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| DENTI FF'CATI ON OF UNI QUE BI NDI NG | NTERACTI ONS BETWEEN CERTAI N ANTI BODI ES
AND THE HF¥4 AND B7.2 CO STI MULATORY ANTI GENS FI ELD | ON
5 The g?ggint invention relates to the |dent|f|cat|g§C£ 9%N§EPT.
nonocl onal anti bodi es which are specific to B7.1 antigens (CD80). More
specifically, the present invention relates to the identificati-on and._use -
of monocl onal antibodies or primatized forms thereof which 10 are capabl e
of inhibiting the binding of human B7.1 antigen to a CD28 receptor and
which are not capable of inhibiting the-binding of B7.1 to a CTLA-4
receptor. Thus, the invention relate§ to the identification and use of .
nmonocl onal antibodies and primatized forns 15 thereof which recognize
specific sites on the B7.1 antigen which are exclusive of CTLA-4 receptor

bi ndi ng. The CRRINIFSICATION OF AVIQER BENDENG cCINBERAGELIONEJd BETWHEN
primatized for s CHBREAIN WT@PD EVMAN BY+2sANR Bffe 2human B7. 1
antigen and are capable 20 ATORY | ANDIGENBucti on. Al so, the

present invention relates to harnaceutlcal Qsi.tions containing |
nonocl onal or primatized ant|Eﬁgkgs—gpggﬁFﬁ§gE§BH§¥%n B7.1 and their use as
| mmunosyppr essan by nndulatln the B7 Zg th e. for the
treat ment of aut = or nt%%% ?%g ?3vgﬁt gﬁ ggé&ﬁiﬁiqaﬁﬁﬁﬂlon.
BACKGROUND @mdrhised MENﬂ'cbr@d:Iﬁmlblamﬂad:dlaSewhach brewepedifmmdawmgy,
hermat ol ogy, qhemat h Oéré’ﬁg 5 Pe 28R %8%%39 30theN§%s%q{’cd'“°”5

treated by t oncolo I st™ have el t & ancabtolmmme or
i mmunodef i ciewention re ates to the 1dent1f1cat10n and use of

monoclonal antibodies or primatized forms thereof which

10 are capable of inhibiting the binding of human B7.1
antigen to a CD28 receptor and which are not capable of
‘inhibiting the binding of B7.1 to a CTLA-4 receptor.
Thus, the invention rélates to the identification and
use of monoclonal antibodies and primatized forms

15 thereof which recognize specific sites on the B7.1
antigen which are exclusive of CTLA-4 receptor binding.

The invention further relates to monoclonal
antibodies or primatized forms thereof which recognize

" specific sites on the human B7.1 antigen and are capable .
20 of inhibiting IL-2 production.

Also, the present invention relates to
pharmaceutical compositions containing monoclonal or
primatized antibodies specific to human B7.1 and their
use as immunosuppressants by modulating the B7:CD28

25 pathway, e.g., for the treatment of autoimmune
~disorders, and the prevention of organ rejection.

BACKGROUND OF THE INVENTION

The clinical interface between immunology,
hematology, and oncology has long been appreciated.
30 Many conditions treated by the hematologist or

oncologist have either an autoimmune or immunodeficient
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conponent to their pathophysiology that has led to the w despread'adoption

of i mmunosuppressive nedi cations by henatol ogi sts, whereas ' have
.sought inﬁﬁﬁBW 08 adj uvants that night enhance endogenous %%%ﬁkﬁﬂ%ﬁﬁgy to

tunors. To date, these interventions have generally consisted of
nonspeci fi ¢ nodes of i mmunosuppression and i mune stimnulation..4&n addili on
tothe limted efficacy of these interventions, toxicities secondary to
their nonspecificity have also 10 Ilimted their overall success.
Therefore, alternative strategies have heen sought. Elucidation of the
functional role of a rapidly increastng nunber of cell surface nol ecul es
has contributed greatly to the integration of immnology 15 . with clinical
hemat ol ogy asdmpbaehtgyo thedd yailbplatdiclodwachainthaenkedave then

i dentified .cel | f, t l_nmur d h Let] '
Bounsel | L, WFRERTERG AR PR e i B frS B et FHL BRI >
g:IvgrdegggﬁbmaSpﬂbggsmsTAwhEgﬁaa orfo Iz i sty den W pughe i gens (1993),
00 ; : ~erd 5 [
midAdhog i £ 830 AL Ehd C RERAR lerbidiled | O605eh8ak! | ! ed and

more w dely a trr, ecules invpo In a variety of7 processes,
i ncl udi n§ cefmmuad tveEegtmoze - adiedahe. ithRRe i rterterklifRenBA¥e of

proliferati Ogen%c.ﬂﬂ.?n%o?éist%ﬂirﬁ irhepdd ERi®mddestdbHn, and even cel |
death. Recognition o

t he functiopal attributes of,these_nol eqgul es _has
fostered noveMEPCSHRRT &85 Loghi eﬂ@p%9ﬁ3$gﬁW§E9$%@$ons£p ?ﬁﬁﬁkﬁaﬁ
Eol ecgges i p\t\?: \(t):ﬁxgal ilrit:)neieedédjleai'rf:imﬂtgsim b aningenvepetohse recogni ][ i on
"t ervent | onC RS K FRSERIR g A Horta e LEERR habe fTHEY 2 ©
nol ecul 9 t edrwd tedl  tdeimlomesral hngueeses. ( BFkexeferep: alyaenatdysi gnal
model  of |y MRROGHeR i intRld Yedesdugne years later.” -
Elucidation of the functional role of a rapidly
increasing number of cell surface molecules has
contributed greatly to the integration of immuhology
15 with clinical hematology and oncology. Nearly 200 cell
surface antigens have been identified on cells of the
immune and hematopoietic systems (Schlossman SF,
Boumgell L, Gilks JM, Harlan T, Kishimoto, C Morimoto C,
Ritz J., Shaw S, Silverstein RL, Springer TA, Tedder TF,
20 © Todd RF:CD antigens (1993), Blood 83:879, 1994). These '
antigens represent both lineage-restricted and more
widely distributed molecules involved in a variety of
processes, including cellular recognition, adhesion,
induction and maintenance of proliferation, cytokine
25 secretion, effector function, and even cell death.
Recognition of the functional attributes of these
molecules has fostered novel attempts to manipulate the
immune response. Although molecules involved in
cellular adhesion and antigen-specific recognition have
30 previously been evaluated as targets of therapeutic
immunologic intervention, recent attention has focused
on a subgroup of cell surface molecules termed co-
stimulatory molecules (Bretscher P: "The two-signal
model of lymphocyte activation twenty-one years later."
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| mrunol?* Today 13:73, (1992); Jenkins MK, Johnson JG . "Ml ecul es invol ved

in T-cell ywwgoghdAgs! ation.” Curr Opin Immnol 5:351, (1993); deappsyri199%6
Davis L. Gur H Wacholtz M Lipsky P: "Accessory cell signals involved 5 in

T-cell  activation.” Inmunol Rev 117:5, (1990); Waver CI, Unanue ER "The
co-stinulatory function of antigen- presenting cells.” Inmunol -Today #4%:49,
(1990); Stennam RM Young JW "Signals arising fromanti gen-presenting
cells.” CQurr Opin Immnol 3:361, (1991)). 10 Co-stinmul atory nol ecul es do
not initiate but rather enable the generdtion and anplification of antigen-
specific T-cell responses and effeéector function (Bretscher P: "The

t wo- si gnal nodel of |ynphocyte activation twenty-one years |ater." | munol
Today 15 ].I_ammg{;gégslamiakvas Nk992din demkiags Mib oIQRRROR WEF ved in
I—cglj | ﬁo_ \S,\;"’F]@'}?é"lffsli@ﬁl"%m mXI Mgl %’&ﬁhiﬁtﬂl&&ﬁﬂdngﬁwg dpiRavi s

. r H chol tz Lps - VAcgessor signal s Lnvalved in T-cel
activati on. "1TEMROL| 5Ré§gll¥?'g,93e iQé@P?e%a&gr %Vlgﬁﬁ' %%e ER. "The
go-stinulatowacﬁdnthinm nipskyi §en”Apcessadrngedd |sidndbsnuimvoXwedy 11: 49,

1990); Stennam,F o] . " Sign [ S far nt i [ LNng
cells.” %Lrrl%giﬁg%%%Lﬁgglgxgéfg'(13&%Fig%m%§k}%f%§%ks{one g%??ﬁ?%é ey PS
Thonpson CD:CT RoUmantiet BB : ChZBe2 so-stdgedegonyh funaiion et artdgen-| nmunol

Today 15: 321%1-&&886&);9 BeEEBL bY IntiRcAPATdE 10045 | UGS Oy ¥ Sebhnay ter med
B7: CD28 has been studied b¥sglf erent research groups because of ,its

si gni fi cant F¥%t eYPHNG dHd gralso ariging, £59H § RIPrEfeRELBHe JA,
Li nsl ey PS, dépnpsoncGbr OBehe rgimuiiea GRAZIr,ecqysgm) ¥ n T-cel |l activation.”

lr?ggg? LJI,(-)I- ggfﬁ),‘ca—égit'r_%%\ép.F%%}%ﬁféﬁh&‘égﬁieg_l’dol‘%% etn’:[neirti]a%é J‘J‘D@ {-Q{ﬁegf the .CD28

enable the generation and amplification of antigen-
specific T-cell responses and effector function
(Bretscher P: "The two-signal model of lymphocyte
activation twenty-one years later." Immunol. Today

15 13:73, (1992); Jenkins MK, Johnson JG: "Molecules
involved in T-cell co-stimulation." Curx Opin Immunol
5:351, (1993); Geppert T, Davis L. Gur H. Wacholtz M.
Lipsky P: "Accessory cell signals involved in T-cell-

activation." Immunol Rev 117:5,_(1990); Weaver CT,
20 Unanue ER: "The co-stimulatory function of antigen-
presenting celles."” Immunol Today 11:49, (1990); Stennam
RM, Young JW: "Signals arising from antigen-presenting
cells."” Curr Opin Immunol 3:361, (1991); June CH,
Bluestone JA, Linsley PS, Thompson CD: "Role of the CD28
25 receptor in T-cell activation." Immunoi Today 15:321,
(1994)) .
Recently, one specific co-stimulatory pathway
termed B7:CD28 has been studied by different research
groups because of its significant role in B and T cell

30 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:
"The role of the CD28 receptor during T-cell responses
to antigen." Annu Rev Tmmunol 11:191, (1993); Schwartz




to antigen." Annu Rev Innunol 11:191, (1993) Schmartz WD 98/ 19706

PCT/ US97/ 19906 -4- RH "Co-stinulation of T |Iynphocytes: The roIe 'of OB28,
CTLA-4, and B7/BBl in interleukin-2 production and i mmunot hera Cel

71: 1065- 10%898/19%62) : Jenkins MK, Taylor PS, Norton SD, Urd 7’“'Bef)28
delivers a 5 costinulatory signal involved in antigen-specific IL-2
production by human T cells." Journal of |munol ogy 147:2461-2466 (1991))-
Since this |igand:receptor pathway was di scovered four years ago, a |large
body of evidence has accunul at ed suggesting that B7:CD28 10 I nteractions
represent one of the critical junctures-ign determ ning i nmune reactivity
versus anergy (June CH, Bl uestone JAr Li nsl ey PS, Thonpson CD:. "Role of the
CD28 receptor in T-cell activation.” Inmmunol. Today 15:321, (1994); June CH,
Ledbetter JARH:Theorgktdmufl atienCois T13 ympheesies : dihie ngolle cef | CD28ponses

to antigen."” ny R o stimul ation
of T Iynphocs @g HThg%Pbggvgylcé%B%2%ffﬁ£§3§&iéﬁggﬁggﬁgtfghﬁ?erleukln 2
product i on ahumunptherasyady. Qgiﬂl7lfﬂQﬁﬁﬁlQﬁ&%3(Kﬂggba JQEthSJMK

"Mounting a &‘QXQSE’:e@SZONor%toH 69 , Oy AHUIAN GRSl IvBPRLE dEFDPESESa (News;
connent) Sci e 2577751, (1992):. Cohen J:. "New protei n sieal s_the ShOMIaS

co- sti nBl at 6PEtaMUFatemys & ignads irsshvedt in 9&%&@2@@%@10(%9 ))
particul ar, phkeduetéosf ByhewtarmT Belay.igeafurmdl of . Bumulidl (CD80)

ane o7 2 (PRl Bk (GRESY (R Al e r%aé"%ﬁ 'K,” eet!

Freednman AS, phbhwayt wa8, dimdicsreded fddr geldrs wdace ahargenb@lypebvi des a

Cterl ey n 27AcBrCe Hie Ain R E b e due ai resag a0 secrete

interactions represent one of the critical junctures in

determining immune reactivity versus anergy (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: "The role of the CD28

15 receptor dufing T-cell responses to antigen." Annu Rev
Immun01'11:191, (1993) ; Schwartz RH: "Co-stimulation of
T lymphocytes: The role of CD28, CTLA-4, and B7/BBl in
interleukin-2 production and immunotherapy." Cell
71:1065-1068, (1992); Cohen J: "Mounting a targeted

20 strike on unwanted immune responses" (news; comment).
Science 257:751, (1992); 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,

25 i.e., human B7.1 (CD80) and B7.2 (CD86), has been

reported to play a co-stimulatory role in T-cell

activation. See, e.g., Gimmi CD, Freeman, GJ, Gribben

JG, Sugita K, Freedman AS, Morimoto C, Nadler LM: "B-

cell surface antigen B7 provides a costimulatory signal
30 that induces T cells to proliferate and secrete

interleukin 2." Proc. Natl. Acad. Sci. (USA) 88:6575-
6579 (1991).

1. B7.1 and B7.2 CO-stimulatory Role in T Cell
Activation
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WO 98/ 19706 * : PCT/ US97/ 19906 -5- The

elaboratlgn)ﬁi qnéuccessful I mmune response depends on a Se?bﬁﬁﬁ? ﬁﬁﬁ gcific
thou

interacti ons” " bétween a T cell and an antigen presenting cel gh the
essential first step in this process depends upon the 5 bi ndi ng of
antigen to the T cell receptor, in the context of the MHC class~l| nolkecul-e
(Lane, P.J.L., F.M MConnell, G L. Schieven, E.A Cdark, and J. A
Ledbetter, (1990), "The Role of Class Il Mlecules in Human B Cel
Activation." The Journal of |nmunol ogy;-520 144: 3684- 3692), this _

i nteraction alone is not sufficient to induce all the events necessary for
a sustained response to a given antigen (Schwartz, R H (1990), "A Cell
Culture Model forThe ghphorgtiom ofiap ANECEFSLUScildWEEe BSAGABE  Jenki ns,

M K. (1992),4¢ %ﬁd %_ A 29f sdriesCokl sBe‘é':.%'lQ:“ ma;éf&ﬂlr&&@tb@weén%omal
Anergy." | mu g

) ; , Cay ab, Buck, J.H
Phill'ips, arfell Lan@aaneﬁntfsegzyr%?ﬁ&a%ﬁ@ml ‘of %ﬁé?? ‘-?Pl\ﬁ—k,eunrest ricted

Cyht ot oxXi Ci ltyeé,\@énaisﬂ ByratHitep hat thdls Iﬁuﬂdcyseimﬂqmnws Gapodnlthe. " 20
The Journa

o] 149: 1115-112 ma b, D Buck,
J.H Phi?li p‘%l ‘é 9L°E gﬁﬁﬁ?@? ‘l‘ é?)% 4 qen"{\éé’r aé\{{l on \?\ﬁ{
Cost i mul at escditert yohl thgeMHCcclPasH fIar atqhe@ﬂﬂ@;pﬁnm& ahdd Gyt ot BxMc-:i ty
Medi at ed by ti po; T 175: 353- 360
S.D. Norton, Ié‘EéJJl%ngEZ(rrgnL Kkéﬂﬁ%@%)ﬁﬁ & %I%S& % J2}§ ler, and M K )
Jenki ns, (199@¢bet¢h§,C$28999gaﬂ@heBR°1Enm£MQ%§$§_3@FWQ%EE¥1%% by
Provi di ng a %e%shnH! ebonyastgdakibn . Cales Joubieal i MEhm@hol 8&UNO! OQY,

149: 1556 156%44F%654 %6@2 ttzhlg 1nt£ract10n alone is not sufficient
to induce all the events necessary for a sustained
response to a given antigen (Schwartz, R.H. (1990), "A
Cell Culture Model for T Lymphocyte Clonal Anergy."
Science, 248:1349; Jenkins, M.K. (1992), "The Role of

15 Cell Division in the Induction of Clonal Anergy."
Immunology Today, 13:69; Azuma, M., M. Cayabyab, 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."

20 The Journal of Immunology, 149:1115-1123; Azuma, M., M.
Cayabyab, 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.,

25 175:353-360); S.D. Norton, 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
Costimulafory Signal to T Cells." The Journal of
Immunology, 149:1556-1561; R. H. Schwartz, (1992),

30 "Costimulation of T Lymphocytes: The Role of CD28, CTLA-
4, and B7/BBl in Interleukin-2 Production and
Immunotherapy." Cell 71:1065-1068).

The involvement of certain other co-stimulatory
molecules is necessary (Norton, S$.D., L. Zuckerman, K.B.
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i nvol venent of certain other co-stinulatory nolecules is neggﬁggg

PCT/U897/19906 -6- Urdahl, R Shefner, J. MIler, and MK Jenkins,
"The CD28 Ligand, B7, Enhances |L-2 Production by Providing A.Costimilatory

Signal to T Cells." The Journal of I|nmunol ogy, 149:1556-1561).

honodi mers 5 CD28 and CTLA-4 expressed on T cells" (June;

4, and B7/BB1

The

Nor t on,

19506

"The
CH,

J. A

Ledbetter, P.S. Linsley, and C B. Thonpsgn, (1990), "Role of the CD28
Receptor in T-Cell Activation." |nmmunolocy Today, 11:211-216; Linsley,
P.S., W Brady, M Unes, L.S. Gosnaire, NK Dame, and J.A 10

Ledbetter, (89401, "ﬁﬁlshéfnéra SecmnllBecephdr M.@r. UeakRngel | (1@ vat i on
) .and B7.2

of co-
stinul at ory Prodetding AcCestamyulabory Sagnailnse Mmieddse.d EEESponse
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(Azuma, M. ShuX53flof) rhingbBLbELDS 148, 18R 6L 156300 Ln&‘hetmnﬂduﬁé@?:
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177: 845-850;CP2@cand, CCLA-4¢ pxpreppeddfinT $GWQS§edPPnﬁ@.CLéb .
Wi t man, andnééﬁeéeékerp é19ﬁ9hslé§7 afd2@. B Newy <ﬂl§§malg
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18- Lasl o, H.B.

Eﬁcklegl\l fﬁmﬂﬁb%%%zPToaag§ley”zandzmsg LHm@dsy'(IQEBL,WW(BradyAcation
of an ter e 4 _Li gan r T Cell Activation."”
e R

Sci ence,

| der,

and N. S.

Fer nandb (1Beepetteiﬁ83199né,a"ggmeoéyu@ 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-

stimulatory molecules necessary for a sustained immune
15 response (Azuma, M., H. Y¥Yssel, 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., A.S. Freedman, J.M. Segil,
"B7, A
20 New Member of the Ig Superfamily with Unique Expression

G. Lee, J.F. Whitman, and LM. Nadler, (1989),

on Activated and Neoplastic B Cells." The Journal of
Immunology, 143:2714-2722; Hathcock, K.S., G. Laslo,

H.B. Dickler, J. Bradshaw, P. Linsley, and R.J. Hodes,
(1993), "Identification of an Altermative CTLA-4 Ligand
262:905-
911; Hart, D.N.J., G.C. Starling, V.L. Calder, and N.S.

25 Costimulatory for T Cell Activation." Science,

Fernando, (1993). "B7/BB-1 is a Leucocyte

Differentiation Antigen on Human Dendritic Cells Induced

by Activation." Immunology, 79:616-620). It can be

30 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

antigen, or anergy. (See, e.g., Harding, F.A., J.G.
McArthur, J.A. Gross, D.M. Raulet, and J.P. Allison,

(1992) ,



Differentiation Antigen on Human Dendritic Cells Induced by Activation.”
| mrunol 0gy, 79:616-620). |t can be 30 shown in virtro that the absence of
t hese co- Sywiogghadegry Ssignals leads to an aborted T cell actipatiRenivdsday
and the devel opnent of unresponsiveness to the specific antigéen, or anergy.
(See, e.g., Harding, F.A, J.G MArthur, J.A Goss, DM Raulet, and J.P.
Al lison, WD 98/ 19706 e —_ -
PCT/ US97/ 19906 -7- (1992), "CD28 Mediated Signalling Co-sinmulates Murine. T
Cells and Prevents Induction of Anergy in T Cell Clones." Nature,
356:607-609; Gmi, C.D., GJ. Freeman, -J-G Gibben, G Gay, and L. M
Nadl er, (1993); 5 "Human T-Cell C onal Anergy is Induced by Antigen
Presentation in the Absence of B7 Costinulation." Proc, Natl., Agad. Sci.,
90: 6586- 6590{198R) - p"CDEE Mesdatd Signalling {fojsimpirbes MyripeuR and,
JAl.lBr adshaw, cémsf hedbeiretentand izt lo B £\AnddPHP3in 11 cdludti on of 10
oanti gen-gpeci fi ¢ responsi ve, s. A0 Human. T Lyaphogytes by Bl ocki ng
I nteraction gEOEBQS wﬁﬁ%£¥§?3@§gﬁ%§5ﬁﬁ%ﬂékﬁ%%?%ﬁﬂ.&’QP' p&‘wbd.; _
177: 165- 173) FrAemaeyede®. Gribberi v i dmmancamd casMi t Naddex, nddi9d3i)sm f or
I MUNOSURpPr essl apd A1 4l g hh e 1§$Hc t nt rejection
and for ?he t?gggﬁbgffg?ﬁqﬁgéﬁﬁﬁhne d% eg%%gi |%éh%¥'§ggaggc ieved in
exper i ment al PrggensatdionodinFhenARapncs f BT FrsfiwILatiry - ('Lefugsow,
E_-J-i Y. ZegﬁatB-.JAcE@.StEﬂcqt.hV\@gg:gGSB%Z-d\@'ﬁ,Ié_lgraﬂ\,/ Bl ?csim _Nh@lse@ftliiorh P.S.
i nsl ey, and_J_A _Bluesione, , "Long- Jerm Survi,val o nogenel c
Pancreatic |98 BRRSeD/ rqdué{fé' QZTLI&'- Aﬁ’ij"‘mé%? nce: gg?d?%@y”?%?)'.%'The
nol ecul es B7Lé&dwed tBt,2 agrh Fuisnd Dimsidner (28) pr " Gidhet ioal bfough B7. 1
bi nds t

CD2 ith.a Kd of 20Q. ' 20 dhi gher
af fini t3025 1 PARE, e?‘ ﬁ%?l%@ﬁ%%#%@%#ﬁﬁ%é%egﬁeﬁ Ié‘r% 1?1990),
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

for immunosuppression and a viable therapy for organ

15 transplant rejection and for the treatment of autoimmune
diseases. This has been achieved in experimental wmodels
following the administration of CTLA-4Ig (Lenschow,
D.J., Y. Zeng, R.J. Thistiethwaite, A. Montag, W. Brady,
M.G. Gibson, P.S. Linsley, and J.A. Bluestone, (1992),

20 "Long-Term Survival of Xenogeneic Pancreatic Islet
Grafts Induced by'CTLA—4Ig." Science, 257:789-795).

The molecules B7.1 and B7.2 can bind to either CD28

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

25 (Linsley, P.S., E.A. Clark, and J.A. Ledbetter, (1990),
nT-Cell Antigen CD28 Mediates Adhesion with B Cells by
Interacting with Activation Antigen B7/BB-1." Proc.
Natl. Acad. Sci., 87:5031-5035; Linsley et al, (1993),
"The Role of the CD28 receptor during T cell responses

30 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
Prolonged Unresponsiveness to CD28 Signaling," The
Journal of Immunology, 150:3151-3169). B7.1 is




"T-Cell Antigen CD28 Mediates Adhesion with B Cells by Interacti ng wth
Activation Antlgen B7/BB-1." Proc. Natl. Acad. Sci., 87:5031-5035; Li nSI ey

et al, e Role of the CD28 receptor during T ceII
to anti geﬁ‘%gsﬁ\ @q Rev. Imunol ., 11:191-192; Linesley et ﬁ%@?& " CD28

Engagenent by B7/BB-1 | nduces Transi ent Down- Regul ati on of CD28 Synt hesi s
and Prol onged Unresponsiveness to CD28 Signaling," The Journal- of - -
I munol ogy, 150: 3151-3169). B7.1 is WD 98/ 19706

PCT/ US97/ 19906 -8- expressed on activated B cells and interferon induced
nonocytes, but not resting B cells (Freegan, GJ., GS. Gay, CD Gmm,
D.B. Lomarrd, L-J. Zhou, M Wite; JD. Fingeroth, J.G G&Gibben, "and LM
Nadl er, (1991) 5 "Structure, Expression and T Cell Costinulatory
Activity of ekpréssedecnoactiyabedf Bt kellgmand inpenfanane indused i on

Antigen B7,” rl 8s '\§Qt n3>\7_4r§§§1 %1)3 cB11% (Frddmard! @rJ hargl,gjs
y a%presse

constitutive at _very evels gn restjin tes dendritic
cells 10 £fmaB: CGI-PS Gimaiyt B- 5xp?-'@§‘§F5F|1 +i £=8nha ‘a iEfed T

cells, NK cefls. apgn ewaahogygescé:&b!m IkﬂndDLMto,Nafdléﬁe,gltrasm Okurmur a,

J. H Phi | I i ps 9

Li gand fdr d’%ﬁrHCEHHECDg§beSﬁéPE}r gnﬁgé’at:?é%% ougélﬂg;hé_[&l‘gl ;ggd
B7.2 can bﬁ @Xpthésndrﬁmet Hemedogueeldf tt;vq@el-lmtt&n B dymudwgdyfie on B cells
occurs Wlt eren EEQE §! H. k .
Nabavi , gﬁé TraE:.E:& gﬂ%g;gﬁ g?ensctp el 3'7%Iuessit4'sone g(gggg;ran y
" Expr eSSI on BAd2Fuast tbﬁaDtSﬁg‘nhﬁP@ané@ songt It iveld (§6preSIeY A f or

CTLA-4," Pr %erya&bw &%%élsseh me%&,nﬁ%ohﬂlﬁkééo%mﬁ@ilSﬁ Q¢éBls V. A
G J. Freeman, Qi -

"Acti val@d FﬁﬁﬁhBBCE}%ﬁho ﬁ:%‘g:; & s En al.'nced Ngrgi la?cr:tlxg'atgegg)

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
CTLA-4 and CD28," Nature, 366:76-79). Although B7.1

15 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,

- (1993), "Expression and Functional Significance of an

20 Additional Ligand for CTLA-4," Proc. Natl. Acad. Sci.,
USA, 90:11054-11058; Boussiotis, V.A., G.J. Freeman,
J.G. Gribben, J. Daley, G. Gray, and L.M. Nadler, -
(1993), "Activated Human B Lymphocytes Express Three
CTLA-4 Counter-receptors that Co-stimulate T-Cell

25 Activation.' Proc. Natl. Acad. Sci., USA, 90:11059-
11063) . Further ana1y51s at the RNA level has
demonstrated that B7.2 mRNA is constitutively expressed,
whereas B7.1 MRNA is detected 4 hours after activation

and initial low levels of B7.1 protein are not

30 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
Express Three CTLA-4 Counter-receptors that Co-stimulate
T-Cell Activation," Proc. Natl. Acad. Sci., USA,
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CTLA-4 Counter-receptors that Co-stinulate T-Cell 25 Activation." Proc.
Nat|. Acad. 'Sci., USA, 90:11059- 11063). Further analysis at the RNA | evel
has denonsfypasadrdshat B7.2 nRNA is constitutively expressed, petvesendods/. 1
MRNA is detected 4 hours after activation and initial low levels of B7.1
protein are not 30 detectable until 24 hours after stinulation
(Boussiotis, V.A., GJ. Freeman, J.G Gibben, J. Daley, G Gay, and=t. M~
Nadl er, (1993), "Activated Human B Lynphocytes Express Three CTLA-4
Counter-receptors that Co-stinulate T-Cell Activation,”™ Proc. Natl. Acad.
Sci ., USA, WD 98/ 19706 -9- |
PET/U§97/19906 -9- 90:11059-11063). CTLA-4/CD28 counter receptors,
t her ef ore, nay be expressed at vario s af B Cell activation. Mre
recently, it 39 16’6'%?2 @Lﬂﬁfgst eoCTIP%T4i‘Fé£gE°°‘§E 8ﬁdr?cggltf’r§sSoel ated -
co-receptor Gﬂe&—éfcm@,arrﬁy e fexptemdaatavaegausvelnasulaitt@rtm override
and prevent eg#?amqglv nnune system (Krummel M Allison J: CD28 and CTLA-4
have opp03|n§ ?ﬁaresponse of Tcells to stimulation." J. Exp.
I\/Edd 182: 459I 466 Mpbre (d9e)Yly, The IoTsAbdencguvggestedafhag éithlcaI rol e
in down regu t iqng$? Eppd: c 1 4CEvaA-diftagkout
m ce. Knocko&%;ﬁgg%'%orn W t éﬂﬁft ga80 §e8¥?§62%€$%?§4fﬁé CTLA-4 %Sene die
within 3-4 wéexm@rors%@sea|w%bv%|wé%?¥9€ BPseﬁ'&éfFléﬁ Wid EA, 15
CB;VLX 2' : 0 éi pifé\)/t it Z&frulﬁ&éw “frhml 1‘ﬂf?e Bryeemo (BrdhmeIn sy, p(AlAI-.i.s 1l Qs of

- eads to nassiye roliferation a n ti ssue
destruction, IQR%QH?Qé %i%% ?%@% en%BB?F%EQrgggﬁgﬁgrfﬁngh %,
| munity 3: 543F 58 7c41D8589 . stiitudl dtion20 J.t BmpghMedo fLBRcHISS46F ough
si anal i g, mechAlSfip 11 pleohfal fUUELLARORT pRAGB 4510 16D GHIG 1. e

down regulating the immune response, as evidenced in

CTLA-4 knockout mice. Knockout mice born without the
ability to ekpress the CTLA-4 gene die within 3-4 weeks
of severe lymphoproliferative disorder (Tivol EA,

15 Borriello G, Schweitzer AN, Lynch WP, Bluestone JA,
Sharpe AH: "Loss of CTLA-4 leads to massive
lymphoproliferation and fatal multiorgan tissue
destruction, revealing a critical negative regulatory
role of CTLA-4." Immunity 3:541-547 (1995)). CTLA-4 is

20 thought to function through signaling mechanisms linked
to induction of apoptosis (Gribben JG, Freeman GJ,
Boussiotis VA, Rennert P, Jellis CL, Greenfield E,
Barber M, Restivo Jr. VA, Ke X, Gray GS, Nadler LM:
"CTLA-4 mediates antigen spécific apoptosis of human T

25 cells." Proc. Natl. Acad. Sci. (USA) 92:811-815 (1995)),
triggered through as yet undefined ligand binding to
specific cites on the receptor. It has been shown in
vitro that the blocking of the B7.1/B7.2 dependent co-
stimulatory signals in various ways leads to an aborted

30 T cell activating pathway and the development of
unresponsiveness to the specific antigen (Lederman S,
Chess L, Yellin MJ: "Murine monoclonal antibody (5c8)
recognizes a human glycoprotein on the surface of T-
lymphocytes, compositions containing same." U.S. Patent
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V? hKe X, TGEgy GS, IlNadIer LM "CTLA-4 nedi ates antigen specific apopto#is
o] uman cells.” Proc. Natl. Acad. Sci USA) 92:811-
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T cell activating pathway and t he devel opnent of unresponsiveness to the
specific antigen (Lederman S. Chess L, Yellin MJl: "Mirine nonocl onal

anti body (5c8) recognizes a human gl ycopte@tein on the surface of T-

| ynphocyt es, conpositions containing-sane." U.S. Patent WO 98/-19706
PCT/ US97/ 19906 -10- No. 5,474.771 (Decenber 12, 1995); Linsley PS,
Ledbetter JAncDasl, @ 7MK778r dihecémbehitner 119 BNLAAL ey oPS antledbehbdy f or

iC}Z)S lIi?geman P@PF‘B‘&N% ir%é%f ;y"(cé-il%rgﬁ é"]il%& "T—%_@réﬁé#‘gcefl 9(2:I orc1;|alrTTn
anergy is |nmathddbyfamtugenugﬁeébd1éiLdﬁHEﬂHLEElabEx&ﬁﬁulﬁﬁLB fJuly

COSti”“|ati° ) E@@?A Nﬁﬂ d 1994 ; didef) &9 6PELem£HR9ET( 1883bbenan P.
Anaset ti r’lse ros Br unvand IVl  ads awg Ledbetter JA,

Li nsl ey 58 J6, CraydGot Meslsr J-M'oa Yeath -5 Fie r 28p5H¥i ¥Eness in

gglnggl' 'I'yrmha@xk%a Bintalgery présumeit ioh ofn GRS aubsmcesoﬁasurm | i gand
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The differen tenporal expressi on o 2 suggests that the
i nt er acflibon dﬂndug;;qnmpf alloantigen-specific hyporesponsiveness in

human T lymphocytes by blocking interaction of CD28 with

its natural ligand B7/BBl." J. Exp. Med. 177:165-173
(1993)). Achievement of in vivo tolerance, anergy, Or
depleting of antigen-specific T cells would constitute a

15 mechanism for immunosuppression and a viable therapy for
organ transplant rejection or plausible treatment for
autoimmune diseases.

The differential temporal expression of B7.1 and

B7.2 suggests that the interaction of these two

20 molecules with CTLA-4 and/or CD28 deliver distinct but
related signals to the T cell (LaSalle, J.M., P.d.
Tolentino, G.J. Freeman, L.M. Nadler, and D.A. Hafler,'
(1992), "cD28 and T Cell Antigen Receptor Signal
Transduction Coordinately Regulate Interleukin 2 Gene

25 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.
Ledbetter; C.B. Thompson, and C.H. June, (1992},

‘ "Antibody and B7/BBl-mediated Ligation of the CD28

30 Receptor Induces Tyrosine Phosphorylation in Human T
Cells," The Journal of Experimental Medicine,
175:951-960) . The exact signaling functions of CTLA-4
and CD28 on the T cell are currently unknown (Janeway,
C.A., Jr. and K. Bottomly, (1994), "Signals and Signs
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20 nol ecules wth CTLA-4 and/or CD28 deliver distinct but related signals
to the r cell (LaSalle, J.M, P.J. Tolentino, GJ. Freeman, L.M Nadler,
and D. A Hublogng706 1992) , "CD28 and T Cel | Anti gen Receptor ICEEE97/19906
Transduction Coordinately Regulate Interleukin 2 Gene 25 Expression In
Response to Superantigen Stinulation," J. Exp. Med., 176:177-186;
Vandenberghe, P., GJ. Freeman, L. M Nadler, MC Fletcher, M Kamoun,™L. A.
Turka, J.A Ledbetter, C. B. Thonpson, and C H. June, (1992) "Antlbody and
B7/ BB1- nedi at ed ngatlon of the CD28 30 Recept or I nduces Tyrosine
Phosphoryl ation in Human T Cells,"” The Totr nal - of Experi mental Medi ci ne,
175: 951-960). The exact S|gnaI|ng ‘functions of CTLA-4 and CD28 on the T

ol are CUEEPUNnHRAANE CLBRENAS © Acerll, AaYs288f L OMbnetdd9 .

"Signal s an
PCT/ US97/ 19906 lalpoﬁaﬂ-bl?nbh€§yP§leR§9§o|¢§%§'ECQZE§¥CPrS 7‘601237@2B5?V1|3|§Wever

it is possibigetpatcone geama&uge%axqr%eqqulaaﬁmp@ntaﬁalahél al stinulus
for T cell activation and the secqnd, .a sust gﬁallom/further

el aborati on %eﬁ?n@heapﬁPﬁﬁé}nﬁﬁdS&BHW&Iték DeTaELPRsI ey,
P.S., J.&. £efRe Pathaay &ndeaéﬂ@mMexbahsﬂdnﬂﬁbtEﬁkeCpléﬁesett|, and

N Do PRy, CRONRL3Lon ARG o, SPORELgRLRR! SCILA- ¢ and

current dat aLbedppbtes,t e Amsetitg}f?alaﬂwpbtmeﬂmhopbt%&by Jenkins and

3 onal - aner gy Pegreaion, G Bimetddrln Cqnoraitar Sl R el

Di vi sion in €R881en AFﬁéHéF?énToﬁMmgﬁﬂﬂ g}L—Jﬁﬂﬁudgﬂagy Today, 13:69)

that boip a I@B 2895Ca 694 MUl gher gt @itn nagsscaty tne tweel |

expansi on, lél ng ! §p%%%L%EE°%£%E%£QHEby Jenklns and Schwartz
(Schwartz, R.H., (1990), "A Cell Culture Model for T
Lymphocyte Clonal Anergy," Science, 248:1349; Jenkins,
M.K., (1992), "The Role of Cell Division in the

15 Induction of Clonal Anergy," Immunology Today, 13:69)

that both a TCR and co-stimulatory signal are necessary
for T cell expansion, lymphokine secretion and the full
development of effector functioh (Greenan, V. and G.
Kroemer, (1993), "Multiple Ways to Cellular Immune

20 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
to antigen.
_ Structurally, both B7.1 and B7.2 contain

25 extracellular immunoglobulin superfamily V and C-like
domains, a hydrophobic transmembrane region and a
cytoplasmic tail (Freeman, G.J.; J.G. Gribben, V.A.
Boussiotis, J.W. Ng, V. Restivo, Jr., L.A. Lombard, G.S.
Gray, and L.M. Nadler, (1993), "Cloning of B7.2:

30 A CTLA-4 Counter-receptor that Co-stimulates Human T
Cell Proliferation," Science, 262:909). Both B7.1 and
B7.2 are heavily glycosylated. B7.1 is a 44-54kD
glycoprotein comprised of a 223 amino acid extracellular
domaih, a 23 amino acid trahsmembrane domain, and a 61
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devel opment of effector function (G eenan, V. and G Kroener, (1993),
"Multiple Ways to Cellular | nmune 20 Tol erance," | mmunol ogy Today, *
14:573). ll.ure to deliver the second signal results i &%ﬁf ilit
of T cellgxpg&ég@?ete IL-2 and renders the cell unresponsive t0 an?ﬁ%gn. Y
Structurally, both B7.1 and B7.2 contain 25 extracellular inmmunogl obulin
superfamly V and C1ike domai ns, a hydrophobic transnenbrane t+egi on ahd a
cytoplasmc tail (Freeman, GJ., J.G Gibben, V.A Boussiotis, J.W Ng, V.
Restivo, Jr., L.A Lonbard, GS. Gay, and L.M Nadler, (1993), "d oning of
B7.2: 30 A CTLA-4 Counter-receptor thek2-Co-stinulates Human T Cel
Proliferation," Science, 262:909). Both B7.1 and B7.2 are heavily _
glycosylated. B7.1 is a 44-54kD gl ycoprotein conprised of a 223 am no acid
extracel | ul apmipeapaidacygophesaiscit@idranSfedbaantaidini h PeFeRbial WO

98/ 19706 protein kinase phosphorylation sited CI{A& 19906 gl12- am no
acid cytoplasmc_tail. B7,1_.cqntains rot%$n ki nas

3 potenti p : :
phosphor yl at ¥8fesit dsH-( RRad 1P/, Hy SpiLa. ?ﬁaiL1ﬁﬁl ?Tﬁ§?+t?%%??§: and
L. L. Lanier,:Fﬁﬁ&&ion&&uE&bk@%&ﬁgﬁxpﬂbs@ﬁmmuﬁbﬂ?ﬂdﬁﬁwatedWT!vated_T 5
mertbr aneSgl yESBPBOERRESIT o Bro e Hetr 3] R84 S A T of P ufar
regi on, a 233QAi amiaci aclijdmepihsiine glaeopuatedire dditi ¢orgitists 60fadi no
oL VLSt (PR CelathS BT A acfer] |
Superfani |y Wyenophobie Ltxgressmdrase Aanaidt andf s@omneRe; dckdcel | s, "
The Journal gl tbpraRaliedtail4JFiebnady,2d).J 4) h@ighrheddmdd?, 1gamd B7. 2
genes ayg | ogalligedd niifie S {ans col¥ CRPEM. " SWATL T £20RG) , O -

"B7, A New Member of the Ig Superfamily with Unique
Expression on Activated and Neoplastic B Cells," The
Journal of Immunology, 143:2714-2722). Although both
B7.1 and B7.2 genes are localized in the same '
15 chromosomal region (Freehan,'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,
and L.M. Nadler, (1992), "CTLA-4 and CD28 MRNA are
Coexpressed in Most T Cells After Activation," The

20 Journal of Immunology, 149:3795-3801; Schwartz, R.H.,

(1992), "Costimulation of T Lymphocytes: The Role of
CD28, CTLA-4, and B7/BBl" in Selvakumar, A., B.K.
Mohanraj, R.L. Eddy, T.B. Shows, P.C. White, C. Perrin,
and B. Dupont, (1992), "Genomic Organization and

25 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
homology. The overall homology between B7.1 and B7.2 is
26% and between murine B7.1 and human B7.1 is 27%

30 (Azuma, M., H. ¥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;
Freeman, G.J., A.S. Freedman, J.M. Segil, G. Lee, J.F.
Whitman, and IM. Nadler, (1989), "B7, A New Member of
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Its Counter-receptor Furthernore, antjbodies
receptors. Antlbodles raised against these epitopes

could potentially inhibit the interaction of B7 with its
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counter-receptor on the T cell. Furthermore, antibodies
that cross-reacted with this region on both B7.1 and

15 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
Blocking of the B7/CD28 interaction offers the
20 possibility of inducing specific immunosuppression, with
potential for generating long lasting antigen-specific
therapeutic effects. Antibodies or agents that
temporarily prevent this interaction may be useful,
specific and safe clinical immunosuppressive agents,
- 25 with potential for generating long term antigen-specific
therapeutlc effects.

Antibodies to either B7.1 or B7.2 have been shown
to block T cell activation, as measured by the
inhibition of IL-2 production in vitro (DeBoer, M., P.

‘30 Parren, J. Dove, F. Ossendorp, G. van der Horst, and J.
Reeder, (1992), "Functional Characterization of a Novel
Anti-B7 Monoclonal Antibody," Euxr. Journal of
Immunology, 22:3071-3075; Azuma, M., H. Yssel, J.H.
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affinity or epitope specificity. psssbbéeeﬁﬁm@aﬂaﬂmvﬁ(ﬁonrﬁhiﬁay resi de
'n the abilifgy °£e§9{i§sﬁﬂt £hedhB3148,Pbeckondl wridibd i b Al et CD28,

whil e pronDtl apop orn1o negative signaling 10
t hrough t he @Iy theecbdpdingi afaBli et €828 . cahide m%ﬂs bodi es to B7.1

fLeBéTEA[TBY .apPpt8Eis BrNd6het BEhAH iFvirhy oFf nefatridrd)sigmeisiiggacting with -
through the CTLA-4 receptor in activated T cells. Some
antibodies to B7.1 or B7.2 may, in fact, hinder the
activity of CTLA-4 by cross-reacting with the CTLA-4
binding domain. CTLA-4Ig fusion protein and anti-CcD28
Fabs were shown to have similar effects on the down. -
15 regulation of IL-2 production.

In vivo administration of a.soluble CTLA-4Ig fusion
protein has been shown to suppress T cell dependent
antibody responses in mice (Linsley, P.S., J.L. Greene,
P. Tan, J. Bradshaw, J.A. Ledbetter, C. Anasetti, and

20 N.K. Damle, (1992), "Coexpression and Functional
Cooperation of CTLA-4 and CD28 on Activated T
Lymphocytes," J. Exp. Med., 176:1595-1604; Liin, H., S.F.
Builing, P.S. Linsley, R.O. Wei, C.D. Thompson, and L.A.
Turka, (1993), "Long-term Acceptance of Major

25 Histocompatibility Complex Mismatched Cardiac Allografts
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

30 approach for the treatment of antibody mediated
autoimmune disease. 1In addition, CTLA-4Ig 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.




bi ndi ng domain. CTLA-4lg fusion protein and anti-CD28 Fabs were shown to
have si‘milar effects on the down 15 regul ation of I1L-2 production. In

vi vo adm ryebg/ad7oon of a sol ubl e CTLA-4lg fusion protein haedigesp7abspsn to
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 20 N. K.
Dam e, (1992), "Coexpression and Functional Cooperation of CTLA"4 and-€D28
on Activated T Lynphocytes," J. Exp. Med., 176:1595-1604; Lin, H, S F.
Builing, P.S. Linsley, RO Wi, CD. Thompson, and L.A Turka, (1993),
"Long-term Accept ance of Mjor 25 Hi s't:'o%’orrpati bility Conplex M smatched
Cardiac Allografts Induced by CTLA-4-1g Plus Donor Specific Transfusion,"

J. Exp. Med., 178:180 nd, furthe re.. | er S e.al sg_able to

suppr ess res%%hsgs&to%écggggﬁa'ihﬂuﬁg%?PPdn?L énﬁ%@?ﬁﬁ%¥ﬁ%’§heéF8¥$ibiIity
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PCT/ US97¢ 19998 th®Ss SHsel MondUekem@norNspdlidiic tolerahebéiGasG S. G ay,
J. Mller, and J.A _Bluestone, (1993), "Expression and Functi onal o

Si gni fi cance®6Pig¥eBddi ti onal Ligand for CTLA-4,1 Proc. Natl. Acad. Sci.
USA, 90:11054-11058). 5 In this case, long termdonor specific tolerance
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B7.1 and B7.2 have been repor eg. '
To date, no monoclonal antibodies which crossreact
10 with both B7.1 and B7.2 have been reported.
Furthermore, no monoclonal antibodies which are specific
to B7.1 or B7.2 and which also recognize specific sites
on the antigens which are restricted to co-activation
receptor CD28 binding have been reported. Or
15 alternatively, no monoclona; antibodies which are
specific to B7.1 or B7.2 and which recognize specific
sites on the antigens which are exclusive of CTLA-4
receptor binding have been reported. As discussed
supra, such antibodies wouid potentially be'highly
20 dedirable as immunosuppréssants.

Phage display technology is beginning to replace
traditional methods for isolating antibodies generated
during the immune response, because a much greater
percentage of the immune repertoire can be assessed than

25 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 heterochybridoma production. Phage
display technology, by contrast, relies on molecular

30 techniques for potentially capturing the entire
repertoire of immunoglobulin genes associated with the
response to a given antigen.




Furt hernore, no nonocl onal anti bodi es which are specific to B7.1 or B7.2
and whi ch al so recogni ze specific sites on the antigens which are ’ *
restricte ~activation receptor CD28 bindi ng have been O 15
alternati \%‘?%’ﬁg%@rmnocl onal anti bodi es which are specific F?@?’%ﬁg?‘ B7. 2
and whi ch recogni ze specific sites on the antigens which are exclusive of
CTLA-4 receptor binding have been reported. As discussed supra;~such —= -
anti bodi es would potentially be highly 20 desirabl e as '

I mmunosuppr essants. Phage display technology is beginning to repl ace
traditional nmethods for isolating antibddies generated during the i mune
response, because a nmuch greater pertentage of the i mmune repertoire can be
assessed than 25 is possible using traditional nmethods. This is in part
due to PEG fusi orThiaftechohaye &fr 88655 ke P¥t Bavhas eyl + RBEPGe ge

amount of tijgsue, CAbAAl egafd, SOERENBBY a9y8Ccaised Widpirer er ohybri doma
producti on. age. - Iff ay,techno Oﬁ 1,byhpontra t,..relies on nnﬁ&ﬁular 30
t echni ques f%ﬁs%B?%ﬂ %rlﬁmEHBPQEP é tHe PERVHY € D52 €

i Mmmunogl obul amplthiedasndcthdvrddwihbot he veetpen sortta ininy crhangenen. VO -
98/ 1970

: . . : R 7#%%?) 5 IS
techniqﬁ% ise%%%%%P%eﬁh%ymﬁg?BagogF gF?ts}gEPﬁwgﬁglgi%é. 6?9?%%§%? 88,
7978-7982, (MBY1in Sechnai whyytheinanbgesuicheimefBiniPrYestd ¥Pe PCR
anpl i fied andrchpogd 1 $he Re¥6§! ChaGANFRiIs1icH g i8NGS ineBEeStagedhe
m nor coat protein of the filamentous_phage NﬂS I n sych a gf t hat a heavy
chai n fusi onipket Eha M§3cPBéEGdPa¥ﬁécﬂéaF%99EQQ¥fWk#thQﬁ é$htis
inCOprfaFedchﬂiﬁb Bﬁeﬁ%&sﬁhﬁgasﬁgmbﬂ@be L@@&tgg@dﬁmﬁiﬂimtIpn@gepha!n
genes it assenbles. ch_recaonbi nant phage contain its

af?he 58ﬂ5§1p8r glgn%pe}gﬁtgenome, fﬂ% genes fE}Q$ &iff@%gﬁe

genone,

antibody Fab molecule which it displays on its surface.
Within these libraries, in excess of 10° different
antibodies can be cloned and displayed. The phage
library is panned on antigen coated microliter wells,

15 non-specific phage are washed off, and antigen binding
phage are eluted. The genome from the antigen-specific
clones is isolated and the gene III is excised, so. that
antibody can be expressed in soluble Fab form for
further characterization. Once a singlg Fab is selected

20 as a potential therapeutic candidate, it may easily be
converted to a whole 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

25 gamma 4 constant region genes. CHO cells are
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. |

30 4. Primatized Antibodies
Another highly efficient means for generating
recombinant antibodies is disclosed by Newman, (1992},
Biotechnology, 10, 1455-1460. More particularly, this
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antibody Fab nolecule which it displays on its surface. Wthin these
librari‘es, in excess of 106 different antibodies can be cloned and

di spl ayed.wohsgneoiege |ibrary is panned on antigen coated m ci/useniovesl | s,
15 non-speci.fi ¢ phage are washed off, and antigen binding phage are

el uted. The genone fromthe antigen- speC|f|c clones is isolated and the
gene Il is excised, so that antibody can be expressed in sol ubl"e Fab=tTorm
for further characterization. Once a single Fab is selected 20 as a
potential therapeutic candidate, it may easily be converted to a whole

anti body. A previously described expLess§3n system for converting. Fab
sequences to whol e antibodies Is IDEC s manmal i an expressi on vector

NECSPLA. Thi v ct.o contal ns eit l-0 4 const ant
regi on genesg q&’@l B st rlé'hnﬁg [%%Fé&% &T\IEg%\?‘itv%%tﬁgﬁs and after
anpl i fi cati oanthbodies G\rhle:#‘stcemﬁm tenkey poariable gromaias aad) hi gh
expression | ¢ ca 3

Primtized Ant&ﬁ'lgodl es Aag?{h c*w}.(éiﬁ’ P n]{l?.?seﬁféﬁggﬁgc? ngeneratl ng .
reconbi nant ARcoFRra-ed Ry s’ffﬁ Név%ﬁaﬁ'\ engyyefy Beg€d®hnol ogy, 10,
1455-1466. th%d@ﬁéﬁ‘“ﬂﬁﬂé)te&ﬂh e i@D&E%dgaﬁﬁcrlbed in commonly

PCT/ US97/ 19906 -17- fechnique r Is | r Q rimatized
anti bodi es wﬁ?§ﬁ9§ﬁé l#TékﬂR%} *?ﬂﬂ ﬁ%ﬁigsaﬁgb 'ﬁﬁﬁ @Dﬁgiant
ﬁequences arsf GELNC09s, Mh:(n:l'parmtaedcdmytlnﬁetepneofnv .18 enddractt y
erein %r ta?? t%gﬂ! u SO cr cqmonl y assi gned
U S Appli caw) ]U‘}S’ (ﬁ'ﬁ'l%{;o# Ja%]ggéy yggglibgg %v\/m chis a
conti nuat i on contirSiatSonAn1Raro @O 10, D92SeriabiNoul 97/65638%4, whi ch is a
conti nualy On¢;R-ffMarh B 5993 alwihoen 074 8P6nd8ly 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
incorporated by reference in their entirety herein.

This technique modifies antibodies such that they
. 15 are not antigenically rejected upon administration in
humans. This technique relies on immunization of
cynomolgus monkeys with human antigens or receptors.
This technique was developed to create high affinity
monoclonal antibodies directed to human cell surface
20 antigens. | |
Identlflcatlon of macaque antibodies to human B7.1
and B7.2 by screening of phage dlsplay libraries or
monkey heterohybridomas obtained using B lymphocytes
from B7.1 and/or B7.2 immunized monkeys is also
25 described in commonly assigned U.S. Application No.
08/487,550, filed June 7, 1995, incorporated by
reference in its entirety herein. More specifically,
08/487,550 provides four monoclonal antibodies 7B6,
16C10, 7C10 and 20C9 which inhibit the B7:CD28 pathway
30 and thereby function as effective immunosuppressants.
Antibodies generated in the manner described by
these co-assigned applications have previously been
reported to display human effector function, have
reduced immunogenicity, and long serum half-life. The



10 filed March 23, 1992, which is finally a continuation- in-part of U S
Ser:al No. 07/735,064, filed July 25, 1991. 08/379,072 and the parent *
applicati f are incorporated by reference in their egi4 rein.
Thi s techﬁghdgﬁggﬁlfies anti bodi es such that they 15 are not aAP?%éﬁQ%ally
rej ected upon adm nistration in humans. This technique relies on

I mruni zati on of cynonol gus nonkeys with human antigens or receptors. His-
t echni que was devel oped to create high affinity nonocl onal antibodies
directed to human cell surface 20 antigens. ldentification of macaque
anti bodies to human B7.1 and B7.2 by scr28ni ng of phage display libraries
or nonkey heterohybridonas obtai ned using B | ynphocytes from B7. I and/or
B7.2 i muni zed nonkeys is al so 25 described in comonly assigned U. S.

Appl i cation RechssyURy sahers mi t;hmefarct 1oeat dagBipsr éb@d fpety &hatence

inits enti r%b,sq 1 ﬁ’ééf}ézli Ospi@Ykgesd our
nonocl onal an J&S{es 7B6, 1 ClO Cg%l' ge Ighsl nhihit the B7: CD28

pat hway 30 humanshe sy el cFF%ES%ﬁ?%CT?VX PHWﬁHoQEBﬁFé§§aﬁF%
Ant:bod{es g@@%éﬂgﬁiaﬂutﬁfEfEﬁwmé mkﬁﬁtl@ﬂdthuhbese590n395|gned

appl i cations _have previ,ous ort ffect : :
function> ha$@”?§ﬂ%?@ %l? 8 gbég%g¥ EgganlsfeecTﬁ; VO

98/ 19706 phylogenetlcally close to humans, th@TﬁUSprﬂgg@B 18-
t echnol o r f H
e 3 r%#\{béhfn tﬁ'?éséhﬁ(g Eﬁg@'ﬁﬁvé Beéﬁchlbﬁékre(ﬂé@lo'ﬂa FHisrdronkeys

are phyl ogen simlar _to still recognize nany human
proteins as faorwigh M%%@%f@ﬁ@%ﬁ%dahoﬁ“MEK Feshbpse pyrodugitover,

because the GuIGRh&NS. NOIkEYSA AT £F0by| seghehtenll machesme t o humans, the
antibodies generated i {Iesp; Honkexs Raye, Perl; &' 5324gisd Ladiye
genes, it was found that the sequence of each gene
family was 85-98% homologous to its human countexpart
(Newman et al, (1992), Id.). The first antibody
generated in this way, an anti-CD4 antibody, was 91-92%
i5 homologous to the consensus sequence of human
immunoglobulin framework regions. Newman et al,
Biotechnology, 10:1458-1460, (1992).
Monoclonal antlbodles spec1f1c to the human B7
antigen have been previously described in the
20- literature. For example, Weyl et al, Hum; Immunol .,
31(4), 271-276, (1991) describe epitope. mapping of human
monoclonal antibodies égainst HLA-B-27 using natural and
mutated antigenic variants. Also, Toubert et al, Clin.
Exp. Immunol., 82(1), 16-20, (1990) describe epitope
25 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)
describe a monoclonal antibody of the IgGl subclass
, which recognizes fhe B7 antigen expressed in activated B
30 cells and HTLV—l-transformed T cells. Further, Toubert
et al, J. Immunol., 141(7), 2503-9, (1988) describe
epitope mapping of HLA-B27 and HLA-B7 antigens using

intradomain recombinants constructed by making hybrid
genes between these two alleles in E. coli.
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a high degree of am no acid honology to those produced in humans. | ndeed,
after sequenci ng macaque 10 I mmunogl obulin |ight and heavy chain variabl e
regi on geng®,98itp7o6as found that the sequence of each gene f aPCTAISASIBE- 98%
honol ogous to its hunan counterpart (Newman et al, (1992), 1d.). The first
anti body generated in this way, an anti-CD4 antibody, was 91-92% 15

honol ogous to the consensus sequence of human i munogl obul in f r amewor K=
regions. Newman et al, Biotechnology, 10:1458-1460, (1992). Monocl onal

anti bodi es specific to the human B7 anti gen have been previously described
in the 20 literature. For exanple,. g et al, Hum I mmunol., 31(4), '
271-276, (1991) describe epitope napplng of human nonocl onal anti bodi es

agai nst HLA- B-27 F‘lﬁl nat lé:ﬁ%lulog{do %‘ﬁ._%éégﬁg%lsé%gl ggtﬁ. e 3%

Toubert et al, escr| e epitope
25  mappi ngtof aantdilkmlﬁ@;.? diprestem Y amm@ougseﬂmherge ré®xts with a

35- KD bact er 'Sgé) n%eteer cYleril dte Aé@Oal Vb8, einﬁérrbmn&ﬂlodl) 69(4),

531-535, (19 scri be a nonocl®nal anti T‘TTT’TE?IF" | ass, Whi ch
‘recogni zes t B&-B7 arkliSfin éﬁmQ£Eﬁ&Pq?F%ﬁﬁ¢V%%eﬂnﬁlgen Epressiap in

HTLV- 1-t sans d -E.rfdi‘ilﬁl déisgﬁctait diabetéset Alsoy. themunol ., 141(7),
2503- 9, (1988) scrlbe %ﬁ%hfp I ng of HLA:; B27 and HLA-B7. ani.i.gens
usi ng int raddﬁ’é’ Iﬁuc?’é%rﬁﬁsﬁﬁ?l RY EFRd BHetTeen
these two al lcadlds iobtBimal ifrom pMOEBIdDIOfatients has been

PCT/ US97/ 199Q6 h f B7 b I d
aut of mune. aisprtedy SWEEERONE B Cp g apreac e B e

al, Med. I|nt&0%, QMR%@)) 11-17, (1986) report increased B7 antigen
expressign in 5 gsehey | Nl | iKieperdentofi aheiefra-Arsalldiractive
CTL using affinity-purified soluble HLA-B7 has been
reported in the literature. (Zavazava et al,
Transplantation,_51(4), 838-42, (1991)). Further, the
use of B7 receptor soluble ligand, CTLA-4-Ig to block B7
15 activity (See, e.g., Lenschow et al, Science, 257, 789,
" 7955 (1992)) in animal models and a B7.1-Ig fusion
protein capable of inhibiting B7 has been reported.
Evidence is provided in this disclosure for the
identification of monoclonal antibodies which recognize
20 specific sites on the B7.1 antigen which are restricted
to CD28 receptor binding. Furthermore, evidence is
presented herein for the identification of antibodies
which recognize sites on the B7.1 antigen which are
exclusive of CTLA-4 receptor binding. Thus, evidence is
25 presented herein to support the existence of unique
antigen bihding sites on the human B7.1 (CD80) co-
stimulatory antigen. The sites claimed are identified
by anti-B7.1 PRIMATIZED® antibodies and evidence is
presented which confirms binding to a site of
30 interaction on the B7.1 antigen which is restricted to
binding with the co-activation receptor CD28.

SUMMARY AND OBJECTS OF THE INVENTION
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i nvol venent of B7 antigen expression on dernal dendritic cells obtained
frompsoriasis patients has been reported. (Nestle et al, J. din. Invest.,

94(1), 203yo048Fe7061994)). 10 Further, the inhibition pefrrdbhgdl A- B7
alloreactive CIL using affinity-purified soluble HLA-B7 has been reported

in the literature. (Zavazava et al, Transplantation, 51(4), 838-42,

(1991)). Further, the use of B7 receptor soluble |igand, CTLA-4=Ig to-block
B7 15 activity (See, e.g., Lenschow et al, Science, 257, 789, 7955
(1992)) in animal nodels and a B7.1-1g fusion protein capable of inhibiting
B7 has been reported. Evidence is provit¥in this disclosure for the
identification of nonoclonal antibodi'es which recognize 20 specific sites

on the B7.1 antigen which are restricted to GD28 receptor binding.
Furthernmore, evi d®Rc@Pigck, aefhed RWEBtF LS H i’cﬁﬂ?*f%&?‘éﬁ of-

anti bodi es V\Ehﬁlil.‘gbﬂg.%nbvhﬁchi bee @glaetdi&'i&?.tb ammagerBW\gti cdnedigerxcl usi ve of
CTLA- 4 recepf,or bi-ndi ng., Thus, eyidence ig§ .25 pr t ed. ' 0, suppor t
the exi stence bf S‘Rﬁaﬁglﬁﬁ‘rh"r{é’énl;{ﬁ A& r%‘ é’?’tje%scztgr?efﬁ%l%uh@ﬁéﬁégiﬁ( 0) co-
stinmul atory adenyéfy antidboddescwhiimdd amee speetitfiifd deb Byamauni BB711

PRI MATI ZED[ e : i i sampd ' ' egh MY £ 5QNERENS bi ndi ng
to a si tg of g%%lgg%n?gglag’?lﬁg% g?ét %S'.I%.df%aag{l%;g# whi ch %n?%s{:}rn%ct ed to

bi ndi ng wi t heipding- oft Blaii 5@ BeOASHXaGSRFOBUMERYE ANELSBIZETS OF THE

| NVENTI ON  o¥8e3/ $$7@Biis invention to identify antibodies which
PCT/ US97/ 19906 -20- An.object of the invention is Owl_lkg%tlf novel

anti bodi es WAFEhSRESIEIE TR b th Beed BRTESGH i pechPFcal Iy, it
i s an obj ect capablle iofvdmhibitting ddret idiyndintg wofliBs. Wi ha aCELApeci fic to

human Bfo1 5, 20LEYGRE 2Ndnifl!, ¢ Rr2leh AR SRR S Qlvd M B ti99eLhe
identify antigens which recognize specific sites on the
B7.1 antigen, wherein the recognized sites are
restricted to CD28 receptor binding and which are
exclusive of CTLA-4 receptor binding. '

15 It is a further object of the invention to identify
antibodies which are specific to human B7.1 antigen:-and
which fail to recognize human B7.2 antigen.

It is another object of the invention to identify
monoclonal antibodies and primatized forms thereof which

20 recognize specific sites on the human B7.1 antigen and
which inhibit IL-2 production and T cell proliferation
and which function as effective immunosuppressants.

More specifically, it is an object of this invention to
identify antibodies which are specific to B7.1 and which

25 are capable of inhibiting IL-2 production.

A It is anothexr object of the invention to provide
monoclonal antibodies and primatized forms thereof which
inhibit antigen driven responses in donor spleen cell
cultures, e.g., antigen specific IgG responses, IL-2

30 production and cell proliferation.

It is another specific object of the invention to
identify particular monoclonal antibodies specific to
human B7.1 antigen and primatized forms thereof having
advantageous properties, i.e., affinity,
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bi nding of B7.1 to a CD28 receptor. It is also an object of this invention
to identify antibodies which are specific to human B7.1 antigen and which-
are not ceoedgie7esf i nhibiting the binding of B7.1 to a CTLAPGT/IS897/19906
receptor. Thus, an object of this invention is to identify antigens which
recogni ze specific sites on the B7.1 antigen, wherein the recognized sites
are restricted to CD28 receptor binding and which are exclusive of CICA-4
receptor binding. 15 It is a further object of the invention to
identify antibodi es which are specific tQ human B7.1 antigen .and which

fail to recognize human B7.2 antigen,. |1ii's anot her object of the.invention
to identify nonocl onal antibodies and prinatized forns thereof which 20

recogni ze specific sites om th 7o :anti Ipe Rl inhibit I1L-2
product i on aH™EYPPHFEPHY r§FPg§§§X§ W&ﬁ%ﬁ'functlon‘gg etfective

| Munosuppr eslsenapeutbes . spMorki sperifically athsmeantoibediesi andntion to
| dent Ty anﬁ%@fﬁsgi%%i EBrRkCARRELE Gre0 87 b Albhicly 25 asare capabl e

of inhibiti roducti on. S anothercﬁgject of the, inveption to
provi de nonotNBWBRPSHRPKBERRE Sand - ik PP Fo ARE 1IFR SHFLVFR chTPHAPDI t

anti gf_n §|ri ‘é@@sb@ﬁ@@ﬂ?e%oLEJZ:éggohu&wiQQﬂn@eHiS‘egidaﬁ Jemcle.a;s, anti gen
specific 1gG responses, - . 5 producti.on and.c p. ' | It is
anot her specP??Egﬂﬁﬁéctrb?“?ﬁé°?ﬂv@ﬁ%%ﬁ£ﬁﬁ§ﬁ(ﬁ%ﬁqé%}%mé%Q%%§%$£%§ﬁgcIona
anti bodi es spSLE} |, c typehumdd aBétesameilddiruand igtiiopatxie f orns t her eof
havi ng advan e | , JyNi L4, gﬁND 130

Pt/ USoa] 1005RE88HBcRE ARk purpura G @tiezayl S IaiRtory

nosup activity, 1I"ch are useful as

t her apeut i csbiler dispesiel,i eaid Lo DFeyErnONSN ceigrF R mati zed for ns
thereof jgre t'o berysgd -2d¥her@®bject of the invention to provide

pharmaceutical compositions containing one or more
monoclonal antibodies specific to human B7.1 antigen or
primatized forms thereof, and a pharmaceutically
acceptable carrier or excipieht. These compositions

15 will be used, e.g., as.immunosuppressants to treat
autoimmune diseases, e.g., idiopathié thrombocytopenia
purpura (ITP) and systemié lupus erythematosus (SLE), to
block antigen driven immune reaponses, and to prevent
organ rejection in transplant récipients.

20 It is another object of the invention to provide
novel methods of therapy by administration of
therapeutically effective amounts of one or more or
primatized monoclonal antibodies which specifically bind
to human B7.1 antigen. Such therapeutic methods are

25 useful for treatment of diseases treatable by inhibition
of the B7:CD28 pathway, e.g., autoimmune diseases such
as idiopathic thrombocytopenia purpura (ITP), systemic
lupus erythematosus (SLE), type 1 diabetes mellitus,
psoriasis, rheumatoid arthritis, multiple sclerosis,

30 aplastic anemia, as well as for preventing rejection in
transplantation subjects.

Tt is still another object of the invention to
provide transfectants, e.g., CHO cells, which express at
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| mmunosuppressants, i.e., to block antigen driven imune 5 _ responses, to
treat autoi nmune di seases such as psoriasis, rheumatoid arthritis, systenic
er yt hemat oylposhiSles) . type 1 diabetes nellitus, "idiopathic thﬂgﬂb@gﬂbﬁﬁenla
purpura (1 TP), allergy, inflanmatory bile disease, and to prevent organ
rejection. 10 It is another object of the invention to provide

phar maceuti cal conpositions containing one or nore nonocl onal afitibod+es ~
specific to human B7.1 antigen or primatized fornms thereof, and a
pharmaceutically acceptable carrier or excipient. These conpositions 15
will be used, e.g., as immunosuppressant32to treat autoi nmune di seases,

e.g., idiopathic thronbocytopenia pu?pura (17TP) and systemc Iusz

erythenatosus (SLE), to block antigen drjven.i ne respops

prevent or gaheR8fetiieoamiablen fisavnt QQ§;%i riagwﬁﬂns © m?P°F2°§ﬁ t her
obj ect of thantAyedieen specifdd @ hehuiRirh @5, Dfantbgany by

adm ni stration of -therapeutically effective anmounts of one or nore or

pri mati zed nonocl onal anti bodi es which specifically bind to hunan B7.1

antigen. Such therapeutic nethods abefimitiomisil for treatment of diseases

treatabl e by inhi di
y ?h[ r%'(g;r}bocytgp%é&@% dy%§go ¢ R4E OpgEUNe di seases

such as i di opat hi enl a purpura stem ¢ | upus
eryt henaﬁosuén(‘@ll)l‘i)loﬂ Vi bedimgra «sleaydl Xt‘{}'sde’-f)%‘%ﬁ‘i’ sis, rheumatoid

arthritis, %@1@&@ |antq§doE% 30 an aHEBEIGy aRNeIER, kﬁ:sweétbt@sat@a B

preventing r§|§ |on I n tran antation Iﬁ%{ects 1LS is still another

obj ect of thES iR HEERTECTEHt S5y, , CHO cells, which

express at Ndwggay;ggﬂyg antibody - an antlbody whlch blocks the

PCT/ S97/ 19906 - h \, i gh | bs_of nonocl ona
15:\1%91%5%:& %c‘é rgflfﬁ é‘Faaﬁ’d aP bd1 PNL0P0BE DR

ant i bodi es S§EC| ant
10 ligands CD28 and CTLA-4. Thus, 1t anergizes but does

not eliminate the antigen presenting cell.
Primatized antibody - a recombinant antibody which has

been engineered to contain the variable heavy and light
domains of a monkey antibody, in particular, a

15 cynomolgus monkey antibody,'and which contains human.
constant domain sequences, preferably the human
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.

20 Recombinant Antibodies for Immunotherapy of Human
Diseases: A Macagque/Human Chimeric Antibody Against
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

25 have been reported to exhibit a high degree of homology
to human antibodies, i.e., 85-98%, display human
effector functions,.have reduced immunogenicity, and may
exhibit high affinity to human antigens.

B7_antigens - B7 antigens in this application include,

30 e.g., human B7, B7.1 and B7.2 antigens. These antigens
bind to CD28 and/or CTLA-4. These antigens have a co-
stimulatory role in T cell activation. Also, these B7
antigens all contain extracellular immunoglobulin
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Definitjons The following terns are defined so that the 5 invention may
be nore clearly understood. Deplteting antibody - an anti body which kills
acti vat ed wootty®msor ot her antigen presenting cells. Non-de@GUS$AI/18906i body
- an anti body which bl ocks the co-stinulatory action of B7 and T cel
activating 10 | i gands CD28 and CTLA-4. Thus, it anergizes but does not
elimnate the antigen presenting cell. Primatized antibody - a reconbifiant”
anti body whi ch has been engi neered to contain the variable heavy and |i ght
domai ns of a nonkey anti body, in particu%g a 15 cynonol gus nonkey

anti body, and whi ch contains human. constant domai n sequences, preferably

t he human i nmunogl obulin gamma 1 or ganna 4 const ant donaln (or PE

variant). The prepar 53559Q79§6§Q9 Y | BGEH £9s | Sa dB9EES Newran et al,
f

(1992), "Prima Zation econblnan Ant| I es nnunotherapy of
Human Di seas&STangmerhmransg FMeshercankd ccm%wyl%gﬁ%%t H&ﬁ&ﬁ CDH,

Bi ot echnol 0gyrelhalf! e %‘1601Sc%.|e‘iibé N LepTogd y aesogNpy 886342e072 both of

whi ch are |ncorporat%gér ercﬁge in their entirety herein. These

anti bodi es 252V ﬁi;iﬁq to exhibit a high degree of honology to

hunman anslboﬁmﬁi,37<agtg§§g§§g dizap hodlemn pféferabl{umohkeys, have

reduced: i nmuno ci exhi_ bi t a s. B7
cilé’é"rfé |aﬁ{£t31%naé/ Icf%aérgﬁ mc%%dgb%a ehgggg%’hg}h Y 7,

antigens - B
B7.1 and B7. Ep@rumfgenslly‘me'siammargeﬁh% mmenscmSQandhumaGTBﬂ-d- These

antigens haved r{% r?;; ;{}Qgg&l%féi} M i1 Juﬁfiéléﬁé'&EE&HEtyAEBOblUl‘?@e B7

antigens all |nnuno bulin

PCT/ US97/ 199@:61&2337 @ﬁﬁer%ﬁﬂ%ﬂ“\ﬂ-%cﬁ@l %Yra%ﬁéuc‘a hydr ophobi c

10 immunosuppression.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 depicts the pMS vector used to screen

recombinant immunoglobulin libraries produced against B7
displayed . on the surface of filamentous phage which
15 contains primers based on macaque immunoglobulin
sequences.
Figure 2 deplcts the NEOSPLA expression vector used
to express the subject primatized antibodies specific to
human B7.1 antigen.

20 Figure 3a depicts the amino

sequence of a primatized form of
7C10.
Figure 3b depicts the amino

sequence of a primatized form of

acid and nucleic acid
the light chain of

acid and nucleic acid
the heavy chain of

25 7C10.
Figure 4a depidts the amino acid and nucleic acid
sequence of a primatized form of the light chain of 7B6.
Figure 4b depicts the amino acid and nucleic acid
sequence of a primatized form of the heavy chain of 7B6.
30 Figure 5a depicts the amino acid and nucleic acid

sequence of
Figure 5b depicts the amino

sequence of

a primatized light chain 16C10.

acid and nucleic acid

a primatized heavy chain 16C10.
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transnmenbrane region and a cytoplasmc tail. (See, Freeman et al, Science,
262:909, (1993)), and are heavily glycosylated. 5 Anti-B7 antlbodles -°
Ant i bodi egyo BRbEES @bl Yy nonkey nonocl onal anti bodi es or pri npgiraRey {9966

t her eof I C specifically bi nd human B7 antigens, e.qg., human B7.1 and/or
B7.2 antigen with a sufficient affinity to block the B7:CD28 interaction
and t hereby induce 10 I mmunosuppr essi on. BRI EF DESCRI PTI ON OFF THE H=GURES
Figure 1 depicts the pMs vector used to screen reconbi nant i mrunogl obulin

| i brari es produced agai nst B7 di splayed on the surface of fil anentous phage
whi ch 15 contains priners based on ma&&que i mmunogl obul i n sequences.
Figure 2 depicts the NEOSPLA expression vector used to express tﬁe subj ect
primatized antibodjes specific to human B7,1 anti ure 3a
depi cts the ani ndFHERER hPREFES ctBRi Hn‘é%ﬁﬁémfeogf P&Sﬁ%orr&tq ﬂ%.'d""r rm of
the Iight ?f@rmililg%?fﬁﬂotﬁhgb&ﬁ?ﬁbgde? BVSltbeaﬁgfaetw ¢ tells i ¢ acid
sequence -of a pri i ze rm of t eav 4a
depi cts the am nd® B4t a ?Rli?'é?cgﬁﬁl ﬁngéﬁg%ﬁ f a pr |4ég| ze(}&#&g]% of
the |ight cledéecpd-BB6tikilpimdindy tepBZtd thanaﬁﬁnbe@bﬂﬁQﬂﬂﬁleJelc aci d
sequence, of a prippLizedsfaLm ofe! DaboBNY: CBBE1ALIR0 L1 s Fi gure

5a dep| s the am nucle IC acl d sequence o primatized |ight
chai n 16C10.bindima &H @@kﬁc%§9tﬁé°§hpn5°a87d1aﬁHaHEQQSQ?4ﬂ9 RhkHice of

- a pr'”at'Zedaﬂ§afﬂrﬁﬁéi”déﬁ£égs the\Wn8B419¢960f BB-1 to
PCT/U897/19906 - 24-
31gn1f1cantly affect P16C10-Biotin b1nd1ng to B7.1

transfected CHO cells.

10 Figure 9 depicts that CTLA-4Ig-Biotin is
effectively blocked by all B7.1 inhibitors except
P16C10.

Figure 10 depicts the ability of P16C10 to block
binding of the CD28/B7-1Ig interaction. Data shown are
15 averages of values obtained from four separate
experiments. .

DETAILED DESCRIPTION OF THE INVENTION
As described above, the present invention relates

to the identification of monoclonal antibodies or
20 primatized forms thereof which are specific to human
B7.1 antigen and which are capable of inhibiting . the
binding of B7.1 to a CD28 receptor and which are not
‘capable of inhibiting the binding of B7.1 to a CTLA-4
receptor. Blocking of the primary activation site
25 between CD28 and B7.1 (CD80) with the identified
antibodies while allowing the combined antagonistic
~ effect on positive co-stimulation with an agnostic
effect on negative signaling will be a useful
therapeutic approach for intervening in relapsed forms
30 of autoimmune disease. The functional activity of the
identified antibodies is defined by blocking the
production of the T cell stimulatory cytokine IL-2.
Identified antibodies have demonstrated the ability to




Flgure 6 deplcts the |nab|I|ty of P16C10 to block CTLA-4lg-Biotin b|nd|ng
to B7. % transfected CHO cells. Figure 7 depicts the inability of CTLA-4lg

to bl ock otin binding to B7.1 transfected CHO cel

Figure 8 d S)%?lg%t‘hat BB-1 conpl etely bl ocks binding of CTL%C}]%S%I I'n to
B7.1 transfected CHO cells and further depicts the inability of BB-1 to
significantly affect P16CLO-Biotin binding to B7.1 transfected -€HO celd s.

10 Figure 9 depicts that CTLA-4l1g-Biotin is effectively bl ocked by
all B7.1 inhibitors except P16Cl0. Figure 10 depicts the ability -of PlGClO
to bl ock binding of the CD28/B7-11g intepgetion. Data shown are 15 '
averages of values obtained fromfour separate experinments. DETAI'LED
DESCRI PTI ON OF THE | NVENTI ON As descri bed above, the present invention
relates to thﬂacdertthé|pmdmtnd>nnmﬁoneaainaexcbaa| of 50%20in mpite i zed

forms thereof 1,C re f 0 -
capabl e of ?#W#QQ %x%%é8§§%d+% 2 ¥Q§§H§ ggt&aggégg gg?bybgﬁg aL?ch are
not capable(ﬁuggﬁmtumgngnthktgrndtﬁgmgﬁhEMlﬁmt@faaG#ERn4e¥é§&@JNhlch

Bl ocking of t fle%f@%%hgsilaﬁttﬁé ébéér@éd ebeLWRENoEDSE hakd ARt il ( CDBO)

wth the iden odi es ng.the conbi ned antagonistic
ef f ect cnﬁ[Mﬁﬁ?1¥ea%519?¢hﬁ¥a@?5hnﬁ§thnaﬁhﬁgﬂ6§FF€tHFFect on negatlve

?|9n3|589\M}| be manGehstuiréesfpaotel ﬁpnkeychohoclbnh&rEQMnhpdﬂeseIapsed
|8;2f|f|ed gﬁﬂ&ﬁ%ﬁlgggggfﬂg?iﬂ b695b588§|ﬁ§5f2e prgg E"l)'cilra\l?lfofEhhhe'T cel
stinul atory cambkgen,la52welmeaslpremaamzedoanasbndﬂesddﬁﬁﬁgﬁﬁhted t he
gg&}bgg7;2990%ﬁg}g§éé8799 described in co-pending U.S. Application
10 Serial No. 08/487,550, and as set forth herein. These
antibodies possess high affinity to human B7.1 and/or
B7.2 and therefore may be used as immunosuppressants
which inhibit the B7:CD86 pathway.
Preparation of monkey monoclonal antibodies will
15 preferably be effected by gcreening of phage display
libraries or by preparation of monkey heterohybridomas
using B lymphocytes obtained from B7 (e.g., human B7.1
and/or B7.2) immunized monkeys.
_ As noted, the first method for generating anti-B7
20 antibodies involves_reéombihant phage display
technology. This technique is generally described
supra. |
Essentially, this will comprise synthesis of
recombinant immunoglobulin libraries against B7 antigen
25 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 wmethodology,
30 the present inventors have created a unique library 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.
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-25- block the production of IL-2 in excess of 50% in spite of the

exi stence of a second actuating |ligand B7.2, suggesting an alternate .,
mechani sm of action exists which is not typical of the observed effects of
ot her antiWO38/19961 anti bodi es defined in the literature. MNYQLUST1IHVS of
novel nonkey nonocl onal antibodi es which specifically bind human B7.1
and/ or human B7.2 antigen, as well as primatized anti bodi es derjved
therefromis described in co-pending U.S. Application 10 Serial No. —
08/ 487,550, and as set forth herein. These antibodi es possess high

affinity to human B7.1 and/or B7.2 and therefore may be used as
| rmunosuppr essants which inhibit the.B7: 6 pat hway. Preparation of nonkey
nonocl onal antibodies will 15 preferably be effected by screeni ng of phage

display libraries sRRepar aki y 4 | @Sy ng B
| ynphocyt es obt ai ﬁggeﬁé%i%% SB an%&ngﬁaég %Bg%agfg}r“f%?_zﬁ) i m zed
nonkeys. As Wafaguet hdbrpriespethds VEFLEENEPRLAAHSaSPEBEIE) PTIRTHodi es

i nvol ves recegbi peRt a&bgagrdhgphankbgc hReLasylobilin eehisiue Tiregeneral |y
descri bed suB%a. Essent i this rise sy

! %I é, w_ll co n Qgsis' f .reeconbi nant

i mmunogl obul PRAMEEPaPTEs PAGEANSR BRCAAPR ERIYSTCE]; ??ﬂ ﬁéﬁ%ﬁqﬁee surface

ﬁf Li | anent odevphepéngndheepbedmatd zefl peabroligyh ane dattelsmstashodi es havi ng
igh affinit . i,gen. As noted supra, preferab

anti bodi es m%?%eSgﬁgéﬁgggéghwg%géeﬁgkg'to both human B7.1 aﬁd B7. 2. ¥o

ef fect such net hoSuiisgplesprimers presdiscileses: dis coameondieasignedi que

library for gg gq»,bbgrqhbggpwggggdrggugggegggcgoggﬂ@ﬂﬂj3/cﬁ reconbi nati on

and i roves stability. This vector, , Is described in detail infra, -and
i s shgan in Figurghf_%econd method invgﬁves tge,%mmuﬁization fo)

10 monkeys, i.e., macagues, against human B7 antigen,
preferably against human B7.1 and B7.2 antigen. The
inherent advantage of macaques for generation of
monoclonal antibodies is discussed supra. In
particular, such monkeys, i.e., cynomolgus monkeys, may

15 be immunized against human antigens or receptors.
Moreover, the resultant antibodies may be used to make
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.

20 08/379,072, filed January 25, 1995, which are
incorporated by reference in their entirety.

The significant advantage of antibodies obtained
from cynomolgus monkeys is that these monkeys recognize
many human proteins as foreign and thereby provide for

25 the formation of antibodies, some with high affinity to
degired human antigens, e.g., human surface proteins and
cell receptors. Moreover, because they are phylogene-
tically close to humans, the resultant antibodies
exhibit a high degree of amino acid homology to those

30 produced in humans. As noted above, after sequencing
macaque immunoglobulin light and heavy variable region
genes, it was found that the sequence of each gene
family was 85-88% homologous to its human counterpart
(Newman et al, (1992), Id.).



WD 98/ 19706 PCT/ US97/ 19906 - 26-
Essentical | y; to adopt phage display for use wth macaque |ibraries, this
vect or cogt.aj ecific prinmers for PCR anplifying nonkey 4 |%¥yni n.
genes. ThgéghgéVﬁgrs are based on macaque sequences obtainéﬁﬁﬁﬁgpg

devel oping the primati zed technol ogy and dat abases cont ai ni ng human
sequences. Suitable priners are disclosed in commonly assigned 98/ 379072~

i ncorporated by reference herein. The second nethod invol ves the

| muni zation of 10 nonkeys, i.e., nacaques, against human B7 anti gen,
preferably against human B7.1 and B7.2-2f-i gen. The inherent advantage of
macaques for generation of nonoclonal” anti bodies is discussed supra. In
particul ar, such nonkeys, i.e., cynonol gus nonkeys, my 15 be i muni zed
agai nst human antEgeestball¥cepyneuolgnscBaerIuehBROPESYEt A% ant i bodi es may
be used to 0. DF | | | REALBE 3 ordi t Buinde B9t hod@lay@s of
Newran et arg&é}%{'ggﬁﬁ%égﬂuﬁg{ioge1%%%1?461%0éé?ggzz: an%ﬁNe n et al, o
comonl y assityrea B s2 Eﬁg%QFnth o8llspargréserater thgx g&%ﬁhy 25, 1995,
whi ch are ingogppr ayeghbiiodefl biepsteknarbecakent frety théhandmplisf,i cant

advant age of _antybodi es obtained fromc I [ i J hese
monkeys T ecoyf z% ﬁ¥ﬂ9ﬁﬁﬁ¥gﬁsp?ﬁ?e%ﬁ?nagaggge%g%hggg%?ﬁ§ré§§£%$%ﬁ%de for 25
the fornmati cnuménhnhebedomyelonaeceilils hsdhgaphilyethylengeslys®lhuman
antigens, e.gppgQuna eﬁHEE%Brgngnébgﬁggggttgﬁ | ahe48Raks WP Bind

because they are’ phyl'ogene--ti umans, the resultant
anti bodi es ekhmant B Bnghgesgr eeJdoi BHMAB BIi-d ROAYICSyIWRD Rise 30

produce? Lnlgﬂg?ggﬂf é&enﬁhgg gggﬁgigﬁgaer sequenci ng _nacaquef 4 that th-
i nmunogl obul in 11 .and .heavy ,varj abl.e reqi nes,_ _i Qun a e
sequenctPof each &ﬁé%gﬁﬁﬁywﬁz&&%g}@g%tﬁo??&%g%ﬁsi 8‘nid£ ?mff ount er part
(Newman et allesft8B2p, bedahse such antibodies potentially may be

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
15  inhibit the interaction of both human B7.1 and human
B7.2 with their counter receptors on the T cell. This
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
20 | highly desirable because of the co-involvement of these
molecules in T cell activation, clonal expansion
lymphokine (IL-2) secretion, and responsiveness to
antigen. Given that both human B7.1 and B7.2 bind to
human CTLA-4 and CD28, it is probable that there is at
25 least one common or homologous region (perhaps a shared
conformational epitope or epitopes) to which macaque -
antibodies may potentially be raised.
The disclosed invention involves the use of an
animal which is primed to produce a particular antibody.
30 Animals which are useful for such a process include, but
are not limited to, the following: mice, rats, guinea
pigs, hamsters, monkeys, pigs, goats and rabbits.
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Essenti ally, cynonol gus nacaque nonkeys are adm ni stered human B7 anti gen,
e.g., human B7.1 and/or human B7.2 antigen, B cells are isolated therefrom .
e.g., |ymMHOR¥E0ei opsies are taken fromthe animals, 5  aRET/ESIYIPMoCyt es
are then fused wi th KH6/B5 (nobuse x human) heteronyel oma cells using

pol yet hyl ene glycol (PEG . Heterohybridomas secreting antibodi.es which bind
human B7 antigen, e.g., human B7.1 and/or human B7.2 antigen, are then
identified. 10 Ant i bodi es which bind to both B7.1 and B7.2 are
desirabl e because such anti bodi es poteabhglly may be used to inhibit the

I nteraction of B7.1 and B7.2, as weld as B7 with their counter-receptors,
i.e., human CTLA-4 and CD28. Anti bodi es agai nst these epitopes may 15

i nhi bi t the interachiofe phedOhbaiiiBes Bndrafing HBRaR ageibbRicaei I
counter receptors on_the, T cell ., Thi y,potentially provide synergistic

. § . S |
effects. Ho¥ERg SHIPpatresisniischPRadt 1R orPYmeRtY 5PWREARNCB7 anti gen,
B7.1 anlt i gerpéx&dfﬁ?gﬁuaslt ig@tﬂel n?r@pplsgaeﬂ?rll beghay Nesi oalblgeelbeamse of the
co-invol venent of_these nmol ecul es_jin tivation. .clonal _expansion
'yrphoki ne (1 L- 2)TREPERFORE SHICPECRSnErvened tooitminign nacpshed 2 "ot h
human B7 1 caghBist himantB7 hlinant $§en-ysind 0Be8mbinant pediphilee t hat
there is at : Soh8ORARS haps a shared
conf ormati ona ’%p%ﬁggéegpgggl%op@s?ﬁtgggz#ggfﬁa%%gu%egﬁ?gggdr S may
potenti al | y ®dEfinitedchrppategerpREUsiRgndi BA0Y ndoPeRBarRSCUse of an
ani mal  whi chaf iR t PEloi@mR! OdEReRe PRl the Upart 2801 BRd¥ous@e ofni nal s which
are useful for sucﬁ a g pcess ncludﬁ nEUt Ere not Ijmted %o t he
fol I oing: midBan B cahbigeR, Brgan Rinl: eREionBRE,BUMARGET “2oat s and

rabbitsl0  antigen is not critical, provided that it is of

sufficient purity to result in a specific antibody
response to the particular administered B7 antigen.and
potentially to other B7 antigens.
The human B7 antigen, human B7.1 antigen (also
15 called CD80) and human B7.2 antigen (also called CD86)
genes have been cloned, and sequenced, and therefore may
readily be manufactured by recombinant methods.
Preferably, the administered human B7 antigen,
human B7.1 antigen and/or human B7.2. antigen will be
20 administered in soluble form, e.g., by eipression of a
B7, B7.1 or B7.2 gene which has its transmembrane and
cytoplasmic domains removed, thereby leaving only the
extracellular portion, i.e., the extracellular
superfamily V and C-like domains. (See, e.g., Grumet et
25 al, Hum. Tmmunol., 40(3), p. 228-234, 1994, which
teaches expression of a soluble form of human B7, which
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,
30 under conditions which result in the production of
antibodies specific thereto. Preferably, the soluble
human B7, B7.1 or B7.2 antigen will be administered in
combination with an adjuvant, e.g., Complete Freund’s
Adjuvant (CFA), Alum, Saponin, or other known adjuvants,
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preferred means of generating human antibodies using SCID mce is disclosed

i n comonhkye s CO- pending U S. Patent application Serig&rhior19006

08/ 488, 376. e present inventors elected to inmmnize nacaques 5 agai nst
human B7.1 antigen using reconbi nant soluble B7.1 antigen produced in CHO
cells and purified by affinity chromatography using a L307. 4-sepharose -
affinity colum. However, the particular source of human B7 antigen, hunman
B7.1 antigen or human B7.2 10 antigen is not critical, provided that it
is of sufficient purity to result in a<spEcific antibody response to the
particul ar adm ni stered B7 antigen and potentially to other B7 antigens. :
The human B7 antigen, human B7.1 antigen (al so_15 cal l.ed CD80) and human
B7.2 anti gena@aWe 1c§5|§@mQBBGF1@@ﬁe§%ﬁ§ﬁ9ﬂbeeQQNQﬁﬂ§¥a¥muFQ%§n¥%%%d and
therefore rraifef;aa%l !‘e?:%a'ﬁ&auﬁﬁﬁﬁ#ﬁ%tﬁbrf el ,NBY reiduuisd Preferably,
the adm ni stered hynman B7 anti human,B7. 1 nt| n %pd/or human B7. 2
anti gen mnII1Bée§510nadﬁWﬁFé§§r55%%1mﬂﬂqmﬁ Fa é%? €1y expression of a
B7, B7.1 or &dmindemeattionhofasaltublier Mﬂer&nﬂwmn&&ﬁﬁﬁﬂmﬂmmoml ns
reaned t he Vi I or, [ he
extraceITr’uI a%SSéﬁ)’lgr%?dm%f?\/ %%xﬁ%k%@gnég‘@ﬁ?nso J-\}él“a 3etC3 u%ret et 25
al, Hum | nmuebkh, pegidd, p’ltmmtamzprmmqibﬁéﬁ@mressmn of a

sol ubl e for Wbehtalimag%nt%odiéss wm@f s huar @'ﬁrlﬁ%i%eﬁt s Ny
anda/ or

entirety herein). The macaques w |l | ni zed mnth t he. B7
B7.2 anti gen, pref“éﬁ?&] )?‘“H‘”é’di%]@nf@rrﬁec & ot lechafr Sdhui tP¥ns
whi ch resul t 1iyfphh@ioded Bitipsde it ke Fbne e eivirture 2tk raiima P end abl y,

e el e BIRR e Roc o A MRS Ll o0
: heteromyeloma cells using polyethylene glycol. Methods
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
15 herein. '

Heterohfbridomas which secrete antibodies which
bind human B7, B7.1 and/or B7.2 are then identified.
This may be effected by known techniques. For example,
this may be determined by ELISA or radioimmunoassay

20 using enzyme or radionucleotide labelled human B7, B7.1
and/or B7.2 antigen. | '

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

25 In the present invention, the inventors screened
purified antibodies for their ability to bind to soluble
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. 1In addition,

30 the antibodies were screened for their ability'to block
B cell/T cell interactions as measured by IL-2
production and tritiated thymidine'uptake in a mixed
lymphocyte reaction (MLR), with B7 binding being
detected using '?°I-radiolabeled soluble B7.1 (SB7.1).



Adjuvant (CFA) Alun1 Saponi n, or other known adjuvants, WO 98/19706
PCT/ US97/ 19906 -29- as well as conbinations thereof. In general this wil
require repeated i mmuni zation, e.g., by repeated injection, over several
mont hs. FOWOA¥AM®6e, administration of sol uble B7.1 anti genPGEYSEHPMG ed i n
5 adjuvant, wth booster imunizations, over a 3 to 4 nonth period, with
resul tant production of serum containing antibodi es which bound. human_B7. 1
antigen. After inmunization B cells are collected, e.g., by |ynph node

bi opsi es taken fromthe i mmuni zed ani mal s and -10 B | ynphocytes fused with
KH6/ B5 (nmpuse x human) heteronyel oma celylgs using pol yet hyl ene glycol .

Met hods for preparation of such hete;onyelonas are known and may-be found
in US. Serial No. 08/379,072 by Newran et al, filed on January 25, 1995

and incorporated Rygpef 8E£ﬂﬁ§t}5 urmﬂeanant@beaﬂegblf%&mcw&u@@ secrete
anti bodi es which bin identified. This

or n
may be effecY%Heb§eﬁﬁsamga€cﬁhFﬁﬁe§ea§5FvéﬁﬁnﬁgﬁlnﬁﬁlE ﬁay be determ ned by
ELI SA or radtpansfiactanty WhichuekpgespadnB70Ll/Igdifasioheprioteinahel | ed

human B7, B7 ap 7 a n I eghete I es
havi ng the d%é?regégégg ﬁglgéigs th@h %baﬁéeﬁhhﬁﬁfﬁ %3752a%ht|gen are
t hen subgl on€dese ngauétsnandayatga that thenBFha prawagt semaeioudd t he

nventors scggengd gyl hf ednarbbbafhgs | BinklRl ofbBbitoka el b 10 SOl bl e

B7.1 antigen_coated plates 1n an SA assay antlg positive B cells, and
CHO t r ansf ecB8rBsaRRLgR1%BY cBS ﬁeﬁﬁhrB?dluéhF99§ﬁ skl thﬁrzcéﬂ sur f ace.
I n addition, raagentae apbi Bedtassedr ¢nseheeardmblest, hehisakiay e to block B

cell/T cell IE% gehlgy produ01%grggdb¥ur1fy1ng B7.2-Ig from CHO
10 transfectomas in sufficient gquantities to prepare a
B7.2-Ig-sepharose affinity column. Those antibodies
which cross-react with B7.2 will bind the B7.2-Ig-
sepharose column.

Cell lines which express antibodies which

15 specifically bind to human B7 antigen, B7.1 antigen'-
and/or B7.2 antigen are then used to clone variable"
domain sequences for the manufacture of primatized
antibodies essentially as described in Newman et al,
(1992), Id. and Newman et al, U.S. Serial No. 379,072,

20 filed January 25, 1995, both bf which are incorporated
by reference herein. Essentially, this eptails
extraction of RNA theréfrom, conversion to cDNA, and
amplification thereof by PCR using Ig specific primers.
Suitable primers are described in Newman et al, 1992,

25 Id. and in U.S. Serial No. 379,072. (See, in
particular, Figure 1 of U.S. Serial No. 379,072).

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

30 effected using a proprietary expression vector of IDEC,
Inc., referred to as NEOSPLA. This vector is shown in
Figure 2 and contains the cytomegalovirus
promoter/enhancer, the mouse beta globin major promoter,
the SV40 origin of replication, the bovine growth
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productlon and tritiated thym di ne uptake in a m xed Iyrrphocyte reaction
(MLR), with-B7 binding being detected using [err]l-radiol abel ed sol ubl e

B7.1 (SB7.1). 98/ 19706
PCT/ US97/ 1 %’1-91’%‘% Al so, affinity purified antibodies fromPr%ré%sweg”\ﬁere

tested for their reactivity against CHO transfectants which expressed
B7.1/1g fusion proteins, and agai nst CHO cells which produced htinman BZ 2 -
antigen. 5 These results indicated that the B7.1 i mune sera bound to the
B7.2 transfectonmas. Binding of antibodies to B7.2 antigen may be confirned
usi ng soluble B7.2-1g reagents. As discussed in the exanples, this may be
ef fected by producing and purifying B7.2-1g from CHO 10 transf éctomas in
sufficient quantities to prepare a B7.2-1g-sepharose affinity colum. Those
anti bodi es wmioaimccrreosmhmimmﬂdatﬁi@? sequidnce, meohycBY. 2- | g- ‘sepharose

colum. Cell :@&ﬁj #]_1 pecifically bi ndjto
human B7 ant Pé’{en 1aqgnt| 2gil}g)r:lpoég-kgSea}%l%:lgwenlll:;)iz'litpaeﬁt hen used to cl one
vari abl e domdimpunagiainesi RH?e rankAekRda reeRFt Rt Eeg e, akkebodi es :

essentially @6HRELIdRLEE '}éﬁiﬂ”ﬁﬁb@tgéﬁe (199 Numdd . imkendgYEBULER al |
U S. Serial No. 379,072, 20 L#Ee(é‘sf‘gjlgéﬁjar 25,.,1995 _both.of which are
mcorporétedﬂ?;y““}aef]er%"hc%%e% o 1§ PR 3B 5PRISExt ract i on of

RNA t her ef r omedummne Si (Fhisd vty drabs amqﬂnffcmdohothesebt im;t PERyuUSI ng

g speC|f|c [ ers r b |, 1992,
25 and% @%%v%’er%’%qﬁﬁﬁgé%%l %&éalﬁﬂ%%ié‘ti&%u ar |3ure 1 of
u. S. Serl al Now@RRGyion T grdrRy] arialle areaioe genes are then

i nserted int qah SEEESE Oh @I Ye Il CNESOIGReASHY UBBTeBERSY 2#Adchhght

chai n constant reglon genes. Pref erably, this is
10 containing medium and methotrexate amplification.

For example, this expression system has been
previously disclosed to result in primatized antibodies
having high avidity (Kd < 107'°® M) against CD4 and other
human cell surface receptors. Moreover, the antibodies

15 have been found to exhibit the same affinity,
specificity and functional activity as the original
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

20 No. 08/149,099, filed on November 3, 1993, also
incorporated by reference in its entirety herein. This
systém provides for high expression levels, i.e., > 30 -
pg/cell/day.

As discussed infra, the subject inventors have

25 selected four lead candidate monkey monoclonal
antibodies which specifically bind the B7.1 antigen.
These monkey monoclonal antibodies are referred to
herein as 7B6, 16C10, 7Cl0 and 20C9.

As discussed in greater detail infra, these

30 antibodies were evaluated for their ability to block B
cell/T cell interactions as measured by IL-2 production
and tritiated thymidine uptake in a mixed lymphocyte
reaction for T cell binding experiments for T cell
binding, human buffy coat'peripheral blood lymphocytes
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30 effected usi ng a proprletary expressmn vect or of IDEC, Inc., referred
to as NEOSPLA. This vector is shown in Figure 2 and contains the

cyt onmegal ovi rus pronoter/enhancer, the nouse beta gl obin major pronoter,

the SV40 oWQABAIH® replication, the bovine growh WO 98/ PET(EIT/19%06

PCT/ US97/ 19906 -31- hornone pol yadenyl ati on sequence, neonycin
phosphot ransf erase exon 1 and exon 2, human i mmunogl obulin kappa or | anbda
constant region, the dihydrofol ate reductase gene, the human i nmunogl obulin
5 gamma 1 or gamma 4 PE constant region and | eader sequence. This vector
has been found to result in very high | eygl expression of primatized

anti bodi es upon incorporation of nonkey variable regi on genes, transfection
in CHO cells, followed by selection in (418 10 cont ai ni ng medi um and

met hot r exat e yam iduilaaide. fdi0f3-56<ai§3}'£,1rt hiise wmeme@nm has been
previ ously d| Iq;é&ito r%%ﬁkgﬁﬁﬂﬂfrlnatlze antlbqﬂ# haV|ng high avidity
(Kd < 10[err]® hefe S it e F2ETH 1 4eE Y ecept or s.

Mor eover, thé2irdtiblabeafed swMebbaa? {bundChe cdetbvedthesedbe affinity,
specificity f:Lm_Ic)é tﬁﬂfﬂ Gf | I n Thi s
vect or syste% 'S substan |é‘%l aéés%f osedg}ﬂ:nﬁg:dcf?}jI'Trél}?lI b{%%niel éhpfi§g¥%er| al
No. 379, 672, wmrmmt@%ﬁwﬁwf@r@r@%fmweﬁmbmk Rcelb/Tsgeldl 20

No. 08/149, 0%%1:&:&&&91&& NOy elpriented 992 ,r@ei@&d rmrz)%fé&dc@yoﬁeaﬁaence

inits entiret erein. This system rOVI for expressi on | evel s,
i.e., > 30 pd?%lé-}cfe?%éiﬁolﬂsf%ﬁ% éﬂgltﬁ’f’f’ SJ[ ‘E:Lrv‘é:ﬁ?ﬁrs have 25

sel ected four | eadrisenstspdrr e ke ttmémlpnw&lcarfm:bcdmmyml ch
speC|f|caIIyl%ﬁg%fonaf3 &tfﬁ“&ﬁé Qe&gmﬁggﬁggdqagﬂglpnal ant i bodi es are'

referred to
10 . Scatchard ana1y51s showed that the apparent

affinity constants (Kd) for the monkey
antibodies binding to B7-1Ig coated plates werxe
approximated to be:

a: 7C10: 6.2 x 107°M
15 b: 16C10: B.1 x 10™°M
c: 7B6: 10.7 x 107°M
d: 20C9: 16.8 x 107°M
2. The antibodies were tested in vitro in a mixed
lymphocyte reaction assay (MLR). The MLR
20 showed that all 4 anti-B7.1 antibodies inhibit
IL-2 production to different extents as shown

by the following Icg, values:

a: 7B6: 5.0 pg/M
b: 16C10: <0.1 pg/M
25 c:  20C9: 2.0 pug/M
d: 7C10: 5.0 ug/M
3. The monkey anti-B7.1 antibodies were tested

for their ability to bind B7 on human
peripheral blood lymphocytes (PBL). FACS
30 analysis showed that all 4 monkey antibodies
tested positive.
4. Monkey antibodies 16C10, 7B6, 7C10 and 20C?°
were tested for Clqg binding by FACS analysis.
Results showed 7C10 monkey Ig had strong human
35 _ Clg binding after incubating with B7.1 CHO-
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herein as 7B6, 16Cl10O, 7Cl0 and 20C9. As discussed in greater detail infra,
tthe 30 anti bodies were evaluated for their ability to block Bcell/T
ce i nterget i as neasured by IL-2 production and tritia ,d.di ne
upt ake in‘ggﬁhggéslynphocyte reaction for T cell binding ex%ggpﬁgﬁg?g#or T
cell binding, human buffy coat peripheral blood |ynphocytes WO 98/ 19706
PCT/ US97/ 19906 -32- were cultured for 3-6 days in the presence of PHA= -
stinmulator. B7 binding was radi oassayed usi ng 5I-radi ol abel ed sol uble B7. 1.
The observed results indicate that all of these antibodies bind B7.1
antigen 5 with high affinity and effect+¥®a+y block B cell/T cel

I nteractions as evidenced by reduced™l L-2 production and reduced”
proliferation of mxed | ynphocyte cultures. The properties of these’
particul ar nmonkey nonodirarsfemttedoztldess ar 6 &ikhwag cppit bvie, 1while 1.
Scatchard anal ysi s’ showsghd halq ti6s HRAME artf ShSNide CPESE RESat kg .for th
nonkey anti bodi es .binding to 55-Ig coated. plates were approximated to be:
a:  7Cl0: 6.2 x 50[ erFq Melect an animal B‘?‘Odeﬁaﬁm:l’%‘?g?t?‘w[ err] M c:

386{ g 10. 7_;< 10[err] M@Eudile?&,‘cﬁc:he Torkey diwibddids wedbetastetodi es were
ested in vitro in a mxe cyte r tion a MR, The MR 20
showed tiat all 4 anti "E?'?tq'i %{?W%oot?]e%mf?#ﬁ%‘tdﬁfﬁé{?ﬁ(’%dﬂé??ﬁﬁsfo gFfferent
extents as shown by thewdsldetveémngined erhdt vidheigsonkey anBg-B7.1 5.0

%g;;%g;mlx 16C10: aﬁ%&ﬂoéfgé]éggﬂggkeacted with ﬁﬁman?ocg: 2.0

chimpanzee. _
Based on these properties, it would appear that
10 three monkey monoclonal antibodies possess the most
advantageous properties, 16C10, 7C10 and 20C9, with
16C10 and 7C10 being somewhat better than 20C9.
Using the techniques described supra, and in
commonly assigned U.S. Serial No. 08/379,072, the
15 present inventors have cloned the variable domains of
7C10, 7B6 and 16C10, and providé the amino acid and
nucleic acid sequences of primatized forms of the 7Cl10
light chain, 7C10 heavy chain, 7B6-light chain, 7B6
heavy chain, 16C10 light chain and 16C10 heavy chain.
20 These amino acid and nucleic acid sequences may be found
in Figures 3a and 3b, 4a and 4b, and 5a and Sb. The DNA
and amino acid sequence for the human gamma 1, gamma 4
constant domain may be found in 08/379,072.
As discussed supra, these primatized antibodies are
25 preferably expressed using the NEOSPLA expression vector
shown in Figure 2 which is substantially described in
commonly assigned 08/379,072 and 08/149,099, both of
which applications are incorporated by reference herein.
As previously noted, the subject primatized
30 antibodies will preferably contain either the human
immunoglobulin gamma 1 or gamma 4 constant region, with
gamma 4 preferably mutated at two positions to create
gamma 4 PE. The gamma 4 PE mutant contains two
mutations, a glutamid acid in the CH2 region introduced



d: 7C10: 5.0 [err]g/M 3. The nonkey anti-B7.1 anti bodi es were
tested for their ability to bind B7 on human peripheral bl ood | ynphocyt.es
(PBL). FACS 30 anal ysis showed that all 4 nonkey anti bodies
test ed posWO98H9704 Monkey anti bodi es 16C10, 7B6, 7C10 an@CZHS97/139pe
tested for C g binding by FACS anal ysis. Results showed 7Cl0 nonkey |g had
strong human 35 C g binding after incubating with B/.1 CHO
WD 98/ 19706 ' ‘ . PCT/ US97/ 19906 - 33-
transfected cells. 16Cl10 was positive, while 20C9 and 7B6 nonkey anti bodi es

wer e negative. 5. To sel ect an ani mal _gpdel for path-tox studies, the
nonkey anti bodies were tested 5 . - with ani mal bl ood frem
different species. It was determ ned that the nonkey anti-B7.1 anti bodies

cross-react eq M1l hiHEHE ¥dH IR TR Baiseti ), tdiesen pheppinédes, it woul d
appear that 10 t.hree, nonkey .nonocl onal anti bodi es possess the nost
advant ageous SiRSFEYEOn fgride :}Wearﬁfgz"d@', Wrter"ch 1P SRP3RID being

sonewhat bet tde t8tab0ESr dfitle tHeate dhd ekl siekEidddobrsdipra, and in

comonl y assi, . Seri . /95072 the dh prepent,jgpventors havé
cl oned the vélrg}%gegialejétioorpa'l ns%?%&%%&"gn%ﬁ%ﬁﬂn%bﬁ%% t he am no
aci d and Snucl3di6d 4GB seiRfRles aid fingek igtedr¥ orMiel of Tmmangly o 39 ght '
chain, 7C10 heayy gdai iyogB6, InSH SPajhcl Bérdeayyofpeidted 6510 |1 ght

chain and 16C10_ heavy chain,” 20 These am no acid and nhucleic acid sequences
may be found Haferepredeedtd 3b, 4a and 4b, and 5a and 5b. The DNA and

am no aci d sequenaggrdttier Nehd WSS S ima tided® #ntibodies contain
the gamma 1, gamma 4 or gamma 4 PE constant region
10 largely depends on the particular disease target.
Preferably, depleting and non-depleting primatized IgGl
and IgG4 antibodies are created and tested against
specific disease targets. '
Given the described binding and functional
15 properties of the subject monkey monoclonal .antibodies,
these anti-B7.1 monoclonal antibodies and primatized
forms thereof should be well suited as therapeutic
agents for blocking the B7:CD28 interaction thereby
. providing for immunosuppression. In particular, given
20 their high affinity to B7.1 antigen and ability to block
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
25 spleen cell cultures as shown by reduced antigen
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.
30 This is significant for the treatment of many diseases
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.
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constant domain may be found in 08/379,072. As discussed supra, these
primatized anti bodies are 25 preferably expressed using the NEOSPLA
expressi o shown in Figure 2 which is substantially ge&gaid kn
comonl y 22§ﬁ§§35608/379,072 and 08/ 149,099, both of which applf%g??gﬁs are
i ncorporated by reference herein. As previously noted, the subject

primati zed 30 anti bodies will preferably contain either the human - -

i mmunogl obul in gamma 1 or gamm 4 constant region, with gamma 4 preferably
nutated at two positions to create ganma 4 PE. The gamma 4 PE nut ant
contains two nutations, a glutamc acid-Bh-the CH2 region introduced WO
98/ 19706 . T PCT/ US97/ 19906 -34- to
elimnate residual FCR binding, and a proline substitution in the hinge
region, intem®iaentiakbinndee eukieet artikedisg WehiyPenuPsiutsdPbii de bond

interaction. ;66 i4Y eah$ @sddse IvhéF@iiobupp#d8sibn oB46he3868CDREI92) ;-
and Angel et al, Nbl._lnggnol., 30,@%@;- 58 %%393), both of which are-

i ncor por at ed BAFIEREr R CERFEFRT I ¢ &SI F2PLGnj ect primati zed
?ﬂtlb?dles containmé%etneﬁmpeﬁtigaﬁm@iéabioganﬁar4tﬁe subjeatt angdi-on 10
argely pe n_t e LS r get ra . ting and
non- depl ingggffﬁﬁ??§%§§#%é§f%ﬁ%ugénggﬁyégo%?egxgﬁéigfengglgﬁﬁh%éstgd

agai nst specidiseasssasech aageidiopavhbict beromkerybeReBiAdPHEPIAG

functional 15 opg Lt €518 14BEs SEBI | o ant i bodi es
! TP { 1 g ertmaPBs8Y TBORY! 0B i) ,
t hese ant|-87€ﬁ ﬁ%noc ona,%anti%gﬁiegyandmgrinatngd ? rngkfhereot shoul d
be wel | suite@&%@eﬁﬁﬁrﬁﬁéé%FESaQ@H%ElP%? $ %%F?ﬁbsth@pg?$EB§8aPﬁFBPaction
thereby provighdsideis| MHUNEsGPpr eASl afimatorpablileutiaseagevand?0 their
high affinity to B7. 1, ntlgﬁn.gnd ability to block

10 rheumatoid arthritis.

Another significant therapeutic indication of the
subject anti-B7.1 antibodies is for prevention of graft-
versus-host-disease (GVHD) during organ transplant and

B bone marrow transplant (BMT). The subject antibodies

15 may be used to induce host tolerance to donor-specific

| alloantigens and thereby facilitate engraftment and
reduce the incidence of graft rejection. It has been
shown in a murine model of'allogeneic cardiac
transplantation that intravenous administration of

20 CTLA4-Ig can result in immunosuppression or even
induction of tolerance to alloantigen. (Lin et al, J.
Exp. Med. 178:1801, 1993; Torka et al, Proc. Matl. Acad.
Sci., USA, 89:11102, 1992). It is expected that the
subject primatized anti-B7.1 antibodies will exhibit

25 gimilar or greater activity.

Antibodies produced in the manner described above,
or by equivalent techniques, can be purified by a
combination of affinity and size exclusion
chromatography for characterization in functional

30 biological assays. These assays include determination
of specificity and binding affinity as well as effector
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
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B cell/T cell interactions as neasured by IL-2 production and tritiated
thym di ne uptake in m xed | ynphocyte culture as well as their ability t.o
effectively inhibit antigen driven responses in donor 25 spl een cel
cul tures ééo‘s‘?ﬂﬂm‘ by reduced antigen specific |gG responsestCYPs%/19906
production and cell proliferation, these nonkey nonocl onal anti bodi es and
primati zed forns thereof should function as effective i nmunosuppressants -
whi ch nodul ate the B7: CD28 pat hway. 30 This is significant for the
treatment of many di seases wherein i nmunosuppression i s therapeutically
desirabl e, e.g., autoi mune di seases, t@g-nhibit undesirable antigen
specific 1gG responses, and al so for--prevention of organ rejectien and -
graft-versus-host disease. WO 98/ 19706 '
PCT/ US97/ 199Q6mbab- oEshenahadliyeakbe, siihptadingt Bbedlas 1ymphdra useful in
treating any,disease wherein suppressi.on_of .th 7: CD28 pat.h S
therapeutica+?§e8§§?P3b$%§e?§?StﬁﬂFiBgﬁchvﬁ%aﬁcgfFggééFoFEF%€¥§hbject
anti- 5  B7HIVAAIDSpdaetoimmindeanfyindjaumabeayptéseasesi,mamde di seases
such as idi OEE%QEEEHEQEEB{M OPRE! AnbYbBAs( bIR) peSUBLATEd idian -
erythemat osus_ (S , type di abetes nelli1tus, nmultiple sclerosis, aplastic
aneni a, psorFhseis, naki¥egformnf PENAEL BAFthPEcani 3BkdbodNd chelatereunat oi d
ar: hr :3t7 i i -Afﬁgmgbdfiyaﬂh?i 6§nénf:|ﬂ36_a?¢dbi;§‘ini efditngaéixon inﬁ.tif&?ogi_abil%t (GHD)
anti-B7.1 an ies i, or _preventi,on .o raft- ver,sus- host: di sease
GUring. or gan"BPAfspRaHPodNashBReaRki PORY: FARGPERRE (BRPF: FAB’sER) oct
anti bodi es lhay beyubeduasdimagindutealeatst okrenanpetentdadonaspreaids C
al | oanti gensqandNERely.f 86l LLEale SRALALLIBILAGNEoLCRUEC Jehig laigience of
graft rejectron: §'Begh &Rown i N & murine deP o al Fogenei ¢ cardi ac
10 of anti-idiotypic responses. S

The amount of antibody useful to produce a
therapeutic effect can be determined by standard
techniques well known to those of ordinary skill in the
art. The antibodies will generally be provided by -

15 standard technique within a pharmaceutically acceptable
buffer, and may be administered by any desired route.
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

20 combat various diseases or disease states within a
human.

The anti-B7.1 antibodies (or fragments thereof) of
this invention are useful for inducing
immunosuppression, i.e., inducing a suppression of a

25 human’s or animal’s immune system. This invention
therefore relates to a method of prophylactically oxr
therapeutically inducing immunosuppression in a human or
other animal in need therecf by administering an
effective, non-toxic amount of such an antibody of this

30 invention to such human or other animal.

The ability of the compounds of this invention to
induce immunosuppression has been demonstrated in
standard tests used for this purpose, for example, a
mixed lymphocyte reaction test or a test measuring



i

RO R UL

transplantation that intravenous adm nistration of 20 CTLA4-1g can result
I n I mminosuppressi on or even induction of tolerance to alloantigen. (Lin et

al, J. Ex 478:1801, 1993; Torka et al, Proc. Natl. Apaggusofi USA
706/ ©: 1 ! hat! FUSPHi9906 VoM
89: 11102, %335’?9 't is expected that the subject primatized anti-B7.1

anti bodies wll exhibit 25 simlar or greater activity. Antibodies
produced in the manner descri bed above, or by equival ent techni fues, ean be
purified by a conbination of affinity and size exclusion chromatography for
characterization in functional 30 bi ol ogi cal assays. These assays

i ncl ude determination of specificity andBbinding affinity as well as
effector function associated with thé expressed isotype, e.g., ADCC, or

conpl ement fi xatiaqn., Such antihodi es be used as passive or actjve
t herapeutic agbdbdtden & Tacellv\ergﬁf%m&wn measured by t leé’-ne

PCT/ US97/ 199¢§take. nunber of human di seases, including B cell |ynphong,

I nfectious diseaseg including,viral di.seasas . HI R% ' ' ne
and i nflammatory &i’seedr{aé"lsé € ttrl%?nsatﬂt&%%a |eos?1%bﬁk§§laé:t%‘ggl esoxggl&lg%e used
either in 5 uldilityatiin & nidwahng rimsinreEuppofesai amtinbid e | that :
anti bodygdru @}H]B ' or R4+ |0 pROFEnRNGL DGgI es or
ant i bodysf rag'rlr%ﬁ"ts a‘%?ﬂe't:% :Ié'v) rﬁr%ay ee used as 1 maging reagenl'tlsagr as
potential vaZesiefancs hrumsyded a9t iqn ol GHARARAITESHOFIRANE HRT gener at i on

10 of anti tidiRfedi G [fSPMiTRy,THaunugf, asndatrrsef ukkin, produce
a therapeutic effect can be determ ned hy standard technciygues wel | known to

those of or dSRPAKIFHC i) (Hhe FHC2HRNG Y BT EP Wt QYeneral Iy be
provi ded by Bhutoisdnurtkr dirficimmapceryy tgrol ifgperiescand cal | y accept abl e
buffer, 1%nd ?P%e%raodlnifneirsa?t%.r\%d &Eyseaéyeéi,eséﬂf dof Oé{.rlteaneous
manifestations of immunologically medicated diseases
(e.g., rheumatoid arthritis, lupus erythematosus,
systemic lupus erythematosus, Hashimotos thyroiditis,
mul;iple sclerosis, myasthenia gravis, type 1 diabetes,
15 uveitis, nephrotic syndrome, psoriasis, atopical
| dermatitis, contact dermatitis and further eczematous
dermatitides, seborrheic dermatitis, Lichen planus,
Pemplugus, bullous pemphigus, Epidermolysis bullosa,
urticaria, angioedemas, vasculitides, erythema,
20 cutaneous eosinophilias, Alopecia areata, etc.); the
treatment of reversible obstructive airways disease,
intestinal inflammations and allergies (e.g.,
inflammatory bile disease, Coeliac disease, proctitis,
eosinophilia gastroenteritis, mastocytbsis, Crohn'’s
25 disease and ulcerative colitis), food-related allergies
(e.g., migraine, rhinitis and eczema), and other types
of allergies.
One skilled in the art would be able, by routine
experimentation, to determine what an effective, non-
30 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
100 milligrams per kilogram body weight per.day.
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Because of the efficacy of the presently clainmed antibodies and their
tol erance by humans it is possible to adm nister these anti bodies -
repetitively in order to 20 conbat various di seases or di sease states
within a HV@D8/1976e anti-B7.1 antibodies (or fragnments ther BET/USBH1N0E s
I nvention are useful for inducing inmunosuppression, i.e., inducing a
suppression of a 25 human's or aninmal's imune system This inventjion _
therefore relates to a nethod of prophylactically or therapeutically
i nduci ng i nmunosuppression in a human or other animal in need thereof by
adm nistering an effective, non-toxic ampunt of such an antibody of this 30
I nvention to such human or other anisal. The ability of the conpeunds of
this invention to induce i mmunosuppressi on has-been denpnstrated in

st angar d tesi S USQ@xté %thttilmioai@sr n@&e,fmxfg@ﬁng%@gglé@rebﬂﬁ % dpgwhocyte
reaction test or a . test _measurin , .
PCT/ USO7/ 10046 VERF-i o, ShEalfh 150 ?ﬁcéﬁsle%bﬁlm e tFSA IR NS VP 2
t hym di ne upimakdallhe Moret spleati filaldnt,i bhdiye shafulidhilke iuvassiil diphave
utility in inducing i nQs | essi i.ndi tt oul d be
useful in thé’%&“&d—?}%%@% r%?én%nglﬁbggqbéz}t&%gg?ﬁo@?& I’EJ{éC{Ji on of
transpl abt ed poodamging thhes gawrviarag. tiged ofy tursar-tesdnimg awieahayr r ow,
skin, cornea, . _eld [ f [

Ac@tﬁﬁ&l];nglgf, AW MRAferti  RUFY bl dtfeA Ul dMlMNod of

i nfl ammat ory, prol| ive an hyperproliferative di seases, and of
cut aneous nafTEASHRT FANEE I SUFRLE 81 PHReE eRidRiBBases (e. g.,

rheumat oi d akiditiidiist ed it T aidie Minsl Dr SRl Gl WEFe@ WdLmbRsUS,
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10 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
expected to be in the range of about 0.05 to 100
15 milligrams per kilogram body weight per day.

The antibodies of the invention may be administered
to a human or other animal in accordance with the
aforementioned methods of treatment in an amount
sufficient to produce such effect to a therapeutic or

20 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
antibody of the invention with a conventional
pharmaceutically acceptable carrier or diluent according

25 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
dictated by the amount of active ingredient with which
it is to be combined, the route of administration and

30 other well-known variables.

The route of administration of the antibody (or
fragment thereof) of the invention may be oral,
parenteral, by inhalation or topical. The term
parenteral as used herein includes intravenous,



15 uveitis, nephrotic syndrone, psoriasis, atopical dermatitis, contact
dermati'tis and further eczematous dernmatitides, seborrheic dermatitis,

Li chen pl agyseg 368! Ugus, bull ous penphigus, Epidermolysis bydtB8199006
urticaria, angloedenmas, vasculitides, erythema, 20 cut aneous

eosi nophilias, Alopecia areata, etc.); the treatnent of reversible
obstructive airways di sease, intestinal inflamations and allergies (eg.7

i nflammatory bile di sease, Coeliac disease, proctitis, eosinophilia '
gastroenteritis, mastocytosis, Crohn's 25 disease and ulcerative .
colitis), food-related allergies (e.g., -B®graine, rhinitis and eczema), and
other types of allergies. One skilled in the art woul d be able, by routine
experimentation, to determ ne what an effective, non- t oxi c _amount of
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anti body woul tREEAPe¥iteReal, pERETATUEARLRT ngSRRAMEARERHFes TG 31O er al | y,

hp}/v:ayer, an eva szxéyeadﬁﬁﬁggt%tiﬁbe imhﬁhéubaﬁganegg/abgglﬁtso. 05 to 100
m I grans per I 1-00ra 0 Wel er . . . '
PCT/ S0y 2060t samiaaii af, Forfs Sok Bifepiran, adiiatebi®ieon are | nventon

shoul d al so bgemsedllyfprefeemedng tunors in a manmal . More specifically,

they shoud be usetyl hof1¢edlcbhletdiOhnd! 68a1l BBERGR! RAgkHHENS Fpt h
and/or 5 prol onging the vival ‘tirne of tunor-beafling animals.
Accordi ngly, ®FPLovingnerepounds eof| bhesinyeptiephse Brophyaeichd@dddfs in

a human or 0t8§rtﬁ@&gﬁéuEYcaﬂI?”iﬁaﬁééUﬂmhﬁnéﬂﬁﬁpbé_ﬁ%&oﬁr,_ fi wR an
effective, non- toxic annfgt of an antlbodé..Cne skilled, the art, .10
woul d be abl ethey2PghtifaleXpEFeRenfarroRe FBlﬂeFBWﬁFﬁewﬁh It i ve,

non-toxi ¢ anobat inf that raBdeasEi Abdyutwoubs be foo,t batppredeeabflyt reati ng
Carcinogﬁpic é SBESO.gbggrﬁblymiT?¥8¥§&s sgreL§38§E%% g%a§g%éf§ht per
day. : -

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

15 Appropriate dosage forms for such administration, such
as an aerosol formulation or a metered dose inhaler, may
be prepared by conventional techniques. The preferred
dosage amount of a compound of the invention to be
employed is generally within the range of about 10 to

20 100 milligrams. _

The antibodies of the invention may also be
"administered topically. By topical administration is
meant non-systemic administration and includes the
application of an antibody (or fragment thereof)

25 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
not sgignificantly enter the blood stream. By systemic
administration is meant oral, intravenous,

30 intraperitoneal and intramuscular administration. The
amount of an antibody required for therapeutic or
prophylactic effect will, of course, vary with the
antibody chosen, the nature and severity of the
condition being treated and the animal undergoing
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expected to be in the range of about 0.05 to 100 15 mlligranms per

kil ogram body wei ght per day. The anti bodi es of the invention may 'be

adm nistered to a hunman or other animal in accordance with_the

af or ement MENERAIRE hods of treatnent in an anount suffici enf TR« e such
effect to a therapeutic or 20 prophyl actic degree. Such anti bodi es of
the invention can be adm nistered to such human or other animal- in aw -
conventional dosage form prepared by conbining the antibody of the

i nvention with a conventional pharmaceutically acceptable carrier or

di l uent according 25 to known techniques. It will be recognized by one
of skill in the art that the formand character of the pharnaceutically
acceptable carrier or diluent is dictated by the anbunt of active _
i ngredi ent wirddatwidmth, idnd Sid abrimonddiynedt; the diseestoiomdof ntkerati on and

30 ot her |l -kno I ahl T kg St | Sf sEN
ant i body (o\rll\'ﬁwsa:'g%ar,#' Yﬁ%lrsg%fr)ea%)]fe Dﬁ%ﬁfﬁgnﬁ%ﬁ%;ﬁ %eélgéiél??d%a?gnf eral,

on | by
i nhal ati on drhe opircentiamevilel rggrexatlr dre within Hee FIacPldes

| nt ravenous, N 93 1YPGni11igrams per kilogram body weight

PCT/ US97/ 199 6?15 39- 9‘lgcé\traperi tongeal , i%trarrusc%l ar, subcutaneous, rectal or
vagi nal Sadnid#&k¥ati on. The subcutaneous and intramuscul ar forns of
parenteral adm nistration are generally preferred. 5 The daily

parenteral and oral, dosage regi nens for enpl oyi ng conpounds of the
i nventi on ti%gg%%?h%?—?cal ly or therapeutically induce i munosuppression,

or to therapeuti céhiletiteals qoossiobenfer tammart iphefy genefEagWeBE in t he

range of abQH%eQ 99 L8 ﬂ@oad$%ﬁi£%§%§ﬁa§i¥nép it aP9UbrOrérhB140tom I 1igranms
per kil ogram'body wel ght per day. ) , ]
present it as a pharmaceutical formulation. The active

10 ingredient may comprise, for topicél 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%
w/w but preferably not in excess of 5% w/w and more
preferably from 0.1% to 1% w/w of the formulation.

15 The topical formulations of the present invention,
comprise an active ingredient together with one or more
acceptable carrier(s) therefor and optionally any other
therapeutic ingredients(s). The carrier(s) must be

| nacceptable" in the sense of being compatible with the

20 other ingredients of the formulation and not deleterious
to the recipient thereof.

Formulations suitable for topical administration
include liquid or semi-liquid preparations suitable for
penetration through the skin to the site of where

25 treatment is fequired, such as liniments, lotions,
creams, ointments or pastes, and drops suitable for
administration to the eye, ear or nose.

Drops according to the present invention may
comprise sterile aqueous or oily solutions or

30 suspensions and may be prepared by dissolving the active
ingredient in a suitable aqueous solution of a
bactericidal and/or fungicidal agent and/or any other
suitable preservative, and preferably including a




The anti bodies of the invention may al so be adm nistered by inhalation. By
"i nhal ation™ is nmeant intranasal and oral inhalation adm nistration. 15

Appr opri at alesagss fornms for such administration, such as anp@EgH§Rbos
formul ation or a netered dose inhaler, nay be prepared by conventi onal

techni ques. The preferred dosage anount of a conpound of the invention to
be enployed is generally within the range of about 10 to 20 100 ~— -
mlligrams. The anti bodies of the invention nay al so be adm ni stered
topically. By topical adninistration is meant non-system c administration
and includes the application of an antibddy (or fragnent thereof) 25
conpound of the invention externally to the epiderms, to the buccal cavity
and instillation_ of such an antibody into the ear, Xe and nose, and where
it does not sP@rRfareapeFjvensgenthe Bhgogesplting splubicenmay then
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noun f ti red for
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chosen, the nahtivelawdingewermaynbhihfiegcahdbdPemobeCngotr hafldd sand t he

animal u ; '
PCT/ US97/ 998§6Q%0 %rea?ﬁ ?ZQ the F?%Hﬁ%g may Pﬁesglscretﬁd H% t he
physi ci an. Ar§ultaeteonopnéatraegéeereéntanthsosyneﬁlnﬁe byvém i on wil |

general |y be é{\ééﬁtﬂct Eechﬁmqeeof 2ka 1ést eflgac%khbgaamsam ki | ogram
body wei ght 5 dai |l y. _Formil ati ons le it 0ossi b gp anti body or

f r agmént ther%BPg%SlgélaﬁﬁPﬁF§t§Pé&a§F8n§°rlPnFé EF@PeF&bF % RSsent |t
as a phar nacestéecphehgliekratird. nibeaget byeacetate (0.002%),

10 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.

Lotions according to the present invention 1nclude

15 those suitable for application to the skin or eye. An
eye lotion may comprise .a sterile aqueous solution
optionally containing a bactericide and may be prepared
by methods similar to those for the preparation of
drops. Lotions or liniments for application to the skin

20 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
oil or arachis oil.

Creams, ointments or pastes according to the

25 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 .
or powdered form, alone or in solution or suspehsion in
an'aqueous or non-aqueous fluid, with the aid of

30 suitable machiner&, with a greasy or non-greasy basis.
The basis may comprise hydrocarbons such as hard, soft
or liquid paraffin, glycerol, beeswax, a metallic soap;
a mucilage; an oil of natural origin such as almond,

~ corn, arachis, castor or olive oil; wool fat or its




10 i ngredi ent may conprise, for topical adm nistration, fromO0.001%to
10%ww, e.g., froml1l%to 2% by weight of the forrmulation, although it .may
conprise as, nuch as 10% w w but preferably not in excess of 5% w w and nore
pr ef er abl yWPr*'BH?B‘Fl% to 1% ww of the fornulation. 15 Pé’ﬁ'@’?’@g‘?‘cal
formul ati ons of the present invention, conprise an active ingredient
together with one or nore acceptable carrier(s) therefor and optionally any
ot her therapeutic ingredients(s). The carrier(s) nust be "acceptable"” in

t he sense of being conpatible with the 20 ot her ingredients of the

formul ati on and not deleterious to the rggipient thereof. Formul ations
suitable for topical adm nistration tnclude liquid or sem-liquid
preparations suitable for penetration through the skin to the site of where
25  treat nededivatdd cbr W @atay lddidenich dotdtamricr@asleid nt nent s

or pastes, and. S | tabl.e.for adm nistrat] t h .
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fungi ci dal agent, and/ or any other preservative, and preferably
i ncludi n§ a cabipmig pgygwn-ionic surface active such as sorbitan
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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
moieties include, by way of example, cytokines such as
15 IL-7 and IL-10, CTLA4-Ig, soluble CTLA-4 and anti-CD28
antibodies and fragments thereof. Also, the subject
antibodies may be administered in combination with other
immnnosuppreésants. Such immunosuppressants include
small molecules such as cyclosporin A (CSA) and FK506;
20 monoclonal antibodies such as anti-tumor necrosis factor
a (anti-TNFa), anti-CD54, anti-CD1l, anti-CDlla, and
anti-IL-1; and, other goluble receptors such as rTNFa
and rIL-1. '
It will be recognized by one of skill in the art
25 that the optimal quantity 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,
30 and that such optimums can be determined by conventional
techniques. It will also be appreciated by one of skill
in the art that the opﬁimal-course of treatment, i.e.,
the number of doses of an antibody or fragmenE thereof
of the invention given per day for a defined number of
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are phenylnercuric nitrate or acetate (0.002%, 10 benzal koni um chl ori de
(0.019%' and chl orhexi dine acetate (0.01% . Suitable solvents for the

prepar at i GRo®g/195860i | y sol ution include glycerol, diluted abeghmbe00s
propyl ene glycol. Lotions according to the present invention include 15
those suitable for application to the skin or eye. An eye |otion may
conprise a sterile aqueous solution optionally containing a bacfericide and
may be prepared by nmethods simlar to those for the preparation of drops.
Lotions or lininents for application to the skin 20 may al so include an
agent to hasten drying and to cool the 3k3#n, such as an al cohol or acetone,
and/or a noisturizer such as glycerol or an oil such as castor oil or
arachis oit. Creans, ointnents or s .accordi.n resent

i nvention ar 83¥&i S5t ke fa(ﬁqﬁﬁtzﬂ%’%ﬁaﬁf ]fjgle{?% Cﬁ%’é?lt t'or ext er nal
appl i cation. uﬂmmglnnnﬁﬁhﬁmuhaﬂncaunéempﬁrureanmant|dgﬂemmrmation

finely- d|V|d%g g pomdered form alone or in solution or suspension in an
aqueous or non- aqueous fluid, with the aid of 30 sui tabl e machinery, with

a greasy or non- gr%;d@;omasﬂ@thﬁm Hadaratsoreord: i e bedikeeed belat such as
hard, sobt Obd Qi N afrf ithe UMCHH, N8By Phe Pr@tading Soap; a

HUC|Iage an ol l of natural origin such as alnpnd, corn, arachis, castor or
olive oil: wSSsaEkPkon 4 utiligs ddre prrsent invention to its

PCT/ US97/ 199G 1-14t (Sktierdi i Verhe CﬂoHI.cfvﬁirlg/ s kakcioms stearic or oleic
acid together  wt n alcohol su opyl en nacrogols The

fornul ation 4#ﬁﬁ?kwgﬁ %uﬁPQéh LW?%é%?d%ﬁﬁ&% “h¥Ssuch as an

anionic, 5 emﬂ:ddnrmentm amghniagniac mtmmtwﬁammws@fbthen esters
or pol ygpyet pyleneg defiv@id 165 HehiPiway .

Capsule Compogition

A pharmaceutical composition of this invention in
the form of a capsule is prepared by filling a standard
two-piece hard gelatin capsule with 50 mg. of an

15 antibody or fragment thereof of the invention, in
powdered form, 100 mg. of lactose, 32 mg. of talc and 8
mg. of magnésium stearate.

Injectable Parenteral Composition
A pharmaceutical composition of this invention in a

20 form suitable for administration by injection is
prepared by stirring 1.5% by weight of an antibody or
fragment thereof of the invention in 10% by volume
propylene glycol and water. The solution is sterilized
by filtration.

25 OCintment Composition
Antibody or fragment thereof of the invention
1.0 g. : . .
White soft baraffin to 100.0 g.
The antibody or fragment thereof of the invention
30 is dispersed in a small volume of the vehicle to produce




Suspendi ng agents such as natural guns, cellul ose derivatives or inorganic
materials such as silicaceous silicas, and other ingredients such as
| anol i n, al so 10 be incl uded. The subject anti-B7.1 apti i r
fragnents ?ﬁ@?@gpﬁnay al so be adm nistered in conbination mP%hR%ghéémP
- noi eti es which nodul ate the B7: CD28 pat hway. Such noieties include, by way
of exanple, cytokines such as 15 . IL-7 and IL-1, CTLA4-1g, soluble CLLA-4
and anti-CD28 anti bodi es and fragnments thereof. Al so, the subject
anti bodi es may be adm nistered in conbination wth other
i mmunosuppr essants. Such i munosuppressagds i nclude small nol ecul es such as
cyclosporin A (CSA) and FK506; 20 nonocl onal antibodies such as anti-tunor
necrosis factor a (anti-TNFa), anti-CD54, anti-CDl11, anti-CDlla, and
canti-IL-1; aesdsmdtdr, shdmdgmermmegim@cs:uch Cosl IapidRd landnetidl 1tubeswi | | be
recogni zed b vof, i e t he optimal quantity and
spaci ng of i%’lvﬁﬁuaT osaé%s 0 é%k%ﬁgéﬁ>&§ﬁg%lfragnent 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 administration, and the
particul ar ani na| belng treated 30, and that such optinmuns can be
det er mi ned byEQRISA > It wll also be appreciated by one -
of skill in the arAntI:lh:ﬁdy r&(ﬂﬁagiﬁnmmna&aﬁ dff eiereimivention the nunber
of doses _of an antibody or fragment thereof of the invention given per day
for a de#’neg‘éﬁ er of WD 98/ 19706
PCT/ US97/ 19906 4901231:;@; GRar2e 2dkrgai ned by those skilled in the art

using conventionalg.f JdRAld®Nlo determination tests. Wthout further

el aboration, it |s |eve t"hat
Whlte Beeswax 2.5 g.

Methyl hydroxybenzoate 0.1 g.
10 Distilled Water to 100.0 g.

The polawax, beeswax and lanolin are heated
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

15 50°C. The antibody or fragment thereof of the invention
is then added and dispersed throughout, and the
composition is allowed to cool with slow speed stirring.

Topical Lotion Composition
Antibody or fragment thereof of the invention
20 1.0 g.
Sorbitan Monolaurate 0.6 g.
Polysorbate 20 0.6 g.
Cetostearyl Alcohol 1.2 g.
Glycerin 6.0 g.

25 Methyl Hydroxybenzoate 0.2 g.
Purified Water B.P. to 100-00 ml. (B.P. = British
Pharmacopeia)

The methyl hydroxybenzoate and glycerin are

dissolved in 70 ml. of the water at 75°C. The sorbitan

30 monolaurate, polysorbate 20 and cetostearyl alcohol are
melted together at 75°C and added to the agqueous
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5 one skilled in the art can, using the preceding description, utilize the
present' invéntion to its fullest .extent. The follow ng fornul ati ons are;

t her ef or e, wighogp@7es0nst rued as nerely illustrative enbodi mentgo@inéh7io80s2
limtation of the scope of the 10 present invention in any way. Capsule
Conmposi tion A pharnmaceutical conposition of this invention in the formof a
capsule is prepared by filling a standard two-piece hard gelatin capsute -
with 50 ng. of an 15 anti body or fragnent thereof of the invention, in
powdered form 100 ng. of lactose, 32 ny. of talc and 8 ng. of magnesi um
stearate. Iniectable Parenteral Conposit#8n A pharnaceutical conposition of
this invention in a 20 formsuitable for adm nistration by injection is
prepared by stirring 1.5% by weight of an_aptibody, or fragnent t her eof of
the inventi orP3¥ERR by TRE FRSPHEIRG cPRULSLCR| 181RORBEER1IZ®HAe sol ution is
SL eril icze?l b)r?lf]ldvtédit&@rt:o&ﬁ wiﬂxwrﬁ:mmn@wostﬁﬁﬂng\nahaoelneor -f.L agnent
thereof of the.,nvention 1.0 g. ite soft pa ln . t0,.100.0 g. ,

anti body or RN Yt%r%’fﬁg‘g ng h%h?ﬂ%%%t?§n£§ﬁ m‘.’EgﬁngeffEeadﬁﬁ%a snmal |
vol une of thewehishspensiomdimethe ¥éndnivgoeater. The whole :

PCT/ US97/£199 544~ tdh s g&gﬁf S | I apsi bl e metal tubes
are then%ﬂIf%&ﬁéé#???ﬁgyﬁig%%ggggn.- o%i%§*8€$§%ﬁ$ onposi tion Anti body or
fragnent thereof of the invention 5 1.0 g.. Polawax GP 200 20.0 g.

Eve Drop Composition

Antibody or fragment thereof of the invention
0.5 g. C
Methyl Hydroxybenzoate 0.01 g.
10 Propyl Hydroxybenzoate 0.04 g.

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

15 fragment thereof of the invention is then added, and the
solution is sterilized by filtration through a membrane
filter (0.022 um pore size), and packed aseptically into
suitable sterile containers. |

Composition for Administration by Inhalation

20 For an aerosol container with a capacity of 15-20
ml: mix 10 mg. of an antibody or fragment thereof of the
invention with 0.2-0.5% df a lubricating agent, such as
polysorbate 85 or oleic acid, and disperse such mixture
in a propellant, such as freon, preferably in a

25 combination of (1,2 dichlorotetrafluoroethane) and
difluorochloro-methane and put into an appropriate
aerosol container adapted for either intranasal or oral
inhalation administration.

‘Composition for Administration by Inhalation
30 For an aerosol container with a capacity of 15-20

ml: dissolve 10 mg. of an antibody or fragment thereof
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Lanolln Anhydrous 2. 0 g. VM|te Beesmax 2.5 g. N@thyl hydroxybenzoate 0 1 g.
10 Distilled Water to 100.0 g. The pol awax, beeswax and | anolin .are

heat ed toget her at 600C. A solution of nethyl hydroxyben z ' ded
and honnggﬁpfﬁ??Gﬁ i s achi eved using high speed stirring. Tﬁ@*@@%@@ ure

Is then allowed to fall to 15 50[err]C. The antibody or fragment thereof
of the invention is then added and di spersed throughout, and t.he —
conposition is allowed to cool with slow speed stirring. Topical Lotion
Composition Antibody or fragnment thereof of the invention 20 1.0 g.

Sorbitan Monolaurate 0.6 g. Polysorbate g 0.6 g. Cetostearyl Al cohol 1.2
g. Gycerin 6.0 g. 25 Met hyl +Hydroxybenzoate 0.2 g. Purified Water
B.P. to 100-00 m. (B.P. = British Pharnmacopei a) The net hyl hydroxybenzoate .
and gl yceri nogr ehei Sslevedonn iR0 ethanefl t(l6e swaillel) ,atadds[0er-]JoC.2%Thef sor bi t an

Coget her ar JAPEHFRE Ui 0Rlka  £5 e s aayabaclofy B, BT 4,
PCT/ US97/ 199@8d- dispegiast isuch e & pewpeldgnénulssichn aiss fxaaryeni zed,
allowed to c%eefgfé QDTH YR nﬁEI%H _F qadzt@gcwyaﬂgygtrgp.fragnent

t hereof of t Inventron I1s a as a suspen5|on In the renalnlng wat er .
The whol & 5 flyerestdiagne)i ansg |drlr1-éd'q}'ﬁﬁh| RSHSFERLad a0 PWr FREDAsi ti on

Anti body or GipaIRH dtheRbsl idimtiaivedt adapted for either

intranasal or oral inhalation administration.

The antibodies and pharmaceutical compositions of
the invention are particularly useful for parenteral -

10 administration, i.e., éubcutaneously, intramuscularly or
intravenously. The compositions for parenteral
administration will commonly comprise a solution of an
antibody or fragment thereof of the invention or a
cocktail thereof dissolved in an acceptable carrier,

15 preferably an aqueous carrier. A variety of aqueous
carriers may be employed, e.g., water, buffered water,
0.4% saline, 0.3% glycine, and the like. These
golutions.are sterile and generally free of particulate
matter. These solutions may be sterilized by

20 conventionai, well-known sterilization techniques. The
compositions may contain pharmaceutically acceptable
auxiliary substances as required to approximate
physiological conditions such as pH adjusting and
buffering agents, etc. The concentration of the

25 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 15 or 20% by weight, and will be selected
primarily based on fluid volumes, viscosities, etc.,

30 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




0.5 g. Methyl Hydroxybenzoate 0.01 g. 10 Propyl Hydroxybenzoate 0.04
g. Puri‘fied Water B.P. to 100-00 m. The nethyl and propyl hydroxybenzoates
are di ssol wexbsre7060 M . purified water at 75[err]C and the reaspaigs719906
solution is allowed to cool. The antibody or 15 fragnment thereof of the

I nvention is then added, and the solution is sterilized by filtration

t hrough a nenbrane filter (0.022 [err]mpore size), and packed dseptically
into suitable sterile containers. Conposition for Adm nistration by '

I nhal ati on 20 For an aerosol container with a capacity of 15-20 m:
m x 10 ng. of an antibody or fragneng_th%?éof of the invention with-
0.2-0.5%of a |lubricating agent, such as polysorbate 85 or oleic acid, and
di sperse such_mxture in ropel | such as. freon,. preferably in a 25
conbi nati on SF fa?rtﬂrtthlt%‘r “teeqtn:féﬁa&g?eo hamey Fhu %*ﬁb@?ﬁ%r ofo- net hane
and put i nt opharapgesyiriicale compesdlticontad dre adapentidénrfert her i ntranasa
or_oral i nhalgi A<l AR AP il 5 AILohebint 260 By

I nhal ation 30 _For_"an aerosol_ container_ W th a capacity of (15-20 ni:
di ssol ve 10 PF stexrideaRingsgy/ osaluigraht andkrikl mg. vef ogn 1agbibody

PCT/ US97519906: 4gn@int! hdraEId O He ihation 6- Sadtudl @een@ad- 0. 2% of
a lubricating agent, such as pol sor%g%ecgg, of Ol%ﬁ aci d; and, di sperse
such in a pr&f¥ PHAPAIN PAT SRl ST SETHP L nEPARRPLRIGRS (1. 2

di chl or ot et r areb wdllorkasiviare) willd dd lappadnoriooethose, slbledt ihnto an
appropri-ate ro cQnt ainer ; e ral nasal ~oral

I nhal ation ag%enisas tr’at%%o%.a%%le&g%glgbgecé (ca)lsn g"rlléa]'h egh%ér%%guﬁtafg{c.onposi tions
of example, Remington’s Pharmaceutical Science, 15th ed.,

~ Ja L . L e T e T S L T SRR SRR SR Vr

10 Mack Publishing Company, Easton, Pennsylvania, hereby
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

15 . technique has been shown to be effective with
conventional immune globulins -and art-known
lyophilization and reconstitution techniques can be
employed. _

Depending on the intended result, the

20 pharmaceutical composition of the invention can be
administered for prophylactic and/or therapeutic
treatments. In therapeutic application, compositions
are administered to a patient already suffering from a
disease, in an amount sufficient to cure or at least

25 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.

30 Single or multiple administrations of the
pharmaceutical compositions can be carried out 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



the invention are particularly useful for parenteral 10 adm nistration,
| .e., subcutaneously, intranuscularly or intravenously. The conpositions

for parent‘gf)?ku;%gi nistration will comonly conprise a sol u{,{:ﬂgﬁée)%?g&

anti body or fragnent thereof of the invention or a cocktail _

di ssolved in an acceptable carrier, 15 preferably an aqueous carrier. A
vari ety of aqueous carriers may be enployed, e.g., water, buffefed water,-
0.4% saline, 0.3%glycine, and the like. -These solutions are sterile and
generally free of particulate matter. These solutions nay be sterilized by
20 conventional, well-known sterilizat448» techni ques. The conpositions
may contain pharmaceutically acceptable auxiliary substances as required to

approxi mat e physiol ogical conditions such as pH adjusting and buffering
agents, etc.alheredneatibedies doxt Haagsensst ithedpod) fofadhent thereof of

the inventiofpiBnsYeh ROFFIRGRNHE €3 teffcfre@&'i%{él?n tRA LY he YSlehe ) - €,

fromless than about 0.5% usually at or. at | east about 1%to as nmuch as 15
or 20% by wei ght, TEn@bRLd Bdsocbecnotes: ithati thep asdd hadimsyiaf Whises,
viscosities, iaventidh magceduded Fdrheheadeisiyndan® ¢ymtheidE Wstration
sel ect ed Thust agphar mageutical co %siition of t I nventi.on . for

Bewe ) 5,

i nt ranus2ul af=i PeEBRIEsUPE BE™S 8§ €608 (pigetdGs) (Whiih  er ed
wat er, and 50cmid bl msedmfli bodyhe sSAR08hesa®y as the antibody.

PCT/ US97/ 199 -47- or . ergof Qif.: in tiom, Sddlarly, a
phar maceut i cglgeéoéﬁ éi't'lgg%g%%hg&l r?\?e'rit ?’Ucr%t—e%re"i ?T%r%ﬁv:fr%uggignf usi on coul d
be nade up td1@8APain 250 m . of sterile Ringer's solution, and 150 ng. of

an antibody 5 torro}‘ Irf%&ﬁfgl@?r E.'l?.h%(g}cra(%fe the !itﬁ‘lf'(i%@lttii%, eiYel W1 1BRhegls for
preparlgg pagggm%&%s %r% g&gbidgﬁ. ez%%%%?%&édﬂfés are not intended,
nor are they to be construed, as further limiting the

invention.

Example 1
Recombinant immunoglobulin libraries displayed on

15 the surface of filamentous phage were first described by
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

20 (Barbas et al, Proc. Natl. Acad. Sci., USA 589:10164-
10168, 1992). Although the phage display concept used
is substantially similar to that described by Barbas,
1991, Id. the technigque has been modified by the
substitution of a unique vector for monkey libraries to

25 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
monkey DNA. This vector contains two different leader

30 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 hydrophobic




are well known or will be apparent to those skilled in the art, and are
described in nore detail in, for exanple, Rem ngton's Pharnaceuti cal

Sci ence, IwovsAadrs 10 Mack Publishing Conpany, Easton, Pemigayhsosanssds
hereby incorporated by reference herein. The antibodies (or fragnents

thereof) of the invention can be |lyophilized for storage and reconstituted
in a suitable carrier prior to use. This 15 t echni que has beerl showr=to~
be effective with conventional imrune gl obulins and art-known

| yophi lization and reconstitution technigues can be enpl oyed. Dependi ng on
the intended result, the 20 phar maceur®@al conposition of the invention

can be adm nistered for prophylactic and/or therapeutic treatments. In

t herapeutic application,,conpqsiti e_.adm nistered t atient already
suf fering fr% %T'a eRbides éo)ﬁ’\"’“'ang ?g‘[su'f??c?%ﬁ e?boﬁu?g E‘Pga SRY¥Ast 25
par}ial{y arraagd Iiwghtli chabe e&mhedsProduttsainbusth?|peg@pmapmact|c ctail
appl i cations onposi $ions_c cockt ai

t hereof are a&%ﬁ%?ste%%d ke &Qi ?%ﬂ? éﬂflpé % ?ﬁ tﬁg Egggg&a%“?e to
enhance the|ﬂhee#w030h@sm5tém£@ agd dlSHlfl@#h@@@dérfﬂﬁmttsl@reate

adm ni st riat | Q8,108 o 1 REL PRALIRERLE | Cale CQEPOPEE| PRE BABKBEnEALE @HheOUt Wi th
dose levels and pattern being selected by the treatlngagﬁéS|C|an In any -

event, the pH&FHﬁE%uF?%@It%%ﬁﬁ%%???bﬁ BioeserinGentfb 8P& pMBvi de a
quantity of tysila, Vﬁh98/19€060nta1ns the gene for the enzyme beta-
PCT/ US97/ 19906 - 48- ed antpbodi es tag t hereof.) ,of the
i nvention suf ?%F%m?s?o é??eﬁ?? %?? ?W@é };%n ge?ﬁﬁ?an%igﬁéﬁld al so be
not ed that.theeamQt@ndeeSoobacbeslanvhat|barhay DMSUBNA. f oWet Bd sdesi gn and
synthesifb(ﬁ derived, from blﬁescript, the'origin of replication of
the multicopy plasmid ColEl and the origin of
‘replication of the filamentous bacteriophage f1l. The
origin of replication of phage fl1 (the so-called
intragenic region), signals the initiation of synthesis
15 of single stranded pMS DNA, the initiation of capsid
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
20 helper phage VCSM13 which is particularly suited for
this, since it also contains a gene coding for kanamycin
resistance. Bacteria infected with VCSM13 and pMS can
be selected by adding both kanamycin and carbenicillin
to the growth medium. The bacteria will ultimately
25 produce filamentous phage particles containing either
PMS or VCSM13 genomes. Packaging of the helper phage 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
30 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 III
product is 406 amino acid residues and is required for
phage infection of E. coli via the F pili. The first




5 ei ther peptide or non-peptide conpounds (m netics) which would be
useful in the sane therapy as the anti body. See, e.g., Saragovi et al,

Sci ence, 2?,8)9871%6795 (1991). To further illustrate the i nvwgﬁ%pg

fol |l ow ng exanpl es are provided. These exanples are not ed, nor
are they to be construed, as further Iimting the invention. Exanple 1
Reconbi nant i mmunogl obulin |ibraries displayed on 15 the surface of—= -
filament ous phage were first described by McCafferty et al, Nature,

348: 552-554, 1990 and Barbas et al, Proc. Natl. Acad. Sci., USA

88: 7978-7982, 1991. Using this technol og§9-high affinity antibodi es have
been isolated fromimmune human recoitbi nant |ibraries 20 (Barbéas et al,
Proc. Natl. Acad. Sci., USA 589:10164- 10168, 1992). Although the phage

di spl ay concéwe @smains afhdthentheavy cdhadn.arthe amptabls andcdheyClBhr bas,

1991, Id. th‘ﬁcﬁﬂ%ﬁ.‘iﬂ! i rﬁfsé?f% e féﬁ%é%&yltf@rm iﬁéﬁf%‘foéhé‘ U_“i que
vector for nonkey {libraries to 2 reduce tthe possjhbility of reconbination

and i nprove SeR§ 15%Y prghein.ecThis Fasombipant PibhiRrdeifsingle | ac
pronot er / operdilr@cted f ftild @El B deedem) i seckdtedstattion of
P01 YOl SN AR AR A £ B aMEe S A VBED ST e RN AL
© 255: 27-29, WH380)the ckighte dhagin hﬁfam_re ard ishelnpedrpated in thet .,
(57910 USROS U8 il e P St b
PCT/ US97/ 199(uencs epingannd davnsgream rekitheoere bt on Bret he heavy
and |ight chaimae!ianath B AiMGS ddid pdist R | hFEdR L& RRAE ché Ncd ASoxy
oxi dat | Vleo ethIel‘r%‘rir;lEarE gg t:_[rbee lpcf rllaapclat?esl . We are using commercially
available monoclonal anti-FLAG M2 for both purification
and detection of phage Fab by ELISA (Brizzard, Bio
Technigques, 16(4) :730-731, (1994)).
After constructing the vector pMS, we tested its
15 ability to produce phage bound Fab using control
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
20 ' toxoid antibody. We performed efficiency experiments
where anti-tetanus toxoid phage were combined with phage
beading an irrelevant antibody at 1:100,000. We
performed three rounds of panning by applying 50 pl of
the mixed phage to antigen (tetanus toxoid) coated
25 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 XLl1-
Blue bacteria and helper phage was added. After
overnight amplification, phage were prepared and again
30 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
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the two chai,ns fold and disulfide bonds formto create 5 stable Fab
fragments. We derived the backbone of the vector fromthe phagen d

bl uescri pt wQ @¢m9aéagene, La Jolla, CA). It contains the genePdTUSA7I8906NZYy e
beta- |actamase that confers anpicillin (carbenicillin) resistance to
bacteria that harbor pM5 DNA. W also 10 derived, frombluescript, the
origin of replication of the nulticopy plasmd Col El and the origin of"
replication of the fil anentous bacterlophage fl. The origin of replication
of phage fl (the so-called intragenic Emg#o signals the initiation of
synthesis 15 of single stranded.pMs the initiation of capsid
formation and the ternination of RNA synthesis by viral enzynmes. The

6Pl catt on g SR, DM ABVA "ACKE 101 oophage agph SLgS 1o e

viral protei e prOV|de ve use
hel per  phage frogmtheaviéh D@ﬁbﬁmgsmfam:;ﬁ%%m%l%re#hme Hhacé it aI so

contai ns a -gerA 1SHED by Qf J@%gw . re:sftséﬁrme &éﬁéetl‘ﬁ wakected with

VCSML3 and pMs ca ected b n bot in and caybenicillin
i S AR el 5744 Onpfh

to the grow FXfEH & EPQM ? ¥ pE BuBB2ER anent ous

phage pastlcbmrﬁanﬁebmnrqp¢um&EHt¢dﬁimwthé§ﬂﬂfbgbm®mﬁe space&agi ng of the

oph at ons Ry L DAL R Rl DB LESLLLIGG L BoTuh o0 Pho0e

popul ati on th con al ns reco es ends of
t he phage pi @Iampand regstedtf @0 anpigeri spechbitity ualegcaneBBISAo‘

particular | giiohesieel8 o6 JORMIRIFdD lyProlistoubbah i present in three

to five copies-at one end The, gene roduct s 406 am no
acid residues and ¥% QERgK r"é%i #@ﬁpﬁ)fﬂ%ﬁ? feeRl 3% B?CEIDEBBY frr vAe F
pili. The firgith méﬁhéﬁﬁllﬁﬁﬁhrles, we developed specific primers
PCTI USOT/ 1996, - e (U IOFRLAS Rkl DAoSTEb A a2k “Oradad the
CH1
were based on macaque sequences we obtained while
developing the PRIMATIZED® antibody technology (See,
08/379,072, incorporated by reference herein) and
15 databases containing human sequénces. (Kabat et al,
(1991), "Sequences of Proteins of Immunoclogical
Interest," U.S. Dept. of Health and Human Services,
National Institute of Health).
We developed three sets of primers to cover
20 amplification of the macagque repertoire. Our first set
of primers was designed for amplification of the heavy
chain VH and CH1 (Fd) domains. It consisted of a 3’ CHL1
domain primer and six 5’ VH family specific primers that
bind in the framework 1 region. Our second set of
25 primers, for amplifying the whole lambda chain, covers
the many lambda chain subgroups. It consists of a 3°
primer and three 5’ degenerate primers that bind in the
VL framework 1 region. Our third set of primers was
designed for amplification of the kappa chain subgroups.
30 It consists of one 3’ primer and five VK framework 1
primers. Using each of these sets, PCR parameters were
optimized to obtain strong enocugh signals from each
primer pair so that ample material was available for
cloning of the library. We recently created macaque



domain, are fused to the carboxy-termnal half of the.gene III protein.

This reconbinant pili protein, directed by the pel B leader, is setcreted to
the 5 pegprpdsppmsgrhere it accumul ates and forms disul fide Beqdss /gfh ops t NE
light chain before it is incorporated in the coat of the phage. So,

anot her vector contains a FLAG sequence engi neered downstream of the gene
[11. The FLAGis an 8 am no acid peptide expressed at the carboxy 10 == -
termnal of the Fd protein. W are using comrercially avail abl e nonocl onal
anti-FLAG M2 for both purification and detection of phage Fab by ELI SA
(Brizzard, Bi'o Techniques, 16(4):730-73152(1994)). After constructing the
vector pM5, we tested its 15 ability to produce phage bound Fab using
control antibody genes. W cloned an anti-tetanus toxoid antibody,

(obt ai ned fr GAMLNALETIAL BarRyies ith QNG BRI YeQbRY oiednD Xehestue. Ve

co-infected tiQﬁéiéédV!a@Ih é&?ﬂ&&m gemﬁ’]g@trﬁ%ﬂ?]gﬁsbéﬂé@ywaﬁethe .
anti-tetanus X Oi tj bo erfor ef ficiency experinments
where anti -t&%ﬁf& f %Da‘gﬁé@'@”%/% % & adi ng an

i rrel evant anmnboshgxibul DERNOO. The deiBramisss tdwrﬂnaim&ds of panni ng by

appl yi ng 50 $eli oi d) coated 25
pol ystyré:’ﬁe [a F}’Jéx%é%hereq}ep&na%e%%edfggve\g?h%r% %ftt?' thﬁ Ldn=rcgnt
phage were elan ersgifiadrindemre an antigsmgeaiked Vl%]ehsto infect a fresh
al i quot of XL1- Blue bacteria and hel per phage was added. After overnight
anplification, phage were prepared and again 30 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 technol ogy al so depends on the ability to prepare soluble Fabs for

characterizati on of the final WO 98/ 19706
PCT/ US97/ 19906 Example 2

Development of B7/CTLA-4 Reagents
We have generated a number of reagents for the

10 purpose of immuhizing monkeys, developing binding and
functional assays in vitro, screéning'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

15 reverse transcriptase. The first strand cDNA was PCR

. 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.

20 The B7.1 fusion protein was generated similarly, except
that the PCR amplified B7.1 gene was cloned into a
NEOSPLA cassette vector containing the human CH2 and CH3
immunoglobulin genes. CHO cells were transformed with
the B7.1/1g NEOSPLA DNA and stable clones secreting

25 B7.1/1g fusion protein were amplified. In 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
with anti-Ig and IL-4, and for the CTLA4 constructs the

30 gene source was PHA activated human T cells.
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-51- panned product. This was achi eved by excising gene Il fromthe pM
DNA usi'ng the restriction enzynme Nne | followed by re-ligation. After the
gene |11 wasoesrg7eed, the Fab was no | onger displayed on t heP@ivages/5906
surface but accunulated in the piroplasm c space. Lysates were prepared
from bacteria expressing soluble Fab and tested for antigen specificity
using an ELI SA. High levels of soluble Fab were detected. In ofder to™adapt
phage di splay technology for use 10 w'th macaque |ibraries, we devel oped -
specific prinmers for PCR anplifying nnn$%%linnunoglobulin genes. These were
based on nacaque sequences we obtai ned “e devel opi ng the PRI MATI ZED[ err]
anti body technol ogy (See, 08/379, 072, incorporated by reference herein) and
15 dat abases contai ni ng huhan sequenfgi} (fabat et al, (1991), "Sequences
of Proteins of Inmunol ogical Interest ® “Dept. of Health and Human
Servi ces, Natlffonal TnsStrtute o eal R J5 € opeo t
to cover 20 ARt O Fre-erett

primers was de8elghte Bf o¥ arrpl i fi ,émmmzm%'hemﬂvea%ﬂ!m |¥PS\/H and CH1 ( d)
donmai PS |t Q-FIS;_I siRdekait 3 O-lISngx_mgn wizeaer and sijxyd VH fanily
specific pri at.__bin r e C

primers, f b7 1|/ P tF"smf’ he roQ Fh%ﬁngl% %élglhers'g%a\?‘gi?
chai n subgrodp §7 2 ’E'raé‘é dits of 1 SSreeﬁf’i“-he?M%d t hr ee
that bind in ' '

Ly~
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nany | anbda
' YRfegenerate pr

nmers

EPAAI fGabdebamel the :kﬁma&hﬂualésubgroupwé@e colmb1£@ASI Bt S

desi gned for
of one 3' prijper and flve VK fra P 'ﬁﬁtumpmm rs‘ Lblng gagh of {hege set s,

PCR par an"et er !’:'."‘_i'_ ______________________________________________ SOl S _.g'_:-::_;.‘ =

primer pphpr so thafrhé”&bﬁﬂgbﬂhﬁ %Stﬁ%b' %Qb%efr&fs,dt@_&jé’iﬂaéif with
library. W recent[y created mca
monoclonal antlbodles to B7.1 (L3074) (Becton Dickinson,

. 1994) and B7.2 (Fun-1 (Engel et al, Blood, 84, 1402-
1407, (19924) and purified goat and rabbit antisera,

specifically developed to detect monkey Fab fragments,
15 facilitates identification of antibodies having the
desired properties. '

Example 3
Generation of a Phage Display Library

Recombinant phage display libraries are generated

20 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),

25 156-159, (1987). RNA is converted to. cDNA using an
oligo dT primer and reverse transcriptase. The first
strand cDNA is divided into'aliquots and PCR amplified
using the sets of kappa, lambda, and heavy chain Fd
region primers described earlier and either Pfu

30 polymerase (Stratagene, San Diego) or Taq polymerase
(Promega, Madison). The heavy chain PCR amplified
products are pooled, cut with Xho VSpe I restriction
enzymes and cloned into the vector pMS. Subsequently,
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WD 98/ 19706 PCT/ US97/ 19906 -52-
conbinatorial libraries in our pMS vector using these. optim zed PCR
condi tions rrow bi opsi es were taken from CD4 i nmune t he
source of ?ﬁﬁ%ﬁgé obulin RNA. The libraries contained. 5 £§g$§§¥§E@i|y
106 nmenbers and are currently being panned or specific binders on antigen
coated wells. Exanple 2 Devel opnent” of B7/CTLA-4 Reagents W have genes ated
a nunber of reagents for the 10 pur pose of i mruni zi ng nonkeys, devel oping
bi ndi ng and functional assays in vitro, screening heterohybridomas and
panni ng phage libraries. Table 1 |ists es¢h reagent and its intended
purpose. In the case of B7.1, RNA'wa3 extracted from SB cells and converted
to cDNA using 15 reverse transcriptase. The first strand cDNA was PCR
anplified usitle BAdhts pewin PGR ipmoductal afeommblied o ¢WEGELINECSPLA

mammal | an eXRIFSS) Ay OF LS A Gf | it WS, AN UESAES Wb I Orded NECSPLA

DNA and cl ones expressing nenbrane associated B/.1 were jdentified. 20
The B7.1 fusitéie preneieingnt dederamed ik 1Bh4s Eexgebt ihat the PCR

aLrpl ihf i ed g:-tlr&mmm_ C&ﬁl@f\:ﬁé‘}l}il@rw,&ﬂSiﬁ{lﬁ@r-\/ﬁ@f@été@]?&iltnijng_ ]
t he hunma i mmunogl okul i enes. cell's were.transformed wit
the B7.1”A g 2 W%ﬁfg‘“g‘? a"%f% er?%fesgjssééﬂgﬁ‘?% ?Bt\,\fbﬁﬁ?t g %@i on
prot ei n wer e laihptdxy eis pammegdnBowt , rowdB0o1R oy OTyrene cegbhss were
generated in . r t, that. BT. SNA | sol ated
from human sﬁge%tné%y*éﬁm’tl h‘a%lc%’g'ezn As}?'flré.l%'t edng%i‘ﬁag%rs v#ﬁg%nt i-1g and

| L-4, and forckone<CHiyam cench rreund 19% Honing are cipakywed. PHRhacPt§at ed

human T cel | Syecto @98/ 19 Mb1ated and the gene III excised.
PCT/ US97/ 19906 ' ,
10 Soluble Fab fragments are generated and tested in ELISA

for binding to B7.1 and B7.2.

Example 4
Characterization of Phage Fab Fragments

The monkey phage Fab fragments are characterized
15 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
cross-reactivity after first panning for 4 rounds on the
B7 species used for immunization in order to select for
20 high affinity fragments. Fab fragments identified from
four rounds of panning either on B7.1 or B7.2 antigen
coated surfaces are scaled up by infection and grown in
24 hour fermentation cultures of E coli. Fragments are
purified by Kodak FLAG binding to a anti-FLAG affinity
25 column. Purified phage Fabs are tested for affinity by
an ELISA based direct hinding modified Scatchard
analysis (Katoh et al, J. Chem. BioEng., 76:451-454,
(1993)) using Goat anti-monkey Fab antibodies or anti-
FLAG MAb conjugated with horseradish peroxidase. The
30 anti-monkey Fab reagents will be absorbed against human
heavy chain constant region Ig to remove any cross-
reactivity to B7-Ig. Kd values are calculated for each




-53- Table 1 Reagent Pur pose CHO Expression Sol ubl e

B7.1 | mruni zati on, imunoassays Yes B7.1 Transfectant Scr eeni ng,

ELI SA WO 98/19306; B7.1/1g Fusion Protein Inhibition stREIE897/19%éni ng
Yes B7.2 Transfectant Screeni ng, ELI SA Yes B7.2/1g Fusion Protein
| nhi bition studies, panning To be conpleted CTLA4 Transfectant _ _Inhibition
studies To be conpleted CTLA4/ 1 g - Inhibition studies ~

To be conpleted 10 The availability of these reagents, together with

nmonocl onal anti bodies to B7.1 (L3074) (Bgsgon Di cki nson, 1994) and B7.2
(Fun-i (Engel et al, Blood, 84, 1402-. 1407, (1994) and purified goat and
rabbit antisera, specifically devel oped to detect nonkey Fab fragnents, 15
facilitates irdepfiddtCadf il GhetiFAREhES HRVADBetPELERE1 HG0L B! BRERLEGS.
Exanpl e 3 CGeneration of a Phage Display Library Reconmbi nant phage di Spl ay
libraries ar®Thyderdiid oRpte rQ%ﬁ?é%i and B7.2 inmune nonkeys. Lynph node
and bone marrow bi opsies are perforned 7-12 days after immunization to
harvest RNA rich B cells and plasna cells. RNAis isolated fromthe

| ynphocyt es using the method descri bed by Chontzynski Anal. Bi ochem,
162(1), 25 156-159, (1987). RNA iBxampder§ed to cDNA using an oligo dT

glr: (quE(r)t gngng@lﬁdﬁn%??ﬁ# usl nSB]f%égaé%# gé%fétappa/ﬁﬂﬁ%iag?ﬂgxhdﬁgawt ghai n
Fd regi off primers KRR cFragents |Test skfestivelrihlogkingothaebinding
(Stratagene, o3RBEBYAt Ofhd Aoty 'EBSRGEnt F 1B, a8 dseD8tedhgsheavy
e i e S B ELS ARG B el B SSHEebat7biect
1251-B7-1Ig binding to CTLA-4-Ig or CTLA-4 transfected
cells. Additional selection criteria include, blocking

10 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
production using IL-2 assay kits. The three or four

15 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
monkey/human antibodies.

20 ' -Examgle 6
Generation of Monkey Heterohybridomas

Monkey heterohybridomas secreting monoclonal
antibodies are generated from existing immunized animals
whose sera tested positive for B7.l1 and/or B7.2. Lymph

25 node biopsies are taken from animals positive to either,
or both, antigens. The method of hybridoma production
is similar to the established method used for the
generation of monkey anti-CD4 antibodies (Newman,
1992(Id.)). Monkeys with high serum titers will have

30 sections of inguinal lymph nodes removed under
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WD 98/ 19706 : PCT/ US97/ 19906 -54- the
| i ght chain PCR products are pooled, cut with Sac I/ Xba | restriction

enzynmnes, qugghﬂmgd to create the reconbinant |ibrary. XL|-§%£€E§%M§ tL s

transformed wt he I'ibrary DNA .and super-infected with 5 -
produce the phage displaying antibodies. The library is panned four rounds
on pol ystyrene wells coated with B7.1 or B7.2 antigen. Indivi-dual phage -
cl ones from each round of panning are anal yzed. The pMsS vector DNA is

i solated and the gene 111 excised. 10 Sol ubl e Fab fragnents are generated
and tested in ELISA for binding to B7. I-%4rd B7.2. Exanple 4

Char acterization of Phage Fab Fragnefrits The nonkey phage Fab fragnments are
characterized 15 for their specificity and the ability to block B7.1-1g
and B7.2-|g BPegthgsis-CTLXMRhegYELsSCRLER Washeds f&aM Fhce Gissys and
fragments ar guaksowdltdy XKels7B52 hetkonyelohal eadilisvi(Qardddielet idlst panni ng

for 4 rounds_on the B eci ed for,._i ni zat.ion _in_order, to select for
20  high af;PWPPﬁi#r£5§£¥fsS§’ggﬁq?Vadﬁgﬁgg)i&ﬁﬁHQWgéiﬁﬁt Y% rounds of
panni ng eit hglyeolBA{PEG)r. BRybrddomaen areased esinefdaces ke T.cajestiiaup by
I nfectiop an r 1+R 3 h r (o) |4 e\l ment s
are puri Ei edgf)ly %g%}ﬂ%aﬁ%%g %Iriyr’]cri{e e%%tdg an%ilfalg—f'klg g?’f:y;lal 5"?612'5 pl{t(r) umm.
urified phage Fa rect
Purified phage Fugnéﬂeaﬁ@@p@am@a@m sReHHIoA Geas &F i
bi ndi ng nodi Hined gesr aglea sdraralels fdr( kol -¢eadivit yRIMBABINEN]. |, |
76: 451- 454, 19%ﬁ%2 usi.ng _Goat ,antj.- nonk E%g ?ptlbodles o) nti- FLAG MAb
conj ugat ed W&PH r 8Ot3daBdh apét Withe ©§0 € %ﬁﬁqg§EH$¥£ reagent s
wi |l be absobledkdge oft BTCILAREA B netizign uadmsf atie MéYi-BYIIgto remove any
cross- yEactiMliy {0 BLAI KOndAYSRRE SRR By L dmi%AHE uptake
and 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
15 purposes of developing an animal model for in vivo -
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.

20 ' Example 7
As discussed supra, using the above heterohybridoma
methods, 4 lead monkey anti-B7.1 antibodies have been
identified: 16C10, 7BS6, 7C10 and 20C9. These antibodies
were characterized as follows:
25 Scatchard analysis showed that the apparent
affinity constants (Kd) for the monkey antibodies
binding to B7-Ig coated plates were approximated to

be:
a: 7C10: 6.2 x 10™°M
30 " b: 16C10: 8.1 x 10°°M
c: 7B6: 10.7 x 10°°M
d: 20C09: 16.8 x 107°M

The antibodies were tested in vitro in a mixed
lymphocyte reaction assay (MLR). The MLR showed
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WO 98/ 19706 . PCT/ US97/ 19906 - 55-
fragnent after neasurenents of direct binding to B7.1-1g or B7.2-1g coated
pl at es. EXW@#ABA9B6Phage Fab Fragnment .Bl ocki ng of CTLA-4/B7 BOTdIS)/19906

Fab fragments nost effectively blocking the binding of B7-1g at the | owest
concentrations are selected as | ead candi dates. Selections are nade by
conpeting off [err]l-B7-1g binding to CITLA-4-1g or CTLA-4 transfect ed™
cells. Additional selection criteria include, blocking 10 -of m xed

| ynphocyte reaction (MLR), as neasured bé/7l nhi biting 3Hthym di ne uptake in
responder cells (Azuma et al, J. Exp.. Med., 177:845-850,; Azuma et al,

Nat ure, 301:76-79, (1993)) and di rect anal yS| s of IL-2 production using

|L-2 assay kits. Thad farlqe40ranfcqursvli arftAMHHAL S MU afe_Frost effective
in inhibiting of MR and CTLA- bi ndi r%‘_’assa S are chosen for cloning into

t he above-descri b&F S or transfection into CHO
cells and expression ofa: Chl myg :C nonkea/JmWMlantl bodi es. 20 .

Exanpl e 6 Generation ofb:Mnkegildat er oty iggphas Monkey heterohybrl donas
secreting nonocl onal ari: bodioe®:are gendr gigglf r om exi sting i nmuni zed

ani mal s whose sera testdd pdsiio:ve fors IB?;Lg/aﬂd/ or B7.2. Lynph 25 node
bi opsies are taken fromanimals positive to either, or both, antigens. The
met hod of hybri dofirepmetikey emtiisBS 1 [aart theodiles atseeh | teskat nEohod used

for the generati oppafi /MMAY L3t %@rﬁ 7 R iR EnalrNGUEIHh bR (1 ﬁ?%%
Monkeys with high_serumtiters wll have 30 sections of I ngui na erph
nodes renoved undedMPhogytes 1(FPrRId - FACS analysis showed that all

PCT/ US91619906 - Stonkey antibodies tested positive.
Monkey antibodies 16C10, 7B6, 7C10 and 20C9 were
tested for Clg binding by FACS analysis. Results
showed 7C10 monkey Ig had strong human Clq binding
after incubating with B7.1 CHO-transfected cells.
15 16C10 was also positive, while 20C9 and 7Bé6 monkéy
antibodies were negative. ' '

Example 8
Using the primatized antibody methodology

incorporated by reference to commonly assigned U.S.

20 Serial No. 08/379,072, and using the NEOSPLA vector
system shown in Figure 2, the héavy and light wvariable
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

25 and nucleic acid sequences for'the.primatized'7010 light
and heavy chain, 7B6é light and heavy chain, and 16C10
light and heavy chain are respectively shown in Figures
3a, 3b, 4a, 4b, 5a and 5b.
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anest hesia. Lynphocytes are washed fromthe tissue and fused with KH6/B5
het eronyel ona cells (Carrol et al, J. Imunol. Meth., 89:61-72, (1986))"

usi ng pol v @H% gﬂ,@ glycol (PEG. Hybridomas are sel ect ed o] ) Elflmg oo di @ 5
I ze r

and st abi | epeat ed subcloning in 96 well plates. ey nonocl ona
ant i bodi es speC|f|c for B7.1 antigen are screened for cross reactivity to
B7.2. Monkey anti-B7 antibodies wll be characterized for bl ockfFng of—= -
B7/ CTLA-4 binding using the [err]I-B7-1g 10 bi ndi ng assay. Inhibition of
M.R by 3H Thym di ne uptake and direct peasurenent of |L-2 production is
used to select three candi dates. Two carfBdates will be brought forward in
Phase Il studies and expressed in CHO cells while repeating all functional
studies. For the 15 pur poses of devel oping an ani mal nodel for in vivo
phar macol ogy, anti-B? anti bodi es wi | Ex3@pdesfed on cells of several ani-nal

s?egi es. tThgcﬁ,ﬁ d mfaa,t i @Iﬁmlﬁwdﬁnwﬁds@iiﬂ%ﬁmy%ﬁal
studies to be_carried ou Qr e se e | ndi catjon

Exanpl & 7 As Ehe GRLd: ﬁﬂ# DRI nfihedi St AR @R nods, 4

| ead nonkey @&M.i1.B7.1 antlbodles have been identified: 16Cl10, 7B6, 7C10 and
20C9. These anti badie r I atchard
anal ysi S%ZhOV\Bd t ha cts%“\fé-'gﬁ:g‘%nfb%gﬁ r?ﬁet y c%%t%ﬁt%% t%rgl?%é:&rmnkey
anti bodi es blmkr‘rqﬂl'g) B‘ﬁrglgfazcﬁdt,edlrﬂldl@s?d/\mrelw AR @O t bibe: . a:

7C10: 6.2 XP]EL 0) Ma3) unable to bldtk cTHgCWig bindiddl€sraMe:  7B6:
10.7 x 10[err| M o) 20C9una e. ox 10]££rr | M_The <~:!';mtl boﬁﬁlges wer e tgsted in

vitroin a m‘%?@d‘ﬁ%ﬁﬁﬂﬁﬂ: qeldis on Hs G QR FeeHa R

CTLA-4Ig and unlabeled B7.1 effectively compete under

10 these conditions.

In a second experiment using Biotinylated P16C10,
the same conclusions can be made. In the experiment
shown in Figure 7, binding of P16Cl0-Biotin is inhibited
by both unlabeled P16Cl0 and B7.1Ig, but not by CTLA-

15 4Ig. Although CTLA-4Ig is reported to be as much as 4-
10 fold higher in affinity (Kd=0.4 nM; Morton et-al., J.
Immunol. 156:1047-1054 (1996)), there is no significant
inhibition of'P16C10.binding even at CTLA-4Ig
concentrations as high as 100 fold excess.

20 Similar results were obtained using the primatized
antibody 7C10 (P7Cl10) when it was substituted for P16C10
in the experiments (data not provided).'

- Example 10
_ Comparing the ability of L307.4 and BB-1 mouse
25 antibodies to bind to B7 CHO cells in the presence of
- CTLA-4Ig.

The binding of 1.307.4 and BB-1 murine anti-B7
antibody in the presence of CTLA-41Ig was studied in
order to determine whether the mouse antibody binding

30 gsites overlapped with the CTLA-4 binding site.
Competition assay experiments using P16Cl10-Biotin,
L307.4-Biotin and CTLA-4Ig-Biotin were done to insure
that affinity differences did not prevent detection of
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WO 98/ 19706 . PCT/ US97/ 19906 -57- that
all 4 anti-B7.1 antibodies inhibit IL-2 production to different extents: a:

7B6: WQI%/187¢ g/ M b: 16C10: 0.1 [err]g/M 5 PCT/US97/19906 _
20C9: 2.0 [err]g/M d: 7C10: 5.0 [err]g/M The nonkey anti-B7.i
antibodies were tested for their ability to bind B7 on human peri pheral )
bl ood | ynphocytes (PBL). FACS analysis showed that all 4 10 . nonRkey -

anti bodi es tested positive. Mnkey antibodies 16Cl0, 7B6, 7Cl0 and 20C9
were tested for C g binding by FACS anal ygis. Results showed 7Cl0 nonkey Ig
had strong human Cl q binding after. incubating with B7.1 CHO transfected '
cells. 15 16C10 was al so positive, while 20C9 and 7B6 nonkey

ant i bodi es W AnNRORL i ¥E b e Sribl PgebiiesPLLOOLhae 0 Figdtes o

net hodol ogy incorporated by reference to comonly assi-gned. _
No, 08/379,0fﬁ¥ié¥d usi ng the NEOSPLA vector system shown in Figure 2, the

heavy anddl }ght vam@bi-?smh idgﬁ -pigﬂféﬁs &&Qgﬂﬁﬁl %éﬂgi@eﬁéeuah%%e?hgnd

i mat i I t.hereo ave en, sy. sib.zed 'in cells ysing
&EEgELk?Sectg?ﬂgis ?an?EFdﬁ?ﬁgb%QYdSQBf é%ﬁﬂ ROt ePEPgERIWLERuences for
the primé i z&L6AUD. | | Thesandedehvy abhad nshdB6thaghthepd lﬂeaﬂyst?:@haigg, an
16C10 I|i ght Y ' re.r ckiyel L 1.0 S , 4a,
GoCh2 11 Ont RAGAPAG NI T €0 50704 S ApBPORInkLeTLIEEE? me
PCT/ US97/ 19968 awl-s & nipiaure reonfiywy ehaerBReht andnlBfg.4 both

non-cross-readnpetd with each other and that BB-1 completely blocks
binding of CTLA-4Ig-Biotin to B7.1 transfected CHO
10 cells. BB-1 does not significantly affect P16C10
binding to B7.1 positive CHO cells.
The results shown in Figure 9 indicate better than
50% competition when CTLA-4Ig-Biotin is used in the.
binding experiment. Figuie 9 shows that CTLA-4Ig-Biotin
15 is effectively blocked by all B7.1 inhibitors except
P16C10, therefore P16Cl0 recognizes a unique binding
determinate on B7.1 which allows the normal CTLA-4
ligand binding in the generation of negative signals.
Earlier functional studies (data not shown) suggest a
20 ' weakened ability of L307.4 to block IL-2 production in
allogeneic MLR, which correlates with the hypothesis
that it may interfere with CTLA-4 negative signaling.
It is not clear how many of the other murine antibodies
reported in the literature give complete inhibition of
25 CTLA-4 binding; however, this issue may be important in
defining the true functional mechanisms of B7.1 and B7.2
specific antibodies. _
These results confirm earlier studies using B7-Ig
in competition with P16C10-Biotin for binding to B7.1
30 transfected CHO cells. The studies also confirm earlier
observations of no inhibition of the P16C10 by CTLA-4Ig.
These results are highly suggestive that the primate
antibodies are specific for a unique B7.1 epitope
independent of the CTLA-4 binding site which interacts
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the CTLA-4 and PRI NATIZEDferr] antibody binding sites on B7.1. 5 I'n
conpetitive binding assays u3|ng bi otinyl ated CTLA-4lg (Figure 6), '

unl abel ed weiogmdjpged 16C10 (i.e., P16Cl10) was unabl e to bl opdy/ddrfroddso
binding to B7.1 transfected CHO cells. It can be seen that unl abel ed

CTLA-41g and unl abel ed B7.1 effectively conpete under 10 t hese
conditions. In a second experiment using Biotinylated P16C10, the same ~
concl usions can be nmade. In the experinment shown in Figure 7, binding of

Pl 6C10-Biotin is inhibited by both unl abel ed P16C10 and B7.1lg, but not by
CTLA- 15 4lg. Although CTLA-4lg is ré&forted to be as nuch as 4- 10 fold
hi gher in affinity (Kd=0.4 nM Morton et-al., J. Immunol. 156:1047-1054
(1996)), there.,is nQ S|g | fi_cant. ingebltlon of P16C10 blndln% ven at
CTLA- 41 g conBEAPRELLYN¥1LE (PR -asTHAE F¥Pg§ efcdbEerggtion woudd, | 5

resul ts wer epgbiradecd b&nﬁglthe sfihcentitz hdsaghebaihi 11€L0 t@PBIb@)k when it

b d .f
1S ubst ! ubihati BEOGHOL Bo)BByBRRCREERL], (S0 R ity BEP e
to B7 CHO cekthe nagahevpresgneélug €unatdty. ofh€Thdndi e gkxnen7.4 and BB-1
murine agti- BAiankikiedy i nthig %aoan%&éc@&n%ystré@&% n order to

i P(eﬁ%%&
det erm ne whet her the_nbuse ant bi nd |n&‘ sites overl apped with the
CTLA- 4 b|nd|ﬁ§W§|F@Sué@ﬁ&@PiPﬁoﬁh&sgaﬁré%ﬂe FEAts agSiiYGtAPSC10- Bi ot n,

L307. 4- Bi ot i pe@penEEl AredladdBeall BEVEhe @RI naRTe Sff Ratthai iTHL Yor
di fferences t prevent detection o WO 98/ 19706
b3 B
PCT/ US97/ 199 gﬁitlve bi ndi ng. - The results are shown in Flgures 8
Slmllar results were obtained using P7C10 when it

10 was substituted for P16C10 in the experiments (data not
provided) . ‘

Example 11
Experiment demonstrating the ability of P16Cl0 to bind
and block B7.1 interactions with CD28 receptor.

15 An experiment to determine if P16C1l0 binding of
B7.1 can block the interaction of B7.1 with CD28 was
attempted by radiolabeling B7.1I1g with 12°1, followed by
‘competitive binding to CD28 positive non-activated
peripheral blood T lymphocytes. The results shown in

20 Figure 10 demonstrate that the radiolabeled B7.1Ig binds
specifically to the T cells, as confirmed by inhibition
with uhlabeled B7.1Ig. The results also show that CTLA-
4Ig, anti-CD28 and P16C10 are all capable of blocking
this interaction. The results further confirm that

25  P16C10 blocks binding of the CD28/B7 interaction with an
ICg, of < 1 ug/mL.

The above results were obtalned under conditions
where no membrane associated CTLA-4 was expressed
(Linsley et al., J. Exp. Med. 173:721-730 (1991)) and

30 confirmed by blocking with the anti-CD28 antibody.

Similar results were obtained using P7C10 when it
was substituted for P16C10 in the experiments (data not
provided) .

PR SRR T PR e S e a2t F AR ATA e S TR IR el e el 3 S TR e T T W 4 Srall et LT R o e el i el v N Dl



R SN SN LD RS R R e it T S 182 A

and 9. The results of Figure 8 confirmearlier studies that the nouse

anti body BB*1 does not conpete with 5 P16C10O. These results al so show

t hat t her ewoogaofdg Cross-reactivity to L307 .4 of approxi matetynsdfitesdshe
results of Figure 8 confirmthat BB-1 and L307.4 both conpete with each
other and that BB-1 conpletely bl ocks binding of CTLA-4lg-Biotin to B7.1
transfected CHO 10 cells. BB-1 does not significantly affect "P16C &= -
binding to B7.1 positive CHO cells. The results shown in Figure 9 indicate
better than 50% conpetition when CTLA-4Ig Biotin is used in the binding
experiment. Figure 9 shows that CTLA-4lg®Brotin 15 is effectively bl ocked
by all B7.1 inhibitors except P16Cl0, therefore P16C10 recogni zes a uni que
bi ndi ng determ nate on B7. 1 whi ch al | t he nor LA- nd binding
in the generation & IfefmSAFed Jhat. i ??l@FlY‘ﬁ ?:F? néptﬁgﬁ@ss'(data not
shown) suggegtw&rﬂﬁ:hmad(maaﬂé|1<ywoént:'3@é’nﬂc1'oybhndkhumaﬁ effdatiomn in

N CTLA 4 et M i, il | dufgfa HROLHESLBebETbe | HRY galnl ' o7 ¢
murine anti bod:l dmg omegandd i rbaere showen athak grwmat;bzpdeﬂéc’ll@hl bition of 25
CTLA-4 bighdi g, shAWEY 8¢ matrl“@lcgﬁgﬂ?d@sbe inmportant in defining the true

functional nechani sns B7. 1 ecific antibodies. These results
confirmearlier st']ﬂ’tﬁ%% ki HeBAn gthe éﬁﬁp@%nl BRCRPRA ZR1 &1 deRidilish f or

binding to Begl a%berﬁatﬁ{lsisaicﬁ th&Hpbee! than - Ibﬁtshudegpe&&@mﬂdﬁn
earlier observati ons p 0 |nqi I bi tlIlOI’l of the PlGClg é grLA-4I These
results are MRH bR §RRE hEPEET Faf e SUROAHBGRES glfetg}.?eci fic for
a uni que B7. hmmrtuxmudnimﬂhmmeteihe CGFudhdequhvaibgnsist anshi ch

i nterac . 7 ' )
PCT/ Usgaﬁlggd%@e%%{&? tO§ bg embraced by the following claims.




-60- primarily with CD28. This type of interaction mould prOV|de a beneflt
since it has the ability to block binding of B7.1 to CO28 receptors whi |.e
still allo negative signaling function of CTLA-4 to occur

uni nhi bi te#&&f{?&% percei ved i.nt ¢ - r—tead— 0 a down r‘"é’ij‘ﬁ%’ﬂ?%ﬁ of
the overall T cell activation te$3Hsat EEB I BN bt the predoninance of

ei ther Thl .or Th2 phenotypes. - Si.fiasgr RERRIACED wer ef obt ai ned using P7CL0 _
when it 10 was substituted for~P O1™n the experinments (data not

provi ded). ExaDl e 11 Experinent denonstrating the ability of P16C10 to bind
and block B7.1 interactions with CD28 regeptor. 15 . An experinent to
determne if P16C10 binding of B7.-1 ean bl ock the interaction of -B7.1 with
CD28 was attenpted by radiolabeling B7.11g with [err]T, followed by

conpetitive Whak nbs {@1&0883 phstti ve non-activated peripheral blood T
| ynphocytes. The result 0 e .10 fdenpnstrate gﬁy
radi ol abel ed B7. ||€ bi n saggég} ﬁ%gl?ntgtg#g W 3glfgecé 188%#Vr%&8
i nhi bi ti on wi%h Biht hbrretgay. K¢@80Wh@rr53u2tsnaigenshdmsshataﬁaLﬁhléhg
ant i - CD28 anchi¥f53dy 3 gh bl + & 20RE! 81981 Rk 06K BF: & nhgragt hon. The
results further conflrn1that 25 l%CH%H%Iocks ?n% %? ?ﬁebCD28/B7
interacti on AHHIHR ERFRR8< 1 ug/ nL. The above results wer e obtai ned
under conditions where no nmenbrane associ ated CTLA-4 was expressed (Linsley
et al. : 1 721-730, (1991 nd. 30 confirpmed. by bl ocking
with the antl-Cnggantl 3y %?%}4%?f %%Ef?%d%e?g Sg?é?n%dwh§ R41P7C10 when
it was subst|Qandxﬁntmb¢dﬁ0m@e¢nfihalbyﬁbxndsnte Bdal aanbi anowcned)

g

3. ' The monoclonal antibody of claim 2 wherein
said antibody does not inhibit the binding of B7.1
antigen to CTLA-4.

4. The monoclonal antibody of claim 1 whérein
said antibody specifically binds to B7.2 antigen (CDS86).

§. The monoclonal antibody of claim 4 wherein
said antibody does not inhibit the blndlng of B7.2
antigen to CTLA-4.

6. The monoclonal antibody of claim 1 which
_ inhibits the production of IL-2 by T cells.

7. The monoclonal antibody of claim 2 which
selectively inhibits the interaction of B and T cells
via the CD28/B7.1 pathway.

8. The monoclonal antibody of claim 4 which
selectively inhibits the interaction of B and T cells
via the CD28/B7.2 pathway. '

9. The monoclonal antibody of claim 1 which is

capable of inhibiting in vitro the'production of IL-2 by
T lymphocytes.
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WO 98/ 19706 PCT/ US97/ 19906 It is
expected that these primatized antibodies, given their probable | ow

ant i geni Ciyyey ogighobuman effector function, will be well suit g&1Agse7/19906

t herapeutics. I'n fact, it has recent] primatized 1601 O 5
exhibits human O q binding. Those skif THIS SHEERWHASIBEEN [ | recognize or be

- able to ascertain using no nore than toufi rRERLABERI ment hti on marfy -~ -
equi valents to the specific enbodi nents of the rnventtoh descri bed herein.
Such equival ents are 10 i ntended to be enbraced by the foll ow ng clains.

-62- Clains: 1. A nonocl onal anti body &t ch specifically binds to B7.1
antigen (CD80) or B7.2 antigen (CD86), said antibody inhibits the binding

of said B7.1 or B7.2 antigen to_CD28, and.sajd tibody does not{ inhibit

t he binding of B719-an?h&eﬁopecé?ﬁﬂﬁ4?anbgﬂyTﬁgPﬁﬂﬁﬁﬂgéhdﬁh%ﬁ?+ﬁody of
clai m 1 whergaidsahtdibaiiybedy capabllel of lintibidsire B/7-2 prdbdgenidéwDs0) . 3.
The nonocl on ant i ogytof c?ahn11 mhereiQ;s%kg aq;ibqg% gpeciéically bi nds
to B7.2 anti ﬁn( 8f, “8n& sai mﬁ’ﬂcﬁ’(‘f&y FEEEHET ATHFEET haC bPndi ng of
B7. 2 anti genconc&fitation of athdemmtodlOona/mdnt i body of claim 1 which

i nhi bits the production of IL-2 by T cells. 5. The nonocl onal anti body
of claim2 which selectively inhibits the interaction of Band T cells via

the CD281B7.1 pat hday. Remonocipaadpastiihedy shidvdinds Fqikhe fAmen
sel ectivel y &phtBpbkschh®7.at aaaldcan &fr Band b alsclyirohdel 6828187 2

pat hway. 7. -Thé _nonocl,onal ti hody of ".claim yﬁ%#g i S bl e_of

i nhi bi ting iﬂnBFgPE}Yt Fo ?’&&ﬁc?&’&n 16&%4?05163? qu ‘;c]ﬁ’és?aga Wltghe
monocl onal aByibody of claim9 wherein said anti body is capabl e of
inhibiting IL-2 production when added to a T | ynphocyte containing culture

at a concentration of at least 10 [err]g/m . 9. A nonocl onal anti body
whi ch bi nds to thad2sanfhepimoneslomald7 antddpody of claim 1 which is a

primatized antibody.

13. The monoclonal antibody of claim 1 which is a
human, chimeric mouse/human, or humanized antibody.

14. The monoclonal antibody of claim 1 wherein
said B7.1 is human B7.1.

15. The monoclonal antibody of claim 1 wherein
said B7.2 is human B7.2.

16. A method of treating a disease involving T
cell/B cell interactions comprising administering an
amount of a monclonal antibody according to claim 2
sufficient to inhibit the binding of B cells and T cells
via the B7.1/CD28 pathway.

17. - A method of treating a disease involving T
cell/B cell interactions comprising administering an
~ amount of a monclonal antibody according to claim 4
sufficient to inhibit the binding of B cells and T cells
via the B7.2/CD28 pathway.
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16C10 or 7C10, or which nonoclonal antibody inhibits the interaction of
16C10 or 7C10 wth B7.1. 10. The nonocl onal antibody of claiml which is a

primtize REPLACEMENT SHEET -63- 11. The nop
ant i body &Ygg ’!ﬁ?l which is a human ch| nerl ¢ mouse/ human, ¥ %F)Uﬁ%ﬂqﬁzed

ant-i body. 12. The nonocl onal ,,s.u éEEEgN wherein said B7.1 is
human B7.1. 13. The nonocl onal:] B é 1 wherein satrd B7.2 i s
Rbody_Jccor di ng to claim1 for

human B7.2. 14. The use of an a tl-BﬂEfl-&ﬁ
preparation of a conposition for treatnent of a disease involving T cell/B

cell interactions. 15. The use of an agdi-B7.2 anti body according to
claim4 for preparation of a conposition for treatnent of a disease
involving T cell/B cell interactions. 16. @ The use of clai'm 14 wherein -
sai d di sease i s an8aut mhe*rmwmhdsmﬁje:rlamv 16 whereise sHid|disedse wher ei n
sai d di sease hsaﬁ@oﬁ% q:|h Qr der. The use of claim 14 wherein
said disease I's selé rom the group conS| sting of idiopathic

t hronbocyt openi a purpura system c | upus erythematosus, type 1 diabetes

mel litus, rheunat qigd afHy iMdthod T iAY it 1aP|vﬁf§éfé2u§“§e[Ec§ didddsaempgory
bil e di sease, all erg¥q and |'tiple sclerosis. 19. The use of claim15

wher ei n sai 2% SMESIMMAING | &%-om t he group consisting of idiopathic
t hronbocyt openi a purpura, systemc |upus erythematosus, type 1 diabetes

mel litus, rheumatqid arhhriti S | asti c..anem Jnfl ory
bil e di sease, all rogy gﬁ’(f tﬁ ;Sfeicqahé 166.0 %renﬁ?réanﬁl e $ [

wher ei n sai dsellmgd |ﬁ3:‘cmé;ﬂ'te\g¥r®m delaniswsef i opatiikc use of cI al m

15 wherein s u Sﬁgﬁfs hen<¥o of
claim 14 whefeggn sal | sez‘é%é 1S se athsS se ect rogg% ee ar ou%?&
consi sting oftYRet dnek Fedd ity trhanmatid |arthipHob®, al | er gy,

-64- infla wa@ﬁs)r%@maémaera&féma Lrigif Il EFEBi 1 DI Pl sdBsS) |

i nfectious d| iﬁases f claim 15 wherein said d| sease i s

sel ected sel Bt &EFHRY (?rﬂ% ﬂB‘l-‘l-:lple sclerosis.

21. The method of claim 17 wherein said disease is
selected from the group consisting of idiopathic
thrombocytopenia purpura, systemic lupus erythematosus,
type 1 diabetes mellitus, rheumatoid arthritis,
psoriasis, aplastic anemia, inflammatory bile disease,
allergy and multiple sclerosis.

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

23. The method of claim 17 wherein said disease is
graft-versus-host disease.

24. The method of claim 16 wherein said digease is
selected from the group consisting of B cell lymphoma,
infectious diseases, and inflammatory diseases.

25. The method of claim 17 wherein said disease is
selected from the group consisting of B cell lymphoma,
infectious diseases, and inflammatory diseases.
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group consisting of a tunor associated condition, B cell |ynphoma, allergy,
i nfl ammat ory di sorder, hyperproliferation disorder, proliferation disorder
and i nf ectweugndyggeases. 24. A pharmaceutical conposition geigd¥9egsOr
treatnment of a di sease treatable bm;inhibition of B7: CD28 bi ndi ng which

conprises an antibody according to} ghéghégﬁ =Tie use of claim 14

wherein the conposition further cof rls onbi nant protei n=er -
smal | nol ecul e i NMmunosuppr essant of b i ncl udes the use of

anot her conposition conprising anot her reconblnant protein or smal

nmol ecul e i nmunosuppr essant. 26. The us€5cf claim 15 wherein the
conposition further conprises anotheF'reconbinant protein or small nol ecul e
i mmunosuppressant or which further %iudes t he use of  ,an hgﬁr conposition
conpri si ng anot herf&ecdhif a?ﬁ%ﬁ%ﬁ ?°@Hﬁ?¥tﬁﬁPe§BFEa ﬁ8§hppressant

treatment of a disease treatable by inhibition of

B7:CD28 binding which comprises an antibody accordzng to
claim 1.

27. The method of claim 16 wherein the'antibody is
administered in combination with other recombinant
protein or small molecule immunosuppressants.

28. The method of claim 17 wherein the antibody is
administered in combination with other recombinant
protein or small molecule immunosuppressants.
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