMAb4D5 V,. Humanization of muMAb4D5V,, required
32 amino acid changes which were installed with a 361-mer
containing 59 mismatches to the muMAb4D5template. Two
out of 8 clones sequenced precisely encode huMAb4D5-5,
although one of these clones contained a single nucleotide
imperfection. The 6 other clones were essentially humanized
but contained a small number of errors: <3 nucleotide

changes and <1 single nucleotide deletion per kilobase.
Additional humanized variants (Table 3) were constructed
by site-directed mutagenesis of huMAb4D5-5.

Expression levels of huMAb4D5 variants were in the
range of 7 to 15 wg/ml as judged by ELISA using immobi-
lized p185*"** ECD. Successive harvests of five 10 cm
plates allowed 200 ug to 500 mg of each variant to be
produced in a week. Antibodies affinity purified on protein
A gave a single band on a Coomassie blue stained SDS
polyacrylamide gel of mobility consistent with the expected
M, of ~150 kDa. Electrophoresis under reducing conditions
gave 2 bands consistent with the expected M, of free heavy
(48 kDa) and light (23 kDa) chains (not shown). Amino
terminal sequence analysis (10-cycles) gave the mixed
sequence expected (see FIG. 1) from an equimolar combi-
nation of light and heavy chains (not shown).

huMAb4D5 Variants. In general, the FR residues were
chosen from consensus human sequences (Kabat, E. A. et
al., Sequences of Proteins of Immunological Interest
(National Institutes of Health, Bethesda, Md., 1987)) and
CDRresidues from muMAb4D5. Additional variants were

constructed by replacing selected human residues in
huMAb4D5-1 with their muMAb4D5 counterparts. These
are V,, residues 71, 73, 78, 93 plus 102 and V, residues 55
plus 66 identified by our molecular modeling. V,, residue 71
has previously been proposed by others (Tramontano,A.et
al., J. Mol. Biol. 215:175-182 (1990)) to be critical to the
conformation of V,-CDR2. Amino acid sequence differ-
ences between huMAb4D5 variant molecules are shown in

Table 3, together with their p185""* ECDbindingaffinity
and maximalanti-proliferative activities against SK-BR-3
cells. Very similar K, values were obtained for binding of
MAb4D5variants to either SK-BR-3 cells or to p185’“*
ECD (Table 3). However, K, estimates derived from binding
of MAb4D5variants to p185“** ECD were more repro-
ducible with smaller standard errors and consumed much

smaller quantities of antibody than binding measurements
with whole cells.

The most potent humanized variant designed by molecu-
lar modeling, huMAb4D5-8, contains 5 FR residues from
muMAb4D%.This antibody binds the p185’“** ECD 3-fold
more tightly than does muMAb4D5itself (Table 3) and has
comparable anti-proliferative activity with SK-BR-3 cells
(FIG.3). In contrast, huMAb4D5-1 is the most humanized
but least potent muMAb4D5 variant, created by simply
installing the muMAb4D5 CDRsinto the consensus human
sequences. huMAb4D5-1 binds the p1857“”* ECD 80-fold
less tightly than does the murine antibody and has no
detectable anti-proliferative activity at the highest antibody
concentration investigated (16 xg/ml).

The anti-proliferative activity of huMAb4D5 variants
against p185"** overexpressing SK-BR-3 cells is not sim-
ply correlated with their binding affinity for the p185’"*?
ECD. For example, installation of three murine residues into
the V,, domain of huMAb4D5-2 (D73T, L78A and A938) to
create huMAb4D5-3 does not change the antigen binding
affinity but does confer significant anti-proliferative activity
(Table 3).
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The importance of V,, residue 71 (Tramontano,A.etal.,
J. Mol. Biol. 215:175-182 (1990)) is supported by the
observed 5-fold increase in affinity for p185’""* ECD on
replacement of R71 in huMAb4D5-1 with the corresponding
murine residue, alanine (huMAb4D5-2). In contrast, replac-
ing V,, L78 in huMAb4D5-4 with the murine residue,
alanine (huMAb4D5-5), does not significantly change the
affinity for the p185”“*? ECD or change anti-proliferative
activity, suggesting that residue 78 is not of critical func-
tional significance to huMAb4D5 andits ability to interact
properly with the extracellular domain of p185¥"*,

V, residue 66 is usually a glycine in human and murine
k chain sequences (Kabat, E. A.et al., Sequences ofProteins
of Immunological Interest (National Institutes of Health,
Bethesda, Md., 1987)) but an arginine occupies this position
in the muMAb4DS « light chain. The side chain of residue
66 is likely to affect the conformation of V,-CDR1 and
V,-CDR2 and the hairpin turn at 68—69 (FIG. 4). Consistent
with the importance of this residue, the mutation V, G66R
(huMAb4D5-3—>huMAb4D5-5) increases the affinity for
the p185““*ECDby 4-fold with a concomitantincrease in
anti-proliferative activity.

From molecular modeling it appears that the tyrosyl side
chain of muMAb4D5 V,residue 55 mayeither stabilize the
conformation of V,,-CDR3or provide an interaction at the
V,—-V,,interface. The latter function may be dependent upon
the presence of V,,Y102.In the context of hoMAb4D5-5 the
mutations V, E55Y (huMAb4D5-6) and V,, V102Y
(huMAb4D5-7) individually increase the affinity for
p185“** ECD by 5-fold and 2-fold respectively, whereas
together (huMAb4D5-8) they increase the affinity by
11-fold. This is consistent with either proposed role of V,
Y55 and V,, Y102.

Secondary Immune Function of huMAb4D5-8.
MuMAb4D5 inhibits the growth of human breast tumor
cells which overexpress p185”"*? (Hudziak, R. M.et al.,
Molec. Cell. Biol. 9:1165-1172 (1989)). The antibody,
however, does not offer the possibility of direct tumor
cytotoxic effects. This possibility does arise in
huMAb4D5-8 as a result of its high affinity (Kd,=0.1 «M)
and its human IgG, subtype. Table 4 compares the ADCC
mediated by huMAb4D5-8 with muMAb4D5 on a normal
lung epithelial cell line, WI-38, which expresses a low level
of p185”"*? and on SK-BR-3, which expressesa high level
of p185’“**. The results demonstrate that: (1) huMAb4D5
has a greatly enhanced ability to carry out ADCC as com-
pared with its murine parent; and (2) that this activity may
be selective for cell types which overexpress p185"*".

Discussion

MuMAb4D5is potentially useful for human therapy since
it is cytostatic towards humanbreast and ovarian tumorlines
overexpressing the HER2-encoded p185’”*? receptor-like
tyrosine kinase. Since both breast and ovarian carcinomas
are chronic diseases it is anticipated that the optimal
MAb4D5variant molecule for therapy will have low immu-
nogenicity and will be cytotoxic rather than solely cytostatic
in effect. Humanization of muMAb4D5 should accomplish
these goals. We have identified 5 different huMAb4D5
variants which bind tightly to p185’"** ECD (K,21 nM)
and which have significant anti-proliferative activity (Table
3). Furthermore huMAb4D5-8 but not muMAb4D5 medi-
ates ADCC against human tumorcell lines overexpressing
p185""*? in the presence of humaneffector cells (Table 4)
as anticipated for a human y1 isotype (Breuggemann,M.et
al., J. Exp. Med. 166:1351-1361 (1987); Riechmann,L.et
al., Nature 332:323-327 (1988)).
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Rapid humanization of huMAb4D5wasfacilitated by the
gene conversion mutagenesis strategy developed here using
long preassembled oligonucleotides. This method requires
less than half the amount of synthetic DNA as does total
gene synthesis and does not require convenient restriction
sites in the target DNA. Our method appears to be simpler

54

direct cytotoxic activity of the humanized molecule in the
presence of humaneffector cells. The apparent selectivity of
the cytotoxic activity for cell types which overexpress
p185’“*? allowsfor the evolution ofa straightforward clinic
approach to those human cancers characterized by overex-
pression of the HER2 protooncogene.

TABLE 3

p1ss*=®* ECD bindingaffinity and anti-proliferative activities of MAb4D5 variants

Viz Residue* V;_Residue*

MAbD4DScell 71 3 8 93 102 55 56 Kt
Variant proliferation* FR3  FR3 FR3 FR3 CDR3 CDR2 FR3 1M Relative
huMAb4D5-1 R D L A v E G 25 102
huMAb4D5-2 Ala D L A v E G 4.7 101
huMAb4D5-3 Ala Thr Ala_Ser v E G 4.4 66

huMAb4D5-4 Ala Thr L Ser Vv E Arg 0.82 56
huMAb4D5-5 Ala Thre Ala Ser Vv E Arg 1.1 48
huMAb4D5-6 Ala Thr Ala Ser Vv Tyr Arg 0.22 51
huMAb4D5-7 Ala Thr Ala Ser Tyr E Arg 0.62 53
huMAb4D5-8 Ala Thr Ala Ser Tyr Tyr Arg 0.10 54
muMAb4D5 Ala Thr Ala Ser Tyr Tyr Arg 0.30 37

*Human and murine residues are shown in oneletter and three letter amino acid code respectively.
tK, values for the p185"=** ECD were determined using the method of Friguet et al. (43) and thestandard error of each estimate is = + 10%.
*Proliferation of SK-BR-3 cells incubated for 96 hr with MAb4D5variants shown as a percentage
of the untreated control as described (Hudziak, R. M.et al., Molec. Cell. Biol. 9: 1165-1172
(1989)). Data represent the maximal anti-proliferative effect for each variant (see FIG. 3A) calcu-
lated as the meanoftriplicate determinations at a MAb4D5 concentration of 8 g/ml. Data are all
taken from the same experiment with an estimated standard error of = + 15%.

and more reliable than a variant protocol recently reported
(Rostapshov, V. M.et al., FEBS Lett. 249: 379-382 (1989)).
Transient expression of huMAb4D5 in human embryonic
kidney 293 cells permitted the isolation of a few hundred

TABLE 4

Selectivity of antibody dependent tumorcell cytotoxicity

micrograms of huMAb4D5variants for rapid characteriza- 6diatedbyhuMAb4aDs-§__
tion by growth inhibition and antigen bindingaffinity assays. Effect-
Furthermore, different combinations of light and heavy tor:Target WI-38* SK-BR-3
chain were readily tested by co-transfection of correspond- +: : ratio muMAb4D5 huMAb4D5-8 muMAb4D5 huMAb4D5-8

ing cDNAexpression vectors. 40
The crucial role of molecular modeling in the humaniza- AST

tion of muMAb4D5is illustrated by the designed variant 95-4 10 93 75 40.6
huMAb4D5-8 which binds the plss7@R? ECD 250-fold 412.51 <1.0 444 47 36.8
more tightly than the simple CDR loop swap variant, 6.25:1 <1.0 8.9 0.9 35.2
huMAb4D5-1. It has previously been shownthat the antigen 45 3-13:1 <1.0 8.5 4.6 19.6
bindingaffinity of a humanized antibody can be increased by B
mutagenesis based upon molecular modelling (Riechmann, 25-4 <1.0 34 61 33.4
L. et al., Nature 332:323-327 (1988); Queen, C.et al., Proc. 12.5:1 <1.0 17 5.5 26.2
Natl. Acad. Sci. USA 86:10029-10033 (1989)). Here we 6.25:1 13 2.2 2.0 21.0
have extended this earlier work by others with a designed so 3.1311 <L0 0.8 24 13.4
humanized antibody which binds its antigen 3-fold more
tightly than the parent rodent antibody. While this result is
gratifying, assessment of the success of the molecular mod-
eling must await the outcome of X-ray structure determina-
tion. From analysis of huMAb4D5 variants (Table 3) it is
apparent that their anti-proliferative activity is not a simple
function of their binding affinity for p185’""* ECD. For
example the huMAb4D5-8 variant binds p185’"? 3-fold
moretightly than muMAb4D5 but the humanized variantis
slightly less potent in blocking the proliferation of SK-SR-3
cells. Additional huMAb4D5 variants are currently being
constructed in an attempt to identify residues triggering the
anti-proliferative activity and in an attempt to enhance this
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*Sensitivity to ADCC of two humancell lines (WI-38, normal lung epi-
thelium; and SK-BR-3, human breast tumor cell line) are compared.
WI-38 expresses a low level of p185"=® (0.6 pg per zg cell protein) and
SK-BR-3 expresses a high level of p185"=®* (64 pg p185"=** per yg cell
protein), as determined by ELISA (Fendly et al., J. Biol. Resp. Mod.
9:449-455 (1990). .
ADCCassays were carried out as described in Bruggemannet al., J. Exp.

Med. 166:1351-1361 (1987). Effector to target ratios were of IL-2 acti-
vated human peripheral blood lymphocytes to either WI-38 fibroblasts or
SK-BR-3 tumorcells in 96-well microtiter plates for 4 hours at 37° C.
Values given represent percentspecific cell lysis as determined by °*Cr
release. Estimated standard error in these quadruplicate determinations was
S+10%.
*Monoclonal antibody concentrations used were 0.1 g/ml (A) and 0.1
ug/ml (B).

tivit Example 2
activity. Schematic Method for Humanizing an Antibody

In addition to retaining tight receptor binding and the 65 Sequence
ability to inhibit cell growth, the huMAb4D5-8 also confers
a secondary immune function (ADCC). This allows for

This example illustrates one stepwise elaboration of the
methods for creating a humanized sequence described
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above. It will be understood that not all of these steps are
essential to the claimed invention, and that steps may be
taken in different order.
1. ascertain a consensus human variable domain amino acid

sequence and prepare from it a consensus structural
model.

2. prepare model of import (the non-human domain to be
humanized) variable domain sequences and note struc-
tural differences with respect to consensus human model.

3. identify CDR sequences in humanandin import, both by
using Kabat (supra, 1987) and crystal structurecriteria. If
there is any difference in CDR identity from the different
criteria, use of crystal structure definition of the CDR,but
retain the Kabat residues as important frameworkresidues
to import.

4. substitute import CDR sequences for human CDR
sequences to obtain initial “humanized” sequence.

5. compare import non-CDR variable domain sequence to
the humanized sequence and note divergences.

6. Proceed through the following analysis for each amino
acid residue where the import diverges from the human-
ized.

a. If the humanized residue represents a residue which is
generally highly conserved across all species, use the
residue in the humanized sequence. If the residue is not
conserved across all species, proceed with the analysis
described in 6b.

b. If the residue is not generally conserved across all
species, ask if the residue is generally conserved in
humans.

i. If the residue is generally conserved in humansbut
the import residue differs, examine the structural
models of the import and human sequences and
determine if the import residue would be likely to
affect the binding or biological activity of the CDRs
by considering 1) could it bind antigen directly and
2) couldit affect the conformation of the CDR.If the
conclusion is that an affect on the CDRsis likely,
substitute the import residue. If the conclusion is that
a CDRaffect is unlikely, leave the humanized resi-
due unchanged.
If the residue is also not generally conserved in

humans, examinethe structural models of the import
and human sequences and determine if the import
residue would be likely to affect the binding or
biological activity of the CDRs be considering 1)
could it bind antigen directly and 2) could it affect
the conformation of the CDR.If the conclusion is

that an affect on the CDRsis likely, substitute the
import residue. If the conclusion is that a CDR affect
is unlikely, proceed to the next step.
a) Examine the structural models of the import and

human sequences and determine if the residue is
exposed on the surface of the domain or is buried
within. If the residue is exposed, use the residue in
the humanized sequence.If the residue is buried,
proceed to the next step.
(i) Examine the structural models of the import

and human sequences and determine if the
residueis likely to affect the V,—V,, interface.
Residues involved with the interface include:

34L, 36L, 38L, 43L, 33L, 36L, 85L, 87L, 89L,
SIL, 96L, 98L, 35H, 37H, 39H, 43H, 45H,
47H,60H, 91H,93H, 95H, 100H,and 103H.If
no effectis likely, use the residue in the human-
ized sequence. If someaffect is likely, substi-
tute the import residue.

il.ce
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7. Search the import sequence, the consensus sequence and
the humanized sequence for glycosylation sites outside
the CDRs, and determineif this glycosylationsite is likely
to have any affect on antigen binding and/or biological
activity. If no effect is likely, use the human sequence at
that site; if some affect is likely, eliminate the glycosyla-
tion site or use the import sequence at thatsite.

8. After completing the above analysis, determine the
planned humanized sequence and prepare and test a
sample. If the sample does not bind well to the target
antigen, examine the particular residues listed below,
regardless of the question of residue identity between the
import and humanized residues.

a. Examine particular peripheral (non-CDR) variable
domain residues that may, due to their position, possi-
bly interact directly with a macromolecular antigen,
including the following residues (where the * indicates
residues which have been foundto interact with antigen
based on crystal structures):
i. Variable light domain: 36, 46, 49°, 63-70
ul. Variable heavy domain: 2, 47°, 68, 70, 73-76.

b. Examine particular variable domain residues which
could interact with, or otherwise affect, the conforma-
tion of variable domain CDRs,including the following
(not including CDR residues themselves, since it is
assumed that, because the CDRs interact with one
another, any residue in one CDR could potentially
affect the conformation of another CDR residue)
(L=LIGHT, H=HEAVY, residues appearing in bold are
indicated to be structurally important according the
Chothia et al., Nature 342:877 (1989), and residues
appearingin italic were altered during humanization by
Queen et al. (PDL), Proc. Natl. Acad. Sci. USA
86:10029 (1989) and Proc. Natl. Acad. Sci. USA
88:2869 (1991).):
i. Variable light domain:

a) CDR-1 (residues 24L-34L): 2L, 4L, 66L-69L,
71L

b) CDR-2 (residues 50L-56L): 35L, 46L, 47L, 48L,
49L, 58L, 62L, 64L-66L, 71L, 73L

c) CDR-3 (residues 89L-97L): 2L, 4L, 36L, 98L,
37H, 45H, 47H, 58H, 60H

il. Variable heavy domain:
a) CDR-1 (residues 26H-35H): 2H, 4H, 24H, 36H,

71H, 73H, 76H, 78H, 92H, 94H
b) CDR-2 (residues 50H-55H): 49H, 69H, 69H,

71H, 73H, 78H
c) CDR-3 (residues 95H-102H): examine allresi-

dues as possible interaction partners with this
loop, because this loop varies in size and confor-
mation much more than the other CDRs.

9. If after step 8 the humanized variable domain still is
lacking in desired binding, repeat step 8. In addition,
re-investigate any buried residues which mightaffect the
V,-V,, interface (but which would not directly affect
CDR conformation). Additionally, evaluate the accessi-
bility of non-CDR residues to solvent.

Example 3

Engineering a Humanized Bisnecific F(ab’),
Fragment

This example demonstrates the construction of a human-
ized bispecific antibody (BsF(ab'),v1 by separate E. coli
expression of each Fab' arm followed by directed chemical
coupling in vitro. BsF(ab'),v1 (anti-CD3/anti-p185’”*")
was demonstrated to retarget the cytotoxic activity of human
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CD3*CTLin vitro against the human breast tumorcell line,
SK-BR-3, which overexpresses the p185*“”* productof the
protooncogene HER2. This example demonstrates the mini-
malistic humanization strategy of installing as few murine
residues as possible into a human antibody in order to recruit
antigen-binding affinity and biological properties compa-
rable to that of the murine parent antibody. This strategy
proved very successful for the anti-p185’""7arm of BsF
(ab'),v1. In contrast BsF(ab'), v1 binds to T cells via its
anti-CD3 arm muchless efficiently than does the chimeric
BsF(ab’), which contains the variable domains of the murine
parent anti-CD3 antibody. Here we have constructed addi-
tional BsF(ab’), fragments containing variant anti-CD3 arms
with selected murine residues restored in an attempt to
improve antibody binding to T cells. One such variant, Ss
F(ab’),v9, was created by replacing six residues in the
second hypervariable loop of the anti-CD3 heavy chain
variable domain of BsF(ab'),v1 with their counterparts from
the murine parent anti-CD3 antibody. BsF(ab'),v9 binds to
T cells (Jurkat) much moreefficiently than does BsF(ab’),v1
and almost as efficiently as the chimeric BsF(ab'),. This
improvement in the efficiency of T cell binding of the
humanized BsF(ab’), is an important step in its development
as a potential therapeutic agent for the treatment of
p185¥“*?_overexpressing cancers.

Bispecific antibodies (BsAbs) with specificities for
tumor-associated antigens and surface markers on immune
effector cells have proved effective for retargeting effector
cells to kill tumortargets both in vitro and in vivo (reviewed
by Fanger, M. W.et al., Immunol. Today 10: 92-99 (1989);
Fanger, M. W.et al., Immunol. Today 12: 51-54 (1991); and
Nelson, H., Cancer Cells 3: 163-172 (1991)). BsF(ab’),
fragments have often been used in preference to intact
BsAbsin retargeted cellular cytotoxicity to avoid therisk of
killing innocent bystander cells binding to the Fe region of
the antibody. An additional advantage of BsF(ab'), over
intact BsAbs is that they are generally much simpler to
prepare free of contaminating monospecific molecules
(reviewed by Songsivilai, S. and Lachmann,P. J., Clin. Exp.
Immunol. 79: 315-321 (1990) and Nolan, O. and
O’Kennedy, R., Biochim. Biophys. Acta 1040: 1-11 (1990)).

BsF(ab'), fragments are traditionally constructed by
directed chemical coupling of Fab' fragments obtained by
limited proteolysis plus mild reduction of the parent rodent
monoclonal Ab (Brennan, M.et al., Science 229, 81-83
(1985) and Glennie, M. J. et al., J. Immunol. 139:
2367-2375 (1987)). One such BsF(ab'), fragment (anti-
glioma associated antigen/anti-CD3) was found to have
clinical efficacy in glioma patients (Nitta, T. et al., Lancet
335: 368-371 (1990) and another BsF(ab'), (anti-indium
chelate/anti-carcinoembryonic antigen) allowed clinical
imaging of colorectal carcinoma (Stickney, D. R. et al.,
Antibody, Immunoconj. Radiopharm. 2: 1-13 (1989)).
Future SsF(ab'), destined for clinical applications are likely
to be constructed from antibodies which are either human or

at least ”humanized” (Riechmann, L. et al., Nature 332:
323-327 (1988) to reduce their immunogenicity (Hale, G.et
al., Lancet i: 1394-1399 (1988)).

Recently a facile route to a fully humanized BsF(ab'),
fragment designed for tumor immunotherapy has been dem-
onstrated (Shalaby, M. R.et al., J. Exp. Med. 175: 217-225
(1992)). This approach involves separate E. coli expression
of each Fab' arm followed bytraditional directed chemical
coupling in vitro to form the BsF(ab’),. One arm of the
BsF(ab'), was a humanized version (Carter, P. et al., Proc.
Natl. Aced. Sci. USA (1992a) and Carter, P., et al., Bio/
Technology 10: 163-167 (1992b)) of the murine monoclonal
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Ab 4D5 whichis directed against the p185’"** product of
the protooncogene HER2 (c-erbB-2) (Fendly, B. M.et al.
Cancer Res. 50: 1550-1558 (1989)). The humanization of
the antibody 4D5 is shown in Example 1 ofthis application.
The second arm was a minimalistically humanized anti-CD3
antibody (Shalabyet al. supra) which wascreated byinstall-
ing the CDR loops from the variable domains of the murine
parent monoclonal Ab UCHT1 (Beverley, P. C. L. and
Callard, R. E., Eur. J. Immunol. 11: 329-334 (1981)) into the
humanized anti-p185“"** antibody. The BsF(ab’), fragment
containing the most potent humanized anti-CD3variant (v1)
was demonstrated by flow cytometry to bind specifically to
a tumor target overexpressing p185’""* and to buman
peripheral blood mononuclear cells carrying CD3. In
addition, BsF(ab' ),v1 enhanced the cytotoxic effects of
activated human CTL 4-fold against SK-SR-3 tumorcells
overexpressing p185”“"". The example descries efforts to
improve the antigen binding affinity of the humanized
anti-CD3 arm by the judicious recruitment of a small
number of additional murine residues into the minimalisti-

cally humanized anti-CD3 variable domains.
Materials and Methods

Construction of Mutations in the Anti-CD3 Variable Region
Genes

The construction of genes encoding humanized anti-CD3
variant 1 (v1) variable light (V,) and heavy (V,,) chain
domains in phagemid pUC119 has been described (Shalaby
et al. supra). Additional anti-CD3 variants were generated
using anefficient site-directed mutagenesis method (Carter,
P., Mutagenesis: a practical approach, (M. J. McPherson,
Ed.), Chapter 1, IRL Press, Oxford, UK (1991)) using
mismatched oligonucleotides which either install or remove
unique restriction sites. Oligonucleotides used are listed
below using lowercase to indicate the targeted mutations.
Corresponding coding changes are denoted by the starting
amino acid in one letter code followed by the residue
numbered according to Kabat, E. A. et al., Sequences of
Proteins of Immunological Interest, 3” edition, National
Institutes of Health, Bethesda, Md., USA (1991), then the
replacement amino acid and finally the identity of the
anti-CD3 variant:

HX11, 5' GTAGATAAATCCtctAACACAGC-
CTAtCTGCAAATG3' (SEQ.ID. NO. 11) V,,K75S,v6;

HX12, 5' GTAGATAAATCCAAAtctACAGC-
CTAtCTGCAAATG3' (SEQ.ID. NO. 12) V,, N76S, v7;

HX13, 5' GTAGATAAATCCtcttctACAGC-
CTAtCTGCAAATG 3' (SEQ.ID. NO. 13) V,
K75S:N76S,v8;

X14, 5' CTTATAAAGGTGTTtCcACCTATaaCcA-
gAaatTCAAGGatCGTTTCACgATAtc-
CGTAGATAAATCC 3' (SEO.ID.NO. 14) Vy
T57S:A60N:D610:S62K:V63F:G65D,v9;

LX6, 5' CTATACCTCCCGTCTgeatTCTGGAGTCCC 3'
(SEQ.ID. NO. 15) V, E55H,v11.

Oliconucleotides HX11, HX12 and HX13 each remove a
site for BspMI, whereas LX6 removes a site for XhoI and
HX14installs a site for EcoRV (bold). Anti-CD3 variant v10
wasconstructed from v9 by site-directed mutagenesis using
oligonucleotide HX13. Mutants were verified by dideoxy-
nucleotide sequencing (Sanger, F. et al., Proc. Natl. Acad,
Sci. USA 74: 5463-5467 (1977).
E. coli Expression of Fab' Fragments

The expression plasmid, pAK19, for the co-secretion of
light chain and heavy chain Fd' fragment of the most
preferred humanized anti-p185’””? variant, HuMAb4D5-8,
is described in Carter et al., 1992b, supre. Briefly, the Fab’
expression unit is bicistronic with both chains under the
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transcriptional control of the ohoA promoter. Genes encod-
ing humanized V, and V,, domains are precisely fused on
their 5' side to a gene segment encoding the heat-stable
enterotoxin II signal sequence and on their 3' side to human
k, C, and IgG1C,,1 constant domain genes, respectively.
The C,,1gene is immediately followed by a sequence encod-
ing the hinge sequence CysAlaAla and followed by a
bacteriophage 2 t, transcriptional terminator. Fab' expres-
sion plasmids for chimeric and humanized anti-CD3variants
(v1 to v4, Shalaby et al.,supra; v6 to v12, this study) were
created from pAK19 by precisely replacing anti-p185"**
V, and V;, gene segments with those encoding murine and
corresponding humanized variants of the anti-CD3 antibody,
respectively, by sub-cloning and site-directed mutagenesis.
The Fab' expression plasmid for the most potent humanized
anti-CD3 variant identified in this study (v9) is designated
pAK22. The anti-p185’“*" Fab' fragment wassecreted from
E. coli K12 strain 25F2 containing plasmid pAK19 grown
for 32 to 40 hr at 37° C. in an aerated 10 liter fermentor. The

final cell density was 120-150 OD, andthetiter of soluble
and functional anti-p185““** Fab' was 1-2 g/liter as judged
by antigen binding ELISA (Carter et al., 1992b, suora).
Anti-CD3 Fab' variants were secreted from E. coli contain-

ing corresponding expression plasmids using very similar
fermentation protocols. The highest expression titers of
chimeric and humanized anti-CD3 variants were 200

mgaliter and 700 mgaliter, respectively, as judged by total
immunoglobulin ELISA.

Construction of BsF(ab'), Fragments
Fab' fragments were directly recovered from FE. coli

fermentation pastes in the free thiol form (Fab'-SH) by
affinity purification on Streptococcal protein G at pH 5 in the
presence of EDTA (Carter et al., 1992b supra). Thioether
linked BsF(ab’), fragments (anti-p185’“*7/anti-CD3) were
constructed by the procedure of Glennie et al. supra with the
following modifications. Anti-p185’”*" Fab'-SH in 100 mM
Tris acetate, 5 mM EDTA(pH 5.0) wasreacted with 0.1 vol
of 40 mM N,N'-1,2-phenylenedimalemide (0-PDM)in dim-
ethyl formamide for ~1.5 hr at 20° C. Excess o-PDM was
removed by protein G purification of the Fab' maleimide
derivative (Fab'-mal) followed by buffer exchange into 20
mM sodium acetate, 5 mM EDTA (pH 5.3) (coupling buffer)
using centriprep-30 concentrators (Amicon). The total con-
centration of Fab' variants was estimated from the measured

absorbance at 280 nm (HuMAb4D5-8 Fab’ e°1%=1.56,
Carter et al., 1992b, supra). The free thiol content of Fab'
preparations was estimated by reaction with 5,5' -dithiobis
(2-nitrobenzoic acid) as described by Creighton, T. E.,
Protein structure: a practical approach, (T. E. Creighton,
Ed.), Chapter 7, IRL Press, Oxford, UK (1990). Equimolar
amounts of anti-p185’"%? Fab'-mal (assuming quantitative
reaction of Fab'-SH with o-PDM) and each anti-CD3 Fab'-
SH variant were coupled together at a combined concentra-
tion of 1 to 2.5 mg/mlin the coupling buffer for 14 to 48 hr
at 4° C. The coupling reaction was adjusted to 4 mM
cysteine at pH 7.0 and incubated for 15 min at 20 ° C. to
reduce any unwanted disulfide-linked F(ab’), formed. These
reduction conditions are sufficient to reduce inter-heavy
chain disulfide bonds with virtually no reduction of the
disulfide between light and heavy chains. Any free thiols
generated were then blocked with 50 mM iodoacetamide.
BsF(ab’), was isolated from the coupling reaction by S100-
HR (Pharmacia) size exclusion chromatography (2.5
cmx100 cm) in the presence of PBS. The BsF(ab'), samples
were passed through a 0.2 mm filter flash frozen in liquid
nitrogen and stored at —70° C.

10

15

20

25

30

35

40

45

50

55

60

65

60

Flow Cytometric Analysis of F(ab'),Binding to Jurkat Cells
The Jurkat human acute T cell leukemia cell line was

purchased from the American Type Culture Collection
(Manassas Va.) (ATCC TIB 152) and grown as. recom-
mended by the ATCC. Aliquots of 10° Jurkat cells were
incubated with appropriate concentrations of BsF(ab'),
(anti-p185"”"*?/anti-CD3 variant) or control mono-specific
anti-p185""** F(ab’), in PBS plus 0.1% (w/v) bovine serum
albumin and 10 mM sodium azide for 45 min at 4° C. The
cells were washed and then incubated with fluorescein-

conjugated goat anti-human F(ab’), (Organon Teknika, West
Chester, Pa.) for 45 min at 4° C. Cells were washed and
analyzed on a FACScan® (Becton Dickinson and Co.,
Mountain View,Calif.). Cells (8x10°) were acquired by list
mode and gated by forward light scatter versus side light
scatter excluding dead cells and debris.

Results

Design of Humanized anti-CD3 Variants
The most potent humanized anti-CD3 variant previously

identified, v1, differs from the murine parent antibody,
UCHT1at 19 out of 107 amino acid residues within V, and
at 37 out of 122 positions within V,, (Shalaby et al.,supra)
1992). Here we recruited back additional murine residues
into anti-CD3 v1 in an attempt to improve the binding
affinity for CD3. The strategy chosen was a compromise
between minimizing both the numberof additional murine
residues recruited and the numberof anti-CD3variants to be

analyzed. We focused our attentions on a few CDRresidues
which were originally kept as human sequences in our
minimalistic humanization regime. Thus humanresidues in
Vz, CDR2 of anti-CD3 v1 were replaced en bloc with their
murine counterparts to give anti-CD3 v9:
T57S:A60N:D610:S62K: V63F:G65D (SEQ ID NO:20).
Similarly, the human residue E55 in V, CDR2 of anti-CD3
v, was replaced with histidine from the murine anti-CD3
antibody to generate anti-CD3 v11. In addition, V,, frame-
work region (FR) residues 75 and 76 in anti-CD3 v1 were
also replaced with their murine counterparts to create anti-
CD3 v8: K75S:N76S.V,, residues 75 and 76 are located in
a loop close to V,, CDR1 and CDR2 and therefore might
influence antigen binding. Additional variants created by
combining mutations at these three sites are described
below.

Preparation of BsF(ab'), Fragments
Soluble and functional anti-p185""** and anti-CD3 Fab'

fragments were recovered directly from corresponding F.
coli fermentation pastes with the single hinge cysteine
predominantly in the free thiol form (75-100% Fab'-SH) by
affinity purification on Streptococcal protein G at pH 5 in the
presence of EDTA (Carter et al., 1992b, supra). Thioether-
linked BsF(ab'), fragments were then constructed by
directed coupling using o-PDM asdescribed by Glennie et
al., supra. One arm was always the most potent humanized
anti-p185"*? variant, HuMAb4D5-8 (Carteret al., 1992a,
supra) and the other either a chimeric or humanized variant
of the anti-CD3 antibody. Anti-p185’""? Fab'-SH was
reacted with o-PDM to form the maleimide derivative

(Fab'-mal) and then coupled to the Fab'-SH for each anti-
CD3variant. F(ab’), was then purified away from unreacted
Fab' by size exclusion chromatography as shown for a
representative preparation (BsF(ab'), v8) in data not shown.
The F(ab’), fragment represents ~54% of the total amount of
antibody fragments (by mass) as judged by integration ofthe
chromatograph peaks.

SDS-PAGEanalysis of this BsF(ab’),v8 preparation under
non-reducing conditions gave one major band with the
expected mobility (M, ~96 kD)as well as several very minor
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bands (data not shown). Amino-terminal sequence analysis
of the major bandafter electroblotting on to polyvinylidene
difluoride 76 are located in a loop close to V,, CDR1 and
CDR2 and therefore might membrane Matsudaira, P., J.
Biol. Chem. 262: 10035-10038 (1987) gave the expected
mixed sequence from a stoichiometric 1:1 mixture of light
and heavy chains (V,/V,,: D/E, I/V, Q/D, MIL, T/V, D/E,
S/S) expected for BsF(ab'),. The amino terminal region of
both light chains are identical as are both heavy chains and
correspond to consensus human FR sequences. We have
previously demonstrated that F(ab’), constructed by directed
chemical coupling carry both anti-p185’"** and anti-CD3
antigen specificities (Shalaby et al., supra). The level of
contamination of the BsF(ab’), with monospecific F(ab’), iS
likely to be very low since mock coupling reactions with
either anti-p185’“*? w Fab'-malor anti-CD3 Fab'-SH alone
did not yield detectable quantities of F(ab'),. Furthermore
the coupling reaction was subjected to a mild reduction step
followed by alkylation to remove trace amounts of disulfide-
linked F(ab’), that might be present. SDS-PAGE of the
purified F(ab’), under reducing conditions gave two major
bands with electrophoretic mobility and amino terminal
sequence anticipated for free light chain and thioether-linked
heavy chain dimers.

Scanning LASER densitometry of a o-PDM coupled
F(ab’), preparation suggest that the minor species together
represent ~10% of the protein. These minor contaminants
were characterized by amino terminal sequence analysis and
were tentatively identified on the basis of stoichiometry of
light and heavy chain sequences and their electrophoretic
mobility (data not shown). These data are consistent with the
minor contaminants including imperfect F(ab’), in which the
disulfide bond between light and heavy chains is missing in
one or both arms, trace amounts of Fab' and heavy chain
thioether-linked to light chain.
Binding of BsF(ab’), to Jurkat Cells

Binding of BsF(ab’), containing different anti-CD3 vari-
ants to Jurkat cells (human acute T cell leukemia) was
investigated by flow cytometry (data not shown). BsF(ab')
»v9 binds much moreefficiently to Jurkat cells than does our
starting molecule, BsF(ab'),vl, and almost as efficiently as
the chimeric BsF(ab'),. Installation of additional murine
residues into anti-CD3 v9 to create v10 (V,K75S:N76S)
and v12 (V,K75S:N76S plus V, E55H) did not further
improve binding of corresponding BsF(ab'),to Jurkatcells.
Nordid recruitment of these murine residues into anti-CD3

vl improve Jurkat binding: V,,K75S (v6), V,,N76S (v7),
ViK75S:N76S (V8), V_E55H (v11) (not shown). BsF(ab')
»v9 was chosenfor future study since it is amongst the most
efficient variants in binding to Jurkat cells and contains
fewest murine residues in the humanized anti-CD3 arm. A

monospecific anti-p185”“"" F(ab’), did not show significant
binding to Jurkat cells consistent with the interaction being
mediated through the anti-CD3 arm.

Discussion

A minimalistic strategy was chosen to humanize the
anti-p185’”** (Carter et al., 1992a, supra) and anti-CD3
arms (Shalabyet al., supra) of the BsF(ab’), in this study in
an attempt to minimize the potential immunogenicity of the
resulting humanized antibody in the clinic. Thus wetried to
install the minimum number of murine CDR and FRresi-
dues into the context of consensus human variable domain

sequences as required to recruit antigen-binding affinity and
biological properties comparable to the murine parent anti-
body. Molecular modeling was used firstly to predict the
murine FR residues which might be important to antigen
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binding and secondly to predict the murine CDR residues
that might not be required. A small number of humanized
variants were then constructed to test these predictions.

Our humanization strategy was very successful for the
anti-p185"*? antibody where one out of eight humanized
variants (HuMAb4D5-8, IgG1) was identified that boundthe
p185"“** antigen ~3-fold more tightly than the parent
murine antibody (Carter et al., 1992a, supra). HuMAb4D5-8
contains a total of five murine FR residues and nine murine

CDRresidues, including V,, CDR2 residues 60-65, were
discarded in favor of human counterparts. In contrast, BsF
(ab'),v1 containing the most potent humanized anti-CD3
variant out of four originally constructed (Shalaby et al.,
supra) binds J6 cells with an affinity (K,) of 140 nM which
is ~70-fold weaker than that of the corresponding chimeric
BsF(ab’),.

Here we have restored T cell binding of the humanized
anti-CD3 close to that of the chimeric variant by replacing
six human residues in V,, CDR2 with their murine coun-
terparts: T57S:A60N:D610:S62K:V63F:G65D (anti-CD3
v9, FIG. 5). It appears morelikely that these murine residues
enhance antigen binding indirectly by influencing the con-
formation of residues in the N-terminal part of V,, CDR2
rather than by directly contacting antigen. Firstly, only
N-terminal residues in V,, CDR2 (50-58) have been found
to contact antigen in one or more of eight crystallographic
structures of antibody/antigen complexes (Kabat et al.
supra; and Mian, I. S. et al., J. Mol. Biol 217: 133-151
(1991), FIG. 5). Secondly, molecular modeling suggests that
residues in the C-terminal part of V,, CDR2 are at least
partially buried (FIG. 5). BsF(ab’),v9 binds to SK-BR-3
breast tumor cells with equal efficiency to BsF(ab’),v1 and
chimeric BsF(ab'), as anticipated since the anti-p185’”*?
arm is identical in all of these molecules (Shalaby et al.,
supra, not shown).

Our novel approach to the construction of BsF(ab'),
fragments exploits an E. coli expression system which
secretes humanized Fab' fragments at gram perliter titers
and permits their direct recovery as Fab'-SH (Carteret al.,
1992b, supra). Traditional directed chemical coupling of
Fab'-SH fragments is then used to form BsF(ab'), in vitro
(Brennanet al.,supra; and Glennie et al., supra). This route
to Fab'-SH obviates problems which are inherent in their
generation from intact antibodies: differences in suscepti-
bility to proteolysis and nonspecific cleavage resulting in
heterogeneity, low yield as well as partial reduction that is
not completely selective for the hinge disulfide bonds. The
strategy of using FE. coli-derived Fab'-SH containing a single
hinge cysteine abolishes some sources of heterogeneity in
BsF(ab’), preparation such asintra-hinge disulfide formation
and contamination with intact parent antibody whilst greatly
diminishes others, eg. formation of F(ab’), fragments.

BsF(ab’)2 fragments constructed here were thioether-
linked as originally described by Glennie et al., supra with
future in vivo testing of these molecules in mind. Thioether
bonds, unlike disulfide bonds, are not susceptible to cleav-
age by trace amountsof thiol, which led to the proposalthat
thioether-linked F(ab’), may be more stable than disulfide-
linked F(ab’), in vivo (Glennie et al., supra). This hypothesis
is supported by our preliminary pharmacokinetic experi-
ments in normal mice which suggest that thioether-linked
BsF(ab’), v1 has a 3-fold longer plasma residence time than
BsF(ab’), v1 linked by a single disulfide bond. Disulfide and
thioether-linked chimeric BsF(ab'), were found to be indis-
tinguishable in their efficiency of cell binding and in their
retargeting of CTL cytotoxicity, which suggests that o-PDM
directed coupling does not compromise binding of the
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BsF(ab’), to either antigen (not shown). Nevertheless the
nature of the linkage appears not to be critical since a
disulfide-linked BsF(ab'), (murine anti-p185’"*?/murine
anti-CD3) was recently shown by others (Nishimuraet al.,

64

Example 4

Humanization of an anti-CD18 Antibody

Int. J. Cancer 50: 800-804 (1992) to have potent anti-tumor 5 A murine antibody directed against the leukocyte adhe-
activity in nude mice. Our previous study (Shalaby et al., sion receptor B-chain (known as the H52 antibody) was
supra) together with this one and that of Nishimura, T.etal., humanized following the methods described above. FIGS.
supra improve the potential for using BsF(ab'), in targeted 6A and 6B provide amino acid sequence comparisonsfor the
immunotherapy of p185¥"*?-overexpressing cancers in murine and humanized antibody light chains and heavy
humans. chains.

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(iii) NUMBER OF SEQUENCES: 26

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn
20 25 30

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu
95 1 00 1 05

Ile Lys Arg Thr
109

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys
20 25 30

Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser
65 70 75
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-continued

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 1 00 105

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser
20 25 30

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu
95 1 00 105

Ile Lys Arg Thr
109

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30

Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ala Val Ile Ser Glu Asn Gly Ser Asp Thr Tyr Tyr
50 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Gly Gly Ala Val Ser
95 1 00 105

Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110 115 120
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-continued

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val
1 5 10 15

Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn
20 25 30

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys
35 40 45

Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp
50 55 60

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile
65 70 75

Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln
80 85 90

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu
95 1 00 105

Ile Lys Arg Ala
109

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly
1 5 10 15

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys
20 25 30

Asp Thr Tyr Ile His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu
35 40 45

Glu Trp Ile Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Asp Pro Lys Phe Gln Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser
65 70 75

Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
95 1 00 105

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser
110 115 120

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

TCCGATATCC AGCTGACCCA GTCTCCA 27
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-continued

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

GTTTGATCTC CAGCTTIGGTA CCHSCDCCGA A 31

(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

AGGTSMARCT GCAGSAGTCW GG 22

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34

(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 36

(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(A)
(B)
(Cc)
(D)

LENGTH: 36 base pairs
TYPE: Nucleic Acid
STRANDEDNESS: Single
TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36

70



Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 188 of 636 PageID #: 256Case 1:18-cv-00924-CFC-SRF Document 3 Filed 06/21/18 Page 188 of 636 PagelD #: 256

US 6,407,213 B1
71 72

-continued

(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 68 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

CTTATAAAGG TGTTTCCACC TATAACCAGA AATTCAAGGA TCGTTTCACG 50

ATATCCGTAG ATAAATCC 68

(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: Nucleic Acid
(C) STRANDEDNESS: Single
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

CTATACCTCC CGTCTGCATT CTGGAGTCCC 30

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 107 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Asp Ile Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu
1 5 10 15

Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gln Asp Ile Arg
20 25 30

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asp Gly Thr Val Lys
35 40 45

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser
50 55 60

Lys Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile
65 70 75

Ser Asn Leu Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln
80 85 90

Gly Asn Thr Leu Pro Trp Thr Phe Ala Gly Gly Thr Lys Leu Glu
95 1 00 105

Ile Lys
107

(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 107 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Arg
20 25 30

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys



Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 189 of 636 PageID #: 257Case 1:18-cv-00924-CFC-SRF Document 3 Filed 06/21/18 Page 189 of 636 PagelD #: 257

US 6,407,213 B1
73 74

-continued

35 40 45

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu Glu Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

Gly Asn Thr Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu
95 1 00 105

Ile Lys
107

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 107 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser
20 25 30

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu
95 1 00 105

Ile Lys
107

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 122 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly
1 5 10 15

Ala Ser Met Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr
20 25 30

Gly Tyr Thr Met Asn Trp Val Lys Gln Ser His Gly Lys Asn Leu
35 40 45

Glu Trp Met Gly Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr
50 55 60

Asn Gln Lys Phe Lys Asp Lys Ala Thr Leu Thr Val Asp Lys Ser
65 70 75

Ser Ser Thr Ala Tyr Met Glu Leu Leu Ser Leu Thr Ser Glu Asp
80 85 90
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Ser Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser
95 1 00 105

Asp Trp Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val Thr Val
110 115 120

Ser Ser
122

(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 122 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr
20 25 30

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr
50 55 60

Asn Gln Lys Phe Lys Asp Arg Phe Thr Ile Ser Val Asp Lys Ser
65 70 75

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser
95 1 00 105

Asp Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val
110 115 120

Ser Ser
122

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 122 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ser Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu
95 1 00 105

Ser Gly Leu Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val
110 115 120
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Ser Ser
122

(2) INFORMATION FOR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 454 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly
1 5 10 15

Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr Phe Thr
20 25 30

Glu Tyr Thr Met His Trp Met Lys Gln Ser His Gly Lys Ser Leu
35 40 45

Glu Trp Ile Gly Gly Phe Asn Pro Lys Asn Gly Gly Ser Ser His
50 55 60

Asn Gln Arg Phe Met Asp Lys Ala Thr Leu Ala Val Asp Lys Ser
65 70 75

Thr Ser Thr Ala Tyr Met Glu Leu Arg Ser Leu Thr Ser Glu Asp
80 85 90

Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly
95 1 00 105

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Va
10 15 20

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu
25 30 35

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly
40 45 50

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
55 60 65

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Va
70 75 80

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Va
85 90 95

   
Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn

200 205 210

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
215 220 225

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu
230 235 240

Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val
260 265 270

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
275 280 285

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
290 295 300

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
305 310 315

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val
320 325 330
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Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys
335 340 345

Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
350 355 360

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
365 370 375

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser
380 385 390

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu
395 400 405

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
410 415 420

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met
425 430 435

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu
440 445 450

Ser Pro Gly Lys
454

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 469 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr
1 5 10 15

Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu
20 25 30

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly
35 40 45

Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro
50 55 60

Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly
65 70 75

Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg Phe Thr Ile Ser
80 85 90

Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln Met Asn Ser Leu
95 1 00 105

Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Trp Arg Gly
10 15 20

Leu Asn Tyr Gly Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gln
25 30 35

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser
40 45 50

Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr
55 60 65

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Va
70 75 80

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr
85 90 95

   
Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser

200 205 210
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Val Val Thr Val Thr Ser Ser Asn Phe Gly Thr Gln Thr Tyr Thr
215 220 225

Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Thr
230 235 240

Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro
245 250 255

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
260 265 270

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val
275 280 285

Val Asp Val Ser His Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr
290 295 300

Val Asp Gly Met Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
305 310 315

Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu Thr Val
320 325 330

Val His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val
335 340 345

Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys
350 355 360

Thr Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
365 370 375

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu
380 385 390

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser
395 400 405

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu
410 415 420

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
425 430 435

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met
440 445 450

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu
455 460 465

Ser Pro Gly Lys
469

(2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 214 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Asp Val Gln Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu
1 5 10 15

Gly Asp Arg Val Thr Ile Asn Cys Arg Ala Ser Gln Asp Ile Asn
20 25 30

Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Asn Gly Thr Val Lys
35 40 45

Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile
65 70 75
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Ser Asn Leu Asp Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gln
80 85 90

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gly Gly Thr Lys Val Glu
95 1 00 105

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro
10 15 20

Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu
25 30 35

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Va
40 45 50

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu
55 60 65

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
70 75 80

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu
85 90 95

   
Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn

200 205 210

Arg Gly Glu Cys
214

(2) INFORMATION FOR SEQ ID NO:25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 233 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr
1 5 10 15

Gly Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu
20 25 30

Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Asp Ile Asn Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly
50 55 60

Lys Ala Pro Lys Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser
65 70 75

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr
80 85 90

Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr
95 1 00 105

Tyr Cys Gln Gln Gly Asn Thr Leu Pro Pro Thr Phe Gly Gln Gly
10 15 20

Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe
25 30 35

Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser
40 45 50

Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Va
55 60 65

Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
70 75 80

Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
85 90 95
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-continued

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
200 205 210

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr
215 220

Lys Ser Phe Asn Arg Gly Glu Cys
230 233

(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 122 amino acids
(B) TYPE: Amino Acid
(D) TOPOLOGY: Linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln
1 5 10

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser
20 25

Gly Tyr Thr Met Asn Trp Val Arg Gln Ala Pro Gly Lys
35 40

Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Thr
50 55

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Val Asp
65 70

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala
80 85

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly
95 1 00

Asp Trp Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val
110 115

Ser Ser
122

Weclaim:

1. A humanized antibody variable domain comprising
non-human Complementarity Determining Region (CDR)
aminoacid residues which bind an antigen incorporated into
a humanantibody variable domain, and further comprising
a Framework Region (FR) amino acid substitution at a site
selected from the group consisting of: 4L, 38L, 43L, 44L,
58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H,
36H,39H,43H,45H, 69H, 70H, 74H, and 92H,utilizing the
numbering system set forth in Kabat.

2. The humanized variable domain of claim 1 wherein the

substituted residue is the residue found at the corresponding
location of the non-human antibody from which the non-
human CDR aminoacid residues are obtained.

3. The humanized variable domain of claim 1 wherein no

human Framework Region (FR) residue other than those set
forth in the group has been substituted.

4. The humanized variable domain of claim 1 wherein the

human antibody variable domain is a consensus human
variable domain.

5. The humanized variable domain of claim 1 wherein the
residue at site 4L has been substituted.

6. The humanized variable domain of claim 1 wherein the
residue at site 38L has been substituted.

7. The humanized variable domain of claim 1 wherein the
residue at site 43L has been substituted.

Pro

Phe

Gly
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Thr

45

50
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225

Gly
15

Thr
30

Leu

Tyr
60
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75
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90
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105

val
120

8. The humanized variable domain of claim 1 wherein the
residue at site 44L has been substituted.

9. The humanized variable domain of claim 1 wherein the
residue at site 58L has been substituted.

10. The humanized variable domain of claim 1 wherein
the residue at site 62L has been substituted.

11. The humanized variable domain of claim 1 wherein
the residue at site 65L has been substituted.

12. The humanized variable domain of claim 1 wherein
the residue at site 66L has been substituted.

13. The humanized variable domain of claim 1 wherein
the residue at site 67L has been substituted.

14. The humanized variable domain of claim 1 wherein
the residue at site 68L has been substituted.

15. The humanized variable domain of claim 1 wherein
the residue at site 69L has been substituted.

16. The humanized variable domain of claim 1 wherein
the residue at site 73L has been substituted.

17. The humanized variable domain of claim 1 wherein
the residue at site 85L has been substituted.

18. The humanized variable domain of claim 1 wherein
the residue at site 98L has been substituted.

19. The humanized variable domain of claim 1 wherein
the residue at site 2H has been substituted.

20. The humanized variable domain of claim 1 wherein
the residue at site 4H has been substituted.
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21. The humanized variable domain of claim 1 wherein
the residue at site 36H has been substituted.

22. The humanized variable domain of claim 1 wherein
the residue at site 39H has been substituted.

23. The humanized variable domain of claim 1 wherein
the residue at site 43H has been substituted.

24. The humanized variable domain of claim 1 wherein
the residue at site 45H has been substituted.

25. The humanized variable domain of claim 1 wherein
the residue at site 69H has been substituted.

26. The humanized variable domain of claim 1 wherein
the residue at site 70H has been substituted.

27. The humanized variable domain of claim 1 wherein
the residue at site 74H has been substituted.

28. The humanized variable domain of claim 1 wherein
the residue at site 92H has been substituted.

29. An antibody comprising the humanized variable
domain of claim 1.

30. An antibody which binds p185”"*? and comprises a
humanized antibody variable domain, wherein the human-
ized antibody variable domain comprises non-human
Complementarity Determining Region (CDR) amino acid
residues which bind p185’"** incorporated into a human
antibody variable domain, and further comprises a Frame-
work Region (FR) amino acid substitution at a site selected
from the group consisting of: 4L, 38L, 43L, 44L, 46L, 58L,
62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 36H,
39H,43H, 45H, 69H, 70H, 74H, 75H, 76H, 78H and 92H,
utilizing the numbering system set forth in Kabat.

31. The antibody of claim 30 wherein the substituted
residue is the residue found at the corresponding location of
the non-human antibody from which the non-human CDR
amino acid residues are obtained.

32. The antibody of claim 30 wherein no human Frame-
work Region (FR) residue other than those set forth in the
group has been substituted.

33. The antibody of claim 30 wherein the human antibody
variable domain is a consensus human variable domain.

34. The antibody of claim 30 wherein the residue atsite
4L has been substituted.

35. The antibody of claim 30 wherein the residue atsite
38L has been substituted.

36. The antibody of claim 30 wherein the residueatsite
43L has been substituted.

37. The antibody of claim 30 wherein the residue atsite
44L has been substituted.

38. The antibody of claim 30 wherein the residue atsite
46L has been substituted.

39. The antibody of claim 30 wherein the residue atsite
58L has been substituted.

40. The antibody of claim 30 wherein the residueatsite
62L has been substituted.

41. The antibody of claim 30 wherein the residueatsite
65L has been substituted.

42. The antibody of claim 30 wherein the residueatsite
66L has been substituted.

43. The antibody of claim 30 wherein the residueatsite
67L has been substituted.

44. The antibody of claim 30 wherein the residueatsite
68L has been substituted.

45. The antibody of claim 30 wherein the residueatsite
69L has been substituted.

46. The antibody of claim 30 wherein the residueatsite
73L has been substituted.

47. The antibody of claim 30 wherein the residueatsite
85L has been substituted.

48. The antibody of claim 30 wherein the residueatsite
98L has been substituted.
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49. The antibody of claim 30 wherein the residue
2H has been substituted.

50. The antibody of claim 30 wherein the residue
4H has been substituted.

51. The antibody of claim 30 wherein the residue
36H has been substituted.

52. The antibody of claim 30 wherein the residue
39H has been substituted.

53. The antibody of claim 30 wherein the residue
43H has been substituted.

54. The antibody of claim 30 wherein the residue
45H has been substituted.

55. The antibody of claim 30 wherein the residue
69H has been substituted.

56. The antibody of claim 30 wherein the residue
70H has been substituted.

57. The antibody of claim 30 wherein the residue
74H has been substituted.

58. The antibody of claim 30 wherein the residue
75H has been substituted.

59. The antibody of claim 30 wherein the residue
76H has been substituted.

60. The antibody of claim 30 wherein the residue
78H has been substituted.

61. The antibody of claim 30 wherein the residue
92H has been substituted.

62. A humanized antibody variable domain comprising
non-human Complementarity Determining Region (CDR)
amino acid residues which bind an antigen incorporated into
a consensus human variable domain, and further comprising
an amino acid substitution at a site selected from the group
consisting of: 4L, 38L, 43L, 44L, 46L, 58L, 62L, 65L, 66L,
67L, 68L, 69L, 73L, 85L, 98L, 2H, 4H, 36H, 39H, 43H,
45H, 69H, 70H, 74H, 75H, 76H, 78H and 92H,utilizing the
numbering system set forth in Kabat.

63. A humanized antibody which lacks immunogenicity
compared to a non-human parent antibody upon repeated
administration to a humanpatient in order to treat a chronic
disease in that patient, wherein the humanized antibody
comprises non-human Complementarity Determining
Region (CDR) amino acid residues which bind an antigen
incorporated into a human antibody variable domain, and
further comprises an amino acid substitution at a site
selected from the group consisting of: 4L, 38L, 43L, 44L,
46L, 58L, 62L, 65L, 66L, 67L, 68L, 69L, 73L, 85L, 98L,
2H,4H, 36H, 39H, 43H, 45H, 69H, 70H, 74H, 75H, 76H,
78H and 92H,utilizing the numbering system set forth in
Kabat.

64. A humanized variant of a non-humanparent antibody
which binds an antigen and comprises a human variable
domain comprising the most frequently occurring amino
acid residues at each location in all human immunoglobulins
of a human heavy chain immunoglobulin subgroup wherein
aminoacid residues forming Complementarity Determining
Regions (CDRs) thereof comprise non-human antibody
amino acid residues, and further comprises a Framework
Region (FR) substitution where the substituted FR residue:
(a) noncovalently binds antigen directly; (b) interacts with a
CDR;(c) introduces a glycosylation site which affects the
antigen bindingoraffinity of the antibody;or (d) participates
in the V,—V,, interface by affecting the proximity or orien-
tation of the V, and V,, regions with respect to one another.

65. The humanized variant of claim 63 which binds the

antigen up to 3-fold more in the binding affinity than the
parent antibody binds antigen.

66. A humanized antibody heavy chain variable domain
comprising non-human Complementarity Determining

at site

at site

at site

at site

at site

at site

at site

at site

at site

at site

at site

at site

at site
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Region (CDR) amino acid residues which bind antigen 
incorporated into a human antibody variable domain, and 
further comprising a Framework Region (FR) amino acid 
substitution at a site selected from the group consisting of: 
24H, 73H, 76H, 78H, and 93H, utilizing the numbering 5 

system set forth in Kabat. 

90 
78. An antibody comprising the humanized variable 

domain of claim 66. 
79. A humanized variant of a non-human parent antibody 

which binds an antigen, wherein the humanized variant 
comprises Complementarity Determining Region (CDR) 
amino acid residues of the non-human parent antibody 
incorporated into a human antibody variable domain, and 
further comprises Framework Region (FR) substitutions at 
heavy chain positions 71H, 73H, 78H and 93H, utilizing the 

67. The humanized variable domain of claim 66 wherein 
the substituted residue is the residue found at the corre
sponding location of the non-human antibody from which 
the non-human CDR amino acid residues are obtained. 10 

numbering system set forth in Kabat. 
80. A humanized antibody variable domain comprising 

non-human Complementarity Determining Region (CDR) 
amino acid residues which bind an antigen incorporated into 
a human antibody variable domain, and further comprising 

68. The humanized variable domain of claim 66 wherein 
no human Framework Region (FR) residue other than those 
set forth in the group has been substituted. 

69. The humanized variable domain of claim 66 wherein 
the human antibody variable domain is a consensus human 15 

variable domain. 
70. The humanized variable domain of claim 66 wherein 

the residue at site 24H has been substituted. 
71. The humanized variable domain of claim 66 wherein 

the residue at site 73H has been substituted. 
72. The humanized variable domain of claim 66 wherein 

the residue at site 76H has been substituted. 
73. The humanized variable domain of claim 66 wherein 

the residue at site 78H has been substituted. 

20 

74. The humanized variable domain of claim 66 wherein 25 

the residue at site 93H has been substituted. 
75. The humanized variable domain of claim 66 which 

further comprises an amino acid substitution at site 71H. 
76. The humanized variable domain of claim 66 which 

further comprises amino acid substitutions at sites 71H and 30 

73H. 
77. The humanized variable domain of claim 66 which 

further comprises amino acid substitutions at sites 71H, 73H 
and 78H. 

a Framework Region (FR) amino acid substitution where the 
substituted FR residue: 

( a) noncovalently binds antigen directly; 
(b) interacts with a CDR; or 
(c) participates in the VcV H interface by affecting the 

proximity or orientation of the V L and V H regions with 
respect to one another, and wherein the substituted FR 
residue is at a site selected from the group consisting of: 
4L,38L,43L,44L,58L,62L,65L,66L,67L,68L,69L, 
73L, SSL, 98L, 2H, 4H, 24H, 36H, 39H, 43H, 45H, 
69H, 70H, 73H, 74H, 76H, 78H, 92H and 93H, utiliz
ing the numbering system set forth in Kabat. 

81. The humanized variable domain of claim 80 wherein 
the substituted residue is the residue found at the corre
sponding location of the non-human antibody from which 
the non-human CDR amino acid residues are obtained. 

82. The humanized variable domain of claim 80 wherein 
no human Framework Region (FR) residue other than those 
set forth in the group has been substituted. 

* * * * * 
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TREATMENT WITH ANTI-ERBB2 
ANTIBODIES 

This is a non-provisional application claiming priority to 
provisional application No. 60/069,346, ?led Dec. 12, 1997, 
the entire disclosure of Which is hereby incorporated by ref 
erence. 

FIELD OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by the overexpression of ErbB2. More speci? 
cally, the invention concerns the treatment of human patients 
susceptible to or diagnosed With cancer overexpressing 
ErbB2 With a combination of an anti-ErbB2 antibody and a 
chemotherapeutic agent other than an anthracycline, e.g. 
doxorubicin or epirubicin. 

BACKGROUND OF THE INVENTION 

Proto-oncogenes that encode groWth factors and groWth 
factor receptors have been identi?ed to play important roles in 
the pathogenesis of various human malignancies, including 
breast cancer. It has been found that the human ErbB2 gene 
(erbB2, also knoWn as her2, or c-erbB-2), Which encodes a 
185-kd transmembrane glycoprotein receptor (p185HER2) 
related to the epidermal groWth factor receptor (EGFR), is 
overexpressed in about 25% to 30% of human breast cancer 
(Slamon et al., Science 235:177-182 [1987]; Slamon et al., 
Science 244:707-712 [1989]). 

Several lines of evidence support a direct role for ErbB2 in 
the pathogenesis and clinical aggressiveness of ErbB2-over 
expressing tumors. The introduction of ErbB2 into non-neo 
plastic cells has been shoWn to cause their malignant trans 
formation (HudZiak et al., Proc. Natl. Acad. Sci. USA 
84:7159-7163 [1987]; DiFiore et al., Science 237: 178-182 
[1987]). Transgenic mice that express HER2 Were found to 
develop mammary tumors (Guy et al., Proc. Natl. Acad. Sci. 
USA 89:10578-10582 [1992]). 

Antibodies directed against human erbB2 protein products 
and proteins encoded by the rat equivalent of the erbB2 gene 
(neu) have been described. Drebin et al., Cell 41:695-706 
(1985) refer to an IgG2a monoclonal antibody Which is 
directed against the rat neu gene product. This antibody called 
7.16.4 causes doWn-modulation of cell surface p185 expres 
sion on B104-1-1 cells (NIH-3T3 cells transfected With the 
neu proto-oncogene) and inhibits colony formation of these 
cells. In Drebin et al. PNAS (USA) 83:9129-9133 (1986), the 
7.16.4 antibody Was shoWn to inhibit the tumorigenic groWth 
of neu-transformed NIH-3T3 cells as Well as rat neuroblas 
toma cells (from Which the neu oncogene Was initially iso 
lated) implanted into nude mice. Drebin et al. in Oncogene 
2:387-394 (1988) discuss the production ofa panel of anti 
bodies against the rat neu gene product. All of the antibodies 
Were found to exert a cytostatic effect on the groWth of neu 
transforrned cells suspended in soft agar. Antibodies of the 
IgM, IgG2a and IgG2b isotypes Were able to mediate signi? 
cant in vitro lysis of neu-transformed cells in the presence of 
complement, Whereas none of the antibodies Were able to 
mediate high levels of antibody-dependent cellular cytotox 
icity (ADCC) of the neu-transformed cells. Drebin et al. 
Oncogene 2:273-277 (1988) report that mixtures of antibod 
ies reactive With tWo distinct regions on the p185 molecule 
result in synergistic anti-tumor effects on neu-transformed 
NIH-3T3 cells implanted into nude mice. Biological effects 
of anti-neu antibodies are revieWed in Myers et al., Melh. 
Enzym. 198:277-290 (1991). See also WO94/22478 pub 
lished Oct. 13, 1994. 
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HudZiak et al., Mol. Cell. Biol. 9(3):1165-1172 (1989) 

describe the generation of a panel of anti-ErbB2 antibodies 
Which Were characterized using the human breast tumor cell 
line SKBR3. Relative cell proliferation of the SKBR3 cells 
folloWing exposure to the antibodies Was determined by crys 
tal violet staining of the monolayers after 72 hours. Using this 
assay, maximum inhibition Was obtained With the antibody 
called 4D5 Which inhibited cellular proliferation by 56%. 
Other antibodies in the panel, including 7C2 and 7P3, 
reduced cellular proliferation to a lesser extent in this assay. 
HudZiak et al. conclude that the effect of the 4D5 antibody on 
SKBR3 cells Was cytostatic rather than cytotoxic, since 
SKBR3 cells resumed groWth at a nearly normal rate folloW 
ing removal of the antibody from the medium. The antibody 
4D5 Was further found to sensitiZe p185e’bB2-overexpressing 
breast tumor cell lines to the cytotoxic effects of TNF-ot. See 
also WO89/06692 published Jul. 27, 1989. The anti-ErbB2 
antibodies discussed in HudZiak et al. are further character 
iZed in Fendly et al. Cancer Research 50: 1550-1558 (1990); 
Kotts et al. In VlZI’O 26(3):59A (1990); Sarup et al. Growth 
Regulation 1:72-82 (1991); Shepard et al. J. Clin. Immunol. 
11(3):117-127 (1991); Kumar et al. Mol. Cell. Biol. 11(2): 
979-986 (1991); LeWis et al. Cancer Immunol. Immunolher. 
37:255-263 (1993); Pietras et al. Oncogene 9:1829-1838 
(1994); Vitetta et al. Cancer Research 54:5301-5309 (1994); 
SliWkoWski et al. J. Biol. Chem. 269(20): 14661-14665 
(1994); Scott et al. J. Biol. Chem. 266:14300-5 (1991); and 
D’souZa et al. Proc. Natl. Acad. Sci. 91 :7202-7206 (1994). 

Tagliabue et al. Int. J Cancer 47:933-937 (1991) describe 
tWo antibodies Which Were selected for their reactivity on the 
lung adenocarcinoma cell line (Calu-3) Which overexpresses 
ErbB2. One of the antibodies, called MGR3, Was found to 
internaliZe, induce phosphorylation of ErbB2, and inhibit 
tumor cell groWth in vitro. 

McKenzie et al. Oncogene 4:543-548 (1989) generated a 
panel of anti-ErbB2 antibodies With varying epitope speci 
?cities, including the antibody designated TA1. This TA1 
antibody Was found to induce accelerated endocytosis of 
ErbB2 (see Maier et al. Cancer Res. 51:5361-5369 [1991]). 
Bacus et al. Molecular Carcinogenesis 3:350-362 (1990) 
reported that the TA1 antibody induced maturation of the 
breast cancer cell lines AU-565 (Which overexpresses the 
erbB2 gene) and MCF-7 (Which does not). Inhibition of 
groWth and acquisition of a mature phenotype in these cells 
Was found to be associated With reduced levels of ErbB2 
receptor at the cell surface and transient increased levels in the 
cytoplasm. 

Stancovski et al. PNAS (USA) 88:8691-8695 (1991) gen 
erated a panel of anti-ErbB2 antibodies, injected them i.p. 
into nude mice and evaluated their effect on tumor groWth of 
murine ?broblasts transformed by overexpression of the 
erbB2 gene. Various levels of tumor inhibition Were detected 
for four of the antibodies, but one of the antibodies (N28) 
consistently stimulated tumor groWth. Monoclonal antibody 
N28 induced signi?cant phosphorylation of the ErbB2 recep 
tor, Whereas the other four antibodies generally displayed loW 
or no phosphorylation-inducing activity. The effect of the 
anti-ErbB2 antibodies on proliferation of SKBR3 cells Was 
also assessed. In this SKBR3 cell proliferation assay, tWo of 
the antibodies (N12 and N29) caused a reduction in cell 
proliferation relative to control. The ability of the various 
antibodies to induce cell lysis in vitro via complement-depen 
dent cytotoxicity (CDC) and antibody-mediated cell-depen 
dent cytotoxicity (ADCC) Was assessed, With the authors of 
this paper concluding that the inhibitory function of the anti 
bodies Was not attributed signi?cantly to CDC or ADCC. 
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Bacus et al. CancerResearch 52:2580-2589 (1992) further 
characterized the antibodies described in Bacus et al. (1990) 
and Stancovski et al. of the preceding paragraphs. Extending 
the ip studies of Stancovski et al., the effect of the antibodies 
after iv. injection into nude mice harboring mouse ?broblasts 
overexpressing human ErbB2 Was assessed. As observed in 
their earlier Work, N28 accelerated tumor groWth Whereas 
N12 and N29 signi?cantly inhibited groWth of the ErbB2 
expressing cells. Partial tumor inhibition Was also observed 
With the N24 antibody. Bacus et al. also tested the ability of 
the antibodies to promote a mature phenotype in the human 
breast cancer cell lines AU-565 and MDA-MB453 (Which 
overexpress ErbB2) as Well as MCF-7 (containing loW levels 
of the receptor). Bacus et al. saW a correlation betWeen tumor 
inhibition in vivo and cellular differentiation; the tumor 
stimulatory antibody N28 had no effect on differentiation, 
and the tumor inhibitory action of the N12, N29 and N24 
antibodies correlated With the extent of differentiation they 
induced. 
Xu et al. Int. .1. Cancer 53:401-408 (1993) evaluated a 

panel of anti-ErbB2 antibodies for their epitope binding 
speci?cities, as Well as their ability to inhibit anchorage 
independent and anchorage-dependent groWth of SKBR3 
cells (by individual antibodies and in combinations), modu 
late cell-surface ErbB2, and inhibit ligand stimulated anchor 
age-independent groWth. See also WO94/00136 published 
Jan. 6, 1994 and Kasprzyk et al. Cancer Research 52:2771 
2776 (1992) concerning anti-ErbB2 antibody combinations. 
Other anti-ErbB2 antibodies are discussed in Hancock et al. 
Cancer Res. 51:4575-4580 (1991); ShaWver et al. Cancer 
Res. 54:1367-1373 (1994); Arteaga et al. Cancer Res. 
54:3758-3765 (1994); and HarWerth et al. .1. Biol. Chem. 
267:15160-15167 (1992). 
A recombinant humanized anti-ErbB2 monoclonal anti 

body (a humanized version of the murine anti-ErbB2 anti 
body 4D5, referred to as rhuMAb HER2 or HERCEPTIN®) 
has been clinically active in patients With ErbB2-overex 
pressing metastatic breast cancers that had received extensive 
prior anti-cancer therapy (Baselga et al., .1. Clin. Oncol. 
14:737-744 [1996]). 
ErbB2 overexpression is commonly regarded as a predictor 

of a poor prognosis, especially in patients With primary dis 
ease that involves axillary lymph nodes (Slamon et al., [1987] 
and [1989], supra; Ravdin and Chamness, Gene 159:19-27 
[1995]; and Hynes and Stern, Biochim Biophys Acla 1198: 
165-184 [1994]), and has been linked to sensitivity and/or 
resistance to hormone therapy and chemotherapeutic regi 
mens, including CMF (cyclopho sphamide, methotrexate, and 
?uoruracil) and anthracyclines (Baselga et al., Oncology 1 1 (3 
Suppl 2):43-48 [1997]). HoWever, despite the association of 
ErbB2 overexpression With poor prognosis, the odds of 
HER2-positive patients responding clinically to treatment 
With taxanes Were greater than three times those of HER2 
negative patients (Ibid). rhuMab HER2 Was shoWn to 
enhance the activity of paclitaxel (TAXOL®) and doxorubi 
cin against breast cancer xenografts in nude mice injected 
With BT-474 human breast adenocarcinoma cells, Which 
express high levels of HER2 (Baselga et al., Breast Cancer, 
Proceedings ofASCO, Vol. 13, Abstract 53 [1994]). 

SUMMARY OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by overexpres sion of ErbB2, and is based on the 
recognition that While treatment With anti-ErbB2 antibodies 
markedly enhances the clinical bene?t of the use of chemo 
therapeutic agents in general, a syndrome of myocardial dys 
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function that has been observed as a side-effect of anthracy 
cline derivatives is increased by the administration of anti 
ErbB2 antibodies. 

Accordingly, the invention concerns a method for the treat 
ment of a human patient susceptible to or diagnosed With a 
disorder characterized by overexpression of ErbB2 receptor 
comprising administering a therapeutically effective amount 
of a combination of an anti-ErbB2 antibody and a chemo 
therapeutic agent other than an anthracycline derivative, e.g. 
doxorubicin or epirubicin, in the absence of an anthracycline 
derivative, to the human patient. 
The disorder preferably is a benign or malignant tumor 

characterized by the overexpression of the ErbB2 receptor, 
eg a cancer, such as, breast cancer, squamous cell cancer, 
small-cell lung cancer, non-small cell lung cancer, gas 
trointestinal cancer, pancreatic cancer, glioblastoma, cervical 
cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, colon cancer, colorectal cancer, endometrial car 
cinoma, salivary gland carcinoma, kidney cancer, liver can 
cer, prostate cancer, vulval cancer, thyroid cancer, hepatic 
carcinoma and various types of head and neck cancer. The 
chemotherapeutic agent preferably is a taxoid, such as 
TAXOL® (paclitaxel) or a TAXOL® derivative. 

Although an antiproliferative effect is suf?cient, in a pre 
ferred embodiment, the anti-ErbB2 antibody is capable of 
inducing cell death or is capable of inducing apoptosis. Pre 
ferred anti-ErbB2 antibodies bind the extracellular domain of 
the ErbB2 receptor, and preferably bind to the epitope 4D5 or 
3H4 Within the ErbB2 extracellular domain sequence. More 
preferably, the antibody is the antibody 4D5, most preferably 
in a humanized form. 
The method of the present invention is particularly suitable 

for the treatment of breast or ovarian cancer, characterized by 
the overexpression of the ErbB2 receptor. 

In another aspect, the invention concerns an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, optionally 
a label on or associated With the container that indicates that 
the composition can be used for treating a condition charac 
terized by overexpression of ErbB2 receptor, and a package 
insert containing instructions to avoid the use of anthracy 
cline-type chemotherapeutics in combination With the com 
position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs epitope-mapping of the extracellular domain 
of ErbB2 as determined by truncation mutant analysis and 
site-directed mutagenesis (Nakamura et al. .1. of I/irology 
67(10):6179-6191 [October 1993]; Renz et al. .1. Cell Biol. 
125(6):1395-1406 [June 1994]). The anti-proliferative MAbs 
4D5 and 3H4 bind adjacent to the transmembrane domain. 
The various ErbB2-ECD truncations or point mutations Were 
prepared from cDNA using polymerase chain reaction tech 
nology. The ErbB2 mutants Were expressed as gD fusion 
proteins in a mammalian expression plasmid. This expression 
plasmid uses the cytomegalovirus promoter/enhancer With 
SV40 termination and polyadenylation signals located doWn 
stream of the inserted cDNA. Plasmid DNA Was transfected 
into 293S cells. One day folloWing transfection, the cells Were 
metabolically labeled overnight in methionine and cysteine 
free, loW glucose DMEM containing 1% dialyzed fetal 
bovine serum and 25 uCi each of 35S methionine and 35S 
cysteine. Supematants Were harvested either the ErbB2 
MAbs or control antibodies Were added to the supernatant 
and incubated 2-4 hours at 40 C. The complexes Were pre 
cipitated, applied to a 10-20% Tricine SDS gradient gel and 
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electrophoresed at 100 V. The gel Was electroblotted onto a 
membrane and analyzed by autoradiography. SEQ ID NOs: 8 
and 9 depict the 3H4 and 4D5 epitopes, respectively. 

FIG. 2 depicts With underlining the amino acid sequence of 
Domain 1 of ErbB2 (SEQ ID NO:1). Bold amino acids indi 
cate the location of the epitope recognized by MAbs 7C2 and 
7E3 as determined by deletion mapping, i.e. the “7C2/7E3 
epitope” (SEQ ID NO:2). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I. De?nitions 

The terms “HER2”, “ErbB2” “c-Erb-B2” are used inter 
changeably. Unless indicated otherWise, the terms “ErbB2” 
“c-Erb -B2” and “HER2” When used herein refer to the human 
protein and “her2”, “erbB2” and “c-erb-B2” refer to human 
gene. The human erbB2 gene and ErbB2 protein are, for 
example, described in Semba et al, PNAS (USA) 82:6497 
6501 (1985) andYamamoto et al. Nature 319:230-234 (1986) 
(Genebank accession number X03363). ErbB2 comprises 
four domains (Domains 1-4). 

The “epitope 4D5” is the region in the extracellular domain 
of ErbB2 to Which the antibody 4D5 (ATCC CRL 10463) 
binds. This epitope is close to the transmembrane region of 
ErbB2. To screen for antibodies Which bind to the 4D5 
epitope, a routine cross-blocking assay such as that described 
in Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed HarloW and David Lane (1988), can be per 
formed. Alternatively, epitope mapping can be performed 
(see FIG. 1) to assess Whether the antibody binds to the 4D5 
epitope of ErbB2 (i.e. any one or more residues in the region 
from about residue 529, eg about residue 561 to about resi 
due 625, inclusive). 

The “epitope 3H4” is the region in the extracellular domain 
of ErbB2 to Which the antibody 3H4 binds. This epitope is 
shoWn in FIG. 1, and includes residues from about 541 to 
about 599, inclusive, in the amino acid sequence of ErbB2 
extracellular domain. 

The “epitope 7C2/7E3” is the region at the N terminus of 
the extracellular domain of ErbB2 to Which the 7C2 and/or 
7E3 antibodies (each deposited With the ATCC, see beloW) 
bind. To screen for antibodies Which bind to the 7C2/7E3 
epitope, a routine cross-blocking assay such as that described 
in Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed HarloW and David Lane (1988), can be per 
formed. Alternatively, epitope mapping can be performed to 
establish Whether the antibody binds to the 7C2/7E3 epitope 
on ErbB2 (i.e. any one or more of residues in the region from 
about residue 22 to about residue 53 of ErbB2; SEQ ID 
NO:2). 

The term “induces cell deat ” or “capable of inducing cell 
death” refers to the ability of the antibody to make a viable 
cell become nonviable. The “cell” here is one Which 
expresses the ErbB2 receptor, especially Where the cell over 
expresses the ErbB2 receptor. A cell Which “overexpresses” 
ErbB2 has signi?cantly higher than normal ErbB2 levels 
compared to a noncancerous cell of the same tissue type. 
Preferably, the cell is a cancer cell, eg a breast, ovarian, 
stomach, endometrial, salivary gland, lung, kidney, colon, 
thyroid, pancreatic or bladder cell. In vitro, the cell may be a 
SKBR3, BT474, Calu 3, MDA-MB-453, MDA-MB-361 or 
SKOV3 cell. Cell death in vitro may be determined in the 
absence of complement and immune effector cells to distin 
guish cell death induced by antibody dependent cellular cyto 
toxicity (ADCC) or complement dependent cytotoxicity 
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(CDC). Thus, the assay for cell death may be performed using 
heat inactivated serum (i.e. in the absence of complement) 
and in the absence of immune effector cells. To determine 
Whether the antibody is able to induce cell death, loss of 
membrane integrity as evaluated by uptake of propidium 
iodide (PI), trypan blue (see Moore et al. Cytotechnology 
17: 1-11 [1995]) or 7AAD can be assessed relative to 
untreated cells. Preferred cell death-inducing antibodies are 
those Which induce PI uptake in the “PI uptake assay in 
BT474 cells”. 
The phrase “induces apoptosis” or “capable of inducing 

apoptosis” refers to the ability of the antibody to induce 
programmed cell death as determined by binding of annexin 
V, fragmentation of DNA, cell shrinkage, dilation of endo 
plasmic reticulum, cell fragmentation, and/or formation of 
membrane vesicles (called apoptotic bodies). The cell is one 
Which overexpresses the ErbB2 receptor. Preferably the 
“cell” is a tumor cell, e. g. a breast, ovarian, stomach, endome 
trial, salivary gland, lung, kidney, colon, thyroid, pancreatic 
or bladder cell. In vitro, the cell may be a SKBR3, BT474, 
Calu 3 cell, MDA-MB-453, MDA-MB-361 or SKOV3 cell. 
Various methods are available for evaluating the cellular 
events associated With apoptosis. For example, phosphatidyl 
serine (PS) translocation can be measured by annexin bind 
ing; DNA fragmentation can be evaluated through DNA lad 
dering as disclosed in the example herein; and nuclear/chro 
matin condensation along With DNA fragmentation can be 
evaluated by any increase in hypodiploid cells. Preferably, the 
antibody Which induces apoptosis is one Which results in 
about 2 to 50 fold, preferably about 5 to 50 fold, and most 
preferably about 10 to 50 fold, induction of annexin binding 
relative to untreated cell in an “annexin binding assay using 
BT474 cells” (see beloW). 

Sometimes the pro-apoptotic antibody Will be one Which 
blocks HRG binding/ activation of the ErbB2/ErbB3 complex 
(e.g. 7E3 antibody). In other situations, the antibody is one 
Which does not signi?cantly block activation of the ErbB2/ 
ErbB3 receptor complex by HRG (e.g. 7C2). Further, the 
antibody may be one like 7C2 Which, While inducing apop 
tosis, does not induce a large reduction in the percent of cells 
in S phase (eg one Which only induces about 0-10% reduc 
tion in the percent of these cells relative to control). 

The antibody of interest may be one like 7C2 Which binds 
speci?cally to human ErbB2 and does not signi?cantly cross 
react With other proteins such as those encoded by the erbB 1, 
erbB3 and/or erbB4 genes. Sometimes, the antibody may not 
signi?cantly cross-react With the rat neu protein, e.g., as 
described in Schecter et al. Nature 312:513 (1984) and Drebin 
et al., Nature 312:545-548 (1984). In such embodiments, the 
extent of binding of the antibody to these proteins (e.g., cell 
surface binding to endogenous receptor) Will be less than 
about 10% as determined by ?uorescence activated cell sort 
ing (FACS) analysis or radioimmunoprecipitation (RIA). 

“Heregulin” (HRG) When used herein refers to a polypep 
tide Which activates the ErbB2-ErbB3 and ErbB2-ErbB4 pro 
tein complexes (i.e. induces phosphorylation of tyrosine resi 
dues in the complex upon binding thereto). Various heregulin 
polypeptides encompassed by this term are disclosed in 
Holmes et al., Science, 256:1205-1210 (1992); WO 
92/20798; Wen et al., Mol. Cell. Biol, 14(3):1909-1919 
(1994); and Marchionni et al., Nature, 362:312-318 (1993), 
for example. The term includes biologically active fragments 
and/or variants of a naturally occurring HRG polypeptide, 
such as an EGF-like domain fragment thereof (eg 

177-244)‘ 
The “ErbB2-ErbB3 protein complex” and “ErbB2-ErbB4 

protein complex” are noncovalently associated oligomers of 
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the ErbB2 receptor and the ErbB3 receptor or ErbB4 receptor, 
respectively. The complexes form When a cell expressing both 
of these receptors is exposed to HRG and can be isolated by 
immunoprecipitation and analyzed by SDS-PAGE as 
described in SliWkoWski et al., J. Biol. Chem, 269(20): 
14661-14665 (1994). 

“Antibodies” (Abs) and “immunoglobulins” (lgs) are gly 
coproteins having the same structural characteristics. While 
antibodies exhibit binding speci?city to a speci?c antigen, 
immunoglobulins include both antibodies and other anti 
body-like molecules Which lack antigen speci?city. Polypep 
tides of the latter kind are, for example, produced at loW levels 
by the lymph system and at increased levels by myelomas. 

“Native antibodies” and “native immunoglobulins” are 
usually heterotetrameric glycoproteins of about 150,000 dal 
tons, composed of tWo identical light (L) chains and tWo 
identical heavy (H) chains. Each light chain is linked to a 
heavy chain by one covalent disul?de bond, While the number 
of disul?de linkages varies among the heavy chains of differ 
ent immunoglobulin isotypes. Each heavy and light chain 
also has regularly spaced intrachain disul?de bridges. Each 
heavy chain has at one end a variable domain (VH) folloWed 
by a number of constant domains. Each light chain has a 
variable domain at one end (VL) and a constant domain at its 
other end; the constant domain of the light chain is aligned 
With the ?rst constant domain of the heavy chain, and the 
light-chain variable domain is aligned With the variable 
domain of the heavy chain. Particular amino acid residues are 
believed to form an interface betWeen the light- and heavy 
chain variable domains. 

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 speci?city 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 
hypervariable regions both in the light-chain and the heavy 
chain variable domains. The more highly conserved portions 
of variable domains are called the frameWork region (PR). 
The variable domains of native heavy and light chains each 
comprise four FR regions, largely adopting a n-sheet con?gu 
ration, connected by three CDRs, Which form loops connect 
ing, and in some cases forming part of, the n-sheet structure. 
The CDRs in each chain are held together in close proximity 
by the FRs and, With the CDRs from the other chain, contrib 
ute to the formation of the antigen-binding site of antibodies 
(see Kabat et al., NIHPubl. No. 91-3242, Vol. 1, pages 647 
669 [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 cytotoxicity. 

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 re?ects 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. 

“Fv” is the minimum antibody fragment Which contains a 
complete antigen-recognition and -binding site. This region 
consists of a dimer of one heavy- and one light-chain variable 
domain in tight, non-covalent association. It is in this con 
?guration that the three CDRs of each variable domain inter 
act to de?ne an antigen-binding site on the surface of the 
VH-VL dimer. Collectively, the six CDRs confer antigen 
binding speci?city to the antibody. HoWever, even a single 
variable domain (or half of an Fv comprising only three CDRs 
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speci?c for an antigen) has the ability to recogniZe and bind 
antigen, although at a loWer af?nity than the entire binding 
site. 
The Fab fragment also contains the constant domain of the 

light chain and the ?rst constant domain (CH1) 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 CH1 domain including one or more cysteines from the 
antibody hinge region. Fab'-SH 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. 
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 (7»), based on the 
amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant 
domain of their heavy chains, immunoglobulins can be 
assigned to different classes. There are ?ve major classes of 
immunoglobulins: lgA, lgD, lgE, IgG, and IgM, and several 
of these may be further divided into subclasses (isotypes), 
e.g., lgGl, lgG2, lgG3, lgG4, IgA, and lgA2. The heavy 
chain constant domains that correspond to the different 
classes of immunoglobulins are called 0t, 6, e, y, and u, respec 
tively. The subunit structures and three-dimensional con?gu 
rations of different classes of immunoglobulins are Well 
knoWn. 
The term “antibody” is used in the broadest sense and 

speci?cally covers intact monoclonal antibodies, polyclonal 
antibodies, multispeci?c antibodies (e.g. bispeci?c antibod 
ies) formed from at least tWo intact antibodies, and antibody 
fragments so long as they exhibit the desired biological activ 
ity. 

“Antibody fragments” comprise a portion of an intact anti 
body, preferably the antigen binding or variable region of the 
intact antibody. Examples of antibody fragments include Fab, 
Fab‘, F(ab')2, and Fv fragments; diabodies; linear antibodies 
(Zapata et al. Protein Eng. 8(10): 1057-1062 [1995]); single 
chain antibody molecules; and multispeci?c 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 com 
prising the population are identical except for possible natu 
rally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly speci?c, being 
directed against a single antigenic site. Furthermore, in con 
trast 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. In 
addition to their speci?city, the monoclonal antibodies are 
advantageous in that they are synthesiZed by the hybridoma 
culture, uncontaminated by other immunoglobulins. The 
modi?er “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 requir 
ing 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 ?rst 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 “monoclonal antibodies” 
may also be isolated from phage antibody libraries using the 
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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 speci?cally 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 antibod 
ies derived from another species or belonging to another 
antibody class or subclass, as Well as fragments of such anti 
bodies, so long as they exhibit the desired biological activity 
(U.S. Pat. No. 4,816,567; Morrison et al, Proc. Natl. Acad. 
Sci. USA, 81; 6851-6855 [1984]). 

“Humanized” forms of non-human (e.g., murine) antibod 
ies are chimeric immunoglobulins, immunoglobulin chains 
or fragments thereof (such as Fv, Fab, Fab‘, F(ab')2 or other 
antigen-binding subsequences of antibodies) Which contain 
minimal sequence derived from non-human immunoglobu 
lin. For the most part, humanized antibodies are human 
immunoglobulins (recipient antibody) in Which residues 
from a complementarity determining region (CDR) of the 
recipient are replaced by residues from a CDR of a non 
human species (donor antibody) such as mouse, rat or rabbit 
having the desired speci?city, a?inity, and capacity. In some 
instances, Fv framework region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humanized antibodies may comprise 
residues Which are found neither in the recipient antibody nor 
in the imported CDR or framework sequences. These modi 
?cations are made to further re?ne and maximize antibody 
performance. In general, the humanized antibody Will com 
prise substantially all of at least one, and typically tWo, vari 
able domains, in Which all or substantially all of the CDRs 
correspond to those of a non-human immunoglobulin and all 
or substantially all of the FRs are those of a human immuno 
globulin sequence. The humanized antibody optimally also 
Will comprise at least a portion of an immunoglobulin con 
stant region (Fc), typically that of a human immunoglobulin. 
For further details, see Jones et al., Nature, 321 :522-525 
(1986); Reichmann et al, Nature, 332:323-329 (1988); and 
Presta, Curr. Op. Struct. Biol., 2:593-596 (1992). The human 
ized antibody includes a PRIMATIZEDTTM antibody 
Wherein the anti gen-binding region of the antibody is derived 
from an antibody produced by immunizing macaque mon 
keys With the antigen of interest. 

“Single-chain Fv” or “sFv” antibody fragments comprise 
the VH and VL domains of antibody, Wherein these domains 
are present in a single polypeptide chain. Preferably, the Fv 
polypeptide further comprises a polypeptide linker betWeen 
the VH and VL domains Which enables the sFv to form the 
desired structure for antigen binding. For a revieW of sFv see 
Pluckthun in The Pharmacology ofMonoclonal 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 (V L) in the same polypeptide chain (VH- L). 
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 are described more fully 
in, for example, EP 404,097; WO 93/11161; and Hollinger et 
al., Proc. Natl. Acad. Sci. USA, 90: 6444-6448 (1993). 
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An “isolated” antibody is one Which has been identi?ed 

and separated and/ or recovered from a component of its natu 
ral environment. Contaminant components of its natural envi 
ronment are materials Which Would interfere With diagnostic 
or therapeutic uses for the antibody, and may include 
enzymes, hormones, and other proteinaceous or nonproteina 
ceous solutes. In preferred embodiments, the antibody Will be 
puri?ed (1) to greater than 95% by Weight of antibody as 
determined by the LoWry method, and most preferably more 
than 99% by Weight, (2) to a degree su?icient to obtain at least 
15 residues of N-terminal or internal amino acid sequence by 
use of a spinning cup sequenator, or (3) to homogeneity by 
SDS-PAGE under reducing or nonreducing conditions using 
Coomassie blue or, preferably, 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. Ordinarily, hoWever, isolated antibody 
Will be prepared by at least one puri?cation step. 
As used herein, the term “salvage receptor binding 

epitope” refers to an epitope of the Fc region of an IgG 
molecule (e.g., IgGl, IgG2, IgG3, or IgG4) that is responsible 
for increasing the in vivo serum half-life of the IgG molecule. 

“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. 
“Mammal” for purposes of treatment refers to any animal 

classi?ed as a mammal, including humans, domestic and 
farm animals, and zoo, sports, or pet animals, such as dogs, 
horses, cats, coWs, etc. Preferably, the mammal is human. 
A “disorder” is any condition that Would bene?t from 

treatment With the anti-ErbB2 antibody. This includes 
chronic and acute disorders or diseases including those patho 
logical conditions Which predispose the mammal to the dis 
order in question. Non-limiting examples of disorders to be 
treated herein include benign and malignant tumors; leuke 
mias and lymphoid malignancies; neuronal, glial, astrocytal, 
hypothalamic and other glandular, macrophagal, epithelial, 
stromal and blastocoelic disorders; and in?ammatory, angio 
genic and immunologic disorders. 
The term “therapeutically effective amount” is used to 

refer to an amount having antiproliferative effect. Preferably, 
the therapeutically effective amount has apoptotic activity, or 
is capable of inducing cell death, and preferably death of 
benign or malignant tumor cells, in particular cancer cells. 
Ef?cacy canbe measured in conventional Ways, depending on 
the condition to be treated. For cancer therapy, e?icacy can, 
for example, be measured by assessing the time to disease 
progression (TTP), or determining the response rates (RR) 
(see the Example beloW). 
The terms “cancer” and “cancerous” refer to or describe the 

physiological condition in mammals that is typically charac 
terized by unregulated cell groWth. Examples of cancer 
include, but are not limited to, carcinoma, lymphoma, blas 
toma, sarcoma, and leukemia. More particular examples of 
such cancers include squamous cell cancer, small-cell lung 
cancer, non-small cell lung cancer, gastrointestinal cancer, 
pancreatic cancer, glioblastoma, cervical cancer, ovarian can 
cer, liver cancer, bladder cancer, hepatoma, breast cancer, 
colon cancer, colorectal cancer, endometrial carcinoma, sali 
vary gland carcinoma, kidney cancer, liver cancer, prostate 
cancer, vulval cancer, thyroid cancer, hepatic carcinoma and 
various types of head and neck cancer. 

The term “cytotoxic agent” as used herein refers to a sub 
stance that inhibits or prevents the function of cells and/or 
causes destruction of cells. The term is intended to include 
radioactive isotopes (e.g., I131, Il25,Y9O and Re186), chemo 
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therapeutic agents, and toxins such as enZymatically active 
toxins of bacterial, fungal, plant or animal origin, or frag 
ments thereof. 
A “chemotherapeutic agent” is a chemical compound use 

ful in the treatment of cancer. Examples of chemotherapeutic 
agents include adriamycin, doxorubicin, epirubicin, 5-?uo 
rouracil, cytosine arabinoside (“Ara-C”), cyclophosphamide, 
thiotepa, busulfan, cytoxin, taxoids, e.g. paclitaxel 
(TAXOL®, Bristol-Myers Squibb Oncology, Princeton, N1.) 
and docetaxel (Taxotere®, Rhone-Poulenc Rorer, Antony, 
France), methotrexate, cisplatin, melphalan, vinblastine, 
bleomycin, etoposide, ifosfamide, mitomycin C, mitox 
antrone, vincristine, vinorelbine, carboplatin, teniposide, 
daunomycin, caminomycin, aminopterin, dactinomycin, 
mitomycins, esperamicins (see US. Pat. No. 4,675,187), 
melphalan and other related nitrogen mustards. Also included 
in this de?nition are hormonal agents that act to regulate or 
inhibit hormone action on tumors such as tamoxifen and 
onapristone. 
A “groWth inhibitory agent” When used herein refers to a 

compound or composition Which inhibits groWth of a cell, 
especially an ErbB2-overexpressing cancer cell either in vitro 
or in vivo. Thus, the groWth inhibitory agent is one Which 
signi?cantly reduces the percentage of ErbB2 overexpressing 
cells in S phase. Examples of groWth inhibitory agents 
include agents that block cell cycle progression (at a place 
other than S phase), such as agents that induce G1 arrest and 
M-phase arrest. Classical M-phase blockers include the vin 
cas (vincristine and vinblastine), TAXOL®, and topo II 
inhibitors such as doxorubicin, epirubicin, daunorubicin, eto 
poside, and bleomycin. Those agents that arrest G1 also spill 
over into S-phase arrest, for example, DNA alkylating agents 
such as tamoxifen, prednisone, dacarbaZine, mechlore 
thamine, cisplatin, methotrexate, 5-?uorouracil, and ara-C. 
Further information can be found in The Molecular Basis of 
Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled 
“Cell cycle regulation, oncogenes, and antineoplastic drugs” 
by Murakami et al. (WB Saunders: Philadelphia, 1995), espe 
cially p. 13. The 4D5 antibody (and functional equivalents 
thereof) can also be employed for this purpose. 

“Doxorubicin” is an athracycline antibiotic. The full 
chemical name of doxorubicin is (8S-cis)-10-[(3-amino-2,3, 
6-trideoxy-ot-L-lyxo-hexopyrano syl)oxy] -7, 8, 9, 1 O-tetrahy 
dro-6,8,1 1-trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12 
naphthacenedione. 

The term “cytokine” is a generic term for proteins released 
by one cell population Which act on another cell as intercel 
lular mediators. Examples of such cytokines are lymphok 
ines, monokines, and traditional polypeptide hormones. 
Included among the cytokines are groWth hormone such as 
human groWth hormone, N-methionyl human groWth hor 
mone, and bovine groWth hormone; parathyroid hormone; 
thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycopro 
tein hormones such as follicle stimulating hormone (FSH), 
thyroid stimulating hormone (TSH), and luteiniZing hormone 
(LH); hepatic groWth factor; ?broblast groWth factor; prolac 
tin; placental lactogen; tumor necrosis factor-0t and -[3; mul 
lerian-inhibiting substance; mouse gonadotropin-associated 
peptide; inhibin; activin; vascular endothelial groWth factor; 
integrin; thrombopoietin (TPO); nerve groWth factors such as 
NGF-B; platelet-groWth factor; transforming groWth factors 
(TGFs) such as TGF-ot and TGF-B; insulin-like groWth fac 
tor-I and -II; erythropoietin (EPO); osteoinductive factors; 
interferons such as interferon-0t, -[3, and -y; colony stimulat 
ing factors (CSFs) such as macrophage-CSF (M-CSF); 
granulocyte-macrophage-CSF (GM-CSF); and granulocyte 
CSF (G-CSF); interleukins (ILs) such as IL-1, IL-lot, IL-2, 
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12 
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, IL-12; a tumor 
necrosis factor such as TNF-ot or TNF-B; and other polypep 
tide factors including LIF and kit ligand (KL).As used herein, 
the term cytokine includes proteins from natural sources or 
from recombinant cell culture and biologically active equiva 
lents of the native sequence cytokines. 
The term “prodrug” as used in this application refers to a 

precursor or derivative form of a pharmaceutically active 
substance that is less cytotoxic to tumor cells compared to the 
parent drug and is capable of being enZymatically activated or 
converted into the more active parent form. See, e.g., Wilman, 
“Prodrugs in Cancer Chemotherapy” Biochemical Society 
Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) 
and Stella et al., “Prodrugs: A Chemical Approach to Targeted 
Drug Delivery,” Directed Drug Delivery, Borchardt et al., 
(ed.), pp. 247-267, Humana Press (1985). The prodrugs of 
this invention include, but are not limited to, phosphate-con 
taining prodrugs, thiophosphate-containing prodrugs, sul 
fate-containing prodrugs, peptide-containing prodrugs, 
D-amino acid-modi?ed prodrugs, glycosylated prodrugs, 
[3-lactam-containing prodrugs, optionally substituted phe 
noxyacetamide-containing prodrugs or optionally substituted 
phenylacetamide-containing prodrugs, 5-?uorocytosine and 
other 5-?uorouridine prodrugs Which can be converted into 
the more active cytotoxic free drug. Examples of cytotoxic 
drugs that can be derivatiZed into a prodrug form for use in 
this invention include, but are not limited to, those chemo 
therapeutic agents described above. 
By “solid phase” is meant a non-aqueous matrix to Which 

the antibodies used in accordance With the present invention 
can adhere. Examples of solid phases encompassed herein 
include those formed partially or entirely of glass (e.g., con 
trolled pore glass), polysaccharides (e.g., agarose), polyacry 
lamides, polystyrene, polyvinyl alcohol and silicones. In cer 
tain embodiments, depending on the context, the solid phase 
can comprise the Well of an assay plate; in others it is a 
puri?cation column (e.g., an a?inity chromatography col 
umn). This term also includes a discontinuous solid phase of 
discrete particles, such as those described in US. Pat. No. 
4,275,149. 
A “liposome” is a small vesicle composed of various types 

of lipids, phospholipids and/or surfactant Which is useful for 
delivery of a drug (such as the anti-ErbB2 antibodies dis 
closed herein and, optionally, a chemotherapeutic agent) to a 
mammal. The components of the liposome are commonly 
arranged in a bilayer formation, similar to the lipid arrange 
ment of biological membranes. 
The term “package insert” is used to refer to instructions 

customarily included in commercial packages of therapeutic 
products, that contain information about the indications, 
usage, dosage, administration, contraindications and/or 
Warnings concerning the use of such therapeutic products. 

II. Production of Anti-ErbB2 Antibodies 

A description folloWs as to exemplary techniques for the 
production of the antibodies used in accordance With the 
present invention. The ErbB2 antigen to be used for produc 
tion of antibodies may be, e.g., a soluble form of the extra 
cellular domain of ErbB2 or a portion thereof, containing the 
desired epitope. Alternatively, cells expressing ErbB2 at their 
cell surface (e.g. NIH-3T3 cells transformed to overexpress 
ErbB2; or a carcinoma cell line such as SKBR3 cells, see 
Stancovski et al. PNAS (USA) 88:8691-8695 [1991]) can be 
used to generate antibodies. Other forms of ErbB2 useful for 
generating antibodies Will be apparent to those skilled in the 
art. 
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(i) 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 relevant antigen to a protein that is immuno 
genic in the species to be immunized, e.g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or soy 
bean trypsin inhibitor using a bifunctional or derivatizing 
agent, for example, maleimidobenzoyl sulfosuccinimide 
ester (conjugation through cysteine residues), N-hydroxysuc 
cinimide (through lysine residues), glutaraldehyde, succinic 
anhydride, SOCl2, or RIN:C:NR, Where R and R1 are 
different alkyl groups. 

Animals are immunized against the antigen, immunogenic 
conjugates, or derivatives by combining, e.g., 100 ug or 5 ug 
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 1/5 to 1/10 the original amount of 
peptide 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. 

(ii) Monoclonal Antibodies 
Monoclonal antibodies are 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. Thus, the modi?er “monoclonal” indicates 
the character of the antibody as not being a mixture of discrete 
antibodies. 

For example, the monoclonal antibodies may be made 
using the hybridoma method ?rst described by Kohler et al., 
Nature, 2561495 (1975), or may be made by recombinant 
DNA methods (US. Pat. No. 4,816,567). 

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster, is immunized as hereinabove 
described to elicit lymphocytes that produce or are capable of 
producing antibodies that Will speci?cally 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 polyeth 
ylene glycol, to form a hybridoma 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-de?cient cells. 

Preferred myeloma cells are those that fuse ef?ciently, 
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 and MPC-1 1 mouse tumors available 
from the Salk Institute Cell Distribution Center, San Diego, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
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, .1. Immunol, 13313001 
(1984); Brodeur et al., Monoclonal Antibody Production 
Techniques andApplications, pp. 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 speci?city 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). 
The binding af?nity of the monoclonal antibody can, for 

example, be determined by the Scatchard analysis of Munson 
et al., Anal. Biochem, 1071220 (1980). 

After hybridoma cells are identi?ed that produce antibod 
ies of the desired speci?city, a?inity, 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 ?uid, or 
serum by conventional immunoglobulin puri?cation proce 
dures such as, for example, protein A-Sepharose, hydroxyla 
patite chromatography, gel electrophoresis, dialysis, or a?in 
ity chromatography. 
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 
ci?cally to genes encoding the heavy and light chains of 
murine 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 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. RevieW 
articles on recombinant expression in bacteria of DNA encod 
ing the antibody include Skerra et al., Curr Opinion in Immu 
nol., 51256-262 (1993) and Pluckthun, Immunol. Revs, 1301 
151-188 (1992). 

In a further embodiment, antibodies or antibody fragments 
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, 3521624-628 (1991) 
and Marks et al., J. Mol. Biol., 2221581-597 (1991) describe 
the isolation of murine and human antibodies, respectively, 
using phage libraries. Subsequent publications describe the 
production of high af?nity (nM range) human antibodies by 
chain shuf?ing (Marks et al., Bio/Technology, 101779-783 
[1992]), as Well as combinatorial infection and in vivo recom 
bination as a strategy for constructing very large phage librar 
ies (Waterhouse et al., Nuc. Acids. Res., 2112265-2266 
[1993]). Thus, these techniques are viable alternatives to tra 
ditional monoclonal antibody hybridoma techniques for iso 
lation of monoclonal antibodies. 
The DNA also may be modi?ed, for example, by substi 

tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (US. Pat. No. 4,816,567; Morrison, et al., Proc. 
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Natl. Acad. Sci. USA, 81 :6851 [1984]), or by covalentlyjoin 
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 
ing site of an antibody to create a chimeric bivalent antibody 
comprising one antigen-combining site having speci?city for 
an antigen and another antigen-combining site having speci 
?city for a different antigen. 

(iii) Humanized and Human Antibodies 
Methods for humanizing non-human antibodies are Well 

knoWn in the art. Preferably, 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); Riech 
mann 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 .8. 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 antibodies are typi 
cally 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-?t” 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 framework region (PR) for the humanized anti 
body (Sims et al., J Immunol, 151:2296 (1993); Chothia et 
al., J. Mol. Biol, 196:901 [1987]). Another method uses a 
particular framework region 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. Immu 
n0l., 151 :2623 [1993]). 

It is further important that antibodies be humanized With 
retention of high a?inity 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 in?uence 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 a?inity for the target antigen(s), is achieved. 
In general, the CDR residues are directly and most substan 
tially involved in in?uencing antigen binding. 
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Alternatively, it is noW possible to produce transgenic ani 

mals (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 anti 
body heavy-chain joining region (J H) 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., Jakobovits et al., Proc. 
Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., 
Nature, 362:255-258 (1993); Bruggermann et al., Year in 
Immuna, 7:33 (1993). Human antibodies can also be derived 
from phage-display libraries (Hoogenboom et al., J. Mol. 
Biol, 227:381 (1991); Marks et al., J. Mal. Biol, 2221581 
597 [1991]). 

(iv) 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 andBiophysical 
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 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. 

(v) Bispeci?c Antibodies 
Bispeci?c antibodies are antibodies that have binding 

speci?cities for at least tWo different epitopes. Exemplary 
bispeci?c antibodies may bind to tWo different epitopes of the 
ErbB2 protein. For example, one arm may bind an epitope in 
Domain 1 of ErbB2 such as the 7C2/7F3 epitope, the other 
may bind a different ErbB2 epitope, eg the 4D5 epitope. 
Other such antibodies may combine an ErbB2 binding site 
With binding site(s) for EGFR, ErbB3 and/or ErbB4. Alter 
natively, an anti-ErbB2 arm may be combined With an arm 
Which binds to a triggering molecule on a leukocyte such as a 
T-cell receptor molecule (e.g. CD2 or CD3), or Fc receptors 
for IgG (FcyR), such as FcyRI (CD64), FcyRII (CD32) and 
FcyRIII (CD16) so as to focus cellular defense mechanisms to 
the ErbB2-expressing cell. Bispeci?c antibodies may also be 
used to localize cytotoxic agents to cells Which express 
ErbB2. These antibodies possess an ErbB2-binding arm and 
an arm Which binds the cytotoxic agent (e.g. saporin, anti 
interferon-ot, vinca alkaloid, ricin A chain, methotrexate or 
radioactive isotope hapten). Bispeci?c antibodies can be pre 
pared as full length antibodies or antibody fragments (e.g. 
F(ab')2 bispeci?c antibodies). 

Methods for making bispeci?c antibodies are knoWn in the 
art. Traditional production of full length bispeci?c antibodies 
is based on the coexpression of tWo immunoglobulin heavy 
chain-light chain pairs, Where the tWo chains have different 
speci?cities (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 
Which only one has the correct bispeci?c structure. Puri?ca 
tion of the correct molecule, Which is usually done by a?inity 
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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 
(1991). 

According to a different approach, antibody variable 
domains With the desired binding speci?cities (antibody-an 
tigen combining sites) are fused to immunoglobulin constant 
domain sequences. The fusion preferably is With an immu 
noglobulin heavy chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to 
have the ?rst heavy-chain constant region (CH1) containing 
the site necessary for light chain binding, present in at least 
one of the fusions. DNAs encoding the immunoglobulin 
heavy chain fusions and, if desired, the immunoglobulin light 
chain, are inserted into separate expression vectors, and are 
co-transfected into a suitable host organism. This provides for 
great ?exibility in adjusting the mutual proportions of the 
three polypeptide fragments in embodiments When unequal 
ratios of the three polypeptide chains used in the construction 
provide the optimum yields. It is, hoWever, possible to insert 
the coding sequences for tWo or all three polypeptide chains 
in one expression vector When the expression of at least tWo 
polypeptide chains in equal ratios results in high yields or 
When the ratios are of no particular signi?cance. 

In a preferred embodiment of this approach, the bispeci?c 
antibodies are composed of a hybrid immunoglobulin heavy 
chain With a ?rst binding speci?city in one arm, and a hybrid 
immunoglobulin heavy chain-light chain pair (providing a 
second binding speci?city) in the other arm. It Was found that 
this asymmetric structure facilitates the separation of the 
desired bispeci?c compound from unWanted immunoglobu 
lin chain combinations, as the presence of an immunoglobu 
lin light chain in only one half of the bispeci?c molecule 
provides for a facile Way of separation. This approach is 
disclosed in WO 94/04690. For further details of generating 
bispeci?c antibodies see, for example, Suresh et al., Methods 
in Enzymology, 121 :210 (1986). 

According to another approach described in WO96/2701 1, 
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 
ferred interface comprises at least a part of the C H3 domain of 
an antibody constant domain. In this method, one or more 
small amino acid side chains from the interface of the ?rst 
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 (eg alanine or 
threonine). This provides a mechanism for increasing the 
yield of the heterodimer over other unWanted end-products 
such as homodimers. 

Bispeci?c 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 (US. Pat. No. 4,676, 
980), and for treatment of HIV infection (WO 91/003 60, W0 
92/200373, and EP 03089). Heteroconjugate antibodies may 
be made using any convenient cross-linking methods. Suit 
able cross-linking agents are Well knoWn in the art, and are 
disclosed in US. Pat. No. 4,676,980, along With a number of 
cross-linking techniques. 

Techniques for generating bispeci?c antibodies from anti 
body fragments have also been described in the literature. For 
example, bispeci?c antibodies can be prepared using chemi 
cal linkage. Brennan et al., Science, 229: 81 (1985) describe 
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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 
sodium arsenite to stabiliZe vicinal dithiols and prevent inter 
molecular disul?de formation. The Fab‘ fragments generated 
are then converted to thionitrobenZoate (TNB) derivatives. 
One of the Fab'-TNB derivatives is then reconver‘ted to the 
Fab'-thiol by reduction With mercaptoethylamine and is 
mixed With an equimolar amount of the other Fab'-TNB 
derivative to form the bispeci?c antibody. The bispeci?c anti 
bodies produced can be used as agents for the selective immo 
biliZation of enZymes. 

Recent progress has facilitated the direct recovery of Fab‘ 
SH fragments from E. coli, Which can be chemically coupled 
to form bispeci?c antibodies. Shalaby et al., J Exp. Med, 175: 
217-225 (1992) describe the production of a fully humanized 
bispeci?c antibody F(ab')2 molecule. Each Fab' fragment Was 
separately secreted from E. coli and subjected to directed 
chemical coupling in vitro to form the bispeci?c antibody. 
The bispeci?c 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 lym 
phocytes against human breast tumor targets. 

Various techniques for making and isolating bispeci?c 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispeci?c antibodies 
have been produced using leucine Zippers. Kostelny et al., J. 
ImmunoL, 148(5): 1547-1553 (1992). Theleucine Zipper pep 
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 bispeci?c antibody fragments. The fragments 
comprise a heavy-chain variable domain (VH) connected to a 
light-chain variable domain (V L) by a linker Which is too short 
to alloW pairing betWeen the tWo domains on the same chain. 
Accordingly, the VH and VL domains of one fragment are 
forced to pair With the complementary VL and VH domains of 
another fragment, thereby forming tWo anti gen-binding sites. 
Another strategy for making bispeci?c antibody fragments by 
the use of single-chain Fv (sFv) dimers has also been 
reported. See Gruber et al., J. ImmunoL, 152:5368 (1994). 

Antibodies With more than tWo valencies are contem 
plated. For example, trispeci?c antibodies can be prepared. 
Tutt et al. J. Immunol. 147: 60 (1991). 

(vi) Screening for Antibodies With the Desired Properties 
Techniques for generating antibodies have been described 

above. Those antibodies having the characteristics described 
herein are selected. 

To select for antibodies Which induce cell death, loss of 
membrane integrity as indicated by, e.g., PI, trypan blue or 
7AAD uptake is assessed relative to control. The preferred 
assay is the “PI uptake assay using BT474 cells”. According 
to this assay, BT474 cells (Which can be obtained from the 
American Type Culture Collection [Rockville, Md.]) are cul 
tured in Dulbecco’s Modi?ed Eagle Medium (D-MEM): 
Ham’s F-12 (50:50) supplemented With 10% heat-inactivated 
FBS (Hyclone) and 2 mM L-glutamine. (Thus, the assay is 
performed in the absence of complement and immune effec 
tor cells). The BT474 cells are seeded at a density of 3x 1 06 per 
dish in 100><20 mm dishes and alloWed to attach overnight. 
The medium is then removed and replaced With fresh medium 
alone or medium containing 10 ug/ml of the appropriate 
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MAb. The cells are incubated for a 3 day time period. Fol 
loWing each treatment, monolayers are Washed With PBS and 
detached by trypsiniZation. Cells are then centrifuged at 1200 
rpm for 5 minutes at 40 C., the pellet resuspended in 3 ml ice 
cold Ca2+ binding buffer (10 mM Hepes, pH 7.4, 140 mM 
NaCl, 2.5 mM CaCl2) and aliquoted into 35 mm strainer 
capped 12><75 tubes (1 ml per tube, 3 tubes per treatment 
group) for removal of cell clumps. Tubes then receive PI (10 
ug/ml). Samples may be analyZed using a FACSCANTM ?oW 
cytometer and FACSCONVERTTM CellQuest softWare (Bec 
ton Dickinson). Those antibodies Which induce statistically 
signi?cant levels of cell death as determined by PI uptake are 
selected. 

In order to select for antibodies Which induce apoptosis, an 
“annexin binding assay using BT474 cells” is available. The 
BT474 cells are cultured and seeded in dishes as discussed in 
the preceding paragraph. The medium is then removed and 
replaced With fresh medium alone or medium containing 10 
ug/ml of the MAb. Following a three day incubation period, 
monolayers are Washed With PBS and detached by tryp siniZa 
tion. Cells are then centrifuged, resuspended in Ca2+ binding 
buffer and aliquoted into tubes as discussed above for the cell 
death assay. Tubes then receive labeled annexin (e. g. annexin 
V-FTIC) (1 ug/ml). Samples may be analyZed using a FAC 
SCANTM ?oW cytometer and FACSCONVERTTM CellQuest 
softWare (Becton Dickinson). Those antibodies Which induce 
statistically signi?cant levels of annexin binding relative to 
control are selected as apoptosis-inducing antibodies. 

In addition to the annexin binding assay, a “DNA staining 
assay using BT474 cells” is available. In order to perform this 
assay, BT474 cells Which have been treated With the antibody 
of interest as described in the preceding tWo paragraphs are 
incubated With 9 ug/ml HOECHST 33342TM for 2 hr at 370 
C., then analyZed on an EPICS ELITETM ?oW cytometer 
(Coulter Corporation) using MODFIT LTTM softWare (Verity 
SoftWare House). Antibodies Which induce a change in the 
percentage of apoptotic cells Which is 2 fold or greater (and 
preferably 3 fold or greater) than untreated cells (up to 100% 
apoptotic cells) may be selected as pro-apoptotic antibodies 
using this assay. 

To screen for antibodies Which bind to an epitope on ErbB2 
bound by an antibody of interest, a routine cross-blocking 
assay such as that described in Antibodies, A Laboratory 
Manual, Cold Spring Harbor Laboratory, Ed HarloW and 
David Lane (1988), can be performed. Alternatively, epitope 
mapping can be performed by methods knoWn in the art. 

To identify anti-ErbB2 antibodies Which inhibit groWth of 
SKBR3 cells in cell culture by 50-100%, the SKBR3 assay 
described in WO89/06692 can be performed. According to 
this assay, SKBR3 cells are groWn in a 1:1 mixture of P12 and 
DMEM medium supplemented With 10% fetal bovine serum, 
glutamine and penicillinstreptomycin. The SKBR3 cells are 
plated at 20,000 cells in a 35 mm cell culture dish (2 mls/35 
mm dish). 2.5 ug/ml of the anti-ErbB2 antibody is added per 
dish. After six days, the number of cells, compared to 
untreated cells are counted using an electronic COULTERTM 
cell counter. Those antibodies Which inhibit groWth of the 
SKBR3 cells by 50-100% are selected for combination With 
the apoptotic antibodies as desired. 

(vii) Effector Function Engineering 
It may be desirable to modify the antibody of the invention 

With respect to effector function, so as to enhance the effec 
tiveness of the antibody in treating cancer, for example. For 
example cysteine residue(s) may be introduced in the Fc 
region, thereby alloWing interchain disul?de bond formation 
in this region. The homodimeric antibody thus generated may 
have improved internalization capability and/ or increased 
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complement-mediated cell killing and antibody-dependent 
cellular cytotoxicity (ADCC). See Caron et al., .1. Exp Med. 
176:1 191-1195 (1992) and Shopes, B. J Immunol.148:2918 
2922 (1992). Homodimeric antibodies With enhanced anti 
tumor activity may also be prepared using heterobifunctional 
cross-linkers as described in Wolff et al. Cancer Research 
53:2560-2565 (1993). Alternatively, an antibody can be engi 
neered Which has dual Fc regions and may thereby have 
enhanced complement lysis and ADCC capabilities. See 
Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989). 

(viii) Immunoconjugates 
The invention also pertains to immunoconjugates compris 

ing the antibody described herein conjugated to a cytotoxic 
agent such as a chemotherapeutic agent, toxin (eg an enZy 
matically active toxin of bacterial, fungal, plant or animal 
origin, or fragments thereof), or a radioactive isotope (i.e., a 
radioconjugate). 

Chemotherapeutic agents useful in the generation of such 
immunoconjugates have been described above. EnZymati 
cally active toxins and fragments thereof Which can be used 
include diphtheria A chain, nonbinding active fragments of 
diphtheria toxin, exotoxin A chain (from Pseudomonas 
aeruginosa), ricinA chain, abrinA chain, modeccinA chain, 
alpha-sarcin, Aleuri Zes fordi i proteins, dianthin proteins, Phy 
Zolaca americana proteins (PAPI, PAPII, and PAP-S), 
momordica charanlia inhibitor, curcin, crotin, sapaonaria 
o?icinalis inhibitor, gelonin, mitogellin, restrictocin, pheno 
mycin, enomycin and the tricothecenes. A variety of radio 
nuclides are available for the production of radioconjugated 
anti-ErbB2 antibodies. Examples include 212Bi, 131I, 131In, 
90Y and 186Re. 

Conjugates of the antibody and cytotoxic agent are made 
using a variety of bifunctional protein coupling agents such as 
N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), 
iminothiolane (IT), bifunctional derivatives of imidoesters 
(such as dimethyl adipimidate HCL), active esters (such as 
disuccinimidyl suberate), aldehydes (such as glutarelde 
hyde), bis-aZido compounds (such as bis(p-aZidobenZoyl) 
hexanediamine), bis-diaZonium derivatives (such as bis-(p 
diaZoniumbenZoyl)-ethylenediamine), diisocyanates (such 
as tolyene 2,6-diisocyanate), and bis-active ?uorine com 
pounds (such as 1,5-di?uoro-2,4-dinitrobenZene). For 
example, a ricin immunotoxin canbe prepared as described in 
Vitetta et al. Science 238: 1098 (1987). Carbon-14-labeled 
1 -isothiocyanatobenZyl-3 -methyldiethylene triaminepen 
taacetic acid (MX-DTPA) is an exemplary chelating agent for 
conjugation of radionucleotide to the antibody. See WO94/ 
1 1026. 

In another embodiment, the antibody may be conjugated to 
a “receptor” (such streptavidin) for utiliZation in tumor pre 
targeting Wherein the antibody-receptor conjugate is admin 
istered to the patient, folloWed by removal of unbound con 
jugate from the circulation using a clearing agent and then 
administration of a “ligand” (e. g. avidin) Which is conjugated 
to a cytotoxic agent (eg a radionucleotide). 

(ix) Immunoliposomes 
The anti-ErbB2 antibodies disclosed herein may also be 

formulated as immunoliposomes. Liposomes containing the 
antibody are prepared by methods knoWn in the art, such as 
described in Epstein et al., Proc. Natl. Acad. Sci. USA, 
82:3688 (1985); HWang et al., Proc. Natl. Acad. Sci. USA, 
77:4030 (1980); and US. Pat. Nos. 4,485,045 and 4,544,545. 
Liposomes With enhanced circulation time are disclosed in 
US. Pat. No. 5,013,556. 

Particularly useful liposomes can be generated by the 
reverse phase evaporation method With a lipid composition 
comprising phosphatidylcholine, cholesterol and PEG-de 
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rivatized phosphatidylethanolamine (PEG-PE). Liposomes 
are extruded through ?lters of de?ned pore size to yield 
liposomes With the desired diameter. Fab‘ fragments of the 
antibody of the present invention can be conjugated to the 
liposomes as described in Martin et al. J. Biol. Chem. 257: 
286-288 (1982) via a disul?de interchange reaction. A che 
motherapeutic agent is optionally contained Within the lipo 
some. See Gabizon et al. .1. National Cancer Inst. 81 (19)1484 

(1989). 
(x) Antibody Dependent Enzyme Mediated Prodrug 

Therapy (ADEPT) 
The antibodies of the present invention may also be used in 

ADEPT by conjugating the antibody to a prodrug-activating 
enzyme Which converts a prodrug (eg a peptidyl chemo 
therapeutic agent, see WO81/01145) to an active anti-cancer 
drug. See, for example, WO 88/07378 and US. Pat. No. 
4,975,278. 

The enzyme component of the immunoconjugate useful 
for ADEPT includes any enzyme capable of acting on a 
prodrug in such a Way so as to covert it into its more active, 
cytotoxic form. 
Enzymes that are useful in the method of this invention 

include, but are not limited to, alkaline phosphatase useful for 
converting phosphate-containing prodrugs into free drugs; 
arylsulfatase useful for converting sulfate-containing pro 
drugs into free drugs; cytosine deaminase useful for convert 
ing non-toxic 5-?uorocytosine into the anti-cancer drug, 
5-?uorouracil; proteases, such as serratia protease, thermol 
ysin, subtilisin, carboxypeptidases and cathepsins (such as 
cathepsins B and L), that are useful for converting peptide 
containing prodrugs into free drugs; D-alanylcarboxypepti 
dases, useful for converting prodrugs that contain D-amino 
acid substituents; carbohydrate-cleaving enzymes such as 
[3-galactosidase and neuraminidase useful for converting gly 
cosylated prodrugs into free drugs; [3-lactamase useful for 
converting drugs derivatized With [3-lactams into free drugs; 
and penicillin amidases, such as penicillinV amidase or peni 
cillin G amidase, useful for converting drugs derivatized at 
their amine nitrogens With phenoxyacetyl or phenylacetyl 
groups, respectively, into free drugs.Altematively, antibodies 
With enzymatic activity, also knoWn in the art as “abzymes”, 
can be used to convert the prodrugs of the invention into free 
active drugs (see, e.g., Massey, Nature 328: 457-458 [1987]). 
Antibody-abzyme conjugates can be prepared as described 
herein for delivery of the abzyme to a tumor cell population. 

The enzymes of this invention can be covalently bound to 
the anti-ErbB2 antibodies by techniques Well known in the art 
such as the use of the heterobifunctional crosslinking 
reagents discussed above. Alternatively, fusion proteins com 
prising at least the antigen binding region of an antibody of 
the invention linked to at least a functionally active portion of 
an enzyme of the invention can be constructed using recom 
binant DNA techniques Well knoWn in the art (see, e.g., Neu 
berger et al., Nature, 312: 604-608 [1984]). 

(xi) Antibody-Salvage Receptor Binding Epitope Fusions 
In certain embodiments of the invention, it may be desir 

able to use an antibody fragment, rather than an intact anti 
body, to increase tumor penetration, for example. In this case, 
it may be desirable to modify the antibody fragment in order 
to increase its serum half life. This may be achieved, for 
example, by incorporation of a salvage receptor binding 
epitope into the antibody fragment (eg by mutation of the 
appropriate region in the antibody fragment or by incorporat 
ing the epitope into a peptide tag that is then fused to the 
antibody fragment at either end or in the middle, e. g., by DNA 
or peptide synthesis). 
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A systematic method for preparing such an antibody vari 

ant having an increased in vivo half-life comprises several 
steps. The ?rst involves identifying the sequence and confor 
mation of a salvage receptor binding epitope of an Fc region 
of an IgG molecule. Once this epitope is identi?ed, the 
sequence of the antibody of interest is modi?ed to include the 
sequence and conformation of the identi?ed binding epitope. 
After the sequence is mutated, the antibody variant is tested to 
see if it has a longer in vivo half-life than that of the original 
antibody. If the antibody variant does not have a longer in vivo 
half-life upon testing, its sequence is further altered to include 
the sequence and conformation of the identi?ed binding 
epitope. The altered antibody is tested for longer in vivo 
half-life, and this process is continued until a molecule is 
obtained that exhibits a longer in vivo half-life. 
The salvage receptor binding epitope being thus incorpo 

rated into the antibody of interest is any suitable such epitope 
as de?ned above, and its nature Will depend, e. g., on the type 
of antibody being modi?ed. The transfer is made such that the 
antibody of interest still possesses the biological activities 
described herein. 
The epitope preferably constitutes a region Wherein any 

one or more amino acid residues from one or tWo loops of a Fc 

domain are transferred to an analogous position of the anti 
body fragment. Even more preferably, three or more residues 
from one or tWo loops of the Fc domain are transferred. Still 
more preferred, the epitope is taken from the CH2 domain of 
the Fc region (e.g., of an IgG) and transferred to the CH1, 
CH3, or VH region, or more than one such region, of the 
antibody. Alternatively, the epitope is taken from the CH2 
domain of the Fc region and transferred to the C L region orVL 
region, or both, of the antibody fragment. 

In one most preferred embodiment, the salvage receptor 
binding epitope comprises the sequence (5' to 3'): PKNS 
SMISNTP (SEQ ID NO:3), and optionally further comprises 
a sequence selected from the group consisting of HQSLGTQ 
(SEQ ID NO:4), HQNLSDGK (SEQ ID NO:5), HQNISDGK 
(SEQ ID NO:6), orVISSHLGQ (SEQ ID NO:7), particularly 
Where the antibody fragment is a Fab or F(ab')2. In another 
most preferred embodiment, the salvage receptor binding 
epitope is a polypeptide containing the sequence(s) (5' to 3'): 
HQNLSDGK (SEQ ID NO: 5), HQNISDGK (SEQ ID NO: 6), 
or VISSHLGQ (SEQ ID NO:7) and the sequence: PKNS 
SMISNTP (SEQ ID NO:3). 

(xii) Puri?cation of Anti-ErbB2 Antibody 
When using recombinant techniques, the antibody can be 

produced intracellularly, in the periplasmic space, or directly 
secreted into the medium. If the antibody is produced intra 
cellularly, as a ?rst step, the particulate debris, either host 
cells or lysed fragments, is removed, for example, by cen 
trifugation or ultra?ltration. Carter et al., Bio/Technology 
10:163-167 (1992) describe a procedure for isolating anti 
bodies Which are secreted to the periplasmic space of E. coli. 
Brie?y, cell paste is thaWed in the presence of sodium acetate 
(pH 3.5), EDTA, and phenylmethylsulfonyl?uoride (PMSF) 
over about 30 min. Cell debris can be removed by centrifu 
gation. Where the antibody is secreted into the medium, 
supematants from such expression systems are preferably 
?rst concentrated using a commercially available protein con 
centration ?lter, for example, an Amicon or Millipore Pelli 
con ultra?ltration unit. A protease inhibitor such as PMSF 
may be included in any of the foregoing steps to inhibit 
proteolysis and antibiotics may be included to prevent the 
groWth of adventitious contaminants. 
The antibody composition prepared from the cells can be 

puri?ed using, for example, hydroxylapatite chromatogra 
phy, gel electrophoresis, dialysis, and a?inity chromatogra 
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phy, With af?nity chromatography being the preferred puri? 
cation technique. The suitability of protein A as an a?inity 
ligand depends on the species and isotype of any immuno 
globulin Fc domain that is present in the antibody. ProteinA 
can be used to purify antibodies that are based on human Y1, 
Y2, or Y4 heavy chains (Lindmark et al., J. Immunol. Melh. 
6211-13 [1983]). Protein G is recommended for all mouse 
isotypes and for human Y3 (Guss et al., EMBOJ. 5: 15671575 
[1986]). The matrix to Which the a?inity ligand is attached is 
most often agarose, but other matrices are available. 
Mechanically stable matrices such as controlled pore glass or 
poly(styrenedivinyl)benZene alloW for faster ?oW rates and 
shorter processing times than can be achieved With agarose. 
Where the antibody comprises a C H3 domain, the Bakerbond 
ABXTM resin (J. T. Baker, Phillipsburg, N1.) is useful for 
puri?cation. Other techniques for protein puri?cation such as 
fractionation on an ion-exchange column, ethanol precipita 
tion, Reverse Phase HPLC, chromatography on silica, chro 
matography on heparin SEPHAROSETM chromatography on 
an anion or cation exchange resin (such as a polyaspartic acid 
column), chromatofocusing, SDS-PAGE, and ammonium 
sulfate precipitation are also available depending on the anti 
body to be recovered. 

FolloWing any preliminary puri?cation step(s), the mixture 
comprising the antibody of interest and contaminants may be 
subjected to loW pH hydrophobic interaction chromatogra 
phy using an elution buffer at a pH betWeen about 2.5-4.5, 
preferably performed at loW salt concentrations (eg from 
about 0-0.25M salt). 

Ill. Pharmaceutical Formulations 

Therapeutic formulations of the antibodies used in accor 
dance With the present invention are prepared for storage by 
mixing an antibody having the desired degree of purity With 
optional pharmaceutically acceptable carriers, excipients or 
stabiliZers (Remington's Pharmaceutical Sciences 16th edi 
tion, Osol, A. Ed. [1980]), in the form of lyophiliZed formu 
lations or aqueous solutions. Acceptable carriers, excipients, 
or stabiliZers are nontoxic to recipients at the dosages and 
concentrations employed, and include buffers such as phos 
phate, citrate, and other organic acids; antioxidants including 
ascorbic acid and methionine; preservatives (such as octade 
cyldimethylbenZyl ammonium chloride; hexamethonium 
chloride; benZalkonium chloride, benZethonium chloride; 
phenol, butyl or benZyl alcohol; alkyl parabens such as 
methyl or propyl paraben; catechol; resorcinol; cyclohex 
anol; 3-pentanol; and m-cresol); loW molecular Weight (less 
than about 10 residues) polypeptides; proteins, such as serum 
albumin, gelatin, or immunoglobulins; hydrophilic polymers 
such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalose or 
sorbitol; salt-forming counter-ions such as sodium; metal 
complexes (e.g. Zn-protein complexes); and/ or non-ionic sur 
factants such as TWEENTM, PLURONICSTM 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 activities 
that do not adversely affect each other. For example, it may be 
desirable to further provide antibodies Which bind to EGFR, 
ErbB2 (eg an antibody Which binds a different epitope on 
ErbB2), ErbB3, ErbB4, or vascular endothelial factor 
(VEGF) in the one formulation. Alternatively, or in addition, 
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the composition may comprise a cytotoxic agent, cytokine or 
groWth inhibitory agent, provided that the cytotoxic agent is 
other than an anthracycline derivative, e.g. doxorubicin, or 
epirubicin. Such molecules are suitably present in combina 
tion in amounts that are effective for the purpose intended. 
The active ingredients may also be entrapped in microcap 

sules prepared, for example, by coacervation techniques or by 
interfacial polymerization, for example, hydroxymethylcel 
lulose or gelatin-microcapsules and poly-(methylmethacy 
late) microcapsules, respectively, in colloidal drug delivery 
systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles and nanocapsules) or in mac 
roemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 

The formulations to be used for in vivo administration must 
be sterile. This is readily accomplished by ?ltration through 
sterile ?ltration membranes. 

Sustained-release preparations may be prepared. Suitable 
examples of sustained-release preparations include semiper 
meable matrices of solid hydrophobic polymers containing 
the antibody, Which matrices are in the form of shaped 
articles, e. g. ?lms, or microcapsules. Examples of sustained 
release matrices include polyesters, hydrogels (for example, 
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), 
polylactides (US. Pat. No. 3,773,919), copolymers of 
L-glutamic acid and y ethyl-L-glutamate, non-degradable 
ethylene-vinyl acetate, degradable lactic acid-glycolic acid 
copolymers such as the LUPRON DEPOTTM (injectable 
microspheres composed of lactic acid-glycolic acid copoly 
mer and leuprolide acetate), and poly-D-(—)-3-hydroxybu 
tyric acid. While polymers such as ethylene-vinyl acetate and 
lactic acid-glycolic acid enable release of molecules for over 
100 days, certain hydrogels release proteins for shorter time 
periods. When encapsulated antibodies remain in the body for 
a long time, they may denature or aggregate as a result of 
exposure to moisture at 370 C., resulting in a loss of biological 
activity and possible changes in immunogenicity. Rational 
strategies can be devised for stabiliZation depending on the 
mechanism involved. For example, if the aggregation mecha 
nism is discovered to be intermolecular SiS bond formation 
through thio-disul?de interchange, stabiliZation may be 
achieved by modifying sulfhydryl residues, lyophiliZing from 
acidic solutions, controlling moisture content, using appro 
priate additives, and developing speci?c polymer matrix 
compositions. 

IV. Treatment With the Anti-ErbB2 Antibodies 

It is contemplated that, according to the present invention, 
the anti-ErbB2 antibodies may be used to treat various con 
ditions characterized by overexpression and/or activation of 
the ErbB2 receptor. Exemplary conditions or disorders 
include benign or malignant tumors (e. g. renal, liver, kidney, 
bladder, breast, gastric, ovarian, colorectal, prostate, pancre 
atic, lung, vulval, thyroid, hepatic carcinomas; sarcomas; 
glioblastomas; and various head and neck tumors); leukemias 
and lymphoid malignancies; other disorders such as neu 
ronal, glial, astrocytal, hypothalamic and other glandular, 
macrophagal, epithelial, stromal and blastocoelic disorders; 
and in?ammatory, angiogenic and immunologic disorders. 
The antibodies of the invention are administered to a 

human patient, in accord With knoWn methods, such as intra 
venous administration as a bolus or by continuous infusion 

over a period of time, by intramuscular, intraperitoneal, 
intracerobrospinal, subcutaneous, intra-articular, intrasyn 
ovial, intrathecal, oral, topical, or inhalation routes. Intrave 
nous administration of the antibody is preferred. 
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The treatment of the present invention involved the com-
bined administration ofan anti-ErbB2 antibody and a chemo-
therapeutic agent, other than an anthracycline derivative. The
combined administration includes coadministration, using
separate formulations or a single pharmaceutical formula-
tion, and consecutive administration in either order, wherein
preferably there is a time period while both (orall) active
agents simultaneously exert their biologicalactivities. Prepa-
ration and dosing schedules for such chemotherapeutic
agents may be used according to manufacturers’ instructions
or as determined empirically by the skilled practitioner.
Preparation and dosing schedules for such chemotherapyare
also described in Chemotherapy Service Ed., M. C. Perry,
Williams & Wilkins, Baltimore, Md. (1992). The chemo-
therapeutic agent may precede, or follow administration of
the antibody or may be given simultaneously therewith. The
antibody may be combined with an anti-estrogen compound
such as tamoxifen or an anti-progesterone such as onapris-
tone (see, EP 616 812) in dosages knownfor such molecules.

Tt may be desirable to also administer antibodies against
other tumorassociated antigens, such as antibodies which
bind to the EGFR, ErbB3, ErbB4, or vascular endothelial
factor (VEGF). Alternatively, or in addition, two or more
anti-ErbB2 antibodies may be co-administeredto the patient.
Sometimes, it may be beneficial to also administer one or
more cytokinesto the patient. In a preferred embodiment, the
ErbB2antibody is co-administered with a growth inhibitory
agent. For example, the growth inhibitory agent may be
administeredfirst, followed by the ErbB2 antibody. However,
simultaneous administration or administration of the ErbB2

antibodyfirst is also contemplated. Suitable dosages for the
growth inhibitory agent are those presently used and may be
lowered due to the combinedaction (synergy) of the growth
inhibitory agent and anti-ErbB2 antibody.

For the prevention or treatment of disease, the appropriate
dosage of antibody will depend on the type of disease to be
treated, as defined above, the severity and course of the dis-
ease, whether the antibody is administered for preventive or
therapeutic purposes, previous therapy, the patient’s clinical
history and responseto the antibody, and the discretion of the
attending physician. The antibody is suitably administered to
the patient at one time or overa series of treatments.

Depending on the type andseverity of the disease, about 1
ug/kg to 15 mg/kg (e.g. 0.1-20 mg/kg) ofantibodyis an initial
candidate dosage for administration to the patient, whether,
for example, by one or more separate administrations, or by
continuousinfusion. A typical daily dosage might range from
about 1 ug/kg to 100 mg/kg or more, dependingonthe factors
mentioned above. For repeated administrations over several
days or longer, depending on the condition, the treatment is
sustained until a desired suppression of disease symptoms
occurs. However, other dosage regimens maybe useful. The
progress of this therapy is easily monitored by conventional
techniques andassays.

Further information about suitable dosages is provided in
the Example below.

V. Articles of Manufacture

In another embodiment of the invention, an article of
manufacture containing materials useful for the treatment of
the disorders described above is provided. The article of
manufacture comprises a container, a label and a package
insert. Suitable containers include, for example, bottles, vials,
syringes, etc. The containers may be formed fromavariety of
materials such as glass or plastic. The container holds a com-
position which 1s effective for treating the condition and may
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havea sterile access port (for example the container may be an
intravenoussolution bag or a vial having a stopper pierceable
by ahypodermic injection needle). At least one active agent in
the composition is an anti-ErbB2 antibody. The label on, or
associated with, the container indicates that the composition
is used for treating the condition of choice. The article of
manufacture may further comprise a second container com-
prising a pharmaceutically-acceptable buffer, such as phos-
phate-buffered saline, Ringer’s solution and dextrose solu-
tion. It may further include other materials desirable from a
commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes. In addition, the article
ofmanufacture comprises a package inserts with instructions
for use, including a warning that the compositionis not to be
used in combination with anthacycline-type chemotherapeu-
tic agent, e.g. doxorubicin, or epirubicin.

Deposit of Materials
The following hybridoma cell lines have been deposited

with theAmerican Type Culture Collection, 10801 University
Blvd., Manassas, Va. 20110-2209 (ATCC):

Antibody Designation ATCC No. Deposit Date

7C2 ATCC HB-12215 Oct. 17, 1996
TF3 ATCC HB-12226 Oct. 17, 1996
4D5 ATCC CRL 10463 May 24, 1990

Further details of the invention are illustrated by the fol-
lowing non-limiting Example.

Example

Materials and Methods

Anti-ErbB2 monoclonal antibody The anti-ErbB2 IgG,k
murine monoclonal antibody 4D5, specific for the extracel-
lular domain of ErbB2, was produced as described in Fendly
et al., Cancer Research 50:1550-1558 (1990) and WO89/
06692. Briefly, NIH 313/HER2-3,5, cells (expressing
approximately 1x10° ErbB2 molecules/cell) produced as
described in Hudziak et al. Proc. Natl. Acad. Sci. (USA)
84:7159 (1987) were harvested with phosphate buffered
saline (PBS) containing 25 mM EDTA andused to immunize
BALB/c mice. The mice were given injections i.p. of 10’cells
in 0.5 ml PBS on weeks,0, 2, 5 and 7. The mice with antisera
that immunoprecipitated >?P-labeled ErbB2 were given i.p.
injections of a wheat germ agglutinin-Sepharose (WGA)
purified ErbB2 membrane extract on weeks 9 and 13. This
was followed by an i.v. injection of 0.1 ml of the ErbB2
preparation and the splenocytes were fused with mouse
myeloma line X63-Ag8.653. Hybridoma supernatants were
screened for ErbB2-binding by ELISA and radioimmunopre-
cipitation. MOPC-21 (IgG1), (Cappell, Durham, N.C.), was
used as an isotype-matchedcontrol.

The treatment was performed with a humanizedversion of
the murine 4D5 antibody (HERCEPTIN®). The humanized
antibody was engineered by inserting the complementarity
determining regions of the murine 4D5 antibody into the
framework of a consensus human immunoglobulin IgG,
(gG,) (Carter et al., Proc. Natl. Acad. Sci. USA 89:4285-
4289 [1992]). The resulting humanized anti-ErbB2 mono-
clonal antibody has highaffinity for p185" (Dillohiation con-
stant [K,]=0.1 nmol/L), markedly inhibits, in vitro and in
human xenografts, the growth ofbreast cancer cells that con-
tain high levels of p185”"*?, induces antibody-dependent
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cellular cytotoxicity (ADCC), and has been foundclinically
active, as a single agent, in patients with ErbB2-overexpress-
ing metastatic breast cancers that had received extensive prior
therapy. HERCEPTIN® is produced by a genetically engi-
neered Chinese Hamster Ovary (CHO) cell line, grown in
large scale, that secretes the antibody into the culture
medium. The antibody is purified from the CHO culture
media using standard chromatographic andfiltration meth-
ods. Each lot of antibody used in this study was assayed to
verify identity, purity, and potency, as well as to meet Food
and Drug Administration requirements for sterility and
safety.

Eligibility Criteria Patients had to fulfill all ofthe following
criteria to be eligible for study admission:

Metastatic breast cancer

Overexpression of the ErbB2 (HER2) oncogene (2+ to 3+
as determined by immunochistochemistry or fluores-
cence in situ hybridization (FISH). [Tumor expression
of ErbB2 can be determined by immunohistochemical
analysis, as previously described (Slamonetal., [1987]
and [1989], supra), of a set of thin sections prepared
from the patient’s paraffin-archived tumor blocks. The
primary detecting antibody used is murine 4D5 MAb,
which has the same CDRsas the humanized antibody
used for the treatment. Tumors are considered to over-

express ErbB2 if at least 25% of tumorcells exhibit
characteristic membranestaining for p185”"*"].

Bidimensionally measurable disease (including lytic bone
lesions) by radiographic means, physical examination,
or photographs.

Measurable disease was defined as any mass reproducibly
measurable in two perpendicular diameters by physical
examination, X-ray (plain films), computerized tomography
(CT), magnetic resonance imaging (MRI), ultrasound, or
photographs.

Osteoblastic metastases, pleural effusions, or ascites were
not considered to be measurable. Measurable lesions must be

at least 1 cm in greatest dimension. Enumeration of evaluable
sites of metastatic disease and numberoflesions in an evalu-

able site (e.g. lung) had to be recorded onthe appropriate Case
Report Form (CRF). If a large number of pulmonary or
hepatic lesions were present, the six largest lesions per site
were followed.

Theability to understand and willingness to sign a written
informed consent form

Women= 18 years
Suitable candidates for receiving concomitant cytotoxic

chemotherapy as evidenced by screening laboratory
assessments of hematologic, renal, hepatic, and meta-
bolic functions.

Exclusion Criteria Patients with any of the following were
excluded from study entry:

Prior cytotoxic chemotherapy for metastatic breast cancer
Patients may have received prior hormonaltherapy (e.g.

tamoxifen) for metastatic disease or cytotoxic therapy in
the adjuvantsetting.

Concomitant malignancy that has not been curatively
treated

A performancestatus of <60% on the Karnofsky scale
Pregnant or nursing women; womenofchildbearing poten-

tial, unless using effective contraception as determined
by the investigator

Bilateral breast cancer (either both primary tumors must
have 2+ to 3+ HER2 overexpression, or the metastatic
site must have 2+ to 3+ HER2 overexpression)

Use of investigational or unlicensed agents within 30 days
prior to study entry
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Clinically unstable or untreated metastases to the brain
(e.g. requiring radiation therapy)

Based uponthe foregoing criteria, 469 patients were cho-
sen, and enrolled in the study. Half the patients (stratified by
chemotherapy) were randomized to additionally receive the
HERCEPTIN®antibody (see below).

Administration and Dosage
Anti-ErbB2 Antibody
On day 0, a 4 mg/kg dose of humanized anti-ErbB2 anti-

body (HERCEPTIN®, H) was administered intravenously,
over a 90-minute period. Beginning on day 7, patients
received weekly administration of 2 mg/kg antibody (i.v.)
over a 90-minute period.

Chemotherapy
The patients received one of two chemotherapy regiments

for a minimum ofsix cycles, provided their disease was not
progressing: a) cyclophosphamide and doxorubicin or epiru-
bicin (AC), if patients have not received anthracycline
therapy in the adjuvantsetting, or b) paclitaxel (T, TAXOL®),
if patients have received any anthracycline therapy in the
adjuvant setting. The initial dose of the HERCEPTIN®anti-
body precededthefirst cycle ofeither chemotherapy regimen
by 24 hours. Subsequent doses of the antibody were given
immediately before chemotherapy administration,if the ini-
tial dose ofthe antibody was welltolerated. If the first dose of
the antibody was not well tolerated, subsequent infusions
continued to precede chemotherapy administration by 24
hours. Patients were permitted to continue receiving chemo-
therapy beyond six cycles if, in the opinion ofthe treating
physician, they were continuing to receive treatmentbenefit.

Cyclophosphamide (600 mg/m?) was given either by iv
push over a minimum period of3 minutesor by infusion over
a maximum period of 2 hours.

Doxorubicin (60 mg/m?) or epirubicin (75 mg/m”) were
given either by slow iv push over a minimum period of 3-5
minutes or by infusion over a maximum period of 2 hours,
according to institutional protocol.

Paciltaxel (I[AXOL®) was given at a dose of 175 mg/m?
over 3 hours by intravenous administration. All patients
receiving paclitaxel were premedicated with dexamethasone
(or its equivalent) 20 mgx2, administered orally 12 and 6
hourspriorto paclitaxel; diphenhydramine(orits equivalent)
50 mg,iv, administered 30 minutes prior to paclitaxel, and
dimetidine (or another H, blocker) 300 mg,iv, administered
30 minutesprior to paclitaxel.

ResponseCriteria
Progressive Disease Objective evidence of an increase of

25% or more in any measurable lesion. Progressive disease
also includes those instances when new lesions have

appeared. For bonelesions, progression is defined as a 25%
increase in objective measurementby plain film, CT, MRI;
symptomatic new lesions not due to fracture; or requirement
for palliative radiotherapy.

Complete Response Disappearanceofall radiographically
and/or visually apparent tumor for a minimum of 4 weeks.
Skin and chest wall complete responses had to be confirmed
by biopsy.

Partial Response A reduction ofat least 50% in the sum of
the products of the perpendicular diameters ofall measurable
lesions for a minimum period of4 weeks. No new lesions may
have appeared, nor may any lesions have progressedin size.

Minor Response A reduction of 25% to 49% in the sum of
the products of the perpendicular diameters ofall measurable
lesions. No new lesions may have appeared, nor may any
lesions have progressedin size.

Stable Disease No changeofgreater than 25% in the size of
measurable lesions. No lesions may have appeared.
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Timeto disease progression (TTP) was calculated from the
beginning of therapy to progression. Confidence limits for
response rates were calculated using the exact method for a
single proportion. (Fleiss, J L, Statistical Methodsfor Rates
and Proportions (ed. 2), New York, N.Y., Wiley, 1981, pp
13-17).

Results

Ata median follow-up of 10.5 months, assessments oftime
to disease progression (TTP in months) and responserates
(RR) showeda significant augmentation of the chemothera-
peutic effect by HERCEPTIN®,without increase in overall

10

-continued

Enrolled TTP(months) RR(%) AE(%)

T 89 4.2 25.0 59
T+H 89 7A 57.3 70

*p <0.001 by log-ranktest
**p <0.01 by X?test
CRx: chemotherapy
AC: anthracycline/cyclophosphamide treatment
H: HERCEPTIN ®
T: TAXOL ®

 
   

A syndrome of myocardial dysfunction similar to that
observed with anthracyclines was reported more commonly

 

severe adverse events (AE): 15 with a combined treatment of AC+H (18% Grade 3/4) than
with AC alone (3%), T (0%), or T+H (2%).

These data indicate that the combination of anti-ErbB2

antibody treatment with chemotherapy markedly increases
the clinical benefit, as assessed by response rates and the

Enrolled=TTP(months) RR(%)  AE(%) 20 evaluation of disease progression. However, due to the
increased cardiac side-effects of doxorubicin or epirubicin,

CRx 234 5.5 36.2 66 the combineduse ofanthracyclines with anti-ErbB2 antibody
CRx+H 235 8.6% 62.00** 69 therapy is contraindicated. The results, taking into account
AC 145 65 21 n risk and benefit, favor the combined treatment with HER-

‘ ‘ 25 CEPTIN®andpaclitaxel (TAXOL).
AC+H 146 9.0 64.9 68 The disclosures of all citations in the specification are

expressly incorporated herein by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1
<211> LENGTH: 166
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala Ser Pro Glu
1 5 10 15

Thr His Leu Asp Met Leu Arg His Leu Tyr Gln Gly Cys Gln Val
20 25 30

Val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser
35 40 45

Leu Ser Phe Leu Gln Asp Ile Gln Glu Val Gln Gly Tyr Val Leu
50 55 60

Ile Ala His Asn Gln Val Arg Gln Val Pro Leu Gln Arg Leu Arg
65 70 75

Ile Val Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala
80 85 90

Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr
95 100 105

Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu Arg Ser Leu
110 115 120

Thr Glu Ile Leu Lys Gly Gly Val Leu Ile Gln Arg Asn Pro Glin
125 130 135

Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile Phe His Lys
140 145 150

Asn Asn Gln Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg
155 160 165
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Ala
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<210> SEQ ID NO 2
<211> LENGTH: 32
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

US 7,846,441 B1

-continued

Ser Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro
1 5 10 15

Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln
20

Gly Cys
32

<210> SEQ ID NO 3
<211> LENGTH: 11
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

25 30

Pro Lys Asn Ser Ser Met Ile Ser Asn Thr Pro
1 5

<210> SEQ ID NO 4
<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

His Gln Ser Leu Gly Thr Gln
1 5 7

<210> SEQ ID NO 5
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

His Gln Asn Leu Ser Asp Gly Lys
1 5

<210> SEQ ID NO 6
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

His Gln Asn Ile Ser Asp Gly Lys
1 5

<210> SEQ ID NO 7
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

10 11
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-continued

<400> SEQUENCE: 7

Val Ile Ser Ser His Leu Gly Gln
1 5 8

<210> SEQ ID NO 8
<211> LENGTH: 59
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Val Glu Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val
1 5 10 15

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln
20 25 30

Asn Gly Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys Val
35 40 45

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg
50 55 59

<210> SEQ ID NO 9
<211> LENGTH: 65
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Ser Val Thr
1 5 10 15

Cys Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His Tyr
20 25 30

Lys Asp Pro Pro Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys
35 40 45

Pro Asp Leu Ser Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu
50 55 60

Gly Ala Cys Gln Pro
65
 

The invention claimedis:

1. A method for the treatment of a human patient with a
malignant progressing tumoror cancer characterized by over-
expression of ErbB2 receptor, comprising administering a
combination ofanintact antibody which binds to epitope 4D5
within the ErbB2 extracellular domain sequence and a taxoid,
in the absence of an anthracycline derivative, to the human
patient in an amounteffective to extend the time to disease
progression in said humanpatient, without increasein overall
severe adverse events.

2. The method of claim 1 whereinsaid patient has a malig-
nant tumor.

3. The method of claim 1 wherein said patient has cancer.
4. The methodof claim 3 wherein said canceris selected

from the group consisting of breast cancer, squamouscell
cancer, small-cell lung cancer, non-small cell lung cancer,
gastrointestinal cancer, pancreatic cancer, glioblastoma,cer-
vical cancer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, colon cancer, colorectal cancer, endometrial car-
cinoma,salivary gland carcinoma, kidney cancer, liver can-
cer, prostate cancer, vulval cancer, thyroid cancer, hepatic
carcinoma and various types of head and neck cancer.
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5. The method of claim 4 wherein said cancer is breast
cancer.

6. The method of claim 5 wherein said canceris metastatic
breast carcinoma.

7. The method ofclaim 1 whereinsaid antibodyis a human-
ized 4D5 anti-ErbB2 antibody.

8. The methodofclaim 1 wherein said taxoid is paclitaxel.
9. The method of claim 8 wherein the effective amount of

said combination is lower than the sum of the effective

amounts of said anti-ErbB2 antibody andsaid taxoid, when
administered individually, as single agents.

10. The method of claim 1 wherein efficacy is further
measured by determining the responserate.

11. A method for the treatment of a human patient with
ErbB2 overexpressing progressing metastatic breast cancer,
comprising administering a combination ofa humanized 4D5
anti-ErbB2 antibody and a taxoid, in the absence ofan anthra-
cycline derivative, to the humanpatient in an amounteffective
to extend the time to disease progression in said human
patient, without increase in overall severe adverse events.

12. The method of claim 11 wherein said taxoid is pacli-
taxel.
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13. A methodfor the treatment of a human patient with a
progressing malignant tumoror cancer characterized by over-
expression of ErbB2 receptor, comprising administering a
combination ofa humanized 4D5 anti-ErbB2 antibody which
comprises a human Fc region and that binds to epitope 4D5
within the ErbB2 extracellular domain sequence and a taxoid,
in the absence of an anthracycline derivative, to the human
patient in an amounteffective to extend the time to disease
progression in said humanpatient, without increasein overall
severe adverse events.

5

36

14. A method for the treatment of a human patient with
ErbB2 expressing progressing metastatic breast cancer, com-
prising administering a combination of an antibody which
binds to epitope 4D5 within the extracellular domain
sequence and a taxoid, in the absence of an anthracycline
derivative, to the human patient in an amount effective to
extend the time to disease progression in said human patient,
without increase in overall severe adverse events.



 

 

 

 

EXHIBIT E 
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TREATMENT WITH ANTI-ERBB2 
ANTIBODIES 

This is a continuation of non-provisional application Ser. 
No. 09/208,649, ?led Dec. 10, 1998, Which claims priority 
under 35 USC §119 to provisional application No. 60/069, 
346, ?led Dec. 12, 1997, the entire disclosures of Which are 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by the overexpression of ErbB2. More speci? 
cally, the invention concerns the treatment of human patients 
susceptible to or diagnosed With cancer overexpressing 
ErbB2 With a combination of an anti-ErbB2 antibody and a 
chemotherapeutic agent other than an anthracycline, e.g. 
doxorubicin or epirubicin. 

BACKGROUND OF THE INVENTION 

Proto-oncogenes that encode growth factors and groWth 
factor receptors have been identi?ed to play important roles in 
the pathogenesis of various human malignancies, including 
breast cancer. It has been found that the human ErbB2 gene 
(erbB2, also knoWn as her2, or c-erbB-2), Which encodes a 
185-kd transmembrane glycoprotein receptor (p185HER2) 
related to the epidermal groWth factor receptor (EGFR), is 
overexpressed in about 25% to 30% of human breast cancer 
(Slamon et al., Science 235:177-182 [1987]; Slamon et al., 
Science 244:707-712[1989]). 

Several lines of evidence support a direct role for ErbB2 in 
the pathogenesis and clinical aggressiveness of ErbB2-over 
expressing tumors. The introduction of ErbB2 into non-neo 
plastic cells has been shoWn to cause their malignant trans 
formation (Hudziak et al., Proc. Natl. Acad. Sci. USA 
84:7159-7163 [1987]; DiFiore et al., Science 237: 178-182 
[1987]). Transgenic mice that express HER2 Were found to 
develop mammary tumors (Guy et al., Proc. Natl. Acad. Sci. 
USA 89: 10578-10582 [1992]). 

Antibodies directed against human erbB2 protein products 
and proteins encoded by the rat equivalent of the erbB2 gene 
(neu) have been described. Drebin et al., Cell 41:695-706 
(1985) refer to an IgG2a monoclonal antibody Which is 
directed against the rat neu gene product. This antibody called 
7.16.4 causes doWn-modulation of cell surface p185 expres 
sion on B 104-1-1 cells (NIH-3T3 cells transfected With the 
neu proto-oncogene) and inhibits colony formation of these 
cells. In Drebin et al PNAS (USA) 83:9129-9133 (1986), the 
7.16.4 antibody Was shoWn to inhibit the tumorigenic groWth 
of neu-transformed NIH-3T3 cells as Well as rat neuroblas 
toma cells (from Which the neu oncogene Was initially iso 
lated) implanted into nude mice. Drebin et al. in Oncogene 
2:387-394 (1988) discuss the production ofa panel of anti 
bodies against the rat neu gene product. All of the antibodies 
Were found to exert a cytostatic effect on the groWth of neu 
transforrned cells suspended in soft agar. Antibodies of the 
IgM, IgG2a and IgG2b isotypes Were able to mediate signi? 
cant in vitro lysis of neu-transformed cells in the presence of 
complement, Whereas none of the antibodies Were able to 
mediate high levels of antibody-dependent cellular cytotox 
icity (ADCC) of the neu-transformed cells. Drebin et al. 
Oncogene 2:273-277 (1988) report that mixtures of antibod 
ies reactive With tWo distinct regions on the p185 molecule 
result in synergistic anti-tumor effects on neu-transformed 
NIH-3T3 cells implanted into nude mice. Biological effects 
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2 
of anti-neu antibodies are revieWed in Myers et al., Melh. 
Enzym. 198:277-290 (1991). See also WO94/22478 pub 
lished Oct. 13, 1994. 

Hudziak et al., Mol. Cell. Biol. 9(3):1165-1172 (1989) 
describe the generation of a panel of anti-ErbB2 antibodies 
Which Were characterized using the human breast tumor cell 
line SKBR3. Relative cell proliferation of the SKBR3 cells 
folloWing exposure to the antibodies Was determined by crys 
tal violet staining of the monolayers after 72 hours. Using this 
assay, maximum inhibition Was obtained With the antibody 
called 4D5 Which inhibited cellular proliferation by 56%. 
Other antibodies in the panel, including 7C2 and 7P3, 
reduced cellular proliferation to a lesser extent in this assay. 
Hudziak et al. conclude that the effect of the 4D5 antibody on 
SKBR3 cells Was cytostatic rather than cytotoxic, since 
SKBR3 cells resumed groWth at a nearly normal rate folloW 
ing removal of the antibody from the medium. The antibody 
4D5 Was further found to sensitize p185e’bB2-overexpressing 
breast tumor cell lines to the cytotoxic effects of TNF-ot. See 
also WO89/06692 published Jul. 27, 1989. The anti-ErbB2 
antibodies discussed in Hudziak et al. are further character 
ized in Fendly et al. Cancer Research 50: 1550-1558 (1990); 
Kotts et al In vitro 26(3):59A (1990); Sarup et al. Growth 
Regulation 1:72-82 (1991); Shepard et al. J. Clin. Immunol. 
11(3):117-127 (1991); Kumar et al. Mol. Cell. Biol. 11(2): 
979-986 (1991); LeWis et al. Cancer Immunol. Immunolher. 
37:255-263 (1993); Pietras et al. Oncogene 9:1829-1838 
(1994); Vitetta et al. Cancer Research 54:5301-5309 (1994); 
SliWkoWski et al. J. Biol. Chem. 269(20): 14661-14665 
(1994); Scott et al. J. Biol. Chem. 266:14300-5 (1991); and 
D’souza et al. Proc. NailAcad. Sci. 91:7202-7206 (1994). 

Tagliabue et al. Int. J Cancer 47:933-937 (1991) describe 
tWo antibodies Which Were selected for their reactivity on the 
lung adenocarcinoma cell line (Calu-3) Which overexpresses 
ErbB2. One of the antibodies, called MGR3, Was found to 
internalize, induce phosphorylation of ErbB2, and inhibit 
tumor cell groWth in vitro. 
McKenzie et al. Oncogene 4:543-548 (1989) generated a 

panel of anti-ErbB2 antibodies With varying epitope speci 
?cities, including the antibody designated TA1. This TA1 
antibody Was found to induce accelerated endocytosis of 
ErbB2 (see Maier et al. Cancer Res. 51:5361-5369[1991]). 
Bacus et al. Molecular Carcinogenesis 3:350-362 (1990) 
reported that the TA1 antibody induced maturation of the 
breast cancer cell lines AU-565 (Which overexpresses the 
erbB2 gene) and MCF-7 (Which does not). Inhibition of 
groWth and acquisition of a mature phenotype in these cells 
Was found to be associated With reduced levels of ErbB2 
receptor at the cell surface and transient increased levels in the 
cytoplasm. 

Stancovski et al. PNAS (USA) 88:8691-8695 (1991) gen 
erated a panel of anti-ErbB2 antibodies, injected them i.p. 
into nude mice and evaluated their effect on tumor groWth of 
murine ?broblasts transformed by overexpression of the 
erbB2 gene. Various levels of tumor inhibition Were detected 
for four of the antibodies, but one of the antibodies (N28) 
consistently stimulated tumor groWth. Monoclonal antibody 
N28 induced signi?cant phosphorylation of the ErbB2 recep 
tor, Whereas the other four antibodies generally displayed loW 
or no phosphorylation-inducing activity. The effect of the 
anti-ErbB2 antibodies on proliferation of SKBR3 cells Was 
also assessed. In this SKBR3 cell proliferation assay, tWo of 
the antibodies (N12 and N29) caused a reduction in cell 
proliferation relative to control. The ability of the various 
antibodies to induce cell lysis in vitro via complement-depen 
dent cytotoxicity (CDC) and antibody-mediated cell-depen 
dent cytotoxicity (ADCC) Was assessed, With the authors of 
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this paper concluding that the inhibitory function of the anti 
bodies Was not attributed signi?cantly to CDC or ADCC. 

Bacus et al. CancerResearch 52:2580-2589 (1992) further 
characterized the antibodies described in Bacus et al. (1990) 
and Stancovski et al. of the preceding paragraphs. Extending 
the ip studies of Stancovski et al., the effect of the antibodies 
after iv. injection into nude mice harboring mouse ?broblasts 
overexpressing human ErbB2 Was assessed. As observed in 
their earlier Work, N28 accelerated tumor groWth Whereas 
N12 and N29 signi?cantly inhibited groWth of the ErbB2 
expressing cells. Partial tumor inhibition Was also observed 
With the N24 antibody. Bacus et al. also tested the ability of 
the antibodies to promote a mature phenotype in the human 
breast cancer cell lines AU-565 and MDA-MB453 (Which 
overexpress ErbB2) as Well as MCF-7 (containing loW levels 
of the receptor). Bacus et al. saW a correlation betWeen tumor 
inhibition in vivo and cellular differentiation; the tumor 
stimulatory antibody N28 had no effect on differentiation, 
and the tumor inhibitory action of the N12, N29 and N24 
antibodies correlated With the extent of differentiation they 
induced. 
Xu et al. Int. .1. Cancer 53:401-408 (1993) evaluated a 

panel of anti-ErbB2 antibodies for their epitope binding 
speci?cities, as Well as their ability to inhibit anchorage 
independent and anchorage-dependent groWth of SKBR3 
cells (by individual antibodies and in combinations), modu 
late cell-surface ErbB2, and inhibit ligand stimulated anchor 
age-independent groWth. See also WO94/00136 published 
Jan. 6, 1994 and Kasprzyk et al. Cancer Research 5212771 
2776 (1992) concerning anti-ErbB2 antibody combinations. 
Other anti-ErbB2 antibodies are discussed in Hancock et al. 
Cancer Res. 5124575-4580 (1991); ShaWver et al. Cancer 
Res. 54:1367-1373 (1994); Arteaga et al. Cancer Res. 
54:3758-3765 (1994); and HarWerth et al. .1 Biol. Chem. 
267:15160-15167 (1992). 
A recombinant humanized anti-ErbB2 monoclonal anti 

body (a humanized version of the murine anti-ErbB2 anti 
body 4D5, referred to as rhuMAb HER2 or HERCEPTIN®) 
has been clinically active in patients With ErbB2-overex 
pressing metastatic breast cancers that had received extensive 
prior anti-cancer therapy (Baselga et al., .1. Clin. Oncol. 
14:737-744 [1996]). 
ErbB2 overexpression is commonly regarded as a predictor 

of a poor prognosis, especially in patients With primary dis 
ease that involves axillary lymph nodes (Slamon et al., [1987] 
and [1989], supra Ravdin and Chamness, Gene 159:19-27 
[1995]; and Hynes and Stern, Biochim Biophys Acla 1198: 
165-184 [1994]), and has been linked to sensitivity and/or 
resistance to hormone therapy and chemotherapeutic regi 
mens, including CMF (cyclopho sphamide, methotrexate, and 
?uoruracil) and anthracyclines (Baselga et al., Oncology 1 1 (3 
Suppl 2):43-48 [1997]). HoWever, despite the association of 
ErbB2 overexpression With poor prognosis, the odds of 
HER2-positive patients responding clinically to treatment 
With taxanes Were greater than three times those of HER2 
negative patients (Ibid). rhuMab HER2 Was shoWn to 
enhance the activity of paclitaxel (TAXOL®) and doxorubi 
cin against breast cancer xenografts in nude mice injected 
With BT-474 human breast adenocarcinoma cells, Which 
express high levels of HER2 (Baselga et al., Breast Cancer, 
Proceedings ofASCO, Vol. 13, Abstract 53 [1994]). 

SUMMARY OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by overexpres sion of ErbB2, and is based on the 
recognition that While treatment With anti-ErbB2 antibodies 
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markedly enhances the clinical bene?t of the use of chemo 
therapeutic agents in general, a syndrome of myocardial dys 
function that has been observed as a side-effect of anthracy 
cline derivatives is increased by the administration of anti 
ErbB2 antibodies. 

Accordingly, the invention concerns a method for the treat 
ment of a human patient susceptible to or diagnosed With a 
disorder characterized by overexpression of ErbB2 receptor 
comprising administering a therapeutically effective amount 
of a combination of an anti-ErbB2 antibody and a chemo 
therapeutic agent other than an anthracycline derivative, e.g. 
doxorubicin or epirubicin, in the absence of an anthracycline 
derivative, to the human patient. 
The disorder preferably is a benign or malignant tumor 

characterized by the overexpression of the ErbB2 receptor, 
eg a cancer, such as, breast cancer, squamous cell cancer, 
small-cell lung cancer, non-small cell lung cancer, gas 
trointestinal cancer, pancreatic cancer, glioblastoma, cervical 
cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, colon cancer, colorectal cancer, endometrial car 
cinoma, salivary gland carcinoma, kidney cancer, liver can 
cer, prostate cancer, vulval cancer, thyroid cancer, hepatic 
carcinoma and various types of head and neck cancer. The 
chemotherapeutic agent preferably is a taxoid, such as 
TAXOL® (paclitaxel) or a TAXOL® derivative. 

Although an antiproliferative effect is suf?cient, in a pre 
ferred embodiment, the anti-ErbB2 antibody is capable of 
inducing cell death or is capable of inducing apoptosis. Pre 
ferred anti-ErbB2 antibodies bind the extracellular domain of 
the ErbB2 receptor, and preferably bind to the epitope 4D5 or 
3H4 Within the ErbB2 extracellular domain sequence. More 
preferably, the antibody is the antibody 4D5, most preferably 
in a humanized form. 
The method of the present invention is particularly suitable 

for the treatment of breast or ovarian cancer, characterized by 
the overexpression of the ErbB2 receptor. 

In another aspect, the invention concerns an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, optionally 
a label on or associated With the container that indicates that 
the composition can be used for treating a condition charac 
terized by overexpression of ErbB2 receptor, and a package 
insert containing instructions to avoid the use of anthracy 
cline-type chemotherapeutics in combination With the com 
position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs epitope-mapping of the extracellular domain 
of ErbB2 as determined by truncation mutant analysis and 
site-directed mutagenesis (Nakamura et al. .1. of I/irology 
67(10):6179-6191 [October 1993]; Renz et al. .1. Cell Biol. 
125(6):1395-1406 [June 1994]). The anti-proliferative MAbs 
4D5 and 3H4 bind adjacent to the transmembrane domain. 
The various ErbB2-ECD truncations or point mutations Were 
prepared from cDNA using polymerase chain reaction tech 
nology. The ErbB2 mutants Were expressed as gD fusion 
proteins in a mammalian expression plasmid. This expression 
plasmid uses the cytomegalovirus promoter/enhancer With 
SV40 termination and polyadenylation signals located doWn 
stream of the inserted cDNA. Plasmid DNA Was transfected 
into 293S cells. One day folloWing transfection, the cells Were 
metabolically labeled overnight in methionine and cysteine 
free, loW glucose DMEM containing 1% dialyzed fetal 
bovine serum and 25 uCi each of 35 S methionine and 35S 
cysteine. Supematants Were harvested either the ErbB2 
MAbs or control antibodies Were added to the supernatant 
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and incubated 2-4 hours at 40 C. The complexes Were pre 
cipitated, applied to a 10-20% Tricine SDS gradient gel and 
electrophoresed at 100 V. The gel Was electroblotted onto a 
membrane and analyzed by autoradiography. SEQ ID NOs: 8 
and 9 depict the 3H4 and 4D5 epitopes, respectively. 

FIG. 2 depicts With underlining the amino acid sequence of 
Domain 1 of ErbB2 (SEQ ID NO: 1). Bold amino acids 
indicate the location of the epitope recogniZed by MAbs 7C2 
and 7E3 as determined by deletion mapping, i.e. the “7C2/ 
7E3 epitope” (SEQ ID NO:2). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I. De?nitions 

The terms “HER2”, “ErbB2” “c-Erb-B2” are used inter 
changeably. Unless indicated otherWise, the terms “ErbB2” 
“c-Erb -B2” and “HER2” When used herein refer to the human 
protein and “her2”, “erbB2” and “c-erb-B2” refer to human 
gene. The human erbB2 gene and ErbB2 protein are, for 
example, described in Semba et al., PNAS (USA) 82:6497 
6501 (1985) andYamamoto et al. Nature 319:230-234 (1986) 
(Genebank accession number X03363). ErbB2 comprises 
four domains (Domains 1-4). 

The “epitope 4D5” is the region in the extracellular domain 
of ErbB2 to Which the antibody 4D5 (ATCC CRL 10463) 
binds. This epitope is close to the transmembrane region of 
ErbB2. To screen for antibodies Which bind to the 4D5 
epitope, a routine cross-blocking assay such as that described 
in Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed Harlow and David Lane (1988), can be per 
formed. Alternatively, epitope mapping can be performed 
(see FIG. 1) to assess Whether the antibody binds to the 4D5 
epitope of ErbB2 (i.e. any one or more residues in the region 
from about residue 529, eg about residue 561 to about resi 
due 625, inclusive). 

The “epitope 3H4” is the region in the extracellular domain 
of ErbB2 to Which the antibody 3H4 binds. This epitope is 
shoWn in FIG. 1, and includes residues from about 541 to 
about 599, inclusive, in the amino acid sequence of ErbB2 
extracellular domain. 

The “epitope 7C2/7E3” is the region at the N terminus of 
the extracellular domain of ErbB2 to Which the 7C2 and/or 
7E3 antibodies (each deposited With the ATCC, see beloW) 
bind. To screen for antibodies Which bind to the 7C2/7E3 
epitope, a routine cross-blocking assay such as that described 
in Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed HarloW and David Lane (1988), can be per 
formed. Alternatively, epitope mapping can be performed to 
establish Whether the antibody binds to the 7C2/7E3 epitope 
on ErbB2 (i.e. any one or more of residues in the region from 
about residue 22 to about residue 53 of ErbB2; SEQ ID 
NO:2). 

The term “induces cell deat ” or “capable of inducing cell 
deat ” refers to the ability of the antibody to make a viable 
cell become nonviable. The “cell” here is one Which 
expresses the ErbB2 receptor, especially Where the cell over 
expresses the ErbB2 receptor. A cell Which “overexpresses” 
ErbB2 has signi?cantly higher than normal ErbB2 levels 
compared to a noncancerous cell of the same tissue type. 
Preferably, the cell is a cancer cell, eg a breast, ovarian, 
stomach, endometrial, salivary gland, lung, kidney, colon, 
thyroid, pancreatic or bladder cell. In vitro, the cell may be a 
SKBR3, BT474, Calu 3, MDA-MB-453, MDA-MB-361 or 
SKOV3 cell. Cell death in vitro may be determined in the 
absence of complement and immune effector cells to distin 
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gui sh cell death induced by antibody dependent cellular cyto 
toxicity (ADCC) or complement dependent cytotoxicity 
(CDC). Thus, the assay for cell death may be performed using 
heat inactivated serum (i.e. in the absence of complement) 
and in the absence of immune effector cells. To determine 
Whether the antibody is able to induce cell death, loss of 
membrane integrity as evaluated by uptake of propidium 
iodide (PI), trypan blue (see Moore et al. Cytotechnology 
17: 1-11 [1995]) or 7AAD can be assessed relative to 
untreated cells. Preferred cell death-inducing antibodies are 
those Which induce P1 uptake in the “P1 uptake assay in 
BT474 cells”. 
The phrase “induces apoptosis” or “capable of inducing 

apoptosis” refers to the ability of the antibody to induce 
programmed cell death as determined by binding of annexin 
V, fragmentation of DNA, cell shrinkage, dilation of endo 
plasmic reticulum, cell fragmentation, and/or formation of 
membrane vesicles (called apoptotic bodies). The cell is one 
Which overexpresses the ErbB2 receptor. Preferably the 
“cell” is a tumor cell, e. g. a breast, ovarian, stomach, endome 
trial, salivary gland, lung, kidney, colon, thyroid, pancreatic 
or bladder cell. In vitro, the cell may be a SKBR3, BT474, 
Calu 3 cell, MDA-MB-453, MDA-MB-361 or SKOV3 cell. 
Various methods are available for evaluating the cellular 
events associated With apoptosis. For example, phosphatidyl 
serine (PS) translocation can be measured by annexin bind 
ing; DNA fragmentation can be evaluated through DNA lad 
dering as disclosed in the example herein; and nuclear/chro 
matin condensation along With DNA fragmentation can be 
evaluated by any increase in hypodiploid cells. Preferably, the 
antibody Which induces apoptosis is one Which results in 
about 2 to 50 fold, preferably about 5 to 50 fold, and most 
preferably about 10 to 50 fold, induction of annexin binding 
relative to untreated cell in an “annexin binding assay using 
BT474 cells” (see beloW). 

Sometimes the pro-apoptotic antibody Will be one Which 
blocks HRG binding/ activation of the ErbB2/ErbB3 complex 
(e.g. 7E3 antibody). In other situations, the antibody is one 
Which does not signi?cantly block activation of the ErbB2/ 
ErbB3 receptor complex by HRG (e.g. 7C2). Further, the 
antibody may be one like 7C2 Which, While inducing apop 
tosis, does not induce a large reduction in the percent of cells 
in S phase (eg one Which only induces about 0-10% reduc 
tion in the percent of these cells relative to control). 

The antibody of interest may be one like 7C2 Which binds 
speci?cally to human ErbB2 and does not signi?cantly cross 
react With other proteins such as those encoded by the erbB 1, 
erbB3 and/or erbB4 genes. Sometimes, the antibody may not 
signi?cantly cross-react With the rat neu protein, e.g., as 
described in Schecter et al. Nature 312:513 (1984) and Drebin 
et al., Nature 312:545-548 (1984). In such embodiments, the 
extent of binding of the antibody to these proteins (e.g., cell 
surface binding to endogenous receptor) Will be less than 
about 10% as determined by ?uorescence activated cell sort 
ing (FACS) analysis or radioimmunoprecipitation (RIA). 

“Heregulin” (HRG) When used herein refers to a polypep 
tide Which activates the ErbB2-ErbB3 and ErbB2-ErbB4 pro 
tein complexes (i.e. induces phosphorylation of tyrosine resi 
dues in the complex upon binding thereto). Various heregulin 
polypeptides encompassed by this term are disclosed in 
Holmes et al., Science, 256:1205-1210 (1992); WO 
92/20798; Wen et al., Mol. Cell. Biol, 14(3):1909-1919 
(1994); and Marchionni et al., Nature, 362:312-318 (1993), 
for example. The term includes biologically active fragments 
and/or variants of a naturally occurring HRG polypeptide, 
such as an EGF-like domain fragment thereof (eg 

HRGB1177-244) 
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The “ErbB2-ErbB3 protein complex” and “ErbB2-ErbB4 
protein complex” are noncovalently associated oligomers of 
the ErbB2 receptor and the ErbB3 receptor or ErbB4 receptor, 
respectively. The complexes form When a cell expressing both 
of these receptors is exposed to HRG and can be isolated by 
immunoprecipitation and analyZed by SDS-PAGE as 
described in SliWkoWski et al., J. Biol. Chem, 269(20): 
14661-14665 (1994). 

“Antibodies” (Abs) and “immunoglobulins” (lgs) are gly 
coproteins having the same structural characteristics. While 
antibodies exhibit binding speci?city to a speci?c antigen, 
immunoglobulins include both antibodies and other anti 
body-like molecules Which lack antigen speci?city. Polypep 
tides of the latter kind are, for example, produced at loW levels 
by the lymph system and at increased levels by myelomas. 

“Native antibodies” and “native immunoglobulins” are 
usually heterotetrameric glycoproteins of about 150,000 dal 
tons, composed of tWo identical light (L) chains and tWo 
identical heavy (H) chains. Each light chain is linked to a 
heavy chain by one covalent disul?de bond, While the number 
of disul?de linkages varies among the heavy chains of differ 
ent immunoglobulin isotypes. Each heavy and light chain 
also has regularly spaced intrachain disul?de bridges. Each 
heavy chain has at one end a variable domain (VH) folloWed 
by a number of constant domains. Each light chain has a 
variable domain at one end (VL) and a constant domain at its 
other end; the constant domain of the light chain is aligned 
With the ?rst constant domain of the heavy chain, and the 
light-chain variable domain is aligned With the variable 
domain of the heavy chain. Particular amino acid residues are 
believed to form an interface betWeen the light- and heavy 
chain variable domains. 

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 speci?city 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 
hypervariable regions both in the light-chain and the heavy 
chain variable domains. The more highly conserved portions 
of variable domains are called the frameWork region (PR). 
The variable domains of native heavy and light chains each 
comprise four FR regions, largely adopting a [3-sheet con?gu 
ration, connected by three CDRs, Which form loops connect 
ing, and in some cases forming part of, the [3-sheet structure. 
The CDRs in each chain are held together in close proximity 
by the FRs and, With the CDRs from the other chain, contrib 
ute to the formation of the antigen-binding site of antibodies 
(see Kabat et al., NIH Publ. No. 91-3242, Vol. 1, pages 647 
669 [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 cytotoxicity. 

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 re?ects 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. 

“Fv” is the minimum antibody fragment Which contains a 
complete antigen-recognition and -binding site. This region 
consists of a dimer of one heavy- and one light-chain variable 
domain in tight, non-covalent association. It is in this con 
?guration that the three CDRs of each variable domain inter 
act to de?ne an antigen-binding site on the surface of the 
VH-VL dimer. Collectively, the six CDRs confer antigen 
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8 
binding speci?city to the antibody. HoWever, even a single 
variable domain (or half of an Fv comprising only three CDRs 
speci?c for an antigen) has the ability to recogniZe and bind 
antigen, although at a loWer af?nity than the entire binding 
site. 
The Fab fragment also contains the constant domain of the 

light chain and the ?rst constant domain (CH1) 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 CH1 domain including one or more cysteines from the 
antibody hinge region. Fab'-SH 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. 
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 (7»), based on the 
amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant 
domain of their heavy chains, immunoglobulins can be 
assigned to different classes. There are ?ve major classes of 
immunoglobulins: lgA, lgD, lgE, IgG, and IgM, and several 
of these may be further divided into subclasses (isotypes), 
e.g., lgGl, lgG2, lgG3, lgG4, IgA, and lgA2. The heavy 
chain constant domains that correspond to the different 
classes of immunoglobulins are called 0t, 6, e, y, and u, respec 
tively. The subunit structures and three-dimensional con?gu 
rations of different classes of immunoglobulins are Well 
knoWn. 
The term “antibody” is used in the broadest sense and 

speci?cally covers intact monoclonal antibodies, polyclonal 
antibodies, multispeci?c antibodies (e.g. bispeci?c antibod 
ies) formed from at least tWo intact antibodies, and antibody 
fragments so long as they exhibit the desired biological activ 
ity. 

“Antibody fragments” comprise a portion of an intact anti 
body, preferably the antigen binding or variable region of the 
intact antibody. Examples of antibody fragments include Fab, 
Fab‘, F(ab')2, and Fv fragments; diabodies; linear antibodies 
(Zapata et al. Protein Eng. 8(10): 1057-1062 [1995]); single 
chain antibody molecules; and multispeci?c 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 com 
prising the population are identical except for possible natu 
rally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly speci?c, being 
directed against a single antigenic site. Furthermore, in con 
trast 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. In 
addition to their speci?city, the monoclonal antibodies are 
advantageous in that they are synthesized by the hybridoma 
culture, uncontaminated by other immunoglobulins. The 
modi?er “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 requir 
ing 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 ?rst 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 “monoclonal antibodies” 
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may also be isolated from phage antibody libraries using the 
techniques described in Clackson et al., Nature, 352:624-628 
(1991) andMarks et al.,]. Mol. Biol., 222:581-597 (1991), for 
example. 

The monoclonal antibodies herein speci?cally 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 antibod 
ies derived from another species or belonging to another 
antibody class or subclass, as Well as fragments of such anti 
bodies, so long as they exhibit the desired biological activity 
(U.S. Pat. No. 4,816,567; Morrison et al., Proc. Natl. Acad. 
Sci. USA, 81:6851-6855 [1984]). 

“HumaniZed” forms of non-human (e.g., murine) antibod 
ies are chimeric immunoglobulins, immunoglobulin chains 
or fragments thereof (such as Fv, Fab, Fab‘, F(ab')2 or other 
antigen-binding subsequences of antibodies) Which contain 
minimal sequence derived from non-human immunoglobu 
lin. For the most part, humaniZed antibodies are human 
immunoglobulins (recipient antibody) in Which residues 
from a complementarity determining region (CDR) of the 
recipient are replaced by residues from a CDR of a non 
human species (donor antibody) such as mouse, rat or rabbit 
having the desired speci?city, a?inity, and capacity. In some 
instances, Fv frameWork region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humaniZed antibodies may comprise 
residues Which are found neither in the recipient antibody nor 
in the imported CDR or framework sequences. These modi 
?cations are made to further re?ne and maximize antibody 
performance. In general, the humaniZed antibody Will com 
prise substantially all of at least one, and typically tWo, vari 
able domains, in Which all or substantially all of the CDRs 
correspond to those of a non-human immunoglobulin and all 
or substantially all of the FRs are those of a human immuno 
globulin sequence. The humaniZed antibody optimally also 
Will comprise at least a portion of an immunoglobulin con 
stant region (Fc), typically that of a human immunoglobulin. 
For further details, see Jones et al., Nature, 321 :522-525 
(1986); Reichmann et al., Nature, 332:323-329 (1988); and 
Presta, Curr. Op. Struct. Biol., 2:593-596 (1992). The human 
iZed antibody includes a PRIMATIZEDTM antibody Wherein 
the anti gen-binding region of the antibody is derived from an 
antibody produced by immuniZing macaque monkeys With 
the antigen of interest. 

“Single-chain Fv” or “sFv” antibody fragments comprise 
the VH and VL domains of antibody, Wherein these domains 
are present in a single polypeptide chain. Preferably, the Fv 
polypeptide further comprises a polypeptide linker betWeen 
the VH and VL domains Which enables the sFv to form the 
desired structure for antigen binding. For a revieW of sFv see 
Pluckthun in The Pharmacology ofMonoclonal 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 (V L) in the same polypeptide chain (VH- L). 
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 are described more fully 
in, for example, EP 404,097; WO 93/11161; and Hollinger et 
al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993). 
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An “isolated” antibody is one Which has been identi?ed 

and separated and/ or recovered from a component of its natu 
ral environment. Contaminant components of its natural envi 
ronment are materials Which Would interfere With diagnostic 
or therapeutic uses for the antibody, and may include 
enZymes, hormones, and other proteinaceous or nonproteina 
ceous solutes. In preferred embodiments, the antibody Will be 
puri?ed (1) to greater than 95% by Weight of antibody as 
determined by the LoWry method, and most preferably more 
than 99% by Weight, (2) to a degree su?icient to obtain at least 
15 residues of N-terminal or internal amino acid sequence by 
use of a spinning cup sequenator, or (3) to homogeneity by 
SDS-PAGE under reducing or nonreducing conditions using 
Coomassie blue or, preferably, 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. Ordinarily, hoWever, isolated antibody 
Will be prepared by at least one puri?cation step. 
As used herein, the term “salvage receptor binding 

epitope” refers to an epitope of the Fc region of an IgG 
molecule (e.g., IgGl, IgG2, IgG3, or IgG4) that is responsible 
for increasing the in vivo serum half-life of the IgG molecule. 

“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. 
“Mammal” for purposes of treatment refers to any animal 

classi?ed as a mammal, including humans, domestic and 
farm animals, and 200, sports, or pet animals, such as dogs, 
horses, cats, coWs, etc. Preferably, the mammal is human. 
A “disorder” is any condition that Would bene?t from 

treatment With the anti-ErbB2 antibody. This includes 
chronic and acute disorders or diseases including those patho 
logical conditions Which predispose the mammal to the dis 
order in question. Non-limiting examples of disorders to be 
treated herein include benign and malignant tumors; leuke 
mias and lymphoid malignancies; neuronal, glial, astrocytal, 
hypothalamic and other glandular, macrophagal, epithelial, 
stromal and blastocoelic disorders; and in?ammatory, angio 
genic and immunologic disorders. 
The term “therapeutically effective amount” is used to 

refer to an amount having antiproliferative effect. Preferably, 
the therapeutically effective amount has apoptotic activity, or 
is capable of inducing cell death, and preferably death of 
benign or malignant tumor cells, in particular cancer cells. 
Ef?cacy canbe measured in conventional Ways, depending on 
the condition to be treated. For cancer therapy, e?icacy can, 
for example, be measured by assessing the time to disease 
progression (TTP), or determining the response rates (RR) 
(see the Example beloW). 
The terms “cancer” and “cancerous” refer to or describe the 

physiological condition in mammals that is typically charac 
teriZed by unregulated cell groWth. Examples of cancer 
include, but are not limited to, carcinoma, lymphoma, blas 
toma, sarcoma, and leukemia. More particular examples of 
such cancers include squamous cell cancer, small-cell lung 
cancer, non-small cell lung cancer, gastrointestinal cancer, 
pancreatic cancer, glioblastoma, cervical cancer, ovarian can 
cer, liver cancer, bladder cancer, hepatoma, breast cancer, 
colon cancer, colorectal cancer, endometrial carcinoma, sali 
vary gland carcinoma, kidney cancer, liver cancer, prostate 
cancer, vulval cancer, thyroid cancer, hepatic carcinoma and 
various types of head and neck cancer. 

The term “cytotoxic agent” as used herein refers to a sub 
stance that inhibits or prevents the function of cells and/or 
causes destruction of cells. The term is intended to include 
radioactive isotopes (e.g. I131, I125, Y90 and Re186), chemo 

Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 238 of 636 PageID #: 306



US 7,892,549 B2 
11 

therapeutic agents, and toxins such as enZymatically active 
toxins of bacterial, fungal, plant or animal origin, or frag 
ments thereof. 
A “chemotherapeutic agent” is a chemical compound use 

ful in the treatment of cancer. Examples of chemotherapeutic 
agents include adriamycin, doxorubicin, epirubicin, 5-?uo 
rouracil, cytosine arabinoside (“Ara-C”), cyclophosphamide, 
thiotepa, busulfan, cytoxin, taxoids, e.g. paclitaxel 
(TAXOL®, Bristol-Myers Squibb Oncology, Princeton, N1.) 
and docetaxel (TAXOTERE®, Rhone-Poulenc Rorer, Ant 
ony, France), methotrexate, cisplatin, melphalan, vinblastine, 
bleomycin, etoposide, ifosfamide, mitomycin C, mitox 
antrone, vincristine, vinorelbine, carboplatin, teniposide, 
daunomycin, carminomycin, aminopterin, dactinomycin, 
mitomycins, esperamicins (see US. Pat. No. 4,675,187), 
melphalan and other related nitrogen mustards. Also included 
in this de?nition are hormonal agents that act to regulate or 
inhibit hormone action on tumors such as tamoxifen and 
onapristone. 
A “groWth inhibitory agent” When used herein refers to a 

compound or composition Which inhibits groWth of a cell, 
especially an ErbB2-overexpressing cancer cell either in vitro 
or in vivo. Thus, the groWth inhibitory agent is one Which 
signi?cantly reduces the percentage of ErbB2 overexpressing 
cells in S phase. Examples of groWth inhibitory agents 
include agents that block cell cycle progression (at a place 
other than S phase), such as agents that induce GI arrest and 
M-phase arrest. Classical M-phase blockers include the vin 
cas (vincristine and vinblastine), TAXOL®, and topo II 
inhibitors such as doxorubicin, epirubicin, daunorubicin, eto 
poside, and bleomycin. Those agents that arrest GI also spill 
over into S-phase arrest, for example, DNA alkylating agents 
such as tamoxifen, prednisone, dacarbaZine, mechlore 
thamine, cisplatin, methotrexate, 5-?uorouracil, and ara-C. 
Further information can be found in The Molecular Basis of 
Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled 
“Cell cycle regulation, oncogenes, and antineoplastic drugs” 
by Murakami et al. (WB Saunders: Philadelphia, 1995), espe 
cially p. 13. The 4D5 antibody (and functional equivalents 
thereof) can also be employed for this purpose. 

“Doxorubicin” is an athracycline antibiotic. The full 
chemical name of doxorubicin is (8S-cis)-10-[(3-amino-2,3, 
6-trideoxy-ot-L-lyxo-hexopyrano syl)oxy] -7, 8, 9, 1 O-tetrahy 
dro-6,8,1 1-trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12 
naphthacenedione. 

The term “cytokine” is a generic term for proteins released 
by one cell population Which act on another cell as intercel 
lular mediators. Examples of such cytokines are lymphok 
ines, monokines, and traditional polypeptide hormones. 
Included among the cytokines are groWth hormone such as 
human groWth hormone, N-methionyl human groWth hor 
mone, and bovine groWth hormone; parathyroid hormone; 
thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycopro 
tein hormones such as follicle stimulating hormone (FSH), 
thyroid stimulating hormone (TSH), and luteiniZing hormone 
(LH); hepatic groWth factor; ?broblast groWth factor; prolac 
tin; placental lactogen; tumor necrosis factor-0t and -[3; mul 
lerian-inhibiting substance; mouse gonadotropin-associated 
peptide; inhibin; activin; vascular endothelial groWth factor; 
integrin; thrombopoietin (TPO); nerve groWth factors such as 
NGF-B; platelet-groWth factor; transforming groWth factors 
(TGFs) such as TGF-ot and TGF-B; insulin-like groWth fac 
tor-I and -II; erythropoietin (EPO); osteoinductive factors; 
interferons such as interferon-0t, -[3, and -y; colony stimulat 
ing factors (CSFs) such as macrophage-CSF (M-CSF); 
granulocyte-macrophage-CSF (GM-CSF); and granulocyte 
CSF (G-CSF); interleukins (ILs) such as IL-1, IL-1a, IL-2, 
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IL-3, IL-4, IL-5, L-6, IL-7, IL-8, IL-9, IL-11, IL-12; a tumor 
necrosis factor such as TNF-ot or TNF-B; and other polypep 
tide factors including LIF and kit ligand (KL).As used herein, 
the term cytokine includes proteins from natural sources or 
from recombinant cell culture and biologically active equiva 
lents of the native sequence cytokines. 
The term “prodrug” as used in this application refers to a 

precursor or derivative form of a pharmaceutically active 
substance that is less cytotoxic to tumor cells compared to the 
parent drug and is capable of being enZymatically activated or 
converted into the more active parent form. See, e.g., Wilman, 
“Prodrugs in Cancer Chemotherapy” Biochemical Society 
Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) 
and Stella et al., “Prodrugs: A Chemical Approach to Targeted 
Drug Delivery,” Directed Drug Delivery, Borchardt et al., 
(ed.), pp. 247-267, Humana Press (1985). The prodrugs of 
this invention include, but are not limited to, phosphate-con 
taining prodrugs, thiophosphate-containing prodrugs, sul 
fate-containing prodrugs, peptide-containing prodrugs, 
D-amino acid-modi?ed prodrugs, glycosylated prodrugs, 
[3-lactamcontaining prodrugs, optionally substituted phe 
noxyacetamide-containing prodrugs or optionally substituted 
phenylacetamide-containing prodrugs, 5-?uorocytosine and 
other 5-?uorouridine prodrugs Which can be converted into 
the more active cytotoxic free drug. Examples of cytotoxic 
drugs that can be derivatiZed into a prodrug form for use in 
this invention include, but are not limited to, those chemo 
therapeutic agents described above. 
By “solid phase” is meant a non-aqueous matrix to Which 

the antibodies used in accordance With the present invention 
can adhere. Examples of solid phases encompassed herein 
include those formed partially or entirely of glass (e.g., con 
trolled pore glass), polysaccharides (e.g., agarose), polyacry 
lamides, polystyrene, polyvinyl alcohol and silicones. In cer 
tain embodiments, depending on the context, the solid phase 
can comprise the Well of an assay plate; in others it is a 
puri?cation column (e.g., an a?inity chromatography col 
umn). This term also includes a discontinuous solid phase of 
discrete particles, such as those described in US. Pat. No. 
4,275,149. 
A “liposome” is a small vesicle composed of various types 

of lipids, phospholipids and/or surfactant Which is useful for 
delivery of a drug (such as the anti-ErbB2 antibodies dis 
closed herein and, optionally, a chemotherapeutic agent) to a 
mammal. The components of the liposome are commonly 
arranged in a bilayer formation, similar to the lipid arrange 
ment of biological membranes. 
The term “package insert” is used to refer to instructions 

customarily included in commercial packages of therapeutic 
products, that contain information about the indications, 
usage, dosage, administration, contraindications and/or 
Warnings concerning the use of such therapeutic products. 

II. Production of anti-ErbB2 Antibodies 

A description folloWs as to exemplary techniques for the 
production of the antibodies used in accordance With the 
present invention. The ErbB2 antigen to be used for produc 
tion of antibodies may be, e.g., a soluble form of the extra 
cellular domain of ErbB2 or a portion thereof, containing the 
desired epitope. Alternatively, cells expressing ErbB2 at their 
cell surface (e.g. NIH-3T3 cells transformed to overexpress 
ErbB2; or a carcinoma cell line such as SKBR3 cells, see 
Stancovski et al. PNAS (USA) 88:8691-8695 [1991]) can be 
used to generate antibodies. Other forms of ErbB2 useful for 
generating antibodies Will be apparent to those skilled in the 
art. 
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(i) 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 relevant antigen to a protein that is immuno 
genic in the species to be immunized, e.g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or soy 
bean trypsin inhibitor using a bifunctional or derivatizing 
agent, for example, maleimidobenzoyl sulfosuccinimide 
ester (conjugation through cysteine residues), N-hydroxysuc 
cinimide (through lysine residues), glutaraldehyde, succinic 
anhydride, SOCl2, or RIN:C:NR, Where R and R1 are 
different alkyl groups. 

Animals are immunized against the antigen, immunogenic 
conjugates, or derivatives by combining, e.g., 100 ug or 5 ug 
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 1/5 to 1/10 the original amount of 
peptide 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. 

(ii) Monoclonal Antibodies 
Monoclonal antibodies are 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. Thus, the modi?er “monoclonal” indicates 
the character of the antibody as not being a mixture of discrete 
antibodies. 

For example, the monoclonal antibodies may be made 
using the hybridoma method ?rst described by Kohler et al., 
Nature, 2561495 (1975), or may be made by recombinant 
DNA methods (US. Pat. No. 4,816,567). 

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster, is immunized as hereinabove 
described to elicit lymphocytes that produce or are capable of 
producing antibodies that Will speci?cally 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 polyeth 
ylene glycol, to form a hybridoma 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-de?cient cells. 

Preferred myeloma cells are those that fuse ef?ciently, 
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 and MPC-1 1 mouse tumors available 
from the Salk Institute Cell Distribution Center, San Diego, 
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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, .1. Immunol, 13313001 
(1984); Brodeur et al., Monoclonal Antibody Production 
Techniques andApplications, pp. 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 speci?city 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). 
The binding af?nity of the monoclonal antibody can, for 

example, be determined by the Scatchard analysis of Munson 
et al., Anal. Biochem, 1071220 (1980). 

After hybridoma cells are identi?ed that produce antibod 
ies of the desired speci?city, a?inity, 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 ?uid, or 
serum by conventional immunoglobulin puri?cation proce 
dures such as, for example, protein A-Sepharose, hydroxyla 
patite chromatography, gel electrophoresis, dialysis, or a?in 
ity chromatography. 
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 
ci?cally to genes encoding the heavy and light chains of 
murine 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 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. RevieW 
articles on recombinant expression in bacteria of DNA encod 
ing the antibody include Skerra et al., Curr Opinion in Immu 
nol., 51256-262 (1993) and Pluckthun, Immunol. Revs., 130: 
151-188 (1992). 

In a further embodiment, antibodies or antibody fragments 
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, 3521624-628(1991) 
and Marks et al., J. Mol. Biol., 2221581-597 (1991) describe 
the isolation of murine and human antibodies, respectively, 
using phage libraries. Subsequent publications describe the 
production of high af?nity (nM range) human antibodies by 
chain shuf?ing (Marks et al., Bio/Technology, 101779-783 
[1992]), as Well as combinatorial infection and in vivo recom 
bination as a strategy for constructing very large phage librar 
ies (Waterhouse et al., Nuc. Acids. Res., 2112265-2266 
[1993]). Thus, these techniques are viable alternatives to tra 
ditional monoclonal antibody hybridoma techniques for iso 
lation of monoclonal antibodies. 
The DNA also may be modi?ed, for example, by substi 

tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (US. Pat. No. 4,816,567; Morrison, et al., Proc. 
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NatlAcad. Sci. USA, 8116851 [1984]), or by covalently join 
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 
ing site of an antibody to create a chimeric bivalent antibody 
comprising one antigen-combining site having speci?city for 
an antigen and another antigen-combining site having speci 
?city for a different antigen. 

(iii) Humanized and Human Antibodies 
Methods for humanizing non-human antibodies are Well 

knoWn in the art. Preferably, 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, 3211522-525(1986); Riech 
mann et al., Nature, 3321323-327 (1988); Verhoeyen et al., 
Science, 23911534-1536 [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 antibodies are typi 
cally 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?t” 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 framework region (PR) for the humanized anti 
body (Sims et al., J Immunol, 15112296 (1993); Chothia et 
al., J. Mol. Biol, 1961901 [1987]). Another method uses a 
particular framework region 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, 8914285 (1992); Presta et al., J. 
Immnal, 15112623 [1993]). 

It is further important that antibodies be humanized With 
retention of high a?inity 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 in?uence 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 a?inity for the target antigen(s), is achieved. 
In general, the CDR residues are directly and most substan 
tially involved in in?uencing antigen binding. 
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Alternatively, it is noW possible to produce transgenic ani 

mals (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 anti 
body heavy-chain joining region (J H) 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., Jakobovits et al., Proc. 
Natl. Acad. Sci. USA, 9012551 (1993); Jakobovits et al., 
Nature, 3621255-258 (1993); Bruggermann et al., Year in 
Immuna, 7:33 (1993). Human antibodies can also be derived 
from phage-display libraries (Hoogenboom et al., J. Mol. 
Biol, 2271381 (1991); Marks et al., J. Mal. Biol, 2221581 
597 [1991]). 

(iv) 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 andBiophysical 
Methods 241107-117 (1992) and Brennan et al., Science, 2291 
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 101163 
167 [1992]). According to another approach, F(ab')2 frag 
ments 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. 

(v) Bispeci?c Antibodies 
Bispeci?c antibodies are antibodies that have binding 

speci?cities for at least tWo different epitopes. Exemplary 
bispeci?c antibodies may bind to tWo different epitopes of the 
ErbB2 protein. For example, one arm may bind an epitope in 
Domain 1 of ErbB2 such as the 7C2/7F3 epitope, the other 
may bind a different ErbB2 epitope, eg the 4D5 epitope. 
Other such antibodies may combine an ErbB2 binding site 
With binding site(s) for EGFR, ErbB3 and/or ErbB4. Alter 
natively, an anti-ErbB2 arm may be combined With an arm 
Which binds to a triggering molecule on a leukocyte such as a 
T-cell receptor molecule (e.g. CD2 or CD3), or Fc receptors 
for IgG (FcyR), such as FcyRI (CD64), FcyRII (CD32) and 
FcyRIII (CD16) so as to focus cellular defense mechanisms to 
the ErbB2-expressing cell. Bispeci?c antibodies may also be 
used to localize cytotoxic agents to cells Which express 
ErbB2. These antibodies possess an ErbB2-binding arm and 
an arm Which binds the cytotoxic agent (e.g. saporin, anti 
interferon-ot, vinca alkaloid, ricin A chain, methotrexate or 
radioactive isotope hapten). Bispeci?c antibodies can be pre 
pared as full length antibodies or antibody fragments (e.g. 
F(ab')2bispeci?c antibodies). 

Methods for making bispeci?c antibodies are knoWn in the 
art. Traditional production of full length bispeci?c antibodies 
is based on the coexpression of tWo immunoglobulin heavy 
chain-light chain pairs, Where the tWo chains have different 
speci?cities (Millstein et al., Nature, 3051537-539 [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 
Which only one has the correct bispeci?c structure. Puri?ca 
tion of the correct molecule, Which is usually done by a?inity 
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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 
(1991). 

According to a different approach, antibody variable 
domains With the desired binding speci?cities (antibody-an 
tigen combining sites) are fused to immunoglobulin constant 
domain sequences. The fusion preferably is With an immu 
noglobulin heavy chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to 
have the ?rst heavy-chain constant region (CH1) containing 
the site necessary for light chain binding, present in at least 
one of the fusions. DNAs encoding the immunoglobulin 
heavy chain fusions and, if desired, the immunoglobulin light 
chain, are inserted into separate expression vectors, and are 
co-transfected into a suitable host organism. This provides for 
great ?exibility in adjusting the mutual proportions of the 
three polypeptide fragments in embodiments When unequal 
ratios of the three polypeptide chains used in the construction 
provide the optimum yields. It is, hoWever, possible to insert 
the coding sequences for tWo or all three polypeptide chains 
in one expression vector When the expression of at least tWo 
polypeptide chains in equal ratios results in high yields or 
When the ratios are of no particular signi?cance. 

In a preferred embodiment of this approach, the bispeci?c 
antibodies are composed of a hybrid immunoglobulin heavy 
chain With a ?rst binding speci?city in one arm, and a hybrid 
immunoglobulin heavy chain-light chain pair (providing a 
second binding speci?city) in the other arm. It Was found that 
this asymmetric structure facilitates the separation of the 
desired bispeci?c compound from unWanted immunoglobu 
lin chain combinations, as the presence of an immunoglobu 
lin light chain in only one half of the bispeci?c molecule 
provides for a facile Way of separation. This approach is 
disclosed in WO 94/04690. For further details of generating 
bispeci?c antibodies see, for example, Suresh et al., Methods 
in Enzymology, 1211210 (1986). 

According to another approach described in WO96/2701 1, 
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 
ferred interface comprises at least a part of the C H3 domain of 
an antibody constant domain. In this method, one or more 
small amino acid side chains from the interface of the ?rst 
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 (eg alanine or 
threonine). This provides a mechanism for increasing the 
yield of the heterodimer over other unWanted end-products 
such as homodimers. 

Bispeci?c 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 (US. Pat. No. 4,676, 
980), and for treatment of HIV infection (WO 91/003 60, W0 
92/200373, and EP 03089). Heteroconjugate antibodies may 
be made using any convenient cross-linking methods. Suit 
able cross-linking agents are Well knoWn in the art, and are 
disclosed in US. Pat. No. 4,676,980, along With a number of 
cross-linking techniques. 

Techniques for generating bispeci?c antibodies from anti 
body fragments have also been described in the literature. For 
example, bispeci?c antibodies can be prepared using chemi 
cal linkage. Brennan et al., Science, 229:81 (1985) describe a 
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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 
sodium arsenite to stabiliZe vicinal dithiols and prevent inter 
molecular disul?de formation. The Fab‘ fragments generated 
are then converted to thionitrobenZoate (TNB) derivatives. 
One of the Fab'-TNB derivatives is then reconver‘ted to the 
Fab'-thiol by reduction With mercaptoethylamine and is 
mixed With an equimolar amount of the other Fab'-TNB 
derivative to form the bispeci?c antibody. The bispeci?c anti 
bodies produced can be used as agents for the selective immo 
biliZation of enZymes. 

Recent progress has facilitated the direct recovery of Fab‘ 
SH fragments from E. coli, Which can be chemically coupled 
to form bispeci?c antibodies. Shalaby et al., J. Exp. Med, 
175:217-225 (1992) describe the production of a fully 
humanized bispeci?c antibody F(ab')2 molecule. Each Fab‘ 
fragment Was separately secreted from E. coli and subjected 
to directed chemical coupling in vitro to form the bispeci?c 
antibody. The bispeci?c 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 bispeci?c 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispeci?c antibodies 
have been produced using leucine Zippers. Kostelny et al., J. 
ImmunoL, 148(5): 1 547-1553 (1992). The leucine Zipper pep 
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 bispeci?c antibody fragments. The fragments 
comprise a heavy-chain variable domain (VH) connected to a 
light-chain variable domain (V L) by a linker Which is too short 
to alloW pairing betWeen the tWo domains on the same chain. 
Accordingly, the VH and VL domains of one fragment are 
forced to pair With the complementary VL and VH domains of 
another fragment, thereby forming tWo anti gen-binding sites. 
Another strategy for making bispeci?c antibody fragments by 
the use of single-chain Fv (sFv) dimers has also been 
reported. See Gruber et al., J. ImmunoL, 15215368 (1994). 

Antibodies With more than tWo valencies are contem 
plated. For example, trispeci?c antibodies can be prepared. 
Tutt et al. J. Immunol. 147160 (1991). 

(vi) Screening for Antibodies With the Desired Properties 
Techniques for generating antibodies have been described 

above. Those antibodies having the characteristics described 
herein are selected. 

To select for antibodies Which induce cell death, loss of 
membrane integrity as indicated by, e.g., PI, trypan blue or 
7AAD uptake is assessed relative to control. The preferred 
assay is the “PI uptake assay using BT474 cells”. According 
to this assay, BT474 cells (Which can be obtained from the 
American Type Culture Collection [Rockville, Md.]) are cul 
tured in Dulbecco’s Modi?ed Eagle Medium (D-MEM): 
Ham’s F-12 (50:50) supplemented With 10% heat-inactivated 
FBS (Hyclone) and 2 mM L-glutamine. (Thus, the assay is 
performed in the absence of complement and immune effec 
tor cells). The BT474 cells are seeded at a density of 3x 1 06 per 
dish in 100><20 mm dishes and alloWed to attach overnight. 
The medium is then removed and replaced With fresh medium 
alone or medium containing 10 ug/ml of the appropriate 
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MAb. The cells are incubated for a 3 day time period. Fol 
loWing each treatment, monolayers are Washed With PBS and 
detached by trypsiniZation. Cells are then centrifuged at 1200 
rpm for 5 minutes at 40 C., the pellet resuspended in 3 ml ice 
cold Ca2+ binding buffer (10 mM Hepes, pH 7.4, 140 mM 
NaCl, 2.5 mM CaCl2) and aliquoted into 35 mm strainer 
capped 12><75 tubes (1 ml per tube, 3 tubes per treatment 
group) for removal of cell clumps. Tubes then receive PI (10 
ug/ml). Samples may be analyZed using a FACSCANTM ?oW 
cytometer and FACSCONVERTTM CellQuest softWare (Bec 
ton Dickinson). Those antibodies Which induce statistically 
signi?cant levels of cell death as determined by PI uptake are 
selected. 

In order to select for antibodies Which induce apoptosis, an 
“annexin binding assay using BT474 cells” is available. The 
BT474 cells are cultured and seeded in dishes as discussed in 
the preceding paragraph. The medium is then removed and 
replaced With fresh medium alone or medium containing 10 
ug/ml of the MAb. Following a three day incubation period, 
monolayers are Washed With PBS and detached by tryp siniZa 
tion. Cells are then centrifuged, resuspended in Ca2+ binding 
buffer and aliquoted into tubes as discussed above for the cell 
death assay. Tubes then receive labeled annexin (e. g. annexin 
V-FTIC) (1 ug/ml). Samples may be analyZed using a FAC 
SCANTM ?oW cytometer and FACSCONVERTTM CellQuest 
softWare (Becton Dickinson). Those antibodies Which induce 
statistically signi?cant levels of annexin binding relative to 
control are selected as apoptosis-inducing antibodies. 

In addition to the annexin binding assay, a “DNA staining 
assay using BT474 cells” is available. In order to perform this 
assay, BT474 cells Which have been treated With the antibody 
of interest as described in the preceding tWo paragraphs are 
incubated With 9 ug/ml HOECHST 33342TM for 2 hr at 370 
C., then analyZed on an EPICS ELITETM ?oW cytometer 
(Coulter Corporation) using MODFIT LTTM softWare (Verity 
SoftWare House). Antibodies Which induce a change in the 
percentage of apoptotic cells Which is 2 fold or greater (and 
preferably 3 fold or greater) than untreated cells (up to 100% 
apoptotic cells) may be selected as pro-apoptotic antibodies 
using this assay. 

To screen for antibodies Which bind to an epitope on ErbB2 
bound by an antibody of interest, a routine cross-blocking 
assay such as that described in Antibodies, A Laboratory 
Manual, Cold Spring Harbor Laboratory, Ed HarloW and 
David Lane (1988), can be performed. Alternatively, epitope 
mapping can be performed by methods knoWn in the art. 

To identify anti-ErbB2 antibodies Which inhibit groWth of 
SKBR3 cells in cell culture by 50-100%, the SKBR3 assay 
described in WO89/06692 can be performed. According to 
this assay, SKBR3 cells are groWn in a 1:1 mixture of P12 and 
DMEM medium supplemented With 10% fetal bovine serum, 
glutamine and penicillinstreptomycin. The SKBR3 cells are 
plated at 20,000 cells in a 35 mm cell culture dish (2 mls/35 
mm dish). 2.5 ug/ml of the anti-ErbB2 antibody is added per 
dish. After six days, the number of cells, compared to 
untreated cells are counted using an electronic COULTERTM 
cell counter. Those antibodies Which inhibit groWth of the 
SKBR3 cells by 50-100% are selected for combination With 
the apoptotic antibodies as desired. 

(vii) Effector Function Engineering 
It may be desirable to modify the antibody of the invention 

With respect to effector function, so as to enhance the effec 
tiveness of the antibody in treating cancer, for example. For 
example cysteine residue(s) may be introduced in the Fc 
region, thereby alloWing interchain disul?de bond formation 
in this region. The homodimeric antibody thus generated may 
have improved internalization capability and/ or increased 
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complement-mediated cell killing and antibody-dependent 
cellular cytotoxicity (ADCC). See Caron et al., J. Exp. Med. 
176:1 191-1195 (1992) and Shopes, B. J Immunol.148:2918 
2922 (1992). Homodimeric antibodies With enhanced anti 
tumor activity may also be prepared using heterobifunctional 
cross-linkers as described in Wolff et al. Cancer Research 
53:2560-2565 (1993). Alternatively, an antibody can be engi 
neered Which has dual Fc regions and may thereby have 
enhanced complement lysis and ADCC capabilities. See 
Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989). 

(viii) Immunoconjugates 
The invention also pertains to immunoconjugates compris 

ing the antibody described herein conjugated to a cytotoxic 
agent such as a chemotherapeutic agent, toxin (eg an enZy 
matically active toxin of bacterial, fungal, plant or animal 
origin, or fragments thereof), or a radioactive isotope (i.e., a 
radioconjugate). 

Chemotherapeutic agents useful in the generation of such 
immunoconjugates have been described above. EnZymati 
cally active toxins and fragments thereof Which can be used 
include diphtheria A chain, nonbinding active fragments of 
diphtheria toxin, exotoxin A chain (from Pseudomonas 
aeruginosa), ricinA chain, abrinA chain, modeccinA chain, 
alpha-sarcin, Aleuri Zes fordi i proteins, dianthin proteins, Phy 
Zolaca americana proteins (PAPI, PAPII, and PAP-S), 
momordica charantia inhibitor, curcin, crotin, sapaonaria 
o?icinalis inhibitor, gelonin, mitogellin, restrictocin, pheno 
mycin, enomycin and the tricothecenes. A variety of radio 
nuclides are available for the production of radioconjugated 
anti-ErbB2 antibodies. Examples include 212Bi, 131I, 131In, 
90Y and 186Re. 

Conjugates of the antibody and cytotoxic agent are made 
using a variety of bifunctional protein coupling agents such as 
N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), 
iminothiolane (IT), bifunctional derivatives of imidoesters 
(such as dimethyl adipimidate HCL), active esters (such as 
disuccinimidyl suberate), aldehydes (such as glutarelde 
hyde), bis-aZido compounds (such as bis (p-aZidobenZoyl) 
hexanediamine), bis-diaZonium derivatives (such as bis-(p 
diaZoniumbenZoyl)-ethylenediamine), diisocyanates (such 
as tolyene 2,6-diisocyanate), and bis-active ?uorine com 
pounds (such as 1,5-di?uoro-2,4-dinitrobenZene). For 
example, a ricin immunotoxin canbe prepared as described in 
Vitetta et al. Science 238:1098 (1987). Carbon-14-labeled 
1 -isothiocyanatobenZyl-3 -methyldiethylene triaminepen 
taacetic acid (MXDTPA) is an exemplary chelating agent for 
conjugation of radionucleotide to the antibody. See WO94/ 
1 1026. 

In another embodiment, the antibody may be conjugated to 
a “receptor” (such streptavidin) for utiliZation in tumor pre 
targeting Wherein the antibody-receptor conjugate is admin 
istered to the patient, folloWed by removal of unbound con 
jugate from the circulation using a clearing agent and then 
administration of a “ligand” (e. g. avidin) Which is conjugated 
to a cytotoxic agent (eg a radionucleotide). 

(ix) Immunoliposomes 
The anti-ErbB2 antibodies disclosed herein may also be 

formulated as immunoliposomes. Liposomes containing the 
antibody are prepared by methods knoWn in the art, such as 
described in Epstein et al., Proc. Natl. Acad. Sci. USA, 
82:3688 (1985); HWang et al., Proc. Natl. Acad. Sci. USA, 
77:4030 (1980); and US. Pat. Nos. 4,485,045 and 4,544,545. 
Liposomes With enhanced circulation time are disclosed in 
US. Pat. No. 5,013,556. 

Particularly useful liposomes can be generated by the 
reverse phase evaporation method With a lipid composition 
comprising phosphatidylcholine, cholesterol and PEG-de 
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rivatized phosphatidylethanolamine (PEG-PE). Liposomes 
are extruded through ?lters of de?ned pore size to yield 
liposomes With the desired diameter. Fab' fragments of the 
antibody of the present invention can be conjugated to the 
liposomes as described in Martin et al. Biol. Chem. 257: 
286-288 (1982) via a disul?de interchange reaction. A che 
motherapeutic agent is optionally contained Within the lipo 
some. See Gabizon et al. .1. National Cancer Inst. 81(19)1484 

(1989). 
(x) Antibody Dependent Enzyme Mediated Prodrug 

Therapy (ADEPT) 
The antibodies of the present invention may also be used in 

ADEPT by conjugating the antibody to a prodrug-activating 
enzyme Which converts a prodrug (eg a peptidyl chemo 
therapeutic agent, see WO81/01145) to an active anti-cancer 
drug. See, for example, WO. 88/07378 and US. Pat. No. 
4,975,278. 

The enzyme component of the immunoconjugate useful 
for ADEPT includes any enzyme capable of acting on a 
prodrug in such a Way so as to covert it into its more active, 
cytotoxic form. 
Enzymes that are useful in the method of this invention 

include, but are not limited to, alkaline phosphatase useful for 
converting phosphate-containing prodrugs into free drugs; 
arylsulfatase useful for converting sulfate-containing pro 
drugs into free drugs; cytosine deaminase useful for convert 
ing non-toxic 5-?uorocytosine into the anti-cancer drug, 
5-?uorouracil; proteases, such as serratia protease, thermol 
ysin, subtilisin, carboxypeptidases and cathepsins (such as 
cathepsins B and L), that are useful for converting peptide 
containing prodrugs into free drugs; D-alanylcarboxypepti 
dases, useful for converting prodrugs that contain D-amino 
acid substituents; carbohydrate-cleaving enzymes such as 
[3-galactosidase and neuraminidase useful for converting gly 
cosylated prodrugs into free drugs; [3-lactamase useful for 
converting drugs derivatized With [3-lactams into free drugs; 
and penicillin amidases, such as penicillinV amidase or peni 
cillin G amidase, useful for converting drugs derivatized at 
their amine nitrogens With phenoxyacetyl or phenylacetyl 
groups, respectively, into free drugs.Altematively, antibodies 
With enzymatic activity, also knoWn in the art as “abzymes”, 
can be used to convert the prodrugs of the invention into free 
active drugs (see, e.g., Massey, Nature 328:457-458 [1987]). 
Antibody-abzyme conjugates can be prepared as described 
herein for delivery of the abzyme to a tumor cell population. 

The enzymes of this invention can be covalently bound to 
the anti-ErbB2 antibodies by techniques Well known in the art 
such as the use of the heterobifunctional crosslinking 
reagents discussed above. Alternatively, fusion proteins com 
prising at least the antigen binding region of an antibody of 
the invention linked to at least a functionally active portion of 
an enzyme of the invention can be constructed using recom 
binant DNA techniques Well knoWn in the art (see, e.g., Neu 
berger et al., Nature, 312:604-608 [1984]). 

(xi) Antibody-salvage Receptor Binding Epitope Fusions 
In certain embodiments of the invention, it may be desir 

able to use an antibody fragment, rather than an intact anti 
body, to increase tumor penetration, for example. In this case, 
it may be desirable to modify the antibody fragment in order 
to increase its serum half life. This may be achieved, for 
example, by incorporation of a salvage receptor binding 
epitope into the antibody fragment (eg by mutation of the 
appropriate region in the antibody fragment or by incorporat 
ing the epitope into a peptide tag that is then fused to the 
antibody fragment at either end or in the middle, e. g., by DNA 
or peptide synthesis). 
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A systematic method for preparing such an antibody vari 

ant having an increased in vivo half-life comprises several 
steps. The ?rst involves identifying the sequence and confor 
mation of a salvage receptor binding epitope of an Fc region 
of an IgG molecule. Once this epitope is identi?ed, the 
sequence of the antibody of interest is modi?ed to include the 
sequence and conformation of the identi?ed binding epitope. 
After the sequence is mutated, the antibody variant is tested to 
see if it has a longer in vivo half-life than that of the original 
antibody. If the antibody variant does not have a longer in vivo 
half-life upon testing, its sequence is further altered to include 
the sequence and conformation of the identi?ed binding 
epitope. The altered antibody is tested for longer in vivo 
half-life, and this process is continued until a molecule is 
obtained that exhibits a longer in vivo half-life. 
The salvage receptor binding epitope being thus incorpo 

rated into the antibody of interest is any suitable such epitope 
as de?ned above, and its nature Will depend, e. g., on the type 
of antibody being modi?ed. The transfer is made such that the 
antibody of interest still possesses the biological activities 
described herein. 
The epitope preferably constitutes a region Wherein any 

one or more amino acid residues from one or tWo loops of a Fc 

domain are transferred to an analogous position of the anti 
body fragment. Even more preferably, three or more residues 
from one or tWo loops of the Fc domain are transferred. Still 
more preferred, the epitope is taken from the CH2 domain of 
the Fc region (e.g., of an IgG) and transferred to the CH1, 
CH3, or VH region, or more than one such region, of the 
antibody. Alternatively, the epitope is taken from the CH2 
domain of the Fc region and transferred to the C L region orVL 
region, or both, of the antibody fragment. 

In one most preferred embodiment, the salvage receptor 
binding epitope comprises the sequence (5' to 3'): PKNS 
SMISNTP (SEQ ID NO:3), and optionally further comprises 
a sequence selected from the group consisting of HQSLGTQ 
(SEQ ID NO:4), HQNLSDGK (SEQ ID NO:5), HQNISDGK 
(SEQ ID NO:6), orVISSHLGQ (SEQ ID NO:7), particularly 
Where the antibody fragment is a Fab or F(ab')2. In another 
most preferred embodiment, the salvage receptor binding 
epitope is a polypeptide containing the sequence(s)(5' to 3'): 
HQNLSDGK (SEQ ID NO: 5), HQNISDGK (SEQ ID NO: 6), 
or VISSHLGQ (SEQ ID NO:7) and the sequence: PKNS 
SMISNTP (SEQ ID NO:3). 

(xii) Puri?cation of Anti-ErbB2 Antibody 
When using recombinant techniques, the antibody can be 

produced intracellularly, in the periplasmic space, or directly 
secreted into the medium. If the antibody is produced intra 
cellularly, as a ?rst step, the particulate debris, either host 
cells or lysed fragments, is removed, for example, by cen 
trifugation or ultra?ltration. Carter et al., Bio/Technology 
10:163-167 (1992) describe a procedure for isolating anti 
bodies Which are secreted to the periplasmic space of E. coli. 
Brie?y, cell paste is thaWed in the presence of sodium acetate 
(pH 3.5), EDTA, and phenylmethylsulfonyl?uoride (PMSF) 
over about 30 min. Cell debris can be removed by centrifu 
gation. Where the antibody is secreted into the medium, 
supematants from such expression systems are preferably 
?rst concentrated using a commercially available protein con 
centration ?lter, for example, an Amicon or Millipore Pelli 
con ultra?ltration unit. A protease inhibitor such as PMSF 
may be included in any of the foregoing steps to inhibit 
proteolysis and antibiotics may be included to prevent the 
groWth of adventitious contaminants. 
The antibody composition prepared from the cells can be 

puri?ed using, for example, hydroxylapatite chromatogra 
phy, gel electrophoresis, dialysis, and a?inity chromatogra 
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phy, With af?nity chromatography being the preferred puri? 
cation technique. The suitability of protein A as an a?inity 
ligand depends on the species and isotype of any immuno 
globulin Fc domain that is present in the antibody. ProteinA 
can be used to purify antibodies that are based on human Y1, 
Y2, or Y4 heavy chains (Lindmark et al., J. Immnol. Melh. 
6211-13 [1983]). Protein G is recommended for all mouse 
isotypes and for human Y3 (Guss et al., EMBOJ. 5: 15671575 
[1986]). The matrix to Which the a?inity ligand is attached is 
most often agarose, but other matrices are available. 
Mechanically stable matrices such as controlled pore glass or 
poly(styrenedivinyl)benZene alloW for faster ?oW rates and 
shorter processing times than can be achieved With agarose. 
Where the antibody comprises a C H3 domain, the Bakerbond 
ABXTM resin (J. T. Baker, Phillipsburg, N1.) is useful for 
puri?cation. Other techniques for protein puri?cation such as 
fractionation on an ion-exchange column, ethanol precipita 
tion, Reverse Phase HPLC, chromatography on silica, chro 
matography on heparin SEPHAROSETM chromatography on 
an anion or cation exchange resin (such as a polyaspartic acid 
column), chromatofocusing, SDS-PAGE, and ammonium 
sulfate precipitation are also available depending on the anti 
body to be recovered. 

FolloWing any preliminary puri?cation step(s), the mixture 
comprising the antibody of interest and contaminants may be 
subjected to loW pH hydrophobic interaction chromatogra 
phy using an elution buffer at a pH betWeen about 2.5-4.5, 
preferably performed at loW salt concentrations (eg from 
about 0-0.25M salt). 

Ill. Pharmaceutical Formulations 

Therapeutic formulations of the antibodies used in accor 
dance With the present invention are prepared for storage by 
mixing an antibody having the desired degree of purity With 
optional pharmaceutically acceptable carriers, excipients or 
stabiliZers (Remington's Pharmaceutical Sciences 16th edi 
tion, Osol, A. Ed. [1980]), in the form of lyophiliZed formu 
lations or aqueous solutions. Acceptable carriers, excipients, 
or stabiliZers are nontoxic to recipients at the dosages and 
concentrations employed, and include buffers such as phos 
phate, citrate, and other organic acids; antioxidants including 
ascorbic acid and methionine; preservatives (such as octade 
cyldimethylbenZyl ammonium chloride; hexamethonium 
chloride; benZalkonium chloride, benZethonium chloride; 
phenol, butyl or benZyl alcohol; alkyl parabens such as 
methyl or propyl paraben; catechol; resorcinol; cyclohex 
anol; 3-pentanol; and m-cresol); loW molecular Weight (less 
than about 10 residues) polypeptides; proteins, such as serum 
albumin, gelatin, or immunoglobulins; hydrophilic polymers 
such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalose or 
sorbitol; salt-forming counter-ions such as sodium; metal 
complexes (e.g. Zn-protein complexes); and/ or non-ionic sur 
factants such as TWEENTM, PLURONICSTM 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 activities 
that do not adversely affect each other. For example, it may be 
desirable to further provide antibodies Which bind to EGFR, 
ErbB2 (eg an antibody Which binds a different epitope on 
ErbB2), ErbB3, ErbB4, or vascular endothelial factor 
(VEGF) in the one formulation. Alternatively, or in addition, 
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the composition may comprise a cytotoxic agent, cytokine or 
groWth inhibitory agent, provided that the cytotoxic agent is 
other than an anthracycline derivative, e.g. doxorubicin, or 
epirubicin. Such molecules are suitably present in combina 
tion in amounts that are effective for the purpose intended. 
The active ingredients may also be entrapped in microcap 

sules prepared, for example, by coacervation techniques or by 
interfacial polymerization, for example, hydroxymethylcel 
lulose or gelatin-microcapsules and poly-(methylmethacy 
late) microcapsules, respectively, in colloidal drug delivery 
systems (for example, liposomes, albumin microspheres, 
microemulsions, nanoparticles and nanocapsules) or in mac 
roemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 

The formulations to be used for in vivo administration must 
be sterile. This is readily accomplished by ?ltration through 
sterile ?ltration membranes. 

Sustained-release preparations may be prepared. Suitable 
examples of sustained-release preparations include semiper 
meable matrices of solid hydrophobic polymers containing 
the antibody, Which matrices are in the form of shaped 
articles, e. g. ?lms, or microcapsules. Examples of sustained 
release matrices include polyesters, hydrogels (for example, 
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), 
polylactides (US. Pat. No. 3,773,919), copolymers of 
L-glutamic acid and y ethyl-L-glutamate, non-degradable 
ethylene-vinyl acetate, degradable lactic acid-glycolic acid 
copolymers such as the LUPRON DEPOTTM (injectable 
microspheres composed of lactic acid-glycolic acid copoly 
mer and leuprolide acetate), and poly-D-(-)-3-hydroxybu 
tyric acid. While polymers such as ethylene-vinyl acetate and 
lactic acid-glycolic acid enable release of molecules for over 
100 days, certain hydrogels release proteins for shorter time 
periods. When encapsulated antibodies remain in the body for 
a long time, they may denature or aggregate as a result of 
exposure to moisture at 370 C., resulting in a loss of biological 
activity and possible changes in immunogenicity. Rational 
strategies can be devised for stabiliZation depending on the 
mechanism involved. For example, if the aggregation mecha 
nism is discovered to be intermolecular SiS bond formation 
through thio-disul?de interchange, stabiliZation may be 
achieved by modifying sulfhydryl residues, lyophiliZing from 
acidic solutions, controlling moisture content, using appro 
priate additives, and developing speci?c polymer matrix 
compositions. 

IV. Treatment With the Anti-ErbB2 Antibodies 

It is contemplated that, according to the present invention, 
the anti-ErbB2 antibodies may be used to treat various con 
ditions characterized by overexpression and/or activation of 
the ErbB2 receptor. Exemplary conditions or disorders 
include benign or malignant tumors (e. g. renal, liver, kidney, 
bladder, breast, gastric, ovarian, colorectal, prostate, pancre 
atic, lung, vulval, thyroid, hepatic carcinomas; sarcomas; 
glioblastomas; and various head and neck tumors); leukemias 
and lymphoid malignancies; other disorders such as neu 
ronal, glial, astrocytal, hypothalamic and other glandular, 
macrophagal, epithelial, stromal and blastocoelic disorders; 
and in?ammatory, angiogenic and immunologic disorders. 
The antibodies of the invention are administered to a 

human patient, in accord With knoWn methods, such as intra 
venous administration as a bolus or by continuous infusion 

over a period of time, by intramuscular, intraperitoneal, 
intracerobrospinal, subcutaneous, intra-articular, intrasyn 
ovial, intrathecal, oral, topical, or inhalation routes. Intrave 
nous administration of the antibody is preferred. 
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The treatment of the present invention involved the com 
bined administration of an anti-ErbB2 antibody and a chemo 
therapeutic agent, other than an anthracycline derivative. The 
combined administration includes coadministration, using 
separate formulations or a single pharmaceutical formula 
tion, and consecutive administration in either order, Wherein 
preferably there is a time period While both (or all) active 
agents simultaneously exert their biological activities. Prepa 
ration and dosing schedules for such chemotherapeutic 
agents may be used according to manufacturers’ instructions 
or as determined empirically by the skilled practitioner. 
Preparation and dosing schedules for such chemotherapy are 
also described in Chemotherapy Service Ed., M. C. Perry, 
Williams & Wilkins, Baltimore, Md. (1992). The chemo 
therapeutic agent may precede, or folloW administration of 
the antibody or may be given simultaneously thereWith. The 
antibody may be combined With an anti-estrogen compound 
such as tamoxifen or an anti-progesterone such as onapris 
tone (see, EP 616 812) in dosages knoWn for such molecules. 

It may be desirable to also administer antibodies against 
other tumor associated antigens, such as antibodies Which 
bind to the EGFR, ErbB3, ErbB4, or vascular endothelial 
factor (VEGF). Alternatively, or in addition, tWo or more 
anti-ErbB2 antibodies may be co-administered to the patient. 
Sometimes, it may be bene?cial to also administer one or 
more cytokines to the patient. In a preferred embodiment, the 
ErbB2 antibody is co-administered With a groWth inhibitory 
agent. For example, the groWth inhibitory agent may be 
administered ?rst, folloWed by the ErbB2 antibody. HoWever, 
simultaneous administration or administration of the ErbB2 
antibody ?rst is also contemplated. Suitable dosages for the 
growth inhibitory agent are those presently used and may be 
loWered due to the combined action (synergy) of the groWth 
inhibitory agent and anti-ErbB2 antibody. 

For the prevention or treatment of disease, the appropriate 
dosage of antibody Will depend on the type of disease to be 
treated, as de?ned above, the severity and course of the dis 
ease, Whether the antibody is administered for preventive or 
therapeutic purposes, previous therapy, the patient’s clinical 
history and response to the antibody, and the discretion of the 
attending physician. The antibody is suitably administered to 
the patient at one time or over a series of treatments. 

Depending on the type and severity of the disease, about 1 
ug/kg to 15 mg/kg (e.g. 0.1-20 mg/kg) of antibody is an initial 
candidate dosage for administration to the patient, Whether, 
for example, by one or more separate administrations, or by 
continuous infusion. A typical daily dosage might range from 
about 1 ug/kg to 100 mg/kg or more, depending on the factors 
mentioned above. For repeated administrations over several 
days or longer, depending on the condition, the treatment is 
sustained until a desired suppression of disease symptoms 
occurs. HoWever, other dosage regimens may be useful. The 
progress of this therapy is easily monitored by conventional 
techniques and assays. 

Further information about suitable dosages is provided in 
the Example beloW. 

V. Articles of Manufacture 

In another embodiment of the invention, an article of 
manufacture containing materials useful for the treatment of 
the disorders described above is provided. The article of 
manufacture comprises a container, a label and a package 
insert. Suitable containers include, for example, bottles, vials, 
syringes, etc. The containers may be formed from a variety of 
materials such as glass or plastic. The container holds a com 
position Which is effective for treating the condition and may 
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have a sterile access port (for example the container may be an 
intravenous solution bag or a vial having a stopper pierceable 
by a hypodermic injection needle). At least one active agent in 
the composition is an anti-ErbB2 antibody. The label on, or 
associated With, the container indicates that the composition 
is used for treating the condition of choice. The article of 
manufacture may further comprise a second container com 
prising a pharmaceutically-acceptable buffer, such as phos 
phate-buffered saline, Ringer’s solution and dextrose solu 
tion. It may further include other materials desirable from a 
commercial and user standpoint, including other buffers, 
diluents, ?lters, needles, and syringes. In addition, the article 
of manufacture comprises a package inserts With instructions 
for use, including a Warning that the composition is not to be 
used in combination With anthacycline-type chemotherapeu 
tic agent, e.g. doxorubicin, or epirubicin. 

DEPOSIT OF MATERIALS 

The folloWing hybridoma cell lines have been deposited 
With the American Type Culture Collection, 12301 ParklaWn 
Drive, Rockville, Md., USA (ATCC): 

Antibody Designation ATCC No. Deposit Date 

7C2 ATCC HB-12215 Oct. 17, 1996 
7P3 ATCC HB-12216 Oct. 17, 1996 
4D5 ATCC CRL 10463 May 24, 1990 

Further details of the invention are illustrated by the fol 
loWing non-limiting Example. 

EXAMPLE 

Materials and Methods 

Anti-ErbB2 monoclonal antibody The anti-ErbB2 lgGlK 
murine monoclonal antibody 4D5, speci?c for the extracel 
lular domain of ErbB2, Was produced as described in Fendly 
et al., Cancer Research 50:1550-1558 (1990) and WO89/ 
06692. Brie?y, NIH 3T3HER2-3400 cells (expressing 
approximately 1><105 ErbB2 molecules/cell) produced as 
described in Hudziak et al. Proc. Natl. Acad. Sci. (USA) 
8417159 (1987) Were harvested With phosphate buffered 
saline (PBS) containing 25 mM EDTA and used to immunize 
BALB/ c mice. The mice Were given injections i.p. of 107 cells 
in 0.5 ml PBS on Weeks, 0, 2, 5 and 7. The mice With antisera 
that immunoprecipitated 32P-labeled ErbB2 Were given i.p. 
injections of a Wheat germ agglutinin-Sepharose (WGA) 
puri?ed ErbB2 membrane extract on Weeks 9 and 13. This 
Was folloWed by an iv. injection of 0.1 ml of the ErbB2 
preparation and the splenocytes Were fused With mouse 
mycloma line X63-Ag8.653. Hybridoma supematants Were 
screened for ErbB2-binding by ELISA and radioimmunopre 
cipitation. MOPC-21 (IgG1), (Cappell, Durham, NC), Was 
used as an isotype-matched control. 

The treatment Was performed With a humanized version of 
the murine 4D5 antibody (HERCEPTIN®). The humanized 
antibody Was engineered by inserting the complementarity 
determining regions of the murine 4D5 antibody into the 
frameWork of a consensus human immunoglobulin IgGl 
(IgGl) (Carter et al., Proc. Natl. Acad. Sci. USA 8914285 
4289 [1992]). The resulting humanized anti-ErbB2 mono 
clonal antibody has high a?inity for p185HER2 (Dillohiation 
constant [Kd]:0.1 nmol/ L), markedly inhibits, in vitro and in 
human xenografts, the groWth of breast cancer cells that con 
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tain high levels of p185”"**, induces antibody-dependent
cellular cytotoxicity (ADCC), and has been foundclinically
active, as a single agent, in patients with ErbB2-overexpress-
ing metastatic breast cancers that had received extensive prior
therapy. HERCEPTIN® is produced by a genetically engi-
neered Chinese Hamster Ovary (CHO) cell line, grown in
large scale, that secretes the antibody into the culture
medium. The antibody is purified from the CHO culture
media using standard chromatographic andfiltration meth-
ods. Each lot of antibody used in this study was assayed to
verify identity, purity, and potency, as well as to meet Food
and Drug Administration requirements for sterility and
safety.

Eligihility Criteria Patients had to fulfill all ofthe following
criteria to be eligible for study admission:

Metastatic breast cancer

Overexpression of the ErbB2 (HER2) oncogene (2+ to 3+
as determined by immunochistochemistry or fluores-
cence in situ hybridization (FISH). [Tumor expression
of ErbB2 can be determined by immunohistochemical
analysis, as previously described (Slamonetal., [1987]
and [1989], supra), of a set of thin sections prepared
from the patient’s paraffin-archived tumor blocks. The
primary detecting antibody used is murine 4D5 MAb,
which has the same CDRsas the humanized antibody
used for the treatment. Tumors are considered to over-

express ErbB2 if at least 25% of tumorcells exhibit
characteristic membranestaining for p185”"*"].

Bidimensionally measurable disease (including lytic bone
lesions) by radiographic means, physical examination,
or photographs

Measurable disease was defined as any mass reproducibly
measurable in two perpendicular diameters by physical
examination, X-ray (plain films), computerized tomography
(CT), magnetic resonance imaging (MRI), ultrasound, or
photographs.

Osteoblastic metastases, pleural effusions, or ascites were
not considered to be measurable. Measurable lesions must be

at least 1 cm in greatest dimension. Enumeration of evaluable
sites of metastatic disease and numberoflesions in an evalu-

able site (e.g. lung) had to be recorded on the appropriate Case
Report Form (CRF). If a large number of pulmonary or
hepatic lesions were present, the six largest lesions per site
were followed.

Theability to understand and willingness to sign a written
informed consent form

Women= 18 years
Suitable candidates for receiving concomitant cytotoxic

chemotherapy as evidenced by screening laboratory
assessments of hematologic, renal, hepatic, and meta-
bolic functions.

Exclusion Criteria Patients with any of the following were
excluded from study entry:

Prior cytotoxic chemotherapy for metastatic breast cancer
Patients may have received prior hormonaltherapy (e.g.

tamoxifen) for metastatic disease or cytotoxic therapy in
the adjuvantsetting.

Concomitant malignancy that has not been curatively
treated

A performancestatus of <60% on the Karnofsky scale
Pregnant or nursing women; womenofchildbearing poten-

tial, unless using effective contraception as determined
by the investigator

Bilateral breast cancer (either both primary tumors must
have 2+ to 3+HER2 overexpression, or the metastatic
site must have 2+ to 3+HER2 overexpression)
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Useof investigational or unlicensed agents within 30 days
prior to study entry

Clinically unstable or untreated metastases to the brain
(e.g. requiring radiation therapy)

Based uponthe foregoing criteria, 469 patients were cho-
sen, and enrolled in the study. Half the patients (stratified by
chemotherapy) were randomized to additionally receive the
HERCEPTIN®antibody (see below).

Administration and Dosage
Anti-ErbB2 Antibody
On day 0, a 4 mg/kg dose of humanized anti-ErbB2 anti-

body (HERCEPTIN®, H) was administered intravenously,
over a 90-minute period. Beginning on day 7, patients
received weekly administration of 2 mg/kg antibody (i.v.)
over a 90-minute period.

Chemotherapy
The patients received one of two chemotherapy regiments

for a minimum ofsix cycles, provided their disease was not
progressing: a) cyclophosphamide and doxorubicin or epiru-
bicin (AC), if patients have not received anthracycline
therapy in the adjuvantsetting, or b) paclitaxel (T, TAXOL®),
if patients have received any anthracycline therapy in the
adjuvant setting. The initial dose of the HERCEPTIN®anti-
body precededthefirst cycle ofeither chemotherapy regimen
by 24 hours. Subsequent doses of the antibody were given
immediately before chemotherapy administration,if the ini-
tial dose ofthe antibody was welltolerated. If the first dose of
the antibody was not well tolerated, subsequent infusions
continued to precede chemotherapy administration by 24
hours. Patients were permitted to continue receiving chemo-
therapy beyond six cycles if, in the opinion ofthe treating
physician, they were continuing to receive treatmentbenefit.

Cyclophosphamide (600 mg/m) was given either by iv
push over a minimum period of3 minutesor by infusion over
a maximum period of 2 hours.

Doxorubicin (60 mg/m?) or epirubicin (75 mg/m”) were
given either by slow iv push over a minimum period of 3-5
minutes or by infusion over a maximum period of 2 hours,
according to institutional protocol.

Paciltaxel (TAXOL®) was given at a dose of 175 mg/m?
over 3 hours by intravenous administration. All patients
receiving paclitaxel were premedicated with dexamethasone
(or its equivalent) 20 mgx2, administered orally 12 and 6
hourspriorto paclitaxel; diphenhydramine(orits equivalent)
50 mg,iv, administered 30 minutes prior to paclitaxel, and
dimetidine (or another H2 blocker) 300 mg,iv, administered
30 minutesprior to paclitaxel.

ResponseCriteria
Progressive Disease Objective evidence of an increase of

25% or more in any measurable lesion. Progressive disease
also includes those instances when new lesions have

appeared. For bonelesions, progression is defined as a 25%
increase in objective measurementby plain film, CT, MRI;
symptomatic new lesions not due to fracture; or requirement
for palliative radiotherapy.

Complete Response Disappearanceofall radiographically
and/or visually apparent tumor for a minimum of 4 weeks.
Skin and chest wall complete responses had to be confirmed
by biopsy.

Partial Response A reduction ofat least 50% in the sum of
the products of the perpendicular diameters ofall measurable
lesions for a minimum period of4 weeks. No new lesions may
have appeared, nor may any lesions have progressedin size.

Minor Response A reduction of 25% to 49% in the sum of
the products of the perpendicular diameters ofall measurable
lesions. No new lesions may have appeared, nor may any
lesions have progressedin size.
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Stable Disease No changeofgreater than 25% in the size of
measurable lesions. No lesions may have appeared.

Timeto disease progression (TTP) was calculated from the
beginning of therapy to progression. Confidence limits for
response rates were calculated using the exact method for a
single proportion. (Fleiss, J L, Statistical Methodsfor Rates
and Proportions (ed.2), New York, N.Y., Wiley, 1981, pp
13-17).

RESULTS

Ata median follow-up of 10.5 months, assessments oftime
to disease progression (TTP in months) and responserates

10

-continued

Enrolled TTP(months) RR(%) AE(%)

T 89 4.2 25.0 59
T+H 89 7A 57.3 70

*p < 0.001 by log-ranktest
**p < 0.001 by X?test
CRx: chemotherapy
AC: anthracycline/cyclophosphamide treatment
H: HERCEPTIN ®
T: TAXOL ®

 
   

A syndrome of myocardial dysfunction similar to that
observed with anthracyclines was reported more commonly

 

oo . 15 with a combined treatment of AC+H (18% Grade *4) than
(RR) showeda significant augmentation of the chemothera- with AC alone (3%), T (0%), or T+H One) ). . . : 0), 0), 0).

peutic effect by HERCEPTIN®,without increase in overall These data indicate that the combination of anti-ErbB2
severe adverse events (AE): antibody treatment with chemotherapy markedly increases

the clinical benefit, as assessed by response rates and the
20 evaluation of disease progression. However, due to the

increased cardiac side-effects of doxorubicin or epirubicin,oO 0 . . . . .

Enrolled TTP(months) RR%)——AE(%) the combineduseofanthracyclineswith anti-ErbB2 antibody
CRx 34 55 36.2 66 therapy is contraindicated. The results, taking into account
CRx +H 235 8.6% 62.00%" 69 risk and benefit, favor the combined treatment with HER-
AC 145 6.5 42.1 71 25. CEPTIN® and paclitaxel (TAXOL®).
AC+H 146 9.0 64.9 68 The disclosures of all citations in the specification are

expressly incorporated herein by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1
<211> LENGTH: 166
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala Ser Pro Glu
1 5 10 15

Thr His Leu Asp Met Leu Arg His Leu Tyr Gln Gly Cys Gln Val
20 25 30

Val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser
35 40 45

Leu Ser Phe Leu Gln Asp Ile Gln Glu Val Gln Gly Tyr Val Leu
50 55 60

Ile Ala His Asn Gln Val Arg Gln Val Pro Leu Gln Arg Leu Arg
65 70 75

Ile Val Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala
80 85 90

Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr
95 100 105

Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu Arg Ser Leu
110 115 120

Thr Glu Ile Leu Lys Gly Gly Val Leu Ile Gln Arg Asn Pro Glin
125 130 135

Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile Phe His Lys
140 145 150

Asn Asn Gln Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg
155 160 165



Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 249 of 636 PageID #: 317Case 1:18-cv-00924-CFC-SRF Document3 Filed 06/21/18

Ala
166

<21
<21
<21
<21

<40

US 7,892,549 B2
31

-continued

O> SEQ ID NO 2
1> LENGTH: 32
2> TYPE: PRT

3> ORGANISM: Homo sapiens

O> SEQUENCE: 2

Ser Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro
1 5 10 15

Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln

Gly

<21
<21
<21
<21

<40

Cys
32

20 25

O> SEQ ID NO 3
1> LENGTH: 11
2> TYPE: PRT
3> ORGANISM:

O> SEQUENCE:

Pro Lys Asn Ser
1

<210> SEQ ID NO
<21
<21

1> LENGTH: 7
2> TYPE: PRT

<213> ORGANISM:

<400> SEQUENCE:

His Gln Ser Leu
1

<21
<21
<21
<21

<40

O> SEQ ID NO
1> LENGTH: 8
2> TYPE: PRT
3> ORGANISM:

O> SEQUENCE:

His Gln Asn Leu
1

<210> SEQ ID NO
<21
<21

1> LENGTH: 8
2> TYPE: PRT

<213> ORGANISM:

<400> SEQUENCE:

His Gln Asn Ile

<2
<2
<2
<2

O> SEQ ID NO
1> LENGTH: 8
2> TYPE: PRT
3> ORGANISM:

<400> SEQUENCE:

Va

<2
<2

 Ile Ser Ser

Homo sapiens

3

Ser Met Ile Ser Asn Thr Pro
5 100611

Homo sapiens

4

Gly Thr Gln
5 7

Homo sapiens

5

Ser Asp Gly Lys
5 8

Homo sapiens

6

Ser Asp Gly Lys
5 8

Homo sapiens

7

His Leu Gly Gln
5 8

O> SEQ ID NO 8
1> LENGTH: 59

30
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-continued

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Val Glu Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val
1 5 10 15

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln
20 25 30

Asn Gly Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys Val
35 40 45

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg
50 55 59

<210> SEQ ID NO 9
<211> LENGTH: 65
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Ser Val Thr
1 5 10 15

Cys Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His Tyr
20 25 30

Lys Asp Pro Pro Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys
35 40 45

Pro Asp Leu Ser Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu
50 55 60

Gly Ala Cys Gln Pro
65

The invention claimedis:

1. A method for the treatment of a human patient with
breast cancer that overexpresses ErbB2 receptor, comprising
administering a combination ofan antibodythat binds ErbB2,
a taxoid, and a further growth inhibitory agent to the human
patient in an amounteffective to extend the time to disease
progression in the human patient, wherein the antibody binds
to epitope 4D5 within the ErbB2 extracellular domain
sequence.

2. The methodofclaim 1 wherein the antibody is a human-
ized 4D5 anti-ErbB2 antibody.

3. The method of claim 1 wherein the antibody cross-
blocks binding of 4D5 to the ErbB2 extracellular domain
sequence.

4. The method of claim 1 wherein the antibody binds to
amino acid residues in the region from about residue 529 to
about residue 625 of the ErbB2 extracellular domain
sequence.

5. A method for the treatment of a human patient with
breast cancer characterized by overexpression of ErbB2
receptor, comprising administering an effective amount of a
combination of an anti-ErbB2 antibody which binds epitope
4D5 within the ErbB2 extracellular domain sequence,a tax-
oid, and a further therapeutic agent, to the human patient.

6. The method of claim 5 wherein the breast cancer is
metastatic breast carcinoma.

7. The methodofclaim 5 wherein the antibody is a human-
ized 4D5 anti-ErbB2 antibody.

8. The method of claim 7 wherein the antibody is admin-
istered as a 4 mg/kg dose and then weekly administration of 2
mg/kg.

40

45

50

55

60

9. The methodof claim 5 wherein the taxoidis paclitaxel.

10. The method ofclaim 5 whereinefficacy is measured by
determining the time to disease progression or the response
rate.

11. The methodofclaim 5, wherein the further therapeutic
agent is selected from the group consisting of: another ErbB2
antibody, EGFR antibody, ErbB3 antibody, ErbB4 antibody,
vascular endothelial growth factor (VEGF) antibody, cytok-
ine, and growth inhibitory agent.

12. The method of claim 5 wherein the further therapeutic
agent is another ErbB2 antibody.

13. The method of claim 5 wherein the further therapeutic
agent is a vascular endothelial growth factor (VEGF) anti-
body.

14. The method of claim 5 wherein the further therapeutic
agent is a growth inhibitory agent.

15. The method of claim 14 wherein the growth inhibitory
agent is a DNA alkylating agent.

16. A method for the treatment of a human patient with
ErbB2 overexpressing breast cancer, comprising administer-
ing a combination of an antibody that binds epitope 4D5
within the ErbB2 extracellular domain sequence,a taxoid and
a further growth inhibitory agent, in the absence of an anthra-
cycline derivative, to the humanpatient in an amounteffective
to extendthe timeto disease progression in the human patient.

17. The method of claim 16 wherein the breast canceris
metastatic breast carcinoma.
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TREATMENT WITH ANTI-ERBB2 
ANTIBODIES 

This application is a continuation of US. application Ser. 
No. 11/780,640, ?led Jul. 20, 2007, now US. Pat. No. 8,075, 
892 Which application is a divisional of US. application Ser. 
No. 10/909,998, ?ledAug. 2, 2004, Which is a continuation of 
US. application Ser. No. 09/209,023, ?led Dec. 10, 1998 
(noW abandoned) Which claims priority under 35 U.S.C. Sec 
tion 119(e) and the bene?t of US. Provisional Application 
Ser. No. 60/069,346, ?led Dec. 12, 1997, the entire disclo 
sures of Which are hereby incorporated by reference. 

SEQUENCE LISTING 

The instant application contains a Sequence Listing Which 
has been submitted in ASCII format via EFS-Web and is 
hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Sep. 30, 201 1, is named GNE0329C.txt and 
is 5,761 bytes in size. 

FIELD OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by the overexpression of ErbB2. More speci? 
cally, the invention concerns the treatment of human patients 
susceptible to or diagnosed With cancer overexpressing 
ErbB2 With a combination of an anti-ErbB2 antibody and a 
chemotherapeutic agent other than an anthracycline, e.g. 
doxorubicin or epirubicin. The invention further provides a 
method of treating cancer in a human patient comprising 
administering effective amounts of an anti-ErbB2 antibody 
and a cardioprotectant to the patient. 

BACKGROUND OF THE INVENTION 

Proto-oncogenes that encode groWth factors and groWth 
factor receptors have been identi?ed to play important roles in 
the pathogenesis of various human malignancies, including 
breast cancer. It has been found that the human ErbB2 gene 
(erbB2, also knoWn as her2, or c-erbB-2), Which encodes a 
185-kd transmembrane glycoprotein receptor (p185HER2) 
related to the epidermal groWth factor receptor (EGFR), is 
overexpressed in about 25% to 30% of human breast cancer 
(Slamon et al., Science 235:177-182 [1987]; Slamon et al., 
Science 244:707-712 [1989]). 

Several lines of evidence support a direct role for ErbB2 in 
the pathogenesis and clinical aggressiveness of ErbB2-over 
expressing tumors. The introduction of ErbB2 into non-neo 
plastic cells has been shoWn to cause their malignant trans 
formation (Hudziak et al., Proc. Natl. Acad. Sci. USA 
84:7159-7163 [1987]; DiFiore et al., Science 237:178-182 
[1987]). Transgenic mice that express HER2 Were found to 
develop mammary tumors (Guy et al., Proc. Natl. Acad. Sci. 
USA 89:10578-10582 [1992]). 

Antibodies directed against human erbB2 protein products 
and proteins encoded by the rat equivalent of the erbB2 gene 
(neu) have been described. Drebin et al., Cell 41:695-706 
(1985) refer to an IgG2a monoclonal antibody Which is 
directed against the rat neu gene product. This antibody called 
7.16.4 causes doWn-modulation of cell surface p185 expres 
sion on B104-1-1 cells (NIH-3T3 cells transfected With the 
neu proto-oncogene) and inhibits colony formation of these 
cells. In Drebin et al. PNAS (USA) 83:9129-9133 (1986), the 
7.16.4 antibody Was shoWn to inhibit the tumorigenic groWth 
of neu-transformed NIH-3T3 cells as Well as rat neuroblas 
toma cells (from Which the neu oncogene Was initially iso 
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2 
lated) implanted into nude mice. Drebin et al. in Oncogene 
2:387-394 (1988) discuss the production ofa panel of anti 
bodies against the rat neu gene product. All of the antibodies 
Were found to exert a cytostatic effect on the groWth of neu 
transforrned cells suspended in soft agar. Antibodies of the 
IgM, IgG2a and IgG2b isotypes Were able to mediate signi? 
cant in vitro lysis of neu-transformed cells in the presence of 
complement, Whereas none of the antibodies Were able to 
mediate high levels of antibody-dependent cellular cytotox 
icity (ADCC) of the neu-transformed cells. Drebin et al. 
Oncogene 2:273-277 (1988) report that mixtures of antibod 
ies reactive With tWo distinct regions on the p185 molecule 
result in synergistic anti-tumor effects on neu-transformed 
NIH-3T3 cells implanted into nude mice. Biological effects 
of anti-neu antibodies are revieWed in Myers et al., Melh. 
Enzym. 198:277-290 (1991). See also WO94/22478 pub 
lished Oct. 13, 1994. 

Hudziak et al., Mol. Cell. Biol. 9(3):1165-1172 (1989) 
describe the generation of a panel of anti-ErbB2 antibodies 
Which Were characterized using the human breast tumor cell 
line SKBR3. Relative cell proliferation of the SKBR3 cells 
folloWing exposure to the antibodies Was determined by crys 
tal violet staining of the monolayers after 72 hours. Using this 
assay, maximum inhibition Was obtained With the antibody 
called 4D5 Which inhibited cellular proliferation by 56%. 
Other antibodies in the panel, including 7C2 and 7P3, 
reduced cellular proliferation to a lesser extent in this assay. 
Hudziak et al. conclude that the effect of the 4D5 antibody on 
SKBR3 cells Was cytostatic rather than cytotoxic, since 
SKBR3 cells resumed groWth at a nearly normal rate folloW 
ing removal of the antibody from the medium. The antibody 
4D5 Was further found to sensitize p185e’bB2-overexpressing 
breast tumor cell lines to the cytotoxic effects of TNF-ot. See 
also WO89/06692 published Jul. 27, 1989. The anti-ErbB2 
antibodies discussed in Hudziak et al. are further character 
ized in Fendly et al. Cancer Research 50: 1550-1558 (1990); 
Kotts et al. In Vitro 26(3):59A (1990); Sarup et al. Growth 
Regulation 1:72-82 (1991); Shepard et al. J. Clin. Immunol. 
11(3):117-127 (1991); Kumar et al. Mol. Cell. Biol. 11(2): 
979-986 (1991); LeWis et al. Cancer Immunol. Immunolher. 
37:255-263 (1993); Pietras et al. Oncogene 9:1829-1838 
(1994); Vitetta et al. Cancer Research 54:5301-5309 (1994); 
SliWkoWski et al. J. Biol. Chem. 269(20): 14661-14665 
(1994); Scott et al. J. Biol. Chem. 266:14300-5 (1991); and 
D’souza et al. Proc. Natl. Acad. Sci. 91:7202-7206 (1994). 

Tagliabue et al. Int. J Cancer 47:933-937 (1991) describe 
tWo antibodies Which Were selected for their reactivity on the 
lung adenocarcinoma cell line (Calu-3) Which overexpresses 
ErbB2. One of the antibodies, called MGR3, Was found to 
internalize, induce phosphorylation of ErbB2, and inhibit 
tumor cell groWth in vitro. 
McKenzie et al. Oncogene 4:543-548 (1989) generated a 

panel of anti-ErbB2 antibodies With varying epitope speci 
?cities, including the antibody designated TA1. This TA1 
antibody Was found to induce accelerated endocytosis of 
ErbB2 (see Maier et al. Cancer Res. 51:5361-5369 [1991]). 
Bacus et al. Molecular Carcinogenesis 3:350-362 (1990) 
reported that the TA1 antibody induced maturation of the 
breast cancer cell lines AU-565 (Which overexpresses the 
erbB2 gene) and MCF-7 (Which does not). Inhibition of 
groWth and acquisition of a mature phenotype in these cells 
Was found to be associated With reduced levels of ErbB2 
receptor at the cell surface and transient increased levels in the 
cytoplasm. 

Stancovski et al. PNAS (USA) 88:8691-8695 (1991) gen 
erated a panel of anti-ErbB2 antibodies, injected them i.p. 
into nude mice and evaluated their effect on tumor groWth of 

Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 259 of 636 PageID #: 327



US 8,425,908 B2 
3 

murine ?broblasts transformed by overexpression of the 
erbB2 gene. Various levels of tumor inhibition Were detected 
for four of the antibodies, but one of the antibodies (N28) 
consistently stimulated tumor groWth. Monoclonal antibody 
N28 induced signi?cant phosphorylation of the ErbB2 recep 
tor, Whereas the other four antibodies generally displayed loW 
or no phosphorylation-inducing activity. The effect of the 
anti-ErbB2 antibodies on proliferation of SKBR3 cells Was 
also assessed. In this SKBR3 cell proliferation assay, tWo of 
the antibodies (N12 and N29) caused a reduction in cell 
proliferation relative to control. The ability of the various 
antibodies to induce cell lysis in vitro via complement-depen 
dent cytotoxicity (CDC) and antibody-mediated cell-depen 
dent cytotoxicity (ADCC) Was assessed, With the authors of 
this paper concluding that the inhibitory function of the anti 
bodies Was not attributed signi?cantly to CDC or ADCC. 

Bacus et al. CancerResearch 52:2580-2589 (1992) further 
characterized the antibodies described in Bacus et al. (1990) 
and Stancovski et al. of the preceding paragraphs. Extending 
the ip studies of Stancovski et al., the effect of the antibodies 
after iv. injection into nude mice harboring mouse ?broblasts 
overexpressing human ErbB2 Was assessed. As observed in 
their earlier Work, N28 accelerated tumor groWth Whereas 
N12 and N29 signi?cantly inhibited groWth of the ErbB2 
expressing cells. Partial tumor inhibition Was also observed 
With the N24 antibody. Bacus et al. also tested the ability of 
the antibodies to promote a mature phenotype in the human 
breast cancer cell lines AU-565 and MDA-MB453 (Which 
overexpress ErbB2) as Well as MCF-7 (containing loW levels 
of the receptor). Bacus et al. saW a correlation betWeen tumor 
inhibition in vivo and cellular differentiation; the tumor 
stimulatory antibody N28 had no effect on differentiation, 
and the tumor inhibitory action of the N12, N29 and N24 
antibodies correlated With the extent of differentiation they 
induced. 
Xu et al. Int. .1. Cancer 53:401-408 (1993) evaluated a 

panel of anti-ErbB2 antibodies for their epitope binding 
speci?cities, as Well as their ability to inhibit anchorage 
independent and anchorage-dependent groWth of SKBR3 
cells (by individual antibodies and in combinations), modu 
late cell-surface ErbB2, and inhibit ligand stimulated anchor 
age-independent groWth. See also WO94/00136 published 
Jan. 6, 1994 and Kasprzyk et al. Cancer Research 52:2771 
2776 (1992) concerning anti-ErbB2 antibody combinations. 
Other anti-ErbB2 antibodies are discussed in Hancock et al. 
Cancer Res. 51:4575-4580 (1991); ShaWver et al. Cancer 
Res. 54:1367-1373 (1994); Arteaga et al. Cancer Res. 
54:3758-3765 (1994); and HarWerth et al. J. Biol. Chem. 
267:15160-15167 (1992). 
A recombinant humanized anti-ErbB2 monoclonal anti 

body (a humanized version of the murine anti-ErbB2 anti 
body 4D5, referred to as rhuMAb HER2 or HERCEPTIN®) 
has been clinically active in patients With ErbB2-overex 
pressing metastatic breast cancers that had received extensive 
prior anti-cancer therapy (Baselga et al., .1. Clin. Oncol. 
14:737-744 [1996]). 
ErbB2 overexpression is commonly regarded as a predictor 

of a poor prognosis, especially in patients With primary dis 
ease that involves axillary lymph nodes (Slamon et al., [1987] 
and [1989], supra; Ravdin and Chamness, Gene 159:19-27 
[1995]; and Hynes and Stern, Biochim Biophys Acla 1198: 
165-184 [1994]), and has been linked to sensitivity and/or 
resistance to hormone therapy and chemotherapeutic regi 
mens, including CMF (cyclopho sphamide, methotrexate, and 
?uoruracil) and anthracyclines (Baselga et al., Oncology 1 1 (3 
Suppl 2):43-48 [1997]). HoWever, despite the association of 
ErbB2 overexpression With poor prognosis, the odds of 
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HER2-positive patients responding clinically to treatment 
With taxanes Were greater than three times those of HER2 
negative patients (Ibid). rhuMab HER2 Was shoWn to 
enhance the activity of paclitaxel (TAXOL®) and doxorubi 
cin against breast cancer xenografts in nude mice injected 
With BT-474 human breast adenocarcinoma cells, Which 
express high levels of HER2 (Baselga et al., Breast Cancer, 
Proceedings ofASCO, Vol. 13, Abstract 53 [1994]). 

SUMMARY OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by overexpression of ErbB2, and is based on the 
recognition that While treatment With anti-ErbB2 antibodies 
markedly enhances the clinical bene?t of the use of chemo 
therapeutic agents in general, a syndrome of myocardial dys 
function that has been observed as a side-effect of anthracy 
cline derivatives is increased by the administration of anti 
ErbB2 antibodies. 

Accordingly, the invention concerns a method for the treat 
ment of a human patient susceptible to or diagnosed With a 
disorder characterized by overexpression of ErbB2 receptor 
comprising administering a therapeutically effective amount 
of a combination of an anti-ErbB2 antibody and a chemo 
therapeutic agent other than an anthracycline derivative, e.g. 
doxorubicin or epirubicin, in the absence of an anthracycline 
derivative, to the human patient. 
The disorder preferably is a benign or malignant tumor 

characterized by the overexpression of the ErbB2 receptor, 
eg a cancer, such as, breast cancer, squamous cell cancer, 
small-cell lung cancer, non-small cell lung cancer, gas 
trointestinal cancer, pancreatic cancer, glioblastoma, cervical 
cancer, ovarian cancer, bladder cancer, hepatoma, colon can 
cer, colorectal cancer, endometrial carcinoma, salivary gland 
carcinoma, kidney cancer, liver cancer, prostate cancer, vul 
val cancer, thyroid cancer, hepatic carcinoma and various 
types of head and neck cancer. The chemotherapeutic agent 
preferably is a taxoid, such as TAXOL® (paclitaxel) or a 
TAXOL® derivative. 

Although an antiproliferative effect is suf?cient, in a pre 
ferred embodiment, the anti-ErbB2 antibody is capable of 
inducing cell death or is capable of inducing apoptosis. Pre 
ferred anti-ErbB2 antibodies bind the extracellular domain of 
the ErbB2 receptor, and preferably bind to the epitope 4D5 or 
3H4 Within the ErbB2 extracellular domain sequence. More 
preferably, the antibody is the antibody 4D5, most preferably 
in a humanized form. 
The method of the present invention is particularly suitable 

for the treatment of breast or ovarian cancer, characterized by 
the overexpression of the ErbB2 receptor. 

In another aspect, the invention concerns an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, optionally 
a label on or associated With the container that indicates that 
the composition can be used for treating a condition charac 
terized by overexpression of ErbB2 receptor, and a package 
insert containing instructions to avoid the use of anthracy 
cline-type chemotherapeutics in combination With the com 
position. 

In a further embodiment, the invention provides a method 
of treating ErbB2 expressing cancer in a human patient com 
prising administering effective amounts of an anti-ErbB2 
antibody and a cardioprotectant to the patient. The cancer is 
preferably characterized by overexpression of ErbB2. In one 
embodiment, the method further comprises administering an 
anthracyline antibiotic to the patient. In another embodiment, 
an anthracycline antibiotic is not administered to the patient 
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With the anti-ErbB2 antibody or cardioprotectant. One or 
more additional chemotherapeutic agents may also be admin 
istered to the patient. 

The invention further provides an article of manufacture 
comprising a container, a composition Within the container 
comprising an anti-ErbB2 antibody and a package insert 
instructing the user of the composition to administer the anti 
ErbB2 antibody composition and a cardioprotectant to a 
patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs epitope-mapping of the extracellular domain 
of ErbB2 as determined by truncation mutant analysis and 
site-directed mutagenesis (Nakamura et al. .1. of I/irology 
67(10):6179-6191 [October 1993]; Rem et al. J. Cell Biol. 
125(6): 1395-1406 [June 1994]). The anti-proliferative MAbs 
4D5 and 3H4 bind adjacent to the transmembrane domain. 
The various ErbB2-ECD truncations or point mutations Were 
prepared from cDNA using polymerase chain reaction tech 
nology. The ErbB2 mutants Were expressed as gD fusion 
proteins in a mammalian expression plasmid. This expression 
plasmid uses the cytomegalovirus promoter/enhancer With 
SV40 termination and polyadenylation signals located doWn 
stream of the inserted cDNA. Plasmid DNA Was transfected 
into 293S cells. One day folloWing transfection, the cells Were 
metabolically labeled overnight in methionine and cysteine 
free, loW glucose DMEM containing 1% dialyZed fetal 
bovine serum and 25 uCi each of 35 S methionine and 35S 
cysteine. Supematants Were harvested either the ErbB2 
MAbs or control antibodies Were added to the supernatant 
and incubated 2-4 hours at 40 C. The complexes Were pre 
cipitated, applied to a 10-20% Tricine SDS gradient gel and 
electrophoresed at 100 V. The gel Was electroblotted onto a 
membrane and analyZed by autoradiography. SEQ ID NOs: 8 
and 9 depict the 3H4 and 4D5 epitopes, respectively. 

FIG. 2 depicts With underlining the amino acid sequence of 
Domain 1 of ErbB2 (SEQ ID NO: 1). Bold amino acids 
indicate the location of the epitope recogniZed by MAbs 7C2 
and 7E3 as determined by deletion mapping, ie the “7C2/ 
7E3 epitope” (SEQ ID NO:2). FIG. 2 discloses the full length 
sequence as SEQ ID NO: 10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I. De?nitions 

The terms “HER2”, “ErbB2” “c-Erb-B2” are used inter 
changeably. Unless indicated otherWise, the terms “ErbB2”, 
“c-Erb -B2” and “HER2” When used herein refer to the human 
protein and “her2”, “erbB2” and “c-erb-B2” refer to human 
gene. The human erbB2 gene and ErbB2 protein are, for 
example, described in Semba et al., PNAS (USA) 82:6497 
6501 (1985) andYamamoto et al. Nature 319:230-234 (1986) 
(Genebank accession number X03363). ErbB2 comprises 
four domains (Domains 1-4). 

The “epitope 4D5” is the region in the extracellular domain 
of ErbB2 to Which the antibody 4D5 (ATCC CRL 10463) 
binds. This epitope is close to the transmembrane region of 
ErbB2. To screen for antibodies Which bind to the 4D5 
epitope, a routine cross-blocking assay such as that described 
in Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed HarloW and David Lane (1988), can be per 
formed. Alternatively, epitope mapping can be performed 
(see FIG. 1) to assess Whether the antibody binds to the 4D5 
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6 
epitope of ErbB2 (i.e. any one or more residues in the region 
from about residue 529, eg about residue 561 to about resi 

due 625, inclusive). 
The “epitope 3H4” is the region in the extracellular domain 

of ErbB2 to Which the antibody 3H4 binds. This epitope is 
shoWn in FIG. 1, and includes residues from about 541 to 
about 599, inclusive, in the amino acid sequence of ErbB2 
extracellular domain. 
The “epitope 7C2/7E3” is the region at the N terminus of 

the extracellular domain of ErbB2 to Which the 7C2 and/or 
7E3 antibodies (each deposited With the ATCC, see beloW) 
bind. To screen for antibodies Which bind to the 7C2/7E3 
epitope, a routine cross-blocking assay such as that described 
in Antibodies, A Laboratory Manual, Cold Spring Harbor 
Laboratory, Ed HarloW and David Lane (1988), can be per 
formed. Alternatively, epitope mapping can be performed to 
establish Whether the antibody binds to the 7C2/7E3 epitope 
on ErbB2 (i.e. any one or more of residues in the region from 
about residue 22 to about residue 53 of ErbB2; SEQ ID 
NO:2). 
The term “induces cell death” or “capable of inducing cell 

deat ” refers to the ability of the antibody to make a viable 
cell become nonviable. The “cell” here is one Which 
expresses the ErbB2 receptor, especially Where the cell over 
expresses the ErbB2 receptor. A cell Which “overexpresses” 
ErbB2 has signi?cantly higher than normal ErbB2 levels 
compared to a noncancerous cell of the same tissue type. 
Preferably, the cell is a cancer cell, eg a breast, ovarian, 
stomach, endometrial, salivary gland, lung, kidney, colon, 
thyroid, pancreatic or bladder cell. In vitro, the cell may be a 
SKBR3, BT474, Calu 3, MDA-MB-453, MDA-MB-361 or 
SKOV3 cell. Cell death in vitro may be determined in the 
absence of complement and immune effector cells to distin 
gui sh cell death induced by antibody dependent cellular cyto 
toxicity (ADCC) or complement dependent cytotoxicity 
(CDC). Thus, the assay for cell death may be performed using 
heat inactivated serum (i.e. in the absence of complement) 
and in the absence of immune effector cells. To determine 
Whether the antibody is able to induce cell death, loss of 
membrane integrity as evaluated by uptake of propidium 
iodide (PI), trypan blue (see Moore et al. Cytotechnology 
17:1-11 [1995]) or 7AAD can be assessed relative to 
untreated cells. 

Preferred cell death-inducing antibodies are those Which 
induce PI uptake in the “PI uptake assay in BT474 cells”. 
The phrase “induces apoptosis” or “capable of inducing 

apoptosis” refers to the ability of the antibody to induce 
programmed cell death as determined by binding of annexin 
V, fragmentation of DNA, cell shrinkage, dilation of endo 
plasmic reticulum, cell fragmentation, and/or formation of 
membrane vesicles (called apoptotic bodies). The cell is one 
Which overexpresses the ErbB2 receptor. Preferably the 
“cell” is a tumor cell, e. g. a breast, ovarian, stomach, endome 
trial, salivary gland, lung, kidney, colon, thyroid, pancreatic 
or bladder cell. In vitro, the cell may be a SKBR3, BT474, 
Calu 3 cell, MDA-MB-453, MDA-MB-361 or SKOV3 cell. 
Various methods are available for evaluating the cellular 
events associated With apoptosis. For example, phosphatidyl 
serine (PS) translocation can be measured by annexin bind 
ing; DNA fragmentation can be evaluated through DNA lad 
dering as disclosed in the example herein; and nuclear/chro 
matin condensation along With DNA fragmentation can be 
evaluated by any increase in hypodiploid cells. Preferably, the 
antibody Which induces apoptosis is one Which results in 
about 2 to 50 fold, preferably about 5 to 50 fold, and most 

Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 261 of 636 PageID #: 329



US 8,425,908 B2 
7 

preferably about 10 to 50 fold, induction of annexin binding 
relative to untreated cell in an “annexin binding assay using 
BT474 cells” (see below). 

Sometimes the pro-apoptotic antibody Will be one Which 
blocks HRG binding/ activation of the ErbB2/ErbB3 complex 
(e.g. 7E3 antibody). In other situations, the antibody is one 
Which does not signi?cantly block activation of the ErbB2/ 
ErbB3 receptor complex by HRG (e. g. 7C2). Further, the 
antibody may be one like 7C2 Which, While inducing apop 
tosis, does not induce a large reduction in the percent of cells 
in S phase (eg one Which only induces about 0-10% reduc 
tion in the percent of these cells relative to control). 

The antibody of interest may be one like 7C2 Which binds 
speci?cally to human ErbB2 and does not signi?cantly cross 
react With other proteins such as those encoded by the erbB 1, 
erbB3 and/ or erbB4 genes. Sometimes, the antibody may not 
signi?cantly cross-react With the rat neu protein, e. g., as 
described in Schecter et al. Nature 312:513 (1984) and Drebin 
et al., Nature 312:545-548 (1984). In such embodiments, the 
extent of binding of the antibody to these proteins (e.g., cell 
surface binding to endogenous receptor) Will be less than 
about 10% as determined by ?uorescence activated cell sort 
ing (FACS) analysis or radioimmunoprecipitation (RIA). 

“Heregulin” (HRG) When used herein refers to a polypep 
tide Which activates the ErbB2-ErbB3 and ErbB2-ErbB4 pro 
tein complexes (i.e. induces phosphorylation of tyrosine resi 
dues in the complex upon binding thereto). Various heregulin 
polypeptides encompassed by this term are disclosed in 
Holmes et al., Science, 256:1205-1210 (1992); WO 
92/20798; Wen et al., Mal. Cell. Biol, 14(3):1909-1919 
(1994); and Marchionni et al., Nature, 362:312-318 (1993), 
for example. The term includes biologically active fragments 
and/or variants of a naturally occurring HRG polypeptide, 
such as an EGF-like domain fragment thereof (eg 

HRGB1177-244)~ 
The “ErbB2-ErbB3 protein complex” and “ErbB2-ErbB4 

protein complex” are noncovalently associated oligomers of 
the ErbB2 receptor and the ErbB3 receptor or ErbB4 receptor, 
respectively. The complexes form When a cell expressing both 
of these receptors is exposed to HRG and can be isolated by 
immunoprecipitation and analyZed by SDS-PAGE as 
described in SliWkoWski et al., J. Biol. Chem, 269(20): 
14661-14665 (1994). 

“Antibodies” (Abs) and “immunoglobulins” (lgs) are gly 
coproteins having the same structural characteristics. While 
antibodies exhibit binding speci?city to a speci?c antigen, 
immunoglobulins include both antibodies and other anti 
body-like molecules Which lack antigen speci?city. Polypep 
tides of the latter kind are, for example, produced at loW levels 
by the lymph system and at increased levels by myelomas. 

“Native antibodies” and “native immunoglobulins” are 
usually heterotetrameric glycoproteins of about 150,000 dal 
tons, composed of tWo identical light (L) chains and tWo 
identical heavy (H) chains. Each light chain is linked to a 
heavy chain by one covalent disul?de bond, While the number 
of disul?de linkages varies among the heavy chains of differ 
ent immunoglobulin isotypes. Each heavy and light chain 
also has regularly spaced intrachain disul?de bridges. Each 
heavy chain has at one end a variable domain (VH) folloWed 
by a number of constant domains. Each light chain has a 
variable domain at one end (VL) and a constant domain at its 
other end; the constant domain of the light chain is aligned 
With the ?rst constant domain of the heavy chain, and the 
light-chain variable domain is aligned With the variable 
domain of the heavy chain. Particular amino acid residues are 
believed to form an interface betWeen the light- and heavy 
chain variable domains. 
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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 speci?city 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 
hypervariable regions both in the light-chain and the heavy 
chain variable domains. The more highly conserved portions 
of variable domains are called the frameWork region (PR). 
The variable domains of native heavy and light chains each 
comprise four FR regions, largely adopting a [3-sheet con?gu 
ration, connected by three CDRs, Which form loops connect 
ing, and in some cases forming part of, the [3-sheet structure. 
The CDRs in each chain are held together in close proximity 
by the FRs and, With the CDRs from the other chain, contrib 
ute to the formation of the antigen-binding site of antibodies 
(see Kabat et al., NIHPubl. No. 91-3242, Vol. 1, pages 647 
669 [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 cytotoxicity. 

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 re?ects 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. 

“Fv” is the minimum antibody fragment Which contains a 
complete antigen-recognition and -binding site. This region 
consists of a dimer of one heavy- and one light-chain variable 
domain in tight, non-covalent association. It is in this con 
?guration that the three CDRs of each variable domain inter 
act to de?ne an antigen-binding site on the surface of the 
VH-VL dimer. Collectively, the six CDRs confer antigen 
binding speci?city to the antibody. HoWever, even a single 
variable domain (or half of an Fv comprising only three CDRs 
speci?c for an antigen) has the ability to recogniZe and bind 
antigen, although at a loWer af?nity than the entire binding 
site. 
The Fab fragment also contains the constant domain of the 

light chain and the ?rst constant domain (CH1) 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 CH1 domain including one or more cysteines from the 
antibody hinge region. Fab'-SH 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. 
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 (7»), based on the 
amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant 
domain of their heavy chains, immunoglobulins can be 
assigned to different classes. There are ?ve major classes of 
immunoglobulins: lgA, lgD, lgE, IgG, and IgM, and several 
of these may be further divided into subclasses (isotypes), 
e.g., lgGl, lgG2, lgG3, lgG4, IgA, and lgA2. The heavy 
chain constant domains that correspond to the different 
classes of immunoglobulins are called 0t, 6, e, y, and u, respec 
tively. The subunit structures and three-dimensional con?gu 
rations of different classes of immunoglobulins are Well 
knoWn. 
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The term “antibody” is used in the broadest sense and 
speci?cally covers intact monoclonal antibodies, polyclonal 
antibodies, multispeci?c antibodies (e.g. bispeci?c antibod 
ies) formed from at least tWo intact antibodies, and antibody 
fragments so long as they exhibit the desired biological activ 
ity. 

“Antibody fragments” comprise a portion of an intact anti 
body, preferably the antigen binding or variable region of the 
intact antibody. Examples of antibody fragments include Fab, 
Fab‘, F(ab')2, and Fv fragments; diabodies; linear antibodies 
(Zapata et al. Protein Eng. 8(10): 1057-1062 [1995]); single 
chain antibody molecules; and multispeci?c 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 com 
prising the population are identical except for possible natu 
rally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly speci?c, being 
directed against a single antigenic site. Furthermore, in con 
trast 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. In 
addition to their speci?city, the monoclonal antibodies are 
advantageous in that they are synthesized by the hybridoma 
culture, uncontaminated by other immunoglobulins. The 
modi?er “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 requir 
ing 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 ?rst 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 “monoclonal 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 speci?cally 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 antibod 
ies derived from another species or belonging to another 
antibody class or subclass, as Well as fragments of such anti 
bodies, so long as they exhibit the desired biological activity 
(U.S. Pat. No. 4,816,567; Morrison et al., Proc. Natl. Acad. 
Sci. USA, 81:6851-6855 [1984]). 

“Humanized” forms of non-human (e.g., murine) antibod 
ies are chimeric immunoglobulins, immunoglobulin chains 
or fragments thereof (such as Fv, Fab, Fab‘, F(ab')2 or other 
antigen-binding subsequences of antibodies) Which contain 
minimal sequence derived from non-human immunoglobu 
lin. For the most part, humanized antibodies are human 
immunoglobulins (recipient antibody) in Which residues 
from a complementarity determining region (CDR) of the 
recipient are replaced by residues from a CDR of a non 
human species (donor antibody) such as mouse, rat or rabbit 
having the desired speci?city, a?inity, and capacity. In some 
instances, Fv framework region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humanized antibodies may comprise 
residues Which are found neither in the recipient antibody nor 
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in the imported CDR or framework sequences. These modi 
?cations are made to further re?ne and maximize antibody 
performance. In general, the humanized antibody Will com 
prise substantially all of at least one, and typically tWo, vari 
able domains, in Which all or substantially all of the CDRs 
correspond to those of a non-human immunoglobulin and all 
or substantially all of the FRs are those of a human immuno 
globulin sequence. The humanized antibody optimally also 
Will comprise at least a portion of an immunoglobulin con 
stant region (Fc), typically that of a human immunoglobulin. 
For further details, see Jones et al., Nature, 321 :522-525 
(1986); Reichmann et al., Nature, 332:323-329 (1988); and 
Presta, Curr. Op. Struct. Biol., 2: 593-596 (1992). The human 
ized antibody includes a PRIMATIZEDTM antibody Wherein 
the antigen-binding region of the antibody is derived from an 
antibody produced by immunizing macaque monkeys With 
the antigen of interest. 

“Single-chain Fv” or “sFv” antibody fragments comprise 
the VH and VL domains of antibody, Wherein these domains 
are present in a single polypeptide chain. Preferably, the Fv 
polypeptide further comprises a polypeptide linker betWeen 
the VH and VL domains Which enables the sFv to form the 
desired structure for antigen binding. For a revieW of sFv see 
Pluckthun in The Pharmacology ofMonoclonalAntibodies, 
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 (V L) 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 are described more fully 
in, for example, EP 404,097; WO 93/11161; and Hollinger et 
al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993). 
An “isolated” antibody is one Which has been identi?ed 

and separated and/ or recovered from a component of its natu 
ral environment. Contaminant components of its natural envi 
ronment are materials Which Would interfere With diagnostic 
or therapeutic uses for the antibody, and may include 
enzymes, hormones, and other proteinaceous or nonproteina 
ceous solutes. In preferred embodiments, the antibody Will be 
puri?ed (1) to greater than 95% by Weight of antibody as 
determined by the LoWry method, and most preferably more 
than 99% by Weight, (2) to a degree su?icient to obtain at least 
15 residues of N-terminal or internal amino acid sequence by 
use of a spinning cup sequenator, or (3) to homogeneity by 
SDS-PAGE under reducing or nonreducing conditions using 
Coomassie blue or, preferably, 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. Ordinarily, hoWever, isolated antibody 
Will be prepared by at least one puri?cation step. 
As used herein, the term “salvage receptor binding 

epitope” refers to an epitope of the Fc region of an IgG 
molecule (e.g., IgGl, IgG2, IgG3, or IgG4) that is responsible 
for increasing the in vivo serum half-life of the IgG molecule. 

“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. 
“Mammal” for purposes of treatment refers to any animal 

classi?ed as a mammal, including humans, domestic and 
farm animals, and zoo, sports, or pet animals, such as dogs, 
horses, cats, coWs, etc. Preferably, the mammal is human. 
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A “disorder” is any condition that Would bene?t from 
treatment With the anti-ErbB2 antibody. This includes 
chronic and acute disorders or diseases including those patho 
logical conditions Which predispose the mammal to the dis 
order in question. Non-limiting examples of disorders to be 
treated herein include benign and malignant tumors; leuke 
mias and lymphoid malignancies; neuronal, glial, astrocytal, 
hypothalamic and other glandular, macrophagal, epithelial, 
stromal and blastocoelic disorders; and in?ammatory, angio 
genic and immunologic disorders. 

The term “therapeutically effective amount” is used to 
refer to an amount having antiproliferative effect. Preferably, 
the therapeutically effective amount has apoptotic activity, or 
is capable of inducing cell death, and preferably death of 
benign or malignant tumor cells, in particular cancer cells. 
Ef?cacy can be measured in conventional Ways, depending on 
the condition to be treated. For cancer therapy, e?icacy can, 
for example, be measured by assessing the time to disease 
progression (TTP), or determining the response rates (RR) 
(see the Example beloW). 
The terms “cancer” and “cancerous” refer to or describe the 

physiological condition in mammals that is typically charac 
teriZed by unregulated cell groWth. Examples of cancer 
include but are not limited to, carcinoma, lymphoma, blas 
toma, sarcoma, and leukemia. More particular examples of 
such cancers include squamous cell cancer, small-cell lung 
cancer, non-small cell lung cancer, adenocarcinoma of the 
lung, squamous carcinoma of the lung, cancer of the perito 
neum, hepatocellular cancer, gastrointestinal cancer, pancre 
atic cancer, glioblastoma, cervical cancer, ovarian cancer, 
liver cancer, bladder cancer, hepatoma, breast cancer, colon 
cancer, colorectal cancer, endometrial or uterine carcinoma, 
salivary gland carcinoma, kidney cancer, liver cancer, pros 
tate cancer, vulval cancer, thyroid cancer, hepatic carcinoma 
and various types of head and neck cancer. 
An “ErbB2-expressing cancer” is one comprising cells 

Which have ErbB2 protein present at their cell surface, such 
that an anti-ErbB2 antibody is able to bind to the cancer. 

The term “cytotoxic agent” as used herein refers to a sub 
stance that inhibits or prevents the function of cells and/or 
causes destruction of cells. The term is intended to include 
radioactive isotopes (eg 1131, 1125, Y90 and Re186), chemo 
therapeutic agents, and toxins such as enZymatically active 
toxins of bacterial, fungal, plant or animal origin, or frag 
ments thereof. 
A “chemotherapeutic agent” is a chemical compound use 

ful in the treatment of cancer. Examples of chemotherapeutic 
agents include alkylating agents such as thiotepa and cyclos 
phosphamide (CYTOXANTM); alkyl sulfonates such as 
busulfan, improsulfan and piposulfan; aZiridines such as ben 
Zodopa, carboquone, meturedopa, and uredopa; ethylen 
imines and methylamelamines including altretamine, trieth 
ylenemelamine, trietylenephosphoramide, 
triethylenethiophosphaoramide and trimethylolomelamine; 
nitrogen mustards such as chlorambucil, chlomaphaZine, 
cholophosphamide, estramustine, ifosfamide, mechlore 
thamine, mechlorethamine oxide hydrochloride, melphalan, 
novembichin, phenesterine, prednimustine, trofosfamide, 
uracil mustard; nitrosureas such as carmustine, chloroZoto 
cin, fotemustine, lomustine, nimustine, ranimustine; antibi 
otics such as aclacinomysins, actinomycin, authramycin, aZa 
serine, bleomycins, cactinomycin, calicheamicin, carabicin, 
carZinophilin, chromomycins, dactinomycin, daunorubicin, 
6-diaZo-5-oxo-L-norleucine, doxorubicin, epirubicin, mito 
mycins, mycophenolic acid, nogalamycin, olivomycins, pep 
lomycin, pot?romycin, puromycin, streptonigrin, streptoZo 
cin, tubercidin, ubenimex, Zinostatin, Zorubicin; anti 
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12 
metabolites such as methotrexate and 5-?uorouracil (5-FU); 
folic acid analogues such as denopterin, methotrexate, 
pteropterin, trimetrexate; purine analogs such as ?udarabine, 
6-mercaptopurine, thiamiprine, thioguanine; pyrimidine ana 
logs such as ancitabine, aZacitidine, 6-aZauridine, carmofur, 
cytarabine, dideoxyuridine, doxi?uridine, enocitabine, 
?oxuridine, 5-FU; androgens such as calusterone, dromo 
stanolone propionate, epitiostanol, mepitiostane, testolac 
tone; anti-adrenals such as aminoglutethimide, mitotane, 
trilostane; folic acid replenisher such as frolinic acid; acegla 
tone; aldophosphamide glycoside; aminolevulinic acid; 
amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; 
demecolcine; diaZiquone; elfomithine; elliptinium acetate; 
etoglucid; gallium nitrate; hydroxyurea; lentinan; 
lonidamine; mitoguaZone; mitoxantrone; mopidamol; nitra 
crine; pentostatin; phenamet; pirarubicin; podophyllinic 
acid; 2-ethylhydraZide; procarbaZine; PSK®; raZoxane; siZo 
?ran; spirogermanium; tenuaZonic acid; triaZiquone; 2,2',2" 
trichlorotriethylamine; urethan; vindesine; dacarbaZine; 
mannomustine; mitobronitol; mitolactol; pipobroman; gacy 
tosine; arabinoside (“Ara-C”); cyclophosphamide; thiotepa; 
taxoids, e.g. paclitaxel (TAXOL®, Bristol-Myers Squibb 
Oncology, Princeton, N1.) and docetaxel (TAXOTERE®, 
Rhone-Poulenc Rorer, Antony, France); chlorambucil; gem 
citabine; 6-thioguanine; mercaptopurine; methotrexate; 
platinum analogs such as cisplatin and carboplatin; vinblas 
tine; platinum; etoposide (VP-16); ifosfamide; mitomycin C; 
mitoxantrone; vincristine; vinorelbine; navelbine; 
novantrone; teniposide; daunomycin; carminomycin; ami 
nopterin; xeloda; ibandronate; CPT-11; topoisomerase 
inhibitor RES 2000; di?uoromethylornithine (DMFO); ret 
inoic acid; esperamicins; capecitabine; and pharmaceutically 
acceptable salts, acids or derivatives of any of the above. Also 
included in this de?nition are hormonal agents that act to 
regulate or inhibit hormone action on tumors such as anti 

estrogens including for example tamoxifen, raloxifene, aro 
matase inhibiting 4(5)-imidaZoles, 4-hydroxytamoxifen, tri 
oxifene, keoxifene, LY117018, onapristone; and anti 
androgens such as ?utamide and nilutamide; and 
pharmaceutically acceptable salts, acids or derivatives of any 
of the above. 
A “groWth inhibitory agent” When used herein refers to a 

compound or composition Which inhibits groWth of a cell, 
especially an ErbB2-overexpressing cancer cell either in vitro 
or in vivo. Thus, the groWth inhibitory agent is one Which 
signi?cantly reduces the percentage of ErbB2 overexpressing 
cells in S phase. Examples of groWth inhibitory agents 
include agents that block cell cycle progression (at a place 
other than S phase), such as agents that induce G1 arrest and 
M-phase arrest. Classical M-phase blockers include the vin 
cas (vincristine and vinblastine), TAXOL®, and topo ll 
inhibitors such as doxorubicin, epirubicin, daunorubicin, eto 
poside, and bleomycin. Those agents that arrest G1 also spill 
over into S-phase arrest, for example, DNA alkylating agents 
such as tamoxifen, prednisone, dacarbaZine, mechlore 
thamine, cisplatin, methotrexate, 5-?uorouracil, and ara-C. 
Further information can be found in The Molecular Basis of 
Cancer, Mendelsohn and Israel, eds., Chapter 1, entitled 
“Cell cycle regulation, oncogenes, and antineoplastic drugs” 
by Murakami et al. (WB Saunders: Philadelphia, 1995), espe 
cially p. 13. The 4D5 antibody (and functional equivalents 
thereof) can also be employed for this purpose. 

“Doxorubicin” is an athracycline antibiotic. The full 
chemical name of doxorubicin is (8S-cis)-10-[(3-amino-2,3, 
6-trideoxy-0t-L-lyxo -hexopyranosyl)oxy] -7, 8, 9, 10-tetrahy 
dro-6,8,1 1-trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12 
naphthacenedione. Other anthracycline antibiotics include 
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epirubicin, daunorubicin, carminomycin, detorubicin, esoru 
bicin, marcellomycin, quelamycin, rodorubicin, idarubicin, 
as Well as pharmaceutically active salts, acids or derivatives 
of any of these. 

The term “cytokine” is a generic term for proteins released 
by one cell population Which act on another cell as intercel 
lular mediators. Examples of such cytokines are lymphok 
ines, monokines, and traditional polypeptide hormones. 
Included among the cytokines are growth hormone such as 
human growth hormone, N-methionyl human groWth hor 
mone, and bovine groWth hormone; parathyroid hormone; 
thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycopro 
tein hormones such as follicle stimulating hormone (FSH), 
thyroid stimulating hormone (TSH), and luteiniZing hormone 
(LH); hepatic groWth factor; ?broblast groWth factor; prolac 
tin; placental lactogen; tumor necrosis factor-0t and -[3; mul 
lerian-inhibiting substance; mouse gonadotropin-associated 
peptide; inhibin; activin; vascular endothelial groWth factor; 
integrin; thrombopoietin (TPO); nerve groWth factors such as 
NGF-B; platelet-groWth factor; transforming groWth factors 
(TGFs) such as TGF-ot and TGF-B; insulin-like groWth fac 
tor-I and -II; erythropoietin (EPO); osteoinductive factors; 
interferons such as interferon-0t, -[3, and -y; colony stimulat 
ing factors (CSFs) such as macrophage-CSF (M-CSF); 
granulocyte-macrophage-CSF (GM-CSF); and granulocyte 
CSF (G-CSF); interleukins (ILs) such as IL-1, IL-lot, IL-2, 
IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-11, IL-12; a tumor 
necrosis factor such as TNF-ot or TNF-B; and other polypep 
tide factors including LIF and kit ligand (KL).As used herein, 
the term cytokine includes proteins from natural sources or 
from recombinant cell culture and biologically active equiva 
lents of the native sequence cytokines. 

The term “prodrug” as used in this application refers to a 
precursor or derivative form of a pharmaceutically active 
substance that is less cytotoxic to tumor cells compared to the 
parent drug and is capable of being enZymatically activated or 
converted into the more active parent form. See, e. g., Wilman, 
“Prodrugs in Cancer Chemotherapy” Biochemical Society 
Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) 
and Stella et al., “Prodrugs: A Chemical Approach to Targeted 
Drug Delivery,” Directed Drug Delivery, Borchardt et al., 
(ed.), pp. 247-267, Humana Press (1985). The prodrugs of 
this invention include, but are not limited to, phosphate-con 
taining prodrugs, thiophosphate-containing prodrugs, sul 
fate-containing prodrugs, peptide-containing prodrugs, 
D-amino acid-modi?ed prodrugs, glycosylated prodrugs, 
[3-lactam-containing prodrugs, optionally substituted phe 
noxyacetamide-containing prodrugs or optionally substituted 
phenylacetamide-containing prodrugs, 5-?uorocytosine and 
other 5-?uorouridine prodrugs Which can be converted into 
the more active cytotoxic free drug. Examples of cytotoxic 
drugs that can be derivatiZed into a prodrug form for use in 
this invention include, but are not limited to, those chemo 
therapeutic agents described above. 
By “solid phase” is meant a non-aqueous matrix to Which 

the antibodies used in accordance With the present invention 
can adhere. Examples of solid phases encompassed herein 
include those formed partially or entirely of glass (e.g., con 
trolled pore glass), polysaccharides (e.g., agarose), polyacry 
lamides, polystyrene, polyvinyl alcohol and silicones. In cer 
tain embodiments, depending on the context, the solid phase 
can comprise the Well of an assay plate; in others it is a 
puri?cation column (e.g., an a?inity chromatography col 
umn). This term also includes a discontinuous solid phase of 
discrete particles, such as those described in Us. Pat. No. 
4,275,149. 
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A “liposome” is a small vesicle composed of various types 

of lipids, phospholipids and/or surfactant Which is useful for 
delivery of a drug (such as the anti-ErbB2 antibodies dis 
closed herein and, optionally, a chemotherapeutic agent) to a 
mammal. The components of the liposome are commonly 
arranged in a bilayer formation, similar to the lipid arrange 
ment of biological membranes. 
The term “package insert” is used to refer to instructions 

customarily included in commercial packages of therapeutic 
products, that contain information about the indications, 
usage, dosage, administration, contraindications and/or 
Warnings concerning the use of such therapeutic products. 
A “cardioprotectant” is a compound or composition Which 

prevents or reduces myocardial dysfunction (i.e. cardiomy 
opathy and/or congestive heart failure) associated With 
administration of a drug, such as an anthracycline antibiotic 
and/or an anti-ErbB2 antibody, to a patient. The cardiopro 
tectant may, for example, block or reduce a free-radical 
mediated cardiotoxic effect and/or prevent or reduce oxida 
tive-stress injury. Examples of cardioprotectants 
encompassed by the present de?nition include the iron 
chelating agent dexraZoxane (ICRF-187) (Seifert et al. The 
Annals ofPharmacotherapy 28:1063-1072 [1994]); a lipid 
loWering agent and/or anti-oxidant such as probucol (Singal 
et al. J. Mol. Cell Cardiol. 27: 1055-1063 [1995]); amifostine 
(aminothiol 2 - [ (3 -aminopropyl)amino] ethanethiol-dihydro - 
gen phosphate ester, also called WR-2721, and the dephos 
phorylated cellular uptake form thereof called WR-1065) and 
S-3-(3-methylaminopropylamino)propylphosphorothioic 
acid (WR-151327), see Green et al. Cancer Research 54:738 
741 (1994); digoxin (BristoW, M. R. In: BristoW M R, ed. 
Drug-Induced Heart Disease. NeW York: Elsevier 191-215 
[1980]); beta-blockers such as metoprolol (Hjalmarson et al. 
Drugs 47:Suppl 4:31-9 [1994]; and Shaddy et al. Am. Heart]. 
129: 1 97-9 [1995]); vitamin E; ascorbic acid (vitamin C); free 
radical scavengers such as oleanolic acid, ursolic acid and 
N-acetylcysteine (NAC); spin trapping compounds such as 
alpha-phenyl-tert-butyl nitrone (PBN); (Paracchini et al., 
Anticancer Res. 13:1607-1612 [1993]); selenoorganic com 
pounds such as P251 (Elbesen); and the like. 

II. Production of Anti-ErbB2 Antibodies 

A description folloWs as to exemplary techniques for the 
production of the antibodies used in accordance With the 
present invention. The ErbB2 antigen to be used for produc 
tion of antibodies may be, e.g., a soluble form of the extra 
cellular domain of ErbB2 or a portion thereof, containing the 
desired epitope. Alternatively, cells expressing ErbB2 at their 
cell surface (e.g. NIH-3T3 cells transformed to overexpress 
ErbB2; or a carcinoma cell line such as SKBR3 cells, see 
Stancovski et al. PNAS (USA) 88:8691-8695 [1991]) can be 
used to generate antibodies. Other forms of ErbB2 useful for 
generating antibodies Will be apparent to those skilled in the 
art. 

(i) 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 relevant antigen to a protein that is immuno 
genic in the species to be immunized, e.g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or soy 
bean trypsin inhibitor using a bifunctional or derivatiZing 
agent, for example, maleimidobenZoyl sulfosuccinimide 
ester (conjugation through cysteine residues), N-hydroxysuc 
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cinimide (through lysine residues), glutaraldehyde, succinic 
anhydride, SOCl2, or RIN:C:NR, 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 1/5 to 1/10 the original amount of 
peptide 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. 

(ii) Monoclonal Antibodies 
Monoclonal antibodies are 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. Thus, the modi?er “monoclonal” indicates 
the character of the antibody as not being a mixture of discrete 
antibodies. 

For example, the monoclonal antibodies may be made 
using the hybridoma method ?rst described by Kohler et al., 
Nature, 2561495 (1975), or may be made by recombinant 
DNA methods (US. Pat. No. 4,816,567). 

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster, is immunized as hereinabove 
described to elicit lymphocytes that produce or are capable of 
producing antibodies that Will speci?cally 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 polyeth 
ylene glycol, to form a hybridoma 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-de?cient cells. 

Preferred myeloma cells are those that fuse ef?ciently, 
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 and MPC-1 1 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, .1. Immunol, 13313001 
(1984); Brodeur et al., Monoclonal Antibody Production 
Techniques andApplications, pp. 51-63 [Marcel Dekker, Inc., 
NeW York, 1987]). 

Culture medium in Which hybridoma cells are groWing is 
assayed for production of monoclonal antibodies directed 
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16 
against the antigen. Preferably, the binding speci?city 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). 
The binding af?nity of the monoclonal antibody can, for 

example, be determined by the Scatchard analysis of Munson 
et al., Anal. Biochem, 1071220 (1980). 

After hybridoma cells are identi?ed that produce antibod 
ies of the desired speci?city, a?inity, 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 ?uid, or 
serum by conventional immunoglobulin puri?cation proce 
dures such as, for example, protein A-Sepharose, hydroxyla 
patite chromatography, gel electrophoresis, dialysis, or a?in 
ity chromatography. 
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 
ci?cally to genes encoding the heavy and light chains of 
murine 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 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. RevieW 
articles on recombinant expression in bacteria of DNA encod 
ing the antibody include Skerra et al., Curr Opinion in Immu 
nol., 51256-262 (1993) and Pluckthun, Immunol. Revs., 1301 
151-188 (1992). 

In a further embodiment, antibodies or antibody fragments 
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, 3521624-628 (1991) 
and Marks et al., J. Mol. Biol., 2221581-597 (1991) describe 
the isolation of murine and human antibodies, respectively, 
using phage libraries. Subsequent publications describe the 
production of high a?inity (nM range) human antibodies by 
chain shuf?ing (Marks et al., Bio/ Technology, 101779-783 
[1992]), as Well as combinatorial infection and in vivo recom 
bination as a strategy for constructing very large phage librar 
ies (Waterhouse et al., Nuc. Acids. Res., 2112265-2266 
[1993]). Thus, these techniques are viable alternatives to tra 
ditional monoclonal antibody hybridoma techniques for iso 
lation of monoclonal antibodies. 
The DNA also may be modi?ed, for example, by substi 

tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (US. Pat. No. 4,816,567; Morrison, et al., Proc. 
NatlAcad. Sci. USA, 8116851 [1984]), or by covalentlyjoin 
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 
ing site of an antibody to create a chimeric bivalent antibody 
comprising one antigen-combining site having speci?city for 
an antigen and another antigen-combining site having speci 
?city for a different antigen. 
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(iii) Humanized and Human Antibodies 
Methods for humanizing non-human antibodies are well 

known in the art. Preferably, 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, 3211522-525 (1986); Riech 
mann et al., Nature, 3321323-327 (1988); Verhoeyen et al., 
Science, 23911534-1536 [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 .8. 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 antibodies are typi 
cally 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-?t” 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 framework region (PR) for the humanized anti 
body (Sims et al., J Immunol, 15112296 (1993); Chothia et 
al., J. Mol. Biol, 1961901 [1987]). Another method uses a 
particular framework region 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, 8914285 (1992); Presta et al., J. 
Immnol, 15112623 [1993]). 

It is further important that antibodies be humanized with 
retention of high a?inity 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 in?uence 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 a?inity for the target antigen(s), is achieved. 
In general, the CDR residues are directly and most substan 
tially involved in in?uencing 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 of human 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 H) 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 
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upon antigen challenge. See, e.g., Jakobovits et al., Proc. 
Natl. Acad. Sci. USA, 9012551 (1993); Jakobovits et al., 
Nature, 3621255-258 (1993); Bruggermann et al., Year in 
Immuna, 7:33 (1993). Human antibodies can also be derived 
from phage-display libraries (Hoogenboom et al., J. Mol. 
Biol, 2271381 (1991); Marks et al., J. Mal. Biol, 2221581 
597 [1991]). 

(iv) 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 andBiophysical 
Methods 241107-117 (1992) and Brennan et al., Science, 2291 
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 
101163-167 [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. 

(v) Bispeci?c Antibodies 
Bispeci?c antibodies are antibodies that have binding 

speci?cities for at least two different epitopes. Exemplary 
bispeci?c antibodies may bind to two different epitopes of the 
ErbB2 protein. For example, one arm may bind an epitope in 
Domain 1 of ErbB2 such as the 7C2/7F3 epitope, the other 
may bind a different ErbB2 epitope, eg the 4D5 epitope. 
Other such antibodies may combine an ErbB2 binding site 
with binding site(s) for EGFR, ErbB3 and/or ErbB4. Alter 
natively, an anti-ErbB2 arm may be combined with an arm 
which binds to a triggering molecule on a leukocyte such as a 
T-cell receptor molecule (e.g. CD2 or CD3), or Fc receptors 
for IgG (FcyR), such as FcyRI (CD64), FcyRII (CD32) and 
FcyRIII (CD16) so as to focus cellular defense mechanisms to 
the ErbB2-expressing cell. Bispeci?c antibodies may also be 
used to localize cytotoxic agents to cells which express 
ErbB2. These antibodies possess an ErbB2-binding arm and 
an arm which binds the cytotoxic agent (e.g. saporin, anti 
interferon-ot, vinca alkaloid, ricin A chain, methotrexate or 
radioactive isotope hapten). Bispeci?c antibodies can be pre 
pared as full length antibodies or antibody fragments (e.g. 
F(ab')2 bispeci?c antibodies). 

Methods for making bispeci?c antibodies are known in the 
art. Traditional production of full length bispeci?c antibodies 
is based on the coexpression of two immunoglobulin heavy 
chain-light chain pairs, where the two chains have different 
speci?cities (Millstein et al., Nature, 3051537-539 [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 
which only one has the correct bispeci?c structure. Puri?ca 
tion of the correct molecule, which is usually done by a?inity 
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., 1013655-3659 
(1 991). 
According to a different approach, antibody variable 

domains with the desired binding speci?cities (antibody-an 
tigen combining sites) are fused to immunoglobulin constant 
domain sequences. The fusion preferably is with an immu 
noglobulin heavy chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to 
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have the ?rst heavy-chain constant region (CH1) containing 
the site necessary for light chain binding, present in at least 
one of the fusions. DNAs encoding the immunoglobulin 
heavy chain fusions and, if desired, the immunoglobulin light 
chain, are inserted into separate expression vectors, and are 
co-transfected into a suitable host organism. This provides for 
great ?exibility in adjusting the mutual proportions of the 
three polypeptide fragments in embodiments When unequal 
ratios of the three polypeptide chains used in the construction 
provide the optimum yields. It is, hoWever, possible to insert 
the coding sequences for tWo or all three polypeptide chains 
in one expression vector When the expression of at least tWo 
polypeptide chains in equal ratios results in high yields or 
When the ratios are of no particular signi?cance. 

In a preferred embodiment of this approach, the bispeci?c 
antibodies are composed of a hybrid immunoglobulin heavy 
chain With a ?rst binding speci?city in one arm, and a hybrid 
immunoglobulin heavy chain-light chain pair (providing a 
second binding speci?city) in the other arm. It Was found that 
this asymmetric structure facilitates the separation of the 
desired bispeci?c compound from unWanted immunoglobu 
lin chain combinations, as the presence of an immunoglobu 
lin light chain in only one half of the bispeci?c molecule 
provides for a facile Way of separation. This approach is 
disclosed in WO 94/04690. For further details of generating 
bispeci?c antibodies see, for example, Suresh et al., Methods 
in Enzymology, 121:210 (1986). 

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 pre 
ferred interface comprises at least a part of the C H3 domain of 
an antibody constant domain. In this method, one or more 
small amino acid side chains from the interface of the ?rst 
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 (eg alanine or 
threonine). This provides a mechanism for increasing the 
yield of the heterodimer over other unWanted end-products 
such as homodimers. 

Bispeci?c 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 HIV infection (WO 91/003 60, W0 
92/200373, and EP 03089). Heteroconjugate antibodies may 
be made using any convenient cross-linking methods. Suit 
able cross-linking agents are Well knoWn in the art, and are 
disclosed in US. Pat. No. 4,676,980, along With a number of 
cross-linking techniques. 

Techniques for generating bispeci?c antibodies from anti 
body fragments have also been described in the literature. For 
example, bispeci?c 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 
sodium arsenite to stabiliZe vicinal dithiols and prevent inter 
molecular disul?de 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 
mixed With an equimolar amount of the other Fab'-TNB 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
derivative to form the bispeci?c antibody. The bispeci?c anti 
bodies produced can be used as agents for the selective immo 
biliZation of enZymes. 

Recent progress has facilitated the direct recovery of Fab‘ 
SH fragments from E. coli, Which can be chemically coupled 
to form bispeci?c antibodies. Shalaby et al., J. Exp. Med., 
175: 217-225 (1992) describe the production of a fully 
humaniZed bispeci?c antibody F(ab')2 molecule. Each Fab‘ 
fragment Was separately secreted from E. coli and subjected 
to directed chemical coupling in vitro to form the bispeci?c 
antibody. The bispeci?c 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 bispeci?c 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispeci?c antibodies 
have been produced using leucine Zippers. Kostelny et al., J. 
ImmunoL, 148(5):1547-1553 (1992). The leucine Zipper pep 
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 bispeci?c antibody fragments. The fragments 
comprise a heavy-chain variable domain (VH) connected to a 
light-chain variable domain (V L) by a linker Which is too short 
to alloW pairing betWeen the tWo domains on the same chain. 
Accordingly, the VH and VL domains of one fragment are 
forced to pair With the complementary VL and VH domains of 
another fragment, thereby forming tWo anti gen-binding sites. 
Another strategy for making bispeci?c antibody fragments by 
the use of single-chain Fv (sFv) dimers has also been 
reported. See Gruber et al., J. ImmunoL, 152:5368 (1994). 

Antibodies With more than tWo valencies are contem 
plated. For example, trispeci?c antibodies can be prepared. 
Tutt et al. J. Immunol. 147: 60 (1991). 

(vi) Screening for Antibodies With the Desired Properties 
Techniques for generating antibodies have been described 

above. Those antibodies having the characteristics described 
herein are selected. 

To select for antibodies Which induce cell death, loss of 
membrane integrity as indicated by, e.g., PI, trypan blue or 
7AAD uptake is assessed relative to control. The preferred 
assay is the “PI uptake assay using BT474 cells”. According 
to this assay, BT474 cells (Which can be obtained from the 
American Type Culture Collection [Rockville, Md.]) are cul 
tured in Dulbecco’s Modi?ed Eagle Medium (D-MEM): 
Ham’s F-12 (50:50) supplemented With 10% heat-inactivated 
FBS (Hyclone) and 2 mM L-glutamine. (Thus, the assay is 
performed in the absence of complement and immune effec 
tor cells). The BT474 cells are seeded at a density of 3x 1 06 per 
dish in 100x20 mm dishes and alloWed to attach overnight. 
The medium is then removed and replaced With fresh medium 
alone or medium containing 10 ug/ml of the appropriate 
MAb. The cells are incubated for a 3 day time period. Fol 
loWing each treatment, monolayers are Washed With PBS and 
detached by trypsiniZation. Cells are then centrifuged at 1200 
rpm for 5 minutes at 40 C., the pellet resuspended in 3 ml ice 
cold Ca2+ binding buffer (10 mM Hepes, pH 7.4, 140 mM 
NaCl, 2.5 mM CaCl2) and aliquoted into 35 mm strainer 
capped 12><75 tubes (1 ml per tube, 3 tubes per treatment 
group) for removal of cell clumps. Tubes then receive PI (10 
ug/ml). Samples may be analyZed using a FACSCANTM ?oW 
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cytometer and FACSCONVERTTM CellQuest software (Bec 
ton Dickinson). Those antibodies Which induce statistically 
signi?cant levels of cell death as determined by PI uptake are 
selected. 

In order to select for antibodies Which induce apoptosis, an 
“annexin binding assay using BT474 cells” is available. The 
BT474 cells are cultured and seeded in dishes as discussed in 
the preceding paragraph. The medium is then removed and 
replaced With fresh medium alone or medium containing 10 
ug/ml of the MAb. FolloWing a three day incubation period, 
monolayers are Washed With PBS and detached by tryp siniZa 
tion. Cells are then centrifuged, resuspended in Ca2+ binding 
buffer and aliquoted into tubes as discussed above for the cell 
death assay. Tubes then receive labeled annexin (e. g. annexin 
V-FTIC) (1 ug/ml). Samples may be analyZed using a FAC 
SCANTM ?oW cytometer and FACSCONVERTTM CellQuest 
software (Becton Dickinson). Those antibodies Which induce 
statistically signi?cant levels of annexin binding relative to 
control are selected as apoptosis-inducing antibodies. 

In addition to the annexin binding assay, a “DNA staining 
assay using BT474 cells” is available. In order to perform this 
assay, BT474 cells Which have been treated With the antibody 
of interest as described in the preceding tWo paragraphs are 
incubated With 9 ug/ml HOECHST 33342TM for 2 hr at 370 
C., then analyZed on an EPICS ELITETM ?oW cytometer 
(Coulter Corporation) using MODEFIT LTTM softWare (Ver 
ity SoftWare House).Antibodies Which induce a change in the 
percentage of apoptotic cells Which is 2 fold or greater (and 
preferably 3 fold or greater) than untreated cells (up to 100% 
apoptotic cells) may be selected as pro-apoptotic antibodies 
using this assay. 

To screen for antibodies Which bind to an epitope on ErbB2 
bound by an antibody of interest, a routine cross-blocking 
assay such as that described in Antibodies, A Laboratory 
Manual, Cold Spring Harbor Laboratory, Ed HarloW and 
David Lane (1988), can be performed. Alternatively, epitope 
mapping can be performed by methods knoWn in the art. 

To identify anti-ErbB2 antibodies Which inhibit groWth of 
SKBR3 cells in cell culture by 50-100%, the SKBR3 assay 
described in WO89/06692 can be performed. According to 
this assay, SKBR3 cells are groWn in a 1:1 mixture of P12 and 
DMEM medium supplemented With 10% fetal bovine serum, 
glutamine and penicillinstreptomycin. The SKBR3 cells are 
plated at 20,000 cells in a 35 mm cell culture dish (2 mls/35 
mm dish). 2.5 ug/ml of the anti-ErbB2 antibody is added per 
dish. After six days, the number of cells, compared to 
untreated cells are counted using an electronic COULTERTM 
cell counter. Those antibodies Which inhibit groWth of the 
SKBR3 cells by 50-100% are selected for combination With 
the apoptotic antibodies as desired. 

(vii) Effector Function Engineering 
It may be desirable to modify the antibody of the invention 

With respect to effector function, so as to enhance the effec 
tiveness of the antibody in treating cancer, for example. For 
example cysteine residue(s) may be introduced in the Fc 
region, thereby alloWing interchain disul?de bond formation 
in this region. The homodimeric antibody thus generated may 
have improved internalization capability and/ or increased 
complement-mediated cell killing and antibody-dependent 
cellular cytotoxicity (ADCC). See Caron et al., .1. Exp Med. 
176: 1191-1 195 (1992) and Shopes, B. .I. Immunol.148:2918 
2922 (1992). Homodimeric antibodies With enhanced anti 
tumor activity may also be prepared using heterobifunctional 
cross-linkers as described in Wolff et al. Cancer Research 
53 :2560-2565 (1 993). Alternatively, an antibody can be engi 
neered Which has dual Fc regions and may thereby have 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
enhanced complement lysis and ADCC capabilities. See 
Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989). 

(viii) Immunoconjugates 
The invention also pertains to immunoconjugates compris 

ing the antibody described herein conjugated to a cytotoxic 
agent such as a chemotherapeutic agent, toxin (eg an enZy 
matically active toxin of bacterial, fungal, plant or animal 
origin, or fragments thereof), or a radioactive isotope (i.e., a 
radioconjugate). 

Chemotherapeutic agents useful in the generation of such 
immunoconjugates have been described above. Enzymati 
cally active toxins and fragments thereof Which can be used 
include diphtheria A chain, nonbinding active fragments of 
diphtheria toxin, exotoxin A chain (from Pseudomonas 
aeruginosa), ricinA chain, abrinA chain, modeccinA chain, 
alpha-sarcin, Aleuri Zes fordi i proteins, dianthin proteins, Phy 
Zolaca americana proteins (PAPI, PAPII, and PAP-S), 
momordica charantia inhibitor, curcin, crotin, sapaonaria 
o?icinalis inhibitor, gelonin, mitogellin, restrictocin, pheno 
mycin, enomycin and the tricothecenes. A variety of radio 
nuclides are available for the production of radioconjugated 
anti-ErbB2 antibodies. Examples include 212Bi, 131I, 131In, 
90Y and 186Re. 

Conjugates of the antibody and cytotoxic agent are made 
using a variety of bifunctional protein coupling agents such as 
N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), 
iminothiolane (IT), bifunctional derivatives of imidoesters 
(such as dimethyl adipimidate HCL), active esters (such as 
disuccinimidyl suberate), aldehydes (such as glutarelde 
hyde), bis-aZido compounds (such as bis (p-aZidobenZoyl) 
hexanediamine), bis-diaZonium derivatives (such as bis-(p 
diaZoniumbenZoyl)-ethylenediamine), diisocyanates (such 
as tolyene 2,6-diisocyanate), and bis-active ?uorine com 

pounds (such as 1,5-di?uoro-2,4-dinitrobenZene). For 
example, a ricin immunotoxin canbe prepared as described in 
Vitetta et al. Science 238: 1098 (1987). Carbon-14-labeled 
1 -isothiocyanatobenZyl-3 -methyldiethylene triaminepen 
taacetic acid (MX-DTPA) is an exemplary chelating agent for 
conjugation of radionucleotide to the antibody. See WO94/ 
1 1026. 

In another embodiment, the antibody may be conjugated to 
a “receptor” (such streptavidin) for utiliZation in tumor pre 
targeting Wherein the antibody-receptor conjugate is admin 
istered to the patient, folloWed by removal of unbound con 
jugate from the circulation using a clearing agent and then 
administration of a “ligand” (e. g. avidin) Which is conjugated 
to a cytotoxic agent (eg a radionucleotide). 

(ix) Immunoliposomes 
The anti-ErbB2 antibodies disclosed herein may also be 

formulated as immunoliposomes. Liposomes containing the 
antibody are prepared by methods knoWn in the art, such as 
described in Epstein et al., Proc. Natl. Acad. Sci. USA, 
82:3688 (1985); HWang et al., Proc. Natl Acad. Sci. USA, 
77:4030 (1980); and US. Pat. Nos. 4,485,045 and 4,544,545. 
Liposomes With enhanced circulation time are disclosed in 
US. Pat. No. 5,013,556. 

Particularly useful liposomes can be generated by the 
reverse phase evaporation method With a lipid composition 
comprising phosphatidylcholine, cholesterol and PEG-de 
rivatiZed phosphatidylethanolamine (PEG-PE). Liposomes 
are extruded through ?lters of de?ned pore siZe to yield 
liposomes With the desired diameter. Fab' fragments of the 
antibody of the present invention can be conjugated to the 
liposomes as described in Martin et al. J. Biol. Chem. 257: 
286-288 (1982) via a disul?de interchange reaction. A che 
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motherapeutic agent is optionally contained Within the lipo 
some. See Gabizon et al. .1. National Cancer Inst. 81 (19)1484 

(1989). 
(x) Antibody Dependent Enzyme Mediated Prodrug 

Therapy (ADEPT) 
The antibodies of the present invention may also be used in 

ADEPT by conjugating the antibody to a prodrug-activating 
enzyme Which converts a prodrug (eg a peptidyl chemo 
therapeutic agent, see WO81/01145) to an active anti-cancer 
drug. See, for example, WO 88/07378 and US. Pat. No. 
4,975,278. 

The enzyme component of the immunoconjugate useful 
for ADEPT includes any enzyme capable of acting on a 
prodrug in such a Way so as to covert it into its more active, 
cytotoxic form. 
Enzymes that are useful in the method of this invention 

include, but are not limited to, alkaline phosphatase useful for 
converting phosphate-containing prodrugs into free drugs; 
arylsulfatase useful for converting sulfate-containing pro 
drugs into free drugs; cytosine deaminase useful for convert 
ing non-toxic 5-?uorocytosine into the anti-cancer drug, 
5-?uorouracil; proteases, such as serratia protease, thermol 
ysin, subtilisin, carboxypeptidases and cathepsins (such as 
cathepsins B and L), that are useful for converting peptide 
containing prodrugs into free drugs; D-alanylcarboxypepti 
dases, useful for converting prodrugs that contain D-amino 
acid substituents; carbohydrate-cleaving enzymes such as 
[3-galactosidase and neuraminidase useful for converting gly 
cosylated prodrugs into free drugs; [3-lactamase useful for 
converting drugs derivatized With [3-lactams into free drugs; 
and penicillin amidases, such as penicillinV amidase or peni 
cillin G amidase, useful for converting drugs derivatized at 
their amine nitrogens With phenoxyacetyl or phenylacetyl 
groups, respectively, into free drugs.Altematively, antibodies 
With enzymatic activity, also knoWn in the art as “abzymes”, 
can be used to convert the prodrugs of the invention into free 
active drugs (see, e.g., Massey, Nature 328: 457-458 [1987]). 
Antibody-abzyme conjugates can be prepared as described 
herein for delivery of the abzyme to a tumor cell population. 

The enzymes of this invention can be covalently bound to 
the anti-ErbB2 antibodies by techniques Well knoWn in the art 
such as the use of the heterobifunctional crosslinking 
reagents discussed above. Alternatively, fusion proteins com 
prising at least the antigen binding region of an antibody of 
the invention linked to at least a functionally active portion of 
an enzyme of the invention can be constructed using recom 
binant DNA techniques Well knoWn in the art (see, e.g., Neu 
berger et al., Nature, 312: 604-608 [1984]). 

(xi) Antibody-Salvage Receptor Binding Epitope Fusions 
In certain embodiments of the invention, it may be desir 

able to use an antibody fragment, rather than an intact anti 
body, to increase tumor penetration, for example. In this case, 
it may be desirable to modify the antibody fragment in order 
to increase its serum half life. This may be achieved, for 
example, by incorporation of a salvage receptor binding 
epitope into the antibody fragment (eg by mutation of the 
appropriate region in the antibody fragment or by incorporat 
ing the epitope into a peptide tag that is then fused to the 
antibody fragment at either end or in the middle, e. g., by DNA 
or peptide synthesis). 
A systematic method for preparing such an antibody vari 

ant having an increased in vivo half-life comprises several 
steps. The ?rst involves identifying the sequence and confor 
mation of a salvage receptor binding epitope of an Fc region 
of an IgG molecule. Once this epitope is identi?ed, the 
sequence of the antibody of interest is modi?ed to include the 
sequence and conformation of the identi?ed binding epitope. 
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After the sequence is mutated, the antibody variant is tested to 
see if it has a longer in vivo half-life than that of the original 
antibody. If the antibody variant does not have a longer in vivo 
half-life upon testing, its sequence is further altered to include 
the sequence and conformation of the identi?ed binding 
epitope. The altered antibody is tested for longer in vivo 
half-life, and this process is continued until a molecule is 
obtained that exhibits a longer in vivo half-life. 
The salvage receptor binding epitope being thus incorpo 

rated into the antibody of interest is any suitable such epitope 
as de?ned above, and its nature Will depend, e. g., on the type 
of antibody being modi?ed. The transfer is made such that the 
antibody of interest still possesses the biological activities 
described herein. 
The epitope preferably constitutes a region Wherein any 

one or more amino acid residues from one or tWo loops of a Fc 

domain are transferred to an analogous position of the anti 
body fragment. Even more preferably, three or more residues 
from one or tWo loops of the Fc domain are transferred. Still 
more preferred, the epitope is taken from the CH2 domain of 
the Fc region (e.g., of an IgG) and transferred to the CH1, 
CH3, or VH region, or more than one such region, of the 
antibody. Alternatively, the epitope is taken from the CH2 
domain of the Fc region and transferred to the C L region orVL 
region, or both, of the antibody fragment. 

In one most preferred embodiment, the salvage receptor 
binding epitope comprises the sequence (5' to 3'): PKNS 
SMISNTP (SEQ ID NO:3), and optionally further comprises 
a sequence selected from the group consisting of HQSLGTQ 
(SEQ ID NO:4), HQNLSDGK (SEQ ID NO:5), HQNISDGK 
(SEQ ID NO:6), orVISSHLGQ (SEQ ID NO:7), particularly 
Where the antibody fragment is a Fab or F(ab')2. In another 
most preferred embodiment, the salvage receptor binding 
epitope is a polypeptide containing the sequence(s)(5' to 3'): 
HQNLSDGK (SEQ ID NO: 5), HQNISDGK (SEQ ID NO: 6), 
or VISSHLGQ (SEQ ID NO:7) and the sequence: PKNS 
SMISNTP (SEQ ID NO:3). 

(xii) Puri?cation of Anti-ErbB2 Antibody 
When using recombinant techniques, the antibody can be 

produced intracellularly, in the periplasmic space, or directly 
secreted into the medium. If the antibody is produced intra 
cellularly, as a ?rst step, the particulate debris, either host 
cells or lysed fragments, is removed, for example, by cen 
trifugation or ultra?ltration. Carter et al., Bio/Technology 
10:163-167 (1992) describe a procedure for isolating anti 
bodies Which are secreted to the periplasmic space of E. coli. 
Brie?y, cell paste is thaWed in the presence of sodium acetate 
(pH 3.5), EDTA, and phenylmethylsulfonyl?uoride (PMSF) 
over about 30 min. Cell debris can be removed by centrifu 
gation. Where the antibody is secreted into the medium, 
supematants from such expression systems are preferably 
?rst concentrated using a commercially available protein con 
centration ?lter, for example, an Amicon or Millipore Pelli 
con ultra?ltration unit. A protease inhibitor such as PMSF 
may be included in any of the foregoing steps to inhibit 
proteolysis and antibiotics may be included to prevent the 
groWth of adventitious contaminants. 
The antibody composition prepared from the cells can be 

puri?ed using, for example, hydroxylapatite chromatogra 
phy, gel electrophoresis, dialysis, and a?inity chromatogra 
phy, With af?nity chromatography being the preferred puri? 
cation technique. The suitability of protein A as an a?inity 
ligand depends on the species and isotype of any immuno 
globulin Fc domain that is present in the antibody. Protein A 
can be used to purify antibodies that are based on human Y1, 
Y2, or Y4 heavy chains (Lindmark et al., .1. Immunol. Meth. 
62:1-13 [1983]). Protein G is recommended for all mouse 
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isotypes and for human Y3 (Guss et al., EMBOJ. 5: 15671575 
[1986]). The matrix to Which the a?inity ligand is attached is 
mo st often agaro se, but other matrices are available. 
Mechanically stable matrices such as controlled pore glass or 
poly(styrenedivinyl)benZene alloW for faster ?oW rates and 
shorter processing times than can be achieved With agarose. 
Where the antibody comprises a C H3 domain, the Bakerbond 
ABXTM resin (J. T. Baker, Phillipsburg, N1.) is useful for 
puri?cation. Other techniques for protein puri?cation such as 
fractionation on an ion-exchange column, ethanol precipita 
tion, Reverse Phase HPLC, chromatography on silica, chro 
matography on heparin SEPHAROSETM chromatography on 
an anion or cation exchange resin (such as a polyaspartic acid 
column), chromatofocusing, SDS-PAGE, and ammonium 
sulfate precipitation are also available depending on the anti 
body to be recovered. 

Following any preliminary puri?cation step(s), the mixture 
comprising the antibody of interest and contaminants may be 
subjected to loW pH hydrophobic interaction chromatogra 
phy using an elution buffer at a pH betWeen about 2.5-4.5, 
preferably performed at loW salt concentrations (e. g. from 
about 0-0.25M salt). 

Ill. Pharmaceutical Formulations 

Therapeutic formulations of the antibodies used in accor 
dance With the present invention are prepared for storage by 
mixing an antibody having the desired degree of purity With 
optional pharmaceutically acceptable carriers, excipients or 
stabiliZers (Remington ’s Pharmaceutical Sciences 16th edi 
tion, Osol, A. Ed. [1980]), in the form of lyophilized formu 
lations or aqueous solutions. Acceptable carriers, excipients, 
or stabiliZers are nontoxic to recipients at the dosages and 
concentrations employed, and include buffers such as phos 
phate, citrate, and other organic acids; antioxidants including 
ascorbic acid and methionine; preservatives (such as octade 
cyldimethylbenZyl ammonium chloride; hexamethonium 
chloride; benZalkonium chloride, benZethonium chloride; 
phenol, butyl or benZyl alcohol; alkyl parabens such as 
methyl or propyl paraben; catechol; resorcinol; cyclohex 
anol; 3-pentanol; and m-cresol); loW molecular Weight (less 
than about 10 residues) polypeptides; proteins, such as serum 
albumin, gelatin, or immunoglobulins; hydrophilic polymers 
such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalose or 
sorbitol; salt-forming counter-ions such as sodium; metal 
complexes (e.g. Zn-protein complexes); and/ or non-ionic sur 
factants such as TWEENTM, PLURONICSTM or polyethylene 
glycol (PEG). Preferred lyophiliZed anti-ErbB2 antibody for 
mulations are described in W0 97/ 04801, expressly incorpo 
rated herein be reference. 

The formulation herein may also contain more than one 
active compound as necessary for the particular indication 
being treated, preferably those With complementary activities 
that do not adversely affect each other. For example, it may be 
desirable to further provide antibodies Which bind to EGFR, 
ErbB2 (eg an antibody Which binds a different epitope on 
ErbB2), ErbB3, ErbB4, or vascular endothelial factor 
(VEGF) in the one formulation. Alternatively, or in addition, 
the composition may comprise a cytotoxic agent, cytokine, 
groWth inhibitory agent and/ or cardioprotectant. Such mol 
ecules are suitably present in combination in amounts that are 
effective for the purpose intended. 
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The active ingredients may also be entrapped in microcap 

sules prepared, for example, by coacervation techniques or by 
interfacial polymerization, for example, hydroxymethylcel 
lulose or gelatin-microcapsules and poly-(methylmethacy 
late) microcapsules, respectively, in colloidal drug delivery 
systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles and nanocapsules) or in mac 
roemulsions. Such techniques are disclosed in Remington ’s 
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 

The formulations to be used for in vivo administration must 
be sterile. This is readily accomplished by ?ltration through 
sterile ?ltration membranes. 

Sustained-release preparations may be prepared. Suitable 
examples of sustained-release preparations include semiper 
meable matrices of solid hydrophobic polymers containing 
the antibody, Which matrices are in the form of shaped 
articles, e. g. ?lms, or microcapsules. Examples of sustained 
release matrices include polyesters, hydrogels (for example, 
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), 
polylactides (US. Pat. No. 3,773,919), copolymers of 
L-glutamic acid and y ethyl-L-glutamate, non-degradable 
ethylene-vinyl acetate, degradable lactic acid-glycolic acid 
copolymers such as the LUPRON DEPOTTM (injectable 
microspheres composed of lactic acid-glycolic acid copoly 
mer and leuprolide acetate), and poly-D-(—)-3-hydroxybu 
tyric acid. While polymers such as ethylene-vinyl acetate and 
lactic acid-glycolic acid enable release of molecules for over 
100 days, certain hydrogels release proteins for shorter time 
periods. When encapsulated antibodies remain in the body for 
a long time, they may denature or aggregate as a result of 
exposure to moisture at 37° C., resulting in a loss of biological 
activity and possible changes in immunogenicity. Rational 
strategies can be devised for stabiliZation depending on the 
mechanism involved. For example, if the aggregation mecha 
nism is discovered to be intermolecular SiS bond formation 
through thio-disul?de interchange, stabiliZation may be 
achieved by modifying sulfhydryl residues, lyophiliZing from 
acidic solutions, controlling moisture content, using appro 
priate additives, and developing speci?c polymer matrix 
compositions. 

1V. Treatment With the Anti-ErbB2 Antibodies 

It is contemplated that, according to the present invention, 
the anti-ErbB2 antibodies may be used to treat various con 
ditions characterized by overexpression and/or activation of 
the ErbB2 receptor. Exemplary conditions or disorders 
include benign or malignant tumors (e. g. renal, liver, kidney, 
bladder, breast, gastric, ovarian, colorectal, prostate, pancre 
atic, lung, vulval, thyroid, hepatic carcinomas; sarcomas; 
glioblastomas; and various head and neck tumors); leukemias 
and lymphoid malignancies; other disorders such as neu 
ronal, glial, astrocytal, hypothalamic, glandular, macroph 
agal, epithelial, stromal, blastocoelic, in?ammatory, angio 
genic and immunologic disorders. 
The antibodies, chemotherapeutic agents and cardiopro 

tectants of the invention are administered to a human patient, 
in accord With knoWn methods, such as intravenous admin 
istration as a bolus or by continuous infusion over a period of 

time, by intramuscular, intraperitoneal, intracerobrospinal, 
subcutaneous, intra-articular, intrasynovial, intrathecal, oral, 
topical, or inhalation routes. Intravenous or subcutaneous 
administration of the antibody is preferred. 

In one embodiment, the treatment of the present invention 
involves the combined administration of an anti-ErbB2 anti 
body and a chemotherapeutic agent, other than an anthracy 
cline derivative. The present invention contemplates admin 
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istration of cocktails of different chemotherapeutic agents.
The combined administration includes coadministration,

using separate formulations or a single pharmaceutical for-
mulation, and consecutive administration in either order,
wherein preferably there is a time period while both (orall)
active agents simultaneously exert their biological activities.
Preparation and dosing schedules for such chemotherapeutic
agents may be used according to manufacturers’ instructions
or as determined empirically by the skilled practitioner.
Preparation and dosing schedules for such chemotherapyare
also described in Chemotherapy Service Ed., M. C. Perry,
Williams & Wilkins, Baltimore, Md. (1992). The chemo-
therapeutic agent may precede, or follow administration of
the antibody or may be given simultaneously therewith. The
antibody may be combined with an anti-estrogen compound
such as tamoxifen or an anti-progesterone such as onapris-
tone (see, EP 616 812) in dosages knownfor such molecules.

Tt may be desirable to also administer antibodies against
other tumorassociated antigens, such as antibodies which
bind to the EGFR, ErbB3, ErbB4, or vascular endothelial

factor (VEGF). Alternatively, or in addition, two or more
anti-ErbB2 antibodies may be co-administeredto the patient.
Sometimes, it may be beneficial to also administer one or
more cytokinesto the patient. In a preferred embodiment, the
ErbB2antibody is co-administered with a growth inhibitory
agent. For example, the growth inhibitory agent may be
administeredfirst, followed by the ErbB2 antibody. However,
simultaneous administration or administration of the ErbB2

antibodyfirst is also contemplated. Suitable dosages for the
growth inhibitory agent are those presently used and may be
lowered due to the combinedaction (synergy) of the growth
inhibitory agent and anti-ErbB2 antibody.

The present invention also provides a method oftreating
ErbB2 expressing cancer, especially cancer characterized by
overexpression ofErbB2, by administering effective amounts
of an anti-ErbB2 antibody and a cardioprotectant to a patient
susceptible to, or diagnosed with, cancer.

In one embodiment, the method further comprises admin-
istering one or more chemotherapeutic agentsto the patient.
For example, an anthracycline antibiotic may be administered
to the patient along with the cardioprotectant and anti-ErbB2
antibody (as well as one or more other optional chemothera-
peutic agents).

In an alternative embodiment, an anthracycline antibiotic
is not administered to the patient with the anti-ErbB2 anti-
body or cardioprotectant. Thus, while the patient may have
been exposed to an anthracycline antibiotic in a previous
treatment regimen, in this embodimentofthe invention, the
therapeutic regimen does not entail the administration of an
antracycline antibiotic (i.e. the method is performed in the
absence of an anthracycline antibiotic). This embodiment of
the invention contemplates however the optional administra-
tion ofone or more other chemotherapeutic agents (other than
anthracycline antibiotics) to the patient.

Combined administration of the anti-ErbB2 antibody and
cardioprotectant includes coadministration, using separate
formulations or a single pharmaceutical formulation, and
consecutive administration in either order, wherein prefer-
ably there is a time period while both (orall) active agents
simultaneously exert their biological activities. Moreover,
administration of the cardioprotectant may be delayed until
the patient has been given a lifetime dose of anti-ErbB2
antibody and/or anthracycline antibiotic which is considered
to result in a high risk of cardiac side effects (e.g. a lifetime
doxorubicin dose of 350 mg/m7). In one embodiment, the
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cardioprotectant is administered to the patient both prior to
administration of the anti-ErbB2 antibody and concurrently
therewith.

The effective amount of the cardioprotectant is that which
reduces or prevents myocardial dysfunction (e.g. cardiomy-
opathy and/or congestive heart failure) resulting from admin-
istration of the anti-ErbB2 antibody (and optionally an
anthracycline antibiotic or other chemotherapeutic agent) to
the patient. Myocardial dysfunction can be assessed by a
variety of different methods including physical examination,
electrocardiography, echocardiography, angiocardiography,
and endomyocardial biopsy (reviewed in Singalet al. NEJM
339:900-905 (1998), expressly incorporated herein by refer-
ence). The preferred method for determining myocardial dys-
function comprises measuring the ejection fraction by
echocardiography or angiocardiography. Suitable dosages
for the cardioprotectants dexrazoxane and probucol have
been described, for example, in Seifert et al. The Annals of
Pharmacotherapy 28:1063-1072 (1994) and Singalet al. J.
Mol. Cell Cardiol. 27:1055-1063 (1995), respectively. The
effective amountof the cardioprotectant may be determined
based on the amount of anti-ErbB2 antibody and/or anthra-
cycline antibiotic agent administered to the patient. Gener-
ally, the amount ofcardioprotectant will exceed the amount of
chemotherapeutic agent or anti-ErbB2 antibody causing the
cardiotoxicity. For example, the ratio of cardioprotectant:
antibody or chemotherapeutic agent may be from about 1:1 to
about 100:1.

In addition to the above therapeutic regimes, the patient
maybe subjected to surgical removal of cancer cells and/or
radiation therapy.

For the prevention or treatment of disease, the appropriate
dosage of antibody will depend on the type of disease to be
treated, as defined above, the severity and course of the dis-
ease, whether the antibody is administered for preventive or
therapeutic purposes, previous therapy, the patient’s clinical
history and responseto the antibody, and the discretion ofthe
attending physician. The antibody is suitably administered to
the patient at one time or overa series of treatments.

Depending on the type and severity of the disease, about 1
ug/kg to 15 mg/kg (e.g. 0.1-20 mg/kg) ofantibodyis an initial
candidate dosage for administration to the patient, whether,
for example, by one or more separate administrations, or by
continuousinfusion. A typical daily dosage might range from
about 1 ug/kg to 100 mg/kg or more, dependingonthe factors
mentioned above. For repeated administrations over several
days or longer, depending on the condition, the treatment is
sustained until a desired suppression of disease symptoms
occurs. However, other dosage regimens maybe useful. The
progress of this therapy is easily monitored by conventional
techniques andassays.

Further information about suitable dosages is provided in
the Example below.

V. Articles of Manufacture

In another embodiment of the invention, an article of
manufacture containing materials useful for the treatment of
the disorders described above is provided. The article of
manufacture comprises a container, a label and a package
insert. Suitable containers include, for example, bottles, vials,
syringes, etc. The containers may be formed from a variety of
materials such asglass or plastic. The container holds a com-
position which is effective for treating the condition and may
havea sterile access port (for example the container may be an
intravenoussolution bag or a vial having a stopper pierceable
by ahypodermic injection needle). At least one active agent in
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the composition is an anti-ErbB2 antibody. The label on, or
associated with, the container indicates that the composition
is used for treating the condition of choice. The article of
manufacture may further comprise a second container com-
prising a pharmaceutically-acceptable buffer, such as phos-
phate-buffered saline, Ringer’s solution and dextrose solu-
tion. It may further include other materials desirable from a
commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes. In addition, the article
ofmanufacture comprises a package inserts with instructions
for use, including for example a warning that the composition
is not to be used in combination with anthacycline-type che-
motherapeutic agent, e.g. doxorubicin, or epirubicin, or
instructing the user of the composition to administertheanti-
ErbB2 antibody composition and a cardioprotectant to a
patient.
Deposit of Materials

The following hybridomacell lines have been deposited
with the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, Md., USA (ATCC):

Antibody Designation ATCC No. Deposit Date

7C2 ATCC HB-12215 Oct. 17, 1996
TF3 ATCC HB-12216 Oct. 17, 1996
4D5 ATCC CRL 10463 May 24, 1990

Further details of the invention are illustrated by the fol-
lowing non-limiting Example.

Example

Materials and Methods

Anti-ErbB2 monoclonal antibody The anti-ErbB2 IgG, «
murine monoclonal antibody 4D5, specific for the extracel-
lular domain of ErbB2, was produced as described in Fendly
et al., Cancer Research 50:1550-1558 (1990) and WO89/
06692. Briefly, NIH 3T3/HER2-3,5, cells (expressing
approximately 1x10° ErbB2 molecules/cell) produced as
described in Hudziak et al. Proc. Natl. Acad. Sci. (USA)
84:7159 (1987) were harvested with phosphate buffered
saline (PBS) containing 25 mM EDTA andused to immunize
BALB/c mice. The mice were giveninjections i.p. of 10’cells
in 0.5 ml PBS on weeks,0, 2, 5 and 7. The mice with antisera
that immunoprecipitated **P-labeled ErbB2 were given ip.
injections of a wheat germ agglutinin-Sepharose (WGA)
purified ErbB2 membrane extract on weeks 9 and 13. This
was followed by an i.v. injection of 0.1 ml of the ErbB2
preparation and the splenocytes were fused with mouse
myeloma line X63-Ag8.653. Hybridoma supernatants were
screened for ErbB2-binding by ELISA and radioimmunopre-
cipitation. MOPC-21 (IgG1), (Cappell, Durham, N.C.), was
used as an isotype-matched control.

The treatment was performed with a humanized version of
the murine 4D5 antibody) (HERCEPTIN®). The humanized
antibody was engineered by inserting the complementarity
determining regions of the murine 4D5 antibody into the
framework of a consensus human immunoglobulin IgG,
(IgG) (Carter et al., Proc. Natl. Acad. Sci. USA 89:4285-
4289 [1992]). The resulting humanized anti-ErbB2 mono-
clonal antibody hashigh affinity for p185’"*? (Dillohiation
constant [K,]=0.1 nmol/L), markedly inhibits, in vitro and in
human xenografts, the growth ofbreast cancercells that con-
tain high levels of p185”“*?, induces antibody-dependent
cellular cytotoxicity (ADCC), and has been foundclinically
active, as a single agent, in patients with ErbB2-overexpress-
ing metastatic breast cancers that had received extensive prior
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therapy. HERCEPTIN®is produced by a genetically engi-
neered Chinese Hamster Ovary (CHO) cell line, grown in
large scale, that secretes the antibody into the culture
medium. The antibody is purified from the CHO culture
media using standard chromatographic and filtration meth-
ods. Each lot of antibody used in this study was assayed to
verify identity, purity, and potency, as well as to meet Food
and Drug Administration requirements for sterility and
safety.

Eligibility Criteria Patients had to fulfill all ofthe following
criteria to be eligible for study admission:

Metastatic breast cancer

Overexpression of the ErbB2 (HER2) oncogene (2+ to 3+
as determined by immunochistochemistry or fluores-
cence in situ hybridization (FISH). [Tumor expression
of ErbB2 can be determined by immunohistochemical
analysis, as previously described (Slamonet al., [1987]
and [1989], supra), of a set of thin sections prepared
from the patient’s paraffin-archived tumor blocks. The
primary detecting antibody used is murine 4D5 MAb,
which has the same CDRsas the humanized antibody
used for the treatment. Tumors are considered to over-

express ErbB2 if at least 25% of tumorcells exhibit
characteristic membranestaining for p185”"*7].

Bidimensionally measurable disease (including lytic bone
lesions) by radiographic means, physical examination,
or photographs

Measurable disease was defined as any mass reproducibly
measurable in two perpendicular diameters by physical
examination, X-ray (plain films), computerized tomography
(CT), magnetic resonance imaging (MRI), ultrasound, or
photographs.

Osteoblastic metastases, pleural effusions, or ascites were
not considered to be measurable. Measurable lesions must be

at least 1 cm in greatest dimension. Enumeration of evaluable
sites of metastatic disease and numberoflesions in an evalu-

able site (e.g. lung) had to be recorded on the appropriate Case
Report Form (CRF). If a large number of pulmonary or
hepatic lesions were present, the six largest lesions per site
were followed.

The ability to understand and willingnessto sign a written
informed consent form

Women= 18 years
Suitable candidates for receiving concomitant cytotoxic

chemotherapy as evidenced by screening laboratory
assessments of hematologic, renal, hepatic, and meta-
bolic functions.

Exclusion Criteria Patients with any of the following were
excluded from study entry:

Prior cytotoxic chemotherapy for metastatic breast cancer
Patients may have received prior hormonaltherapy(e.g.
tamoxifen) for metastatic disease or cytotoxic therapy in
the adjuvantsetting.

Concomitant malignancy that has not been curatively
treated

A performance status of <60% on the Karnofsky scale
Pregnantor nursing women; womenofchildbearing poten-

tial, unless using effective contraception as determined
bythe investigator

Bilateral breast cancer (either both primary tumors must
have 2+ to 3+ HER2 overexpression, or the metastatic
site must have 2+ to 3+ HER2 overexpression)

Useof investigational or unlicensed agents within 30 days
prior to study entry

Clinically unstable or untreated metastases to the brain
(e.g. requiring radiation therapy)

Based uponthe foregoing criteria, 469 patients were cho-
sen, and enrolled in the study. Half the patients (stratified by
chemotherapy) were randomized to additionally receive the
HERCEPTIN®antibody (see below).
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Administration and Dosage
Anti-ErbB2 Antibody
On day 0, a 4 mg/kg dose of humanized anti-ErbB2 anti-

body (HERCEPTIN®, H) was administered intravenously,
over a 90-minute period. Beginning on day 7, patients
received weekly administration of 2 mg/kg antibody (i.v.)
over a 90-minute period.

Chemotherapy
Thepatients received one of two chemotherapy regiments

for a minimum ofsix cycles, provided their disease was not
progressing: a) cyclophosphamide and doxorubicin or epiru-
bicin (AC), if patients have not received anthracycline
therapy in the adjuvantsetting, or b) paclitaxel (T, TAXOL®),
if patients have received any anthracycline therapy in the
adjuvantsetting. The initial dose of the HERCEPTIN®anti-
body precededthefirst cycle of either chemotherapy regimen
by 24 hours. Subsequent doses of the antibody were given
immediately before chemotherapy administration,if the ini-
tial dose ofthe antibody was welltolerated. Ifthe first dose of
the antibody was not well tolerated, subsequent infusions
continued to precede chemotherapy administration by 24
hours. Patients were permitted to continue receiving chemo-
therapy beyond six cycles if, in the opinion of the treating
physician, they were continuing to receive treatment benefit.

Cyclophosphamide (600 mg/m?) was given either by iv
push over a minimum period of3 minutesor by infusion over
a maximum period of 2 hours.

Doxorubicin (60 mg/m?) or epirubicin (75 mg/m?) were
given either by slow iv push over a minimum period of 3-5
minutes or by infusion over a maximum period of 2 hours,
according to institutional protocol.

Paciltaxel (TAXOL®) was given at a dose of 175 mg/m?
over 3 hours by intravenous administration. All patients
receiving paclitaxel were premedicated with dexamethasone
(or its equivalent) 20 mgx2, administered orally 12 and 6
hourspriorto paclitaxel; diphenhydramine(or its equivalent)
50 mg, iv, administered 30 minutes prior to paclitaxel, and
dimetidine (or another H, blocker) 300 mg,iv, administered
30 minutesprior to paclitaxel.

Response Criteria
Progressive Disease Objective evidence of an increase of

25% or more in any measurable lesion. Progressive disease
also includes those instances when new lesions have

appeared. For bonelesions, progression is defined as a 25%
increase in objective measurementby plain film, CT, MRI;
symptomatic new lesions not due to fracture; or requirement
for palliative radiotherapy.

Complete Response Disappearanceofall radiographically
and/or visually apparent tumor for a minimum of 4 weeks.
Skin and chest wall complete responses had to be confirmed
by biopsy.

Partial Response A reduction ofat least 50% in the sum of
the products ofthe perpendicular diameters ofall measurable
lesions for a minimum period of4 weeks. No new lesions may
have appeared, nor may any lesions have progressedin size.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ ID NO 1
<211> LENGTH: 166

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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Minor Response A reduction of 25% to 49% in the sum of
the products of the perpendicular diameters ofall measurable
lesions. No new lesions may have appeared, nor may any
lesions have progressedin size.

Stable Disease No changeofgreater than 25% in the size of
measurable lesions. No lesions may have appeared.

Timeto disease progression (TTP) wascalculated from the
beginning of therapy to progression. Confidence limits for
response rates were calculated using the exact method for a
single proportion. (Fleiss, J L, Statistical Methodsfor Rates
and Proportions (ed. 2), New York, N.Y., Wiley, 1981, pp
13-17).

Results

Ata median follow-up of 10.5 months, assessments oftime
to disease progression (TTP in months) and responserates
(RR) showed a significant augmentation of the chemothera-
peutic effect by HERCEPTIN®,without increase in overall
severe adverse events (AE):

TIP

Enrolled (months) RR (%) AE (%)

CRx 234 5.5 36.2 66
CRx + 235 8.6* 62.00** 69
H
AC 145 6.5 42.1 71
AC+H 146 9.0 64.9 68
T 89 4.2 25.0 59
T+H 89 71 57.3 70

*p < 0.001 by log-ranktest
**p <0.01 by X?test
CRx: chemotherapy
AC: anthracycline/cyclophosphamide treatment
H: HERCEPTIN ®
T: TAXOL ®

 
   

A syndrome of myocardial dysfunction similar to that
observed with anthracyclines was reported more commonly
with a combined treatment of AC+H (18% Grade 3/4) than
with AC alone (3%), T (0%), or T+H (2%).

These data indicate that the combination of anti-ErbB2

antibody treatment with chemotherapy markedly increases
the clinical benefit, as assessed by response rates and the
evaluation of disease progression. However, due to the
increased cardiac side-effects of doxorubicin or epirubicin,
the combineduse ofanthracyclines with anti-ErbB2 antibody
therapy is contraindicated. The results, taking into account
risk and benefit, favor the combined treatment with HER-
CEPTIN®andpaclitaxel (TAXOL®).

The disclosures of all citations in the specification are
expressly incorporated herein by reference.
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-continued

<400> SEQUENCE: 1

Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala Ser Pro Glu Thr
1 5 10 15

His Leu Asp Met Leu Arg His Leu Tyr Gln Gly Cys Gln Val Val Gln
20 25 30

Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser Leu Ser Phe
35 40 45

Leu Gln Asp Ile Gln Glu Val Gln Gly Tyr Val Leu Ile Ala His Asn
50 55 60

Gln Val Arg Gln Val Pro Leu Gln Arg Leu Arg Ile Val Arg Gly Thr
65 70 75 80

Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala Val Leu Asp Asn Gly Asp
85 90 95

Pro Leu Asn Asn Thr Thr Pro Val Thr Gly Ala Ser Pro Gly Gly Leu
100 105 110

Arg Glu Leu Gln Leu Arg Ser Leu Thr Glu Ile Leu Lys Gly Gly Val
115 120 125

Leu Ile Gln Arg Asn Pro Gln Leu Cys Tyr Gln Asp Thr Ile Leu Trp
130 135 140

Lys Asp Ile Phe His Lys Asn Asn Gln Leu Ala Leu Thr Leu Ile Asp
145 150 155 160

Thr Asn Arg Ser Arg Ala
165

<210> SEQ ID NO 2
<211> LENGTH: 32
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Ser Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala
1 5 10 15

Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln Gly Cys
20 25 30

<210> SEQ ID NO 3
<211> LENGTH: 11
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Pro Lys Asn Ser Ser Met Ile Ser Asn Thr Pro
1 5 10

<210> SEQ ID NO 4
<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

His Gln Ser Leu Gly Thr Gln
1 5

<210> SEQ ID NO 5
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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-continued 

<400> SEQUENCE: 5

His Gln Asn Leu Ser Asp Gly Lys
1 5

<210> SEQ ID NO 6
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

His Gln Asn Ile Ser Asp Gly Lys
1 5

<210> SEQ ID NO 7
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Val Ile Ser Ser His Leu Gly Gln
1 5

<210> SEQ ID NO 8
<211> LENGTH: 59
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

 
Val Glu Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val Asn
1 5 10 15

Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly
20 25 30

Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala
35 40 45

His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg
50 55

<210> SEQ ID NO 9
<211> LENGTH: 65
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Ser Val Thr Cys
1 5 10 15

Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His Tyr Lys Asp
20 25 30

Pro Pro Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys Pro Asp Leu
35 40 45

Ser Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu Gly Ala Cys Gln
50 55 60

Pro
65

<210> SEQ ID NO 10
<211> LENGTH: 191
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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-continued

<400> SEQUENCE:

Met Glu Leu Ala
1

Ala Leu Cys Arg Trp Gly Leu Leu Leu
10

Ala
20

Ala Thr Gln Val
25

Pro Pro Gly Ser Cys Thr Gly Thr

Ala Glu
40

Thr Met
45

Leu Pro Ser Pro His Leu
35

Leu Arg Asp

Gln Gln Val
55

Val Glin Leu Glu
60

Leu Tyr Asn
50

Gly Cys Gly

Thr Ala Phe Gln
75

Ser Leu Ser Leu Ile
70

Leu Pro Asn
65

Asp

Glin val Ile Ala Gln
90

Gly Leu His Asn Val Gln
85

Tyr Arg

Glin Ile Val Thr
105

Arg Leu Arg Gln Leu Phe Glu
100

Arg Gly

Ala Ala
115

val Asn
125

Leu Leu Asp Asn Gly Pro Leu Asn
120

Asp

Val Thr
130

Gly Ala Glu Leu Gln
140

Ser Pro Gly Leu
135

Gly Arg

Thr Glu Ile val Ile
155

Leu Leu Leu Glin
145

Lys
150

Gly Gly Arg

Leu Cys Tyr Gln Asp Thr Ile Leu Ile Phe
165

Trp Lys
170

Asp

Gln Ala
180

Asn Leu Leu Thr Leu Ile Asp Thr Asn Ser
185

Arg

Whatis claimed is:

1. A method for the treatment of a human patient with
gastric cancer characterized by overexpression of ErbB2
receptor, comprising administering an effective amount of a
combination of an anti-ErbB2 antibody, or an antigen-bind-
ing fragment thereof, and a chemotherapeutic agent, to the
human patient, wherein the chemotherapeutic agent is
capecitabine or 5-fluorouracil, wherein the attending physi-
cian is provided with instructions including a warningthat the
treatment is not to be performed in combination with an
anthracycline derivative and wherein said antibody binds to
epitope 4D5 within the ErbB2extracellular domain sequence.

2. The method of claim 1 wherein the chemotherapeutic
agent is capecitabine.

Ala

Asp
30

Leu

Leu

Gln

val

Asp
110

Thr

Leu

Asn

His

Arg
190

35

40

45

Leu Leu
15

Met Lys

Arg His

Thr Tyr

Glu Val
80

Pro Leu
95

Asn Tyr

Thr Pro

SerArg

Gln
160

Pro

Lys Asn
175

Ala

3. The method ofclaim 2 whereinsaid antibodyis a human-
ized 4D5 anti-ErbB2 antibody, or an antigen-binding frag-
mentthereof.

4. The method of claim 3 wherein the antibody is rhuMAb
HER2.

5. The method of claim 1 further comprising the adminis-
tration of a further chemotherapeutic agent.

6. The method of claim 5 wherein the further chemothera-

peutic agent is cisplatin.

7. The method of claim 1 wherein efficacy is defined in
termsof time to disease progression or responserate.

* * * * *
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3H4 aa 541-599

4D5 aa529-625
7C2 aa 22-53

7F3 aa22-—53

400 500 600

 
3H4 epitope (SEQ ID NO:8) 58 residues

VEECRVLQGLPREYVNARHCLPCHPECQPONGSVTCFGPEADQCVACAHYKDPPFCVAR
| |
Bal 599

4D5 epitope (SEQ ID NO:9) 64 residues

LPCHPECQPQNGSVTCFGPEADQCVACAHYKDPPFCVARCPSGVKPDLSYMP IWKFPDEEGACQP
| |
561 625
RW

FIG._1

1 MELAALCRWGLLLALLPPGAASTOQVCTGTDMKLRLPA

38 SPETHLDMLRHLYQGCOVVOGNLELTYLPTNASLSFL

75 QDIQEVOGYVLIAHNQVROVPLORLRIVRGTOLFEDN

112 YALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEI

149 LKGCVLIORNPOLCYQDTILWKDIFHKNNOLALTLID

186 TNRSRA

FIG._2
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VARIABLE LIGHT

1 10 20 30 AQ

2c4 DTVMTQOSHKIMSTSVGDRVSITC [KASQDVSIGVA----] WYQQRP
*K* kkKKK O* * *

574 DIQMTOSPSSLSASVGDRVTITC [KASQDVSIGVA----] WYQQKP
* * KEK

hum kI DIQMTOSPSSLSASVGDRVTITC [RASQOSVSTSSYSYMH] WYQQKP

50 60 70 80

2C4 GOSPKLLIY [SASYRYT] GVPDRFTGSGSGTDFTFTISSVOA
Rk * * bs x *

574 GKAPKLLIY [SASYRYT] GVPSRFSGSGSGTDFTLTISSLOP
* KKK

hum kI GKAPKLLIY [AASSLES] GVPSRFSGSGSGTDFTLTISSLOP

90 100

2C4 EDLAVYYC [QQYYIYPYT] FGGGTKLEIK (SEQ ID NO:10)
xk * *

574 EDFATYYC [QOQOYYIYPYT] FGQGTKVEIK (SEQ ID NO:12)
KEK

hum kI EDFATYYC [QQYNSLPYT] FGQGTKVEIK (SEQ ID NO:14)

FIG._5A

VARIABLE HEAVY

1 10 20 30 40

2ca4 EVQLOQQSGPELVKPGTSVKISCKAS [GFTFTDYTMD] WVKQS
k* Kk * kK KKK Kk *

574 EVQLVESGGGLVQPGGSLRLSCAAS [GFTFTDYTMD] WVROQA
. kk Ok Ok

humIII EVQLVESGGGSVOPGGSLRLSCAAS [GFTFSSYAMS! WVRQA

50 60 70 80

2C4 HGKSLEWIG [DVNPNSGGSIYNQRFKG] KASLTVDRSSRIVYM
* * kK* KKK KKK OK

574 PGKGLEWVA [DVNPNSGGSIYNQRFKG] RFTLSVDRSKNTLYL
* KKKKEK kk kKKK kk *

humIII PGKGLEWVS [VISGDGGSTYYADSVKG] RFTISRDDSKNTLYL

90 100 110

2C4 ELRSLTFEDTAVYYCAR [NLGPSFYFDY] WGQOGTTLVTSS (SEQ ID NO:11)
kkK* kk *

574 QMNSLRAEDTAVYYCAR [NLGPSFYFDY] WGOGTLVTVSS (SEQ ID NO:13)
kK ORKKK

humIII QMNSLRAEDTAVYYCAR [GRGGGS--DY] WGQGTLVTVSS (SEQ ID NO:15)

FIG._5B
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DOSAGES FOR TREATMENT WITH ANTI 
ERBB2 ANTIBODIES 

RELATED APPLICATIONS 

This application is a non-provisional application ?led 
under 37 CFR 1.53(b)(1), claiming priority under 35 USC 
119(e) to provisional application No. 60/151,018, ?led Aug. 
27, 1999 and No. 60/213,822, ?led Jun. 23, 2000, the 
contents of Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention concerns the treatment of disorders 
characteriZed by the overexpression of ErbB2 or disorders 
expressing epidermal groWth factor receptor (EGFR), com 
prising administering to a human or animal presenting the 
disorders a therapeutically effective amount of an antibody 
that binds ErbB2. More speci?cally, the invention concerns 
the treatment of human patients susceptible to or diagnosed 
With cancer overexpressing ErbB2 or expressing EGFR, 
Where the treatment is With an anti-ErbB2 antibody admin 
istered by front loading the dose of antibody during treat 
ment by intravenous and/or subcutaneous administration. 
The invention optionally includes treatment of cancer in a 
human patient With a combination of an anti-ErbB2 antibody 
and a chemotherapeutic agent, such as, but not limited to, a 
taxoid. The taxoid may be, but is not limited to paclitaxel or 
docetaxel. The invention further includes treatment of can 
cer in a human patient With a combination of anti-ErbB2 
antibody and a chemotherapeutic agent, such as, but not 
limited to, an anthracycline derivative. Optionally, treatment 
With a combination of anti-ErbB2 and an anthracycline 
derivative includes treatment With an effective amount of a 
cardioprotectant. The present invention further concerns 
infrequent dosing of anti-ErbB2 antibodies. 

BACKGROUND OF THE INVENTION 

Proto-oncogenes that encode groWth factors and groWth 
factor receptors have been identi?ed to play important roles 
in the pathogenesis of various human malignancies, includ 
ing breast cancer. It has been found that the human ErbB2 
gene (erbB2, also knoWn as her2, or c-erbB-2), Which 
encodes a 185-lid transmembrane glycoprotein receptor 
(p185HER2) related to the epidermal groWth factor receptor 
(EGFR), is overexpressed in about 25% to 30% of human 
breast cancer (Slamon et al., Science 235:177—182 [1987]; 
Slamon et al., Science 244:707—712 [1989]). 

Several lines of evidence support a direct role for ErbB2 
in the pathogenesis and clinical aggressiveness of ErbB2 
overexpressing tumors. The introduction of ErbB2 into 
non-neoplastic cells has been shoWn to cause their malignant 
transformation (HudZiak et al., Proc. Natl. Acad. Sci. USA 
84:7159—7163 [1987]; DiFiore et al., Science 237:78—182 
[1987]). Transgenic mice that express HER2 Were found to 
develop mammary tumors (Guy et al., Proc. Natl. Acad. Sci. 
USA 89:10578—10582 [1992]). 

Antibodies directed against human erbB2 protein prod 
ucts and proteins encoded by the rat equivalent of the erbB2 
gene (neu) have been described. Drebin et al., Cell 
41:695—706 (1985) refer to an IgG2a monoclonal antibody 
Which is directed against the rat neu gene product. This 
antibody called 7.16.4 causes doWn-modulation of cell sur 
face p185 expression on B104-1-1 cells (NIH-3T3 cells 
transfected With the neu proto-oncogene) a inhibits colony 
formation of these cells. In Drebin et al. PNAS (USA) 
83:9129—9133 (1986), the 7.16.4 antibody Was shoWn to 
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2 
inhibit the tumorigenic groWth of neu-transformed NIH-3T3 
cells as Well as rat neuroblastoma cells (from Which the neu 
oncogene Was initially isolated) implanted into nude mice. 
Drebin et al. in Oncogene 2:387—394 (1988) discuss the 
production of a panel of antibodies against the rat neu gene 
product. All of the antibodies Were found to exert a cyto 
static effect on the groWth of neu-transformed cells sus 
pended in soft agar. Antibodies of the IgM, IgG2a and IgG2b 
isotypes Were able to mediate signi?cant in vitro lysis of 
neu-transformed cells in the presence of complement, 
Whereas none of the antibodies Were able to mediate high 
levels of antibody-dependent cellular cytotoxicity (ADCC) 
of the neu-transformed cells. Drebin et al. Oncogene 
2:273—277 (1988) report that mixtures of antibodies reactive 
With tWo distinct regions on the p185 molecule result in 
synergistic anti-tumor effects on neu-transformed NIH-3T3 
cells implanted into nude mice. Biological effects of anti-neu 
antibodies are revieWed in Myers et al., Meth. Enzym. 
198:277—290 (1991). See also WO94/22478 published Oct. 
13, 1994. 
HudZiak et al., Mol. Cell. Biol. 9(3):1165—1172 (1989) 

describe the generation of a panel of anti-ErbB2 antibodies 
Which Were characteriZed using the human breast tumor cell 
line SKBR3. Relative cell proliferation of the SKBR3 cells 
folloWing exposure to the antibodies Was determined by 
crystal violet staining of the monolayers after 72 hours. 
Using this assay, maximum inhibition Was obtained With the 
antibody called 4D5 Which inhibited cellular proliferation by 
56%. Other antibodies in the panel,including 7C2 and 7F3, 
reduced cellular proliferation to a lesser extent in this assay. 
HudZiak et al. conclude that the effect of the 4D5 antibody 
on SKBR3 cells Was cytostatic rather than cytotoxic, since 
SKBR3 cells resumed groWth at a nearly normal rate fol 
loWing removal of the antibody from the medium. The 
antibody 4D5 Was further found to sensitiZe p 185 
-overexpressing breast tumor cell lines to the cytotoxic 
effects of TNF-ot. See also WO89/06692 published Jul. 27, 
1989. The anti-ErbB2 antibodies discussed in HudZiak et al. 
are further characteriZed in Fendly et al. Cancer Research 
50:1550—1558 (1990); Kotts et al. In Vitro 26(3):59A 
(1990); Sarup et al. Growth Regulation 1:72—82 (1991); 
Shepard et al. J. Clin. Immunol. 11(3):117—127 (1991); 
Kumar et al. Mol. Cell. Biol. 11(2):979—986 (1991); LeWis 
et al. Cancer Immunol. Immunother. 37:255—263 (1993); 
Pietras et al. Oncogene 9:1829—1838 (1994); Vitetta et al. 
CancerResearch 54:5301—5309 (1994); SliWkoWski et al.J. 
Biol. Chem. 269(20): 14661—14665 (1994); Scott et al. J. 
Biol. Chem. 266:14300—5 (1991); and D’souZa et al. Proc. 
Natl. Acad. Sci.91:7202—7206 (1994). 

Tagliabue et al. Int. J. Cancer 47:933—937 (1991) describe 
tWo antibodies Which Were selected for their reactivity on 
the lung adenocarcinoma cell line (Calu-3) Which overex 
presses ErbB2. One of the antibodies, called MGR3, Was 
found to internaliZe, induce phosphorylation of ErbB2, and 
inhibit tumor cell groWth in vitro. 
McKenzie et al. Oncogene 4:543—548 (1989) generated a 

panel of anti-ErbB2 antibodies With varying epitope 
speci?cities, including the antibody designated TA1. This 
TA1 antibody Was found to induce accelerated endocytosis 
of ErbB2 (see Maier et al. Cancer Res. 51:5361—5369 
[1991]). Bacus et al. Molecular Carcinogenesis 3:350—362 
(1990) reported that the TA1 antibody induced maturation of 
the breast cancer cell lines AU-565 (Which overexpresses the 
erbB2 gene) and MCF-7 (Which does not). Inhibition of 
groWth and acquisition of a mature phenotype in these cells 
Was found to be associated With reduced levels of ErbB2 
receptor at the cell surface and transient increased levels in 
the cytoplasm. 
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Stancovski et al. PNAS (USA) 88:8691—8695 (1991) 
generated a panel of anti-ErbB2 antibodies, injected them 
i.p. into nude mice and evaluated their effect on tumor 
growth of murine ?broblasts transformed by overexpression 
of the erbB2 gene. Various levels of tumor inhibition Were 
detected for four of the antibodies, but one of the antibodies 
(N28) consistently stimulated tumor groWth. Monoclonal 
antibody N28 induced signi?cant phosphorylation of the 
ErbB2 receptor, Whereas the other four antibodies generally 
displayed loW or no phosphorylation-inducing activity. The 
effect of the anti-ErbB2 antibodies on proliferation of 
SKBR3 cells Was also assessed. In this SKBR3 cell prolif 
eration assay, tWo of the antibodies (N12 and N29) caused 
a reduction in cell proliferation relative to control. The 
ability of the various antibodies to induce cell lysis in vitro 
via complement-dependent cytotoxicity (CDC) and 
antibody-mediated cell-dependent cytotoxicity (ADCC) Was 
assessed, With the authors of this paper concluding that the 
inhibitory function of the antibodies Was not attributed 
signi?cantly to CDC or ADCC. 

Bacus et al. Cancer Research 52:2580—2589 (1992) fur 
ther characteriZed the antibodies described in Bacus et al. 
(1990) and Stancovski et al. of the preceding paragraphs. 
Extending the i.p. studies of Stancovski et al., the effect of 
the antibodies after iv. injection into nude mice harboring 
mouse ?broblasts overexpressing human ErbB2 Was 
assessed. As observed in their earlier Work, N28 accelerated 
tumor groWth, Whereas N12 and N29 signi?cantly inhibited 
groWth of the ErbB2-expressing cells. Partial tumor inhibi 
tion Was also observed With the N24 antibody. Bacus et al. 
also tested the ability of the antibodies to promote a mature 
phenotype in the human breast cancer cell lines AU-5 65 and 
MDA-MB453 (Which overexpress-ErbB2) as Well as 
MCF-7 (containing loW levels of the receptor). Bacus et al. 
saW a correlation betWeen tumor inhibition in vivo and 
cellular differentiation; the tumor-stimulatory antibody N28 
had no effect on differentiation, and the tumor inhibitory 
action of the N12, N29 and N24 antibodies correlated With 
the extent of differentiation they induced. 
Xu et a. Int. J. Cancer 53:401—408 (1993) evaluated a 

panel of anti-ErbB2 antibodies for their epitope binding 
speci?cities, as Well as their ability to inhibit anchorage 
independent and anchorage-dependent groWth of SKBR3 
cells (by individual antibodies and in combinations), modu 
late cell-surface ErbB2, and inhibit ligand stimulated 
anchorage-independent groWth. See also WO94/00136 pub 
lished Jan 6, 1994 and KasprZyk et al. Cancer Research 
52:2771—2776 (1992) concerning anti-ErbB2 antibody com 
binations. Other anti-ErbB2 antibodies are discussed in 
Hancock et al. Cancer Res. 51:4575—4580 (1991); ShaWver 
et al. Cancer Res. 54:1367—1373 (1994); Arteaga et al. 
Cancer Res. 54:3758—3765 (1994); and HarWerth et al. J. 
Biol. Chem. 267:15160—15167 (1992). 
A recombinant humaniZed anti-ErbB2 monoclonal anti 

body (a humaniZed version of the murine anti-ErbB2 anti 
body 4D5, referred to as rhuMAb HER2, HERCEPTIN®, or 
HERCEPTIN® anti-ErbB2 antibody) has been clinically 
active in patients With ErbB2-overexpressing metastatic 
breast cancers that had received extensive prior anti-cancer 
therapy (Baselga et al., J. Clin Oncol. 14:737—744 [1996]). 
The recommended initial loading dose for HERCEPTIN®O 
is 4 mg/kg administered as a 90-minute infusion. The 
recommended Weekly maintenance dose is 2 mg/kg and can 
be administered as a 30-minute infusion if the initial loading 
dose is Well tolerated. 
ErbB2 overexpression is commonly regarded as a predic 

tor of a poor prognosis, especially in patients With primary 
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disease that involves axillary lymph nodes (Slamon et al., 
[1987] and [1989], supra; Ravdin and Chamness, Gene 
159:19—27 [1995]; and Hynes and Stern, Biochim Biophys 
Acta 1198:165—184 [1994]), and has been linked to sensi 
tivity and/or resistance to hormone therapy and chemothera 
peutic regimens, including CMF (cyclophosphamide, 
methotrexate, and ?uoruracil) and anthracyclines (Baselga 
et al., Oncology 11 (3 Suppl 1):43—48 [1997]). HoWever, 
despite the association of ErbB2 overexpression With poor 
prognosis, the odds of HER2-positive patients responding 
clinically to treatment With taxanes Were greater than three 
times those of HER2-negative patients (Ibid). rhuMab 
HER2 Was shoWn to enhance the activity of paclitaxel 
(TAXOL®) and doxorubicin against breast cancer 
xenografts in nude mice injected With BT-474 human breast 
adenocarcinoma cells, Which express high levels of HER2 
(Baselga et al., Breast Cancer; Proceedings of ASCO, Vol. 
13, Abstract 53 [1994]). 

SUMMARY OF THE INVENTION 

The present invention concerns the discovery that an early 
attainment of an ef?cacious target trough serum concentra 
tion by providing an initial dose or doses of anti-ErbB2 
antibodies folloWed by subsequent doses of equal or smaller 
amounts of antibody (greater front loading) is more ef?ca 
cious than conventional treatments. The ef?cacious target 
trough serum concentration is reached in 4 Weeks or less, 
preferably 3 Weeks or less, more preferably 2 Weeks or less, 
and most preferably 1 Week or less, including 1 day or less. 
The target serum concentration is thereafter maintained by 
the administration of maintenance doses of equal or smaller 
amounts for the remainder of the treatment regimen or until 
suppression of disease symptoms is achieved. 
The invention further concerns a method for the treatment 

of a human patient susceptible to or diagnosed With a 
disorder characteriZed by overexpression of ErbB2 receptor 
comprising administering a therapeutically effective amount 
of an anti-ErbB2 antibody subcutaneously. Preferably, the 
initial dose (or doses) as Well as the subsequent maintenance 
dose or doses are administered subcutaneously. Optionally, 
Where the patient’s tolerance to the anti-ErbB2 antibody is 
unknown, the initial dose is administered by intravenous 
infusion, folloWed by subcutaneous administration of the 
maintenance doses if the patient’s tolerance for the antibody 
is acceptable. 

According to the invention, the method of treatment 
involves administration of an initial dose of anti-ErbB2 
antibody of more than approximately 4 mg/kg, preferably 
more than approximately 5 mg/kg. The maximum initial 
dose or a subsequent dose does not exceed 50 mg/kg, 
preferably does not exceed 40 mg/kg, and more preferably 
does not exceed 30 mg/kg. Administration is by intravenous 
or subcutaneous administration, preferably intravenous infu 
sion or bolus injection, or more preferably subcutaneous 
bolus injection. The initial dose may be one or more 
administrations of drug suf?cient to reach the target trough 
serum concentration in 4 Weeks or less, preferably 3 Weeks 
or less, more preferably 2 Weeks or less, and most preferably 
1 Week or less, including one day or less. 

According to the invention, the initial dose or doses is/are 
folloWed by subsequent doses of equal or smaller amounts 
of antibody at intervals suf?ciently close to maintain the 
trough serum concentration of antibody at or above an 
ef?cacious target level. Preferably, an initial dose or subse 
quent dose does not exceed 50 mg/kg, and each subsequent 
dose is at least 0.01 mg/kg. Preferably the amount of drug 
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administered is suf?cient to maintain the target trough serum 
concentration such that the interval betWeen administration 
cycles is at least one Week. Preferably the trough serum 
concentration does not exceed 2500 pig/ml and does not fall 
beloW 0.01 pig/ml during treatment. The front loading drug 
treatment method of the invention has the advantage of 
increased ef?cacy by reaching a target serum drug concen 
tration early in treatment. The subcutaneous delivery of 
maintenance doses according to the invention has the advan 
tage of being convenient for the patient and health care 
professionals, reducing time and costs for drug treatment. 
Preferably, the initial dose (or the last dose Within an initial 
dose series) is separated in time from the ?rst subsequent 
dose by 4 Weeks or less, preferably 3 Weeks or less, more 
preferably 3 Weeks or less, most preferably 1 Week or less. 

In an embodiment of the invention, the initial dose of 
anti-ErbB2 is 6 mg/kg, 8 mg/kg, or 12 mg/kg delivered by 
intravenous or subcutaneous administration, such as intra 
venous infusion or subcutaneous bolus injection. The sub 
sequent maintenance doses are 2 mg/kg delivered once per 
Week by intravenous infusion, intravenous bolus injection, 
subcutaneous infusion, or subcutaneous bolus injection. The 
choice of delivery method for the initial and maintenance 
doses is made according to the ability of the animal or 
human patient to tolerate introduction of the antibody into 
the body. Where the antibody is Well-tolerated, the time of 
infusion may be reduced. The choice of delivery method as 
disclosed for this embodiment applies to all drug delivery 
regimens contemplated according to the invention. 

In another embodiment, the invention includes an initial 
dose of 12 mg/kg anti-ErbB2 antibody, folloWed by subse 
quent maintenance doses of 6 mg/kg once per 3 Weeks. 

In still another embodiment, the invention includes an 
initial dose of 8 mg/kg anti-ErbB2 antibody, folloWed by 6 
mg/kg once per 3 Weeks. 

In yet another embodiment, the invention includes an 
initial dose of 8 mg/kg anti-ErbB2 antibody, folloWed by 
subsequent maintenance doses of8 mg/kg once per Week or 
8 mg/kg once every 2 to 3 Weeks. 

In another embodiment, the invention includes initial 
doses of at least 1 mg/kg, preferably 4 mg/kg, anti-ErbB2 
antibody on each of days 1, 2 and 3, folloWed by subsequent 
maintenance doses of 6 mg/kg once per 3 Weeks. 

In another embodiment, the invention includes an initial 
dose of 4 mg/kg anti-ErbB2 antibody, folloWed by subse 
quent maintenance doses of 2 mg/kg tWice per Week, 
Wherein the maintenance doses are separated by 3 days. 

In still another embodiment, the invention includes a 
cycle of dosing in Which delivery of anti-ErbB2 antibody is 
2—3 times per Week for 3 Weeks. In one embodiment of the 
invention, each dose is approximately 25 mg/kg or less for 
a human patient, preferably approximately 10 mg/kg or less. 
This 3 Week cycle is preferably repeated as necessary to 
achieve suppression of disease symptoms. 

In another embodiment, the invention includes a cycle of 
dosing in Which delivery of anti-ErbB2 antibody is daily for 
5 days. According to the invention, the cycle is preferably 
repeated as necessary to achieve suppression of disease 
symptoms. 

The disorder preferably is a benign or malignant tumor 
characteriZed by the overexpression of the ErbB2 receptor, 
eg a cancer, such as, breast cancer, squamous cell cancer, 
small-cell lung cancer, non-small cell lung cancer, gas 
trointestinal cancer, pancreatic cancer, glioblastoma, cervi 
cal cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, colon cancer, colorectal cancer, endometrial 
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carcinoma, salivary gland carcinoma, kidney cancer, liver 
cancer, prostate cancer, vulval cancer, thyroid cancer, 
hepatic carcinoma and various types of head and neck 
cancer. The method of the invention may further comprise 
administration of a chemotherapeutic agent other than an 
anthracycline, e.g. doxorubicin or epirubicin. The chemo 
therapeutic agent preferably is a taxoid, such as TAXOL® 
(paclitaxel) or a TAXOL® derivative. 

Preferred anti-ErbB2 antibodies bind the extracellular 
domain of the ErbB2 receptor, and preferably bind o the 
epitope 4D5 or 3H4 Within the ErbB2 extracellular domain 
sequence. More preferably, the antibody is the antibody 
4D5, most preferably in a humaniZed form. Other preferred 
ErbB2-binding antibodies include, but are not limited to, 
antibodies 7C2, 7F3, and 2C4, preferably in a humaniZed 
form. 
The method of the present invention is particularly suit 

able for the treatment of breast or ovarian cancer, charac 
teriZed by the overexpression of the ErbB2 receptor. 
The present application also provides a method of therapy 

involving infrequent dosing of an anti-ErbB2 antibody. In 
particular, the invention provides a method for the treatment 
of cancer (e.g. cancer characteriZed by overexpression of the 
ErbB2 receptor) in a human patient comprising administer 
ing to the patient a ?rst dose of an anti-ErbB2 antibody 
folloWed by at least one subsequent dose of the antibody, 
Wherein the ?rst dose and subsequent dose are separated 
from each other in time by at least about tWo Weeks (eg 
from about tWo Weeks to about tWo months), and optionally 
at least about three Weeks (eg from about three Weeks to 
about six Weeks). For instance, the antibody may be admin 
istered about every three Weeks, about tWo to about 20 times, 
eg about six times. The ?rst dose and subsequent dose may 
each be from about 2 mg/kg to about 16 mg/kg; eg from 
about 4 mg/kg to about 12 mg/kg; and optionally from about 
6 mg/kg to about 12 mg/kg. Generally, tWo or more subse 
quent doses (eg from about tWo to about ten subsequent 
doses) of the antibody are administered to the patient, and 
those subsequent doses are preferably separated from each 
other in time by at least about tWo Weeks (eg from about 
tWo Weeks to about tWo months), and optionally at least 
about three Weeks (eg from about three Weeks to about six 
Weeks). The tWo or more subsequent doses may each be 
from about 2 mg/kg to about 16 mg/kg; or from about 4 
mg/kg to about 12 mg/kg; or from about 6 mg/kg to about 
12 mg/kg. The invention additionally provides an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, and a 
package insert containing instructions to administer the 
antibody according to such methods. 
The presently described dosing protocols may be applied 

to other anti-ErbB antibodies such as anti-epidermal groWth 
factor receptor (EGFR), anti-ErbB3 and anti-ErbB4 anti 
bodies. Thus, the invention provides a method for the 
treatment of cancer in a human patient, comprising admin 
istering an effective amount of an anti-ErbB antibody to the 
human patient, the method comprising administering to the 
patient an initial dose of at least approximately 5 mg/kg of 
the anti-ErbB antibody; and administering to the patient a 
plurality of subsequent doses of the antibody in an amount 
that is approximately the same or less than the initial dose. 
Alternatively, or additionally, the invention pertains to a 
method for the treatment of cancer in a human patient 
comprising administering to the patient a ?rst dose of an 
anti-ErbB antibody folloWed by at least one subsequent dose 
of the antibody, Wherein the ?rst dose and subsequent dose 
are separated from each other in time by at least about tWo 
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Weeks. The invention additionally provides an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB antibody, and a 
package insert containing instructions to administer the 
antibody according to such methods. 

In another aspect, the invention concerns an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, optionally 
a label on or associated With the container that indicates that 
the composition can be used for treating a condition char 
acteriZed by overexpression of ErbB2 receptor, and a pack 
age insert containing instructions to avoid the use of 
anthracycline-type chemotherapeutics in combination With 
the composition. According to the invention, the package 
insert further includes instructions to administer the anti 
ErbB2 antibody at an initial dose of 5 mg/kg folloWed by the 
same or smaller subsequent dose or doses. In another 
embodiment of the invention, the package insert further 
includes instructions to administer the anti-ErbB2 antibody 
subcutaneously for at least one of the doses, preferably for 
all of the subsequent doses folloWing the initial dose, most 
preferably for all doses. 

In a further aspect, the invention provides a method of 
treating ErbB2 expressing cancer in a human patient com 
prising administering to the patient effective amounts of an 
anti-ErbB2 antibody and a chemotherapeutic agent. In one 
embodiment of the invention, the chemotherapeutic agent is 
a taxoid including, but not limited to, paclitaxel and doc 
etaxel. In another embodiment, the chemotherapeutic agent 
is an anthracyline derivative including, but not limited to, 
doxorubicin or epirubicin. In still another embodiment of the 
invention, treatment With an anti-ErbB2 antibody and an 
anthracycline derivative further includes administration of a 
cardioprotectant to the patient. In still another embodiment, 
an anthracycline derivative is not administered to the patient 
With the anti-ErbB2 antibody. One or more additional che 
motherapeutic agents may also be administered to the 
patient. The cancer is preferably characteriZed by overex 
pression of ErbB2. 

The invention further provides an article of manufacture 
comprising a container, a composition Within the container 
comprising an anti-ErbB2 antibody and a package insert 
instructing the user of the composition to administer the 
anti-ErbB2 antibody composition and a chemotherapeutic 
agent to a patient. In another embodiment, the chemothera 
peutic agent is other than an anthracycline, and is preferably 
a taxoid, such as TAXOL®. In still another embodiment, the 
chemotherapeutic agent is an anthracycline, including but 
not limited to, doxorubicin or epirubicin. In yet another 
embodiment, the chemotherapeutic agent is an anthracycline 
and the package insert further instructs the user to administer 
a cardioprotectant. 

The methods and compositions of the invention comprise 
an anti-ErbB2 antibody and include a humaniZed anti-ErbB2 
antibody. Thus, the invention further pertains to a compo 
sition comprising an antibody that binds ErbB2 and the use 
of the antibody for treating ErbB2 expressing cancer, e.g., 
ErbB2 overexpressing cancer, in a human. The invention 
also pertains to the use of the antibody for treating EGFR 
expressing cancer. Preferably the antibody is a monoclonal 
antibody 4D5, e.g., humaniZed 4D5 (and preferably 
huMAb4D5—8 (HERCEPTIN® anti-ErbB2 antibody); or 
monoclonal antibody 2C4, e.g., humaniZed 2C4. The anti 
body may be an intact antibody (e.g., an intact IgG, 
antibody) or an antibody fragment (e.g., a Fab, F(ab‘)2, 
diabody, and the like). The variable light chain and variable 
heavy chain regions of humaniZed anti-ErbB2 antibody 2C4 
are shoWn in FIGS. 5A and 5B. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs epitope-mapping of the extracellular 
domain of ErbB2 as determined by truncation mutant analy 
sis and site-directed mutagenesis (Nakamura et al. J. of 
Virology 67 (10):6179—6191 [October 1993]; Rem et J. Cell 
Biol. 125(6):1395—1406 [June 1994]). The anti-proliferative 
MAbs 4D5 and 3H4 b bind adjacent to the transmembrane 
domain. The various ErbB2-ECD truncations or point muta 
tions Were prepared from cDNA using polymerase chain 
reaction technology. The ErbB2 mutants Were expressed as 
gD fusion proteins in a mammalian expression plasmid. This 
expression plasmid uses the cytomegalovirus promoter/ 
enhancer With SV40 termination and polyadenylation sig 
nals located doWnstream of the inserted cDNA. Plasmid 
DNA Was transfected into 293S cells. One day folloWing 
transfection, the cells Were metabolically labeled overnight 
in methionine and cysteine-free, loW glucose DMEM con 
taining 1% dialyZed fetal bovine serum and 25 pCi each of 
35S methionine and 35S cysteine. Supernatants Were har 
vested either the ErbB2 MAbs or control antibodies Were 
added to the supernatant and incubated 2—4 hours at 4° C. 
The complexes Were precipitated, applied to a 10—20% 
Tricine SDS gradient gel and electrophoresed at 100 V. The 
gel Was electroblotted onto a membrane and analyZed by 
autoradiography. SEQ ID NOs:8 and 9 depict the 3H4 and 
4D5 epitopes, respectively. 

FIG. 2 depicts With underlining the amino acid sequence 
of Domain 1 of ErbB2 (SEQ ID NO: 1). Bold amino acids 
indicate the location of the epitope recogniZed by MAbs 7C2 
and 7F3 as determined by deletion mapping, i.e. the “7C2/ 
7F3 epitope” (SEQ ID NO:2). 
FIG. 3 is a graph of anti-ErbB2 antibody 

(HERCEPTIN®) trough serum concentration (ug/ml, mean 
:SE, dark circles) by Week from Week 2 through Week 36 for 
ErbB2 overexpressing patients treated With HERCEPTIN® 
anti-ErbB2 antibody at 4 mg/kg initial dose, folloWed by 2 
mg/kg Weekly. The number of patients at each time point is 
represented by “n” (White squares). 

FIG. 4A is a linear plot of tumor volume changes over 
time in mice treated With HERCEPTIN® anti-ErbB2 anti 
body. FIG. 4B is a semi-logarithmic plot of the same data as 
in FIG. 4A such that the variation in tumor volume for the 
treated animals is observed more readily. 

FIGS. 5A and 5B depict alignments of the amino acid 
sequences of the variable light (VL)(FIG. 5A) and variable 
heavy (VH) (FIG. 5B) domains of murine monoclonal anti 
body 2C4 (SEQ ID Nos. 10 and 11, respectively); VL and VH 
domains of humaniZed Fab version 574 (SEQ ID Nos. 12 
and 13, respectively), and human VL and VH consensus 
frameWorks (hum Kl, light kappa subgroup I; humIII, heavy 
subgroup III) (SEQ ID Nos. 14 and 15, respectively). 
Asterisks identify differences betWeen humaniZed Fab ver 
sion 574 and murine monoclonal antibody 2C4 or betWeen 
humaniZed Fab version 574 and the human frameWork. 
Complementarity Determining Regions (CDRs) are in 
brackets. HumaniZed Fab version 574, With the changes 
ArgH71Val, AspH73Arg and IleH69Leu, appears to have 
binding restored to that of the original chimeric 2C4 Fab 
fragment. Additional FR and/or CDR residues, such as L2, 
L54, L55, L56, H35 and/or H48, may be modi?ed (e.g. 
substituted as folloWs-IleL2Thr; ArgL54Leu; TyrL55Glu; 
ThrL56Ser; AspH35Ser; and ValH48Ile) in order to further 
re?ne or enhance binding of the humaniZed antibody. 
Alternatively, or additionally, the humaniZed antibody may 
be af?nity matured in order to further improve or re?ne its 
af?nity and/or other biological activities. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

I. De?nitions 

An “ErbB receptor” is a receptor protein tyrosine kinase 
Which belongs to the ErbB receptor family and includes 
EGFR, HER2, ErbB3 and ErbB4 receptors as Well as 
TEGFR (US. Pat. No. 5,708,156) and other members of this 
family to be identi?ed in the future. The ErbB receptor Will 
generally comprise an extracellular domain, Which may bind 
an ErbB ligand; a lipophilic transmembrane domain; a 
conserved intracellular tyrosine kinase domain; and a 
carboxyl-terminal signaling domain harboring several 
tyrosine residues Which can be phosphorylated. The ErbB 
receptor may be a native sequence ErbB receptor or an 
amino acid sequence variant thereof. Preferably the ErbB 
receptor is native sequence human ErbB receptor. 

The terms “ErbB1”, “epidermal groWth factor receptor” 
and “EGFR” are used interchangeably herein and refer to 
native sequence EGFR as disclosed, for example, in Car 
penter et al. Ann. Rev. Biochem. 56:881—914 (1987), includ 
ing variants thereof (eg a deletion mutant EGFR as in 
Humphrey et al. PNAS (USA) 87:4207—4211 (1990)). erbB1 
refers to the gene encoding the EGFR protein product. 
Examples of antibodies Which bind to EGFR include MAb 
579 (ATCC CRL RB 8506), MAb 455 (ATCC CRL 
HB8507), MAb 225 (ATCC CRL 8508), MAb 528 (AT CC 
CRL 8509) (see, US. Pat. No. 4,943,533, Mendelsohn et al.) 
and variants thereof, such as chimeriZed 225 (C225) and 
reshaped human 225 (H225) (see, WO 96/40210, Imclone 
Systems Inc.). 

“ErbB3” and“HER3” refer to the receptor polypeptide as 
disclosed, for example, in US. Pat. Nos. 5,183,884 and 
5,480,968 as Well as Kraus et al. PNAS (USA) 86:9193—9197 
(1989), including variants thereof. Examples of antibodies 
Which bind HER3 are described in US. Pat. No. 5,968,511 
(Akita and SliWkoWski), eg the 8B8 antibody (AT CC HB 
12070) or a humaniZed variant thereof. 
The terms “ErbB4” and “HER4” herein refer to the 

receptor polypeptide as disclosed, for example, in EP Pat 
Appln No 599,274; PloWman et al., Proc. Natl. Acad. Sci. 
USA, 90:1746—1750 (1993); and PloWman et al., Nature, 
366:473—475 (1993), including variants thereof such as the 
HER4 isoforms disclosed in W0 99/ 19488. 

The terms “HER2”, “ErbB2” “c-Erb-B2” are used inter 
changeably. Unless indicated otherWise, the terms “ErbB2” 
“c-Erb-B2” and “HER2” When used herein refer to the 
human protein, and “erbB2,” “c-erb-B2,” and “her2” refer to 
human gene. The human erbB2 gene and ErbB2 protein are, 
for example, described in Semba et al., PNAS (USA) 
82:6497—650 (1985)and Yamamoto et al. Nature 
319:230—234 (1986) (Genebank accession number 
X03363). ErbB2 comprises four domains (Domains 1—4). 

The “epitope 4D5” is the region in the extracellular 
domain of ErbB2 to Which the antibody 4D5 (ATCC CRL 
10463) binds. This epitope is close to the transmembrane 
region of ErbB2. To screen for antibodies Which bind to the 
4D5 epitope, a routine cross-blocking assay such as that 
described in Antibodies, A Laboratory Manual, Cold Spring 
Harbor Laboratory, Ed HarloW and David Lane (1988), can 
be performed. Alternatively, epitope mapping can be per 
formed (see FIG. 1) to assess Whether the antibody binds to 
the 4D5 epitope of ErbB2 (i.e. any one or more residues in 
the region from about residue 529, eg about residue 561 to 
about residue 625, inclusive). 

The “epitope 3H4” is the region in the extracellular 
domain of ErbB2 to Which the antibody 3H4 binds. This 
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10 
epitope is shoWn in FIG. 1, and includes residues from about 
541 to about 599, inclusive, in the amino acid sequence of 
ErbB2 extracellular domain. 
The “epitope 7C2/7F3” is the region at the N-terminus of 

the extracellular domain of ErbB2 to Which the 7C2 and/or 
7F3 antibodies (each deposited With the ATCC, see beloW) 
bind. To screen for antibodies Which bind to the 7C2/7F3 
epitope, a routine cross-blocking assay such as that 
described in Antibodies, A Laboratory Manual, Cold Spring 
Harbor Laboratory, Ed HarloW and David Lane (1988), can 
be performed. Alternatively, epitope mapping can be per 
formed to establish Whether the antibody binds to the 
7C2/7F3 epitope on ErbB2 (i.e. any one or more of residues 
in the region from about residue 22 to about residue 53 of 
ErbB2; SEQ ID N012). 
The term “induces cell death” or “capable of inducing cell 

death” refers to the ability of the antibody to make a viable 
cell become nonviable. The “cell” here is one Which 
expresses the ErbB2 receptor, especially Where the cell 
overexpresses the ErbB2 receptor. A cell Which “overex 
presses” ErbB2 has signi?cantly higher than normal ErbB2 
levels compared to a noncancerous cell of the same tissue 
type. Preferably, the cell is a cancer cell, eg a breast, 
ovarian, stomach, endometrial, salivary gland, lung, kidney, 
colon, thyroid, pancreatic or bladder cell. In vitro, the cell 
may be a SKBR3, BT474, Calu 3, MDA-MB-453, MDA 
MB-361 or SKOV3 cell. Cell death in vitro may be deter 
mined in the absence of complement and immune effector 
cells to distinguish cell death induced by antibody dependent 
cellular cytotoxicity (ADCC) or complement dependent 
cytotoxicity (CDC). Thus, the assay for cell death may be 
performed using heat inactivated serum (i.e. in the absence 
of complement) and in the absence of immune effector cells. 
To determine Whether the antibody is able to induce cell 
death, loss of membrane integrity as evaluated by uptake of 
propidium iodide (PI), trypan blue (see Moore et al. Cyto 
technology 17:1—11 [1995]) or 7AAD can be assessed 
relative to untreated cells. Preferred cell death-inducing 
antibodies are those Which induce PI uptake in the “PI 
uptake assay in BT474 cells”. 

The phrase “induces apoptosis” or “capable of inducing 
apoptosis” refers to the ability of the antibody to induce 
programmed cell death as determined by binding of annexin 
V, fragmentation of DNA, cell shrinkage, dilation of endo 
plasmic reticulum, cell fragmentation, and/or formation of 
membrane vesicles (called apoptotic bodies). The cell is one 
Which overexpresses the ErbB2 receptor. Preferably the 
“cell” is a tumor cell, eg a breast, ovarian, stomach, 
endometrial, salivary gland, lung, kidney, colon, thyroid, 
pancreatic or bladder cell. In vitro, the cell may be a SKBR3, 
BT474, Calu 3 cell, MDA-MB-453, MDA-MB-361 or 
SKOV3 cell. Various methods are available for evaluating 
the cellular events associated With apoptosis. For example, 
phosphatidyl serine (PS) translocation can be measured by 
annexin binding; DNA fragmentation can be evaluated 
through DNA laddering as disclosed-in the example herein; 
and nuclear/chromatin condensation-along With DNA frag 
mentation can be evaluated by any increase in hypodiploid 
cells. Preferably, the antibody Which induces apoptosis is 
one Which results in about 2 to 50 fold, preferably about 5 
to 50 fold, and most preferably about 10 to 50 fold, induction 
of annexin binding relative to untreated cell in an “annexin 
binding assay using BT474 cells” (see beloW). 

Sometimes the pro-apoptotic antibody Will be one Which 
blocks HRG binding/activation of the ErbB2/ErbB3 com 
plex (e.g. 7F3 antibody). In other situations, the antibody is 
one Which does not signi?cantly block activation of the 
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ErbB2/ErbB3 receptor complex by HRG (e.g. 7C2). Further, 
the antibody may be one like 7C2 Which, While inducing 
apoptosis, does not induce a large reduction in the percent of 
cells in S phase (eg one Which only induces about 0—10% 
reduction in the percent of these cells relative to control). 

The antibody of interest may be one like 7C2 Which binds 
speci?cally to human ErbB2 and does not signi?cantly 
cross-react With other proteins such as those encoded by the 
erbB1, erbB3 and/or erbB4 genes. Sometimes, the antibody 
may not signi?cantly cross-react With the rat neu protein, 
e.g., as described in Schecter et al. Nature 312:513 (1984) 
and Drebin et al., Nature 312:545—548 (1984). In such 
embodiments, the extent of binding of the antibody to these 
proteins (e.g., cell surface binding to endogenous receptor) 
Will be less than about 10% as determined by ?uorescence 
activated cell sorting (FACS) analysis or radioimmunopre 
cipitation (RIA). 

“Heregulin” (HRG) When used herein refers to a polypep 
tide Which activates the ErbB2-ErbB3 and ErbB2-ErbB4 
protein complexes (i.e. induces phosphorylation of tyrosine 
residues in the complex upon binding thereto). Various 
heregulin polypeptides encompassed by this term are dis 
closed in Holmes et al., Science, 256:1205—1210 (1992); 
WO 92/20798; Wen et al., Mol. Cell. Biol, 14(3): 
1909—1919 (1994); Nature, 362:312—318 (1993), for 
example. The term includes biologically active fragments 
and/or variants of a naturally occurring HRG polypeptide, 
such as an EGF-like domain fragment thereof (eg 
HRGg1177-244) 

The “ErbB2-ErbB3 protein complex” and “ErbB2-ErbB4 
protein complex” are noncovalently associated oligomers of 
the ErbB2 receptor and the ErbB3 receptor or ErbB4 
receptor, respectively. The complexes form When a cell 
expressing both of these receptors is exposed to HRG and 
can be isolated by immunoprecipitation and analyZed by 
SDS-PAGE as described in SliWkoWski et al., J. Biol. 

Chem, 269(20):14661—14665 (1994). 
“Antibodies” (Abs) and “immunoglobulins” (Igs) are 

glycoproteins having the same structural characteristics. 
While antibodies exhibit binding speci?city to a speci?c 
antigen, immunoglobulins include both antibodies and other 
antibody-like molecules Which lack antigen speci?city. 
Polypeptides of the latter kind are, for example, produced at 
loW levels by the lymph system and at increased levels by 
myelomas. 

“Native antibodies” and “native immunoglobulins” are 
usually heterotetrameric glycoproteins of about 150,000 
daltons, composed of tWo identical light (L) chains and tWo 
identical heavy chains. Each light chain is linked to a 
heavy chain by one covalent disul?de bond, While the 
number of disul?de linkages varies among the heavy chains 
of different immunoglobulin isotypes. Each heavy and light 
chain also has regularly spaced intrachain disul?de bridges. 
Each heavy chain has at one end a variable domain (VH) 
folloWed by a number of constant domains. Each light chain 
has a variable domain at one end (VL) and a constant domain 
at its other end; the constant domain of the light chain is 
aligned With the ?rst constant domain of the heavy chain, 
and the light-chain variable domain is aligned With the 
variable domain of the heavy chain. Particular amino acid 
residues are believed to form an interface betWeen the light 
and heavy-chain variable domains. 

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 speci?city 
of each particular antibody for its particular antigen. 
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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 both in the light-chain and 
the heavy-chain variable domains. The more highly con 
served portions of variable domains are called the frame 
Work region The variable domains of native heavy and 
light chains each comprise four FR regions, largely adopting 
a [3-sheet con?guration, connected by three CDRs, Which 
form loops connecting, and in some cases forming part of, 
the [3-sheet structure. The CDRs in each chain are held 
together in close proximity by the FRs and, With the CDRs 
from the other chain, contribute to the formation of the 
antigen-binding site of antibodies (see Kabat et al., NIH 
Publ. No. 91—3242, Vol. I, pages 647—669 [1991]). The 
constant domains involved directly in binding an antibody to 
an antigen, but exhibit various effector functions, such as 
participation of the antibody in antibody dependent cellular 
cytotoxicity. 

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 re?ects 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. 

“Ev” is the minimum antibody fragment Which contains a 
complete antigen-recognition and -binding site. This region 
consists of a dimer of one heavy- and one light-chain 
variable domain in tight, non-covalent association. It is in 
this con?guration that the three CDRs of each variable 
domain interact to de?ne an antigen-binding site on the 
surface of the VH—VL dimer. Collectively, the six CDRs 
confer antigen-binding speci?city to the antibody. HoWever, 
even a single variable domain (or half of an Fv comprising 
only three CDRs speci?c for an antigen) has the ability to 
recogniZe and bind antigen, although at a loWer af?nity than 
the entire binding site. 
The Fab fragment also contains the constant domain of 

the light chain and the ?rst constant domain (CH1) 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 CH1 domain including one or more cysteines 
from the antibody hinge region. Fab‘-SH 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. 
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 ()t), based on the 
amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant 
domain of their heavy chains, immunoglobulins can be 
assigned to different classes. There are ?ve major classes of 
immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several 
of these may be further divided into subclasses (isotypes), 
e.g., IgG1, IgG2, IgG3, IgG4, IgA, and IgA2. The heavy 
chain constant domains that correspond to the different 
classes of immunoglobulins are called 0t, 6, e, y, and M, 
respectively. The subunit structures and three-dimensional 
con?gurations of different classes of immunoglobulins are 
Well knoWn. 

The term “antibody” is use d in the broadest sense and 
speci?cally covers intact monoclonal antibodies, polyclonal 
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antibodies, multispeci?c antibodies (e.g. bispeci?c 
antibodies) formed from at least tWo intact antibodies, and 
antibody fragments so long as they exhibit the desired 
biological activity. 

“Antibody fragments” comprise a portion of an intact 
antibody, preferably the antigen binding or variable region 
of the intact antibody. Examples of antibody fragments 
include Fab, Fab‘, F(ab‘)2, and Fv fragments; diabodies; 
linear antibodies (Zapata et al., Protein Eng. 8(10): 
1057—1062 [1995]); single-chain antibody molecules; and 
multispeci?c 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 speci?c, 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. In 
addition to their speci?city, the monoclonal antibodies are 
advantageous in that they are synthesiZed by the hybridoma 
culture, uncontaminated by other immunoglobulins. The 
modi?er “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 ?rst 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 speci?cally include 
“chimeric” antibodies (immunoglobulins) in Which 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 (US. Pat. No. 4,816,567; Morrison et al., Proc. 
Natl. Acad. Sci. USA, 81:6851—6855 [1984]). 

“HumaniZed” forms of non-human (e.g., murine) anti 
bodies are chimeric immunoglobulins, immunoglobulin 
chains or fragments thereof (such as Fv, Fab, Fab‘, F(ab‘)2 or 
other antigen-binding subsequences of antibodies) Which 
contain minimal sequence derived from non-human immu 
noglobulin. For the most part, humaniZed antibodies are 
human immunoglobulins (recipient antibody) in Which resi 
dues from a complementarity determining region (CDR) of 
the recipient are replaced by residues from a CDR of a 
non-human species (donor antibody) such as mouse, rat or 
rabbit having the desired speci?city, af?nity, 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 Which are found neither in the recipient 
antibody nor in the imported CDR or frameWork sequences. 
These modi?cations are made to further re?ne and maximiZe 
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14 
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 
CDRs correspond to those of a non-human inmmunoglobu 
lin and all or substantially all of the FRs are those of a human 
immunoglobulin sequence. The humaniZed antibody opti 
mally also Will comprise at least a portion of an immuno 
globulin constant region (Fc), typically that of a human 
immunoglobulin. For further details, see Jones et al., Nature, 
321:522—525 (1986); Reichmann et al., Nature, 
332:323—329 (1988); and Presta, Curr Op. Struct. Biol., 
2:593—596 (1992). The humaniZed antibody includes a PRI 
MATIZEDTM antibody Wherein the antigen-binding region 
of the antibody is derived from an antibody produced by 
immuniZing macaque monkeys With the antigen of interest. 

“Single-chain Fv” or “sFv” antibody fragments comprise 
the VH and VL domains of antibody, Wherein these domains 
are present in a single polypeptide chain. Preferably, the Fv 
polypeptide further comprises a polypeptide linker betWeen 
the VH and VL domains Which enables the sFv to form the 
desired structure for antigen binding. For a revieW of sFv see 
Pliickthun 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— L). 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 are 
described more fully in, for example, EP 404,097; WO 
93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 
90:6444—6448 (1993). 
An “isolated” antibody is one Which has been identi?ed 

and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials Which Would interfere With diag 
nostic or therapeutic uses for the antibody, and may include 
enZymes, hormones, and other proteinaceous or nonpro 
teinaceous solutes. In preferred embodiments, the antibody 
Will be puri?ed (1) to greater than 95% by Weight of 
antibody as determined by the LoWry method, and most 
preferably more than 99% by Weight, (2) to a degree 
suf?cient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a spinning cup 
sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using Coomassie blue 
or, preferably, 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. Ordinarily, hoWever, isolated antibody Will be pre 
pared by at least one puri?cation step. 
As used herein, the term “salvage receptor binding 

epitope” refers to an epitope of the Fc region of an IgG 
molecule (e.g., IgG 1, IgG2, IgG3, or IgG4) that is respon 
sible for increasing the in vivo serum half-life of the IgG 
molecule. 

“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. 
“Mammal” for purposes of treatment refers to any animal 

classi?ed as a mammal, including humans, domestic and 
farm animals, and ZOO, sports, or pet animals, such as dogs, 
horses, cats, coWs, etc. Preferably, the mammal is human. 
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A “disorder” is any condition that Would bene?t from 
treatment With the anti-ErbB2 antibody. 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 benign and malignant tumors; 
leukemias and lymphoid malignancies; neuronal, glial, 
astrocytal, hypothalamic and other glandular, macrophagal, 
epithelial, stromal and blastocoelic disorders; and 
in?ammatory, angiogenic and immunologic disorders. 

The term “therapeutically effective amount” is used to 
refer to an amount having antiproliferative effect. Preferably, 
the therapeutically effective amount has apoptotic activity, 
or is capable of inducing cell death, and preferably death of 
benign or malignant tumor cells, in particular cancer cells. 
Ef?cacy can be measured in conventional Ways, depending 
on the condition to be treated. For cancer therapy, ef?cacy 
can, for example, be measured by assessing the time to 
disease progression (TTP), or determining the response rates 
(RR) (see Example 1, beloW). Therapeutically effective 
amount also refers to a target serum concentration, such as 
a trough serum concentration, that has been shoWn to be 
effective in suppressing disease symptoms When maintained 
for a period of time. 

The terms “cancer” and “cancerous” refer to or describe 
the physiological condition in mammals that is typically 
characteriZed by unregulated cell groWth. Examples of can 
cer include, but are not limited to, carcinoma, lymphoma, 
blastoma, sarcoma, and leukemia. More particular examples 
of such cancers include squamous cell cancer, small-cell 
lung cancer, non-small cell lung cancer, gastrointestinal 
cancer, pancreatic cancer, glioblastoma, cervical cancer, 
ovarian cancer, liver cancer, bladder cancer, hepatoma, 
breast cancer, colon cancer, colorectal cancer, endometrial 
carcinoma, salivary gland carcinoma, kidney cancer, pros 
tate cancer, vulval cancer, thyroid cancer, hepatic carcinoma 
and various types of head and neck cancer. 

The term “cytotoxic agent” as used herein refers to a 
substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to 
include radioactive isotopes (e.g. I131, I125, Y90 and Re186), 
chemotherapeutic agents, and toxins such as enZymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
fragments thereof. 
A “chemotherapeutic agent” is a chemical compound 

useful in the treatment of cancer. Examples of chemothera 
peutic agents include alkylating agents such as thiotepa and 
cyclosphosphamide (CYTOXANTM); alkyl sulfonates such 
as busulfan, improsulfan and piposulfan; aZiridines such as 
benZodopa, carboquone, meturedopa, and uredopa; ethylen 
imines and methylamelamines including altretamine, 
triethylenemelamine, trietylenephosphoramide, triethyl 
enethiophosphaoramide and trimethylolomelamine; nitro 
gen mustards such as chlorambucil, chlornaphaZine, 
cholophosphamide, estramustine, ifosfamide, 
mechlorethamine, mechlorethamine oxide hydrochloride, 
melphalan, novembichin, phenesterine, prednimustine, 
trofosfamide, uracil mustard; nitrosureas such as 
carmustine, chloroZotocin, fotemustine, lomustine, 
nimustine, ranimustine; antibiotics such as aclacinomysins, 
actinomycin, authramycin, aZaserine, bleomycins, 
cactinomycin, calicheamicin, carabicin, carminomycin, 
carZinophilin, chromomycins, dactinomycin, daunorubicin, 
detorubicin, 6-diaZo-5-oxo-L-norleucine, doxorubicin, 
epirubicin, esorubicin, idarubicin, marcellomycin, 
mitomycins, mycophenolic acid, nogalamycin, olivomycins, 
peplomycin, pot?romycin, puromycin, quelamycin, 
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rodorubicin, streptonigrin, streptoZocin, tubercidin, 
ubenimex, Zinostatin, Zorubicin; anti-metabolites such as 
methotrexate and 5-?uorouracil (S-FU); folic acid analogues 
such as denopterin, methotrexate, pteropterin, trimetrexate; 
purine analogs such as ?udarabine, 6-mercaptopurine, 
thiamiprine, thioguanine; pyrimidine analogs such as 
ancitabine, aZacitidine, 6-aZauridine, carmofur, cytarabine, 
dideoxyuridine, doxi?uridine, enocitabine, ?oxuridine, 
S-FU; androgens such as calusterone, dromostanolone 
propionate, epitiostanol, mepitiostane, testolactone; anti 
adrenals such as aminoglutethimide, mitotane, trilostane; 
folic acid replenisher such as frolinic acid; aceglatone; 
aldophosphamide glycoside; aminolevulinic acid; amsa 
crine; bestrabucil; bisantrene; edatraxate; defofamine; 
demecolcine; diaZiquone; elfornithine; elliptinium acetate; 
etoglucid; gallium nitrate; hydroxyurea; lentinan; 
lonidamine; mitoguaZone; mitoxantrone; mopidamol; nitra 
crine; pentostatin; phenamet; pirarubicin; podophyllinic 
acid; 2-ethylhydraZide; procarbaZine; PSK®; raZoxane; 
siZo?ran; spirogermanium; tenuaZonic acid; triaZiquone; 2, 
2‘,2“-trichlorotriethylamine; urethan; vindesine; dacarba 
Zine; mannomustine; mitobronitol; mitolactol; pipobroman; 
gacytosine; arabinoside (“Ara-C”); cyclophosphamide; 
thiotepa; taxanes, e.g. paclitaxel (TAXOL®, Bristol-Myers 
Squibb Oncology, Princeton, N.J.) and docetaxel 
(TAXOTERE®, Rhone-Poulenc Rorer, Antony, France); 
chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; 
methotrexate; platinum analogs such as cisplatin and carbo 
platin; vinblastine; platinum; etoposide (VP-16); ifosfamide; 
mitomycin C; mitoxantrone; vincristine; vinorelbine; navel 
bine; novantrone; teniposide; daunomycin; aminopterin; 
xeloda; ibandronate; CPT-11; topoisomerase inhibitor RES 
2000; di?uoromethylornithine (DMFO); retinoic acid; espe 
ramicins; capecitabine; and pharmaceutically acceptable 
salts, acids or derivatives of any of the above. Also included 
in this de?nition are anti-hormonal agents that act to regulate 
or inhibit hormone action on tumors such as anti-estrogens 
including for example tamoxifen, raloxifene, aromatase 
inhibiting 4(5)-imidaZoles, 4-hydroxytamoxifen, trioxifene, 
keoxifene, LY 117018, onapristone, and toremifene 
(Fareston); and anti-androgens such as ?utamide, 
nilutamide, bicalutamide, leuprolide, and goserelin; and 
pharmaceutically acceptable salts, acids or derivatives of 
any of the above. 
A “groWth inhibitory agent” When used herein refers to a 

compound or composition Which inhibits groWth of a cell, 
especially an ErbB2-overexpressing cancer cell either in 
vitro or in vivo. Thus, the groWth inhibitory agent is one 
Which signi?cantly reduces the percentage of ErbB2 over 
expressing cells in S phase. Examples of groWth inhibitory 
agents include agents that block cell cycle progression (at a 
place other than S phase), such as agents that induce G1 
arrest and M-phase arrest. Classical M-phase blockers 
include the vincas (vincristine and vinblastine), TAXOL®, 
and topo II inhibitors such as doxorubicin, epirubicin, 
daunorubicin, etoposide, and bleomycin. Those agents that 
arrest G1 also spill over into S-phase arrest, for example, 
DNA alkylating agents such as tamoxifen, prednisone, 
dacarbaZine, mechlorethamine, cisplatin, methotrexate, 
5-?uorouracil, and ara-C. Further information can be found 
in The Molecular Basis of Cancer, Mendelsohn and Israel, 
eds., Chapter 1, entitled “Cell cycle regulation, oncogenes, 
and antineoplastic drugs” by Murakami et al. (W B Saun 
ders: Philadelphia, 1995), especially p. 13. The 4D5 anti 
body (and functional equivalents thereof) can also be 
employed for this purpose. 

“Doxorubicin” is an athracycline antibiotic. The full 
chemical name of doxorubicin is (8S-cis)-10-[(3-amino-2, 
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3,6-trideoxy-ot-L-lyxo-hexopyranosyl)oxy]-7,8,9,10 
tetrahydro-6,8,11-trihydroxy-8-(hydroxyacetyl)-1 
methoxy-5,12-naphthacenedione. 

The term “cytokine” is a generic term for proteins 
released by one cell population Which act on another cell as 
intercellular mediators. Examples of such cytokines are 
lymphokines, monokines, and traditional polypeptide hor 
mones. Included among the cytokines are groWth hormone 
such as human groWth hormone, N-methionyl human 
groWth hormone, and bovine groWth hormone; parathyroid 
hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; 
glycoprotein hormones such as follicle stimulating hormone 
(FSH), thyroid stimulating hormone (TSH), and luteiniZing 
hormone (LH); hepatic groWth factor; ?broblast groWth 
factor; prolactin; placental lactogen; tumor necrosis factor-0t 
and [3; mullerian-inhibiting substance; mouse gonadotropin 
associated peptide; inhibin; activin; vascular endothelial 
groWth factor; integrin; thrombopoietin (TPO); nerve 
groWth factors such as NGF-B; platelet-groWth factor; trans 
forming groWth factors (TGFs) such as TGF-ot and TGF-B; 
insulin-like groWth factor-I and -II; erythropoietin (EPO); 
osteoinductive factors; interferons such as interferon-0t, -[3, 
and -y; colony stimulating factors (CSFs) such as 
macrophage-CSF (M-CSF); granulocyte-macrophage-CSF 
(GM-CSF); and granulocyte-CSF (G-CSF); interleukins 
(ILs) such as IL-1, IL-1ot, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, 
IL-8, IL-9, IL-11, IL-12; a tumor necrosis factor such as 
TNF-ot or TNF-B; and other polypeptide factors including 
LIF and kit ligand As used herein, the term cytokine 
includes proteins from natural sources or from recombinant 
cell culture and biologically active equivalents of the native 
sequence cytokines. 

The term “prodrug” as used in this application refers to a 
precursor or derivative form of a pharmaceutically active 
substance that is less cytotoxic to tumor cells compared to 
the parent drug and is capable of being enZymatically 
activated or converted into the more active parent form. See, 
e.g., Wilman, “Prodrugs in Cancer Chemotherapy” Bio 
chemical Society Transactions, 14, pp. 375—382, 615th 
Meeting Belfast (1986) and Stella et al., “Prodrugs: A 
Chemical Approach to Targeted Drug Delivery,” Directed 
Drug Delivery, Borchardt et al., (ed.), pp. 247—267, Humana 
Press (1985). The prodrugs of this invention include, but are 
not limited to, phosphate-containing prodrugs, 
thiophosphate-containing prodrugs, sulfate-containing 
prodrugs, peptide-containing prodrugs, D-amino acid 
modi?ed prodrugs, glycosylated prodrugs, [3-lactam 
containing prodrugs, optionally substituted 
phenoxyacetamide-containing prodrugs or optionally sub 
stituted phenylacetamide-containing prodrugs, 
5-?uorocytosine and other 5-?uorouridine prodrugs Which 
can be converted into the more active cytotoxic free drug. 
Examples of cytotoxic drugs that can be derivatiZed into a 
prodrug form for use in this invention include, but are not 
limited to, those chemotherapeutic agents described above. 
By “solid phase” is meant a non-aqueous matrix to Which 

the antibodies used in accordance With the present invention 
can adhere. Examples of solid phases encompassed herein 
include those formed partially or entirely of glass (e.g., 
controlled pore glass), polysaccharides (e.g., agarose), 
polyacrylamides, polystyrene, polyvinyl alcohol and sili 
cones. In certain embodiments, depending on the context, 
the solid phase can comprise the Well of an assay plate; in 
others it is a puri?cation column (e.g.,an af?nity chroma 
tography column). This term also includes a discontinuous 
solid phase of discrete particles, such as those described in 
US. Pat. No. 4,275,149. 
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A “liposome” is a small vesicle composed of various 

types of lipids, phospholipids and/or surfactant Which is 
useful for delivery of a drug (such as the anti-ErbB2 
antibodies disclosed herein and, optionally, a chemothera 
peutic agent) to a mammal. The components of the liposome 
are commonly arranged in a bilayer formation, similar to the 
lipid arrangement of biological membranes. 
The term “package insert” is used to refer to instructions 

customarily included in commercial packages of therapeutic 
products, that contain information about the indications, 
usage, dosage, administration, contraindications and/or 
Warnings concerning the use of such therapeutic products. 
The term “serum concentration,” “serum drug 

concentration,” or “serum HERCEPTIN® anti-ErbB2 anti 
body concentration” refers to the concentration of a drug, 
such as HERCEPTIN® anti-ErbB2 antibody, in the blood 
serum of an animal or human patient being treated With the 
drug. Serum concentration of HERCEPTIN® anti-ErbB2 
antibody, for example, is preferably determined by immu 
noassay. Preferably, the immunoassay is an ELISA accord 
ing to the procedure disclosed herein. 
The term “peak serum concentration” refers to the maxi 

mal serum drug concentration shortly after delivery of the 
drug into the animal or human patient, after the drug has 
been distributed throughout the blood system, but before 
signi?cant tissue distribution, metabolism or excretion of 
drug by the body has occurred. 
The term “trough serum concentration” refers to the 

serum drug concentration at a time after delivery of a 
previous dose and immediately prior to delivery of the next 
subsequent dose of drug in a series of doses. Generally, the 
trough serum concentration is a minimum sustained ef?ca 
cious drug concentration in the series of drug administra 
tions. Also, the trough serum concentration is frequently 
targeted as a minimum serum concentration for ef?cacy 
because it represents the serum concentration at Which 
another dose of drug is to be administered as part of the 
treatment regimen. If the delivery of drug is by intravenous 
administration, the trough serum concentration is most pref 
erably attained Within 1 day of a front loading initial drug 
delivery. If the delivery of drug is by subcutaneous 
administration, the peak serum concentration is preferably 
attained in 3 days or less. According to the invention, the 
trough serum concentration is preferably attained in 4 Weeks 
or less, preferably 3 Weeks or less, more preferably 2 Weeks 
or less, most preferably in 1 Week or less, including 1 day or 
less using any of the drug delivery methods disclosed herein. 
The term “intravenous infusion” refers to introduction of 

a drug into the vein of an animal or human patient over a 
period of time greater than approximately 5 minutes, pref 
erably betWeen approximately 30 to 90 minutes, although, 
according to the invention, intravenous infusion is alterna 
tively administered for 10 hours or less. 
The term “intravenous bolus” or “intravenous push” 

refers to drug administration into a vein of an animal or 
human such that the body receives the drug in approximately 
15 minutes or less, preferably 5 minutes or less. 
The term “subcutaneous administration” refers to intro 

duction of a drug under the skin of an animal or human 
patient, preferable Within a pocket betWeen the skin and 
underlying tissue, by relatively sloW, sustained delivery 
from a drug receptacle. The pocket may be created by 
pinching or draWing the skin up and aWay from underlying 
tissue. 
The term “subcutaneous infusion” refers to introduction 

of a drug under the skin of an animal or human patient, 
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preferably Within a pocket between the skin and underlying 
tissue, by relatively sloW, sustained delivery from a drug 
receptacle for a period of time including, but not limited to, 
30 minutes or less, or 90 minutes or less. Optionally, the 
infusion may be made by subcutaneous implantation of a 
drug delivery pump implanted under the skin of the animal 
or human patient, Wherein the pump delivers a predeter 
mined amount of drug for a predetermined period of time, 
such as 30 minutes, 90 minutes, or a time period spanning 
the length of the treatment regimen. 

The term “subcutaneous bolus” refers to drug adminis 
tration beneath the skin of an animal or human patient, 
Where bolus drug delivery is preferably less than approxi 
mately 15 minutes, more preferably less than 5 minutes, and 
most preferably less than 60 seconds. Administration is 
preferably Within a pocket betWeen the skin and underlying 
tissue, Where the pocket is created, for example,- by pinch 
ing or draWing the skin up and aWay from underlying tissue. 

The term “front loading” When referring to drug admin 
istration is meant to describe an initially higher dose fol 
loWed by the same or loWer doses at intervals. The initial 
higher dose or doses are meant to more rapidly increase the 
animal or human patient’s serum drug concentration to an 
ef?cacious target serum concentration. According to the 
present invention, front loading is achieved by an initial dose 
or doses delivered over three Weeks or less that causes the 
animal’s or patient’s serum concentration to reach a target 
serum trough concentration. Preferably, the initial front 
loading dose or series of doses is administered in tWo Weeks 
or less, more preferably in 1 Week or less, including 1 day 
or less. Most preferably, Where the initial dose is a single 
dose and is not folloWed by a subsequent maintenance dose 
for at least 1 Week, the initial dose is administered in 1 day 
or less. Where the initial dose is a series of doses, each dose 
is separated by at least 3 hours, but not more than 3 Weeks 
or less, preferably 2 Weeks or less, more preferably 1 Week 
or less, most preferably 1 day or less. To avoid adverse 
immune reaction to an antibody drug such as an anti-ErbB2 
antibody (e.g., HERCEPTIN® anti-ErbB2 antibody) in an 
animal or patient Who has not previously been treated With 
the antibody, it may be preferable to deliver initial doses of 
the antibody by intravenous infusion. The present invention 
includes front loading drug delivery of initial and mainte 
nance doses by infusion or bolus administration, intrave 
nously or subcutaneously. 

Published information related to anti-ErbB2 antibodies 
includes the folloWing issued patents and published appli 
cations: PCT/US89/00051,published Jan. 5,1989; PCT/ 
US90/02697, published May 18,1990; EU 0474727 issued 
Jul. 23, 1997; DE 690311206, issued Jul. 23, 1997; PCT/ 
US97/18385, published Oct. 9 1997; SA 97/9185, issued 
Oct. 14, 1997; Us. Pat. No. 5,677,171, issued Oct. 14, 1997; 
US. Pat. No. 5,720,937, issued Feb. 24, 1998; Us. Pat. No. 
5,720,954, issued Feb. 24, 1998; US. Pat. No. 5,725,856, 
issued Mar. 10, 1998; Us. Pat. No. 5,770,195, issued Jun. 
23, 1998; US. Pat. No. 5,772,997, issued Jun. 30, 1998; 
PCT/US98/2626, published Dec. 10, 1998; and PCT/US99/ 
06673, published Mar. 26, 1999, each of Which patents and 
publications is herein incorporated by reference in its 
entirety. 

II. Production of anti-ErbB2 Antibodies 

A description folloWs as to exemplary techniques for the 
production of the antibodies used in accordance With the 
present invention. The ErbB2 antigen to be used for pro 
duction of antibodies may be, e.g., a soluble form of the 
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extracellular domain of ErbB2 or a portion thereof, contain 
ing the desired epitope. Alternatively, cells expressing 
ErbB2 at their cell surface (e.g. NIH-3T3 cells transformed 
to overexpress ErbB2; or a carcinoma cell line such as 
SKBR3 cells, see Stancovski et al., PNAS (USA) 
88:8691—8695 [1991]) can be used to generate antibodies. 
Other forms of ErbB2 useful for generating antibodies Will 
be apparent to those skilled in the art. 
(i) 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 relevant antigen to a protein that is immuno 
genic in the species to be immuniZed, e.g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or soy 
bean trypsin inhibitor using a bifunctional or derivatiZing 
agent, for example, maleimidobenZoyl sulfosuccinimide 
ester (conjugation through cysteine residues), 
N-hydroxysuccinimide (through lysine residues), 
glutaraldehyde, succinic anhydride, SOCl2, or 
R1N=C=NR, Where R and R1 are different 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 1/5 to 1/10 the 
original amount of peptide 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. 
(ii) Monoclonal Antibodies 

Monoclonal antibodies are 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. Thus, the modi?er “monoclonal” indi 
cates the character of the antibody as not being a mixture of 
discrete antibodies. 

For example, the monoclonal antibodies may be made 
using the hybridoma method ?rst described by Kohler et al., 
Nature, 256:495 (1975), or may be made by recombinant 
DNA methods (US. Pat. No. 4,816,567). 

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster, is immuniZed as hereinabove 
described to elicit lymphocytes that produce or are capable 
of producing antibodies that Will speci?cally 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 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 (HGPRT or HPRT), the culture 
medium for the hybridomas typically Will include 
hypoxanthine, aminopterin, and thymidine (HAT medium), 
Which substances prevent the groWth of HGPRT-de?cient 
cells. 
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Preferred myeloma cells are those that fuse ef?ciently, 
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 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 al., MonoclonalAntiboa'y Pro 
duction Techniques and Applications, pp. 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 speci?city 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). 

The binding af?nity of the monoclonal antibody can, for 
example, be determined by the Scatchard analysis of Mun 
son et al., Anal. Biochem., 107:220 (1980). 

After hybridoma cells are identi?ed that produce antibod 
ies of the desired speci?city, af?nity, 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-M EM 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 ?uid, or 
serum by conventional imnmunoglobulin puri?cation pro 
cedures such as, for example, protein A-Sepharose, 
hydroxylapatite chromatography, gel electrophoresis, 
dialysis, or af?nity chromatography. 
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 
speci?cally to genes encoding the heavy and light chains of 
murine 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 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. RevieW articles on recombinant expression in bacteria 
of DNA encoding the antibody include Skerra et al., Curr 
Opinion in Immunol, 5 :256—262 (1993) and Pliickthun, 
Immunol. Revs., 130:151—188 (1992). 

In a further embodiment, antibodies or antibody frag 
ments can be isolated from antibody phage libraries gener 
ated 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. Sub 
sequent publications describe the production of high affinity 
(nM range) human antibodies by chain shuf?ing (Marks et 
al., Bio/Technology, 10:779—783 [1992]), as Well as combi 
natorial infection and in vivo recombination as a strategy for 
constructing very large phage libraries (Waterhouse et al., 
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Nuc. Acids. Res., 21:2265—2266 [1993]). Thus, these tech 
niques are viable alternatives to traditional monoclonal 
antibody hybridoma techniques for isolation of monoclonal 
antibodies. 
The DNA also may be modi?ed, for example, by substi 

tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (US. 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 
speci?city for an antigen and another antigen-combining site 
having speci?city for a different antigen. 
(iii) HumaniZed and Human Antibodies 
Methods for humaniZing non-human antibodies are Well 

knoWn in the art. Preferably, 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 typi 
cally 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 “human 
iZed” antibodies are chimeric antibodies (US. 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 
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-?t” 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 frameWork region (FR) for the 
humaniZed antibody (Sims et al., J. Immunol, 151:2296 
(1993); Chothia et al., J. Mol. Biol., 196:901 [1987]). 
Another method uses a particular frameWork region 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, 15112623 [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 
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functioning of the candidate immunoglobulin sequence, 1.e.,
the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way,
FRresidues 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 substantially involved in influencing anti-
gen 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 homozygousdeletion
of the antibody 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 of
humanantibodies upon antigen challenge. See, e.g., Jakobo-
vits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993);
Jakobovits et al., Nature, 362:255-258 (1993); Brugger-
mannet al., Year in Immuno., 7:33 (1993). Human antibod-
ies can also be derived from phage-display libraries
(Hoogenboom etal., J. Mol. Biol., 227:381 (1991); Markset
al., J. Mol. Biol., 222:581-597 [1991]).
(iv) 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 Brennanetal.,
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 F. coli
and chemically coupled to form F(ab'), fragments (Carteret
al., Bio/Technology 10: 163-167 [1992]). According to
another approach, F(ab’), fragments can beisolated directly
from recombinanthost 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.

(v) Bispecific Antibodies
Bispecific antibodies are antibodies that have binding

specificities for at least two different epitopes. Exemplary
bispecific antibodies may bind to two different epitopes of
the ErbB2 protein. For example, one arm may bind an
epitope in Domain 1 of ErbB2 such as the 7C2/7F3 epitope,
the other may bind a different ErbB2 epitope, e.g. the 4D5
epitope. Other such antibodies may combine an ErbB2
binding site with binding site(s) for EGFR, ErbB3 and/or
ErbB4.Alternatively, an anti-ErbB2 arm may be combined
with an arm which binds to a triggering molecule on a
leukocyte such as a T-cell receptor molecule (e.g. CD2 or
CD3), or Fe receptors for IgG (FcyR), such as FeyRI
(CD64), FeyRI (CD32) and FeyRIII (CD16) so as to focus
cellular defense mechanisms to the ErbB2-expressing cell.
Bispecific antibodies may also be used to localize cytotoxic
agents to cells which express ErbB2. These antibodies
possess an ErbB2-binding arm and an arm which bindsthe
cytotoxic agent (e.g. saporin, anti-interferon-a, vinca
alkaloid, ricin A chain, methotrexate or radioactive isotope
hapten). Bispecific antibodies can be prepared asfull length
antibodies or antibody fragments (e.g. F(ab’), bispecific
antibodies).
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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 immunoglo-
bulin heavy and light chains, these hybridomas (quadromas)
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 a different approach, antibody variable
domains with the desired binding specificities (antibody-
antigen combining sites) are fused to immunoglobulin con-
stant domain sequences. The fusion preferably is with an
immunoglobulin heavy chain constant domain, comprising
at least part of the hinge, CH2, and CH3regions. It is
preferred to have the first heavy-chain constant region
(CH1) containing the site necessary for light chain binding,
present in at least one of the fusions. DNAs encoding the
immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate
expression vectors, and are co-transfected into a suitable
host organism. This providesfor great flexibility in adjusting
the mutual proportions of the three polypeptide fragments in
embodiments when unequalratios of the three polypeptide
chains used in the construction provide the optimum yields.
It is, however, possible to insert the coding sequences for
twoorall three polypeptide chains in one expression vector
when the expression of at least two polypeptide chains in
equal ratios results in high yields or when the ratios are of
no particular significance.

In a preferred embodimentof this approach,the bispecific
antibodies are composed of a hybrid immunoglobulin heavy
chain with a first binding specificity in one arm, and a hybrid
immunoglobulin heavy chain-light chain pair (providing a
second binding specificity) in the other arm. It was found
that this asymmetric structure facilitates the separation of the
desired bispecific compound from unwanted immunoglobu-
lin chain combinations, as the presence of an immunoglo-
bulin light chain in only onehalf of the bispecific molecule
provides for a facile way of separation. This approach is
disclosed in WO 94/04690. For further details of generating
bispecific antibodies see, for example, Sureshet al., Methods
in Enzymology, 121:210 (1986).

According to another approach described in W0O96/
27011, the interface between a pair of antibody molecules
can be engineered to maximize the percentage of het-
erodimers which are recovered from recombinant cell cul-

ture. The preferred interface comprises at least a part of the
C,,3 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
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 otherto biotin.
Such antibodies have, for example, been proposedto target
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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. Suitable cross-linking agents are well knownin the
art, and are disclosed in U.S. Pat. No. 4,676,980, along with
a numberof 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’), 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 derivativesis then
reconverted to the Fab'-thiol by reduction with mercaptoet-
hylamine 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 E. coli, which can be chemically
coupled to form bispecific antibodies. Shalabyet al., J. Exp.
Med., 175: 217-225 (1992) describe the production of a
fully humanized bispecific antibody F(ab’), molecule. Each
Fab' fragment was separately secreted from EF. 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 recombinantcell culture
have also been described. For example, bispecific antibodies
have been produced using leucine zippers. Kostelnyet 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 Hollingeret 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 (V,,)
connected to a light-chain variable domain (V,) by a linker
whichis too short to allow pairing between the two domains
on the same chain. Accordingly, the V,, and V, domains of
one fragmentare 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 fragments by the use of single-chain Fv (sFv)
dimers has also been reported. See Gruber et al., J.
Immunol., 152:5368 (1994).

Antibodies with more than two valencies are contem-

plated. For example, trispecific antibodies can be prepared.
Tutt et al., J. Immunol. 147: 60 (1991).
(vi) Screening for Antibodies With the Desired Properties

Techniques for generating antibodies have been described
above. Those antibodies having the characteristics described
herein are selected.

To select for antibodies which induce cell death, loss of
membrane integrity as indicated by, e.g., PI, trypan blue or

10

15

20

25

30

35

40

45

50

55

60

65

26

7AAD uptake is assessed relative to control. The preferred
assay is the “PI uptake assay using BT474 cells”. According
to this assay, BT474 cells (which can be obtained from the
American Type Culture Collection [Rockville, Md.]) are
cultured in Dulbecco’s Modified Eagle Medium (D-MEM)
:Ham’s F-12 (50:50) supplemented with 10% heat-
inactivated FBS (Hyclone) and 2 mM L-glutamine. (Thus,
the assay is performed in the absence of complement and
immuneeffector cells). The BT474 cells are seeded at a
density of 3x10° per dish in 100x20 mmdishes and allowed
to attach overnight. The medium is then removed and
replaced with fresh medium alone or medium containing 10
ug/ml of the appropriate MAD. Thecells are incubated for a
3 day time period. Following each treatment, monolayers are
washed with PBS and detached by trypsinization. Cells are
then centrifuged at 1200 rpm for 5 minutes at 4° C., the
pellet resuspended in 3 ml ice cold Ca** binding buffer (10
mM Hepes, pH 7.4, 140 mM NaCl, 2.5 mM CaCl.) and
aliquoted into 35 mm strainer-capped 12x75 tubes (1 ml per
tube, 3 tubes per treatment group) for removal of cell
clumps. Tubes then receive PI (10 ug/ml). Samples may be
analyzed using a FACSCAN™flow cytometer and FAC-
SCONVERT™ CellQuest software (Becton Dickinson).
Those antibodies which inducestatistically significantlevels
of cell death as determined by PI uptake are selected.

In order to select for antibodies which induce apoptosis,
an “annexin binding assay using BT474 cells”is available.
The BT474 cells are cultured and seeded in dishes as

discussed in the preceding paragraph. The medium is then
removed and replaced with fresh medium alone or medium
containing 10ug/ml of the MAb. Following a three day
incubation period, monolayers are washed with PBS and
detached by trypsinization. Cells are then centrifuged, resus-
pended in Ca** binding buffer and aliquoted into tubes as
discussed above for the cell death assay. Tubes then receive
labeled annexin (e.g. annexin V-FTIC) (1 “g/ml). Samples
may be analyzed using a FACSCAN™flow cytometer and
FACSCONVERT™ CellQuest software (Becton
Dickinson). Those antibodies which inducestatistically sig-
nificant levels of annexin binding relative to control are
selected as apoptosis-inducing antibodies.

In addition to the annexin binding assay, a “DNAstaining
assay using BT474 cells” is available. In order to perform
this assay, BT474 cells which have been treated with the
antibody of interest as described in the preceding two
paragraphs are incubated with 9ug/ml HOECHST 33342™
for 2 hr at 37° C., then analyzed on an EPICS ELITE™flow
cytometer (Coulter Corporation) using MODFIT LT™soft-
ware (Verity Software House). Antibodies which induce a
change in the percentage of apoptotic cells which is 2 fold
or greater (and preferably 3 fold or greater) than untreated
cells (up to 100% apoptotic cells) may be selected as
pro-apoptotic antibodies using this assay.

To screen for antibodies which bind to an epitope on
ErbB2 bound byan antibody of interest, a routine cross-
blocking assay such as that described in Antibodies, A
Laboratory Manual, Cold Spring Harbor Laboratory, Ed
Harlow and David Lane (1988), can be performed.
Alternatively, epitope mapping can be performed by meth-
ods known in the art.

To identify anti-ErbB2 antibodies which inhibit growth of
SKBR3cells in cell culture by 50-100%, the SKBR3 assay
described in WO 89/06692 can be performed. According to
this assay, SKBR3 cells are grown in a 1:1 mixture of F12
and DMEM medium supplemented with 10% fetal bovine
serum, glutamine and penicillinstreptomycin. The SKBR3
cells are plated at 20,000 cells in a 35 mm cell culture dish
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(2 mls/35 mm dish) 2.5ug/ml of the anti-ErbB2 antibody is
added per dish. After six days, the number of cells, com-
pared to untreated cells are counted using an electronic
COULTER™cell counter. Those antibodies which inhibit

growth of the SKBR3 cells by 50-100% are selected for
combination with the apoptotic antibodies as desired.
(vii) Effector Function Engineering

It may be desirable to modify the antibody of the inven-
tion with respect to effector function, so as to enhance the
effectiveness of the antibodyin treating cancer, for example.
For example, cysteine residue(s) may be introduced in the Fe
region, thereby allowing interchain disulfide bond formation
in this region. The homodimeric antibody thus generated
may have improved internalization capability and/or
increased complement-mediated cell killing and antibody-
dependentcellular cytotoxicity (ADCC). See Caronetal., J.
Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immu-
nol. 148:2918-2922 (1992). Homodimeric antibodies with
enhanced anti-tumor activity may also be prepared using
heterobifunctional cross-linkers as described in Wolff et al.

Cancer Research 53:2560-2565 (1993). Alternatively, an
antibody can be engineered which has dual Fe regions and
may thereby have enhanced complement lysis and ADCC
capabilities. See Stevenson et al. Anti-Cancer Drug Design
3:219-230 (1989).
(viii) Immunoconjugates

The invention also pertains to immunoconjugates com-
prising the antibody described herein conjugated to a cyto-
toxic agent such as a chemotherapeutic agent, toxin (e.g. an
enzymatically active toxin of bacterial, fungal, plant or
animalorigin, or fragments thereof), or a radioactive isotope
(i.e., a radioconjugate).

Chemotherapeutic agents useful in the generation of such
immunoconjugates have been described above. Enzymati-
cally active toxins and fragments thereof which can be used
include diphtheria A chain, nonbinding active fragments of
diphtheria toxin, exotoxin A chain (from Pseudomonas
aeruginosa),ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordii proteins, dianthin proteins,
Phytolaca americana proteins (PAPI, PAPII, and PAP-S),
momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restrictocin,
phenomycin, enomycin and the tricothecenes. A variety of
radionuclides are available for the production of radiocon-
jugated anti-ErbB2 antibodies. Examples include *1*Bi, *71I,
131°°Y and *8°Re.

Conjugates of the antibody and cytotoxic agent are made
using a variety of bifunctional protein coupling agents such
as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters
(such as dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate), aldehydes (such as
glutareldehyde), bis-azido compounds (such as bis
(p-azidobenzoyl) hexanediamine), bis-diazonium deriva-
tives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as tolyene 2,6-diisocyanate), and bis-
active fluorine compounds (such as 1,5-difluoro-2,4-
dinitrobenzene). For example, a ricin immunotoxin can be
prepared as described in Vitetta et al. Science 238: 1098
(1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldiethylene triaminepentaacetic acid (MX-DTPA)is
an exemplary chelating agent for conjugation of radionucle-
otide to the antibody. See WO 94/11026.

In another embodiment, the antibody may be conjugated
to a “receptor” (such streptavidin) for utilization in tumor
pretargeting wherein the antibody-receptor conjugate is
administered to the patient, followed by removal of unbound
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conjugate from the circulation using a clearing agent and
then administration of a “ligand” (e.g. avidin) which is
conjugated to a cytotoxic agent (e.g. a radionucleotide).
(ix) Immunoliposomes

The anti-ErbB2 antibodies disclosed herein may also be
formulated as inununoliposomes. Liposomes containing the
antibody are prepared by methods knownin the art, such as
described in Epstein et al., Proc. Natl Acad. Sci. USA,
82:3688 (1985); Hwanget al., Proc. Natl. Acad. Sci. USA,
77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,
545. Liposomes with enhanced circulation time are dis-
closed in U.S. Pat. No. 5,013,556.

Particularly useful liposomes can be generated by the
reverse phase evaporation method with a lipid composition
comprising phosphatidylcholine, cholesterol and PEG-
derivatized phosphatidylethanolamine (PEG-PE). S Lipo-
somes are extruded through filters of defined pore size to
yield liposomes with the desired diameter. Fab' fragments of
the antibody of the present invention can be conjugated to
the liposomes as described in Martin et al., J. Biol. Chem.
257: 286-288 (1982) via a disulfide interchange reaction. A
chemotherapeutic agent is optionally contained within the
liposome. See Gabizon et al., J. National Cancer Inst.
81(19)1484 (1989).
(x) Antibody Dependent Enzyme Mediated Prodrug
Therapy (ADEPT)

The antibodies of the present invention mayalso be used
in ADEPT by conjugating the antibody to a prodrug-
activating enzyme which converts a prodrug(e.g. a peptidyl
chemotherapeutic agent, see WO 81/01145) to an active
anti-cancer drug. See, for example, WO 88/07378 and US.
Pat. No. 4,975,278.

The enzyme component of the immunoconjugate useful
for ADEPT includes any enzyme capable of acting on a
prodrug in such a wayso as to covert it into its more active,
cytotoxic form.

Enzymesthat are useful in the method of this invention
include, but are not limited to, alkaline phosphatase useful
for converting phosphate-containing prodrugs into free
drugs; arylsulfatase useful for converting sulfate-containing
prodrugs into free drugs; cytosine deaminase useful for
converting non-toxic 5-fluorocytosine into the anti-cancer
drug, 5-fluorouracil; proteases, such as serratia protease,
thermolysin, subtilisin, carboxypeptidases and cathepsins
(such as cathepsins B and L), that are useful for converting
peptide-containing prodrugs into free drugs;
D-alanylcarboxypeptidases, useful for converting prodrugs
that contain D-amino acid substituents; carbohydrate-
cleaving enzymes such as B-galactosidase and neuramini-
dase useful for converting glycosylated prodrugs into free
drugs; B-lactamase useful for converting drugs derivatized
with B-lactamsinto free drugs; and penicillin amidases, such
as penicillin V amidase or penicillin G amidase, useful for
converting drugs derivatized at their amine nitrogens with
phenoxyacetyl or phenylacetyl groups, respectively, into
free drugs. Alternatively, antibodies with enzymaticactivity,
also knownin the art as “abzymes”, can be used to convert
the prodrugs of the invention into free active drugs(see,e.g.,
Massey, Nature 328: 457458 [1987]). Antibody-abzyme
conjugates can be prepared as described herein for delivery
of the abzyme to a tumorcell population.

The enzymesof this invention can be covalently bound to
the anti-ErbB2 antibodies by techniques well known in the
art such as the use of the heterobifunctional crosslinking
reagents discussed above. Alternatively, fusion proteins
comprising at least the antigen binding region of an antibody
of the invention linked to at least a functionally active
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portion of an enzyme of the invention can be constructed
using recombinant DNA techniques well known in the art
(see, e.g., Neubergeret al., Nature, 312: 604-608 [1984]).
(xi) Antibody-salvage Receptor Binding Epitope Fusions

In certain embodiments of the invention, it may be
desirable to use an antibody fragment, rather than an intact
antibody, to increase tumor penetration, for example. In this
case, it may be desirable to modify the antibody fragmentin
order to increase its serum half life. This may be achieved,
for example, by incorporation of a salvage receptor binding
epitope into the antibody fragment(e.g. by mutation of the
appropriate region in the antibody fragment or by incorpo-
rating the epitope into a peptide tag that is then fused to the
antibody fragment at either end or in the middle, e.g., by
DNAor peptide synthesis).

A systematic method for preparing such an antibody
variant having an increased in vivo half-life comprises
several steps. The first involves identifying the sequence and
conformation of a salvage receptor binding epitope of an Fe
region of an IgG molecule. Once this epitope is identified,
the sequence of the antibody of interest is modified to
include the sequence and conformation of the identified
binding epitope. After the sequence is mutated, the antibody
variantis tested to see if it has a longer in vivo half-life than
that of the original antibody. If the antibody variant does not
have a longer in vivo half-life upon testing, its sequence is
further altered to include the sequence and conformation of
the identified binding epitope. The altered antibodyis tested
for longer in vivo half-life, and this process is continued
until a molecule is obtained that exhibits a longer in vivo
half-life.

The salvage receptor binding epitope being thus incorpo-
rated into the antibody of interest is any suitable such
epitope as defined above,and its nature will depend,e.g., on
the type of antibody being modified. The transfer is made
such that the antibody ofinterest still possesses the biologi-
cal activities described herein.

The epitope preferably constitutes a region wherein any
one or more amino acid residues from one or two loops of
a Fe domain are transferred to an analogous position of the
antibody fragment. Even more preferably, three or more
residues from one or two loops of the Fe domain are
transferred. Still more preferred, the epitope is taken from
the CH2 domain of the Fe region (e.g., of an IgG) and
transferred to the CH1, CH3, or V,,, region, or more than
one such region, of the antibody. Alternatively, the epitope
is taken from the CH2 domain of the Fe region and trans-
ferred to the C, region or V, region,or both, of the antibody
fragment.

In one most preferred embodiment, the salvage receptor
binding epitope comprises the sequence (5' to 3°): PKNS-
SMISNTP(SEQ ID NO:3),and optionally further comprises
a sequenceselected from the group consisting of HOSLGTQ
(SEQ ID NO:4), HONLSDGK (SEQ ID NO:5), HONIS-
DGK (SEQ ID NO:6), or VISSHLGQ (SEQ ID NO:7),
particularly where the antibody fragment is a Fab or F(ab’),.
In another most preferred embodiment, the salvage receptor
binding epitope is a polypeptide containing the sequence(s)
(5' to 3‘): HONLSDGK(SEQ ID NO:5), HONISDGK (SEQ
ID NO:6), or VISSHLGQ (SEQ ID NO:7) and the sequence:
PKNSSMISNTP (SEQ ID NO:3).
(xii) Purification of anti-ErbB2 Antibody

When using recombinant techniques, the antibody can be
producedintracellularly, in the periplasmic space, or directly
secreted into the medium. If the antibody is produced
intracellularly, as a first step, the particulate debris, either
host cells or lysed fragments, is removed, for example, by
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centrifugation or ultrafiltration. Carter et al., Bio/Technology
10:163-167 (1992) describe a procedure for isolating anti-
bodies which are secreted to the periplasmic space of E. coli.
Briefly, cell paste is thawed in the presence of sodium
acetate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride
(PMSF) over about 30 min. Cell debris can be removed by
centrifugation. Where the antibody is secreted into the
medium, supernatants from such expression systems are
preferably first concentrated using a commercially available
protein concentration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unit. A protease inhibitor
such as PMSF maybeincludedin any of the foregoing steps
to inhibit proteolysis and antibiotics may be included to
prevent the growth of adventitious contaminants.

The antibody composition prepared from the cells can be
purified using, for example, hydroxylapatite
chromatography, gel electrophoresis, dialysis, and affinity
chromatography, with affinity chromatography being the
preferred purification technique. The suitability of protein A
as an affinity ligand depends on the species and isotype of
any immunoglobulin Fe domain that is present in the anti-
body. Protein A can be used to purify antibodies that are
based on humany1, y2, or y4 heavy chains (Lindmarketal.,
J. Immunol. Meth. 62:1-13 [1983]). Protein G is recom-
mendedfor all mouse isotypes and for human y3 (Gussetal.,
EMBO J. 5:15671575 [1986]). The matrix to which the
affinity ligand is attached is most often agarose, but other
matrices are available. Mechanically stable matrices such as
controlled pore glass or poly(styrenedivinyl)benzene allow
for faster flow rates and shorter processing times than can be
achieved with agarose. Where the antibody comprises a C,,3
domain, the Bakerbond ABX™ resin (J. T. Baker,
Phillipsburg, N.J.) is useful for purification. Other tech-
niques for protein purification such as fractionation on an
ion-exchange column,ethanol precipitation, Reverse Phase
HPLC, chromatography on silica, chromatography on hep-
arin SEPHAROSE™chromatography on an anion or cation
exchange resin (such as a polyaspartic acid column),
chromatofocusing, SDS-PAGE, and ammonium sulfate pre-
cipitation are also available depending on the antibody to be
recovered.

Following any preliminary purification step(s), the mix-
ture comprising the antibody of interest and contaminants
may be subjected to low pH hydrophobic interaction chro-
matography using an elution buffer at a pH between about
2.5-4.5, preferably performed at low salt concentrations
(e.g. from about 0-0.25Msalt).
III. Determination of anti-ErbB2 Antibody Concentration in
Serum

The following non-limiting assay is useful for determin-
ing the presence of and to quantitate the amountof specific
rhuMAb HER2 (humanized anti-p185”“** monoclonal
antibody, including HERCEPTIN® anti-ErbB2 antibody) in
a body fluid of a mammal including, but not limited to,
serum, amniotic fluid, milk, umbilical cord serum, ocular
aqueous and vitreous liquids, and ocular vitreous gel.
Plate Binding Activity Assay for rhuMAb HER2
(Humanized Anti-p185’”** Monoclonal Antibody

The method of assaying rhuMAb HER2described herein
is Meant as an example of such a method and is not meant
to be limiting. A standardized preparation of rhuMAb HER2
(Genentech, Inc., South San Francisco, Calif.), controls, and
serum samples were diluted with Assay Diluent (PBS/0.5%
BSA/0.05% Polysorbate 20/0.01% Thimerosal). The dilu-
tions of standardized rhuMAb HER2 wereprepared to span
a range of concentrations useful for a standard curve. The
samples were diluted to fall within the standard curve.
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An aliquot of Coat Antigen in Coating buffer
(recombinant p185‘“*? (Genentech,Inc.) in 0.05 M sodium
carbonate buffer) was added to each well of a microtiter
plate and incubated at 2—-8° C. for 12-72 hours. The coatin
solution was removed and each well was washedsix times

with water, then blotted to remove excess water.
An aliquot of Assay Diluent was added to each well and

incubated for 1-2 hours at ambient temperature with agita-
tion. The wells were washed as in the previousstep.

Aliquots of diluted standard, control and sample solutions
were added to the wells and incubated at ambient tempera-
ture for 1 hour with agitation to allow binding of the
antibody to the coating antigen. The wells are washed again
with water as in previoussteps.

Horse radish peroxidase-conjugate (HRP-conjugate, Goat
anti-human IgG Fe conjugated to horseradish peroxidase;
Organon Teknika catalog #55253 or equivalent) was diluted
with Assay Diluent to yield an appropriate optical density
range between the highest and lowest standards. An aliquot
of the HRP-conjugate solution was added to each well and
incubated at ambient temperature for 1 hour with agitation.
The wells were washed with water as in previoussteps.

An aliquot of Substrate Solution (o-phenylenediamine
(OPD) 5 mg tablet (Sigma P6912 or equivalent) in 12.5 ml
4 mM H,0,in PBS) was added to each well and incubated
for a sufficient period of time (approximately 8-10 minutes)
in the dark at ambient temperature to allow color develop-
ment. The reaction was stopped with an aliquot of 4.5 N
sulfuric acid. Optical density was read at 490-492 nm for
detection absorbance and 405 nm for reference absorbance.

The standard curve data are plotted and the results for the
controls and samples are determined from the standardcurve.

IV. Pharmaceutical Formulations

Therapeutic formulations of the antibodies used in accor-
dance with the present invention are prepared for storage by
mixing an antibody having the desired degree of purity with
optional pharmaceutically acceptable carriers, excipients or
stabilizers (Remington’s Pharmaceutical Sciences 16th
edition, Osol, A. Ed. [1980]), in the form of lyophilized
formulations or aqueous solutions. Acceptable carriers,
excipients, or stabilizers are nontoxic to recipients at the
dosages and concentrations employed, and include buffers
such as phosphate, citrate, and other organic acids; antioxi-
dants including ascorbic acid and methionine; preservatives
(such as octadecyldimethylbenzyl ammonium chloride; hex-
amethonium chloride; benzalkonium chloride, benzetho-
nium chloride; phenol, butyl or benzyl alcohol; alkyl para-
bens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins,
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 including glucose, mannose,or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such as
sodium; met al complexes (e.g. Zn-protein complexes);
and/or non-ionic surfactants such as TWEEN™, PLURON-
ICS™or polyethylene glycol (PEG). Preferred lyophilized
anti-ErbB2 antibody formulations are described in WO
97/04801, expressly incorporated herein be reference.

The formulation herein may also contain more than one
active compoundas necessary for the particular indication
being treated, preferably those with complementary activi-
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ties that do not adversely affect each other. For example, it
may bedesirable to further provide antibodies which bind to
EGFR, ErbB2 (e.g. an antibody which binds a different
epitope on ErbB2), ErbB3, ErbB4, or vascular endothelial
growth factor (VEGF)in the one formulation. Alternatively,
or in addition, the composition may comprise a cytotoxic
agent, cytokine or growth inhibitory agent. Such molecules
are suitably present in combination in amounts that are
effective for the purpose intended.

The active ingredients may also be entrapped in micro-
capsules prepared, for example, by coacervation techniques
or by interfacial polymerization, for example, hydroxym-
ethylcellulose or gelatin-microcapsules and poly-
(methylmethacylate) microcapsules, respectively, in colloi-
dal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques are
disclosed in Remington’s Pharmaceutical Sciences 16th
edition, Osol, A. Ed. (1980).

The formulations to be used for in vivo administration

must be sterile. This is readily accomplished byfiltration
throughsterile filtration membranes.

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semiper-
meable matrices of solid hydrophobic polymers containing
the antibody, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of sustained-
release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),
polylactides (U.S. Pat. No. 3,773,919), copolymers 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 composedoflactic acid-glycolic acid copoly-
mer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid. While polymers such as ethylene-vinyl
acetate and lactic acid-glycolic acid enable release of mol-
ecules for over 100 days, certain hydrogels release proteins
for shorter time periods. When encapsulated antibodies
remain in the body for a long time, they may denature or
aggregate as a result of exposure to moisture at 37° C.,
resulting in a loss of biological activity and possible changes
in immunogenicity. Rational strategies can be devised for
stabilization depending on the mechanism involved. For
example, if the aggregation mechanism is discovered to be
intermolecular S-S bond formation through thio-disulfide
interchange, stabilization may be achieved by modifying
sulhydryl residues, lyophilizing from acidic solutions, con-
trolling moisture content, using appropriate additives, and
developing specific polymer matrix compositions.

V. Treatment With the Anti-ErbB2 Antibodies

It is contemplated that, according to the present invention,
the anti-ErbB2 antibodies may be used to treat various
conditions characterized by overexpression and/or activa-
tion of the ErbB2 receptor. Exemplary conditions or disor-
ders include benign or malignant tumors (e.g. renal, liver,
kidney, bladder, breast, gastric, ovarian, colorectal, prostate,
pancreatic, lung, vulval, thyroid, hepatic carcinomas; sarco-
mas; glioblastomas; and various head and neck tumors);
leukemias and lymphoid malignancies; other disorders such
as neuronal, glial, astrocytal, hypothalamic and other
glandular, macrophagal, epithelial, stromal and blastocoelic
disorders; and inflammatory, angiogenic and immunologic
disorders.

The antibodies of the invention are administered to a

human patient, in accord with known methods, such as
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intravenous administration as a bolus or by continuous
infusion over a period of time, by intramuscular,
intraperitoneal, intracerobrospinal, subcutaneous, intra-
articular, intrasynovial, intrathecal, oral, topical, or inhala-
tion routes. Intravenous or subcutaneous administration of

the antibodyis preferred.

The treatment of the present invention involves the
administration of an anti-ErbB2 antibody to an animal or
humanpatient, followed at intervals by subsequent doses of
equal or smaller doses such that a target serum concentration
is achieved and maintained during treatment. Preferably,
maintenance doses are delivered by bolus delivery, prefer-
ably by subcutaneous bolus administration, making treat-
ment convenient and cost-effective for the patient and health
care professionals.

Where combined administration of a chemotherapeutic
agent (other than an antracycline) is desired, the combined
administration includes coadministration, using separate for-
mulations or a single pharmaceutical formulation, and con-
secutive administration in either order, wherein preferably
there is a time period while both (or all) active agents
simultaneously exert their biological activities. Preparation
and dosing schedules for such chemotherapeutic agents may
be used according to manufacturers’ instructions or as
determined empirically by the skilled practitioner. Prepara-
tion and dosing schedules for such chemotherapy are also
described in Chemotherapy Service Ed., M. C. Perry, Wil-
liams & Wilkins, Baltimore, Md. (1992). The chemothera-
peutic agent may precede, or follow administration of the
antibody or may be given simultaneously therewith. The
antibody may be combined with an anti-estrogen compound
such as tamoxifen or an anti-progesterone such as onapris-
tone (see, EP 616 812) in dosages known for such mol-
ecules.

It may be desirable to also administer antibodies against
other tumor associated antigens, such as antibodies which
bind to the EGFR, ErbB3, ErbB4, or vascular endothelial
growth factor (VEGF). Alternatively, or additionally, two or
more anti-ErbB2 antibodies may be co-administered to the
patient. Sometimes, it may be beneficial to also administer
one or more cytokines to the patient. The ErbB2 antibody
may be co-administered with a growth inhibitory agent. For
example, the growth inhibitory agent may be administered
first, followed by the ErbB2 antibody. However, simulta-
neous administration, or administration of the ErbB2 anti-
body first is also contemplated. Suitable dosages for the
growth inhibitory agent are those presently used and may be
lowered due to the combined action (synergy) of the growth
inhibitory agent and anti-ErbB2 antibody.

In addition to the above therapeutic regimens,the patient
may be subjected to surgical removal of cancer cells and/
or-radiation therapy.

For the prevention or treatment of disease, the appropriate
dosage of anti-ErbB2 antibody will depend on the type of
disease to be treated, as defined above, the severity and
course of the disease, whether the antibody is administered
for preventive or therapeutic purposes, previous therapy, the
patient’s clinical history and response to the antibody, and
the discretion of the attending physician. The antibody is
suitably administered to the patient at one time or over a
series of treatments. Where the treatment involvesa series of

treatments, the initial dose or initial doses are followed at
daily or weekly intervals by maintenance doses. Each main-
tenance dose provides the same or a smaller amount of
antibody compared to the amount of antibody administered
in the initial dose or doses.

Depending on the type and severity of the disease, about
1 ug/kg to 15 mg/kg (e.g. 0.1-20 mg/kg) of antibody is an
initial candidate dosage for administration to the patient,
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whether, for example, by one or more separate
administrations, or by continuous infusion. A typical daily
dosage might range from about 1 ywg/kg to 100 mg/kg or
more, depending on the factors mentioned above. For
repeated administrations over several days or longer,
depending on the condition, the treatment is sustained until
a desired suppression of disease symptoms occurs. The
progress of this therapy is easily monitored by conventional
techniques and assays.

According to the invention, dosage regimens may include
an initial dose of anti-ErbB2 of 6 mg/kg, 8 mg/kg, or 12
mg/kg delivered by intravenous or subcutaneous infusion,
followed by subsequent weekly maintenance doses of 2
mg/kg by intravenousinfusion, intravenous bolus injection,
subcutaneous infusion, or subcutaneous bolus injection.
Where the antibody is well-tolerated by the patient, the time
of infusion may be reduced.

Alternatively, the invention includes an initial dose of 12
mg/kg anti-ErbB2 antibody, followed by subsequent main-
tenance doses of 6 mg/kg once per 3 weeks.

Another dosage regimen involves an initial dose of 8
mg/kg anti-ErbB2 antibody, followed by 6 mg/kg once per
3 weeks.

Still another dosage regimen involvesan initial dose of 8
mg/kg anti-ErbB2 antibody, followed by subsequent main-
tenance doses of 8 mg/kg once per week or 8 mg/Kg once
every 2 to 3 weeks.

As an alternative regimen, initial doses of 4 mg/kg
anti-ErbB2 antibody may be administered on each of days 1,
2 and 3, followed by subsequent maintenance doses of 6
mg/kg once per 3 weeks.

An additional regimen involvesan initial dose of 4 mg/kg
anti-ErbB2 antibody, followed by subsequent maintenance
doses of 2 mg/kg twice per week, wherein the maintenance
doses are separated by 3 days.

Alternatively, the invention may include a cycle of dosing
in which delivery of anti-ErbB2 antibody is 2—3 times per
week for 3 weeks. The 3 week cycle is preferably repeated
as necessary to achieve suppression of disease symptoms.

The invention further includes a cyclic dosage regimen in
which delivery of anti-ErbB2 antibody is daily for 5 days.
According to the invention, the cycle is preferably repeated
as necessary to achieve suppression of disease symptoms.
Further information about suitable dosagesis providedin the
Examples below.

VI. Articles of Manufacture

In another embodiment of the invention, an article of
manufacture containing materials useful for the treatment of
the disorders described above is provided. The article of
manufacture comprises a container, a label and a package
insert. Suitable containers include, for example, bottles,
vials, syringes, etc. The containers may be formed from a
variety of materials such as glass or plastic. The container
holds a composition which is effective for treating the
condition and may haveasterile access port (for example,
the container may be an intravenous solution bag or a vial
having a stopper pierceable by a hypodermic injection
needle). At least one active agent in the composition is an
anti-ErbB2 antibody. The label on, or associated with, the
container indicates that the composition is used fortreating
the condition of choice. The article of manufacture may
further comprise a second container comprising a
pharmaceutically-acceptable buffer, such as phosphate-
buffered saline, Ringer’s solution and dextrose solution. It
may further include other materials desirable from a com-
mercial and user standpoint, including other buffers,
diluents,filters, needles, and syringes.In addition,the article
of manufacture may comprise a packageinserts with instruc-
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tionsfor use, including,e.g., a warning that the composition
is not to be used in combination with anthacycline-type
chemotherapeutic agent, e.g. doxorubicin or epirubicin.
Deposit of Materials

The following hybridomacell lines have been deposited
with the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, Md., USA (ATCC):

Antibody Designation ATCC No. Deposit Date

7C2 ATCC HB-12215 Oct. 17, 1996
TE3 ATCC HB-12216 Oct. 17, 1996
4D5 ATCC CRL 10463 May 24, 1990
2C4 ATCC HB-12697 Apr. 8, 1999

Further details of the invention are illustrated by the
following non-limiting Examples.

EXAMPLES

Example 1

Preparation and Efficacy of HERCEPTIN® Anti-
ErbB2 Antibody

Materials and Methods

Anti-ErbB2 monoclonal antibody The anti-ErbB2 IgG,«
murine monoclonal antibody 4D5, specific for the extracel-
lwlar domain of ErbB2, was produced as described in Fendly
et al., Cancer Research 50: 1550-1558 (1990) and WO89/
06692. Briefly, NIH 3T3/HER2-3,,, cells (expressing
approximately 1x10° ErbB2 molecules/cell) produced as
described in Hudziak et al., Proc. Natl. Acad. Sci. (USA)
84:7159 (1987) were harvested with phosphate buffered
saline (PBS) containing 25 mM EDTAand used to immu-
nize BALB/c mice. The mice were given injections 1.p. of
10’ cells in 0.5 ml PBS on weeks, 0, 2, 5 and 7. The mice
with antisera that immunoprecipitated P-labeled ErbB2
were given 1p. injections of a wheat germ agglutinin-
Sepharose (WGA) purified ErbB2 membrane extract on
weeks 9 and 13. This was followed by an Lv.injection of 0.1
ml of the ErbB2 preparation and the splenocytes were fused
with mouse myelomaline X63-Ag8.653. Hybridomasuper-
natants were screened for ErbB2-binding by ELISA and
radioimmunoprecipitation. MOPC-21 (IgG1), (Cappell,
Durham, N.C.), was used as an isotype-matched control.

The treatment was performed with a humanized version
of the murine 4D5 antibody (HERCEPTIN® anti-ErbB2
antibody). The humanized antibody was engineered by
inserting the complementarity determining regions of the
murine 4D5 antibody into the framework of a consensus
human immunoglobulin IgG, (IgG,) (Carter et al., Proc.
Natl. Acad. Sci. USA 89:4285-4289 [1992]). The resulting
humanized anti-ErbB2 monoclonal antibody has high affin-
ity for p185’“*? (Dillohiation constant [K,,]—=0.1 nmol/L),
markedly inhibits, in vitro and in human xenografts, the
growth of breast cancer cells that contain high levels of
Pigs”**, induces antibody-dependentcellular cytotoxicity
(ADCC), and has been foundclinically active, as a single
agent, in patients with ErbB2-overexpressing metastatic
breast cancers that had received extensive prior therapy.
HERCEPTIN® anti-ErbB2 antibody is produced by a
genetically engineered Chinese Hamster Ovary (CHO)cell
line, grownin large scale, that secretes the antibody into the
culture medium. The antibody is purified from the CHO
culture media using standard chromatographic and filtration
methods. Eachlot of antibody usedin this study was assayed
to verify identity, purity, and potency, as well as to meet
Food and Drug Administration requirements forsterility and
safety.

wn
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Eligibility Criteria
Patients had to fulfill all of the following criteria to be

eligible for study admission:
Metastatic breast cancer

Overexpression of the ErbB2 (HER2) oncogene (2+ to 3+
as determined by immunohistochemistry or fluores-
cence in situ hybridization (FISH). [Tumor expression
of ErbB2 can be determined by immunohistochemical
analysis, as previously described (Slamonetal., [ 1987]
and [1989], supra), of a set of thin sections prepared
from the patient’s paraffim-archived tumor blocks. The
primary detecting antibody used is murine 4D5 MAb,
which has the same CDRsas the humanized antibody
used for the treatment. Tumors are considered to over-

express ErbB2 if at least 25% of tumor cells exhibit
characteristic membranestaining for p,,</”*7]

Bidimensionally measurable disease (including lytic bone
lesions) by radiographic means, physical examination,
or photographs

Measurable disease was defined as any mass reproducibly
measurable in two perpendicular diameters by physical
examination, X-ray (plain films), computerized tomography
(CT), magnetic resonance imaging (MRI), ultrasound, or
photographs.

Osteoblastic metastases, pleural effusions, or ascites were
not considered to be measurable. Measurable lesions must

be at least 1 cm in greatest dimension. Enumeration of
evaluable sites of metastatic disease and numberof lesions

in an evaluable site (e.g. lung) had to be recorded on the
appropriate Case Report Form (CRF).If a large number of
pulmonary or hepatic lesions were present, the six largest
lesions per site were followed.

The ability to understand and willingnessto sign a written
informed consent form

Women =18 years
Suitable candidates for receiving concomitant cytotoxic

chemotherapy as evidenced by screening laboratory
assessments of hematologic, renal, hepatic, and meta-
bolic functions.

Exclusion Criteria

Patients with any of the following were excluded from
study entry:

Prior cytotoxic chemotherapy for metastatic breast cancer
Patients may have received prior hormonaltherapy (e.g.

tamoxifen) for metastatic disease or cytotoxic therapy
in the adjuvantsetting.

Concomitant malignancy that has not been curatively
treated

A performance status of <60% on the Kamofsky scale
Pregnant or nursing women; women of childbearing

potential, unless using effective contraception as deter-
mined by the investigator

Bilateral breast cancer (either both primary tumors must
have 2+ to 3+ HER2 overexpression, or the metastatic
site must have 2+ to 3+ HER2 overexpression)

Useof investigational or unlicensed agents within 30 days
prior to study entry

Clinically unstable or untreated metastases to the brain
(e.g. requiring radiation therapy)

Based upon the foregoing criteria, 469 patients were
chosen,and enrolledin the study. Half the patients(stratified
by chemotherapy) were randomized to additionally receive
the HERCEPTIN® anti-ErbB2 antibody (see below).

Administration and Dosage
Anti-ErbB2 Antibody

On day 0, a 4 mg/kg dose of humanized anti-ErbB2
antibody (HERCEPTIN®, H) was administered
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intravenously, over a 90-minute period. Beginning on day 7,
patients received weekly administration of 2 mg/kg antibody
(i.v.) over a 90-minute period.
Chemotherapy

The patients received one of two chemotherapy regimens
for a minimum ofsix cycles, provided their disease was not
progressing: a) cyclophosphamide and doxorubicin or epi-
rubicin (AC), if patients have not received anthracycline
therapy in the adjuvant setting, or b) paclitaxel (T,
TAXOL®), if patients have received any anthracycline
therapy in the adjuvant setting. The initial dose of the
HERCEPTIN® anti-ErbB2 antibody preceded thefirst cycle
of either chemotherapy regimen by 24 hours. Subsequent
doses of the antibody were given immediately before che-
motherapy administration, if the initial dose of the antibody
was well tolerated. If the first dose of the antibody was not
well tolerated, subsequent infusions continued to precede
chemotherapy administration by 24 hours. Patients were
permitted to continue receiving chemotherapy beyond six
cycles if, in the opinion of the treating physician, they were
continuing to receive treatment benefit.

Cyclophosphamide (600 mg/m’) was given either by iv
push over a minimum period of 3 minutes or by infusion
over a maximum period of 2 hours.

Doxorubicin (60 mg/m”) or epirubicin (75 mg/m?) were
given either by slow iv push over a minimum period of 3-5
minutes or by infusion over a maximum period of 2 hours,
according to institutional protocol.

Paciltaxel (TAXOL®) wasgiven at a dose of 175 mg/m?
over 3 hours by intravenous administration. All patients
receiving paclitaxel were premedicated with dexamethasone
(or its equivalent) 20 mgx2, administered orally 12 and 6
hours prior to paclitaxel; diphenhydramine (or its
equivalent) 50 mg, iv, administered 30 minutes prior to
paclitaxel, and dimetidine (or another H, blocker) 300 mg,
iv, administered 30 minutes prior to paclitaxel.

Response Criteria
Progressive Disease

Objective evidence of an increase of 25% or more in any
measurable lesion. Progressive disease also includes those
instances when new lesions have appeared. For bonelesions,
progression is defined as a 25% increase in objective mea-
surementby plain film, CT, MRI; symptomatic new lesions
not due to fracture; or requirement for palliative radio-
therapy.
Complete Response

Disappearance of all radiographically and/or visually
apparent tumor for a minimum of 4 weeks. Skin and chest
wall complete responses had to be confirmed by biopsy.
Partial Response

A reduction of at least 50% in the sum of the products of
the perpendicular diameters of all measurable lesions for a
minimum period of 4 weeks. No new lesions may have
appeared, nor may any lesions have progressed in size.
Minor Response

A reduction of 25% to 49% in the sum of the products of
the perpendicular diameters of all measurable lesions. No
new lesions may have appeared, nor may any lesions have
progressed in size.
Stable Disease

No changeof greater than 25% in the size of measurable
lesions. No lesions may have appeared.

Time to disease progression (TTP) was calculated from
the beginning of therapy to progression. Confidence limits
for response rates were calculated using the exact method
for a single proportion. (Fleiss, J L, Statistical Methods for
Rates and Proportions (ed.2), New York, N-Y., Wiley, 1981,
pp 13-17).
Results

At a median follow-up of 10.5 months, assessments of
time to disease progression (TTP in months) and response
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rates (RR) showed a significant augmentation of the che-
motherapeutic effect by HERCEPTIN® anti-ErbB2
antibody, without increase in overall severe adverse events
(AE):

TABLE1

HERCEPTIN ® Anti-ErbB2 Antibody Efficacy

Enrolled TIP (months) RR (%) AE (%)
CRx 234 5.5 36.2 66
CRx + 14 235 8.6* 62.00** 69
AC 145 6.5 42.1 71
AC+H 146 9.0 64.9 68
T 89 4.2 25.0 59
T+H 89 7A 57.3 70

*p < 0.001 by log-rank test; ** p < 0.01 by X? test; CRx: chemotherapy;
AC: anthracycline/cyclophosphamide treatment; H: HERCEPTIN ® anti-
ErbB2 antibody; T: TAXOL ®

A syndrome of myocardial dysfunction similar to that
observed with anthracyclines was reported more commonly
with a combined treatment of AC+H (18% Grade %) than
with AC alone 3%), T (0%), or T+H (2%).

These data indicate that the combination of anti-ErbB2

antibody treatment with chemotherapy markedly increases
the clinical benefit, as assessed by response rates and the
evaluation of disease progression. However, due to the
increased cardiac side-effects of doxorubicin or epirubicin,
the combined use of anthracyclines with anti-ErbB2 anti-
body therapy is contraindicated. The results, taking into
account risk and benefit, favor treatment with HERCEP-
TIN® anti-ErbB2 antibody and paclitaxel (TAXOL®)
where a combined treatment regimen is desired.

Example 2

Pharmacokinetic and Pharmacodynamic Properties
of Anti-ErbB2 Antibody (HERCEPTIN®)

HERCEPTIN®anti-ErbB2 antibody was administered by
intravenous, infusion to human patients selected according
to the criteria provided in Example 1. An initial dose of 4
mg/kg HERCEPTIN® anti-ErbB2 antibody was delivered
by intravenous infusion, followed by subsequenti.v. infu-
sions of 2 mg/kg HERCEPTIN® anti-ErbB2 antibody
weekly for several weeks. Two hundred thirteen patients
began this treatment regimen and serum drug concentration
wasobtained beyond 8 weeks for fewer than 90 patients as
selective discontinuation of patients with rapidly progress-
ing disease occurred. Of the 213 patients who began
treatment, serum trough concentration data were available
for 80 patients at Week 12, for 77 patients at Week 16, for
44 patients at Week 20, for 51 patients at Week 24, for 25
patients at Week 28, for 23 patients at Week 32, and for 37
patients at Week 36.

HERCEPTIN® anti-ErbB2 Antibody Trough Serum Con-
centrations for Weeks 0-36

The HERCEPTIN® anti-ErbB2 antibody trough serum
concentrations (ug/ml, mean+SE) from Week 2 through
Week 36 are plotted in FIG. 3 (dark circles). The number of
patients was fairly constant because data from patients
discontinued from the program due to rapidly progressing
disease were excluded from this analysis. Trough serum
concentrations tended to increase through Week 12 and
tended to plateau after that time.
HERCEPTIN® anti-ErbB2 Antibody Trough and Peak
Serum Concentrations for Weeks 1-8

Some HERCEPTIN® anti-ErbB2 antibody serum con-
centration data were available for 212 of the original 213
patients. Trough and peak serum concentration data reflect-
ing the firs: HERCEPTIN® anti-ErbB2 antibody infusion
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were available for 195 of the 212 patients. For the seventh
infusion, trough serum concentration data were available for
137/212 patients and peak serum concentration data were
available for 114/212 patients. Table 2 presents a summary
of statistics from trough and peak serum concentrations for
the first 8 weeks of treatment. Peak samples were drawn
shortly after the end of HERCEPTIN®anti-ErbB2 antibody
administration; trough samples were drawn prior to the
subsequent dose(i.e., 1 week later). Serum concentrations of
HERCEPTIN® anti-ErbB2 antibody were determined as
disclosed herein.

TABLE 2

HERCEPTIN ® Anti-ErbB2 Antibody Trough and Peak Serum
Concentrations for the First 8 Weeks of Treatment (ug/ml

Dose
Number n Mean SD Minimum Maximum

Peak 1 195 100.3 35.2 30.7 274.6

Trough 195 25.0 12.7 0.16 60.7
Peak 2 190 74,3 31.3 20.8 307.9

Trough 167 30.4 16.0 0.2 TA.4
Peak 3 167 75.3 26.8 16.1 194.8

Trough 179 33.7 17.9 0.2 98.2
Peak 4 175 80.2 26.9 22.2 167

Trough 132 38.6 20.1 0.2 89.4
Peak 5 128 85.9 29.2 27.8 185.8

Trough 141 42.1 24.8 0.2 148.7
Peak 6 137 87.2 32.2 28.9 218.1

Trough 115 43.2 24.0 0.2 109.9
Peak 7 114 89.7 32.5 16.3 187.8

Trough 137 48.8 24.9 0.2 105.2
Peak 8 133 95.6 35.9 11.4 295.6

The data in Table 2 suggest that there was an increase in
trough serum concentration over time. Of the many patients
studied, there were 18 patients for whom the trough con-
centrations did not exceed 20 ug/ml from Week 2 through
Week 8. A HERCEPTIN® anti-ErbB2 antibody trough
serum concentration of 20 ug/ml was nominally targeted for
these studies based on prior pharmacologic studies in ani-
mals and exploratory analyses in clinicaltrials.

Patient response status was evaluated relative to serum
concentration of HERCEPTIN® anti-ErbB2 antibody. For
this purpose, mean serum concentration (an average of
troughs and peaks) was calculated for various times and
patient response status (where the patient response status
was determined by an independent Response Evaluation
Committee). The increase in serum concentration between
Weeks 2 and 8 appeared to be greater in responders than in
nonresponders, suggesting that there is a relationship
between response status and HERCEPTIN® anti-ErbB2
antibody serum concentration. A statistical analysis (analysis
of variance) of trough serum concentration values at Week
2 and an average of Weeks 7 and 8 in relation to response
status indicated a highly significant relationship between
response status and average trough of Weeks 7 and 8
(p<0.001). The results indicated that there was a significant
difference between the trough serum concentration (average
troughs of Weeks 7 and 8) in the responders and nonre-
sponders: trough concentrations were 60220 xg/ml in the
responders versus 44425 yg/ml in the nonresponders
(meanzSD). HER2 overexpression level and type of meta-
static sites were associated with significant differences in
trough serum concentrations. At Week 2, patients with 2+
HER2overexpression had significantly higher trough serum
concentrations (n=40, mean=28.8 ug/ml, SD=10.4) com-
pared with patients with 3+ HER2 overexpression (n=155,
mean=24.1 «g/ml, SD=13.1). This difference in the average
trough serum concentrations for Weeks 7 and 8 was no
longerstatistically significant. Further, at Week 2, patients
with superficial disease had significantly higher trough
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serum concentrations (n=12, mean 34.1 ug/ml, SD=12.0)
compared with patients with visceral disease (n=183, mean=
24.4 ug/ml, SD=12.6). This difference in the average trough
serum concentrations for Weeks 7 and 8 wassignificant.
These data indicate that the rise in trough serum concentra-
tions between Weeks 2 and 7/8 occurs for human patients
with various disease profiles.

In a subsequent, similarly designed study, human breast
cancer patients were treated with a loading dose of 8 mg/kg
followed by maintenance doses of 4 mg/kg weekly. The
results of this preliminary human study indicated that an
8mg/kg load:4 mg/kg weekly maintenance regimen was
efficacious in reducing tumor volumein the patients.

The data disclosed in this Example indicate that front
loading of antibody, such that a target serum concentration
is reached more quickly, may be associated with improved
outcomes.

Example 3

I.V. Bolus Delivery and Subcutaneous Infusion of
HERCEPTIN® Anti-ErbB2 Antibody Effectively

Decrease Tumor Volume in the Mouse

The efficacy of infusion or bolus delivery of humanized
anti-ErbB2 antibody (HERCEPTIN®, see Example 1 for
preparation), either by intravenous injection or subcutaneous
injection, was examined. The purpose of the study was to
ask whether subcutaneous delivery was feasible and whether
the convenient subcutaneous bolus delivery was useful in
treating metastatic breast cancer in animals inoculated with
a cell line that overexpresses the HER2 gene. Theresults,
detailed below, show that i.v. and s.c. infusion and bolus
delivery are feasible treatment methodologies.

A study in a nude mouse xenograft model, which incor-
porates a human breast cancercell line that naturally over-
expresses the HER2 gene (BT-474MI,derived from BT-474
cells, ATCC Accession number HTB-20), comparing tumor
volume as a function of iv. bolus versus s.c. infusion was

performed as follows.In the first study athymic nude nu nu
7-9 week old female mice were obtained from Taconic Inc

(Germantown, N.Y.). To initiate tumor development, each
mouse was inoculated subcutaneously with 3x10° BT474M
1 cells suspended in Matrigel™. When tumor nodules
reached a volumeof approximately 100 mm®, animals were
randomized to 4 treatment groups. The groups were treated
according to Table 3.

TABLE 3

Animal Groups and Doses for Comparison of LV. Bolus and
S.C. Infusion

Target
Group, Serum Loading
Dose, Conc. Route of Dose Maintenance
Antibody vg/ml Administration (mg/kg) Dose

1-Control, 20 IV LD and 2.20 0.250 mg/ml
thuMAb E25 SC infusion (infusate)
2-Low Dose SC 1 IV LD and 0.313 0.050 mg/ml
thuMAb HER2 SC infusion (infusate)
3-High Dose SC 20 IV LD and 6.25 1.00 mg/ml
thuMAb HER2 SC infusion (infusate)
4-IV Multi-Dose 20 IV LD and MD 4.00 2 mg/kg/week
thuMAb HER2 (trough) (IV bolus)

Serum Cone. = concentration in serum.

LD = loading dose.
MD = maintenance dose.

Infusate concentration was calculated to achieve targeted serum concentra-
tion using Alzet ® osmotic minipumps (Alza Corp., Palo Alto, CA).

Animals were exposed to estrogen by subcutaneous sus-
tained release estrogen pellet 9 days before the start of
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dosing to promote growth of grafted tumor cells. The
animals were inoculated with the BT474M 1 cells 8 days
before the beginning of treatment and tumors were allowed
to grow. The animals were then treated with nonrelevant
antibody E25 (non-specific for HER2 receptor, but a mem-
ber of the monoclonal IgG class) or test antibody HERCEP-
TIN® anti-ErbB2 anitbody as indicated in Table 3. The
dosage levels were selected to achieve target serum concen-
trations of HERCEPTIN®,either 1 ug/ml or 20 ug/ml, by
subcutaneous pump infusion or by 1.v. bolus delivery. The
study groups were treated until day 35. The serum concen-
tration of HERCEPTIN® anti-ErbB2 antibody was mea-
sured weekly (Oust prior to dosing for Group 4) using 3
mice/group/time point. The anti-ErbB2 antibody concentra-
tion was determined according to the method disclosed
herein involving standard techniques. Tumor volumes were
measured two days before dosing began and twice per week
from day 6 to day 35 in the study for which data is tabulated
below. Tumors were measured in three dimensions and

volumes were expressed in mm*. Efficacy was determined
by a statistical comparison (ANOVA) of tumor volumes of
test animals relative to untreated control animals.

As shownin Table 4, below, treatment of the BT474M 1
tumor-bearing mice with HERCEPTIN® anti-ErbB2 anti-
body by the indicated dosage methodssignificantly inhibited
the growth of the tumors. All HERCEPTIN®-treated groups
showed similar inhibition of tumor growth relative to the
control group. No dose-response was observed.

TABLE 4

Comparison of S.C. Infusion and I.V. Bolus Delivery

Tumor Volume Tumor Volume HERCEPT ®
(area under

(mm°), curve) Serum Conc.
Day 35, Day 6-Day 35 (ug/ml), Day 27,

Treatment Group (n = 14) (n = 13) (n = 3)
control s.c. infusion 764 + 700 5650 + 4700 4.16 + 1.94
s.c. infusion 80.6 + 158 1610 + 1250 2.11 + 1.74

(low dose)
s.c. infusion 31 + 75.6 1440 + 1140 22.1 + 5.43

(high dose)iv. bolus dose* 49.7 + 95.7 2150 + 1480 21.7 + 17.1**

s.c. = subcutaneous delivery; iv. = intravenous delivery.
*4.0 mg/kg Loading Dose and 2.0 mg/kg/week Maintenance Dose.
**at predose (trough serum concentration immediately prior to a mainte-
nance dose)

The results tabulated above indicate that maintenance of

a serum concentration of approximately 2 ug/ml was as
effective as a concentration of 20 ug/ml in this study. The
results indicated that dosing by subcutaneous infusion was
as effective as intravenous bolus dosing and achieved similar
trough serum concentrations. The results also indicate that
the dose levels studied are at the top of the dose-response
curve in this model and that subcutaneous dosingiseffective
in treating breast cancer tumors. Thus, subcutaneous admin-
istration of maintenance doses is feasible as part of a
HERCEPTIN® anti-ErbB2 antibody treatment regimen.

Example 4

1.V. Bolus and Subcutaneous Bolus Deliveries of

HERCEPTIN® Anti-ErbB2 Antibody Effectively
Decrease Tumor Volume in the Mouse

Subcutaneous bolus delivery is convenient and cost-
effective for the patient and health care professionals. The
results of the study disclosed in this example indicate that
subcutaneous bolus delivery wasas effective as intravenous
bolus delivery in reducing breast cell tumorsize in a mouse.
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This study wasset up as disclosed herein in Example 3 for
the comparison of intravenous bolus and subcutaneousinfu-
sion delivery. A sustained release estrogen implant was
inserted subcutaneously one day before tumorcell innocu-
lation as described in Example 3. Six days after tumorcell
innoculation, the initial tumor measurement was performed.
Seven days after tumor cell innoculation, the first dose of
control antibody or HERCEPTIN® anti-ErbB2 antibody
was delivered. The animal groups, type of delivery, loading
dose and maintenance doses are provided in Table 4. Ani-
mals were dosed once weekly for 4 weeks.

TABLE 5

Animal Groups and Doses for Comparison of LV. Bolus and
S.C Bolus Delivery

Loading Maintenance
Route of Dose Dose

Group Administration (mg/kg) (mg/kg/week) n

1-Control IV 8 4 10
rbuMAb E25
2-rhuMAb HER2 IV 2 1 10
3-rhuMAb HER2 IV 4 2 10
4-rhuMAb HER2 IV 8 4 10
5-rhuMAb HER2 sc 4 2 10

IV = intraveneous; SC = subcutaneous; n = numberof animals per group.

The mice were treated according to the information in
Table 4 and using the techniques disclosed in Example 3.
The serum concentration of HERCEPTIN® anti-ErbB2

antibody was measured weekly before each weekly i.v.
maintenance dose according to the procedure described
herein and using standard techniques. The control] E25
antibody serum concentration was determined according to
standard immunoassay techniques. Table 6 shows the
increase in HERCEPTIN® anti-ErbB2 antibody serum con-
centrations with time.

TABLE 6

IV versus SC Bolus Delivery:
Serum HERCEPTIN ® Anti-ErbB2 Antibody Concentration

Serum Concentration, ug/ml

Day 0 Day 7 Day 14 Day 21
Treatment Group Mean Mean Mean Mean
(delivery, MD) (SD) (SD) (SD) (SD)

1-Control rhu MAb E25 0 25.9 34.6 38.5

(IV, 4mg/kg) (0) (8.29) (11.2) (14.4)2-rhu MAb HER2 0 4.96 8.55 8.05

(IV, 1 mg/kg) (0) (3.79) (5.83) (4.67)
3-rhu MAb HER2 0 13.4 18.9 22.6

(IV, 2 mg/kg) (0) (9.24) (12.0) (9.21)4-rhu MAb HER2 0 29.6 37.7 46.2

(IV, 4 mg/kg) (0) (13.5) (14.4) (13.8)
5-rhu MAb HER2 0 12.5 16.9 17.6

(SC, 2 mg/kg) (0) (7.33) (10.2) (10.7)

n= 10 for time points Days 0, 7 and 14.
N =9 for Day 21.

Table 7 showsthe relative efficacy of intravenous bolus
delivery and subcutaneous bolus delivery for Groups 1-5
having achieved the serum antibody concentrations pre-
sented in Table 6. For this study, efficacy was measured as
a decrease in tumor volume. Tumor volume was measured

twice weekly.
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TABLE 7

Efficacy of HERCEPTIN ® Anti-ErbB2 Antibody Measured as a
Change in Tumor Volume Comparing Intravenous Bolus and

Subcutaneous Bolus Delivery, Mean (SD

Tumor

Tumor Tumor Tumor Day 6-Day 31* Growth
Treatment Vol. Vol. Vol. Area Under Rate on
Group Day 6, Day 28 Day 31, Curve Tumor Log
(Delivery, MD) mm? mm? mm? Vol., mm? (T™+ 1)
1-IV Control 321 1530 1630 13600 0.0660

(1490) (4040) (4170) (7230) (0.0200)
2-IV Herceptin 297 175 151 4690 -0.0505
1 mg/kg (130) (215) (188) (1400) (0.142)
3-IV Herceptin 269 75.7 73.6 3510 -0.0608
2 mg/kg (129) (92.4)—(84.5) (1220) (0.110)
4-IV Herceptin 272 25.3 25.8 2880 —0.0810
4 mg/kg (417) (75.9) (72.9) (1230) (0.0859)
5-SC Herceptin 268 76.2 90.4 3230 -0.0304
2 mg/kg (417)=(98.8)~~(105) (1440) (0.104)

N = 10 for each data point.
T = tumor measurement.
IV = intravenous.
SC = subcutaneous.
MD = maintenance dose.

Tumor Vol. = tumor volume, mm?.
*Day 17 excluded due to measurementerror.
Tumor growth rate calculated on Day 21-Day 31 Log(TM + 1). Area
under the curve is the area beneath a plot of tumor volume versus time.

FIGS. 4A and 4Bare graphical plots of changes in tumor
volume over time, some of which data is found in Table 7.
FIG. 4A is a linear plot of tumor volume versus time. FIG.
4B is a semilogarithmic plot of the same data, allowing the
test points be viewed more clearly. The data in Table 7 and
FIGS. 4A and 4B indicate that, although a dose-related
response was not observed between HERCEPTIN-treated
groups, dosing by subcutaneous bolus wasaseffective as
intravenous bolus dosing and achieved similar trough serum
concentrations.

Example 5

Regimens for Intravenous and Subcutaneous
Delivery of Anti-ErbB2 Antibody

According to the invention, methods of anti-ErbB2 anti-
body (e.g., HERCEPTIN®) delivery comprise greater front
loading of the drug to achieve a target serum concentration
in approximately 4 weeks orless, preferably 3 weeksorless,
more preferably 2 weeksorless, and most preferably 1 week
or less, including one day or less. According to the
invention, this initial dosing is followed by dosing that
maintains the target serum concentration by subsequent
doses of equal or smaller amount. An advantage of the
methodsof the invention is that the maintenance dosing may
be less frequent and/or delivered by subcutaneousinjection,
making the treatment regimens of the invention convenient
and cost-effective for the patient and medical professionals
administering the antibody. In addition, a subcutaneous
maintenance dose regimen may be interrupted by intrave-
nous dosing (such as infusion) when the patient’s chemo-
therapy requires delivery of other drugs by intravenous
injection.

To test the following dosage regimens, human subjects are
selected according to the criteria disclosed in Example 1,
above. The numberof initial doses is one or more doses

sufficient to achieve an efficacious target serum concentra-
tion in approximately 4 weeksorless, preferably 3 weeks or
less, more preferably 2 weeks orless, and most preferably 1
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week or less, including 1 day or less. The number of
maintenance doses may be one or more dosessufficient to
achieve suppression of disease symptoms, such as a
decrease in tumor volume. The maintenance doses are equal
to or smaller than the initial dose or doses, consistent with
an object of the invention of administering HERCEPTIN®
anti-ErbB2 antibody by regimens providing greater front
loading. The specific drug delivery regimens disclosed
herein are representative of the invention and are not meant
to be limiting.

In one trial, an initial dose of 6 mg/kg, 8 mg/kg, or 12
mg/kg of HERCEPTIN® anti-ErbB2 antibody is delivered
to humanpatients by intravenous or subcutaneousinjection.
Initial doses (loading doses) are delivered by intravenous
infusion or bolus injection or preferably subcutaneous bolus
injection. Preferably a target trough serum concentration of
HERCEPTIN® anti-ErbB2 antibody of approximately
10-20 yg/ml is achieved.(averaged for all patients in the
treatment group) and maintained by subsequent doses of
anti-ErbB2 antibody that are equal to or smaller than the
initial dose. In one method, a target trough serum concen-
tration is achieved and maintained by once-per-week deliv-
eries of 2 mg/kg HERCEPTIN® anti-ErbB2 antibody by
intravenous or subcutaneous injection for at least eight
weeks. Alternatively, for this or any dosage regimen dis-
closed herein, subcutaneous continuous infusion by subcu-
taneous pumpis used to delivery subsequent maintenance
doses.

In another method, an initial (front loading) dose of 8
mg/kg HERCEPTIN® anti-ErbB2 antibody is delivered by
intravenous injection (infusion or bolus injection) or by
subcutaneous bolus injection. This is followed by intrave-
nous bolus injections, intravenous infusion, subcutaneous
infusion, or subcutaneous bolus injection of 6 mg/kg at
3-week intervals to maintain a trough serum concentration
of approximately 10-20 ug/ml, averaged for an entire treat-
ment group.

In another method, an initial (front loading) dose of 12
mg/kg HERCEPTIN® anti-ErbB2 antibody is delivered by
intravenous injection (infusion or bolus injection) or by
subcutaneous bolus injection. This is followed by intrave-
nous bolus injections, intravenous infusion, subcutaneous
infusion, or subcutaneous bolus injection of 6 mg/kg at
3-week intervals to maintain a trough serum concentration
of approximately 10-20 vg/ml.

In yet another method, aninitial (front loading) dose of 8
mg/kg HERCEPTIN® anti-ErbB2 antibody is delivered by
intravenous infusion or bolus injection, or preferably by
subcutaneous bolus injection or infusion.

This is followed by administration of 8 mg/kg per week
or 8 mg/kg per 2-3 weeks to maintain a trough serum
concentration of HERCEPTIN® anti-ErbB2 antibody of
approximately 10-20 ug/ml. Maintenance doses are deliv-
ered by intravenousinfusion or bolus injection, or preferably
by subcutaneous infusion or bolus injection.

In another method,the front loading initial doseis a series
of intravenous or subcutaneousinjections, for example, one
on each of days 1, 2, and 3 of at least 1 mg/kg for each
injection (where the amount of anti-ErbB2 antibody deliv-
ered by the sum of initial injections is more than 4 mg/kg),
followed by maintenance doses of 6 mg/kg once each 3
weekinterval to maintain a target trough serum concentra-
tion (for example, approximately 10-20 yg/ml) of HER-
CEPTIN®anti-ErbB2 antibody. The maintenance doses are
delivered by intravenous infusion or bolus injection or by
subcutaneous infusion or subcutaneous bolus injection.
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In yet another method,the front loading is by intravenous
infusion of at least 1 mg/kg, preferably 4 mg/kg on each of
five consecutive days, followed by repeats of this cycle a
sufficient numberof times to achieve suppression of disease
symptoms. Following the initial dose or doses, subsequent
doses may be delivered by subcutaneous infusion or bolus
injection if tolerated by the patient. Such subcutaneous
delivery is convenient and cost-effective for the patient and
administering health care professionals.

In still another method, HERCEPTIN®anti-ErbB2anti-
body is delivered initially as at least 2 intravenous infusions
per week for three weeks, followed by repeats of this cycle
to maintain an efficacious trough serum concentration of
HERCEPTIN® 0 anti-ErbB2 antibody. The dose is at least
4 mg/kg of anti-ErbB2 antibody, preferably at least 5 mg/kg.
The maintenance drug deliveries may be intravenous or
subcutaneous.

Where the animal or patient tolerates the antibody during
and after an initial dose, delivery of subsequent doses may
be subcutaneous, thereby providing greater convenience and
cost-effectiveness for the patient and health care profession-
als.

In animal studies, an initial dose of more than 4 mg/kg,
preferably more than 5 mg/kg delivered by intravenous or
subcutaneous injection, is followed by subcutaneous bolus
injections of 2 mg/kg twice per week (separated by 3 days)
to maintain a trough serum concentration of approximately
10-20 ug/ml. In addition, where the animal or patient is
knownto tolerate the antibody, an initial dose of HERCEP-
TIN® anti-ErbB2 antibody is optionally and preferably
deliverable by subcutaneous bolus injection followed by
subcutaneous maintenance injections.

While target serum concentrations are disclosed herein for
the purpose of comparing animal studies and humantrials,
target serum concentrations in clinical uses may differ. The
disclosure provided herein guides the user in selecting a
front loading drug delivery regimen that provides an effi-
cacious target trough serum concentration.

The methodsof the invention disclosed herein optionally
include the delivery of HERCEPTIN® anti-ErbB2 antibody
in combination with a chemotherapeutic agent (other than an
anthrocycline derivative) to achieve suppression of disease
symptoms. The chemotherapeutic agent may be delivered
with HERCEPTIN®anti-ErbB2 antibody or separately and
according to a different dosing schedule. For example,
subcutaneous delivery of HERCEPTIN® anti-ErbB2 anti-
body with TAXOL® is included in the invention. In
addition, intravenous or subcutaneous injection of 8 mg/kg
HERCEPTIN® anti-ErbB2 antibody, followed by intrave-
nous or subcutaneous injection of 6 mg/kg HERCEPTIN®
anti-ErbB2 antibody every 3 weeks is administered in com-
bination with a chemotherapeutic agent, such as a taxoid
(e.g. paclitaxel 175mg/m? every 3 weeks) or an anthracy-
cline derivative (e.g. doxorubicin 60 mg/m? or epirubicin 75
mg/m? every 3 weeks). Optionally, where an anthracycline
derivative is administered, a cardioprotectant (e.g. 600
mg/m* cyclophosphamide every 3 weeks) is also adminis-
tered. In another combination therapy, anti-ErbB2 antibody
is administered in a loading dose of more than 4 mg/kg,
preferably more than 5 mg/kg, and more preferably at least
8 mg/kg. The loading doseis followed by maintenance doses
of at least 2 mg/kg weekly, preferably 6 mg/kg every 3
weeks. The combination therapy includes administration of
a taxoid during treatment with anti-ErbB2 antibody. Accord-
ing to one embodiment of the invention, the taxoid is
paclitaxel and is administered at a dose of 70-100 mg/m?/
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week. According to another embodiment of the invention,
the taxoid is docetaxel and is administered at a dose of

30-70 mg/m7/Aveek.

Example 6

HERCEPTIN® Administered Intravenously Every
Three Weeks in Combination with Paclitaxel

Currently, the recommended dose of HERCEPTIN® is 2
mg/kg once weekly. Patients will be administered HERCEP-
TIN® every three weeks instead of weekly, along with
paclitaxel (175 mg/m” every three weeks). Simulation of the
proposed treatment regimen suggests that the trough serum
concentrations will be 17 mcg/ml, in the range (10-20mcg/
ml) of the targeted trough serum concentrations from pre-
vious HERCEPTIN® IVclinical trials. After the first 12

patients the PK parameters will be assessed, if exposure is
felt inadequate, then the dose will be increased to 8 mg/kg
every three weeks for the remaining 12 patients.
Inclusion Criteria

1) Females218 years of age
2) Histologically confirmed ErbB2 over-expressing meta-

static breast cancer

3) Patients who have been newly diagnosed with meta-
static disease

4) Have a Karnofsky performance status of270%
5) Give written informed consent prior to any study

specific screening procedures with the understanding
that the patient has the right to withdraw from the study
at any time, without prejudice.

Exclusion Criteria

1) Pregnantor lactating women
2) Women of childbearing potential unless (1) surgically

sterile or (2) using adequate measures of contraception
such as oral contraceptive, intra-uterine device or bar-
rier method of contraception in conjunction with sper-
micidaljelly.

3) Clinical or radiologic evidence of CNS metastases.
4) History of any significant cardiac disease
5) LVEF=50%
6) No prior taxane therapy in any treatmentsetting.
7) Any of the following abnormal baseline hematologic

values:

Hb less than 9 g/dl
WBCless than 3.0x10°/1
Granulocytes less than 1.5x109/1
Platelets less than 100x109/1

8) Any of the following abnormalbaseline liver function
tests:

Serum bilirubin greater than 1.5x ULN (upper normal
limit)

ALT and/or AST greater than 2.5x ULN(greater than
4.0x ULNif liver or bone metastasis)

Alkaline phosphatase greater than 2.5x ULN (greater
than 4.0x ULNif liver or bone metastasis)

9) The following abnormal baseline renal function tests:
serum creatinine greater than 1.5x ULN

10) History of other serious medical conditions that would
preclude patient participation in an investigational
study.

HERCEPTIN® Loading dose and schedule: 8 mg/kg for
first dose. Maintenance dose and schedule: 6 mg/kg every 3
weeks.

Paclitaxel—175 mg/m? IV every 3 weeksx6 cycles as a
3-hour infusion. NOTE: On the first cycle of treatment,
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paclitaxel will be dosed 8 hours prior to HERCEPTIN® to
determine the PK ofpaclitaxel alone. HERCEPTIN® will be
administered 8 hours post-paclitaxel for the 1° cycle only. In
subsequent treatment cycles, HERCEPTIN® will be admin-

48

It is believed that the above treatment regimen will be
effective in treating metastatic breast cancer, despite the
infrequency with which HERCEPTIN® is administered to
the patient.

While the particular aspects and embodiments of the. . . 5

istered prior to paclitaxel. invention as herein shown and disclosed in detail is fully
The total duration of this study is 18 weeks. Study capable of obtaining the objects and providing the advan-

subjects will receive up to 6 total HERCEPTIN® doses. tages herein before stated, it is to be understood that it is
After the last subject has received the last cycle of paclitaxel, merely illustrative of some of the presently preferred
data collection for safety and pharmacokinetic analysis will 10 embodiments of the invention and that no limitations are

° y P : ¥ intended to the details of methods and articles of manufac-
stop, and the study will close to protocol specified treatment. ture shown other than as described in the appended claims.
Study subjects may continue to receive the HERCEPTIN® The disclosures of all citations in the specification are
+/- paclitaxel at the discretion of the investigator. expressly incorporated herein by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

<210> SEQ ID NO 1
<211> LENGTH: 166
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala Ser Pro Glu
1 5 10 15

Thr His Leu Asp Met Leu Arg His Leu Tyr Gln Gly Cys Gln Val
20 25 30

Val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser
35 40 45

Leu Ser Phe Leu Gln Asp Ile Gln Glu Val Gln Gly Tyr Val Leu
50 55 60

Ile Ala His Asn Gln Val Arg Gln Val Pro Leu Gln Arg Leu Arg
65 70 75

Ile Val Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala
80 85 90

Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr
95 100 105

Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu Arg Ser Leu
110 115 120

Thr Glu Ile Leu Lys Gly Gly Val Leu Ile Gln Arg Asn Pro Gln
125 130 135

Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile Phe His Lys
140 145 150

Asn Asn Gln Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg
155 160 165

Ala

<210> SEQ ID NO 2
<211> LENGTH: 32
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Ser Thr Gln Val Cys Thr Gly Thr Asp Met
1 5 10

Ala Ser Pro Glu Thr His Leu Asp Met Leu
20 25

Lys Leu Arg Leu Pro
15

Arg His Leu Tyr Gln
30
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-continued

Gly Cys

<210> SEQ ID NO 3
<211> LENGTH: 11
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 3

Pro Lys Asn Ser Ser Met Ile Ser Asn Thr Pro
1 5 10

<210> SEQ ID NO 4
<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 4

His Gln Ser Leu Gly Thr Gln
1 5

<210> SEQ ID NO 5
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 5

His Gln Asn Leu Ser Asp Gly Lys
1 5

<210> SEQ ID NO 6
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 6

His Gln Asn Ile Ser Asp Gly Lys
1 5

<210> SEQ ID NO 7
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 7

Val Ile Ser Ser His Leu Gly Gln
1 5

<210> SEQ ID NO 8
<211> LENGTH: 59
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Val Glu Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val
1 5 10 15
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Asn Ala Arg His Cys
20

Asn Gly Ser Val Thr
35

Ala Cys Ala His Tyr
50

<210> SEQ ID NO 9
<211> LENGTH: 65
<212> TYPE: PRT

51

Leu Pro Cys His Pro
25

Cys Phe Gly Pro Glu
40

Lys Asp Pro Pro Phe
55

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Leu Pro Cys His Pro
1 5

Cys Phe Gly Pro Glu
20

Lys Asp Pro Pro Phe
35

Pro Asp Leu Ser Tyr
50

Gly Ala Cys Gln Pro
65

<210> SEQ ID NO 10
<211> LENGTH: 107
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 10

Asp Thr Val Met Thr
1 5

Gly Asp Arg Val Ser
20

Ile Gly Val Ala Trp
35

Leu Leu Ile Tyr Ser
50

Arg Phe Thr Gly Ser
65

Ser Ser Val Gln Ala
80

Tyr Tyr Ile Tyr Pro
95

Ile Lys

<210> SEQ ID NO 11
<211> LENGTH: 119
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 11

Glu Val Gln Leu Gln
1 5

Thr Ser Val Lys Ile
20

Asp Tyr Thr Met Asp
35

Glu Cys Gln Pro Gln
10

Ala Asp Gln Cys Val
25

Cys Val Ala Arg Cys
40

Met Pro Ile Trp Lys
55

Musculus

Gln Ser His Lys Ile
10

Ile Thr Cys Lys Ala
25

Tyr Gln Gln Arg Pro
40

Ala Ser Tyr Arg Tyr
55

Gly Ser Gly Thr Asp
70

Glu Asp Leu Ala Val
85

Tyr Thr Phe Gly Gly
100

musculus

Gln Ser Gly Pro Glu
10

Ser Cys Lys Ala Ser
25

Trp Val Lys Gln Ser
40

US 6,627,196 B1

-continued

Glu Cys Gln Pro Gln
30

Ala Asp Gln Cys Val
45

Cys Val Ala Arg

Asn Gly Ser Val Thr
15

Ala Cys Ala His Tyr
30

Pro Ser Gly Val Lys
45

Phe Pro Asp Glu Glu
60

Met Ser Thr Ser Val
15

Ser Gln Asp Val Ser
30

Gly Gln Ser Pro Lys
45

Thr Gly Val Pro Asp
60

Phe Thr Phe Thr Ile
75

Tyr Tyr Cys Gln Gln
90

Gly Thr Lys Leu Glu
105

Leu Val Lys Pro Gly
15

Gly Phe Thr Phe Thr
30

His Gly Lys Ser Leu
45
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-continued

Glu Trp Ile Gly Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr
50 55 60

Asn Gln Arg Phe Lys Gly Lys Ala Ser Leu Thr Val Asp Arg Ser
65 70 75

Ser Arg Ile Val Tyr Met Glu Leu Arg Ser Leu Thr Phe Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr
95 100 105

Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser
110 115

<210> SEQ ID NO 12
<211> LENGTH: 107
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: humanized VL sequence

<400> SEQUENCE: 12

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Val Ser
20 25 30

Ile Gly Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu
95 100 105

Ile Lys

<210> SEQ ID NO 13
<211> LENGTH: 119
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: humanized VH sequence

<400> SEQUENCE: 13

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr
20 25 30

Asp Tyr Thr Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr
50 55 60

Asn Gln Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr
95 100 105
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-continued

Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110 115

<210> SEQ ID NO 14
<211> LENGTH: 107
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: VL consensus sequence

<400> SEQUENCE: 14

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val
1 5 10 15

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser
20 25 30

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
80 85 90

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu
95 100 105

Ile Lys

<210> SEQ ID NO 15
<211> LENGTH: 119
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: VH consensus sequence

<400> SEQUENCE: 15

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser
20 25 30

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp Val Ala Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser
65 70 75

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala Val Tyr Tyr Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu
95 100 105

Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
110 115

Whatis claimedis: administering to the patient an initial dose of at least
1. A method for the treatment of a human patient diag- approximately 5 mg/kg of the anti-ErbB2 antibody; and

nosed with cancer characterized by overexpression of ErbB2 oo, . .
receptor, comprising administering an effective amount of 65  @dministering to the patient a plurality of subsequent
an anti-ErbB2 antibody to the human patient, the method doses of the antibody in an amount that is approxi-
comprising: mately the same or less than the initial dose, wherein
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the subsequent doses are separated in time from each
other by at least two weeks.

2. The method of claim 1, wherein the initial dose is at
least approximately 6 mg/kg.

3. The method of claim 2, wherein the initial dose is at
least approximately 8 mg/kg.

4. The method of claim 3, wherein the initial dose is at
least approximately 12 mg/kg.

5. The method of claim 1, wherein the subsequent doses
are separated in time from eachotherbyat least three weeks.

6. The method of claim 1, wherein the initial dose is
administered by intravenous injection, and wherein at least
one subsequent dose is administered by subcutaneousinjec-
tion.

7. The method of claim 1, wherein the initial dose is
administered by intravenous injection, wherein at least two
subsequent doses are administered, and wherein each sub-
sequent dose is administered by a method selected from the
group consisting of intravenous injection and subcutaneous
injection.

8. The method of claim 1, wherein the initial dose and at
least one subsequent dose are administered by subcutaneous
injection.

9. The method of claim 1, wherein the initial dose is
selected from the group consisting of approximately 6
mg/kg, 8 mg/kg, or 12 mg/kg, wherein the plurality of
subsequent doses are at least approximately 2 mg/kg.

10. The method of claim 9, wherein the plurality of
subsequent doses are separated in time from each other by
at least three weeks.

11. The method of claim 10, wherein the initial dose is
approximately 8 mg/kg, and wherein at least one subsequent
dose is approximately 6 mg/kg.

12. The method of claim 10, wherein the initial dose is
approximately 12 mg/kg, and wherein at least one subse-
quent dose is approximately 6 mg/kg.

13. The method of claim 9, wherein the initial dose is
approximately 8 mg/kg, and wherein at least one subsequent
dose is approximately 8 mg/kg.

14. The method of claim 9, wherein the initial dose is
approximately 8 mg/kg, wherein at least one subsequent
dose is 8 mg/kg, and wherein administration of the initial
dose and subsequent doses are separated in time byat least
2 weeks.

15. The method of claim 14, wherein the initial dose and
subsequent doses are separated in time by at least 3 weeks.

16. A method for the treatment of a human patient
diagnosed with cancer characterized by overexpression of
ErbB2 receptor, comprising administering an effective
amountof an anti-ErbB2 antibody to the humanpatient, the
method comprising:

administering to the patient aninitial dose of the antibody,
wherein the initial dose is a plurality of doses, wherein
each of the plurality of initial doses is at least approxi-
mately 1 mg/kg and is administered on at least 3
consecutive days, and administering to the patient at
least 1 subsequent dose of the antibody, wherein at least
one subsequentdoseis at least approximately 6 mg/kg,
and wherein administration of the last initial dose and
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the first subsequent and additional subsequent doses are
separated in time by at least 3 weeks.

17. The method of claim 1, wherein said canceris selected
from the group consisting of breast cancer, leukemia, squa-
mouscell cancer, small-cell lung cancer, non-small cell lung
cancer, gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, colon cancer, colorectal cancer,
endometrial carcinoma, salivary gland carcinoma, kidney
cancer, liver cancer, prostate cancer, vulval cancer, thyroid
cancer, hepatic carcinoma and various types of head and
neck cancer.

18. The method of claim 17, wherein said canceris breastcancer.

19. The method of claim 18, wherein said cancer is
metastatic breast carcinoma.

20. The method of claim 1, wherein said antibody binds
to the extracellular domain of the ErbB2 receptor.

21. The method of claim 20, wherein said antibody binds
to epitope 4D5 within the ErbB2 extracellular domain
sequence.

22. The method of claim 21, wherein said antibody is a
humanized 4D5 anti-ErbB2 antibody.

23. The method of claim 1, wherein efficacy is measured
by determining the time to disease progression or the
response rate.

24. A method for the treatment of cancer in a human

patient comprising administeringto the patienta first dose of
an anti-ErbB2 antibody followed by two or more subsequent
doses of the antibody, wherein the subsequent doses are
separated in time from each other by at least two weeks.

25. The method of claim 24, wherein the first dose and a
first subsequent dose are separated from each other in time
by at least about three weeks.

26. The method of claim 24, wherein the first dose and
subsequent doses are each from about 2 mg/kg to about 16
mg/kg.

27. The method of claim 26, wherein the first dose and
subsequent doses are each from about 4 mg/kg to about 12
mg/kg.

28. The method of claim 27, wherein the first dose and
subsequent doses are each from about 6 mg/kg to about 12
mg/kg.

29. The method of claim 24, wherein from about two to
about ten subsequent doses of the antibody are administered
to the patient.

30. The method of claim 24, wherein the subsequent doses
are separated in time from eachotherbyat least about three
weeks.

31. The method of claim 24, wherein the two or more
subsequent doses are each from about 2 mg/kg to about 16
mg/kg.

32. The method of claim 24, wherein the two or more
subsequent doses are each from about 4 mg/kg to about 12
mg/kg.

33. The method of claim 24, wherein the two or more
subsequent doses are each from about 6 mg/kg to about 12
mg/kg.
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* kKkk*

GKAPKLLIY [AASSLES] GVPSRFSGSGSGTDFTLTISSLQP
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DOSAGES FOR TREATMENT WITH 
ANTI-ERBB2 ANTIBODIES 

RELATED APPLICATIONS 

This application is divisional of US. Ser. No. 09/648,067 
?led Aug. 25, 2000 (now US. Pat. No. 6,627,196), Which 
claims priority under 35 USC 119(e) to provisional appli 
cation Nos. 60/151,018, ?ledAug. 27, 1999 and 60/213,822, 
?led Jun. 23, 2000, the contents of Which are incorporated 
heroin by reference. 

FIELD OF THE INVENTION 

The present invention concerns the treatment of disorders 
characterized by the overexpression of ErbB2 or disorders 
expressing epidermal groWth factor receptor (EGFR), com 
prising administering to a human or animal presenting the 
disorders a therapeutically effective amount of an antibody 
that binds ErbB2. More speci?cally, the invention concerns 
the treatment of human patients susceptible to or diagnosed 
With cancer overexpressing ErbB2 or expressing EGFR, 
Where the treatment is With an anti-ErbB2 antibody admin 
istered by front loading the dose of antibody during treat 
ment by intravenous and/or subcutaneous administration. 
The invention optionally includes treatment of cancer in a 
human patient With a combination of an anti-ErbB2 antibody 
and a chemotherapeutic agent, such as, but not limited to, a 
taxoid. The taxoid may be, but is not limited to paclitaxel or 
docetaxel. The invention further includes treatment of can 
cer in a human patient With a combination of anti-ErbB2 
antibody and a chemotherapeutic agent, such as, but not 
limited to, an anthracycline derivative. Optionally, treatment 
With a combination of anti-ErbB2 and an anthracycline 
derivative includes treatment With an effective amount of a 
cardioprotectant. The present invention further concerns 
infrequent dosing of anti-ErbB2 antibodies. 

BACKGROUND OF THE INVENTION 

Proto-oncogenes that encode groWth factors and groWth 
factor receptors have been identi?ed to play important roles 
in the pathogenesis of various human malignancies, includ 
ing breast cancer. It has been found that the human ErbB2 
gene (erbB2, also knoWn as her2, or c-erbB-2), Which 
encodes a 185-kd transmembrane glycoprotein receptor 
(p185HER2) related to the epidermal groWth factor receptor 
(EGFR), is overexpressed in about 25% to 30% of human 
breast cancer (Slamon et al., Science 235:177-182 [1987]; 
Slamon et al., Science 244:707-712 [1989]). 

Several lines of evidence support a direct role for ErbB2 
in the pathogenesis and clinical aggressiveness of ErbB2 
overexpressing tumors. The introduction of ErbB2 into 
non-neoplastic cells has been shoWn to cause their malignant 
transformation (HudZiak et al., Proc. Natl. Acad. Sci. USA 
84:7159-7163 [1987]; DiFiore et al., Science 237:78-182 
[1987]). Transgenic mice that express HER2 Were found to 
develop mammary tumors (Guy et al., Proc. Natl. Acad. Sci. 
USA 89:10578-10582 [1992]). 

Antibodies directed against human erbB2 protein prod 
ucts and proteins encoded by the rat equivalent of the erbB2 
gene (neu) have been described. Drebin et al., Cell 41:695 
706 (1985) refer to an IgG2a monoclonal antibody Which is 
directed against the rat neu gene product. This antibody 
called 7.16.4 causes doWn-modulation of cell surface p185 
expression on B104-1-1 cells (NIH-3T3 cells transfected 
With the neu proto-oncogene) a inhibits colony formation of 
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2 
these cells. In Drebin et al. PNAS (USA) 83:9129-9133 
(1986), the 7.16.4 antibody Was shoWn to inhibit the tum 
origenic groWth of neu-transformed NIH-3T3 cells as Well 
as rat neuroblastoma cells (from Which the neu oncogene 
Was initially isolated) implanted into nude mice. Drebin et 
al. in Oncogene 2:387-394 (1988) discuss the production of 
a panel of antibodies against the rat neu gene product. A1 of 
the antibodies Were found to exert a cytostatic effect on the 

groWth of neu-transformed cells suspended in soft agar. 
Antibodies of the IgM, IgG2a and IgG2b isotypes Were able 
to mediate signi?cant in vitro lysis of neu-transformed cells 
in the presence of complement, Whereas none of the anti 
bodies Were able to mediate high levels of antibody-depen 
dent cellular cytotoxicity (ADCC) of the neu-transformed 
cells. Drebin et al. Oncogene 2:273-277 (1988) report that 
mixtures of antibodies reactive With tWo distinct regions on 
the p185 molecule result in synergistic anti-tumor effects on 
neu-transformed NIH-3T3 cells implanted into nude mice. 
Biological effects of anti-neu antibodies are revieWed in 
Myers et al., Melh. Enzym. 198:277-290 (1991). See also 
WO94/22478 published Oct. 13, 1994. HudZiak et al., Mol. 
Cell. Biol. 9(3): 1165-1172 (1989) describe the generation of 
a panel of anti-ErbB2 antibodies Which Were characteriZed 
using the human breast tumor cell line SKBR3. Relative cell 
proliferation of the SKBR3 cells folloWing exposure to the 
antibodies Was determined by crystal violet staining of the 
monolayers after 72 hours. Using this assay, maximum 
inhibition Was obtained With the antibody called 4D5 Which 
inhibited cellular proliferation by 56%. Other antibodies in 
the panel, including 7C2 and 7P3, reduced cellular prolif 
eration to a lesser extent in this assay. HudZiak et al. 
conclude that the effect of the 4D5 antibody on SKBR3 cells 
Was cytostatic rather than cytotoxic, since SKBR3 cells 
resumed groWth at a nearly normal rate folloWing removal 
of the antibody from the medium. The antibody 4D5 Was 
further found to sensitiZe p185e’bB2-overexpressing breast 
tumor cell lines to the cytotoxic effects of TNF-ot. See also 
WO89/06692 published Jul. 27, 1989. The anti-ErbB2 anti 
bodies discussed in HudZiak et al. are further characteriZed 
in Fendly et al. Cancer Research 50:1550-1558 (1990); 
Kotts et al. In Vitro 26(3):59A (1990); Sarup et al. Growth 
Regulation 1:72-82 (1991); Shepard et al. J. Clin. Immunol. 
11(3):117-127 (1991); Kumar et al. Mol. Cell. Biol. 11(2): 
979-986 (1991); LeWis et al. Cancer Immunol. Immunolher. 
37:255-263 (1993); Pietras et al. Oncogene 9:1829-1838 
(1994); Vitetta et al. Cancer Research 54:5301-5309 (1994); 
SliWkoWski et al. J. Biol. Chem. 269(20):14661-14665 
(1994); Scott et al. J. Biol. Chem. 266:14300-5 (1991); and 
D’souZa et al. Proc. Natl. Acad. Sci. 91:7202-7206 (1994). 

Tagliabue et al. Int. J. Cancer 47:933-937 (1991) describe 
tWo antibodies Which Were selected for their reactivity on 
the lung adenocarcinoma cell line (Calu-3) Which overex 
presses ErbB2. One of the antibodies, called MGR3, Was 
found to internaliZe, induce phosphorylation of ErbB2, and 
inhibit tumor cell groWth in vitro. 

McKenzie et al. Oncogene 4:543-548 (1989) generated a 
panel of anti-ErbB2 antibodies With varying epitope speci 
?cities, including the antibody designated TA1. This TA1 
antibody Was found to induce accelerated endocytosis of 
ErbB2 (see Maier et al. Cancer Res. 51:5361-5369 [1991]). 
Bacus et al. Molecular Carcinogenesis 3:350-362 (1990) 
reported that the TA1 antibody induced maturation of the 
breast cancer cell lines AU-565 (Which overexpresses the 
erbB2 gene) and MCF-7 (Which does not). Inhibition of 
groWth and acquisition of a mature phenotype in these cells 
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Was found to be associated With reduced levels of ErbB2 
receptor at the cell surface and transient increased levels in 
the cytoplasm. 

Stancovski et al. PNAS (USA) 88:8691-8695 (1991) gen 
erated a panel of anti-ErbB2 antibodies, injected them i.p. 
into nude mice and evaluated their effect on tumor growth of 
murine ?broblasts transformed by overexpression of the 
erbB2 gene. Various levels of tumor inhibition Were detected 
for four of the antibodies, but one of the antibodies (N28) 
consistently stimulated tumor groWth. Monoclonal antibody 
N28 induced signi?cant phosphorylation of the ErbB2 
receptor, Whereas the other four antibodies generally dis 
played loW or no phosphorylation-inducing activity. The 
effect of the anti-ErbB2 antibodies on proliferation of 
SKBR3 cells Was also assessed. In this SKBR3 cell prolif 
eration assay, tWo of the antibodies (N12 and N29) caused 
a reduction in cell proliferation relative to control. The 
ability of the various antibodies to induce cell lysis in vitro 
via complement-dependent cytotoxicity (CDC) and anti 
body-mediated cell-dependent cytotoxicity (ADCC) Was 
assessed, With the authors of this paper concluding that the 
inhibitory function of the antibodies Was not attributed 
signi?cantly to CDC or ADCC. 

Bacus et al. Cancer Research 52:2580-2589 (1992) fur 
ther characterized the antibodies described in Bacus et al. 
(1990) and Stancovski et al. of the preceding paragraphs. 
Extending the ip studies of Stancovski et al., the effect of 
the antibodies after iv. injection into nude mice harboring 
mouse ?broblasts overexpressing human ErbB2 Was 
assessed. As observed in their earlier Work, N28 accelerated 
tumor groWth, Whereas N12 and N29 signi?cantly inhibited 
groWth of the ErbB2-expressing cells. Partial tumor inhibi 
tion Was also observed With the N24 antibody. Bacus et al. 
also tested the ability of the antibodies to promote a mature 
phenotype in the human breast cancer cell lines AU-565 and 
MDA-MB453 (Which overexpress ErbB2) as Well as MCF-7 
(containing loW levels of the receptor). Bacus et al. saW a 
correlation betWeen tumor inhibition in vivo and cellular 
differentiation; the tumor-stimulatory antibody N28 had no 
effect on differentiation, and the tumor inhibitory action of 
the N12, N29 and N24 antibodies correlated With the extent 
of differentiation they induced. 
Xu et al. Int. J. Cancer 53:401-408 (1993) evaluated a 

panel of anti-ErbB2 antibodies for their epitope binding 
speci?cities, as Well as their ability to inhibit anchorage 
independent and anchorage-dependent groWth of SKBR3 
cells (by individual antibodies and in combinations), modu 
late cell-surface ErbB2, and inhibit ligand stimulated 
anchorage-independent groWth. See also WO94/00136 pub 
lished Jan. 6, 1994 and KasprZyk et al. Cancer Research 
52:2771-2776 (1992) concerning anti-ErbB2 antibody com 
binations. Other anti-ErbB2 antibodies are discussed in 
Hancock et al. Cancer Res. 51:4575-4580 (1991); ShaWver 
et al. Cancer Res. 54:1367-1373 (1994); Arteaga et al. 
Cancer Res. 54:3758-3765 (1994); and HarWerth et al. J. 
Biol. Chem. 267:15160-15167 (1992). 
A recombinant humaniZed anti-ErbB2 monoclonal anti 

body (a humaniZed version of the murine anti-ErbB2 anti 
body 4D5, referred to as rhuMAb HER2, HERCEPTIN®, or 
HERCEPTIN® anti-ErbB2 antibody) has been clinically 
active in patients With ErbB2-overexpressing metastatic 
breast cancers that had received extensive prior anti-cancer 
therapy (Baselga et al., J Clin. Oncol. 14:737-744 [1996]). 
The recommended initial loading dose for HERCEPTIN® is 
4 mg/kg administered as a 90-minute infusion. The recom 
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4 
mended Weekly maintenance dose is 2 mg/kg and can be 
administered as a 30-minute infusion if the initial loading 
dose is Well tolerated. 
ErbB2 overexpression is commonly regarded as a predic 

tor of a poor prognosis, especially in patients With primary 
disease that involves axillary lymph nodes (Slamon et al., 
[1987] and [1989], supra; Ravdin and Chamness, Gene 
159:19-27 [1995]; and Hynes and Stern, Biochim Biophys 
Acla 1198:165-184 [1994]), and has been linked to sensi 
tivity and/or resistance to hormone therapy and chemothera 
peutic regimens, including CMF (cyclophosphamide, meth 
otrexate, and ?uoruracil) and anthracyclines (Baselga et al., 
Oncology 11(3 Supp11):43-48 [1997]). HoWever, despite 
the association of ErbB2 overexpression With poor progno 
sis, the odds of HER2-positive patients responding clinically 
to treatment With taxanes Were greater than three times those 
of HER2-negative patients (Ibid). rhuMab HER2 Was shoWn 
to enhance the activity of paclitaxel (TAXOL®) and doxo 
rubicin against breast cancer xenografts in nude mice 
injected With BT-474 human breast adenocarcinoma cells, 
Which express high levels of HER2 (Baselga et al., Breast 
Cancer, Proceedings ofASCO, Vol. 13, Abstract 53 [1994]). 

SUMMARY OF THE INVENTION 

The present invention concerns the discovery that an early 
attainment of an efficacious target trough serum concentra 
tion by providing an initial dose or doses of anti-ErbB2 
antibodies folloWed by subsequent doses of equal or smaller 
amounts of antibody (greater front loading) is more ef?ca 
cious than conventional treatments. The ef?cacious target 
trough serum concentration is reached in 4 Weeks or less, 
preferably 3 Weeks or less, more preferably 2 Weeks or less, 
and most preferably 1 Week or less, including 1 day or less. 
The target serum concentration is thereafter maintained by 
the administration of maintenance doses of equal or smaller 
amounts for the remainder of the treatment regimen or until 
suppression of disease symptoms is achieved. 
The invention further concerns a method for the treatment 

of a human patient susceptible to or diagnosed With a 
disorder characterized by overexpression of ErbB2 receptor 
comprising administering a therapeutically effective amount 
of an anti-ErbB2 antibody subcutaneously. Preferably, the 
initial dose (or doses) as Well as the subsequent maintenance 
dose or doses are administered subcutaneously. Optionally, 
Where the patient’s tolerance to the anti-ErbB2 antibody is 
unknown, the initial dose is administered by intravenous 
infusion, folloWed by subcutaneous administration of the 
maintenance doses if the patient’s tolerance for the antibody 
is acceptable. 

According to the invention, the method of treatment 
involves administration of an initial dose of anti-ErbB2 
antibody of more than approximately 4 mg/kg, preferably 
more than approximately 5 mg/kg. The maximum initial 
dose or a subsequent dose does not exceed 50 mg/kg, 
preferably does not exceed 40 mg/kg, and more preferably 
does not exceed 30 mg/kg. Administration is by intravenous 
or subcutaneous administration, preferably intravenous infu 
sion or bolus injection, or more preferably subcutaneous 
bolus injection. The initial dose may be one or more 
administrations of drug suf?cient to reach the target trough 
serum concentration in 4 Weeks or less, preferably 3 Weeks 
or less, more preferably 2 Weeks or less, and most preferably 
1 Week or less, including one day or less. 
According to the invention, the initial dose or doses is/are 

folloWed by subsequent doses of equal or smaller amounts 
of antibody at intervals suf?ciently close to maintain the 
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trough serum concentration of antibody at or above an 
ef?cacious target level. Preferably, an initial dose or subse 
quent dose does not exceed 50 mg/kg, and each subsequent 
dose is at least 0.01 mg/kg. Preferably the amount of drug 
administered is suf?cient to maintain the target trough serum 
concentration such that the interval betWeen administration 
cycles is at least one Week. Preferably the trough serum 
concentration does not exceed 2500 ug/ml and does not fall 
beloW 0.01 ug/ml during treatment. The front loading drug 
treatment method of the invention has the advantage of 
increased ef?cacy by reaching a target serum drug concen 
tration early in treatment. The subcutaneous delivery of 
maintenance doses according to the invention has the advan 
tage of being convenient for the patient and health care 
professionals, reducing time and costs for drug treatment. 
Preferably, the initial dose (or the last dose Within an initial 
dose series) is separated in time from the ?rst subsequent 
dose by 4 Weeks or less, preferably 3 Weeks or less, more 
preferably 3 Weeks or less, most preferably 1 Week or less. 

In an embodiment of the invention, the initial dose of 
anti-ErbB2 is 6 mg/kg, 8 mg/kg, or 12 mg/kg delivered by 
intravenous or subcutaneous administration, such as intra 
venous infusion or subcutaneous bolus injection. The sub 
sequent maintenance doses are 2 mg/kg delivered once per 
Week by intravenous infusion, intravenous bolus injection, 
subcutaneous infusion, or subcutaneous bolus injection. The 
choice of delivery method for the initial and maintenance 
doses is made according to the ability of the animal or 
human patient to tolerate introduction of the antibody into 
the body. Where the antibody is Well-tolerated, the time of 
infusion may be reduced. The choice of delivery method as 
disclosed for this embodiment applies to all drug delivery 
regimens contemplated according to the invention. 

In another embodiment, the invention includes an initial 
dose of 12 mg/kg anti-ErbB2 antibody, folloWed by subse 
quent maintenance doses of 6 mg/kg once per 3 Weeks. 

In still another embodiment, the invention includes an 
initial dose of 8 mg/kg anti-ErbB2 antibody, folloWed by 6 
mg/kg once per 3 Weeks. 

In yet another embodiment, the invention includes an 
initial dose of 8 mg/kg anti-ErbB2 antibody, folloWed by 
subsequent maintenance doses of 8 mg/kg once per Week or 
8 mg/kg once every 2 to 3 Weeks. 

In another embodiment, the invention includes initial 
doses of at least 1 mg/kg, preferably 4 mg/kg, anti-ErbB2 
antibody on each of days 1, 2 and 3, folloWed by subsequent 
maintenance doses of 6 mg/kg once per 3 Weeks. 

In another embodiment, the invention includes an initial 
dose of 4 mg/kg anti-ErbB2 antibody, folloWed by subse 
quent maintenance doses of 2 mg/kg tWice per Week, 
Wherein the maintenance doses are separated by 3 days. 

In still another embodiment, the invention includes a 
cycle of dosing in Which delivery of anti-ErbB2 antibody is 
2-3 times per Week for 3 Weeks. In one embodiment of the 
invention, each dose is approximately 25 mg/kg or less for 
a human patient, preferably approximately 10 mg/kg or less. 
This 3 Week cycle is preferably repeated as necessary to 
achieve suppression of disease symptoms. 

In another embodiment, the invention includes a cycle of 
dosing in Which delivery of anti-ErbB2 antibody is daily for 
5 days. According to the invention, the cycle is preferably 
repeated as necessary to achieve suppression of disease 
symptoms. 
The disorder preferably is a benign or malignant tumor 

characterized by the overexpression of the ErbB2 receptor, 
eg a cancer, such as, breast cancer, squamous cell cancer, 
small-cell lung cancer, non-small cell lung cancer, gas 
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6 
trointestinal cancer, pancreatic cancer, glioblastoma, cervi 
cal cancer, ovarian cancer, liver cancer, bladder cancer, 
hepatoma, colon cancer, colorectal cancer, endometrial car 
cinoma, salivary gland carcinoma, kidney cancer, liver can 
cer, prostate cancer, vulval cancer, thyroid cancer, hepatic 
carcinoma and various types of head and neck cancer. The 
method of the invention may further comprise administra 
tion of a chemotherapeutic agent other than an anthracy 
cline, e.g. doxorubicin or epirubicin. The chemotherapeutic 
agent preferably is a taxoid, such as TAXOL® (paclitaxel) 
or a TAXOL® derivative. 

Preferred anti-ErbB2 antibodies bind the extracellular 
domain of the ErbB2 receptor, and preferably bind to the 
epitope 4D5 or 3H4 Within the ErbB2 extracellular domain 
sequence. More preferably, the antibody is the antibody 
4D5, most preferably in a humanized form. Other preferred 
ErbB2-binding antibodies include, but are not limited to, 
antibodies 7C2, 7P3, and 2C4, preferably in a humanized 
form. 
The method of the present invention is particularly suit 

able for the treatment of breast or ovarian cancer, charac 
terized by the overexpression of the ErbB2 receptor. 
The present application also provides a method of therapy 

involving infrequent dosing of an anti-ErbB2 antibody. In 
particular, the invention provides a method for the treatment 
of cancer (e.g. cancer characterized by overexpression of the 
ErbB2 receptor) in a human patient comprising administer 
ing to the patient a ?rst dose of an anti-ErbB2 antibody 
folloWed by at least one subsequent dose of the antibody, 
Wherein the ?rst dose and subsequent dose are separated 
from each other in time by at least about tWo Weeks (eg 
from about tWo Weeks to about tWo months), and optionally 
at least about three Weeks (eg from about three Weeks to 
about six Weeks). For instance, the antibody may be admin 
istered about every three Weeks, about tWo to about 20 times, 
eg about six times. The ?rst dose and subsequent dose may 
each be from about 2 mg/kg to about 16 mg/kg; eg from 
about 4 mg/kg to about 12 mg/kg; and optionally from about 
6 mg/kg to about 12 mg/kg. Generally, tWo or more subse 
quent doses (eg from about tWo to about ten subsequent 
doses) of the antibody are administered to the patient, and 
those subsequent doses are preferably separated from each 
other in time by at least about tWo Weeks (eg from about 
tWo Weeks to about tWo months), and optionally at least 
about three Weeks (eg from about three Weeks to about six 
Weeks). The tWo or more subsequent doses may each be 
from about 2 mg/kg to about 16 mg/kg; or from about 4 
mg/kg to about 12 mg/kg; or from about 6 mg/kg to about 
12 mg/kg. The invention additionally provides an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, and a 
package insert containing instructions to administer the 
antibody according to such methods. 
The presently described dosing protocols may be applied 

to other anti-ErbB antibodies such as anti-epidermal groWth 
factor receptor (EGFR), anti-ErbB3 and anti-ErbB4 anti 
bodies. Thus, the invention provides a method for the 
treatment of cancer in a human patient, comprising admin 
istering an effective amount of an anti-ErbB antibody to the 
human patient, the method comprising administering to the 
patient an initial dose of at least approximately 5 mg/kg of 
the anti-ErbB antibody; and administering to the patient a 
plurality of subsequent doses of the antibody in an amount 
that is approximately the same or less than the initial dose. 
Alternatively, or additionally, the invention pertains to a 
method for the treatment of cancer in a human patient 
comprising administering to the patient a ?rst dose of an 
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anti-ErbB antibody followed by at least one subsequent dose 
of the antibody, Wherein the ?rst dose and subsequent dose 
are separated from each other in time by at least about tWo 
Weeks. The invention additionally provides an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB antibody, and a 
package insert containing instructions to administer the 
antibody according to such methods. 

In another aspect, the invention concerns an article of 
manufacture, comprising a container, a composition Within 
the container comprising an anti-ErbB2 antibody, optionally 
a label on or associated With the container that indicates that 
the composition can be used for treating a condition char 
acteriZed by overexpression of ErbB2 receptor, and a pack 
age insert containing instructions to avoid the use of anthra 
cycline-type chemotherapeutics in combination With the 
composition. According to the invention, the package insert 
further includes instructions to administer the anti-ErbB2 
antibody at an initial dose of 5 mg/kg folloWed by the same 
or smaller subsequent dose or doses. In another embodiment 
of the invention, the package insert further includes instruc 
tions to administer the anti-ErbB2 antibody subcutaneously 
for at least one of the doses, preferably for all of the 
subsequent doses folloWing the initial dose, most preferably 
for all doses. 

In a further aspect, the invention provides a method of 
treating ErbB2 expressing cancer in a human patient com 
prising administering to the patient effective amounts of an 
anti-ErbB2 antibody and a chemotherapeutic agent. In one 
embodiment of the invention, the chemotherapeutic agent is 
a taxoid including, but not limited to, paclitaxel and doc 
etaxel. In another embodiment, the chemotherapeutic agent 
is an anthracyline derivative including, but not limited to, 
doxorubicin or epirubicin. In still another embodiment of the 
invention, treatment With an anti-ErbB2 antibody and an 
anthracycline derivative further includes administration of a 
cardioprotectant to the patient. In still another embodiment, 
an anthracycline derivative is not administered to the patient 
With the anti-ErbB2 antibody. One or more additional che 
motherapeutic agents may also be administered to the 
patient. The cancer is preferably characterized by overex 
pression of ErbB2. 

The invention further provides an article of manufacture 
comprising a container, a composition Within the container 
comprising an anti-ErbB2 antibody and a package insert 
instructing the user of the composition to administer the 
anti-ErbB2 antibody composition and a chemotherapeutic 
agent to a patient. In another embodiment, the chemothera 
peutic agent is other than an anthracycline, and is preferably 
a taxoid, such as TAXOL®. In still another embodiment, the 
chemotherapeutic agent is an anthracycline, including but 
not limited to, doxorubicin or epirubicin. In yet another 
embodiment, the chemotherapeutic agent is an anthracycline 
and the package insert further instructs the user to administer 
a cardioprotectant. 

The methods and compositions of the invention comprise 
an anti-ErbB2 antibody and include a humaniZed anti-ErbB2 
antibody. Thus, the invention further pertains to a compo 
sition comprising an antibody that binds ErbB2 and the use 
of the antibody for treating ErbB2 expressing cancer, e.g., 
ErbB2 overexpressing cancer, in a human. The invention 
also pertains to the use of the antibody for treating EGFR 
expressing cancer. Preferably the antibody is a monoclonal 
antibody 4D5, e.g., humaniZed 4D5 (and preferably 
huMAb4D5-8 (HERCEPTIN® anti-ErbB2 antibody); or 
monoclonal antibody 2C4, e.g., humaniZed 2C4. The anti 
body may be an intact antibody (e.g., an intact IgGl anti 
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8 
body) or an antibody fragment (e.g., a Fab, F(ab')2, diabody, 
and the like). The variable light chain and variable heavy 
chain regions of humaniZed anti-ErbB2 antibody 2C4 are 
shoWn in FIGS. 5A and 5B. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs epitope-mapping of the extracellular 
domain of ErbB2 as determined by truncation mutant analy 
sis and site-directed mutagenesis (Nakamura et al. J. of 
Wrology 67(10):6179-6191 [October 1993]; Rem et al. J. 
Cell Biol. 125(6):1395-1406 [June 1994]). The anti-prolif 
erative Mabs 4D5 and 3H4 bind adjacent to the transmem 
brane domain. The various ErbB2-ECD truncations or point 
mutations Were prepared from cDNA using polymerase 
chain reaction technology. The ErbB2 mutants Were 
expressed as gD fusion proteins in a mammalian expression 
plasmid. This expression plasmid uses the cytomegalovirus 
promoter/enhancer With SV40 termination and polyadeny 
lation signals located doWnstream of the inserted cDNA. 
Plasmid DNA Was transfected into 293S cells. One day 
folloWing transfection, the cells Were metabolically labeled 
overnight in methionine and cysteine-free, loW glucose 
DMEM containing 1% dialyZed fetal bovine serum and 25 
uCi each of 35S methionine and 35 S cysteine. Supematants 
Were harvested either the ErbB2 MAbs or control antibodies 
Were added to the supernatant and incubated 24 hours at 40 
C. The complexes Were precipitated, applied to a 10-20% 
Tricine SDS gradient gel and electrophoresed at 100 V. The 
gel Was electroblotted onto a membrane and analyZed by 
autoradiography. SEQ ID NOs:8 and 9 depict the 3H4 and 
4D5 epitopes, respectively. 

FIG. 2 depicts With underlining the amino acid sequence 
of Domain 1 of ErbB2 (SEQ ID NO:1). Bold amino acids 
indicate the location of the epitope recogniZed by MAbs 7C2 
and 7E3 as determined by deletion mapping, i.e. the “7C2/ 
7E3 epitope” (SEQ ID NO:2). 

FIG. 3 is a graph of anti-ErbB2 antibody (HERCEP 
TIN®) trough serum concentration (pg/ml, meaniSE, dark 
circles) by Week from Week 2 through Week 36 for ErbB2 
overexpressing patients treated With HERCEPTIN® anti 
ErbB2 antibody at 4 mg/kg initial dose, folloWed by 2 mg/kg 
Weekly. The number of patients at each time point is 
represented by “n” (White squares). 

FIG. 4A is a linear plot of tumor volume changes over 
time in mice treated With HERCEPTIN® anti-ErbB2 anti 
body. FIG. 4B is a semi-logarithmic plot of the same data as 
in FIG. 4A such that the variation in tumor volume for the 
treated animals is observed more readily. 

FIGS. 5A and 5B depict alignments of the amino acid 
sequences of the variable light (V L) (FIG. 5A) and variable 
heavy (VH) (FIG. 5B) domains of murine monoclonal anti 
body 2C4 (SEQ ID Nos. 10 and 11, respectively); VL and VH 
domains of humaniZed Fab version 574 (SEQ ID Nos. 12 
and 13, respectively), and human VL and VH consensus 
frameWorks (hum K1, light kappa subgroup I; humIII, heavy 
subgroup III) (SEQ ID Nos. 14 and 15, respectively). 
Asterisks identify differences betWeen humaniZed Fab ver 
sion 574 and murine monoclonal antibody 2C4 or betWeen 
humaniZed Fab version 574 and the human frameWork. 
Complementarity Determining Regions (CDRs) are in 
brackets. HumaniZed Fab version 574, With the changes 
ArgH71Val, AspH73Arg and IleH69Leu, appears to have 
binding restored to that of the original chimeric 2C4 Fab 
fragment. Additional FR and/or CDR residues, such as L2, 
L54, L55, L56, H35 and/or H48, may be modi?ed (e.g. 
substituted as folloWsiIleL2Thr; ArgL54Leu; TyrL55Glu; 
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ThrL56Ser; AspH35Ser; and ValH48Ile) in order to further 
re?ne or enhance binding of the humanized antibody. Alter 
natively, or additionally, the humanized antibody may be 
af?nity matured in order to further improve or re?ne its 
af?nity and/or other biological activities. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

I. De?nitions 
An “ErbB receptor” is a receptor protein tyrosine kinase 

Which belongs to the ErbB receptor family and includes 
EGFR, HER2, ErbB3 and ErbB4 receptors as Well as 
TEGFR (US. Pat. No. 5,708,156) and other members ofthis 
family to be identi?ed in the future. The ErbB receptor Will 
generally comprise an extracellular domain, Which may bind 
an ErbB ligand; a lipophilic transmembrane domain; a 
conserved intracellular tyrosine kinase domain; and a car 
boxyl-terminal signaling domain harboring several tyrosine 
residues Which can be phosphorylated. The ErbB receptor 
may be a native sequence ErbB receptor or an amino acid 
sequence variant thereof. Preferably the ErbB receptor is 
native sequence human ErbB receptor. 

The terms “ErbBl”, “epidermal groWth factor receptor” 
and “EGFR” are used interchangeably herein and refer to 
native sequence EGFR as disclosed, for example, in Car 
penter et al. Ann. Rev. Biochem. 56:881-914 (1987), includ 
ing variants thereof (eg a deletion mutant EGFR as in 
Humphrey et al. PNAS (USA) 87:4207-4211 (1990)). erbB1 
refers to the gene encoding the EGFR protein product. 
Examples of antibodies Which bind to EGFR include MAb 
579 (ATCC CRL HB 8506), MAb 455 (ATCC CRL 
HB8507), MAb 225 (ATCC CRL 8508), MAb 528 (ATCC 
CRL 8509) (see, US. Pat. No. 4,943,533, Mendelsohn et al.) 
and variants thereof, such as chimeriZed 225 (C225) and 
reshaped human 225 (H225) (see, WO 96/40210, Imclone 
Systems Inc.). 

“ErbB3” and “HER3” refer to the receptor polypeptide as 
disclosed, for example, in US. Pat. Nos. 5,183,884 and 
5,480,968 as Well as Kraus et al. PNAS (USA) 86:9193-9197 
(1989), including variants thereof Examples of antibodies 
Which bind HER3 are described in US. Pat. No. 5,968,511 
(Akita and SliWkoWski), eg the 8B8 antibody (ATCC HB 
12070) or a humaniZed variant thereof 
The terms “ErbB4” and “HER4” herein refer to the 

receptor polypeptide as disclosed, for example, in EP Pat 
Appln No 599,274; PloWman et al., Proc. Natl. Acad. Sci. 
USA, 90:1746-1750 (1993); and PloWman et al., Nature, 
366:473-475 (1993), including variants thereof such as the 
HER4 isoforms disclosed in WO 99/19488. 

The terms “HER2”, “ErbB2” “c-Erb-B2” are used inter 
changeably. Unless indicated otherWise, the terms “ErbB2” 
“c-Erb-B2” and “HER2” When used herein refer to the 
human protein, and “erbB2,” “c-erb-B2,” and “her2” refer to 
human gene. The human erbB2 gene and ErbB2 protein are, 
for example, described in Semba et al., PNAS (USA) 
82:6497-6501 (1985) and Yamamoto et al. Nature 3191230 
234 (1986) (Genebank accession number X03363). ErbB2 
comprises four domains (Domains 1-4). 

The “epitope 4D5” is the region in the extracellular 
domain of ErbB2 to Which the antibody 4D5 (ATCC CRL 
10463) binds. This epitope is close to the transmembrane 
region of ErbB2. To screen for antibodies Which bind to the 
4D5 epitope, a routine cross-blocking assay such as that 
described in Antibodies, A Laboratory Manual, Cold Spring 
Harbor Laboratory, Ed HarloW and David Lane (1988), can 
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10 
be performed. Alternatively, epitope mapping can be per 
formed (see FIG. 1) to assess Whether the antibody binds to 
the 4D5 epitope of ErbB2 (i.e. any one or more residues in 
the region from about residue 529, eg about residue 561 to 
about residue 625, inclusive). 
The “epitope 3H4” is the region in the extracellular 

domain of ErbB2 to Which the antibody 3H4 binds. This 
epitope is shoWn in FIG. 1, and includes residues from about 
541 to about 599, inclusive, in the amino acid sequence of 
ErbB2 extracellular domain. 
The “epitope 7C2/7E3” is the region at the N-terminus of 

the extracellular domain of ErbB2 to Which the 7C2 and/or 
7E3 antibodies (each deposited With the ATCC, see beloW) 
bind. To screen for antibodies Which bind to the 7C2/7E3 
epitope, a routine cross-blocking assay such as that 
described in Antibodies, A Laboratory Manual, Cold Spring 
Harbor Laboratory, E d HarloW and David Lane (1988), can 
be performed. Alternatively, epitope mapping can be per 
formed to establish Whether the antibody binds to the 
7C2/7E3 epitope on ErbB2 (i.e. any one or more of residues 
in the region from about residue 22 to about residue 53 of 
ErbB2; SEQ ID NO: 2). 
The term “induces cell deat ” or “capable of inducing cell 

death” refers to the ability of the antibody to make a viable 
cell become nonviable. The “cell” here is one Which 
expresses the ErbB2 receptor, especially Where the cell 
overexpresses the ErbB2 receptor. A cell Which “overex 
presses” ErbB2 has signi?cantly higher than normal ErbB2 
levels compared to a noncancerous cell of the same tissue 
type. Preferably, the cell is a cancer cell, eg a breast, 
ovarian, stomach, endometrial, salivary gland, lung, kidney, 
colon, thyroid, pancreatic or bladder cell. In vitro, the cell 
may be a SKBR3, BT474, Calu 3, MDA-MB-453, MDA 
MB-361 or SKOV3 cell. Cell death in vitro may be deter 
mined in the absence of complement and immune effector 
cells to distinguish cell death induced by antibody dependent 
cellular cytotoxicity (ADCC) or complement dependent 
cytotoxicity (CDC). Thus, the assay for cell death may be 
performed using heat inactivated serum (i.e. in the absence 
of complement) and in the absence of immune effector cells. 
To determine Whether the antibody is able to induce cell 
death, loss of membrane integrity as evaluated by uptake of 
propidium iodide (PI), trypan blue (see Moore et al. Cyto 
technology 1711-11 [1995]) or 7AAD can be assessed rela 
tive to untreated cells. Preferred cell death-inducing anti 
bodies are those Which induce PI uptake in the “PI uptake 
assay in BT474 cells”. 
The phrase “induces apoptosis” or “capable of inducing 

apoptosis” refers to the ability of the antibody to induce 
programmed cell death as determined by binding of annexin 
V, fragmentation of DNA, cell shrinkage, dilation of endo 
plasmic reticulum, cell fragmentation, and/or formation of 
membrane vesicles (called apoptotic bodies). The cell is one 
Which overexpresses the ErbB2 receptor. Preferably the 
“cell” is a tumor cell, eg a breast, ovarian, stomach, 
endometrial, salivary gland, lung, kidney, colon, thyroid, 
pancreatic or bladder cell. In vitro, the cell may be a SKBR3, 
BT474, Calu 3 cell, MDA-MB-453, MDA-MB-361 or 
SKOV3 cell. Various methods are available for evaluating 
the cellular events associated With apoptosis. For example, 
phosphatidyl serine (PS) translocation can be measured by 
annexin binding; DNA fragmentation can be evaluated 
through DNA laddering as disclosed in the example herein; 
and nuclear/chromatin condensation along With DNA frag 
mentation can be evaluated by any increase in hypodiploid 
cells. Preferably, the antibody Which induces apoptosis is 
one Which results in about 2 to 50 fold, preferably about 5 
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to 50 fold, and most preferably about 10 to 50 fold, induction 
of annexin binding relative to untreated cell in an “annexin 
binding assay using BT474 cells” (see below). 

Sometimes the pro-apoptotic antibody Will be one Which 
blocks HRG binding/activation of the ErbB2/ErbB3 com 
plex (e.g. 7E3 antibody). In other situations, the antibody is 
one Which does not signi?cantly block activation of the 
ErbB2/ErbB3 receptor complex by HRG (e.g. 7C2). Further, 
the antibody may be one like 7C2 Which, While inducing 
apoptosis, does not induce a large reduction in the percent of 
cells in S phase (eg one Which only induces about 0-10% 
reduction in the percent of these cells relative to control). 

The antibody of interest may be one like 7C2 Which binds 
speci?cally to human ErbB2 and does not signi?cantly 
cross-react With other proteins such as those encoded by the 
erbBl, erbB3 and/or erbB4 genes. Sometimes, the antibody 
may not signi?cantly cross-react With the rat neu protein, 
e.g., as described in Schecter et al. Nature 312:513 (1984) 
and Drebin et al., Nature 312:545-548 (1984). In such 
embodiments, the extent of binding of the antibody to these 
proteins (e.g., cell surface binding to endogenous receptor) 
Will be less than about 10% as determined by ?uorescence 
activated cell sorting (FACS) analysis or radioimmunopre 
cipitation (RIA). 

“Heregulin” (HRG) When used herein refers to a polypep 
tide Which activates the ErbB2-ErbB3 and ErbB2-ErbB4 
protein complexes (i.e. induces phosphorylation of tyrosine 
residues in the complex upon binding thereto). Various 
heregulin polypeptides encompassed by this term are dis 
closed in Holmes et al., Science, 256:1205-1210 (1992); WO 
92/20798; Wen et al., Mal. Cell. Biol, 14(3):1909-1919 
(1994); and Marchionni et al., Nature, 362:312-318 (1993), 
for example. The term includes biologically active frag 
ments and/or variants of a naturally occurring HRG 
polypeptide, such as an EGF-like domain fragment thereof 
(e-g- HRGB1177-244) 
The “ErbB2-ErbB3 protein complex” and “ErbB2-ErbB4 

protein complex” are noncovalently associated oligomers of 
the ErbB2 receptor and the ErbB3 receptor or ErbB4 recep 
tor, respectively. The complexes form When a cell express 
ing both of these receptors is exposed to HRG and can be 
isolated by immunoprecipitation and analyZed by SDS 
PAGE as described in SliWkoWski et al., J. Biol. Chem, 

269(20):14661-14665 (1994). 
“Antibodies” (Abs) and “immunoglobulins” (lgs) are 

glycoproteins having the same structural characteristics. 
While antibodies exhibit binding speci?city to a speci?c 
antigen, immunoglobulins include both antibodies and other 
antibody-like molecules Which lack antigen speci?city. 
Polypeptides of the latter kind are, for example, produced at 
loW levels by the lymph system and at increased levels by 
myelomas. 

“Native antibodies” and “native immunoglobulins” are 
usually heterotetrameric glycoproteins of about 150,000 
daltons, composed of tWo identical light (L) chains and tWo 
identical heavy (H) chains. Each light chain is linked to a 
heavy chain by one covalent disul?de bond, While the 
number of disul?de linkages varies among the heavy chains 
of different immunoglobulin isotypes. Each heavy and light 
chain also has regularly spaced intrachain disul?de bridges. 
Each heavy chain has at one end a variable domain (VH) 
folloWed by a number of constant domains. Each light chain 
has a variable domain at one end (VL) and a constant domain 
at its other end; the constant domain of the light chain is 
aligned With the ?rst constant domain of the heavy chain, 
and the light-chain variable domain is aligned With the 
variable domain of the heavy chain. Particular amino acid 
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residues are believed to form an interface betWeen the light 
and heavy-chain variable domains. 
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 speci?city 
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 both in the light-chain and 
the heavy-chain variable domains. The more highly con 
served portions of variable domains are called the frame 
Work region (PR). The variable domains of native heavy and 
light chains each comprise four FR regions, largely adopting 
a [3-sheet con?guration, connected by three CDRs, Which 
form loops connecting, and in some cases forming part of, 
the [3-sheet structure. The CDRs in each chain are held 
together in close proximity by the FRs and, With the CDRs 
from the other chain, contribute to the formation of the 
antigen-binding site of antibodies (see Kabat et al., NIH 
Publ. No. 91-3242, Vol. 1, pages 647-669 [1991]). The 
constant domains are not involved directly in binding an 
antibody to an antigen, but exhibit various effector func 
tions, such as participation of the antibody in antibody 
dependent cellular cytotoxicity. 

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 re?ects 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. 

“Fv” is the minimum antibody fragment Which contains a 
complete antigen-recognition and -binding site. This region 
consists of a dimer of one heavy- and one light-chain 
variable domain in tight, non-covalent association. It is in 
this con?guration that the three CDRs of each variable 
domain interact to de?ne an antigen-binding site on the 
surface of the VH-VL dimer. Collectively, the six CDRs 
confer antigen-binding speci?city to the antibody. HoWever, 
even a single variable domain (or half of an Fv comprising 
only three CDRs speci?c for an antigen) has the ability to 
recogniZe and bind antigen, although at a loWer af?nity than 
the entire binding site. 

The Fab fragment also contains the constant domain of 
the light chain and the ?rst constant domain (CH1) 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 CH1 domain including one or more cysteines 
from the antibody hinge region. Fab'-SH 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. 
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 (7»), based on the 
amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant 
domain of their heavy chains, immunoglobulins can be 
assigned to different classes. There are ?ve major classes of 
immunoglobulins: lgA, lgD, lgE, IgG, and IgM, and several 
of these maybe further divided into subclasses (isotypes), 
e.g., lgGl, lgG2, lgG3, lgG4, IgA, and lgA2. The heavy 
chain constant domains that correspond to the different 
classes of immunoglobulins are called 0t, 6, e, y, and u, 
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respectively. The subunit structures and three-dimensional 
con?gurations of different classes of immunoglobulins are 
Well known. 

The term “antibody” is used in the broadest sense and 
speci?cally covers intact monoclonal antibodies, polyclonal 
antibodies, multispeci?c antibodies (e.g. bispeci?c antibod 
ies) formed from at least tWo intact antibodies, and antibody 
fragments so long as they exhibit the desired biological 
activity. 

“Antibody fragments” comprise a portion of an intact 
antibody, preferably the antigen binding or variable region 
of the intact antibody. Examples of antibody fragments 
include Fab, Fab‘, F(ab')2, and Fv fragments; diabodies; 
linear antibodies (Zapata et al., Protein Eng. 8(10):1057 
1062 [1995]); single-chain antibody molecules; and multi 
speci?c 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 speci?c, 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. In 
addition to their speci?city, the monoclonal antibodies are 
advantageous in that they are synthesized by the hybridoma 
culture, uncontaminated by other immunoglobulins. The 
modi?er “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 ?rst 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 speci?cally 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; Morrison et al., Proc. 
Natl. Acad. Sci. USA, 81:6851-6855 [1984]). 

“Humanized” forms of non-human (e.g., murine) anti 
bodies are chimeric immunoglobulins, immunoglobulin 
chains or fragments thereof (such as Fv, Fab, Fab', F(ab')2 or 
other antigen-binding subsequences of antibodies) Which 
contain minimal sequence derived from non-human immu 
noglobulin. For the most part, humanized antibodies are 
human immunoglobulins (recipient antibody) in Which resi 
dues from a complementarity determining region (CDR) of 
the recipient are replaced by residues from a CDR of a 
non-human species (donor antibody) such as mouse, rat or 
rabbit having the desired speci?city, af?nity, and capacity. In 
some instances, framework region (FR) residues of the 
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human immunoglobulin are replaced by corresponding non 
human residues. Furthermore, humanized antibodies may 
comprise residues Which are found neither in the recipient 
antibody nor in the imported CDR or frameWork sequences. 
These modi?cations are made to further re?ne and maximize 
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 
CDRs 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 opti 
mally also Will comprise at least a portion of an immuno 
globulin constant region (Fc), typically that of a human 
immunoglobulin. For further details, see Jones et al., Nature, 
321 :522-525 (1986); Reichmann et al., Nature, 332:323-329 
(1988); and Presta, Curr. Op. Struct. Biol., 2:593-596 
(1992). The humanized antibody includes a PRIMA 
TIZEDTM antibody Wherein the antigen-binding region of 
the antibody is derived from an antibody produced by 
immunizing macaque monkeys With the antigen of interest. 

“Single-chain Fv” or “sFv” antibody fragments comprise 
the VH and VL domains of antibody, Wherein these domains 
are present in a single polypeptide chain. Preferably, the Fv 
polypeptide further comprises a polypeptide linker betWeen 
the VH and VL domains Which enables the sFv to form the 
desired structure for antigen binding. For a revieW of sFv see 
Pluckthun in The Pharmacology ofMonoclonalAntibodies, 
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 (V H) connected to a light 
chain variable domain (V L) in the same polypeptide chain 

H-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 are 
described more fully in, for example, EP 404,097; WO 
93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 
90:6444-6448 (1993). 
An “isolated” antibody is one Which has been identi?ed 

and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials Which Would interfere With diag 
nostic or therapeutic uses for the antibody, and may include 
enzymes, hormones, and other proteinaceous or nonpro 
teinaceous solutes. In preferred embodiments, the antibody 
Will be puri?ed (1) to greater than 95% by Weight of 
antibody as determined by the LoWry method, and most 
preferably more than 99% by Weight, (2) to a degree 
suf?cient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a spinning cup 
sequenator, or (3) to homogeneity by SDS-PAGE under 
reducing or nonreducing conditions using Coomassie blue 
or, preferably, 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. Ordinarily, hoWever, isolated antibody Will be pre 
pared by at least one puri?cation step. 
As used herein, the term “salvage receptor binding 

epitope” refers to an epitope of the Fc region of an IgG 
molecule (e.g., IgGl, IgG2, IgG3, or IgG4) that is responsible 
for increasing the in vivo serum half-life of the IgG mol 
ecule. 

“Treatment” refers to both therapeutic treatment and 
prophylactic or preventative measures. Those in need of 
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treatment include those already With the disorder as Well as 
those in Which the disorder is to be prevented. 
“Mammal” for purposes of treatment refers to any animal 

classi?ed as a mammal, including humans, domestic and 
farm animals, and 200, sports, or pet animals, such as dogs, 
horses, cats, coWs, etc. Preferably, the mammal is human. 
A “disorder” is any condition that Would bene?t from 

treatment With the anti-ErbB2 antibody. 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 benign and malignant tumors; 
leukemias and lymphoid malignancies; neuronal, glial, 
astrocytal, hypothalamic and other glandular, macrophagal, 
epithelial, stromal and blastocoelic disorders; and in?am 
matory, angiogenic and immunologic disorders. 

The term “therapeutically effective amount” is used to 
refer to an amount having antiproliferative effect. Preferably, 
the therapeutically effective amount has apoptotic activity, 
or is capable of inducing cell death, and preferably death of 
benign or malignant tumor cells, in particular cancer cells. 
Ef?cacy can be measured in conventional Ways, depending 
on the condition to be treated. For cancer therapy, ef?cacy 
can, for example, be measured by assessing the time to 
disease progression (TTP), or determining the response rates 
(RR) (see Example 1, beloW). Therapeutically effective 
amount also refers to a target serum concentration, such as 
a trough serum concentration, that has been shoWn to be 
effective in suppressing disease symptoms When maintained 
for a period of time. 

The terms “cancer” and “cancerous” refer to or describe 
the physiological condition in mammals that is typically 
characterized by unregulated cell groWth. Examples of can 
cer include, but are not limited to, carcinoma, lymphoma, 
blastoma, sarcoma, and leukemia. More particular examples 
of such cancers include squamous cell cancer, small-cell 
lung cancer, non-small cell lung cancer, gastrointestinal 
cancer, pancreatic cancer, glioblastoma, cervical cancer, 
ovarian cancer, liver cancer, bladder cancer, hepatoma, 
breast cancer, colon cancer, colorectal cancer, endometrial 
carcinoma, salivary gland carcinoma, kidney cancer, pros 
tate cancer, vulval cancer, thyroid cancer, hepatic carcinoma 
and various types of head and neck cancer. 

The term “cytotoxic agent” as used herein refers to a 
substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to 
include radioactive isotopes (eg 1131, 1125, Y90 and Re186), 
chemotherapeutic agents, and toxins such as enZymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
fragments thereof 
A “chemotherapeutic agent” is a chemical compound 

useful in the treatment of cancer. Examples of chemothera 
peutic agents include alkylating agents such as thiotepa and 
cyclosphosphamide (CYTOXANTM); alkyl sulfonates such 
as busulfan, improsulfan and piposulfan; aZiridines such as 
benZodopa, carboquone, meturedopa, and uredopa; ethylen 
imines and methylamelamines including altretamine, trieth 
ylenemelamine, trietylenephosphoramide, triethylenethio 
phosphaoramide and trimethylolomelamine; nitrogen 
mustards such as chlorambucil, chlornaphaZine, cholophos 
phamide, estramustine, ifosfamide, mechlorethamine, 
mechlorethamine oxide hydrochloride, melphalan, novem 
bichin, phenesterine, prednimustine, trofosfamide, uracil 
mustard; nitrosureas such as carmustine, chloroZotocin, 
fotemustine, lomustine, nimustine, ranimustine; antibiotics 
such as aclacinomysins, actinomycin, authramycin, aZaser 
ine, bleomycins, cactinomycin, calicheamicin, carabicin, 
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carminomycin, carZinophilin, chromomycins, dactinomy 
cin, daunorubicin, detorubicin, 6-diaZo-5-oxo-L-norleucine, 
doxorubicin, epirubicin, esorubicin, idarubicin, marcello 
mycin, mitomycins, mycophenolic acid, nogalamycin, 
olivomycins, peplomycin, pot?romycin, puromycin, quela 
mycin, rodorubicin, streptonigrin, streptoZocin, tubercidin, 
ubenimex, Zinostatin, Zorubicin; anti-metabolites such as 
methotrexate and 5-?uorouracil (S-FU); folic acid analogues 
such as denopterin, methotrexate, pteropterin, trimetrexate; 
purine analogs such as ?udarabine, 6-mercaptopurine, thia 
miprine, thioguanine; pyrimidine analogs such as ancitab 
ine, aZacitidine, 6-aZauridine, carmofur, cytarabine, dideox 
yuridine, doxi?uridine, enocitabine, ?oxuridine, 5-FU; 
androgens such as calusterone, dromostanolone propionate, 
epitiostanol, mepitiostane, testolactone; anti-adrenals such 
as aminoglutethimide, mitotane, trilostane; folic acid replen 
isher such as frolinic acid; aceglatone; aldophosphamide 
glycoside; aminolevulinic acid; amsacrine; bestrabucil; 
bisantrene; edatraxate; defofamine; demecolcine; diaZi 
quone; elfomithine; elliptinium acetate; etoglucid; gallium 
nitrate; hydroxyurea; lentinan; lonidaniine; mitoguaZone; 
mitoxantrone; mopidamol; nitracrine; pentostatin; phe 
namet; pirarubicin; podophyllinic acid; 2-ethylhydraZide; 
procarbaZine; PSK®; raZoxane; siZo?ran; spirogermanium; 
tenuaZonic acid; triaZiquone; 2,2',2"-trichlorotriethylamine; 
urethan; vindesine; dacarbaZine; mannomustine; mitobroni 
tol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara 
C”); cyclophosphamide; thiotepa; taxanes, e.g. paclitaxel 
(TAXOL®, Bristol-Myers Squibb Oncology, Princeton, 
N1.) and docetaxel (TAXOTERE®, Rhone-Poulenc Rorer, 
Antony, France); chlorambucil; gemcitabine; 6-thioguanine; 
mercaptopurine; methotrexate; platinum analogs such as 
cisplatin and carboplatin; vinblastine; platinum; etoposide 
(V P-16); ifosfamide; mitomycin C; mitoxantrone; vincris 
tine; vinorelbine; navelbine; novantrone; teniposide; dauno 
mycin; aminopterin; xeloda; ibandronate; CPT-11; topoi 
somerase inhibitor RES 2000; di?uoromethylomithine 
(DMFO); retinoic acid; esperamicins; capecitabine; and 
pharmaceutically acceptable salts, acids or derivatives of 
any of the above. Also included in this de?nition are 
anti-hormonal agents that act to regulate or inhibit hormone 
action on tumors such as anti-estrogens including for 
example tamoxifen, raloxifene, aromatase inhibiting 4(5) 
imidaZoles, 4-hydroxytamoxifen, trioxifene, keoxifene, 
LY117018, onapristone, and toremifene (Fareston); and anti 
androgens such as ?utamide, nilutamide, bicalutamide, leu 
prolide, and goserelin; and pharmaceutically acceptable 
salts, acids or derivatives of any of the above. 
A “groWth inhibitory agent” When used herein refers to a 

compound or composition Which inhibits groWth of a cell, 
especially an ErbB2-overexpressing cancer cell either in 
vitro or in vivo. Thus, the groWth inhibitory agent is one 
Which signi?cantly reduces the percentage of ErbB2 over 
expressing cells in S phase. Examples of groWth inhibitory 
agents include agents that block cell cycle progression (at a 
place other than S phase), such as agents that induce G1 
arrest and M-phase arrest. Classical M-phase blockers 
include the vincas (vincristine and vinblastine), TAXOL®, 
and topo ll inhibitors such as doxorubicin, epirubicin, 
daunorubicin, etoposide, and bleomycin. Those agents that 
arrest G1 also spill over into S-phase arrest, for example, 
DNA alkylating agents such as tamoxifen, prednisone, dac 
arbaZine, mechlorethamine, cisplatin, methotrexate, 5-?uo 
rouracil, and ara-C. Further information can be found in The 
Molecular Basis of Cancer, Mendelsohn and Israel, eds., 
Chapter 1, entitled “Cell cycle regulation, oncogenes, and 
antineoplastic drugs” by Murakami et al. (W B Saunders: 
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Philadelphia, 1995), especially p. 13. The 4D5 antibody (and 
functional equivalents thereof) can also be employed for this 
purpose. 

“Doxorubicin” is an athracycline antibiotic. The full 
chemical name of doxorubicin is (8S-cis)-10-[(3amino-2,3, 
6-trideoxy-0t-L-lyxo-hexopyranosyl)oxy] -7, 8, 9, 1 O-tetrahy 
dro-6,8,11-trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12 
naphthacenedione. 

The term “cytokine” is a generic term for proteins 
released by one cell population Which act on another cell as 
intercellular mediators. Examples of such cytokines are 
lymphokines, monokines, and traditional polypeptide hor 
mones. Included among the cytokines are growth hormone 
such as human growth hormone, N-methionyl human 
groWth hormone, and bovine groWth hormone; parathyroid 
hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; 
glycoprotein hormones such as follicle stimulating hormone 
(FSH), thyroid stimulating hormone (TSH), and luteiniZing 
hormone (LH); hepatic groWth factor; ?broblast groWth 
factor; prolactin; placental lactogen; tumor necrosis factor-0t 
and -[3; mullerian-inhibiting substance; mouse gonadotro 
pin-associated peptide; inhibin; activin; vascular endothelial 
groWth factor; integrin; thrombopoietin (TPO); nerve 
groWth factors such as NGF-B; platelet-groWth factor; trans 
forming groWth factors (TGFs) such as TGF-ot and TGF-B; 
insulin-like groWth factor-I and -II; erythropoietin (EPO); 
osteoinductive factors; interferons such as interferon-0t, -[3, 
and -y; colony stimulating factors (CSFs) such as macroph 
age-CSF (M-CSF); granulocyte-macrophage-CSF (GM 
CSF); and granulocyte-CSF (G-CSF); interleukins (ILs) 
such as IL-1, IL-lot, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 
IL-9, IL-11, IL-12; a tumor necrosis factor such as TNF-ot 
or TNF-B; and other polypeptide factors including LIF and 
kit ligand (KL). As used herein, the term cytokine includes 
proteins from natural sources or from recombinant cell 
culture and biologically active equivalents of the native 
sequence cytokines. 
The term “prodrug” as used in this application refers to a 

precursor or derivative form of a pharmaceutically active 
substance that is less cytotoxic to tumor cells compared to 
the parent drug and is capable of being enZymatically 
activated or converted into the more active parent form. See, 
e.g., Wilman, “Prodrugs in Cancer Chemotherapy” Bio 
chemical Society Transactions, 14, pp. 375-382, 615th 
Meeting Belfast (1986) and Stella et al., “Prodrugs: A 
Chemical Approach to Targeted Drug Delivery,” Directed 
Drug Delivery, Borchardt et al., (ed.), pp. 247-267, Humana 
Press (1985). The prodrugs of this invention include, but are 
not limited to, phosphate-containing prodrugs, thiophos 
phate-containing prodrugs, sulfate-containing prodrugs, 
peptide-containing prodrugs, D-amino acid-modi?ed pro 
drugs, glycosylated prodrugs, [3-lactam-containing pro 
drugs, optionally substituted phenoxyacetamide-containing 
prodrugs or optionally substituted phenylacetamide-contain 
ing prodrugs, 5-?uorocytosine and other 5-?uorouridine 
prodrugs Which can be converted into the more active 
cytotoxic free drug. Examples of cytotoxic drugs that can be 
derivatiZed into a prodrug form for use in this invention 
include, but are not limited to, those chemotherapeutic 
agents described above. 
By “solid phase” is meant a non-aqueous matrix to Which 

the antibodies used in accordance With the present invention 
can adhere. Examples of solid phases encompassed herein 
include those formed partially or entirely of glass (e.g., 
controlled pore glass), polysaccharides (e.g., agarose), poly 
acrylamides, polystyrene, polyvinyl alcohol and silicones. In 
certain embodiments, depending on the context, the solid 
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phase can comprise the Well of an assay plate; in others it is 
a puri?cation column (e.g.,an affinity chromatography col 
umn). This term also includes a discontinuous solid phase of 
discrete particles, such as those described in Us. Pat. No. 
4,275,149. 
A “liposome” is a small vesicle composed of various 

types of lipids, phospholipids and/or surfactant Which is 
useful for delivery of a drug (such as the anti-ErbB2 
antibodies disclosed herein and, optionally, a chemothera 
peutic agent) to a mammal. The components of the liposome 
are commonly arranged in a bilayer formation, similar to the 
lipid arrangement of biological membranes. 
The term “package insert” is used to refer to instructions 

customarily included in commercial packages of therapeutic 
products, that contain information about the indications, 
usage, dosage, administration, contraindications and/or 
Warnings concerning the use of such therapeutic products. 
The term “serum concentration,” “serum drug concentra 

tion,” or “serum HERCEPTIN® anti-ErbB2 antibody con 
centration” refers to the concentration of a drug, such as 
HERCEPTIN® anti-ErbB2 antibody, in the blood serum of 
an animal or human patient being treated With the drug. 
Serum concentration of HERCEPTIN® anti-ErbB2 anti 
body, for example, is preferably determined by immunoas 
say. Preferably, the immunoassay is an ELISA according to 
the procedure disclosed herein. 

The term “peak serum concentration” refers to the maxi 
mal serum drug concentration shortly after delivery of the 
drug into the animal or human patient, after the drug has 
been distributed throughout the blood system, but before 
signi?cant tissue distribution, metabolism or excretion of 
drug by the body has occurred. 
The term “trough serum concentration” refers to the 

serum drug concentration at a time after delivery of a 
previous dose and immediately prior to delivery of the next 
subsequent dose of drug in a series of doses. Generally, the 
trough serum concentration is a minimum sustained ef?ca 
cious drug concentration in the series of drug administra 
tions. Also, the trough serum concentration is frequently 
targeted as a minimum serum concentration for ef?cacy 
because it represents the serum concentration at Which 
another dose of drug is to be administered as part of the 
treatment regimen. If the delivery of drug is by intravenous 
administration, the trough serum concentration is most pref 
erably attained Within 1 day of a front loading initial drug 
delivery. If the delivery of drug is by subcutaneous admin 
istration, the peak serum concentration is preferably attained 
in 3 days or less. According to the invention, the trough 
serum concentration is preferably attained in 4 Weeks or less, 
preferably 3 Weeks or less, more preferably 2 Weeks or less, 
most preferably in 1 Week or less, including 1 day or less 
using any of the drug delivery methods disclosed herein. 

The term “intravenous infusion” refers to introduction of 
a drug into the vein of an animal or human patient over a 
period of time greater than approximately 5 minutes, pref 
erably betWeen approximately 30 to 90 minutes, although, 
according to the invention, intravenous infusion is altema 
tively administered for 10 hours or less. 
The term “intravenous bolus” or “intravenous push” 

refers to drug administration into a vein of an animal or 
human such that the body receives the drug in approximately 
15 minutes or less, preferably 5 minutes or less. 
The term “subcutaneous administration” refers to intro 

duction of a drug under the skin of an animal or human 
patient, preferable Within a pocket betWeen the skin and 
underlying tissue, by relatively sloW, sustained delivery 
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from a drug receptacle. The pocket may be created by 
pinching or drawing the skin up and aWay from underlying 
tissue. 

The term “subcutaneous infusion” refers to introduction 
of a drug under the skin of an animal or human patient, 
preferably Within a pocket betWeen the skin and underlying 
tissue, by relatively sloW, sustained delivery from a drug 
receptacle for a period of time including, but not limited to, 
30 minutes or less, or 90 minutes or less. Optionally, the 
infusion may be made by subcutaneous implantation of a 
drug delivery pump implanted under the skin of the animal 
or human patient, Wherein the pump delivers a predeter 
mined amount of drug for a predetermined period of time, 
such as 30 minutes, 90 minutes, or a time period spanning 
the length of the treatment regimen. 

The term “subcutaneous bolus” refers to drug adminis 
tration beneath the skin of an animal or human patient, 
Where bolus drug delivery is preferably less than approxi 
mately 15 minutes, more preferably less than 5 minutes, and 
most preferably less than 60 seconds. Administration is 
preferably Within a pocket betWeen the skin and underlying 
tissue, Where the pocket is created, for example, by pinching 
or draWing the skin up and aWay from underlying tissue. 

The term “front loading” When referring to drug admin 
istration is meant to describe an initially higher dose fol 
loWed by the same or loWer doses at intervals. The initial 
higher dose or doses are meant to more rapidly increase the 
animal or human patient’s serum drug concentration to an 
ef?cacious target serum concentration. According to the 
present invention, front loading is achieved by an initial dose 
or doses delivered over three Weeks or less that causes the 
animal’s or patient’s serum concentration to reach a target 
serum trough concentration. Preferably, the initial front 
loading dose or series of doses is administered in tWo Weeks 
or less, more preferably in 1 Week or less, including 1 day 
or less. Most preferably, Where the initial dose is a single 
dose and is not folloWed by a subsequent maintenance dose 
for at least 1 Week, the initial dose is administered in 1 day 
or less. Where the initial dose is a series of doses, each dose 
is separated by at least 3 hours, but not more than 3 Weeks 
or less, preferably 2 Weeks or less, more preferably 1 Week 
or less, most preferably 1 day or less. To avoid adverse 
immune reaction to an antibody drug such as an anti-ErbB2 
antibody (e.g., HERCEPTIN® anti-ErbB2 antibody) in an 
animal or patient Who has not previously been treated With 
the antibody, it may be preferable to deliver initial doses of 
the antibody by intravenous infusion. The present invention 
includes front loading drug delivery of initial and mainte 
nance doses by infusion or bolus administration, intrave 
nously or subcutaneously. 

Published information related to anti-ErbB2 antibodies 
includes the folloWing issued patents and published appli 
cations: PCT/US89/0005 1, published Jan. 5, 1989; PCT/ 
US90/02697, published May 18, 1990; EU 0474727 issued 
Jul. 23, 1997; DE 690311206, issued Jul. 23, 1997; PCT/ 
US97/18385, published Oct. 9, 1997; SA 97/9185, issued 
Oct. 14, 1997; Us. Pat. No. 5,677,171, issued Oct. 14, 1997; 
Us. Pat. No. 5,720,937, issued Feb. 24, 1998; Us. Pat. No. 
5,720,954, issued Feb. 24, 1998; Us. Pat. No. 5,725,856, 
issued Mar. 10, 1998; Us. Pat. No. 5,770,195, issued Jun. 
23, 1998; Us. Pat. No. 5,772,997, issued Jun. 30, 1998; 
PCT/US98/2626, published Dec. 10, 1998; and PCT/US99/ 
06673, published Mar. 26, 1999, each of Which patents and 
publications is herein incorporated by reference in its 
entirety. 
11. Production of anti-ErbB2 Antibodies 
A description folloWs as to exemplary techniques for the 

production of the antibodies used in accordance With the 
present invention. The ErbB2 antigen to be used for pro 
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duction of antibodies may be, e.g., a soluble form of the 
extracellular domain of ErbB2 or a portion thereof, contain 
ing the desired epitope. Alternatively, cells expressing 
ErbB2 at their cell surface (e.g. NIH-3T3 cells transformed 
to overexpress ErbB2; or a carcinoma cell line such as 
SKBR3 cells, see Stancovski et al., PNAS (USA) 88:8691 
8695 [1991]) can be used to generate antibodies. Other 
forms of ErbB2 useful for generating antibodies Will be 
apparent to those skilled in the art. 

(i) 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 relevant antigen to a protein that is immuno 
genic in the species to be immunized, e.g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or soy 
bean trypsin inhibitor using a bifunctional or derivatiZing 
agent, for example, maleimidobenZoyl sulfosuccinimide 
ester (conjugation through cysteine residues), N-hydrox 
ysuccinimide (through lysine residues), glutaraldehyde, suc 
cinic anhydride, SOClZ, or RIN=C=NR, Where R and R1 
are different 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 1/5 to 1/10 the 
original amount of peptide 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. 

(ii) Monoclonal Antibodies 
Monoclonal antibodies are 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. Thus, the modi?er “monoclonal” indi 
cates the character of the antibody as not being a mixture of 
discrete antibodies. 

For example, the monoclonal antibodies may be made 
using the hybridoma method ?rst described by Kohler et al., 
Nature, 256:495 (1975), or may be made by recombinant 
DNA methods (US. Pat. No. 4,816,567). 

In the hybridoma method, a mouse or other appropriate 
host animal, such as a hamster, is immunized as hereinabove 
described to elicit lymphocytes that produce or are capable 
of producing antibodies that Will speci?cally 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, 
MonoclonalAnlibodies: 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 paren 
tal myeloma cells lack the enZyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture 
medium for the hybridomas typically Will include hypox 
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anthine, aminopterin, and thymidine (HAT medium), Which 
substances prevent the growth of HGPRT-de?cient cells. 

Preferred myeloma cells are those that fuse ef?ciently, 
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 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, 
13313001 (1984); Brodeur et al., MonoclonalAntibody Pro 
duction Techniques and Applications, pp. 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 speci?city 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). 

The binding af?nity of the monoclonal antibody can, for 
example, be determined by the Scatchard analysis of Mun 
son et al., Anal. Biochem, 1071220 (1980). 

After hybridoma cells are identi?ed that produce antibod 
ies of the desired speci?city, a?inity, 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 RPMl-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 ?uid, or 
serum by conventional immunoglobulin puri?cation proce 
dures such as, for example, protein A-Sepharose, hydroxy 
lapatite chromatography, gel electrophoresis, dialysis, or 
af?nity chromatography. 
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 
speci?cally to genes encoding the heavy and light chains of 
murine 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 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. RevieW articles on recombinant expression in bacteria 
of DNA encoding the antibody include Skerra et al., Curr 
Opinion in Immunol, 51256-262 (1993) and Pliickthun, 
Immunol. Revs, 1301151-188 (1992). 

In a further embodiment, antibodies or antibody frag 
ments can be isolated from antibody phage libraries gener 
ated using the techniques described in McCalferty et al., 
Nature, 3481552-554 (1990). Clackson et al., Nature, 352: 
624-628 (1991) and Marks et al., J. Mol. Biol, 2221581-597 
(1991) describe the isolation of murine and human antibod 
ies, respectively, using phage libraries. Subsequent publica 
tions describe the production of high af?nity (nM range) 
human antibodies by chain shu?ling (Marks et al., Bio/ 
Technology, 101779-783 [1992]), as Well as combinatorial 
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infection and in vivo recombination as a strategy for con 
structing very large phage libraries (Waterhouse et al., Nuc. 
Acids. Res., 2112265-2266 [1993]). Thus, these techniques 
are viable alternatives to traditional monoclonal antibody 
hybridoma techniques for isolation of monoclonal antibod 
ies. 

The DNA also may be modi?ed, for example, by substi 
tuting the coding sequence for human heavy- and light-chain 
constant domains in place of the homologous murine 
sequences (US. Pat. No. 4,816,567; Morrison, et al., Proc. 
Natl Acad. Sci. USA, 8116851 [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 
speci?city for an antigen and another antigen-combining site 
having speci?city for a different antigen. 

(iii) HumaniZed and Human Antibodies 
Methods for humaniZing non-human antibodies are Well 

knoWn in the art. Preferably, 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 typi 
cally taken from an “import” variable domain. HumaniZa 
tion can be essentially performed folloWing the method of 
Winter and co-Workers (Jones et al., Nature, 3211522-525 
(1986); Riechmann et al., Nature, 3321323-327 (1988); 
Verhoeyen et al. Science, 23911534-1536 [1988]), by sub 
stituting rodent CDRs or CDR sequences for the correspond 
ing sequences of a human antibody. Accordingly, such 
“humanized” antibodies are chimeric antibodies (U .S. Pat. 
No. 4,816,567) Wherein substantially less than an intact 
human variable domain has been substituted by the corre 
sponding 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-?t” 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 frameWork region (PR) for the 
humaniZed antibody (Sims et al., J. Immunol, 15112296 
(1993); Chothia et al., J. Mol. Biol, 1961901 [1987]). 
Another method uses a particular frameWork region 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, 8914285 
(1992); Presta et al., J. Immnol, 15112623 [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 
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three-dimensional conformationalstructures 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, 1.e.,
the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way,
FRresidues 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 CDRresiduesare 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 homozygousdeletion
of the antibody 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 of
human antibodies upon antigen challenge. See, e.g., Jakobo-
vits 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). Human antibodies can
also be derived from phage-display libraries (Hoogenboom
et al., J. Mol. Biol., 227:381 (1991); Markset al., 2. Mol.
Biol., 222:581-597 [1991]).

(iv) 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 E. coli
and chemically coupled to form F(ab"), fragments (Carter et
al., Bio/Technology 10: 163-167 [1992]). According to
another approach, F(ab‘), fragments can be isolated directly
from recombinanthost 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.

(v) Bispecific Antibodies
Bispecific antibodies are antibodies that have binding

specificities for at least two different epitopes. Exemplary
bispecific antibodies may bind to two different epitopes of
the ErbB2 protein. For example, one arm may bind an
epitope in Domain 1 of ErbB2 such as the 7C2/7F3 epitope,
the other may bind a different ErbB2 epitope, e.g. the 4D5
epitope. Other such antibodies may combine an ErbB2
binding site with binding site(s) for EGFR, ErbB3 and/or
ErbB4. Alternatively, an anti-ErbB2 arm may be combined
with an arm which binds to a triggering molecule on a
leukocyte such as a T-cell receptor molecule (e.g. CD2 or
CD3), or Fe receptors for IgG (FeyR), such as FeyRI
(CD64), FeyRU (CD32) and FeyRIII (CD16) so as to focus
cellular defense mechanisms to the ErbB2-expressing cell.
Bispecific antibodies may also be used to localize cytotoxic
agents to cells which express ErbB2. These antibodies
possess an ErbB2-binding arm and an arm which binds the
cytotoxic agent (e.g. saporin, anti-interferon-a, vinca alka-
loid, ricin A chain, methotrexate or radioactive isotope
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hapten). Bispecific antibodies can be prepared as full length
antibodies or antibody fragments (e.g. F(ab'), bispecific
antibodies).

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 immunoglo-
bulin heavy andlight chains, these hybridomas (quadromas)
produce a potential mixture of 10 different antibody mol-
ecules, ofwhich only one hasthecorrect bispecific structure.
Purification of the correct molecule, which is usually done
by affinity chromatographysteps, is rather cumbersome, and
the productyields are low. Similar procedures are disclosed
in WO 93/08829, and in Traunecker et al., EMBO J,
10:3655-3659 (1991).

According to a different approach, antibody variable
domains with the desired binding specificities (antibody-
antigen combining sites) are fused to immunoglobulin con-
stant domain sequences. The fusion preferably is with an
immunoglobulin heavy chain constant domain, comprising
at least part of the hinge, CH2, and CH3 regions. It is
preferred to have the first heavy-chain constant region
(CH1) containing the site necessary for light chain binding,
present in at least one of the fusions. DNAs encoding the
immunoglobulin heavy chain fusions and, if desired, the
immunoglobulin light chain, are inserted into separate
expression vectors, and are co-transfected into a suitable
host organism. This provides for great flexibility in adjusting
the mutual proportionsofthe three polypeptide fragments in
embodiments when unequalratios of the three polypeptide
chains used in the construction provide the optimum yields.
It is, however, possible to insert the coding sequences for
twoorall three polypeptide chains in one expression vector
when the expression of at least two polypeptide chains in
equal ratios results in high yields or when theratios are of
no particular significance.

In a preferred embodimentof this approach, the bispecific
antibodies are composed of a hybrid immunoglobulin heavy
chain withafirst binding specificity in one arm, and a hybrid
immunoglobulin heavy chain-light chain pair (providing a
second binding specificity) in the other arm. It was found
that this asymmetricstructure facilitates the separation of the
desired bispecific compound from unwanted immunoglobu-
lin chain combinations, as the presence of an immunoglo-
bulin light chain in only one half of the bispecific molecule
provides for a facile way of separation. This approach is
disclosed in WO 94/04690. For further details of generating
bispecific antibodies see, for example, Sureshet al., Methods
in Enzymology, 121:210 (1986).

According to another approach described in WO96/
27011, the interface between a pair of antibody molecules
can be engineered to maximize the percentage of het-
erodimers which are recovered from recombinant cell cul-

ture. The preferred interface comprises at least a part of the
C,3 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
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.
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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 HIV infection (WO
91/00360, WO 92/200373, and EP 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 numberof 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'), 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 mercaptoet-
hylamine 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 EF. coli, which can be chemically
coupled to form bispecific antibodies. Shalabyet al., 7. Exp.
Med., 175: 217-225 (1992) describe the production ofa fully
humanized bispecific antibody F(ab’), molecule. Each Fab'
fragment was separately secreted from FE. co/i 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
humanTcells, as well as trigger the lytic activity of human
cytotoxic lymphocytes against human breast tumortargets.

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 etal., 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 monomersand 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 Hollingeret 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 (V,,)
connected to a light-chain variable domain (V,) by a linker
whichis too short to allow pairing between the two domains
on the same chain. Accordingly, the V,, and V, domains of
one fragmentare 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 fragments by the use of single-chain Fv (sFv)
dimers has also been reported. See Gruberet al., J. Immu-
nol., 152:5368 (1994).

Antibodies with more than two valencies are contem-

plated. For example, trispecific antibodies can be prepared.
Tutt et al., J. Immunol. 147: 60 (1991).
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(vi) Screening for Antibodies with the Desired Properties

Techniques for generating antibodies have been described
above. Those antibodies having the characteristics described
herein are selected.

To select for antibodies which inducecell death, loss of
membraneintegrity as indicated by, e.g., PI, trypan blue or
7AADuptake is assessed relative to control. The preferred
assay is the “PI uptake assay using BT474cells”. According
to this assay, BT474 cells (which can be obtained from the
American Type Culture Collection [Rockville, Md.]) are
cultured in Dulbecco’s Modified Eagle Medium (D-MEM):
Ham’s F-12 (50:50) supplemented with 10% heat-inacti-
vated FBS (Hyclone) and 2 mM L-glutamine. (Thus, the
assay is performed in the absence of complement and
immune effector cells). The BT474 cells are seeded at a
density of 3x10° per dish in 100x20 mm dishes and allowed
to attach overnight. The medium is then removed and
replaced with fresh medium alone or medium containing 10
ug/ml of the appropriate MAb. Thecells are incubated for a
3 day time period. Following each treatment, monolayers are
washed with PBS and detached by trypsinization. Cells are
then centrifuged at 1200 rpm for 5 minutes at 4° C., the
pellet resuspended in 3 ml ice cold Ca?* binding buffer (10
mM Hepes, pH 7.4, 140 mM NaCl, 2.5 mM CaCl.) and
aliquoted into 35 mm strainer-capped 12x75 tubes (1 ml per
tube, 3 tubes per treatment group) for removal of cell
clumps. Tubes then receive PI (10 pg/ml). Samples may be
analyzed using a FACSCAN™flow cytometer and FAC-
SCONVERT™ CellQuest software (Becton Dickinson).
Those antibodies which inducestatistically significant levels
of cell death as determined by PI uptake are selected.

In order to select for antibodies which induce apoptosis,
an “annexin binding assay using BT474 cells” is available.
The BT474 cells are cultured and seeded in dishes as

discussed in the preceding paragraph. The medium is then
removed and replaced with fresh medium alone or medium
containing 10 ug/ml of the MAb. Following a three day
incubation period, monolayers are washed with PBS and
detachedby trypsinization. Cells are then centrifuged, resus-
pended in Ca** binding buffer and aliquoted into tubes as
discussed above for the cell death assay. Tubes then receive
labeled annexin (e.g. annexin V-FTIC) (1 pg/ml). Samples
may be analyzed using a FACSCAN™flow cytometer and
FACSCONVERT™ CellQuest software (Becton Dickin-
son). Those antibodies which inducestatistically significant
levels of annexin bindingrelative to control are selected as
apoptosis-inducing antibodies.

In addition to the annexin binding assay, a “DNA staining
assay using BT474 cells” is available. In order to perform
this assay, BT474 cells which have been treated with the
antibody of interest as described in the preceding two
paragraphsare incubated with 9 ug/ml HOECHST 33342™
for 2 hr at 37° C., then analyzed on an EPICS ELITE™flow
cytometer (Coulter Corporation) using MODFIT LI™soft-
ware (Verity Software House). Antibodies which induce a
change in the percentage of apoptotic cells which is 2 fold
or greater (and preferably 3 fold or greater) than untreated
cells (up to 100% apoptotic cells) may be selected as
pro-apoptotic antibodies using this assay.

To screen for antibodies which bind to an epitope on
ErbB2 bound byan antibody of interest, a routine cross-
blocking assay such as that described in Antibodies, A
Laboratory Manual, Cold Spring Harbor Laboratory, Ed
Harlow and David Lane (1988), can be performed. Alter-
natively, epitope mapping can be performed by methods
knownin theart.
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To identify anti-ErbB2 antibodies which inhibit growth of
SKBR3cells in cell culture by 50-100%, the SKBR3 assay
described in WO 89/06692 can be performed. According to
this assay, SKBR3 cells are grown in a 1:1 mixture of F12
and DMEM medium supplemented with 10% fetal bovine
serum, glutamine and penicillinstreptomycin. The SKBR3
cells are plated at 20,000 cells in a 35 mm cell culture dish
(2 mls/35 mm dish). 2.5 ug/mlof the anti-ErbB2 antibodyis
added per dish. After six days, the numberof cells, com-
pared to untreated cells are counted using an electronic
COULTER™cell counter. Those antibodies which inhibit

growth of the SKBR3 cells by 50-100% are selected for
combination with the apoptotic antibodies as desired.

(vii) Effector Function Engineering
Tt may be desirable to modify the antibody of the inven-

tion with respect to effector function, so as to enhance the
effectiveness of the antibody in treating cancer, for example.
For example, cysteine residue(s) may be introduced in the Fe
region, thereby allowing interchain disulfide bond formation
in this region. The homodimeric antibody thus generated
may have improved internalization capability and/or
increased complement-mediated cell killing and antibody-
dependentcellular cytotoxicity (ADCC). See Caronetal., J.
Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol.
148:2918-2922 (1992). Homodimeric antibodies with
enhanced anti-tumor activity may also be prepared using
heterobifunctional cross-linkers as described in Wolff et al.

Cancer Research 53:2560-2565 (1993). Alternatively, an
antibody can be engineered which has dual Fe regions and
may thereby have enhanced complement lysis and ADCC
capabilities. See Stevenson et al. Anti-Cancer Drug Design
3:219-230 (1989).

(viii) Immunoconjugates
The invention also pertains to immunoconjugates com-

prising the antibody described herein conjugated to a cyto-
toxic agent such as a chemotherapeutic agent, toxin (e.g. an
enzymatically active toxin of bacterial, fungal, plant or
animalorigin, or fragments thereof), or a radioactive isotope
(i.e., a radioconjugate).

Chemotherapeutic agents useful in the generation of such
immunoconjugates have been described above. Enzymati-
cally active toxins and fragments thereof which can be used
include diphtheria A chain, nonbinding active fragments of
diphtheria toxin, exotoxin A chain (from Pseudomonas
aeruginosa), ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordii proteins, dianthin proteins,
Phytolaca americana proteins (PAPI, PAPII, and PAP-S),
momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restrictocin, pheno-
mycin, enomycin andthe tricothecenes. A variety of radio-
nuclides are available for the production of radioconjugated
anti-ErbB2 antibodies. Examples include ?’*Bi, 1711, '*In,
°°¥ and '*°Re.

Conjugates of the antibody and cytotoxic agent are made
using a variety of bifunctional protein coupling agents such
as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters
(such as dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate), aldehydes (such as glutarelde-
hyde), bis-azido compounds (such as his (p-azidobenzoyl)
hexanediamine), bis-diazonium derivatives (such as bis-(p-
diazoniumbenzoyl)-ethylenediamine), diisocyanates (such
as tolyene 2,6-diisocyanate), and bis-active fluorine com-
pounds (such as 1,5-difluoro-2,4-dinitrobenzene). For
example, a ricin immunotoxin can be prepared as described
in Vitetta et al. Science 238: 1098 (1987). Carbon-14-labeled
1-isothiocyanatobenzyl-3-methyldiethylene—triaminepen-
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taacetic acid (MX-DTPA)is an exemplary chelating agent
for conjugation of radionucleotide to the antibody. See WO
94/11026.

In another embodiment, the antibody may be conjugated
to a “receptor” (such streptavidin) for utilization in tumor
pretargeting wherein the antibody-receptor conjugate is
administered to the patient, followed by removal ofunbound
conjugate from the circulation using a clearing agent and
then administration of a “ligand” (e.g. avidin) which is
conjugated to a cytotoxic agent (e.g. a radionucleotide).

(ix) Immunoliposomes

The anti-ErbB2 antibodies disclosed herein may also be
formulated as immunoliposomes. Liposomes containing the
antibody are prepared by methods knownin theart, such as
described in Epstein et al., Proc. Natl. Acad. Sci. USA,
82:3688 (1985); Hwang et al., Proc. Natl Acad. Sci. USA,
77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,
545. Liposomes with enhanced circulation time are dis-
closed in U.S. Pat. No. 5,013,556.

Particularly useful liposomes can be generated by the
reverse phase evaporation method with a lipid composition
comprising phosphatidylcholine, cholesterol and PEG-de-
rivatized phosphatidylethanolamine (PEG-PE). Liposomes
are extruded through filters of defined pore size to yield
liposomes with the desired diameter. Fab' fragments of the
antibody of the present invention can be conjugated to the
liposomes as described in Martin et al., J. Biol. Chem. 257:
286-288 (1982) via a disulfide interchange reaction. A
chemotherapeutic agent is optionally contained within the
liposome. See Gabizon et al., J. National Cancer Inst.
81(19)1484 (1989).

(x) Antibody Dependent Enzyme Mediated Prodrug
Therapy (ADEPT)

The antibodies of the present invention may also be used
in ADEPT by conjugating the antibody to a prodrug-acti-
vating enzyme which converts a prodrug (e.g. a peptidyl
chemotherapeutic agent, see WO 81/01145) to an active
anti-cancer drug. See, for example, WO 88/07378 and U.S.
Pat. No. 4,975,278.

The enzyme component of the immunoconjugate useful
for ADEPT includes any enzyme capable of acting on a
prodrug in such a waysoas to covert it into its more active,
cytotoxic form.

Enzymesthat are useful in the method of this invention
include, but are not limited to, alkaline phosphatase useful
for converting phosphate-containing prodrugs into free
drugs; arylsulfatase useful for converting sulfate-containing
prodrugs into free drugs; cytosine deaminase useful for
converting non-toxic 5-fluorocytosine into the anti-cancer
drug, 5-fluorouracil; proteases, such as serratia protease,
thermolysin, subtilisin, carboxypeptidases and cathepsins
(such as cathepsins B and L), that are useful for converting
peptide-containing prodrugs into free drugs; D-alanylcar-
boxypeptidases, useful for converting prodrugs that contain
D-amino acid substituents; carbohydrate-cleaving enzymes
such as $-galactosidase and neuraminidase useful for con-
verting glycosylated prodrugs into free drugs; B-lactamase
useful for converting drugs derivatized with B-lactams into
free drugs; and penicillin amidases, such as penicillin V
amidaseor penicillin G amidase, useful for converting drugs
derivatized at their amine nitrogens with phenoxyacetyl or
phenylacetyl groups, respectively, into free drugs. Alterna-
tively, antibodies with enzymatic activity, also knownin the
art as “abzymes”, can be used to convert the prodrugs of the
invention into free active drugs (see, e.g., Massey, Nature
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328: 457-458 [1987]). Antibody-abzyme conjugates can be
prepared as described herein for delivery of the abzyme to
a tumorcell population.

The enzymesofthis invention can be covalently bound to
the anti-ErbB2 antibodies by techniques well known in the
art such as the use of the heterobifunctional crosslinking
reagents discussed above. Alternatively, fusion proteins
comprising at least the antigen binding region of an antibody
of the invention linked to at least a functionally active
portion of an enzyme of the invention can be constructed
using recombinant DNA techniques well known in the art
(see, e.g., Neubergeret al., Nature, 312: 604-608 [1984]).

(xi) Antibody-Salvage Receptor Binding Epitope Fusions
In certain embodiments of the invention, it may be

desirable to use an antibody fragment, rather than an intact
antibody, to increase tumorpenetration, for example. In this
case, it may be desirable to modify the antibody fragment in
order to increase its serum half life. This may be achieved,
for example, by incorporation of a salvage receptor binding
epitope into the antibody fragment (e.g. by mutation of the
appropriate region in the antibody fragment or by incorpo-
rating the epitope into a peptide tag that is then fused to the
antibody fragment at either end or in the middle, e.g. by
DNAorpeptide synthesis).

A systematic method for preparing such an antibody
variant having an increased in vivo half-life comprises
several steps. Thefirst involves identifying the sequence and
conformation of a salvage receptor binding epitope of an Fc
region of an IgG molecule. Once this epitope is identified,
the sequence of the antibody of interest is modified to
include the sequence and conformation of the identified
binding epitope. After the sequence is mutated, the antibody
variant is tested to see if it has a longer in vivo half-life than
that of the original antibody. If the antibody variant does not
have a longerin vivo half-life upon testing, its sequence is
further altered to include the sequence and conformation of
the identified binding epitope. The altered antibodyis tested
for longer in vivo half-life, and this process is continued
until a molecule is obtained that exhibits a longer in vivo
half-life.

The salvage receptor binding epitope being thus incorpo-
rated into the antibody of interest is any suitable such
epitope as defined above,andits nature will depend, e.g., on
the type of antibody being modified. The transfer is made
such that the antibody ofinterest still possesses the biologi-
cal activities described herein.

The epitope preferably constitutes a region wherein any
one or more aminoacid residues from one or two loops of
a Fe domain are transferred to an analogousposition of the
antibody fragment. Even more preferably, three or more
residues from one or two loops of the Fe domain are
transferred. Still more preferred, the epitope is taken from
the CH2 domain of the Fe region (e.g., of an IgG) and
transferred to the CH1, CH3, or V,, region, or more than one
such region, of the antibody. Alternatively, the epitope is
taken from the CH2 domainofthe Fe region andtransferred
to the C, region or V, region, or both, of the antibody
fragment.

In one most preferred embodiment, the salvage receptor
binding epitope comprises the sequence (5' to 3"): PKNS-
SMISNTP (SEQ ID NO:3), and optionally further comprises
a sequenceselected from the group consisting of HOSLGTQ
(SEQ ID NO:4), HONLSDGK (SEQ ID NO:5), HQNIS-
DGK (SEQ ID NO:6), or VISSHLGQ (SEQ ID NO:7),
particularly where the antibody fragmentis a Fab or F(ab'),.
In another most preferred embodiment, the salvage receptor
binding epitope is a polypeptide containing the sequence(s)
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(5' to 3‘): HONLSDGK(SEQ ID NO:5), HONISDGK (SEQ
ID NO:6), or VISSHLGQ (SEQ ID NO:7)and the sequence:
PKNSSMISNTP (SEQ ID NO:3).

(xii) Purification of anti-ErbB2 Antibody

When using recombinant techniques, the antibody can be
produced intracellularly, in the periplasmic space,or directly
secreted into the medium. If the antibody is produced
intracellularly, as a first step, the particulate debris, either
host cells or lysed fragments, is removed, for example, by
centrifugationorultrafiltration. Carter et al., Bio/Technology
10:163-167 (1992) describe a procedure for isolating anti-
bodies which are secreted to the periplasmic space ofE.coli.
Briefly, cell paste is thawed in the presence of sodium
acetate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride
(PMSF)over about 30 min. Cell debris can be removed by
centrifugation. Where the antibody is secreted into the
medium, supernatants from such expression systems are
preferably first concentrated using a commercially available
protein concentration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unit. A protease inhibitor
such as PMSF maybeincludedin any ofthe foregoing steps
to inhibit proteolysis and antibiotics may be included to
prevent the growth of adventitious contaminants.

The antibody composition prepared from the cells can be
purified using, for example, hydroxylapatite chromatogra-
phy, gel electrophoresis, dialysis, and affinity chromatogra-
phy, with affinity chromatography being the preferred puri-
fication technique. The suitability of protein A as an affinity
ligand depends on the species and isotype of any immuno-
globulin Fe domain that is present in the antibody. Protein A
can be used to purify antibodies that are based on human y1,
y2, or y4 heavy chains (Lindmarket al., . Immunol. Meth.
62:1-13 [1983]). G is recommendedfor all mouse isotypes
and for human y3 (Guss et al., EMBO J. 5:15671575
[1986]). The matrix to which the affinity ligand is attached
is most often agarose, but other matrices are available.
Mechanically stable matrices such as controlled pore glass
or poly(styrenedivinyl)benzene allow for faster flow rates
and shorter processing times than can be achieved with
agarose. Where the antibody comprises a C,,3 domain, the
Bakerbond ABX™resin (J. T. Baker, Phillipsburg, N.J.) is
useful for purification. Other techniques for protein purifi-
cation such as fractionation on an ion-exchange column,
ethanol precipitation, Reverse Phase HPLC, chromatogra-
phy onsilica, chromatography on heparin SEPHAROSE™
chromatography on an anion or cation exchangeresin (such
as a polyaspartic acid column), chromatofocusing, SDS-
PAGE, and ammonium sulfate precipitation are also avail-
able depending on the antibody to be recovered.

Following any preliminary purification step(s), the mix-
ture comprising the antibody of interest and contaminants
may be subjected to low pH hydrophobic interaction chro-
matography using an elution buffer at a pH between about
2.5-4.5, preferably performedat low salt concentrations(e.g.
from about 0-0.25M salt).

I. Determination of anti-ErbB2 Antibody Concentration in
Serum

The following non-limiting assay is useful for determin-
ing the presence of and to quantitate the amountof specific
rhuMAb HER2 (humanizedanti-p185”"*? monoclonalanti-
body, including HERCEPTIN® anti-ErbB2 antibody) in a
body fluid of a mammalincluding, but notlimited to, serum,
amniotic fluid, milk, umbilical cord serum, ocular aqueous
and vitreous liquids, and ocular vitreous gel.
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Plate Binding Activity Assay for rhuMAb HER2 (Human-
ized Anti-p185”"*? Monoclonal Antibody

The method of assaying rhuMAb HER2 described herein
is meant as an example of such a method and is not meant
to be limiting. A standardized preparation of rhuMAb HER2
(Genentech,Inc., South San Francisco, Calif.), controls, and
serum samples were diluted with Assay Diluent (PBS/0.5%
BSA/0.05% Polysorbate 20/0.01% Thimerosal). The dilu-
tions of standardized rhuMAb HER2 wereprepared to span
a range of concentrations useful for a standard curve. The
samples were diluted to fall within the standard curve.

An aliquot of Coat Antigen in Coating buffer (recombi-
nant p185”“*? (Genentech,Inc.) in 0.05 M sodium carbon-
ate buffer) was added to each well of a microtiter plate and
incubated at 2-8° C. for 12-72 hours. The coating solution
was removed and each well was washed six times with

water, then blotted to remove excess water.

An aliquot of Assay Diluent was added to each well and
incubated for 1-2 hours at ambient temperature with agita-
tion. The wells were washed as in the previousstep.

Aliquots of diluted standard, control and sample solutions
were added to the wells and incubated at ambient tempera-
ture for 1 hour with agitation to allow binding of the
antibody to the coating antigen. The wells are washed again
with water as in previoussteps.

Horse radish peroxidase-conjugate (HRP-conjugate, Goat
anti-human IgG Fe conjugated to horseradish peroxidase;
Organon Teknika catalog #55253 or equivalent) was diluted
with Assay Diluent to yield an appropriate optical density
range between the highest and lowest standards. An aliquot
of the HRP-conjugate solution was added to each well and
incubated at ambient temperature for I hour with agitation.
The wells were washed with water as in previous steps.

An aliquot of Substrate Solution (o-phenylenediamine
(OPD) 5 mgtablet (Sigma P6912 or equivalent) in 12.5 ml
4 mM H.0O, in PBS) was added to each well and incubated
for a sufficient period of time (approximately 8-10 minutes)
in the dark at ambient temperature to allow color develop-
ment. The reaction was stopped with an aliquot of 4.5 N
sulfuric acid. Optical density was read at 490-492 nm for
detection absorbance and 405 nm for reference absorbance.

The standard curve data are plotted and the results for the
controls and samples are determined from the standardcurve.

IV. Pharmaceutical Formulations

Therapeutic formulations of the antibodies used in accor-
dance with the present invention are prepared for storage by
mixing an antibody having the desired degree of purity with
optional pharmaceutically acceptable carriers, excipients or
stabilizers (Remington’s Pharmaceutical Sciences 16 th
edition, Osol, A. Ed. [1980]), in the form of lyophilized
formulations or aqueous solutions. Acceptable carriers,
excipients, or stabilizers are nontoxic to recipients at the
dosages and concentrations employed, and include buffers
such as phosphate, citrate, and other organic acids; antioxi-
dants including ascorbic acid and methionine; preservatives
(such as octadecyldimethylbenzyl ammoniumchloride; hex-
amethonium chloride; benzalkonium chloride, benzetho-
nium chloride; phenol, butyl or benzyl alcohol; alkyl para-
bens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight(less than about 10 residues) polypeptides; proteins,
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-
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hydrates including glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming 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). Preferred lyophilized
anti-ErbB2 antibody formulations are described in WO
97/04801, expressly incorporated herein be reference.

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. For example, it
maybedesirable to further provide antibodies which bind to
EGFR, ErbB2 (e.g. an antibody which binds a different
epitope on ErbB2), ErbB3, ErbB4, or vascular endothelial
growth factor (VEGF) in the one formulation. Alternatively,
or in addition, the composition may comprise a cytotoxic
agent, cytokine or growth inhibitory agent. Such molecules
are suitably present in combination in amounts that are
effective for the purpose intended.

The active ingredients may also be entrapped in micro-
capsules prepared, for example, by coacervation techniques
or by interfacial polymerization, for example, hydroxym-
ethylcellulose or gelatin-microcapsules and poly-(methyl-
methacylate) microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin micro-
spheres, microemulsions, nano-particles and nanocapsules)
or in macroemulsions. Such techniques are disclosed in
Remington’s Pharmaceutical Sciences 16 th edition, Osol,
A. Ed. (1980).

The formulations to be used for in vivo administration

must be sterile. This is readily accomplished by filtration
throughsterile filtration membranes.

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semiper-
meable matrices of solid hydrophobic polymers containing
the antibody, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of sustained-
release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),
polylactides (U.S. Pat. No. 3,773,919), copolymers 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 composedoflactic acid-glycolic acid copoly-
mer and leuprolide acetate), and poly-D-(—)-3-hydroxybu-
tyric acid. While polymers such as ethylene-vinyl acetate
and lactic acid-glycolic acid enable release of molecules for
over 100 days, certain hydrogels release proteins for shorter
time periods. When encapsulated antibodies remain in the
body for a long time, they may denature or aggregate as a
result of exposure to moisture at 37° C., resulting in a loss
of biological activity and possible changes in immunoge-
nicity. Rational strategies can be devised for stabilization
depending on the mechanism involved. For example, if the
aggregation mechanism is discovered to be intermolecular
S—S bond formation through thio-disulfide interchange,
stabilization may be achieved by modifying sulfhydryl resi-
dues, lyophilizing from acidic solutions, controlling mois-
ture content, using appropriate additives, and developing
specific polymer matrix compositions.

V. Treatment with the Anti-ErbB2 Antibodies

It is contemplated that, according to the present invention,
the anti-ErbB2 antibodies may be used to treat various
conditions characterized by overexpression and/or activa-
tion of the ErbB2 receptor. Exemplary conditions or disor-
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ders include benign or malignant tumors(e.g. renal, liver,
kidney, bladder, breast, gastric, ovarian, colorectal, prostate,
pancreatic, lung, vulval, thyroid, hepatic carcinomas; sarco-
mas; glioblastomas; and various head and neck tumors);
leukemias and lymphoid malignancies; other disorders such
as neuronal, glial, astrocytal, hypothalamic and other glan-
dular, macrophagal, epithelial, stromal and blastocoelic dis-
orders; and inflammatory, angiogenic and immunologic dis-
orders.

The antibodies of the invention are administered to a

human patient, in accord with known methods, such as
intravenous administration as a bolus or by continuous
infusion over a period of time, by intramuscular, intraperi-
toneal, intracerobrospinal, subcutaneous, intra-articular,
intrasynovial, intrathecal, oral, topical, or inhalation routes.
Intravenous or subcutaneous administration of the antibody
is preferred.

The treatment of the present invention involves the
administration of an anti-ErbB2 antibody to an animal or
human patient, followed at intervals by subsequent doses of
equal or smaller doses such that a target serum concentration
is achieved and maintained during treatment. Preferably,
maintenance doses are delivered by bolus delivery, prefer-
ably by subcutaneous bolus administration, making treat-
ment convenient and cost-effective for the patient and health
care professionals.

Where combined administration of a chemotherapeutic
agent (other than an antracycline) is desired, the combined
administration includes coadministration, using separate for-
mulations or a single pharmaceutical formulation, and con-
secutive administration in either order, wherein preferably
there is a time period while both (or all) active agents
simultaneously exert their biological activities. Preparation
and dosing schedules for such chemotherapeutic agents may
be used according to manufacturers’ instructions or as
determined empirically by the skilled practitioner. Prepara-
tion and dosing schedules for such chemotherapy are also
described in Chemotherapy Service Ed., M. C. Perry, Wil-
liams & Wilkins, Baltimore, Md. (1992). The chemothera-
peutic agent may precede, or follow administration of the
antibody or may be given simultaneously therewith. The
antibody may be combined with an anti-estrogen compound
such as tamoxifen or an anti-progesterone such as onapris-
tone (see, EP 616 812) in dosages known for such mol-
ecules.

It maybe desirable to also administer antibodies against
other tumorassociated antigens, such as antibodies which
bind to the EGFR, ErbB3, ErbB4, or vascular endothelial
growth factor (VEGF). Alternatively, or additionally, two or
more anti-ErbB2 antibodies may be co-administered to the
patient. Sometimes, it may be beneficial to also administer
one or more cytokines to the patient. The ErbB2 antibody
may be co-administered with a growth inhibitory agent. For
example, the growth inhibitory agent may be administered
first, followed by the ErbB2 antibody. However, simulta-
neous administration, or administration of the ErbB2 anti-
body first is also contemplated. Suitable dosages for the
growth inhibitory agent are those presently used and may be
lowered due to the combinedaction (synergy) of the growth
inhibitory agent and anti-ErbB2 antibody.

In addition to the above therapeutic regimens, the patient
maybe subjected to surgical removal of cancer cells and/or
radiation therapy.

For the prevention or treatment of disease, the appropriate
dosage of anti-ErbB2 antibody will depend on the type of
disease to be treated, as defined above, the severity and
course of the disease, whether the antibody is administered
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for preventive or therapeutic purposes, previous therapy, the
patient’s clinical history and response to the antibody, and
the discretion of the attending physician. The antibody is
suitably administered to the patient at one time or over a
series of treatments. Where the treatment involvesa series of

treatments, the initial dose or initial doses are followed at
daily or weekly intervals by maintenance doses. Each main-
tenance dose provides the same or a smaller amount of
antibody compared to the amount of antibody administered
in the initial dose or doses.

Depending on the type and severity of the disease, about
1 ug/kg to 15 mg/kg (e.g. 0.1-20 mg/kg) of antibody is an
initial candidate dosage for administration to the patient,
whether, for example, by one or more separate administra-
tions, or by continuous infusion. A typical daily dosage
might range from about 1 pg/kg to 100 mg/kg or more,
depending on the factors mentioned above. For repeated
administrations over several days or longer, depending on
the condition, the treatment is sustained until a desired
suppression of disease symptoms occurs. The progress of
this therapy is easily monitored by conventional techniques
and assays.

According to the invention, dosage regimens may include
an initial dose of anti-ErbB2 of 6 mg/kg, 8 mg/kg, or 12
mg/kg delivered by intravenous or subcutaneous infusion,
followed by subsequent weekly maintenance doses of 2
mg/kg by intravenous infusion, intravenous bolus injection,
subcutaneous infusion, or subcutaneous bolus injection.
Wherethe antibody is well-tolerated by the patient, the time
of infusion may be reduced.

Alternatively, the invention includes an initial dose of 12
mg/kg anti-ErbB2 antibody, followed by subsequent main-
tenance doses of 6 mg/kg once per 3 weeks.

Another dosage regimen involves an initial dose of 8
mg/kg anti-ErbB2 antibody, followed by 6 mg/kg once per
3 weeks.

Still another dosage regimen involvesan initial dose of 8
mg/kg anti-ErbB2 antibody, followed by subsequent main-
tenance doses of 8 mg/kg once per week or 8 mg/kg once
every 2 to 3 weeks.

As an alternative regimen, initial doses of 4 mg/kg
anti-ErbB2 antibody may be administered on each of days1,
2 and 3, followed by subsequent maintenance doses of 6
mg/kg once per 3 weeks.

An additional regimen involves an initial dose of 4 mg/kg
anti-ErbB2 antibody, followed by subsequent maintenance
doses of 2 mg/kg twice per week, wherein the maintenance
doses are separated by 3 days.

Alternatively, the invention may include a cycle of dosing
in which delivery of anti-ErbB2 antibody is 2-3 times per
week for 3 weeks. The 3 week cycle is preferably repeated
as necessary to achieve suppression of disease symptoms.

The invention further includes a cyclic dosage regimen in
which delivery of anti-ErbB2 antibody is daily for 5 days.
According to the invention, the cycle is preferably repeated
as necessary to achieve suppression of disease symptoms.
Further information about suitable dosages is provided in the
Examples below.

VI. Articles of Manufacture

In another embodiment of the invention, an article of
manufacture containing materials useful for the treatment of
the disorders described above is provided. Thearticle of
manufacture comprises a container, a label and a package
insert. Suitable containers include, for example, bottles,
vials, syringes, etc. The containers may be formed from a
variety of materials such as glass or plastic. The container
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holds a composition which is effective for treating the
condition and may havea sterile access port (for example,
the container may be an intravenoussolution bag ora vial
having a stopper pierceable by a hypodermic injection
needle). At least one active agent in the composition is an
anti-ErbB2 antibody. The label on, or associated with, the
container indicates that the composition is used for treating
the condition of choice. The article of manufacture may
further comprise a second container comprising a pharma-
ceutically-acceptable buffer, such as phosphate-buffered
saline, Ringer’s solution and dextrose solution. It may
further include other materials desirable from a commercial

and user standpoint, including other buffers, diluents,filters,
needles, and syringes. In addition, the article of manufacture
may comprise a package inserts with instructions for use,
including, e.g., a warning that the composition is not to be
used in combination with anthacycline-type chemotherapeu-
tic agent, e.g. doxorubicin or epirubicin.

Deposit of Materials
The following hybridomacell lines have been deposited

with the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, Md., USA (ATCC):

Antibody Designation ATCC No. Deposit Date

7C2 ATCC HB-12215 Oct. 17, 1996
TF3 ATCC HB-12216 Oct. 17, 1996
4D5 ATCC CRT 10463 May 24, 1990
2C4 ATCC HB-12697 Apr. 8, 1999

Further details of the invention are illustrated by the
following non-limiting Examples.

EXAMPLES

Example 1

Preparation and Efficacy of HERCEPTIN®
Anti-ErbB2 Antibody Materials and Methods

Anti-ErbB2 monoclonal antibody The anti-ErbB2 IgG,«
murine monoclonal antibody 4D5, specific for the extracel-
lular domain of ErbB2, was produced as described in Fendly
et al., Cancer Research 50:1550-1558 (1990) and WO89/
06692. Briefly, NIH 31T3/HER2-3,5, cells (expressing
approximately 1x10° ErbB2 molecules/cell) produced as
described in Hudziak et al., Proc. Natl. Acad. Sci. (USA)
84:7159 (1987) were harvested with phosphate buffered
saline (PBS) containing 25 mM EDTA and used to immu-

nize BALB/c mice. The mice were given injections ip. of
10 cells in 0.5 ml PBS on weeks, 0, 2, 5 and 7. The mice
with antisera that immunoprecipitated *?P-labeled ErbB2
were given ip. injections of a wheat germ agglutinin-
Sepharose (WGA) purified ErbB2 membrane extract on
weeks 9 and 13. This was followedby an iv.injection of 0.1
m1 of the ErbB2 preparation and the splenocytes were fused
with mouse myeloma line X63-Ag8.653. Hybridoma super-
natants were screened for ErbB2-binding by ELISA and
radioimmunoprecipitation. MOPC-21 (UgG1), (Cappell,
Durham, N.C.), was used as an isotype-matched control.

The treatment was performed with a humanized version
of the murine 4D5 antibody (HERCEPTIN® anti-ErbB2
antibody). The humanized antibody was engineered by
inserting the complementarity determining regions of the
murine 4D5 antibody into the framework of a consensus

36

human immunoglobulin IgG, (igG,) (Carter et al., Proc.
Natl. Acad. Sci. USA 89:4285-4289 [1992]). The resulting
humanized anti-ErbB2 monoclonal antibody has high affin-
ity for p185”"*? (Dillohiation constant [K,]=0.1 nmol/L),

5 markedly inhibits, in vitro and in human xenografts, the
growth of breast cancer cells that contain high levels of
p185¥"**, induces antibody-dependentcellular cytotoxicity
(ADCC), and has been found clinically active, as a single
agent, in patients with ErbB2-overexpressing metastatic

0 breast cancers that had received extensive prior therapy.
HERCEPTIN® anti-ErbB2 antibody is produced by a
genetically engineered Chinese Hamster Ovary (CHO)cell
line, grownin large scale, that secretes the antibody into the
culture medium. The antibody is purified from the CHO

5 culture media using standard chromatographic andfiltration
methods. Eachlot of antibody used in this study was assayed
to verify identity, purity, and potency, as well as to meet
Food and Drug Administration requirements forsterility and
safety.

Eligibility Criteria Patients hadto fulfill all of the follow-
ing criteria to be eligible for study admission:

Metastatic breast cancer

Overexpression of the ErbB2 (HER2) oncogene (2+ to 3+
as determined by immunochistochemistry or fluores-
cence in situ hybridization (FISH). [Tumor expression
of ErbB2 can be determined by immunohistochemical
analysis, as previously described (Slamonetal., [1987]
and [1989], supra), of a set of thin sections prepared
from the patient’s paraffin-archived tumorblocks. The
primary detecting antibody used is murine 4D5 MAb,
which has the same CDRsas the humanized antibody
used for the treatment. Tumors are considered to over-

express ErbB2 if at least 25% of tumorcells exhibit
characteristic membranestaining for p185*?].

Bidimensionally measurable disease (including lytic bone
lesions) by radiographic means, physical examination,
or photographs

Measurable disease was defined as any mass reproducibly
measurable in two perpendicular diameters by physical
examination, X-ray (plain films), computerized tomography
(CT), magnetic resonance imaging (MRI), ultrasound, or
photographs.

Osteoblastic metastases, pleural effusions, or ascites were
not considered to be measurable. Measurable lesions must

be at least 1 cm in greatest dimension. Enumeration of
evaluable sites of metastatic disease and numberoflesions

in an evaluable site (e.g. lung) had to be recorded on the
appropriate Case Report Form (CRF). If a large numberof
pulmonary or hepatic lesions were present, the six largest

me

me
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25

45

5° lesions per site were followed.
The ability to understand and willingnessto sign a written

informed consent form

Women>18 years

55 Suitable candidates for receiving concomitant cytotoxic
chemotherapy as evidenced by screening laboratory
assessments of hematologic, renal, hepatic, and meta-
bolic functions.

Exclusion Criteria Patients with any of the following were
excluded from study entry:

Prior cytotoxic chemotherapy for metastatic breast cancer
Patients may have received prior hormonaltherapy(e.g.

tamoxifen) for metastatic disease or cytotoxic therapy
in the adjuvant setting.

Concomitant malignancy that has not been curatively
treated

A performancestatus of <60% on the Kamofsky scale

60

65
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Pregnant or nursing women; women of childbearing
potential, unless using effective contraception as deter-
mined by the investigator

Bilateral breast cancer (either both primary tumors must
have 2+ to 3+ HER2 overexpression, or the metastatic
site must have 2+ to 3+ HER2 overexpression)

Use of investigational or unlicensed agents within 30 days
prior to study entry

Clinically unstable or untreated metastases to the brain
(e.g. requiring radiation therapy)

Based upon the foregoing criteria, 469 patients were
chosen, and enrolled in the study. Half thepatients(stratified
by chemotherapy) were randomized to additionally receive
the HERCEPTIN® anti-ErbB2 antibody (see below).

Administration and Dosage
Anti-ErbB2 Antibody
On day 0, a 4 mg/kg dose of humanized anti-ErbB2

antibody (HERCEPTIN®, H) was administered intrave-
nously, over a 90-minute period. Beginning on day 7,
patients received weekly administration of 2 mg/kg antibody
(i.v.) over a 90-minute period.

Chemotherapy
The patients received one of two chemotherapy regimens

for a minimum of six cycles, provided their disease was not
progressing: a) cyclophosphamide and doxorubicin or epi-
rubicin (AC), if patients have not received anthracycline
therapy in the adjuvant setting, or b) paclitaxel (T,
TAXOL®), if patients have received any anthracycline
therapy in the adjuvant setting. The initial dose of the
HERCEPTIN®anti-ErbB2 antibody precededthefirst cycle
of either chemotherapy regimen by 24 hours. Subsequent
doses of the antibody were given immediately before che-
motherapy administration, if the initial dose of the antibody
waswell tolerated. If the first dose of the antibody was not
well tolerated, subsequent infusions continued to precede
chemotherapy administration by 24 hours. Patients were
permitted to continue receiving chemotherapy beyond six
cycles if, in the opinion ofthe treating physician, they were
continuing to receive treatment benefit.

Cyclophosphamide (600 mg/m?) was given either by iv
push over a minimum period of 3 minutes or by infusion
over a maximum period of 2 hours.

Doxorubicin (60 mg/m?) or epirubicin (75 mg/m?) were
given either by slow iv push over a minimum period of 3-5
minutes or by infusion over a maximum period of 2 hours,
according to institutional protocol.

Paciltaxel (TAXOL®) was given at a dose of 175 mg/m?
over 3 hours by intravenous administration. All patients
receiving paclitaxel were premedicated with dexamethasone
(or its equivalent) 20 mgx2, administered orally 12 and 6
hours prior to paclitaxel; diphenhydramine (or its equiva-
lent) 50 mg, iv, administered 30 minutes prior to paclitaxel,
and dimetidine (or another H, blocker) 300 mg, iv, admin-
istered 30 minutes prior to paclitaxel.

Response Criteria
Progressive Disease Objective evidence of an increase of

25% or more in any measurable lesion. Progressive disease
also includes those instances when new lesions have

appeared. For bone lesions, progression is defined as a 25%
increase in objective measurement by plain film, CT, MRI;
symptomatic new lesions not due to fracture; or requirement
for palliative radiotherapy.

Complete Response Disappearanceofall radiographically
and/or visually apparent tumor for a minimum of 4 weeks.
Skin and chest wall complete responses had to be confirmed
by biopsy.
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Partial Response A reduction of at least 50% in the sum
of the products of the perpendicular diameters of all mea-
surable lesions for a minimum period of 4 weeks. No new
lesions may have appeared, nor may any lesions have
progressed in size.

Minor Response A reduction of 25% to 49% in the sum of
the products of the perpendicular diameters of all measur-
able lesions. No new lesions may have appeared, nor may
any lesions have progressed insize.

Stable Disease No change of greater than 25% in the size
of measurable lesions. No lesions may have appeared.

Time to disease progression (TTP) was calculated from
the beginning of therapy to progression. Confidence limits
for response rates were calculated using the exact method
for a single proportion. (Fleiss, J L, Statistical Methods for
Rates and Proportions (ed. 2), New York, N.Y., Wiley, 1981,
pp 13-17).

Results

At a median follow-up of 10.5 months, assessments of
time to disease progression (TTP in months) and response
rates (RR) showed a significant augmentation of the che-
motherapeutic effect by HERCEPTIN® anti-ErbB2 anti-
body, without increase in overall severe adverse events
(AE):

TABLE1

HERCEPTIN ® Anti-ErbB2 Antibody Efficacy

Enrolled TTP(months) RR(%) AE(%)

CRx 234 5.5 36.2 66
CRx + H 235 8.6% 62.00% 69
AC 145 6.5 42.1 71
AC+H 146 9.0 64.9 68
T 89 4.2 25.0 59
T+H 89 7A 57.3 70

*p < 0.001 by log-rank test;
ty < 0.01 by X?test;
CRx: chemotherapy;
AC: anthracycline/cyclophosphamide treatment;
H: HERCEPTIN ® anti-ErbB2 antibody;
T: TAXOL ®

A syndrome of myocardial dysfunction similar to that
observed with anthracyclines was reported more commonly
with a combined treatment of AC+H (18% Grade 34) than
with AC alone (3%), T (0%), or T+H (2%).

These data indicate that the combination of anti-ErbB2

antibody treatment with chemotherapy markedly increases
the clinical benefit, as assessed by response rates and the
evaluation of disease progression. However, due to the
increased cardiac side-effects of doxorubicin or epirubicin,
the combined use of anthracyclines with anti-ErbB2 anti-
body therapy is contraindicated. The results, taking into
account risk and benefit, favor treatment with HERCEP-
TIN® anti-ErbB2 antibody and paclitaxel (TAXOL®)
where a combined treatment regimen is desired.

Example 2

Pharmacokinetic and Pharmacodynamic Properties
of Anti-ErbB2 Antibody (HERCEPTIN®)

HERCEPTIN® anti-ErbB2 antibody was administered by
intravenousinfusion to humanpatients selected according to
the criteria provided in Example 1. An initial dose of 4
mg/kg HERCEPTIN® anti-ErbB2 antibody was delivered
by intravenous infusion, followed by subsequent1.v. infu-
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sions of 2 mg/kg HERCEPTIN® anti-ErbB2 antibody
weekly for several weeks. Two hundred thirteen patients
began this treatment regimen and serum drug concentration
was obtained beyond 8 weeks for fewer than 90 patients as
selective discontinuation of patients with rapidly progress-
ing disease occurred. Of the 213 patients who began treat-
ment, serum trough concentration data were available for 80
patients at Week 12, for 77 patients at Week 16, for 44
patients at Week 20, for 51 patients at Week 24, for 25
patients at Week 28, for 23 patients at Week 32, and for 37
patients at Week 36.

HERCEPTIN® Anti-ErbB2 Antibody Trough Serum
Concentrations for Weeks 0-36

The HERCEPTIN® anti-ErbB2 antibody trough serum
concentrations (ug/ml, mean+SE) from Week 2 through
Week 36 are plotted in FIG. 3 (dark circles). The number of
patients was fairly constant because data from patients
discontinued from the program due to rapidly progressing
disease were excluded from this analysis. Trough serum
concentrations tended to increase through Week 12 and
tended to plateau after that time.

HERCEPTIN® Anti-ErbB2 Antibody Trough and Peak
Serum Concentrations for Weeks 1-8

Some HERCEPTIN® anti-ErbB2 antibody serum con-
centration data were available for 212 of the original 213
patients. Trough and peak serum concentration data reflect-
ing the firsts HERCEPTIN® anti-ErbB2 antibody infusion
were available for 195 of the 212 patients. For the seventh
infusion, trough serum concentration data were available for
137/212 patients and peak serum concentration data were
available for 114/212 patients. Table 2 presents a summary
of statistics from trough and peak serum concentrations for
the first 8 weeks of treatment. Peak samples were drawn
shortly after the end of HERCEPTIN®anti-ErbB2 antibody
administration; trough samples were drawn prior to the
subsequentdose(i.e., 1 week later). Serum concentrations of
HERCEPTIN® anti-ErbB2 antibody were determined as
disclosed herein.

TABLE 2

HERCEPTIN ® Anti-ErbB2 Antibody Trough and Peak Serum
Concentrations for the First 8 Weeks of Treatment (1g/ml

 
Dose

Number n Mean SD Minimun Maximum

Peak 1 195 100.3 35.2 30.7 274.6
Trough 195 25.0 12.7 0.16 60.7
Peak 2 190) 74.3 31.3 20.8 307.9
Trough 167 9304 16.0 0.2 TAA
Peak 3 167 75.3 26.8 16.1 194.8
Trough 179 33.7 17.9 0.2 98.2
Peak 4 175 80.2 26.9 22.2 167
Trough 132 38.6 20.1 0.2 89.4
Peak 5 128=85.9 29.2 27.8 185.8
Trough 141 42.1 24.8 0.2 148.7
Peak 6 137) 87.2) 32.2 28.9 218.1
Trough 115 43.2) 24.0 0.2 109.9
Peak 7 114. 89.7. 32.5 16.3 187.8
Trough 137 48.8 24.9 0.2 105.2
Peak 8 133. 95.6 35.9 11.4 295.6

The data in Table 2 suggest that there was an increase in
trough serum concentration over time. Of the manypatients
studied, there were 18 patients for whom the trough con-
centrations did not exceed 20 pg/ml from Week 2 through
Week 8. A HERCEPTIN® anti-ErbB2 antibody trough
serum concentration of 20 ug/ml was nominally targeted for
these studies based on prior pharmacologic studies in ani-
mals and exploratory analyses in clinicaltrials.
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Patient response status was evaluated relative to serum
concentration of HERCEPTIN® anti-ErbB2 antibody. For
this purpose, mean serum concentration (an average of
troughs and peaks) was calculated for various times and
patient response status (where the patient response status
was determined by an independent Response Evaluation
Committee). The increase in serum concentration between
Weeks 2 and 8 appeared to be greater in responders than in
nonresponders, suggesting that there is a relationship
between response status and HERCEPTIN® anti-ErbB2
antibody serum concentration. A statistical analysis (analysis
of variance) of trough serum concentration values at Week
2 and an average of Weeks 7 and 8 in relation to response
status indicated a highly significant relationship between
response status and average trough of Weeks 7 and 8
(p<0.001). The results indicated that there was a significant
difference between the trough serum concentration (average
troughs of Weeks 7 and 8) in the responders and nonre-
sponders: trough concentrations were 60420 pg/ml in the
responders versus 44425 ug/ml in the nonresponders
(mean+SD). HER2 overexpression level and type of meta-
static sites were associated with significant differences in
trough serum concentrations. At Week 2, patients with 2+
HER2overexpression had significantly higher trough serum
concentrations (n=40, mean=28.8 ug/ml, SD=10.4) com-
pared with patients with 3+ HER2 overexpression (n=155,
mean=24.1 pg/ml, SD=13.1). This difference in the average
trough serum concentrations for Weeks 7 and 8 was no
longerstatistically significant. Further, at Week 2, patients
with superficial disease had significantly higher trough
serum concentrations (n=12, mean 34.1 ug/ml, SD=12.0)
compared with patients with visceral disease (n=183,
mean=24.4 pg/ml, SD=12.6). This difference in the average
trough serum concentrations for Weeks 7 and 8 wassignifi-
cant. These data indicate that the rise in trough serum
concentrations between Weeks 2 and 7/8 occurs for human

patients with various disease profiles.
In a subsequent, similarly designed study, human breast

cancer patients were treated with a loading dose of 8 mg/kg
followed by maintenance doses of4 mg/kg weekly. The
results of this preliminary human study indicated that an 8
mg/kg load:4 mg/kg weekly maintenance regimen waseffi-
cacious in reducing tumor volumein the patients.

The data disclosed in this Example indicate that front
loading of antibody, such that a target serum concentration
is reached more quickly, may be associated with improved
outcomes.

Example 3

I.V. Bolus Delivery and Subcutaneous Infusion of
HERCEPTIN® Anti-ErbB2 Antibody Effectively

Decrease Tumor Volume in the Mouse

The efficacy of infusion or bolus delivery of humanized
anti-ErbB2 antibody (HERCEPTIN®, see Example 1 for
preparation), either by intravenous injection or subcutaneous
injection, was examined. The purpose of the study was to
ask whether subcutaneousdelivery was feasible and whether
the convenient subcutaneous bolus delivery was useful in
treating metastatic breast cancer in animals inoculated with
a cell line that overexpresses the HER2 gene. Theresults,
detailed below, show that i.v. and s.c. infusion and bolus
delivery are feasible treatment methodologies.

A study in a nude mouse xenograft model, which incor-
porates a humanbreast cancercell line that naturally over-
expresses the HER2 gene (BT-474M1, derived from BT-474
cells, ATCC Accession number HTB-20), comparing tumor
volume as a function of i.v. bolus versus s.c. infusion was

performed as follows.In thefirst study athymic nude nu nu
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7-9 week old female mice were obtained from Taconic Inc

(Germantown, N.Y.). To initiate tumor development, each
mouse was inoculated subcutaneously with 3x10°
BT474M1cells suspended in Matrigel™. When tumornod-
ules reached a volume of approximately 100 mm’, animals
were randomized to 4 treatment groups. The groups were
treated according to Table 3.

TABLE 3

Animal Groups and Doses for Comparison of I.V. Bolus and S.C.
Infusion

Group, Target Loading
Dose, Serum Conc. Route of Dose Maintenance
Antibody pg/ml Administration (mg/kg) Dose

1 - Control, 20 IV LD and 2.20 0.250 mg/ml
thuMAb E25 SC infusion (infusate)
2 - Low Dose SC 1 IV LD and 0.313 0.050 mg/ml
thuMAb HER2 SC infusion (infusate)
3 - High Dose SC 20 IV LD and 6.25 1.00 mg/ml
thuMAb HER2 SC infusion (infusate)
4 - IV Multi-Dose 20 IV LD and MD 4.00 2 mg/kg/
thuMAb HER2 (trough) week

(IV bolus)

Serum Conc. = concentration in serum. LD = loading dose. MD = mainte-
nance dose.
Infusate concentration was calculated to achieve targeted serum concentra-
tion using Alzet ® osmotic minipumps (Alza Corp., Palo Alto, CA).

Animals were exposed to estrogen by subcutaneous sus-
tained release estrogen pellet 9 days before the start of
dosing to promote growth of grafted tumor cells. The
animals were inoculated with the BT474M 1 cells 8 days
before the beginning of treatment and tumors were allowed
to grow. The animals were then treated with nonrelevant
antibody E25 (non-specific for HER2 receptor, but a mem-
ber of the monoclonal IgG class) or test antibody HERCEP-
TIN® anti-ErbB2 anitbody as indicated in Table 3. The
dosage levels were selected to achieve target serum concen-
trations of HERCEPTIN®,either 1 g/ml or 20 ug/ml, by
subcutaneous pump infusion or by i.v. bolus delivery. The
study groups were treated until day 35. The serum concen-
tration of HERCEPTIN® anti-ErbB2 antibody was mea-
sured weekly (just prior to dosing for Group 4) using 3
mice/group/time point. The anti-ErbB2 antibody concentra-
tion was determined according to the method disclosed
herein involving standard techniques. Tumor volumes were
measured two days before dosing began and twice per week
from day 6 to day 35 in the study for which data is tabulated
below. Tumors were measured in three dimensions and

volumes were expressed in mm*. Efficacy was determined
by a statistical comparison (ANOVA)of tumor volumes of
test animals relative to untreated control animals.

As shown in Table 4, below, treatment of the BT474M 1
tumor-bearing mice with HERCEPTIN® anti-ErbB2 anti-
body by the indicated dosage methodssignificantly inhibited
the growth of the tumors. All HERCEPTIN®-treated groups
showed similar inhibition of tumor growth relative to the
control group. No dose-response was observed.

TABLE 4

Comparison of S.C. Infusion and I.V. Bolus Delivery

Tumor Volume HERCEPTIN ®
Tumor Volume (area under curve) Serum Conc.
(mm3), Day 35, Day 6-Day 35 (ug/ml), Day 27,

Treatment Group (n = 14) (n = 13) (n = 3)

control s.c. 764 + 700 5650 + 4700 4.16 + 1.94
infusion
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TABLE 4-continued

Comparison of S.C. Infusion and I.V. Bolus Delivery

Tumor Volume HERCEPTIN ®
Tumor Volume (area under curve) Serum Conc.
(mm3), Day 35, Day 6-Day 35 (ug/ml), Day 27,

Treatment Group (n = 14) (n = 13) (n = 3)

s.c. infusion 80.6 + 158 1610 #1250 «2.11 + 1.74
(low dose)
s.c. infusion 31 + 75.6 1440 +1140 22.1 +543
(high dose)
iv. bolus dose* 49.7 + 95.7 2150 + 1480) 21.7 = 17.1**

s.c. = subcutaneous delivery; i.v. = intravenous delivery.
*4.0 mg/kg Loading Dose and 2.0 mg/kg/week Maintenance Dose.
**at predose (trough serum concentration immediately prior to a mainte-
nance dose)

The results tabulated above indicate that maintenance of

a serum concentration of approximately 2 ug/ml was as
effective as a concentration of 20 pg/ml in this study. The
results indicated that dosing by subcutaneous infusion was
as effective as intravenous bolus dosing and achieved similar
trough serum concentrations. The results also indicate that
the dose levels studied are at the top of the dose-response
curve in this model and that subcutaneous dosingis effective
in treating breast cancer tumors. Thus, subcutaneous admin-
istration of maintenance doses is feasible as part of a
HERCEPTIN® anti-ErbB2 antibody treatment regimen.

Example 4

1.V. Bolus and Subcutaneous Bolus Deliveries of

HERCEPTIN® Anti-ErbB2 Antibody Effectively
Decrease Tumor Volume in the Mouse

Subcutaneous bolus delivery is convenient and cost-
effective for the patient and health care professionals. The
results of the study disclosed in this example indicate that
subcutaneous bolus delivery wasas effective as intravenous
bolus delivery in reducing breast cell tumor size in a mouse.

This study wasset up as disclosed herein in Example 3 for
the comparison of intravenous bolus and subcutaneousinfu-
sion delivery. A sustained release estrogen implant was
inserted subcutaneously one day before tumorcell innocu-
lation as described in Example 3. Six days after tumorcell
innoculation, the initial tumor measurement was performed.
Seven days after tumor cell innoculation, the first dose of
control antibody or HERCEPTIN® anti-ErbB2 antibody
was delivered. The animal groups, type of delivery, loading
dose and maintenance doses are provided in Table 4. Ani-
mals were dosed once weekly for 4 weeks.

TABLE5

Animal Groups and Doses for Comparison of LV. Bolus and S.C.
Bolus Delivery

Maintenance
Route of Ad- Loading Dose Dose

Group ministration (mg/kg) (mg/kg/week) on

1 - Control IV 8 4 10
rhuMAb E25
2 - rhuMAb HER2 IV 2 1 10
3 - rhuMAb HER2 IV 4 2 10
4 - rhuMAb HER2 IV 8 4 10
5 - rhuMAb HER2 sc 4 2 10

IV = intraveneous; SC = subcutaneous; n = numberofanimals per group.
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The mice were treated according to the information in
Table 4 and using the techniques disclosed in Example 3.
The serum concentration of HERCEPTIN® anti-ErbB2

antibody was measured weekly before each weekly i.v.
maintenance dose according to the procedure described
herein and using standard techniques. The control E25
antibody serum concentration was determined according to
standard immunoassay techniques. Table 6 shows the
increase in HERCEPTIN® anti-ErbB2 antibody serum con-
centrations with time.

TABLE 6

IV versus SC Bolus Delivery: Serum HERCEPTIN ® Anti-ErbB2
Antibody Concentration

Serum Concentration. ‘ml

Day 0 Day 7 Day 14 Day 21
Treatment Group Mean Mean Mean Mean
(delivery, MD) (SD) (SD) (SD) (SD)

1 - Control rhu MAb E25 0 25.9 34.6 38.5
(IV, 4 mg/kg) (0) (8.29) (11.2) (14.4)
2 - rhu MAb HER2 0 4.96 8.55 8.05
(IV, 1 mg/kg) (0) (3.79) (5.83) (4.67)
3 - rhu MAb HER2 0 13.4 18.9 22.6
(IV, 2 mg/kg) (0) (9.24) (12.0) (9.21)
4 - rhu MAb HER2 0 29.6 37.7 46.2
(IV, 4 mg/kg) (0) (13.5) (14.4) (13.8)
5 - rhu MAb HER2 0 12.5 16.9 17.6
(SC, 2 mg/kg) (0) (7.33) (10.2) (10.7)

n = 10 for time points Days 0, 7 and 14. N = 9 for Day21.

Table 7 showsthe relative eflicacy of intravenous bolus
delivery and subcutaneous bolus delivery for Groups 1-5
having achieved the serum antibody concentrations pre-
sented in Table 6. For this study, efficacy was measured as
a decrease in tumor volume. Tumor volume was measured

twice weekly.

TABLE 7

Efficacy of HERCEPTIN ® Anti-ErbB2 Antibody Measured
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groups, dosing by subcutaneous bolus was as effective as
intravenous bolus dosing and achieved similar trough serum
concentrations.

Example 5

Regimens for Intravenous and Subcutaneous
Delivery of Anti-ErbB2 Antibody

According to the invention, methods of anti-ErbB2 anti-
body (e.g., HERCEPTIN®)delivery comprise greater front
loading of the drug to achieve a target serum concentration
in approximately 4 weeksor less, preferably 3 weeksorless,
more preferably 2 weeks or less, and most preferably 1 week
or less, including one day or less. According to the inven-
tion, this initial dosing is followed by dosing that maintains
the target serum concentration by subsequent doses of equal
or smaller amount. An advantage of the methods of the
invention is that the maintenance dosing may be less fre-
quent and/or delivered by subcutaneous injection, making
the treatment regimens of the invention convenient and
cost-effective for the patient and medical professionals
administering the antibody. In addition, a subcutaneous
maintenance dose regimen maybeinterrupted by intrave-
nous dosing (such as infusion) when the patient’s chemo-
therapy requires delivery of other drugs by intravenous
injection.

To test the following dosage regimens, human subjects are
selected according to the criteria disclosed in Example 1,
above. The number of initial doses is one or more doses

sufficient to achieve an efficacious target serum concentra-
tion in approximately 4 weeksorless, preferably 3 weeks or
less, more preferably 2 weeksor less, and most preferably 1
week or less, including 1 day or less. The number of
maintenance doses may be one or more doses sufficient to
achieve suppression of disease symptoms, such as a

as a Change in Tumor Volume Comparing Intravenous Bolus and
Subcutaneous Bolus Delivery, Mean (SD

Treatment Tumor TumorVol. Day 6-Day 31*
Group Tumor Vol. Vol. Day Day31, Area Under Curve

(Delivery, MD) Day 6,mm? 28, mm? mm? Tumor Vol., mm?
1-IV Control 321 1530 1630 13600

(190) (1040) (1170) (7230)
2-IV Herceptin 29 175 151 4690

1 mg/kg (130) (215) (188) (1400)
3-IV Herceptin 269 75.7 73.6 3510

2 mg/kg (129) (92.4) (84.5) (1220)
4IV Herceptin 272 25.3 25.8 2880

4 mg/kg (117) (75.9) (72.9) (1230)
5-SC Herceptin 268 76.2 90.4 3230

2 mg/kg (117) (98.8) (105) (1440)

Tumor Growth
Rate

on Log (TM + 1)

0.0660
(0.0200)
0.0505

(0.142)
0.0608
(0.110)
0.0810

(0.0859)
0.0304
(0.104)

N = 10 for each data point. TM = tumor measurement. IV = intravenous. SC = subcutaneous. MD
= maintenance dose. Tumor Vol. = tumor volume, mm?.
*Day 17 excluded due to measurementerror.
Tumor growth rate calculated on Day 21-Day 31 Log (TM + 1). Area under the curve is the area
beneath a plot of tumor volume versus time.

FIGS. 4A and 4B are graphical plots of changes in tumor
volume over time, some of which data is found in Table 7.
FIG. 4A is a linear plot of tumor volumeversus time. FIG.
4B is a semilogarithmic plot of the same data, allowing the
test points be viewed moreclearly. The data in Table 7 and
FIGS. 4A and 4B indicate that, although a dose-related
response was not observed between HERCEPTIN-treated

60

65

decrease in tumor volume. The maintenance doses are equal
to or smaller than the initial dose or doses, consistent with
an object of the invention of administering HERCEPTIN®
anti-ErbB2 antibody by regimens providing greater front
loading. The specific drug delivery regimens disclosed
herein are representative of the invention and are not meant
to be limiting.



Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 349 of 636 PageID #: 417Case 1:18-cv-00924-CFC-SRF Document 3 Filed 06/21/18 Page 349 of 636 PagelD #: 417

US 7,371,379 B2
45

In onetrial, an initial dose of 6 mg/kg, 8 mg/kg, or 12
mg/kg of HERCEPTIN® anti-ErbB2 antibody is delivered
to humanpatients by intravenous or subcutaneousinjection.
Initial doses (loading doses) are delivered by intravenous
infusion or bolus injection or preferably subcutaneous bolus
injection. Preferably a target trough serum concentration of
HERCEPTIN® anti-ErbB2 antibody of approximately
10-20 ug/ml is achieved (averaged for all patients in the
treatment group) and maintained by subsequent doses of
anti-ErbB2 antibody that are equal to or smaller than the
initial dose. In one method, a target trough serum concen-
tration is achieved and maintained by once-per-week deliv-
eries of 2 mg/kg HERCEPTIN®anti-ErbB2 antibody by
intravenous or subcutaneous injection for at least eight
weeks. Alternatively, for this or any dosage regimen dis-
closed herein, subcutaneous continuous infusion by subcu-
taneous pump is used to delivery subsequent maintenance
doses.

In another method, an initial (front loading) dose of 8
mg/kg HERCEPTIN® anti-ErbB2 antibody is delivered by
intravenous injection (infusion or bolus injection) or by
subcutaneous bolus injection. This is followed by intrave-
nous bolus injections, intravenous infusion, subcutaneous
infusion, or subcutaneous bolus injection of 6 mg/kg at
3-week intervals to maintain a trough serum concentration
of approximately 10-20 pg/ml, averaged for an entire treat-
ment group.

In another method, an initial (front loading) dose of 12
mg/kg HERCEPTIN® anti-ErbB2 antibody is delivered by
intravenous injection (infusion or bolus injection) or by
subcutaneous bolus injection. This is followed by intrave-
nous bolus injections, intravenous infusion, subcutaneous
infusion, or subcutaneous bolus injection of 6 mg/kg at
3-week intervals to maintain a trough serum concentration
of approximately 10-20 g/ml.

In yet another method, an initial (front loading) dose of 8
mg/kg HERCEPTIN® anti-ErbB2 antibody is delivered by
intravenous infusion or bolus injection, or preferably by
subcutaneousbolus injection or infusion. This is followed by
administration of 8 mg/kg per week or 8 mg/kg per 2-3
weeks to maintain a trough serum concentration of HER-
CEPTIN® anti-ErbB2 antibody of approximately 10-20
ug/ml. Maintenance doses are delivered by intravenous
infusion or bolus injection, or preferably by subcutaneous
infusion or bolus injection.

In another method, the front loadinginitial dose is a series
of intravenous or subcutaneousinjections, for example, one
on each of days 1, 2, and 3 of at least 1 mg/kg for each
injection (where the amount of anti-ErbB2 antibody deliv-
ered by the sum ofinitial injections is more than 4 mg/kg),
followed by maintenance doses of 6 mg/kg once each 3
week interval to maintain a target trough serum concentra-
tion (for example, approximately 10-20 ug/ml) of HERCEP-
TIN® anti-ErbB2 antibody. The maintenance doses are
delivered by intravenous infusion or bolus injection or by
subcutaneous infusion or subcutaneous bolus injection.

In yet another method, the front loading is by intravenous
infusion of at least 1 mg/kg, preferably 4 mg/kg on each of
five consecutive days, followed by repeats of this cycle a
sufficient number of times to achieve suppression of disease
symptoms. Following the initial dose or doses, subsequent
doses may be delivered by subcutaneous infusion or bolus
injection if tolerated by the patient. Such subcutaneous
delivery is convenient and cost-effective for the patient and
administering health care professionals.

In still another method, HERCEPTIN®anti-ErbB2anti-
body is delivered initially as at least 2 intravenous infusions
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per week for three weeks, followed by repeats of this cycle
to maintain an efficacious trough serum concentration of
HERCEPTIN® anti-ErbB2 antibody. The dose is at least 4
mg/kg of anti-ErbB2 antibody, preferably at least 5 mg/kg.
The maintenance drug deliveries may be intravenous or
subcutaneous.

Where the animalor patient tolerates the antibody during
and after an initial dose, delivery of subsequent doses may
be subcutaneous, thereby providing greater convenience and
cost-effectiveness for the patient and health care profession-
als.

In animal studies, an initial dose of more than 4 mg/kg,
preferably more than 5 mg/kg delivered by intravenous or
subcutaneous injection, is followed by subcutaneous bolus
injections of 2 mg/kg twice per week (separated by 3 days)
to maintain a trough serum concentration of approximately
10-20 ug/ml. In addition, where the animal or patient is
knownto tolerate the antibody, an initial dose of HERCEP-
TIN® anti-ErbB2 antibody is optionally and preferably
deliverable by subcutaneous bolus injection followed by
subcutaneous maintenance injections.

While target serum concentrationsare disclosed herein for
the purpose of comparing animal studies and human trials,
target serum concentrations in clinical uses may differ. The
disclosure provided herein guides the user in selecting a
front loading drug delivery regimen that provides an effi-
cacious target trough serum concentration.

The methods of the invention disclosed herein optionally
include the delivery of HERCEPTIN®anti-ErbB2 antibody
in combination with a chemotherapeutic agent (other than an
anthrocycline derivative) to achieve suppression of disease
symptoms. The chemotherapeutic agent may be delivered
with HERCEPTIN®anti-ErbB2 antibody or separately and
according to a different dosing schedule. For example,
subcutaneous delivery of HERCEPTIN® anti-ErbB2 anti-
body with TAXOL® is included in the invention. In addi-
tion, intravenous or subcutaneous injection of 8 mg/kg
HERCEPTIN® anti-ErbB2 antibody, followed by intrave-
nous or subcutaneous injection of 6 mg/kg HERCEPTIN®
anti-ErbB2 antibody every 3 weeks is administered in com-
bination with a chemotherapeutic agent, such as a taxoid
(e.g. paclitaxel 175 mg/m2 every 3 weeks) or an anthracy-
cline derivative (e.g. doxorubicin 60 mg/m?or epirubicin 75
mg/m2 every 3 weeks). Optionally, where an anthracycline
derivative is administered, a cardioprotectant (e.g. 600
mg/m2 cyclophosphamide every 3 weeks) is also adminis-
tered. In another combination therapy, anti-ErbB2 antibody
is administered in a loading dose of more than 4 mg/kg,
preferably more than 5 mg/kg, and more preferably at least
8 mg/kg. The loading doseis followed by maintenance doses
of at least 2 mg/kg weekly, preferably 6 mg/kg every 3
weeks. The combination therapy includes administration of
a taxoid during treatment with anti-ErbB2 antibody. Accord-
ing to one embodiment of the invention, the taxoid is
paclitaxel and is administered at a dose of 70-100 mg/m?/
week. According to another embodiment of the invention,
the taxoid is docetaxel and is administered at a dose of 30-70

meg/m?/week.

Example 6

HERCEPTIN® Administered Intravenously Every
Three Weeks in Combination with Paclitaxel

Currently, the recommended dose of HERCEPTIN®is 2
mg/kg once weekly. Patients will be administered HERCEP-
TIN® every three weeks instead of weekly, along with
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paclitaxel (175 mg/m? every three weeks). Simulation of the
proposed treatment regimen suggests that the trough serum
concentrations will be 17 mcg/ml, in the range (10-20
meg/ml) of the targeted trough serum concentrations from
previous HERCEPTIN® IV clinical trials. After the first 12
patients the PK parameters will be assessed, if exposure is
felt inadequate, then the dose will be increased to 8 mg/kg
every three weeks for the remaining 12 patients.

Inclusion Criteria

1) Females24 18 years of age
2) Histologically confirmed ErbB2 over-expressing meta-

static breast cancer

3) Patients who have been newly diagnosed with metastatic
disease

4) Have a Kamofsky performance status of 24 70%
5) Give written informed consent prior to any study specific

screening procedures with the understanding that the
patient has the right to withdraw from the study at any
time, without prejudice.
Exclusion Criteria

1) Pregnantor lactating women
2) Women of childbearing potential unless (1) surgically

sterile or (2) using adequate measures of contraception
such as oral contraceptive, intra-uterine device or barrier
method of contraception in conjunction with spermicidal
jelly.

3) Clinical or radiologic evidence of CNS metastases.
4) History of any significant cardiac disease
5) LVEF=50%
6) No prior taxane therapy in any treatmentsetting.
7) Any of the following abnormal baseline hematologic

values:

Hb less than 9 g/dl
WBCless than 3.0x107/1

Granulocytes less than 1.5x10°/1
Platelets less than 100x107/1

8) Any of the following abnormal baseline liver function
tests:

Serum bilirubin greater than 1.5xULN (upper normal
limit)

ALT and/or AST greater than 2.5xULN (greater than
4.0xULNif liver or bone metastasis)

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

<210> SEQ ID NO 1
<211> LENGTH: 166
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Cys Thr Gly Thr Asp Met Lys
1 5

Leu Arg Leu Pro
10

Thr His Leu Asp Met Leu Arg Gln
20

His Leu Tyr
25

Val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro
35 40

Gln Glu Val
55

Leu Ser Phe Leu Gln Asp Ile Gln
50

20

25

30

35

40

Ala Ser Pro

Thr Asn Ala

Gly Tyr Val

48

Alkaline phosphatase greater than 2.5xULN (greater than
4.0xULNif liver or bone metastasis)

9) The following abnormal baseline renal function tests:

serum creatinine greater than 1.5xULN

10) History of other serious medical conditions that would
preclude patient participation in an investigational study.

HERCEPTIN® Loading dose and schedule: 8 mg/kg for
first dose. Maintenance dose and schedule: 6 mg/kg every 3
weeks.

Paclitaxel—175 mg/m? IV every 3 weeksx6 cycles as a
3-hour infusion.

NOTE: On the first cycle of treatment, paclitaxel will be
dosed 8 hours prior to HERCEPTIN®to determine the PK
of paclitaxel alone. HERCEPTIN® will be administered 8
hours post-paclitaxel for the 1°’ cycle only. In subsequent
treatment cycles, HERCEPTIN® will be administered prior
to paclitaxel.

The total duration of this study is 18 weeks. Study
subjects will receive up to 6 total HERCEPTIN® doses.
Afterthe last subject has receivedthe last cycle ofpaclitaxel,
data collection for safety and pharmacokinetic analysis will
stop, and the study will close to protocol specified treatment.
Study subjects may continue to receive the HERCEPTIN®
+/- paclitaxel at the discretion of the investigator.

It is believed that the above treatment regimen will be
effective in treating metastatic breast cancer, despite the
infrequency with which HERCEPTIN® is administered to
the patient.

While the particular aspects and embodiments of the
invention as herein shown and disclosed in detail is fully
capable of obtaining the objects and providing the advan-
tages herein before stated, it is to be understood thatit is
merely illustrative of some of the presently preferred
embodiments of the invention and that no limitations are
intended to the details of methods andarticles of manufac-

ture shown other than as described in the appended claims.
The disclosures of all citations in the specification are
expressly incorporated herein by reference.

Glu
15

Gly Cys Gln Val
30

Ser
45

Leu
60
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-continued

Ile Ala His Asn Gln Val Arg Gln Val Pro Leu Gln Arg Leu Arg
65 70 75

Ile Val Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala
80 85 90

Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr
95 100 105

Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu Arg Ser Leu
110 115 120

Thr Glu Ile Leu Lys Gly Gly Val Leu Ile Gln Arg Asn Pro Gln
125 130 135

Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile Phe His Lys
140 145 150

Asn Asn Gln Leu Ala Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg
155 160 165

Ala

<210> SEQ ID NO 2
<211> LENGTH: 32
<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Ser Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro
1 5 10 15

Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln
20 25 30

Gly Cys

<210> SEQ ID NO 3
<211> LENGTH: 11
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 3

Pro Lys Asn Ser Ser Met Ile Ser Asn Thr Pro
1 5 10

<210> SEQ ID NO 4
<211> LENGTH: 7
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 4

His Gln Ser Leu Gly Thr Gln
1 5

<210> SEQ ID NO 5
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: salvage receptor binding epitope

<400> SEQUENCE: 5

His Gln Asn Leu Ser Asp Gly Lys
1 5
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PROTEIN PURIFICATION 

This is a divisional of application Ser. No. 09/304,465 
?led May 3, 1999 Which claims priority under 35 USC §119 
to provisional application Ser. No. 60/084,459 ?led May 6, 
1998, both disclosures of Which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to protein puri?cation. In 

particular, the invention relates to a method for purifying a 
polypeptide (eg an antibody) from a composition compris 
ing the polypeptide and at least one contaminant using the 
method of ion exchange chromatography. 

2. Description of Related Art 
The large-scale, economic puri?cation 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 protein of interest by insertion of a 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 factors, usually supplied from preparations of 
animal serum. Separation of the desired protein from the 
mixture of compounds fed to the cells and from the 
by-products of the cells themselves to a purity suf?cient for 
use as a human therapeutic poses a formidable challenge. 

Procedures for puri?cation 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 surrounding groWth media; others are made 
intracellularly. For the latter proteins, the ?rst step of a 
puri?cation 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 subcellular fragments that are 
dif?cult to remove due to their small siZe. These are gener 
ally removed by differential centrifugation or by ?ltration. 
The same problem arises, although on a smaller scale, With 
directly secreted proteins due to the natural death of cells 
and release of intracellular host cell proteins in the course of 
the protein production run. 

Once a clari?ed solution containing the protein of interest 
has been obtained, its separation from the other proteins 
produced by the cell is usually attempted using a combina 
tion of different chromatography techniques. These tech 
niques separate mixtures of proteins on the basis of their 
charge, degree of hydrophobicity, or siZe. Several different 
chromatography resins are available for each of these 
techniques, alloWing accurate tailoring of the puri?cation 
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 physical separation that increases as they pass 
further doWn the column, or to adhere selectively to the 
separation medium, being then differentially eluted by dif 
ferent solvents. In some cases, the desired protein is sepa 
rated from impurities When the impurities speci?cally 
adhere to the column, and the protein of interest does not, 
that is, the protein of interest is present in the “How 
through”. 

Ion exchange chromatography is a chromatographic tech 
nique that is commonly used for the puri?cation of proteins. 
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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 
altering 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. 

SUMMARY OF THE INVENTION 

The present invention provides an ion exchange chro 
matographic method Wherein a polypeptide of interest is 
bound to the ion exchange material at an initial conductivity 
or pH and then the ion exchange material is Washed With an 
intermediate buffer at a different conductivity or pH, or both. 
At a speci?c point folloWing this intermediate Wash, and 
contrary to ion exchange chromatography standard practice, 
the ion exchange material is Washed With a Wash buffer 
Where the change in conductivity or pH, or both, from the 
intermediate buffer to the Wash buffer is in an opposite 
direction to the change in conductivity or pH, or both, 
achieved in the previous steps. Only after Washing With the 
Wash buffer, is the ion exchange material prepared for the 
polypeptide molecule of interest to be eluted by the appli 
cation of the elution buffer having a conductivity or pH, or 
both, Which differ from the conductivity or pH, or both, of 
the buffers used in previous steps. 

This novel approach to ion exchange chromatography is 
particularly useful in situations Where a product molecule 
must be separated from a very closely related contaminant 
molecule at full manufacturing scale, Where both purity and 
high recovery of polypeptide product are desired. 

Accordingly, the invention provides a method for purify 
ing a polypeptide from a composition comprising the 
polypeptide and a contaminant, Which method comprises the 
folloWing steps performed sequentially: 

(a) binding the polypeptide to an ion exchange material 
using a loading buffer, Wherein the loading buffer is at 
a ?rst conductivity and pH; 

(b) Washing the ion exchange material With an interme 
diate buffer at a second conductivity and/or pH so as to 
elute the contaminant from the ion exchange material; 

(c) Washing the ion exchange material With a Wash buffer 
Which is at a third conductivity and/or pH, Wherein the 
change in conductivity and/or pH from the intermediate 
buffer to the Wash buffer is in an opposite direction to 
the change in conductivity and/or pH from the loading 
buffer to the intermediate buffer; and 

(d) Washing the ion exchange material With an elution 
buffer at a fourth conductivity and/or pH so as to elute 
the polypeptide from the ion exchange material. The 
?rst conductivity and/or pH may be the same as the 
third conductivity and/or pH. 

Where the ion exchange material comprises a cation 
exchange resin, the conductivity and/or pH of the interme 
diate buffer is/are preferably greater than the conductivity 
and/or pH of the loading buffer; the conductivity and/or pH 
of the Wash buffer is/are preferably less than the conductivity 
and/or pH of the intermediate buffer; and the conductivity 
and/or pH of the elution buffer is/are preferably greater than 
the conductivity and/or pH of the intermediate buffer. 
Preferably, the conductivity and/or pH of the Wash buffer 
is/are about the same as the conductivity and/or pH of the 
loading buffer. 
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Preferably elution of the contaminant and of the polypep 
tide is achieved by modifying the conductivity of the inter 
mediate buffer and of the elution buffer, respectively, While 
keeping the pH of these buffers approximately the same. 

The invention also provides a method for purifying a 
polypeptide from a composition comprising the polypeptide 
and a contaminant, Which method comprises the folloWing 
steps performed sequentially: 

(a) binding the polypeptide to a cation exchange material 
using a loading buffer, Wherein the loading buffer is at 
a ?rst conductivity and pH; 

(b) Washing the cation exchange material With an inter 
mediate buffer at a second conductivity and/or pH 
Which is greater than that of the loading buffer so as to 
elute the contaminant from the ion exchange material; 

(c) Washing the cation exchange material With a Wash 
buffer Which is at a third conductivity and/or pH Which 
is less than that of the intermediate buffer; and 

(d) Washing the cation exchange material With an elution 
buffer at a fourth conductivity and/or pH Which is 
greater than that of the intermediate buffer so as to elute 
the polypeptide from the ion exchange material. 

In addition, the invention provides a method for purifying 
an antibody from a composition comprising the antibody 
and a contaminant, Which method comprises loading the 
composition onto a cation exchange resin, Wherein the 
amount of antibody loaded onto the cation exchange resin is 
from about 20 mg to about 35 mg of the antibody per mL of 
cation exchange resin and, optionally, further comprising 
eluting the antibody from the cation exchange resin. The 
method preferably further comprises an intermediate Wash 
step for eluting one or more contaminants from the ion 
exchange resin. This intermediate Wash step usually pre 
cedes the step of eluting the antibody. 

The invention further provides a composition comprising 
a mixture of anti-HER2 antibody and one or more acidic 
variants thereof, Wherein the amount of the acidic variant(s) 
in the composition is less than about 25% and preferably less 
than about 20%, eg in the range from about 1% to about 
18%. Optionally, the composition further comprises a phar 
maceutically acceptable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How diagram shoWing hoW one could perform 
cation exchange chromatography by altering conductivity 
(eg to the NaCl concentrations of Example 1 beloW) or by 
altering pH (eg to the pH values as shoWn in the How 
diagram). 

FIG. 2 is a How diagram shoWing hoW one could perform 
anion exchange chromatography by altering conductivity 
(eg to the NaCl concentrations as depicted in the ?gure) or 
by altering pH (eg to the pH values as shoWn). 

FIG. 3 is an absorbance trace from a cation exchange 
chromatography run of Example 1 at full manufacturing 
scale. Points at Which the column is Washed With the 
different buffers described herein are marked With arroWs. 

FIG. 4 depicts recombinant humaniZed anti-HER2 mono 
clonal antibody (rhuMAb HER2) recovered in each chro 
matography fraction (calculated as the percentage of the sum 
total of all fractions of the relevant chromatography). FloW 
through, Wash steps, and prepool fractions are all ef?uent 
samples collected from the onset of load to the initiation of 
pooling. The pool fraction is the ?ve column volume ef?uent 
sample of elution starting at the leading shoulder’s in?ection 
point. The regeneration fraction contains ef?uent captured 
from the end of pooling to the end of regeneration. 
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FIG. 5 shoWs the quality of rhuMAb HER2 in each cation 

exchange chromatography pool sample as evaluated by 
carboxy sulfon cation exchange high pressure liquid chro 
matography (CSx HPIEX). Peaks a, b, and 1 are deamidated 
forms of rhuMAb HER2. Peak 3 is nondeamidated rhuMAb 
HER2. Peak 4 is a combination of C-terminal Lysine con 
taining and iso-aspartate variants of rhuMAb HER2. 

FIG. 6 shoWs the absorbance (280 nm) pro?les of the 
0.025 M MES/0.070 M NaCl, pH 5.6 Wash for each chro 
matography. The mass of rhuMAb HER2 applied to the 
cation exchange resin effects the peak’s absorbance level at 
the apex as Well as the amount of buffer required to reach the 
apex. Due to minor peaks Which occur (as best seen in the 
30 mg/mL load) in this Wash, the apex is de?ned as 
absorbance levels of at least 0.5 absorbance units (AU). 

FIGS. 7A and 7B shoW the amino acid sequences of 
humMAb4D5-8 light chain (SEQ ID NO:1) and 
humMAb4D5-8 heavy chain (SEQ ID NO:2), respectively. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

De?nitions 

The “composition” to be puri?ed herein comprises the 
polypeptide of interest and one or more contaminants. The 
composition may be “partially puri?ed” (i.e. having been 
subjected to one or more puri?cation steps, such as Protein 
A Chromatography as in Example 1 beloW) or may be 
obtained directly from a host cell or organism producing the 
polypeptide (eg the composition may comprise harvested 
cell culture ?uid). 
As used herein, “polypeptide” refers generally to peptides 

and proteins having more than about ten amino acids. 
Preferably, the polypeptide is a mammalian protein, 
examples of Which include renin; a groWth hormone, includ 
ing human groWth hormone and bovine groWth hormone; 
groWth hormone releasing factor; parathyroid hormone; 
thyroid stimulating hormone; lipoproteins; alpha-1 
antitrypsin; insulin A-chain; insulin B-chain; proinsulin; 
follicle stimulating hormone; calcitonin; luteiniZing hor 
mone; 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 in?ammatory 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); ?broblast 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-[31, TGF-[31, TGF-[33, TGF-[34, or TGF-[35; 
insulin-like groWth factor-I and -II (IGF-I and IGF-II); 
des(1-3)-IGF-I (brain IGF-I), insulin-like groWth factor 

Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 367 of 636 PageID #: 435



US 6,417,335 B1 
5 

binding proteins (IGFBPs); CD proteins such as CD3, CD4, 
CD8, CD19 and CD20; erythropoietin; osteoinductive fac 
tors; 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; superox 
ide 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 
CD11a, CD11b, CD11c, CD18, an ICAM, VLA-4 and 
VCAM; a tumor associated antigen such as HER2, HER3 or 
HER4 receptor; and fragments and/or variants of any of the 
above-listed polypeptides. Most preferred is a full length 
antibody that binds human HER2. 
A “contaminant” is a material that is different from the 

desired polypeptide product. The contaminant may be a 
variant of the desired polypeptide (e. g. a deamidated variant 
or an amino-aspartate variant of the desired polypeptide) or 
another polypeptide, nucleic acid, endotoxin etc. 

A“variant” or “amino acid sequence variant” of a starting 
polypeptide is a polypeptide that comprises an amino acid 
sequence different from that of the starting polypeptide. 
Generally, a variant Will possess at least 80% sequence 
identity, preferably at least 90% sequence identity, more 
preferably at least 95% sequence identity, and most prefer 
ably at least 98% sequence identity With the native polypep 
tide. Percentage sequence identity is determined, for 
example, by the Fitch et al., Proc. Natl. Acad. Sci. USA 
80:1382—1386 (1983), version of the algorithm described by 
Needleman et al., J. Mol. Biol. 48:443—453 (1970), after 
aligning the sequences to provide for maximum homology. 
Amino acid sequence variants of a polypeptide may be 
prepared by introducing appropriate nucleotide changes into 
DNA encoding the polypeptide, or by peptide synthesis. 
Such variants include, for example, deletions from, and/or 
insertions into and/or substitutions of, residues Within the 
amino acid sequence of the polypeptide of interest. Any 
combination of deletion, insertion, and substitution is made 
to arrive at the ?nal construct, provided that the ?nal 
construct possesses the desired characteristics. The amino 
acid changes also may alter post-translational processes of 
the polypeptide, such as changing the number or position of 
glycosylation sites. Methods for generating amino acid 
sequence variants of polypeptides are described in US. Pat. 
No. 5,534,615, expressly incorporated herein by reference, 
for example. 
An “acidic variant” is a variant of a polypeptide of interest 

Which is more acidic (eg as determined by cation exchange 
chromatography) than the polypeptide of interest. An 
example of an acidic variant is a deamidated variant. 

A “deamidated” variant of a polypeptide molecule is a 
polypeptide Wherein one or more asparagine residue(s) of 
the original polypeptide have been converted to aspartate, 
ie the neutral amide side chain has been converted to a 
residue With an overall acidic character. Deamidated 
humMAb4D5 antibody from the Example beloW has Asn30 
in CDR1 of either or both of the VL regions thereof 
converted to aspartate. The term “deamidated human 
DNase” as used herein means human DNase that is deami 
dated at the asparagine residue that occurs at position 74 in 
the amino acid sequence of native mature human DNase 
(US. Pat. No. 5,279,823; expressly incorporated herein by 
reference). 

The term “mixture” as used herein in reference to a 
composition comprising an anti-HER2 antibody, means the 
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6 
presence of both the desired anti-HER2 antibody and one or 
more acidic variants thereof. The acidic variants may com 
prise predominantly deamidated anti-HER2 antibody, With 
minor amounts of other acidic variant(s). It has been found, 
for example, that in preparations of anti-HER2 antibody 
obtained from recombinant expression, as much as about 
25% of the anti-HER2 antibody is deamidated. 

In preferred embodiments of the invention, the polypep 
tide is a recombinant polypeptide. A “recombinant polypep 
tide” is one Which has been produced in a host cell Which has 
been transformed or transfected With nucleic acid encoding 
the polypeptide, or produces the polypeptide as a result of 
homologous recombination. “Transformation” and “trans 
fection” are used interchangeably to refer to the process of 
introducing nucleic acid into a cell. FolloWing transforma 
tion or transfection, the nucleic acid may integrate into the 
host cell genome, or may exist as an extrachromosomal 
element. The “host cell” includes a cell in vitro cell culture 
as Well a cell Within a host animal. Methods for recombinant 
production of polypeptides are described in US. Pat. No. 
5,534,615, expressly incorporated herein by reference, for 
example. 
The term “antibody” is used in the broadest sense and 

speci?cally covers monoclonal antibodies (including full 
length monoclonal antibodies), polyclonal antibodies, mul 
tispeci?c antibodies (e.g., bispeci?c antibodies), and anti 
body fragments so long as they exhibit the desired biological 
activity. 
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 bene?t in that mammal. HoWever, antibodies directed 
against nonpolypeptide antigens (such as tumor-associated 
glycolipid antigens; see US. 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 polypep 
tides discussed above. Preferred molecular targets for anti 
bodies encompassed by the present invention include CD 
polypeptides such as CD3, CD4, CD8, CD19, CD20 and 
CD34; members of the HER receptor family such as the 
EGF receptor, HER2, HER3 or HER4 receptor; cell adhe 
sion molecules such as LFA-1, Mac1, p150,95, VLA-4, 
ICAM-1, VCAM and av/b3 integrin including either a or b 
subunits thereof (eg anti-CD11a, anti-CD18 or anti-CD11b 
antibodies); groWth factors such as VEGF; IgE; blood group 
antigens; ?k2/?t3 receptor; obesity (OB) receptor; mpl 
receptor; CTLA-4; polypeptide C etc. Soluble antigens or 
fragments thereof, optionally conjugated to other molecules, 
can be used as immunogens for generating antibodies. For 
transmembrane molecules, such as receptors, fragments of 
these (eg 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 (eg cancer 
cell lines) or may be cells Which have been transformed by 
recombinant techniques to express the transmembrane mol 
ecule. 
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 speci?c, being 
directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations 
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Which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. The 
modi?er “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 ?rst described by Kohler et al., Nature 
256:495 (1975), or may be made by recombinant DNA 
methods (see, e.g., US. Pat. No. 4,816,567). 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 production of 
high af?nity (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 
(Waterhouse et al., Nuc. Acids. Res., 21:2265—2266 (1993)). 
Thus, these techniques are viable alternatives to traditional 
monoclonal antibody hybridoma techniques for isolation of 
monoclonal antibodies. 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 (J H) gene in chimeric and germ-line mutant mice 
results in complete inhibition of endogenous antibody pro 
duction. 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., Jakobovits et al., Proc. Natl. Acad. Sci. USA, 
902551 (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). 

The monoclonal antibodies herein speci?cally 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 (US. 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 (L1), 50—56 
(L2) and 89—97 (L3) 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 Polypeptides 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 (L1), 50—52 (L2) and 91—96 (L3) in the light chain 
variable domain and 26—32 (H1), 53—55 (H2) and 96—101 
(H3) in the heavy chain variable domain; Chothia and Lesk 
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J. Mol. Biol. 196:901—917 (1987)). “Framework” or “FR” 
residues are those variable domain residues other than the 
hypervariable region residues as herein de?ned. The CDR 
and FR residues of the rhuMAb HER2 antibody of the 
example beloW (humAb4D5—8) are identi?ed in Carter et 
al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992). 
“HumaniZed” 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 speci?city, af?nity, and capacity. In some 
instances, Fv frameWork region (FR) residues of the human 
immunoglobulin 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 modi?cations are made to further 
re?ne 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), typically that of a human immunoglobulin. 
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-?t” 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 frameWork (FR) for the humaniZed 
antibody (Sims et al., J. Immunol, 15112296 (1993); 
Chothia et al., J. Mol. Biol., 196:901 (1987)). Another 
method uses a particular frameWork derived from the con 
sensus 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 in?uence 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 
characteristic, such as increased af?nity for the target 
antigen(s), is achieved. In general, the CDR residues are 
directly and most substantially involved in in?uencing anti 
gen binding. 
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“Antibody fragments” comprise a portion of a full length 
antibody, generally the antigen binding or variable region 
thereof. Examples of antibody fragments include Fab, Fab‘, 
F(ab‘)2, and Fv fragments; diabodies; linear antibodies; 
single-chain antibody molecules; and multispeci?c antibod 
ies formed from antibody fragments. Various techniques 
have been developed for the production of antibody frag 
ments. Traditionally, these fragments Were derived via pro 
teolytic 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 anti 
body 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)). In another embodiment, 
the F(ab‘)2 is formed using the leucine Zipper GCN4 to 
promote assembly of the F(ab‘)2 molecule. 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. “Single-chain 
Fv” or “sFv” antibody fragments comprise the VH and VL 
domains of antibody, Wherein these domains are present in 
a single polypeptide chain. Generally, the EV polypeptide 
further comprises a polypeptide linker betWeen the VH and 
VL domains Which enables the sFv to form the desired 
structure for antigen binding. For a revieW of sFv 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 are 
described more fully in, for example, EP 404,097; WO 
93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA 
90:6444—6448 (1993). 

The expression “linear antibodies” When used throughout 
this application refers to the antibodies described in Zapata 
et al. Polypeptide Eng. 8(10):1057—1062 (1995). Brie?y, 
these antibodies comprise a pair of tandem Fd segments 
(VH-CHl-VH-CHl) Which form a pair of antigen binding 
regions. Linear antibodies can be bispeci?c or monospeci?c. 

“Multispeci?c antibodies” have binding speci?cities for 
at least tWo different epitopes, Where the epitopes are usually 
from different antigens. While such molecules normally Will 
only bind tWo antigens (i.e. bispeci?c antibodies, BsAbs), 
antibodies With additional speci?cities such as trispeci?c 
antibodies are encompassed by this expression When used 
herein. Examples of BsAbs include those With one arm 
directed against a tumor cell antigen and the other arm 
directed against a cytotoxic trigger molecule such as anti 
FcyRI/anti-CD15, anti-p185HER2/FcyRIII (CD16), anti 
CD3/anti-malignant B-cell (1D10), anti-CD3/anti 
p185HER2, anti-CD3/anti-p97, anti-CD3/anti-renal cell 
carcinoma, anti-CD3/anti-OVCAR-3, anti-CD3/L-D1 (anti 
colon carcinoma), anti-CD3/anti-melanocyte stimulating 
hormone analog, anti-EGF receptor/anti-CD3, anti-CD3/ 
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anti-CAMA1, anti-CD3/anti-CD 19, anti-CD3/MoV18, anti 
neural cell adhesion molecule (NCAM)/anti-CD3, anti 
folate binding protein (FBP)/anti-CD3, anti-pan carcinoma 
associated antigen (AMOC-31)/anti-CD3; BsAbs With one 
arm Which binds speci?cally to a tumor antigen and one arm 
Which binds to a toxin such as anti-saporin/anti-Id-1, anti 
CD22/anti-saporin, anti-CD7/anti-saporin, anti-CD38/anti 
saporin, anti-CEA/anti-ricin Achain, anti-interferon-ot(IFN 
ot)/anti-hybridoma idiotype, anti-CEA/anti-vinca alkaloid; 
BsAbs for converting enZyme activated prodrugs such as 
anti-CD30/anti-alkaline phosphatase (Which catalyZes con 
version of mitomycin phosphate prodrug to mitomycin 
alcohol); BsAbs Which can be used as ?brinolytic agents 
such as anti-?brin/anti-tissue plasminogen activator (tPA), 
anti-?brin/anti-urokinase-type plasminogen activator (uPA); 
BsAbs for targeting immune complexes to cell surface 
receptors such as anti-loW density lipoprotein (LDL)/anti-Fc 
receptor (e.g. FcyRI, or FcyRIII); BsAbs for use in therapy 
of infectious diseases such as anti-CD3/anti-herpes simplex 
virus (HSV), anti-T-cell receptor:CD3 complex/anti 
in?uenZa, anti-FcyR/anti-HIV; BsAbs for tumor detection in 
vitro or in vivo such as anti-CEA/anti-EOTUBE, anti-CEA/ 
anti-DPTA, anti-p185HER2/anti-hapten; BsAbs as vaccine 
adjuvants; and BsAbs as diagnostic tools such as anti-rabbit 
IgG/anti-ferritin, anti-horse radish peroxidase (HRP)/anti 
hormone, anti-somatostatin/anti-substance P, anti-RP/anti 
FITC, anti-CEA/anti-[3-galactosidase. Examples of trispe 
ci?c antibodies include anti-CD3/anti-CD4/anti-CD37, anti 
D3/anti-CD5/anti-CD37 and anti-CD3/anti-CD8/anti 
CD37. Bispeci?c antibodies can be prepared as full length 
antibodies or antibody fragments (e.g. F(ab‘)2 bispeci?c 
antibodies). 
Methods for making bispeci?c antibodies are knoWn in 

the art. Traditional production of full length bispeci?c anti 
bodies is based on the coexpression of tWo immunoglobulin 
heavy chain-light chain pairs, Where the tWo chains have 
different speci?cities (Millstein et al., Nature, 305 :537—539 
(1983)). Because of the random assortment of immunoglo 
bulin heavy and light chains, these hybridomas (quadromas) 
produce a potential mixture of 10 different antibody 
molecules, of Which only one has the correct bispeci?c 
structure. Puri?cation of the correct molecule, Which is 
usually done by af?nity 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., EMBO J., 10:3655—3659 (1991). 
According to a different approach, antibody variable 

domains With the desired binding speci?cities (antibody 
antigen combining sites) are fused to immunoglobulin con 
stant domain sequences. The fusion preferably is With an 
immunoglobulin heavy chain constant domain, comprising 
at least part of the hinge, CH2, and CH3 regions. It is 
preferred to have the ?rst heavy-chain constant region 
(CH1) containing the site necessary for light chain binding, 
present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy chain fusions and, if desired, the 
immunoglobulin light chain, are inserted into separate 
expression vectors, and are co-transfected into a suitable 
host organism. This provides for great ?exibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments When unequal ratios of the three polypeptide 
chains used in the construction provide the optimum yields. 
It is, hoWever, possible to insert the coding sequences for 
tWo or all three polypeptide chains in one expression vector 
When the expression of at least tWo polypeptide chains in 
equal ratios results in high yields or When the ratios are of 
no particular signi?cance. 
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In a preferred embodiment of this approach, the bispeci?c 
antibodies are composed of a hybrid immunoglobulin heavy 
chain With a ?rst binding speci?city in one arm, and a hybrid 
immunoglobulin heavy chain-light chain pair (providing a 
second binding speci?city) in the other arm. It Was found 
that this asymmetric structure facilitates the separation of the 
desired bispeci?c compound from unWanted immunoglobu 
lin chain combinations, as the presence of an immunoglo 
bulin light chain in only one half of the bispeci?c molecule 
provides for a facile Way of separation. This approach is 
disclosed in WO 94/04690. For further details of generating 
bispeci?c antibodies see, for example, Suresh et al.,Methods 
in Enzymology, 121:210 (1986). 
According to another approach described in WO 

96/27011, the interface betWeen a pair of antibody mol 
ecules 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 CH3 domain of an antibody constant domain. In this 
method, one or more small amino acid side chains from the 
interface of the ?rst antibody molecule are replaced With 
larger side chains (e.g. tyrosine or tryptophan). Compensa 
tory “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 (eg alanine or threonine). This provides a 
mechanism for increasing the yield of the heterodimer over 
other unWanted end-products such as homodimers. 

Bispeci?c 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 (US. 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. Suitable cross-linking agents are Well knoWn in the 
art, and are disclosed in US. Pat. No. 4,676,980, along With 
a number of cross-linking techniques. 

Techniques for generating bispeci?c antibodies from anti 
body fragments have also been described in the literature. 
For example, bispeci?c 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 disul?de 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 mercaptoet 
hylamine and is mixed With an equimolar amount of the 
other Fab‘-TNB derivative to form the bispeci?c antibody. 
The bispeci?c 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 E. coli, Which can be chemically 
coupled to form bispeci?c antibodies. Shalaby et al.,]. Exp. 
Mea'., 175: 217—225 (1992) describe the production of a 
fully humaniZed bispeci?c antibody F(ab‘)2 molecule. Each 
Fab‘ fragment Was separately secreted from E. coli and 
subjected to directed chemical coupling in vitro to form the 
bispeci?c antibody. 

Various techniques for making and isolating bispeci?c 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispeci?c antibodies 
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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—15 6448 (1993) has provided an alternative 
mechanism for making bispeci?c 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 VL domains of 
one fragment are forced to pair With the complementary VL 
and VH domains of another fragment, thereby forming tWo 
antigen-binding sites. 
Another strategy for making bispeci?c antibody frag 

ments by the use of single-chain Fv (sFv) dimers has also 
been reported. See Gruber et al., J. Immunol, 152:5368 
(1994). 

Antibodies With more than tWo valencies are contem 
plated. For example, trispeci?c antibodies can be prepared. 
Tutt et al. J. Immunol. 147: 60 (1991). 
The phrase “ion exchange material” refers to a solid phase 

Which is negatively charged (ie a cation exchange resin) or 
positively charged (ie an anion exchange resin). The charge 
may be provided by attaching one or more charged ligands 
to the solid phase, eg by covalent linking. Alternatively, or 
in addition, the charge may be an inherent property of the 
solid phase (eg as is the case for silica, Which has an overall 
negative charge). 
By “solid phase” is meant a non-aqueous matrix to Which 

one or more charged ligands can adhere. The solid phase 
may be a puri?cation column, a discontinuous phase of 
discrete particles, a membrane, or ?lter etc. Examples of 
materials for forming the solid phase include polysaccha 
rides (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 of the above. 
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, BAKERBOND ABXTM, sulphopropyl (SP) 
immobiliZed on agarose (e.g. SP-SEPHAROSE FAST 
FLOWTM or SP-SEPHAROSE HIGH PERFORMANCETM, 
from Pharmacia) and sulphonyl immobiliZed on agarose 
(e.g. S-SEPHAROSE FAST FLOWTM from Pharmacia). 
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 
DEXTM and FAST Q SEPHAROSETM (Pharmacia). 
A “buffer” is a solution that resists changes in pH by the 

action of its acid-base conjugate components. Various buff 
ers 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 of Bu?rers in Biological Systems, 
Gueffroy, D., Ed. Calbiochem Corporation (1975). In one 
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embodiment, the buffer has a pH in the range from about 5 
to about 7 (eg as in Example 1 below). Examples of buffers 
that Will control the pH in this range include MES, MOPS, 
MOPSO, 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 contaminants 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 contaminants) is/are bound to the ion exchange 
resin. 

The “intermediate buffer” is used to elute one or more 
contaminants 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 the con 
taminant is eluted from the ion exchange resin, but not 
signi?cant 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 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. 

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 contaminants and the polypeptide of interest 
from the ion exchange resin. 

The term “conductivity” refers to the ability of an aqueous 
solution to conduct an electric current betWeen tWo elec 
trodes. In solution, the current ?oWs by ion transport. 
Therefore, With an increasing amount of ions present in the 
aqueous solution, the solution Will have a higher conduc 
tivity. The unit of measurement for conductivity is mmhos 
(mS/cm), and can be measured using a conductivity meter 
sold, e.g., by Orion. The conductivity of a solution may be 
altered by changing the concentration of ions therein. For 
example, the concentration of a buffering agent and/or 
concentration of a salt (eg NaCl or KCl) in the solution may 
be altered in order to achieve the desired conductivity. 
Preferably, the salt concentration of the various buffers is 
modi?ed to achieve the desired conductivity as in the 
Example beloW. 
By “purifying” a polypeptide from a composition com 

prising the polypeptide and one or more contaminants is 
meant increasing the degree of purity of the polypeptide in 
the composition by removing (completely or partially) at 
least one contaminant from the composition. A“puri?cation 
step” may be part of an overall puri?cation process resulting 
in a “homogeneous” y composition, Which is used herein to 
refer to a composition comprising at least about 70% by 
Weight of the polypeptide of interest, based on total Weight 
of the composition, preferably at least about 80% by Weight. 

Unless indicated otherWise, the term “HERZ” When used 
herein refers to human HER2 protein and “HERZ” refers to 
human HER2 gene. The human HER2 gene and HER2 
protein are described in Semba et al., PNAS (USA) 
82:6497—6501 (1985) and Yamamoto et al. Nature 
319:230—234 (1986) (Genebank accession number 
X03363), for example. 

The term “humMAb4D5—8” When used herein refers to a 
humaniZed anti-HER2 antibody comprising the light chain 
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amino acid sequence of SEQ ID NO:1 and the heavy chain 
amino acid sequence of SEQ ID NO:2 or amino acid 
sequence variants thereof Which retain the ability to bind 
HER2 and inhibit groWth of tumor cells Which overexpress 
HER2 (see US. Pat. No. 5,677,171; expressly incorporated 
herein by reference). 
The “pI” or “isoelectric point” of a polypeptide refer to 

the pH at Which the polypeptide’s positive charge balances 
its negative charge. pI can be calculated from the net charge 
of the amino acid residues of the polypeptide or can be 
determined by isoelectric focussing (eg using CSx chro 
matography as in the Example beloW). 
By “binding” a molecule to an ion exchange material is 

meant exposing the molecule to the ion exchange material 
under appropriate conditions (pH/conductivity) such that the 
molecule is reversibly immobiliZed in or on the ion 
exchange material by virtue of ionic interactions betWeen 
the molecule and a charged group or charged groups of the 
ion exchange material. 
By “Washing” the ion exchange material is meant passing 

an appropriate buffer through or over the ion exchange 
material. 

To “elute” a molecule (e.g. polypeptide or contaminant) 
from an ion exchange material is meant to remove the 
molecule therefrom by altering the ionic strength of the 
buffer surrounding the ion exchange material such that the 
buffer competes With the molecule for the charged sites on 
the ion exchange material. 

“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. 
A “disorder” is any condition that Would bene?t from 

treatment With the polypeptide puri?ed as described herein. 
This includes chronic and acute disorders or diseases includ 
ing those pathological conditions Which predispose the 
mammal to the disorder in question. 
The Word “label” When used herein refers to a detectable 

compound or composition Which is conjugated directly or 
indirectly to the polypeptide. The label may be itself be 
detectable (e.g., radioisotope labels or ?uorescent labels) or, 
in the case of an enZymatic label, may catalyZe chemical 
alteration of a substrate compound or composition Which is 
detectable. 
The term “cytotoxic agent” as used herein refers to a 

substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to 
include radioactive isotopes (e.g. I131, I125, y90 and Re186), 
chemotherapeutic agents, and toxins such as enzymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
fragments thereof. 
A “chemotherapeutic agent” is a chemical compound 

useful in the treatment of cancer. Examples of chemothera 
peutic agents include adriamycin, doxorubicin, epirubicin, 
5-?uorouracil, cytosine arabinoside (“Ara-C”), 
cyclophosphamide, thiotepa, busulfan, cytoxin, taxoids, e.g. 
paclitaxel (TAXOLTM, Bristol-Myers Squibb Oncology, 
Princeton, N.J.), and doxetaxel, toxotere, methotrexate, 
cisplatin, melphalan, vinblastine, bleomycin, etoposide, 
ifosfamide, mitomycin C, mitoxantrone, vincristine, 
vinorelbine, carboplatin, teniposide, daunomycin, 
carminomycin, aminopterin, dactinomycin, mitomycins, 
esperamicins (see US. Pat. No. 4,675,187), melphalan and 
other related nitrogen mustards. Also included in this de? 
nition are hormonal agents that act to regulate or inhibit 
hormone action on tumors, such as tamoxifen and onapris 
tone. 
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MODES FOR CARRYING OUT THE 
INVENTION 

The invention herein provides a method for purifying a 
polypeptide from a composition (eg an aqueous solution) 
comprising the polypeptide and one or more contaminants. 
The composition is generally one resulting from the recom 
binant production of the polypeptide, but may be that 
resulting from production of the polypeptide by peptide 
synthesis (or other synthetic means) or the polypeptide may 
be puri?ed from a native source of the polypeptide. Prefer 
ably the polypeptide is an antibody, eg one Which binds the 
HER2 antigen. 

For recombinant production of the polypeptide, the 
nucleic acid encoding it is isolated and inserted into a 
replicable vector for further cloning (ampli?cation of the 
DNA) or for expression. DNA encoding the polypeptide is 
readily isolated and sequenced using conventional proce 
dures (e.g., Where the polypeptide is an antibody by using 
oligonucleotide probes that are capable of binding speci? 
cally to genes encoding the heavy and light chains of the 
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 (eg as described 
in US. Pat. No. 5,534,615, speci?cally incorporated herein 
by reference). 

Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher 
eukaryote cells described above. Suitable prokaryotes for 
this purpose include eubacteria, such as Gram-negative or 
Gram-positive organisms, for example, Enterobacteriaceae 
such as Escherichia, e.g., E. coli, Enterobacter, ErWinia, 
Klebsiella, Proteus, Salmonella, e.g., Salmonella 
typhimurium, Serratia, e.g., Serratia marcescans, and 
Shigella, as Well as Bacilli such as B. subtilis and B. 

licheniformis (e.g., B. licheniformis 41P disclosed in DD 
266,710 published Apr. 12, 1989), Pseudomonas such as P 
aeruginosa, and Streptomyces. One preferred E. coli cloning 
host is E. coli 294 (ATCC 31,446), although other strains 
such as E. coli B,E. c0li X1776 (ATCC 31,537), and E. coli 
W3110 (ATCC 27,325) are suitable. These examples are 
illustrative rather than limiting. 

In addition to prokaryotes, eukaryotic microbes such as 
?lamentous fungi or yeast are suitable cloning or expression 
hosts for polypeptide encoding vectors. Saccharomyces 
cerevisiae, or common baker’s yeast, is the most commonly 
used among loWer eukaryotic host microorganisms. 
HoWever, 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., K. 
lactis, K. fragilis (ATCC 12,424), K. bulgaricus (AT CC 
16,045), K. wickeramii (ATCC 24,178), K. waltii (AT CC 
56,500), K. drosophilarum (ATCC 36,906), K. 
thermotolerans, and K. marxianus; yarroWia (EP 402,226); 
Pichia pastoris (EP 183,070); Candida; Trichoa'erma reesia 
(EP 244,234); Neurospora crassa; SchWanniomyces such as 
Schwanniomyces occidentalis; and ?lamentous fungi such 
as, e.g., Neurospora, Penicillium, Tolypocladium, 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 insect cells. 
Numerous baculoviral strains and variants and correspond 
ing permissive insect host cells from hosts such as 
Spodoptera frugipera'a (caterpillar), Aedes aegypti 
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(mosquito), Aea'es albopictus (mosquito), Drosophila mela 
nogaster (fruit?y), and Bombyx mori have been identi?ed. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-1 variant ofAutographa 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, corn, 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 host cell lines are monkey kidney CV1 line trans 
formed by SV40 (COS-7, ATCC CRL 1651); human embry 
onic kidney line (293 or 293 cells subcloned for groWth in 
suspension culture, Graham et al., J. Gen ‘Tirol. 36:59 
(1977)); baby hamster kidney cells (BHK, ATCC CCL 10); 
Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al., 
Proc. Natl. Acad. Sci. USA 77:4216 (1980)); 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 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 (W138, 
ATCC CCL 75); human liver cells (Hep G2, HB 8065); 
mouse mammary tumor (MMT 060562, ATCC CCL51); 
TRI cells (Mather et al., Annals NY Acad. Sci. 383:44—68 
(1982)); MRC 5 cells; FS4 cells; and a human hepatoma line 
(Hep G2). 

Host cells are transformed With the above-described 
expression or cloning vectors for polypeptide production 
and cultured in conventional nutrient media modi?ed as 
appropriate for inducing promoters, selecting transformants, 
or amplifying the genes encoding the desired sequences. 
The host cells used to produce the polypeptide of this 

invention may be cultured in a variety of media. Commer 
cially available media such as Ham’s F10 (Sigma), Minimal 
Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), 
and Dulbecco’s Modi?ed Eagle’s Medium ((DMEM), 
Sigma) are suitable for culturing the host cells. In addition, 
any of the media described in Ham et al., Meth. Enz. 58:44 
(1979), Barnes et al.,Anal. Biochem. 102:255 (1980), US. 
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 US. 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 phosphate), 
buffers (such as HEPES), nucleotides (such as adenosine and 
thymidine), antibiotics (such as GENTAMYCINTM drug), 
trace elements (de?ned as inorganic compounds usually 
present at ?nal concentrations in the micromolar range), and 
glucose or an equivalent energy source. Any other necessary 
supplements may also be included at appropriate concen 
trations 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. 
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 ?rst step, the particulate debris, 
either host cells or lysed cells (e.g. resulting from 
homogenization), is removed, for example, by centrifuga 

Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 373 of 636 PageID #: 441



US 6,417,335 B1 
17 

tion or ultra?ltration. Where the polypeptide is secreted into 
the medium, supernatants from such expression systems are 
generally ?rst concentrated using a commercially available 
protein concentration ?lter, for example, an Amicon or 
Millipore Pellicon ultra?ltration unit. 

The polypeptide is then subjected to one or more puri? 
cation steps, including the ion exchange chromatography 
method as claimed herein. Examples of additional puri?ca 
tion procedures Which may be performed prior to, during, or 
folloWing the ion exchange chromatography method include 
fractionation on a hydrophobic interaction chromatography 
(eg on phenyl sepharose), ethanol precipitation, isoelectric 
focusing, Reverse Phase HPLC, chromatography on silica, 
chromatography on HEPARIN SEPHAROSETM, further 
anion exchange chromatography and/or further cation 
exchange chromatography, chromatofocusing, SDS-PAGE, 
ammonium sulfate precipitation, hydroxylapatite 
chromatography, gel electrophoresis, dialysis, and af?nity 
chromatography (eg using protein A, protein G, an 
antibody, a speci?c substrate, ligand or antigen as the 
capture reagent). 

Ion exchange chromatography is performed as claimed 
herein. A decision is ?rst made as to Whether an anion or 

cation exchange resin is to be employed. In general, a cation 
exchange resin may be used for polypeptides With pIs 
greater than about 7 and an anion exchange resin may be 
used for polypeptides With pIs less than about 7. 

The anion or cation exchange resin is prepared according 
to knoWn methods. Usually, an equilibration buffer is passed 
through the ion exchange resin prior to loading the compo 
sition comprising the polypeptide and one or more contami 
nants onto the resin. Conveniently, the equilibration buffer is 
the same as the loading buffer, but this is not required. 

The various buffers used for the chromatography depend, 
for example, on Whether a cation or anion exchange resin is 
employed. This is shoWn more clearly in the How diagrams 
of FIGS. 1 and 2. 

With particular reference to FIG. 1, Which shoWs exem 
plary steps to be performed Where a cation exchange resin is 
used, the pH and/or conductivity of each buffer is/are 
increased relative to the preceding buffer, except for the 
Wash buffer Where the conductivity and/or pH is/are less 
than the conductivity and/or pH of the preceding interme 
diate buffer. The aqueous solution comprising the polypep 
tide of interest and contaminant(s) is loaded onto the cation 
exchange resin using the loading buffer that is at a pH and/or 
conductivity such that the polypeptide and the contaminant 
bind to the cation exchange resin. As in the Example beloW, 
the loading buffer may be at a ?rst loW conductivity (eg 
from about 5.2 to about 6.6 mmhos). An exemplary pH for 
the loading buffer may be about 5.0 (see FIG. 1). From about 
20 mg/mL to about 35 mg/mL of the polypeptide (eg of a 
full length antibody) may, for example, be loaded on the ion 
exchange resin. 

The cation exchange resin is then Washed With an inter 
mediate buffer Which is at a second conductivity and/or pH 
so as to essentially elute the contaminant, but not a substan 
tial amount of the polypeptide of interest. This may be 
achieved by increasing the conductivity or pH, or both, of 
the intermediate buffer. The change from loading buffer to 
intermediate buffer may be step-Wise or gradual as desired. 
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In the Example herein, the intermediate buffer had a greater 
conductivity than that of the loading buffer (i.e. the inter 
mediate buffer’s conductivity Was in the range from about 
7.3 to about 8.4 mmhos). Alternatively, as shoWn in FIG. 1, 
the pH of the intermediate buffer may exceed that of the 
loading buffer in this embodiment of the invention, Where a 
cation exchange resin is used. For example, the intermediate 
buffer may have a pH of about 5.4. 

FolloWing Washing With the intermediate buffer, the cat 
ion exchange resin is Washed or re-equilibrated With the 
Wash buffer Which has a conductivity or pH, or both, Which 
is/are less than that of the intermediate buffer (i.e. the 
conductivity, or pH, or both, is/are changed in an opposite, 
i.e. reverse, direction to the preceding step, unlike ion 
exchange chromatography steps in the literature). In the 
Example beloW, the Wash buffer had about the same con 
ductivity as the loading buffer (i.e. in the range from about 
5.2 to about 6.6 mmhos) and its conductivity Was, therefore, 
less than that of the intermediate buffer. In another 
embodiment, one may reduce the conductivity of the Wash 
buffer to a conductivity that is less than, or greater than, that 
of the loading buffer, provided the conductivity of the Wash 
buffer is less than that of the intermediate buffer. In another 
embodiment, the pH of the Wash buffer may be less than the 
pH of the intermediate buffer (eg the pH of the Wash buffer 
may about 5.0). The change in conductivity and/or pH of the 
Wash buffer compared to the intermediate buffer may be 
achieved by step-Wise or gradual change of either or both of 
these parameters. 

After the Wash step of the preceding paragraph, the cation 
exchange resin is prepared for elution of the desired 
polypeptide molecule therefrom. This is achieved using an 
elution buffer that has a pH and/or conductivity such that the 
desired polypeptide no longer binds to the cation exchange 
resin and therefore is eluted therefrom. The pH and/or 
conductivity of the elution buffer generally exceed(s) the pH 
and/or conductivity of the loading buffer, the intermediate 
buffer and the Wash buffer used in the previous steps. In the 
Example beloW, the conductivity of the elution buffer Was in 
the range from about 10.0 to about 11.0 mmhos. 
Alternatively, or in addition, the pH of the elution buffer may 
be increased relative to the Wash buffer and to the interme 
diate buffer (for example, the pH of the elution buffer may 
about 6.0). The change in conductivity and/or pH may be 
step-Wise or gradual, as desired. Hence, the desired polypep 
tide is retrieved from the cation exchange resin at this stage 
in the method. 

In an alternative embodiment, the ion exchange material 
comprises an anion exchange resin. This embodiment of the 
invention is depicted in FIG. 2 herein. As illustrated in this 
?gure, the changes in conductivity are generally as 
described above With respect to a cation exchange resin. 
HoWever, the direction of change in pH is different for an 
anion exchange resin. For example, if elution of the 
contaminant(s) and polypeptide are to be achieved by alter 
ing pH, the loading buffer has a ?rst pH and the pH is 
decreased in the intermediate buffer so as to elute the 

contaminant or contaminants. In the third step, the column 
is Washed/re-equilibrated With the Wash buffer and the 
change in conductivity or pH, or both, is in the opposite 
direction to that of the previous step. Hence, the pH may be 
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increased in the Wash buffer, compared to the intermediate 
buffer. Following this step, the polypeptide of interest is 
eluted from the anion exchange resin using an elution buffer 
at a fourth conductivity and/or pH. If pH is altered, it Will 
normally be less than the pH of the loading buffer, the 
intermediate buffer and the Wash buffer. The change in pH 
and/or conductivity in progressive buffers can, as explained 
above, be step-Wise or gradual. 

In the preferred embodiment of the invention, a single 
parameter (i.e. either conductivity or pH) is changed to 
achieve elution of both the polypeptide and contaminant, 
While the other parameter (i.e. pH or conductivity, 
respectively) remains about constant. For example, While the 
conductivity of the various buffers (loading buffer, interme 
diate buffer, Wash buffer and/or elution buffer) may differ, 
the pH’s thereof may be essentially the same. 

In an optional embodiment of the invention, the ion 
exchange resin is regenerated With a regeneration buffer 
after elution of the polypeptide, such that the column can be 
re-used. Generally, the conductivity and/or pH of the regen 
eration buffer is/are such that substantially all contaminants 
and the polypeptide of interest are eluted from the ion 
exchange resin. Generally, the regeneration buffer has a very 
high conductivity for eluting contaminants and polypeptide 
from the ion exchange resin. 

The method herein is particularly useful for resolving a 
polypeptide molecule of interest from at least one 
contaminant, Where the contaminant and polypeptide mol 
ecule of interest differ only slightly in ionic charge. For 
example, the pIs of the polypeptide and contaminant may be 
only “slightly different”, for example they may differ by 
only about 0.05 to about 0.2 pI units. In the Example beloW, 
this method-could be used to resolve an anti-HER2 antibody 
having a pI of 8.87, from a singly-deamidated variant 
thereof having a pI of 8.79. Alternatively, the method may 
be used to resolve a deamidated DNase, for example, from 
nondeamidated DNase. In another embodiment, the method 
may be used. to resolve a polypeptide from a glycosylation 
variant thereof, eg for resolving a variant of a polypeptide 
having. a different distribution of sialic acid compared to the 
nonvariant polypeptide. 

The polypeptide preparation obtained according to the ion 
exchange chromatography method herein may be subjected 
to additional puri?cation steps, if necessary. Exemplary 
further puri?cation steps have been discussed above. 

Optionally, the polypeptide is conjugated to one or more 
heterologous molecules as desired. The heterologous mol 
ecule may, for example, be one Which increases the serum 
half-life of the polypeptide (e.g. polyethylene glycol, PEG), 
or it may be a label (eg an enZyme, ?uorescent label and/or 

radionuclide) or a cytotoxic molecule (eg a toxin, chemo 
therapeutic drug, or radioactive isotope etc). 
A therapeutic formulation comprising the polypeptide, 

optionally conjugated With a heterologous molecule, may be 
prepared by mixing the polypeptide having the desired 
degree of purity With optional pharmaceutically acceptable 
carriers, excipients or stabiliZers (Remington’s Pharmaceu 
tical Sciences 16th edition, Osol, A. Ed. (1980)), in the form 
of lyophiliZed formulations or aqueous solutions. “Pharma 
ceutically acceptable” carriers, excipients, or stabiliZers are 
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nontoxic to recipients at the dosages and concentrations 
employed, and include buffers such as phosphate, citrate, 
and other organic acids; antioxidants including ascorbic acid 
and methionine; preservatives (such as octadecyldimethyl 
benZyl ammonium chloride; hexamethonium chloride; ben 
Zalkonium chloride, benZethonium 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; proteins, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as 
polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalqse 
or sorbitol; salt-forming counter-ions such as sodium; metal 
complexes (e.g., Zn-protein complexes); and/or non-ionic 
surfactants such as TWEENTM, PLURONICSTM or polyeth 
ylene glycol (PEG). The humMAb4D5—8 antibody of par 
ticular interest herein may be prepared as a lyophiliZed 
formulation, eg as described in WO 97/04801; expressly 
incorporated herein by reference. 
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 
effective for the purpose intended. For example, for an 
anti-HER2 antibody a chemotherapeutic agent, such as a 

taxoid or tamoxifen, may be added to the formulation. 

The active ingredients 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 
(methylmethacylate) microcapsule, respectively, in colloidal 
drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, nano-particles and 
nanocapsules) or in macroemulsions. Such techniques are 
disclosed in Remington’s Pharmaceutical Sciences 16th 

edition, Osol, A. Ed. (1980). 
The formulation to be used for in vivo administration 

must be sterile. This is readily accomplished by ?ltration 
through sterile ?ltration 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., ?lms, or microcapsule. Examples of 
sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate), or poly 
(vinylalcohol)), polylactides (US. Pat. No. 3,773,919), 
copolymers of L-glutamic acid and y ethyl-L-glutamate, 
non-degradable ethylene-vinyl acetate, degradable lactic 
acid-glycolic acid copolymers such as the LUPRON 
DEPOTTM (inj ectable microspheres composed of lactic acid 
glycolic acid copolymer and leuprolide acetate), and poly 
D-(—)-3-hydroxybutyric acid. 
The polypeptide puri?ed as disclosed herein or the com 

position comprising the polypeptide and a pharmaceutically 
acceptable carrier is then used for various diagnostic, thera 
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peutic or other uses known for such polypeptides and 
compositions. For example, the polypeptide may be used to 
treat a disorder in a mammal by administering a therapeu 
tically effective amount of the polypeptide to the mammal. 

The following examples are offered by Way of illustration 
and not by Way of limitation. The disclosures of all citations 
in the speci?cation are expressly incorporated herein by 
reference. 

EXAMPLE 1 

Full length human-IgG rhuMAb HER2 (humAb4D5—8 in 
Carter et al. Proc. Natl. Acad. Sci. 89: 4285—4289 (1992) 
comprising the light chain amino acid sequence of SEQ ID 
NO:1 and heavy chain amino acid sequence of SEQ ID 
NO:2) Was produced recombinantly in CHO cells. FolloW 
ing protein production and secretion to the cell culture 
medium, the CHO cells Were separated from the cell culture 
medium by tangential ?oW ?ltration (PROSTACKTM). Pro 
tein A chromatography Was then performed by applying the 
Harvested Cell Culture Fluid (HCCF) from the CHO cells 
directly to an equilibrated PROSEP ATM column 
(Bioprocessing, Ltd). 

FolloWing Protein A chromatography, cation exchange 
chromatography Was performed using a sulphopropyl (SP) 
SEPHAROSE FAST FLOWTM (SPSFF) column 
(Pharmacia) to further separate the desired anti-HER2 anti 
body molecule. The chromatography operation Was per 
formed in bind and elute mode. 

The SPSFF column Was prepared for load by sequential 
Washes With regeneration buffer (0.025 M MES/1.0 M NaCl, 
pH 5 .6) folloWed by equilibration buffer (0.025 M MES/50 
mM NaCl, pH 5.6). The column Was then loaded With 
Protein Apool adjusted to a pH of 5601005 and a conduc 
tivity of 5.8102 mmhos. Prior to elution, the column Was 
Washed in three steps: (1) loading buffer (0.025 M MES/50 
mM NaCl, pH 5.6) for a minimum of 1 column volume; (2) 
intermediate buffer (0.025 M MES/70 mM NaCl, pH 5.6) 
until an apex of a 280 nm peak Was reached; and (3) Wash 
buffer (0.025 M MES/50 mM NaCl, pH 5 .6) for a minimum 
of 1.2 column volumes. rhuMAb HER2 Was then eluted 
from the column With elution buffer (0.025 M MES/95 mM 
NaCl, pH 5 .6). The elution 280 nm pro?le has a shoulder on 
the leading edge (FIG. 3). At the in?ection point of this 
shoulder, pooling starts and continues for an additional 5 
column volumes. The column Was. then regenerated With 

regeneration buffer (0.025 M MES/1.0 M NaCl, pH 5.6). 

MATERIALS AND METHODS 

Column and Load Preparation: A reduced-scale SPSFF 
column Was packed. The dimensions Were: 27.0 mL volume, 
1.0 cm diameter and 34.5 cm bed height. The pH of an 
aliquot of Protein A pool Was titered to 5.6 With 1.5 M Tris 
base. The conductivity of the pool Was reduced by the 
addition of an equal volume of sterile Water for injection 

(SWFI). 
Chromatography: The chromatography runs for this study 

Were performed With Pharmacia’s UNICORNTM FPLC sys 
tem. The equilibration, load, and initial Wash steps Were 
performed at a linear ?oW rate of 200 cm/h. All chromatog 
raphy steps Were performed at a linear ?oW rate of 100 cm/h. 
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The sequence of chromatography steps are de?ned in Table 
1. A total of six chromatography runs Were performed With 
load densities of 15, 20, 25, 30, 35, and 40 mg of rhuMAb 
HER2 per mL of SPSFF resin. 

TABLE 1 

Chromatography Steps1 

Chromatography Approximate 
Step Buffer Endpoint 

Equilibration: 0.025 M MES/1.0 M NaCl, pH 5.6 2 CV2 
Part 1 
Equilibration: 0.025 M MES/0.05 M NaCl, pH 5.6 pH: 5.6 r 0.1 
Part 2 Cond.: 

5.8 r 0.2 

mmhos 
Load Adjusted Protein A Pool As Required 
Wash 1 0.025 M MES/0.05 M NaCl, pH 5.6 1.5 CV 
Wash 2 0.025 M MES/0.07 M NaCl, pH 5.6 Apex of Peak 
Wash 3 0.025 M MES/0.05 M NaCl, pH 5.6 2 CV 
Elution: Prepool 0.025 M MES/0.095 M NaCl, pH 5.6 To Leading 

Shoulder’s 
Inflection 
Point 

(~1.2 CV) 
Elution: Pool 0.025 M MES/0.095 M NaCl, pH 5.6 5 CV 
Regeneration 0.025 M MES/1.0 M NaCl, pH 5.6 2 CV 

1The equilibration of the resin Was performed in manual mode; the 
remaining steps Were executed from a Pharmacia Unicorn Program. 
2CV = column volume(s). 

Total Protein: The protein concentration of each chroma 
tography fraction (?oW through, Wash steps, elution prepool, 
elution pool, and regeneration) Was determined by spectro 
phometric scans of each sample. The results Were used to 
calculate product recovery yields. The extinction coef?cient 
for rhuMAb HER2 is 1.45. Calculations used to derive the 

results (FIG. 4) are: 

280 nm 
Protein Concentration (mg/mL) : >< Dilution Factor 

Protein Mass (mg) in Each Fraction=Protein Concentra 
tion (mg/mL)><Fraction Volume (mL) 

Fraction Mass (mg) 
Y‘ 1d ‘7 = i 
16 ( 0) Total Mass (mg) 

Determination of rhuMAb HER2 Antibody Variants (CSx 
HPIEX): The rhuMAb HER2 SPSFF chromatography col 
umn resolves antibody variants. Fractions from each of the 
study chromatographies Were tested for the relative amount 
of variant antibody by CSx HPIEX chromatography. A 
BAKERBOND WIDE-PORETM CSx HPIEX column (4.6x 
250 mm) Was run at 1 mL/min at 55° C. The mobile phase 
Was formed from a tertiary gradient (Table 2). 

TABLE 2 

Gradient Scheme 

Time (min) % A % B % C 

0-Initial Conditions 49 1 50 
10.0 40 10 50 
50.0 33 17 50 
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TABLE 2-continued 

Gradient Scheme 

Time (min) % A % B % C 

50.2 49 1 50 
70.0 49 1 50 

The column is run at 1 mL/min at 55° C. 

The Abuffer was 0.025 M MES, pH 5.9; the B buffer was 
1 M Ammonium Acetate, pH 7.0; and the C solution was 
sterile water for injection. The column was equilibrated with 
the gradient’s initial conditions (49% A; 1% B; and 50% C) 
and 200 pl of sample, diluted with SWFI and contain 
ing<300 pg protein, was injected. Each resulting chromato 
gram was integrated to determine the percent area of each 

peak for each fraction (Table 3 and FIG. 5). 

TABLE 3 

CSx HPIEX analysis of rhuMAb HER2 

CSx Peak rhuMAb HER2 Variant 

a & b Light Chain: Asn —> Asp3U deamidation 
and 
Other unidenti?able variation by tryptic map 

1 Light Chain: Asn —> Asp3U deamidation 
3 Fully Processed Antibody 
4 Heavy Chain: Asp —> Iso-Asp102 

and/or 
Heavy Chain: An Additional Lys45D 

Others Heavy Chain: Asp —> Succinimide 
and/or 
Multiple permulations found in Peaks 1 and 4 

Chromatograms Compared: The absorbance data (AU 
280 nm) from each chromatography ?le was exported from 
Unicorn in ASCII format. The data from the 0.025 M 
MES/0.07 M NaCl, pH 5.6 wash was translated into Excel 
format and copied into KALEIDAGRAPHTM. Using 
KALEIDAGRAPHTM, the wash pro?les were overlaid (FIG. 
6) and compared to each other. 

RESULTS AND DISCUSSION 

Deamidated and other acidic variants of rhuMAb HER2 
were produced when the antibody was made by recombinant 
DNA technology (see e.g., CSx peaks a, b and 1 in FIG. 5). 
The deamidated and other acidic variants constituted about 
25% (calculated as area under the integrated curve or pro?le 
obtained by CSx chromatography) of the composition 
obtained from the initial Protein A chromatography step. It 
was discovered that the ion exchange method described 
herein could be used to substantially reduce the amount of 
deamidated and other acidic variants in the anti-HER2 
composition, i.e. to about 13% or less (i.e. the amount of 
acidic variants in the preparation subjected to cation 
exchange chromatography as described herein was 
decreased by about 50% or more). 
An absorbance trace from a cation exchange column run 

performed as described above is shown in FIG. 3. This 
method resolved a deamidated variant of anti-HER2 anti 
body that differed only slightly from nondeamidated anti 
HER2 antibody. The increase in conductivity from the initial 
conditions to the intermediate wash began to elute the 
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deamidated anti-HER2 antibody. However, continued wash 
ing at this conductivity was found to elute nondeamidated 
anti-HER2 antibody, resulting in a loss of product. Proceed 
ing directly from the intermediate buffer to the elution buffer 
was observed to result in either an unacceptably low 

removal of deamidated anti-HER2 antibody from the prod 
uct if pooling began early or unacceptably low yields of 
anti-HER2 antibody product if pooling was delayed until the 
deamidated anti-HER2 antibody was reduced. It was dis 

covered that by going back to lower conductivity as used 
initially, the elution of deamidated anti-HER2 antibody 
continued, without signi?cant anti-HER2 antibody product 
elution. 

The effect of rhuMAb HER2 load on (a) buffer 

requirements, (b) product recovery in the pool, and (c) 
product quality in the pool was evaluated. 

At load densities of 15 mg/mL up to 35 mg/mL, the 
product yield in the elution pool is approximately 75%. For 
the load density of 40 mg/mL, the product yield in the pool 
dropped to 65% (FIG. 4). This reduced recovery in the pool 
is largely attributed to an increased antibody in the two wash 
steps (at 70 mM NaCl and 50 mM NaCl, respectively). 

The quality of rhuMAb HER2 in all the elution pools is 
equivalent as determined by CSx HPIEX analysis (FIG. 5). 
Compared to the load material; there is an enrichment of the 
nondeamidated antibody (Peak 3), no change in the amount 
Iso-Asp‘lO2 or Lys450 antibody (Peak 4), and a reduction of 
the amount of Asp3O deamidated antibody (Peaks a, b, 1 and 

others). 
The quality of rhuMAb HER2 in these cation pools is 

improved through the intermediate wash step. As the mass 
of rhuMAb HER2 bound to the resin increases, the inter 
mediate buffer volume consumption needed to reach the 
apex of the 280 nm peak decreases. The buffer volume 
required for a 40 mg/mL load density is approximately 2.5 
column volumes. The buffer volume required for a 15 
mg/mL load density is approximately 15 column volumes. 
The exact increase of buffer requirement is not linear with 
the 5 mg/mL incremental changes between these two 
extremes. The greatest increase is seen between the load 
densities of 20 mg/mL and 15 mg/mL. Here the requirement 
doubles from 7.5 column volumes to the previously men 
tioned 15 column volumes of buffer. If the apex of the 70 
mM NaCl wash peak is reached, however, the product 
quality is equivalent for any of load densities examined. 

This study determined how much rhuMAb HER2 can be 
loaded onto the SPSFF resin. Between the ranges of 15 to 40 
mg of antibody per mL of resin, there is no difference in the 
quality of rhuMAb HER2 recovered in the elution pool. The 
quantity of rhuMAb HER2 recovered, however, is reduced 
by approximately 10% when the resin is loaded with greater 
than 35 mg/mL. For consistent yields it is recommended that 
35 mg/mL be set as the maximum load for manufacture of 
rhuMAb HER2. Furthermore, due to the substantial increase 
in the 70 mM NaCl wash volume requirement between the 
20 and 15 mg/mL; it is recommended that 20 mg/mL be set 
as the minimal load for manufacture of rhuMAb HER2. 
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PROTEIN PURIFICATION 

This is a, non-provisional application claiming priority 
under 35 USC §119 to provisional application No. 60/084, 
459 ?led May 6, 1998, the entire disclosure of Which is 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to protein puri?cation. In 

particular, the invention relates to a method for purifying a 
polypeptide (eg an antibody) from a composition compris 
ing the polypeptideand at least one contaminant using the 
method of ion exchange chromatography. 

2. Description of Related Art 
The large-scale, economic puri?cation 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 protein of interest by insertion of a 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 factors, usually supplied from preparations of 
animal serum. Separation of the desired protein from the 
mixture of compounds fed to the cells and from the 
by-products of the cells themselves to a purity suf?cient for 
use as a human therapeutic poses a formidable challenge. 

Procedures for puri?cation 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 surrounding groWth media; others are made 
intracellularly. For the latter proteins, the ?rst step of a 
puri?cation 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 subcellular fragments that are 
dif?cult to remove due to their small siZe. These are gener 
ally removed by differential centrifugation or by ?ltration. 
The same problem arises, although on a smaller scale, With 
directly secreted proteins due to the natural death of cells 
and release of intracellular host cell proteins in the course of 
the protein production run. 

Once a clari?ed solution containing the protein of interest 
has been obtained, its separation from the other proteins 
produced by the cell is usually attempted using a combina 
tion of different chromatography techniques. These tech 
niques separate mixtures of proteins on the basis of their 
charge, degree of hydrophobicity, or siZe. Several different 
chromatography resins are available for each of these 
techniques, alloWing accurate tailoring of the puri?cation 
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 physical separation that increases as they pass 
further doWn the column, or to adhere selectively to the 
separation medium, being then differentially eluted by dif 
ferent solvents. In some cases, the desired protein is sepa 
rated from impurities When the impurities speci?cally 
adhere to the column, and the protein of interest does not, 
that is, the protein of interest is present in the “How 
through”. 

Ion exchange chromatography is a chromatographic tech 
nique that is commonly used for the puri?cation of proteins. 
In ion exchange, chromatography, charged patches on the 
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2 
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 
altering 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. 

SUMMARY OF THE INVENTION 

The present invention provides an ion exchange chro 
matographic method Wherein a polypeptide of interest is 
bound to the ion exchange material at an initial conductivity 
or pH and then the ion exchange material is Washed With an 
intermediate buffer at a different conductivity or pH, or both. 
At a speci?c point folloWing this intermediate Wash, and 
contrary to ion exchange chromatography standard practice, 
the ion exchange material is Washed With a Wash buffer 
Where the change in conductivity or pH, or both, from the 
intermediate buffer to the Wash buffer is in an opposite 
direction to the change in conductivity or pH, or both, 
achieved, in the previous steps. Only after Washing With the 
Wash buffer, is the ion exchange material prepared for the 
polypeptide molecule of interest to be eluted by the appli 
cation of the elution buffer having a conductivity or pH, or 
both, Which differ from the conductivity or pH, or both, of 
the buffers used in previous steps. 

This novel approach to ion exchange chromatography is 
particularly useful in situations Where a product molecule 
must be separated from a very closely related contaminant 
molecule at full manufacturing scale, Where both purity and 
high recovery of polypeptide product are desired. 

Accordingly, the invention provides a method for purify 
ing a polypeptide from a composition comprising the 
polypeptide and a contaminant, Which method comprises the 
folloWing steps performed sequentially: 

(a) binding the polypeptide to an ion exchange material 
using a loading buffer, Wherein the loading buffer is at 
a ?rst conductivity and pH; 

(b) Washing the ion exchange material With an interme 
diate buffer at a second conductivity and/or pH so as to 
elute the contaminant from the ion exchange material; 

(c) Washing the ion exchange material With a Wash buffer 
Which is at a third conductivity and/or pH, Wherein the 
change in conductivity and/or pH from the intermediate 
buffer to the Wash buffer is in an opposite direction to 
the change in conductivity and/or pH from the loading 
buffer to the intermediate buffer; and 

(d) Washing the ion exchange material With an elution 
buffer at a fourth conductivity and/or pH so as to elute 
the polypeptide from the ion exchange material. The 
?rst conductivity and/or pH may be the same as the 
third conductivity and/or pH. 

Where the ion exchange material comprises a cation 
exchange resin, the conductivity and/or pH of the interme 
diate buffer is/are preferably greater than the conductivity 
and/or pH of the loading buffer; the conductivity and/or pH 
of the Wash buffer is/are preferably less than the conductivity 
and/or pH of the intermediate buffer; and the conductivity 
and/or pH of the elution buffer is/are preferably greater than 
the conductivity and/or pH of the intermediate buffer. 
Preferably, the conductivity and/or pH of the Wash buffer 
is/are about the same as the conductivity and/or pH of the 
loading buffer. 
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Preferably elution of the contaminant and of the polypep 
tide is achieved by modifying the conductivity of the inter 
mediate buffer and of the elution buffer, respectively, While 
keeping the pH of these buffers approximately the same. 

The invention also provides a method for purifying a 
polypeptide from a composition comprising the polypeptide 
and a contaminant, Which method comprises the folloWing 
steps performed sequentially: 

(a) binding the polypeptide to a cation exchange material 
using a loading buffer, Wherein the loading buffer is at 
a ?rst conductivity and pH; 

(b) Washing the cation exchange material With an inter 
mediate buffer at a second conductivity and/or pH 
Which is greater than that of the loading buffer so as to 
elute the contaminant from the ion exchange material; 

(c) Washing the cation exchange material With a Wash 
buffer Which is at a third conductivity and/or pH Which 
is less than that of the intermediate buffer; and 

(d) Washing the cation exchange material With an elution 
buffer at a fourth conductivity and/or pH Which is 
greater than that of the intermediate buffer so as to elute 
the polypeptide from the ion exchange material. 

In addition, the invention provides a method for purifying 
an antibody from a composition comprising the antibody 
and a contaminant, Which method comprises loading the 
composition onto a cation exchange resin, Wherein the 
amount of antibody loaded onto the cation exchange resin is 
from about 20 mg to about 35 mg of the antibody per mL of 
cation exchange resin and, optionally, further comprising 
eluting the antibody from the cation exchange resin. The 
method preferably further comprises an intermediate Wash 
step for eluting one or more contaminants from the ion 
exchange resin. This intermediate Wash step usually pre 
cedes the step of eluting the antibody. 

The invention further provides a composition comprising 
a mixture of anti-HER2 antibody and one or more acidic 
variants thereof, Wherein the amount of the acidic variant(s) 
in the composition is less than about 25% and preferably less 
than about 20%, eg in the range from about 1% to about 
18%. Optionally, the composition further comprises a phar 
maceutically acceptable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How diagram shoWing hoW one could perform 
cation exchange chromatography by altering conductivity 
(eg to the NaCl concentrations of Example 1 beloW) or by 
altering pH (eg to the pH values as shoWn in the How 
diagram). 

FIG. 2 is a How diagram shoWing hoW one could perform 
anion exchange; chromatography by altering conductivity 
(eg to the NaCl concentrations as depicted in the ?gure) or 
by altering pH (eg to the pH values as shoWn). 

FIG. 3 is an absorbance trace from a cation exchange 
chromatography run of Example 1 at full manufacturing 
scale. Points at Which the column is Washed With the 
different buffers described herein are marked With arroWs. 

FIG. 4 depicts recombinant humaniZed anti-HER2 mono 
clonal antibody (rhuMAb HER2) recovered in each chro 
matography fraction (calculated as the percentage of the sum 
total of all fractions of the relevant chromatography). FloW 
through, Wash steps, and prepool fractions: are all ef?uent 
samples collected from the onset of load to the initiation of 
pooling. The pool fraction is the ?ve column volume ef?uent 
sample of elution starting at the leading shoulder’s in?ection 
point. The regeneration fraction contains ef?uent captured 
from the end of pooling to the end of regeneration. 
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4 
FIG. 5 shoWs the quality of rhuMAb HER2 in each cation 

exchange chromatography pool sample as evaluated by 
carboxy sulfon cation exchange high pressure liquid chro 
matography (CSx HPIEX). Peaks a, b, and 1 are deamidated 
forms of rhuMAb HER2. Peak 3 is nondeamidated rhuMAb 
HER2. Peak 4 is a combination of C-terminal Lysine con 
taining and iso-aspartate variants of rhuMAb HER2. 

FIG. 6 shoWs the absorbance (280 nm) pro?les of the 
0.025 M MES/0.070 M NaCl, pH 5.6 Wash for each chro 
matography. The mass of rhuMAb HER2 applied to the 
cation exchange resin effects the peak’s absorbance level at 
the apex as Well as the amount of buffer required to reach the 
apex. Due to minor peaks Which occur (as best seen in the 
30 mg/mL load) in this Wash, the apex is de?ned as 
absorbance levels of at least 0.5 absorbance units (AU). 

FIGS. 7A and 7B shoW the amino acid sequences of 
humMAb4D5-8 light chain (SEQ ID NO:1) and 
humMAb4D5-8 heavy chain (SEQ ID NO:2), respectively. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

De?nitions 
The “composition” to be puri?ed herein comprises the 

polypeptlide of interest and one or more contaminants. The 
composition may be “partially puri?ed” (i.e. having been 
subjected to one or more puri?cation steps, such as Protein 
A Chromatography as in Example 1 beloW) or may be 
obtained directly from a host cell or organism producing the 
polypeptide (eg the composition may comprise harvested 
cell culture ?uid). 
As used herein, “polypeptide” refers generally to peptides 

and proteins having more than about ten amino acids. 
Preferably, the polypeptide is a mammalian protein, 
examples of Which include renin; a groWth hormone, includ 
ing human groWth hormone and bovine groWth hormone; 
groWth hormone releasing factor; parathyroid hormone; 
thyroid stimulating hormone; lipoproteins; alpha-1 
antitrypsin; insulin A-chain; insulin B-chain; proinsulin; 
follicle stimulating hormone; calcitonin; luteiniZing hor 
mone; 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 in?ammatory 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); ?broblast 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-[31, TGF-[32, TGF-[33, TGF-[34, or TGF-[35; 
insulin-like groWth factor-I and -II (IGF-I and IGF-II); 
des(1-3)-IGF-I (brain IGF-I), insulin-like groWth factor 
binding proteins (IGFBPs); CD proteins such as CD3, CD4, 
CD8, CD19 and CD20; erythropoietin; osteoinductive fac 
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tors; 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; superox 
ide 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 
CD11a, CD11b, CD11c, CD18, an ICAM, VLA-4 and 
VCAM; a tumor associated antigen such as HER2, HER3 or 
HER4 receptor; and fragments and/or variants of any of the 
above-listed polypeptides. Most preferred is a full length 
antibody that binds human HER2. 
A “contaminant” is a material that is different from the 

desired polypeptide product. The contaminant may be a 
variant of the desired polypeptide (e. g. a deamidated variant 
or an aminoaspartate variant of the desired polypeptide) or 
another polypeptide, nucleic acid, endotoxin etc. 

A“variant” or “amino acid sequence variant” of a starting 
polypeptide is a polypeptide that comprises an amino acid 
sequence different from that of the starting polypeptide. 
Generally, a variant Will possess at least 80% sequence 
identity, preferably at least 90% sequence identity, more 
preferably at least 95% sequence identity, and most prefer 
ably at least 98% sequence identity With the native polypep 
tide. Percentage sequence identity is determined, for 
example, by the Fitch et al., Proc. Natl. Acad. Sci. USA 
80:1382—1386 (1983), version of the algorithm described by 
Needleman et al., J. Mol. Biol. 48:443—453 (1970), after 
aligning the sequences to provide for maximum homology. 
Amino acid sequence variants of a polypeptide may be 
prepared by introducing appropriate nucleotide changes into 
DNA encoding the polypeptide, or by peptide synthesis. 
Such variants include, for example, deletions from, and/or 
insertions into and/or substitutions of, residues Within the 
amino acid sequence of the polypeptide of interest. Any 
combination of deletion, insertion, and substitution is made 
to arrive at the ?nal construct, provided that the ?nal 
construct possesses the desired characteristics. The amino 
acid changes also may alter post-translational processes of 
the polypeptide, such as changing the number or position of 
glycosylation sites. Methods for generating amino acid 
sequence variants of polypeptides are described in US. Pat. 
No. 5,534,615, expressly incorporated herein by reference, 
for example. 
An “acidic variant” is a variant of a polypeptide of interest 

Which is more acidic (e.g. as determined by cation exchange 
chromatography) than the polypeptide of interest. An 
example of an acidic variant is a deamidated variant. 
A “deamidated” variant of a polypeptide molecule is a 

polypeptide Wherein one or more asparagine residue(s) of 
the original polypeptide have been converted to aspartate, 
i.e. the neutral amide side chain has been converted to a 
residue With an overall acidic character. Deamidated 
humMAb4D5 antibody from the Example beloW has Asn30 
in CDR1 of either or both of the VL regions thereof 
converted to aspartate. The term “deamidated human 
DNase” as used herein means human DNase that is deami 
dated at the asparagine residue that occurs at position 74 in 
the amino acid sequence of native mature human DNase 
(US. Pat. No. 5,279,823; expressly incorporated herein by 
reference). 

The term “mixture” as used herein in reference to a 
composition comprising an anti-HER2 antibody, means the 
presence of both the desired anti-HER2 antibody and one or 
more acidic variants thereof. The acidic variants may com 
prise predominantly deamidated anti-HER2 antibody, With 
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6 
minor amounts of other acidic variant(s). It has been found, 
for example, that in preparations of anti-HER2 antibody 
obtained from recombinant expression, as much as about 
25% of the anti-HER2 antibody is deamidated. 

In preferred embodiments of the invention, the polypep 
tide is a recombinant polypeptide. A “recombinant polypep 
tide” is one Which has been produced in a host cell Which has 
been transformed or transfected With nucleic acid encoding 
the polypeptide, or produces the polypeptide as a result of 
homologous recombination. “Transformation” and “trans 
fection” are used interchangeably to refer to the process of 
introducing nucleic acid into a cell. Following transforma 
tion or transfection, the nucleic acid may integrate into the 
host cell genome, or may exist as an extrachromosomal 
element. The “host cell” includes a cell in in vitro cell 
culture as Well a cell Within a host animal. Methods for 
recombinant production of polypeptides are described in 
US. Pat. No. 5,534,615, expressly incorporated herein by 
reference, for example. 
The term “antibody” is used in the broadest sense and 

speci?cally covers monoclonal antibodies (including full 
length monoclonal antibodies), polyclonal antibodies, mul 
tispeci?c antibodies (e.g., bispeci?c antibodies), and anti 
body fragments so long as they exhibit the desired biological 
activity. 
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 bene?t in that mammal. HoWever, antibodies directed 
against nonpolypeptide antigens (such as tumor-associated 
glycolipid antigens; see US. 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 polypep 
tides discussed above. Preferred molecular targets for anti 
bodies encompassed by the present invention include CD 
polypeptides such as CD3, CD4, CD8, CD19, CD20 and 
CD34; members of the HER receptor family such as the 
EGF receptor, HER2, HER3 or HER4 receptor; cell adhe 
sion molecules such as LFA-1, Mac1, p150,95, VLA-4, 
ICAM-1, VCAM and av/b3 integrin including either a or b 
subunits thereof (e.g. anti-CD11a, anti-CD18 or anti-CD11b 
antibodies); groWth factors such as VEGF; IgE; blood group 
antigens; ?k2/?t3 receptor; obesity (OB) receptor; mpl 
receptor; CTLA-4; polypeptide C etc. Soluble antigens or 
fragments thereof, optionally conjugated 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 mol 
ecule. 
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 speci?c, 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 
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modi?er “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 ?rst described by Kohler et al., Nature 
256:495 (1975), or may be made by recombinant DNA 
methods (see, e.g., US. Pat. No. 4,816,567). 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 production of 
high af?nity (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 
(Waterhouse et al., Nuc. Acids. Res., 21:2265—2266 (1993)). 
Thus, these techniques are viable alternatives to traditional 
monoclonal antibody hybridoma techniques for isolation of 
monoclonal antibodies. 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 (J H) gene in chimeric and germ-line mutant mice 
results in complete inhibition of endogenous antibody pro 
duction. 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., Jakobovits et al., Proc. Natl. Acad. Sci. USA, 
902551 (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). 

The monoclonal antibodies herein speci?cally 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 (US. 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 (L1), 50—56 
(L2) and 8997 (L3) 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 Polypept ides 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 (L1), 50—52 (L2) and 91—96 (L3) in the light chain 
variable domain and 26—32 (H1), 53—55 (H2) and 96—101 
(H3) 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 de?ned. The CDR 
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and FR residues of the rhuMAb HER2 antibody of the 
example beloW (humAb4D5-8) are identi?ed in Carter et al., 
Proc. Natl. Acad. Sci. USA, 89:4285 (1992). 

“HumaniZed” forms of non-human (e.g., murine) anti 
bodies are chimeric antibodies that contain minimal 
sequence derived from nonhuman 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 speci?city, af?nity, and capacity. In some 
instances, Fv frameWork region (FR) residues of the human 
immunoglobulin 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 modi?cations are made to further 
re?ne antibody performance. In general the humaniZed 
antibody Will comprise substantially all of at leastone, 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 immunoglbbulin constant 
region (Fc), typically that of a human immunoglobulin. 
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-?t” 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 frameWork (FR) for the humaniZed 
antibody (Sims et al., J. Immunol, 151:2296 (1993); 
Chothia et al., J. Mol. Biol., 196:901 (1987)). Another 
method uses a particular frameWork derived from the con 
sensus 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 in?uence 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 
characteristic, such as increased af?nity for the target 
antigen(s), is achieved. In general, the CDR residues are 
directly and most substantially involved in in?uencing anti 
gen binding. 

“Antibody fragments” comprise a portion of a full length 
antibody, generally the antigen binding or variable region 
thereof. Examples of antibody fragments include Fab, Fab‘, 
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F(ab‘)2, and Fv fragment’s; diabodies; linear antibodies; 
single-chain antibody molecules; and multispeci?c antibod 
ies formed from antibody fragments. Various techniques 
have been developed for the production of antibody frag 
ments. Traditionally, these fragments Were derived via pro 
teolytic 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 anti 
body fragments can be isolated from the antibody phage 
libraries discussed above. Alternatively, Fab40 -SH frag 
ments 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)). In another embodiment, 
the F(ab‘)2 is formed using the leucine Zipper GCN4 to 
promote assembly of the F(ab‘)2 molecule. 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. “Single-chain 
Fv” or “sFv” antibody, fragments comprise the VH and VL 
domains of antibody, Wherein these domains are present in 
a single polypeptide chain. Generally, the Fv polypeptide 
further comprises a polypeptide linker betWeen the VH and 
VL domains Which enables the sFv to form the desired 
structure for antigen binding. For a revieW of sFv 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 are 
described more fully in, for example, EP 404,097; WO 
93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA 
90:6444—6448 (1993). 

The expression “linear antibodies” When used throughout 
this application refers to the antibodies described in Zapata 
et al. Polypeptide Eng. 8(10):1057—1062 (1995). Brie?y, 
these antibodies comprise a pair of tandem Fd segments 
(VH—CH1—VH—CH1) Which form a pair of antigen bind 
ing regions. Linear antibodies can be bispeci?c or mono 
speci?c. 

“Multispeci?c antibodies” have binding speci?cities for 
at least tWo different epitopes, Where the epitopes are usually 
from different antigens. While such molecules normally Will 
only bind tWo antigens (i.e. bispeci?c antibodies, BsAbs), 
antibodies With additional speci?cities such as trispeci?c 
antibodies are encompassed by this expression When used 
herein. Examples of BsAbs include those With one arm 
directed against a tumor cell antigen and the other arm 
directed against a cytotoxic trigger molecule such as anti 
FcyRI/anti-CD15, anti-p185HER2/FcyRIII (CD16), anti 
CD3/anti-malignant B-cell (1D10), anti-CD3/anti 
p185HER2, anti-CD3/anti-p97, anti-CD3/anti-renal cell 
carcinoma, anti-CD3/anti-OVCAR-3, anti-CD3/L-D1 (anti 
colon carcinoma), anti-CD3/anti-melanocyte stimulating 
hormone analog, anti-EGF receptor/anti-CD3, anti-CD3/ 
anti-CAMA1, anti-CD3/anti-CD19, anti-CD3/MoV18, anti 
neural cell ahesion molecule (NCAM)/anti-CD3, anti-folate 
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10 
binding protein. (FBP)/anti-CD3, anti-pan carcinoma asso 
ciated antigen (AMOC-31)/anti-CD3; BsAbs With one arm 
Which binds speci?cally to a tumor-antigen and one arm 
Which binds to a toxin such as anti-saporin/anti-Id-1, anti 
CD22/anti-saporin, anti-CD76/anti-saporin, anti-CD38/anti 
saporin, anti-CEA/anti-ricin Achain, anti-interferon-ot(IFN 
ot)/anti-hybridoma idiotype, anti-CEA/anti-vinca alkaloid; 
BsAbs for converting enZyme activated prodrugs such as 
anti-CD30/anti-alkaline phosphatase (Which catalyZes con 
version of mitomycin phosphate prodrug to mitomycin 
alcohol); BsAbs Which can be used as ?brinolytic agents 
such as anti-?brin/anti-tissue plasminogen activator (tPA), 
anti-?brin/anti-urokinase-type plasminogen activator (uPA); 
BsAbs for targeting immune complexes to cell surface 
receptors such as anti-loW density lipoprotein (LDL)/anti-Fc 
receptor (e.g. FcyRI, or FcyRIII); BsAbs for use in therapy 
of infectious diseases such as anti-CD3/anti-herpes simplex 
virus (HSV), anti-T-cell receptor:CD3complex/anti 
in?uenza, anti-FcyR/anti-HIV; BsAbs for tumor detection in 
vitro or in vivo such as anti-CEA/anti-EOTUBE, anti-CEA/ 
anti-DPTA, anti-p185HER2/anti-hapten; BsAbs as vaccine 
adjuvants; and BsAbs as diagnostic tools such as anti-rabbit 
IgG/anti-ferritin, anti-horse radish peroxidase (HRP)/anti 
hormone, anti-somatostatin/anti-substance P, antiHRP/anti 
FITC, anti-CEA/anti-[3-galactosidase. Examples of trispe 
ci?c antibodies include anti-CD3/anti-CD4/anti-CD37, anti 
CD3/anti-CD5/anti-CD37 and anti-CD3/anti-CD8/anti 
CD37. Bispeci?c antibodies can be prepared as full length 
antibodies or antibody fragments (e.g. F(ab‘)2 bispeci?c 
antibodies). 
Methods for making bispeci?c antibodies are knoWn in 

the art. Traditional production of full length bispeci?c anti 
bodies is based on the coexpression of tWo immunoglobulin 
heavy chain-light chain pairs, Where the tWo chains have 
different speci?cities (Millstein et al., Nature, 305 :537—539 
(1983)). Because of the random assortment of immunoglo 
bulin heavy and light chains, these hybridomas (quadromas) 
produce a potential mixture of 10 different antibody 
molecules, of Which only one has the correct bispeci?c 
structure. Puri?cation of the correct molecule, Which is 
usually done by af?nity 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., EMBO J., 10:3655—3659 (1991). 
According to a different approach, antibody variable 

domains With the .desired binding speci?cities (antibody 
antigen combining sites) are fused to immunoglobulin con 
stant domain sequences. The fusion preferably is With an 
immunoglobulin heavy chain constant domain, comprising 
at least part of the hinge, CH2, and CH3 regions. It is 
preferred to have the ?rst heavy-chain constant region 
(CH1) containing the site necessary for light chain binding, 
present .in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy chain fusions and, if desired, the 
immunoglobulin light chain, are inserted into separate 
expression vectors, and are co-transfected into a suitable 
host organism. This provides for great ?exibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments When unequal ratios of the three polypeptide 
chains used in the construction provide the optimum yields. 
It is, hoWever, possible to insert the coding sequences for 
tWo or all three polypeptide chains in one expression vector 
When the expression of at least tWo polypeptide chains in 
equal ratios results in high yields or When the ratios are of 
no particular signi?cance. 

In a preferred embodiment of this approach, the bispeci?c 
antibodies are composed of a hybrid immunoglobulin heavy 
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chain With a ?rst binding speci?city in one arm, and a hybrid 
immunoglobulin heavy chain-light chain pair (providing a 
second binding speci?city) in the other arm. It Was found 
that this asymmetric structure facilitates the separation of the 
desired bispeci?c compound from unWanted immunoglobu 
lin chain combinations, as the presence of an immunoglo 
bulin light chain in only one half of the bispeci?c molecule 
provides for a facile Way of separation. This approach is 
disclosed in WO 94/04690. For further details of generating 
bispeci?c antibodies see, for example, Suresh et al.,Methods 
in Enzymology, 121:210 (1986). 

According to another approach described in WO96/ 
27011, the interface betWeen a pair of antibody molecules 
can be engineered to maximiZe the percentage of het 
erodimers Which are recovered from recombinant cell cul 
ture. The preferred interface comprises at least a part of the 
C H3 domain of an antibody constant domain. In this method, 
one or more small amino acid side chains from the interface 
of the ?rst 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 
(eg alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unWanted 
end-products such as homodimers. 

Bispeci?c 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 (US. 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. Suitable cross-linking agents are Well knoWn in the 
art, and are disclosed in US. Pat. No. 4,676,980, along With 
a number of cross-linking techniques. 

Techniques for generating bispeci?c antibodies from anti 
body fragments have also been described in the literature. 
For example, bispeci?c 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 disul?de 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 mercaptoet 
hylamine and is mixed With an equimolar amount of the 
other Fab‘-TNB derivative to form the bispeci?c antibody. 
The bispeci?c 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 E. coli, Which can be chemically 
coupled to form bispeci?c antibodies. Shalaby et al.,J. Exp. 
Mea'., 175: 217—225 (1992) describe the production of a 
fully humaniZed bispeci?c antibody F(ab‘)2 molecule. Each 
Fab fragment Was separately secretedfrom E. coli and sub 
jected to directed chemical coupling in vitro to form the 
bispeci?c antibody. 

Various techniques for making and isolating bispeci?c 
antibody fragments directly from recombinant cell culture 
have also been described. For example, bispeci?c 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 
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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 technol 
ogy described by Hollinger et al., Proc. Natl. Acad. Sci. 
USA, 90:6444—6448 (1993) has provided an alternative 
mechanism for making bispeci?c 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 VL domains of 
one fragment are forced to pair With the complementary VL 
and VH domains of another fragment, thereby forming tWo 
antigen-binding sites. Another strategy for making bispeci?c 
antibody fragments by the use of single-chain Fv (sFv) 
dimers has also been reported. See Gruber et al., J. 
Immunol, 152:5368 (1994). 

Antibodies With more than tWo valencies are contem 
plated. For example, trispeci?c antibodies can be prepared. 
Tutt et al. J. Immunol. 147: 60 (1991). 
The phrase “ion exchange material” refers to a solid phase 

Which is negatively charged (i.e. a cation exchange resin) or 
positively charged (i.e. an anion exchange resin). The charge 
may be provided by attaching one or more charged ligands 
to the solid phase, eg by covalent linking. Alternatively, or 
in addition, the charge may be an inherent property of the 
solid phase (eg as is the case-for silica, Which has an overall 
negative charge). 
By “solid phase” is meant a non-aqueous matrix to Which 

one or more charged ligands can adhere. The solid phase 
may be a puri?cation column, a discontinuous phase of 
discrete particles, a membrane, or ?lter etc. Examples of 
materials for forming the solid phase include polysaccha 
rides (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 of the above. 
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-ihethyl 
cellulose, BAKERBOND ABXTM, sulphopropyl (SP) 
immobiliZed on agarose (e.g. SP-SEPHAROSE FAST 
FLOWTM or SP-SEPHAROSE HIGH PERFORMANCETM, 
from Pharmacia) and sulphonyl immobiliZed on agarose 
(e.g. S-SEPHAROSE FAST FLOWTM from Pharmacia). 
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 
DEXTM and FAST Q SEPHAROSETM (Pharmacila). 
A “buffer” is a solution that resists changes in pH by the 

action of its acid-base conjugate components. Various buff 
ers 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 of Bu?rers in Biological Systems, 
Gueffroy, D., Ed. Calbiochem Corporation (1975). In one 
embodiment, the buffer has a pH in the range from about 5 
to about 7 (e. g. as in Example 1 beloW). Examples of buffers 
that Will control the pH in this range include MES, MOPS, 
MOPSO, phosphate, acetate, citrate, succinate, and ammo 
nium buffers, as Well as combinations of these. 
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The “loading buffer” is that Which is used to load the 
composition comprising the polypeptide molecule of inter 
est and one or more contaminants 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 contaminants) is/are bound to the ion exchange 
resin. 

The “intermediate buffer” is used to elute one or more 
contaminants 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 the con 
taminant is eluted from the ion exchange resin, but not 
signi?cant 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 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 elutibn 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 
substantially all contaminants and the polypeptide of interest 
from the ion exchange resin. 

The term “conductivity” refers to the ability of an aqueous 
solution to conduct an electric current betWeen tWo elec 
trodes. In solution, the current ?oWs by ion transport. 
Therefore, With an increasing amount of ions present in the 
aqueous solution, the solution Will have a higher conduc 
tivity. The unit of measurement for conductivity is mmhos 
(mS/cm), and can be measured using a conductivity meter 
sold, e.g., by Orion. The conductivity of a solution may be 
altered by changing the concentration of ions therein. For 
example, the concentration of a buffering agent and/or 
concentration of a salt (eg NaCl or KCl) in the solution may 
be altered in order to achieve the desired conductivity. 
Preferably, the salt concentration of the various buffers is 
modi?ed to achieve the desired conductivity as in the 
Example beloW. 
By “purifying” a polypeptide from a composition com 

prising the polypeptide and one or more contaminants is 
meant increasing the degree of purity of the polypeptide in 
the composition by removing (completely or partially) at 
least one contaminant from the composition. A“puri?cation 
step” may be part of an overall puri?cation process resulting 
in a “homogeneous” composition, Which is used herein to 
refer to a composition comprising at least about 70% by 
Weight of the polypeptide of interest, based on total Weight 
of the composition, preferably at least about 80% by Weight. 

Unless indicated otherWise, the term “HERZ” When used 
herein refers to human HER2 protein and “HERZ” refers to 
human HER2 gene. The human HER2 gene and HER2 
protein are described in Semba et al., PNAS (USA) 
82:6497—6501 (1985) and Yamamoto et al. Nature 
319:230—234 (1986) (Genebank accession number 
X03363), for example. 

The term “humMAb4D5-8” When used herein refers to a 
humaniZed anti-HER2 antibody comprising the light chain 
amino acid sequence of SEQ ID NO:1 and the heavy chain 
amino acid sequence of SEQ ID NO:2 or amino acid 
sequence variants thereof Which retain the ability to bind 
HER2 and inhibit groWth of tumor cells Which overexpress 
HER2 (see US. Pat. No. 5,677,171; expressly incorporated 
herein by reference). 
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The “pI” or “isoelectric point” of a polypeptide refer to 

the pH at Which the polypeptide’s positive charge balances 
its negative charge pI can be calculated from the net charge 
of the amino acid residues of the polypeptide or can be 
determined by isoelectric focussing (eg using CSx chro 
matography as in the Example beloW). 
By “binding” a molecule to an ion exchange material is 

meant exposing the molecule to the ion exchange material 
under appropriate conditions (pH/conductivity) such that the 
molecule is reversibly immobiliZed in or on the ion 
exchange material by virtue of ionic interactions betWeen 
the molecule and a charged group or charged groups of the 
ion exchange material. 
By “Washing” the ion exchange material is meant passing 

an appropriate buffer through or over the ion exchange 
material. 

To “elute”l a molecule (e.g. polypeptide or contaminant) 
from an ion exchange material is meant to remove the 
molecule therefrom by altering the ionic strength of the 
buffer surrounding the ion exchange material such that the 
buffer competes With the molecule for the charged sites on 
the ion exchange material. 

“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. 
A “disorder” is any condition that Would bene?t from 

treatment With the polypeptide puri?ed as described herein. 
This includes chronic and acute disorders or diseases includ 
ing those pathological conditions Which predispose the 
mammal to the disorder in question. 
The Word “label” When used herein refers to a detectable 

compounder composition Which is conjugated directly or 
indirectly to the polypeptide. The label may be itself be 
detectable (e.g., radioisotope labels or ?uorescent labels) or, 
in the case of an enZymatic label, may catalyZe chemical 
alteration of a substrate compound or composition Which is 
detectable. 
The term “cytotoxic agent” as used herein refers to a 

substance that inhibits or prevents the function of cells 
and/or causes destruction of cells. The term is intended to 
include radioactive isotopes (e.g. I131, I125, Y90 and Re186), 
chemotherapeutic agents, and toxins such as enZymatically 
active toxins of bacterial, fungal, plant or animal origin, or 
fragments thereof. 
A “chemotherapeutic agent” is a chemical compound 

useful in the treatment of cancer. Examples of chemothera 
peutic agents include adriamycin, doxorubicin, epirubicin, 
5-?uorouracil, cytosine arabinoside (“Ara-C”), 
cyclophosphamide, thiotepa, busulfan, cytoxin, taxoids, e.g. 
paclitaxel (TAXOL , Bristol-Myers Squibb Oncology, 
Princeton, N.J.), and doxetaxel, toxotere, methotrexate, 
cisplatin, melphalan, vinblastine, bleomycin, etoposide, 
ifosfamide, mitomycin C, mitoxantrone, vincristine, 
vinorelbine, carboplatin, teniposide, daunomycin, 
carminomycin, aminopterin, dactinomycin, mitomycins, 
esperamicins (see US. Pat. No. 4,675,187), melphalan and 
other related nitrogen mustards. Also included in this de? 
nition are hormonal agents that act to regulate or inhibit 
hormone action on tumors, such as tamoxifen and onapris 
tone. 

Modes for Carrying Out the Invention 

The invention herein provides a method for purifying a 
polypeptide from a composition (eg an aqueous solution) 
comprising the polypeptide and one or more contaminants. 
The composition is generally one resulting from the recom 
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binant production of the polypeptide, but may be that 
resulting from production of the polypeptide by peptide 
synthesis (or other synthetic means) or the polypeptide may 
be puri?ed from a native source of the polypeptide. Prefer 
ably the polypeptide is an antibody, eg one Which binds the 
HER2 antigen. 

For recombinant production of the polypeptide, the 
nucleic acid encoding it is isolated and inserted into a 
replicable vector for further cloning (ampli?cation of the 
DNA) or for expression. DNA encoding the polypeptide is 
readily isolated and sequenced using conventional proce 
dures (e.g., Where the polypeptide is an antibody by using 
oligonucleotide probes that are capable of binding speci? 
cally to genes encoding the heavy and light chains of the 
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 (eg as described 
in US. Pat. No. 5,534,615, speci?cally incorporated herein 
by reference). 

Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher 
eukaryote cells described above. Suitable prokaryotes for 
this purpose include eubacteria, such as Gram-negative or 
Gram-positive organisms, for example, Enterobacteriaceae 
such as Escherichia, e.g., E. coli, Enterobacter, ErWinia, 
Klebsiella, Proteus, Salmonella, e.g., Salmonella 
typhimurium, Serratia, e.g., Serratia marcescans, and 
Shigella, as Well as Bacilli such as B. subtilis and B. 

licheniformis (e.g., B. licheniformis 41P disclosed in DD 
266,710 published Apr. 12, 1989), Pseudomonas such as P 
aeruginosa, and Streptomyces. One preferred E. coli cloning 
host is E. coli 294 (ATCC 31,446), although other strains 
such as E. coli B,E. coli X1776 (ATCC 31,537), and E. coli 
W3110 (ATCC 27,325) are suitable. These examples are 
illustrative rather than limiting. 

In addition to prokaryotes, eukaryotic microbes such as 
?lamentous fungi or yeast are suitable cloning or expression 
hosts for polypeptide encoding vectors. Saccharomyces 
cerevisiae, or common baker’s yeast, is the most commonly 
used among loWer eukaryotic host microorganisms. 
HoWever, 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., K. 
lactis, K. fragilis (ATCC 12,424), K. bulgaricus (AT CC 
16,045), K. wickeramii (ATCC 24,178), K. waltil (AT CC 
56,500), K. drosophilarum (ATCC 36,906), K. 
thermotolerans, and K. marxianus; yarroWia (EP 402,226); 
Pichia pastoris (EP 183,070); Candida; Trichoa'erma reesia 
(EP 244,234); Neurospora crassa; SchWanniomyces such as 
SchWanniomyces occidentalis; and ?lamentous fungi such 
as, e.g., Neurospora, Penicillium, Tolypocladium, 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 insect cells. 
Numerous baculoviral strains and variants and correspond 
ing permissive insect host cells from hosts such as 
Spodoptera frugipera'a (caterpillar), Aedes aegypti 
(mosquito), Aea'es albopictus (mosquito), Drosophila mela 
nogaster (fruit?y), and Bombyx mori have been identi?ed. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-1 variant ofAutographa 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. 
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Plant cell cultures of cotton, corn, 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 host cell lines are monkey kidney CV1 line trans 
formed by SV40 (COS-7, ATCC CRL 1651); human embry 
onic kidney line (293 or 293 cells subcloned for groWth in 
suspension culture, Graham et al., J. Gen Wrol. 36:59 
(1977)); baby hamster kidney cells (BHK, ATCC CCL 10); 
Chinese ihamster ovary cells/-DHFR (CHO, Urlaub et al., 
Proc. Natl. Acad. Sci. USA 77:4216 (1980)); 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 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 (W138, 
ATCC CCL 75); human liver cells (Hep G2, HB 8065); 
mouse mammary tumor (MMT 060562, ATCC CCL51); 
TRI cells (Mather et al., Annals NY Acad. Sci. 383:44—68 
(1982)); MRC 5 cells; FS4 cells; and a human hepatoma line 
(Hep G2). 

Host cells are transformed With the above-described 
expression or cloning vectors for polypeptide production 
and cultured in conventional nutrient media modi?ed as 
appropriate for inducing promoters, selecting transformants, 
or amplifying the genes encoding the desired sequences. 
The host cells used to produce the polypeptide of this 

invention may be cultured in a variety of media. Commer 
cially available media such as Ham’s F10 (Sigma), Minimal 
Essential Medium ((MEM); (Sigma), RPMI-1640 (Sigma), 
and Dulbeccols Modi?ed Eagle’s Medium ((DMEM), 
Sigma) are suitable for culturing the host cells. In addition, 
any of the media described in Ham et al., Meth. Enz. 58:44 
(1979), Barnes et al.,Anal. Biochem. 102:255 (1980), US. 
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 US. 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 phosphate), suf 
fers (such as HEPES), nucleotides (such as adenosine and 
thymidine), antibiotics (such as GENTAMYCINTM drug), 
trace elements (de?ned as inorganic compounds usually 
present at ?nal concentrations in the micromolar range), and 
glucose or an equivalent energy source. Any other necessary 
supplements may also be included at appropriate concen 
trations 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. 
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 ?rst step, the particulate debris, 
either host cells or lysed cells (e.g. resulting from 
homogeniZation), is removed, for example, by centrifuga 
tion or ultra?ltration. Where the polypeptide is secreted into 
the medium, supernatants from such expression systems are 
generally ?rst concentrated using a commercially available 
protein concentration ?lter, for example, an Amicon or 
Millipore Pellicon ultra?ltration unit. 
The polypeptide is then subjected to one or more puri? 

cation steps, including the ion exchange chromatography 
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method as claimed herein. Examples of additional puri?ca 
tion procedures Which may be performed prior to, during, or 
following the ion exchange chromatography method include 
fractionation on a hydrophobic interaction chromatography 
(eg on phenyl sepharose), ethanol precipitation, isoelectric 
focusing, Reverse Phase HPLC, chromatography on silica, 
chromatography on HEPARIN SEPHAROSET, further 
anion exchange chromatography and/or further cation 
exchange chromatography, chromatofocusing, SDS-PAGE, 
ammonium sulfate precipitation, hydroxylapatite 
chromatography, gel electrophoresis, dialysis, and af?nity 
chromatography (eg using protein A, protein G, an 
antibody, a speci?c substrate, ligand or antigen as the 
capture reagent). 

Ion exchange chromatography is performed as claimed 
herein. A decision is ?rst made as to Whether an anion or 
cation exchange resin is to be employed. In general, a cation 
exchange resin may be used for polypeptides With pIs 
greater than about 7 and an anion exchange resin may be 
used for polypeptides With pIs less than about 7. 

The anion or cation exchange resin is prepared according 
to knoWn methods. Usually, an equilibration buffer is passed 
through the ion exchange resin prior to loading the compo 
sition comprising the polypeptide and one or more contami 
nants onto the resin. Conveniently, the equilibration buffer is 
the same as the loading buffer, but this is not required. 

The various buffers used for the chromatography depend, 
for example, on Whether a cation or anion exchange resin is 
employed. This is shoWn more-clearly in the How diagrams 
of FIGS. 1 and 2. 

With particular reference to FIG. 1, Which shoWs exem 
plary steps to be performed Where a cation exchange resin is 
used, the pH and/or conductivity of each buffer is/are 
increased relative to the preceding buffer, except for the 
Wash buffer Where the conductivity and/or pH is/are less 
than the conductivity and/or pH of the preceding interme 
diate buffer. The aqueous solution comprising the polypep 
tide of interest and contaminant(s) is loaded onto the cation 
exchange resin using the loading buffer that is at a pH and/or 
conductivity such that the polypeptide and the contaminant 
bind to the cation exchange resin. As in the Example beloW, 
the loading buffer may be at a ?rst loW conductivity (eg 
from about 5.2 to about 6.6 mmhos). An exemplary pH for 
the loading buffer may be about 5.0 (see FIG. 1). From about 
20 mg/mL to about 35 mg/mL of the polypeptide (eg of a 
full length antibody) may, for example, be loaded on the ion 
exchange resin. 

The cation exchange resin is then Washed With an inter 
mediate buffer Which is at a second conductivity and/or pH 
so as to essentially elute the contaminant, but not a substan 
tial amount of the polypeptide of interest. This may be 
achieved by increasing the conductivity or pH, or both, of 
the intermediate buffer. The change from loading buffer to 
intermediate buffer may be step-Wise or gradual as desired. 
In the Example herein, the intermediate buffer had a greater 
conductivity than that of the loading buffer (i.e. the inter 
mediate buffer’s conductivity Was in the range from about 
7.3 to about 8.4 mmhos). Alternatively, as shoWn in FIG. 1, 
the pH of the intermediate buffer may exceed that of the 
loading buffer in this embodiment of the invention, Where a 
cation exchange resin is used. For example, the intermediate 
buffer may have a pH of about 5.4. 

FolloWing Washing With the intermediate buffer, the cat 
ion exchange resin is Washed or re-equilibrated With the 
Wash buffer Which has a conductivity or pH, or both, Which 
is/are less than that of the intermediate buffer (i.e. the 
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conductivity, or pH, or both, is/are changed in an opposite, 
i.e. reverse, direction to the preceding step, unlike ion 
exchange chromatography steps in the literature). In the 
Example beloW, the Wash buffer had about the same con 
ductivity as the loading buffer (i.e. in the range from about 
5.2 to about 6.6 mmhos) and its conductivity Was, therefore, 
less than that of the intermediate buffer. In another 
embodiment, one may reduce the conductivity of the Wash 
buffer to a conductivity that is less than, or greater than, that 
of the loading buffer, provided the conductivity of the Wash 
buffer is less than that of the intermediate buffer. In another 
embodiment, the pH of the Wash buffer may be less than the 
pH of the intermediate buffer (eg the pH of the Wash buffer 
may about 5.0). The change in conductivity and/or pH of the 
Wash buffer compared to the intermediate buffer may be 
achieved by step-Wise or gradual change of either or both of 
these parameters. 

After the Wash step of the preceding paragraph, the cation 
exchange resin is prepared for elution of the desired 
polypeptide molecule therefrom. This is achieved using an 
elution buffer that has a pH and/or conductivity such that the 
desired polypeptide no longer binds to the cation exchange 
resin and therefore is eluted therefrom. The pH and/or 
conductivity of the elution buffer generally exceed(s) the pH 
and/or conductivity of the loading buffer, the intermediate 
buffer and the Wash buffer used in the previous steps. In the 
Example beloW, the conductivity of the elution buffer Was in 
the range from about 10.0 to about 11.0 mmhos. 
Alternatively, or in addition, the pH of the elution buffer may 
be increased relative to the Wash buffer and to the interme 
diate buffer (for example, the pH of the elution buffer may 
about 6.0). The change in conductivity and/or pH may be 
step-Wise or gradual, as desired. Hence, the desired polypep 
tide is retrieved from the cation exchange resin at this stage 
in the method. 

In an alternative embodiment, the ion exchange material 
comprises an anion exchange resin. This embodiment of the 
invention is depicted in FIG. 2 herein. As illustrated in this 
?gure, the changes in conductivity are generally as 
described above With respect, to a cation exchange resin. 
HoWever, the direction of change ?n pH is different for an 
anion exchange resin. For example, if elution of the 
contaminant(s) and polypeptide are to be achieved by alter 
ing pH, the loading buffer has a ?rst pH and the pH is 
decreased in the intermediate buffer so as to elute the 
contaminant or contaminants. In the third step, the column 
is Washed/re-equilibrated With the Wash buffer and the 
change in conductivity or pH, or both, is in the opposite 
direction to that of the previous step. Hence, the pH may be 
increased in the Wash buffer, compared to the intermediate 
buffer. FolloWing this step, the polypeptide of interest is 
eluted from the anion exchange resin using an elution buffer 
at a fourth conductivity and/or pH. If pH is altered, it Will 
normally be less than the pH of the loading buffer, the 
intermediate buffer and the Wash buffer. The change in pH 
and/or conductivity in progressive buffers can, as explained 
above, be step-Wise or gradual. 

In the preferred embodiment of the invention, a single 
parameter (i.e. either conductivity or pH) is changed to 
achieve elution of both the polypeptide and contaminant, 
While the other parameter (i.e. pH or conductivity, 
respectively) remains about constant. For example, While the 
conductivity of the various buffers (loading buffer, interme 
diate buffer, Wash buffer and/or elution buffer) may differ, 
the pH’s thereof may be essentially the same. 

In, an optional embodiment of the invention, the ion 
exchange resin is regenerated With a regeneration buffer 
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after elution of the polypeptide, such that the column can be 
re-used. Generally, the conductivity and/or pH of the regen 
eration buffer is/are such that substantially all contaminants 
and the polypeptide of interest are eluted from the ion 
exchange resin. Generally, the regeneration buffer has a very 
high conductivity for eluting contaminants and polypeptide 
from the ion exchange resin. 

The method herein is particularly useful for resolving a 
polypeptide molecule of interest from at least one 
contaminant, Where the contaminant and polypeptide mol 
ecule of interest differ only slightly in ionic charge. For 
example, the pIs of the polypeptide and contaminant may be 
only “slightly different”, for example they may differ by 
only about 0.05 to about 0.2 pI units. In the Example beloW, 
this method could be used to resolve an anti-HER2 antibody 
having a pI of 8.87, from a singly-deamidated variant 
thereof having a pI of 8.79. Alternatively, the method may 
be used to resolve a deamidated DNase, for example, from 
nondeamidated DNase. In another embodiment, the method 
may be used to resolve a polypeptide from a glycosylation 
variant thereof, eg for resolving a variant of a polypeptide 
having a different distribution of sialic acid compared to the 
nonvariant polypeptide. 

The polypeptide preparation obtained according to the ion 
exchange chromatography method herein may be subjected 
to additional puri?cation steps, if necessary. Exemplary 
further puri?cation steps have been discussed above. 

Optionally, the polypeptide is conjugated to one or more 
heterologous molecules as desired. The heterologous mol 
ecule may, for example, be one Which increases the serum 
half-life of the polypeptide (e.g. polyethylene glycol, PEG), 
or it may be a label (eg an enZyme, ?uorescent label and/or 
radionuclide) or a cytotoxic molecule (eg a toxin, chemo 
therapeutic drug, or radioactive isotope etc). 
A therapeutic formulation comprising the polypeptide, 

optionally conjugated With a heterologous molecule, may be 
prepared by mixing the polypeptide having the desired 
degree of purity With optional pharmaceutically acceptable 
carriers, excipients or stabiliZers (Remington’s Pharmaceu 
tical Sciences 16th edition, Osol, A. Ed. (1980)), in the form 
of lyophiliZed formulations or aqueous solutions. “Pharma 
ceutically acceptable” carriers, excipients, or stabiliZers are 
nontoxic to recipients at the dosages and concentrations 
employed, and include buffers such as phosphate, citrate, 
and other organic acids; antioxidants including ascorbic acid 
and methionine; preservatives (such as octadecyldimethyl 
benZyl ammonium chloride; hexamethonium chloride; ben 
Zalkonium chloride, benZethonium 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; proteins:, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as 
polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, histidine, arginine, or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugars such as sucrose, mannitol, trehalose 
or sorbitol; salt-forming counter-ions such as sodium; metal 
complexes (e.g., Zn-protein complexes); and/or non-ionic 
surfactants such as TWEENTM, PLURONICSTM or polyeth 
ylene glycol (PEG). The humMAb4D5-8 antibody of par 
ticular interest herein may be prepared as a lyophiliZed 
formulation, eg as described in WO 97/04801; expressly 
incorporated herein by reference. 

The formulation herein may also contain more than one 
active compound as necessary for the particular indication 
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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 
effective for the purpose intended. For example, for an 
anti-HER2 antibody a chemotherapeutic agent, such as a 
taxoid or tamoxifen, may be added to the formulation. 
The active ingredients 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 
(methylmethacylate) microcapsule, respectively, in colloidal 
drug delivery systems (for example, liposomes, albumin 
microspheres, microemulsions, nano-particles and 
nanocapsules) or in macroemulsions. Such techniques are 
disclosed in Remington’s Pharmaceutical Sciences 16th 
edition, Osol, A. Ed. (1980). 
The formulation to be used for in vivo administration 

must be sterile. This is readily accomplished by ?ltration 
through sterile ?ltration 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., ?lms, or microcapsule. Examples of 
sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate), or poly 
(vinylalcohol)), polylactides (US. Pat. No. 3,773,919), 
copolymers of L-glutamic acid and y ethyl-L-glutamate, 
non-degradable ethylene-vinyl acetate, degradable lactic 
acid-glycolic acid copolymers such as the LUPRON 
DEPOTTM (inj ectable microspheres composed of lactic acid 
glycolic acid copolymer and go leuprolide acetate), and 
poly-D-(—)-3-hydroxybutyric acid. 

The polypeptide puri?ed 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 may be used to 
treat a disorder in a mammal by administering a therapeu 
tically effective amount of the polypeptide to the mammal. 
The folloWing examples are offered by Way of illustration 

and not by Way of limitation. The disclosures of all citations 
in the speci?cation are expressly incorporated herein by 
reference. 

EXAMPLE 1 

Full length human IgG rhuMAb HER2 (humAb4D5-8 in 
Carter et al. Proc. Natl. Acad. Sci. 89: 4285—4289 (1992) 
comprising the light chain amino acid sequence of SEQ ID 
NO:1 and heavy chain amino acid sequence of SEQ ID 
NO:2) Was produced recombinantly in CHO cells. FolloW 
ing protein production and secretion to the cell culture 
medium, the CHO cells Were separated from the cell culture 
medium by tangential ?oW ?ltration (PROSTACKTM). Pro 
tein A chromatography Was then performed by applying the 
Harvested Cell Culture Fluid (HCCF) from the CHO cells 
directly to an equilibrated PROSEP ATM column 
(Bioprocessing, Ltd). 

FolloWing Protein A chromatography, cation exchange 
chromatography Was performed using a sulphopropyl (SP) 
SEPHAROSE FAST FLOWTM (SPSFF) column 
(Pharmacia) to further separate the desiredanti-HER2 anti 
body molecule. The chromatography operation Was per 
formed in bind and elute mode. 
The SPSFF column Was prepared for load by sequential 

Washes With regeneration buffer (0.025 M MES/ 1.0 M NaCl, 
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pH 5 .6) followed by equilibration buffer (0.025 M MES/50 
mM NaCl, pH 5.6). The column Was then loaded With 
Protein Apool adjusted to a pH of 5601005 and a conduc 
tivity of 5.8102 mmhos. Prior to elution, the column Was 
Washed in three steps: (1) loading buffer (0.025 M MES/50 
mM NaCl, pH 5.6) for a minimum of 1 column volume; (2) 
intermediate buffer (0.025 M MES/70 mM NaCl, pH 5.6) 
until an apex of a 280 nm peak Was reached; and (3) Wash 
buffer (0.025 M MES/50 mM NaCl, pH 5 .6) for a minimum 
of 1.2 column volumes rhuMAb HER2 Was then eluted from 
the column With elution buffer (0.025 M MES/95 mM NaCl, 
pH 5.6). The elution 280 nm pro?le has a shoulder on the 
leading edge (FIG. 3). At the in?ection point of this 
shoulder, pooling starts and continues for an additional 5 
column volumes. The column Was then regenerated With 
regeneration buffer (0.025 M MES/1.0 M NaCl, pH 5.6). 

Materials and Methods 

Column and Load Preparation: A reduced-scale SPSFF 
column Was packed. The dimensions Were: 27.0 mL volume, 
1.0 cm diameter and 34.5 cm bed height. The pH of an 
aliquot of Protein A pool Was titered to 5.6 With 1.5 M Tris 
base. The conductivity of the pool Was reduced by the 
addition of an equal volume of sterile Water for injection 

(SWFI). 
Chromatography: The chromatography runs for this study 

Were performed With Pharmacia’s UNICORNTM FPLC sys 
tem. The equilibration, load, and initial Wash steps Were 
performed at a linear ?oW rate of 200 cm/h. All chromatog 
raphy steps Were performed at a linear ?oW rate of 100 cm/h. 
The sequence of chromatography steps are de?ned in Table 
1. A total of six chromatography runs Were performed With 
load densities of 15, 20, 25, 30, 35, and 40 mg of rhuMAb 
HER2 per mL of SPSFF resin. 

TABLE 1 

Chromatography Steps1 

Chromatography 
Step Buffer Endpoint 

Equilibration: 0.025 M MES/1.0 M NaCl, pH 5.6 2 CV2 
Part 1 
Equilibration: 0.025 M MES/0.05 M NaCl, pH 5.6 pH: 5.6 r 0.1 
Part 2 Cond.: 5.8 r 

0.2 mmhos 
Load Adjusted Protein A Pool As Required 
Wash 1 0.025 M MES/0.05 M NaCl, pH 5.6 1.5 CV 
Wash 2 0.025 M MES/0.07 M NaCl, pH 5.6 Apex of Peak 
Wash 3 0.025 M MES/0.05 M NaCl, pH 5.6 2 CV 
Elution: Prepool 0.025 M MES/0.095 M NaCl, pH 5.6 To Leading 

Shoulder’s 
In?ection Point 

(—1.2 CV) 
Elution: Pool 0.025 M MES/0.095 M NaCl, pH 5.6 5 CV 
Regeneration 0.025 M MES/1.0 M NaCl, pH 5.6 2 CV 

1The equilibration of the resin Was performed in manual mode; the 
remaining steps Were executed from a Pharmacia Unicorn Program. 
2CV = column volume(s). 

Total Protein: The protein concentration of each chroma 
tography fraction (?oW through, Wash steps, elution prepool, 
elution pool, and regeneration) Was determined by spectro 
phometric scans of each sample. The results Were used to 
calculate product recovery yields. The extinction coef?cient 
for rhuMAb HER2 is 1.45. Calculations used to derive the 
results (FIG. 4) are: 
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. . 280 nm 

Protein Concentration (mg/mL) : 1.45 X Dilution Factor 

Protein Mass (mg) in Each Fraction=Protein Concentration (mg/ 
mL)><Fraction Volume (mL) 

Fraction Mass (mg) 
Yleld (%) : Total Mass (mg) 

Determination of rhuMAb HER2 Antibody Variants (CSx 
HPIEX): The rhuMAb HER2 SPSFF chromatography col 
umn resolves antibody variants. Fractions from each of the 
study chromatographies Were tested for the relative amount 
of variant antibody by CSx HPIEX chromatography. A 
BAKERBOND WIDE-PORETM CSx HPIEX column (4.6>< 
250 mm) Was run at 1 mL/min at 55° C. The mobile phase 
Was formed from a tertiary gradient (Table 2). 

TABLE 2 

Gradient Scheme 

Time (min) % A % B % C 

0 — Initial Conditions 49 1 50 

10.0 40 10 50 
50.0 33 17 50 
50.2 49 1 50 
70.0 49 1 50 

The column is run at 1 mL/min at 55° C. 

The Abuffer Was 0.025 M MES, pH 5.9; the B buffer Was 
1 M Ammonium Acetate, pH 7.0; and the C solution Was 
sterile Water for injection. The column Was equilibrated With 
the gradient’s initial conditions (49% A; 1% B; and 50% C) 
and 200 pl of sample, diluted With SWFI and contain 
ing<300 pg protein, Was injected. Each resulting chromato 
gram Was integrated to determine the percent area of each 
peak for each fraction (Table 3 and FIG. 5). 

TABLE 3 

CSx HPIEX analysis of rhuMAb HER2 

CSx Peak rhuMAb HER2 Variant 

a & b Light Chain: Asn —> Asp3U deamidation 
— and — 

Other unidenti?able variation by typtic map 
1 Light Chain: Asn —> Asp+ deamidation 
3 Fully Processed Antibody 
4 Heavy Chain: Asp —> Iso-Asp102 

— and/or — 

Heavy Chain: An Additional Lys450 
Others Heavy Chain: Asp —> Succinimide 

— and/or — 

Multiple permutations found in Peaks 1 and 4 

Chromatograms Compared: The absorbance data (AU 
280 nm) from each chromatography ?le Was exported from 
Unicorn in ASCII format. The data from the 0.025 M 
MES/0.07 M NaCl, pH 5.6 Wash Was translated into Excel 
format and copied into KALEIDAGRAPHTM. Using 
KALEIDAGRAPHTM, the Wash pro?les Were overlaid (FIG. 
6) and compared to each other. 

RESULTS AND DISCUSSION 

Deamidated and other acidic variants of rhuMAb HER2 
Were produced When the antibody Was made by recombinant 
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DNA technology (see e.g., CSX peaks a, b and 1 in FIG. 5). 
The deamidated and other acidic variants constituted about 
25% (calculated as area under the integrated curve or pro?le 
obtained by CSX chromatography) of the composition 
obtained from the initial Protein A chromatography step. It 
Was discovered that the ion exchange method described 
herein could be used to substantially reduce the amount of 
deamidated and other acidic variants in the anti-HERZ 
composition, ie to about 13% or less (i.e. the amount of 
acidic variants in the preparation subjected to cation 
exchange chromatography as described herein Was 
decreased by about 50% or more). 
An absorbance trace from a cation eXchange column run 

performed as described above is shoWn in FIG. 3. This 
method resolved a deamidated variant of anti-HER2 anti 
body that differed only slightly from nondeamidated anti 
HERZ antibody. The increase in conductivity from the initial 
conditions to the intermediate Wash began to elute the 
deamidated anti-HERZ antibody. HoWever, continued Wash 
ing at this conductivity Was found to elute nondeamidated 
anti-HERZ antibody, resulting in a loss of product. Proceed 
ing directly from the intermediate buffer to the elution buffer 
Was observed to result in either an unacceptably loW 
removal of deamidated anti-HERZ antibody from the prod 
uct if pooling began early or unacceptably loW yields of 
anti-HERZ antibody product if pooling Was delayed until the 
deamidated anti-HERZ antibody Was reduced. It Was dis 
covered that by going back to loWer conductivity as used 
initially, the elution of deamidated anti-HER2 antibody 
continued, Without signi?cant anti-HERZ antibody product 
elution. 

The effect of rhuMAb HER2 load on (a) buffer 
requirements, (b) product recovery in the pool, and (c) 
product quality in the pool Was evaluated. 

At load-densities of 15 mg/mL up to 35 mg/mL, the 
product yield in the elution pool is approximately 75%. For 
the load density of 40 mg/mL, the product yield in the pool 
dropped to 65% (FIG. 4). This reduced recovery in the pool 
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is largely attributed to an increased antibody in the tWo Wash 
steps (at 70 mM NaCl and 50 mM NaCl, respectively). 

The quality of rhuMAb HER2 in all the elution pools is 
equivalent as determined by CSX HPIEX analysis (FIG. 5). 
Compared to the load material; there is an enrichment of the 
nondeamidated antibody: (Peak 3), no change in the amount 
Iso-Asp‘lO2 or Lys450 antibody (Peak 4), and a reduction of 
the amount of Asp3O deamidated antibody (Peaks a, b, 1 and 
others). 
The quality of rhuMAb HERZ in these cation pools is 

improved through the intermediate Wash step. As the mass 
of rhuMAb HERZ bound to the resin increases, the inter 
mediate buffer volume consumption needed to reach the 
apeX of the 280 nm peak decreases. The buffer volume 
required for a 40 mg/mL load density is approximately 2.5 
column volumes. The buffer volume required for a 15 
mg/mL load density is approximately 15 column volumes. 
The eXact increase of buffer requirement is not linear With 
the 5 mg/mL incremental changes betWeen these tWo 
extremes. The greatest increase is seen betWeen, the load 
densities of 20 mg/mL and 15 mg/mL. Here the requirement 
doubles from 7.5 column volumes to the previously men 
tioned 15 column volumes of buffer. If the apeX of the 70 
mM NaCl Wash peak is reached, hoWever, the product 
quality is equivalent for any of load densities examined. 

This study determined hoW much rhuMAb HERZ can be 
loaded onto the SPSFF resin. BetWeen the ranges of 15 to 40 
mg of antibody per mL of resin, there is no difference in the 
quality of rhuMAb HERZ recovered in the elution pool. The 
quantity of rhuMAb HERZ recovered, hoWever, is reduced 
by approximately 10% When the resin is loaded With greater 
than 35 mg/mL. For consistent yields it is recommended that 
35 mg/mL be set as the maXimum load for manufacture of 
rhuMAb HER2. Furthermore, due to the substantial increase 
in the 70 mM NaCl Wash volume requirement betWeen the 
20 and 15 mg/mL; it is recommended that 20 mg/mL be set 
as the minimal load for manufacture of rhuMAb HER2. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: 2 

<2 10> 
<2ll> 
<2 12> 

<2 13> 
<220> 
<223> 

SEQ ID NO 1 
LENGTH: 214 

TYPE: PRT 

ORGANISM: Artificial sequence 
FEATURE: 

OTHER INFORMATION: Sequence is synthesized. 

<400> SEQUENCE: l 

Asp Ile Gln Met Thr Gln 
l 5 

Ser Pro Ser Ser Leu Ser 

Val Thr 
20 

Ile Thr Ala 
25 

Gly Asp Arg Cys Arg Ser Gln 

Thr Ala Val Ala Gln Gln Pro 
40 

Trp 
35 

Tyr Lys Gly Lys 

Ile Ser Ala Ser Phe Leu Ser 

50 
Leu Leu Tyr Tyr 

55 
Gly 

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr 
70 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr 

Ala 

Asp 

Ala 

Val 

Leu 

Cys 

Ser 

Val 

Pro 

Pro 

Thr 

Gln 

Val 

Asn 

30 

Lys 
45 

Ser 

60 

Ile 

Gln 
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PROTEIN PURIFICATION 

This application is a continuation of U.S. application Ser. 
No. 12/418,905 filed Apr. 6, 2009 (now abandoned), which is 
a continuation of U.S. application Ser. No. 1 1/398.447, filed 
Apr. 5, 2006, (now U.S. Pat. No. 7,531,645 issued May 12, 
2009) which is a continuation of and claims priority under 35 
U.S.C. S 120 to U.S. patent application Ser. No. 10/949,683, 
filed Sep. 24, 2004, (now U.S. Pat. No. 7,074,404 issued Jul. 
11, 2006), which is a continuation of and which claims pri 
ority to under 35 USC S120 to U.S. application Ser. No. 
10/253,366 filed Sep. 24, 2002 (now abandoned), which 
claims priority to U.S. application Ser. No. 09/304,465 filed 
May 3, 1999 (now U.S. Pat. No. 6,489.447 issued Dec. 3, 
2002), which claims priority under 35 U.S.C. S 119 to provi 
sional application No. 60/084,459 filed May 6, 1998, the 
entire disclosures of which are hereby incorporated by refer 
CCC. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to protein purification. In 

particular, the invention relates to a method for purifying a 
polypeptide (e.g. an antibody) from a composition compris 
ing the polypeptide and at least one contaminant using the 
method of ion exchange chromatography. 

2. Description of Related Art 
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 protein of interest by insertion of a 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 factors, usually Supplied from preparations of 
animal serum. Separation of the desired protein from the 
mixture of compounds fed to the cells and from the by 
products of the cells themselves to a purity sufficient 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. Some 
proteins can be caused to be secreted directly from the cell 
into the Surrounding growth media; others are made intracel 
lularly. 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 addi 
tion produces subcellular fragments that are difficult to 
remove due to their small size. These are generally removed 
by differential centrifugation or by filtration. The same prob 
lem arises, although on a smaller scale, with directly secreted 
proteins due to the natural death of cells and release of intra 
cellular host cell proteins in the course of the protein produc 
tion 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 charge, 
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 
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2 
move at different rates down a long column, achieving a 
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'. 

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. 

SUMMARY OF THE INVENTION 

The present invention provides an ion exchange chromato 
graphic method wherein a polypeptide of interest is bound to 
the ion exchange material at an initial conductivity or pH and 
then the ion exchange material is washed with an intermediate 
buffer at a different conductivity or pH, or both. At a specific 
point following this intermediate wash, and contrary to ion 
exchange chromatography standard practice, the ion 
exchange material is washed with a wash buffer where the 
change in conductivity or pH, or both, from the intermediate 
buffer to the wash buffer is in an opposite direction to the 
change in conductivity or pH, or both, achieved in the previ 
ous steps. Only after washing with the wash buffer, is the ion 
exchange material prepared for the polypeptide molecule of 
interest to be eluted by the application of the elution buffer 
having a conductivity or pH, or both, which differ from the 
conductivity or pH, or both, of the buffers used in previous 
steps. 

This novel approach to ion exchange chromatography is 
particularly useful in situations where a product molecule 
must be separated from a very closely related contaminant 
molecule at full manufacturing scale, where both purity and 
high recovery of polypeptide product are desired. 

Accordingly, the invention provides a method for purifying 
a polypeptide from a composition comprising the polypeptide 
and a contaminant, which method comprises the following 
steps performed sequentially: 

(a) binding the polypeptide to an ion exchange material 
using a loading buffer, wherein the loading buffer is at a first 
conductivity and pH; 

(b) washing the ion exchange material with an intermediate 
buffer at a second conductivity and/or pH so as to elute the 
contaminant from the ion exchange material; 

(c) washing the ion exchange material with a wash buffer 
which is at a third conductivity and/or pH, wherein the change 
in conductivity and/or pH from the intermediate buffer to the 
wash buffer is in an opposite direction to the change in con 
ductivity and/or pH from the loading buffer to the intermedi 
ate buffer; and 

(d) washing the ion exchange material with an elution 
buffer at a fourth conductivity and/or pH so as to elute the 
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polypeptide from the ion exchange material. The first con 
ductivity and/or pH may be the same as the third conductivity 
and/or pH. 
Where the ion exchange material comprises a cation 

exchange resin, the conductivity and/or pH of the intermedi 
ate buffer is/are preferably greater than the conductivity and/ 
or pH of the loading buffer; the conductivity and/or pH of the 
washbuffer is/are preferably less than the conductivity and/or 
pH of the intermediate buffer; and the conductivity and/or pH 
of the elution buffer is/are preferably greater than the conduc 
tivity and/or pH of the intermediate buffer. Preferably, the 
conductivity and/or pH of the wash buffer is/are about the 
same as the conductivity and/or pH of the loading buffer. 

Preferably elution of the contaminant and of the polypep 
tide is achieved by modifying the conductivity of the inter 
mediate buffer and of the elution buffer, respectively, while 
keeping the pH of these buffers approximately the same. 
The invention also provides a method for purifying a 

polypeptide from a composition comprising the polypeptide 
and a contaminant, which method comprises the following 
steps performed sequentially: 

(a) binding the polypeptide to a cation exchange material 
using a loading buffer, wherein the loading buffer is at a first 
conductivity and pH; 

(b) washing the cation exchange material with an interme 
diate buffer at a second conductivity and/or pH which is 
greater than that of the loading buffer so as to elute the 
contaminant from the ion exchange material; 

(c) washing the cation exchange material with a wash 
buffer which is at a third conductivity and/or pH which is less 
than that of the intermediate buffer; and 

(d) washing the cation exchange material with an elution 
bufferata fourth conductivity and/or pH which is greater than 
that of the intermediate-buffer so as to elute the polypeptide 
from the ion exchange material. 

In addition, the invention provides a method for purifying 
an antibody from a composition comprising the antibody and 
a contaminant, which method comprises loading the compo 
sition onto a cation exchange resin, wherein the amount of 
antibody loaded onto the cation exchange resin is from about 
20 mg to about 35 mg of the antibody per mL of cation 
exchange resin and, optionally, further comprising eluting the 
antibody from the cation exchange resin. The method prefer 
ably further comprises an intermediate wash step for eluting 
one or more contaminants from the ion exchange resin. This 
intermediate wash step usually precedes the step of eluting 
the antibody. 

The invention further provides a composition comprising a 
mixture of anti-HER2 antibody and one or more acidic vari 
ants thereof, wherein the amount of the acidic variant(s) in the 
composition is less than about 25% and preferably less than 
about 20%, e.g. in the range from about 1% to about 18%. 
Optionally, the composition further comprises a pharmaceu 
tically acceptable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow diagram showing how one could perform 
cation exchange chromatography by altering conductivity 
(e.g. to the NaCl concentrations of Example 1 below) or by 
altering pH (e.g. to the pH values as shown in the flow dia 
gram). 

FIG. 2 is a flow diagram showing how one could perform 
anion exchange chromatography by altering conductivity 
(e.g. to the NaCl concentrations as depicted in the figure) or 
by altering pH (e.g. to the pH values as shown). 
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4 
FIG. 3 is an absorbance trace from a cation exchange 

chromatography run of Example 1 at full manufacturing 
scale. Points at which the column is washed with the different 
buffers described herein are marked with arrows. 

FIG. 4 depicts recombinant humanized anti-HER2 mono 
clonal antibody (rhuMAb HER2) recovered in each chroma 
tography fraction (calculated as the percentage of the Sum 
total of all fractions of the relevant chromatography). Flow 
through, wash steps, and prepool fractions are all effluent 
samples collected from the onset of load to the initiation of 
pooling. The pool fraction is the five column volume effluent 
sample of elution starting at the leading shoulder's inflection 
point. The regeneration fraction contains effluent captured 
from the end of pooling to the end of regeneration. 

FIG. 5 shows the quality of rhuMAb HER2 in each cation 
exchange chromatography pool sample as evaluated by car 
boxy Sulfon cation exchange high pressure liquid chromatog 
raphy (CSX HPIEX). Peaks A, B, and 1 are deamidated forms 
of rhuMAb HER2. Peak 3 is nondeamidated rhuMAb HER2. 
Peak 4 is a combination of C-terminal Lysine containing and 
iso-aspartate variants of rhuMAb HER2. 

FIG. 6 shows the absorbance (280 nm) profiles of the 0.025 
MMES/0.070 MNaCl, pH 5.6 wash for each chromatogra 
phy. The mass of rhuMAb HER2 applied to the cation 
exchange resin effects the peaks absorbance level at the apex 
as well as the amount of buffer required to reach the apex. Due 
to minor peaks which occur (as best seen in the 30 mg/mL 
load) in this wash, the apex is defined as absorbance levels of 
at least 0.5 absorbance units (AU). 

FIGS. 7A and 7B show the amino acid sequences of 
humMAb4D5-8 light chain (SEQ ID NO:1) and 
humMAb4D5-8 heavy chain (SEQID NO:2), respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Definitions 

The “composition' to be purified herein comprises the 
polypeptide of interest and one or more contaminants. The 
composition may be “partially purified’ (i.e. having been 
Subjected to one or more purification steps. Such as Protein A 
Chromatography as in Example 1 below) or may be obtained 
directly from a host cell or organism producing the polypep 
tide (e.g. the composition may comprise harvested cell cul 
ture fluid). 
As used herein, “polypeptide' refers generally to peptides 

and proteins having more than about ten amino acids. Pref 
erably, the polypeptide is a mammalian protein, examples of 
which include renin; a growth hormone, including human 
growth hormone and bovine growth hormone; growth hor 
mone releasing factor, parathyroid hormone; thyroid stimu 
lating hormone; lipoproteins; alpha-1-antitrypsin; insulin 
A-chain; insulin B-chain; proinsulin; follicle stimulatinghor 
mone; 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 plas 
minogen 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 inflam 
matory protein (MIP-1-alpha); 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 beta 
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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 neu 
rotrophic 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); trans 
forming growth factor (TGF) such as TGF-alpha and TGF 
beta, including TGF-B1, TGF-B2, TGF-B3, TGF-B4, or TGF 
B5; insulin-like growth factor-I and -II (IGF-I and IGF-II); 
des(1-3)-IGF-I (brain IGF-I), insulin-like growth factor bind 
ing proteins (IGFBPs); CD proteins such as CD3, CD4, CD8, 
CD19 and CD20; erythropoietin; osteoinductive 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 
CD11a, CD11b, CD11c, CD18, an ICAM, VLA-4 and 
VCAM; a tumor associated antigen such as HER2, HER3 or 
HER4 receptor; and fragments and/or variants of any of the 
above-listed polypeptides. Most preferred is a full length 
antibody that binds human HER2. 
A “contaminant' is a material that is different from the 

desired polypeptide product. The contaminant may be a vari 
ant of the desired polypeptide (e.g. a deamidated variant oran 
amino-aspartate variant of the desired polypeptide) or 
another polypeptide, nucleic acid, endotoxin etc. 
A “variant' or "amino acid sequence variant of a starting 

polypeptide is a polypeptide that comprises an amino acid 
sequence different from that of the starting polypeptide. Gen 
erally, a variant will possess at least 80% sequence identity, 
preferably at least 90% sequence identity, more preferably at 
least 95% sequence identity, and most preferably at least 98% 
sequence identity with the native polypeptide. Percentage 
sequence identity is determined, for example, by the Fitchet 
al., Proc. Natl. Acad. Sci. USA 80:1382-1386 (1983), version 
of the algorithm described by Needleman et al., J. Mol. Biol. 
48:443-453 (1970), after aligning the sequences to provide 
for maximum homology. Amino acid sequence variants of a 
polypeptide may be prepared by introducing appropriate 
nucleotide changes into DNA encoding the polypeptide, or by 
peptide synthesis. Such variants include, for example, dele 
tions from, and/or insertions into and/or substitutions of resi 
dues within the amino acid sequence of the polypeptide of 
interest. Any combination of deletion, insertion, and Substi 
tution is made to arrive at the final construct, provided that the 
final construct possesses the desired characteristics. The 
amino acid changes also may alter post-translational pro 
cesses of the polypeptide, Such as changing the number or 
position of glycosylation sites. Methods for generating amino 
acid sequence variants of polypeptides are described in U.S. 
Pat. No. 5,534,615, expressly incorporated herein by refer 
ence, for example. 
An “acidic variant' is a variant of a polypeptide of interest 

which is more acidic (e.g. as determined by cation exchange 
chromatography) than the polypeptide of interest. An 
example of an acidic variant is a deamidated variant. 
A "deamidated variant of a polypeptide molecule is a 

polypeptide wherein one or more asparagine residue(s) of the 
original polypeptide have been converted to aspartate, i.e. the 
neutral amide side chain has been converted to a residue with 
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6 
an overall acidic character. Deamidated humMAb4D5 anti 
body from the Example below has Asn30 in CDR1 of either or 
both of theV, regions thereof converted to aspartate. The term 
“deamidated human DNase' as used herein means human 
DNase that is deamidated at the asparagine residue that 
occurs at position 74 in the amino acid sequence of native 
mature human DNase (U.S. Pat. No. 5.279,823; expressly 
incorporated herein by reference). 
The term “mixture' as used herein in reference to a com 

position comprising an anti-HER2 antibody, means the pres 
ence of both the desired anti-HER2 antibody and one or more 
acidic variants thereof. 
The acidic variants may comprise predominantly deami 

dated anti-HER2 antibody, with minor amounts of other 
acidic variant(s). It has been found, for example, that in prepa 
rations of anti-HER2 antibody obtained from recombinant 
expression, as much as about 25% of the anti-HER2 antibody 
is deamidated. 

In preferred embodiments of the invention, the polypeptide 
is a recombinant polypeptide. A “recombinant polypeptide' 
is one which has been produced in a host cell which has been 
transformed or transfected with nucleic acid encoding the 
polypeptide, or produces the polypeptide as a result of 
homologous recombination. “Transformation' and “trans 
fection” are used interchangeably to refer to the process of 
introducing nucleic acid into a cell. Following transformation 
or transfection, the nucleic acid may integrate into the host 
cell genome, or may exist as an extrachromosomal element. 
The "host cell' includes a cell in in vitro cell culture as well a 
cell within a host animal. Methods for recombinant produc 
tion of polypeptides are described in U.S. Pat. No. 5,534,615; 
expressly incorporated herein by reference, for example. 
The term “antibody” is used in the broadest sense and 

specifically covers monoclonal antibodies (including full 
length monoclonal antibodies), polyclonal antibodies, multi 
specific antibodies (e.g., bispecific antibodies), and antibody 
fragments so long as they exhibit the desired biological activ 
ity. 
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 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 polypep 
tides discussed above. Preferred molecular targets for anti 
bodies encompassed by the present invention include CD 
polypeptides such as CD3, CD4, CD8, CD19, CD20 and 
CD34; members of the HER receptor family such as the EGF 
receptor, HER2, HER3 or HER4 receptor; cell adhesion mol 
ecules such as LFA-1, Mac 1, p150.95, VLA-4, ICAM-1, 
VCAM and av/b3 integrin including either a or b subunits 
thereof (e.g. anti-CD11a, anti-CD18 or anti-CD11b antibod 
ies); growth factors such as VEGF: IgE: blood group anti 
gens: flk2/flt3 receptor, obesity (OB) receptor; mp1 receptor; 
CTLA-4, polypeptide C etc. Soluble antigens or fragments 
thereof, optionally conjugated to other molecules, can be 
used as immunogens for generating antibodies. For trans 
membrane 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 transmem 
brane molecule can be used as the immunogen. Such cells can 
be derived from a natural Source (e.g. cancer cell lines) or may 
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be cells which have been transformed by recombinant tech 
niques to express the transmembrane molecule. 
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 natu 
rally occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in con 
trast 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 requir 
ing 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). 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 production 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 strat 
egy for constructing very large phage libraries (Waterhouse et 
al., Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these tech 
niques are viable alternatives to traditional monoclonal anti 
body hybridoma techniques for isolation of monoclonal anti 
bodies. 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 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 of human 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). 
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 antibod 
ies derived from another species or belonging to another 
antibody class or Subclass, as well as fragments of Such anti 
bodies, 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)). 

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 
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8 
mining region' or “CDR' (i.e. residues 24-34 (L1), 50-56 
(L2) and 89-97 (L3) 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 Polypeptides 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 (L1), 50-52 (L2) and 91-96 (L3) in the light chain 
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) 
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 hypervari 
able region residues as herein defined. The CDR and FR 
residues of the rhuMAb HER2 antibody of the example below 
(humab4D5-8) are identified in Carter et al., Proc. Natl. 
Acad. Sci. USA, 89:4285 (1992). 

“Humanized 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 
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, FV 
framework region (FR) residues of the human immunoglo 
bulin 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 anti 
body 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 human 
ized antibody optionally also will comprise at least a portion 
of an immunoglobulin constant region (Fc), typically that of 
a human immunoglobulin. 
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 framework (FR) for the humanized antibody 
(Sims et al., J. Immunol., 151:2296 (1993); Chothia et al., J. 
Mol. Biol., 196:901 (1987)). 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 
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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 antigenCs), is achieved. 
In general, the CDR residues are directly and most substan 
tially involved in influencing antigen binding. 

Antibody fragments’ comprise a portion of a full length 
antibody, generally the antigen binding or variable region 
thereof. Examples of antibody fragments include Fab, Fab', 
F(ab'), and Fv fragments: diabodies; linear antibodies: 
single-chain antibody molecules; and multispecific antibod 
ies formed from antibody fragments. Various techniques have 
been developed for the production of antibody fragments. 
Traditionally, these fragments were derived via proteolytic 
digestion of intactantibodies (see, e.g., Morimoto et al., Jour 
nal 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 recombi 
nant 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') frag 
ments (Carter et al., Bio/Technology 10:163-167 (1992)). In 
another embodiment, the F(ab') is formed using the leucine 
zipper GCN4 to promote assembly of the F(ab'), molecule. 
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 WO93/16185. “Single-chain 
Fv” or "sfv” antibody fragments comprise the V, and V, 
domains of antibody, wherein these domains are present in a 
single polypeptide chain. Generally, the Fv polypeptide fur 
ther comprises a polypeptide linker between the V and V. 
domains which enables the sRv to form the desired structure 
for antigen binding. For a review of slfv see Pluckthun in The 
Pharmacology of Monoclonal Antibodies, Vol. 113, Rosen 
burg 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 (V) connected to a light chain 
variable domain (V) 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 are described more fully 
in, for example, EP404,097; WO 93/11161; and Hollingeret 
al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993). 
The expression “linear antibodies' when used throughout 

this application refers to the antibodies described in Zapata et 
al. Polypeptide Eng. 8(10): 1057-1062 (1995). Briefly, these 
antibodies comprise a pair of tandem Fd Segments (V-C1 
V-Cl) which form a pair of antigen binding regions. Lin 
earantibodies can be bispecific or monospecific. 

“Multispecific antibodies' have binding specificities for at 
least two different epitopes, where the epitopes are usually 
from 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. Examples of BSAbs include those with one arm 
directed against a tumor cell antigen and the other arm 
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10 
directed against a cytotoxic trigger molecule Such as anti 
FcyRI/anti-CD15, anti-p185'/FcyRIII (CD16), anti-CD3/ 
anti-malignant B-cell (1D10), anti-CD3/anti-p185', anti 
CD3/anti-p97, anti-CD3/anti-renal cell carcinoma, anti 
CD3/anti-OVCAR-3, anti-CD3/L-D1 (anti-colon 
carcinoma), anti-CD3/anti-melanocyte stimulating hormone 
analog, anti-EGF receptor/anti-CD3, anti-CD3/anti 
CAMA1, anti-CD3/anti-CD19, anti-CD3/MoV 18, anti-neu 
ral cell ahesion molecule (NCAM)/anti-CD3, anti-folate 
binding protein (FBP)/anti-CD3, anti-pan carcinoma associ 
ated antigen (AMOC-31)/anti-CD3; BSAbs with one arm 
which binds specifically to a tumor antigen and one arm 
which binds to a toxin Such as anti-Saporinfanti-Id-1, anti 
CD22/anti-saporin, anti-CD7/anti-saporin, anti-CD38/anti 
saporin, anti-CEA/anti-ricin A chain, anti-interferon-C.(IFN 
O)/anti-hybridoma idiotype, anti-CEA/anti-vinca alkaloid; 
BSAbs for converting enzyme activated prodrugs such as 
anti-CD30/anti-alkaline phosphatase (which catalyzes con 
version of mitomycin phosphate prodrug to mitomycin alco 
hol); BSAbs which can be used as fibrinolytic agents such as 
anti-fibrinfanti-tissue plasminogen activator (tPA), anti-fi 
brin/anti-urokinase-type plasminogen activator (uPA); 
BSAbs for targeting immune complexes to cell Surface recep 
tors such as anti-low density lipoprotein (LDL)/anti-Fc 
receptor (e.g. FcyRI, or FcyRIII); BSAbs for use in therapy of 
infectious diseases such as anti-CD3/anti-herpes simplex 
virus (HSV), anti-T-cell receptor:CD3 complex/anti-influ 
enza, anti-FcyR/anti-HIV: BSAbs for tumor detection in vitro 
or in vivo such as anti-CEA/anti-EOTUBE, anti-CEA/anti 
DPTA, anti-p185'/anti-hapten: BSAbs as vaccine adju 
vants; and BSAbs as diagnostic tools such as anti-rabbit IgG/ 
anti-ferritin, anti-horse radish peroxidase (HRP)/anti 
hormone, anti-somatostatin/anti-substance P, anti-HRP/anti 
FITC, anti-CEA/anti-f-galactosidase. Examples of 
trispecific antibodies include anti-CD3/anti-CD4/anti-CD37. 
anti-CD3/anti-CD5/anti-CD37 and anti-CD3/anti-CD8/anti 
CD37. Bispecific antibodies can be prepared as full length 
antibodies or antibody fragments (e.g. F(ab')2 bispecific anti 
bodies). 

Methods for making bispecific antibodies are known in the 
art. Traditional production of full length bispecificantibodies 
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 immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a 
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 
93/08829, and in Traunecker et al., EMBO.J., 10:3655-3659 
(1991). 

According to a different approach, antibody variable 
domains with the desired binding specificities (antibody-an 
tigen combining sites) are fused to immunoglobulin constant 
domain sequences. The fusion preferably is with an immu 
noglobulin heavy chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to 
have the first heavy-chain constant region (CH1) containing 
the site necessary for light chain binding, present in at least 
one of the fusions. DNAs encoding the immunoglobulin 
heavy chainfusions and, if desired, the immunoglobulin light 
chain, are inserted into separate expression vectors, and are 
co-transfected into a suitable host organism. This provides for 
great flexibility in adjusting the mutual proportions of the 
three polypeptide fragments in embodiments when unequal 
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ratios of the three polypeptide chains used in the construction 
provide the optimum yields. It is, however, possible to insert 
the coding sequences for two or all three polypeptide chains 
in one expression vector when the expression of at least two 
polypeptide chains in equal ratios results in high yields or 
when the ratios are of no particular significance. 

In a preferred embodiment of this approach, the bispecific 
antibodies are composed of a hybrid immunoglobulin heavy 
chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy chain-light chain pair (providing a 
second binding specificity) in the other arm. It was found that 
this asymmetric structure facilitates the separation of the 
desired bispecific compound from unwanted immunoglobu 
lin chain combinations, as the presence of an immunoglobu 
lin light chain in only one half of the bispecific molecule 
provides for a facile way of separation. This approach is 
disclosed in WO 94/04690. For further details of generating 
bispecific antibodies see, for example, Suresh et al., Methods 
in Enzymology, 121:210 (1986). 

According to another approach described in WO96/2701 1, 
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 
ferred interface comprises at least a part of the C3 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 "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 
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 HIV infection (WO 91/00360, WO 
92/200373, and EP 03089). Heteroconjugate antibodies may 
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 
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 
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 
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 can be used as agents for the selective immo 
bilization of enzymes. 

Recent progress has facilitated the direct recovery of Fab'- 
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') molecule. Each Fab' 
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12 
fragment was separately secreted from E. coli and Subjected 
to directed chemical coupling in vitro to form the bispecific 
antibody. 

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 pep 
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 (V) connected to a 
light-chain variable domain (V) by a 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 fragments by 
the use of single-chain Fv (sEv) dimers has also been 
reported. See Gruber et al., J. Immunol., 152:5368 (1994). 

Antibodies with more than two valencies are contem 
plated. For example, trispecific antibodies can be prepared. 
Tutt et al. J. Immunol. 147: 60 (1991). 
The phrase “ion exchange material refers to a solid phase 

which is negatively charged (i.e. a cation exchange resin) or 
positively charged (i.e. an anion exchange resin). The charge 
may be provided by attaching one or more charged ligands to 
the Solid phase, e.g. by covalent linking. Alternatively, or in 
addition, the charge may be an inherent property of the Solid 
phase (e.g. as is the case for silica, which has an overall 
negative charge). 
By "solid phase' is meant a non-aqueous matrix to which 

one or more charged ligands can adhere. The Solid phase may 
be a purification column, a discontinuous phase of discrete 
particles, a membrane, or filter etc. Examples of materials for 
forming the Solid phase include polysaccharides (such as 
agarose and cellulose); and other mechanically stable matri 
ces such as silica (e.g. controlled pore glass), poly(styrenedi 
vinyl)benzene, polyacrylamide, ceramic particles and deriva 
tives of any of the above. 
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 ligandattached 
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. BAKER 
BOND ABXTM, sulphopropyl (SP) immobilized on agarose 
(e.g. SP-SEPHAROSE FAST FLOWTM or SP-SEPHAROSE 
HIGH PERFORMANCETM, from Pharmacia) and sulphonyl 
immobilized on agarose (e.g. S-SEPHAROSE FAST 
FLOWTM from Pharmacia). 
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 
DEXTM and FASTQ SEPHAROSETM (Pharmacia). 
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 
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desired pH 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 pH in the range from about 5 to 
about 7 (e.g. as in Example 1 below). Examples of buffers that 
will control the pH in this range include MES, MOPS, 
MOPSO, 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 interest 
and one or more contaminants 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 
contaminants) is/are bound to the ion exchange resin. 
The “intermediate buffer is used to elute one or more 

contaminants from the ion exchange resin, prior to eluting the 
polypeptide molecule of interest. The conductivity and/or pH 
of the intermediate buffer isfare such that the contaminant 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. 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 
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 
Substantially all contaminants and the polypeptide of interest 
from the ion exchange resin. 
The term “conductivity” refers to the ability of an aqueous 

solution to conduct an electric current between two elec 
trodes. In solution, the current flows by ion transport. There 
fore, with an increasing amount of ions present in the aqueous 
solution, the solution will have a higher conductivity. The unit 
of measurement for conductivity is mmhos (mS/cm), and can 
be measured using a conductivity meter sold, e.g., by Orion. 
The conductivity of a solution may be altered by changing the 
concentration of ions therein. For example, the concentration 
of a buffering agent and/or concentration of a salt (e.g. NaCl 
or KCl) in the solution may be altered in order to achieve the 
desired conductivity. Preferably, the salt concentration of the 
various buffers is modified to achieve the desired conductiv 
ity as in the Example below. 
By “purifying a polypeptide from a composition compris 

ing the polypeptide and one or more contaminants is meant 
increasing the degree of purity of the polypeptide in the 
composition by removing (completely or partially) at least 
one contaminant from the composition. A 'purification step' 
may be part of an overall purification process resulting in a 
“homogeneous' composition, which is used herein to refer to 
a composition comprising at least about 70% by weight of the 
polypeptide of interest, based on total weight of the compo 
sition, preferably at least about 80% by weight. 

Unless indicated otherwise, the term "HER2 when used 
herein refers to human HER2 protein and “HER2 refers to 
human HER2 gene. The human HER2 gene and HER2 pro 
tein are described in Semba et al., PANAS (USA) 82:6497 
6501 (1985) andYamamoto et al. Nature 319:230-234 (1986) 
(Genebank accession number X03363), for example. 
The term “humMAb4D5-8 when used herein refers to a 

humanized anti-HER2 antibody comprising the light chain 
amino acid sequence of SEQ ID NO:1 and the heavy chain 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
amino acid sequence of SEQIDNO:2 oramino acid sequence 
variants thereof which retain the ability to bind HER2 and 
inhibit growth of tumor cells which overexpress HER2 (see 
U.S. Pat. No. 5,677,171; expressly incorporated herein by 
reference). 
The “pl” or “isoelectric point of a polypeptide refer to the 

pH at which the polypeptide's positive charge balances its 
negative charge. p can be calculated from the net charge of 
the amino acid residues of the polypeptide or can be deter 
mined by isoelectric focussing (e.g. using CSX chromatogra 
phy as in the Example below). 
By “binding a molecule to an ion exchange material is 

meant exposing the molecule to the ion exchange material 
under appropriate conditions (pH/conductivity) Such that the 
molecule is reversibly immobilized in or on the ion exchange 
material by virtue of ionic interactions between the molecule 
and a charged group or charged groups of the ion exchange 
material. 
By “washing the ion exchange material is meant passing 

an appropriate buffer through or over the ion exchange mate 
rial. 
To "elute a molecule (e.g. polypeptide or contaminant) 

from an ion exchange material is meant to remove the mol 
ecule therefrom by altering the ionic strength of the buffer 
Surrounding the ion exchange material Such that the buffer 
competes with the molecule for the charged sites on the ion 
exchange material. 

“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. 
A “disorder is any condition that would benefit from 

treatment with the polypeptide purified as described herein. 
This includes chronic and acute disorders or diseases includ 
ing those pathological conditions which predispose the mam 
mal to the disorder in question. 
The word “label' when used herein refers to a detectable 

compound or composition which is conjugated directly or 
indirectly to the polypeptide. The label may be itself be 
detectable (e.g., radioisotope labels or fluorescent labels) or, 
in the case of an enzymatic label, may catalyze chemical 
alteration of a Substrate compound or composition which is 
detectable. 
The term “cytotoxic agent” as used herein refers to a sub 

stance that inhibits or prevents the function of cells and/or 
causes destruction of cells. The term is intended to include 
radioactive isotopes (e.g. I'', I'', Y' and Re'), chemo 
therapeutic agents, and toxins such as enzymatically active 
toxins of bacterial, fungal, plant or animal origin, or frag 
ments thereof. 
A “chemotherapeutic agent' is a chemical compound use 

ful in the treatment of cancer. Examples of chemotherapeutic 
agents include adriamycin, doxorubicin, epirubicin, 5-fluo 
rouracil, cytosine arabinoside ("Ara-C), cyclophosphamide, 
thiotepa, buSulfan, cytoxin, taxoids, e.g. paclitaxel 
(TAXOLTM, Bristol-Myers Squibb Oncology, Princeton, 
N.J.), and doxetaxel, toxotere, methotrexate, cisplatin, mel 
phalan, vinblastine, bleomycin, etoposide, ifosfamide, mito 
mycin C, mitoxantrone, Vincristine, Vinorelbine, carboplatin, 
teniposide, daunomycin, caminomycin, aminopterin, dacti 
nomycin, mitomycins, esperamicins (see U.S. Pat. No. 4,675. 
187), melphalan and other related nitrogen mustards. Also 
included in this definition are hormonal agents that act to 
regulate or inhibit hormone action on tumors, such as tamox 
ifen and onapristone. 

MODES FOR CARRYING OUT THE INVENTION 

The invention herein provides a method for purifying a 
polypeptide from a composition (e.g. an aqueous solution) 
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comprising the polypeptide and one or more contaminants. 
The composition is generally one resulting from the recom 
binant production of the polypeptide, but may be that result 
ing from production of the polypeptide by peptide synthesis 
(or other synthetic means) or the polypeptide may be purified 
from a native source of the polypeptide. Preferably the 
polypeptide is an antibody, e.g. one which binds the HER2 
antigen. 

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 isolated 
and sequenced using conventional procedures (e.g., where 
the polypeptide is an antibody by using oligonucleotide 
probes that are capable of binding specifically to genes 
encoding the heavy and light chains of the antibody). Many 
vectors are 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 tran 
Scription termination sequence (e.g. as described in U.S. Pat. 
No. 5,534,615, specifically incorporated herein by refer 
ence). 

Suitable host cells for cloning or expressing the DNA in the 
vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include eubacteria, such as Gram-negative or Gram-positive 
organisms, for example, Enterobacteriaceae such as Escheri 
chia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, 
Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli Such as 
B. subtilis and B. licheniformis (e.g., B. licheniformis 41P 
disclosed in DD 266,710 published 12 Apr. 1989), 
Pseudomonas Such as P. aeruginosa, and Streptomyces. One 
preferred E. coli cloning host is E. coli 294 (ATCC 31.446), 
although other strains such as E. coli B. E. coli X1776 (ATCC 
31,537), and E. coli W3110 (ATCC 27.325) are suitable. 
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. However, a 
number of other genera, species, and strains are commonly 
available and useful herein, such as Schizosaccharomyces 
pombe, Kluyveromyces hosts Such as, e.g., K. lactis, K. fra 
gilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wick 
eramii (ATCC 24,178), K. waltii (ATCC 56.500), K. droso 
philarum (ATCC 36,906), K. thermotolerans, and K. 
marxianus, yarrowia (EP402.226); Pichia pastoris (EP 183, 
070): Candida, Trichoderma reesia (EP 244,234); Neuro 
spora 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 host 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 corresponding 
permissive insect host cells from hosts such as Spodoptera 
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-1 
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 
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for transfection of Spodoptera frugiperda cells. Plant cell 
cultures of cotton, corn, 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 mammalian 
host cell lines are monkey kidney CV1 line transformed by 
SV40 (COS-7, ATCCCRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension 
culture, Graham et al., J. Gen Virol. 36:59 (1977)); baby 
hamster kidney cells (BHK, ATCC CCL 10); Chinese ham 
ster ovary cells/-DHFR (CHO, Urlaub et al., Proc. Natl. 
Acad. Sci. USA 77:4216 (1980)); 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, 
ATCCCRL1442); human lung cells (W138, ATCCCCL75); 
human liver cells (Hep G2, HB 8065); mouse mammary 
tumor (MMT 060562, ATCCCCL51); TRI cells (Mather et 
al., Annals N.Y. Acad. Sci. 383:44-68 (1982)); MRC5 cells; 
FS4 cells; and a human hepatoma line (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 appro 
priate for inducing promoters, selecting transformants, or 
amplifying the genes encoding the desired sequences. 
The host cells used to produce the polypeptide of this 

invention may be cultured in a variety of media. Commer 
cially available media such as Hams F10 (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 et al., Meth. 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. Re. 
30,985 may be used as culture media for the host cells. Any of 
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), nucleotides (such as adenosine and thymidine), 
antibiotics (such as GENTAMYCINTM drug), trace elements 
(defined as inorganic compounds usually presentat final con 
centrations 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 con 
ditions, such as temperature, pH, and the like, are those pre 
viously used with the 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 pro 
duced intracellularly, as a first step, the particulate debris, 
either host cells or lysed cells (e.g. resulting from homogeni 
Zation), is removed, for example, by centrifugation or ultra 
filtration. Where the polypeptide is secreted into the medium, 
Supernatants from Such expression systems are generally first 
concentrated using a commercially available protein concen 
tration filter, for example, an Amicon or Millipore Pellicon 
ultrafiltration unit. 
The polypeptide is then Subjected to one or more purifica 

tion steps, including the ion exchange chromatography 
method as claimed herein. Examples of additional purifica 
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tion procedures which may be performed prior to, during, or 
following the ion exchange chromatography method include 
fractionation on a hydrophobic interaction chromatography 
(e.g. on phenyl Sepharose), ethanol precipitation, isoelectric 
focusing, Reverse Phase HPLC, chromatography on silica, 
chromatography on HEPARIN SEPHAROSETM, further 
anion exchange chromatography and/or further cation 
exchange chromatography, chromatofocusing, SDS-PAGE, 
ammonium sulfate precipitation, hydroxylapatite chromatog 
raphy, gel electrophoresis, dialysis, and affinity chromatog 
raphy (e.g. using protein A, protein G, an antibody, a specific 
Substrate, ligand or antigen as the capture reagent). 

Ion exchange chromatography is performed as claimed 
herein. A decision is first made as to whether an anion or 
cation exchange resin is to be employed. In general, a cation 
exchange resin may be used for polypeptides with pls greater 
than about 7 and an anion exchange resin may be used for 
polypeptides with pls less than about 7. 
The anion orcation exchange resin is prepared according to 

known methods. Usually, an equilibration buffer is passed 
through the ion exchange resin prior to loading the composi 
tion comprising the polypeptide and one or more contami 
nants onto the resin. Conveniently, the equilibration buffer is 
the same as the loading buffer, but this is not required. 

The various buffers used for the chromatography depend, 
for example, on whether a cation or anion exchange resin is 
employed. This is shown more clearly in the flow diagrams of 
FIGS. 1 and 2. 

With particular reference to FIG. 1, which shows exem 
plary steps to be performed where a cation exchange resin is 
used, the pH and/or conductivity of each buffer is/are 
increased relative to the preceding buffer, except for the wash 
buffer where the conductivity and/or pH is/are less than the 
conductivity and/or pH of the preceding intermediate buffer. 
The aqueous solution comprising the polypeptide of interest 
and contaminant(s) is loaded onto the cation exchange resin 
using the loading buffer that is at a pH and/or conductivity 
Such that the polypeptide and the contaminant bind to the 
cation exchange resin. As in the Example below, the loading 
buffer may be at a first low conductivity (e.g. from about 5.2 
to about 6.6 mmhos). An exemplary pH for the loading buffer 
may be about 5.0 (see FIG. 1). From about 20 mg/mL to about 
35 mg/mL of the polypeptide (e.g. of a full length antibody) 
may, for example, be loaded on the ion exchange resin. 
The cation exchange resin is then washed with an interme 

diate buffer which is at a second conductivity and/or pH so as 
to essentially elute the contaminant, but not a substantial 
amount of the polypeptide of interest. This may be achieved 
by increasing the conductivity or pH, or both, of the interme 
diate buffer. The change from loading buffer to intermediate 
buffer may be step-wise or gradual as desired. In the Example 
herein, the intermediate buffer had a greater conductivity than 
that of the loading buffer (i.e. the intermediate buffer's con 
ductivity was in the range from about 7.3 to about 8.4 
mmhos). Alternatively, as shown in FIG. 1, the pH of the 
intermediate buffer may exceed that of the loading buffer in 
this embodiment of the invention, where a cation exchange 
resin is used. For example, the intermediate buffer may have 
a pH of about 5.4. 

Following washing with the intermediate buffer, the cation 
exchange resin is washed or re-equilibrated with the wash 
buffer which has a conductivity or pH, or both, which is/are 
less than that of the intermediate buffer (i.e. the conductivity, 
or pH, or both, is/are changed in an opposite, i.e. reverse, 
direction to the preceding step, unlike ion exchange chroma 
tography steps in the literature). In the Example below, the 
wash buffer had about the same conductivity as the loading 
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buffer (i.e. in the range from about 5.2 to about 6.6 mmhos) 
and its conductivity was, therefore, less than that of the inter 
mediate buffer. In another embodiment, one may reduce the 
conductivity of the wash buffer to a conductivity that is less 
than, or greater than, that of the loading buffer, provided the 
conductivity of the wash buffer is less than that of the inter 
mediate buffer. In another embodiment, the pH of the wash 
buffer may be less than the pH of the intermediate buffer (e.g. 
the pH of the wash buffer may about 5.0). The change in 
conductivity and/or pH of the wash buffer compared to the 
intermediate buffer may be achieved by step-wise or gradual 
change of either or both of these parameters. 

After the wash step of the preceding paragraph, the cation 
exchange resin is prepared for elution of the desired polypep 
tide molecule therefrom. This is achieved using an elution 
buffer that has a pH and/or conductivity such that the desired 
polypeptide no longer binds to the cation exchange resin and 
therefore is eluted therefrom. The pH and/or conductivity of 
the elution buffer generally exceed(s) the pH and/or conduc 
tivity of the loading buffer, the intermediate buffer and the 
washbuffer used in the previous steps. In the Example below, 
the conductivity of the elution buffer was in the range from 
about 10.0 to about 11.0 mmhos. Alternatively, or in addition, 
the pH of the elution buffer may be increased relative to the 
wash buffer and to the intermediate buffer (for example, the 
pH of the elution buffer may about 6.0). The change in con 
ductivity and/or pH may be step-wise or gradual, as desired. 
Hence, the desired polypeptide is retrieved from the cation 
exchange resin at this stage in the method. 

In an alternative embodiment, the ion exchange material 
comprises an anion exchange resin. This embodiment of the 
invention is depicted in FIG. 2 herein. As illustrated in this 
figure, the changes in conductivity are generally as described 
above with respect to a cation exchange resin. However, the 
direction of change in pH is different for an anion exchange 
resin. For example, if elution of the contaminant(s) and 
polypeptide are to be achieved by altering pH, the loading 
buffer has a first pH and the pH is decreased in the interme 
diate bufferso as to elute the contaminant or contaminants. In 
the third step, the column is washed/re-equilibrated with the 
wash buffer and the change in conductivity or pH, or both, is 
in the opposite direction to that of the previous step. Hence, 
the pH may be increased in the wash buffer, compared to the 
intermediate buffer. Following this step, the polypeptide of 
interest is eluted from the anion exchange resin using an 
elution buffer at a fourth conductivity and/or pH. If pH is 
altered, it will normally be less than the pH of the loading 
buffer, the intermediate buffer and the wash buffer. The 
change in pH and/or conductivity in progressive buffers can, 
as explained above, be step-wise or gradual. 

In the preferred embodiment of the invention, a single 
parameter (i.e. either conductivity or pH) is changed to 
achieve elution of both the polypeptide and contaminant, 
while the other parameter (i.e. pH or conductivity, respec 
tively) remains about constant. For example, while the con 
ductivity of the various buffers (loading buffer, intermediate 
buffer, washbuffer and/or elution buffer) may differ, the pHs 
thereof may be essentially the same. 

In an optional embodiment of the invention, the ion 
exchange resin is regenerated with a regeneration buffer after 
elution of the polypeptide. Such that the column can be re 
used. Generally, the conductivity and/or pH of the regenera 
tion buffer is/are such that substantially all contaminants and 
the polypeptide of interest are eluted from the ion exchange 
resin. Generally, the regeneration buffer has a very high con 
ductivity for eluting contaminants and polypeptide from the 
ion exchange resin. 
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The method herein is particularly useful for resolving a 
polypeptide molecule of interest from at least one contami 
nant, where the contaminant and polypeptide molecule of 
interest differ only slightly in ionic charge. For example, the 
pIs of the polypeptide and contaminant may be only 'slightly 
different’, for example they may differ by only about 0.05 to 
about 0.2 plunits. In the Example below, this method could be 
used to resolve an anti-HER2 antibody having a pi of 8.87, 
from a singly-deamidated variant thereofhaving a pi of 8.79. 
Alternatively, the method may be used to resolve a deami 
dated DNase, for example, from nondeamidated DNase. In 
another embodiment, the method may be used to resolve a 
polypeptide from a glycosylation variant thereof, e.g. for 
resolving a variant of a polypeptide having a different distri 
bution of Sialic acid compared to the nonvariant polypeptide. 

The polypeptide preparation obtained according to the ion 
exchange chromatography method herein may be subjected 
to additional purification steps, if necessary. Exemplary fur 
ther purification steps have been discussed above. 

Optionally, the polypeptide is conjugated to one or more 
heterologous molecules as desired. The heterologous mol 
ecule may, for example, be one which increases the serum 
half-life of the polypeptide (e.g. polyethylene glycol, PEG), 
or it may be a label (e.g. an enzyme, fluorescent label and/or 
radionuclide) or a cytotoxic molecule (e.g. a toxin, chemo 
therapeutic drug, or radioactive isotope etc). 
A therapeutic formulation comprising the polypeptide, 

optionally conjugated with a heterologous molecule, may be 
prepared by mixing the polypeptidehaving the desired degree 
of purity with optional pharmaceutically acceptable carriers, 
excipients or stabilizers (Remington's Pharmaceutical Sci 
ences 16th edition, Osol, A. Ed. (1980)), in the form of lyo 
philized formulations or aqueous solutions. "Pharmaceuti 
cally acceptable' carriers, excipients, or stabilizers are 
nontoxic to recipients at the dosages and concentrations 
employed, and include buffers such as phosphate, citrate, and 
other organic acids; antioxidants including ascorbic acid and 
methionine; preservatives (such as octadecyldimethylbenzyl 
ammonium chloride; hexamethonium chloride; benzalko 
nium chloride, benzethonium chloride; phenol, butyl or ben 
Zyl 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; proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as polyvi 
nylpyrrolidone; amino acids such as glycine, glutamine, 
asparagine, histidine, arginine, or lysine; monosaccharides, 
disaccharides, and other carbohydrates including glucose, 
mannose, or dextrins; chelating agents such as EDTA: Sugars 
Such as Sucrose, mannitol, trehalose or Sorbitol; salt-forming 
counter-ions such as Sodium; metal complexes (e.g., Zn-pro 
tein complexes); and/or non-ionic Surfactants such as 
TWEENTM, PLURONICSTM or polyethylene glycol (PEG). 
The humMAb4D5-8 antibody of particular interest herein 
may be prepared as a lyophilized formulation, e.g. as 
described in WO97/04801; expressly incorporated herein by 
reference. 
The formulation herein may also contain more than one 

active compound as necessary for the particular indication 
being treated, preferably those with complementary activities 
that do not adversely affect each other. Such molecules are 
Suitably present in combination in amounts that are effective 
for the purpose intended. For example, for an anti-HER2 
antibody a chemotherapeutic agent, Such as a taxoid or 
tamoxifen, may be added to the formulation. 

The active ingredients may also be entrapped in microcap 
Sule prepared, for example, by coacervation techniques or by 
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interfacial polymerization, for example, hydroxymethylcel 
lulose or gelatin-microcapsule and poly-(methylmethacy 
late) microcapsule, respectively, in colloidal drug delivery 
systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles and nanocapsules) or in mac 
roemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 
The formulation to be used for in vivo administration must 

be sterile. This is readily accomplished by filtration 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(viny 
lalcohol)), polylactides (U.S. Pat. No. 3,773.919), copoly 
mers of L-glutamic acid and Y ethyl-L-glutamate, non-de 
gradable ethylene-vinyl acetate, degradable lactic acid 
glycolic acid copolymers such as the LUPRON DEPOTTM 
(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 com 
positions. For example, the polypeptide may be used to treat 
a disorder in a mammal by administering therapeutically 
effective amount of the polypeptide to the mammal. 
The following examples are offered by way of illustration 

and not by way of limitation. The disclosures of all citations 
in the specification are expressly incorporated herein by ref 
CCC. 

Example 1 

Full length human IgG rhuMAb HER2 (humab4D5-8 in 
Carter et al. Proc. Natl. Acad. Sci. 89: 4285-4289 (1992) 
comprising the light chain amino acid sequence of SEQID 
NO:1 and heavy chain amino acid sequence of SEQID NO:2) 
was produced recombinantly in CHO cells. Following protein 
production and secretion to the cell culture medium, the CHO 
cells were separated from the cell culture medium by tangen 
tial flow filtration (PROSTACKTM). Protein A chromatogra 
phy was then performed by applying the Harvested Cell Cul 
ture Fluid (HCCF) from the CHO cells directly to an 
equilibrated PROSEP ATM column (Bioprocessing, Ltd). 

Following Protein A chromatography, cation exchange 
chromatography was performed using a Sulphopropyl (SP)- 
SEPHAROSE FAST FLOWTM (SPSFF) column (Pharmacia) 
to further separate the desired anti-HER2 antibody molecule. 
The chromatography operation was performed in bind and 
elute mode. 
The SPSFF column was prepared for load by sequential 

washes with regeneration buffer (0.025 MMES/1.0 M NaCl, 
pH 5.6) followed by equilibration buffer (0.025 M MES/50 
mMNaCl, pH 5.6). The column was then loaded with Protein 
A pool adjusted to a pH of 5.60+0.05 and a conductivity of 
5.8+0.2 mmhos. Prior to elution, the column was washed in 
three steps: (1) loading buffer (0.025 M MES/50 mM. NaCl, 
pH 5.6) for a minimum of 1 column volume; (2) intermediate 
buffer (0.025 M MES/70 mM NaCl, pH 5.6) until an apex of 
a 280 nm peak was reached; and (3) wash buffer (0.025 M 
MES/50 mM. NaCl, pH 5.6) for a minimum of 1.2 column 
Volumes. rhuMAb HER2 was then eluted from the column 
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with elution buffer (0.025MMES/95 mMNaCl, pH 5.6). The 
elution 280 nm profile has a shoulder on the leading edge 
(FIG.3). At the inflection point of this shoulder, pooling starts 
and continues for an additional 5 column Volumes. The col 
umn was then regenerated with regeneration buffer (0.025 M 
MES/1.0 M NaCl, pH 5.6). 

Materials and Methods 

Column and Load Preparation: 
A reduced-scale SPSFF column was packed. The dimen 

sions were: 27.0 mL volume, 1.0 cm diameter and 34.5 cm 
bed height. The pH of an aliquot of Protein. A pool was titered 
to 5.6 with 1.5 M Tris base. The conductivity of the pool was 
reduced by the addition of an equal volume of sterile water for 
injection (SWFI). 

Chromatography: 
The chromatography runs for this study were performed 

with Pharmacia's UNICORNTMFPLC system. The equilibra 
tion, load, and initial wash steps were performed at a linear 
flow rate of 200 cm/h. All chromatography steps were per 
formed at a linear flow rate of 100 cm/h. The sequence of 
chromatography steps are defined in Table 1. A total of six 
chromatography runs were performed with load densities of 
15, 20, 25, 30, 35, and 40 mg of rhuMAb HER2 per mL of 
SPSFF resin. 

TABLE 1. 

Chromatography Steps' 

Approximate 
Chromatography Step Buffer Endpoint 

Equilibration: O.O2SMMES 1.OM 2 CV2 
Part 1 NaCl, pH 5.6 
Equilibration: O.O2SMMIES.O.OSM pH: 5.6 + 0.1 
Part 2 NaCl, pH 5.6 Cond.: 5.8 + 0.2 mmhos 
Load Adjusted Protein A AS Required 

Pool 
Wash 1 O.O2SMMIES.O.OSM 1.5 CV 

NaCl, pH 5.6 
Wash 2 O.O2SMMIES.O.O7M Apex of Peak 

NaCl, pH 5.6 
Wash 3 O.O2SMMIES.O.OSM 2 CV 

NaCl, pH 5.6 
Elution: Prepool O.O2SMMIES.O.O.95M To Leading Shoulder's 

NaCl, pH 5.6 Inflection Point 
(-1.2 CV) 

Elution: Pool O.O2SMMIES.O.O.95M 5 CV 
NaCl, pH 5.6 

Regeneration O.O2SMMES 1.OM 2 CV 
NaCl, pH 5.6 

'The equilibration of the resin was performed in manual mode; the remaining steps were 
executed from a Pharmacia Unicorn Program, 
°CV = column volume(s), 

Total Protein: 
The protein concentration of each chromatography frac 

tion (flow through, wash steps, elution prepool, elution pool, 
and regeneration) was determined by spectrophometric scans 
of each sample. The results were used to calculate product 
recovery yields. The extinction coefficient for rhuMAb HER2 
is 1.45. Calculations used to derive the results (FIG. 4) are: 

80 nm. 
1.45 XDilution Factor Protein Concentration (mg/mL) = 

Protein Mass (mg) in Each Fraction = 

Protein Concentration (mg/mL)x Fraction Volume (mL) 

Fraction Mass (mg) 100 
Total Mass (mg) X Yield (%) = 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
Determination of rhuMAb HER2 Antibody Variants (CSX 
HPIEX): 
The rhuMAb HER2 SPSFF chromatography column 

resolves antibody variants. Fractions from each of the study 
chromatographies were tested for the relative amount of vari 
ant antibody by CSX HPIEX chromatography. A BAKER 
BOND WIDE-PORETM CSX HPIEX column (4.6x250 mm) 
was run at 1 mL/min at 55°C. The mobile phase was formed 
from a tertiary gradient (Table 2). 

TABLE 2 

Gradient Scheme 

Time (min) % A % B % C 

O - Initial Conditions 49 1 50 
1O.O 40 10 50 
SO.O 33 17 50 
SO.2 49 1 50 
7O.O 49 1 50 

The column is run at 1 mLimin at 55° C. 

The A buffer was 0.025 M MES, pH 5.9; the B buffer was 
1 M Ammonium Acetate, pH 7.0; and the C solution was 
sterile water for injection. The column was equilibrated with 
the gradients initial conditions (49% A; 1% B; and 50% C) 
and 200 ul of sample, diluted with SWFI and containing <300 
ug protein, was injected. Each resulting chromatogram was 
integrated to determine the percent area of each peak for each 
fraction (Table 3 and FIG. 5). 

TABLE 3 

CSX HPIEX analysis of rhuMAb HER2 

CSX Peak rhuMAb HER2 Variant 

A & B Light Chain: ASn->Asp' deamidation 
- and - 
Other unidentifiable variation by tryptic map 

1 Light Chain: Asn-> Asp' deamidation 
3 Fully Processed Antibody 
4 Heavy Chain: Asp --> Iso-Asp? 

- and/or - 
Heavy Chain: An Additional Lys' 

Others Heavy Chain: Asp -> Succinimide'' 
- and/or - 
Multiple permutations found in Peaks 1 and 4 

Chromatograms Compared: 
The absorbance data (AU 280 nm) from each chromatog 

raphy file was exported from Unicorn in ASCII format. The 
data from the 0.025 M MES/0.07 M. NaCl, pH 5.6 wash was 
translated into Excel format and copied into KALEIDA 
GRAPHTM. Using KALEIDAGRAPHTM, the wash profiles 
were overlaid (FIG. 6) and compared to each other. 

Results and Discussion 

Deamidated and other acidic variants of rhuMAb HER2 
were produced when the antibody was made by recombinant 
DNA technology (see e.g., CSX peaks a, b and 1 in FIG. 5). 
The deamidated and other acidic variants constituted about 
25% (calculated as area under the integrated curve or profile 
obtained by CSX chromatography) of the composition 
obtained from the initial Protein A chromatography step. It 
was discovered that the ion exchange method described 
herein could be used to substantially reduce the amount of 
deamidated and other acidic variants in the anti-HER2 com 
position, i.e. to about 13% or less (i.e. the amount of acidic 
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variants in the preparation Subjected to cation exchange chro 
matography as described herein was decreased by about 50% 
or more). 
An absorbance trace from a cation exchange column run 

performed as described above is shown in FIG. 3. This 
method resolved a deamidated variant of anti-HER2 antibody 
that differed only slightly from nondeamidated anti-HER2 
antibody. The increase in conductivity from the initial condi 
tions to the intermediate wash began to elute the deamidated 
anti-HER2 antibody. However, continued washing at this 
conductivity was found to elute nondeamidated anti-HER2 
antibody, resulting in a loss of product. Proceeding directly 
from the intermediate buffer to the elution buffer was 
observed to result in either an unacceptably low removal of 
deamidated anti-HER2 antibody from the product if pooling 
began early or unacceptably low yields of anti-HER2 anti 
body product if pooling was delayed until the deamidated 
anti-HER2 antibody was reduced. It was discovered that by 
going back to lower conductivity as used initially, the elution 
of deamidated anti-HER2 antibody continued, without sig 
nificant anti-HER2 antibody product elution. 

The effect of rhuMAb HER2 load on (a) buffer require 
ments, (b) product recovery in the pool, and (c) product 
quality in the pool was evaluated. 

At load densities of 15 mg/mL up to 35 mg/mL, the product 
yield in the elution pool is approximately 75%. For the load 
density of 40 mg/mL, the product yield in the pool dropped to 
65% (FIG. 4). This reduced recovery in the pool is largely 
attributed to an increased antibody in the two wash steps (at 
70 mM. NaCl and 50 mM. NaCl, respectively). 

The quality of rhuMAb HER2 in all the elution pools is 
equivalent as determined by CSX HPIEX analysis (FIG. 5). 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 2 

<21 Oc 
<211 
<212> 
<213> 
<22 Os 
<223> 

SEO ID NO 1 
LENGTH: 214 
TYPE PRT 

ORGANISM: Artificial sequence 
FEATURE; 

OTHER INFORMATION: Sequence is synthesized. 

<4 OOs SEQUENCE: 1 

Asp Ile Gln Met Thr Glin 
1. 5 

Ser Lieu. Ser 
10 

Ser Pro Ser 

Wall. Thir Ile Thr Ala 
25 

Gly Asp Arg Ser Glin 

Thir Ala Wall Ala Glin Glin Pro 
4 O 

Trp 
35 

Tyr Lys Gly 

Ile Ser Ala Ser Phe Lieu. Ser 
SO 

Luell Luell Tyr 
55 

Gly 

Phe Ser Ser Thir Phe Thr 
65 

Arg Ser Gly Arg Gly Asp 
70 

Glin Glu Phe Ala Thr 
85 

Pro 
8O 

Ser Ser Leu Asp 

Thir Thr Thir Phe Glin Pro Pro Thir 
95 

His Tyr Gly Gly 

Ile Thir Wall 
11 O 

Ala Ala Wall 
115 

Lys Arg Pro Ser Phe Ile 

Ser Asp Glu Gln Lieu Lys Ser Gly Thr Ala Ser Val 

Ala 

Asp 

Ala 

Wall 

Luell 

Cys 

Lys 

Phe 

Wall 

10 

15 

25 

30 

Ser 

Wall 

Pro 

Pro 

Thir 

Glin 

Wall 

Pro 

Cys 

24 
Compared to the load material; there is an enrichment of the 
nondeamidated antibody (Peak 3), no change in the amount 
Iso-Asp" or Lys' antibody (Peak 4), and a reduction of the 
amount of Asp' deamidated antibody (Peaks a, b, 1 and 
others). 
The quality of rhuMAb HER2 in these cation pools is 

improved through the intermediate wash step. As the mass of 
rhuMAb HER2 bound to the resin increases, the intermediate 
buffer volume consumption needed to reach the apex of the 
280 nm peak decreases. The buffer volume required for a 40 
mg/mL load density is approximately 2.5 column Volumes. 
The buffer volume required for a 15 mg/mL load density is 
approximately 15 column Volumes. The exact increase of 
buffer requirement is not linear with the 5 mg/mL incremental 
changes between these two extremes. The greatest increase is 
seen between the load densities of 20 mg/mL and 15 mg/mL. 
Here the requirement doubles from 7.5 column volumes to 
the previously mentioned 15 column volumes of buffer. If the 
apex of the 70 mM NaCl wash peak is reached, however, the 
product quality is equivalent for any of load densities exam 
ined. 

This study determined how much rhuMAb HER2 can be 
loaded onto the SPSFF resin. Between the ranges of 15 to 40 
mg of antibody per mL of resin, there is no difference in the 
quality of rhuMAb HER2 recovered in the elution pool. The 
quantity of rhuMAb HER2 recovered, however, is reduced by 
approximately 10% when the resin is loaded with greater than 
35 mg/mL. For consistent yields it is recommended that 35 
mg/mL be set as the maximum load for manufacture of 
rhuMAb HER2. Furthermore, due to the substantial increase 
in the 70 mMNaCl wash volume requirement between the 20 
and 15 mg/mL, it is recommended that 20 mg/mL be set as the 
minimal load for manufacture of rhuMAb HER2. 

Wall 
15 

Lys 
45 

Ser 
60 

Ile 
7s 

Glin 
90 

Glu 
105 

Pro 
12O 

Lell 

Case 1:18-cv-00924-CFC-SRF   Document 3   Filed 06/21/18   Page 432 of 636 PageID #: 500



US 9.249,218 B2 
25 

- Continued 

125 13 O 135 

Lieu. Asn. Asn. Phe Tyr Pro Arg Glu Ala Lys Val Glin Trp Llys Val 
14 O 145 15 O 

Asp Asn Ala Lieu. Glin Ser Gly Asn. Ser Glin Glu Ser Val Thr Glu 
155 160 1.65 

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Lieu. Thr 
17O 17s 18O 

Lieu. Ser Lys Ala Asp Tyr Glu Lys His Llys Val Tyr Ala Cys Glu 
185 190 195 

Val Thr His Glin Gly Lieu. Ser Ser Pro Val Thr Lys Ser Phe Asn 
2 OO 2O5 21 O 

Arg Gly Glu. Cys 

<210s, SEQ ID NO 2 
&211s LENGTH: 449 
212. TYPE: PRT 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Sequence is synthesized. 

<4 OOs, SEQUENCE: 2 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Glin Pro Gly 
1. 5 1O 15 

Gly Ser Lieu. Arg Lieu. Ser Cys Ala Ala Ser Gly Phe Asn. Ile Llys 
2O 25 3 O 

Asp Thr Tyr Ile His Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. 
35 4 O 45 

Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
SO 55 6 O 

Ala Asp Ser Val Lys Gly Arg Phe Thir Ile Ser Ala Asp Thir Ser 
65 70 7s 

Lys Asn. Thir Ala Tyr Lieu Gln Met Asn. Ser Lieu. Arg Ala Glu Asp 
8O 85 9 O 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 OO O5 

Ala Met Asp Tyr Trp Gly Glin Gly Thr Lieu Val Thr Val Ser Ser 
1O 15 2O 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 
25 3O 35 

Llys Ser Thir Ser Gly Gly Thr Ala Ala Lieu. Gly Cys Lieu Val Lys 
4 O 45 SO 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
55 60 65 

Lieu. Thir Ser Gly Val His Thr Phe Pro Ala Val Lieu. Glin Ser Ser 
70 7s 8O 

Gly Lieu. Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 
85 90 95 

Lieu. Gly Thr Glin Thr Tyr Ile Cys Asn Val Asn His Llys Pro Ser 
2 OO 2O5 21 O 

Asn. Thir Lys Val Asp Llys Llys Val Glu Pro Llys Ser Cys Asp Llys 
215 22O 225 

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Lieu. Leu Gly Gly 
23 O 235 24 O 

Pro Ser Val Phe Lieu. Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met 
245 250 255 

26 
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- Continued 

Ile Thir Glu Wall Thr Wall 
265 

Pro Wall Wall 
26 O 

Ser Arg Cys Asp 

Glu Glu His Asp Pro Val Lys Phe Asn Trp Wall Asp 

Glu Wall Ala 
290 

His Asn Thir Lys Pro Arg Glu Glu Glin 
295 

Thir Wall 
3. OS 

Wall Wall Thir 
310 

Ser Arg Ser Luell Wall Lieu. His 

Trp Lieu. Asn Gly Lys Glu Wal Ser Asn Tyr Lys Cys Llys 
3.25 

Ala Ile 
335 

Glu Thir Ile Ser Ala 
34 O 

Leul Pro Pro Lys 

Glu Glin 
350 

Wall Thir Pro Pro Ser 
355 

Pro Arg Pro Tyr Luell 

Met Thr Glin 
365 

Asn Val Ser Lieu. Thr Cys Lieu Val 

Ile 
38O 

Ala Wall Glu Glu 
385 

Pro Ser Asp Trp Ser Asn Gly 

Glu Th Thir Wall 
4 OO 

Asn. Asn Lys Pro Pro Luell Ser 
395 

Asp 

Phe Phe Thir Wall 
415 

Ser Leu Tyr Ser Luell Ser 
410 

Lys Asp 

Glin Glin Wall 
425 

Phe Wall 
43 O 

Gly Asn Ser Cys Ser Met His Glu 

Thir 
4 4 O 

Glin Ser Lieu. Ser Pro 
445 

His Asn His Tyr Llys Ser Lieu. 

The invention claimed is: 
1. A therapeutic composition comprising a mixture of anti 

HER2 antibody and one or more acidic variants thereof, 
wherein the amount of the acidic variant(s) is less than 

about 25%, 
and wherein the acidic variant(s) are predominantly dea 

midated variants wherein one or more asparagine resi 
dues of the anti-HER2 antibody have been deamidated, 

and wherein the anti-HER2 antibody is humMAb4D5-8, 
and wherein the deamidated variants have ASn30 in CDR1 

of either or both V, regions of humMAb4D5-8 con 
Verted to aspartate, 

and a pharmaceutically acceptable carrier. 
2. The therapeutic composition of claim 1, wherein the 

amount of the acidic variant(s) is less than about 20%. 

Wall 

Gly 

Glin 

Gly 

Glu 

Gly 

Glin 

Asp 

Arg 

Ala 

Gly 

40 

45 

50 

Ser 
27 O 

Wall 
285 

Asn 
3OO 

Asp 
315 

Ala 
33 O 

Glin 
345 

Glu 
360 

Phe 
375 

Pro 
390 

Gly 
405 

Trp 
42O 

Luell 
435 

3. The therapeutic composition of claim 2, wherein the 
amount of the acidic variant(s) is less than about 13%. 

4. The therapeutic composition of claim 2, wherein the 
amount of the acidic variant(s) is in the range of about 1 to 
18%. 

5. The therapeutic composition of any one of claims 1 to 4, 
wherein the anti-HER2 antibody comprises the light chain 
amino acid sequence of SEQ ID NO 1 and the heavy chain 
amino acid sequence of SEQID NO: 2. 

6. The therapeutic composition of any one of claims 1 to 4. 
which is in the form of a lyophilized formulation oran aque 
ous solution. 

7. The therapeutic composition of claim 5, which is in the 
form of a lyophilized formulation or an aqueous solution. 

k k k k k 
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