; €3e9>-9%!,6,T>-5Q2 3 S E P 2003 WD 00/37504 1 HUMAN MONOCLONAL ANTI BODI ES
TO CTLA-4 5 PCT/ US99/ 30895 BACKGROUND OF THE I NVENTION 1. Cross-Reference
to Rel ated Applications The present application clains pri&&rf®y to U S.
Provi si on@g(ﬁg«;s@pt Application, Serial No. 601113, 647, di8dehRes£mber 23,
1998, the disclosure of which is hereby incorporated in its entirety
herein. 10 2. Summary of the Invention {n accordance with the present
invention, there are provided fully human nonocl onal anti bodi i

human cyt ot oxi ¢ T-| ynphHupas Motogemnad ANTEIOTEsAFICTLACI eot i d%ﬂﬁ\ﬁﬂmmﬁmm
encodi ng and am no acid sequences conprising heavy and |ight

i mmunogl obul i n nol ecul es, particularly contiguous heavy and |ight *BR&n

sequences spanni ng the conpl BA&GrIUNDOFAREERVENTIONY I €gi ONS (Cmm“wummm

specifically fromw thin FRI and/or CDR through CDR3 and/ or

are provided. Further provided are 20 anti bodi es having siml
properties sand antijbodi g&sg.gc@@pg,,h@{o RiMapappish@gnshavi ng simlar *Go0002"
functionality as antibodi es disclosed herein. 3. Background of the
Technol ogy 25 Regul ation of imune response in patients would provide a

desirabl e treat mentrhefpresny aﬁmmmndtlﬁﬁ%\sﬁﬁoﬁ@% e8!l ProbRRdalt PatBntspeci ficity
of action that is rarely found through the use of conventional drugs. Both

up- r egul at i on AniCHORNSFiBhNP Y 04,647 filed Pasrenbsr 3% 19H% thadispiesuesyaft em woul d

be possible. ThgeH Rh&tbPincdp&alel & iddiRoriRhdis have been extensively studied
and characterized in 30 connection wth the regulation of imune response.

From t hesellst udies, the role of T cells appear, in many cases, to be
particularly inporbant kp,.di £ RySygntion and treat nent. 23 SEP
2003 WO 00/ 37504 PCT/ USE%%?U%@'Z—I—‘—I‘E‘I P ger s possess very conpl ex systens for
controlling their interactions. Interactions between T cells utilize

O o eP! Or = IAMoROY 8 ABGEMAFIl ok P LACRSReca Bl pthat off ec!

any particul ar signa ave on the I nmune response genera vari es and
depends on t hengrwclonglupatrboflise tagpinst hewaptaytotoxin d -Bmpbogite rantigenept or s t hat

are, i nvol ved | @1y Heypat kil g PALN ALY PSSR SthiERSPONSES ar e

as inportant as t ere activatli cation leading to
T-cel | t ol er anomprising teavie @hdidighinchan ipmsnegibbuliy snoldcnles; npartiedplynse to a

particul ar antjgen. her i , ch.a ion.aQ [ essive
cyt oki nes, ar ecogﬁ ugu%ce)%ﬁ. %Eg{gtcﬁl\%t ?e%ﬁeng?s %’agglﬁé ?‘? & rtﬁlpfreglg&%gtty only
stimul ation t htecengmirigh eegions i (DR s), espepifiodlly( frome Mlithine F&dt and/¢rTCBR)l, but

addi ti onal signpalin ou co..Sti atory surfac | ecul. such as CD28.
The |i gands f%ﬂmt‘ﬂ?%]gg’e %"ﬁ}ér gALn (%o“}“aﬁa‘”éﬁiz %‘%%)P“b‘?‘%t%eﬁﬁs, whi ch
are expressed aribaiidsi avingr emblat | bigliee| prepesticsh and  aleibddied i (r cethérs,
activated B-cells or ONOCYL SR hiaonhRl &L 8Ghot! &sclosed herein,

3, Background of the Technolo

25 Regulation of immune response in patients would provide a desirable
treatment of many human diseases that could lead to a specificity of action that
is rarely found through the use of conventional drugs. Both up-regulation and
down-regulation of responses of the immune system would be possible. The
roles of T cells and B cells have been extensively studied and characterized in

30  connection with the regulation of immune response. From these studies, the role
of T cells appear, in many cases, to be particularly important in disease

prevention and treatment.



z5 cell CD28 or CTLA-4 to deliver a costinulatory signal. The role of
costinulatory signaling was studied in experinental allergic

encephal omyelitis (EAE) by Pernn et al. Immunol Res 14:248%f992004995). EAE
is an autQj di sorder, induced by Th 1 cells di rectg nyelin
antigens %i?aramgﬁ%ﬂ)vi des an in vivo nodel for studying th @“@?g

B7-nedi ated costinmulation in the 20 inguction of a pathol ogical imune
response. Using a soluble fusion protein |ligand for the B7 receptors, as

wel | as nonocl onal Ta8hd gnaghsyseﬁmeﬁblfek@yg‘t@ﬁs R bl faRkiOmtetddBbns. Perrin et
al . denonstrated that costifmul ation plays a promnent role in

det er mi ni ng clBterRetions §etwesrst celly @B%UPW“E%ECC"PF%S agd solubls fagtersfet ween B7 and
CD28 is one Ofthespﬁ-&?eﬁs?" Thi; %Atr@f'ﬂe&ta[ﬂ?)bagéulﬁf apah hﬂ hBAL SB¥Smhfiaé appear to
be sufficient to trigger the maturation and proliferation of antigen

speci fi ¢ T- celr¢sponsg generally vasies andndgrandsom, tha particHer gasordceriors ahdadequacy of
| L-2 producgti SLbse i and i nduce
a state ofgnog%nggctl g@%sy &gém%%%%gé %e Jaﬂ{v&éaof;hg%ﬂ%@%ﬁrg%& and tunors
may bl ock T ce¢gulatiog rqsmnsmramnwpnantfaetmsq oequired for ieftyation. SBhymie uf f i ci ent
activity or Y ]Enh\ t fect ed or

t ransf or ned c%{i]ll‘cragérptléa}ﬁnhato%rr%lh%lg&?ﬁ&oss| Ieegla?:lg[ﬁ ﬁg}%ﬁf&@ngs

SEP 2003 WO omn@nwwsmmgepm% a@lgneOgl}er meeyhdpismayt suck as secretion | y

responsi bl e f { to clear the pathogenic or

t unor geni c ceI%Fs‘%pg%ﬁ&%ésy%k? g’taﬁe Q%?Q‘%’S‘%W ein to nediate anti-tunmor imunity
has been d@scri bedAkctivatineof Etceld reqﬁieéslno?bnljz(kﬁﬁmlhﬂlwt}(rdmmle armgeﬂ' ownsend and

Al'lison 5 Science 25 1993) rtz 71; 1 reviews the
rol e of CD28, TETRIRT 4& 5%@ '(écfp oﬁ 11-_&%5“,\? ‘ff%r}?l a ﬁ: ra?py Har di ng
et al. Nat ur e sBin6latody susfabe (noneaﬂéls)sudleamoms ghe digirdafor 28 aredhe B7ed si gnal i ng

co stinul ates iope T d preve t he inducti nof anergy in T cell
clones.Soe- al SyPBREnb P4 DR roPifty Sl gt WpdeBhoEn kffbefipr888H8Y 0. o0
1o I nternati onreélls sdeli asdendxitjyl denataétmateN(Bcell‘d\Q ﬁaﬂ&%Bﬂxat MErabwvii 794, WO

95/ 03408, V\D 95 2 770 From fare s clear
that T-cell éﬁ%% ‘N@Mﬁ‘b Flyfa CEstiY Whﬂg‘??ft :ngnmb‘ré’ enting cell
I(: APC) fo[1 act lcmtmmm}rscgnsm{gwmb?rmeddhfe&pérﬁm\taaﬁm@gic Teﬂcde@fgzﬂ&ﬁj&hsf unction.
irst, there i n, apti eci S| rate interactions
between the T by heri e[:@i e gﬂd“%?@@ﬂ(&e"g gégéﬁ?‘? CIPEYF des on the
APC. Second, tdofdr,iifdudslt BITTH1GRNs ﬂx%&&m@s{m&nﬁm@ﬁm chdait p @v;deedh ated by the
interaction of CD28 wi.th nenbers of tg ﬁ?far&l%i B71 B7-2

P e gpst

(CD86)). Exact® yenBdeldpr Atugyigy the o S7rm iR 1F‘e'glt?)onsi veness

was initi aol ylﬂaeﬁéﬁ/@fagymm@cﬂhﬁuﬂe YéaSorké." Sking @ doli®Y fubioRGraasid cl oned by
Brunet et al. Nature 328:267-270 (1987), as part_of a quest for nol ecul es

that are pref gt f°éfhe)}37efifﬁp§’§%éﬂwslrll a%?‘f’%‘lc&l‘?]cami*b‘l"??fp‘ﬁ%% eithifiran CTLA- 4
was identifiedrsndorlcoszed palar &l Y. lbRbRabieg thRyBPabitANAMbnehla®y o EUr. J.

| mrunol . 18:1901- 1905 (1988). The murine and~human_CTLA-4 nol'ecul es possess
appr oxi mat el y PrEvinenasla i deteminingcclinicaldiseaspovicaee I5EAEOr oach conpl et e
sequence identity e Hi'&bétmﬁl%t%ér@%‘? dnd4eHRI i9dnd Qesrebé}é{%t%n%{m@éry Eur. J.

| mmunol . 18:1901-1905 (19 ﬁ%ﬂ A-4 1s a nenber of the i mmunogl obulin
(1g) super¥anisignalins pateways fmearl tg bs sy lficfeahiq igey the graémﬁwafangr ot ei ns
that share ke}ﬁr&iféﬂdﬁ&d%?' aﬁtfag@ﬁléf)@c?ﬁé)fr &ll§ heface o‘f%'sﬁmufan(uﬁ\/)arﬁrth%‘)nﬁam (O
domai n of |g nol ecul es. nbers’ of I'g superfam |y 1 nclud but are not
30 limted to covmlianﬁmmgma@bef Ihw%pnoﬁmmél preent w@muermpsqltf@réﬁmfu bility

(r:nc))lme)lzﬁregM-lC) tﬁé @%Ell'ﬂ]i’& gxggé%ﬁ%&??,n?o&';%& Bg{ﬁ@g} %gggg’- ) ‘ﬂ%gng?R Li nsl ey

et al. J. Exp VIWEQQ angl?tmn@@m%bloqlqggw)l achvasion sed mﬁécramﬂcadmyats a second

receptor fgo e I 7:44..(1991)
denonstr at ed t atf&t]‘{?le @'{y %I%ﬁgﬁltﬁoqfetglalhggggﬂén%nl osylﬁ%l rel'ated in both
mouse and hunenfeetsd Dntrmﬁpuecd:a,lls rdesergenenher eSpassible 'ch]bdlsiu@amqas;t ure, and
chronmosomal | ocation. See also Bal zano et al. Int J Cancer Suppl 7:28-32
(1992). Further evidence of this role arose through functional studies. For
exanpl e, Lenschow et al. Science 257:789-792 (1992) denonstrated that
CTLA-4-1g induced long termsurvival of pancreatic islet grafts. Freeman et
al . Science 262:907-909 (1993) exanmined the role of CTLA



10 4 in B7 deficient mce. Exam nation of the |igands for CTLA-4 are
described in Lenschow et al. P.N.A S. 90:11054-11058 (1993). Linsley et al.
Sci ence 257:792-795 ( 1992) describes i munosuppressi on2i3nssp \2003by a

sol ubl e fo LA-4. Linsley et al. J Exp Med 176: 1595- 1992)
prepared a ?l ?%73? es that bound CTLA-4 and that were not P&ﬁ??’#“éafch ve with
CD28 and concl uded 15 that CTLA-4 is coexpressed with CD28 on activated T

| ynphocytes and cooperatively regulates T cell adhesion and activation by -
B7. Kuchroo et ardtgy thidl be £0iedVgarilP rdspidfvle BetRTIrdbeHe hbAtko B thY- 1 and
B7-2 costi nul at ory nol ecules differentially activated the Thl/Th2

devel opnent al  PAtRIBRRIG 8T tuorgsnis cgils- al . I nt | nmrunol  8: 37- 44 (1996)

denonstrated that tmr&lethéjBﬁf&Bt%ﬁt !oallnecgge 86 rh & Rhhidy Ofas GRSt | Mul atory
signals fromB7 fam |y nmenb versus recently”activated nenory

T cells towar d§€5§1%hedb!1 @h%étafm C%(Xﬂ b‘é%s“ B6E993) anl Bew angk Alison Eur
JI nmunol - 235 3139enée 058383 (19§§¥egakw£{z0@aﬁ7mmoa9 3%&%@%& e B di stinct

recept or/li gan i nt eractions A- as conpare even

proposed a t hi FB2&- QTLQ%4C@#1§76R L Raprodugtion and dgriuneterayy. aHBBmE ehait i body.

See, for exanppg 2 9 man et al.
Sci ence 262:907- 9 199 Ig Q’-géﬂ ndcgg)hg[rh%g tg%xcgg/gg%f%e% %gghg‘é%ﬁw%)
Lenschow et al stmmlai@s mnatine Pcelld a8 preyerss the wugtidmalfaﬁcrgl%'B)cgll Flands- Wl f et

al. Proc Natl a i 19, nd. _Bo S aI Proc
Nat| Acad Sci %ﬁsq%\,% 6J %1?@@“%%%01%{%% %7?‘)0’192% QFEZIZ?YE%ée &

| munol 1610 27Mxo@m998ymmnpmamwsfmlmmmatm%mam bWtQ/ bi nds a
nol ecul e t hat n‘t,,locgasl th face formof CD74 and, therefore,
The BB © o pYSORARIVE pr/z()?g/ GRS byadHl oo LT oL S o 0 00s v

001 37504 PCTI | f Sggllﬂeﬁgﬁeﬁofbgolaggdlt tWasSclmmth:ancélB ahmfedpweseypbs ofi the B7-1

protein. Thus £ his.obs tionre ulre to re |der st udi es
usi ng BBI lﬁnatl ggrgntg S|gsen(5’1’r'ss 6%"53@ f%f gﬁa&mﬂ?ﬁ €‘I%gl nning in
1993 and cuI m differentjation tih%fé;;tor ﬂmeﬁctn gﬁtmr thefeegadn dndigén fspﬂctfh&digﬂbl i neat e

the rol e of CTLA4| T.-cel at. First. thro he,use of

monocl onal ant F%’Eﬁegs ARG ?nséfﬁ%eﬁtthe\c;@q:%r‘?ﬁﬁee?'cﬁlp.an‘fmwc&leﬁ% 13 (
1994) provi dedpesdntdsgipeptitiésain tﬁErAP€4se@adftmetsiamnagenand@gﬁienmgﬂaegul ator of
T cell activation. Thereafter, V\ater Ci e 709 -988 (1995)
denonstrat ed t FAt1S e ’étg e IRERACHy %ﬁs_ﬁ%&’a@ g%lg;f lasts with
upt o regul at ed (eD8OY at Bo2 (CDE68Y. S Ekdutly hehere IOMPL4 TRAES madmﬂed gens. The
blast cells also infiltrated |iver, lhagart, lung, and ancr eas él ssue, and

amounts of ser EHPIFnTRTBRSISERRS VaReinittally yasivey AYiprinen & ILAT4 s grst
proliferated spenifsaendslote@by BaineO&ai YNaIeB2826TUY@L 7Y, AE pagbfa he T cell
receptor, however, HLghlti%gwere sensitive to cell death induced

cross-1inking 8fest legulese Hhah arg, grafgrentiglly - prpgessed, é’ﬂ%’ﬁ“" Wt er house

et al. concl udgghphb@iesCHumaA @Fﬁﬁ-ﬁﬁasﬁidéhﬁﬂ@d aﬁaecus&atéh@&lgrm&éaﬁ?ér g¢l |
activation and_is vital for the control of hOCﬁ}é honeostasis. In a

coment in the §’éﬁ’é°‘l%‘§h§“”ﬁ“”?'§‘6’t‘ﬂ dﬁd%kkh?ﬁééﬂ 8% Chromunneand Jpmgm3 (1995)

di scussed the wprl- pﬁmfém‘srﬂwé&eaps;oxﬁhate@%%mafs&ﬁlt«.hae%m@& yahgA 4 acts
to down regulate T-cell responsiveness or has an inhibitor o SI gnal i ng

role in T- @8l | 2RpE9ach spmpletessaucaes, Wentiidm theirpytpplasmic dgmainsiigripagh3: 541 7
(1995) al so gegefaggd ﬁfrkrﬁuﬁ’oldﬁi%'lﬁ%s '(‘198@))37‘@1‘]9&@1@54 fn@ﬁqﬁ& $@k such ni ce
rapidly develop |ynphoproliferative disease’with nultiorgan |ynphocytic
infiltration afamigoglobuliydg} superfanety) Oﬁmrmqmpa?heulg gheerfapilydy e geoumpdcar diti s
and pancreatit bl%teu-lgriﬁ’éf sﬁzﬁ’@ﬁé}m&uxtahfbtatugglo‘f‘exﬁepk Garabit ( $r5 sFam' (@)

down-regul ati ng activation and nmalntaining i

honeost asi s. gtgamm,f éisrmﬂecalnsi Meme@mehﬂwuw@Ithmmge,Gﬁlt (axpggg) further
clarified tjat ﬁ;@g@toam i nse of T
cells to sti rru}atl on. They oég@gllﬁgd&%a%fg‘bﬁgflﬁf&&&gﬁ&hﬁ? i|%§r21vest| gat ed
the effects of (MHE) blassdnolecules (IBTIMHE class harsi)ll:)tmm%lehulginl y purified T
cells. In their report, they showed 30 that the presence of |ow |l evels of
B7-2 on freshly explanted T cells can partially inhibit T cell
proliferation, and this inhibition was nediated by interactions with
CTLA-4. Cross-linking of CILA-4 together with the TCR and CD28 strongly 2
3 s EP zoo9




WO 001 37504 PCT/ US99130895 6 inhibits proliferation and IL-2 secretion by T
cells. Finally, the results showed that CD28 and CTLA-4 deliver opposing
signals that appear to be integrated by the T cell in d2te8fR r2003g the
response they concluded that the outcone of T cel

Thus,
anti gen ré‘&e@f ggrogstl mul ation is regul ated by CD28 5 costr S 3’99§P§/ 5| gnal s,

as well as inhibitory signals derived farom CTLA-4. See al so Krumrel et al.
Int I munol 8:519-23 (1996) and U.S. Patent No. 5,811,097 and International

Pat ent Applicati oniiNego ViRt 20817 4. EX. Wk Blavs60s6a¢rhot ), 9&@55@&9% nment s
have been conducted further elucidating the above function of CILA-4. For

exanpl e, \al urfaBL4t was 2 gecpng recepte fpr 3. SiguleriyoHarpgoe) al. { HnsueM the use of
anti -CTLA-4_anidyhosh 6 HOEERS @Rt oy FELATHAS] GRALHADrARERGNRR, T e0ul ate

cell survival or responsiveness to IL-2, but does |n%| bit CD28-dependent
| L-2 product i oreselyirsigted febpthrmanse and hunannan in squesce; msageae)(p@%r)

denonst at o 1AL sfRlhe GTE udnail PAOMES. o0 SUPSHLRU B pRYGRhERC

encephal onyel i exacer ate |sease ance
Di sease exacerdsapi bﬁgﬁésﬁl%@%o&?m@lﬁe@vmmh of thiange droge tuenshi functiohalt he

encephal |t 00 ulyt Olb SR lNE- alclfon ! EN 2SR, shirne rod W50yt ey

concl uded tha A-4 regu es t e Intensity of 't he aut oi ne ‘response in
EAE, attenuati dwglonstfalt@mhatt OTLAeyligokiured gengdigon isorvivahdf phicrdatialisleli sease

20 Ceper o ot ds ErRnil s Yot S g sl ! LB AR P02

ri Pozyme t bt t_ti_me!&’{ Tiéfmazlnt muadarb:gmnmxoﬁiﬁtmemlgmqsrfats@ﬂfm -dodre éﬂsscglm]delg(r)aggf gr
into a nurine J-ce et..a no -
(1958) assessel oo opat L srtliosioR dhfu uirtntt SHdfsci ona

anti bodi es ( NA89)7924792 51992 sddstribel immundsikptesdion & Vigo byl heovluble &t 6fs
denonstrated t L Ilferat ve.responses of
resting CD4+ cgﬁt‘éa ﬁ ggw FA%' {}y??gp Mcﬂgﬁggtl %l'hé(% gﬁ% TR e&ai“b%? i nhi bitory
effects of CTLfatbonsdt ETEwmﬂttha:\mi‘u ﬁotébrchss raattive Wlt}ﬂGDE\maﬂi satibdeur f ace
CTLA- 4 expr ess maj ned undet Q her =4 s, . however, had no
det ect abl e 4 nh‘:h FEﬁQ‘{efsf éﬁeix?resﬁe % iYh) af"i‘n‘ﬁ'lte i nHme%’g%?es s to CTLA-4
al one was n?)t @uﬁérhtme@niegm@teﬂgcaeataehawhnaezgm}aabx:cl ey B7 Igudhedd etla®s pog es.
Interestlngy uct i on shu Ll |tor anti- LA-4
mbs. per it ot SeCHnENET-Eh S demputaied TRt iF B Lt BT Tt Gdedibo0s vio

001 37504 PCTI U%Qéﬁ&%ﬁfer@ntﬁllwdcwdtedgmeerhbﬂﬂhz Heldlopridfes ipath@ays. Wii-h t hi s
observation, cells renained viab apoptosi s was not detected after

CTLA-4 |igati offn g3l JHMYQW%W%‘% ﬁl%ﬁbﬂwnsw%gial‘eﬂm&l are (HEERY, 6: 411- 7
(1997) demppst feqliRshehRabr LHSthNESE bighhtdtroth BEIAmRNelegibedasy REseNt ed by

bl ocking 5 CTLA-4 and concl uded that_the outcone of antigen recognition by
T cells is det¥s seanthyadiveed mewpacT icol i9radpsdubie restll Atesh 4% T cel | s

W th B7 nol ecubigsde Bdep € al VAR STRmbdbal 2863120-5 (1bBxp Med |86:1119-28 (1997)
exam ned the role of interleukin 12 and costinmulators in T cell anergy in

vivo and found t hatSeVerplo ugRunsn prenossdn rliemative; o ghsiiese niecaptarilisgndaner gy

i nduction, T cgldrachbnsPOPUTERIALS &ﬁhp\é\%a thlcensedd e%hdprt)fﬂsled Imlurd B-7
di fferentl ation was not pronoted. However, T cells ‘exposed to tolerogenic

antigen in2 hecqmnbexdhatavas recggnized by 2 BB bantibedy: |Se€erA€x4mE4¢tH§bW ®ere not
aner gi zed, andalb%%g@){ged 5??('5‘5“7 @?é% 'Fgee%aﬁeéﬂzﬁ ‘B‘Eieﬁ& nggoﬁ)eglc(qyﬁ)ered

i munogeni ¢ anti g ese res gested that processes ‘contribute
to the inducti Ewere#n ﬁﬁbﬂd@xplmdvlﬂﬁémf@lﬂ-‘)%), LenSGhOW et al Proc Natl Acad

Sci U S A 90:11054-8 (1993), Razi-Wolf et al. Proc Natl Acad Sci U S A
90:11182-6 (1993), and Boussiotis et al. Proc Natl Acad Sci U § A 90:11059-63
30 (1993). But, see, Freeman et al. J Immunol 161:2708-15 (1998) who discuss
finding that BB1 antibody binds a molecule that is identical to the cell surface
form of CD74 and, therefore, the BB1 mAb binds to a protein distinct from B7-




15 engagenent, which leads to a block in the ability of T cells to
proliferate, and the absence of a prototypic inflammatory cytokine, |L-12,
whi ch prevents the differentiation of T cells into Thl effgetenicells. The
conbi nat i -12 and anti-CTLA-4 anti body was suffi onvert a
normal |y %08{;@8 nic stinmulus to an i nmunogeni c one. 8#@%3@%%“ on with
i nfections, MCoy et al. JExp Med 186: 383-7 (1997) dem)nstrat ed t hat
anti-CTLA-4 antibodi es greatly enhanced and accelerated the T cell immune

response to NijpR@SiisOspitypds a%%ﬁés%ﬁt%&h§B7ﬂ%§Uﬂeﬁ1‘ Mehukthes dds&@iaeRd reduction
in adult worm nupbers and early term nation_of parasi te egg mﬁuctl on. See

al so Murphy etreqyjred fhe ﬁeﬂﬁmﬁmons%fm&fsgsm%l i) theyanalyjsisio

donovani) . Ineg;%@ Qemian@Pndidd) cancer, Kwon et al. PNAS USA 94:8099-103
(1997) established_a syngeneic nurine prostate cancer nodel and exam ned
two distinct mani peginnigadnilfPdmadFuiringingcin 1949, investigatoss hesandtancer
response t!zrowg.#he?a@mgeclhe bt CRLAL U8 uibdoh, ANAY ot g di r et
costinulation Emostate 30 cancer ce rans uced to express the B7.1
| i gand and (i ivpe phmonactonaimantibedi¢sragdinstt CH.AokoWahides afal. Tmawhity £305A- 4, whi ch

prevents T celyl o]

ant i body- nedi at3 e(géw?]g Q'%ég%glfd %L&ﬁgﬁ §Zg§é}%%§$t{fg(?§q\7\%g%%'l §%§ alétl&

PCT/ US99/ 3089%f § asH laetination. aFhargafions t Weterhowssce pl. Serenend70:88p88RsE895)Al so, Yang
et al. Cancer ) e : yckade of
the CTLA-4 fur@ ?%%& eﬁ(t)%@mé}%e Jgﬁﬁgﬁg%ﬂ%&% g%%ﬁ%tﬁéaglggé{\ﬁﬂ?ﬁsponses at
various st Hgegegatediantivatipnandrkers Batheid lyouphi nedes andapleaus. | Thetilasbcelissul t s t hey
found that CT di ed the
capacity to gé@grlgﬁiet&géﬁtalglt%ﬁ%ew#%vﬁndPpgggr%%glesg& X‘t q@’ﬁ%%?‘%@ on of such
an enhanci ng efnir&mbglmb.ﬁmr\w& elevttegichnt] ohedxell kollsgiralfarated fspdrtampoustyraomdt h in their
nodel . Further rwi.t z 95 10067-71 (1998)
i nvestigated tHgn%%n%}}eﬁt ?%?d E‘I gBNﬁF %@fﬁc&to&ﬁ?gqeﬁ Eihefyegﬁgnse depends
on Tcell r ece;pmﬁxtveemg@gemm indycedejyocroésOliniiingt ﬁﬁ:thﬁﬂﬁtslrbztebto’t yand by

conpl ex/ an{i gen_as .wel.l..as 28 | i ion in tunors, such as the
SML mammr{/S c FPHJ 1at\Wé‘r ﬁgﬁ?t&g?@aﬁfom}u%%% éﬁ“ ‘g? BAEfapy. Thus,

t hrough use Ofrc@uliﬁaﬂbf Matceld acfaticd Laﬁd4sbd1mnlfad&1eamimal \od Clginpkocgtensi st i ng of
granul ocyte hage col ony-s atln ct.ar ex sin cells,
regressi on oﬁ’ﬂ gﬁ?sgﬁ % ‘F%H’H’r‘ ?P?/é%lﬁ 8’&?@@"’1‘%1?%’%”“

[ nefll‘ecZI [ venfasm@fazess (05, dRadssainthe Wloﬂ'\)ﬂ@fwgﬂai(rjh%umd id maubxgmsﬁhgrme??y) g
resulted in lo sting inmmunit an e ended_ on +) an
CD8(+) T cell s‘gg#%‘?‘4rﬁaisﬁ@§°§’ﬁé%€é‘iﬁ“‘e§ °P‘|115‘ESP@PLA“9§S OF BekFBhREPY at” t he

| evel of axhosdgndrid x‘éﬁsdn e;tueug@t(\raa&e&ﬂmeva@bn@@k ITivdl Bt 4 OMREGEY @34 t h

di abetes, Luhder_ et 32.(1998

e eT e 4 b 15851, As5 gere e FIL A ottt i pothd: SestonairRBL L S i 1  or ent

stages of disenpe rapTd)?Me\fe%rlSimf)ﬁ@Folﬁ'é}mmﬂie with ﬂk@rﬁna}mﬁﬂaeydd nme when
potentially di g&‘atogem c Tcells are first activated is pivotal event; if

engagenent is TR @pd tissngadssEvrtion. WHB nagiculady Gesre smy%ﬂlid“}se?'% ns quite

i nnocuous for pmEakhifis. TheP@nclul&btiht ETSA DI 6 ke PRI irP@BHEREH Mg and
di abetes 25 quickly ensues. In connection wth vaccine i mmuni zat| on,

Hor spool e alT cdll pefivatien antewaintiing anurnligic hasmastasinailioniaenmelt i - CTLA- 4

MADb but not F%d“&ﬁ@&?!ﬁl%c SMQP&@@&S’Q@ iEooBY 'RIFREY cIAHARY Mat (QSROARE tO
pCl A/ beta gal wi thout af gCtI n& recall 'responses, indicating CILA-4
£

activation i nk@’B‘r“bédlaAbOW&@
generated an antibody to CTLA-4 and investigated the effects of its binding to

qgshoxb@p rcﬁgqnse of T cells to stimulation. They

CTLA-4 in a system using highly purified T cells. In their report, they showed
30  that the presence of low levels of B7-2 on freshly explanted T cells can partially
inhibit T cell proliferation, and this inhibition was mediated by interactions with
CTLA-4. Cross-linking of CTLA-4 together with the TCR and CD28 strongly



30 T cell primng. Blockade of the Iigands for CD28 and CTLA-4, CD80 (B7-1)
and CD86 (B7-2), reveal ed distinct and nonoverl appi ng function. Bl ockade of
CD80 at initial immunization conpletely abrogated pri marZISGGEP gegondary Ab
2 3SE P‘g \“3 00/ 37S04 PCT/r1S99/ 30895 9 responses, \q:} Iockade of
CD86 suppressed7 primary but not secondary responses. Simu aneous bl ockade
of CD80 + CD86 was | ess effective at suppressing Ab responses than either
al one. Enhancenent of costinulation via coinjection of B7-expressing

pl azm ds agg”ﬁlﬁlﬂﬂﬂtsﬁglﬁﬂﬁﬁpﬂﬂqﬂi zﬁwcrenf@ﬁ b;é\tr 11§, FSRAPSHE ,resamfsnwemgu;
evidence of T These fi ndi ngs, suggest cqnpl ex_an i stinct
roles for CD28! hatl%PES&nfé%ﬁ% 4 deliver opResineFignals dhat apRsar torhg megraiRd gbl | owi ng
nucl eic acid VagcT bt inBterrhifing IR REIonS tohiigbna T hd0hsy EorcRidéEthate Mar kees
et al. J din Invest 101:2446-55 (19982 found in a nouse nodel of skin

al lograft rejecticometdafl £ol aatigen dreeator nitijulatiop e fremisted 8% €RE8 presence
of | FN-gams, g&rﬁnﬂator?@%n%'@ellﬁs‘?ﬁh&ﬁny Agalid H%e@ﬂoﬁr@’l’t&:ﬁl-'%‘eé or

anti -1 FN-gama mAb rotocol was assocCi at ed th raft

rejection, whesbasKammel| gt 811 dith Iy ol oB: &Kk e (1996 h 3@6n‘ﬁ§ctﬂatmt %h the role
of CTLA-4 in ralgj b?f‘aﬁd‘ln@%ﬁmaﬁ:ﬂtérﬁr Pﬁca‘%n &3, Wo orhosp Med 188: 205-10

(1998) gener at ed TCR transgeni c/ reco nase activating gene
2-def i ci ent / CD28- wi Advangie ofr additipgald expesiments PrAveebeghi edndugteds fitthrenni zed wit h

an anti gen- eXprﬁéﬁh{g&% &H?P{vefﬁ?r[chgi?gf ¢TERL ;Fofr e QAR RO Wall e{%"e?gPJgg;l s I acking

produced cyt oki nes rated 1n response to sti
B7 expression. Mdtdvl@ﬁéﬁ“ -§th€ P8P sthtdugh thesoeismtidl TLZOR 8ntibediks,cegdestedas 20

augnented by c gitt E'TFA% él%lﬁslx\é Iﬁgnl:rgl I%étl_ x%gulatlé' Gell SIPRPHF regg%xts&gne%%L TcC e! I's

was strongly i on was reverse cl'onal anti body
agai nst B7-1 obuGlefinhibit TT0R8; deﬁﬂ'ﬂdﬁntdLGQanocpmtlentAlyo |P|amnbat vl Tlremlolact i vat i on

in the absence 2 a. TCR- nedi at ed si gnal
is sufficient tlgfl éxgglg 19b egﬁ%éﬂ?{}%lé mﬁP¢ n}fﬂ‘[% ' exﬁ?nmentaﬁ_ll n et al.
JExp Med 25 18&lidrgie- Eﬂxtpl(al@ﬂ&)xtlst(ﬁdﬁa;d ex&pnbatbdl ouhe odisdagArand aerhagpedf t s i n
CD28- def i ci l%nt m Fté’f B’_seésg)exaceer ! Eo?xl_\‘\_/\’\agzagso}{a eréf“}) l a%%%%dc?mglhc l | OpﬁnEI ¢

w | d-type or Perent am 8Iayed|n
CD28- def i ci ent encphaliteginicl tmomdsdTNy{a@hm CEN-gdmeat aeinTL-af Thiuk,dtleype

recipients wth th anti-B7-1 Ius anti-B7-2
mAbs si gni fi car‘f?’i%[“‘égd‘tﬁﬁl%%gjéﬁeg" eééll{’ ﬁ%eh?@r?f%%ﬁuwlr‘ﬂm@&ﬁﬁpa M r eat ment
g}‘ CIkDZS defi ci @®AE, nttcbﬁxf;ang hgﬂﬂnﬁm&rj galytoacmel pBﬁuc];;ltloﬁ: fixsd fliiricalB Bisdasg S, OL a
ocking anti-CTLA-4 i,nduyced accel e ion of allo ion. This
i ncreased rate “Eﬂ“pfxéﬁlaé‘l"f’s r £56e1q gﬂ“"“tzft 3{' ?@“W”Z@Gﬁol\ﬂé%&%@ggb o
PCfT/ IU599/ 30895 %e@erﬁlﬁﬁalaﬁg@fMad Fd; wswtdmm(rm%) @awgw}m%ngnﬂﬁﬁaﬁombl .
infiltration and en C eve gamma, an transcripts in donor
hearts of unt rélé&té‘&lacaflﬂg' Tt??ﬁ@teé%&-?éﬁ_ﬁ?‘pﬁ Ssign affer gep¢ fransfar Antg 2 pEEINE 0at ed
CD28- defi ci ent mgedlienodbl)us, the negative regulatory role of CTLA-4 extends

beyond its potentia |I|ty to 5 prevent CD actlvatl n through |igand
conpetition. Even i h‘ta ditioth s BHiE e ral.ciylgum LiGOAHpF dy nasﬁ‘ﬁf’ﬁdbg‘ﬁory rol e

in the regul at ifpittighal dferdofa pdn8l 8£0TRA-4 McnBelondl lahifddi&h@Ls} @i zat i on of
t he expression of CILA-4 has been investi at ed. For exanple) gre et al.

J I'mmunol  137: 455628 Poman §o¥h+ P rcslbo Jagir reRts §E‘F‘?f§€ét°@:’ﬂk% sqme CTHlehsPql v
internalized, VHAKEoTRYInBER pAliferith8 responses of resting CD4+ cells and cell cycle

transition from GO to G1. The inhibitory effects of CTLA-4 were evident within
4 h, at a time when cell surface CTLA-4 expression remained undetectable.
Other CTLA-4 mAbs, however, had no detectable inhibitory effects, indicating
30  that binding of mAbs to CTLA-4 alone was not sufficient to mediate down-

;:

regulation of T cell responses. Interestingly, while IL-2 production was shut off,
inhibitory anti-CTLA-4 mAbs permitted induction and expression of the cell



to low |l evels of expression generally detected on the cell surface. They
concl uded that both CD28 and IL-2 play inportant roles in the up-regulation
of CTLA-4 expression. In addition, the cell surface acc@nulSEPi208 of CTLA-4
appeared t imarily regulated by its rapid endocytgsi , Castan
et al. Irm\g(r’lg 358{7 90: 265-71 (1997) based on in situ irrrrgg’g)%ls?@lg 8gi cal

anal yses of the 15 expression of CTLA-4; suggested that germ nal center T
cells, which were CTLA-4 positive, could be inportant to inmune regul ation.

Accordingly, igurdi@Wesd bdlDELYCRAstaIaviti iRtoBkervafibg, dehatenfahledvfhbRppears to
possess in immune responsiveness, it wuld be desirable to generate

) d I
anti bodi es to fiaRoRosihwes nohdeterted after CTkA-4d1pM i vel y i n i nunot her apy. 20

Moreover, it woul d jhecHl@sdibAbYEh taRer@NOERSE ot 3t RAGLSS 6ATRI7NEIl99BTLA- 4 t hat
can be utilized in chronic diseases in which repeat adm nistrations of the

ant i bodi es ar edamagsirated)thapthe ERduoisCRi FTectnmerey THE ADREMERGYFleliiES 25 Fi gure
L provides 2 Seflgs fls BHELER! hAGhEBGeaR, BhiRed H-dedftt B 1SR1OLs heavy

chain and kappa |ight chain i munogl obul i n nol"ecul eS I n accordance with the

i nvention: 4. 1deterfuimed hyethe injeraction gf CDRRiqgFE-Ar4 B the Tigells vith@ire 1 O),
6.1.1 (Fi | G i . Fi
19, 4.( 131 ?#ﬂ‘?&?‘égﬁ‘%’@%@f@ﬁé’ IF[? 9 ,?8631?1%%%1(%@%’?%“'%3?}}4 11071

(Figure 1K), 3®la¢figtedeukin I} andreostirhylatorsrinl Tic2ll andrgyl in Fiqyendefound thatsi gure 2

provi des a seq j e éﬁgi hai m no acid
sequences fromﬁfﬁgﬁc%{r?g{sﬁzaﬁg,i%sg%&gﬁ.? : g’%&% ?ﬁ&t\ig&#li\ Bel 3 SEP
2C~~a WO 00¢ 37p0UfeROoh UBBOhIBOREAS ardl fulll ] 2diffdredtiatidn wds. fotlprofulote8. 1, 11.7. 1,
12.3.1.1, and 42.9.1. d.the,gernmine DP-50.(3-33) amni i-d, .sequence.

Di fferences between 't h& %ﬁfgﬁe%g)rtﬁlgfo emgea?fl eﬁérgeghae (ﬁgste%céator}%lpﬁ'tcfr%éu:equence in
t he cl ones ar eandnahtic@Tledl-4i mtibadydweréhet knggivel, ahd delslvedvidentiallpas it i ons of

the CDRI, CDR2, ,and. sequences. of 5 the antibadies as shaded. Figure 3
provi des a seqﬁeélﬁc@“%)@ﬁn@g?unﬁe& ul}oﬁ‘émfjlalittﬁe%t SHEFVY® EiRer edam' no acid
sequence of t hthat kv @rddeskes3 camndbitdeo gl iMdudtion - Sferdy4#3 kyo.aGThAa-4ci d
sequence. Differences, between the - 65 gernl i ng . sequence.and that of the
Sequence i it hEPEEROREY U IRs 8 F Aok 17 45 SO HET R R PR s 10 ¢ he
posi tions of tthe atidnte ofCOPRDYIotypicl inflhasey upbking Df12f Mbichprévend thas
underlined. Fi glll}l e 4 ﬁr ogh_deﬁ a s,gqltcjgt?c?l al L?g?rrent bet wee t&]ga‘i)({ edi cted
Rk it S
1.1, 4.10. 2, a@idTEA. ib ffigRhtf o IcOve ofhdllyQolefigeni Stthising €.

D fferences between the 15 A27 gernline sequence and that of the sequence
in the clone alPFHUESEBY MF bol d. The Figure al so shows the positions of

the CDRl, GPR2, andnChiFRcSaamgmestiéts, Mb€opdtal. bEay A2a 186481t i1vedy Appar ent
deletions in the CODR s of clones 4.3, and 6.1.1 are jndicated

4.8.1, 4.1
with "Cs". Fi gHfBOSTHPGOPRAARE-Gllsked qathadics eregihnetiandsd pagaseelertedghiedi ct ed
kappa 20 |i ght TGBRirAmaRE fegonse 16 NG u®brakiiBnsts] RBEEnSinle profoddd 2. 1,
11.6.1, and 11.7.1 and the germine 012 am no acid sequence. D fferences
bet ween t he 012=dyetior }nnéfh%dfﬁ’@ﬁc@m&tfﬁﬁ ARGt e2gy tPW?}n‘ﬁ@&u%é’éfaFlFF £B% clone are
i ndicated in bgloduciibhe StOWS Muzphysaou@ JhﬁgnﬂﬂEl.t!&m_59-f41661gls‘§@ﬂg CDR2,
and CDR3 sequences of the antibody as underlined. 25 Figure provi des a
sequence al% gnfimpeedeeayatihe predi ct ed kappa light chain anmino acid
sequence of the cl op&odnebiich RRA chldsr, ¥Rl &t BE PR/ XG0 £53990 08.¢1 sh7equence.
Di fferences between the Al10/ A26 germline sequence and that of the sequence
in the clone afg2blighpdcatsyaganpichyiuine prostafs garee mode aogkamingd B¥siti ons of
the CDRI, CDR2g; 0 : & A gﬂﬁf'ed. Fi gure
7 provides a sglsﬁﬁce l%a%ﬁr%ﬁt?ﬁdgég%&t%hagﬁg?gﬁggﬁgr %g’p?ga |08}'? chain
am no acid seq eedcf cellosimulatiom £1) grovisgacd! idivect gestimulationgyprostate 3 SEP Zoos
10 001 375049 PCENSIOLHOTARsaloatdl il it BELOUERRCandRS hENABSGRLRSL ween the

Al7 gernline sequence a of "the sequence in clone are”indicated
in bold. The FimgdiatsddloskadstedWsell R LAos imhichmsevshts Tuslldomin;regobirien. land CDR3
sequences of t ' ngdec ) ined. o Fi [ sgquence

al i gnment bet vvqu?l t g“%%ﬁﬁagdgkggﬁagﬁ{bﬁgﬁ ﬁgﬁgﬁ:ﬁ g%%gga%ie?@éqﬁence of
the clone 12.9.1 and the germine A3/Al19 am no acid sequence. Differences
bet ween the A31A19 gernline sequence and that of the sequence in the clone
are indicated in bold. The Figure al so shows




the positions of the CDR1L, CDR2, and CDR3 sequences of the antibody as 1 o
underlined. Figure 9 provides a sunmary of N-term nal am no acid sequences
generated through direct protein sequencing of the heavy 3aS88PIZght chains
of the antj 1es. Figure 10 provides certain additiona rizing

i nformati é’bncp@g}lg)%t% 15 certain of the antibodies in accorggﬁ@gﬁ\%ﬁ{gﬁ t he
invention. In Figure 1 OA data related to clones 3.1.1, 4.1.1, 4.8.1,
4.10.2, 4.14.3, and 6.1.1 is sunmarized. Data related to concentrati on,

i soel ectric fomtsicsdantiptdsiate GSer BAfne febpoRisdX Allsts iYang ehiloomicogrRaphy, |iquid

chr omat ogr aphy/r p oscopy. (L ), S, spectro y, (MALDI ), 1ight

chain N-terni r@%zgéiéﬁ%ég ”l‘@“%%@éiwgg@?r %n%idﬁ? i%ﬁg‘? Eﬁg&'ﬁ 819%nf or mat i on
related to | ERedds 1@ eshahctasknt 6f dritigiie TLOM; respphat efdvirRuSBag&ABuhe: provi ded

in IOC, and SEC of the 4.1.1 antibody in 10D. Figure 11 shows the

1. ) D
expressi on of growh. %?aeds’wz VEsFP 3REjIR Vv Feselts fasynigu _ that €Hat-4ockas
anti - CD86- PE niNpsmortt B Bindididhhie Whah R tﬁ@é’h&iﬁt&r&@"gb&?at@%ﬁtﬁﬂ&@-c&lnhaﬂcem?nt
of 1L-2 25 production in the T cell blast/Raji assay induced by anti-CTLA-4
bl ocki ng ant i b§eRoBSss(tmkihg expression)of quah ap enbanging effect yas pstisted ta Sirihows t he
concent rati on genepsietior SRRANGERER noakl. 'Fihh&! HuRFQWWe] IFp: iy 4bsy T cel |
bl ast/Raji assay Induced by anti-CTLA-4 bl ocki ng antibodies (BNI3, 4.1.1,
4.8.1, and 6. 15c1 (S 498:1866071 (198 investigatey the generatiod of b dveslltrrdiatesan
enhancenent of _L:l-2 p [ ' cel f ' y
ant - CTUA 4 bl Sepiror PRAGHES (FRA Salf) b ShBloP SARisient 2130007, 5 sep
2009 WO 001375otorapatisiy/ @ogds/anggm guvel a6 CHRBligatidnebynBdn Eaaimmcenent of
| FN-y producti LN .S )N 4, bl ocki ng
antibodies in @ﬂ‘g}STsuEg%F{}lgfsg{ ] |ag§és}"g%?dalfg)§%§gﬁ%°@E%\%\nggjﬁ@z\iqnhancerrent
of 1L-2 producimnamotherapPBIAmst thoengh use ofonenmsbinatidu oEEGThi-AblockadTandt 4 bl ocki ng

mAbs as neasur .7 f | I 1 | 17 shows

t he enhancenen?q%l?ct‘rﬁfz' %’E%%%uogtérgﬁnm?% eﬁé)c?@hg% oé@gﬁ'gﬁa@%g{{m? nduced by
anti - CTLA- 4 bl oxpkassigg S selds rageasion eftbaaintal SMAndmOB wes wbserefdf daspist i nul ati on
with SEA |0 Fjgur 8 shows .t.he, inhibition,.of tupor. gr.owth wfh an

ot - e ndd TR Rt BE P e eafiBint alon? o cotiliof WY bbbt (e 10
shows enhanceniaridngelasting-iRmunivyg c$Modand depended dnybodtnCDEH) Add €PB(HAdi es (4.1.1
and 11.2.1) of the-jnventiaon in 7 r | ast [ Raj.d_ an uperantigen
(whol e bl ood af S'pgirl? %‘P\é’?gﬁ'lsu%ﬁ%%%thﬁggggﬁb % %‘5‘3 eeﬁtsngfﬂPeo%’% ofglﬁasct)nor S)
assays. derived antigen-presenting cell.

In connection with diabetes, Luhder et al. J Exp Med 187:427-32 (1998)

20 injected an anti-CTLA-4 mAb into a TCR transgenic mouse model of diabetes

at different stages of disease. They found that engagement of CTLA-4 at the

time when potentially diabetogenic T cells are first activated is a pivotal event;

if engagement is permitted, invasion of the islets occurs, but remains quite

innocuous for months. If not, insulitis is much more aggressive, and diabetes
25 quickly ensues.

In connection with vaccine immunization, Horspool et al. J Immunol
160:2706-14 (1998) found that intact anti-CTLA-4 mAb but not Fab fragments
suppressed the primary humoral response to pCIA/beta gal without affecting
recall responses, indicating CTLA-4 activation inhibited Ab production but not

30 T cell priming. Blockade of the ligands for CD28 and CTLA-4, CD80 (B7-1)
and CD86 (B7-2), revealed distinct and nonoverlapping function. Blockade of
CD80 at initial immunization completely abrogated primary and secondary Ab



Figure 20 shows dose dependent enhancement of |L-2 production induced by
anti-CTLA4 antibodies (4.1.1 and 11.2.1 } of the invention in a 72 hour T
bl ast/Raji assay. Figure 21 shows dose dependent enhan@¥egEf 2003 | L- 2
producti uced by anti-CTLA4 antibodies (4.1.1 ) of the
|nvent|oﬂw9§&£#§g hour Superantigen whol e bl ood assay 2??%%%’ wi th 100
ng/ m superantigen. Figure 22 providesda series of additional nucleotide
and am no aci d sequences of the follow ng anti-CTLA-4 antibody chains: ful
length 4.1.1 fbeponyespmmas(Blab%dazfa:mé@epméﬁ'sed gy, bulmdt sgdbmdanaci d 22(c)),

full length 25 a | at ed ha 2 and anmi no acid
22(e)) - e 1. LG PR BEOSE P Rt (RGP 155 el a1 | engt h
4.8.1 heavy chppfes{igdNA répéndks tagl extive ramnacﬂrﬁlar&%eat)qf céstimulationghd  chai n

cDNA 22 and anin K)) ngt h 1.1 hea chaj.n ( cDNA
D501 oos ar FiniaMIoR of 3T hsprestin plastids ppibriodCHL Sigromes Kt BB 1o aci d
22(0)), fukl apaksy, dnl Withbuh@adeycrain t8Phi a@Nﬁqu%e@é ﬁﬂﬂlﬂgsadﬁg%@t aci d
22(q)}, and 11.2.1 Ilcght chain cDNA 22 6 g and am no _aci d 2 3 s

E P 2003 WO 069mpigpHan AISS’&W\'?NRS( orCRE ¢ MOP@FI/ 9@%/‘13589‘?3 In

accordance w E&tl%ufahBﬁrou%ﬁ/R@%cl@xfc abiAQaddiRESNt I nvention, there is provided
an anti body that is capabl bi ndi ng CTLA-4, conpri si n%la heavy s chain

vari abl e region arﬁ“n@“&é‘l"@“s‘é‘é{héﬂ?ﬂéﬁlﬁ AgigctionniMarkeess ehaboh IyuBYest ami no acid
sequence fromyyy. iﬂ5%5%9§ﬁlfo§ﬁqhﬁe£‘%u§eh g&f&h)fasﬂ ﬁﬁ) POMGRES, Waat 1S

encoded by a human VH3- 33 |y gene an corrp |ses at | east one of
t he am no 8ci dcceptbraei ltllﬁltallbldspmﬁedt ore theDmeseneeqefe HdegamrgprOTishduent es, or

firamework Segjﬁgge‘f el19VRadiflon” bEWECTLALA of aRi-BNE} &gxﬂ?ro 94%%?&“ the

amno 1 o aci uence conprises a sequence se ect roup
consi sting of pORE] WeasNSsotiate§Pdrh foomy: gaft GegionDwWRere® angHD-4 mANbDadl, SEQ | D
NO S, SEQID[}@E%e SEQIDN08 SEQ ID NO:9, SEQ ID NGO 10, SEQ ID NG 11,
SEQ )D NO: 12 I'D NO: 13, SEQ I D NO:63, SEQ ID NO:64, SEQ I D NO: 66, SEQ
I D NO: 68, and SEQ InBohideciion with therroleod CTpAet arreltioretodR &y#Faligrinblet ant i body

15 Turthe compr} 955 fed IBRbOER lodkF AR A YhnBEHRcBBhhapE IUCNCE

conpr|3|ng a Seduefice selec const a sequence
conpri si ng SE@tivBtinglgehd 2-dSk@entOTIAG: Wi kl-tyBEe) TR NGEfitient iBeQwhidhNGrd 7, SEQ | D

N0: 23 SEQ | DRI Bty i BresER g TG TSR FBERPeEES 20 1
’(;? : ?Ee ?rESs |e r[})ofxlﬁuﬁ@prodmbd Siytkines d piolifdrated irc ogspanse eo wiitnlagorselond aspect

re |s [OVI ed an an |S|ng a heavy

Chai am no. adtetm B reBisidn, b Frl oot 8 froffd B CRIBY O W'D Vol Pl e
am no aci dzosequ@m&:d&gmpstlmnmgmsmmm R eéponitsofitine ber-damuewmt h athird
aspect of the 28 nyent |, there is I’OVI de i.bod onprising a
heavy chain a Eﬁatg%gﬁﬁﬁ“%w?ﬁ@mﬁ E@Wnﬁc 2%31?8y§g¥[?ght chain
vari abl e ami n<B7a1codeSE.quennﬁscompm4sdaﬂngE@ HHBELNCT. 2811 aétﬂa&ﬁcmrtdance wth a
fourth aspect of the i nve t here.i row ded ant i body
conprising a &3 %gﬁjﬁ PﬂdH’Bt“EfcﬂH %tﬁﬁf’é‘?fgb%(?n{)ég Sipiedren f\IO 4 and a
|0|0 ggt gha| n Vaﬁﬂﬁallaht&o gﬁplﬂﬂt}ﬁﬁﬂﬂlg/ Blegdtcememl AllsagLinkCall DEJ}E};DM&? f hV\D

| 37504 5.15 In accqordance wi,th g fifth aspect
of the pr e?éenigéE P\gg ﬁq ﬁﬂqug&eif%mﬁ?eﬂhea%ap%ﬁaﬂsgﬁgﬁ?gd%%ﬁl%noc| onal
anti body that H- ﬁ%lrﬁ&&@'\ﬁer@ftrabsﬁ]@ltdd@nfooalggbﬁlélw1lHI%yp% & ebag-aegtigbodi nent ,
anti body i s capabl e of cogetl ng for bin CILA-4 with an anti body

sel ect ed fromWitfe(ty Egiectipmh yrap delgyes ip. qD284d°ﬁ°!P“t gorgpated Witho 2,
4.13.1, 4.14. &rildetyﬂe | mle]el Brhtmehl - &f 1:W1ﬂd1ty¥e reciptents 1with CTLA-4-

immunoglobulin (Ig), or with anti-B7-1 plus anti-B7-2 mAbs significantly

30 prolonged allograft survival. In contrast, treatment of CD28-deficient mice with
CTLA-4-Ig, anti-B7-1 plus anti-B7-2 mAbs, or a blocking anti-CTLA-4 mAb

induced acceleration of allograft rejection. This increased rate of graft rejection



and 12.9.1.1. In another preferred enbodi nent, the anti body possesses a
substantially simlar binding specificity to CTLA-4 as an anti body sel ected
fromthe group consisting of 3.1.1, 4.1.1, 4.8.1, 4.10. 23 #EP32003 4. 14. 3,
6.1.1, 11. 2 1.11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1. |n another preferred
enbodi ment” 004325040 ant | body is selected fromthe group (?Sﬁglﬁgfl??é of 3.1.1,
4.1.1, 4.8.1, 4.10.2, 4.13.1, 4.14.3, 1.1, 11.2.1, 11.6.1, 11.7.1,
12.3.1.1, and 12.9.1.1. In another preferred enbodi ment, the antibody is
ot Cross reaglss\gsoMalell viit-fofe éerver@rhamncxear&nhha&aéa%aeamaﬂreaf erably the
| ower mammal i an speci es conprises nouse, rat, and rabbit and nore
preferably modevelsahdFN-gemmpandgHot Henscrpteinedoneicheakss efsbgatebvily-tPle ant i body
s cross 1 eackhy ety Andcriam ErAbr@éa?a CISEARR! ydNenfy irgmt es
conpri se cynonol gous and rhesus non I'n anot her pre erred’ embodi nent,
the anti body pegatiws gegulajoryeiotecof GTLg»\lf@xtemLqundwterpo@m@ ity 2o CD44, and
hl gd@ of grea rafgreater. In
anot her pref e??Jevéﬁ‘r@ﬁg%%?ﬁewﬁ“&%ﬁ}”ggq%éﬁS‘g‘g@ lr)lll}lt]?/@grﬂ Btt%pgos anqtf?body is
about 10" 9 M diD2§; €3L4r4 pima aprimifilgtonbioje ialmuregul@ion okhlngraft wigckon. | n anot her

preferred enmbodi ne ?Eﬁ h S B -4 and B7-2
with an | C50 of Iovr‘%/ttlasr0 39@%%&&%6{6& Mjihte X 1lre£E gfbp%i}w‘?ﬂascg an about
0.38 nM | n arwtektigatedr effer reedn;ﬁqbathgment ,al th@nauﬂalbtﬁ?yﬂﬁﬁ-ﬁbbdw%)bl ndi ng

bet ween CTLA-4_and C50 of. l.ower..t Quit nll or greater
2s and prefer a%?pf S‘Td%\%trs% ngoutlsdagsly 1Rﬁm-nlahzeahofl frér %’r e’ﬁ%ga%‘% ed

enbodi nment 10 t Hew develslod dypressfoa peresallyl defecied od it detl ButficeaTHeywehéludddast / Raj |

b bout Q t d f, bl /m
aroater. | n aibtRerepR ef el 8k heAER PSS i et M ienet™ B o
production in eapﬂsssml In dddnish/ thRagdll s&ﬁs@mc&mmahmubfawmpgﬁppbarw todfeeat er and

preferably by out 1233 reat er anot her preferred

enbodi nent , “&H‘EY {?&H’@teggmd%d’é%‘dleﬂd%y}?ﬂédu@fq grr?s% e&%ﬁ@r’/@ $¥whol e bl ood
cnbod; e ?e”t he “J”%‘@bwt"ﬁw°’“’g’1"”""‘“‘“‘5‘*“3@%%%‘°2‘8“3m*8{%f9‘5*%2” e
enbodi nen e anti bo nhances - ;

PCT/ US99/ 35895?"3’6“&"08&&?'%6%4 iﬁ‘lg%FSWgéﬁfﬁ‘ Q?Fn\ﬁﬁlof@teﬁl'gdﬁlY\o MoWeiegen assay
by about 500 pUrTA-49bsiveltanabd impbRQ toMihine@éguitioat er or by greater than
about 30% or preferably 50% el at{%e to co t.rol Gn ac rd nce with a sixth

aspect of the presdSEOHRg¥NtaFY 0 %P’é’aﬁén vl tFehat ﬁP%eé’éf ant i body

that possessesoapdattas ti Mirin@ink YreSdofkilédess)i 10 gl %Be&‘dsfrhtﬂé tty dedeattLA-4 as an
anti body sel ected fromthe group consistjng of 1.1, 4.1.1, 4.8.1, 4.10. 2,
4.13.1, 4. 14, Fntipodiesjto §TLA-4 thaf jcag Be ufilz iff%&‘zelfe i immupqtherpyg 1. 1. In a

preferred T adth BN, it HQd BELSRASY o ?en@z%e a@nﬁ@cﬁi%sra@ﬁﬁtwmmft}ﬁt abLA-4 from
| ower mammal i an s’ﬁ)em es, preferably | ower mammalian 1 o species
1

conpri ses nous® utilized inghignicatisspses Enuhigh eapest apmipiststiens of e “}“&P“‘?Sn anot her
preferred embogi pihiteq. t he antibody is cross reactive with CTLA-4 from

primates, preferably the primates conprise cynonol gous and rhesus nonkeys.
I n anot her preferred enbodi nent, the anti body possesses a selectivity for

CTLA-4 over CD28, B7-2, gdMdpe Qﬁ%ﬂ&T@%ﬁﬁﬁMlGﬁhﬁé‘ about 100:1 and 15
preferably about 500:1 or greafer n ano preferred enbodi nent, the

bi nding af ¥ ni ty ofFiguse] arevidgoa yeries ofmuslgotidpang am agringyacidsesmensasioir ef er abl y

about 10 M ti body

i nhibits bi ndlt%é é@m‘r{egﬂdgp 2\6*%9{ a%hhgﬁ%{l g’!‘ﬁqg&dﬁ%’?ﬁjﬁ?gﬁ I’a?)('lv?ret:ﬁr%n an about
100 nM and pr e¥igh disl ipvandomr4.1.hdRigatsolA), 8.83 @lm 1Bh 46l IfEgungriéder r ed
enbodi nent, | [ B7-1 with
an | C50 of Iohvérggﬁgme %18(@"‘ gﬁ{ﬂg?ﬁg?gg and ré”'ggr_?bé“rglq% r than
about 0.50 nM41311 frigurh d H) pt1e3. emxgdeéhbddﬁde(ﬁiguret He, bln’tllﬁhdyredﬂﬂ)ances | L-2
productiongjn I about 500 pg/m or greater and
pr ef er abl ymi)y al ?%ég‘ﬁ#élﬁgf(’n?ﬂo?lgﬁ%mqh)ln anot her preferred enbodi nent,
t he anti body enhand’eglrdz ENpr@ades qas:toxdemfclahgnmentaefﬁleemlthe bted'stedRaajai’y assay by
about 500 pg/ r r ref b y p | greater.

I n anot her pre e(r%lrmg;lg%%8 e‘ﬁ&g?e?ffngﬁ%n‘{lglﬁgd ’n ulc’esig‘??_g p’ro uttl onin a
hPBMC or whol e bl ood superanti gen assay by about 500 pg/ M or greater. In
anot her preferred enbodi nent, the antibody enhances |IL-2 production in a
hPBMC or whol e bl ood superantigen 30 assay by about 500 pg/m or preferably
| 500 pg/ M or greater or by greater than about 30% or preferably 50%
relative to control. 2 3 S EP 2003 WO 00l 37504 PCT/ US99/ 30895 17 In
accordance with a seventh aspect of the present invention, there is

provi ded an anti body that binds to CTLA-4, conprising a heavy chain am no




aci d sequence conprising human FRI, FR2, and FR3 sequences encoded by a
human VH 3-33 gene famly operably linked in frane with a CDRI, a CDR2, 5
and a CDR3 sequence, the CDRI, CDR2, and CDR3 sequences D@ pgp izpdependent |y
sel ected fromthe CDRL, CDR2, and CDR3 sequences illustrated in Figure 2.

In a pref VP abodi rrent the anti body of C aim 32, f urfie&p? &%Qﬁrl si ng any
of the somatic nutations to the FR1L, FRR, and FR3 sequences as illustrated
in Figure 2. 1o In accordance with an eighth aspect of the present

i nvention, thef s, pf.evided @ ANLiHody MR lnB18g9 § G ThArefmuorpr i sing a
heavy chai n amno ‘aci d sequénce conprisi ng human FRI,

sequences encdd®d03-3% mnaracxvﬁeqaws@ g@ﬁ@rmmhequpébeaﬁwolgeﬁww in frane
with a CDR, @?&’ C t fol |l ow ng
pr operties: aaia ndi ng 15 a? I ni té &e{hCEIEE c‘_i%'e??reaxgﬂl'c?c%% g@lgr ’g}%eat er;

i nhi bits bi ndi FigurbelsasbewsOhe positienshf Bre- GDRA + GDRYH andXIPRT seghenges af00 nM or

| ower ; |nh|p| t 8 RldiiRgaaingen CTLA-4 and B7-2 with an |1 C50 of about 100
nM or |ower; and enhances cytokine production in an assay of human T cells
by 500 pg/ M or gr dagwee 3 frovidescosdaerce aligirhend batwee thespredictedfheevye present

i nvention, they 20 _prqy Y. t

conprising a htar%glym(l:l 2 agd an u(r%ggeam g%nggﬂge%k%%?%g?m @JREIT‘@E@ and FR3
sequences operajnhy abldrskthncm Lfi ffeamcesvbetveen fHaF{DP 651géiﬁﬂﬁxe saqetnee LIOR3 sequence

i ndependent | ed fromt nse |IIustrated
in F!Ogur es 2ya&? %ﬁ‘t%eq%?%m 58%5% %‘ﬁaiédf ﬁg %F% |§\° a bi ndi ng
affinity fos CheAodtiafs &dSthal@iDRI, xmmz aihd CRRA eafqnenclhbbltHeSaxinbmy mg bet ween
CTLA-4 and B7-1 wi,th.an 1 C50 of about 100 nMor |ower; inhibits binding
bet ween CTLA-4 rﬁiﬁd nggh o with an 1 C50 of about 100 nMor |ower; and enhances
?:yt oki nedpr oducti ﬁn«“lg\ne ar]?]raﬁﬂﬁ‘ya @équfhwemmh gimexe [ betvebly ﬂwﬁr_ea@femkappa gr eager

n accordance w.th a tent ect of, t ent, _i_.nvention, e is 30
provi ded a cel f! ﬁ%ﬁﬁ‘%‘%?‘@‘“ﬁ%‘gég‘i"l‘eﬁ‘i" %é%%‘j?fffa %lc@stl éﬁq ggtl' %ﬁgaconprl si ng
a culture of hageni3fi &l the Qalnaﬁihemwmﬁmbtau;ﬂeéqﬂehdehberfd?eices Bebbéenlthdre. In a

preferred enbodinent, the T cell blasts are was or 1t culture with
the Raji céfl R%gemﬂm? seugpes azéd@a ﬂ@oacgwmmﬁ&m@eg@m’@ i§3ed & |

accordance W t hol@dn TRk GVERS Blse Shee th@fpoﬁlh&]spéﬁﬁ@ﬂﬁl)ﬂlnm QAd dOFy € is
provi ded an assay for measuring T cell stinulation, canmprisin roviding a

cul ture of hungduencesed thb%rshogy ahynderlgssd; Apparqnt ﬁ?lﬁ@HSdeﬁheaGPngo he culture

with an agent; cignd 473Uk i3NghdCy/L. O kienRiiutadpigidoen by the culture. 5 In
accordance with an twelfth aspect of the present invention, there is

provided a functi orfBUraSsRryvidey a Sequerisi signmenoicrrern ithe predicied| Ka8P2 ny| at or y
function, GENDfitiicAsin alirdVdetH feudhcé bt thelcfoned 3.0UMBIM T, £k, Haaglzs and a Raji
cell line; contacting the culture with the noiety; and assessi n cyt oki ne
production by #¥etheubembine 013 aning @eidr srapenee. V\Ptff?fe&cﬁsnp?tt”é@htﬂ}? 8%bect of the
present invent bQphint Buéhck Snd® HAY bERE séquindeh |th§$16r{6'~'dr@h%6éte%$§%1df ox CTLA-4
i nhibitory funct| on, conprising conta a culture conErl sing human T
cel| blasts andheFigaeialseshows ﬁlﬁeowqﬂhoéihcg‘é&h CBRd, ansdsCBP Arfluenredki ne
producti on by Bme%ﬁgwgmh&hﬂ&gordance with a fourteenth aspect of the
ere is

present invention
25 Figure 6 provides a sequence alignment between the predicted kappa

light chain amino acid sequence of the clone 2.1.3 and the germline A10/A26
amino acid sequence. Differences between the A10/A26 germline sequence and
that of the sequence in the clone are indicated in bold. The Figure also shows
the positions of the CDR1, CDR2, and CDR3 sequences of the antibody as

30  underlined.
Figure 7 provides a sequence alignment between the predicted kappa

light chain amino acid sequence of the clone 12.3.1 and the germline Al7



15 provided a nethod for screening an agent for T cell stinulatory
activity, conprising: contacting the agent with a cell culture conprising
human T cell blasts and a Raji cell line; and assessi ng? %y&&ﬁ’k?ﬂﬁb producti on
by the cul Ln each of the tenth through the fourte ts of the
pr esent irﬁ/&eélole"sc%, in a preferred enbodi nent, the T cel Fet'pgfgtagﬁgre washed
prior to 20 culture with the Raji cell1idine. In another preferred

enbodi ment, the cytokine is IL-2 or IFNy. In a preferred enbodi nent,

cyt oki ne produgiincoftid Seqieas Wifferehdts SeRRENRAE ANY gesflindisethehécamiting cul ture.
In a preferred _enbodi nent, the agent is an antibody and preferably binds to
CTLA-4. I n acCbia584ened thg clops frsdpditptedsipdetd. obheligurp alse shaws Heent i on,
there is 25 prgiisiadoheaEPRY, fCBRABAIUCDRY sbqkcbds &t tHEUhRIbo@N.asCONPri Sing:
provi ding a popul ati on of human peri pheral bl ood nononucl ear cells or human
whol e bl ood stPA®ilizaded with staphyl ococcus enterotoxin A contacting the
culture wtsh an agefphre 8RELVIRE AW MACE Y HilRCLAWOAUGE | ROHAY kippacel |
popul ati on. In accordance with a sixteenth aspect of the present invention,
there is 30 prighi e aming aeidiserngncenfdhg clpry 129} sahtheggermbsi A3 1%o0r T cel |

stimul atory fupfdd Qi sdgQERE. Sisfdftncdd bl edh B Ao/RPP Yhiiin® ReibnddUAB N
whol e bl ood

peri pheral bl ood nononuclear cells or human I

stinulated with

st aphyl ococcughat of thg seRRneOn\NG ¢Joneaars dlicaed inubeld/ Jbe Fhzutalemshowst oxi n A;
contacting th : i g@@ ty. [N i roducti on
by the cell pg%ﬁpgs{lt%’%.oﬂd}?g}g?gf ancéxl\,}& ? Pﬁga%g‘\%ég%se%nttﬁ %tag@ﬁggtagof t he
present i nwentunderlingdhere is provided a T cell stinylatory assay for CTLA-4
i nhibitory functio 0 I.SLNg,. 5 i a. at | n

peri pheral bl ood nigute O roviaet) |Sgﬁ‘gﬁ}hﬂéﬁaﬁr}%ﬁ%‘?‘gQ‘ﬁl“(‘)’o?%;tsu %F%?gd with

st aphyl ococcusenarated thrmgh diréct pratdin saquergéngtof drecheagsand dighigcheins okihne

producti on by aml?od?e%l | popul ation. In accordance with an ei ghteenth aspect
of the present T hvention, there is provided a nethod for screening an agent
for T cell stinul aF@ue & providey certain adsiitmals¢hagpctedzing dfbimmagiot hibowgent with a

popul ati on . of h n.peripheral bl oad non clear. cells. or g) whol e bl ood
P bt odu (A0 35 RS hREERin SePRnER AR o 8igRE 1n Biglfe A DRak! e
producti on by rtlaed ¢ceklonpoplliatildn 4.8117 40 4df4.3 aad Billt &equindrizedbugh t he

ei ghteenth as ts.of . the present i.nvent.io in a3 .nre enbodi nent, the
cySokimo 1s 1 D Tiffed 1o coaBrenpne iogos Bt (ER S PERERGE oduct  on

i fm rrgasur ed i E:XSIU.‘HQ’[ clabanbgragto), &ﬁlﬁg cﬁrbﬁlglogfaﬁl]}ﬁmhsfg:sf)ﬁ%rokdgpﬁ (cEbyrred
enbodi ment, the agent is a i a ef er inds to CTLA-4.

DETAI LED DESCI%‘%%%ENE’&‘—“’%M%@Q%E)°E?%}B%BT°NEN%§%B°‘HCHS &cE’8P"§g‘hce with the
pr esent anntAdﬂﬁtionhlhﬁfﬁeclﬁﬁﬁorﬁlg@Mi W@RekdfteTHRYs bmded nmgﬁrkooni reRRAI 3odi es

agai nst hunman A-4._ Nucl eotide sequ s.encadi ng a ] N0 aci

sequences conﬁ%bisﬁds‘(ﬁng W‘?@(ﬁg"gﬁgﬁﬁﬁ _nlotﬂ%B ‘l'“ﬁ | ecul es,
particularly sequergRse CDEKORERRE Skprghsiof of BYONAAdIBPRSon RV YelRN@ingi ght 25
chai n sequences ,fquC)m FRL and CDR1 through CDR3 and FR4, are provided.

Further provi F8H-CGH-EhindssHi @8R mASSsi il ar bi nding properties and

antibodies (or ot h@‘gfu?@tlﬁgsﬁﬂ&@ttﬁé cOR¥htRlioR | ¥hérEnt| dhehdeRRAY bt YL2S
anti bodi es_discl osed herein. Hybridomas expressing such immunogl obulin
[

mol ecul es Zhd RiefSHemL Hatheahicel) dipstBajh pgsay indyces) By jagii¢ TLap4 blocking
antibodies (BNI3, 4.1.1, 4.8.1, and 6.1.1).

Figure 13 shows the concentration dependent enhancement of IFN-y

production in the T cell blast/Raji assay induced by anti-CTLA-4 blocking
antibodies (BNI3, 4.1.1, 4.8.1, and 6.1.1)(same donor T cells).

30 Figure 14 shows the mean enhancement of IL-2 production in T cells
from 6 donors induced by anti-CTLA-4 blocking antibodies in the T cell
blast/Raji assay.



g 3 SEP 2003 WD 001 37504 PCT/ US99130895 20 Definitions Unl ess otherw se
defined herein, scientific and technical ternms used in connection with the
present invention shall have the nmeanings that are 5 copprypp 2p¥ler st ood by
t hose of qrdi skill in the art. Further, unless otherw requi red by
cont ext, SY‘?C:&‘W% terms shall include pluralities and p?ﬁ%ﬁﬁpgﬁﬁs shal |
include the singular. Cenerally, nomengd atures utilized in connection wth,
and techni ques of, cell and tissue culture, nolecular biology, and protein

and oligo- or polypyeent ides aleaitat dnkarfBtledt W2 1indly 228 duRordRSE EdiREd herein
are to those well known and comonly used in the art. Standard techni ques

are used for riespdbiensrt imdnEd oy jagibRTEAebbiagking yantihediess in HiedTteellsue cul ture
and transfor ngfjoR jf Sty el ectroporation, lipofection). Enzymatic

reacti ons and puri ¥ cat’ion techni ques are performed according to

manuf act urer's spefidurckt shows thgrenbancernentofilly2 aroductighiis hBBMCnfrethé art or as

descri bed her ejfo:, TR LOGPER A% A3 YEGIY HHES ARG BIAGeINGS: ahe general Iy

per formed accor I'ng to conven 1'onal we nown in e art and as
descri bed i n wtimulation g8h8EAl and nore specific references that are cited

and di scussed thro ?eusg E‘g@s%ﬁﬂ}%ﬁ?ﬁ&%iﬁ){’ Eg_gtﬂg%cmggfnd@g%e_,blo%%nbr ook et

al. Mol ecul ar d oni orator nual ring Harbor
Labor at ory Pr éssy 3 Gohats SpiucadchyHatiiEFL A -2 ®lddkivig nfA8@)measurd ath72 mnd

i ncor por at ed r.ein ref erence e nonencl atures utilized in connection
with, and therq%ah%fﬁﬁ?%rrsf/‘mb’fa ‘8‘éa'ﬂfp§g?‘and t echni ques of, anal yti cal

chem stry) 1synt het iFigups ¢&shevscthe hisibitign of einséreghowtin adith aandanpihantmceut i cal
chem stry desceé_jé‘l;&g hﬁr@?i n are.thgse well known ﬂd commonly used in the
art. Standard i uesy & aMyERy! YB*T@HE’&?’B%H’“%‘G t heses, chenical 25

anal yses, p]tlar mpemﬁgmggmheparemhdne@nenﬁ Qifmu:-jﬁbfddﬂctio@nﬁdﬁ@dib’}ewti- and
treatnent of pafients ti]ize ccordance.w t esent

di scl osure, th IF‘%‘P?‘BU\’/PW? {ﬁelrinﬁnd ﬂr#gs th yaenion dn Phgihe‘gte’%g{as Il be

under st ood t 0 #a\Sapériigh® (Wi BigoBshd RRPhéraitlood Morbniéledr céROFMPE00/ 37504 21
PCTI US99/ 30895 The_term "i sol at ed pol ynucl eoti de" as used herein shall nean

a pol ynucl ot i 988} 2§80 ¢, cDNA, or synthetic origin or some combination
t hereof, which by Wigutdl@00hokk SddRé | @@péhdeite entafi®hdhe @f oLy prsdegdn de” (1) is
not associated with all or a portion of a polynucleotide jn which the
"isolated 5 pdPdusee Py ari-GdlAtentibadies (- ingnduied (o ths wvepsiondp2y’2 i nked to a
pol ynucl eot i dqm\a@ir@tasd/ﬁariia%s@ot linked to in nature, or (3) does not occur

in nature as part of a [arger sequence. The term "isqlated protein”
referred to herei nfig%helasievst &sh drpendepiacnhapcemento 9bi Mot (Produptiony

synthetic gfi Ghiuced b§ ANBCTLAR! Aabddy NEr &R 11.2M) FindihvihtiohUs a0f2 11 S
origin, or source of derivation, the "isolated protein" ( 1) is not
associ at ed wi thpupPereEantgeniwhariblped assay sigulateg)withsl 00 nganlppgumigen. pr ot ei ns

](c::alolm ]E Pgmsgms SOUr GRgur€ 29 - prbvi@R PlerydrNRdRbAM GluBRotide3dnd smBEPRLRSSEd by a
sequences of the following anti-CTLA-4 antibody chains: full length 4.1.1
heavy chain (cDNA 22(a), genomic 22(b), and amino acid 22(c)), full length
25  aglycosylated 4.1.1 heavy chain (¢cDNA 22(d) and amino acid 22(e)), 4.1.1 light
chain (cDNA 22(f) and amino acid 22(g)), full length 4.8.1 heavy chain (cDNA
22(h) and amino acid 22(i)), 4.8.1 light chain (cDNA 22(j) and amino acid
22(k)), full length 6.1.1 heavy chain (cDNA 22(1) and amino acid 22(m)), 6.1.1
light chain (cDNA 22(n) and amino acid 22(0)), full length 11.2.1 heavy chain
30 (cDNA 22(p) and amino acid 22(q)), and 11.2.1 light chain (cDNA 22 (r) and

amino acid 22(s)).



different species, or (4) does not occur in nature. is The term

"pol ypepti de" as used herein as a generic termto refer to native protein,
fragments, or anal ogs of a pol ypeptide sequence. Hence, 2a8ER &003r ot ei n,
fragnents,_ a nal ogs are species of the polypeptide g erred
polypeptiHgyuﬁ#ﬁéccordance with the invention conprise ﬁﬁﬁaﬁﬁﬁgﬁgheavy
chain 20 i mmunogl obul i n nol ecul es and tshe human kappa |ight chain

i mmunogl obul in nol ecul es represented in Figure 1, as well as anti body

nol ecul es formed by conbi natiQnsvS@VeF isd R@ekfienheavy chain i nmunogl obul in
nol ecul es wth [ight chain i munogl obul i n nolecul es, such as the kappa

| i ght chai n i mmunogl obulin nol ecul es, and vice versa, as well as fragnents

and anal ogs 25 thefealeordii@ WREM HiRRlEER! bY 1RCHMENL Hivenfish, Ua&GE iherein as
applied to an object refers to the fact that an object can be found in

nature. For eweayied ananiiendyeaitis erpable opdinding (ot deonpriingrickeavnat i s
Present. i n 5an L ABHIR Aok el i qlbrcl 858 orkiBLs £ihBolsSphad ed from a

source in nature and whi ¢h has no en intentionally nmodified by man in

t he | abor at or peidrsequenes fiprs evithin aFR aedugnesdbiopgh syFR3 seqpens Bat5e4 22 2 3
SEP 2009 PCTNGRY13989% nldlth V§1-9 ;fagggrg%{?é ¥nd thitks '}')ri&§ alRGH RELEMLR refers to

positions of conponents so descr are In a refatronship permtting them
to function i namideiaridi stbetitdeehs mim ks .CDR It saquendes,s €Rn cequenger @bl y | i nked"

to a coding s ﬁsa%%%gﬁccgq&egccgisun d’lelq Fii I Hcﬂx PordfEed Ja}@%ogﬁé&éﬁ%iir@ao of the

codi ng sequence I'S achreve er “condi't Tons conp ne control
sequences. 10Thecitsequeticeantprses asequenceaticeted fror dhehgroun consistingrad $EQ

brotessi ng of RaMg R SEhESELD NOERRAb G I I MR SRR 20Te ot

sucE control mﬁ,esmmmd:s,esm He NEng) iISEQ IlipNO:lph&?QdEtN@:rlg,aSﬁ@ﬂi) IB I

pr okaryot es, ] seq ! g nt.e ri bosoma

bi ndi ng site, 'd=t crpte t nat sequence; aryot es,
W0 D op B SROTEN AR i ol SE0 1 NGRecee

general |y, sudb NO:68,aal SEQIDENOSS. Imarottcbe pyefepied embadiment, the antibody pt i on

term nation s%ﬁ]ﬁ[ence. The {g% ".contr?l 15 sequenges” is intended to

i nclude, al® a ﬂfﬁrﬁﬂﬂ?m&ﬁl %'ﬂﬂé‘?ﬁ‘ag SAER AP LB SEINCBCLLIRA Rl f or

expressi on and seqRmessdlded feonsl e GoRsibtityl dfdeseqataict cOBpisi nents whose

presence is acﬁé qba} eﬁ#ﬁ for txag%% gl ti}fg% eﬂ&ll e ?ﬁ%ﬁgﬂmon part ner

sequences. 20 ﬁg 'tg'r BBI%‘L’JEI%%‘F' g\l ig ﬁ?%@df%gﬁ% i 'ﬁ%:ans a

p_olbymer: c Ip(r]I §3)20)] Imgm:qeg),tsﬁti@sn?ﬁoao, 5EQYD ﬂlo;zhgsgg MNCE%IZQISP;Q ﬁbtper f

ri bonucl eoti des_ or deoxynucl egtide r e rmof e ype o

nucl eotide. T "gér%qdNQd@sgngﬁBls}éggrﬁgsﬁﬂ%NQ%@EgﬁgbdeﬁmEﬁéf DNA. 25

The ter m g,l i ggnm;lse,_cggcggj'l_qoeégggﬁ&qmNe)r;ni_ n i ncludes natur _al |y occurring,

and nodi fied nucl eotides, |inked together ?%Eggt urally occurring, and

non-nat ural |y occuf® AFrTdnseguith @l serRmdAsPee dRresepy ingeniion) Bt Bes are a
pol ynucl eot i dgr&ilisielan 9RBLS) |c\6n1%ﬁﬁﬁél§lﬁéﬁvﬁ dhaingtRinef ad@d0skmsRs or fewer.
Preferably oligonucl eotides are 10 to 60 bases_in | ength and nost
preferably 12 comprising SEQ 11 gY0O: gand7 lightgchain varigbleopming apgfl segyecei n | engt h.
d'i gonucl eot i dgmpRtife Y8G3DINO:$4.Ngl e stranded, e.g. for probes; although

be 'd

ol i gonucl eoti des may be doubl e stranded, e.g. for use in the construction
of a gene #utant. In accordance with a third aspect of the present invention, there is

provided an antibody comprising a heavy chain amino acid sequence

comprising SEQ ID NO:2 and a light chain variable amino acid sequence
comprising SEQ ID NO:15.

In accordance with a fourth aspect of the present invention, there is

30 provided an antibody comprising a heavy chain amino acid sequence

comprising SEQ ID NO:4 and a light chain variable amino acid sequence
comprising SEQ ID NO:17.



Z 3 SEP 2009 WD 001 37504 PCTNS99/ 30895 23 A i gonucl eoti des of the invention

can be either sense or antisense oligonucleotides. The term"naturally

occurring nucleotides” referred to herein includes 5 de?wrsEpomacl eoti des

and ribonucl eotides. The term "nodified nucl eoti des” i-ls reg'gtog9 herein

i ncl udes nU@P¥YMdes with nodified or substituted sugar Rd the

like. The term "oligonucl eotide |inkages" referred to herein includes

ol i gonucl eoti des |inkages such as phosphorot hi oate, phosphorodithi oate,

phosphor osel enoat ey RRQRAGS Qﬁjthsﬁlﬁ?ﬂﬂoﬁsb&:t Jf%@fb?e%&iloxhﬂ?é}ﬁ'oh Oihféieoﬁt €,

phoshor ani | adat e, phosphoroam date, and the . See e. LaPl anche et

al . Nucl. Aci soviged anllsplgecshur{lmg)oclosﬁle@né@dyathat ig capahle ing38c. 106: 6077

(1084); Steln Ghal BHEproflh dneBimond Grid 8 Rlind

Anti - Cancer Drug Design - 539 (1991 o Zon et 9 g)%?eg%nuc e(;rtlr doers and

Anal ogues: A Pinding with CAppv-banith, anmntibgiy- seipgted IﬁonE&lksglf@lpmonEétmg @xford 15

Uni versity Pr (11 ) t £pt No.
Pressy AKX gl Eng 2 d131 99%5) 613 ?EZSU;%& (l.gbol)"z’?st.t.ﬁe

5, 151, 510; “Unl'mann and Peynan em cal "Revi éws

di scl osur es ofandhi2chl.b&r elnherothey prefemed) emhodiniensy thee frgibedy epossesses a

oI i gonucl eot | c o The term
"selectively %}ﬁ/%s‘&ﬁ)gi f?ﬂg&?%ﬁéﬁl@? J(:)Iﬁ%]g“@@%e%%rsg&taghgms’:%{egg?fror%

specifically Uhmstoulpmry%rsnng ebBilded,l..oKi8goHiO2e 4B det 1HH,0.1 ﬂ,aglrﬁaht s t her eof

i n accordance n ti | gi.c acid

strands under w({) Pglalt]'ra\c?ﬁl %n%ﬁ ﬁ Pgor%%klr ons&?’;g &gmwdlg‘glgt gﬂﬁpr eci abl e

anount s of 1a:letaaubaﬂyl ie sblecteld gt thcrgmq:pmﬂsumg nﬂ&llel; d.laGi4’l, #i@h stringency

conditions can h ti.on c nditions as
known in the a‘r’%’slelqgmgxrs’ggufsgé%cl %éhggﬁly Léé mcrl&aB @i d sequence
honol ogy bet we;ﬁefeﬁédeernbﬂdyrﬂm,l metahtﬂtﬁﬁiy 1@Inbgaasacﬂeeahecbﬁm Canﬂlcf fragnent s of
the invention and a nucleic interest wi,Il be at |east 80%
b o et ypi CAMF SRR B e BTG FE AL g D PSSO Sfenst 5506
9g% 95% 99%marslel rw&%raalﬁt Mncﬁ‘ﬁbf&ﬁer&ﬂ}g thoS Qe REE In aﬁcﬁhéi(pi’ﬁfémgogs i f

t erersa artial.or c efe identit et wee euence or

exanpl e, 85% HETRSAEEY n‘ggpr?ém{"?f’it 1588%5% ety X gjﬂ]: 4d§r E’Frtr cal when
tP 2% b g/ggi gg gg FS&efSraBlth@;bﬂrﬂﬂ@Cboﬁ@ﬁse cM&nG@b@?ﬁ&ﬂh&&f ra?xaceﬁs. Ernranaﬁae ]

Xi chin in either of, e equences bein
mat ched) are a‘fr;’% em %Wrﬁ graﬁﬁq’?"%ﬁt@ﬁﬁeﬁjs ag*ﬁ{?ctfvéWq'gﬁgTﬁg g? l ess are )
preferred w t hC29B712EH4D8INA Q1A ST ghaltk ﬁfaﬁ%’out £06: £ Bl refeaib)y Abost
preferably, two prot ei n sequences (or polypeptide sequences derived from

them of at | eaX¥0:13%y s5patsso Im anatlerpreferredesrgiodiment, dha binding gHindty cddhet his term

i's used heb@i NMantibddy!ib 8doud Y EMAS @éartarmaref&mr eboqf 10 MRk @réateAnIno (1 N
standard devi atign units) using the program GN wth the rrutatron dat a

matri x and a gagthserrsfers SIF‘b%d“é‘Fntg?hééf’%tw ygétéblﬁd?’l‘ﬂﬂg betyyeen CTEAAt | as of

Prot ei n Sequengd ByE with/adaty & 1oW&- thadPdisodd ool M@Iauar%re'ierawtwmahan& onedi cal
Resear ch Foundati on (I 972)) and Supplenent. 2 to this to valune, pp. 1-10.

The two sequen®edt &8 By g%m%%&&%ﬂ@%@%ﬁ%%%%%% if their

am no aci ds ar&nﬂ&ﬁ@ﬂ%&ﬁﬁ&‘wfl vﬁﬁh%l 1CsPofA0Wer tEMbb& 00 Br SRt al | Y
aligned using the ALIGN program The term "corresponds to" isS used herein

to nean that aanddreferably dter than gbaj 858 aM. slnmrrbrrcpg@med(qml@dlmqns thedent i cal |
not strictly embgﬁjeﬂ@%eeé YL behahRidn fxpaarléeuorla qgagg 9byPhbof} SE er ence 15

pol ynucl eoti de se E de sequenc ntical to a
ref erence pol ypsépt prisresten; echpreferably by MéiSéQ pg/otljoygreatdre Ineangiher

| COMD! et a1 pkflned SyaBHENCRR! ol Bk PG GRREE o, Secuence
For illustrati biast/Rlajleassrayr@Iyexbbutdﬁ)Oazg&ubmcgeﬁt?Mﬂ@reiembI}ebpalnmhs 1238 a

f AC 20 d I t " f
N
rel ati onshi ps hetwten ui A\EPBMCrop Mo]@cﬂlgddwojmmtigdeamy Bymaboat 500 lﬁg/anuences

f dqw! d t
renerence SeeRE R MR SaR MO B BB 1 P OO 70

sequence" is a defined sequence used as a basis for a sequence conpari son;
a reference sequence may be a subset of a |l arger sequence, for exanple, as
a segnent of a full-length cDNA or gene sequence given in a seguence
listing or may conprise a conplete cDNA or gene sequence. Cenerally, a
reference sequence is at |east 18 30 nucleotides or 6 amno acids in

| ength, frequently at |east 24 nucleotides or 8 amno acids in |ength, and
often at | east 48 nucl eotides or 16 amino acids in length. Since two

pol ynucl eotides or amino acid sequences nmay each (1) 2 3 SEP 2003 WO
00I37504 PCTN899I30895 25 conprrse a sequence (i.e., a portion of the

o, o,




acid sequence) that is simlar between the two nol ecules, and (2) may
further conprise a sequence that is divergent between the two

pol ynucl eotides or am no acid sequences, sequence conpar) gogyp bgjween two
(or nore) nmolecules are 5 typically performed by conpari n% sequences of the
two nol ectWREFYr a "conparison window' to identify an&CTYRPLA0S| ocal

regi ons of sequence simlarity. A "conparison wi ndow', as used herein,
refers to a conceptual segnent of at |east 18 contiguous nucleotide _
positions or 6;3fcAén AC HBMORF Yihble®1d2R| sHpishiBat Ase HLMYENIB ppymi@m no acid
sequence may be conpared to a to reference sequence of at |east 18

cont i guous nuctraueiedly 1500 pe/miiongreater of byeajeaiasdlan ahawt Rfeprcirpferally porti on of
t he pol ynucl ecjede | sREUERGELI N the conparison wi ndow may conprise

addi tions, del et/lgons, gbﬁ‘%st?tqti ons, and the like (i.e., gaps) of 20
percent or |ess as Iscwpadande tvotht meixtlefeneen el thoepressntc mventione thegoéss not
conpri se addit H&rg{;iﬁech. QI?ILSE%dOi}?i%ochﬁuaP,g&sk s o u{o%ﬂ}’aﬂg sbildk By tWO
sequences. Optimal "alignment of sequences tor alighing a conparison w ndow
may be conduct spdcibgityt treCTbAad ashamovhtdydy atlgaed trhmm the gBmipt ¢onsistihgaf er nan Adv.
Appl . Math. 2: 8 h I | i I it Need| erman
ATV 4 3 4’%?&%‘%@%2’3&%%@%5}' 1927063 PRIALTIRY, | ty met hod
of Pear son andandilareinl.Pn aprefédetdlembAdiadnt, $eiantifddy $ ot crd2OrB&tivR4vith ( 1988), by

conmputeri zed i tatjons of these al.gorith (AR, BESTFI T.. FASTA, and

TRAGTA | n"the GRLBanEPR eHAE armut s ol BRI b i aner | oo

Conput er Gi®upspeidsScamnprisas enole, ratMag sabbit a¥ proferakile naouse lead rar MacVect or

sof t war e package of. by ipspectipon nd it he best. ali. t (i.e.,

Fosul ti g 1 ¢ Htk pRtees! puPlat e wBAGy Fes Sabuf WAL Ba-4 SoEE | son

W ndow) gener aprixdatey ptefi@ablieqptimatedtdompisd Snembigeiseshd rhésdis hdnRyssequence
sequences, are

identity" neans that two.polynucl.eotide or. amino acid

{ dent i cal (i elsn apgihes H’f&%&%ﬁ’g&é‘w@%d‘&q Bitoge Bopserses g eyite dPue basi s)
over It heI c?rrgagirmm Weﬂ_@@w&t Bhe, ctb_ruma'lhlaeﬂgrlﬂnéfagguafthﬁemnm;ﬁmt gent i txd/"
is calculate c aring two optim al i gned sequences over e W ndow
of conpari ¢on, P%@faggpmaﬁq%éopﬁe%gmﬁr- o%‘ b‘l?ét?efi%ﬁsﬁmgi[ eWﬁP@ﬁ’e’E‘théh‘? denti cal
nucl ei c aci d bgiaging afffhity of'the bntiody @ abldut T0° Mor @feate ahdiptefepbOriatioui N both 2
3 S E P 2003 WD (301 37504 PCTNS99/ 30895 26 sequences to yiel t_g_e nunber of
mat ched positi dhs, Md#eateg nanofshipestersrd "r@"gﬁ‘é‘iﬂ‘t’ﬁégiaﬁ%‘{ 1pYidithe t ot al

nunber of posi $in@iAg bktwebMETEAM A BRD WHHEONE bf Bwer thBf abbuddogn® ze), and
mul tiplying the result by 100 to yield the percentage of sequence identity.

The terns "sub¥tdareferablyilQsrihangbold. 38404 Renether riefpedambedinebdhect eri sti ¢

of ‘a pol ynygl egliind@y RhibAbin@ing 6kt eSEEPERUSnd WIEN Rithlad 118, BObYBUGNEOt i de or
am no acid conprises a sequence that has at |east 85 percent sequence

identity) prefaoablQP uYl or gpster audl preferablyplopertien shoyti@AL &M dbmanothgr nor e

usual |y at | eagfrAd Riftolitlent QAL @RGSR A IGRbicY 182 HRERAORUnt £ 18 cLief er ence
sequence over a conparison w ndow of at |east 18 nucleotide (6 am no acid)

1o positions, bleg@airmssay byehouaS) pefvivonereater prsbprefepablyBy aorit 846 de (8- 16
am no aci d) po@%ﬁh Bf‘?eatéﬁb% gllldgl?eré PFeféH%ﬁ%ﬁﬂB&ﬁ%nt?fhe%ﬁ;ftﬁdeé)‘ag%ﬁla!ngé%%ﬁ y Is

cal cul ated by nmparTng the r ence sequence to equence whi ch may

i ncl ude del2&t i ppsoduetiondidi & Tored biast/Bhji assa by 20ogeildepg/mbor igesster @fid t he

ref erence seque r &h ris i ' Th fer e..sequence nay
be & subser of PR Bf aAle JEETBANL SO RME R ol plo Ryl SRS RER

conventi onal atheraotitaody disivaesd Lt2hmrbductibdp incay hERM G ros wholelbdawwdsoperamtigesonal usage.

See | mmunol ogy_-._ A, Syt hS "d Editiop, E.S Galuh and.D. R en, Eds.,
Si nauer Associ AF855Y §E?1"g§?)pd’ﬁé’% Rpggaten g T"@gﬂ e h’lgcﬂnrhOQIWW&ot%orat ed
herei n by ref enstibody efitanceedL20opredictite irga hPBMG aiowhdle digodalipdrivetigenent y
conventiongl am no, acgid unnat ur al i ci,ds such as.a-, a-disubstituted
ami o aci 90 NEPROY e S99 RRETLRL Praferatly d SoReny or el REPY aivelSh PR i onal

am no aci ds maybauk 30% bepreferdbis 0% ftutive fegvhsiolf or pol ypeptides of the present
i nvention. Exanples of unconventional am no acids




2S include: 4-hydroxyproline, y -carboxyglutamate, e-N N, Ntrinethyllysine,
s-Nacetyl |l ysi ne, O phosphoserine, N-acetylserine, Nfonnylnethionine, 3
met hyl hi stidine, 5-hydroxylysine, a-Nnethylarginine, apg gtpeno3si m | ar

am no acidg, and_imno acids {e.g., 4-hydroxyproline). In th | ypepti de
not ati on u§’é’3‘°’ﬁ?é?£1i n, the lefthand direction is the ami rk T{‘g?%oﬁgﬁp
direction and the righthand 30 directiaqn is the carboxy-term nal direction,
in accordance with standard usage and conventi on. , 2 3 SEP 2003 WO

001 37504 PCT/ US99/ 3Q83&rdahceSiwith | sPdeldnth UsHBISSE 15O Bresdrt Qb eRtidiE idrs & t he
| efthand end of sjngl e-stranded pol ynucl eoti de sequences is the 5 end; the

| ef t hand di r ecPrryidehan aibpfvthat biadyodC Pof vin cRMEsisingfehesxy GB#eR @9inos 1 ef er r ed

to as the 5 didi€dqh&fRe cdhfrighy BtdnIRIOFRD, arddFrRS seggé;l.'bési QBoffl ppascent RNA
transcripts is referred to as the transcrl(gtlon 5 direction; séquence

regi ons on t hehuorn u PBA@epafamily apnublydinked ayfiunewitas GPRLRANIDBAA which are
5 to the 55 epd 9f chR8 RlYfedct 2BRCEDRY, aFfSRS, CLRN R Qeﬁgnc'éypéetix{geam

sequences"; sequence reglions on the DNA strand having t sane sequence as
the RNA and whind¢peadant!gseleated: fam die (PRI, GIDRZ, endNARS segusnpes Plustzatesl ref erred

to as "downst rfg}:ﬁ?&@%eﬂfzgﬁ;}efe & éﬁb@d%ﬂédt,eﬁataﬂtim(bjy&e@ﬂaing%,é aldg term

"substantial i 3jty’ nmearis that two peptide sequences, n optimally
al i gned, such epmpsiginglzay pf thgrsamsticGaRtatiensRESEHIRL, FB2nepddeRJnsequengesp wei ght s,

share at | east . uence identity, preferably at |east 90 percent
sequence ident?sgg?ﬁ%gglp%ggﬁgf ably at 15 |l east 95 percent sequence

identity, amd nost Ipraetedabt withtan @glgh agcipefi the ptesad durentian, ithkeatis ty.
Preferably, residue.positiagn ich ot identical differ b

conservat | ve. afte e B StoRl el B ILCTL B abOiHHAece by s oo
substitutions #cd edquémze chpiigiigeheimiERela FRD] ind K3 seqedndescsncbdedibyqa sim | ar
side chains. For e le, a gra of 1 no.acjds hayi i LC side
chains is 20 g %%Xg‘;@%%aﬁ?ﬁgfmtg%eﬁgsﬁ%cﬁ%% ?m%l?”(g[ ia[;@?ghc‘f ﬁ@?‘ba group of
am no aci ds hawmdwCBRB pbuknde; Whidh antjdods hakethe falowing gopeatidsn @ tarding hr eoni ne;
a group of amn ci.d Vi ng .am cont ai ni ng. si.de chai ns j spar agi ne
and gl ut am'll%e; a‘?f“@ E%S:’lﬁ‘?"%ﬂ? ?‘R?%gqeyd%r %%ﬁ%rh‘ﬁﬂlgp%{?fﬁﬁf‘% gﬁwagl @ﬁh?h i's

phenyl al ani ne, adidyBogi wigh afl0s,tdf)y4pbwplodmM sor Jowetp indiibid Bimding 6étdserhavi ng
basi ¢ side chai is lysine, .argipine,. 25 i stidine; and,a group of

am no aci ds ha9&ﬁ6§ ﬁ?‘%/@gcﬁ’ﬁgaﬁ%nﬁi@ of iag%‘“(a:]&gi‘{k ‘irsl%’?%taéarféh%{’r‘fgs

met hi oni ne. Pr gft6iinestofiRASeM\ed k4P o PRUNA T&elEl By S00a5 I otigr@fergr oups are:
val i ne-1 euci ne-i sol euci ne, phenyIaLaRine-tyrosine, | ysi ne-argi ni ne,

al ani ne-val i ne, gl UPaIfFRIensh AT 8 NingR PSRESHAF &b PrEsegt (VAR e Ho80 19as

di scussed her epfwvided B antbdlY &lat 6M3s tdICTDAR-4QFbMSrisAp £h&Rf) LaME AgniS

anti bodi es or 1| mmunogl obul i n nol cukﬁ_ﬁi are_cont enpl at ed ais E&é{{]?
enconpassed by 23 &SYFRESAMPIISHE Fillo FR2p AU\, FR? SeAueness operablyd fbns in the
X 3 SEP 2009 W20 Aathod€¢DRET b W39, 308 I5CBR3 abdwdfccdialisheb@atI REISct@I Nt ai N at
| east 75% nore preferably at |east 80% 90%, 95‘%% and nost_preferably 99%

In particul ar, Terse PRt (D R2iaRs CRR3gsenusmcescibpeisted 18 Fswend éRpPat ed.
Conservative rgRlcRGRABIAY hadihe SIRARY bldpdrtib2K Binding affinity for CTLA-4 of

25  about 10° or greater; inhibits binding between CTLA-4 and B7-1 with an ICsg
of about 100 nM or lower; inhibits binding between CTLA-4 and B7-2 with an

ICso of about 100 nM or lower; and enhances cytokine production in an assay of

human T cells by 500 pg/m! or greater.
In accordance with a tenth aspect of the present invention, there is
30 provided a cell culture system for assaying T cell stimulation, comprising a
culture of human T cell blasts co-cultured with a Raji cell line. In a preferred

embodiment, the T cell blasts are washed prior to culture with the Raji cell line.



place within a famly of am no acids that are related in their side chains.
s Genetically encoded am no acids are generally divided into famlies: (1)
aci di c=aspartate, glutamte; (2) basic=lysine, arginined 3rSEft 2@ ne; (3)
nonpol ar - @hL3nkfes val ine, |eucine, isoleucine, proline,pqhalyiadsani ne,

met hi oni ne, tryptophan; and (4) uncharged pol ar--glyci ne, asparagine,

gl utam ne, cysteine, serine, threonind8 tyrosine. Mrxre preferred famlies
are: serine and threonine are 10 aliphatic-hydroxy famly; asparagi ne and
gl utam ne are an dmad®rdaned withn amglefenth hspectalf dre presentviabéntien, thawds ne and

i soleucine are an aliphati.c famly;.a henyl al ani ne, trypt.ophan, and
tyrosi ne are %ﬂ“ﬁ?@%?ﬁs&y Oérﬁ“fags/‘.mréo? cggéﬁﬂﬁ@?’oni’ foq‘%rlsr‘rgasgﬁg’ging %0 expect
that an isol aguitilrercfhhmaeTeel bladts and R4 dol! liakidonactingind allmieeitloan val i ne, an
aspartate with a gl utamate, threonine wth a serine, or 15 a simlar
repl acenment ngeﬁ%%?ﬂﬁu%CH?‘\ﬁ’Fl?r “gtﬂanPé'ttfﬁ%H?ﬁ“V' related amno acid will
not have asmmaj or dhfseedrdambe Wit aBitwelifthhspuct Bf e Sidsk@Sin@intibh)a&héressll ti ng

nmol ecul e, especi,ﬁ%{ly . f the re& ?cemant. does nOtHj nyol ve an am no acid
within a fran¥RBPRd i UBCHORRC KL 1OnSCEFIINE 2 QHetY ahéeC?lleéwpvlétonh a

functional pemhéta, EibrisRigdiptavidag dalQrsdrnasaPY 88 SRy asd & Reji sapci fic
activity of the polypeptide 20 derivative. Assays are described in detail
herei n.  Fragmifs SO3cting egyiurswith e ROits 20 Assesse gk AP HCHN ecul es can
be readily prepaeegupy those of ordinary skill in the art. Preferred am no-
and car boxa/-term' ni of fragnments or anal o%s occur near boundaries of

f unct i onal'® donmi ngt agqr@pgqu}vgp aéﬁﬁchﬂth r?ﬁ!thetﬁﬁ‘ifph@v@élﬁnﬁée?d%nti fied by
conpar i son of p{,Red ¢8R ktiHRaBRMRly BICTOAAGKhK LAy SRS comPRdidg L 0 public
or proprietary sequence databases. "Preferably, conggﬁt erized conparison

met hods are uSu¢pctieg # ediee soppsisine dpmean dvell blasts anghi Raiji eelblingywith & n
conformation IndS, kdd ins of known structure and/or
function. Met ﬂ%g{saint os%e%‘z&r% Hy 5 (k)t gﬁ]&gfgqtg%ﬁ{é@ge.that' fold into a known

t hr ee- di mensi onal stacesedancewih a fourtearth aeel of the prasent Byentionctho®3ds 164 30
(1991). Thus, r ' fgg?]g@s SKill in the
art can rggogﬁgoggfigqﬁlgﬁggg‘%%?? S n?ir?ig%?%t?ta elagﬁl%l%l%%ﬁ?gﬂéwfshat may be
used to defi neomprisingt (ontactingdheé ageot wWishal cell gnliira somprisingclymgpanEeelhi t h t he

i nvention. o4 = rred am no acid
substituti onsmg?tggitd%olg% c\f/ﬁ?’(‘:l%:aﬁ? %sggrsegﬁéﬁlﬁéé@gg{@g??ﬁ%{uﬁ)ﬁbr ot eol ysi s,

(2) reduce susceptlnbtachtof the tenth dhtongn the Hurtaertierasprictsdoi theapresent ty f or
form ng prot eln@exﬁﬁﬁ})ln%@ﬁeferﬁeﬁ) ?n?tl&dﬁgen?'@9'1“9?1%1%&‘:9'&' Sashef Mo 1f 4) conf er
or nodi fy ot her physicochem cal "or Turctlona properetles off 'such anal ogs.
Anal ogs can i odturdeitly theiRaji selilite i In anctherprefetpdombedinidnt thet dytukirtehe

nat ural | y-occyr pn tide seguence. ..For, e | e, .si.ngl.e or l.ti pl e am no
acid substi tu'tdf'gﬁgm%g?'e#’}a? Bfﬁ?i/(‘]"e§8ﬂ‘§8‘?‘v‘§?tr \C/’égl%{nﬁ‘? WSdlécélf’g MBI O | ons) nmay
be made in theuwpemhtantaisdlyted Gronir the BEINSE (LED el @inbbdilieyt, tHe dghst ipor tion of
the to polypeptide outside the. d i form ng internol ecul ar contacts. A
conservgti 32 %ﬁﬂ@&%‘@%ﬁﬂé@?%’wggﬁ%ﬁr d no'? substantial |y change the
structural charactirdcedrigge fitht hffigpatheasbedt o tRNsesehtCingention, thegeliacenent

am no acid shoul&lilfj ot tend to break_a helix that occurs in tcpe garent
sequence, %or Bi%¥ %t‘m&f*’ﬁ% ory peasuring T Ceil SHEpHlom cPRPRsingG PIXIANEAr act eri zes

the parent segoiMion of limdniriphees bifod MdnohiRldad Pilk @ hiRinWERE blded secondary
and tertiary str\g&%&res are described in Proteins, Structures and Ml ecul ar

Princi pl es ( CP#R iithegipphylpgoceps enteralonin Anepnéasting My, cuktasy With g (1084) ) ;

I ntroduct i on hgenPrhad MeibuShd WSS rb&iciEl BMeBaARutkiod 00ze, eds.) Garland
Publ i shing, New York, N.Y. (1991)); and Thornton'et at. Nature 354:105
(1991), which are BREFOr9ECce HiH aB¥taent ampestaf thapreseat bvention, thergdst er m

" pol ypept ixde Ffo@ﬂi@?rht fur@orid @bay) G6€ bitedrBigC h SméittyafoP O ¥BERihfGidrpat has an
am no-term nal,_ and/or carboxy-term nal del etion, but where the Tremaining
anmi no aci d sedinehele Gomprisiag:t | PIQViding & HOPBIBHOTE 9 dwian gpesipberal 8lesdi n t he 25
nat ur al | y- 0CCliohbiidlede GHRNGE nHma Gatble bRjod SstMiMEs WifhO Bhphyidtobeus €Ngth CDNA
sequence. Fragnents typically are at least 5, 6, 8 or 10 amno aci ds | ong,
preferably at |east 14 amno acids long, nore preferably at |east 20 am no
acids long, usually at |east 50 am no acids |long, and even nore preferably
at least 70 ami no acids long. The term "anal og" as used herein refers to
pol ypepti des 30 which are conprised of a segnent of at |east 25 am no acids
that has substantial identity to a portion of a deduced am no acid sequence
and which has at |east one of the follow ng properties: (1) specific

bi nding to CTLA-4, under suitable



2 3 SEP 2003 WO 001 37504 PCTI US99130895 30 binding conditions, (2) ability
to block CTLA-4 binding with its receptors) or (3) ability to inhibit
CTLA-4 expressing cell growh in vitro or in vivo. Typi gaBlgep pel ypeptide
anal ogs co&Bri se a conservative amno acid substitution (or addition or

del etion) WPOART®pect to the naturally-occurring sequed&&/USERER ogs
typically are at |east 20 am no acids ligng, preferably at | east 50 am no
acids long or longer, and can often be as long as a full-length naturally
occurring poly ILoe. ».Pept.i mpl -

phar maceut i cal H?%eﬁg’?r@’ %gl{aﬁ%%n‘gﬁ_?%@gié i“g@qgér;us wi’taT\'éd %?sg%girgltq?%&g&gnal ogous to
t hose of the tpwgicticebytsrcelipopulpiese types of non-pepti de conpound are

termed "peptide m LEST i i i i.CSF ] Drug Res.
15 25 (1536) ¢  vebernarienel witPERYEHRRIEhE S o pRUNAL ol ndde, P19 T
Med. Chgm 30:mf@2’@ec( QQ&ZI) stirriﬂhtoty asay FonCBpdrinttivitbri Emeiion, btymlnléwiral encF. Such
conpounds are oftep 15 0 .th. { ol ecul ar
nodel i ng. Pept te gacﬁ%l%f)?pglga%? ?lg are gsgfléﬁl}%flﬁogp?{?ngﬁl%p#%%uf é? x{eigr%‘apeuti cally
useful pepti dewhoiapldod stismbhtedorigr stehhydcagtue eniervkimnd withearapgeut il or

prophyl actic effect. erally,. i dom neti.cs are structurally simlar to
a par adi gm pol W?ﬁ‘f‘?&gg‘?f‘?%¥°?X°§°§§f§‘ﬁé§ﬂ’%"éﬁ#‘ﬂ%t has a bi ochem cal property
or pharmacol ogi cal Iaatdovdanye witls arcdigiteentisashecirafthapiesdnoitiyentionf thérave one or
nore peptide |ink S opti |1y replaced by. a.li e selected fromthe
group consi sti Wﬁv@?g}i '@E&‘N&r}&, S%;?eﬂ-rl%sgq ,age-"gl%r- &&‘H‘k ?ﬁ?glfﬂglgcﬁﬁtlvft&'i s and
trans), -- @OCHZomprisingCldofitaftinkiZhe ageatnwlitiCipGiMation by humirhpadipherel blodkdhown i n t he
art. Systematic substitutjon of one,o re am acids o consensus
Sequence. w th SRRl Bt grieleBo0€ SRBRAERYh sy GefeRle T by ace
of L-lysi ng) rraxyt_eﬂg@xmse,tina BssERING cfoRin8 Produdion BY eheReDbopidsion) B addi ti |O|n
constrai ned peptides conpti sSi a_Cconsensus ,sequence or substantially

i denti cal _consensusl_nseé‘&}béﬁgg é]‘fg‘?ef“gt gl?'rélif’ %@t%eﬁb?sgf% °§§ihen%r_te?‘FBHs known in
the art (R zo gRentfonfihaeeTer ¥ bmbBanenBittRdyRfine SL1L3B 'In(ah 8B &) preferrédr por at ed

herein by reference); for exanple, by addi g(i; internal .30 cysteine residues
capabl e of 1f or FPRfIPFRL GiRMISHIPdCtion Eunsasyed i suBgradantisalaietfomithe ¢ he

peptide. 2 3cgRR 2009 WRAR Heaincal RETIHEAMUSRRBSY ARt hlersasly OF

"anti body peptide(s)” refer to an intact antibody, or "a binding fragnment
thereof that cbifelodsTldi-th the intact antibody for specific binding.

Bi nding fragnents are produced by reconbi nant DNA techni ques, or by
enzymatic or chemni ca i i i Bi nding fragnents 5

i ncl ude Fab, Fab', v ; — Sy s | An anti body
ot her than2a "bispecific" or "bifunctional" antibody is understood to have
each of its binding sites identi.cal. An antibpdy substantjal inhibits
adheston of & recerPPrst Hh HEFeanERlon et TP eRL s mt | boay
reduces the quaidhbdlynabintibediedgainstiminan OTD.Ach UNiioddotit€e sqquieicedsncading east about
20% 40% 60% or, 80% ar&d nore 10 us.uall(% raggte t}pan.about 5% (as
measured in an PP A SSAYREESS: SOPRTISTR Eﬁ’g s}‘§§75° 23 immppnaglobgfin o o

i ncl udels gnly pliribﬂdahls,(ﬂlex}tietlilBﬂlﬁ@qﬁeneéhpﬁb-b@oﬁdingéma(ﬂoﬁﬂi@obi liﬁibijlglcfli%han

i mmunogl obul in or. T-ce receptor. Lt opi C m nants usual, 15 consi st
of chenical®y &84 savenses fow b Eﬁgﬁdﬁm}ﬁh gbﬁ%éﬁ‘d 4ha§spr8f}’ﬁi%jo aci ds or
sugar side chairgghepebvided atel ititbdies h&\ﬁﬂ%&if:ﬁl@r HiktigCproperidting atibodies uct ur al
characteristics, as well as §pecjfi C ¢ arge_chgraoteri,stics., An gnti body is
sai d to specif(XaPi§F BHATPILT) A ingeHmitpe AincHonaliiys ap aptadisy distiesednt is < 1
uM pref er abl y hereinl 00 HyMiddifas"Rgprefdin! &uaP! MinkhOg1obdlin? GndiB&uldseramy “ agent ™ i's
used herein to denote_ a chem cal conpound, a m xture of chem cal conpounds,
a bi ol ogi cal naangsienataniibadiessre algo ppvidsdt nmde from bi ol ogi cal material s.
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25 As used herein, the ternms "l abel"™ or "labeled" refers to incorporation
of a detectable marker, e.g., by incorporation of a radiol abeled am no acid
or attachment to a pol ypeptide of biotinyl noieties that3csP B3I det ected by
mar ked avjdi .g., Streptavidin containing a fluores r or

enzymat i C""gé’&?éﬁy that can be detected by optical or ﬁg’rs%ﬁsi C

met hods). In certain situations, 30 the | abel or marker can al so be

t herapeutic. Various nethods of |abeling polypeptides and gl ycoproteins are
known in the pgfiniféyt may be used. Exanples of |abels for polypeptides
include, but are not limted to, the Z 3 S EP 2003 WO 00/37504 32

foll ow ng: radioi sotopes or radionuclides (e.g., 3H 111ln, 1251, 1311),
f1uorescent | abel igss Gtherwisd efinBE bR 94 3R89 nd Aohnid&iNerm3aSed 80Y. 99Tc,
rhodam ne, | ant hani de phosphors), . enzymatic | abels (e.g., horseradish

peroxi dase, (¥PP§eHgn)sith dhg daesent jnyentior, shell hayeklie| Meainess PRGBS e) |

chem | um nescgtmonly QhddiiéodIbP 1S of oRMirRAR ST Th 16 afO! BIRGEY luHRsSP! t OPES
recogni zed by a secondary reporter (e.g., |leucine zipper pair sequences,

bi ndi ng si tesothwwgéwﬁar}ébx/comxn@@avle@:,ermee%hall insjude phplidienendduralepi t ope
tags). In song,edodifRat ﬁlie sisngﬁ’l%l %‘1eﬁ‘érﬁgfi‘Bglﬁ&{lﬁgﬁ&yutﬁig%ﬂrcoﬁ{ewonof vari ous

| engths to reduce potentia eric hindrance. e term "pharnmaceuti cal

agent or dr ugWwitygnd deshniness efireel @né tissug gulture, traoteanddr bindegye embiproteinc onposi ti on

capabl e of i nguciing. r.ed. I t 3 . . . dm ni stered
to a patient. (H%rg grhlglﬁ St rﬁgm%eg@ rer@g ﬁ'gra!rellﬁ %‘%’E“Z&E‘S}QAQQ%E@%@@%&%&{%

convent i on@&l thesegeell knownend commasly egeshipthef drt dSthydafhtechviiqBesieve is¢d  Di cti onary
of Chem cal T, ;lﬁgg r Cnld 0 i), ] cj.sco (1985)),

i ncor por at ed ﬁép%f n y%r?e]?lg‘?’enogg%udf%% g%ﬁﬂsghﬁ@g@sﬁﬁgs@lﬁ@@aé@t " is used
herein to refemsfoomatipaniess. t tledtroparatiort, Hipofestiant)i oBamdynatio preactipnsoénd nhi biting a

devel opnent o [ i of. Q i hu arti.eul.arly a
mal i gnant (ca u(gg{cgtgosl’)%%%g%snﬁm %ﬁ%ﬁ’"g&s&gm?‘#égpgwﬁ%? Psssg F%g?%l,onﬁ ynphoma, or
| eukem a. | nhotEstcommonly avedraslishai is thesarf oregyudesdribyd Rergino[The foregaiing

anti neopl astigc .agents..As used herein), "suybstanti al.l ure" means an obj ect
speci es i ?t h%cﬁ%lﬁ% ﬁ?%gﬁ?{”edz’beécafeegmﬁﬁllg é’ﬁ#grfrfe.%e@?m%lﬂg ég ﬁ%rfvﬁ?tl%ggi sitis
nor e abundant metheds wely kidwroinhihe attragld \ab destkib&pimcragisud genlefid asdmpesi tion), and

preferably a substanti al | rified. fractjon i C sition erein the
obj ect speci e%peggﬁ‘prre%e?aé?e%tﬂ?#eggt °‘g§f}oﬂ?‘f °B¥‘F‘ie‘ﬁ{°“%ﬁ?athﬁn‘?rﬁsf‘m asis) of

al |l macronol e@afiacat&necS@Se.gar Sambiook Ggrmrﬁblewlmacwb@t- N tLubdrbaprpur eI |
conposition w onpris e, than aboyt 80 percent..of all macronol ecul ar
speci es presefit™ (%8‘1'(:%9@3 e ?rb‘?ﬁ)ﬁ °§6°r§&é?sé’r§?)lpy5[%g PN about 85%
90% 95% 2&ndNQ%d 989y twhivheik efcdkdoyated hedeif hjyaetersnp& C TRE nbmerdlbihirkd ed to
essenti al hom)gen‘;i.t cont ani nant speci es cannaot 2.3 SEP 2003 WO

001 37504 PCT/ Yi8E8S sheymedtion yuthy apd thelabgratonyproediiss apd teshnigies Pnvent i onal
detecti Ion rr:st ﬁtﬁ[iﬁi);al\l\/ftﬁérﬁiisﬂﬁy,t h?ntﬁaﬁpcb‘iﬁdnid)rbh@fmg&,s'[zﬁhxdeSﬁﬂEHh;ljaa' kad of a single
macr onol ecul ar, speci es, .The term pajient include uman and veterinary

subj ects. 5 AB‘%“F’B?P&}}“C@{ WE‘EW@GWB" 91R arg thosg 3gl) kuewn and oMMy ¢ i s known

to conprise aude@ln MRt SkR@irdit@hhiqi® aré Ssed FORMSMIEaDIynineses] dhemidaral pairs of
pol ypepti de chaa ns, each ) ) ,
25  analyses, pharmaceutical preparation, formulation, and delivery, and treatment

of patients.

As utilized in accordance with the present disclosure, the following
terms, unless otherwise indicated, shall be understood to have the following

30  meanings:



lo pair having one "light" (about 25 kDa) and one "heavy" chain (about
50-70 kDa). The am no-term nal portion of each chain includes a variable
regi on of about 100 to [10 or nore ami no acids prinaril)i&?@fpome:-j ble for
anti gen =Tl ofe iyl ;I on. The carboxy-term nal portion of ea? h@wgef' nes a
const ant regi oﬂ primarily responsible for effector functron.”"Human lig
chains are 15 classified as kappa and kianbda |ight chains. Heavy chai ns are
classified as nu, delta, gamm, al pha, or epsilon, and define the

?nt |h bodydshi sotypﬁ’ms ﬂe@Mh"xdo@Ezd bgl[%udlagde"arad UsedE)hefeds RASI | Medny a W; hlb n

i ght an eavy chains, the varia an constam regi ons are joined by a
"1" region of P&B’GH‘Se%@ecﬂf %?B?’@Caﬁﬁ)ﬂg St Fypdhetig; ongiy ﬁres%wgbﬂ 4°H al so

i ncluding a " Gherksf0waith Oy BRQUGS is &g\[m& &R0 14r68d a&yﬁlfcaeoa@e"&eglsg@aeral | y,(

Fundanent al | munol ogy. Ch. 7 (Paul Raven Press

1989)) (i ncor petestasd Bih el & pe@on 1pfja eolwi%@eymr which| the Sisplatsdes) . The
vari abl e regi %@ngae&mhml folhit (nhlmx @5@ &e%whﬁlea%ta%lﬁa&mmy bi ndi ng
site. Thus, an iI'ntact giGanl bi nding sites.” Except in 25

bi functi onal ovhiel épemtfin&edammmreegr @rdee&rmomumm pYursias@art Hf @ t he sane.
The chai ns al]iazﬁé@e@l dhed e same general structure of relatively conserved
framework regions (FR) joined by three hyper variable regions, also called
conpl enentarity determning regions or CDRs. The CDRs fromthe two chains

of cach pair are aipQRsl "Rl BrdRTRABICA 1d RO HRpnst eixﬂc%}‘c?rll\gg' ng to a 30

specific epitope. FromN-te to Ctermnal, ‘heavy
chai ns conpr i srecompinagbRHNAnor BRihetiCOREID oFmEMe @Q)P@,natmhcrmh@h@wm The

Gotinntions 3 GRG0, BT6S AR o UBFERLARRES O Wil

Seguences of PRssociatedswitf proteins folmdgin gaturdy (2)as st of bther pmwins|fresn theut es of

Heal t h, Bet hes r I Bi ol .

19b: 901- 917 (1 )S%&ﬁ ﬁ%"g‘{}d‘“\}‘? &%%’temg @ﬁg é’%&é%akﬁgcﬁé)ﬁd\@ bi speci fic
or bi functi onalifferetishaibs, drg4)adoesud: iofdue iredatdagibr i d anti body 5 having two

di fferent pseavyll ight chain pairs and two different binding sites.

Bi speci fic "antibodi es can be produced by a variety of methods including

fusi on of hybri donTheaernl I'potypeptidef akalbéd heéraignmnd genefieaernetgreferSongsi vil ai &

Lachmann Clin unol . 79: 3 5- 3 )., _Kost el et al. J.

mnol . 148; TR B, 19995, B s 5 R VRS SRR i RGP ey e
forned as "di airowdingfigmdnts( Hiﬂdnhmgi axe'rspcﬂ:[es of thPipalypepitide gemsml'dferﬁidval ent and
bi specific antibod ment s" PNAS USA 90: 6444 644 19 "Janusi ns"
(e hmecker - opabipebidss SRR Rce 8 A hEInERBIOR CHOPIE (et Jeh R ¢ ar got
cytot oxi ¢ by NPkAKbESLGR mu:lvcumfaeattwh@eid IeappENEO oﬁalﬁan&ﬁﬁsglaﬁﬂ& (1991) and
Traunecker et al. "Janusin: new, nol cuI ar deS| n for Eeggmfl reagents

Int J Cancer SApipfules. maresented g dijauye w wrﬂbaﬁe’et ﬂya?o g5 Yant i bodi es

can be a rel atdou@inatib@Rmptisth©ihs h¥yRhais §afmuseidbalif thotdchilds RitRdighit | on of
conventional antj bodi es angl yi el ds and deqbee of purity gre geger ally | ower
for bispecifi cia® i Foameglobying jmelepyles, 5 i ot etheqoapept BghtstCMR ( he form

of fragments higithinggRbein@bRcuds) B gics vérSa, (26 vebll, asHedgmefi@ind aaMegsV) . 20
Human Anti bOdIt% %Ed Humani zati on of Anti bodi es Hunman anti bodi es avoi d
certai n of 2t he"fff%bl ens associated with antibodi es that possess murine or
rat variabl e and/or constant regions. The 25 presence of such nmurine or rat

derived proteins can lead to the rapjd clearance
The term "naturally-occurring” as used herein as applied to an object

refers to the fact that an object can be found in nature. For example, a
polypeptide or polynucleotide sequence that is present in an organism
30  (including viruses) that can be isolated from a source in nature and which has
not been intentionally modified by man in the laboratory or otherwise is

naturally-occurring.



of the antibodies or can |ead to the generation of an i Mmune response

agai nst the anti body by a patient. In order to avoid the utilization of
murine or rat derived antibodies, it has been postul ate@ 31sa8P 2008 can

devel op hyspgised antibodies or generate fully human anpi-pgghio8eset hr ough the
i ntroduction of 30 human anti body function into a rodent so that the rodent
woul d produce anti bodi es having fully Buman sequences. WO 001 37504 35
Human Antibodies 2 3 S E P 2003 PCTI US99/ 30895 The ability to clone and
reconstruct negabase-sized human loci in YACs and to introduce theminto

t he nouse germine_proqvides a,po fyl S approach to elucidating the

functi onal conpone’rqﬁ)es?%'fn v%‘?e?b?yaﬁ%%edorascPngef‘ffelﬂ'arﬁteé%%? R R as

gener at i ng usebmponend ab desfribbd) arerin di exsiswshipFpatihhngher, totfasctiohiithi zat i on of
such technol ogy.for substitutign o use |l qci wi.th their human equival ents
coul d provi de%r‘ﬁ ﬁ’ﬁeé‘afcﬁg}aﬁﬂ?s n‘f°8{r?ﬂgeq89<'ﬁ?e§§‘7r6 yg‘ﬁ’%e‘f‘efﬁu? 59”&8% of human
gene pr oducséI S s€fuendadis di(gzlattedi AP BEML g wgtnelhat ckﬂeagmnmh@ abdiggl sstfukitedt her

systens, and their inyolvement in djsease induction and progression. An

i nportant pr a@EPEgd v %‘5F?I@éﬂqnéﬁ°’6?a“§l§d’ﬁa‘éh%?qn§f’]e’§9“ei“§°st he "humani zati on" of

t he mouse hunoral i mmune system |Introduction of human i munogl obulin (I9)

loci into mce in which the endogenous |g i?ene,s have 15 been inactivated
of fers the opport uflt g centR}ysequraceyedshussd diseeiny Frdas 19 ipalynpHentidanmed

expressi on angedea@hith Afe RBdstRPH Bfectific ¥PldssidarddRbdesdid & c'baangcel I
devel opnment. Furthernore, such a strat e? could provide an ideal source for
%

product i ontfof SEQMERSEs iR Y¥iHFhnH e ereoligateda nT ey BAIVrE of (sNeth §qnteoh SPARSBRSE ant
m | est one t ovgjiflss fddbdralnlgl Dbt AR BEQNBEENiRh; AN N]EAP¥ohtb] hUMEN
di sease. 20 Fully human anti bodi es are expected to mnimze the i nmunogenic
and al | ergi c BewIseRss 8enerably inchadepromaoterp risesomal fpdine sitfe pid anssringionabs and
thus to increagpidaien Sdqhibfkacn cié gloerddly, Sudf G RgdbilEthefiak ! bodi es.
The use of fully hunman qanti’bo‘ i_gés#ycah%b_ereg’pect gﬂgto p%'%(%viede “a substanti al
advant age i n trematere aande iransstiptien denmination feguencei ngTheurterm dicetedes, such as
i nfl ammat i Qn, LY, . el i I RERded anti body
adm ni st rattgi or?géhte%!ﬁe_ apﬁ)ét%nggﬁqtgo%\g?%nét%h{ gmé\{glg ’\/\%fsag%%ﬁ(glﬁgﬁgneersgmuse
strai ns defi cipessencenis nassentialafor i dxprysipr eudipracessingi tahd |can gadsof mgipdent s of t he
human 1g | oci ik, .Gl ' m a ge
repertoire of aﬁﬁinn%{r]fﬁ gﬁkp%h?gysﬁqlrg%%f%ée{&gﬁgg?\@gﬁg&u?ﬁoﬁéceéqgfniﬁf’blg Ies. Large
human | g fragrsequesceSandifusibulppinesequeancesne | arge vari abl e gene diversity as
wel | as the proper regulation of antibody production and expression. By
expl oiting the nouse machinery for antibody diversification and sel ection
and the | awk of i nifhatehogpdpucteotide anmderred20 Ber8EmMe2O0OpANBnEH 87604
PCT/ US99130895 .3 . ot eiAs r d ; t | body
repertoire i n%tf hrglsciecgtrlr%gggp gfrlgﬁsﬁsllasﬁ%s%gny]i%’gt@ E@g%ﬁ %%Elgﬂf?q@e%n%ri bodi es
agai nst any ariogancleftidentes esidjfied rfoinudf eighen typerofanciegbdes . Thdsteng t he
hybri doma techngl . antj gen-speci fi.c_hu Mabs with the desired
specificity cdrlﬂ‘i?%ﬂ%géhglgg‘b‘i %gffgrg@g%&or@ﬁapgﬁéel ected. This general strategy
was denonstrated in connection with our generation of the first XenoMuseTM
strains as_ publish in_1994. Se een et al. Nature netics.7:13-21
(1994). Th¥® XenoNbﬁ.g%TtIWEt r° ’ig?lrgm&/@'i%e eRgTFle b TG hmfllgg?t gl ci al
chronosones ( Y&isding and miodifisd ndclmtidés linkedd ddeth&@bykiangalhestcgeing) dnde
configuration fragme ts of the huma h.%av%nkghai n ocuslang k%épcpa l'i ght
chain | ocus, rOBFaURLYepsPuming; Qieopysicotiontpkesse (AIEPRIRIRNLS 20 Ast ant
regi on sequenge$mudlebtidd rabdat! gererdlly aiprisingiaBnfRGT J00MEeE rofdRer.conpat i bl e
And were capadiEvBh DSBS ER TG e B BREh P HE R BEEY fones. 15

? > ’ ’ gt-h- - l
This was dsmong| 1ated16y17 hej 19, abRb itd W0 tbases iel wmethB-ORddnuéledtRbPprgENt , to
produce an adult-]like human repertoire of fully human_ anti bodies, and to
generate anti dié\‘ﬁ”é’p@ﬁglfisE'a‘Pﬂ?ﬁ’aFrgi\/ﬁBstWéﬂéthLﬂlll.‘a’gn%ie%d@u’@@éé’teed t hat

introduction afouble stranded, e.g. for use in the construction of a gene mutant.



| arger portions of the human Ig | oci containing greater nunbers of V genes,
additional regulatory elenents, and human | g constant regi ons m ght 20
recapi tul ate substantially the full repertoire that is gharggpt ggps stic of

t he human response to infection and i nmmuni zatio rk of Green
et al. was‘%lgag;eaily extended to the introduction of gr egf:g-r{'gfgﬁ’

approxi mately 80% of the human anti body3zrepertoire through introduction of
nmegabase sized, germine configuration YAC fragnents of the hunman heavy
chain | oci anoblkg@a@@ednuwtoﬁ?m@h@vamb@cmn rRSPeGEl Viehse drO aiMiserkéce
XenoMouseTM m ce. See Mendez et al. Nature Cenetics 15:146-156 (1997),

G een and JakdWigemuckotifes. Exp. Med. 188: 483-495 (1998)) and U.S. Patent
Application Serial No. 08/759,620, filed Decenber 3, 1996, the disclosures
of which are herebﬁ_ i ncorporated by reference) 3o Such approach is further
di scussed and del i déatem ngturplly ocpiriag mugpesides aneferad Sehprgin Melydes07/ 466, 008,
filed Januayy dedxyribdfiiieoHddsCatd, ég&uclgét{dgg N‘P%qgijﬂﬁr'mgdlﬁér?%gcle&ﬁésglg 297,
filed July 24, 19)'92 07/ 922, 649,

00l 37504 PCT/ Uslged08dsreyy indgles mpk@we@wmm@a‘@d gri mgutmd oswga_r5 1993

081376, 270, 11> TANEy ke, ThE i gl laglt PRI Bigpho

08/ 464, 584) fiiheude3uneoligonucdDtdes08/ Ukags82, such| edksJunphosphotdi®ibate,08/ 463, 191,

June s, 1505, BImRIRARe; 7l bnBlutiifen oo meigibdiads, ' 7

1995, 08/ 462, 5b8sphbroamithtiivate, Fﬁlpslm%ﬂada%/pﬁﬁéh&mlditb | el thiC hbé:) efee2, 1996,

o000 199,020k DA BRI At 80074566, A0S, YBOUE. Elpllyghl VS o

495 (1998). Se%?caIMOEmr(tﬂﬂe}arSt@abedtNm AciEPR®. mﬁzzopawm, anranaﬂ publ i shed

1 o June 12, 1 nat s onal Lic 94/ 0 602

publ i shed Febr/gnzlry 'g?'t %@“i’l bﬁ Werngé ﬁ‘pggﬁe a‘AE’BF?’E‘& e%‘ﬁ"s dz

96/ 34096, pubIAmzilugdesOctzbtfeact&&L Ajlzﬁ%ﬁqh appd SM098qF2%Es’icmpﬂibJ |G>tfeﬂl June 11,
1998. The scl.asur.es . of eac f_the a < t cations, and
references%ar gUng?rgﬁ' Pfﬁﬁogﬁgqxgt%'lﬁlw lﬁ%@) teé F t Q$ %ﬁﬁ%{g ]g?'y. 15 In an
al _tle_r naéI ive apfprﬂla&lb Ulﬂllﬂarrs,andrl] rﬂﬁyuﬁ?ﬂghéﬁﬁbﬂ?rﬂé\fenlsnpﬁsmt(ﬁm| thel nc. havle
utilized a "m ocus'’ oa n e mnilogcus approach, xogenous g
l ocus is mmic ? SP‘WFBE‘Q’ ﬁ’(? CFF@V&%@B}?”(S‘T%’@E‘&?‘:% 88#‘33 °°t§f§nes) from

the 1 g | ocus. chhiticludeaaanel forbdétectivh] ij@ddRed. one or nore DH genes, one or nore
JH genes, a nmu constant region, and a second constant region 20 (preferably
a gamma constant region) are formed into a construct for insertion into an

ani mal . Thbe appr oawB téré '@&S&fv’e@ﬂ@bhﬂﬁzu referB@ tCRdreilneans RAdtd@fblyt O Sur ani
et al. and U.S. Pate 5457806, 5,625,825 5,625,126, 5,633,425,

t
5,661, 016, 5, 72°¢ R CaHY ’?B”é é’@b’n“%{mildss gligonygigotides and Fagmsntrethereofnd Kay
U.S. Patent Noip a'éeo'i'@alw@@v@thttﬂe KvenANYeREfAveRNBytRRIZ8 S0 nikisic 20RL #RhadNOS.
5,612,205, 25 5,721,367,.5,789,215 to Berns et al., and U. S. Patent No.

5. 643 763 t0 dﬂs‘Fr Bybadizatinn WQMS@WHW}%WWKP@BWS‘P&QF amoygy ot

Appl i cation Seddicatabdbindith/tonbéfls Z&Be nﬁdlé:@da&u n%ﬁ st%ﬂg/en&y‘?@&m%é edp, 962,
filed August 31 1990, 07/810, fil 91, 07/853, 408,
filed March 18%¢ usgd 3o aghgvesal e@efs hYPquhé*HmmfﬁEde@S agdgyown oy tipomt BBD, i | ed
Decenber 16, 18%kssedfedfil C@éreﬂa%} thé 'n{x&Qc A8 Isbquéflce Mooy AR tHH2, Tiled
July 22, 1993, 08/155,301, filed Novermber 18, 1993, 08/161, 739, filed
Decenber 3, 19BPRynuglgptidss, abigonucteptidas, andfeagments phthe imaatiornayizomeleiel i1 ed

March 9, 1994, 3 geqlierse! 05 Wi&idstOfill bé 28 194F 809 Bind more typically with
preferably increasing homologies of at least 85%, 90%, 95%, 99%, and 100%.

30 Two amino acid sequences are homologous if there is a partial or complete
identity between their sequences. For example, 85% homology means that 85%

of the amino acids are identical when the two sequences are aligned for



WO 00/ 37504 PCT/ US99/ 30895 38 which are hereby incorporated by reference.
See al so European Patent No. 0 546 073 B |, International Patent
Application Nos. WD 92/03918, WO 92/22645, WO 92/ 22647, 3/\@59220392670, WO
93/ 12227,W 08# 0569 WO 94/ 25585, WD 9G114436, WO 97/;&?‘%39/

98/ 24884, scl osures of 5 which are hereby incorpora % ref erence
in their ent| rety. See further Taylor mt al., 1992, Chen et al., 1993,
Tuaillon et al., 1993, Choi et al., 1993, Lonberg et al., (1994), Taylor et

al., (1994), andlinluRinatdBihgetGaph (in e(tHDBthe toSByMehébs Dbin@lmatched)926) , t he
di scl osures of which are hereby jncorporate by refer e&ce i n their

entirety. lo PHEWsdip&pxpnizingmatshing gapdeneths of 5 of legsprepygirared Wih 298i gned to

the Medical Reggatiah sRtred.t ARemAVREly)and PFRSINE dwd pwtaﬁ% Bhdes MOUSE
possessing an I g | ocus rough use of the mnilocus approac The inventors

on the GenPhar®h Mn@p%& pegpaices derkved drome thean el at least A9esing faidady, fol | owi ng
the |ead ofs thgop) GRERIMIIERSRE a0 s teaﬁqpesis@efeﬂﬁ?ftmé@ﬁdv%nqhﬁﬁéﬁ%tendogenous

nouse | g | ocus |5 coupl ed Wi th substanti al dupI i cat’ion of t urani et al.
wor k. An advariegef @fmerpéhaniSiin sandarddspiebercnitkusingethe piogeant LGN h whi ch

constructs | ”%{ﬁ%é‘ﬂm@i%ﬁ 'd&@?na‘&ix a6 %a% ﬂeﬁﬁ%o\/féﬂ?& é?gat&e%g% Bagitbrand

introduced into aninals. Commensur at e a Sl i cant
di sadvant age &.Qihie Afasi Qfo%a@lfaﬁqﬂﬂmmndsﬂtmme fpn lﬂhéb(? yYolums U, f i ci ent

diversity 1 honaUaGHedil B By loR 10PPiabuB Ay BUFRALS of V. D

and J genes. ea sto S concern.
B-cel | dev#l op'n’e!me, andl-éﬁt i Thedyopsegekncesi azrnpams thmqfears; nmroqufeebly hr ough use

of e i | 0GR AABLAPA 0 ARG ML oERST SL8H6 <ol 3EREA Ny T oundi ng

the present inven as consi stent| ovvar
i ntroducti on eptimallyeliged tusinpshoALIGN progrhroc UBhei tarno " ceres@mds e"aishi eve

greater divergj f titute . .the e repert0| re of
t he ani mal s. G%H‘%gﬁtt]io[}n rr%@stz’gtagn)tp BB&%I&??—&% crﬁcleéslﬁohr?g]eoéogﬁa%g e the
industry to pnéqmacaé udti striztly evolntiatalibr selated) ko athiof qudrtwntofmowf@mceV\hl |l e
chinmeric aﬂtl ﬂyn ‘i OB@V(E a human onstant re i on and Hu e var| abl e
region, it i s P3gTE f) GRS e af’npo}lePr?%h a etqfle“(?ﬁllﬁel Body ( HACA}
responses w | Ireferencdysodypeptile sparehdeC uhabxhtyadisnnation,ahe mnﬁr"cdsm;blémexdﬂge
utilizations gf,, 1 he%g{‘]tl b? X][e t@ 1 ‘gaB WO 001.37504, PCT 99130895 39
Thus, it woul d°b¥ SEEPFEBIQ™TEY PP STPIERFYaK SRS S MBBAIcBL S48 ai nst
CTLA-4 in ordefl dra ycbrhbrabgaeefeeﬁcrmﬁolgmgfeeﬁdeen‘eﬁmbs Tbr ﬁlﬁ&ﬂﬁaq tioh, iﬂACS\ o
response. Humani zatj on an Techn 5 As was ed above in
Conhect on w PHCRHE ToaT O A OTEROB o e Reenet P a T ATAL ¢ o

produci ng a)nt|ahmcb@mpwntehtafyadueadrenm§umg&m@,¢ " To a degree, th| S can be

acconplished in connection with techniques of humani zati on and di spl ay
t echni ques using appropriate libraries. It will be to appreciated that

murine antibodi es qrheqamm@gilt@ﬁxsfafeomeatthedes&nﬂ%e%ecﬁﬁﬁbebmamﬁwiszed or
t echni ques wel | knovvn in the art See e g ter and

primatized usin
Hans | munol %&'ﬁ?n 1048 Bgre pYyrcleqtide gy jagHRo agid equenpsst "rofIFICEWs i n

I munol . 1212 5e4ifefcd 138rbarisdh &irdB ' oshheitl idantiSr e &rcéfﬁé/gebﬁs gdgeered by
r econbi nant DNAél{égc lEiés to, sub stltﬁ%ﬁe t he CI‘%I’ P &{ﬂS hi nge

donai ns, afid/ df‘enflﬁ’"’ PP‘éﬁ%ﬁaR“"&ldﬁ%“W"w t"‘h"‘ief?éenﬁ‘i)rs?‘é@b?iﬁdﬁr?g

sequence used as a basis for a sequence comparison; a reference sequence may
be a subset of a larger sequence, for example, as a segment of a full-length
cDNA or gene sequence given in a sequence listing or may comprise a complete
cDNA or gene sequence. Generally, a reference sequence is at least 18
30 nucleotides or 6 amino acids in length, frequently at least 24 nucleotides or 8
amino acids in length, and often at least 48 nucleotides or 16 amino acids in

length. Since two polynucleotides or amino acid sequences may each (1)



sequence (see WD 92102190 and U.S. Patent Nos. 5,530,101, 5, 585, 089,
5,693,761, 5,693,792, 5,714,350, and 5,777,085). Also, the use of I g cDNA
for constructl on of chirmeric i nmunogl obul i n genes is kn2W@nSEm 28e ar t (Liu
et al. 4:3439 (1987) and J. Il nmmunol. 139: 3521 ( NA is

i sol at ed WP&)mﬁa hybri doma or other cell producing th%&g%% E)o y and used
to produce cDNA. The cDNA of interest 2¥ay be anplified by the pol ynerase
chain reaction using specific primers (U S. Pat. Nos. 4,683,195 and

4,683, 202)f Abdreprivatal seghence 6i.el,iadportion bBthﬁ&d?pEfbdpcﬁﬁfueﬁﬁl&ﬁbclirmnixﬁd)l ate ]Eheh
sequence of interest e DNA sequence encodi e varjia ion of the
anti body is t A& SFaELS) B\ﬂt §§“ﬂ’?ﬁ?&ﬁtwc98’n§}ieafﬁ’f) W@%ﬁ“ﬁﬁﬁ qéieﬂ’é‘é rthf e sequences
of human constafirise @gedquaticedRD @Sdi VEYenbBetk BdArtHe iwd foBatlc@idefbr anlid®91)
Sequences of Proteins of Inrnunologjcal, Interest, N LH publication no.

91-3242. HumeACE SPRIGRESS ENRISC SPBPATISARS Peiwern Ao ABT §‘°F?)dﬁ? IRHRRRTR | ones. The

choi ce of ksotyR@NpetfoldRdIby deHpdingt RGuddess b€ theefwoe floRbulkd!Bedd #NS, such as
conpl ement fixation, or activity in 30 antibody- dependent cel | ul ar

Cytotoxi ity EmAREianelindewt yipdbentiti srdcqompprsciscal gePoa i fegesnce

Particul arly piggfgfy ed "c%ﬂxtpi(r[?s%ﬁ wlﬁaovantag Riogl Rerei] rdfllS tb AVEREipARI are | g&2
and | g&. Either of the human |ight chain constant regi ons, Kappa or 2 3
S ~ P 2Q03 \Aosweawmlmﬁ@sgwsmleamqmme@ orrés@ymmaqs@édwr%e chi meri c,
humani zed ant i, ubl@ot‘cf@eé}g@e;ﬁ% %?3&9,,&301&%@ Atd of be"&@gﬁfba oAt I body
fragments, such as Fv 2 an e prepared cl eavage of the

i ntact proPei referenqg. segyenge @tf@asleewbﬂmmm@w wcle@nﬂag@r G amfinoeptidit i vel y, a
truncated gen Wﬁ%q- , g g a portion
of “The. F(ab ) PPEshand \htreih Uhe BAAR! G B GrElebficdRrR0 1R 909 2 dormi
and hi nge r egicompasison W@delemy mmrirtslbIadmmﬁoyielammaﬂbbtamlm,amdsﬁ\ep codon to
yield the tru e 0, es encodi ng
t he heavy andlﬂﬁggﬁe? %L) (ﬁui ?fée?teg?dferslggﬁ% e u@e@éﬁ gﬁﬁg%ﬁs%ﬂ{f&%

ol i gonucl eot i @ekick doesuwecqaprpmadmnsn&w demtmnﬁddmnﬁmf allignnest ofithei on sites

into the J.re u r human C
regi on seglrsren'?dggg u?fécge? lﬁp' g“‘%lt(%g%g‘f%fme fglg s%ntmé ai‘r é‘fsheégrmt agenesi s
to place a restndogt i myl tsl dmdﬂedtbmtk&nbbﬂglmmlmsalgwmhmmf $teth udran

sequence. is [es S d etrow ses, .cosm ds,
YACs, EBV der %%dm pi sorre h[h 4%%%&( ?dn %?logyecar%ﬁ”mén% one that
encodes a funtatgloﬂlhﬂidﬂNdP.diBmhmirﬁl WummanG'onerzcﬂ:M&mumﬂ@b cblymlhdsaaxsbquence
with appropriate. r stric nSibes eng neer VL sequence
can be easi|y B ?rgd “é&d’ (3{;‘568‘3%%3“ ?%%3%‘{‘?(‘@“3% (? usual 'y
occurs betaoee852¢44 {‘l@SS)pby(bemﬁlﬂéﬁhl’edSimbEmeﬁtaﬁd‘iﬁ dfnmétalgdnﬂmrse(gim and t he
splice accept ed hu C reg t the splice
regi ons that ?@éﬁ? F?‘rﬁ%‘ ‘g%% rtﬁa ?1°§’SI ﬁ"%tcdré% Wﬁ'ie%dgka%d
transcription Retasd Mo} (GénetiesCOsmpdteNGidupp 5@3“861&‘&&1)1)&1 Msddises, Wasyst r eam of

t he codi ng regions., The resH |ting chineric ant may be joined to any
strong pronot SFFPCYoRKS: 95iMRS Ve g?’rff&i“?ﬁq pag ieﬁ)RQr I@f\ée@e}{ﬂ@%elh?:b ?prom)ter
(Ckayana et alahgrwnt (C&] kesulBng.in 3he Keat9§a&&uag8mf3h@ﬂdl6gynaveﬂ thes LTR
(Gorman et _al. P.N A'S, 79: 677@&% ,. and no eq){ rine | eukem a virus
LTR (G 0sshe §PMBRrisgn Winday) sepgr y(ﬂi XFSIPYS mﬁa?clwes i‘j{%r onpters) etc.

Furt her, human anti bodi es or anti bodies from other species can be 30
gener at ed t hrough di SF| ay-type technal ogies, includin without limtation,

phage display) ret 1BYIFRI"SHuEHR AR FREBHHiat BY%B‘PIW"%&H@F Bf HBIOt echni ques,

usi ng techni qugid séflehcds &?B’\laezhtféalt(hS 8h la BRoidReyLARIblid G RRRCHY)-es can be

subjected to
residue basis) over the comparison window. The term “"percentage of sequence

30  identity" is calculated by comparing two optimally aligned sequences over the
window of comparison, determining the number of positions at which the

identical nucleic acid base (e.g., A, T, C, G, U, or I) or residue occurs in both



2 3 S EP 20 WO 00/37504 PCTI US99/ 30895 41 additional maturation, such as
affinity maturation, as such techniques are well known in the art. Wi ght
and Harris, supra Hanes and Pl uct hau PNAS USA 94: 49372 398EP (00997)

(ri bosonal Parm ey and Smith Gene 73: 305-318 age

di spl ay), wopbid ) 00 e (1992), Onirla et al. B R T
87:6378-6382 (1990), Russel et al. Nucl¢ Acids Research 21:1081-1085
(1993), Hoganboomet al. Imunol. Reviews 130:43-68 (1992), Chiswell and
McCafferty TI BibfisncdsOto8del8 4he A8BiR) ,of amakhed Posifatspdividig, the nitBer/df3. | f

di spl ay technol o S are uti e to uce, anti bodi es t hat e not human,
such anti bodi e%? @fé% Hﬁ’émﬂﬁﬁﬂr]éyn}hfé?f "&%&8 PESLHENS FoWe compartsey Wé"a‘{oﬁ’ese

t echni ques, an(tlbbﬂﬂlvaﬁdcﬁraﬂzd)engenmrpamgthwesﬁﬂ bMd0 R¥MIE B éﬁ@exﬁ@éd s, CTLA-4
itself, forms of CTLA-4, epitopes o eptldes t her eof expressi on

libraries ther‘éftsﬁq‘(eé’%ee‘démﬁy hasterms; suptantgl id t%’s"sO‘Sef%h"\mPéPP“é"ér? t hereaft er

be screeneds ascrﬁ&iehme@faetaq,\sgnméotfubema%m@ TaélssseQ@&feel Raceabaye. 15 _
Additional Criteria for Antibody Therapeutics As wl | beapremated it is

general |y not PRI¥Mclkplide ergming 4"‘@‘1.“%?”&%%@?%’5‘@? fgt bas|at deastiBftnersent one
general 'y desi §q8erk® idehtily] Mreferdblybattiedst ddtcado PhdactnnEbquérch ldetnﬁtyl h@ands to
mtigate T cell down regul ation. One of the major 2o nmechani sns through

whi ch anti bodi &s3alky 12f 1easy P2 nercent,peguepise fidMity 8h cOMPAISAP etrEplercassd

part i ci pati on idguéovekEodARRIANINERRIoP a1 Rkt 38 ABRbRAY aphayaclaﬁ i mpor t ant
role in connectiion with an antibody's ty to fix co ment ‘and

parti ci pat 80 i npasions, Fraggentlyeaver alwlll}dob’n@f %é@ﬂét:i‘*s% neC1¢%ldF)(§ré6 émizn ant i body
to either prov r In, the 25
case of the prﬁ&l@nﬁ ﬁﬁlg@%rﬁﬂleyﬁn ﬁfe er at: %Pg?hﬁﬁg{l%ﬂgdga%%\gfea,wdigt} IS

general |y not gnm:aengé@rcforemq Seqlmctem thmqu@dy“dlhhtmdyliml@detdwtieed |'s. There
are a nunber of_ | f tg%ﬁ ment
fixation and CX §d%?£r?§ }cﬁgt?tglnid ﬁ%g%nﬁlgf %Qfgﬁ tlﬂéﬁe &bgtﬂglﬁggsmsﬁég%eﬁurl ne | gM
murine | g&a, eamiapieon ymlbw niihe referenpe3seqirnommay g a lsubsenof gargeand human

1 g&3. Thosg, SOSéqﬁ%wpes that do not include, wthout |imtation, human | g&
and human | W Il be appreciated that anti bodi es that are generated
need not i ni t| ally possess a partl cul ar desi red i sotype but, rather, the
anti body as gener at 7504 P /30895 42
possess any |sotype£sgn H‘é’eé“nt |hg gveng'ar?o vemlmsnca} m svm%ué dfg er eaf t er

usi ng conventi ahbadvxamnhfullqwe@nvmbnaammgaeISee l{mmmlogjf 1 WeSyahesis @Yth

t echni ques inc rrbl nan (see e.g., U S
baront Mo, 4 sEAUS B ol Maafh Gob R SER Atnele e oBb e AR " Bt o
Appl i cat i ono No(1998), 7\Sﬁlp163é91nc&pf)ialeedwﬁ£ﬁ tbb&efeﬂeime lg&ﬁe}orsoﬁimn@ gathers. In the
cell-cell fusion.tec onme.or. ot her ¢ repared that
possesses a hed3V{° cﬁ%rhéf%%%?ﬁwﬁxﬂg cgueptiongl F‘?B‘Pyat‘feie’awag’ﬁ%t ?(P g ona or

ot her cell |i nguchs pr-c@aisabbtittiat arias 2688 a$-alkPEarhing fatids; Nadtid. acﬁuaﬁu cells can,
thereafter, be fused and a cell line expressing an intact antibody can be

i sol ated. 1o BYhffaymesmventional| eminp nacidsamayi glso b suiableTrompenenis 1964 es

di scussed her epilysupBdd Wit padibt ifvEhdord E)a@eeafmmnu&lamﬁmsuebs ant i bodi es
possess desired nding to the CTLA-4 nol ecul e, ?}% one of such anti bodies

can be readfl ymi°§16§ yﬁabydmyvehw Te-earbesyaluamate, s NaVrrimetayllysise\sol- £ or
exanpl e, whi | eaéewu&LmQOSé%&gH&ehﬁ@ %@H@et&’lix}ﬁm@blﬁfﬁﬁﬂﬁa {ogryech adef i nes the

antibody's 15 spécif I Cit sonme of its Init ccor ngly, as
anti body candi mathekhl%mele,gﬁehwkwédmmﬁ\l methylaggirne enti other smilarraaitio at t ri but es

i onal 1 okt s B et ipd LSRR Rt By pe "

swi t chi ng. 20 herein, the lefthand direction is the amino terminal direction and the righthand

30  direction is the carboxy-terminal direction, in accordance with standard usage

and convention.



Design and Generation of O her Therapeutics In accordance with the present
i nvention and based on the activity of the antibodies that are produced and
characterized herein with respect to CTLA-4, 25 the desd §rSEFf 2089 her

t her apeut i Lities including other antibodies, othe i Sts, or
chem cal noie ?gé ot her than antibodies is faciIitated.Egﬁﬂﬁﬁﬁgﬁglities
include, without limtation, antibodies having simlar binding activity or
functionality, advanced anti body therapeutics, such as bispecific

anti bodi es, i nMmunosiaxiatlg, unksdspecifleddthdraiseth Rethadeunt o€ singlgensidad | on of

peptide 3o therapeuti.cs, gene .therapies, rtjecularly jntrabodies,

anti sense theP&%E‘t# °8§? 54 falc%%es de II%@?H‘L‘EC]FBPH@}M"B,1°'§’§“’§F‘§cussed
above, the ef belghwleotidsequ@desdt rdfdifed to &s tBe S'Eteatm— THOREDH3H 904 to

PCTI US99/ 30895 43 anti hodies of the invention nmay be changed, by isotype

switching to an a‘F‘B’Q“, ° g’@,"m_l 5‘&4‘ f’Pﬁs@Ptsllﬁﬁ?feFﬁ‘}\_,t° Iangt}’edFanFW‘P‘br various

therapeuti ¢ U3Restioh/se§RRESERE0A onhE DNAGraa ABFiRE the Bark sedbadsade ant i body

t her apeutics, where co_rlEI enent fixation is a desirable attribute, it may be
1

possi bl e to 5RNAJaad which e &dpdbrderrad ofthec RN teanseript ey refeared tias | i ng

through the usg@fanPk&esded SuedddTRONOX he DIOA skadi RIVAREHS sathr exanpl e.
In connection with bispecific antibodies, bispecific antibodies can be

gener at ed t hasequenpsras ske RINA apdovhightare 3'dp diie 3ead of the RANA yraescripicdrey to CTLA- 4

and anot her t Q.m2. &85 90 WRkiRam! had are conj ugated together, (ii) a
single anti bod§/ 1o that 0has ones %ﬁaﬁ specific to CILA-4 and a second chain

specific tld a second nolecule, or {iii) a single chain antibody that has
specificity to CTLA: Iy =1 pisnacl ] ti bodi es
can be generated uéf%ﬁa%géh%ﬁagééﬁ%%g@ %rﬁg gu/eqs ﬁ%égﬁ%@@%&é‘(‘g}%’?e, in
connecti on wi ttwo péptidamehueidey, vawe optimally Hignerb sudt asdly. th¢ progranis GAR hods
4:72-81 (1994 j i.S. ' n ion with
(1) see o oo BESTEHE Sibe Yhuli b Ruarhlhite @6| B barcthRELRD ) o0)
I n addition) 'déapiyapedirgdy a( lehdt 3t pendent Sdgpericgridentityyl nowre preferstlyan of a

hybrid i no bad i I N\ o] I es v, i ght chain
vari abl emﬁggi ?ﬁ%‘%k%cgsgéﬁa 18&5@8’- E‘g{ %‘Tgbv)g ﬁe,m%wlvlgtn!l%%d?lgegé}g?"k/arti n et

al . 20 "The aféquendeyidentitye cPictemabdyf, residvi pokitichs plotly prepiot ddenticahidiffer or of hunman
i nterl eukin-6" E :5303-9_ {19 " Di abpdi es” .(Hol L.iger .et al.

"' Di abodi es': b¥ rralyﬁ?q e%lm\j?g en moan?:f{%i %%%e%tlmﬁn? anglg%% f/‘tl\ger aadnr%%t é‘”gPNAS USA
90: 6444- 6448 (d36@}idns eafer” tdathe Shteshangatdlity exfkesideds ldving' Bimilmesidéi ¢ si ngl e

chai n nol ecul es .(Japusi ns), tar get t ot oxi.¢ | hocyt.es .on HLV .i nfected
Conl o D5 Eparaits) oo dihist 8 B i i AR P s ot 1l e P
nmol ecul ar mes:gMinfe,cﬁlarbhépﬂﬁief ie?ciiieeagenbmﬁciﬁdah_gﬂor:@maﬁﬁno&tmlhaﬁng1- 5t2) i
1992 my a e epared. .l.n connecti,on wth | nmunotoxins,,..anti bodi es
Can or) noar ¢ CalithafCaRE-oR s chmi SRR A rebhint ¢ BRBR AT A0S 2HHRL  hr o vl
known in the aating S@RklecoftainingOsidd éRilrdsds bipatigivle aho Giytardite; 2D grobip 293) . See

also U S. Patent No., 5,194,594. [n connection wth the preparation of
radi ol abel ed &FiN%AHASaVing HOMYE Fide ChaIe| ‘Boﬂ}eégla]@%‘ﬁe’a&?fgﬁe Pdadi |y

prepared uti | it@pfoghdng & Rufl WE eminb akidd heviNgEbdsicksiWhains is lysine, arginine,
25 and histidine; and a group of amino acids having sulfur-containing side chains is

cysteine and methionine. Preferred conservative amino acids substitution

groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine,

alanine-valine, glutamic-aspartic, and asparagine-glutamine.

30 As discussed herein, minor variations in the amino acid sequences of
antibodies or immunoglobulin molecules are contemplated as being

encompassed by the present invention, providing that the variations in the



2 3 SEP 203 WD 40/ 37504 PCT/US99/30895 44 in the art. See e.g., Junghans
et al. in Cancer Chenot herapy and Bi ot herapy 655- 686 (2d edi ti on, Chafner
and Longo, eds., Lippincott Raven (1996)). See al so U.S2 '3P§Elérﬂ]03Nos

4,681, 581 535'5 210, 5,101,827, 5,102,990 (RE 35, 500) 66 and
wcél 14;9%

5,697, 902 ach of i munot oxi ns and radi ol abel ed nDIecu %

likely to kill cells expressing CTLA-428 and particularly those cell s | n

whi ch the anti bodies of the invention are effective. I n connection with the
generation of amlrrerraameanﬁencqompimiadea leabthit56b) giord prefendbiyt atdedst 80%,00%6t r uct ur al

i nfornati on re)% ted to Af glng 02nt| bodi es,t hereto,..such.as t.he

ant i bodi es of ang RS BRECRRY 07 € udl P B A SO BING AR 25 t h 10 smal |

nmol ecul es) or rqﬂarcemmmgreafomﬁmptatede dmmreutwescpldchempaetmm;e ﬂ&ptakeles can be
generated that are.direc agai nst CTL sareen of peptide
t her apeut i cs P2og;d eftdmﬂh CgoarWiB‘ctaF‘ShAbﬁttahe Fﬁﬁg‘ﬂ% ol sidy © ”é’f‘ t echni ques
13:412-421 5(1%2ét1ca11#)wgbddem ANAS acidd f2: @i&ﬂiﬁld&&de(dlﬂ%)famiﬂleﬂa(ﬂ)a et al.

Bi ot echni ques 13; 901- 90 19922? 5; nd Litzi- er s, Bi 083 hugate Chem
15 3:510-513 Ecifiggepartyt f8) DANCT NG| LBINGq NisBiiBEu(As!¥n al so be

prepared, and polar-alading] ValineTRGERY, isdidhciBNPBHAd, PRenyildldhiRe Pididortind)Di et i es as
di scussed above in conn(ggtr on with antibqodies. Ipportant information

related to t h&YBOARANh gNbh4) ACharged OMT=81%F1akn 23R3FaBHEn S gMInge CYTiBMmed t hr ough

phage di spl ay samerhremmt: AbioSie. MKE PrefRATAHRBY fre Aefne hdIRREHIAS Ar¥
acconpl i shed throug nni ng a phage |ibr are; expressi ng random peptides for

bi ndi ng wi ¥h taHBha&Pr@‘V%QHY damibf, aﬁlP?éa&“H’v@;‘H‘t ) mtnt? #etasy ‘r‘ﬁlﬁé'cmtalﬁléﬁtr des can

be i sol ated t hahiipi dishind fvafitiC 4635k UWnd ﬁaeﬁarenmer%t Qmaﬁ@ffaﬁlmﬁ%en can be
gl eaned fromthe peptides that bind. In general) gmgl . | ibrari es expressing
yB

random pept i debew; » prptenhas.cid PEOFIRCATE A YIomALL ot exvemwleyitmer and
12-mer |'ibrariie$easétinle: o/ eXpBiit 1}15139&7 1§5?'Jted|-¥éﬂ[ erlll df 2MchefRB- Am ke Peptide
12-mer Library Kit) respectrve based a bacteriophage ML3 system The
7-mer | i brary ifolqyeiag envaling, @uaamretvyltfm glargpua@xa thaeoaing witha seris@®ri ndependent

clones, whjch rs%ﬁflﬁ%@ﬂg&ngﬂﬁ?ﬁ | imiRQ%ci8 With £t gfcﬁﬁal%pr%lafed]an% fo )écxdog possi bl e

7-mer sequences. The 12-ner rary contailns roxi mately 109
i ndependent clvdHawt dave repeies effecs anthy inding pr prapetties afphé mgiumngt he

ot enti al - SeqyelieeSBAGRuRSif A whidkefech dhechly Tude TR amFRANGHY ECH Of

7-mer and 12-ner Irb ar e panne or screened I n accordance W th 23
SEP 208 WO 04ia8iewdrk %T WMBA@@@M&Q ¢hengeamsifitad & fenctisnal pegileendat i ons

in which pl M '

ant i body (= gaat "y SR RERIL AR b QP id TR B e lpaRpBRREPD) 1 °
foll owed b3p wabhvamgc Bowanyd b deeribedeinedatdile berwint rFrﬁgrﬁerM gt yualops-dfCl , pH 2. 2.
A 3 oS BlodhS! o S AR h MG e be TR0 B AR Ty hERoRCY (O 5%

Tween) , throu use encing, one can c eri ones fromthe
libraries t hatoranzary skadan thceirwﬂrbfemﬂEarmno-rmude:atbbxy teempun bf baginms orReactivity

of the peptide det er LI Fox al.. di,scussi on of
epi t ope anal ysrﬁglggﬁ‘ °°Q§r rfeardb 93{0 g‘g‘l‘%@@%fa[‘)maﬁ’s gﬂ’&%&‘ ‘s?ﬂdt t’&“ﬁ Sci ence
249: 386- 390 (mﬁﬁ)ns cﬁiwbe ida:neﬂiedaliy cdiipafisddSof tB&nﬁc?»e‘b&d&@ndi&Bﬂm@d%ﬁ) Fel i ci

et al. J. Bi ol . .222:301-310 (1991), and Ku

51 of echmol Doy TEIHE. F8(bogRIE oheroRIEHn GG daahirG Birihoe

t her apeuti cs tdamu@hzedom@ahmnmbthbmw ﬁgd&&on&en&f}s@ecfuaﬂdd inbts est through
the present i nvei{r dol?rﬁt Such _nodal |(§| es n be utilized for dul ating the

function of UL FERrmatop ?trf’cflﬁén PHIeL RIUEBHP IO ¢ he
present i nventst@gtufead/bt fuaétiond ddtighds &nidentiFe poteid sagénceywnht foRiSAwS I el at ed
thereto. A de}nﬁ a]a_ ﬁtratgﬁ%{ for antisen heraeg iltICS IS di scussed in
detail in IntePRYRYREAMSTE S%‘I"F@aet\g‘l?ﬁ"ﬂoé 2} P’sienge 233:9%n and
strat egi es3d or(1gmNe Thitg R F¥regsify Welniplds ieiBnstiaRWRM @Hose bR slBRKA tHeWwkar, the use
of gene therapeutic techn ntrabodr es coul d prove to be

ues ipvol vin
particul arly f@naﬁearﬁeasg@rfgge m@é‘g %‘1 gructueg) sopfepmations thatmay hedised thher apy
5:595-601 (19%hin@&@ctural and functional domains in accordance with the invention.




Marasco Gene Therapy 4:11-15 (1997). General design of and considerations
related to gene therapeutics is also discussed in International Patent
Application No. WO 97138137. Cenetic materials encodi ngzgnswtz@}gody of the
i nventi onagsuch as the 4.i.1, 4.8.1, or b.1.1, or ot hersé rrg% (3 i ncl uded
in a suit 9%0/35%04expr ession system (whet her viral, at t ehRGHPEEP? al ,
non-viral, naked, or otherw se) and adm nistered to a host for in vivo
generation of the antibody in the host. Small nol ecul e therapeutics can

al so be envisioned in accordance with the present invention. Drugs can be
designed to nodulate the activity of CTLA30 4 based upon the E)resent

i nvention. Know ed§EefejTedad@inor agidh syRstitipric g dhese whchcTilh-18d4¢61 ecul e and
its interacti ; [ n i sent

| nventi on. - such e byl FHETRE S PRI sREGRRHRTES idsllod 19) BEA2°T e
20d3 WO 001373duimcaffinico by Sogde preteBromplanys, ¢4) altavbinding affingies 9d utilized
to rationaldy | L4} I L1 . LSl egard,
rational drslug (g’zgéf’g% ?g@hcﬁﬁgﬂtgésr éﬁéf%@@?ﬂ -fgr;rﬁ%%dg%gﬁﬁgaﬂrugsphc%ﬁh

conput er - ai dedinglogs. adahlegecin molude virions modkihs ofga c€@AkAde, othprathan that i ve or

qualitative st re- L Vi r (.0 i W] 5

t echnol ogi es Cx%%ﬁ?%fé/ Oﬁf ll?rﬁl%égﬁ t%éce) S?%%%dsc Qf@gﬁgﬁ@%\%@%@ %Hi% 5" Rati onal
desi gn al | ows aoidesiibstitittvons dprefarabie consenvativenaomies iacidstubstiutionels majnibeh can
interact with ! r | r eqf ' o e used to
nodi fy or nodu %?elq? gctgt:u??l@i'cf@l&gﬁ : é}ﬁ%‘ﬁﬁ% @u%%ﬁgtlgutg rogtg) nc(gfg e

synt hesi zeth chmiyipegtidey outside xthe edsaain(s)n flxmohg ghiemholepdr ecantacEhi sAappr oach

has been reviewed in Capsey et, | . Gepeticall ngi peer.ed Hyman

Ther apeuti ¢ DrFBEY f’%cﬁ%fl %Weg‘g’,ﬁzwrt fB@g‘; )I‘.‘)tl%‘&g@glfﬂ¥ 183088 MSnal  desi gn

of nol ecul es (seutthrt cipepteridtes of frpatedOsEqnaice (5g., Sieplatentient @ainbasid or t he
rel.at i onshi ps

| i ke) based upon .kno r.delipeated, structure-activit

with ot her mw@gﬂ?&gy{égﬁﬁbr@( %\H%}xbtg%i WEUTP g@@&e&&ﬁe@gc tH ¥ nvent i on)
has beco_anI genaheal tiyyesr kachl];&iM}ﬁ@mct@; ghat ({ﬁﬁgacﬁﬁzeﬁ&?alparéhSpaﬁlbxﬁdeyg, .
irreversibl e inactjvation of t i der. ma owt actor, receptor an
erbB2. by ¥ neAAPIES & GHHPSEREr BORPRILE SRS P TG SV BBad Sci U S
A 95|: 12022;17 {Qems% in Cﬁ?ﬁeﬁﬂﬁ&rﬂur?& and 'Mol@iﬁﬂﬁ@rﬁfcip?ﬂQZEbiéﬂﬁﬁﬁh Ehawase f

catal ytic do n_an -interaction rfa as on the presence of a

r hodanese ho%o&?eﬂ’ﬁﬂﬁr’ﬂ" gﬂmmy’ é??%'f S%E:égg‘gﬁog”(of%@f‘; togFRAfFRKi et al .
“Model I'i ng 20 fucasé (O Brafemindf. TRbAR, &ds) ekBRERDH1isHAS New ¢akeNst.udy” Acta
Bi ochi m Pol 44: 55764 (1997); Jouko et al. "ldentification of csk tyrosine

phosphor yl at i dA9ED} eddy fhomnteny ehsitndVasurej Ml G5 bR ntvhicBr 218i f3tde donmi n
struct ure” ,Bi oabRFBrdieBRAeid B retdrehct997) ; Singh et al. "Structure-based
design of a potent, selective, and irreversible inhibitor of the catalytic
dormain of the erbB receptor subfamly of 25 protein tyrosine kinases" J Med
Chem 40: 1130-5 (1997} terorpaBherRide HagmerBiFNed ﬁe&mqwe?sdg@-&%@@gﬁ&ut omat ed
approach for antibody structure nodeling"” Nat Biotechnol 14:323-8 {1996);
Monf ardi ni et th#t haspdg: srainaiterming §W°rai;?é€%rt§rfm%die}9€9’énl?‘lta"l’heﬁﬁ thei ty of

GVt CSF ant agonjesb#ingRidifto ARPREueNB? Bidehticd &\e b Rsfding pobikiSRGN theFUr et et

al. "Modelling study of protein kinase 30 inhibitors: binding node of

st ?ur ospor the nfdIb-ecgnpng fsequsaces@ednced; {or eyaraple,dogm 3ofpildength Nﬁyt Ai ded
Mol Des 9: 465- 9 : 30895
S séi%éaéé? ?}a[gﬂgnét ls§au§ dre %P@egset}sf!ff?gé?% &/ 56’%3{0}1 E’&iﬂ\"éag,

Furt her, conbinatoria rarfe an be ned and s esl zed and used
preferably at least 14 amino acids long, more preferably at least 20 amino acids

long, usually at least 50 amino acids long, and even more preferably at least 70
amino acids long. The term "analog" as used herein refers to polypeptides
30  which are comprised of a segment of at least 25 amino acids that has substantial
identity to a portion of a deduced amino acid sequence and which has at least

one of the following properties: (1) specific binding to CTLA-4, under suitable



in screening progranms, such as high throughput screening efforts.
Therapeutic Adm nistration and Fornmulations 5 It wll be appreciated that
adm ni stration of therapeutic entities in accordance mﬂt%sglﬁezmnventi on
will be agydorsokered with suitable carriers, excipient$cTaRehakdder agents
that are incorporated into fornulations to provide inproved transfer,
delivery, tolerance, and the like. A dfiltitude of appropriate t O

formul ati ons can be found in the formulary known to all pharmaceuti cal
chemi sts: Rentindjes ponslitmar @helilityi to dllocB G Havé digdims Witk dts rédaptiersPabl i shi ng
Conpany, East@n,...RA, ( }) 1 . 7 Seynour ,

t herein. Thes@?}%ﬁ@”ti%@%}é ?f\ié%&dg&g%#gec%%%g{h gzovpé)r gll %gg'évtoés,

oi nt nent s, | eTypielly, nodypeptidecinklogs ¢anpirids 2 conspivatiecatinoaiid substitatidroni ¢)
contai ni ng vesicl.es. (suc b1 pDOf i T nj: anhydr ous
absorption pa gasdsﬁlg’l(’lof%i %‘3—1‘3\?}3’{‘ )ér%"tlgn%?%gféor Q]i] %- %ﬁ"%ﬁ%‘ﬁ?}‘ ’!cilﬁgg%q%efrlrcﬁl si ons

car bowax (pol xedlbgsltepieallyl aycatllcasni0 amino acids lvap geefedblyvae laghtt59)amisem - sol i d

gels, and seni-solid mxtures contajni car bowax. f the foregoing

T xtur ooy B0 OB Pt R o abehe R o5 SRE End: St wlB Gance i th
the present isueaming@blypgptidvi ded that the active 20 ingredient in the
formulation is not inactivated by the fornulation and the fornmulation is
physi ol ogi cally conpatible and tolerable with the route of adm nistration.
See al so Powel | etPeptide afalip@fdlidnimely ayed ipi (B pBarmateufiad] Rduetiy s

formul ati ons"™ PDA gl Pharm Sci Techno|. 52:238-311 §1998) and the citations
therein fdf aRRErRSPHMATUS 1118y REOPSTHES Pnafogpisytor Bosewedi the dsmrlaty pgPtide rj ers 25
wel | known t oTpBartpesest né@begiide dosdpsundafP ikl OPeiaki RadRe' At bodies in
accordance with the invention are preferably prepared 3o through the
utilization ofPCBU4NTHASHSN HNEHfER + M Faee ResubsthAN8a): Vet e8h of the
human ant i bodyrefdidt SINNp SRNQYES)! HRiEEvaletlly, WAL Chen, 3611929 @9selef i cient in
t he production of ‘endogenous, nurine, antibodi es. Such mce, then, are
capabl e of  whighQue ipcorpgrated \Reredin b3 7B4enpeT/ Sugo copBBBmds grofguci ng human
i mmunogl olul i feBRLELWHE $hePhiflo | ﬂﬁ%@i‘z@cﬁm@ﬁ@zg%{j Rodleh .?eﬁﬁ&e hnflndtf3@ Production

of nurine i munogl obulin nol ecul es and anti bodi es. chnol ogies utilized

for achi evi ngthethee siretumile saiilas o thempputicalhe uyshitl aeptides apgyl becued dns, and
references di geh@sedni RadiR8eBatethOUR or NEfoBhNacticN eBBdtl | CHlefdraiy? hOWever, a
preferred enbglgi.rren.t o_fqtlr a%sgenl pro trjcﬁognﬂ%%.mmece and an.tr? odi es
therefromis BepSideroiraiics qreUstgictyrellye imilap 3¢ iac purdiemSpelypeptide (1.€382 759, 620,

filed Decenbe : i i j LRcQrpor at ed by
reference. Se OIg‘?egg)lgfgﬁhféngeaetgbg’l%&ﬁgérg?éeﬁyé%&g ?%dgélfgﬁélffg“‘fg@ %5‘897) , the
di scl osur €0 of asinedn dngibérdy;, bityhaive one pomereeptide linkhgaseptienally @eplivedugh use of

such technol oy s NEaJRKS. ARG SH. LUl XolWTRD (Foneghanal _patebodies to 2

vari ety of antigens.”Essentia nmuni z use nes of mce
wi t h an ant i g€H-6Hai-nt-ePHESTH--(cis cande transy, npBACHs --c el OH3UER-, amdB-cel | s) from

the mce that e ' ' S c . ith a
myel oi d-t ype ggl);‘?é-l"i eﬁ?%b%sg%g@g‘{n%et%ﬁ?% rggggnl%q%tgﬁw ?tl‘érlﬁgso? and 15
such hybri dommooeirhinbiacils odrecoseEnassegheacsiwiik ladlamiha axid detieisapehybri doma

L1 h d ant i bodi L ' f,.d :
i1 zed hesDPe GeRnPHTaEe AR o RREE el kb Boed B BRHE FuE o for c o

prepar ati on opeptides. In addition, constrained peptides comprising a consensus sequence or

]

a substantially identical consensus sequence variation may be generated by
methods known in the art (Rizo and Gierasch Ann. Rev. Biochem. 61:387
(1992), incorporated herein by reference); for example, by adding internal
30 cysteine residues capable of forming intramolecular disulfide bridges which

cyclize the peptide.



anti bodi es specific to CTLA-4. Herein, we describe the production of
mul tiple hybridoma cell |ines that produce antibodies specific to CTLA-4.
Further, we zo provide a characterization of the anti bo® &SEprgfliced by

such cell ] j ncl udi ng nucl eoti de and am no acid Seo&tﬁﬁfs@ yses of
l\'ﬁ:}ﬁ/ﬁsog‘{] bodi esw%{gé’4

t he heavy a t chains of such antibodies. The anti rived from

hybri doma cell |ines discussed herein ate designated 3.1.1, 4.1.1, 4.8.1,
4.10.2, 4.13.1, 4.14.3, 6.1.1, 11.2.1, 11.6.1, 25 11.7.1, 12.3.1.1, and
12.9.1.1. Each of thaiasdy"bediagsbony geptides)byefirhe af Rtememitoanest gel | | i nes

are either fully hunman | or |l g4 heavy chains with_h n kappa |ight
chains. In gen ’!nQ‘!n,g Eﬁﬁﬂeg‘%ﬁégf fh%t Weﬁa‘}?&tb% 1pfact ﬂl%‘bf’ﬁlfx/ngﬁtﬁpf)‘gg 0SSEess
very hi gh affi Binkings Bifdi# ﬁ?rﬁeﬁts&%ﬁx@&@deﬂ'@yM'o&bﬂfanﬁmﬂm tedidfuest @r O t hr ough
about 10-11 M when neasured by either solid phase or_sglution 30 phase. As
wi |l be apprecharatmatiniorishemisd sleavagscet miact antifiofies. Rindprefaametthvent i on
can be expressegfljdp pek| fap! th@g N8l SACHIPAHBOATEs. CRh lanfidod§ Sther 2 3 SEP
20p3 WO 001 37504 PCT/ 089913 8_25 49 Sequences encoding the c _or genom c
clones for thethsanrt'bispecalic" oni'bibwdies!" catibaly i gedersiend te hayeseash ghits on of a
sui tabl e mamal,j;3p, Qe e&m'aﬁﬁbofa?§&bs&ﬁ!141@;inﬂisimh&ﬁmfiaq&es@p be by any
known net hod for |ﬁtro ucing polynucleotides’into a host cell,”including,
for exanpl e patkagpunigrmedeptos wherl anrxetse of angibodyreduoes tha quindity ¢fireespter vi r al
vector) and tr [ | o MM Vo LR mdE by
transfection pf%g@@gurcgl%“%%{%&i Hr}'e%t r%eea\g!a%dta}l{ fatgﬁ’edgéjﬁ}sﬁo%?{;re%ﬁ@y U)ms& Pat ent
Nos. 4, 399,1916 usuhllg gfear Ban 4bont 85°%4 @ds measered rOSOnA5F ¢ammetitiveobindings ar e

her eby incorporé?staﬁd herein by reference). The transformati on procedure used
depends upon the most to be transforned. 10 Met hods for introduction of

het er ol ogous pol ynucl eotides into mammalian cells are well known in the art
and include, but ar Lim ted X - | at t on, cal cium
phosphate precipita Pé(;t%;m pé ltﬁ%er éﬂ%gdr?%g?%{)%%{h &;Ege%}g% eag ?aB%bﬁpgg){%tg %E?ast

fusi on, el ectr bpdirgtto emimmparogiobllen dydivixdirderptot., Egvpapitemainants unfally he

pol ynucl eotj de(s).in. i pospnes. peptide conjugates, dendriners. ..and direct
15 m croinj et i(c?)'%]SlSI(t)?fihﬁlgmﬁﬁﬁa %r"{? gur%ﬁ%gré’fl?'gﬁaomﬁﬁcgﬁs Elg’ﬁgs Wﬁlgsabg\g/lai | abl e as
hosts for expressugn sideechaits|ani nauailyi iave hspedifid tlaed dinmekiond swmptpral
imortalized ce]ll lines available.frgmthe Aneri.can, T | ture Collection
(ATEO) - 1 ol udFHEBRaRRo b etk et i Akt BetRinEE cam iie bclo ool | o
NSQo, HelLa cel Ispecifftaldybifd a® hftigek Wwlditetie itdciatisetdnStantd9 <IMNK @ieficitsiney cel | s
(COS), human hepatocel lular carcinoma cells (e.g., Hep &), and a nunber of

ot her cell | i n&sl00mdyhandaneshpicterabbiet 1&nMncl udi ng but not linmited to
bacterial, yeast, insect, and plants can also be used to express

reconbi nant anti bodies. Site directed nmutagenesis of the anti body CH2
donmmi n to elim nat eTht yeswslagent! dnusedyhernin o derate edchemiagt gempeugdppevent
changes in el t higkndPof BeorliEITBAGGHGE! 4 YiolhRA! HRERKIINELICC or 3 dRheof Fect or
functions resulti n%e rom non-human gl ycosyl ation. The expression nethods
are sel ected bymadefremiieipgicplwaterinlssyst em gener at es t he hi ghest expression
| evel s and produce anti bodies with constitutive CTLA-4 binding properties.
Further, expression of antibodies of the invention (or other noieties 30
t her ef ron) #5r om pr odsosdddmreire ke térmsébelaor habedhefoew inmiprgationedaber of
Known techni queg. oL xﬁa‘:ﬂéﬂf"e%., %}h?m%bﬁ)}ﬁ%n& §¥%J1§lta§e‘°l§d MWehoChR gene
expressi on systens are confroit’approaches Tor enhancing expression under
certain 2 3 SHEhREHOto a polypeptide of biotinyl moieties that can be detected by marked

avidin (e.g., streptavidin containing a fluorescent marker or enzymatic activity
that can be detected by optical or colorimetric methods). In certain situations,
30 the label or marker can also be therapeutic. Various methods of labeling
polypeptides and glycoproteins are known in the art and may be used.

Examples of labels for polypeptides include, but are not limited to, the



WO 001 37504 PCT/ US99/ 30895 50 conditions. Hi gh expressing cell clones can
be identified using conventional techniques, such as limted dilution
cloning and M crodrop technol ogy. The GS systemis di scs3etPi #0%hol e or
part in c j wi th European Patent Nos. 0 216 846, , and 0
323 997 agﬂB‘éﬁé%%{;an Pat ent Application No. 5 89303964. ﬁﬁ%??’%g% es of the
i nvention can al so be produced transgeri2zcally through the generation of a
manmal or plant that is transgenic for the im’runogl obul i n heavy and |i ght
chai n sequencesliofviright sdisbtopadopradduadliden (., e @anPiNp &gy *Ivn *aer ecover abl e

formtherefromyln nnaction with trans ic productipon.in.t o
mamt"ral s, anti bo]gflgﬂiﬁ an be ?‘foé?fg‘zéd{apﬁ,s %rf:h Eﬁ%&f&éﬁ@@% a;igg;%elgg of
goats, cows, Ophd} , i8.1a £, ° i ”ede, 1 . :

5, 756, 687, 5, 7%0, 172? ang ,5,1741, 95%€§An?ri’s%o_c;i e,g in accpr%aar?ce with the
present i nvent PSHoTR¥ e 355@HRF aRBIsPHURCHt rETUNBINESFerind DIOURY | GRERS y. I n
connection W t BrelifiErmBhddUsdiiepBdeOlpitbh® ricvgfRbd BPQI R8ondaY RporRfi(dgsequences
of the heavy and kappa l'ight chains have been predicted based on cDNA
sequences obt ale¥eige ZMpeuBHT FUFRRS, ofinding: sitgshior denendary Saubadiesnpieds 3 and 4

and Figures 1- gindi}"gtd%frm&,aé&it?gﬁ{é?sgpilﬁlgorgé _ex‘h@@dhﬂ&{t%, haliese Wished fp conduct ed

in confirmation of "the res cussed in Exanpl'es 3 and 4. See Exanple 5
and Figure 9. Ejagenamys efrarigusdsngtifs to educiposantinlstedic dindygmce conducted to
determne affinities. See Exanple 2. Antibodies in accordance with the
invention (and particularly the 4.1.1, 4.8.1, and 6.1.1 anti bodies of the

i nventi on) Rave hi ghheafefmniphirawcqutica . agert. @3dxg"1 @8 ugsdMperein gefers3tosa X 101
1/M and 6.1.1; A ) .her i i by
i soel ectric fogﬁesnlﬁ%%f c%?'ﬁ@%{,dl\grrecaglg{sgr’fgﬁg%af’%g% l‘e)g& gg‘gﬁ%?@%ﬁgﬁ? g%é%gg%AGE) , Size
excl usi on chr oefiead gvhapipyopetly gdmigiscnedotoet pegieatp Ytheracdhemigrycemosheogly, and nass

spectroscopy and anti body. production t he bridomas sessed. See
ol o 6 and- HolPe sagind i shifcn el boske e Mtoieh B remiRds R 27

ant i bodi es i n MGtk Diasdondrybfi€hdutiasd daimsi (Rarker; $.0Bd., MisGlravaHill, Bali es proved
to be potent inhibito f.CTLA-4 30 and its binding to its |ligands of the
B7 famly of rr%faé’&lﬁcfoe@.ggs%Fncgwg%ﬁdzlf’mgmbirﬁ%&ﬁ“&?' in accordance with the
present invention were denonstrated to block CTLA-4 binding to either B7-1
or B7-2. See Exanpleg, 7. |1ndeed ny. of,the 2 3 SEP_.2009 0/ 3750A
PCTNS90] 30895 51 antPOSHD eeTHORERE B cds eE PR FRIErG I HSTDA%S eos
nanonol ar and aedenthe doaetiadal lpedpertvof inhitdtnpes tdedelopitehi bit piop@ssidh #F & bi ndi ng
to B7-1 and B7 2. Furiher, antibodies of the inventi ossess excel | ent
sel ectivity fofeEHsR I & bime panicarly s palignanyipanceigus) lofion Sigh 158 | See
Exanpl e 8. spel @gtindinb,y sdronth, Symphdnth, tdtaleukefid € Cingibitha 6 gHetBtaslE is
preferential bi ndie%ﬁ of a nolecyle with a first agent as conpared to the
mol ecul es bi ndiffGaReRHY APPSR RfftneoRstiSABF Y hal | y ot her nol ecul es. Herein,
selectivity refers to the degree of preferential binding of an anti body of

the invention to CTLA-4 as conpared to the antibody's binding to other
nmol ecul es such as 01528‘,“43& Qt,anf@ﬁymug@ meags| BcPRIGAt tSpeqjes §elde of 10

&0, Byub
anti bodi es of HRRomMATHpbdEk HELAL(EE., dhRMofaPPisislit Bmfors AFUNAsNt tHAtahpodi es of
the invention have al so been denonstrated . to i nduce or enhance, expression

of certain Byt Gkiehdrdiyidupd (§pegies| in. the LApPPSitign)) angy preferably @gsupstentially jn a4 T
cel | blast mdelrificieRacksR 8 &mpdsiabs whireRnte ﬁ&]&%&'rs iek Somprisebaf fehter, it is

expected that anti bodies of the invention w nhibit the growmh of tunors
in appropri at e 3ot 59 RArcest (amdmelgdldsis) off gl racsmapiecytar \appciss prewal s are

di scussed in Exppghey, hluBshtbdy Fg#a%ﬁxsggﬂi&xﬁwﬁﬁem@a&é Hofinbd aitfuf @6 dance wi th

the present invention indicate that antjbodies of the present invention
possess cert ai Pegert| ok aBsmaeramoleeijarnspiesies Huessrte e fte sampesdifine snarer e

ef fi caci ousygt hgRerGUIy Sibre HORTABRUISHS 989, 3B4, BRAVeR. aGal PedtertiyAmé-

object species is purified to essential homogeneity (contaminant species cannot



In particular, the 4.1.1, 4.8.1, and 6.1.1 anti bodies of the invention
possess highly desirable properties. Their structural characteristics,
functions, or activities provide criteria that facilitat&d 958 ign or

sel ection ,tional antibodies or other nolecules a d above.
Such crltgﬂ§éﬁ?ﬁtlude one or 25 nore of the follow ng: 2b?#?ty tg conpet e
for binding to CTLA-4 with one or nore3df the anti bodies of the invention;
Simlar binding specificity to CTLA-4 as one or nore of the antibodi es of

t he i nventi on;be3iatedtel iimcherrgmadsition HyycohwantiCial Aetdetioh neditonds) dkEréin Meor gr eat er
and preferably of about 10-10M o Q g;eatar' 2 %ﬁ EP 2Q9 WO 00l 37504 52
PCT/ US99/ 30895 °FB8¥ ?fb‘fm&‘r“é&ge?téa ¥PTdFIp§le fagrapo PAR™ CTLA- 4, incl uding,
preferably, nouse, rat, or rabbit and preferably nouse or rat CTLA-4; Cross

reacts with primate CILA-4, inc d| n er abl onol gous and rhesus
CTLA-4; 5 A sel ecti ttegF“fp&PeWk a@%ﬁ%‘m '?ysé‘bJ\éﬁd or hlgd of at

| east abouts 100: 1 or greater and preferably of about 300, 400, or 500:1 or
greater; An I1C50.in bl ocking CTLA-4 binding to B7-2 of about 100 nM or

| ower and pre%&@f—’-&gg%‘ﬂf,—e 3, 2, 1, 0.5 or 0.38 nMor lower; An IC50 in
bl ocki ng CTLA-4 bi ndi ng to B7-1 of about of about 100 nM 10 or | ower and
preferably 5, 4, 3, 2, 1) 0.5) or 0.50 nMor |ower; An enhancenent of

cyt oki ne product i orftierbagiseanibodypstaiciurel init i kaewayia comprise R ARFATRE An

enhancenent Oszlcla't&ra%e?qlélE&hMed Sfﬁvo'ﬁd&ﬁichl ﬁ%ﬁx@%tf E%ioaé t@g%ﬁympfea&bout 500
pg/ M or greater and preferab Op 0, or 3846 pg/m

15 or great@r ; PahhaHIEasRSE HEAL Gyout ﬁwablaa@em Fisavy rehainr abet S0ast Raj i

assay of abou"kﬁgo mg/ﬂlncptrenﬁﬁﬁaﬂoﬁfon%(iea@{ Saff B0 ¥es DPhriabdhiobs 1233 pg/ m
or greater; or An enhancement of |L-2 production in a hPBMC or whol e bl ood

20 super ant i getbolis 489 tof 1 18herumosneming/ %ﬁldsolﬂmgﬁfelat ngppoasiblepfosfantigtyl y 7S50,

o o Or’eg"%é‘&g/% Gy RBhfial PR o ran. & R’t‘glgﬁnézgw"%{“% 50

desirabl e t hat ction’is en
percent or nor @glloelmmamdy respowsivle &ir éffectoh durstismy . Human light chains are

15  classified as kappa and lambda light chains. Heavy chains are classified as mu,
delta, gamma, alpha, or epsilon, and define the antibody's isotype as IgM, IgD,
IgG, IgA, and IgE, respectively. Within light and heavy chains, the variable and
constant regions are joined by a "J" region of about 12 or more amino acids,
with the heavy chain also including a "D" region of about 10 more amino acids.

20 See generally, Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven
Press, N.Y. (1989)) (incorporated by reference in its entirety for all purposes).
The variable regions of each light/heavy chain pair form the antibody binding
site.

Thus, an intact IgG antibody has two binding sites. Except in

25  bifunctional or bispecific antibodies, the two binding sites are the same.

The chains all exhibit the same general structure of relatively conserved
framework regions (FR) joined by three hyper variable regions, also called
complementarity determining regions or CDRs. The CDRs from the two chains
of each pair are aligned by the framework regions, enabling binding to a

30  specific epitope. From N-terminal to C-terminal, both light and heavy chains
comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The

assignment of amino acids to each domain is in accordance with the definitions



25 It is expected that antibodies (or nol ecul es designed or synthesized
therefronm) having one or nore of these properties wll possess simlar
efficacy to the antibodi es described in the present inveh8iSgp 20be
desirable { al properties discussed above can oft 30 from

bi ndi ng t o™ §&§&1ﬁ ibition of CTLAA by a nolecule (i,e %Qﬂﬁﬁ%g%%? ant i body
fragnment, peptide, or small nolecule) i3m a simlar nanner as an anti body of
the invention (i.e., binding to the same or simlar epitope of the CILA4

mol ecul e). 20Ky Q&)%e.M@PO&szZ S Yhnkldiokia In3R3Q Nafichal hetitaRE ecul € may

ei ther be adm ni stered djrect direct_admnistration to a pattent

of such nol ecuPeath, Bethesdg Mg r{)e/&fi v@%ngtlﬁeomghé@tﬂ & hesk heMoladigini st er ed”

indirectly (i.e96.90-N9R1ISIP CRbthid R al. MiRrd $1287RIS8EIRRS). aN | MTuNe response in
a patient (simlar to a vaccine) wherein the i mune response 5 includes the

generation of anti bddiwscifingr bifupgiiony anfibodysifeanoprtifeiag hléh“deﬁtlﬂ’@‘bé or an
anti body orsfrggaptyd H'l%rehﬁh&’if?/ﬂglﬁeﬁtainnpa?ﬂstaﬂd%Bqtff&gﬁp tﬂhcﬁﬁ%@ﬁéson of

genetlc materi als that encode suc anti bodi es or ragnents t her eof
bind to the saRispesificsantibpdies eapibe pppdyced by psvaripty qﬁtmelthosenablﬂméumrted that the

epi tope on CTL%M{RAHEI%QASCJ? 1k} Qpﬁdbeﬁ‘aé?tfxe hg‘lgzé %éggrgo'ngﬁ}upd't ELdIF be usef ul

i n connection the preparation an / apeutl cs in
accor dance wi t Rlit.nepi Iwmpl as. 31I5f$2d;II(LR?0hé®SQ}my ehelgétfmnolni‘tﬁ‘kﬁ&ﬂt onis

of ten useful ?5559(11%92&.5'Ifadd1ﬁ$}te ?&:ﬁﬁct{}ﬁt 1?@; gésog)og;r{]w%{\%] (gl%g[égs to CTLA4

does not appear to 0 an e rof CTLA4 is
useful ). Thuos, (Hdikgespl alo‘ﬁélabodttm: anilalldmalmdmbls;smtftchattbcni\yefmgmnts’b| nd t hat

. t° FVQE (554, @{333653&? ﬁ@ﬁ%}é%?a} &s\(ns‘;@vﬁaﬁnetc er e‘? 8l “Blepe Hsglul

Accordi ngly, so conte cor ance Peseént i nvention are
nol ecul es (andstpglebharmhmrebwlesa(ﬂtnuhosjttmggt ctytmad)udjymdhdogteb beI—H‘dnﬁ‘eaed simlar

epi topes as anti.hp o n additio «the.fact that

ant i bodi es of g %ﬁ%t éégg#dﬂ#ﬁ &g&ﬁt%‘s ra{“&c}tfd }af‘}%sé? ¥i'hd are
contenpl ated i mommmmignefot/\bttﬁeciﬁbeeagame'hrm OrCanver 3*@)1137 spaRYTIRY. sone
prelimnary_ep ma of certai t ies.in accordance
with the |r‘}\5/enh°§R§‘é’ﬁc??g’ ?‘il@ f"gtbf’ eY FaR 9 4 ref ‘R‘é(a]& l?tFPé WIENSIVeIPIAGESS hodi es of
the invention. cdiﬁpaaedfwﬂttsproaﬁmpn of\eonvertibualt ebddliddcand ictdsgndtdegreons st udi es to
generate a 25 rou na as. .bet nc rtat anti podj es, of the
venti on i n cBE A EsRera RpHar Rekion rrgPoas it FOPodP ARy t o CTLAL
To this end, Cétiédn@esfol®unHadrent tﬁbtﬁgqrsﬂthbtﬂdtﬁgl@ttea(efgi IRab, Fubt, afddy, under
saturating congl tions, was bound thereto and conpetition of subsequent
secondary anti B es b| nding to CTLA4 was neasured. This techni que enabl ed

generation230 of a rough map in to which famlies of antibodies can be

cl assifi ed. 3 SEP 2003 WD 00/ 37504 54 PCT/ US99/ 30895
uman Antibodies and Humanization of Antibodies

Human antibodies avoid certain of the problems associated with

antibodies that possess murine or rat variable and/or constant regions. The

25  presence of such murine or rat derived proteins can lead to the rapid clearance
of the antibodies or can lead to the generation of an immune response against

the antibody by a patient. In order to avoid the utilization of murine or rat
derived antibodies, it has been postulated that one can develop humanized
antibodies or generate fully human antibodies through the introduction of

30 human antibody function into a rodent so that the rodent would produce

antibodies having fully human sequences.



Through this process, we determined that the certain antibodies in
accordance with the invention could be categorized as falling into the

foll owi ng epitopic categories: 5 CategoryAntibodi esConp23i §ERri0@Bor CTLA4

Bi ndi ngABQYNas1s8£! Y cross-conpete with one another; cropsrEddhsisonpet e

Wi th category B; some cross- conpetition with category DB4. 1. 1Freely
Cross-conpete vmth one anot her; cross-% 13. 1conpete with category A C and
D.C6.1. 1Freely cross-conpete with one anot her; cross-3.1. 1lconpete with
category B and cat éymay ARdblies11. 2. 111. 6. 111. 7.1 D4. 14. 3Cross-conpete with
category C and B; some cross-conpetition with category AE4.9.1BN 3 bl ocks
4.9.1 binding to CTLA4 but not_ BN 3*** ~the reverse (*) (**) Avail able
fromBiostride. (*Thy aBiliay Itcata:loaefandmeahmmnt ng@abas&slzﬁs hamaeXbcisihep, we
endeavored to Igéeréq_ne i.f .the antlf) g‘ |nven5| on recagni zed a

| i near epitope o RgRs et a{ﬂ?fsﬁé H‘ﬁc‘?rﬂ‘d Toh &PYF s on

Vst ern bl gt s.aphieachbreclucidatingahe fntdoed coimpordntt. o, veBy large oi trudely, 11.6.1,
or 11.2.1 anti bOd'(ﬁsl aof the tnventl on. apg zr ed té f%ilm ze ,a reduced form
of CTLA4 on WIRIPBFY, 8Floes el ofsaishuraring; pseln medely P4 WM, Aise2sSs ¢ he

epi tope to whikuRh&anke, die ﬁtﬂﬁ:ﬁtﬁ)tﬂdﬂdﬂblotﬂcﬁfqbl&g?umdsuwﬁtuﬁ@i ofimbideelagi epi t ope
but nore I|ikely. V\@S. E conf or tlonalé @wﬁo e th ruct re of which may
have been abrdég‘t & avrET equed strf@ sl ‘E’el i Be SRestffight to
determ ne whetdigr ryilgion! @l aansh apaut ﬁ'&ﬁlb@uﬂﬁnﬂ%théd%ldphﬂnmh{éﬁ mol ecul e
that are inportant for binding of 20 antjhodies of the invention. One
manner that® weSoRmURicsERn Wikl o{har eEscAndtheietnyelverasb &% disease IGRCHORf 1 at es as
bet ween human godb¥rea§ién.t Wo hi ghly conserved prl mat e CTLA4 nol ecul es
(cynonol ogous and nmarnoset CTLA4). BI Acore 3 SEP 2003 WD 00/ 37504

PCT/ US99! 30895 55 #¥ydmeerians nbistseht eplieatiap waesu&h 121 sEpePbody st t he

i nventi on boungydhenirhigRNoef taY HAUR! NGRS imAffe E%feHP%&o@EEh&ﬂo@Euxﬁéﬂe samne
rate. However, with respect to off rates (affinity), the 4.1.1 antibody had
the highest afimipneglobuingfgsiocioino migedn Whish fheramdogencysal: gsnenhever ate wi t h
cynonol ogo

ant i body o}‘bs t h%ggﬁ%g{rﬁh?égnéﬁﬁ%%ﬁehgp%ﬁﬂyh gcﬂf ﬁ@?@grﬁﬁﬁgﬁer%ﬁnoml ogous,
and marmset @rogtammed expsesaion and pesemblaras antihodies as Wel s Alieiruolet lhé3-s ame
relative off r h t [ i ndi cates
that the 4.1. légn(ﬁ{’(%fngﬁg gﬁ{ﬂ}ekgﬁf’e%w;? Str% é’?%d\?g{n |08§E€?2%J af i ffer ent

epi t opes on CTopprodeesionooft finlly hhumagt mdgocidnel epgibpdipe (M@bshmnchnnowentcat egory B
A S 0Lt DO felthe el W gHle Bloilse HSnBRRIUEL L) 6 Sbdh Qisplsbe 1T ect ed
nut agenesi s st udi es. r noset Ad possesses ortant changes at

resi dues 106 afvily ho@an edtiboiieeare expeaied o Giflinhize tiBUnImuipgdnio adelerger e a

| eucine to net e ne change
at resi due Logeiss it ke GERURH Serhit ilerd o8 KL DSk a2 0
encode a nut atefficaCy land shfatyi ofgthe hémhﬁs(bﬁ&d amibo@t6 FThe haﬂgésfullymandmorml ogue
repl acenent mu ct si on
protein. Furthéél?% é?ne g\ﬂg‘ft { CT u%tm] o%’ta etzatrela%\lc/gghﬁjon was not
ef f ect ed. Hovveuhmmc axd(rbnumﬂgémniae dmes suphiak mﬂamtria;ton, Iahuohnmmdtyl, andits ability
to bind w 4. 1.1 ant.i body. of the 20 inyention (simlar to marnoset).
Next  we E{' agceé, v(v: re l.HI(':e C}'a?ééteg antlboﬁg ?mlms}/rgtlons

One approach towards this goal was to engineer mouse strains deficient

in mouse antibody production with large fragments of the human Ig loci in
anticipation that such mice would produce a large repertoire of human
antibodies in the absence of mouse antibodies. Large human Ig fragments
30  would preserve the large variable gene diversity as well as the proper regulation
of antibody production and expression. By exploiting the mouse machinery for

antibody diversification and selection and the lack of immunological tolerance



CTLA4 to create a nutant marnoset CTLA4 having a S106G change. Such change
resulted in restoration of stable binding between the 4.1.1 anti body and
the marnoset CTLA4 nutant. In addition, we nutated a cDNA $ER@MBng nar noset
CTLAAd to W&@bfﬁso@ mut ant mar noset CTLA4 having a MLO5L g%r,gig@gg@s Such
change partially restored binding between the 4.1.1 anti body and the nutant
CTLA4. Each of the category B through 3 anti bodies of the invention appear
to possess simlar functional properties and appear to have the potenti al
to act as st rmmmmiaro(éiﬂsAﬂ;etrbmochpethﬁmarageibbdy repertdilecin, thesaahowsé t he

nol ecul es certai.n .tiQ t hei r, bi ndin r. CTLA4 However,
as will be obgtéa}‘\l/s%1 %eﬁh}é'glé gtl{}’éy aarnélk?f@%sl sty glyha’?ﬂg%f’ hog STeSeul es in the
di fferent cat egmdngshmm%ngdn@ fsine 0hehyﬁpﬁmtteclmomquraﬁ&gemahﬁepl t opes on

CTLAA4. P 03 0/ 375Q4 NS99/ 5 th i , it
115 anpr o BFEEL AT Sy 1B SRTRE BT HPD R oiF EOLn et 08 | o oot eb

t hat anti badi eaeo(t@lr ot her nol ecul es, as di scussed above) that cross-conpete
wi th anti bodi es of elnv[entlon Wil | Ilke%q_y have certain therapeutic
potential in accorEQﬁc%e“\?\ﬁa FURIREY p s SRMORSHASHt Mo FONEGHIh SHIth PUF ¢ j s

expected that gaptdieadf e f{rm(eﬁémﬁsemétﬁmsIa@ﬁubl@ﬁedcih39958@@ Grbpvee) that
Cross conpete vm th anti bodies_of the invention .,_Cross-conpete with

category B, CeandMer Geeipoliies) WPPD- | ikel Q{CFPM@‘SET& tSHRIRS aUAF t i onal

t herapeutic peﬁ@&t@' with) y@ﬁpﬁ’rﬁd@aﬂpﬁu%éﬂnkb?YRC@)S&BEaldlﬂg’ 9@5 k8 ind

Addi tionally, IS, expected that antibodies éhc;r ot her nol ecul es, as

di scussed 18bov@9 k-piged mb%%ﬁﬁ@f‘f@f\/ﬁ%ﬁ“’&@ of theilyman &eavyfehgiRdoqupyent i on
(i.e., Cross- GeR&IR 1t E'ha%@id%gé)rrélsp@btlv@y,a@ﬁ(cgrcogaﬁ@& icbRdi#edleand that (i)
are not reduced in therr bind |n% t 0 mar noset g1é{&mlar to the 11.2.1
anti body) or EPisjanpFegioncsganenessi dd-t ABe PUBIHS mtamsn Arsgeevedto pg (sinil ar
to the 4.1.1 aphpBWYithitd mbisk GyMed FYLLAR Halpdiidl Lid restslﬁﬂro@peut' c
potential in accordance wth the present invention. Antibodies (or 15 other
mol ecul es, as a@libodies sediwerssorable Hfsubstibiipe for the whctivated gruselg ﬁneﬁhd E may

ZLZ?rplhg\s/e ?ﬁ::ItTgl Qvats}a@rhg&grg&gﬁﬁngﬁggﬁlw%ct ed-cEl'l_de g;{éﬁtéiogi hl eved are
provi ded for |an|adsltt-:hhc |huma1pupmsizs ofrfblly dnuham raptibediest enddo @enstte ued as
l'imting upon Al f

Anti - CTLA- 4- Aﬁl{'&%oge& ca?\r%ﬂ’ gp?sagénéggf ﬁ%t ﬁ%ﬁg%f"gg&gf'ﬁ{ aBUBOL i on wer e
prepar ed, sel éagadgortamsl o:ﬁﬁs}mlylnnhnlllg ladmntimh(gagmittemnmiﬂsrspoéyegmeﬁxarrpl e. 30

Antigen Prepar Three digstinct | repar d
i mruni zati on o?élt?o{ﬁl ﬁulﬁ}B{}ge e Sy gmﬁ?%? gC'ﬁ?%\s %R ESI o‘%ltpr ot ei n,
(i) a CTLA- 4 rgrepitulale sutandtidllyi thy AB0Rp&Hineehat necﬂaymdmumd:éieltmntan ansf ected

with 2 3 SER 0J 37504 PCTNS9 895 t CILA-4 (Y201
V) that is cons%lg‘%}j}{ey%/8 %/toe“;tﬁ‘?neogsag lmmg l%ngelT e‘évﬁ? W‘f@reen 8 al. Was

recently extended to the 1ntroduct10n of greater than approx1mately 80% of the

human antibody repertoire through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain loci and kappa light
™ mice. See Mendez et al.
Nature Genetics 15:146-156 (1997), Green and Jakobovits J Exp. Med.
188:483-495 (1998), and U.S. Patent Application Serial No. 08/759,620, filed

December 3, 1996, the disclosures of which are hereby incorporated by

25  chain loci, respectively, to produce XenoMouse

reference.

30 Such approach is further discussed and delineated in U.S. Patent
Application Serial Nos. 07/466,008, filed January 12, 1990, 07/610,515, filed
November 8, 1990, 07/919,297, filed July 24, 1992, 07/922,649, filed July 30,



(1) CTLA-4-1gGd Fusion Protein: 5 Expression Vector Construction: The cDNA
encodi ng the mature extracel lular domain of CILA-4 was PCR anplified from
human t hynus cDNA library (O ontech) using primers to d@si §8Bd206% publ i shed
sequence (ﬂd 4 mmunol 18:1901-1905 (1988)). The frag IBshs0s
directionally su%cl oned into pSRS, a Sindbis virus expression pPasm d
(I'nVitrogen), between the human oncosta’i n M signal peptide and human | gG
gamma 1 (1gd) CHL1/ CH2/ CH3 domai ns. The fusion protein does not contain a-
hi nge domai n bw992¢ didéda 0883 LY dileve Mazdh 15)1993¢ 084 12,848 | filed augildh 2¥pmai n of

gtﬁif;éﬂ)s 3?%égggﬁffl&%&\6#[25'4{3993%/3%\6?@5 Ir‘r{?\’,\‘l\?%}‘: Lllgggs sequence

confirmed in bos/h3(§t9rsa,nﬂ§nl 2'|7he9950b8}’@6658'4dﬁ&QQUﬁlselQDSIG)m%z|ﬁled3rOt einis
shown bel ow. The rrat xt raceéJ'luI ar CR anplified

from human | ynﬁ%c‘&rtl 95M 4431'53}9]( EfH"é‘Er?) 1%1% Og/ﬂ%ﬁyné.@eq Jer“E) S289%Si nRep5 to

generate a gonugMke,eIRRIdJuets) 1b0s os&zl@etswaﬁled gtde §2aidos, Ohhse 45841 9G
Fusi on Protein. NMGVLLTORTLLSLVLALLFPSMASMANHVAOPAW ASSRG ASFVC 25

EYASPGKATEVRVTIeRARRSSON P B3/ OR/AF% M&a@&ﬁwﬁbﬁéﬁéfr 8/724,752, filed October 2,

GTSSGNQVNLTI @W@Qﬁ%ﬁﬁl—fﬂé&) PRY:e GNGDY Xee aiso Mendez et al. Nature
Vi DPEPCPDSDLEGAPSVFLFPPKPKDTLM SRTPEVTC\/\/\/DVSH EDPE

VKFNWYVDGVEVH EE@%W@W@\AW\@WW@OWE J. Exp. Med. 188:483-
YKCKVSNKALPTPI Eifsl {19 RS BYYobe i) %W@‘@hgﬁﬁ 1331 grant published
VKGFYPSDI AVEVESN NYKTT SPVLDSDGSFFL YSKI ' TVDKSR

WOOGNVFSCSVM mmmgngnsm Patmmn@ngmhlossﬂorﬂi&%%enlbhséxp@nal
pept i de Bol - Tl ox1 1968 LikAlicfEBhin2 A3 ol 18003 ACTNAME 20805 S

The cDNAs for maturée extrace omaln Ified from
human Iyrrphocypébhshftﬁr@@ybe(@l,dr?B@cmd WO HEN3, publeshedh Buheilhf 1:99§CDh8 (J.

| munol . 151: 5%91%5&95 df Jegaf%é tht GbdVe! Q:ﬁla'cﬁ ?atéhté'| lﬁg%ln:aﬁ&)g ﬁgiﬁ%n%g%tc&r gLein

cont ai ni ng both thronmbin cl eavage an nge 'r €gl ons
Cynonol ogous, AerdbyRinewperat€r brefevence ictheimentirttyom nRNA i sol ated from 1o PHA

stinul ated gB'VCS “SLQ%U%&&%@E ‘lﬁé)r‘?s& ”'oﬁx‘é{f‘ss ind ud%%géé}gﬁl%? HhtSiationgdUenci ng

denonstrat ed t hat s an us’ am no~aci sequence were

i dentical w thlnchrbewe ditilifelr @ fods lobusb’naptpmdt e Itnulmmlﬂlﬂcﬁsﬁ apptbachcen | ul ar
domai n ( S13N, n e rated.ten

differences fr S’r}ﬁ’gt-gﬁoql rrﬁtLl é‘?ugl\%ﬁnr%ﬁnn kg %%Eiu% a{réceﬁl?.ﬂ 8f pl&%?’?aa{n(pv'%iA V33l ,
15 A41T, A51G géukk), fr@iﬂﬁlg(@?dﬁb( Tfﬂ&sm;e drrEMVargdnés] OeSyr. mcS'em @nesect ed
mut agenesi s was_used to,nake si %e aiﬂgt nmut at(i ons of all am no acids

different in nSPHS5 8O CH A2 TRl &N Prps8?°t“9nct°mft6‘}1 TP#P%r ati on of
t he anti bodines (mefefablyunrgaintd l;dhétahxglegiohmratfd,me b ahummamd nﬁ&hﬁﬁ)s et

CTLA-19gG for epitope mappi wer e rat.e directed 20
nut agenesi s (PE’B?T@E&?’.’“ 'héﬁ' g@pf‘ﬁgl?b% ﬁf’?ﬁeg lﬂﬁj a:#aéengﬁi ng/ R ransi ent
transfection ofSufaniset af.ehll .8 HhtdatNos. i 565451866, rﬂgszstsasdﬁszt 2605 6133]42‘5
t echni ques. t val d for
anti bodi es by }5%%8?[5@%9142% Sp{r‘?g 63@ 6\g§ %{8@% %ac ?}?é’ég "‘“gé{' nbl nant
Plr otein Expres?a@ﬁtlll?ws) 5919669!temmiﬂmmmmaném@:tlnsbpa&exwmsssmzmnerat ed by
el ectroporatin t Ki ce SP6 in vitro
transcri bed”CT ;ng%gf%ﬂﬁgg%% Eét*}l:l @H#Qg%§aﬁéﬁ & 3Chiged i bed by
I nVi trogen. FoDuynek@htGenPharm International U.S. Patent Application Serial Nos.

07/574,748, filed August 29, 1990, 07/575,962, filed August 31, 1990,

07/810,279, filed December 17, 1991, 07/853,408, filed March 18, 1992,

07/904,068, filed June 23, 1992, 07/990,860, filed December 16, 1992,

30  08/053,131, filed April 26, 1993, 08/096,762, filed July 22, 1993, 08/155,301,
filed November 18, 1993, 08/161,739, filed December 3, 1993, 08/165,699,
filed December 10, 1993, 08/209,741, filed March 9, 1994, the disclosures of



30 hours later reconbi nant virus was harvested and titered for optinal
protein expression in Chinese hamster ovary cells (CHOKl). CHO-Kl cells
wer e cul tured in suspension in DVEM F12 (G bco) cont ai ni &g 38R2003

heat - i nactyj, 2 3 S EP 2009 WO 00l 37504 PCT/ US99l Jset al

bovi ne ser um (%g%co), non-essential am no acids (G bco) %gi&g/?g%%ut am ne

(G bco), penicillin/streptonmycin (G bcé¥) 1O Hepes pH 7.5 (G bco). To
produce CTLA-4-1gG the CHO KLl cells were resuspended at 1x10' cells/m in
DVEM F 12 and whichilaet lestieby mctbqs:irateﬁabﬁ rafénem fSae abaeEulm:paan RhtetitAdon 0

Lgﬁ:{ ﬁlt ﬁgr;e.l 0/5&92? %ﬁvﬁ% ’8?%#%@“& éPBbcaB?n %OI S% gwé)zot ein A

sephar ose ( Phagaimsis,) wonor2e&igemo aiz/zamomwcacgsdazmrwmgémwm nwo | 2. 5nivi

corrs ver e pet FRSRSINE duldhod AR Fog 000 BT g Sirlosuipl croncod

with complese wrn@ﬁ e@s@rewlﬂcaxg»bﬁtéd% r&faﬂh&txﬁ tl(&%hf YAk fvenen reyied . pH
adjusted to 7. and filtere ene) . (Phar nmaci a) was used to

A o 1 s LSt Chesrpt BB ratlon st S S, 06t &b, JOTs PRS0 Ui
(Pharmaci a) at etan Q@bA)mrgn&l AW r@bﬁ) él;laemmourmaw\ﬁ@g%slf@%m 41,30 bed

vol unmes of PBS and el ute M gl yci ne/ HC at |'ni/mn.
Fractions (1mi§l98®r @eldrﬁ?@ci‘i‘rast éf ‘9"“95 af?e‘%ﬁ?bé{llp"z"é@r‘%t@ﬂ pyyrefemsnegj inheft j s pH 9.
The fractions &Qﬁ@tﬁ.l ning CTLA-4-19gd were identified by SDS-PAGE and then
concentrated using centriplus 50 (Am con) before applying to sepharose 200
col umm (Pha® maci a) e inyanyoss of Ssanigt HpSited ahove andbpssisned torthe Madinek
cont ai ni ng CTLAsdarb® Bhuer GneP r%x?crhl‘?raﬁé 1 ore),
al i quoted and ??o%en alt1 @1 %gg ? % T w f% ‘gﬁé‘g‘é‘%g“é‘%%ﬁu fied
usi ng the saneloges thesygh ugpsghe g@lk@,w q@moratth eHlemeQI@mﬂlthq GenPHamedi a from
transiently ”Elx't'k?xfl Shade&Rs g%aeF I 25 The
purified CTLA-4- ag m gorqgt(glt ﬁgdksjb‘ze si ng %Q{‘) ?%h%%@%k&%ﬁﬁ?% col | oi dal
coonassi e stai Wgt {rNentess) prdpn@érmmwatmndqﬁ:thngendmws ovuseCIg oeds | gG was a
di mer (100 ) t treated with 50mM DTT.
Am no aci dIﬁsagqcﬁoeh{c%?%vl&%g%?ahgalpﬁpﬁa?%%{%&%éam% solution confirmed the
N-term nus of CTLA-An @W@M@A@milmm apiwodchads theheapidityowithtwhietM si gnal
pepti de was cl ] of e Th LA-4: | bound to
i rmobi |'i zed B?go%\ét?%&f {nglqglhgg’n@h%l gl%es e%nd%engpnﬁgﬁ%egﬁgdn ociuﬁg(pbl ndi ng
was bl ocked byingp hmmtserCaMendmwein hmtaver a2s13uﬁ@t zﬁégdiva\ﬁ@gé)(btf3ﬁé304 60
PCT/ US99/ 30895 CT{?)@ESA' aro%chblog‘%ﬂ En enrt]gw ity is jnt osdtlxerltLIG CEI_LA_A' 1 9G
was endot oxi n Frec anarqaant (ea u5|ﬁ t’i 4 LugadImOue et i on
coefficiento Tthe xycleshcm off syl mfmbech MADMﬂcg.Ggemmg_eInﬂdae,tuhe@nbl&hEd 3ngs/liter
B]; eg‘;roeglageljlezcrl Sénlﬁs betIgT é‘u’%pélrt I?Eletéoglge'm.-rhﬁ-cfeﬁlAeggiﬂol?rgengalhé- s}nti%gg); | de was
production of animals produced through use of the minilocus approach appear

stunted. Therefore, research surrounding the present invention has consistently
been directed towards the introduction of large portions of the Ig locus in order

25 to achieve greater diversity and in an effort to reconstitute the immune
repertoire of the animals.

Human anti-mouse antibody (HAMA) responses have led the industry to
prepare chimeric or otherwise humanized antibodies.  While chimeric
antibodies have a human constant region and a murine variable region, it is

30  expected that certain human anti-chimeric antibody (HACA) responses will be

observed, particularly in chronic or multi-dose utilizations of the antibody.



1o NHz: VHVAQPAWLASSRA ASFVCEYASPGKATEVRVTVLRQADSQVT

EVCAATYMMGNEL TFLDDSI CTGTSSGNQVNLTI QGLRAMDTGAELYI CK

VELMYPPPYYLG GNGTQ YVI DPEPC- CONHZ Abbr evi ati ons/ Mat eri aRs3 SEB 2P,

N- Met hyl p 4none; TFE, 2,2,2-Trifluoroet hanol; DCI\/}F i chl nmet hane;
FMOC, FI u%‘?{)a?\dq t hoxycarbonyl. All reagents Were supp F@Hﬁ%{ﬁ{ggr ki n
Elmer, with the foll ow ng exceptions: T¢E, Al drich Chem cal, FMOC-PAL-PEG
resin, Perseptive Biosystens. Fnoc-Arg(PMC) 20 OH, FMOC-Asn(Trt) - CH,

FMOC- AspEt Bug -1y, itMold B¢ Siesitable-t0Iprovid 30 hirhdlgntibddiesFdakas ﬂrll’m%ﬁ[-mtg OH, .
FMOC- Hi s( Boc FMOC- Lys( BOC u) - FMOC- Thr (t Bu) - OH an
FMOC- Tyr (t Bu) - ‘@Qr%ef'o %%%Og’f: 2‘836% %ﬁ%ﬁié@%}%}aﬂf?mﬁcm de chain
protecting groups 25 Peptide Synthesis: Peptide synthesis was perforned on
a Perkin-El mer 431A, retrofi tted w th feedback nonitoring via Wabsorbance
at 301nm ( Per ki n- EXpuyipizgiioranaiisplayecanoiogies  The peptide sequence was
assenbl ed on a FMOC- PAL- PEG 30 resin using conditional double coupling
cycl es. Forced double COUp|I were perforned at cycles 10, 11,18, 19,20
and 28 through 33. Pﬁefﬁ@b&vmmaewwua hepap ARtiody gensratipv and TFE

at the conpl etihge aefadeaﬁige@fwr@adc&@ aﬁﬂ(&de‘es wuh%ed%c&r'ﬁnm;féemyo%wwél
PCT/ US99/ 30895 61 foll owed unreacted am no groups with acetic

anhydride in NvElegresithis vigs g%nﬂ?v‘éﬂplfsh%ﬂﬂlﬂ heonpecsien owith f teglnigushpefet i ng cycl e
49 and the renginAehiGPMd &Hﬁ%étt&hﬁﬂﬁl &Hgo rcr‘?n&re'lﬁﬁarféseal‘{%ﬁ gef om t he

resin was perforned using Rea I nternational Journal of
Protein andt 5 papeciated ﬁ?etsmamm]am@omsoxz@atﬂm@sdyoyn fother Gpéeirgreandie 415ny of

nesin aff or di gAY of fiefeL Ayt RABEE welT B S haGAC B aL 1 ons 10

25ng al i quots of the or g wer e di ssolve
Guani di ne HC1/ Wager\andZBasis dnrmphid. Zochﬂd4e4l3tﬂ6eﬁ9%3/)emdawﬁgh1r staali £rtﬂl Load

Quani di ne. 1 PV Byl TAL P08, T3, ™ AR kb e Wit ke

col | ecti nQ 5 néngineered by momb‘mmtfm%ttécbniguMO eulatn‘atqﬂhe@}hyCH@aGH&,g 1. 7wl of
15 fraction Lpuffer and
vi sual i zi ng§v?§5%al crﬁyfﬁg%r/ver g%a(&ir}eg/%lk g ocolwth%%lsa%l]}%—? }ﬁlggaexhl biting a
nol ecul ar wei gsefuante IﬁeeKNQ 9&5)2]1%9&«11 Wsr §a®ntnﬂbecﬁl5mlwle|5g$ﬂ5 8pandar ds,

LT oo B SR8 TS 0o, (s SRS, (LTI BRI S ey

absorbing a 106bnmmcnoxh bf&ﬁm&&mrﬁunogloaulﬂrgéﬁeshlmawhﬁn d@em(aﬁ)setnhed onto a

g\e/Pro?errengrgge) WA&%‘BWQJSQQ&@% %@B’bo ’}Rygiﬁpgé@ S’N-U?g uenga[te sequence (M

HV A QP AV Ko aA)ybridsms los ethérdell brmw@tmtmnn@yd@ﬂumsﬂ nafpeduédat t he

flobal . anal i GOS GBRCRNA OF iy BFY i BPEIET o o) SERERETY 9550 om GO
di al ysis tubi ngaaivodl whirg ypeeidic agrmets (UK. 184t TRs. | 4,6€301 98t artiC4J683 292)days W t h

irring. Th r nt.en f th
f)f):/vd e:’ ' g € Rptgrlnatgave y? El ralt'ysls ?nad}: ar?d s%lre%né/f fo 1so?atcgthe sequeXc%por}lmt r%setd toa

The DNA sequence encoding the variable region of the antibody is then fused to
25  human constant region sequences. The sequences of human constant regions
genes may be found in Kabat et al. (1991) Sequences of Proteins of
Immunological Interest, N.I.H. publication no. 91-3242. Human C region genes
are readily available from known clones. The choice of isotype will be guided
by the desired effector functions, such as complement fixation, or activity in
30 antibody-dependent cellular cytotoxicity. Preferred isotypes are IgGl, 1gG2,
IgG3 and IgG4. Particularly preferred isotypes for antibodies of the invention
are IgG2 and IgG4. Either of the human light chain constant regions, kappa or



WD 00/37504 2 3 S E P 2003 PCT/US99/30895 62 (iii) 300.19 cells transfected
with CTLA- (Y201V) The full length CTLA-4 cDNA was PCR anplified from human
thynmus cDNA |ibrary (Stratagene) and subcloned into pl RESnES @Q@ﬁont ech). A
5 mutati oRo@lsfsdsA-4 that results in constitutive cell suf@68088XPr €ssi on
was i ntroduced using MatchMaker Mitagenesis System (Pronega). Mitation of
tyrosine, Y201 to valine inhibits binddng of the adaptin protein AP50 that
is responsible for the rapid internalization of CTLA-4 (Chuang et al. .I.

| mrunol . 159: farbd4 5day(t1:087d.) The Maragpicaburpanized ent3dy 19then ekpresskd bphoma cel |'s
were |0 cul tug 40 containing 10% fetal calf serum

non-essenti al O%Qer{u%nﬁl?n&h gpen| cillin/streptonycin, 2nM gl utam ne, |2.SnM
Hepes pH 7.5, and &Bibwﬂjoﬁhgméms csam @ethaH’(aﬁ)z a0é [Fab n\t@r‘m plepared dbpor at ed
(3x106/0. 4mL serum fre RPI\/I% a ¢ hanber with % 1

CTLA- 4- Y201V/ gFﬁﬁ%éﬁ OUWTlB?)%F {’d”B&"SS"oé’FI%F‘é Or9leavegs | s were
rested fors 10Amlﬁutve§/ &nduﬁda&a dee 8§rldgsipiedp Femaxdiile, COThinekie g3l nedia. At
48 hours cells iluted t (%@Z}x 06/m in éqaﬁlg PM nedi a

cont ai ni ng | ngcAtingA Borfien 5’565(‘) Jr dfagmentowpyld igelp ﬁi‘gaﬁ&%’ﬁ“‘ifﬁd shown to
express CTLA- éncBdling i ceml debint aﬁ&hﬁfgk ri'Sglbth@f Bl B @nln, Feidyveaosy wgated with

phycoerythrin (Pha,r M ngen). High | evel Eresm ng cel s were isol at ed by
sterile sorti hepsiabonal s0p Fedeae éﬁ'ﬁldafﬁﬁtq%?e g8 Gener ati on: XenoMouse ni ce

(8 to 10 weeks ol dh MRI &pkdkBhiNdohSihsiks Jeqfishles bro@iap Shy hedvyt &R hgse of tails
w th 1x10' 300.19 cells that were transfected to express CILA-4 as

descri bed 1&bothain § &giensamarele 1ied in d8siem pleopusleatidey fos Jise e PEPERS)OW t h

conpl et e Freuﬂ@roﬁuc%ﬁxsé’ﬂl fé‘ét%ﬁon Sfes ﬁﬁtbkhéﬂ%&h%@%%qﬁexﬁtlxrﬁ(ﬂfe &ege of tail
with (a} 10 ug the CTLA-4 fusion protein or (b) gCTLA— peptlde

emul sified w mm@csn@n@tt%wﬁwwn@ rgiqajseareants. Clrf:gl@a@mN g0 be modifitdse was
repeated thre 'ng% ur days
before fusi onS ?%e&%lld%g% eP%/S{eLJbg&?l na%krfcﬁljgggﬁgﬁﬁeo?ﬂld%e@nﬁﬁﬁggen or
cells in PBS lrsptb@naxmqmpe | ynph node | ynphocytes 30 from i mmunized m ce

were fuseqsw th tgﬁ)ﬂlréﬁ%h@@a&gma% gdfg@m d;w&hfa dE’a}&ﬁré}bw@évand wer e

subj ect ed to HAT ection as preV| escri and
Mlstein, C., derhteémarsams;mndfthmmwomwemwwsm ésonsthahienepides aand 2 3
SEP 20D3 WD 0 gm%fg / 5~83.pr-9c " t . 73:3-46
( 1981 )). A é‘%"é‘qg Gnel To egh%'gélgd%ﬁaslp l%gg%rg IObumé}ag&igspemfl ¢ human

| g&x or | gGArprrapiattetestrittiah dibs enginegretliso ottt esy W er Vb sogweneocanDeEL | SA
assay: ELISA Lot SRSLITOALL AT 1AL ORRERGEAL nd) RO B3yl ToUSE

serumand in R ore SUupar escri (Coligan et
al., Unit 28. 1th Eﬂmyniandm slkeech thmmsmedrbesgﬁ'oramxhyts ¥plica «Coeptarngitepr ot ocol s

1ol 007 (S04 e 8 T R T RCOL R SR Wi
protein, the human CH exons. Polyadenylation and transcription termination occur at
native chromosomal sites downstream of the coding regions. The resulting
chimeric antibody may be joined to any strong promoter, including retroviral
25 LTRs, e.g. SV-40 early promoter, (Okayama et al. Mol Cell. Bio. 3:280
(1983)), Rous sarcoma virus LTR (Gorman et al. P.N.4.S. 79:6777 (1982)), and
moloney murine leukemia virus LTR (Grossched! et al. Cell 41:885 (1985));
native 1g promoters, etc.
Further, human antibodies or antibodies from other species can be
30 generated through display-type technologies, including, without limitation,
phage display, retroviral display, ribosomal display, and other techniques, using

techniques well known in the art and the resulting molecules can be subjected to



to we additionally screen for non-specific reactivity against the human Ig
portion of the fusion protein. This is acconplished using ELISA pl ates
coated with human 1gd@ as a negative control for specifiZ8tSEP 283 a
preferred I say, the follow ng techniques are used, 9;":‘?9 § ates are
coated w tﬁbfggsgﬁs/well of the antigen in plate coating 1 ?@er (0.1 M
Carbonate Buffer) pH 9.6 and NaHCO3 (MAA84) 8.4g/L). Plates are then

i ncubated at 4C overnight. After incubation, coating buffer is renoved and
the plate is bhdittied matinatiaf)Gucl dsefihibmankitiog, suiitteteckfiqe¥taiStell 0. 1 %

Tween 20, 0.01,% Thi nero aI BS) and ncub erature
for 1 hour - Al B RS Vi Brd Fadiohp@nay Ben rh Ersfiep 63PR G50 ¢ h 50
bl ocki ng buf f ep4:496Y- 4sl4at(E99spaibefosnal Bisplay)i Pgmidayfdné ISniith GeeT33d5-308 50

ul /wel |l of hybri super r.ym or brido at ant
(positive contf ]t?g?)”@h p?ﬁegF%ﬁ @gt}lk}?éi 263 @gh I %gﬁg}w&fﬂt rol) is
added. The pl anwsmr@ssarqmbﬁmeseaétmmm LRI Resdartre2 11 10813 08D U993), Af t er

i ncubation, the plate is . d with washing buffer (I x.PBS). The

det ecting anti B@a3nbpemeet %é@@“'&ﬂ‘t i Resiens 30 43028 (LP)( Sphiswedo7nd 0s) f or

I gG&2 anti bodi effc@fhrL TE @A 1040R8 195 HPU(SBAEALRR: GOk 91, 119HA

anti bodies) is added at 100ul/we] | (m)use anti - human Igci HRP '@ 1: 2000 or
nouse ant i - hungisPlpy tsgbnqigsicgrte wiiged Pesedice prtipodigs that 3¢ BetdiuAybYFl er ) ). The

pl ates are |ncgﬁ%ggsggngquﬁhﬁ%m@@gc%gdgbg{,e 1 hour and then washed with
washing buffer. Thereafter, 100 ul/well| of 3o freshly pre&ared devel opi ng

solution (10 m Su bgﬁlﬁ&tté“ﬁu?cﬁ]@ﬁques ARfibops (Wphehaeasragd alvi fdLASt gna Cat
No. P-7288), ag rélQmE |ccl§0&41‘t'KQ2ns€§' RS of Gﬁﬁ@-@%ﬂoﬁé& ot gé‘pn‘ﬁ@sl threofl N Pl at es

are allowed to devel op 10-20 m nutes, unti| 3 WD 001 37504
PCTNS99/ 30895 @ud ereeessipy libreties theretoy(edel exg. B5S é?agentsNari 7Q3905§hw0b@|a©r
Thereafter, 10 2o and the

pl ates are rea eﬁﬁﬁé&ﬁdeéﬁﬁéﬁﬁﬁgﬁsg@e@gh@} tgt h%veﬁgﬁbes ég%gﬁ%] 5

Determ nation of affinity constants of fully human I\/abs by BI Acor e:
Affinity megasurenent ;of J IQQI anti bodi es, Fab
fragments, or hybridore ' DT resonance was carried out
usi ng the Bl Acore 2000 i nstrurrent) u5| ng general procedures outlined by the
manuf acturers. 1o Ki n o] I d,out using
antigens i mmobilize Q"pcbeteﬁ’ r%ga#\egb (—:); & Qesﬁ (zrlfgl?tc;ﬂ ?lr ee
surfaces of t hex;Bésémgrc&llserEamhathmpe ‘gmemlllyrrdminesl fol sm@d)y it ICTEAGALA-4-1¢

fusion protein den rangi ng fr appr oxi er 3 0Q wusi ng
Croata- Dot usi SiiRotE T igafRdptidyt 1ol RRn ReTRaR. ot A B0 BT "%, o
5.0 using tde ateckhmisaBuHroupl l«htchlEntﬁvopi}akilétl beylsthet}nfamglnf dxutiorerof ( Bl Acor e,
Inc.). The fourth rtgtacg %f cTi hg Bl A@?{\}f i,gnscorfantg % mTDth.b|l§ed wth
g3 (900 RU) 5%’81) vas s P g% Ly %’éé}%\ e cORPS efgIIaVC% th(?ﬁ specific
bi ndi ng. Ki net iptayanal jtspostanea solpein f annetioat wizh fanomtibadye's odbilzp tor fiv0
mcroliters per._mnu and di.ssoci ff) .and_.ass ion (ka or
com) rat o6 war STRPBReRRARHERRE T ARCS drinae Rl e buRHe R R
manuf act urer ( BhAntibod) tasithenprdvid} tHehudilitpbf mf@lénwm gkaidal offnot t [mme
cal cul ati ons. EXAVELE 2 Aff.ini tgnl\/bas errent Of?ﬁf%é’@? 1%lLA- - odi es 25
't

In the fol 8w §B°PiBiePresghtripysnfi Ve AeHEYiop PrRT? yHé" anti bodi es

sel ected in thipfeféfRANGI utiliz€ afra@Mbddgtthat kitts theSfehs. 2 0hdreVir® Lflinthed &
PCT/ US99/ 30895 65 TABLE Sol jd PhaseBl Acqr eHybr i rates

f
rat esAssoci at i $iPEPESQ |a§{ﬂ?‘61|'1°§>uﬁhf‘ EréKcaP wﬁs@ﬁ‘ﬂfﬁﬁ?ﬁ% ‘é?ﬂqﬂeﬂg X ~s 1x106)
(S ~x10~" ) KA ( IndNidirg<nthdit lilfidatior, hebifowih®) nhiink KM eBurine 1gG2a, murine

IgG2b, murine IgG3, human IgM, human IgGl, and human IgG3. Those
30 isotypes that do not include, without limitation, human IgG2 and human IgG4.

It will be appreciated that antibodies that are generated need not initially

possess a particular desired isotype but, rather, the antibody as generated can
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. 530. 392. 54878conyemipnaliephninpes th gryav ke ip g ants Fuchyiadhpiguss peide 40, | 95. 253
97.82. 1. 31. 2494890, 1A% LPRIGFifack (kRn300 (AR L1e 20808yl 43108670911, 70397,
84.13.11.225.830. 214. 78878. 71. 296. 650.195. 17 4.51.237.250.175. 8397.8 WO
001 37504 66 z eclk@h o toEnawsdsre308oY A aiant Applications Mey BH73%4%0 bodi es
prepared ingacgRh i dbeh N6 oh L on possess high affinities and

bi ndi ng condt ant s%%%%&WPLESg S %@Eures of Anti-CTLA-4-Anti bodi es
Prepared in Accor daindke selltdsl! fiséon| techgiquegrmyeatondyy other cdllinegs piepared si on,
structural inf [ r ' i £5. P [ ggfdance with
the i nvention %F@&rs%é\ggeégg{eﬁyﬁ&gﬁg@%%b%gg ylzsjgggt%ngga?l E@grshg?l&gntf bodi es
produced i n acothedaslt &ineviig prephred ithar grossesses thee lightoehaih. gSnes celiscerti ng t he
heavy and |igh hal n f o] ] ' Al ] ; Gene

cl oning and se%ht?%ﬁ@%rgtée %&g@g%égﬁgﬁ%%@é?&%@ %gflﬁglgw%gél@ofggﬁ??%@m was

i sol at ed friom appr oRy may elf gxénple, 1S ntajdoity dbtie CTied-# antileydies atischgsedn i mmuni zed

XenoMbuse m ce, usin Fast -.T i lpvitrqgen). .Th neration of
random primed 8DRA a\%%gm?%’l ?“6\7@@9}8371@%&(“"&??%h%%ﬁ°SPChhﬂﬁggaquifﬁ‘? ly

speci fic vari abitsired dinidorg tprther€TE Al4VRrolkegulef argl one ofGuclgemtivobeotardbe pri ners
for polynerase_chain react.ion lifjcation.of humn 20 i nogl,obul i n

vari abl e genesre H@y ggtgp%ﬁw%c?leq g’[?eflffa@pag}ﬁqaflég%f fsﬁgﬁﬁc,f%re rrggc, bes. " Eur.
J. Imunol . 215tA8%09@4sifgl 3L samer vapiablai tegios a{whichrdsfindsl el amibodyN&> 30

( CAGGTGCAGCTGGACCAGI Cl was. used. in conjunction with primers specific for
the human Cy2 8@?@’?%?’%}8&%@‘? R@“A@d; 5' - GCTGAGGGAGTAGAGTCCTGAGGA- 3' ) or
C~c constant regi onA¢doxdigly, 28 afibpdyeudithitey Hle gererdieddthan nfeedssired al .,
1994). Sequencegs of human Mabs-derived heavy and ka chai.n transcripts
from hybri dorrassWd@?‘“‘éaloB‘E'g%“F‘Fé&s BiFess Vaéd e‘}%igﬂ&"_glg'%@ﬁii@dﬁ@f s

generat ed fromaPiedsy teithin AdMhioHA “AficlidHAl RittiBRESthatQSE ddsR@TkhAIgN RotyP&R product s
were al so cloned,into pCRII using a TA cloning kit (lnvitrogen) and both
strands were séWli@iREed using 30 Prism dye-terninator sequencing kits and an
ABlI 377 segqgencing machine. Al sequences were anal yzed by alignnments to
the "V BASE sequence directory” o 213 SEP 2003 WD 001 37504 PCT/ US99/ 30895

67 (Tom i nson &esigeand Generes B APraPediic Engi neeri ng, Canbridge, UK)
usi ng MacVector and CGenewor ks software prograns.

A 2 Lol

In accordance with the present invention and based on the activity of the

antibodies that are produced and characterized herein with respect to CTLA-4,

25  the design of other therapeutic modalities including other antibodies, other
antagonists, or chemical moieties other than antibodies is facilitated. Such
modalities include, without limitation, antibodies having similar binding activity

or functionality, advanced antibody therapeutics, such as bispecific antibodies,
immunotoxins, and radiolabeled therapeutics, generation of peptide

30 therapeutics, gene therapies, particularly intrabodies, antisense therapeutics, and

small molecules. Furthermore, as discussed above, the effector function of the



Further, each of the antibodies 4.1.1, 4.8.1, 11.2.1, and 6.1.1 were
subjected to full Iength DNA sequences. For such sequen&isdqg %y(A)+ MRNA
5 was isolated fromapproximately 4 X 106 hybri doma cel EP ¥nRNA Di rect
Kit (Dynalywp gof1s4RNA was reverse transcribed using ol i gergddohiesand the
Advant age RT/PCR kit (C onetech). The Vari abl e regi on database (V Base) was
used to design anplification priners béginning at the ATG start site of the
heavy chain DP50 gene (5" io

TATCTAAGCTTCT ABABTGEEACOBCOAETRT BRACEThamEd TRAGEYPEGYEtching rid an dg&he st op

((:gd 'CI)"rI]'C(':I)' ETER?&&%#@%@%%%&&M&WPSWCKﬁeso pti mal Kozak

sequence (ACCGCCACD) comectimideih $ie ganctation AT @lwhendt ansibody. thehwpewase met hod
was used to desi pri ner .t o the AIG.st.ar e. of 1 t he ppa chain A27
gene (5' TCTTCAK S}E%r Eﬁ?ﬁ%@%&&& $s§3§ﬂ@t&%‘# Bosﬂﬁla fhe st op

codon of the ksdestep (menﬁé;&ﬁdienbegn aomplement for cell killing through the use of

(S TTCTTTGATCAGAAT TCTCACTAACACT GC-3'"). The 012 cDNA was cl oned
by using a prifHee ’}-85 f’ﬁ‘@%‘%st %frrf‘ 1gja t‘g}%exwle
TCTTCAAGCTT SR -p&@ afisbdiddecaaepa const ant

regi on stop codon pri ner abov The H ﬁvy chaln cDNAs were al so cl oned as

genom ¢ const r&?&?’égﬁﬁ‘%?‘lﬂé”’d? I oAyt redthe spesitigiy o Thped andi t e at the

end of tlhe éa%?hﬁoé s;éécg_lﬁg}nﬁblétﬁli thatlagd &ﬂj_lt_lﬁﬂedzitggéﬂhw ({il’)@gﬁ‘i’g{htanﬁﬁdti&yal ni ng Ehe
genomc g | hge 1. oNns e olrn atiron to genera e
Nhel site dbesthfdies qig ghain spect ?ﬁ%@TIaél4oa“§1éqﬁ§%9ﬁ‘éé’ ?‘F‘Gﬁ? 144 $5€°n9The pri mer

pairs were usexqomlalaphn)‘a/sxﬁglec&meﬁlby&y A8t hAs MRBifRBEtETINA T Mekid ¥ PCR Ki t

(C onetech). Sequence of PCR was obt ai ned by direct sequenci ng using
dye-term nat or°t§@q’ﬁfé%‘?%gs‘+@htb§l>%@° antibagies §@q‘l€e&?§Frﬁ(jd BEitpraNiaYeRe  PCR

product vas_ ¢! @aek bl SaAToBbUAIY n@co%ﬂecﬁwmﬁt?o | 00§ AP eSS o

vectors (Lonza) and three clones were sequenced M SON&t i C

mut ati ons. ForetahdWwmenendethedsch: Tl £1904) Wé‘swvléhtl gnd ddpros siprehard inands i n at

| east threg; re&%&c‘t’l&%wnﬁ\rbnfilgéé’é?g’sﬂaﬂﬁé%ﬁerﬁm %t #nt J VAR @4 788.2 3 SEP
2009 PCT/ US99130895 ant1 body was gener at ed site directed nutagenesis of

N294Q i n t he d9%onai n. Reconbi nant anti bOdI es were produced by transient

trasnfection of Cog{ Gghbs *¥h b&@di@?pkmt&dal':%s?gﬂdaxﬂuédn&ﬂr&@oﬁ'%'fw st andard
Protein A sepharose techni’q S | e transfectiants were generated by

el ectropor at i oltybof lmmumgéo@hmgoxne@l Wléh nrogerties efchatioheavy agd dightnéhain free

medi a. Reconbi » i denti cal
specificity anﬁ?lff}?ﬁ}?r% \Tﬁ étpz&%'ﬂ? in ﬁ;,e(glbén‘ﬁﬁ M@B@ ang{ BI aj\'core
assays. Cepe UThei affinitpiscléstimhy of sa 1finitody f polymeptidey ﬁihabit@' oft Buthgrt h t he
gene utilizati ACLHnBY rSES. € id | on f ihodies in
accordance w tﬁ&{]}%%m'?ﬁven ?@n‘] ﬂ% élﬁyﬂ@OS% 35?3(‘2}?8@@5%% 99| 30895 69
TABLE || Heavy“mbodiegghtsmdhbivaleearel bispdcificasntibodys fragmemdieBVMS @itd nKa a Li ht

SR Kaa. 14, 30 St ga8 PO o LA U ey Peikatei Mk i

or JHAA27JK3DI R8pketulds. UBktisHidB-t8gdH661RMME Ayhphazides od 7HPV Jikfkafed J¢€HT: 1. 3DP- 651-

263PBALO! AZ6IN 3, 1 802 TG Shdecter R, SORM 2L AR 11 61

DP-50 D o
design for bispecific reagents™ Int J Cancer Suppl 7:51-52 (1992)) may also be

prepared.
In connection with immunotoxins, antibodies can be modified to act as
immunotoxins utilizing techniques that are well known in the art. See e.g.,
30  Vitetta Immunol Today 14:252 (1993). See also U.S. Patent No. 5,194,594, In
connection with the preparation of radiolabeled antibodies, such modified

antibodies can also be readily prepared utilizing techniques that are well known



JH6., , '''" ~ 012 JK3D4D3-22"f ~11.7.1DP-500r D21-JH4" ~012JK39f
:12. 3. 1. 1DP- 50D~4r JH6" A17JK1, ~fy12 9.1. 1DP-50D6- 19JH4" ~ ' A3/ A19JK45-24 -E.

.4.9.1DP-47and/ or JHALSIKI 6-19'' ' As will be observed, ahf8i$Erdes in
accordance e present invention were generated wt bi as
t owar ds thgmu‘%o?}#lozatl on of the DP-50 heavy chain vari abIp 1?% t9%&&QThe DP- 50

gene is also referred to as a VH 3-33 fam |y gene. Only one antlbody t hat
was sel ected on the basis of CTLA-4 binding and 1o prelimnary in vitro

functi onal aSSaN?eheS:hﬁV&éi ed., W@ﬁ%n@Elaé.lnlﬂ@&)@eﬂ@héﬁtﬁ%&;ﬁﬂm@tBz@fheﬁdpﬁn DP- 50.
That cl one, utlllzes heavy chain variable re on and i s an

| g&4 i sot ype ‘lﬁﬁé (F5egie qhéf“&‘l ¥ ﬁ“‘@fg@f ¢dsel Linpingett Raven 49%9)-13¢6i |y gene.

On the other hmmhpat&hme 4631%81;47‘1!’5'2(1b 530(&5&$S§$02999@F(Rﬁ735%@)/y chain
variabl e region binds to CI but’ does not j nhi bi nding to 15 B7-1 or

B7-2. In XenoNouR&:4i.cand %%%Zaﬁ@hrﬁfﬂm‘ﬁaﬁmﬂea@ﬁ sqdior@plemfé@qu&ﬁsa| 2 3
SEP 2009 WO 500/ \3fipfte ﬂ@w Hsgﬁ/cag&gﬁreZ&é]@?NX-@% ﬁartvc%[alr@bt&e g@mﬁﬁ Wi th

which to generate antibodies. Bias, therefore, is indicative of a preferred
bi ndi ng notif orhiglke @mtbp@swithmwg@nniameéfﬁ@twm on with respect to the

combi ned proper i o9 x el thet el SRdMal YBRIRONRbugOLVI Y- S

Mut ati on Anal ysis As w appreci at ed, gene tion a ysSi s
provi des only autilizationed stveurel ipformaticueclateddy GHLA ud entibddies HerdB,cel |'s i n

Xenohbuse ant s, LS LARAREL S 1 ARAS AL BB iSYeeiicoor PP |1 oNt

chain transcripts, rocesses occur,
including, Wt Feonal moledulea) postreesingwf peptidy fibraniag, ahqrmutmp@ddcstaaorbs and CDR3
ext ensi ons. See

(1007) and U, o epfed AR diecd PG Ch e, Wh Sul RS RRrb el e 5

1996. Accordi nghgrapetlt)csf isrdibrassed 5n ecoamxdctien avithi Bouphtest etuxdt Biogechrigelisct ed am no

' om the. ol ones AR BT oM R PR L AEAD A Uo e il e obt ai ned

t hr ough prot el rstecﬁnme: 19019 @u1892), Plaky antbKitziDalvizQBib Oenjequte Chexli ct ed

am no acid e, eavy .and ka ight chains of the.clones
4.1.1 (Fi gu e ﬁi?l% 5?1[3 IQ%H E}HW&X%%‘?S QWP E&i‘ﬂ?@gf]@é&g?‘aeslcﬁ alsg bf 1 (Figure
(1 D, 3.1. I%l) ( Fipgepaeed] akd in 4.slflild hnbmgtrie c'bnﬁct(lolﬂwlth%eﬁ)ﬁﬂl)gliﬁﬁetiesgs (4 13.1
Figure 1 1 Figure 1 J), 11.7.1 (Figure 1
Ky, 22.3. Z dlscPTfF‘bé%"&CE"i_°j‘“e°&ﬂ'b|%"&t5‘”§‘bfd'fs(Fu gure 1 M. In Figures 1A

1B, and 1D, extendedmp&emeintRmation refaed asihe bRdingof 4n dntibodyHtoGnlntiggnd 6. 1. 1

were obtained b fulk | engt h cl oni ng f the, cDNAs ag described above. In
such 25 Figures an b gleapggi iyough phaeg %’%@[&éﬂ%"??ﬁw‘?h SXPEIVERB Aeng t he

sane) are ipdi cgheadlly acdaﬁipds}@adm@egupmm b tphhdeZ@tar Odxpkddgind rarkd6iR 1 €act i on
are underlined. Figure 2 provjdes sg}r(;jI e, al i gnnment betvxgpen t he
predi ct ed heavyPeHIES FordHR ‘&‘{:}I@eé@ ¢ IYSALOA L dategping 1peptides 4 g 1

4.14.3, 6.1. Z dandelisdlated tﬂa@ ‘bénd. 4Ifls'ﬁcéessﬁlll cértaln eﬂ&@op@ 111:501-1{1}&1071 cden bk2. 3. 1. 1,
and 12.9.1.1 and the germ ine 30 DP-50 (3-33) am no acid sequence.

Di fferences bet&e®ad fpm m%@deﬁwmﬁe sequence and that of the sequence in
the clones are indi qag&frdl, phR&Y 6braried @xpressing random peptides can be purchased

25  from New England Biolabs (7-mer and 12-mer libraries, Ph.D.-7 Peptide 7-mer

Library Kit and Ph.D.-12 Peptide 12-mer Library Kit, respectively) based on a
bacteriophage M13 system. The 7-mer library represents a diversity of
approximately 2.0 x 10° independent clones, which represents most, if not all,
of the 207 = 1.28 x 10° possible 7-mer sequences. The 12-mer library contains
30  approximately 1.9 x 10° independent clones and represents only a very small
sampling of the potential sequence space of 20 = 4.1 x 10"* 12-mer sequences.

Each of 7-mer and 12-mer libraries are panned or screened in accordance with



2 3 S EP 20(?3 WO 00l 37504 PCTI US991 30895 71 Figure al so shows the
positions of the CDR1, CDR2, and CDR3 sequences of the antibodies as
shaded. Figure 3 provides a sequence alignnent between th8 §&Pedi0dt ed heavy
chain am nw()a@/g-pgusequence of the clone 2.1.3 and the germwf&bs% (4-31)
5 am no acid sequence. Differences between the DP-65 gernline sequence and
that of the sequence in the clone are ifidicated in bold. The Figure al so
shows the positions of the CDRL, CDR2, and CDR3 sequences of the anti body
as underl i ned. thgi @anﬁaaurmbwcaé@ead%@qmemwlw Plgtesrewvare rotte avitht Be pr edi ct ed

Kk l'igh 1,

ata O 101, SREY s EAR B o dRRUE bRy f U6 EUPARTu IS o al 1L ence.

Di fferences beﬁy@emtlbtohxefMX'argxdp)nﬂoumedslequmhm &ound plzage ofe dhlied wdljuence in

Lhe ol one are Gndlealalibahls TG QULgnll 3P SMALLBRaARS) 4 oS of he
seq t 1‘2 e P8 xévﬁ/r % JAp

CDR1, CDR2, uen ant | as un par ent
deletions i n t Inens@‘DRlstrmgqmty 1B5%| Dweeg), 4hr8ugh us@ cﬂf4)ISA saqebnéing,. dheamae i ndi cat ed

with "Gs". gu eguenc | i ment bet ween t he edi cted
Cappa 1 gt cndrnedsnh Sonts fod SEINERSpR ot RERE o PR R mlolobhE T 15
and 11.7.1 and attitediper Reastwitp b2 tmnpepndaoaad teelgteanined biHLI®AeFoeanbet ween

the 012 germine.se nce andtht of the se nce cl.one are

| ndi cated | n baTUToR) SRRESEN of, Rpe ABaHE 6L PEHIERD the 1 NEtb AR 88 DR

CDR2, and CDR3 sasithl G eSeidate R4R386:3900Q690)aEwirlilexr dli PNAS T84 87:63B-provi des a
sequence al i gn th i.ct.e i n_.am no, aci d
sequence of!® thg‘;@gﬁg&v\ﬁ ’CSCtQﬁc{p‘@fﬁg %Zlgﬂggiﬁ)@ﬁg‘%wd;ﬂ?w@ab&ag 2Lequence.

D fferences betzxmaagtdm},ﬂ%%@@m@%me sequence and 25 that of the
sequence in the clop re |nd| cated in bold. The Fi %Hre al so shovvs t he

positions of the @W 5Re neisense Hierpesics {RaugionKEw

underlined. Fi géthﬂiqﬂesﬁé 8ivd ﬁ&ﬁta&d&%ﬂ%@pﬁhétﬂﬂﬁ@rﬂionbswkﬁﬁﬂdahh@s dahedl cted
kappa |ight chain am no ence of the clqne 12.3.1 and the gerniine

ALl7 30 amino alpit 13@35@%@1‘1‘@?’51‘ riuprtigs ohe ety IFH@“B&TW“dBWFWﬁﬂh@Cs equence
and that ofst hanm;e@ RE fhe gﬂes&xﬁ envehHradliftel déﬁi?% atdBshe loP filelishal dd88sFi gur e

al so shows the SEP 2003 WO 001 37504 PCTI'US99130895 72

related thereto A design and strategy for antisense therapeutics is discussed in
detail in International Patent Application No. WO 94/29444. Design and
strategies for gene therapy are well known. However, in particular, the use of
gene therapeutic techniques involving intrabodies could prove to be particularly
20  advantageous. See e.g., Chen et al. Human Gene Therapy 5:595-601 (1994) and
Marasco Gene Therapy 4:11-15 (1997). General design of and considerations
related to gene therapeutics is also discussed in International Patent Application
No. WO 97/38137. Genetic materials encoding an antibody of the invention
(such as the 4.1.1, 4.8.1, or 6.1.1, or others) may be included in a suitable
25  expression system (whether viral, attenuated viral, non-viral, naked, or
otherwise) and administered to a host for in vivo generation of the antibody in

the host.
Small molecule therapeutics can also be envisioned in accordance with
the present invention. Drugs can be designed to modulate the activity of CTLA-~
30 4 based upon the present invention. Knowledge gleaned from the structure of
the CTLA-4 molecule and its interactions with other molecules in accordance

with the present invention, such as the antibodies of the invention, CD28, B7,



positions of the CDRl, CDR2, and CDR3 sequences of the antibody as
underlined. Figure 8 prOV|des a sequence alignnment between the predicted
kappa |ight chain am no acid sequence of the clone 12. o 3 §Efy2 Qﬂge gerntine
A3/ A19 5 ayd tis7snri d sequence. Differences between the ABtfigSogeeg! i ne
sequence and that of the sequence in the clone are indicated in bold. The
Figure al so shows the positions of the4€DR1, CDR2, and CDR3 sequences of
the anti body as underlined. Figure 22 provides a series of additional

nucl eot i de and&ahiBib2,a0d dthéw ca;rebpmiiizai;tooﬁtidnhmr dasighmdﬂiﬁgxaathbiapﬁﬁbA-

ti body ch t i
Doy and aniiesefids o bty eeaafh Yokt i DR cORRL SRS 359 heduy " ©
chai n (cDNA 22c(r52b)tallagﬂphgmdompaien-ddé!2(ce)a)sslstéd)lm&lebulghMOdﬂlmg r'(CQ\(MIW\ 22(1;1 g ang
' id 22 I 22 an
amino aci d 22E g“i‘a‘h"°8°r1q"|aﬁ§wf° E‘Hﬁ}‘ﬁen?%w %E‘(‘ﬁn%“%ﬁséﬁ? rﬂS‘daP&‘P’&afzz( (k))
6.1.1: fulls | epgiblogied cdn heamwe@hcamuﬁ aiAList3tely eﬁmb aKhtﬁfhala@ds%n25 22(m);

6.1.1 light chajn (c am no acid 22( 12, 1 full Iength
11.2.1 hgavy cﬁigwa %(@man séle% elra?roﬁyawmst%waeswlmaa)wteraawﬂiﬂ*ez 1 1ight

chain (CDNA 22mfledui@thpadiid RrRdtheresAA 15N can beVi&dQQh%Z fr hédvial SER2 ~
PCTI US99/ 30895 Sll?nal ET ti de sequences are shown in bold and | arge text.

The open readi #§ViY H-4 hSuely| StruptEregt spngbe synthesivsdi chemigally fuence (Fi g.
22(b)) are Und@(ﬁ*e‘sé}a@n blﬁﬂ)@calts?ﬁerﬁytﬁlb %?odcﬁ‘hﬁ%%e%d 'ffﬁé 4§'

aglycosylated 4.1, eaVé chai n and resul ti ng change % are shown
in doubl e thded ﬁﬁ’@ﬁ"&#&' ogipgsred {'Ilé’k‘tm (%mAet("HlamgQﬁfeyktam W&Pn acid (Fig.

22 (e)). EXA'VPdilEssé}) AnRdeyd] Sthé)f raﬁsﬁa\xy dédigh LbBNhofehidid @0
Substitutions 10 I'n Fi gure whi ch provides a sequence ali nrrent bet ween

the predicted Pretdqmiaielrsnsaah meleqlesdordbajliken bassd npasrnowe %rieln@sted, 1.1,
4.8.1, 4.14.3, stﬁlct%re]-acthty relationships with other molecules (such as antibodies in

accordance with the invention) has become generally routine. See, e.g., Fry et

15 al. “Specific, itreversible inactivation of the epidermal growth factor receptor

and erbB2, by a new class of tyrosine kinase inhibitor” Proc Natl Acad Sci U S

A 95:12022-7 (1998); Hoffman et al. “A model of Cdc25 phosphatase catalytic

domain and Cdk-interaction surface based on the presence of a rhodanese

homology domain” J Mol Biol 282:195-208 (1998); Ginalski et al. “Modelling

20 of active forms of protein kinases: p38--a case study” Acta Biochim Pol 44:557-

64 (1997); Jouko et al, “Identification of csk tyrosine phosphorylation sites and

a tyrosine residue important for kinase domain structure” Biochem J 322:927-35
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3.1.1, 4.10.2, 4.13.1, 11.2.1, 11.6.1) 11.7.1, 12.3.1.1, and 12.9.1.1 and
the germine DP-50 (3-33) am no acid sequence, an |nterest| n attern
energes. In addition to the fact of the bias for heavy 30 in the
majority f} clones, there is relatively limted ion in the
ant i bodi ngV(r)te0 at%e to the germ i ne DP-50 gene. For exa%@{swgﬁes 3.1.1
and 11.2.1 have no nutations. Myreover)47the nutations in the other clones
are generally conservative changes, involving substitutions of am no acids
with simlar properRurésr, t@nbihgodariibariaciaddeidesigried agesyniiesiaed adlitsed | ons

t hi f.the CDRI 20 t | arl t
' nature, Thr BCUGPTREORRRS Ehe TG FENPRROATET MR P ur o 2, 4. 10.2)

4, 13. 1, and 4.14.3, are cl earI y deri ved froma single reconbinati on event

(i.e., derive E;lom an, i %el’]tl cal ger 2 nall center) and are nearly identical
in sequence f g a single sequence, then,
anong the 1¢ d| fferent anti bodi es containing the DP50 heavy chain, in 25
CDR and CDR2therea 3 positions in which a naonpol ar re5|due|s repl aced
by another nonpol arltr&d; Bf'uéppri‘?atf"‘ﬂ i ’t"fjl'?“’a‘S‘f)"é‘l%rOf ﬁ‘éﬁﬁ?‘ﬁ‘édﬂ’h‘@%ﬁ Hie is
replaced by ane&cbﬁirandeomh tHO GRRhESH Wikt Hedi@ninRiRtbd lwith S0RAYI cardeR] ar char ged
residue is replaced by another polar charged residue. Further, there are
two positions PYiRAPtGEnd fier agenifbal ajhineorperaied yaip yorauiationy toSRIPYiEe ur al | v,

gl yei ne and al faideed el BoRHRS tdibiceChdsGhe RE ARl ongaopfmty mut at i ons

not strictly conservative invol've substitutions of r charged

resi due forlla fomglationsceasr Qecfomt@smdﬂ@ fomarulerye kaawss ¢ tad.lt thn@ﬂeu@pahonpol ar
residue for & pohfr Sehilhfor's FhuhSel S10RRIS00GT R, FibySIEHE US09130895

The |ight chains of these antibodi es are deriv Terent Vk genes.
The A27 gene i SomhenymdgstomeRdyi(L9750e perticelnte hapter 8% bwﬁzlawuﬁemom 6

different |ightherdifl fifese @Hﬁﬂa‘hb fcibe, ?&eﬁ&%ﬁle chg%iéfeéﬁ

noteworthy features. First ree 0 6 1.1,
contain del eti inlléesofaxss, @ﬂe hordSIlmd fcemme@mqmctmlalmag Nemtéesé(whtas Second,

there is a str #]Hg r on six in
CDR3 in tha? %g%geg“ n g&i“rgqrep drglﬁlz{r%%rék‘?o 3’%6853’“% A h’%% suggest s
that a serine aatet-fri-sil pmslstommmuslswnsoaarhwtax ipayathylineCElyobds of vationg. 1t will
be appreci ated t n the. abgve-,id ifie

substitutions &Xi esblarrr%vc l'g Se?"o%tﬁ% <f/ls’t %n%rse{/rmu ?(hl 9(&%% g(g‘tg‘hmg
substitutions whdndaxapﬁpemf tltecfotmgamg sm:tareeixfag(be apmmpnatdm tieamethisgndf t he

anti body to th A-.4 cul e.. F rt such subst..t S, O Id have
ST gni 11 cant of PP (SPRESes Sy o waReos, BVGRoR. STkd ot B e
N Ter m nal 2Am dgredddnd nSettwﬁmmelaﬁasmlisymtSmaftwﬂuad ibgottle efsmxﬂat&ncmddthace W th

the I nvention l,n order .to,further, verif i ti. cture of
the anti bodi es f(fﬁmi ﬁ‘°%é%c9}‘é%{%‘8%‘°wyt ROTPR lbf n%dﬁ?qq%%sl t ? é %ab ve, we
sequenced certadmm«straﬁdie asvei hivsli Revells engl. a“Carpendiukl @rexapﬂmenfoer Bot h

v ogh use. of PRPEA GERGRbe POHaCRREpHAY it i m DL el Py

t echni ques and ctthﬁaheafemﬁ féhi fdRiaionyl MeSHenaereblaa @ea&ipxh@ﬁmmcﬁx&epl e 6. A
majority of_ the eﬁ%gv&é? heav Cngl n, sequences 25 were bl ocked on their
am no t er mfius WeRHED EHical fhFBiSH: es were first treated with

pyrogl ut amat e am nopepti dase and thereafter sequenced. The results from

this experinment are sho i J:i gure 9. Figure 9 also provides the nol ecul ar
wei ght of the Wéﬁéﬂ#@gﬁl’éhai ns as determ ned by mass spectroscopy
(MALDI ). 30

Antibodies in accordance with the invention are preferably prepared
30 through the utilization of a transgenic mouse that has a substantial portion of the
human antibody producing genome inserted but that is rendered deficient in the

production of endogenous, murine, antibodies. Such mice, then, are capable of



2 3 SEP 2003 WO 00l 37504 PCT/ US99/ 30895 75 EXAMPLE G Additi onal

Char acterization of Antibodies in Accordance with the Invention 5 Figure 10
provi des certain additional characterizing information alddutSERei6Ri n of the
ant i bodi es rdance with the invention. In the Figu elated to
cl ones 3.1‘&‘9"@95(31 4.8.1, 4.10.2, 4.14.3, and 6.1.1 iss’gﬂﬁg”éé’.ﬁ‘z"éd. The
follow ng data is provided: Concent ratiam, isoelectric focusing (IEF), SDS
PAGE, size exclusion chromatography, FACS, mass spectroscopy (MALDI), 10
and |ight chai npRydi@igThidn mmegx@wm ERA1I& dn¥l .anfibilicdaha ¥egef@RAer at ed as
foll ows: Materi aI S and Met hods 15 Protein concentrati on was determ ned at
280 nm from a U® dkeaprqdneipn3s mugne ipaneoglobylin gpeleswirinand aafibadiest 280 nm
equal ed I nmg/nl. T%olgég?u’m?z%dpféf fa@ﬁlgﬁﬁl%%ﬁi‘ Bfnd Ia% Neyi&eed N PhSpatents,

el ectrophoresis systemwth | % NuP and MES runni ng buffer.

Sanpl es were zoarmhewnwn@yef@rmqaﬁ flisgjosgd in etﬂﬂcmtommnsém#réc%f fer (+/ -)
bet a- mer capt get H@\O&)ez, Qiﬁé da@g;bodléleh{gopftra%%ﬁg' ﬂro&@ﬁohoﬁdﬁgqeo%d) the gel.
The gel was then stalne T1 |1 ant stai ni ng sol ution (Sigm
cat. # B6529) anelntrboﬂlewh%wfr@n Zie distlonedt ins Uner Baterd dApplicadempgrialndiost ai ned
S L0 oLt CBhn B! flodisdkahter § N ARe kit 190 uRon B0 pEREy

N-term nal sequenciig, sanples were run as above on
transferred to mcmthami blyrmfbtand:q z2%e inbn Manden etrab Natyprp|GeaeicBildd 961 8Mms) t hen

Stained wth Copmmaphe dlbiignfhAoon Therh! BlnsdaRialelahands vere excised

and subjected t uence ana egradati on on 30 an
Appl i ed Bi odyst ens 4Dh¢oﬂhousesef HiEclSe@hmicgr, we H@ QoddBc&D4ullR6 human S E P

2003 PCTNS99/ 30895 Iso | ectric . foc EF r orned usi

Phar maci a | EF 3™§" p‘i—%n anté °d1°f 43t #gﬁ?}g%%ﬂ%&\.’ﬁ%g%fﬂbé Wergrdt 'Izgt ed in
10% gl ycer ol tOXeﬁbl‘_aou'sgwrﬂineanﬂmilceMlthvmsanhmdﬁ'dntemitaeg&ier Bmghhhterellsi | ver
e (pHe. 10] (BE o BrapinaEons Ebiee b SORA alodtl A% wif HePye®eci tsi on
chr omat oar aahy ¢8E®)ith a/mgzelmawpeedll lime @b@@pfbﬁh@obtulfﬁyeﬁ&dnsedlulms @RBS) on the
Phar maci a SMART syst 5| ng the Su erd P 30..c ecul ar
o6 ot | mmtiie AR BRI b e e et Releeet RS BY IS CEhe
retention tinesliaés @l prEdlfce Eﬁt%d&ﬁ lsﬁhcﬁ'& tohHéTEﬁtlgaﬁ?rof pteeal Weeatillizad wer e
prepared and stinul ated for 48 once, resuspended

in FACS buffer Hs 5?‘1*6’6‘“8%5’1??"]?6@"&W“M&? %’FS&PHQW‘PB‘? %%?@ER“F%‘(?B xpr essi on

with 10 ul z5 ofntéfdbies Eie&fEltcT CTChruHekRC e dBlRfiBEihk peodubtichnsrenulfisle 30
m nutes at roomtenperature. Cells were . washed tw ce, then_fi

per meabi | i zed (BYSrdoRa celd fings sl prodype antihodies specis tp SrTLidnty §e€ﬁqruwar CTLA- 4

expressi on Wot hpdfidel a BhrabbtlfBoRof (8 TSR NProdide® VbyC ¥hENTBAIL Yink S
performed using, a Bect on, Di_.cki nson FACSort. Quadrants were set py anal ysis

of relevant i sofiFpinedHclestid °2‘I=5‘da?ﬁt“i‘cb6"d‘i1 é%q“("@&laf’%l@es opthepravyjpaiighted above,
anti - CTLA- 4 ant ichasi SsudhavBoiBln denonstrated to possess certain powerful

i mmune nodul ation actjivitjes. The 25 foll ow ng ex;l:)erl ments were carried out
in order to deterni ndhg pntibadienderived fiom hbeidema celb lipgs disqupsed hersdedie

i nvention posseasﬁghaﬁéacmex\cw Vi, t4. 8%, 4hp29anenals.143)es. expa1bent s, vere
designed to assess abil fhe antibodies to i nhibit the |nteract|on

bet ween CTLAS4 3hd- 18712n3@1 gc&‘!"eﬁ 98¢l s fasht oh theagntibedine arioduredabyatte B7
mol ecul es and Clgifem&@endd’ @Mires hreC&inkr EiyOkiniR 1862 W ApG2 heavy chains

with human kappa light chains. In general, antibodies in accordance with the

invention possess very high affinities, typically possessing Kd’s of from about
10° through about 10" M, when measured by either solid phase or solution

30 phase.
As will be appreciated, antibodies in accordance with the present

invention can be expressed in cell lines other than hybridoma cell lines.



30 including, but not limted to IL-2 and/or IFNy expression. Further,
exam nation of cross-reactivity of antibodies of the invention with certal n
2 ~ SEP 2c~~ WD 001 37504 PCTNS99/ 30895 77 human ti ssues @AdSKETIZHS 4

nol ecul es i gab¥xed sSpecies (e.g., nouse and prinmate) wa dmgg;,jo@ysen
EXAMPLE 7 5 Conpetition ELISA: Inhibition of CTLA-4/B7-1 or B7-2

I nteraction by Antibodies in Accordance*wi th the Invention An in vitro
assay was conducted to deternmine if antibodies in accordance with the
present i nvent iSeauenessenexdingithecRNAR nhgd@bmmomehéorbhmﬁmlanfanﬂh@d@' LA-4 with

either B7-1 or vention
that are capabl Wﬁ%uﬁeﬁﬁ?rm %‘ Lfo}?r?atuﬁx?% ?h‘gq’%ﬁ“ﬁ‘gﬂﬁg%&%ﬁﬁ{"ﬁﬁi‘%h%&m es

woul d be expectcel. toTbmsfoamﬂlpdac@s bf:obylamuhnow:eguéthad dor tiltrasugihgt he CTLA- 4
pat hway. In the thefoll n rj.als and h e, utilized:
IS Materials ar?agﬂ‘}é%q%"“&? ém Bgomﬁ ‘19, (‘,‘i‘?“%’}%’ ex@%?@ %gc?(ﬂ\égéltagn I nc.
Needham MAls i poDubdiextiieirsa HBfS (mstomatabvbm)ﬁﬂtmddlucm@xh&mm pitet es ( Nunc,
Denmar k, 20 #439454 nd |nc bat.ed, at 4 overn day 2, B7-1g was
removed and pl 3‘?%%’ "\z)\iz?%r B?%?f &8 R RS %%Rr?ﬁeﬁ'gest)kﬁw HeBh-Bp ¥ n D PBS
for two hours. cktmplifizdwey eUssasPareht SNosM 8899213 JD,GIfZ‘(HO (Q?@&%Tvm&n 20 in

D-PBS). Antibod riate te oncentr at LA-4-19(A4) (0.3
nM final conc. )4y9(5§¥§';§$ &E‘W nafegts %i‘ﬂ?"r mwr‘\f\%ilr er’f)‘f’ e% c'F)or’IJ %5 m nut es
and then 25 addedsfb@ndtibe ;Baceh@tecma edtp@ldat §oh 6fe Uost & de tatsfviagd. and

i ncubated at RT for Jf?S hours. Plates were washed 3X and 50, ul of a 1 to

1000 di | uti¥n JYethpds foripke tlmféete egouhpeliciegiiges e maprpl d, San

Franci sco, CA aDRciBRedin #Mabe &€ dRrindRde, i€ AbERMAd (3T ddx@bn-hebiated. Pl at es
were washed 3X and. 50 ul TMB M crowel | . per oxi dase substrate (Ki .rkegaard &

Peiry, Gait her SBIsECtionrsaloney phesphate pieripliationa Belsbrensedipted Barséstion: RT for 20
m nutes, and ”}:@cﬂo%gst %méH\' el Rbratas, ﬁﬂmdb&@bmﬁed@l ékcfpsuldlicd Sﬁth‘éle'rafl read

at 450 nmusing a | ecul ar Devices plate reader (Sunnyval e,
sanpl es were t S9DBHCIPidgEhIin dipogomegp RERTE conwggtesghnmgs MBID IS 504

PCT/ US99130/95 nfiBrohljetfigh obf@s DA infaaficRE CTLA-4-1g binding in the absence of
test anti body. Nonspecific binding was defined as absorbance in the absence

of CTLA-4-1g and t eMampaliapesel) ling aypidablecas Jiosts forrexpressien ers yeell kmewnpr ovi ded
in Table |11 A gpeghelaaRq ﬂcﬁd@ﬁﬁ%ﬁlrﬁﬁn&ﬁhzéq‘?&‘ﬂ'lﬁl& Waﬁ%b?é‘f}&‘lﬂ thePhmBridh@d’ | ety of

anti bodies in accordance wt e 1nvention. In Ta ITIB, results are
shown conpari ngfyph&ulure Cpllggtion §4HGChfinaliding by @at limited/yotChinesehapster. 1

antibody of theLaveRibPRels N8R, HeP2'RAE HYP HahSR kidney (BHK) cells,
20 monkey kidney cells (COS), human hepatocellular carcinoma cells (e.g., Hep
G2), and a number of other cell lines. Non-mammalian cells including but not
limited to bacterial, yeast, insect, and plants can also be used to express
recombinant antibodies. Site directed mutagenesis of the antibody CH2 domain
to eliminate glycosylation may be preferred in order to prevent changes in either
25  the immunogenicity, pharmacokinetic, and/or effector functions resulting from
non-human glycosylation. The expression methods are selected by determining
which system generates the highest expression levels and produce antibodies

with constitutive CTLA-4 binding properties.
Further, expression of antibodies of the invention (or other moieties
30 therefrom) from production cell lines can be enhanced using a number of known
techniques. For example, the glutamine sythetase and DHFR gene expression

systems are common approaches for enhancing expression under certain



10 TABLE I'11 A C one CTLA-4-1glsotypeCTLA4B7.2 Conp. ELISA I C50 nMCTLA4B7. 1
Conp. ELISA 1C50 nMCT3. 1.1l &0.45 f 0.07 n=3 10.63 t 0.10 n=2CT4.1. 1l
G20.38 0.06 n--50.50 ~ 0.05 n=2CT4. 8.1l G20.57 ~ 0.03 n=203 SEP-2088 28

n=2CT4. 9. 1] QGZNon- conpetitive n=3non-conpetitive n=2CT4. 1 T_2% g& 50t 0.37

n=33. 39 ~ B ~T4 13.11 G20.49 t 0.05 n=30.98 ~ 0.11F %. 3l

G20.69 t 0.11 n=31.04 ~ 0.15 n=2CT6. 1. 1kgG20.39 ~ 0.06_(n=3)0.67 f 0.07
(n=2) 15 TABLE II1B d onel sot ypeCTLA4B7. 2CTLA4B7. 1CTLA- 4- | gConp. ELI SAConp.

ELI SAI G0 nM CoQy aibibrdsd - hi %'exﬁ%&irgzéelloclﬁs teaf) b0 aBeifidd Buide forverdfohdll. 2. 1
~lg& ~_ Q56 t 0.05 (n:f) ~~0.81t Q24 (n=2) 2 3 SEP 2003 WD 00I 37504
PCTNS991 30895 Ttechmjqurssechgs Haited dijuiop glopingiapd Magrodtap teskrlegy. dihe GSe

I nvention with J?Etﬁﬂg?aisé seﬁﬁﬁg@gyﬁfﬁﬁl dohhdiBbn GHR Bufdbedd PatenPNORIQY hET i N

vitro assay was “conducte ne the selectivity of antibodies of the
invention with 216spéct0 256 €. And Ov3235 887 end FaropempBatert Apligatiophof ol | owi ng
materials an qere utilized in connection with the experinents: 1o

CTLA-4 Selectivity ELI'SA: Materials and Methods A 96-wel| Fl uroNUNC pl ate
(Nunc Cat No. 475515)Anghedipd efttheinzension wint #lsd baprodused ansgeni@ily arapghy,

were plat ocoat oift SEFBEef o nfuk il PRASANN 64 RERA, S8 MR bR S0 S
bi car bonat e buf fieevy apgHight GhainTequépicent &f inkersstt dnd pradastivach Wi tPBHTInEPBS + 0. 1%
e 20) oL S R B 2L B e W foBpoplpcted (1
washed w t h1BShaminakeartibortiss caiNesprotitned &m tnd €ddvered fant, itheooillest gohtst he
The pl at e was. | FEIDAT SUCRPIIRPARoy S4e ASarlh RS Hoa WP FEE A ce | mos.
The wel | s that §050,20add 3,772,950t | bodi es of the invention
Antibodies in accordance with the present invention have been analyzed
structurally and functionally. In connection with the structures of the
15  antibodies, amino acid sequences of the heavy and kappa light chains have been
predicted based on cDNA sequences obtained through RT-PCR of the
hybridomas. See Examples 3 and 4 and Figures 1-8. N-terminal sequencing of
the antibodies was also conducted in confirmation of the results discussed in
Examples 3 and 4. See Example 5 and Figure 9. Kinetic analyses of the
20 antibodies were conducted to determine affinities. See Example 2. Antibodies
in accordance with the invention (and particularly the 4.1.1, 4.8.1, and 6.1.1
antibodies of the invention) have high affinities (4.1.1:1.63 X 10" 1/M;
4.8.1:3.54 X 10" 1/M; and 6.1.1:7.2 X 10° 1/M). Further, antibodies were
analyzed by isoelectric focusing (IEF), reducing gel electrophoresis (SDS-
25 PAGE), size exclusion chromatography, liquid chromatography/mass
spectroscopy, and mass spectroscopy and antibody production by the
hybridomas was assessed. See Example 6 and Figure 10.
In connection with functional analysis of antibodies in accordance with
the present invention, such antibodies proved to be potent inhibitors of CTLA-4
30 and its binding to its ligands of the B7 family of molecules. For example,
antibodies in accordance with the present invention were demonstrated to block

CTLA-4 binding to either B7-1 or B7-2. See Example 7. Indeed, many of the



were then treated wth 100 ul/well anti-human | g&-HRP (Sout hern Bi otech
Cat No. 9070-45) at a 1:4000 dilution in block. Al so) one row was treated
with anti-human 1gG (Jackson Cat No. 209-035-088) to nor ged SER &

pl at ecoat i his anti body was diluted to 1:5000 in added at
100 ullwelie‘(.ébo Z%’? one row was treated with anti-human CQ{Q\G ?

(Pharm ngen Cat No. 345815/ Cust om HRP c®nj ugated) as a positive control.
This anti body was used at 0.05 ug/m diluted in block. The plate was

i ncubat ed at ReEnfiltdiet ouaccoddencewasthedhev inherBST podsesse ntmamedar [aBA

chem | um nescent, substrate (PLerce) was..30 agdded,at .10 /wel |l -and t he
plate was i ncuﬁﬁ?’@BO‘BﬂarZItC s&*@srﬁsgﬁéllo F’g}b‘tglgrﬁA"fﬁgldB‘Igg? é:l]v%/aaé’d én read

u EIT ng | gg I9 u gioéigrzaglgmh%% antibodiebfthe BXEMIBH HOssess cheBcrgEHeoZﬂﬁi:B fOAQTOM-87 50|4 .
PCTI i 1 5 I LA-4- | ect|vity, Bindi say. .Materials an
Met hods M 450 Wﬁ%@éﬂg%%%aéDﬁg@,sﬁéwr%g r‘?ﬁé?xﬂagsé%f%%‘?@ WAshed 3X
wi th Na phosphahw Buf feBécts bl dégrée N refefsndsiMEIRAIRE of A m¥lechiROSIBN RSt buf f er .
1.0 5 ug CTLA-4-1IWg(Gl)) 1.0 ug CD28-Ig(G;L) or 1.0 to 3.0 ug B7.2-1g(Gl)
(Repl i gen, | nc.28REa8FRIPRaraddy titardecird dinding vithoe seronsh anskeptignalbyptheicubat ed
overni ght on a h@tcalel! Hateird Seledtitfl fifere 1d RS dBBAAS pYGERNIA SR IKah N | % BSA
pl us 0. 05% Tween-20 in Dul becco's PBS and bl ockecf for 30 mnutes. Beads
were diluted 1 2Hboy ofithernyangek fongTbtimras compgredty he arjbofya bEGinedd beads
vere lo added tgmel olduRRisRAl A ROy ICpRg, Byhesy npEl. uRlifs, Vil drested in
duplicate. 50 ul test antibody (1 ug/m final concentration) or bl ocking
buf fer was Hddeatibadiasiod theyipeantian arepist tipa 68¢1 1 prsrcogmnan nintibedighof the Ori gen
1.5 Anal yzer c J L€ gﬁﬂ&n Gaidah ) at RT,
vortexi ng at 13{6%2% thECEGPL o?gnrgt eh@?gdt teodhi%gﬁei (r)le ant%%’ﬁﬂrr%gm?g% , 1g& or
| g&A (Zymed, | reertaiSgptokiBesswahcas J&@, anGAFNaD b B 800Ked B <8508 adhdelDBlR8800)
(final concentrati pneofs 3 U ' . i unme) . Was to the

t ubes. Tubes vven?éede?n%eﬁbf“’é‘t eugé 21?“%80 %‘?‘ﬁf}glérsg g% W‘%thlhef’ﬁeelscy%%gcel agvortexi ng
at 100 rpm 20Gntiboddds obrthegimmendios awill inkfifiethe (grd@HMN of hingorm ért agpnapiriatel inc . )

Gai t her sbur VD #402- 050-0 r. tube S ed and br.i.e vor,texed and
Chen the.t ubes e g5 Ryl T Fhigh &F PO Rty 8w 8 rpbi®

el ectrocheni | midin2scence) units were determ ned for each tube.

(el hem | am ) [ d i ned f h b

Normal i zation factors were deternined. to correct.for differences in binding
of fusi on pr ot er ns. e Byibdtonafr] cieceiS Yith dhe Froset, BHEP

nonspeci fic bi riddiege kit aftibodiad ofithatjresgntsibeantivh pbisyssr @tthiaSqualities That resul t's
fromthe assays are gr@n ded in Tahl es lVAf&cr;giolleﬂfoian Cu%_egt t%eE P 2003 WO

00/ 37504 PCT/ UB%] egRreseRpARtifogigs more e Tapeutic

O onel sot y paCTLAGbSIRRAgHhMBT A2LTLA4/ CDA4CTLAA4/ CD28CTLAA4/ B7. 2ELI SAELI SAEL1S
ALGENI GEN3. 1. 11 g&>500: 1, (.n=3) >500: 1 =3)> 1 (nz3)>500: 1 (n=2)>500; 1
(n=1)195:1 (n=1)4. 1. |P©‘@2‘i15@dg‘°14(1n‘z34)-égoez.d1§-?ﬂg§)“§8%2. P (‘?F:E)"é@t?@: 1
(n=1)>500: 1 ( n=pok¢Bbhighly HesijaBle Iprdpettits 1 )ThEIF strudtitallotratedibitsPnb&dnd,
(n=3)>500:1 (nnR)>50Q: 1 én=3) >500: 1 %nz_%)t >a00: 1 ( —Z}I J90: i gsnzl1

) 4. 9. 11 gG2>S00: ¥ deivibysmeyide critprs thatsfaeylitate the Sesigmey: selection gEaddgional n-1) 244: |
(n=1)33:1 (n=I)htibsickl ¥ Gereb RBlebulbdasiseasded Abdve~Shetbeilerla InbRdd 08k 1
(n=1)>500:1 (n=1)4. I% 1l I%GZ>500: 1 (n=2)>500:1 (n=3)>500:1 (n=3)>500:1

(n=1) >500: 12% néﬁgf&ef efofloMmgo: 1 (n=1) 4. 14. 31 g&@>500: 1 (n=2)>500: 1
(n=2)>S00: 1 (n=2) >41a3ilit} té r&aﬂagétﬁ%biﬁdihg%& OHX-4 lwitode bl Soke bNTHe ) 126: |
(n=1 )6.1.11g&>500;,1 (n=2)>500:1 (n=3)>500:1 (n=3)>500:1 (n=2)>500:1
(n=2)52: 1 (n=1 Fntipodigseor thnventiets onel sot ypeCTLA4/ CD28 ELI SACTLA4/ B7. 2
EL1SACTLA4/ hl gG ELI Sihilak-vhid é&iiﬁc'i{y o) A22Q00 ode bivman:or ik gbodies

(n=3) 11. 2. 11 g&>500: 1 (n=3) >50 (n=3)>500:1 (n=3) EXAMPLE
of the invention;

30 A binding affinity for CTLA-4 of about 10 M or greater and preferably
of about 10™'°M or greater;



Human T-Cel |l Signal Mddel 15 In order to further define the activity of
anti bodies in accordance with the invention to act as inpmune requl ators, we
devel oped certain T-cell assays in order to quantify t hé £8RR ment of
T-cel | | Lo Bgfsh4cti on upon bl ockade of 2 3 SEP 2003 YerfQdonih9s

PCT/ US99/ 30895 82 CTLA-4 signal wth the antibodies. The follow ng
materials and nmethods were utilized ins¢onnection with the experinents:

Mat erials and Methods 5 Freshly isolated human T cells were prepared by

usi ng H st opaque ( Saggsenot StrossLpaacts withiOlotvar 1&B3liaan CTLAkdy Jnclatipgpho- Kwi k,

One Lanbda, £ 50- T ' ith PHA (1 ug/m)
(Purified Ph%ﬁ%@%f‘“ﬁ?ﬁéﬁ,°#kﬂl§‘r"2>g<“dd)r%fg°‘%§§’t‘$‘§:d§g§‘lt‘g{.@%‘\}% ord, England, #HA
16) in to nmedi um ( FR2Ms rtG&eOwitio ptimbteiGIIA-4,ghcltding, peeferbllly] oymomelgsent i al am no
acids, penicillin stgggéorfyci n, 25 nmM Hepes and 10% FBS) at a
concentration %}dr&esﬁ 'e4|’l s/m and incubated at 37C for 2 days. The cells
wer e washeds and di |Aiselettivity fee @TLA-4 ovehCIIB, Bald, €Dal, orRAgG1 ofdtllens( Bur ki tt

| ynphoma, Human ATCC No.: CCL 86 s ] Agerican e Culture Collection
RoCkv T e, | VD Sopl Y0 Lot galz e iF EFOR ataby . 600 & SUET ettt s hoy
PES antl 1 esuspended ot bt ol o o T T bal kb et CaR105 ). Raj
and resuspended, af. 2x cells i) ce asts (5x , Raji
cells (Sx105/ Pé?iaraglﬁts'r‘}’éTE’A!-’Q'Sa?RQ'M%[}&’Pr;an i sot yped- mat ched contr ol

anti body at vari OUSACTENG BIB16cXing00TEL AVA gndaibde B 7L PoOfouedflabsita00hiM er pl ates
and the plates were 20 incubated _at 37C for_ 72 hours. Total volune per well

was 200 ul 10 Se?/‘éﬂ‘f’?fafl%rq%éhl%ipfbétzsétQ-ﬁaﬂerSiOcFM°rt1H\¥f’rp')l ates were spun down
and supernat ant rengy gshaAdtheht kiR prddub&dn &n8 b mdad inArdhss 5?15 2
(Quantikine IL-2 ELISA kit, R& Systens, M nneapolis, M\, #D2050) and | FNy
(Quanti ki ne | FflF g*aplesA kit, R&D Systens). Cytokine enhancement was defi ned

as the difference bt yighcedRrnCHILY REaUCENEInS: T BelChhdiAaE 3P BF Aol Ng an
anti - CTLA-4 bl ocking mAb versus an |sot‘>ll\&%-enatched control " anti body. For

f1 ow cyt onet r yS®qsép] eremeater apghpreferably S0 » \RR9RO80,1 3000 o BB45ednbuf f er (PBS
cont ai ni ng 2% gy:ﬁgatgrnacti vated FCS, 0.025% sodium azide). Cell pellets were
resuspended in FACS buffer at 1x106 cells/ 100 ul and incubated with 10 ul
of anti - CD8O- PE ( Bett enhabbenkdnh 96 AFN-gaprodstidoies TCo4l! blastARvji assDB6f PE

(Pharm ngen, S L 200 for ' ure. Cells were
washed tw ce a%dg’uge(g%%%nd)e%ea?cﬁ aﬁgﬁf%eg%ég%@?%) ((53613%[-7#325? gz%ll?%rr%%rtef’ was
performed using a Becton Di ckinson FACSort. 13 SEP 2003 WD 00/ 37504
PCTNS99/ 30895 83 An enhancement of IL-2 production in a hPBMC or whole blood

20  superantigen assay of about 500 pg/ml or greater and preferably 750, 1000,
1200, or 1511 pg/ml or greater. Expressed another way, it is desirable that IL-2
production is enhanced by about 30, 35, 40, 45, 50 percent or more relative to

control in the assay.

25 It is expected that antibodies (or molecules designed or synthesized
therefrom) having one or more of these properties will possess similar efficacy

to the antibodies described in the present invention.

The desirable functional properties discussed above can often result
30  from binding to and inhibition of CTLA4 by a molecule (i.e., antibody, antibody
fragment, peptide, or small molecule) in a similar manner as an antibody of the

invention (i.e., binding to the same or similar epitope of the CTLA4 molecule).



Hi st ogram markers were set by analysis of relevant isotype control

anti bodies (Caltag, Burlinganme, CA). In general, we have devel oped an assay
that can be used for rapid s determ nation of T-cell IL-Z3u$ﬁPe@&3ati on. As
will be ap ' d, stinulation of T cells is B7 and nt .
Furt her, wg'rs(ﬁ@}cﬁ#?bl asts do not neke detectable IL-2 and ,?IQB@{EQ;%ES do not
make detectable IL-2 even when stinulat&gd with LPS or PWM However, in
conbination, the T blasts co cultured with Raji cells can nodel B7, CTLA-4;
and CD28 si gnalTha@otsceRinsayaditerbe atfmistdrédcditestlpli.eq diredd adthBtrbthdrtean can be

assessed. Figure 11 shows the expressjion of B7-1 and B7-2 on Raji cells
using anti .-CDBCI’-‘*‘??%1t aﬂg S&Fﬁ im@%’éé-g{?E sATEmaHELy| g?ﬁ 6%1% MAY(BACs) as
described i n Exqafingtded Rhditde8y liz., eupEdd Bethe Qike Rt lpaddubdd Aeppnaent
enhancement of IL-2 15 production in the T cel|l blast/Raji assay induced by

CTLA-4 bl ocki ng®RARSCHAT @& MENFTlRPRA A MARERT) Whetein the immpng respogse)  and
6.1.1 antibadi qaciedes El{ée%ehé})imtdf%ﬁbodl:ek 14t Bind % BB QANRe S EmARNGREISGRL T ON
dependent enhancenment of |IFN-y production in the T cell blaSt/Raji assay

i nduced by CTLAngnHpsyIar fgement 4bat ivsaduced (aNafieprdminishgionof gaeptche 4. 1. 1,
4.8.1, and 6. 1.4adhid BQdiRsdPuch ARt Jaies Bk IfBhedtS HFReof Wiith Hind & 1h8) - Figure
14 shows the nean enhancenent of |L-2 production in T cells from6 donors

i nduced by CTLA2me i sétRilargepitape) bobhuss iti Willt bro appreciqted Biahshy erijope #8say. It is
| nteresting to efne fipiliiatipidie o inichflorPbitd 88 uldhu G Léihelith 25 does

not block B7 binding. T nply binding to CTLA-4 1s in Iclent by

itself to pHoviwith hef piepATRtiNNa Rnddat dasignyofotherapeutich ve racé¢apdancEivgily 15 shows

t he nean enhanc - Yon P t.] i I n@r.s i nduced
by CTLA 4" bl ook e, iy i ooen HegeliniBnidn b S el A0 G0J82, 0o 00
shows a conpar ifegrthsennwetibodshwhish birtds do CTIIAL ddes anot iappedi és binfl tbh@ | nvent i on

at a concentrat] 0 / [ePne r. I skl Ral.l 2 ~ SEP
2003 WO 00/ 3750428%;"3}%%%%%?&@%8@?1% la-e[lg%ﬁ)beﬁlu?’n&f @éé’péx%’npl e 9 and
t he Super ant i gewhicts satjbades cofi thedinventierabipd ethdt0do Fiogueal 20 tbhalasiraihe
concentratign J t hanc n L L- [ ction i h el |

bl ast/ Raj i fa)sssg@gﬁﬁgﬁg%cfgﬁyﬂ Ohgeni?r%. qgegu%'d %ﬁ%ﬁ(ﬁ%&l &Tﬁlﬁfﬁ chr?tg%? ﬁﬁgdﬁes of the
i nvention. The dcodrimse ngitll athie e plesént pineedtide s ate nfrotacales ofand epatiadhrlyo nean
enhancenment and_t.ange, of .enhancenent of cyt.okine respon .n t Raji and
SEA assays of t%ég?(%vzzgﬁtgb?@éoac ¥ 6% Re® Q%rereplﬁ%’ﬁf & iaﬁ‘ilﬁﬁddeesdmlhﬁnet he

resul ts are basiadention.anti body at a dose of 30 ug/m and neasured at 72

hours. 10 Nunbers of dopors us in t Xperj nents, as Il .as responses
are shown. TABLE | Vv&® ﬁ@ﬂ@tawﬁﬁf}?%m@?@aﬁef 61 the tavenition and The epifopes

20  which they bind are contemplated in accordance with the invention, we have

conducted some preliminary epitope mapping studies of certain antibodies in

accordance with the invention and particularly the 4.1.1 and the 11.2.1
antibodies of the invention.

As a first step, we conducted BIAcore competition studies to generate a

25 rough map of binding as between certain antibodies of the invention in

connection with their ability to compete for binding to CTLA4. To this end,

CTLA4 was bound to a BIAcore chip and a first antibody, under saturating

conditions, was bound thereto and competition of subsequent secondary

antibodies binding to CTLA4 was measured. This technique enabled generation

30  of arough map in to which families of antibodies can be classified.



Enhancenent /m SEMRange Enhancement /m nDonot ResponseT cell
blast/Ra'i4.1. 11 L-233294080 to 88614219 of 21T cell

bl ast/Ra'i 4. 1. 11 FN-3630980600 to 139391713 of 13T cell bl&8tSERa2001
|.2.11L-23 9 to 64241814 of 14SEA PBMZ4. 1. 11 L-228 0]
66994217 oﬁ%@%@@%mﬂ. 2. 11 L-22438366147 to 83602515 o?%%i&gée

Bl ood4. 1. 11L-26089665-16S to 184174615 & 17 SEA Whole Hood 1 1.2.1 1L-2
6935 700 -1 1 1 to 11803 25_ 12 of 14 15 EXAWMPLE 10 : Human T-Cell Signal
Model 20 We devel op@traugh abiongoss, | wé deteAsiadd/ thah the dextait Gntipodivsiihy t he
enhancement of T-cell |L:2 upregul ati upon_.bl ockade .of - 4. si gnal
Che-ant 1 bodi os 2ex0iEees P BV Fiuuf B HPrar RS ( adnls (i Ffipyisg ('
connecti on W t hepithsic exgmkiesrENt S: 2 3 SEP 2003 WO 001 37504 PCTI US99130895
85 Materials and Met hods Human PBMC were prepared using Accuspin.
Mcrotiter plates were precoated with an anti-CD3 anti body (| eu4, Becton
Di ckinson) (60 ng/m ) and 5 incubated for 2 hours at 37C. hPBMC were added

with

to the wells at.200_0 cells per wel | Staphyl caocclis enterotoxin A ( SEA)
(Sigma) was addé&dtegeryt he Awtitiodiest 1100 n etitignt fot GHL to the
wel I's, usuallyl at 80 ug/ niBODdK| s Weredy tchusrcatpatalivith exte fanothé8 croé2 |or 96
hours. Plates pwere centri BOdMk+at |dompdtesi witld tategerpoBnt semel sroper|nat ant s
were renoved ffomthe Wwells. Ther epdommpetitidhowitu@erotiant s were chedked for
| L-2 production ussng ELI SA.I.R&D eifR}oss-Banpdtd sithroaeanbae cexpdri ment s
are shown in Hgures 16) 14,13and 2[lcompatefwithivagd@ A, Qwhdd@.i on of | -2
production in hPBNE Trom 5 glpnors V@gelfRasslc@fpele with Wne aabth&f cfoss-Jul at i on.
In Figure 17, fesults Qre SHNPWT 1T PEBnipR@SHIEARBSry Brarfcatépsty ® bl 00d,
anal yzing the differen¢ge TTyggauct)on of |IL-2 production’in the bljood of 3
donors as neasured at F2 aIH}ZUG trours after stinmulation. In Figurgq 21, the
enhancenent of| IL-2 pr Jdm,tlilldi t ol e bl ood of 2
11.7.1
D 4143 Cross-compete with category C and B; some
cross-competition with category A
E 4.9.1 BNI3 blocks 4.9.1 binding to CTLA4 but not
BNI3*** the reverse

(*) (**) Available from Biostride.

(***) Available from Pharmingen.

10 As a next step, we endeavored to determine if the antibodies of the

invention recognized a linear epitope on CTLA4 under reducing and non-

reducing conditions on Western blots. We observed that none of the 4.1.1,

3.1.1,11.7.1, 11.6.1, or 11.2.1 antibodies of the invention appeared to recognize

areduced form of CTLA4 on Western blot. Accordingly, it appeared likely that

15  the epitope to which each of these antibodies bound was not a linear epitope but

more likely was a conformational epitope the structure of which may have been
abrogated under reducing conditions.

Therefore, we sought to determine whether we could learn about
residues within the CTLA4 molecule that are important for binding of
20  antibodies of the invention. One manner that we utilized was to conduct kinetic
assessments of off-rates as between human CTLA4 and two highly conserved

primate CTLA4 molecules (cynomologous and marmoset CTLA4). BlAcore



donors as neasured at 72 hours after stimulation. 20 EXAMPLE 11 Tunor
Ani mal Model We have established an ani mal tunor nodel the |n VI VO
anal ysis of anti-murine-CTLA-4 antibodies in inhibiti ngthj

t he nodel ,we o@57soauri ne fi brosarcoma tunor is grown and tm/@mymégs are
treated with antinmurine- CTLA-4 anti bodi es. The materials and nethods for
establ i shnment of the nodel are provi ded>™bel ow. Materials and Met hods 30
Fenale A/J mce 86 8 weeks ol d) were injected subcutaneously on the dorsal
side of the ne&Wdigs demonsiratgd thet thef N enfibody eéthpsm(emmmunémbkramlg%)
7, SEP 2003 NOAMSGER0ALEHNEIOLB0R0R: 0N b HibI R R dudpgn an

i sotype mat ched” control antibody (P M ngen, fg ug/ ani mal )
were injected itheffapes (aﬁHBWédh? 9 1dnaft§1é9f§’ Ird the highest @ffinitys @OWGW% t he

injection of tunprepCRlhS, am&psffrmememoﬁo%ﬂg %n{xalfrﬁfahtﬂ fer BEErhie course

of the 3-4 Week experiments using a Starrett ectronic caliper
(At hol , M) Sandonrarmoesesi Tee a1 entphody abilie inyentiva, eruthe gther bandabindvier ed by

tunor growth (R, ShoHEGeoS, SR ANOLILOBAL fUIRE Gheaan vi Lh an

anti-nuri ne CTLA- I'n a muri ne rosarcorratum) As shown
in Figure 18, dns ntdus the satcendlative hifenteiforCTdch-of thethree. r Thiwdpfoomation t umor

growth as 10 C%@F ?r?iliéﬁx%s KEJ %}&brﬁﬁtﬁcﬁ 1 Lﬁo&g%f)?ﬁqylg}sen& ntbm(aI ant i body.

Accordi ngly, s are ca g grovvth of a
fibrosarcona |rd1f&rmﬁ1$impbmm@ﬂmwel It |s expect ed that antibodies that
are Cross- r%actlve )fll

erfor arly..inthe nodel.
However, of "the antlg hn}jSt%(PytP?'uep@ge nlf hgﬁatfﬁ’ﬂ I‘Fgg? ?géﬁdlﬁshogcked for
cross-react i vi the invemtnalsied, cwe&snd\madtdenanvmtb hdireoted neuttFendsist stu¥AVPLE 12
Tunor Ani nal el er to further investigate the activity of
anti bodi es i n’\@g ﬁgr{rlt]g“% PIFSESPES tMRVERPTAM Ch%{‘gﬁse%orﬁflﬁ‘f“is @%I BdP8se nodel
was desi gned t qelatpdtto hiveareCALAL.aSncbniifirered abhilcioRnd td metichiRvHatgdee r
derived net ast ases. ovided with grafted human

SC1D
T cells and arét feﬁﬂﬂ}‘%ﬂQSt ﬂ‘d\/ﬁnqﬁm%tﬁ’f‘{‘ee%geegrre ‘g’r"ﬂ@ﬁ FEPHNgHE el ung cel |

(NSCL) or cgl omagited cDRACINGSdTRg hikzhdn CTLA4 to encode a mutated CTLA4 having
the L105SM and G106S changes. The homologue replacement mutant CTLA4
did not effect binding of a B7.2-IgG1 fusion protein. Further, binding with the

In

11.2.1 antibody of the invention was not effected. However, such molecule was
significantly inhibited in its ability to bind with the 4.1.1 antibody of the

20 invention (similar to marmoset). Next, we mutated a cDNA encoding marmoset
CTLAA4 to create a mutant marmoset CTLA4 having a S106G change. Such
change resulted in restoration of stable binding between the 4.1.1 antibody and
the marmoset CTLA4 mutant. In addition, we mutated a cDNA encoding
marmoset CTLA4 to create a mutant marmoset CTLA4 having a M105L

25  change. Such change partially restored binding between the 4.1.1 antibody and
the mutant CTLAA4, '

Each of the category B through D antibodies of the invention appear to
possess similar functional properties and appear to have the potential to act as
strong anti-CTLA4 therapeutic agents. Further, each of the molecules certain

30  cross-competition in their binding for CTLA4. However, as will be observed
from the above discussion, each of the molecules in the different categories

appear to bind to separate conformational epitopes on CTLA4.



cells. Inplantation is nade into the gonadal fat pads of SCID mce. The
tunors are allowed to grow, and thereafter renoved. The m ce devel op

humanl i ke tumor and |iver netastases. Such a nodel is degcyisepdoin Bunpers
et al J. Suggi Res. 61:282-288 (1996). 30 It is expec nt i bod| es
of the | nuekBlolfses: OL 25 growth of tumors formed o redislopgnt | DO,
SEP 2003 WO 00137504 PCTI US99/ 30895 87 ISBICORPORATI ON BY REFERENCE All
references cited herein, including patents, patent applications, s papers,
t ext books, and the Hrotiehe edileigotdgeur»ﬁﬂe)eapmeaated tlmdtuef‘@tte;bmmfdrmmdme ext ent

that they are n it alre e hereb in by . reference in
their entirety. Fcr‘l‘sséﬂ %P%/%H‘ad“ia}?é tg‘ﬁl%filﬂ?dﬁ éf°z}feéﬁ’& &° ea%lldh%“sf“?‘ilcorporat ed
by reference hemvé) thek I:lbﬁ#-d’onﬁj%l mt xnuuoarebwltmxﬁvbﬁldhemr BRdehawd ted in
such references: 10 Al egre a| nnggiol '37 4762- 70 199& @éﬁrl son and
Krummel Sci enceCesie: tb@%@@%p?ti‘g%)n acgoraancs Al the pragent jnyentipn Ey Suppl
7:28-32 (1992) ﬁksadxge&éd tRdt - anﬂﬂoﬁféb'??'ottéﬁ&olfbaﬂé fs1QB3seBhEE) hmdrdskt i - Davi s
Bi oConj ugat e Chem 510-513 (1992) .20 Boussiotis et al. Proc Natl Acad Sci

US A 90 11059- EP3Retegyily amiihpdiss of ths inveriqnd(ie e crossscompste Wigoealesssy Br yggermn

et al. PNAS USAc&ﬁw@?@%@i4&d3es§ 918 Rkl PhaaORARA  adMhiofd) NPy féntiaM S. i n
Met hods: A conpanion to Methods in Enzynol ogy 2:159-165 (Lerner et al, eds.

Academi ¢ Press Mm1S9aypncgowith dfgisesnh nventign. ~ Adgitianallya it is Rsasetas Bduction in

transgenic m ce,B¥HLe '&ﬁbrfxﬁagauiegoa§<ﬁlsafsseh%owrmﬂ drBdsl oRpLES - v's;lt}ﬁur J.
| mmunol . 21:1323-1326 (1991) 35 Bruggenmann, M and Neuberger) MS

" St rat egi es 19 or ansiopdiess of thy invemtion &iret.i dRsSYOmBYSR Wil qategotynBy € andlgeR ¢ ni ce.
| mmunol ogy TOdaXntéZdlgs? ]anﬁ%at Qé%?@)m'%%dii&@é 1r?fi15€%)§ndll\%t %axﬂarﬁ%get?@ﬁ.uﬁ?ﬂo (1987)

Bunpers et al urgl'cal Res 288 ( psey et al
Geneti cal | y Engisireidar daitheild@nl antibedyp eu(ii) @reDredussd (rStheic kbindingPe enssmossly (1988) )

Castan et al. | ETERQ' &glylla? Qo 2824y (ailn%?o%&) will likely have certain additional

therapeutic potential in accordance with the present invention. Antibodies (or
15  other molecules, as discussed above) that compete with categories A and E may

also have certain therapeutic potential.

EXAMPLES

20 The following examples, including the experiments conducted and
results achieved are provided for illustrative purposes only and are not to be

construed as limiting upon the present invention.

EXAMPLE 1
25 Generation of Anti-CTLA-4-Antibody Producing Hybridomas

Antibodies of the invention were prepared, selected, and assayed in

accordance with the present Example.

30 Antigen Preparation: Three distinct immunogens were prepared for
immunization of the XenoMouse™ mice: (i) a CTLA-4-IgG fusion protein,

(ii) a CTLA-4 peptide, and (iii) 300.19 murine lymphoma cells transfected with



2 3 S EP 2003 WO 00/37504 PCTNS99/ 30895 88 Cepero et al. JExp Med
188:199- 204 (1998) Chen et al. "Inmunogl obulin gene rearrangenent in B-cell
deficient mice 5 generated by targeted del eti on of the J2—|3I SR 2003

| nt er nat i og@leekspainol ogy 5:64765b (1993) Chen et al. 53051102
(1992) to g%en et al. Human Gene Therapy 5:595-601 (1994 1@ﬁ%sme and

McCafferty TIBTECH 10: 80-84 (1992) Chois7et al. "Transgenic m ce contai ning
a human heavy chai n i mmunogl obulin 15 gene fragnent cloned in a yeast
artificial chremaarnesf CELAre (G itha @: DhsttZBelyd SPresShinbhithe &ell eskJ. Mol .
Bi ol . 196 901 91? é1987) 20 Chothia et al. Nature 342:878-883 (1989) Chuang
et al. 159: 144- 151( 1997) Coligan et al., Unit 2.1,

" Enzyrre Ilnked |mmnosorbent assays," in Current 25 protocols in

i rnmunol ogy (1994) IJ\IAS SA 87:b378-6382 (i990) Dariavach et
al. Eur. J. Irmunol %{—’i@%—&%@%—%—%m hoff, MO, in Atlas of
Protei n Seqswence and Structure pp. 101-110 (Volune 5, Nati onal Bi onedi cal
Resear ch Foundati on (197)2) and. Suppl enent, 2 to this volunme, pp. 1-10 35 de
Boer et al. Eur J ImnM@—&%@%—@ckstel n, Ed., Oxford University
Press, Oxford England (1991)) Evans et al. J. Mea: Chem 30: 1229 (1987) 40
Fallarino et al. JExp Med 188:205-10 (1998 Fanger et al. | mmunol Methods

4:72-81 (1994) 45 FE‘%Fc?BNé engodingthe npgtyrg epaacellylar W%QQQWLA%W| d et al.

"Hi gh avidity b@ﬁaﬂn 19*@%&59@9%&%@@»@@% CRAeeh) QWS piihérai N of
m ni |l ocus transgeni cﬁmce Nat ur e "Bi ot ech 1%35 8SCI) Yrgp ’ WO

00l 37504 8902 Qeswpdz@eebltsw $9302¢% §Ba5/ ﬁﬁ@%dséﬁohwf)%ﬁ%fi)wzei{h&?s 2185- 92

(1993) Freerman g woll diFesichan] Glsokohod idd ;fsi@saﬁ)slédﬂem&p%mat Sci ence
262: 907-9 (1993%l Fundanent al | nmrunol ogy Ch 2nd ed. Raven

Press, N Y. ( PpB&oid) (p¥itoges, betwegn Bﬁdhqqus?f@PﬁatlfCM snenﬁlemld@ iaBth of

Enl)gg%onal ant hRA B gRihAl BEGEFCRIEHIQIPEUhAS:. THERLNGHSoRAZI®! - 73! 3- 46

not contain a hinge domain but contains cysteine 120 in the extracellular
15  domain of CTLA-4 to form a covalent dimer. The resulting vector was called

CTLA-4-IgG1/pSR5. The complete CTLA-4-IgG1 cDNA in the vector was

sequence confirmed in both strands. The amino acid sequence the CTLA4-Ig

protein is shown below. The mature extracellular domain for CD44 was PCR

amplified from human lymphocyte library (Clontech) and subcloned into
20  pSinRep$ to generate a control protein with the identical IgGl1 tail.

OM-CTLA4-IgG1 Fusion Protein:

MGVLLTORTLLSTI VI ALLFPSMASMAMHVAQPAVVLASSRGIASFVC
25 EYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIY
VIDPEPCPDSDLEGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPTPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCL
30  VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK



Gorman et al. P.NA S 79:6777 (1982) 15 G een and Jakobovits J. Exp. Med.
188:483-495 (1998) G een et al. Nature Genetics 7:13-21 (1994) 2o
Grosschedl et al. Cel 141:885 (1985) Hanes and Pl uct hau PRASSESA003
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CTLA-IgG for epitope mapping were generated by matchmaker site-directed

20 mutagenesis (Promega). The IgG fusion proteins were produced by transient
transfection of Cos7 cells and purified using standard Protein A techniques.
Mutant CTLAA4-IgG proteins were evaluated for binding to antibodies by

immunoblotting and using BIAcore analyses.

25 Recombinant Protein Expression/Purification;

Recombinant sindbis virus was generated by electroporating (Gibco)

Baby Hamster Kidney cells with SP6 in vitro transcribed CTLA-4-IgG1/pSRS
mRNA and DH-26S helper mRNA as described by InVitrogen. Forty eight

30 hours later recombinant virus was harvested and titered for optimal protein
expression in Chinese hamster ovary cells (CHO-K1). CHO-K1 cells were
cultured in suspension in DMEM/F12 (Gibco) containing 10% heat-inactivated
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penicillin/streptomycin.  Forty eight hours post-infection cells were pelleted

and conditioned media was harvested and supplemented with complete protease
10  inhibitor tablets (Boehringer Mannheim), pH adjusted to 7.5, and filtered
0.2p (Nalgene). FPLC (Pharmacia) was used to affinity purify the fusion
protein using a Sml protein A HiTrap column (Pharmacia) at a 10ml/min flow
rate. The column was washed with 30 bed volumes of PBS and eluted with
0.1M glycine/HC] pH 2.8 at 1ml/min. Fractions (1ml) were immediately
15 neutralized to pH 7.5 with Tris pH 9. The fractions containing CTLA-4-IgG1
were identified by SDS-PAGE and then concentrated using centriplus 50
(Amicon) before applying to sepharose 200 column (Pharmacia) at lml/min
using PBS as the solvent. Fractions containing CTLA-4-IgG1 were pooled,
sterile filtered 0.2u (Millipore), aliquoted and frozen at -80°C. CD44-IgG1 was
20 expressed and purified using the same methods. CD28-IgG was purified from

conditioned media from transiently transfected Cos7 cells.

Characterization CTLA-4-IgG1:

25 The purified CTLA-4-IgG1 migrated as a single band on SDS-PAGE
using colloidal coomassie staining (Novex). Under non-reducing conditions
CTLA-4-IgG1 was a dimer (100kDa), that reduced to a 50kDa monomer when
treated with 50mM DTT. Amino acid sequencing of the purified CTLA-4-IgG1
in solution confirmed the N-terminus of CTLA-4 (MHVAQPAVVLAS), and

30  that the oncostatin-M signal peptide was cleaved from the mature fusion protein

The CTLA-4-IgG1 bound to immobilized B7.1-IgG in a concentration

dependent manner and the binding was blocked by a hamster-anti-human anti-
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Abbreviations/Materials:

15
NMP, N-Methylpymrolidinone; TFE, 2,2,2-Trifluoroethanol; DCM,
Dichloromethane; FMOC, Fluorenyl Methoxycarbonyl. All reagents were
supplied by Perkin Elmer, with the following exceptions: TFE, Aldrich
Chemical, FMOC-PAL-PEG resin, Perseptive Biosystems. Fmoc-Arg(PMC)-
20  OH, FMOC-Asn(Trt)-OH, FMOC-Asp(tBu)-OH, FMOC-Cys(Trt)-OH, FMOC-
Glu(tBu)-OH, FMOC-GIn(Trt)-OH, FMOC-His(Boc)-OH, FMOC-Lys(BOC)-
OH, FMOC-Ser(tBu)-OH, FMOC-Thr(tBu)-OH and FMOC-Tyr(tBu)-OH were

used for those amino acids requiring side chain protecting groups

25 Peptide Synthesis:

Peptide synthesis was performed on a Perkin-Elmer 431A, retrofitted
with feedback monitoring via UV absorbance at 301nm (Perkin-Elmer Model
759A detector). The peptide sequence was assembled on a FMOC-PAL-PEG

30  resin using conditional double coupling cycles. Forced double couplings were
performed at cycles 10,11,18,19,20 and 28 through 33. The resin was washed
with a 50% mixture of DCM and TFE at the completion of each acylation cycle,
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the peptide was recognized by the BNI3 anti-human CTLA-4 (PharMingen).

25 To desalt, an aliquot containing 648pg of material was placed in 3500 Da
MWCO dialysis tubing and dialyzed against 0.1% TFA / H20 at 4°C for 9 days
with stitring. The entire contents of the dialysis bag was lyophilyzed to a

powder.
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of the immunogen or cells in PBS. Spleen and/or lymph node lymphocytes
30 from immunized mice were fused with the [murine non-secretory myeloma P3
cell line] and were subjected to HAT selection as previously described (Galfre,

G. and Milstein, C., “Preparation of monoclonal antibodies: strategies and
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~ washed with washing buffer (1x PBS). The detecting antibody (i.e., mouse anti-

25  human IgG2-HRP (SB, #9070-05) for IgG2 antibodies or mouse anti-human
IgG4-HRP (SB #9200-05) for IgG4 antibodies) is added at 100ul/well (mouse
anti-human IgG2-HRP @ 1:2000 or mouse anti-human IgG4-HRP @ 1:1000
(each diluted in blocking buffer)). The plates are incubated at room temperature

for 1 hour and then washed with washing buffer. Thereafter, 100 pl/well of

30 freshly prepared developing solution (10 ml Substrate buffer, 5 mg OPD (o-
phenylenediamine, Sigma Cat No. P-7288), and 10 ul 30% H;0; (Sigma)) is
added to the wells. The plates are allowed to develop 10-20 minutes, until
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manufacturers.
10 Kinetic analysis of the antibodies was carried out using antigens
immobilized onto the sensor surface at a low density. Three surfaces of the
BIAcore sensorchip were immobililized with the CTLA-4-Ig fusion protein at a
density ranging from approximately 390-900 using CTLA-4-Ig fusion protein at
20 or 50 pg/ml in 10 mM sodium acetate at pH 5.0 using the amine coupling kit
15 supplied by the manufacturer (BIAcore, Inc.). The fourth surface of the
BlIAcore sensorchip was immobilized with IgG1 (900 RU) and was used as a
negative control surface for non-specific binding. Kinetic analysis was
performed at a flow rate of 25 or 50 microliters per minute and dissociation (kd
or kos) and association (ka or kon) rates were determined using the software
20 provided by the manufacturer (BIA evaluation 3.0) that allows for global fitting

calculations.

EXAMPLE 2

Affinity Measurement of Anti-CTIL A-4-Antibodies
25

In the following Table, affinity measurements for certain of the

antibodies selected in this manner are provided:
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accomplished as follows:

15 Poly(A)" mRNA was isolated from approximately 2 X 10° hybridoma
cells derived from immunized XenoMouse mice using a Fast-Track kit
(Invitrogen). The generation of random primed cDNA was followed by PCR.
Human Vy or human V, family specific variable region primers (Marks et al.,
“QOligonucleotide primers for polymerase chain reaction amplification of human

20 immunoglobulin variable genes and design of family-specific oligonucleotide
probes.” Eur. J. Immunol. 21:985-991 (1991)) or a universal human Vy primer,
MG-30 (CAGGTGCAGCTGGAGCAGTCIGG) was used in conjunction with
primers specific for the human Cy2 constant region (MG-40d;
5'-GCTGAGGGAGTAGAGTCCTGAGGA-3) or Ck constant region (hxP2;

25 as previously described in Green et al, 1994). Sequences of human
Mabs-derived heavy and kappa chain transcripts from hybridomas were
obtained by direct sequencing of PCR products generated from poly(A") RNA
using the primers described above. PCR products were also cloned into pCRII
using a TA cloning kit (Invitrogen) and both strands were sequenced using

30  Prism dye-terminator sequencing kits and an ABI 377 sequencing machine. All

sequences were analyzed by alignments to the "V BASE sequence directory”
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3’). An optimal Kozak sequence (ACCGCCACC) was added 5’ to the ATG
start site. The same method was used to design a primer to the ATG start site of
15  the kappa chain A27 gene (5-
TCTTCAAGCTTGCCCGGGCCCGCCACCATGGAAACCCCAGCGCAG
-3") and the stop codon of the kappa constant region (5'-
TTCTTTGATCAGAATTCTCACTAACACTCTCCCCTGTTGAAGC-3").
The 012 cDNA was cloned by using a primer to the ATG start site (5°-
20 TCTTCAAGCTTGCCCGGGCCCGCCACCATGGACATGAGGGTCCCCGC

T-3) and the kappa constant region stop codon primer above. The heavy chain

LA CC

cDNAs were also cloned as genomic constructs by site directed mutagenesis to
add an Nhel site at the end of the variable J domain and subcloning an Nhel-
fragment containing the genomic IgG2 CHI1/Hinge/CH2/CH3 regions. The
25  point mutation to generate Nhel site does not alter the amino acid sequence
from germline. The primer pairs were used to amplify the cDNAs using
Advantage High Fidelity PCR Kit (Clonetech). Sequence of the PCR was
obtained by direct sequencing using dye-terminator sequencing kits and an ABI
sequencing machine. The PCR product was cloned into pEE glutamine
30 synthetase mammalian expression vectors (Lonza) and three clones were
sequenced to confirm somatic mutations. For each clone, the sequence was

verified on both strands in at least three reactions, An aglycosylated 4.1.1
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As will be observed, antibodies in accordance with the present invention
were generated with a strong bias towards the utilization of the DP-50 heavy
chain variable region. The DP-50 gene is also referred to as a Vi 3-33 family
gene. Only one antibody that was selected on the basis of CTLA-4 binding and

10  preliminary in vitro functional assays showed a heavy chain gene utilization
other than DP-50. That clone, 2.1.3, utilizes a DP-65 heavy chain variable
region and is an IgG4 isotype. The DP-65 gene is also referred to as a Vy 4-31
On the other hand, the clone, 4.9.1, which possesses a DP-47

heavy chain variable region binds to CTLA-4 but does not inhibit binding to

family gene.

15 B7-1 or B7-2. In XenoMouse mice, there are more than 30 distinct functional
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Figure 1 provides nucleotide and predicted amino acid sequences of the
heavy and kappa light chains of the clones 4.1.1 (Figure 1A), 4.8.1 (Figure 1B),
20 4.14.3 (Figure 1C), 6.1.1 (Figure 1D), 3.1.1 (Figure 1E), 4.10.2 (Figure 1F),
2.1.3 (Figure 1G), 4.13.1 (Figure 1H), 11.2.1 (Figure 1I), 11.6.1 (Figure 1]),
11.7.1 (Figure 1K), 12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M). In Figures
1A, 1B, and 1D, extended sequences of the antibodies 4.1.1, 4.8.1, and 6.1.1
were obtained by full length cloning of the cDNAs as described above. In such
25  Figures, the signal peptide sequence (or the bases encoding the same) are
indicated in bold and sequences utilized for the 5’ PCR reaction are underlined.
Figure 2 provides a sequence alignment between the predicted heavy
chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,
4,102, 4.13.1, 11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the germline
30 DP-50 (3-33) amino acid sequence. Differences between the DP-50 germline

sequence and that of the sequence in the clones are indicated in bold. The
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&0-1 CCDFoFRZﬁg?fghaxln?’%n%@‘éiﬁ )séqug'r%e%fthe clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 4.10.2,
and 4.13.1 and the germline A27 amino acid sequence. Differences between the
A27 germline sequence and that of the sequence in the clone are indicated in
bold. The Figure also shows the positions of the CDR1, CDR2, and CDR3
sequences of the antibody as underlined. Apparent deletions in the CDR1s of
15 clones 4.8.1,4.14.3, and 6.1.1 are indicated with “0s”,

Figure 5 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clones 3.1.1, 11.2.1, 11.6.1, and 11.7.1
and the germline 012 amino acid sequence. Differences between the 012
germline sequence and that of the sequence in the clone are indicated in bold.

20  The Figure also shows the positions of the CDR1, CDR2, and CDR3 sequences
of the antibody as underlined.

Figure 6 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 2.1.3 and the germline A10/A26
amino acid sequence. Differences between the A10/A26 germline sequence and

25  that of the sequence in the clone are indicated in bold. The Figure also shows
the positions of the CDR1, CDR2, and CDR3 sequences of the antibody as
underlined.

Figure 7 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.3.1 and the germline Al7

30 amino acid sequence. Differences between the A17 germline sequence and that

of the sequence in the clone are indicated in bold. The Figure also shows the
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10  sequences of the following anti-CTLA-4 antibody chains:

4,
]
et

full length 4.1.1 heavy chain (cDNA 22(a), genomic 22(b), and
amino acid 22(c));
15 full length aglycosylated 4.1.1 heavy chain (cDNA 22(d) and
amino acid 22(e));
4.1.1 light chain (cDNA 22(f) and amino acid 22(g));

4.8.1:
20 full length 4.8.1 heavy chain (¢cDNA 22(h) and amino acid 22(i));
4.8.1 light chain (cDNA 22(j) and amino acid 22(k));
6.1.1:
full length 6.1.1 heavy chain (cDNA 22(l) and amino acid
25 22(m));
6.1.1 light chain (cDNA 22(n) and amino acid 22(0));
11.21;
full length 11.2,1 heavy chain (cDNA 22(p) and amino acid
30 22(q)); and

11.2.1 light chain (¢cDNA 22 (r) and amino acid 22(s)).
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5. bold text (cDNA (Fig. 22(d) and amino acid (Fig. 22 (e)).

X LE 4
alysis of Heavy and Light Chain Amino Acid Substitutions

10 In Figure 2, which provides a sequence alignment between the predicted
heavy chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1,
3.1.1, 4102, 4.13.1, 11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the
germline DP-50 (3-33) amino acid sequence, an interesting pattern emerges. In
addition to the fact of the bias for heavy chain DP-50 in the majority of the

15 clones, there is relatively limited hypermutation in the antibodies relative to the
germline DP-50 gene. For example, clones 3.1.1 and 11.2.1 have no mutations.
Moreover, the mutations in the other clones are generally conservative changes,
involving substitutions of amino acids with similar properties to the amino acids
in the germline. Mutations within many of the CDR1 and CRD2 sequences are

. 20  particularly conservative in nature, Three of the heavy chains represented in
Figure 2, 4.10.2, 4.13.1, and 4.14.3, are clearly derived from a single
recombination event (i.e., derive from an identical germinal center) and are
nearly identical in sequence. If these three are considered as a single sequence,
then, among the 10 different antibodies containing the DP50 heavy chain, in

25 CDRI and CDR2 there are 3 positions in which a nonpolar residue is replaced
by another nonpolar residue, 12 in which a polar uncharged residue is replaced
by another polar uncharged residue, and 1 in which a polar charged residue is
replaced by another polar charged residue. Further, there are two positions in
which two residues which are very similar structurally, glycine and alanine, are

30 substituted for one another. The only mutations not strictly conservative
involve 3 substitutions of a polar charged residue for a polar uncharged residue

and one substitution of a nonpolar residue for a polar residue.
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replaced in every sequence. This suggests that a serine at this position is
incompatible with CTLA4 binding.

It will be appreciated that many of the above-identified amino acid

10  substitutions exist in close proximity to or within a CDR. Such substitutions

would appear to bear some effect upon the binding of the antibody to the

CTLA-4 molecule. Further, such substitutions could have significant effect

upon the affinity of the antibodies.

15 EXAMPLE 5
N-Terminal Amine Acid Sequence Analvsis of Antibodies in Accordance

with the Invention

In order to further verify the composition and structure of the antibodies

20  in accordance with the invention identified above, we sequenced‘ certain of the

antibodies using a Perkin-Elmer sequencer. Both heavy and kappa light chains

of the antibodies were isolated and purified through use of preparative gel

electrophoresis and electroblotting techniques and thereafter directly sequenced

as described in Example 6. A majority of the heavy the heavy chain sequences

25  were blocked on their amino terminus. Therefore, such antibodies were first
treated with pyroglutamate aminopeptidase and thereafter sequenced.

The results from this experiment are shown in Figure 9. Figure 9 also
provides the molecular weight of the heavy and light chains as determined by
mass spectroscopy (MALDI).

30
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15 Protein concentration was determined at 280 nm from a UV scan (200-

350 nm), where 1.58 absorbance units at 280 nm equaled 1mg/ml.

SDS-PAGE was performed using the Novex NuPAGE electrophoresis
system with a 10% NuPAGE gel and MES running buffer. Samples were
20 prepared by diluting 3:1 with 4x NuPAGE sample buffer (+/-)
beta-mercaptoethanol, heated and ~ 5 ug of protein was loaded onto the gel.
The gel was then stained with Brilliant Blue R staining solution (Sigma cat.# B-
6529) and molecular size estimates were made by comparing stained bands to
“Perfect Protein Markers” (Novagen cat# 69149-3).
25
For N-terminal sequencing, samples were run as above on NuPAGE
gels, transferred to Pro Blot immobilization membrane (Applied Biosystems)
then stained with Coomassie Blue R-250. The stained protein bands were
excised and subjected to sequence analysis by automated Edman degradation on

30 an Applied Biosystems 494 Procise HT Sequencer.
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For FACS studigs, human peripheral T cells were prepared and
stimulated for 48 hours. T cells were washed once, resuspended in FACS
buffer at 1x10° cells/100 ul and stained for CD3 surface expression with 10 ul

15  of anti-CD3-FITC (Immunotech, Marseille, France) for 30 minutes at room
temperature. Cells were washed twice, then fixed, permeabilized (Fix and Perm,
Caltag), and stained for intracellular CTLA-4 expression with 10 ul anti-
CD152-PE (Pharmingen). Flow cytometry was performed using a Becton
Dickinson FACSort. Quadrants were set by analysis of relevant isotype control

20 antibodies (Caltag).

As was discussed above, anti-CTLA-4 antibodies have been
demonstrated to possess certain powerful immune modulation activities. The

25 following experiments were carried out in order to determine if antibodies in
accordance with the present invention possessed such activities. In general, the
experiments were designed to assess ability of the antibodies to inhibit the
interaction between CTLA-4 and B7 molecules, be selective as between CTLA-

4 and B7 molecules and CD28, and promote T cell cytokine production,

30 including, but not limited to IL-2 and/or IFN-y expression. Further,

examination of cross-reactivity of antibodies of the invention with certain
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An in vitro assay was conducted to determine if antibodies in
accordance with the present invention were capable of inhibiting the binding of
10 CTLA-4 with either B7-1 or B7-2. As will be appreciated, antibodies of the
invention that are capable of inhibiting the binding of CTLA-4 with B7
molecules would be expected to be candidates for immune regulation through
the CTLA-4 pathway. In the assay, the following materials and methods were
utilized:
15
Materials and Methods

3 nM B7.1-Ig(Gl) or B7.2-Ig(G1) (Repligen, Inc. Needham, MA) in

Dulbecco’s PBS was coated on 96-well MaxiSorp plates (Nunc, Denmark,

20 #439454) and incubated at 4°C overnight. On day 2, B7-Ig was removed and
plates were blocked with 1% BSA plus 0.05% Tween-20 in D-PBS for two
hours. Plates were washed 3X with wash buffer (0.05% Tween-20 in D-PBS).
Antibody at appropriate test concentrations and CTLA-4-Ig(G4) (0.3 nM final
conc.) (Repligen, Inc. Needham, MA) were pre-mixed for 15 minutes and then

25 added to the B7-Ig coated plate (60 ul total volume) and incubated at RT for 1.5
hours. Plates were washed 3X and 50 pl of a 1 to 1000 dilution of HRP-labeled
mouse anti-human IgG4 antibody (Zymed, San Francisco, CA, #05-3820) was
added and incubated at RT for 1 hour. Plates were washed 3X and 50 ul TMB
Microwell peroxidase substrate (Kirkegaard & Perry, Gaithersburg, MD, #50-

30  76-04) was added and incubated at RT for 20 minutes, and then 50 pl 1N H,SO4
was added to the plate, Plates were read at 450 nm using a Molecular Devices

plate reader (Sunnyvale, CA). All samples were tested in duplicate. Maximal
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5 The results from the assay are provided in Table IITA and IIIB. In Table

IITA, results are shown for a variety of antibodies in accordance with the
invention. In Table IIIB, results are shown comparing the 4.1.1 antibody of the

invention with the 11.2.1 antibody of the invention from a separate experiment.

10 TABLE ITIA
Clone Isotype CTLA4/B7.2 CTLA4/B7.1
CTLA-4-Ig Comp. ELISA Comp. ELISA
IC50 (nM) IC50 (nM)
CT3.1.1 IgG2 |045+0.07(m=3) [0.63%0.10 (n=2)
CT4.1.1 IoG2 | 0.38 +0.06 (n=5) 0.50 £ 0.05 (n=2)
CT4.8.1 IgG2 0.57 + 0.03 (n=3) 0.17 + 0.28 (n=2)
CT4.9.1 IgG2 Non-competitive non-competitive
n=3) (n=2)
CT4.10.2 IG2 1.50 = 0.37 (n=3) 3.39+0.31 (n=2)
CT4.13.1 IgG2 | 0.49 + 0.05 (n=3) 0.98 +0.11 (n=2)
CT4.14.3 IgG2 | 0.69+0.11 (n=3) 1.04 + 0.15 (n=2)
CTé6.1.1 1eG2 0.39 + 0.06 (n=3) 0.67 £ 0.07 (n=2)
15 TABLEIIIB
Clone Isotype CTLA4/B7.2 CTLA4/B7.1
CTLA-4-Ig Comp. ELISA Comp. ELISA
IC50 (nM) IC50 (nM)
CT4.1.1 IgG2 | 0.55+0.08 (n=4) 0.87 £ 0.14 (n=2)
CT11.2.1 1gG2 0.56 % 0.05 (n=4) 0.81 + 0.24 (n=2)
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Versus Either CD28 or B7-2

Another in vitro assay was conducted to determine the selectivity of
antibodies of the invention with respect to CTLA-4 versus either CD28 or B7-2.
The following materials and methods were utilized in connection with the

experiments:
CTLA-4 Selectivity ELISA: Materials and Methods

A 96-well FluroNUNC plate (Nunc Cat No.475515) was platecoated
with four antigens: CTLA-4/Ig, CD44/Ig, CD28/lg, and B7.2/Ig (antigens
generated in-house). The antigens were platecoated overnight at +4°C at ug/ml
100ul/well in 0.1M sodium bicarbonate buffer, pH 9.6. The plate was then
washed with PBST (PBS + 0.1% Tween-20) three times using a NUNC plate
washer. The plate was blocked with PBST+0.5%BSA at 150 ul/well. The plate
was incubated at RT for 1 hour then washed with PBST three times. Next the
anti-CTLA-4 antibodies of the invention were diluted in block at 1 pg/ml and
were added to the plate. The plate was incubated at RT for 1 hour then washed
with PBST three times. The wells that contained the antibodies of the invention
were then treated with 100 pl/well anti-human IgG2-HRP (Southern Biotech
Cat No.9070-05) at a 1:4000 dilution in block. Also, one row was treated with
anti-human IgG (Jackson Cat No. 209-035-088) to normalize for platecoating.
This antibody was diluted to 1:5000 in block and added at 100 ul/well. Also,
one row was treated with anti-human CTLA-4-HRP (Pharmingen Cat No.
345815/Custom HRP conjugated) as a positive control. This antibody was used
at 0.05 ug/ml diluted in block. The plate was incubated at RT for 1 hour then
washed with PBST three times. LBA chemiluminescent substrate (Pierce) was
added at 100 pl/well and the plate was incubated on a plateshaker for 5 min.

The plate was then read using a lumi-imager for a 2 min. exposure,
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2107 () U AR el Mo Biropme . 1,
5 ug CTLA 4- Ig(Gl) 1.0 pg CD28-Ig(Gl) or 1.0 to 3.0 pg B7.2-Ig(Gl)
(Repligen, Inc. Needham, MA) were added to 100 pl of beads and incubated
overnight on a rotator at 4°C. On day 2 the beads were washed 3X in 1% BSA
plus 0.05% Tween-20 in Dulbecco’s PBS and blocked for 30 minutes. Beads
were diluted 1 to 10 with blocking buffer and 25 pl of the coated beads were
10 added to 12x75 mm polypropylene tubes. All samples were tested in duplicate.
50 ul test antibody (1 pg/ml final concentration) or blocking buffer was added
to the tubes and incubated for 30 minutes on the Origen 1.5 Analyzer carousel
(IGEN International, Inc., Gaithersburg, MD) at RT, vortexing at 100 rpm. 25
pl of ruthenylated murine anti-human IgG1, IgG2 or IgG4 (Zymed, Inc. San
15  Francisco, CA #05-3300, 05-3500 and 05-3800) (final concentration of 3 pg/ml
in 100 pl total volume) was added to the tubes. Tubes were incubated for 30
minutes at RT on the carousel vortexing at 100 rpm. 200 pl of Origen assay
buffer (IGEN International, Inc., Gaithersburg, MD #402-050-03) per tube was
added and briefly vortexed and then the tubes were counted in the Origen
20  Analyzer and ECL (electrochemiluminescence) units were determined for each
tube. Normalization factors were determined to correct for differences in
binding of fusion proteins to Dynabeads, and ECL units were corrected for non-

specific binding before calculating selectivity ratios.

25 The results from the assays are provided in Tables IVA and IVB.
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4,143 | IgG2 >500:1 (n=2) >500:1 (n=2) | >500:1 (n=2) | >413:1 (n=1) >234:1 (n=1)
80:1 (n=1) 10:1 (n=1) 126:1 (n=1)

6.1.1 18G2 >500:1 (n=2) >500:1 (n=3) | >500:1 (n=3) | >500:1 (n=2) >500:1 (n=2)
52:1 (n=1)

TABLE IVB

Clone | Isotype | CTLA4/CD28 | CTLA4/B7.2 | CTLA4/hIgG
ELISA ELISA ELISA
4.1.1 IgG2 >500:1 (n=3) >500:1 (n=2) | >500:1 (n=3)

11.2.1 | IgG2 >500:1 (n=3) >500:1 (n=3) | >500:1 (n=3)

10

EXAMPLE 9

Human T-Cell Signal Model
15

In order to further define the activity of antibodies in accordance with
the invention to act as immune regulators, we developed certain T-cell assays in

order to quantify the enhancement of T-cell IL-2 production upon blockade of
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1x10° cells/ml and incubated at 37°C for 2 days. The cells were washed and
diluted in medium to 2x10° cells/ml. Raji cells (Burkitt lymphoma, Human
ATCC No.: CCL 86 Class Il American Type Culture Collection Rockville, MD)
15 were treated with mitomycin C (Sigma St. Louis, MO, # M-4287) (25 pg/ml)
for one hour at 37°C. The Raji cells were washed 4X in PBS and resuspended
at 2x10% cells/ml. Human T cell blasts (5x10°/ml), Raji cells (5x10°/ml) and
anti-CTLA-4 antibodies or an isotyped-matched control antibody at various
concentrations were added to 96-well microtiter plates and the plates were
20 incubated at 37°C for 72 hours. Total volume per well was 200 pl. Seventy-
two hours post stimulation, the plates were spun down and supernatant removed
and frozen for later determination of IL-2 (Quantikine IL-2 ELISA kit, R&D
Systems, Minneapolis, MN, #D2050) and IFN-y (Quantikine IFN-g ELISA Kkit,
R&D Systems). Cytokine enhancement was defined as the difference between
25  cytokine levels in cultures containing an anti-CTLA-4 blocking mAb versus an
isotype-matched control antibody. For flow cytometry experiments, Raji cells
were washed 1x with FACS buffer (PBS containing 2% heat inactivated FCS,
0.025% sodium azide). Cell pellets were resuspended in FACS buffer at 1x10°
cells/100 pl and incubated with 10 pl of anti-CD80-PE (Becton Dickinson, San
30 Jose, CA) or anti-CD86-PE (Pharmingen, San Diego, CA) for 30 minutes at
room temperature. Cells were washed twice and resuspended in 1 ml FACS

buffer. Flow cytometry was performed using a Becton Dickinson FACSort.
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10 the effects of antibodies thereon can be assessed.

Figure 11 shows the expression of B7-1 and B7-2 on Raji cells using
anti-CD80-PE and anti-CD86-PE mAbs using flow cytometry (FACs) as
described in Example 6.

Figure 12 shows the concentration dependent enhancementl of IL-2

15 production in the T cell blast/Raji assay induced by CTLA-4 blocking
antibodies (BNI3 (PharMingen) and the 4.1.1, 4.8.1, and 6.1.1 antibodies of the
invention).

Figure 13 shows the concentration dependent enhancement of IFN-y
production in the T cell blast/Raji assay induced by CTLA-4 blocking

20 antibodies (BNI3 (PharMingen) and the 4.1.1, 4.8.1, and 6.1.1 antibodies of the
invention) (same donor T cells).

Figure 14 shows the mean enhancement of IL-2 production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blast/Raji
assay. It is interesting to consider that the mAb, CT4.9.1, binds to CTLA4 but

25  does not block B7 binding. Thus, simply binding to CTLA-4 is insufficient by
itself to provide a functional antibody of the invention.

Figure 15 shows the mean enhancement of IFN-y production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blast/Raji
assay.

30 Figure 19 shows a comparison between the 4.1.1 and 11.2.1 antibodies
of the invention at a concentration of 30pug/ml in the 72 hour T cell blast/Raji
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assay as described in this Example 9 and the Superantigen assay described in

10

Example 10,

Figure 20 shows the concentration dependent enhancement of IL-2
production in the T cell blast/Raji assay induced by the 4.1.1 and 11.2.1 CTLA4

antibodies of the invention,

The following Table IVc provides information related to mean

enhancement and range of enhancement of cytokine response in the Raji and

SEA assays of the invention. Each of the experiments included in the results

are based on antibody at a dose of 30 pg/ml and measured at 72 hours.

Numbers of donors used in the experiments as well as responses are shown.

15

20

TABLE IVC
Assay mAb | Cytokine Mean SEM Range n Donor
Enhancement Enhancement Response
_pg/ml pg/ml
T cell blast/Raji 4.1.1 IL-2 3329 408 0 to 8861 42 19 of 21
T cell blast/Raji 4.1.1 IFN-y 3630 980 | 6001013939 | 17 130f 13
T cell blast/Raji | 11.2.1 IL-2 3509 488 369106424 | 18 14 0f 14
SEA (PBMC) 4.1.1 IL-2 2800 312 330t0 6699 | 42 17 0f 17
SEA (PBMC) 11.2.1 IL-2 2438 366 147t0 8360 | 25 150f 15
SEA 4.1.1 L2 6089 665 | -168to 18417 | 46 150f 17
(Whole Blood)
SEA 11.2.1 1L-2 6935 700 | -111to 11803 | 25 120f 14
(Whole Blood)
EXAMPLE 10
an T-Cell Signal Model

We developed a second cellular assay in order to quantify the

enhancement of T-cell IL-2 upregulation upon blockade of CTLA-4 signal with

the antibodies.

connection with the expeiments:

The following materials and methods were utilized in

() -
()-

+4
+4
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Materials and Methods

Human PBMC were prepared using Accuspin. Microtiter plates were

precoated with an anti-CD3 antibody (leud, Becton Dickinson) (60 ng/ml) and

5 incubated for 2 hours at 37°C. hPBMC were added to the wells at 200,000 cells
per well. Staphylcoccus enterotoxin A (SEA) (Sigma) was added to the wells at

100 ng/ml. Antibodies were added to the wells, usually at 30 pug/ml. Cells were
then stimulated for 48, 72 or 96 hours. Plates were centrifuged at the desired
time-point and supematants were removed from the wells. Thereafter,

10  supernatants were checked for IL-2 production using ELISA (R&D Systems).

Results from these experiments are shown in Figures 16, 17, and 21. In

Figure 16, induction of IL-2 production in hPBMC from 5 donors was measured

72 hours after stimulation. In Figure 17, results are shown from measurement

15 of whole blood, analyzing the difference in induction of IL-2 production in the
blood of 3 donors as measured at 72 and 96 hours after stimulation.

In Figure 21, the enhancement of IL-2 production in whole blood of 2

donors as measured at 72 hours after stimulation.

20 EXAMPLE 11
Tumor Animal Model

We have established an animal tumor model for the in vivo analysis of
anti-murine-CTLA-4 antibodies in inhibiting tumor growth, In the model, a

25 murine fibrosarcoma tumor is grown and the animals are treated with anti-
murine-CTLA-4 antibodies. The materials and methods for establishment of

the model are provided below:

Materials and Methods
30
Female A/J mice (6-8 weeks old) were injected subcutaneously on the

dorsal side of the neck with 0.2 ml of SaIN tumor cells (1x10%) (Baskar 1995).
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Anti-murine CTLA-4 or an isotype matched control antibody (PharMingen,

San Diego, CA, 200 ug/animal) were injected intraperitioneally on days 0, 4, 7
and 14 following the injection of tumor cells. Tumor measurements were taken
during the course of the 3-4 week experiments using a Starrett SPC Plus
5  electronic caliper (Athol, MA) and tumor size was expressed as the surface area
covered by tumor growth (mm?).
Figure 18 shows the inhibition of tumor growth with an anti-murine
CTLA-4 antibody in a murine fibrosarcoma tumor model. As shown in Figure
18, animals treated with anti-CTLA-4 had a reduction in tumor growth as
10 compared to animals treated with an isotype control antibody. Accordingly,
anti-murine CTLA4 mAbs are capable of inhibiting growth of a fibrosarcoma in
a mouse tumor model.
It is expected that antibodies that are cross-reactive with murine CTLA-
4 would perform similarly in the model. However, of the antibodies of the

15  invention that have been checked for cross-reactivity, none are cross-reactive
with murine CTLA-4,

EXAMPLE 12
Tumor Animal Model
20
In order to further investigate the activity of antibodies in accordance
with the invention, a xenograft SCID mouse model was designed to test the
eradication of established tumors and their derived metastases. In the model,
SCID mice are provided with grafted human T cells and are implanted with
25  patient-derived non-small cell lung cell (NSCL) or colorectal carcinoma (CC)
cells. Implantation is made into the gonadal fat pads of SCID mice. The
tumors are allowed to grow, and thereafter removed. The mice develop human-
like tumor and liver metastases. Such a model is described in Bumpers et al J.
Surgical Res. 61:282-288 (1996).
30 It is expected that antibodies of the invention will inhibit growth of
tumors formed in such mice.
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All references cited herein, including patents, patent applications,
papers, text books, and the like, and the references cited therein, to the extent
that they are not already, are hereby incorporated herein by reference in their
entirety. In addition, the following references are also incorporated by
reference herein in their entirety, including the references cited in such

references:

Alegre et al. J Immunol 157:4762-70 (1996)

Allison and Krummel Science 270:932-933 (1995)

Balzano et al. Int J Cancer Suppl 7:28-32 (1992)

Blair et al. J Immunol 160:12-5 (1998)

Blake and Litzi-Davis BioConjugate Chem. 3:510-513 (1992)
Boussiotis et al. Proc Nat! Acad Sci U S A 90:11059-63 (1993)
Bowie et al. Science 253:164 (1991)

Bruggeman et al. PNAS USA 86:6709-6713 (1989)

Bruggeman, M. and Neuberger, M.S. in Methods: A companion to Methods in
Enzymology 2:159-165 (Lerner et al. eds. Academic Press (1991))

Bruggemann et al., “Human antibody production in transgenic mice: expression
from 100 kb of the human IgH locus.” Eur. J. Immunol. 21:1323-1326 (1991)

Bruggemann, M. and Neuberger, M.S. “Strategies for expressing human
antibody repertoires in transgenic mice.” Immunology Today 17:391-397 (1996)

Brunet et al. Nature 328:267-270 (1987)
Bumpers et al J. Surgical Res. 61:282-288 (1996)

Capsey et al. Genetically Engineered Human Therapeutic Drugs (Stockton
Press, NY (1988))

Castan et al. Immunology 90:265-71 (1997)



A84 10909& ()-+3(8(>(?(@E(J(SS3A4/ 4 10999& ()-+4 10909& () - +4
L0Y99& () -+ K "84 10009& ()-+4 10999& ()-+J(QT(Z([(a(f (gSpAdra

10999& () - +4 10999& ()-+ K 784 10999& () - +4 10909& (

()-+423 SEP 2003

1090998 CBA4/ 4 10999& () -+ K "84 10999& (- +4 10999& () - +4
0 WA‘%%S&-{E{”;&(((((( | A4l K 2234 10999&’ () - +48ﬁ‘é%ﬂé§’%3‘€”?
10999& ()-+4 10909& ()-+4 10999& () - +(6{ ((((dDA4/ K 784 10999& () - +4

109099¢& () -

10909& ()-+4 10909& ()-+4 10909& ()-+4 10909& () - +4
10909& () - +(((((((tT4A4/ 4

10

15

20

25

30

a5

40

45

Cepero et al. J Exp Med 188:199-204 (1998)

Chen et al. “Immunoglobulin gene rearrangement in B-cell deficient mice
generated by targeted deletion of the Jy locus” International Immunology 5:647-
656 (1993)

Chen et al. Cell 71:1093-1102 (1992)

Chen et al. Human Gene Therapy 5:595-601 (1994)

Chiswell and McCafferty TJBTECH 10:80-84 (1992)

Choi et al. “Transgenic mice containing a human heavy chain immunoglobulin
gene fragment cloned in a yeast artificial chromosome” Nature Genetics 4:117-
123 (1993)

Chothia & Lesk J. Mol. Biol. 196:901-917 (1987)

Chothia et al. Nature 342:878-883 (1989)

Chuang et al. J. Immunol. 159:144-151(1997)

Coligan et al., Unit 2.1, “Enzyme-linked immunosorbent assays,” in Current
protocols in irnmunology (1994)

Cwirla et al. PNAS USA 87:6378-6382 (1990)

Dariavach et al. Eur. J. Immunol. 18:1901-1905 (1988)

Dayhoff, M.O., in Atlas of Protein Sequence and Structure, pp. 101-110
(Volume 5, National Biomedical Research Foundation (1972)) and Supplement
2 to this volume, pp. 1-10

de Boer et al, Eur J Immunol 23:3120-5 (1993)

Eckstein, Ed., Oxford University Press, Oxford England (1991))

Evans et al. J. Med. Chem. 30:1229 (1987)

Fallarino et al. J Exp Med 188:205-10 (1998)

Fanger et al. Immunol Methods 4:72-81 (1994)

Fauchere, J. Adv. Drug Res. 15:29 (1986)

Fishwild et al., “High-avidity human IgGy monoclonal antibodies from a novel
strain of minilocus transgenic mice.” Nature Biotech. 14:845-851 (1996).



10909& () - +4 10909& ()-+4 10909& ()-+4 10909& ()-+4 10909& ()-+ /K
AS(((((((sS3A4/ 4 10909& () - +4 109098 ()-+4 10999& () - +4 10%39&'3&3(- +/ K 784
10909&' () - +(((((((SS3A4/ 4 10909& ()-+4 10909& ()-+4 10%¥ SEP- A84
109998 () weflooh99@9& ()-+())) )))0S3Ad/ 4 10%99&' () - +4 10YUDYRséosogekK "84

10999&' () -+4 10909& ()-+4 10909& ()-+)))")()))*) CBA4/ 4 10999¢& () -+ K "84
10909&' ()-+4 10909& ()-+4 10909& ()-+4%10909&' ()-+*)/)4)9)>)D)E) /A4l K "84

Freeman et al. J Exp Med 178:2185-92 (1993)
Freeman et al. J Immunol 161:2708-15 (1998)
Freeman et al. Science 262:907-9 (1993)
Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y.
(1989))

10
Galfre, G. and Milstein, C., “‘Preparation of monoclonal antibodies: strategies
and procedures.” Methods Enzymol. 73:3-46 (1981)
Gorman et al. P.N.A.5. 79:6777 (1982)

’ Green and Jakobovits J. Exp. Med. 188:483-495 (1998)
Green et al. Nature Genetics 7:13-21 (1994)

20  Grosschedl et al. Cell 41:885 (1985)
Hanes and Plucthau PNAS USA 94:4937-4942 (1997)
Harding et al. Nature 356:607-609 (1994)

® Harper et al. J Immunol 147:1037-44 (1991)
Hathcock et al. Science 262:905-7 (1993)

30 Hoganboom et al. Immunol, Reviews 130:43-68 (1992)
Horspool et al. J Immunol 160:2706-14 (1998)
Houghten et al. Biotechniques 13:412-421 (1992)

® Houghten PNAS US4 82:5131-5135 (1985)
Hurwitz et al. J Neuroimmunol 73:57-62 (1997)

40  Hurwitz et al, Proc Natl Acad Sci U S A 95:10067-71 (1998)

Immunology - A Synthesis (2™ Edition, E.S. Golub and D.R. Gren, Eds., Sinauer
Associates, Sunderland, Mass. (1991))

45 Introduction to Protein Structure (C. Branden and J. Tooze, eds., Garland
Publishing, New York, N.Y. (1991))



10999& ()-+4 10909& () - +4 10909& ()-+4 10909& () - +4
10909& ()-+E)K)P)V)[) ") f)dDA4/ K 784 10999& ()-+4 10999& ()-+4 10999& ()- +4
10909&' ()-+4 10909&' ()-+4 10909& ()-+f)g)h) ms) x) ~) t TAA4/ 213 ISEHOLN3 () - +4

10909& () - +4 10999& () - +4 10909& ()-+4 10909& ()-+ /K 78~ 3A4/ 4
10909& 8 +‘ﬁ° %@ﬁ & 8 +4 10999¢& 8 +4 10999¢& 8 + K A84")3)f)”)539)’3)°§9§
10999& ()-+)))))))SS3A4/ 4 10999& () - +4 SDUD9& ()-+4 10999& ()-+ K 784
10999& ()-+4 10909& ()-+))))))) 0S3A4/ 4 10999& () - +4 10999& () -+ K

Jakobovits et al., “Germ-line transmission and expression of a human-derived
yeast artificial-chromosome.” Nature 362:255-258 (1993)

Jakobovits, A. et al., “Analysis of homozygous mutant chimeric mice: Deletion
5 of the immunoglobulin heavy-chain joining region blocks B-cell development
and antibody production.” Proc. Natl. Acad. Sci. USA 90:2551-2555 (1993)
Jakobovits, A., “Humanizing the mouse genome.” Current Biology 4:761-763
(1994)
10
Jakobovits, A., “Production of fully human antibodies by transgenic mice.”
Current Opinion in Biotechnology 6:561-566 (1995)

Junghans et al. in Cancer Chemotherapy and Biotherapy 655-686 (2d edition,
15  Chafner and Longo, eds., Lippincott Raven (1996))

Kabat et al. (1991) Sequences of Proteins of Immunological Interest, N.LH.
publication no. 91-3242

20 Kabat Sequences of Proteins of Immunological Interest (National Institutes of
Health, Bethesda, Md. (1987 and 1991))

Kostelny et al. J. Immunol. 148:1547-1553 (1992)

25  Krummel and Allison J Exp Med 182:459-65 (1995)
Krummel et al. Int Immunol 8:519-23 (1996)
Kuchroo et al. Cell 80:707-18 (1995)

* Kwon et al. PNAS USA 94:8099-103 (1997)
LaPlanche et al. Nucl. Acids Res. 14:9081 (1986)

35 Lenschow et al. Proc Natl Acad Sci U S A 90:11054-8 (1993)
Lenschow et al. Science 257:789-792 (1992)
Lin et al. J Exp Med 188:199-204 (1998)

® Linsley et al. J Exp Med 176:1595-604 (1992)
Linsley et al. J. Exp. Med. 174:561-569 (1991)

45  Linsley et al. Science 257:792-795 (1992)

Liu et al. J.Immunol.139:3521 (1987)



N84 10909& ()-+4 109099& ()-+4 10999& ()-+))))))) CBA4/ 4 10%09& ()-+ K 784
10999& () -+4 10999& ()-+4 10909& ()-+4 10909& ()-+))))))) /A4l K "84
10999&' () -+4 10999& ()-+4 10999& ()-+4 10999& ()-+4 10909& AP #)B**

***x DA4/ K 284 10999&' ()-+4 10999& ()-+4 10999& ()-+4 10999& () - +4

10999& () - WO BT ()- +x**$*)* *3*t TAA4/ 4 10999& () - +4 TESETRAS 44
10999& ()-+4 10999& ()-+4 10999& ()-+ /4 ~83*9*: *: * @ F*K*sS3A4/ 4

10999& () -+4 109099& () - +4

Liu et al. P.N.A.S. 84:3439 (1987)

Lonberg et al., “Antigen-specific human antibodies from mice comprising four
distinct genetic modifications.” Nature 368:856-859 (1994).

Luhder et al. J Exp Med 187:427-32 (1998)
Marasco Gene Therapy 4:11-15 (1997)
10  Markees et al. J Clin Invest 101:2446-55 (1998)
Marks et al, “Oligonucleotide primers for polymerase chain reaction
amplification of human immunoglobulin variable genes and design of
family-specific oligonucleotide probes.” Eur. J. Immunol. 21:985-991 (1991)
N McCoy et al. J Exp Med 186:183-7 (1997)
Mendez et al. Nature Genetics 15:146-156 (1997)
20 Needleman and Wunsch J. Mol. Biol. 48:443 (1970)
Okayama et al. Mol. Cell. Bio. 3:280 (1983)
Parmley and Smith Gene 73:305-318 (1988)
» Pearson and Lipman Proc. Natl. Acad. Sci. (U.S.A.) 85:2444 (1988)
Perez et al. Immunity 6:411-7 (1997)
30  Perrin et al. Immunol Res 14:189-99 (1995)
Perrin et al. J Immunol 157:1333-6 (1996)

Pinalla et al. Biotechniques 13:901-905 (1992)

35
Proteins, Structures and Molecular Principles (Creighton, Ed., W. H. Freeman
and Company, New York (1984))
Razi-Wolf et al. Proc Natl Acad Sci U S A 90:11182-6 (1993)

40
Remington’s Pharmaceutical Sciences (15" ed, Mack Publishing Company,
Easton, PA (1975)), particularly Chapter 87 by Blaug, Seymour
Rizo and Gierasch Ann. Rev. Biochem. 61:387 (1992)

45

Russel et al. Nucl. Acids Research 21:1081-1085 (1993)

Schwartz Cell 71:1065 (1992)



10999& () -+4 10999& () -+ K 784 10999& () - +K* QF W X* Y* A+ d*sS3A4/ 4

10999& () -+4 10999& ()-+4 10999& ()-+ K 784 10909& () - +4

10999& ()-+d*i *o*u*v*}**0S3A4/ 4 10909& ()-+4 10909& () - +/ K3"Eb IPIO9& () - +4
10999& () - +4 109BQ& () - +*******0BAA/ 4 10999& () - +/ K B4 10999& () - +4
109998 () - WO YIRS ()- +4 10909& () - +****x** [ A/ K 784 16@@'§§?9€§-9i4

10999& () -+4 10999& ()-+4 10999& ()- +4 gh0URI& () - +*******dDA4/ K 784

109098& ()-+4 10909& ()-+4 10999& ()-+4 10999& ()- +4

Scott TIBS 17:241-245 (1992)
Smith and Waterman Adv. Appl. Math. 2:482 (1981)
Songsivilai & Lachmann Clin. Exp. Immunol. 79: 315-321 (1990)
Stec et al. J. Am. Chem. Soc. 106:6077 (1984)

10 Stein et al. Nucl. Acids Res. 16:3209 (1988)
Taylor et al., “A transgenic mouse that expresses a diversity of human sequence
heavy and light chain immunoglobulins.” Nucleic Acids Research 20:6287-6295
(1992)

15 .
Taylor et al., “Human immunoglobulin transgenes undergo rearrangement,
somatic mutation and class switching in mice that lack endogenous IgM.”

International Irnmunology 6:579-591 (1994)

20  The McGraw-Hill Dictionary of Chemical Terms (Parker, S., Ed., McGraw-Hill,
San Francisco (1985))

Thornton et at. Nature 354:105 (1991)

25  Tivol et al. Immunity 3:541-7 (1995)

Townsend and Allison Science 259:368 (1993)
Traunecker et al. Int. J. Cancer (Suppl.) 7:51-52 (1992)

* Tuaillon et al. “Analysis of direct and inverted DJy rearrangements in a human
Ig heavy chain transgenic minilocus” J. Immunol. 154:6453-6465 (1995)
Tuaillon et al., “Human immunoglobulin heavy-chain minilocus recombination

35  in transgenic mice: gene-segment use in p and vy transcripts.” Proc. Natl. Acad.
Sci. USA 90:3720-3724 (1993)

Uhlmann and Peyman Chemical Reviews 90:543 (1990)

40  Van Parijs et al. J Exp Med 186:1119-28 (1997)

Veber and Freidinger TINS p.392 (1985)
Vitetta Immunol Today 14:252 (1993)
® Walunas et al. Immunity 1:405-13 (1994)

Walunas et al. J Exp Med 183:2541-50 (1996)



109098 () - +4 10909& () - +********n 4/ K 8 3y10% & () -
311 GLO9% & ()-4109910991099% 10909& () -+ /K "A8** 2+x++++| [: L4/ K 3109% & () -

3F “10% & ()- 310% & ()- 3sYL0% & ()- 3 10% & ()- '3 SEP 2003
39! g10% & Ghyeusvat - F-- | [ L4/ K % 10%& ()- 310% & () - }f%%l@f’
3s10% & ()- 3109 & ()- 3s10% & ()-- 1] L4/ K 3@Y10

3, 8Y10% & ()-g 3% 10% & ()- 3@*Y10% g 63- 31 F10% & (

F1098 & () -/ 00l 122222| obU4/ 3s!109% & ()- 10! 10! 10! Qo 10% & ()-z

>0"10% & ()-z 9f, 109 & ()- 3*F10% & ()-22222345|[:bU4/ 3 910% & () -

410% & ()-  31Wieio(e-et alYSHOME 280:995-988319951 0% & () -1 DYGLO% & ()-156}7

8vOU: V: W X: | [ NA4/ 10! 10! 10! L@s10% & ()-f >@s10% & ()-f >@s10% & ()-f

GLO% & ()- >1Wt& a6d Hadbsdingunal\Woddy] 1aMBMELQ9%) 109R! & () - URLOYR! & () -

&10%&! & ()-5 3! y10%&! & ()- 3&10%&! & ()- 3F3100&! & ()-<<= =!="=/=: =J=vU4/

39! g10% & () - WakR%t &L Chir. RAbidOI&nbundiOR119868.0862)3" , YLI0%&! & () - g

3Y100&! & () - J=MeV=}====| \ <vU4/ 3S10% & ()-S10% & ()- 3F( 10% & ()- 3f MLO%

& ()- 3S, " 10% adglet a3EEARMRE I7)40363FEONPV U4 SW 7S10% & () - S10% & () - S10%

- S10% & () - S10% & () - =======hHvU4/ 5W 7S10% & () - S10% & () - S10%

- S10% & ( ) YSh0%: &, by 77961 630 M4 Tr96r=="\ vU4S10% & () - S10% & () - SL0%

-S10% & ()-5W 7S10% & () - :::::::nR6vU4810% & ()-S10% & ()-5W 7( S10%

- S10% & ()25, Bnkaricr TrazDIHEWSE000 & () - SLO% & () - SLO% & () - SL0%

- S10% & () - =====>> 2vU45W 5 & ()-510% & () - 310% & () 310% & ()-S10%

- S10% & () 7iPer 30N %ébw&emmafo Qf@’f%c&éa;lnﬁi

5V\[ 7510%

00

-SSW 7§l 0/(’1?&Eél«%stem> bx?dr(?@ﬁwgﬂm Y -S10% & () - S10%
o 0

-S10% & () -S10% & T >B>F>GK>G>P>c- vU45

-S10% & () %a& {Be QpBvaag lhon aRACAaHEY el ) o%atﬂ%mm S10%
S10% & (), r>o°£§ g,évxalaséwi;m it liish oS Mg 510%
-S10% & () 251@/( ()-S10% & 17s>w> >>>> 4S10%
- S10% & ) s 0% %& () - 810%& () >>>>>>>|\/[L84810%

-5W 7810% ?s ig ﬁ % g 2526 CRASLA0 S10%
- S10% & S5 2820 84510%
- S10% & 8?,% %‘g“ % Wé ‘& ( >y§‘>£>>grvmﬂ> 0% & () - S10%

- S10% & () & ()- >>>>'>'>’7| 84S10% & () - 5V\[ 7510%

- S10% 2 2292227 0.8 () - S10%
o & ()G’§ %, ol ;Mgﬁ?% ‘% %f%%s i &%@% S5ld gzttt O
--S10% & (§° ST 6% §Z S10% & () - S10% & ()-S10%

- 91929394 1282 9% SlO(V cy &. S5W 7S10%
PEFaK g%tqaﬁi i«gﬁ% lil j%h %Mgﬁ g o & (- 1000
->’>D’>E’>§°J SRS “1222 ‘éﬁeo 7 10% & () - S10%
_(S10% '>z:> h?r; 10% 110%1 t 0% & ()5 S10%

- S10% & ()mﬁ 6% %W?@é&%& () - S10%
-S10% & () i"ﬂ?}% i L 510%

-510%&()‘3’ ....... )() S10% & () - S10% & () - S10%

:gé\?\;/(; () 99@2‘%@9}%3 0% ,Z"(,g%fg 0% f(%gﬁz awwgt 6181 {% 1 004

R0 R0 Ro Ro R0 Ro Ro R0 RO R0 R0 RO R0 RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO Ro Ro

' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
' (
(

N N N N’ N N N N N N N N N N N N N N N N N N N N N N N N N N N

- S10% &' ()3“3“.9 ..... elingsy/ (ﬁ%‘%% S10% & () - S10% & () - S10%
-S10% & () - '>'>'>'>'>'>'>rv 5 10% ' g@s%g; %100/ f)xgléy 0% % - S10%
- 5W 722277M9 S10%

- 27 oD G 'f‘§1 %c&‘ ‘%’%ﬁ' % Q}% 10% & () S10% & (3

D

Ro Ro

- G oA o ey 38%‘ 165 n‘)ﬁ k- g’%ﬂ%%o gﬂmjw S10% Sio
() - 5V\[7AA7BB$@EE%‘ QBiPRlghY égt e batts é%c@npu o0

2GLO%& ()- 317X 17% DV\DDEF| [ bU3! SY109%&' ()- "109& ()- nlO%& ()-f
L109&' ()- fMLO%R ()- L 10%& ()-z FFFG IJJ | [:bUd! f/mlQ%& ()- f s10%& ()-f
f s109& ()4 1 BF eis¥otigusiom)and congnglion 2 hyorl ymunoglokiia dpmaawith

" 109VBM&! () - P@W@?@/ﬁfﬁ’&;’(l)eﬁw prghvi %QBAWWW?H@@OMW&Z‘Z";I 1954810
3t 10%&' () - g*Lr’r‘E cvU4l s10%BME () - T Y109%VBME () -t " YLO0%VBME' () -
109vBME. () - Flo%\/Blv& ()- 109%BM& ()-MVPNI OOQ P [:vU4!l s 3109%BME: () -
s10%BM' ()-t | 109%BM' ()- smlO%BM' ()-f | SMLO%VBME ()- 109%VBM&' ()-;
PPP<QQQR| [: vU4!  *Z10%BM&' ()- )Z109%BME& ()-t ' 10%vBM& ()- 1$ 10% 8f& ()-S
S#Y109BM&' () - s! YIO%BMS () - RNRRRRGSSS| [ : - 410k8k 3s10%8k& () -z
2Z10%BM&' ()-t &s0109vBME ()- /10%BME ()- - Z10%BME () -
.~ 109%VBME () - SSSSTUTaTTbA410k8k +1098&' ()- L10% % & ()- x F 1092M2& ()-|
| 7F 1099&' ()-1 !-10% % & () - 10k8k10k8kT<UUU] VWW [ : A410k8k hl ~109%8&' ()-S
| 10%9& ()-S Y 10% % & ()-z L10% % & ()- LZ10% % & ()-g
10% % & () - WEWOWAWA [ : A410k8k *-10% % & () - @10%%& ()- ,&10% % & () -
Y$S10% % & () - @10% % & ()- | 10%me () - SWKSXCX} XXXX] [ : 410 %

T A NN N7 O NA NN AT e NI NI ST\ ~E AN\ N7 ~NnN7Z N7 Y



10908N& () - Q YF10%& ()-vU4 109%& ()-  T109%& ()- 3310%& ()-

10%& ()-10°810°8°10"8  -10%8 & ()- '2_?2vU4

] 10%& ()-]10%& () -] 109%& g) ](1;Wi&lé)/&] (1;3%%] (13) & () - 5w 23 SEP 2003

YlO%& 2 vU4] 1098 9 9
) Y] 10%(&) ) \Wig'@égai Q/\]]bghnl vU4] 109% () - 5W PCT/US99/30895

) Y] 109%& ()-]10%& ()-]110%& ()-]10%& ()-n% ?vU4] 1094 109%&' ()-]10%& ()-]10%& ()
-1109%& ()-]110%& ()-]10%& ()-vZ>vU4] 109 109%&' ()-]109%& () -] 10%& ()-]10%& () -]
109& () -5W) Yr Reartiif Jefl @M&Ths -affiriieledtion1 Q& nfipibbdy polypeptide inhibitor of

) Y] 109&' () -] 10%8inéy) inkerdelldih-50BRIHQ 7 B346303-9 (1994)

) Y] 10%&' ()-]109%&' ()-]10%& ()-]10%& ()-$%d=I LvU4] 10%&’ ()-5] 10%& ()-] 10%&' () -

11098 ()-]109%& ()-]109%& ()-]109%& ()-=>Dl VcpnN. vU4] 109&' ()-]109%& ()-] 10%& ()
-1 109%& () - ] 50%&).§.)Pated ANticatdmddahi0o®7/456,D0%) Hed ThmlahOPA 1690 SW

) Y] L0%& () - ] 10%RS.(Patcdb X pilicd RS £ihE100M7/574,748, filed August 29, 199

) Y] 109 () - ] 109K, (Patchi Ahichlon] SBUENG Jo7/57556], ﬁ%%«ué).\sthlof’é%o() ] 109%& ()-]10%
"()-110%& () -] 109@Paleht AR ichHidnlSAHE 0.0 B0 4, Yiidi d¥8mbarg 1686 () -1 10%& () - SW
)Y $r RevUA] 10%&.§.)PalehOAGpl{chtidnlS2UE! Kid.-05)840,279, filed December 17, 1991
) Y-110%& ()10] 1Q98 HaenBApetidmr Seki4i NO U863, 488Miled March 18, 1992
) Y11 10%: () -] 1G98 Halen} ADSMatior SekaPo. /008068 CAHAITIATA31 6868 () -1 100& () -] 100&
()-110% () -] 109 Hadeni ARSEAr SHaM¥ 103090 36781 é%@éﬁ ] 109%& ()-]10% ()
) 1Y] 109 ( % ) S}N1 ) gsy&%li i&a&an §e%|§l°’gbw(o)7f9]2i@3¢‘ﬁ(e\i a0, 1992
9 tent cAGEAS ekihr 07/ 6Q, fi led ec ,

Y3006 O 108 Gnda i tlen SR (gas5] 10%& ()-] 109 ()
-]1109%& () - ]10%% g)l’aleﬁp ol 1 d?tgg -110%& ()-]10%& ()
PG il e .

atent )} . /1 284 1le t 7
Y1 10% ()11 §i§ | ' * £ : P ()3
$10% ()-3 ig (};‘afe s Seki 33 $10%& ()-3
$10%& () -3 Pa é et S zceme 15 ()_3

U S. Patent Application Serial No 08/209 741 ﬁled March 9, 1994
U.S. Patent Application Serial No. 08/234,145, filed April 28, 1994
U.S. Patent Application Serial No. 08/724,752, filed October 2, 1996
25 U.S. Patent Application Serial No. 08/730,6309, filed October 11, 1996
U.S. Patent Application Serial No. 08/759,620, filed December 3, 1996
U.S. Patent Application Serial No. 08/759,620, filed December 3, 1996

30 U.S. Patent No. 4,399,216
U.S. Patent No. 4,681,581
U.S. Patent No. 4,683,195
U.S. Patent No. 4,683,202
U.S. Patent No. 4,735,210
35  U.S. Patent No. 4,740,461
U.S. Patent No. 4,816,397
U.S. Patent No. 4,912,040
U.S. Patent No. 4,959,455
U.S. Patent No. 5,101,827
40  U.S. Patent No. 5,102,990 (RE 35,500)
U.S. Patent No. 5,151,510
U.S. Patent No. 5,194,594
U.S. Patent No. 5,434,131
U.S. Patent No. 5,530,101
45  U.S. Patent No. 5,545,806
U.S. Patent No. 5,545,807
U.S. Patent No. 5,585,089
U.S. Patent No. 5,591,669



$109&' ()-3 $10%&' ()-3 $10%&' () - +0=IJWKYU: vU3 $10%& ()-)? 33 $10%&' ()-3
$109& ()-3 $10%&' ()-3 $10%&' ()-Yc}ghijw obUsd 91 10%&' ()-1031010 310%& () -
f210%& ()- 0 109%& ()- f/mlO%& ()-ws&g|[:bUs 109%& ()- fMROI/BEP)200RI10%& () -

&10%& () - m , 3310%&’ bU4 910%&

= 100/&'(%) ‘5‘3%{}2 3 Mo o ()Ogggnngtl)/«[& O)-*x|[: bU4()L§f(y56y(%9/%°Qs

F3%109%&' () - L#mLO%& ()- L3"nlO%& ()- Lonl0%& ()-y Fs109%& ()-"n [ NA4101010

“610%& ()-f YA109%&' ()- “3109%& ()- “|.10%& ()- F, 10%&() “ut| NA410

&Z10%& () -f " INSRCatent No8yEARS () - 109%&' ()-m; 10%&' ()-m

1 109&' () - zX| ZONAS It SO 5(16f | 9f GL0% & ()-f 9Z10%& ()- f10%& ()-

3SMLOYR' ()-S &ALOYMRitdn) NS 615,898410 3+109%& ()- L(Z10%& ()-g 3# 109%& () -

1 109%& () - 9f 1098 Katent Rb, 516938426) - f (bC| [: - 410 L5mLO%& ()- F 4s10%& () -

L2109& ()- Ls 1ri@9%Kitdn} No/ 5l@8R66) - ¥B+109&' ()-bA410 3, S109& ()- nmlO%& ()-z

109&' ()- E 109%R).6)Pateni MY £48;479100: @M ] =A410 #10%& () - #109%&' () - #109%& () -
mMLO%& ()- 109 (3-pakoE. 4 36120YR"bf | x_?A410

#1009 () - #109& 1.5 PRI (9.698 Y& () - #109&' () - #109%&' () - x| ~C A#109%& ()-; ¢l ?.z

#1098 () - #10%& 105 PLIVRo (3,6 HYE () - _?A#10%& (#10%& () - #10%& () - #109&' () #1

0% () -#10%8 ()uHLEN6&: Kb-0E578%830%& () - #10%& () - #109%& () - #10%& ()-;cl ?.z

#10%&' ()- C A#J@%’@Pa&e)nthlégmo
#109&: () - #109%&!1f k- mg/&o(gmﬂsg & ()-9%/3?7B _?A#109&' (#10%& () - #109&' () - #10%&

() - #10%: () - #J@gf«gpa@gmﬁg,o{y@lgmBKLU[ egG A#109%& () - #109%& () - #109%& () - #109%&
;cl?.z #10%&1(5) ;cl?.z

#10%! () - #1008 1§ % ﬁ&&g/&o 5)77‘611 a& () P2AHL09E (#10%& () - #109& () - #109& () - #1

09%&' () - #10%& ()U§1i9£(@%tfq2> (ﬁ% 09& () -#10%&' ()-#109%& ()-#10%& ()-;cl?.z

¢l %78,

#1098
0 I;?e 3)% .;% %«& ()-#10%& ()-hL, c#10%& () - #10%& () - #10%& ()

#10%&' () - #10%&&

- #109% () - #10% §) o& ()-1" 231 LOCH#10%& () - #100& () - #10%&' () - #10
& () - #10% ) g )- 368ABCFCH 0 940%: () - #10%: ()-; cl 2. 2
#109&' () - #1D0& g abovUA% | Y3109&' ()-m L! &10%& ()- 101010
1f 109 ()- 9-10 2 10)&0?5"-TnF|[:vu4%! 8310%& ()- MLO%& ()-y
MO%& ()- GLOW& ()- Z10%& ()- Y3100 ()-m F2v|[:vUd%! 3%400%& ()

3" @OW& () - CE%W éﬁ&te g 0/o<& ()- mLOWK& ()-T3Qg|[: vUi% !
2100 & %<& 09 & () -
&5100/«&(%) IRy gé ?‘%%g}; g(%“t lftf)sgp&lg((ﬁli%%élele

5MLOYK& () - F410%<& ()= WI7| [ vU4% ! | 109 ()-f @109 ()- SFL09%& () -

@QLOY& K@O% % I 91109 ()- S109%& ()-
SLlO%&(%) svlcg ana %% «gﬁ“’(“ bL%Y {8 W% ! S, 910%2-0- 0
ngL li 1on 3
i é g

"‘u\

0

*710%& ()- 7109 #S109%& () - - | JKLY{ naT3

91 109&' () - 1010 te’ tl% 92/ % & ()-f

210%& () - Yws{ ZB5T2"0na 32?‘ ‘ca‘P‘!L 6’/@@ & () y 3310%& ()- !WB310% $
n

33100& > 109 ()- " YL0%&' ()-
510%&() Ylo(‘ét';mﬁ@% 1‘@1’1‘;{‘2@ ){gﬁé/lg gg& 10 /&() YYO/(@(lz)%&'()- 0

sf #109&' () 2 | 7°109& ()- | 4109%& () -
f2210%& ()-3>0 “ P “ P a‘ NP/‘_‘{ %89He6ZbA310 10%/@/ () -
10%y& ()-s 10 *f&‘a Pat ok @, pyolishahBebryary 31§94

10% Q& - & | 100y Q&

S, 1/?/3%@9() ZJ mgg«;g (§) waow%% (§)

S$MLO%y °§§L1 A : A310 | 410% QY& () -
yszO%/Q/& Itﬁ 8 5/0849% Qv &' () -
f, 10y Q& ()- $ ‘°§'8 °nié%)1<(a)19n 31 2 1098 () -

10 &10%&' ()- 109& ()- 10%

| GLOY&: () - 10y E‘G Yaferg £ W’@\%

& ()- 10%& () - Etﬁ%&l Paiw&? Qa 0, VIT9/14436 100’ ( & 109%&' ()

109& ()- 109&Ip matl%b}%@t p wo. 9%A489% pstﬂ@bsvznﬂntebe(rﬁl,ZW%

'10°/<S+S& () 41010 mat“&lahmt(‘\pplwa&omm @97/138& 109%&' ()-?_y|[:vu31o!
International Patent Application No. WO 97/20574

International Patent Application No. WO 97/38137
International Patent Application No. WO 98/24884




LnmOYs+S& ()- yl09B+S& ()- LZ10968+S& ()- S@10%K& ()- S@1098+S& ()- U
310%+&' ()-zy_: e| [:wvUu310! |™ 10%S+S&' ()- T z109%6+S&' ()- s10%G+S& () -
“10%+c& ()- " Z109%S+S& ()- “s109%6+S& ()-eh"M[:vU310! 23 FEPEHER’ () -

s* 10%5+S&' | @OYB+S& ()-  f&IOYS+S& ()- s$ 10%B

94 095+S&! ()")0 H; 50(4 ©-310S+S 3 $63 10%5+S& ()- | 410%6+S&! )Eﬁ”éa%“”

f 2mMLOYB+S&' () - sOF10%S+S& ()- 1.yloes+S& () -

| 10%S+S&' () - %& 4@EhbA310S+S f109%>f& ()- , 109%>f& ()- 109 >f & ()-
F109%6 >f & ()- 9NLd0sfonhlPa(ent APSieBIASNGHMDVIB[24853] PtShelOURe-T 181998
y10% >f & ()- s 10%>f& ()- | " 10%>f& ()- | m0% >f& ()-

T1f10% >f & ()- W [ A310S+S 109 >F & ()- 10% >f& ()- 10%>f & ()- 109% >f & ()-
109 >F & ()- 1 10% >f & ()-:}|[: A310S+S *10% >f & ()- ' 109 >f & ()-

% 10% >f & ()- #10% >f& ()- !10% >f&§?§ﬂ"—¥§%¥>f&' ()- 17| [: A310S+S

1021096 >f & 6) - . 10%he>ffSiefding doddripfton’ &id JExampled Oddiatf &eftdin prbfbfeaf & () -
/109 >f & () -"vU410,.31006 >F & () - .| 9100F >F & E@W of >f 0f>f10f>f 3 ﬁ

1096 >F & ()-  STOodimens pf the inventipneand degeyibesriie best madgycontomplatgdlpyging ) _ |

, 109 >F & () - 18AGidts& It)wmftfel%gﬁeafa&d ( howeved OfatHoSmbiter hOW%tEiﬁdﬁ fhe- bl [ vU410
s 10%>z& ()- @ 1096 >f & > & ()- |1 10%>F& ()- . ' f10% >f& ()-

f T109% >f & () - D? TESORR Y an}agzmwwl& l(lyin“@im be pragtyced ﬂf&@%}s\"w(ajld

%4.0% >f & () - h@%\?e‘n&m( Lhouldl&/éoﬁét&eﬁ )iﬁ %bfdaﬂéé%@x thé%ﬁ&ﬁi?&‘ &aifs-an
310% >f& ()- 1@0%>f & () - % >t & () - y)le%E>f&' ()-vWwaio
& 10%¢& () - 0@ POy Ejents|th epﬁe& () : 100/@& () - 10f >f 10f >f 10f >f

7GL0% >f & ()-np|[:vU410 " 10%& ()- 9rm0%3&'()- OMLO%&' ()- 9! S10%& () -
3z10%8& ()- ,10% & ()-p25{|[:vU410 L*s10%& ()- @Z10%& ()- YU0%& ()-
@nl0%e& ()- @ 10%& ()- 310%& ()-{WKYZi | obU410 ! &10%a@B& () - 10e10el0e
F4s10%& ()- L010%& ()- f/10%& ()- L-Z10%& ()-ilUzY8bU410 10%@E% () -
10%@0% ()- 109%F& ()-- YL0UKK& ()-- 310%cé& ()-f-!310999& ()-fUh=QG [: bu4d10
394000 T& ()- 39%40%Y& ()- 3%0%| P& ()- 3%A0%KWK&E ()- 10%PzP& () -
109%KK& () - CDEFS_bevU410 Y109%@E& ()- S10%@@& ()- 310%@E& () -

s! 10%@8& () - 10T| T10T| T10T| T 39%40%7| T& ()-ehkngtw| [ : vU410 410%@8% () -
f/109@0&% ()- " *10%@0% ()- Yodov@@® ()- f 10%@@& ()- ~10%@0% ()-w [:vU410
SH10%@& ()- FLO0%@& ()- F1l0%@g& ()- 910%@:& ()- s!ylO%@e& () -

, MLO%@B%' () - }- QRST| [ NA41010@EL0@ELO @D f #MLOY@ER () - f #MLOY@ER () -

f #MLOYG@ER () - f#MLOY@ER ()- f#MLOY@ER () - TaK{ ZONA41010 mlO%S+S& ()-y K3




109%& ()- °,1098+S& ()- ! 310%{& ()-Z! 310% +L+& ()-Z
| 1096+S& () - Kghi j wzvU410 5, GLO% ()-( Ss10% ()-( | 109%& () | L1OY& ()

(10S+S10S+S10S+S Y 10%6+S& ()-Z[|[: vU410 Ol "10% ()- % gabs
109& ()- + 109& ()- & ~109& ()- + 109 ()-[ gr st | [NA4101 10 4109& () -
31109%& ()- + "10%& ()- & "10%& ()- !1"10%& ()- t:|[:NA41010 L10%& ()-

L109%&' ()- ' f10%& ()- & | 10%&k ()- sY109&' ()- " 10%&' ()- ::x9|[:NA41010
L10%& ()- & 10%& ()- & 10%& ()- & 109%& ()g7 O 109%&' ()- ! F10%& ()- Normal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Par agr aph Font X" +58>GPYAbdj 2r 1zDyE} pOGLLAI®ISELY] f 0, xbn; | PA
pz"' /W' : @PUekhszni aK8&&YESI s9
"$&(*, . 02468: <>@dﬂlul!}@?\PR1IfQﬁ)@laiab@WItWMW£V?9H@@4¥mP@W@M#+ DPX
bk] v{, OGnh- # LORUN-PhkigFreR spid/gntibody ispdectepfiom therodpeongisting@f:, . z14v78;
1>FAB} FKHIt L NRTX( Z\ al eg] i kemmpsQuDzA| } , E= BN*wW/ xI HD. R~A #/ " Us

S!"| 94 * =+/ 358; +2@C" FHEAMBRRT Kthpridif HedeuBsE N ArRbRaEh hidifo 810eHk5_>{
e sequence in SEQ ID NO: 63 or 64, and further comprising the light chain

variable region amino acid sequence in SEQ ID NO: 65;

b) the antibody comprising the heavy chain variable region amino acid
sequence in SEQ ID NO: 66, and further comprising the light chain
variable region amino acid sequence in SEQ ID NO: 67;

c) the antibody comprising the heavy chain variable region amino acid
sequence in SEQ ID NO: 68, and further comprising the light chain
variable region amino acid sequence in SEQ ID NO: 69; and

d) the antibody comprising the heavy chain variable region amino acid
sequence in SEQ ID NO: 70, and further comprising the light chain
variable region amino acid sequence in SEQ ID NO: 71.

2. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) selected from the group consisting of:

a) a heavy chain amino acid sequence comprising SEQ ID NO: 63 or 64
without a signal peptide sequence and a light chain amino acid sequence
comprising SEQ ID NO: 65 without a signal peptide sequence;

b) a heavy chain amino acid sequence comprising SEQ ID NO: 66 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 67 without a signal peptide sequence;

c) a heavy chain amino acid sequence comprising SEQ ID NO: 68 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 69 without a signal peptide sequence; and

d) a heavy chain amino acid sequence comprising SEQ ID NO: 70 and a light
chain amino acid sequence comprising SEQ ID NO: 71

3. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) thereof selected from the group consisting of:

a) the heavy chain variable region amino acid sequence in SEQ ID NO: 3
and the light chain variable region amino acid sequence in SEQ ID NO:
16;
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d) the heavy chain variable region amino acid sequence in SEQ ID NO: 1
and the light chain variable region amino acid sequence in SEQ ID NO: 14

A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) thereof selected from the group consisting of:

a) a heavy chain amino acid sequence comprising SEQ ID NO: 3 and a light
chain amino acid sequence comprising SEQ ID NO: 16;

b) a heavy chain amino acid sequence comprising SEQ ID NO: 8 and a light
chain amino acid sequence comprising SEQ ID NO: 21;

c) a heavy chain amino acid sequence comprising SEQ ID NO: 4 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 17 without a signal peptide sequence;

d) a heavy chain amino acid sequence comprising SEQ ID NO: 1 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 14 without a signal peptide sequence.



