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and cells were selected for gpt expression. Clones were
screened by assaying human antibody production in the culture
supernatant by ELISA, and antibody was purified from the best-
producing clones. Antibody was purified by passing tissue
culture supernatant over a column of staphylococcal protein A-
Sepharose CL-4B.(Pharmacia). The bound antibodies were eluted
with 0.2 M Glycine-HC1l, pH 3.0 and neutralized with 1 M Tris
PH 8.0. The buffer was exchanged intoc PBS by passing over a
PD10 column (Pharmacia).

The binding of the humanized antibodies to cell
types expressing the cofresponding antigens was tested:
HSV-infected cells for Fd79 and Fd138-80, U937 cells for M195,
YTJIB cells for mik-f1 and CMV-infected cells for CMVS. By
fluorocytometry, the humanized antibodies bind approximately
as well as the original mouse antibodies and the corresponding
chimeric antibodies. Moreover, the humanized antibodies
compete approximately as well as the corresponding mouse.
antibodies against the radiolabeled mouse antibodies for
binding to the cells, so the humanized antibodies have
approximately the same binding affinity as the mouse
antibodies, typically within about 2-fold or better, see,
e.g., Table 2. ’

TABLE 2

Binding affinities of murine and humanized antibodies.

Mouse Humanized

-1 -1

K, () K, (M)
Fd79 (anti-gB) 1.1 x 10° 4 5.3 x 107
Fd138-80 (anti-gD) 5.2 x 107 4.8 x 10’

From the fo:egoing, it will be appreciated that the
humanized immunoglobulins of the present invention offer
numerous advantages over other antibodies. In comparison to
other monoclonal antibodies, the present humanized
immunoglobulin can be more economically produced and contain
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substantially less foreign amino acid sequences. Thls reduced '
likelihood of antigenicity after injection into a human
patient represents a s1gn1f1cant therapeutic improvement.

A detailed description of each humanized

immunoglobulin follows.

: ' Example I

Humanized Immunoglobulins to p75

In mammals, the immune response is mediated by two
types of cells that interact specifically with foreign
material, i.e., antigens. One of these cell types, B-cells,
ere responsible for the production of antibodies. The second’
cell class, T-cells, include a wide variety of cellular ‘f
subsets controlling the in vivo function of both B-cells and a
wide variety of other hematopoietic cells, including T-celle;

(See, generally, Paul, W.E., ed., Fundamental Tmmunology, 2nd .

ed., Raven Press, New York (1989).)

One way in which T-cells exert this control 1s
through the production of a lymphokine known as 1nter1eukin-2
(IL~2), originally named T~cell growth factor. IL-2's prime -
function appears to be the stimulation and maintenance of T=-
cells. Indeed, some immunologists belleve that IL-2 may be. at A
the center of the entire immune response (see, Farrar, J., et

al., Immunol. Rev. 63, 125-166 (1982)).
To exert its biological effects, IL-2 interacts w1th

a specific high-affinity membrane receptor (Greene, W., et
al., Progress in Hematology XIV, E. Brown, Ed., Grune and
Statton, New York (1986), at pgs. 283 ff and Waldmann, Agg;
Rev. Biochem. 58, 875 (1989)). The human IL-2 receptor is a
complex multichain glycoprotein, with one chain, known as the
Tac peptide or alpha chain, being about 55kD in size (see,
Leonard, W., et al., J. Biol. Chem. 260, 1872 (1985)). The
second chain is known as the p75 or beta chain (Tsudo et ai., .
Proc. Nat. Acad. Sci. USA, 83, 9694 (1986) and Sharon et al., “
Science 234, 859 (1986)). The p55 or Tac chain and the p75 A
chain each iﬁdependently bind IL-2 with low or intermediate
affinity, while the IL-2 receptor complex of both chains binds
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. IL~-2 with high affinity. The p75 chain of the human IL-2

receptor will often be called herein simply the p75 protein.
Much of the elucidation of the human IL-2 receptor's
structure and function is due to the develépment of
specifically reactive monoclonal antibodies. In particular,
one mouse monoclonal antibody, known as anti-Tac (Uchiyama, et
al., J. Immunol. 126, 1393 (1981)) has been used to show that
IL-2 receptors can be detected on T-cells, but also on cells

-0of the monocyte-macrophage family; Kupffer cells of the liver,

Langerhans' cells of the skin and, of course, activated T-
cells. Importantly, resting T-cells, B-cells or circulating
macfophagesvtypically do not display the IL-2 receptor
(Herrmann, et al., J. Exp. Med. 162, 1111 (1985)). Another
antibody, mik-g1, binds to the p75 chain (Tsudo et al., Proc.
Nat. Acad. Sci. USA 86, 1982 (1989)).

The anti-Tac monoclonal antibody has also been used
to define lymphocyte functions that require IL-2 interaction,
and has been shown to inhibit various T-cell functions,
including the generation of cytotoxic and suppressor T
lymphocytes in cell culture. Also, based on studies with
anti-Tac and other antibodies, a variety of disorders are now
associated with improper IL-2 receptor expression by T-cells,
in particular adult T-cell leukemia.

More recently, the IL-2 receptor has been shown to
be an ideal target for novel therapeutic approaches to T-cell
mediated diseases. It has been proposed that IL-2 receptor
specific antibodies, such as the anti-Tac monoclonal antibody
or mik-B1, can be used either alone or as an - immunoconjugate
(e.g., with Ricin A, isotopes and the like) to effectively
remove cells bearing the IL-2 receptor. These agents can, for
example, theoretically eliminate IL-2 receptor-expressing
leukemic cells, certain B-cells, or activated T-cells involved
in a disease state, yet allow the retention of mature normal
T-cells and their precursors to ensure the capability of

‘mounting a normal T-cell immune response as needed. 1In

general, most other T-cell specific agents can destroy
essentially all peripheral T-cells, which limits the agents’
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therapeutic efficacy. Overall, the use of appropriate
monoclonal antibodies specifié for the IL-2 receptor may'haveﬂ-
therapeutic utility in autoimmune diseases, organ
transplantation and any unwanted response by activated T-
cells. Indeed, clinical trials have been. initiated using,
e.d., anti-Tac antibodies (Kirkman et al., Transplant. groc{ﬁ
21, 1766 (1989) and Waldmann et al., Blood 72, 1805 (1988)).

Unfortunately, the use of anti-Tac, mik—ﬁl ‘and otheri
non-human monoclonal antibodies have certain drawbacks,
particularly in repeated therapeutic regimens as explalned
below. Mouse monoclonal antibodies, for example, generally do
not fix human complement well, and lack other important
immunoglobulin functional characteristics when used in humans.l
Perhaps more importantly, anti-Tac, mik-f1 and other non<human
monoclonal antibodies contain substantial stretches of amind*
acid sequences that will be 1mmunogenic when injected into a‘
human patient. :

In accordance with the present invention, human-iike
immunoglobulins specifically reactive with the p75 chain of‘z
fhe human IL-2 receptor are provided. These immunoglobulins,
which have binding affinities of at least 107 to 10°® M}, and
preferably 10° M* to 10" M or stronger, are capable of, e.d.,
blocking the binding of IL-2 to human IL-2 receptors. The :
humaﬁ-like immunoglobulins will have a human-like framework '

. and can have complementarity determlnlng regions (CDR's) from‘

an immunoglobulin, typically a mouse immunoglobulin,
speclflcally reactive with an epitope on p75 protein. The .
immunoglobulins of the present invention, which can be
produced economically in large quantities, find use, for
example, in the treatment of T-cell mediated disorders 1n'

human patients by a variety of techniques.
In one aspect, the present invention is directed to

recomblnant DNA segments encoding the heavy and/or light chaxng
CDR's from an immunoglobulin capable of binding to a de51red :
epitope on the human IL-2 receptor, such as the mik-g1
monoclonal antibody. The DNA segments encoding these reglons
will typically be ]Dlned to DNA segments encoding approprlateia
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human-like framework regions. Exemplary DNA sequences, which -
on expression code for the polypeptide chains comprising the
mik-g1 heavy and light chainICDRs, are included in Fig. 7.

Due to codon degeneracy and non-critical amino-acid
substitutions, other DNA sequences can be readily substituted
for those sequences, as detailed above. V

The antibodies will typically find use individually
in treating a T-cell mediated disease state. Generally, where
the cell linked to a disease has been identified as IL-2
receptor bearing, then the human-like antibodies capable of
blocking the binding of IL-2 to the human IL-2 receptor are
suitable (see, U.S.S.N. 085,707, entitled "Treating Human
Malignancies and Disorders.") For example, typical disease
states suitable for treatment include graft-versus-host
disease and transplant rejection in patients undergoing an
organ transplant, such as heart, lungs, kidneys, liver, etc.
Other diseases include autoimmune diseases, such as Type I
diabetes, multiple sclerosis, rheumatoid arthritis, systemic
Jupus erythematosus, and myasthenia gravis.

The human-like antibodies of the present invention
may also be used in combination with other antibodies,
particularly human monoclonal antibodies reactive with other
markers on cells responsible for the disease. 'Forvexample,
suitable T-cell markers can include those grouped into the so-
called "Clusters of Differentiation," as named by the First
International Leukocyte Differentiation Workshop, Leukocyte
Typing, Bernard, et al., Eds., Springer-Veriag,,N.Y. (1984).
A preferred use is the simultaneous treatment of a patient
with a human-like antibody binding to p55 and a human-like
ahtibody binding to p75 of the IL-2 receptor, i.e., humanized
anti-Tac plus humanized mik-g1. '

V Human-like antibodies of the present invention'can
further find a wide variety of utilities jin vitro. By way of
example, the antibodies can be utilized for T-cell typing,
for isolating specific IL-2 réceptor bearing cells or
fragments of the receptor, for vaccine preparation, or the
like.
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EXPERIMENTAL

QLgg;gg_g2_2ggxz_gQg;g_ggg_;lggs_shgzn_sgué-

cDNAs for the heavy chain and 11ght chain variable domaln
genes were cloned using anchored polymerase chain reactions
(E.Y. Loh et al., Science 243, 217 (1989)), using 3' pr1mers7
that hybridized to the constant reglons and contained HlndIIIE
sites, and 5! primers that hybridized to the dGc tails and
contained EcoRI sites (scheme shown in Fig. 6). The PCR
amplified fragments were digested with EcoRI and HindIIIX and 
cloned into the pUCle vector for sequencing. For mik-g1, two.
gamma-2a specific and two kappa specific clones were :
sequenced. The two gamma-2a clones and two kappa clonhes are
reépectively identical in sequence. The cDNA variable domain
sequencés and the deduced amino acid sequences are shown in .

Fig. 7.

Construction and expression of chimeric ggtibody.

Two plasmid vectors were prepared for construction'
and expression of the chimeric antibody genes. The plasmid
pVgl-dhfr (Fig. 8A) contains a' human cytomegalovirus IE1l
promoter and enhancer (M. Bcshart et al., Cell 41, 521
(1985)), the human genomic C%l segment including part of thé :'

" preceding intron, and a dihydrofolate reductase (dhfr) gene

(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495 (1983))

for selection. The plasmid pVk (Fig. 8B) is similar to

pVgl-dhfr but contains the human genomic Ck segment and the °
gpt gene. Derivatives of the mik-f1 heavy and light chain
variable regions were prepared from the cDNAs by polymerase
chain reaction. The 5' primers hybridized to the V regions
starting at the ATG codons and contained XbaI sites; the 3' -
primers hybridized to the last 15 nucleotides of the J regions
and contained splice donor signals and Xbal sites (see, C.: ’
Queen et al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989))..

The modified V regions were cloned into the Xbal sites of the
respective plasmid vectors between the CMV promoter and the '
partial introns of the constant regions.
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For expression of the chimeric antibody, the heavy
chain and kappa chain plasmids were transfected into ép2/0
mouse myeloma cells by electroporation and cells selected for
gpt expression. Clones secreting a maximal amount of. complete
antibody were detected by ELISA. Purified chimeric mik-g1
antibody was shown to bind to YTJB cells, which express the
p75 antigen, by flow cytometry (Fig. 9).

Computer modeling of humanized antibodies.
In order to retain high binding affinity in the

humanized antibodies, the general procedures of Queen et al.
were followed (C. Queen et al., Proc. Natl. Acad. Sci. USA 86,
10029 (1989)). The more homologous a human antibody is to the

original murine antibody, the less likely will combining the

murine CDRs with.the human framework be to introduce
distortions into the CDRs that could reduce affinity.

Normally the heavy chain and light chain from the same human
antibody are chosen to provide the. framework segeunces, so as
to reduce the possibility of incompatibility in the assembling

~ of the two chains. Based on sequence database (performed with

the MicrorGenie Sequence Analysis Software (Beckman)), the
antibody Lay was chosen to provide the framework seguences for
humanization of mik-g1.

The computer program ENCAD (M. Levitt, J. Mol. Biol.

168, 595 (1983)) was used to construct a model of the mik-51
variable region. The model was used to determine the amino
acids in the mik-Blyframework that were close enough to the
CDRs to potentially interact with them (category 4 below). To
design the humanized light and heavy chain mik-g1 variable
regions, at each position the amino acid was chosen to be the
same as in the Lay antibody, unless that position fell in one
or more of five categories:

(1) The position fell within a CDR,

(2) The Lay amino acid was unusual for human
antibodies at that position, whereas the mik-g1
amino acid was typical for human antibodies at
that position.

PFIZER EX. 1502
Page 2007



10

15

20

25

30

35

WO 92/11018

PCT/US91/09711 -

46 .

(3) The position was immediately adjacent to a CDR;
(4) The model described above suggested that the »
' amino acid may be physically close to the
antigen binding region (CDRs). :  ’
For positions in these categories, the amino acid from the "
(mouse) mik-f1 antibody was used. In addition, a position.waéa .
in the fifth category if ’ " '
(5) The Lay amino acid was highly unusual for human
antibodies at that position, and the mik-g1 '
amino acid was different but. also unusual.:
Ehen‘an amino acid typical for human antibodies"
at that position may be used. ‘ )
" The amino acids in each category are shown in
Table 3. Some amino acids may be in more than one category.
The final sequences of the humanized mik-g1 light and heav&
chain variable domains are shown in Fig. 10, compared with the

Lay sequences.

, TABLE 3
Category Liéht Chain v ". Heavy Chain
1 24-33, 49-55, 88-96 31-35, 50-65, 98-108
2 13 84, 89, 90 '
3 30, 49
4 70 29, 30; 72, 73
5

41 1l

For the construction of genes for the humanized .
antibodies; nucleotide sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the same signal peptides as in the mouse mik-g1.
chains (Fig. 7), generally utilizing codons found in the mquse:.
sequence. Several degenerate codons were changed to create* 
restriction sites or to remove undesirable ones. The
nucleotide sequences aléo included the same splice donor
signals used in the chimeric genes and an Xbal site at each
end. Each gene was constructed from four overlapping H
synthetic oligonucleotides. For each variable domain gehe,
two pairs of overlapping oligonucleotides on alternating '
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strands were synthesized that encompaséed the entire coding
sequences as well as the signal peptide and the splice donor
signal (Fig. 11). The oligonucleotides were synthesized on an
Applied Biosystems 380B DNA synthesizer. Each oligo was about
110~140 base long with about a 20 base overlap. Double
stranded DNA fragments were synthesized with sequenase from
each pair of oligonucleotides, digested with restriction

~ enzymes, ligated to pBluescriptII KS (+) (Stratagene) vector

and sequenced. Two fragments with the respectively correct
half-sequences were then ligated into the‘xbaI sites of the
pVgl-dhfr or pVk expression vectors. In vitro mutagenesis was
used to change an Ala amino acid originally encoded by
oligonucleotide wps54 to the Glu (E) at position 1 of the
humanized heavy chain (Fig. 10B) by changing the nucleotides
CT to AG. Reactions were carried out under conditions well-
known in the art (Maniatis et al., op. git.)

The heavy chain and light chain plasmids were
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells were selected for gpt expression. Clones were
screened by assaying human antibody production in the culture
supernatant by E1ISA, and antibody was purified from the best--
producing clones. Antibody was purified by passing tissue
culture supernatant over a column of staphylococcal protein A-
Sepharose CL-4B (Pharmacia). The bound antibody was eluted
with 0.2 M Glycine-HCl, pH3.0 and neutralized with 1 M Tris
PH8.0. The buffer was exchanged into PBS by passing over a
PD10 column (Pharmacia).

Properties of hu ed antibodies. :

The humanized mik=-f1 antibody was characterized in
comparison to the murine and chimeric antibodies. The
humanized antibody bound to YTJB cells, which express p?S
chain at a high level, in a fluorocytometric analysis in a
manner similar to the chimeric antibody (Fig. 9), showing that
it recognizes the same p75 protein. '

The affinity of the humanized antibody was

determined by competition with the radio-iodinated mouse
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mik-g1 antibody (Fig. 12). The binding affinities were
calculated according to the methods ofrBérzofsky (J.A.

Berzofsky and I.J. Berkower, in Fupdamental Immunology (ed.
W.E. Paul), Raven Press (New York), 595 (1984)). The binding
affinity of the humanized mik-gf1 antibody was within about 2~
fold of the affinity of the mouse mik-g1 antibody.

The ability of humanized mik=-f1 plus humanized anti—3

Tac antibody (see, W090/07861 published July 26, 1990) to
inhibit IL-2 stimulated proliferation of human 1ymphoc?tes was
determined. Human mononuclear cells, collected from human '
bloed by centrifugation on Ficoll-Paque (Pharmacia), were.
diluted to 2 x 10° cells/ml in RPMI medium + 10% fetal calf
serum (FCS). A 1/200 volume of phytohemagglutinin P (Difco}
was added and the cells were incubated for 4 days. The'cells;
were incubated an additional 4 days in RPMI + 10% FCS + 10 ’

u/ml IL-2. 10° of these PHA activated blasts were then

incubated with or without 2 ug each of humanized mik-g1 and
humanized anti-Tac in 150 ul of RPMI + 10% FCS in wells of a'.
96-well plate for 1 hr, to which various dilutions of IL-2 A
(Amgen) were then added in 50 upl medium. The'cells were
incubated 48 hr, 0.5 uCi methyl-’H-thymidine (Amersham, 82 Qi/
mmol) was added, and the cells were incubated 24 hr. Cells -
were harvested with a cell harvester and radiocactivity
determined. The combination of the antibodies greatly
inhibited proliferation of the cells in response to IL-2 (Fig.
13), suggesting a combination of the antibodies will have ’
strong immunosuppressive properties. Humanized mik-g1 plus
humanized anti-Tac inhibited proliferation much more strongly
than did either antibody alone. B

Example IT
Humanized Immunoglobulins to HSV Antigens .
Herpes Simplex Virus types I and II (HSV-1 and HSV-

2}, are now estimated to be the second most frequent cause of

sexually transmitted diseases in the world. Although
completely accurate data are not available, infection -
estimates range from about 20 to 40% of the U.S. population.-
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A large number of diseases, from asymptomatic to
life-threatening, are associated with HSV infection. Of
particular clinical interest, encephalitis from HSV-1
infection and transmission of HSV-2 from a pregnant mother to
her fetus are often fatal. Immunosuppressed patients are also
subject to severe complications when infected with the virus.

More than 50 HSV polypeptides have been identified
in HsV-infected cells, including at least seven major cell
surface glycoproteins (see, Whitley, R., Chapt. 66, and
Roizman and Sears, Chapt. 65, Virologqgy, Eds. Fields et al.,
2nd ed., Raven Press, N.Y., N.Y. (1990)). The specific
biologic functions of these glycoproteins are not well
defined, although gB and gD have been shown to be associated
with cell fusion activity (W. Cai et al., J. Virol. 62, 2596
(1988) and Fuller and Spear, Proc. Natl. Acad. Sci. USA 84,
5454 (1987)). gB and gD express both type-specific and type-
common antigenic determinants. Oakes and Lausch demonstrated
that monoclonal antibodies against gB and gE suppress

" replication of HSV-1 in trigeminal ganglia (Oakes and Lausch,

J. Virol. 51, 656 (1984)). Dix et al. showed that anti-gC and
gD antibodies protect mice against acute virus-induced

" neurological disease (Dix et al., Infect. Immun. 34, 192

(1981)). Whitley and colleagues produced a panel of murine
monoclonal antibodies against HSV-1 and showed that several of
the antibodies protected mice against encephalitis and death
following ocular inoculation with the virus (see, Koga et al.,
Virology 151, 385 (1986); Metcalf et al., Cur. Eye Res. 6, 173
(1287) and Metcalf et al., Intervirology 29, 39 1988)). Clone
Fd79 (anti-gB) prevented encephalitis even when immunization
was delayed until 48 hours post-infection. Fd79 and Fd138-80
(anti-gD) significantly reduced the severity of epithelial
kKeratitis and lowered the frequency of persistent viral
infection in an outbred mouse model.

In accordance with the present invention, humanized

~iﬁmunoglobulins specifically reactive with HSV related

epitopes either directly on the virus or on infected cells are
provided. These immunoglobulins, which have binding
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affinities to HSV specific antigens of at least about 10’ Md,
and preferably 10® M! to 10! M or stronger, are capable of,:

e.g., protecting cells from HSV transmission. The humanized

immunoglobulins will have a human framework and will have one

or more complementarity determining regions (CDR's) from an
immunoglobulin, typically a mouse immunoglobulin, specifically ;z
reactive with an HSV protein, such as gB and gD proteins. The ‘
immunoglobulins of the present invention, which can be

produced economically in large quantities, find use, for

example, in the treatment of HSV mediated disorders in humgﬁ‘

patients by a variety of technigques. )
The HSVs are amohg the most intensively investigatedl

of all viruses, and the HSV virion structure has been showh to -

. contain about 33 proteins. Humanized immunoglobulins

utilizing CDR's from monoclonél antibodies reactive with theée
prbteins, particularly the eight surface glycoproteins (e;g.,3
gB, gC, gD, 9gE, gG, gH and gI), represent preferred
embodiments of the present invention'(ggg, Spear, P.G., The-

Herpesviruses, vol. 3, pp. 315-356 (1984) (Roizman, B., ed), -
Plenum Press, N.Y¥., N.Y. and Spear, P.G., Immunochemistrv of

Viruses. The Basis for Serodiagnosis and Vaccines, pp. 425-

446 (1985) (Neurath, A.R., eds.),.Amsterdam: Elsevier).

In one aspect, the present invention is directed to
recombinant DNA segments encoding the heavy and/or light chaiﬁ
CDR!'s from an immunoglobulin capable of binding to a desifeﬁ
epitope of an HSV protein, such as monoclonal antibodies ’
reactive with HSV gB and gD glycoproteins. The DNA segments“x
encoding these regions will typically be joined to DNA 4 K
segments encoding appropriate humanized framework regions{ﬂ
Exemplary DNA sequences code for the polypeptide chains
comprising the heavy and light chain hypervariable regions .
and Fd138-80, shown in Fig. 14. Due to codon degeneracy and
non-critical amino-acid substitutions, other DNA sequences can
be readily substituted for those sequences, as detailed helow}t

Any humanized immunoglobulins of the present ' ’
invention may also be used in combination with other
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antibodies, particularly humanized antibodies reactive with
different HSV antigens. For example, suitable HSV antigens to
which a cocktail of humanized immunoglobulins may react
include gC, gE, gF, gG and gH (see, Rector, J. et al., Infect.
Immun. 38, 168 (1982) and Fuller, A. et al., J. Virol. 63,
3435 (1989)). _ '

The antibodies can also be used as separately
administered composifions given in conjunction with acyclovir
or other antiviral agents. Typically, the agents méy include
idoxuridine or trifluorothymidine, but numerous additional
agents (e.g., vidarabine) well-known to those skilled in the
art for HSV treatment may also be utilized (see, Corey, L.,
op. cit.). A preferred pharmaceutidal composition of the
present invention comprises the use of the subject

immunoglobulins in immunotoxins to kill cells infected by HSV.

These humanized antibodies can further find a wide
variety of utilities in vitro. By way of example, the
antibodies can be utilized for detection of HSV antigens, for
isclating specific HSV infected cells or fragments of thé
virus, for vaccine preparation, or the like.

EXPERIMENTAL
oni ) in ight chai .
cDNAs for the heavy chain and light chain variable

domain genes were cloned using anchored polymerase chain
regions (E.Y. Loh et al., Science 243, 217 (1989)), using 3°
primers that hybridized to the constant regions and contained
HindIII sites, and 5' primers that hybridized to the 4G tails
and contained EcoRI sites (scheme shown in Fig. 6). This

" method yields clones with authentic variable domain secquences,

in contrast to other methods using mixed primers designed to
anneal to the variable domain sequence (J:W. Larrick et al.,
Bio/Technology 7, 934 (1989) and Y.L. Chiang et al., BioTech.
7, 360 (1989)). The PCR amplified fragments were digested
with EcoRI and HindIII and cloned into the pUC18 vector for
sequencing. For Fd79, two gamma-1 specific and 5 kappa
specific clones were Sequenced. The two gamma-l specific
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clones are identical in sequence. This heavy chain cDNA -

fragment encodes a signal peptide of 19 amino acids, a V
région in mouse heavy chain subgroup IIIB, a D segment, and.a
J.1 segment with 4 alterations compared to the genomic J.1 Hi :
sequence. The deduced amino acid sequence is shown in Fig.
14A.© ‘ : o,

The five Kappa specific clones belong to two groups.
Two clones are identical and encode a kappa chain in wﬁich the
conserved amino acid 23 cysteine has been substituted by a
tyrosine, probably representing the non-preoductive allele. -
The other three clones have an identical sequence encoding a
signal peptide sequence of 20 amino acids, a V region in mouse
kappa chain subgroup III, and a J,2 segment with a single
alteration compared to the genomic J, 2 sequence (Fig. 14B).

The validity of the heavy chain and the kappa chain sequences
was subsequently confirmed by the construction and expre551on
of a chimeric antibody as discussed below.

The heavy chain and the kappa chain of Fd138-80 were;
cloned similarly. Three clones each of the heavy chain and '
the kappa chain were séquenced; All three heavy chain clones
have an identical sequenée encoding a signal peptide sequence
of 19 amino acids, a V region in mouse heavy chain subgrdup '
II, a D segment and the J 3 segment (Fig. 14C). The thre53
kappa clones are also identical in segquence. This light chain
fragment encodes a signal peptide sequence of 20 amino acids}\
a V region gene in mouse kappa chain subgroup V and the J.5 ‘

segment (Fig. 14D). Both chains shown no irregularities ih

codlng sequence; their validity was subsequently confirmed by
construction and expression of a chimeric antibody.

Construction and expression of chlmgrlc antibodies. "
?".

Two plasmid vectors were prepared for constructlon
and expression of the chimeric antibody genes. The plasmld
pVagl (Fig. 15A) contains a human cytomegalovirus IE1 promoter
and enhancer (M. Boshart et al., Cell 41, 521 (1985)), the -
human genomic C%l segment including part of the preceding
intron, and the hygromycin gene (Blochlinger et al., Mol..
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Cell. Biol. 4, 2929 (1984)) for selection. The plasmid pVk
(Fig. 15B) is similar to pVgl but contains the human genomic C,
segment and the gpt gene. Derivatives of the Fd79 and Fdi138-
80 heavy and light chain variablé'regidns were prepared from
the cDNAs by polymerase chain reaction. The 5' primers
hybridized to the V regions starting at the ATG codons and
contained Xbal sites; the 3' primers hybridized to the last 15
nucleotides of the J regions and contained splice donor
signals and Xbal sites (see, C. Queen et al., Proc. Natl.
Acad. Sci. USA 86, 10029 (1989)). The modified V regions were
cloned into the Xbal sites of the respective plasmid vectors
between the CMV promoter and the partial introns of the
constant regions. o

For expression of the chimeric antibodies, the heavy
chain and kappa chain plasmids were transfected into Sp2/0
mouse myeloma cells by electroporation'and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Purified chimeric Fd79 and
Fd138-80 antibodies were shown to bind to HSV-1 infected vero
cells by flow cytometry. Viral neutralization assays also
indicated that the chimeric antibodies retain the
neutralization activities of the murine antibodies (data not
shown, but see below for similar results with humanized
antibodies).

Computer modeling of humanized antibodies.

In order to retain high binding affinity in the
humanized'ahtibodies, the general procedures of Queen et al.
were followed (C. Queen et al., Proc. Natl. Acad. Sci. USA 86,
10029 (1989)). The more homologous a human antibody is to the
original murine antibody, the less likely will combining the
murine CDRs with the human framework be to introduce
distortions into the CDRs that could reduce affinity.

Normally the heavy chain and light chain from the same human
antibody are chosen to provide the framework sequences, so as
to reduce the possibility of incompatibility in the assembling
of the twe chains. Based on sequence homoclogy search agaihst
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the NBRF protein sequence database (performed with the

MicroGenie Sequence Analysis Software (Beckman)), the antlhody

Pom was chosen to provide the framework sequences for

humanization of Fd79.

The computer program ENCAD (Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the Fd79
variable region. Inspection of the refined model of murine

Fd79 revealed two amino acid residues in the framework thatl

are close enough to have significant contacts with the CDR
residues (Table‘4).' Lys in light chainNBRF position 49 has
contacts with 3 amino acids in CDR2 of the.light chain (L50

Tyr, L53 Asn, L55 Glu) and 2 amino acids in CDR3 of the heavy

chain (H99 Asp, H100 Tyr). Leu in heavy chain position 93
also shows interactions with 2 amino acids in CDR2 of the
heavy chain (H35 Ser, H37 Val) and an amino acid in CDR3 of

the heavy chain (H100C Phe). Hence, L49 Lys and H93 Leu were

retained in the constructlon of humanized Fd79, as their

replacement with human Pom framework residues would be llk31Y

to introduce distortions into the CDRs. Also, 7 other

residues in the Pom framework (5 in the light chain and 2 in
the heavy chain) were substituted with common human residues .

(identical to the murine Fd79 sequence in 6 of the choices)
because of their rare occurrence in other human antibodies.

The elimination of unusual amino acids in the framework may .
further reduce immunogenicity. The murine Fd79 sequences and
the corresponding humanized sequences are shown in Fig. 14A, ‘
B. Substituted residues in the Pom framework are underlined.
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TABLE 4
Residues in the framework sequence showing contacts with
residues in the hypervariable regions.

Residue No.®! Amino Acid Contacting CDR residues?

Fd79

L49 Lys L50Y, LS53N, L55E, H9SD, H1l00Y
H93 Leu ' H35S, H37V, H100CF
 Fd138-80

L36 His L34V, L89Q

H27 Tyr H32H, H341I

H30 Tyr H32H, H53R

H48 Phe H63F

H66 Lys H63F

H67 . Ala H63F

1. The amino acid residues are numbered accordihg to the

Kabat system (E.A. Kabat et al., Sequences of Proteins of
Immunological Interest, National Institutes of Health,
Bethesda, MD (1987)): the first letter (H or L) stands for
the heavy chain or light chain. The following number is the
residue number. The last letter is the amino acid one letter
code.

2. The hypervariable regions are defined according to Kabat:
Light chain CDR1l: residue 24-34; CDR2: 50-56; CDR3: 89-97.
Heavy chain CDR1: 31-35; CDR2: 50-65; CDR3: 95-102.

Similarly, the murine heavy chain and light chain
sequences of Fd138-80 were subjected to sequehce homology
search against the NBRF protein sequencé database. The
sequences of the human antibody Eu were selected to provide
the framework sequences for humanized Fd138-80. Inspection of
a computer-generated model of Fd138-80 revealed 6 amino acid
residues in the framework that are close enough to have
important contacts with CDR residues. The residues and their
contacting counterparts are listed in Table 4; these murine
residues were retained in the construction of humanized Fd138-
80. Two other residues (L87 Phe and H37 Met) show significant
contacts with L98 Phe, which is immediately adjacent to CDR3,
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so these two mouse residues were also retained. Eight amino
acids in the Eu framework (2 in the light chain and 6 in the
heavy chain) were substituted with the murine residues (which
are also consistent with the human consensus residues) becauser
of their rare occurrence in other human antibodies. The
murine Fd138-80 sequences and the corresponding humanized
sequences are shown in Fig. 14C. Substituted residues in the -
Eu framework are underlined. A

For the construction of genes for the humanized
antibodies, nucleotide sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the signal peptides, generally utilizing codons
found in the mouse sequence. Several degenerate codons were
changed to create restriction sites or to remove undesirable
ones. The nucleotide sequences also included the same splice
donor signals used in the chimeric genes and an Xbal site at
each end. Each gene was constructed from four overlapping
synthetic oligonucleotides. For each variable domain gene,
two pairs of overlapping oligonucleotides on alternating
strands were synthesized that encompassed the entire coding
sequences as well as the signal peptide and the splice donor
signal. The oligonucleotides were synthesized on an Applied
Biosystems 380B DNA synthesizer. Each oligo was ‘about 110-140
bases long with a 15 base overlap. Double stranded DNA
fragments were synthesized with Klenow polymerase, digested
with restriction enzymes, ligated to pUC18 vector and
sequenced. The two fragments with the correct sequences were
then ligated into the XbaI sites of pVgl or pVk expression '

vectors.
The synthetic genes were then cloned into the pvgl

and pVk expression vectors. For each humanized antibody
constructed, the heavy chain and light chain plasmids were
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells were selected for gpt expression. Clones were
screened by assaying human antibbdy production in the culture

supernatant by ELISA, and antibody was purified from the best--

producing clones. Antibodies were purified by passing tissue
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culture supernatant over a column of staphylococcal protein Af
Sepharose CL-4B (Pharmacia). The bound antibodies were eluted
with 0.2 M Glycine-HCl1l, pH3.0 and neutralized with 1 M Tris
PH8.0. ' The buffer was exchanged into PBS by paséing over a
PD10 column (Pharmacia).

Properties of humanized antibodies.

The humanized Fd79 and Fd138-80 antibodies were
characterized in comparison to the murine and chimeric
antibodies. Both humanized antibodies bind to Vero cells
infected with HSV-1 in a fluorocytometric analysis in a manner
similar to the chimeric antibodies (Fig. 16), suggesting that
they recognize their respective viral antigens. To more
quantitatively assess the binding activity, radioiodinated
murine antibodies were bound to virally infected cells and
Scatchard analysis performed.

The affinities of the humanized antibodies were
determined by competition with the iodinated antibodies. Vero
cells infected with HSV-1 were used as source of gB and gD
antigens. Increasing amounts of competitor antibody (mouse or
humanized) were added to 1.5 ng of radiociodinated tracer mouse
antibody (2uCi/ug) and incubated with 4 x 10° infected Vero
cells in 0.2 ml of binding buffer (PBS + 2% FCS + 0.1% azide)
for 1 hr. at 4°C. Cells were washed and pelleted, and their
radioactivities were measured. The concentrations of bound
and free tracer antibody were calculated. The binding
affinities were calculated according to the methods of
Berzofsky (J.A. Berzofsky and I.J. Berkower, in Fundamental
Immunology (ed. W.E. Paul), Raven Press (New York), 595
(1984)).

The measurements indicate that there is no
significant loss of binding affinities in the humanized
antibodies (Table 5). Specifically, there is an approximately
2~fold decrease in affinity in humanized F3d79 compared to the
murine Fd79 (Ka of 5.3 x 10’ M! vs. 1.1 x 10® M'). The
affinity of humanized Fd138-80 is comparable to that of the
murine antibody (Ka of 4.8 x 10’ M vs 5.2 x 10’ M}).
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TABLE 5

Binding affinities of murine and humanized antibodies.

Mouse Humanized

a1 -1

K, (M) K, (M)
Fd79 (anti-gB) - 1.1 x 10° 5.3 x 10’
5.2 x 10’ 4.8 x 10’

Fd138-80 (anti-gD)

Murine Fd79 and Fd138-80 have been shown to
neutralize HSV-1 in vitro without complement (J. Koga et al.,
Virology 151, 385 (1986)), so the neutralizing activities of
the humanized antibodies were compared with the mouse
antibodies. Serial dilutions of equal quantities. of murine
and humanized antibodies were incubated with virus for 1 hr.
before inoculation onto Vero cells. After 4 days, cellsvwére
stained with neutral red to visualize plaques. Results from
these plaque reduction aséays indicated that both humanized
F479 and FAd138-80 neutralize virus as efficiently as their
murine counterparts (Figs. 17A and B). Both humanized and
murine FA79 cause a 90% reduction of plaques at an antibody
concentration of 10 nM (1.5 ug/ml). Similarly, humanized and®
murine FA138-80 were able to cause a 90% plague reduction at
equivalent levels. :

The antibodies were also investigated for their
ability to protect cells from viral spread in tissue culture.
Vero cells were inoculated with virus at 0.1 pfu/cell and
allowed to adsorb for 2 hrs. at 37°C before addition of 10
ug/ml antibody. After four days, cells were stained with an
anti-gB antibody for detection of viral antigens on infected
cells. Results indicated that both murine and humanized Fd79
at 10 ug/ml protected culture cells from infection (Fig. 38A).
However, neither murine nor humanized Fd138-80 were able to
protect cells against viral spread (Fig. 18B), despite their
ability. to neutralize virus before inoculation. Both gB and
gD are thought to be associated with cell fusion and virus
infectivity (W. Cai et al., J. Virol. 62, 2596 (1988) and A.O.

PCT/US91/09711.
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Fuller and P.G. Spear, Proc. Natl. Acad. Sci. USA 84, 5454

(1987)). However, it is possible that Fd79 blocks both the

infectivity and cell fusion functions of gB, while Fd138-80

blocks only the infectivity function of gD, so virus can still

spread cell-to-cell.

The binding, neutralization and protection results
all indicate that the humanized Fd79 and Fd138-80 antibodies
have retained the binding activities and the biological .
properties of the murine monoclonal antibodies. The
availability of humanized antibodies with specificity for HSV
gB and gD, inter alia, provides an opportunity for studies of
the in vivo potency andkimmunogenicity of humanized antibodies
in treating viral diseases. The recognition by Fd79 and
Fd138-80 of type-common epitopes of gB and gD (J. Koga et al.,
Virology 151, 385 (1986)) expands the therapeutic potential to
herpes simplex virus type 2 as well as type 1.

Protection from herpes simplex virus type 2 lethal infections
in mouse model by humanized F479 and Fd138-80.

To determine the efficacy of humanized antibodies
against herpes infections in vivo, humanized antibodies were
injected into mice before and after inoculation of lethal
doses of HSV-2, and the mortality rates were monitored.

Groups of animals were treated intraperitoneal with 6.9, 0.3
or 0.1 mg of each of humanized Fd79 or Fd138-80 at 24 hr
before or 24 hr. after viral inoculation. Groups of 10 mice
were challenged intranasally with lethal doses of HSV-2. Mice
were monitored for three weeks. The mortality rates were
shown in the following tables. '

The results show that significant protection against
HSV-2 infection of mice was obtained with humanized Fa79 and

‘humanized Fd138-80.
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TABLE 6
EFFECT OF PRE-TREATMENT (-24h)

WITH HSV ANTIBODY ON THE MORTALITY
" OF MICE INOCULATED INTRANASALLY WITH HSV-2

Mortality . ] -

Treatment Number Percent P-Value T
Control 13/15 ‘ 87 : - '
Placebo 13/15 87 ' NS
Mu Fd 138

0.9 mg 3/10 30 <0.001

0.3 mg 5/10 . 50 : 0.01

0.1 mg . 5/10 50 : 0.08
Hu Fd 138 . .

0.9 mg 1/10 . 10 <0.001

0.3 mg 8/10 80 NS

0.1 mg 7/10 70 NS
Mu Fd 79

0.9 mg 0/10 0 <0.001

0.3 mg 2/10 - 20 <0.01

0.1 mg 4/10 40 <0.05
Hu Fd 79 '

0.9 mg 1/10 - 10 <0.01

0.3 mg : 3/10 30 : 0.08

0.1 mg 5/10 50 0.08
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TABLE 7

EFFECT OF POST-TREATMENT (+24h)
WITH HSV ANTIBODY ON THE MORTALITY
OF MICE INOCULATED INTRANASALLY WITH HSV-2

Mortality

Treatment Number Percent P-Value
Control © 12715 80 -—
Placebo 15/15 100 NS
Mu Fd 138

0.9 mg 2/10. 20 <0.001

0.3 mg 4/10 40 0.001

0.1 mg 5/10 ‘50 <0.01
Hu Fd 138

0.9 mg 3/10 30 <0.001

0.3 mg 3/10 . 30 <0.001

0.1 mg 9/10 90 NS
Mu Fd 79 : ,

0.9 mg 5/10 50 . <0.01

0.3 mg . 3/10 30 <0.001

0.1 mg - 6/10 60 <0.05
Hu Fd 79

0.9 mg 3/10 : 30 <0.001

0.3 mg 3/10 30 <0.001

0.1 mg , . 9/10 90 : NS

The use of a combination of two or more humanized
antibodies in therapy is important for reducing the
development of antibody resistant strains. .Combination
therapy of humanized antibodies with other antiviral agents
such as acyclovir provides further opportunities to combat
diseases when chemotherapeutic agents alone have not been
effective. As Fd79 and Fd138-80 reduce the frequency of viral
persistence in a murine ocular model (J.F. Metcalf et al.,
Cur. Eye Res. 6, 173 (1987)), the humanized antibodies,
typically together with other antiviral agents, are capable of
reducing episodes of recurrent genital infection, an area
where traditional anti-viral agents have not been effective
(L. Corey et al., N. Engl. J. Méd. 306, 1313 (1982)).

Incorporation of the human constant domains can also enhance
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effector functions, such as antibody-dependent cellular
cytotoxicity, leading to greater therapeutic efficiency in

human patients.

Example TIJT
Humanized Immunoglobulins to CD33 Antigen

There are about 10,000-15,000 new cases of myeloid

'(also_called non-lymphocytic or granulocytic) leukemia in the

U.S. per year (Cancer Facts & Figures, American Cancer
Society, 1987). There are two major forms of myeloid
leukemia: acute myelogenous leukemia (AML) and chronic
myelogenous leukemia (CML). Despite treatment with
chemotherapy, long-term survival in patients with AML is less -

‘than 10-20% (Clarkson et al., CRC Critical Review in

oncology/Hematology 4, 221 (1986)), and survival with CML and
related diseases such as chronic myelomonocytic leukemia
(CMML), chronic monocytic leukemia (CMMOL) and myelodysplastic
syndrome (MDS) is even lower. o

The p67 protein or CD33 antigen is found on the
surface of progenitors of myeldid cells and of the leukemic
cells of most cases of AML, but not on 1ymphoid'cells or non-
hematopoietic cells (see, Leucocyte Typing III, ed. by A.J.
McMichael, Oxford University Press, pp. 622-629.(1987).
Antibodies that are known to bind to the CD33 antigen include "
14B3, L1B2 and MY9 (Andrews et al., Blood 62, 124 (1983) and
Griffin et al., Leukemia Research 8, 521 (1984)).

Another antibody that binds to CD33 is M195
(Tanimoto et al., Leukemia 3, 339 (1989) and Scheinberg et
al., Leukemia 3, 440 (1989)). The reactivity of M195 with a
wide variety of cells and tissues was tested. Among normal
cells, M195 wasvreported to bind only to some monocytes and
myeloid progenitor cells. The research also reported that it
does not bind to other hematopoietic cells or to non- ,
hematopoietic tissues. M195 bound to cells of most cases of
AML and all'caseSVOf'CML.in myeloblastic phase.

A phase I clinical trial of M195 in AML has been
conducted (Scheinberg et al., Proc. ASCO 9, 207 (1990)). Mies

*

\
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radiolabeled with iodine-131 was found to rapidly and
specifically target leukemic cells in both the blood and bone
marrow. ' -

In accordance with the present invention, humanized
immunoglobulins specifically reactive with CD33 related
epitopes are proVided. These immunoglobulins, which have
binding affinities to CD33 of at least about 10’ M}, and
preferably 10%® M! to 10'° M? or stronger, are capable of, e.q.,
destroying leukemia cells. The humanized immunoglobulins will
have a human framework and will have one or more
complementarity determining regions (CDR's) from an
immunoglobulin, typically a mouse immunoglobulin, specifically
reactive with CD33 antigen. In a preferred embodiment, one or
more of the CDR's will come from the M195 antibody.
Importantly, M195 does not bind to the ultimate hematopoietic
stem cells, so M195 used in therapy will minimally interact
with and destroy those cells, which are critical for
generating all blood cells. Thus, the CD33 specific
immunoglobulins of the present invention, which can be
produced économically in large quantities, find use, for
example, in the treatment of myeloid cell-mediated disorders
in human patients by a variety of techniques. ]

In one aspect, the present invention is directed to
recombinant DNA segments encoding the heavy and/or light chain
CDR's from an immunoglobulin capable of’binding to a desired
epitope of CD33 antigen, such as monoclonal antibodies M195,
L4B3, L1B2 or MY9. The DNA segments encoding these regions
will typically be joined to DNA segments encoding appropriate
human framework regions. Exemplary DNA sequences, which on
expression code for the polypeptide chains comprising the
heavy and light chain CDR's of monoclonal antibody M195 are
included in Fig. 19. Due to codon degeneracy and non-critical
amino-acid substitutions, other DNA sequences can be readily
substituted for those sequences, as'detailed below.

The antibodies of the present invention will
typically find use individually in treating hematologic
malignancies. For example, typical disease states suitable
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for treatment include AML, CML, CMML, CMMOL and MDS (see,
generally, Hoffbrand & Pettit, Essential Haematology,
Blackwell Scientific Publlcatlons Oxford (1980)). The
antibodies may also be used for bone marrow ablation prior to

bone marrow transplant.

Any humanized immunoglobulins of the present
invention may alsc be used in combination with other
antibodies, particularly humanized antibodies reactive with
different myeloid antigens. For example, suitable antigens to
which a cocktail of humanized immunoglobulins may react '

include CD13 CD14, CD15, CD1l6é and CD34 (see, Leukocyte Typlng

III, op. cit., pp. 576-732).
The antibodies can also be used as separately

administered compositions given in conjunction with
chemotherapeutic agents. Typically, the agents may include
cytosine arabinoside and daunorubicin, but numerous additional.
agents (e.g., 6-thioguanine) well-known to those skilled in
the art for leukemia treatment may also be utilized (see,
Hoffbrund & Pettit., op. cit.). A preferred pharmaceutical
composition of the present invention comprises the use of the
subject immunoglobulins in immunotoxins to kill leukemia °

cells.
Humanized antibodies of the present invention can

. further find a wide variety of utilities in witro. By way of

example, the antibodies can be utilized for detection of CD33

'éntigens, for isolating specific myeloid cells, or the like.

It will be understood that although the experiments
pertain to the M195 antibody, producing humanized antibodies
with high binding affinity for the CD33 antigen is also
contemplated using CDR's from L4B3, L1B2, MY9 or other
monoclonal antibodies that bind to an epitope of CD33.

o EXPERIMENTAL
Cloning of heav chaiﬁ and light chain cDNA.
cDNAs for the heavy chain and light chain variable
domain genes were cloned using anchored polymerase chain
reactions (E.Y. Loh et al., Science 243, 217 (1989)), using 3
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?rimers that hybridized to the constant regions and contained

HindIII sites, and 5' primers that hybridized to the dG tails

and contained EcoRI sites (scheme shown in Fig. 6). The PCR

amplified fragments were digested with EcoRI and HindIII and

cloned into the pUCl8 vector for sequencing. For M195, two
gamma-2a specific and two kappa specific clones were

sequenced. The two gamma-2a clones and two kappa clones are

respectively identical in sequence. The cDNA variable domain
sequences and the deduced amino acid sequences are shown in

Fig. 19.

Construction and expression of chimeric antibody.

Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pvgl-dhfr (Fig. 203) cbntaihs a human cytomegalovirus IE1
promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985)), the human genomic Cyl segment including part of the
preceding intron, and a dihydrofolate reductase (dhfr) gene
(Simonsen et al., Proc. Natl Acad. Sci. USA 80, 2495 (1984))
for selection. The plasmid pVk (Fig. 20B) is similar to pvVgl-
dhfr but contains the human genomic Cx segment and the gpt
gene. Derivatives of the M195 heavy and light chain variable
regions were prepared from the cDNAs by polymerase chain
reaction. The 5' primers hybridized to the V regions starting
at the ATG codons and contained Xbal sites; the 3' primers
hybridized to the last 15 nucleotides of the J regions and
contained splice donor signals and Xbal sites (see, Queen et
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)). The
modified V regions were cloned into the Xbal sites of the
respective plasmid vectors between the CMV promoter and the
partial introns of the constant regions.

For expression of the chimeric antibody, the heavy
chain and kappa chain plasmids were transfected into Sp2/0
mouse myeloma cells by electroporation and cells selected for
gpt expression. Clones secrefing a maximal amount of complete
antibody were detected by ELISA. Purified chimeric M195
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antibody was shown to bind to U937 cells, which express the
¢D33 antigen, by flow cytometry (Fig. 21).

Computer modeling of humanized antibodies.

In order to retain high binding affinity in the
humanized antibodies, the general procedures of Queen et al.
were followed (see, Queen et al., Proc. Natl. Acad. Sci. USA
86, 10029 (1989} and WO 90/07861). The more homologous a
human antibody is to the original murine antibody, the less
likely will combining the murine CDR's with the human
framework be to introduce distortions into the CDR's that
could reduce affinity. Normally the heavy chain and light
chain from the same human antibody are chosen to provide the
framework sequences, so as to reduce the possibility of
incompatibility in the. assembling of the two chains. Based on
sequence homology search against the NBRF protein sequence

‘database (performed with the MicroGenie Sequence Analysis

Software (Beckman)), the antibody Eu was chosen to provide the
framework sequences for humanization of M195.
The computer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the M195
variable region. The model was used td determine the amino
acids in the M195 framework that were close enough to the
CDR's to potentially interact with them (category 4 below).
To design the humanized light and heavy chain M195 variable
regions, at each position the amino acid was chosen to be the
same as in the Eu antibody, unless that4 position fell in one
or more of four categories:
(1) The position fell within a CDR,
(2) The Eu amino acid was unusual for human
antibodies at that position, whereas the
M195 amino acid was typical for human
antibodies at that position,

(3) _The position was immediately adjacent to a

'CDR,

PCT/US91/09711
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(4) The model described above suggested that
the amino acid may be physically close to
the antigen binding region (CDR's).

In category (2), "unusual" is interpreted to include amino
acids that occur in less than about 20% of the human sequences
in the same subgroups (as defined by Kabat et al., op. cit.)
as the Eu light and heavy chains, and "typical" is interpreted
to include amino acids that occur in more than about 25% but
generally more than 50% of the human sequences in those
subgroups. For positions in these categories, the amino acid
from the mouse M195 anﬁibody was used: The amino acids in
each category are shown in Table 8. Some amino acids may be
in more than one category. The final sequences of the
humanized M195 light and heavy chain variable domains are
shown in Fig. 22, compared with the Eu sequences.

TABLE 8
Category Light Chain Heavy Chain
1 24-38, 54-60, 93-101 31-35, 50-66, 99-105
2 10, 52, 67, 110 93, 95, 98, 106, 107,
' 108, 110
3 - 30, 67, 98, 106
4 40, 52, 74 ) 27, 30, 48, 68, 98

" For the construction of genes for the humanized
antibodies, nucleotide Sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the same signal peptides as in the mouse M195 chains
(Fig. 19), generally utilizing codons found in the mouse
sequence. Several degenerate codons were changed to create
restriction sites or to remove undesirable ones. The
nucleotide sequences also included the same splice donor
signals used in the chimeric genes and an Xbal site at each
end. Each gene was constructed from four overlapping
synthetic oligonucleotides. For each variable domain gene,
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two pairs of overlapping oligonuclectides on alternating
strands were synthesized that encompassed the entire‘éqdinéz_
sequences as well as the signal»peptide and the splice donofz
signal (Fig. 23). The oligonucleotidés were synthesized on an,
Applied Biosystems 380B DNA syntheéizer. Each oligo was3§bouﬁ
110-140 bases long with about a 15 base overlap. Double ﬂ» ;
stranded DNA fragments were synthesized with Klenow polymefase
from each pair of oligonucleotides, digested with restrictiég
enzymes, ligated to the pUC18 vector and sequenced. . T”d; ‘
fragments with the réspectively correct half-sequences were
then ligated into the Xbal sites of the pVgl-dhfr or pvk
expression vectors in the appropriate orientations to prodﬁge
the complete heavy and light chain genes. Reactions were ‘_
carried out under conditions well-known in the art (Maniatisak
et al., op. cit.) ' ‘ '
The heavy chain and light chain plasmids were :
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells were selected for gpt expression. Clones were )
screened by assaying human antibody production in the cuituré:
supernatant by ELISA, and antibody was purified from'theipestik
producing clones. Antibody was purified by passing tissue:
culture supernatant over a column of staphylococcal proteinlh-
Sepharose CL-4B (Pharmacia). The bound antibody was elﬁ;ed 2
with 0.2 M Glycine-HC1l, pH3.0 and neutralized with 1 M Tris .
PH8.0. The buffer was exchanged into PBS by passing over ‘a
PD10 column (Pharmacia). ' E

Properties of humanized antibodies.

The humanized M195 antibody was characterized in
comparison to the murine and chimeric antibodies. The '
humanized antibody bound to U937 cells in a fluorocytometrié
analysis in a manner similar to the chimeric antibody -
(Fig. 21), showing that it recognizes the same CD33 antigen.

The affinity of the humanized antibody was B
determined by competition with the radio-iodinated mouse M195
antibody (Fig. 24). The binding affinities were calculated
according to the methods of Berzofsky (J.A. Berzofsky and_I.Jfa
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Berkower, in Fundamental Immunology (ed. W.E. Paul), Raven
Press (New York), 595 (1984)). The mouse M195 had an affinity

comparable to the published value (Tanimoto et al., op. cit.)
and the humanized M195 antibody had an affinity the same as
the mouse M195 to within experimental error. .
Humanized M195 is useful to mediate antibody-
dependent cellular cytotoxicity when human effector cells and
human CD33-expressing cells are used. This is analogous to
other humanized antibodies, such as reported by
Junghans et al., Cancer Research 50, 1495 (1990).
Unfortunateiy, the use of non-humén monoclonal
antibodies such as M195 have certain drawbacks in human
treatment, particularly in repeated therapeutic regimens.

Example IV
Humanized Immunoglobulins to CMV Antigens

Cytomegalovirus is a major pathogen of
immunocompromised individuals, especially bone marrow
transplant recipients, organ tansplant recipients, and AIDS
patients (see, generally, Fields et al., Eds., Virology, 2nd
ed., Raven Press; New York pp. 1981-2010 (19%90)).
Approximately 15% of bone marrow transplant>patients develop
CMV pneumonia, with an 85% mortality rate (Meyers, Rev. Inf.
Dis. 11 (suppl. 7), S1691 (1989)). About 10% of AIDS patients
develop severe CMV disease; and congenitally acquired cCMV,
often with significant morbidity and mortality, affects 1% of
newborns (Fields, op. cit.).

The drug ganciclovir is effective against certain
forms of CMV infection, notably chorioretinitis and
gastroenteritis, but is not very effective against CMV
pneunonia, and it has serious toxicity. Use of pooled human
imunoglobulin preparations has shown some beneficial effect

. for prophylaxis of CMV in bone marrow transplant patients

(Meyers, op. cit.), and a combination of high-dose immune
globulin and ganciclovir -has been reported effective against
CMV pneumonia (Emanuel et al., Trans. Proc. XIX (suppl. 7),
132 (1%87)). However, the marginal effectiveness, variable
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potency and high cost of commercial human immune globulin

remain serious problems. Hence, there is a great need for new °

drugs effectivevagainst CMV.

CMV is a member of the herpesvirus famiiy of
viruses, and as such, has a large double-stranded DNA core, a
protein capsid, and an outer lipid envelope with viral
glycoproteins on its surface. At least 8 proteins have been
detected on the envelope of CMV (Britt et al., J. Virol. 62,
3309 (1988)) and others have been predicted to exist based on
the DNA segquence of CMV (cheé et al., Nature 344, 774 (1990)).
Murine monoclonal antibodies have been produced against two
especially significant CMV glycoproteins: gB, also called
p130/55 or gp55-116, and gH, also called p86 (Rasmussen et

- al., Viroclogy 163, 308 (1988) and Britt et al., op. cit.) and

shown to neutralize infectivity of the virus. Three other
neutralizing antibodies to gH are designated CMV5, CMV109 and
CMV115. Human monoclonal antibodies to CMV have also been
produced (Ehrlich et al., Hybridoma 6, 151 (1987)).

In animal models, murine monclonal antibodies have
been shown effective in treating infections caused by various
viruses, including members of the herpesvirus family (see,

e.g., Metcalf et al., Intervirol. 29, 39 (1988)). Hence, such'

antibodies may be useful in treatment of CMV. infections.
Unfortunately, the use of non-human monoclonal antibodies such
as CMV5 and CMV11l5 have certain drawbacks in human treatment,
particularly in repeated therapeutic regimens as explained
below. )

Thus, there is a need for improved forms of
humanized immunoglobulins specific for CMV antigen that are
substantialiy non-immunogenic in humans, yet easily and
economically produced in a manner suitable for therapeutic
formulation and other uses. The pfesent invention fulfills

‘these and other needs.

In accordance with the present invention, humanized
immunoglobulins specifically reactive with CMV and CMV-
infected cells are provided. These immunoglobulins, which

“have binding affinities to CMV specific antigens of at least -
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about 107 M}, and preferably 10°® M to 10 M or stronger, are

‘capable of, e.g., blocking CMV infection of cells. The

humanized immunoglobulins will have a human framework and will
have one or more complementarity determining reéions (CDR's)
from an immunoglobulin, typically a mouse immunoglobulin,
specifically reactive with a CMV antigen. 1In a preferréd
embodiment, one or more of the CDR's will come from the CMV5, -

"or CMV109 or CMV115 antibodies. The immunoglobulins of the

present invention, which can be produced economically in large
quantities, find use, for example, in the treatment of CMV-
mediated disorders in human patients by a variety of
techniques. ‘
In one aspect, the present_invention is directed to
recombinant DNA segments encoding the heavy and/or light chain
CDR's from an immunoglobulin capable of binding to a desired
epitope of a CMV antigen, such as monoclonal antibodies CMV5
or CMV115. The DNA segments encoding these regions will
typically be joined to DNA segments encoding appropriate human
framework regions. Exemplary DNA sequences, which on
expression code for the polypeptide chains comprising the
heavy and light chain CDR's of monoclonal antibody CMV5 are
included in Fig. 25. Due to codon degeneracy and non-critical
amino-acid substitutions, other DNA sequences can be readily
substituted for those sequences, as detailed below.

Pdlypeptide fragments comprising only a portion of
the primary antibody structure may be produced, which
fragments possess one or more immunoglobulin activities (e.g.,
complement fixation activity). These polypeptide fragments
may be produced by proteoiytic cleavage of intact antibodies
by methods well known in the art, or by inserting stop codons
at the desired locations in the vectors pVk and pVgl-dhfr
(Fig. 26) using site-directed mutagenesis, such as after CH1
to produce Fab fragments or aftef the hinge region to produce
(Fab')2 fragments. Single chain antibodies may be produced by
joining VL and VH with a DNA linker (see Huston et al., op.
cit., and Bird et al., op. cit.). :
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The antibodies of the present invention will
typically find use individually in treating CMV-related
disorders. For example, typical disease states suitable for
treatment include CMV pneumonia, neonatal CMV infection, CMV
mononucleosis and CMV-related chorioretinitis and
gastroenteritis. Any humanized immunoglobulins of the present
invention may also be used in combination with other '
antibodies, particularly humanized antibodies reactive with
different CMV antigens. For example, suitable antigens to
which a cocktail of humanized immunoglobulins may react
include the gB and gH proteins. The antibodies can also be

- used as separately administered compositions given in

15 .

20

25

30

35

conjunction with chemotherapeutic agents. Typically, the
agents may include acyclovir or ganciclovir, but numerous
additional agents well-known to those skilled in the art for
CMV treatment may also be utilized. A preferred
pharmaceutical composition of the present invention comprises
the use of the subject immunoglobulins in immunotoxins to kill
CMV-infected cells.

CMV specific humanized antibodies of the present
invention can further find a wide variety of utilities in
vitro. By way of example, the antibodies can be utilized for
detection of CMV antigens, for isolating specific CMV-infected

cells, or the like.
. In particular, the same method may be used to

" produce a humanized CMV109, CMV115 or other anti-CMV antibody}_

as used to produce humanized CMV5 herein.

EXPERIMENTAL

Cloning of heavy chain and light chain CDNA.
cDNAs for the heavy chain and light chain variable

domain genes were cloned using anchored polymerase chain

reactions (E.Y. Loh et al., Science 243, 217 (1989)), using 31

primers that hybridized to the constant regions and contained
HindIII sites, and 5' primers that hybridized to the dG tails
and contained EcoR I sites (scheme shown in Fig. 6). The PCR-

amplified fragments were digested with EcoR I and HindIII and

PCT/US91/09711 -
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cloned into the pUCl8 vector for sequencing. For‘CMVS, two
gamma-2a specific and two kappa specific clones were
sequenced. The two gamma-2a clones and two kappa clones are
respectively identical in sequence. The cDNA variable domain
sequences and the deduced amino acid sequences are shown in
Fig. 25A and 25B. Similarly, by using techniques, which are
well-known in the art, cDNAs for the CMV109 and CMV115 '
antibodies may be obtained and their segquence determined.

Construction and expression of chimeric antibody.

Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pvgl-dhfr (Fig. 26A) contains a human cytomegalovirus IE1l
promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985)), the human genomic cvl‘segment»including part of the
preceding intron, and a dihydrofolate reductase (dhfr) gene
(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495 (1983))
for selection. The plasmid pVk (Fig. 26B) is similar to pVgl-
dhfr but contains the human genomic Cx segment and the gpt
gene. Derivatives of the CMV5 heavy and light chain variable
regions were prepared from the cDNAs by polymerase chain
reaction. The 5' primers hybridized to the V regions starting
at the ATG codons and contained Xbal sites; the 3' primers
hybridized to the last 15 nucleotides of the J regions and
contained splice donor signals and Xbal sites (see, Queen et
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)). The
modified V regions were cloned into the Xbal sites of the
respective plasmid vectors between the cytomegalovirus
promoter and the partial introns of the constant regions.

For expression of the chimeric antibody, the heavy
chain and kappa chain plasmids were transfected into Sp2/0
mouse myeloma cells by electroporation and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Purified chimeric CMV5
antibody was shown to bind to CMV-infected cells, which
express the gH antigen, by immunostaining of CMV-infected
human embryonic lung fibroblasts.
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Computer modeling of ‘humanized antibodies.

In order to retain high binding affinity in the
humanized antibodies, the general procedures of Queen et al.
were followed (see, Queen et al., Proc. Natl. Acad. Sci. UsSA
86, 10029 (1989) and WO 90/07861). The more homologous a -
human antibody is to the original murine antibody, the less
likely will combining the murine CDR's with the human
framework be to introduce distortions into the CDR's that
could reduce affinity. Normally the heavy chain and light
chain from the same human antibody are chosen to prdﬁide the
framework sequences, so as to reduce the possibility of -
incompatibility in the assembling of the two chains. Based on
sequence homology search against the NBRF protein sequence .
database (performed with the MicroGenie Sequence Analysis
Software (Beckman)), the antibody Wol was chosen to provide
the framework sequences for humanization of CMVS5.

The computer program ENCAD (M. Levitt, J. Mol. Biol. -

168, 595 (1983)) was used to construct a model of the CMV5
variable region. The model was used to determine the amino
acids in the CMVS framework that were close enough to the
CDR's to potentially interact with them (category 4 below).
To design the humanized light and heavy chain CMVS variable
regions, at each positioﬁ the amino acid was chosen to be the
same as in the Wol antibody, unless that position fell in one
or more of five categories: :

(1) The position fell within a CDR,-

(2) The Wol amino acid was unusual for human
antibodies at that position, whereas the CMV5
amino acid was typical for human antibodies at
that position, .

(3) The position was immediately adjacent to a CDR,.

(4) The model deséribed above suggested that the
amino acid may be physically close to the

v antigen binding region (CDR's).
In category (2), "unusual" is interpreted to include amino
acids that occur in less than about 20% of the human sequences
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in the same subgroups (as defined by Kabat et al., op. cit.)
as the Wol light and heavy chains, and "typical" is
interpreted to include amino acids that occur in more than
about 25% but generally more than 50% of the human sequences
in those subgroups. For positions in these categories, the
amino acid from the mouse CMV5 antibody was used. 1In
addition, a position was in the fifth category if the Wol
amino acid was highly unusual for human antibodies at that
position, and the CMVS amino acid was different but also
unusual. Then an amino acid typical for human antibodies at
that position may be used. '

The amino acids in each category are shown in
Table 1. Some amino acids may be in more than one category.
The final sequences of the humanized CMV5 light and heavy
chain variable domains are shown in Fig. 27A-B, compared with
the Wol sequences.

TABLE 9
teqo Light Chai ' Hea ai
1 , 22-34, 50-56, 89-97 31-35, 50-66, 99-108
’ 69, 80
2 69, 80
3 . 49 30v
4 . , 24, 27, 28, 30, 97
5 ' L)

For the construction of genes for the humanized
antibodies, nucleotide sequences were selected that encode the
protein sequences of the humanized heavy and light chains,
including the same signal peptides as in the mouse CMV5 chains
(Fig. 25), generally utilizing codons found in the mouse
sequence. Several degenerate codons were changed to create
restriction sites or to remove undesirable ones. The
nucleotide sequences also included the same splice donor
signals used in the chimeric genes and an Xbal site at each
end. Each gene was constructed from four overlapping
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synthetic'oligonucleotides;‘ For each variable domain gené,
two pairs of overlapping oligonucleotides on alternating
strands wére synthesized thatAencompassed the entire coding
sequences as well as the gignal peptide and the splice donor
signal (Fig. 28). The oligonucleotides were synthesized on an
Applied Biosystems 380B DNA synthesizer. Each oligo was about
110-140 bases long with about a 15 base overlap. Double

stranded DNA fragments were synthesized with Klenow polymerase '

from each pair of ollgonucleotzdes, dlgested with restriction
enzymes, ligated to the pUC18 vector and segquenced. Two
fragments with the respectively correct half-sequences were
then ligated into the XbaI sites of the pVgl-dhfr or pVk
expression vectors in the appropriate orientations to produce '
the complete heavy and light chain genes. Reactions were
carried out under conditions well-known in the art (Maniatis
et al., op. cit.)

The heavy chain and light chain plasmids are
transfected into Sp2/0 mouse myeloma cells by electroporation
énd'cells are selected for gpt expression. Clones are ’
screened by assaying human antibody production in thé culture
supernatant by ELISA, and antibody purified from the best-
producing clones. Antibody is purified by passing tissue
culture supernatant over a column of staphylococcal protein A-
Sepharose CL-4B (Pharmacia). The bound antibody is eluted
with 0.2 M éiycine—HCl PH3.0 and neutralized with 1 M Tris

'PH8.0. The buffer is exchanged into PBS by passing over a

PD10 column (Pharmac1a) .
Humanized' antibody was also produced by transient

transfection. The heavy chain and light chain plasmids were
transfected into 5194 cells (ATCC TIB 19) by the DEAE-dextran
method (Queen et al., Mol. Cell. Biol. 4, 1043 (1984)), and
humanized CMV5 antibody was purified from the media

supernatant as above. Antibody was gquantitated by ELISA assay

for human Ig.
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g;gperties of humanized antibodies.

The humanized CMVS5 antibody was characterized in
comparison to the murine and chimeric antibodies. The
humanized CMV5 antibody was shown to bind about as well as the
mouse and chimeric antibodies to CMV antigen, by
immunostaining of CMV-infected human embryonic lung (HEL)
cells (ATCC CCL 137). HEL cells monolayers in 96-well plates

 were infected wtih CMV at 0.01 pfu/cell, incubated for 4 days,

dried at 37°C and stored wrapped at 4°C. 100 ul blotto (5%
Carnation Instant Milk in PBS at pH 7.4) was added to each
well and incubated at 37°C for 30 min. The blotto was poured
off and 75 ul of a series of 2-fold dilutions of mouse,
chimeric and humanized CMVS antibody was added to the wells.
The plate was incubated 1 hr at 37°C and washed twice with
blotto (each wash was left on for 10 min). Then 75 ul of
diluted peroxidase (HRP) conjugated goat anti-mouse or anti-
human IgG (Tago) was added to each well and incubated for 1 hr
at 37°C. The plate was washed 2x with PBS and 150 ul of HRP
substrate solution was added to each well. Color was allowed
to develop at room temperature. The plates were washed with
water and air dried. The wells were examined under a
microscope to determine the highest dilution of_the antibodies
that formed a colored precipitate on the CMV-infected cells.
For all three antibodies, 63 ng/ml was the least amount of
antibody that produced a detectable precipitate, indicating
that humanized CMV5 binds about as well as the mouse and
chimeric antibodies.

To compare the affinities of mouse and humanized
CMV5 in another way, a competition experiment was performed.
Plates of CMV-infected HEL cells as above were incubated with
blotto for 30 min at 37°C. The blotto was poured off and
dilutions of mouse or humanized CMV5 were added to each well
in 75 pl of PBS. Then 125 pul of radio-iodinated mouse CMVS (1
uCi/ug) in PBS, containing 28,000 cpm was added to each well '
and incubated at 37°C for 2.5 hr. The plate was washed 5
times with PBS, and the contents of each well were solubilized
with 200 pl of 2% SDS and counted. Increasing concentrations
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of mouse.and humanized CMV5 inhibited binding of the

radidlabeled CMV5 about equally well (Fig. 29), so humanized

CMV5 has approximatley the same binding affinity as mouse CV5.

An irrelevant antibody did not compete in this assay. 1 \
The ability‘of humanized CMV5 to neutralize CMV is i

compared to that of mouse CMV5. Mouse and humanized CMVS are B ‘1

successively diluted by 2-fold in 100 pl of DME medium + 2% L

FCS in wells of a 96-well plate. 100 pul of CMV, .which has

been diluted to contain 100 tissue culture infectious doseéso%

(TCID50) units, are added to each well and incubated for 60

min at 37°C. Each well of antibody-virus mixture is added to

a well of subconfluent HEL cells in a 96-well plate from which

.the medium has been removed. The cells are incubated for 5

days and cytopathic effect (CPE) is examined in each well
under a microscope. The highest dilution of antibody that
inhibits CPE by 90% is a measure of the neutralizing ability
of the antibody. The humanized CMV5 antibody will neutralize
CMV antibody approximately as well as the mouse CMV5 antibody..

Example V .
In mammals, the immune response is mediated by

several types of cells that interact specifically with foreign <?
material, i.e., antigens. One of these cell types, B cells, :
is responsible for the production of antibodies. Another cell -
type, T cells, include a wide variety of cellular subsets that
destroy virally infected cells or control the in vivo function
of both B cells and other hematopoietic cells, including T
cells. A third cell type, macrophages, process and present
antigens in conjunction with major histocompatibility~complex '
(MHC) proteins to T cells. Communication between these cell
types is mediated in a complex manner'by lymphokines, such as
interleukins 1-6 and 4y-IFN (see, generally, Paul, W.E., ed.,
Fundamental Immunology, 2nd ed., Raven Press, New York

(1989)).
‘ One important lymphokine is 4-IFN, which is secreted V
by some T cells. In addition to its anti-viral activity, ~-.
IFN stimulates natual killer (NK) cells, activates '

PFIZER EX. 1502
Page 2040



10

15

20

25

30

35

WO 92/11018 PCT/US91/09711

79

macrophages, and stimulates the expression of MHC molecules on
the surface of cells (Paul, op. cit., pp. 622-624). Hence ~-
IFN generally serves to enhance many aspects of immune
function, and is a logical candidate for a therapeutic drug in
cases where such enhancement is desired, e.g., in treating
cancer. Conversely, in disease states where the immune system
is over-active, e.g., autoimmune diseases and organ transplant
rejection, antagonists of 4-IFN may be used to treat the
disease by neutralizing the stimulatory effects of y-IFN.

One class of effective antagonists of 4-IFN are
monoclonal antibodies that bind to and neutralize it (see,
e.g., Van der Meide et al., J. Gen. Virol, 67, 1059 (1986)).
In in vitro and in vivo mouse models of transplants, anti-«4-
IFN antibodies have been shown to delay or prevent rejection
(Landolfo et al., Science 229, 176 (1985) and Rosenberg et
al., J. Immunol. 144, 4648 (1990)). Treatment of mice prone
to develop a syndrome like systemic lupu$ erythematosus (SLE)
with a monoclonal antibody to 4-IFN significantly delayed
onset of the disease (Jacob et'al.; J. Exp. Med. 166, 798
(1987)). Under soﬁe_condifions, an anti?q-IFN antibody
alleviated adjuvant arthritis in rats (Jacob et al., J.
Immunol. 142, 1500 (1989)), suggesting that anti-+4-IFN may be
effective against some cases of rheumatoid arthritis in human
patients. Multiple sclerosis (MS} in patients is made worse
by treatment with 4-IFN (Panitch et al., Neurology 36 (suppl.
1), 285 (1986)); so an anti-4-IFN antibody may alleviate MS.
Thus, an anti-y-IFN antibody may be effective in treating
these and other autcimmune diseases.

For treatment of human patients, a murine monoclonal
that binds to and neutralizes human ~4-IFN (§gg, e.g., Yamamoto
et al., Microbiol. Immunol. 32, 339 (1988)) may be used.
Another murine monoclonal antibody designated AF2 that
neutralizes human 4-IFN, and inhibits binding of ~4-IFN to its
cellular receptor, is disclosed herein. Unfortunately, the
use of non-human monoclonal antibodies such as AF2 have
certain drawbacks in human treatment, particularly in repeated
therapeutic regimens.
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In accordance with the present invention, humanized
immunoglobulins specifically reactive with ~-IFN epitopes are
provided. These immunoglobulins, which have binding

affinities to 4y-IFN of at least about 10’ M!, and preferably t‘ 3
10 M! to 10*° M or stronger, are capable of, e.g., B ;
neutralizing human 4-IFN. The humanized immunoglobulins will - N

have'a’human framevork'and will have one or more
complementarity determining regions (CDR's) from an
immunoglobulin, typically a mouse immunoglobulin, specifically
reactive with y-IFN. In a preferred embodiment, one or more
of the CDR's will come from the AF2 antibody. Thus, the
immunoglobulins of the present invention, which can be
produced economically in large quantities, find use, for
example, in the treatment of autoimmune disorders in human
patients by a variety of techniques.

In one aspect, the present invention is directed to
recombinant DNA segments encoding the heavy and/or light chain
CDR's from an immunoglobulin capable of hinding to a desired
epitope of 4-IFN, such as monoclonal antibody AF2. The DNA
segments encoding these regions will typically be joined to
DNA. segments encoding appropriate human framework regions.
Exemplary DNA sequences, which on expression code for the
polypeptidé.chains cdmprising the heavy and light chain CDR's
of monoclonal antibody AF2 are included in Fig. 30. Due to
codon degeneracy and non-critical amino-acid substitutions,
other DNA sequences can be readily substituted for those
sequences, as detailed below. -

Alternatively, polypeptide fragments comprising only .
a portion of the primary antibody structufe may be produced,
which fragments possess one or more immunoglobulin activities .
(e.g., complement fixation activity). These polypeptide
fragments may be produced by proteolytic cleavage of intact
antibodies by methods well known in the art, or by inserting
stop codons at the desired locations in the vectors pVvk and
pVgl-dhfr (Fig. 31) using site-directed mutagenesis, such as
after CH1 to produce Fab fragments or after the hinge region
to produce (Fab'), fragments. Single chain antibodies may be
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produced by joining VL and VH with a DNA linker (see Huston et
al., op cit., and Bird et al., op cit.).

The antibodies of the present invention will
typically find use individually in treating autoimmune
conditions. For example, typical disease states suitable for
treatment include graft versus host disease and transplant
rejection in patients ﬁndergoing an organ traﬁsplant, such as
heart, lungs, kidneys, liver, etc. Other diseases include
autoimmune diseases, such as Type I diabetes, multiple
sclerosis, rheumatoid arthritis, systemic lupus erythematbsus,"
and myasthenia gravis. '

Humanized immunoglobulins of the present invention
may also be used in combination with other antibodies,
particularly humanized antibodies reactive with other
lymphokines or lymphokine receptors. For example, suitable
antigens to which a cocktail of humanized immunoglobulins may
react include interleukins 1 through 10 and the pss and p75
chains of the IL-2 receptor (see, Waldmann, Annu. Rev.
Biochem. 58, 875 (1989) and Queen et al., Proc. Natl. Acad.
Sci. USA 86, 10029 (1989)). - Other antigens include those on
cells responsible for the disease, e.g., the so-called
"Clusters of Differentiation" (Leucocyte Typing III, ed. by
A.J. McMichael, Oxford University Press (1987)).

The antibodies can also be used as separately
administered compositions given in conjunction with
chemotherapeutic agents. Typically, the agents may include
non-steroidal anti-inflammatory agents (e.g., aspirin,
ibuprofen), stefoids((e.g{, prednisone) and,immunosuppréssants
(e.g., cyclosporin A, cytoxan), but numercus additional agents
well-known to those skilied in the art may also be utilized.

A preferred pharmaceutical composition of the present
invention comprises the use of the subject immunoglobulins in
immunotoxins, e.g., to kill 4-IFN-secreting cells.

Humanized antibodies of the present invention can
further find a wide variety of utilities in wvitro. By way of

example, the antibodies can be utilized for detection of ~-IFN
antigens, or the like.
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EXPERIMENTAL

Cloni o ea chain and light chain cDNA.

cDNAs for the heavy chain and light chain variable . 31,
domain genes were cloned using anchored polyﬁerase chain : :
reactions (E.Y. Loh et al., Science 243, 217 (1989)), using 3°' . :
?rimers that hybridized to the constant regions and contained -
HindIII sites, and 5' primers that hybridized to the dG tails. i& Lo
and contained EcoR I sites (scheme shown in Fig. 6). The PCR 7 :
amplified fragments were digested with EcoR I and HindIII and
cloned into the pUC18 vector for sequencing. For AF2, two
gamma-2b specific and two kappa specific clones were
sequenced. The two gamma-2b clones and two kappa clones are )
respectively identical in seguence. The cDNA variable dpmain.
sequences and the deduced amino acid seguences are shown in

Fig. 30.

Construction and expression of chimeric aﬁtibodx.

" Two plasmid vectors were prepared for construction
and expression of the chimeric antibody genes. The plasmid
pVgl-dhfr (Fig. 314) contains a human cytomegalovirus IEl
promoter and enhancer (M. Boshart et al., Cell 41, 521
(1985) ), the human genomic qu'segment including part of the
preceding intron, and a dihydrofolate reductase (dhfr) gene
{(Simonsen et al., Proc. Natl. Acad. Sci. USA 80, 2495V(1984))

' for selection. The plasmid pVk (Fig. 31B) is similar to pvgl-

dhfr but contains the human genomic Ck segment and the gpt

gene. Derivatives of the AF2 heavy and light chain variable
reéions were prepared from the cDNAs by polymerase chain
reaction. Thefs‘ primers hybridized to the V regions startingz
at the ATG codons and contained XbaI sites; the 3' primers '
hybridized to the last 15 nucleotides of the J regions and
contained splice donor signals and Xbal sites (see, Queen et o,
al., Proc. Natl. Acad. Sci. USA 86, 10029 (1989)). The :
modified V regions were cloned into the Xbal sites of the

respective plasmid vectors between the CMV promoter and the

partial introns of the constant regions.
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For expression of the chimeric antibody, the heavy
chain and kappa chain plasmids were transfected into Sp2/0
mouse myeloma cells by électropdration and cells selected for
gpt expression. Clones secreting a maximal amount of complete
antibody were detected by ELISA. Chimeric AF2 antibody was
shown to bind to human 4-IFN by ELISA.

c ter modelin ized antibodies.

In order to retain high binding affinity in the
humanized antibodies, the general procedures of Queen et al.
were followed (see, Queen et al., Proc. Natl. Acad. Sci. USA
86, 10029 (1989) and WO 90/07861). The more homologous a
human antibody is to the original murine antibody, the less
likely will combining the murine CDR's with the human
framework be to introduce distortions into the CDR's that
could reduce affinity. Normally the heavy chain and light
chain from the same human antibody are chosen to provide the
framework sequences, so as to reduce the possibility of
incompatibility in the assembling of the two chains. Based on
sequence hoﬁology search against the NBRF protein sequence
database (perférmed with the MicroGenie Sequence Analysis
Software (Beckman)), the antibody Eu was chosen to provide the
framework sequences for humanization of AF2.

The computer program ENCAD (M. Levitt, J. Mol. Biol.
168, 595 (1983)) was used to construct a model of the AF2
variable region. The model was used to determine the amino
acids in the AF2 framework that were close enough to the CDR's
to potentially interact with them (category 4 below). To
design the humanized light and heavy chain AF2 variable.
regions, at each position the amino acid was chosen to be the
same as in the Eu antibody, unless that position fell in one
or more of five categories: N

(1) The position fell within a CDR,

(2) The Eu amino acid was unusual for human
antibodies at that position, whereas the AF2
amino acid was typical for human antibodies at
that position,
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(3) The position was immediately adjacent to a CDR,
(4) The model described above suggested that the
amino acid may be physically close to the
antigen binding region (CDR's).
In category (2), "“unusual" is interpreted to include amino
acids that occur in less than about 20% of the human seguences
in the same subgroups (as defined by Kabat et al., op. cit.)
as the Eu light and heavy chains, and "typical" is interpreted
to include amino acids that occur in more than about 25% but
generaliy more than 50% of the human sequences in those
subgroups. For positions in these categories, the amino acid
from the mouse AF2 antibody was used. In addition, a position
was in the fifth category if the Eu amino acid was highly
unusual for human antibodies at that position, and the AF2

amino acid was different but also unusual. Then an amino acid’

typical for human antibodies at that pOSEtion may be used.

The amino acids in each category are shown in
Table 10. Some amino acids may be in more than one category..
The final sequences of the humanized AF2 light and heavy chain
variable domains are shown in Fig. 32, compared with the Eu

sequences.
TABLE 10

Category Light Chain . Heavy Chain

1 24-34, 50-56, 89-97 31-35, 50-66, 99-106

2 48 ' 93, 95, 98, 107, 108,

, | 109, 111 :

3 ' 30, 98, 107

4 48, 70 ' ' 27, 28, 30, 98, 107

5 63

For the construction of genes for the humanized

antibodies, nucleotide sequences were selected that encode the .

protein seqguences of the humanized heavy and light chains,
plus typical immunoglobulin signal sequences, generally

PCT/US91/09711: _
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utilizing codons found in the mouse segquence. Several
degenerate codons were changed to create restriction sites or
to remove undesirable ones. The nucleotide sequences also
included the same splice donor signals used in the chimeric
genes and an Xbal site at each end. Each gene was constructed
from four overlapping synthetic oligonucleotides. For each
variable domain gene, two pairs of overlapping
oligonucleotides on alternating strands were synthesized that .
encompassed the entire coding sequences as well as the signal
peptide and the splice donor signal (Fig. 33) The
oligonucleotides were synthesized on an ipplied Biosystens
380B DNA synthesizer. Each oligo was about 110-140 bases long
with about a 15 base overlap. Double stranded DNA fragments
were synthesized with Klenow polymerase from each pair of
oligonucleotides, digested with restriction enzymes, ligated
to the pUC18 vector and sequenced. Two fragments with the
respectively correct half-sequences are then ligated into the
Xbal sites of the pVgl-dhfr or pVk expression vectors in the
appropriate orientations to produce the complete heavy and
light chain genes. Reactions are carried out under conditions
well-known in the art (Maniatis et al., gp. cit.)

The heavy chain and light chain plasmids are
transfected into Sp2/0 mouse myeloma cells by electroporation
and cells selected for gpt expression. Clones are screened by
aésaying human antibody production in the culture supernatant

- by ELISA, and antibody purified from the best-producing

clones. Antibody is purified by passing tissue culture
supernatant over a column of staphylococcal protein A-
Sepharose CL-4B (Pharmacia). The bound antibody is eluted
with 0.2 M Glycine-HC1l, pH3.0 and neutralized with 1 M Tris
PH8.0. The buffer is exchanged into PBS by passing over a
PD10 column (Pharmacia).

Properties of humanized antibodies.

- The humanized AF2 antibody is characterized in
comparison to the murine and chimeric antibodies. The
humanized antibody will bind to 4-IFN in an ELISA assay in a

PFIZER EX. 1502
Page 2047



10

15

20

25

30

35

WO 92/11018 PCT/US91/09711

86

manner similar to the mouse and chimeric antibodies, showing

that it recognizes 4-IFN.

To compare the binding affinities of mouse AF2
antibody and humanized AF2 antibody, a competitive ELISA assay
is performed. An ELISA plate is coated with human recombinant

+-IFN by adding 100 pl of a 500 ng/ml solution of y-IFN in PBS

to each well and incubating overnight at 4°C. Subsequent
steps are carried out at room temperature. The ~+-IFN solution
is removed and 200 ul of ELISA buffer (0.1% Tween-20, 1%
Bovine serum albumin in PBS) is added to each well and

-incubated for 1 hr. After removing the solution, varying
amounts of competitor antibody (mouse AF2 or humanized AF2) in

100 pl PBS is added to each well, along with an amount of
biotinylated AF2 predetermined to give a godd ELISA reéponse.
The plate is incubated for 1 hr and then washed 3 times with
ELISA buffer. An amount of horseradish peroxidase (HRP)-
conjugated strepavidin predetermined to be in excess is added
in 100 gl PBS to each well and incubated for 30 min. The
plate is washed 3 times in ELISA buffer, and 100 ul of
substrate sclution for HRP is added to each well. The plate
is incubated for 10-30 min, and the optical density of each
well is determined with an ELISA reader (BioRad). The
decrease in optical density with increasing concentrations of
competitor antibodies mouse AF2 and humanized AF2 are plotted.
Mouse AF2 and humanized AF2 will compete similarly, showing
that their binding affinities for 4-IFN are approximately the

.- same. The procedures used are well known in the art (e g.,

Harlow and Lane, op. cit.).
An important biological activity of 4=-IFN is the

ihduction of expression of class II HLA antigens on cells. To
determine the ability of mouse and humanized AF2 to neutrallze
this activity, about 5 x 10* HS294T cells (Basham et al., J.
Immunol. 130, 1492 (1983)) are plated in 1.0 ml DMEM medium +
10% FCS in each well of a 24-well plate. After overnight
incubation, 0.1 nM interferon and varying amounts of mouse or
humanized AF2 are added to the cells, and the plate is

‘"incubated for 72 hr. The cells are removed from the plate
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with 0.05 M EDTA, stained with monoclonal antibody L1243 from
the American Type Culture Collection {(ATCC) against HLA-D

. antigen, washed, stained with FITC conjugated goat anti-mouse

Ig and analyzed with a FACScan (Becton-Dickinson). . Increasing
concentrations of mouse AF2 reduce fluorescence of the cells
(Fig. 34), indicating the antibody is preventing induction of
HLA-D by 4-IFN. The humanized AF2 will act similarly to mouse
AF2 in this aésay, showing that it neutralizes the biological
activity of ~+-IFN. .

From the foregoing, it will be appreciated that the
humanized immunoglobulins of the present invention offer
numerous advantages over other 4-IFN specific antibodies. 1In
comparison to mouse monoclonal antibodies, the present
humanized immunoglobulins can be more economically produced
and contain substantially less foreign amino acid sequences.
This reduced likelihood of antigenicity after injection into a
human patient represents a significant therapeutic
improvement.

All publications and patent applications are herein
incorporated by reference to the same extent as if each
individual publication or patent application was specifically
and individually indicated to be incorporated by reference.
Although the present invention has been described in some
detail by way of illustration and example for purposes of
clarity and understanding, it will be apparent that certain
changes and modifications may be practiced within the scope of
the appended claims. '
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{AT IS CLAIMED IS

1. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with the p75
chain of the human IL-2 receptor.

2. A composition according to Claim 1, wherein the
immunoglobulin exhibits a binding affinity to a human IL-2
receptor of about 10’ M or stronger.

3. A composition according to Claim 1, wherein the
immunoglobulin comprises one or more foreign CDRs
substantially homologous to a CDR from an immunoglobulin
reactive with human p75 protein.

4. A composition according to Claim 1, wherein the °

immunoglobulin is capable of blocking the binding of
interleukin-2 (IL-2) to the p75 chain of human IL-2 receptors.

5. A composition according to Claim 1, wherein the.
humanized immunoglobulin comprises the human framework regions '
having amino acids sequences from at least two human ‘

immunoglobulins.

6. A humanized immunoglobulin capable of -binding . .
to human interleukin-2 receptors, said immunoglobulin
comprising one or more complementarity determining regions
{(CDR's) from mik-g1 antibody in a human framework.

7. A humanized immunoglcbulin according to Claim
6, wherein the human framework is substantially homologous to

an Lay immunoglobulin framework.

. 8. A humanized immunoglobulin according to Claim 6
which is capable of blocking the binding of IL-2 to
interleukin-2 receptors on human T-cells. .

PCT/US91/09711

PFIZER EX. 1502

Page 2050



10

15

20

25

30

35

WO 92/11018 _ PCT/US91/09711

89
9. A method of treating T-cell mediated disorders
in a human patient, said method comprising administering to
said patient a therapeutically effective dose of an
immunoglobulin according to Claim 6.

10. A humanized immunoglobulin according to Claim 6
which is complexed to a cytotoxic agent.

11. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with a herpes
simplex virus-specific epitope.

12. A composition according to claim 11, wherein
the epitope is on a viral surface glycoprotein.

13. A composition according to claim 12, wherein
the glycoprotein is gB or gD.

14. A composition comprising a substantially pure

‘humanized immunoglobulin capable of inhibiting binding of a

herpes simplex virus (HSV) protein to a mouse monoclonal
antibody specifically reactive with said protein, wherein the
humanized immunoglobulin comprises at least one -
complementarity determining region (CDR) from the mouse
monoclonal antibody.

15. A composition according to Claim 14, wherein
the humanized immunoglobulin exhibits a binding affinity of
about 10’ M! or stronger.

16. A composition according to Claim 14 wherein
said immunoglobulin is capable of binding to type 1 or 2
herpes simplex virus (HSV).

17. A composition according to Claim 14, wherein
the immunoglobulin comprises one or more CDR's substantially
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homologous to a CDR from an immunoglobulin reactive with HSV
glycoprotein of gB, gD, gG or gH.

18. A composition according to Claih_l4, wherein
the immunoglobulin is an IgG, immunoglobulin isotype.

'~ 18. A humanized immunoglobulin capable of binding
to herpes simplex virus, said immunoglobulin comprising one or
more complementarity determining regions (CDR's) from a mouse
monoclonal antibody in a human framework, wherein the mouse
antibody is Fd 79 or Fd 138-80. ' '

20. A humanized immuneglobulin according to Claim
19, wherein. the human framework is substantially homologous to
an Eu or a Pom immunoglobulin framework.

21. A humanized immunoglobulin according to Claim
19 which is capable of neutralizing HSV.

22. A method of treating herpes simplex virus
mediated disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose

of an immunoglobulin according to Claim 14.

23. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with a cD33

antigen epitope.

24. A composition according to Claim 23, wherein a
variable region of at least one chain of the immunoglobulin
comprises three complementarity determining regions (CDR's)

‘from a non-human antibody in a human framework.

25. A composition according to claim 24, wherein

the chain is the heavy chain.
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26. A composition according to claim 24, wherein
the non~-human antibody is M195.

27. A composition comprising a substantially pufe
humanized immunoglobulin capable of inhibiting binding of CD33
antigen to a mouse monoclonal antibody specifically reactive
with saidvantigen, wherein the humanized immunoglobulin
comprises at least one complementarity determining region
(CDR). from the mouse monoclonal antibody.

28. A composition according to Claim 27, wherein
the humanized immunoglobulin exhibits a binding affinity of
about 10’ M or stronger.

29, A composition according to Claim 27, which. is
capable of blocking the binding of mouse M195 antibody to
human cells. '

30. A composition according to Claim 27, wherein
the humanized immunoglobulin comprises a human framework

‘substantially homologous to Eu immuncglobulin framework.

31. A humanized immunoglobulin according to Claim

.27 which is of capable mediating antibody-dependent cellular

cytotoxicity in the presence of human target and effector
cells. :

32. A method of treating myeloid cell-mediated
disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose
of a composition according to Claim 27.

33. A composition according to claim 27, wherein
the immunoglobulin is conjugated to a cytoxic agent.
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34. A composition comprisiﬁg a substantially pure

humanized immunoglobulin specifically reactive with a human

cytomegalovirus-specific epitope.-

35. A composition according to Claim 34, wherein a
variable region of at least one chain comprises three
compleméntarity determining regions from a non-human
immunoglobulin chain in a human framework.

36. A composition according to claim 34, wherein
the epitope is on a viral surface glycoprotein.

37. A composition according to claim 36, wherein

the glycoprotein is gB or gH.

38. A composition comprising a substantially pure
humanized immunoglobulin capable of inhibiting binding of a
cytomegalovirus (CMV) protein to a mouse monoclonal antibody

specifically reactive with said protein, wherein the humanized

immunoglobulin comprises at least one complementarity
determining region (CDR) from the mouse monoclcnal antibody.

39. A composition according to Claim 38, wherein
the humanized immunoglobulin exhibits a binding affinity of
about 10’ M or stronger.

40. A recombinant immunoglobulin composition
comprising a human framework and one or more foreign
complementarity determining regions (CDR's) not naturally
associated with the framework, wherein said immunoglobulin is

capable of binding to CMV.

41. A composition according to Claim 40, wherein
all of the foreign CDR's are located on heavy chains of the

immunoglobulin.

PCT/US91/09711
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42. A composition according to Claim 40, wherein
the immunoglobulin is an IgG, immunoglobulin isotype.

43. A composition according to Claim 40 wherein the
immunoglobulin is capable of blocking the binding of CMV to

human cells.

44. An immunoglobulin according to Claim 40,
wherein the framework regions comprise amino acids sequences
from at least two human immunoglobulins.

45, A humanized immunoglobulin capable of binding
to cytomegalovirus, said immunoglobulin cémprising one or more
complementarity determining regions (CDR's) from a mouse
monoclonal antibody in a human framework, wherein the mouse
antibody is CMV5, CMV109 or CMV11S. '

46. A humanized immunoglobulin according to Claim
45, vwherein the human framework is substantially homologous to
an Eu or a Wol immunoglobulin framework.

47. A humanized immunoglobulin according to Claim
45 which is capable of neutralizing CMV.

48. A method of treating cytomegalovirus mediated
disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose
of an immunoglobulin according to Claim 45.

49. A method of treating cytomegalovirus mediated
disorders in a human patient, said method comprising
administering to said patient a therapeutically effective dose
of a combination of two or more imhunoglobnlins according to
Claims 45.
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50. A composition comprising a substantially pure
humanized immunoglobulin specifically reactive with human -

IFN.

51. A composition according to Claim 50, wherein a
variable region bf at least one chain comprises three
complementarity determining regions- {(CDR's) from a non-human
antibody in a human framework. A '

52. A composition according to claim 51, wherein

the non-human antibody is AF2.

53. A composition according to Claim 50 capable of
inhibiting binding of human 4-IFN to a human 4-IFN receptor.

54. A recombinant immunoglobulin composition
comprising a human framework and one or more complementarity
determining regions (CDR's) not naturaily associated with the
framework, wnerein said immunoglobulin is capable of
specifically inhibiting biniding of human 4-IFN to a human 4-
IFN receptor. :

55. A composition accordihg to Claim 54, wherein
one or more of the foreign CDR's are substantlally homologous
to a CDR from the AF2 antibody.

56. A composition according to Claim 54, wherein

- the immunoglobulin is an IgG, immunoglobulin isctype.

57. A composition according to Claim 54, wherein
the immunoglobulin is capable of blocklng the binding of human
~4-IFN antibody to human cells.

58. A method of treating autoimmune disorders in a-
human patient, said method comprising administering to said
patient a therapeutically effective dose of a composition

according to Claim 54.
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59. A composition according to Claim 11, wherein
the immunoglobulin is conjugated to a cytotoxic agent.

5 60. A compoéition according to Claim 40, whereiﬁ
the immunoglobulin is conjugated to a cytotoxic agent.

10
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CATGAGTCTCCAAGGCTTCTCATCAAGTATGCTTCCCAGTCCATCTCTGGGATCCCCTCC
H E S P RUL L I K Y A S 0 S I S G I P S

. . 270 . . 300
AGGTTCAGTGGCAGTGGATCAGGGACAGATTTCACTCTCAGTGTCAACGGTGTGGAGACT
R F s G s G s G T?DbF T UL S V NG V E.T

. . 330 . . 360
GAAGATTTTGGAATGTATTTCTGTCAACACACTAACAGTTGGCCTCATACGTTCGGAGGG
EDFGMJYTFTCSO QOGS SNSWEPHTTFEFGG

. .

GGGACCAAGCTGGAAATAARAA
G T K L E I K
FiG. 25A
. .« 30 . . ! 60

ATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACTGCAGGTGTCCACTCTGAG
M G W S W I F L F L L S G TAGV H S E

. . 90 . . 120
GTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCCTGGAGCTTCAATGAAGATATCC
v ¢ L. ¢ 0 §$S G P EL V K P G A 5 M K I S

. . 150 . . 180
TGCAAGGCTTCTGTTTACTCATTCACTGGCTACACCATGAACTGGGTGAAGCAGAGCCAT
C K A S VY S F T GG Y T M NWV K Q S H

. 210 . . 240
GGACAGAACCTTGAGTGGATTGGACTTATTAATCCTTACAATGGTGGTACTAGCTACAAC
G 9 N L E W I GL I NP Y NG G T S ¥ N

. 270 . . 300
CAuAAGTTCAAGGGGAAGGCCACATTAACTG’I‘AGACAAGTCATCCAACACAGCCTACATu
¢ K F K G KA TJILTUVDI K S SNTA ATY M

. . 330 : . . 360
GAGCTCCTCAGTCTGACATCTGCGGACTCTGCAGTCTATTACTGTACAAGACGGGGGTTT
£ L L § L T S A D S A V ¥ Y C T R_R G ¥

. . . 380 . .
CGAGACTATTCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA
R D Yy s Mm b Y WG Q G T S V T V s s
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10 20 30 0 50 60
TAGATCTAGA CCACCATGGT TTTCACACCT CAGATACTAG GACTCATGCT CTTCTGGATT
70 80 90 100 110 120
TCAGCCTCCA GAGGTGAAAT TGTGCTAACT CAGTCTCCAG GCACCCTAAG CTTATCACCG
GGAGAAAGG
3b17
10 20 30 40 50 60
TAGACAGAAT TCACGCGTAC TTGATAAGTA GACGTGGAGC TTGTCCAGGT TTTTGTTGGT
70 80 90 100 110 120

ACCAGTGTAG GTTGTTGCTA ATACTTTGGC

CCGGTGAT

jbl8

10 20 30
AAGAGAATTC ACGCGTCCCA GTCCATCTCT

70 80 90
TCAGGGACAG ATTTCACTCT CACAATAAGT

jbl9

10 20 30

TAGATCTAGA GTTGAGAAGA CTACTTACGT

70 80 90
GTATGAGGCC AACTGTTACT CTGTTGACAA

32/41

TGCCCCTGCA GGAAAGTGTA GCCCTTTCTC .

40 50 60
GGAATACCCG ATAGGTTCAG TGGCAGTGGA
-100 110
AGGCTCGAGC CGGAAGATTT TGC
40 50 60
TTTATTTCTA CCTTGGTCCC TTGTCCGAAC
100 110
TAATACACAG

CAAAATCTTC CGGCTC

FIG. 28A
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3b20

10 20 - 30 40 50 60
TATATCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTC AGGAACTGCA

70 . 80 90 100 110 12¢
GGTGTCCACT CTCAAGTCCA ACTGGTACAG TCTGGAGCTG AGGTTAAAAA GCCTGGAAGT

_ 130
TCAGTAAGAG TTTC

jb21
10 20 30 - 40 50 60
“TATATAGGTA CCACCATTGT AAGGATTAAT AAGTCCAACC CACTCAAGTC CTTTTCCAGG

70 80 - 90 100 110 120
TGCCTGTCTC ACCCAGTTCA TGGTATACCC AGTGAATGAG TATCCGGAAG CTTTGCAGGA

130
AACTCTTACT GAAC

jb22

10 20 30 40 50 60
TATATAGGTA CCAGCTACAA CCAGAAGTTC AAGGGCACAG TTACAGTTC TTTGAAGCCT

70 80 ‘ 90 100 110
TCATTTAACC AGGCCTACAT GGAGCTCAGT AGTCTGTTTT CTGAAGACAC TGCAGT

jb23

10 20 30 40 50 60
TATATCTAGA GGCCATTCTT ACCTGAGGAG ACGGTGACTA AGGTTCCTTG ACCCCAGTAG

70 80 90 100 110
TCCATAGAAT AGTCTCGAAA CCCCCGTCTT CTACAGTAAT AGACTGCAGT GTCTTC

FiG. 28B
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. . 30 . . 60
ATGACATCACTGTTCTCTCTACAGTTACCGAGCACACAGGACCTCGCCATGGGATGGAGC
M T 8 L-F §$ L ¢ L P S T Q D L A M G W S

. . 20 S . 12¢
TGTATCATCCTCTTCTTGGTAGCAACAGCTACAGGTGTCCTCTCCCAGGTCCAACTGCAG
c 1 1 L F L VA TA ATSGWV L 5 Q V QL Q

. . - 150. . . 180
CAGCCTGGGGCTGACCTTGTGATGCCTGGGGCTCCAGTGAAGCTGTCCTGCTTGGCTTCT
Q P G A DLV M P GAUPV KL S C VL A S

. . ) 210 . . 240
GGCTACATCTTCACCAGCTCCTGGATAARACTGGGTGAAGCAGAGGCCTGGACGAGGCCTC
G ¥ I F T 8 8 W I N W VvV K Q R P G R G L

. . . 270 . . 300
GAGTGGATTGGAAGGATTGATCCTTCCGATGGTGAAGTTCACTACAATCAAGATTTCAAG
E W I 6 R I D P S D G E V H Y N Q D F K

. . 330 - . . 360
GACAAGGCCACACTGACTGTAGACAAATCCTCCAGCACAGCCTACATCCAACTCAACAGC
D K A T L T V D K 8§ S S T A Y I Q L N S

. . 390 T e : . 42¢
CTGACATCTGAGGACTCTGCGGTCTATTACTGTGCTAGAGGATTTCTGCCCTGGTTTGCT
LTS ED S AV Y Y CARGELPWEF A

. e 450
GACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA
D W G Q G T LV TV S A

FIG. 30A
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. . 30 . . 60
ATGCATCAGACCAGCATGGGCATCAAGATGGRATCACAGACTCTGGTCTTCATATCCATA
M H Q T S M G I KM E S Q T L V F I §8 1I

. . 90 . . 120
CTGCTCTGGTTATATGGTGCTCATGGGAACATTGTTATGACCCAATCTCCCAARATCCATG
L L W L ¥ G A D G NI VM T Q S P K S M

. . ' 150 . . 180
TACGTGTCAATAGGAGAGAGGGTCACCTTGAGCTGCAAGGCCAGTGAAAATGTGGATACT
Y vs I 6 ERV T L S8 C K A S E N V D T

.. . 210 . . 240
TATGTATCCTGGTATCAACAGAAACCAGAGCAGTCTCCTAAACTGCTGATATATGGGGCA
Y v s W Y Q Q K P E Q S P KL L I Y G &

Te . 270 . . 300
" TCCAACCGGTACACTGGGGTCCACGATCGCTTCACGGGCAGTGGATCTGCAACAGATTTC
S N R Y T GV HDRFTG S G S A T D F

. . 330 . . 360
ACTCTGACCATCAGCAGTGTGCAGGCTGAAGACCTTGCAGATTATCACTGTGGACAGAGT
T L T I 8 S V Q A E D L A D Y H C G 0O s

. . 390 e
TACAACTATCCATTCACGTTCGGCTCGGGGACAAAGTTGGARATAAALG
Y N Y P F T F 6 8 G T K L E I K

FIG. 30B
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rhl0

10 20

TTTTTTCTAG ACCACCATGG AGACCGATAC CCTCCTGCTA TGGGTCCTCC

70 80

CCCAGGATCA ACCGGAGATA TTCAGATGAC CCAGTCTCCG

rhll
10 20
TTTTAAGCTT GGGAGCTTTG
70 80

TTTCACTGGC CTTGCAGGTT

rhl2

10 20

TTTTAAGCTT CTAATTTATG GGGCATCCAA CCGGTACACT

70 80
TGGCAGTGGA TCTGGGACCG

rhl3

10 20
TTTTTTCTAG AGCAAAAGTC

. 70 80
TGAATGGATA GTTGTAACTC

39/41
30 40 50
90 100 - 110
TCGACCCTCT
30 40 50
CCTGGCTTCT GCTGATACCA GGATACATAA
Y 100 110
ATGGTGACCC TATCCCCGAC GCTAGCAGAG
30 40 50
GGGGTACCTT
90 100 110
ATTTCACCCT CACAATCAGC TCTCTGCAGC
30 40 . 50
TACTTACGTT TGACCTCCAC CTTGGTCCCC
90 100 110
TGTCCGCAGT AATAAGTGGC GAAATCATCT

FIG.

33A
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rh20

10 20 - 30 40 50
TTTTTCTAGA CCACCATGGG ATGGAGCTGG ATCTTTCTCT TCCTCCTGTIC

70 80 30 100 110

60
AGGTACCGCG

GGCGTGCACT CTCAGGTCCA GCTTGTCCAG TCTGGGGCTG AAGTCAAGAA ACCT

rh2l

10 © 20 30 40 50
TTTTGAATTC TCGAGACCCT GTCCAGGGGC CTGCCTTACC CAGTTTATCC

70 80 20 100 110
AAAGATGTAG CCAGAAGCTT TGCAGGAGAC CTTCACGGAG CTCCCAGGTT

A

rh22

10 20 A 30 40 50
TTTTGAATTC TCGAGTGGAT GGGAAGGATT GATCCTTCCG ATGGTGAAGT

70 80 90 100 110
CAAGATTTCA AGGACCGTGT TACAATTACA GCAGACGAAT CCACCAATAC

130
GAACTGAGCA GCCTGAG

rh23

10 20 30 40 50
TTTTTCTAGA GGTTTTAAGG ACTCACCTGA GGAGACTGTG ACCAGGGTTC

70 80 90 100 110
GTCAGCAAAC CAGGGCAGAA ATCCTCTTGC ACAGTAATAG ACTGCAGTGT

130
CAGGCTGCTC AGTT

FIG. 33B
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{53 .t Patent Docket PO?OQPIL//Z'}//(Z

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

/%? KM In re Application of | Group Art Unit: 1816
/ Carter et al. Examiner: D. Adams
Y i
’ Serial No.: 08/146,206
“oo Filed: November 17, 1993
For: METHOD FOR MAKING
HUMANIZED ANTIBODIES
NOTICE OF APPEAL @ APR 11 1008 @
Box AF REEH v -
Assistant Commissioner of Patents &
Washington, D.C. 20231 @) y
Sir: ' @.

Applicant hereby appeals to the Board of Appeals and Interferences from the decision dated
October 27, 1995, of the Primary Examiner finally rejecting claims 1-12, 15 and 19-25.

The Commissioner is hereby authorized to charge Deposit Account No. 07-0630 in the amount of
$290 to cover the fees for this appeal and to charge the deposit account for any further fees in regard to
this patent application. A duplicate copy of this Notice is enclosed for this purpose.

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization of
the undersigned to prosecute the above-mentioned application. The original of this document is on file
in the Office of Enrollment and Discipline.

Rem?}tfuﬂy submitted,
GE?’E J"’PEC , INC.
Date: March 27, 1996 By: /A
Wendy M. Lee
460 Pt. San Bruno Blvd.
So. San Francisco, CA 94080-4990
Phone: (415) 225-1994
Fax: (415) 952-9881
26 2R g Gy CLonlla s
EH 2,80
\ . Revised {10/11/95)
/
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Patent Docket POT09P1 L/ /7/1//51

.&?:0 ‘gIN THE UNITED STATES PATENT AND TRADEMARK OFFICE
V4

Application of Group Art Unit: 1816

Carter et al. Examiner: D. Adams

Serial No.: 08/146,206

Filed: November 17, 1993

For: METHOD FOR MAKING
HUMANIZED ANTIBODIES

(37 CFR 1.136(a))

Box AF
Assistant Commissioner of Patents
Washington, D.C. 20231

Sir:

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for response
to the Final Office Action dated October 27, 1995 for two (2) months, from January 27, 1996 to March
27, 1996. The extended time for response does not exceed the statutory period.

Please charge Deposit Account No. 07-0630 in the amount of $380.00 to cover the cost of the
extension. Any deficiency or overpayment should be charged or credited to this deposit account. A
duplicate of this sheet is enclosed.

A copy of a document pursuant to 37 C.F.R. § 10.9(b) is attached as proof of the authorization of
the undersigned to prosecute the above-mentioned application. The orig-ins:l of this document is on file
in the Office of Enrollment and Discipline.

Respectfilly submitted,

Date: March 27, 1996

Wendy M. Lee

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994

Fax: (415) 952-9881

oo B ARG a0 BTE Lan
Fiv Un U7 ubal o ST Vilaaavt

. rey
2505L L.t Lot Ul

Revised {10/17/95)

PFIZER EX. 1502
Page 2103



'@"“O'CQ% . -«
. hvd uniTNETATES DEPARTMENT OF COMMERCE .
Patent and Trademark Office

G‘é‘ X
& | ASSISTANT SECRETARY AND COMMISSIONER
o™ | OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

0
.0

n * Dg
a‘\a a,

LIMITED RECOGNITION UNDER 37 CFR 8§ 10.9(b)

Wendy M. Lee is hereby given limited recognition under 37 CFR § 10.9(b} as an
employee of Genentech, Inc., to prepare and prosecute patent applications and to
represent patent applicants wherein Genentech, Inc., is the assignee of record of the
entire interest. This limited recognition shall expire on the date appearing below, or
when whichever of the following events first occurs prior to July 15, 1996: (i) Wendy
M. Lee ceases to lawfully reside in the United States, (ii) Wendy M. Lee's employment
with Genentech, Inc., ceases or is terminated, or (iii) Wendy M. Lee ceases to remain
or reside in the United States on a H-1B visa. )

This document constitutes proof of such recognition. The original of this document

is on file in the Office of Enrollment and Discipline of the U.S. Patent and ‘Trademark
Office.

/ /< «
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Expires: July 15, 1996 Rt -
Karen L. Bovard, Director
Office of Enrollment and Discipline

PFIZER EX. 1502
Page 2104



\ )
. ‘ if" Y\ UNITED STATES DEPARTMENT OF COMMERCE

¢ | Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

SERIAL NUMBER T FILING DATE FIRST NAMED APPLICANT i ATTORNEY DOCKETT NO. }

| EXAMINER |

[ ARTUNIT | PAPERNUMBER |

z(
DATE MAILED:
EXAMINER INTERVIEW SUMMARY RECORD
All participants (applicant, applicant's representative, PTO personnel):
1) % Ma{é y/4 Lo @
" Dealll . Leans @
Date of interview 9// 76
Type: [ Telephonic )X(Persona! (copy is given to [ applicant }’applicant’s representativ
Exhibit shown or demonstration conducted: O Yes ([J No. If yes, brief description: /\/
Agreement [ was reached with respect to some or ali of the claims in question. IX was not reached.
Claims discussed: /<7'// Fopsar {&
identification of prior art discussed: /J// & L/{/ /1/
Description of the general nature of what was agreed to if an agreement was reached, or any other comments: e B, 2 s -
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(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attached. Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)

1. Itis not necessary for applicant to provide a separate record of the substance of the interview.

Unless the paragraph below has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS NOT
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the last Office
action has already been filed, then applicant is given one month from this interview date to provide a statement of the substance of the interview.

O 2. since the examiner's interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the

response requirements of the last Office action. Applicant is not relieved from providing a separate yegerd of the substance.gf the interview unless
box 1 above is also checked. »/ 2

PTOL-413 (REV. 2 -93) xaminer's Signature
ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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Patent. Docket 1070911

IN 'THE UNITED STATES PATENT AND TRADEMARK OFFICE

in re Application of Group Art Unit: 1816
Paul J. Carter et al. Examiner: D. Adams

Serial No.. 08/146,206

.. . CERTURCATE OF MAILNG-

‘thal -tige cotempondanas is teing depositad. )
e b suifioient pastage, as lirst. clas.
‘Con af Futgiiis, Wemd

Filed: November 17, 1993

For:  METHOD FOR MAKING HUMANIZED |
ANTIBODIES

Assistant Commissioner of Patents
Washington. D.C. 20231
Sir:

The accompanying papers are being filed in response to the Office Action mailed
October 27, 1995 issuing a final rejection of the claims pending in the application. On March
27. 1896, Applicants filed a Notice of Appeal. Submitted herewith is a three month extension
of time for making this submission.

The present submission, in the form of a Supplemental information Disclosure

Statement, is being submitted under Section 1.12%{a) along with the fee ser forth in Section

T1.1%{r).
Respectfully submitted,
SENENTECH, INC.
: .}l ; '»I/
i /“
Date: August 27, 1996 By: .- 1% o

\._'\.IénBy M. Lee
Reg. No. P-40,378

460 Pt. San Bruno Blvdl.

So. San Francisco, CA 84080 49390
Phona: (415) 225-1994

Fax: (415) 852-9881

-
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Paient Docket PO709P 1

IN THE UNITED STATES PA’I’ENI'/ ND TRADEMARK OFFICE

| Serial Nn.: 08/146,206

In re Apphication of ) Group Art Unit; 1816

Puul J. Carter et al. Examiner: D. Adams

Filed: November 17, 1993

For:  METHOD FOR MAKING
ITUMANIZED ANTIBODIES

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Assistant Commiasioner of Patents
Washington, D.C. 20231

Sir

Applicants submit herewith patenis, publicativns or other information (attached hereto and lisied

ou the atiuched Form PT(-1449) of which they are aware, which they believe may be material w the

examination of this application snd in respeet of which there may bo i duty to disclose in accordance with

37 CFR §L56.

This Information Diselosure Statement:

)1
w1

©fl

(OR|

accompanies the new patent. applicalion submittod herewith, 37 CFR §1.97(a).

is fled within three months altor the filing date of the application or within three months
after tho date of entry of the vational stago of a PCT upplication as et forth in 37
CIIL§1.491.

as far ag iy known 1o Lhe undersigned, is filed bofore the mailing date of o first Office
action on the meriis.

is filed after the firs. OfTice Action and more than three monthe after the application’s
filing date or PO national stage date of enbry filing but, as far as i3 known Lo the
undersignad, prior 1o the niailing dute of either a final rejection v a natice of allowance,
whichever oceurs fivs, aud ix jecompaniod by eithey tha fee (§220) sei. forth in 37 CFR
§ 11700 or a cortificition ais spocified in 37 CFR §1.97(e), as checked bolow. Shoukl any
fan be due, the US. Patent and "Prademark Office i heroby authorizad to charge Deposit.
Aceount. No. 07-0630 in the amount of $220.00 to cover the cost. of this Lulurmatinn
Disclosure Statement. Any deficiency or sverpaymont should be eharged ar vraditad to

this depasit. secount. A duplicate of this sheet is enclosed.

Reviuat {10/20/861

/

PFIZER EX. 1502
Page 2108

el



® ¥

O8/146,206 [age 2

(@1l is led after the mailing daie of cither a final rejoction or a notica of allowance, whichever
accurrod first, and is sccompaniod by the fee ($130) sot forth in 37 CFR §1.17()(1) and
a cartilication axs specified in 37 CFR §1.97(0), as checked below. This documaent is to
be congidered as s pelition requesting consideration of the informstion
disclosure statcment. Tha U.S. Patent. and Prademark Office is hereby authorized to
charge Deposit. Account No, 07-0630 in the amount of $130.00 to cover the cost of this
Infermation Disclosure Statement. Any deficicncy or overpayment should be charged or

credited to this deposil uccount. A duplicate of this shee{ js cnclosed.

) [X] s filed after the mailing date of a final rejection, but a request to withdraw the finality
thervof under 37 CIFR § 1.129(a) is submitfed herewith. The U.S. Patent and Trademark
Office is hercby suthoriznd (o charge Doposil Account No. (37-0630 Lo cover the cost. of this
Information Disclosure Statement, in the event that any lees are dus. A duplicate of
this shcet is enclosed,

\[§ cither of hoxas (d) or (o) is checked above, the following "certification” under 37 CFR §1.97(e)
may need to be complated.] The undersigned cortifies that:

N EBach item of information contained in the information disclosure staiement was cited in
a communication mailed from a foreign patent office in a counterpart foroign application
not more than thrae months prior 1o the filing of this information dixclogure statemeut.

It No item of information containad in this information disclosure statement was cited in
a communication mailed from a foreign patent office in a counterpart. foreign application
ar, to the knowledge of the undersigned after muking reasonable inquiry, was known to
any individual dosignated in 37 CFR §1.56(c) morc than three months prior to the filing
of this information disclosure statoment.

A st of the patent(s) or publicativa(s) is sct. [orth on the attached Form PT(-1449 (Maditied).

A copy of the items on PTO- 1449 is supplied herowith:

|X} oach {} nono [] only thosn listed below:
"Those pateni(s) or publication(s) which arc marked with an asterisk (*) in the attached "I0- 1449 form
are not. suppliod beciuse they were praviously cited by or submitted to the Office in a prior application
Serial No. 07/715,272, filed 14 Junc 1991 and relied upon in this applieation for an carlier filing date
undnr 35 USC §120,

A eoncise explanation of velevines of the items Listed on PTO- 1449 ju:

IXi uot. given

1} given {or eoch listed item

Il given for only non-English Binguage listed item(s) {Required)

] in the form of un Fnglish language copy of a Search Report. from a forvign patent office,
issued in a counterpart appliestion, which refers to the relevant pariions of the
releronces. )

hoviens (10/20186]
—_— _1/
[P ?\,‘*\ Pl .

T
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UB/ 146,206 Page 3

The: Examiner is reminded that a “woncise explanation of the relevance” of the submitied prior art.
"y be nothitg more than idenlification of the particular figure or paragraph of the patent. or publication
which has some relation to the claimed invention,” MPEP §609.

While the information and references disclosed in this Information Disclosure Statement may be
“malorial" pursuant to 37 CFR §1.66, it is not intended to constitute an admission thut any patent.
publication or other information referred to therein is "prior art” for this invention unless specifically
designated ax such.

In aconlance with 37 CFR §1.97(g), the filing of this Information Disclosura Statement shall not
be: construed 1o mean that a soarch has been made or that oo other material information as defined in 37
CFR §1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance with 37
CFR §1.98 and MPEP §609 and the Examiner is respoctfully requested to considar the listed roferences.

\ctfully submitted,

Dare: August 27, 1996

Reg. No. P-40,378

160 I’t. San Bruno Bivd.

So. San Francisco, CA 94080-4990
[hone: (415) 225-1994

Fax' (415) 952-9881

Revised {10/20M06)

Pl
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Patent. Duckel PO7091'1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

tn re Applicstion of

Paul J. éartcrr et al

Serial No.: 08/146, 206
Filed: November 17, 1993

METHOD FOR MAKING
HUMANIZED ANTIRBODIES

For:

Ciroap Art Unit: 1816

Rxaminer: D.

Adams

1 hesehy carsity That s
Statew Publs) Bérvi

PEY N AND ¥E

Assistant Commissioner of Patents
Washington, D.C. 20231

Sir:

F TIME

_ Applicant peLitions the Commissioner of Patents and Trademarks to extend the time for response

to the Notice of Appeal dated 3/27/96 for 3 month(s) from 5/27/36 to B/27/96. “The exlondoed time tor

response does not excend the statutory period.

Please charge Deposit. Account No. 07-0630 in the amount of $ 900.00 tu covor the cost. of the

oxtension. Any daeficiancy or overpaymani. should ha charged or credited to this deposit account. A~

duplicaie of thiy sheet is enclosed.

Date: August 27, 1996

A6 P San Bruno Blvd.

So. San Francisea, CA 94080-430
’hona; (4 15) 225-1994

Fax: (410) 9529881

Respuetfully submitted,

GENENTECH, JNC

o LAl

Woendy M. Len
Rog. N 1240378

TNevissd [V0/1706) |

/

_—
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76

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

~~..
[
i

In re Application of ‘Group Art Unit: 1816 °b : S v
[N G y
Paul J. Carter et al. Examiner: D. Adams G' N 15,
MYCE e
Serial No.: 08/146,206 <)

Filed: November 17, 1993

For: METHOD FOR MAKING
HUMANIZED ANTIBODIES

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Assistant Commissioner of Patents
Washington, D.C. 20231
Sir:

Applicants submit herewith patents, publications or other information (attached hereto and listed
on the attached Form PTO-1449) of which they are aware, which they believe may be material to the
examination of this application and in respect of which there may be a duty to disclose in accordance with
37 CFR §1.56.

This Information Disclosure Statement:

(a) D' accompanies the new patent application submitted herewith. 37 CFR §1.97(a).

() [ is filed within three months after the filing date of the application or within three months

after the date of entry of the national stage of a PCT application as set forth in 37
CFR§1.491.

(©[1 as far as is known to the undersigned, is filed before the mailing date of a first Office
action on the merits.

() [] is filed after the first Office Action and more than three months after the application’s
filing date or PCT national stage date of entry filing but, as far as is known to the
undersigned, prior to the mailing date of either a final rejection or a notice of allowance,
whichever occurs first, and is accompanied by either the fee ($220) set forth in 37 CFR
§1.17(p) or a certification as specified in 37 CFR §1.97(e), as checked below. Should any
fee be due, the U.S. Patent and Trademark Office is hereby authorized to charge Deposit
Account No. 07-0630 in the amount of $220.00 to cover the cost of this Information
Disclosure Statement. Any deficiency or overpayment should be charged or credited to
this deposit account. A duplicate of this sheet is enclosed.

Revised {10/20/95)
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08/146,206 Page 2

(e)[1 isfiled after the mailing date of either a final rejection or a notice of allowance, whichever
occurred first, and is accompanied by the fee ($130) set forth in 37 CFR §1.17(1)(1) and
a certification as specified in 37 CFR §1.97(e), as checked below. This document is to
be considered as a petition requesting consideration of the information
disclosure statement. The U.S. Patent and Trademark Office is hereby authorized to
charge Deposit Account No. 07-0630 in the amount of $130.00 to cover the cost of this
Information Disclosure Statement. Any deficiency or overpayment should be charged or
credited to this deposit account. A duplicate of this sheet is enclosed.

@ (X] is filed after the mailing date of a final rejection, but a request to withdraw the finality
thereof under 37 CFR § 1.129(a) is submitted herewith. The U.S. Patent and Trademark
Office is hereby authorized to charge Deposit Account No. 07-0630 to cover the cost of this
Information Disclosure Statement in the event that any fees are due. A duplicate of
this sheet is enclosed.

[If either of boxes (d) or (e) is checked above, the following "certification" under 37 CFR §1.97(e)
may need to be completed.] The undersigned certifies that:

1] Each item of information contained in the information disclosure statement was cited in
a communication mailed from a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of this information disclosure statement.

0 No item of information contained in this information disclosure statement was cited in
a communication mailed from a foreign patent office in a counterpart foreign application
or, to the knowledge of the undersigned after making reasonable inquiry, was known to
any individual designated in 37 CFR §1.56(c) more than three months prior to the filing
of this information disclosure statement.

A list of the patent(s) or publication(s) is set forth on the attached Form PTO-1449 (Modified).

A copy of the items on PTO-1449 is supplied herewith:

[X] each [] none [] only those listed below:
Those patent(s) or publication(s) which are marked with an asterisk (*) in the attached PTO-1449 form
are not supplied because they were previously cited by or submitted to the Office in a prior application-
Serial No. 07/715,272, filed 14 June 1991 and relied upon in this application for an earlier filing date
under 35 USC §120.

A concise explanation of relevance of the items listed on PTO-1449 is:

[X] not given

] given for each listed item

1] given for only non-Engh'sh language listed item(s) [Required]

1 in the form of an English language copy of a Search Report from a foreign patent office,
issued in a counterpart application, which refers to the relevant portions of the
references. '

Revised (10/20/96}
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08/146,206 Page 3

The Examiner is reminded that a "concise explanation of the relevance" of the submitted prior art
"may be nothing more than identification of the particular figure or paragraph of the patent or publication
which has some relation to the claimed invention," MPEP §609.

While the information and references disclosed in this Information Disclosure Statement may be
"material" pursuant to 37 CFR §1.56, it is not intended to constitute an admission that any patent,
publication or other information referred to therein is "prior art” for this invention unless specifically
designated as such.

In accordance with 37 CFR §1.97(g), the filing of this Information Disclosure Statement shall not
be construed to mean that a search has been made or that no other material information as defined in 37
CFR §1.56(a) exists. It is submitted that the Information Disclosure Statement is in compliance with 37
CFR §1.98 and MPEP §609 and the Examiner is respectfully requested to consider the listed references.

Date: August 27, 1996 . By AN,
\’Vendy M. Lee
Reg. No. P-40,378

460 Pt. San Bruno Blvd.

So. San Francisco, CA 94080-4990
Phone: (415) 225-1994

Fax: (415) 952-9881

Revised (10/20/96)
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EP 0 403 156 B1

European Patent Office

0 Q) renracmone T

Office européen des brevets (11) EP 0403 156 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) Intcis: CO7K 16/46, C12P 21/08,
of the grant of the patent: C12N 15/62, A61K 39/395’
10.09.1997 Bulletin 1997/37 C12N 5/20. A61K 47/48
C12N 5/10

(21) Application number: 90306178.6

(22) Date of filing: 07.06.1990

(54) Improved monoclonal antibodies againstthe human alpha/beta t-cell receptor, their production
and use ’ )

Monoklonale Antikérper gegen den humanen alphalbetaQT-Zeﬂenrezeptor, ihre Herstellung und
Verwendung .

Anticorps monoclonaux améliorés contre le récepteur alpha/béta des cellules T humaines, leur
production et leur utilisation

(84) Designated Contracting States: * Moore, Gordon P.
AT BE CH DE DK ES FR GB GRIT LI LU NL SE Lexington, Massachusetts 02173 (US)
+ Seiler, Fritz :
(30) Priority: 07.06.1989 US 362549 D-3550 Marburg (DE)

25.05.1890 US 529979
(74) Representative: Sheard, Andrew Gregory et al
(43) Date of publication of application: Kilburn & Strode

19.12.1980 Bulletin 1980/51 - 30, John Street
London WC1N 2DD (GB)

(73) Propristors:

+» GENZYME CORPORATION (56) References cited:
Framingham, Massachusetts 01701 (US) WO-A-89/01783
« BEHRINGWERKE Aktlengeselischaft
35001 Marburg (DE) * TRANSPLANTATION PROCEEDINGS vol. XX,
no. 2(2), 1988, New York, USA pages 103 - 109;
(72) inventors: H. SCHLITT et al.: “Evidence for a
¢ Kurrle, Roland cyclosporine-resistant pathway of T cell
D-3550 Marburg (DE) activation triggered via the CD3/T cell receptor -
* Shearman, Clyde W. . complex”

Bellingham, Massachussetts 02019 (US)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Ar.
99(1) Eurcpean Patent Convention).

Printed by Jouve, 75001 PARIS (FR)
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Description

The instant application discloses useful monoclonal antibodies (mAbs) against an epitope within the constant
region of the human alpha/beta T-cell receptor (TCRY), their production and use for immunosuppressive therapy in
organ and bone marrow transplantation, in treatment of autoimmune diseases and for therapeutic applications in im-
munoregulation. ) .

For decades Anti-leukocyte-antibodies for clinical and experimental use have been generated by immunizing, e.
g. horses, rabbits, goats and rats with leukocytes, lymphocytes or subpopulations thereof or with various tumor cell
lines. Specificity of such anti-leukecyte-globulin/Antithymocyte-globulin (ALG/ATG) preparations was usually obtained
by careful selection of antigen sources or by absorption of undesired antibodies with different cell types such as eryth-
rocytes, B-cells, selected cell lines, etc. This strategy, which resulted in high quality ALG/ATGs, requires a considerable
expenditure of laboratory force, quality control, and the necessity to ascertain reproducible specificity from baich-4o-
batch. Within certain limitations, those ALG/ATGs made it possible to study leukocyte differentiation, the cellular origin
of leukemia and lymphoma, to define T-celi subpopulations, and even to prepare antiidiotypic antisera.

The therapeutic efficacy of ALG/ATGs is well known, especially for immunosuppression in organ transplantation.
In addition, ALG/ATGs have been used successfully to treat patients with aplastic anemia and for "purging” bone
marrow cells within the context of bone marrow transplantation. Despite the success with ALG/ATG preparations it is
accepted that even with a reasonable amount of [aboratory effort, these polycional anti-leukocyte-antibodies might
vary from batch-to-batch and the specificity of these antisera is limited.

Once the technique to produce mAbs was developed by Kohler and Milstein (Nature 225(1974)), it was possible
to generate antibodies with much higher specificity as compared to ALG/ATG preparations. Since mAbs recognize not
only distinct antigens, e.g. on cell surfaces, but also particular epitopes within such an antigen, they can be used with
high efficacy to discriminate even between very similar cell populations, and to characterize the biochemical and func-
tional aspects of the recognized antigen. :

One use of mAbs is in targeting carcinomas so that they can be treated or diagnosed. This is disclosed in
WOBS9/01783, for example, where a humanised antibody molecule having specificity for the TAG-72 antigen is dis-
closed. This molecule comprises CDRs of its variable domain which are derived from the-mouse monoclonal antibody
B72.3. The remaining immunoglobulin parts of the molecule are derived from a human immunoglobulin.

mAbs have been most frequently and successfully used for immunosuppressive therapy in clinical organ trans-
plantation. However, most mAbs have a broad immunosuppressive capacity, thus undesirably influencing functions of
a wide spectrum of immune cells presumably not all involved in graft rejection.

Among others, the monoclonal antibody OKTS3, directed against mature human T cells, has been extensively used
for the treatment of patients undergoing acute allograft rejection after kidney transplantation (Russell RS., Colvin R.
B., Cosimi, A.B.. Annu. Rev. Med. 35:63, (1984) and Cosimi A.B., Burton R.C., Colvin, R.B. et al: Transplantation 32:
535, (1981)). Moreover, OKT3 and rabbit complement were used for purging mature T-cells from donor marrow to
prevent acute graft-v-host disease (GVHD) in allogeneic bone marrow transplantation {Prentice, H.G., Blacklock, H.
A, Janossy, G. et al: Lancet 1:700, (1982) and Blacklock, H.A., Prentice, H.G., Gilmore, M.J. et al..Exp. Hematol. 11:
37, (1988)). Whereas OKT3 treatment seems to be effective in the prevention of GVHD in allogeneic bone marrow
transplantation for acute leukemia, a combined in vitrofin vivo treatment with OKT3 failed to prevent GVHD during
therapy for severe combined immunodeficiency (Hayward, A.R. et al.: Clin. Lab. Observ. 100:665, (1982)).

Treatment of T-cells with OKT3 elicits several responses inconsistent with immune suppression including T-cell
activation, production of immune mediators and T3-modulation. The T3-antigen complex recognized by CD3-mAbs (e.
g. OKT3} is postulated to play a crucial role during T-cell activation. Functional studies indicate that the T3-antigen
complex is involved in specific immune functions as molecules functionally and physicaily associated with the respective
T-cell receptor. Under physiological conditions the mere binding of OKT3 to T-celis results in T-cell activation. When
T-cells are activated in the presence of accessory cells, OKT3 is highly mitogenic for T-cells from all donors, whereas
for anti-T3 mAbs of the IgG 1 isotype, nonresponsiveness caused by polymorphism in the accessory cell function has
been described. Additionally, it has been reported that stimulation of human periphsral blood lymphocytes with OKT3
induces the production of immune mediators such as interferon (alpha-lFN}) and interleukin-2 (IL-2) (Pang, R.H., Yip,
Y.K,, Vilcek, J.: Ceilimmunol. 64:304, (1981) and Welte, K., Platzer E. Wang, C.Y., stal.: J. Immunol. 131:2356, (1883)).
Cne of the earliest events after the binding of OKT3 to the T-cell membrane is the modulation of the T3 complex. T3
modulation occurs under appropriate conditions in vitro as well as in vivo and this mechanism, among others, seems
to be responsible for the "escape” of T-cells during in vivo therapy with OKT3. Also antigsnic modulation seems to play
a critical role in T-cell activation. :

In light of undesired effects of OKT3 described above, there was a need to create new mAbs having a specificity
against mature lymphocytes and suitable for clinical application. Still another aspect and goal involves the coupling of
such mAbs to cytotoxic agents (radicisctopes, toxins, enzymes, etc.) in order to improve their effectiveness in mediating
cylolysis. ’ '
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Another goal involved the modification, via genetic manipulation, of the mAb in order to produce chimeric antibodies

having mixed murine and human characteristics in order to improve their effectiveness and/or lower their immuno-
genicity in patients.

Chimeric antibodies offer an additional advantage over murine mAb with regards to immunogenicity in patients. A
chimeric antibody would retain the affinity and specificity of the parental murine mAb and eliminate the patient immune
response to the murine constant regions. A further refinement involves humanization of the variable regions. Only the
complementarity determing regions and selected framework amino acids necessary for antigen binding are maintained
murine. The remaining framework regions are converted to human sequences. The resulting mAb of the present in-
vention is thus essentially a human antibody with a much lower immunogenicity in patisnts.

According to the present invention there is provided a chimaeric antibody specific for an epitope on the human
alpha/beta T-cell receptor (TCR) which is recognised by mAb BMA 031, the antibody comprising:

{a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in Table
BA; and

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in Table
6B. We have made a useful mAb secreted by the hybridoma cell line designated as BMA 031 by immunizing mice
with human peripheral blood T-lymphocytes separated by the E-rosette-techniqus (so called E*-cells). The mAb
secreted by BMA 031 (in the following likewise designated as BMA 031) is a murine monoclonal antibody of the
1gG2b isotype with a specificity for the alpha- and beta-chain of the TCR/CDS3 receptor complex. As compared to
OKT3 or BMA 030 (both clustered as CD3-antibodies), GMA 031 only very weakly induces mediator release after
binding to T-cells. It is highly effective in clinical application, e.g. kidney transplant for patients with increased
immunological risk when given post or at the time of the transpiant-operation. Since no major side sffects ware
observed with GMA 031 even at doses of up to 50 mg/dose, it may be advantageously given at time of surgery
(preferably via a first injection of 50 mg intravenously) followed by a second injection 48 hours after transplantation.
Graft function was perfect in almost all cases.

BMA 031 defines, therelore, a valuable epitops on the alpha-beta TCR distinct from ths epitope on CD3 recognized
by OKT3 or by other mAbs against mature T-lymphocytes. In order to completely characterize this mAb and also to
permit, by recombinant DNA techniques, exchange of the variable region frameworks outside of the hypervariable
regions and exchange of the human constant region in place of the endogenous murine constant region, the DNA
coding for the heavy and light chains of BMA 031 was cloned and sequenced.

The pressent inventors have recognised and defined the epitope on aipha/tbeta TCR. The present invention is
directed to chimaeric antibodies directed against this epitope, having the characteristics set out in claim 1.

Preferred embodiments of the chimaeric antibodies of the present invention are described in claims 2to 5.

A further aspect of the invention concerns the use of these antibodies in clinical application before, during or after
transplant surgery, in bone marrow transplantation, in treatment of cancer (direct treatment of leukemic cells and indirect
treatment of all types of cancer by activation of T-cell populations) and for therapeutic applications in immunoregulation.

The antibodies of the present invention are also useful in the detection of immunocompetent T-cells.

Additional aspects will become apparent upon study of the detailed description set forth below, which includes
preferred embodiments of the present invention and which also includes other data for information purposes.

The description refers by way of example to the accompanying drawings, wherein:

Figure 1 graphically depicts the construction scheme of the BMA 031 genomic library;
Figure 2 describes the probes used to screen ths library;
" Figure 3 graphically sets forth, in linear fashion, the human constant region eprression vectors;
Figures 4A, 4B and 4C show results of competitive immunoflucrescence assays with BMA 031 Chimeric Antibodies.
Figures 5A and 5B show results of T-cell proliferation assays with BMA 031 Chimeric Antibodies.
Figures 8A, 6B and 8C show results of ADCC assays with the BMA 031 Chimeric Antibodiss.
- Figure 7 shows the results of competitive immunofluoresence assays with BMA-EUC1V3 antibody.

As used herein, the term "epitope” refers to the structure recognized by the monoclonal antibody BMA 031 (this
antibody has been discussed in Transplantation Proceadings, Vol XX, No 2, Suppl 2: 103-109 (April 1988) for example,
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which explains that BMA 031 has stimulatory features different from those of several CD3 antibodies), and is generally
thought to be independent of the remaining portion of the antigen on which the epitops is located. It is presently unknown
exactly how the épitope is formed structurally but it is anticipated that it may be formed by either (i) a part of the amino
acid sequence of the antigen molscule; (ii) the three-dimensional structure formed by non-contiguous amino acids
within the same molecule; {iii) the three-dimensional structure formed by various molecules within an antigen complex;
or {iv) some combination thereof. As used herein the term "monoclonal antibody {mAb)" means an antibody composition
having a substantially homogeneous antibody population. 1t is not intended to be limited as regards to the source of
the antibody or the manner in which it is made and in the most preferred embediments is intended to include recombinant
methods of manufacture.

As used herein with respect to the exemplified BMA 031 antibody, the term “functional equivalent” means a mon-
oclonal antibody that: (a) blocks the binding of BMA 031 and whase binding is blocked by bound BMA 031; (b} binds
selectively to human T-cells having expressed the alpha/beta TCR but not having expressed TCR-gamma and/or delta-
chains; (c) has one of the known isotypes; (d) binds to the same antigen as BMA 031 as determined by immunopre-
cipitation, western blotting or other biochemical analyses; (e) binds to the same antigen as determined by cells trans-
fected by gene(s) for the alpha/beta TCR or segments thereof.

Example 1. Immunization and cell fusion

Three Balb/c mice (female; age: 6-8 weeks) were twice immunized intraperitonally with 1.5 x 108 E*-cells each.
Peripheral blood human T-lymphocytes were separated by the E-rosette-technique (rosette-formation with sheep red
blcod cells - E*-cells) and were derived from the peripheral blocd of a healthy donor whose donated blood routinely
tested HIV-negative for more than one year after having given the blood for immunization purposes.

Three days after the last immunization, the spleens of all three mice were removed, a single cell suspension was
prepared and the lymphocytes were fused with the murine myeloma cell P3X63-AgB.653 (ATCC # CRL 1580) according

to a standard fusion protocol. The myeloma cell P3X63-Ag8.653 is described as an immunoglobulin non-producer

mutant derived from the original myeloma cell P3-X63-Ag8 (ATCC # TiB 9).
After fusion, cells (1 x 108 celis/well) were cultured in the presence of HAT-medium (Dulbecco's modified Eagle's
medium + 10% FCS +0.1mM hypoxanthine, 0.4 uM amincpterin, 16 iuM thymidine) to select for hybridoma cells.

Example 2. Iso!ationvand characterization of the hybridoma clone BMA 031

Supernatants of growing hybridoma cslis {fusion number BW 242) were harvested routinely and tested for the
presence of murine immunoglobulins in an ELISA test-system designed to measure murine IgG quantitatively. At the
same time, the supernatants were tested for antibodies with specificity for human lymphocyte cell surface antigens.

Within this selection process, single cells were picked from the original well (BW 242/1177) and were cultured
separately. In subsequent steps these cells were repeatedly cloned by micromanipulation under microscopic control
(BW 242/412). During three cloning cycles 100% of growing clonses produced monoclonal antibodies with identical
binding specificity and identical behavior with respect to biochemical criteria. One clone was selected and designated
as BMA 031. '

Extensive analyses were carried out to define the specificity and the functional propsrties of the hybridoma clone,
BMA 031. .

A master seed bank and a working cell bank were established starting with the hybridoma clone BMA 031. The
two cell banks underwent extensive examinations to assure absence of contamination with pathogens {mycoplasmatic,

" bacterial and viral infections). in addition, starting from the master seed bank, experiments were carried out which

showed that even after the 50th culture passage detectable variations in antibody specificity were neither measurable
nor could non-producer mutants be detected when analysed by single cell cloning and by calculating antibody produc-
tion rates in buik culture.

Example 3. Specificity of BMA 031
Monoclonal antibodies directed to lymphocyte cell surface antigens are usually characterized by a binding assay.

To analyse the specificity of BMA 031, eytoflucrometric assay systems were used predominantly. In particular, binding
assays were carried out as described below.
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3.1 Analyses of the binding of BMA 031 with peripheral blood leukacytes

Comparison of mAb reactivity with reference mAbs

Defined subpopulations of PBLs were labelled either with a reference mAb and/or with BMA 031. If both mAbs
have identical specificity they will stain identical populations of cells. In these studies, the reference mAbs used were
those which had been previously characterized in the Workshops for Human Leukocyte Differentiation Antigens |, Il
and lll. (Paris, 1982; Boston, 1984, Oxford, 1986; Bernard, A.E.: Leukocyte Typing. Springer-Verlag (1984); Reinherz,
E.L.E.: Leukocyte Typing I1. Springer-Verlag (1986); McMichael, A.J.E.: Leukocyte Typing lll. Oxford University Press
(1987). .

Expression of the antigen on difierent lsukocyte subpopulations

Peripheral blood leukocytes were analyzed on an Ortho Cytofluorograph 50H/2150 Computer-system modified for
single-step analyses of whole blood. Cells were either directly labelied with BMA 031-FITC and/or with reference mAbs
or alternatively stained in a second step with isothiocyanate-fluoresceinated rabbit anti-mouse IgG (Ig-F(ab')2-FITC).
By using cytofluorometric assays, it was discovered that binding of BMA 031 was only detected on cells of the T-cell
lineage which express the alpha/beta T-cell receptor. BMA 031 does not react with cells which express the gamma/
delta T-cell recepter. BMA 031 can therefore effectively be used to discriminate between alpha/beta-TCR+ and gamma/
delta-TCR* cells. Presence or absence of distinct TCR chains reflect the status of T-cell differentiation during T-cell
ontogeny.

In peripheral blood, molecules of the CD3-complex are predominantly expressed in association with the human
alpha/beta-TCR (7). In healthy blood donors, the frequency of T-lymphocytes stained by BMA 031 is usually only 1-5%
lower than that measured with CD3 mAbs (for normal frequencies of CD3+ cells see 1-3). As shown with cloned T-
cells, this population of CD3* BMA 031" cells express the gamma/delta TCR instead of the alpha/beta TCR. In path-
ological situations, however, the frequency of CD3*+ BMA 031" T-cells can increase to 20% of the CD3* cells in individual
patients. On CD3* BMA 031+ cells, binding of BMA 031-FITC is blocked by OKT3 and vice versa in compstitive im-
munofluorescence assays. Nevertheless, by analyzing such data in more detail (comparison of fluorescence-histo-
grams) and by blocking studies with anti-idiotypic antisera it can be clearly shown that BMA 031 recognizes a different
epitope than all known CD3-mAbs.

Example 4. Characterization of the functional properties of BMA 031

BMA 0831 is a murine monoclonal antibody of the IgG2b isotype. Due to the unique specificity and the isotype of
BMA 0831, this antibody triggers a specific pattern of biological functions. After binding to T-csils, BMA 031 does not
induce T-cell proliferation comparable to CD3-mAbs of the IgG2a isotype (e.g. BMA 030, OKT3) ina three day thymidine
incorporation assay nor does it induce Ca2* influx in resting T-lymphocytes . In contrast to CD3-mAbs such as BMA
030 or OKTS3, binding of BMA 031 to T-cells induces antigen modulation only weakiy and triggers the release/production
of cytokines to a very low extent.

Example 5. Preparation of DNA and RNA from BMA 031

For preparation of genomic DNA, approximately 1 x 10% cells were grown in T-flasks. DNA was prepared by lysis
in SDS, digestion with proteinase K and RNAse A and sequential, gentle, phenol/ichloroform extractions in high salt.
Low density agarose gels indicated that the average length of the genomic DNA was greater than 50 kilobases {Kb);
long length is important in creation of complete genomic clone libraries in lambda phage vectors. The yield was about
10 mg of DNA. )

Approximately 109 cells ware also grown for RNA isolation. Celis were lysed and RNA extracted using guanidinium
thiocyanate. RNA yield was about 10 mg and it appeared clean and undegraded on agarose gels. Poly A* RNA was
prepared by binding total RNA to oligo dT cellulose. Yield was about 5%, i.e. about 500 ug of poly A* mRANA.

Example 6. Sequencing BMA 031 heavy (H) and light (L) chains by primer extension of mRNA

Because of the high abundance of specific mRNA, immunoglobulins can be sequenced by primer extension of
totai poly A+mRNA: This is also facilitated by their common constant regions which allow synthesis of “universal®
primers with which to begin the extension. Subsequent primers can be made as sequence information is gathered.
“Universal® H and L chain primers (Light chain "Universal* Primer: " TGGATGGTGGGAAGATG?; Heavy chain "Uni-
versal” Primer: "GGGGGCCAGTGGATAGAC?) were isotopically end labelled with polynucleotide kinase and hybrid-
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ized individually to about 7 pg aliquots of BMA 031 poly A* mRNA. The hybridized product was extended using avian
reverse transcriptase in the presence of dideoxy nucleoside triphosphates. Reaction products were separated on gra-
dient acrylamide gels and autoradiographed. About 200 nucleotides (NT) of sequence were read from the initial ex-
tension. For both H and L chains, two additional primers were synthesized, each 17-18 NT in length, namely

#149 (Light) 3’ AGGGACTCCAGAAGCCA3’
#180 (Light) 3’ CTGGAGATGCAACATG3'

#179 (Heavy) ' CTCCATGTAGGCTGTACT3'
#178 (Heavy) 5’ CCAGAAGCCTTGCAGGAS’

The extension primers as described above generate complete, overlapping sequence (a total of about 440 NT for
each gene) specifying the H and L chain variable (V) regions.

The sequences obtained are listed in Table 1A (Heavy) and 1B (Light). Positions of the signal sequencs, start of
the mature protein, invariant cysteines, compiementarity determining regions (CDR), joining region (J), and primers
used in sequencing are indicated. Thess sequences were confirmed by DNA sequencing of isolated lambda clones
(see Example 7 below). '

Example 7. Construction and Screening of a Genomic Clone library

The general strategy of the library construction is depicted in Figure 1 and Table 2 Parts A and B. Total genomic
DNA was partially digested with the restriction enzyme Sau 3A. DNA from the digest in the size range 10-20 Kb was
isolated by preparative gel electrophoresis and binding to glass-impregnated paper. The resulting material was ligated
with phage “arms" from the lambda vector EMBL-3 (ATCC #37266). Ligated material was packaged into phagse particles
(cloning efficiency 1 x 108 pfu/ug genomic DNA). Recombinant clones were plated at a density of 105/plate. Replica
filter lifts were performed on each plate and the nitrocellulose filter discs were processed for hybridization. These disks
were hybridized in duplicate to 22p-labelled fragment probes derived from the intron between V and C exons of Hor L
chain (these probes are "universal" g probes). Putative positive clones were confirmed and plaque-purified by up to
four rounds of rescreening. Rescreening was carried out with radiolabslled, synthesized oligomers (17 - 33 NT} cor-
responding to hypervariable regions known from Example 6. The approkimate relative location of the fragments and
oligomers used as probes for screening are indicated in Figure 2.

After exhaustive screening of the library, multiple positive lambda clones were isolated containing BMA 031 H and
L chain exons. As listed in Table 2, Part C, of 14 H chain clones initially identified, 4 were true positives; of 27 L chain
clones, 7 were real. The genomic sequence of the H and L chains as dstermined by both Sanger and Maxam-Gilbert
sequencing, are listed in Tables 3A and 3B, respectively.

Example 8. Vector construction for expression of chimeric BMA 031

The H chain of chimeric BMA 031 was synthesized by a vector containing the human gamma 1 constant region
or a second vector containing the gamma 4 constant region. For the L chain, the vector contained the human kappa
constant exon. Each vector also contained an upstream cloning site for the respective BMA V gene, drug selectable
markers, and signals necsssary to allow replication in bacteria. Restriction maps of these vectors are shown in Figure
3. The V exons of BMA 031 H and L chains were subcloned into the vectors described above.

Exampls 9. Transfection of chimeric BMA 031 gene intd myeloma cells for expression

The chimeric constructs described above were co-transfected into SP2/0 (ATCC #CRL 1581), a non-immunoglob-
ulin-preducing murine hybridoma, by electroporation. After a 48 hour expression period, the resultant cells or, trans-
fectomas, were placed in media containing both mycophenolic acid (1 ug/ml) and Geneticin (1 mg/mi) (Gibco). Growth
of the transfectomas was apparsnt in about two weeks. The transfection efficiency in double selection was approxi-
mately 1 x 105, The proportion of drug-resistant clones secreting antibody was greater than 50% with the level of

-antibody secretion varying from about 1 pg/mi to about 17 pg/mi.
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Example 10. Subcloning of Transfectomas

The BMA 031-G1 and BMA 031-G4 cell lines were subcloned to eliminate genetic heterogeneity that may have
arisen since the original transfection. The best subclone of each chimeric transfectoma was isolated and analyzed for
antibody production. These final cell lines, BMAO31-G1-1 and BMA 031-G4-1, produced antibody at a rate of 7 pg/lcell/
24 hours for IgG1 and 5 pg/cell/24 hours or IgG4. Saturated cultures accumulate antibody to 35 ug/mi for igG1 and
15 ug/mi for IgG4.

Example 11. Characterization of chimeric BMA 031

The antibedies, herein referred to as BMA 031-G1 and BMA 031-G4, secreted by BMA 031-G1-1 and BMA
031-G4-1, respectively, were tested to ensure that they were indeed BMA 031 mouse-human chimeric antibodies.
Analysis by a series of ELISA assays showed that the antibodies contained human kappa and human gamma constant
regions. Morsover, the antibodies did not react with antibodies directed against murine kappa or gamma constant
regions. Isotyping reagents also confirmed that the chimeric antibodies were of the [gG1 and IgG4 isotypes.

The purified chimeric antibodies were also shown to be functionally active in an immobilized cell ELISA assay.
Both chimeric antibodies bound to PBL-ALL cells in a similar fashion as the original murine BMA 031. Directly labelled
chimeric antibodies BMA 031-G1-FITC, and BMA 031-G4-FITC, were used in cytofiuorometric assays systems to
compare the specificity of these antibodies with murine BMA 031-FITC. A typical reactivity pattern of these antibodies
with peripheral blood leukocytes is shown in Table 4. In competitive immuncfluorescence assays, preincubation of
human lymphocytes with chimeric BMA 031-G1 or BMA 031-G4 blocked binding of murine BMA 031-FITC and vice
versa (See Figure 4A-4C). All these data indicate that the specificity of chimeric BMA 031-G1 and BMA 031-G4 is
identical to murine BMA 031.

However, the functional properties of chimeric BMA 031-antibodies clearly differ from murine BMA 031 or from
CD3-mAbs such as BMA 030. It is well known that most CD3-mAbs (e.g. BMA 030) trigger T-cell proliferation even in
low doses but have no mitogenic effect when used in high concentrations (See Figures 5A and 5B). This effect is known
as "high dose inhibition". :

In contrast to murine BMA 031, both chimeric BMA 031-mAbs are highly effective in triggering T-lymphocyte pro-
liferation as measured in a 3 day or 6 day thymidine incorporation assay without showing any evidence of high dose
inhibition effects even in much higher dose ranges. Two representative experiments are shown in Figures 5A and 5B.
In such experiments, the height of responsiveness and the optimal concentration for stimulation with BMA 030 or other
CD3-mAbs may differ from blood donor to blood donor due to individual differences of the immune status.

As described above (Example 4), in contrast to CD3-mAbs, binding of murine BMA 031 to human T-lymphocytes
usually results in the release of only low concentrations of immunomediators. Again, chimeric BMA 031 antibodies
differ in this respect from murine BMA 031 as well as from BMA 030 (CDQ). in Table 5, a representative experiment is
shown, where release of immunomediators is measured by induction of HLA-Dr expression on COLO 205-cells.

It is known from the literature that COLO 205 cells respond with an snhanced expression of HLA-DR antigens
after incubation with recombinant immunomediators like gamma-interferon, Tumor Necrosis Factor or supernatants of
activated T-cells which contain such factors. By comparing the enhancement of HLA-DR expression induced by su-
pernatants of activated T-cells with reference values generated by the use of recombinant factors such as gamma-
Interferon, the amount of immunomediators in culture supematants can be determined. The data summarized in Table
5 indicate that the kinetics and the amount of immunomediators released after binding of chimeric BMA 031 antibodies
differ from the effects triggered by murine BMA 031 or the CD3-mAb BMA 030.

Since the chimeric BMA 031 antibodies were able to interact efficiently with human Fc receptors in the T cell
proliferation assays, there was a strong possibility that they would have high ADCC titers as well. To evaluate the
ADCC capacity of these mAbs, they were compared to rabbit anti-GH-1 antiserum selected as the best out of eight
rabbit anti-human T cell globulins in ADCC capacity. The data of a representative experiment is shown in Figures 6A-
6C. Even at low effector:target celi ratics {(Figure 6A) or extremely low antibody concentrations (Figure 6B, 6C), chimeric
BMA 031 antibodies are highly potent in killing HPB-ALL cells. In contrast, murine BMA 031 is very poor at ADCC.

Accordingly, if cytolysis is an important criteria, BMA 031 can be advantageously used conjugated to a cytotoxic moisty.

Example 12. Production of “civilized" BMA 031 Antibodies

Determination of civilized BMA 031 amino acid sequence

In the past, "humanization” has been associated with chimeric constructions in which murine V regions are ex-

pressed with human C regions. To avoid confusion, the term “civilized" is used herein for constructions of *humanized”

V regions expressed with human C regions.
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To determine the optimal human sequence with which to civilize the murine BMA 031 antibody, the murine BMA
031 amino acid sequence was used to search the NBRF data base for the most homologous human antibody. Since
molecular models of antibodies show strong interactions between the heavy and light chains, it was decided to use
the heavy and light chains from the same human antibody. The human EU antibody tumed out to be the best overall
choice. The homology between the BMA 031 and EU FRs (#1-3) was 66% for the H chain and 63% for the L chain.
The BMA 031 antibody uses JH3 and Jx5. These are most homologous to human JH4 and Jk4. A first generation
civilized BMA 031 antibody would contain BMA 031 CDRs, EU FRs and homolgous human J regions. This antibody
is referred to as BMA 031-EUCIV1 (Table 6A and 6B).

A refinement to this basic civilized version can advantageously be made in the sequence immaediately before and
after the CDRs. The CDRs are assigned based on sequence homology data (Kabat et al., 1987). Molecular medels of
antibodies have shown that the actual CDR loops can contain amino acids up to 4 amino acids away from the "Kabat"
CDRs. Therefore, maintaining at ieast the major amino acid differsnces (in size or charge) within 4 amino acids of the
CDRs as murine may be beneficial. This antibody is referred to as BMA 031-EUCIV2 (Table 6A and 6B). Additionally,
all differences within four amino acids of the CDRs could be maintained murine. This antibody has been designated
as BMA 031-EUCIV3.

It will be readily recognized that further refinements can be made, but, without complex computer modeliing, it is
difficult to prioritize their importance. However, a simplified computer model was generated based on sequence ho-
mology to other antibodies with solved structures. This model was used to judge proximity of framework amine acids
to the CDRs. The results of this analysis are shown in Tables 7A and 7B. These resuits were used to address the
refinements discussed below. For example, several amino acids are either BMA 031 specific or EU specific (ie. different
from the consensus sequence within their subgroups). Since these amino acids presumably arose through somatic
mutation to enhance their respactive activities, it would seem logical to maintain the BMA 031 specific amino acids
and change the EU specific amino acids to the human consensus. But this can have potential adverse consequences.
Changing an amino acid in one chain may cause changes in the interactions with other amino acids of that chain as
well as with aminoacids in the other chain. Therefore, extreme caution must be exercised to limit the number of changes.
Table 8 outlines these potential changes. . L

As can be seen, EU differs from the human VH-l subgroup consensus sequence in six positions. Three are within
4 amino acids of the CDRs (#70,95,98), and these are addressed in BMA-EUCIV3. In one position (#93) the human
consensus sequence is the same as BMA 031. One could rationalize changing this from EU back to BMA 031, so this
change was incorporated inte BMA-EUCIV3. For the two remaining positions (#72,74), there is no human consensus.
However, the computer model shows that they may be close to the CDRs so it was decided to use the BMA 031 amino
acids in BMA-EUCIV4. The light chain had five EU specific amino acids. One is within 4 amino acids of the CDRs (#48)
and is maintained as BMA 031 in BMA-EUCIV3. In two positions {#63,81) the human consensus is the same as BMA
031 and therefore could be maintained as BMA 031. These changes were made in BMA-EUCIV4. The other two
positions (#10,70) are open to debate. The computer model identified position #70 as being potentially important so
this change was made in BMA-EUCIV4. Amino acid #10 was kept as EU. There are eight BMA 031 specific amino
acids in the H chain. In two positions (#7,82) the BMA 031 sequence is the same as EU. Position #72 was addressed
above. Hisg, is unique to BMA 031 and very close to CDRS; it was decided to incorporate this change into BMA-
EUCIV3. Of the remaining four positions (#1,9,20,40), only #40 is close to the CDRs so this change was made in BMA-
EUCIV4. The others wers maintained EU. There are no BMA 031 specific aminc acids in the L chain. The sequence
is identical to the subgroup VI consensus.

The final sequence of BMA-EUCIV4 was determined based on the preliminary computer model. For the heavy
chain, two additional positions appear to be close to the CDRs, #77 and #87, and these were changed to the BMA 031
amino acids. For the light chain, two positions (#21,60) appeared to be removed from the CDRs; we decided to use
the EU amino acids in this variant. Five additional positions (#1,3,4,42,71,100) were judged tc be close enough to the
CDRs for interaction, so they were changed to the BMA 031 amino acids.

Synthesis and expression of civilized BMA 031 antibodies

The light and heavy chain variable region exons encoding the civilized antibodies were synthesized and replaced
into the previously isolated genomic fragments of BMA 031. These fragments wers inserted into mammalian expression
vectors containing the human kappa and gamma 1 constant region exons. The civilized genes were transfected into
Sp2/0 hybridoma cells by electroporation and transfectomas secreting civilized BMA 031 were isolated. Secretion
levels varied up to 7 pg/cell/24 hr.

The BMA-EUCIV1 and BMA-EUCIV2 antibodies were unable to bind to T cells. In contrast, BMA-EUCIV3 bound
specifically to T cells and competed effectively with both the murine BMA 031 antibody and the previously constructed
chimeric BMA 031-G1 antibody for binding to these cells (Figure 7).
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Framework amino acids important for antigen binding

The T cell binding data with the civilized BMA 031 antibodies show the importance of framework amino-acids in
antigen binding. Inclusion of only the BMA 031 CDRs {BMA-EUCIV1) was not sufficient to maintain affinity for antigen.
Twelve amino acid substitutions were made in the heavy chain V region to regain binding affinity
(#27,28,30,38,48,67,68,70,93,94,95,98). Of these, six may be more important (#38,48,70,93,94,95) since they repre-
sent changss from BMA-EUCIV2, which does not bind well, to BMA-EUCIV3, which does bind well. Similarly, for the
light chain V region, five amino acid substitutions were made (#21,46,47,48,60). Of these, three (#21,47,48) were made
from BMA-EUCIV2 to BMA-EUCIV3 and thus may be mors important.
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TABLE 1A

BMA-031 mRNA HEAVY CHAIN VARIABLE REGION SEQUENCE

CACTACTCTAACATGGAATGGAGTTGGATATTITCTCTITTCTCCTGTICAGG
M E W S WIUFULT FULILSSG
| - Signal

AACTGCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGC
T AGVHSEUVQQLQGQSGUPEL
Sequence-——-————— |1

___Primer #178___
TGGTAAAGCCTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATAT
V K P G A'S V XN S CKASGTY

22

AAATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTGGGCAGGG
KFTSYVMHVYVERQKTPGO QG
|-==-CDR 1--—-|

‘CCTTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACA
L EVIGYTIWNZPYNDTUVTZ KT TN
| CDR 2

ATGAGAAGTTCAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGT

EKPFKGIKATIULTSDI K S S s

__Primer $179
ACAGCCTACATGGAGCTCAGCAGCCTGACCTCTGAGGACTCTGCGGTCCA
T A Y M EL S SLTSEDSAVH

TTACTGTGCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGG
YT CARGSTYTYDTYDGTFUVYVG
92 ! DSP2.2--————-CDR 3 |

GCCAAGGGACTCTGGTCACTGTCTCTGCAGCCAAAACAACACCC. . ... .
Q G TLV TV S A AKTTP :
JH3 | -==e===——----Constant

CH Primer
+ + «GTCTATCCACTGGCCCC. . .
Region :

10
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TABLE 1B

BMA 031 mRNA Light Chain Variable Region Sequence

TTAGCTAGGGTCCAAAATTCAAAGACAAAATGGATTTTCAAGTGCAGATT
M DF QV QI
] Signal

TTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATATCCAGAGGACAAAT
P 8§ FPLLISASVYITIS SR RGU QI

Sequence : | 1

__Primer §180__
TGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGG
VLTAGQSUZPATIMMSASUZ PGTETIKYV

TCACCATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTAC
T M TCS AT S SV S Y MNEHUV Y
23] CDR 1-—-- |

CAGCAGAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAA
Q QR SGTSPRKRGUYWITYDTSK
j--=---CDR 2

Primer #149.

ACTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCT:

LASGV?PARTFSGSGSGT S

CTTACTCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTAT
Y S LTI S S MKKEAETUDAATY

TACTGCCAGCAGTGGAGTAGTAACCCGCTCACGTTCGGTGCTGGGACCAA
YCQQUVSSNZPLTTPFGAGTRK
88-—-- CDR 3 | JKS

GCTGGAGCTGAAACGGGCTGATGCTGCACCAACTTG. . cceveessanene
L ELKRADAATPT
| Constant

, CL Primer .
++e+0.CATCITCCCACCATCCA. .. ...
Region

1
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TABLE 2

Construction of BAM 031 Genomic Library

Packaging Efficiency
(phage/ug DNA)

v DNA ~ 3.6 x 108
Ligated arms alone 4.0 x 101
Ligated arms + control insert 6.8 x 106
Ligated arms + BMA 031 DNA 1.5 x 106

Calculated for a Statistiéally Complete Library

in (1 - P) N = number clones
in (1 - F) ' P = desired probability

F = fractional proportion
of genome in a single
clone

To achieve a 99% probability of having a particular DNA sequence
represented in a library of 15 Kb fragments of a mammalian genome
(3 x 109 bp), the library must contain 9.2 x 103 clones.

Screening of the BMA 031 Genomic Library 2 x 106 Phage)

Intron Probe V-region Probe
Heavy Light Heavy Light
Master 14 27 N.D. N.D.
2° . 12 20 N.D. N.D.
30 10 19 4 7
49 4 7 4 7
12
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-TABLE 3A

BMA 031 Heavy Chain Genomic Sequence

AAGCTTATCTGTAAATCAACATGCTAACATATCCCAGAATAGAGCAACAG

TrCGAATAGACATTTAGTTéTACGATTGTATAGGGTCTTATCTCGTTGT&

ACTAAGGCCAAATATCAACTGAGAGATTTGTCCCTGTAGTTACAACCATA

TGAT‘I’CCGG’ETTATAG’I‘TGACTCTCTAAACAGGGACATCA:ATGTTGGTA&‘

TCAGCAGTTCAGGACTCATAGAAAGTGTATTGGATGCATTTCCTGAGAGA

AGTCGTCAAGTCCTGAGTATCITT CACATAACCTACGTAAAGGACTCTC’E‘

GGAATTGAA‘I'ITAGACTTTAACTTCCTGATGCCI’CACCTGT@TGTCTT’IT

CCTTAACTT;MTCTGA.AATTGAAGGACTACGGAGTGGACAC&CAGAAAA

CAGTCCTTWIC‘I‘CCAGTTCTICTCCAGCTGGACTAGGTI’CITATGTAAG

GTCAGGAAGGAGAGGT CAAGAAGAGGTCGACCIGATCCAAGAATACATTC

AAGTCCCCTGCTCATCATTATGCAAATTACCTGAGTCTATGGTGATTAAA

TTCAGGGGACGAGTAGTAATACGTTTAATGGACTCAGATACCACTAATTT

ACAGGGATGTCCACACCCTTTAAATCAACCGACGATCAGTGTCCTCTCCA

TETCCCTACAGGTGTGGGAAATTTAGTTGGCTGCTAGTCACAGGAGAGGT

AAGTCCCTGAACACACTGACTCTAACCATGGAATGGAGTTGGATATTTCT

TTCAGGGACTTGTGTGACTGAGATTGGTACCTTACCTCAACCTATAAAGA
M EVSVWVITFIL

| Signal ,

CTTTCT! CCTGTCAGGAACTGCAGGT&AGGGGCT CACCAGTICAAAATCTG

GAAAGAGGACAGTCC‘I‘TGACGTCCATI'CCCCGAGTGGTCAAGTTTTAGAC
FLLSGTAZA

13

50
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AAGTGGAGACAGGACCTGAGGTGACAATGACATCTACTCTGACATTCTICT

TTCACCTCTGTCCTGGACTCCACTGTTACTGTAGATGAGACTGTAAGAGA

CCTCAGGTGTCCACTCTGAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTG

GGAGTCCACAGGTGAGACTCCAGGTCGACGTCGTCAGACCTGGACTCGAC
¢ VHSEV QL QQQS G PETL

' GTAAAGCCI'GGGGC’I'I'CAGTGAAGATGTCCTGCAAGGCTTCTGGATATAA

CA'I'I'TCGGACCCCGAAGTCACTTCTACAGGACGTTCCGAAGACCTATATT
VKPGASVEKMSCKASGTYK

ATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTIGGGCAGGGCC

TAAGTGATCGATACAATACGTGACCCACTTCGTCTTCGGACCCGTCCCGE
FTSTYVMBHEYVEKQGQERTPGCOQGL
|====CDR 1--——|

TTGAGTGGATTGGATATATTAATCCTTACAATGATGTTACTAAGTACAAT

AACTCACCTAACCTATATAATTAGGAATGTTACTACAATGATTCATGTTA
EVIGTYINTPTYNDV VTR RTHN
| CDR 2

GAGAAGTT! CAAAGGCAAGGCCACACTGACTTCAGACAAATCCTCCAGTAC

+ +

C‘I‘CTTCAAGTTTCCGTTCCGGTGTGACTGAAGTCTGTTTAGGAGGTCATG

'BKPKGKATLTSDKSSST

AGCCIACATGGAGCTCAGCAGCCT GACCTCTGAGGACTCTGOGGTCCATT

‘l'CGGATGTACCTCGAGTCGTCGGACTGGAGACTCCTGAGACGCCAGGTAA
A Y M EL S SLTSEDS AV HEY

ACTGTGCAAGAGGGAGCTACTATGATTACGACGGGTTTGTTTACTGGGGC

TGACACGTTCTCCCTCGATGATACTAATGCTGCCCAAACAAATGACCCCG
C ARGS Y TYDYDGT PV TYVEG
| CDR 3 |

CAAGGGACTCTGGTCACTGTCTCTGCAGGTGAGTCCTAACTTCTCCCATT

' GTTCCCTGAGACCAGTGACAGAGACGTCCACTCAGGATTGAAGAGGGTAA

QGTLVTVS A
JH3

14

500
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CTAAATGCATGTTGGGGGGATTCTGAGCCTTCAGGACCAAGATTCTCTGC

GATTTACGTACAACCCCCCTAAGACTCGGAAGTCCTGGTTCTAAGAGACG

AAACGGGAATCAAGATTCAACCCCTTTGTCCCAAAGTTGAGACATGGGTC

TTTGCCCTTAGTTCTAAGTTGGGGAAACAGGGTTTCAACTCTGTACCCAG

TGGGTCAGGGACTCTCTGCCTGCTGGTCTGTGGTGACATTAGAACTGAAG

ACCCAGTCCCTGAGAGACGGACGACCAGACACCACTGTAATCTTGACTTC

TATGATGAAGGATCTGCCAGAACTGAAGCTTGAAGTCTGAGGCAGAATCT

ATACTACTTéCTAGACGGTéTTGACTTCGAACTTCAGACTCCGTCTTAG;

TGTCCAGGGTCTATCGGACTCTTGTGAGAATTAGGGGCTGACAGTTGATG

ACAGGTCCCAGATAGCCTGAGAACACTCTTAATCCCCGACTGTCAACTAC

GTGACAATTTCAGGGTCAGTGACTGTCAGGTTTCTCTGAGGTGAGGCTGG

CACTGTTAAAGTCCCAGTCACTGACAGTCCAAAGAGACTCCACTCCGACC

AATATAGGTCACCTTGAAGACTAAAGAGGGGTCCAGGGGCTTTITCTGCAC

TTATATCCAGTGGAACTTCTGATTTCICCCCAGGTCCCCGAAAAGACGTG

AGGCAGGGAACAGAATGTGGAACAATGACTTGAATGGTTGATTCTTGTGT

TCCGTCCCTTGTCTTACACCTTGTTACTGAACTTACCAACTAAGAACACA

GACACCAAGAATTGGCATAATGTCTGAGTTGCCCAAGGGTGATCTTAGCT

CTGTGGTTCTTAACCGTATTACAGACTCAACGGGTTCCCACTAGAATCGA,

AGACTCTGGGGTTTTTGTCGGGTACAGAGGAAAAACCCACTAITGTGATT

TCTGAGACCCCAAAAACAGCCCATGTCTCCTTTTTGGGTGATAACACTAA

ACTATGCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA

TGATACGAT;CCTGATGACCCCAGTTCCTTGGAGTCAGTGGCAGAGGAGT

15
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1050

1100
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GGTAAGAATGGCCTCTCCAGGTCTTTATTTTTAACCTTTGTTATGGAGTT

CCATTCTTACCGGAGAGGTCCAGAAATAAAAATTGGAAACAATACCTCAA

TTCTGAGCATTGCAGACTAATCfTGGATATTTGCCCTGAGGGAGCCGGCT

AAGACTCGTAACGTCTGATTAGAACCTATAAACGGGACTCCCTCGGCCGA

GAGAGAAGTTGGGAAATAAATCTGTCTAGGGATCTCAGAGCCTTTAGGAC

CTCTCTTCAACCCTTTATTTAGACAGATCCCTAGAGTCTCGGAAATCCTG

AGATTATCTCCACATCTTTGAAAAACTAAGAATCTGTGTGATGGTGTTGG -

TCTAATAGAGGTGTAGAAACTTTTTGATTCTTAGACACACTACCACAACC

TGGAGTCCCTGGATGATGGGATAGGGACTTTGGAGGCTCATTTGAGGGAG

+

ACCTCAGGGACCTACTACCCTATCCCTGAAACCTCCGAGTAAACTCCCTC

ATGCTAAAACAATCCTATGGCIGGAGGGATAGTTGGGGCTGTAGTTGGAG

TACGATTTTGTTAGGATACCCACCTCCCTATCAACCCCGACATCAACCTC

ATTTTCAGTTITTAGAATGAAGTATTAGCTGCAATACTICAAGGACCACC

TAAAAGTCAAAAATCTTACTTCATAATCGACGTTATGAAGTTCCTGGTGG

TCTGTGACAACCATTTTATACAGTATCCAGGCATAGGGACAAAAAGTGGA

AGACACTGTTGGTAAAATATGTCATAGGTCCGTATCCCTGTTTTTCACCT

GTGGGGCACTTTCTITAGATTTGTGAGGAATGTTCCACACTAGATTGTTT

~ CACCCCGTGAAAGAAATCTAAACACTCCTTACAAGGTGTGATCTAACAAA

AAAACTTCATTTGTTGGAAGGAGCTGTCTTAGTGATTGAGTCAAGGGAGA

TTTTGAAGTAAACAACCTTCCTCGACAGAATCACTAACTCAGTTCCCTCT

AAGGCATCTAGCCTCGGTCTCAAAAGGGTAGTTGCTGTCTAGAGAGGTCT

-TTCCGTAGATCGGAGCCAGAGTTTTCCCATCAACGACAGATCTCTCCAGA’

16
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GGTGGAGCCTGCAAAAGTCCAGCTTTCAAAGGAACACAGAAGTATGTGTA

CCACCTCGGACCTTTTCAGETCGAAAGTTTCCTTGTGTCTTCATACACAT

TGGAATATTAGAAGATGTTGCTTTTACTCTTAAGTTGGTTCCTAGGAAAA

ACCTTATAATCTTCTACAACGAAAATGAGAATTCAACCAAGGATCCTTTT

ATAGTTAAATACTGTGACTTTAAAATGTGAGAGGGTTTTCAAGTACTCAT

- +
+ +

TATCAATTTATGACACTGAAATTTTACACTCTCCCAAAAGTTCATGAGTA

TTTTTTAAATGTCCAAAATTTTTGTCAATCAATTTGAGGTCTTIGTTTGIG

AAAAAATTTACAGGTTTTAAAAACAGTTAGTTAAACTCCAGAACAAACAC

TAGAACTGACATTACTTAAAGTTTAACCGAGGAATGGGAGTGAGGCTCTC

ATCTTGACTGTAATGAATTTCAAATTGGCTCCTTACCCTCACTCCGAGAG.

TCATACCCTATTCAGAACTGACTTTTAACAATAATAAATTAAGTTTAAAA

AGTATGGGATAAGTCTTGACTGAAAATTGTTATTATTTAATTCAAATTTT

TATTTTTAAATGAATTGAGCAATGTTGAGTTGAGTCAAGATGGCCGATCA

ATAAAAATTTACTTAACTCGTTACAACTCAACTCAGTTCTACCGGCTAGT

GAACCGGAACACCTGCAGCAGCTGGCAGGAAGCAGGTCATGTGGCAAGGC

CTTGGCCTTGTGGACGTCGTCGACCGTCCTTCGTCCAGTACACCGTTCCE

TATTTGGGGAAGGGAAAATAAAACCACTAGGTAAACTTGTAGCTGTGGTT

ATAAACCCCTTCCCTTTTATTTTGGTGATCCATTTGAACATCGACACCAA

TGAAGAAGTGGTTTTGAAACACTCTGTCCAGCCCCACCAAACCGAAAGTC

ACTTCTTCACCAAAACTTT&TGAGACAGGTCGGGGTGGTTTGGCTTTCAG

CAGGCTGAGCAAAACACCACCTGGGTAATTTGCATTTCTAAAATAAGTTG

GTCCGACTCGTTTTGTGGTGGACCCATTAAACGTAAAGATTTTATTCAAC

17

2050

2100

2150

2200

2250

2300

2350

2400

2450

2500

2550
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AGGATTCAGCCGAAACTGGAGAGGTCCTCTTTTAACTTATTGAGTTCAAC

+ -+ +

TCCTAAGTCEGCTTTGACCTCTCCAGGAGXAAATTGAATAACTCAAGTTG

CTTTTAATTTTAGCTTGAGTAGTTCTAGTTTCCCCAAACTTAAGTTTATC

+*

+

GACTTCTAAAATGTATTTAGAATTC
+ + 2675

CTGAAGATT%TACATAAATCTTAAG

18

2600

2650
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TABLE 3B

BMA 031 Light Chain Genomic Sequence

AAAGTATTATTTGAAATGGCTCTCGAAATCTCTCAAGGTAATAAATCGAA

TTTCATAATAAACTTTACCGAGAGCTTTAGAGAGTTCCATTATTTAGCTT

CATGAATTACACAGTTTCAGGGCACATGAAATACTGAGAATGGAGATTGT

GTACTTAATGTGTCAAAGTCCCGTGTACTTTATGACTCTiACCTCTAACA

TCAGAGTAGTTTTAGATGAGTGCATCTTCATGAATCTCCAGCCCATATTC

AGTCTCATCAAAATCTACTCACGTAGAAGTACTTAGAGGTCGGGTATAAG

' TCCCATGTGTTTATAAGCCAAGAACTGACTAGACTGTATCTTGCTATTTG

AGGGTACACAAATATTCGGTTCTTGACTGATCTGACATAGAACGATAAAC

CATATTACATTITCAGTAACCACAAATATCTCTCAGTITGGTTTAAAGCAA

GTATAATGTAAAAGTCATTGGTGTTTATAGAGAGTCAACCAAATTTCGTT

AGTACTTATGAGAATAGCAGTAATTAGCTAGGGACCAAAATTCAAAGACA

TCATGAATACTCTTATCGTCATTAATCGATCCCTGGTTT%AAGTTTCTGT

AAATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCA

TTTACCTAAAAGTTCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGT
M DFQV QI F S FULULTISAS
| Signal Sequence

GGTAACAGAGGGCAGGGAATTTGAGATCAGAATACAACCAAAATTATTTT

o+
+

CCATTGTCTCCCGTCCCTTAAACTCTAGTCTTATGTTGGTTTTAATAAAA

CCCTGGGGAATTTGTGTCCAAAATACAGTTTTTTCTTTTTCTTTTATCTA

GGGACCCCTTAAACACAGGTTTTATGTCAAAAAAGAAAAAGAAAATAGAT

19
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AATGTI‘GGGTGGTATAAAATTATTTTTTATCT CTA'I‘TTCTACTAATCCCT

T’!'ACAACCCACCATATTTTAATAAAAAATAGAGATAAAGATGATTAGGGA

CTCTCTTTTTTGCTTTT'I'I’CTAGTCATAATATCCAGAGGACAAATTGTTC
GAGAGAAAAAACGAAAAAAGATCAGTATTATAGGTCTCCTGTT’['AACAAG

v I I S RGOAQTIUVL
|1

TCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAGAAGGTCACC

AGTGGGTCAGACGTCGTTAGTACAGACGTAGAGGTCCCCTCTTCCAGTGE
T Q S P AIMSASUPGET KUYVT

ATGACCTGCAGTGCCACCTCAAGTGTAAGTTACATGCACTGGTACCAGCA

TACTGGACGTCACGGTGGAGTTCACATTCAATGTACGTGACCATGGTCGT
M T CS ATS SV SsSY ¥ BV Y QQ
| CDR 1 |

GAAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAAACTGG

CTTCAGTCCGTGGAGGGGGTTTTCTACCTAAATACTGTGTAGGTTTGACC
K S GTSPEKRVITVYDTSE KTLA
| -=======CDR 2-—-

CTTCTGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGT CTGGGACCTCTTAC

GAAGACCTCAGGGACGAGCGAAG‘TCACCGTCACCCAGACCCTGGAGAATG
.S G VP ARPF S G S G S GGT 5 Y

. TCTCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATTACTG

AGAGAGTGTTAGTCGTCGTACCTCCGACTTCTACGACGGTGAATAATGAC
SLTISSMEATETDA AATTTHC

’ CCAGCAGTGGAGTAGTAACCCGCICACGTTCGGTGCI‘GGGACCAAGCTGG

GGTCGTCACCTCATCATTGCCCGAGTCCAAGCCACGACCCTCETTCGACE
Q Q VS SNGPLTTFGAGTE KTLE

o CCR 3 | © JKS

AGCTGAAACGTAAGTACACTTTICTCAT CTITTTTTATGTGTAAGACACA

’ TCGACT‘ITGCATTCATGTGAAAAGAGTAGAAAAAAATACACA‘I‘I‘CTG‘IGT

L K

20
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GGTTTTCATGTTAGGAGTTAAAGTCAGTTCAGAAAATCTTGAGAAAATGG

+ +

CCAAAAGTACAATCCTCAATTTCACTCAAGTCTTTTAGAACTCTTTTACC

AGAGGGCTCATTATCAGTTGACGTGGCATACAGTGTCAGATTTTCTGTTT

TCTCCCGAGTAATAGTCAACTGCACCGTATGTCACAGTCTAAAAGACAAA

ATCAAGCTAGTGAGATTAGGGGCAAAAAGAGGCTTTAGTTGAGAGGAAAG

TAGTTCGAT&ACTCTAATCECCGTTTTTC&CCGAAATCAACTCTCCTTTC

TAATTAATACTATGGTCACCATCCAAGAGATTGGATCGGAGAATAAGCAT

ATTAATTATGATACCAGTGGTAGGTTCTCTAACCTAGCCTCTTATTCGTA

GAGTAGTTATTGAGATCTGGGTCTGACTGCAGGTAGCGTGGTCTTCTAGA

CTCATCAATAACTCTAGACCCAGACTGACGTCCATCGCACCAGAAGATCT

CGTTTAAGTGGGAGATTTGGAGGGGATGAGGAATGAAGGAACTTCAGGAT

GCAAATTCACCCTCTAAACCTCCCCTACTCCTTACTTCCTTGAAGTCCTA

AGAAAAGGGCTGAAGTCAAGTTCAGCTCCTAAAATGGATGTGGGAGCAAA

TCTTTTCCCGACTTCAGTTCAAGTCGAGGATTTTACCTACACCCTCGTTT

CTTTGAAGATAAACTGAATGACCCAGAGGATGAAACAGCGCAGATCAAAG

GAAACTTCT;TTTGACTTACTGGGTCTCCTACTTTGTCGCGTCTAGTTTC

AGGGGCCTAGAGCTCTGAGAAGAGAAGGAGACTCATCCGTGTTGAGITTIC -

TCCCCGGATCTCGAGACTCTTCTCTTCCTéTGAGTAGGCACAACTCAAAG

CACAAGTACTGTCTTGAGTITTGCAATAAAAGTGGGATAGCAGAGTTGAG

GTGTTCATGACAGAACTCAAAACGTTATTTTCACCCTATCGTCTCAACTC

TGTNAGCCGTAGRSTAWRYTCTCTTTTGTCTCCTAAGATTTTTATGACTA

ACANTCGGCATCYSATVYRAGAGAAAACA&AGGATTCTAAAAATACTGAT

2
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CAAAAATCAGTAGTATGTCCTGAAATAATCATTAAGCTGTTTGAAAGTAT

GITTTTAGTCATCATACAGGACTTTATTAGTAATTCGACAAACTTTCATA

GACTGCTTGCCATGTAGATACCATGGCTTGCTGAATRATCAGAAGAGGTG

CTGACGAACGGTACATCTATGGTACCGAACGACTTAYTAGTCTTCTCCAC

TGRCICIT ATTCTAAAATTTGTCACAAAATGTCAAAATGAGAGACTCTGT

ACY GAGAATAAGATTTTAAACAGTGTTTTACAGTTTTACTCI CTGAGACA

AGGRACGAGTCCCTTGACAGACAGCTSMAAGGGGTTTITTTCCTITGTCT

‘TCCYTGCTCAGGGAACTGTCTGTCGASKTTCCCCAAAAAAAGGAAACAGA

CATTTCTACATGAAAGTAAATTTGAAATGATCNTTTTTTATTATAAGAGT

GTAAAGATGTACTTTCATTTAAACTTTACTAGNAAAAAATAATATTCTCA

AGAAATACAGTTGGGTTTGAACTATATGTTTTAATNGGCCNCACGGTTTT

TCTTT. ATGTéAACCCAAAC'I'!’GATATACAAAATTANCCGGNGTGCCAAAA

GTAAGACATTTGGTCCTTTGTTTTCCCAGTTATTACTCGATTGTAATTTT

CATTCTGTAAACCAGGAAACAAAAGGGTCAATAATGAGCTAACATTAAAA

ATATCGCCAGCAATGGVCTGAAACGGTCNNNNNCGCAACCTCTT CGTTT a

TATAGCGGTCGTTACCVGACTTTGCCAGNNNNNGCGTTGGAGAAGCAAAT

CIAAC‘I’GGGTGACCTYGCGGCTGTGCCAGCéATTTGGCGTTCACCCTGCC

GATTGACCCACTGGARCGCCGACACGGTCGGTAAACCGCAAGTGGGACGG

GCTAAGGGCCNATGWGAACCCCCGCGGTAGCATCCCTTGCTCCGCGTGGA

CGATTCCCGGNTACWCTTGGGGGCGCCATCGTAGGGAACGAGGCGCACCT

CCACTTT CCTGAGGACACAGT GATAGGAACAGAGCCACT AAT CT! GAAGAG

+

GGTGAAAGGACTCCTGTGTCACTATCCTTGTCICG GTGATTAGACTTCI‘C

22
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+

'I‘TGTCTCTAEACTGTCTGATGTGATTACA&TCTTTTTGTTCCTTTCCCAC

ACTTATTGGAGATTTCAGAAATAAAATGCATTTATTATTATATTCCCITA

-
+

TGAATAACCI’CTAAAGTCTTTATTTTACGTAAATAATAATATAAGGGAAT

TTTTAATTTTCTATTAGGGAATTAGAAAGGGCATAAACTGCTTTATCCAG

+

AAAATTAAAAGATAATCCCTTAATCTTTCCCGTATTTGACGAAATAGGTC

2050

2100

2150

TGTTATATTAAAAGCTTAA
+ 2169
ACAATATAATTTTCGAATT
TABLE 4
Reactivity Pattern of Chimeric-BMA 031 Antibodies Immuncfluorescence Assay with Directly Labelied Antibodies
Celis Labelled with Lymphocytes Monccytes Granulocytes Erythrocytes
Medium 242a 5+1 3+2 1+1
BMA 031 6918 6+3b 2130 1+1
BMA 031-G1 699 6120 2130 1+1
BMA 031-G4 69+8 5+ 30 2430 1+1
8: mean values of 3 biood doners
b. unspecific binding by Fe-receptors was blocked
TABLE 5

T-cell Activation by Chimeric BMA 031 Antibodies Induction of y-Interferon Release
T-cell activation with T-cell supernatant
dia d2 d3
medium <1b <1 <1
PHA 7 28 >100
(ng/ml)

BMA 030 500 1 7 78
(CD 3) 50 10 28 >100
5 65 30 >100
0,5 3 29 . >100
BMA 031 500 <1 2 76
50 <1 1 2
5 "< <1 <1

a: T-cell supernatant was m_arthed at day 1 after T-cell activation
b: v - Interferen (ng/ml) measured by HLA-Dr induction on Colo 205-cells

/
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TABLE & (continued)

T-cell Activation by Chimeric BMA 031 Antibodies Induction of y-Interferon Release

T-cell activation with T-cell supernatant
dia d2 d3

0,5 <1 . <1 <1

BMA 031-G1 500 2 5 >100
50 4 28 . >100

5 2 6 >100

0,5 <1 <1 58

BMA 031-G4 - 500 6 28 >100
50 5 70 >100

5 3. 28 >100

0,5 <1 <1 <1

a: T-cell supernatant was harvested at day 1 after T-cell activation

24
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TABLE 6A

- Amino Acid Sequences of Civilized BMA 031 VH Regions

EU
BMA
CIv-1
CIvV-2
CIV-3
CIV-4

EU
BMA
CIvV-1
CIV-2
CIV-3
CIV-4

EU
BMA
CIV-1
CIV-2
CIvV-3
CIV-4

1
QVQLVQSGAE VRKKPGSSVKV
EVQLQQSGPE LVKPGASVKM

QVQLVQSGAE VKKPGSSVKV
QVQLVQSGAE VKKPGSSVKV
QVQLVQSGAE VKRPGSSVKV

51

IVPMFGPPNY AQKFQGRVTI
INPYNDVIKY NEKFKGRATL
INPINDVIKY NEKFKGRVTI
INPYNDVIKY NEKFKGRATI
INPYNDVIKY NEKFKGKATL

INPYNDVTKY NEKFKGKATL TSDKSTSTAY MELSSLTSED TAVHYCARGS

CDR-2 -/

101 120
YGIYSPEEY. .NGGLVTVSS
YYDYDGFVYW GQGTLVTVSA
YYDYDGFVYW GQGTLVTVSS
YYDYDGFVYV GQGTLVTVSS
YYDYDGFVYW GQGTLVTVSS
YYDYDGFVYW GQGTLVTIVSS
-CDR-3--/

50

SCKASGGTFS RSAIIWVRQA PGQGLEWMGG
SCKASGYKFT SYVMHWVKQK PGQGLEVWIGY
QVQLVQSGAE VKKPGSSVKV SCKASGGTFS SYVMHWVRQA PGQGLEWMGY
SCKASGYKFT SYVMHWVRQA PGQGLEWMGY
SCKASGYKFT SYVMHWVKQA PGQGLEVIGY

SCKASGYKFT

SYVMHWVKQK PGQGLEWIGY
|CDRL/ A\

100

TADESTNTAY MELSSLRSED TAFYFCAGG.
TSDKSSSTAY MELSSLTSED SAVHYCARGS
TADESTNTAY MELSSLRSED TAFYFCAGGS
TADESTNTAY MELSSLRSED TAFYFCARGS
TADESTNTAY MELSSLRSED TAVHYCARGS

25
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EU

BHA
CIv-1
CIv-2
CIV-3
CIV-4

EU

CIv-1
CIV-2
CIvV-3
CIV-4

EU

Civ-1
CcIv-2
CIV-3
CIV-4

EP 0 403 156 B1

TABLE 6B -

Amino Acid_Sequehces )

1
DIQMTQSPST LSASVGDRVT
QIVLTQSPAI MSASPGEKVT

f Civilized BMA 031 VL Regions

B

50
ITCRASQSIN TWLAWYQQKP GKAPKLLMYK
MTCSATSSV. SYMHWYQQKS GTSPKRWIYD

DIQMTQSPST LSASVGDRVT ITCSATSSV. STMHWYQQKP GKAPKLLMYD

DIQMTQSPST LSASVGDRVT
DIQMTQSPST LSASVGDRVT

ITCSATSSV. SYMHWYQQKP GKAPKRLMYD
MTCSATSSV. SYMHWYQQKP GKAPKRWIYD

QIVLTQSPST LSASVGDRVT ITCSATSSV. SYMHWYQQKP GTAPKRWIYD

31

\--CDR-1---/ \
100

ASSLESGVPS RFIGSGSGTE FTLTISSLQP DDFATYYCQQ YNSDSKMFGQ
TSKLASGVPA RFSGSGSGTS YSLTISSMEA EDAATYYCQQ WSSNPLTFGA
TSKLASGVPS RFIGSGSGTE FTLTISSLQP DDFATYYCQQ WSSNPLTFGG
TSKLASGVPA RFIGSGSGTE FTLTISSLQP DDFATYYCQQ WSSNPLTFGG
TSKLASGVPA RFIGSGSGTE FTLTISSLQP DDFATYYCQQ WSSNPLTFGG
TSKLASGVPS RFSGSGSGTS YTLTISSLQP EDFATYYCQQ WSSNPLTFGA

CDR-2/

101

GTKVEVK
GIKLELK
GTKVEIK
GTKVEIK
GTKVEIK
GTKVEIK

" \~-CDR-3-/

26

PFIZER EX. 1502

Page 2140



10

15

20

25

30

35

40

45

50

EP 0 403 156 B1

TABLE 74

Comparison of BMA-EUCIVH! and BMA-031 by Computer Modelling

BMA-031

BMA-EUCIVH1

Amino Acid
Difference

1
5
9
11
12
16
20
27
28
30
38
40
48
67
68
70
72
74
76
77
87
91
93
94
95
98
120

10 0 50

EVQLQQSGPELVRPGASVKMSCKASGYKFTSYVMHWVKQKPGUGLEWIGY

PERLE L BEE LI RV L HEEe b il
QVQLVQSGARVKKPGSSVKVSCKASGGTFSSYVMHVVRQARGQGLEVHGY

\CDR/ \
1
70 90
INPYNDVTKYNEKFKGKATLTSDKSSSTAYMELSSLTSEDSAVHYCARGS
HHIIHIIIIIIII AREEIGHRIIREEIR
NPYNDVTKYNEKFKGRVTITADESTNTAYMELSSLRSEDTAFYFCAGGS -
---—-CDR—Z ----- / \-
110 ‘
YYDYDGFVYWGQGTLVIVSA
HHIHHHIIHIIII
FVYWGQGTLVTVSS
-CDR-3--/
BY BMA Proximity
Amino Acid Amino Acid to CDRs
Gln Glu +/-
Val Gln -
Ala Pro -
Val Leu -
Lys Val -
Ser Ala -
Val Het +/ =
Gly Tyr 4+
Thr ‘Lys +++
Ser Thr +
Arg Lys +
Ala Lys 44
Met Ile L+
Arg Lys +
Val Ala +
Ile Leu +
Ala Ser 44
Glu ) Lys 4+
Thr Ser -
Asn Ser +
Arg Thr 4+
Thr Ser -
Phe Val +/-
Tyr His 44
Phe Tyr . +/-
Gly Arg +/-
Ser Ala -
27
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TABLE 7B

Comparison of BMA-EUCIVL1 énd BMA-031 by Computer Modelling

BMA-031
BMA-EUCIVL1

Amino Acid
Difference

10 - 30 50

QIVLTQSPAIMSASPGEKVIMTCSATSSV. SYMBWYQQKSGTSPRRVIYD

Por e b S e 1 11
DIQMTQSPSTLSASVGDRVTITCSATSSV. SYMHWYQQRPGKAPRLLMYD

\--CDR-1--/ \
70 90
TSKLASGVPARFSGSGSGTSYSLTISSMEAEDAATYYCQUWSSNPLTFGA

PECRREELT FE LR FEE 1 T
TSKLASGVPSRFIGSGSGTEFTLTISSLQPDDFATYYCQQWSSNPLTIFGG

-CDR2/ . \-CDR-3-/
107
GTKLELK
el
GTKVEIK
EU BMA Proximity
Amino Acid Amino Acid to CDRs
Asp ’ Gln 44+
Gln Val . et
Met Leu 4+
Ser Ala -
Thr Ile -
Leu Met . -
Val Pro -
Asp Glu -
. Arg . Lys -
Ile Met -
Pro Ser -
Lys Thr +
Ala Ser +/-
Leu Arg 4+
Leu . Trp +44
Met : Ile +
Ser Ala | +/-
Ile Ser +/-
Glu Ser +
Phe Tyr +++
Thr Ser +/-
Leu Met ’ -
Gln Glu -
Pro Ala -
Asp Glu +/-
Phe . Ala -
Gly Ala 44
28
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TABLE 8

Amino Acid Differences Between BMAO31 and EU and Their Consensus Sequences

Amino Acid EU Human BMAO0S31 Mouse
Position AA AA AA AA
Heavy Chain, EU Specific:
70 lle + Leu Leu -
72 Ala Ser Val
74 Glu Lys Lys
a3 Phe Val Val Val
g5 Phe Tyr Tyr Tyr
98 Gly Arg Arg Arg
Light Chain, EU Speciﬂc;
10 Thr Ser e le
48 Met lie lle lie
63 lte Ser Ser Ser
70 Glu Asp Ser Ser
81 Asp Glu Gilu Glu
Heavy Chain, BMA Specific:
1 Gin Gin Gin Gin
7 Ser Ser Ser Pro
9 Ala Ala Pro Ala
20 Val Val Met Leu
40 Ala Ala Lys Arg
72 Ala + Ser Val
82 Glu Glu Glu Gin
94 Tyr Tyr His Tyr

Light Chain, BMA Specific: NONE

+, variable

Claims

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE

1.

A chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor {TCR) which is recognised by
mAb BMA 031, the antibody comprising:

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in

Table 8A; and

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CN-S as shown in

Table 6B.

An antibody as claimed in claim 1 wherein the heavy and light chains comprise less than the entire constant region.

An antibody as claimed in claim 1 or 2 which comprises a constant region derived from human antibodies.

An antibody as claimed in any preceding claim conjugated to a cytotoxic moiety, for example a toxin or a radioi-

sotope.

29
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An antibody as claimed in any preceding claim for use in medicine.

A pharmaceutical composition comprising an antibody according to any of claims 1 to 4 and a therapeutically
acceptable carrier. :

The use of an antibody as claimed in any of claims 1 to 4 in the preparation of an agent for:
(a) immunoregulation;
{b) immunosuppressive therapy;
(c) treating an autoimmune disease; and/or
(d) for mediating cytolysis, when conjugated to a cytotoxic agent.

An antibody as claimed in any of claims 1 to 4 which is conjugated, for example by bicchemical or molecular biology
techniques, to one or more isotopses and/or proteins. | -

An antibody as claimed in claim 8 wherein at least one of the proteins is an enzyme.

10. A transfectoma cell line that produces an antibody as claimed in any of claims 1 to 3.

Claims for the following Contracting States : ES, GR

1.

A process for the production of a chimeric antibody specific for an epitope on the human alpha/beta T-cell receptor
{TCR) which is recognised by mAb BMA 031, the antibody comprising:

(a) a heavy chain whose variable region comprises the sequence of residues 1 to 120 of CIV-3 as shown in
Table BA; and :

(b) a light chain whose variable region comprises the sequence of residues 1 to 107 of CIV-3 as shown in
Tabie 68B;

the process comprising harvesting the antibody from a cell producing the antibody.

A process as claimed in claim 1 wherein the heavy and light chains in the antibody comprise less than the entire
constant region.

A process as claimed in claim 1 or 2 wherein the antibody comprises a constant region derived from human anti-
bodies.

A process for producing an antibody, the process comprising conjugating an antibody produceable by a process
as claimed in any preceding claim with a cytotoxic moisty.

A process as claimed in any of claims 1 to 4, wherein the cell is a hybridoma cell tine.

A process for producing a pharmacsutical composition comprising an antibedy produceable by a process according
to any of claims 1 to 4, the process comprising admixing the antibody with a pharmaceutically acceptable carrier.

The use of an antibody producable by a process as claimed in any of claims 1 to 4 in the preparation of an agent for;
(a) immunoregulation;
‘(b) immunosuppressive therapy;

{c) treating an autoimmune disease; and/or

30
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(d) for mediating cytolysis, when conjugated to a cytotoxic agent.

8. An antibody produceable by a process as claimed in any of claims 1 to 4 for use in medicine.

8. A process for the production of an antibody conjugate, the process comprising conjugating, for example by bio-
chemical or molecular biology technigues, an antibody produceable by a process as clalmed in any of claims 1to
4 with one or more isotopes and/or proteins.

10. A process as claimed in claim 9 wherein at Ieast one of the proteins is an enzyme.

11. A process for the production of a DNA construct comprising at feast part of the nucleotide sequences encoding
an antibody or one or more parts of an antibody produceable by a process according to any of claims 110 4, the
process comprising coupling together successive nucleotides, and/or ligating oligo- and/or polynucleotides.

12. A transfectoma cell line that produces an antibody as described in any of claims 1 to 3.

Patentanspriiche

Patentanspriche tir folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE

1.

8.

Ein fir eine antigene Determinante auf dem menschlichen Aipha/Beta-T-Zell-Rezeptor (TCR) spezifischer Rekom-
binationsantikérper, der vom monokionalen AntikGrper mAb BMA 031 erkannt wird, wobei der Antikérper sich aus
folgenden Bestandteilen zusammensetzt:

a) eine schwere Kette, deren variable Region sine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabslle €A
gezeigt umfaBt; und

b} eine leichte Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B
gezeigt umfaBt. .

Antikorper wie unter Patentanspruch 1, bei dem die schweren und die leichten Ketten weniger als die gesamie
konstante Region umfassen.

Antikérper wie unter Patentanspruch 1 oder 2, der sine von menschlichen Antikorpern stammende konstante Re-
gion umfaft.

Antik8rper wie unter jedem beliebigen der vorhergehenden Patentanspriiche, der mit einem zﬁotomschan Teil
konjugiert ist, beispislsweise mit einem Toxin oder einem Radioisotop.

Antikérper wie unter jedem beliebigen der vorhergehenden Patehtansprﬂche zur Verwendung in der Medizin.

Pharmazeutische Zusammensetzung, bestehend aus einem Antikérper laut jedem beliebigen der Patentansprii-
che 1 bis 4 und einem vom therapeutischen Gesichtspunkt her akzeptablen Trager.

Benutzung eines Antikérpers laut jedem beliebigen der Patentanspriiche 1 bis 4 bei der Herstellung eines Mittels

- far:

a) iImmunregulation;

b} Immunsuppression;

¢} Behandlung von Autoimmunerkrankungen; und/oder
'd) zur Herbeifiihrung von Zellaufiésung bei Konjugation mit sinem zytotoxischen Mittel.

Antikdrper wie unter jedem beliebigen der Patentanspriiche 1 bis 4, der beispielsweise durch biochemische oder

a
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molekularbiologische Techniken mit einem oder mehreren Isotopen und/oder Proteinen konjugiert ist.

9. Antikorper wie unter Patentanspruch 8, bei dem mindestens eines der Proteine ein Enzym ist.

10. Transfectoma-Zellinie, die sinen Antikérper wie unter jedem beliebigen der Patentanspriiche 1 bis 3 beschrieben

produziert.

Patentanspriiche tir folgende Vertragsstaaten : ES, GB

1.

Verfahren zur Produktion eines far eine antigene Determinante auf dem menschlichen Alpha/Befa-T—Zen-Rezeptor
(TCR) spezifischen Rekombinationsantikérpers, der vom monoklonalen Antikérper mAb BMA 031 erkannt wird,
wobei der Antikérper sich aus folgenden Bestandteilen zusammensetzt:

a) eine schwere Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 120 wie in Tabelle 6A
gezeigt umfaBt; und

b) eine leichte Kette, deren variable Region eine Sequenz von CIV-3-Residuen 1 bis 107 wie in Tabelle 6B
gezeigt umfait;

wobei das Verfahren die Ernte des Antikdrpers von siner den Antikorper produzierenden Zelle umfaft,

Verfahren wie unter Patentanpsruch 1, bei dem die schweren und die leichten Ketten im Antikorper weniger als
die gesamte konstante Region umfassen.

Verfahren wie unter Patentanspruch 1 oder 2, bei dem der Antikérper eine von menschlichen Antikérpern stam-
mende konstante Region umfaft.

Verfahren zur Herstellung eines Antikérpers, wobei das Verfahren aus der Konjugation eines nach einem der unter
den vorherigen Patentanspriichen angemeldeten Verfahren herstellbaren Antikérpers mit einem zytotoxischen Teil
begteht. -

Verfahren wie unter jedem beliebigen der Patentansprliche 1 bis 4, bei dem die Zelle eine Hybridomzellinie ist.
Verfahren zur Herstellung siner pharmazeutischen Zusammensetzung, die einen Antikérper umfaBt, der sich nach
einem der unter Patentanspriichen 1 bis 4 erwahnten Verfahren herstellen 1a8t, wobei das Verfahren das Zumi-

schen des Antik&rpers mit einem vom pharmazsutischen Gesichtspunkt her akzeptablen Trager einschlieft.

Benutzung eines Antikérpers, der sich nach einem der unter Anspriche 1 bis 4 erwahnten Verfahren herstellen
1aBt, bei der Herstellung eines Mittels fir:

a) Immunregulation;

b} Immunsuppression;

¢) Behandlung von Autoimmunerkrankungen; und/oder

d) zur Herbeifiihrung von Zellaufidsung bei Konjugation mit einem zytotoxischen Mittel.
Nach einem der Verfahren laut Arisprﬁcher} 1 bis 4 herstellbarer Antikdrper zur Verwendung in der Medizin.
Verfahren zur Herstellung eines Antikdrperkonjugats, wobei das Verfahren die Konjugation - beispielsweise durch

biochemische oder molekularbiologische Techniken -eines nach einem der unter Anspriichen 1 bis 4 erwahnten
Verfahren herstellbaren Antikdrpers mit einem oder mehreren Isotopen und/oder Proteinen einschlieft.

10. Verfahren wie unter 'Anspruch 9, bei dem mindestens eines der Proteine ein Enzym ist.

11. Verfahren zur Herstellung sines DNA-Gebildes, bestehend aus mindestens einsm Teil der Nuklectidsequenzen,
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die einen Antikdrper oder einen oder mehrere Teile eines Antikérpers kodieren, der sich durch eines der unter
Ansprichen 1 bis 4 erwahnten Verfahren herstelien 12Bt, wobei das Verfahren die Verbindung aufeinanderfolgen-

der Nukleotide und/oder die Ligierung von Oligo- und/oder Polynukleotiden einschlief3t.

12. Transfectoma-Zellinie, die einen Antikdrper wie unter einem der Anspriiche 1 bis 3 beschrieben produziert.

Revendications

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE

1. Un anticorps chimérique spécifique a un épitope du récepteur des cellules en T humaines, alphatbeta (RCT),
reconnu par l'anticorps monoclonale (mAb) BMA 031, l'anticorps comprend:

(a) une chaine lourde dont {a région variable comprend une ségquence de résidus 1 a 120 de CIV-3 comme le
montre le tableau 6A,; et

(b) une chaine légére dont la région variable comprend une ségquence de résidus 1 a 107de CIV-3 comme le
montre le tableau 6 B.

2. Un anticorps, selon la revendication 1, ou les chaines lourdes et légéres constituent moins que Ia totalité de la
région constante. :

3. Un anticorps, selon les revendications 1 ou 2, qui comprend une région constante dérivée d'anticorps humains.

4. Un anticorps, selon toutes les revendications précédentes, conjugué & une moitié cytotoxique, par exemple, une
toxine ou un radio-isotops.

5. Un anticorps, selon toutes les revendications précédentes, pour utilisation en médecine.

6. Une composition pharmaceutique comprenant un anticorps conforme a chacuns des revendications 1 & 4 et un
porteur thérapeutique acceptable.

7. L'utilisation d'un anticorps, conforme & chacune des revendications 1a4, dans des préparations d'agents pour:
(a) la régulation immunitaire;
(b) la thérapie immunosuppressive;
(c) le traitement d'une maladie auto-immune; et/ou
d) pour la médiation de la cytolyse, quand il est conjugué & un agent cytotoxique

8. Un anticorps, conforme & chacune des revendications 1 2 4, qui est conjugué, par exemple par des techniques
biochimiques ou de biologie moléculaire, & un ou plusieurs isotopes et/ou protéines.

9. Un anticorps, selon la revendication 8, ou au moins une des protéines est une enzyme.

10. Une lignée de cellules de transfectomes qui produit un anticorps conforme & chacune des revendicationsde 1a 3.

Revendications pour les Etats contractants suivants : ES, GR

1.- - Un procéds pour la production d'un anticorps chimérique spécifique & un isotope des récepteurs dss celliules en
T humaines alpha beta (RCT) reconnu par l'anticorps monoclonale (mAb) BMA 031, cet anticorps comprenant:

a) une chaine lourds dont la région variable comprend une séquence de résidus 1 a 120 deCiV-3 comme le

33
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montre le tableau 6 A; et

b) une chaine |égére dont la région variable comprend une séquence de résidus 1 a 107de CIV-3 comme le
montre le tableau 6 B; .

le procédé consiste a récolter des anticorps d'une cellule qui produit I'anticorps.

Un procédé, selon la revendication 1, par lequel dans l'anticorps, les chaines lourdes et Iégéres constituent moins
que la totalité de la région constante. :

Un procédé, selon les revendications 1 et 2, par lequel les anticorps comprennent une région constante dérivée
d'anticorps humains.

Un procédé pour produire un anticorps, le procédé consistant & conjuguer un anticorps, que l'on peut produire par
le procédé conforme & toutes les revendications précédentes, avec une moitié cytotoxique.

Un procédé, conforme & chacune des revendications de 14 4, ou la cellule est une lignée de cellules d'hybrydomes.
Un procédé pour produire une composition pharmaceutique consistant d'un anticorps qui peut étre produit par un
procédé conforme a chacune des revendications 1 & 4, ce procédé comprenant ['ajout et le mélange de cet anti-

corps & un porteur pharmaceutique acceptable.

L'utilisation d'un anticorps, produit par un procédé conforme & chacune des revendications 1 a 4, dans la prépa-
ration d'un agent pour:

(a) la régulation immunitaire

(b) la thérapie immunosuppressive;

(c) le traitement d'une maladie auto-immune; st/ou

{d) pour la médiation de la cytolyse, quand il est conjugue & un agent cytotoxique

Un anticorps pour utilisation en médecine, qui peut étre produit par un procédé conforme & chacune des revendi-
cations de 14 4.

Un procédé pour la production d'un conjugué d'anticorps, le procédé consistant a conjuguer, par exemple par des
techniques biochimiques ou de biclogie moléculaire, un anticorps, qui peut étre produit par un procédé a chacune
des revendications 1 & 4, 3 un ou plusieurs isotopes et/ou protéines.

Un procédé, selon dans la revendication 9, ol au moins une des protéines est une enzyme.

Un procédé pour 1a production d’'une structure de 'ADN comportant au moins une portion de séquences nucléotides
qui encodent un anticorps ou une ou plusieurs partie d'un anticorps produit par un procédé conforme 3 toutes les
revendications de 1 & 4, le procédé consistant en 'accouplement de nucléotides successifs, et/ou en Ia ligature

d'oligo et/ou de poly nucléotides.

Une lignée de cellules de transfectomes qui produit un anticorps conforme & chacune des revendications 1 a 3.

34
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FIGURE 1
Construction of BMA-031 Genomic Library
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Probes Used in Screening BMA—031 Library

FIGURE 2
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FIGURE 3

Human Constont—-Regibn Expression Vectors
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FIGURE 5A
‘3-Day Proliferation Assay
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METHOD i-'OR PRODUCING RECOMBINANT IMMUNOGLGBUUNS

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Primers used to Isolate DNA encoding
murine kappa light chain variable region and murine
IgG2a heavy chain variable reglon using PCR.

Figure 2. Diagram of antibody structure and PCR
products of murine heavy and light chain,

Figure 3. 1B4 amino acid sequence for heavy
chain varlable region and light chain variable regions
1 and 2 deduced from the nucleic acid sequence of
the cloned cDNAs.

Figure 4. Oligodeoxynucleotides used as primers
for PCR mutagenesis and amplification of the Reilight
chain variable region tsmplate so as to graft the CDRs
of 1B4 into the Rel light chaln variable region.

Figure 5. PCR recombination strategy used in the
CDR-grafting of the Rei/1B4 light chain variable reg-
ion.

Figure 6. Outline of the insertion of light chain
variable and constant regions into the light chain exp-
ression vector.

Figure 7. Oligodeoxynucleotides used as PCR
primers to generate a shortened IgG4 heavy chain.
Oligodeoxynucleotide primers used in PCR to re-en-
gineer the thymidine kinase (TK) promotor to facilitate
the expression of the neomycin resistance gene.
Oligodeoxynucleotide primers used in PCR to clone
the igH enhancer sequence. Oligodeoxynucleotides
used as PCR primers to generate a human kappa light
chain constant region.

Figure 8. PCR recombination strategy used inthe
fusing of human signal and intronic sequence to the
1B4 heavy chain variable region.

Figure 9. Oligodeoxynucleotides used as primers
for PCR recombination to fuse human signal and
intronic sequences onto the 1B4 heavy chain variable
region.

Figure 10. Outline of the construction of the
neomycin selectable expression vector.

Figure 11. Outline of the insertion of the
"chimaeric® 1B4 heavy chain variable region and the
shortened human IgG4 heavy chain constant region
into the heavy chain expression vector.

Figure 12. Levels of transient expression as
determined by trapping ELISA, of the 1B4 chimaeric
heavy chain : grafted Rel/1B4 light chaln recombinant
antibody in CV1, COS 7 and 293 cells.

Figure 13. Competitive binding assay of recom-
binant “chimaeric/REl 1B4 (circles) and native

muririe 1B4 MAD (diamonds) for CD18 on activated

human PMNs.

Figure 14. Amino acid sequence composition of
the human heavy and light chain variable regions from
which framework regions were used to support the
murine 184 CDRs.
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- Figure 15. Oligodeoxynucleotides used in the
construction of Gal/1B4 heavy chain variable region
and Jon/1B4 heavy chain variable region plus those
necessary to fuse the human signal and intronic sequ-
ences onto these variable regions.

Figure 16. PCR-recombination strategy used in
the CDR-grafting of the Gal/1B4 heavy chain and
Jon/1B4 heavy chain variable regions.

Figure 17. DNA sequence and deduced amino
acld sequence determined for murine 1B4 heavy
chain variable regilon.

Figure 18. Outiine of the construction of the hyg-
romycin selectable expression vector.

Figure 19. Outline of the insertion of the Gal/1B4
heavy chain.and the Jon/1B4 heavy chain variable
regions into the heavy chain expression vector con-
taining the shortened IgG4 heavy chaln constant reg-
lon.

Figure 20. Summary of the competitive binding
activities of murine MAb 1B4 and recombinant human
anti-CD18 antibody constructs.

Figure 21, Oligodeoxynuclectides used in the
construction of Len/1B4 light chain variable reglion
plus those necessary to fuse the human signal onto
the Len light chain variable region.

Figure 22, PCR-recombination stratagy used In
the CDR-grafting of the Len/1B4 light chain variable
region. '

Figure 23. Qutline of the insertion of the Len/1B4
light chain variable region into an interdemediate vec-
tor followed by its insertien into the light chain expres-
sion vector.

Figure 24. DNA sequence and deduced amino
acid sequence determined for murine 1B4 light chain-
1 variable region.

Figure 25. DNA sequence and deduced amino
acld sequence determined for murine 184 light chain-
2 variable region. .

Figure 26. Oligodeoxynucieotides used in the
construction of Gal-m1/1B4 (mutant) heavy chain
variable region plus those necessary to fuse the
human signal onto the Gal-m1 heavy chain variable
region.

Figure 27. PCR-recombination strategy used in
the CDR-grafting of the Gal-m1/1B4 (mutant) heavy
chain variable region. :

Figure 28. Competitive binding assay of native
murine 184 (diaminds) and Gal/Rel humanized 1B4
{circles).

Figure 29. Competitive binding assay of New/Rei
recombinant h1B4 (closed diamonds) and Gal/Rei
recombinant h1B4 (open diamonds).

Figure 30. Effects of native murine 1B4
(diamonds) and Gal/Rei recombinant humanized 184
(circles) on attachment of human PMNs to human
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unbilical vein endothelial cell monolayers in vitro.
Figure 31. Comparison of Gai/Rei h1B4 and
m1B4 in in vitro functional assays.

Figure 32. Immunofluorescence microscopic’

localization of m1B4 and Gal/Rei h1B4 staining In 5
um forzen sections of rabbit tissues.

Figure 33. Double label immunoflucrescence
microscopic localization of Gal/Rei h1B4 and m1B4 in
rabbit bone marrow cells.

Figure 34. Double label immunoelectron micros-
copic localization of Gal/Rei h184 and m1B4 in speci-
fic granules of human PMNs.

Figure 35. Dose-dependet inhibition by of m1B4
and Gal/Rei h1B4 of CSa (100 pmol)-induced PMN
accumulation in rabbit skin.

Figure 36. Dose-dependent Inhibition by miB4
and Gal/Rei h1B4 of C5a (100 pmol}-induced plasma
extravasation in rabbit skin.

Figure 37. Outline of the construction of expres-
sion system p8962 capable of producing large quan-
tities of recombinant CDR-grafted 1B4 antibodies.

Figure 38. Outline of the construction of expres-
sion systems p8968 and p8969 capable of producing
large quantities of recombinant CDR-grafted 1B4 anti-
bodies. .

BACKGROUND OF THE INVENTION

Murine derived monoclonal antibodies have been
utilized as diagnostic and therapeutic agents for
numercus human pathologic conditions including
acute inflammatory responses associated with
numerous diseases. Administration of murine derived
monoclonal antibodiess (mMAbs) as therapeutic
agents in man has been severely limited by the
development of antibody within the recipient to the
mouse antigens of the murine derived monoclonal
antibody. In attempts to circumvent this outcome
mMAbs have been restructured by recombinant DNA
technology in such a way as to decrease their
immunogenicity in humans. Immunoglobulins are well
defined both chemically and biologically with the gen-
eral structures illustrated in Molecular Cell Biology,
Darnell, Lodish, and Baltimore, Eds., Scientific Ameri-
can Books, Inc., W.H. Freeman, New York, NY
(1986). Initially, this involved the construction of
chimaeric antibodies, Morrison et al., Proc. Natl
Acad. Sci. USA 81 : 6851-6855 (1984). Recombinant
technology was employed to replace the murine
heavy and light chain constant regions with corre-
sponding human constant regions. Upon expression,
such interspecies antibody chimaeras yielded
molecules with the antigen binding specificities of the
parent murine antibody. The foliowing references
generally describe chimaeric antibody technology :
Lobuglio et al., Proc. Natl. Acad. Sci. USA 86 : 4220-
4224 (1989) ; United States Patent 4,816,567 ; PCT
International Publication No. WO 87/02671,
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published May 7,1987 ; European Patent Publication
No. 255,694, published February 10, 1988 ; Euro-
pean Patent Publication No. 274,394, published July
13, 1988 ; European Patent Publication No. 323,806,
published July 12, 1989 ; PCT International Publi-
cation No. W(0/89/00999, published February 9, 1989;
European Patent Publication No. 327,000, published
August 9, 1989 ; European Patent Publication No.
328,404, published August 16, 1989 ; and European
Patent Publication No. 332,424, published Septem-
ber 13, 1989.

The immunogenicity of chimaeric antibodies can
be further reduced by grafting rodent hypervariable
regions into the variable region frameworks of human
light and heavy chains, Jones et al., Nature 321 : 522-
525 (1986). These hypervariable regions have also
been termed complementarity determining regions
{CDR). The technique involves the substitution or
recombinant grafting of antigen-specific murine CDR
sequences for those existent within "generic” human
heavy and light chaln variable regions, European
Patent Publication No. 239,400, published Ssptem-
ber 30, 1987. In this approach, litle, if any, concem
Is shown for the variable region frameworks (FRs)
within which the murine CDRs are placed. The instant
invention iliustrates that appropriate supportive struc-
tures for the CDRs are vital not only for the assembly
of the functional antibody molecules but also for the
production of antibody molecules with avidities which
allow for the administration of therapeutic doses
(about 0.1-1mg/kg).

Recent studies by Queen et al., Proc. Natl. Acad.
Sci. USA 86 : 10029-10033 (1989), have shown the
CDRs from a murine anti-Tac monacional antibody
can be grafted into a human framework. The human
framework variable regions were chosen to maximize
identity with the murine sequence. The authors also
utilized a computer model of the mMAD to identify sev-
eral amino acids which, while outside the CDRs, are .
close enough to interact with the CDRs or antigen.
These residues were mutated to the residue found in
the murine sequence. The grafted anti-Tac antibody
had an affinity for the antigen which was only about
1/3 that of the murine anti-tac mMAb and mainte-
nance of the human character of this antibody was
problematic,

Leukocyte infiitration into an inflammatory site is
dependent on the adhesion of the leukocytes to the
endothelium prior to extravasation. The rapid binding
of polymorhonuclear leukacytes (PMN) to the
endothelium and diapedesis occurs within minutes
after the introduction of a chemotactic stimulus in tis-
sus, Cybuiski et al., Am. J. Pathol. 124 : 367 (1986).
This rapid extravasation appears to depend on the
response of the PMNs to chemoattractants and on the
presence of the CD11/CD18 family of glycoproteins
on the leukocyte surfaca. The family of glycoproteins
associated with PMNs are termed leukocyte integrins
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and include LFA-1 (CD112/CD18), Mac-1
{CD11b/CD18) and p150,95 (CD11c/CD18). Each of
these heterodimers has a unique alpha chain (CD11
a, b, ¢) and an invariant beta-2 chain (CD18). Stimu-
lation of PMNs with various chemotactic factors
causes increased expression of leukocyte integrins
{CD11b/CD18) fostering strong adhesion to unstimu-
lated endothelium in vitro, Harlan, Blood 85: 5§13
(1985), and essentially all of the chemoattractant-in-
duced adheslon Is inhibited by treating the PMNs with
mMAbs specifically reactive’ with the CD11/CD18
complex, Harlan et al., Blood 66 : 167 (1985) ; Zim-
merman and Mclntyre J. Clin. Invest. 81 : 531 (1988);
Smith et al., J. Clin, Invest. 82 : 1746 (1988) ; and Lo
et al., J. Exp. Med. 169: 1779 (1989). Polymor-
phonuclear leukocytes from patients with leukocyte
adhesion deficiency (LAD) fail to express CD18 and
fail to bind unstimulated endothelium in vitro, Harlan
et al,, Blood 66 : 167 (1985); Lo et al., J. Exp. Med.
169: 1779 (1989).

Murine hybridomas producing monoclonal anti-
bodies reactive with the beta chain common to the
Mac-1, LFA-1 and the p150,85 integrins have been
described. The mMAbs are designated 1B4, 60.3,
TS1/18,H52 and ATCC TiB 218. The 1B4 is anigG2a
antibedy and was prepared by Wright et al., Proc.
Natl. Acad. Scl. USA 80 : 5699-5703 (1983), the 60.3
Is also IgG2a and was prepared by Bealty et al., J.
Immunol. 131 :2913-2918 (1983), TS1/18 s an igG1
antibody and was prepared by Sanchez-Madrid et al.,
J. Exp. Med. 158 : 1785-1803 (1983), H52, a MAb
against beta 2 (CD18) was prepared by Hildreth and
Orentas, Science 244 ; 1075-1078 (1989) and ATCC
TIB 218, a IgG2a kappa prepared by Springer et al.,
J. Exp. Med. 158 : 586-602 (1983). These antibodies
appear to be functionally equivalent and cross-react
with the beta-2 chain found on human, sheep pig, rab-
bit, and dog leukocytes but not with the beta-2 chain
found on murins and rat leukacytes.

SUMMARY OF THE INVENTION

A method for producing recombinant immunog-
lobulins in which the unique complementarity deter-
mining regions of immuncglobulins from a first animal
monocional antibody are inserted by recombinant
technology Into a uniquely selected framework of a
second animal, including humans. The recombinant
DNA constructs of the invention can be used to trans-
fect cells which will produce the recombinant
immunoglobulins.

- OBJECT OF THE INVENTION

It is accordingly, an object of the present inven-
tion to provide novel DNA sequences for the com-
plementarity determining regions of murine heavy and
light chain monocional antibody. Another object of the
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invention is to provide novel DNA sequences for the
complementarity determining regions of murine
heavy and light chain monoclonal antibody that
immunologically binds to the CD18 integrin or antigen
of leukocytes. A further object is to provide novel DNA
sequences for recombinant animal antibody. Another
objectis to provide a vector containing the DNA sequ-
ence for recombinant animal antibady. Ancther object
is to provide a mammalian host transformed with a
vector containing the DNA sequence for recombinant
animal antibody. It is a further object that the animal
recombinant antibody be human recombinant anti-
bady. A further objective is to provide recombinant
human immunogidbulin that binds to leukocyte integ-
rin, Another object is to provide a process for making
recomblinant human immunoglobulin, A further object
is to provide a process for producing recombinant
immunoglobutlins.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to methods and
means for the construction and expression of unique
recombinant derived antibody in which complemen-
tarity determining regions (CDRs) from a first animal
monoclonal antibody of defined specificity are inser-
ted into a second animal, including man, variable
heavy and light chain frameworks which show a high
degree of sequence similarity with the frameworks of
the first animal and present the CDRs in the approp-
riate configuration to react with the appropriate anti-
gen or ligand. The insertion or grafting is carried out
by processes well known in the biotechnical arts,
primarily recombinant DNA technology. The unique
frameworks (FRs) are selected for their structural
compatibility and sequence similarity with the firstani-
mal frameworks. This preselection is dependent on
one or more of the following criteria : (i) sequence
matching to all known human heavy chain variable
{Vw) and light chain variable (V) framework sequ-
ences with the framework sequences of the animal
monaoclonal antibody from which the CDRs have been
removed ; (i) sequence matching as described in (i),
but with significant attention paied to interspecies
matching of the non-surface exposed amino acid resi
dues ; (iii) tertiary and quaternary structural mode! of
human framework sequences with CDRs in place for
comparison with models of the original animal mono-
clonal antibody; and (iv) screening of human
genomic DNA with DNA probes comesponding to
framework sequences in chosen animal monoclonal
antibody. These criteria and the following procedures
are used to prepare recombinant DNA sequences
which incorporate the CDRs of animal mMAD, both
light and heavy chains, into human frameworks that
can then be used to transfect mammalian cells for the
expression of recombinant human antibody with the
antigen specificity of the animal monocional antibody.
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The present invention further comprises a
method for constructing and expressing the altered
antibady comprising : (i) mutagenesis and assembly
of variable region domains including CDRs and FRs

regions ; (ii} preparation of an expression vector '

including at least one variable region which upon
transfection into cells results in the secretion of pro-
tein sufficient for avidity and specificity determi-
nations ; and (i} co-amplification of heavy and light
chaln expression vectors in appropriate cell lines.

The present invention provides recombinant
methods for incorporating CDRs from animal monoc-
fonal antibodies into human immunoglobulin
frameworks so that the resulting recombinant human
antibody will be either weakly immunogenic or non-
immunogenic when administered to humans. Prefer-
ably the recombinant immunoglobulins will be
recognized as self proteins when administered for
threapeutic purposes. This method of “humanization®
wil render the recombinant antibodies useful as
therapeutic agents because they will be either weakly
immunogenic or non-immunogenic when adminis-
tered to humans. The invention is further contem-
plated to include the recombinant conversion of any
animal monoclonal antibody into a recombinant
human monoclonal antibody providing that a suitable
framework region can be identified (as described
below). It is intended that the present invention
include the nucleotide and amino acid sequences of
the murine CDR regions and the human framework
reglons either separately or combined as a light or
heavy chain or an intact immunoglobulin and any con-
servatively modified - varients thereof. The animal
. monoclonals may include, but are notlimited to, those
murine monacional antibodies described by Van-
Voorhis et al., J. Exp. Med. 158 : 126-145 (1983)
which bind to human leukocytes and the appropriate
mMAbs produced by hybridomas deposited in the
Hybridoma Cell Bank maintained by the American
Type Culture Collection (ATCC) and described in the
ATCC Catalog of Cell Lines & Hybrldomas No. 6,
1988,

The CDR sequences from the animal monoclonal
antibody are derived as follows. Total RNA is extrac-
ted from the murine hybridomas, for example the 184
myeloma cells described by Wright et al., Proc. Natl.
Acad. Sci. USA B0 : §689-5703 (1983), the 60.3 cells
described by Beatty et al.,, J. Immunol. 131: 2913-
2918 (1983), the TS1/18 cells described by Sanchez-
Madrid et al., J. Exp. Med. 158 : 1785-1803 (1983),
and other anti-CD18 or CD11 monoclonal antibadies
and hybridomas as described in Leukocyte Typing lit,
Springer-Verlag, New York (1988}, using standard
methods involving ceflular solubilization with guanidi-
nium isothiocyanate (Chirgwin st al., Biochem. 18:
5§294-5299[1979]). The murine 184 mMAb will be
used as the primary example of animal MAD that can
be "humanized” by the unique process being dis-
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closed. The invention Is intended to include the con-
version of any animal immunoglobulin to a human
immunoglobulin. It is further intended that human
immunoglobulin (g} can contain either kappa or
lambda light chains or be one of any of the following
heavy chain isotypes (alpha, delta, epislon, gamma
and mu). Pairs of degenerate cligodeoxynucleotide
primers (Figure 1) representing sequences within
framework 1 of the murine kappa light chain variable
region and light chain constant domain, or thase
within framework 1 of the murine IgG2a heavy chain
variable region and heavy chaln constant CH1
domain are synthesized on an Applied Biosystem
381A DNA synthesizer, removed from the resin by
treatment with concentrated NH,OH and desalted on
a NAP-5 column eluted with H,O. Total RNA, about 2
Hg, is reverse transcribed for about 30 min at about
42° C using Moloney MLV reverse transcriptase,
about 200 units (BRL), and about 10 pmoles of the
constant region complementary strand primers for
either the heavy or light chain. The reverse transcrip-
tase is heat inactivated, about 95° C for about 5 min,
and the reactions are made to contain in about 100 pl
of PCR buffer about 50 pmoles of each of the paired
primers and and 25 units of Taq polymerase. About45
cycles of amplification (2', 94°C ; 2, §6°C ; 2’ 72°C)
are followed by gel purification of the anticipated 400+

_base pair (bp) DNA fragments (Figure 2). Prior to sub-

cloning those ONAs into a blunt-ended intermediate
plasmid such as pSP72 (Promega) they are terminally
phosphorylated using T4 polynucleotide kinase. Fro-
zen competent E.coli were thawed on ice and 100 p!
aliquots were distributed Into wet ice chilled polyp-
ropylene tubes. DNA (1-10 ng) from the ligation mixt-
ure was dispensed with aggitation Into these tubes
and the mixture was incubated on ice for 30 minutes.
The E. coli cells were heat-shocked by incubation at
42° C for 45 seconds, then chilled for 2 minutes on ice.
Room temperature S$.0.C. (Hanahan, D., J.Mol. Biol.
166 : 5§57, 1983) was added and the cultures were
shaken at 225 RPM at 37°C for 60 minutes. Aliquots
of the cultures were spread on LB agar plates contain-
ing 100 pg/mL ampicillin and these plates were incu-
bated overnight at 37°C to allow for colony growth.
Multiple clones representing these PCR amplified
sequences are grown and submitted to DNA sequ-
ence determinations using Sequenase® and T7 and
SP6 specific sequencing primers. A unique DNA
sequence representing a murine IgG2a heavy chain
variable region is obtained, but two kappa light chain
variable regions are represented within the cloned

. population (Figure 3). To distinguish which sequence

belongs to the 1B4 mMAD, the 1B4 mMAb is reducad
with dithiothreitol (DTT) and purified heavy and light
chains are subjected to N-terminal amino acld
sequencing using the Applied Blosystems 477A sequ-
encer. Tryptic and cyanogen bromide digested pep-
tides are also sequenced.
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Replacement of human variable region CDRs
with those unique to mMAb 1B4 Is accomplished utili-
zing the following unique processes. An appropriate
human framework is determined utilizing the criteria
discussed above. A light chain variable region
framework such as the REI framework (Orlandi, et al.,
Proc. Natl. Acad. Sci. USA 86 : 3833-3837[1989)] ;
Riechmann et al., Nature 332 : 323-327[1988] ; Euro-
pean Patnet Application, Publication No. 239,400),
with its leader and 3’ intronic sequences, Is subcloned
into the intermediate vector pGEM3Z (Promega).
About elght aligodeoxynucleotide primers (Figure 4)
are synthesized representing the primers necessary
to generate by polymerase chain reaction (PCR)
amplification four DNA fragments. Incorporated into
all butthe terminal oligodeoxynucleotide primers were
those sequences corresponding to MAb 1B4 light
chain CDRs and at least 15 bases of 5'- terminal com-
plementarity (see Figure 5). The appropriate primer
palr, about 50 pmole each, was combined with about
10 ng of plasmid DNA representing the REIl
framework, about 2.5 units of Taqg DNA polymerase
and about thity (30} cycles of PCR amplification
ensued {(cycle periods, as above). The products of the
four reactions, purified by agarose gel
electrophoresis, are combined, about 10 ng of each
DNA fragment, along with terminal oligodeoxynue-
leotide primers (Figure 4) and Taq DNA polymerase
and the combined fragments were PCR amplified
{see Figure 5). Following restriction endonuclease
digestion with Hindlll and Xbal the amplified DNA is
purified by agarose gel electrophoresis and sub-
cloned into compatible sites of an intermediate vector
pSP72 (Promega) which contains the human kappa
light chain constant region {see Figure 6). Genomic
DNA, sbout 1 pg, purified from a human B cell line
(GM0108A : NIGMS Human Genetic Mutant Cell
Repaository, Institute for Medical Research, Camden,
NJ) is used as a template for PCR amplification (Fig-
ure 7) of about a 920 base pair fragment containing
the splice acceptor for the kappa light chain constant
domain, the exon and a portion of its 3'-untransiated
region. The PCR product is purified by agarose gel
electrophoresis, digested with BamH1 endonuclease,
and subcloned into pSP72 previously linearized with
BamH1. The Individual clones representing the
pSP72 intermediate vector containing both the 1B4
grafted variable region derived from RE! and the
human kappa constant region derived by PCR ampli-
fication of human DNA are used to determine the DNA
sequence of the grafted light chain variable region.

The chimaeric heavy chain portion of the recom-
binant antibody Is derived from the murine 1B4 heavy
chain variable region fused to the human constant
region of a gamma 4 subtype obtained from a lambda
library constructed by Flanagan and Rabbits, Nature
300: 709-713 (1982). The variable region of the
chimaeric heavy chain is.constructed from three DNA
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fragments representing a signal sequence, a portion
of the murine heavy chain variable region, and an
intronic sequence (Figure 8). Oligodeoxynucleotide
primer pairs (Figure 9) are synthesized representing
the primers necessary to generate by PCR amplifi-
cation these three DNA fragments from about 10 ng
of plasmid DNA templates obtained from M-
13VHPCR1 (Orlandi et al., Proc. Natl. Acad. Scl. USA

" 86: 3833-3837 [1989]) or the pSP72 intermediate

vector containing the IgG2a heavy chain variable reg-
ion previously used to determine the murine 1B4 CDR
ssquence. Amplification of the signal fragment, vari-
able region fragment and Intron-containing fragment
was as described above. The agarose gel purified
products are combined, about 10 ng of each product,
with terminal oligodeoxynucleotide primer pairs (Fig-
ure 9) and the PCR-generated in vitro, recombined
template is amplified using the standard procedures
described above. Prior to subcloning into a Bglll and
BamH| digested intermediate vector pSP72 this
recombined product is similarly digested and agarose
gel purified. Individual clones are submitted to DNA
sequence detenmination using Sequenase® and T7
and SP6 specific sequencing primers and one is cho-
sen (p8950) for subsequent expression.

The gamma 4 heavy chain constant region is sub-
cloned as about a 6.7 Kb Hindlil fragment derived
from the plasmid pAT84 (Fianagan and Rabbitts, Nat-
ure 300 : 709-713 [1982]) into the Hind Il site of the
intermediate vector pSP72. This plasmid Is then used
as the template DNA from which a shortened version
of the gamma 4 constant region is subcloned using
PCR amplification and the primer pairs indicated in
Figure 7. Eukaryotic expression vectors are construc-
ted as described below. Expression vectors are
defined herein as DNA sequences that are required
for the transcription of cloned copies of genes and the
transiation of their mRNAs in an appropriate host.
Such vectors can be used to express sukaryotic
genes in a variety of hosts such as bacteria, blue-
green algae, plant cells, yeast cells, insect cells and
animal celis. The immunoglobulins may also be exp-
ressed in a number of virus systems. Specifically
designed vectors allow the shutiling of DNA between
hosts such as bacteria-yeast or bacteria-animal cells.
An appropriately constructed expression vector
should contain : an origin of replication for autonom-
ous replication In host cells, selectable markers, a
limited number of useful restriction enzyme sites, a
potential for high copy number, and strong promoters.
A promoter is defined as a DNA sequence that directs
RNA polymerase to bind to DNA and Initiate RNA

’ synthesis. A strong promoter is one which causes

mRNASs to be initiated at high frequency. Expression
vectors may include, but are not limited to, cloning
vectors, modified cloning vectars, specifically desig-
ned plasmids or viruses. The heavy chain immunog-
lobulin molecule Is transribed from a plasmid canying
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the neomycin (G418} resistance marker while the light
chain immunoglobulin is transcribed from a plasmid
canying the hygromycin B resistance marker. With
the exception of the drug resistance portion of these
plasmids they are identical.

The preferred progenitar of the immunoglobulin
expression vectors is the pD5 (Berkner and Sharp,
Nucl. Acids Res. 13 : 841-857 [1985]) eukaryatic exp-
ression vector which contains the origin of adenovirus
replication, the SV40 enhancer domain, the adenovi-
rus major late promoter, the adenovirus 2 tripartite
" leader, a 5' splice donor from the adenovirus third

leader and a 3’ splice acceptor derived from an
immunoglobulin locus, a multiple cloning site placed
in the Bam H1 site subsequent to receipt of the vector,
and the SV40 late polyadenylation signal (Figure 10).
The origin of replication is removed by digestion with
Eco R1 and Kpnl and replaced by two fragments rep-
resenting the neo selectable marker gene (derived
from plasmid pCMVIE-AK1-DHFR as an Eco R1/Bam
H1 about 1.8 Kb fragment) and the Ig heavy chain
enhancer (obtained as a PCR amplified fragment
using human DNA as the template, and the
oligodeoxynucleotides listed in Figure 7 as the primer
pair, following its digestion with Bgl Il and Kpn 1). The
resuitant expression vector is found to fack a small
portion of the TK promoter responsible for the tran-
scription of the neomycin gene. This is replaced by
insertion into the EcoRl site of about a 0. 14kb PCR
amplified fragment derived from the CMVIE-AK1-
DHFR DNA using the primer pair listed in Figure 7.
The resultant heavy chain expression vector (p8341)
is modified by removal of the indicated Hindlll and
Xbal sites using standard procedures. To convert this
vector into one expressing the hygromycin B select-
able marker the neomycin-resistance cassette is
remaoved by digestion first with Eco R1 followed by
DNA polymerase-directed fill in of the 5' overhang,
then subsequent Sall digestion, The about 1.9 kb hyg-
romycin B expression cassett, TK promoter and TK
polyadenylation signal flanking the hygromycin B
gene, {obtained as a 1.8 kb BamH1 fragment in plas-
mid pl690, Gritz and Davies, Gene 25: 179-
188[1981]) is removed from the plasmid pAL-2 by
. Bam H1 digestion and subcloned into the BamH1 site
of the intermediate vector pSP72. The hygromycin B
cassette is removed from this vector by digestion with
Smal and Sall and cloned into the expression vector
linearized as described above to create a blunt end
and Sall end DNA fragment.

Expression of the 1B4 CDR-grafted kappa light
chain is accomplished by transfermring this cistron from
the pSP72-based intermediate cloning vector (p8952)
to the hygromyecin B selectable eukaryotic expression
vector (see Figure 6). An about 1.5 kb DNA fragment
resuiting from the endonuclease digestion of p8952
with Spe | and Cla { is purified by agarose gsi
electrophoresis and ligated into the expression vector
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which has previously been linearized, following diges-
tion with the same two restriction enzymes, and agar-
ose gel purified. The heavy chain eukaryotic
expression vector is constructed in two steps (see
Figure 11). First, the p8950 vector containing the

_modified heavy chain variable region of murine 184

Kb fragment is digested with Bgl Il and Bam H1. The
agarose gel purified 0.75 kb fragment is ligated into
the BamH1 site of the p83941 vector and recombinant
clones containing this fragment in the proper orien-
tation are identified. Plasmid DNA from one such
clone is linearized by Bam H1 digestion and ligated
with a 1.78 Kb BamH1 fragment representing a short
version of the human gamma 4 constant region,
derived from plasmid pAT84 by PCR amplification.
Following the identification of clones containing these
inserts in the appropriate orientation, plasmid DNAs
(one which is referred to as p8953) are grown and
purified for transfection into recipient mammalian
cells. Host cells for the expression of humanized
monaclonal antibodies include, but are not limited to,
human cells such as 293 cells, monkey cells such as
COS-7 and CV-1P, and other mammalian cells such
as CHO and NSO. - '
Equal amounts, about 10 pg, of the plasmids
encading the chimeric IgG4 heavy chain and the 184
CDR-grafted kappa light chain are transfected by
standard calcium phosphate precipitation procedures

" into human 293 cells, and the monkey. cells COS-7

and CV-1P. The culture supernants are assayed by a
trapping Elisa (described below) for the secretion of
human IgG4/kappa immunoglobulin. This Elisa assay
is also employed for the quantitation of the amounts
of a humanized 1B4 recombinant antibody expressed
in canditioned mammalian cell growth medium.
immulon-2 (Dynatech Labs.) 96-well plates are
coated overnight with about a § ug/ml solution of
mouse anti-human kappa chain constant domain
monoclonal antibody (cat. #MCO009, The Binding Site,
Inc., San Diego, CA) in about 0.1 M NaHCO; buffer
{pH 8.2) at about 4°C, and blocked with about 1%
bovine serum (BSA) in about 0.1M NaHCO, for about
1h at about 25° C. After this and all subsequent steps,
washing was performed with phosphate buffered
saline (PBS). The wells are then inoculated with con-
ditioned medium containing recombinant anti-CD18
antibody, or with predetermined quantities of human
lgG4/kappa purified by protein A Sepharose (Phar-
macia Fine Chemicals) chromatography from human
IgG4 myeloma serum (cat. # BP026, The Binding Site,

~ Inc.) All samples are diluted in PBS containing about

0.05% Tween-20. About 100 pl aliquots are incubated
for about 1h at about 37°C in triplicate, and standard
calibration curves are constructed using 9G4 con-
centrations ranging from about 10 ng/ml to about 100
ng/ml. Bound and fully assembled human igG4 (either
native or recombinant 1B4-human igG4 constructs)
are detected with about 100 ul aliquots of a 1 :500
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dilution of mouse anti-human 1gG4 Fc monocional
antibody conjugated to alkaline phosphatase (cat
#05—3822, Zymed Laboratorles, Inc.) in phosphate
buffered saline (PBS) containing about 1% BSA. After
incubation for about 1h at about 37°C and subsequent
washing, the quantities of bound conjugate are detec-
ted by incubating all samples with a 1 mg/ml solution
of p-nitrophenyl phosphate in 0.1 M 2,2'amino-me-
thyl-propanediol buffer, pH 10.3, for about 30 min at
about 25°C. The adsorbance of the wells is deter-
mined with a UV Max ELISA plate reader (Molecular
Devices) setat 405 nm. All supernatant fluids from the
transfected cells are found to contain this immunog-
lobutin, though in various amounts (Figure 12). The
antibody secreted by the transfected 293 cells is iso-
lated by protein A chromatography and the the con-
centration of recombinant human ant-CD18
antibodies determined by the trapping Elisa described
above, are used to compete with the binding of
radiolabeled murine 1B4 to the CD18 ligand on the
surface of activated human PMNs. Affinities of vari-
ous recombinant human anti-CD18 (r-h-antl-CD18)
antibody constructs are determined using a competi-
tive 125]-1B4 soluble binding assay with stimulated
human polymorphonuclear leukocytes (PMNs). Puri-
fied murine anti-CD18 monaoclonal antibody (S0 ug) is
iodinated using chioramine-T (Hunter and Green-
wood, Nature 194: 495496, 1962), and the
radiolabeled antibody purified using a Bio-Sii TSK250
(Blorad) ge! filtration HPLC column (which fraction-
ates proteins in the range of 1-300 x 10° daltons)
equilibrated In 0.1 M phosphate buffer, pH 7.0.
Effluent radloactivity is monitored with an in-tine
detector (Bsckman Model 170 ; Beckman) and tota!
protein measured at OD,gq with a Kratos Spectrofiow
757 detector (Kratos). A single 126l-1B4 peak com-
posed of coincident OD,g and radioactivity tracings
characteristically elutes about 6 minutes, 30 seconds
following sample injection. Specific activity of the pro-
duct is generally about 10 uCi/ug protein, and 97-99%
of the counts are precipitable with 10% trichloroacetic
acid. The binding of this radiolabeled antibody is
assessed on human PMNs purified on a discontinu-
ous Ficoll/Hypaque gradient (English and Anderson,
J. Immunol. Methods 5 : 249-255, 1974) and activated
with about 100 ng/m! phorbol myristate acetate for
about 20 minutes at about 37°C (Lo etal., J. Exp. Med.
169 : 1779-1793, 1989). To determine the avidity of
antibodies for CD18 molecules on the PMN surface,
about 1 x 105 activated PMNs are incubated ina buffer
such as Hanks balanced salt solution containing

about 20 mM Hepes (pH 7.2), about 0.14 units aproti-"

nin (Sigma Chemical Co.) and about 3% human
serum albumin (binding buffer) containing about 1.3

ng '%5]-1B4 (2.8 x 10-11 M) in the presence of increas-

" ing concentrations of unlabeled 1B4 antibody (about
10-7 to 10-18 M) in about a 300 yl reactlon volume for
about 1 h at about 4°C with constant agitation. Cell
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bound 184 is separated from the unbound antibody
by centrifugation through a 0.5M sucrose cushion
(4,800 x g, 3minutes) ; the tubes are frozen on dry Ice,
and the tips cut off and counted with an LKB gamma
counter. The ICg of the anti-CD18 antibody for the
inhibition of 125l-1B4 antibody binding is calculated
using a four parameter fitter program (Rodbard et al.,
In, "Radioimmunoassay and Related Pracedures in
Medicine®, International Atomic Energy Agency,
Vienna, vol I, 469 - 504, 1978). The affinity of the vari-
ous recombinant humanized anti-CD18 (r-h-anti-
CD18) antibodies for the CD18 ligand Is determined
in a similar manner using murine 125-1B4 antibody
and Increasing quantities, as determined by the trap-
ping Elisa, of unlabeled r-h-anti-CD18. The resuits of
the binding assays are shown in Figure 13 and indi-
cate that the avidity of the chimaeric heavy
chain/grafted light chain recombinant 184 antibody is
appraximately that of the murine 1B4 monaoclonal ant-
body.

The results described above show that an ant-
body with human isotype may be recombinantly exp-
ressed following the transfer of the antigen binding
domains from a first animal (murine) light chain
framework to a second animal (human) light chain
framewark one fused with a human kappa constant
region, when combined with a chimaeric heavy chain
{(murine heavy chain variable region fused to a human
gamma 4 constant domain) without loss in avidity for
the antigen. It can be inferred from this resuit that the
human RE! light chain framework region doses not
alter the presentation of the murine 1B4 light chain
CDRs and/or the contribution of the light chain CDRs
to the antibody’s avidity is minimal. Many of the exam-
ples of construction of recombinant human antibodles
containing complementarity regions replaced by
those found within murine monoclonal antibodies
have resulted in loss of avidity for the ligand or anti-
gen. Thus, although these transmutations are poss-
ible, the successful maintenance of avidity is not
assured. The procedures described below demon-
strate that when strict attention is payed to the
framework regions, COR domains may be transferred
to those frameworks without the loss of avidity which
accompanies their transfer to the “generic*
frameworks employed by Winter, European Patent
Publication No. 239,400, published September 30,
1987.

To identify human framework sequences compat-
ible with the CDRs of, say, murine 1B4, human
frameworks with a high degree of sequence similarity
to those of murine 1B4 wers identified. Sequence
similarity was measured using identical residues as
well as evolutionarily conservative aminc acid sub-
stituiions. Similarity searches were performed using
the murine 1B4 framework sequence from which the
CDR sequences had been removed. This sequence
was used to query a database of human immunoglo-
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bin sequences that had been derived from multiple
sources. Sequences with a high degree of sequence
similarity were examined individually for their poten-
tial as humanizing framework sequences. Special
attention must be given to those framework residues
which are notiocated or exposed on the surface of the
antibody since these residues will play a-critical role
in the packing of the COR supporting scaffolding. In
this way, the human hamologue providing the murine
CDRs with the structure most similar to their native
murine framework was selected for subsequent con-
struction of the humanized variable region {see Figure
14). It should be noted thatin the presentinvention the
heavy and light chain framework sequences chosen
for grafting need not be derived from the same human
antibody. That is to say, using the above mentioned
criteria for choosing human frameworks the entire
accumulated human nucleic acid and protein datab-
ases may be searched for the desired matching sequ-
ences. The ideal light chain framework may come
from one immunoglobulin sequence while the heavy
chain framework may come from another. Should
human frameworks of sufficient similarity not be iden-
tifiable from compiled sequences, It is possible to iso-
late from human genomic DNA a group of closely
related variable reglons using recombinant technol-
ogy. Thus, a degenerate §' upstream oligodeoxynuc-
leotide primer may be designed from the conserved
sequences within the amino-terminus of each of the
varlous human FR1 regions and paired with a degen-
erate 3' downstream oligodeoxynucleotide primer
fashioned from the FR3 sequence detemmined from
the murine monoclonal whose CDRs one wishes to
transfer into a human context. These primer pairs are
then used to PCR amplify from a human genomic tem-
plate those DNA sequences which are flanked by the
primer pair. The resulting DNAs may then be cloned
and the DNA sequence derived from individual mem-
bers wili describe various murine-related human vari-
able regions. The paucity of somatic mutations in
framework residues and the conservation of amino,
acid sequence between mouse and man make this
approach possible.

The construction of a complete recombinant
human IgG4 antibody, whose heavy and light chain
variable domains contain the COR residues of the
murine monoclonal antibedy, with complete retention
of the specificity and avidity of the parent murine
monoclonal antibady Is disclosed. The construction of
the CDR-grafted light chain framework derived from
the human sequence of REl fused with a human
- - kappa light chain constant region is.described above.

The murine variable region framework sequence,
devoid of CDR sequences, is used to query a datab-
ase of complete human variable region sequences.
The human sequences that are most similar to the
murine framework region are then analyzed individu-
ally to determine both their sequence identity and
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similarity to the murine framework region. In the case
of murine 1B4 these sequences include, but are not
limited to, Gal and Jon, chosen because of their high
degrees of both similarity and identity with the murine
1B4 heavy chain sequence. The Gal FR has been
shown to be 85% similar and 79% identical to murine
1B4, while the Jon FR has been shown to be 88%
similar and 75% identical to 1B4. These values are
based upon the Dayhoff similarity matrix of evalutio-
narily conserved amino acid substitutions (R M.
Schwartz, M. O. Dayhoff, in Atlas of Protein sequence
and structure M. O. Dayhoff, Eds. (National Blomedi-
cal Research Foundation, Washingtan, DC [1979])
(see Figure 14). To prepare a recombinant DNA
encoding the murine heavy chain CDRs in the context
of each of these frameworks the following procedures
are performed.

Two sets of four long oligodeoxynuclectides are

. synthesized. When each set is combined, they

encode the 1B4 heavy chain CDRs and the chosen

" human heary chain variable region framework. The

four oligodeoxynucleotides of a set, about 1 pmole of
each, are combined in a PCR reaction with Taq
polymerase and about 50 pmoles of each terminal
amplifying oligodeoxynucleotide (Figure 15, Figure
16). By virtue of the complementary ends of the sin-
gle-stranded oligodeoxynucleotides, the polymeri-
zation-denaturation-polymerization cycles of the
polymerase chalin reaction resultin the formation, and
subsequent amplification, of the combined sequ-
ences. Following about 25 cycles of amplification the
combined 0.4 Kb fragment Is slectrophorstically puri-
fled from an agarose gel. In parallel, two DNA frag-
ments representing amino tenminal sequences
enceding the signal peptide and carboxy terminal
sequences encoding framework 4, splice donor, and
intronic  sequences are amplified using
oligodeoxynucleotide primer pairs (Figure 15) and the
NEWM containing plasmid DNA template M-
13VHPCR1 {described above). These two fragments
are agarose gel purified, as above, and about 10 ng
of each is combined with about 10 ng of the amplified
grafted variable region fragment, Taq polymerase,
about 50 pmoles of each of the terminal primers (Fig-
ure 15) and the mixture was PCR amplified. The resul-
tant 0.85 Kb fragment Is digested with restriction
enzymes Spe | and BamH1. Following agarose gel
electrophoresis, the purified DNA fragment is ligated
into the heavy chain expression vector, p8958 (sea
Figure 11), in place of the chimaeric variable region.
In this way, two unique heavy chain frameworks con-
taining the grafted murine CDRs (Jon/1B4 and
Gal/1B4) are constructed. Each fully grafted heavy
chain expression vector plasmid is co-transfected
with the fully grafted REI/184 light chain expression
vector plasmid into 293 cells and the recombinant
human antibody is present in conditioned medium.
The Gal/1B4 :REI/1B4 heterodimeric human (fully
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humanized) recombinant antibody Is isclated by pro-
tein A chromatography. The avldity of this antibody for
the CD18 ligand displayed on the surface of activated
human PMNs is compared with that of the
chimaeric/grafted antibody, described above, and the
1B4 murine monoclonal antibody parent. Figure 20
shows that although each hetero-dimeric antibody
contalns the same set of six CDRs, they do not exhibit
identical avidity for the ligand. Thus, the avidity of an
antibody molecule relles upon the variable region
framework structure in which the CDRs are presen-
ted. The parent murine monocional antibody demon-
strates an ICg of about 0.5 nM while the Gal/Rei
heterodimer has an ICq, of about 1.6 nM.

To determine the relative contribution of the
heavy and light chain variable regions to the enh-
anced avidity of the Gal/REIl grafted hetero-dimer,
second light chain and heavy chain frameworks were
constructed containing the 184 CDR sequences.
These framewarks, termed Len and mutant Ga! or
Gal-M1 were chosen from the human immunoglobulin
database by virtue of their high degree of similarity to
the light chain FR and heavy chain FR of murine 1B4
(Figure 14). The Len FR shows a similarity of 90% and
anidentity of 81% when compared to murine 1B4. The
resulting recombinant antibodies which specifically
bind to CD18 antigen or receptor are termed recom-
binant human anti-CD18 antibodies (r-h-ant-CD18
Abs).

This invention further relates to a method of
inhibiting the Influx or migration of leukocytes capable
of expressing CD18 antigen (leukocyte integrin, beta-
2 subunit) on their surface into a site of inflammation
or a tissue area or organ that will become inflamed fol-
lowing an influx of the cells. The inflammation which
is the target of the method of the present invention
may result from an infection with pathogenic microor-
ganisms such as gram-positive and gram-negative
bacteria, parasites and fungi. The response may also
be induced by viruses and non-infectious means such
as trauma or reperfusion following myacardial infarc-
tion or stroke, immune responses to foreign antigen
and autocimmune responses.

The recombinant human anti-CD18 antibodies
are useful in the treatment of inflammation in lung,
central nervous system, kidney, joints, endocardium,
pericardium, eyes, ears, skin, gastrointestinal tract
and urogenital system. Disease states in which the
recombinant human anti-CD18 antibodies are useful
as therapeutic agents include, but are not limited to :
infectious diseases where active infection exists at
any body site, such as meningitis ; conditions such as
chranic or acute secondary inflammations caused by
antigen deposition ; and other conditions such as,
encephalitis ; arthritis ; uveitis ; colitis ;
glomerulonephritis ; dermatitis ; psoriasis ; and res-
piratory distress syndrome associated with sepsis
and/or trama. Other Inflammatory diseases which
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may be responsive to recombinant human anti-CD18
antibody include, but are not limited to, immune dis-
orders and conditions involving T-cell and/or
macrophage attachment/recognition, such as acute
and delayed hypersensitivity, graft vs. host disease ;

primary auto-immune conditions such as pericious

anemia ; Infection related auto-immune conditions
such as Type | diabetes mellitis ; flares during
rheumatoid arthritis ; diseases that involve leukocyte
diapedesis, such as multiple sclerosis ; antigen-anti-
body complex mediated diseases including certain of
the secondary infection states listed above;
immunosuppression; and transplant rejection.
Inflammatory conditions due to toxic shock or trauma
such as adult respiratory distress syndrome and
reperfusion injury ; and disease states due to leuko-
cyte dyscrasias and metastasis, are included within
the scope of this invention.

The present invention is also applicable to the
inhibition of leukocyte-endothelial attachment for
diagnostic and therapeutic purposes ; such as the iat-
rogenic opening of the endothelium to prevent the
ingress of feukocytes during the ingress of a dye or
image enhancer into tissue, or to allow the selective
entry of a therapeutic drug in the instance of chemo-
therapy ; or to enhance the harvesting of leukocytes
from patlents.

Rscombinant human anti-CD18 antibodies or an
active fragment thereof can be used to treat the above
mentioned diseases. An active fragment will include
the F(ab’)2, the Fab and any other fragment that can
bind to the CD18 antigen. Recombinant human anti-
CD18 antibodies can be administered alone for non-
infectious disease states or combined with antibiotics
or other anti-infective agents for the treatment of
Infectious diseases for reasons di scussed above.
Administration will generally include the antibodies
and other substance in a physiologically acceptable
medium or pharmaceutical carrier. Such physiologi-
cally acceptable media or pharmaceutical carriers
include, but are not limited to, physiological saline,
phosphate buffered saline, phosphate buffered saline
glucose, buffered saline and the like. The antibodies
and any anti-infective agent will be administered by
parenteral routes which include intravenous,
intramuscular, subcutaneous and intraperitoneal
injection or delivery.

The amount of the antibodies and the mixture in
the dosage form is dependent upon the particutar dis-
ease state being treated. The amount of the recom-
binant human anti-CD18 antibody utilized in a dosage
form can range from about 1 to about 1,000 mg, with
a range of from about 10 mg to about 100 mg being
preferred. The antibodies can be administered daily
or less than daily as determined by the treating physi-
cian. .
The following examples lllustrate the present
invention without, however, limiting the same thereto.
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EXAMPLE 1

Preparation of a Grafted / Chimaeric Recombinant
Antibody

An antibody was produced in which the variabie
domain of the light chaln comprises the framewark
reglons of a human light chain and the CDRs from a
mouse light chain, while the variable domain of the
heavy chain is derived entirely from the murine heavy
chain. The light chain framework regions were derived
from human myeloma protein REI (Orlandi, et al.,
Proc. Natl. Acad. Sci. USA 86: 3833-3837{1989] ;
Riechmann et al., Nature 332 : 323-327[1988] ; Euro-
pean Patnet Application, Publication No. 233,400) for
which the crystallographic structure has been deter-
mined. The CDR sequences from the murine monoc-
lonal antibody 1B4 which binds to CD18 (the beta
subunit of the leukocyte integrin beta-2 family which
includes : LFA-1, Mac-1, and p150.95) were derived
as follows. The hybridoma designated 1B4 which pro-
duces 1B4 monocional antibody was deposited under
the Budapest Treaty at the International Depository
Authority : American Type Culture Collection, 12301
Parklawn Drive, Rockville, MD, 20852. Viability was
determined on June 6, 1989 and the hybridoma was
designated HB 10164. Previous experiments had
determined this antibody to be an IgG 2a with a kappa
light chain (Wright etal., Proc. Natl. Acal. Sci. USA 80:
5699-5703 {1983]).

Total RNA was extracted from the 184 myeloma
cells using standard methads involving cellular solubi-
lization with guanidinium isothiocyanate (Chirgwin et
al., Biochem. 18 : 5294-5299[1979]). Sets of degen»
erate ot:gonnclaoﬁde primers (Figure 1) representing
sequences within framework 1 of the murine kappa
tight chain variable region and kappa light chain con-
stant domain, or those within framework 1 of the
murine gG2a heavy chain variable region and heavy
chain constant CH1 domain were synthesized by
standard phosphoramidite procedures on an Applied
Biosystem 381A DNA synthesizer. Removal of the
oligodeoxynucleotides (oligos) from the resin was
accomplished by treatment with concentrated NH,OH
followed by desalting on a NAP-5 column {(Pharmacia)
with H,O elution (when the oligos were <45 bases in
tength}, or by use of an OPC column (Applied Bicsys-
tems Inc) with 20% acetonitrile elution (when the
oligos were >45 bases in length), as recommended by
the manufacturers. Total RNA (2ug) was reversed
transcribed for 30’ at 42°C using Moloney MLV

reverse franscriptase (200 units, BRL) and 10 pmoles.

of the constant region complementary strand primers
representing either heavy or light chain in a buffer
(final volume of 20 ul) containing 50 mM Tris HCI, pH
8.3, 75 mM KCI, 3 mM MgCl,, 10 mM DTT, and 20
units of RNAsin (Pharmacia). The reverse transcrip-
tase was heat inactivated (95°C, 5') and the reactions
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were made to contain in 100 pl of PCR buffer (10 mM
Tris HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCi,, 0.01%
gelatin, 200 M each dNTP), 50 pmales of each of the
paired primers, and 2.5 units of Taq polymerase (Per-
kin Elmer/Cetus). Polymerase chain reaction (PCR)
amplification was carried out essentially as described
by Salki et al., Sclence 230 : 1350-1354 (1985) and
others (Mulhs etal.,, Cold Srpmg Harbor Symp. Quant.
Biol. 51: 263-273{1988], Dawasaki and Wang, PCR:
Technology. Princples and Applications for DNA
Ampilification, Edich, Ed., Stockton Press, NY, pp. 89-
97{1989], Tung et al., ibid. pp. 99-104{1989]). Forly
five cycles of amplification by a DNA Thermal Cycler
{Perkin Elmer Cetus Instruments) (2', 94°C ; 2, 55°C;

- 2' 72°C) were followed by gel purification of the anti-

clpated 400+ base pair (bp) DNA fragments (Figure
2). Prior to subcloning the DNAs into a blunt-ended
intermediate plasmid {(pSP72, Promega) they were
terminally phosphorylated using T4 polynucleotide
kinase (Boehringer Mannheim). Frozen competent E-
-coli were thawed on ice and 100 ul allquots were dis-
tributed into wet ice chilied polyprapylene tubes. DNA
{1-10 ng) from the ligation mixture was dispensed with
aggitation into these tubes and the mixture was incu-
bated on ice was for 30 minutes. The E. coll cells were
heat-shocked by incubation at 42° C for 45 seconds,
then chilled for 2 minutes on ice. Room tempesrature
S.0.C. (Hanahan, D., J.Mol. Biol. 166 : 557{1983])
was added and the cultures were shaken at 225 RPM
at 37° C for 60 minutes. Aliquots of the cultures were
spread on LB agar plates containing
100 pg/mL ampicillin and these plates were incubated
overnight at 37°C to allow for colony growth.
Multiple clones representing these PCR amplified
sequences were isolated form DH5 transformed E.co-
li plated on LB agar plates containing 50 pg/ml
ampicillin, grown by described procedures (Maniatis
et al., Molecular Cloning, A Laboratory Manual, Celd
Spring Harbor Laboratory, Cold Spring Harbor, NY,
1982), plasmid DNAs were extracted from the bac-
teria using the DNA preparation procedures of Birn-
boin and Doly Nucleic Acid Res. 7 : 1515 (1979), and
the double-stranded plasmid DNAs were submitted to
DNA sequence determinations using Sequenase®
{United States Blochemicals) and T7 and SP8 speci-
fic sequencing primers (Boehringer Mannheim) using
the protocols recommended by the manufacturer. A
unique DNA sequence representing a murine igG2a
heavy chain variable region was cbtained, but two
kappa light chain variable regions were reprasented
within the cloned population (Figure 3). To distinguish
which saquence belonged to the 184 MAD, the 1B4
MAb was reduced with DTT and purified light chains
were subjected to N-terminal amino acld sequencing
using the Applied Biosystems 477A sequencer.
Althaugh stretches of amino acid residues wers iden-
tical to the mMADb 1B4 observed within the 1B4 light
chain -1 sequence predicted from the cDNA, 1B4 light
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chain -2 (Figure 25) was deemed to be the actual
sequence of the MAb 1B4 light chain. This Is consis-
tent with the determined DNA sequence of the light
chain-1 molecule (Figure 24) which suggests it repre-
sents & murine kappa light chain variable region of
subgroup 1l containing & mutation in the CDR3/FR4
region whose consequence is peptide chain termi-
nation.

Replacement of the human REI variable region
CDRs with those unique to MAb 1B4 took place as fol-
lows. The REI framework (obtained as the RF form of
the M13 vector M13VKPCR1, Orlandl et al., Proc.
Natl. Acad. Scl. USA 86 : 3833 (1988}, with its signal
peptide leader and intronic sequences, was sub-
cloned into the intermediate vector pGEM32Z (Prom-
ega), as was the NEW or NEWM heavy chaln variable
reglon framework {obtained in the form of the M13
vector M13VHPCR1, Orandi et al., supra). Eight
oligodeoxynucleotides (Figure 4) were synthesized
representing the primers necessary to generate by
PCR amplification four DNA fragments. Incorporated
into all but the terminal oligodeoxynucleotides were
those saquences corresponding to the mMAb 1B4
light chain CDRs and atleast 15 bases of 5'—terminal
complementarity {see Figure 5). The appropriate
primer pair (50 pmole each) was combined with 10 ng
of REI framework-containing plasmid DNA, 2.5 units
of Taq DNA polymerase, PCR reaction components
and buffer, and thirty (30) cycles of PCR amplification
ensued (cycle periods, as above). The products of the
four reactions, purified by agarose gel
electrophoresis, were combined (10 ng of each DNA
fragment) along.with a terminal oligodeoxynucleotide
primer pair (amplifier) (Figure 4), Taq DNA polymer-
ase, PCR reaction components and buffer, and the
subsequent recombined fragments were amplified, as
described abave, for thirty cycles (see Figure 5). Fol-
lowing restriction endonuclease digestion with Hindlll
and Xbal the amplified DNA was purifled from an
agarose gel and subcloned into these same sites of
an Intermediate vector pSP72 (Promega) which con-
tained the human kappa light chain constant region,
obtained as follows. DNA (1ug) purified from a human
B cell line (GM01018A ; NIGMS Human Genstic Mut-
ant Cell Repository, Institute for Medical Research,
Camden, N.J. 08103) was used as a template for the
oligodeoxynucleotide primers described in Figure 7 to
PCR amplify a 920 base pair fragment containing the
splice acceptor for the human kappa light chain con-
stant domaln, the exon and a portion of its 3'-untrans-
lated region (PCR primer palr cholce was selected
based on the kappa constant reglon sequence des-

cribed by Hieter et al., Cell 22 : 187-207[1980)). The -

PCR product was purified by agarose gel
electrophoresis, digested with BamH1 endonuclease,
and subcloned into pSP72 (Promega) previously
linearized with BamH1.

The Individual clones (p8982) representing the
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pSP72 intermediate vector containing both the 184
grafted light chain variable region derived from REI
and the human kappa constantregion derived by PCR
amplification of human DNA were used to verify the
DNA sequence of the grafted light chain variable reg-
lon. The chimaeric heavy chain portion of the recom-
binant antibody was derived from the murine 1B4
heavy chain variable region fused to the human con-
stant region of gamma 4 subtype obtained from a
lambda library constructed by Flanagan and Rabbitts,
Nature 300 : 709-713 (1982).

The variable region of the chimaeric heavy chain
was constructed from three DNA fragments repre-
senting a signal sequence, a portion of the murine
1B4 heavy chain variable region, and an intronic
sequence (Figure 8), Oligodeoxynucleotide primer
pairs (Figure 9) were synthesized representing the
primers necessary to generate by PCR amplification
these three DNA fragments from 10 ng of plasmid
DNA template containing either the NEW heavy chain
variable region (M13VHPCR1) or a pSP72 inter-
mediate vector containing the IgG 2a heavy chainreg-
ion previously used to determine the murine 1B4 COR
sequence. Amplification of the 225 bp signal frag-
ment, 350 bp variable region fragment, and 230 bp in-
tron-containing fragment was performed as described
above. The agarose ge! purified products were com-
bined (10 ng of each product) with terminal primer
pairs (Figure 9) and the PCR-generated in_vitro
recombined template was amplified using the stan-
dard procedure described above for recombining the

* fragments comprising the 184 grafted REH light chain

varlable region. Prior to subcloning into a Bglll and
BamHi digested intermediate vector (pSP72) (Prom-
ega) this recombined product was similardy digested
and agarose gel purified. DNA was obtained following
growth of individual bacterial clones and submitted to
DNA sequence determination using Sequenase®
and T7 and SP6 specific sequencing primers in-order
to verify the sequence of the reconstructed variable
region and its flanking domains.

The gamma 4 heavy chain constant region was
subcloned as a 6.7 Kb Hindlll fragment derived from
the plasmid pAT84 (Flanagan and Rabbitts, supra)
into the Hind 11l site of the intermediate vector pSP72
{Promega). This plasmid (p8947) was then used as
the template DNA from which a shortened version of
the gamma 4 constant region was obtained using the
standard PCR amplification procedures described
above and the primer pairs indicated In Figure 7.
Eukaryotic expression vectors were constructed as
described below such that the heavy chain immunog-
lobulin molecule was transribed from a plasmid carry-
ing the neomycin (G418) (Rothstein and Reznikoff,
Cell 23 : 191-199[1981)) resistance marker, while the
light chain Immunoglobulin was transcribed from a
plasmid carrying the hygromycin B resistance marker
(Gritz and Davles, Gene 25 : 179-188]1983]). With the
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exception of the drug resistance portion of these plas-
mids they are identical.

The progenitor of the immunoglobulin expression
vectors was the pD5 eulcaryotic expression vector
(Berkner and Sharp, Nucl. Acids Res. 13: 841-
857[1985]) which contained the origin of adencvirus
replication, the SV40 enhancer domain, the adenovi-
rus major late promoter, the adenovirus 2 tripartite
leader, a 5’ splice donor from the adenovirus third
leader and a 3' splice acceptor derived from an
immunoglobulin lacus, a muitiple cloning site, and the
SV40 late polyadenylation signal (Figure 10). The ori-
gin of replication was removed by digestion with Eco
R1 and Kpnl and replaced by two fragments repre-
senting the neo selectable marker gene (derived from
plasmid pCMVIE-AK1-DHFR (Silberklang et al., Mod-
em Approaches ta Animal Cell Technology, Ed. Spier
stal., Butterworth, U.K., [1987]) as an EcoR1/Bam H1
1.8 Kb fragment) and the Ig heavy chain enhancer
(obtained as a PCR amplified fragment using stan-
dard procedures described above and human DNA as
the template ; the oligonucleotide primer palr Is listed
in Figure 7) following its digestion with Bgl Il and Kpn
I. The resultant expression vector was found to lack a
small portion of the TK promoter responsible for the
transcription of the neomycin gene. This was replaced
by insertion into the EcoRI site of a 0.14 kb PCR
amplified fragment derived from the CMVIE-AK1-
DHFR DNA using the primer pair also listed in Figure
7. The resultant heavy chain expression vector was
subsequently modified by removal of the indicated
Hindlll and Xbal sites. To convert this neomycin
selectable vector {p8941) into one expressing the
hygromycin B selsctable marker (p8942) (Figure 10)
the neomycin-resistance cassette was removed by
digestion first with Eco R1 followed by DNA polyme-
rase-directed fill in of the 5' overhang, then subse-
quent Sall digestion. The 1.9 kb hygromycin B
exprassion cassette [TK promoter and TK polyadeny-
lation signal flanking the hygromycin B gene obtained
from Gritz and Davies, Gene 25 : 179-188 (1983), as
the 1.9 kb BamH1 fragment in plasmid (pLG30)] was
removed from the plasmid pAL-2 by Bam H1 digestion
and subcloned into the BamH 1 site of the intermediate
vector pSP72 (Promega). The hygromycin B casselte
was removed from this vector by digestion with Smal
and Sall and cloned into the expression vector
linearized as described above to create a blunt end
and Sall end DNA fragment.

Expression of the 1B4 CDR-grafted kappa light
chain was accomplished by transferring this cistron
from its position within the pSP72 intermediate vector
to the hygromycin B selectable eukaryotic expression
vector (Figure 18). A 1.5 kb DNA fragment resulting
from the endonuclease digestion of p8952 with Spel
and Clal was purified by agarose gel electrophoresis
and ligated into the expression vector (p8942) which
had previously been linearized, by digestion with the
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same two restriction enzymes and agarose gel puri
fied.

The heavy chain eukaryotic expression vector
{p8958) was constructed in two steps (Figure 11).
First, p8949 contalning the modified heavy chain vari-
able region of murine 1B4 was digested with Bgi Il and
Bam H1. The agarose gel purified 0.8 kb fragment
was ligated into the BamH1 site of the p8941 vector
and recombinants containing this fragment in the pro-
per orientation were identified. One such plasmid was
linearized by BamH1 digestion and ligated with the
1.8 Kb BamH1 fragment representing a short version
of the human gamma 4 constant region derived from
plasmid p8947 by PCR amplification as described
above. Following the identification of clones contain-
ing these inserts in the appropriate orientation plas-
mid DNAs were grown (Maniatis et al., supra) and
purified for transfection into recipient mammalian
cells (Maniatis et al., supra ; Birbion and Doly, supra.

Equal amounts (10pg) of the plasmids encoding
the chimaeric IgG4 heavy chain and the 184 CDR-
grfted kappa light chain were transfected by standard
calcium phosphate precipitation procedures into
human 293 cells, and the monkey cells COS-7 and
CV-1P. The culture supernatant fluids were assayed
by a trapping Elisa (described below) for the secretion
of a human IgG4/kappa immunoglobulin.

An Elisa was developed for the quantitation of the
amounts of a 1B4 recombinant antibody expressed in
conditioned mammalian cell growth medium. Immu-
lon-2 (Dynatech Labs.) 96-well plates are coated
overnight with a 5 ug/mi solution of mouse anti-human
kappa chain constant domain monoclonal antibody
(cat. #MCO009, The Binding Site, Inc., San Diego, CA)
in 0.1 M NaHCO, buffer (pH 8.2) at 4° C, and blocked
with 1% bovine serum (BSA) in 0.1 M NaHCO, for 1
h at 25° C. After this and all subsequent steps, wash-
ing was perfomed with phosphate buffered saline '
{PBS). The wells are then inoculated with conditioned
medium containing recombinant anti-CD18 antibody,
or with predetemnined quantities of human IgG4/kap-
pa purified by protein A Sepharose (Phammacia Fine
Chemicals) chromatography from human igG4
myeloma serum {cat. # BP026,The Binding Site, Inc.)
All samples are diluted in PBS containing 0.05%
Tween-20. 100 pi aliquots are incubated for 1 hat 37°
C in triplicate, and standard calibration curves ars
constructed using 1gG4 concentrations ranging from
10 ng/mi to 100 ng/ml. Bound and fully assembled
human 1gG4 (either native or recombinant 184-hu-
man 1gG4 constructs) is detected with 100 ul aliquots
of a 1:500 dilution of mouse anti-human IgG4 Fc
monoclonal antibody conjugated to alkaline phos-
phatase (cat #05-3822, Zymed Laboratorles, Inc.) in
phosphate buffered saline (PBS) contalning 1% BSA.
After incubation far 1h at 37°C and subsequent wash-
Ing, the quantities of bound conjugate are detected by
Incubating all samples with'a 1 mg/mi solution of p-ni-
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trophenyi phosphate in 0. 1 M 2,2 amino-methyl-pro-
panediol buffer, pH 10.3, for 30 min at 25°C. The
adsorbance of the wells is determined with a UV Max
ELISA plate reader (Molecular Devices) set at 405
nm. All supernatant fluids from the transfected cells
are found to contain this immunoglobulin, though in
varlous amounts (Figure 12). The antibody secreted
by the transfected 293 cells Is concentrated by protein
A chromatography and the concentrations of the
recombinant human ant-CD18 antibodies deter-
mined by the trapping Elisa described above, are
used to compete with the binding of radiolabeled
murine 1B4 to the CD18 ligand on the surface of acti-
vated human PMNs. Affinities of various r-h-anti-
CD18 antibody constructs are determined using a
compaetitive 125]-1B4 soluble binding assay with stimu-
lated human polymorphonuclear leukocytes (PMNs).
Purified murine anti-CD18 monacclonal antibody (50
ng) Is lodinated using chioramine-T (Hunter, W.M.
and Greenwood, F.C., Nature 194 : 495-496, 1962),
and the radiolabeled antibody purified using a Bio-Sil
TSK250 (Biorad, Richmond, CA) gel filtration HPLC
column (which fracticnates proteins in the range of 1-
300 x 103 daltons) equilibrated in 0.1 M phosphate
“buffer, pH 7.0. Effluent radioactivity is monitored with
an indine detector (Beckman Model 170 ; Beckman,
Fullerton,CA) and total protein measured at ODyg
with a Kratos Spectroflow 757 detector (Kratos,
Mahwah, N.J.). A single 125l-1B4 peak composed of
coincident 0D,z and radioactivity tracings charac-
teristically elutes 6 minutes, 30 seconds following
sample injection. Specific activity of the product Is
generally about 10 pCifug protein, and 97-99% of the
counts are precipitable with 10% trichloroacstic acid.
The binding of this radiolabeled antibody is assessed
on human PMNs purified on a discontinuous
Ficoll/Hypaque gradient (English and Anderson, J.
Immunol. Methods § : 249-255, 1974) and activated
with 100 mg/mi phorbo! myristate for 20 minutes at
37°C (Lo et al., J. Exp. Med. 169 : 1779-1793, 1989).
To determine the avidity of antibodies for CD18
molecules on the PMN surface, about 1 x 105 acti-
vated PMNs are incubated in a buffer such as Hanks
balanced salt solution containing 20 mM Hepes (pH
7.2), 0.14 units aprotinin (Sigma Chemical Co.) and
2% human serum albumin (binding buffer) containing
1.3 ng 1261-1B4 (2.8 x 10-'* M) in the presence of
increasing concentrations of unlabeled 1B4 antibody
(107 to 10 -15 M) in & 300 ul reaction volume for 1 h
at 4°C with constant agitation. Cell bound 184 was
separated from the unbound antibody by centrifu-
gation through a 0.5M sucrose cushion (4,800 x g, 3
“minutes) ; the tubes are frozen o dry ice, and the tips
cut off and counted with an LKB gamma counter. The
1Cyg of the anti-CD18 antibody for the inhibition of 126]-
184 antibody binding Is calculated using a four par-
ameter fitter program (Rodbard, Munson, and
DelLean, in "Radioimmuncassay and Related Proced-
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ures in Medicine”, International Atomic Energy
Agency, Vienna, vol |, 469 - 504, 1978). The affinity
of the various r-h-anti-CD 18 antibodies for the CD18
ligand is detemnined in a similar manner using murine .
126|-1B4 antibody and increasing quantities, as deter-
mined by the trapping Elisa, of unlabeled r-h-antiCD
18. The results of the binding assays are shown in Fig-
ure 13 and indicate that the avidity of the chimeric
heavy chain/grafted light chain recombinant 184 anti-
body (circles) is approximately that of the murine 1B4
monaclonal antibody (diamonds).

EXAMPLE 2

Preparation of Fully Grafted Recombinant Human
1gG4 Antibodies

This example shows the production of recombin-
ant human IgG4 antibodies, whose variable domains
contain the CDR residues of the murine monoclonal
antibody 1B4. The construction of the CDR-grafted
light chain framework derived from the human sequ-
ence of RE! fused with a human kappa light chain con-
stant reglon was described In the preceding example
{Example 1).

The 1B4-specific heavy chain component of the
recombinant antibady was constructed from the 1gG4

_heavy chain constant region, described in Example 1,

fused to a pre-selected human heavy chain variable
region framewark sequence into which the 184 CDR
residues were transplanted. . The murine 1B4 MAb
m1B4 heavy chain was first analyzed to determine the
precise position of the CDR sequences. These were
determined by visual comparisons with the data sets
found In Kabat, Wu, Reld-Miller, Perry, and Gottes-
man, Sequences of proteins of immunological inter-
est. (US Dept Health and Human Services, Bethesda,
MD, 1987). Once the boundaries of the CDRs were
determined these sequences were removed to leave
the murine FRs alone. This sequence was then used
to query the human immunoglobin database which
was mainly derived from release 22 of the PIR datab-
ase (George et al., Nucl. Acids Res. 14: 11-16
(1988)). The sequence search was perforr—n.ed using
the Profile search system of the GCG sequence
analysls package {Devereux et al., Nuc. Acids Res.
12: 387-395[1984]). The matrix used for similarity
comparisons was the Dayhoff evolutionary distance
matrix (R. M. Schwartz, M. O. Dayhoff, in Atlas of Pro-
tein sequence and structure M. O. Dayhoff, Eds.
(National Biomedical Research Foundation,
Washington, DC, 1979)). Additionally, the Risler
stryctural distance matrix (Risler et al., J. Mol. Biol.
204 . 1019-1029[1988]) was used to generate the .
murine sequence profile, and the results of searches
with this query were considered with those generated
using the Dayhoff matrix. Use of the profile searching
system also allowed the weighting of specific resldues
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within the murine FR that were deemed important
based on various criteria. The sequences that
repeatedly showed the highest lavels of sequence
similarity in the database queries were then analyzed
using a pairwise comparison to the FRs of murine
1B4.The program Gap of the GCG package was used
for this analysis, because it produces an exact meas-
ure of both the ssquence similarity and identity shared
between two sequences. This method was used to
select the human sequences Gal and Jon, which
shared a similarity of 85% and 88% and identities of
79% and 75% with murine 1B4, respectively (Figure
14). To prepare a recombinant DNA representing the
184 heavy chain CDRs within each of thess
frameworks the following procedures were perfor-
med.

Two sets of four long dligonucleotides were syn- .

thesized. When each set was combined, they
encaded that portion of heavy chain corresponding to
. the murine 1B4 variable region present in the

chimaeric heavy chain expressed in Example I.- The
four oligonucleotides of each set {Figure 15, Figure
16), 1 pmole of each, were combined in a standard
PCR reaction with 2.5 units of Taq palymerase and 50
pmoles of each terminal amplifying oligodesoxynuc-
leotide (Figure 15, Figure 16). By virtue of the com-
plementary ends of the single-stranded
oligonucleotides, the polymerization-denaturation-
polymerization cycles of the polymerase chain reac-
tion result in the formation, and subsequent
amplification, of the combined sequences. Following
25 cycles of amplification the combined 0.4 Kb frag-
ment was electrophioretically purified and extracted
from an agarose gel. In parallel, two DNA fragments
representing amino terminal sequences encoding the
signal peptide and carboxy terminal sequences
encoding framework 4, splice donor, and intronic
sequences were amplified using oligodeoxynuc-
leotide primer pairs (Figure 15) and the M13VHPCR1
plasmid DNA template described in example I. These
two DNA fragments were purified by agarose gel
electrophoresis, as above, and 10 ng of each was
combined with 10 ng of the amplified variable region
fragment, 2.5 units of Taq polymerase, 50 pmaies of
terminal primers (Figure 15) and the mixture was
amplified by 25 cycles of PCR. The resuitant 0.8 Kb
fragment was digested with restriction enzymes Spe
Iand BamH 1 (Gal) and Hind it and Bam H1 (Jon). Fol-
lowing agarose gel electrophoresis, the purified DNA
fragment was ligated into the heavy chain expression

vector, p89I58, in placs of the chimaeric variable reg-'

. lon_(Figure 11). In this way, two unique heavy chain
frameworks containing grafted 1B4 CDRs (1B4/Jon
and 1B4/Gal) were constructed. Each fully grafted
heavy chain expression vector plasmid was co-
transfected with the fully grafted 1B4/RE! light chain
expression vector (Example 1) plasmid into 293 cells
and the antibody present in conditioned medium was
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isolated by protein A chromatography. The recombin-
ant humanized 184 {(h184) avidity of these two anti-
bodies for the CD18 ligand displayed on the surface
of activated human PMNs was compared with that of
the chimaeric/grafted antibody described in Example
1. Figure 20 shows that although each hetero-dimeric
antibody contains the same set of six CORs, they da
not exhibit identical avidity for the ligand. Thus, the
biological properties of an antibady molecule (is., its
avidity) rely significantly on the variable region
framework structure which support the CDR loops.
To determine the relative contribution of the light
chain variable region to the enhanced avidity of the
Gal/REl grafted hetero-dimer a second light chain
framework was constructed containing the 1B4 CDR
sequences. The light chain framework Len was iden-
tified as a donor framework sequence based upon its
selection from the database. Len was identified by
using the murine 1B4 light chain framework sequ-
ence, with CDRs removed based upon visual Identifl-
cation of the CDRs when compared to Kabat (supra),
to query the human immunogiobin database. The
methodology of the query was similar to that des-
cribed for the heavy chain FRs. Len was shown, by
Gap analysis, to be 90% similar and 81% identical to
the murine 1B4 light chaln FR. Len was thought to be
a better choice for grafting of the light chain CDRs
than REI, based on its higher levels of both similarity
and Identity to 1B4 as compared to REI (82% simil-
arity and 65% identity) (see Figure 14). A set of five
long oligodeoxynucleotides (Figure 21) representing
the Len light chain framework with 1B4 specific CDR
sequences and intronic sequences were synthesized
using 2.5 units of Taq polymerase and 50 p moles of
each terminal amplifying oligedeoxynucleotide primer
and combined by PCR, as described above for the
Jon and Gal frameworks (Figure 22). Following 25
cycles of amplification the combined 0.6 kb DNA frag-
ment was purified by agarose gel elactrophoresis. In
paraliel, a DNA fragment representing the amino-ter-
minal signal peptide was amplified using a
oligodeoxynucleotide primer pair (Figure 21) and the
M13VHPCR1 plasmid DNA template, as described in
Example 1. This fragment was also purified by agar-
ose gel electrophoresis. These two DNA fragments
are placed together, 10 ng of each, with 2.5 units of
Taq polymerase, 50 p moles of terminal
oligodeoxynuclectide primers (Figure 21) and the
entire mixture Is subjected to 25 cycles of PCR ampli-
fication. The resultant 0.8 kb DNA fragment is diges-
ted with restriction enzymes Spe | and Xba I, purified
following agarose gel electrophoresis, and ligated into
the pSP72/REl 1B4 intermediate vector which is
digested with the same two restriction enzymes and
electrophoretically purified from its liberated RE!/184
variable region containing DNA fragment (see Figure
23). The combined light chain variable region and
kappa constant region within a sequence verified
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clone (p8967) is excised by digestion with restriction
enzymes Spe | and Cla | and this 1.5 kb agarose gel
electrophorstically purified DNA fragment is cloned
into the light chain expression vector p8953, after this
latter plasmid is electrophoretically purified from its
REI/1B4/kappa light chain insert following digestion
with both Spe | and Cla | restriction enzymes. The fully
CDR-grafted Gal/1B4 heavy chain expression vector
and the fully CDR-grafted Len/1B4 or REI/1B4 light
chain expression vector DNAs (10 ug each) are co-
transfected into 293 cells and the antibody present in
conditioned medium 48 hours later is Isolated by pro-
tein A Sepharose chromatography. The avidity of
these two recombinant antibodies for the CD18 ligand
present on the surface of activated human PMNs is
determined and compared to that of the murine 184
MAD (Figure 20). The differences between the two
humanized 1B4 recombinant antibodies for the
ligand, as measured by their [Cgs, revealed that a
compairson of p values between Gal/Rei and Gal/Len
are statistically significant by the students umpaired t-
test bus the standard deviations of both Mabs overiap
{see Figure 20). Thus, although the Len light chain
variable region framework sequences, relative to the
REI light chain frameworks, show more identical resi-
dues and more similar residues when aligned to the
murine 1B4 frameworks, this has little, if any, impact
on the antibody/antigen interactions measured by avi-
dity. Comparison of the presumed three dimensional
structure of these two light chain variable regions (RE!
and Len) indicates that the alpha carbon trace of the
1B4 CDRs residing within these frameworks are
superimposable, again suggesting that the both
frameworks identically support the CDRs in space.
Does the 1B4 heavy chain variable region play a gre-
ater role in avidity of the antibody for its ligand ? To
address this question, and also to investigate the role
of a small number of heavy chain variable region
framework sequences, modifications of the Gal/1B4
fully grafted molecule are performed.

Three residues within the heavy chain variable
region of Gal/1B4 are chosen to mutate such that they
become identical to their counterparts in the murine
1B4 framework (see Figure 14). To accomplish the
mutation of three well separated residues simul-
taneously the following procedures are performed.
Four cligodeoxynucieotide primer pairs (Figure 26)
are synthesized which incorporate the deoxynuc-
leotide alterations necessary to mutate the amino acid
residues located in FR1, FR2, and FR4 of the Gal/1B4
DNA template. in this instance, the polymerase chain
reactions needed to produce four overlapping DNA

framents were amplified in such a way as to generate '

primarily single-stranded DNAs representing the out-
side two DNA framents, while the inslde two DNA frag-
ments are amplified so as to produce double-stranded
DNAs. This approach of combining four amplified
DNAs is facilitated by the above modification and,
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when combined with the use of terminal amplifying
oligodeoxynucleotide primers which are unique to
residuas found only in the outside amplified DNA frag-
ments, remove the need to purify the PCR products
between the first and second round of amplification.
Thus, asymmetric PCR is used to amplify the two ter-
minal DNA fragments. Combined into the standard
PCR amplification reactions are 50 p moles of primer
#81 and 0.5 p moles of primer #G2 (Figure 26) or 50
p moles of primer #12 and 0.5 p moles of primer #G2
(Figure 26) and the Gal/1B4 containing plasmid DNA
template (10 ng/reaction), 2.5 units of Taq polymer-
ase, and the remaining standard reaction compo-
nents. The two internal DNA fragments are amplified
using the standard procedures which include the pre-
sence of 50 p moles of each of the oligodeoxynuc-
leotide primers, 2.5 units of Taq polymerase, and the
same template DNA and reaction components des-
cribed above. Following 25 cycles of amplification (as
described previcusly) the reactions are made to con-
tain 1 ml of H,0, and each is placed in a Centricon 100
cartridge (Amicon, Danvers, MA), centrifuged for 30
minutes at 3500 x g, at 4° C, and the retentate is
resuspended in ancther 1 ml of H,O and the centrifu-
gation is repeated. The final retentate is resuspended
in 100 pl of H,0. Each of the four reaction products is
combined (1 pl of each of the retained DNA solutions),
the standard components are added, 2.5 units of Taq
polymerase, and 50 p moles of the PCR recombi-
nation amplifying primers (Figure 26), and the reac-
tion is cycled 26 times. The resultant 0.8 kb DNA
fragment is phenol extracted, concentrated by
ethanol precipitation, and digested with Spe | and
Bam H1 restriction enzymes. Following purification of
this: 0.8 kb DNA fragment by agarose gel
electrophoresis it is cloned into the heavy chain exp-
ression vector p8958, after this latter plasmid is
electrophoretically purified from its Gal/1B4 heavy
chain variable region insert liberated by digestion with
both Spe | and Bam H1 restriction enzymes. The fully
CDR-grafted Gal-m1/1B4 heavy chain expression
plasmid DNA is co-transfected (10 ug of each DNA)
with the fully CDR-grafted REI/184 light chain expres-
sion plasmid DNA or the fully COR-grafted Len/1B4
light chain expression plasmid DNA into 293 cells.

_ The resuitant antibodies present in the conditioned

medium 48 hours later are isolated by protein A
sepharose chromatography and subjected to avidity
measurements. Independent of the origin of the light
chain variable region framework, the measured avi-
dity for CD18 on the surface of activatived human
PMNs of the two antibodies is nearly identical. Again
the role of the light chaln variable region frameworks
seems to be minimal. The avidity of the mutated Gal
framework (mutated Gal/Rei, Figure 20) is signific-
antly improved relative to the non-mutated Gal heavy
chain framework (Gal/Rei in Figure 20) and its avidity
is neary equivalent to that of native m1B4 (Figure 20).
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It is concluded that one or more of the three residues
mutated contributes to the display of the CDRs (anti-
gen binding sites), thus proper framework cholice is
critical for optimal humanization of recombinant anti-
bodies. Indeed, it appears that the framewaork closest
to the CDRs dictates the final structural arrangement
of the CDRs and thus the ability to bind antigen.
Additional comparisons of the heavy chain
frameworks reveal major differences between those
of New and Jon or Gal when the packing residues are
examined (Figure 14)., Packing residues as used
herein is defined as internal or non-surface exposed
residuss of the structure that may be involved in
intrastrand or interstrand forces. These packing resi-
dues are associated with the framework regions adja-
cent to the CDRs and are invalved in the proper
orientation of the CDRs for interaction with the subst-
ance that induced the antibody formation. Only 27
of41 Internal residues of New match the correspond-
ing residues in the murine 184 framewaork. This is con-
trasted to the match of 38 of 41 residues by the human
Gal framework. The localization of the region of great-
est variation to those residues ending framework 2

may explain the differences between the Gal and Jon-

supported antibodies. This region of framework 2 Is
where these two differ and where Gal-M1 differs from
Gal.

EXAMPLE 3
Enhanced Expression Systems

This example “shows expression systems
employed to produce large quantities of recombinant
CDR-grafted IB4 antibodies as discussed in Example

"2. The first expression system applitable to many
mammalian cells utilizes the extrachromosomal
characteristics of EBNA- 1 /oriP based DNA plasmids
(Yates et al., Nature : 313 : 812, 1985). Such a vector,
pREP3 described by Hamboer et al. (Proc. Natl. Acad.
Sci. USA 85 : 4010, 1988), éontaining the hygromycin
B sslection cassette and the Rous Sarcoma Virus
(RSV) LTR for transcription of the gene of interest was
modified as disclosed. The RSV LTR, as well as the
poly A addition signal, was removed by digestion of
the pREP3 plasmid DNA with Sal | and Xba | followed
by agarose gel purification of the 8.02 Kb promoter-
less fragment. DNA from plasmid pDSmcs (see Figure
10), containing the adenovirus major late promaoter, a
multi-cloning site, and SV40 poly A addition signal
was used as the template for the PCR amplification of
those sequences beginning with the SV40 enhancer
and ending with the SV40 poly A addition signal. Inthe
process of amplification Xba | and Sal | restriction
enzyme sites were appended to the product ends by
their incorporation into the synthetic PCR
oligodeoxynucleotide primers. The expected 1.26 Kb
PCR ampilified product was agarose gel purified fol-
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lowing Its digestion with Xba | and Sal | restriction
enzymes and ligated into the 9.02 Kb EBNA/oriP
backbone vector. The resultant ptasmid (p8914) con-
stitutes a versatile mammalian expression vector into
which can be ligated either the heavy chain or light
chain expression cassette contained within plasmid
p8958 (see Figure 18) or p8953 (see Figure 6), re-
spectively. The p8914 plasmid was also the template
for the HIVLTR promoter version of the EBNA/oriP
backbone vector. In order to switch to the HIVLTR
promoter the p8914 plasmid DNA was digested with
Bam H1 and Xba 1. The 9.35 Kb promoteriess back-
bone was purifiled by agarose gel electrophoresis.
The HIVLTR promoter, from residue -117 to +80 (as
found in the vector pCD23 contalning this portion of
the HIV-1 LTR; (Cullen, Cell 46: 973[1986]) was
PCR amplified from the plasmid pCD23 using
oligodeoxynuclectide primers which appended to the
ends of the product the Spe | and Bc! | restriction sites.
Following the digestion of the resulting 0.24 Kb PCR
product with these latter enzymes the fragment was
agarose gel purified and ligated into the 9.35 Kb DNA
promoteriess DNA fragment described above. The
p8962 plasmid so constructed was also the recipient
of the heavy and light chain cassette (Figure 37). To
accomplish this the p8962 plasmid DNA was digested
within its multicloning site with Not | and Xba | so as
tolinearize the DNA, The 9.5 Kb linearized expression
vector DNA was ligated to either the 2.5 Kb heavy
chain cassette obtained by agarose gel purification of
Nottand Spe | digested p8360 DNA or the 1.5 Kb light
chain cassette obtained similarly following digestion
of p8953 DNA with Not | and Spe |. These constructed
EBNA/oriP based expression vectors,p8869 and
p8968, (Figure 38) were co-transfected into CV1P
cells {(monkey kidney cells ; Figge et al., Cell 52:
713[1988]) which constitutively express the HIV-1
TAT protein by virtue of having previousiy been trans-
fected with the ptasmid pMLTAT (Siekevitz et al., Sci-
ence 238 : 1575[1987]). The cell clones which arose
in DMEM medium containing 10% heat inactivated
newf born calf serum, 200 pg/mL of G418, and100
ug/ml of hygromycin B were picked using cloning
cylinders (Fishney, In, Culture of Animal Cells, Alan R.
Liss, Inc. New York, 1983) and expanded individually.
Clones were screened for the secretion of recombin-
ant antibody using the ELISA assay previously des-
cribed. Multiple cell clones were expanded and their
antibody secretion levels were determined to be in
ther range of 75 ng - 2 pg of antibody per 96 hours of
medium conditioning of 6 well plate cultures. The
most productive of thess clones was eventually adap-
ted to growth on microcarriers {(cyledex 3 and cultis-
phere GL) and produced approximately 100 mg/L of
recombinant antibody each 3 day harvest In serum-
free medium at a csll density of 1-2 x 108 celis per ml.
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EXAMPLE 4

In Vitro Activity Of Recombinant Human Anti-CD18
Antibodies

To increase the precision of avidity determi-
nations, the IB4 competitive binding assay of
Example 2 was modified as follows. Both miB4 (50
ng) or hiB4 (from Example 3) were lodinated using
chloramine-T, and the radiclabeled IgG purified over
a Blo-Sil TSK250 (Biorad) gel filtration HPLC column
that fractionates proteins in the range of 5-300 x 10°
daltons. Effluent radioactivity was monitored with a
Beckman #170 in-line gamma counter (Beckman, Ful-
lerton, CA), the total protein was detected by absorb-
ance at 280 nm with a Kratos Spectroflow 757
detector (Kratos, Mahwah, NJ), and the column was
equliibrated with 0.1 M phosphate buffer (pH 7.0). A
single symmetrical peak of coincident absorbance
and radioactivity tracings was routinely observed at 6
min. 30 sec. following sample injection (the retention
time characteristic of 1gG in this system). Specific
activity of the product was usually 10 mCi/mg for
m1B4 or 70mCi/mg for h1B4 ; 96-98% of the counts
were trichloroacetic acid-precipitable in either case.
SDS-PAGE and autoradiography of '25] labeled anti-
body showed that 1B4 remained intact following
radiolabeling. Using these radic-labeled probes, a
competitive 1251-1B4 suspension binding assay was
established to determine the avidity of m1B4 or r-h-
anti-CD18 (h1B4) for CD18 expressed at the leuko-
cyte surface. Human venous blood was collected
freshly Into heparin (1.0 unit/ml). PMNs were purified
on a Ficoll/Hypaque gradient and activated with 100
ng/ml phorbol myristate acetate In Hanks batanced
salt salution containing 20 mM Hepes (pH 7.2), 0.14
units Aprotinin and 2% human serum albumin (bind-
ing buffer) for 20 min at 37°C ; viability was always
>85% by tryan blue exclusion following PMA acti-
vation. After washing with binding buffer, aliquats of 1
x 105 stimulated PMNs were incubated in about 24 x
10~ M 125.1B4 in the presence of increasing concen-
trations of unlabeled murine or humanized 184 (about
10-1¢ to 10-'M) In duplicate or triplicate 300 mi
volumes for 1 h at 4°C with constant agitation. The
concentrations of purified radio-icdinated 184 or
unlabeled antibody added as a competitor were deter-
mined by U.V. absorption using an Ejg of 1.35 for
miB4, 1.25 for mutant Gal/REi h1B4, and 1.30 for alil
other h1B4 constructs [determined by the formula E
= A(Ecys) + A (Etryp) + A (Etyr) where A = the number
of residues of each amino acid ; Gill and von Hippel,
Anal. Biochem., 182: 319-328, 1989 ; the Eyq of
miB4 and Gal/Rel H1B4 were also verified by quan-
titative amino acld analysis and differential UV spec-
troscopyl. After labeling, the 1251-1B4 bound to the
cells was separated from unbound antibody by under-
laying each aliquot of PMNs with 250 ul 0.5 M sucrose
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and centrifugation (4,800 x g, 3 min.) ; the tubes were
frozen on dry ice, and the tips cut off and counted with
an LKB gamma counter. The quantity of PMN-bound
125]-1B4 for each concentration of purified unlabeled
competitor IgG was expressed as the mean CPM per
1 x 105 PMNs (+ SEM). 1Cgs for inhibition of 1251-1B4
binding were calculated using a four parameter prog-
ram ("Fitter”; Rodbard, Munson, and Delean in
"Radiolmmunoassay and Related Procedures in
Medicine®, International Atomic Energy Agency,
Vienna, vol |, 469-504, 1978). The results of the bind-
Ing assays are lllustrated in Figures 13, 20, 28, and 29
{p values are from Student’s unpaired t-test). These
data indicate that : 1) the avidity of Gal/Rei h1B4 for
PMN CD18 Is nearly comparable to that of miB4
{about 2-3 fold weaker) ; 2} the avidities of Jon/Rei
and New/Rei are still weaker than that of Gal/Rel in a
rank order that correlates inversely with their degree
of homology relative to m1B4 frameworks ; 3) the avi-
dity of Gal/Len is nearly equivalent to the avidity of
Gal/Rel ; and 4) that mutant Gal/Rei and the demi-chi-
maric construct possess affinities apparently compar-
able to that of native 1B4.

Inhibition of PMN attachment to human umbilical
vein endothelial cell (HUVEC) monclayers.

To reach tissue sites and cause inflammatory
damage, PMNs must pass out of the bloodstream.
This transendothelial migration depends on interac-
tion of PMN CD18-containing receptors with ligands
on and within the human endothelium. A direct exp-
ression of this process is reflected by attachment of
agonist-treated PMNs to the vascular surface. To
demonstrate that Gal/Rel h1B4 is a prospective anti-
inflammatory agent for use in human disease, we
determined whether this construct inhibits adhesion
of PMA-stimulated hPMNs to quiescent human
endothelial cell monolayers. Human umbilical vein
endotheiial cells (HUVECs) were grown in T-75 flasks
coated with Vitrogen 100 (Collagen Corp., Palo Alto,
CA) diluted 1 :10 with PBS and dried onto the sub-
strate. The culture medium was MCDB 107
supplemented with 15% FCS, 90 mg/ml heparin
(GIBCO), and 150 mg/m! endothelial mitogen {Biome-
dical Technologles, Inc.) ; the cells were incubated in
2.5% CO, and 97.5% air. Cultures (passages 4-8)
were dissociated with trypsin/EDTA, and the HUVECs
seeded into 96-well microtiter plates (Costar) pre-
coated with a § pug/mi solution of purified human

" plasma fibronectin in 0.1M bicarbonate (pH 8.3);

these microcultures were used for the attachment
assay upon reaching confluence. Human PMNs were
purified from peripheral blood as described above. To
measure their attachment to the HUVEC monolayers
by fluorescence microscopy, PMNs were labeled with
the vital fluorescent dye 1’,1’-dioctadecyl-3,3,3',3"-
tetramethylindocarbo-cyanine  (Dil)  (Molecular
Probes, Inc.). PMNs were incubated in a 25 mg/ml
sonicated solution of Dil in binding buffer for 10 min.
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at 37 °C, washed, and then activated with 50-100
ng/ml PMA or PDB for 10 min. at 37 °C. (These dil-la-
beled PMNs were tested in the competitive 184 bind-
ing assay to verify that their CD18 receptors were
recognized by hiB4 ; the ICsss were within the range
expected for unlabeled PMNs). PMN aliquots (in
quadruplicate) were pretreated with increasing con-
centrations of either Gal/Rei h1B4, m1B4, or the con-
trol Mab OKM-1 (associates with the CD11b
component of the CR3 receptor but does not inhibit
ligand binding). Incubation was performed for 15 min.
at 4 °C with constant agitation, and the cells placed
into the microwells containing the HUVEC mono-
layers (50,000- 100,000 PMNs/well). The PMNs wers
permitted to settie for 5 min. at 4 °C, and then incu-
bated for 15 min at 37 °C to allow firm adhesion to
occur. Unattached PMNs were removed and the cul-
tures fixed by gentle washing with 1% formaldehyde
in PBS (4 washes with an Eppendorf Plus 8 multitip
pipette). The wells were filled with a solution of 5% n-
propyl gallate in glycerol, and the attached PMNs
counted at 195 x under rhodamine illumination with an
automated Nikon Diaphot inverted flucrescent micro-
scope fitted with an autofocus device, a customized
motorized stage, and a video camera (Vidicon #8451)
connected to a Model 3000 image analyzer (image
Technology Corp., Deer Park, NY) and an IBM PCXT
computer. The mean number of adherent PMNs was
determined for each concentration of Mab tested (+
SEM), and an inhibition curve plus ICg, generated with
the "Fitter” program (Rodbard et al, supra.) ; the data
were normalized. The results of these experiments
are presented in Figure 30 and Figure 31. Both
Gal/Rel h184 and m1B4 produced congruent sig-
moidal inhibition curves with nearly equivalent ICgs
(4-8 nM) that were not significantly different by Stu-
dents’ unpaired t-test. The OKM-1 control IgG did not
Inhibit PMN attachment, Thus, Gal/Rei hlB4 inhibits
adhesion of activated hPMNSs to human umbilical vein
endothelial cell monolayers to the same extent as
native miB4 in a quantitative homotypic in vitro adhe-
sion assay, illustrating anti-inflammatory activity.

inhibition of CTL-mediated cytolysis

Cytotoxic T-lymphocyte (CTL) directed cell killing

Is an important companent of graft rejection following

tissue or organ transplantation. Since attachment to
and killing of target cells is a CD18-dependent inter-
cellular adhesive event, we determined whether
Gal/REl h1B4 inhibits human CTL-mediated cell lysis.
Human Q-31 CTL cells were cultivated in RPMI 1640
supplemented with 10% bovine calf serum and 30
units/ml recombinant human IL-2. To induce the dif-
ferentiated state, fragments of Irradiated JY human
lymphoblastoid cells were added to the media for 6-
7d. The JY cells were propagated as above except
without IL-2, and also served as targets for the Q-31
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cells. To compare the effects of m1B4 and Gal/Reil
h1B4 on cell killing, Q-31 cells were incubated in
media with various antibody concentrations for 30
min. at 25 °C before addition of the target cells. To
quantify cytolysis, JY target cells were labeled with
81Cr and mixed with effector cells at various E :T ratios
of 8 :1t0 2.5 :1 at 37 °C. After 4h, the percent of 5Cr
liberated into the cuiture medium for each concen-
tration of antibodies was determined (in triplicate) as
an index of cell killing. Cell killing curves that were
generated simultaneously with various concen-
trations of m1B4 (mOKM-I control) or Gal/Rei h1B4
{higG4 contral) were utilized to calculate ICgqs (Figure
31}. Both Gal/Rei h1B4 and m1B4 inhibited JY cell
lysis to the same extent. In each case, the mean 1Cs
was equal to about 2 nM 1B4, and the inhibition cur-
ves for both antibodies were superimposabls. These
results indicate that Gal/Rei 1B4 can prevent the
rejection of transplanted tissues and organs.

Tissue and Cellular Specificity of Gal/Rei HhB4

The process of humanization might engender
abnormal binding properties that could cause h1B4 to
associate with and accumulate in unexpected sites in
tissues, cells, and their organelles, with toxic conse-
quences. To ascertain whether the binding properties
of Gal/Rei h1B4 were altered, we compared the
immunofluorescence  microscopic  {IF) and
immunoelectron microscopic {IEM) localization of
Gal/Rei h184 and native m1B4 in varlous rabbit tis-
sues, and in human PMNs, U-937 cells, and fibrob-
lasts.

IF Staining of Tissues and Cells

Healthy 2 kg male New Zealand white rabbits
were euthanized, and approxinately 1.0 x 1.0 x 0.5
cm? tissue blocks were excised, immersed in OCT
mounting medium (Miles), and frozen rapidly in liquid
nitrogen-cooled Freon 22 (Dupont) at ~-150 °C. Sam-
ples were obtained from the following organs : bone
marrow, cerebrum, kidney, large intestine, liver,
lungs, lymph nodes, myocardium, stomach, striated
muscle (leg), and spleen, and stored at-80°C. Onthe .
day of an ‘experiment, § um frozen tissue sections
were cut with a cryostat at -20 °C, placed on poly-L-
lysine-coated glass slidss, and air-dried at 25 °C. The
sections were immediately immunostained without
fixation to avoid denaturation of CD18 antigens. In
order to inhiblt non-specific binding, slides were
washed In 0.1 M Tris-HCI buffer (pH 7.8), and incu-
bated with the clarified supernatant of a solution of 5%
non-fat dry milk (Camation) in 0.1% BSA, 0.1%, NaN,3,
and 0.1 M phosphate buffer, pH 7.8 for 1 h at 25 °C.
All subsequent staining steps were also conducted for
1 h at 25 °C with intermittent washes In 0.1 M Tris-HCl
(pH 7.8). For single-labeling experiments, the sec-
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tions were stained with a 20 pg/m! solution of primary
antibody (miB4, Gal/Rel hiB4, or higG4 control) in
staining buffer [0.1% non-fat dry mik, 0.1% BSA,
0.1%, NaN;, and 0.1 M phosphate buffer (pH 7.8)].
Bound antibodies were detected indirectly with a 25
pg/ml solution of fluorescein Isothiocyanate-conju-
gated affinity-purified goat anti-mouse 1gG, or goat
ant-human 1gG FITC conjugate (Kirkegaard and
Perry, Inc.) in staining buffer. In double-staining exp-
eriments, specimens were immunolabeled with a
mixture of primary antibodies (4 pg/ml m1B4 and 1
pg/ml h1B4 in staining buffer centrifuged at 12,000xg
for 15 min.), followed by a clarified mixed-antibody
detection solution’ [25 ug/m! fluorescein iso-
thiocyanate-conjugated affinity-purified goat anti-hu-
man g8 and 25 jug/ml  rhodamine
Isathiocyanate-conjugated affinity-purified goat antl-
mouse IgG (Kirkegaard and Perry; Inc.) in staining
buffer]. Controls for the dualdabeling experiments
were clarified solutions of mixed m1B4 plus higG4 (1
pg/mi of each antibody), or m1B4, Gal/Rei h1B4, and
higG4 dissolved alone at 1 1g/mi IgG in staining buf-
fer ; IgGs wers localized on the sections with the
mixed-antibody detection solution described above.
Coverslips were mounted on the slides with a salution

. of 5% n-propyl gallate in 30% glycerol and 10% 1.0 M
Na-bicarbonate, and the sections studied with a Zeiss
Photomicroscope il equipped with epifluorescence
llumination and flucrescein & rhodamine interference
filter combinations. Photomicrographs were taken at
16x or 40x with Zeiss neofluar oil-immersion objective
lenses using liford HP-5 high-speed film at speeds of
1600-6300 ASA.

The IF staining patterns of Gal/Rei h1B4 and
m1B4 in rabbits are summarized in Figure 32, Specific
CD18-positive IF labeling for both recombinant and
native |B4 IgGs was observed in tissues known to
contain leukocytes. There was no detectable differ-
ence in IF distribution or intensity observed with
Gal/iRei h1B4 versus m1B4, and contro! tissues
treated with higG4 or buffer were always negative. By
far, sections of bone marrow presented the most
intense CD18 staining with either species of IB4 ; 79%
of these cells exhibited cytoplasmic labeling. Leuko-
cytes of the spleen and the lymph nodes were stained
more irregularly and with lower intensity. A conspicu-
ous population of resident leukocytes was detected in
the lungs, and to a much lesser extent In kidney
glomerull. Surprisingly, no CD18 staining was seen in
the microglial cells of the cerebrum or in the Kupffer
cells of the liver. The other tissues were completely
unstained. Titration of the primary antibody solution
indicated thata1.0 ig/mi solution of hiB4 or miB4 was
the minimum concentration of either antibody
required to obtain maximum IF staining of bone mar-
row sections.

Dual IF stalning experiments were conducted to
determine whether the antigens recognized by
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Gal/Rei h1B4 and m184 are colocalized in the same
cells. Cryosections of bone marrow, spieen, or lymph
node were double-labeled with mixtures of Gal/Rei
h1B4 and m1B4. As illusirated in Figure 33 for bone
marrow, avery cell that was positively stained with
miB4 was also labeled with Gal/Rei h1B4. In the con-
trol groups, Gal/Rei hiB4 staining (detected under
fluorescein optics) was specifically eliminated by sub-
stituting higG4 for h184 In the primary antibody mixt-

.ure, while retaining the m1B4 labeling (visualized with

rhodamine filters). With the converse control, removal
of miB4 from the mixture of primary antibodies
ablated the rhodamine labeling, but had no effect on
the fluorescein staining generated by Gal/Rei h1B4.
These 1B4-colocalization results were therefore
highly specific : .

Thsee data indicate that native and Gal/Rei
humanized 1B4 were Iocalized in the same cells
{leukocytes) and exhibited identical staining specifi-
city and intensity in various rabbit tissues. The highest
levels of CD18 labeling were observed Iin those tis-
sues which contain large numbers of leukocytes, with
the bone marrow presenting the most intense stain-
ing. Therefore, our humanization process has not
altered the specificity of 1B4 IgG detectable at the
light microscopic level of resolution.

|EM Staining of Human Cell Organelles.

Double iabel immunoelectron microscopic exp-
eriments were conducted to compare the specificity of
Gal/Rei h1B4 and m1B4 at the subcellular/sup-
ramolecutar level of resolution. CD18 antigens have
been localized to the specific granules of hPMNs and
monocytes via IEM with 60.3 (another Mab that rec-
ognizes CD18 ; Singer et al., J. Cell Biol, 109 : 3169-
3182 [1989]). Therefore, we determined whether
GalfRei h1B4 and miB4 were codistributed in these
granules. Human PMNs were isolated from venous
blood as described above and prepared for [EM via a
modification of a published method (Singer et al,
supra). Briefly, the PMNs were fixed with a solution of
3.5% paraformaldehyde and 0.05% glutaraldehyde in
0.1M Na-cacodylate (pH 7.2}, 0.1M sucrose, and a
mixture of broad spectrum protease inhibitors. Fixa-
tion was perfomed under microwave irradiation until
the cells reached 45°C (45 sec.), followed by quench-
ing with excess buffer at 4°C. Cell pellets were
embedded in 7% acrylamide, infiltrated with 2.3M suc-
rose in 0.1M phosphate (pH 7.2), frozen in liquid pro-
pane (-190°C) and cut into uitrathin (~80 nm)
cryosections. The specimens were double labeled
with Gal/Rei h1B4 and m1B4 using 5 nm and 10 nm
protain-A colloidal gold conjugates (Janssen Life Sci-
ence Products) as described, and analyzed at
29,000x with a JEOL 100CX transmission electron
microscope. A summary of the immunostaining
resuits for PMNs is shown in Figure34. Both Gal/Rei
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hiB4 and m1B4 were colocalized in specific
granules ; negative controls showed that the colloidal
gold probes were not cross-reacting nonspecificly.
Further, Gal/Rei h1B4 and m1B4 were also col-
ocalized within a population of cytoplasmic granules
. in U-937 cells (a human myelomonocytic line), but not
In human lung fibroblasts (IMR-80). These obser-
vations strongly suggest that the binding specificity of
Gal/Rel IB4 Is comparable to that of miB4 at sup-
ramolecular resolution.

EXAMPLE 5

In Vivo Activity Of Recombinant Human Anti-CD18
Antibodies

The In vivo potencies of murine 1B4 (m1B4) and
humanized 1B4 (hIB4) (Examples 2 and 4) were com-
pared in the rabbit by assessing their abillity to inhibit
dermal inflammation, manifest as PMN accumulation
and plasma extravasation, elicited by intradermal
administration of C5a.

The dorsal hair of female New Zealand White rab-
bits (2 -2.5 kg) was shaved at least 24 hours pricr to
experimentation. Rabbits were anesthetized with an
intramuscular injection of Ketamine HCI (60 mg) and
Xylazine (5 mg).['?5]}-Bovine serum albumin (10 pCi)
was Injected into the marginal ear vein, as a marker
of plasma extravasation. Groups of animals were then
treated with saline, m1B4 administered intravenously
at 0.07, 0.21 or 0.7 mg/kg, or h1B4 administered
intravenously at 0.1, 0.3 or 1 mg/kg 15 minutes before
initiation of the demmal inflammation. Thereafter,
human recombinant CSa (100 pmol), or saline, in a
volume of 50 pi was injected intradermally into 4 rep-
licate sites in the dorsum. Three hours later, a blood

sample (1 mi) was taken and centrifuged (8000g; 3

min ; 20°C) to prepare cell-free plasma which was
aspirated and retained. Animals were then
euthanatized with approximately 750 ul Socumb
(Sodium Pentobarbital 389 mg/m! in 40% isopropy!
alcohol), and injection sites were excised using a
mm biopsy punch. Radioactivity (['25]) present in skin
samples and cell-free plasma (50 ul) was quantified
using a gamma counter. By reference to the specific
radioactivity of the celi-free plasma, the extent of
plasma extravasation was expressed as p! plasma
equivalents per 6 mm biopsy. The skin blopsy was
then homogenized in 5 ml of 0.5% Hexadecyltrimethyi
ammonium bromide (HTAB) using a polytron
homogenizer. Chloroform {1 ml) was added to the
. .sample, which was vortexed and centrifuged (1600g;
15 min. ; 20°C). Four aliquots (50 ul) of the aqueous
supernatant were added to wells in a 96 well plate for
measurement of myeloperoxidase (MPO) activity, as
an index of PMN content. Duplicate wells of the 86
well plate received 200 mi buffer (KH,PO; 44 mM ;
K,HPO, 6 mM ; H,0, 0.0015% ; pH 6.0) alone (back-
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ground) and duplicate wells received buffer contain-
ing MPQO substrate (3',3-Dimethoxybenzidine dihyd-
rochloride ; 360 pg/ml). Reactions were allowed to
praceed for 15 min. at rcom temperature, and MPO
activity was measured as the change in absorbance
in a plate reading
spectrophotometer. By reference to a standard curve
constructed using known quantities of rabbit PMN in
HTAB, the extent of PMN accumulation in each skin
biopsy was estimated.

The injection of CS5a into the skin of rabbits prat-
reated with saline produced significant increases in
PMN accumulation (Figure 35) and plasma extravas-
ation (Figure 36) compared with skin sites Injected
with saline. In animals pretreated with either m1B4 or
h1B4 there was dose-related inhibition of both PMN
accumulation (Figure 35) and plasma extravasation
(Figure 36). Both antibodies were of comparable
potency, as Indicated by the estimated EDg, values
for inhibition of PMN accumulation and plasma ext-
ravasation which were approximately 0.15 mg/kg for
both m184 and h1B4.

Claims

1. A method for producing a humanized recombin-
ant immunaglobulin comprising :

8. preparing polymerase chain reaction prim-
ers to amplify the variable portion of the light’
and heavy chain of a murine antibody which
binds to a predefined antigen ;
b. using the primers to amplify the variable
portions of both heavy and light chains and
sequencing the resulting nucleotide chains ;
¢. determining the murine complimentary
determining regions of the heavy and light
chains ;
d. selecting human variable heavy and light
chain frameworks which show a high degree
of amino acid similarity with the variable heavy
and light chain framework of the murine
immunoglobulin ;
e. selecting human constant heavy and light
chain frameworks ;
f. grafting the murine complimentary determin-
ing regions of section ¢ to the human
framework regions of section e ;
g. Incorporating the complete DNA sequence
for the humanized recombinant immunog-
lobulin into an appropriate expression vector;
h. transfecting host cells with the expression
vector of sectiong;
1. growing the transfected cells of section g in
an environment in which the humanized
recombinantimmunoglobulin will be produced
by the transfected cell ;
J- collecting the immunoglobulin,
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2. The method of claim 1, section d wherein the
selsction process will include one or more of the
following steps :

a. comparing the framework sequences of the
murine monoclonal antibody from which the s
CDRs have been remeoved with all human
heavy chain variable and light chain variable
framework sequences ;

b. closely comparing the non-surface exposed
residues ; 10
¢. comparing the tertiary and quanternary '
structural mode! of human framework sequ-
ences with CDRs in place for comparison with
models of the original animal monclonal anti-
body; ) 15
d. screening of human genomic DNA with

DNA probes corresponding to framework
sequences In chosen animal monoclonal anti-

body.
20
3. A polymerase chain reaction method for the sim-
ultaneous synthesis and assembly of at least four
deoxyofigonuclectides. ’
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MOUSE LIGHT CHAIN VARIABLE REGION
S’ UPSTREAM PRIMER - FR1 OF VARIABLE REGIDN
5'- TCT CGGAIC CGA (CT)AT (TC)GT GCAC)T (GCYAC CCA (GAY-3'
BAM H1
3’ DOWNSTREAM PRIMER - KAPPA CONSTANT REGION
5'- TCT CAA GCT TTG GTG GCA AGA T(GA)G ATA CAG TTG GTG CAG C -3’
HIND III

MOUSE HEAVY CHAIN VARIABLE REGION
5' UPSTREAM PRIMER - FR1 OF VARIABLE REGION

i) 5'- TTC TGG ATC CCCG)A GGT (GCT)CA (AG)CT GC(AC>A GC(GC>A GTC (TAXGG -3’
BAM H1

i1) 5'~ TTC TGG_ATC CCCG)A GGT <GCT)AA GCT GGT G(GC)A GTC (TAGG -3’
BAM H1

3’ DOWNSTREAM PRIMER - lgG2a CH1 REGION
5'- TCT CAA GCT TAC CGA TGG ¢(GAYGC TGT TGT TTT GGC -3’

HIND ITI

FI1G. 1

LV 0LE 8E 0 d3
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-4

VL
CDR1

CDR2
CDR3

F16. 2A

PCR /

Primers

CH2 CH2
CH3 CH3
COCH

NH

Wvolesey 0 d3
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FIG.28B
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Fx4

1B4 HEAVY CHAIN

Asp*

r la Al ly P Tyr Tyr Met Ser] Trp
Val Arg Gin Thr Pro Glu Lys Arg Leu Glu Leu Val Ala [Ala tle Rsp Asn Asp
Gly Gly Ser lle Ser Tyr Pro Asp Thr Val Lys Gly] Arg Phe Thr lle Ser Arg
Asp Asn Ala Lys Asn Thr Leu Tyr Leu Gin Met Ser Ser Leu Arg Ser Glu Asp
Thr Ala Leu Tyr Tyr Cys Ala Arg [6In Gly Rrg Leu Arg Arg Asp Tyr Phe Asp
Tyr] Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr....

1B4 LIGHT CHAIN-1

le_Val Thr Gin Ser Pro Ala Ser I ly Gin Arg Al
Thrlle Ser Tyr [Arg Ala Ser Lys Ser Val Ser Thr Ser Gly Tyr Ser Tyr Met
ms_]ImAan!n_ﬁm_Lxs_Em.ﬁJy_ﬁm.ﬂn Pro Arg Leu Leu lle Tyr [Leu Dal
eu Glu Se ly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr

Agp___E_b_g_:[m_Lgu Asn lle His Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr
Cys [GIn His 1le Arg Glu Leu Thr] Arg Ser Glu Gly Gly Pro Ser Trp Lys ter

F16. 3A

lvolE8Er 043
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:14

1B4 LIGHT CHAIN-2

Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gin A rg Ala

la Ser 6l Me

[
His] Trp Tyr Gin Gin Lys Pro Gly Gin Pro Pro Lys l.au_Lau_ue_‘[xr_Lﬂm_mn
Ser Asn Leu Glu Ser) Gly lle Pro Ala Arg Phe Ser Gly Ser Gly Ser Arg Thr

Asp Phe Thr Leu Thr jle Asn Pro Val Glu Ala Asp Asp Val Ala Thr Tyr Tyr
Cys [6in Gin Ser Asn Glu Asp Pro Leu] Thr Phe Gly Ala Gly Thr Lys Leu Glu
Leu Lys Arg Ala Asp...

[CDRs] ; underline = homology to protein sequence
Asp* determined from N-terminal amino acid sequencing; PCR primer
encoded GAG for Glu

F16. 3B

IV 0LE 8EP 0 d3
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#S1
#R1

#R2
#R3

#R4

#R5

#R6
#11

5- CAT TCG CTT ACC AGA TCT AAG CTT ACT AGT GAG ATC ACAGTTCTC TCTAC -3'

Bglil HindIl Spel
5- GCC ATAACT ATC AAC ACT TTC ACT GGC TCT ACA GGT GAT GGTCACTCT GTC -3

5- GTG TTG ATA GTT ATG GCA ATT CTT TTATGC ACT GGT ACC AGC AGAAGC CAGG -3
5- GATTCT AGG TTG GAT GCA CGG TAG ATC AGC AGC TTT GGAGC -3

5 GCATCC AAC CTAGAATCT GGT GTG CCAAGC AGA TTCAGC 3
5- GGATCC TCA TTA CTT TGC TGG CAG TAG TAG GTG GCGATG TC -3

5- CAA AGT AAT GAG GAT CCT CTC ACG TTC GGC CAA GGG ACC AAGGTG-3

5- GAATGTGCCTAC TTICTA GA G GAT CC AACT GAG GAA GCAAAG -3
Xba | Bam H1

PCR RECOMBINATION AMPLIFIERS

#A1
#A2

5- CAT TCG CTT ACC AGA TCT -3'

5- GAA TGT GCC TAC TTT CTA G -3'

FIG. 4

Ivoleeey 043
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XhoI(4) Human C -koppa by PCR

Hind [TL{16) :
Sph1(26) BamHI \Z Kbal BomHI
Pst1(32) . Y ' »
Sal1(34) (0.9kb)
Xgul(ﬂ?() ) ‘ -
amHI(46
XhoI(4)
S'R“PQQ) Hind III(16)
ool SphI (26)
Sac L (65) : ' Pet 1(32)
EcoRI(67) SoLI(34)
ClaI(74) Yo (40)
gl
g
Nde1(2379) BamHI Xbal (54)

NdeI(3309), IC
Sspl(2942)

Sspl(2012)

ColEI Ori

pSP72 /HUMAN C-
Kappe (3.4 kt})

C
17

Amp R
Amp R

\

__-SacI{60)

Human C- Kappa

SacI(569)

BamHI(977)
Smal{983)
Kpn1(989)
Soc1(995)
EcoRI(997)
Clal(1004)
EcoRV(1011)
BglLII(1015)

LV 0LE 8EY 0 43
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Xhol(4) (From FIG. 6A)
Hind 11 (16) HnidL+

Spel(22) )
CDR-grofted(Rei) 1B4 VK

Nde1(3848)
Sspl(3481)
BamHI(587
" _-Xbal{593
Sac1(599)
Human C-Kappa

SacI(1108)

AmpR

pSPT2/Rei1B4
_ Koppo(4.0kb)

(4>

BamH]I(1516)
Smol(1522)
Kpn1(1528)
SacI(1534)
EcoRI(1536)
Clal(1543)
EcoRV(1550)
BglII{1554)

Spel + Clal
\1.5 kb Koppa Chain)

~ (Cont.on FIG. 6C) L Spel +Clal

Xbal |Hridi+Xbal COR-grafted (Rei) V-Kappa by PCR

HindII  Spel Xbal

(0.6 kb)

BamH1(6)

PvuI(5523)

Pst1(5393) tk-HygB

BamHI
(1995)

Ad2 MLP
Pvull{2993)

Not1(3429)
NdeI(3423)

Clal(3417)[ |Spel(3399)
Nnel34t) BemHicsaes  F IG. GB

v ole8er0d3a

PFIZER EX. 1502
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(From FIG. 6B) I

PvuI{7010)
Pst1{6880)

pD5/1gH-Enhancer/HygB/
Humanized 1B4- Kug’pa
(Re1Framework) (7.7kb)

Kpnl(2347)

Not1(4916) V40 Enhancer

Ndel (4910)

Clol(4904) Ad2 MLP
Eg%Fg((zgg]{ ; PvulI(2993)
Kor1(4891) Boci336e)
BamHI1(4889) Spel(3399)
BamHI (3964) KpnI(3717)
BamH1(3888)  Kpnl(3815)
FIG. 6C

WY OLE 8EV 0 d3
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SHORTEN VERSION OF THE IgG4 HEAVY CHAIN CONSTANT REGION

S-ATTTGGATICC TIC TAGA CATCG CGG ATAGAC AAGAAC -3
BamHt Xbal

5-AAT MTWAMAIQAGQIQAAGTATGTAGAOGGGGTACGG'
Not | Cial Sac |

TK PROMOTER FRAGMENT
5-TAT AGAATT C GG TACCCTTCATCCCCGTGG CCC G -3
EcoR1  Kpnl
5-TGC GTGTTC GAATIC GCC-3'
Eco R1

Ig H ENHANCER

5-TTT TAGATC T GT CGA CAG ATG GCC GAT CAG AAC CAG -3'
Bgl i Sall
5-TTG GIC GAC GGT ACC AAT ACATTT TAG AAG TCG AT -3'
Sall Kpn |

HUMAN KAPPA CONSTANT REGION
5.TCT CGG ATC CTC TAG AAG AAT GGC TGC AAAGAG C-3'
5-TCT CGC TAG CGG ATC CTT GCA GAG GAT GATAGG G -3’

FIG. 7

v ole 8ey 0 d3
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#8581
#C1
#C2
#C3

#C4
#11

5'- CAT TCG CTT ACC AGA TCT AAG CTT ACT AGT GAG ATC ACA GTT CTC TCT AC -3'
Bglll HindIll Spel

5- GAT GTG AAG CTG GTG GAGTCA G -3'

5. .QIQQAG_QAG.QH_QAQAEGGAGTGGACAOCTGTGGAGAG-S'
5" TGA GGA GAC TGT GAG AGT GGT G -3'

5 CTC TCA CAG TCT CCT CAG GTGAGT CCTTAC AACCTC TC -3'
5- GAATGT GCC TAC TTLCTA GA G GAT CC A ACT GAG GAA GCA AAG -3
Xbal Bam H1

PCR RECOMBINATION AMPLIFIERS

#A1
#A2

§- CAT TCG CTT ACC AGA TCT -3
5- GAA TGT GCC TAC TTT CTA G -3'

FIG. 9

LV ole 8ey 0d3
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1

SV40L(Aln

BamH1{1406)
Spel(1413)

Sac1{1419)
Nhel(1425) CMVIE
Clal{1431) Promoter

\'NdeI(1437)
e SlETOS)

EcoRI +
BamHI(1.8 kb)

Kpnl+
EcoRI{3.9 kb)

FIG. 10A

EcoRI(1)

SV2-DHFR

(0.3kb)

(Cont. on FIG. 10B)

IgH enhancer by PCR
BglIl, Sall Kpnl

tvoleseygd3a
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EP 0438310 A1

[ {From FIG.10A
EcoRI(1)

Pwl(5472)
Pstli5342
o) Ap tk-Neo

{p8928)
pD5/1gH-Enhancer/Neo

Sal1{1957) tke Promoter

, Ad2 Leader 1gH -Enhancer (Octomer and CAT
SVA0L(A)n e 6(981’52296) Region by PCR)
. nhancer :
Not1(3379) X EcoRl EcoRI_
NdeI(3373) * Adz MLP
Clal(?i367)) Pvull{2942) (0.1kb)
Nhel{3361
Sacl(3355) EcoR1
Spel(3349)

KpnI(6109), tk
EcoR1(6103) EcoRI{1)

“ Pull5472)
Pst1(5342)

tk-Neo

(p8941) .
pD5/IgH-Enhancer/Neo

(6.2 kb)
Adz MLP IgH-Enhancer

(Hind ITI minus)(2662)
PvulI(2942)

F16. 108

38
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Xhol(4)
Hind LI1(16)
Sphli@) Chimeric 184 VH by PCR
Pst L
Hind Tl
Sal1(34)
Xba1(40) Bgll, | ,Spel BamHl

.}

- (0.8 kb) ‘

Sac1(65) EcoR1(6!
EcoRI67) coRTGI03)
ClaI(74) Pvu1(5472)

s NdeI(2379)

6!

1k - Neo
- (p8941) :
pDS/ IgH-Enhancer/Neo

SspI(2012) (6.2 kb)

LY 0LE 8EY 0 &3

Sali{1957)
1gH-Enhancer

(2.5kb) Kpn1(2296)

Amp R NotI(3379) {HindTIT minus)(2662)
Ndel(3373)
—y Clo[(3367)
Bglll Nhel{3361)

(Cont. on FIG. 11B) FIG.11A  BomHi3342
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Xhol(4) [ (FROM FI1G. 11A)
Hind111{16)

Sph1(26)

PstI{32)

Sall(34)

Xba1{40)

BamHI{46)
Ndel(3101), \ Smal{106) :
8591(2734) ’ A, Chimeric 184 VH
SP6 indI11{615)
Neo 1(747)
. (98349} . Spel(795)
pSP72/C m;:nc 184 V;{7 2 Hind II1(801) Bam HI
(3.2 kb) Bgl 11(807)
' Bgl Il + BamH1
' 8kb VH
AmpR (0.8 kb VH)
ColE1 Ori tk
Kpnl(6869)
EcoR1(6863)\ \ ECORTIT)
Pvul(6232)
Pst1{6102) tk~Neo
pD5/1gH-Enhancer/Neo/
\ORI ~ (7.0kb) ég“;%gggﬁe‘
n
SV4OL{Aln SV40 Enhoncer
d2 MLP
. 4 %2942)
Not[i4139) g eader
Clol14127) Spel(3353)
Nhe1(4121) Nco1(3401)
Sacl{4115) Hind I11{3533)
SpeI(‘(ﬁOS),
BamHI{4102 '
F1G. 118 Smal(4042) (Cont. on FIG.11C) |

40
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Humon C-gammaH by PCR
Bam HI  Xbal spel S10L Noct
\/

L

(1.8 kb)

~ Kpnl(8623)
- EcoRI(8617)

PvuI(7986)
Pst1{7856)

FROM FIG. 118}

BomHI +Not1

SalI(1957)
[gH-Enhancer

Human C-Gamma 4 KpnI{2296)

SVA4OL(Aln (8.7 kb) / SV40 Enhancer
Not1(5893) - AdZ Leaden7 J-Ad2 MLP
Clal(5887) Chimeric 184 VH,Z x‘;};‘f&(&gﬁa
Sacl{5881) Bql11(3268)
Short Human C-Gamma 4 Hind 111{3347)
Pst1(4887) Spel(3353)
Bql 11{4856) Ncol(3401)
Hind I11{3533)
Xbal{4108)! \ Smal{4042)
BamHI(4102) .

FI16. 11C

41
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TRANSIENT EXPRESSION OF THE 1B4 CHIMERIC HEAVY CHAIN: GRAFTED RE1/1B4 LIGHT CHAIN
RECOMBINANT ANTIBODY IN CV1, COS7, AND 293 CELLS

ANTIBODY

CELL LINE : (ng/mL)
cvl 50
cvi 31
. C0s7 1
Cos7 82
293 385
293 207

FI6. 12

LIV OIEBEr 0 d3
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3000}
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HUMAN PMNs
2000} g
1000}

0 | 1 I N 1 1 1 o> J
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MOLAR CONCENTRATION ADDED

FIG. 13
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HEAVY CHAIN

NEW: QVQLQESGPGLVRPSQTLSLTCTVSGFTFS
1B4: DVKLVESGGDLVKLGGSLKLSCAASGFTFS
Jon: DVQLVESGGGLVKPGGSLRLSCAASGFTFS
Gal: EVQLVESGGDLVQPGRSLRLSCAASGFTFS

[NDYYT) WVRQPP
[DYYMS] WVRQTP
[{TAWMK] WVRQAP
(BLGMT) WVRQAP

Gal-Ml: G
GRGLEWIG [YVFYHGTSDDTTPLRS~] RFTMLVDTSKNQFSLRL
EKRLELVA [AIDNDGGSISYPDTVKG) RFTISRDNAKNTLYLOM
GKGLEWVV [WRVEQVVEKRAFANSVNG] RFTISRNDSKNTLYLQM
GKGLEWVA [NIKZBGSZZBYVDSVKG)] RFTISRDNAKNSLYLQM
L ’
: $Id
" SSVTAADTAVYYCAR [-=-=-NLIAGCIDV)WGQGSLVTVSS... 55
SSLRSEDTALYYCAR [~QGRLRRDYFDY]WGQGTTLTVSS...
ISVTPEDTAVYYCAR [VPLYGBYRAFNY]WGQGTPVTVSS... 78
NSLRVEDTALYYCAR [=====~ GWGGGD-]WGQGTLVTVST. .. 82
' L © BS

FIG. 14A

IV ole 8ty 0 d3
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LIGHT CHAIN

REI: DIQLTQSPSSLSASVGDRVTITC [RASGNIHNYLA-—-=«=-~]WY
1B4: DIVLTQSPASLAVSLGQRATISC [RASESVDSYGNSFMH-~-]WY
Len: DIVMTQSPNSLAVSLGERATINC [KSSQSVLYSSNSKNYLA]WY

QQOKPGKAPKLLIY [YTTTLAD) GVPSRFSGSGSGTD?TFTISSL
QQKPGQPPKLLIY [RASNLES] GIPARFSGSGSRTDFTLTINPV
QQKPGQPPKLLIY [WASTRES] GVPDRFSGSGSGTDFTLTISSL

$1d
QPEDIATYYC [QEFWSTPRT] FGQGTKVVIKR... - 69
EADDVATYYC [QQSNEDPLT) FGAGTKLELKR... '
QAEDVAVYYC [QQYYSTPYS) FGQGTKLEIKR... : 81

$Id percent identity to 1B4 FRs

FI6. 148

tvolceer 0d3a
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SIGNAL FRAGMENT
. 5- CAT TCG CTT ACC AGA TCT AAG CTT ACT AGT GAG ATC ACA GTT CTC TCT AC -3

“GAL"/1B4

#G1  5-GAG GTG CAG CTG GTG GAG TCT GGG GGA GAC CTG GTC CAG CCT GGG AGG TCT CTG AGA
CTCTCCTGT GCA GCCTCT GGATTC -3

#G2 5. ATC ATT ATC AAT GGC TGC AAC CCA CTC CAG CCC TTT TCC TGG

' AGC CTG GCG GAC CCA AGA CAT GTA ATA GTC ACT GAA GGT -3'

#G3 5 -GGTGGTAGC ATC TCT TAT CCA GAC ACT GTG AAG GGC AGA TTC ACC ATC TCC AGA GAT AAT
GCC AAG AAC TCC CTG TAC CTG CAA -3

#G4

CGC ACA GTA ATA CAG GGC CGT GTC CTC AAC TCT CAG GCT GTT CAT -3°

VARIABLE REGION AMPLIFIERS
#A3 5- GAG GTG CAG CIG GIG GAG TC -3'
#A4 5-GAC CAG GGT ACC TTG GCC CC -»

¥#S1
#GSs 5
FRAMEWORK 4/INTRON FRAGMENT :
#G6  5-GGC CAA GGT ACC CTG GTC ACA GTC TCC ACA GGT GAG TCC -3'
#12  5- GAA TGT GCC TAC TTT CTA GAG GAT CCT ATA AAT CTC TG -3

F16. 15A

GGA GTG GAC ACC TGT GGA GAG -3

ATG AAC AGC CTG AGA GTT .
5- GAC CAG GGT ACC TTG GCC CCA GTA GTC AAA ATA ATC ACG TCG TAA TCT CCC CTG TCT

IWOlEBEY 0d3 -
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F24

"JON"/1B4
#J1

#J2

#J3

#J4 -

5" GAT GTG CAG CTG GTG GAG TCT GGG GGA GGA CTG GTC AAG CCT GGG GGG TCT CTG AGA

CTCTCCTGT GCAGCCTCT GGATTC ACCTTC AGT GAC TAT TAC -3

5'- ATA AGA GAT GCT ACC ACC ATC ATT ATC AAT GGC CAC AAC CCA CTC CAG CCC TTT TCC TGG

AGC CTG GCG GAC CCA AGA CAT GTAATAGTC ACT GAA GGT -3

5- GGT GGT AGC ATC TCT TAT CCA GAC ACT GTG AAG GGC AGA TTC ACC ATC TCC AGA AAC GAT

TCA AAG AAC ACG CRG TAC CTG CAA ATG ATC AGC GTG ACC CCC -3'

5- GAC AGG GGY ACC TTIG GCC CCA GTA GTC AAA ATA ATC ACG TCG TAA TCT CCC CTG TCT

CGC ACA GTA ATA CAC GGC CGT GTCCTC GGG GCT CAC GCT GAT CAT -3'

VARIABLE REGION AMPLIFIERS

#AS
#A6

5- GAT GTG CAG CTG GTG GAG TC -3 -
5- GAC AGG GGT ACC TTG GCC CC -3

SIGNAL FRAGMENT

#51
#J5

5- CAT TCG CTT ACC AGA TCT AAG CTT ACT AGT GAG ATC ACA GTT CTC TCT AC -3

5- CIC CAC CAG CTG CAC ATC GGA GTG GAC ACC TGT GGA GAG -3

FRAMEWORK 4/INTRON FRAGMENT

#J6
#12

#A1
#A2

5- GGC CAA GGT ACC CCT GTC ACA GTC TCC TCA GGT GAG TCC -3'
5- GAA TGT GCC TAC TTT CTA GAG GAT CCT ATA AAT CTC TG -3'

| PCR RECOMBINATION AMPLIFIERS USED FOR BOTH CONSTRUCTIONS

5. CAT TCG CTT ACC AGA TCT -3'
5. GAA TGT GCC TAC TTT CTA G -3

F16.158

v olE ey 0 d3
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S1

s FE
i N
- G5 |
f 1
| ]
[ |
'
PCR i G - G3
— ;- B pa—
_ A3 G2 G4
Af PCR
—>
T |
PCR
RE
Signal FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4
FI1G.16

IV GIEB8EY 0 d3
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4

GAG GTG
Glu val

AAA CTC
Lys lLeu

GTT CGC
val Arg

GGT GGT
Gly Gly

GAC AAT
Asp Asn

ACA GCC
Thr Ala

TAC TGG
Tyr Txp

AAG
Lys

TCC
Ser

CAG
Gln

AGC
Ser

GCC
Ala

TTG
Leu

GGC
Gly

CTG
Leu
TGT
Cys

ACT
Thr

ATC
Ile

AAG

Lys

TAT
Tyr

CAA
Gln

GTG
val

GCA
Ala

CCa
Pro

TCT
Ser

AAC
Asn

TAC
Tyx

GGC
Gly

GAG
Glu

GCC
Ala

GAG
Glu

TAT

Tyr

ACC
Thr

TGT
Cys

ACC
Thr

TCA
Ser

TCT
Ser

AAG
Lys

CCA
Pro

CTG
Leu

GCT
Ala

ACT
Thx

GGG

Gly

GGA
Gly

AGG
Arg

GAC
Asp

TAC
Tyr

AGA
Arg

CTC
Leu

27
GGA
Gly

81
TTC

‘Phe

135
CTG
Leu

189
ACT
Thr

243
CTA
Leu

297
CAG
Gln

351

ACA
Thr

GAC
Asp

ACT
Thr

GAG
Glu

GTG
val

Gln

GGG
Gly

GTC
val

FIG. 17

TTA GTG
Leu Val

TTC AGT
Phe Ser

TT6 GTC
Leu Val

AAG GGC
Lys Gly

ATG AGC
MET Ser

AGA TTA
Arg Leu

TCC TCA
Ser Ser

ARG
Lys

GAC
Asp

GCA
Ala

CGA
Arg

AGT
Ser

CGA
Arg

GCC
Ala

crT
Leu

TAT
Tyx

GCC

TTC
Phe

CTG

Leu.

CGT
Arg

Lys

GGA
Gly

TAC
Tyx

ATT
Ile

ACC
Thrx

AGG
Arg

GAT

‘Asp

ACA
Thx

GGG

Gly

ATG
MET

GAT
Asp

ATC
Ile

TCT
Ser

TAT
Tyx

TCC
Ser

TCT
Ser

AAT
Asn

TCC
Ser

GAG
Glu

TTT
Phe

54

CTG .

Leu

108
TGG
Trp

162
GAT
Asp

216
AGA
Arg

270
GAC
Asp

324
GAC
Asp

LV 0LE BEY 0 d3
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Xho1(4)
* {Hind I11(16)
Sph1(26)
Pst1{32)

BomH1(46)
Smal(53)

EcoRI(1) | ‘ EcoRI(67)
Hind 111(29) . ClaI(74)
BomHI(375) EcoRV(81)

 NdeI(2379) Bql11{85)

Ly ol 8er 0 d3

Sspl(2012)
tk-HygB

(5.6 kbl (25kb)

Amp R
BamH1{2275)

SaL1{2551) | NS
BamH[ ‘
FI1G. 18A (1.9kb tk-HygB) BomHI (Cont. on FIG18B)
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XhoI(4) [ (FROM FIG. 18A)

Ndel(4279)
Sspl(3912)

Amp R

Pvul(5472)-
Pst1(5342)

tk-Neo
tk-HyqB

Amp \
pDS5/1gH-Enhancer/Neo

SV40L(Aln {1 1°_X<SV40 Enhancer

ColE1 Ori Not1(3379
_ W\ “BamH](1946) Ndel((337%)

pSPT72/tk-HygB
(4.4 kb)

lvoleseroda

Pvull(2942)

EcoRvifoat) FIG.18B _~ (cont. on FiG.180)
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(4]

(FROM F1G. 18B) Sall+Smal \ EcoR1 and

" (1.9kb tk-HygB) fill in ends
Satll
BamHI(6)
Pvul(5523)
Pst1(5393) \ tk-HyqB

| m

pD5/1gH-Enhancer/HygB >

(6.1kb) g

! BamH1(1995) 3

SoL1(2008)
IgH-Enhancer

g
SV40 L(A)n / Kpnl(2347)
SV40 Enhancer -
(HindIII minus){2713)
Ndel(3423)’
ClaI(3417)
Nhel(3411)
Sacl(3405)
SpeI(?Z’:SS))
BamH1(3393
F1G. 18C

PFIZER EX. 1502
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€5

Pvul(6232) -
Pst1(6102) \
‘ (p8954)

pD5/1gH-Enhancer/Neo/
_ Chimeric 184 VH

Rotlidiad) Hind L11(3347)
Clol(4127) Spel(3353)
NheI(4121) ~ NeoI(3401)
Sacl(4115) Hind I11(3533)
Spel(4109)
BamHI(4102)
Sma1(4042) ~ -
CDR-grafted (Jon) 184 VH (by PCR) . CDR-grafted (Gal) 184 VH (by PCR)
lHindIII BamHI Spel BamH1

——

e

| -

(0.8kb)  (Cont. on F16.19B) / \,FIG.19A (0.8kb]

IV O0iE8EY0d3

PFIZER EX. 1502
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(FROM F1G.19A)
Hindll + BamHI

Spel + BamHI

Kpn1(8621), 4
EcoRI(8615) \\\ EcoRI(1)

Pvul(7984)
tk-Neo PstI(7854)

{k-Neo

Z )
AP (08960}
pDS5/IgH-Enhancer/Neo/1B4

-Gal VH/Short HumanC

P
pD5/1gH- Enhancer/Neo/1B4
-Jon VH/Short HumanC Sal1(1957)

o
o

e
=
@
o
=

LV 0LE 8EY 0 d3

OR] -Gamma 4 (8.7kb) IgH-Enhancer OR1 -Gemma 4 (8.7kb) IgH -Enhancer
Kpn1{2296) Kpnl(2296)
SV40 Enhoncer SV40 Enhancer
P Y/ F-Ad2 MLP
Pvull(2942) PwI(2942)
itk e
3353) SacI(5879) e (335
Ncol{3403)  Short Human C-gamma 4 Ncol(3403
PvuII{3552) _ Pvull(3552
Kpn1(3884) \ Kpn1({3884)
Smal(4044) Smal(4044)
BamH1(4101) BamHI{4101)
Xba1{4106) Xbal(4106)

PFIZER EX. 1502
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SS

Summary of Competitive Binding Activities of miB4 & hiB4

Framework Constructs

Construct MeanlC. oM  SD N R (relative)
miB4 0.52 0.20 g <0.0005(Gal*) g
Gal/Rei 1.68 0.26 19 <0.0005(New) g
GallLen 2.80 1.04 2 <0.0005(Gal*)
Jon/Rei 5.88 0.13 3 <0.0005(Gal*)
New/Rei 7.99 0.73 3 =0.008(Jon)
mut Gal/Rel 0.67 0.08 4 >0.20(m!B4)
Demichimera 0.46 0.08 3 >0.61(miB4)

*Gal = GaVRel hiB4 construct

FI6.20
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"LEN"/1B4
#L9 s' GAC ATC GTG ATG ACC CAG TCT CCA AAT TCC CTG GCT GTC TCT CTT GGA
: GAG AGA GCC ACC ATC AAC TGC AGA GCC AGT GAA AGT GTT GAT -3
#L2 5'-AQﬁAIAQAIQAG.GAG.QIIAGGAGGCTGOOCTGGTWCTGchATAOCAGTGCAT
AAA AGA ATT GCC ATAACT ATC AAC ACT TTC ACT GGC -3 :
#13 5-AAGCTC CTGATC TAT CGT GCA TCCAAC CTAGAATCT GGG GTC CCAGAC AGG TTC
AGC GGC AGTGGATCT GGG ACAGAT TICACT CTC ACC -3
#L4 5-COTGAGAGG ATC CTC ATTACT TTG CTGACAGTAATAAACTGC AACATCTTC AGC
i CTG CAG GCT GCT GAT GGT GAGAGT GAA ATC TGT -3'
#L5 5-JAATGAGGATOC TCT CAC GTT CGG CCAAGH GAC CAA GCT GGA GAT CAAACG TGA
GTAGAATTTAAACTT TGC TTCCTC AGTTAAGCTTTC TAG A -3

VARIABLE REGION AMPLIFIERS
#A5 5-GAC ATC GTG ATG ACC CAGTC -3
#A6 5-TGC CTA CTT TCT AGA AAG CTT AAC TGA GG -3

LY 0lE 8EY 0 d3

-SIGNAL FRAGMENT
#S52 5-AGATCT ACT AGT AAG CTT GAG ATC ACA GTT CTC TCT AC -3
#L6 5-CTGGGTCAT CAC GATGTC GGA GTG GAC ACC TGT GGA GAG -3'

PCR RECOMBINATION AMPLIFIERS
#A7 5-AGA TCT ACT AGT AAG CTT GAC -3

Bg! Il Spe | Hind 1
#AB 5.TGC CTA CTT ICT AGA AAG CTT -3
Xba il Hind It
FIG. 21
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Page 2216



1]

§2

oy

N 770000002 00020077

[
L6! !
o
oL . L3 L5
M g m g
.
PCR AS L2 14 e Em
| A6
U PCR
A7
> ‘
[ — N I N i:-::-';"il
' -

' A8
U PCR
RE |  RE

e Y T I T =

Signal FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4
FI6. 22

v 0ie8er 0 43
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Xhol(4)
HindT1I(16)
Spel(22)
-CDR-grafted{Rei) 184 VK
Kpn1{340)
Kpn1(438)
BomHI(511)

Nde [{3848)
Sspl(3481)

Sacl(599)

pSP72/Rei1B4

Kappa(4.0kb) SacI(1108)

85

BamHI(1516)

Human C-Kappa

COR-grafted (Len) VK by PCR

| : Hind 111
Spe I\/Hlnd I Spel. T Xbal

(0.6 kb)

BamHI1(511)

BomH1(587)
Hind111(590)

Human C-Kappa
SacI(1108)

(p8367)
pSP72/Len1B4

Kpn1(1528) Kappa(3.9 kb}
oS
Ctg 1{1543) BamHI(1516)
EcoRV{1550) ﬁgg}{}ggg)l
Byl IT{1554) SacI(1534)
EcoRI(1536)
ClaI{1543)
, EcoRV(1550)
FIG. 23A ' (Cont. on FlG. 238) BglII (1554)

v 0LE 8EY 0 d3

PFIZER EX. 1502

Page 2218



BamH (6) (FROM FIG. 23A)

Spel + Clal

Spel + Clal (1.5kb LenIB4 Kappal
(6.1kb)
pD5/ 1gH-Enhancer/HygB/ _
Humanized 1B4-Ka pu BamHI(1995) \q
lor1 (Re‘lFromework Sal1{2008) Pvll7010}
' IgH-Enhancer "YU
A e
nhanhcer
XA nd2 MLP tk- HygB i
Adgvt 11(5.993) o
eoder (p8963) 8
BamH1(3393) 2
pD5/ TgH-Enhancer/HygB/ s
Kpn1(4891)//sqc1a4gs) ) i‘;‘(’g‘fﬁgg’ - COR-Grafted Kappo L-Chain BomHL(1995) 2
: \ORL  (7.7KB) Sal1(2008)
Kpn1(3815) SV 40 L(A)n

IgH-Enhoncer
KpnI(2347)

BamH1(3964)

BamHI(3888) I\lol‘\;tdI (321961)0) Ad g?ﬁ?.g "hancer
e
o oo i Wees3
co eader
Sacl(4897 BomHl(3393)
Kpn1{4891) Sacl(4485) Spel(3399)
BomHI(4889) Hind I11{3405)

Pre R
Q
FIG. 23B Hind 11 (3964)

CDR-grafted VK
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09

GAC ATT
Asp lle

GCC ACC
Ala Thr

ATG CAC
MET His

GTA TCC
Val Ser

ACA GAC
Thr Asp

TAC TGT
Tyr Cys

TAR AAC
Asn

GTG
val

ATC
Ile

TGG
Trp

AAC
Asn

TTC

Phe

CAG
Gln

GGG
Gly

ATG
MET

TCA

Ser

AAC
Asn

CTA
Leu

ACC
Thr

CAC
His

CT

ACC
Thr

TAC
Tyx

CAA
Gln

GAA

Glu

CTC

Leu

ATT
Ile

27

CAG TCT CCT GCT TCC

Gln

AGG
Arg

CAG
Gln

TCT
Ser

AAC
Asn

AGG
Arg

Ser

GCC
Ala

Lys

GGG
Gly

ATC
Ile

GAG
Glu

Pro

AGC
Ser

CCA
Pro

GTC
val

CAT
Bis

CTT
Leu

Ala Ser

81
AAA AGT
Lys Ser

135
GGA CAG
Gly Gln

189
CCT GCC
Pro Ala

243
CCT GTG
Pro Val

297
ACA CGT
Thr Arg

FI1G. 24

TTA
Leu

GTC
val

CCa
Pro

AGG
Arg

GAG
Glu

TCG
Ser

GCT GTA TCT

Ala

AGT
Ser

cCcC
Pro

TTC
Phe

GAG
Glu

GAG
Glu

Val

ACA
Thr

AGA
Arg

AGT
Ser

GAG
Glu

GGG
Gly

Ser

TCT
Ser

CTC
Leu

GGC
Gly

GAT
Asp

GGA
Gly

CTG
Leu

GGC
Gly

cTC
Leu

AGT
Ser

GCT
Ala

cca
Pro

GGG
Gly

TAT
Tyx

ATC
Ile

GGG
Gly

GCA
Ala

AGC
Ser

CAG
Gln

AGT
Ser

TAT
Tyr

TCT
Ser

ACC
Thr

TGG
Trp

54
AGG
Arg

108
TAT
Tyr

162
cTT
Leu

216
AGG
Arg

270
TAT
Tyr

324

Lys

IV 0ic8EP 0 d3
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GAT
Asp

GCC
Ala

ATG
MET

GCA
Ala

ACA
Thr

TAC
Tyr

.GAG

Glu

ATT
Ile

ACC
Thr
CAC
His

TCC
Ser

GAC
Asp

TGT
Cys

CTG
Leu

GTG
val

ATA
lle

TGG
Trp

AAC
Asn

TTC
Phe

CAG
Gln

Lys

CTG
Leu

TCC
Ser

TAC
Tyr

CTA
Leu

ACC

Thr

CAA
Gln

CGG
Axrg

ACC
Thr

TGC
Cys

CAG
Gln

GAA
Glu

CTC
Leu

AGT
Ser

CAG
Gln

AGA
Arg

CAG
Gln

TCT
Ser

ACC
Thr

AAT
Asn

TCT
Ser

GCC
Ala

Lys

GGG
Gly

ATT
Ile

GAG
Glu

CCA
Pro

AGT
Ser

CcCa
Pro

ATC
Ile

AAT
Asn

GAT
Asp

27
GCT
Ala

81
GAA
Glu

135
GGA
Gly

189
cct
Pro

243
ccT
Pro

297
CCT
Pro

TCT
Ser

AGT
Ser

CAG
Gln

GCC
Ala

GTG
val

CTC
Leu

FIG. 25

TTG
Leu

GTT
val

CCA
Pro

AGG
Arg

GAG
Glu

ACG
Thr

GCT
Ala

GAT
Asp

ccC
Pro

TTC
Phe

GCT
Ala

TTC
Phe

GTG

val

AGT
Ser

ARG
Lys

AGT
Ser

GAT
Asp

GGT
Gly

TCT
Ser

TAT
Tyr

CTC
Leu

GGC
Gly

GAT
Asp

GCT
Ala

CTA
Leu

GGC
Gly

cTC
Leu

AGT
Ser

GTT
val

GGG
Gly

GGG
Gly

AAT
Asn

ATC
Ile

GGG
Gly

GCA
Ala

ACC
Thr

CAG
Gln

TCT
Ser

TAT
Tyx

TCT
Ser

ACC
Thr
ARG
Lys

54
AGG
Arg

108
TTT
Phe

162
CGT
Arg

216
AGG
Arg

-

-270

TAT
Tyr

324
CTG
Leu

LV 0L 8EP 0 d3
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#S1
#G7 .

#G8
#G9

#G10
#G11

#G12
#12

5-CATTCG CTT ACC AGA TCT AAG CTT ACT AGT GAGATC AC -3’
Bg!#t Hindlll Spel
5- AGATCT CCC CCA GAC TCAACC AGC TG -3'

5. IGA GTC TGG GGG AGATCT TGT TCA GCC TGG AGG GTC TCT G -3'
5'- ATC AAT GGC TGC AAC CAG CTC CAG CCC TTT TCC -3

5. CTG GTT GCA GCC ATT GAT AAT -3 ,
5 GGA GAC TGT CAG CAG GGT ACCTTG GCC CCA 3

5 ACC CTG CTG ACA GTC TCC ACA GGT GAG -3’
5. GAATGT GCC TACTTI.CTA GA G GAT CCT ATA AAT CTC TGG CCA TG -3'
. Xbal Bam Hi

PCR RECOMBINATION AMPLIFIERS
#A3 5- CAT TCG CTT ACC AGA TCT -3'
#A4 5-GAATGT GCCTACTIT CTAG -3

 FI6. 26

1V 0i€ 9EP 0 d3
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St G8 G10

, N ¥

Signal CDR1 CDR2 CDR3 Intron™ N\
e T .
G7 G9 G11 '
. A3 ' .

5-Primer PCR ™
— s
o [ EirrmIZA X : ' X 8
Signal X - ; S
- =

3'-Primer

A4

PCR |

RE

BN 2/ i X I X : X s
Signal CDR1 CDR2 CDR3 Intron

FIG. 27
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20001
%k X
1500} |
hiB4 IC5q= 1820pM
" MEAN CPM BOUND/
1X10% PMNs (n=3)  }
1000} m
! | 2
| ¥
500 - mIB4 1C50=702pM -
i
0. \ a2 aaaaal 1 L sl L o aaaal N R TIT) -‘ 1‘n:n|u|
10~ 10-10 1079 10-8 1077 1076
MOLAR CONCENTRATION ADDED

F1G. 28
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s9

MEAN CPM BOUND/
1 X 10° PMNs (n=2)

3000

2500 -
2000}

1500

LIES SRR SN |

1000[-

| LB

500

L]

s gl

IVOIEBEPOdI -

10-11

10710

1079 10-8
MOLAR CONCENTRATION ADDED
FIG. 29

1077

1076
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% PMNs BOUND

' 125F

100

S0

251

|

P

hiB4 ICso* 4.0nM

LY 0le8Ev 0 43

R

>10- 12

1
10~ " 10-10 1079
MOLAR CONCENTRATION ADDED

FI1G. 30

108
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COMPARISON OF Gal/Rel hiB4 AND miB4 IN
IN VITRO FUNCTIONAL ASSAYS

IC50 (nNM) m
g
>
hiB4 n miB4 n. P
HUVEC 8.2 9 4.6 9 >.1
CTL 2.0 4 2.0 4 ».5
FI16. 31
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89

IMMUNDF LUORESCENCE MICROSCOPIC LOCALIZATION OF miB4 AND
Gal/Ret hiB4 STAINING IN .3 um FROZEN SECTIONS OF RABBIT

TISSUES.x

TISSUE - m(B4 STAINING Gal/Ret hiB4 STAINING
. BONE MARROV +4+++ 444
CEREBRUM 0 0

K IDNEY . + (LEUKOCYTES ONLY) + (LEUKOCYTES ONLY)
LARGE INTESTINE 0 0

LIVER 0 0

LUNGS ++ (LEUKOCYTES ONLY) ++ (LEUKOCYTES ONLY)
LYMPH NODES ++ ++
MYOTARDIUM ’

STOMACH _

STRIATED MUSCLE (LEG) 0

SPLEEN ++4+ +++

*CONSECUTIVE TISSUE SECTIONS WERE STAINED INDIVIDUALLY WITH m(B4 OR hiIB4.
TWO DOUBLE-BLINDED EXPERIMENTS WERE PERFDRMED BY DIFFERENT INVESTIGATORS.

THE DEGREE OF LABELING WAS SCORED AS 0 (NEGATIVE), + (SPARSE), ++ (MUDERATEI,

+++ (INTENSE), AND ++++ (MARKEDLY INTENSE).

FIG. 32

v oLe 8er 043
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69

'DOUBLE LABEL IMMUNOFLUORESCENCE MICROSCOPIC
LOCALIZATION OF GalIRelt HUMANIZED AND MURINE
- IB4 IN RABBIT BONE MARROW CELLS*

Primery Antibodies Applied ~ Gal/Rel hiB4 miB4

~ Gal/Rel hiB4 + miB4 + + 4 + ++
higG4 + miB4. 0 4+
Gal/Rel hiB4 + buffer +++ o 0
mlB4. + buffer | 0 + + 4
higG4 + buffer 0o 0

* ‘
5 um frozen sections of rabbit bone marrow were stained with mixtures of Gal/Rei
hiB4 and native murine IB4 or controls (higG4, buffer). + + + = moderate staining; 0
= negative. }

LY 0LEBEP 0 d3

FIG. 33

PFIZER EX. 1502
Page 2229
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DOUBLE LABEL IMMUNOELECTRON MICROSCOPIC
LOCALIZATION OF Gal/Rel HUMANIZED AND MURINE
iIB4 IN SPECIFIC GRANULES OF HUMAN PMNs*

PRIMARY ANTIBODIES APPLIED RELATIVE STAINING INTENSITY
© Gol/Rei hiB4 mlB4
Gal/Rel hiB4 + miB4 ' +4+e ++ 4+ 4
higG4 + miB4 [ . + 444
Gal/Rel hiB4 + butfer PP 0

¥ g0 nm ultrathin frozen sections of human PMNs were double stained with Gal/Rel
hiB4 and native murine IB4 or controls (higG4, buffer). + + + + = intense staining; 0

= hegative.

LY 0LE 8E¥ 0 43

F1G. 34
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ul PLASMA/6mm BIOPSY

20 -

151

10 -

- -

, L 4

> 7, %

| //4// N

SALINE 0.07 0.21 0.7 0.1 03 10
m|B4 hiB4
(mg/Kg) (mg/ Kq)
FIG. 36
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Fl6. 37A

Sal + Xbal
(9.02 Kb)

. SVa0enh
EcoRV(9747)

Spel(9423)

SacI(7318)
EBNA
AvrI1(5900)

HSVTK-HygB-TK

p8914
(10.4 kb)

Ad MLP +requlatory elements by PCR

Xbal  Sall
 —

(1.26Kb)

Satl + Xbel

Xbal{1)
~ HindlII{366)

Ad2 MLP
Pvull(646)
BamHI(1046)
1 .—-Sal1{1283)

AmpR
/
1 (Cont. on FIG. 37B)

Vol 8Er 0 d3
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174

(FROM FIG. 37A)

(Xbal/SpeD*(1)
Xbal(204)

Not1(228)
Bel1/BamHI)™(240)
SV(A)n

| HIVLTR
" EcoRV(8941)

- Spel(861
HSVTK-HygB-TK BamHI+ Xbal
Rencots o HIV Smiz b; flca
e
) ' p L_J c
Nrul(2317) Bell + Spel - (0.24 Kb)

®Ori
Sacl(6512)

FIG. 378

LW oie8er 0 d3
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3 SV40L (A

Not 1(4916)
EcoR1(4901)
Clal(4904)
BamH1(4889)

Y 0L 8EY 0 d3

v BamH1(3393) Avr11(5094)
BamHI(3964) Spel(3399)

BamHI(3888) CDR-grafted Rei/1B4 Vk

Notl+Spel Notl +Xbal Notl +Xbu\
{1.5Kb Rei/184) (9.5 Kb) (9.5 Kb)
‘ Cont. .
(Cont. on FIG. 38C) FI1G. 38A (Cont. on FI6 388)
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9L

p8960
(8.75kb)

SalI(1957)
IgH -Enhancer
KpnI(2296)
SV40 Enhancer

SVplA)

NotI(5891) Ad2 MLP
Clal(5885) P
SacI{5879) vni.1222942)
