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The present invention relates to the manufacture and identification of

novel nonocl onalwgieglabdd®di €es to human B7, i.e., human B7.1 and ptwusyeabbss
and primatized fornms thereof. Mre specifically, the present invention 10
relates to the production and identification of nmacaque anti bodi es to human
B7, i.e., human B7.1 and human B7.2 produced by screeni ng of phage display
| i brari es and nonkey heterohybri domas using B | ynphocytes obtained from B7
| mmuni zed nonkeys. 15 The invention further relates to specific
primati zed anti bodi es which bind to hunan 8¥s i.e., human B7.1 and B7.2 as
wel | as their corresponding am no acid and nucl ei c acid sequences. Al so,

the present invention relates to 20 har maceuti cal conpositions
cont ai ni ng monkeyM N m@*{gﬁgﬁgﬁﬂm%&#&-' ANRER PTEPRIATRERE N
B7.1 and/ or human .2 an el r use as | nmunosuppressants by nodul ati ng

t he B7: CD28 pathway, e.g., for the treatnent of autoi nmune disorders, and
the prevention of organ 25 rejection. BACKGROUND OF THE | NVENTI ON The
clinical interface between i munol ogy, henmatol ogy, and oncol ogy has | ong
been appreci at ed. .
5 FIELD OF THE INVENTION

The present invention relates to the manufacture
and identification of novel monoclonal antibodies to
human B7, i.e., human B7.1 and human B7.2 ahd primatized
forms thereof. More specifically, the present invention

10 relates to the production and identification of macaque
antibodies to human B7, i.e., human B7.1 and human B7.2
produced by screening of phage display libraries and
monkey heterohybridomas using B lymphocytes obtained
from B7 immunized monkeys.

15 The invention further relates to specific
primatized antibodies which bind to human B7, i.e.,
human B7.1 and B7.2 as well as their corresponding amino
acid and nucleic acid sequences.

Also, the present invention relates to

20 pharmaceutical compositions containing monkey monoclonal
or primatized antibodies specific to human B7.1 and/or
human B7.2 and their use as immunosuppressants by
modulating the B7:CD28 pathway, e.g., for the treatment
of autoimmune disorders, and the prevention of organ

25 rejection.

BACKGROUND OF THE INVENTION
The clinical interface between immunology,
. hematology, and oncology has long been appreciated.
Many conditions treated by the hematologist or
. 30 oncologist have either an autoimmune or immunodeficient
component to their pathophysiology that has led to the
widespread adoption of immunosuppressive medications by
hematologists, whereas oncologists have sought
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I mmunity to tunors. To date, these interventions have generally consisted
of nonspecific nodes of inmunosuppression and i nmune stinulation. In
addition 5 to the limted efficacy of these interventions, toxicities
secondary to their nonspecificity have also limted their overall success.
Therefore, alternative strategies have been sought. El ucidation of the
functional role of a rapidly 10 i ncreasi+®r nunber of cell surface

nol ecul es has contri but ed greatly to the integration of inmmunology with
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antigens (1993),, Bl ood 83:879, 1994 ese ant| ens represent both
| i neage- restrlCt%ﬂpQﬂﬁpuppress1on an lmmune stlmu ation. In addition

5 to the limited efficacy of these interventions,
toxicities secondary to their nonspecificity have also
limited their overall success. Therefore, alternative
strategies have been sought.

Elucidation of the functional role of a rapidly

10 increasing number of cell surface molecules has
contributed greatly to the integration of immunology
with clinical hematology and oncology. Nearly 200 cell
surface antigens have been identified on cells of the
immune and hematopoietic systems (Schlossman SF.

15 Boumsell L. Gilks JM, Harlan T. Kishimoto, C. Morimoto
€, Ritz J. shaw S, Silverstein RL, Springer TA, Tedder
TF, Todd RF:CD antigens (1993), Blood 83:879, 1994).
These antigens represent both lineage-restricted and
more widely distributed molecules involved in a variety

20 of processes, including cellular recognition, adhesion,
induction and maintenance of proliferation, cytokine
secretion, effector function, and even cell death.
Recognition of the functional attributes of these
molecules has fostered novel attempts to manipulate the

25 immune response. Although molecules involved in
cellular adhesion and antigen-specific recognition have
previously been evaluated as targets of therapeutic
immunologic intervention, recent attention has focused

on a subgroup of cell surface molecules termed co-

30 stimulatory molecules (Bretscher P: "The two-signal
model of lymphocyte activation twenty-one years later."
Immunol. Today 13:73, (1992); Jenkins MK, Johnson JG:
"Molecules involved in T-cell co-stimulation." Curr Opin
Immunol 5:351, 1993; Geppert T, Davis L. Gur H. Wacholtz
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Co-stimulatory molecules do not initiate but rather
enable the generation and amplification of antigen-
specific T~cell responses and effector function
10 (Bretscher P: "The two-signal model of lymphocyte
activation twenty-one years later." Immunol. Today
13:73, (1992); Jenkins MK, Johnson JG: "Molecules
involved in T-cell co-stimulation." Curr Opin Immunol
5:351, (1993); Geppert T, Davis L. Gur H. Wacholtz M.
15 Lipsky P: "Accessory cell signals involved in T-cell
activation." Immunol Rev 117:5, (1990); Weaver CT,
Unanue ER: "The co-stimulatory function of antigen-
presenting cells." Immunol Today 11:49, (1990); Stennam
RM, Young JW: "Signals arising from antigen-presenting
20 cells.” Currx Opin Immunol} 3:361, (1991); June CH,
Bluestone JA, Linsley PS, Thompson CD: "Role of the CD28
receptor in T-cell activation." Immunol Today 15:321,
(1994). '
Recently, one specific co-stimulatory pathway
25 termed B7:CD28 has been studied by different research
groups because of its significant role in B and T cell
activation (June CH, Bluestone JA, Linsley PS, Thompson
CD: "Role of the CD28 receptor in T-cell activation.®
Immunol Today 15:321, (1994); June CH, Ledbetter JA:
30 "The role of the CD28 receptor during T-cell responses
to antigen." Annu Rev Immunol 11:191, (1993); Schwartz
RH: "Co-stimulation of T lymphocytes: The role of CD28,
CTLA-4, and B7/BBl in interleukin-2 production and
immunotherapy." Cell 71:1065, (1992)). Since this
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71:1065, (1992))of tHE B Seceptor in T-cell activation.” Immunol
Today 15:321, (1994); June CH, Ledbetter JA: "The role
of the CD28 receptor during T-cell responses to
antigen.” Annu Rev Immunol 11:191, (1993); Schwartz RH:

10 "Co-stimulation of T lymphocytes: The role of CD28,
CTLA-4, and B7/BBl in interleukin-2 production and
immunotherapy." cell 71:1065, (1992); Cohen J:
“"Mounting a targeted strike on unwanted immune
responses" (news; comment). Science 257:751, (1992);

15 Cohen J: "New protein steals the show as ‘co-stimulator’
of T cells" (news; comment). Science 262:844, (1993)).

In particular, the role of the human B7 antigens,
i.e., human B7.1 and B7.2, has been reported to play a
co-stimulatory role in T-cell activation.

20 1. B7.1 and B7.2 Co-stimulatory Role in T Cell
Activation

The elaboration of a successful immune response

depends on a series of specific interactions between a T
cell and an antigen presenting cell. Although the

25 essential first step in this process depends upon the
binding of antigen to the T cell receptor, in the
context of the MHC class II molecule (Lane, P.J.L., F.M.
McConnell, G.L. Schieven, E.A. Clark, and J.A.
Ledbetter, (1990), “The Role of Class II Molecules in

30 Human B Cell Activation."” The Journal of Immunology,
144:3684-3692), this interaction alone is not sufficient
to induce all the events necessary for a sustained
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l'igand:receptor pathway was discovered four years ago, a |arge body of
evi dence has accunul ated suggesting that B7:CD28 interactions represent one
of the critical junctures in determ ning i mune reactivity versus anergy 5
(June CH, Bl uesyo®g4ebts Li nsley PS, Thonpson CD: "Rol e of the pCPAS96/80080t Or
in T-cell activation.” Inmnol Today 15:321, (1994); June CH Ledbetter JA
"The role of the CD28 receptor during T-cell responses to antigen." Annu
Rev | mmunol 11:191, (1993); Schwartz RH. 10 "Co-stimulation of T
| ynphocytes: The role of CD28, CTLA-4, and B7/BB1 in interleukin-2 _
production and inmunotherapy.” Cell 71:1065, (1992); Cohen J: "Munting a
targeted strike on unwanted i mune response®* (news; comrent). Science
257: 751, (1992); 15 Cohen J: "New protein steals the show as
"co-stimulator' of T cells” (news; copmpent). Science 262: 844 é1993 ). In
particul ar, the YOFRORFE (42 %Lﬁfﬁ’ﬁ%?“ﬁﬁ??ﬁe@‘;‘h‘ﬁ%‘?zﬁ Refan (39:9 YanthB7. 2,
has been reporte@eld @ikure Modsli foraToLymphbeyter damal Aaetgyati on. 20
Lo B land Blsdibfies! IS AN, FahkihD, TR | (£idd)aliafld RBFecHgPOr AL ON
of a successful éégﬁne.res onse depends oh a serles Of speci e
i nteractions bet %ﬁﬁiﬁigq dh Fhgn TRARFERAN ke SHRNadg AneFEY - Al t hough t he
5 Immunology Today, 13:69; Azuma, M., M. Catabyab, D.
Buck, J.H. Phillips, and L.L. Lanier, (1992).
"Involvement of CD28 in MHC-unrestricted Cytotoxicity
Mediated by a Human Natural Killer Leukemia Cell Line."
The Journal of Immunoloqy, 149:1556-1561; Azuma, M., M.
10 Catabyab, D. Buck, J.H. Phillips, and L.L. Lanier,
(1992). "CD28 Interaction with B7 Costimulates Primary
Allogeneic Proliferative Responses and Cytotoxicity
Mediated by Small Resting T Lymphocytes." J. Exp. Med.,
175:353-360).
is The involvement of certain other co-stimulatory
molecules is necessary (Norton, S.D., L. Zuckerman, K.B.
Urdahl, R. Shefner, J. Miller, and M.K. Jenkins. (1992),
"The CD28 Ligand, B7, Enhances IL-2 Production by
Providing A Costimulatory Signal to T Cells." The
20 Journal of Immunolody, 149:1556-1561). "The homodimers
CD28 and CTLA-4 expressed on T cells" (June, C.H., J.A.
Ledbetter, P.S. Linsley, and C.B. Thompson, (1990),
"Role of the CD28 Receptor in T-Cell Activation.®
Immunology Today, 11:211-216; Linsley, P.S., W. Brady,
25 M. Urnes, L.S. Grosmaire, N.K. Damle, and J.A.
Ledbetter, (1991), "CTLA-4 is a Second Receptor for the
B Cell Activation Antigen B7." J. Exp. Med., 174:561),
together with B7.1 (CD80) and B7.2 (CD86) expressed on
antigen presenting cells, are major pairs of co-
30 stimulatory molecules necessary for a sustained immune
response (Azuma, M., H. ¥Yssel, J.H. Phillips, H. Spits,
and L.L. Lanier, (1993), "Functional Expression of
B7/BBl on Activated T Lymphocytes." J. Exp. Med.,
177:845-850; Freeman, G.J., A.S. Freedman, J.M. Segil,
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response to a given antigen (Schwartz, R H (1990), "A Cell Culture Model
for T Lynphocyte C onal Anergy." Science, 248:1349; Jenkins, MK (1992).
"The Role of Cell Division in the Induction of Clonal Anergy." 5 I mrunol ogy
Today, 13:69; Azuma, M, M Catabyab, D. Beek, J.H Phillips, and L.L
Lanier, (1992). "Invol venent of CDQ8 in MHC-unrestricted Cytotoxicity

Medi ated by a H na hbt I er en a CBII Line," The Journal of
| mmunol ogy, 149 élg Aﬁ%ﬁ%@ 4& L¥y Eﬂ}ﬁﬁyab;9%9)'8ugﬁ7'JAH

Phillips, and LNEW Manber otlﬁﬁe)Ig"Sﬂﬁy%fhmﬁéyawitanmuqdeImkpeessunnlates
gr:a mar %Qeﬁdt : ggeg%c A%rﬁqga%gaashaeuma? ae@:.ﬂt wtm Cdkridioat edng
i nvol venent gf J@ﬁgﬁgihﬁﬁ¥heF4éozg}4rﬁﬂ%&Uoﬁﬁthc°°k' X.S.; G. Laslo,

5 H.B. Dickler, J. Bradshaw, P. Linsley, and R.J. Hodes,
(1993), "Identification of an Alternative CTLA-4 Ligand
Costimulatory for T Cell Activation." Science, 262:905-
911; Hart, D.N.J., G.C. Starling, V.L. Calder, and N.S.
Fernando, (1993). ¥B7/BB-1 is a Leucocyte

10 Differentiation Antigen on Human Dendritic Cells Induced
by Activation." Immunology, 79:616-620). It can be
shown in vitro that the absence of these co-stimulatory
signals leads to an aborted T cell activation pathway
and the development of unresponsiveness to the specific

15 antigen, or anergy. (See, e.g., Harding, F.A., J.G.
McArthur, J.A. Gross, D.M. Raulet, and J.P. Allison,
(1992). "CD28 Mediated Signalling Co-sbmulates Murine T
Cells and Prevents Induction of Anergy in T Cell
Clones." Nature, 356:607-609; Gimmi, C.D., G.J.

20 Freeman, J.G. Gribben, G. Gray, and L.M. Nadler, (1993).
"Human T-Cell Clonal Anergy is Induced by Antigen
Presentation in the Absence of B7 Costimulation." Proc.
Natl. Acad. Sci., 90:6586-6590; Tan, P., C. Anasefti,
J.A. Hansen, J. Melrose, M. Brunvand, J. Bradshaw, J.A.

25 Ledbetter, and P.S. Linsley, (1993), "Induction of
Alloantigen-specific Hyporesponsiveness in Human T
Lymphocytes by Blocking Interaction of CD28 with Its
Natural Ligand B7/BBl1." J. Exp. Med., 177:165-173).
Achievement of in vivo tolerance constitutes a mechanism

30 for immunosuppression and a viable therapy for organ
transplant rejection and for the treatment of autoimmune
diseases. This has been achieved in experimental models
following the administration of CTLA4-Ig (Lenschow,
D.J., Y. Zeng, R.J. Thistlethwaite, A. Montag, W. Brady,
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G osmaire, N.K. Damle, and J. A Ledbetter, (1991), "CTLA-4 is a Second
Receptor for the B Cell Activation Antigen B7." J. Exp. Med., 174:561),
together with B7.1 (CDBO and B7.2 (CD86) expressed on antigen presenting
cells, are major pairs of co- 30 stinmul af7ery nol ecul es necessary for a
sust ai ned i mune response (Azuma, M, H Yssel, J.H Phillips, H Spits,
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the Ig Superfamly w th Unique pressi o : k astic B _
CelI's." The Journal dPe RRIREREYT Blvk:and A% 2> sanRind ok either Qh28 55 o,
5 or CTLA-4, although B7.1 binds to CD28 with a Kd of 200

Nm and to CTLA-4 with a 20-fold higher affinity
(Linsley, P.S., E.A. Clark, and J.A. Ledbetter, (1990),
"r-Cell Antigen CD28 Mediates Adhesion with B Cells by
Interacting with Activation Antigen B7/BB-1." oc.

10 Natl. Acad. Sci., 87:5031-5035; Linsley et al, (1993),
"The Role of the CD28 receptor during T cell responses
to antigen," Annu. Rev. Immunol., 11:191-192; Linesley
et al, (1993), "“CD28 Engagement by B7/BB-1 Induces
Transient Down-Regulation of CD28 Synthesis and.

15 Prolonged Unresponsiveness to CD28 Signaling," The
Journal of Immunology, 150:3151-3169). B7.2 is
expressed on activated B cells and interferon induced
monocytes, but not resting B cells (Freeman, G.J., G.S.
Gray, C.D. Gimmi, D.B. Lomarrd, L-J. 2Zhou, M. White,

20 J.D. Fingeroth, J.G. Gribben, and ILM. Nadler, (1991).
"Structure, Expression and T Cell Costimulatory Activity
of the Murine Homologue of the Human B Lymphocyte
Activation Antigen B7," J. Exp. Med., 174:625-631).
B7.2, on the other hand, is constitutively expressed at

25 very low levels on resting monocytes, dendritic cells
and B cells, and its expression is enhanced on activated
T cells, NK cells and B lymphocytes (Azuma, M. D. Ito,
H. Yagita, K. Okumura, J.H. Phillips, L.L. Lanier, and
C. Somoza, "1993", "B70 Antigen is a Second Ligand for

30 CTLA-4 and CD28," Nature, 366:76-79). Although B7.1
and B7.2 can be expressed on the same cell type, their
expression on B cells occurs with different kinetics
(Lenschow, D.J., G.H. Su, L.A. Zuckerman, N. Nabavi,
C.L. Jellis, G.S. Gray, J. Miller, and J.A. Bluestone,
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t he devel opnent of unresponsiveness to the specific 15 antigen, or
anergy. (See, e.g., Harding, F.A, J.G MArthur, J-A Goss, DM Raulet,
and J.P. Allison, (1992). "CD28 Medi ated Signalling Co-sbnulates Murine T
Cells and Prevents Induction of Anergy in-%=Cell C ones." Nature,

356: 607-609; Gmm, CD, GJ. 20 Freeman, J.G Gibben, G Gay, and
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and for the treatnent aut oi mmurie di seases. I'S has been achi eved in
experi nent al nodStavation.” Proc. Natl. Acad. Sci., USA, 90:11059-
11063). Further analysis at the RNA level has
demonstrated that B7.2 mRNA is constitutively expressed,
10 whereas B7.1 MRNA is detected 4 hours after activation
and initial low levels of B7.1 protein are not
detectable until 24 hours after stimulation (Boussiotis,
V.A., G.J. Freeman, J.G. Gribben, J. Daley, G. Gray, and
L.M. Nadler, (1993), "Activated Human B Lymphocytes
15 Express Three CTLA-4 Counter-receptors that Co-stimulate
T~Cell Activation," Proc. Natl. Acad. Sci., USA,
90:11059-11063). CTLA-4/CD28 counter receptors,
therefore, may be expressed at various times after B
Cell activation.
20 The differential temporal expression of B7.1 and
B7.2 suggests that the interaction of these two
molecules with CTLA-4 and/or CD28 deliver distinct but
related signals to the T cell (LaSalle, J.M., P.J.
Tolentino, G.J. Freeman, L.M. Nadler, and D.A. Hafler,
25 {(1992), "CD28 and T Cell Antigen Receptor Signal
Transduction Coordinately Regulate Intedeukin 2 Gene
Expression In Response to Superantigen Stimulation,® J.
Exp. Med., 176:177-186; Vandenberghe, P., G.J. Freeman,
L.M. Nadler, M.C. Fletcher, M. Kamoun, L.A. Turka, J.A.
30 Ledbetter, C.B. Thompson, and C.H. June, (1992),
"Antibody and B7/BBl-mediated Ligation of the CD28
Receptor Induces Tyrosine Phosphorylation in Human T

Cells," The Journal of Experimental Medicine,
175:951-960). The exact signaling functions of CTLA-4
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and to CTLA-4 with a 20-fold higher affinity (Linsley, P.S., E A dark,
and J. A Ledbetter, (1990), "T-Cell Antigen CD28 Medi ates Adhesion with B
Cells by Interacting with Activation Antigen B7/BB-1." Proc. 10 Nat | .
Acad. Sci., 87:5031-5035; Linsley et al, (1993), "The Role of the CD28
receptor during T cell responses to antigesrg®= Annu. Rev. | mmunol .,

11: 191-192; Linesley et al, (1993), "CD28 Engagenent by B7/BB-1 |nduces

Transj ent Down- Regul ati on of CD28 Synt hesis and 15 Pr ol onged
Unr esponsi venessalg €P28 engkhei hpellTpee) syrngntay ?ﬂhﬁﬁﬂﬂ(ﬁi@newaYr

150: 3151-3169) . B7A2,i Srexah@skedBatitomllyl,vq1094B, cesignarsl alrﬂt il
oced 0, chon gl Mg, " ALY s 2l . o, ©
Gribben, and LM 1tn&g BPSsibkdeifhat aneu@ﬁir of EgpeBterecaHd provMide
Costi nul at or $ Acthwi iiitial stimulus for T cell activation and the
second, a sustained signal to allow further elaboration
of the pathway and clonal expansion to take place
(Linsley, P.S., J.L. Greene, P. Tan, J. Bradshaw, J.A.
Ledbetter, C. Anasetti, and N.K. Damle, (1992},
10 "Coexpression and Functional Cooperation of CTLA-4 and
CD28 on Activated T Lymphocytes," J. Ex Med.,
176:1595-1604) . The current data supports the two-
signal hypothesis proposed by Jenkins and Schwartz
(Schwartz, R.H., (1990), "A Cell Culture Model for T
15 Lymphocyte Clonal Anergy," Science, 248:1349; Jenkins,
M.K., {1992), "The Role of Cell Division in the
Induction of Clonal Anergy," Immunology Today, 13:69)
that both a TCR and'co-stimulatory signal are nhecessary
for T cell expansion, lymphokine secretion and the full
20 development of effector function (Greenan, V. and G.
Kroemer, (1993), "Multiple Ways to Cellular Immune
Tolerance," Immunology Today, 14:573). The failure to
deliver the second signal results in the inability of T
cells to secrete IL-2 and renders the cell unresponsive
25 to antigen.
Structurally, both B7.1 and B7.2 contain
extracellular immunoglobulin superfamily V and C-like
domains, a hydrophobic transmembrane region and a
cytoplasmic tail (Freeman, G.J., J.G. Gribben, V.A.
30 Boussiotis, J.W. Ng, V. Restivo, Jr., L.A. Lombard, G.S.
Gray, and L.M. Nadler, (1993), "Cloning of B7-2:
A CTLA-4 Counter~-receptor that Co-stimulates Human T
Cell Proliferation," Science, 262:%09). Both B7.1 and
B7.2 are heavily glycosylated. B7.1 is a 44-54kD



of the Murine Honol ogue of the Human B Lynphocyte Activation Antigen B7,"
J. Exp. Med., 174:625-631). B7.2, on the other hand, is constitutively
expressed at 25 very low |l evel s on resting nonocytes, dendritic cells and
B cells, and its expression is enhanced on activated T cells,iéi;;ells and
B I hocyt es M D. Ito, H Yagita, K Okunmura, J.H. tiidosApdoss L. L.
Lan?gP, a%d C.Q@%ﬂ%QE? "1993", "B70 Antigen is a Second Ligand for 30 :
CTLA-4 and CD28," Nature, 366:76-79). Although B7.1 and B7.2 can be
expressed on the sanme cell type, their expression on B cells occurs with
different kinetics (Lenschow, D.J., GH Su, L.A Zuckerman, N. Nabavi,
CL Jellis, GS. Gay, J. Mller, and J. A Bl uestone, WO 96/ 40878

PCT/ US91/ 10053 -8- (1993), "Expression amrdoFunctional Significance of an
Addi ti onal Ligand for CTLA-4," Proc. Natl. Acad. Sci., USA, 90:11054-11058;
Boussiotis, V.A Freeman, J.G_G.ibben, J. Daley, G Gay, and L. M
Nadl er, 5 (19§§¥°°Pm¥?%twm BEL 3 nphrd cFRRIRO B@@rdegsctxnfselelmm-
Count er - r ecept odeméimj £@2>taminataeid €ehhsiehbraid @omail,0anaNaté1r Acad.

demonst rat ed 1 net i SRt aAsie BT &7 3 Rl 0B o7 4
MRNA i s det ect eBY] ﬂﬁ%r%l%ﬂ§%HPhﬂﬁﬂh95V#éﬁlon sités. (Azuma, M., H.

5 Y¥ssel, J.H. Phillips, H. Spits, and L.L. Lanier, (1993),
"Functional Expression of B7/BBl on Activated T
Lymphocytes," J. Exp. Med., 177:845-850). B7.2 is a
306 amino acid membrane glycoprotein. It consists of a
220 amino acid extracellular region, a 23 amino acid

10 hydrophobic transmembrane domain and a 60 amino acid
cytoplasmic tail (Freeman, G.J., A.S. Freedman, J.M.
Segil, G. Lee, J.F. Whitman, and LM. Nadler, (1989),
"B7, A New Member of the Ig Superfamily with Unique
Expression on Activated and Neoplastic B Cells," The

15 Journal of Immunology, 143:2714-2722). Although both
B7.1 and B7.2 genes are localized in the same
chromosomal region (Freeman, G.J., D.B. Lombard, C.D.
Gimmi, S.A. Brod, L Lee, J.C. Laning, D.A. Hafler, M.E.
Dorf, G.S. Gray, H. Reiser, C.H. June, C.B. Thompson,

20 and L.M. Nadler, (1992), "CTLA-4 and CD28 MRNA are
Coexpressed in Most T Cells After Activation," The
Journal of Immunology, 149:3795-3801; Schwartz, R.H.,
(1992), "Costimulation of T Lymphocytes: The Role of
CD28, CTLA-4, and B7/BB1" in Selvakumar, A., B.K.

25 Mohanraj, R.L. Eddy, T.B. Shows, P.C. White, C. Perrin,
and B. Dupont, (1992), "Genomic Organization and
Chromosomal Location of the Human Gene Encoding the B-
Lymphocyte Activation Antigen B7," Immunogenetics,
36:175-181), these antigens do not share a high level of

30 homology. The overall homology between B7.l1 and B7.2 is
26% and between murine B7.1 and human S7 is 27% {Azuma,
M., H. ¥ssel, J.H. Phillips, H. Spits, and L.L. Lanier,
(1993), "Functional Expression of B7/BBl1 on Activated T
Lymphocytes," J. Exp. Med., 177:845-850; Freeman, G.J.,



and initial lowlevels of B7.1 protein are not detectable until 24 hours
after stinulation (Boussiotis, V.A, GJ. Freeman, J.G Gibben, J. Dal ey,
G Gay, and L.M Nadler, (1993), "Activated Human B Lynphocytes 15
Express Three CTLA-4 Counter-receptors that Co-stimulate T-Cel

Activation," Prwooedhéstd . Acad. Sci., USA, 90:11059-11063). CTRETASHIDE3
counter receptors, therefore, may be expressed at various tines after B -
Cell activation. 20 The differential tenporal expression of B7.1 and
B7.2 suggests that the interaction of these two nol ecules with CTLA-4

and/ or CD28 deliver distinct but related signals to the T cell (LaSalle,
J.M, P.J. Tolentino, GJ. Freeman, L.M Nadler, and D. A Hafler, 25
(1992), "CD28 and T Cell Antigen Receptor -S8iagnal Transduction Coordinately
Regul ate I ntedeukin 2 Gene Expression In Response to Superantigen
Stimulation," J. _ Exp._Med 176: 177-186; VandenbeQP P.., Freenan,
L.M Nadl er, M CA-8 cFEgpimany Jelip$RI1L, AC. R%n, f'AWhS‘GmanLeGB@t ey

C. B. Thonpson, arnddTet| ¢(1989) ,(2¥)) A Nént Menbyr ol the By superfamdly

GLUTS S 0, R FRERIS SonlWUATeh BS540 R0 SHRO MR T

si gnal i ng functi 6R318#" (Ghsndournalpofsimponglogy, 143:2714-2722)

PCT/ US96/ 10083 Although alignment of human B7.1 human B7.2 and murine
B.1l sequences shows few stretches of lengthy homology,
it is known that all three molecules bind to human CTLA-
4 and CD28. Thus, there is most likely a common, or
closely homologous region shared by the three molecules

10 that may be either contiguous or conformational. This
region may constitute the binding site of the B7.1 and
B7.2 molecules to their counter-receptors. Antibodies
raised against these epitopes could potentially inhibit
the interaction of B7 with its counter-receptor on the T

15 cell. Furthermore, antibodies that cross-reacted with

' this region on both B7.1 and B7.2 molecules would

potentially have practical advantages over antibodies
directed against B7.1 or B7.2 separately.

2. Blockade of the B7/CD28 Interaction

20 Blocking of the B7/CD28 interaction offers the
possibility of inducing specific immunosuppression, with
potential for generating long lasting antigen—specific
therapeutic effects. Antibodies to either B7.1 or B7.2
have been shown to block T cell activation, as measured

25 by the inhibition of IL-2 production in vitro (DeBoer,
M., P. Parren, J. Dove, F. Ossendorp, G. van der Horst,
and J. Reeder, (1992), "Functional Characterization of a
Novel Anti-B7 Monoclonal Antibody," Eur. Journal of
Inmunology, 22:3071-3075; Azuma, M., H. ¥ssel, J.H.

30 Phillips, H. Spits, and L.L. Lanier, (1993), "Functional
Expression of B7/BBl on Activated T Lymphocytes," J.
Exp. Med., 177:845-850). However, different antibodies
have been shown to vary in their immunosuppressive



and CD28 on the T cell are currently unknown (Janeway, C A, Jr. and K
Bottomy, (1994), "Signals and Signs for Lynphocyte Responses," Cell,
76.275285). However, it is possible that one set of receptors could
provi de 5 the initial stimulus for T cell activation and the second, a
sust ai ned si gngyobésosrg OW further el aboration of the pathway potiusdsnomss
expansion to take place (Linsley, P.S., J.L. Geene, P. Tan, J. Bradshaw,
J.A Ledbetter, C. Anasetti, and N.K Dame, (1992), 10 " Coexpression and
Functional Cooperation of CILA-4 and CD28 on Activated T Lynphocytes,"” J.
Exp. Med., 176:1595-1604). The current data supports the two- signal
hypot hesi s proposed by Jenkins and Schwartz (Schwartz, R H, (1990), "A
Cell Culture Model for T 15 Lynphocyt e €l2nal Anergy,"” Science,

248: 1349; Jenkins, MK., (1992), "The Role of Cell Division in the

| nduction of Cl on Aner | nmunol Toda 6 that both a TCR and
co-stinulatory & &?&cyargxﬁ‘élée'gﬁrfﬁﬁo% pr eﬂb%ﬂ'% LI I ne
secretion and t lepiftepe sﬁec1ﬂm'£!tppnmmka-f4/ai;f €usbon fpnmttenﬂ ana mtaln V.
and G Kroener, cpb¥9%hps "%Lé'a‘x&‘m}(\%’é HaQreCR h&ié‘f

| mmunol ogy Today, 14: 573% re to deliver e secoﬁ§l5|gna results
in the inabilityegalptdgh) of i Flspraduqhion.angd renders the cell
unresponsi ves 25  t o Ianvigenadiinistrataldny ofbat SoBible acwh.AB4 Agcont ai n

extracel | ul ar | | SRULL I SHRE TS 9ot RE SabbdiGad FRlYY

hydr ophobi ¢ transne ne regbon an
dependent antibody responses in mice (Linsley, P.S.,

J.L. Greene, P. Tan, J. Bradshaw, J.A. Ledbetter, C.
Anasetti, and N.K. Damle, (1992), "Coexpression and

10 Functional Cooperation of CTLA-4 and CD28 on Activated T
Lymphocytes," J. Exp. Med., 176:1595-1604; Lin, H., S.F.
Builing, P.S. Linsley, R.O. Wei, C.D. Thompson, and L.A.
Turka, (1993), "Long-term Acceptance of Major
Histocompatibility Complex Mismatched Cardiac Allografts

15 Induced by CTLA~4-Ig Plus Donor Specific Transfusion,"
J. Exp. Med., 178:1801) and, furthermore, larger doses
were also able to suppress responses to a second
immunization, demonstrating the feasibility of this
‘approach for the treatment of antibody mediated

20 autoimmune disease. In addition, CTLA-4/Ig was able to
prevent pancreatic islet cell rejection in mice by
directly inhibiting the interaction of T cells and
B7.1/B7.2 antigen presenting cells (Lenschow, D.J., G.H.
Su, L.A. Zuckerman, N. Nabavi, C.L. Jellis, G.S. Gray,

25 J. Miller, and J.A. Bluestone, (1993), "Expression and
Functiocnal Significance of an Additional Ligand for
CTLA-4," Proc, Natl. Acad. Sci., USA, 90:11054-11058).
In this case, long term donor specific tolerance was
achieved.



cytoplasmc tail (Freeman, GJ., J.G Gibben, V.A 30 Boussiotis, J. W
Ng, V. Restivo, Jr., L. A Lonbard, GS. Gay, and L.M Nadler, (1993),
"Cloning of B7-2: A CTLA-4 Counter-receptor that Co-stinulates Human T Cel
Proliferation,” Science, 262:909). Both B7.1 and B7.2 are heavily

gl ycosyl ated. R{gbeigrrgd 44- 54kD WO 96/ 40878 PCT/US96/10053
PCT/ US96/ 10053 -10- gl ycoprotein conprised of a 223 am no acid :
extracel lul ar domain, a 23 am no acid transnmenbrane domain, and a 61 am no
acid cytoplasmc tail. B7.1 contains 3 potential protein kinase

phosphoryl ation sites. (Azuma, M, H 5 Yssel, J.H Phillips, H Spits, and
L.L. Lanier, (1993), "Functional Expression of B7/BBl on Activated T
Lynphocytes," J. Exp. Med., 177:845-850). -B3~-2 is a 306 am no acid nenbrane
.glycoprotein. It consists of a 220 am no acid extracellular region, a 23
amna acid 10 hydr ophobi c transnmenbrane domain and a 60 am no acid
cytoplasnic tail (Fr eg‘nan,nsﬁq}‘.b,’-nﬁc.ns. PpageRifplay RechnglogyGEoFee, J. F.
Whi t man, and LM  Nadl er, ant3¥day sSBIecfidirw Menber of the Ig Superfamly
wi t h <Uni que Expression on Activated and Neoplastic B Cells,"” The 15

Journal of Inmmunol ogy, 143:2714-2722). Al though both B7.1 and B7.2 genes
are localized in the Bafatenr avoaonaclepgl oankihasbdasm whdch crpsBreactbard,

C. D. - with both B7.1 and B7.2 have been reported. As noted,

5 such antibodies would potentially be highly desirable as
immunosuppressants. Phage display technology is
beginning to replace traditional methods for isolating
antibodies generated during the immune response, because
a much greater percéntage of the immune repertoire can

10 be assessed than is possible using traditional methods.
This is in part due to PEG fusion inefficiency, '
chromosomal instability, and the large amount of tissue
culture and screening associated with heterohybridoma
production. Phage display technology, by contrast,

15 relies on molecular techniques for potentially capturing
the entire repertoire of immunoglobulin genes associated
with the response to a given antigen.

This technique is described by Barber et al, Proc.
Natl. Acad. Sci., USA, 88, 7978-7982, (1991).

20 Essentially, immunoglobulin heavy chain genes are PCR
amplified and cloned into a vector containing the gene
encoding the minor coat protein of the filamentous phage
M13 in such a way that a heavy chain fusion protein is
created. The heavy chain fusion protein is incorporated

25 into the M13 phage particle together with the light
chain genes as it assembles. Each recombinant phage
contains, within its genome, the genes for a different
antibody Fab molecule which it displays on its surface.
Within these libraries, in excess of 10° different

30 antibodies can be cloned and displayed. The phage
library is panned on antigen coated microliter wells,
non-specific phage are washed off, and antigen binding
phage are eluted. The genome from the antigen-specific



Gmm, S.A Brod, L Lee, J.C. Laning, D.A Hafler, ME Dorf, GS Gay, H
Rei ser, C.H June, C B. Thonpson, 20 and L.M Nadler, (1992), "CTLA-4 and
CD28 MRNA are Coexpressed in Mdst T Cells After Activation,” The Journal of
| mmunol ogy, 149:3795-3801; Schwartz, R H, (1992), "Costinulation of T

Lynphocyt es: Tl@&ﬁ%ﬁ, f CD28, CTLA-4, and B7/BBl" in Sel vakupermsssrioosB. K.
25 Mohanraj, R L. dy, T.B. Shows, P.C. White, C. Perrin, and B. Dupont,
(1992), "Genom c Organi zation and Chronosonal Location of the Human Gene
Encodi ng the B- Lynphocyte Activation Antigen B7," |Inmunocgenetics,
36:175-181), these antigens do not share a high | evel of 30 honol ogy.
The overall honol ogy between B7.1 and B7.2 is 26% and between nurine B7.1
and human S7 is 27% (Azuma, M, H. Yssel ~ik-H Phillips, H Spits, and L.L
Lanier, (1993), "Functional Expression of B7/BBl on Activated T
Lynphocytes, " J. _Exp. Med,, 177:845-850; Freeman,k G J., WO 96/ 40878
PCT/ USOb/ 10053 RLEPER, d8qieetated and. fibe ggpe LIl iF eXqifedm o RRatLK.
Nadl er, (1989), ahBibodyNean Nbsrieprafssickic ihgsStpblé Ml \Eornt Eobni que
Expressi on on AgLIL-XRESIA %%gyg 5. B 68kkSa sil I ggugo! ogy,
143: 2714-2722) . %tg&*ﬁt ﬁoﬁgﬂ?% [ nrr%'rﬁmglf_ huml:a:n %7?’1%5&%%?52%%% muri ne
B.1 sequences sB&n& PekeBREial aeutdfycARdAdabe oGt MAY jedsiidywRet hat al
t hree nol ecd es chnveértedhtosd Whdle antibody. A previously described

expression system for converting Fab sequences to whole

antibodies is IDEC’s mammalian expression vector.

NEOSPLA. This vector contains either human gamma 1 or

gammg 4 constant region genes. CHO cells are

10 transfected with the NEOSPLA vectors and after

amplification this vector system has been reported to

provide very high expression levels (> 30 pg/cell/day)

can be achieved.

4. Primatized Antibodies

15 Another highly efficient means for generating
recombinant antibodies is disclosed by Newman, (1992),
Biotechnology, 10, 1455-1460. More particularly, this
technique results in the generation of primatized
antibodies which contain monkey variable domains and

20 human constant sequences. This reference is
incorporated by reference in its entirety herein.
Moreover, this technigque is also described in commonly
assigned U.S. Application No. 08/379,072, filed on
January 25, 1995, which is a continuation of U.S. Serial

25 No. 07/912,292, filed July .10, 1992, which is a
continuation-in-part of U.S. Serial No. 07/856,281,
filed March 23, 1992, which is finally a continuation-
in-part of U.S. Serial No. 07/735,064, filed July 25,
1991. 08/379,072 and the parent application thereof are

30 incorporated by reference in their entirety herein.

This technigue modifies antibodies such that they

are not antigenically rejected upon administration in
humans. This technique relies on immunization of



4 and CD28. Thus, there is nost likely a common, or closely honol ogous
regi on shared by the three nol ecul es 10 that nay be either contiguous or:
conformational. This region nmay constitute the binding site of the B7.1
and B7.2 nolecules to their counter-receptors. Antibodi es raised agai nst

t hese epitopes woWkmospt entially inhibit the interaction of Bacoushs/i00ss
counter-receptor on the T 15 cell. Furthernore, antibodies that :
cross-reacted with this region on both B7.1 and B7.2 nol ecul es woul d
potentially have practical advantages over antibodi es directed against B7.1
or B7.2 separately. 2. Bl ockade of the B7/CD28 Interaction 20

Bl ocking of the B7/CD28 interaction offers the possibility of inducing
speci fic i mmunosuppression, with potentialFlPor generating long | asting
antigen-specific therapeutic effects. Antibodies to either. B7.1 or B7.2

have .been shown to bl ack T ce act i.yat as_.neasure
i nhi bition of ILS %P?ﬂ Rl exst&¥€ %fﬂﬁﬂxﬁntﬁﬂensP°rP§FF§ﬂEXrS'Dove F
GCssendorp, G vaFhierteahrdigueawds) deRetdpeqd ol ®@@ate’ Rigbt affiahity

Char act eri zat i onpéfo ad}meIan%%ba%s'vaﬂpgé@éwlt&\w%d&el1EHPffa28yr nal of
| munol ogy, 22:3071-3075; Azuma, M, H Yssel, J.H 30 PhilT1ps, H

Spits, and L.L. PW9§NS1993), "Functional Expression of B7/BBl on
Activated T 8SynphocytdadiibaflieEx genkedted 1iA7  ilis dEMnertHhavecpredl dislyent

- antibodi es have Bl PO tahY sbPal Riard BRI ERRASEYEn, have
reduced immunogenicity, and long serum half-life. The
technology relies on the fact that despite the fact that
cynomolgus monkeys are phylogenetically similar to

10 humans, they still recognize maﬁy human proteins as
foreign and therefore mount an immune response.
Moreover, because the cynomolgus monkeys are
phylogenetically close to humans, the antibodies
generated in these monkeys have been discovered to have

15 a high degree of amino acid homology to those produced
in humans. 1Indeed, after seqguencing macaque
immunoglobulin light and heavy chain variable region
genes, it was found that the seguence of each gene
family was 85-98% homologous to its human counterpart

20 (Newman et al, (1992), Id.). The first antibody
generated in this way, an anti-CD4 antibody, was 91-92%
homologous to the consensus sequence of human
immunoglobulin framework regions. Newman et al,
Biotechnology, 10:1458-1460, (1992).

25 Monoclonal antibodies specific to the human B7
antigen have been previously described in the
literature. For example, Weyl et al, Hum. Immunol.,
31(4), 271-276, (1991) describe epitope mapping of human
monoclonal antibodies against HLA-B-27 using natural and

30 mutated antigenic variants. Also, Toubert et al, Clin.
Exp. Immunol., 82(1), 16-20, (1990) describe epitope
mapping of an HLA-B27 monoclonal antibody that also
reacts with a 35-KD bacterial outer membrane protein.
Also, Valle et al, Immunol., 69(4), 531-535, (1990)



WD 96/ 40878 PCT/ US96/ 10053 -12-
potency, which may reflect either their affinity or epitope specificity.
CTLA-4/1 g fusion protein and anti- CD28 Fabs were shown to have simlar’

effects on the down regulation of IL-2 production. 5 In vivo
adm ni stration b ogieeas Ubl e CTLA-4/1g fusion protein has been pghessioess
suppress T cell - dependent antibody responses in mce (Linsley, P.S., J:L.

G eene, P. Tan, J. Bradshaw, J.A Ledbetter, C. Anasetti, and N K Damnle,
(1992), "Coexpression and 10 Functional Cooperation of CILA-4 and CD28 on
Activated T Lynphocytes,” J. Exp. Med., 176:1595-1604; Lin, H, S F.
Builing, P.S. Linsley, RO Wi, C D Thonpson, and L.A Turka, (1993),
"Long-term Accept ance of Major Hi stoconpatié+!lity Conpl ex M smatched
Cardiac Allografts 15 | nduced by CTLA-4-1g Plus Donor Specific

Transf usion, " 78.1801) and, furthernore, |arger doses were

1
also able to suﬁ%ﬁié%?qﬁb§pyﬁ?8§198aé 2RLRAY Afufhea£P6h, SWReIARS rati ng t he
feasibility of twhichapecogniziesr thheB7 rast igen exbrasbehoﬂu aecivdted 20

aut of mune di seasens e R0 ol fodid B3N © blrEREYCNERARY cali C

islet cell rejectjon in mce |rec |nh|b| ron of T

cells and B7.1/ B* 2 gﬁé@%nt thy( I2s5°(3l'_‘(?nsgl48§/3)[}.i§.39r-‘€!’¢-l. Su, L.A
Zucker man, N5 NadwitopeCmappiell of, HGASB2Gana HLA-B7J)anblibbrs, using J. A

Bl uestone, (1993)ntrdatiladss r@eofdBinants constructea by making hybrid
~ genes between these two alleles in E. coli.
High expression of B7 antigen has been correlated
to autoimmune diseases by some researchers. For

10 example, Ionesco-Tirgoviste et al, Med. Interre, 24(1),
11-17, (1986) report increased B7 antigen expression in
type 1 insulin-dependent diabetes. Also, the
involvement of B7 antigen expression on dermal dendritic
cells obtained from psoriasis patients has been '

15 reported. (Nestle et al, J. €Clin. Invest., 94(1), 202-
209, (1994)).

Further, the inhibition of anti-HLA-B7 alloreactive
CTL using affinity-purified soluble HLA-B7 has been
reported in the literature. (Zavazava et al,

20 Transplantation, 51(4), 838-42, (1991)). Further, the
use of B7 receptor soluble ligand, CTLA-4-Ig to block B7
activity (See, e.g., Lenschow et al, Science, 257, 789,
7955 (19%92)) in animal models and a B7-1-Ig fusion
protein capable of inhibiting B7 has been reported.

25 SUMMARY AND OBJECTS OF THE INVENTION

An object of the invention is to produce and
identify novel macague antibodies to human B7 antigen,
more specifically to human B7.1 antigen and/or human
B7.2 antigen.

30 More specifically, it is an object of the present
invention to produce and identify novel macague
antibodies to human B7 antigen, i.e., human B7.1 and
human B7.2 antigen by screening of phage display



Functional Significance of an Additional Ligand for CTLA-4," Proc. Natl.
Acad. Sci., USA, 90:11054-11058). In this case, long term donor specific

t ol erance was achi eved. WD 96/ 40878 _

PCT/ US96/ 10053 -13- 3. Reconbi nant Phage Di splay Technol ogy for Antibody
Sel ection To daiwe 9¢nagsrgonocl onal anti bodi es which crossreact mﬂumc_hsf)?. 1
and B7.2 have been reported. As noted, 5 such antibodies would potentially
be highly desirable as i munosuppressants. Phage display technology is
beginning to replace traditional nethods for isolating antibodies generated
during the inmmne response, because a nuch greater percentage of the inmmune
repertoire can 10 be assessed than is possible using traditional nethods.
This is in part due to PEG fusion inefficig¥ty, chronosomal instability,
and the | arge anmpbunt of tissue culture and screening associated with

i i ' rast, 15
el fes on ol eculARTAERRR| HIRLOT ROTRAY. HeCSr PV RGP RN HRE e i e
repertoire of i miymehpeyties nokkmined strom husdnwB? hattibgerspbns.s, thumangi ven
antigen. This teghmique b?.sleastidas fmBAZRa nbhxdys. Proc. Natl. Acad.
Sci.. USA, 88, 7978'7?§215(§§§EQér specific object of the invention to
5 provide anti-B7 monkey monoclonal antibodies and

primatized forms thereof which specifically bind human

B7.1 and/or B7.2 antigen which inhibit the B7/CD86

pathway and B7 stimulation of activated T cells, thereby

inhibiting IL-2 production and T cell proliferation and

10 functioning as effective immunosuppressants.

It is another object of the invention to provide
anti-human B7.1 and anti-human B7.2 monkey monoclonal
antibodies and primatized forms thereof which inhibit
antigen driven responses in donor spleen cell cultures,

15 e.g., antigen specific IgG responses, IL-2 production
and cell proliferation.

It is another specific object of the invention to
identify particular monkey monoclonal antibodies
specific'to human B7.1 and human B7.2 antigen and

20 primatized forms thereof having advantageous properties,
i.e., affinity, immunosuppressive activity, which are
useful as therapeutics. More specifically, these monkey
antibodies and primatized forms thereof are to be used,
e.g., as immunosuppressants, i.e., to block antigen

25 driven immune responses, to treat autoimmune diseases
such as psoriasis, rheumatoid arthritis, systemic
erythematosus (SLE), type 1 diabetes mellitus,
idiopathic thrombocytopenia purpura (ITP), and to
prevent organ rejection.

30 It is another object of the invention to provide
pharmaceutical compositions containing one or more
monkey monoclonal antibodies specific to human B7
antigen, i.e., human B7.1 andfor human B7.2 antigen, or
primatized forms thereof, and a pharmaceutically



20 Essential ly, immunogl obulin heavy chain genes are PCR anplified and
cloned into a vector containing the gene encoding the m nor coat protein of
the filanentous phage ML3 in such a way that a heavy chain fusion protein
is created. The heavy chain fusion protein is incorporated 25 into the
ML3 phage part ivgd og/dogeiet her with the light chain genes as it peHEsds10853
Each reconbi nant phage contains, within its genone, the genes for a :
different anti body Fab nol ecule which it displays on its surface. Wthin
these libraries, in excess of 10[err] different 30 anti bodi es can be

cl oned and di splayed. The phage library is panned on antigen coated-
mcroliter wells, non-specific phage are washed of f, and antigen bi ndi ng

phage are eluted. The genone fromthe antT¥en-specific
PCT/ US96/ 10053 -14- clones is isolated and the gene |1
anti body can be exXRL
once a single FAFS®

WO 96/ 40878
is excised, so that

RRHIE PRET L P SOBHRLA Ty ho PABEL FPRSAANARPe, |1 rmy

easily be 5 conwdddedet ¥sgdwhele. args biguanosuppressasts e deaied

expressi on syst %ﬁéﬁhﬂ@.@vaigé&@m%&uq@q atfi¥hehforiid PRt al S

| DEC s mammal i an ex resi&%n vector. N PLA

hunman gama 1 oP4%:
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5 block antigen driven immune responses, and to prevent

organ rejection in transplant recipients.

It is another object of the invention to provide
novel methods of therapy by administration of

therapeutically effective amounts of one or more monkey

10 or primatized monoclonal antibodies which specifically
bind to B7 antigen, i.e., human B7.1 and/or B7.2
antigens. Such therapeutic methods are useful for
treatment of diseases treatable by inhibition of the

B7:CD28 pathway e.g., autoimmune diseases such as

15 idiopathic thrombocytopenia purpura (ITP), systemic
Jupus erythematosus (SLE), type 1 diabetes mellitus,
psoriasis, rheumatoid arthritis, multiple sclerosis,

aplastic anemia, as well as for preventing rejection in

transplantation subjects.

20 It is still another object of the invention to
provide transfectants, e.g., CHO cells, which express at
least the variable heavy and light domains of monkey

monoclonal antibodies specific to the human B7.1 and/or

B7.2 antigen.

25 It is another object of the invention to provide
nucleic acid sequences which encode the variable heavy
and/or light domains of monkey monoclonal antibodies
specific to human B7.1 and/or human B7.2 antigen, and
expression vectors which provide for the expression of

30 primatized antibodies containing these nucleic acid

sequences.



10 transfected with the NECSPLA vectors and after anplification this
vector system has been reported to provide very high expression levels (>
30 pg/cell/day) can be achi eved. 4. Primati sed Anti bodi es 15

Anot her highly efficient means for generating reconbinant antibodies is
di scl osed by Newtyag4o808.992), Bi ot echnol ogy, 10, 1455-1460. MOrreT/US96/10053
particularly, this technique results in the generation of primatized

anti bodi es whi ch contai n nonkey vari abl e domai ns and 20 human const ant
sequences. This reference is incorporated by reference inits entirety
herein. Mreover, this technique is also described in comonly assigned
U S. Application No. 08/ 379,072, filed on January 25, 1995, which is a
continuation of U S. Serial 25 No. 07/9%29292, filed July 10, 1992, which
is a continuation-in-part of U S. Serial No. 07/856,281, filed March 23,
1992,. which is finally a continuation- in-part of U S. Serial No.

07/ 735,064, filed July 25, 1991. 08/379,072 and the parent application

t hereof are 30 i ncorporated by referpetinitidnecir entirety herein. This

techni que modi {1 es anpdoaBueh cebik hDEYaGE G schtiadeBal |y el ect od

upon adm ni stration in, humans is technigue relies on 1 muni zati on of
VO 96/ 40878 invention may be more clearly underqﬁggﬂusg6/10053

Depleting antibody - an antibody which kills activated B
5 cells or other antigen presenting cells.
Non-depleting antibody - an antibody which blocks the
co-stimulatory action of B7 and T cell activating
ligands CD28 and CTLA-4. Thus, it anergizes but does
not eliminate the antigen presenting cell.

10 Primatized antibody -~ a recombinant antibody which has
been engineered to contain the variable heavy and light
domains of a monkey antibody, in particular, a
cynomolgus monkey antibody, and which contains human
constant domain sequences, preferably the human

15 immunoglobulin gamma 1 or gamma 4 constant domain (or PE
variant). The preparation of such antibodies is
described in Newman et al, (1992), “Primatization of
Recombinant Antibodies for Immunotherapy of Human
Diseases: A Macague/Human Chimeric Antibody Against

20 Human CDH, Biotechnology, 10:1458-1460; also in commonly
assigned 08/379,072 both of which are incorporated by
reference in their entirety herein. These antibodies
have been reported to exhibit a high degree of homology
to human antibeodies, i.e., 85-98%, display human '

25 effector functions, have reduced immunogenicity, and may
exhibit high affinity to human antigens.

B7 antigens - B7 antigens in this application include,
e.g., human B7, B7.1 and B7.2 antigens. These antigens
bind to CD28 and/or CTLA-4. These antigens have a co-

30 stimulatory role in T cell activation. Also, these B7
antigens all contain extracellular immunoglobulin
superfamily V and C-like domains, a hydrophobic
transmembrane region and a cytoplasmic tail. (See,



-15- cynonol gus nonkeys with human antigens or receptors. This technique
was devel oped to create high affinity nonoclonal antibodies directed to
human cell surface antigens. 5 Ant i bodi es generated in this manner
have previously been reported to display human effector function, have
reduced i mmunogggigidsys and long serumhalf-1ife. The technol egyussiiosss on
the fact that despite the fact that cynonol gus nonkeys are phyl ogenetically
simlar to 10 humans, they still recognize many human proteins as foreign
and therefore nount an i mmune response. Moreover, because the cynonol gus
nonkeys are phyl ogenetically close to humans, the anti bodies generated in

t hese nonkeys have been di scovered to have 15 a high degree of amno acid
honol ogy to those produced in humans. | nde&@; after sequenci ng macaque

i mmunogl obulin |ight and heavy chain variable region genes, it was found

that the sequeng; of ea%gegﬁne fam | ’%ﬁﬁﬁ%§&38%ﬁgggyio ous to its human

counterpart 20 al s 537 t?roeody gener at ed
in this way, an heavil@Dglycospdatedwas 91- 92% honol ogous to the consensus

sequence of - huneyd RN GRELE O f L apMpsda Tyl PRece TudhkeY -
Bi ot echnol ogy, :

: - \ 2). 25 . ] nqQcl onal . anti bodi es
specific to t he PRARFLEBRLADE Eﬂdh%%e"’be%‘?ﬂﬁté\ﬁe §P§mﬁe?a?%%fg- Wi
literature. $or speoificaldybind mbpabiBn drninigens,, e.g., human B7.1

and/or B7.2 antigen with a sufficient affinity to block
the B7:CD28 interaction and thereby induce

immunosuppression.

BRIEF DESCRIPTION OF THE_ FIGURES

10 Figure 1 depicts the pMS vector used to screen
recombinant immunoglobulin libraries produced against B7
displayed on the surface of filamentous phage which
contains primers based on macague immunoglobulin
sequences.

15 Figure 2 depicts the NEOSPLA expression vector used
to express the subject primatized antibodies specific to
human B7.1 antigen.

Figure 3 depicts monkey serum anti-B7.1 titers
directed against cell surface B7.1 on transfected CHO

20 cells.

- Figure 4 depicts inhibition of radiolabeled sB7.1
binding by SB7.1 affinity-purified monkey antibodies in
the presence of unlabeled SB7 and Mab L307.4 murine
anti-B7.1. _

25 Figure 5 depicts inhibition of binding of
radiolabeled monkey 135 and L3707.4 anti-B7.1 antibodies
to B7 positive human SB cells by competition with
affinity-purifieda SB7.1.

Figure 6 depicts inhibition of radiolabeled B7-Ig

30 binding to activated human peripheral blood T cells by
competing with unlabeled SB7.1 murine anti-B7.1 (L307.4)
and monkey 1127 affinity purified serum antibodies.



31(4), 271-276, (1991) describe epitope mappi ng of human nonocl onal

anti bodi es agai nst HLA-B-27 using natural and 30 mut at ed anti genic
variants. Also, Toubert et al, din. Exp. Immnol., 82(1), 16-20, (1990)
descri be epitope mappi ng of an HLA-B27 nonocl onal antibody that al so reacts

wth a 35-KD bqﬁ%?g% Lg out er nmenbrane protein. Also, Valle et pgrusbhéivessol .,
69(4), 531-535, %% WO 96/ 40878 :

PCT/ US96/ 10053 - 16- descri be a nonocl onal antibody of the 1gd subcl ass

whi ch recogni zes the B7 antigen expressed in activated B cells and
HTLV-1-transfornmed T cells. Further, Toubert et al, J. Imunol., 141(7),
2503-9, (1988) describe 5 epitope mapping of HLA-B27 and HLA-B7 anti gens
usi ng i ntradomai n reconbi nants construct ed2iy nmaki ng hybrid genes between
these two alleles in E coli. H gh expression of B7 antigen has been
correlated to autoi mune di seases by sone researchers. For 10 exanple,

| onesco- Ti rgovi st e et Figure/st depdcdsr dnhibition jaf I1-3 povdeinefor t
increased B7 ant ngradexpigiisdyide idulituesl biyNaat i+B7eD e ty-puetiesed Al SO,
t he i.nvol venent Ofnﬁg aptlagen expr %Eon on dermal dendritic cells obtained
from psoriasis pg?len¥s gt pEt r‘eported. (Nestle et al, J. din

| nvest., 94(1), 202- Piwureg j8yp4lepicts the amino acid and nucleic acid

5 sequence of a primatized form of the light chain of
7C10.

Figure 8b depicts the amino acid and nucleic aciad
sequence of a primatized form of the heavy chain of
7C10.

10 Figure 9a depicts the amino acid and nucleic acid
sequence of a primatized form of the light chain of 7Bs.

Figure 9b depicts the amino acid and nucleic acia
sequence of a primatized form of the heavy chain of 7Bs.

. Figure 10a depicts the amino acid and nucleic acid
15 sequence of a primatized light chain 16C10.

‘Figure 10b depicts the amino acid and nucleic acid

sequence of a primatized heavy chain 16C10.

DETAILED DESCRIPTION OF THE INVENTION
As described above} the present invention reiates
20 to the manufacture of novel monkey monoclonal antibodies
which specifically bind human B7.1 and/or human B7.2
antigen, as well as primatized antibodies derived
therefrom. These antibodies possess high affinity to
human B7.1 and/or B7.2 and therefore may be used as
25 immunosuppressants which inhibit the B7:CD86 pathway.
Preparation of monkey monoclonal antibodies will
preferably be effected by screening of phage display
libraries or by preparation of monkey heterohybridomas
using B lymphocytes cbtained from B7 (e.g., human B7.1
30 and/or B7.2) immunized monkeys.
As noted, the first method for generating anti-B?
antibodies involves recombinant phage display



Further, the inhibition of anti-HLA-B7 alloreactive CTL using
affinity-purified soluble HLA-B7 has been reported in the literature.
(Zavazava et al, 20 Transpl antation, 51(4), 838-42, (1991)). Further,
the use of B7 receptor soluble ligand, CILA-4-1g to block B7 activity (See,
e.g., Lenschow b ogkossg5Ci €NCE, 257, 789, 7955 (1992)) in ani mpcrAmessabsssand
a B7-1-1g fusion proteln capable of inhibiting B7 has been reported. 25
SUMVARY AND OBJECTS OF THE | NVENTI ON An object of the invention is to
produce and identify novel nacaque anti bodies to hunman B7 antigen, nore
specifically to human B7.1 antigen and/or human B7.2 antigen. 30

More specifically, it is an object of the present invention to produce and
i denti fy novel macaque anti bodies to humar28¥ antigen, i.e., human B7.1 and
human B7.2 antigen by screening of phage display WO 96/ 40878

PCT/ US96/ 10053 -17- |ibraries and/ or nonkey heterohybridomas using B

| ynphocyt es obt aF¢@tnalas -hufisgreshniges 15 genenaldyndpscyibed 7. 2
antigen i muni zegupFankeys. It is another specific object of the invention

st unie, M o B TE LA B DA M oREL g 7
recombinant immunoglobulin libraries against B7 antigen
5 displayed on the surface of filamentous phage and
selection of phage which secrete antibodies having high
affinity to B7.1 and/or B7.2 antigen. As noted supra,
preferably antibodies will be selected which bind to
both human B7.1 and B7.2. To effect such methodology,
10 the present inventors have created a uniquellibrary for
monkey libraries which reduces the possibility of
recombination and improves stability. This vector, pMS,
is described in detail infra, and is shown in Figure 1.
Essentially, to adopt phage display for use with
15 macaque libraries, this vector contains specific primers
for PCR amplifying monkey immunoglobulin genes. These
primers are based on macaque sequences obtained while
developing the primatized technology and databases
containing human segquences.
20 Suitable primers are disclosed.in commonly assigned
08/379,072 incorporated by reference herein.

The second method involves the immunization of
monkeys, i.e., macaques, against human B7 antigen,
preferably against human B7.1 and B7.2 antigen. The

25 inherent advantage of macaques for generation of
monoclonal antibodies is discussed supra. 1In
particular, such monkeys, i.e., cynomolgus monkeys, may
be immunized against human antigens or receptors.
Moreover, the resultant antibodies may be used to make

30 primatized antibodies according to the methodology of
Newman et al, Biotechnology, 10, 1455-1460, (1992}, and
Newman et al, commonly assigned U.S. Serial No.
08/379,072, filed Januvary 25, 1995, which are
incorporated by reference in their entirety.



B7.1 and/or B7.2 antigen which inhibit the B7/CD386 pathway and B7
stinulation of activated T cells, thereby inhibiting IL-2 production and T
cell proliferation and 10 functioning as effective i munosuppressants. It
i s anot her object of the invention to provide anti-human B7.1 and

anti - human B7. 3yg9gkegys nonocl onal anti bodi es and prinati zed f ®CTAISHIAOOBOf
whi ch inhibit antigen driven responses in donor spleen cell cultures, 15
e.g., antigen specific IgG responses, |IL-2 production and cel

proliferation. It is another specific object of the invention to identify
particul ar nonkey nonocl onal antibodies specific to human B7.1 and hunman
B7.2 antigen and 20 primatized fornms thereof having advant ageous
properties, i.e., affinity, inmmunosuppresside activity, which are useful as
t herapeutics. More specifically, these nonkey antibodies and prinmatized
forns thereof are to he used, e.g.. as.i nosuppressants, i.e.. to block
antigen 25 driven i ﬁ@gpﬁgﬁﬁgggs?aYﬁgF¥%5fﬁgGW§ﬂ%ﬁ§ﬁgsdPE§3§8§8such as
psori asi s, rheunftrohccynanialioniss mopkeyenis that HiveseoponkegsEyecognize

di abetes mellit Uﬁan* daial 3&%&%@?9%&9@% i fUhereby! pRbviagdeédP

D ovi e phar macobRS HATaRRRRS OF; BRELEORTSE n TP AT WY TigReRgiREGY €0 " °
nonocl onal ahti bads bsed haman antdgenspneBd. artivmgen surface protaiBsg. dndind/ or
human B7. 2 anti gg0y) Fedidtld . 2CHokB6VEr! NELEAlse ARiLyA aRRALRPEEYLAER! | Y
tically close to humans, the resultant antibodies
exhibit a high degree of amino acid homology to those

produced in humans. As noted above, after sequencing

10 macaque immunoglobulin light and heavy variable region
genes, it was found that the sequence of each gene
family was 85-88% homoclogous to its human counterpart
(Newman et al, (1992), Id.).

Essentially, cynomolgus macague monkeys are

15 administered human B7 antigen, e.g., human B7.1 and/or
human B7.2 antigen, B cells are isolated therefrom,
e.g., lymph node biopsies are taken from the animals,
and B lymphocytes are then fused with KHGIBS'(mouse x
humaﬁ) heteromyeloma cells using polyethylene glycol

20 (PEG). Heterohybridomas secreting antibodies which bind
human B7 antigen, e.g., human B7.1 and/or human B7.2
antigen, are then identified.

Antibodies which bind to both B7.1 and B7.2 are
desirable because such antibodies potentially may be

25 used to inhibit the interaction of B7.1 and B7.2, as
well as B7 with their counter-receptors, i.e., human
CTLA-4 and CD28. Antibodies against these epitopes may
inhibit the interaction of both human B7.1 and human
B7.2 with their. counter receptors on the T cell. This

30 may potentially provide synergistic effects.

However, antibodies which bind to only one of human
B7 antigen, B7.1 antigen or B7.2 antigen, are also
highly desirable because of the co-involvement of these
molecules in T cell activation, clonal expansion



WD 96/ 40878 PCT/ US96/ 10053 - 18-
acceptabl e carrier or excipient. These conpositions will be used, e.g., as
| mMmunosuppressants to treat autoi nmune di seases, e.g., idiopathic

t hronbocyt openi a purpura (I TP) and system c |upus erythematosus (SLE), to 5
bl ock antigen gdyRigs7snune responses, and to prevent organ rBCHUSIG6HES3 N
transplant recipients. It is another object of the invention to provide"
novel methods of therapy by administration of therapeutically effective
anounts of one or nore nonkey 10 or primtized nonocl onal antibodies

whi ch specifically bind to B7 antigen, i.e., human B7.1 and/or B7.2
antigens. Such therapeutic nethods are useful for treatnent of diseases
treatable by inhibition of the B7: CD28 patdfmay e.g., autoi mune di seases
such as 15 i di opat hi ¢ throenbocytopenia purpura (1 TP), system c | upus

eryt hemat osus (SLE e | abet es | 1itus soriasis, rheymatoid
arthritis, mlt iiEF‘%’hggg?oérgfza)ap?%ﬁ BuefPg, P%%p%ﬂv%esfso%"pr eventi ng
rej ection in tramgigent at ¢bves uthak thotlpuman B7.3 tand B%43 [biadoti®er obj ect

of the inventiomuiRnPEYAde 4ARNGHAL! AY s Brovabldiist |eherthiiah aexpr ess
at | east the vari able heavg and |ight og%g’al ns of,rmnke nonocl| onal
anti bodi es specid&aSt GNENEOTRNR PBANYRPPYs region (perhaps a shared

5 ~conformational epitope or epitopes) to which macague
antibodies may potentially be raised.

The present inventors elected to immunize macaques
against human B7.1 antigen using recombinant soluble
B7.1 antigen produced in CHO cells and purified by

10 affinity chromatography using a L307.4-sepharocse
affinity column. However, the particular source of
human B7 antigen, human B7.1 antigen or human B7.2
antigen is not critical, provided that it is of
sufficient purity to result in a specific antibody

15 response to the particular administered B7 antigen and
potentially to other B7 antigens.

The human B7 antigen, human B7.1 antigen (also
called CD80) and human B7.2 antigen (also called CD86)
genes have been cloned, and sequenced, and therefore may

20 readily be manufactured by recombinant methods.

Preferably, the administered human B7 antigen,
human B7.1 antigen and/or human B7.2 antigen will be
administered in soluble form, e.g., by expression of a
B7, B7.1 or B7.2 gene which has its transmembrane and

25 cytoplasmic domains removed, thereby leaving only the
extracellular portion, i.e., the extracellular
superfamily V and C-like domains. (See, e.g., Grumet et
al, Hum. Immunol., 40(3), p. 228-234, 1994, which
teaches expression of a soluble form of human B7, which

30 is incorporated by reference in its entirety herein).

The macaques will be immunized with the B7, B7.1
and/or B7.2 antigen, preferably a soluble form thereof,
under conditions which result in the production of
antibodies specific thereto. Preferably, the soluble



B7.2 antigen. 25 It is another object of the invention to provide
nucl ei ¢ aci d sequences which encode the variable heavy and/or |ight domains
of nonkey nonocl onal anti bodies specific to human B7.1 and/or human B7.2
antigen, and expression vectors which provide for the expression of 30

primatized anti LGssrgOnt ai ning these nucl ei c aci d sequences.pcrusdéhooss
96/ 40878 Wo ks PCT/ US96/ 10053 -19-

Definitions The following terns are defined so that the invention nay be
nore clearly understood. Depletina antibody - an anti body which kills
activated B 5 cells or other antigen presenting cells. Non-depleting

anti body - an anti body which bl ocks the co-stinulatory action of B7 and T
cell activating |igands CD28 and CTLA-4. +@&s, it anergi zes but does not
elimnate the antigen presenting cell. 10 Primati zed anti body - a
reconbi nant antibody whi ch_has been engi heered tq contaip {he variable

heavy and |ight TR & 0B7alnBRkRY- 2 EtaRR Widl het pemtnistere] ol gus
nonkey anti body,cambdnsticn @dthaansadjuvantcorsicant conpiete SEremnd s,

?gffggab'y the HMyRRatrt (CPATY RILRPUSANoRAT br! otheS2RHBwA S45ET4ARs dOMai N
as well as combinations thereof. In general, this will
5 require repeated immunization, e.g., by repeated
injection, over several months. For example,
administration of soluble B7.1 antigen was effected in
adjuvant, with booster immunizations, over a 3 to 4
month period, with resultant production of serum

10 containing antibodies which bound human B7.1 antigen.

After immunization B cells are collected, e.g., by
lymph node biopsies taken from the immunized animals and
B lymphocytes fused with KH6/BS5 (mouse x human)
heteromyeloma cells using polyethylene glycol. Methods

i5 for preparation of such heteromyelomas are known and may

be found in U.S. Serial No. 08/379,072 by Newman et al,
filed on January 25, 1995 and incorporated by reference
‘herein.

Heterohybridomas which secrete antibodies which

20 bind human B7, B7.1 andjor B7.2 are then identified.
This may be effected by known techniques. For example,
this may be determined by ELISA or radioimmunoassay
using enzyme or radionuclide labelled human B7, B7.1
and/or B7.2 antigen.

25 Cell lines which secrete antibodies haVing the
desired specificity to human B7, B7.1 and/or B7.2
antigen are then subcloned to monoclonality.

In the present invention, the inventors screened
purified antibodies for their ability to bind to soluble

30 B7.1 antigen coated plates in an ELISA assay, antigen
positive B cells, and CHO transfectomas which express
human B7.1 antigen on their cell surface. In addition,
the antibodies were screened for their ability to block
B cell/T cell interactions as measured by IL-2



variant). The preparation of such antibodies is described in Newman et al,
(1992), "Primatization of Reconbinant Anti bodi es for |nmunotherapy of Human
D seases: A Macaque/ Hunman Chineric Anti body Agai nst 20 Human CDH,

Bi ot echnol ogy, 10:1458-1460; also in comonly assigned 08/ 379,072 both of
whi ch are inconpQb@desrs by reference in their entirety herein. pdresssnooss
anti bodi es have been reported to exhibit a high degree of honol ogy to human
anti bodies, i.e., 85-98% display human 25 ef fector functions, have
reduced i nmunogenicity, and may exhibit high affinity to human anti gens. B7
antigens - B7 antigens in this application include, e.g., human B7, B7.1
and B7.2 antigens. These antigens bind to CD28 and/or CTLA-4. These
antigens have a co- 30 stinmulatory role26r T cell activation. Also,
these B7 antigens all contain extracellular immnoglobulin superfamly V

A O e oM 2 e el T 2R TR REGES. S AN a2aiubgP! asm ©
PCT/ US96/ 10053 1g@phBcypterresdttian (BIRIRCwitR6B7 IPNAiMOB)IiNg and are
heavi Iy glycosylsatedte@nbsidly BHLERAS Pova1 L doipBh 857 P C€8AL . Monkey

nmonocl onal anti bodies_or primatjzed forns thereof,, which 5 specifically
bi nd human B7 anti geAdsoe IELinkfpugified antibodies from macagues

5 were tested for their reactivity against CHO
transfectants which expressed B7.1/Ig fusion proteins,
and against CHO cells which produced human B7.2 antigen.
These results indicated that the B7.1 immune sera bound
to the B7.2 transfectomas. Binding of antibodies to

10 B7.2 antigen may be confirmed using soluble B7.2-Ig
reagents. As discussed in the examples, this may be
effected by producing and purifying B7.2-Ig from CHO
transfectomas in sufficient quantities to prepare a
B7.2-Ig~sepharose affinity célumn. Those antibodies

15 which cross-react with B7.2 will bind the B7.2-Ig-
sepharose column.

Cell lines which express antibodies which
specifically bind to human B7 antigen, B7.1 antigen
and/or B7.2 antigen are then used to clone variable

20 domain sequences for the manufacture of primatized
antibodies essentially as described in Newman et al,
(1992), 1I4. and Newman et al, U.S. Serial No. 379,072,
filed January 25, 1995, both of which are incorporated
by reference herein. Essentially, this entails

25 extraction of RNA therefrom, conversion to cDNA, and
amplification thereof by PCR using Ig specific primers.
Suitable primers are described in Newman et al, 1992,
Id. and in U.S. Serial No. 379,072. (See, in
particular, Figure 1 of U.S. Serial No. 379,072).

30 The cloned monkey variable genes are then inserted
into an expression vector which contains human heavy and
light chain constant region genes. Preferably, this is
effected using a proprietary expression vector of IDEC,
Inc., referred to as NEOSPLA. This vector is shown in



and/or B7.2 antigen with a sufficient affinity to block the B7: CD28
I nteraction and thereby induce i munosuppressi on. BRI EF DESCRI PTI ON OF THE
FI GURES 10 Figure 1 depicts the pMsS vector used to screen
reconbi nant i munogl obulin |ibraries produced agai nst B7 di spl ayed on the
surface of fil 3p@9é4uess Phage which contains priners based on werageei0053
I mmunogl obul i.n sequences. 15 Figure 2 depicts the NECSPLA expressi-on
vector used to express the subject primatized anti bodi es specific to human
B7.1 antigen. Figure 3 depicts nonkey serumanti-B7.1 titers directed
agai nst cell Surface B7.1 on transfected CHO 20 cells. Figure 4 depicts
i nhi bition of radiol abel ed sB7.1 binding by SB7.1 affinity-purified nonkey
anti bodies in the presence of unl abel ed SB7-and Mab L307.4 nuri ne
anti-B7.1. 25 .Figure 5 depicts inhibition of binding of radi ol abel ed
nonkey 135 and L 3707.4_anti-B7.1 fnthgggies to BY gositive human SB cel | s
by conpetition MTEr £ APRyCORYIIRS FYFOMegadPEIBSepi ct s i nhi bition of
radi ol abel ed B7prgnéter/enhanogr ( otk tmottee dhettangdobin i eTiom | promoter], cel | s
by conpeting w ithdlinaRebedygPRof FRE1 1A, Bhelnbb B ot Monkey 1127
affinity purlfl?P serum ant i bodi es. , ,
ormone polyadenylation sequence, neomycin
5 phosphotransferase exon 1 and exon 2, human
immunoglobulin kappa or lambda constant region, the
dihydrofolate reductase gene, the human immunoglobulin
gamma 1 or gamma 4 PE constant region and leader
sequence. This vector has been found to result in very
10 high level expression of primatized antibodies upon
incorporation of monkey variable region genes,
transfection in CHO cells, followed by selection in G418
containing medium and methotrexate amplification.
For example, this expression system has been
15 previously disclosed to result in primatized antibodies
having high avidity (Kd < 10 M) against CD4 and other
human cell surface receptors. Moreover, the antibodies
have been found to exhibit the same affinity,
specificity and functional activity as the original
20 monkey antibody. This vector system is substantially
disclosed in commonly assigned U.S. Serial No. 379,072,
incorporated by reference herein as well as U.S. Serial
No. 08/149,099, filed on November 3, 1993, also
incorporated by reference in its entirety herein. This
25 system provides for high expression levels, i.e., > 30
pg/cell/day.
As discussed infra, the subject inventors have
selected four lead candidate monkey monoclonal
antibodies which specifically bind the B7.1 antigen, and
30 which may also bind the B7.2 antigen. These monkey
monoclonal antibodies are referred to herein as 7B6,
16C10, 7C1l0 and 20C9.
As discussed in greater detail infra, these
antibodies were evaluated for their ability to block B



WD 96/ 40878 PCT/ US96/ 10053 - 21-
Figure 7 depicts inhibition of IL-2 protein in m xed | ynphocyte cul tures by
anti-B7.1 affinity-purified nonkey serum anti bodi.es. Figure 8a depicts the
am no acid and nucleic acid 5 sequence of a primatized formof the |ight
chain of 7Cl10. &ﬁ? g7500 depicts the amino acid and nucl ei ¢ apeghussfomssce
of a primatize orn1of the heavy chain of 7C10. 10 Fi gure 9a :
depicts the amino acid and nucleic acid sequence of a primatized form of
the light chain of 7B6. Figure 9b depicts the amno acid and nucleic acid .
sequence of a primatized formof the heavy chain of 7B6. Figure 10a depicts
the am no acid and nucleic acid 15 sequence of a primatized |ight chain
16C10. Figure 10b depicts the am no acid e2g&k nucl ei c acid sequence of a
primati zed heavy chain 16Cl10. DETAI LED DESCRI PTI ON OF THE | NVENTI ON As
descri bed above, theﬂpresent nventjon relates 20 to_the manufacture of

a

novel nonkey nofSdldTacedht inberactipns RS feasnred Py Bl pradictden
and/ or human B7.ahd&niriigéatedsthphidixte pptaxe 1adaanixéd diwmpittenited

e e hert or o paeelesAATEER ROSEED oI Hhd il ifehs "HER Ty ey and/or B7-2

and therefore na
1nd1ng, human body coat peripheral blood lymphocytes

5 were cultured for 3-6 days in the presence of PHA
stimulator. B7 binding was radioassayed using
157-radiolabeled soluble B7.1. The observed results
indicate that all of these antibodies bind B7.1 antigen
with high affinity and effectively block B cell/T cell

10 interactions as evidenced by reduced IL-2 production and
reduced proliferation of mixed lymphocyte cultures.
The properties of these particular monkey
monoclonal antibodies are summarized below:
1. To demonstrate the monkey antibodies’ ability
15 to block the physical interaction between
' CTLA4-1g, varying concentrations of the monkey
anti-B7.1 antibodies and unlabeled CTLA4-IG
were incubated with radiclabeled CTLA4-Ig"®.
The results of the inhibition assay showed
20 that the IC50 (the concentration of inhibitor
which results in 50% inhibition) for the
monkey antibodies are:

as 7C10: 0.39 ug/Ml
b:  16C10: 1.60 ug/Ml
25 c: 20C9: 3.90 pg/Ml
. da: 7B6: : 39.0 ug/M1

2. Scatchard analysis showed that the apparent
affinity constants (Kd) for the monkey
antibodies binding to B7-Ig coated plates were

30 approximated to be:
a: 7C10: 6.2 x 10°M
b: 16C10: 8.1 x 10°M
c: 7B6: 10.7 x 10°M



25 I rmunosuppressants which inhibit the B7: CD86 pat hway. Preparation of
nonkey nonocl onal antibodies will preferably be effected by screening of
phage display libraries or by preparation of nonkey heterohybridomas using
B | ynphocytes obtained fromB7 (e.g., human B7.1 30 and/or

i mruni zed nonkeyg og4igrgiot €d, the first nethod for generating augtrvusseneoss

anti bodi es i nvol ves reconbi nant phage di spl ay

WD 96/ 40878

B7.2)

PCT/ US96/ 10053 -22- technology. This technique is generally described

supra. Essentially, this will conprise synthesis of

I mmunogl obulin Iibraries against B7 antigen 5

library for monkey |ibrarBés wRPER: r el X (3

r econbi nant

di spl ayed on the surface of
fil ament ous phage and sel ecti on of phage which secrete anti bodi es having
high affinity to B7.1 and/or B7.2 antigen=2%s noted supra, preferably
antibodies will be selected which bind to both human B7.1 and B7.2. To

ef fect such net hodol ogy, 10 the present inventors have created a uni que

ossibility of

r econbi nati on

and inproves stability. This vector, pMS, is described in detail infra, and

S Shown 10 Figure 1o Fssaatl ghlvobfeddolle MAARATAPLILL00n ESatddd 15

macaque |ibraries, thi's véctor contalns spec

lymphocyte reaction assay (MLR).

The MLR

showed that all 4 anti~B7.1 antibodies inhibit
5 ' IL-2 production to different extents as shown
by the following Ibgo values: '

a: 7B6: 5.0 ug/M

b: 16C10: <0.1 pug/M

_ c: 20C9: 2.0 ug/M

10 d: - 7Ci0: 5.0 ug/M

4. The monkey anti-B7.1 antibodies were tested

for their ability to bind B7 on human

peripheral blood lymphocytes (PBL).

FACS

analysis showed that all 4 monkey antibodies

15 tested positive.

5. Monkey antibodies 16C10, 7B6, 7Cl1l0 and 20C9
were tested for Clg binding by FACS analysis.

Results showed 7C10 monkey Ig had strong human
Clg binding after incubating with B7.1 CHO-
20 transfected cells. 16C10 was positive, while
20C9 and 7B6 monkey antibodies were negative.
6. To select an animal model for path-tox

studies, the monkey antibodies were tested
. with animal blood from different species. It
25 was determined that the monkey anti-B7.1
antibodies cross-reacted with human,

chimpanzee, and possibly baboon.

Based on these properties, it would appear that

three monkey monoclonal antibodies possess the most
30 advantageous properties, 16C10, 7C10 and 20C9, with

16C10 and 7C10 being somewhat better than 20C9.



for PCR anplifying nonkey inmunogl obulin genes. These priners are based on
macaque sequences obt ai ned whil e devel oping the prinmatized technol ogy and
dat abases contai ni ng hunan sequences. 20 Suitable prinmers are

di scl osed in comonly assigned 08/ 379,072 i ncorporated by reference herein.
The second met Rgd ek, ves the immuni zati on of nonkeys, i.e., PORUSHHLGIS3
agai nst hunman B/ antigen, preferably against human B7.1 and B7.2 antigen.
The 25 i nherent advantage of nacaques for generation of nobnocl onal

anti bodies is discussed supra. In particular, such nonkeys, i.e.,
cynonol gus nonkeys, may be immuni zed agai nst human anti gens or receptors.
Moreover, the resultant anti bodies may be used to make 30 primatized

anti bodi es according to the nethodol ogy of3®Newman et al, Biotechnol ogy, 10,
1455- 1460, (1992), and Newran et al, commonly assigned U.S. Serial No.

08/ 379,072, filed January 25, 1995, which are.incorporated by, referen I n
their entirety. \Ngsgg%4§§§8techn1ques describe Bpra, én&n erence

PCT/ US96/ 10053 -&immohlly asghghedaut s adsariadgdoof 0afsrHplt2s Wix ai ned from
cynomol gus monk ge%tt 18yehfiB2e BV WPordd 208! $8rTRDYe WO Gel NS as

foreign and the provi de ormatign of anti bodies, sone w th high
affinity to 786 and 16010 and provide the amino acid and

5 nuclelc acid sequences of primatized forms of the 7Cl1l0
light chain, 7C10 heavy chain, 7B6é light chain, 7Bé6
heavy chain, 16C10 light chain and 16C10 heavy chain.
These amino acid and nucleic acid sequences may be found
in Figures 8a and 8b, %9a and 9b, and 10a and 10b. The

10 DNA and amino acid sequence for the human gamma 1
constant domain may be found in 08/379,072.

As discussed supra, these primatized antibodies are
preferably expressed using the NEOSPLA expression vector
shown in Figure 2 which is substantially described in

15 commonly assigned 08/375,072 and 08/149,099, both of
which applications are incorporated by reference herein.

As previously noted, the subject primatized
antibodies will preferably contain either the human
immunoglobulin gamma 1 or gamma 4 constant region, with

20 gamma 4 preferably mutated at two positions to create
gamma 4 PE. The gamma 4 PE mutant contains two
mutations, a glutamic acid in the CH2 region introduced
to eliminate residual FCR binding, and a proline
substitution in the hinge region, intended to enhance

25 the stability of the heavy chain disulfide bond
interaction. (See, Alegre et al, J. Immunol., 148,
3461-3468, (1992); and Angel et al, Mol. Tmmunol., 30,
105-158, (1993), both of which are incorporated by
reference herein).

30 Whether the subject primatized antibodies contain
the gamma 1, gamma 4 or gamma 4 PE constant region
largely depends on the particular disease target.
Preferably, depleting and non-depleting primatized IgGl



5 desired human antigens, e.g., human surface proteins and cel
receptors. Moreover, because they are phyl ogene- tically close to humans,
the resultant antibodies exhibit a high degree of am no acid honology to
t hose produced in humans. As noted above, after sequencing 10 macaque

i mmunogl obul i n t:b%kos%‘d heavy vari abl e region genes, it was froarusss/ieass t he
sequence of each gene famly was 85-88% honol ogous to its human counter part
(Newman et al, (1992), Id.). Essentially, cynonol gus nacaque nonkeys are 15
adm ni stered human B7 antigen, e.g., human B7.1 and/or human B7.2 anti gen,
B cells are isolated therefrom e.g., |ynph node biopsies are taken from
the animals, and B | ynphocytes are then fused wth KH6/B5 (nbuse x human)
het er omyel ona cel I s usi ng pol yet hyl ene gl y8d+ 20 (PEG . Heterohybridomas
secreting anti bodi es which bind hunman B7 antigen, e.g., human B7.1 and/or

human, B7.2 antigen, are then identified. Antibodies which bind to both B7.1
and B7.2 are des?‘?ddtﬁ‘i,g%éf‘&[}?é’d%ﬁéh“a'ﬁt?{ﬁﬁﬁe(i%é:ﬁFitﬁ | §9AaHSbe 25  used
to inhibit the |sperifiid disehsB7targatisB7.2, as well as B7 with their

counter-receptors, i. .venp%ggpdg;h@ige?nﬁEéégﬁ%“%§§:Egagkggaggainst t hese

epitopes may inhibit the Interaction,o 7.1 an yman, B7.2 with
their counter rcReIRGitdes afhdhe spppeckjpenkey monarlepad ppEiPodifsyi de
syner gi st.i ¢ &f f eeliese HonEv-@7,.. lanbnbelbrsl vdntoibdilied amdopkimabized hunman B7

antigen, B7.1 a”%ééﬁ§1éﬂééi%ézs%%h&&eﬂe Qéfieﬂﬁﬁied as therapeutic
agents for blocking the B7:CD28 interaction thereby
porviding for immunosuppression. In particular, given
their high affinity to B7.1 antigen and ability to block

10 B cell/T cell interactions as measured by IL-2
production and tritiated thymidine uptake in mixed
lymphocyte culture as well as their ability to
effectively inhibit antigen driven responses in donor
spleen cell cultures as shown by reduced antigen

15 specific IgG responses, IL-2 production and cell
proliferation, these monkey monoclonal antibodies and
primatized forms thereof should function as effective
immunosuppressants which modulate the B7:CD28 pathway.
This is significant for the treatment of many diseases

20 wherein immunosuppression is therapeutically desirable,
‘e.g., autoimmune diseases, to inhibit undesirable
antigen specific IgG responses, and also for prevention
of organ rejection and graft-versus-host disease.
Essentially, the subject antibodies will be useful in

25 treating any disease wherein suppression of the B7:CD28
pathway is therapeutically desirable.

Key therapeutic indications for the subject anti-

B7.1 antibodies include, by way of example, autoimmune
diseases such as idiopathic thrombocytopenia purpura

30 (ITP), systemic lupus erythematosus (SLE), type 1
diabetes mellitus, multiple sclerosis, aplastic anemia,
psoriasis and rheumatoid arthritis.

Another significant therapeutic indication of the

subject anti-B7.1 antibodies is for prevention of graft-



hi ghl y desirabl e because of the co-invol venent of these nolecules in T cel
activation, clonal expansion WO 96/ 40878

PCT/ US96/ 10053 -24- |ynphokine (IL-2) secretion, and responsiveness to
antigen. Gven that both human B7.1 and B7.2 bind to human CTLA-4 and CD28,
it is probabl egdésisobsacre i s at | east one common or hondl ogousCIesY6A0s3
(perhaps a shared 5 conformati onal epitope or epitopes) to which nmacaque
anti bodies may potentially be raised. The present inventors elected to

I mmuni ze nacaques agai nst human B7. 1 antigen using reconbi nant soluble B7.1
antigen produced in CHO cells and purified by 10 affinity chromatography
using a L307.4-sepharose affinity colum. However, the particul ar source of
human B7 antigen, human B7.1 antigen or Mm&2an B7.2 antigen is not critical,
provided that it is of sufficient purity to result in a specific antibody

15 response to the p ar adm ni stered,B7 anti gen and potentlally to '
ot her B7 antigeN§F s'fﬁe JFra‘El de@ﬁ ﬁﬂﬁﬁgﬁria‘gnﬁ?wleé‘l s8Mal | ed

CD80) and hunmanbBie2mantoyectrimsslanial(BMit) CO3Bhe gsulededa\entidbediesoned, and
sequenced, and hQ?r sEOﬁeea%29nduéeeg$sbcythie§§ﬂeéae$ Wb epeR 4RI NNt
met hods. Preferag Xanglgensnégéséﬁ252by %ggglltagg égbraftment and
5 reduce the incidence of graft rejection. It has been
shown in a murine model of allogeneic cardiac
. transplantation that intravenous administration of
CTLA4-Ig can result in immunosuppression or even
induction of tolerance to alloantigen. (Lin et al, J.
10 Exp. Med. 178:1801, 1993; Torka et al, Proc. Natl. Acad.
Sci.,, USA, 89:11102, 1992). It is expected that the
subject primatized anti-B7.1 antibodies will exhibit
similar or greater activity.
Antibodies produced in the manner described above,
15 or by equivalent techniques, can be purified by a
combination of affinity and size exclusion
chromatography for characterization in functional
biological assays. These assays include determination
of specificity and binding affinity as well as effector
20 function associated with the expressed isotype, e.g.,
ADCC, or complement fixation. Such antibodies may be
used as passive or active therapeutic agents against a
number of human diseases, including B cell lymphoma,
infectious diseases including AIDS, autoimmune and
25 inflammatory diseases, and transplantation. The
antibodies can be used either in their native form, or
as part of an antibody/chelate, antibody/drug or
antibody/toxin complex. Additionally, whole antibodies
or antibody fragments (Fab,, Fab, Fv) may be used as
30 imaging reagents or as potential vaccines or immunogens
in active immunotherapy for the generation of anti-
idiotypic responses.
The amount of antibody useful to produce a
therapeutic effect can be determined by standard



human B7.1 antigen and/or human B7.2 antigen will be admnistered in
soluble form e.g., by expression of a B7, B7.1 or B7.2 gene which has its
t ransnmenbrane and 25 cytopl asm ¢ donmi ns renoved, thereby |eaving only
the extracellular portion, i.e., the extracellular superfamly V and Clike
domai ns. (See, Weo9euosss UNet et al, Hum Imunol., 40(3), p. 22ETARY6/108504,
whi ch teaches expression of a soluble formof human B7, which 30 S

i ncorporated by reference in its entirety herein). The nacaques wll be

i mruni zed with the B7, B7.1 and/or B7.2 antigen, preferably a soluble form
t hereof, under conditions which result in the production of antibodies
specific thereto. Preferably, the sol uble WD 96/ 40878

PCT/ US96/ 10053 -25- hunan B7, B7.1 or B7.23antigen will be adm nistered in
conmbi nation with an adjuvant, e. g., Conpl ete Freund' s Adjuvant (CFA), Al um
Saponi n, or other omn adj uvants, as well as conblnatlons Lhereof I n
gegeral . this witgchniayss, yeld Wh: £Q FhRfmioharshinazyyskigl frthe e

i njection, over asver &hemnttibodies wimnp¢enenanﬁynhﬁlpabwdﬂedfbgolubIe B7.1
antigen was effe : 'JQ%FH- t1i2 QN 3to 4
nmonth period, wt res:q?tant p:‘y;c’)]l u%?gﬁpg?ségﬂﬁm 1 170‘%3.1?61?%?% éém bodi es
whi ch bound hunePkrifen, ang &y be administered by any desired route.

5 Because of the efficacy of the presently claimed
antibodies and their tolerance by humans it is possible
to administer these antibodies repetitively in order to
combat various diseases or disease states within a
human.

10 The anti-B7.1 antibodies (or fragments thereof) of
this invention are useful for inducing

immunosuppression, i.e., inducing a suppression of a
human’s or animal’s immune system. This invention
therefore relates to a method of prophylactically or

15 therapeutically inducing immunosuppression in a human or
other animal in need thereof by administering an
effective, non-toxic amount of such an antibody of this
invention to such human or other animal.

The ability of the compounds of this invention to

20 induce immunosuppression has been demonstrated in
standard tests used for this purpose, for example, a
mixed lymphocyte reaction test or a test measuring
inhibition of T-cell proliferation measured by thymidine
uptake.

25 The fact that the antlbodles of this invention have
utility in inducing immunosuppression indicates that
they should be useful in the treatment or prevention of
resistance to or rejection of transplanted organs or
tissues (e.g., kidney, heart, lung, bone marrow, skin,

30 cornea, etc.); the treatment or prevention of
autoimmune, inflammatory, proliferative and
hyperproliferative diseases, and of cutaneous
manifestations of immunologically medicated diseases
(e.g., rheumatoid arthritis, lupus erythematosus,



After immunization B cells are collected, e.g., by |ynph node biopsies
taken fromthe imuni zed aninmals and B | ynphocytes fused with KH6/B5 (nouse
X human) heteronyel oma cells using polyethyl ene glycol. Mthods 15 for
preparation of such heteromyel onas are known and nmay be found in U S

Serial No. 08/3ﬁ9m$ﬁﬁmby Newran et al, filed on January 25, I1SS5Use6toos3

I ncorporated by reference herein. Heterohybridomas which secrete anti bodies
whi ch 20 bi nd hunman B7, B7.1 and/or B7.2 are then identified. This may be
effected by known techni ques. For exanple, this may be determ ned by ELI SA
or radi oi munoassay usi ng enzyne or radionuclide |abelled human B7, B7.1
and/or B7.2 antigen. 25 Cell lines whieh secrete anti bodi es havi ng
the desired specificity to human B7, B7. F3amd/ or B7.2 antigen are then
subcl oned to nonoclonality. In the present invention, the inventors

screened purified antibodies for their ability to bind.to sqlybl.e 30 B7.1
anti gen coat ed ﬁVﬁ?@?l? YRR §IA ?“ﬁnt?é%?ﬁ?ﬁﬁﬁ%iéh?rﬁlgélF§f and CHO
transf ect omas wmidkiplereshkernsis, Byabthenigegravis hdiypecdl disbetase. | n

SOl . 1, SRSt ALl LA Laghl ) dotdal ook B cel 117
PCT/ US96/ 10053 dermatitis, contact dermatitis and further eczematous
5 dermatitides, seborrheic dermatitis, Lichen planus,
Pemplugus, bullous pemphigus, Epidermolysis bullosa,
urticaria, angioedemas, vasculitides, erythema,
cutaneous eosinophilias, Alopecia areata, etc.); the
treatment of reversible obstructive airways disease,

10 intestinal inflammations and allergies (e.g., Coeliac
disease, proctitis, eosinophilia gastroenteritis,
mastocytosis, Crohn’s disease and ulcerative colitis)
and food-related allergies (e.g., migraine, rhinitis and
eczema) . . '

15 One skilled in the art would be able, by routine
experimentation, to determine what an effective, non-
toxic amount of antibody would be for the purpose of
inducing immunosuppression. Generally, however, an
effective dosage will be in the range of about 0.05 to

20 100 milligrams per kilogram body weight per day.

The antibodies (or fragments thereof) of this
invention should also be useful for treating tumors in a
mammal. More specifically, they should be useful for
reducing tumor size, inhibiting tumor growth and/or

25 prolonging.the survival time of tumor-bearing animals.
Accordingly, this invention alsc relates to a method of
treating tumors in a human or other animal by
adninistering to such human or animal an effective, non-
toxic amount of an antibody. One skilled in the art

30 would be able, by routine experimentation, to determine
what an effective, non-toxic amount of anti-B7 antibody
would be for the purpose of treating carcinogenic
tumors. Generally, however, an effective dosage is



-26- production and tritiated thym dine uptake in a m xed | ynphocyte
reaction (MLR), with B7 binding being detected using [err]l-radiol abel ed
soluble B7.1 (SB7.1). Also, affinity purified antibodi es from nmacaques 5
were tested for their reactivity against CHO transfectants which expressed
B7.1/1g fusi.onyppodgsas. and agai nst CHO cel | s whi ch producedpbwmoBsenbnss 2
antigen. These results indicated that the B7.1 immune sera bound to the -
B7.2 transfectonas. Binding of antibodies to 10 B7.2 antigen may be
~confirmed using soluble B7.2-1g reagents. As discussed in the exanples,
this may be effected by producing and purifying B7.2-1g from CHO
transfectomas in sufficient quantities to prepare a B7.2-1g-sepharose
affinity colum. Those antibodies 15 wh+2%-cross-react with B7.2 w |
bind the B7.2-1g- sepharose colum. Cell lines which express antibodies
whi ch specifically bind to human B7 antigen, B7.l antigen and/or B7.2
antigen are therf efote) BReinatharands) of abRutn0sR8EACK f or t he
manuf act ure of prillHgrame petri kbllbgsamsmiy waliphtapegedayi bed in Newnan et

ol (1992), 1. and beuTRReShohos (S e ilerlonthdy e adul ftbedameT Y

25, 1995, both of whi ch are 1 ncorporat &rence? herer n sentrally,
this entails 25to &buman 8y EFhFGRIAN‘H@Jef%Wcé’Eﬁ?BPglUhtlt‘otbﬁbNA and

anplificati @ thefaenebyiBaBduftlodg SPeatdditmenti AR &n SWbhmpl € priners
are descri bed 'r§J¥¥M@§en%tto proggcé such effect to a therapeutic or
prophylactic degree. Such antibodies of the invention
can be administered to such human or other animal in a
conventional dosage form prepared by combining the

10 antibody of the invention with a conventional
pharmaceutically acceptable carrier or diluent according
to known techniques. It will be recognized by one of
skill in the art that the form and character of the
pharmaceutically acceptable carrier or diluent is

15 dictated by the amount of active ingredient with which
it is to be combined, the route of administration and
other well-known variables.

The route of administration of the antibody (or
fragment thereof) of the invention may be oral,

20 parenteral, by inhalation or topical. The term
parenteral as used herein includes intravenous,
intraperitoneal, intramuscular, subcutaneous, rectal or
vaginal administration. The subcutaneous and
intramuscular forms of parenteral administration are

25 generally preferred.

The daily parenteral and oral dosage regimens for
employing compounds of the invention to prophylactically
or therapeutically induce immunosuppression, or to
therapeutically treat carcinogenic tumors will generally

30 be in the range of about 0.05 to 100, but preferably
about 0.5 to 10, milligrams per kilogram body weight per
day.

The antibodies of the invention may also be
administered by inhalation. By "inhalation" is meant



Id. and in U S. Serial No. 379,072. (See, in particular, Figure 1 of U.S.
Serial No. 379,072). 30 The cl oned nonkey vari abl e genes are then
inserted into an expression vector which contains human heavy and |i ght
chain constant region genes. Preferably, this is effected using a

proprietary expy¢sdg4osss vector of IDEC, Inc., referred to as NeCHBSSsn0II s
vector is showmn in - WO 96/ 40878 '

PCT/ US96/ 10053 -27- Figure 2 and contains the cytonegal ovirus
pronot er/ enhancer, the nouse beta gl obin major pronoter, the SV40 origin of
replication, the bovine growth hornone pol yadenyl ati on sequence, neonycin 5
phosphot ransferase exon 1 and exon 2, human i munogl obul i n kappa or | anbda
constant region, the dihydrofol ate reducte¥e gene, the human i nmunogl obul in
gamma 1 or gamma 4 PE constant region and | eader sequence. This vector has
been found to re

ant i bodi es uponlpﬁfgpégﬁ }n#ﬁhﬁ}%ggapaﬁégress+¥é¥{hﬂﬂorIn?ﬁgﬁggection

in CHO cells, f@lplpmmdlbyesébwe dienms @418 sucht adnimisteatiion amsgich

net hotrexate anpld fahC%EkQEolFf’érrﬁi(ﬂ@icﬁ: otﬂ“'asm%)égi-éésd&éle Wzﬁ@zha%at}ee” 15

previously disclosed to r rlnatlz nt,i bodi es_havi n avidity
(Kd < 10-[err] MF REEPALE cfﬁ_gﬁﬂyé% %ec%nlques. The pr égé

5 dosage amount of a compound of the invention to be
employed is generally within the range of about 10 to
100 milligrams.

The antibodies of the invention may also be

administered topically. By topical administration is

10 meant non-systemic administration and includes the
application of an antibody (or fragment thereof)
compound of the invention externally to the epidermis,
to the buccal cavity and instillation of such an
antibody into the ear, eye and nose, and where it does

15 not significantly enter the blood stream. By systemic
administration is meant oral, intravenous,
intraperitoneal and intramuscular administration. The
amount of an antibody required for therapeutic or
prophylactic effect will, of course, vary with the

20 antibody chosen, the nature and severity of the
condition being treated and the animal undergoing
treatment, and is ultimately at the discretion of the
physician. A suitable topical dose of an antibody of
the invention will generally be within the range of

25 about 1 to 100 milligrams per kilogram body weight
daily.

Formulations
While it is possible for an antibody or fragment
thereof to be administered alone, it is preferable to
30 present it as a pharmaceutical formulation. The active
ingredient may comprise, for topical administration,
from 0.001% to 10% w/w, e.g., from 1% to 2% by weight of
the formulation, although it may comprise as much as 10%



human cel|l surface receptors. Moreover, the antibodi es have been found to

exhibit the sane affinity, specificity and functional activity as the

original 20 nonkey anti body. This vector systemis substantially

di scl osed in comonly assigned U S. Serial No. 379,072, incorporated by

reference hereipwpogsosmd | as U.S. Serial No. 08/149, 099, fil edromusee/mosser

3, 1993, also incorporated by reference in its entirety herein. This 25

system provi des for high expression levels, i.e., > 30 pg/cell/day. As

di scussed infra, the subject inventors have selected four |ead candidate

nmonkey nonocl onal anti bodi es which specifically bind the B7.1 antigen, and

30 which may also bind the B7.2 antigen. These nonkey nonocl onal

antibodies are referred to herein as 7B6,-3%€10, 7Cl10 and 20C9. As

di scussed in greater detail infra, these antibodi es were eval uated for

t heir. abilityt% I%B V\?f ?/4% 78

PCT/ US96/ 10053 - -%gle F‘ngg ? nPeF ot i BHE S °r¥e§§u?’ég B?dllﬂqrie producti on

and tritiated tppefemadlypfaes Prld w Ad wAwnsifodyee foraulationor T cel |

FI ndlh-ng experinents fmrel Eogaghflbraémgﬂadtmrbﬂaﬁd& g@@%eaerif@%aHtaAioxb,l ood

ymphoeytes S JelSiSd L 8200 FnGrd¥snd MRt Rt S hore

5 acceptable carrier(s) therefor and optionally any other

therapeutic ingredients(s). The carrier(s) must be
"acceptable" in the sense of being compatible with the
other ingredients of the formulation and not deleterious
to the recipient thereof.

10 Formulations suitable for topical administration
include liquid or semi-liquid preparations suitable for
penetration through the skin to the site of where
treatment is required, such as liniments, lotions,
creams, ointments or pastes, and drops suitable for

15 administration to the eye, ear or nose.

Drops according to the present invention may
comprise sterile agueous or oily solutions or
suspensions and may be prepared by dissolving the active
ingredient in a suitable agueous solution of a

20 bactericidal and/or fungicidal agent and/or any other
suitable preservative, and preferably including a
surface active agent. The resulting solution may then
be clarified by filtration, transferred to a suitable
container which is then sealed and sterilized by

25 autoclaving or maintaining at 90°-100°C for half an
hour. Alternatively, the solution may be sterilized by
filtration and transferred to the container by an
aseptic technique. Examples of bactericidal and
fungicidal agents suitable for inclusion in the drops

30 are phenylmercuric nitrate or acetate (0.002%),
benzalkonium chloride (0.01%) and chlorhexidine acetate

) (0.01%). Suitable solvents for the preparation of an
oily solution include glycerol, diluted alcohol and
propylene glycol.



stimulator. B7 binding was radi oassayed using [err]l-radiol abel ed sol ubl e
B7.1. The observed results indicate that all of these antibodies bind B7.1
antigen with high affinity and effectively block B cell/T cell 10

i nteractions as evidenced by reduced IL-2 production and reduced
proliferation gf,d4ee | ynphocyte cultures. The properties ofpdingsseiooss
particul ar nonkey nonocl onal antibodies are sumuarized bel ow 1. To
denonstrate the nonkey antibodies' ability 15 to bl ock the
physi cal interaction between CILA4-1g, varying concentrations of the nonkey
anti-B7.1 anti bodi es and unl abel ed CTLA4-1G were incubated with
radi ol abel ed CTLA4-lIg[err]. The results of the inhibition assay showed 20
that the 1C50 (the concentration of inhibB8er which results in 50%

i nhibition) for the nonkey anti bodies are: a: 7C10: 0.39 [err]g/M b
16C10: 1.60 [err]g/M 25 \ C. 20C9: .90 [er /M d:
7B6: 39.0 [err]é‘?mm‘f acaogrding, £g SH%I%?%J\M&“?P[&P ﬂ%i';%'parent

affinity constagheséksiitfale omappajcatieborh eshebiskdnngrt ey87- |Bn coat ed
250 30y epe,totion mAPRGHLTERSH, hesFeiq SiquenBorubidnt 10-err)
optionally containing a bactericide and may be prepared
5 by methods similar to those for the preparation of
drops. Lotions or liniments for application to the skin
may also include an agent to hasten drying and to cool
the skin, such as an alcohol or acetone, and/or a
moisturizer such as glycerol or an oil such as castor
10 oil or arachis oil.

Creams, ointments or pastes according to the
preSent invention are semi-solid formulations of the
active ingredient for external application. They may be
made by mixing the active ingredient in finely-divided

15 or powdered form, alohe or in solution or suspension in
an aqueous or non-agueous fluid, with the aid of
suitable machinery, with a greasy or non-greasy basis.
The basis may comprise hydrocarbons such as hard, soft
or liquid paraffin, glycerol, beeswax, a metallic soap;

20 a mucilage; an oil of natural origin such as almond,
corn, arachis, castor or olive oil; wool fat or its
derivatives, or a fatty acid such as stearic or oleic
acid together with an alcohol such as propylene glycocl
or macrogols. The formulation may incorporate any

25 suitable surface active agent such as an anioniec,
cationic or non-ionic surface active such as sorbitan
esters or polyoxyethylene derivatives thereof.
Suspending agents such as natural gums, cellulose
derivatives or inorganic materials such as silicaceous

30 silicas, and other ingredients such as lanolin, may also
be included.

The subject anti-B7.1 antibodies or fragments
thereof may also be administered in combination with
other moieties which modulate the B7:CD28 pathway. Such



WD 96/ 40878 PCT/ US96/ 10053 -29- d:
20C9: 16.8 x 10-[err] 3. The anti bodies were tested in vitro in a m xed
| ynphocyte reaction assay (MLR). The MR showed that all 4 anti-B7.1

anti bodies inhibit 5 I L-2 production to different extents as
shown by the fQldsuMog | bgo val ues: a: 7B6: 5.0 [err] gpdtrosesnoassC10:
<0.1 [err]g/Mc: 20C9 2.0 [err]g/M 10 : d: 7C10:

5.0 [err]g/ M 4. The nonkey anti-B7.1 antibodies were tested for their
ability to bind B7 on human peripheral blood | ynphocytes (PBL). FACS

anal ysis showed that all 4 nonkey anti bodies 15 tested
positive. 5. Monkey anti bodi es 16C10, 7B6, 7Cl0 and 20C9 were tested for
Cl g binding by FACS anal ysis. Results show@®F 7C10 nonkey | g had strong
human C g binding after incubating with B7.1 C}K} 20

transfected cells. 16C10 osjtive I le C9 and 7B6 nonk

ant i bodi es wer e MP§HeF 1 udg’l’ob%é"aé{:to r?’?r‘ﬁp r FEHEFINGS ﬁ%fﬁ:-atsox
studi es, the noAley amgdi umdaes CELA4 +B5t exbluble CTLA-4 and anti-CD28

. antibodies and fragments thereof.
It will be recognized by one of skill in the art

5 that the optimal guantity and spacing of individual
dosages of an antibody or fragment thereof of the
invention will be determined by the nature and extent of
the condition being treated, the form, route and site of
administration, and the particular animal being treated,

10 and that such optimums can be determined by conventional
techniques. It will also be appreciated by one of skill
in the art that the optimal course of treatment, i.e.,
the number of doses of an antibody or fragment thereof
of the invention given per day for a defined number of

15 days, can be ascertained by those skilled in the art
using conventional course of treatment determination
tests.

Without further elaboration, it is believed that

one skilled in the art can, using the preceding

20 description, utilize the present invention to its
fullest extent. The following formulations are,
therefore, to be construed as merely illustrative
enmbodiments and not a limitation of the scope of the
present invention in any way.

25 Capsule Composition
A pharmaceutical composition of this invention in
the form of a capsule is prepared by filling a standarad
two-piece hard gelatin capsule with 50 mg. of an
antibody or fragment thereof of the invention, in
30 powdered form, 100 mg. of lactose, 32 mg. of talc and 8
ng. of magnesium stearate.



with animal blood fromdifferent species. It 25 was determ ned .
that the nonkey anti-B7.1 anti bodi es cross-reacted with human, chinpanzee,
and possi bly baboon. Based on these properties, it would appear that three
nonkey nonocl onal anti bodi es possess the nost 30 advant ageous properties,
16C10, 7Cl0 an@ualékidfes7s th 16C10 and 7C10 bei ng sonmewhat bet t BCT/USHE10G58 CO.
WD 96/ 40878 PCT/ US96/ 10053 - 30- -
Usi ng the techni ques described supra, and in comonly assigned U. S. Serial
-No. 08/379,072, the present inventors have cloned the variabl e domai ns of
7C10, 7B6 and 16C10, and provide the am no acid and 5 nucleic acid
sequences of primatized forns of the 7Cl0 |ight chain, 7Cl0 heavy chain,
7B6 1ight chain, 7B6 heavy chain, 16Cl0 | 4Bt chain and 16C10 heavy chain.
These ami no acid and nucleic acid sequences may be found in Figures 8a and
8b, 9a and 9b, and 10a and 10b. The 10 DNA and amino acid sequence for
the human gamma 1 constant donaln nay be found in 08/379,072. As discussed
supra, these prilmiegtabl f efitidl y expressed using the
NEGSPLA expression vegt aﬁﬁw@aﬁegfl saﬁggo 3 WU g Scnagb%aeﬁt%ﬁym a

described in 15 comonl y assi /2 and 08/ 149, 099, both of
form suitable fo admlnlstration by injection is

prepared by stirring 1.5% by weight of an antibody or
5 fragment thereof of the invention in 10% by volume

propylene glycol and water. The solution is sterilized
by filtration.

Ointment Composition
Antibody or fragment thereof of the invention
10 1.0 g.
White soft paraffin to 100.0 g.
The antibody or fragment thereof of the invention
is dispersed in a small volume of the vehicle to produce
a smooth, homogeneous product. Collapsible metal tubes
15 are then filled with the dispersion.

Topical Cream Composition
Antibody or fragment thereof of the invention
1.0 g.
Polawax GP 200 20.0 g.
20 Lanolin Anhydrous 2.0 g.
White Beeswax 2.5 g.
Methyl hydroxybenzoate 0.1 g.
Distilled Water to 100.0 g.
The polawax, beeswax and lanolin are heated
25 together at 60°C. A solution of methyl hydroxybenzoate
is added and homogenization is achieved using high speed
stirring. The temperature is then allowed to fall to
50°C. The antibody or fragment thereof of the invention
is then added and dispersed throughout, and the
30 composition is allowed to cool with slow speed stirring.



whi ch applications are incorporated by reference herein. As previously
noted, the subject primatized antibodies will preferably contain either the
human i mmunogl obulin gamma 1 or gamma 4 constant region, with 20 gama 4
preferably nutated at two positions to create gamma 4 PE. The gamm 4 PE
mut ant cont ai nsyh\Weudkys ations, a glutamc acid in the CH2 regir@T/isaéro0ssuced
to elimnate residual FCR binding, and a proline substitution in the hinge
region, intended to enhance 25 the stability of the heavy chain disulfide
bond interaction. (See, Alegre et al, J. Inmmunol., 148, 3461-3468, (1992);
and Angel et al, Ml . Inmunol., 30, 105-158, (1993), both of which are

I ncorporated by reference herein). 30 Whet her the subject primatized
anti bodi es contain the gamma 1, ganma 4 or4ganma 4 PE constant region

| argel y depends on the particul ar disease target. Preferably, depleting and

non-depl eting primtized 1. gGlL WO 96/,40878
PCT/ US96/ 10053 -3395%#%#&%#%9§%995@8§#§493re created and tested agai nst
speci fic di sease tar gaitsibddy @r tfiragheatr theredf raff rthearithviemtdbnonal

properties of the qgject nonkey nonocl onal antibodies, 5 these anti-B7.1
e

nmonocl onal ant i bodi and prinmatized
Sorbitan Monolaurate 0.6 g.

5 Polysorbate 20 0.6 g.

Cetostearyl Alcohol 1.2 g.

Glycerin 6.0 g.

Methyl Hydroxybenzoate 0.2 g.

Purified Water B.P. to 100-00 ml. (B.P. = British

10 Pharmacopeia)

The methyl hydroxybenzoate and glycerin are
dissolved in 70 ml. of the water at 75°C. The sorbitan
monolaurate, polysorbate 20 and cetostearyl alcohol are
melted together at 75°C and added to the aqueous

15 solution. The resulting emulsion is homogenizeq,
allowed to cool with continuous stirring and the
antibody or fragment thereof of the invention is added
as a suspension in the remaining water. The whole
suspension is stirred until homogenized.

20 Eye Drop Composition

Antibody or fragment thereof of the invention
0.5 g. '

Methyl Hydroxybenzoate 0.01 g.

Propyl Hydroxybenzoate 0.04 g.

25 Purified Water B.P. to 100~00 ml.

The methyl and propyl hydroxybenzoates are
dissolved in 70 ml. purified water at 75°C and the
resulting solution is allowed to cool. The antibody or
fragment thereof of the invention is then added, and the

30 solution is sterilized by filtration through a membrane
filter (0.022 um pore size), and packed aseptically into
suitable sterile containers.



forms thereof should be well suited as therapeutic agents for bl ocking the
B7: CD28 interaction thereby porviding for immunosuppression. In particular,
given their high affinity to B7.1 antigen and ability to block 10 B
celI/T cell interactions as measured by |L-2 production and tritiated
thym di ne upt akg b@ gxed | ynphocyte culture as well as theirpetubsstiyoss o
effectively |nh|% antigen driven responses in donor spleen cell cultures
as shown by reduced antigen 15 specific 1gG responses, |L-2 production
and cell proliferation, these nonkey nonocl onal antibodies and primatized
forns thereof should function as effective i munosuppressants which

- nmodul ate the B7: CD28- pathway. This is significant for the treatnent of nmany
di seases 20 wherein i nmunosuppression i s-42kerapeutically desirable, e.g.,
aut oi nmmune di seases, to inhibit undesirable antigen specific IgG responses,
and al so for preventlon of organ rQ]QCtIOﬂ and oraft Versus- host di sease.
Essential ly, theSSEBPEL1INoH Y D {reating any

di sease wherei n suppr Pesi axm aérdsnﬂ.Ebnﬁﬁﬂ&epaWﬂﬂhya|Qapdua¢ap@¢tnﬁaﬂny
desirabl e. Key t%ﬁraggﬂtiﬁ ) d'éf“d tB%EdPhSrS n@”ﬁﬂeré%% &f the

anti bodies inclu way O exanp aut of nmune seases such %

i di opat hi ¢ t hr onBSVPREER| Wit AP 53 °f(PTﬁ¥br§§%ﬁ¥ﬂﬁ<?QQHﬁj such as

eryt hemat osus ( Sipollysbybetd 8 aeteleiteladitysanaudispdmses duwhosiistuapl asti ¢
anen a, psori asi §nagdp£,gsgfﬂ&i_’d @Jél-braist if}eoﬁpoipgfeﬁw fig£ant therapeutic

i ndication of thé
combination of (1,2 dichlorotetrafluoroethane) and

difluorochloro-methane and put into an appropriate
aerosol container adapted for either intranasal or oral
10 inhalation administration.

Composition for Administration by Inhalation

For an aerosol container with a capacity of 15-20
ml: dissolve 10 mg. of an antibody or fragment thereof
of the invention in ethanol (6-8 ml.), add 0.1-0.2% of a

15 lubricating agent, such as polysorbate 85 or oleic acid;
and disperse such in a propellant, such as freon,
preferably in combination of (1.2 dichlorotetra-
fluoroethane) and difluorochloromethane, and put into an
appropriate aerosol container adapted for either

20 intranasal or oral inhalation administration.

The antibodies and pharmaceutical compositions of
the invention are particularly useful for parenteral
administration, i.e., subcutaneously, intramuscularly or
intravenously. The compositions for parenteral

25 administration will commonly comprise a solution of an
antibody or fragment thereof of the invention or a
cocktail thereof dissolved in an acceptable carrier,
preferably an agueous carrier. A variety of aqueous
carriers may be employed, e.g., water, buffered water,

30 0.4% saline, 0.3% glycine, and the like. These
solutions are sterile and generally free of particulate
matter. These solutions may be sterilized by
conventional, well-known sterilization techniques. The



subject anti-B7.1 antibodies is for prevention of graft- WO 96/ 40878
PCT/ US96/ 10053 -32- versus-host-di sease (GVHD) during organ transplant and
bone marrow transplant . (BMI). The subject antibodies may be used to induce
host tol erance to donor-specific alloantigens and thereby facilitate

engr af t ment a”@w?mﬁﬁgﬂpe the incidence of graft rejection. |t pbBsiaosss
shown in a nurine nodel of allogeneic cardiac transplantation that .

i ntravenous adm nistration of CTLA4-1g can result in inmunosuppression or
~even induction of tolerance to alloantigen. (Lin et al, J. 10 Exp. Med.
178:1801, 1993; Torka et al, Proc. Natl. Acad. Sci.. USA, 89:11102, 1992).
It is expected that the subject prinmatized anti-B7.1 antibodies wl|
exhibit simlar or greater activity. Anti®és+es produced in the manner
descri bed above, 15 or by equival ent techni ques, can be purified by a

conmbi nation of affinity and size exclusion chromatography for
char act eri zat i orFPPF A" FRYLFEPERIR Pharagrutirigddy assapkable| ude
det er mi nati on ofawgddiaiycisupstadcksnas ngeqiired tho appreklinaseef f ect or 20

;!J”Ct-i on associ ?hﬁi‘@ﬁéi@&@l %B&%igﬂsiapéxypa% Ph %‘daiué.@(fgg %ﬁdco”p' ement
i xation. Such antibodl €s nmay be used as passive or active-therapeutic
agents agai nst Juffering agents, etc. The concentration of the _

§ antibody or fragment thereof of the invention in such
pharmaceutical formulation can vary widely, i.e., from
less than about 0.5%, usually at or at least about 1% to
as much as i5 or 20% by weight, and will be selected
primarily based on fluid volumes, viscosities, etc.,

10 according to the particular mode of administration
selected.

Thus, a pharmaceutical composition of the invention
for intramuscular injection could be prepared to contain
1 Ml sterile buffered water, and 50 mg. of an antibody

15 or fragment thereof of the invention. Similarly, a
pharmaceutical composition of the invention for
intravenous infusion could be made up to contain 250 ml.
of sterile Ringer’s solution, and 150 mg. of an antibody
or fragment thereof of the invention. Actual methods

20 for preparing parenterally administrable compositions
are well known or will be apparent to those skilled in
the art, and are described in more detail in, for
example, Remington’s Pharmaceutical Science, 15th ed.,
Mack Publishing Company, Easton, Pennsylvania, hereby

25 incorporated by reference herein.

The antibodies (or fragments thereof) of the
invention can be lyophilized for storage and
reconstituted in a suitable carrier prior to use. This
technique has been shown to be effective with

30 conventional immune globulins and art-Kknown
lyophilization and reconstitution techniques can be
employed.

Depending on the intended result, the
pharmaceutical composition of the invention can be



nunber of human di seases, including B cell |ynphoma, infectious diseases

I ncl udi ng Al DS, autoi nmune and 25 I nfl ammat ory di seases, and

transpl antation. The antibodies can be used either in their native form
or as part of an antibody/chel ate, antibody/drug or antibody/toxin conpl ex.
Addi tional ly, Wiobdsegsat i bodies or antibody fragments (Fab[errpcr/bsdsnoedsy)
may be used as 30 | magi ng reagents or as potential vaccines or immunogens
in active inmunotherapy for the generation of anti- idiotypic responses.
The amount of anti body useful to produce a therapeutic effect can be

determ ned by standard WO 96/ 40878

PCT/ US96/ 10053 -33- techniques well known to those of ordinary skill in the
art. The antibodies will generally be provéded by standard technique wthin
a pharmaceutically acceptable buffer, and may be adm ni stered by any

desired route. 5 Because of th ffi f th tl | med
ant:bodiesuand t *nij nggn%nggrﬂhﬁ%. céaciiﬁ?ﬁ%&ggﬁgﬁagﬁggg%rﬁister t hese

anti bodi es repettx¢atgigntisn ofdethevapewbid applivasidhsecasmposititinease
states within a [MdeEmitisterea tdN8 potieft d1,23kybedeearing #FXaments

thereof) of this_jnventiqn are useful” for, i1 nducin
disease, in an amount sufficient to cure or at least

5 partially arrest the disease and its complications. In
prophylactic applications, compositions containing the
present antibodies or a cocktail thereof are
administered to a patient not already in a disease state
to enhance the patient’s resistance.

10 Single or multiple administrations of the
pharmaceutical compositions can be carried ocut with dose
levels and pattern being selected by the treating '
physician. In any event, the pharmaceutical composition
of the invention should provide a quantity of the

15 altered antibodies (or fragments thereof) of the
invention sufficient to effectively treat the patient.

It should also be noted that the antibodies of this
invention may be used for the design and synthesis of
either peptide or non-peptide compounds (mimetics) which

20 would be useful in the same therapy as the antibody.

See, e.g., Saragovi et al., Science, 253, 792-795
(1991).

To further illustrate the invention, the following
examples are provided. These examples are not intended,

25 nor are they to be construed, as further limiting the
invention.

Example 1
Recombinant immunoglobulin libraries displayed on

the surface of filamentous phage were first described by
30 McCafferty et al, Nature, 348:552-554, 1990 and Barbas
et al, Proc. Natl. Acad., Sci., USA 88:7978-7982, 1991.
Using this technology, high affinity antibodies have
been isolated from immune human recombinant libraries



| Mmunosuppression, i.e., inducing a suppression of a human's or animal's

I mmune system This invention therefore relates to a nethod of

prophylactically or 15 t herapeutical ly i nducing i mmunosuppression in a

human or ot her aninal in need thereof by adm nistering-an effective,

non-t oxi c annunﬁ 408dgN an antibody of this invention to suchedrmsyeiemss

ot her animal. The ablllty of the conmpounds of this invention to 20 I nduce

I mMmunosuppr essi on has been denonstrated in standard tests used for this

pur pose, for exanple, a m xed |ynphocyte reaction test or a test neasuring

I nhibition of T-cell proliferation neasured by thym di ne uptake. 25

The fact that the antibodies of this invention have utility in inducing

i mmunosuppression indicates that they showdd-be useful in the treatnent or

prevention of resistance to or rejection of transplanted organs or tissues

(e.g.., kidney, gg qu? bone Tar [ow, skin cornea etc.); the
AFPRR ©

treatment or pre é?#ﬁhﬁg—zhﬁFﬁﬁﬁﬁaéai%L 30184 -and

hyperproliferati ¥01688gseh39),. amdtmbugwt&heophagandispmay|cmnceﬂt used
| mmunol ogi cal |y gRILGRLEAM A G1nliSad ol RAKEMIAIL:Hdd By 'Bhrpadf|s
eryt hemat osus, WO 96/ 408 ] , ..
PCT/ US96/ 10053 - 3921, Id. the technique has been modified by the
5 substitution of a unique vector for monkey libraries to
reduce the possibility of recombination and improve
stability. This vector, pMS, Figure 1 contains a single
lac promoter/operator for efficient transcription and
translation of polycistronic heavy and light chain
10 monkey DNA. This vector contains two different leader
sequences, the omp A (Movva et al, J. Biol. Chem., 255:
27-29, (1980), for the light chain and the pel B (Lei,
J. Bact., 4379-109:4383 (1987) for the heavy chain Fd.
Both leader sequences are translated into hydrophocbic
15 signal peptides that direct the secretion of the heavy
and light chain cloned products into the periplasmic
space. In the oxidative environment of the periplasm,
the two chains fold and disulfide bonds form to create
stable Fab fragments. We derived the backbone of the
20 vector from the phagemid bluescript. (Stratagene, La
Jolla, CA). It contains the gene for the enzyme beta-
lactamase that confers ampicillin (carbenicillin)
resistance to bacteria that harbor pMS DNA. We also
derived, from bluescript, the origin of replication of
25 the multicopy plasmid ColEl and the origin of
replication of the filamentous bacteriophage fl1. The
origin of replication of phage fl (the so-called
intragenic region), signals the initiation of synthesis
of single stranded pMS DNA, the initiation of capsid
30 formation and the termination of RNA synthesis by viral
enzymes. The replication and assembly of pMS DNA
strands into phage particles requires viral proteins
that must be provided by a helper phage. We have used
helper phage VCSM13 which is particularly suited for



system c | upus erythemat osus, Hashi not os thyroi'di tis, multiple sclerosis,
nmyast henia gravis, type 1 diabetes, uveitis, nephrotic syndrone, psoriasis,
atopical dermatitis, contact dermatitis and further eczenmatous 5
dermatitides, seborrheic dermatitis, Lichen planus, Penplugus, bullous
penphi gus, Epi ¢k sgaoyi S bul l osa, urticaria, angi oedenas, vasepcw/Ussecdews3
eryt hema, cutaneous eosinophilias, Al opecia areata, etc.); the treatnent’ of
reversi bl e obstructive airways di sease, 10 i ntestinal inflammtions and
allergies (e.g., Coeliac disease, proctitis, eosinophilia gastroenteritis,
mast ocytosis, Crohn's disease and ul cerative colitis) and food-rel ated
allergies (e.g., mgraine, rhinitis and eczem). 15 One skilled in
the art would be able, by routine experinmeffiati on, to determ ne what an
effective, non- toxic anount of antibody would be for the purpose of
I nduci ng i nmuno pression. ,General | however, an e fect%ve dosage W || be
in the range of t 83nG8 ih 3ts° i%g&arﬁqﬁ 2gPERE FRILRT | TRf HABBHFNei ght
per day. The antdesdditenceor Backemein sinfresmtedf with VOSKL3 rarnhtpMsh asoul d
alhsol 3ebusef u:c }‘&]{ sterl@%ttdbagbilué@&t $nd NG HHER h_hm p?./ﬁrgnén%&kﬁér?ﬁiﬂ]ﬁl;iﬁ Q/ey -
shou e usefu r. reducing jor- size, .inhiDbiting funpr, gro and/ or
prol onging the it FnEaeTerkD Bed o, DeatArrezipnartl SRRy this
i nvention al%o netctwes fdlamentdns phage qﬁxjtrig:lbsnuost&i:n';n@wﬁebher ot her
ani mal by adm nigleidNGck SUGONSHIRN PaKligTRly 8F 8L GRLINEr PHiYe is
less efficient than that of pMS, resulting in a mixed
phage population that contains predominately recombinant
pMS phages. The ends of the phage pick up minor coat
10 proteins specific to each end. Of particular interest
here is the gene III product which is present in three
to five copies at one end of the phage. The gene IIX
product is 406 amino acid residues and is required for
phage infection of E. coli via the F pili. The first
is8 two domains of the heavy chain, the variable and the CHl
domain, are fused to the carboxy-terminal half of the
gene III protein. This recombinant pili protein,
directed by the pel B leader, is secreted to the
peroplasm where it accumulates and forms disulfide bonds
20 with the light chain before it is incorporated in the
coat of the phage. Also, another vector contains a FLAG
sequence engineered downstream of the gene III. The
FLAG is an 8 amino acid peptide expressed at the carboxy
terminal of the Fd protein. We are using commercially
25 available monoclonal anti-FLAG M2 for both purification
and detection of phage Fab by ELISA (Brizzard, Bio
Technigues, 16(4):730-731, (1%94)}).
After constructing the vector pMS, we tested its
ability to produce phage bound Fab using control
30 antibody genes. We cloned an anti-tetanus toxoid
antibody, (obtained from Dr. Carlos Barbas), into pMS
and transformed XLI-blue. We co-infected our cells with
VCSM13 and generated phage displaying the anti-tetanus
toxoid antibody. We performed efficiency experiments



toxi ¢ amount of an anti body. One skilled in the art 30 would be able, by
routine experinentation, to determ ne what an effective, non-toxic anount
of anti-B7 anti body would be for the purpose of treating carcinogenic
tunors. Generally, however, an effective dosage is WO 96/ 40878

PCT/ US96/ 10053 wa9sudipect ed to be in the range of about 0. 05 Foris0&10053
mlligranms per kilogram body wei ght per day. The antibodi es of the :

i nvention may be administered to a human or other aninmal in accordance with
the 5 af orenmenti oned nethods of treatnent in an anmount sufficient to
produce such effect to a therapeutic or prophylactic degree. Such

anti bodi es of the invention can be adm nistered to such human or ot her
animal in a conventional dosage form prepaé#@d by conbi ning the 10

anti body of the invention with a conventi onal pharnaceutically accept abl e

one of sk 11 1 n PREPS ARGk uaRusy SPPLACPERAF R4EH SPILRES HAERAERRsFcal | y
accept abl e carrikeadinglidanecinrelevadt adiibadpdabyl 1309 ,800unt Wef active
ingredient with ﬁ@ff&kﬁ%dléhgéé Q%uﬁagbb?eﬂanﬁ{ﬁbrﬁ&”&%ﬁf&lﬁ@”k@'ﬁiraf'on and
ot her mell-knomn var| r out m nistration of “the antlbody (or
he mlxed phage to antigen (tetanus toxoid) coat

5 polystyrene wells. Non-adherent phage were washed off

and the adherent phage were eluted with acid. The

eluted phage were used to infect a fresh aliquot of XLl-

Blue bacteria and helper phage was added. After

overnight amplification, phage were prepared and again

10 panned on antigen coated plates. After three rounds of
panning, we were able to show that we had successfully
enriched for the anti-tetanus toxoid phage. The success
of this technology also depends on the ability to
prepare soluble Fabs for characterization of the final

15 panned product. This was achieved by excising gene IIX
from the pMS DNA using the restriction enzyme Nhe I
followed by re-ligation. After the gene III was
excised, the Fab was no longer displayed on the phage
surface but accumulated in the piroplasmic space.

20 lysates were prepared from bacteria expreséing soluble
Fab and tested for antigen specificity using an ELISA.
High levels of soluble Fab were detected.

In order to adapt phage display technology for use
with macaque libraries, we developed specific primers

25 for PCR amplifying monkey immunoglobulin genes. These
were based on macague sequences we obtained while
developing the PRIMATIZED™ antibody technology (See,
08/379,072, incorporated by reference herein) and
databases containing human seguences. (Kabat et al,

30 (1991), "Seguences of Proteins of Immunological
Interest," U.S. Dept. of Health and Human Services,
National Institute of Health).

We developed three sets of primers to cover
amplification of the macaque repertoire. Our first set



fragnent thereof) of the invention may be oral, 20 parenteral, by
I nhal ation or topical. The termparenteral as used herein includes
i ntravenous, intraperitoneal, intranuscular, subcutaneous, rectal or
vagi nal admini stration. The subcutaneous and intramuscul ar forns of

parenteral adnmyg §5é?§<3n are 25 generally preferred. The dackimsesionss
parenteral and ora osage regi nens for enployi ng conpounds of the

i nvention to prophylactically or therapeutically induce inunosuppression,
or to therapeutically treat carcinogenic tunors will generally 30 be in
the range of about 0.05 to 100, but preferably about 0.5 to 10, mlligrans
per kil ogram body wei ght per day. The antibodies of the invention may al so
be adm ni stered by inhalation. By "inhal at#®n" is neant WO 96/ 40878
PCT/ US96/ 10053 -36- intranasal and oral inhalation admnistration.

ropriate dosa forms for sych,adm nistratiqn, h as _an aerosol
?glrormloat i on or ag‘ﬁeqré’rn?&'sdggﬁ Hﬁﬁé?@?d Ry WW&B&F@G“b?me&E?%aI

t echni ques. The ¢hafreMe@dnB CHUlo{RAE domairns.of Ix conpdahddobftdesd roEINt i on
to be enployed |gomiif imér"ahll Bikhgs "0 98Bl 2 RBUE £ Pc! Br 10041 {idedr ans.

bind in the framework 1 region. Our second set of

5 primers, for amplifying the whole lambda chain, covers

the many lambda chain subgroups. It consists of a 37

primer and three 5’ degenerate primers that bind in the

VL framework 1 region. oOur third set of primers was

designed for amplification of the kappa chain subgroups.

10 It consists of one 3/ primer and five VK framework 1
primers. Using each of these sets, PCR parameters were
optimized to obtain strong enough signals from each
primer pair so that ample material was available for
cloninqiof the library. We recently created macaque

15 - combinatorial libraries in our pMS vector using these
optimized PCR conditions. Bone marrow biopsies were
taken from CD4 immune monkeys as the source of
immunoglobulin RNA. The libraries contained
approximately 10° members and are currently being panned

20 for specific binders on antigen coated wells.

Example 2
Development of B7/CTLA-4 Reagents

We have generated a number of reagents for the
purpose of immunizing monkeys, developing binding and
25 functional assays in vitro, screening heterohybridomas
and panning phage libraries. Table 1 lists each reagent
and its intended purpose. In the case of B7.1, RNA was
extracted from SB cells and converted to cDNA using
reverse transcriptase. The first strand cDNA was PCR
30 amplified using B7.1 specific primers and cloned into
IDEC’s NEOSPLA mammalian expression vectors. CHO cells
were transfected with B7.1 NEOSPLA DNA and clones
expressing membrane associated B7.1 were identified.



The anti bodies of the invention may al so be adm nistered topically. By
topical admnistration is 10 nmeant non-system c adm nistration and

i ncludes the application of an antibody (or fragnment thereof) conpound of
the invention externally to the epiderm s, to the buccal cavity and
instillation ofywgdghesad anti body into the ear, eye and nose, amﬂwmbammuat
does 15 not significantly enter the blood stream By systemc

adm nistration is nmeant oral, intravenous, intraperitoneal and
intramuscul ar adm nistration. The anount of an antibody required for
t herapeutic or prophylactic effect will, of course, vary with the 20

anti body chosen, the nature and severity of the condition being treated and
the ani mal undergoing treatnment, and is uk#Prately at the discretion of the
physi cian. A suitable topical dose of an antibody of the invention wll
gener.ally be within the range of 25  about 1 to 100 ml ligramns

ki | ogram body we *%ﬁl 1&%I§Ps PEPEFFBn?a?%9?%F?§tQQ;ﬁi@é&PBPX!ngcﬁﬁt
ant i body or fraghhﬁt the PR anpli€iednBrl stgems wdDrlonel Batpraferable to

30 -present it §ﬁ= 35&?5‘.@&& %Etf:?@%@%iﬁ%l%ﬁbe tahVEHb”QBSdbﬁﬁ‘t may

conprise, for to nistration 1%
to 2% by wei ght ?RS*QPW%HQMQ%Bﬁs°aIFﬁguﬁﬁ11$ YRKe dsapstosngd Wﬂﬁh as 10%
5 the B7.1/Ig NEOSPLA DNA and stable clones secreting

B7.1/Ig fusion protein were amplified. 1In general, the
B7.2 and CTLA4 reagents were generated in the same
manner, except that for B7.2 the RNA was isolated from
human spleen cells that had been stimulated 24 hours

10 with anti-Ig and IL-4, and for the CTLA4 constructs the
gene source was PHA activated human T cells.

Table 1
l» Reagent Purpose CHO Expression
Soluble B7.1 Immunization, Yes
immunoassays

15 B7.1 Transfectant Screening, ELISA Yes I

B7.1/1g Fusion Inhibition studies, Yes

Protein : panning

B7.2 Transfectant Screening, ELISA Yes

B7.2/1g Fusion Inhibition studies, To be completed
20 Protein panning

CTLA4 Transfectant Inhibition studies To be completed

CTLA4/Ig Inhibition studies To be completed

The availability of these reagents, together with
monoclonal antibodies to B7.1 (L3074) (Becton Dickinson,
25 1994) and B7.2 (Fun-1 (Engel et al, Blood, 84, 1402~
1407, (1994) and purified goat and rabbit antisera,
- specifically developed to detect monkey Fab fragments,
facilitates identification of antibodies having the
desired properties.



WD 96/ 40878 PCT/ US96/ 10053 -37- w w
but preferably not in excess of 5% w w and nore preferably fromO0.1%to 1%
w w of the formulation. The topical fornulations of the present invention,
conprise an active ingredient together with one or nore 5 acceptable
carrier(s) thenghoguossrd optionally any other therapeutic ingrBOTAS6H005] .
The carrier(s) nust be "acceptable" in the sense of being conpatible with
the other ingredients of the fornmulation and not deleterious to the

reci pient thereof. 10 Formul ati ons suitable for topical

adm nistration include liquid or sem-liquid preparations suitable for
penetration through the skin to the site of where treatnent is required,
such as lininents, lotions, creans, ointneh®s or pastes, and drops suitable
for 15 adm nistration to the eye, ear or nose. Drops according to the

present invention may conprise sterile uequs .or oily solutions or
suspensi ons and nmay be prepared by disé%gﬁﬁﬁﬁLFhe active ingredient in a

sui t abl e aqueousInveskigation gf2¢he Emwune Reshensgndnofyhemglgwsial agent

and/or any ot herysakdyd|td Bolt®1¥ahhdCcefasiciatedl ¥umas! gl 99 a surface
active agent. The resulting solution may then be clarified by filtration,

transferred to a suitable container which is then sealed and sterilized by
25 autoclaving or rEo revalmate &hedOpasibillXy efr pEolucihgl hopkey

5 antibodies to human B7.1 antigen, we first purified
recombinant SB7.1 from CHO cell media by affinity
chromatography using a L307.4-sepharose affinity column.
SB7.1 was then injected, with adjuvant, into five mature
cynomolgus macagues. After a 3 to 4 month period of

10 booster immunizations, sera from the monkeys immunized
with SB7.1 or human SB cells were tested for antigen
binding.

Serum samples from the five monkeys immunized with
SB7.1. and three additional animals immunized with B7.1

15 positive human SB cells, were tested for antibody titers
against membrane associated B7.1 expressed in
transfected CHO cells. The results summarized in PFigure
3 showed that four out of five monkeys immunized with
affinity-purified SB7.1 produced antibody titers in

20 excess of 1:5000. The three animals immunized with SB
cells containing cell associated B7.1 expressed lower
titers of antibodies ranging from 1:1400 to 1:2800.

Example 4
We purified antibodies from sera of all eight

25 immunized monkeys using SB7.1l1-sepharose and then tested
their ability to bind to 1) SB7.1 coated plates in
ELISA; 2) antigen positive B cells and 3) B7.1 CHO
transfectomas. In addition, they were evaluated for
their ability to block B cell interactions as measured

30 by IL-2 production and tritiated thymidine uptake in a
mixed lymphocyte reaction (MLR). For T cell binding
experiments, human buffy coat peripheral blood



hour. Alternatively, the solution may be sterilized by filtration and
transferred to the container by an aseptic techni que. Exanpl es of
bactericidal and fungicidal agents suitable for inclusion in the drops 30
are phenyl nercuric nitrate or acetate (0.002%, benzal konium chl ori de
(0.01% and chlyhbgxdsss ne acetate (0.01% . Suitable sol vents fpar/usba100s3
preparation of an oily solution include glycerol, diluted al cohol and
propyl ene gl ycol . WO 96/ 40878 _

PCT/ US96/ 10053 -38- Lotions according to the present invention include
those suitable for application to the skin or eye. An eye |otion may
conprise a sterile aqueous solution optionally containing a bactericide and
may be prepared 5 by nethods simlar to-Bese for the preparation of
drops. Lotions or lininments for application to the skin may al so include an
agent, to hasten qi%ég and to cool .the skin, such_as an alcohol or acetone,

and/or a noisturt e oS CRISMTER £AT 0P T6 SIRYE A F2&: BFeseNCeyi | or
arachis oil. CrecoffsPHAI stimulstor. pa3t béndingruwamgidiedied pyeradioi nventi on

are senm-solid f | - . ' ' ' f I
appl?catizn.IThe§£%%$a%%ﬂﬂidg&bggﬁ%§?%g¥$ﬁ%Q%%?ﬁggpﬁggggﬁgézfiggi
finely-divided

Example 5

5 Direct binding of monkey antibodies to radiolabeled SB7.
137 radiolabeled SB7.1 was tested for binding to anti-
B7.1 antibodies at 4, 1 and 0.25 ug/ml in solution. The
results shown in Table 2 suggest that most of the
antibodies produced by monkeys immunized with SB7.1 were

10 capable of binding the affinity-purified '1-SB7.1 in a
concentration dependent manner. To evaluate the
specificity of binding to labeled SB7.1, unlabelled
SB7.1 competition experiments were done with antibodies
from two animals. Affinity-purified antibodies from

15 monkeys 1133 and 1144 were coated onto microwell plates
at 400 ng/well. Affinity-purified unlabeled SB7.1 (500
and 100 ng/well) was used as competitor. The results
shown in Figure 4 demonstrated that SB7.1 preparations
are effective in inhibiting the '®1-sB7.1 from binding to

20 the antibodies.

Table 2
Binding of SB7-I'”® to Monkey Antibodies Affinity
Purified on a SB7-Sepharose Affinity Column

T —
Antibody Monkey Numbers Il
25 {pg/ml) 769 908 1133 1135 1137 1139 1144 1146
- 4 175 213 9,056 12,771 4,318 | 226 | 5,781 | 108
1 106 142 6,569 7,940 3,401 | 110} 3,901 80
0.25 .95 104 1,863 2,673 1,219 | 100§ 1,186 94




15 or powdered form alone or in solution or suspension in an agueous or
non-aqueous fluid, with the aid of suitable machinery, with a greasy or
non- greasy basis. The basis may conprise hydrocarbons such as hard, soft or
liquid paraffin, glycerol, beeswax, a netallic soap; 20 a nucil age; an
oi | of natural prbgidarsuch as alnond, corn, arachis, castor OPCHUE9620083 ;
wool fat or its derivatives, or a fatty acid such as stearic or oleic acid
together with an al cohol such as propyl ene glycol or macrogols. The
formul ati on may i ncorporate any 25 sui tabl e surface active agent such as
an anionic, cationic or non-ionic surface active such as sorbitan esters or
pol yoxyet hyl ene derivatives thereof. Suspending agents such as natural
guns, cellul ose derivatives or inorganic m&2erials such as silicaceous 30
silicas, and other ingredients such as lanolin, may also be included. The

subject anti-B7.1 antibodies or fragnents thereof may alsq be adm njstered
in conbination WRR2oRREMERR Sfales i chuﬁiaﬁ?ﬁ? eaﬁﬁfé'st"%ngpﬁﬁfﬁﬂgy. Such
WD 96/ 40878 cpm SB7-I'” bound. PCT/ US96/ 10053 - 39-

noi eties include, by way of exanple, cytokines such as IL-7 and IL-10,
CTLA4-1g, soluble CTLA-4 and anti-CD28 anti bodi es and fragnents thereof.

Example 6

Direct binding of radiolabeled affinity-purified monkey
5 antibodies to B7' cells and inhibition by 8B7.1.

Affinity-purified radiolabeled monkey anti-B7.1
antibodies from monkey PRI135 were compared with
radiolabeled L307.4 MAb for direct binding to B7
positive human SB cells. As a specificity control,

10 unlabeled SB7.1 (0.002 - 20 pg/mi) was added to.compete
with both radiolabeled antibodies. We demonstrated that
monkey antibodies can bind cell associated B7.1 and are
inhibited with SB7.1, as shown in Figure 5. Inhibition
as high as 90% was observed with SB7.1.

15 Example 7
pirect binding of radiolabeled B7-Ig fusion protein to

activated T cells and Inhibition by affinity-purified
monkey antibodies.

Human peripheral blood T lymphocytes were activated

20 for 3-6 days and tested for direct binding of
157-B7.1-1Ig. Because of Fc receptor upregulation on
activated human T cells, it was necessary to pre-
incubate the cells with heat-aggregated pre-immune
immunoglobulin to block Fc binding sites prior to

25 addition of B7.1-Ig to the cells. A background control
using SP2/0 murine myeloma cells was included to allow
correction of the background binding. Figure 6 shows
that inhibition of ™I-B7.1-Ig fusion protein binding to



It will be recognized by one of skill in the art 5 that the opti mal
quantity and spacing of individual dosages of an antibody or fragnent

t hereof of the invention will be determ ned by the nature and extent of the
condition being treated, the form route and site of admi nistration, and

the particul ar QBigkR¢sreei Ng treated, 10 and that such opti mpErnesesdess
determ ned by conventional techniques. It will also be appreciated by one

of skill in the art that the optimal course of treatnent, i.e., the nunber
of doses of an antibody or fragment thereof of the invention given per day
for a defined nunber of 15 days, can be ascertained by those skilled in
the art using conventional course of treatnment determ nation tests. Wthout
further elaboration, it is believed that es-skilled in the art can, using
the preceding 20 description, utilize the present invention to its

fullest extent. The follow ng fornulations are, therefore, to be construed
as nerely illustPgEivated b Felht ¥agnachdevad| vith AT Hnify-PNEifdshe of the
present inventi omohRepngntdyoditis atCepniceatatRonstf:om A2 quhaionac pdi/intal
conpasi tion of ! §53ab0YER 46N 4 Ml Fab0r 1 BrnaEERSHL CodsiRNEP et bY
filling a standar it rece ha;d{ge.atln capsule w th 50 ng. of an

anti body or fragfefe eﬁge%#veﬁm Hahiipi&Ango A7 . inIgofusinmipiodeinoemi1100
nmg. of lactogse, BZn@Engof talc and 8 ng. of magnesi um stearate.

Example 8 .
Inhibition of IL-2 production in mixed lymphocyte
reactions by monkey anti-B7 antibodies.

The blocking of CD28/B7 interaction leads to

10 inhibition of IL-2 production by T lymphocytes. In the
experiment shown in Figure 7, affinity-purified monkey
antibodies from two monkeys immunized with SB7.1
(monkeys 1137 and 1135) and one immunized with B7
positive SB cells (monkey 1146) were evaluated for their

15 abilities to inhibit human T cell activation in mixed
lymphocyte reaction (MLR), as measured by inhibition of
IL-2 production. The results of this experiment show
that affinity-purified anti-B7.1 antibodies from monkeys
1146 and 1137 inhibited IL-2 production when added at

20 concentrations of 50 pg/ml. Monkey 1135 antibodies
could not be evaluated at the two highest concentrations
due to lack of material, yet gave significant inhibition
at lower concentrations. The murine MAb L307.4 was
inhibitory at concentrations of 10 ug/ml. Other monkey

25 sera tested at these concentrations were negative (data
not shown). These results demonstrate that at least
three of the monkeys immunized with both soluble and
membrane associated forms of the B7 antigen are
producing B7-blocking antibodies with immunosuppressive

30 potential.



WD 96/ 40878 PCT/ US96/ 10053 - 40-

I nj ectabl e Parenteral Conposition A pharmaceutical conposition of this
invention in a formsuitable for adm nistration by injection is prepared by
stirring 1.5% by wei ght of an anti body or 5 fragnment thereof of the

i nvention in 19&§9Mm*glune propyl ene glycol and water. The sopeu/USH6/10053
sterilized by fiTtration. G ntnent Conposition Antibody or fragnent thereof

of the invention 10 1.0 g. Wite soft paraffin to 100.0 g. The anti body
or fragnment thereof of the invention is dispersed in a small volunme of the
vehicle to produce a snooth, honogeneous product. Collapsible netal tubes
15 are then filled with the di spersion. Topical Ceam Conposition

Anti body or fragment thereof of the invent$é&n 1.0 g. Polawax GP 200 20.0 g.
20 Lanolin Anhydrous 2.0 g. White Beeswax 2.5 g. Methyl

hydr oxybenzoate 0.1 g. Distilled Water to 100.0 g.

Example 9
Investigation of Cross-reactivity in B7.1 Immunized

Monkey Serum to B7.2 Antigen.

Antibodies raised against B7.1 are to be tested for
5 cross-reactivity to B7.2. Preliminary results using
B7.1 affinity-purified antibodies from B7.1 immune sera
provided suggestive evidence of binding to B7.2
transfected CHO cells (not shown). These data should be
confirmed by using soluble B7.2Ig reagents. We will
10 first purify additional monkey antibodies from B7.1
immunized animals by affinity chromatography on B7.1Ig--
sepharose. We will then produce and purify B7.2Ig from
CHO cells in sufficient quantities to prepare a
B7.2Ig~sepharose affinity column. We will select from
15 the B7.1 specific antibody population those antibodies
which cross-react with B7.2 by binding to the B7.2Ig-
sepharose column. Any cross—-reactive antibodies
identified will be further characterized by direct
bindihg to both B7.1 énd B7.2 transfected CHO cells and
20 inhibition of binding to B7.2 transfected cells by
B7.11g. '

Example 10
Generation of a Phage Display Library

Recombinant phage display libraries are generated
25 from B7.1 and B7.2 immune monkeys. Lymph node and bone
marrow biopsies are performed 7-12 days after
immunization to harvest RNA rich B cells and plasma
cells. RNA is isolated from the lymphocytes using the
method described by Chomczynski Anal. Biochem., 162(1),
30 156-159, (1987). RNA is converted to cDNA using an
oligo AT primer and reverse transcriptase. The first



The pol awax, beeswax and lanolin are heated 25 together at 60[err]C. A
sol ution of nethyl hydroxybenzoate is added and honobgeni zation is achieved
usi ng high speed stirring. The tenperature is then allowed to fall to
50[err]C. The anti body or fragnent thereof of the invention is then added

and di spersed ‘i oéspemit, and the 30 conposition is all owedpCwusaooss t h
sl ow speed stirring. WO 96/ 40878 '
PCT/ US9/ 10053 -41- Topical Lotion Conposition Antibody or fragnment thereof
of the invention 1.0 g. Sorbitan Monolaurate 0.6 g. 5 Pol ysorbate 20
0.6 g. Cetostearyl Alcohol 1.2 g. dAycerin 6.0 g. Methyl Hydroxybenzoate
0.2 g. Purified Water B.P. to 100-00 m. (B.P. = British 10 Phar macopei a)
The net hyl hydroxybenzoate and gl ycerin ar®5di ssolved in 70 ml. of the
water at 75[err]C. The sorbitan nonol aurate, polysorbate 20 and cetostearyl

al ool are 1l o LOPSiel (3 ToLacs ] Guend pHiad O BB AERPHG, |
conti nuous stirnisincrkhe Isets of kappa, lambda, and heavy chain Fd
. region primers described earlier and either Pfu
polymerase (Stratagene, San Diego) or Taqg polymerase
5 (Promega, Madison). The heavy chain PCR amplified
products are pooled, cut with Xho VSpe I restriction
enzymes and cloned into the vector pMS. Subsequently,
the light chain PCR products are pooled, cut with
Sac I/Xba I restriction enzymes, and cloned to create
10 the recombinant library. XLI-Blue E. coli is
transformed with the library DNA and super-infected with
VCSM13 to produce the phage displaying antibodies. The
library is panned four rounds on polystyrene wells
coated with B7.1 or B7.2 antigen. Individual phage
15 clones from each round of panning are analyzed. The pMS
vector DNA is isolated and the gene III excised.
Soluble Fab fragments are generated and tested in ELISA
for binding to B7.1 and B7.2.

Example 11
20 Characterization of Phage Fab Fragments

The monkey phage Fab fragments are characterized
for their specificity and the ability to block B7.1-Ig
and B7.2-Ig binding to CTLA-4-Ig or CTLA-4 transfected
cells. Phage fragments are also characterized for

25 cross-reactivity after first panning for 4 rounds on the
B7 species used for immunization in order to select for
high affinity fragments. Fab fragments identified from
four rounds of panning either on B7.1 or B7.2 antigeh
coated surfaces are scaled up by infection and grown in

30 24 hour fermentation cultures of E coli. Fragments are
purified by Kodak FLAG binding to a anti-FLAG affinity
column. Purified phage Fabs are tested for affinity by
an ELISA based direct binding modified Scatchard



anti body or fragnent thereof of the invention is added as a suspension in
the remai ning water. The whol e suspension is stirred until honogeni zed. 20
Eye Drop conposition Antibody or fragnent thereof of the invention 0.5 g.
Met hyl Hydroxybenzoate 0.01 g. Propyl Hydroxybenzoate 0.04 g. 25

Purified V\ater“%%oﬁ 100-00 m . The nmethyl and propyl hydr oxyivesseaedsss
are dissolved in purified water at 75[err]C and the resulting
solution is allowed to cool. The antibody or fragnment thereof of the
i nvention is then added, and the 30 solution is sterilized by filtration
through a nenbrane filter (0.022 [err]mpore size), and packed aseptically
into suitable sterile containers. WO 96/ 40878
PCT/ US96/ 10053 -42- Conposition for Adm nm®8-+ ation by |Inhal ation For an
aerosol container with a capacity of 15-20 ml: mx 10 ng. of an antibody or
fragment thereof of the i nventlon with 0.2-0.5%,0f a Iubrlcath§% agent,

U

such as 5 pol fOOIH5ELE égaBP o?ﬁlil'aeﬁ-d—“%%—&;% rein a

propel | ant, sucl{ie®3fneasingrebd=t ariti-monkeyoFabnaht bbodifes br? anti-
dichlorotetrafl%thghﬁgngbnaﬂgated with horseradish peroxidase. The
anti-monkey Fab reagents will be absorbed against human
5 heavy chain constant region Ig to remove any cross-
reactivity to B7-Ig. K4 values are calculated for each
fragment after measurements of direct binding to B7.1-Ig
or B7.2-Ig coated plates.

Example 12
10 Phage Fab Fragment Blocking of CTLA-4/B7 Binding

Fab fragﬁents most effectively blocking the binding
of B7-Ig at the lowest concentrations are selected as
lead candidates. Selections are made by competing off
13y-B7-Ig binding to CTLA-4-Ig or CTLA-4 transfected

15 cells: Additional selection criteria include, blocking
of mixed lymphocyte reaction (MLR), as measured by
inhibiting 3H-thymidine uptake in responder cells (Azuma
et al, J. Exp, Med., 177:845-850,; Azuma et al, Nature,
301:76-79, (1993)) and direct analysis of IL-2

20 production using IL-2 assay kits. The three or four
candidates which are most effective in inhibiting of MLR
and CTLA-4 binding assays are chosen for cloning into
the above-described mammalian expression vector for
transfection into CHO cells and expression of chimeric

25 monkey/human antibodies.

Example 13
Generation of Monkey Hetercohybridomas

Monkey heterohybridomas secreting monoclonal
antibodies are generated from existing immunized animals
30 whose sera tested positive for B7.1 and/or B7.2. Lymph
node biopsies are taken from animals positive to either,
or both, antigens. The method of hybridoma production



di fl uorochl oro-net hane and put into an appropriate aerosol contai ner
adapted for either intranasal or oral 10 I nhal ati on adm ni strati on.
Conposition for Administration by Inhalation For an aerosol container with
a capacity of 15-20 m: dissolve 10 ng. of an antibody or fragment thereof
of the inventi Gpobgsmsgranol (6-8 m.), add 0.1-0.2% of a 15 pPewUsh@RDSN]
agent, such as pol ysorbate 85 or oleic acid; and di sperse such in a )
propel l ant, such as freon, preferably in conbination of (1.2 dichlorotetra-
fl uoroethane) and difluorochl oronethane, and put into an appropriate
aerosol container adapted for either 20 I ntranasal or oral inhalation
adm ni stration. The antibodi es and pharnmaceuti cal conpositions of the
invention are particularly useful for pare®teral admnistration, i.e.,
subcut aneously, intramuscularly or intravenously. The conpositionsffor
arenteral 25 ,adm.ni,stration will conponly conprise a solution of an
gnti body or fragdgfeft Fe&P B‘Pet?%t?]h]cﬂé?ﬂﬁ%ﬁ'e&mg veedt oY thRr eof
di ssol ved i n an ceoEspEitdlone of amonkey attel-aoblantdboddasoSewndnij er. A
vari ety of aque &rS wat er ,
Y 490 sal i ne R A8 oy e PR Sfum $REEEe wHLL e

30 0.4%saline, O., ) ofutrons are sterile
and general |y f S8CHPNFPL dngairakplyRph npdese reppued oprdexmy be sterilized

by conventi @al anesthdgiaun By@phddyiEés Grd aRitheduéton THfe tissue and
fused with KH6/BS heteromyelomé cells (Carrol et al, J.
Immunol. Meth., 89:61-72, (1986)) using polyethylene
glycol (PEG). Hybridomas are selected on H.A.T. media
‘and stabilized by repeated subcloning in 96 well plates.

10 Monkey monoclonal antibodies specific for B7.1
antigen are screened for cross-reactivity to B7.2.
Monkey anti-B7 antibodies will be characterized for
blocking of B7/CTLA~-4 binding using the »I-B7-Ig binding
assay. Inhibition of MLR by 3H-Thymidine uptake and

15 direct measurement of IL-2 production is used to select
three candidates. Two candidates will be brought
forward in Phase II studies and expressed in CHO cells
while repeating all functional studies. For the
purposes of developing an animal model for in vivo

20 pharmacology, anti-B7 antibodies will be tested on cells
of several animal species. The establishment of an
animal model will allow preclinical studies to be
carried out for the selected clinical indication. -

Example 14
25 As discussed supra, using the above heterohybridoma

methods, 4 lead monkey anti-B7.1 antibodies have been
identified: 16C10, 7B6, 7C10 and 20C9. These antibodies
were characterized as follows:
To demonstrate the monkey antibodies’ ability to
30 block the physical interaction between CTLA4-Ig,
varying concentrations of the monkey anti-B7.1
antibodies and unlabeled CTLA4-Ig were incubated



WD 96/ 40878 PCT/ US96/ 10053 - 43-
conpositions nmay contain pharmaceutically acceptable auxiliary substances
as required to approxi mate physi ol ogi cal conditions such as Ph adjusting
and buffering agents, etc. The concentration of the 5 antibody or fragnent
thereof of the WHygshN i n such pharmaceutical fornulation caoTvssémooss
wdely, i.e., fromless than about 0.5% wusually at or at |east about 1%to
as nmuch as i5 or 20% by weight, and will be selected prinmarily based on
fluid volunes, viscosities, etc., 10 according to the particul ar node of
adm ni stration sel ected. Thus, a pharmaceutical conposition of the

I nvention for intramuscular injection could be prepared to contain 1 M
sterile buffered water, and 50 ng. of an a$8+body 15 or fragment thereof
of the invention. Simlarly, a pharnaceutical conposition of the invention
for |ntravenous |nfu5| n coul.d_be rmade u gantain 250 nl. of sterile

Ri nger's sol ution, Fagdolapeled ATk (ﬁg or fT%?;n’é?ﬁ“]ttfﬁer‘gofth&f t he

i nvention. Actual rret:’tmdsbﬁ:(ion dssayrswewed Ghadr eheerabd y(eteki ni strabl e
conpositions are wel lg | Leb lgﬁgﬁg t n the
art, and are descri be mw(r%re et%:ﬁtjlslfn o"r“%ﬂﬁ%h Pgé e?né(ni'% eéw

Phar maceut i cal Sci enddhipitiopy. f°R®E@?F¥HﬂK%¥N%ﬁ} aﬁyar%hston

Pennsyl vani @& hereby 25 a&:ncopppoat ed by, 3efigy/ence herein.

b: isCl0: 1.60 ug/Ml
c: 20C9: 3.90 pug/Ml
a: 7B6: 39.0 ug/M1

Scatchard analysis showed that the apparent

10 affinity constants (Kd) for the monkey antibodies
' binding to B7-Ig coated plates were approximated to
be:

a: 7C10: 6.2 x 10°M
b: 16C10: 8.1 x 10°M
15 c: 7B6: 10.7 x 10°M
a: 20C9: 16.8 x 10°M

The antibodies were tested in vitro in a mixed
lymphocyte reaction assay (MLR). The MLR showed
that all 4 anti-B7.1 antibodies inhibit IL-2

20 production to different extents:
a: 7B6: 5.0 ug/M1
b: 16C10: 0.1 ug/M1
c: 20C9: 2.0 upg/Ml
d: 7C10: 5.0 ug/Ml1
25 The monkey anti-B7.1 antibodies were tested for

their ability to bind B7 on human peripheral blood
lymphocytes (PBL). FACS analysis showed that all 4
monkey antibodies tested positive.

Monkey antibodies 16C10, 7B6, 7C1l0 and 20C9 were
30 tested for Clg binding by FACS analysis. Results



The anti bodies (or fragnments thereof) of the invention can be |yophilized
for storage and reconstituted in a suitable carrier prior to use. This

t echni que has been shown to be effective with 30 conventional i nmune

gl obulins and art-known |yophilization and reconstitution techni ques can be

enpl oyed. Depenghg 4,3@ the intended result, the pharnmaceuti calpcgfRRsunsodsi on
of the invention can be WO 96/ 40878

PCT/ US96/ 10053 -44- adm nistered for prophylactic and/or therapeutic
treatments. In therapeutic application, conpositions are adm nistered to a
patient already suffering froma disease, in an anount sufficient to cure
or at least 5 partially arrest the disease and its conplications. In
prophyl actic applications, conpositions cegdaining the present antibodies
or a cocktail thereof are admnistered to a patient not already in a

di sease state to enhance the patient's resistance. 10 Single or
mul tipl e admi ni strat et 140 M#ﬁc&ﬁth%‘&ls‘?mnmﬂlma@n§15amMIMr ri ed

out wth dose levels ﬂ%ﬂ&ﬁo@b&tﬁ%@nﬁlﬁﬁlEithbﬁbhﬁﬂﬁstfre%%banaﬁﬂhﬁl ci an.

In any event, the ph eut i cal osi tion of entio ou

provi de a quantlty O?f{&?b'ﬁas nega%nge, as were éh and gB% nonkey
antibodies.

5 Ex e 15

Using the primatized antibody methodology
incorporated by reference to commonly assigned U.S.
Serial No. 08/379,072, and using the NEOSPLA vector
system shown in Figure 2, the heavy and light variable

10 domains of 7C10, 7B6 and 16Cl0 were cloned and
primatized forms thereof have been synthesized in CHO
cells using the NEOSPLA vector system. The amino acid
and nucleic acid sequences for the primatized 7C10 light
and heavy chain, 7B6 .light and heavy chain, and 16C10

15 light and heavy chain are respectively shown in Figures
8a, 8b, 9%9a, 9b, 10a and 10b.

It is expected that these primatized antibodies,
given their probable low antigenicity and human effector
function, will be well suited as therapeutics. In fact,

20 it has recently been shown that primatized 16C10
exhibits human Ci, binding, whereas 16C10 does not.

Those skilled in the art will recoénize or be able
to ascertain using no more than routine experimentation
many equivalents to the specific embodiments of the

25 invention described herein. Such equivalents are
intended to be embraced by the following claims.



15 altered anti bodies (or fragnents thereof) of the invention sufficient
to effectively treat the patient. It should also be noted that the
anti bodies of this invention may be used for the design and synthesis of

ei ther peptide or non-peptide cmaqﬁsﬁ@ﬁkﬁw) which 20 woul d be
I

useful in the @yBsdosB’ 2Py as-th -
Sci ence, 253, 792-795 (1991). TOT

fol |l ow ng exanpl es are provided.

rate the invention, the
are not intended, 25

are they to be construed, as further limting the invention. Exanple 1
Reconbi nant i nmunogl obulin libraries displayed on the surface of

filament ous phage were first described by 30 McCafferty et al, Nature,
348: 552-554, 1990 and Barbas et al, Proc.-€@t|. Acad. Sci., USA

88: 7978-7982, 1991. Using this technol ogy,

been isolated frqgm.,i nmune human reconbi nant |ibraries WO 96/ 40878

PCT/ US96/ 10053 -

10168, 1992). Althoudh ths pomkey digpichpnadnaspibodyder sa xbistatiiizied! | v

simlar to that
nodi fied by the

10

15

20

25

£1R5C khBedo PYuBBED aSpe i ba1h §- pihEs RGHN HE, hantigen

and/or human B7.2 antigen.

2. The antibody of claim 1 which is selected from
the group consisting of 16C10, 7C10, 20C9 and 7B6.

3. The antibody of claim 1 which is a depleting
antibody.

4. The antibody of claim 1 which is a non-
depleting antibody.

5. A primatized antibody which specifically binds
to human B7.1 antigen which contains the variable heavy
and light domains of an antibody selected from the group
consisting of 16C10, 7C10, 20C9 and 7B6.

6. The primatized antibody of claim 5 wherein
said antibody is derived from 7C10 and has the amino
acid sequence set forth in Figures 8a and 8b.

7. The primatized antibody of claim 6 which is
encoded by the nucleic acid sequence set forth in
Figures 8a and 8b.

8. The primatized antibody of claim 5 wherein
said antibody is derived from 7B6 and has the aminc acid
sequence set forth in Figures 9a and 9b.

. 9. The primatized antibody of claim 8 wherein
said antibody is encoded by the nucleic acid sequence
set forth in Figures 9a and 9b.

, €.g., SaragopcCT/esesasosy

nor

high affinity antibodi es have

AMEBarbas et al, Proc. Natl. Acad. Sci., USA 589:10164-

* [ L M S *



5 substitution of a unique vector for nonkey libraries to reduce the
possibility of reconbination and inprove stability. This vector, pMs,
Figure 1 contains a single | ac pronoter/operator for efficient

transcription and translation ofTQg@¥&4§;ﬁgﬂR idagpvy and |ight chain 10
monkey DNA.  TRy8 oy/filgég2r contains \Hﬂ B“ m | eader sequen®EET/USHEIOBID A

(Movva et al, J. Biol. Chem, 255: for the |ight chain and
the pel B (Lei, J. Bact., 4379- 10 or the heavy chain Fd. Both
| eader sequences are translated into hydrophobic 15 si gnal peptides that
direct the secretion of the heavy and |ight chain cloned products into the
periplasm c space. In the oxidative environnent of the periplasm the two
chains fold and disulfide bonds formto crédte stable Fab fragnents. W
derived the backbone of the 20 vector fron1the phagem d bl uescri pt.
(Stratagene, La Jolla It _con e f zyne bet a-

| act amase t hat confer%ptunﬂQﬁ PEiRa &éF g?ﬁ?é&n é) GSP gxfﬁegﬁcteria.

t hat harbor pMS &M aut by dsrdﬁedveﬂrﬁnobllﬁ£&ﬂ|qn§ haise toei gndnof
replication of 2 WBHldd GARY £BRAM S0 W Qulgin of
replication of t l? #Q%entous bacter?opﬂage %%e The origin of replication
of phage fl (the so-called intragenic region), signals the initiation of
synt hesi s of single sixandmgk @liﬁnﬁlkl&,zeﬁhentmbw;atdmrclafinc&ps;hér&(in
formation ang thgaiggﬁ@fﬁéﬂ]%f d%)ﬁ”iageéhé Mc 1rca'ac%z>é%§§

replication and asse strands |nto partlcles reqU|res
vi r al pr ot ei ns set for h in Flgures 106a and 10b

12. A transfectoma which expresses a primatized
antibody which specifically binds to human B7.1 and/or
human B7.2 antigen.

10 13. The transfectoma of claim 12 which is a CHO
cell.

14. The transfectoma of claim 13 wherein said cell
expresses a primatized antibody having the amino acid
seguence set forth in any one of Figures 8a, 8b, %a, 9b,

15 10a and 10b.

15. A pharmaceutical composition suitable for
treatment of a disease treatable by inhibition of B7-
CD28 binding which comprises an antibody according to
any one of claims 1 to 11.

20 16. A method of treating a disease by inhibition
of the B7:CD28 pathway which comprises administering a
therapeutically effective amount of at least one
antibody according to any one of claims 1 to 11.

17. The method of claim 16 wherein said antibody
25 is 16C10, 7C10, 20C9, 7B6 or a primatized form thereof.

REPLACED

R Y THIS SHEET 1S BEEN |




that nmust be provided by a hel per phage. W have used hel per phage VCSML3
which is particularly suited for WO 96/ 40878

PCT/ US96/ 10053 -46- this, since-it—atso contains a gene coding for

kananyci n resistance. Bacteria i j{gchderdBbdr Reibdl 3 and pMs can be sel ected

by addi ng bot hykpRapdssi N and car berjagtil e growt h nmedipoeusberooss
bacteria wll ultimately 5 produagmﬂ phage particles containing
ei ther pMs or VCSML3 genones. Pack el per phage is |less
efficient than that of pMS, resulting in a m xed phage popul ati on that

cont ai ns predom nately reconbi nant pMs phages. The ends of the phage pick
up mnor coat 10 proteins specific to each end. O particular interest
here is the gene Il product which is pressa® in three to five copies at
one end of the phage. The gene IIl product is 406 am no acid residues and
is required for phage _infection of E._cqli, via the F pili, The first 15
two domains of the hdfvy RS Rethofd Qfaﬁlﬂi%lénﬁh?ﬁﬁl%ﬁa%ﬂdis&as% &5f used
to the carboxy- teer mutalimhahé disdtdergene 111 protein. This reconbi nant pili
protein, directed by the pel B | eader, is secreted to the peroplasm where
it accunmul ates and forns disul fide bonds 20 wth the light chain hefore
it is incorporated i A%heThBgaledhod (Rf HAJE 1A yBerahpisakd VUEEHSSC At ai ns

a FLAG selected from idiopathic thrombocytopenia purpura,
5 systemic lupus erythematosus, type 1 diabetes mellitus,
rheumatoid arthritis, psoriasis and multiple sclerosis.

20. The method of claim 16 wherein said disease is
graft-versus~host disease.

s L O Ms ok
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sequence engi neered downstream of the gene I1l. The FLAGis an 8 am no acid
pepti de expressed at the carboxy termnal of the Fd protein. W are using
comercially 25 avai | abl e nonocl onal anti-FLAG M2 for both purification
and detection of phage Fab by ELISA (Brizzard, Bio Techni ques,

16(4): 730- 731, (;gﬁﬁﬁk. After constructing the vector pMS, WepdBBE$96a0053 S
ability to produce phage bound Fab using control 30 anti body genes. W
cloned an anti-tetanus toxoid anti body, (obtained fromDr. Carl os Barbas),
into pMs and transfornmed XLI-blue. W ?q$ nfected our cells with VCSML3 and
gener ated phage displaying the anti-té anffus toxoid anti body. W perforned
ef ficiency experinents WO 96/ 40878

PCT/ US96/ 10053 -47- where anti-tetanus toxoi d phage were conbined with
phage beading an irrelevant antibody at 1:100,000. We perforned three
rounds of panning by applying 50 [err]l of the m xed phage to antigen
(tetanus toxoid) coated 5 pol ystyrene wells. Non-adherent phage were
washed off and the adherent phage were eluted with acid. The el uted phage
were-used to infect a fresh aliquot of XL1- Blue bacteria and hel per phage
was added. After overnight anplification, phage were prepared and again 10
panned on antigen coated plates. After three rounds of

FLAG

. t1 origin o0
Nhe | Lactamase

Nhe |
Col E origin

Xba | Sac |

FIG. 1
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panni ng, we were able to show that we had successfully enriched for the
anti-tetanus toxoid phage. The success of this technol ogy al so depends on
the ability to prepare soluble Fabs for characterization of the final 15
panned product. This was achieved by excising gene IIl fromthe pMS DNA
usi ng the resté‘;&;ﬁlﬁg& enzynme Nhe | followed by re-ligation. Ap¢Rusdshicosgene
11 was excise Eab was no | onger displayed on the phage surface but
accurul ated in the piroplasmc space. 20 Lysates were prepared from
bacteria expressing soluble Fab and tgg;ﬁg for antigen specificity using an
ELI SA. High levels of soluble Fab wer ected. In order to adapt phage

di spl ay technology for use with nmacaque |libraries, we devel oped specific
prinmers 25 for PCR anplifying nonkey i munogl obulin genes. These were
based on nacaque sequences we obtained ghile devel oping the PRI MATI ZED| err]
anti hody technol ogy (See, 08/379,072, |qpq=porated by reference herein) and
dat abases cont ai ni ng human sequences. et al, 30 (1991), "Sequences
of Proteins of |Inmunol ogical Interest, Dept. of Health and Human -
Servi.ces, National Institute of Fbalthyb developed three sets of priners
to cover anplification of the nacaque r toire. Qur first set WO

96/ 40878 PCT/ US96/ 10053

e
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-48- of primers was designed for anplification of the heavy chain VH and
CHL (Fd) domains. It consisted of a 3' CH1 domain prinmer and six 5 VH
famly specific priners that bind in the framework 1 region. Qur second set
of 5 priners, for anplifying the whole | anbda chain, covers the many | anbda
chai n subgr oupsyobéuegnsi sts of a 3' priner and three 5 degemrerasss/IpesdNEr S
that bind in the VL franework 1 region. Qur third set of prinmers was '
designed for anplification of the kappa chain subgroups. 10 It consists
of one 3' priner and five WK franemor§ lqgprimers. Using each of these sets,
PCR parameters were optimzed to obtaln s rong enough signals from each
primer pair so that anple material was avail able for cloning of the
library. We recently created nmacaque 15 conbinatorial libraries in our
pMS vector using these optim zed PCR conditions. Bone marrow bi opsies were
taken from CD4 i mune nonkeys as the source of inmunogl obulin RNA The
libraries contained approxi mately 10[ el nmhbers and are currently being
panned 20 for specific binders on an c ed wells. Exanple 2
Devel-opment of B7/CILA-4 Reagents We have generated a nunber of reagents
for the purpose of ~ZT 1Ty MOTTREy S — Uever OptI1g i ar g ang - 29
functional assays in vitt sﬂ7scsB%n|aE7heterohﬂﬁﬁlHﬂnﬂemanﬂnpﬁhnrng phage
i braries. Table 15wgt<s-

$=4jrt ended purpose. |In the case
of B7.1, RNA van _‘,:;:,_ Pre—serum
“-4000" X
& 3000 - sB7 SB
= 7 %
s s |
1000 + E=  Bsd B B R 2 IS 2
o LEEL B B B R OB B B
1133 1135 1137 1139 1144 769 908 1146
Monkey Number
FIG. 4
100 - = No Inhibitor
%] = B7 (500ng)
c - o ] S ng
3 60-
S A B7 (100
= 40— 20N 8 ( ng)
- 4 B EE
S 20 - o
& o
. =
PR1133 ' PR1144
Monkey No.
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extracted from SB cells and converted to cDNA using reverse transcriptase.
The first strand cDNA was PCR 30 anplified using B7.1 specific priners
and cloned into I DEC s NEOCSPLA mammal i an expression vectors. CHO cells were
transfected with B7.1 NEOSPLA DNA and cl ones expressi ng nenbrane associ at ed
B7.1 were i deg&&%{ﬁg? WD 96/ 40878 PCT/US96/10053

PCT/ US96/ 100537 -49-"The B7.1 fusion protein was generated simlarly, except
that the PCR anplified B7.1 gene was cloned into a NEOSPLA cassette vector
contai ning the human CH2 and CH3 i n&gq% obulin genes. CHO cells were
transformed with 5 the B7.1/1g NEOSPLA DNA and stabl e clones secreting
B7.1/1g fusion protein were anplified. In general, the B7.2 and CILA4
reagents were generated in the sane manner, except that for B7.2 the RNA
was isolated from human spleen cells that had been stimulated 24 hours 10
with anti-lg and I1L-4, and for the CTLA4 constructs the gene source was PHA

activated human T cells. Table 1 Reagent Pur pose CHO
Expressi on Sol uble B7.1 | mmuni zat i on, Yes i nmunoassays 15
B7.1. Transf ect ant Screeni ng, ELI SA Yes B7.1/1g Fusion

| nhi bition studi es, Yes o=

~—@— PR1135 (5ng)
——f— 1307.4 (45ng

FIG. 5
sB7.1 (ug/ml)
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Protein panni ng B7.2 Transf ect ant Screeni ng, ELISA

Yes B7.2/1g Fusion I nhi bition studies, To be conpleted 20
Protein panni ng CTLA4 Transfect ant I nhi bition studies

To be conpleted CTLA4/Ig I nhi bition studies To be

conpl eted The bdiédiisl 1ty of these reagents, together w th npepgsssRass
anti bodies to .1 (L3074) (Becton Dickinson, 25 1994) and B7.2 (Fun-I
(Engel et al, Blood, 84, 1402- 1407, (1994) and purified goat and rabbit
antisera, specifically devel oped to g$2eﬂ% nonkey Fab fragnents, ’
facilitates identification of antibo s having the desired properties.
WD 96/ 40878 PCT/ US96/ 10053 - 50-

- Exanpl e 3 Investigation of the I mune Response in Cynonol gus Monkeys to
Sol ubl e and Cell Associated Human B7.1 To evaluate the feasibility of
produci ng nonkey 5 antibodies to human B7.1 antigen, we first purified
reconbi nant SB7.1 from CHO cell nedia by affinity chronmatography using a
L307. 4-sepharose affinity colum. SB7.1 was then injected, wth adjuvant,
into.five mature cynonol gus nmacaques. After a 3 to 4 nonth period of 10
booster inmunizations, sera fromthe nonkeys i mmuni zed

g
+

sB7.1

—&— PR1137

FIG. 6

Inhibitor (ug/mil)

s 8 5 5 % ® -
uopqyu] Jueslod
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with SB7.1 or human SB cells were tested for antigen binding. Serum sanples
fromthe five nonkeys i nmunized with SB7.1. and three additional aninals

i muni zed with B7.1 15 positive human SB cells, were tested for antibody
titers agai nst nenbrane associated B7.1 expressed in transfected CHO cells.
The results su aa0d | N Figure 3 showed that four out of fipmeroSeless

i muni zed with affinity-purified SB7.1 produced anti body titers in 20
excess of 1:5000. The three aninmals inmmunized with SB cells containing
cell associated B7.1 expressed Iomerst'q rs of antibodies ranging from

1: 1400 to 1:2800. Exanple 4 W purifred antibodies fromsera of all eight
25 I mmuni zed nonkeys using SB7.1-sepharose and then tested their ability
to bind to 1) SB7.1 coated plates in ELISA;, 2) antigen positive B cells and
3) B7.1 CHO transfectomas. In addition, they were evaluated for their

abiliity to block B cell interactions a ur 30 by I'L-2 production
and tritiated thym dine uptake in a niF;iiginp.ocyte reaction (MLR). For T

cell binding erinents, human buffy coat peripheral bl ood WD 96/ 40878
PCT/ US96/ 100 -BI- Tynphocytes were cultured for 3-6 days in the presepce

80 -

3
!

Percent Inhibition
r
]

i o
PR1137 PR1135 PR1146
Antibady

11 0.78 ug/ml
74 156 ug/ml
= 3.13 ug/mi
/4 6.25 ug/ml
12.50 ug/ml
i 25.00 ug/ml
50.00 ug/m!
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of PHA stinulator. B7 binding was detected by radi o assay using
[err]l-radiol abel ed soluble B7.1 (SB7.1). Exanple 5 5 Direct binding of
nonkey anti bodies to radiol abeled SB7. [err]| radiol abeled SB7.1 was tested
for binding to anti- B7.1 antibodies at 4, 1 and 0.25 [err]g/m in

sol ution. The ne§YgdegrgShown in Table 2 suggest that nost of tperesvshbusdi es
produced by nonkeys i muni zed with SB7.1 were 10 capabl e of binding the
affinity-purified [err]lI-SB7.1 in a concentration dependent manner. To
evaluate the specificity of binding tp/lphel ed SB7.1, unlabelled SB7.1
conpetition experinments were done wi th antibodies fromtw aninals.
Affinity-purified antibodies from 15 . nonkeys 1133 and 1144 were coated
onto mcrowell plates at 400 ng/well. Affinity-purified unlabeled SB7.1
(500 and 100 ng/well) was used as conpetitor. The results shown in Figure 4
denonstrated that SB7.1 preparations are effective in inhibiting the
[err]1-SB7.1 frombinding to 20 the anti bodi es. Table 2 Bi ndi ng of
SB7-1[err] to Monkey Antibodies Affinity Purified on a SB7-Sepharose
Affinity CobmamiAilodw » A @ & 1 cMwkey Nunbersw25, »([@rrdo/ul)
769 908 1133 A¥G GG GTC|CXL GOT| G CIC) a6 QEE/RYC/CTG CTGICTS TGB1CIC GCAGSSS GCA CGA
12,771 4,318 226 5,781 9108 1 106 14 6,56938 7,040 453 401 P40

3,901 80 0.25a ¥S5elQd 4,893 92,873 ¢, 28%9v109 118 @4+ a r 1
TGT GCC TAT GAA CTG ACT CAG CCA CCC TCG GTG ICA GTG TCC CCA GGA CAG ACG GCC AGG ATC
63 72 81 90 99 108 117
T ¢ 6 G D N S R N EBE Y V H W Y ©Q 0Q K P A R
ACC TGT GGG GGA GAC AAC AGT AGA ART GAA TAT GIC CAC TGG TAC CAG CAG AAG CCA GCG OGG
126 138 144 153 162 171 180
A P I L V I Y D D S DRUP S8 G TIT P ERTF §
GCC CCT ATA CTG GTC ATC TAT GAT GAT AGT GAC CGG CCC TCA GGG ATC CCT GAG CGA TIC TCT
189 198 207 216 225 234 243
§ X § G N T A T L T I N € V E A G D E A
GGC TCC AAA TCA GGG ARC ACC GCC ACC CTG ACC ATC AAC GGG GTIC GAG GCC GGG GAT GAG GCT
252 261 270 279 288 297 306
D Y ¥ ¢ Q V W D R A S DHUPVPF G G G T R
GAC TAT TAC TGT CAG GIG TGG GAC AGG GCT AGT GAT CAT CCG GTC TTC GGA GGA GGG ACC CGG
1s 324 333 342 351 360 369
V T V L G Q P K A A P 8 V T L F P P S S E
GIG ACC GIC CTA GGT CAG CCC AAG GCT GCC €CC 106 GTC ACT CTG TIC CCG CCC TCC TCT GAG
378 387 296 405 414 423 432
E L Q A N K A " L V CL I S DPF Y P G A V
GAG CTT CAA GCC AAC AAG GCC ACA CTG GIG TGT CTC ATA AGT GAC TTC TAC CCG GGA GCC GIG
441 450 459 468 477 486 495
" V A W XK A D S S P V K A G V E T 7 % P §
ACA GTG GCC TGG ARG GCA GAT AGC AGC CCC GTC AMG GOG GGA GTG GAG ACC ACC ACA CCC TCC
504 513 522 531 540 549 558
K 0 S N N X Y A A S s Y L 8 L T P E Q W K
AAR CAA AGC AAC AAC ARG TAC GCG GCC AGC AGC TAC CTG AGC CTG ACG CCT GAG CAG TGG AAG
567 576 585 594 603 612 621
S H R 8§ ¥ 8§ €C @Q V " HE E G S T V E K T V A
TCC CAC AGA AGC TAC AGC TGC CAG GIC ACG CAT GAA GGG AGC ACC GIG GAG AAG ACA GTG GCC
630 639 648 857 666 875 684

P T E C 8
CCT ACA GAA TGT TCA TGA
693 702

FIG. 8a
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25 addition of B7.1-1g to the cells. A background control using SP2/0
muri ne nyeloma cells was included to allow correction of the background

bi nding. Figure 6 shows that inhibition of [err]l-B7.1-1g fusion protein
binding to WD 96/ 40878

PCT/ US96/ 10053 wodsumesi vated T cells was achieved wi th affi nipiofrisbérighssed
nonkey anti bodi es at concentrations from200 to 8 [err]g/m . Unlabeled -
SB7.1 and L307.4 MAb used as controls were also effective in inhibiting
B7.1-1g fusion protein cell 5 binding.gEx le 8 Inhibition of IL-2
production in m xed | ynphocyte reactions by nonkey anti-B7 anti bodies. The
bl ocki ng of CD28/B7 interaction |leads to 10 I nhibition of IL-2 production
by T | ynphocytes. |In the experinment shown in Figure 7, affinity-purified
nonkey anti bodi es fromtwo nonkeys i nmmunized with SB7.1 (nonkeys 1137 and
1135). and one immuni zed with B7 positive SB cells (nonkey 1146) were

eval uated for their 15 abilities to inhibit human T cell activation in

m xed | ynphocyte reaction (M.R), as neasured by inhibition of IL-2
production. The results of this experinent show that affinity-purified
anti-B7.1 anti bodi es from nonkeys 1146 and 1137 inhibited |IL-2 production
when added at

R ¥ A X T X P R E E Q Y N 8 T Y R V V 8 vV
CAT AAT GCC AMG ACA AAG CCG CGG GAG GAG CAG TAC AAC AGC ACG TAC CGT GIG GIC AGC GIC
S 954 963 972 s81 990 999
L vV L BR Q D W L N 66 XK E ¥ K € K VvV 8 N K
CTC ACC GTC CTG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC AAA
1008 - 3047 1026 1035 1044 2053 1062
A L P A P I B K T I 8 XK A K G Q P R E P Q
GCC CIC CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA GOC ARA GGG CAG CCC CGA GAA CCA CAG
wn 1080 1089 1098 1107 1116 1125
v ¥ 2 L P P 8 R D BE L T X N Q V 8 L T Cc L
QTG TAC ACC CTG CCC CCA TCC-CGG GAT GAG CTU ACC AMG ARG CAG GTC AGC CTG ACC 1GC CIG
1134 110 1152 1161 1170 1179 1188
Vv X G F ¥ P 8 D I A V E W E 8 ¥ G Q P E N
GIC AAA GGC TTC TAT CCC AGC GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG COG GAG AAC
1197 1206 1218 1224 1233 1242 1281
N ¥ X ®* T P P V L D S D G 8 F P L Y 8 K 1L
ARC TAC ARG ACC ACG CCT CCC GIG CTG GAC TCC GAC GGC TCC TTIC TTC CIC TAC AGC AAG CIC
1260 1269 1378 1287 1296 1305 1
T V. D K 8 R W Q@ ¢ N vV F § C 8§ VvV ¥ H E A
ACC QTG GAC ANG AGC AGG TGG CAG CAG GGG ARC GTC TTC TCA 1GC TCC GTG ATG CAT GAG GCT
1323 1332 1341 1350 1359 1368 1377

L B ¥ B ¥ T @Q X 8 L 8 L 8 P G K
CIG CAC AAC CAC TAC ACG CAG ARG AGC CIC TCC CTG TCT CCG GGT AAA TGA
1386 1385 1404 1413 1422 1431
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20 concentrations of 50 [err]g/m . Monkey 1135 anti bodi es could not be
eval uated at the two highest concentrations due to |ack of material, yet
gave significant inhibition at | ower concentrations. The nurine MAb L307.4
was inhibitory at concentrations of 10 [err]g/m . Oher nonkey 25 sera
tested at thesqpsup@ptrati ons were negative (data not shown)ecTiusseeess
results denonstrate that at |east three of the nonkeys i muni zed with both
sol ubl e and nmenbrane associated forms of the B7 antigen .are producing

B7- bl ocki ng anti bodies with |nnunosupgypq5lve 30 potenti al . WO

96/ 40878 PCT/ US96/ 10053 -54- Exanpl e
9 Investigation of Cross-reactivity in B7.1 | muni zed Monkey Serumto B7.2
Antigen. Antibodies raised against B7.1 are to be tested for 5
cross-reactivity to B7.2. Prelimnary results using B7.1 affinity-purified
anti pbodies fromB7.1 i mune sera provided suggestive evidence of binding to
B7.2 transfected CHO cells (not shown). These data should be confirnmed by
usi ng sol ubl e BY. 2Ig reagents. W will 10 first purify additional nonkey
anti bodies fromB7.1 i muni zed ani nal s inity chronatogﬁ;ph on

by aff
o G 8§ 8
B7.119-- seprandsel V&%‘&%&&WE& ol Sy e Vor ol ' - .
, 18 27 36 as 54
G E VvV VvV M 7T Q - P L 8 L P I T P 6 EBE P A s
GGG GAA GTT GIG ATG ACT CAG TCT CCA CIG TCC CIT CCC ATC ACA CCT GGA GAG CCG GCC TCC
83 72 8l 90 99 108 117
I 8 € R S 8 Q S L X B 8 KR G D T F L S W Y
ATC TCC TGT AGG TCT AGT CAA AGC CTT AAA CAC AGT AAT GGA GAC ACC TTC CIG AGT TGG TAT
126 138 14 153 162 171 180
Q9 @ K P G ¢Q -] P R L L I ¥ X v 8 B R D 8 @6
CAG CAG AAG CCA GGC CAA CCT CCA AGG CTIC CTG ATT TAT AAG GTT ICT AAC CGG GAC TCT GGG
189 198 207 218 225 234 243
vV P D R P 8 8 8 66 A 6 » D F T L K I 8 A Vv
GIC CCA GAC AGA TIC AGC GGC AGT GG3 GCA GGG ACA GAT TIC ACA CTG AAA ATC AGC GCA GIG
252 261 270 279 288 297 306
E A BE D V G V ¥ P € G Q 6 T R T P P T F @
GAG GCT GAA GAT GIT GGG GTT TAT TIC TGC GG3 CAA GGT ACA AGG ACT COT CCC ALCT TTC &GC
315 324 333 342 351 360 369
G G T X Vv E I K R © VvV A A P S v F X F P P
GGA GGG ACC AAG GTG GAR ATC AAA CGT ACG GTG GCT GCA CCA TCT GIC TTC ATC TIC CCG CCA
378 387 396 405 414 423 432
S D E L K S G T A 8§ V ©V C L L N N F Y P
TCT GAT GAG CAG T7G AAA TCT GGA ALCT GCC 1CT GTT GIG 1IGC CIG CTG AAT AAC TIC TAT CCC
441 450 459 463 477 486 495
R E A K Vv Q w K Vv D N A L Q 8 G N S Q E S
AGA GAG GCC AAA GTA CAG TGG AAG GTG GAT AAC GOC CTC CAAR TCG GGT AALC TCC CAG GAG AGT
504 813 522 531 540 549 558
vy T E Q D S XK D S T ¥ 8 L S§ S ® L T L § KX
GTC ACA GAG CAG GAC AGC ARG GAC AGC ACC TAC AGC CTC AGC AGC ACC OTG AQG CTG AGC AAA
587 $76 585 594 603 612 621
A D ¥ BE K H X V ¥ A C E V T BE Q0 G L s s ¥
GCA GAC TAC GAG AAA CAC AAA GIC TAC GCC TGC GAA GTC ALC CAT CAG GGC CIG AGC TCG CCC
630 639 648 657 666 6758 684
vV " K 8 F N R G E € .
GIC ACA AAG AGC TTCQ ARC AGG GGA GAG TGT TGA
693 702 712 720
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5 (Promega, Madison). The heavy chain PCR anplified products are pool ed,
cut with Xho VSpe | restriction enzynes and cloned into the vector pMs.
Subsequently, the light chain PCR products are podled, cut with Sac 1/ Xba |
restriction enzynes, and cloned to create 10 the reconbinant |ibrary.

XLI - Bl ue B. colgobguegsgansformed with the library DNA and supepciriésefbns
with VCSML3 to produce the phage displaying antibodies. The library is -
panned four rounds on polystyrene wells coated with B7.1 or B7.2 antigen.

I ndi vi dual phage 15 cIones‘fron1eq2h/r nd of panning are anal yzed. The
pM5 vector DNA is isolated and the gene 1Tl excised. Soluble Fab fragnents
are generated and tested in ELISA for binding to B7.1 and B7.2. Exanple 11
. 20 Char acteri zati on of ‘Phage Fab Fragnents The nonkey phage Fab fragnents
are characterized for their specificity and the ability to block B7.1-1g
and B7.2-1g binding to CTLA-4-1g or CITLA-4 transfected cells. Phage
fragnents are al so characterized for 25 cross-reactivity after first
panni ng for 4 rounds on the B7 species used for immunization in order to
select for high affinity fragnents. Fab fragments identified fromfour
rounds of panning either on B7.1 or B7.2 antigen coated surfaces are scal ed
up by infection and grown in 30 24 hour fernmentation cultures of E coli.
Fragnents are purified by Kodak FLAG binding to a anti-FLAG affinity
colum. Purified phage Fabs are tested for affinity by

E vV H N A X T K P R BE E Q Y N 8 T ¥ R V V
GAG GTG CAT AAT GCC ARG ACA AAG CCG CGG GAG GAG CAG TAC AAC AGC ACG TAC CGT GTG GIC
948 954 863 972 S8l 9390 999
S VvV L. T V L BE @ D W L N G K E Y K ¢ KX Vv 8§
AGC GTIC CTC ACC GTC CTG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC
1008 1017 1026 1035 1044 1053 1062
N X A L P A P I E KR T I 8 K A K GG Q@ P R E
AAC ARA GCC CTC CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA-GCC AAA GGG CAG CCC CGA Gaa
107 1080 1089 1098 1107 1116 1125
P Q vV ¥ L P P 8§ R D E L T K N Q V 8 L 7T
CCA CAG GTG TAC ACC CTG CCC CCA TCC CGG GAT GAG C7G ACC AAG AAC CAG GTC AGC CTG ACC
1134 1143 1152 1161 1170 1179 1188
€¢c L v K G F ¥ P 8 D I A V E W E § N G Q P
TGC CIG GTIC AAA GGC TIC TAT CCC AGC GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG
1197 1206 1215 1224 1233 1242 1251
E N ¥ ¥ X 7 T ¢ P V L D § D 6 8 F F L Y =8
GAG AAC AAC TAC AAG ACC ACG CCT CCC GIG CIG GAC TCC GAC GGC TCC TTC TTC CTC TAC AGC
1260 1269 1278 1287 1236 1308 1314
K L T VvV D XK 8 R W 0 Q@ 6 ¥ v F 8§ € s Vv M H
ARG CTC ACC GIG GAC AAG AGC AGG TGG CAG CAG GGG AAC GIC TIC TCA TGC TCC GTG ATG CAT
1323 1332 1341 1350 1359 1368 1377

E A L B N B Y T Q0 X § L 5 L § P G K
GAG GCT CIG CAC AAC CAC TAC ACG CAG ARG AGC CTC TCC CTG ICT CCG GGT AAA TGA
1386 1395 1404 1413 1422 1431
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an ELI SA based direct binding nodified Scatchard WO 96/ 40878

PCT/ US96/ 10053 -56- analysis (Katoh et al, J. Chem BioEng., 76:451-454,
(1993)) using Goat anti-nonkey Fab antibodies or anti- FLAG MAb conj ugat ed
wi th horseradi sh peroxi dase. The anti-nonkey Fab reagents wi ||l be absorbed
agai nst human L—'\y '3@/%‘6 chai n constant region I g to renove any pehRSS710053
reactivity to B d values are calculated for each fragnent after .
measur enent s of d| rect binding to B7.1-1g or B7.2-1g coated pl ates. Exanple
12 10 Phage Fab Fragnent Bl ocking af ﬂ A- 4/ B7 Bi ndi ng Fab fragnents nost
effectively blocking the binding of 73 g-at the | owest concentrations are
sel ected as | ead candi dates. Sel ections are nmade by conpeting off
[err]I-B7-1g binding to CTLA-4-1g or CTLA-4 transfected 15 cells;

Addi ti onal selection criteria include, blocking of mxed | ynphocyte
reaction (MR), as_ neasured by inhibiting 3Hthym di ne uptake in responder
cells (Azuma et al, J. Exp. Med., 177:845-850,; Azuma et al, Nature,
301:76-79, &AR98) M aRd i ract @gnad vl s 10f ol Lp2 £0 y ppodgct gon us&ngal Lz 2
assay kits. The mmmcfmurmandldathMcwmm%ﬂc tA/657 GEA caa
i nhibiting of MLR and CTL®-4 bi ndilBg assay&7 are cho¥en for céHning irsdo

C E 8 VL T Q P P 8 V S 6 A P G Q K V T I
TGT GAG TCT GTIC CTG ACA CAG CCG CCC TCA GIG TCT GGG GCC CCA GGG CAG ARG GTC ACC ATC
63 72 8l 90 99 108 117
$§ ¢ T 6 § T S N I G G Y D L H W Y Q Q@ L ¥?
TCG IGC ACT GGG AGC ACC TCC ARC ATT GGA GGT TAT GAT CTA CAT TGG TAC CAG CAG CTC CCA
126 135 14¢ 153 162 171 180.

G T A P XK L L I ¥Y D I N K R.P 85 G I S D R
GGA ACG GCC CCC ARA CTC CTC ATC TAT GAC ATT AAC ARG CGA CCC TCA GGA ATT TCT GAC CGA
189 198 207 216 225 234 243
F S G 8§ XK 8 6 T A A 8 L A I T 6 L @ T E D
TTC TCT GGC TCC AAG TCT GGT ACC GCG GCC TCC CIG GCC ATC ACT GGG CTC CAG ACT GAG GAT
252 261 270 279 288 297 308
E A D Y ¥ ¢ Q@ § ¥ D § 8 L N A Q V F 66 G G
GAG GCT GAT TAT TAC TGC CAG TCC TAT GAC AGC AGC CTG AAT GCT CAG GTA TTC GGA GGA GGG
s 324 333 342 351 350 369
T R L T V L G Q P K A A P S V © L F P P S
ACC CGG CTG ACC GTC CTA GGT CAG CCC ARG GCT GCC CCC TCG GIC ACT CTG TTC €CG CCC T¢C
378 387 396 405 414 423 432
S E E L @ A N K A T 5L V ¢ L I S D F Y P G
TCT GAG GAG CTT CAR GCC ARC AAG GCC ACA CTG GTG TGT CTC ATA AGT GAC TTC TAC CCG GGA
431 450 459 468 4717 486 495
A V  V A W XK A D S S P V XK A G V E T 7 T
GCC GTG ACA GTG GCC TGG ARG GCA GAT AGC AGC CCC GTC AAG GCG GGA GTG GAG ACC ACC ACA
504 513 522 531 540 549 s58
P S K Q 8 N N K Y A A 8§ 8 ¥ L s L T ?p E Q
CCC TCC ARA CAA AGC AAC AAC AAG TAC GCG GCC AGC AGC TAC CTG AGC CTG ACG CCT GAG CAG
567 576 585 594 603 612 621
W X §s H R 8 ¥ 8§ ¢ Q@ vV  H E G § T V E XK 7
TGG ARG TCC CAC AGA AGC TAC AGC TGC CAG GTC ACG CAT GAA GGG AGC ACC GIG GAG AAG ACA
630 639 648 657 666 675 684

V A P T E C S
GTG GCC CCT ACA GAA TGT TCA TGA
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t he above-descri bed mammal i an expressi on vector for transfection into CHO
cells and expression of chinmeric 25 nonkey/ human anti bodi es. Exanple 13
Gener ati on of Monkey Het erohybri domas Mnkey het erohybri domas secreting
nonocl onal anti bodi es are generated from existing inmunized ani mals 30
whose sera testgeogeddi ve for B7.1 and/or B7.2. Lynph node bipesjseénoasse
taken fromaninmal's positive to either, or both, antigens. The nethod of
hybri doma producti on WO 96/ 40878

PCT/ US96/ 10053 -57- is simlar to thc“ept, bl i shed nethod used for the
generati on of nonkey anti-CD4 anti bodies ?Newrran, 1992(1d.)). Monkeys with
high serumtiters will have sections of inguinal |ynph nodes renoved under
5 anest hegiaga 1 lwnaboagyt @s aF e prashed, fripmy he tipgsspe gndgf ugedywi gh g
KH6/ B5 het er onyel %6 Jad|dAs QICHCEATCETTCHTIC IS AIGIEIG GEA GOV £EC AGE 6% 61T 276 1°C
(1986)) using pol yet hyl eng gl ycol ¥PEG . H#fri domas3®re sel effed on H¥A T.

medi a and stgbiyi zpd Dy ¢ egeatssd gubgl api ng ivn X6 wel g peat @s. ¢10g

L 7
Monkey nDNoGHAGIEE CAGtCTHRAS dG SI0G (GGLI CCAfGER. (37 .GTG AM OO ICGIGAG 30T 6TR 8CC £1e ACC
cross-reactivitydto B7. 27NMonkey &&ti-B7 afi bodi es¥hi || belfharact erted
for bl ockings ofy B Clg-A-gt Iy N ngr usg Nggt e [er 1gl | wB7gl awbi Rdi RY Q P P

1GC GCT GTC TCT GGT GGC TCC ATC AGC GGT GGT TAT GGC TGG GGC TGG ATC OGC CAG CCC CCA
126 135 144 153 162 171 180

6 X @6 L B W I @6 8 P ¥ 8 8§ 8 G N © Y ¥Y N P

GGG AAG GGG CTG GAG TGG ATT GGG AGT TTC TAT AGT AGT AGT GGG AAC ACC TAC TAC AAC CCC
189 198 207 216 225 234 243

S L X S @ VvV T I 8 ® D T S K N @Q F s L K L

TCC CTC ARG AGT CAA GTC ACC ATT TCA ACA GAC ACG TCC AAG AAC CAG TTC TCC CTG AAG CIG
252 261 270 279 288 297 306
N § M T A A D T AV Y Y CVURDUGRTULF 8§ V

AAC TCT ATG ACC GCC GOG GAC ACG GCC GTG TAT TAC TGT GTG AGA GAT CGT CTT TIT TCA GIT
315 324 333 342 351 380 368
V 6 M V ¥ N N W F D V W GG P G V L VvV T V s

GTT GGA ATG GTT TAC AAC AAC TGG TIC GAT GTC TGG GGC COG GGA GIC CTG GIC ACC GIC TXC
. 378 387 396 405 a4 423 432

S A 8 T X G P S VvV F P L A P 8 8 K 8 T s ¢

TCA GCT AGC ACC AAG GGC CCA TCG GTE TTC CCC CTG GCA CCC TCC TCC AAG AGC ACC TICT GGG
441 450 459 468 Yy 486 495

6 T A A L 6 C L V K D Y F P B P V T V s W

GGC ACA GCG GCC CTG GGC TGC CTG GTIC AAG GAC TAC TIC CCC GAA CCG GTIG ACG GIG TCG 166
504 513 §22 531 540 549 558

N 8 6 A L * 8§ G V H " F P A V L Q@ § 8 G L

AAC TCA GGC GOC OTG ACC AGC GGC GTG CAC ACC TIC CCG GCT GTC CTA CAG TCC TCA GGA CIC
567 576 585 594 603 612 621

Y § L 8§ 8§ VvV V T VvV P 8 § § L 66 T Q@ T Y I ¢

TAC TCC CTC AGC AGC GTG GIG ACC GTG CCC TCC AGC AGC TIG GGC ACC CAG ACC TAC ATC 1GC
§30 639 648 657 666 875 684

N V N H K P 8 N T K vV D X K A BE P K S C D

ARC GTG AAT CAC AAG CCC AGC AAC ACC ARG GTG GAC AAG AAA GCA GAG CCC AAA TCT TGT GAC
§93 702 ‘711 720 729 738 747

XK  H * ¢ P P €C P A P E L L G G P 8 V F L

AAR ACT CAC ACA TGC CCA CCG TGC CCA GCA CCT GAA CTC CTG GGG GGA CCG TCA GTIC TTC CIC
756 765 714 783 792 801 810

F P P K P K D T L M I S R T P BE V T C V V

¢ TTC CCC CCA AAA CCC AAG GAC ACC CTC ATG ATC TCC CGG ACC CCT GAG GTC ACA TGC GTG GTG
819 828 837 846 855 864 8713

. V D V S H E D P BE VvV K F N W ¥ V D G V E V

GIG GAC GIG AGC CAC GAA GAC CCT GAG GTC AAG TIC AAC TGG TAC GTG GAC GGC GTG GAG GTG

FIG. 10b-1
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assay. Inhibition of MLR by 3H Thym di ne uptake and 15 di rect measurenent
of IL-2 production is used to select three candi dates. Two candi dates w | |
be brought forward in Phase Il studies and expressed in CHO cells while
repeating all functional studies. For the purposes of devel oping an ani ma
model for in VL%Bgaguﬂ phar macol ogy, anti-B7 antibodies W || kerhRedfResson
cells of severa amrnﬁ speci es. The establishnent of an aninmal nodel w |
allow preclinical studies to be carried out for the selected clinical

i ndi cation. Exanmple 14 25 As ﬂ?gpyﬁsed supra, using the above

het er ohybri doma net hods, 4 | ead nonkey “anti-B7.1 anti bodi es have been

i dentified: 16Cl0, 7B6, 7Cl10 and 20C9. These anti bodi es were characterized
as follows: To denonstrate the nonkey antibodies' ability to 30

-bl'ock the physical interaction between CTLA4-1g, varying concentrations of
t he nonkey anti-B7.1 antibodi es and unl abel ed CTLA4-1g were incubated WO
96/ 40878 PCT/ US96/ 10053 -58- with
radi ol abel ed CTLA4-1g[err]. The results of the inhibition assay showed that
the 1'C50 (the concentration of inhibitor which results in 50% i nhibition)
for the nonkey anti bodi es are:

882 891 800 909 918 927 936
H N A K T K P R E E Q@ Y N § T ¥ R V V 8 v
CAT ART GCC ARG ACA AAG CCG CGG GAG GAG CAG TAC AAC AGC ACG TAC CGT GIG GIC AGC GIC
943 954 963 972 981 990 999
L T VvV L B Q D W L N 6 K E Y K C XK V 8 ¥ K
CIC ACC GTC CIG CAC CAG GAC TGG CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC AMA
1008 1017 1026 1035 1044 1053 1062
A L P A P I BE R T I 8 X A K G Q P R E P Q
GCC CTC CCA GCC CCC ATC GAG AAA ACC RTIC TCC AAA GC AAA GGG CAG CCC CGA GAA CCA CAG
1071 1080 1089 1088 1107 1116 1125
vV ¥ T L P P 8 R D E L T K N Q V 8 L T C L
GTG TAC ACC CTG CCC CCA TCC CGG GAT GAG CTQ ACC AAG AAC CAG GIC AGC CTG ACC TGC €76
1134 1143 1152 1161 1170 1179 1188
V K G F Y P 8 DI A V BE W E S8 N G Q P E N
GIC AMA GGC TTC TAT CCC AGC GAC ATC GCC GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG AAC
1197 1206 1215 1224 1233 1242 1251
N ¥ K T T P » V L D S D G § F F L Y 8 X L
AAC TAC ARG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TIC TIC CIC TAC AGC AAG CIC
1260 1269 1278 1287 1296 1308 1314
T V D K S R W Q Q @G N VvV P § € S V MM H E A
ACC GIG GRC AAG AGC AGG TGG CAG CAG GGG AAC GIC TIC TCA TGC TCC GTG ATG CAT GAG GCT
1323 1332 1341 1350 1359 1368 1377
L H N H ¥ T Q X 8 L 8 L 8 P G X .
CIG CAC AAC CAC TAC ACG CAG AAG AGC CTC TCC CIG TCT OOG GGT AAA TGA
1386 1395 1404 1413 1422 1431

J
o
-
o
g
N

SUBSTITUTE SHEET (RULE 26)



5 a: 7Cl0: - 0.39 [err]g/M b: qu@é’.%-@l 60 megﬂn"”
C: 20C9: Woosko®® [err]g/M d: 7B6: 39.0 [er (Tppe/ REEEHAY G0

anal ysis showed that the apparent 10 affinity conﬁpaﬂLs_L__l_LQL_LEE

monkey anti bodi es binding to B7-1g coated plates were approximated to be:

a: 7C10: 6.2 x 10-ferr]M b: 16C10: 8.1 x 10[err]M 1 lSSheetHasBeenReilaGéd

7B6: 10.7 x 10-[err] M d: 20C9: 16.8 x 10[err]M The a

tested in vitro in a mxed | ynphocyte reaction assay (MR d
that all 4 anti-B7.1 anti bodi es inhibit ~gh~2. 20 production to
different extents: a: 7B6: 5.0 [err]g/M b: - 16C10: 0.1
[err]g/ M C 20C9: 2.0 [err]g/M d: 7C10: 5.0 [err]g/M 25

The nonkey anti-BiolimmﬁéxpﬁrmatEZédtaﬁtfﬁodprofhelalmbslwhﬁr@ﬁjbind B7 on
human peri pheral, b nphoc B F nal ys wed t.hat all 4
nonkey ant i bﬁ&?‘gsapg’#@d%pc?sﬁt V%}g t%?maﬁbg é ﬁ%ﬁlgg 78810 and
20C9 were 30acid sequesioxd detr fﬁmtmlﬁulmggwyeﬁwiﬁsandlybLs Results

11. The primatized antibody of claim 5 wherein
§ said antibody is encoded by the nucleic acid sequence
set forth in Figures 10a and 10b.

12. A transfectoma which expresses a primatized
antibody which specifically binds to human B7.1 and/or
human B7.2 antigen.

10 1j. The transfectoma of claim 12 which is a CHO
cell. '

14. The transfectoma of claim 13 wherein said cell
expresses a primatized antibody having the amino acid
sequence set forth in any one of Figures 8a, 8b, 9a, 9b,

15 10a and 10b.

15. A pharmaceutical composition suitable for
treatment of a disease treatable by inhibition of B7-
CD28 binding which comprises an antibody according to
any one of claims 1 to 11. '

20 16. The use of a therapeutically effective amount of

at least one antibody according to any one of claims 1 to 11
for treating a disease by inhibition of the B7:CD28 pathway.

17. The  use of claim 16 wherein said antibody
is 16C10, 7C10, 20C9, 7B6 or a primatized form thereof.
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WD 96/ 40878 PCT/ US96/ 10053 - 59-

showed 7Cl0zykgess! 9 had strong human G g binding after incegaiseeoussh
B7.1 CHO transfected cells. 16Cl0 was negative, as were the 20C9 and 7B6
nonkey anti bodies. 5 Exanpl@ 15 Usingtthe

primatized anti body nethodol ogy incorporated by referengf dnot HNBRR, aced

assigned U S. Serial No. 08/ 379,072, and using the NECSP m
shown in Figure 2, the heavy and |light variable 10 do ﬂﬂnn”,um EBG '
and 16C10 were cl oned and prinmatized forgs_thereof have din

CHO cel |l s using the NEOSPLA vector system The am no acid and nucleic acid
sequences for the primatized 7C10 |ight and heavy chain, 7B6 |ight and .
heavy chai n, and c - ddght i i own in
Fraurcs 3a. 8b. oiBropThn;usel") BTGIAAM NS WSE AP SERPIISHELK 1200
anti bodi es, anvawtepmmungr ddserderow anti genicity and human effector
function, will be well suited as therapeutics. In fact, 20 it has
recently been shown that prinmatized 16CL0 exhibits human, Cl[err] bi nding,
whereas 16C10 doed2mot ThehodiBeski Pfeflpdm S hergin saxkd hisease BE able

to ascertai Ngd$bB8HeA0FFBRE ihidpatfild AR rOMRIdyTRIBa i huBr£dui val ents to

the specific enbodinenpts of the 25. invention des&ir;é)eegeshenr‘gifiﬁuguch
f

equi val eht s SyYgtemic lupus erythematosus, type 1
rheumatoid arthritis, psoriasis and multiple sclerosis.

20. The wuse of claim 16 wherein said disease is
graft-versus-host disease.
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i ntended to be enbraced by the follow ng clains. -60- CL
primatized anti body which specifically bindS to human B7.1 %bgiw’ ere| n
sai d “anfi body contains the variabl e-heavy and 1ight donmins cont 3—
SEQ ID NGCS. | through 4 and contains human heavy and |ight chai stant
regions. 2. Theprimatized antibody of Caim1, which contains ahuman gamma
| or gamma 4 constant region. 3. A pri ggbi_zed anti body which specifically
binds to human B7.1 antigen wherein said anti body contains the variabl e
heavy ang Jjght domains contained in SEQ ID. NOS. 5 through 8 and contains
human heavy and |ight chain constant regl ons, 4. The primatized anti body

f a 3, . AR g

ori mat 1 2eq aﬁ?: E%ﬁ?ﬁ "Engiﬁgﬁ‘cf%%,, dﬁ‘% 11%'@“;;% m%??%%%haﬂere. g
d t anitibady eentains the variablo heqvyiand 2"'

ZEIQ ?B anli(ntains HuhteadyPard lighobhaid cdnstantrpionant ai ns human heavy and |i ght

chain constant regions. 6. A primatized anti body of Caim5. which contains

-

a human ganmma 1 or ganma 4 constant reg| on. A corrp03|t|on conpri sing
at | east one2pr i Fheprirgafizedentiindy of Claingil ng'htcb%ﬁ}mé UgtanEapnas! or gamRa dh
6, and cally or pharmacoutically acceptable carrier. 8. A

transfectoma which expresses a prinatized antibody which specifically binds
to human B7.1, wherein said _primatized, antlboaé is a primatized antibod

accordi ng t.o3anyA@smatizedantibedy which/sperificatl 1o buman, Bd A antigem wherel saidn g,
wher ei n gitibdd Bonthing thel varisble heag day lightdomedisiontabmsddn SEQUEDCNOSOS tibugld8 i n

SEC?/ ' D 2 Bintabnd MM&% and light chain constant regions.

4. The primatized antibody of Claim 3, which contains a human gamma 1 or gamma 4
constant region.

5. A primatized antibody which specifically binds human B7.1 antigen wherein said
antibody containg the varigble heavy and light domains contamed in SEQ. ID. NOS. 9 through 12
and which further contains hutnan heavy and light chain constant regions.

6. A primatized antibody of Claim 5., which contains a human gamma 1 or gamma 4
constant region.

7. A composition comprising at least one primatized antibody according to any one of -
Claims 1 through 6 , and a disgnostically or pharmaceutically acceptable carrier.

8. A transfectoma which expresses a pﬁmatized antibody which specifically binds to
human B7.1, wherein said primatized antibody is a pnmatized antibody according to any one of
Claims 1 through 6 .

9. The transfectoma of Claim 8, wherein said antibody is encoded by the nucleic acid
sequence contained in SEQ. ID. NOS. 1 through 4.
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-61- 10. The transfectonma according to Caim8 wherein said antibody is
“encoded Dby the nucleic acid sequénce contained in SEQ ID. NOS. 5 t hrough
8. 117 .The transfectoma according to Claim8 ,wherein said antibody is
encoded by nucleic acid sequence contained in SEQ MD. NOS. 9 through 12.

-61-

10. The transfectoma according 8 Clann 8, wherem said antibody is encoded by the
nucleic acid sequence contained in SEQ. ID. NOS. 5 through 8.

11. The transfectoma according to Claxm 8 , wherein said antibody is encoded by nucleic
acid sequence contained in SEQ. ID. NOS. 9 through 12.
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