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BACKGROUND OF THE lNVENTION

Antngen specific T-cell activation and the initiation of an immune response
depend initially on the interaction of the T-cell receptor (TCR) complex with the
peptide/major histocompatibility complex (MIIC) present on antigen presenting -
cells (APC). B7 molecules, B7-1 and B7-2, are molecules which are presenton =
APCs. A "co-sﬁmula"cory" signaL provided by the interaction of B7-1 and B7-2 on .
the APC with their ligands CD28 and CTLA4 on T-cel, is required o complete T- ..
cell activation and the subsequent regulation of an immune response. A need exists .- i'
to regulate the B7-1 and B7-2 pathway, referred to as the B7:CD28/CTLA4 N
pathway. A further need exists to develop treatments for diseases that are affected

* by this pathway.

SUMMARY OF THE INVENTION

The invention relates to humanized immunoglobulins having binding
specificity for B7 molecules. In particular, the invention includes a humanized -
immunoglobulin having binding speciﬁcity. for B7-2 or B7-1, wherein the
immunoglobulin comprises an antigen binding region of non-human origin (e.g. " -

rodent) and at least a portion of human origin (e.g. 2 human constant region such as -

an IgG constant region and/or a human framework region). In one embodiment, the - .

human constant region of either the humanized ahﬁ-B_7-2 or humanized anti-B7-1
immunoglobulin can also contain 2 mutation that reduces the effector fimction.

humanized immunoglobulin. The humanized B7-2 immunoglobulin described =~
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herein can compete with murine 3D1 for binding to B7-2. Similarly, the humanized

- B7-1 immunoglobulin described herein can compete with murine 1F1 for binding to

B7-1. In particular embodiments, the antigen binding region of the humanized B7-2
immunoglobulin is derived from the 3D1 monoclonal antibody, and the antigen
binding region of the humanized B7-1 immunoglobulin is derived from the 1F1
‘monoclonal antibody.

The humanized immunoglobulins of the present invention can comprise a
constant region of human origin and an antigen binding region, wherein the antigen
binding region of non-human origin comprises one or more complementarity
determining regions (CDRs) of rodent origin (e.g., derived from 3D1 monoclonal -
antibody) that binds to B7-2, or one or more CDRs of rodent origin (e.g., derived -
from 1F1 monoclonal antibody) that binds to B7-1, and the portion of an

. immunogiobulin of human origin is derived from a human framework region (FR).

The antigen binding region of the humanized B7-2 antibody can further
comprise a light chain and a heavy chain, wherein the light and heavy chain each
have three CDRs derived from the 3D1 antibody. The FR of the light chain for the
humanized B7-2 antibody can be derived, for example, from the light chain of the -
human H2F antibody and the heavy chain can be derived, for example, from the
heavy chain of the human I2R antibody. In a particular embodiment, the invention
is a humanized immunoglobulin having binding specificity for B7-2 that is derived
from the cell line deposited with the American Type Culture Collection (A.T.C.C.),
Accession No. CRL-12524. . . . : '

The antigen binding region of the humanized B7-1 antibody can comprise a
light chain and a heavy chain, wherein the light and heavy chain each have three
CDRs derived from the 1F1 antibody.. The FR of the humanized B7-1 light and
heavy chain can be derived, for example, from the light and heavy chains of the
human ]]i-ZR antibody. In a particular embodiment, the invention is a humanized

- immunoglobulin having binding specificity for B7-1 that is derived from the cell

line deposited with the American Type Culture C_olleption (A.T.C.C.), Accession
No. PTA-263. '
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The invention also embodies a humanized inlmunoglohulin having a binding
specificity for B7-1 or B7-2 comprising a heavy chain and/or a light chain. In one
embodiment, the humanized immunoglobulin has binding specificity for B7-2 and

“the light chain comprises at least one CDR (e.g., CDR1, CDR2 and CDR3) derived

from an antibody of non-human origin which binds B7-2 and a FR derived from a
light chain of human origin (e.g., H2F antibody); and the heavy chain comprises at
least one CDR (e.g., CDR1, CDR2 and CDR3) derived from an antibody of non-
human origin which binds B7-2 and a FR r_egion:'d'erived from a heavy chain of -

‘human origin (e.g., the human I2R antibody). In another embodiment, the .

humanized immunoglobulin has binding specificity for the B7-1 and the light and/or

 heavy chain compﬁSe at least one CDR (e.g., CDR1, CDR2 and CDRB) derived

from an antibody of non-human origin which binds B7-1 and a FR derived from a
light and/or heavy chain of human origin (e.g., II-2R). The immunoglobulins can
further comprise CDR1, CDR2 and CDR3 for the light or heavy chain having the
amino acid sequence set forth herein or an amino acid substantially the same as the -
amino acid seciuence such that the antibody specifically binds to B7-2 or B7-1.. The
present invention also relates to humanized immunoglobulin light chains and to

humanized immunoglobulin heavy chains. The invention further relates to isolated

- nucleic acids comprising a sequence which encodes the humanized

‘immunoglobulins of the present invention (e.g., a single chain antibody), and the

invention also relates to isolated nucleic acids that comprise a sequence which .
encodes the B7-2 or B7-1 humanized immunoglobulin light chain or heavy chain.
One embodiment of the inverition is a humanized immunoglobulin light
chain having binding specificity for B7-2 comprising CDR1, CDR2 and/or CDR3 of
the light chain of murine 3D1 antibody, and a human light chain FR (e.g., H2F"
antibody). Similarly, the invention also comprises a humanized B7-1
immumnoglobulin light chain héving binding specificity for B7-1 comprising CDR1,
CDR2 and/or CDR3 of the light chain of the murine 1F1 antibody, and a human
light chain FR (e.g., II-2R antibody). Another embodiment is 2 humanized B7-2 or

B7-1 immunoglobuli’n light chain that comprises a variable region shown in Figure
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2B ( SEQ ID NO: 8) or the variable region shown in Figure 7B (SEQ ID NO: 28).
The invention also relates to an isolated nucleic acid sequence that encodes a -
humanized variable light chain specific for B7-2 or B7-1 that comprises a nucleic
acid sequence shown in Figure 2B (SEQ ID NO: 7) or Figure 7B (SEQ ID NO.: 27),

- respectively, a nucleic acid sequence that encodes the amino acid sequence shown in
- Figure 2B (SEQ ID NO: 8) or Figure 7B (SEQ ID NO: 28), respectively, a nucleic

acid sequence which hybridizes thereto under stringent hybridization conditions, or a
nucleic acid sequence which is the complement thereof.

Another embodiment of the invention is a humanized immunoglobulin heavy
chain that is specific for B7-2 and comprises CDR1, CDR2 and/or CDR3 of the
heavy chain of the 3D1 antibody, and a human heavy chain FR (e.g., I2R antibody).
Similarly, the invention also relates to a B7-1 humanized immunoglobulin heavy
chain that is specific for B7-1 and comprises CDR1, CDR2, and/or CDR3 of the
heavy chain of the 1F1 antibody, and a human heavy chain FR (e.g., II-2R
antibody). The invention pertains to a humanized immunoglobulin heavy chain that
comprises a variable region shown in Figure 2A. (SEQ ID NO: 6) or Figure 7A (SEQ
ID NO: 26). The invention also pertains to an isolated nucleic acid sequence that

-encodes a humanized variable heavy chain specific for B7-2 that comprises a nucleic
“acid sequence shown in Figure 2A (SEQ ID NO: 5), an isolated nucleic acid
-sequence that encodes the amino acid sequence shown in Figure 2A (SEQ ID NO:

~ 6), anucleic acid sequence which hybridizes thereto under stringent hybridization
-conditions, or a nucleic acid sequence which is the complement thereof, The

- -invention relates to an isolated nucleic acid sequence that encodes a humanized

variable heavy chain specific for B7-1 that comprises a nucleic acid sequence shown
in Figure 7A (SEQ ID NO: 25), an isolated nucleic acid sequence that encodes the
amino acid sequence shown in-Figure 7A (SEQ ID NO: 26), a nucleic acid sequence
which hybridizes thereto under stringent hybridization conditions, or a nucleic acid
sequence which is the complement thereof.

In particular, an embodiment of the invention is a humanized
immunoglobulin which specifically binds to B7-2 and comprises a humanized light
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chain comprising threeé light chain CDRs from the mouse 3D1 antibody, and a light

' chain variable region framework sequence from a human iinniunoglObu]in light

chain, and a humanized heavy chain comprising three heavy chain CDRs from the
mouse 3D1 antibody, and 2 heavy chain variable region framework sequence from a
human immunoglobulin heavy chain. The mouse 3D1 antibody can further have a

mature light chain variable domain, such as the mature light chain variable domain

- shown in Figure 1B (SEQ ID NO.: 4) and a mature heavy chain variable domain

such as the mature heavy chain variable region shown in Figure 1A (SEQ ID NO.:
2). - | R

Another embodiment of the invéntion is-a humanized immunoglobulin which
specifically binds_ to B7-1 and comprises a humanized light chain comprising three
light chain CDRs from the mouse 1F1 antibody, and a light chain variable region

framework sequence from a human immunoglobulin light chain, and a humanized

- heavy chain comprising three heavy chain CDRs from the mouse 1F1 antibody, and

‘aheavy chain variable region framework sequence from a.,lhuma'n immunoglobulin-

heavy chain, Similarly, the mouse 1F1 antibody can further have a mature light
chain variable domain, such as the mature light chain variable domain shown in
Figure 6B (SEQID NO.: 24) and a mature heavy chain variable domain such as the
mature heavy chain variable region shown in Figure 6A (SEQ ID.NO.: 22).

" The invention includes an expression vector that comprises a fused gene

‘which encodes humanized B7-1 and/or B7-2 immunoglobulin light and/or heavy

chains. The gene comprises a nucleotide sequence encoding a CDR derived from a

| light and/or heavy chain of a non-human antibody having binding specificity for B7-

2 and/or B7-1 (e.g., murine 3D1 or 1F1 antibody, respectively) and a FR derived

from a light and/or heavy chain of human origin. ' _
The present invention also.relates to-a host cell comprising a nucleic acid of

the present invention, including one or more constructs comprising nucleic acid of

the present invention. In one embodiment, the invention éncompasses a host cell

~ comprising a first B7—2 recombinant nucleic acid that encodes a humanized B7-2

immunoglobulin light chain and a second B7-2 recombinant mucleic acid that
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encodes a humaniz.ed B7-2 immmmnoglobulin heavy chain. The first B7-2 nucleic
acid comprises a nucleotide sequence encoding at least one CDR derived from the
light chain of murine 3D1 antibody and a FR derived from a light chain of human
origin. The second B7-2 nucleic acid comprises a nucleotide sequence encoding at
-5 least one CDR derived from the heavy chain of murine 3D1 antibody and a FR
derived from a heavy chain of human origin. In another embodiment, the invention -
encompasses a host cell comprising a first B7-1 recombinant nucleic acid that
encodes a humanized B7-1 immunoglobulin light chain and a second B7-1
recombinant nucleic acid that encodes a humanized B7-1 immunoglobulin heavy
-~ 10 chain. The first B7-1 nucleic acid comprises a nucleotide sequence encoding at least
one CDR derived from the light chain of murine 1F1 antibody and a FR derived
- from a light chain of human origin. The second B7-1 nucleic acid comprises a
nucleotide sequence encoding at least one CDR derived from the heavy chain of
murine 1F1 antibody and a FR derived from a heavy chain of human origin. The
.15 invention further relates to a host cell comprising a vector or a nucleic acid that
encodes the humanized B7-1 and/or B7-2 immunoglobulins, as described herein.
The invention further pertains to methods of preparing humanized
- immunoglobulins that comprise maintaining a host cell that encodes a humanized
immunoglobulin that is specific for B7-2 or B7-1, as described herein, under
- 20 conditions appropriate for expression of a humanized immunoglobulin, wherein a
. humanized immunoglobulin chain (one or more) are expressed and a humanized
immunoglobulin is produced. The method further comprises the step of isolating the
humanized B7-1 or B7-2 immunoglobulin.
The invention encompasses methods of inhibiting the interaction of a first
25 cell bearing a B7-2 receptor with a second cell bearing B7-2 comprising contacting
the second cell with an effective amount of a humanized B7-2 immunoglobulin, as
described herein. The invention also encompasses methods of inhibiting the
interaction of a first cell bearing a B7-1 receptor with a second cell bearing B7-1
comprising contacting the second cell with an effective amount of a humanized B7-1

© 30 immunoglobulin, as described herein. Accordingly, the invention relates to
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inhibiting both a B7-1 and B7-2 receptor with B7-1 and B7-2 ligands, comprising
contacting the cells having the B7-1 and B7-2 receptors with an amount of

‘humanized anti-B7-1 and B7-2 immunoglobulins. Thus, the invention pertains to -

various methods of treatment. The invention includes a method for modulating an

" immune response of an individual (e.g., patient), or treating an individual having a

transplanted organ, tissue, cell or the like comprising administering an effective

amount of a humanized B7-1 and/or B7-2 immunoglobulin, as described herein,

‘with or without a carrier (e.g., pharmaceutical carrier), wherein the immune response

is modulated. The invention pertains to treating acute and/or chronic transplant
rejection, for example, for a prolonged periods of time (e.g., days, months, or years).

The invention also pertain to methods of treating a disease associated with

- modulation of the B7-2 and/or B7-1 molecules (e.g., antoimmune diseases,

- . infectious disgase_s, inflammatory disorders, systemic lupus erythematosus, diabetes -

15

mellitus, asthma, insulitis, arthritis, inflammatory bowel disease, inflammatory
dermatitis, and multiple sclerosis), comprising administering to an individual (e.g., .

. patient) an effective amount (e.g., 2 thierapeutically effective amount) of the B7-2

- 20

25

and/or B7-1 humanized immunoglobulins, as described herein, with or without a
carrier. Accordiﬁgly, the invention encompasses a pharmaceutical composition.
comprising the B7-1 and/or B7-2 humanized immunoglobulins, as described herein.
' The invention also embodies methods of making a humanized:. -
immunoglobulin specific to B7-2 from a murine antibody specific to B7-2, and/or -
methods of making a humanized immunoglobulin specific to B7-1 from a murine
antibody speciﬁc to B7-1. The methods comprise 'detérmining or ascertaining the
CDRs of an antibody of non-human origin (e.g., muﬁne origin) which has binding
specificity for B7-2 or B7-1; obfaining a huhian antibody having a framework
region amino acid sequence suitable for grafting of the CDRs, and graﬁihg the -

. CDRs of an antibody of non-human origin into the FR of the human antibody.

The invention also relates to methods for determjning the presence or -

" - absence of B7-2 and/or B7-1 in a sample. - The methods comprise obtaining the

- 30

sample to be tested-, contacting the sample with the humanized anﬁbo‘dy specific to
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B7-2 and/or B7-1, or a fragment thereof, sufficiently to allow formation of a
coniplex between B7-2 and/or B7-1 and the anti-B7-2 and/or anti-B7-1 antibody,
respectively, and detecting the presence or absence of the complex formation. The
presence of the complex indicates the presence of B7-2 and/or B7-1 m the sample.

The invention relates to methods for treating an individual having a disease
comprising administering an amount (e.g., therapeutically effective amount) of a
humanized immunoglobulin specific to B7-1 and/or an amount (e.g., therapeutically
effective amount) of a humanized immunogiobu]in specific to B7-2. The diseases,
as described herein, include, for example, autoimmune diseases, infectious diseases,
asthma, inflammatory disorders, systemic lupus erythematosus, diabetes mellitus,
insulitis, arthritis, inflammatory bowel disease, inflammatory dermatitis, and
multiple sclerosis. This method also pertains to modulating the immune response of
an individual having a transplanted organ, tissue, cell or the like comprising
administering an effective amount of a humanized immunoglobulin that binds to B7-
1 and/or a humanized immunoglobulin that binds to B7-2. This method further
includes administering a drug that is used to modulate the immune response of an
individual having a transplanted organ, tissue, cell or the like. The drug can be, for
example, methotrexate, rapamycin, cyclosporin, steroids, anti-CD40 pathway
inhibitors (e.g., anti-CDA40 antibodies, anti-CD40 ligand antibodies and small
molecule inhibitors of the CD40 pathway), transplant salvage pathway inhibitors
(e.g., mycophenolate mofetil (MMF)), IL-2 receptor antagonists (e.g., Zeonpax®
from Hoffmann-1a Roche Inc., and Simulet from Novartis, Inc.) and analogs
thereof. These drugs can be administered prior to, with or after administration of the
humanized immunoglobulins. _

The invention also pertains to methods for transplanting cells (e.g., bone

. marrow, blood cells, blood components and other celis) to an individual in need

thereof comprising obtaining cells (e.g., bone marrow, or blood cells or components)
from a donor, and contacting the cells with an immunoglobulin specific to B7-1
and/or an immunoglobulin speciﬁc to B7-2, and recipient cells, thereby obtaining a

mixture. The immunoglobulins and the recipient cells are maintained for a period of
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" time sufficient for tplérance induction. The mixtﬁre (refeired to 4s a bone marrow

“composition or blood cell composition) is then introduced into the individual. The .

. recipient cells can be lymphocytes Ce. g. lymphocytes that express class 1 antigens

10

15

20

25

30

(MHCY) or petipheral blood lymphocyte (PBL)). Instead of using recipient cells, the
method also comprise utilizing tissue, organs or cells that express MHC Class I
antigens, B7-1 and/or B7-2 molecules. The cells can be engineered to express

. recipient molecules. The cells from the donor can be bone marrow cells, or

cells/components from blood (e.g., stem cells or immature cells). The B7

immunoglobulins are in contact with the donor bone marrow and the recipient cells

for a petiod of time that is long enough to induce tolerance induction (e.g., about 1

 to 96 hours, and, preferably about 36-48 hours). An individual in need of such a
transplant is one who has a disease that is benefitted by or treatable with a bone
' marrow transplant Such diseases, for example, are proliferative diseases (e.g..

leukemia, lymphoma and cancer), anemia (e.g. sickle-cell anemia, thalassemia, and -
aplastic anemia), inbom errors of metabolism, congenital immunodeficiency

diseases, and myeloid dysplasia syndrome (MDS)." The method further includes
administering to the individual a drug that is used to modulate the immune Tesponse : ..
(e.g. methotrexate; rapamycin; cyclosporin; steroids; anti-CD40 pathway inhibitors .
such as anti-CD40 antibodies, antifCD40 ligand antibodies and small molecule
inhibitors of the CD40 pathway;'tfansplant salvage pathway inhibitors such as
mycophenolate mofetil (MMF), IL-2 receptor antagonists such as Zeonpax® from -

' Hoffmann-la Roche Inc., and Simulet from Novartis, Inc.; or anélogs thereof).
In particular, the invention includes methods for transplanting bone marrow -

to an individual having a disease (e.g., proliferative diseases such as leukemia,
lymphoma, cancer; anemia such as sickle-cell anemia, thalaése’mia, and aplastic
anemia; inbom errors of metabolism; congenital immunodeficiency diseaées; and
myeloid dysplasia syndrome) that is treated with a bone marrow transplant -
comprising obtaining bone marrow from a donor, and contacting the bone marrow e
with imfnunoglobulin.é specific to B7-1 and/or an immunoglobulin specific to B7-2, -
and recipient cells (e.g., lymphocyte). The bone marrow, immunoglobulin(s) and
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recipient cells are in contact for a period of time sufficient for tolerance induction
(e.g.., about 1-96 hours, preferably about 36-48 hours). The n.:lethod'th_en comprises
re-introducing the treated bone marrow to the individual. The method further
includes administering to the individual a drug that is used to modulate the immune
response (e.g., methotrexate; rapamycin; cyclosporin; steroids; anti-CD40 pathway
inhibitors such as anti-CD40 antibodies, anti-CD40 ligand antibodies and small
molecule inhibitors.of the CI_)4O pathway; transplant salvage pathWay inhibitors
such as mycophenolate mofetil (MMF), IL-2 receptor antagonists such as Zeonpax®
from Hoffmann-la Roche Inc., and Simulet from Novartis, Inc.; or analogs thereof).
The invention also includes methods of treating a transplant recipient or
prevenﬁng tranéplant rejection in a transplant reéipient by administering to the

recipient an effective amount of an immunoglobulin specific to B7-1 and/or an

. effective amount of an immunoglo‘pulin_ specific to B7-2. The immunoglobulin

specific to B7-1 is administered in an amount between about 1 mg/kg and 100
mg/kg, and the immunoglobulin specific to B7-2 is administered in an amount
betweéxi about 1 mg/kg and about 100 mg/kg. The imxﬁunoglobu]jns specific to
B7-1 and B7-2 can be administered on the day the recipient receives the
transplantation (é.g., in an amount between about 1 mg/kg and about 25 mg/kg), and
can also be administered periodically (e.g., daily, weekly or monthly) after the
recipient receives the transplantation (e.g., in an amount between about 1 mg/kg and
about 5 mg/kg). The method further includes admhuistgring a composition that is

- used in transplant rejection therapy, such as calcineurin inhibitors (e.g., cyclosporin
- A or FK506), steroids (e.g., ‘methyl prednisone or prednisone), or

immunosuppressive agents that arrest the growth of immune cells (e.g., rapamycin),
anti-CD40 pathway inhibitors ( e.g., anti-CD40 antibodies, anti-CD40 ligand
antibodies and small molecule inhibitors of the CD40 pathway) transplant salvage

- pathway inhibitors (e.g., mycophenolate mofetil (MMF)), IL-2 receptor antagonists

(e.g., Zeonpax® from Hoffimam-la Roche Inc., and Simulet from Novartis, Inc.), or
analogs thereof. Also, the present invention relates to a method of transplanting
cells, tissue or organs to an individual in need thereof, by transplanting the cells,
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 ‘tissue or'oi'gans' andadm:mstenngan effect'i've:'amwnt of an i'tnmunoglobulin

speclﬁc to B7-1 and an effective amount of an mmunoglobulm speclﬁe to B7-2to .

the md1v1dual as descnbed above

The mventlon also includes methods of decreasmg an anubody response to

an antigen in a mammal by admmstermg to the md1v1dual an effective amount ofa

-humamzed mmunoglobuhn specific to B7-1 and/or a humamzed immunoglobulin

speclﬁc to B7-2 in the presence of the anngen The method further includes

' admmlstermg the antlgen (e-g., tetanus toxoid, Factor VI[I Factor IX, insulin,

growth hormone, or a gene dehvery vector) to the individual. The antigen can be .
administered in a polypeptxde form or in a nucleic acid form (e.g., gene therapy with
dehvery through adeno-assoc1ated viruses (AAV), retroviruses, naked DNA vectors,

etc.).
Advantages of the mventlon mclude the ability to regulate or modulate the

B7 co-stlmulatory pathway Mampula,tlon of this co-stlmulatory pathway with

himanized anti-B7-2 and/or anti-B7-1 antlbod:les prov1de methods of treatments for

‘yarious dlseases The humamzed anti-B7-2 and ant1—B7-l antibodies maintain

- about the same speclﬁclty for respecﬁve B7 molecule as the correspond.mg murine

antlbody, but with a reduced lmmunogemmty in humans and an extended half-life,
as compared with the murine counterpart. Aeeordingly, the invention can_
advantageously be used to treat immune-related &iseasesldisorders or diseases in
which the B7-2 and/or B7—1 molecules play an lmportant role Particularly, the
invention relates to methods for treatmg antoimmune diseases, and methods for
modulating the immune response for individuals with transplanted organs, tissue or

cells.

BRIEF DESCRIPTION OF THE FIGURES
The foregoing and other embodiments, features and advantages of the

‘invention will be apparent from the folloWing more pé.rﬁcular description of
" preferred embodiments of the invention, as illustrated in the accompanying figures.
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Figure 1A is a sequence listing of the heavy chain variable region nucleic
acid and amino acid sequences (SEQ ID NOS: 1 and 2, respectively) of the murine

- 3D1 antibody, wherein the amino acid sequences of the CDRs (CDR1, CDR2 and

CDR3) are underlined, and the first amino acid of the mature, heavy chain is double
underlined.

Figure 1B is a sequence listing of the light chain variable region nucleic acid
and amino acid sequences (SEQ ID NOS: 3 and 4, respectively) of the murine 3D1
antibody wherein, the nucleic and amino acid sequences of the CDRs (CDR1, CDR2
and CDR3) are underlined, and the first amino acid of the mature light chain is -
double underlined.

Figure 2A is a sequence listing of the heavy chain variable region nucleic
acid and amino acid sequences (SEQ ID NOs: 5 and 6, respectively) of the
humanized 3D1 antibody, wherein the nucleic and amino acid sequences of the
CDRs (CDR1, CDR2 and CDR3), and underlined and the first amino acid of the

- mature heavy chain is double underlined.

Figure 2B contains the light chain variable region nucleic acid and amino
acid sequences (SEQ ID NOs: 7 and 8, respectively) of the humanized 3D1
antibody, wherein the nucleic and amino acid sequences of CDR1, CDR2 and
CDR3. The CDRs are underlined, and the first amino acid of the mature light chain
is double underlined. '

Figure 3 is a graph depicting the results of a2 competitive binding assay. The

- graph depicts the results of a competitive binding assay of murine or humanized
- -anti-human B7-2 mAbs to CHO cells expressing thB7-2 (CHO/hB7-2) on their

surface. Increasing concentrations of unlabeled competitor antibodies were
incubated with CHO/hB7-2 cells in the presence of radiolabeled tracer murine anti-
human B7-2 mAb and the ratio of bound/free antibody was determined.

Figure 4 is a graph depicting the results of a direct binding assay of murine
or humanized anti-human B7-2 mAbs to CHO/hB7-2 cells. Increasing
concentrations of radiolabeled antibodies were incubated with CHO or CHO/hB7-2
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cells and the amount of specific antibody bound to the CHO/hB7-2 cells was.
determined. | B :

Figure 5 is a graph depicting the results of a T cell proliferation assay.
Tncreasing concentrations of murine or humanized anti-human B7-2 mAbs were
added to CD28* human T celle stimulated with PMA and CHO/hB7-2 cells and the
inhibition of T cell proliferation by these mAbs was determined.

Figure 6A is a sequence listing of the heavy chain variable region nucleic -

acid and amino acid sequences (SEQ ID NOS: 21 and 22, respectively) of the

murine 1F1 antibody, wherein the amino acid sequences of the CDRs (CDR1, CDR2
and CDR3) are underlined, and the first amino acid of the mature heavy chain is
double underlined. S

Figure 6B is a sequence listing of the light chain variable region nucleic acid

‘and amino acid sequences (SEQ ID NOS: 23 and 24, respectively) of the murine 1F1 -
‘antibody wherein, the nucleic and amino acid sequences of the CDRs (CDR1, CDR2

and CDR3) are underlined, and the first amino acid of the mature light chain is
double underlined. ' '

Figure 7A is a sequence listing of the heavy chain variable region nucleic -
acid aﬁd amino acid sequences (SEQ ID NOs: 25 and 26, respectively) of the
humanized 1F1 antibody (bulF1), wherein the nucleic and amino acid sequences of

the CDRs (CDR1, CDR2 and CDR3) are underlined, and the first amino acid of the

_ mature heavy chain is double underlined.

Figure 7B contains the light chain variable region nucleic acid and amino -
acid sequences (SEQ ID NOs: 27 and 28, respectively) of the humanized 1F1

* (hu1F1) antibody, wherein the nucleic and amino acid sequences of CDR1, CDR2-

and CDR3. The CDRs are underlined, and the first amino acid of the mature light
chain is double undertined. - -
Figure 8 is a graph depicting the results of a competitive binding assay. The
graph depicts the results of a competitive binding assay of murine or humanized
anti-human B7-1 mAbs to CHO transfected with thB7-1 (CHO/hB7-1). - Increasing
concentrations of unlabeled competitor antibodies were incubated with CHO/hB7-1



" WO 00/47625 _ | | PCT/US00/03303

10

15

~20

25

30

-14- .

cells in the presence of radiolabeled tracer humanized 1F1, and the ratio of
bound/free antibody was determined. - . _

Figure 9A. is a graph showing the Scatchard analysis of the binding of mouse
1F1 antibodies to CHO cells transfected with thB7-1. Radiolabeled mouse 1F1
antibodies were incubated with CHO cells transfected with thB7-1, and the ratio of
bound/free radioactivity was determined.

Figure 9B is a graph showing the Scatchard analysis of the binding of
humanized 1F1 antibodies to CHO cells transfected with thB7-1. Radiolabeled
humanized 1F1 antibodies were incubated with CHO cells transfected with thB7-1,
and the ratio of bound/free radioactivity was determined.

Figure 10 is a graph depicting the results of a competitive binding assay of
murine or humanized anti-human B7-1 mAbs to CHO expressing thB7-1
(CHO/hB7-1) on their surface. Increasing concentrations of unlabeled competitor

. antibodies were incubated with CHO/hB7-1 cells in the presence of radiolabeled

tracer murine anti-human B7-1 mAb and the ratio. of bound/free antibody was
determined.

Figure 11 is a graph depicting the results of a direct binding assay of murine
or humanized anti-human B7-1 mAbs to CHO/hB7-1 cells. Increasing
concentrations of radiolabeled antibodies were incubated with CHO or CHO/hB7-1
cells and the amount of specific antibody bound to the CHO/hB7-1 cells was
determined. _ o -

Figure 12 is a graph depicting the results of a T cell proliferation assay.

Increasing concentrations of murine or humanized anti-human B7-1 mAbs were

added to CD28* human T cells stimulated with PMA and CHO/hB7-1 cells and the -

inhibition of T cell proliferation by these mAbs was determined.

Figure 13 is a graph depicting the results of a one way mixed lymphocyte
reaction (MLR) assay. Fixed concentrations of murine or humanized anti-human
B7-2 (IgG2.M3 isotype) or human CTLA4Ig were added to a mixture of human
responder and stimulator PBLs and the proliferation of the responder PBLs was
determined on days 3, 4, and 5 by the addition of radiolabeled thymidine.
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Figure 14 isa graph depicting the results'of a one way secondary MLR assay - - -

- using PBLs from a primary MLR as responders and PBLs:from the same or a
- different individual as in the primary MLR as stimulators. The humanized anti- .

human B7-1 mAb was added to the primary MLR only. Proliferation of the
responder PBLs in the secondary MLR was determined on days3,4,and 5bythe . .

~ addition of radiolabeled thymidine.

| Figure 15 is a graph depicting the results of a one way secondary MLR assay -

‘using PBLs from a primary MLR as responders and PBLs from the same or a

different individual as in the primary MLR as stimulators. The humanized anti-
human B7-2 mAb (IgG2.M3 isotype) was added to the primary MLR only.
Proliferation of the responder PBLs in the secondary MLR was determined on days -

3,4, and 5 by the addition of radiolabeled thymidine.
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Figure 16 is a graph depicting the results of a one way secondary MLR assay -
using PBLs from a primary MLR as responders and PBLs from the same or a
different individual as in the primary MLR as stimulators. The humanized anti-~
human B7-1 and B7-2 mAbs (IgG2.M3 isotype) were added to the primary MLR

only. Proliferation of the responder PBLs in the secondary MLR was determined on =
- days 3,4, and 5 by the addition of radiolabeled thymidine.

Figure 17 isa graph showing the results from a one way primary MRL assay .-
using PBLs as responders:and irradiated “B” PBL stimulators.. The responderand -
stimulator were treated with the humanized anti-B7-2 antibody, humanized anti-B7- -

1 mAbs, combined bumanized anti-B7-1 and humanized anti-B7-2 mAbs, 10 pug/ml - - -

CTLA4 Ig, 20 pg/ ml CTLA4 Ig, or control Ig. The culture proliferation was -
measured on day_s 3,4, and 5 by the addition of radiolabeled thymidine.
Figure 18 is a graph showing the results from a one way primary MRL assay

- using PBLs as responders and irradiated “C” PBL stimulators. The responder and

stimulator were treated with the humanized anti-B7-2 antibody, humanized anti-B7-
1 mAbs, combined humanized anti-B7-1 and humanized anti-B7-2 mAbs, 10 pg/

- ml CTLA4 Ig, 20 pg/ ml CTLA4 Ig, or control Ig. The culture proliferation was .

measured on days 3, 4, and 5 by the addition of radiolabeled thymidine.
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Figure 19 is a graph showing the results from a one way secondary MRL
assay using responders from the “B” stimulator primary MLR (See Figure 17) and
fresh “B” stimulators. The responders and stimulators were treated with the
humanized anti-B7-2 mAb, humanized anti-B7-1 mAb, combined humanized anti-
B7-1 and humanized anti-B7-2 mAbs, 10 ug/ ml CTLA4 Ig, 20 pg/ ml CTLA4 Ig,
or control Ig in the primary MLR only. There were no additions to the secondary

"MLR. The culture proliferation was measured on days 3, 4, 5 and 6 by the addition

of radiolabeled thymidine. -
Figure 20 is a graph showing the results from a one way secondary MRL

-assay using responders from the “B” stimulator primary MLR (See Figure 17) and

fresh “C” stimulators. The responder and stimulator were treated with the
humanized anti-B7-2 mAb, humanized anti-B7-1 mAb, combined humanized anti-

. B7-1 and humanized anti-B7-2 mAbs, 10.pg/ ml CTLA4 Ig, 20 pg/ ml CTLA4 Ig,

or control Ig in the primary MLR only. There were no additions to the secondary

MLR. The culture proliferation was measured on days 3, 4, 5 and 6 by the addition.

of radiolabeled thymidine.

. Figure 21 is a graph showing the results from a one way secondary MRL
assay using responders from the “B” stimulator primary MLR (See Figure 17) and
fresh “B” or “C” stimulators. The responder and stimulator were treated with the

. humanized anti-B7-2 mAb, humanized anti-B7-1 ‘mAb, combined humanized anti-
- B7-1 and humanized anti-B7-2 mAbs, 10 pg/ ml CTLA4 Ig, 20 pg/ ml CTLA4 Ig,

or control Ig in the primary MLR only.  There were no additions to the secondary

MLR. The culture proliferation was measured on days 3, 4, 5 and 6 by the addition
- of radiolabeled thymidine. Figure 21 is a compilation of Figures 19 and 20.

Figure 22 is a graph depicting the anti-tetanus response (log titer) in non-

- human primates immunized with tetanus toxoid. Cynomolgus monkeys were

immunized with purified tetanus toxoid and treated with humanized anti-B7-1 and

- humanized anti-B7-2 antibodies. Serum anti-tetanus antibody titers (IgM & IgG)

were measured weekly over a 26 week period.
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- 'Figure23isa graph depicting the anti-tetanus response (log titer) in non-

" human primates immunized with tetanus toxoid. Cynomolgus monkeys were

immunized with tetanus toxoid on Day 0 and treated with a single IV dose of

" humanized anti-B7-1 and humanized anti-B7-2 antibodies in combination or vehicle
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on Day 0. At Week 14 animals were immunized with tetanus toxoid a second time

. without additional humanized anti-B7-1 or humanized anti-B7-2 antibody

treatment. Serum anti-tetanus antibody titers (IgM & IgG) were measured weekly

~ over an 18 week period.

Figure 24 i is a graph depicting the anti-tetanus response (log titer) in non-
human primates immunized with tetanus toxoid. Cynomolgus monkeys were
immunized with tetarius toxoid on Day 0 and treated with a single IV dose of

hmﬂaniied anti-B7-1 antibody alone or vehicle on Day 0. ‘At Week 14 animals were

' immuniZed with tetanus toxoid a second time without additional humanized anti-B7-

1 antibody treatment. Serum anti-tetanus antibody titers (IgM & IgG) were
measured weekly over an 18 week period. |
| Figure 25 is a graph depicting the anti-tetanus response (log titer) in non-

human primates immunized with tetanus toxoid. Cynomolgus monkeys were

- immunized with tetanus toxoid on Day 0 and tréated with a single IV dose of -
. humanized anti-B7-2 antibody alone or vehicle on Day 0. At Week 14 animals were

immunized with tetanus toxoid a second time without additional humanized anti-B7-
2 antibody treatment. Serum anti-tetanus antibody titers (IgM & 1gG) were
measured weekly over an 18 week penod

Figure 26 is a bar graph showmg the area under the anti-tetanus antlbody

" titer curve (log titer) for each treatment Group (Group designations: Group 1:

vehicle control; Groups 2-4: 10, 1, or 0.1 mg/kg of h1F1 alone; Groups 5-7: 10, 1, or
0.1 mg/kg of h3D1 alone; Groups 8-11: 10, 1, 0.1, or 0.01 mg/kg of h1F1 and h3D1

in combma’uon) Cynomolgus monkeys were immunized with tetanus toxo1d 0 and

" treated with a single IV dose of humanized anti-B7-1 and humanized antl-B7-2

antibodies in combination, humanized anti-B7-1 antibody or humanized anti-B7-2

antibody alone, or vehicle (n=3 per group). Area Under the Curve (AUC) values
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were calculated from time 0 to 14 weeks. All tetanus titers were normalized to a
baseline of zero before AUCs of the tetanus titer curves were calculated. These
AUC values were weighted by the fraction of the number of animais in each group
that produced detectable antibody titers to account for the number of responding
animals in each. group.

Figure 27 is a graph showing the serum concentration of anti-B7-1 and anti-
B7-2 (1gG2.M3 isotype) mAbs at various times after administration of an I.V. dose
of 10mg/kg.

Figure 28 is a graph depicting the percent survival over-about 1 year of
Rhesus Monkeys that received a renal allotransplantation. The monkeys were
treated with humanized anti-B7-1 and humanized anti-B7-2 antibodies in

© combination, humanized anti-B7-1 antibody or humanized anti-B7-2 antibody alone,
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or a vehicle. The humanized antibodies were given at an initial dose of 20 mg/kg
followed by 5 mg/kg and then weekly doses of 5 mg/kg for between 60-80 days.

DETAILED DESCRIPTION OF THE INVENTION
The invention relates to humanized immunoglobulins having binding

- specificity for B7-2 or B7-1, comprising an antigen binding region of non-human

origin and at least a portion of an immunoglobulin of human origin. -Preferably, the

' humanized immunoglobulins can bind B7-2 or B7-1 with an affinity of at least about

107M!, preferably at least about 108 M, and more preferably at least about 10° M-,

- In one embodiment, the humanized immunoglobulins include an antigen binding
‘region of non-human origin which binds B7-2 or B7-1 and a constant region derived

from a human constant region. The human constant region can have non-human

. residues in the framework region (FR). In another embodiment, the humanized

immunoglobulins which binds B7-2 or B7-1 comprise a complementarity
determining region (one or more) of non-human origin and a variable framework
region (one or more) of human origin, and optionally, a constant region of human
origin. Optionally, the FR region of the immunoglobulins can comprise residues of

non-human origin. For example, the humanized immunoglobulins can comprise a
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heavy chain and a light chain, wherein the light chain comprises a complementarity -

-+ determining region'derived from an antibody of non-human origin which binds B7-2

and a framework region derived from a light chain of human origin, and the heavy
chain comprises a complementarity determining region derived from an antibody of
non-human origin which binds B7-2 and a framework regidn derived from a heavy -
chain of human origin. In another example, the humanized immunoglobulins can
comprise a heavy chain and a light chain, wherein the light chain comprises a -
comﬁlementarity determining region derived from an antibody of non-human origin
which binds B7-1 and a framework region derived from a light chain of human
origin, and the heavy chain comprises a complementarity determining region derived
from an antibody of non-human origin which binds B7-1 and a framework region -
derived ﬁ'om a heavy chain of human origin. Also, the invention, individually orin: -
a functional combination, embodies the light chain, the heavy chain, the variable
region, the variable light chain and the variable heavy chain. |

The invention relates to a humanized B7-2 antibody that has substantially the -
same binding specificity as the murine B7-2 antibody from which the humanized

antibody is made, but with reduced immunogenicity in primates (e.g., humans).

" Similarly, the invention also relates to 2 humanized B7-1 antibody thathas -

substantially the same binding specificity as the murine B7-1 antibody, respectively,
from which the humanized-antibody is made, but with reduced immunogenicity in
primates (e.g., humans). The humanized B7-2 or B7-1 antibody can have about a
lesser, substantially the same, or greater binding aﬂimtyas the murine counterpart. :
Sec Figures 3,4, 8, 9A and 9B. - '

Naturally occurring immunoglobulins have a common core structure in
which two identical light chains (about 24 kD) and two identical heavy chains
(about 55 or 70 kD) form a fetramer. The amino-terminal portion of each chain is

.known as the variable (V) region, also referred to as thé "antigen binding" region,

and can be distinguished from the more conserved constant (C) regions of the . -

~ remainder of each chain. Within the variable region of the light chain is a C-

terminal portion known as the J region. Within the variable region of the heavy
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chain, there is a D regjon in addition to the J region. Most of the amino acid
sequence variation in immunoglobulins is confined to three separate locations in the
V regions known as hypervariable regions or complementarity determining regions
(CDRs) which are directly involved in antigen binding. The variable region is the
portion of the antibody that binds to the antigen. The constant region allows for
various functions such as the ability to bind to Fc receptors on phagocytic cells,

. placental cells, mast cells, etc. The light and heavy chains each have a variable

region and a constant region. Accordingly, the invention relates to humanized
immunoglobulins having binding specificity to B7-2 or B7-1. The humanized B7-1
or B7-2 immunoglobulin c,ompriées a light chain and a heavy chain in which two
light chains and two heavy chains form the tetramer.

The variable region further constitutes two types of regions, a framework
region (FR) and a complementarity determining region (CDR). CDRs are

* - . hypervariable regions that contain most of the amino acid sequence variation in
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- between immunoglobulins. Proceeding from the amino-terminus, these regions are'

designated CDR1, CDR2 and CDR3, respectively. See Figures 1A-1B, 2A-2B, 6A-
6B and 7A-7B. The CDRs are connected by more conserved FRs. Proceeding from
the amino-terminus, these regions are designated FR1, FR2, FR3, and FR4,
respectively. The locations of CDR and FR regions and a numbering system have
been defined by Kabat et al. (Kabat, E.A. et al., Sequences of Proteins of

- Immunological Interest, Fifth Edition, U.S. Department of Health and Human

Services, U.S. Government Printing Office (1991); Kabat, B.A. Structural Concepts
in Immunology and Immunochemistry, Second Edition, Holt, Rinehart and Winston,

. New York (1976); Kabat, E.A. Sequences of mmunoglobulin Chains: Tabulation

and Analysis of Amino Acid Sequences of Precursors, V-regions, C-regions, J-Chain
and fi2-Microglobulins, U.S. Department of Health, Education and Welfare, Public
Health Service, (1979); Kabat, E.A. Structural Concepts in Immunology and
Immunochemistry, Holt, Rinehart and Winston, New York (1968); Kabat, B.A.
Experimental Immunochemistry, Second Edition, Springfield, Thomas (1967).

During the process of humanizing an immunoglobulin, one or more of the CDRs



WO 00/47625 PCT/US00/03303

21-

from an antibody having specificity for B7-2 or B7-1 from a non‘human species is

' grafted into the FRs of 4 human antibody. In addition, certain non-human
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. framework substitutes can be made according to the methods described herein. The
' fésultin'g humanized antibody has CDRs from a non-human species such as a mouse

and FRs from a human antlbody, whereby the humanized antibody maintains its
anhgemc specificity and a:Eﬁmty to B7-1orB7-2.

The invention also relates to a B7-1 or B7-2 humanized immuno globulin

| light chain, or 2 B7-1 or B7-2 humanized immunoglobulin heavy chain. In one

- embodiment, the invention relates to a humanized B7-2 light chain comprising one

or more light chain CDRs (e.g., CDR1 (SEQ ID NO: 16), CDR2 (SEQ ID NO: 18) .
and/or CDR3 (SEQ ID NO: 20)) of non-human origin and a human light chain

framework region (See-Figuré 2B).  In another embodiment, the invention relates to. - .-

a humanized B7-2 immunoglobulin heavy chain comprising one or more heavy

‘chain CDRs (e.g., CDR1(SEQ ID NO: 10),.- CDR2 (SEQ ID NO: 12), and/or CDR3
'(SEQ ID NO: 14)) of non-human origin and a human heavy chain framework
 region (See Figure 2A). The CDRs can be derived from a non-human

immunoglobuli:d ‘such as murine heavy (e.g., SEQ ID NO: 1, Figure 1A) and light
(e.g., SEQ ID NO: 3, Figure 1B) variable region chains of the 3D1 antibody which
are specific to B7-2.

In another embodiment, the invention relates to a humanized B7-1 light
cham comprising one or more light chain CDRs (e.g., CDR1 (SEQ ID NO: 36),
CDR2 (SEQ ID NO: 38) and/or CDR3 (SEQ ID NO: 40)) of non-human origin and
a human light chain framework region (See Figure 7B). ‘The invention also pertains.

‘to a B7-1 humanized immunoglobulin heavy chain comprising one or more heavy

chain CDRs (e.g., CDR1 (SEQ ID NO: 30), CDR2 (SEQ ID NO: 32), and/or CDR3

(SEQ ID NO: 34)) of non-human origin and a human heavy chain framework region

(See Figure 7A). The CDRs can be derived from a non-human Jmmunoglobuhn
such as murine heavy (e.g., SEQ ID NO: 21, Figure 6A) and light (e.g., SEQ ID NO:
23, Figure 6B) variable region chains of the 1F1 antibody which are specific to B7-
1. ) . . . . .
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The invention also embodies the humanized anti-B7-2 antibody expressed by
a cell line deposited with the A.T.C.C., 10801 University Boulevard, Manassas, VA
02110-2209, on May 5, 1998, A.T.C.C. No: CRL~12524. The cell line which
expresses the humanized anti-B7-2 antibody, deposited with the A.T.C.C., is
designated as a recombinant CHO cell line (PA-CHO-DUKX-1538) expréssing the

- humanized anti-human B7-2 (CD86) monoclonal antibody (#HF2-3D1) of the

IgG2.M3 isotype. _ _

The invention also embodies the humanized anti-B7-1 antibody expressed by
a cell line deposited with the A.T.C.C., 10801 University Boulevard, Manassas, VA
02110-2209, on June 22, 1999, under A.T.C.C. No: PTA-263. The cell line which

-expresses the humanized anti-B7-1 antibody, deposited with the ATCC,is

designated as a recombinant CHO cell line (PA-CHO-DUKX-1538) expressing the
humanized anti-human B7-1 (CD80) monoclonal antibody (#1F1).

Human immunoglobulins can be divided into classes and subclasses,

- depending on the isotype of the heavy chain. The classes include IgG, IgM, IgA,

IgD and IgE, in which the heavy chains are of the gamma (y), mu (W), alpha (),
delta (3) or epsilon (€) type, respectively. Subclasses include IgG1, IgG2, 1gG3,
IgG4, IgAl and IgA2, in which the heavy chains are of the y1, y2, y3, y4, a1 and

- a2 type, respectively. Human immunoglobulin molecules of a selected class or
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subclass may contain either a kappa () or lambda (1) light chain. See e.g., Cellular

- and Molecular Immunology, Wonsiewicz, M.J., Ed., Chapter 45, pp. 41-50, W. B.

Saunders Co, Philadelphia, PA (1991); Nisonoff, A., Introduction to Molecular
Immunology, 2nd Ed., Chapter 4, pp. 45-65, Sinauer Associates, Inc., Sunderland,
MA (1984). . |

The terms “HF2.3D1" and “3D1" refer to a murine immumoglobulin specific
to B7-2. The terms “humanized HF2.3D1," “humanized 3D1", "hu3D1," “h3D1,”
"B7-2 humanized immunoglobulin” or "humanized B7-2 immunoglobulin" refer to a

humanized immunoglobulin specific to hu_man B7-2 (e.g., mouse anti-human B7-2

~antibody). The terms "1F1" or "mouse 1F1" refer to a murine immunoglobulin that

is specific to B7-1. The terms "humanized 1F1", "hulF1," “h1F1,” "B7-1
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" humanized immunoglobulin" or "humanized B7-1 immunoglobulin” refertoa - -

" humanized immunoglobulin specific to human B7-1 (.g., mouse anti-human B7-1. -

antibody). The term "B7 molecules"” refer to the B7-1 and B7-2 molecules. The -

" term "B7 antibodies" refer to the anti-human B7-1 and anti-human B7-2 antibodies..

The tefms "immunoglobulin" or "antibody" include whole antibodies and .
biolo gicaﬂy functional ﬁ'agments thereof. Such biologically functional fragments
retain at least one antigen binding function of a corresponding full-length antibody .

-and preferably, retain the ability to inhibit the interaction of B7-2 or B7-1 with.one

or more of its receptors (e.g., CD28, CTLA4). In a preferred embodiment, -
biologically functional fragments can inhibit binding of B7-2 and/or B7-1 for.
manipulation of t_he co-stimulatory pathway. Examples of biologically functional ..
antibody fragments which can be used include ﬁagmeﬁts’ capable of binding to B7-2
or B7-1, such as single chain antibodies, Fv, Fab, Fab' and F(ab’), fragments. Such
fragments can be produced by enzymatic cleavage or by recombinant techniques.
For instance, papain or p’épsin cleavage can be used to generate Fab or F(ab"), . - -
fragments, respectively. Antibodies can also be i:_toduced in a variety of truncated

- forms using antibody genes in which one or more stop codons have been introduced .

upstream of the natural stop site. For example, a chimeric gene encoding the heavy

' chain of a F(ab'), fragment can be designed to include DNA sequences encoding the

CH, domain and hinge region of the heavy chain. The invention includes single. ..

" chain antibodies (e.g,, a single chain FV) that contain both portions of the heavy and
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light chains.

The term "hmnanized-immunoglobulin" as used herein refers to an
immunoglobulin compﬁsing portions of immunoglobulins of different origin, .
‘wherein at least one portion is of human origin. For example, the hunianized -
antibody can comprise portions derived from animmunoglobulin of non-human -
origin with the requisite specificity, such as a mouse, and from immunoglobulin

sequences of human origin (e.g., chimeric immunoglobulin). These portions can be -

joined together chemically by conventional techniques (e.g., synthetic) or prepared

as a contiguous polypeptide using genetic engineering techniques (e.g., DNA
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. encoding the protein portions of the chimeric antibody can be expressed to produce a
* contiguous polypeptide chain). Another example of a humanized immunoglobulin

of the invention is an immunoglobulin containing one or more immunoglobulin
chains comprising a CDR derived from an antibody of non-human origin and a

framework region derived from a light and/or heavy chain of human origin (e.g.,

. CDR-grafted antibodies with or without framework changes). Chimeric or CDR-
- grafted single chain antibodies are also encompassed by the term humanized
- immunoglobulin. -See, e.g., Cabilly ez al., U.S. Patent No. 4,816,567; Cabilly et al.,

EBuropean Patent No. 0,125,023 B1; Boss et al., U.S. Patent No. 4,816,397; Boss et
al., Buropean Patent No. 0,120,694 B1; Neuberger, M.S. et al., WO 86/01533;

. Neuberger, M.S. et al., European Patent No. 0,194,276 B1; Winter, U.S. Patent No.

5,225,539; Winter, European Patent No. 0,239,400 B1; Padlan, E.A. et al., European
Patent Application No. 0,519,596 Al. See also, Ladner et al, U.S. Patent No.

- 4,946,778; Huston, U.S. Patent No. 5,476,786; and Bird, R.E. et al,, Science, 242:
15

423-426 (1988), regarding single chain antibodies.
As embodied in the exemplified antibody of the present invention, the term

- “humanized immunoglobulin” also refers to an immunoglobulin comprising a

- human framework; at least one CDR from a non-human antibody, and in which any

. constant region present is substantially identical to a human immunoglobulin
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- constant region, e.g., at least about 60-90%, preferably at least 95% identical.

Hence, all parts of a humanized immunoglobulin, except possibly the CDR's, are

- . substantially identical to corresponding parts of one or more native human
- - immunoglobulin sequences. Tn some instances, the humanized immunoglobulin, in
. -addition to CDRs from a non-human antibody, would include additional non-human

- residues in the human framework region.

-'The design of humanized immunoglobulins can be carried out as follows.
‘When an amino acid falls under the following categories, the framework amino acid
of a human immunoglobulin to be used (acceptor immunoglobulin) is replaced by a
framework amino acid from a CDR-providing non-human immunoglobulin (donor

immunoglobulin):
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(8) - the amino acid in the human framework region of the acceptor
- immunoglobulin is unusual for human immundglobulin at that
_ ‘position, whereas the cofre'spondin'g amino acid in the donor
. immunoglobulin is typical for human immunoglobulin in that
-position: - o | |
- (b) the posiﬁdﬁ of the amino acid is immediately adjacent to one of the
CDR's; or '
(¢)  the amino acid is capable of interacting with the CDR's in a tertiary
structure immunogl_Obulih model (see, Queen et al., op. cit., and Co et
al., Proc. Natl, Acad; Sci. USA 88, 2869 (1991)).
For a detailed description of the production of humanized immunoglobulins,
See Queen et al., op. cit. and Co et al, op. cit. and U.S. Patents 5,585,089;
5,693,762, 5,693,761, and 5,530,101, '
Usually, the CDR regions in humanized antibodies are substantially
identical, and more usually, identical to the correspdnding CDR regions in the'
mouse antibody from which they were derived. Although not usually desirable, it is

sometimes possible to make one or more conservative amino.acid substitutions of

CDR residues without appreciably affecting the binding affinity of the resuiting
humanized immunoglobulin. Occasionally, substitutions of CDR regions can

" enhance binding affinity.

Other than for the specific amino acid substitutions discussed above, the
ﬁainéwork regions of humanized immunoglobulins are usually substantially -
identical, and more usually, identical to the framework regions of the human
antibodies from which they were derived. Of course, many of the amino-acids in the
framework region make little or no direct contribution to the specificity or affinity of

an antibody. Thus, many individual conservative substitutions of framework

- residues can be tolerated without appreciable change of the specificity or affinity of

the resulting humanized immunoglobulin.
The antigen binding region of the humanized B7-2 immunoglobulin (the

non-human portion) can be derived from an immunoglobulin of non-human origin,
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referred to.as a donor immunoglobulin, having specificity for B7-2 (e.g., the 3D1 -
antibody) or B7-1 (e.g., the 1F1 antibody). For example, a suitable antigen binding
region for the humanized B7-2 antibody can be derived from the HF2.3D1
monoclonal antibody, a murine anti-human B7-2 antibody. U.S. Serial No.
08/101,624, filed on July 26, 1993, 08/109,393, filed August 19, 1993 and
08/147,773, filed November 3, 1993, entitled, "B7-2:CTLA4/CD28 Counter

- Receptor”. See also, Freeman, et al., WO 95/03408, “ B7-2: CTLA4/CD 28 Counter

Receptor, published on February 2, 1995. A suitable antigen binding region for the
humanized B7-1 antibody can be derived from the murine 1F1 monoclonal antibody,

a murine-anti-human B7-1 antibody. Other sources include B7-2 or B7-1 specific

~ antibodies obtained from non-human sources; such as rodent (e.g., mouse and rat),

rabbit, pig, goat or non-human primate (e.g., monkey) or camelid animals (e.g.,
camels and llamas). -

- Additionally, other polyclonal or monoclonal antibodies, such as antibodies -
which bind to the same or similar epitope as the murine HF2.3D1 or 1F1 antibodies;
can be made (e.g., Kohler et al., Nature, 256:495-497 (1975); Harlow et al., 1988, .
Antibodies: A Laboratory Manual, (Cold Spring Harbor, NY); and Current Protocols
in Molecular Biology, Vol. 2 (S{lpplement 27, Summer '94), Ausubel et al., Eds.
(John Wiley & Sons: New York, NY), Chapter 11 (1991)). For example, antibodies
can be raised against an appropriate immunogen in a suitable mammal such as a
mouse, rat, rabbit, sheep, or camelid. Cells bearing B7-2 or B7-1, membrane
fractions containing B7-2 or B7-1 immunogenic fragments of B7-2 or B7-1, and a
B7-2 or B7-1 peptide conjugated to a suitable carrier are examples of suitable
immunogens (e.g., DNA or peptide immunogens). Antibody-producing cells (e.g., &
lymphocyte) can be isolated, for example, from the lymph nodes or spleen of an
immunized animal. The cells can then be fused to a suitable immortalized cell (e.g.,
a myeloma cell line), thereby forming a hybridoma. Fused cells can be isolated
employing selective culturing techniques. Cells which produce antibodies with the -
desired specificity can be selected by a suitable assay, such as an ELISA.
Immunoglobulins of non-human origin having binding specificity for B7-2 or B7-1
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non-human Fab molecules: Humanized immunoglobulins can be made using other

techniques.

- * In one embodirent, the antigen binding region of the humanized
immunoglobulins comprise a CDR of non-human origin, .In this embodiment,
humanized immunoglobulins having binding specificity for B7-2 or B7-1 comprise
at least one CDR of non-human origin. For exarﬁple, CDRs can be derived from the
light and heavy chain vériable regidns of immuno globulins of non-human origin,
such that a humanized B7-2 immunoglobulin includes substantially the heavy chain
CDR1 (e.g., SEQ ID NO: 10), CDR2 (e.g., SEQ ID NO: 12) and/or CDR3 (e.g., .
SEQ ID NO: 14) amino acid sequences, and/or light chain CDR1 (e.g., SEQ ID NO:
16), CDR2 (e.g., SEQ ID NO: 18) and/or CDR3 (e.g., SEQ ID NO: 20) amino acid
sequences, from one or more immunoglobulins of non-human origin, and the
resulting humanized immunoglobulin has binding speciﬁéity for B7-2. CDRs can
also be derived from light and heavy chain variable regions of immunoglobulins of
non-human origin that are specific for B7-1. The humanized B7-1 antibody
comprises substantially the heavy chain CDR1 (SEQ ID NO: 30), CDR2 (SEQ ID
NO: 32) and/or CDR3 (e.g., SEQ']D NO: 34) amino acid-seqﬁences, and/or light
chain CDR1 (SEQ ID NO: 36), CDR2 (SEQ ID NO: 38) and/or CDR3 (SEQ ID

NO: 40) amino acid sequences, from one or more immunoglobulins of non-human =

- origin, and the resulting humanized immunoglobulin has binding specificity for B7-

1. All three CDRs of a selected chain can be substantially the same as the CDRs of' -

| the corresponding chain of a donor, and preferably, all three CDRs of the lightand - -
- heavy chains are substantially the same as the CDRs of the corresponding donor

chain. The nucleic acid sequences of the B7-2 heavy chain CDR1 (e.g., SEQID '
NO: 9), CDR2 (e.g., SEQ ID NO: 11) and CDR3 (e.g.; SEQ ID NO: 13) and/or B7-2
light chain CDR1 (e.g., SEQ ID NO: 15), CDR2 (e.g., SEQ ID NO: 17), and CDR3
(e.g., SEQ ID NO: 19) can also be used in grafting the CDRs into the human
framework. Additionally, the nucleic acid sequences of the B7-1 heavy chain CDR1
(SEQ ID NO: 29), CDR2 (SEQ ID NO: 31) and CDR3 (SEQ ID NO: 33) and/or B7-
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1 light chain CDR1 (SEQ ID NO: 35), CDR2 (SEQ ID NO: 37) and CDR3 (SEQ ID
NO:39) can be used in grafting the CDRs into the human framework.

In another embodiment, the invention pertains to humanized
immunoglobulins having a binding specificity for either B7-2 or B7-1 comprising a

- heavy chain and a light chain. The light chain can comprise a CDR derived from an

antibody of non-human origin which binds B7-2 or B7-1 and a FR derived from a

- light chain of human origin. For example, the light chain can comprise CDR1,

CDR2 and/or CDR3 which have the amino acid sequence set forth below or an
amino acid sequence substantially the same as the amino acid sequence such that the
antibody specifically binds to B7-2: CDR1 KSSQSLLNSRTRENYLA (SEQ ID
NO: 16), CDR2 WASTRES (SEQ ID NO: 18), and CDR3 TQSYNLYT (SEQ ID

- NO: 20). The heavy chain can comprise a CDR derived from an antibody of non-

human origin which binds B7-2 and a FR derived from a heavy chain of human
origin.  For example, the B7-2 heavy chain can comprise CDR1, CDR2 and CDR3
which have the amino acid sequence set forth below or an amino acid sequence

substantially the same as said amino acid sequence such that the antibody

. specifically binds to the B7-2: heavy chain: CDR1 DYAIQ (SEQ ID NO: 10),

CDR2 VINIYYDNTNYNQKFKG (SEQ ID NO: 12), CDR3 AAWYMDY (SEQID
NO: 14).. _ :
- The light chain that is specific to B7-1 can comprise CDR1, CDR2 and/or

substantially the same as the amino acid sequence such that the antibody specifically
binds to B7-1: CDR1 SVSSSISSSNLH (SEQ ID NO: 30), CDR2 GTSNLAS (SEQ
ID NO: 32) and CDR3 QQWSSYPLT (SEQ ID NO: 34). The heavy chain can
comprise a CDR derived from an antibody of non-human origin which binds B7-1
and a FR derived from a heavy chain of human origin. The heavy chain that is
specific to B7-1 can comprise CDR1, CDR2 and/or CDR3 that have the amino acid
sequence set forth below or an amino acid sequence substantially the same as the -

amino acid sequence such that the antibody specifically binds to B7-1: CDR1
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 DYYMH(SEQ ID NO: 36), CDR2 WIDPENGNTLYDPKFQG (SEQ ID NO: 38),

and CDR3 EGLFFAY (SEQ ID NO: 40).-

- An embodiment of the invention is a humanized immuno globulin which

-~ specifically binds to B7-2 and comprises a humanized light chain comprising three

light chain CDRs from the mouse 3D1 antibody and a light chain variable region
framework sequence from a human immunoglobulin light chain. The invention

further comprises a B7-2 humanized heavy chain that comprises three heavy chain

CDRs from the mouse 3D1 antibody and a heavy chain variable region framework
sequence from a human immunoglobulin heavy chain. The mouse 3D1 antibody
can further have a mature light chain variable domain as shown in Figure 1B ( SEQ

- ID NO.: 4) and a mature heavy chain variable domain as shown in Figure 1A ( SEQ

ID NO:: 2).

'In another embodiment of the invention is a humanized immunoglobulin

- which specifically binds to B7-1 and comprises a humanized light chain-comprising

three light chain CDRs from the mouse 1F1 antibody, and a light chain variable
region framework sequence from a human immunoglobulin light chain. The
invention further comprises a B7-1 humanized heavy chain that comprises three

" beavy chain CDRs from the mouse 1F1 antibody, fespectively, and a heavy chain

variable region framework sequence from a human immunoglobulin heavy chain.
The mouse 1F1 antibody can have a mature light chain variable domain as shown in
Figure 6B (SEQ ID NO: 24) and a mature heavy chain variable domain, as shown in
Figure 6A (SEQ ID NO: 22). - S

~ -The portion of the humanized immunoglobuilin or immunoglobulin chain
which is of human origin (the human portion) can be derived from any suitable
human immunoglobulin or immunoglobulin chain. For example, a human constant
region or portion thereof, if present, can be derived from the k or A light chains,
and/or the'y (e.g:, Y1, Y2, ¥3, Y4), 4, & (e.g., &1, 0:2), 0 or € heavy chains of human
antibodies, including allelic variants. A patticular constant region, such as IgG2 or
IgG4, variants or p’ortihns thereof can be selected to tailor effector function. For

example, a mutated constant region, also referred to as a "variant," can be
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-~ incorporated into a fusion protein to minimize binding to Fc receptors and/or ability

to fix complement (see e.g., Winter et al.; U.S. Patent No. 5,648,260 and 5,624,821;
GB 2,209,757 B; Morrison et al., WO 89/07142; Morgan et al., WO 94/29351,

- December 22, 1994). In addition, a mutated IgG2 Fc domain can be created that
reduces the mitogenic response, as compared to natural Fc regions (see e.g., Tso et
~ al., U.S. Patent No. 5,834,597, the teachings of which are incorporated by reference

herein in their entirety). See Example 3 for mutations performed to the humanized

* anti-B7-2 antibody and Example 10 for mutations performed to the humanized anti-
- B7-1 antibody.
10

- variable region having sequence similarity to the analogous or equivalent region of

If present, human FRs are preferably derived from a human antibody

- the antigen binding region donor. Other sources of FRs for portions of hixman origin

of a humanized immunoglobulin include human variable consensus sequences (See,

‘Kettleborough, C.A. et al., Protein Engineering 4:773-783 (1991); Queen ez al.,

U.S. patent Nos: 5,585,089, 5,693,762 and 5,693,761). For example, the sequence

. of the antibody or variable region used to obtain the non-human portion can be

compared to human sequences as described in Kabat, E.A., ef al., Sequences of

- Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and

Human Services, U.S. Government Printing Office (1991). In a preferred

-embodiment, the FRs of the humanized immunoglobulin chains are derived from a
- human variable region having at least about 60% overall sequence identity, and

~ preferably at least about 80% overall sequence identity, with the variable region of

- the non-human donor (e.g., murine HF2.3D1 or 1F1 antibody). For example, the

* - overall sequence identity between the mouse HF2.3D1 and human H2F light chain

25

variable framework regions is 82.5%, and the overall sequence identity between the
-mouse HF2.3D1 and human I2R heavy chain variable framework regions is 62.5%.

For the B7-1 antibody, the overall sequence identity between the murine 1F1 and

- humanized III-2R light chain variable frame-work region is 69%, and the overall

30

sequence identity between the murine ITI-2R heavy chain variable frame-work
region is 79%.
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The phrase “substantially identical,” in context of two nucleic acids or

- polypeptides (e.g., DNAs encoding a humanized immunoglobulin or the amino acid
- sequence of the humanized immunogldbu]in) refers to two or more sequences; or

subsequences that have at least about 80%, ‘most preferably 90-95% or higher -
nucleotide or amino acid residue identity, when compared and aligned for maximum

correspondence, as measured usmg the following sequence comparison method

and/or by visual inspection. Such “substantially identical” sequences are typically

considered to be homologous. Preferably, the “substantial identity” exists over a
region of the sequences that is at least about 50 residues in.length, more preferably
over a region of at least about 100 residues, and most preferably the sequences are
substantially identical 6ver at least about 150 residues, or over the full length of the
tWo sequences to be compared. As described below, any two antibody sequences

" can only be ahgned in one way, by using the numbering scheme in Kabat. -
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Therefore, for antibodies, percerit identity has a unique and well-defined meaning,
Amino acids from the variable regions of the mature heavy and light chains
of immunoglobulins are designated Hx and Lx respectively, where X is a number

designating the position of an amino acid according to the scheme of Kabat, .

" Sequences of Prqtéins of Immunological Interest (National Institutes of Health,
Bethesda, MD, 1987 and 1991). Kabat lists many amino acid sequences for
‘antibodies for each subgroup, and lists the most conimonly occurring amino. acid for -

each residue position in that subgroup.  Kabat uses a method for assigning a residue -

number to each amino acid in a listed sequence. Kabat's scheme is extendible to

‘other antibodies not included in the compendium by:alignin‘g' the antibody in -

question with one of the consensus sequences in Kabat. The use of the Kabat -
numbering system readily identifies amino acids at equivalent' positions in different
antibodies. For example, an amino acid at the L50 position of a human antibody
occupies the equivalent pdsitio'n to an amino acid position L50 of a mouse antibody.
The basic antibody structural unit is known to compﬁse a tetramer. Bach
tetramer is composed of two identical pairs of polypeptide chains, each pair having
one “light” (about 25 kDa) and one “heavy” chain (about 50-70 kDa). The amino-
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. terminal portion of each chain includes a variable region of about 100 to 110 or

more amino acids primarily responsible for antigen recognition. The carboxy-

terminal portion of each chain defines a constant region primarily responsible for

- effector fanction. The variable regions of each light/heavy chain pair form the

antibody binding site. Thus, an intact antibody has two binding sites.
Light chains are classified as either kappa or lambda. Heavy chains are

- classified as gamma, mu, alpha, delta, or epsilon, and define the antibody's isotype
as IgG, IgM, IgA, IgD, and IgF, respectively. Within light and heavy chains, the

variable and constant regions are joined by a “T” region of about 12 or more amino

acids, with the heavy chain also including a “D” region of about 10 more amino

- acids. See generally, Fundamental Immunology, Paul, W., ed., 3rd ed. Raven Press,
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" N.Y,, 1993, Ch. 9).

- From N-terminal to C-terminal, both light and heavy chain variable regions
comprise alternating framework and (CDRs)” FR1, CDR1, FR2, CDR2, FR3, CDR3

and FR4. The assignment of amino acids to each region is in accordance with the

- definitions of Kabat (1987) and (1991), supra and/or Chothia & Lesk, J. Mol. Biol,

196:901-917 (1987); Chothia et al., Nature 342:878-883 (1989).

In one embodiment, the humanized immunoglobulins comprise at least one
of the FRs derived from one or more chains of an antibody of human origin. Thus,
the FR can include a FR1, FR2, FR3 and/or FR4 derived from one or more -
antibodies of human origin. Preferably, the human portion of a selected humanized
chain includes FR1, FR2, FR3 and/or FR4 derived from a variable region of human
origin (e.g., from a human immunoglobulin chain, from a human consensus
sequence). In a preferred embodiment, the FRs for the B7-2 light chain variable
region are from the H2F human antibody and the FRs for the B7-2 heavy chain

- variable region are from the I2R human antibody. The FRs for B7-1 heavy and light

chain variable regions are from the III-2R antibody.
~ The immunoglobulin portions of non-human and human origin for use in the
invention have sequences that are identical to immunoglobulins or immunoglobulin

portions from which they are derived, or to variants thereof. Such variants include
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- mutants differing by the addition, deletion, or substitution of one or more residues.
- As indicated above, the CDRs which are of non-human origin are substantially the
- same as in the non-human donor, and preferably are identical to the CDRs of the

~ . non-human donor.- As described herein, changes in the FR, such as those which -

10

- substitute a residue of the FR of human origin with a residue from the corresponding

position of the donor can be made. One or more mutations in the FR can be made,
including deletions, insertions and substitutions of one or more amino acids.
Several such substimtions are described in the design of a humanized HF2.3D1

antibody in Example 2 and for the humanized 1F1 in Example 9. For a selected

“humanized antibody or chain, fr_amework- mutations can be designed as described

herein. Preferably, the B7-2 and B7-1 humanized immunoglobulins can bind B7-2
and B7-1, respectively, with an affinity similar to or better than that of the non-

- human donor. Variants can be produced by a variety of suitable methods, including
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mutagenesis of non-human donor or acceptor human chains. _
The humanized immuno globulins of the invention have binding specificity
for human B7-2 or B7-1, and include humanized immunoglobulins (including
fragments) which can bind determinants of B7-2 or B7-1. In a preferred. - -
embodiment, the humanized immunoglobulin of the present invention has at least
one fumctional characteristic of murine HF2.3D1 or 1F1 antibody, such as binding

function (e.g., havmg specificity for B7-2 or B7-1, having the same or similar.

epitopic specificity), and/or inhibitory function (e.g., the ability to inhibit the -
binding of a cell bearing CD28 or CTLA4 to the B7-2 or B7-1 ligand). Thus,
preferred humanized immunoglobulins can have the binding specificity of the
murine HF2.3D1 or 1F1 antibody, the epitopic specificity of the murine HF2.3D1 or
1F1 antibody (e.g., can compete with murine HF2.3D1 or 1F1, a chimeric HF2.3D1
or 1F1 antibody, or humanized HF2.3D1 or 1F1 for binding to B7-2 or B7-1,
respectively) and/or inhibitory fumction.

The binding function of a humanized immunoglobulin having bmdmg
specificity for B7-2 or B7-1 can be detected by standard immunological methods,

for example, using assays which monitor formation of a complex between
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humanized immunoglobulin and B7-2 or B7-1 (e.g., 2 membrane fraction
comprising B7-2 or B7-1, or human lymphocyte cell line or recombinant host cell
comprising nucleic acid which expresses B7-2 or B7-1).

Binding and/or adhesion assays or other suitable methods can also be used in
procedures for the identification and/or isolation of humanized immunoglobulins
(.8, from a library) with the requisite specificity (e.g., an assay which monitors
adhesion between a cell bearing a B7-2 or B7-1 receptor and B7 molecule, or other
suitable methods).

The immunoglobulin portions of non-human and human origin for use in the
invention include light chains, heavy chains and portions of light and heavy chains.

These immunoglobulin portions can be obtained or derived from immunoglobulins

. (e.g., by de novo synthesis of a portion), or nucleic acids encoding an

immunoglobulin or chain thereof having the desired property (e.g., binds B7-2 or
B7-1, sequence similarity) can be produced and expressed. Humanized.
immunoglobulins comprising the desired portions (e.g., antigen binding region,
CDR, FR, C region) of human and non-human origin can be produced using
synthetic and/or recombinant nucleic acids to prepare genes (e.g., cDNA) encoding
the desired humanized chain. To prepare a portion of a chain, one or more stop
codons can be introduced at the desired position. For example, nucleic acid
sequences coding for newly designed humanized variable regions can be constructed
using PCR mutagenesis methods to alter existing DNA sequences (see e.g.,
Kamman, M., ef al., Nucl. Acids Res. 17:5404 (1989)). PCR primers coding for the
new CDRs can be hybridized to a DNA template of a previously humanized variable
region which is based on the same, or a very similar, human variable region (Sato,
K., et al., Cancer Research 53:851-856 (1993)). If a similar DNA sequence is not
available for use as a template, a nucleic acid comprising a sequence encoding a
variable region sequence can be constructed from synthetic oligonucleotides (see
e.g., Kolbinger, F., Protein Engineering 8:971-980 (1993)). A sequence encoding a
signal peptide can also be incorporated into the nucleic acid (e.g., on synthesis, upon

insertion into-a vector). If the natural signal peptide sequence is unavailable, a
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signal peptide sequence from another antibody can be used-(see, e.g., Kettleborough,

- C.A;; Protein Engineering 4:773-783 (1991)). Using these methods, methods . -

described herein or other suitable methods, variants can be readily produced. In one

* embodiment; cloned variable regions can be mutagenized, and sequences encoding

variants with the desired specificity can be selected (e.g.; from a phage library; see -
e.g., Krebber et al., U.S. 5,514,548; Hoogengoom et al., WO 93/06213, published. -

April 1, 1993)).

Nucleic Acids and Constructs Comprising Same: |

The invention also relates to isolated and/or recombinant (including, e.g., ‘.
essentially pure) nucleic acids ‘comprising sequences which encode a humanized B7-
1 or B7-2 immunoglobulin, or humanized B7-1 or B7-2 immunoglobulin hght or

* heavy chain of the present invention.

‘Nucleic acids referred to herein as "isolated" are nucleic acids which have- -
been separated away from the nucleic acids of the genomic DNA or cellular RNA of
their source of origih (e.g., as it exists in cells or in a mixture of nucleic acids such -
as a library), and include nucleic acids obtainéd by methods described hereinor.. - -
other suitable methods, including essentially pure nucleic agids, nucleic acids

produced by chemical synthesis, by combinations of biological and chemical -~ - = -

-+ methods, and recombinant nucleic acids which are isolated (see e.g., Daughe‘rty.-,

- 20

25

B.L. et al., Nucleic Acids Res., 19(9): 2471-2476 (1991); Lewis, A.P. and J.S,
Crowe, Gene, 101: 297-302 (1991)).

Nucleic acids referred to herein as "recombinant" are nucleic acids which
have been produced by recombinant DNA methodology, including those nucleic ..
acids that are generated by procedures which rely upon a method of artificial -~
recombination, such as the polymeraée chain reaction (PCR) and/or cloning intoa
vector (&:g., plasmid) using restriction enzymes. "Recombinant” nucleic acids are -
also those that result from recombination events that occur through the natural

- mechanisms of cells, but are selected for after the infroduction to the cells of nucleic

acids designed to allow and make probable a desired recombination event.
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- The invention also relates, more specifically, to isolated and/or recombinant

-nucleic acids comprising a nucleotide sequence which encodes a humanized
HF2.3D1 or 1F1 immunoglobulin, also referred to as "humanized 3D1" or

"humanized 1F1," respectively, (e.g., a humanized immunoglobulin of the invention

.in which the non-human portion is derived from the murine HF2.3D1 or 1F1

monoclonal antibody), or chain thereof. In one embodiment, the light chain
comprises three complementarity determining regions detived from the Light chain
of the HF2.3D1 or 1F1 antibody, and the heavy chain comprises three -
complementarity determining regions derived from the heavy chain of the HF2.3D1
or 1F1 antibody. Such nucleic acids include, for example, (a) a nucleic acid

comprising a sequence which encodes a polypeptide comprising the amino acid

- sequence of the heavy chain variable region of a humanized HF2.3D1 or 1F1
- . immunoglobulin (e.g., SEQ ID NO: 5, See Figure 2A or SEQ ID NO: 25, See Figure

- 7A), (b) a nucleic acid comprising a sequence which encodes a polypeptide

comprising the amino acid sequence of the light chain variable region of a

~'humanized HF2.3D1 or 1F1 immunoglobulin (e.g., SEQ ID NO: 7, See Figure 2B or

SEQ ID NO: 27, See Figure 7B), (c) a nucleic acid comprising a sequence which

-encodes at least a functional portion of the light or heavy chain variable region of a -

humanized HF2.3D1 or 1F1 immunoglobulin (e.g., a portion sufficient for antigen

 binding of a humanized immunoglobulin which comprises the chain). Due to the

degeneracy of the genetic code, a variety of nucleic acids can be made which encode

~  aselected polypeptide. In one embodiment, the nucleic acid comprises the

25
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nucleotide sequence of the variable region as set forth or substantially as set forth in

. Figure 2A and/or Figure 2B, or Figure 7A and/or Figure 7B, including double or

single-stranded polynucleotides. IsolaLted and/or recombinant nucleic acids meeting

- these criteria can comprise nucleic acids encoding sequences identical to sequences

of humanized HF2.3D1 or humanized 1F1 antibody or variants thereof, as discussed
above,
Nucleic acids of the invention can be used in the production of humanized

immunoglobulins having binding specificity for B7-2 or B7-1. For example, a



" WO 00/47625 : PCT/US00/03303

10

15

20

- 25

-37-

nucleic acid (e.g., ’:DN_A) éncoding a humanized immunoglobulin of the invention
can be incorporated into a suitable construct (e.g., a vector) for further manipulation

of sequences or for production of the encoded polypeptide in suitable host cells.

* Method of Producing Humanized Immunoglobulins Having Specificity for B7-2

and/or B7-1:

* Another aspect of the invention relates to 2 method of preparing a humanized
immunoglobulin which has bmdmg specificity for B7-2 or B7-1. The humanized
immunoglobulin can be obtained, for exémpi"e, by the expression of one or more |
recombinant nucleic acids encoding a humanized immimqglohulin having binding
specificity for B7-2 or B7-1 in a suitable host cell.

Constructs or expression vectors suitable for the expression of 2 humanized
immunoglobulin having binding specificity for B7-2 and/or B7-1 are also provided.
The C6nst1'ucts can be introduced into a suitable host cell, and cells which express a

humanized immunoglobulin of the invention, can be produced and maintained in

~ culture. Suitable host cells can be procaryotic, including bacterial cells such as E.

coli, B. subtilis and or other suitable bactéria., or eucaryotic, such as fungal or yeast
cells (e.g.,- Pichia pastoris, A&pergillus species, Saéchar’om’yces cerevisiae,
Schizosaccharomyces pombe, Neurospora crassa), or other lower eucaryotic cells,
and cells of higher eucaryotes such'_as those from insects (e.g:, S insect cells (WO
94/26087, O'Connbr, published November 24, 1994)). Su’itablé host cells can also
comne from plants, transgenic ammals, or mammals (e.g., COS cells, NSO cells, |
SP2/0, Chinese hamster ovary cells (CHO), HuT 78 cells, 293 cells). (See, e.g.,
Ausubel, F.M. et al,, eds.- Current Protbcéls in-Molecular Biology, Greene

Publishing Associates and John Wiley & Sons Inc., (1993)). -

Host cells which produce a humanized immunoglobulin having biﬁding
specificity for B7-2 and/or IB7-.-1 can be produced as follows. For example, a nucleic
acid encoding all or part of the coding sequence for the desired humanized
immunogiobulin can be inserted into a nucleic acid vector, e.g., a DNA vector, such

as a plasmid, virus or other suitable expression unit. A variety of vectors are’
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available, including vectors which are maintained in single copy-or multiple copy, or
which become integrated into the host cell chromosome. _

Suitable expression vectors can contain a number of components, including,
but not limited to one or more of the following: an origin of replication; a selectable
marker gene; one or more expression control elements, such as a transcriptional
control element (e.g., 2 promoter, an enhancer, terminator), and/or one or more
translation signals; a signal sequence or leader sequence for membrane targeting or
secretion. In a construct, a signal sequence can be provided by the vector or other
source. For example, the transcriptional and/or translational signals of an
immunoglobulin can be used to direct expression.

A promoter can be provided for expression in a suitable host cell. Promoters
can be constitutive or inducible. For example, a promoter can be operably linked to
a nucleic acid encoding a humanized immunoglobulin or immunoglobulin chain,
such that it directs expression of the encoded polypeptide. A variety of suitable
promoters for procaryotic (e.g., lac, tac, T3, and T7 promoters for E. coli) and
eucaryotic (e.g., yeast alcohol dehydrogenase (ADH) and SV40, CMYV) hosts are
available.

In addition, the expression vectors typically comprise a selectable marker for
selection of host cells carrying the vector, and, in the case of replicable expression
vector, an origin of replication. Genes encoding products which confer antibiotic or
drug resistance are common selectable markers and can be used in procaryotic (e.g.,
B-lactamase gene (ampicillin resistance) and Tet gene (tetracycline resistance)) and
eucaryotic cells (e.g., neomycin (G418 or geneticin), gpt (mycophenolic acid),
ampicillin, and hygromyecin resistance genes). Dihydrofolate reductase marker

genes permit selection with methotrexate in a variety of hosts. Genes encoding the

- gene product of auxotrophic markers of the host (e.g., LEU2, URA3 and HIS3) are

often used as sclectable markers in yeast. Use of viral (e.g., baculovirus) or phage
vectors, and vectors which are capable of integrating into the genome of the host
cell, such as retroviral vectors, are also contemplated. The invention also relates to

cells carrying these expression vectors.
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For example, a nucleic acid (e.g., one or more nucleic acids) encoding.the ;
heavy and light chains of a humanized immunogiobulin having binding specificity
for B7-2 or B7-1,0r a construct (e.g., one or more coﬁstmcté):comprising such

“nucleic acid(s), can be introduced into a suitable host cell by a method appropriate to

the host cell selected (e.g., transformation, transfection, electroporation, infection),
such that the nucleic acid(s) are operably linked t0 one or more expression control
elements (e.g., in a vector, in a construct created by pfbcesses in the cell, integrated:
into the host cell 'ge'nOme). Hbst cells can be maintained under conditions suitable
for expression (e.g., in the presence of inducer, suitable media supplemented with
appropriate salts, growth féctdrs, antibiotic, nuiritional supplements, etc.), whereby :
the encoded polypéptide(s) afe produced. If desired, the encoded protein (e.g.,
hu1ﬁanized'I—]F2.3D1 or 1F1 antibody) can be isolated from, for example, host cells,

- medium or milk. This process ericompasses expression in a host cell of a transgenic
‘animal (see e.g., WO 92/03918, GenPharm International, published March 19,

1992). _

~ Fusion proteins can be pro'duéed in which a humanized immunoglobulin or
iminunoglobulin chain is linked té a non-immunoglobulin moiety '(e. g.,-amoiety
which does not occur in immunoglobulins as found in nature) in an N-terminal

~ location, C-terminal location or internal to the fusion protein. For example, some

embodiments can be produced by the insertion of a mucleic acid encoding
immunoglobulin sequences into a suitable expression vector, such as a pET vector
(e.g., pET-15b, Novagen), a phage vector (.g., pPCANTAB 5 E, Pharmacia), or other -
vector (e.g., pRIT2T Protein A fusio;i vector, Pharmacia). The resulting construct. -
can be introduced into a suitable host cell for expression. Upon expression, some
fusion proteins can be isolated or purified from a cell lysate by means of a suitable
affinity matrix (see e.g., Current Protocols in Molecular Biology (Ausubel, FM. et

- al., eds., Vol. 2, Suppl. 26, pp. 16.4.1-16.7.8 (1991)).

Therapeutic Methods and Compositions:
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Two types.of T-cells exist: helper T cells and cytotoxic.T cells. The helper T

- cells can recognize an antigen that is coupled with a major histocompatibility
-complex (MHC). Antigen presenting cells internalize an antigen and re-express the

antigen with the MHC molecule. . Upon recognition of the antigen, secretion of
cytokines occur. Cytokine secretion activates B-lymphocytes, cytotoxic T cells,
phagocytes and other cells. However, cytokine secretion and cellular proliferation
require more than recognition of the anﬁgen. Complete T-cell activation requires a
second signal referred to as the "cb—sﬁmulatory signal." These co-stimulatory
signals serve to initiate, maintain, and regulate the activation cascade. An important
co-stimulatory pathway is called the B7:CD28/CTLA4 pathway.

The B7:CD28/CTLA4 pathway involves two co-stimulatory ligands, B7-1
(CD80) and B7-2 (CD86). - The B7-1 and B7-2 ligands which are present on the
antigen presenting cell each bind to two receptors on T-cells called CD28 and
CTLA4.

The expression of B7 polypeptides, B7-1 (CD80) and B7-2 (CD86), is
tightly regulated. (Linsley, PS ez al., Immunity 1:793-801 (1994). Unstimulated
antigen-presenting cells generally do not express B7-1 and B7-2, except in dendritic
cells. After activation, dendritic cells, epidermal Langerhans’ cells, B cells, and
macrophages up-regulate the expression of B7-2 and B7-1. Additionally, B7-2 can
be expressed on granulocytes and on T-cell molecules, and B7-1 is expressed in

- fibroblasts and T-cell molecules. (Reiser, et al., New England J. of Med.,, 335:18,

1369-1377, 1371 (1996).

-In most immune responses; B7-2 is induced earlier than B7-1 and rises to -
higher levels. B7-2 also affects the production of interleukin-4 (IL-4) and the
generation of type 2 helper cells. B7 molecules (B7-1 and B7-2) are also
responsible for costimmlating CD8 T cells in the absence of CD4 T cells which can

‘be helpful in generating vaccines against melanoma. B7 molecules can costimulate

natural killer cells and y/0 T cells. Hence, modulation of B7 molecules is helpful in

anti-tumor and anti-microbial immunity.
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The B7: C’D28/CTLA4'pathWay participates in various disease states

"mcludmg the pathogenesis of infectious diseases, asﬂ:ma, autoimmune diseases,

inflammatory disorders, the rejection of grafted organs and graft versus host disease.
This pathway also. participates in prophylaxls and mechanisms that stimulate the
1mmune system Transfection with genes encoding costimulators, such as B7, are
apphcahle for anti-tumor and anti-viral vaccines. Also, the B7 molecules participate
in autoimmune diseases such as systemic lupus erythemamsus, diabetes mellitus,
asthma, insulitis, arthritis, mﬂammatory bowel disease, mﬂammatory dermatitis
(psoriasis vulgaris and atopic dermatitis), and multiple sclerosis. (Reiser, et al., New
England J. of . Med., 335 (18): 1369 (1996). Accordingly, the invention

encompasses methods for treating the disease, as described herein, comprising

‘administering imm‘unoglobulin(s) that binds to B7-1 and/or B7-2. The

jmmunoglobulin should be administered in therapeutically effective amounts and,
optionally, in a carrier.

Treating an individual _having a disease refers to minimizing or alleviating
one or more symptomé associated with the disease. Treating an individual with a
transplant rejection feans minimizing or alleviating one or more symptoms
associated with transplant rejection (e. g fever, loss of kidney function, distended
kidneys, T-cell/APC cell attack the rejection). Preventing a disease in an individual
refers to preventing the occurrence of one-or more symptoms of the dlsease -
Preventing a transplant rejection means reducing one or more of the immune -
Tesponses associated with sucha transplant rejection.

'Iherefore;niodulating or influencing the B7 molecules role can be useful in
treating individuals with the diseases, described herein. B7 modulation is also
usefial in treating individuals with jmmune-related or autoimmune diseases and

disorders in which B7-2 and/or B7-1 participates. The'mddulatiOn of B7-2 or B7-1

- can also be used for diseases related to or affected by IL-4 and/or the generation of

type 2 helper cells. These disorders/diseases can be treated using an antibody
specific to B7-2 and/or B7-1. Preferably, the antibody is a humanized antibody
specific to B7-2 or B7-1. Treatment of these diseases can be facilitated with co-
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administration of an anti-B7-2 antibody, an anti-B7-1 antibody, including chimeric
and humanized versions thereof, and/or antibodies to the corresponding receptors,
CD28 and CTLA4. _ _ _

In addition to the diseases described herein, the immunoglobulins that bind
B7-1 and/or B7-2 can be administered to a person having transplanted tissue, organ
or cells. Inhibiting the B7 pathway prevents or reduces the rejection of the
transplanted tissue, organ or cell. The invention pertains to treating acute and/or
chronic transplant rejection for a prolonged period of time (e.g., days, monihs,
years). Acute transplant rejection generally occurs within the first few weeks of the
transplant, whereas chronic rejection occurs after the first few weeks. The amounts

- of the anti-B7-1 and anti-B7-2 antibodies administered are described herein.

In particular, the invention pertains to methods of treating a transplant
recipient or preventing transplant rejection. This method involves administering the
humanized anti-B7-1 and humanized anti-B7-2 antibodies in sufficient amounts to
prevent rejection of the transplant. The transplant can be cells, tissue, or an organ.
The antibodies can be administered before and/or after the transplant, or at the time
of the transplant. The antibodies are administered in doses (e.g., between about 1
mg/kg and about 100 mg/kg). In particular, the antibodies are administered in
higher doses (e.g., between about 1mg/kg and about 25 mg/kg) on the day of the
transplant, and then at lower doses periodically after the transplant (e.g., weekly at a
dose between about 1 mg/kg and about 5 mg/kg). Remarkably, such administration
results in a significant decrease and even complete prevention of an immune
response directed toward the transplant rejection. See Examples 22 and 23.

Methods of treatment also involve co-administration of a humanized anti-
B7-2 antibody and/or humanized anti-B7-1 antibody with other known standard of
care drugs (e.g., drugs that are used to modulate the immune response of an .
individual having a transplanted organ, tissue, cell or the like). Such drugs include,
for example, methotrexate, immunosuppressive agents that arrest the growth of
immune cells or inhibit cell cycle progression (e.g., rapamycin), steroids (e.g.,

prednisone or derivative thereof), calcineurin inhibitors (e.g., cyclosporin or
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FK506), anti-CD40 pathway inhibitors (e.g:, anti~CD40 antibodies, anti-CD40

ligarid antibodies and stall molecule inhibitors of the CD40 'pathway), transplant .

salvage pathway inhibitors (e.g., mycophenolate mofetil (MMF)), IL-2 féceptor

" antagonists (e.g., Zeonpax® from Hoffmann-la Roche Inc.; and Simulet from

10

15

20

25

30

Novartis, nc.) and analogs thereof; or transplant rejection drugs developed in the

~ future. The data described herein show that Cyclosporin A, prednisone and

rapamycin work particularly well in preventing t_l_‘:ansplant'r'ej ection when any one of

these compounds are administered with humanized anti-B7-1 and humanized anti- -

' B7-2 antibodies. The amounts administered of these compounds vary. The amounts,

administered depend their serum concentrations in the individual. A higher serum. -
concentration warrants a lower dosége,' and lower serum concentration warrants a - -
higher dosage. For example, Cyclosporin A can be administered in an amount
between about 150 ng/ml and about 100 mg/ml (e.g., 200-300 ng/m1), prednisone - -
can be administered between about 0.2 mg/kg and about 2.0 mg/ml,
methylprednisone can be administered between about 0.2 mg/kg and 2.0 mg/kg, and
rapamycin can be administered betvx_ieen about 0.5 mg/kg and about 2.0 mg/kg,
when administered with the humanized anti-B7-1 and humanized anti-B7-2
antibodies. | | . -

~ The invention includes ex vivo methods for transplahﬁng cells (e.g., blood
cells or components, or bone matrow) to an individual in need thereof. An
individual in need thereof is one, for examplé, having a disease that is treated with :
such a transplant (e.g., proliferative diseases such as leukemia, lymphoma, cancer; -: -
anemia such as sickle-cell ailem'ia,'thalassemia, and aplastic anemia; inborn errors of
metabolism; cox_lgenital' immunodeficiency diseases; and myeloid dysplasia

syndrome). The method comprisés' obtaining cells from a donor. Generally, donor- .

" bone marrow contains both immature and mature lymphocytes. The blood cells

from a donor can be stem cells or immature blood cells in addition to bone marrow -

cells. The cells of the donor preferably comes from, but is not limited to a person

* who has similar characteristics as the patient/recipient (e.g., the donor's bone

marrow is a match to the patient's bone marrow). The characteristics that are
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analyzed to determine whether a donor is a match to the patient.are MHC class 1 and

2 (e.g., HLA-A, HLA-B, and/or HLA-DR). The method involves contacting the

cells (e.g., bone marrow or other blood components) with an immunoglobulin

- gpecific to B7-1 and/or an immunoglobulin specific to B7-2 and recipient cells (e.g.,
lymphocyte from the patient) to obtain a mixture, referred to as "treated cells”". The
. amount of antibody utilized depends on the number of cells present. A greater
- amount of cells requires more antibody, and a lesser amount of cells requires less

—.antibody. The experiments described herein utilized 10 mg/ml of each antibody

which is in excess of 10-100 fold. The amount of the anti-B7-1 and/or anti-B7-2
antibodies used in this embodiment should be sufficient to induce anergy, e.g., about
.01 to about 10 mg/ml. The donor cells, immunoglobulin(s) and recipient cells are

- in contact for a period of time sufficient for tolerance induction (e.g., about 1-96

hours, preferably about 36-48 hours). Tolerance induction (e.g., anergy) refers to

. ‘the lack of responsiveness to an antigen that has been induced with a treatment with
15 .

B7-1 and/or B7-2 antibodies, such that the T-cell can no longer adequately or fully
respond to that antigen. Example 18. The recipient cells (e.g., Peripheral Blood
Lymphocytes (PBL), or lymphocytes that express class I antigens (MHC-I)) are

- irradiated to prevent cells from dividing. A substitute for recipient cells canbe
~ tissue, organs or engineered cells that express MHC class I antigens, and B7-1
20-

and/or B7-2 molecules. The method then includes introducing the mixture (e.g., the

~ treated cells) or treated bone marrow to the patient. This method of treatment is
-aimed at preventing graft vs. host disease. For example, cells in the treated bone

marrow become tolerant to recipient alloantigen thereby reducing or eliminating
graft vs. host disease, and improving engraphment of donor marrow (e.g., stem
cells). Accordingly, the methods of the present invention include treating,

- preventing or aiding in the prevention of graft vs. host disease. The anti-B7-1 and

anti-B7-2 antibodies reduce rejection by donor bone marrow or donor cells of the
recipient. However, the methods are able to reduce rejection without significantly
compromising the patient's ability to detect and develop an immune response to

other foreign cells and antigens. Hence, these methods allow the transplantation to



WO 00/47625 PCT/US00/03303

10

15

20

25

30

- 45-

be recipient specific, and allow for the rejection of foreign antigens without
compromising the transplant. See Exemplification Section. - .

The inveﬁtion-also relates to methods for decreasing an antibody response to
an'antigen in an individual by administering the humanized anti-B7-1 and/or - -
humanized anti-B7-2 antibodies to the individual. The antibodies can be
administered in the presence of the antigen. The éﬁtigen can be growth factors,
clotting factors, cytokines, chemokines, gene therapy vehicles or hormones. In
particular, the antigen can be, for example, tetanus toxoid, Factor VIII, Factor IX,
insulin, growth hormone, or a gene delivery vector. The antigens can be

“administered in a polypeptide form, or in a nucleic acid form (e.g., gene delivery

through adeno-associated viruses, retroviruses, naked DNA vectors, etc.).
Suppression of the antibody response to these antigens is helpful in the treatment of
a number of diseases, such as in hemophiliacs who develop antibody responses to
their administered Factor VIII or Factor IX, thereby leading to blood clotting

problems. The data described herein shows that administering effective amounts of

" the humanized anti-B7-1 and/or humariized anti-B7-2 antibodies ini conjunction with

the model antigen, tetanus toxoid, inhibit an antibody response to the tetanus toxoid.

- The antibodies can be administered together with the antigen, or close enough in
- time (e.g., shortly before or shortly thereafter) to confer the desired effect, e. £,

suppression of the antibody response. The humanized anti-B7-1 and humanized
anti-B7-2 antibodies are administered within about 3 weeks (the ¥ life of the B
antibodies) of the antigen, e.g., between about 14 days before and about 2 days after

- administration of the antigen. The humanized anti-B7-1 and humanized anti-B7-2

antibodies are administered between about .01 mg/kg and about 10 mg/kg. :
The inveﬁtibnrpertains_to'a_ pharmaceutical composition comprising a
humanized anti-B7-1 and/or humanized anti-B7-2 antibody, with or without a .
catrier. A preferred embodiment is to administer the B7-1 and/or B7-2-
immunoglobulins in injectable or capsule form. In particular, the injectable form
can be infravenous or subcutaneous injections. The terms "pharmaceutically

acceptable carrier" or a "carrier" refer to any generally acceptable excipient or drug
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delivery composition that is relatively inert and non-toxic. Exemplary carriers

include calcium carbonate, sucrose, dexirose, mannose, albumin, starch, cellulose,
- silica gel, polyethylene glycol (PEG), dried skim milk, rice flour, magnesium
. stearate, and the like. Suitable formulations and additional carriers are described in
- Remington's Pharmaceutical Sciences, (17th Ed., Mack Pub. Co., Easton, PA).

Suitable carriers (e.g., pharmaceutical carriers) also include, but are not

limited to sterile water, salt solutions (such as Ringer’s solution), alcohols,
polyethylene glycols, gelatin, carbohydrates such as lactose, amylose or starch,

magnesium stearate, talc, silicic acid, viscous parafﬁn, fatty acid esters,
hydroxymethylcellulose, polyvinyl pyrolidone, etc. Such preparations can be
sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants, preservatives,

: stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure,

buffers, coloring, and/or aromatlc substances and the like which do not deleteriously
react with the immunoglobulin. They can also be combined where desired with
other active substances, e.g., enzyme mh1b1tors, to reduce metabolic degradation. A
carrier (e.g., a pharmaceutically acceptable carrier) is preferred, but not necessary to
admlmster the immumoglobulins. _ _

For parenteral application, particularly smtable are injectable, sterile

solutions, preferably oily or aqueous solutions, as well as suspensions, emulsions, or

- implants, including suppositories. In particular, carriers for parenteral
- administration include aqueous solutions of dextrose, saline, pure water, ethanol,

glycerol, propylene glycol, peanut oil, sesame oil, polyoxyethylene-

~ polyoxypropylene block polymers, and the like. Ampules, vials and syringes are

-.convenient unit dosages. -

Immunoglobulins of the invention can be administered intravenously,
parenterally, intramuscular, subcutaneously, orally, nasally, by inhalation, by
implant, by injection, or by suppository. The composition can be administered in a
single dose or in more than one dose over a period of time to confer the desired

effect.
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" The actual efféctive amounts of immunoglobulin can vary according to the - -
specific immunoglobulin being utilized, the particular composition formulated, the

" mode of administraﬁon, and the age, weight, condition of the patien’t, and severity of -

the disorder or disease, for example. As used herein, an effective amount of the B7-
2 and/or B7-2 imm@oglohu]iﬁs is an amount which modulates or inhibits the
B7/CD28/CTLA4 pathw_ay. ‘Dosages for a particular "patim_it are described herein-

. and can be detérmined’ by one of ordinary skill in the art using conventional

considerations, (e.g. by means of an appropriate, conventional pharmacological
protocol). | |
The admlmstratlon of the humamzed B7-1 antibody, humanized B7-2

" antibody and/or other drugs can occur simultaneously or sequentially in time. These. -

compounds or compositions can be administered before, after or at the same time.

' Thus, the téerm "co-administration” is used herein to mean that the humanized B7-1

and/or B7-2 antibodies and/or other compdsitions are administered at times to treat -

the diseases described herein or induce tolerization (e.g., methotrexate; rapamycin; -~

- 'cyclosporiﬁ; steroids; anti-CD40 pathway inhibitors such as anti-CD40 antibodies,

20

25

30

anti-CD40 hgand anubodles and small molecule inhibitors of the CD40 pathway;-

- u'ansplant salvage pathway inhibitors such as mycophenolate mofetil (MMF); IL-2

receptor antagomsts such as Zeonpax® ﬂ'om Hoffmann-la Roche Inc. and Simulet
from Novartis, Tnc. and analogs thereot) The methods of the present invention are -
not limited to the sequence in which the antlbodles or composmons are
administered, so long as they are. admnustered close enough in time to produce the - :

; des1red effect.

The invention also pertains to methods for determining the presence, absence

“or level of B7-2 or B7-1 using éhumanized-anti—B7—2 or B7-1 antibody,:
- respectively. The presence or absence of B7-2 or B7-1 can be detected in an assay .

(e.g., ELISA, radioimmunoassay (RIA), FACS or Immunohistochemistry). The
assay can be a direct detection or an indirect detection (e.g. a competitive assay). -
For example, to determine the presence or absence of B7-2 or B7-1 using an-

ELISA assay in a suitable sample, the method comprises combining a suitable
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. sample with a composition comprising 2 humanized or murine anti-B7-2 or B7-1
- antibody as detector (e.g., biotinylated anti-B7-2 or B7-1 mAb and HRP-

streptavidin, or HRP-conjugated anti-B7-2 or B7-1 mAb) and a solid support (e.g., a
microtiter plate), having an anti-B7-2 or B7-1 capture antibody bound (directly or

 indirectly) thereto. The detector antibody can bind to a different B7-2 or B7-1

epitope from that recognized by.th_e capture antibody, under conditions suitable for

_ the formation of a complex between the anti-B7-2 or B7-1 antibodies and B7-2 or
_ B7_-1, respectively. The method further comprises determining the formation of

complex in the sample.
The presence of B7-2 or B7-1 can also be determined in a radioimmunoassay
or a fluorescent assay. For example, the presence of B7-2 or B7-1 can be assessed

by an immunobinding assay comprising obtaining a sample, contacting the sample

witha cbinposition comprising an anti-B7-2 or B7-1 antibody (e.g., a humanized or

murine anti-B7-2 or B7-1 antibody comprising a radioactive or fluorescent label; or
a humanized or murine anti-B7-2 or B7-1 antibody comprising a binding site for a
second antibody which comprises a radioactive or fluorescent label), preferably in an
amount in excess of that required to bind the B7-2 or B7-1, under conditions suitable
for the formation of labeled complexes. The method further comprises determining
(detecting or measuring) the formation of complex in the samples. Similarly, the
present, absence or level of B7-1 or B7-2 can be determined using Fluorescent-
Activated Cell Sorting (FACS) analysis, or histochemical analysis of tissues, using
the humanized anti-B7-1 or B7-2 antibody of the present invention.

. EXEMPLIFICATION

The present invention will now be illustrated by the following Examples,

which are not intended to be limiting in any way.

Example 1: Cloning and Sequencing of Mouse 3D1 Variable Region cDNAs:
Mouse 3D1 (also referred to as HF2.3D1) heavy and light chain variable
region cDNAs were cloned from mRNA isolated from hybridoma cells using
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anichored PCR (Co et al., J: Immunol. 148:1149-(1992)).- The 5" primers used
-anﬁealed to the 'polj'-’dG tails added to the cDNA, and the 3" primers annealed to the
constant regions. The amplified gene fragments were then inserted into the plasmid
pUCI18. Nucleotide sequences were determined from several independent clones for
both Vy and VH'cDNA:. For the heavy chain, a single, unique sequence was -
identiﬁed, typical of a mouse heavy chain 'vaﬁabie"region. For the light chain, two
wnique sequences, both hoﬁmlogous to murine light chain variable region sequences,
were identified. However, one 5equence was not functional because of a missing
nucleotide that caused a frame shift at the V-J junction, and was identified as the
non-productwe allele. The other sequence was typlcal of a functional mouse kappa
chain variable reglon The vanable reg1on cDNA sequences of the heavy chain and
the finctional hght chain and the translated amino acid sequences are shown in .
Fi'g_ures. 1A-1B. The mouse V) sequence belengs to Kabat's mouse kappa chain .

- subgroup L. ’_I‘he‘ mouse Vy belongs to Kaba_t's heavy chain sub gr_eup T(A).

Bxample 2: Des1gn of humamzed 3D1 vanable regions:
To retain the binding affinity of the mouse antlbody in the humanized
antibody, the general procedures of Queen et al. were followed (Queen et al., Proc.

* Natl. Acad. Sci. USA 86: 10029 (1989), U.S. Patent Nos. 5,585,089 and 5,693,762,
‘the teachings of which are incofporated herein in their entirety). The choice of

framework residues can be critical in retaining high binding affinity. In principle, a
framework sequence from any human antibody can serve ds the template for CDR
grafting; however, it has been demonstrated that straight CDR replacement into such
a framework can lead to significant loss of binding affinity to the antigen (Tempest
et al., Biotechnology 9: 266 (1992); Shalaby et al., J. Exp. Med. 17: 217 (1992)).
The more homologous a human antibody is to the original murine antibody, the less
likely the human framework will infroduce distortions into the mouse CDRs that
could reduce affinity. Based on e sequence homology, I2R was selected to provide
the framework for the humanized 3D1 heavy chain and H2F for the humanized 3D1
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light chain variable region. Manheimer-Lory, A. et al., J. Exp. Med. 174(6):1639-52
(1991). Other highly homologous human antibody chains would also be suitable to
provide the humanized antibody framework, especially kappa light chains from

human subgroup 4 and heavy chains from human subgroup 1 as defined by Kabat.

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 aésembling of the two chains. The I2R antibody shows a high
homology to the 3D1 heavy and light chains and thus, was chosen to provide the

| framework for the initial humanized antibody model. The 3D1 light chain variable

region, however, shows a significantly higher homology to the H2F framework
compared to any others, including I2R. Therefore, H2F was chosen instead to
provide the framework for the humanized 3D1 hght chain vanable reg10n, while IZR
was selected to prov1de the framework for the heavy chain variable region.

The computer programs ABMOD and ENCODE (Levitt et al., J. Mol. Biol.
168: 595 (1983)) were used to construct a molecular model of the 3D1 vanable
domain, which was used to locate the amino acids in the 3D1 framework that are
close eﬁough to the CDRS to potentiaily interact with them. To design the

- humanized 3D1 heavy and light chain variable regions, the CDRs from the mouse

. 20

25

~ 3D1 heavy chain were grafted into the framework regiohs of the human I2R heavy
- chain and the CDRs from the mouse 3D1 light chain grafted into the framework

regions of the human H2F light chain. At framework positions where the computer

-model suggested signiﬁcant contact with the CDRs, the amino acids from the mouse

ant1body were substituted for the ongmal buman framework amino acids. For
humanized 3D1, this was done at residues 27, 30, 48, 67, 68, 70 and 72 of the heavy
chain and at residue 22 of th¢ light chain. Furthermore, framework residues that
occurred only raiely at their pdsition_s in the database of human antibodies were
replaced by a human consensus amino acid at those poéitidns. For humanized 3D1

this was done at residue 113 of the heavy chain and at residue 3 of the light chain.
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‘The sequen'ce of the humanized 3D1 antibody heavy chain and light chain
vanable reglons is shown in Flgures 2A-2B. However many of the potential CDR- .
- , contact res1dues are amenable fo substxtutlons of other amino acids that may still
allow the antlbody to retam substantial affinity to the antlgen Table 1 lists a
5 number of posmons in the framework where alternative amino acids may be suitable -
(LC= Iight' chain, HC = heavy chain). The position specified in the table is the
number of amino acids from the first amino acid of the mature chain, whichis
~ indicated by a double underline (Figures 2A-2B). For example, position LC-22 is
the twenty second amino acid beginning from the doubled underlined Aspartic Acid, -
10 D; (or the forty second amino acid from the start codon).

Tablel.  Amino Acids Substitutes and/or Alternatives

- Position,' B " Humanized 3D1 ' Alternatives

LC-22

HC-27

15 |. "HC-30 -

- HC-48 -

HC-67

~ HC-68

HC-70

o= |<|w |2 e o]z

IS il el e e

20 | - CHC-72

Likewise, many of the ﬂ‘ahaewbrklrésidl.;es not in contact with the CDRsin
the humanized 3D1 heavy and light chains can accommodate substitutions of amino
acids from thé coﬁéspond.ing posiﬁons of IiR and H2F frameworks, from other
human antibodies, from the mouse 3D1 antlbody, or from other mouse antibodies,

25 without 51gmﬁcant loss of the afﬁmty or non-lmmunogemclty of the humanized
antibody. Table 2 lists a num_ber of additional pos1t_10ns in the framework where

alternative amino acids may be suitable.
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Table 2. Framework Region Amino Acid Substitutes and/or Alternatives
Position Humanized 3D1 Alternatives

LC3 v Q

HC-113 . - T R

‘Selection of various alternative amino acids may be used to produce versions
of humanized 3D1 that have varying combinations of affinity, specificity, non-
immunogenicity, ease of manufacture, and other desirable properties. Thus, the

examples in the above tables are offered by way of illustration, not of limitation.

| Example 3: Constniction of Humanized 3D1:

Once the hﬁmanized variable region amino acid sequences had been
designed, as described above, genes were constructed to encode them, including
signal peptides splice donor signals and appropriéte restriction sites (Figure 2A-2B).
The light and heavy cham variable region genes were constructed and amphﬁed

| usmg eight overlappmg synthetlc ohgonucleotldes rangmg in length from -

apprommately 65 to 80 bases (see He et al., J. Immunol. 160: 1029 (1998)). The
oligos were annealed pa1rw1se and extended with the Klenow fragment of DNA

| polymerase 1, yielding four double-stranded fragments. The resulting fragments

were denatured, axmealed, and extended with Klenow yleldmg two fragments. -

These fragments were denatured, annealed pairwise, and extended once again,

y1e1d1ng a ﬁ.lll-length gene. The resulting product was amphﬁed by polymerase

 chain reaction (PCR) using Taq polymerase gel-purified, digested with Xbal, gel-
purified again, and subcloned into the Xbeal site of the ka for the expression of

ﬁght chain and pVg4 or pVg2.M3 for the expression of heavy chains. The pVk
vector for kappa light chain exﬁression has been previoﬁsly described (See Co et al.,
J Im_rhﬁnal. 1 48:1 149 (1992)). The pVg4 vector for the 'y 4 heavy chain expression
was constructed By replacing the Xbal - BamHI fragment of pVgl containing the y1
constant regioh gene (See Co.e't al.,J. fnimunol. 148: 1149 (1992)) with an

approximately 2000 bp fragment of the human g4 constant region gene (Ellison and
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--Hood, Proc. Natl. Acad. Sci. USA 79: 1984 (l982)) that extended from the HindITI

site preceding the Cyl exon of the y4 gene to 270 bp after the Niil site following
the CH4 exon of the 'gerre The pVg2.M3 vector for the y 2 heavy chain expression
was descnbed 1] Cole, ét al., J. Immunol. 159: 3613 (1997). ThepVg2.M3 is -
mutated from the human wildtype IgG2 by replacmg the amino acids Val and Gly at
positions 234 and 237 wrth Ala. This variant has a reduced interaction with its Fc

_ receptors and thus has m.lmmal antrbody effector activity.

The structure of the final plasmlds was venﬂed by nucleotlde sequencmg and
restriction mapping. All DNA manipulations were performed by standard methods
well-known to those skilled in the art. | '

Two humanized 3D1, an IgG4 and an IgG2 M3, were generated for

comparatlve stud.les To construct a cell line producmg humamzed 3D1 (IgG4 or

IgG2.M3), a hght cham and the respective heavy chain plasmids were transfected

 into the mouse myeloma cell Tine Sp2/0-Agl4 (ATCC CRL 1581). Plasmids were

also transfected mto CHO cells using known methods in the art. Befere '
transfection, the heavy and light cham-contarmng plasmids were lmeanzed using
restriction endonucleases. The kappa cham and the 72 cham were linearized using -

| Fspl; the y4 chain was lmeanzed usmg BstZl 7L Apprommately 20 pg of the light
‘chain and a heavy chain plasmid was transfected into 1 x 107 cells in PBS
' Transfectron was by electroporation using a Gene Pulser apparatus (BioRad) at 360

V and 25 |.tFD capacltance accordmg to the manufacturer's msh‘uctrons The cells

from each transfection were plated in four 96-well tissue culture plates, and after two

days, selection medrum (DMEM, 10% FCS, 1xHT supplement (Slgma), 025
mg/mL xanthine, 1 pg/mL mycophenohc acid) was apphed

After approximately two weeks the clones that appeared were screened for
antibody productlon by ELISA. Ant1body froma hlgh-producmg clone was
prepared by growing the cells to eonﬂuency in regular medium (DMEM with 10%
FCS) then replacing the medium w1th a serum-free medium (Hybridoma SMF;
Gibco) and culturing until maximum antrbody titers were achieved in the culture.

The culture supernatant was run through a protem A-Sepharose column
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(Pharmacia); antibody was eluted with 0.1 M Glycine, 100 mM NaCl, pH 3,
neutralized and subsequently exchanged into phosphate-buffered saline (PBS). The
purity of the antibody was verified by analyzing it on an acrylamide gel, and its
concentration was determined by an OD2gg reading, assuming 1.0 mg of antibody
protein has an OD2go reading of 1.4.

Example 4: Affinity of Humanized Anti-B7-2 Antibody:
Competitive Binding Assay:

The relative affinities, of the murine and humanized 3D1 antibodies for the
B7-2 antigen were determined by competitive binding assays. Three-fold serial
dilutions of unlabeled humanized or murine 3D1 antibodies were mixed with a fixed
amount of radio-iodinated murine 3D1 antibody (40,000-50,000 cpm per test in
PBS containing 2% fetal calf serum).

1 x 10° CHO cells expressing cell surface thB7-2 (CHO/hB7-2) were added
subsequently and the mixture (in a total volume of 200 pL) was incubated for 2 hr at
4° C with gentle shaking. The cell-.antibody suspension was then transferred to

Sarstedt Micro Tubes (part #72.702) containing 100 pL of 80% dibutyl phthalate-

20% olive oil. After centrifugation in a microfiige, the Sarstedt tubes were plunged

into dry ice for several minutes. Cell-bound '**I was determined by clipping tips of

. each tube (containing cell pellets) into scintillation vials and counting in a gamma

counter. Bound and free counts were determined and the ratio plotted against the
concentrations of the cold competitor antibodies according to the method of
Berzofsky and Berkower (J. A. Berzofsky and I. J. Berkower, in Fundamental
Immunology 9ed. W.E. Paul), Raven Press (New York), 595 (1984)).

Cell Line: .

- Recombinant Chinese Hamster Ovary (CHO) cell lines expressing hB7-2 on
their membrane surfaces were cloned from cells transfected with B7-2 cDNA
sequence and G418 resistance. Expression of hB7-2 on the CHO cell surface over
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‘many passégeé' under selective pressure has been confirmed using murine anti-B7

antibodies and FACS analysis.

Preparation of "I labéle'd ahti—hB?_mAb and characterization:

* Anti-hB7 antibodies were labeled with "I by reaction with *’I-Bolton-
Hunter reagént according to manufacturers instructions (Amersham Corp., Arlington.
Hts, IL). Protein was separated from free reagent with a NAP-25 ¢olumn. An |
HPLC sizéexclusion column was used to éonﬁrm that the antibodies remained
intact and 'fvere not aggregated, and to measure protein concentration againét
standards prepared from non-labeled antibody. Labeling typically resulted in 4 to 8 -

microcuries per microgram of protein, or appro:’ﬁmately 30to 60% of the antibody .

molecules labeled.

Results: " | |

| The competitive binding graph is shown in Figure 3. Each data point
represents the average of triplicate determinations. Results showed that both
humanized IgG4 and humanized [gG2.M3 anti-human B7-2 antibodies have a
similar high binding affinity as the murine anti-human B7-2 antibody
(approximately 1 x 10° M"), indicating no loss of affinity for B7-2 in the -
humanization of 3D1. Both murine and humanized anti-B7-2 recognize cell surface
expressed hB7-2 with high affinity. |

Example 5. | Direct binding of Humanized Anti-B7 mAbs to CHO/hB7 Cells:
Cell binding assay: S ' Lo

Binding aésays were begun by plating cells onto 96-well tissue culture plates -
at 10,000 CHO/hB7-2 cells per well. Two days later, adherent cells were gently
washed with assay buffer contéining nonfat di'y. milk protein (for blocking
nonspecific binding) and sodium azide (to prevent internalization of antibodies by
cells). For direct binding assays, **I-labeled anti-B7 antibodies (1 -murine anti-
human B7-2; 826 cpm/finol; humanized anti-human B7-2, 883 cpm/finol) were
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serially diluted in assay buffer and incubated on cells overnight, allowing antibodies
to bind to cell-surface B7 and come to equilibrium. Unbound antibody was gently
washed from cells, and bound '#I-labeled antibody was detected using an '>1
scintillant and photodetector system. Non-specific binding to CHO cells was
determined for each dilution in the same manner, but on cells expressing the B7-1

- molecule that is not recognized by the antibody being tested.

Results: _ _
The direct binding graph is shown in Figure 4. The data, means of triplicate
wells with nonspecific binding subtracted, were fit to a hyperbolic saturation curve
using Graphpad PrismJ software. K, of the antibodies determined as the
concentration corresponding to half-maximal binding indicated that the murine and
humanized anti-B7-2 mAbs had similar and high binding affinities (~10m) for B7-
2. Both murine and humanized anti-B7-2 antibodies recognize cell surface
expressed hB7-2 with high affinity.

Example 6: Binding of Humanized Anti-B7 mAbs to Protein Ligands:.
Affinity determination by 3L4CORE®:

The BIACORE® biosensor (BIACORE®; Uppsalla, Sweden) was used to
determine binding kinetics of murine and humanized anti-B7-2 human antibodies to
human B7-2Ig. Human B7-2]Ig (hB7-2Ig) was immobilized onto the dextran matrix
of a BIACORE® sensor chip. Humanized and murine anti-human B7-2 were tested
at 200, 100, 50, and 20 nM. _Each dilution was tested 4 times per run and a total of
three separate runs performed. Anti-human B7-2 antibody binding was measured in
real time by Surface Plasmon Resonance (SPR) and global analysis was performed
using the bivalent binding model in BIA evaluation software (version 3.1). For each
sample, the association (k,), dissociation (k;), and equilibrium dissociation constant
Kp) were detérmined.

Preparation of hB7-2 Ig:
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- A soluble fori of hB7-2Ig was recovered from culturé medium of CHO
cells engineered to secrete this protein. Recombinant hB7-2Ig was derived by fusing
the DNA coding sequences coneéponding to the extracellular domain of B7-2 gene
to the hinge-CHZ;CHB' domains of the human IgG1 heavy chain. ‘Recombinant
hB7-2Ig was purified from the culture medium by protein A.

Resulis:
Table 3 reports the mean values obtained f01f both murine and humanized
anti-human B7-2 mAbs. The binding constants for the murine and humanized anti-

'B7-2 mAbs determined by SPR shows that the murine and humanized forms of the

anti-B7-2 mAbs are similar and that the murine anti-B7-2 mAb has a slightly higher

‘binding constant for the immobilized hB7-2 Ig than does the humanized anti-B7-2.
" The approximately 2.8 fold higher affinity calculated for the murine anti-B7-2 mAb

' may represent a real, but slight difference'betv&een the murine and humanized anti-

B7-2 mAbs introduced during the ];Umaniizaﬁon process. Another possibility may
be due to technical variation in the preparation, ﬁrocessing and analysis of these -

“antibodies. As shown in E'xamples 4, 5, and 7, a difference was not observed in

humanized hB7-2 binding affinity in cell based assays.

Table 3: Affinity of anti-B7-2 mAbs as determined by BIACORE®

mAb Mean K,
murine Anti-B7-2 | 1.8x10°M
humanized 51x10°M
Anti-B7-2 1 -

Example 7. Inhibition of T cell costimulation by humanized anti-B7-2.
CD28'T cell/CHO-B7 proliferation assay

CD28* T cells, isolated as describéd herein, were washed once and
resuspended in RPMI complete medium, supplemented with 2 ng/mL PMA ..

~ (Calbiochem), to a cell density of 5x10° cells/mL. The CD28* T cells (100 pL, 5x10*

cells) were added to the antibody/CHO/hB7-2 mixture (see below), incubated for 3
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days at 37°C, 5% CO,, and T cell proliferation was measured by pulsing for the last
6 hours of culture with 1 uCi of PH]-thymidine QNEN, Boston, MA). The cells were

harvested on a filter and the incorporated radioactivity was measured in a

- scintillation counter.

Materials:

CD28" human T cells were isolated by negative selection with
immunoabsorption from human peripheral blood lymphocytes, as described (June ez
al., Mol. Cell. Biol. 7:4472-4481 (1987)). Buffy coats were obtained by
leukophoresis of healthy human donors and peripheral blood lymphocytes (PBL)
were isolated by density gradient centrifugation. Monocytes were depleted from the
PBL by plastic absorption. CD28" T cells were isolated from the non-adherent cells
by negative selection using antibodies to CD11, CD20, CD16 and CD14, (this set of
antibodies will coat all B cells, monocytes, large granular lymphocytes, and CD28" T
cells) and magnetic bead separation using goat anti-mouse immunoglobulin-coated
magnetic particles. _

CHO/hB7-2 cells were detached from the tissue culture plates by incubation
in phosphate-buffered saline without Ca?* and Mg?* (PBS) with 0.5 mM EDTA,
washed, and fixed with freshly prepared paraformaldehyde.

Various concentrations of anti-B7-2 antibody (in duplicate) were
preincubated for 1 hour at 37°C, 5% CO, with 1x10* CHO/hB7-2 cells in 100 pL
RPMI complete medium (RPMI 1640 medium, 10% fetal bovine serum (FBS),100
U/mL penicillin, 100 pg/mL streptomycin) in 2 microtiter plate (flat-bottom, 96-
well, Costar, Cambridge, MA).

Results:

Figure 5 shows the results of the inhibition of human CD28*T cell
proliferation by the murine and humanized anti-hB7-2 mAbs. Both antibodies
exhibit dose dependent inhibition of B7-2 driven T cell proliferation with similar
ICs, (Inhibitory concentration 50%; amount of antibody required to inhibit the
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maximal T cell proliferation by 50%) values‘of 72 pm (murine anti-hB7-2) and 50

* pm (humanized anti-hB7-2) indicating that both antibodies were similar and very
effective in inhibiting the B7-2 T cell stimulatory signal. This demonstrates that the
‘high affinity anti-B7-2 mAbs can block B7-2 functionality by inhibiting (e.g.,

5 preventing) the activation and/or proliferation of human T cells. ThesemAbsare . . -

expected to exhibit similar capability in in vivo use to inhibit T cell response.
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‘Example 8: Cloning and sequencing of mouse 1F1 variable region cDNAs

Mouse 1F1 heavy and light chain variable region cDNAs were cloned from
mRNA isolated from hybridoma cells using anchored PCR (Co et al,, J. Immunol.
148: 1149 (1992)). The 5’ primers used annealed to the poly-dG tails added to the
cDNA, and the 3’ primers annealed to the constant regions. The amplified gene
fragments were then inserted ir_lto the plasmid pUC19. Nucleotide sequences were

heavy chain, a single, unique séquence was identified, typical of a mouse heavy
chain variable region. For the light chain, two unique sequences, both homologous
to mouse light chain variable regions, were identified. However, one sequence was
not functional because of a missing nucleotide that caused a frame shift at the V-J

junction, and was identified as the non-productive allele. The other sequence was

. typical of a functional mouse kappa chain variable region. The variable region

cDNA sequences of the heavy chain and the functional light chain, and the
translated amino acid sequences are shown in Figures 6A and 6B, respectively. The

- mouse Vg belongs to Kabat’s heavy chain subgroup II(C). The mouse Vy sequence

belongs to Kabat’s mouse kappa chain subgroup IV.

Example 9: Design of humanized 1F1 variable regions
" To retain the binding affinity of the mouse antibody in the humanized
antibody, the general procedures of Queen et al. were followed (Queen ef al., Proc.

-Natl. Acad. Sci. USA 86: 10029 (1989).and U.S. Patent Nos. 5,585,089 and

3,693,762). The choice of framework residues can be critical in. retaining high -
binding affinity. In principle, a framework sequence from any human antibody can
serve as the template for CDR grafling; however, it has been demonstrated that
straight CDR replacement into such a framework can lead to significant loss of
binding affinity to the antigen (Tempest et al., Biotechnology 9: 266 (1992); Shalaby
et al., J. Exp. Med. 17: 217 (1992)). The more homologous a human antibody is to

the original mouse antibody, the less likely that the human framework will introduce
distortions into the mouse CDRs that could reduce affinity. Based ona sequence




WO 00/47_625 PCT/US00/03303

- -61-

~ homology search agamst the Kabat antibody sequence database (Kabat ef al.,
Sequences of Proteins of Immunological Tnterest, 5th ed:, U.S. Department of Health -
and Human Services (1991)),HI-2R (Manheimer-Loty et al., J. Exp. Med. 176: 309
* (1992)) was selected to provide the framework for both the humianized 1F1 heavy
5  chain variable region and for the humanized 1F1 light chain variable regioﬂ. Other
highly homolbg'oushﬁman antibody chains would also be suitable to provide the
humanized antibody framework, especially heavy chains from human subgroup 1
and kappa light chains from human subgroup 1 as defined by Kabat.
- Normally the heavy chain and light chain from the éame human antibody are
10 ch'oseﬁ to provide the ﬁ'.améwork sequences, so as to reduce the possibility of .
" incompatibility in the assembly of the two chains. The II-2R antibody shows a high
- homiology tothe 1F1 heavy and light chains and thus was chosen to provide the
framework for the humanized antibody. The humanized 1F1 heavy chain variable
. domain has 69 residues out of 87 framework residues that are identical to those of
15 the mouse 1F1 heavy chain framework, or 79% sequence identity. The humanized
1F1 light chain variable domain has 55 residues out of 80 framework residues that
are identical to those of the mouse 1F1 light chain framework, or 69% sequenée
‘identity. - '
The computer programs ABMOD and ENCAD (Levitt et al., J. Mol. Biol.
20 ' '168::595(1983)) were used to construct a molecular model of the 1F1 variable
 doman, which was used to locate the amino acids in the LF1 framework that are
- close enough to the CDRs to potentially interact with them. To design the -
~ humanized 1F1 heavy and light chain variable regions, the CDRs from the mouse
'1F1 heavy chain were grafted into the framework regions of the human TT-2R heavy
25 chain and the CDRs from the mouse 1F1 light chain were grafted into the
- framework regions of the human III-2R light chain. At framework positions where
the computer mode] suggested significant contact with the CDRs, the amino acids
from the mouse antibody were substituted for the original human framework amino
acids. For humanized 1F1, this was done at residues 1, 24, 27, 28, 29, 30, 48, 67,
30 . and 68 of the heavy chain and at residues 47 and 72 of the light chain. Furthermore,
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framework residues that occurred only rarely at their positions in the database of
human antibodies were replaced by human consensus amino acids at those positions.
For humanized 1F1 this was done at residﬁes 16, 74, and 113 of the heavy chain and
at residne 44 of the light chain. Overall, the humanized 1F1 heavy chain variable
domain bas 88 residues that are identical to the human III-2R heavy chain vari_able
domain, and the humani_zed 1F1 light chain variable domain has 88 residues that are
identical to the II-2R light chain variable domain. _

The sequences of the humanized 1F1 antibody heavy chain and light chain

variable regions are shown in Figures 7A and 7B. .However, many of the potential

'CDR-contact residues are amenable to substitutions of other amino acids that still

allow the antibody to retain substantial affinity to the antigen. Table 4 lists a

number of positions in the framework where alternative amino acids may be suitable

(LC = light chain, HC = heavy chain).

‘Table 4.

~ Position . | Humanized 1F1 Alternatives
HC-1 E - | Q |
HC-24 P A

- HC-27 F GY -
HC-28 N T
HC-29 I - F

" HC-30 K S, T
HC-48 1 - M
HC-67 K R
HC-68 A \'%
LC-72 Y F

Likewise, many of the framework residues not in contact with the CDRs in
the humanized 1F1 heavy and light chains can accommodate substitutions of amino
acids from the corresponding positions of the ITI-2R framework, from other human
antibodies, from the mouse 1F1 antibody, or from other mouse antibodies, without

significant loss of the affinity or non-immunogenicity of the humanized antibody.
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" Table 5 lists a number of additional ﬁ'ositions in the framework where alternative

amino acids may be suitable.

- Table5 -
Position™ Humanized 1F1 " Alternatives
" HC-16 A S
HC-74 T K
HC-113 T I .
- LC-44 A A

10

20

25

Selection of various alternative amino acids may be used to produce versions

of humanized 1F1 that bave varying combinations of affinity, specificity, non-

' immunogenicity, ease of manufacture, and other desirable properties. Thus, the

examples in the above tables are offered by way of illustration, not of limitation.

Example 10: Construction of humanized 1F1

~ Once ﬂiehu:ﬁanized variable regigx_i amino acid seqﬁencés had been
designed as described above, genes were constructed to enc_odei them, including
signal peptides, splice donor signals and appropriate restriétion_ sites (Figures 7A and
7B). The heévy and light chain variable region g_eﬁes ,Were.constructed and
amplified using eight overlapping synthetic oligdnucleotidés ranging in length from
approximately 65 to 80 bases (see He et al., J. fmmunol. 160: 1029 (1998)). The
oligos were annealed pairwise and extended with the Klenow fragment of DNA
polymerase I, yielding four double-stranded fragments. The resulting fragments
were denatured, annealed pairwise, and extended with Klenow, yielding two
fragments. These fragments were denatured, annealed pairwise, and extended once
again, yielding a full-length gene. The resulting product was azﬁpliﬁed by
-polymerase chain reaction (PCR) using Taq polymerase, gel-purified, digested with
Xbal, gel-purified again, and subcloned into the Xbal site of pVg2.M3 for the
expression of heavy chain, and pVk for the expression of light chain. The pVg2.M3

vector for human y 2 heavy chain expression has been previously described (Cole et
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al., J. Immunol. 159: 3613 (1997)). The human y2 constant region in the pVg2.M3
plasmid is mutated from the wildtype human y2 constant region by replacing the
amino acids Val and Gly at positions 234 and 237 with Ala. This variant hasa
reduced interaction with its Fc receptors and thus has minimal antibody effector
activity. The pVk vector for human kappa light chain expression has been
previously described (see Co et al., J. Immunol. 148: 1149 (1992)).

The structures of the final plasnﬁds were verified by nucleotide sequencing
and restriction mapping. All DNA manipulations were performed by standard
methods wdl—known- o those skilled in the art.

An IgG2.M3 form of the humanized lFi antibody was generated for binding
studi_ee. To construct a cell line producing humanized 1F1, the heavy and light chain
plasmide were transfected into mou_se myeloma cell liﬁe Sp2/0-Agld (ATCC CRL
1581). Befof_e transfeetion, the heavy and light chain plasmids were linearized using

restriction endonucleases. The y2 heavy chain plasmid and the kappa light chain

plasmid were linearized using Fspl. Approximately 40 pg of the heavy chain
plasmid and 20 pg of the light chain plasmid were transfected into 1 x 107 cells in
PBS. Transfection was by electroporation using a Gene Pulser apparatus (BioRad)

" at360V and 25 KFD capacltance accordmg to the manufacturer’s instructions. The

cells ﬁ'om each transfection were plated in four 96-well tissue culture plates, and
after two days selection medium (DMEM, 10% FCS, 1 x HT supplement (Sigma),
0 25 mg/mL xanthme, 1 pg/mL mycophenohc acid) was apphed

Aﬂ:er approx:mately two weeks, the clones that appeared were screened for

antlbody productlon by ELISA. Antlbody from a high-producing clone was

prepared by growing the cells to con_ﬂuency in regular medium (DMEM with 10%
FCS), then replacing the medium with 2 serum-free medium (Hybridoma SFM;
GIBCO) and culturing until maximum antibody titers were achieved in the culture,
The culture supematant was run ﬂn:ough a protein A-Sepharose column
(Pharmacia); antibody was eluted with 0.1 M Glycine, 100 mM NaCl, pH 3,
neuiralized, and subsequently exchange& into phosphate-buffered saline (PBS). The
purity of the antibody was verified by analyzing it on an acrylamide gel, and its
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" . concentration was determined by an ODygj reading, assummg 1.0 mg of antibody
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protem has an ODqgj reading of 1.4.

* An IgG4 form of the humanized 1F1 antibody was also generated and
purified following the methods described above. |

Tn order to permit high level expression in CHO cells, the complete |
humanized human 1F1 (h1F1) and buman 3D1 (43D1) light chain and heavy chain
genes were each independently subcloned into the selectable, amplifiable expression
vector pED (Kaufnan R.J,, et al., Nucl Acids Res., 19:4485-4490 (1991)). The
pED-derived expression plasmids were sequenced to confirm that they encoded the
appropriate h1F1 and k3D!1 light and heavy chains. The pemiltimate amino acid of

the lgG2m3 CH3 domam was found to be serine in contrast to the glycme residue

| reported at thrs posmon for all published 1gG2 and lgGl sequences This serine was

replaced with the more common glycme for the pED expressron constructs The
h1F1 light chain and heavy chain expressron plasmids (pED.lFlVZKA and .
pED.lFIVZGZmB gly) were linearized and cotransfected into the CHO PA-
DIlKX 153.8 'cell' linc which has beeri pre-adapted for growth in serum-free
suspension culture (Sinacore M. S. et al., Biotechnol. Bzoeng 52: 518-528 (1996)).

Cell lines expressing h3D1 were generated n thc same manner by cotransfection

' Wlﬂl linearized plasmids pED.3D1KA and pED.3DlG2m3g1y. In each case, stable

integration of light chain and heavy chain genes into the CHO cell genome, followed
by methotrexate selection and ampliﬁcation, resulted in recombinant hll.?.l. orh3D1
cell Lines. The CHO cell lines expressing anti-B7-1 or anti-B7-2 were cultured in
serum-free growth medium and the secreted antibodies punﬁed from the
condmoned culture supernatant by chromatography on protein A sepharose. Bound
antrbody was eluted in acid buffer followed by neutralization to pH 7.0 with. The
puriﬁed antibody was buffer exchanged into PBS and sterile filtered.

Example 11: Properties of humanized 1F1
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. 'The affinity of the mouse and humanized 1F1 antibodies for the B7-1 antigen

‘was determined by competitive binding with radio-iodinated humanized 1F1 -
" antibody. Three-fold serial dilutions of unlabeled mouse or humanized 1F1

antibodies were mixed with a fixed amonnt of radio-iodinated humanized 1F1
antibody (40,000 - 50,000 cpm per test) in PBS containing 2% fetal calf serum,
0.1% sodium azide. 3 x 10* CHO cells expressing cell surface thB7-1 were added
subsequently and the mixfure (in a total volume of 200 pL) was incubated for 2 hr at
4° C with gentle shaking. The cell-antibody suspension was then transferred to
Sarstedt Micro Tubes (part #72.702) containing 100 pL of 80% dibutyl phthalate-
20% olive oil. After cenfrifugation in a microfuge, the Sarstedt tubes were plunged
into dry ice for several minutes. Cell-bound '] was determined by clipping the tips
of each tube (containing cell pellets) into scintillation vials and counting in a gamma
counter. Bound and free counts were determined and the ratio plotted against the
concentrations of the cold competitor antibodies according to the method of
Berzofsky and Berkower (J. A. Berzofsky and L. J. Berkower, in Fundamental
Immunology, W .E. Paul, Raven Press, New York, pp. 595-644 (1984)).

The competitive binding graphs are shown in Figure 8. Each data point
represents the average of triplicate determinations. The results showed that the
IgG2.M3 antibody has a similar binding affinity to that of the mouse antibody
(approximately 1 x 10* M%), indicating no loss of affinity in the humanization of
1F1. _ : _

.The affinity of the mouse and humanized 1F1 antibodies for the B7-1 antigen
was confirmed by Scatchard analysis of binding of radiolabeled antibodies. Two-
fold serial dilutions of radiolabeled mouse or humanized 1F1 antibodies were
incubated with 5 x 10* CHO cells expressing cell surface rhB7-1 in PBS containing
2% FCS, 0.1% sodium azide in a total volume of 200 uL. The mixture was
incubated for 6 hr at 4°C with gentle shaking. The cell-antibody suspension was then
transferred to Sarstedt Micro Tubes (part #72.702) containing 100 pL of 30%
dibutyl phthalate-20% olive oil. After centrifugation in a microfuge, the Sarstedt

tubes were plunged info dry ice for several minutes. Cell-bound 2] was determined
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by clipping the tips of each tube (containing cell pellets) into scintillation vials and .

' counting in 2 gamma counter. Bound and free counts were determined and the ratio-

plotted against the concentration of bound antibody following the method of
Scatchard (Scatchard, Ann. N. Y. Acad. Sci. 51: 660-(1949)). A least squares method
was used to fit a line to the data, and the ';ippérent Ka was determined from the slope-
of the line. ' | |

The Scatchard plots are shown in Figures 9A and 9B. Each data point
represents the average of duplicate determinations. The results showed that the
IgG2.M3 antibody has 2 similar binding affinity to that of the mouse antibody

‘(approximately 1 x 10° M), confirming no loss of affinity in the humanization of

1F1.

Example 12: Affinity of Humanized anti-B7-1 Monoclonal Antibody
Competitive Bindifzg Assay: |

" The relative affinities of the murine and humanized anti-B7-1 (1F1)
ai_ltibodies for the B7-1 antigen were determined by competitive binding assays.
Three-fold serial dilutions of the unlabeled murine or humanized anti-B7-1 mAbs
were mixed with a fixed amount of radio-labéled murine anti-B7-1 mAb (ZT-anti- -

‘B7-1, 2800 cpm/finol; 40,000-50,000 cpm/test in PBS containing 2% fetal calf

serum). 1 x 10° CHO/hB7-1 cells expressing hB7-1 on their surface were added
subsequently and the mixture ( total volume = 200 L) incubated for 2 hrs at 4°C

 with gentle shaking. The cell antibody mixture was then transferred to Sarstedt

Micro tubes (Part # 72.702) containing 100 pL of 80% dibutyl phthlate-20% olive
oil. After centrifugationina miéroﬁlge, the Sarstedt tubes were plunged into dry ice
for several minutes. Cell bound *-labeled mAb was determined by clipping the

cell pellet containing tips of each tube into scintillation vials and counting in a

gamma counter. Bound and free counts were determined. The bound counts were -

 plotted against the concentration of the cold competitor mAbs.

CHO/hB7-1 cell line:
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A recombinant Chinese Hamster Ovary (CHO) cell line expressing hB7-1 on
its surface was cloned form CHO cells transfected with the hB7-1 cDNA sequence
and G418 resistance marker. Stable expression of the hB7-1 on the CHO cell
surface over many passages under selective pressure has been confirmed using the
murine anti-B7-1 mAb and FACS analysis.

. Preparation of '*I-labeled anti-B7-1 mAbs:

Murine and Humanized anti-B7-1 mAbs were labeled with ZTodine by
reaction with '*’I-Bolton Hunter reagent according to the manufacturers' instructions
(Amersham Corp, Arlington Heights, IL)). Protein was separated from free reagent
with a NAP-25 column. HPLC size-exclusion chromatography was used to verify
antibody integrity and aggregation state post labeling and to determine protein
concentration. Labeling typically resulted in 4 to 8 microcuries '*I/ug of mAb with
an estimated 30 to 60% of the antibody molecules labeled. The murine and
humanized anti-B7-1 mAbs had a specific activity of 2800 cpm/fmol and 950
cpm/fmol, respectively.

Results:

The graphical representation of the competitive binding data is shown in
Figure 10. Bach data point represents the average of triplicate determinations.
Results show that both the humanized anti-B7-1 mAb and the murine anti-B7-1
mAb from which it was dm'ived have a similar high affinity for B7-1 (approximately
1 ._x 10° M) indicating no loss of affinity for the humanized anti-B7-1 mAb. Both
the murine and humanized anti-B7-1 éompete similarly and effectively with labeled

murine anti-B7-1 mAb for binding to cell surface expressed B7-1

Example 13: Direct Binding of Humanized anti-B7-1 mAb to B7-1
Cell Binding assay:

Binding assays were begun by plating CHO/hB7-1 cells onto 96 well tissue
culture plates at 10,000 cells/well in complete medium and the plates incubated at
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37°C for two days. Adherent cells were washed gently with assay buffer (PBS
containing nonfat dry milk and sodium azide). Murine-and humanized anti-B7-1
mAbs labeled with '*°I were serially diluted in assay buffer and incubated with the
cells overnight at 4°C to allow biding to reach equilibrium. Unbound labeled

5 antibody was removed from the cells by a series of gentle washings with assay

buffer and the bound 125I-labeled antibody was detected using a '*I scintillant and . -

detector system. Non-specific binding was determined for each dilution of labeled

antibody in an idéntical manner as described above except that the target CHO cells

| expressed hB7-2 which is not bound by either the muﬁne or humanized anti-B7-1
10 mAbs.
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Results:.

The graphical depiction of the results of the direct binding experiment is
shown in Figure 11. The mean value of triplicate determinations minus the non-
specific binding was calculated and fit to a hyperbolic saturation binding curve using
Graphpad Prism software. Binding constants (Ky,), determined as the concentration
of antibody corresponding to half-maximal saturation of binding sites, for both the
murine and humanized antibodies indicated that both antibodies had similar and
high affinities for B7-1 (approximately 10°M). Both murine and humanized anti-
B7-1 mAbs recognize cell surface expressed human B7-1

Example 14: Binding of Murine and Humanized anti-B7-1 mAbs to Protein.
Ligands:
Alffinity determination by BIACORE®: _

The BIACORE® biosensor (BIACORE®, Uppsalla, Sweden) was used to
determine binding kinetics of murine and humanized anti-B7-1 monoclonal
antibodies to human B7-11g (bB7-11g) protein. Human B7-1Ig was immobilized
onto the dextran matrix of a BIACORE® sensor chip. Humanized and murine anti-
B7-1 mAbs were tested at 200, 100, 50, and 20nM on the immobilized hB7-11g.
Each mAb dilution was tested 4 times per run and a total of three separate runs were
performed. Anti-human B7-1Ig binding was measured in real time by Surface
Plasmon Resonance (SPR) and global analysis was performed using the bivalent
binding mod'él in BIA evaluation software (Version 3.1). For each sample, the
association '(ka), dissociation (kg) and equilibrivm dissociation constant (Ky,) were
determined.

Table 6 reports the ineén values determined for both the murine and
humanized anti-B7-1 mAbs. The binding constants for the murine and humanized
anti-B7-1mAbs determined by SPR shows that the murine and humanized forms of
the anti-B7-1 mAbs are similar and that the murine anti-B7-1 mAb had a slightly
higher binding affinity for the hB7-11g protein than did the humanized anti-B7-1.
The 5 fold higher .binding affinity found for the murine anti-B7-1 mAb may
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represent a real but slight difference between the murine and humanized anti-B7-1

- mAbs introduced during the humanization process. - Alternatively, technical

variations in the pfeparation, processing, and analysis of the individual mAbs may
explain these minor differences. As shown in Examples 12, 14, and 19, no

difference was observed between the murine and humanized anti-B7-1 mAbs in cell - -

" binding or fimctional assays.

Table 6. Aﬂimty of anti-B7-1 mAbs as determmed by BIACORE®

mAb ' ' ~Mean. Ky ] - Std deviation
‘| Murine anti-B7-1_ 1 56x10° M - 19x10°M
Humanized anti-B7-1 2.83x10°M. _ 1.2x10°M
Preparanon of hB7-11g:

A soluble form of hB7—lIg was recovered from culture medium of CHO cells .

‘engmeered to secrete tl'us protem Recombmant hB7-lIg was denved by fusing the

DNA sequences encodmg the extracellular domam of hB7-1 gene to the hinge-CH2-
CH3 domains of human IgG1 heavy cham Recombmant protem was punﬁed from
culture medlum by protem A chromatography '

Example 15. Inh1b1t:lon of T cell costlmulatlon by humamzed B7-1 mAb.

| CD28+ T celI/C’HO-B7 proli feratzon assay

" CD2g* T cells isolated as descnbed herem, were Washed once and

| resuspended in RPMU complete medium supplemented with 2 ng/mL PMA

(Ca1b1ochem) to a cell dens1ty of 5 x 10° cells/mL. The CD28" T cells (1 00 pL;5x
10* cells) were added to the antibody/CHO/bB7-1 cell mixture (see below), :
incubated for 3 days at 37°C. 5% CO,, and the T cell prcliferaﬁon measured by
pulsmg for the last 6 hours of culture with 1 uCl of [3H]-thym1d1ne (NEN ‘Boston,
MA). The cells were harvested on a filter and the mcorporated rad10act1v1ty was
measured by scmtlllatlon countlng

Materials:
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- CD28* human T cells were isolated by negative selection with

- immunoabsorption from human peripheral blood lymphocytes as described (June et
" al., Mol. Cell Biol. 7:4472-4481 (1987)). Briefly, buffy coats were obtained by
- leukophoresis of healthy human donors and the peripheral blood lymphocytes (PBL)

were isolated by density gradient centrifugation. Monocytes were depleted from the
PBLs by adsorption onto plastic. CD28" T cells were isolated from the non-adherent
cells be negative selection using antiiaodies to CD11, CD20, CD16, and CD14 ( this
set of antibodies will coat B cells, monocytes, large granular lymphocytes, and
CD28" T cells) and magnetic bead separation using goat anti-mouse -
immunoglobulin-coated magnetic beads.

CHO/hB7-1 cells were detached from the tissue culture plates by incubation

- with phosphate -buffered saline lacking Ca>* or Mg* with 0.5 mM EDTA. The cells
- were washed and then fixed with freshly prepared paraformaldehyde. '

Various concentrations of the anti-B7-1 antibody (in duplicate) were
preincubated with 1 x 10* CHO/hB7-1 cells for 1 hour at 37°C in 100 uL RPMI
complete medium (RPMI 1640, 10 % FBS, 100U/mL penicillin, 100 pg/mL
streptomycin) in a microtiter plate (flat bottomed, 96 well, Costar, Cambridge MA)

‘Results:

Figure 12 shows the results of the inhibition of human CD28" T cell

.proliferation by the murine and humanized forms of the anti-B7-1 mAbs. Both
- monoclonal antibodies exhibit dose dependent inhibition of B7-1 driven

proliferation of human T cells with similar IC50 (Inhibitory concentration 50%,
amount of antibody required to inhibit maximal T cell proliferation by 50%) values
of 110 pM (humanized anti-B7-1) and 220 pM ( murine anti-B7-1) indicating that
both antibodies were similar and very effective in inhibiting the B7-1 T cell co-
stimulatory signal. This demonstrates that the high affinity anti-B7-1 mAbs can
block B7-1 functionally by inhibiting or preventing the activation and/or
proliferation of human T cells. These mAbs are expected to exhibit similar

- capability in in vivo use to inhibit T cell responses.
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Example 16. Inhibition of mixed lymphocyte reactions by anti-B7-1 and anti-B7-2
mAbs - -. o |
-Mixed lymphocyte reactions (MLR): Human normal peripberal blood
lymphocytes (PBL) (responders) were cultured with irradiated (2,500 cGy) normal
donor PBL (stimulators) in RPMI 1640 contai'niné 5% heat-inactivate_d human AB
serum at 37°C in 5% CO2 at a final concentration of 10 cells/mL. Wﬁere indicated,
murine anti-hB7-1 or murine anti-hB7-2 antibodies were added alone (10 pg/mL), in
combination (10 pg/mL each), and in comparison with CTLA4Ig (10 or 20 pg/mL).
Cells were cultured in triplicate in microtiter plates in a final volume of 200 pL and
proliferation was assessed by [3H]-thyn1idine incorporation for the last 16 hours of
culture. Secondary MLR was performed using the cells derived from the primary
MLRs as responders. These cells were washed, cultured overnight, and restimulated
as above using the same or different, third party stimulator PBLs. No inhibitors

 were added to the secondary MLRs.
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Results:

: .The determinations shown in Figure 13 were made by performing primary
one-way MLRs in the absence or presence of B7 inhibitors (anti-B7, CTLA4Ig). The
proliferation was Iﬁeasured'after 3,4, or 5 days of culture. '

" In the primary MLR, the additional anti-B7-1 mAb alone had no inhibitory
effect indicating a mihor role for B7-1 alone in driving proliferation of responder T
cells. Anti-B7-2 alone inhibited T cell proliferation on all days 'testéd at a level

: compaiable to human CTLAIg (hCTLAIg), a recombinant protein known to bind to

both B7-1 and B7-2.. The combination of anti-B7-1 and anti-B7-2 was the most
effective inhibitor of T cell proliferation that completely inhibited this response on
all days tested. The superior ability of the combined anti-B7-1 and anti-B7-2 to
inhibit T cell proliferation, as compared to hCTLA4Ig, reﬂects’ the higher affinity of
the anti-B7 mAbs for B7-1 and B7-2 as compared to hCTL4Ig. The combined anti-

' B7-1 and anti-B7-2 mAbs were better inhibitors of T cell proliferation than anti-B7-
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2 ‘alone, demonstrating the need to block both stimulatory receptors to completely
inhibit T cell responses. These resnlts show that complete blockade of the B7-1 and
B7-2 costimnlators more completely abrogates alloresponsiveness in the MLR.
Accordingly, these results indicate that methods of treatment including both anti-B7-

- 1 and anti-B7-2 antibodies will be even more effective_ than either of the antibodies

alone, especially where both co-stimulatory molecules are functional. While the
responder/stimulator pair, described herein, was not sensitive to inhibition by anti-
B7-1 alone, some responder/stimulator pairs do exhibit moderate (0-50%) anti-B7-1
sensitivity.

To determine whether treatment with anti-B7 mAbs in the primary MLR had
resulted in the development of T cell hyporesponsiveness or anergy, the responder T
cells from the primary MLRs were tested in secondary MLRs where the stimulators
were either from the same donor as the primary MLR or from a third party. Figure
14 shows that the responder T cells obtained from. the primary MLR that was treated
with anti-B7-1 alone show full proliferative responses to both the original
sensitizing cells and to third party cells when tested in a secondary MLR with no

- immunosuppression indicating that blocking the B7-1 receptor alone by treatment

with the anti-B7-1 mAb had no tolerizing effect on these responding T cells. This is
in contrast to the lack of response to the pnmary stimulators seen in the secondary
MLR when the primary MLR was treated with anti-B7-2 alone. The results in
Figure 15 show that the responder T cells from the primary MLR ftreated with anti-
B7-2 alone failed to respond to the same stimulators as used in the primary MLR but
retained normal proliferative response to third party, unrelated stimulators indicating
that these responder T cells were rendered tolerant to the original stimulator PBLs
by treatment with anti-B7-2 and that the tolerization was specific for the stimulator
antigens present in the primary MLR. With this responder/stimulator pair, treatment
with anti-B7-2 alone resulted in tolerance to the stimulator cells; however, with
other responder/ stimulator pairs, the induction of tolerance may not be complete.
Figure 16 shows that the responder T cells from the primary MLR treated
with anti-B7-1 and anti-B7-2 failed to respond to the same stimulators as used in the
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primary MLR, but retained normal proliferative response to third party, unrelated

" ‘stimmlators: This indicates that these responder T cells were rendered tolerant to the

10

15

original stimulator PBLs by treatment with the combined anti-B7-1 and anti-B7-2.
The results obtained with this responder/stimulator pair are typical for other

responder/stimulator pairs in that tolérance induction is the rule.

Example 17: Inh1b1t10n of anary and Secondary MLRs by treatment with
Humanized Anti-B7-1 and Anti-B7-2

Abstract: _
The ability of the anti-B7 mAbs to inhibit primary MLRs and to induce

specific durable hyper-responsiveness or “tolerance” and secondary MLR were

investigated. Primary MLRs were treated with the individual or combined anti-B7

mAbs or with CTLA4Ig and proliferation measured on days 3, 4, and 5. The

 combined anti-B7-1-+anti-B7-2 mAbs and CTLAAIg inhibited proliferation whereas

the individual anti-B7 mAbs were less effective. Cells from the primary MLRs
(after 48 hours of u'éatn16nt) were then put into secondary MLRs with no inhibitors.
Cells from primary MLRs treated with either the combined anti-B7 mAbs or

" CTLA4Ig showed minimal response to the original stimulators in the secondary

~ MLR whereas medium or individual anti-B7 mAbs treated cells responded well.

20

25

Cells form all conditions gave good reS‘pb’nsés_ against third party stirulators thereby
demonstrating that the hyporesponsiveness seen in primary MLRs for cells treated
with the combined anti-B7 mAbs or CTLAAIg was both specific and durable.

Materials and Methodsi

Experimental Désign:
Cells: _ _

Responders "A" Cells were PBLs prepared from ﬁ'eshly drawn blood. PBLs
were purified by ficoll gradient centrifugation, the cells washed twice with culture
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medium and suspended at 1x10%mL in culture medium. Original Stimulator "B"
Cells were PBLs prepared from leukophoresis. Cells purified by ficoll separation
and washe& twice with culture medium. Cells suspended at 2x10%mL in culture
medium for primary MLR and at 1x10%mL for secondary MLR. Third Party
Stimulator "C" Cells were PBLs prepared from a leukophoresis. Cells purified by
ficoll separation and washed twice with culture medium. Cells suspended at

- 1x10%mlL. in culture medium. “B” and “C’ stimulators are PBLs obtained from two

genetically different human donors.

Culture Medium:

RPMI 1640 containing 2mM glutamine, 10 mM HEPES, 10 % heat -
inactivated human AB serum, 100U/mL penicillin, 100 ug/mL strepamycin sulfate,
and 5 ug/mL gentamicin sulfate. .

Test Articles:

Control Ig is a chimeric mAb with the variable domains derived form a
murine anti-HIV envelope protein mAb and the constant domains derived from
human IgG1. All antibody, CTLA4Ig, and control Ig solutions were prepared in
culture medium at the following concenfration: anti-B7-1 (40 ug/mL), anti-B7-2 (40
ug/mL), anti-B7-1 + anti-B7-2 (40 ug/mL each), CTLA4Ig (40 ug/mL), CTLA4Ig
(80 ug/mL), and control Ig (40 ug/mL). '

‘Methods for primary MLR:
- - The following was performed:

. Irradiate "B" cells (stimulators) at 3.5 Gy

. In a 96 well "U" bottom microtiter plate, mix 50 uL of irradiated "B" cells +

50 uL of antibody, CTLA4Ig, Control Ig, or medium. Total volume = 100
uL. containing 1x10° B cells (stimulators) and 2X final concentration of
inhibitory reagents. Incubate for 30 minutes on ice.

. Add 100 uL of "A" cells (responders)
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- Incubate at-37C, 5%CO,
On day 2,3, and 4, add 1 uCi [3H]-thym1dme and continue incubation

" overnight -

" Harvest cells and determine incorporated radioactivity by scintillation

‘counting. - Report results as day 3, 4, and 5.

Methods for Coupled Primary/Secondary MLR:

The following was performed: |

Irradiate B cells (stimulators) at 3.5 Gy
Bulk primary MLR. In a T-25 flask, mix 2.5 mL of irradiated "B" cells
(2x10%mL) + 2.5 mL of antibody, CTLA4Ig, Control Ig, or medium. Total

- volume = 5 mL containing 1x10%mL "B" cells (stimulators) and 2X final

concentration of inhibitory reagents. Incubate for 30 minutes on ice.
Add 5 mL of "A" cells (responders). Total volume in T-25 = 10 mL
Incubate at 37C, 5%CO, for ~48 hours

Collect cells by ficoll gradient centnfugauon, wash twice Wlth ice cold
medium and suspend at 1x10%mL in culture medium. Hold for 8 hours on
ice. Wash cells twice with icé cold medium and suspend at 1x10%/mL in
culture medium. '

 Irradiate "C" cells (third party stimulators) at 3.5 Gy. Iiradiate "B" cells

(original stimulators) at 3.5 Gy. Both "B cells and "C" cells at 1x10/mL.
In a. 96 well "U" bottom microtiter plate, mix 100 uL of irradiated "B" cells.
or ixradiated "C" cells and 100 uL cells from bulk MLR.

Incubate at 37C, 5%CO,

On day 2, 3 4,and 5, add 1 u01 [3H]-thym1dme and continue incubation

overnight.

' Harvest dglls and determine incorporated radioactivity by scintillation

counting. Report results as day 3, 4,5, and 6

Results:
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Primary MLRs performed using one responder and two different stimulators
were treated with the individual anti-B7 mAbs, the combined anti-B7 mAbs,
CTLA4Ig, or control Ig and the culture proliferation measured on days 3, 4, and 5.
Anti-B7-1 alone had minimal inhibitory effect on proliferation (1-35%). Anti-B7-2

- alone had moderate inhibitory effect on proliferation (30-50%). The combined anti-

B7 mAbs or CTLA4Ig had maximal inhibition of proliferation (86-92%, anti-B7s;
82-91%, CTLA4Ig; Figures 17 and 18).
After 48 hours of incubation in primary MLRs using one of the stimulators

-and containing inhibitors, the cells were washed, rested, and placed in secondary

MLR using the original and third party stimulators in cultures lacking inhibitors.
Culture proliferation was measured on days 3, 4, 5, & 6 (Figure 19 and 20). A
compilation of the data from the secondary MLR experiments is presented in Figure
21. .

Using data obtained form the peak proliferative response, regardless of the
day of peak proliferative response, the response against the original and third party
stimulators for cells from primary MLR treated with anti-B7-1 alone were as
follows: -
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Table 7 -
Treatment in Primary MLR | Response Against Original | Response Against Third -
'_ _ :.Stimulators (%) ' ) _Pany _Stimﬁlators %)
Medium ~ o 00 100
anti-B7-1 | 70 89
anti-B7-2 | | 4 89
anti-B7-1 + anti-B7-2 | 15 89
CTLA4Ig 10 R |
CTLA4Ig20 - S _ 17 o 9%
| Confrollg b - 99 S .- 105

 Primary MLRs treated with either the combined anti-B7 mAbs or CTLA4Ig
resulted in cells that were refractory to proliferation against the same stimulators in a
secondary MLR. Treatment with either of the anti-B7 mAbs alone was less -
effective. Regardless of the treatment in the primary MLR, cells form all treatment
conditions responded normally to third party cells demonstfating that treatment with
the combined anti-B7 mAbs or CTLAA4Ig resulted in specific, durable

hyporesponsiveness or anergy.

Conclusion: -

Humanized anti-B7 mAbs h1F1 and 3D1 used in combination inhibit
primary MLRs. This inhibition is specific and durable as responders from a primary
MLR treated with the combined anti-B7 mAbs respond poorly to the same
stimulators in a secondary MLR performed without inhibitors. Responders from a
primary MLR treated with the combined anti-B7 mAbs respond normally to third
party stimulators in the secondary MLR. The combined anti-B7 mAbs are as
effective as CTLA4Ig in inhibiting a primary and secondary responses. The
individual anti-B7 mAbs are less effective in inhibiting a primary MLR and
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treatment with the individual anti-B7 mAbs did not lead to the development of
anergy in the secondary MLR.

Example 18: Inhibition of Immune Responses in Non-Human Primates by Anti-B7
mAbs; Inhibition of Anti-Tetanus Responses
Abstract: _ _

The ability of the anti-B7 mAbs to inhibit primary and secondary (recall)
antibody responses was determined in a non-human primate tetanus immunization
model. Four cohorts of cynomolgus monkeys (n=3) were immunized with tetanus
toxoid on Day 0 and six weeks later on Day 42. Anti-tetanus titers were evaluated
weekly. In grdups administered a single 10 mg/kg dose of a combination of both
human anti-B7-1 anﬁbody (h1F1) and human anti-B7-2 antibody (h3D1) on Day 0,
anti-tetanus antibody response was dramatically suppressed, with 0 of 6 treated
animals developing a significant titer within six weeks of immunization. In
addition, the animals that had been treated with the combination of antibodies on
Day 0 did not respond to challenge with tetanus antigen on Day 42 regardless of
whether they received saline or another dose of h1F1 and h3D1 on Day 42. In the
cohort of animals that received saline on Day 0 and h1F1 and h3D1 on Day 42 only,
the mean titer of the secondary antibody response to tetanus was lower than the
mean titer observed in the saline control cohort. All cohorts of animals treated with
h1F1 and h3D1 were re-immunized with a third dose of tetanus antigen 112 days
after the last dose, when serum levels of h1F1 and h3D1 were below detectable
limits. At this timepoint, the animals responded by making anti-tetanus antibodies
with kinetics that appeared similar to a primary or secondary antibody response.
These data show that inhibition of costimulation by blocking B7-1 and B7-2 with
anti-B7-1 and anti-B7-2 antibodies is capable of dramatically suppressing the
primary antibody response to tetanus as well as reducing the secondary antibody
response. In addition, these results show r;scove;'y from immunosuppression,

indicating that long-term tolerance against tetanus was not achieved in this study.
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‘Materials and Methods: - -

Test and Control Articles:
Anti-B7-1 (h1F1): |
Anti-B7-1 anfibody was administered t6 non-human primates by slow IV

infusion. Each animal in the treated groups received 10 mg/kg on Day 0 and/or Day -

42 of the study.

" Anti-B7 (h3D1):

Anti-B7-2 antibody was administered to hon-human primates by slow IV

' infusion, Each animal in the treated groups received 10 mg/kg on Day 0 and/of Day S

42 of the study.

- ‘Saline Control:

Saline (9% Sodium Chloride for inje't:tion, was administered to non-human
primates by slow IV infosion. Each ammal in the Saline control group and groups B
and C received 15 ml of salme onDay 0 and/or Day 42 of the study '

Purified Tetanus Toxoid Antlgen

Tetanus toxoid antigen (University of Massachusetts Medical Center,
Biologic Laboratories) was administered on Day 0. - All animals were immunized
with 10 limit of flocculation units (LfU ) by intramuscular (IM) injection and 1 Lf
unit by intradermal (ID) injection ninety minutes after saline or antibody

- administration. On Day 42, all animals were immunized with 10 Lf units by IM

injection, 90 minutes after saline or anubody admnnstratlon. On Day 84, all animals
were injected with 1 Lf unit by ID injection to test for tetanus specific delayed type
hypersensitivity (DTH). Animals in groups B, C, and D were immunized a third
time with 10 Lf units by IM injection 112 days after the last dose (second

immunization).

Experimental Design: '
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Twelve tetanus naive, 4-6 kg male Cynomolgus macaques (Macaca

fasicularis) were divided into four experimental groups of three animals per group:
Group A; received 2 immunizations with 10 Lf Units (Flocculation Units)
i.m. tetanus toxoid on day 0 and 42 (controls).

5 Group B; received 10 mg/kg of each humanized anti-B7-1 (1F1) and anti-
B‘7—2 (3D1) i.v., at least 90 minutes before 10 Lf units i.m. tetanus toxoid on
day 0; tetanus toxoid immunization only (without mAb pretreatment) on day
42 and Day 112 (Costimulation blockade with primary immunization).

Group C; received tetanus toxoid immunization only (without mAb

10 prétreaiment) on day 0; 10 mg/kg of each humanized anti-B7-1 and anti-B7-
2 i.v., at least 90 minutes before.10 Lf units i.m. tetanus toxoid on day 42
and day 154 (Costimulation blockade with secondary immunization).

Group D; received 10 mg/kg of each humanized anti-B7-1 (1F1) and anti-
B7-2 (3D1) i.v., at least 90 minutes before 10 Lf units i.m. tetanus toxoid on
15 day 0; received 10 mg/kg of each humanized anti-B7-1 and anti-B7-2 i.v., at
least 90 minutes before 10 Lf units i.m. tetanus toxoid on day 42 and a
tetunus toxoid immunization only (withoug mAb pretreatment) on Day 154
(Costimulation blockade with primary and secondary immunization).

All groups received tetanus immunization on Days 0 and 42. Groups B, C,
20 D received a third tetanus immunization 112 days post anti-B7 dosing (Table 8).
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‘Table8 - - Treatment Groups
' Group 1° Tetanus " 2" Tetanus 3° Tetanus
N=3/group Immunization ‘- Immunization Immunization
Day 0 Day 42
_ A - Saline . Saline None
5 Saline Control
' B Anti B7-1/B7-2 Saline Day 112
anti-B7 after 1° 10 mg/kg IV bolus ' '
immunization : ' _
. c  Saline Anti B7-1/B7-2 Day 154
10 anti-B7 after 2° 10 mg/kg IV bolus
immunization _
b | AstiBTAB72 Anti BT-UB7-2 Day 154
" anti-B7 after 1°and 2° | 10 mg/kg IV bolus 10 mg/kg IV bolus
... immunization

immunization 1 12 days post anti-B7 dosing.

Anti-tetanus anﬁbddy ELISA:

15  All groups received tetanus immunization on Days 0 and 42. Groups B, C, and D received a third tetanus

* 96-well ELISA plates were c_bated with tetanus toxoid at 4 pg/mL. A four-

TNB substrate. _

Results and Discussion:

log titration of serum samples was performed starting at 1:100. Ab binding to -
20 tetanus was detected with 2 combination of monoclonal anti-human IgG and
polyclonal goat anti-rhesus IgM HRP-conj ugé_tted antibodies, and developed with

Figure 22 shows the anti-tetanus IgM + IgG responses in monkeys

25 immunized with tetanus toxoid and treated with the combined anti-B7-1 and anti-

B7-2 mAbs.

Cynomolgus monkeys were administered either saline or a combination of
10 mg/kg anti-B7.1 antibody (h1F1) and 10 mg/kg anti-B7.2 antibody (h3D1) by IV

infusion. Ninety minutes post antibody or saline infusion, each animal was
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" immunized with 10 Lf units of purified tetanus toxoid by IM injection and 1 Lfunit

by ID injection. Anti-tetanus antibody titers were measured weekly. In the saline
control group, mean log titers of anti-ietanus antibody were increased over baseline
by Day 14, peaked at Day 49 and remained elevated over baseline throughout the

- study (Figure 22). In the groups receiving the combination of h1F1 and h3D1 on
* Day 0 (Groups B and D), 0 of 6 treated animals had a significant anti-tetanus
- antibody titer by day 42. Upon rechallange with tetanus toxoid on Day 42, animals
in Group B, despite receiving no additional anti-B7 antibody did not mount a
~ significant antibody response to tetanus (Figure 22). Analysis of serum showed

significant levels of h1F1 and h3D1 remained in the serum (mean serum -
concentration >10 mg/mL) on Day 42. Animals in Group D, received another
infusion of both h1F1 and h3D1 on Day 42 prior to re-immunization with tetanus
toxoid. All 3 animals in this group had anti-tetanus titers that remained below

* .~ detectable limits throughout the study. In Group C, animals that received saline on

Day 0 and h1F1 and h3D1 on Day 42 only, had a primary anti-tetanus antibody

. responses similar to the Saline control group (Group A). The mean antibody titer

observed in the secondary response of Group C, however, was lower than the mean
antibody titer observed in the secondary response of Group A, (Figure 22).

Serum concentrations of h1F1 and h3D1 were mon'itored throughout the
study and when they were below detectable limits, Groups B, C, and D were
immunized a third time with tetanus toxoid. Each Group was re-immunized 112

. - days after their last anti-B7 antibody infusion and received no additional anti-B7

25

antibody treatment. At this time point, the animals in all groups responded by
generating anti-tetanus antibodies with kinetics that appeared similar to a primary

- antibody response (Figure 22).

Conclusion:

These data show that inhibition of costimulation by blocking B7-1 and B7-2

_ with anti-B7-1 and anti-B7-2 antibodies is capable of dramatically suppressing the

primary antibody response to tetanus as well as reducing the secondary antibody
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- response.: In addition, these results show recovery-fiom immunosuppression,
- ‘indicating that long-term tolerance against tetanuis was not-achieved in this study.

- - Therefore, the administration of anti-B7 antibodies concurrent with exposure
to a new antigen (tetanus immunization) can prevent the development of a new
antibody response and can lessen the strength of a secondary response to-the same
antigen. Since many disease states are exacerbated by the developnient of such
antibodies, treatment with the combined anti-B7 mAbs will prevent the development
of such antibodies. One such disease state is the development of inhibitor antibodies
td administered Factor VIII or Factor IX in hemophiliacs, thereby reducing the
effectiveness of these life saving compounds. Treatment of hemophiliacs with anti-

B7 mAbs prevents or reduces the formation of the inhibitor antibodies. .

- Example 19: Pharmacodynamics of Anti-B7-1 (h1F1) and Anti-B7-2 (b3D1) in

Combination or Individually at Doses of 0.01; 0.1, 1, or 10 mg/kg in
a Tetanns Toxoid Challenge Cynomolgus Monkey Model
Abstract: ' ' '
| The ability of varying doses of individual anti-B7-1 or anti-B7-2 antibodies,
or the combined anti-B7-1 and anti-B7-2 antibodies to inhibit a primary and "
secondary (recall) response to tetanus was determined ina Cynomblgus monkey
immunization model. Cynomolgus monkeys (total n=33) were administered a single
intravenous dose 0f 10, 1, 0.1, or 0.01 _mg/lcg of h1F1 and h3D1 in combination, 10,

1, or 0.1 mg/kg of h1F1 or h3D1 alone, or vehicle control. All animals were

immunized with purified tetanus toxoid one hour after administration of h1F1 and
h3D1. Animals vfere immunized with tetanus toxoid again at 14 weeks to determine
if normal immune function returned when h1F1 and h3D1 levels fell below
detectable levels. . | '

- A complete suppression of a primary anti-tetanus antibody response was |
observed following a single IV dose of 10 or 1 mg/kg of h1F1 and h3D1 in
combination, while a dose of 0.1 mg/kg resulted in only partial suppression.
Treatment with h1F1 or h3D1 alone was not as effective as equal doses of h1F1 and
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h3D1 in combination in suppressing the anti-tetanus antibody response. All animals

1in all groups produced a high anti-tetanus antibody titer following a second

immunization with tetanus toxoid, after h1F1 and h3D1 concentrations fell below
detection (<50 ng/mL). This indicated that normal immune fonction returned
following cessation of treatment with h1F1 and h3D1, and that long-term tolerance

against tetanus was not achieved in this study.

- Materials and Methods:

Animals were administered a single IV dose of test or control (vehicle)
article on Day 0 according to Table 9. . The test or control article was infused via a
peripheral vein using a syringe pump set at 0.1 mL/min/kg (maximum dose rate of 1
mg/min/kg). Att=1 hour on Day 0 all animals received purified tetanus toxoid
(Massachusetts Biologic Laboratories, UMass, Jamaica Plain, MA) at a dose of 10
Lf units (limit of flocculation) by IM injection and 10 Lf units by ID injection. Att
= 14 weeks all animals received a second administration of purified tetanus toxoid at
a dose of 10 Lf units by IM injection and 10 Lf units by ID injection. Blood
samples were collected via venipuncture at specified timepoints up to 3024 hours
(126 days) after dosing. Serum levels of anti-tetanus antibody (IgM and IgG) were
determined by ELISA.

Table 9 .. Group Designations and Dose Levels

Group Number of Dose Level of Antibody _ Test
‘Animals (mg/kg) ' - Agent(s)
Administered
1 3 0 Vehicle
2 3 10 h1F1
3 3 1 : hiF1
4 3 0.1 hlF1
5 3 10 h3D1
6 3 1 ' h3D1
7 3 0.1 h3D1
8 3 10t h1F1 and h3D1
9 3 1 hiF1 and h3D1
10 3 0.1* h1F1 and h3D1
11 3 0.01* hiF] and h3D1
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- Anti-Tetanus Antibody Formation: -

All-animals treated with vehicle produced a detectable anti-tetanus antibody

titer beginning 14 days after immunization (Table 10, Figures 23, 24, and 25).
Treatment with the two highest doses (10 or 1 mg/kg) of h1F1 and h3D1 in

combination completely suppressed the formation of a detectable antibody titer
within the 14-week observation period in all animals. A partial suppression of the
antibody response was observed in animals treated with 0,1 mg/kg, one out of three
animals produced a detectable antibody titer. All animals treated with 0.01 mg/kg of
h1F1 and h3D1 in combination pr‘oduced a-detécta_ble antibody titer; however, this
titer was lower in magnitude when compared to the titers observed in the vehicle
control group, indicating that some suppression of the antibdc_ly response was
achieved..

Table 10 - Number of Cynomolgus Monkeys that Produced a Detectable Anti-
' ' -Tetanus Antibody Titer Following a Primary Challenge with Tetanus
Toxoid During Treatment with h1F1 and h3D1 |

“. Treatment - Number of Animals that Produced a Detectable
" Vehicle Control '

10 mg/kg h1F1
1 mg/kg h1F1
0.1 mg/kg h1F1
10 mg/kg h3D1
1mg/kgh3Dl - =
0.1 mg/kgh3D1
10 mg/kg h1F1 and
h3D1 -
9 1mgkghlFland _ 0

' h3D1
10 0.1 mg/kg h1F1 and : 1

h3D1
11 0.01 mg/kghlFl and 3

h3D1

g
£

QO U d el D) WD == W)
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When the 0.1, 1, and 10 mg/kg dose groups are taken together, treatment
with either h1F1 (Figure 24) or h3D1 (Figure 25) alone is not as effective as
treatment with h1F1 and h3D1 in combination (Figure 23). Treatment with hi1F1
alone (Groups 2, 3, and 4) resulted in 6/9 (66%) animals with a detectable anti-
tetanus antibody response. Treatment with h3D1 alone (Groups 5, 6, and 7) resulted
in 5/9 (55%) animals with detectable antibodies, whereas only 1/9 (11%) animals
had detectable antibodies following treatment with the combination of h1F1 and
h3D1 (Groups 8, 9, and 10). Group 11 was not included in these compaxisoﬁs since
h1F1 and h3D1 were not administered individually at 0.01 mg/kg.

At 1 and 10 mg/kg, there was no detectable anti-tetanus antibody response in

_any of the animals treated with h1F1 and h3D1 in combination; however, at both of

these doses, there were detectable antibodies in animals treated with h1F1 or h3D1
alone. When animals were treated with 0.1 mg/kg, there were detectable anti-
tetanus antibodies in animals from all three treatment groups; however, there was a
lower incidence (1/3) in the combipation tfreatment group than in the h1F1 (2/3) or
h3D1 (3/3) groups. :
Figure 26 shows the area under the anti-tetanus antibody titer curve (AUC)
for each treatment group. These AUC values were calculated using the antibody
titer curves shown in Figures 23, 24, and 25. The AUC values were calculated from
Weeks 0 to 14. To account for the number of responding animals in each group, the
AUC values were weighted by the fraction of the number of animals in each group
that produced detectable antibody titers. This plot gives an indication of the
cumulative magnitude of the antibody titer or strength of the antibody response
throughout the 14 week observation period. Animals treated with etther 10 or 1
mg/kg of h1F1 and h3D1 in combination (Groups 8 or 9) showed 100% suppression
(AUC = 0) of the antibody response relative to the control group. Treatment with
0.1 or 0.01 fg/kg of h1F1 and h3D1 in combination (Groups 10 or 11) suppressed
the antibody response by 78% or 86% (AUC =402 or 253 Log titerehr),
respectively, relative to the control group. The antibody response was suppressed -
between 8.6% and 99% (AUC = 1640 to 5.04 Log titershr) relative to the control
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group in'the animals treated with h1F1 or h3D1 alone (Groups 2-7).: These data

- indicate that treatment with h1F1 or h3D1 alone was not as effective as equal doses
“of h1F1 and h3D1 in combination in suppressing the anti-tetanus antibbdy response.

Following th_e re-immunization with tetanus toxoid 14 weeks after
administration of h1F1 and h3D1, all animals in all groups produced a high anti-
tetanus antibody titer (>3 log titér), indicating that normal immune fimction returned
following cessation of treatment with h1F1 and h3D1, and that long-term tolerance
against tetanus waé not achieved in this study. Animals treated with 10 mg/kg of
h1F1 and h3D1 in'comlﬁination showed a delayed antibody response with detectable
antibody titers observed 14 days after immunization similar o a primary antibody
response, indicating that a response to the first immunization was completely
blocked. All other animals showed increased antibody titers 7 days after

) _immunization, which resembles a memory response rather than a primary response.

Conclusions: . _

A complete suppression of a primary anti-tetanus antibody response was
observed following a single IV dose of 10 or 1 mg/kg of h1F1 and h3D1 in
combination, while a dose of 0.1 mg/kg resulted in only partial suppression.
Treatment with h1F1 or h3D1 alone was not as effective as equal doses of h1F1 and

. h3D1 in combination in suppressing the anti-tetanus antibody response. All animals -

in all groups produced a high anti-tetanus antibody titer following a second
immunization with tetanus toxoid after h1F1 and h3D1 concentrations fell below
detection. This indicates that normal immune function returns following cessation
of treatment with h1F1 and h3D1.

Example 20: Serum half-life of anti-B7 antibodies in non-human primates.

The murine-anti-hB7-1 and murine-anti-hB7-2 mAbs were tested in non-
human primates for serum half-life and target cell saturation. Three Cynomolgus
monkeys were dosed with one dose each of a combination of the anti-hB7-1 and
anti-hB7-2 mAbs at 2, 8, or 20 mg each mAb/kg body weight. The monkeys were
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analyzed for mAb binding to PBMC (Proliferative Blood Mononuclear Cells),
serum mAb concentration, and primate anti-mouse antibody (PAMA) response
(Table 11). PBMC saturation was determined by flow cytometry (FACS) where
PBMCs isolated from the blood of mAb dosed primates were stained with goat-anti-
murine Ig-PE (% in vivo) or the PBMC were first reacted with the anti-hB7-1 and

 anti-hB7-2 mAbs followed by detection with the goat-anti-murine Ig-PE (% ex
vivo). The level of PBMC saturation at the various time points was calculated by

(% in vivo/% ex vivo) x 100. This study shows that PBMC saturation for the anti-
hB7-1 and anti-B7-2 mAbs falls below 80% between days 4 to 6 (mAbs @ 2mg/ks),
days 6 to 8 (mAbs @ 8mg/kg), and days 13 to 20 (mAbs @ 20mg/kg) depending
upon mAb dose. Although not measured directly, there was no apparent dramatic

decrease in the numbers of circulating B7* cells.

Serum half-lives of the anti-hB7-1 and anti-hB7-2 mAbs were measured with
a specific ELISA for each mAb using.hB7-IIg or hB7-2]Ig as target and goat-anti-

- murine Ig HRP/ABTS for detection. These assays were sensitive to 400 ng/mL and

200 ng/mL for anti-hB7-2 and anti-hB7-1, respectively. PAMA responses were
measured using a commercially available kit. The serum concentrations of the two
anti-hB7 mAbs and the PAMA responses are shown at the individual dosage levels
for each mAb. Both mAbs exhibit similar serum half lines of ~48 hours as
determined at all three dosage levels. Increasing mAb dosage increased serum mAb

- concentrations by a comparable factor at all dosages and times tested. When dosed

at 20 mg/kg, circulating mAb levels of >30 pg/mL were found for each mAb at 6
days post dosing. | | |

PAMA responses to the anti-hB7-1 and anti-hB7-2 mAbs were low and were
first measurable beginning 10 days after serum mAb levels had fallen below 10

Hg/mL.

The serum half-life of humanized anti-human B7-2 and B7-1 antibodies were
also determined in Cynomolgus monkeys (n=6) dosed once with 10 mg/kg of
humanized anti-B7-2 antibody. Serum concentration was monitored by specific

ELISA assay for each antibody using HRP-anti human IgG2 and ABTS.
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Figure 27 shows the serum concentration of the humanized B7-2 and
 humanized B7-1 mAbs in Cynomolgus monkeys through 42 days after dosing.

The humamzed antl-human B7-2 and antl-human B7-1 mAbs exhibited an
: extended serum half-hfe n Cynomolgus monkeys, as compared to a value of
5 approxumately 2 days for the murine antl-human B7-2 and antl-human B7-1 mAbs
when dosed at the same level demonstratmg that the humanized anti-human B7-

mAbs were retamed in circulation much longer than the murine anti-B7 mAbs.



Table 11. Results from the Preclinical primate stadies

Time Dose @ 2 mg —_ Dosc @ & mg each mAD/Kg Dose @ 20 mg each mAb/kg
AnG-hB72 | PAMA | FPBL | AnthB72 | PAMA “PBL AnHB72 |
Hours : Saturation | Saturation : Saturation
(Days) pg/ml ng/mi, % jig/ml ng/mL % pg/mL ng/ml. )
0 BQL Neg. 0 BOL “Neg. 0 BQL Neg. 0
167 61 206 ~ NI 380 ﬁ
3 50 | NT | 100 229 NT 25 570 “NT (5]
1 52 NT__ 227__| NT 5271 NT
3 e NT 100 230 NT 00 | 548 NT 100
5 50 NT 139 | NT 464 NT
] 4 “NT 169 | NI 412 NT
~24 (ID) 26 0 103 NT 100 7286 NT 30
48@ED) | 15 NT 100 59 “NT 100 196 “NT 100
6 (D) 2.4 NT 75 8 “NT 100 3. NT 100
@Dy | BQL “NT 035 3.9 T NT 100 32 NT 100
[192@D) | Q! [~ NT 65 "BQL NT 100 13 “NT 100
240 BQL | NT BQL NT 3.9 NT
(10D)
312 BQL “Neg. 3 — BQL Neg. ~35 — BQL Neg. %0
{13D)
480 2508 10 4080 10 517 20
(20D)
6% 1260 T 1094
27D)
316
(34D)

BQL=RBelow Quantifiable Limit; NT=Not Tested

-z6-
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‘Example 21  Inhibition of Specific T-Cell Responses-to Superantigens (Toxic
. shock syndrome toxin-1; TSST-1) -

NODscid mice were populated with human lymphocytes by.the
administration of 10° human PBLs. After 28 days, the mice were treated with
5 TSST-1(10mg, L.P.) with or without the treatment with the combined antibodies to
human B7-1 and B7-2 (500 mg, LV.). After 14 addmonal days, the presence of
human lymphocytes, T-cells, and TSST-1 speclﬁc T-cells (VB2-TCR-cells) in the -
peritoneal cav1ty was measured by FACS using antibodies specific for human CD45,

CD4, and human VﬁZ-TCR.
10 Tablel12
Addition b Human T-cells (%)
TSST-1  |Anti-B7-1+Anti-B72 | Total VB2
- To102 39
+ - | 274 12.0
15 o + 234 38
Results:

Table 12 shows the proportion of total human T cells and V;2*-TCR human
T cells (TSST-1 specific) found in the peritoneal cavity of hu-NODscid mice.
Treatment with TSST-1 greatly iﬁcﬁreased the percentage of human T cells and of
20 TSST-1 specific human T cells (V;2*) in the huNOD-scid mice. Treatment with the
' anti-human B7-1 and B7-2 mAbs moderately diminished the total human T cell
response and completely inhibited the expansion of the TSST-1 specific human T
cells indicating that the anti-B-7 mAbs could effectively inhibit human T cell-

superantigen mediated responses.
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Example 22; Evaluation of Anti-B7 Antibodies h1F1 (Anti-B7-1) and h3D1
(Anti-B7-2) in a Life-Supporting Renal Transplant Model in Cynomolgus Monkeys

Abstract:

This study was performed to evaluate the efficacy and compatibility of the
monoclonal antibodies h1F1 (anti-B7-1) and h3D1 (anti-B7-2) in a life-supporting
renal transplant model in Cynomolgus monkeys. The efficacy and compatibility of

these antibodies were evaluated when they were given as a monofherapy as well as

in combination with conventional immunosuppressive agents such as cyclosporin A

(CsA), rapamycin, and steroids.

Twenty four male cynomolgus monkeys received blood group compatible,

mixed lymphocyte reaction (MLR) mismatched, renal allografts. The recipients were ™
 studied consecutively in 6 treatment groﬁps, which included the followipg

~ combinations of immunosuppressive agents for the first 56 postoperative days

(poDay) and then followed for an additional 65-66 days (total maximum follow-up

period 119-120 days) without additional treatment:

- Group 1 received combined anti-B7 antibodies according to Schedule A:
h1F1 20 mg/kg + h3D1 20 mg/kg preoperatively, then h1F1 5 mg/kg and
h3D1 5 mg/kg postoperatively and h1F1 5 mg/kg and h3D1 5 mg/kg every 7
days repeated until po__Day 56; 9 dosing time points.

* Group 2 received combined anti-B7 antibodies according to Schedule B:
h1F1 5 mg/kg +h3D1 5 mg/kg preoperatively, then h1F1 10 mg/kg and
h3D1 10 mg/kg immediately postoperatively, and again on poDay 3, then 5
mg/kg of each antibody for 8 consecutive doses given in weekly intervals
starting poDay 7 and ending poDay 56.

- Group 3 received the combined anti-B7 antibodies according to Schedule A
plus microemulsion CsA at a dose designed to reach 24-hour trough level
concentrations of 200 to 300 ng/ml. from poDay 0 to poDay 14, then at a
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 reduced dose to reach 24-hour CsA trough levels of 150 to 250 ng/mL from.

10

15

poDay 15 to the last dose on poDay 56.

- Group 4 received the combined anti-B7 antibodies (h1F1 and h3D1)
according to Schedule A in combination with a tapering dose of steroids:
methylprednisolone 2 mg/kg_.IV postoperatively and then daily on poDay 2, -
then prednisone 0.5 mg/kg reduced by 0.05 mg/kg every three days until 0.2

mykg was reached then 0.2 mg/kg was continued until poDay 56

. Group 5 was given combined anti-B7 antibodies (h1F1 and h3D1)

_ acéordin_g to Schedule A in combination with rapamycin: rapamycin 1 mg/kg -

postoperatively and then daily through poDay 13, then 0.5 mg/kg daily was -
contmued until poDay 56 o

- Group 6 was glven m10roemuls1on CsA at a dose des1gned to reach 24-hour - -
'1:ro_ugh level concentrations of 200 to 300_ ng/ml. from poDay 0 to poDay 14, -
then at a reduced dose to reach 24-hour CsA trough levels of 150 10 250 - -

ng/mL from poDay 15 to the Jast d_dse; on poDay 56.

- Group 7 was given rapamycin at 1 mg/kg from poDay 0 to poDay 13, and -

then at 0.5 mg/kg from poDay 14 through poDay 56.

Animals were euthamzed before poDay 120 1f the creatinine levels rose . -

above 8.0 mg/dL, which was interpreted as evidence of terminal renal ej jection.

20

The surv1va1 of transplanted, treated cynomolgus monkeys is depicted in

Table 13.
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. Table 13. Survival and Diagnosis of Transplanted, Treated Cynomolgus Monkeys

Treatment Group: | Treatment Schedule Survival (poDay)*
| anti-B7-1 + anti-B7- |
2/Other Therapiés
historical controls none | 10
1 | schedule A/none | 9,48,119,119
2 schedule B / none 12, 14, 18, 120
3 schedule A / CsA | 96, 119, 119, 119
4 schedule A / steroids 6,77,111, 119
5 schedule A / répamycin_ 69,73,81,114
6 no mAbs/ CsA 22,25,38,71
7 no mAbs/rapamycin 11, 18, 27, 35

. * kidney recipients surviving until day 119/120 were sacrificed as per stndy protocol

‘The results of this study show that treatment of non-human primate, renal
allograft recipients with the combination of the B7-1 and B7-2 monoclonal
antibodies can lead to long-term graft survival. Graft survival was observed for up
to 66 days post termination of treatment in 50% of the Group 1 animals. In contrast,

- antibodies dosed according to Schedule B, used in Group 2 were not sufficient to

overcome the early acute rejection episode in 3 of the 4 animals treated, and only

. one animal of this group survived 120 days. Combining Schedule A with

microemulsion CsA resulted in long-term survival in all animals with no evidence of
an antagonistic immunosuppressive effect of CsA on the previously demonstrated
efficacy of the antibodies. In Group 4, coadministration of high dose steroids with
the antibodies did not antagonize the immunosuppressive effect of the antibodies in
this non-human primate model. In Group 5, coadministration of rapamycin with the
antibodies did not antagonize the immunosuppressive effect of the antibodies in this

non-human primate model. In Group 6, treatment with CsA alone resulted in early
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rejection in most kidney recipients. The results with this treatment group were
inferior to those obtained with the combined treatment with the anti-B7 antibodies
~ alone (Group or w1th the combined antibodies + CsA (Group 4). In group 7,
o treatment with rapamycm alone resulted in early rejection in all kidney recipients.
5 | ‘The result in this treatment group was mfenor to that obtamed with the combined
treatment w1th the antl-B7 antlboches alone (Group 1) or with the combined
antibodies and rapamycm (Group 5).

Thus, the monoclonal antlbod;les th 1 and h3D1 are efficacious in avoiding
early terminal rejection ina llfe-suppomng renal transplant model in non-human
10 primates. The antibodies are compatible w1th other immunosuppressants and their
efficacy appea_rs tobe inoteased by eombining them with microemulsion CsA
rapamyc__in, or steroids. | - | |
| ; The following study was divided' into two-phases. The purpose of the first
phase was to define the efﬁcaey of the novel immunosuppressive antibodies h1F1
15 andh3D1 when given as a monotherapy to oynomolgus monkeys that had received a
renal transplant ina life supportmg model. Ammals transplanted without concurrent .
1mmunosuppressant treatment rej ect their graﬁs within 10 days of transplant The
study was des1gned to test two dlﬁ’erent schedules of ant1body therapy. The antibody
treatment was discontinued after poDay 56 in both schedules and ammals were then
20 followed until graft reJectlon or until Day 119-120.

The second phase of this study was des1gned to test if: a) h1F1 and h3D1,
when given in combination W1th either CsA, rapamyecin, or steroids, would
_antagomze the i mmunosuppresswe effect of CsA, rapamycin, or steroids, thus

: resultmg.m shortened graft survival, or b) CsA, rapamycin, or steroids would
25 antagonize the immunosuppressive efficacy of h1F1 and h3D1 either during the time
when treatment was given simultaneously (poDay 0 to.poDay 56) or following
termination of all immunosuppressive tllerapy (>poDay 56).
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 Materials and Methods:

- Animals:

Male cynomolgus .inonkeys, Macaca fascicularis, with a weight between 5
and 8 kg were used in this study. The animais underwent blood group typing. Donor
and recipient monkeys were paired'based on an ABO blood group match, a negative
cross-match, and a stimulation index of at least 2.5 in a two-way MLR.

Test and Control Articles:

h1F1 and h3D1:

The anti-B7 antibodies were administered in a syringe connected to a syringe
pump. h1F1 and h3D1 were always given in combination and administered at a
maximum infusion rate of 1 mg/kg/min through a peripheral venous catheter.

The antibodies were administered according to different protocols as defined
for each group. o

Microemulsion CsA (Neoral):

The microemulsion CsA (Neoral; 100 ing/mL (Novartis)) was kept at room

' temperaﬁne and protected from exposure to light. The calculated volume of Neoral

based on the required dose (in mg/kg) was drawn directly into the smallest
appropriate syringe and administered without any dilution through a nasogasinc tube

" directly into the stomach.

Methylprednisolone and Prednisone:

Methylprednisolone (Solu-Medrol, Pharmacia & Upjohn Co., Kalamazoo,
MI) was supplied in vials w1th self-contained sterile water for réconétitution and was
reconstituted folloﬁviﬂg manufacturer's inShuctioﬁs. The drug was kept refrigerated
after reconstitution and discarded after 48 hours.
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Prednisone (Mitiial Pharmaceutical Co., Inc., Philadelphia, PA) was
supplied in tablets (5 mg). Tablets were dissolved in sterile water, one tablet per 5-
mL water, with a resultmg solution concentrauon of 1 mg/mL The remaining drug
was discarded at the end of dosing each day

Experimental Design:

A total of 24 monkeys rece1ved unilateral renal transplants ina
hfe—supportmg model.

Group 1: h1F1 and h3D1 Monotherapy (Schedule A):

Group 1 received combination anti-B7-1 + anti-B7-2 antibody monotherapy
according to Schedule A: h1F1 20 mg/kg +h3D1 20 mg/kg preoperatively, then
h1F1 5 mg/kg and h3D1 5 mg/kg postoperatively and h1F1 5 mg/kg and h3D1 5

’ mg/kg every 7 days repeated until poDay 56.

Group 2: h1F1 and h3D1 Monotherapy (Schedule B):

The main differences between Schedules A and B were that in Schedule B,
fhe first preoperative dose was reduced from 20 ing/kg to 5 mg/kg, the immediate
postoperative dose was increased frpm 5 mg/kg to 10 mg/kg, and an additional dose
of 10 mg/kg was given on poDay 3. The remainder of the postoperative dOSing.
schedule was the same as Schedule A. Therefore, the total amount of antibody given

over the postoperative course for each animal was the same in Schedules A and B.
Group 3: h1F1 and h3D1 (Schedule A) plus CsA: -

In Group 3, antibody treatment (Schedule A) was combmed with daily oral
adxmmstrauon of microemulsion CsA. Group 3 received the ant1bod1es according to
Schedule A plus microemulsion CsA at a dose des1gned to reach 24-hour trough
level concentrations of 200 to 300 ng/mL from poDay 0 to poDay 14, thenata
reduced dose to reach 24-hour CsA trough levels bf 150 to 250. ng/mL ﬁ‘om poDay
15 to the last dose on poDay 56. |
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Microemulsion CsA was administered daily by gavage following short

. Ketamine sedation by gavage. Twenty-four hour trough levels of CsA were
‘measured three times per week and the daily dose was adjusted to meet the target

CsA trough levels. Additional modifications of the CsA. dose were performed to
prevent excessive weight loss or when renal function impairment was thought to be
related to CsA. trough levels.

Group 4: h1F1 and h3D1 (Schedule A) plus Steroids:

In Group 4, h1F1 and h3D1 were administered according to Schedule A in
combination with a tapering dose of steroids: methylprednisolone 2 mg/kg IV
postoperatively and then daily on poDay 2, then prednisone 0.5 mg/kg reduced by
0.05 mg/kg every three days until 0.2 mg/kg was reached then 0.2 mg/kg was
continued until poDay 56 '

' For the first 3 postoperative days (poDay 0 through 2), the animals received

) methylprediﬁsolone ata dqse of 2 mg/kg giveri intravenously as a bolus. From

poDay 3 to poDay 56, prednisone was given to the ketamine sedated animals by
gavage in a tapering schedule (see Figure 4) starting at 0.5 mg/kg and ending at a

. dose of 0.2 mg/kg.

20

Group 5: h1F1 and h3D1 (Schedule A) plus Rapamycin:

In Group 5, h1F1 and h3D1 were administered according to Schedule A in
combination with rapamycin: rapamycin 1 mg/kg postoperatively and then déily
through poDay 13, then 0.5 mg/kg daily was continued until poDay 56

| Group 6 CsA allone:.'

Iﬁ Group 6, microemulsion CsA was administered at a dose desighed to
reach 24-hour trough level concentrations of 200 to 300 ng/mL from poDay 0 to
poDay 14, then at a reduced dose to reach 24-hour CsA trough levels of 150 to 250
ng/mL from poDay 15 to the last dose on poDay 56.

Microemulsion CsA was administered daily by gavage following shoft
Ketamine sedation by' gavage. Twenty-four hour trough levels of CsA were
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measured three times per week and the daily dose was adjusted to meet the target
CsA trough levels. Additional modifications of the CsA dose were performed to
prevent excessive weight loss or When renal function impairment was thought to be
related to CsA trough levels. -
Group '7: Rapamycin

Rapamycin was administered daily by gavage following short Ketamine
sedation by gavage. Gro'up'7 was given rapamycin at 1 mg/kg from poDay 0 to
poDay 13, and then at 0.5 'm_g/kg from poDay 14 through poDay 56.

Results and Discussion: | |
Historical control group: Renal transplantation with no trea_trhent: .

Historical data shows __that-.cyndmolgus monkeys receiving renal transplants
and no treatment uniformly reject the transplanted kidney by day 10 post transplant.
Group 1: Monotherapy with h1F1 and h3D1 according to Schedule A

Two of four animals treated with the combined anti-B7-1 + anti-B7-2 mAbs
according to schedule A retained a functional allograft until the end of the study
period (120 days) whereas the other two rejected the transplanted kidney during the

. treatment period (day 9 and day 48). Theieforg, three out of four kidney recipients
treated according to schedule A retained the transplanted kidney for much longer
 than historical controls demonstrating the efficacy of anti-B7 therapy in preventing

the rejection of transplanted kidneys.
Group 2: Monotherapy with h1F1 and h3D1 according to Schedﬁle B:

In contrast to Group 1, only 1 of the 4 animals treated with the anti—B7
antibodies according to schedule B retained a functional renal allograft beyond
poDay 18. However, this animal retained the transplanted kidney until the end of the

'study period (poDay 120). This data suggests that treatment with anti-B7 mAbs

according to sc_hedﬁle A results in better immunosuppression of kidney rejection
than animals treated according to schedule B. This result may be due to the higher
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- concentrations of anti-B7 mAbs present early after transplantation in animals treated

according to schedule A.

Group 3: Therapy with h1F1 and h3D1 according to Schedule A plus microemulsion
CsA:

All animals treated with the anti-B7 mAbs according to schedule A in
combination with CsA exhibited greatly delayed rejection of the transplanted
kidneys with three out of four animals retaining the functional allograft until the

study end (poDay 119). These results are superior to those obtamed after treatment

with the anti-B7 mAbs alone {Group 1) or with CsA alone (Group 6) demonstrating
that there is no antagonism between treatment with the anti-B7 mAbs + CsA and
that cotreatment with these agents provides and additional benefit of delayed organ

- rejection.

Group 4: Therapy with h1F1 and h3D1 according to Schedule A plus
methylprednisolone/prednisone: '

One of four animals treated with the combined anti-B7 mAbs + steroids
retained the transplanted kidnet until thé end of the study period (poDay 119). Of
the remaining three kidney recipients, two exhibited delayed rejection of the
transplanted kidneys. The third monkey rejected the transplanted kidney early
(poDay 6) due to ureter necrosis believed to be associated with the administration of
the high dose steroids. Taken together, these data suggest that the combination of

 the anti-B7 mAbs + steroiods are effective in preventing the rejection of the

transplanted kidney and the use of these agents in combination is not

contraindicated.
G:roup 5: Therapy with h1F1 and h3D1 accordmg to Schedule A plus rapamycin:

All four animals treated with the combmed anti-B7 mAbs according to
schedule A + rapamycin retained functional renal allografts beyond the treatment
period for a duration ranging from 69 to 114 poDay. This demonstrated that the
treatment with the combined anti-B7 mAbs + rapamycin is beneficial in delaying

organ rejection and does not antagonize the treatment with the anti-B7 mabs alone.
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~ Group 6: Therapy with CsA alone:

All four animals treated with CsA alone rejected their transplanted kidneys
with three out of four animals rejecting during the CsA freatment period. These
results are inferior to those obtained with in animals treated with the combined
anti-B7 mAbs + CsA.

Group 7: Thefapy with Rapamycin alone:

_ All four animals treated with rapamycin alone rejected their transplanted
kidneys during the treatment period. ' '

Conclusion:

The purpose of the study was to evaluate the efficacy and compatibility of
the novel monoclonal antibodies, h1F1 and h3D1, in a life-supporting non-human

primate kidney transplant model. Efficacy was assessed by evaluating the incidence

' of terminal acute rejection and ultimately allograft (animal) survival. Terminal

rejection in untreated animals would be expécted to occur within 10 days
post-transpléﬁtatioﬁ in the model used. Compatibility and efﬁ_éacy weretestedina
total of 7 different treatment groups. The treatment regimené used in later groups
evolved as the study progressed and were based on the results of previous groups.

" Bvaluation of Bfficacy:

Group 1: h1F1 and h3D1 Monotherapy (Schedule A): |

Animals in the first therapeutic group were treated with only h1F1 and h3D1,
given weekly for 56 days withouf any additional immunosuppressive drug therapy.'
The results showed that monotherapy with h1F1 and h3D1 was able to prevent
terminal acute rejection in 2 of the 4 animals of this group and delay the occurrence
of terminal rejection in an additional monkey until poDay 48. The administration of
the antibodies did not pr_olong. graft survival in one monkey be_yond. that seen in the
historical cbnixol group. .
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‘Group 2: h1F1 and h3D1 Monotherapy (Schedule B):

The regimen and schedule of antibody administration was changed in
treatment Group 2 in attempt to prevent the early acute rejection episodes seen in
Group 1 between poDay 5 and 7. The preoperative dose in this group was reduced

5 from 20 mg/kg of each mAb to 5 mg/kg of each mAb and the first postoperative
dose was increased from 5 to 10 mg/kg of each mAb. The total amount of antibody
administered perioperatively was therefore reduced from 25 mg/kg to 15 mg/kg. An
additional dose of 10 mg/kg was given on poDay 3. Thereafter, the administration
schedule in Group 1 and 2 were identical.

10 Three of the 4 animals did not recover from this first rejection episode. Only
one animal survived for the entire follow-up period. This demonstrates the critical
aspect of timing and dosing of the antibodies during the early peri- and
postoperative periods. The reduction in the perioperative dose most likely resulted in

- amore vigorous rejection response, and the ad:ninisﬁaﬁon of the additional dose of
15 | antibodies on poDay 3 did not affect this outcome.

In both Groups-1 and 2, there were animals with long-term survival without

‘any additional immunosuppressive therapy.

A direct comparison of graft outcome following Schedule A (Group 1) and
Schedule B (Group 2) favored Schedule A. The combination of antibodies were
20 administered according to Schedule A for the next two groups.

Group 3: h1F1 and h3D1 (Schedule A) plus CsA:

A dose of microemulsion CsA, that aimed at deliverihg 24-hour trough levels

in the 200 to 300 ng/mL range was administered in Group 3. All animals in this

group survived long-term (> 56 days) and 3 of the 4 én:imals showing no evidence of ‘
25 terminal acute rejection until the end of the follow-up period. Therefore, neither the

anti-B7 antibodies nor the CsA negatively affected the efficacy of the other. The

‘median survival was 119 days, and the mean survival was 113 days in this group,

which was at least as good as, if not better than, the length of survival in Group 1

(median: 84 days; mean: 74 days). An additional treatment group in which the
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recipients are treated with only microemulsion CsA (Group 6) dosed to achieve
similar trough levels as in Group 3 (for 56 days)- showed that all four transplant
recipients rejected their trah_splanted kidneys and that three out of four rejected

during the treatment pe:;_iod. _ a

. The combination qf thé monoclonal antibodies with microemulsion CsA was - -

sufficient to avoid an early acute rej ecﬁon episode.

-Group 4: h1F1 and h3D1 (Schedule A) plus Steroids:

'The combmahon of h1F1 and h3D1 was adrmmstered w1th a tapered doseof - -

steroids in Group 4. Monotherapy w1th steroids alone is generally not sufficient to
prevent terminal allograft rejection in this model. A h1gh dose of sten_nds was:

chosen for thls group to determine if the steroids and antibodies affected the efficacy
of each other. One of four animals treated with the combined anti-B7 mAbs +

steroids retained the transplanted kidney until the end of the study period (poDay
1 19). Ofthe remammg three kidney recipients, two exhibited delayed rejection of

the transplanted hdneys The third monkey rej jected the transplanted kidney early

(poDay 6) due to ureter necrosis believed to be associated with the administration of
the h1gh dose sterolds.

There did not appear to be any negative effect of co-administration of high

- dose steroids on the efficacy of the antibodies in this group. It is unclear if the

antibody administration had an effect on the immunosuppressive efficacy of steroids
as there are no data available on the efficacy of a similar steroid regimen used as

monotherapy in a non-human primate renal transplant model.

Group 5: Therapy with h1F1 and h3D1 according to Schedule A plus rapamycin:

All four animals treated with the combined anti-B7 mAbs according to
schedule A + rapamycin rétained functional renal allografts beyond the treatment
period for a dufation ranging from 69 to 114 poDay. Tlﬁs demonstrated that the
treatment with the combined anti-B7 mAbs + rapamycin is beneficial in delaying
orgén rejéction and does not antagonize the treatment with the anti-B7 mabs alone.
An additional treatment group in which the recipients were treated only with
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rapamycin (Group 7) dosed to achieve similar levels as in Group 5 showed that all
four transplant recipients rejected their transplanted kidneys during the treatment
period.

- Group 6: Therapy with CsA alone:

All four animals treated with CsA alone rejected their transplanted kidneys
with three out of four animals rejecting during the CsA treatment period. These
results are inferior to those obtained in animals treated with the combined anti-B7
mAbs -+ CsA.

Group 7: Rapamycin alone:

All four animals treated with rapamycin alone rejected their transplanted
kidneys during the treatment period. These results are inferior to those obtained in
animals treated with the combined anti-B7 mAbs and rapamycin (Group 5).

Exami)lg 23: Induction Therapy with Monoclonal Antibodies A_.gaihst B7-1 and B7-

2 Delays the Onset of Renal Allograft Rejection in Non-human Primates
Abstract:

In this study, the administration of monoclonal antibodies anti-B7-1 (h1F1)
and anti-B7-2 (h3D1) alone and in combination were tested for their ability to delay
the onset of acute renal allograft rejection in thesus monkeys. The most durable
effect resulted from simultaneous blockade of both B7 ligands. The mechanism of
action did not involve global depletion of T or B cells. |

Materials and Methods:
Experimental Design:
MHC Typing and Donor-Recipient Selection:

Donor-recipient combinations were selected based on genetic non-identity at

major histocompatibility complex (MHC) class II. This was established by
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denaturing gradlent gel electrophoresis and direct sequéncing of the second exon of
the major histocompatibility antigen, HLA-DRB. T cell responsiveness of the

recipient towards the dqnor was confirmed in vitro for all donor-recipient pairs using - *

the mixed iymphecyte reaction (MLR) assay. Bach animal was tested against all
5 potential donors to establish the highest responder pairs for transplantation. .
Renal Allqgraﬂé: . | |
Renal allotransplantation was performed as previously described. Knechtle
SJ, et al., Transplantation, 63:1-6 (1997); Kirk AD, et al., Proc Natl Acad Sci USA.
. 94:8780-8794 (1997); Kitk AD, et al., Nature Medicine, 5:686-693 (1999). Briefly,
- 10 outbred juvenile thesus monkeys (age 18 ro 36 months, male) seronegative for

s1m1an lmmunodeﬁcrency v1rus and herpes B v1rus were obtained from LABS of -

Vrrguua, Inc. (Y emassee, SC).

All procedures were performed under general anesthesra. Renal

1ransplantatron was performed between genetrcally distinct donor-rec1p1ent pairs as

15 determined by MHC analysis. The animals were hepanmzed (100 umts/kg) during
organ harvest and implantation. The allograft was 1mp1anted using standard :
microvascular fechniques to create an end to side anastomosis between the donor

renal artery and recipient distal aorta as well as the donor renal vein and recipient
| vena cava. A primary ﬁreteroneecystostomy was t_hen created. Bilateral native
20 rrephrectemy was completed prior to closure. Skin sutures were removed after 7 to

10 days. |

| Anti-B?-l and/or anti-B7-2 ahtibodies-were administered intravenously at
doses detailed below. Animals were euthanized at the time of renal failure as
determined by a rising serum creatinine level or if a weight loss of 15% of -
25 . pre-transplant body weight occurred in accordance with AAALAC standards.
Complete gross and histopathological analysis was performed at necropsy on all
sacrificed animals.
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Results and Discussion:
Group I: Control Animals: -

Five animals received renal allografts without any treatment to prevent
rejection. All five lost their grafis to acute rejection within 8 days (Table 14, Figure
28). - |
Group II: Monotherapy with h1F1 Alone:

Two animals were treated solely with h1F1 (Table 14, Figure 28). The
antibody was glven at a dose of 20 mg/kg beginning prior to graft reperfusion.
Subsequent doses of 5 mg/kg were given every seven days until rejection. These two
animals had trivial prolongation of their graft survival with rejection occurring in 8
and 9 days.

Grdup III: Monotherapy with h3D1 Alone:

Two animals were treated solely with h3D1 (Table 14, Figure 28). The
antibody was given at a dose of 20 mg/kg beginning.prior to graft reperfusion.
'Subsequent doses of 5 mg/kg were given every seven days until rejection. These two
animals also had minimal pfoloﬁgation of their graft survival with rejection

occurring in 8 and 28 days.
Group IV: Combination Therapy with h1F1 Together with h3D1:

Four animals were treated with both h1F1 and h3D1 (Table 14, Figure 28).
The antibodies were given at a dose of 20 mg/kg beginning prior to graft

reperfusion. In one animal (AT48) a dose of 5 mg/kg was given immediately post

transplant. In all animals doses of 5 mg/kg were given every seven days for a fixed
period of time or until rejection. Antibody administration was scheduled to be halted
after 60 days in three of the four animals in Group IV. One animal was dosed out to
80 days (AC2B). All animals had prolonged graft survivals of 47, 67, 227, and >365
days. One animal remained alive and well Without rejection at a time point of one

year post-transplant. This animal was not sacrificed; however, for the purposes of
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 this study, monitoring was discontinued. Creatinine began to rise from baseline
' appfoximately one week prior to sacrifice in those animals who rejected.

The animals receiving combination therapy with both hiF1 and h3D1 had
significantly prolonged allograft function (p=0.016) compared to Group I. The

prolongation of survival was also niarkedly increased in the combination gi'oup

when compared to both of the monotherapy groups.

Table 14  Survival and Diagnosis of Rhesus Monkeys

Date of Group - Treatment | Recipient Survival
Tmpiaht ' ' (pc.ﬂjay)
12/1/96 I none X9X 5
11/30/96 I none | 1IFE {7

| 11/15/96 I none T4T 7
412197 I nove 95052 8
5/3/99 I none AT5H 8 .
11/2/98 1 h1F1 |AC74 9
2/10/99 i h1F1 2WN 8
213199 m [mDI | ATsy 8
2/16/99 Im 13D1 | 2WF 28
10/26/98 {1v | hIF1+n3D1 | ACZB >365°
10/28/98 v ‘h1F1+h3D1 | ACSV 47
3/1/99 v h1F1+h3D1 | ATSP 67°
3/2/99 | v h1F1+h3D1 | AT48 227

3 80 days of post-operati#e treaiment
60 days of post-operative treatment

The treatment regimen and outcomes of all animals transplanted are shown.
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Humanized antibodies were given at an initial dose of 20 mg/kg followed by 5 mg/kg and then
weekly doses of 5 mg/kg for between 60-80 days. Animal AT48 also recei_ved a 5 mg/kg dose
immediately post transplant.

The teachings of all the references, patents and/or patent applications cited

-5 herein are incorporated herein by reference in their entirety.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without
departing from the scope of the invention encompassed by the appended claims.
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Applicant's oragent's International annlication No.
£l :
ereforence 1290.1019003

 INDICATIONS RELATING TO DEPOSITED MICROORGANISM
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 1341s)

A. The indications made befow relate to the depo'sited microorganism or other biological material referred to in the description

onpages_232231123117  Lline s ._Z.JQ.,_S_J.O.._ZD.._B_ —
B. IDENTIFICATION OF DEPOSIT “ " Further deposits are identified on an additional sheet D

Neme of depositery institution .
American Type Culture Collection

Address of depositary institution (including postal code and couniry) .

" 10801 University Boulevard
Manassas, Virginia 20110-2209

] Date of deposit o g ) ber
8§fm°3°s'199a L Ao Tomey
22 Juune 1999 PTA-263%%

C. -ADDITIONAL INDICATIONS (feave blank if not applicable) This information is continued on an additionat sheet fcx]

In respect of those demgnahons for which Eumpean patent is sought, the Apphcant(s)
hereby informs the International Bureau that the Applicant wishes that, until the publication
of the mention of the grant of a European patent or for 20 years from the date of filing if the
application is refused or withdrawn or deemed to be withdrawn, the biological material
deposited with the American Type Culture Collection under Accession No. ##gee above

D, DESIGNATED STATES FORWHléH INDICATIONS ARE MADE (if the indicalions are not for all designaied States)

E. SEPARATE FURNISHING OF IINDICATIONS '(leave blank if not applicable)

The indications listed below will be submitted to the Intermeational Burean later {specify the general nature of the indications e.g,, "Accession
Number of Deposit’) -

For receiving Office use only For International Burenu use only

m This shect was received with the international application El ']'lus sheet was received by the Intemnational Burean on:

Em—éﬁ'z?ed oﬁ'rcer _ ~Authcn'ized officer

S
Form PCT/RO/134 (Julv1958}
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM
(Additional Sheef)

C. ADDITIONAL INDICATIONS (Continued)

shall be made available as provided in Rule 28(3) EPC only by the
issue of a sample to an expert nominated by the requester (Rule
28 (4) EPC).

In respect of the designation of Australia in the subject
PCT application, and in accordance with Regulation 3.25(3) of the
Australian Patents Regulations, the Applicant hereby gives notice
that the furnishing of a sample of the biological material )
deposited with the American Type Culture Collection under
Accession No. **see page 1 shall only be effected prior to the
grant of a patent, or prior to the lapeing, refusal or withdrawal
of the application, to a person who is a skilled addressee
without an interest in the invention and who is nominated in a
request for the furnishing of a sample.

3

In respect of the designation of Canada in the subject PCT
application, the Applicant hereby informs the International
-Bureau that the Applicant wishes that, until either a Canadian
patent has been issued on the basis of an application or the
application has been refused, or is abandoned and no longer
subject to reinstatement, or is withdrawn, the Commissioner of
Patents only authorizes the furnishing of a sample of the.
biological material deposited with the American Type Culture
Collection under Accession No. ** see page 1 and referred to in the
application to an independent expert nominated by the
Commisgsioner.
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CLAIMS
‘What is claimed is:

1. ~ A humanized immunoglobulin having binding specificity to B7 molecules,
said immunoglobulin coniprising an antigen bmdmg region of non-human

origin and at least a portion of an immunoglobulin of human ofigin.

2. The humanized immunoglobulin of Claiﬁi 1, wherein the B7 molecules are

B7-1 and/or B7-2.

3. A pharmaceutical composition comprising a humanized B7-1 antibody and a
humanized B7-2 antibody. |

-4, A host cell comprising nucleic acid that encodes a humanized B7-1 antibody

and/or a hnmanized B7-2 antibody.

5. ' A humanized immunoglobulin having binding specificity for B7-1, said .
immunoglobulin comprising an antigen binding region of non-human origin

and at least a portion of an immunoglobulin of human origin.

6. The humanized immunoglobulin of Claim 5, wherein the portion of an

immunoglobulin of human origin is derived from a human constant region.

7. The humanized immunoglobulin of Claim 6, wherein the human constant

region comprises an IgG constant region.
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8. The humanized immunoglobulin of Claim 7, wherein the human constant
region confains a mutation capable of reducing the effector function of the

immunoglobulin.

9. The humanized immunoglobulin of Claim 8, wherein the human constant
5 - region comprises an IgG2 constant region and a Valine amino acid at
position 234 is substituted with Alanine and/or a Glycine amino acid at
position 237 is substituted with Alanine.

10.  The humanized immunoglobulin of Claim 7, wherein the IgG constant
region is selected from the group consisting of: an IgG4 constant region and
10 an IgG2 constant region.

11.  The humanized immunoglobulin of Claim 5, wherein the antigen binding

region is of rodent origin.

12.  The humanized immunoglobulin of Claim 5, wherein the antigen binding
région comprises a complementarity determining region of rodent origin, and
15. " the portion of an immunoglobulin of human origin is derived from a human

framework region.

13.  The humanized immunoglobulin of Claim 12, wherein the complementarity
determining region is derived from 1F1 monoclonal antibody.

14. A humanized immunoglobulin having binding specificity for B7-1 derived
20 from the cell line deposited with the ATCC, Accession No. PTA-263.
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A humanized immunoglobuliri light chiain having binding specificity for B7-

1 comprising CDR1, CDR2 and CDR3 of the light chain of murine 1F1
antibody, and a human light chain framework region.

The humanized immunoglobulin light chain of Claim 15, wherein the light
chain comprises a variable region of SEQIDNO: 28.

An isolated nucleic acid comprising a nucleic acid selected from the group

consisting of:

a)  SEQIDNO:27,

b) a nuclei§ acid encoding the _amjno acld sequence of SEQ ID NO:28,

c) é,nucle_ic acid which hybridizes to the nucleic acid according to a) or
b) under stringent hybridization conditions,._,and

d) a nucleic a;.cid which is tﬁe.compl.em_ent of the nucleic acid according

toa)orb). -

A humanized ir_rmmnpglobulih heavy chain specific for B7-1 comprising
CDR1, CDR2 and CDR3 of the heavy chain of the 1F1 antibody, and a

human heavy chain framework region.

The humanized immunoglobulin heavy chain of Claim 18, wherein the

heavy chain comprises a variable region of SEQ ID NO:26.
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An isolated nucleic acid comprising a nucleic acid selected from the gronp

consisting of:

'a)  SEQIDNO: 25,

b) a nucleic acid encoding the amino acid sequence of SEQ ID NO:26,

c) a nucleic acid which hybridizes to the nucleic acid according to a) or

| b) under stringént hybridization conditions, and

d) a nucleic acid which is the .complement of the nucleic acid according
to a) or b). |

A host cell éomprising nucleic acid encoding the humanized
immunoglobulin of Claim 5.

A fused gene encoding a humanized immunoglobulin light or heavy chain

comprising:
a) - afirst nucleic acid sequence encoding an antigen binding region

derived from murine 1F1 monoclonal antibody; and

b) a second nucleic acid sequence encoding at least a portion of a

constant region of an immunoglobulin of human origin.

A method of inhibiting the interaction of a first cell bearing a B7-1 receptor
with a second cell bearing B7-1, comprising contacting said first cell with an

effective amount of a humanized immunoglobulin of Claim 5.

A method for treating an individual having a transplanted organ, tissue or
cell, comprising administering a therapeutically effective amount of the
humanized antibody of Claim 5.
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A method of treating a disease that is modulated ‘by B7-1 comprising
administering a therapeutically effective amount of the humanized antibody
of Claim 5.

A method of making a humanized immunoglobulin having binding.
speciﬁcity for B7-1, said immunoglobulin comprising an antigen binding

' reglon of non-human ongm and at least a portion of an 1mmunoglobulm of

human ongm, compnsmg the steps of:

(@) ~ determining the complementarity determining regions of an antibody
of non-human origin which has binding specificity for B7-1;

®) ~ obtaining a human antibody havmg a framework fegion amino acid -

sequence suitable for grafting of the complementarity determining
regions determined in (a), and

' (©)  grafting the complementarity determining regions of (a) into the

framework region of the human antibody of (b),

* wherein a humanized immunoglobulin having binding specificity for B7-1 is

made.

A method for determining the presence or absence of B7-1 in a sample

~ comprising the steps of:

a)  contacting said sample with a humanized antibody specific toB7-1

sufficiently to allow formation of a complex between B7-1 and the
anti-B7-1 an'ubody, and

b) detecting the presence or absence of said complex formation.
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28. A humanized immunoglobulin having binding specificity for B7-2, said
immunoglobulin comprising an antigen binding region of non-human origin

and at least a portion of an immunoglobulin of human origin.

29.  The humanized immunoglobulin of Claim 28, wherein the portion of an

5 immunoglobulin of human origin is derived from a human constant region.

30. The humanized immunoglobulin of Claim 29, wherein the human constant

region comprises an IgG constant region.

31.  The humanized immunoglobulin of Claim 30, wherein the human constant
region contains a mutation capable of reducing the effector function of the
10 immunoglobulin. - i

32.  The humanized immunoglobulin of Claim 31, wherein the human constant
" region corﬁprises an JgG2 constant region and a Valine amino acid at
position 234 is substituted with Alanine and/or a Glycine amino acid at
position 237 is substituted with Alanine. '

15 33.  The humanized immunoglobulin of Claim 30, wherein the IgG constant
region is selected from the group consisting of an IgG#4 constant region and
an IgG2 constant region. '

34.  The humanized immunoglobulin of Claim 28, wherein the antigen binding

region is of rodent origin.
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- The humamzed mmunoglobulm of Claim 28, wherein the antigen binding

region compnses a complementarity determining region of rodent origin, and -
the portion of an immunoglobulin of human origin is derived from a human

framework region.

The humanized immunoglobulin of Claim 35, wherein the complementarity

determining_.region is derived from 3D1 monoclonal antibody.

A humamzed 1mmunoglobu1m having binding specificity for B7-2 derived
from the cell line deposited with the ATCC, Accession No. CRL-12524.

A humamzed 1mmunoglobulm light chain having binding specificity for B7-
2 compnsmg CDR1, CDR2 and CDR3 of the light chain of murine 3D1
antibody, and a human light chain framework region.

‘The humanized immunoglobulin light chain of Claim 38, wherein the light

chain coinprises a vaﬁablé region of SEQ ID NO: 8.

A_h isolated nucleic acid comprising a nucleic acid selected from the group:.

‘consisting of:

a) SEQIDNO:7,
b)  amucleic acid encoding the amino acid sequence of SEQ ID NO:8,

c) anucleic acid which hybridizes to the nucleic acid accordmg to a) or
b) under stringent hybridization condmons, and

d) a nucleic acid which is the complement of the nucleic acid according
to a) or b).
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A humanized ifamunoglobulin heavy chain spécific for B7-2 comprising

. CDR1, CDR2 and CDR3 of the heavy chain of the 3D1 antibody, and a -

human heavy chain framework region.

The humanized immm;oghbuli_n heavy chain of Claim 41, wherein the

heavy chain comprises a variable region of SEQ ID NO:6.

An isolated nucleic acid comprising a nucleic acid selected from the group

consisting of:

b) SEQIDNO: 5,

b) a nucleic acid encoding the amino acid sequence of SEQ ID NO:6,

¢) - anucleic acid which hybridizes to the nucleic acid according to a) or
b) under stringent hybridization conditions, and

d) a nucleic acid which is the complement of the nucleic acid according

fo a) orb).

- Ahost cell comprising nucleic acid encodfng.the humanized

immunoglobulin of Claim 28.

A fused gene encodiﬂg a humanized imm{moglobu]in light or heavy chain

comprising:

a)

b)

a first nucleic acid sequence encoding an antigen binding region

derived from murine 3D1 monoclonal antibody; and

a second nucleic acid sequence encoding at least a portion of a

constant region of an immunoglobulin of human origin.
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"' A method of inhibiting the mteractlon of a ﬁrst cell bearing a B7-2 receptor

with a second cell bearing B7-2, comprising contactmg said first cell with an
effective amount of a humanized immunoglobulin of Claim 28.

A method for treating an individual having a transplanted organ, tissue or
cell, comprising administering a therapeutically effective amount of the
humanized antibody of Claim 28.

A method of treating a disease that is modulated by B7-2 comprising
administering a therapeuticaily effective amount of the humanized antibody

of Claim 28,

A method_ of making a humanized immunoglobulin having binding

" specificity for B7-2, said immunoglobulin comprising an antigen binding

region of non-human origin and at least a portion of an immunoglobulin of

human origin, comprising the steps of:

(a) _ determmmg the complementanty determmmg regions. of an antibody

of non-human origin which has bmdmg specificity for B7-2;

(b))  obtaining a human antibody baving a framework region amino acid

sequence suitable for grafting of the complementarity determining
regions determined in (a), and |

(c)  grafting the complementarity determining régidns of (a) into the
framework region of the human antibody of (b),

wherein a humanized imﬂmnogiobulin having binding specificity for B7-2 is

made.
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A method for determining the presence or absence of B7-2 in a sample
comprising the steps of: -

-122-

a) contacting said sample with a humanized antibody specific to B7-2
sufficiently to allow formation of a complex between B7-2 and the
anti-B7-2 antibody, and

b) detecting the presence or absence of said complex formation.

A method for tansplanﬁng cells to an individual in need thereof, comprising:
a)  obtaining cells from a donor,

b) | contacting the cells with an in:murioglobuﬁn speciﬁc to B7-1,an
immunoglobulin specific to B7-2 and recipient cells from the
individual for a period of time sufficient for tolerance induction,

thereby obtaining a mixture, and

c) introducing the mixture to the individual.

Th¢ method of Claim 51, wherein the cells from the donor are derived from

~ bone marrow or blood.

The method of Claim 51, wherein the recipient cell is a lymphocyte.

The method of Claim 51, wherein the _périod of time is between about 12
hours and about 96 hours.

The method of Claim 54, wherein the period of time is between about 36 and
48 hours.
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'56.  The method of Claim 55, wherein the individual has a disease that is selected
from the groﬁp consisting of: a proliferative disease, anemia, inborn errors -

of metabolism, congenital immunodeficiency diseases, and myeloid

_dysplasia syndrome.

5 57. Themethod of Claim 56, wherein the proliferative disease is selected from
the group consisting of: leukemia, lymphoma and cancer.

58.  The method of Claim 57, wherein the anemia is selected from the group

consistiﬁg of: sickle-cell anemia, thalassemia and aplastic anemia.

59.  Themethod of Claim 51, comprising administering to the individual a drug
- 10 that is used to modulate the immune response. ' '

60.  The method of Claim 59, wherein the drug is selected from the group
consisting of: methotrexate, rapamycin, cyclosporin, steroids, CD40 pathway
inhibitors, transplant salvage pathway inhibitors, IL-2 receptor antagonists

and analogs thereof.

15 61.  Amethod of treatiné a transplant recipient or preventing transplant rejection
in a transplant recipient, comprising administering to the recipient an :
effective amount of an immunoglobulin specific to B7-1 and an effective

amount of an immunoglobulin specific to B7-2.
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62. The method of Claim 61, further including administering a composition
selected from the group consisting of: calcineurin inhibitors, steroids, and
immunosuppressive agents that arrest the growth of immune cells,
methotrexate, CD40 pathway inhibitors, transplant salvage pathway

5 inhibitors, IL-2 receptor antagonists and analogs thereof.

63.  The method of Claim 62, wherein the calcineurin inhibitor is cyclosporin A
or FK506. |

64.. The method of Claim 62, wherein the steroid is methyl prednisone or
prednisone.

10 65. The method of Claim 62, wherein the imi_nunosuppressive agent that arresté

the growth of immune cells is rapamycin.

66. The meth_od of Claim 61, wherein the imhmnoglobu]jn specific to B7-1 is
administered in an amount between about 1 mg/kg and 25 mg/kg, and the
immunoglobulin specific to B7-2 is administered in an amount between

15 about 1 mg/kg and 25 mg/kg.

67.  The method of Claim 66, wherein the immunoglobulin specific to B7-1 and
the immunoglobulin specific to B7-2 are administered on the day the

recipient receives the transplantation.
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© 68."  Themethod of Claim 67, wherein the humanized immunoglobulin specific to
B7-1 is administered between about 1 mg/kg and 25 mg/kg, and the
- humanized immunoglobulin specific to B7-2 is administered between about
1 mg/kg and 25 mg/kg on the day the recipient receives the fransplantaﬁon,

5 69. Themethodof Claim 68, wherein the humanized immunoglobulin specific to
B7-1 and the humanized immunoglobulin specific to B7-2 are further

administered periodically after the recipient receives the transplantation,

70. - The method of Claim 69, wherein the humanized immunoglobulin specific to
B7-1 and the humanized immunoglobulin specific to B7-2 are further
10 administered at least weekly after the recipient receives the transplantation.

71.  The metho'd-of Claim 70, wherein the humanized immunoglobulin specific to
B7-1i is admlmstered between about 1 mg/kg and 5 mg/kg, and the

; humamzed nmnunoglobulm spemﬁc to B7-2 is administered between about

| 1 mg/kg and § mg/kg at least weekly after the reclplent receives the

? 15 ' uansplantatlon '

72. A method for treating,én individual with a disease selected from the group
consisting of: autoimmune diseases, infectious diseases, inflammatory
~ disorders, systeinic lﬁpus_erythematosus; diabetes mellitus, insuiitis, asthma,
arthritis, inflammatory bowel disease, inflammatory dermatitis, and multiple
20 sclerosis, comprising adininistezing a therapeuﬁcaﬂy effective amounts of a
humanized immunoglobulin specific to B7-1 andlora therapeutically

effective amount of a humanized imniunoglobulin specific to B7-2.
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A method of modulating an immune response of an individual having a

transplanted organ, tissue, cell or the like comprising administering an
effective amount of the humanized immunoglobulin specific to B7-1 and/or
an effective amount of a humanized immunoglobulin specific to B7-2 in a

carrier.

The method of Claim 73, comprising administering a drug that is used to
modulate the immune response of an individual having a transplanted organ,
tissue, cell or the like, whe;ein the drug is selected from the group consisting
of: methotrexate, rapamycin, cyclosporin, steroids, CD40 pathway inhibitors,
transplant salvage pathway inhibitors, IL-2 receptor antagonists and analogs
thereof. '

A method of decreésing an antibody response to an antigen in 2 mammal,
comprising administering to the individual an effective amount of a
humanized immunoglobulin specific to B7-1 and/or a humanized
immunoglobulin specific to B7-2, in the presence of the antigen.

The method of Claim 75, further including administering the antigen to the
individual.

The method of Claim 75, wherein the antigen is selected from the group
consisting of: tetanus toxoid, Factor VIII, Factor IX, insulin, growth

hormone, and a gene delivery vector.
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Use of 2 humanized immunoglobulin having binding specificity to B7-1

‘and/or B7-2 for use in therapy, e.g., autoimmune diseases, infectious

diSease’s,_ inflammatory disorders, systemic lupus erythematosus, diabetes
mellitus, insulitis, asthma, arthritis, inﬂa'mmatory bowel disease,
inflammatory dermatitis, and multiple sclefosis, comprising the composition
of Claim 1. '

Use of a humanized immunoglobulin having binding specificity to B7-1
and/or B7-2, for the manufacture of a mechcament, for transplantmg cells,

tissue or organs an individual. -

Use of 2 humanized immunoglobulin having binding speciﬁcify to B7-1

- and/or B7-2 in the presence of an anugen, for the manufacture of a

medicament, for decreasmg an an’abody response to an antigenin a mammal. '



