1 HUVAN MONOCLONAL ANTI BODI ES TO CTLA-4 BACKGROUND OF THE | NVENTION 5

1. Cross-Reference to Rel ated Applications The present application
claims priority to U S. Provisional Patent Application, Serial No.

60/ 113,647, filed Decenber 23, 1998, the disclosure of which is hereby
incorporated in its entirety herein. 10 2. Sunmary of the Invention In
accordance with the present invention, lthere are provided fully human
nonocl onal anti bodi es aggi t 0f.0xJ - | hocyte antigen 4 15
(CTLA-4). Nucl eoti de se%ﬁ?ﬂﬁﬁggﬁﬁggﬁﬁﬁgﬁﬁ EbéﬁgES f 4sequences conpri si ng
heavy and |ight chai n i munogl obul i n nol ecul es, particularly contiguous

heavy and |ight chain sequen E arﬁgi t&i conmpl ementarity determ ning
regions (CDRs), specificall yE Crc Qi Y r CDR1 through CDR3

and/or within FR4, are provided. Further provided are 20anti bodi es havi ng

simlar binding propertijes “@g ant i t‘)g iei Eor, ot her ant agoni sts) havi ng
simlar f‘u%ti onal ?ty at BT A q l¢%i n. 3. Background of the
Technol ogy 25Reqgul ation of inmune response in patients would provide a
desirabl e treat rrentfhé)f Qsaqy@%gnetn di seases that could lead to a specificity
of action that is rarely FofitifPotights REOTR etoofl). SoRpERoNINBitedr ugs. Bot h
up- regul ati on AgptcaiomtdariagNbad(/ i, 6af, fies Peasasy 0f, bbe WISt em woul d
be possi bl e. TP}E roles aof T celﬁl!s .and B cell s have been extensively studied
and char act er i'7864 T F3Y BEIRTEET BritS ROt IfER-egul ati on of i nmune response.
From t heselostudies, the role of T cells appear, in many cases, to be

particularly inportant jn disease prevention and treatnment. 2 T
cel | s possess very'conﬁ&@%m%@%ﬁgﬁgﬁﬂ%ﬂméontroIIing their interactions.
Interactions between T cells utilize nunerous receptors and sol uble factors
for the process. TEus, what effect any particular signal may have on the

i Mmune response g cArfigpeg withdee piprgnideysahers tre eherqyatet fdlylbamat act or s,
recept ors andnRnsdeHat emtih&EEP LSS t arg j,QN.0kV in_the pathway. The
pat hways for down-regulatin rg%%%hgggmafggggﬁigﬁ%&?@ﬁ ea§ﬂﬁﬁ6§£arequired
for activafi ofTHdm cm’ﬁlj’@g‘ﬂﬁi dRAUcEssd erpodiog Targle|amito| seida namencss one
mechani sm f or ;g t i n e . rticul ar. antigen. O her
mechani sms, sucﬁﬁgg@sg%?g??gnﬂgy §ﬁ%b?§§§%’§&@§ 65? 13 ?’3@@”3? 0 known.
10Acti vati on BFRUBUQHE| hegvy @ndiilizht chait sequieycestspaariad ilencddyleng@hrihe anti gen

determining regions (CDRS), specifically from within FR1 and/or CDR!
through CDR3 and/or within FR4, are provided. " Further provided are

20 © antibodies having similar binding properties and antibodies (or other

antagonists) having similar functionality as antibodies disclosed herein.

3. Background of the Technology

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 comnection 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.



receptor (T cell receptor (TCR)), but additional signaling through
co-stinulatory surface nol ecul es such as CD28. The ligands for CD28 are the
B7- 1 (CD80) and B7-2 (CD86) proteins, which are expressed on
antigen-presenting cells such as dendritic cells, activated B-cells or
nonocytes that interact with T- 15 cell_ CD28 or CTLA-4 to deliver a
costinulatory signal, The role of costi%rulatory signaling was studied in
experinmental all er%c 1fnce hal omF{eI itis (EAE) by Perrin et al. Inmmunol Res
14:189- 99 (1995). EAEEFPO SIS A 0FAIF e Eiegs forepontioling e ipjeraFribnscel | s
direct ed agai nBteratyihs Herastni OIS utiAt Y08 Sendhs Ly Vi el for

studyi ng the rtﬁ%ﬁ of - B7- nmedi ated costimul ati ani n ’ltuﬂie 0%)?? %gtg%stﬁ%n of a

pat hol ogi cal i ANHIE Fedf8ndthal piéschinypaotus|seenlisipy haveret e fminbgand f or t he
B7 receptors, @gponel fenasifRRas! Anak,-a8¢ Lol S5 1fl¢ for either CD8O or
CD86, Perrin et al. denonstrated that B7 coS |r1rﬁllﬁ)a§tcflfwc§?\rs’pﬁe%e§’§°r% om nent
rol e in deter fRMAGCETAION &t 25 Bedse ivube patbwin [TABpathiveys fot do@et i on

bet ween B7 and:&28¢ir&n00Ls ok §ﬁ1‘(}:§3§'z§z’1ta§ il .at 5 signal i ng pat hways
t hat appear to be _Sl%ffIPC}i ent to tri gger Ql{l[%% %‘ﬁerdg{%%:ﬁv%fﬁa' 336‘?“?“1‘ eration of
anti gen speci f6d8oapor dpading foadicclftolemnet ismuhamichmiandot fevesns oF t ant

i nadequacy of ipknide POGHEL PRart nf__syhsequent .proliferation of the T
cel | and induce a gté?e o? _ngn-lre%cilg/eint ;/&geerr CHani st SRR as ABEiMet y of
viruses and t (PrSPSIasEye eitodtesared$d kamti.vati on and proliferation, |eading

to 30i nsuf f,i ci ent 1, r -reactivity of the host's inmmune systemto
the infected or trg&%{sl*%ﬁro ?réé%ccee ?g‘:{q[‘%ﬁoﬂﬁé Oﬁfynﬁﬁmqn%fthrﬁ‘é@s‘ihﬁ)la@“gl?ﬂcel I

o "t he host i quphen e o et e ooy, ot ol AERAe | bidtsh ote,f e T21 Rre
the B7 proteint R TR g‘n{%?l-g%susr%hras’l WE‘%%%@SB@&P%@W%@ in Chen et

al . Cell 71 1og§D§@J@@xd(Bl79f9@D&smoﬁmmemmamﬁpﬂkdeh8@amig§n.g%ls'2§fﬁ9%259i368
(1993). Schm%gésgsl&d%%' 1&)065 1%19[92 evi1 ews the role o 8, LA-4, and
B7 in IL-2 prodichiion SREHelinathard fycelfar onsyies that inteast with T356: 607- 609
(1994) denwnstelht@328 lat CCDR8! nedlsived S copiahuidigy CQzsl | YL al,gS Jpurine T
cells and prexgg%l% he i nduction ?if anergy. in T celf clones. See also U S.
Patent Nos. 5/% k%cp SEnaig g pudied dn gxprrimentgballezgiel enagphatumeyelitis | onal

Pat ent Appl i c@ABbyNas:in VWL I3 R4 Fes 102856 1, ' 95/ 24217,
and WO 95/ 337 he f oregoi ng, i@lt]@\g;vgsﬁc éi%la?lﬁog%i%\g I s

0. . Ero
required two g§g3§ Blflu%eidd’ﬁg[]lhi Crlissiret R aganst paplipanggenithat grovisles afl APC) f or
activation antk subsacieenbr Giulifies e rab i B hedldACL QL EMRGE 19, Fi r St
there is ﬁ(l)’l antdilc%en C&pem fic.sjignal 15 generated by Interactions between
the TCR o t hEUHER |0 athofpsisah g | rewopsce sésing pgolpblptfusiesproritt he ARC.
Second, ther elijz6d &t tRB7 §@BptbRIRRAMNGS BHorhighd and i ?1 ated by the
i nteraction o{: %28‘?& th %pnbers of the0 B7 aranmﬁg&%%e%%sedl{% ‘Eﬁﬁ% Tor B7-2
(CD86)). ExactP§l WherRSErioniny ef gt depropstrated thial Bucwfimihriumelayesponsi veness
was initiall yor8vashM8le iVHELASH T L4 ' 20 identified and cl oned by
Brunet et al p Nature_§28: 267- 21% (iCQIS%}?%SJa%Jt%O%ﬁm%AEg quest for nol ecul es
that are pref er entibalinigragigyrbstysee BhansyEo2bhieione Bf karephesitinagatodguman CTLA- 4
was identpsfi a 19084 &hor, r : by. Darjavach et al. Eur. |
| mmunol . 18: %%%1%9%5 %}9288) : ﬁ%r %b‘r%l Sﬁgﬁcg%é tchﬁrfgéﬁr %?I%%atf%l Béul es possess
appr oxi mat el YrREEYRERe Pl ntigey pertc Renetis.odyachnd @SstiapupiieAckhdcaepl et e
sequence i denRbhdonifahk LA p 1 & domai ns (Dariavach et al. Eur. J.
| munot 18: 1901- 1905 ( %L%gga)cgﬁ%r%%?’gacﬁzgg’amﬁ%ﬁ@ SH e RELISHREATAY| obul in (1 Q)
superfanily dfe Brei eihindudhestitg of upertaniity tdnfed" EQYR AfvaREQLE NS t hat
share key str, r S i ther .a variabl e, or constant (C
domai n of Ig_v#g{egé%{j enfg.ﬁ %ﬁn%ewgéko ¢ ﬂea cﬂbat]%ﬁ@gfpé‘?ﬁf‘l’rﬁnqnnéﬂa@@é,tO but are not
30! | Im t eoB:/}_i ?; ,msuff@wbrrmt:indgl f)buzlzdn!ﬁrsactibﬁeﬁMlegltyfﬁost’gﬁhﬂ{uggis?&&ﬁqggzﬁ%_ icg lity
(r:'rglrrgcﬁreg ' }nfgétéadscﬁ éra%si%%edecséﬂg. IA’.n?dng a numb%r gfsp%ssiblg %~C811 c?is,tur}?ar;mes,



4 In 1991, Linsley et at J. Exp. Med. 174:561-569 (1991), proposed
that CTLA-4 was a second receptor for B7. Simlarly, Harper et at J | mmunol
147: 1037-44 (1991) denonstrated that the CTLA-4 and CD28 nol ecul es are
closely related in both nouse and human as to sequence, nmessage expression,
5 gene structure, and chronosomal |ocati;on. See al so Bal zano et al. In! J
Cancer Suppl 7:28-32 (1992). Further evidence of this roI e arose through
functional stu I t Sci 7:.789-792 (1992)
denonstrat ed t%gﬁgbéﬁ'{%% 2%%9 3”13’ dgﬁ%ﬁg&\élt@r%ggaﬁl}lﬁo\f % tic islet
grafts. Fr eerrama@t)geatccgéms@@@s 907- 909 (1993) exam ned t he roI e of CTLA-
to 4 in B7 deficien € ] .on of e dsfor LA-4 are
described in Lenschygw(mel%e aﬁﬁé?ﬁ‘e@ t%B]ef’fFfS 121 P8l ey et al.
Sci ence 257: 79Zestgbed ihgRy edelscemesopmmqsamraessmmdna a\éﬂ\mh@M a soluble

formof CTLA-4. 04 (1992) prepared
anti bodi es fhat C%’é%?ﬁé‘?ﬁﬁ%%né; Fﬁ Zwﬁgll!%ﬁggsszggg)srerv 6 aol%i ¢'h c1pes
and concl uded m%f@TLMLA}MBT31IbcﬂepcrpdmfolSﬁednd/\mﬁdmzﬁ%&p?nH&ﬁﬁﬂg\/é%ta?d T

| ynphocytes an Q0 gul ate hesjon and activation by
B7. Kuchroo et %af ure &%E& é?b%S ﬁ@@%ﬁtesd&%Ffﬁga‘Fwt%é%gn%}H’é ®7-1 and
B7-2 costi mul atsmymﬂ&mhmmﬂ ’ESeld;l dnl @reveits 8lel ivaRE6 ¥adnedytiRe Bl biohde

devel opnent al path t al | munol 8: 3 1996)

denonst r at ed tﬁ &‘%yer S %6%9%‘%%31205 ¢ By e%?é‘nt%”%&ﬁc@nétl nul at ory
signal s fram BInérasmidny FﬁaiﬁEApprudirﬁﬂdsn@weﬂfﬁ@t&H LRIy 30k ] i) ed menory
T cells towardg é‘lﬁgbﬁ,}%ﬁ?cal antl(gens See al so 'de Boer ef al. Eur J

| munol 23: 312 5/? SI24217,4pd & PS@?F@ps proposed altemative or

di stinct receptor/|Fgangeiiiesiact i ong s deklh: élafe GoIP 8 and
even proposed a |rd B-7 25 cog | ex thatr was rcecsog I zed %E)ﬁ%g}aggw

anti body. See, s BQmnthE émlﬂ%tpf‘f'éé?fklge‘ienaﬂ” C%é‘Preﬁééai@BzﬂngwbSﬁquI@%)
Freeman et al . g3ei@nafn26 %808 AntdS93 FirsFie

178: 2185-92 (1993), Lenschow et al . Proc. Nal Rt oAUl o4 g
(1993), RaZf- Watmeraid by intepactiqns NgiveengaaiT &R ion thesT-Aeld andl MEB2 n614c1893) , and
Boussiotis et Pr Naldl snAcAllpSCk 1 SHJ%Q But, see,
Paorn by o PysnbbeptiBlconiiatod 153&11?@5%%915%%@%gﬁ‘édse%gm{e P ot gl
anti body bi ndsthgt lﬁﬂ‘#cé’é}t?ﬂéym@aﬁteﬁaéthndéﬂH%aWITMImmﬂw afehd BE femfino@7f or m of
CO74 and, ther ef@pRo) sgr B D Blods &&rfgg/:l%if%f'ﬁ? b sh '”Cg J pom B7-

1, and this epitope is al so preSent on F Ot &1 n.

observati on refuR¥rEdrestREsivEnshy wap inisietin sivaréve. SM@IIESCHTSIAH@ WBB1AmAb in t he
anal ysi s of,; CD80.8%R.E6S t B 993 an cuI m nati ng
in 1995, |n(3/est| gtat orag Efggéhn%{]gmkgrn%&?t am}gé% ?ér?egﬂ)e 1??171) P8 §fE CTLA-4 in
T-cel | stinul aticein forFimatcules htletigdre t prefaisdaihf expreetional caviokiodi es agai nst

CTLA-4, Wl uny Ny 215 409+, 13- (1994 Vi evidence t hat
CTLA-4 can fun?{nﬁfé%cﬂaeé a negaC{T%{‘ve FW@‘ 65?%?("]%‘18# g‘i rﬁ%ﬁl%ﬁf’r&ﬁ'
Thereafter, Whsidabstalefuall. Imﬁmnelnt&imgl%sﬁwﬂsﬁ Tht 295 ne deappsdnr at ed t hat
m ce defi cient 19)&-4moll eSaccurru at ed i ﬁéﬁ) ﬁgﬁs w th up-regul at ed
activation marRors ot Poﬁsyﬁﬁﬁprﬁ@wg’% ° 8P Quen‘F‘F\EOTBPlﬁ%)f ade| | s al so
infiltratezs | |apﬁr0,acmeﬂmﬁ1¢te Ismmceaﬁﬂtxgam%&ﬁSyt&m&%H@ dodhigls AVRURNLG of serum

i mmunogl obul i re el.eyvated roliferated spontaneously
and strongly vﬁﬁwﬁ Egﬁ ﬁlf?’/"é’f “ag. 3%8@@@‘{%@9% F%IF‘FEfA‘e‘E:éfp‘Tl ﬂcmbﬁb\ﬁg t hey

were sensiti vanﬁxmnﬁgbﬁulﬁiqag)hupdﬁﬁtﬂzﬁ?@fbﬁbt&ﬁsoﬁe I gﬁiﬁérmw 13%%0156& r ecept or
and by 15 gamma ir concl uded that "CTLA-4 acts

r Wat er house et _al
as a negative FUgH g‘f‘bﬁ%”&?‘eﬁwwalgﬁ‘fr%‘ifEH}F'FT&I’Yé’ﬂ%bée W)toéiI¢'0TFLS§!|m {®e control
of | ynphocyt e degiaROS @ShSeculdd. MGRMBEDL thk Mg § 1 1ﬂc eeb‘}ékéh on and
Krumrel Sciencge ,270:932-933 (1995), discusse t ouse et al.
as denonsti‘at i Gt At Tirmaunpeiobylins therasiies. rf@@fmha@cf@ompeféhhtyrcesptﬂrIS| veness or
has an i nhi bi {(RIEC) cBEs SbeRadd (ng, I and devel opnent .
Tivol et al. }(mmrgl ty 3:541- (7 (I(fgiggcwgllg% @e%nﬁ%ﬁﬁgf@%-ﬂ-defi cient mce
and denonstrated that such mce rapidly devel op | ynphoproliferative disease
with nmultiorgan |ynphocytic infiltration and tissue destruction, with
particularly severe nyocarditis and pancreatitis. They concl uded that
CTLA-4 plays a key role in down-regulating 25 T cell activation and
mai nt ai ni ng i munol ogi ¢ honeostasis. Also, Krurnnel and Allison | Exp Med
182: 459-65 (1995) further clarified that CD28 and CTLA-4 have opposi ng
effects on the response of T cells to stinulation. They generated an
anti body to CTLA-4 and investigated the effects of its binding to CTLA-4 in
a systemusing 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 |nh| b|t|on was rredl ated by

pe—— A



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 determning the response to antigen. Thus, they
concl uded that the outcone of T cell antigen receptor stinulation is
regulated by CD28 5 costinulatory signals, as well as inhibitory signals
derived from CTLA-4. See also Krummel et al. Int |nmunol 8:519-23 (1996)
and U. S. Patent No._ 5,811,097 and International Patent Application No. WO
97/ 20574. A v %8¢ yLigplenaile 1 diral Mes garisaeAes (1B preperedcbatduct ed
further el uci daty [ f £l : I | unas et
a3 Exp 10 Mog 85 ae e T o Eouch ine Hag P A et

anti bodi es, suddédtEdt4 HAP L Grmmnarasdgival thag ldded andtCRguloateeceak| survi val
Or responsi vene 2, isnhi.bi -dependent 1 L-2 production.
Al so, Perrin etPc %3?1.; Qﬂét%dn%m}?\%?%fg%:e%&ﬂ?}@ém ééo%,ﬁengg’n%ﬁ%? ared SF?{gt

ant i - CTLA- 4 Santgeibsodinesre; sdcperdspnlt latatiah | Segilo Baeephohloiy 6ldais ( EAE) ,

exacerbated th I;SeRSH enhiaf : lity. Diseas xacer.bati on was
associated w tﬁu .nhénced@ggzgductl gﬁg’é fﬂgf%%crg%%f’?ﬁt %@%ﬁﬁ%@f’%ﬁ%i nes

TNF- al pha, | FNsgdissa diod $iaaple, Theschavheyt elonStierded25hags-GH A1 egul at es
the intensity ' ne in EAE, attenuating inflammtory
cyt oki ne produ@%?%ﬁé&gﬁ&ék%} i@r?:lc%algl%?@glg%\zﬁ’%m@eiwwlo Pa%@ég%lpg% Hur wi t z
et al. J Neur oigmftantreeif®: & AL GRiefEIBTP0AAD Q09 TeRehidee theable of CEXA- Med

188:199- 204 ,(199 .anti - CTLA-4. hairpin ribozyn at specifically
abr ogat es ¢t LA-% AI?%;)Z %?@%%F on “&f 'ItEg?mlé%ﬁcg] &rtg%lﬁa@% %ﬁfﬁg'ﬁﬂf‘? Gracrped g |
nmodel ), In addiit Lenchdl afi a1 @N.ALS. 90:180mobs 18031121 ;s(c}988). assessed the

functional effeé | aof CTLA-4 nonocl onal anti bodie mAb on 25
resti Ing human %&iﬁ%ZF@%ﬁ%P? RGP TSP IR PP A DS ToRble éa%@f c-sr)LA-4

mAbs coul d i nhiChiLA-9r DinkEg ekl VeExp dsROIREESINE04 @@btp?re%aaﬁtﬁdohﬁs and cel |
01, The .inhibitory effects of CTLA-4 were

cycle transitign from t / 1

evident within' ”Fﬂ“n%{:%gAf%)ﬁEi HHetrre oel Cr%ﬁﬁif?aégée Witk ADZ8ené eensbideh r emai ned
undet ect ablig. @Eh@TLET As 4obipPlsed hanewsrs ohagdifedat enhaRlfied Bl bi tory
effects, indicatin t hat bi_nding. of mAbs to CTLA-4 "al one” was not

.3 g, of. 0 |
sufficient to ﬁ‘é’&?’g?’é@?ydmﬁteF dgtiatdhetioomdrctwtion by kb n&ashrop gt &r est i ngl v,

while I|L-2 produgtsoa07-ves 1 s tdetohstratddMibhi o7 anbii-$7bA &y RrPer mtted
i nduction and ex ressL?n of the cell 7 survival gene bcl-X(L). "Consi st ent
with this obseP9getiendifiewntialy, wHpptredhe TR develormponitlasivanas Yot det ect ed

after CTLA-4 | y@o&tia@nr fmmuno! BR79QNNEGES la@onMhbBy BAE i Ly al .
| munity 6: 411'-:17 (1997) der?rlonst r at gd t hat cl?.he In uctszhg%enmj(é)‘??]!i %ngﬁ%% al | ergy

was preventd W“‘Wﬁifﬁﬁ co-stimulatory signals from B7 family members by resting

versus recently activated memory T cells towards soluble recall antigens, See

also de Boer et al, Eur J Immunal 23:3120-5 (1993),

Several groups proposed alternative or distinct receptor/ligand

interactions for CTLA-4 as compared to CD28 and even proposed a third B-7

25 complex that was recognized by a BBI antibody. See, for example, Hathcock et
al. Science 262:905-7 (1993), Freeman et al. Science 262:907-9 (1993),
Freeman et al. J Exp Med 178:2185-92 (1993), Lenschow et al. Proc Natl Acad

Sci U S 4 90:11054-8 (1993), Razi-Wolf et al. Proc Natl Acad Sci U S 4
90:11182-6 (1993), and Boussiotis et al. Proc Nat! Acad Sci U S 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-



5 CTLA-4 and concl uded that the outconme of antigen recognition by T cells
is determned by the interaction of CD28 or CTLA-4 on the T cells with BY
nol ecul es. Also, Van Parijs et al. J Exp Med 186:1119-28 (1997) exam ned
the role of interleukin 12 and costinulators in T cell allergy in vivo and
found that through inhibiting CTLA-4 engagenent during anergy induction, T
cell 10 proliferation was bl ocked, and-full Thl differentiation was not
pronot ed. However, T cells _eX{)osed to tolerogenic antigen in the presence -
of both IL-12 anaPdalfiisisPeameas sisamdstvdy teBe- I nobteaneTigiszad, obasrdatahaved
identically to [ . . [ nogeni ¢ antigen. These
results suggestréggﬁﬁhglté ﬁf%ggﬁcg%gcgégg&ggﬁ%ﬁﬁg%énnjfg;mtc%ﬁeem}afydiﬁé’fl 0of aner gy
in vivo: CTLA- &xpressiopgphfyepeast | which |eads to a block in the ability of T

cells to proliferatg ﬁﬂﬁig- f .a prototypic jnflanmatory
cytokine, 1L-12, whi %gr% pr eérgg?%btﬁﬁd;%@ﬁ?aélf}%ﬁ?i t??%oﬁ“ﬁ?“g?‘o&gep‘f%“itﬁt o Thi
ef fector cefl sfurthheddioetst thetiobrofdFTUAL4 TR Tantl ainbuladohL Ay, apbihogdy was

sufficient to ek r l.y..toler [ timulus to an inmunogenic
one. 20In conng%tl onén\?mafﬂagiaﬁ%é}gelsgﬁa&ﬂ %‘ge\?aiﬁas &) el e 1Ig)5183- 7
(199|7) Slegotnﬁﬁ ;&9@@3 irheitiecagitideon @TihA- AT dﬁ@m}x&&?ﬁ;w@hléééti@%ﬂ%ﬁ‘lﬁﬁ? and
accel erate : [ eSpo o Ni ppostrongylus brasiliensis,
resulting in ag%rg gﬁl}{a&t{ggﬁﬁgﬁeonﬁp’i ﬂﬁageﬂ b ﬁﬁ?‘ﬁcm&ﬁ%g¥%98én‘%§8ém59/
termnation of dpwmasitedtheggicpddtisat ooaTLSePacalin@lalMi MUY b8kts Yit wd: | MUNOI .

161: 4153- 4160 S(Lei shnani.a .donovani ), I n connection with
cancer, K\/\éﬁ e{e%l’?tll?i{.%é1 ﬁﬁl}kvgﬁwa 51;5@3@;@@3}% 1orts? png splegssi Jhedlast asiingenei ¢
murine prost at dsc arittestedrivete] handuex NS cled¥O 16k 8 t 4nd Cln JHRRIT FULALLL ONS
intended to elicit 31?3 k:f}ntigl_r Of?%’a%f cancer response through enhanced T cell
costimul ati on: "TPPORPBVL VR clvateh pudpeir fseiismiphferand syntancostinted 30 cancer

cell's transducethntlo eXpr eidulbtbe Bdush 1He0ANG]H R | bdwd . Vi
ant i body- redi at ed bl ockade of T cel CTLA 4, S B%"é"i’/‘}e%%t@ﬁwc‘?éﬁ
down- r egul at i oW 'Y Rty esith&deadely ewattinking pf dheakisi tsogbyornexdi tat ed

bl ockade ofis CTgafimde indietidta Ny eekhaieiePd OShal S @ |_pe. responses. Al so,
"~ Yang et al. Canéﬁr Reﬁ 57:4036-41 (6199,7) 1 nv@g%%%%g%gﬁﬁgﬁg% e bl ockade
of the CTLA-4 F&HUPT 8h T &qldctivptiontmdciendimt fof tancottwios? Tmphbdyte esponses
at various Stag@fofksid, UFDE oo 1BASEM Qe Ri¥dt Lo ANd i n Vivo results
they found that CTLA- 4 bl ogkade 5N tur%%?é’blglggénn%& l?Iiiﬁlﬁﬁ‘eéiLiét‘i‘g’éc""enhanced
the capacity t00gené?at@%hdiscuraesythawer ¢f Werponses al. butdehbeuenpr essi on of

such an enhangyngaffec [ ( stages of. tumor growth in
their nodel . Further, HEE’SWV@? é’{”g? g%?a.% g%%%%ﬁﬁ%%%%ﬁa Ogﬁf‘s M sory
95: 10067- 73 19UBpnigTolest el aetivatien gé nevadrnmnt. Givad effal Gorlunipsis at-ed
antitunor respopsesdg i or. engagenent maj or o

N985) R??Q?e}é?éa Fregld déﬁ%%ﬁf}nlce %%Hn&éaﬁ%ﬁm §/‘{°B7. Certain

hi st oconpati bil ity ‘conplfex/antigen as we as

tumors, such &8t HeidgMisvrmipmybopentibratyeslisease vathr it agh® Iyfphecydilt | - CTLA- 4

i rmunot her apy , r ; a_conbi.nation of CTLA-4 blockade and a
vacci ne consi é%f?iﬁé%gf Zﬂglr g%%?odé%?u é:g%%lac‘?ﬂo %185%8@{ SHRYErS FRRGE s rigd

fact or - expr es Srirgeagia. Tiedyl ®pcindegries STamk-0blapas AL le SMbwhiERNSWaS
observed, despit® ac§i§at§oﬁe hne;ift%cti veness of either treatnment alone. This
conbi nati on therapy resulted T rohd FEeeIPsG homsesastsy dso.Sbmmard depended
on both CD4() aahchiiBo8(.J £y dedd 182:4B0& 5T (1006) nBansUISERCHat hRbs GILA- 4

bl ockade acts t_‘pgavlee{)vel .ofﬁage post -derived antigen-presenting cell. In
connection wi th 4 abESEPOT AL OF by respynie,as Tegdls g yhmgdation Theposg) 20

i njected an agtrerdZiLa dhribedy fortTLA4 ERRi ERBHOE HeC DY SL 1 PHIRl, Qf di abetes
at different es. of di sease. _I{ce found t hat engagenent o LA-4 at the
Catrer g

ti me when pot I\ SFSBERg s gt [Tcely. elnftheis repatttheasheded s a pi vot al
event; if sengagemepicsinge pelow Ikt 7Nk QRy Uplfifs rIbAL A PEGHAS. DU

remai ns quite, %nqjg%gus for months, If not, i n%u Itistrs Ch *¥ror e

aggr essi ve, aWI(ti“ o tREliforstion. apd Yusdphibiien wrrmediatpdby intmaciibtdwitacci ne

i mruni zat i on, CHDASP @Rbss 8fnkib -of & T IIMRREM 602 Q64 aﬁdlggg%] g:frou d that

intact anti-CTLA-4 mAb but not Fab fragnents suppresse ’mary hunor al
response to pCl A/beta gal wi thout affecting




recall responses, indicating CILA-4 activation inhibited Ab production but
not 30 T cell primng. Blockade of the |igands 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 inmmunization conpletely abrogated primry and
secondary Ab 9 responses, whereas bl ockade of CD86 suppressed primary but
not secondary responses. Sinultaneous blbckade of CD80 + CD86 was | ess

ef fective at suppressing Ab responses than either alone. Enhancenent of
costimul ation viklbibi;z)pmjliéemtioarambiL-%?eces@pmetasT reglip Fahy. dse watgmeahbwdd CTL

responses but SRN . Thl to Th2
skewi ng. These Cﬁ‘g)znggl:;asmsuggxeaztg égzgxﬂ%&& gg%ﬂgl grfa& %@ear ¢ 1s11 ?%?’te%ﬁé&
CTLA- 4, CD80, athcj T@EB@ daterfurged the oasmnsmm amugan Trok,| toay dogelndkal teitahaci d
vacci nati on.

ctlonvvl al rej ection, s et al.
J din Invest 1%116051548 c,g 1o8% geIiﬂ‘loun & SQ%%@J%% fogeyiags %}W | ogr af t
rejection that chetiracieept ancts, asnwm ahh)yzbde:g»eq@ﬁék dfivéchRorp TS 2NC e Sef
[ FN-gamm, CTLA-4, .and +) T cells., Addjt.lo ant A-4 or
anti- | FN garrunafom&%umgf)#e ai)rfgf g’é’@l’m%ﬁ%géégcﬂggéd k‘hSCT ?l'si’)tﬁ?ﬁ Ngr af t
rej ection, whergsid,@ntahd Interdationd Phiast Aspliefid@cto. Wmmnmctl on with the role
of CTLA-4 in relation ta CD%fB q:(;/’:all ri no. et 13‘? J Exp, Med 188 205- 10
(1998) gener at ed TCR t'FERE g¥nf r?ﬁ??fﬁg‘?tsa Y‘?/é‘??rh&’@qé’ﬁ@d urther
2- def i ci ent/ CD28uadNakidlg titpeoer fufddB of €fMLeI-eNFonbeaphivaRmwesa i noyni zed with
an anti gen-expres from goth types of mce

t P d T [
produced cyfooklj\‘{ mg‘;%%f%ggl( 919@’r é’ﬁn‘g’@h ﬂFPC‘r(‘aSé SHEE 1-6-4%amtihedien 81228994 s | acki ng

87 expression. thigwenes-4 si\ghﬁrnga.sca,stdaerergﬁmom%uﬂivam?@s Hivenbghé & was 20
augnented by costinulation wth B7- t he response of the CD28-/- T cells

was strongly i it B &yubirhPEs- ?Wﬁ‘?@?ﬁ%pw&@@évéﬂ@e@r@yﬁ@bF{c{éﬂnﬁfﬁa’l ant i body

agai nst 87-1 or1sGikAs 4.(1950) Sembdied SARnPYILh nddiebld o bbaaCt i vat i on
in the absence of CD28, indicatin g t hat ant agonl sm of medi at ed si gnal

is sufficient t@e@i@plf’a?eﬁh%l%thﬁﬁl r yExeqeraiad gt G}FE'# damd Apefgncddi n et al .
J Exp Med 25 188,99 Ma&%gﬂg%a%m&seﬂsdﬁt%fﬁ%}m dce@ﬁﬁr'ﬁﬁctﬁ)}lloqg{eaf ts in

CD28-deficient mce. 2(q) hearts were transplante to allogeneic
wi |l d-type or CDQ@P&%H"PWE%PY"W@@ TNFaipha) IF@W& ehkdbiZonliwas ﬁd%’l ayed in

CD28- def i ci ent gonpAKad: W Wr:% texreﬁegmggny Ifﬁ,@t geegg}J gsg?gpe

reC|p|ents wi th CTLA-4- i mmuno U|n or W|t
anti - B7- 2 mAbs BAlgniftdnsatmg| wftamrrpw m}@@@ﬂalﬁm@nm asahra}mma] dlsleasecont rast,

treatment of il dnt ake M Ruiblb Gl Wda bl A0 4x BTel BbUS, ANt | - B7-2

mAbs, or a bl ocking anti - acce era I'on o ograft
rejection. hi Leperoretals.éxr 1881 9Gr206(19%) éemtanmCTL;IéGzi hagpimsbegat ed with

nore severe no r {.nf r enhan ed.l evel s of |IFN gama
and IL-6 transgﬁaggscﬁ?cﬁm’g%ﬁ%gra eﬁdﬁ‘ éte*&essﬁ) eag{tge rﬁ%ff?“ t% ARGETLA- 4- | g-
or anti - CTLA- 4 Thesdbi-rbededt ed OD28- defi ci ent m ce. Thus, the negative

ol atory ol of STty AR e TR Gl bl b, S e
CTLA- 4 pl ays afuicribibdidffacty of @l gankinof HFLreuhdibtion ahtwdagiais) ej ect i on.
25 resting human CD4+ T cells. Their results demonstrated that some CTLA-4
mAbs could inhibit proliferative 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 |



Al so, further characterization of the expression of CILA-4 has been

i nvestigated. For exanple, Alegre et al. T |innunol 157:4762-70 (1996)
proposed that surface CTLA-4 is rapidly internalized, which may explain the
10 low.l evel s of expression generally detected on the cell surface. They
concluded that both CD28 and |1-2 play inportant roles in the up-regul ation
of CTLA-4 expression. In addition, the éell surface accunul ati on of CTLA-4
appeared to be prinmarily regulated by its rapid endocytosis. Al so, Castan
et al. | munol 8gyivelrere Ci?ﬁ&-l@@%}"feﬁa‘%@ thenolisprvatidnu céllsmremeined vieblogi cal

anal yses of th - 1 LHA4y 48 sted that germnal center T
cells, which @%&%&Eg&%}é@%%g coﬁﬁé’ﬁb_ﬁggﬁrr%%rtant to i mune regul ation.
Accordingly, in vielw efninedienbwiacknars, Hevast el ak ohmumhats: QILA-(A9Appears to

possess in i I 1t be desirable t ner at e
anti bodi es t%ﬂsﬁﬁgﬁg}t& \éi%ﬁﬁ emﬂri1 iorﬁ(z)géép%qs?%c‘fv?sv%ﬁe‘f ?erﬁ! ?’F’rﬁﬁﬁ%f’%er apy. 20
Mor eover, it woild-bendesichadl att he gewematod aatideh hodiceisiondai MssllsGILA- 4 t hat

can be utilized_.in.chroni.c di seases.| iC eat .adm nj.stratjons of the
anti bodi es ar eg?tgc%]lﬁ?%ae% lﬂﬁR}PE C@S&F&ﬁ\gﬂ { @%@Mﬁé&l“ﬁ%&g

Figure | provi dekcdes etlbeaofPariuel €01 EgeMantis@n 1a/s{0oBs khnsiggugnces of
heavy chai n and_.ka | i.ght. chain.i nogl.obul i n nmol ecul es i n_accordance
with the i nvenml%ﬂﬁ%%.ﬂi‘%‘% E%:F’%Cfoémﬁ%%r%%ée ‘iclll}(afEF’éﬁ r”éwf%)a{"fff’.“ﬂ.ﬂ@t (Figure
(1|C::) , 6. 1.1%;) ( Fizlgiim@l} 1ia|}:x§bit31g1c:r1|:|)m gbugz%eﬂrﬁﬁti:_dﬂﬁﬂgO 'a%fr)éﬁ 5%%5%0%?%0@1 1. 313)

i gure : i gur : : igure 11), . 6. i gure :
11.7.1 (Fidlr epffﬁﬁe}’a“%ﬁl‘g?ssg}f? dy ﬁ‘i‘%lﬁ‘r‘z%lfﬂ(l) Sh?fSWa“ﬂP?%lngS. 3oy Fioglﬁ’ﬁfg' M.
Figure 2 provi HewedrSEGHREFosaE todBERIHenR&hMEAN, ke rBegel &tigd, heavy chain
am no aci d sequences ,} mth lones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,
|1 4.10.2, 4.13%2q A+ anjlody were pipt propeizad agd pelaveyipntigelig ta 11 and t he
germ i ne DP- 50cdi3-3#dh BdtieNAcalfitegedSRGHENEEIc Rhddar eRGE S HBE WeSHuthe DP- 50
germ i ne sequence and that of the sequence in the clones are Indicated in
bol d. The Fi gufié! B @ s CaiePuiody theofdugiont ¢fearcmmii? epR2CThAG CDR3
sequences @f Skf@genitint, RAEILEBa@%0 8 BARRR the ability BT 9ULR: B REBW.HE5,2 Sequence
al i gnment between the predicted heavy chain am no acid 'sequence of the
clone 2.1.3 anticth¥ngrerht piotm pflapmatry cypking Thd2dwhish weersats tBi f f er ences

between the DPufG.aeMahione SEIMENES afdid:Bals. ofe oﬁ%hﬁ%y%f‘&% d he clone
the positions of the CDR1,

are indicated in bold. The Figure also shows 10
CDR2, and CDR3a¥ieqlletrdtastibidy tvie sefieirde yorrst amdendlly teldrogenic stimifisgur e 4
provides a sequenG@ndhiQpent between the predicted kappa Iight chain amno
acid sequence of the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 4.10.2, and 4.13.1
and the gelil i ne AZR cemneriipnadibdniseitpneideCoyDit b & Egnied 18@l ¥eei%te 15 A27
gennline sequepge ddat, el hes s8R ] ne. are jndicated in
bol d. The Figure é{so sEovE\t/sn t he pozrlﬁti onggrg%ﬂ}telt{‘g%%} aéf)ﬁﬁr,aéegﬂbe CDR3
sequences of theelhmmbodsspearse tnbligpdsimegh/usAppaliemt, rdellittg ianpréfouridhe CDR1s of
clones 4.8.1, - 6.1. 1 are indicated with."OGs". Figure 5 provides
a sequence al |‘”§%&r¥éﬂ$ Bettiden® en%Blr &di grfd(caaar PRI | 9E PR 2598 ani no aci d
sequence of theodicoores Selalty MRy kt 4A1J6 Spuedid 181L4753141@0d(10b® gernl i ne
012 am no aci 1seguence. D{;fifer ences between the 012 gernline sequence and
that of the& segtience 11 the I one are indicated in bold. The Fi gure al so
shows the positi ondn ofnntéren CBRI;anGRRwom Bk ODRES 58498808510 (1bdrg ant i body
as underl i ned.esgagﬂhgélraeSG reocvi du?.sea seguence al i %pment bet ween t he
predi cted kappi Ygeneie murine prostate cancer model and examined two

distinet manipulations intended to elicit an antiprostate cancer response through

enhanced T cell costimulation: (i) provision of direct costimulation by prostate

30 cancer cells transduced to express the B7.1 ligand and (ii) in vivo antibody-
mediated blockade of T cell CTLA-4, which prevents T cell down-regulation. It

was demonstrated that in vive antibody-mediated  blockade of CTLA-4 |



| i ght chain am no acid sequence of the clone 2.1.3 and the germine Al10/ A26
am no acid sequence. Differences between the Al 0/ A26 germ i ne sequence and
that of the sequence in the clone are indicated in bold. The Figure al so
shows .t he positions of the CDRlL, CDR2, and CDR3 sequences of the antibody
as 30underl i ned. Figure 7 prOV|des a sequence alignment between the
predi cted kappa light chain amno acid Sequence of the clone 12.3.1 and the
germine Al7 12 am no acid sequence. Differences between the A1 7

germ ine sequeﬁ&%mﬁﬁamﬂﬁ%¥a%FW$ﬁeﬁ§@q%éﬁﬁ@m@m-&heﬁﬁ$@ﬁeahﬂemwndkcated in

bol d. The Fi guke@bse @048 ROSIHCIAN e Bfodde: g%t g, CoR3

sequences of the antibody as underlined |gure s a sequence
al i gnment  bet wiseds t¢ lsehapeaging peahtieappal P@iblhﬁpmktalmvamm@t@ca dof mequence of

t he clone 12. Q%rk‘i\,gln%ag%e Igzervmg ng zﬁ‘%/vﬁ‘%% ﬁ{?n%pfogg? ﬂna%ﬁ*ﬂﬁ”fﬁock%é ferences

bet ween the A3 gernm i ne sequence a Séquence’in the clone
are indi cat 8d infwbotgarifthmdFidgais entene thheanscitite gpmfsattnammtsmorfl"-tdﬂe CDR1,
CDR2, and 0dV.. 250U Figure 9
provi des a sun%gp%%ég’& %Tgl-ﬁ}e%&?# nadgtﬁ#lég\oagﬁm aose e%g%(%ass r‘ég%hcé?d { &% hr ough
direct protei nstwquémmongm&fth trhideihemusi. dndhdrj ﬁhtw:tzimmhsure:f Neindcaht i bodi es.

Figure 10 prov I i.hianal .char cterl ormat on, about 15
certain of the‘bézﬁ*f%? lggg%?ﬂd&é‘%é rlaveﬁ%%at%tﬁ%g?rﬁ ﬁoﬂg’éﬁ?ﬁt Betlll'm‘f 294 gure 10A,
data rel ated tmmimegs]&n&e Iqepéndk. dn 7. &Il reckpdd. ehgagenddht by afigob. 1.1 is
sunmmari zed. rel ate concentratio [ ctric focusing, (IEF),

SDS- PAGE, <Y Dgh’g% {1‘8% Y a&agﬁpﬁyw‘g] quﬁf)ggce!ﬁf‘%%?%& apcﬁ‘wif?ass
spectroscopy (#ufiVs) suchas theSPECinansaOircdMaDlvkre refrgfiéryGhaknche her m nal
sequences is prowd d. 20_Addj.tio aI etailed information related to IEF is

provided in Fi'gtiee %pyr U BEPUES VDS A pREE A OR PEGT HAG PlAckedrandand SEC of

the 4.1.1 antipadiidencd@iking of gralﬁllcgyﬂ’eenébﬂopﬁﬁgé\/\@oibﬁbﬁstﬁﬁtﬂEtﬁl%s!fa@f@}r-Of B7-1 and
B7-2 on Raji cells us%ﬂg nti- CD8O- PE and. ant1 - CD86- PE
Figure 12 show&PIREELINES %%f%ﬁ%@ﬁ’éﬁ&@h?“@%ﬁ@é’f?@ﬂ?swe@ fespitep

productionyin th@&effcd@x@éﬂes@bfa@ﬂlér%a’cm@$§16M3 'ﬁ@%%lrgﬁoﬁ%lrap defindk bl ocki ng
anti bodi es (BNl 3, 1.1, 4.8.1, and ure 13 shows the

concentration iaé%ﬁésé‘ﬁg ”éﬁ?‘iéﬁ%@n%m m%ﬁd@lPFWﬁ?/ Oﬂrbeﬂl}u@Pf* aphCPRe) T cel |
bl ast/Raj i assqys. Iﬂ@t{ﬁﬂ%g*aséu@g%gtba LA Blpskd . ank hRadiese 4 B3, 4. 1. 1,

4.8.1, and 6.1, 1)(sanme donor cells). 30Figure 14 shows the nean
enhancenent ofdepivedanEe@dRreterbne geH- T ceI | s from 6 donors induced by

anti - CTLA-4 bl ocki ngcaRbidRadigsdidviiel N@ndereehll 7 B ARELRRY 12 ASS A¥os)
20 injected an anti-CTLA-4 mAb into a TCR fransgenic mouse mods! 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 1s much more aggressive, and diabetes
25 quickly ensues.

In connection with vaccine immunization, Horspool et al. J Immuno!
160:2706-14 (1998) found that intact anti-CTLA-4 mAb but not Fab fragments
suppressed the primary humeoral response to pClA/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), reveaied distinct and nonoverlapping function. Blockade of

CD80 at initial immunization completely abrogated primary and secondary Ab



13 Figure 15 shows the nean enhancement of |FN-y production in T
cells from6 donors induced by anti-CTLA-4 blocking antibodies in the T

cell blast/Raji assay. Figure 16 shows the enhancenent of IL-2
production in hPBMC from5 donors induced by anti-CTLA-4 bl ocki ng mAbs as
measured at 72 hours after stinulation wth SEA Figure 17 shows the

enhancenent of |L- 2 production in whol e bl ood from 3 donors induced by
anti-CTLA-4 blzoeg: nE\b as ‘H% sured at 72 and 96 hours after stinulation
with SEA. 10Fi'§ r%se 8" SH5Ws"P fihtbEe issppresped mer}’(ﬁl@mhsmbmdaryan

anti-nurine CTiefvodseanSinnogdyedun wocmel 8e clpshr osap [
Figure 19 shows enhancenent of 2 production |§éél%%cjy%oeffe veC"I"'TLA4

anti bodi es (4. FPHSHE A r?p‘E‘E’)Se“‘oﬁh"ﬂ‘”t H@eq pHoenmtnbincemen 0720§mmuﬁatf£n biast / Raj i

and Superanti g@mjf{cm&obeBblﬁpgs 1R§LihP ¢ | ear cells from®6
15donors) ass gur e 0 shows dose ﬁgepend&ﬁ?n(g %ar{l@é&g}nt of IL-2

s.
product i on i no‘y %’Qﬁseﬁf‘lﬁﬁﬁh"‘@?ﬁ%&&mﬁﬁf Thbti B8 skawbg [Thaendfidding sijgeaf the
invention in aofdichamt distkasdidsRal icrdss OHH80 21.4S dose dependent
enhancenent of |[-2 production 20 |nducg\§ é\y‘haﬁ? ﬁﬂA@gﬁﬂ go“c?lnes (4.1.1
and 11.2.1) of°°HRElaiendpqvens nypleie appi ‘\ha@unat&lper anti gen whol e bl ood assay

stinmul ated with 106, p@ifekrictREH 3. u 2 provides a series
of additional nucleotide émd am noérgfglnr wé?qnuel\ﬁ%%ge o‘f‘% at%‘né G I”B’W’ng

ant i - CTLA- 4 art} Bty AR foundilin 2 nemvge mokiell ofl sitie aliygreadieeios BNA 22(a)
B e L AR L b b SR OB

heavy chain (c mno acid

22(f) and am AP4Di E @@@ gijiditipulof ahieAFEMA-4 o8, shtiHENWmehainAL (eDNA 22(h) and
amno acid 22 chain nd am no acid 22(k)),

full Iength 6%&%% ‘gaasgaf;"c‘;hé%n% tzé’%f%ﬁ%?&“‘&%ﬁ@%ﬁt&ﬁ@ﬁwa dg. 1.1 |ight
chain (cDNA Zzeni)"fecand am no acid 22(o0)), full length 11.2.1 heavy chain 30
(cDNA 22(b) and a 1 light chain (cDNA 22 (r) and
anino acid 22(s))%%%?£&§b é&%blf’ﬁg%% @Qﬁon to CD}%; Fallasimodince with a
first aspeét ef .t e priesdss: 2Dmer(nmy\ gehaezre@ TR PEANI ARG Hh@NEd Pody that
i's capable of Di thrl rk% C%_LdAg &ggg a heavg 5 chain vari abl e region
am no aci d seduence T Rat “SHPF| ??}"gﬁf?ﬁﬁs Aigiepomige Mllickepoence from
within an FRI ms{equmdoaﬁthrrmugm mrdgﬁag SRAHIC Peigh el Rate ik %,0 ﬁ? DY a tdwrran

no aci

Vit3-33 famly, gene and hg{g at | east one of t
substitutions in %ﬂﬁ% 5’6‘5% pm e g (RSPRIEE 1O GWﬂlﬁ@r‘r@m}iﬁr k sequences
shown in Fi gukekifg B‘F exRegionl Bowed:, ombRd) B RdsporsD 67 &RH A0+ t]"%e%g sequence

conpri ses sequence, sel ect d fromthe group consisting of I D NO 1, SEQ
| D NO 2, é@ "%”’l%ﬁ‘gb R ah BEeothepemons, of $E@EDHIS- /N@cﬁUS\EEQ ID NO 8,

EE)SS %Z gngQI fﬁlgme%%%%bggnhg% %&ezs&@ %gnm%?@gg&g NO 13I SEQ ID
or ef & gﬂ]ﬁg‘d‘l naies: Glhd-4 pan praerly mhibit T cell activation in the
absence of CD28, indicating that antagonism of a2 TCR-mediated signal is
sufficient to explain the inhibitory effect of CTLA-4. Also, Lin etal. J Exp Med
25 188:19%9-204 (1998) studied rejection of heart allografts in CD28-deficient mice.

B-2(q) hearts were transplanted into allogeneic wild-type or CD28-deficient
mice (H-2(b)). Graft rejection was delayed in CD28-deficient compared with
wild-type mice. Treatment of wild-type recipients with CTLA-4-
mmmunoglobulin (Ig), or with anti-B7-1 plus anti—.B7~2 mAbs significantly
3¢ 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



15 further conprises a light chain variable region am no acid sequence
conprising a sequence selected fromthe group consisting of a sequence
conprising SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID
NGO 18,. SEQ ID NO 19, SEQ ID NGO 20, SEQ ID NGO 21, SEQ ID NGO 22, SEQ ID

NO 23, SEQ ID NO 24, SEQ ID NG 25, SEQ ID NO 26, SEQ ID NO 65, SEQ 20 ID
NO 67, SEQ ID NO 69, and SEQ I D NO 71.i0 I n accordance with a second
aspect of the present invention, there is provided an antibody conprising a
heavy chain awpnesseqidter) @éhuweée‘@mmmng@asﬁy i NGl :a:nddenaarhqeght chain
vari abl e am ng ordance with
a third aspect o?bﬁﬁ %reseaﬁgglg%%h&l&%% 1§§%‘Dr%e§g°%rﬁmﬁ%§ ﬁ(?%gntl body
conprising a M@WM&EﬂOfM!ﬁ%ﬂdﬂ&b@@m@Ddénipﬁm&un@cSEmuls DEANO 2 and a
i ght chain variahl i u risin EQ | D, NOY 15.

I n accor dance& %g?\ ﬁoqlaggg??“% ﬁ%ﬁgrbe%o ﬁtm?ﬁ%g??fa# &R!}% %‘ére is 30
provi ded an apt’evdnod‘gDZ&@n@vansm rtigm%hhmgi chattiticaEnen acihd beguence

conprising S 1,4, and a .l vari.a 0,aci d. sequence
conpri sing SE%D#%%A&%&YS%MMQ%W foﬁ E%Feg'é#&)@ ?/faipﬂgréﬁf‘??ct“ﬁ Naspect of the
present invention Alidw@n:ehe'r%:pmmzdm af thesadpﬁdsﬁdn Iaﬂmmmlb@aal ant i body
that is capabl e of %1! ? gq}(tOICT ) Inla p}re 9{& gnbo i nent, anti body

i s capabl e of "ESHIET nd"°F SFAPR fd CTURran gl {41522t (98} sel ect ed
from the groupogsasihat kdﬂgc@CTLﬁmﬁzs]raﬁldlﬂmﬂe;ﬁhhzéh Sihich 1yl Oxpdain4hel 3. 1,

4.14. 3, 6.1. 3.1.1, and 12.9.1.1. In another

pref er red! %néB’Hljl?ﬁ?ﬁtojf e{KIH’gSSJgﬁ %{?’ i?&?és"é‘é}%e cpllsurasea hbgyasangiudsdn | ar

bi ndi ng specuﬁmmﬁycbms Eiﬂ_m ﬂpﬁ? naﬁbrﬁm tcb@dy ﬂs;eedqﬁﬁégﬁdu&rr e Ng.4Qroup

consi sting of 3. 1 10. 13. 14.3, 6.1.1, 11.2.1,
11.6.1, 11.7. %Pfﬁi%‘msh&adﬂmaﬁbe ‘iﬁ‘él ngficelaccwl%}wat‘)ﬁQfTLﬁr"eﬁmearéél tegitbodi nent ,
the 10 anti bogriBres@hRs bodisiriamMehie sEUF}UQd)'@abéﬁ'f‘gl i 4.1.1,
4.8.1, 410?Q A s e T m’igfozsll and
12.9.11 In an"&%érﬂpﬂé’\@@r rbéif‘ie%ddlﬁ@htlmn{uﬁgﬂﬁﬁ@%@dyﬂﬁiﬁeﬁo@f dheoss reactive
with CTLAA fopmdiner C@W'sh%&st%@%te%%mﬂﬁleéﬁfe@bﬁ ¥elld St \A%efmm' I an
speci es conprises nouse, rat, and rab nmore prefeéra nouse and rat.
I'n anot her prieflet fiéasﬁl‘a,%qﬁ%bﬁw%aquv@namewmw“xs cross reactl ve with
CTLA-4 from pri mgsaRki§f @hakl o thdsrohd @aazcrefmg ous and
rhesus nonkeys. In arllfoﬂt%gr1 pr ef erredoenb 1mant dégg%?%%g%g 1%ossesses a
sel ecti vi ty fi rPOSSEESAIY 1@RIMRS CERPENSIEResE, 1CmHAKld éﬂdieﬁmjl@l tpfgegeratat er t han
about 100: 1 anghRI6fHr &bl ¥.abautapqQ: dut PRk Rt mﬁﬁ&g referred
enbodi ment, the blendl ng affini tyao IQZ%%g%nt |\%0Ydy i'S %@?&Fg M or
greater 224d Patera b wouibodesiaiclo glw«?.mte gridwtiies agalinst @ﬁbﬁh@ﬁla!pwaef erred
enbodi nent i L BRLAL d4B7-2 with an
| C50 of Iowetrbgt(:a i lgg%%{m gﬁ 4r%l\?l151?1rﬁ’gﬁépi)llfllee er%ﬁl}éﬁﬁ%%gbm Ollf;tS 0.38riM

I n anot her pra@freqmréél enbodi ment, the antibody inhibits b| nd| ng between
CTLA-4 and B7-1 with an 1C50 of | ower than about 100 nMor greater 25 and
preferably | ower than about 0.50 n.M In another preferred enbodi nent, the

anti body enhances IL ZW@M_WW&M&H assay by about 500
pg/ M or

reater refe ab by ut 38 reat er.. I n anot her
pr ef erre&genbodl ﬁ?m e SR %%eifff@ﬁ 8%@@5“‘?%@9’%%‘8& esesioh a T cel |
bl ast/Raji assay cbg&naahd)lkhp}ﬁomghpghﬁh nPnugb@etuEih nadlebuls 8h eeahlisheby about 1233

30 /m or I n an t.h referre nbodi rrent t he anti body enhances
| L- ggpr oduct | b‘ﬁ%%méfeq‘?ﬁgl\/ﬁ? r&\‘%‘g‘i g‘L‘}al ofi)?dd @ﬁ‘ﬁéri t+dfeh Egeyl By a%out 500

pg/ n or greafiar(Fidue aD‘;zt:hEt (Mgﬁxfeerﬂi)ed ie P@mﬁ),, otifre (@Bhiebrsly enhances
1-2 16 prog gi(glg in fogﬂzg sup erant| gen assay by about
500 pg/m or E f %I]&S{LS léréela@éﬁur‘bwsb&l Gt éBigrre Hoan about 30%
or preferabl y2 50%riglatiiy,end 02, 9q>r1t(1:fgb;e 1M).
Figure 2 provides a sequence alignment between the predicted heavy
chain amine acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,



In accordance with a sixth aspect of the present invention, thereis 5
provi ded a humani zed anti body that possesses a substantially simlar

bi ndi ng specificity to CTLA-4 as an anti body sel ected fromthe group
consisting of 3.1.1, 4.1.1, 4.8.1, 4.10.2, 4.13.1, 4.14.3, 6.1.1, 11.2.1,
11.6.42,- 11. 7.1, 12.3.1.1, and 12.9.1.1. In a preferred enbodi nent, the
anti body is not cross reactive with CPLA-4 from | ower mamalian speci es,
preferably the | ower nmammalian 10 species conprises nouse, rat, and rabbit

and pref er abl §-188ub&3-&nd-Fhtll-0h ldrbh Werd- phemér el émpddharenming he anti body
| s cross reachpwg WisbNafihbAvit sbHRMOT DIFR&Ses @&@éeﬁrtﬂplﬂ?—g@gerﬂﬁ&mt es
conprise cynonol gous and rhesus nonkeys. |n another preferred enbodi nent,

t he anti body aseesged thyt sefhecequanes iif e GTIcAak pdimatedDReolB7TRe CD44, and
hl gGlL of grea t ' r ahl 4 oor
greater. In af'rrl% r3@5’1?&%%% %%%gégg?%o%?%e%téﬁzfggkgl n idh%ﬁggﬁuﬁ?%goéf t he

anti body i35 afheattibbGieQasheledgr eat er and preferably about 10.10 M or

greater. In another preferr e i h nti body_i.nhi.bits binding
bet ween CTLA-4 an?ﬁ%gggpvlé{lﬁeqaang%&g%lg o@%%%/\%r%eﬁegtﬁ ab fftd Ic%élgh %M and
preferably | ovein idian acbcedueee3d the Mont A.ldhatdie gprelfirer DBSSg30di nent, t he
20 anti body i”“ibi%ﬁstPdkP9n§§1%%§%z%%LAwélﬁﬁ§gBZ' Wth an [ Cso of | ower
than about 108™RMSF SEFERCr "ARd o of arably Tone ETHE SHSTFe 6550 nM I n
anot her pr ef ethated tendegainoentthe tlee artindicdyd ierohin CEs Fiku? goatiset ion in a T
cell blast/Raji assay hy.a /m reat er d preferably by about
5846 par it ortigeaatee. o KHmet s drt 8l SebBu el BBOGhE budy
enhances | FN-ysifarieddr oduction in a T cell blast/Raji assay by about 500
pg/mM or greater and preferably by about 123 /m_or greater. In another
preferred enbodi rr% ,rgf‘IPéo"é i%g@§6ﬁﬁﬁ&§g@gﬂﬂi SR SRFUPTEFGHSI KPR | | PBMC or

whol e bl 0od sEp@ e Agie a8 Sajedty o2 BRUloO8. 1094811, aN43r eaties.10.bn anot her
preferred enbodi nent, the antli bod,y enhances 11-2 production in a |i PBMC or

prod
whol e bl ood stférEnkt Hyng Be6 eeBorFepgitiprenses breteaienl y 1500

pg/ ML or @4 eakes g@miilY sh@Rt ahd (hasr MRQYiueA Ake Blogé af-ahkiat&OH rel ative to
control. 17 I n accaordance with a seventh_aspect of the present

i nvention, tH® ifge %}'{g@x,q desyshonys 2he podEspstoh dhe 6PRds EBR2erpACPR3conpri sing a

heavy chain aé'EgﬁBﬂce%CJtheSﬁﬂ:BSJ}E% SRARRRES] A RHBedoRE in FR2CDRNAR3
sequences encoded by a human 'VH 3-3 ene famly operably linked in frane

3
with a CDR1, cém@mﬁ-,h$1‘éh&néﬁme§@éﬁ%‘éﬂ&é{h“9ﬁe CDR1, CDR2, and CDR3
sequences bei ng i pdgRendeRtidY Seleskeduliam bhe-LPBE ntBRe afd CDR3

sequences illustrated in Figure 2. In a preferred enbodi nent, 'the anti body
of Cl ai m 32, Habk cheéy areigppeill Spavgneaf ot clome soheltlizc!rhittat.imsdd ¥4 the FRI,
FR2, and FR3 S@0MencesiRseld bl aliedeienfd MfEreRues e ACHErglaNCe With an
ei ghth aspect of the present invention, there is provided an antibody that
bi nds to CTL/Aetmlingcapienesi ang thativé Akascawacn oty nlona ercdindisgjad irckoléonpri si ng

h FR1, F ‘ - fam |
operably |1 oo Ty (eGSR R TR R iR e, i ch

anti body has dftie @obddyws mriepineperti es: a binding 15 affinity for CTLA-4 of

about le gr greater: inhibi bi.ndi n g”gg - nd .37 ith an 1 C50
.of about ?%00 riM g?ghfeoglgﬁv“%e%ﬁ eﬁ&sm h |ngggee%étr?%@%ﬁcg\qﬁgé{#é’%?-z wth an
| C50 of aboutlighOtheivMngino hadmequemethididhalnmes 1.8 ywho khengerpilioel Wd04AGA | N an assay

of human T cell.s by, 500 pg/ or ater. Ln ordance with a ninth aspect
of the pr esertire i ERgRES drshed boRHEl g rHnAE RS BR el bl nds © b
CTLA- 4, conprh8iofithededienotyin Glradloneaart idicaed dh BelGUIRE FifoapiEd Siog FR, FR2,
and FR3 sequences, operahly_ljink in f with a , a. CDR2, and a CDR3
sequence i ndé%eﬂ‘é? fﬁ?gﬁl gbk&dgg%n?’f%g%ﬁfﬁuem% %ﬁ&n@ﬂ% ¥equences

il lustratgd iywddigedres 2 and 3, which antibody has the foll ow ng
properties: a binding affinity for CTLA-4 of 25 about 10-9 or greater;

i nhi bits bindi ng BéWRetRAFEAAFeAHFCBRIIEIMERE betuern) bs predicteth P2 100 nM or

| ower; i nhi bifr BiapChAflo hRleRRerdsl Lot afde 3733 Wid MeafkrhR0 295 about 100
nM or | ower; and enhances cytoki ne 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 systemfor assaying T cell
stinmulation, conprising a culture of human T cell blasts co-cultured with a
Raji cell line. In a preferred enbodinment, the T cell blasts are washed
prior to culture with the Raji cell line




18 I n accordance with an el eventh aspect of the present invention,
there is provided an assay for neasuring T cell stinmulation, conprising:
providing a culture of human T cell blasts and a Raji cell line; contacting
the culture with an agent; and neasuring cytoki ne production by the

cul ture. 5In accordance with an twelfth aspect of the present invention,
there is provided a functional assay f of screening a noiety for T cel

stinmulatory function cor%riﬁjp%:%eprovi di R)g a culture of human T cell
blasts and a FAFTC &4 FEUpfies: DIESIPHE OPGeR HE Al sumbnsdeahenchaniiet y:  and
assessing cyt aKitieesepicadeioi thoriday afchdieatd Mrwid 19hd rReRONIANCE WL h a
thirteenth aspect. of %E&%Lﬁb se%[?i nvention, there is provided a T cell
stinulatory ad®®tof DRY 1t By CPEA cqasences ohphs shipdromt acti ng a
cul ture conpriwt&igndduman T cell blasts and a Raji cell line with an agent
and assessi ng cyt ogi ne production by the culture. In accordance with a
fourteent h *aspect 618 he PRVEEE 3t seRpfpen eligment hemveer e wsdipedkigted a net hod

for screening s @@RMmEOkE s@c%:eﬁceﬁfitﬁé*'!ﬂ@ﬁaofﬂS’.?%jiYﬁeﬁ%e%gf?&é)éﬁ%)ng:

contacting the agent with a ce cul ture conprising bl asts and
a Raji cell | i2Aeio agHysequaiss JPifgreases orRiveen Prectitidd § gamiline tshetenas! dndr e.

| h of th : L th t
n each o €hdi 8B sbdeRUAR ddGordcoms ﬁntﬁﬁzgtte@nggﬁﬁc tt’)Il%g. gﬁ%ure S P %@2\!}%2 d prior to

invention, in a preferred enbodi nent, are

20 cul ture wi th poseiopgof theeCPR] GBR2) andaiBRAeveqpmedsert todl astidgdiaent , t he
cytokine i§ | bnderfeg! FN-y. In a preferred enbodi nent, cytokine production
is neasured in supernatant isolated fromthe culture. In a preferred
enbodi ment, the agBserei & rapvidast 4 lsendpaand! prefieinabyirdi ndé stamefBbA- 4. I n

accordance W t.h .a.fidf.e8nkb. t h gsent invention, thereis 25
provi ded an agsay for ° aslurc?ﬁlg% c ﬁnhé]?f)%fg}??vgrﬁngxléﬁlp‘ih?‘é‘? e hrovi ding a
popul ati on of atfihvdiss.peri pheral bl ood nononucl ear cells or human whol e bl ood
stimulated with st l.0C er at. oxi :_cont.acting the culture with
an agent; and rreas%g'lk%gl% t8 %E?Sn%g%ﬁ} RGP r?ﬁ\%rﬂ“?%“%&f?‘%ﬁfi%ﬁ}%ﬁ“f‘on. In
accor danceswi téitain ofithe suivblicampectrdate titb teriesenibn.i RVERLEQ0A &here is 30

ided a f ' f [ iety for T cell stimnulat
Puncti on, - comries RoroBE ooy i G P Ko R R 1201 Siedd mewbmmmrsd ol ood

mononucl ear cBkfasrebitedhtomasncaitekion bisedetusd forubiag qEmi tshsstapbykecoccus 19
enterotoxin A f nt.act i noi ety; and_assessing

cyt oki ne pr odGE u%é)ﬁ “BY r%%’@tr %’EY’ﬁyqlﬂi%%ﬁr}l’F%V\%t%ﬂ%pa‘%naSS spectroscopy (LCMS),
mass spectroscopy (MALDI), light chain N-terminal sequences is provided.
20 Additional detailed information related to IEF is provided in F igure 10B; related

to SDS-PAGE is provided m 10C; and SEC of the 4.1.1 antibody in 10D.

Figure 11 shows the expression of B7-1 and B7-2 on Raji cells using
anti-CD80-PE and anti-CD86-PE mAbs.

Figure 12 shows the concentration dependent enhancement of IL-2

25 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).

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 JL-2 production in T cells

from 6 donors induced by anti-CTLA-4 blocking antibodies in the T cell
blast/Raji assay.



I n accordance with a seventeenth aspect of the present invention, there is
provided a T cell stimulatory assay for CTLA-4 inhibitory function,
conprising 5contacting a popul ati on of human peri pheral bl ood nononucl ear
cells.or human whol e bl ood stinulated with staphyl ococcus enterotoxin A

Wi th ‘an agent and assessi ng cyt oki ne pr oduction by the cell popul ation.

I n accordance with an ei ghteenth aspect3of the present invention, there is
provi ded a nmethod for screening an agent for T cell stinulatory activity, -
10conpri si ng: cont de¥irhd’ elnevsdifemeangrianesmsoped BiN-oprodicthumm gelis i pher al

bl ood mononucl gar ©ebhss MaubthTB Jphete blood ﬁ%gng%hbo@%g g Skaphy! ococeus
enterotoxin A, and assessi ng cyt okl ne produc% 0 opul ation.

In each of theblfsReieasseh t hrough the ei ghteenth aspects of t he present
invention, in a pr | L aki other
preferred 15enmbodi %ﬁ%{ré ?gsy}?g%?%ee%%%ﬁtge ?ocf)?l}yltz ﬁ@ﬁ%%rlgﬁpgd%hﬁﬁlr hat ant

i sol at ed f rsomdonersanduced &y aitnCEL prie! wmrmjmexrhrb(admmte,d 4 e hagenffi=f S an

anti body and p ” irnds to CTLA-4. DETAI LED DESCRI PTI ON OF THE
PREFERRED Ew&ﬁ@%@%%%ﬂ In accordance with the present invention,

t here are provi dedFigurd §7 Ishnmnthermmmbemait odnLi2bpdiescngaknsk tesmn CTLA-4

Nucl eoti de se enco cid se ences conpr|S| heavy and
light chain i %’ﬁog ob “ce ya@ﬁT@I;E‘anPﬁ Cikﬁ’@l %/assteﬁfﬁ‘é'ﬁ%é% %@ﬂgespondi ng
to a conti guo%H@ea\aytexasmdxullatsgimltBSEhal n sequences fromFR and CDR |

through CDR3 and F provi ded.. .Furt I‘OVI ded are anti bodi es havi ng
simlar biHding pr?ﬁgélfet |I§§ Atfd hﬁﬁ Hygan & tﬁ‘B SR W&ﬁtaég%ﬁ‘r@?@)e havi ng
simlar funct Im-ﬂtaytﬁaﬁiyaﬂiinbﬁﬁh ot ®alasas Hel-ei N. Hybri domas expressing
such innunoglobull ?%é%es a nonocl gnal anti bodi es are al so provi ded.

20 Definitions UnI s & ‘F‘i“?félﬂ Helted produgtiopningrged thdnti-echni cal

terms used in mﬂmﬁﬁib@(ﬁlCWAMhi kel 100 Sk InDMRRL PR 78 Rak! T Qﬁé’tﬂ{ahhe meani ngs

t hat are 5conmon X under st cod by those of ordinary skill in the art.
Further, unl e§§d Superantigen {whole blood anci peripheral blood mononuciear cells from 6

15 donors) assays.
Figure 20 shows dose dependent enhancement of IL-2 production
duced by antiu(Z‘TLAél‘ antibodies (4.1.1 and 11.2.1) of the invention in a 72
hour T blast/Raji assay.
Figure 21 shows dose dependent enhancement of IL-2 production
20  induced by anti-CTLA4 antibodies (4.1.1 and 11.2.1) of the invention in a 72
hour Superantigen whole blood assay stimulated with 100 ng/mi superantigen.
_ Figure 22 provides a series of additional nucleotide and amino acid
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 chair (cDNA
22(h) and amino acid 22(i)), 4.8.1 light chain (¢cDNA 22(j) and amino acid
22(k)), full Iength 6.1.1 heavy chain (¢cDNA 22(1) and amino ecid 22(m)), 6.1.1
light chain (¢cDNA 22(n) and amino acid 22(o)), full length 11.2.1 heavy chain
30 (cDNA 22(p} and amino acid 22(q)), and 11.2.1 light chain (cDNA 22 () and

amino acid 22(s)).



ot herw se required by context, singular terns shall include pluralities and
plural terns shall include the singular. CGenerally, nonmenclatures utilized
in connection with, and techniques of, cell and tissue culture, nolecular

bi ol ogy, and protein and oligo- or polynucleotide chemstry and

hybri'dizati on described herein are JO those well known and conmonly used in
the art. Standard techni ques are used f'8r recombi nant DNA, ol i gonucl eoti de
synthesis, and tissue culture and transformation (e.g., electroporation,
| i pof ection) Enzymatic reacti 121 L t echni ques are perforned
according to manufacturer's specifications or as commonly acconplished in
the art or as described herein. The foregoing 15 techni ques and procedures
are general |y perf dPsePréeEcomdinng vy epadiertt %@rﬁ@:ﬁsenfeiﬂmm’smmlbdre known in the
art and as de i j I QLIS S i fi.c ref.erences that
are cited andsﬁglr??gﬁg?sdegm?ﬁ%yoﬁgh%%tg_ﬁ? E\egbﬁ)?ggg%?%ée@i%% %n%gtgl P‘%%h% e eg.,
Sanbr ook et? al champyegehip a2i@ BHIHacid Acqugbesr Beloroypheasuraton(i@ebue dmincCol d Spri ng
Har bor Labor at - i ( 9 lchis

i ncor por at ed héea%?eﬁﬁﬁ%/é?g&g‘?gﬁ%% P%egéﬁ%%gitc a Srqg;%Rt]gt geﬁ?%%%im%aﬁ@sconnecti on
with, and the dnadyisd &y arhpman Yeeddiasihanthetand Bal cuagsisef 3t leasbdnetdf clad '

chem stry, sy i.C. O e chemstr n LCi and pharmaceuti cal
chenistry des%ﬁ%d&fﬁrsg%ﬂl%?% t otgée émgf{? %ﬁggmxgesangﬁ%%n%ﬁgw%s@d inthe
art. Standard frastworksegsenaesshomet: Figure ¢hédmh pafersy sinbedigsnt, thb affi:eal

25anel ey PORI/TRRIL theBLSAELAL L0 1AM 81 B0 B0 L) Bl o

treatment of pa ized in a present
di scl osure, tH® XOlll BW)AD N@RAEQ UInNESS, SHEY Wose SEQdbcmbedsEshal | be

under st ood t o \have f.ol L ow . ' . The rm"isol at ed
pol ynucl eot i deﬁé'\aésséggg %?’%@Qﬁﬁ%@%&@#&@l@ﬁpﬁé’ S%Sdgnom' C,

cDNA, or synt hébile, SEQ § NOoI3, SBEEDAODNSED 0D Ndves, 0 MWROKE, BEQVI It ue of
its origin the "isqlat 0 ¢cl.egtide” (1) is not associated with all or
a portion of (;Dp%é%tfd’sggﬁ ]I(ﬁ%ﬁgﬁomﬁ’l‘ EﬁOt}Pqﬁé’er‘?réfSIegtbéﬂmest’ ps13pHIRDYeot i de” s
found in nat urfesthe 2ympréscoOP EERRhYN MiRdrebon ampe) pruehaatd denphigh it is not

linked to in nature, or %%) does not occur in nature as part of a |arger
sequence. The % ¥ATRS STLAPh G EPH CosEing ol $59uFer 6PHPAERHSER protei n of

\cI:mD!\lA,h éo r ecornbiment, MJDfoOﬁS’,FHH@H}bQ\I@nE,fqiE(})mmFE h' m;ilg),ln thgr eof ,
Ich by virt of 1Lts_or n. oL _.source of derivation e "l1solate

protein” (1) :@Qng? ’i@%géﬁé&] I%Ptzﬁ g?@ﬂ& NOFlodHE I NRA2UrSEQ@®) is free
of other prot @m§3,fmﬁ@:mmmW@gs, Q1D Neegs, /B 4B sPEphei ns, (3)
is expressed b cell froma different species, or (4) does not occur in

a
nature. 15% I%quﬁéstEQQNﬁé@y‘B@pﬁ%@N s’lused herein as a generic termto

refer to native pref &lcBrdahded@iiPRlsEoon@laspRRLOUS REsch ﬂ%}*}ﬂ%ﬁp#hie € SEqUENce.
Hence, native protein, fragnents, and anal ogs are species of the

pol ypept i de g@fradedppmfatipedy SeRYBEM | td¥aVin chelsortmacecidi sdquerve i nventi on
conprise {he upRfiearty ahaidl 2 MyRogabUd. i RLES ULES Ad L e human
kappa |ight chain i munogl obulin nolecCul es represented in Fi'gure 1, as well
as anti body nﬁP@E%ﬁl%SE%%?r@@iHy combi nations conprising the heavy chain
i nununogl oQul i n nojecules W fhy | i@%ﬁ a%ﬁ@dt% i,m obul i.n | ecul es, such
as the kappa |ight chain 1 rrrrunogal obul | rmFecu %gﬁ% anc nt}?%gtg?fgrlga, as wel |
as fragnments amtidgdakogstibody comprising a heavy chain amino acid seguence
comprising SEQ ID NO:2 and a light chain variable amino acid sequence
comprising SEQ ID NQ:15,
" In accordance with a fourth aspect of the present invention, there is
30 provided an antibody comprsing a heavy chain amino acid seguence
comprising SEQ ID NO:4 and a light chain varisble amino acid sequence

comprising SEQ ID NO:17.



25t her eof . 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
exanpl e, a polypeptide or polynucl eotide sequence that is present in an
organi-sm 30 (including viruses) that can be isolated froma source in

nat ur'e .and whi ch has not been intentignally nodified by man in the

| aboratory or otherwise is naturally-décurring. 22 The term
"operably linked" as used herein refers to positions of conponents so
described are in anra&tutarsntiip? geiniresingf taamrent fumsotidnorhdra it hei r

i ntended mMaNnghyiddy £084ikQ4 h&g&yﬁeﬁ@czé}apgﬁﬁmwwufal%gg;'mé 8r An@fGINg sequence
is ligated in such a wa hat - expressi on of the codi ng sequente is achieved

y t ! . .
under condi t i @WsAdonisat Prafered anbogivent ontibasly is exqpable e6 competing ffihe term
ccontrol sequanggy waf oM RERSTLEIAS Sid:Rq RRLY IUChEQ! Ligiagapences whi ch
are necessary to effect the expression and processimg of°coding 10
sequences 10 Wwhichl.ihe$lar0.1,i4gdtled.14Phe.tiat UEE, bT.6.3uEh7.¢0oM . DI, sequences
di ffers depengin n {h t i .Jn_.pr.okaryvot.es, such control
sequences gegaglrda%'%;p'?'nc u eora%?oprl?%{térg%qerl dé%lgnr%hlthebf% O8G RPEES dnd
transcri pti orsubsmikitatimdnr wwippapeaficiiynio eIk Ary ot @santigedieserbky fromuch contr ol

sequences i ng I .er transcri pt.i,gn r.m i se nce. The term
"contr ol 153&%%%%%£§&£¥é%%%1gﬁgégjﬁoﬁ%ﬁcﬁaggi42?32;ﬂ?h1§3ﬁ1ﬁgfﬁ conponent s
whose presenci ..y egsieriizdl.l,fapd 180 es $i amtharchrpfeoed stbbdmegnthecan al so

i ncl ude addi tj CQ nent s Qse _presence | dvant a u or exanpl e,

| eader segheﬁggg%gﬁgs%%%?ﬁ%°%b%?ﬁ%?¢§%ﬂﬂgﬁ@é .iégTﬁgq¥ég§£“€8}%nucleotide"
as referred tolhgrdi4s, Geandia.lpot.gaetielf md. 1.1 0fndnicd. ot itglesotef: at | east 10

bases in | engt i ther.ribonucl eotides or deoxynucl eotides or a nodified
form of eit hg?‘t’}?’irl%em% Odﬂﬁeé"?’etg?i g”."d’i'ﬁsen?te‘ir?ﬁsir %ﬁ%l@gg’séqﬁ]g'f‘é‘ 3918 doubl e
stranded fowiswefmdiNAaliaRSideest prefirdbBl ihg 0svie heeirhadRn spefi@rdofgnted herein

i ncl udes naturally occurring, and di fi ed nucl eotides |inked together by
natural | y ocdﬁ?F?ﬁﬁ:mﬁﬁﬂﬁW6ﬁgﬁﬁ¥%Fg%‘?hﬂ@@ﬁPﬁmﬁﬁ&oﬁ}@Uﬁﬁ%ﬁ@&ﬁﬁ@e | i nkages.
a i gonucl pot igesdiales:, ahd @hiindg| iodrbsercasivs ekingenarall womOopRkisd Ng a | ength
of 200 bases or f% r. Preferably oligonucleotides are 10 to 60 bases in

| ength and ndSEBPREEsPEBIaEs Fomprss cynotiolgops andsthesus mortkeyss g another or 20 to 40

bases in | engidterrddl dngROIEIEAhd BRHOA BoddSWAR! 4 Yei &l §oSEFBRYEL e €. 9. for
probes; although ol igonucl eotides may be double stranded, e.g. for use in

t he construct ’%?Qacaﬁ%émhﬂgghﬁf@ﬁggwéﬁﬁﬁ@ﬁﬂ@pédﬂﬁﬁﬁﬁﬂémgﬂwwfinvention
can be ei t hersosens eredter. A dnS 8RS SreRb A CAVSiRON ! A8 Bindileathifly Sk hpatural Iy
occurring nucl eotides” referred to herein |nc1ude540
20 antibody is about 10~ M or greater and preferably about 107" M or greater. In
another preferred embodiment, the antibody inhibits binding between CTLA-4
and B7-2 with an ICsp of lower than about 100 nM and preferably lower than
about 0.38 nM. In another préfcrred embodiment, the antibody inhibits binding
between CTLA-4 and B7-1 with.an ICs; of iower than about 100 nM or greater
25 and preférably lower than about 0.50 oM. In another preferred embodiment, the
antibody enhances IL-2 production in a T cell blast/Raji assay by about 500
pg/ml or greater and preferably by about 3846 pg/ml or greater. In another
preferred embodiment, the antibody enhances IFN-y production in a T cell
blast/Raji assay by about 500 pg/ml or greater and preferably by about 1233
30 pg/ml or greater. In another preferred embodiment, the antibody enhances IL-2
production in @ hPBMC or whole blood superantigen assay by about 500 pg/mi

or greater. In another preferred embodiment, the antibody enhances IL-2



5 deoxyri bonucl eoti des and ri bonucl eoti des. The teim "nodified nucl eoti des”
referred to herein includes nucleotides with nodified or substituted sugar
groups and the like. The term "ol igonucl eotide |inkages" referred to herein
i ncl udes ol igonucl eotides |inkages such as phosphorot hi oate, pho sphoro
dithr-o:ate,phosphoroselenoate,phosphqrodiselenoate, 10

phosphor oani | ot hi oat e, phoshoraniladatg, phosphor oam date, and the |iKke.
See - e.g., LaPlanche et al. Nucl. Acids Res. 14:9081 (1986); Stec et al. J.
Am Chem SocProdusBoBEAMBIGE A Whatediqedatpeanti grp @ssay ay bt RaGpe/mé: 3209

(1988); Zon el @lrerabiDtibopRaSor Better 2o @0at BAPaohP9dY: or 4R Sy 2l -
A i gonucl eot i ééfé gnd?Anal ogueg: gA Pr act i%al Appr%ach, pp?.ré%ﬁldé (F.
Eckstein, Ed.30%0efavato cBirelni versity Press, Oxford Engl and (1991)); Stec et

al. US. Patent Ng, a@co%éa%c@\h%ﬁh %Q{Xgpg%e@tnggl %yﬁ@&ng%g%y@%}isem 90: 543

(1990), the disclosures of Ich are here I ncorporate erence. An
ol i gonucl ebt i eviésne hwsitueRs atibedyethatf pssagees @csuboantiflly dmgirrtediing®0The term
"sel ectively i zesry giers Le.heL8l S.1.0 tect abl nd
specifically %lé/cﬁféid.lgptéle?/nucl eot i%ggs:{ °§FF§%‘§%J eot fh%egg ng&jfs%gn Oﬁt S thereof

i n accor dance.in thl.t,Hel.ilnEh,i o13. s dl1éct badl y1Byibii dilzél.fd, mutlej c acid
strands under i,di I opdi ti.ons .that mnim ze .appreciabl e
anount s of dé?gg?géﬂeﬁﬁ%E%@%%H?%mﬁﬁﬂgﬁe@?ﬁ%gxﬁﬁé?%@é”%%F%E?V%W‘ stringency
condi ti ons cd&rili2%4bigorusledet mzankwiiay spsilseptefarebliytbe ilowzamaamaliandi ti ons as

known in the art and discussed_herein,,.Generall the nucleic acid sequence
honol ogy E)Oet WRERS e pBSTSy%SIE Bt #8520y R aﬁﬁffé?%@%’i’ﬁ%@? af 3% r Bgment s of
t he i nvent i onmnathet pacfaied enimdaning tisegtibrniyds absd miaivestthiTIA-beoat | east 80%

Q0% 95  SbFFAIE O DaGe TG B, o S ae/ Aot e RREMegous (1
there is a pantdnatheoprefangl embodiment ineyadibodye@bssetie ra sequUGNCes. For
the Tvo sequénids? 3t CRPL I R 95 ek e arerie CHEAPouGIS TR ef ¢ her of
the two sgquengeshipeivog ad:chedirease ablav@e prefpad BhBidigdediRichi Ng; gap
A Ter nat i vel TS SRURerABt SIophe sk AP M B ger e DR PR B | de
sequences deripVesy by gmatehem ahotbér re@etd IVbLEAEREL, A6d BSiHoBy inhibits
binding between CTLA-4 and B7-2 with an ICsg of lower than about 100 oM
and preferably lower than about 0.38 nM. In another preferred embodiment, the
20  antibody inhibits binding between CTLA-4 and B7-1 with an ICsp of lower than
about 100 nM or greater and preferably lower than about 0.50 nM. In another
preferred embodiment, the antibody enhances IL-2 production in a T celi
blast/Raji assay by about 500 pg/ml or greater and preferably by about 3846
pg/ml or greater. In another preferred embodiment, the antibody enhances IFN-
25 v production in a T cell blast/Raji assay' by about 500 pg/ml or greater and
preferably by about 1233 pg/ml or greater, In another preferred embodiment,
the antibody induces IL-2 production in 2 hPBMC or whole blood superantigen
assay by about 500 pg/ml or greater, In another preferred embodiment, the
antibody enhances IL-2 production in 2 hPBMC or whole blood superantigen
30 assay by about 500 pg/ml or preferably 1500 pg/ml or greater or by greater than

about 30% or preferably 50% relative to control.



5 length) are honol ogous, as this termis used herein, if they have an

al i gnnent score of at nore than 5 (in standard deviation units) using the
program ALIGN with the nutation data matrix and a gap penalty of 6 or
greater. See Dayhoff, MO, in Atlas of Protein Sequence and Structure, pp.
101-110 (Volunme 5, National Bionedical Research Foundation (1972)) and
Suppl enment 2 to this 10 vol une, pp. 1- 10. The two sequences or parts

t hereof are nore péﬂ?fergﬁl%/ honol o%o s if their am no acids are greater
than or equal to SEUATGERPICHIT GHE “gbf‘?pﬁﬁqufh%ﬂpfe@%dmﬁ%‘il%ﬂﬂeﬁ%lsALlGN
program The teéwileicorimeisponds tinls b Cnsed, Aeh@ishotOndPARLLih abhid

pol ynucl eoti de sequence is honq%ggous i is identical, not strictly

(i.e.,
evol uti onari | PRSFHEBE CPRPTse B FBdr fROMUETRR segicarearagoded By a

pol ynucl eot i densRANENTS3 gefe hRAY oferPSIl YRRRE ind@rReAMEICHR S 4 @6REI cal to a
reference pol ypepti de sequence. In_contradistinction, the term

"conpl ementar 0t o GIARY sedpeRes éif ¢ R e & atndt REREopserENtENE sequence

i s honol 0gous if@p&ldbn@f sclcROELIAR: 0bRA, C@i@%ﬂ“{ﬁ)@?&é@ﬂéﬁ%@iﬁh&ﬂ%ﬂs equence.
For illustration, the nucleotide sequence "TATAC' corresponds to a

reference seqiedd®re FATRC PEEFIEA Pmbsdiewnnp| termenitady of Cleiny &%.efethee sequence
CGTATA". ¢ ﬁsixflé)!aﬁ}péﬁ‘tﬁgs&ﬁ'ﬁg@m@zﬁ?onk@c?ﬁtetﬁégmrdng%}?grk% @eggégence

rel ati onshi ps between two or nore pol ynucl eotide or am no ac sequences:
"reference segtéieieated mdégsa?i son wi ndow', "sequence identity", "percentage
of sequencg 25 | dGtdcb¥inceAlth aSURSEALLALr ALY v efiont BEr ENCE
sequence” I's a defi ned sequence used as’'a basis Tor a sequence Conparison;
a reference seyededenmaibisty thaidusisat GFL4a4] @umpeising eduencehaidf aninexanpl e, as
a segnent of full-len : ne u iven in guence
listing or rra%mgt)ée uref{ee&téﬁggl%‘lﬁ\é@én g%{ml’%ﬁﬁ%ggE%‘?ggﬁﬁgc,%ggm&cﬁ@ dlly, a

ref erence sequemee Vius3-21 gtredaniiil 8pB@Hinlickelahifdes with 6 CARInag GRRYS in

| engt h, frequentl ast_24.nucl.eoti.de 8 .amino acids in |length, and
of ton at | easiragCHIG) S5 he SR ubaH 8 Rubude R bRBudEn = wilee "L o

pol ynucl eotsi deginity fant TioA dcifdbsed(ié ne gsatm ynheEe bifding beRbees @MIrA-se a
sequence (i.e. ortion t co e | ynuc].eotjde. or. am no acid
sequence) that§ ?7'5' Wf+aaP &t ?Ne%ﬁ’uE ﬂ@é %0%%{‘:[}!1@5& h’ﬁgm@éﬁ"tm further
conpri se a seUEnce ahlid@7-2 svithi selQentf detweEn nihe: toverpaldypichast i des or

am no aci d sequepces, .seguence co ri sons t n two (or nore) nol ecul es
are 5typicall 3“8@??8 ﬁlécgl By" %ﬁﬁagﬁﬁﬁﬂ%ﬁ%ﬁ?ﬁ%@?g%@f FGB ol ecul es over a
"conpari son w ndown k&oidddt Wity 2amethCapPAre the @adsert 88v@AsH, Ohesaguence
simlarity. A "conparison wi ndow' . as, used herein, refers to a conceptual
segnent of*’at PI%. a&éﬂ%‘%ﬁ‘é’ﬂ@%%ﬂ?ﬁ ﬁ%éTg‘&'g&QD’EB%P% A BRYYOPEE BMPRO aci ds
wherei n a pol yfdck@rhideons@Rg T, BR22Ehd PRACGkEh-6Q4 UPBGBIy kP8, conpar ed to
a 10 reference sequence of at | east 18 contiguous nucl eotides or 6 am no
aci d sequencedEAdhafei fHePRordtl oh COR e ipdererdwtly delege§uence in

the conpari sofow e @DRBCISINRAE TR0 ighiReSiudeh@l haNgures¥hS4 st uti ons, and
the like (i.e€ of 20 percent or less as conpared to the reference

... gaps ; . S | :
sequence (whi ch@égg%thaé&?ﬁ?m%n%WﬁU%§ bindingedtbrinofes CTHar-4 opt i mal
al i gnment ,0f Lfige 16° bMBrS G0 HRNGE Dind{d U MRlen &7 r_wrg%t f HERCES for
al i gni ng éz coggﬁi sonI\A%}viendow may _g}e%or?dug?gjg&%‘y t eB?cl)c‘glﬁﬂ ondi ogy
al gori t hm of hort Ei9anM\ar omier nthalits. binging betwean TIA-482d BIg8t)h atby t he

(1970) by 1 e SR Bl R TR ek i st PRE proc.
Nat L Acad. Sehurpay Beedlspy 500 pg/mi 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 celi 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 Bne.



20 85:2444 (1988), by conputerized inplenmentations of these al gorithns
(GAP, BESTFIT, FASTA, and TFASTA in the Wsconsin Genetics Software Package
Rel ease 7.0, (Cenetics Conputer G oup, 575 Science Dr., Mdison, Ws.),
Genewor ks, or MacVector software packages), or by inspection, and the best
alignment (i.e., resulting in the highest percentage of honol ogy over the
25 conparison wi ndow) generated by the various nmethods is selected. The
term"sequence ideRt iy dalfEBARS LNat, oL cleotide or amino. acid
sequences are identical (i.e.. on aenetg%sg%t %ﬁg B SHG TEBET &2 151 esi due- by-
resi due basi sProvde anriesay dorpardssone Wi avtlowmuliiien,t@prisingr GRALAGE 0f Sequence
30identity" isugabcth@lee LY L& LRg.-two.optinmally aligned sequences over
t he wi ndow of I(l:orrpari sgn,_ Lget e%’t’%}Bﬁﬁf %g\%tlﬁéﬁ;ﬂfrrﬁwmlﬁ‘g%é’il TeRatan whi ch t he
i dentical nucPE 28 ingasprrECy(aking. prodyctidy bGhe Gulnkk. or 1) or residue occurs
in both 26 sequenges. i@k 6 nber  of. .mat ched. positions, dividing

t he nunber of nmchedcgoa_snlxti gﬂs&yl}g]s o IPEY & EUNBERt B e8I s in t he
conpari son wi Ryvwed i2 Bmgtianhleassin dowsatad)g, 2 ansletUiol i leyi NGmule L esul t by

100 to yield . ne e _of .sequence identity. The terns "substanti al
i dentity" as E@g%&%ér gl nﬁgéﬁ%?édzngga C@“&%%ﬁ%’%w@ﬁ blesigfng 2 Bajiyellicl eot i de or
am no acid sednﬁewer@aciim@éweiuhm’ehétmmbymﬁﬂj/;&@aiagggssg{g SRR ;?r‘&@i sGPNPrises a

sequence t hat Bb@lgcgﬁw% east 85 percent sequence identfity, preferably at
| east 90 to 95 percent sequence identity, nore usually at |east 99 percent

sequence ildentity lascoohpareih t chiftedntt BHRAGE IRSFUERCEVQYEE tﬂer‘é?ﬁpa” son
no acid) 10 positions, frequently

w ndow of at | eotide (6 am i d) '

over a w ndo %?i%léa% %?égg%”ﬂﬁé ¥ H af%n%:’{%-cz(@m igrafnadomehepripigsi t i ons,
wherei n the pemeetitggelnfe SegHSENE BuhSeN L Kaks 1Ra) gl gélfﬂ}e%thca%”pa” ng the
reference sequence to the seguence which may inclu el etions or additions
which total 2B RESHE cYiRoee podugionbyfsalwe. sequence over the

conpari son wi ndow.in EerdamieaHent frusBaie L. TRy, bset of a.larger
used herein, the I:Q%ecnty c E?/sgrﬁt%#‘éeﬁlgl?n’%ﬁrﬁg aci ds and

15sequence, w
their abb}sevi%PY‘B??QEPB?@W%O%WWE%%%E&;& @destinmiatovg! egiyity, A Synt hesi s

(2nd Edi ti on,compRsinGokaacane . ABent Gri@D Slpauer Associat es,
Sunder | and, Zﬁ%%.a&dgo 1991)), glzlﬁrllch1 igciéﬁguét}uﬁeorogrtpg&nﬁé’?giaﬂ'[ﬁ%? r ef er ence.

(199] . .
St er eoi soner Reyt o5 Ints: and agsepsieg cxtvidnameheyorconienitenal ami no aci ds,

unnatural am no aci @schSHE heaSn@- thrdicdli SYBEL ed anina acids, N-alkyl
am no acids, .lactic acid, and ot her “uncog%%%e?%n%s ecésmogcfﬁ%u?l“ﬁ%mnay al so be

sui t abl e conpBYf8RtSs 1} GrerpEIshepbedimsntothet Reelpbes®nire ivmylesat 5. 1o Exanpl es of

unconventioonahlr@eiwia 1ROl el 28 1 B iYL oxyproline, y . .

-car boxygl utarnate, s- N,aﬁ‘l, NEtrT mﬁﬁgﬁ%%’fé%%?“d%ﬂ?‘@ WI*F@/@P%@?" 18

0- phosphoser ithe, oTNER ety b gesfirred entiofiiorany lcpekihi eRba@on 3s maRkRylhi sti di ne,
5- hydr oxyl ysi AN rginine nd other sim|lar am no acids and

i nino acids ( %%6‘?3, n4-sﬁ%§|§l>?%ptrgglcpg%§'. %? ﬁpfeheéreﬁﬁff‘;{?ﬁ@ﬁ]@md@ﬂrﬁg@ﬁtlis on used
herein, the kefntivafdendipradotblphinds it ®ELAM no termi nal direction and the

ri ght hand 30di recii | he. carboxy-term nal direction, in accordance with
standard usage an%l %g“ﬁ{i/%ﬁ% iwbtﬁ_a % efn% aspect of the present invention, there is

25 provided an assay for measuring T cell stimulation, comprising: providing a
population of human peripheral blood mononuciear cells or human whole blood
stimulated with staphylococcus enterotoxin A; contacting the culture with an
agent; and measuring cytokine production by the cell population.

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

30 provided a functional assay for screening a moiety for T cell stimulatory
function, comprising: providing a population of human peripheral blood

mononuclear cells or human whole blood stimulated with staphylococcus



Simlarly, unless specified otherwi se, the |efthand end of single-stranded
pol ynucl eoti de sequences is the 5 end; the |lefthand direction of
doubl e- st randed pol ynucl eoti de sequences is referred to as the 5

direction. The direction of 5 to 3 addition of nascent RNA transcripts is
referred to as the transcription 5 direction; sequence regions on the DNA
strand having the sane sequence as the RNA and which are 5 to the 5 end
of the RNA transcript are referred to a€ "upstream sequences"; sequence
regions on the DNA strand having the sanme sequence as the RNA and which are
3' to the 3' ephdotokintdecoRMAINg dnsoltinptwitr tbe nefigyr ad dseessisg trokinst r eam
sequences". 10 duction b @% agpliﬁpfto pol ypeptides, the teat' "substantia

i dentity" nedh¥YHSE ¥ W5 $epPddi@quences, when optinally aligned, such as
by the prograns CGARasdorBEed With aushfidedtdf apbét TR eidblSenshiptig@ls | east 80
percent sequence identity, preferably at [east 90 percent sequence

i dentity, nomeopdetal bl ytimplatsy peay tordbl lpbriciehibitepfiseeiea, caeptisityg, and

st S M e NS N
substi t uti onsvhokorsed viahiMedamiln@a@ei@dostid Shickétbkians witf@arngh shbe

i nterchangeability of residues having simlar side chains. For exanple, a
group of ani AECEEIHILYIAEVE ApdurtipHat the cell perwW#iions is 20 gl ycine, al ani ne,
val i ne, | eucine, i.sal i.pe: i [Wef vin :
aIiphatic-hydroxy?E%FﬁgﬂgﬁgﬁﬁggﬁSg%%%ﬁﬁgﬁg%ﬁ%?Hgﬁg%%hgivgﬁ6ngﬁﬁg am no
aci ds havi ng pamidtel-aciaathad fidrrsgreshide anlhaemdgon B cals panalgioneaangtygl ut am ne; a
group of amino aci.ds having ronatic‘gide chains_is phenylalggine,
tyrosine,! anGo@Pvi}P%pﬁ‘éﬁ?C"&g&‘%%ﬁﬁnb‘fm AiPABUIAE ST IRaRFTPASTREISPde chai ns
is |ysine, apgiBhit§ear 2118 hublatd i Biood REma Ay Qb RTbdA@C! ds having
sulfur-containpng S?ﬁe chaiﬁg I's cysté?ne anégiet I on %E@ Ffeferred

conser vat i ve cgmiohexiady; dsd susbsing aytolome grodupmndryghe cell population.

vl ne- euct ne-1 o g) euBLte PhenH Al am el asl RS NS E ALl e

di scussed hepRieRiodTiMg prof@fddadn ASmen, hbey@dRIHRqs ACDd s SRR GRS REd

anti bodi es or inmunoglobulin nolecules are contenpl ated as bei ng
enconpass$ed byibedimept. ssiehineipnadistipois mensored di Aeperirgant isobatedafrpatthons in the
28 am no aci uence maintain.at least 75% nore preferably, at | east 80%
90% 95% ancgim?rl%%%t anar l}ege?ra? Ie% bé)gb?c?enlt’ﬁtg%%%‘?nl?(l,sualna@}lgg n Rfﬁfef%) am no acid
repl acenent shiadetccomt.ampl at ed. Conservative repl acenents are those that
take place within a famly of am no acids that are related in their side
chains. 5 Cenetically encoded am no acids are generally divided into

fam lies: (|Dregiigdbaraspariionor 1@EUaIRRRED EsdasESTE YSi ne, argi ni ne,

hi stidine; (3) nonpol ar--alanine, valine, [eucine, 1soleucine, proline,
phenyl al &hi ne, methioni ne, ttyptophan; and (4) uncharged pol ar--glycine,
aspar agi ne, gl utam t.ei i epn| i

preferred famli eisH %?gﬁdg%s{%r‘?fﬁlgﬁgﬁ%&{e {Hgg%%tﬁqel’ glr@ }ee%iB‘t&é’ﬁ%gﬁglﬁ lélll\{ﬁgngr oxy

fam | y; aspamagodienshnoltilgididsaghinet lmmenatil lafidd N edaitae seq@gnéamntydingl ani ne,
val ine, leucine and isol eucine are, an aliphatjc famly; and phenyl al ani ne,
t rypt ophan, PP B0 FETUENEC S T SHg IV Y & 1:1%}’} chyp isympelabulin ” j s
reasonabl e t @,RXPRE hattdlarR el ROLA! &4 dREEIBHonEudhs hENG) i 0 an

i sol euci ne orovaliﬁé{ anzggbg tate mﬁ?%&g!gﬁﬁfana?eéxgspﬁéggﬁﬁggﬁgjth a
serine, o 1&ham signedcas froepfAtenkGDRAfthanga @RS acl kR4vatdpravieied.uct ural |y
rel ated am cid w.ll not have a major effect on the binding or
properties g? urﬁ’r?é?]foé’éciﬁdﬁr%ﬁ?t%f%é g‘f“‘é‘,njg é@ﬁ@élfb}ﬂdln}/g RTPPETHEs f?“‘glpﬂ“&ggﬁg‘.@%t does
not involve @pofRi Ada@aidls)\Mat ioRidild BRBRWRLK Sk hetibiMhet gl am no acid
change results in a functional "peptide can reéadily be determ ned by
assayi ng t hehaspacHybridemes shprsssio sutteinpolyqedguilidenocle@ldemidvat i ve. Assays
are described in.,detail. herein., Fra nts or anal ogs of anti bodies or
inwunoglobuVg%hﬂ%wgbﬁﬂggﬁggﬁmﬁgm}@33¥§§'prepared by those of ordinary skil
inthe ajot. Preferred am no- and carboxy-term ni of fragnents or anal ogs
occur near boundaries of functional domains. Structural and functional
domai ns can be identified by conparison of the nucleotide and/or am no acid
25 sequence data to public or proprietary sequence dat abases. Preferably,
conput eri zed conpari son nethods are used to identify sequence notifs or
predi cted protein conformati on domai ns that occur in other proteins of
known structure and/or function. Methods to identify protein sequences that
fold into a known three-dinmensional structure are known. Bowi e et al.

Sci ence 253:164 30 (1991). Thus, the foregoing exanpl es denonstrate that
those of skill in the art can recognize sequence notifs and structural




29 Preferred am no acid substitutions are those which: (I) reduce
susceptibility to proteolysis, (2) reduce susceptibility to oxidation, (3)
alter binding affinity for formng protein conplexes, (4) alter binding
affinities, and 5 (4) confer or nodify other physicochem cal or functional
properties of such anal ogs. Anal ogs cap include various nmuteins of a
sequence ot her than the naturally-occurring peptide sequence. For exanpl e,
single or nult, gug.oggn' no acid substitutions (preferably conservative am no
acid substitutl y be made in the naturally-occurring sequence
(preferably in the portion of the 10 pol ypeptide outside the domain(s)
fow ing internol ectﬂﬂaer {():tgnt act A Eﬁ conservative am no acid substitution
shoul d not substantialtly %Wésﬁd% PR ferenifs auhisphmiveb ks ived iof t he
parent sequenceuwggicy. with ePhREAMEMenGdH RBa1A G0k %ﬂ@%e@nﬂgst dend to break a
hel i x t hat 5oc%(tJJr,_%miﬂn t he tpaél%nt sequence, or _disrupt other }%ypaég of
secondary $tricture” tWAES ORGP EUF 07 cadipgs skidk anthe seiquBmdey, . unldss Exanpl es of
art - r ecogni zedthpeliypepiiied ®y $680A0MMIaa RNt 811 hLdgtures are described
in Proteins, Stru tH[‘ie\friWa@%r Vbl eculg)a{r Pri nciapllgéyd(escvrlﬁer%gﬁfé d,spi F,W H.
Freeman and eﬁﬁ%\%, VRGeS Vs g ey Siepgrally, pementuaticontiltzod FroohusdctiorSt I uct ur e
(C. Branden awithJand TaBERuesestSeall Aakkand | sRLNgw: New York, N.Y. (1991));
and Thornton et (ﬁt. Nat ure 354: 105 1( 199&@’%?%@%%&%%&ﬁn‘:E’EJ‘iOF‘FEbrporat ed
herein by ref BHeHE8: OTRYYRustRide Sk ysEp tand dybr digarendéscabedisedn her ei n ref er s
to a pol ypept inde WdPknoRaSand Ro@MoMQ ub&f ilaRal ry Carboxy-term nal

del eti on, butfvxlnere the remai ni,ng9an‘i r)l%)ptam da%g{(ﬁcﬁaédn@ Wt gemesdcal to the
cor r espondi ng°p TR | RNA eligguglsetidealsynacsize ind i igus agligacgqdeduced, for
exampl e, fronashbhdironerRat h 18% u .Fragpents typically are at | east
5, 6, 8 or 10 anino acig%tl%ng, re% érq%gﬁflti% ' Ig‘g@f‘la ﬁrgaﬁi“i’ﬁﬁ #¢i ds | ong,
more pref er abtfiggtiondechpiapes asmyaniorassi adsortiiop oy musuRInrY sabedi @8¢50 ani no

aci ds |l ong, afGseMERAHRS : t |east 70 ami.no_acids |ong. The term
"anal og" as useé_ hergiiﬁg e é’?‘fg%{dgpg%laapoéﬁf%aségg%h%il-cﬁhf’a@éegéwﬁpri sed of a
segnment of? at'edheigyes 28 pmpedoreacicdsnerhly phraamstbsioatbd &) cdndSRbLLLY tO a
portion of a geghycesam AC| ence and whi ch has at |east one of the
foll owing properties: f?ﬂs‘gcei}éﬁd?’?gﬂsfsn Sﬁ'gaegdnc‘tﬂ%séﬁ,enﬁﬂd@ﬁ myptabl e 30

bi ndi ng condispéedfivs refempossbitial taye toited| mdk diETshead tbRBoMT W Lisid S Teceptors,
or (3) abili tyetM. ik LA-4 expressing cell growmh invitro or in viva
Typi cal | y, poS ?/Cpf%setltls]ge@g%ae%gémé%?%r 7%%’ Molaser Janingied dborsraei d

subst i t ut i on Mawwala@di ad,ofol0rSpey Elaibon LaMirkibry BRREClold Sprid€Harbor
nat ural | yz0cquyr f1@g9)§,e\gf‘ijigl?%sefncomorated herein by reference.

utilized in connection with, and the laboratory procedures and techniques of,

The nomenclatures

gnalytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well known and commonly
used in the art. Standard techniques are used for chemical syntheses, chemical

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:



5 Anal ogs typically are at |east 20 am no acids |long, preferably at |east
50 am no acids |long or |longer, and can often be as long as a full-length
nat ural | y-occurring pol ypepti de. _ Pepti de anal ogs are conmonly used
in the._pharnmaceutical industry as 10non-peptide drus with properties

anal ogous to those of the tenplate peptide. These types of non-peptide
conpound are termed "peptide mnetics" %r "peptidom netics". Fauchere, Adv.
Drug Res. 15:29 (1986); Veber and Freidinger TINS p.392 (1985); and Evans -
et Med. Chem 30: 1278r¢( 187 )isolgld qielapeleptidedr pomsade deraizr shail byeanef er ence.
Such conpounds : e d w he al.d of uteri.zed

nol ecul ar mde?ﬁ??@é%%??%%n%&#é{c P@g tcﬁnasﬁlﬂtggtgc g’tqélgc{gusro g’lglncgmsbin?ﬁuf“ér to

t her apeut i cal | peigele rdichpprirge of Hayripa the ddokhtd probouceotaia” ¢pjuisval ent

t her apeutic or t f rall eptidom netj.cs are
structural 'y s?sgﬁk?‘g‘%w@ﬁaé‘gg’?g&%%np°c?|e§§’8§/%’}l%§%"“%?.1%.":%@ g%l Yffgﬁﬁg de that
has a bi ocheni pdimupleoipds’ tiy famd phaatwac() ogopatbladinkad toy) polsuieieo?e as human

antibody, but ke, 908, 06IPLE RaRL] de ikages, optbonally, teplaced by

| i nkage sel ecte rom gr oup consi's
CH2- CH2- -, - - GfgBHegfamcs and trans), --COCH2--, --CH(OH)Cl12--, and -
Cl'i2S0--, by nethods well known in the art. Systematic substitution of one

or nore am no acids of a consensus sequence with a D-am no acid of the sane
25 type (e.g., DI yBenem Msoptdipetah’ lefirdittByreiiBy=abEa Poesh bOIBSREr at e nore

stabl e peptides. lL.n addition onstr.ai ned peptides conprising a consensus
sequence o?d a ‘ST Hg‘ﬁ?gﬁﬁ’f F%@ﬁﬁ? &a mc%rfg’g“ﬁé’ﬂ’? walirehesol I dt Bon may be
generat ed by netirodSitkdym, binsdule drderitRicho tRNdsdRie Boedh AN is Rgv. Bi ochem
61: 387 (1992), incgr por.at e??, hefr ei.n by reference); for exanple, by adding
internal 30 cyStSIAE YESPRILS fupddpratues Bos dica gt piher mivtsinscliomarthedi sul f i de
bri dges whi ch sayelsbzee,tdig Ppepifiti@ine Fateins, (3) it ARrERAOYY 200er” G5 i DOdy

pepti de(s)" re.ﬁr to an int%icc{9 anti body, or a binding Tragnent thereof that
compet es wi t h $HEHIPSLS: A VSRR PEHHT EJ8EI$-i ¢ bi nding. Bi ndi ng fragnents
are produced by reconbi nant DNA techni ques, or by enzymatic or chem cal

cl eavage of intact _antibodies. Binding fragments 5 include Fab, Fab',
F(abl)2, Fv, and si'A§I'&TcRalwertide) Boaseksheran am etnsdy tonhta raftraie a

"bi speci fic" GhtivdhbiedC a@R@ks oPDal ' t ve each of its
bi nding sites i de%rjl}%i cal . %ﬂ ant i bod@%ﬁ%@%’ﬁ%ﬁgf ?{?g%%ﬁi %Ile?%" glﬁtﬁ%si on of a
receptor to a PEQERt BrsmsaBsprgranglpesaraspesics ebthe polypaptidbeehyps.r Bodiaed t he
guantity of r E r; ' out. 20% 40%
60% or 80% a%g%m%efgb%%dg%ﬁ@gﬂ%ﬁéf&? ﬁﬁaﬁ‘@%}@%?} e&;{g&%ﬁégg&é}g?ﬁr ed in an
in vitro cBnpérmbnegoniinanelepulss gud/fhe human kafiirelighe chaitt épimropgéuilinc| udes any
protein determ spec f, i ndi o._an.li no bulin or
T-cell recept (r%?#d-l@ﬁEitpﬁi‘g '([; gpg?sghtgde?;e? B%alﬁtdssqﬁésﬁu%l %‘n&gi{i‘/ 3}8%5?15 SF g‘iﬁ’ém cally
active surfaceoygpagising gempisitgshelagleshanohmasghbiitomaietdss with Bglgar si de
chai ns and usual:ly i fi e dipensiqpal ,structural, .

characteri sti gg%ull aslﬁ\%/\eﬁﬁ?gﬁg%%gpggﬁl%ﬁg%g’chgjrcgg aéhgdrqeac Wstclfgglg. hgirant i body is
sai d to speci fihgahdgjotiviindncsmuntengecenten, theclllas Saghaid ol spngtant is 51
ttM prefetably . 3c 100 riln and nost preferably 5. 10 n.M 20 The
term"agent" I's used herein to denote a chenical conmpound, a m xture of
chem cal conpounds, a biol ogi cal macronol ecul e, or an extract nade from

bi ol ogi cal materi a’h?e‘ term "naturally-occurring” as used herein as applied to an object
refers to the fact that an object can be found in nature. For exampie, a
polypeptide or polynucieotide 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

nafurally-occurring,



25As used herein, the terns "label"” or "l abeled" refers to incorporation of
a detectable marker, e.g., by incorporation of a radiolabeled amno acid or
attachnment to a pol ypeptide of biotinyl noieties that can be detected by
mar ked. avidin (e.g., streptavidin containing a fluorescent marker or
enzymatic activity that can be detecteqnby optical or colorinetric
nmethods). In certain situations, 30 the”l abel or marker can al so be

t herapeutic. Various nethods of |abeling polypeptides and gl ycoproteins are
known in the art and may be used. Exanples of |abels for polypeptides

i ncl ude, but are nothel fenizt Bgletably tilied” 3R figah | KA Gereb G %O%%r%o?g or

radi onucl i des %ﬁw%nznéﬁidéﬂq¥ I SN, 355,.90%, 99Tc, 11'In, 11),

fl uorescent |abel's (& ¢ . & &% b A ARSI JepRsmE daemHo Spivops )y enzymat i ¢
| abel s (e.qg., therrSeteaitdshaper. oxi daga] Ro@abassRsiias8ied Usi f g1 ase. al kaline
phosphatase}, &pgg&éﬂp}ng cent, biotinyl groups, °5 predeternlnéﬁ

pol ypept i de” epi LOpEs ré%“érﬁnzsélah By*4y $RCHimeREpign o8 fisr easiing seqgenge ieuci ne

zi pper pair senﬁﬁmaﬂﬁmmhhﬂﬂﬁﬂgcﬁh@@ﬂﬁé@ﬁh§§%8&ﬂﬁ§¥u@&%LbOdieS, net al

bi ndi ng domai ns, epitope tags). In sonme enbodi ment’s, labels are attached by
spacer arnms of various |lengths to reduce potential steric hindrance.

The term "phar macedtk Gein a@anbl Qqudicddas ASJUSS, i refers to a chem cal
conmpound or conposition gggableﬂﬁf indﬁ%ing a _eggggdgtﬁngﬁ%ﬁT%c ef f ect
when properly % ?ﬁséﬁ‘é‘?‘ ReGesgETh &t $1Est the exressios ehprstesying ef cminger ei n are
used accor di NGel@nEHNY SIHiEHOMBY aHS Affed. NThHD t exempl i fied by The

MG aw Hi | | Di(g%i onary of Chejr/ri cal &?per s ( g?itr ee?f,&l ) ,Coﬁ,seﬂ)ﬁ@’fﬁw Hi 11, San
15Fr anci sco ( 198%5 )Cerindgsr poimatlsd hgr eizaniby; nefreclemeeds, such conddle term
'*ant i neopl astskfucAGeRbierdlS MIGE HEHELD 1 Lalogagent s that. have the
functional property %f inﬁfbjtigg a d£§gE%%%LﬁFm3$$§$3ﬁ$3?§ﬁﬁﬂm6f a

neopl asm i n atﬁﬁﬁﬁﬁPnﬁ@#@ﬁ@dﬂ&Wk?Y@ﬂnﬂhkgﬂhnmmheamﬂﬁ@ayﬁﬁmk@&hﬂg, such as a
20car ci nonm, HBAER, arldy HARQER 00 el i@ lnhibifion of netastasis is
frequently a g?%peryy,of ant | éapﬁgé?#%%gbgﬁnge' thé I ySeRrder ei n,
"substant i &l | yePEREs” iesdeh tobhdude, s ecinssiniug, tdie cRhesRAl DA SPeci es
present (i.e. prRbhca ifQahs LS. Lt..ks nmore abundant than any 25 other

i ndi vi dual spécies in ?ﬁe‘%gﬁ%%é‘i’{ef%‘ﬁ’) A, PR e P cm rlsou skt | al | y
purified fracef@hones compmsosylivsonrenines éi advahepbi, 6ot cSREALEBEPNP! | Ses at
| east about 5Q.per | ar _basis) of all macronol ecul ar species
present. Gbner%@1§§gghg%%sI%ﬁgggfyvm%ﬁre conposition will conprise nore

t han about 80 percent of all macronol ecul ar species present in the
conpositigp, nore ef er abl e than about 85% 90% 95% and 99%
Mbst preferably, the ® jé%bm%%é%¥g§mﬂ§gﬁﬁ?Pf6@3‘%@“@§@%ﬁ%ﬁ%¢f@nhngeneity
(contam nant shewfledideamiodt least 10 bases in length, ecither ribonucleotides or

deoxynucieotides or a modified form of either type of nucleotide. The term

includes single and doubie stranded forms of DNA.

25 The term “oligonucleotide” referred to herein includes naturally
oceurring, and modified nucleotides linked together by naturally occurring, and
non-naturally occurring oligonucleotide linkages. Oligonucleotides are a
polynucleotide subset generally comprising a length of 200 bases or fewer,
Preferably oligonucieotides are 10 to 60 bases in length and most preferably 12,

30 13, 14, 15, 16, 17, 18, 19, or 20 to 40 bases in length. Oligonucleotides are
usually single stranded, e.g. for probes; although oligonucleotides may be

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



33 be detected in the conposition by conventional detection nethods)
wherein the conposition consists essentially of a single nmacronol ecul ar
species. The tem patient includes human and veterinary subjects. 5

Anti body Structure The basic antibody structural unit is known to
conprise a tetramer. Each tetraner is conposed of two identical pairs of
pol ypepti de chains, each 10 pair havi néB one "light" (about 25 |cDa) and one
"heavy" chain (i()about 50-70 kDa).. The am no-term nal portion of each chain
i ncl udes a var PRPEEEF PlofhG HBYENtIBO Cit DELOCIBET niRnes avr reotiseoseds
primarily respanshilesudr antigen recognition. The carboxy-termnal portion
of each chain defines a constant region primarily responsible for effector
function. Human |ight chains are 15 cl assified as kappa and | anbda |i ght
chai ns. Heavy chai jof d ; TP T I | ph or epsil on,
and define the ant?%%?i&ﬁs.qia%?f?p%%%gﬁ 5&&%%%% ‘f%ée&% alqg%?mglngm@aﬁ
respectively. W?E)ﬁibﬁnuc{egmlesm Thoaygleatiad: ndhe titren Vmoiidbd enapdidednst ant
regions are jagl Wi I Q01984 re.am acids, with

t he heavy cha?ﬁﬁggdsgy ihﬁrceffllug}cgllglg%qjﬂ[%e&}dgg% 0 dlg%%u g i‘g’s’tr%{rég AR no aci ds.
20 See gener aldrgupFand drreliteal Thentammolobgynuliaotide fitapés! ¥ierreth herdind ed. Raven
Press, NY. (1 (i [ d reference in its . entirety for all

pur poses). Thég‘%lg%ei)’ ablog}ggl{elgl%gﬁése%of b%né%%sl i gﬁg hedVy CMFW050%1¥M?,M m t he
‘ant i body bi ndipkgspbéredithiddiys, an phpsphotosdigGatant i bodyhdsgisorédiidpbaigi ng sites.
Except in 25bif ' Or_ D I.f1¢. antihodi es, the two binding sites
are the saﬁ}e. th@ﬁ&ﬂo%ﬁ%h% aé?’%ggsgl? mé%( t|‘3b§r§'fos %50%%3’93(3%}?%?1‘@& cture of
rel atively conserhs@binfheareldik dadi Bas1{FR) (] eHcresicdyt a1.r @a. byper vari abl e

regi ons, also PN=Y rent ari Ly, determning. i.ons. or . The CDRs
fromthe two c“ﬁgi lr?g'%g ggg???%geimr eta%l'eN”ac‘i%#gﬁbyﬂi#@gf(?%mkﬁ@ gi ons,

enabl i ng bi ndi4wg-Gpcar Bougs geesich | €53p(199pe. Zdnr emal- U8gsHubBbide® &t €r m nal ,
both I'ight and hFav%_ cgaipns C npri se.t he %P%TE ERI, .CDR1, FR2, CDR2, FR3,
CDR3 and FR4. “FREELES| dntef™eBt 12HP%6 BRi S aERfdaEh: &% accor dance
with the definidivenns PRd, obxiab@EneBeguesmes Sbc Rroieims. ofiehimugol ogi cal
Interest (Nati.onal.|nstjitutes of Health, Befhesda, M. (1987 and 1991)), or
Chothia & Leslé’zg?’s}\é)l %ﬁlw ‘1@63)5{5‘?@”91&}’6’(’? Bevieehothi €1%98) . thnat ur e
342:878- 883 ( 138QuresAvfhittfeat htebpmcdtbérRe bi ostalen@Nt ADOEYnh AR artifici al
hybrid anti bodgrh. 51 hav’iélgg two diifferent heavy/light chai'n pairs and two
different bi ndFhigelugesplebel fordstcetion, fdgsitelnodi es can be produced by a variety
of nethods including fusion of hybridomas or |inking of Fab fragnments. See,
e.g., Songsivilai & Lachmann din. Exp. |mmune]. 79: 315-321 (1990),

Kostel ny ei® al../ FhfniGHbt Seie&ﬂ‘."?l‘éhﬁ?bﬁdl%%Beff(“_’PgQQ])h?Felfhma@ﬁit@ detactatfhy speci fic
ant i bodi es maynd&etigEdRGigs Pl aRRAIRS ol i.ger. » Piabodi es' :
ol | bival ent ang by onore b gﬁ?i i f?]’rgixg’r?éeﬁ?hs‘# R A
(1993)) or "J&EhISPAE e (With (kg dBeation felggtively pyhridigectiofrivclesi avid efraphsi n

nol ecul es (Ja L ; : { QXA 6 VAL I d cells”
EMBO J 10: 3652%%2%3“(‘_1 Ef%{é%?hﬁ&%fgﬁ%%#ﬁé@% P ASRRCbY ILRELES SOl o
desi gn for bi Speeidld inding errmsrecifs sugleicaside rHigh pisingdhcs bokitiqnt 992) ) .

25 be used fo achieve selective hybridization conditions as known in the art and

discussed herein. Generally, the nucleic acid sequence homology between the
polynucleotides, oligonucleotides, and fragments of the invention and a nucleic
acid sequence of interest will be at least 80%, and 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 exanple, 85>% homology means that 85%

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



I s Production of bispecific antibodies can be a relatively |abor intensive
process conpared with production of conventional antibodies and yields and
degree of purity are generally | ower for bispecific antibodies. Bispecific
antibodies do not exist in the formof fragnments having a single binding
sitei(e.qg., Fab, Fab', and Fv). 20 Human Anti bodi es and Humani zati on of

Ant i bodi es Hunan anti bodi es avoi d*certain of the probl ens aSSOCIated
wi th antibodi es that possess rmurine or rat variable and/ or constant

regi ons. The 282NFREeHaEhgE SErnhimtiticnel Be twasedenicy ddnpratdidsarean | ead to

the rapid cl eapianee npﬁlaiihﬁmﬁg%ht@@ﬁ’g %§p % &Habr 4 8161?53 af’ rprgfgﬁgfwﬁb?t' on of an

i nmune response agai nst the anti body patl en Qoid the
utilization of CFNFHIEE Pfﬁﬁnﬂerﬁl\?wﬂ‘aﬁf ﬂmbme&sably,twhaﬂntdﬁemumsg ul at ed

that one can d@y@og?eﬁlmwét?eﬁ&s%kmoﬁbgsth L gell a%%asf ggafylnlf%ﬁg# $8h into a

anti bodies throu he introduction o uman
rodent so that eflﬁ@ Fedemplogpisl e thisoduce wat hdveid) ¥ shdpami-agn fidnkenhuman

sequences. 35kl AR clone and reconstruct
megabase- si zed human | Oiée:tﬁzlﬁﬂis W\ésg rdag)et atloﬁ P@ﬂ&é@gﬁﬁé}mrﬁwa 15 nouse
gennl i ne provi Wil ths nyaetontdata IﬁatappMCbaghp pua&jf uch dagtea@r t e afski onal
conponent's of y Qci neratlng
useful rmodel's Rgﬁﬁhﬁdn%%%gfjgggaggéy ?‘he %Fdegt “cz‘f’"ﬁ’ep@t Ollrlzlﬁtw@ﬁm@f Ssuch

t echnol ogy forN@i@bﬁthmedloﬁ RescamguBambiain (1071)) he iStp s ceguinal ent s

coul d provi e I NSi~g o t he expression and regul ati on of human
gene produtj:dtjs ur i hgj dg\s}gl %%erﬁo SERACrS PE%ﬁEﬁWﬁ&%ﬁredﬁorwnrﬁer@bher syst ens,

and their invdloveimenats if thettiasdaseids adyedat@mhand cfP@ B85ii0 et when AN
i nportant pracj | i.cati o ch a strategy is the "humani zati on" of
the mouse hurnol gf}i%ibﬁ%ﬁtgned syLee Bﬁ %ﬁ‘?ﬁdﬁ%ﬁmon Tt Crmriegrssprmdn gl sbul in (1 g)
| oci into mi ceisehheincto ﬂnb@ ﬂ:atdm@@)jtﬁ&tﬁedtﬁc gsquéﬁceh@v}?on{lé rgasse d.nactivated

g

of fers the opp un|t o stu t he me ni sns underlyi progr anmed
expr essi on andg%%s rbciﬂy eﬁ'gll}/“b ]éfsreg"éed\)\éq Rl 8% atnegian ¢fod weférencs- cel |

devel opments. Iﬁabmhcéemﬁe SeqEcd) @ Gt AlRAYheFRN Qeqﬂéxﬁé!' daqaichidgal, source for
production o nocl On&’b anti bodi es x) an i rrporfqant

m | est one tomé?flérfn‘%éuﬂokj FW‘{‘%G‘@‘WBC% FPEdisncgien, t @ttsmt"mmwemany human

di sease. to" is used herein to mean that the complementary sequence is homologous to
all or a portion of a reference polynucleotide sequence. For illustration, the
nucleotide sequence "TATAC" corresponds to 2 reference sequence "TATAC"

20 andis complementary to a reference seQuence "GTATA",

The following terms are used to describe the sequence relationships
between two or more polynucleotide or amino acid sequences: "reference
sequence”, "comparison window", "sequence identity", "percentage of sequence

25 identity", and "substantial identity”. A "reference sequence” is a defined
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 amine acids in length, frequently at least 24 nucleotides or &
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)



20 Fully human anti bodi es are expected to mnimze the i mmunogenic and
allergic responses intrinsic to nouse or nouse-derivatized Mabs and thus to
i ncrease the efficacy and safety of the adm ni stered anti bodi es, The use of
ful ly human anti bodi es can be expected to provide a substantial advantage
in the treatnment of chronic and recurring human di seases, such as

i nfl ammation, autoi nmmunity, and 25 canc®r, which require repeated antibody
adm ni strations. One approach towards this goal was to engi neer nouse o
strains defici EMPPTEH NBEEE QR BRYYLEY ot thetcownien pdiydualegdd sagamat s of t he
human 1g | oci  bdd aefubsdePafal RRinkiRAbSHER 4T Lg pradyce a large
repertoire of human anti bodi es_li n ?he abset%gel%@?w%ﬁu?g Kgﬁﬁaﬁgﬂﬁ%@é. Lar ge
human | g fragnEERIS8H SHvERed Ut s sliievaent prow teartyetwognlyabtlecrigener GhiMgr sity as
well as the prapekejueidl b RRcOf Lk uction and expression. By
expl oi ting the npuse machi &rllery fﬂg?d%an{?gg%éag egidt%’r(g’i Fﬁoﬁea\tri"aﬁf%oar%el ection
and the |ack ofPIALREIGHIE Y topirarinncequeBEst o thurman RoREGENSvert NE
reproduced humagnatdoRogNasePel taLLg LN;these nmouse strains should yield
high affinity an?)?boc?i es agai .nst&gﬁg 2 icﬁ%lﬁargfiofait%gl@%st o1 55¢4<98% ng human
antigens. Usi ngmiFdyhybr'cempristresfmiohdgys uent iogen)-BRACI k Gohstyam Mabs with
the desired spgeifi:GrtyLoH i,y produced and S5Ssel ect ed. This
general strat egg/llnvvas ge_?mnst%3?%‘&’(1%9‘%%%%8%%%3%?ﬁmﬁﬂeracgiéﬁ@p@m on of the
first XenoMousePaystdeiids sasepabiri shied dci 494nce 308 ¥ @6RpELaal -, Nature

Genetics 7;,3- h e eT". strai ns were engi neer ei:f W th yeast
artificial *%hr%%é%’%%é@w}c% éc}g%vgl:érsmf’ iE50H5 TSeRHGPS or00 T0Bng tscisi zed

gernm i ne conf isg@ueatdsomdt wagaenths peftidnher hiwm&yﬁlfé?e\éb{d&@@cju@ﬁéeofr}‘%eand kappa
i I abl e and const ant

|'ight chain | - i vel whi ch. contaj ned core varia
regi on sequen g}gg@aﬁl%ﬁ s'%ﬁ(goghﬁl%#rp%” EOHUHORS rfigloveres sybséitions, endeconpat i bl e

with the nousdikeyst.epakpo! tbphcimear IRBICTBRbaraNd BXRLERSEON. AL, &Nt i bodi es
and were capa ich sub§ti tutin r the inactivated nouse ?ngl genes. 15

. Rlvg do&s Hot ¢ ) ag 'fgo i . :
This was denmondtrated By PHES Bdiipas ¢ deletiond fereomimet bligmiesne bbeent , t o

produce anisaduivb -sequerceaUnByintad RE LRk aafcgteqaeﬁéésyfomh@lmgagtciogl dies, and to
generate anti qg-ﬂglpeci f.ic hﬁlma Mabs. These results also sugges?fled t hat
i ntroduction of % §&Y B50tP ‘B:FFQ Bt thentocplubrmplogy alewithworht Sinith ngd gr eat er

nunbers of V Fénesanaddi tipnaareouked of ygig! %?ﬁﬂfs?hqnﬁd? h%ﬁg%n%n fﬁ”ft?”t
e full repértol at is

regions mght , 20.recapitul ate substantially
characteri sti 8’*%?%‘3%@4&%%{43%8@ ésfeh S0l 148:44n 11850}, by ter@arcimuni zat i on.
The work of GfeesmedritAknetidaor PSS kil EXLE Lot he d niroduction of

i Ao ]%gd)%c%éé?&’ t(g}kf‘@ t hr ough

greater than gpproxi ely 80% of the human anti

i ntroduct izgn g?'gﬁ%%éggé?eb%F%@H‘fﬂr@éﬁﬁ@hﬁ@eﬁam glittmsd alporftAkisf(Gagpent s of the
human heavy cBaBUFITQEASRAM:aARRRTA Ght, b di9Sk s L €Spectively, to
produce XenoMuseTivi pice, See Nendez gﬁégﬁmﬁg?e&rcseé@ﬁagf%@a&%: 146- 156
(1997), G een &fitF® Jakolbsvsics (prpeiep. Gibel. 57588cieb88 DY MEAiOEB)Wisand U. S.

Patent No. 7, 86fwddd, of Mae¢c[8 6, .the disclosures of which are
her eby i ncor por at ed ;bg)/ rgfercenggﬂpgrg plolate) dré’dclﬁsijgbtﬁ}noé’&‘ﬁﬂ}esbefshrther

di scussed and?E8MieHetiteFoswing, 18, tivakightst NesentBR50089mE88y dvef @t Jul y 30,

25 comparison window) generated by the various methods is selected.

The term "sequence identity" means that two polynucleotide or amino
acid sequences are identical (i.e., on a nucleotide-by-nucleotide or residue-by-

residu 1 i i
& basis) over the comparison window. The term "percentage of sequence

30 identity" is calcujated 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



37 1992, 6,673,986, filed March 15,1993, 6,657,103, filed April 27, 1995,
6,114,598, filed June 5, 1995, 6,075,181, filed June 5, 1995, 6,162, 963,
filed June 5, 1995, 6,150,584, filed October 2, 1996, and 7,064,244, filed
Decenber 3, 1996. See al so Mendez etal. Nature Genetics 15:146-156 (1997)
and Green and Jakobovits J. Exp. 5 Mea'. 188:483-495 (1998). See al so

Eur opean Patent No., EP 0 463 151 Bl, d¥ant published June 12, 1996,

I nternational Patent Application No., WD 94/02602, published February 3,
1994, | nt er nat isefafcePin Bad Tﬁ\ppvmbmqfdnatmd PoviGoR5/A34096 thepmivhbes éd Oct ober
31, 1996, and I 98. The disclosures of each
of the above- c}é\erggd é?%gﬁ)ﬁgébyggr}héggtg?%&hs%p&% rg glreecr?(r:né)gng)fle Tgch‘%reby

i ncor por at ed byi-er.diicerisfaesive), nd eivitigying tetrgsult by 100 td yleﬁnhcajxetr&mm@tal ve

approach, ot her n [ m nal , ve utilized a
"“m ni | ocus" appr oghﬂ’%e T&%nﬂﬂe%e %rﬁ%csﬁégagiﬁyé tﬁ S&?Bg@ﬁb‘%ﬁ"%al ocus is
m m cked thrsoughamdtﬂezsammlf usrmﬂynoa&leqmdeces a(mrnﬁlavmdk@hmgreneﬂ)era‘lﬁ omthe 1g

| ocus. Thus, ne or.,mpre Or = one or %ﬁnel\s, one or nore JH
genes, a 15 mh’ <O ant agllon1 5%%5%%56%‘3‘0861?%? gt IasgPHPETESH ef erabl y a
gamma const ant sefqeglcemc)enanyepr&fﬂahgdauleﬁsomawsﬁmpérédﬂlctseqfueﬂceiﬂéﬁw n@Re i NtO an
animal . This aeg)ul_%gachI ggscrl bed in U. § Pat ent . 5,545,807 to Surani
et al. and U. S Eht'*Rlog” PETEN s SFRnce gidgsiay @’25‘30“5’&‘6@5t0126”€f65“~ne‘33 425,
5,661, 016, 5, 7¢QudR0 ova, 7/ 8pfafithn wiadob cﬁhﬁ]e@sl&SQﬁr@f&oﬁ&b {eonkigs geignd Kay,

U S. Patent No. 5, 591ﬁ669 to Krlr"g) foir‘r‘}s and 20 U.S. Patent Nos.
5,612, 205, '8, 789sIiE% fregusitly oygisa ¢dndg; pisatdeasiyp4-48 &H‘e}mds (8 P4tagpne No
5,643,763 to Chaill) ghtliohl)Rherea the GRARBAALMG! RiqBERALEQRA) 1s%a§u1aﬁ’&t
Application Seri al No 5, 569, 825, flled Decenber 17, 1991, 7 9 650,
filed March 18°oMRsEDE the reffwnessgaueneq 9 dhpreauimpe il mayggczudesd%mnma filed
April 26, 1993¢r Rid8iAs 348h bkl Eﬂps}wnyog%ss {g-igtgg’rcf&@ﬁ'cedécﬁ&éngé Wesnof 38

whi ch are hereby |ncorporate ref erence, See al so European Patent No. O
546 073 B1, | nE&RE#EEOIH) O‘Pat'é}r‘ﬁ refeIce SEEHEBFF NG DoVDSTmE0 8D 28w 92/ 22645,
WO 92/ 226415 VWQ82{€2670, WO 93/12227, WD 94/ 00569, WD 94/ 25585, WO

96/ 14436, WO 97/ 13852, and WO 98/ 24884 the disclosures of 5 which are
her eby i ncor por at ed by reference in their entirety, See further Taylor et
al ., 1992, Chen et @ .yl 393in. THAl Iwef {“,gjll a | 1993,
Lonberg et al. (1994)use Tayl | oF et ae b ? 954) %r%gual 1%1 O%de?éeéli , (1995),
Fishwi [ d et al abbrqviaighs) follewconentionss usags. (5?8 mewwl@we e (BEOr por at ed
by reference |gd1ég5rplﬁrs et 88 R@Qf‘%d‘sn f . Cited
above and assi glnleld t he I\/bdlbcal Resear%1 f}%sgg te?{:{%}%d&}@ﬂ%l? produced a
t ransgeni c 2frou 89bb§§e@518n@cfanomfgd lhorsirs by meferagie. uStereofsotnbe (mgr;l]:bocus

approach. The | r ernati on ci. ed above,
Lonberg and Ka%#,all\{l?% P@vﬁfﬂge E‘E&tﬁ%@ﬁ’%{fmg‘h@?}ﬁ? é“sugrit %eamo ‘%Soposed

i nactivation ofuck laeaemdmgrd:rsbmadrmﬁmead@s Notkyg aﬂzﬁz&omﬁ&se%cﬁb Tablds;uiast anti al
duplication of%tghe Sur an| n advant age. of the ninilocus

approach is the& Fapiarts 1%3% Hmwlﬁ (?ﬁldéo??@f et @3 i SHEAUR SRGPRRRHES &s of the Ig

| ocus can be gefgiepidetothepienint pabtRd. ERiR QMBI CRRRBRASH A&l V,
however, a_signifi c?%j di sadvant age of the mnilocus approach is that, in

theory, in&uf fREPdnEIYIPRYRPING ¥ SCarRry Pefaaes Q’N%Ng}ﬁmﬁﬂwﬂrw EAEI usi on of
smal | nunbers pbiyWysidd, @Pghodpidenss; NIesHerdne N2 gk fppears to

support this concern. B-cell devel opnent and ant | Eﬁ(% pro t| on of animals
produced t hr ougeihviBisticite, 6 thydiexyivtios gsNapibegiinappd athes sanitedmindher ef or e,
research surr nj, . sistently been directed
towards the i galté{rhg ucﬁlgbﬁacg#??g hgw&ér#&ég%@ (r)l?%rfeﬁ)é) }ipéptl“% §a¥P Bd 25t o
achi eve gr eat grerett, oy lsfthapd direction inthe @hfior terntioal rdaemmtanﬂuﬁeemgm@nﬂmmne

repertoir e300f éulg&ro%% %l c%iboxy%erminai direction, in accordance with standard usage

and convention.



Human anti - nouse anti body (HAMA) responses have led the industry to prepare
chimeric or otherw se humani zed anti bodies. Wiile chinmeric antibodi es have
a human constant region and a nurine variable region, it is 30 expected
that certain human anti-chineric antibody (HACA) responses will be
observed, particularly in chronic or nulti-dose utilizations of the
antibody. 39 Thus, it would be desiraBle to provide fully human anti bodi es
against CTLA-4 in qgrder to vitiate concerns and/or effects of HANI A or HACA
response. Humani zati B RNERes spricHipd T@enTied, Sigilefhad end of sise-wasdddi scussed
above i n connegtynfiedMdt Be ; { t there are vant ages to
produci ng ant ?%oygi es wt hqﬂgﬁe%ﬂ}csg}ggﬁl %%}‘Sggﬁﬁﬁ%ﬁg&% Oggﬂ‘g’&f”séré‘?&ghi s can be
acconpl i shed PRYESHFEEE Besiyentes 1§ refaetiiip geiths SodirdveimanTizadiicononand @i spl ay

t echni ques USIINGIAREE QR4 Il Les.. It w.ll .be 10 appreciated that

muri ne anti bodi es or gﬁtqag%gti es ?%lrlﬁ%%f] Sel% rsege e Esaﬁh@bgmﬁﬁﬁlfﬁﬁ’?zed or

pri mati zed SusidHEFHCBCHATGORET SRS Pn ln HRMA. btrantl heviag the sS0€ s@uhce 2Bt er  and
Harri s | mmunolynt; 1435 ( ) jght et .al. Crit. Reviews in

| mmut t ol . 121%@%@?%%8%‘% %éﬁggt%ﬂggbggh%%ﬁsgﬁt FariBeddhgineer ed by
reconbi nant DRNApstreash Atajaeess't scquipstregiotseort e IONK, stG@hi haiiiBihe Lambi Nge

domai ns, and/ Qg the bt r main wth the correspondi ng human sequence
(see WO 92/ 02180 and d{% . a"‘?gﬂ‘?“ 1 W%?E@o?fﬁ ,°f§’,e§§§?‘(§‘89§m5ﬂ"693, 761,
5,693, 792, 5, Viared30ss GownSrcamAe@8hdes”. Al S0, the use of I g cDNA for '

constructi,gn of chinmeric inmunoglobulin genes is known in the art (Liu et
al. P.IV.A'S. 84:3439 (1987) and J.|munol. 139: 3521 (1987)). nRNA is

i sol ated 20 from aAhyiyliedsomolypepnidhgthecRinh "RIRAHE] NGertiRe i hgdy and used
cDNA of i.nteres be anplified by the polymerase

to produce c T y

chain reacti Eﬁ% 15 ﬁgﬁ SHEEIFS ¢hsY ng?aély(rt‘%.g%‘?ds Fah asNyshe rog@ss Lo and

4,683, 202) . Abt BERTEIIvediyg defabl uaiights, URHE A1ksS66 SENBY 04501 ate the
i regi on of the

sequence of i nt erest fT@?@ DNA sgguence encodi ng the variab

antibody is tREHY EEFPE F5°9 0P stearnce adinty, swauendedly The sequences
of human aonstemt%r;e@aanse@ezﬁtﬁsm&’ayy,%df@bﬂﬂq)r'bf@ragﬁbﬁtlﬁ&ﬁ B e 4991
Sequences of Protein f g%%gyrrg | ogical Interest, N I.H pubq I cation no.

0 , t _
91-3242. Huma ' EFeli®Biy ¥ eTSFIRURIPISHIORy ayhiciinire nbr Wemtkalodifferc] ones. The

choi ce of i saby penswirdivbe agihodedidbyulshgLggsi r es., el or,functions, such as
conmpl enment fixation, or_activity in 30 anti body-nSerggtﬁ}aer??m(L:éelaflﬁil ar

cyt ot oxi ci ty. SUPYFREYHORT defer 4t Blerclpagaabitty. of geRiues gOBnamimilag Glle

Particul arly deig.eFbeexngid, WP Of xR i hes. of .. invent.ion are | gQ&
and | g04. FEi 1{:3%?( of the hurranﬁlﬁ?%ht chaiagﬁggﬁz]flgﬁltléﬁr%g&im ﬁ§?a]ﬁsa‘5pa or 40

| ambda, ndY DEYYSedianitTheaing MuFne, mbisviebined: gmp bbayinb scittteningXpr essed by
convent i onal AREkIHEBFeroxyl side éHaInE@@Q}éﬁé E%%&%ﬁie%%%go%ﬁ%% Yo £(2131)2 and
orel n,

vV
Fab may be prepared by cleavage of the intact p Mo 43S o ot ease or
cheni cal cl ed#¥fe amids-oaptaimipgsiis ehajns ia asparazont e gentidcSa gasp pred. For
exanpl e, a Chifi ,5598368NGRGRLE paortion of the F(all)2 fragnent woul d
i ncl ude DNA seaueﬁces eng%dl&gg [Ekﬁgﬁ&l—f%a%%n%i Ohegﬁlﬁ{a n gé"rﬁ)’sé‘tfi (S‘Hgof the H
chai n, foll oWeHCBEna2 groanf aminorraids By ‘saidaiidet dhayk & Wsikd@rgtfisncat ed

ol ecul e.251 N ANGGRARS SAFDero P BARNSNR: ASIHEDEGR, SIGo0I N L he heavy and i ght

~contaimng side chains 1s
cysteme and methionine. Preferred conservative amino acids substitution

groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine
2

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

30 As discussed hereirn, 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



to chain J regions may be used to design oligonucleotides for use as
primers to introduce useful restriction sites into the J region for
subsequent |inkage of V region segnents to human C region segnents. C
regi on. cDNA can be nodified by site directed nutagenesis to place a
restriction site at the anal ogous p05|t|on in the human sequence.
15Expression vectors include plasm ds, % etrovi mses, cosnids, YACs, EBV
derived epi sones, %¥£ the Iike. A convenient vector is one that encodes a

functional Iy cGHt BEESHHFRSA MBMI: 2ldeast AivarTaee oEdtrRbly selqueRes, 96kt h
appropri ate regtyifki 9RsS biessdNgbneergd fchhat any..vH or VL sequence can
be easily |nserted and expressed. In sucﬁ vect ors, spf|C|ng usually occurs
bet ween 20 t HEPIAHTPRIE aEfotiBiemeiafed. iGonsereativagenlacethedts alreegmserthzam:ket he splice
acceptor site precating LhSyhWBNAE LRGP, 2@ | i ce regions
that occur w tpﬁ{n the human' CH exons. Pol yaarer}gﬁé%]llgﬁ Il gf;rgg&&,rl ption
terminati o odEUFUAEY FAEP4FE ERMRvmEOMIE 2eherely dbvinst nr&tarfamfhet hel)codi ng
regi ons. The negkkidpRg:ehbiBhLG: ant Lh9 y _strong
pronoter, i ncl udi n E!pr et I‘O\gll ral 3%) ym EQ%{}I %Orpl ?hfle gﬂoﬁ?ﬂ er,
(Okayana et alpelaftsfaninge aline Blepcineg l@mcl(ﬂm,gﬂg)u)ﬁ;, pRauSaismecmmmus LTR

LTR (orossched? o4 i dlest b0 e e Dty Bl e 0 £ 1

Furt her, hunmaretsst ﬁhrP@mnestymm‘a MMdrd pdfmdffmmmrhemm&p@ﬁ|t1&501ﬁﬁd1arb e

30gener at t YR hn ies. including, wthout
limtati oﬁﬁ! pﬁg}g%ggpg&ﬁg %}‘é’f %J\E/nlt %&I %lds%}lt afiney ?rﬁﬁoﬁ?ﬁge'ﬁq@%?‘% and ot her
t echni ques, u§irm ; tdapinsi (felgrs, Wwekine kndvispléwinkhere aint aipagict heniresuliti ng

nol ecul es can o 41 additional maturation, such as affinity
mat ur at i on, ag sy E tn% %ﬁﬁi I}qu% a%“%t R KRR LY aF 7. o epPlght and

Harris, suprais rdalmme'sleandexﬁbandha‘naam Bm&duSﬁla&%;eﬁQ%? ﬂ&ﬂ&n& 1987 (ri bosonal
di spl ay) Par i and Smith Gen 05 318 (1988) (phage display), Scott
TIBS 17: 241- 2E§Fezv‘i§%%vah&%ma?|aﬁ’a§?te b 2plemiy A?ths‘ﬁoem wstga -S6882 of 1990) ,

Russel et 1al. s Nmm!ar réiticdmeiRad af eknodid 084 'aléi’&étufaiigg]?&%ted {59191%1%_?_(% 8—|eg_oa|80 84
er

| mmunol . ReV| 43-68,(1992), iswell and M
(1992), and U 8% I%aJ&SEfgaé%opf% ?”ﬁdmél %Vppréycﬁlﬁc%&eo@ﬁlégnare utilized
to produce anh'lobOﬂiE&Spéckh'ﬂﬁf iBtherepRtenitaliBaes nstigko 120 PRd) 68q GAA;LE humani zed
as descri bed %bove 10USRR§1 t hese techni ques, antibodies can t)e gener at ed

I

to CTLA 4 expP&ESTHE SBe| Mecthemmpmng f‘%‘élcha“gf’ BFSHYS w2 metana) peppiit opes or

peptides ther enfreadilytheedapir@aed 6P atsblihgihepedine hohdy (F8% ?Ub%) {IJ% Pat ent
No. 5, 703,057) which can thereg@éer be screened as descr cf ove for the

activitied’ defFPFREd ABHve Te1daaArd i Agell Getemer Fragmonts Antanﬂggfyofl'her apeut ics

As will be apgfiesdia @dmmﬁnog@blgﬁﬂﬁm@éd ¥ &the%md 21%"% );,kfhl '-A'
expr essi ng cells. Rather, one_generally desires ty it CILA-4

bi ndi ng wi t h FE@ay;skiiiadhs gt pfrefegad ammoc and Cadmwr‘imgulc}éfrﬂmntm of the
maj or 20 necmlogmchhﬁ@wg&hn\ﬁmeghfﬁﬁ&ﬁé}ﬁﬂaﬁ%ﬂlﬁ%‘ |Shrufflal 2nd Sndfipouah fixati on

.of conplenent and participation in CDC. The constant region of an antibody
pl ays an i npofausifts spbe liiw’ﬂ@@m%@qmmsw Pl‘ﬁhamu@mudb(adnybxsmajlnnlabidy to fix

conpl emengs andqRatd idaiaPad Subi: one S the isotype
of an anti body to either ruowg : t e E% ?‘%% day E]i tﬁ%ttl on, or
not. In the @mpyggecdo torpprgsqy @s@n@s ﬂlﬁvmﬁiﬂlfondmy@neé@hxbcy mésfsr@nt i oned

b tibody that kills th
Cells, Ther o ‘A ad pokul Pnt hEA R Rl o derie B8 AT PG Sisobpab o of

conpl enent f |Sf(ra@tw@r4né’ndfu@@©p Mﬁdiocidiong¢nuﬂy prio@ir sehhdﬁbés&ﬁdt%ld i#the foll ow ng:
muri ne | gM Ll uman I gM human | gd,
and human | g% {i]‘ﬁigé% yﬁg%tﬁrggﬁs SWHmQ‘?"HE%hale&qur?ﬁﬁ 6fi mi tation,
human | gG add®Hunéms| gﬁéforegomg examples demonstrate that those of skill in the art

can recognize sequence motifs and structural conformations that may be used to

define structural and functional domains in accordance with the invention.



It will be appreciated that antibodies that are generated need not
initially possess a particular desired isotype but, rather, the anti body as
generated can 42 possess any isotype and the anti body can be isotype
switched thereafter using conventional techniques that are well known in
the art. Such techni ques include the use of direct reconbinant techniques
(see e.g., U S Patent No. 4,816, 397),2%kell-cell fusion techniques (see
e.g., US. Patent No. 5,916,771, filed Cctober 511, 1996), anong others.

In the cell-cell fusion technique, a nyeloma or other cell line is prepared

t hat possesses a hga hai.n wit.h any.desired isotype and anot her nyel oma
or other cell Ii neﬁﬁe%éxﬁ(?e%g%l%dactlaafub [JELEEs & dpge | VIR (ki Teducsuch cel | s

can, ther eaf t euspepigilify e droadysa, (Bl fedhien@is@Rbi@sSiNExi@RidN@CLiANt | body can

be isol at ed. 1% Byg/va% of ex.angl e, the majori tg/ of the LA-4 anti bodi es

di scussed her BPfP8ERR f¥HOHRRE PEHIACAMPIRS. Yhelisdindinsffissiesseh ant i bodi es

possess desir ey donfetlionehotilly tobiRr Ghshrodh dBiLR | BnctiB Y iﬁﬂlgerf?és Sughy, ant i bodi es
i switched to generate a human 1 g04 | sotype, for

can be readilénaisoty e

exanpl e, whi | B*5E ﬁ%@%é@%?%&#ﬁ’éﬂ@&n@%@ﬁgo&m@qwgmﬁle(mcthed_efines the

anti body' s 15§£mlli-b&uﬁmgqjagti&m§u@te.l trer alabipl ?sﬁ%r or multi ze@&%ﬁ({ dingly, as
at e d RYuTa

anti body candi dat es _are gener that nmeet desir stru " attributes
as di scussed HHHFSURHEY @EICTEEKSPRIerYatiKe apinsvacith subsfititions) thaabt cert ain

addi tional "fupagd OBRl nandlily-bRutBs dehddncar I gdyth -t ype
swi tching. 20 Design alélad_ Ge){Ier ation ?)f n&r@ﬁ'ﬂ%g g‘pg%t F@g{% of $he In
accor dancé® wi PHyReR@dep calsElat thendeneinGh famainh atsgmolncutlére canthétyi t W of t he

anti bodi es t hafs@River RUHS edidaRehsahakACkEkk 2 LWy Lh respect to
CTLA-4, 25 the design of other ther apeutgllgg %daggtﬁtgg\% AEEaitG ot her

anti bodi es, ottfeRraaphaggimisies L therpagdne aidoetce fog.et fepcotire mmitaridant i bodi es
is facilitategouehl®dahili £5ett i tLhout Limtation, antibodies
having sim|ar o%i ndi r?g act ievHi tyeigr&%ﬂ%%ﬁs\g%g&iq ye,nk SVENEe Qﬁi”?tbody

t her apeut i cs, otBarctressobpasprdaif seucturt i thgdelescicrimyuhet exdin seqienek)r adi ol abel ed

t her apeut i¢s, i,on.of i rapeut | .gene therapies,
parti cul alﬁsy %nt. %gﬁiag;}?&gﬁ??ﬁéﬁgg@?ﬁ%?%3@%{}' 3%“?%%%5’5%3@” ecul es.
Furt her nor e, dgscrided ourgtahsabioweres drg dbkadtratridciphe t(Cengtadn, Bie W.43

ant i bodi es ofgt L.ovent.i nge isotype switching to an 1gd,
| g&, 19G3, I% %eﬁng%iﬁfigg&# gé’, ti%ﬁr"&lhsgr f@?%ér?’z@ﬁggﬁtﬁér dtitFE uses. In
connect i on wi$tectihe(QEnexat el Fhozdvdn CGadamiiblisys, ey FpRUNITS,

(1991)); and Thomton et at. Narure 354:105 (1991), which are each

26 incorporated herein by reference.

The term "polypeptide fragment" as used herein refers to a polypeptide
that has an amino-terminal and/or carboxy-terminal deletion, but where the
rgmaining amino acid sequence is identical to the corresponding positions in the

25  naturally-occurring sequence deduced, for example, from a full-length ¢cDNA
sequence. Fragments typically are at least 5, 6, 8 or 10 amino acids iong,
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 & 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



where conplenment fixation is a desirable attribute, it may be possible to
5si destep the dependence on conplenent for cell killing through the use of
bi speci fics, imunotoxins, or radiolabels, for exanple. I n connection
with bispecific antibodies, bispecific antibodies can be generated that
conprise (i) two antlbodles one with a specificity to CTLA-4 and another to
a second nol ecul e that are conjugated tBgether, (ii) a single antibody 10
that has one chain specific to CTLA-4 and a second chain specific to a ‘
second nol ecul &indipg cqudjtions. 2% phifiyeo @Wr{:%ﬂ thoeiyngt Wik ithasceppmcificity to

CTLA-4 and thesother, mliseil eriotehpiaaeeth 1";%,&%' odl8s can be generated

using techniques that are well known for "exa in connectionwith (i)
and (ii) see elypicalicanlypertsle applogs ompried 2 dutdreatiye 4nii@ 81d (ubS@djonand Wi ght

and Harri s SuRy %ddx?&fi ok rheile@g@lg,gtgt%%gv\% o Bie Gddioh 1}28&&%11—% e Tr aunecker et

al. Int. J. Cancer Suppl) T "kappabodi es”
(111 et aI " Dawdlem tmilxmﬂwamm acadshydlg iptkfératty OBk B0 ainmedomai N Wi t h

properties of L ya i_abl e re ions" Pro e| n Eng
10: 949- 57 (199 n"%@n?{%%gf g‘%a&t@ o5 8 as0a SRdengthy el of ecti on
of a m ni body Cpmlllryipeprﬂjrmtitﬁmhl bitor of human interleukin-6" EMBO J

13:5303-9 (1994)), "D abodies"” (Holliger et al. "'Di abodies': snall
bi val ent and bi specific antibody fragments” PNAS USA 90: 6444- 6448 (1993)),

or "Janusi ns" (Tr almeckenaegs alk con’BioSp,emied ixmtiﬁip}gh@acédﬂﬁ:iaﬂmmdn?céd' es
(Janusi ns) Y% ct}/dteo OXI r?é%g cyt on H.V inf ect ed cells" 25 EMBO J
10: 3655- 36 GRS T AT s gpay $°us 10y thess ioh then sl B@tRar desi gn

for bispecifi cThee:ag@m $>f ﬂdﬁtpeﬂtl&?aammejﬁouswmé tdinfeli- B2pfidd inktid®Yeral so be

pr epar ed. |.n conneqtl t oxi ns, .anti bodi es can be nodified
Do het as | mmiAGTEERRETGTT | POIHE doAPY Qs Aiats 20 190 VRbi n the art.

See e.g., 30 \irtighga UNHU30D (fﬁSdﬁ)ﬂncﬂ.ﬂvﬁﬁBt 119924 cher #.899 637 Patent No.
5,194,594. I n connectjion w reparation of radiol abel ed antl bodi es,

such modi fied "8H¢ B*E?di“é%‘?ef&lﬂ?q %’Es”amb‘é’ FEgERey &P@baﬁo@momswrmcﬁ@ntechm ques

that are wel | defowmd with thiaiting cad utexﬁ.%@nﬁ}iﬁﬁul HHBgRaNs: Cancer
Chenot her apy agag Bi ot her p 655- 6%6 (2d edltlaron Chg ngﬁa anélmf_tocﬁ o, eds.

Li ppi ncott Ravéth {19962 Ygéféﬂal“gdh@%uﬂqaax grffulNgsptides, 16&1'0686_“@(1 m 735 210,
5,101, 827, 5, iu89 Oun( %Eur%@c@to%xerap%ut%a)r éljophﬁgglc ’6?@%’ 90 enk

i nununot oxi ns and radi ol abel ed nol ecul es ely to ceIIs
expressi ng CTIPAPWO%‘%PCE:JHI% iSEUFERlY st do ceprgdign phlyedptith i, fanal bodi es of

the inventionRnge Jﬁﬁé @6l h€ biochemical ﬁroﬁ%?ﬂaﬂl%cﬂo%ﬂalt &%v%%“&r gLion of

t her apeutic peptides, through the utilizati uctural for mati on
rel ated t o20CTEZAbEEN AP, Baidhays oph ey wpts pegtidsHinkeges hmtlamli{ybqﬁhce& of the

invention (as bgjlas%&egdg@gd%&th%lgg%ggﬂsggn%no} ((liﬁ I\?ﬁml I gﬁfoé ecul es) or

screening of peptide libraries euti c pepti can be“generated that
are directed 1G5t~ CHECE--Ossiagntramtl sCPEBm+ngCBIOPRPI-denti her apeut i cs

oy e B SEEHAR D ORLE G, Aol BhESIRYES. 15112 421
13: 901- 905 ( 199%) amiBp akids afid cohgersus BagriesceBiidCol)- Btgﬂlbelda’]ﬁm‘ﬂhe same
25 type (e.g., D-lysine in place of L-lysine) may be used to generate more stable
peptides. 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 refe_rence); for example, by adding internal
30  cysteine residues capable of forming intramolecular disulfide bridges which

cyclize the peptide.



15 3:510-513 (1992). Irnmunotoxins and radi ol abel ed nol ecul es can al so be
prepared, and in a simlar manner, in connection with peptidic noieties as
di scussed above in connection with antibodi es. | mportant information
related to the binding of an antibody to an antigen can be gl eaned through
phage di splay experinentation. Such experinments are 20 generally _
acconpl i shed through panni ng a phage lilbrary expressi ng random pepti des for

binding with the antibodies of the invention to deternmine if peptides can-
be isol ated that bidmibody" euoesf Peptidga)t aefar epart opset ianfilsdgabi an can be

Pandom pept | d LRt IR REC ubliBl ot Blteh ORIS Sonacl ARG B Ge 5 oy
12-mer | i br ar bisding PRiiing/ fritmpinischee frodnered by beampidéht DRAGeBniddes, lo2 Pept i de

7omer 1§ brary b St ERlf R ST i B 6F nis Rt el D608 583098 ndependent
cl ones, whichinciege EsigIRaB'", FEBY,, Fb,fanﬁ@tng@d—d:hmﬁ;ﬁné%bﬁﬁ%i an%btog 0&3;89Xp233 i ble

7-mer sequences. The 12-per library contaj y 1

i ndependent c&‘ﬁ%ésg’éﬁﬁ%’ﬁeﬁf e@é“ﬂ?%‘m nIW*‘%P‘i)’é? YndeFRRad 18 RAYH G268 OBTts t he
potential sequigmieg sispadatied. 20ifivedfsubstndflAndBiRbeSRBWMENGEsor Each of
7-mer and 12-ner libraries are panned or_ screened in accordance with 45

t he manuf act ulPdrOOUPFRERENREREER 35 G1eest of aptibedy rpfusesthe aranetycagceptoni t h an

anti body to CRldre chinBr@Bpid B aldas aBbilmy 408, 04! o-abi, -herRR | 9G Fc for
an 1gG anti body for exanple) followed by washi ng. Bound phage are el uted

with 0.2 Mgl YRrheTRre hyHpbeubsSinas meagireinmagn girossipettiveriieding i fi cati on
at 5 const ant zsgdyi ngency (0. 5% Tween), through use of DNA sequencing, one
can characterize clones fromthe libraries that are reactive with one or
nore of the antibodies Reactivity of the peptides can be determ ned by

ELI SA. For an additye988 “gitgkti il £F Shkt : ' f | des see
al so Scott, J.K. ang Smi teg,é% P. uSci efrb{(?g Zlﬁéa@%g@ﬂ%gé%aﬁgg&sﬁ)&% rla et al.
PNAS USA 87: 687818 togB3Bmupagdoin oF §icplé recentora| Epitoptic NesbrmiBingd usu@B?2: 301- 310

(1991), and Kywabayr @hé?ﬂiceﬁ!y- acthNl st rEce %ﬁ%@ﬁfg@ Bf)llng%é(ulésgshlz}ﬁ £s7a§nixg% gc?cis) ' The

desi gn of gene and/or antisense the utics throu convent 1 onal
t echni ques | soradued $ide ichaipsaedi uiuaio digte sprsifior Giee ndimensicent kowtur8uch

nmodal i ties caR,Rekliligednf.oL d d NGL.i f.CTLA-4. hi
connection ther e\;sxtnet%ct’ﬁe 15 an%c?gogillagé %&E{C%gs%g'eg%ﬁfq&foﬁyésnﬁ@ﬁ facilitate
desi gn and usweaficalyhodisonatigea sday the diskatiadn chvetaat 8.s1AMasifgabigand st rat egy
for antisense erapeutics i.s discussed in detail in International Patent
Appl i cati on ﬁoiwgﬁ?@jﬂﬁfﬂfﬁ%i‘sgﬁn}gﬁd strategi es for gene therapy are
wel | knowse However, in particular, the use of gene therapeutic techniques
i nvol vi ng intraboq%es coyld prove to be particularly
¢ term “agent’ 15 used herem to denote a chemiical compound, &
mixture of chemical compounds, a biological macromolecule, or an extract

made from biological materials.

25 - As used herein, the terms "label" or "labeled" refers to incorporation of a
detectable marker, e.g, by incorporation of a radiolabeled amino acid or
attachment to épolypeptide of biotinyl moieties that can be detected by marked
avidin {e.g., streptavidin containing a ﬂuorescént 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



20 advant ageous. See e.g., Chen et al. Human Gene Therapy 5:595-601 (1994)
and Marasco CGene Therapy 4:11-15 (1997). General design of and
considerations related to gene therapeutics is also discussed in

I nternational Patent Application No. WO 97/38137. Genetic materials
encodi ng an anti body of the invention (guch as the 4.1.1, 4.8.1, or 6.1.1,
or others) may be included in a suitable 25 expression system (whet her
viral, attenua i - - Vi . naked,  or her wsse)s a m ni st er ed
to a host for Fﬁg3¥%6ahéﬁ%?@??&%%%Poﬁﬁgﬁg%‘?%bﬁ% ﬁ; tﬁe ﬁoggﬁggﬁhl

nol ecul e t her apdat i '€ gﬁh,dhgamhetehbémiongdIﬁmcaeﬁ@ﬁﬁ@ﬂgekmhkﬁdghe pr esent

i nvention. Drugs. can.be designed to nodul ate the activity of CTLA- 30 4
based upon the porschsoésﬁt Ef‘zﬁ’{}]élh?i}%ﬁl,s ﬁ%@wﬁ@dﬁ&(g@] EFREYasEr frdalastosidesauct ure of
the CTLA-4 nol eiftreseandiialie | pHosftacké)Onenwhiinintbeh, MiLE&H! esolfs, accor dance
with the present .invention, such as the antibodies of the invention, CD28,
B7, 46 B7-1, B9E  TELRENEE BaROnSs TERORRSom g deFoagip apdrier desi gn

addi ti onal t heleageybipSermmetadeliidness, bloditdkites 808 Hndal Al @R ales IfUg; desi gn
t echni ques such %Sg X-ray crystall ogr aphé;, éorrputcer-ag}?gggg% or’ %E@} st ed)

mol ecul ar modePPHHe CEARRE cPERAMEL all Saicormbpganintsaiabele ast attrchas ey acti vity
rel ationship ($2ARkmATa$dudldngths tfﬁ‘&&&%%f@:}l@z@sﬁﬁc ﬁxg&]ra.?é% utilized to focus
IC

drug discovery efforts. Rational design allows pre ion of protein or
synthetic structures which can interact with the nol ecule or specific forns

thereof whigh can bgeus@d SR I N e ;ﬁln&[”gast Q& %gxte%nv%jetflgrﬁqf CTLA-4.

Such structures can be synthesized chem ca I expresse Bi%l ogi cal

systens. This dpicchedmand peeymposiipe werkbienolGapmiy wetesitBd alerapSativet i cal |y

Engi neer ed Hungp..dHgs b GoghX b - ess, NY (1988))..1ndeed, the

rational design of mﬁgﬁgs ?g#%%g&f ﬁ%)g%tgtltl%gsa}beéﬁ fin&s.)tﬁ){ #@PF %‘é{emsrral I

nol ecul es, or arhasdd ieyrdipgsie Fouysoronehommge iortheleltj neateathiifisd yCrisr e- activity

rel ati onshi ps 0 .l ec h a nt i.badi in gccordance with
Sl IR R RS 9D 25 A0 100 Fheciy I8

the invention) has becone gene y routin t>415 al .

" Speci fi c, 13 r risesissd BI85 nemotrioveddd fereinby tdfeeep). der mal growt h fact or
receptor and erbB2, by a new class of tyrosine kinase inhibitor" Proc Nail
Acad Sci US A 95:12022-7 (1998); Hoffman et al. "A nodel of Cdc25
phosphat ase cat al yflhe tehon'nineapldstiCigentitie usait bt sardfac RasRdnan t he

presence of a . I omayn" J |. Ri ol 282:195-208 (1998);

G nal ski et algabé?ﬁ}%ggﬁﬁcﬁag%g%’%g¥ ogé Fvdng Srdﬁvgej%neﬁlt 8t Bl RFAALES: p38--a
case study" ActeapiBimochi imiBed, pidicbhily Hhald@B7)cancdRUKOe8bn, duch as a
"Identification of csk tyrosin hosphoryl ati o ites and a tyrosine

resi due i rr%ortcﬁrr?fno?ng’r ST{P‘Y %éyﬁ%% ‘%t %ﬁ%?“ﬂ?"e" ﬂ%ﬁ’&&f’l‘}eﬁ FEpslagin 7535 (1997) ;
Singh et al. 'fSStuardyapepbasetniesplaiofgemspot ent, sel ective, and
irreversible inhibitor of the catalytic donmain of the erbB receptor
subfam |y of 25 protein tyrosine |cinases" J Med Chem 40: 1130-5 (1997);

Mandel et al. "ABGENusél kaew edgeahnseduait auRted PR q?séaefgrthgnti body
structure nodel ing' Nat Biotechnol 14:323-8 (1996);  Mon ardini et al.
"Rat i onal desPH{OMEPALY PEics Preserd Ut Bt Tgler basis)it s yoops abl@miaSkhaantagoni st s”

Proc AssOo@sAmMother individual species in the composition), and preferably a substantially
purified fraction is a composition wherein the object species comprises at least
about 50 percent (on a molar basis) of all macromolecular species present.
Generally, a substantially pure composition will comprise more than about 80
percent of all macromolecular species present in the corposition, more

30 preferably more than about 85%, 90%, 95%, and 99%. Most preferably, the

object species is purified to essential homogeneity (contaminant species cannot



Physi ci ans 108: 420-31(1996); Furet et al. "Mddelling study of protein
ki nase 30 inhibitors: binding node of staurosporine and origin of the
selectivity of CGP 52411"J Conput Aided Mol Des 9:465-72 (1995). 47

Further, conbinatorial |ibraries can be designed and sythesized and used n
screeni ng prograns, such as high throughput screening efforts. Therapeutic
Adm ni stration and Formul ations 5 It will be appreciated that

adm ni stration r, ' at it es in. accordance w t he i nvention
will be adninig?%?%:-ﬁ??ﬁ”%h@?gﬁ%g%ggwyﬁgwgé‘%§gyﬁﬂﬁﬁgé¥pgﬁﬁﬂﬁﬂﬂér agent s
that are incor purmsitidn cansiots boemialiabl Dsisglk mapromeiddalal speeieyed transfer
delivery, tolerance, and the like. A nultitude of appropriate 10
formul ati ons can be found in the formulary known to all pharmaceuti cal
cheni sts: Reni ngt orffts i@hautiec eutidectunboiancasiltbdied, Mack Publishing
Conmpany, Easton, PA (1975)), particularly Chapter 87 by Blaug, Seynour,
therein. These formul ations include, for exanple, powders, pastes,

oi ntrents, el didpdy Baxegre oils, lipids, lipid (cationic or anionic)
cont ai ni ng vesicles (such as 15 LipofectinTn), DNA conjugates, anhydrous
absorption pastes, oil-in-water and water-in-oil emnul sions, enulsions

car bowax (pOIyethyﬁ&ﬁ&mgbmﬁﬂhﬂthuMﬁﬁﬂQM&iﬁ&h@ﬁﬁk@%oﬁ@ﬁ&hg%ﬁnm%ﬁni'SOlid
gels, and sem_-splid m xtures %qﬂiainin car bowax. Any of the foregoing

m xtures may b ASPTBIST SaPEPPI H SRP HAISe gHs phaelipinéde ihrivsc cohdance wi t h
the presento i npaimitaving, onp et egbotuhad @Qﬁalﬁpgﬂevqwg‘g,nlcg’%e(q&@@ts(}h@ the
formul ation i t . inactivated by the fornulation and the formilation is
physiologicalﬁgy'o QEPECETIME Potier fbrehvihein ivgledes sutadaldé regdmiafi strat i on.
See al so Poweldbogt 160 to 't GOHRaRGH: LA Bl ral
formul ati ons” PDA J Pharm Sci Techno%fﬁggﬁggggﬁlf&%%38§§%§%§m¥ﬁ8 citations
therein for ad8fersAE Thafaibrry-Kenpal petien efl cadd o péfewt 8 @ndacarri ers 25
wel | known t o phias BREEHL ' ti of ;Antibodi es Anti bodies
in accordancela?thgﬁhe ?ﬁ%%%??@ﬁqgfgﬁﬁ?éaggggﬁy %pgﬁﬁéggggﬁth?ﬁugh t he
utilizatioff ofclasifighirdgent and pasubsle lightathainasHeavy whaibaat chbsifardsingn of t he
human antlbod%kg£%ggﬁ%pgmgggqggthQQ{&g@e. t &g9y3§%$h%%g§é&9%ﬁ§f|C|ent in

the production of endogenous, murine, antibodies. n, are
capabl e of  48ePrlsdueicngE. hesentvelrmiNitd ght kidrhenwt daitsase antibenkd bodi es and

are deficient J I f o i i | obul i n nol ecul es and
ant i bodi es. Té%%ﬁ%?gggégqﬁﬁpkggggafgfkggﬁfggg%gqgﬁgIgﬂﬁém%P%a scl osed in

the patents, aphthekerovizin ssedneleding e Resgdh of llaseth nord AandBasdsgr ound,
herein. | arg. r ferr e di nent , of transgenic
MoPargs %HJepJ[bf PuldONEYe Imrrfuﬁg{og]f B '??Pau , gg &pd g

production of m €e and anti bodi es rom i el Fh R3¥8 Patent No.
7,064, 244, fi Peags.Db¥e(i989)) Bneol898sd bihesfetme o st estirofy MhilCPurbsselyer eby
ure CGenetics

15: 146- 156 ( 1959, PSP SR LB MR i P R B e porded by
reference. sie. _

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, CDRI, FR2, CDR2, FR3, CDR3 and FR4. The

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



10Thr ough use of such technol ogy, we have produced fully human nonocl onal
anti bodies to a variety of antigens. Essentially, we immnize XenoMuseT"
lines of mce with an antigen of interest, recover |ynphatic cells (such as
B-cells) fromthe mce that express antibodies, fuse such recovered cells

with a nyeloid-type cell line to prepare i mor t al hybri doma cell lines, and
15 such hybridoma cell lines are screeéfied and selected to identify
hybridoma cell lines that produce antibodies specific to the antigen of

interest. W offababeguangesy Pt”@éfhhPfdm@@ﬂﬁfngla@daredan@éﬂmmlIiinshtm&spt" esent
invention forythe RE a f | fol A4, Herein, we
descri be the }p{r oduct?xgﬁ{aowaﬁg %{!p e yggi ggn(%lgggar I& ﬁ“le%]keg% B%lr oduce

anti bodi es sp&¥:3G1 17 6138T) Ahathiapy pl Helmiem 18-§83@199e a char acterization of
the anti bodies pro - ncI uc e and am no
aci d sequence analg%&g%ﬁy oﬁ%%cggﬁa andb? I g’ht li% 95‘?’ %baﬁ‘t. bodi es.
The anti bodi edengsﬂffEnmtnhdayjdhgld@hananrb abdrt@s dffsenssieginherei N are

desi gnated 3. 4.10 3,.6,1.1, 11.2.1,
11.6.1, 25 11é‘?pdflf%f§méddi‘%fan an%"”ﬁ‘e@%i al“’mﬁéc"ﬁ “&ffm?‘ﬁé“"&ﬂ{qgtf%ﬁ“es pr oduced
by the afor entet‘rl@bmimedtseehhkmg ofdsbattagnehtsh@ee, fell | Sonpivim & Bm@n | gHA heavy
chains with h ) j I ner al nti bodi es in accordance
with the i nve %ﬁp g%%é’@ 1’35\}2@9%{ QEQ% gP%?eLPYégaf {3 AP {A8038%essi ng Kd' s
of from abouuszs@m;grzhr bugidltahpbttspebﬁc Mmmfamsa HBabfefedYs aliddgiks>sol i d phase

or solution 3 ase. ences ng .t he ¢DNAs or genom c clones for
the parti g(hl a&og i % 8bi 2%5§ e";bé?‘mf.’l m’grbé%F%F RRERH f@ﬁmﬁlt%w tabl e
mammal i an or mu&mmisnammwm@)l drS“JanTlrs@ErsmamEkémt GRARREe any known
met hod for intr gg E03¥ cleotides into host cell, including, for
exanpl e pack?fc}j‘?gﬁegC YRS IS {ar?&écxt?foﬁ\"«\}mm@cw o H{\bindectadr al vect or )

and transdumd&ls”agmg JCR:3659d364p tmlylaﬁmqri&@cﬁé?%%ﬁ)“ﬁﬁus&y nefansf ection
procedures known in the art, as_exenplified by U S Patent Nos. 4,399, 216,

4,912,040, 4 W@“@Sfm%@r@s@%ﬁ%%e(%hlf@hf paten tSeppireSher €892)).ncor por at ed

herein byis efms@ER) of FiRcidc ARSERNEREL 88 2REQGEITBoHSS upon the -
host to be transforned. L}sl%:o Met hods f or |r%trodﬁég§t'l| or01 of é:Lh gro?% ous

pol ynucl eot i &@@P?Iﬁq WtRPRARF 8P CepYestienabaniiboicr aesdhmiclds anth éegagetof and i ncl ude,
but are not lguiytae0schBalifl Ok 8RB RIRESAERNH i §6LIEQ In b%@:‘a& %icylmt phosphat e

precipitati on rene nedi ated transfection, prot o ast ftusion,
el ect r opor at it mﬁgf/‘riopéloé SEmRERY RYEStE Sl@ﬁ%b@é@l&aﬁttﬁ émg- oFabl; &', and

pol ynucl eot i ql@,é_s) in |iposones, peptide conjugates, dendriners, and direct
15 micro injection of the DNA into nuclei. Mam*ralian ceII i nes

avai | abl e2%as hosts for expression are well known in the art and include
many i mvor t algzeg 68lphaki ReFuavalLADL SrhL e she Arerican Type Culture

Col l ection (ATCC), T1ncluding but no rmte o Chi nese hanster ovary (CHO
cells, NSOG HeLa cells, baby hanster ki dney (BHK) cells, 20 nonkey ki dney
cells (COS), hu e u n ce P and a
nunber of ot her n?%l %8&&1'145 %‘%%%Cn%ﬁazﬁfll a%n?neel S b?er?(g:ﬁ u%ohlétegu'f’%h limted
to bacteri al antipedist thal psssess, marig @l IathabEnaraiV@ocohaamsmgoﬁw EAPr €SS

r econbi napt 0 a SIS 0] the nti body CH2
domai n t%g]el ?’[r%gér?g %S%?hcoshg ?fl‘aéﬁ rra&ip’lgg ’bsg gt WHB’fd g p)r/event
changes in eofﬂgerant%dieher bmﬂmi)@em gmrmmnoﬂhahﬂ&ﬁﬁdﬁh@%p&mc andisor effﬁcéor
functions resu from n- h cosyl.ati The expressi on net hods
are sel ect ed%ﬁfndbet %h?gtben\t/\h#& g%@y Vﬁ}%ﬁ‘ﬁe‘wg‘tz@?“t?fem}#%&%srﬁt expr essi on
| evel s and pd@drad:emﬁmﬁldgoﬂlm Bt homﬂﬁxsd Ith#tdn%%aﬁTMeﬂ biunhingr properties.
Furt her, eXp?fgiﬁ? on. of antlgﬁﬂ %s of t &g{%on (or other noieties 30
therefrom f Cb?‘ o U EETBHE dBIY iminf’fb@‘é ‘e’ée B e dutisupipnacinunber  of
known t eshni gues. afibdyexaiFBbe inth he rdleatt 8inge BY HELaSEuaN drgER gene

are comon approaches for enhanci ng expressi on under

expression s e
c ePt ain %ﬁ%c}tﬂ’css having fully human sequences.




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 discussed in whole or part in connection with
European Patent Nos. 0 216 846, 0 256 055, and 0 323 997 and European

Pat ent - Appl i cati on No. 589303964. 4. s Antibodies of the invention can
al so be produced transgenically through the generation of a mammal or plant
that is transgenic gfor. the;lpnunogl obulin heavy and |ight chain sequences
of interest and pr oduc‘t‘i“‘“‘on'_ojfll;[ he antibody in a recoverable formtherefrom
In connection with the transgenic production in manmal s, anti bodi es can be
produced in, and r Ve[ from the mlk of goats, cows, or other mammals.
See, e.g., US. Pa?g’%ta%&gg.t°5°?‘§’§7’{“29'6?°‘*§f%613’ asessizpg ugpp loginth 5, 741, 957.
Anti bodi es i n bsCoruthne éntwididy e iploesienhoish R@ALERNHAYS besn..anal yzed
structural ly %gﬁrogd‘ﬁn&;t gﬁ&g&; .ténfcotrtnnxﬁiti on wth the structures of the 15
anti bodi es,” anfho acl d sequefces Sf {He ‘ABRWFENY Yaippazs oylstudehai ns have
been predi ct edndpaskdonn ac DNl seqdanees e obiall Nahatir gtgh RT- El(;gsgf t he

hybri domas. S les 3.and 4 and Figures 1-8. N-term nal sequenci ng of
t he anti bodi e?%ﬁr%g? e$§wcl§}1iﬁﬁtlﬂne°é SP%‘ EoRsrdeT sbsigntiethe’ meswllbs di scussed

in Exanpl es 3 vatidhdr Besarbamivaletts 2000 8rdvh@URE D -indSitRet i es of the 20
anti bodi es were, clgendtéﬁt ed\%{.o det er m %e affinﬁllut ilré_égh%gﬁeﬂe&gg%%%%.

Anti bodi es in*BtcbEAaRTE Qi t BF%%e §°RY e RTGdBHS ( AWchmadavelophant] yiikhe 4. 1. 1,
4.8.1, andio6. torkmamtitadiigsoné: syind, RUYE RciOMo] i fihniLles
(4.1.1:1.63 X 1010 1/M 4.8.1:3.54 X 101 1/ M"%ﬁl‘éﬁ’%@fﬁ%ﬁ B4R 1/ ) .
Further, anti BER8&H e anal yzed by isoel ectric focusing (IEF), reducing
gel el ectrophor esi &n( oRSrtadb AR, 25H1Z8HEXC, i.an chr.omat ography, liquid
chr omat ogr aphy/ nass s gctrosc}gpy ar?dﬂ)‘rrasls s%%?%%os%o%?%ﬁd%an@?body
production by THENHHI AF R haseakimrenne Spserx anpldectiBnattiufizgur € 10. 1 n
connection W itimfinbe&buRnale) aRakys ihgeo ' ies in accordance with

the present i ve{rﬁ%o_n, sch% ant i b(lr)lg? e;sn p?%bggdﬁd%d%ggmﬁ%?%ﬁ?nqsﬁﬁ%i tors of
CTLA- 4 30dnd P¥8 BIHYRRY offsrsi the obpagainits tofstuihehShetimmshy wlemghecul es. For
exanpl e, anti 2 @Snel Ly AGER8 08 ' .esent invention were
denonst r at ed tp[gg%l ock é:ailQLA-4 Q%ﬁﬁgﬁfﬁgﬂ?%ﬁgz}aﬁ;‘%srasgﬁulas SIRPISn Bpe Exanpl e
7. Indeed, maff} drelppraents Fugharinprsdivek ai sragy osdd preidsl & Ndddnemirsvent i on
possess nanonpl afoddRghs Up r s Wth respect to inhibiting CTLA-4
bi nding to B7- l%g%d B?- 2. q@ll}?t e?’, mgr%%c?%zgma%tgmg;ﬁs t%@’ﬂnﬂ%’eﬁﬁ?%‘i‘iﬂ‘possess
gxceg(entbselafé?ﬁtjuﬂﬁﬁziﬁr_@?ﬁ@hmf@easmtifgmfae;nﬁhl?[dthﬁﬁﬁ&?h@?ﬁgdg%ﬁ& o][ hl gd .
ee Exanphe 158BGL b¥ikd Wi ratjio.that reflects the degree o
preferenti al bi 1?ci ng gﬁﬁg\ﬁlﬁgﬁrggmeg%ﬁ? FERm fas imprmpgenicand glgrgiced to t he
mol ecul es bi rf@PAESMINSE o ewunelr navusk -Oariviatired Miabs @hd1@ls ohecuL es. Herein,

selectivity r - ee of preferential_binding of an anti body of
the inventi on&{i_%g%?'l%ﬁ-s %saﬁtg%rﬁg%“gﬁtc?@e?ﬁ@@ﬁ%i gB“EiW%"%%ﬁdih\@Wo ot her
mol ecul es suchtiblisSoR8he GPddted BPrRidearsubighl ad PRl b Mk Wb ugs of 10

anti bodi es of [ tion greater than 500:1 are common. Anti bodies of
the inventi oﬁh{?ggeahg?!%gnglégwga%ﬁﬁ%ﬁ%% & Pharmgimemimentincadexpr essi on
of certai# cytwki méh(rsqudle ragattd aRibadydadnfiNstykiohy cultured T cells in a T
cell bl ast nodel. Oge. Exag‘gl es 9 and 10 and Figures 12-17. Further, it is
expected that ant I BoaiRESacBAOVHE i EaRYasHo dRgincer mokdsi traimh defimionmt h of t unor s
| N appr opr i ate monselmtibb#P piddifon HdClatee HPnARSIOR: Ahmi S Sdel s are

di scussed in §xanp|e 1 and 12
anucipation 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 explotting the mouse machinery for

antibody diversification and selection and the lack of immunological tolerance



The results denonstrated in accordance with the present invention indicate
that anti bodies of the present invention possess certain qualities that my
make the present antibodies nore efficacious than current therapeutic 20
ant i bodi es agai nst CTLA-4. In particular, the 4.1.1, 4.8.1, and 6.1.1
anti bodi es of the invention possess highly desirabl e propertles Their
structural characteristics, functions, or activities provide criteria that
facilitate the design or sel ection of additional antibodies or other

nol ecul es astdhwpys padciap dhe regodiced rhuti@ru atibpdy generigiie iprth@smesuscof t he

f ol | ow ng: nd LA4W| ne or nore
of the anti bo ms So(’fuh{l ﬁel?%@@ﬁg}? %ﬁl bo% S‘Iigr%%&a%nggndl hit Ogﬁlétglpefsfm ty to
CTLA-4 as Onﬁlcﬁfdzﬂg)hlﬁnﬁf aﬁtﬁ‘@n&ntwéﬂqﬁtlﬁsh}@fldbm@ tbﬂﬂ@ﬂﬁgyp@nug’e(ﬂéspbmﬂdl ng

affinity for CTLA- of about 10-9M or %eat er and preferably of about 10-1M
or greater; hepan Mabs pids thodesreds sPocEiEd (RulA Poverdilyartadireth aetLA- 4,

i ncl udingy prgferably, nouse, rat, or rabbit and preferably nouse or rat
CTLA- 4; C%ross reacts with prinmate CTLA-4, including, preferably,
cynonol gous and rﬁmsuger(é‘fﬂAsﬁategﬁ wed ehiorstryted oin CEBbAecAimvarithCD%, B7- 2,

CD44, or hlgGl of, at |ea 100Q: 1 ar e nd prefer of about
300, 400, or &8GR GF %@a&gﬁﬂo Ousegv’ RS *B?@mﬁé &1 f B8 ni ng to

B7-2 of ab0u£1 10Q.mM Q*}e;Je%eW @ﬁéip{(}@b@' ablrye 5Xel40M§usezM btraifh Qveréar 0.38 nM
or | ower; in bloc CTLA-4 binding to B7-1 of about of

about 100 nl\mmcﬂerddomh }@mj kel elbblym@ma}s, (BACY), cantaifing, 245r kD asd ri M or
L0 o LRERIETSSTAL SlgSHtolt R BreteR LoD o0 O RLs, 10 V1o
bl ast/ Raj i a&ﬁayd f 180 WhaiR Q0RO Ehe@IveDS, ALiEK camdined ebes alhanlea 1000,
1500, 2000, 3000, or 3846 pg/m 15or %r eater;
constant region sequences. /d, The fuman Ig containing YACs proved to be
compatible with the mouse system for both rearrangement and expression of
antibodies and were capable of substituting for the inactivated mouse Ig genes.
15 This was demonstrated by their ability to induce B-cell development, to produce
an adult-like human repertoire of fully human antibodies, and to generate
antigen-specific human Mabs. These results also suggested that introduction of
larger portions of the human Ig loci containing greater numbers of V genes,
additional regulatory elements, and human Ig constant regions might
20  recapitulate substantially the full repertoire that is characteristic of the human
humoral response to infection and immunization. The work of Green et al. was
recently extended to the introduction of greater than approximately 80% of the
human antibody repertoire through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain loci and kappa light
25 chain loci, respectively, to produce XenoMouse™ mice. See Mendez et al.
Nature Genetics 15:146-156 (1997), Green and Jakobovits J FExp. Med
188:483-495 (1998), and U.S. Patent No. 7,004,244, filed December 3, 1996,
the disclosures of which are hereby incorporated by reference.

Such approach 1s further discussed and delineated in U.S. Patent Nos.
30 5,939,598, filed July 30,



An enhancenent of IFN-y production in a T cell blast/Raji assay of about
500 pg/ M or greater and preferably 750, 1000, or 1233 pg/m or greater; or
An enhancenent of |L-2 production in a hPBMC or whol e bl ood 20 superanti gen
assay of about 500 pg/m or greater and preferably 750, 1000, 1200, or 1511
pg/mM or greater. Expressed another way, it is desirable that IL-2
production is enhanced by about 30, 353740, 45, 50 percent or nore relative
to control in the assay. 25It is expected that antibodies (or nol ecul es

desi gned or $9A% hé33.284 fitieMerchod) ! 9RAvt.¢ . BRelibd Apile 7ol 9P5hédé4pYoperti es
W || possess.:si [ t e ri resent

i nventi on. ﬁ?éd?ulg??aﬁ%, ﬁ%ﬁ%ilggnfgpi?g‘?%péé???gséé%%%sgg dbgvsfahg%% of ten
result 30 f ré,mﬁ(mﬁm&img Qaotend, 19961 didt 7,004, 3, ﬁl‘EliMcbybq 3mb¥e lee afsp . e.

ant i body, e r | | I ecul m | ar
manner as anwﬁﬁ&?%% ﬁ"” ‘iﬁ%”e%ﬁgg ?ZIFGO}’]%((Iléé% an% haig d? 21{0%7 ﬂw%sék ‘or
simlar epitopg 18‘84t8he1953T1_9%) e Ex)mpeaﬁ@aﬂanemplmh@ nslyBeidrher be
adm nistered directly (i

ol eoul eg) TR bPRel Py, LEREIRGRRUFE. Mg Bl Sim NkUanges "

indirectly (bub%shedalrd%%w de1@i, thenhddeg peh@h AUAMERSNAN WanReodEsponse in
a patient (simlar to a vacci ne) wherein the inmmune response 5 includes

t he gener at | piblishedaPetplrsdil e d9tthatnd Vi 8848 e %@ﬁ@e%ﬁ“fiﬁ i1 1&P8-egibtope or an
anti body or t & L.6En20M NESldmali gp of
genetic mat eé‘%‘ggﬁ?‘{ghﬁ&g&lc&g e sug'ﬁ?%g%tdl |e§pgl§<’d§r%grrents teﬁerseof whi ch
bind to the haahylocrorpmmedihw@‘q:mm@pe)hen'ﬁhmty it will be appr eciated that the
epi tope on CTLA4 ant i bodi es nyen c be usef ul
in connection 10 atnha GH%%%? 3%’5?%% ﬂﬁergn Qg?ima\e%%h % nlgauggaeluﬁgés in

accordance vhdvb utiliged m&aﬂa}@@’ aﬂpﬂoa&nu@l dﬁsmgﬂg;cu@ag@bmean B}f@ﬁnmfsllgn is
often useful as well i act .that an ant to CTLA4

i
does not app@sks ]tgdmﬁilﬂi?dtﬂé‘mévp g’ﬁl ipefpion ALPIegs (& ‘§ gF‘f'ﬂ‘?f g{’ CTLA4 is

useful ). Thugcud NGLERIKE apﬁoﬁeovv\gé&b ABbE RO BS p@fes, tdAE of Meant g@ﬂesbh nd that
do not lead to the desired unctionality can al so be very useful.

Accor di nil y, malcopstetrieginmp| @ edsdcand eesiaaa eI HeRRlY HEEBBACORTAPENt i on are
ol ecul es (%gloﬂgg%'fsﬁefa%% %&@&Q'E&%MI ga Radiial "enis Ao iSi M | ar

epitopes as a ies of the i1nvention. dition to the fact that
ant i bodi es odestifitedi invéist iPerenahbb. t5r@r5§|@7ttop%§ammt2@ whd ¢hS.t Ragntbiesd ar e

cont enpl at ed, %ﬁ%@%ﬁ?ﬁg{%g% Skh Ph%ﬁ%‘bf’%ms BN 0148 PRVECORdYEL LY, FOME

prelimnary & St U I'es certaim dant1 bodies 1 accordance
with the invgstd, o addopambiguindKay, Ulse Pdied:. No. arid 1fohe t(ﬂ.Kriﬁlpinfantan(ﬂ)Odl es of

the i nvenot | Oﬁemﬁjg z{ténst t?@iz %5 %%?Lé%%,eé%gﬁ% erns I § ICPIL]-.S.St udies to

gener at e
Patent No. 5,643,763 to Choi and Dumn, and GenPharm International U.S. Patent

Application Serial Nos. 5,569,825, filed December 17, 1991, 5,789,650, filed
March 18, 1992, 5,545,806, filed December 16, 1992, 5,661,016, filed April 26,
1693, 5,814,318, filed July 22, 1993, the disclosures of



25 rough map of binding as between certain .antibodies of the invention in
connection with their ability to conpete for binding to CTLA4. To this end,
CTLA4 was bound to a Bl Acore chip and a first antibody, under saturating
conditions, was bound thereto and conpetition of subsequent secondary

ant i bodi es binding to CTLA4 was measured. This technique enabl ed generation
300f a rough map in to which famlies of;santi bodies can be classified. 54
Through this process, we determined that the certain antibodies in

accor dance mnthumhﬁ;wmyﬁﬂhlﬁ&xﬁ&ﬂk@b??ﬂ%ﬁk&QQQ%fgg 30%%%|'” ﬁgtﬁ Ehe f
0 efition for

E?'L'AZWBT‘%JE" ' PP 8 B o ioEaiseric ot Apnbsas
g F EaRetle PiFtth Aonbcatinot Nes. ; Wi axpsmsongetiey Wi t h
b R B s 1
e disclosures of
5 which are hereby incorporated by reference in their entirety, See further Taylor
et al., 1992, Chen et al,, 1993, Tuaillon et al., 1993, Choi et al., 1993, Lonberg
et al., (1994), Taylor et al., (1994), and Tuailion et al. , (1995), Fishwild et al.,
(1996), the disclosures of which are hereby incorporated by reference in their
entirety.
10 The inventors of Surani et al., cited above and assigned to the Medical
Research Counsel (the “MRC™), produced 2 ransgenic mouse possessing an Ig
locus through use of the minilocus approach. The inventors on the GenPharm
International work, cited above, Lonberg and Kay, following the lead of the
present inventors, proposed inactivation of the endogenous mouse Jg locus
- 15 coupled with substantial duplication of the Surani et al. work.

An advantage of the minilocus approach is the rapidity with which
constructs including portions of the Ig locus can be generated and introduced
into animals. Commensurately, however, a significant disadvantage of the
minilocus approach is that, in theory, insufficient diversity is introduced through

20 the inclusion of small numbers of V, D, and T genes. indeed, the published
work appears to support this concern. B-cell development and antibody
production of animals produced through use of the minilocus approach appear
stunied. Therefore, research éurrounding 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 (HHAMA) responses have led the industry to
prepare chimeric or otherwise humanized antibodies, While chimeric
antibodies have 2 human constant region and a murine variable region, it is

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

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



4.13.1 conpete with category A, Cand D C 6.1.1 Freely cross-conpet
one another; cross- 3.1.1 conpete with category B and category D

11. 2.1 11.6.1 11. 7.1

39

Thus, it would be desirabie to provide fully human antibodies against CTLA-4
in order to vitiate concerns and/or effects of HAMA or HACA response.

Humgnization and Displav Technologies

As was discussed above in connection with human antibody generation,

there are advantages to producing antibodies with reduced mmunogenicity. To

a degree, this can be accomplished in connection with techniques of
humanization and display techniques using appropriate libraries. It will be

10  appreciated that murine antibodies or antibodies from other species can be
humanized or primatized using techniques well known in the art. See eg.,
Winter and Harris Immunol Today 14:43-46 (1993) and Wright et al. Crit.
Reviews in Immunol. 12125-168 (1992). The antibody of interest may be
engineered by recombinant DNA techniques to substitute the CH]1, CH2, CH3,

15 hinge domains, and/or the framework domain with the corresponding human
sequence (see WO 92/02190 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 Ig cDNA for
construction of chimeric immunoglobulin genes is known in the art (Liu et al.
P.N.A.S. 84:3439 (1987) and J.Jmmunol.139:3521 (1987)). mRNA is isolated

20 from a hybridoma or other cell producing the antibody and used to produce
cDNA. The cDNA of interest may be amplified by the polymerase chain
reaction using specific primers (U.S. Pat. Nos. 4,683,195 and 4,683,202).
Alternatively, a library is made and screened to isolate the sequence of interest.

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.LH. 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 1gGl, IgG2,
IgG3 and IgG4. Particuiarly preferred isotypes for antibodies of the invention

are IgG2 and IgG4. Either of the human light chain constant regions, kappa or



D 4.14.3 Cross-conpete with category C and B; sonme cross-conpetition with
category A E 4.9.1 BNI3 blocks 4.9.1 binding to CTLA4 but not BN 3*** the
reverse (*) (**) Available fromBiostride. (***) Available from

Pharmi ngen. 10As a next step, we endeavored to determine if the antibodies
of the invention recognized a |linear epitope on CTLA4 under reducing and
non-reduci ng conditions on Wstern bl ot$. 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 rdeBbi PeY §¢ pedu iy BEns. dlureTeganiihodpgisttbemenprassed ccor di ngl y,
it appeared |ikglondalethads t he epitope to which each of these antibodies
bound was not a |inear epitope but nore |ikely was a conformational epitope

the structure of whrEbedrelecmave. pebris dbr SGRbethdurabenay édpripagddondi tions.
Therefore, we c?é?i'v'@gt of QFQQLI?{Etn"pfb?elﬂ\,h%t C')re%ya\l?t%t ag%“ % lc ri@aig?%g\%gr.ey dues

within the CTLA4 ol ecul e that are i i ndi'ng “ant i bodi es
of the inventidmadndy.nanneeatechatnews dasignéd dbr wasmple, eordluetc kémeet i C

assessnents of -1 . as and .t i ghly conserved
prixriate CTLAeEQJrrp geg %2350%(%@%%%?@62%? aﬁﬁaﬁéﬁgg e%ﬁ\ﬂ&zﬁggu@éf?&cor e 55
st udi es denonsheaingdthe Kl tomeain ahd hieget febiod\of ofe Bhehdimviehtwanbpaund to

human, cynomltggg%%gﬂ%g%ﬁg%ﬁ%%eﬁc{%B%T%%ngoq%u sane rate. However, with

respect to off-ra anti body had the hi ghest
affinity (slowest of bag apredachoconhenyen seqredcas tadodbif the deevWhitd ligytnonol ogous,
and a rruchwf aster Jorf fiE:zE at e e5ufa(art r@r.rmSEt_. 'Iihe. 11.2. 1 anti.body of the

i nvent i on, %on A8 'IEHERS RBHAS PS8 RERIHCIEHIRD fB1 65 38 S7™5Hd° nar mos et
CTLA4 at the afeudicd inefis aneictiat sitaaristohhs | adyiut fof AdsapeR: likhad bve of f-rate

for each of the.three. This im;%(;r mation f rEher. indicates that the 4.1.1
and 11.2.1 antPHEHICERCHF G HaR {uEROR SREBra Cretion FiPNASHE PaPiottisds on CTLA4.

by site directed mutagenesis to place 2 restriction site at the analogous position
in the heman sequence.

15 Expression vectors include plasmids, retroviruses, cosmids, YACs, EBV
derived episomes, and the like. A convenient vector is one that encodes a
functionally complete human CH or CL immunoglobulin sequence, with
appropriate restriction sites engineered so that any VH or VL sequence can be
easily inserted and expressed. In such vectors, splicing usually occurs between

20  the splice donor site in the inserted J region and the splice acceptor site
preceding the human C region, and also at the splice regions that occur within
the human CH exons. Polyadenylation and franscription 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.4.8. 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 lmitation,
phage display, retroviral display, ribosomal display, and other techniques, using

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



10To further study the epitope to which the category B and C anti bodi es of
the invention bind, we conducted certain site directed nmutagenesis studies.
Mar nroset CTLA4 possesses two inportant changes at residues 105 and 106
relative to human CTLA4. Such differences are a | eucine to nethionine
change at residue 105 and a glycine to serine change at residue 106.
Accordingly, we 15 nutated cDNA encodi #§ human CTLA4 to encode a nutated
CTLA4 having the LI O6M and GLO6S changes. The honol ogue repl acenent nutant
CTLA4 did not eddftwat! mitwalieny sbfh & BIIR- my@Rtidugis saciprecteques awdher
binding with t : Nt;) he.. .oV i ed.
However, such %gwééﬁﬁ%gﬁgsbgﬂﬁh%r?ggﬁgTv¢?ﬁhlI#gggy?ﬁmggépg%Sﬁﬁ%y to bind
Wi th the 4. 1. 19445719668/ (18P 7x (heooral dispdnti Rermiegiand Banitht(@na@d:ARists) . Next, we

naving a 1060 ShatgEe RRIRREk ARE ALk Pofy (28 Sy P B o

bi ndi ng bet weed.6378-6382(12%nRinkseldy ahMdct HednBesrosdt2 1 CORALOISLL 203D, | n

addi tion, we tated a ncodi ng_nar t L eate a ,nutant
mar moset CT LAZH a&f?or?én aEg %5%"%?8 Faga‘%‘t""’%ﬂ?ﬁ-“é@n/g@%& ﬁ’iﬁ}”ﬁ st or ed
bi ndi ng bet weeMcCiféert4. WRTEEM 1hOBHY4 ar9d2Y), hhed MuBaPhtefiTNAA 5,733,743, IfEach of the

category B through .D.antibodi es..of. the invention pear to possess simlar
functional pr o%@’rq%yi t%?nglﬁél B SRIA ﬂ%’\‘}gcetaﬂgb%g?séﬁgiaéq n"éﬁama& S'ﬁg strong
ant i - CTLA4 t hemaipelidsicen bgentamizeFus ddaibed @and. of the nol ecul es certain 30
cross-conpetition in.their binding for. LA4. However, as wll| be observed
fromthe abbve di sé{}%i 5e etg%]ﬂl%%’ tat%‘b?%ﬁfseﬁ?ﬂ &6 BRRFHE &7 f¥ Erstit

cat egori es appe@fesdisy dailn CTI0A- palf, drers 000TDAMM EpiiDAS oRbli@paRren CTLA4. 56
From the for egoidng, it \ga e beh a{%?r eci _at{grsl éhat I}&Rr;e ﬁgi tope .information

di scussed abovAdiFHFERRdLTETiFafheEl [FofEes>( DS Her: WoeOuthid cags di scussed
above) that cr@gs:eeppat@nyd ishicambidadiesr ok tiaiésnambeOmowt | | i kely have
certain therapeutic potential in accordance with the present invention.
Further, 5 it is expected that antibodies (or other nolecules, as

di scussed gbove) t h@lnerRIS7, ekt i, Lhadi es of the invention (i.e.,
cross-conpete with category B, C and/or D antibodies) wll |ikely have
certain additional therapeutic potential in accordance with the present
invention. Additiongld sd tpdrscig¥Pecise { [ i DreQther
nmol ecul es, as di scussed abol\Jlﬁe) thétqpcsr%esngll-agbrrngg{dg%giteﬁﬁl%ﬁa%%pbgdi es of the
i nvention (i.expregsingseclisonpatoen e tgceatlagdesirento Girgrl/ iokibib Glitd-hodi es) and
that (i) are . | heidiv; Ri-ndi t jmlar to the
112, 1 Anti bodu] i o B e MR ELARAR, REUIRSE of b kI | &7 e
(similar tethecchanisng shwprgipdyiichniantibadier ekiyl helise ix dhtoagn fadtiint ional

"

t herapeutic paoi,gntlhal: il AELAEHARNGE M h . he pigsent: .l 4. Antibodi es
(or 15 ot her m)Flgcu es, as ?éc_usse(?ﬂa%ove_ FIES;% 2 wAetB}e/%\?\n'ta{xtﬁ)%g%t egories A
and E may al sclayavas gepariiin relheinapenedton potieni aktiboEXAMBLIES 20ffhe f ol | owi ng
exanpl es, incl ld]q' RBciiNSd SXRELLIEN ES CondU nd r | t.s .achieved are
provi ded for i hst reaglgvg plwpppses only d%&g&‘f@ %ngtsg%}ésg’ée T set°¥ued as
| imting upon anhetiyede serither pioaiie itombilEXAMPRIipldmen? Seaivar atriodninahe
Anti - CTLA-4- Anti.b P LLur 1] . domas . Ant.j bodi es. of the
i nvention 2\L/%/er ggéﬁr‘}ggérpé%‘?g‘?é@? B’ Xeggr%h’ gssnsl%n)?gaec} ?ﬁbgﬁ%’é%’t‘gﬁﬁ?ﬁiw\ﬁo{ h the
present Exanplpesferred to utilize an antibody that kills the cells. There are a number of

isotypes of antibodies that are capable of complement fixation and CDC,

including, without limitation, the following: murine IgM, murine 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



30Anti een Preparation: Three distinct irnmnogens were prepared for

i muni zati on of the XenoMousem mce: (i) a CTLA-4-19gG fusion protein, (ii)
a CTLA-4 peptide, and (iii) 300.19 rnurine |ynphorma cells transfected with
57 a mutant of CTLA-4 (Y201V) that is constitutively expressed on the cell
surface. (i)CITLA-4-1eGl Fusion Protein: 5 Expression Vector Construction:
The cDNA encoding the mature extracel |l 48ar domai n of CTLA-4 was PCR
anplified fromhuman thynmus cDNA library (C ontech) using priners 10

desi gned to peshtssshedsagmepuant te(Bbody camhe ffotyrESywiohed floosiie1 988%) . The

fragnent was directi | 1.y subcl oned,.i nt o pSRS, i hdbks. vir Xpressi on
plasmd (I nW%VS’&W?{%E]éqlé]é@#g?tﬁée Wﬁﬂgﬁo‘gﬂé%g}eaatr?nssq\?gg?céﬁgpespfégltul de and
human 1 9G gajeaisd of bE&k)redthbih &AL Ehd do R nse., Tk Hausi old. PRO6EDT), does not
contain a hinge domain but contains cysteine 120 in the extracellular 15

domai n of CTeeN-llt Bistoprtashnicuss dbene gdither PatmpieNped Qi 67 AL Mle C¥folfhs cal | ed
CTLA-4-1gd/ The conplete CTLA-4-19gGlL cDNA in the vector was sequence
confi rma% i nplg%%é)sﬁlg%‘ﬁg&]e he am no acid sequence the CTLA4-I1g proteinis

shown bel ow. The mah#edl-edt fatel theHnddqued o mBicionf06r Ehddclidme RGReparpd i i ed
from human | ynphocyte library (C ontech) .and subcl oped Lnto %e?a Si nRep5 to
generate a cORtPUEEHEE BEAYNGDAH! VHB apy &Rsiredaropypeing anqthergiy Egﬂl | gG

Fusi on Proteif: . [ P, NAMEVAQPAVMLASS S paey
EYASPG@TEVRW??L%X&&%E‘%%%@%l %%%%TFL DDS| IRSRERASH &,
GT SSGNQVNL T! 1QGle RANDFCHN¥ECKEL MIPRRYApG SENGEQiMact antibody can be isolated.
x: gm%%%;‘&g&ggl oM RE&TM%%%% antibodies discussed

YKCKVSNI CALAIRLEKT ShGAKHIRRERQAY Tl BRSRIEL IKNQYRI Tekh 3Bkibodies possess
VKGFYPSDI AVEVESNGOPENNYKTTPPVLDSDGSFFLYSI CLTVDKSR WQQGNVFSCSVMHEAL HN.

HYTQKSL SL SPGlesir&8 bludder fa thedCTEAghatolgsast iagg one of such antibodies can be

readily isotype switched to generate a human 1gG4 isotype, for example, while
still possessing the same varlable region (which defines the antibody’s
15 specificity and some of its affinity).
Accordingly, as antibody candidates are generated that meet desired
“structural” attributes as discussed above, they can generally be provided with
at least certain additional “functional” attributes that are desired through isotype
switching.
20

Desion and Generation of Other Therapeutics

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



Bol d: CTLA4 extracel lular domain 5The cDNAs for mature extracellul ar domain
of CD28 were PCR anplified from human | ynphocyte library (C ontech) and
t hen subcloned into pCOM8 (J. Imunol. 151: 5261-71 (1993)) to produce a
human 1. gGlL fusion protein containing both thrombin cleavage and hi nge
regi ons. Marnoset, Cynonol ogous, and Rhesus CTLA4 were cloned fromtri RNA
isolated fromio PHA stinulated PBMCs uSi ng standard techni ques of
degenerate PCRM% gsenﬁ{hng denonstrated that rhesus and cynonol ogous am no
aci d sequence Wet e rdeént’f CAIMH R Ry 6bangpd Peisehpeswitclong masutgsuman CTLA4
extracel | ul ar toitRlgG3( BLERBNgDL LAl 18N dr kont 0N, t denonstrated ten
amno acid differences fromthe mat urgghumnri%%{ﬁ&eg%zegl?%sgﬁl | ul ar domai n
(V21A, V33l, 15 A4T CREPEOT 3)fh thespaeranopsy advegn atro8M tanah«GiQ6S). Site
directed nut agehesi®mpisicds adatlod HKQeSipg! | N, outations. of all amno
acids different in narnoset CTLA4 to nap amﬁtr{ébg{ftiizdgla?’ oPPBEHLE fbr
interation of PHECAILT HERAOEECHION HoRpRIFENC Tl kjiGing Mitoazh QRS uef ohuman and
mar moset  CTLA-bighecifiod, i8RlARREBRRERGLYE S geperat ed by mat chmaker
site-directed 20 nyt agenesi s ?slbr erelg%) &E‘Fﬁe Tﬁéef usi on proteins were
produced by transi ehtCORIeiHSY with bisnefic @uipdes biseand pubddiisegdnUusi Ng
standard Pr ot ejdferftel @RS 6 ant 4- | protei.ns were eval uated for
bi nding to am?gl bodi es by i m’ruﬂj(;{lt‘)k{cot E]P%&Qﬁawggiaﬁﬁec Ry 89 EThAAA grdles.
25Reconbi nant PPEEEPR SESQBF apddcula Ry pief donapatantogether, (i) B@ﬁ@l@ﬂnﬂ@% si ndbi s
id

virus was genahatigdehycnsl - I N i bco) .Bahy Hanster Kidney cells
with SP6 in vitro t?ancs_gpi%gge%ﬂdé%ﬁlﬁ@%gaé?fﬁ dﬁ%{ﬂsﬁﬁﬂimaﬁquel per mRNA
as described BYClesg o Gigersingorhein aetiiytdythﬁ&aé‘@%iﬁcily&h@'rﬂ@@q@&h@am Vi rus

was harvested il-ere :  mal.. protein expression in Chinese hanster
ovary cells (éf?i"?%gl l?éfl)i@&ﬁ-”%g’égﬁ%{ﬂs? b iiss oy (b €qna#{ed pspe teshigguasn  DVEM F12

(G bco) c?nt iaiﬂiiﬁtw ‘H@D@hwatfmjmam?lb,viatceﬂ;fcx‘&l&l ﬁt‘.q'glt@l an@?l‘f:%@e ',rpégée(rG bco),
non-essentil a ( , ut am ne co),

peni ci | | in/ st Fg?ﬁ- %ﬁ%ﬁ%%@%@?“%dﬁ%@ﬁgwa 706 Hegish ez, 2R ipr oduce
CTLA- 4- 1 gG t lenreHBuiiticeli)l e wer, dramsticpendest; at c&%JeP?s@%Jp) $kk,in DVEM F12

and i ncubat ed ygggj'u sindbis virus for one hour at roomt erature. 5 Cells
were then diluted’to | x106/m. in DVEM F12 containing 1% fetal bovine serum
depl et ed of bovi nelnl gigitios] figapeiaddtdsn (A1 sephapess, (Rhamasla)., .nonessenti al
am no acids, ﬁg@\{idgilm%tmam]nég. 1?2?. SmM Hepes pH 7. 55,1 andetmsa%ﬁa&1 ora
peni ci | 1in/streptomyel ne rort PRy RD REpesicpatbath htayt andriighebhan wer e
pel |l eted and vondletreginnt! Aregdinarwes. Haryeabetl anf,; senented with conplete
protease 10 iphi l%'fhgr t abl et s_('Boehr.i nggr %Ngnnggllﬁﬁ@g p(ﬁaé%ﬂﬁ ﬁtsgyled to 7.5,
and filtefed 0.2u % PSEREIn ePLE pitkadiaes iertids ivksibliort @fabfmai ty purify
the fusion proteletking? nGBOSILINS AR T1dhqh Tk Al Pharmacia) at a
10n/ m n flow‘,EPatbe . The %ﬂl um was Wasqh_edbj\’/vi ;@‘P"é’gﬁ%egﬁ\?gﬁgﬁ%& f PBS and
eluted with 0. PMCGESTT Maphbivalsp andgbigpecifil yntibery FrguodnisOnBNVAL T Wer e
i medi atel y 19):6uutonad {12e9) 10 “Rbhsins® (W i.5.1PEL:9. The. fractijons
cont ai ni ng CTL@:SA- | gGl were | dentifi éd aEy.C%Jﬁg?gA&Spé’ﬁ‘ggts% entrat ed
usi ng cent ri pPOEHRS ((AEMEl yeth ev ttaxica pyrhgtiomgest on SePhanfeael 20f»col um
(Pharmaci ) atamboit {0m4354850g o8BS, asr ol vent. Fractions containing
CTLA-4-1gGlL were pool ed, st e?li Ig)%pl I t”%‘p’gﬂéb_"‘z*ﬁ- CRRYSPY BsMeneledilarquot ed and
frozen at - 8(?@.313%:%4@15!’@?@10 wagenD g WpFasaetpainds psy @'1‘9'9@?1 m4§iang pkhe sanme
met hods. CD2&rdmgfeqwas purified fromconditioned nedia fromtransiently
transfected Cos7 cells. Characterization CTLA-4-19Gl: 25The purified
CTLA- 4-1gGL mi gr affeepnagtian sithgingubetnting nnGiS P AGE- A5 B%6 @) L9i.dal coomassie
st ai ni ng ( Noy@¥motMALe o0 T onditjqns CTLA-4-1gGlL was a di ner
(1001cDa), that lrweduced]'?Z(%fgaﬂ%I uﬁla“p?fhoa(r%loaﬁeeweb\ﬁ(@ﬂwn In the art” See eg,

30 Vitetta Immunol Today 14:252 (1993). See also U.S. Patent No. 5,194,594, In

connection with the preparation of radiol

abeled antibodies, such modified
antibodies can also be readily prepared utilizing techuiques that are well known



treated with 50nM DTIl:. Am no acid sequencing of the purified CILA-4-19G
in solution confirmed the N-term nus of CTLA-4 ( MHVAQPAWLAS), and 30 that
t he oncostatin-Msignal peptide was cleaved fromthe mature fusion protein
The CTLA-4-19gGl bound to immobilized B7,1-1gGin a concentration

dependent manner and the bi ndi ng was bl ocked by a hanster-anti-human anti -
60 CTLA-4 antibody (BN 3: PharM ngen). 4The sterile CTLA-4-1gG was endot oxin
free and quantitated by 0D280 using 1.4 as the extinction coefficient. The
yi el d of purifihege &1L5%e 42, g&g‘kﬁme{dalbﬁiw ChbmAn®ah) hhéﬁ!ﬂicﬁﬁer@}i@ KI cells.

gegizlr?bcléAbgl %%%)tﬁ%%%ﬁﬂgje f ‘%sgﬁ%ﬁ@ﬁv%%}ﬁ det‘ﬁﬁ@f@@#&f%ﬂ DSQVT

EVCAATYMVIENEL TiHDDS! aldal ﬁmmm QRO €K, 5,102,990 (RE 35 50{})
VELMYPPPYYLG GNGT H2 Abbr evi ati ons/ Mat erials: NP,

N- Met hyl pyr r ol ¥ %83%@%@7 992 pEashgf %%Pfﬁ@flﬁ%radlqb@wwﬁneh%% met hane;

FMOC,  F Uorseny‘.{zod}@%m%ﬁt@ﬂclﬁ%ﬁﬂs exﬁxlekszﬂ ORALLS 2 MBS 81 PRI th&d BYys Ber ki n
Elmer, with the foll ow ng exceptl ons: TEE, Aidrich Chenical, FMOC- PAL-PEG

resin, PerseptWhich i enipedesal epnpeliap gEPfiesie20 OH, FMDC- Asn(Trt) - OH,

FMDC- Asp( t Bu) - OH, Ed\@&inééﬁ%ﬁm b pchYA éf(zﬁﬁhﬁeu{%hpgﬂ\&g Ak ) - O
FMOC- H s(Boc)-0H, FMIC-Lys(B FMOC- Ser ('t Bu) - FMOC- Thr (t Bu) - OH and

FMDC- Tyr (t Bu) _«Oization of ste@éumldn ophwing TalcAdo SULdsd ﬂ@fbaﬁtﬂioﬁqs ghegdo,chai n
protecting gr OHBgaSZtﬁf %%I{bbcﬂgs Syt ﬂﬁéht?cn discu af ﬂ%hﬂ?ms (ﬂrx}% &5k Sies

ok
perfornmed on a rkin-Elnmer 431A, retro |tte fee nonitoring via
UV absor batce malls’mmﬂlteﬂequ@!ﬁmﬁbmf piytide [ibrAB e thitedpeutiopgptiddthean e pt | de

30 | doubl
Ceirte uoe, JUSEHRL B4 SO TN cFER 0 Lot b g gy cou0l
10, 11, 16, 19, 20handui®8 it Wisuged 38 .coMivetigresith Naghisastied. Biddrhaigs0% mi xture
of DCM and TEE13al{EZ-49F (@95}0 lfﬁ)héﬁgh 9’NA§'319§}1 gy 1'3‘?%'199 (@/8%1) ®pinaila et al.

Biotechnigues 13;901-905 (1992), Blake and Litzi-Davis BioConjugate Chem,
15 3:510-513 (1992). Immunotoxins and radiolabeled molecules can also be

prepared, and in a similar manmer, in connection with peptidic moieties as

discussed above in connection with antibodies. '
Important information related to the binding of an antibody to an antigen
can be gleaned through phage display experimentation. Such experiments are
20 generally accomplished through panning a phage library expressing random
pepiides for binding with the antibodies of the invention to determine if peptides
can be isolated that bind, If snecessful, certam epitope information can be

~ gleaned from the peptides that bind.

In general, phage libraries expressing 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 systemn. 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 cloﬁes 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



61 foll owed by capping of unreacted am no groups with acetic anhydride in
NVP. Resin was renoved fromthe reactor after conpleting cycle 49 and the
remai nder continued to conpletion. Peptide cleavage fromthe resin was
perfornmed using Reagent K (King et al. International Journal of Protein and
5 Peptide Research 36:255-266 (1990)) for 6 hours on 415ng of resin
affording 186nmg crude CTLA-4 peptide. Péptide Characterization: 1025ny
aliquots of the crude CTLA-4 peptide were dissolved in 5ml 6M Guani di ne

HC / 100nM K2P03hgtmasigesres s reeypadatinns r mawhichr wates averi chaoald wlliper dex 75
16/ 60 col umm ( Qe ) ' 2M Guanidi ne. HC1 / 100mM
K2P03 at pHs. }, 2d§nt1§Q/ i ﬁﬂ%%&%fgg‘gn%}ﬁ%e{gﬁ)a@\éﬁ%é’%i”f?&ngg%%??faa&i ons. The
fractions were JaHanybasy foryexpmalgh fafloved a weshids Bowdtphogesaro slurd avitiu PAGE
Laeneli gel runhi } BiNg fer d visual.izing.via Daichii
silver stain p:Ug)% ggo%&%h%gg}ﬁ?gtﬁi ﬁsgreiﬁ?‘%’lﬁﬁor{lgse e‘"’wg‘@%ﬁﬁ?“%iﬂght of 12
| CDa, as j udgedronesns ysmaericad Ol & Twednyhhrstansand DNV Qere0g| 86k ém0et her and
stored at 4C. T 200] i . e anal yzed UV and gel

el ect r ophor esi s‘“}.ﬁ%ﬁ%&?% J&%ﬁé%@&&%ﬁ%ﬁﬁ%&eﬁs&% #‘&%@@Yﬁﬂﬁ FEYRIGHBI ng a 100
mcroliter sanpingbddresa RragBuiyefdkr paptidgecapaizsdutdieshea tyorias ROk gnbr ane)

Aopl 1 od Bl osyst SRR dohtH of ShiR bR P RRTeeS ot BRe SoTMIVATRAWL. A
was observed. |Smithn 6bF.o0ftidme 24830 @ORE: Chatls khel. pepls des wagsfecogni zed

by the BNB anti CILA-4 (P 1gen),. To desalt, an aliquot

cont ai ni ng @Sgﬁag%ﬂgr%@%%lf%fﬁ a&ajg%wgg‘gdﬂzﬁo\%%d@ (B2 imeoBuurbaradios t ubi ng
and di al yzed ag@innsBiddcckRolddASITEIRQ12734C for 9 days with stirring. The
entire contents of ige di.al%/fsis b%g was. | yophilyzed to a powder. 62 (iii)
300. 19 cel|s transf&dt 88&h THBTERTY (OPsTFS/jRerapentios tiygugh donvengaelh CTLA- 4

CDNA was PCR anpihifieds fisofriitpmnhiohyme peRNA AT %ulShbatiageng) and
subcl oned into&pl BESHgoé%%teg@). A 5 mutation of CILA-4 that results in
constitutive ceFMEE fYIROBEGPeLEifEctign et ¢ hkf o sennsetianghavewishivak er

Mut agenesi sisSy shititdlePoOMie gassent MyeRidnGhciBbteldésios hilBase ¥2Ah ttié%al"%!;ajyge I nhibits
bi ndi ng of the aIda(Pktéi?{ p;gt ein AP50 that is responsible fo.r the“rapid

i nternal i zat i oA®HFY BHCK: 22 esigmatig siptegy for ntisensptheyapentg:id didous®d i6 1997) ) .
Mycopl asma- f r eeddQn reatibie HaHPAGPRCAGEH . WRIE 028064 t W8, i,y RPM - 1640
containing 10%fetal calf serum non-essential am no acids,

peni ci | i n/ st r EFFERFIPheE g Arantchénor . Bawetepo partieuldr, B wad 25uM

bet a- mer capt oetyBanedrancht 1es ; I ; 6/Q. 4ml. serum free
RPM) in a | n A e 12 2%‘fS‘%—br‘?%‘fgﬁ%%?g‘iﬁéﬁg%{‘*ﬁt’sip%m%%x// 1180uF
(G bco Cel 1%or at'Gripgeone| fag agerldicp el dduriasrGere Thempt 59%86@l ¢ BN add 8 s of
prewar med conmphetg.REM. b 4. D€ ur l.s..wer iluted to 0.5

x106/ mL i n conpl ete RPM ﬁ?reg&i aé ﬁ%%fgiggﬂhgé?% r%%lg(ife n?éﬂ S(I:%)ratmﬁ%si st ant

cel I's were expéfidetiogaer Grepsticnis alep dissess@in AntdratiorthRatee pplidatiface usi ng
the BNB anti bo } d r i n_(Phar M-ngen).. H.gh | evel
expressi ng cel ?356 %gw?ggﬁét%ﬁgiﬂg%@grgﬁ%gﬁnﬁ| nanhﬂ E@I\;’I' oP e VHHRini zati on
and hrbridoma Gesiepatheahl. I Xxé83Mougd. Irioc @thed) troayl Be weRkisd @ d)sulie | muni zed

(i) subcut aneo : b aj.ls. with.1x1Q7 300,19 cells that were
transfecte Elt 0 x%?lgisgyg@ﬁAﬁg%@erg@é’r iaggalaggoy/’é, ’ ﬁ@gﬂgéerﬂfgﬁdﬂ #f phosphat e
buf fered sal i neth¢Pi8) 2w admicictepstiet e hbsteund' 18vo REheratbrly@ARE ant®ody id )

subcut aneousl yth%%oéhe base of tail with (a) 10 !.1.g the CTLA-4 fusion
protein or (b) ug CTLA-4 peptide, enmulsified with conplete Freund's

adj uvant. In each c%sel] nokeuld diseapasis capsisd Bdedvii@Rd O ade@idbndiviBS i N

i nconpl ete Fr e%gd'eg nggxivlejr\{uant Four da%es. before fusion, the mce received a
final injection BIFhE THTRuROSE bR Legieped (P maspigie tepciuty ofifdliex | ynph node

| ynphocyt es6 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, B,



30 fromimunized mce were fused with the [nmurine non-secretory nyel oma P3
cell line] and were subjected to HAT sel ection as previously descri bed
(Galfre, G and Mlstein, C., "Preparation of nonoclonal antibodies:
strategies and 63 procedures " Methods Enzynol. 73:3-46 (1981)). A large
panel. of hybridomas all secreting CTLA-4 specific human 1 g&x or 1gGax (as
det ect ed bel ovv) anti bodi es were recover'®d. 5ELI SA assay: ELISA for

determ nati on o afgl}kger\aégpem f*)c anti bodi es in nmouse serumand in ‘
hybri doma super né’t ants” CEART PR foa@tl@f@él&ldﬁmnhd(lﬁohal@mﬂapeﬁmal , Unit
2.1, "Enzyne- Imodetided. MRNDS GERON tra@ES 8By, ent. . pr Ls in

i munol ogy (1994 umg}g CTLAé-h?i:nIr fusi on 8?‘% g?e%ﬁlil%ueéa%f e Y

anti bodi es. FotYHhPREP t"r‘?ﬁ’ﬂ’u@f’%dqdn%nflszlé@dmhcm Ime mGad Iy 4l vk si on
protein, 10 wepashlidvconadatia®al §8BufoL Gifid tivity against the
human I g portion of the fusi onégr ot el nCUQ ragﬁonsggggmsﬁé@lﬁﬁfng ELI SA

pl ates coat’ed WHPHOBGHER ll"’g@ﬂlz toafopeg dtuig wbscoeny kfibrtd ORasRECHdsGi LY. In a
preferred ELI SAowssa¥Mictibd6r {8l chni ques .are used: EL] SA plates are
coated with 100 pi/wel | of }{r enantsﬁﬂgéntﬁ‘i %r‘ll &Eﬁse WRGSn Agerae Witk ther (0. 1 M
Car bonat e Buf F‘&chmrgpwfarfmmwwmpeaseagcs IobdifPhih &AL Bt hEN

i ncubat ed at 4&n@Nehni@Rta4Af ation, coatjng buffer is renoved and
the plate is bl R ed W oF 200%13‘{ %F'e%l"é‘%k‘i’%é ¥ed chemBelBoA, 0. 1%
Tween 20, 0. 03B IHehisroaagical systexs PBSs a@pd;atmﬁastmaéreqw@&,eg QngPg erature for
1 hour. AlperpatdyelVwnt mprored in refri th 20

bl ocki ng buffer andl1p Jét%%zsngb?&e?%maél OEKTRFY D dirvesy Sf‘%c ryeesd P@hd 50
pl/wel | of hyb88bmalndegser Hat awttonalseiasignorofotrﬁtgécunyb((élgl gsrnat ant
(positive conbe@ladmand or buf fer (negat e c()ntrol) IS
added. The pl gtpgis are Ilcgr??%; ate %5 ?”h}ﬁﬂé@ﬁ%%%daw oy orxdichineates, Aft er

i ncubat i on, tHECHIraedivity reasdeipsivtith watsﬂmm)gecbl& ﬁfch(ésxm}?g@w I{'le det ecting
anti body (i accoﬁgr'rt%%ﬁpﬁl iny 2o %%‘g‘ GZ HRP (S #9070 tor

ant i bodi es or@rre‘suse ant | - human f‘g 7 SRRy aOniDE) Stor.gl, g@eantl bod| es)
is added &t 180%nevidi) m(emmhle maaﬁvanhﬂwﬁhd&ﬁ% 5P @, or_.nouse

anti - human I%ﬁé&eﬁ%ﬁ H@?’ %8 ch diluted in ,,ocrklﬁlégtg?fecest?r The pl ates
are incubated at roonrte éaﬁ g"f‘ﬁ? a??dH}FIb’équPrque’ﬁﬂ&/m&Héﬂz Wis h washi ng
buffer. Thereéﬂﬁéﬁozzl'l)(.l%*)lwﬁharoét aBG‘Aﬁlegaloy LARAL evel opi ng sol ution
(10 m Substr(%é’e bli%%gf n% ophenyl eneéﬁamq%’e)?p%ggssn%t

P-7288), and 10l d?”‘i% 10(15‘1“ f’aﬁeé o hecpressnaehef Wahb&nes-Ehe pl at es
are al | oned thomdéogs| domaikd-/20B:E1WBES 05908 (1oos & rol wells
barely start totshgw colfor Thereafter, 5 uf%i‘gﬁ?ﬁ%%t"ﬁ B\g‘ﬁf{]bﬁ‘lguti on (2 M
H2SOY) i s adPEEHEOTHS ,BW&%E%?F%Pﬁ%aajc@ﬁstaﬁw”acr&ommmz sgasier at

wavel engt h 4%@ (09a7);30ekest Al MRkh G0 20f @gfcf of, fully human Mabs
by MA core: Affinit BlEeasurement g npurldfg d%llleup%oﬁJth ?1%181]8’&%1‘5@%“ bodi es,
Fab fragn‘ent§m8?mﬁr‘1€)g GRS fE kst gryshas RisckeR SB029¢ R39S Car T ed
out using theIBiriceingh 2008, i“BeidilBMNed g.general procedures outlined by
t he manufacturers, 10K1 netic anal ysis o@igﬁ 01gnt PHET; é?;le?ﬁki@ @afried out

usi ng ant i geMEVFRbbbIRpibeHe dht @ﬁtfﬁﬁfé dogrgioe! thukftBoecatoraubmmidensi ty. Three
surfaces 20f pfoeiBLAGSRE 88RO £hiky VoL ed with the CTLA-4-1g
fusion prote]n &}t a density rang‘lyng re'%m appr o‘Ji< (He?@ ]3‘1’1&9% 40d- usi ng
CTLA-4-1g fustBHENF ot énavistecdasesr aBomagd npproac Gondh@adi, Umkageat ate at pH

5.0 using t hﬂo@éﬂng’e]\.ﬁpﬂzﬂ A7 Ki. %238 (1996); Monfardini et al, “Rational design
analysis, and potential utility of GM-CSF antagonists™
Physicians 108:420-31 {1996); Furet et a

O_

Proc Assoc Am
L “Modeliing study of protein kinase
inhibitors: binding mode of staurosporine and origin of the selectivity of CGP
524117 J Compur Aided Mol Des 9:465-72 (1595).
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15 supplied by the manufacturer (Bl Acore, Inc.). The fourth surface of the
Bl Acore sensorchip was inmmobilized with 1g@ (900 RU) and was used as a
negative control surface for non-specific binding. Kinetic analysis was
performed at a flowrate of 25 or 50 microliters per

di ssoci ation (kd or koff) and association (ka or ka)
(BI A eval uation 3.0)

that allows for global fitting calculations. EXAMPLE 2 Affinity Measurenent
of Anti - CTLA- 4- Ant i hodiere sor@Bnatorial libaned dae bf: Odsligmadl mgl shatseed afdhised ty

using the software 20 provi ded by the r@nufacturer

rreasurerrents f r.Lain th ant| el ect ed
provi ded: %&@EE”& prggr%ns SB%aas'?‘eh xghqu §Sctr%efunf°’l

i

m nut e and
rates were determ ned

n this manner are
Y$doma On-rates Ka (W

cl x106) O‘f-rat es 1Cd (S-1x1 0-4) A5500|at|on Constant KA (1/ M= ka/ kdx101
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Therapeutic Administration and Formulations

It will be appreciated that administration of therapeutic entities in
accordance with the invention will be administereé with suitable carriers,
excipients, and other agents that are incorporated into formuiations to provide
improved transfer, delivery, tolerance, and the like. A multitude of appropriate
formulations can be found in the formulary known to all pharmaceutical
chemists: Remington’s Pharmaceutical Sciences (15" ed, Mack Publishing
Company, Easton, PA (1975)), particularly Chapter 87 by Blaug, Seymour,
therein. These formulations inciude, for example, powders, pastes, ointments,
jelkies, waxes, oils, fipids, lipid (cationic or anionic) containing vesicles (such as
Lipofectinm), DNA conjugates, anhydrous absorption pastes, oil-in-water and
water-in-oil emulsions, emulsions carbowax (polyethylene glycols of various
molecular weights), semi-solid gels, and semi-solid mixtures containing
carbowax. Any of the foregoing mixtures may be appropriate in treatments and
therapies in accordance with the present invention, provided that the active
ingredient in the formulation is not inactivated by the foﬁnuiation and the
formulation is physiologically compatible and tolerable with the route of
administration.  See also Powell et al. “Compendium of excipients for
parenteral formulations” PDA J Pharm Sci Technol, 52:238-311 (1998) and the
citations therein for additional information related to excipients and cariers

well known to pharmaceutical chemists,

Preparation of Antibodies

Antibodies in accordance with the invention are preferably prepared
through the utilization of a fransgenic 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
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producing human immunoglobulin molecules and antibodies and are deficient
in the production of murine immunoglobulin molecules and antibodies.
Technologies utilized for achieving the same are disclosed in the patents,
applications, and references disclosed in the Background, herein. In particular,

5 however, a preferred embodiment of transgenic production of mice and
antibodies therefrom is disclosed in U.S. Patent No. 7,064,244, filed December
3, 1996, the disclosure of which is hereby incorporated by reference. See also
Mendez et al. Nature Genetics 15:146-156 (1997), the disclosure of which is
hereby incorporated by reference.

10 Through use of such technology, we have produced fully human
monocional antibodies fo a variety of antigens. FEssentially, we immunize
XenoMouse™ lines of mice with an antigen of interest, recover lymphatic cells
(such as B-cells) from the mice that express antibodies, fuse such recovered
cells with a myeloid-type cell line to prepare immortal hybridoma cell lines, and

15  such hybridoma cell lines are screened and selected to identify hybridoma cell
lines that produce antibodies specific fo the antigen of interest. We utilized
these techniques in accordance with the present invention for the preparation of
antibodies specific to CTLA-4. Herein, we describe the production of multiple
hybridoma cell lines that produce antibodies specific fo CTLA-4. Further, we

26 provide a characterization of the antibodies produced by such cell lines,
including nucleotide and amino acid sequence analyses of the heavy and light
chains of such antibodies.

The antibodies derived from hybridoma cell lines discussed herein are
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 the antibodies produced by the
aforementioned cell lings are either fully human 1gG2 or IgG4 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.
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Sequences encoding the cDNAs or genornic clones for the particular antibodies
can be used for transformation of a suitable mammalian or nonmammalian host
cells.  Transformation can be by any known method for introducing
polynucleotides into a host cell, including, for example packaging the
polynucleotide int a virus (or into a viral vector) and transducing a host cell with
the virus (or vector; or by transfection procedures known in the art, as
exemplified by U.S. Patent Nos. 4,399,216, 4,912,040, 4,740,461, and
4,959,455 (which patents are hereby incorporated herein by reference), The
transformation procedure used depends upon the host to be transformed.
Methods for introduction of heterologous polynucleotides into mammalian cells
are well known in the art and include, but are not limited to, dextran-mediated
transfection, calcium phosphate precipitation, polybrene mediated transfection,
protoplast fusion, electroporation, particle bombardment, encapsulation of the
polynucleotide(s) in liposomes, peptide conjugates, dendrimers, and direct
microinjection of the DNA into nuclei.

Mammalian cell lines available as hosts for expression are well known
in the art and include many immortalized cell lines available from the American
Type Culture Coliection (ATCC), including but not limited to Chinese hamster
ovary (CHO) cells, NSOp, Hela celis, baby hamster kidney (BHK) cells,

- monkey kidney cells (COS), human hepatocellular carcinoma cells (e.g., Hep

(2), and a number of other cell lines. Non-mammalian cells inclunding but not
limited to bacterial, yeast, insect, and plants can zlso be used to exXpress
recombinant antibodies. Site directed mutagenesis of the antibody CH2 domain
to eliminate glycosylation may be preferred in order to prevent changes in either
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
therefrom) from production cell lines can be enhanced using a number of known
techniques, For example, the glutamine sythetase and DHER gene expression

systems are common approaches for enhancing expression under certain
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conditions. High expressing cell clones can be identified using conventional

techniques, such as limited dilution cloning and Microdrop technology. The GS

system is discussed in whole or part in connection with European Patent Nos. 0

216 846, 0 256 055, and O 323 997 and European Patent Application No.
5 89303964.4,

Antibodies of the invention can also be produced transgenically through
the generation of 2 mammal or plant that is transgenic for the tmrmuno globulin
heavy and light chain sequsnces of interest and production of the antibody in a
recoverabie form therefram. In connection with the transgenic’production in

10 mammals, antibodies can be produced in, and recovered from, the milk of goats,
cows, or other mammals. See, e.g., U.S. Patent Nos. 5,827,690, 5,756,687,
5,750,172, and 5,741,957. |

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 isoclectric focusing (YEF), 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 fo be potent inhibitors of CTLA-4

30 and its binding fo 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
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antibodies in accordance with the invention possess nanomolar and
subnanomolar ICsps with respect 1o inhibiting CTLA-4 binding to B7-1 and B7-
2. Further, antibodies of the invention possess excellent selectivity for CTLA-4
as compared to CD28, CD44, B7-2, or higGl. See Example 8. Selectivity is a

5  ratio that reflects the degree of preferential binding of a molecule with a first
agent as compared to the molecules binding with a second, and optionally other
molecules. Herein, selectivity refers to the degree of preferential binding of an
antibody of the invention to CTLA-4 as compared to the antibody’s binding to
other molecules such as CD28, CD44, B7-2, or higGl. Selectivity values of

10 antibodies of the invention greater than 500:] are common. Antibodies of the
nvention have aiso been demonstrated to induce or enhance expression of
certain cytokines (such as IL-2 and IFN-y) by cultured T cells in a T cell blast
model. See Examples 9 and 10 and Figures 12-17. Further, it is expeéted that
antibodies of the invention will inhibit the growth of tumors in appropriate in

15 vivo tumor models. The design of which models are discussed in Example 11
and 12.

The results demonstrated in accordance with the present invention
indicate that antibodies of the present invention possess certain qualities that
may make the present antibodies more efficacious than current therapeutic

20  antibodies against CTLA-4,

In particular, the 4.1.1, 4.8.1, and 6.1.1 antibodies of the invention
possess highly desirable properties. Thelr structural characteristics, functions,
or activities provide criteria that facilitate the design or selection of additional
antibodies or other moiecules as discussed above, Such criteria include one or

25 more of the following:

Ability to compete for binding to CTLA-4 with one or more of the
antibodies of the invention;

Similar binding specificity to CTLA-4 as one or more of the antibodies
of the invention;

30 A binding affinity for CTLA-4 of ebout 10° M or greater and preferably
of about 107'°M or greater;
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Does not cross react with lower mammalian CTLA-4, including,
preferably, mouse, rat, or rabbit and preferably mouse or rat CTLA-4;

Cross reacts with primate CTLA-4, including, preferably, cynomolgous
and rhesus CTLA-4;

5 A selectivity for CTLA-4 over CD28, B7-2, CD44, or hlgGl of at Jeast
about 100:1 or greater and preferably of about 300, 400, or 500:1 or greater,

An ICsq in blocking CTLA-4 binding to B7-2 of about 100 nM or lower
and preferably 5,4, 3,2, 1, 0.5, or 0.38 nM or lower;

An ICg in blocking CTLA-4 binding to B7-1 of about of about 100 niv{

10 or lower and preferably 5, 4, 3, 2, 1, 0.5, or 0.50 nM or lower:

An enhancement of cytokine production in one or more in vitro assays,
for example:

An enhancement of IL-2 production in a T cell blast/Raji assay 6f about
500 pg/ml or greater and preferably 750, 1000, 1500, 2000, 3000, or 3846 pg/ml

15 or greater;

An enhancement of IFN-y production in a T cell blast/Raji assay of
about 500 pg/ml or greater and preferably 750, 1000, or 1233 pg/ml or greater,
or

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 [L-2
production is enhanced by about 30, 35, 40, 45, 50 percent or more relative to

conirol 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 desirabie functional properties discussed above can often result
30 from binding to and inhibition of CTL.A4 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).



1.29 1.23 5.83 6.65 7.25 [ 0.21 0.19 0.17 4.78 5.17 5.88 878.7 504.5 397.8
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i nventi on possess high affinities and bi ndi ng constants. 5EXAMPLE 3
Structures of Anti-CTLA-4-Anti bodies Prepared in Accordance with the

| nvention In the follow ng discussion, structural information
related to antibodies 10 prepared in aciordance mnth the invention is ,
provi ded. In order to anal yze structures of antibodi es produced in
accor dance mﬁthhbhﬂkkmman@kﬁmxbmaﬁmhmnﬁmxgeﬂﬁﬁoena@dﬁQ@nmﬁ@mhﬂaay and |ight

chain fragnents ou hy | oni ng and
sequenC| ng was a&e&l |Isga1edg<§f§cu % atemanv y, %% moiecule may be

“administered” indirectly (a‘e‘, a peptide or the like that produces an immune
response in a patient (similar to a vaccine) wherein the immune response
5 includes the generation of antibodies that bind to the same or similar epitope or
an antibody or fragment that is produced in situ after administration of genetic
materials that encode such antibodies or fragments thereof which bind to the
same or similar epitope). Thus, it will be appreciated that the epitope on
CTI.A4 to which antibodies of the invention bind to can be useful in connection
10 with the preparation and/or design of therapeutics in accordance with the
invention. In drug design, negative information is often useful as well (i.e., the
fact that an antibody which binds to CTLA4 does not appear to bind to an
epitope that acts as an inhibitor of CTLA4 is useful). Thus, the eﬁitOpe to
_ which antibodies of the invention bind that do not lead to the desired
15 functionality can also be very useful. Accordingly, also contemplated in
accordance with the present invention are molecules (and particularly
antibodies) that bind to the same or similar epitopes as antibodies of the
invention. :
| In addition to the fact that antibodies of the invention and the epitopes to
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 BlAcore 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 CTL.A4 was measured. This technique enabled generation

30  of arough map in fo which families of antibodies can be classified.



15Pol y(A) + nRNA was isolated fromapproximately 2 X 105 hybridoma tells
derived frominmuni zed XenoMouse m ce using a Fast-Track kit (Invitrogen).
The generation of random prined cDNA was foll owed by PCR Human VH or hunan
V' fam |y specific variable region prinmers (Marks et al., "digonucleotide
primers for polynmerase chain reaction anplification of human 20

i nmunogl obul i n vari abl e genes and desi gft of fam | y-specific oligonucleotide
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previ ousl y desepitdpaccaiagoidseen et al ., 1994). Sequences of hunan
Mabs-derived heavy and kappa chain transcripts from hybridomas were
obt ai ned by direct sequencing of PCR products generated from poly(g) RNA

usi ng the psinmers described above. PCR products were also cloned into pCRII
using a TA cl gri-hg—t-t—+rHtrogen—and—both-strands were sequenced usi ng
30 Prism dye-t ing kit < Campetision A CPLAZ Risgwenci ngl machi ne.
Al sequences wer & analyzB&IMY al i ﬁmﬁrbm@ssmwtphe with BASE leqUEnLe
directory" 67 (Tom i nsonB@IME! ., | MREPTenti fwtegRyotRi nsoBrgi cresr | ng,

Canbri dge, UK)_using MacVect or an c@npriiion kethsakgomabPe prograns. Furt her,
each of the antib8di es_4.141,! 4. 8] Freelyl e@ssiconmae Gl orde wetleer Sebgsect ed to
full length DA sequences.4.Bor suchomspguent caiggorPAl §eA) D. TRNA 5 was
i sol ated fromfappCoxi nat el y.14 X 106rdeyberosiammpseith s ApmicrR@ssD| I ect ki t

(Dynal ). The mRNA was [reverse tra1s&ﬁp@@dnﬂ8&t£@n®bl&g{pm@e‘§@@m and the
Advant age RT/IPCR kit ({0 ongkech). The Vari abl e regi on dat abase (V} Base) was

used to design anplifijcatigm primers beginning at the ATG start s{te of the

heavy chain 50 gene 11

TATCTAAGCTTCTAGACTCGAC GITTGGECTGAGC TG 3') and to the| stop
codon of the fg&rconstant fer-otrt-ft5—
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sequence (ACCéeeéﬁe)—was added—5" Qrqus"}‘ompﬁ"‘po net hod

was used to désign a pi mwjo t-h Bﬁt{%b&cg‘sr £.94i ‘?”édlﬁﬁ toj ETLA4 but not

t hekappachai nA2Zgene(5' - A ACCAT ( 3GAAACCCCAGCGCAG

-3'") and the stop codon of the kap a constant region (5' TTC
}ebie@v@rgﬂm

11 TGATCAGAATTCTCACTAACATH - 3" ) The 012 cDNA was cloned by
usi ng a prl mer to thes \g'ﬂ%l@fr&m%hgxﬁu
TCTTCAACGCTT GGACATGAI CCCCGC T-3) and the kappa const ant

regi on stop codon pri nmer above The heavy chain cDNAs were al so cloned as
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product was clon
15 the epitope to wh;ch 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 CTL.A4). BlAcors



30 synt hetase manmal i an expression vectors (Lonza) and three clones were
sequenced to confirmsomatic nutations. For each clone, the sequence was
verified on both strands in at |east three reactions. An aglycosyl ated
4.1.1 .68 antibody was generated by site directed mutagenesis of N294Q in

t he CH2 domai n. Reconbi nant anti bodi es were produced by transient
trasnfection of Cos7 cells in 1 gG depl et®ed FCS and purified using standard
Protein A sepharqgse techniqges. St abl e transfectants were generated by
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Utilization’C dHéeay Chalilnl ! rebpdy efthe imvenGoai an th¥bihet Yand Wihds to

human, cynomologous, and marmoset CTLA4 at the about the same rate and
has about the same relative offerate for each of the three. This information
further indicates that the 4.1.1 and 11.2.1 antibodies of the invention bind to
different epitopes on CTLA4.

16 To further study the epitope to which the category B and C antibodies of
the invention bind, we conducted certain site directed mutagenesis studies,
Marmoset CTLA4 possesses two important changes at residues 105 and 106
relative to human CTLA4. Such differences are a leucine to methionine change
at residue 105 and a glycine to serine change at residue 106. Accordingly, we

15 mutated ¢cDNA encoding human CTLA4 to encode a mutated CTLA4 having
the L105M and G106S changes. The nomologue replacement mutant CTLA4
did not effect binding of a B7.2-IgG1 fusion protein. Further, binding with the

- 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 1invention (similar to marmoset). Next, we mutated 2 cDNA encoding marmoset
CTLA4 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 addifion, we mutated a cDNA encoding
marmoset CTLA4 to create & mutant marmoset CTLA4 having a MI105L

25 change. Such change partially restored binding between the 4.1.1 antibody and
the mutant CTLA4,

Each of the category B through D antibodies of the invention appear 1o
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 te bind to separate conformational epitopes on CTLA4.
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. From the foregoing, it will be appreciated that the epitope information
discussed above indicates that antibodies (or other molecules, as discussed
abave) that cross—compéte with antibodies of the invention will likely have
certain therapeutic potential in accordance with the present invention. Further,

5 itis expected that antibodies (or other molecules, as discussed above) that cross-
compete with antibodies of the invention (i.e., cross-compéte with category B,
C and/or D antibodies) will likely have certain additional therapeutic potential
in accordance with the present invention. Additionally, it is expected that
antibodies (or other molecules, as discussed above) that cross-compete with
10 antibodies of the invention (i.e., cross-compete with category B, C and/or D
antibodies) and that (i) are not reduced in their binding to marmoset CTLA4
(similar to the 11.2.1 antibody) or (ii} are reduced in their binding to marmoset
CTLA4 (similar to the 4.1.1 antibody) 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-CTE A-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-4-1gG fusion protein,

| (i) 2 CTLA-4 peptide, and (iif) 300.19 murine lymphoma cells transfected with
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& mutant of CTLA-4 (Y201V) that is constitutively expressed on the cell

surface,

(1) CT1A-4-1gG1 Fusion Pratein:

Expression Vector Construction:

The ¢cDNA encoding the mature extracellular domain of CTLA-4 was
PCR amplified from human thymus cDNA library (Clontech) using primers
10 designed to published sequence (Eur. J Immunol 18:1901-1905 (1988)). The
fragment was directionally subcloned into pSRS, a Sindbis virus expression
plasmid (InVirrogen), between the human oncostatin M signal peptide and
human JgG gamma 1 (IgG1) CHI/CH2/CH3 domains. The fusion protein does
not contain a hinge domein but contains cysteine 120 in the extracellular
15 domain of CTLA-4 to form a covalent dimer. The resulting vector was called
CTLA-4-1gG1/pSR5. The complete CTLA-4-1gGl cDNA in the vector was
sequence confirmed in both strands. The amino acid sequence the CTLA4-Ig
protein is shown below, The mature extraceliular domain for CD44 was PCR
amplified from human lymphocyte library (Clontech) and subcloned into

20 pSinRep$ to generate a control protein with the identical IgG1 tail.

OM-CTLA4-IgG1 Fusion Protein:

MGVLLTORTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVC
25 EYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIY
VIDPEPCPDSDL'EGAPSVFLFPPK_PKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPTPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCL
30 VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQRSLSLSPGK
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Underlined: signal peptide
Bold: CTLA4 extracellular domain
5 The ¢cDNAs for matuwre extraceilular domain of CD28 were PCR

amplified from human lymphocyte library (Clontech) and then subcloned into
pCDMSE (J. Immunol. 151: 5261-71 (1993)) to produce a human IgG! fusion
protein containing both thrombin cleavage and hinge regions. Marmoset,
 Cynomologous, and Rhesus CTLA4 were cloned from mRNA isolated from

10 PHA stimulated PBMCs using standard techniques of degenerate PCR.
Sequencing demonstrated that rhesug and cynomologous amino acid sequence
were identical with three differences from mature human CTLA4 extraceliular
domain (SI3N, I17T and L105M). Marmoset demonstrated ten amino acid

. differences from the mature human CTLA4 extracellular domain (V21A, V331
15 A41T, AS1G, 541, S71F, Q75K, T88M, L105M and G106S). Site directed
mutagenesis was used to make single point mutations of all amino acids
different in marmoset CTLA4 to map amino acids important for interation of

the antibodies with human CTLA4-IgG. Mutations of human and marmoset
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 CTLA4-1gG proteins were evaluated for binding to antibodies by

immunoblotting and vsing BlAcore analyses.

25 Recombinant Protein Expression/Purification:

Recombinant sindbis virus was generated by electroporating (Gibco)

Baby Hamster Kidney cells with SP6 in vitro transcribed CTLA-4-1gG1/pSR3S
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-K! cells were
cultured in suspension in DMEM/F12 (Gibco) containing 10% heat-inactivated
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fetal bovine serum (Gibco), non-essential amino acids (Gibeo), 4mM glutamine
(Gibeo), penicillin/streptomycin {Gibco), 10mM Hepes pH 7.5 (Gibco). To
produce CTLA-4-IgG, the CHO-X1 cells were resuspended at 1x107 cells/ml in
DMEM/F12 and meubated with sindbis virus for one hour at room temperature.
5 Cells were then diluted to 1x10%ml in DMEM/F12 containing 1% fetal bovine
serum depleted of bovine IgG using protein A sepharose (Pharmacia), non-
essential amino acids, 4mM glutamine, 12.5mM Hepes pH 7.5, and
penicillin/streptomycin.  Forty eight howrs post-infection cells were pelleted
and conditioned media was harvested and supplemented with complete protease
1¢  inhibitor tablets (Boehringer Mannheim), pH adjusted to 7.5, and filtered
0.2u (Nalgene). FPLC (Pharmacia) was used to affinity purify the fusion
protein using a Smi protein A HiTrap column (Pharmacia) at a 10ml/min flow
rate. The colurmn was washed with 30 bed volumes of PBS and eluted with
0.1M glycine/HCl pH 2.8 at Iml/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 iml/min
using PBS as the solvent. Fractions containing CTLA-4-IgG1 were pooled,
sterile filtered 0.2 (Millipore), aliquoted and frozen at -80°C. CD44-IgGI was
20 expressed and purified using the same methods. CD28-IgG was purified from

conditioned media from transiently transfected Cos7 cells,

g:haracteﬁzatidn CTLA-4-1gG1:

25 The purified CTLA-4-IgG! migrated as a single band on SDS-PAGE
using colloidal coomassie staining (Novex). Under non-reducing conditions
CTLA-4-1gG1 was a dimer (100kDa), that reduced to a 50kDa monomer when
treated with 50mM DTT. Amino acid seguencing of the purified CTLA-4-1gG!1
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-IgGl 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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CTLA-4 antibody (BNI3: PharMingen). The sterile CTLA-4-IgG  was
endotoxin free and quantitated by OD280 using 1.4 as the extinction coefficient.
The yield of purified CTLA-4-1gG ranged between 0.5-3mgs/liter of CHO-K 1

cells.
(i)  CTLA-4 Peptide:
The following CTLA-4 peptide was prepared as described below
10 NHZ:MHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQADSQVT
EVCAATYMMGNELTFLDDSICTGTSSGNQVNL’I‘IQGLRAMDTGLYICK

VELMYPPPYYLGIGNGTQIYVH)PEPC CONH,

Abbreviations/Materials:

15
NMP, N-Methylpyrmolidinone; TFE, 2,2,2-Trifluoroethanot; DCM,
Dichloromethane; FMOQC, Fluorenyl Methoxycarbonyl.  All reagents were
supplied by Perkin Elmer, with the following exceptions: TFE, Aldrich
Chemical, FMOC-PAL-PEG resin, Perseptive Biosystems. Fmoc-Arg(PMQC)-
20 OH, FMOC-Asn(Trt)-OH, FMOC-Asp(tBu)-OH, FMOC-Cys(Trt)-OH, FMOC-
Ghu(tBu)-OH, FMOC—GIn(Tﬁ}-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

23 Peptide Svnthesis:

Peptide synthesis was performed on a Perkin-Eimer 431A, retrofitted
with feedback monitoring via UV absorbance at 30Inm (Perkin-Eilmer 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,



4.9.1 DP-47 5-24 and/or 6-19 JHW4 EMAIMME: 1 L5 31(1 5 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 VH 3-33
famly gene. Only one antibody that was selected on the basis of CTLA-4
bi nding and 10 prelimnary in vitro funétional assays showed a heavy chain
gene utilization other than DP-50. That clone, 2.1.3, utilizes a DP-65 -
heavy chai n varfpbdves vegbwng efdirdasted pmingGrous otifipeeticTindy@RicGb NjdRhe i s al so
referred to as Yu_4- ' e. t he ot her. hand, the clqgne, 4.9.1
whi ch possesse§a§¥DBlﬁ%éﬁéggbh%ﬁgggIegggéﬁﬁ% F%@ﬁ%wgbﬂﬁ&é4po”€T§ﬁ-4 but _
does not i nhi birtmigheedi srgtitugd 16 Bbmbladon B7P&htidt rriederpe Moo etheiredn where are
nore than 30 distd nct, function 0 _heavy chai.n riahl enes with which
to generate antqsbfgﬁ?egsu.smé%es?gm? #egé?%? tg‘% i%‘ger * tb‘?"&é?‘i% 6’? O A Er 1 ed

bi ndi ng notisf dfeptifveRantrich 3695 A6 GRID)) Mirerimats @ Midghorespedtrdtg t he

conbi ned properties of. bindi .0 the antigen and functional activity. 5
Mut at i on Analygkgmgcnme€52gﬂﬂﬁ?bg%e appreci ated, gene utilization analysis
provides only a limted overview of antibody structure. As the B-cells in

XenoMouse ani mal s ) ..
Peptide Characterization:

10 25mg aliquots of the crude CTLA-4 peptide were dissolved in 5ml 6M
Guanidine HCV100mM K,PO; at pH6.4 and eluted over a Pharmacia Hi Load
Superdex 75 16/60 column (16mm x 600mm, 120ml bed volume) with 2M
Guanidine. HC! / 100mM X;PO; at pH6.4 at 2 ml / min for 180 minutes
collecting 5 ml fractions. The fractions were analyzed by loading 1.7p1 of

15 fractions onto a NuPAGE Laemeli ge! running with MES running buffer and
visualizing via Daichii silver stain protocol. Those fractions exhibiting a
molecular weight of 12 KDa, as judged versus molecular weight standards,
were pooled together and stored at 4°C. The combined fractions were analyzed
by UV and gel electrophoresis. Amino acid sequencing was performed by

20  absorbing a 100 microliter sample in a ProSorb cartridge (absorbed onto a
PVDF membrane) and washing to remove the buffer salts. Sequencing was
performed on an Applied Biosystems 420. The expected N-terminal sequence
(MHVAQPAVVLA) was observed. Immunoblotting demonstrated that
the peptide was recognized by the BNI3 anti-human CTLA-4 (PharMingen).

25  To desalt, an aliquot containing 648ug of material was placed in 3500 Da
MWCQ dialysis tubing and dialyzed against 0.1% TFA / H20 at 4°C for 9 days
with stirﬁng. The entire contents of the dialysis bag was lyophilyzed to a

powder.



10 stocastically generate V-D-J heavy or Vi kappa light chain transcripts,
there are a nunber of secondary processes that occur, including, wthout
limtation, somatic hypennutation, n-additions, and CDR3 extensions. See,
for exanple, Mendez et at. Nature Genetics 15:146-156 (1997) and U S
Patent. No. 7,064,244, filed Decenber 3, 1996. Accordingly, to further
exam ne anti body 15 structure predictedZam no acid sequences of the

anti bodi es were generated fromthe cDNAs obtained fromthe clones. In
addi tion, N-term naliani3¥8.18cell ranglectnd wish (ELA-Ot2aimed t hr ough protein
sequenci ng. Figure 1 provides nucleotide and predicted am no acid
sequences of the heavy and kappa light chains of the clones 4.1.1 (Figure
| A), 4.8.1 (Figure TRl kpeh QU84 CPNguwes W amflifled frdrTh@ubemiRs 3. 1. 1

(Figure 1E), 4 A2 1 2.1, Fi gure 4.13.1 (Figure 1H),
11.2.1 (Fi gur ec%%t\, hé’lfhgglﬁfal‘gg’)é%r%“dlﬁ‘)%,c R g I(jlng—‘i)Eﬁﬁ?Oe (Giytech)y "4 1.1
(Figure 1L); amutalion Of CTLACFidgurresultMin chiistifitige! @5 sdkfice bBpre@iish #B  ext ended
sequences of t i ' 1 .8.1, .apd 6.1, 1 were obtained by full

| engt h cl oni ngﬂlgrl‘D a‘%@%@#’uﬁ“@’%@&%éﬁﬂﬁ%ﬂ%@%@ (Fromgen- 2dmeter 6, t he
signal pepti detysesiueliee! (covalihéntisisesndng o0iHBGILNS SBAR) ABLE t}}aP?jsj cated in
bol d and seque%grgo%siglteiflogtﬁgd f(gr th % Pg%eacti on are underl 1 ned.

Fi gure 2 provi a Sequentd 1“fe§?f(rf?§ rg, Brft t{(Hvang edilof ddmivedvy chai n

am no acid seqU#niidsist (oea7)heMetpnemadred 386.1 % nBirike 1 1 , 3.1.1,
11.7.1. 12.3. 1. f,@a’ﬁ“ﬁ%’f’%‘?@% Pl i e

4.10.2, 4. .1,..11..2, . 1,

germine 3 %P %mfeél JSSP %628 Rupiing e i calfiserirey apeesseisist waen t he DP- 50
gennli ne sequemid, amtcillinatreddmidie HRAUERESiLL 1HRE G/ @ e-indicated in
bold. The 71 E gu;he al so shows the ogi ti (;ns’ of %%Iﬁe}?%%%@ %E)Fél% and CDR3
sequences of t e aftF BEHFRESE0k hgdl . Were clectrapprgtade (Bc1pt/0vintlesua sequence

al i gnment bet weenRPhE) pr edinit @dmbeawin Shad S@ng_%gzzgg?@%g%ﬂegﬂugégof t he

clone 2 1 3 an rid.j ne DP-65 (4-31)

Di f f erences be&mggﬁe@oﬁiﬁéﬁﬁr} neclssepueresied dmol @ fatutesfant lensequence in
the clone ase dmdiofplebimicd daglpthic ThEr Flegir &, 2kSQ,ANQYS Lhe positions of the
CDRI, CDR2, and_CDR3 sequenceg o{i‘ t he gnti bégﬁ%gnsﬁucﬁ Seﬁefen‘gg’?élngure 4
provi des a sedirerd8 @l iy feERicto 8P M emedinccopamgisc i eg/mkdaBaas tGidebght chai n

am no aci d sequianee: @fis Whe <5 REE4- o4, 3. 6.1.1, 4.10.2, and
4 131 and the gernii ne. A27_€gILm no _aanéis%winetaéjé%%%p%}f #8?&%"@@ W& Geen the A27
germ i ne sequefité BmBNChantibedy condugstsd weticehyboertthen @randinges. imgh cated in

bol d. The Fi gutR] alnsRsishNs wehg i< .the CDRI, CDR2, and CDR3
sequences of the ariljtisfolo%y as un%ogg?égﬁjesggﬁﬁ%ﬂgent deletions in the CDRls of

15cl ones 4%2%8.1, 4.14.3, and 6.1.1 are indicated with "Cs". Figure 5

provides a sequencg,al ), onmG ?ﬁ% %? the predicted kappa |jight chain am no
acid sequence of the c on,esnlh.‘ . % o ,”9' d g.&ff’ Hef ‘Ef)f.eﬁg ¢ Hhd the

germ ine 012 affckiorldiciete sSeqmwireé (i) Bibkheneendes: hebweer tikavidd & ger m i ne
sequence and HRgig Qfyt u in the clo re indicated in bold. 20
The Figure al S0 Shows {ﬂﬁte%g%sﬁ%%geﬁ%d(}? ?R%SSC%%&,E'WFS%W @RS, sequences
of the anti bodssusendgddier bhaspithte Fuffaee Gl CMBIICHiB SREMKBCE R gnment
between the pr

Y- &

S5 88 XABRG aneously at the base of tail with (a) 10 pg the CTLA-4
fusion protein or (b) 10 pug CTLA-4 peptide, emulsified with complete Freund’s
adjuvant. In each case, the dose was repeated three or four times in incomplete
Freund’s adjuvant. Four days before fusion, the mice received a final injection
of the immunogen or cells in PBS. Spleen and/or tymph 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



i ght chain am no acid sequence of the clone 2.1.3 and the germine A

0/ A26 am no aci d sequence.

D fferences between the A10/ A26 gerniine

sequence and 25that of the sequence in the clone are indicated in bold. The
Fi gure.al so shows the positions of the CDRlL, CDR2, and CDR3 sequences of

the antibody as underlined. Figure 7 provides a sequence alignnment between
the predicted kappa |ight chain amno &ti d sequence of the clone

the germine AL7 30 ami no acid sequence.

12. 3.1 and

Di fferences between the Al 7

gerni i ne sequelCeddRY MedtodoErpmeal sByuéhcdd81h Ahlergelpems ofihgpridmdascat ed i n
bold. The Fi : 4t : i,k f ~th ,
| QUDE oRkckAe SHAUR.4! fcisl 3uRAST HERNS: ol %Cge%pgﬁ?%%@

sequences of the anti

ody as ri'ined.

and CDR3
a sequence

al i gnnment  bet wadhodidsevepe sdporald kappa |i ght chain ami no acid sequence of
the clone 12.9.1 and the germine A31A19 5 am no aci d sequence.
D fferences between the A3/ Al9 gennline sequence and that of the sequence
in the clong are i dlilEdtassint rEIIBAdor Fhembiagon ef ahien SHQWS: idiBod@@si tions of

t he CDR1, CDR2 ' sequence
Figure 22 pr ov?ld’g‘gs]“g%g%gﬁri S AR SRR |5 S A 25 ArHBP e d

of the anti body as underlined.

10sequences of(Cohiganfalal.oWhing. laEhzyGELAKdl RirhinRebeaNRERNS? it Clrrdns

length 4.1.1 h hai i ¢ 22(b), and ami id 22 :
1Sral 1 |ength SEPRCEIaraGoR 1R el Hrile fetavaroRpdy catc B no aci d
22(e)); 4. 1.1 dniidtiescipai mithaDiA 22 (hhusnd i 1o artiads 22 8hh protein,

10

15

20

23

30

we additionally screen for non-specific reactivity against the human Ig portion
of the fusion protein. This is accomplished using ELISA plates coated with
human IgG1 as a negative control for specificity.

In a preferred ELISA assay, the following technigues are used:

ELISA plates are coated with 100 pl/well of the antigen in plate coating
buffer (0.1 M Carbonate Buffer, pH 9.6 and NaHCO; (MW 84) 8.4g/L). Plates
are then imcubated at 4°C ovemight. After incubation, coating buffer is
removed and the plate is blocked with 200 plfwell blocking buffer (0.5% BSA,
0.1% Tween 20, 0.01% Thimerosal in 1x PBS) and incubated at room
temperature for 1 hour. Alternatively, the plates are stored in refrigerator with
blocking buffer and plate sealers. Blocking buffer is removed and 50 uliwell of

hybridoma supernatant, serum or other hybridoma supernatant (positive control)

~ and HAT media or blocking buffer (negative control) is added. The plates are

incubated at room temperature for 2 hours. After incubation, the plate is

. washed with washing buffer (1x PBS). The detecting antibody (i.e., mouse anti-

human IgG2-HRP (SB, #9070-05) for IgG2 antibodies or mouse anti-human
1gG4-HRP (SB #9200-05) for IgG4 antibodies) is added at 100l well (mouse
anti-human IgG2-HRP @ 1:2000 or mouse anti-human 1gG4-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 ul/well of
freshly prepared developing solution (10 ml Substra'te. buffer, 5 mg OPD (o-
phenylenediamine, Sigma Cat No. P-7288), and 10 ul 30% HyO» (Sigma)) is

added to the wells. The plates are aliowed to develop 10-20 minutes, until

full



4.8.1: 20full length 4.8.1 heavy chain (cDNA 22(h) and am no acid 22(i));‘
4.8.1 light chain (cDNA 22(j) and amino acid 22(k)); 6.1.1: full length 6
11 heavy chain (cDNA 220) and amino acid 2522(n)); 6.1.1 Iight chain (cDNA

22(n) .and am no acid 22(0)); full length 11.2.1 heavy chain
(cDNA' 22(p) and ami no acid 3022(q)); and 11.2.1 light chain (cDNA 22(r) and
amno acid 22(s)). 73 Signal pe tide sequences are shown in bold and
| arge text. The en re nes i n the full length 4.1.1 genomic DNA
sequence (Fi gneﬁfg{)ﬁ)c)omﬁ % HEb o ARRY cplRe mberstfiesnt00 witwddeted to make

the agl ycosyl atgcothtibn 12 NEHYSOJJBEMH'&C%}Q{ tﬁa@ﬁlaté’s.sak@ }ewgn %‘?ﬁ? H?eg“Q) are
an

shown in double underline 5and bold text (CcDNA ( am no acid
(Fig. 22(e)). "EREBrEvdengh W s of Heavy and nght Chain Amino Acid
Substitutions 10Iln Figure 2, which provides a sequence alignnent between
the predicted heav% chain am no_acid sequences fromthe clones 4.1.1,

4.8.1, 4.14. 3, 61—M%meﬁmmwm7l
12.3.1. 1, d
g ke St B3l B B 00 71

an interesting pattern ener ges act
heavy chai n DPT3gb W@?Tltah%lpﬁlﬁjﬂ‘é?tﬁ Y niarsrqqneresomnm waessritheneudis el atively

[1mited hyper Bihadtonod hlRyRnt | bo ghablyentR Lhg,0er i1 pe Db 50

gene. For exanple, clones 3.1.1 and Ve no eover, the
mutations in EHEUGEHEFS cl ones are generally conservative changes, involving

The ger i | e, Mttt ons G Chy romanyop ok eBRE G Sereh E dgiiEes are.
mmmobilized onto the sensor surface at a low density. Three surfaces of the
BlAcore sensorchip were immobililized with the CTLA-4-Ig fusion protein at a
density ranging from approximately 390-900 using CT LA-4-1g fusion protein at
20 or 50 pg/mlin 10 mM sodium acetate at pH 5.0 using the amine coupling kit

15  supplied by the manufacturer (BlAcore, Inc.). The fourth surface of the
BlAcore sensorchip was immobilized with IgG1 (906 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 ko) and association (ka or ke,) rates were determined using the software

20 provided by the manufacturer (BIA evaluation 3. O) that allows for global fitting

caiculations

EXAMPLE 2
Affinity Measurement of Anti-CTL A-4-Antibodies

25

In the following Table, affinity measvrements for certain of the

antibodies selected in this manner are provided:



20particul arly conservative in nature.
represented in Figure 2, 4.10.2, 4.13.1, and 4.14.3, are clearly derived

froma single reconbination event (i.e.

center).and are nearly identical
as a single sequence, then,
t he DP50 heavy chain,

resid i s replaced by anot her
gﬁ¥%§#due is replaced by anot her pol ar uncharged residue,

nonpol ar

pol ar unchar ge
1 in which a polar charged residue is replaced by another pol ar charged

in

i n sequence.

Three of the heavy chains

nonpol ar

derive froman identica
If these three are consi dered

anong the 10 different antibodies containing

25 CDR1 and CBR2 there are 3 positions in which a
resi due,

12 i

ger m nal

n which a
and

resi due. Furthesr—there are two positions in which two residues which are
very similar dtructural|§olidgthasé ne and al ani ne, are 30Substrtuted Tor] one
anot her. The dnly. mut at| ®yPlcerestrictly conservative involve 3
substi t uti ons {dlybaidpuiaar Ocivateged |Gk alilde T OB s@RALR | DRGELYE raogue_and
one substitutiion of a npKpolar rexdue for aopQhd’ r€SL UG Densi The
li ght chains of these apMt®dies astadeyi vesaf qam-> Cﬂi%l\ﬁ@nt H?gnes. The
A27 gene is the nost heavily represented ang gdine Y &%yﬁf Ffferent
light chains. |@osmper| SOOGE T NESE 16SEqUENTRg, revea TOteMRr LRy
features. Fir$t, in thriegyof themygd. 8.1, 40 §.3, and"g. 1.1, c&it-di n
del etions of %one or twoyesi duesgisg CORI, gléare event.. Seconé?*?here is a
strong prejudice agai nstpéde genikigge seripgrat posijtign six i ° in
that the serihgifds been gLplacet -y everyrs ~ucnce.0.nis SHggesL: at a
serine at thi$ position jg I nconpgbibl e “ﬁtﬁs LA4 Bidndi ng. ol 't
wi || be appretiated that; pny of g%g abover |’ ntifiegfﬁnino acPe-s
10substitutiops exist ijn g ose pfoxhnity tp Of withi % CDR siEh2
substituti ons{jgyrd ap ~TO beu”o ome—erfeet—upon PHd hindi ndbi 1 he
antibody to the CTLA-4 |nplecul e. g ther, u%h subs{P2ations ¢58.4 have
significant effect upon fhe affiﬁbﬁ of thel-Enti bodi 895 15EXAMS 5
N Terminal A ——Sediteree—ARaE Y si-s-of 8% i bodi €8-2in Accof ik e
R 3.04 0.92 1.08 878.7
2.88 3.97 0.73 138 504.5
2.84 6.06 0.43 2.35 457‘2
317 5.03 0.63 1.58 397‘8
6.1.1 0.43 0.35 1.21 0.83 878.7
0.46 0.90 0.51 1.98 504.5
0.31 0,51 0.61 1.63 457'2
0.45 0.79 0.57 1.76 397.8
3.1.1 1.04 (.96 1.07 10.93 878I7
0.95 1.72 0.55 1.82 504.5
0.73 11.65 0.44 2.27 457'2
0.91 2.07 0.44 2.8 397.8
4.9.1 1.55 13.80 0,11 8.94 878'7
1.43 19.00 0.08 13.20 504.5
135 20.50 0.07 15.20 397.8
4.16.2 1.00 2.53 0.3% 2.54 878-7
0.94 4.30 0.22 4.55 504.5
0.70 5.05 (.14 7.21 457‘2
1.0 5.24 0.19 525 397’8
2.1.3 1.24 9.59 .13 7.72 878‘7
1.17 13.10 0.09 11.20 504‘5
111 13.00 0,09 11.70 397,
4.13.1 1.22 5.83 / £
. . 0.21 4,78 878.7
1.29 6.65 .19 517 504.5
1.23 7.25 0.17 5.88 3978




with the Invention In order to further verify the conposition
and structure of the antibodies 20 in accordance with the invention
identified above, we sequenced certain of the antibodies using a

Per ki n--El mer sequencer. Both heavy and kappa |ight chains of the antibodies
were isolated and purified through use gf preparative gel electrophoresis

and el ectroblotting techniques and thereafter directly sequenced as
t he heavy chai n sequences

descri bed i n Exanpl . majority of the heav i

25 were bl ocked on‘§%§?¥ﬁ§hP%%ﬁFgTﬁf%ﬁ?@sﬁﬁ@?%%%ﬁ%ﬁmgﬁéﬁmahWF%dﬂies wer e
first treated wvtttiopyssgh bizgantirianhdbpent cdasaisand t hereafter sequenced.
The results fromthis experinent are shown in Figure 9. Figure 9 also

provi des the nol ecul ar wei ght of the heavy and |ight chains as determ ned
by mass spectroscopy (MALDI). 30 75 EXAVMPLE 6 Additional Characterization
of - Antibodi?s in Accordance with thg | nvention 5Figure 10 provides certain
addi tional tcharacterizing infornmati certain of the antibodies in
accordance W t hStii@uren Vi i-QTL A-B- A ofticl ¥FePardbh bl @l E0wiR uf! ONes 3. 1.1,
4.1.1, 4.8.1, 4.10.2, 4.14.3, and 6.1.1 s Summuarized.  The tortow ng data
is provided: Concentration, isoelec@ﬂﬁ@ﬂﬁﬁcusing (JEE), SDSPAGE, size

excl usi on chromat ogr aphy, FACS, mass spectroscopy (MALDI), 10and |i ght
chain N-term nal sequences. Generally, the data was generated as follows:
Material s and Met hGH€efelbrne fiscusyapaiustarel sfomatorsiadionadbates280 um from
a W scan (20Gredhl iitkorashienfnkndfvaRaoriangguni ts at 280 nm equal ed

| mg, /m . DS- PAGE was performed using the Novex NuPAGE

el ectrophoresi s sy$t ¥fFiP erelye 5ov6NEPAGRIbedissamoiuvESir asnnidage bathf er .
Sanpl es were 230 phaRRAHLEH i i : j 4% P S |l e buffer (+/-)
bet a- ner capt oet hanol , he%?%ﬁag%%%%@%m§§%5¥4%¥8 gﬁgﬂ%gggﬁﬁgggﬂm8ﬁto the gel .
The gel was t{®h %t Hiengertighleh hepiiddmieant GBhaielding aindi sguseingt iwvas (Si gma
cat.# B6529) aRcnpBkiRaul Biowkze estimates were nade by conparing stained

bands to "Perfect 'Protein Markers" (Novagen cat# 69149-3).
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 ¢DNA was followed by PCR.
Human Vy or human V. family specific variable region primers (Marks et al.,
“Oligonucieotide primers for polymerase chain reaction ampii.ﬁcation of human
20 immunoglobulin variable genes and design of family-specific oligonucleotide
probes.” Eur. J. fmmunol. 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 Cx constant region (hxP2Z;
25 as previously described in Green et al, 1994). Sequences of human
Mabs-derived heavy and kappa chain transeripts 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"



25 For N-term nal seauencing, sanples were run as above on NuPAGE
gels, transferred to Pro Blot immobilization nmenbrane (Applied Bi osystens)
then stained with Coonassie Blue R-250. The stained protein bands were
exci sed. and subjected to sequence anal ysis by automated Ednan degradati on

on 30" an Applied Biosystems 494 Proci rsr& HT Sequencer. 76
| soel ectric focusing (I EF) was perforned using Pharmacia | EF 3-9 pHast gels

(cat# 17-0543-01)... Sanpl re dilyted in 10%glycerol to -0.8 ng/n- and
1 ul was |oadé3°’%}H?58“§gﬁ=mgﬁe éé’f#’i? n ERBPFREAE, risge.d80) yshizes wer e
nmade by conparManyesibaimicGerkangs sdftvay agaanee (pH3-10) | EF st andards

5(Pharmaci a cat #,_.17-0471-0 Si ze exclusion chronat ography (SEC 1 was
carried i n phosphaf &5t F"’e@Pe%‘)@8I%“H}é°d(958§}-loﬁ-8t-he11@1&#@0@&-1% system

usi ng the Supetsesedit filClength DMNA s?elq@&xc@@lﬂbmch'\é%&ﬁ&ih?,rpo&k&? ASAMmates were

made by conparin eak, 10retention tine ,to the retention tinmes of gel For
FACS st udi €5 mmgﬁff?ab%rﬁf%émwa@bﬁ% e hbristosserelel usingimBNAnDiratied for 48

hours. T cel | sWe¥RalaThe GhIO0L Gvas HOSHSRERNSH ok Rig; » ! pix106
cel 1 s/ 100 ul and starﬁed for CD3 sfurface exp?esgllﬁg(r%%&np?ﬁl%anﬂdl s of
ant i - CD3- FI TCAIV#itasot EERR Whildandeck). Fhaversblt orgi@0datibast 65 Bate)r oom

tenperature. GakhLsdweues: kMG o p ilized (Fix and
Penn, Caltag), and stai rﬁ%ﬁ%‘;&grmi nt (ri)gléneel I uiéarirnkﬁke&gg‘%gsﬁéﬂi ith 10 ul
anti- CD152- PE€®Phar ni ngerftainF| ow cyt M0y was pegdner ned usi i)-a Bect on

Di cki nson fACSQriT AQUBRET ' j.sot ype
control 20anti bodiTes (Calﬂ?g‘g?%&gﬁéﬁ%d&t&@ém@ﬂT{G%éaﬁka
TG-3’) and to the stop codon of the IgG2Z constant region {5°-

TTCTCTGATCAGAATTCCTATCATTTACCCGGAGACAGGGAGAGCT-
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’y and the stop codon of the kappa constant region (5°-
TTCTTTGATCAGAATTCTCACTAACACTCTCCCCTGTTGAAGC—3’).
The 012 ¢cDNA was cloned by using a primer o the ATG start site (5°-
26 TCTTCAAGCTTGCCCGGGCCCGCCACCATGGACATGAGGGTCCCCGC
T-3) and the kappa constant region stop codon primer above. The heavy chain

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 CH1/Hinge/CH2/CH3 regions. The
25  point mutation to generate Nhe] site does not alter the amino acid sequence
from germline. The primer pairs were used to amplify the ¢DNAs 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 glutamme
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 aglvcosylated 4.1.1



As was di scussed above, anti-CTLA-4 anti bodi es have been denonstrated to
possess certain powerful imrune nodul ation activities. The 25 follow ng
experiments were carried out in order to determne if antibodies in
accordance with the present invention possessed such activities. In
general ;; the experinents were designed to assess ability of the antibodies
to inhibit the |nteract|on bet ween CTL%-4 and B7 nol ecul es, be sel ective as

bet ween CTLA4 B7 nol ecul 5’\3 and CD28, and pronote T cel | cyt oki ne
product i on, Idﬂd’f HEYEE Bts’t? PR ied mwpgpTesE of N2IQ FrFNiey CH2

expr essi on. Fuﬂmhah }E%ambiilaﬁtla@ﬁbdafes%é%?p'r&ﬁ@&j aykg%w% t@%}g Cg@g: ESO?LJ he

i nvention th% il n;ﬁ 77 human tissues and

species (e OHOTER LY dSPIERRLES iR rifird aping RerdarEaNMRLE s@pib@eapet i ti on
ELISA. I nhi b tebkilﬂqtﬁzfs CTliA: Hhidoikni® kR 3 relioh 2GLLAY go}?&‘o”‘%' hodies in
Accor dance w tg | nventi.on in vitro as was Eofillticted to
determine if XRCI% “fjla’é%seil‘ﬁ’u%é’o%@éﬁé’é WetlhedmeRpfrceﬁmmt #niviewith on wer e
capabl e of i nhithduieRgo oRlefigi:nRg ; i t.he 1 or 37-2. As
will be appr eg ate [}gag{m?lbodl es Of&%ﬁéﬁl ventlﬁ %Emfet ‘r’reézg%‘éHTe of

i nhi biting thBeH HaP 541t adlAcae aiseys. 37 nol ecul es woul d be expected to be
candi dates for inmune regul ation through the CTLA-4 pathway. In the assay,
the following materials and net hods were utilized:" 15 Materials and Met hods
3 nM B7.1-1g(Gl) drepiifizatigndaslviRepl i gen, |nc. Needham M) in Dul becco's
PBS was ceoated on 96-well MwmSorp plates (Nunc, Denmark, 20 #439454) and

i ncubated at 4C overnight. On day 2, B7-1g was renpoved and pl ates were

bl ocked wi th 1% BSAepol im'Oﬁ%svmmmegmﬁleﬂﬁnfeo;ﬁeﬁcwbb@aéé@ed Plates were
washed 3X W th,Wash, 20 in.D-PBS). Antibody at

appropri at e t%gt con@%{sﬁgﬁgﬁggan 8[{ Cew%‘e’é&)"e‘&?% nMfinal conc.)
(Repligen, Inc. Needham MA) were pre-m xed for 15 mnutes and then 25
added to the B7-1g coated plate (60 ul total volunme) and incubated at RT
for 1.5 hours. Plates were washed 3X and 50ML of a Ito 1000 dil ution of
HRP- | abel ed nouse anti-human 1 g&4 anti body (Zyned, San Francisco, CA,

#05- 3820) was added and incubated at RT for | hour. Plates were washed 3X
and 50 t1 TMB M crowel | peroxidase substrate (Kirkegaard & Perry,

Gai t hersburg, MD, #50- 20 76-04) was added and i ncubated at RT for 20

m nutes, and then 50 ul IN'2SO4 was added to the plate. Plates were read
at 450 nmusing a Ml ecul ar Devices plate reader (Sunnyvale, CA. Al
sanples were tested in duplicate. Maxinmal 78



signal was defined as CTLA-4-1g binding in the absence of test antibody.
Nonspeci fic binding was defined as absorbance in the absence of CTLA-4-1g
and test antibody. 5The results fromthe assay are provided in Table Il A
and ILI-B In Table Il1A results are shown for a variety of antibodies in
accordance with the invention. In Tablgg I11B, results are shown conparing
the 4.1.1 anti body of the invention with the 11.2.1 anti body of the

i nvention froma separate experinment. 10TABLE |il A Cone CILA-4-1g |sotype
CTLA4/ B7. 2 Conp. ELISA 1C50 (nM CTLAAMMELEd Conp. ELISA 1C50 (nM CT3.1.1
1g& 0.45 + 0.07 (n=3) 0.63HeAvithd DipR) Chift Gend thi#Pidk 38 + 0. 06 (n=5)

Clone Heavy Chain | Kappa Light Chain
| VH D JH VK JK
41.1 | DP-50 Déi{ﬁ;"’ TH4 A27 K1
481 | DP-50 | 727 TH4 A27 TKA4
4143 | DP-30 | 7-27 TH4 A27 JK3
611 | DP-s0 | DRSO ppy A27 K3
3.1.1 | DP-50 | 3-3 JHS TK3
4102 | DP-50 | 7-27 JH4 TK3
213 | DP-65 | 1-26 JH6 K4
4.13.1 | DP-50 | 7-27 TH4 JK3
11.2.1 | DP-50 | D1-26 | JHG6 K3
11.6.1 | DP-50 DzDim TH6 K3

D3-22
11.7.1 | DP-50 | orD2i- | JH4 K3
9
D3-3or
12311 | DP-50 | SO | JHS K1
12.0.1.1 | DP-50 | D6-19 | JHA TK4
5-24
4.9.1 DP-47 and/or JH4 X1
6-19

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 aiso 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
family gene. 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

15 B7-1 or B7-2. In XenoMouse mice, there are more than 30 distinet functional



0.50 0.05 (n=-2) CT4.8.1 1902 0.57 + 0.03 (n=3) 0.17 0.28 (n=2) CT4.9.1
| g02 Non-conpetitive (n=3) non-conpetitive (n=2) CT4.10.2 1g& 1.50 0.37
(n=3) 3.39 0.31 (n=2) CT4.13.1 1g& 0.49 0.05 (n=3) 0.98 0.11 (n=2)
CT4.14.3 1g02 0.69 0.11 (n=3)
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heavy chain variable genes with which {o generate antibodies. Bias, therefore,
is indicative of a preferred binding motif of the antibody-antigen interaction

with respect to the combined properties of binding to the antigen and functional

activity.

Mutation Analysis

As will be appreciated, gene utilization analysis provides only a limited
overview of antibody structure. As the B-cells in XenoMouse animals
10 stocastically generate V-D-J heavy or V-] kappa light chain transcripts, there
are a number of secondary processes that occur, including, without limitation,
somatic hypermutation, n-additions, and CDR3 extensions. See, for example,
Mendez et al. Nature Genetics 15:146-156 (1997) and U.S. Patent No.
7,064,244, filed December 3, 1996. Accordingly, to further examine antibody
15 structure predicted amino acid sequences of the antibodies were generated from
the cDNAs obtained from the clones. In addition, N-terminal amino acid
sequences were obtained through protein sequencing.
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 17},
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,
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
36 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



_ = . =2)  TABLE
1.04 0.15 (n=2) CT6.1.1 Ig& 0.39 0.06 (n=3) 0.67 0.07 (n
11113 d ont(a CT?_A-4-Ig | sot ype CTLA4/B7.2 Conp. ELISA 1C50 (nM CTLA4/B7. 1
Conp. ELISA IC50 (nM) CT4 0.55 0.08 n=4 0.87 + 0.14 n=2 CT11.2 1
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Figure also shows the positions of the CDRI, CDR2, and CDR3 sequences of
the antibodies as shaded.
Figure 3 provides a sequence alignment between the predicted heavy
chain amino acid sequence of the clone 2.1.3 and the germline DP-65 (4-31)
5 amino acid sequence. Differences between the DP-65 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 antibbdy as
underlined.
Figure 4 provides a sequence alignment between the predicted kappa
to Hght chain amino acid sequence of the 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 germiine 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 cione 12.3.1 and the germline Al7
30 amino acid sequence. Differences between the A17 germlme sequence and that

of the sequence in the clone are indicated in bold, The Figure also shows the



1& 0.56 0.05 (n=4) 0.81 0.24(n2 79 EXAWPLES Sel ectivity Ratios of

Anti bodi es of the Invention with Respect to CILA-4 Versus Either CD28 or
B7-2 5Another in vitro assay was conducted to determne the selectivity of
anti bodi es of the invention with respect to CTLA-4 versus either CD28 or
B7-2. The following materials and nethads were utilized in connection wth
the experinments: 10 CTLA-4 Selectivity ELISA: Mterials and Met hods

A 96-wel | Fl uroNUNC pl.at e n No 15) was pl.atecoated with four
anti gens: CTLA% 1}3:1@%%% M a%%?@. ?‘;quﬁmf%lﬁlf ité%r%‘%%e?sat ed

i n-house) . Theumatihgens were pl atecoated overnight at +4C at lug/m 15
100ul/well in 0.1M,sodi ym bi.carbonate buffer, pH 9.6. The PI ate was then
washed with PBST (PBES PP eBAtIHT AAFBE e i RighigtellRerdl at e
washer. The plighe chvis alinockiddeqichir HBET+RnbIBSA Al tddPertlibwelilaisThe pl ate

was incubated at. RT for 1 hﬁgr t hen washed with PBST three tinmes. Next the
anti - CTLA- 4 anPBR 478 SBfer i Hererit iobReRdhe AdiA 1 desmniine wegare #1d 1 ug/ ml

and 20 vere adgehflie: dh@npd AlRs cldiearpliddicudds volic ubRtBeBhIKind@y 1 hour
then washed with PBST three The well s that contained the anti bodi es

i mes.,
of the inventi®hPaEHeRstRRe Fb@ét 8R4 #RY L8R ufateces ehthe-antikedy #9G2- HRP
( Sout her n Bi ot\gghliigat No. 9070-05) at a 14000 dilution in block. Al so, one
row was treated with anti-human 1gG (Jackson Cat No. 209-035-088) to
nornal i ze for pl at E&BEE PAProvides aT¥friss Hhtaddisenal iaegeatideanddarnipo 28000 i n
bl ock and afdedqahckQ? mdldiwthile anAlSRLA ANBHERY Nas. treated with anti - human
CTLA- 4- HRP (Pharm ngen Cat No. 345815/ Custom’HRP conj ugated) as a positive
control. This antibody was used at 0.05 ug/nil diluted in block. The plate
was incubated at RL fpr 1 hour then washed with PBST three tinmes. LBA
chem | um nescent subStrate (Pierce) was 30 added at 100 ul/well and the
pl ate was incubated on &lligezptledhdkimevy ohaih (GNA The), geatraiciaé)t men r ead
using a birth-inmger.: : m n. exposure. 80 ICGEN CTIA-4-1g Selectivity
Bi ndi ng Assay: Mat ghl%lo%ldzzﬁé)%t hods M 450 Dynabeads (Dynal A.S,
Csl 0, Norwdy #140.02) walelengils heldc@Xiawidt 1. Nehephyosipiha{@Nosf $26d), andH 74 and

resuspended in Na le%pagﬁtﬁ(e%uf fer. 1.0
4.1.1 light cham (¢DNA 22(f) and amino acid 22(g));

Pa
=]
by

20 full length 4.8.1 heavy chain (¢cDNA 22(h) and amino acid 22(1));
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() and amino acid
25 22(m)y;

6.1.1 ight chain (cDNA 22(n) and amino acid 22(o));

1121
full length 11.2.1 heavy chain (¢cDNA 22(p) and amino acid
30 22(q)y; and
11.2.1 light chain (cDNA 22 (r) and amino acid 22(s)).



5 ug CTLA-4-19g(Gl), 1.0 ug CD28-19g(Gl) or 1.0 to 3.0 tig B7.249g(Q)
(Repligen, Inc. Needham MA) were added to 100 ul of beads and i ncubated
overnight on a rotator at 4C. On day 2 the beads were washed 3X in 1% BSA
pl us 0.05% Tween-20 in Dul becco's PBS and bl ocked for 30 m nutes. Beads
were diluted I to 10 with blocking buffer and 25 ul of the coated beads
were 10 added to 12x75 mm pol ypropyl ene73tubes. Al sanples were tested in
duplicate. 50 Al test antibody (1 ug/nml”final concentration) or bl ocking
buffer was added to the tubes and incubated for 30 m nutes on the Origen 1
5 Anal yzer car ousd&igri@l pENdEAe@chessiaghdlown indold @l leresrieudge oM at RT,

08" ( Zyned, v Bhec Rl s BIVEALER: DAL SRR gl K8 00
(final concenhdatinan Qhd,haghmtionningd0udal t¢ miadt thealgliregylwas 4added to the

tubes. Tubes were incubated for 30 mnutes at RT on, the carousel vortexing
at 100 rpm Deryyuhaprandrhegesuigag shange (NP4 Q) aserhewit By deablegmsetlingnc . |

Gai t her sbur g,,, M), #%404105%203) . P8I LERE RS, afded and,briefly vortexed and
then the tubes were C(gunt egl %%1 t{mgtd%r ?Sen 50 gﬁgl y?%? and ECL

(el ectrochem | um nescence) units were determ ned for each tube.
Normal i zation factors were determned to correct for differences in binding

of fusion preter E Dynabeads, and ECL units were corrected for
nonspeci fic Rimg ‘ 1ok @hhibo A8l ELbinSktihifdnS. 25The results
fromthe assays are provided rn Tables an TABLE WA C one

i sotype CTLA4/ CD28 ELI SA CTLA4/B7.2 ELI SA CTLA4/ CD44 ELI SA CTLA4/ CD28 | GEN

CTLA4/ 13?0 2 1 GN 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,
3.1.1,4.10.2,4.13.1,11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the
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.



= : = 00: = : =2) >500:1 (n=1)
>500: 1 (n=3) >500:1 (n=3) >500:1 (n=3) >500:1 (n : (
= 4.1.1 ngQ)>500 1 (n:3) >500:1 (n=2). 485:1 (n=1) >500:1 (n=3)
6

3.1.1 Ig
195:1 (n=1
>50 ((n i) 261:1 (n=1) >500:1 (n=1) 107:1 (n=1) 4.8.1 |g02

0:1
74

The light chains of these antibodies are derived from 5 different Vk

genes. The A27 gene is the most heavily represented and is the source of 6

different light chains. Comparison of these 6 sequences reveals two noteworthy

features. First, in three of them, 4.8.1, 4.14.3, and 6.1.1, contain deletions of

5 one or two residues in CDRI, a rare event. Second, there is a strong prejudice

against the germline serine at position six in CDR3 in that the serine has been

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

16 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.

13 EXAMPLE 5

N-Terminal Amino Acid Sequence Analysis of Aptibodies 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

clectrophoresis 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).

3¢
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EXAMPLE 6

Additional Characterization of Antibodies in Accordance with the

Invention

5 Figure 10 provides certain additional characterizing information about
certain of the antibodies in accordance with the invention. In the Figure, data
related to clones 3.1.1, 4.1.1, 4.8.1, 4.10.2, 4.14.3, and 6.1.1 is summarized.
The following data is provided: Concentration, isoélecm’c focusing (IEF), SDS-
PAGE, size exclusion chromatography, FACS, mass spectroscopy (MALDI),

10 and light chain N-terminal sequences.

Generally, the data was generated as foliows:
Materials and Methods

15 Protein concentration was determined at 280 nm from a UV scan (200-

350 nm), where 1.58 absorbance units at 280 nm equaled Img/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 ng of protein was loaded onto the gel.
The gel was then stained with Brilliant Blue R staining solution (Sigma cat.# B-
6529) and moleculer size estimates were made by comparing stained bands to
“Perfect Protein Markers” '(Novagen.cat# 69149-3).
25
For N-terminal seguencing, 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 Biosysterns 494 Procise HT Sequencer.
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Isoelectric focusing (IEF) was performed using Pharmacia IEF 3-9

pHast gels (caté 17-0543-01) . Samples were diluted in 10% glycerol to ~0.8

mg/ml and tul was loaded onto gel and then silver stained. The pl estimates

were made by comparing stained bands to broad range (pH3-10) IEF standards
5  (Pharmacia cat # 17-0471-01)

Size exclusion chromatography (SEC) was carried in phosphate buffered

saline (PBS) on the Pharmacia SMART system using the Superdex 75 PC

3.2/30 column. Molecular size estimates were made by comparing peak

10 retention time to the retention times of gel

For FACS studies, 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, Marseilie, 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 1sotype 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,

36 inchuding, 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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human tissues and CTLA-4 molecules in other species (e.g., mouse and

primate) was undertaken,

EXAMPLE 7
5 Competition ELISA: Inhibition of CTLA-4/R7-1 or B7-2 Interaction by

Antibodies in Accordance with the Invention

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 oM B7.1-1g(G1) 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 overmnight. On day 2, B7-1g was removed and
plates were biocked 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 ul of a 1 to 1000 dilution of HRP-1abeled
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 1i TMB
Microwell peroxidase substrate (Kirkegaard & Perry, Gaithersburg, MD, #50-

30 76-04) was added and incubated at RT for 20 minutes, and then 50 ul iN H,S0,
was added to the plate. Plates were read at 450 nm using a Molecnlar Devices

plate reader (Sunnyvale, CA). All samples were tested in duplicate. Maximal



lg& >500:1 (n=3) >500:1 (n=2) >500:1 (n=3) 11.2.1 1g02 >500:1 (n=3)
>500:1 (n=3) >500:1 (n=3) EXAMPLE 9 Human T-Cell Signal WNbdel I n
order to further define the activity of antibodies in accordance with the
i nventi-on to act as inmune regul ators, we devel oped certain T-cell assays
in order to quantify the enhancenment ef T-cell 11-2 production upon

bl ockade of
signal was defined as CTLA-4-Ig binding in the absence of test antibody. Non-

specific binding was defined as absorbance in the absence of CTLA-4-Ig and
test antibody. '

5 The results from the assay are provided in Table I1IA and 1IIB. In Table
1A, 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.] IpG2 | 0.45 £ .07 (n=3) 0.63 £ 0,10 (n=2)
CT4.1.1 IgG2 | 0.384 0.06 (n=5) 0.50 £ 0.05 (n=2)
CT4.8.1 IgG2 1 0.57= 0.03 (n=3) 0.17 4 0.28 (n=2)
CT4.9.1 IgG2 | Non-competitive non-competitive
(n=3) m=2)
CT4.102  [1gG2 |1.500.37 (n=3) | 3.39+ 0.31 (n=2)
CT4.13.1 IpG2 1 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)
CT6.1.1 10G2  10.39 £ 0.06 (n=3) 0.67 £ 0.07 (n=2)
15 TABLEIIB
Clone Isotype CTLA4/B7.2 CTLA4/B7.1
CTLA-4-Ig Comp. ELISA Comp. ELISA
1C50 (nM) IC50 (nM)
CT4.1.1 IgG2  10.55+ 0.08 (n=4) 0.87 = 0.14 (n=2)
CT11.2.1 Ie(G2 0.56 = 0.05 (n=4) 0.81 + 0.24 (n=2)




82 CTLA-4 signal with the antibodies. The follow ng materials and net hods
were utilized in connection with the experinents: Mterials and Methods 5
Freshly isolated human T cells were prepared by using H stopaque (Signma,

St. Louis, MO 4A-70543) and T-kw k (Lynpho-Kw k, One Lanbda, Canoga ParKk,
CA, #LK-50-T), and stimulated with PHA,{1 4g/ml) (Purified

Phyt ohemaggl uti nin, Murex Di agnostics Ltd. Dartford, England, #HA 16) in 10
medi um (RPM 1640 containing L-gl ut M non- essential am no aci ds,
penicillin, stgepto‘ in, 25 rri\/l Hem‘sﬁnﬁosgg% FBS) at a concentration of

1x106 cel | s/ i Saleg ibod R of tlre cga 3 .: wilihRespedd 1§ ovare£4washed and
di | uted | n nediumto 2x106 ce

— JV (Burkitt Iynphoma, Human

ATCC No.: CCL 86 Class Il AnmeT L'%m: 5% 2ol | ecti on Rockvi | | e, M)
15 were treated with mtorrycm C (S| gma St. Louis, MO # M4287) (25

p.g/m) for one hopr.t 37 e washed 4X in PBS and
resuspended at 2x106 cerlzﬁ f[rﬁ -mﬁu C’?n “é:h% tBI‘&?F?“?@@L@@FW&’)W Raji cells
(5x105/ ml) anantibadies @lhaingerdint wndesgwmas CanALs@k¥PedrRRRed peont r ol
anti body at vagi oy t e added to 96-well m crotl ter plates
and the plates wergmglgé]?n%c&b lgt eg tg"’i‘{fc‘”ﬁf&r“ﬁ#z%awgrmemnamwmrre per wel |
was 200 pl. Seipenmyattwo hours post stimulation, the plates were spun down
and supernatant renoved and frozen for |ater determ nation of IL-2
(Quant i ki. I ELLSA M nneapolis, M\, #D2050) and |IFNy
(Quant i ki gtg Iéﬁ%p‘ ﬁ%@%"ﬁﬁ‘%&%&’?ﬂ%‘ﬁé Mefhadki ne enhancenent was defi ned
as the dlfference bet ween 25 cyt oki ne Ievels in cultures containing an

anti - CTLA- 4 bl ockiA@®6rnil FiefSuRN@ RS oy ReCHBkS 0 ntibody. For
S MI% %{8{%“ %c‘%‘bbuffer ( PBS

flow cytomet eriments ells were washed

cont ai ni ng 2&“}}:‘;{5 ﬁ‘?ri(l%f’?s\/aqﬂjggi'ﬁ/& CR403506 B3¥aurmaBUR)g (Gelgenpel | ets were

resuspended i Eﬁt@&xbhtfd‘ [ Tigd anti¥ehO & cub with 10 41

of anti -CDBOgI% §Bqltonsg cklasllsl%;erq;1 5%1%&0]&%28 J%%&% +’l§ ‘a]tl’@?%% PE

( Phanni ngbsn 18 Hl‘ﬁgcﬁbo 1nsodingp biygroenpig thudfem tpH %mThelpmdf atasirtlen Oel I s were

washed tw ce vedzted ﬁﬁhIS’BsmCtﬁﬁs g, }’I-%n‘li\wé%é% lﬁh‘ée %’Btﬁ us{ngg;} W{g& i
rs vvere se

performed usi % ecton Di cki nson FACSor
by analysis Of&R& fie v blppleed ot ?BWW%B&AH&EBSO({WeﬂIaghe Buel i ngane,

CA) . I n genendds,indiBaB@vertdeyel d for rapid 5
determ nation osfmT-?:eI | IL- %gu%%gg}ueﬁgﬁﬁgﬁﬁ%ﬁgggr%rﬁeg &t Eﬁeed

stimul ati on GRtFTEe-fgniipdizy ohihd IORRGo ppentiand in FlaEk hter gishad T bl asts

do not make dgt-egdd ke det ectable IL-2 even
when stimul ated w tgﬁltoethkélpra?e g@@?ﬁ?ib N mcul’atf“ﬂatclgﬁ%’i’ ng‘PP’b’ﬁ‘en phaget bl asts
- co-cul tured WithPRE] faregdinies Tarweiinthet ctﬂ?am%e“mﬂbotﬁé&%f@gzﬁvéhﬁﬂal ing events

and 10t he ef nt i i r eo. can be assessed. Figure 11
shows t he ex%‘%gésglle%n E’% ; %dwgrﬁi} aém g, [gGE-ERPs(Seythary Bistdch CDBO- PE and

ant i - CD86- PECINS.90EI-08) af b QWOOY Eieih iy bl anpl e 6.
Figure 12 sho t he ’%g‘{] aentra |01n de]L ndoglg\tc'\é%on%g%%?rr%% 9&? 4\1’1@)(
P amsp 683 (aiponcea: R

production i A% %wgﬁ)ﬁ@@emhmjfmwamigackl ng
anti bodi es ( Bhls3nfiuerMsngieR) t@m@otmﬁ: Biodkc dnd dhath & 18N8l Y, @0t 1 bodies of

t he invention
ge Tow 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/mi diluted in block. The plate was incubated at RT for ] hour then
washed with PBST three times. LBA chemiluminescent substrate (Pierce) was
30 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,



Figure 13 shows the concentration dependent enhancenent of |FNy production
inthe T cell blastrRaji assay induced by CTLA-4 bl ocki ng 20anti bodi es
(BNI'3 (PharM ngen) and the 4.1.1, 4.8 1, and 6.1.1 anti bodi es of the

i nvention) (sanme donor T cells). Figure 14 shows the nean enhancenent
of IL-2 production in T cells from6 donors induced by CTLA-4 bl ocking
antibodies in the T cell blast/Raji as§§y. It is interesting to consider

t hat the | nAb, 9.1 inds to CTLA4 but 25 does not bl ock B7 binding.
Thus, sinply bf%ﬁrént‘%"‘%?gﬂﬁﬂ“i‘@’ Ripdiggissqye f¥latsyialspedMethodspr ovi de a
functional antibody of the invention. Fi gure 15 shows the nean

enhancenent of | FN dﬁroduction in Tcells from6 donors induced by CTLA-4
bl ocki ng ant i bodi esMih” tHBaPPagsdPYIY et PimjNorsiesald 0. 03D Ferg washeB 3 Xshows a

conpari son bet wWesNatphespAard bdir@NH 3428 bestileh RQ Lpyventdon at a
concentration of 30tt fnﬁ in tﬁg—Yz hou? #kce?ﬁhE%é@%%%g%PuﬂghqéLsay as
descri bed if tHEsCE&%%ﬂS@H@ hfidHg HeDirfBiEianei geh tassayugastr-igied) i n Exanpl e
10, Fi £.207,8h e tration dependent enhancement of |L-2
production in ?ﬁ% ¥%&% 1H%?%%?v¥g§n&§£§%%dﬂ%68§@§Ogge¥%éMQeq@%&%%d 11 2 1
_CTfLA4 5?_nti bodf‘&frﬁgiﬁatonlaeothtmvamﬁﬂ?.omn day tz thegéaaewfsﬁlwe]gam : EF?&%%S%AVC]C provi des
information rela mean. enhapcenment and range of enhancement o

cyt oki ne respoﬁlg%s'ﬂ%’f“?ﬁ%ee’ﬁg? in ﬁﬁﬁ’e@ﬁﬁn%%%é’%blé?ke@ﬁ@ $hwindsomeadBach of t he
experinents i nebuddaged 0 18 he wesHbbisnaberhaseds an i dose of 30
ug/ nl and neasuregFat 72 hours. 10 ﬁﬁnbers of go%ﬁ@écggg%bgﬁstﬁg

exper i ment $0 asa4lef [0 12575 BaRAgEepyisne o whll sapyBtsEv ¢y @steAsss aypliol Oyt oki ne
Mean 50 ui test antibody (1 pg/mi final concentration) or blocking buffer was added
to the tubes and incubated for 30 minutes on the Origen 1.5 Analyzer carousel
(YGEN International, Inc., Gaithersburg, MD) at RT, vortexing at 100 rpm. 25
ul of ruthenylated murine anti-human IgGl1, 1gG2 or 1gG4 {(Zymed, Inc. San
15 Francisco, CA #05-3300, 05-3500 and 05-3800) (final concentration of 3 pg/mi
in 100 u! total volume) was added to the tubes, Tubes were incubated for 30
minutes at RT on the carouse] vortexing at 100 rpm. 200 pl of Origen assay
buffer (IGEN Intemational, 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 IVE.



Response T cell

/[ mL n Donor
Enhancenment pg/m SEM Range Enhancenent pg .
biast/Raji 4.1.1 IL-2 3329 408 0 to 8861 42 19 of 21 T cell blast/Raji
4.1.1 I FN-y
' 81
TABLEIVA
Clone | Isotype | CTLA4/CD28 | CTLA4/BT.2 | CTLA4/CD44 | CTLAG/CDIS CTLA4/B7.2
ELISA ELISA ELISA IGEN JGEN
3L | G2 >300:1 (m=3) § >500:1 (n=3) | >500:1 (n=3) | >500:1 (n=2) | >500-] (n=1)
195:1 {n=1)
411 | 1gG2 >500:0 {n=3) | >500:1 (n=2) | >500:1 (n=3) | >500:1 (v=1) | S3001] (n=1)
485:1 (n=1) 261:1 {n=1) - W7 (=1
481 [1gG2 500:1 (n=3) | >500:] (n=2) | >500:1 (=3) | >500:1 (n=2) | 50011 n=2)
190:1 (n=1)
491 | 1gG2 >300:1 (n=2) | >500:] (m=2) | >500:1 (n=3) | =500:1 {n=1} | 50011 n=1)
244:1 (m=1) 331 (=1
4.10.2 T 1gG2 >300:0 (n=3) 1 >500:1 (n=3) | >500:1 (n=3) | >500:] (n=1} >500:1 {n=1)
4.13.1 | 1gG2 >500:3 (n=2} =500:1 (n=3) | >500:1 (n=3) | =500:1 {o=1) =500:1 (=2}
46:1 (n=1} 3280 {r=1)
4,343 1 IgG2 >300:3 (n=2) | >500:1 (n=2) { >500:1 (n=2] | >413:1 (a=1) | 5334'] (r=1)
80:1 (n=1) 16:1 (n=1) 126:1 (n=})
611 1 1gGa >500:1 (n=2) | >500:1 (0=3) | >500:1 (n=3) | >500:0 (m=3) | S500°] (=2}
52:1 (n=1)
5
TasLE IVB
Clone | Isotype | CTLA4/CD28 | CTLA4/B7.2 CTLA4MIG
ELISA ELISA ELISA
4.1.1 1gG2 =300:1 {n=3) >500:1 (n=2) | >50(:1 (n=3}
11.27 | 1gG2 >500:1 (n=3) | >500:3 (n=3) | >508:1 (n=3)
10
EXAMPLE O
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-cel] IL-2 production upon blockade of



3630 980 600 to 13939 17 13 of 13 T cell blast/Raft 11.2.1 IL-2 3509 488
369 to 6424 18 14 of 14 SEA (PBMC) 4.1.1 1L-2 2800 312 330 to 6699 42

82

CTL.A~4 signal with the antibodies. The following materials and methods were

utilized in connection with the experiments:

Materials and Methods

Freshly isolated human T cells were prepared by using Histopaque

(Sigma, St. Louis, MO #A-70543) and T-kwik (Lympho-Kwik, One Lambda,
Canoga Park, CA, #LK-50-T), and stimulated with PHA (1 pg/ml) (Purified
Phytohemagglutinin, Murex Diagnostics Ltd. Dartford, England, #HA 16) in

10 medium (RPMI 1640 containing L-glutamine, MEM non-essential amino acids,
penicillin, streptomycin, 25 mM Hepes and 10% FBS) at a concentration of
1x10°% cells/m! 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 mitomyein 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

26 incubated at 37°C for 72 hours. Total volume per well was 200 ul. 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 kit,
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 ul 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 m! FACS

buffer. Flow cytometry was performed using a Becton Dickinson FACSort.



17 of 17 SEA (PBMC) 11.2.1 IL-2 2438 366 147 to 8360 25 15 of 15 SEA
(Whole Blood) 4.1.1 1L-2 6089 665 -1681018417 46 15 of 17 SEA (\Wol e Bl ood)
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Histogram markers were set by analysis of relevant isotype contro] antibodies

(Caltag, Burlingame, CA).

In general, we have developed an assay that can be used for rapid
5  determination of T-cell IL-2 upregulation. As will be appreciated, stimulation
of T cells is B7 and CD28 dependent. Further, washed T blasts do not make
detectable IL-2 and Raji cells do not make detectable IL-2 even 'when
‘stimulated with LPS or PWM. However, in combination, the T blasts co-
cultured with Raji cells can model B7, CTLA-4, and CD28 signaling events and

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 enhancemenf of IL-2

15 production m 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 celis).

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 biast/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 mvention at a concentration of 30pg/m! in the 72 hour T cell blast/Raji



11.2.1 IL-2 6935 700 -111 to 11803 25 12 of 14 EXAWMPLE 10 Human T- Cel
Si ena! Model 20We devel oped a second cellular assay in order to quantify

t he enhancenment of T-cell IL-2 upregul ation upon bl ockade of CTLA-4 signal
with the antibodies. The following materials and methods were utilized in
connection wth the expeinents: 85 Materials and Met hods Human PBMC

wer e prepared using Accuspin. M crotit®r pl ates were precoated with an
anti-CD3 anti bo (leud, Begton D ckinson 60 ng/nm) and 5 incubated for
2 hours at 376:‘?53%?53%@&’6%“ g&‘éﬂ@ﬂ“ﬁ%‘f?ﬁ@dv‘%ﬁ §t§3e@pumfs@mdmﬁues iper wel | .
St aphyl coccusEemte¢ ot oxin A (SEA) (Signa) was added to the wells at 100

ng/ m . Antibodies ﬁl‘\erezﬁd%ed to the wells, usually at 30 ug/m. Cells were
then stimul ated forf48"729%F 98 WBHHEUP| ¢aperdepk eahaperhan fafgiedk at t he

desired ti me- potintioandhsTREN BRLERSSs WO HeEQTRMED, F K om, t | S
Thereafter, 10 Super r}%ants were chec éduf orlmjl E%Epi)%g] &Q?il\g{ra\ﬂtfﬁ ng ELI SA
(R&D Syst efrs) antibodies of Bedpysplion.r om t hese experiments are shown in Fi gures

16, 17, and 21. | mhEi GU6Rink0 TabRAWEL 1,00 - roduct i in liPBMC fromb5
donors was measured 72 hounrjgg after sté}rrul?ast ér%)f?lgnaﬁﬁnﬁegqﬁ?dgqﬁ?fm%sul ts are
shown from nmeZSHCEREHnd sEree i snkangtromd of arteltiye ragortshén dicf Rgr gmce i n

i nduction of dus 2ssBfQURd 1Q9BhHR. TR of the experiments included in the results

are based on antibody at a dose of 30 ng/m! and measured at 72 hours.

10 Numbers of donors used in the experiments as well ag responses are shown

TABLE TVC
Assay mAb | Cytokine Mezn SEM Range n Donor
Enhancement Enhancement Response
_ pe/mi pe/mi
T cell blasURay 4.1.1 11.-2 3329 408 010 886 42 19 0f 21
T cell biast/Raji 4.1.1 TFN-y 3630 980 600 to 13939 17 i3 ofi3
T celi blast/Raji 11.2.1 Ii-2 3509 488 369 to 6424 18 14 of 14
SEA {PBMC) 4.1.1 IL-2 2800 312 330 to 6699 42 {7017
ggA {PBMC) 11.2.1 IL-2 2438 366 147 to 8360 25 i50fl5
A 4.1 1L-2 6089 665 | ~
(Whole Biood) i6810 18417 | 46 150f17
SEA itz -2 6935 7060 ] -
CWhols Blood) 111to 118B3 | 25 120f14
15
. EXAMPLE 10
Human T-Cell Signal Madel
20 We developed a second celuar assay in order to quantify the

enhancement of T-cell 1L-2 upregulation upon blockade of CTLA-4 signal with
the antibodies. The following materials and methods were utilized in

connection with the expeiments:



bl ood of 3 donors as neasured at 72 and 96 hours after stinulation.
In Figure 21, the enhancenent of |L-2 production in whole blood of 2 donors
as neasured at 72 hours after stinmulation. 20EXAMPLE 11 Tunor Ani mal Mbdel
We have. established an animal tunor nodel for the in vivo anal ysis of
anti-murine-CTLA-4 antibodies in inhibiting tunor growmh. In the nodel, a
25 nmurine fibrosarcoma tunor is growngand the aninals are treated with
~antimurine-CTLA-4 antibodies. The materials and net hods for establishnment
of the nodel Mreripkemdddethtsl ow. Materials and Methods 30 86 Anti-nurine
CTLA-4 or an isotype matched control antibody (PharM ngen, San Di ego, CA,
200 ug/animal) were injected intraperitioneally on days 0, 4, 7 and 14
follow ng the inj éntriaoPBMCtweroprepatd asing WEBlspife aSis6BNS 8RR t aken

during the course of .the 3- ek _experinments using a Starrett SPC Pl us

Sel ect roni ¢ dAFPHE Wéthtﬂﬁflwanﬁh@t%rgg‘it%I\)@‘é"s@i&dﬁ%%@ﬂ) #4 the surface
area covered iRyl 20bamh3 OMBYBMC were akicdus trekils RO dofige1isnhi bi tion of
tumor grow h mﬁtg a %?%;-nurine CTLA-4 antibody in a nmurine fibrosarcom
tunor nodel . PASY hoVAPTIIORSHS BREOIEEM A Sigpgtieaddsl ththamells €TLA- 4 had a
reduction in jod APk OhAMEdNied Sverela&OI R i1t G aill ﬁ%jfg@{g%ﬁ%%t h an

i sotype contr ol antlbo%y. Accordi ngly, anti-nmurine I NADS "are capabl e
of i nhi bi ti nghajrssmpiatastion4d.i78 00 8&hewsra Platesavero usdrifugerbmt fiodedired| t i s
expected t hat;antiRolLSuldidtanfl fekl OS85 LvVe W mat ne .CTLA- 4
woul d perforn%sinila%}y ?% t?g nngel. F%&gegé# %FW%%g&an |%%ﬁ%%s of the
15i nvent i ¥n tshremateaisev e eheckdddelbd froducipossng BRISA (R&AY Systamne. ar e
cross-reactive with nurine CITLA-4. EXAMPLE 12

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 afier stimulation.

In Figure 21, the enhancement of IL-2 production in whole blood of 2

donors as measured at 72 hours after stimulation.

20 EXamPpLE]]

Tumor Animal Model

We have established an animal tumor mode] for the i 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 SalN tumer cells (1x10% (Baskar 1995).



Tumor Ani mal Model 20 In order to further investigate the activity
of anti bodies in accordance with the invention, a xenograft SCI D nouse
nodel was designed to test the eradication of established tunors and their
derived netastases. In the nodel, SOLD mice are provided with grafted human
T cells and are inplanted with 25 patient-derived non-small cell lung cell
(NSCL) or colorectal carcinoma (CC) cebds. Inplantation is nade into the
gonadal fat pads of SCID mice. The tunors are allowed to grow, and :
thereafter reroviedyifEh€Thi\ele aeveiaypchmmandd kel ambodn drHaivafedret ast ases.

Such a nodel i ri-hed-4 n Bumpers et. al . |. Surgical Res. 61:282-288
(1996) . 30It iséngﬁ%écpgdg?dn%ﬁmé”ﬁ Bagiwecst “F’ﬁ%eri“rg?wﬂﬁowa% .14 V' nhi bi t
growt h of tunens 14 érllvedhg the Skchiomdiaemor 8lls| NGIRRRRATEEN BY e BERERENCE Al |
references ci tdeg her ei n, |§c§udj|n£g)fg tents,%lpat ent applications, 5 papers,
text books, and theq FRE® And®the 1EF TEACBIITERY 2t HaFEl ’PCt 854 he ext ent
that they areehotomt tapyAtal, e ARmehymbNE O PARbRGNEY BL By heberence in
their entiret n dition, the,follow ng references are al so i ncorporated

. 1n.a
by reference ﬁ%Yeé‘“TdnbyidthP%P\mhé’ﬁfni)rety, including the references cited in

such references: 1Biphtcey ghotks t&d inhibid WU Bhmok BfoviR 62 O GG} A | i son and
Krunmel Scien e%%zlg 932-933 (1995) 15Bal zano et al. Int J Cancer Suppl
7:28-32 (1992?3 5 FotEedym = g ey posmedey 98y siBivgkie fagide Li t zi - Davi s

Bi 0Conj ugat e ChesRimais 5ddred It 02T BOYSS: Qt Jeduc@hy 2 - uxggxﬂsgmg@ l,, Acad Sci
USA 90: 11059-63 (1993) Bowi e et at Science 253:164 (tl 1 B uggeman et
al . PNAS UBA 8emerreibiopinimals igge] with an isotype control antibody. Accordingly,

anti-murine CTL.A4 mAbs are capable of inhibiting growth of a fibrosarcoma in
a mouss 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  patieni-derived non-small cell lung cell (NSCL) or colorectal carcinoma (CC)y
cells. Implantation is made into the gonadal fat pads of SCID mice. The
tumors are allowed fo grow, and thereafier 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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matter how detailed the foregoing may appear in text, the invention nay be
practiced in many ways and the invepiQpgshoul d be construed in accordance
wi th the appended cl ai ns and 10any“‘6““—a‘l”e‘nequ ts thereof MCSLLP 97 C ai ns:
1. Use of & human Rhoerespiak é‘?ﬁ?ﬁlm@dym Examaiesi detni! bierdinn grefsagment

hor cof that  RidSikfs &Y RLAKh G Tl (IRREEE 0L R L LERLA A Tor Lhe
preparation of a nmedi canent for enﬁanm ng cy Bk fif fi Tcells in
a subj ect, whérenirssaltavidinkd appdstiatdmbovees, mhtendﬂeﬁuM sdvaidaai e CDR2, and

CDR3 ami no acigg chai n CDRI CDR2, and CDR3 am no
aci d sequences o#%%%ntl b%%e?rrllgm%p?h(as éﬂ%%ﬁy pﬁ?‘éﬁﬁﬁé%mén%ﬁﬁsﬁ‘Pd 2. Use of
a hunman nonocltieratention sipoblybeoronstruednt kgeriaiienditnge p panBNitRareof t hat

bi nds

10 any equivalents thereof.



to cytotoxic T |lynphocyte antigen 4 (CTLA-4) for the preparation of a

medi canent for enhancing a cytotoxic T cell response in a subject, wherein
said anti body conprises the heavy chain CDRl, CDR2, and CDR3 am no acid
sequences and the |ight chain CDR1, CDR2, and CDR3 am no aci diygsggugnces of
antibody 11.2.1 (as shown in Figuresyg2 and 5). 3. The use of claim® or
claim2, wherein said antibody inhibits human CTLA-4 binding to B7-1 with
an | C50 of about 100 nMor |ower, and wherein said anti body has at | east
one pzﬁgﬁﬁgy selected fromthe group consisting of: a) binds to human
CTLA- 4" M th a binding affinity of about 10-9 Mor greater: b) inhibits

human ,CTLA;4 bi.nding to By- | . A t Ant MO that®sRls C)
enhandes ¢ SSQ%%@“%%OI&%%Y%H%{} %ﬂﬁfbgdﬂgln%ﬁgé%g%ie ?Qgﬂ%aﬁé% jo ti as.stayt &ySSOO
pg/ M or greatebiicd)iyspharyeestigka 2 (FFbdud tiorghe preperahemetn Meddednenploast / Raj i

assay by 500 pg/m or, greater; e). enhances.interferon: r I in a
hunman T ceIePhEE‘F’%W‘R[S]ngPI VA ‘Bﬁ‘%ﬁ”ﬁ)@?@ﬁ“&rw Fan g %{ntg)gggg&hn%rfsg%i nd to
CTLA-4 fr OmJIMESEhaiPEDRY, CBRD] dnd UDRDEMED doidl Ldboheds dudl dia Iophncimdl ogous and
rhesus nonkeys; h) binds to a _conformational epitope human, CTLA- 4; and
MC SLLP 98 GLHhi. BiIRS. hsh@RRS GioRo i Gitaencss qhatizedy Elf-ziﬁaﬁ Sﬁ%ﬂ&ﬁ VS s 1 to
3, wherei nzsghg anti body inhibits human CTLA-4 binding to B7-1 with an | C50
of about 0750 AM or |ess and inhibits human CTLA-4 bi ndi ng to B7-2 with an
| C50 of about 0.38 nMor |ess. The use of any one of clains 1 to 4, wherein

said antib onprises a.light.chain t ULd L] el lqee Vic
012 ggne. %ﬁéoﬁgﬁaﬁn I&ﬂ?/océ)%gp%}tlbg?%%%n a?l%%%n éfnd%gfaéﬁ ﬁgtgg?go fgnti body
conpri ses & &y1@bkic TN@nPhe&grRiritigbng (CTeAaifnahapicgarsieuenoecdfanB8iEdor D NO
22. 7. The use of any one of clains. 1 t%,6 erein,said. anti bodé/, conpri ses
the |ight Eépipnping a cytotoxic T cell response in a su ject, wherein said anttbody COmprises the

heavy chain CDR1, CDR2, and CDR3 amino acid sequences and the light chain CDRI,

CDR2, and CDR3 amino acid sequences of antibody 11.2.1 (as shown in Figures 2 and
5).

3. The use of claim 1 or claim 2, wherein said antibody inhibits human CTIL.A-4 binding to
B7-1 with an IC« of about 100 nM or lower, and wherein said antibody has at least one
property selected from the group consisting of:

a) binds to human CTLA-4 with a binding affinity ol about 10 M or greater;

b) inhibits human CTLA-4 binding to B7-2 with an ICs; of about 100 nM or less;

c) enhances cytokine production in a human T cell blast/Raji assay by 500 pg/ml or
greater,;

d) enhances IL-2 production in a human T cell blast/Raji assay by 500 pg/ml or
greater,

e) enhances interferon-y production in a human T cell blast/Raji assay by 500 pg/ml
or greater;

) does not bind to CTLA-4 from mouse, rat or rabbit;

g) binds to CTLA-4 from cynomologous and rhesus monkeys;

h) binds to a conformational epitope on human CTLA-4; and



vari abl e region am no acid sequence in SEQ ID NO 71. 8. The use of any one
of clains 1 to 7, wherein said anti body conprises a heavy chain that
utilizes a human germine VH 3-33 (DP-50) gene. 9. The use of ne of
claims 1 to 8, wherein said anti body conprises a heavy chain @@%%%%%ing t he
am no acid sequence of SEQ ID NO 9. ¢k0. The use of any one of clainms 1 to
9, wherein said anti body conprises the heavy chain variable region am no
acid sequence in SEQID NO 70. 11. The use of claim1 or claim2, wherein

sai d antibqu cqﬂﬁgﬁﬁﬁgmﬁtgggygnghgin am no aci d sequence conprising SEQ ID
NG 70 and | i ght chain am no acid sequence conprising SEQ ID NGO 71.
MCSLLP 99 17. The use of any one of clains 1 to 3, wherein said

ant i gep- bi “H%?gxg%g./{ SRR COIRI] 808 oIR8 LiBAAPRIRL ngR.R DI Rofy _that

conprises a aln amno aci'd sequence conpri Sing D NO 70 and a
| i ght chai roiadihne BEi diseguenad abampriosiM gr BEQudDnNGits MimaniGT A use of

claim1l or claim2, wherein said, antiho c ri ses a heavy chain am no
acid sequeHE@h@%ﬁﬁ$?%Wﬁ%lWﬁg5 TT“@éSQSéHH%%%RS anmi no aci d sequences of
antibody 11.2.1 as shown in Figure 2 and a light chain am no acid sequence
conprising the CDRl, CDR2 and CDR3 am no aci d sequences of an%Lbod¥ 11.2.1
as shofn i nllRigepeany ong4f teansof togh FlRESH FEhHBEbeRatoHEEhb HERispeig fha

ant i gen- bi ndi,.ng f . t binds to cytotoxic T |ynphocyte
antigen 4 (%ﬁ%%é%&ﬂgﬁﬁﬂ%ﬂ%ﬂiyggg%%%?bn of a nmedi canent for enhancing
cytokine production in T cells in a subject, wherein said anti body

conprises a_heavy.chain ami no aci equence. ¢ rising am.nqg [ d residues
1785 of SECTIEARE 75 o Pl R SR Seem T gre s nakeREh ol g
sequence CORRfpti§inktheHathd RilNGquéie of SEQS® NO: 22.human nonocl onal anti body or
an antigen-bi nding fragment thereof that binds

7. The use of any one of claims 1 to 6, wherein said antibody comprises the light chain

variable region amino acid sequence in SEQ ID NO: 71.

8. The use of any one of claims 1 to 7, wherein said antibody comprises a heavy chain that

utilizes a human germline Vy 3-33 (DP-50) gene.

9. The use of any one of claims 1 to 8, wherein said antibody comprises a heavy chain

comprising the amino acid sequence of SEQ 1D NO: 9.

10.  The use of any one of claims 1 to 9, wherein said antibody comprises the heavy chain

variable region amino acid sequence in SEQ 1D NO: 70.

11.  Theuse of claim 1 or claim 2, wherein said antibody comprises a heavy chain amino acid
sequence comprising SEQ ID NO: 70 and a light chain amino acid sequence comprising

SEQ ID NO: 71.



to cytotoxic T |lynphocyte antigen 4 (CTLA-4) for the preparation of a

medi canent for enhancing a cytotoxic T cell response in a subject, wherein
said anti body conprises a heavy chain am no acid sequence conptj.sing am no
acid residues 1-89 of SEQID NO 9, and further conprises a li Sld#ai n
am no acid sequence conprising SEQ I NO 22. 16.Use of a human nonocl onal
anti body or an antigen-binding fragnent thereof that binds to cytotoxic T
| ynphocyte antigen 4 (CTLA-4) for the preparation of a nedicanent for

en hf”‘”g,jz Ng Gyl 9&'0@%@%&?&@1 90 11183 Tiebih Saill Bni@oeb WA REL {ragtitex edmpréas the
anti body conprises:” (a) a heavy chain conprising the am no acid sequence of
SEQ | D NO F#b fagnamt afammitihoitheeepuenices aiicay eelan youy pg8 e Case t heret o; and

(b) a light chain Lsing t I QQ: d. 564 e Qb 3Rt BR 22 or an
am no aci dc@%‘ﬁt?gﬁcsg&gﬁs :1\2%27?) @g%)l%gzegrh%}nc%g? Eer g%({)i; 6:I\/l::mgl;(u}% 1fggmymher ein
said anti bgedy7or fragnent has a binding affinity for CTLA-4 of 10-9 M or

greater; and wherein said antibody or fragnment inhibits binding between
CTLA-4 and B7-1 with an 1C50 of 100 nM or | ower and inhibits binding

bet ween CThA: 4 .andi Bl 12 Watd 220h&0RQaRf andBiyvhprisdsavienvy difinigenohcid human
monocl onal antibody or an anti 9en- bi ndi ng_fragnment thereof fthg%}dbi nds to
cyt ot oxi ¢ Tequsnrplowptisng e AR :@Q@I’E@Qﬁf{? GPIRHAS GEEREFE T SR a

medi canment r._enhancin Vi X4 : ; SQelcBmadrisibitecInR Mher ei n
said anti b&Lg-l&% (}W%lél;igg%g% aglg%g?g%d%ﬁl%h%%ﬁ%?@gi ng thg ,amé)no acid
sequence OtDRBEQnHRING afinorac@insearinpe odebithode d e shewh BlEur90% i dent i cal
thereto; and (b) a light chain conprising the am no acid sequence of SEQ ID
NO 22 or an amino acid sequence at |east 90% i dentical thereto; wherein

sai d anti bodyoor hfhAARBRC]dhaBaibbiNet gnefdr-rihdiyg frogm ST e ( dfat BOIOM or
greater; and wherein said ant i__bod% ar frstgrrent i nhi bi t bietradi ng het ween
CTLA- 4 andtBFtdonik {Hyanhecgstrnsgen Hi- Hivh @ 197 e Bt M B S Bridi hg
bet ween C-rle‘reﬁaﬁciﬁg gyt&?ﬁx@ dehE'mﬂﬂn hCR8s of 2 sll@ﬁ:cf,‘ Mhefeid @weintibody comprises a

heavy chain amino acid sequence comprising amino acid residues 1-89 of SEQ ID NO: 9,

and further comprises a light chain amino acid sequence comprising SEQ ID NO: 22,

15. Use of a human monoclonal antibody or an antigen-binding fragment thereof that binds
to eytotoxic T lymphocyte antigen 4 (CTLA-4) for the preparation of a medicament for
enhancing a cytotoxic T cell response in a subject, wherein said antibody comprises a
heavy chain amino acid sequence comprising amino acid residues 1-89 of SEQ ID NO: 9,

and further comprises a light chain amino acid sequence comprising SEQ ID NO: 22.

16. Use of a human monoclonal antibody or an antigen-binding fragment thereof that binds
to cytotoxic T lymphocyte antigen 4 (CTLA-4) for the preparation of a medicament for
enhancing cytokine production in T cells in a subject, wherein said antibody comprises:
{(a) a heavy chain comprising the amino acid sequence of SEQ ID NO: 9 or an amino

acid sequence at least 90% identical thereto; and
(b) a light chain comprising the amino acid sequence of SEQ ID NO: 22 or an amino

acid sequence at least 90% identical thereto;
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wherein said antibody or fragment has a binding affinity for CTLA-4 of 10° M or
greater; and wherein said antibody or fragment inhibits binding between CTLA-4 and

B7-1 with an ICsq of 100 nM or lower and inhibits binding between CTLA-4 and B7-2
with an 1Csq of 100 nM or lower.

Use of a human monoclonal antibody or an antigen-binding fragment thereof that binds

to cytotoxic T lymphocyte antigen 4 (CTLA-4) for the preparation of a medicament for

enhancing a cytotoxic T cell response in a subject, wherein said antibody comprises:

{(a) a heavy chain comprising the amino acid sequence of SEQ ID NO: 9 or an amino
acid sequence at least 90% identical thereto; and

(b) a light chain comprising the amino acid sequence of SEQ ID NO: 22 or an amino
acid sequence at least 90% identical thereto;

wherein said antibody or fragment has a binding affinity for CTLA-4 of 10° M or

greater; and wherein said antibody or fragment inhibits binding between CTLA-4 and

B7-1 with an ICs of 100 nM or lower and inhibits binding between CTLA-4 and B7-2

with an ICsg of 100 nM or lower.



