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Cross-Reference to Related Applications The present application clains
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. Summary of the Invention In accordance with the
present invention, there are provided fully human nmonocl onal i

agai nst hunman cytotoxic T-lynphocyte antigen 4 15 (CTLA-4). mm,’%mmg@m”m
sequences encoding and am no_aci d sequences conprlslng heavy Is
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specifically fromw thin FR and/or CDRl through CDR3 and/ or ’”m
are provided. Further proviBACHGRO® i ©¥ having simlar Ripgding
properties and anti bodies (or other ant agonl st s) having simlar
functionality as anti bodi es disclosed herein. 3. Background of the

Technol ogys 25 30 Regul &rbsRapérendano Related Applicionsn pati ents woul d provide a

desirable treatnment of many human di seases that could lead to a specificity
of action that is rarely found through the use of conventional drugs. Both
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From t hese st wHick$ hetdd§ incoiperatdd i it dtir&y 8@gi@ar, in many cases, to be

particularly inportant in disease prevention and treatnent. 2 Tcells
possess vé?y conpl ex systens for controlling their interactions.
I nteractions between T sapindy bttt Haenayyer ous receptors and sol uble factors

for the process. Thus, what effect any particular signal may have on the
i mmune response generally varies and depends on the particular factors,
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mechani smy§ or (et | Nﬂcl@é‘nde”E@é;ﬁé‘wa@Sdﬂ@&ﬁﬁg td aR@bt hGdl @GuéRls gen. O her
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of T cells appear, in many cases, to be particularly important in disease

prevention and treatment.



30 insufficient activity or non-reactivity of the host's inmune systemto
the infected or transfornmed cells. Anbng a nunber of possible T-cell

di st ur bances, 3 anergy may be at |east partly responsible for the failure
of the host to clear the pathogenic or tunorgenic cells. The use of the B7
protein to nmediate anti-tunor inmmunity has been described in Chen et al.
Cell 71:1093-1102 (1992) and Townsend and Allison s Science 259: 368 (1993).
Schwartz Cell 71:1065 (1992) reviews the role of CD28, CTLA-4, and B7 in

| L-2 production and inmunot herapy. Handing et al. Nature 3S6:607-609 (1994)
dermonstrates that TERB pedssatetdcanganasysiems dor ohirdilihgtieg imsractiensT cel | s and
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of pancreatl c is|et glr&%_ée reecﬁa F‘%ﬂ Sci encgéﬁGZ: 907-909 (1993)

exam ned t he FFEPEeRT trpning qlineal disepse quiiomedn EAE. £ 2 i nation of t he

|'i gands for CTLA- £hakifteraidf befweeh IBY7 dr@rCoisoiword ofdeverll dd-dinfalat@®y: 11054- 11 058

(1993). Li nsI Science 257:792- 795 1992 escri bes
i nMunosuppr ﬁﬁﬁatb/wﬁ?'ﬁ R g’pﬁfltﬂﬁeesu&%?eﬁ‘f&“’@?%f&gﬁmaﬂrﬂéqne"g}ldet al. J Exp
Med 176: 1595 -[20lFeratiGP 3) mﬁt@aarsgeh@mm&wal Gsack odtcoltiuthtiod L dnddthend that were

not cross-reactive with Eﬁg concluded 15 that CTL A—é S coexpressed
with CD28 on cgem%v@aadrqv%%ﬁ =5 Producting RIGYEbTubsayeRtpreligatonds T cel |
adhesi on and the fricéRtah® thdbde thatelsﬁcmnqeac@iwyatm&eune&?" T R yadiBty(ck995)
denonstrated that the B7-1 and B7-2 costi nul ator ecules differentially
activated t he/irepgsiapd 2umess anphiask 4| cefl ackvatipn andnpqqlﬁeré&wna|leadmﬁtt0| munol
8:37-44 (§099Q)1su@|€d°@?1'i‘%t'iﬁ§y‘39r tm;resdmﬁ o' fle @Lbétfsqmﬁqhad stéfd fCfl! rements for
co-stinulatory signals fromB7 famly ers by res ﬁ versus recently
acti vat ed rrermﬁe‘}te %féanlsgmtlmlasﬁlsm&ﬁommheé@%mwhlnt’ﬁ-geélngstursweal so de Boer
et al. Eur Jl munol 23:3120-5 (1993). Several groups proposed alternative
or distinct receptor/ligand interactions for CILA-4 as conpared to CD28 and
even proposed a third B-7 25 conplex that was recogni zed by a BB 1

anti body. See, for exanple, Hathcock et al. Science 262:905-7 (1993),
Freeman et al. Science 262:907-9 (1993), Freeman et al. JExp Med 178:2
85-92 (1993)) Lenschow et al. Proc Natl Acad Sci U S A 90:11054-8 {1993),
Razi -Wlf et al. Proc Natl Acad Sci US A 90:11182-6 ( 1993), and
Boussiotis et al. Proc Natl Acad Sci US A 90:11059-63 30 (1993). But, see,
Freeman et al. J Imunol 161:2708-15 (1998) who discuss fording that BB 1
antlbody blnds a nDIecuIe t hat |s |dent|cal to t he ceII surface f or m of
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51, and this epitope is also present on the B7-1 protein. Thus, this
observation required the field to reconsider studies using BB 1 mAb in the
anal ysis of CDB0 expression and function. Beginning in 1993 and cul m nating
in 1995, investigators began to 5 further delineate the role of CILA-4 in
T-cell stinmulation. First, through the use of nonocl onal antibodies agai nst
CTLA-4, VWalunas et al. Imunity 1:40513 (1994) provided evidence that
CTLA-4 can function as a negative regulator of T cell activation.
Thereafter, Water hous ence .270: 985- enon trat ed that
nice deficient “F@?'n@‘ Ell?ﬁthfﬁfm rﬁfpé’é}s]% 3%’ Bgett’gcjfk‘lﬁglﬂ#ﬁ ® egul at ed
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In addition, Blair et al. J Imunol 160:12-5 (1998) assessed the functional
effects of a panel of CTLA-4 nonocl onal antibodies (mAbs) on 25 resting
human CD4+ T cells. Their results denonstrated that sonme CTLA-4 mAbs coul d
inhibit proliferative responses of resting CD4+ cells and cell cycle
transition fromG to G 1. The inhibitory effects of CILA-4 were evident
within 4 h, at a tinme when cell surface CTLA-4 expression renai ned

undet ect abl e. Ot her CTLA-4 mAbs, howevér, had no detectable inhibitory
effects, indicating 30 that binding of mAbs to CTLA-4 al one was not
sufficient to nedi & ©dolinskepguilal.ifop. Med T74¢861-562£198hs proposedttiatest i ngl y,
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antitunor response depends on T cell receptor engagenent by major tO

hi st oconpati bility conpl ex/antigen as well as CD28 |ligation by B7. Certain
tunmors, such as the SML mammary carci nona, were refractory to anti-CTLA-4

i mmunot her apy. Thus) through use of a conbination of CTLA-4 bl ockade and a
vacci ne consisting of granul ocyte-nacrophage col ony-stimulating factor
expressing SML cells, regression of parental SML tunors was observed,
despite 15 the i neffecti veness of eithér treatment alone. This combination
therapy resulted in long-lasting imunity to SML and depended on both
CD4(+) and CD8(ad tirisepitops is ‘Fhepfeismmg@ %Zr@g’é@@léd Thhsthicpbstregtip ockade acts
at the level i I ction with
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di abetes 25 qﬂfe ?r<}lm°n°°1°nalrl%q°dles %n%st(t:tbﬁ‘ %A'4v\n %aggéﬁng'%?"rﬁﬁﬁ A5 t| on,

Hor spool et all3 (1]9914)1pmwdbd &voden2er et (ITLL,Q H3@8 furfctioma 4 h@atwenﬂegmntoant i - CTLA-4

mAb but not Fa r nt s ress hunnr e to

0G Al bet & gal S0P ERbIEV A P ARG SiadrhhaB Bl cllen i F s R TRRRT 2.

activati on i ndehordseatedthapmiod deficiennfop CTLASE acanﬂlaue&rrlcenblaavs Mgth up! oc kade of
the ligands for 8 and CTLA- /-1 6 eveal ed

di stinct dfd ﬁ“c&ﬁg%raf%\ﬁﬁf’waf‘ﬁﬁdf’%ﬁqyﬁ%eﬁiﬁaéngqu%%o ?bﬂﬁcfl%ll

:Nh nmuni zat: onkatadsrmht?trabd/ lindr besrd, @chgp bidPdnigread tlssa6, Cald daiomidlof seint esponses,
S mul t aneous PGERARTER "SRt s easb s tels BRI POUSROILY B osel ng. Ab
responses t hagrdighheheflstmelateEnhoge wRNT &il &a@tdrnub\a&veﬁnthw wegdi nj ection
of B7-expressi 5 responses,

Iasm S, au n ut not
and wi t hout et?‘?"g’é‘ﬁ‘é@ &f! f‘ﬁaﬂlqr% ﬁ‘ﬁgyﬂ@ lﬂlﬁj Ps Wﬂ?ﬂﬁ‘ﬁsm’gu@'gest conpl ex
and di sti ngt F%ﬂ& i QatiGR2 Vlatebuds of al. CBRdeAMak @m@maetsls & Bbdatigst i mul ati on

foll owi ng nucleic acid vaccination. In connectjon with aI | ograft rejection,
Mar kees et al regylateriof Tnepllstctivationoandsissxital 1i90dhe copfrRl 9fnlyip nodel of

skin all ograf hoxﬁ@dsﬁ‘é‘i&' Qﬁ‘atchﬁﬁneﬁtomeiﬁ&%@ﬁﬁﬁ ADisbh ahd ¥n@RANIRAON the
presence of | FN— and é T cells. Addition of anti-CTLA-4
or anti-|FN- g&mf 2rr93§ (11?)959 I‘FESCBQ‘SSQ SGOYOT’W& Wateshoupeeteh afidemopteHiRt graft
rejection, whepeas Al hetd to- &oxﬁﬂ&gﬁl@tg W&llerfeip%stwenéé& o‘i%@ﬁ&hihﬂﬁto th the role
of CTLA-4 in relation to CD28, Fallarino et Exp NEd18205 10
(1998) gerér asigeplmgrole P’aTTﬁ?jbﬂ?F‘W’Péé@#ﬁVﬁlaﬂ@e%&lWﬁ aln@'"@@ﬁ@ 3:5

2- defi ci ent/ CP8ook) lathot geRératell (GPA84.defidist Sfite AL BeibsEltedRMR shépTUNi zed with
an antigen-expressing tunmor. Prinmed T cells fromboth types of mce
produced cyt oRig¢gapidiydiepsion lmh@zr@efenath@wﬁm%h myltiorgamyrapheeyticel | s | acki ng
B7 express ONinsHipEY ohd AR BARLDE, WHBPORIEIDY CVESthochd®l kit vas 20

augnented by costinmulation wth B7-1, the response of the CD28-/- T cells
was strongly paneresiitise dlheyhoncludad thet €TbA- W@sméww@ew dgwmmsgeletingnal ant i body

Iaga't th Bos 1 reeftbbeVation MM Sraintallify kifibid}ed fithdobtakif NN khufifibl activation
and Allison J Exp Med 182:459-65 (1995) further clarified that CD28 and
CTLA-4 have opposing effects on the response of T cells to stimulation. They

UC!

—+

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



absence of CD28, indicating that antagonismof a TCR-nediated signal is
sufficient to explain the inhibitory effect of CILA-4. Also, Lin et al. J
Exp Med 25 188:199-204 (1998) studied rejection of heart allografts in
CD28-deficient mce. H2(q) hearts were transplanted into allogeneic

w | d-type or CD28-deficient mce (H2(b)). Gaft rejection was delayed in
CD28-deficient conpared with wild-type mce. Treatnent of wld-type

reci pients with CTLA-4i mmunoglobulin (14), or with anti-B7-1 plus anti-B7-2
mAbs significantly 3o prolonged allograft survival. In contrast) treatnent
of CD28-defi ci hibitaripeadifarption and [Ix2 seqrgtionghit T celfe. Finglly; shearesultsghowedabs, or a

bl ocki ng anti - fngl I j ion. This
i ncreased rat e@g{f-&%ésa t r'gjme]g? ?@vne%&f\olg \%gfsghggtshg{:?pg%%gg\%ét eg;n%%‘i%evere
mononucl ear cethe Ti¢efliih tetermining the desporiea e entigemvidius, thfy doRdtudparthat thend | L- 6

transcripts in_donor hear f.untr Ll d-typ - 4=l a- or
anti-CTLA-4 m%‘ﬂf%ngeatogdﬁcﬁjbgatg%gcf%g tgrg‘isﬁqg}lﬂlf’%&/usl,g rt%g@at%;@f fq}g regul atory
rol e of CTLA- Acatitnehtisy kigyatmds ek apihibitbiyedignalsidefived fram £ ThAed.cSee CD28

ol ays an| nhi b Eor7PHRD o ALt R PP BSR 23 O ORIEES BfeBetPon. Al s0)

further charac$,eri,edtand interhational Ratept Apslicationdfio. BTN A7/2087s been i nvesti gat ed.

For exanple, Alegre, et al. I n4l 157:4762-70,.(1996 pesed t hat
surface CTLA-4 is rap/&ify Pﬂtagﬁ%.ﬁg’fai] z%‘afnwzscrzﬁ'ah"a&g%&ﬁf")é?“ﬁ{eﬁh@f% | ow | evel s
of expression geadédting the devefheaibnad ATLA-¢.eFbr samplecWaluhbest al.onEdpuded t hat

both CD28 and - i rtant roles in th -regul ation of CTLA-4
expressi onl0] n%‘éi?f#@%'so{w@tsi TP ?‘éﬁ@é’?éﬁtkgﬁﬂgaﬁ@g‘ﬁmﬁ s, ggRtefl appear ed
to be primaril phay COUA-AtsREaling dobSnot adpulitedell QEyivaBdrgesphsitnessasiiap, et al .

| munol ogy 90: 265-71 (_lgaq hased on in situ irmunoﬁi_stol ogi cal anal yses of
the 15 expr essP¥osnebi aD48-densaerot tlad Produgtioge APl il mimuged | s, ~ whi ch
were CTLA-4 pOpitti388-6 (39946),dieRRnitARA A Bhti ICTU AT RMHARI W alpeRfentaiccor di ngly,
in view of the broad and pivotal role that CILA-4 appears to possess in

i mune r esponstlifeResacepbelomyelity FhRle Sxpesphated; Hegdiseaset @dagrhamedi es to

CTLA- 4 t hatis CamoRBityltDibdadetttacitalbn i es¥odidled WHRGDERRE gmauct%g ovifecover, it
woul d be desirable o generate antibadi es_agai nst CILA-4 that can be

utilized in chfiserhaliigeaus, sxokings JiNFeHphoe JENTS2HMRE And tIFat | Tirss kYt he
anti bodi es ar eqdngRibidd 8t CHIA -&hreflmalsRh & Mt of6r Eﬁ'e-ilimgﬁ’ﬁ%ﬁé%ﬂo%s 25 Figure

1 provides a series of nucleotide and an anino acid sequences of heavy

chai n and kappBAEi gHenuating Anflammatery| eleling, preduetian and | ¢linicek oliseaséce with the
i tion: 4. £ E - i : . j 10,
oL, oy TRHMRIES s il B P P

6.1.1 (Figure 1D , I gur (Figure
1G), 4.13. 20 (FEeparoest piy Fxp Meg 188:199-¢M4r(998) Yan aln_u;-.C%er-f« Brignin gbazyynel 1. 7. 1
(Figure 1K), %at%&c?’ﬁcﬂa.ll}al‘rgéﬂéélr)(?rL%h ’exltﬂ'@Qiola?aﬁgn élmé-g(ilgéf&qﬁt@ atMhrineli gure 2

provi des a sequence alignnment between the prediCte eavy chaln amno acid
sequences fronfc#lemedednes 4.1. |, 4.8.1, 4.14.3, 6.1.1 ) 3.1.1, 4.10.2,

4.13.1, 1121 115 b Torkie 423 Undmudl dsik22-9: dodyiicksbdaeggier m i ne

DP-50 (3-33) amino acid sequence. D fferences between t gernline
sequence and tfpatiopd! affeets dcpupinst of £ THLide4 ahaeelonad raptibodigscmats) ion bol d. The

Figure al S Shoithe il (D4 M0 THel SeldildemiiEeg il SGRETROAUENCES of 5

the anti bodi es as i gure provides a sequence al I gnnent between
t he predict ed thabs/goulhiahihit prilifiyativeirespsmsgs efvesting {CN4tecells ambcel. cyeld and t he
germ ine DP-69 (4. .0 | & 5. nee... Didferences bet the DP-65
germine sequéﬁa((:‘semgﬁr%gzrfl%qtoo I?ﬂﬁeemglggﬁ r?gfga? #éﬁ‘é{ gl“beﬁceev ‘%‘ w‘?’ﬁ@f‘cat ed in
bol d. The Fi gu b, &latmsiwhes ctlh shifceCBLA-4osxpresdiort femalioRl undéE¥thle.and CDR3

sequences of t i bady, as underbi ed.. Fiqure 4.provides equence
al i gnment bet v@g?lrﬁfé}‘)g S PSR BT fl'aﬁcttgg%lg}’ﬁ“g%ex%c gtclf“ﬁc”zlé’guence of
the cl ones3®t. ltha, bisHifly df mAbd 40 8TLA-4l albne #ad QotZsufficient 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



and 4.13.1 and the gennline A27 am no acid sequence) D fferences between
the 15 A27 gernline sequence and that of the sequence in the clone are
indicated in bold. The Figure also shows the positions of the CDRlL, CDR2,
and CDR3 sequences of the antibody as underlined. Apparent deletions in the
CDRI s of clones 4.8.1 ) 4.14.3, and 6.1.1 are indicated with "Gs". Figure
5 provides a sequence alignnent between the predicted kappa 20 |light chain
am no acid sequence of the clones 3.1. ¥, 11.2.1, 11.6.1, and 11.7.1 and the
germine 012 ami no acid sequence. Differences between the 012 gerniine
sequence and tshevivabgenetbel-Etgueensistanhwith ¢hig psrvatione cellsdiemainediviablebol d. The
Figure also s §QR2 and CDR3 sequences of

t he anti body gga\%’ﬁoher mehudagaﬁagﬁérrte@r %&a‘ es a sequence alignnent

bet ween t he predi ciredokEpien Ml@hanecg}all?erarrﬁhel alpindimge uéhe? (99D he cl one

A1) 26 ger m iHEoRg e 1ed UEERARN "3, P EHE BB RE Brevithod B BRERRe o7
i ndi cated isn WOITdA-4 Bhé chnofuded tiat e Qi dﬂmtlmmecdgnnmndiy T bellsGBR , CDR2,

and CDR3 sequ antl ovi des a
sequence al i grﬁi% HP’“B‘LPV\B@% ‘f’?@“ﬁ?é’éa@? d°’i<§§§ ﬂl? Eh‘%’h %ﬁ aci d
sequence of t hgoledukseAks, Gmﬂpaaijubthheﬁgpméduaelmm (19%7) araniinedde d sequence.
bR RS R4 LR S (TR R RGeS A
CDR1, OICDR2 amdroﬁgﬂ?sn}?mn@rwm-@f cﬁgh@enmt ldnﬂdgd aih&rggngﬂﬁdﬁoﬂ?d: r?'é»n Fihgur e 8
provi des a sequ ce.ali i.cted kappa t. chain am no
aci d sequelfce P rﬁ%m’c g?lg&f% ‘g a’r%ﬂ md éf"ﬁ’FPtf?é‘ K85 R9H pyp?qﬁgi acid
sequence. Dif fIRWRRGET cBBY HPBEA!H GolddiehiOandigénini thepeaabesCkotRcl12 hat of the
sequence in the clone are indicated 1n bold, The Figure also shows t he

posi tions of e aHRITLACHRBIIbOLY, dversRes angrgizeda0d Q?Pa"teﬁé Hedlo@yT as 10
underlined. Ficghy ®hidh Matd bktBantered WHRAgeRE a%lﬁ%&r MhER! rediis g d@m sequences
generated throu agh direct protein sequencing of the heavy ht chai ns
of the anti bodhadWorpraessss 1OnEPE; g abe deduchom of gerrey éfhd’!vocﬂﬁéc eri zi ng

i nformati oy aQﬁFngeééxtC@ﬁkﬁ'lé%deo atlBlScl@'ﬂtthé)Qﬂht?%f'lﬂceﬂ@?@ﬁz@ﬁfé% Whd h the
i nventi on. 10A, data related to clones 3.1 1.1, 4.8.1,

4.10.2, 4. 14 dhe shsence of a'protatypia g aery cpiokiRey i b?ié?ﬂnqlbprevfmfeth?rau on,

i soel ectri ¢ f QemSimtidd & celSRR Géffecmzc%u@m WSthBRatfoR 2TBLQQR&PNY, |iquid
mass spectroscopy (MALDI)) Iight

chr omat ogr aphy/ mas ect roscopyéé)ep ,

chain N-termn riati- @é@gﬁéé@dy wagyju f@éﬂ’ copyerigonprmplbhiglerepenigistimslus nf or mat i on
related to | ERy LSinh® Qggoﬂen Figure 10B; related to SDS-PAGE is provided
inl OC and SEC o v411ant|bod in 10D. Figure 11 shows the

expr essi ork0of B7- 1Irmmnm012wzshm@ppmgdcpgye@ﬂ RIExB i4d- 1860 83-PK1 WA

ant i - CDBb- PE ' ' nhancemnent
of 112 25 pronorsasd el ph et Rl AR S A AEP LBk o SRR R 8

anti - CTLA- 4. 1 el kinmgnearesponesiio dbprommprgylus brastliensds, 3s41tmanda moi.bmlq Figure 13

h th t t i the T
el 1 bl ast | Raj e et b e RRRRC BB RETHRY! cbopall ¥ RAHETRE" Ny 5.
4.1.1, 4.8.1, paatict®nl. Bpé sdswe Migptyr efl abol | Bymungd) FElgA162-4160 {I98s t he nean

enhancerre t’ onh e on in Tcells from6 donors induced by
ant i -CTLA-nZEf bI(LJI agéjr%g%b% ies inthe T cell blast/Raji assay.

In connection with cancer, Kwon et al. PNAS US4 94:8099-103 (1997)

established a syngeneic murine prostate cancer model and examined two

distinct 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 vivo antibody-mediated blockade of CTLA-4 -



13 Figure 15 shows the nean enhancenent of IFN-y production in T cells from
6 donors induced by anti-CTLA-4 bl ocking antibodies in the T cell

bl ast/ Raji assay. Figure 16 shows the enhancenment of IL-2 production in
hPBMC from5 5 donors induced by anti-CTLA-4 bl ocki ng mAbs as neasured at
72 hours after stinmulation with SEA. Figure 17 shows the enhancenent of

| L-2 production in whole blood from 3 donors induced by anti-CTLA-4

bl ocki ng mAbs as measured at 72 and 96%hours after stimulation with SEA to
Figure 18 shows the inhibition of tumor growth with an anti-narine CTLA-4
anti body in a enanpeticantipioplgls LRRGSHENMUNETESPADEE| Alspi Yeneeet B) EHosResnhancenment
of IL-2 produghi J : ; i ' j sy, AL 11.2.1) of
the inventi on%?#agb %gg%gﬁ)(rjmg%gggg %#gf}itﬁghlgag%gfg%ﬁ%{éﬁln4?ﬂvﬁ%]|“el bl ood and
peri pheral bl desds trosnbanssinentrof @ptitumor ¥ eall sespenseioatornipusasizgsy of togur e 20
shows dose de n : foll- [ [ c nti-CTLA4
ant i bodi es (4%?&}%?{1%%5???}2# %B?q%? ﬂtvﬁ%ol-rlc%\]/tgﬁ%_ gﬁﬁlflg}&é (gg’%h—%g])?%dgl ast/Raj i
assay. Fi gur e iR tinmhbemsing dudividebeentianced thelvapaciéyrtorgenerfitelanti@mor $ebaldt i on 20

72 hour Supor aPrgEh Syl bIRRUER okt Bl i oare Rl Galy e 0 11 7

super anti gen. sfagepuofaurd® growthiid deiranedet.i Bwthef, Faohtitz etcalaPron Watletatnid de and

Tangth 4. 1. 1 NEcOy ARa ode iy ssBiiyr el binangator ot e PRALmERRRAC, o 22(c)).

full length 2Gntghye asspondecdepbnds Jonh@aveyll creaéptor( eRldgeddftd by andjoani no aci d

22(e)), 4.1.1 light chain (c 22(f) and am cid 22(g9)) .. full length

4.8.1 heavly cHItrORR 1‘%2%’%%@#&‘%%“%6"3&&8?%(ﬁ%a)“?ni’?’s‘?}l Frg#® chain

(2 g E)T)A 22<(:| i) alﬂlﬂnﬁ'ﬁﬁsﬁﬂlzfzt?hdSMZ(xﬂﬂah)ml 1an|§ bhﬁinbﬁﬁl@?dﬂe (ﬁ;ﬁ'lct&\ryfz'lﬁam'{-(}mmd'-m (cDNA .
and am no aci , p. 1. i ght chain and am no aci

22(0)), full |1@W§F%gﬁf@y2%}“ﬁé§'\99ghc%ai° 2 SpmbipFiQR é%-iwcmﬁa? aci d

22{q)), and 1k Zacdinti@htistipabn gleabdEyt2aéiophags bofomiyREmantify 3246 ) - 14

SUMVARY OF THE | NVE N [ n accor da?ce Wi tﬁ\éf first aspect. of the present

i nvention, th&XRIESRESN s deatrrsionof BYERial At tmorewasahserveh dBPHE ng CTLA- 4,

conpri si ngisa ueAMyffdati dhiadsiof Cilidr dRhttehite@dreN THE tafbiAgiod (BREpJreGRd hat

conprises a cqQnti gliuous an noQ acbgﬂiggguenc fromwi thin an FR sequence

through an FRI VBEIASHRRAYELY;'W dgppyedombat D 288 GRS Y "gene and
that conprisegeldt TheFnlingeugBésteld Mt DTLAS BloLichds S htl the!levEINBT aindstt he CDR1
sequences, CDR2 sequences) or framework sequences shown in Figure 2. In a
preferred enbéﬂﬁ“f?éﬁ{“i‘gep'ri’éesﬁffﬁnﬁﬁfli'o aci d sequence conprises a sequence

sel ected fromthe mrdaﬁi%cﬁ&muﬁHiaaae@tuﬁ&tlai?Jl\LﬁE%Meaeﬁszlsbgw&sBSEQ | D
NO: 3, SEQ ID NO: 4, SEQ.ID NO: EQ ID NO: 6, SEQ ID NO:8, SEQ ID NO:9, SEQ

NO: 5, S| ) , Sk
| D NO 10, 208eQinjgstedagnianti-CHRA |®M81QTCSE@$®HW%9 moged f dighetes3, SEQ 1D
NO: 64, SEQ | DaNgirfefint sthfes bPdi¥e4st.8Thed Foundbifht éﬁgmlin_%ﬁbhoﬂ OTERO! fiahe Pref erred

enbodi nent, the antibody 15 further COH‘EI‘I ses a |ight chain variable region
ami no aci d sedmervhen potepiallyidingetasaniql enlisers Brsbactiated isonpiverel yerup
consi Sti N9 Of LoRSENRICS COMMILSIIRGER: 1l 1abR by SER sRd0LR, SEQ | D
NO: 16, SEQ I D 'NO:"17, SEQ TD N0:18) SEQ I D NO:19, SEQ ID NO: 20, SEQ ID
NO: 21, SEQ | Dingoeypps fagmmntis. Nf nota mswite is muip meze agBressivey and dipbeteSEQ | D
NO: 26, SEQsl Dq '19§nsu§J.EQ 20 1D NO: 67, SEQ ID NO:69, and SEQ )D NO: 71, In
accordance wi t'h a”second aspect of the present invention, there is provided
an anti body conpr i®isegnectineavith acing inmimigatinui Hospeplet @b Lhmpmoki ng SEQ | D
NO 1 and a i 4R [ ] . € ISl EQ ID
NO: Lo 25 1 n SSEETRATLI ol bl BlPoREC T AAHER S8 SATIR RIS there
i's provided asuppresieddby pdmanyrliusiong raspoesvy péHAmbetaagnl vGthact affstingience
conprising SE c%u r ,ju%%s?&ﬁicﬁ‘mlg G A S BEMhY R ErnftRles AR oA SuegGpUENCE
conpri sing SE RO: 15

30 T cell priming. Blockade of the ligands for CD28 and CTLA-4, CD80 (B7-1)

and CD86 (B7-2), revealed distinct and nonoverlapping function. Blockade of

CD80 at initial immunization completely abrogated primary and secondary Ab



In accordance with a fourth aspect of the present invention, there is 30
provi ded an anti body conprising a heavy chain am no acid sequence
conprising SEQ ID NO:4 and a light chain variable am no acid sequence
conprising SEQ I D NO: 17. 15 In accordance with a fifth aspect of the
present invention, there is provided an isol ated human nonocl onal anti body
that is capable of binding to CTLA-4. In a preferred enbodi nent, anti body

i s capabl e of conpeting for binding with CTLA-4 with an anti body sel ected
fromthe group consisting of 5 3.1.1, 4.1.1, 4.8.1, 4.10.2, 4.13.1, 4.14.3,
6.1.1, 11.2. 1respons@, whereas Hogkade of §DB6 Supprerded] primary but nphseserstaner preferred
enbodi nent, t i Qﬁﬁ% ted i1pd.| i ndi ng
specificity t%g%ﬁl%&l ?gggtagﬁﬁgﬁ??%g%ﬁoge ec?gdd:l?édoﬁa? Hggsg%eﬁ{g{’éggfnsi sting of
3.1.1, 4.1.1 juppressig Al respor@es than gither alond. EnBancemant bf castinmilation ¥ia 6. 1,

11.7.1, 12.3. .1 . [ L, the to
anti body is sé?lég%@gdoff ;b?;?me??#gﬁng% é@%&?gtﬁgﬁﬁ%ﬁi?g ;%giﬁgpgg@?%v 4.8.1,

4.10. 2, 4.43. feppohsebdan@d withott evjdefide. df Th] td ThbskewingiThesd Jindiggs3uggedt, and
12.9.1.1. In another preferr i A bh ti ho IS t . Cross
reactive wt hco(?rﬁﬁ% i cffhgtrlﬁlﬁt 5§Igsr ?°m%%%’e§%’g§,”§r§¥§ é‘bﬁ?°?‘ﬁe | ower
manmal i an specdisamulatompiollsemg moelsie acid afccinatish. r abbit and nore preferably
nouse and rat. |n another. preferred 15.enbodjnment, the i body is cross
fonctive w th CTLABAPPEHPR P iseseey PiFP BB A allis Tor  se
cynonol gous anal:2446581998) eyl inl axmanset inedel pf akiaratiegraft nigjectioiethat, t he

anti body possesses a.sel.ectivi for CILA-4 qv CD28, -2, Ch44, and
higd of g§feaf®fP Wﬁdmgﬁlﬁ'uhepfb‘%élmaﬁa pﬁ‘?sé’?cér‘)gt}%r'm @%‘6"&’ Y4 greater. in
anot her pr ef ecpeg) eTrieeits. MRiditiont dfeanti CTLAG &f &itPiFNygamimd ReAR @ @t i body s
about 10'9 Mor greater and g‘tﬁf erably about 10'" M or I‘g?\'réeat er.. I n anot her
preferred enbBaioRehYas apsqeiated ith BERMNL g eiection; Wharsag apilindamitida- 4. and
B7-2 with an j&&@cof | ower than about 100 nM and preferably | ower than
about 0.38 nM In another preferred enbodi nent, the antibady inhibits

bi ndi ng bet ween CERAMgctigRdvifivthe refp phChlAdcngelation to fd¥28; Fallatingefut 100 nM or

greater zgsang, prekenadd Yss:go5er0 (1998) %@%ﬁte@-@ AdhsgbiicAdtombRhsepr ef er r ed
enmbodi nent, the anti bogild%?chances I -2 production.in a T cell blast/Raji

assay by aboutciS#FeEg? 1 eRedswildriype s S28 defigieni ynigg,which We®s pg/ m - or
greater. In amﬁlh@iedwmf@rdhﬁgeﬂmfedﬁﬁ@mmnt hemedTricedifoa MaaNgsss 1FN-y
production in a T cell blast/Rajl assa%‘(3 by about 500 pg/m or greater and
preferably by°fa’§éﬁ§tl?r&‘§‘38d Syokpgs ndoprofifepatidein, repRens it FPulpee Pl ed

embodi ment,  t ReiRdBY BRsiBR TR Er, WherdasthOfusdnbedXdT cmipsa/-A1PBMEs wds Whol e bl ood
superanti gen assay bgbabqut 500 pﬁ;/m or greater. In another preferred
embodi men?  t #memented By esstisilatiprwih BlT-1pthe rasgonse efithe GRS/ K cellsWEBMC or  whol e
bl 0od super anfy.gg i@y, s ARBiHon g&%@ revefsEd ?ﬁhoxﬂ{cﬁfr@lrﬁ%é/dy]a?%stpgl m - or

greater or by greater than about 30% or preflerably 50% relafive to control.
I n accor danceBiml to L4t Ahuss FEEA-bran prsently dntibit Tjagll agtivasian in there is 5

provi ded a hu‘%@gﬁ' i ; Lal si.m | ar

bi ndi ng specifi cif:t3 ;q/’q} t@aﬁg_‘f Egﬁjﬁat%gqg%p%%t%?@%? fgae?ggsgg&%t%%ﬁig%ﬂﬁeisgr oup
consi sti ng of sufficient to explpinithe iphiyitary effectof CTLA-4 Also, Lin etal. JExgMed1, 11. 2. 1,
11.6.1, 11;7.{a.1b3. ! s@d?ﬁje .. 1. C q p.oent, the
ant i body |}ss nlésts'lc?rgggéalr%g)ctl Vél]réf??ﬁ;’@ﬁ?&h%ll;% omﬁpgﬁ\/\%z?ddﬁggn?@%lgﬁ speci es,
preferably thB-2A@Qvieartsrwereatringplanted 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-
immunoglobulin (Ig), or with anti-B7-1 plus anti-B7-2 mAbs significantly
30 prolonged allograft survival. In contrast, treatment of CD28-deficient mice with
CTLA-4-1g, 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



to species conprises nouse, rat, and rabbit and preferably nouse and rat.

I n anot her preferred enbodi nent, the anti body is cross reactive with CILA-4

fromprinmates, preferably the primtes conprise cynonol gous and rhesus

nonkeys. I n another preferred enbodi ment, the anti body possesses a
selectivity for CITLA-4 over CD28) B7-2, CD44) and hlgd@ of greater than

" about 100:1 and 15 preferably about 500:1 or greater. In another preferred

enbodi ment, the binding affinity of ti#e anti body is about 10°'9 Mor greater

and preferably about 10'1 Mor greater. In another preferred enbodi nent, '

t he anti body waslassbeibted withdnog deedrevmemofiidiehr 4clbidilfitiod amdtdnharwed CS of | ower

t han about 100 n pr ef er.ably. | ower t bout 0. 38 nM., anot her

preferred engcé'a]ls %ﬂ’ﬁ?ga%a %qg-rﬁ/tra}%wtsi ? o?ﬁr&a’% orgéﬁ“ﬁeat%e‘?’% ®CTLA-4 and

B7-1 wit h anaiddSTbA-4-lgwer axttihGT\L,aJdauAblﬁateahmms-dgﬁaattemcammrthé erably | ower

t han about 0.50.nM anat.her rred .enbodi.nent), th i hody enhances

ILd2 IOr?duchtﬁﬁﬁgﬁr%“%;"é%ﬁgi;tﬂfa%&gj 73‘3’9%&&};0559;%08@1;53@%3@& ordgreater

and pref esabhyevéit CGOmBULcti tho ligdnd Odt on. ERerf ebsdpc€berre

enbodi nent, the antib enha IgﬁZ&I@ Qduction in.,a T cell

bl ast/Raji aS®a%h OV 86{@’ mﬂéﬁs’%mlsﬂnéw&ﬁ(@whﬁt& agréhé%%m by about 1233

pg/ m or greater.aks MAR\DhraBeRialibh OF RITBRREBA S dmmn;asmas&v i nduces

| L-2 production jn a hPBMC or_ whol e bl ood superantllsgﬁgéza?s‘fg@éi// about 500
a

pg/ mL or gredvestigatedy oFest skamplsy Slesre & dndolmmieat enhances

IL-2 pr OdUCtbﬂBoée@ﬂﬁtW@LA‘A@% ﬁpfh'lyoﬁﬁ’en%ﬁﬁﬁf Qvilﬁdhgﬁ 3plaasey by about
SO0 pg/ M or preferably 1500 pg/m or greater &reater t han about 30%

or pref ertibl {pvslevels of expregsion generally dejected omthe P‘ﬂl %‘Efé@ﬁ apceongluded a seventh
aspect of thg,PpGR @mtzslaﬂdmlpw mipeﬁm rbl8s mrtﬁe/uﬁl%guﬁﬂo@af chedy that Dbinds

to CTLA-4, conprising a heavy chain am no acid % uence conprising human
FRI, FR2, anepcmmséqe@mstheﬁelbmcwcwwmﬁmfm &espngmétq%smw operably
linked in fr nd p CDR2,
and CDR3 seq g{ﬁﬁgﬂg %u ndent‘fyg0 %el%%?e ?o%%qt ?ngn%% CDR2 and

CDR3 sequenc%@;%ﬂ Tlusﬂ?%b eldlsefdn 0F£| gusiu 2immynobistologicelr rmadlysaboliitient , t he
ant i body . pf rthe r t tationsto
the FRL "Fro i Rs I bonE AR ) Bl ofter TEAEWHLE W™

accor dance \/\EThAeﬂrpogltlghtChulébpennort@ntto hernpmﬁersmtlonnventl on, there is

provi ded an anti Mrschai n am no
aci d sequence corr%ril&glmr%g; Hﬁ"’lrrémgglg%gb%élgwga%étﬁétraalé%}:ggﬁ%ncoded by a
human VH 3-3® g@ﬂ@SfIammWUMp@ﬁmrﬂycneﬁmklédWlﬂﬂ foeadasirelle Ho ageBPRIe, a CDR2, and

5 PO e\ RO RN, IR doLhaNaD BRGS0 10110 19

CTLA- 4 and BYlofeowirsihwauld lbe:dcsnelble acbgnmramtlbndnqgragaiw/é}TLA-ﬁ Hiabéans bi ndi ng

bet ween CTL and enhances
cyt oki ne prgs ?’Q%Enﬁl %%g}#%%g%?ﬂ @%%eﬁ%&%ﬁﬁ%ﬂg'\%% y\%esor greater.

| n accor dancaewdgnineda ni nt h aspect of the present inventi on there is 20
provided an antibody that binds to CTLA-4, conprising a heavy chain am no

aci d sequence conprising FRL, FR2 and FRS sequences operably linked in
frame with a CDR, HPR2Y DESORIPTIGDRBTERROWING Figukgsendent |y sel ect ed

25 Figure 1 provides a series of nucleotide and an amino acid sequences of
heavy chain and kappa light chain immunoglobulin molecules in accordance
with the invention: 4.1.1 (Figure 1A), 4.8.1 (Figure 1B), 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 1J), 11.7.1 (Figure 1K),

30 12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M).

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,



fromthe CDRI, CDR2, and CDR3 sequences illustrated in Figures 2 and 3,

whi ch anti body has the follow ng properties: a binding affinity for CTLA-4
of 25 about 10'9 or greater; inhibits binding between CTLA-4 and B7-1 with
an 1 C50 of about 100 nMor |ower; inhibits binding between CTLA-4 and B7-2
with an 1 C50 of about 100 nM or |ower; and enhances cytokine production in
an assay of human T cells by SO0 pg/m or greater. In accordance with a
tenth aspect of the present invention!'there is 30 provided a cell culture
system for assaying T cell stinmulation, conprising a culture of human T
cell blasts cblGyl4lkbd il H1& IRA}7.1caRB. 1.1, ned 1RA. lal pcethergegulirerbodi ment ,
the T cell t Itur ell line. 18
In accordanceﬁl\?ﬁgﬁﬁ? %%@gggﬂg%gda%c&ﬁmg seneweeg At %\'?g em?lﬂw there is
provi ded an asewca‘ and meiasﬂjﬂm rsgqu‘EnrmeinI thstclomred alenndwatezbnpbmld: e providing a
culture of h lce b ast s and ﬁ‘ % 3@#20“‘3 —pontacting the culture
with an agent® lg‘é{ﬁﬁs?ré Y, the, gostinns of 8%?? HER % Rn eaUFHE. 5 In

accor dances V\/lthhaxﬂilbodwﬁsfshidcaspect of the present invention, there is

provi ded a functl for screenji.ng a iet for C stinmulatory
function, conpri s g %ﬁsﬁ‘gseﬁue@ﬁ? f’iﬁrgneé}f ﬁ%[%thf' Qﬁql?te‘ﬂ‘ﬁf’é’?s and a Raji
cell line; ccvnmc&mmgadlmeeqwﬂctewehwbdm 2 4maithd yérmiiRe DPsEEES3Ng cyt oki ne

production by the cylture. 10_1n accordance h a thirteenth aspect of the
present i nverfPHghéaci ﬁ%l”én‘i"sf} Feoeicbptuesh tggﬂ\géﬁg 8¢ STYPREHHG for CTLA- 4

i nhi bitory fuﬂatotf%,se@ﬁﬁwm&hMOM& afdidafed imb6ld| TUE Figh@RE] SHole human T
cell blasts and a Raji1 cell line with an _agent and assessing cytoki ne

product i ol byh4 H%mt‘{’j‘Ft"érﬂé’ CPR1aEDB2qant EDRA 1 s9auenees ot the gatibod¥ #6ct of t he
present i nvenjpi&inedt here i s 15 provided a nethod for screening an agent for
T cell stinulatory, activity, conprising: contacting the agent with a cell
cul ture conpri si né‘&"}[ﬁﬁﬁrWﬂ?élal segijencq aligmenkhbetipen e predistetekappnd assessi ng

cytoki ne prodipi Liafh dhind Ad Sedhidridt B the BloRASA, Pf4she4£@31t6mw h the
fourteenth aspects of the present invention, in a preferréd errbodl ment, the

T cel | bl ast sngAd3\#ahihe ssmplie A2J amincanid segueng. Differmecerbytiverce | i ne. | n
anot her pysef ey Cytﬂ%nﬁmm GiERBE and et &%h@keq'aencb% ke-cForfdlard Eldfickted i @ Preferred

enbodi nent , I ne duction Is neasured in supernatant 1solated from

the cul ture. bol aTlpPrEIB@TFraéiQ shawd denpasitiony pEthefePRL,i EDR2, adtEBRYy and
preferably big née? oﬁfﬂepanﬁbo g%%ﬁ&flﬂﬁnﬁgﬁé@%&trﬁcﬁh{)ﬁs herOEbrashect of the

present invent reis rovid assay measuring T cell

stimul ation, C@E@Hﬁ]"’$éd4nb1‘3 pndﬁildmrﬁgn@cqs@fbwﬂa’nqsOn of human peripheral bl ood
| |1 |
mononucl ear cel | sg act| Hﬁ,g,d\ﬁggs L{gh&og{mme@{,&gﬁp@ tpgd%%%plt%hgcoccus

enterotoxin A con ture ring cytokine
product i o b}lgbma@eqmlnanmen of the %@bﬁddné&w 1h6.3, midxkléleht h aspect of

the present ipyend ggﬂmna hﬁ&e iflo %Qldpgéaﬁeﬁé@dnﬁf&wa&t 'bau@!m ey for

screening a nolety for T cell stinulatory function, conprising: providing a
popul ati on ofgemWanequemqepném omhe@enunmmnmhﬂ dene a;’ellndgca@d ihbaldn whol e bl ood
stinul at ed I o] lgé)ﬁ% he culture
with the m):MI%lQ gg(g‘gsgtl%ﬁ osé@%“%l??ﬁ%%%dﬁ%%%“ y %géqgé}gfé popul ati on.
of the antlbody as underlined.
25 Figure 6 provides a sequence alignment between the predicted kappa

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

30 underlined.
Figure 7 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.3.1 and the germline A17



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 5 contacting 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
with an agent and assessing cytokine production by the cell population. In
accordance with an eighteenth aspect of the present invention, there is
provi ded a method for screening an agéht for T cell stlnulatory activity,
to conprising: contacting the agent with a popul ation of human peripheral

bl ood nononucéneige aciéis¢auenne. Rifferancesthsiveeen theoul 7sgermiinenteauengs and thetaphy| ococcus

t t | at |
cach of tho 17y FLSAIRRERFUEHGK RSBl BOMEL B Bl sor e BREC O 1

aspec present
i nvention, i npmtqgnsstérthed:Di?:ﬂbdélDMnmd CIEB3C§ﬂqomcpae of ghe lanthody nasanot her
preferred 15 qqéd’rent cyt oki ne production is neasured in supernatant
. T11 . .
|solatedfro € Cllture. In a preferred enbodi nent, the agent is an

anti body and pr ef dligiiné¢ ¥ dyovids 4 seq@ricé\-alignniiaT Abthicen EDE%RhE%Idl ®bp@aF THE

re provi ded TN FhaRGR E-BErBrER G elthbir 2 B i Snb oA 4L
Nucl eoti de sesmiaoacd saqmemh Diffepandeschatwezn dled A3/2d6 gemdi® sequeped midng heavy and

i ght chain i | obul in | ecul es rt| 8 uenc correspondin

toa conti guolt Hasks e i GR o5 8 g BRdn bEHE A AT RS B ora

t hrough CDR3 fhegofiftéhs ¢fthe ODR1, GBR2, fand IODR3 seqoenicekeolf ﬂheanﬁm&yb@dl es havi ng

simlar binding properties and anti bodi es (or other antagonists) having

simlar f&?‘lct'i“%ﬁlg‘f‘?‘fy as anti bodi es di scl osed herein. Hybridomas expressing

ggch izm?gl obul imgua@:%pmbia&haruﬁnﬂmyg@]@qmﬁgnﬁm b Qéidaie@ue]?lbéio b ovi ded.
inition nl ess ot herw se defined herein, scientific an

t echni cal ter%erﬁ?a é&ﬁﬁ@&t?laﬁeww&oﬁéhWé%md l}if/%h‘ﬂqs(?ﬁﬂ@hall have

t he neani ngs gnlﬁg@,d]@,re 5 comonl y understood by those of ordinary skill in

the art. Further, unI ess otherw se required by context, sjingular terns
shal | include pl ufa8urg i @groyiigs ﬁ?rﬁﬁ“thqﬂ&“ﬁlsc}?F?ﬁ?ePZ‘P&d’l‘fﬂﬂ’@at{"ﬂé‘b%‘itnguI ar.

General | y;s n%ﬁﬁ'o@mr&ﬁbd&dshﬁ a&drdaﬁbecvﬂmstﬂv@zﬁmw A Figate dAe @hil ques of ,
cell and tissue cultu rotein and oligo- or

L yae cot & EsEnEY > drlel riche &b ARt o gl el HoRERRET S g { hose

wel | known angaisqepRll ¥ denetrhtibnl R@eRbic ﬁ&@n@aaﬂxz; eshSLPAGES siee used for
reconbi nant DNA, ol i gonucl eotide synthesis, nd tissue culture and

transf or mat i oF¥cPEoR °hr°’é‘F“€5‘taP]B’pBﬁ‘&€1 |°b‘i?ma¥°ﬂ‘ﬁ96]?%@9§séﬁ9°“°ﬁ?2¥/ R ME). eacti ons

and purificathag sb&@asuogylw@rﬁ),g@ghi ‘éﬁﬁﬁd\l-?eﬁﬁﬁ&ﬁldédaﬁeﬁces ieprdlaed urer’ s
specifications or as cohmp acconP ished in the art or as described

herein. TRe fodditiemlvetailsd t"é@miﬁl‘mré@ eérﬁ‘dLﬁfrléE@M@F‘égl Figae deBelatedy perf or ned
according to ﬁ@b&%@@ﬁ%ﬂ&& §6C; 420 SEKBOUE 41 dlifody/ih 18Pd as described in

vari ous general and nore cific references that are cited and di scussed

t hroughout the pr &t lhplwﬁthwmrmon 9EB7el. and BBA ey Rajkcalls using Mol ecul ar

Cloning: AL I Col d Spring Harbor Laboratory Press,

Col d Spring rborébr%% r@ﬁ CPS%%’ bs. whi ch is incorporated herein by

ref erence. The nofigwed A2 shows the koneeatration cigpandent i ashangempnt efnB.-2 he

| abor at or ys pr t % X ) . .synthetic
s ;S?&GEH&FE ﬁi@dr ' I%Hsﬂl@ﬁ? alhy iRy %‘3‘:‘ @?g‘n'% ?Ec{cgmé ;

organi ¢ chenmi'stry, and medi cl na armaceut’ escri bed
herein are t rrageodiesi(BNIGdlrl, &84, @ndrﬁ’rbﬁly used in the art. Standard

t echni ques are us I e
phar maceut i cal %%aie ?%ﬁ g‘?rﬁ?ﬁ%?l on‘?‘ &Ra‘ﬁ@ | ve?ce,%j%nﬁaﬁwzt ment of
patients. As pnbdulcmmedu the hmel@rbthﬂﬂt@ wéshn 1ﬂdueedpns3eaﬁnCTd|As4: btegkihg, the

fol |l owi ng tegagggodﬁegkﬁﬁﬁggafle edi&d')&%gqéno? hs)be understood to have

the follow n
Figure 14 shows the mean enhancement of IL-2 production in T cells

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



2l The term "isol ated pol ynucl eoti de" as used herein shall nmean a

pol ynucl eoti de of genomi c, cDNA, or synthetic origin or sone conbination

t hereof, which by virtue of its origin the "isolated pol ynucleotide"” (1) is
not associated with all or a portion of a polynucleotide in which the
"isolated 5 polynucleotide" is found in nature, (2) is operably linked to a
pol ynucl eotide which it is not linked to in nature, or (3) does not occur
in nature as part of a |larger sequence? The term"isolated protein"
referred to herein nmeans a protein of cDNA, 1o reconbi nant RNA, or
synthetic origin ofiggerté sbownbihaatean anttaheaneenf of BRN-cprofyction in eceBs it s

origin, or source,of der.ivyatiaon, the.'lsolat,ed pratein" ( i ot

associ at ed wi £A™pf o‘{og?rﬁsm %ﬁ‘l‘}lg’yi %ntnﬁln}r%, Ll() %mq Em tﬁ’ ree: o t%% krlller%elgr ot ei ns
fromthe samebhsiRafiassag. g. free of marine proteins, (3) is expressed by a
cell froma differgnt ecie or (4) do ot _pceur. i re.. 15 The term
"pol ypepti de" as u@g‘geﬁgf&wﬁg%e@a‘éfgﬁépﬁ 0?3{’%3‘??&8 l?%lf“é& Bg{gé #gfni Ve protein,
fragnent s) sor defoad ngsced by anpaTypesp blodeng arfibs ne meaddesica, 72 mtis\aftepr ot ei n,
fragnents, and, anal ogs. speci es of the pol ypeptide genus. Preferred

pol ypept i des FHY Ettoéqu&'ﬁ’fé:ﬁg&with the invention conprise the human heavy

chain 20 i mmunogl Okighre N 7néhbME tHeeshhadtemerteof TUAProlwitiea ih ivédte 1664 N
i mmunogl obul i n nol ecul es esented. in Figure as wel | i body

nol ecul es f or feg %%@b‘rﬁﬁii‘;?gﬁ’bﬁ%‘"ég%ﬁnglpﬂ‘é“&‘ﬁé%ﬁé%’ﬁaseﬁgiaﬂ%%‘i%nogl obul i n

mol ecul es W t bg L hines Bhmatidiainogg obul i n nol ecul es, such as the kappa
light chain i mmng!gl obul in nol ecul es, and vice versa, as well ,as fragnments
1,

and anal 0d8 z5 t helFiger. 18Thews dharinhibifions @ff Tpob BEWR g A aty@BELher ei n as
appl i ed tO an QPSS inibdES riRink BBrob@6dmd iRbr ABdL] ect can be found in
nature. For exanple) a %I ypeptide or pol ﬁgucl eoti de sequence that is
present in an or gafiEes Boshowscenbancsierti o4, Hed \produstion: dugrd PESPtt ed from a

source in nat gye Aandivddis14.023nd 01 21§61 hE MvednaRal 2 YhoiPdibldserlaPy Man in
the | aboratory or otherw se is naturally-occurring. 22 The term "operably

| i nked" as usarfl funerantigandipls blagd sad perinbaral blipod mepawelstrscells frgmser i bed are
in a relationghipyR&apd tting themto function in their intended manner. A

! ) : : " . R ;
control sequence “operably linked" to a coding 5 sequence is |ligated in
such a way that exfigess?bishors dpss dependeyt sakpnemesst jof Hohinsedugtiemder
conditions co | ] I dR it r ol
sequence" as l%g%édwgre%l#néﬁé‘%;%gﬁtg @E%gtl'lyﬁg%gg%ﬁ%f%g&%ﬁ%esm&moﬁh are
necessary to béfrdcilast/Reji esspi-essi on and processing of coding to sequences to

which th i . | b T
(ch they are 1\ 9akad. 21T REoAAiilicCadion e RnGRBEI A STOAME NGl | OF S

dependi ng upon th ost organism p aryotes, such cont, sequences
gener al | y 2D ncinddeedpryoamtit CFLA4 ansibodinn(4- 101 aef i:]glé) efgthe inyentiandn$ct pti on

term nation s - : sequences

i ncl ude pr orm? %#?Ggﬁﬁm{g%ﬁgég??%? {1 g%a}f sg%ﬂrtlgdt‘%v%lnl@g%ﬂgﬁsgg&&%kg term"control
15 sequences"” is iFigend@dprovidens senits, ofeadditiondl muclentideabid swimposht s whose
presence s esoanlhale bl (FURLESSIOPTIANY, RLBGES S @ ufll 4150 1 ncl ude

addi ti onal co?ﬁ%nen S 0S€e presence Ts aﬁ{/an ageous) r-exanpl e, | eader
sequences andhéavgichain feDNA22(x) cgenemixe22(b)? Bndl breind acith 22¢0),yinlidéngtt | de" as

referred to herein ,ne ol Ymer G | of , hucl eot, i {.]east 10
bases in I2gngf$}?'°°§¥ ‘?‘ﬁ‘ggﬁ rlia}'t?g u%‘f'lélé‘f‘%é%&gal) anade%%? ﬂﬁ%ﬁggﬁéﬁﬁgg’lg‘ﬁh{i nodi fi ed
f;)r m gf de} t hethdiry @DNA zzz(gm_?émmirﬂ&cidl'pﬂfg)), érlhiengiic M;Sdeilxleas)i dgire(c?NgA d(ﬁubl e
stranded for . ] r nuc ~referre erein

i ncl udes nat U?%@f qulé\'ewr%f{i;?z(ﬁﬁmg’ig?ﬁg@&“h@%gﬁ%é‘“{ Fﬁwgaacfcgget her by
natural | y occz(k))fll i@igeh 600 heatylthaih ($DXA Qo) dndgumihe gahaz(imptilde | i nkages.
of 300 bases bieBuia (DR 286 B Grisp et et ah 41 & I DL bages 1n |
| engt h andy MOEDNK ef@) A dmike acid@243), addH11.45 lightichath7(cDM. 221@) ar 20 to 40
bases in length, di| gonucl eotides are usually single stranded, e.g. for

probes; al t ho#gWosFilgdiilic] eoti des may be doubl e stranded, e.g. for use in
the construction of a gene mutant. '




23 Aigonucl eotides of the invention can be either sense or antisense

ol i gonucl eoti des. The term "naturally occurring nucl eotides" referred to
herei n includes 5 deoxyri bonucl eotides and ri bonucl eotides. The term

"modi fied nucl eotides” referred to herein includes nucleotides with

nodi fied or substituted sugar groups and the like. The term

"ol i gonucl eotide |inkages" referred to herein includes oligonucleotides

| i nkages such as phosphor ot hi oat e, pho%phorodrthroate phosphor osel enoat e,
phosphor odi sel enoate, 1 o phosphoroanil ot hi oate, phoshorani | adat e,
phosphor oami date, and the |i kFMMARY QF THEINVEMIQNChe et al . Nucl . Acids Res.
14:9081 (1986); Stec et al. J. Am Chem Soc. 106:6077 (1984); Stein et al.
Nucl . Acids Res. 16:3209 (1988); Zon et al. Anti-Cancer Desi gn 6:539
(1991); Zon et al . InCpdcgrsiangel wi |adé§tmcmérltfgnresent Amranemutgerp inppr oach,

(13017 1 St e PRy o giooR e Sl P pbling T A, St ten B8 o Chomi cal

Revi ews 905543haér19w)ole negien @ming| asissequenge thmpmpr&pea exntighgusi amm por ated by
reference. I e t

desired. 20 Tﬁall m seﬁltectr ve%pF%pgé#gﬁe%ljoa%Aenrfﬂg% ?@Eﬁ&rﬂe&n rreans to
det ect abl y andn®ped:b)f 3 buthanyVig- mfanﬁalgymmdebatrcdmpnse@rai lgash one eftthe des and
fragments thereof a gﬁgge Wi,.f_h o] Ly hybridize to
nucl ei ¢ aci d §Fand és}dun%gtst r'di tl;zeatcitﬂgﬁl 3 ﬁ"%ﬁv:%g’h%ggﬁldféﬁdg}r@ gt mnimze
appr eci abl e arﬁnamnWerkcs’eqtmmeesmm 1e thumﬂ nlgatpnefﬂmdeqndmdﬁmant thecdnghe aci ds.

H gh stri ngenc?é cor‘rldrctr ons s%an D8 Y cz ’f;omg}?hr eve seltectr \éﬁe
hybri di zat'Pon 8ﬁ%ﬂ PG RY ﬁﬁSWH I?ﬁ YRECGr? c?r%]’]psé)ﬂ%liglgc’ﬁ n.
General ly, theDNG:SBQ HENG:Z S§QADANOB0EPQ IO WM& SRR ID Nes,[8BQmucl eot i des,

eanence of 1 NokGad T MR BRET o] SeblS S 8ot b SR i

preferably i neNOe2EgISEQ IDONOI18gSEG IDINGE3, ISEQID B6%H4, SEQID M 66, 5FQ and 100%

corpl et o 1 dento NP BEMESFOIRAGE e Rrsnteselebr! axbimnent EBHsRbI 0gy means
e o e e ences

bel g mat cheds SSHERCH FIIER BOfR R P 2O CE R RGP MERGERER & or | ess
D of br bl y, Ly PEObaL 1 Senenace Y oy oot | g rhueaeoe oo St rom
!tohem of at |ea8R @b@ﬂ%ﬁgﬁai&? %6 éﬁ(gﬁ]ayﬁ(?%r gf%iﬁg%g?& 3 &aé) this term
i's used herei NO:23, SEQED rh@xaa mmmwemmorze SEQ 3 N®sES, SE@n 5 (in
standard deviation units ram ALIGN with the mutation data

matri x and®a &Hop@ﬁﬁ 69’&“‘1&?92@ T8ee Dayhoff, MO, in Atlas of

Protei n Sequence amdac&ﬂmewlma@&onaqape&l& thy/Qedem 15venhailtﬁ&alls Bi omedi cal
Research Foundatjon (1972)). and Supplenment 2 to this 1o vol une, pp. 1-10.

The two sequeﬁ@&de@)ra“pa“m‘ dyneoraRstsing @ ReAvE Fhadt Ape ya%nsﬁﬂ‘éﬁﬂ%s if their
am no aci ds ag&nghsft SEQIIMARNO! aﬁcﬂl&ahgﬂtcbhﬁﬂ%ahﬁiﬁ@tahﬁﬁd a&YGesl%q&BEé mal |y

al i gned using the, ALl G\ roaram The term "corresponds to" is used herein
to nean that SORIsingRE %ﬁ? N@el4sequence is homol ogous (i.e., is identical,
not stricty evol ubl o Jifl 3'EHA abfRef bl oA prseRPlihieiord indie F €1 ence 15
pol ynucl eoti de sequence, or that a pol ygeptrde sequence IS identical to a
reference pol yisuided can satiorssic comnrisingoat heayys ehairc tamgne aci seauence

"conpl enent ar i Oy Raih NAk nEHTB sequence
i s honol ogousx?%&e 4gs%trégﬁp§g?daﬁd tgf léa?? er en%tgpgg ynu{::1 eo@i‘egé&/sequence.
For ill ustr at comprisingSEQM) ¥OtliSde sequence "TATAC' corresponds to a
reference sequenc a f nee sequence
GTATAC . The ol | ol eittes SRR Golch SER 3R blakchy i eBubf EhET

r el ati onshp psprloeideéean tantibody n@npnspxgl ynhcaveochmte annncanacmb mq:uedccsequences
"reference sequen t per cent age
of sequence 25" leLﬂ'e%lgr §E(ng’ 121%? ?mr\%gﬂ#rg%?m iga Je@%"’rueence
sequence” is eomta‘fsmg@dEQsﬁ)qN@ride used as a basis for a sequence conparison;
a reference sequence may be a subset of a |arger sequence, for exanpl.e, as
a segnent of a full-length cDNA or gene sequence given in a sequence
listing or may conprise a conplete cDNA or gene sequence. Cenerally, a
reference sequence is at |east 18 30 nucl eotides or 6 amno acids in

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

pol ynucl eoti des or am no acid sequences nay each (1)




25 conprise a sequence (i.e.) a portion of the conplete pol ynucl eoti de or
am no acid sequence) that is simlar between the two nol ecul es, and (2) may
further conprise a sequence that is divergent between the two

pol ynucl eotides or amino acid sequences, sequence conparisons between two
(or nore) nol ecul es are 5 typically perfornmed by conparing sequences of the
two nol ecul es over a "conparison wi ndow' to identify and conpare | ocal

regi ons of sequence simlarity. A "coWparison w ndow', as used herein,
refers to a conceptual segnent of at |east 18 conti guous nucl eoti de
positions or 6 ammeccaenps witleraefifih Asprst phdkd prssend dnveatiers rihere dp am no acid
sequence may Pcfmfeﬁ' ?{of’a‘ﬂedtﬂimﬁn%%n'b% %ﬁ&di%&‘%ﬁéﬂi ofbiniags

cont i guous niic eot es or 6 am no aC| sequences ahd whereln~the portlon of
t he pol ynucl él‘ﬂhAde degueeferred pmbddimersnpatibodois capadow! wampemgplor se

percont o | UG GTLRR k) Rlfoef dfediCor 16 HonS orfBRENEC. 1o

conpri se addBtlllomS (o] 8 8clel45012041$3 1f4t4, 31;:6.1 h;al]l 2al, |1g.|6rter]|l 74f 12.8.&¢.115 two

sequences [ nrren a conpari son w ndow
mag be condu@?"aggigg)a]r 1| PP ﬂ%ﬁeﬁﬁ%g ? f tﬁ?‘nag&’%% PHSHE at er man Adv.
Appl . Math. Zutatatidil36di)ar bimimg bﬁci‘ﬁtt’fpkd)@'}?LAMlagﬁﬁI’aﬁiboay gactedifronof  Needl eman

d Winsch J. B 7 | arit t hod
S ruiron 2o Eprarebrsdt 17,4 AR, D08 VD S L
conput eri zed11.60| enenj &2.8.01s amf 12.h¢de Bl gothet prferfcthmbolintehf Itle FASTA, and

Commut er 16 oaRiPoS7 o tAlcEoTy e SRUpCRIngEL i A vb s 102 Macvect or
sof tware packagas).14.9y6.by, 1nEpeqtd.pn.l.7and23hel, ked12.8)1i 19 neRbthed . €.

i ndow " ge ”p&?eén“b%%‘?%@ REUCRLASE, R lorel oy, over, thy 2 scompar | sor

W Nnado gene sequence

i dentity"” nemr frfaimalidyD speeiey, preTbrally itekelo®er ﬁmmlaacspdclsse@umﬁess are
identical (i.e., on a_nuc]eotide- by- nucl eoti de or _residue- %(yr esi due basi s)

over the cor‘rﬁ&’ﬂf%&‘r apsl rbbif andrmarenE¢asably apquespndgat. In 2aetheraneierre i dentity”

I's cal culat edmbydifmertP &e aﬁlbsayn 19re;dsmkdcﬁvédmmneq*mea%ﬁ@%nme@r the w ndow
of conparison, determining the nunber of positions at which t he identi cal

nucl ei ¢ aci dPEs&ERblY the grimatas comprise 05(501“81801% andyrhesps maakeys elnsgetlfrs i n bot h
26 sequences pidfrith Shbodind IR Ay FRIGHAG RRSHiLORE CITIAU B9 the nunber

of mat ched p03|t| ons by the total nunb positions in_the conparison
wi ndow (i .e. CD2RBT: ad g Gl %fr%“%lﬂ!aﬂﬁb‘w AgP:1 md?re@mb{y aheut100 to yiel d

t he per cent ag6o: Pbr ﬁﬂ%%%nbtﬁ&%éfk&ed &rﬁ!?odhﬁénﬁhe ﬁﬁﬁlﬁkﬁﬂhﬁ@'oflﬁﬁent' ty" as
used herein denotes a 5 cparact eristic of Kinﬁ eotide or_ amno acid

sequence,20 whatibpdy isighows 40y Nen srepterad @Fef‘?i'?hl)ﬁéb"& Mepeieates I sequence

that has at Least pRRrRe cm8MimSRIHERGRbdd %ﬂ%:is%md%fﬁéﬁr@éﬂ' oTIA4l east 90 to
95 percent se ence identity, nore usua b&b’g& east 99 percent sequence

identity as &P &thiay IQSW‘EffléW@’rFé@ ghoyty G0 preferatdygrer 8 wi ndow of at
| east 18 nuclsgt ¢ senltS 2 HoiRr ?emaed%mgocmaﬁtt €8 Riboby RARbINtigver & wi ndow
of at |east 24-48 nucl eot am no aci @g

03| I ons, wherein the
per cent age obetwean (Shlded mI!bBHthﬂh an Il oflpwardepnishows AP aM wgtcm reference

sequence ,§0 Lﬂhﬁy ﬁ % ufB% lnﬂf'lﬂ%otﬂe?h@fér&ﬂ%nﬁﬁmﬂﬁgf ffeONS Wwhi ch
total 20 percert or fess "o e re erence sequence over e conparison

W ngo;/]v The m‘érbed)end\mcseﬁuérmeiunmn imea T llddast/Raeji assay @zglboutliﬁoseqyenee As
used herein reviations
foll ow conve?é/{&gng usage &éﬁ&%‘% cﬁl%g& B@ng%? ets?l;s%k ngp%di tion, E S
Gol ub and D. ﬁefc&d&lembﬁﬂment SiermubodyAaﬂmmcatIEH-y PBuduwbtioh amck, TMels. 20
(1991)), whi s,,i NCoL po her r ef tere0| rs (e.g.,
Dami no aci ds§l a—l‘ﬁ%‘a}'\kgﬁg’ tg‘gﬂ ‘Hn% ater gn é’reg yLﬁl?ﬁ‘étt@SgE anmi no aci ds
such as ap) pgsll &L@@atdrt;ﬁﬁfé&@ﬁp@ene@bﬂsoduhexﬁlthe/hntfwammﬁde@lﬂrzl actic acid,
and ot her unconventl onal__am no_acids may al so be suitable components for

pol ypept i desPrafuctipring EME of wheltlogd sung;@aﬁgﬂneagsa@fby@ﬁ@gﬁ\% A®Mnal ani no

aci ds 25 '”C&U%‘@aterdf ﬁl)"iﬁ&}ié{- r@fcb@&en%odxﬁﬁﬁtbwgﬁdﬂoﬁﬁ%ﬁnc IL-2
e-N, N, N-trimethyll y5| ne, cety ysi ne, O phosphoserine, N acetylserine,

N- f or myl et hi oni ne,




met hyl hi sti di ne, 5-hydroxylysine, a-N-nethylarginine, and other simlar
amno acids and imno acids (e.g., 4-hydroxyproline). In the polypeptide
not ati on used herein, the lefthand direction is the amino terninal
direction and the righthand 3o direction is the carboxy-term nal direction,
in accordance with standard usage and conventi on. 27 Simlarly, unless
specified otherwi se, the |efthand end of single-stranded pol ynucl eoti de
sequences is the 5 end; the |efthand!®irection of double-stranded

pol ynucl eoti de sequences is referred to as the 5 direction. The direction
of 5 to 3' gudiuctianingfhPBRMC enwheirblopd supstantigansassay byabewtri8 pemlas t he

ame. seavenc e PR axsp A GRIFRRE 380 Pl shi e SRR 17
transcri pt ar5@_°/nefaevetad:ontmlas "upstream sequences sequence regions on the
DN Strand b 10y U2 RROT. SEHUCTER, Bed s ER bR e B0, 0 "0
applied t G pQrypeddtd Huﬁﬁamztebenﬁlﬁ:rdmthmﬁasdeesas b ahbstaaieally 'SlyhllafTBﬂhﬁﬁlgt hat two
T e
identity, preferaply, 481,402, 499 1p414806.13IVENCH 6. jent7 1, )12.3m0r,e preferably

at 15 least 95 percent se dentit and _ npst referabl | east 99
per cent sequendd? ?dénhﬂ@‘%}"eﬁf’é?’é{’ opent, %%%‘i“&'ﬂ@”ﬁé’gf E‘P%“’r%a %’ﬁﬂare not

identical di fdmIA-BYdRNEWErY MbidaliaTkeies ChrofefddBs tict 1obicP Hgammtaag er vat i ve
am no acid substitutions refer to the i nterchan%eabl lity of residues having

similar siOde SPoRASFOMPHERS TaQUERHIEk and rabhify andopreferabliomeusegand sl 4l al i phati ¢

si de chains igoRE p@éﬂﬁédrh?nbo&hﬁﬂt ﬂe,anmidy riseoméseéaememuao@LAspﬂr&ym ne; a
group of am no aci ds havi ntg hati c- hydroxyl side chains is serine and
c

t hr eoni ne; a Pgmsiss Referhly aemerss ?FE%HI'H@ W"@ﬁ)ﬁ%‘bm%%gm@lkﬁbq chains is

aspar agi ne ang ﬁbﬂa&amemmdaen%amnpfth@%ﬁeod?cb&m%va eledtviigBiol C Si de
chains i s phenyl al ani ne rosi ne, and i/ ophan rouBQfof am no aci ds

havi ng basi c @M%QQZ&: Tt3, §D44, andr e ﬁégreﬂtsfﬁlﬁ’él wilp sed and a group

of am no gci g%cfaamy NBoSUbAIT of QRLArN RO afbiRG dﬁx@ﬁh@é dniho@ipihel e and
nmet hi oni ne. Preferred conservative am no, aci substitution groups are:

val i ne- 1 euci findingf@nity; afdhe q@ﬁb@Maam ke Myorameaies and pesforebly gbfiuhi ne,
al ani ne-val i g0 g Uxt fer, a%P%ﬁ&thé% cﬁ&ﬂ@&ﬁzﬂéﬂ%%@dﬁhﬂ&ﬂy"ﬁmbﬁ@ AS

di scussed herein, or varil ati on e am no acli d sequences of

ant i bodi es orbmdmth‘Pb@ﬂeo&IIW aed BZQI ‘Elﬁh &t Kosc ohlostep than abowt sl 08 aMvh g

enconpassed td R LmP iiafions in the
28 am no aci éﬁﬁ%éd%ﬁﬁﬁ%&ftﬁﬂﬁﬁﬁ&a({ Ieas%rp#lg% feﬂéég;? uﬁ tyﬂ?}éat | east 80%

90% 95%?20and@ntihedy inhitits bindivg\peyesn CThApbﬁnﬁlﬂ*]ul with ag eﬂ%/ﬂ then ani no acid
repl acenents , u‘?l@@ﬂlﬁdeé}”%ré’aie‘?gnd %ﬂ?&%{%r{é Q@u@‘@% SuPhdte0S€e that

t ake placevm Ina fam t are related in their side
chains. 5 Cepesfaresdl ¢n}boenmuethe atnnmyamhweaﬁb-2gnmémllonylnda vi @l into

fam i 1

am 1o, (il 5307kt S S B LR) RS ShAE a0 o1 1
phenyl al ani nelg/mier gneatm deattmﬂye]pteéqmdmmbadlmexgmweamﬂwdygddmmllﬁm- gl yci ne,
aspar agi ne, ut ani ne st ei,ne, ~serine r Qsi ne re

pr gf er ?e&?f ag1 guoé‘r%‘ g' ﬁ bgasgﬁﬂl ta?f?’éc“%l E%‘ﬁ 8 %n%ﬁ ﬁ?ﬁ&ef andr\{)t/)dr oxy
eliies ?ZE?.”??“W o “ﬂmmi ??ﬁ“‘ e ool ?QBﬁﬁm‘Einy?L?Q'nf‘ﬁe
LR bt annan Htanify e e e diefor i tPERG of §holp oo susepmebeh

reasonabl e t@ss@_sXB?Qbodt 1500 p@/inil &Odradtﬁd ]ﬁi%bﬂa@teﬁﬁf&reﬂfenﬁ)ohﬁtbﬁt g w t h an
i sol euci ne or vyal ne) ag spart at e yvlt ‘gh g a thregnine with a

serine, or 18ntody ﬁ‘?haﬁ‘i'e VI BIE loodhisunprantigen uct ur al I y
related agl NQssALhyandd 500 ml@}ﬁﬁf&aﬂlﬁlﬂfo ﬁfxﬁﬁﬁ'?rdaﬂr bf"@y greteli chgh or
properties of the resultin ecule, especially if the replacenment does
not invol ve &b?uhfﬁﬁ"/nerﬁéfe@bgﬁi(’%Wlaa"ﬂ"&ﬁ%{k site. Whether an amino acid
change results in a functional peptide can readily be determ ned by
assaying the specific activity of the polypeptide 20 derivative. Assays are
described in detail herein. Fragnents or anal ogs of



anti bodi es or i mmunogl obulin nol ecules can be readily prepared by those of
ordinary skill in the art. Preferred am no- and carboxy-term ni of
fragnents or anal ogs occur near boundaries of functional donains.

Structural and functional domains can be identified by conparison of the
nucl eoti de and/ or am no acid 25 sequence data to public or proprietary
sequence dat abases. Preferably, conputerized conparison nethods are used to
identify sequence notifs or predicted bﬁotein conformati on domai ns that
occur in other proteins of known structure and/or fupction. Methods to

identify protein sihaeAance ikt asgyeath spest of theoRtrsenh maenten g isnal
structure are gRQu¥a- anBRb&iyahatdinds 36 ICINRE4, 20%3}}331@&% 3Q1e§v]yg&ﬂa}n anfings, the

f oregoi ng exanp| es denonstrate that_those of in the art can recognize
sequence not i fagidsaancass somprisiag huwan ERbalR% 9ad FRA sequgneep anqedediby & def i ne

structural anq}uﬁ,uwg ﬁglﬁlgexfémwepersmﬁﬁﬁardqéme%&ha bjh_lkl' Agid on. 29
Preferred am no acid substituti'ons are those (I) reéduce

suscept i bi I5i t yand ca FFRREGEguShes, tbQ)CIP}éUUEBRéu%ép@DBN$eﬂlyent=@$ dsihglat i on, (3)
al ter binding; %Ie&ér{&hét)&sfe REto B6H1HOCH py DR GATRIRS Bguchdds ifdlshifiea D1 Ndi N

affinities, confer or r physi co em cal or functional
properties of llslf(tg\lfaﬁalbﬁpremﬂ@g@oélmm,nhﬁ gatibodin of Glaimnd?, dimder of a
sequence ot her, prelote: gpt r exanpl e,
single or nul tf’%’aﬂﬁn%ngkﬁl ﬁgfé%ﬂalu st| t%ﬁ%ﬁge p?eﬁ%ﬁaﬁfgﬂgg%e?é\jgtl ve am no
aci d substi tutasdhls?atccbly_l‘lmlrmde in the naturally-occurring sequence
(preferably in thepnorblan. abiaf OF RnPRbUPEPH: S Sldfioh Beqrai ns)
formng in Oer mol ecUt 2F CORT acts cons rva am no acl tut| on
shoul d not sul;s&xédeﬂlaalmﬁbaﬂyahgdmtdseoﬁmuﬂ mebnminglaalea\e'mlmmlmnmf t he

parent sequence a re | acenen 0 a shoul d not .tend to break a
el x t hat'- oc caisfice ripEPaf HERER FRAGIE 536 B 3inds: Ribaidiice ' o

secondary str Umindfi &4t 1338 galehmily epdrmhmtbd ip dnme twither|CBRIL) CDRR, Exanpl es of
art-recogni zed pol ptide se onda e ar stru tur re described
T Proterns. - apf B CEFE iR VErBenr i de HEplatt Bt abnde W
Freeman ang Caffaty\for CEWA-Maif Iaboiui%’ﬂ)n) gredtert hmﬂmsbizﬂfngtlmnﬁ’emmlm-& ructure

(C. Branden and T0oQ ubj i Y. ( 1991
17 and Thont i 7L g, Kot IRRAM Holoy et i Bt osswelt 7,

i ncor por at ed CTIA-# day BRL erithnae IC{hof dbeutr1(0pally e pivet| candr @fames " as used
herein refers to

a pol tide tha has nal and/ or
car boxy-t er mi ﬁé{ﬁ°k’888@fi¥‘8’t‘?g“bﬂ‘tas§ﬂ¥é’%8“’?ﬂ’e F*‘éﬁ&?ﬁﬁ% 5’52)% 8l d sequence is
i denti cal dtg thg c]gf kRoRIANG nghtnogihmal ?ect:dﬂlthdﬁpre’s’h@t Ridedtiad, |tHer9Ci§U|f:f| ng
sequence deduce or exa ro -l ength ¢ uence ragment s
typically ?éerepa‘i“qeséstan%‘y° thaé bB}dsi‘b%gn'?‘n% caTPIEns B 53"3’&?’2’1“&“8{5? y at | east
14 amino aci d%mh%@xenéﬂ)écﬁnﬂﬁsﬁxfgmb'mahnd eastsecaﬁna gPeramgildﬂced ang, usually

at | east 50 amino agids_long, even re er | east . 70 am no
aci ds | ong. T%’Fe‘?"gh a &R g C 13%51 "reé?ee\"g g"ﬁ‘m’fﬁ'@ﬁfq des 30

whi ch are congohsSeed CIHRE CIBRITRAE CﬁRﬁﬁeqh@f%Sst {16200 IACFigEkss ahd3] has
substantial identi ortl on of a deduced am no acid sequence and

whi ch has at |%§némdydxas thedoRsying Rickertipy: ¢ hendingeaftinity) for LILé-4 oE bi nding to

CTLA-4, unger agalitt18Pbegreatd?d n{?ﬁmlg'bﬁﬂlﬁ'god%ﬂ#éeh @13.A-4 & BRI Wiltyar 5P ock CTLA-4
binding with its rece %ors (3) ability to inhibit CILA-4 expressing

cell growth i® 91P°tuFbO |°ﬁ1°W°¥7=dnh1 ipding Yetwers| GH et iand BAraWigya? conpri se a
conser vative el Rafl fbositest bk bitflrbccfl ik RodoriclPhehiaga o L T espect
to the naturaIIy occurri 8 sequence. 5 Anal ogs typically are at |east 20
am no aci ds | drgan peellsdy ng/atloma%cr 50 amino acids |long or |onger, and
can often be as |lo tide.

Pepti de anal ogs arfe}‘g%%%r*g%n E%Ebsggt@%mtsﬁm %E néceutllii:‘,aeﬁ@ono u%??%; ast o
non- pepti @ dmpeeyided tahcqﬂr@qheret syetgmaﬁqalas:sgyms T‘c@:llt stipydatiof, cdmprtsmm ate

pepti de. Thes e m nmetics"”
or "peptidom &#ggfhﬂ%nnf’ﬁelpﬁ%%go %38%%&"1 %e’g‘:éne%l{geg[n B%&I Veber and
Frei di nger TI s@bpdidem, the B blastmteﬁmshedpabrtalcultwe with the Kable;ail liBd): 1229
(1987), which are incorporated herein by reference. Such conmpounds are
often 15 devel oped with the aid of conputerized nol ecul ar nodeling. Peptide
mnetics that are structurally simlar to therapeutically useful peptides
may be used to produce an equival ent therapeutic or prophylactic effect.
General ly, peptidom netics are structurally simlar to a paradigm

pol ypeptide (i.e., a polypeptide that has a bi ochem cal property or

phar macol ogi cal activity), such 20 as hunman anti body, but have one or nore
pepti de |inkages optionally replaced by a |inkage selected :fromthe group
consisting of: --CH2NH -, --CHZS—- -CHZ-CHZ-- --CH:CH- (CI s and traps)

N~N~N 1 Y A S NI LN NN




peptides. In addition, constrained peptides conprising a consensus sequence
or a substantially identical consensus sequence variation may be generated
by net hods known in the art (Rizo and G erasch Ann. Rev. Biochem 61: 387
(1992), incorporated herein by reference); for exanple, by adding internal
30 cysteine residues capable of formng intranol ecul ar disulfide bridges
whi ch cyclize the peptide. 31 "Anti 8ody" or "antibody peptide(s)" refer
to an intact antibody) or a binding frlagnent thereof that conpetes with the
intact antibody for specific binding, Bindi fragnents ar roduced by
reconbi nant DNA tg'bi‘ﬁ‘ff’)’iﬁlﬁ%,w‘g‘r oY %@WF Bptgi’ PEeREHRYANtQn, §e of intact
antibodi es. BirdVgdednf dsgnfennasarih g q1 déﬂ%ﬁﬁﬁhhxioﬁadahmpriﬁhgzb'p}éir,idiifg/ a and

si ngl e-chai n anti bodi es. Aﬁ&?ﬂr&ti bgdé&‘m h?ﬁ%ﬁihan a "bispecific" or

"bi funct i onalcityr Ot brseapr T cell Plasts2ad a&aii cell Hpgy eontacting e cpitwe Bithdnng sites

i dentical . Aqggﬂ;tdnbg@ysuﬁugsﬁtalahé?’ohﬂbtibﬁlbymefcﬁlt.ﬁ@!hesi on of a receptor to a
count erreceptor when an excess of antibody reduces the quantity of receptor

bound to dount er r Bt #sPTEANgsyWily an twelfih asgpeciiof shwpresepnbinveimnotheosy and nore

1o usually greak&h 4 RaRuaheuksado¥e CaSed BRI UNEEty! fbrah bl shidulorGonpetitive
bi ndi ng assay). The term "epitope" incl udes ar_ll}cl@‘%r otein deterninant capable

of specific Hinstiphgomprisng: i nioviiogpewitnre af yman Iblastsrad adtaii cElbi t opi ¢
det or i nant . _ P Sl " . . .
etermnant s 1%5,%%&1 gwgﬁémﬁihe%&@igf%ld a)éﬁeglﬁf%&g%xgh% éﬁgﬁugﬁoup' ngs o

nol ecul es such as am o aci ds or sugar e have
speci fic thr &z tefiowltwsi onal structural characteristics, as well as specific

whon the T coct af) aordaltl i d RRkyhasnel  hOpRRAFLvpfly BoB i) 21 Tost
preferabl y 5 ptayidena Deliptimulatoryrassayfon CTLiAs4 imbgﬂorbré’umtinn,t@m@smge a cheni cal
conpound, a m 1, Cal , [ i . | ecul e) or
o ot ract gt st SO e AERR AR o e Uag s B B0 LEESIR R OOV

"] abel " or "lagénthmtissessifigeydokine produotigobyathe cultund. a det ect abl e marker, e.g.,

by incorporation gf r.adi ol.abe am no id or attachmeni ta a
oo ypent | de of bi St g MAACtoRkcRR d35ecr i e Bleadth LSRR neteds v i
(e.g., streptprosididna awmitiodi for isgreenifig unragsatefor Traelk atimalatody Zigtiwity, ¢ activity

that can be detected by.optigcal or colorinetric nethods). | rtain
S tuat fons, PR pbreoile (8 sedh i b SElre CoRER R Rbre T 6BF o et hods
of | abeling pidstsprps Rajeecllding; aid\aesmimf ocytakineprodubtivay thexcultore. art and may be

used. Exanpl es of .| abel s, for | ypeptides ipnclude ut.are not limted to)
the 32 fol | owi n§ % d'i’foIhgo&egtBe °6’§£ rtg%li%%'ﬁ{%ﬁrft#cf‘égecgef’g?lfe BiSSent 4, ESN,
35S, 9'Y, 99Twventich] in @, preféindd, emBodinigntf the OF eslt bhakts lapd @lashed gurigr to FI TC,
rhodam ne, | anthani Qs rs),. enzymatic | ahels 3., horseradish

bor oxt daci, | CaRBE P fho g TR e e PR TR ed St B kel

cheni | umi SGE(LB-G'EOI Im@g ihmibrdﬁrﬁbdréﬁzbo%inﬁﬁ@dﬁlblaﬁé@xﬁ&mipﬂE&’Iﬁ%ﬁﬁl@eden epi t opes
recogni zed by a secondary reporter (e.g., leucine zipper pair sequences,
bi ndi ng si teéuf’feﬂ’ra‘a%’éﬁlﬁﬁgfﬂ?maﬁ? CHEHs-e & 2 prefeste Bl“ﬁﬁﬁ‘ﬁﬁn‘dg}?ﬁgﬁg,‘s epi t ope
tags). |n sorkafiva@daiiéferablydRfk o @IEAAL t ached by spacer arms of various
| engt hs to reduce_ potential steric hindrance. t0 The term "pharmaceuti cal

agent or drug" aslnaceerdmise ayith & BResnth gspech of thernressnt iB¥eRHEEAECISS conposi ti on

capabl e O i Behvided Un AsAF Ibr' Behsiihey @Q@H'tsiiﬁuﬁfi&f?%mm:pb&DﬁEﬂgYa admi ni st ered
to a patient. O her chemstry ternms herein are used according to

convent i onal Pemasienofhurpan eriphere] dlasd sapppycieatcally ombmagsdrodeblppd | Di cti onary
of Chem cal T&hifGed Iaﬁt’hks:‘i"z[é;%xylgc:occtﬁdmter fn WY ddnlabtingSA0 hRuk AR CO (1985)),

incorporated herein by reference). The term "antineoplastic agent" is used
herein to rergsntnd mgesuring eickinenioductioneby thaedlipopelption: operty of inhibiting a
devel oprent or prﬁ%@&w@m AsiERR AR 1Rt AU InvaEoh it | v 2
mal i gnant . (cancerous) lesion, such as a 20 carcinong, sarconmga, |ynphong,
or | eukeria. providedia fupntionl awepndoasiresning & megeterivt ' selbstpelatoyy of

anti neopl ast kﬁﬁwﬁl&?n&oﬁaprising: providing a population of human peripheral blood

mononuclear cells or human whole blood stimulated with staphylococcus




As used herein) "substantially pure" neans an object species is the

predom nant species present (i.e., on a nolar basis it is nore abundant
than any 25 other individual species in the conposition), and preferably a
substantially purified fraction is a conposition wherein the object species
conprises at |east about 50 percent (on a nolar basis) of al

macr onol ecul ar species present. Cenerally, a substantially pure conposition
will conprise nore than about 80 percéht of all macronol ecul ar species
present in the conposition, nore 30 preferably nore than about 85% 90%
95% and 99% erlstoxipriaf @ntabting, the loeltusd withtthe poeite sind ssgeeaing ¢ydekino essent i al
honogeneity (cQ ani pa [ annot 33 be detected in the conposition
by conventlon%Pmﬁe9ng @%ﬁaﬁéﬁhggg§ wherein the conposition consists
essentially of a dhagbelansovidnadeeanideath aspetofibe prﬁeat ineemtiopahéreist i ncl udes
human and veteri S 'ec 5 An tr c he basi c. antlbody
struct ural UFI?IPVIHQ{FS%E&%“ Wﬁaggmb&ﬂd} %’?@? ﬁ“%f’?%ﬂ & s conposed
of two identisoatactiriy 4 Sopofatiwédfuatah pedphefatblesd mﬁa{nctemOceuabf hthnl ng one

“light" (about 25 )..and one_ "heavy" chain abou The

ar 5o~ t of i naVEIR PO ATBHEIEd S SEREMOFOREI OGP . 98508 B of about
100 to 110 orasgggglegaaam}ﬁsd\ﬁﬁmmyd’fa&éllpbpmﬁ@pnm ble for antigen

recogni tion. The carboxy-terninal ion of each chain defjnes a constant

region primarily mRapEHERds Ehra,e qee fagpect Qfites Rressnt ySRtiAn It chains are

15 cl assifi edpraﬁdédaaﬁaetmudfdragmﬁtmgl@hhgeﬁh&rn:s cellegitmIfRbg Aiviy,e classified
as nu, delta, ganma, alp Qr epsil.on, and defjine the antlbody s isotype

as 1gM | 4D, qogmnsmaAcoré%&ns geag?reaﬁ@ampelayon oy uwmas neripharal bigdheavy

chains, the vasioatditr adifls @@t whélei KEs aﬂhﬁumtea rwieh k¥apRylocbeeds€i on of
about 12 or nore am no acids, with the heavy chain also . including a "D’

regi on of aboweratoxipdy andasssssngeteiine predustien Ryathe sel nopulatiomdanent al
| mrunol ogy Ch. 7 (Pasth ofihe fifdenth 4B6udhlthe fé@ntﬁra‘s?ﬁe%ts OF the prek@R9) )

(incorporated by reference in its entirety for all purposes). The variable

regi ons of edByenfipnyiin 2 prsferrpd embedimpnd; the pyipling is &l-gndn mlsﬂraremeﬁg site.
Thus, an yat a&ﬁbohﬁﬁna@wméymhaamhwnkm@dnﬂseﬁehﬁam N i AT A

bi f uncti onal bi spécific antibodies, the two binding sites are the sane.
The chains a|q1ﬂt@r>@h|1matpmf¢ee%ambodgmeram agent j¢ e entikody g preferebly conserved
framewor k regj;giso €TRA.4.0i ned by three hyper variable regions, also called

conpl ementarity eternlnlng regions or CDRs. The CDRs fromthe two chains

of each pair are allgned by the f ramewor k reglons enabling binding to a 30

specific epitope. [Beg SORIPE £ PRRRE pobiMENIGht and heavy

chai ns coqprlse t he donalns FRl CDRI, FR2, CDR2 FR3, CDR3 and FR4. The

aSS|gnnen of amno acids to each donaln isin accordance with the

?efl niti ?)ns 34 MacKahf &iccﬁfi’mlﬂﬁﬁ'p}h mﬁnﬁvdﬁnm ﬂlei‘dsaref)rolvfmglﬂﬂ I naereﬁt
National Instit of Healt Bet 87 and 1991 or othia

& Lesk 3. Nomongaml aspptlhatssipAurpa eI L -t soct sfeannceﬂmca%%é 342: 878- 883

(1989). A bi $p@@infrioCacl seQiidndesCéon@iising Hiekvydadylight cldin &hinmfldg%balm hybri d

anti body 5 haV|n t wo dlfferent heavyl | i ght chain s and, two different
bi ndi ng sited® ﬁ%%é’&ﬁ’ﬂ“é’ HPRAPIRGER @ eiPQH‘%B%t%%?H s ﬁ‘if“’éa‘éﬁakshéty of

et hods i fic| WHAR Gedueifde® Brofl FIQY Brid dpmameﬁgﬂ CDRBNed FR4CaR prbviagient s.  See,
e.g. Son93|V|Ia| & Lachmann Cin. Exp. Inmmunol. 79: 315- 321 (1990),

Kost el ny et & qrprquméﬁmantﬂloslesbsmasedar(blmpmmmmdenwdwbl specific
ant i bodi es Bt ShtAEAIRY hadi b&%ﬁlﬁsm%ﬁ x{al'l?'kégﬂﬁbdai alisclosed abodi es’ :
smal | blvalg§? ana bi speci |g g%tl Ilraonents es Sc9%536444 6448
(1993)) or " hausinsi néiyb{ultrraaan@ekrewnet smh mewpelebtflmc TQ¢1P@1I1Q§ @h@u n nol ecul es
(Janusins) t & QikbEark Y1 GMEEs on HV infected cells" EMBD J
I0:3655-3659§%%85T§yan§ Traﬁnec @? et al. "Janusin: new nol ecul ar design
for bispe®ific reagents” Int J Cancer Suppl 7:51-52 (1992)). 15 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 lower for bispecific antibodies. Bispecific

anti bodi es do not exist in the formof fragnents having a single binding
site (e.g.) Fab, Fab', and Fv). 20 Human Anti bodi es and Humani zati on of
Ant i bodi es Human anti bodi es avoid certain of the problens associated with
anti bodi es that possess marine or rat _variable and/or constant regions. The
2s presence of such marine or rat der fed proteins can lead to the rapid
cl earance of the antibodies or can lead to the generation of an inmune
response agaiﬂﬂﬂ—’% anti body by a patient. In order to avoid the
utilization of marine or rat derived antibodies, it has been postul ated

t hat one can devel op hunmani,zed antj bodi es qr generate fully human

ant i bodi es t hr ougP™4ie othepvisairEinebherein, srienificrand terhniesd & YerdtiPon into a
rodent so thafnbdifiod QBN the\Btekéht Hh%ﬂ@ﬁ_s?xﬂlﬁ'lﬂ?ﬁ'tﬁé h¥inge that! by human

sequences. 35 Human Anti bodies The ability to clone _and reconstruct
megabase- s z gmmpgiyhundsestood hyyihese efnerdineryi skill sdtheeart h &mthest wnlesse nouse

germine pr Ovatﬁ*e?\%as@rgw@dﬁ on&xeap%mqth&sgh@ Mﬁh&i@ﬁlhﬂﬁi&%d Hpgti onal
conponents of very rge or crude mappe oCl as we as generating
usef ul nodel stemis Shdh@dudﬁ t@eamlarFGmemélwmnclames u_tilizeﬁilacdlmmti@? such
oo OLr Sy, §Nigs URPLchible0 e Ak RS AfbralroflobiBPbiEIoRYTR flh v o1 ©

. fe?
coul d provide ufique 1nsights 1nto the exprfession an ron of human
gene product sandpligergorcreolmelpetisiatchemistey andi ybridization deacribed hegetrharet her

syst ens, d (| :[T?mm' i 1N I ' r sion. An
i nport ant ﬁgr aﬂé ?&[ﬂl lﬁ%ﬁ*’%@a I on&{)ﬁf ggseﬁgrﬂ&g alstt %&[ﬁg%rgra?cgﬁgﬁéeg a’?%%sﬁgni zation" of
t he nouse hurfor atcombinante DAt eligonheitotidd usynihesis,oéndhdissue cultwnagd obul i n (1 g)

| oci into mce i i he,endo us. | es; have. 15 been inactivated

of fers the optgag?ffgﬁn\r,]%?lto 38/%%’ setlelfg?/p (?ﬁ%ghzleﬁgﬁggﬂs%ﬁﬁ e?e‘}°yfeﬁ§‘°6F c?ﬁgamred
expressi on anmrifisgipnidcimigles aretpeifontied acasdinglolmamafattuedir's speoifieations Beel |

O eeucty o or SR et s b SRR Rl o o 1"
m | est one1s owadhilRjuésudridi prbéedgres Bre generaliys perfokmedtdcbeithy fohwoheentionad human

di sease. 20 Ful human ant.i hodi es are.expected to minimze the inmunogenic
and al l ergic W@é%déﬁ’ge@‘sahp?ﬁ‘r’f‘ ﬁ?’?f"%da ?Po%eégﬁ’ﬁﬁ s ﬁ?qrglaatnﬁi’é‘ﬁe Mabs and
thus to increpedfid refesshidsc day apnctitadf @ity disdusidde taslighouts tier erksepnt | bodi es.
The use of fully.human antibogi es can he ecteq t.o pravide a substanti al
advant age in SPFf‘gﬁctaﬁ%'ht r‘%ﬁte'gofgad‘ﬁ??ﬂiﬁ gt Qn&ﬁ’?%ﬁ%f H"& bia®hses, such as
i nf | anmat i on, Mawsb{2dned)i Cold Spridg Zarkoa MabdratohPress, IColiLSpringt Habat ed ant i body

adm ni strati . approach towar this al was_to engineer nouse
strains d&¥i gggnﬂagﬁ))w%@% I%WF?’B‘ETGS‘?gE‘F’E?HhEX ?eg‘ﬁ“}ﬁﬁt he JOFENIMEFent s of the
human | g | ociutilifedaifit dofihedefibr With! 4t the Wbbratbrg Prodeuked 42k QedhaRues bRr ge
repertoire of ur,rap ghnt i,bodies in the gbsence of nouse antibodies. Large
human | g fradPeice! sehepiiivg HREEEs (&8EHe FREIRYY afidapredigittle 288 versity as
wel | as the pheptteuticfhahis@Nddaéritaahilndye B6RGHIKNEWn aRdlcaidipsSi on. By
exploiting the c{'rpuse ma hi(gg{ty for anti bodP/ iversification and sel ection
and the |ack %74 PiRLHbI g‘@? oehoiques, g @sed fgpchemical 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:



to human proteins, the reproduced human anti body repertoire in these nouse
strains should yield high affinity antibodi es agai nst any anti gen of
interest, including human antigens. Using the hybridonma technol ogy,

anti gen-specific human Mabs with the desired specificity could be readily
produced and 5 selected. This general strategy was denonstrated in
connection with our generation of the {Ii rst XenoMouseTM strains as
published in 1994. See G een et al. Nature Cenetics 7:13-21 (1994). The
XenoMouseTM straing were engineered with yeast artificial chronbsones
(YACs) cont ai ni ng Ine, tem aﬁfgiaﬁ? POFIYAROLAG o @8 Jisedviherri égﬂhrawaﬁi on
fragments of tdagmbe1emide e BéNonsib 2 INA 0L Synaiélc lodiBReor §caikY calihdiohOocus,

respectively, ‘Which contained core variabl e and constant region sequences.

I d. The human thegeabowhigh By iartueaetsitsoerigin the; ‘dsalated: potpmclentide” i ¥ 8%e rouse
system for botfsorRRHENAIDENMRA amo%praeﬁoﬂmeleeﬁdeamt i:vf?i@ﬁ"tﬁé "Rogieder € capabl e
of substituting for the inactivated nouse !genes hi s was

denonstrat &d wplynpdeatidghis| foend mdlar%dé)elsslpe@b y %%F%grpehmuclmdar oduce an
adul t-1i ke hurpf €RSid thké @ nBM{nlc}’oM?Tﬁ&s%E b irfifaturd e i opgnerat e

anti gen-specific human Mabs. These results al so suggested P at 1 ntroduction
of |arger por tlirgerseafenache human I g | oci containing greater nunbers of V
genes, additional regulatory elenents, and human I g constant regi ons m ght
20 recapitul ate substantially the full repertoire that is characteristic of
t he human hunoral ThsisonSieolated bmtaé!é'trbfmethtmdletqiunmnmmﬁrmdn ofkBNAor k of Green
et al. was, d c

appr oxi mat 8 y‘%g%&lb)é}aﬁx%lgﬂ g’ﬂﬁ&ﬁ?’eﬁéﬁ&f}%{;u re eeédt”g‘?’?a o7 %Ee%&%hlh?ggductl on of
megabase si zedjrtugesfnitsi orégin; omfsoyge af |dglmvaﬁm; thc élgqlehﬂsaru&mt' i{®) Isuman heavy

chain | oci and I i

XenoMouseTM m c%w%& v'llwlc)itm%? f({%ﬂfi‘ lrpnﬁlat UP% ﬁéﬁs{c‘?fg&ilhgﬂ?@ %1997)

G een and JakmhmmsdnsceJ e.gofipe of/tliring $Botei8S-(APH t(xi:&@@)i)byamdelUﬁﬁm #at ent

Appl i cation S fil.ed Decenber 3, 1996, the disclosures

of which are tSpeﬁlg%r%ﬁg‘tsg? d‘gbglcc}“elgélﬁtg%(‘:e. 30 Such approach is further

di scussed snd deI ineated in U S Patent Appl i cati on Serial Nos. 07/466, 008)

filed January 12, 9 07I fil Novenber 1990, 071919, 297,

filed July 24, 199%’? 8"’7‘7‘92’? %’ﬁ Bepd ‘i}”ébage"%”fd tegg i’ e &

08/ 031, 801, f inhm ;Msuemhfriéneh&%r andfdbgd dPa PelPpepfidd Ruehog UHENCE, Mati¥ 93,

08/ 234, 145, fil ril 4, 08/376,279, filed, Januar 0,,1995,

081 430) 938, ?‘P &@9%’5’ “6"3??&6% %’ﬁ%eg?zf ‘ﬁée%"lmfﬂ‘édesgm&*bggs“éﬁé‘? 464, 582,

filed June 5, pdBP nd@ﬁMG&rdlaaae with the dnvétitich mp#isthe h%hﬂﬁ&vﬁaﬂalnfl | ed June
995, 08/.486,857, file ne 5, 1995,

5, 1995, 5 08/486 8 fil une
08/ 486, 859 fﬂ‘i“%‘&“‘lﬂi‘?ﬁ’?&h °§“§5’é g’&é’?“’%‘ilﬁjipﬂaﬂi b Sl immgunog %H“08/724 752,
T\/:e I Sd Cet obler n&lecﬁﬁ@@e&e’s&de@ﬁf Irig&fggai g(fdlﬂ aigbggi?ﬁ@rﬁgelrec\ﬂe)s fbahEl byb Eebal SO
ndez et a ure netics n akobovi ts
e Nod ERBnPss S gadYe heae oo B PG T YW IEhER 0 463 151
B 1, grant pubhdi$hedmdbep@obhfin h2ulel,Nt @chatas ol  Rahpentlighopbhagat i on No.
WO 94/ 02602, published February 3 1994 Internat}onal Pat ent Appllcatlon
No., WO 96/ 34momunegighuliv molecrles, 3pd vics versaoasavelbasiiragmenty darpalogs) ) i shed
June 11, 18998efdae di scl osures of each of the above-cited patents,
applications, and references are hereby incorporated by reference in their
entirety. 15 In an alternative approach, others, including GenPhann

I nternational, |ncrhe RaY@nithrally-8@&Hrhg" b msédqcaf@n aarap,slfeaqb an!dbjdehe M ni | ocus
approach, an exogenousﬁ;o? | ocus is mm cked through the incl u5| on of pieces

(i ndi vi dual g&Hes)to rtheyfack fHkat |ag ehiectian 'Pﬁu@un%men@iﬂfenoﬁér Vhels, one or
more DH genes poghgnigé divhé eGﬁ‘&be% Sequiénd®! (018! frllent G) A0 orffiin Second

const ant regi prefer constant region) are formed into a
const ruct 3Por (lnﬁg@nz vigises)rthas cambaniplmld fromh p sowggpincwbine a@d wbishhaved in U. S.

Patent No. 5, ﬁgISbg&?m{eﬂtlonally modified by man in the laboratory or otherwise is

naturally-occurring.

€



Surani et al. and U S. Patent Nos. 5,545,806, 5, 62S, 825, 5,625,126,
5,633,425, 5,661,016, 5,770,429, 5,789,650, and 5,814,318 each to Lonberg
and Kay, U S. Patent No. 5,591,669 to Krinpenfort and Berns, U S. Patent
Nos. 5,612,205) 25 5,721,367, 5,789,215 to Berns et al., and U S. Patent
No. 5,643,763 to Choi and Dunn, and GenPharm I nternational U.S. Patent
Application Serial Nos. 07/574,748, fijkhed August 29, 1990, 07/575, 962,
filed August 31, 1990, 07/810,279, filed Decenmber 17, 1991, 07/ 853, 408,
filed March 18, 1992, 07/904,068, filed June 23, 1992, 07/990,860, filed
Decenber 16, 1992, 30 08/053,131, filed April 26, 1993, 08/096, 762, filed
July 22, 1993, 08/T85 01" opeiabkydlinkede rseused sherei 98fers08y pOLitiaBof fi | ed
Decenber 3, 1 , o/ 41 ) filed
March 9, 199483%91”9% sc?%sglg?egsgrk 1?9 ggﬁogﬁnmgﬁemmnﬁetge 3}0 ?%ggﬁgr ated by
ref erence. Sethenl isndadr mpreen Patcenttol Nequeicd A¢peibly Bﬁkedl' nd er calingonal Pat ent
Appl i cation Nos | 8. WO 92] 45 A0 921,226 WO 92122670, WO
931 12227, WO ?ﬂ)‘ﬁtﬁ%éﬁﬁg@ﬂg Bfust Egkay 6%6?8@7?2% LR 15885 Bg WO

98/ 24884, theam&edmﬂarmdmbnﬁcmdpamhemthtmmscquem:epor ated by reference
intheir 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 Thwi fetmrtcaitrobkequerct® a6 )used>hdrsihwefets @t pélimucleotid®96) , the

di scl osures of which are hereby incgrparated b ference i.n their
entirory 1o sbeeurbE Sispekn f Ee e Hressth b PEREIEE AR PR gned 1o

t he Medi cab Re@;earcedwtocmaﬁ ehey(4rb QigathdRC Dhe rﬁﬁx@ﬁbﬂ&fbhacohfr@ln&q@éiké‘s nouse
possessi ng an 1:%% 8cus t hrough use of the mnil o gegproach The inventors
bn the GenPhafiieTsnSEHRGEs JRER oSt Creaatima B, Bokrmer HOA Ry . fol | ow ng

the | ead of thQuéetk @ﬂeraldwmema@pﬁamoﬁ&qwamlmnﬂﬁutglsﬁatah@&aﬁa‘cnﬁm endogenous
nmouse I g | ocus 15 coupled w th _substanti al lication of the Surani et al.

work. An advaP?Fﬁﬁ‘é“Q?fseﬂ‘?‘?@"%ﬂ‘hf"‘l“@@’ﬁ?s’aﬁ?ﬂﬁ’%% gughscopied sequsnggstigelyder h whi ch

constructs i nglokfdtend BT frhrRBSptdh tddBinkfior] QesiEnsan MRe ORRAT Adopffoiand
introduced into ani nals. Comensur at elty) however, a significant

di sadvant dge gRauenges’ n’isn‘i“TeB‘é‘iﬁ‘s“’aHﬁ}‘{Slac Asmingmym, 2l QORWERSAts WhOSEF f i ci ent
diversity is Pﬁsaneéiwegkeﬁtmqyxgbxﬁ&sfoheaﬂdnﬁ:beb%m@g afd sBhiso NherRr s of V, D,
and J genes. |ndeed publ i shed work appears to support this concern.
B-cel | devel opifitifnalspmpenenty wagseewaea 1sm¢vwagaﬁv5nﬁ¢rsem&ué@éert hr ough use
of the m nil ogldGerRPHARGIbnPRARER sequbities.€d. Therefore, research surrounding
the present invention has consistently been directed towards the

i ntroduction of |arge portions of the Ig locus in order 25 to achieve

greater diyer st ty AR yBnRidRbl: baokFaAISthent Dol FRHDRrhCPEr Lol re of

the animal's. Human anti-rfouse antibody (HA respons have | ed the
industry to pelepusleotides wératcleast B} thayeni @eleﬁzﬁhaﬁi%dnmlb@tmeésm Whi | e

chi meric ant | Badl,aR1cHAE of aHORARCRRA' UGS Afbofad ThO Rrar | aD! €
region, it is 30 expected that certaln human anti-chineric antibody (HACA)
responses wi | inclygessinglerapé doublrstrendedifermsypf DNAchr oni ¢ or nufti - dose
utilizations of the antibody. 39 Thus, it would be desirable to provide
fully human anti bodi es against CTLA-4 in order to vitiate concerns and/or
effects oRS HAVA orTheiaGamr Eediponunteotifinaeferzes itonbegginl iDekgdésaynatiedinol ogi es 5
As was discus e tion, there
ar e advant ageo g A e EAAIREHIE el baHEPYY, ARLRPEBEREE T o s
degree, this mmmabealhrcommpingshbgbnhde@tdnnmkag@n \@Iiganmécximdmtass aof

humani zat i on a es | i brapi It will be
1o appreci at e@b%lg{egt%r%ﬁﬁéee?%&%g’d sm a%?aﬁ%tg eébbﬁ?ag?ﬁ St Ef@'rc ‘speci es can
be hurmani zed Mfepublyrtmgbmlbotidnsragp 0eto Iéo’bepeem l\a@tﬂ aﬂdnﬁwﬂpielfbriﬂhﬁlz-;rt See

G i retBushi Fnifiors T2 e 2808 Yo dens  ebabi Do) ket Hfcr ost may be

usually single stranded, e.g. for probes; although ollgonucleotxdes may be

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



engi neered by reconbi nant DNA techni ques to substitute the CH , CH2, CH3,
15 hinge domains, andlor the framework domain with the correspondi ng human
sequence (see WD 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 chinmeric imunoglobulin genes is knowmn in the art (Liu
et al. P.N A S. 84:3439 (1987) and J. | noI 139: 3521 (1987)). nRNA is

i solated 20 froma hybridoma or other produci ng the anti body and used
to produce cDNA. The ¢DNA of interest nay be anpllfled by the pol ynerase
chai n react i ofligenuslsotigrsciof | hepinvsaHan (gnsbe paither Né%nse4°’68€m§%° and

4,683, 202) . Abligimatdngety. a library is made and screened to isolate the
sequence of interest. The DNA sequence encodi ng the variable region of the
antibody is then fused to 25 human constant regi on sequences. The sequences

of human constant +&0{ARSERARY o g%)ag%enﬁc%a&*esi' %fégfa% reiflincidak991)

Sequences of Protelns of | mmunol I nt erest publ 1 cation no.

91-3242. H§ naude@ynb@ughqotgbﬁ@sd aibenyctegtifigsy Ehﬂatmabm@dfﬁednmucivgms'él ones. The
choi ce of iso d [ f such as
conpl ement fi ?(%Qr?ed\r,l\df g?lggc%?%%ynwc gg&aﬂ’tﬁ;ﬁ b%%ﬁi}%eégﬁg%m&%;ﬁ%far

cyt ot oxi city. gRupf end 8¢ lilsot Tipetsrnareligag@yotidg GinkagesCRfared tb d@rein
Particularly preferre f or, bodj es of th are lg@&
and 1g&4. Ei tﬁ1 deSf t%hé %81%%% Img%a% n g%‘%‘st a%st §h$s8 oroghkog epa or 40

| anbda, may bphmspmdodﬁﬁlmta;hl mer phqsplhmmh:nmd ant i lphdgphomdﬂséiama&xpr essed by

conventi onal ts ch a 2 and Fab may
be preparg1 a{vaélélg qa ﬁliosfx?{gngrﬁﬂ rpémpg:'ﬁﬁroammaﬁ, %Vf %‘Fg{ké ég or chem cal
cl eavage. 5 Aletgeﬂ_ahlamheleyal Budl rAnidsatee dl4cpOR  (1986) 8&c ghald). A%orChemarrpI e, a

chimeric gene .engqdi r&jon h i ncl ude DNA
sequences encga‘f' ﬁg&ikﬁg] @gﬁd%tﬁ%lieﬁ%;#é‘cﬁﬂﬁ RF’) 36%@&&5?%% ﬁ§ fol | owed
by a transl at Mama]aneérobmgoﬂ)aﬁgrt ®: 58'9e(1691)haohrunaiatwtgoﬂmilmdéseand n one
approach, conse nces COdI ng th a nd Jight to.chain J

regi ons may bé {‘}é@ff" dgﬁ‘“é‘ﬁd CP% @ B@ Hogkﬁ@’é" g%"pb?“r-?é‘rs to

i ntroduce 1usemivefsa§trﬂe§st | Ofordi Eﬁglanmt(mgtlb)e Sled @giadN UL PawlsBrauent | i nkage

of Vregion s human Crelo se ts. regio can be
modi fi ed by ssngaf%@ﬁléanmnégB ff”‘g‘i’l gvieps; 3932# capgﬂ\g“i_e at the
anal ogous pos utsbleghmsrbftvhﬁchrwwe@elqu@m@ted By rdfreces Ainligemiledtige | ncl ude

pl asm ds, retroviru BV derived episones, and the I|ike.

A conveni ent §ECRGP qaslaB‘?ig‘”tdﬁtﬁ?mén’égsﬁfé@Ea functional |y corrpl ete human CH or
CL i munogl obulin sequence, with appropriate restriction sites engineered
so that any VH or VL seqgyence be. easi inserted and sed. In such
vectors, s%l i ci ng TRSUSM ysei}ét(':‘(ffys @é‘pme’f?ﬁﬁvﬁ d g, Bereig meags &bﬁ%&t@?}‘[ e in the
inserted J I eghdPdpeciAchllyHend mdlﬁﬁcl@mptdhﬁorﬁicfe&ldéﬁ aﬁ@ﬁhg}ﬂexﬁmexl@sﬂan C
region, and also at the splice regions that occur within the human CH

exons. Pol yad#&hdacarianss wiftihe imieaan selscHively BYbrdiattp SHClgiecgid Srendn i ve

chronosonal Shﬁ&?hﬂﬁiﬁ%ﬁ&xﬁﬁi@»@ishTc&ﬁhﬁ‘&x@'t}ﬁgm'ixﬁﬁlz@'&ﬁ reditle aekits b9 chi meric
anti body may be jolned to any strong pronoter, mc?u ding retroviral 25

LTRs, e.g. Svdstertably binding ianonenecific apelia aeids (High stringgncy canditiongrean  3: 280

( 1983) ), Bousps sl RcHbvelRlebthV KyBREIRdn onditions asmnéw§ in K% §F Zx?d ( 1982)),
and nol oney nurine | eukem a virus LTR (G osschedl et al. Cel 885

(1985)); nat i discusgpdhersirnt Gensrally; the npglpie 1eid semmrhoamqsychwwnéhe ant i bodi es
from ot her sp@hyﬁ@lesmsbalgaeuc%ﬂ&ésa&rﬁ%gghe&yghm@mh% hedoRgNNO! 01 €s,

i ncl udi ng, out limtation % play, retroviral display) ri bosomal
di spl ay, and eritheequeneshnf dmfersst WEH g attelewmt?q&fesand/emprekmmlly withhe art and

e oLt | TR BRI RIS Rl ey, othh, 96 dobRl 10T 21| O,

such as affin ques a nown in the art.
Wi ght ando Haffwbsamimpaiésec)uem:nw hxmbltsgousuﬂmmeﬁmspmo@zboms&w 4942 (1997)

(ribosonmal disg ey and th Ce 18 (1988)..(phage

i ol ay) - Scoltny peved! Gt tesflite B s 817 ndmaiopy MopghdRiles

87: 6378- 6382 ¢fl #20amin&Reskie| are tidemtical Nuledn. thAotwdsseMxee‘sr are &ignddFor 1085
(1993), Hoganboomet al. Imunol. Reviews 130:43-68 (1992), Chiswell and



McCafferty TIBTECH x0:80-84 (1992), and U. S. Patent No. 5,733,743. |f

di splay technologies are utilized to produce anti bodies that are not hunman,
such anti bodi es can be hunmani zed as descri bed above. to Using these

techni ques, anti bodi es can be generated to CILA-4 expressing cells, CTLA-4
itself, fornms of CTLA-4, epitopes or peptides thereof, and expression
libraries thereto (see e.g. U S. Pate No. 5,703,057) which can thereafter
be screened as descri bed above fox the activities described above. 15
Additional Criteria fo ti body, .Therapeytics As will be appreciated, it is
Gener al 1y not TSR EENRE R LR 2T hedh SERS BFRE TGRS one
general | deeS :a{l@ﬁedtiﬁ n&kﬁlﬂl{zi)lg hﬂhﬁhggaﬁdfngmﬁ ob$ apliesrsgrze(l)yireadarriﬁd with D@anﬂs t oh
mtigate T ce own regul atipn e of the r nmechani sns t hr oug

whi ch anti bodileé§g?ép$ mopedrplermeds ‘f‘ll‘ﬁ‘?ﬁﬁ‘ﬁﬁ‘yiaf“%BFF’EM%W%B%%WHF“C&M

partici pati on (grMpdieptide@qenosst @tived @BOMheRl ofast 18ddt 3008Nn® lagids in | npor t ant
role in connection wth an antibody's ability to fix conplenent and

partici pat & i fenethareiomeloggusyas By e jicissd hertingif ity have ey giemsientin ant i body

to either prog@gotiend@inah 5YinQtanRTRERRM unlts)Rins Wb profraMOALIGNY the 25
case of the present invention) generally, as nentioned above, it is
general | y not “ithehempiation daty marixAnd 2gap Renahy @F 6105 greajer| See Padioffe| | s. There

are a nunber @i.d.,%ﬁ%%csf{gﬁm@ﬁt&ég@&ic@%na fs%a_a;e,epﬁfl@b]tg ol§hé8! ement

fixation and CDC, 1nclu out limtation, ow ng: marine | gM

, Wt
marine | gQa, Nﬁﬁmah@img@m?wchd%u@fl’éﬁw QLfTaN and Muppleweant 3 ¢pcthis and human
| g&3. Tho 3Q.1,SQt 514 D L ncl i i L human | g&
and humanSlI%g ?lluﬁltg’ Wﬁl%e%&%gg‘égg uteié%Qtoﬁ%?n%me?%gﬁeeéfoﬁg@f‘eg@ gener at ed
need not i nit hehblpgpedfiibeisaminp acidy asepreetentbai oreedual $w§QPp ddebiinal whert her, t he

antibody as g : iné hePRERRS gpx i ti.body can be
i sotype sw tcﬁ@?ﬁiﬁh};@l ggdtjgsrm%sa}eng conéré)_ I dngﬁ‘Is %{%‘g’hﬁ“?%ﬁ%@?‘#ﬁ‘gt Tgre wel |
known in the ased hegugHo tesahrihajuepolimvcleatide sdquengs dés dpmdlogast (i.p.edonbi nant

{eohni ques. ( sinfesy ot gty Bl sl 8 800 pbY 88 shedel P,

Cct ober 115 196Bhycleationgequetnsy or that 4 [pelypertide sequenéeuds ddentiat Heique, a

nyel oma or ot |1 L i p " vy. chain with
any desired i E%r)c/%cg pglﬁJg’:ﬂ;ﬁgfs %@?ﬁc%@f%o%ﬁr&@?ﬁngﬁﬁg%%égﬁ ﬁ%fnﬁg%fe}s{tagj:epar ed t hat
possesses t hetd"iighteddiesimto fieanithat ¢hd @mpiementaheseqadrice iis hdmoldgosetb and a cel |

| i ne expressi nﬁ an i tactf ant.i bodﬁ) ranlb% i solated..ta B%_ waq;; of exanpl e,
the majority 8f o RPOBITALA TIATICH PIVBUCIRILR GRAVERFen & %i HUSHRARO n

anti - CTLA- 4 | gtileatide sdpehyce "BATAE" soredspards itdo difesndeasqence UsTA@D bi nding to
the CTLA-4 nol ecul e. .any one of .such anti bpdi gan be readily isotype

s tohed 18 oalk stur BRI £ e ES Rt CE R ALl e, i | e st i1
possessi ng the sanme variable region (which defines the antibody's 15
specificity and s its affinit Agcor.di pal as_ anti bqdy candi dat es
are gener at ed tha?ﬁﬁeg’ﬁl"ﬂ%i P m§t'¥%&f%?%ff“bcaﬁ’gr%égw&%r %tmagléﬁclsussed above,
they can genebeétvesh beo [of Qidrel gdlynudléntide dredfino ceidt sdquerrdsli treforeAde

"functional " attributes that are desired through, i sotype sw tching. 20
Desi gn and oGS o <OTPHERHAT RN SRS gemit, "petcentble of sequetics

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
c¢DNA or gene sequence. Generally, a reference sequence is at least 18
30 nucleotides or 6 amino acids in length, frequently at least 24 nucleotides or 8
amino acids in length, and often at least 48 nucleotides or 16 amino acids in

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



I n accordance with the present invention and based on the activity of the
anti bodi es that are produced and characterized herein with respect to
CTLA-4, 25 the design of other therapeutic nodalities including other

anti bodi es, other antagonists, or chem cal nvieties other than anti bodies
is facilitated. Such nodalities include, without [imtation, antibodies
having simlar binding activity or fqutlonallty) advanced antlbody

t herapeutics, such as bispecific antlbodles i mrunot oxi ns, and radi ol abel ed
t herapeutics, generation of .peptide 30 eut | e t her.api es,
particularly f H”éf)&cﬁc%us?m i §é’r?§[é°nt‘?1fet¥‘ Ft8§’°fy3}’lﬂg‘§ﬁﬁlqr af?b‘?‘gcul es.
Furthernore, asd sdqaenespthet @bmar bétiweerefhE e% @ioldculas; tan@12)0mhay Agther 43

anti bodi es of the, |nvent|oql F\y?ed by |sotype sgntchlng to an 194,
| gG2, |gG3, | ERIPrise gpsaupnsAl aHjéwe B he AP POYRUAIEASIE M uses. I n

connection W jdyg %memm%@tehwc&ﬁpaa@b@%meﬁm R otel SKARGIE iafeS. Where
conpl ement fixation is a desirable attribute, it nmay be possible to 5

si destep the Bejsalherdemss B0 RTIRSFIAR (SeqUSRCES AT thF(ltWPlfﬁ@e?‘%?soﬂ@ﬁ & he use of

bi speci fics, JaHRMAWRdowOko @At BRE|cOmpdre 106X A8RbEs of ReGRAGECT i ON Wi th
bi specific antibodi es, bispecific¢ antibodies can be generated that conprise

(i) two anti b&elagtyond "GPrparisons wandow'c ay ysed hers, Aefersaioda £avaeA®Rl t o a second
mol ecul e that seggl%nmm m«a&@@on&@@ﬁﬁ aﬁaeot{dhbzsléon%pgmumudbmmﬂno that has

one chain SpecitlcC to A- and a second chain SpeCI ic to a second
mol ecul e, or lepl}'}lu(ﬁe(glﬂth@e@Waanampl@Ghye%lmfﬁ Thats be femiparedite\e t o CTLA- 4

and the oLt s RLEE WeienctSh PIaRCR bhiicBld HatloRSercaN s EBENEle! od st ng

t echni ques t ha or ex , I'n connectio (1) and (i)
see e.g., Fangpgnenges atd wheweimthe pastidrod$ the PolyBuclqotid® 4pquenct W ithght and

i3 Cancor s it HESkp i Wl ddohoB? SufieRbnl ABRRCCTT 11,7

al . "Design aliked(ieomesps) wf 20 grerceft & lhs;tnsmsbmpanmn@gﬂeotcfdrcme deqmncm with

properties of h Y I I te| n Eng
10: 949- 57 (19@3%11, dqggﬁ%tl ogﬁ’géésa&? f\%rg %@d&et?o%% fgpﬁ%‘“ﬁ%ﬁ%ﬁ?”lt I’(l)lf y-sel ection
of a m ni bodytweoseqpenoes. dOptimhli Hignmentodf sequemmnes for edipwng iancodipafidddO J

oival oni and Hrkpycne) 80 3Ry o 108 pEhoiy, JeodiBBE SHIE w5 (1009)).

or "Janusi ns" Watermam etdkedppl Mhth 2818§p(ak9|81), cbys ithreg lhemology naligomentul es

10 3655 3650 {RGUES OL Rt s RARSh S 3re) Byl ESI GG e, oot on

for bispecififor rsmﬁgﬁtyt méthdéd bf Deadiancmd 1Sptp@l ProcbNafh244al98at) JUStHy al so be
repared. _In ctd W th 010|ns ant i bodi e dified to
gct pas i nﬁ%no&o%lﬁsd%ﬁ%y ‘WPH@’“E%U e“faﬂg ?fbtg %ngﬂﬁ/ﬁ} the art.
See e.g., 30 NES'HEITaFASMrmH TFASTN 1ﬂﬂie2®&c61ﬁﬁﬂ$émh&€$:f&laﬁ@%dk@e Pat ent No.
5,194, 594. éonnﬁ n Wt thet gé}erg r # . of :ﬁi‘jﬁbel ?? nti bodi es,
such nodi fi e |( §nc(t,18?1 APERChH ™ Wadi %lkﬁn‘éep i ﬁg t echni ques
t hat are wel | Gtrleootks, ordMaéVecion @ofwdre paekages), g:rbylh@g&t&lﬁsaxﬁtthalbestl n Cancer
Chenot herapy arid BI theraﬁ%§655g1|e§lag 2d edi tion,,. Chaf jer and _Longo, eds.

Li ppi ncott ReAFEAment) 1§987se sigpereeiitags Sf\pamolagys eYers 8¢ 4 735 210,
5, 101, 82725 5, ddtpalisdtl wWilkfowd perfidd byathSvdbiofts thethadids Beléefed, 902. Each of

i nmunot oxi ns and radi ol abel ed nolecules 5 would be likely to kill cells
expressing CTLA-4, and particularly those cells in which the antibodi es of

the invention are Tggft@ft Is¥fience identity" means that two polynucleotide or amino

acid sequences are identical (i.e., on a nucleotide-by-nucleotide or residue-by-

residue basis) over the comparison window. The term "percentage of sequence
30  identity" is calculated by comparing two optimally aligned sequences over the
window of comparison, determining the number of positions at which the

1dentical nucleic acid base (e.g., A, T, C, G, U, or I) or residue occurs in both



In connection with the generation of therapeutic peptides) through the
utilization of structural information related to CTLA-4 and anti bodi es
thereto, such as the antibodies of the invention (as discussed below in
connection with 1o small nol ecul es) or screening of peptide |ibraries,

t herapeutic peptides can be generated that are directed agai nst CTLA-4
Desi gn and screening of peptide therapeutics is discussed in connection

wi th Houghten et al. Biotechnigues 13: $r12-421 (1992), Houghten PNAS USA
82:5131-5135 (1985), Pipalla et al._ Biotechnjques_13: 901 905 (1992), Bl ake
and Lit zi - DavissluBReedn pisihihe nepbes ofmatghad posisipns, diyding therpwmbest¥bxi ns and

radi ol abel ed rﬁ?dt&x‘é&'?Sﬁtl&ﬁ'by%ﬂbta@%m%&&ﬁfrp%ﬂnorﬁrlﬂ thecotnpatifdn Wndsgpnner, in
connection with dic noieties as di scussed above in connection with

anti bodi es. | r(b@,rtbamndpmswmd wtiplyingitaresult BYnOORe weldrihe parceatpgant i body to
an antigen Ca%fpg%xgﬁc%mq 3} b PGl SRh ay FRRH HBRA @hb@fla Such
experinments are enera [y acconpl i shed ro panning a phage |ibrary
expr essi ng sr awhumtpﬁpcwzfes P@Yntbleﬂ@ﬂmgrvﬂmlho tﬁfmﬂ aequiehasdiwhere thhie i nventi on
to determne if |, certain
epi tope infor %ngﬁé&égﬁgﬁéﬁgfgadc l(;igct):rgn(';it pcgpt‘g%as lltt]ﬁassk| giﬁégénvl n general,
phage | i brari esquenqeriéeity, grafershlpat loapp 00 de 85 pemert @equenashidenitly, 2oré r om New
Engl and Bi ol ah h Pept i r Library
Kit and Ph.D. gyﬁlge%f{eﬁ?f%&&céﬁ? %regée t?t}' Elr:‘e(}s0 a‘?d K ta ggeé%nggeon a

bact eri ophage s&t{iﬁn@y@ksemcorﬁm:sa’n wirdodvi Mraﬂgastr E&mwmndes ((aaxdmaeucslb ty of
approxi mately 09 i enden n repres ts nmpst, if not
all, of th@ é’pmgcins “qpe t??'Q pe{)ss‘YJBﬁEow'o tn%?“?/g 8]§§t.m%1§g 1240 library
contains 30 applﬂ))posimtne,l yhe‘rmﬁ the ﬁﬁ@enltagde:}ﬁesaﬂmme idemine $s eadchlastapbesents only
a very small sa | in otential sequenc .1 x 10" S
12- mer sequem’?@‘él g}iﬂe rgfer qgu%{ﬁﬁltoltﬁg q(ﬂcxfoetg@éﬁil%%y 13<r‘8depgﬂeﬁg>as or screened
i n accor dance onadditions4dhithhietaira 0 pererdt Lor dess of theaefsreacdsdgueres over théii ch pl at es
were coated with an ant.i ody ture the appropriate, antipody (a goat
At - haman | o CoRERGS SURNaRG TR R RGP FoobeiEs 2Bl 65 2 BbRb R BEhasni no.
Bound phage arsequehdst ed V\Ath 0.2 Mglycine-HCl, pH 2.2. After 3 rounds of
selection/anplification at 5 constant stringency (0.5% Tween)) through use
of DNA sequenci ng, one can characterize clones fromthe libraries that are

reactive with one @g i6ed Cheddin,t iR ARnNP dbhmtionde adhibey | 4¥dsOfand NBeipept i des can
be determ ned % ELTSA. or an addi tional _di SCUSS| on of ep |to &, anal ysi s of

pepti des see &P V‘@Eﬂﬁ‘ftibm)" fonveptignad ispge. e Pmmupolagy v 2&’9 5{B90 (1990);

%\ﬂzr l:),gleglgl (f‘g{‘tybﬁ EJ§'°G&ZKb ﬁﬁgﬁRléreJtﬁlfa’@c% (Sirﬂﬁ&)AssdéﬁJtisCS%rﬂErllﬁxh M%%s %i' 788| ol .
wabara et al ure Biotechnol o

(1997). TH& délsqgéh ngcbéﬁéncamﬁberd hereip Sy EBTAR r SfFEERIfoReTS %‘rgo

conventional GAGINiGHIESS the tvest9 doAventibhadaMthot RdaUGhhabird d?ﬁ1ﬁ§@ﬂﬂs i nvention.
Such nodalities can be utiljzed fox npdul ating the function of CTLA-4. In

connecti on t h&vedastdh eidisubstitited ampiggjagids,dy- a&ﬁb%ﬁ@%‘ﬁ% lpgtigeadid; 8vd faci litate
desi gn and usquel SRR sARSUSA Gl Bth LACHER, AxiRREAD B SUI Al egy

for antisense t erapeu1|cs IS SCUSSG in detal 1N t'ernati onal Patent
Appl i cati on Noolyyptidey of thepresemdnyegtions fkamples ptygicenyentignalamiao a¢idy apy are

wel | known, i K N AsR ti,g_ techni ques
i nvol vi ng Pnt rlyxgudgl eléwé%’g‘?%"%%vgg?% glt%%r?ef ?cu rﬁ#@ﬁ@%@én Iggeous See
e.g., Chen et aadtyllybiuemnO@hmhd'deénapyN-Ecdiﬁ&nﬁal Y¥oempimethivnivey a8co Gene

gone ¢ her apeu Tty yake SRAFERYsbE e MmPhy Bnite, BHLASERBOE SR (oot on No.
b the 1 L, g P oy ?@ﬁ?ﬁﬁ@?“’.”?‘?ﬂshf? able 25
expr essi on sy4FER M&I\WCFi%}} is the ?E’ﬁ‘&é%f@ﬁla IF"'&PO“ Ayhthgrighthand, aked, or

ot her wi se)soandivasleh B & REBGhy- RrrfiniQfeci R, il oMo SARLERIdRMage t e

anti body in the
and conventxon

Uy




Smal | nol ecul e therapeutics can al so be envisioned in accordance with the
present invention. Drugs can be designed to nodul ate the activity of CTLA30
4 based upon the present invention. Know edge gl eaned fromthe structure of
the CTLA-4 nolecule and its interactions with other nolecules in accordance
with the present invention, such as the antibodies of the invention, CD28,
B7, 46 B7-1, B7-2, and others can be utilized to rationally design

addi tional therapeutic nodalities. In2this regard, rational drug design
techni ques such as X-ray crystall ography, conputer-aided (or assisted)

nol ecul ar nodel i nQﬁnﬁﬁ—‘ﬂw\/ﬁn]eﬁuﬁéﬂﬂeﬁ%ﬁ}ieﬁs@lithIémlah& atd M\%ufguemﬁhwde activity
rel ati onship (QSAR and sim technol ogies can be utilized to focus

drug di scoversp Nayelgotide sequenges isdhe 3 adidhe lsfthanddirpstionot double-windsdot ei n or
synthetic st rwﬂa@aldmbmn&e@& refRired Rk 1 3 Birdchign, MRileSftsk®ont 55i3eci fic forns
t hereof which can be used to nodify or nodul ate the activity of CTLA-4

Such st ruct ur¥sadditign pef %%?Pﬁnhégﬂ&é@nmfﬁ isareferredr tog gt thes Fawsciiptioi ol ogi cal

systems. T. 'Sdlﬁgtﬁ’dno%ﬁhc&@%gl?cﬁﬁ@n 'EH%‘@I@M’% drha@agaﬁsem% efitleas (fgnet i cal ly
Engi neered Hunman Therapeutic Drugs on ~ ress, (1988) | ndeed,

the rational Ri¥Aiagd vdfichaeecia g 5 end; %&eﬁé‘bﬁ ‘trd@snptp@pwfmﬁ WERSI cs, small
nol ecul es, oOrw, &%}peﬁlln ﬁaenpe%ﬁ%@ e?{bggvgn 1 pRa! :‘[)tf%ij&“hﬁ%%%ers‘iﬁ:%“r e-activity
t odi es |

rel ati onshi ps ol e such as anti accordance with

the inventiorsequraee @etbdﬂéh’gmﬂabh grer3btet the 8. enSeé theeRNA, trafisgyipearels al .
"Specific, |r i Rl «0f the epidermal growth factor

recept or and erg"é&)% gowl{r%ggv% éésngo tyrosi ne Ki nase i nhibitor"” Proc Natl
Acad Sci WS A 95: 12022 7 ( 1998); Hoffrman et al. A nodel of Cdc25

phosphat ase cat al y, and |nt eract i S ce. bhas on the
presence of a rhoﬁn%’g ‘ﬂ%n%?‘%’jl}“‘gg er%mmB mgg%lllJti 15‘5“53@ t( 1998} ;
G nal ski et abwo pej&ﬁﬂi&led;uengssmhemfopantallyehg:md nmcloés wmbeprdgrzknsrﬂsﬁs p3 $--a
case study" Act m P 4 55764, (1 al. "ldentification
of csk tyrosif ﬁ%ﬁ@‘gﬁ é)etfau ‘e Y%1§htgt 53‘ g?tﬁ%sg@epef%eg &% por t ant f or
k| nase dOITB.I ndmtut)uqdrcfemﬁly&t Ocalstic 90 Perdé@iz s@@%n%xdérﬂtﬁﬁ?xﬁoreﬁ:re@hbbt atal .
Structur se eS| n of a paQ sel e Lrreyersible inhibitor
of the ca 81 asg 9% dive] Irllt se’rqu?nﬁg %erngé{ re‘gep Pre%ﬁ?)}?%ﬁlt IIVSt %@a?g fﬂ‘tot ein
tyrosi ne k| nasamncdldbmdy Cipeaferdiily, réSueSpositiofs/WhichMarechdt iddntied] dlffeﬁBGEN a
know edge- based autorr?t ed a%%boagh fO{t nti bo strgcture nmodel,i ng" Nat
Bi ot echnol 148Y3 580y c§milRy AFId - bSTiItuRpDS, el aREe; 48¢ anal ysi s,
and potenti a|subl§titdtiohy réfer G\/Hﬁsﬁte@dﬁhﬁglﬁbﬂlﬁ't sf reRid0es ResQC sifiilaPlgjdsi ci ans
108:420-31 (1 96% Fur et del i ng Et udy of pratein, kinase 30
i nhibitors: U"AY n&%ﬁﬁ‘@‘p asﬁ‘%ﬂ!’r SRS Agds, ARy ng Hliphaticosids fpisdBectivity of
CGP 5241135 J gfl—‘ﬁlﬂiw,lhlarﬁhd@dhﬂ@leuma 28d 46Rudire; @ gtAPf amindAdcidsHating!

conbi nat ori al brari.es ca e, desi ned nd syt hesi zed .and used in
screening pr P iéﬁ?ﬁ% ydigeH %‘Ee q?‘?‘é‘ﬁ ‘sﬁ‘? eoriDe: A BioHR) OE FPBAE1dS Ther apeut i ¢

Adm ni st rat | daviag Gomids-dBitadiingOide bhakrs 1Wabﬂardgﬁxcaﬁ@rgﬁﬁmﬂih€'da gfoap of
rapeutic entities |n accordance with, the invention

adm ni strati on of e

will be adm rﬁ"&’i‘%r"é‘gs ipiResHomat sideschams s phepyl ﬁlﬁ%’ﬁf'styr%ﬁ‘ﬂf dPfer agents
that are i ncapp@pRined grdtb®f bMELACHR | lham% Ez{%lclib'idé\@hﬁiﬂs ispsiRY efbidinensfer,
delivery, tolerance, and the |ike. titude of appropriate ~ o

for mul at i #¥ns B4 RISBENS: odha soHP pHaning AGidH havipe R¥Bynsontaining sxie shairsifaceut i cal
cheni sts: RergyRghONng ﬁ&%ﬂﬁ@eupaemd Lh&RERTe Gimnd) aag MFsﬁKmEh'b' i shi ng
Conmpany, Easton, PA ( f? particularly Chapter Seynour,

t herei n. The@%rarmnalm@ ycingrisplgerdne, fpbpnyé%lwrtérosmm@ngarspam es,

oi ntrents, | eallﬁhﬁﬁraln‘f@éﬁﬁmlghdpﬁm dna'aﬂﬁr hl'e%an(uﬁ@t' oni ¢ or anionic)

cont ai ni ng vesicl es (such as ~ 5 Li pof eCth n DNA conj ugat es, anhydrous
absorption pastes, oil-in-water and wat er-in-oil enul sions, errul si ons

car bovax £pol yet b cagughd 5ok, ol Fadifiifis IPHEGHLAT 6ls &;&ﬁ% eni - sol i d
gel s, and sem -so xtures containing carbowax Kn or egoi ng

m xt ures may apdbadissr opr ummgndglpbuh@ammwss atrd tcmtplapha@é iap &eiogr dance with
t he present PLQV, h ive 20 inaredient.in the
fornul ation |°§¥n" aLs%E > tilil\gl r&gﬂ ltnb%nwﬁ g (a#“gttl%%tnglgn eS8 e ation is
physi ol ogi cal | y corrpatl bl e and toI erable with the route of adm nistration.
See al so Powel|l et al. "Conpendi um of excipients for parenteral

formul ati ons” PDA JPharm Sci Technol . 52:238-311 (1998) and the citations
therein for additional information related to excipients and carriers 25
wel | known to pharnmaceutical chem sts. Preparation of Antibodies Anti bodies
in accordance with the invention are preferably prepared 3o through the
utilization of a transgenic nouse that has a substantial portion of the
human anti body produci ng genone inserted but that is rendered deficient in




production of endogenous, mnurine, antibodies. Such mce, then, are capable
of 48 produci ng human i nmunogl obul i n nol ecul es and anti bodi es and are
deficient in the production of murine i mmunogl obulin nol ecul es and

anti bodi es. Technol ogies utilized for achieving the same are disclosed in
the patents, applications) and references disclosed in the Background,
herein. In particular, 5 however, a preferred enbodi nent of transgenic
production of m ce and anti bodi es ther®fromis disclosed in US. Patent .
Application Serjal .No. 08/759,620, filed Decenher 3) 1996. the disclosure
of which is h@F‘éBf}clfiﬁ‘i‘lS‘F‘tfﬁ%‘EﬂnB&lle?séﬁé%eﬁ‘ieré.Pr;%?ébléla%aﬁvgﬂ%e%o‘yé’t al. Nature
Genetics 15: 1446, 1381 (30 preferbblg gbvscl BS Whakicklhr, MahsebvatiSe NP Yacidncor por at ed

by reference. i0o Through use of such technol qgy, we have produced fully
human monoc! offRlaceRfnsFEe Feeiriated. | Genservativereplpiements are thesedhatitalie v we

| muni ze Xenog@éés@iwhld RESI1Ob i Widshhanar8 @8 n Oheil MdR' Giifns, " ECOVeEr
| ymphatic cells (such as B-cells) fromthe mce that express anti bodies,

fuse such ¥ ec@eustieallycencpded\pminoaacigsepisi genelpfe dwded |intpefemiliesr épar e i rmort al
hybri doma cel }.;d;id RN lansdic LLOORR S8inine! MGG €3 ahgened and
selected to icfédﬁti T&% ﬁyb%ldorra_’cgi) Ir%{gll'n S t’_haif5 pro quma’n??)_bo_dll?es specific
to the anti gepelufalamnervekne, lapsingt isplevcans, pradive phesyislrrjue sméthionise.or dance with

the present i ' atil | ﬂlléfﬁrﬁ ReGLELC to CTLA-4.
Herein, we de@éﬁ}%}gﬁ%ﬁgq@r%rgg%r?‘gaggé}%r?gl?rﬁp%’i(_)dglfagé%lg/eggl o1 lf’i nes t hat
produce anti bsedneghrequing, firesineoMOr pefarreddamilice are: seping endothrephige avg
characterigzat] f ihogdl : C l._lLnes) including
nucl eot i dé&ané}%gﬁtlﬂn%}d%gyg%lelgueh%gglgén%%yg@gmg%e ?‘%eghgrgl\% cgirlltgﬁ ght chai ns
of such anti bfadiilys alaffine ‘aliné, blevtines anfke isblendind axemarhyliphatio famidg| dndl i nes

di scussed hergjn are desi te 1.1, .4.1.1..4.8.1 10, 2. .4,13. 1,

2 105 6. 1 1ptelyRfnd ShBRRL Ay dirbite ot ut yimatts By, bt Qe 1y
t he anti bodi e pasonableetb bypetth thabbnrisciatet repheeman! df iileeimeawith ent her ful |y
human 1g& or, 1.g&4 heavy chains with human kappa |ight..chains. In general,
ot Fbod s § risECE SRR HPRHE Yl B AP GHen B Ol A ¥ AR ot £ 01 e,
typi cal | y 1p0ss eissiangeplécénsenobf & arfiina oidt wittDa Stridarraliygrel ddaoathind @cid ~ M) when
appr et at oo, o’ rRRE fon d binde oh erpracs A PhIEHPEn can b

appr eci at ed, (0 n can be
expressed i n meletuld, iespesialdy iieke rejflasemieytatoesifsténvoblelan lamivesacid widiin ®equences
encodi ng the ¢DNAs or, g jc clones for. the rticyl ar, anti bodi es can be
used for trané%er% Flgne@fqe & &AM @l‘ﬁgﬁﬁﬁq ﬁegfﬁtsd? a#%‘?fﬁﬁ PSS host cell s.
Tr ?nsf OII:] mati Odsaln;}adal_ilibe)e lagt_eﬁﬁmeci(bgowmy‘mg tlhedpéoﬁr(c éc_tibitptdﬁﬂiegglmleﬁtgdeu?ﬂ e;)_t ijde_s
into a host cell,.including, for. exanple packagin e nycl eotide in
2 virus (81 ifRRAyey i ASERYS Rt dGRTEh T PeahOREIR: ngeEns et BARERAL h the vir us
(or vector) oimtibydiés’ @ imhRabglotulinmelenilts &an e esxdily PrépBrd aftthosasofexenpl i fi ed
by U S. Patent Nos. 4,399, 2| 6P 4,912,040, 4,@;40, 461, . ag& 4,959, 455 (which
patents are hUFBHY skHdB st defermet apiRoApd cametYsisRRIP! ofiRements &t o rat i on

procedure Useﬂxaﬁﬁ@w&ﬁsnddpﬁlﬂmﬂdiﬂs bpfuhctiofaltRmlaina N Sfredtieand! findiBAdrods f or
i ntroduction of heterol ggous pol ynucl eotides into mammualian cells are well

known in the aing ¢an be, ifeptified By gompadsanpf thy picleotids and/ofeamipg ACife di at ed
transf ect bon, seGian6d ldﬁﬂapfbo?ﬁﬁlﬁt Br Préptieliry dbinRhce RAMabAREL NEPRRAILAS, €d

transfection, protaqplast fusion) electroporation, particle bonbardnent,
encapsul at i orFo8PuteREdpeamRstsanemetheds &p yspd to b@%ﬁﬁbéﬁquﬁ@ﬁtmﬁgs ®nj ugat es,

dendrimers, agehidid fieteinlconfirmbfnddntdisQhat Qe B oEMApioMiR JTUGb®h -

structure and/or function. Methods to identify protein sequences that fold into a

=

known three-dimensional structure are known. Bowie et al. Science 253:164
30 (1991). Thus, the foregoing 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.



Mammal i an cell lines avail able as hosts for expression are well known in
the art and include many inmmortalized cell lines available fromthe
Anerican Type Culture Collection (ATCC), including but not limted to

Chi nese hanster ovary (CHO cells, NSCo, HelLa cells, baby hanster ki dney
(BHK) cells, 20 nonkey kidney cells (COS), human hepatocel | ul ar carci noma
cells (e.g., Hep &), and a nunber of other cell l|ines. Non-mammalian cells
including but not linmted to bacteria¥, yeast, insect) and plants can al so
be used to express reconbinant anti bodies. Site directed nutagenesis of the
anti body CH2 domain to elimnate glycosylation nmay be preferred in order to

prevent changes iPre?énEHegm%ﬁ ?«98 LJBQ&&H@&%”E ! tose PR *c{i@gyir%ﬁ}ckc) and/ or
ef fector functions resulting from non-human glycosyl ati or. e expression
met hods ar eI sndclentﬂaﬂii)é by paeeadysis, r@)_ngd\?ﬁ isceptibiligntog exidatime £3)t C#tl_;r hillgg_eséI _
expression | evel s oduce ant.i.bodi es_ wi onsti.tuti.ve - i ndi ng
o opor 1 . BiFtEaT o lBRe R SapRRech (0 B B HRer SR or ot ner
rm|me)t| es]c 3(; T(#)edo?fei' @n}nd‘dttpmﬂr:quﬂyﬁdsachfmicﬂltdﬁ ﬂmTia?alqanpdrEesecﬁ‘r?med u; i nDEIF%
nunber of kno echni ques. .For exanpl e e .gl utam ne s et ase an

gene expressi °g§ys‘g%arlr%saﬁa% 1%°8%%“§E%W§§Hﬁé§%f%?ﬂ“féﬁﬁa?ﬂtﬁ‘&ne‘§ ression
under cert ai Raturafif-o6cufitigl peptise sdduétite ©XFRf exdpiply) siilel orCinOMigR ififo be .
identified using conventi Oe?fal t echni ques, such_(gs limted dil gtl on cl oni ng
and M cr odr opCif SUPSISISRS (Prefprablrcronseyative jaming aqid, SWsHMRMRHBN S part in

connecti on Wnfahe Bbi it aatrafRpocdutringosequéhce kprefeddbly th 28Hpbion ofnfle 0 323 997
and European Patent Application 5.89303964. 4. Anti bodi es of the

i nvent i on9caRoPPYd OuHdsy e gl ’\b@g@ﬁf@él pfermplesieh copactyendt ati on of a

mammal  or pl gdsedviiMle hrinb! A0l FAPdtRtioAr sHoiR heMbeEhedly chinpeayy and i ght
chai n sequences of interest and production of the antibody in,a recoverable

f or m t her ef r SFHCNrH CHEAHEISIFLP e PR fRIUeRE{S GeATPIASPRERICIIRAGh (0 mamal s,
anti bodi es cggbhulndaAUs Betak Dhefi ¢hat 86QAKCIARe borBsedddBedYof HisRibt goats, cows,
or other manmals. See) e.g., U S Patent Nos. 5,827,690, 5, 756, 687,

5,750, 172) afthen types o spcondgy | ryeiestheh chastctriaem e DATe teAeenpPesent

I nventi ong haE‘iarHﬁ@@o@ﬂﬂe%&é‘xﬂEzgatﬁo%Eﬂ d@! sedondsty aimaiig@%lubwesla& connecti on

f
with the structures of the 15 ant’i bodi es, ani no acid sequences of the heavy

and kappa | i geseribaddn Reoteiny Struelines gra Molecdar BanadesoiCreipnen. didg ®nces obt ai ned
through RT-PER ﬂﬁeﬁiﬁemgt{lﬁdnﬂﬂﬁsﬁ}sNe@eYoﬁ &ggh)gs I%r@dag%éb 3 dp lgpr es 1-8.

N-term nal sequenci ng the anti bodi es 1 so conducted in confirmation

of the resul Ssuatire{GsBrandenangt.aFasee $d8, Garlind PuldishingyMew Yorls Na¥id Fi gure 9.

Ki netic anal of ANk Rodi£5s, WBER 160 ednid dal gLyl ne
affinities. _é(?g?) gnrr%rg?%gomti Etgdiv‘gsrei n écco?g‘%ﬂ?ﬁe v}\}lgétﬁh t he ‘lgﬂnvent-i on (and
particul 80| yincerpormated hereindygeferenegnd 6. 1. 1 anti bodi es 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 109 1/M. Further, antibodies were analyzed by isoelectric focusing

(1 EF), reducing ggie tememohpprie dingmentSpaused heapppferssioaspayneptids on

chr omat ogr ap I g SR AR 5‘385!% J oRY) Ss
spectroscopy&étngisaﬂf%rgggt}éprod(u%g?/?gg%gy t rérﬁ.?]@g&relfc gﬁh@ﬁy\gze?géﬁs%ssed. See
Exanpl e 6 ancnfining aningacid sequenaeisddentical bo thh cérraspandingaiositions ip ghes  of

ant i bodi in ) 110t e [y ent i S Hﬁ:ﬂ ipbodi es proved
to be poft3 zntnﬁnﬁ-ﬁlﬁ)g{;%%ﬁg?ﬁuﬁ%&?u%, %’E%&ﬁ@&bﬁ%%%uﬁ 0 gﬂﬁlﬁ‘gands of the
B7 fam |y of saquinee ulFeagmekisrtypiralypdre at deasti Hod)i%eer 1O aa:ixmoaqidmtoeg,vw th the

present inventio Le nstra to bloc LA; 4 hjndi.ng to either B7-1
or B7-2. Seeprlg‘{;?g%\l,\% leﬁtqﬁﬁgéod?cléﬁg%ﬁ’ g}oretq{géra%f t flfﬁfthgc 0 "é(gaclmgs accor dance
wi t h the invieng,iusmllyaskes SO amirmmnsida longnshdsavbmnmozpréfarably@ieasi h r espect to
i nhibiting CTLA-4 hindi ngto, B7-,1 :imq B7 2 hFurth%r ant.i bodi,es of the

i nvent i on po&RQ &cids long; oFhe temm ApaIQR" 35 ysgq hesgin yelers, 1o polvpeptdS + o cpps,
CD44, B74@, wWhichh@Ccbmpire oFX sugilent of at Badt 0F hinitbotayids thabhds stisitandalt hat refl ects

the degree of preferential binding of a nolecule wth a first agent as
conpar ed to WGFEtYE 2porHies ofp fAefured HripA a&@%@ﬁm,aﬂgﬁu@pﬁscﬁﬁéﬂ#‘y ot her

mol ecul es.  HgfeQjrihe fORSWIRE bitpbrtied: ¢1)Rbeciki@bihdity HPOTER-4 tnd¥ eligbrNt i @l  bi ndi ng

of an




anti body of the invention to CTLA-4 as conpared to the antibody's binding
to other nol ecul es such as CD28, CD44, B7-2, or hlgd. Selectivity val ues
of 1o antibodies of the invention greater than 500:1 are common. Anti bodi es
of the invention have al so been denonstrated to induce or enhance
expression of certain cytokines (such as IL-2 and IFN-'y) by cultured T
cells in a T cell blast nodel. See Exanples 9 and 10 and Figures 12-17.
Further, it is expected that antibodi €8 of the invention will inhibit the
growth of tunors in appropriate in 15 vivo tunor nodels. The design of

whi ch nodel s bindingicerditionad(2) abilityaailack 0TI birgingTwish ite segeptorsdetronst r at ed
I n accor dance{ZiW Mht%'l@ inhibt e@fLA-Qvg{%;' sg'?% 'c@ﬁ“%m 5N 30288 'irﬁgg)o.es of the
present inventron possess certain qualitfes that may nake the present

ant i bodi es noTwiedlllyi prdyrieptids anhlags emprissie conservatpieamino aodd substitbldehi es agai nst

CTLA-4. I n pafti sl d ) k hodi f the

i nventi on pos oésagﬁhﬁ%gh?ry& céllsépizvi%ﬁh eféffr§e S%éor t%% egguﬁlﬂ;‘%? ?ﬂﬁé{xr&ug%qggné:?

charact eri st i Asglogsuppicallyragg atdeasia2ft amine aeids long)\preferalgly iat keast 0taiminto f acil it at e
t he design or_selecti f .addi{ion nt | i es her | ecul es as

di scussed abo{@&% Bého(%crHro? eé,r?ng |£arrllc %é e %ﬁ‘sétfgn% %Sa(r)r%lrlgéngﬁ P%graﬁg'l | owi ng:
Ability to coogpetrmgiolypéptideli ng to CTLA-4 with one or nore of the antibodies
of the invention; Simlar binding specificity to CTLA-4 as one or nore of
the anti bodies of the invention; 30 A binding affinity for CTLA-4 of about
10-9 M or greater reptddpimiogs atdl gonofionhbosed il Ghe plabhacgutiral didhstry &2 Does not

cross react with | ouer, ma lian.CTLA-4, inc] udi . preferably, nouse, rat,
or rabbit lgndn%y%epga\eggw %@Wesrﬁéogﬁ‘}fﬁﬁ,’“&%g@e Feé?f A th%éﬁ‘ pri mat e
CTLA- 4, i ncl uthdag,typpsedfe habpaptide \ompolrdons rAfked heptide Glibndtids" & A

selectivity for CTLA-4 oyer 28, Br-2, CD44, qr. hl of , at | east about
100: 1 or great@?tl%?ﬁﬂmﬁ?céf'erFéﬂCBVreofP 495uPr "?ngs' 46@8 ‘g%@og{egﬂo?ndgreat er; An
| Cso in bl ockrrR@ifgtt AVE 13921 963 );td Bhand edhl. abmud. drem. S0ViZpo (1esvsr and
preferably 5, 3 38 . nMor lower; An |[Cso ipn blocking

4, , , 1, 0.5, or 0.
CTLA- 4 bi ndi niyPeh 9Be/§&°°8?°r%{%3?1”°6’f 8&58{%‘3”1‘00 | PMPoURgs e ot R pref erably
5, 4) 3) 23 lgeveloPed With theDil HM\oRIpuleAYR ol iR MHABKATPEitide mifkti@ki ne
production in_one or nore in vitro assays, for. exanple: An enhancenent of
| L- 2 product i GAt R sgucfurglly pimiler, iy ?’FI&P‘?““%@@’&\‘W@ pPepider M8y Ge pg9hi® or greater
and preferabl yod@@, ad 08¢hivalea Otherdpdc 3P ORopHylacld 4érdee/ mGéh@raﬁ?, greater; An
o}

enhancenent of |IFN-y production in a T cell Dblast/Raji a_ssa(y about 500
pg/ M or greaP@HIRECHES A SRICraliy osimilaroty, 3 graragigns pelyPeRtids (e dat er; or

polypeptide that has a biochemical property or pharmacological activity), such

20 as human antibody, but have one or more peptide linkages optionally replaced
by a linkage selected from the group consisting of: --CH;NH--, --CH,S--, --
CH,-CH;~-, --CH=CH--(cis and trans), --COCH,--, -~-CH(OH)CH;--, and -
CH,S0O--, by methods well known in the art. Systematic substitution of one or
more amino acids of a consensus sequence with a D-amino acid of the 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 reference); for example, by adding internal

30 cysteine residues capable of forming intramolecular disulfide bridges which

cyclize the peptide.



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, 35) 40, 45, 50 percent or nore relative
to control in the assay. 25 It is expected that anti bodies (or nol ecul es
desi gned or synthesized therefrom having one or nore of these properties
wi || possess sinilar efficacy to the &htibodi es described in the present
invention. The desirable functjonal erties discussed above can often
result 3o from bi n'etinﬁgoctyt) oz entibady lﬁFRtldG&)"olfefeCTEAn ipfpctaantidpds Wre (i.e.,

anti body, antsmﬂ% gamnéreomstttdoqﬁmtegrmnm lmtaa (fﬁﬁ%@) fok @p&ufe i ar
manner as an antl the invention (1. he sane or
simlar epitopading B?;émg’mgmemﬁmm@)ced by @somheanm mcmqw &fit her be
adm ni stered dj i of such

nol ecul es). Cﬁ’ E&&ngﬁ%a{ c}‘?mpca‘ti eﬁ%gnbaqq’%a{“s“u%dl%n bﬂaél?ngp ﬁgsémgér;%d

i ndirectlys (iinelude Ealpd?ph;liieb'bﬁ\t, faed ksingle- mklatanmbodcbscm anmibodynother r esponse in

a patient (SI Iat, yacginel. tnthelmTun response i ncl udes the
generation of aa’h?l 'Zig ?rhg’tﬂ}% tﬁ\ﬁgt ttwéy ésa‘t‘r]gerﬁtf’o‘gf°n%v§|ﬁaé’p?$3pe or an
anti body or fts;acgﬁgeﬁtestdmﬁcal Apammidodeabitintiaily thhibits edhcatdmom fegppdri on of
genetic materjal s that e de such ar}t gl es, or u%émant t her eof which
bind to the sQRHEOVHEELRIP °86PF’6‘6§3 ‘“1“132? Yf?dP%“r% m&ﬁgtﬂéﬁ’it%{t ed that the
epi tope on CTttoﬁﬂdthcdmhteﬁbcepm bpetlieass abdut 20%, 4OPL60% of 80%Nshd Boean be usef ul
in connection 1Q.with E}&Hﬁ% %g i on u6eg/or desji gn of the eutlcsm
accor danc® wi ¥4 yh%eart‘?t I/°n B MyBPUEEP gh it ‘ﬁ@@&?‘?‘eté“t"ﬁ f&tion is

of ten useful @sayyel | .e.) the fact that an anti body which binds to CTLA4
does not appear to bi nd to an epitope that acts as an inhibitor of CILA4 is
useful). Thus, the epitope to which anti bodies of the invention bind that

do not lead to thqnd@@mreﬁtoté’ inbld@dsi i@ hdtdity dGtarhimin® aplble b Epecifisef ul .
Accordingly, also contenplated in accordance with the present invention are

nol ecul es (arhjn‘B‘&ﬁolaBLfF’ﬁ‘“l‘%gl%t"i‘ potrrelkyecertest Epitopie degermpnentsasellyr sini | ar

epitopes s adhiifedciRmicily bétfelsi¥RB,dRBingd & rA¢lebulds 8hchi MR ani® dcfigt t hat
anti bodi es of the invention and the epitopes to 20 whijch they bind are

cont enpl at ed Frivg¥cHic gk Hd; wulhe h?‘f?v&?ﬁliﬁﬁ fhregdimepsionaloftast®rdd sone

prelimnary %&&@sﬁ@ﬁ@pweﬂaﬁpﬁﬁﬁﬁhaﬁ’ e&xﬁfa&t@h%c@%h BexboRs is saidgagcor dance
with the invention and particul ar 1.1 and the 11.2.1 anti bodi es of

the inventi orﬁpeﬁécaﬂﬂﬂnﬁl% a@ttsé@whm%eéww@mémc@m@ds &1 pdhpeaferablpn studies to
generate a 25S oﬁ: cEeﬁ- w bet ween certain antibodi es of the
invention in conneC|o i e|r |I|tyto conpete for binding to CTLAA.
To this ewd, CTLA4 was bound to a Bl Acore chip and a first antibody, under

saturating condit OLN nd.cQ etLt upsequent

secondary anti bod:rgg%%mwgzng ?ogﬁmﬁgﬁ% adﬁleoésur eq L%om anlgque enabl ed

gener ati on 3omigfureaof cheglicalepmpourkly avbioldgidahmiabioewleohle ant mb@sltrm can be

classified. %4 Thro(#g %A}}{a% process, we determ ned that the certain
&SP Piviege

anti bodi es i A"4& e invention could be categorized as falling
into the foll ow ng

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 a polypeptide of biotinyl moieties that can be detected by marked
avidin (e.g., streptavidin containing a fluorescent marker or enzymatic activity
that can be detected by optical or colorimetric methods). In certain situations,

30 the label or marker can also be therapeutic. Various methods of labeling
polypeptides and glycoproteins are known in the art and may be used.
Examples of labels for polypeptides include, but are not limited to, the '



epitopic categories: 5 Cate oAnti bodiesCometition for CTLA4

Bi ndi nABOLM Freely cross-conpete with one another; cross-B02M*conpete with
category B; sone cross- cometition with cafe o DB4.1. 1Freely cross-conpete
wi th one another; cross-4.13.1conpete with catego A, C and D. C6. 1. 1Freely
Cross-conpete with one another; cross-3.1.1lconpete with category B and
category D4.8.111.2.111.6.111.7.1D4. 14, 3Cross-conpete with category C and

B: sone cross-cometition with cate o ®E4. 9. 1BNI 3 bl ocks 4.9.1 bindi ng to
CTLA4 but not BNT3*** ~the reverse (*) (**) Avali Igblg ftomBi qstride. (***)
Avai | abl e fror®liaRgyi mgigsotopes g radiqruclides (e, The enddavek ed -t ol et er mi ne i f
the antibodi esipf ©he P'pyenidaRelietR®OR (L8 FTENeRbdaRhd ORRHARICTLA4 under
reduci ng and nonfeduci ng conditi ons on Western blots. W observed that none
of the 4.1.1 3Pbasphors) kenzymatic jlabads fe.g.ohorseradish parexidessd i fegalastosidage, i nvent i on
appeared to r LZ€ .edu of . ster.n bl ccordingly,
it appeared | ?ﬁcgﬁg%k%hfwlggt ﬁg&g%@%o e %h%wlggﬁgﬁggh%go?lﬂwheg{gu s't:\ti bodi es
hound was ot pesedeternaingd poiyneptide tpitopesoneeognizké by awgeondayorspatarde.gonal epit ope

the structure,of. whi.ch .abr [ zi.n ndi ti ons.
Therefore, we l%ucc)lﬁl\éwhytlp%te 5 g%}étsgcﬁ%&ﬁge@/ﬁ%ﬁgesﬁg\?\%?g%%ﬂ%ﬁ’ @é’gﬁo@%bg‘{e&?esi dues
wi thin the CTbhadingolosminsgeepitopd tags)e In smae embddihents, Hatreth arg atdch@&bbynt | bodi es

of the invention. One nner. t hat utilized was.to conduct kinetic
assessment s ofSP%?Pfra“P&f’g*?anags15‘&%6&8%&%%“@%&%3%&“% hi ghl y conserved
pri mate CTLA4 nol ecul es (cynonol ogous and marnoset CTLA4). BI Acore 55
st udi es dem)nstrat,gﬁi that, the 4. 1.1 anti bo% of t??ﬁ i nyent]on bound to
human, cyndnol ogousl® K "PEHHGCRTICE-AZEN Of dipgeag Uspd Dergip re vdr, with
respect to of fchéniite compbiindrortcgmpoditivh ¢hpdbld offiidudingiy destbdtth@agenghest

affinity (slowest qff rat or , hunan, a fast off rate with cynonol ogous,
Shd B rch f STER YOER PRREE B gIS R ket ey TSR e

i nvention, on afehgse®tab@idiR@ 6l codviefetmal Gsafe!iBthe £ NG NERbAFIRLE) byaMHe Mar Noset
CTLA4 at the abaout the sane ratg}lzand has about the sane relative off rate

for each of tWeGray&al Dighiorary of Ghertieq! SarmsiParke, S Bdli Matew-HibSa he 4. 1.1

and 11. 2. ljsantprhedé3osH)), ilebrpbRkameledibyeRetntd), di fferent epitopes on CTLAA.
to To further study the epitope to which the category B and C anti bodi es of

the invention bind, we conducted certain site directed nutagenesis studies.

Mar nmoset CTLA4 postrsan "hﬂ’eﬁlebﬁ’l_e&‘ﬂ&tagéﬁt" E9eQ BSreit torx%?érqy‘%ﬁerﬁé)ﬁxaﬁnd_ 106
relative to human CTLA4. Such differences are a | eucine to nethionine

change at r esihayfeths dunctionpl gropexy phinhititinges denelopraniye progtessigngRfed 106.

Accordi ngly, WeoplaamMat Ah@fars BiWic@RGP di Al g REnbetbfy 14nSBe@d] A mut at ed
CTLA4 havi ng thcglaETOSM anda 06% (g:ﬁgn esl.gh'_l'he hqrr_g%guenr epl acenment mnut ant
CTLA4 di d ot CUFiNEBY, $rGedan Jyraphomappr deykenyia.  (Jahibiton ft Bielgstasiy) it her
binding with tﬁra@ue;,gygpép&wgmoﬂgstm?eﬂmventi on was not effected.

However, such nol ecule was significantly inhibited inits ability to bind
with the 4.1.1 antibody of the 20 invention (simlar to marnoset). Next, we
mut at ed a cDNA encgdi Bgh #BE bstinbafi phf" b : et CTLA4
having a S 106G chanéle. _Suclﬂ’oc ajsrgge I;]\yegufét gg%?%q?gosi%{ra |:)egq§)1[me:tabl e

bi ndi ng bet we@redeminant species prasery Gy, aRraomelaebagia itrivmere abundent than amt . | n

addi tion, ; : | t[ggf 0 &?ﬁg] mut ant

mar noset LA ﬁ@“?%é&ép%ﬁfq’ggﬂcﬁﬁgg tuc dg%ffg%gg’p%r%?l a Fl?/lglr estored

bi ndi ng bet wepwrifidddrastidn it agompbsition windlein ithe abjrchispeci€ todprisEagHeast t he
category B thr i | f. t:0e. 4 i (.t gssess simlar
functi onal prS%%?? |D s??cg%édgggdpg%%a?tbgglﬁa?;ewﬁ{éuﬁg’t%(laen |a?pet°1c?9£§?8§’§'s strong
anti - CTLA4 t hGengraly; & culmtpatislly. pufel corhjmosition 26h caiptiseemors |theapudbest &ert ai n 30

Cross-conpetit]j i i [Welell . . v as. Wll be observed
fromthe abové&g‘%ﬁé c‘ﬁs@??ﬁgf@g‘gﬁﬁ‘gg {pg{eles%{%géc}%llgg&?ng{’%pé’ * |°¥\’I:‘ &Pt

cat egor i essoappeérabiyombrentiant abae 85%0a @925 %h,candeltoP/o nMoseprefergbdys tien CTLA4.

55 Fromthe foregoing, .1t wll be reci ated that .the epitope jnformation
di scussed abo@%#ﬁ%ﬁ‘%ﬁt’s mi?fﬁg\lto Sﬁ?n?igglbolné%er(egty (%qnﬁagpnqpﬁp%cgﬁfsg °éas di scussed
above) that cross-conpete with anti bodies of the invention will Iikely have
certain therapeutic potential in accordance with the present invention.
Further, 5 it is expected that antibodies (or other nol ecules, as discussed
above) that cross conpete with anti bodies of the invention (i.e.,

cross-conpete with category B, C and/or D antibodies) wll likely have
certain additional therapeutic potenti al




in accordance with the present invention. Additionally) it is expected that
anti bodi es (or other nol ecules) as discussed above) that cross-conpete with
10 anti bodies of the invention (i.e., cross-conpete with category B, C
and/or D antibodies) and that (i) are not reduced in their binding to

mar noset CTLA4 (simlar to the 11.2.1 antibody) or (ii) are reduced in
their binding to marnoset CTLA4 (simlar to the 4.1.1 antibody) wll likely
have certain additional therapeutic pd?ential in accordance with the
present invention. Antibodies (or 15 other nplecules, as discussed above)

that conpete Wp defectes iaghs sampositiemby eonyerfionrlsistentianemeiBodshmhereidbaipeut i c
potential . EXahldsfiof Qorkies ds@nlifl o714 sR¥R cf‘o%aolécﬁﬂéﬁibi@g the experiments
conducted and results achieved are provided for illustrative purposes only
and are not to be construed as limting upon the present invention. 25
Generation of Anti - 4-Ant.] i ?? ' S Anti bodies of the

i nvention were pre%%é&égéqégﬁgﬁyhgﬁigldﬁ‘gggge ‘E']dbgeggégrdance with the
present Exanple. 30 Antigen Prewaration: Three distinct i munogens were
prepared for inmin L.op. of the XenoMuseT"' mice: (i) a CILA-4-19G fusion
pr ot ei n) (ii)';}%@—p'@ptide, and (iii) 300.19 marine |ynphoma cells
transfected with 57 a nutant of CTLA-4 (Y201 V) that is constitutively
expressed on the cgll r I oA | Fusl Protein: 5 Expression
Vect or Constructi oﬁl{'e tf%}eé C dye%%%mg%iéﬁl 8 %a%rtg ée°x Pg%gl t%‘a%err‘ dormai n of
CTLA- 4 was PCRadngtrathérdsl composed ofrewn ideptimak paiiSdA polypeptidg ch@hgraech) usi ng
primers 10 desi.gned to blished ce,(Eug, J |l ngaé 8:1.901-1905
(1088)). The PFAAREIE Offaa: h@@w?ﬁé‘ﬁf@ 5 st onealy] F ﬂ]é‘,,solé%Si ndbi s

Vi rus expr esskDn). pllesdmifio-(ekmivial poptipengf, ealle thwfieinclie drvurableaegiasdatin M

si gnal peptide an uman, | gG gammua.1 (l.gd ). CH1/ CHZ/CEG omai.ns. The fusion
o ot i n-does At gt B T, 85 TG SRt ok BN, SROSEl S 8 RUEE20 | 1 ¢ ho
extracel | ul ar rebbgritiomi The tarbdlyAednind) gostiom ¢f €uol ahfintdefthe¥es conbagt resul ting
vector was call ed CTLA:;4-19d [.RSRS. The conplete CTLA.4-19G CcDNA in the
vect or was se%?c@‘%ﬂﬂ?i’?sgﬁ?f“ﬁ% Hoff °§’frﬁé’t‘q’§8r." %ﬂ@@ﬁ‘é& %&‘Pﬂ equence the
CT LA?)-C:? g nrs?t fejagkéﬁefﬂ asntqsﬁa ab@lalﬂma Egm c%*&?aﬁ%&ﬁaﬁ%&l’d ahsa;ﬁeaimh,n L olr CD34
was amplifie rom hyman | ypphocy ibrary (Cl ontec subcl one
into 20 pSi nREPS gﬂ“@%r?&%ét%eagg’gnﬁ'ﬁddiegﬁﬁfémﬁlw5ﬁ°§yﬁéa"t M?&Bw | gG

tail. OV CTLAdgQ, QEA, dntt S4E) Respécaiv@y.nwithin. light dnk b4 thaiSs, the variable and
LVLALLFPSNVASNAMHVAQPAW ASSRG ASFVC 25 , )
EYASPGKATEVRV $RASREINSSIONA RIG G oRas, R ANEL TeBicmaEpbept 12 or more amino acids,
GISSGNQVNLTI %MEQgﬂh%\éﬁerﬁﬂng#@%ﬁf@bout 10 more amino acids.

VI DPEPCPDSDLEGAPSVFLEPPKPKDTLM SRTPEVTCVVVDVSHEDPE

VKFENWY VDGV HREGEHRPIREY: Aodamesisi Sl el Ngkevl, W., ed., 2nd ed. Raven

YKCKVSNKAL PTPpEiT INJK WE&WA{ ditsBlVinl-dridretp Por all purposes).

VKGFYPSDI AVEVESNGOPENNYKT TPPVLDSDGSFFL YSKL TVDKSR _ o
WOQGNVFSCSVIVHERE Kaaviraratons ofsegh light/geavy ¢bain pais dormsthg 9atibody Sinding Bol d: CTLA4
extracel | ul ar ggomain 5 The cDNAs for mature extracel | ul ar domain of CD28
were PCR

Thus, an intact IgG antibody has two binding sites. Except in
25  bifunctional or bispecific antibodies, the two binding sites are the same.

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

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

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



anplified from human | ynphocyte library (O ontech) and then subcloned into
pCOMB (J. Imrunol. 151: 5261-71 (1993)) to produce a human 1 gG@ fusion
protein containing both thronmbin cleavage and hi nge regi ons. Marnoset,
Cynonol ogous, and Rhesus CTLA4 were cloned from nRNA i solated from 1o PHA
stinmul ated PBMCs using standard techni ques of degenerate PCR Sequenci ng
denonstrated that rhesus and cynonol ogous am no acid sequence were
identical with three differences fromMmature human CTLA4 extracel | ul ar
dormain (S13N, 117T and L105M . Marnoset denonstrated ten ami no acid

di f f erences fdfmatlﬁeqmceamﬁPmmmf Aol agital awbdt(ﬂﬂafondldnmtmtet(mlA V33l ,

mot agenes! o vEETBEREn MECOET 458 199Dk o, GORe R LB, AOLcRIoho e as

different in mmweulem)mhatmaaeq) Nariare342:8781883 (1p&A)t ant for interation of

the anti bodi es wi th hu 4 ti.ons of.h r noset

CTLA- 1 gG for epit dpBHE ”E‘% té&gleﬁgl{’zfa%ds °&#E’EE$ agpl?%ydl rected 20
nut agfeneSl§ (ﬁ?mmg)dlffﬁm He@@/lfghs Ic?d‘in émm*. end"lﬁwd/\ﬂifﬁrdﬁt @gidﬁfgck_lﬂ&MAt ransi ent
transfection o cells a [ usi, andar otein

techni ques. NBHERER cé‘ﬂbﬂﬁwFﬁ n?frlg?éici @8%5 %FB%% ’P@P‘L i%Ag to

anti bodi es bypiy ﬂmextmmmamb'lﬁgﬁent& 9&059 s&ﬁglsm@iS&LZémF&ﬁonbl nant

Prot ei n Expressi on/ Purifi catl on_Reco Vi rus was ﬁenerat ed by

el ect r opor at i g £ dewynadaldy 3 %%@t(é”% Iﬂ?ﬁé‘i}nycﬁlal s’ ‘(M”{’W"éﬂésllﬁ“' itro
transcri bed GEk# @92}3%/31&53&1 ﬂﬂécxﬁ@%tﬂdd%@ﬁxa?%’e&&&ndﬂ%w*dﬁﬁodﬂ%%“ bed by

I nVi trogen. Forty ei ght hours | ater reconbinant virus was harvested and
titered f¥r dPeliigen °t}§lr %?Wdﬁipﬁ@%b’%le‘i‘trﬁn@:ﬁ}sh%@ mgivedefemealsy cells
(CHO KI'). CHRxds o84 be: 6&\&@449\*1999;)&9 “UaﬂmﬁH& R?Pa%héﬁikei & PV (G bco)
contai ning 10% heat -i nact| vat ed fetal bovine serum (G bco),

non- essent i alsingh shaingeqlessles CGppsiss) taEﬂﬁM)’éthPtl‘ah‘mi’éO‘(Y@St?@&}I infected
penicillin/st pr oduce
CTLA- 4- 1 gG, P PO, T ‘“’@62’93%%%“?31%?5’3? i & Q0 Balline Ry ProdUoR el
and i ncubat ednelgqular §¢beos bigpgcific reegentsh dnroGencert S#mbmﬂléﬁﬁéﬁ’%hr e. 5 Cells
were then,di ll:g ﬁx? Ooflbidhe %ﬁ@laﬂ@bohﬁs EM Erél%n@gnlh %ﬁgfﬁﬁgﬁogég al bovine

serum dep1 et ovin gG using protern arose maci a) ,
nonessent i al campared with groduction of iconventional armboaeﬁ\mﬂepdds pH degme ofind

penicillin/s wer e

pel |l eted andtpéﬁﬁltcf%?onegy ﬁ%‘f?ﬁ%@%ﬁﬁ?\%@tﬁl nsgésu%%he%g?\stce o\?\n th conplete
prot ease ~0 ienist initheform g6 Fragreen{sHrringi anaingie hibding sikenfe)s., Fabaltgblisaéd to 7.5,
and filteredgQy2p (Nal gene). FPLC (Pharmacia) was used to affinity purify
t he fusion pro%el n using a 5nl protein A H Trap columm (Pharrnacia) at a
| Or /mn Pl ow rate. The colum was washed with 30 bed vol umes of PBS and
eluted with Q . , Fractions (1nml) were

i mredi atel y ] > P ' pH 9. The fractions

cont ai ni ng CTLA-4-1 gG 1 were identified by SDS- PAGE and t hen concentr at ed
using centriplus I h col um
(Pharnmaci a) at nﬁ %%%gfoﬁgcngg%’ %e 12 %fopg hg)bﬁ: % | ol%gd?g‘grqf ai ni ng
CTLA- 4-19d \amb@dpmdiaeqipsssssenmrim dri dat earadleOardior (dbhéthntpeglea}s @hé quot ed and
frozen at S xpressed a urd fie S|n t he sane
nmet hods. 2&D28 “89455“°9u%r“|”%’¥§ﬁ“?§%“%°§8?°§“ Sl%aﬁgecqu ahe ra?ﬂ rgn5| ently
transfected Gf)shi anetbddnes ofbar laad ®©rthe geriegatiof bf An finthgkd reslﬂﬁsél'kgmsur ified

CTLA-4-19d@ as a si usi.ng col I oi dal coomassi e
st ai ni ngg(No %“ ‘?ﬁ( raﬁgwnpghh&%arg% Bvr?b‘lsﬁ"d‘r@%? fzfg orf&s a dimer (1
OO<dDa) t hat dérﬁdﬂ;hﬂﬂl;}ddﬁbs,alta%%emlﬂﬁﬂﬁfed\lﬂiiﬂrbnbr@ﬁf&dem t}innﬁﬁif add DgT hAm no
acid sequencin t he pur.i CTLA- sol uti.on confir t he
N-term ﬂus ofm 188 AT (%ﬁi‘ﬂ@:ﬁ&&)(/@ﬂ\ a&H%Pgd% 'k‘ﬁ’é‘ﬁh ﬁ% IRfFRAYEH; Phr- M si gnal
peptide was ﬁ{uﬁﬁy ahtibolly Fatckien Mb Ud rofeﬁﬁ k@ Mhadrt8é @bdbnt Reoufdl bAvdfled 93 bound to
i mmobi i zed B7,1-1gG in a concentration dependent manner and the binding
was bl ocked B%nbﬁdl ingfullhuman SpauENCARt i 60 CTLA-4 anti body (BNl 3:

Phar M ngen). The sterile CTLA-4-19gG was endotoxin free and quantitated by

OD280 using 1.4 as the extinction coefficient. The yield of purified
CTLA-4-19gG ranged between 0.5-3ngs/liter of CHO Kl cells.




5 (ii) CTLA-4 Peptide: The follow ng CTLA-4 peptide was prepared as
descri bed bel ow. 10 NH2: MVHVAQPAVVLASSRA ASFVCEYASPGKATEVRVTVLRQADSQVT
EVCAATYMMGNEL TFLDDSI CTGTSSGNQVNLTI QALRAMDTGALYI CK VELMYPPPYYLA GNGTQ YV

| DPEPC- CONHZ Abbrevi ations/ Materials: is NW, N Mthylpyrrolidinone; TFE,
2,2,2-Trifluoroethanol; DCM D chloromethane; FMOC, Fl uorenyl

Met hoxycar bonyl . All reagents were supplied by Perkin Elnmer, with the
foll owi ng exceptions: TFE, Al drich Chem cal, FMOC-PAL-PEG resin, Perseptive
Bi osystens. Fnoc- P ) 20, OH, FMOC- Asn(Trt)-OH, FMOC- Asp(t Bu) - CH,

FMOC- Cys(Trt) - CH, -OH, FMOC-A n(Trt)-0H, FMOC Hi s(Boc) - CH,
FMOC- Lys(BOC) OH, FMOC- Ser (tBu) - OH, FMOC-Thr (tBu)-OH and FMOC- Tyr (t Bu) - OH
were used for thos am po acids requiring side chain protectln groups 25
ti de Svnthesis: % Yyi9: e gnq(,]\ggo Flomfgahasssized BImannlop) fler 4314,

retrofitted m@sfmdbaﬁdfom@uﬁcﬂf lxﬁ’d}th@ Aok RBHMEDHOReAE pdYvbiTa)
(Perkin-El mer Mode] 759A det eg’ﬁd{“{l?t The pepti de equence was assenbled on a

FMOC- PAL- PEG 8preashitp, elpejdating 19R&| COMPARIE elo¥PY i large & dreely For ced

doubl e coupl i pefpedeici par Welined g’t’helﬁfﬁfg' @sefl0 xﬂoheﬁ8oﬂ9la1%§hna@£§ea%8 through 33.
The resin was_washed with

TFE t t he, conpl eti on of
each acyl ati oRugiggpere, the B‘?EﬁfaBP‘P 8 %QB@inC?M @?SUE‘H%Q moUse& o groups
with acetic agiydidfinah e&lwamd?se&ium maﬁdé ﬁlﬂwﬁﬁm%mpmt&hﬁe&ﬁ%ﬁ&{ after
conpleting cycle 49 and the remai nder continued to conpletion. Peptide
cl eavage fronfheregdation s hymar ogpred wisdusly FEBRndevelqprieny dheirg| |
| nter nati qgal colmmeéuommﬁro%%ﬁtmda& tﬁapmvgﬁeﬁ@ﬁ%@agbasé%%a% 266 (1990))
for 6 hours on 415ng of resin affording 186ng crude CILA-4 peptlde Pepti de
Char act er i zat PskProgressi®Bny al i quots of the crude CTLA-4 peptide were
di ssol ved in 5mil 6M Giafhgin ;wogg;g}{g BO%a H uted over a
Pharmaci a H Load Superdex t7 16/ t130 i guCH % é(g?rtgr@ %O#l% bed vol une)
wi th 2M Guani dhumanigation owemuﬁ@zm@rdtlmmqee aysaam 2Inﬁpducnm af uppan1 80 ni nut es
collecting 5 ng 1.71 of
15 fractions omrllr{‘{cl)r( gﬁh{ﬁ%ﬂ@ -ng}‘rﬁe(f ﬁﬁ&l rﬁﬂ%‘ﬁ?ﬁg&%@éﬁé‘%@g eﬁ’hﬁ?%’ buffer and
vi sual i zi 1§ vbeenDasctimited offprg dhe meﬂlﬂmm st sfody ﬂlemc@emﬁma@ndmymgexhl biting a
nol ecul ar wei J t andar ds,
wer e pool ed tg%é{ h%;e'}e&geﬁﬁ%iograagg agkgﬁ»ﬂﬁ% ﬁﬁ@ﬁj"?ﬁn@% ﬁfeég ?rﬂg\({:ﬁc’%ﬁé I?Nere anal yzed
by iJV and geteledwelpprogito Fesheamonysuch aastratdg)smlpubpmvﬂg anadeapsoufeer ned by 20

absorbing a 100 m c¢roliter Ie in r bsorbed onto a
PVDF nenbrane?orfr%boﬁl\?\go ?’ﬁ&“fy I efo e“‘%%h ggﬁ’fbggl zgfdfl%sg%e oata? ng was
perfornmed on mnies@qnpltbwm‘dﬁfudfﬂymgmerproﬁﬁﬁhofﬁhebcdxpmap@dnm diseese. sequence (M
HVAQP 7 Tl that the
pepti de vva@ re?:{ gnized oyt Eglreﬁﬁf?eﬁt - hu Zg%e Rgﬁg?‘gha&'d%flggen) 25 To
desalt, an al respmtsesmmnm mlm@sﬁﬂ&wseﬂemuedmmmwp# wmdectedsa 8500 Da MACO
dlaIyS|stub| |ns 196 TEA 2 for 9days with
stiriing.  Theolsfr BN ns dPniiiet SOIFR LR NS Somindea Yo &
powder . antibodies can be expected to provide a substantial advantage in the treatment of

e

chronic and recurring human diseases, such as inflammation, autoimmunity, and
25  cancer, which require repeated antibody administrations.

One approach towards this goal was to engineer mouse strains deficient
in mouse antibody production with large fragments of the human Ig loci in
anticipation that such mice would produce a large repertoire of human
antibodies in the absence of mouse antibodies. Large human Ig fragments

30  would preserve the large variable gene diversity as well as the proper regulation
of antibody production and expression. By exploiting the mouse machinery for

antibody diversification and selection and the lack of immunological tolerance



62 (iii1) 300.19 cells transfected with CTLA-4 Y201 V) The full length
CTLA-4 cDNA was PCR anmplified from human thynmus eDNA |ibrary (Stratagene)
and subcl oned into plRESneo (Clontech). A5 nmutation of CILA-4 that results
in constitutive cell surface expression was introduced using MatchMaker

Mut agenesi s System (Pronega). Miutation of tyrosine, Y201 to valine inhibits
bi ndi ng of the adaptin protein AP50 that is responsible for the rapid
internalization of CTLA-4 (Chuang et &f. J. Immunol. 159:144-151 (1997)).
Mycopl asma-free 300.19 marine |ynphoma cells were 1o cultured in RPM -1640
cont ai ni ng 10®cMugan|preteiny, theregradusedrhumns antibody rapariise i these mouse

penicillin/st QY Vil WM FhkA &g §H%/I ; nd 25uM

bet a- ner capt osrg'?ﬁ%ng?{. &7 %smv}ferel ‘e)fect rg]pe_(g)r%gt e %%g%%g%iﬁeres%rum free
RPM ) in a 1ntcladingrbemampntigenouysiag the bybxidoma/teghrRik@ye antigsn-specifd0V/ 1180uF
(G bco Cel |l Por rr S : . OF ] then ;15 8m s of
pr ewar med coﬁhﬁﬁ%%?ewd#eﬁ‘:éﬁ&%ﬁé&ﬂﬁéa scoc% ?Lér}\gv;ed?@ g‘faﬂlﬁctcgd&’tdo 0.5

x106/ m i ns cosejekted.e RPM nedia containing Ing/mM (418 (G bco). Resistant
cells were expanded.and shown to express -4 on the cell, surface using
the BNI 3 anti body bsnjgﬁ’b"é‘pe Wgﬁhwﬁgy‘i‘*&%g{rak‘ﬁ ﬁ“(?ﬂ‘fﬁ?@f’ﬂgg%‘.mﬁi gh | evel
expressi ng cegdenharativer «f thesfirstX endMoyseI¥ straiheaspoblishedyin 12041 SeaGreznéti on and
hybri doma generat,i on;: XenaMous i to, 1Q weeks ald) were inmmunized (i)
subcut aneous! ¥ atl\}a?'ﬁ% é%{’seemo:‘ﬁ?’é%rﬂ gf\g\fngfh %ﬁg{m b ) cgé’iafng VRSt were
transfected tagmegedsdith Gehshattifeial dmoarosdied (FADsp comaning P46 ddoandn phosphat e
buffered sali PBS) wi th compl et.e Ereund' adj yvant ,, or. (ii)

subcut ane8sl &%A‘g"sfzﬁ gg'g@lge 8?“% ailo%gf‘ﬂn?‘% %féwﬁﬁéwéhﬁﬂ-lﬁéuﬁusi on
protein or (lgndKpga lghCthdin doquspiespetivelyywindhl ¢onchingd tdarec parabRtdFr eund' s

adjuvant. In each case, the dos s .repeated three or four tines in
i nconpl et e Frolfient S8Y) Hrausmees. Ifgu\fﬁﬁmaﬁ& B?Iﬁa“?lﬂg&ﬁés AP Y& received a

final injectidgmpafblé Rethi thernagesysem Rebbth refirdBsmenbh@erpradtdhaf | ynph node

| ynphocytes 30.fromi nized mge were fused with the rine

non- secr et or f“ﬁéﬂ?ﬁﬁﬁ%’f"c‘@’&l‘? Pﬁsé’}’s‘ﬁ‘l’fﬂ‘gvgg’rtge é’lﬁ‘ﬁ?‘@&dé’ép‘{sg?gﬁf“%el ection as
previ ousl ys depfd wiaimbfatated®y thsir M1y i ihdidce Broell Gevelopnica) & srodwe Of

nonocl onal antib ii iz: strat e&% es C?fngl,l 63 procedyres."” Mt hods Enzynol .
73:3-46 (198130 aduk-likg hymag repeitoe ¢ty Iy g apiipodicse 2pd it BERFRIR- 4 specific

human | g&2X  Ointig&iEpEcifi@Burhlel Malse TheR restlts aIsé hippektRSthBhttodusifondgr ed. 5 ELI SA
assav: ELISA for determ nation of antigen-specific antibodies in nouse

serum and i n 1ApET pAIEORE b kvmitale locheantaining prateh pEmbes b YcEBRd ( Col i gan
et al., Unit ggdional ERGUARYY | HERGhd, TN ARBIRCTY RAKANS regidnd g €Nt
protocols in inmunology (1994)) using CTLA-4-1g fusion Proteln to capture
the anti b¥di egcapitgste spsiantialin Wadulhreperiqirpihet e shapateristin e tpibaman| g f usi on
protein, 1o V}ﬁnﬁ%ﬂkés{;&ﬁé‘{o' MfeSGdnoRR ithRRunRRRdnS ARE WokCof GRGT di\il twhsagai nst the
human 1 g portion of the fusion protein. This is acconplished using ELISA
pl at es coat edesntbhexendgs tq Gesintiodugtion of grepigr thap Apnreimpisly 8%eefthecity. In a

preferred ELI t e 1 X SA plates are
Coat od uith 130 ety seErbR VRN RR L Beglbie 855 SBUFF el (01 M

Car bonat e Bufcpafigurasion I AC isemppis-od the hvinas dpavy. chgin|lpci and Japepe kight t hen

i ncubat ed,.at ; r o : f ! 1 ™ i i §; renoved and
t he pl at ezsﬁs cé%ég (g’dHé\?\,ilgétaEml(50tB r?‘%‘\g? P@%%g%eng%g%éf 15%? t}‘?%{dgg/oeisgk, 0.1 %
Tween 20, 0. Q¥aruye Thienetiesod Sil44-H361 (JOIPBSFream crod nlalsblavisel Jat Zxporfedenper at ur e
for 1 hour. %&:@éﬁgésppgtbag; a&&p.sp&:aieﬁm@&@%tg&ggueggl NG, §sP1d0l636) Akgr WL 2o

bl ocki ng buffer an sealers. Blo er is rehoved and 50

~l /wel | of hyRecerlene3, SIR96r et distlosusesr afnvdiicho tageherébpb iricdporatsiuper nat ant
(positive CO'}E{}%LQ@, and HAT nedi a or bl ocking buffer (negative control) is
added. The pl Ates are incubated at roomtenperature for 2 hours. Aftei

i ncubati 039, the pBuadheapmoashsisefirthert Hisvasddi mgl delideated (nxURBatenThe det ecti ng

antibody (i & 0048 Qe Nos. 07/466,008, filed January 12, 1990, 07/610,515, filed
November 8, 1990, 07/919,297, filed July 24, 1992, 07/922,649, filed July 30,




25 human | g&-HRP (SB, #9070-05) for 1gQ& antibodies or nmouse anti-human

| g&HA-HRP (SB #9200-05) for g4 antibodies) is added at 100ul/well (nouse

anti-human 1g&-HtP @ 1: 2000 or nouse anti-human 1gG4-HRP @ 1: 1000 (each

diluted in blocking buffer)). The plates are incubated at roomtenperature
for 1 hour and then washed with washing buffer. Thereafter, 100 ~.|1/well of
30 freshly prepared devel oping solution (10 mM Substrate buffer, 5 ng OPD

(ophenyl enedi am ne Si gma Cat No. P—’?2é78) and 10 ~1 30% H202 (Sigma)) is

added to the wel es_are allowed to devel op 10-20 minutes, until

64 negative cddf® ofxleq\,éaii((ﬁl@g hefilgd dageh 15 9% AW/ 568, ﬁ}i’ﬁe‘?“@élftt%"n 100

pl/well of StQ@9§°dS‘FZ3'4QQ5(§leMAﬂ¥1$%) 19931 @Qﬂ?@ﬁ'%lé&‘ﬁnﬁi@tz@s 195 read on an
ELI SA pl ate reader at wavel en ermnation of affinity

constants of fO§/43, mnéanwmég% 0&%@%flqdflmnmwﬁre%ﬁme%nﬁleéf purified
human monocl ongle 4MfgoBosk/fs3, wfameé mﬂgr@eﬁbgs dems@x?f o] Adhe SURGSNAL ant s by

pl asnon resonance ‘was carri ed usin 8 Bl Acor é 2000 i nétrurfent, using

general pr dced\§f488,88%t filpdh denepys 1t9ﬂé Qﬁﬂﬁﬁ??ééi filed Tune fG 1RSI O8/4B&EBSSsI s of the
anti bodies vasgy &y B&?dld%'tolazﬁg%gs 2Hitd R0, 1998D0HaZRY. HBY Bolohi 2eNSOr

surface at a enst t e Surfaces o ore sensorchip were
i mobi lili zed 1\&96 rand IQ&/7E9I;6_W, fledPecersbayid, PSSt Seaalse Mendersiat. Waraagi ng from

approxi mat el y 2905808151188 (I el Gl ol ARLBALS! Ry B01 40 P 0/ 1 11

10 mM sodi um acef e at € am ne co suppl i ed by
t he manuf act urd@s ((SBB)AC&reez,lsol European ]thmthm,rEmO 463 flabBlpgramthmbliﬁhéator e

control ol aded B ah SEmildnd b dricendh Not OB BB or P or et a

a flow rate ofFeRfanyr 350984,c imérmdtional PatentmiApplicationdNel] SWOCi9834a96, (kd or

20 prbvi ded by bhEHaRaTSetugr it RELTEHAR PR Eh TRt FER R T or gl bl

fitting cal culdwclo&[rss offe4tivee fhe Zbd\a‘efcutad batervis applicatian] aralf references are
Anti-CTLA—4-At| ies 2 di’ eéh oyvlnt Table, affinity measurenments for
certain of th %Hl“ﬁ%‘af’fé &f ?F’écﬁui’ T Nonner are provided: ' 65
TABLE Sol i PhasebIBhfahdrtdtivy ibprdadiin Othefsa i@y GenPharm International,

atesrosoctat ,onDy s30chal] oot acakaconst a0l NSSANLERISLLI 55 1x100) (S x

Ka/ k, x| ONDaD01ogRdusOpOlobR s 4tlked Qrdlgh 68 0nd Glord S5 oA UintNA0. 198, 41457
. 20. 603 080. 205. 11 g;go 722.580. 878. 71.881. 211. 550. 64504. 51. 731

. 541. 130. 88458¢8%) ﬂle;Ifjl g PII0F TROTE (Y HESPCSpY HAPOTo 2 ASS%. 310. 231. 33

0. 75504. 50. 28Gn0f nftR IR b3E, B4nil dordRind 1&4%£2ke&§87&n&&t&8§e@70 731.3850
4.52.846.660. 432, 35457. 23. 175. 030. 631 58 36 1.10.430. 351. 210. 83878. 70. 46

0. 900. 511. ¥a5Eprefsrmbly pgamma ganslagiregion) gye %‘e Mo 8 pensigaiofer mserion 1 040  96i . 0

70.93s78. 70. 9%rdo arGnimel. 3390 Eﬁcﬂfsldé&ﬁae&%tzs?%&nwuo%&@im 412. 28397. 84.
0. 11. 5513. 800, 118, 94878, 71, 4319, 000. 0813, 20504 21. 3520, 500, 0715. 20397. 84. 10

. 21. 002. 530. 3§sranie 28 and oS PatenhNos 5,548,800, S35 8a5 079,128:75.633¢42, 21. 005. 240.

195. 25397. 82. §,631.024:3.778220 3768850, nd 34171 400 PObeR080%ap 1y 113, 000, 0911
. 70397. 84. 13. 11. 225.830. 214.78878.'71. 296.650. 195. 17504. 51. 237. 250. 175. 88397

.8 66 As wi IPFteb‘eNﬁb%@rlv@a,m éﬁﬂmnyéfs’rte@ PBewsalby Ratens Nosr 36126295 t h t he
25 5,721,367, 5,789,215 to Berns et al., and U.S. Patent No. 5,643,763 to Choi and

Dunn, and GenPharm International U.S. Patent Application Serial Nos.
07/574,748, filed August 29, 1990, 07/575,962, filed August 31, 1990,
07/810,279, filed December 17, 1991, 07/853,408, filed March 18, 1992,
07/904,068, filed June 23, 1992, 07/990,860, filed December 16, 1992,
30  08/053,131, filed April 26, 1993, 08/096,762, filed July 22, 1993, 08/155,301,
filed November 18, 1993, 08/161,739, filed December 3, 1993, 08/165,699,
filed December 10, 1993, 08/209,741, filed March 9, 1994, the disclosures of




i nvention possess high affinities and binding constants. 5 EXAMPLE 3
Structures of Anti-CTLA-4-Antibodies Prepared in Accordance with the
nvention In the foll ow ng discussion, structural information related to
anti bodi es 1o prepared in accordance with the invention is provided. In
order to analyze structures of antibodies produced in accordance with the

i nvention, we cloned genes encoding the heavy and |ight chain fragnments out
of the particular hybridoma. Gene cIoﬁSng and sequenci ng was acconpl i shed
as follows: 15 Poly(A)+ nRNA was i sol ated fromapproxi mately 2 X 105

hybri doma . ceMhishdias hereky PEQIRQTAtAGHir rrmste riReaE RS FaIeAYNG Fast - Tr ack

kit (1nvitrogeng .o73hs]1gensmaidnen Pafent 2p80MBAE | NBD wioNARS14, oleowed by PCR.
Human VH or human VK fami | ééspem fic variable ion priners (Marks et al.,

"0l T gonuc! cot SAB26AS, S S208647 01Q 5222610, Hai T3/1228br WEhIHUAIPT Wiht i on of
"dl i gonucl 9 $2/065 _ WD Vi |
uman 20 1 mmugggabuliGopiEbD SRTAS, AN eSenel daTlddnARsel fiC

ol i gonucl eot i de probes. nmunol . X or a universal

human VH pfi nmiehichee [Boeby dmompatidaTeleracnB tisiEsiraia sSaefedhar Tagonj unct i on
with priners Ciibd the : Mo '

5" - GCTGAGIOACT A A F RSS! S bt G0 R Lk B Rodebbortote

previ ously destcali, hE94), Tagpreiral.e(1934), and1D@gifjon esakyu@PP0sFiswikduetsab,

Mabs- deri ved n i I | do \er e

obt ai ned by d?@gg t@e&gﬂégﬁgﬁ%?g@cgﬁ gér;l?)oé'ulé S nget%&e)rgg? %fg{e#l%olﬁﬁ%% y(A+) RNA
usi ng the pri estirstydescri bed above. PCR products were also cloned into pCRII

using a TA_cl oni ngKkit nvi kogen n th strands r uenced using
30 Prism c}?/e- ter mg'ﬁféetlgyénléoeraafeﬁgfglﬁge} ﬁ]i{i’tcgecg(ﬁ]bc? vgﬁniﬁmgg#g)stﬁaﬁgeﬁ&a g machi ne.
Al | sequences Resareh d&loahsel @ik TNMRET)| producet & ttansgehie niovsEpdskessing|welr e
directory"” 7 oml i nson. et al. VMRC Centte for Protein,Engineering,
Canbri dge, LJ %cuéj-kl;fcﬂléh Vo etg? ByniloRys @ngabrbkel%ef“f%% r%ﬁ‘?g‘ﬂ? Furt her,
each of the ahitérhsiidbngiswerklcifed abow, Lontetg 2nd Kagnfdli6wihg thebsaé ofully ected to
full length DNA sequences. For .such. sequengi ng,, Pol y(A) + 5 was
i solated fr oﬁ?ﬁﬁg&‘feﬂtﬁfselp?pﬁ“ﬁ 186 gpg‘r?gﬁ’ﬁ'aglgﬁgelng‘ysug%ﬁsﬁ UDirect kit
(Dynal ). The opdidfedwath substetislelupiatis of theSurmsieng. wérkgo- dT(18) and t he
Advant age RT/PCR kit (C onetech). .The Variable region.datapbase,(V Base) was
is6d 1o dest gn bt LIRS, P RSB PRI g A6° FRBATIIE OGH of to of ¢ ne
heavy chai n Deéfdtrged icluling iportibAd 6T he B Tdcud Adrbel fénefatddCGnAGhirddeedT TGCCCTGAGC
TG 3'") and to,the stop codon of the |g& constant re éon
{5' TTCTCTGATCAQA A WWM@G@@A@A ‘é‘s_g.vaﬂﬁ%g%ﬁf ithfal Kozak
sequence ( ACOHREREHs) appfdachais 8t ibthedrp, ihduefiotehtivérsiky is Shtfcduced iogg® Met hod
was used to design a priner to the ATG start site_of 15 the kappa chain A27
gene (S T Tﬁ@%ﬂqﬁﬂﬁﬁﬁﬁiﬁm EAR-onadccetatCindged: -the published: ne st op
codon of the afpappeaRSfodfippérehi®toncern. B-cell development and antibody
(5" TTCTTTGATCAGAAT TCTCACTAACACTCTCCCCTGT TGAf\AGC- 3',1) :
production of animals produced through use of the minilocus approach appear
stunted. Therefore, research surrounding the present invention has consistently
been directed towards the introduction of large portions of the Ig locus in order
25 to achieve greater diversity and in an effort to reconstitute the immune
repertoire of the animals,
Human anti-mouse antibody (HAMA) responses have led the industry to
prepare chimeric or otherwise humanized antibodies. = While chimeric
antibodies have a human constant region and a murine variable region, it is
30  expected that certain human anti-chimeric antibody (HACA) responses will be

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



The 012 cDNA was cloned by using a primer to the ATG start site (5" 20
TCTTCAAGCT TGCCCGEECCCECCACCATGGACATGAGGGTCCCCGC T-3) and t he kappa const ant
regi on stop codon prinmer above. The heavy chain cDNAs were al so cl oned as
genom ¢ constructs by site directed nutagenesis to add an Nhel site at the
end of the variable J domain and subcl oning an Nhel fragnent containing the
genomc |g& CH /H nge/ CH2/ CH3 regions. The 25 point nutation to generate
Nhel site does not alter the am no aci¥ sequence fromgernline. The primer
pairs were used to anplify the cDNAs using Advantage Hi gh Fidelity PCR Kit
(d onetech). Shuudrvaildpe f‘?ﬁé’a@m m@%ﬁ{“élgfﬁ@@n B?tlwgw&ézm%%@@éﬁc‘? ng using
dye-t ermi nat o, gltsomammlfaekﬁ afidI6k RcABE HAREA6NGALY BBBRie. The PCR
product was cloned into pEE gl utam ne 30 synthetase mamral i an expression
vectors (Lonza) and three clones were sequenced to confirm sonmatic

mut ati ons. For each Ss verified on both strands in at
| east three reacti .1 68 anti body was generated
by site disected mutagenesis of N294Q in the CH2 dommi n. Recombi nant

anti bodi es were pr P s in 1gG
depl eted FCS and pggl %ggléaxum ng&zetlgﬁs réﬁ% ?’Cﬁun%ﬁaglbﬁgrgén&&y&thm gues.

St abl e transf éeteant admagesgemdmmmyoéésamnmﬂumedtimmnnagfemnm|’hce 5 NSO
cells and sel echl on | . gl ut fr ﬁ‘;"'ﬁ etcorrbl nant.4. 1 th or

o thout gl ycoby Resfte st fith: PedccplBitiel o SRuERIRC bl Mehnare alty 't or
CTLA4 in the homsitation Bhd Sfsphydedinfner asings smtepnaﬁehh*ahhsl | itzadli b Anal ysi s
10 The fol |l ow ng Tab ets. forth the gen on_evi denc

sel ected hbr iagg'ﬁ‘ﬁgg‘* ﬁ}?génu&fw £H{1?°6’bea|°ésa"|“ %? ‘ﬁiéeé REEH ffﬁ'eg? nventi on:
69 TABLE 11 Hﬁ:&mvmﬂdﬂCbrL;irgﬁﬁtlzéHﬁasmg G'éhlﬁqtlé‘sld.rdllzhtmmn(]he neHeSaeye.£hai nKa a

O Y eden s i maneh . 1E5EAA (90 anc Bsish 4t 3 o7 3Kk3D-5

or 6. 1. 1D0P- 50 ReSh #Hhmmunol.. 17126289 I@@zj. Tihe- ﬁaﬂsod&Jbiﬁmterest may be
012JK34. 14. 2DP- 507- 27JH4 * ~ - A27 1. 3DP-651- 26JH6

$~:< A10/ A26J K&aglnegrefmv rgpmbinani PNA- tﬁ%??‘ﬂ&'F@s‘P pubstifygothe §l, $4326H3,

, ~~. 012JK3L1. GinkPRoR@iRs, -aAdof Jrld%mcw&k G&ﬁ&K&E}ﬁf the [aarras%ﬂdﬂg EfabOor D21- JHA
K012JK39~" , 12.3.1.1 DP-50D3-3 or~ JH

f12.9. 1. 1DP- 56#5€A AéY?&l%‘?@ABO #ad U3, aﬁéﬁ?y#gmiigi@?mes 19, s As

wi |1 be obser \se3,761)5i00900% 3,714,356 GAd siawc@ssw Aﬁottheu@rcﬂ'ﬁigBDNAWflntl on were
gener at ed with a stron? ‘i as_ t owar ds the utilizatiqn of the DP-50 heavy

chai n vari abl &¥sHEsHOR of thimeppimpurngipbulin sefies i knapa ip &y a1 (Tae ehalyy 3. 33

fam |y gene. @Wxsosmw(lbmyanamnm&nsslsmt F@S‘W thRRAbRSEctated CTLA- 4
binding and 1 o prelimnary in vitro functional assays showed a heavy chain
gene uti | i2Pat ifigR 2 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.L.H. publication no. 91-3242. Human C region genes
are readily available from known clones. The choice of isotype will be guided
by the desired effector functions, such as complement fixation, or activity in
30 antibody-dependent cellular cytotoxicity. Preferred isotypes are IgGl, IgG2,
IgG3 and IgG4. Particularly preferred isotypes for antibodies of the invention
are IgG2 and IgG4. Either of the human light chain constant regions, kappa or



ot her than DP-50. That clone, 2.1.3, utilizes a DP-65 heavy chain variable
region and is an 1g4 isotype. The DP-65 gene is also referred to as a VH
4-31 famly 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 XenoMbuse mce, there are nore than 30

di stinct functional ~0 heavy chain variable genes wth which to generate
antibodies. Bias, therefore, is indicalive of a preferred binding notif of
the anti body-antigen interaction with respect to the conbined properties of
bi ndi ng to t himhda; yehdbupeds Thecahimeiie hypanis pptibogy g then iewesqﬁhgxxsi s As will
be appreci at edgnv@mitRalthéthédat i on anal ysis provides only a limted overview
of antibody structure. As the ~ B-cells in Xenolbuse animals 1 o
stocastical | y geneppiitody fragmentsspgh ay FYu-Flalkla sné Feb gray kengrepared Bhscri pt s,
there are a n ggg@ 0, c r CESS 0 el udong, w t hout
limtation, sgnatlg(ﬁyggr%gggtygﬁ%gngéqgﬁtﬁgﬁé% gﬁgﬁ%ﬁggpé%%g%%ions. See,
for exanpl &, MKiteaetivebt afrunqed gene Gedetigned. For epewise chigsny snel U. S.

Pat ent Applicat L . 9, fi TRGR )
Accordi ngly, %dogﬁgﬁélr)ﬁlfgMéx%?n%%gér??gﬁgﬁy‘%ﬁ?dct ur gﬁgAeg?qgt egg)am' no acid
sequences of etnodmatthd 6dledomwin andjbinge aegieh pf the H rebainDillowedtbyi med from t he

I . ddi t i ] =ae! ' bt ai ned th h
clones. In a %sﬁaglgn%:%h?é&g?qg&w %r@%e‘?iggféﬁﬂgnces wer e obt ai ne roug

protei n sequenci ng. oV nuc € and predicted am no acid
sequences of the himamme appoakinpasdnsughiequdnadsnencoding lilee bé¢avpemddight 1 (Fi gure

(Flgure | 89, GHagbT s gl S o o Ui ohinlonfes ot wig Wit 014y

11. 2. 1 ( Fi gur éntiod)cé)usdfil festhiclidr gws éntd the)], regidn Torlsubdenuent dinklagklof V12. 3. 1. 1

(Figure 1 L), and 12.9.1 Figure 1 .1 n-FEi gur A) 1B d, 1D,

ext ended sequé%&ogsseweqt%@%gﬁ’[apg}]or(ﬁ%lg% se%f"f?“f?cﬁ? .“f%&sz?ﬁ‘?’i‘ﬂ q'e obt ai ned
by full | engt by siodireotzd aiutigesescDNplncas redizstion ditecht theamalogdus pesititn 25 Fi gures,
t he signal pe tt'bdﬁ seq%ence (or the bases encoding the sane) are indicated
in bold and sg‘h EALB 519’ ed for the 5 PCR reaction are underlined.
Figure 2 psovi des Bxpi&siof Retors incpdephimids raefuiel@ofthide YACs] BB®avy chain
am no aci d sequences, from tge ch.gne}?v 4.1.1, 4.8.1, 4.14.3, 6,1.1, 3.1.1,
4.10.2, 4.13. feriveq episomes, ang the lik 4 cpnvepisnt; vaolr s gng thatyéngodesia oy’ t he
germ ine 30 DRmbfloraly 3dmpitd mAmas i CH S&0 CENEemurdefobelire ne@fendtgtwigen the DP- 50
germ ine sequence and that of the, sequencge in e ones are indicated in
bol d. The  nPRATCRIIEE raf’tge}wgrf&s%entgweerg@g? f%iab‘ﬁ’é' Of IYd- f88REICe BBR¥E  and CDR3
sequences of iy akitddoMid@Nprasied 1 dadh. veblof slicihg RISEiTlydRBura beeesENCe

al i gnment between the predicted heav hain am no ac).d sequence of the
clone 2.1.28 a\ﬁ% fhge &8&% fietnpive ¢ Se(‘g‘i :C-!lre?% a&ﬁitﬁf) SB9Cd A CER}Rfe Al

Di fferences bgfce@iaiy the Buldir 6Feg6, thd Hieo sitbiel glize repivths i oot whfher sequence in
t he clone are indi catcg_g in bold. Tt]e_ Fi gyre al sqQ shows the goa tions of the

CORL, DR, | ol hommes QL queiio Bevistenylffion i ptiyiptian temination odeu

native chromosomal sites downstream of the coding regions. The resulting

chimeric antibody may be joined to any strong promoter, including retroviral

25 LTRs, e.g. SV-40 early promoter, (Okayama et al. Mol Cell. Bio. 3:280

(1983)), Rous sarcoma virus LTR (Gorman et al. P.N.4.S. 79:6777 (1982)), and

moloney murine leukemia virus LTR (Grosschedl et al. Cell 41:885 (1985));

native lg promoters, etc.

Further, human antibodies or antibodies from other species can be

30 generated through display-type technologies, including, without limitation,

phage display, retroviral display, ribosomal display, and other techniques, using

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



underlined. Figure 4 provides a sequence alignnment between the predicted
kappa |0 Iight chain am no 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 gernline A27 am no aci d sequence.
D fferences between the A27 gernmline sequence and that of the sequence in
the clone are indicated in bold. The Figure also shows the positions of the
CDRI, CDR2, and CDR3 sequences of the antibody as underlined. Apparent
deletions in the COR s of 15 clones 4.8. 1 4.14.3, and 6.1.1 are indicated

with "Gs". |des seqy nnent en the edi cted
ona 11 gnt - criom B iefes nat SHERS Sty ro et teshpiaes' s wB T §1°8 |
and 11.7.1 ancnbWe igeerdd, M@ rightZind rHans, a@rd.,mmezm@luoﬂuahfmmcm bet ween

the 012 m t hat, of .t |nth are

ndi cared i n S RIS R Mihobaint ek BT i oo oS e o

CDR2, and @qummgmag@&smy)tmuavmm -BIS (9% rdmﬂ@et alFPRMs Esh pr ovi des a
sequence al i gnnent predi ct ed kag}s) ht chain anino acid

sequence of’ tr?éﬁéV%ﬁ%mz(l%%é- %H?éF]leh@ Yt rAcids eﬁ&’@?’%é%l%l% E394). sequence.
Di fferences bajysemdomh@t A0/ HahnsIeT RévidS iwmeﬁ:% Zonidvdt 84 the

sequence in the clone are indicated in bold re al so shows the

posi tions of tWeCaffory TIRTHEH 19i%-3DR39De gtk e Pyt thite 5a18iTBddyif as

under l'i ned. Figf,6 t%hmlegiésdﬁéumlzé@wsme ahﬁb%fa?ﬂfat Beh¥eRMahNGpr edi cted
kappa |ight chain’am no acid sequence of the clone 12.3.1 and the germine
A17 30 ami no &gfikp Seé&ﬂbb?d@mamz?¢@rdé#@é§dﬁ\9ﬂ9\een the A17 gernline sequence
and that of, the Se%ﬂgcﬁedcnt&m l@s,orﬁﬁtl%ﬁﬁ's'M' atg'eﬁ dy’at@dbﬂﬂ T g Figure

al so shows the sitions o? CDR2, sequences of the
anti body as umpssmsecglls, ﬁTéAr‘bltﬁlfpfom$ @@TI@A éeQWQM@TaPHU@mmeoﬂaet ween the

pr edi ct ed kapngy L glikiof dReABLER @6 & ILIUEAGENGS s SE0S) QfpL2y 9. 1 and the

germine A3/ A am no acl d sequence. ferences 'bet we 3/ A19
germ i ne sequdhmreafianke sctesned@s deshbedaborerforthe activiiies désomleedabevel ndi cat ed in
bol d. The Figure also shows the positions of the CDRl) CDR2, and CDR3
sequences of the antlbody as underllned Flgure 22 provides a series of
addi ti onal 15nucl eot Ydditienm D erapagizses of the foll ow ng
anti-CTLA-4 antibody chai ns: 4 1.1 fuII l ength 4.1.1 heavy chain (cDNA
22(a), genomic 22(b), and amino acid 22(c)); 15 full length agl ycosyl at ed
4.1.1 heavy chain ASDNIA 1@2¢npyecimted, itnis rgenerellyd n@2dasirable to kill CTLA-4

expressing cells. Rather, one generally desires to simply inhibit CTLA-4

binding with its ligands to mitigate T cell down regulation. One of the major
20 mechanisms through which antibodies kill cells is through fixation of
complement and participation in CDC. The constant region of an antibody
plays an important role in connection with an antibody’s ability to fix
complement and participate in CDC. Thus, generally one selects the isotype of
an antibody to either provide the ability of complement fixation, or not. In the
25  case of the present invention, generally, as mentioned above, it is generally not
preferred 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



4.1.1 light chain (cDNA 22(f) and amno acid 22(g)); 4.8.1: 20 full length
4.8.1 heavy chain (cDNA 22(h) and am no acid 22(i)); 4.8.1 light chain
(cDNA 22(j) and amno acid 22(k)); 6.1.1: full length 6.1.1 heavy chain
(cDNA 22(1) and amino acid 25 22(m)); 6.1.1 light chain (cDNA 22(n) and
amno acid 22(0)); j1.2.1: full length 11.2.1 heavy chain (cDNA 22(p) and
am no acid 30 22(q)); and 11.2.1 light chain (cDNA 22 (r) and am no acid
22(s)). 73 Signal peptide sequences 4 e shown in bold and | arge text. The
open reading frames in the full length 4.1.1 genoni c DNA sequence (Fig.
22(b)) are undeFsessER 1soiyng and e wP%HY e lfﬁtmﬁcﬁ%féhpdt Yergafies UpRg

agl ycosyl ated cﬂnxﬂentloﬂ%?t%b’%ldiﬁﬁih@t ROl E&W:ﬁﬁ%édrﬁ%u@ﬁ‘@@ﬂﬁqﬁe&'?n%fb@} are shown
i n dobl e underline and text (cDNA (Fi 2(b) and am no acid (Fig.

22(c)). EXAVPLE mwﬁéw@ |f§°°@PmF{étef9Shn¥ﬂH§F (Efegfhg : @$a AR G638,
Subst 1 T uti ons o obin iof WemBued (1 P OYI HRcht ApPRANGHRR. brsmamnt between

the predicted heavy chain am no acid sequences fromthe clones 4.1.1,
4.8.1, 4.14. 3 filglQctaber 31,11996), amopg othersq. 13.1, 11.2.1, 11.6.1, 11.7.1,

12.3. 1.1, and 12. 9ulul andiigaRbidyacs BRacis (B bafifldp pRphdy sequence,

an |nterest|ng pattern energes. nto act’ o ias for
heavy chai n Dfhds@ossessesveheamy oldin Vltbfanx d@lrgcslsoﬂypmagl anpther myélemaek at i vel y

i ted yper gcRtpk e A% AR A ERk ShEHHC o, | RG0SLAY Lige DP- 5O

gene. For exanple, "clones no rutati ons eover, the
mut ati ons in tieeafiehbe ﬁxsbdnmﬁaca}ihngeapmsahggnmtactsaahbcaitylcmebcisdatgdas i nvol vi ng
substitutigns of a t S|mlar |es th 0 acids in
t he gerrﬂlﬁ)e Mut ag‘y g V\/letxﬁm e’ tﬂe maﬁﬁnWﬁe %f s Hsesﬁa(:es are 20
particularly chanhemzhmmeantﬂC’ﬁIaAmrIgGTHnnbmiyomedaesudrleamjood:bsapossess epr esent ed
in Figure2)4|0 rlvedfomasmgle
reconbi nation d@ﬁ}reﬁt ?44“ t3° t%é (gjrall?‘ve4 roge ale g'f %nr?tcl’ csél ﬁ/ r%dlﬁilca%é%t er) and
are nearly i deeudllpadotypaswmhaérmgneﬂafe ztlkmlgtm isetyae, efox:mmpﬂaem@ﬂe as a single

sequence, then the 10 differ nt ant i padi,es,_cont gai ni e DP50 heavy
chain, in 25 Bk poéﬁegmwe tSATF VaRPRC 3T°B8Y| {%YqBWs%Fﬁn ﬁ‘Shmﬁ%ﬂé%f)ol ar

r esi due |s15regbamﬁtylaydmdietgamn@ol ar residue, 12 in which a polar

unchar ged residue i aced b ot ol ar uncharged regidue, and 1 in
Whi ch 9 pol ar char GGt BET o R ol SPUREIE JYF ST PORF CHEFGed 1 esi duo.
Furt Iher , ther e‘stafcﬁrilwamﬁmdstavs @E&(ljslséd a&ave; Rhdyvan rga&kaygﬁ: p&ﬂ*xd&ﬂd@%ﬂe very
simlar structura cin nd.a . e 30,suU e or one

anot her. The &ﬁ{"?s ﬁ%taéﬁ %H?nﬁ ?‘mg'ma tﬂtvg%ﬁ&gﬂ%‘l%wsﬁw@r

substi tuti ons s@ftcling)ol ar charged residue for a polar unchar ged resi due and
one substiztouti on of a nonpol ar residue for a polar residue.

Design a nerati Other Therapeutic

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



74 The light chains of these antibodies are derived from5 different Vk
genes. The A27 gene is the nost heavily represented and is the source of b
different |ight chains. Conparison 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 CDRlL, a rare event. Second,
there is a strong prejudice against the germine serine at position six in
CDR3 in that the serine has been repl 4¢ed in every sequence. This suggests
that a serine at this position is inconpatible with CTLA4 binding. It wll
be appr eci at eahtibbdies ofethy inykntionegnablesy changkdrityl kotppe switchingaoiad IgG1,

substitutions i i | Q&erar 0 m LDl . Such
substituti onslg\%\guli%gﬂa%g%a@ﬁt %)gabg%?r’ g}s%égogf’%{eo@yhﬁgg%tgﬁgp% ndi ng of the
anti body to the ClhAerdnentdrewithahe Benetdtien of sdancaiufsibbdytheapsutizgul d have
significant effect n_t.h ffinity of . the antihodies. 15. LE 5
% Torminar adviEE selBRsh Bxioh 1.d Yol Fite, BGPal e ke Wance wi th
t he | nvents onsidastep ribe dependdnae toh edompéemiehty fdr hell ddllipg Shiougin thenakesdéfy uct ur e of
t he anti bodi el? 20..i n,accordance vvi.tp thﬁ ini\llrgé\tion i dentified above, we
rt! e Ao &

sequenced cer DERCROSY TPREIQIRRS, G A8 ki n- El mer sequencer. Both
hﬁavy ﬁnd kap]E)a I iIghbm&bﬂdmwitbfbis{p&&ﬁa@ﬁtLHaﬂiéi;,&ﬁspw’ﬁe a}uﬁ@dd@ds&fdn&i&d purified
t hrough use o reparative, el ectr ores(s angd. el ec otting

L ochniaues. anEPHER B e DLt UeoRion: Bib 3 sy FoCALAT Blandl ¢ 6. A
maj ority of thetheeRvisetdid nitBetulé thAlaidvoagaeReahe XiNa siglel agkel on their
am no tcrm nus. Therefore, S‘tUiCh anti bodies were first treated with

pyr ogl ut adtt ethaheh SpeiteeRedne C T haraand parcand ghan srssifictnd seeddl ts from

this experi mepbleail€ osh?ms_iﬁ%e o Hr@ib&dy thkt Qs gpeaﬁea(l?s@ Crin4aastiehe nol ecul ar
wei ght of the heavy an Ilg t chains_as determ ned by nmass_spectroscopy
(MALDI ). 30 other molequigp| Jich bysperiflG aHibpdiesncanahersoperatad jusing dchmif¥sshodi es in

Accordance W gy drd@ell Wtfbpékaﬁ?l:ei, BiltofnetBordw R (ifgR (ﬁﬁgée?ei.gn, mdgét i onal
characteri zi 2‘% i nformati on about certain of the antibodies in accordance
Wi th the invesita-dmunel Mehodsi4y{#3 (1§84),and Wright and Harris, supra. and in

15  connection with (iii) see e.g., Traunecker et al. Int. J. Cancer (Suppl.) 7:51-52
(1992).
In addition, “Kappabodies” (Ill et al. “Design and construction of a

hybrid immunoglobulin domain with properties of both heavy and light chain

variable regions” Protein Eng 10:949-57 (1997)), “Minibodies” (Martin et al.

20 “The affinity-selection of a minibody polypeptide inhibitor of human

interleukin-6" EMBO J 13:5303-9 (1994)), “Diabodies” (Holliger et al.

‘“Diabodies’: small bivalent and bispecific antibody fragments” PNAS USA

90:6444-6448 (1993)), or “Janusins” (Traunecker et al. “Bispecific single chain

molecules (Janusins) target cytotoxic lymphocytes on HIV infected cells”

25  EMBO J 10:3655-3659 (1991) and Traunecker et al. “Janusin: new molecular

design for bispecific reagents” Int J Cancer Suppl 7:51-52 (1992)) may also be
prepared.

In connection with immunotoxins, antibodies can be modified to act as

immunotoxins utilizing techniques that are well known in the art. See e.g.,

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

connection with the preparation of radiolabeled antibodies, such modified

antibodies can also be readily prepared utilizing techniques that are well known



related to clones 3.1.1, 4.1.1, 4.8.1, 4.10.2, 4.14.3, and 6.1.1 is

summari zed. The follow ng data is provided: Concentration, isoelectric
focusing (I EF), SDSPAGE, size exclusion chromatography, FRCS, nass
spectroscopy (MALDI), 1 o and light chain N-term nal sequences. GCenerally,
the data was generated as follows: Materials and Methods 15 Protein
concentration was determ ned at 280 nmfroma WV scan (200 350 nn), where
1.58 absorbance units at 280 nmequal éd I ng/m . SDS-P, ~GE was perforned

usi ng the Novex NuPAGE el ectrophoresis systemw th a 10% NuPACE gel and MES
runni ng buf f ein thSaumlS'eesegueﬂmgBmsmtebaine@an @hehuther@yaznai Riptheragx NuPAGE

sanpl e buffer ne toe n e ~ 5 rotein was
| oaded onto tﬁé S%q) (29 %oﬁe{:ﬁ 54 él g‘{ éeldge f‘ﬁpg?‘l’elnl (ilggn@f gf%e R
st ai ni ng sol uklse.§. PagneNead 681, ngps,amj Smloll,eﬁ;ISa]rOZ;ﬁQQ@{EsSjSO@)t es were

09149-%) . 25 ROREATE BN Db B AL PREGeri 9 DPROREh RetBtv on

NUPAGE gel g, %ﬁlﬂsofeeiké@do 50 dans)eﬁalresemg OTDR-4 Iaaapmaumieyrmbam&né Appl i ed
Bi osystens) then, stai ne Wi ggﬁ onassi eefgﬁue R-250. The stained protein
bands were ex®hishdeAmHbdingiot e Y RGN EY anal ysis by aut omated Edman

degradation on 3o ﬁrboﬁmhbxewnﬁ%ltw F&kﬁﬁﬁn@?&eﬁb&ﬁicsﬂp{‘ﬂés%@ﬂ%- 76
~soel ectric focusin~(IEFl was usi n_gL harmacia | EF 3 pHast gels

(cat# 17- 0543uiiizptign of ssaﬁtﬁraé@fmomlﬂ%@ CHLAMoang | aptiedigs thesetog 8 g/ mi
and 1ul was | gaded tanabdfds M hb@Ros (ds\ddcustEbaed in EetlionSpild Mt es were

made by conpari n? stal ned bands to broad range (pH3-10) | EF standards s
(Phar maci 80 casma! mpleguies) oosgreeningeofpeptideslitssrics herapautie Papfides sBCye was carri ed
i n phosphate b 3crebi¥iEo using the
Super dex 75 Pgme;a%dqgatg%l dtjfr%%eé V\g@sf: gmé'?‘tfl Egéfa%f#lrirg% es mr?&'ﬁﬁ%ﬁf by

conpari ng peatbempeuties éndisgssed ecanpeatine with Seughten ef ple Pierchgigestor  FACS
studi es) humagseeLiANaoR) SoGln PAEY EsR'sanas s BNdosd)! Phbild Gkl OF 48

hours. T cells were once, resuspe er at 1x106
cel | s/ 100 ul &itechnignienda:99bPOTHEOD Bﬂaése ané kijriddayisoBioorngae Ghem.15 of
anti - CD3- FTC r 0 room
tenperaturg P Wg%ggva I%{ﬂ{élﬁ l’?t\l/)\%uég m{gﬁ&l@ e)%écéid{m%glr!llﬁgeg |%|ﬁge3 (Fix and
Perm Caltag) prcaarcﬁ,wélmesdmmdar apnencial ¢anheatioC ik Reptidigr meistienasni th 10 ul

anti CD152- PE %E@&H&%%lom@tﬂ%&ﬁ%ﬁw \g?isr)grgﬁr med using a Becton

Di cki nson FA rants were se y an rel evant isotype
control 20 anti bodmsﬂﬂ(lmeragylonmwMQtMlbs@umsédn altfibedy tocamtantig®hl A- 4

anti bodi e has SADCPFRASh iRy AARASARAGH! Suth BGURREH shiune

nodul ati on ac g experinents were carried out in
order to det egmendly iatcomplislisd dthrough pamningoe hngselitwatyhexphrssipg egdom i nventi on

possessed such i i ghed to
Pesoss abi | ¢ Jobfie iy il BBl of P LTREA LT FREBMIE Sl O00C 0
and B7 npl ecutanshe iselateé |tiet thinde Hssubexssfale wer@in ApitbparinfoBidationl @aees and CD28,

and pronote T cel t.okin r.0 ion) 30 including, but not limted to
I L-2 and/ or Rﬁ“?égx‘érﬂéspscf%% ﬂEgFiPél exam nation of cross-reactivity of
ant i bodi es of t he Ih geterl,i phagedibrdries exﬁreu'sing random peptides can be purchased

25  from New England Biolabs (7-mer and 12-mer libraries, Ph.D.-7 Peptide 7-mer
Library Kit and Ph.D.-12 Peptide 12-mer Library Kit, respectively) based on a
bacteriophage M13 system. The 7-mer library represents a diversity of
approximately 2.0 x 10° independent clones, which represents most, if not all,
of the 20 = 1.28 x 10° possible 7-mer sequences. The 12-mer library contains

30  approximately 1.9 x 10° independent clones and represents only a very small
sampling of the potential sequence space of 20'% = 4,1 x 10'® 12-mer sequences.

Each of 7-mer and 12-mer libraries are panned or screened in accordance with



human ti ssues and CTLA-4 nol ecules in other species (e.g., nouse and
primate) was undertaken. EXp~MPLE 7 5 Somretitlon ELI SA: Inhibition of
CTLA-41B7-1 or B7-2 Interaction by ~ntibodie,~, 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

bi nding of 10 CTLA-4 with either B7-1 g B7-2. As wll be appreciated)
anti bodi es of the invention that are c pable of inhibiting the binding of,
CTLA-4 with B7 nol ecul es woul d be , ex eqte Eﬁcandl dat s for imune
regul ation thrt %g}%ﬂ?ﬁ@@m&e@%@ﬂa@s M Whitts P aweméte ofith¥fng

materi al s and Jgbda9ds re thil dppiopgiste adffb @éa@'aﬁtﬁlﬁlﬂd\@@m;{iw% nM
B7.1-1g(4d) ora d@g céﬂﬁ:ﬁ the dpptopfiat Owt(Ngedha;n I\/?A In Dulrbgcco s PBS

(R |
was coated on IQ@-aﬂié'?qu ﬁxgaﬂgmla@%% X&éﬁ’?&‘g I%’H%Plk"ge?ﬁ’ ehutebwel) and

i ncubat ed at 43 qy }nvl&txrm gm day a,ﬁe% hﬂm&‘@%f rs@i@&x‘bﬁlim%ﬂﬁcd@ibﬁ‘ta‘%s wer e
bl ocked with 1% HS pl us Tween- 2 for two hours. Plates were

washed 3X i t [fongam smagtrr@y @ é‘Voo“év/eeﬂAébrﬁuénuserpf@Pﬁ\BS)equeAwps HRIGyan t
appropriate t Q:ﬁﬁra@t%%n’é@frbﬁrlﬁe B ds tha- aﬂa ﬂegc(tﬁé)mﬁl%ng o Mokd S'P‘dhe cone)

(Repligen, Inc were pre-m xed for m nutes and then 25
added to the Bmlb@modi@é@lvﬁb’alféhﬁ(mﬁdﬁs Qantbaldetﬁﬁnmﬁda))ym:ﬁn(ﬁ%aned at RT

o L pol " S st SistRlfin S B P Qlks Bl Qo sift, 1R0%AT 1 on o

HRP- | abel ed nouse anti - hunan nclr sco, CA,
#0S- 3820) was Smithe §G.Binfridnne b3 86398t (1980)f ern'la toalr PNRS ik 8763 8- washed 3X

Gai t her sbulty) HEE U3aD: SeRTSY ) PRE 27 b1 316 iob I aRAktuballi Y.
m nutes, and tNeaure BtecknddipriBS@I8APV7added to the plate. Plates were read

2t 450 nmusing 2 Wl Seyleat 5 bsog. lake: GEAYLO AR BhEaitl. A1

sanples were teste |ned as
CTLA- 4-1 g bi ndechgiqiies i dleo &blktamdehmﬁghthspremt 1nbcmﬁpn Sohgpetlifisscabi ndi ng was

defined as absgrban in f -4 tibody. 5 The
results fromt élggéeg ?,r rﬁ?&éﬁaglrn g Sﬂ%ﬁoﬁ ﬂ%#@'ﬂ II? g\o "% gIOP?IiISEéCWIB‘I tlhe'rabl e l11A
results arse shombbdierslbfﬂxe\peasémmyvenﬂonafmntbtaaﬁeﬂgnindtaeof)ﬁ:damel askdyl t he

i i o Tabl 1B | t t.h ti bod f
e ont i on e Terels. o s aetbeRlet B Bk R e tnaltes i s disfo 0L 00 ©

experiment. 1@ethABhHEntematiofdl Cm&nCWpﬁhéhub@ INOtWPeOWRIHUBY . Design and

strategies for gene therapy are well known. However, in particular, the use of

gene therapeutic techniques involving intrabodies could prove to be particularly
20 advantageous. See e.g., Chen et al. Human Gene Therapy 5:595-601 (1994) and
Marasco Gene Therapy 4:11-15 (1997). General design of and considerations
related to gene therapeutics is also discussed in International Patent Application
No. WO 97/38137. Genetic materials encoding an antibody of the invention
(such as the 4.1.1, 4.8.1, or 6.1.1, or others) may be included in a suitable
25  expression system (whether viral, attenuated viral, non-viral, naked, or
otherwise) and administered to a host for in vivo generation of the antibody in

the host.
Small molecule therapeutics can also be envisioned in accordance with
the present invention. Drugs can be designed to modulate the activity of CTLA-
30 4 based upon the present invention, Knowledge gleaned from the structure of
the CTLA-4 molecule and its interactions with other molecules in accordance

with the present invention, such as the antibodies of the invention, CD28, B7,



Conmp. ELISA 1 C50 nMCTLA4B7. 1 Conp. ELISA 1C50 nMCT3. 1. 11 G20.45 t 0. 07
n=30.63 f 0.10 n=2CT4.1.1l &0.38 t 0.06 n=50.50 ~ 0.05 n=2CT4. 8.1l &20.57
t 0.03 n=30.17 ~ 0.28 n=2CT4. 9. 11 g&Non-conpetitive n=3non-conpetitive
n=2CT4.10. 21 &1.5Ut 0.37 n=33.39 f 0.31 n=2CT4.13. 1l &0.49 ~ 0.05
n=30.98 ~ 0. 11 n=2CT4.14.31 &0.69 t 0.11 n=31.04 ~ 0.15 n=2CT6. 1. 11 g&X0. 39
t 0.06 (n=3)0.67 t 0.07 (n=2) 15 TABLE IIIB

Cl onel sot ypeCTLA4B7. 2CTLA4BY. 1CTLA- 4- @Corrp ELI SAConp. ELI SAI C50 nM C50
nMCT4. 1. 11 &20.55 ~ 0.Q8 n= 40% 0,14 n=2CT11,2.11 G20.56 t 0.0S n=40.81
~0.24 n=2 B&1BARENE ofheserr Bt prlized {p reaanally destensdditigpalithegapeptia he

I nvention wi tRoB&8EEC Uy itRis C;Iéa% 4raN6HaP l&ﬁu{'dés'f@r tebhihe@ subl ¢ Jorfnot her in

vitro assay was conducted to determ ne the selectivity of antibodies of the

i nvention wi twat@bs@eby,t@mma@léed/éqrsmw@ﬁ)t melecdmpmodeling7(CAMM)e f ol | owi ng
mat eri al s and Llﬁé\ﬁfaﬁtaﬂ{ré Lth?c _mggg/gtgﬁtg@lgmﬁ (ggm ; {}ﬁ gﬁgglrl nents: 1o

CTLA-4 Sel ect?w ty Material s an . ' ur oNUNC pl ate
(Nunc Cat No. #qiB8IbBles wars bp balizsd dafesds diughdiscovery affbity e Retionalrdgsigy | g,

Cb44/19g, CD28 Ehe antigens
wer e p?at ecoaét ieg"stg’ver ﬁﬁ%étfg{gtk%é%}g%hgﬁpaf&nﬁ?%S%%g fln{},ﬁ‘d?@ th 1M sodi am

bi car bonat e bmbleels onspedfiGionThibersbfwkicinees betised tovarkEfid ominbliul RBSE (PBS + 0. 1%
T 20) th bl ocked th
prisTeo. Shash SEvLTRCTEARY. bk N Ll B Spncelfa DolleallgPory DEICC e

washed with Fﬁﬁiﬁsﬁcﬂmbotmﬂ&@ystbtesctThlh@pacmch hffTHeén teveemted roCGammsy eff t he

i nvention r izn bIo dde o the plate.
The pl atelq\ﬁsﬁi g%n lﬁ? d agm‘ﬁfe gami" h%ff?’pf'ﬁ'g ﬁ%‘%ﬁgt\é%? T¥BsT t hree ti nes.
The wel | s t hat1988)nt dndeed] tthe eatibnddodistign 06f t ineletulese nlelthss \mpt&iets hen treated
with 100 pl/ ant i -hunma &2~ HRP ut hern Bi ot ech 070-05) at a
1: 4000 di | ut |%eﬁllﬁiwlmeg%sksmagﬁlggjecu6 ort%‘%ﬂfﬁgg“# %N Sllfﬂ Mefuman | gG
(Jackson Cat d‘dﬁctu&@é}ﬂﬁ%fﬂﬂ&hs}hm with nathérzmolearesp(saéle @9 antitglies2im Thi s

anti body was dilyted t ﬁ: ?Pg bl ock and a.%ﬂed .at 100 uI/FvveII Al so, one

row was treat EFHER VAR RS ,Re‘if’“ﬁl%er(" PORHP 245 E5r TROS!

345815/ Cuss omalHpecifie)] iug@etrzfim imestivatipn F Eth@ldEﬁ’ﬁil rgaéwth%u& ﬁﬁéptc?Ody Wﬁs used

at 0.05 ug/m diluted inb ate, at, RT for 1 hour

t hen washed ﬁrt%gsg’y?ﬂ%éﬁfﬁ ‘?‘fé3§°313%ﬂ ‘[?Fn MAcgﬁgg‘t(r’gte (Pi erce)

\g/as_ 30 ;at_ﬂdedl A95:10622un@Ueds); Hafgmhma Al Rodensf cmlm?gﬂam @tanahiat eshaker for
m n. e p te was, then read u -imager for exposure.

80 | GEN CTLA- “}ag‘ aad Cdkqiggprpgtion; e grg%megéy thErRtesepcs) of A7AONBENods M 450

Dynabeads ( Dykaoldy omakt O OB ¥e362194.008 2099k Genaliks ed. ‘BXodelling

20 of active forms of protein kinases: p38--a case study” Acta Biochim Pol 44:557-

64 (1997); Jouko et al. “Identification of csk tyrosine phosphorylation sites and

a tyrosine residue important for kinase domain structure” Biochem J 322:927-35

 (1997); Singh et al. “Structure-based design of a potent, selective, and

irreversible inhibitor of the catalytic domain of the erbB receptor subfamily of

25 protein tyrosine kinases” J Med Chem 40:1130-5 (1997); Mandel et al.

“ABGEN: a knowledge-based automated approach for antibody structure

modeling” Nat Biotechnol 14:323-8 (1996); Monfardini et al. “Rational design,

analysis, and potential utility of GM-CSF antagonists” Proc Assoc Am

Physicians 108:420-31 (1996); Furet et al. “Modelling study of protein kinase

30 inhibitors: binding mode of staurosporine and origin of the selectivity of CGP
52411 J Comput Aided Mol Des 9:465-72 (1995).



wi th Na phosphate buffer, pH 7.4 and resuspended in Na phosphate buffer.
1.0 5 ~g CTLA-4-19g(Gl), 1.0 pg CD28-1g(Gl) or 1.0 to 3.0 ~.g B7.2-1g(4d)
(Repligen) Inc. Needham) MA) were added to 100 p,l 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 1 to 10 with bl ocking buffer and 25 pl of the coated beads
were 1 o added to 12x75 nm pol ypr opyl éfe tubes. All sanples were tested in
duplicate. 50 ul test antipody.(1.wy/m final cqncentration) or blocking
buf fer was added tOhee e 8?0%?%81‘1’%%%8%‘{?3@@ eq“%}‘reggf’f?ﬁf“?ﬁﬂzé “'%Sirf’s%e Ori gen
1.5 Anal yzer gpdceudiah plogkarly, dudk & Mg ihesvahput bd€eningeBfobther sburg, MD) at RT,
vortexing at 100 rpm 25 I of ruthenylated marine anti-human 1gd@, 1g&
or 1g& (Zymed, Inc. San 15 Francisco, CA #05-3300, 05-3500 and 05-3800)

(final conceniygl), Ql?icgf‘dnﬁniﬁrﬂl‘omani!Eomgla{?_&nst otal volune) was added to the
tubes. Tubes Wwere 1 ncubate or . mnutes at RT on the carousel vortexing
at 100 rpms 200 pl of Origen assay buffer (ICGEN International, Inc.)

cat ther sbur g, ND #0gn060 fiohicifed il DmiRs ALY ABSRAL e 8 t exed and

then the tubes Were counted in t J1gen 20 Anal yzer

(el ectrocheni besaidsncecwith ethe upventionnamilk hgeadaminisiored With suidabile tcarviers,

Nor mal i zat i on ra . i r i n binding
of fusi on profErgtt SnilBhe: SEne ik APk n Rkl b bhudlbhd BA0NEE ' Lo

speci fi ¢ bi ndimgrotxeftmnsfer; délivetyatalergnes,aind ¢he likiet \A maltituis. of 26prapriate esul t s from

t he assays , ar | ded i l,es \V/ 1 E | VA.
d onel sot 3Becﬁi’&%&%%ﬂﬁ%}@%zﬁkﬁ?@@ﬁ%ﬁw&Q%&?@%L| SAELI SAELI
SAI GENI GEN3. 1 cHentjé@ > Safhirigtémis Pharbeuticq] nScidneds00 5 odn 3ck Fablighifgh=2) >500: |

n-1)195:1 (nz1)4. 1. 1l &> : n=3).>500: n-~ 00;,1 =3) >500;1 (n=1
§ >502); | (n(:lcf’%i‘%‘.yij‘s@%?’i)}gg%%bnﬂ 13@#;11&(4@%2%@ %lb‘t%(zggb%?‘f’ (n:3§ >500: 1
(n~2) >500: 1 ( thefjir SDi:sd frmuR)iots(fclide| for 2xabfle, Ipofwderk) dass) digtERn0. 1

n=2)>500:1 (n32)>S00: 1..(n=3)>500: 1.(n=l)>500; 1 (n=1)244:1 =1)33:1

(hot) 2 20 21 yidickgms. otk Bpidb R epicht arkmaRis) conbllidd Bt (Y 2200 1 (e
) 4.13. 1l g|62>5nqabiecﬁmi’£‘;) B500¢chjugams Jarb@bous absorijon pasies] ofl+iriptebam 1 (n=2) 46: 1

n=1)329: | (n=1)4, 14 3|1 g&>S00: 1.(n=2)>500:1,(n=2)>S00: =2)>413: 1 (n=1
V2oTh T (s TERGHA! PREops Rt pabaye GoeHafehs @hpol SR 1 |
(n=2)>500: 1 ( RrofekuiaOWeightsh=33mmcddld 1gdls)~ad>SMi-sblid NnmPthids lcopfaining TABLE | VB
Cl onel sot ypeCTLA4/ CD28 E |S§CTLA.4/ B7..2 EL| SACTLA4/ h| ge ELI SA4. 1. 11 g&2>500; 1
(n=3)>500: 1 (EH"Eoe: °% fhedgregoing mpdssmaybe apprppasicdp geamenis a8d.500- | (n- 3)
10 ' ~ XAIVPfLE, thel ﬁg_ﬁn TedoedaheeSivix Hdahe Magek ri]ﬂﬁﬁﬂidh_, Prdlededt thaf thetdagive def i ne the
activit of anti Qodl es . | n,accordance Wt the I nvention . to act, as | Mmune
regul at gr 20 \eErrdieat Bhlg {98?‘{%?;{‘?‘1’? ¥p_nog ipactivated by :&H” gﬂ”&@&‘?’b a&‘ﬁélf‘ﬁi fy the
enhancenent oforulfidd id bhybidsQehliot donipatitle nb| 0ledUE 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 carriers

25  well known to pharmaceutical chemists.

Preparation of Antibodies

Antibodies in accordance with the invention are preferably prepared
30  through the utilization of a transgenic mouse that has a substantial portion of the
human antibody producing genome inserted but that is rendered deficient in the

production of endogenous, murine, antibodies. Such mice, then, are capable of



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 (Signa,
St. Louis, MO #A-70543) and T-kw k (Lynpho-Kw k, One Lanbda, Canoga ParKk,
CA, #LK-50-T), and stinulated with PHA (1 ~g/m) (Purified

Phyt ohemaggl uti nin, Murex Di agnostics Ltd. Dartford, England, #HA 16) in 1
o nmedi um (RPM 1640 cont ai ni ng L-gl ut g3t ne, MEM non-essential am no acids,
penicillin, streptorryci n, 25 mM Hepes and 10% FBS) at a concentrati on of

1x106 cell s/ %aggﬁq] SChldl S shed and
diluted in | um toﬂj%-éI 0 c&%%loﬁnﬁ% gf‘laesce me{%ﬁr ka}%!tdt cl)lﬁ Human
ATCC No. : CCL1I86h0p@£81$lctllqn Afremurirgn irmpprogibutinrmoleil¢se end oemtlﬁlarhttsw | le, MD)

For one hou dEppleub TP kbR, e ol i AR e pended

at 2x106 cel | spplicatiokirmad rét‘erem:les dibtlaset sn (hoBEOkgredny, hdReipi I partisulgrSx 105/ )

and anti - 4 anti bo t t.ched.c ntr anti body at
vari ous C(c):gce PYEEY ohd V\tg‘%edo g&ak?@ ég%{é% M %mglfc PR ° pfnéct gnée)md t he
pl at es were 2entibodiebahereframt i8 7disdlased 743 therBatenToApﬂhcuﬁJdmrSenﬂeNowel | was 200

p.l. Seventy St Iat es. wer e sSpun down and
super nat ant é%@@d %ﬁg‘fi%’ﬁ ermi’ Ha?ge ed ﬁ’frﬁa? b °Sf 15 Eerﬁby( Quant i ki ne
I L-2 ELI SA ki Imoﬁ&&e%&&ﬁﬁiﬁnceMS@ﬂﬁB@Mdn&ezW Ne20 Gperrnds:i kNis6 (Quanti ki ne

| FN-g ELI SA kit D Syst ens ki he, enhanc nt. was defined as the
di fference befl\?/g@ 9 gis ?‘Ei?f)ﬁ’ém%égfrﬁbx W"%‘i’r?tﬁﬁ?ggreéﬁmc& ning an anti-CTLA-4

bl ocki ng b ver supnraighi 8t ¥P udiBteehlogyP Vg Bhved piodbedy fu gomﬁirpw cytometry
experinments, Raji_cells e washed | x_w th FACS buffer BS contai ning 2%

heat inactivafmepedsnel agfibgdigsda dayafiyadh EriBensce Frsepiél 1yet“é° {RFwI%%esuspended
in FACS buff eKczﬂﬂW&ﬁ@@xn@@éﬂzﬁ{cé%hﬁn lantadefl of eS8 r&bvi I ApHddic zells Of

anti - CDB0- PE (Becton Dickinsgon, San 30 Jose or. anti - CD86- PE

(Phar ni ngen) &ueh # Brsslls) dom theymise that sxpress a&flb‘?%?imﬁlséﬁﬂ‘é’r FeoyeEed Cel I's were
washed tw ce adiid with aUsREMEHe bl ﬂne%F Aéﬁ@nﬁ%ﬁtﬁhybxﬁio%c@ﬂhﬁé@&fdy was

performed using a Becton Dickinson 83, Hi stogram narkers were set

by anal ysi'$ 01‘“°1q ayridema el hinssree saprned pndselecisd de ggn@f@a}wb’a@omﬁﬁlh i ngare,

CA). I'n gener ples th® th&\dé‘e SRp64ieP§-cife t@%ﬁ%tléé?ﬁéf iﬁ?é?cspe wee@iar rapid 5
determ nati on of T-ce | IL-2 upregul ation. be appr eci at ed,

stimul ati on othesp techniques;ig aEFPf(Hﬂ‘EP W@ea@é@m@ﬁmﬁmﬁm theerepasgiemefd T bl ast s
do not meke d%@8&1§st¥p€clﬁé-f02CKW4R@-lei’cu?%é &smewprmﬁoﬁsmﬁmﬁ' e 1L-2 even

when stinulated wth However, 1 n conbination, the T blasts co

cul tured wit hhmpvma:eqll lsmeeémt mééqe agtibodiss|specific ordTlabois BirgaaMeng event s

and 10 they €7 f5aks OlnMidbathes: mzemame@ rddBocdS 55 SRl cefl i g e 11 shows
t he expression of H7-1 -2 cel I's using anti-CD80- PE and

ant i - CD86- PE lﬁﬂs@nmv%mflf ew wmeﬁ@éﬁyql{emylyw qafééfcmamband Heltxanpl e 6.

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 lines are either fully human IgG2 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. '



Figure 12 shows the concentration dependent enhancenent of IL-2 15
production in the T cell blast/Raji assay induced by CTLA-4 bl ocking

anti bodies (BNI3 (PharM ngen) and the 4.1.1, 4.8.1, and 6.1.1 anti bodi es of
the invention). Figure 13 shows the concentration dependent enhancenent of
TFN-y production in the T cell blast/Raji assay induced by CTLA-4 bl ocking
20 anti bodies (HNI 3 (PharM ngen) and t $ 4.1.1, 4.8.1, and 6.1.1 anti bodi es
of the invention) (sane donor T cells).” Figure 14 shows the nean _
enhancement of IL-2 prodyction in T cells from6 donors i nduced by CTI,A-4
bl 0okt ng- ant | CUAREEe] Fopties e CRNVASBr SStomiaf P Se PRticyIe SHpEIo] i ng 1t o
consi der that dai®e A, fofiFfhsPrmbatioRiofid SuitadlcGhintidallid tor ASnifi@RBalRAthotl OCk B7

bi ndi ng. Thus, sinply binding to CTLA-4 is _insufficient by itself to

provi de a funct®onallTasorB#iel 640 ti5e bY ndwhnown 1etged ofol SEpSIRNE he nean

enhancement of olcll}!:nll\'él)ﬁotmeQCtHﬁt l0Rosk Neefl, GRethdng," AN SafPMO A BYCERE by CTLA-4
bl ocki ng anti bodi | blast/Raji assay. 30 Figure 19 shows a

es in the T cel
conpari son etrebsnclestidedn a virusfaintoia viral veptar) gnddtapedugingathesticgll afithi on at a
concentration <. ' h r T I J 4 4 assay as
described in ttﬁ% s@@ia@é%a%ﬁagﬁdﬁ% %’é“%ﬁ%@?apﬁt‘%gﬁrﬁ?é‘gg‘g{‘/ eeggralrgeaé I n Exanpl e
10. Figure 20 skopkfiedhdycbisehatenit Nos d8pRRAUE N4, 5hidn céiiddblofand] - 2

production 1 4 EsCahlcnlisly el SRerdoUE Gllfitl el i@ 11.2.1

CTLA4 5 antibodi'es of 'the ‘i nvention. OW Nng provi des
i nf or mati on r dransformation npragedurehused edepends auwngnr thagwsofio dehtianséomaed. of

experi mont & | rdp oot HpqiBlon Herbithoe B RGRbudd By BUEBMER k200 O 50
pg/ M and neasue well khowiRintheias and ichiderthat sreabt bivital ©, dowenimediated
CAper LIS 2o IB B PP pOfBR AT B ok netean
bl ast/ Ra i 4. 1. grotoplas IRGei) @ectrapoBBiod dphiticlo bordtatdment,| encapsulation of Ith_e
1. 5 11 L- 23500 A5DAY UK 1THTH PHUSA SEREAS, CPIo980 % ST (o
66994217 ofs 1AbiBidj&iich ofith? DNW infidBB66147 to 83602515 of 15SEA ol e
B.g0d4. 1. 111- 26089405 13%n oS FRe0A0MR R'nobl s ¥idressith 83Wenidiofnt 112 0995
in the art and inclnde many immortalized cell lines available from the American
Type Culture Collection (ATCC), including but not limited to Chinese hamster
ovary (CHO) cells, NSOy, HeLa cells, baby hamster kidney (BHK) cells,
20 monkey kidney cells (COS), human hepatocellular carcinoma cells (e.g., Hep
G2), and a number of other cell lines. Non-mammalian cells including but not
limited to bacterial, yeast, insect, and plants can also be used to express
recombinant antibodies. Site directed mutagenesis of the antibody CH2 domain
to eliminate glycosylation may be preferred in order to prevent changes in either
25  the immunogenicity, pharmacokinetic, and/or effector functions resulting from
non-human glycosylation. The expression methods are selected by determining
which system generates the highest expression levels and produce antibodies
with constitutive CTLA-4 binding properties.
Further, expression of antibodies of the invention (or other moieties
30 therefrom) from production cell lines can be enhanced using a number of known
techniques, For example, the glutamine sythetase and DHFR gene expression

systems are common approaches for enhancing expression under certain



-111 to 11803 ~ 2__ 12 of 14 15 EXA fPLE 10 Human T-Cell Signal Model 20 W
devel oped a second cellular assay in order to quantify the enhancenent of
T-cell 1L-2 upregul ation upon bl ockade of CTLA-4 signal with the

anti bodies. The followi ng materials and nethods were utilized in connection
wi th the expeinents: 85 Materials and Met hods Human PBMC were prepared
usi ng Accuspin. Mcrotiter plates were precoated with an anti-CD3 anti body
(1 eu4, Becton Dickinson) (60 ng/m) and®5 incubated for 2 hours at 37C.
hPBMC were added to the wells at 200,000 cells per well. Staphyl coccus
enterotoxin A ¢wgitiong. Sﬁmmgxpmsn&ddbdom qan@eméenhﬁechusm@@omnmnnal Ant i bodi es

were added to I d mul at ed
for 48) 72 or %g&hcﬁﬁg st 31@55%1?}8@&%##%/% %hﬂoﬁt%ﬁﬁoge%h ﬁt| me- poi nt
and super nat ansystemeis discusseshin vhpleurpam in m@hwslon Witk Egrobear Dateny pbs fat ants were
checked for |Lj t S fromthese
experinments ar%l%sg ﬁﬁ}'%d g%ﬁgg@i%b%agﬁ%g 0%‘% Fg@xk }g\ﬁ) %OEL? Pnducti on of
| L-2 producti o89308964@BMC from 5 donors was neasured 72 hours after
stimulation. In Figur 7/ sults. are shown frasur.e t 15 of whole
bl oot anal yzi ng. ¢ FANGePFLRLRE VR o BH7 e FEREHETE Broleh 1 ¢ e

bl ood of 3 donthegemesativras$ dmethnad] o7 Blaanttatds ringertic fok tier inSihinoplobdliron. | n
Figure 21, the enhan uctiqn in mhole bl ood. of 2 donors as

t.of IL-2 .0d
moasur ed at 7 oheiy a G Shei pechicR RS RRGBR D HAOPORR Al Dol ve
have establi Sh&dow&mb&nfoﬁﬂlthdrtﬁm{ md«ainecftimh wittethe mausgéchdﬂ@iuyﬁarslnof

anti-nari ne- CTLA-4 nt| odi ltl t unor, the nodel , a
25 marine ff br@g’&fr@ ’F?ﬂqﬁf ca? rﬁ%wﬁ'f‘ff’r@ Yi%g%ﬂlw &% d with anti
mar i ne- CTLA- 4. cawdl bb othe fhamitag, n@éeﬁ@.galmsanaemdaod,szf,wo,mmv,shrrent of

t he nodel are grg 7ged bi‘ﬁ\g Materials and Methods 30 Female A/J mce (6-8
weeks ol d) wer %1 it aneously on the dorsal side of the neck with

0.2 mM of SalN tumAntibeliksin(adeotilbie With SePresdd FRkntion have been analyzed

structurally and functionally. In comnection with the structures of the

15 antibodies, amino acid sequences of the heavy and kappa light chains have been

predicted based on cDNA sequences obtained through RT-PCR of the

hybridomas. See Examples 3 and 4 and Figures 1-8. N-terminal sequencing of

the antibodies was also conducted in confirmation of the results discussed in

Examples 3 and 4. See Example 5 and Figure 9. Kinetic analyses of the

20 antibodies were conducted to determine affinities. See Example 2. Antibodies

in accordance with the invention (and particularly the 4.1.1, 4.8.1, and 6.1.1

antibodies of the invention) have high affinities (4.1.1:1.63 X 10'° 1/M;

4.8.1:3.54 X 10'° 1/M; and 6.1.1:7.2 X 10° 1/M). Further, antibodies were

analyzed by isoelectric focusing (IEF), reducing gel electrophoresis (SDS-

25 PAGE), size exclusion chromatography, liquid chromatography/mass

spectroscopy, and mass spectroscopy and antibody production by the
hybridomas was assessed. See Example 6 and Figure 10.

In connection with functional analysis of antibodies in accordance with

the present invention, such antibodies proved to be potent inhibitors of CTLA-4

30 and its binding to its ligands of the B7 family of molecules. For example,

antibodies in accordance with the present invention were demonstrated to block

CTLA-4 binding to either B7-1 or B7-2. See Example 7. Indeed, many of the



86 Anti-marine CTLA-4 or an isotype matched control anti body (PharM ngen,
San Diego, CA, 200 ug/aninmal) were injected intraperitioneally on days O,
4, 7 and 14 following the injection of tunor cells. Tunor measurenents were
taken during the course of the 3-4 week experinments using a Starrett SPC
Plus 5 electronic caliper (Athol, MA) and tunor size was expressed as the
surface area covered by tunor growmh (pnR2). Figure 18 shows the inhibition
of tunor growh with an anti-marine crela- 4 anti body in a nmarine
fibrosarcoma tunor_nodel. As shown in Figure 18, animals treated with

ant i - CTLA- 4 hzatibodiesdet pesardancer gy e olIVENties  pessednpaReRelih i nal s
treated with i ; t} -gé@plo_i AR 11 adiegi.ne CTLA4
mA. bs are capg%Fﬁeaﬁgl%MiQﬁIt?%ﬁlFﬁksﬁgégge?ﬁﬂ%?na fi%?ggg&%gpt?mwi 1|n a n’{)use t unor
nmodel . 1t is ekpBather antihedieaaf thp syprtionprpessgrecllont selgctivity &or L Av*t h mari ne
CTLA & woul d DRIChabio DAL B4l BT B TRLSL. - SRS 8. HeldelifinABh! bodi es of

the 15 invention that have Peen checked for cross-treactivity,’ none are
cross-reacts veatip that refledththeCprrae of prieasprtibbinding gfre molgruleavitivbdiest 20 | n

order to furt i i (AR i i j | dance with
t he inventi on?a%éntxagggﬁqédﬁit%@é%&ﬁglﬁ%gmﬁ%%eﬁthmggkﬁ%ﬁﬁg o'a%lgfogﬁs){r t he

er adi cat i on ofmeletudds! Heteird selegtivity refers ta the idegrekeofi preferentisl bindingef an| n t he
model , SCI D m € e OV| | raf.t » .are inplanted
Wih 25 pari orfuay ol iRt I ST AL SRp R ] iflony sBIBES T

car ci noma ( CC)otlee Inhcdeculesphchndsa®DZy ADs4nBAL, bnhlgGl hSetpotivtialalieatofpads of
SCI D m ce. , The {. rs.are all.owed fo.qgr ,and thereafter .re ed. The mce
devel op. hutfan B e AhSinfinPy el St L 3R cahpbie: “hiblnef B HES | bed |
Bunpers et al idvenfon daveablsiRéeen GenddSZat@dB® (MUOGOYr erdande expsessixpeadt ed t hat

anti bodies of the invention will Jdinhihit growh of tunors.f d in such
e N 5 P hceRBmatTRgr Gyteitaaa i 8 SYlhrut saltih e caL e

i ncl udi ng pat eRédel. HREXapRPP ahe 20 hlmﬂsiﬁmés PRPE Burthef%{ iskpdeted tRdd the i ke,
and the references, cited therein,. tlﬁqit' extent that {hey are not already,
are hereby i ncHputissio dhe ioventiqn gyl indvbit e &ewth of B BLEHPFPEte i1 addi ti on,

the fol |l owiNg yif @mBNMESeIR! EhePdedign ioh GAICR QiR drd¥isdusiel e BRAnIENEI N iNn their
entirety, including the references cited in such references: 10 Al egre et

al . Jl munol 18%:14762-70 (1996)
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. Their structural characteristics, functions,
or activities provide criteria that facilitate the design or selection of additional
antibodies or other molecules 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 about 10° M or greater and preferably
of about 10"'°M or greater;
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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 IL-2
production is enhanced by about 30, 35, 40, 45, 50 percent or more relative to

control in the assay.

25 It is expected that antibodies (or molecules designed or synthesized
therefrom) having one or more of these properties will possess similar efficacy

to the antibodies described in the present invention.

The desirable functional properties discussed above can often result
30  from binding to and inhibition of CTLA4 by a molecule (i.e., antibody, antibody
fragment, peptide, or small molecule) in a similar manner as an antibody of the

invention (i.e., binding to the same or similar epitope of the CTLA4 molecule).
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devel opnment and ,anti hody production.™ Proc, Natl. Acad. Sci. USA
90: 2551- 2555 (Whjokg)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 BIAcore competition studies to generate a

25 rough map of binding as between certain antibodies of the invention in
connection with their ability to compete for binding to CTLA4. To this end,
CTLA4 was bound to a BIAcore chip and a first antibody, under saturating
conditions, was bound thereto and competition of subsequent secondary
antibodies binding to CTLA4 was measured. This technique enabled generation

30  of arough map in to which families of antibodies can be classified.
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E 4.9.1 BNI3 blocks 4.9.1 binding to CTLA4 but not
BNI3*** the reverse

(*) (**) Available from Biostride.

(***) Available from Pharmingen.

10 As a next step, we endeavored to determine if the antibodies of the
invention recognized a linear epitope on CTLA4 under reducing and non-
reducing conditions on Western blots. We observed that none of the 4.1.1,
3.1.1,11.7.1, 11.6.1, or 11.2.1 antibodies of the invention appeared to recognize
a reduced form of CTLLA4 on Western blot. Accordingly, it appeared likely that

15  the epitope to which each of these antibodies bound was not a linear epitope but
more likely was a conformational epitope the structure of which may have been
abrogated under reducing conditions.

Therefore, we sought to determine whether we could learn about
residues within the CTLA4 molecule that are important for binding of

20 antibodies of the invention. One manner that we utilized was to conduct kinetic
assessments of off-rates as between human CTLA4 and two highly conserved

primiate CTLA4 molecules (cynomologous and marmoset CTLA4). BlIAcore
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the invention bmd wc conductcd 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
mutated cDNA encoding human CTLA4 to encode a mutated CTLA4 having
the L105M and G106S changes. The homologue 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
invention (similar to marmoset). Next, we mutated a 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 addition, we mutated a ¢cDNA encoding
marmoset CTLLA4 to create a mutant marmoset CTLA4 having a M105L
change. Such change partially restored binding between the 4.1.1 antibody and
the mutant CTLAA, '

Each of the category B through D antibodies of the invention appear to
possess similar functional properties and appear to have the potential to act as
strong anti-CTLA4 therapeutic agents. Further, each of the molecules certain
cross-competition in their binding for CTLA4. However, as will be observed
from the above discussion, each of the molecules in the different categories

appear to bind to separate conformational epitopes on CTLA4,

et al.
(1993)

San



Traunecker et al. Int. J. Cancer (Suppl.) 7:51-52 (1992) Tusillon et al.
"Anal ysis of direct and inverted DIJH rearrangenents in a human | g heavy
chain transgenic mnilocus"” J. Immunol. 154:6453-6465 (1995) Tuaillon et
al ., "Human i mmunogl obul i n heavy-chain mnilocus reconbination 35 in
transgenic mce: gene-segnment use in ~ and y transcripts.” Proc. Natl.
Acad. Sci. USA 90:3720-3724 (1993) Unl nann and Peynan Chem cal Revi ews

90: 543 (Z990) 40 Van Parijs et al. JEX¥ Med 186:1119-28 (1997) Veber and
Freidinger TINS p.392 (1985) Vitettal nmunol Today |4:252 (1993) 45 Wl unas
et al. I'munity 1:Bos- the fqregping) itwllihecappreciated thay ithepemitene id@mRtan - 50 (1996)

93 WAt er house 79..9 ) s | munol
Today 1.4: 43- ﬂgé‘fiégg%%%gwﬁ!ﬁ t"'%ettgat %ﬁb%ﬁ& Féeﬁv;% %\“élg%“ﬁéshqgﬁbﬁ{%é 12125- 168
(1992) Yang etboyk) ﬂ)@anmew-m@e‘&?wnmaauhmﬂlesmgﬁg inyentionqwill &kelmlhave nt | munol
8:37-44 (1996 : i ] : . (1 Zon et al.
A i gonucl eot i éeé'éﬁ{;tg?rgpeihgp @‘g‘h‘%l&‘%&%?%gwgtgﬁﬁ%’gﬁg@?ﬁﬁéﬁ %3%%08 ~5 (F.
Eckst ei n, Ed. jtiCxbental thitiantirodics QorﬁﬂesmpleGMésoaxﬁiEngslcéalmbvejlmgtlc)‘oss-Fry et al.
"Specific, irreversij d I factor
receptor and 8% ghgnhbﬁg]&v; clIy@IE l&g?t?c{né cr%% o%— g%eml n Mfﬁ% o? Proc Nat |
Acad Sci US & aﬂBfoﬂD(h?:ﬂb&dx(s) WSDBB:elQtﬁa\tdon‘eﬁmnaddmbnaaltherdpéutmmméntm]f Cdc25
phosphat ase cat al yt.ic domai.n and Cdkintera n surface based on the
presence of a™ é’élﬁ’&e ﬁmﬁ’l AR S Lo 1At i X;\iféi? ’Bﬁ&l‘z‘éz‘”‘ %26‘8 (1998) 25
G nal ski et ahnnbo&«rb@lairldtm mdlecaiek, asedibcnkded aasveprtmtesrcshslebﬁgaeathSB- -a case
study" Acta Bi ochim Ppl44: 557-64 (1997) 3ouko,et al | dentification of csk
tyrosine BhosHHBPYiFneT B Ry Qﬁd °é°sf‘§?18%”lt"n§" é’éﬁemarééflﬁ/aﬁp for kinase
domai n Struct wtidodits) Qﬁmcﬂm $3 3k 12 Fedubed thOEd) b3dinGi t6 GharRibse ICTLA4

"Structure-based, desi ot ent,. sel ective, and |rrever5| bI e i nhi bi tor
of the catal ysl’@laﬂmgﬁ gfl aE‘H&dé(} PEif) aedpgused ?JB%WFW MAFORSEH n tyrosi ne

tl nsms ez Jg/bdcghﬁmt (éianrthr Iéé%Qhe'S 4(1:119%&]31;03;3) Mtﬂngxﬁgly aiatvalce{talﬁBﬁangnla \at

now edge- bas aut.omat ed  a C or, antibody struc npdel i ng"

Bi ot echnol 143‘8128“8“’ PesER) ‘E/B??P’%F’&ﬁerﬂ“ﬂb&wﬂesen‘ ARt Xﬂ@ﬂﬁﬁ (°ranal ysi s,
and pot entys al otiér rhdlécales, as AerisSid a%aﬁ?/b A bsrhifete WHtDEatedo R OCA A Byl Ci ans

108: 420- 31 (1996 40 Furet et al delling study of protein Kkinase

i nhi bitors: avg cersineherppegticprtenisbr i ne and origin of the sel ectivity of
CGP 5241 | J Comput Ai ded Mol Des 9:465-72 (1995) 45 111 et al. "Design
and construction of a hybrid i mmnogl obulin domain with properties of both
heavy and Iight chain variabl e regi otein Eng 10: 94957 (1997) 94
Martin et al. "The affinity-selection of a m nibody polypeptide inhibitor

of human |nt erleukin-G' EMBO J 13:5303-9 (1994)
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 eneration o - ~4-Antibody Produci bri )

Antibodies of the invention were prepared, selected, and assayed in

accordance with the present Example.

30 Antigen Prepargtion: Three distinct immunogens were prepared for
immunization of the XenoMouse™ mice: (i) a CTLA-4-IgG fusion protein,
(i) a CTLA-4 peptide, and (iii) 300.19 murine lymphoma cells transfected with B
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96 International Patent Application No. WO 98/24893, published June 11
1998 EQUI VALENTS 5 The foregoi ng description and Exanples detail certain
preferred enbodi nents of the invention and descri bes the best nobde
contenplated by the inventors. It will be appreciated) however, that no
matter how detailed the foregoing nmay appear in text, the invention may be
practiced in many ways and the invention should be construed in accordance
wi th the appended clains and 10 any e@&i val ents thereof. 97 CLAIMS 1.. A
human nonocl onal anti body that binds cytotoxic T | ynphocyte antigen 4
(CTLA-4) or an antigen binding fragnent thereof. 2. The anti body or

f ragnent accq@%%n 4%? wherein said anti body or fragnment inhibits
human CTLA- 4 é ?gl @ th an 1 CSO of about 100 nMor |ower wherein
sai d anti bodyBdl&sCALAY eatsicelluie dpmhaiperty sel ected fromthe group consisting
of : a) binds human CTLA-4 with a binding affinity of about 10-9 or greater
affinity; b) inhibits human CTLA-4 binding to B7-2 wth an | CSO of about

100 nM or 4 ower; Che &IDNAK @6 SidtudKisRRadelRisUabhman éM OD2BUWER BCrel |
bl astl Raji assay by 500 pg/ml or greater; d) enhances |IL-2 production in a

human T cel | asplified fam hugias AymplipcHe dibpay (Flogtechy aad thep- S“B‘)W@ﬁﬁ%tﬁces

| nterferon- - ﬁa@l\(lglﬂftﬁn%nblnlﬁ 39FRAL 1199510 Bhoddld Relha 5501 ltien 500 pa/ il or
greater; oes not bind from nouse, rat or bit; g) binds CTLA-4
from cynorml dyefein eantrining botl mm@eamgebmdd@n%rw%nf Mammesebnal epi t ope
on human CTLAsdondfdgas) m'.cﬂﬁhéyug STRUIEYert WHE] SoMBNA il BCEGm O make an

anti body that ‘binds"to LA-4, conprising: a) inmmunizing a non-human nanal

with an |rﬁmrﬂ¥g‘bnst@mm é’ﬁh@CSCPEIAg4SthH@r dchnigees pfdesenerate P&Rabl e of
eXpr essi N9 NULRHnR dbAGhsEated thaPricly &d%ﬁmémo@ab TR fa LagLRL! no B cells

fromthe mmma C) screening sald or- cel i nes rived

t her ef rom fd?(ermﬁenwm tltrmixffmems fiomamateeumay GiliAdeiteelialacel | | i ne

Char b -t o A o I 4 TACED,” Mededbeot Mifhofdeal G it b 0 ocducea

by the proceskffaénced Gomtis. maurehhmalaﬁltﬂabé@trmellﬁlara@mm (VflACVEBEN 1

conprising a VY s¢ha Mg ) i e at utilizes
a human ég‘ﬂ?é ?’ g‘{elhgﬂﬁ acg}& ihéq‘alﬁfﬁ}lg%gié%drés r?élt?fer&r}l[\t%‘:t%? cl ai m 5,
wher ei n t he gewiegenesisl wznusedntoi makie singlei peint ytaiegueiheld alingnognt s using a Vv
BASE sequenc i L f I any one of
clainms 1, %@ér%l?%%vﬁeﬁﬁﬁa g(gl gya noblcg)gq?l%n%f?& ﬁ%ﬁ}gﬁﬁ LA—4 bi ndi ng
to B7-1 wi t h thenartibsdied wikke humba CTAR4tIRGO . MGtatidvis axf chuinahialod ingardnosean CTLA- 4

fragont - acos a5 Sab0es iy be ddngob by mtyireBl s B T DO Y
chain ami20 awitagessiz (Bronegyel Betlgh fusiomptdeinsgwere prainosi by agienf : a) the
germine an ngudeksh 3PN 8810k IR Usihf radir® BRGeiRa W0h8IoHE1 1 1 e

sequence wt eas
Mutant CTLA4-IgG proteins were evaluated for binding to antibodies by

immunoblotting and using BIAcore analyses.
25 ecombinant Protei essjion/Purification:

Recombinant sindbis virus was generated by electroporating (Gibco)

Baby Hamster Kidney cells with SP6 in vitro transcribed CTLA-4-IgG1/pSRS
mRNA and DH-26S helper mRNA as described by InVitrogen. Forty eight

30 hours later recombinant virus was harvested and titered for optimal protein
expression in Chinese hamster ovary cells (CHO-K1). CHO-KI1 cells were
cultured in suspension in DMEM/F12 (Gibco) containing 10% heat-inactivated



b) the germine am no acid sequence of a human 012 Vx gene or said gernline
sequence with at least 1 nmutation; c) the germine am no acid sequence of a
human A10/ A26 Vx gene or said gernline sequence with at least 1 nutation;

d) the germine amino acid sequence of a human Al7 Vx gene or said germine
sequence with at least 1 nutation; and e) the gernmline am no acid sequence
of a human A3/ Al19 Vx gene or said gernline sequence with at |east 1
mutation. 9. The antibody or fragnent *ccording to claim8, wherein said
gernm ine am no acid sequence of a human A27 Vx_gene contains at |east one’
nut ati on sel eéqteéownemr@méG@r:@uporbmemsltqnﬁgo &ids (Ghbea), 4rdd glutasmiee ani no aci d
in the CDR igg %@é)ehﬁgmﬁm%t&qy&ﬁ) (GibEo M OB Hedes i1 9N RGBEYM Toe ami no

acid sequence; e serine residue at” position 7e rn i1 ne CDR3
shown in Fi gup@dnce(ﬁTItAré -IgGnthe CHO- MEclgeY@e reausperaled at kxdp @ﬁgldmlamd c) the

CDR1 cont ai ns pjjp Mﬁagfa?cg&t@%&&aaﬁﬁ]@r@b\g Aggg fd?%ﬂeﬁ nflromtta%sergtmeno acid

substitution conpare I'ne amno acid
sequence. 30. C‘e‘lilsawantthdncﬁﬂ}ltedrto ﬂxlé)&némDWdianmlmnad% feted bo¥ing| ains 1, 2

anti body showkeh (ePBif et BV 198 Qi R Reptie e Pl ABE AR, O or ng to

any one of cl assmmalL anihnanabldls t 4mMO gtlnammc,sﬂﬁgml\dgﬁt‘.pesh@m 7CDR3md CDR2 and

CDR3 sequences of ody gyvn £8 4.t0 99 . The
anti body or fP?ﬂj ? ?ﬂ V\ﬁfetr i éj mlfeicg%r% cgi}?aw{céﬁﬁ?d CDR2 and
CDR3 sequencesnmmn&ltmmdtmedﬁaws}mmstedmaisumﬁemerbaiwitlubdxMaepmmsﬁ ed to those

of the antibod sho 4 tg 8.1 .h nt i body .ok, fragnent
accordi ng o ?ts éﬁ% Mimg'ﬁ )41’?{0 é‘[ g?fﬁf)‘? '&On%‘dt ﬁléerf ght chain
variabl e regi @QE al%é}e?\lorpm miadn@egumc\eed 36| BRAidpihrif) Nthé TRsigH oup

consisting of S 14- 26 w.t hout a signal  peptide sequence 14. The
anti body or f PEifFRRINGEEBIRIPEE 4 HikAy cwen grhapnagiasat 2, 10pnlmig flew o 7

conprising thegd i ght ca{ﬁﬁhmawab%heitﬁ mbwva&nmme%&m&q%ﬂpes sel ect ed
fromthe group consi St}ﬁ;ﬂ & Q I.D.NO. 67, 69 and 71 wi_thout a signal

peptide sequeRdM elysine t4 %GHQ“WF‘“’T r a@}ﬁ%‘ﬁi‘s AR TR grtsdigiely one of

claims 1, 2 apeidiited tdHH Nhnid THRADERI.NTRY Fradtidal BorftiRg iCAT A4t germl i ne
am no aci d sequence of a human VH 333 -50) gene famly or said germine

sequence wit hwate jdsntified1bymBDSPARE and. é%ﬁ?flﬁr%ﬂhys’ég septgighent0 accor di ng
to any one of ( &Anfeb be%orc%pp@m%rtg szpﬁas-bséflzo@Qamhmscpﬂmcﬁ?awmym n am no

aci d sequence selected fromthRe group consisti ng the germine am no
aci d sequenceusitg EBfasethe wolvent.3 Frychipnsoetaiing: Cd) As%l&ﬁlgélpliﬂnqqeﬁdsequence

wth ot |east il akh 63, @Al LGCASHH EOR-AMBAC AeplsagstRRES Of @

human VH DP-477gene or 'S sequence W th nut ati on. 17.
The anti bady expréssalgﬂmdrmmﬁcrbming the sqnge mntyod}sneCMS lgGawassputifie fimnd 4 to 14
conprising a he i nce shown in Figure 2. 18.
The anti body 8?11% t?égéér}g“[’ accor %%ﬁsg%y onog?g#iﬁcl ains 1, 2 and 4 to 14,
wherein the heavy chain conprises the CDRlL, CDR2 and CDR3 ami no acid
sequences of an anti bo shtown J nAELqu . 19. The antibody or fragnent of
claim 18, wherein the % ) (e and CDR3 am no acid sequences

have up to five conservative substi tuti ons conpared to those of the

ant i body |n Fi gur or, fragnent cor any one of
clains 1, %2, 4 angrhf Ruﬁ%fql%?'% gtr?ut&d ﬁ%&gﬁfgg“h}éﬁ“ glég% egi on of
am no aci d seqiisg edBidatkbesthasle fstaiming ('Nbvgi)OUUnmnﬁ)h&Edu&ﬁlgOéonfﬁEQld D NO 1-13
wi thout a sig de seguen The, ant i body_or fra t according
to any one of Eité%gdi 46&3‘[%& thal wpue tﬁ@ﬁ’}ﬁ/@ Y:W fh variabl e
regi on of am pentciiciith mmmmbe&ae@uﬁmdﬂm ;gmuwcq*ms‘t-sgelng of SEQID
NO 63-64, 66, 6 and t lL\}t a ,signa p%&ﬁ{éa?uence 100 22. The
anti body or f g P°8 rtERRS T 4 AVYLAR, #d o 7, which
possesses 3@netthth@Eﬁ&stEﬁrQDﬁdiéﬂaE§epﬁ@é ﬁsstae&véd 6 e ALRUBsIGORSIest | Ng of 1 a)
conpetitively inhibits binding a_reference anti body or

fragment thereof fhe G A-gdeGl (S’H\"%dné" &P%Wllé%§7étlgﬁgl%ﬁ congern{rpidtheayy chai n
variabl e regi g eAdthRaet QndstﬁélHﬁﬁﬁlg e bi%%fe g\garﬁst&%nlﬂﬁﬁl gt chain
vari abl e region amno acid sequencé in ; 11) the heavy chain
vari abl e region am no acid sequence in SEQ I D NO 8 and the light chain
vari able region am no acid sequence in SEQiD NO 21; iii)- the heavy chain
vari able region am no acid sequence in SEQ m NO 63 or 64, and the |ight
chain variable region am no acid sequence in SEQ m NO 65;




iv) the heavy chain variable region am no acid sequence in SEQ m NO 66,
and the |light chain variable region am no acid sequence in SEQ )D NO 67;

v) the heavy chain variable region amno acid sequence in SEQ m NO 68, and
the Iight chain variable region amno acid sequence in SEQ ID NO 69; and
vi) the heavy chain variable region amno acid sequence in SEQ m NGO 70 and
the light chain variable region amno acid sequence in SEQ )D NGO 71. b)

bi nds the sane epitope as said referefite anti body or fragnent; and c) has a

bi ndi ng specificity that i bstantial ly the sane sai d reference
anti body or f&Hghénentibedy %@garﬁhﬁ%’&?”ér fihgq iemie %&Lén‘if?%ewﬁf claims 1,

2 and 4 to 7 dnagtoxia@¥Rahd Giav@iadéd b OD2SD Ssif Ndiadithe @ktirtibERERAGE anti body to
human CTLA-4, wherein the reference ant is antibody 4.1.1, 4.8.1,

> he r i body .1
6.1.1 or 11.2The ¥igldiohguifed Ght-md-1g6iranssd hetsen Odsimasdiss of FHO-dre 22, 24.
The anti body aggording to claim 22, wherein the antibody conprises a CDR
sequence identical to a CDR sequence of an antibody shown in Figure 22. 25.
The anti body or fragnment according to any one of clains 1, 2 and 4 to 7
conpri sing at Ieaiﬁ)onggzhﬂgbggggjlomjng: a) human FR1, FR2 and FR3
sequences encoded by a™hu -33 gene famly or said gene famly with
conservative substitutions, a single nonconservative substitution or both;
or 101 b) human ’I'f\@%cfllo. @Rt B3 %%@g&ﬁe&%%g&%e@ﬁel@whumn VX A7 gene
famly, or said gene fam Wth 'conser vatTve su stitutirons, a single
nonconservative substitution or both. 26. The anti body or fragnment of any

one of cl msmgI 'Iﬁpﬂ?ﬁp ﬁg@?%&h‘ﬁ'@ﬁ ﬂfﬂ]w o acid
sequence Zdonprlg'l ng eﬁ‘&ggA?ﬁf}gﬁ%% As*equence oy¥g?ﬁ?ﬁ ody 1@. 2.1 as
shown in Fi guEéCAATNMMGNELGFEDRSHRGESSSINQVIRLTIQHR AVMDTGAICEr f r agnent
according to GlLaj | ' r fragment binds to human,
cynonol ogous @rﬂ@%ﬁ%@%ﬁ}’@ﬁg@%ﬁ% he same on-rate and off rate.
28. A pharmaceutical conposition used in the treatnment of cancer,

i nfl ammati on or aut oi ity.copprising the antibody or fragnment according
to any one of clains 1%@—3&% UL And a phar maceutical |y acceptable
carrier. 29. A cell line that produces the anti body or fragnment accordi ng
to any one of cl ai |, 4t 027....30. i sql.ated.nucleic agid that encodes
t he heavy chain o el]%?geﬂlyﬁpé'ﬁgll?fn?ﬁe’ QﬂFﬁan?izgzéﬁS}ﬂ‘i?f“WaB@lrreﬁb ccording to
any one of clBichdroiethdngNBMOQ, Flofenyd Methdxyaghayl. OAllSeagintauwerei ¢ aci d. 31.
The isol ated nucl ei i,d accordi o cl.ai.m 30 operably_linked to an

expr essi on coﬁ‘l‘?&&?ﬁ g%g"fféﬂ%@“?é.wﬁgh%gtf% BYPE ¢ H°§ﬁ~ngﬁ%hé‘4<fg°g| ated

nﬁcl ei cI aci fj (q{enfiéagime_c-m-ﬁﬂ? résin, pgrs‘epmsme%@mmmﬁ-&@(m@nt conpri si Ing
the isolate cleic acid of clai r : in.t t eni ¢ manma
or plant pr Xl cter (ox YA L cYon At 1 body t hat
ol ant - 8 predenibE:Rachucon BIGE A O RUOKLCiRoLPEECEAT | body th

]EJI nds cyt OL m«magtﬁu)l-aﬂpmmc_ -6 m&)-ggnFMd@maea'f dc)-OH, moem,:sm)gl ][ldl ng ]
ragnent ther erejn sal i.body or fr nt _is selected fromthe
group consi st&%’gm\ﬁ). ‘%Pfeﬂ?‘ﬁé%é ﬁﬁgoﬁ“@u)@%ﬁﬂ@ﬁ&%& ?tiBé‘?'Qg! V#& heavy chain
vari abl e regiRed RAtHIS BihélaG@HIQRNEE didk chERptdchibp g@dpor 64, and further
conprising the light chain variable region am no acid sequence in SEQ >D

NO 65; b) the antibody or fragnent conprising the heavy chain variable
regi on amsyo acid sequpgfife Btntis@ 10 NO 66, and further conprising the
| ight chain variable region amno acid sequence in SEQ ID NO 67; c¢) the
anti body or fragnent conprising the heavy chain variable region amno acid

sequence in SEQ ”‘P@Hde%ﬂa@é_%dwfayg:f&ﬁm&gmri’e?fciﬂ%lﬁm@nedliﬁghrtetrdﬁ%@h” vari abl e
D NO 69; and | 02 Q)

region amno acid sequence in SEQ | ) t he anti body or
fragnent conp¥ithsfeadpack monitering i Bivhabserbaugs| ab 39 bt RetleimBlroeradpdel sequence in
SEQ ID NGO 7 t oS i i Al regi on am no
aci d sequenc(e)’slgﬁrh%iggdf)bh%&%&r%@&% %Eﬁ%éﬁé&n@%doc gr@?dgrllitl bi())ﬁd\?/ t hat bi nds
cyt ot oxi c30T |rgsip hsing canditiondlglonbld céu@lihgcypless dlorst ddutfle oenplihgs weroup

consi sting of; i 1 i e LS SEQ I D NG
63 or 64 wi ¢ TSRl BRIk 1313433000 IE o RICTRR SERRRL SR CD L0
sequence conypvithsd 5o Six@ure Bf NOM 616 THE dt thetcompletigmaf capleadylatien swigjence; b) a
heavy chain am no acid sequence conprising SEQ ID NO 66 w thout a signal
pepti de sequence and a light chain am no acid sequence conprising SEQ )D
NO 67 without a signal peptide sequence; c¢) a heavy chain amno acid
sequence conprising SEQ ID NO 68 w thout a signal peptide sequence and a
|l ight chain am no acid sequence conprising SEQ ID NO 69 w thout a signal
pepti de sequence; and



d) a heavy chain am no acid sequence conprising SEQID NO 70 and a |ight
chain am no acid sequence conprising SEQ ID NO 71 36. A human antigen

bi ndi ng fragnent that binds cytotoxic T |ynphocyte antigen 4 (CTLA-4)
conprising the Fab fragnent of the antibody selected fromthe group
consisting of: a) a heavy chain am no acid sequence conprising SEQ ID NO
63 or 64 without a signal peptide sequence and a |ight chain amno acid
sequence conprising SEQ ID NO 65 with®ut a signal peptide sequence; b) a
heavy chain am no acid sequence conprising SEQ ID NO 66 w thout a signal
pepti de sequerfekovepddby£apnigthef warrartad aminagronps with agelisrasbydrigapn Nofhg SEQ | D
NGO 67 w t houtg a:..S| t4 €,qL) Y, aj 1 aci d
sequence corrprpfezsgllnng’g%%%g1 %@%&}ﬁﬁ@%’fcﬁu@% csolﬁlé)ﬁﬁgpcgg{gi g% agx?qﬂli}gnce and a

| i ght chai n amémaindeignimgd docompletipn.i sPeptjdoERavape NOmM GBe wesithews a si gnal
pepti de seque Y y LN af i i sing SEQ
ID NO 70 and'f’ég?‘i“%ﬂﬁmﬁﬁé?eﬁgeiﬁkn%&%Fﬁal-s’?a%é’“ﬁ%ﬁﬁlg%%ﬁ'%?’?F%é“%%%ﬁ D NO 71.
37. A human nReptidecRentaran86:Di5a366t (220)bfon dhourgtontdd fing of résymyffvdiyge anti gen 4
(CTLA-4) or a ntigen~bi ndj na..fragment thereof selected fromthe group
consi sting of Hnggfﬁgeﬁgié‘égdpceﬁ%éeh vari abl e region am no acid sequence in
SEQ ID NO 3 and the light chain variable region am no acid sequence in SEQ

| D NO 16; 103 b) the, h qv chai.n variabl e region am no acid sequence in
SEQ B7 NO 8 and the I%@mﬂ e regi on anino acid sequence in SEQ
ID NO 21; c) the heavy chain variable region amno acid sequence in SEQ ID
NO 4 and the light_chajn variable regi am,no aci.d sequence in SEQ I D NO
17; and d)% he hea ?“%?I]Ié‘l“l‘?ts\firﬂ?ea%}l@ ‘?ﬂfg@%ﬁ% en%erﬁéisﬁcﬁ‘é“glq‘ﬂgﬂﬁeéw n SEQ )D
NO 3% andht he Gdaﬁfainemmommk,gmﬂt pﬁghwﬂdal;ﬁddcbvaﬂ& Qhﬁﬁﬁb!@:mioh@ SEQ ) D NG
14 . A human, nonoc ant i bo that hin toxic T cyte
antigen 4 (CT %Rpﬂge"ol?? g?’%ﬁr‘fﬂ“@‘é‘n g’inﬂ’d?‘ @8%3%@1{ g‘idhé‘?llé’a?) E’é\[@@fed fromthe
group consi st iGignidine FEO! /210082 YK P03 40 pHBE.4M@t aChH / SE6 UBAAB0 GaimAtes Si ng SEQ I D
NO 3 and a light chain grri no acj d sequence conpri_si nlg SEQ ID NO 16; b) a
heavy chai n afPhetiBgPdmk BaHoRt e 168 HFFIe Nprareslyzsd Moy loadmg d- 74l of ght chai n
am no aci dissequeiie caRMPNUBAGE LAkl RelNwhnidd with) MBS hedng BdFfet An@M no acid
sequence conprising SEQ >Z7 NO 4 without a signal peptide_ _sequence and a
light chain arfisiglizing wiaskgiehiheidver st PEatorgl sHOsDRgbons Zxbibitigut a si gnal
peptide sequengfecufd} waighB3Y Y2 WG, hisFHARA vafsué nRAIHRNGRIghP TRRdaAdsNY SEQ I D
NGO 1 wthout a signal peptide sequence and a |light chain am no acid

sequence conpivess prgledpepetier apd stored 440 Godhe eonhigpddtactienstweteansbgednce. 39. A

human nonocl orgl ' Lnds,,c ' ; niigen 4
(CTLA-4) or a%ag\?ir%g%gg?ﬂﬁ%flrb%m?érlgg?enﬁ%t @?dg ?C-Egle?e% ﬁ%rﬁ%%% e group
consi st i ngeoof :absybing) a 9P| migrpiten rsambipla giresn ProSorepearisidee) (zbsbrbed/ pntohai n ami no
aci d sequence psPh ki ﬁ:%i . %W%en?cﬂrg PR n . pbody 4.13.1
as shown in Figur eﬁlk}xﬁgﬁra\%)gan igSIEun hai n am’tno a(f:e?gg%gqge uglfém o%ér)i sing a
CDR1, CDR2 angefinmed srgudpphedoBiosystemsdi@). Xhg Sxpectad Neteowimali sequngair e 4; and

b) an anti bod n rd,Sd h L l i equence
conprising a wy%&aﬁyg&wgeﬁ%ﬁ&qo 3%@%@%9%&%32@ g1§§shom in
Figure 2 and é&hel pegtide wharaoguided byatbe BNI2 quitthumarc OFpARS (PlgrMingBiRl, CDR2 and

CDR3 sequepce Lof i.hody 4.14 3.as in Fi.qure 4. .40. man .
nonocl onaﬁ?an#’ b‘%)egarjy{’ taﬁaagmgéncﬁgtaal/%o§%8{1#\g&lm%§%ﬂ%%ﬁ%cegn’fli3(5@91 . (CTLA-4) or
an antigen bi MWCQ didlggdyibing bddigigiedagaipsti0IVNTFA / Hevy 48 fur19 daysL04 ami no

aci d sequence gonprising a CDRL, CDR2 _and sequence of antibody 1 1.2.1
as shown in F¥gr Hzlsangheacvffrgﬁf’nteﬂaioﬁ?%ﬁ#ﬁ sig bpg) vgaéam%#é@ze?o*ﬁp%i sing a
CDR1, CDR2 an@odidr3 sequence of antibody 11.2.1 as shown in Figure 5. 41. A
human nonocl onal anti body that binds cytotoxic T | ynphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof selected fromthe group
consisting of: a) an anti body or fragnent conprising the am no acid
sequence of the heavy chain CDRL through CDR3 of antibody 4.13.1 as shown
in Figure 2 and the ami no acid sequence of the light chain CDR through
CDR3 of antibody 4. 3.1 as shown in Figure 4; and b) an anti body" or
fragnent conprising the am no acid sequence of the heavy chain CDR through
CDR3 of antibody 4.14.3 as shown in Figure 2 and the am no acid sequence of
the light chain CDRI through CDR3 of antibody 4.14.3 as shown in Figure 4.
42. A human nonocl onal antibody that binds cytotoxic T |ynphocyte antigen 4
(CTLA-4) or an antigen binding fragnent thereof conprising the amno acid
sequence of the heavy chain CDRI through CDR3 of antibody 11.2.1 as shown
in Figure 2 and the am no acid sequence of the light chain CDRL through
CDR3 of antibody 11.2.1 as shown in Figure 5. 43. A human nonocl onal

anti body that binds cytotoxic T |ynphocyte antigen 4 (CTLA-4) or an antigen




44. A human nonocl onal antibody that binds cytotoxic T |ynphocyte antigen 4
(CTLA-4) or an antigen binding fragnment thereof conprising a heavy chain
am no aci d sequence conprising am no acid residues 1-89 of SEQ ID NO 9,
and further conprising a light chain am no acid sequence conprising SEQ ID
NO 22. 45. The anti body or fragnment according to claim10 or 11, wherein
the anti body or fragnent binds to human, cynonol ogous or nmarnoset CTLA-4
with about the same on-rate and off rdfe. 46. A pharmaceutical conposition
used in the treatnment of cancer, mflammtlon or autoi mmunity conpri sing
the antibody or fr@gnmemdf0.d! sfected winky CAR4-42013i ns 34 to 45 and a

phar maceutical ly acceptable carrier. 47 A ceI | Iine that produces the

anti body or fragnment according to any one of clains 34 to 45. 105 48. An
i sol ated nucl ei ¢ aEhedull frgtheiIdoidé sSDNAewmeROR awplified from humean thghes chai n of an

anti body or frﬁﬂxe%rag,cgﬁ%g&? &Fa%]%aﬁggd oo SIREEE 03 coraéhﬁ &r) a fragnment

of said nucl erc aci nucl ei acl cl aim 48
oper abl y | s nkexnttation aiff C&")Lmréslsit oesultomt lcmistlmemjedbwfaﬁé) .expke#smnt wae| |

conprising the. isol ated d of claim48 ar 49. 51 . .A transgenic
el or ol afitronsied Ege Mfielkef oflppesiy Shlbet tebhode; Whwidh 46707 %50
wher ei n the t tyassivge V201 toavatimk ighibis! IaMmgnbﬂmsade;ﬁmSﬁbt&lmAEBQiﬂma:i d. . ANL% A

LIS BRSPS e R s 15

. A% A. AFL. A 169: 744 151_(1997%% AMycoplashaFreAI0019 Anvfine Ayriphdta. ds Aef A A . A
2.
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acids, penicillin/streptomycin, 2mM glutamine, 12.5mM Hepes pH 7.5, and

25uM beta-mercaptoethanol.  Cells were electroporated (3x106/0.4ml serum
free RPMI) in a 1ml chamber with 20ug CTLA-4-Y201V/pIRESneo using
200V/1180uF (Gibco CellPorator). Cells were rested for 10 minutes and then
15  8mls of prewarmed complete RPMI media. At 48 hours cells were diluted to
0.5 x10%ml in complete RPMI media containing 1mg/ml G418 (Gibco).
Resistant cells were expanded and shown to express CTLA-4 on the cell surface
using the BNI3 antibody conjugated with phycoerythrin (PharMingen). High
level expressing cells were isolated by sterile sorting.
20
Immunization and hybridoma generation: XenoMouse mice (8 to 10
weeks old) were immunized (i) subcutaneously at the base of tails with 1x107
300.19 cells that were transfected to express CTLA-4 as described above,
resuspended in phosphate buffered saline (PBS) with complete Freund’s
25  adjuvant, or (ii) subcutaneously at the base of tail with (2) 10 pg the CTLA-4
fusion protein or (b) 10 ug 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 lymph node lymphocytes
30  from immunized mice were fused with the [murine non-secretory myeloma P3
cell line] and were subjected to HAT selection as previously described (Galfre,

G. and Milstein, C., “Preparation of monoclonal antibodies: strategies and
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In order to analyze structures of antibodies produced in accordance with
the invention, we cloned genes encoding the heavy and light chain fragments
out of the particular hybridoma. Gene cloning and sequencing was
accomplished as follows:

15 Poly(A)" mRNA was isolated from approximately 2 X 10° hybridoma
cells derived from immunized XenoMouse mice using a Fast-Track kit
(Invitrogen). The generation of random primed cDNA was followed by PCR.
Human Vy or human V family specific variable region primers (Marks et al.,
“Oligonucleotide primers for polymerase chain reaction amplification of human

20 immunoglobulin variable genes and design of family-specific oligonucleotide
probes.” Eur. J. Immunol. 21:985-991 (1991)) or a universal human Vy primer,
MG-30 (CAGGTGCAGCTGGAGCAGTCIGG) was used in conjunction with
primers specific for the human Cy2 constant region (MG-40d;
5'-“GCTGAGGGAGTAGAGTCCTGAGGA-3") or Cx constant region (hikP2;

25 as previously described in Green et al, 1994). Sequences of human
Mabs-derived heavy and kappa chain transcripts from hybridomas were
obtained by direct sequencing of PCR products generated from poly(A*) RNA
using the primers described above. PCR products were also cloned into pCRII
using a TA cloning kit (Invitrogen) and both strands were sequenced using

30 Prism dye-terminator sequencing kits and an ABI 377 sequencing machine. All

sequences were analyzed by alignments to the "V BASE sequence directory"
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TG-3') and to the stop codon of the IgG2 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’) and the stop codon of the kappa constant region (5'-
TTCTTTGATCAGAATTCTCACTAACACTCTCCCCTGTTGAAGC-3’).
The 012 cDNA was cloned by using a primer to the ATG start site (5°-
20 TCITCAAGCTTGCCCGGGCCCGCCACCATGGACATGAGGGTCCCCGC
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 CHI1/Hinge/CH2/CH3 regions. The
25 point mutation to generate Nhel site does not alter the amino acid sequence
from germline. The primer pairs were used to amplify the cDNAs using
Advantage High Fidelity PCR Kit (Clonetech). Sequence of the PCR was
obtained by direct sequencing using dye-terminator sequencing kits and an ABI
sequencing machine. The PCR product was cloned into pEE glutamine
30  synthetase mammalian expression vectors (Lonza) and three clones were
sequenced to confirm somatic mutations. For each clone, the sequence was

verified on both strands in at least three reactions. An aglycosylated 4.1.1
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without glycosylation exhibited identical specificity and affinity for CTLA4 in
the in vitro ELISA and BIAcore assays.

Gene Utilization Analysis

10
The following Table sets forth the gene utilization evidenced by selected

hybridoma clones of antibodies in accordance with the invention:
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Clone Heavy Chain - '| Kappa Light Chain
VH D JH k] VK JK
DIR4 or
411 | DP-50 | "o He L] A2 JK1
481 | DP-50 | 7-27 JH4e E| A27 JK4
414.3 | DP-50 | 7-27 JH4 B A27 JK3
"
611 | DPs0 | DROOT | yhg | A2 JK3
3.1.1 | DP-50 3-3 JH6 || 012 JK3
4.10.2 | DP-50 7-27 JH4 Bl A27 JK3
213 | DP-65 | 126 | JH6 | A10/A26 | JK4
4.13.1 | DP-50 | 7-27 JH4 E'|  A27 JK3
1121 | DP-50 | D1-26 | JH6 B[ 012 JK3
1161 | DPso | P22 | pm G o2 | ms
D3-22
11.7.1 | DP-50 orI;Zl- H4e £ o012 K3
D3-3 or
123.1.1 | DP-50 | ‘[op, | JTH6 ol Al7 K1
129.1,1 | DP-50 | D6-19 | JH4 F2| A3/A19 TK4
5-24
4.9.1 DP-47 and/or L5 JK1
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 also referred to as a Vy 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 Vi 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 distinct functional
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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 Application
Serial No. 08/759,620, filed December 3, 1996. Accordingly, to further
15 examine antibody 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 1)),
11.7.1 (Figure 1K), 12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M). In Figures
1A, 1B, and 1D, extended sequences of the antibodies 4.1.1, 4.8.1, and 6.1.1
were obtained by full length cloning of the cDNAs as described above. In such
25  Figures, the signal peptide sequence (or the bases encoding the same) are
indicated in bold and sequences utilized for the 5* PCR reaction are underlined.
Figure 2 provides a sequence alignment between the predicted heavy
chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,
4.10.2, 4.13.1, 11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the germline
30 DP-50 (3-33) amino acid sequence. Differences between the DP-50 germline

sequence and that of the sequence in the clones are indicated in bold. The
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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 antibody as
underlined.

Figure 4 provides a sequence alignment between the predicted kappa

10  light 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 germline A10/A26
amino acid sequence, Differences between the A10/A26 germline sequence and

25  that of the sequence in the clone are indicated in bold. The Figure also shows
the positions of the CDR1, CDR2, and CDR3 sequences of the antibody as
underlined.

Figure 7 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.3.1 and the germline A17

30  amino acid sequence. Differences between the A17 germline sequence and that

of the sequence in the clone are indicated in bold. The Figure also shows the
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underlined.
Figure 8 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.9.1 and the germline A3/A19
5 amino acid sequence. Differences between the A3/A19 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.
Figure 22 provides a series of additional nucleotide and amino acid

10  sequences of the following anti-CTLA-4 antibody chains:

s
P~
s

full length 4.1.1 heavy chain (¢cDNA 22(a), genomic 22(b), and
amino acid 22(c));
15 full length aglycosylated 4.1.1 heavy chain (cDNA 22(d) and
amino acid 22(e));
4.1.1 light chain (cDNA 22(f) and amino acid 22(g));

RS
=)
)

20 full length 4.8.1 heavy chain (cDNA 22(h) and amino acid 22(i));
4.8.1 light chain (¢cDNA 22(j) and amino acid 22(k));

6.1.1:
full length 6.1.1 heavy chain (cDNA 22(l) and amino acid
25 22(m));

6.1.1 light chain (¢cDNA 22(n) and amino acid 22(0));

JL21:
full length 11.2.1 heavy chain (cDNA 22(p) and amino acid
30 22(q)); and
11.2.1 light chain (cDNA 22 (r) and amino acid 22(s)).
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underlined. And, the mutations introduced to make the aglycosylated 4.1.1
heavy chain and the resulting change (N294Q) are shown in doble underline and
5  bold text (¢cDNA (Fig. 22(b) and amino acid (Fig. 22(c)).

EXAMELEQ
alvsis of Heavy and Light Chain Amino Acid Substitutions

10 In Figure 2, which provides a sequence alignment between the predicted
heavy chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1,
3.1.1, 410.2, 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.
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5  one or two residues in CDR1, 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
10  substitutions exist in close proximity to or within a CDR. Such substitutions
would appear to bear some effect upon the binding of the antibody to the
CTLA-4 molecule. Further, such substitutions could have significant effect
upon the affinity of the antibodies.

15 EXAMPLE S
inal Amino Aclid Sequen nal of Antibodies in Accordance

with the Invention

In order to further verify the composition and structure of the antibodies

20 in accordance with the invention identified above, we sequenccci certain of the

antibodies using a Perkin-Elmer sequencer. Both heavy and kappa light chains

of the antibodies were isolated and purified through use of preparative gel

electrophoresis and electroblotting techniques and thereafter directly sequenced

as described in Example 6. A majority of the heavy the heavy chain sequences

25  were blocked on their amino terminus. Therefore, such antibodies were first
treated with pyroglutamate aminopeptidase and thereafter sequenced.

The results from this experiment are shown in Figure 9. Figure 9 also
provides the molecular weight of the heavy and light chains as determined by
mass spectroscopy (MALDI).

30
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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, isoelectric focusing (IEF), SDS-
PAGE, size exclusion chromatography, FACS, mass spectroscopy (MALDI),

10 and light chain N-terminal sequences.

Generally, the data was generated as follows:
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 1mg/ml.

SDS-PAGE was performed using the Novex NuPAGE electrophoresis
system with a 10% NuPAGE gel and MES running buffer. Samples were
20 prepared by diluting 3:1 with 4x NuPAGE sample buffer (+/-)
beta-mercaptoethanol, heated and ~ 5 ug of protein was loaded onto the gel.
The gel was then stained with Brilliant Blue R staining solution (Sigma cat.# B-
6529) and molecular size estimates were made by comparing stained bands to
“Perfect Protein Markers” (Novagen cat# 69149-3).
25
For N-terminal 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 Biosystems 494 Procise HT Sequencer.
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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, Marseille, France) for 30 minutes at room
temperature. Cells were washed twice, then fixed, permeabilized (Fix and Perm,
Caltag), and stained for intracellular CTLA-4 expression with 10 ul anti-
CD152-PE (Pharmingen). Flow cytometry was performed using a Becton
Dickinson FACSort. Quadrants were set by analysis of relevant isotype control

20 antibodies (Caltag).

As was discussed above, anti-CTLA-4 antibodies have been
demonstrated to possess certain powerful immune modulation activities. The

25 following experiments were carried out in order to determine if antibodies in
accordance with the present invention possessed such activities. In general, the
experiments were designed to assess ability of the antibodies to inhibit the
interaction between CTLA-4 and B7 molecules, be selective as between CTLA-

4 and B7 molecules and CD28, and promote T cell cytokine production,

30 including, but not limited to IL-2 and/or IFN-y expression. Further,

examination of cross-reactivity of antibodies of the invention with certain
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10! EXAMPLE 7
tition ELISA: Inhibition o LA-4/B7-1 or B7- tion b
tibodies in Ac e 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
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:

Materials and Methods

3 nM B7.1-Ig(G1) or B7.2-Ig(G1) (Repligen, Inc. Needham, MA) in
Dulbecco’s PBS was coated on 96-well MaxiSorp plates (Nunc, Denmark,
#439454) and incubated at 4°C overnight. On day 2, B7-Ig was removed and
plates were blocked with 1% BSA plus 0.05% Tween-20 in D-PBS for two
hours. Plates were washed 3X with wash buffer (0.05% Tween-20 in D-PBS).
Antibody at appropriate test concentrations and CTLA-4-Ig(G4) (0.3 nM final
conc.) (Repligen, Inc. Needham, MA) were pre-mixed for 15 minutes and then
added to the B7-Ig coated plate (60 ul total volume) and incubated at RT for 1.5
hours. Plates were washed 3X and 50 pl of a 1 to 1000 dilution of HRP-labeled
mouse anti-human IgG4 antibody (Zymed, San Francisco, CA, #05-3820) was
added and incubated at RT for 1 hour. Plates were washed 3X and 50 ul TMB
Microwell peroxidase substrate (Kirkegaard & Perry, Gaithersburg, MD, #50-
76-04) was added and incubated at RT for 20 minutes, and then 50 pl IN H,SO4
was added to the plate. Plates were read at 450 nm using a Molecular Devices

plate reader (Sunnyvale, CA). All samples were tested in duplicate, Maximal
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5 The results from the assay are provided in Table IIIA and IIIB. In Table
IIIA, results are shown for a variety of antibodies in accordance with the
invention. In Table IIIB, results are shown comparing the 4.1.1 antibody of the

invention with the 11.2.1 antibody of the invention from a separate experiment.

10 TABLE ITIA
Clone Isotype CTLA4/B7.2 CTLA4/B7.1
CTLA-4-Ig Comp. ELISA Comp. ELISA
IC50 (nM) IC50 (nM)
CT3.1.1 IgG2 | 0.45£0.07 (n=3) ]0.63+0.10 (n=2)
CT4.1.1 IgG2 [ 0.38:+0.06 (m=5) | 0.50 0.05 (n=2)
CT4.8.1 IgG2 0.57 + 0.03 (n=3) 0.17 + 0.28 (n=2)
CT4.9.1 IgG2 | Non-competitive non-competitive
(n=3) (n=2)
CT4.10.2 I1gG2 1.50 £ 0.37 (n=3) 3.39+0.31 (n=2)
CT4.13.1 IgG2 [ 0.49+0.05(1n=3) |0.98+0.11 (n=2)
CT4.14.3 1gG2 0.69 + 0.11 (n=3) 1.04 + 0.15 (n=2)
CT6.1.1 19G2 0.39 £ 0,06 (n=3) 0.67 £ 0.07 (n=2)
15 TABLE IIIB
Clone Isotype CTLAA4/B7.2 CTLA4/B7.1
CTLA-4-Ig Comp. ELISA Comp, ELISA
IC50 (nM) IC50 (nM)
CT4.1.1 IgG2 | 0.55+0.08 (n=4) | 0.87+0.14 (n=2)
CT11.2.1 IgG2 [ 0.56+0.05 n=4) | 0.81+0.24 (n=2)
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experiments:
10  CTLA-4 Selectivity ELISA: Materials and Methods

A 96-well FluroNUNC plate (Nunc Cat No.475515) was platecoated
with four antigens: CTLA-4/Ig, CD44/Ig, CD28/lg, and B7.2/Ig (antigens
generated in-house). The antigens were platecoated overnight at +4°C at lug/ml

15 100ul/well in 0.1M sodium bicarbonate buffer, pH 9.6. The plate was then
washed with PBST (PBS + 0.1% Tween-20) three times using a NUNC plate
washer. The plate was blocked with PBST+0.5%BSA at 150 ul/well. The plate
was incubated at RT for 1 hour then washed with PBST three times. Next the
anti-CTLA-4 antibodies of the invention were diluted in block at 1 pug/ml and

20 were added to the plate. The plate was incubated at RT for 1 hour then washed
with PBST three times. The wells that contained the antibodies of the invention
were then treated with 100 pl/well anti-human IgG2-HRP (Southern Biotech
Cat No.9070-05) at a 1:4000 dilution in block. Also, one row was treated with
anti-human IgG (Jackson Cat No. 209-035-088) to normalize for platecoating,

25 This antibody was diluted to 1:5000 in block and added at 100 ul/well. Also,
one row was treated with anti-human CTLA-4-HRP (Pharmingen Cat No.
345815/Custom HRP conjugated) as a positive control. This antibody was used
at 0.05 ug/ml diluted in block. The plate was incubated at RT for 1 hour then
washed with PBST three times. LBA chemiluminescent substrate (Pierce) was

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,
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- EC2~}"SHE 10ial!us 0.05% Tween-20 in Dulbecco’s PBS and blocked for 30 minutes. Beads
were diluted 1 to 10 with blocking buffer and 25 pl of the coated beads were
10  added to 12x75 mm polypropylene tubes. All samples were tested in duplicate.
50 pl test antibody (1 pg/ml final concentration) or blocking buffer was added
to the tubes and incubated for 30 minutes on the Origen 1.5 Analyzer carousel
(IGEN International, Inc., Gaithersburg, MD) at RT, vortexing at 100 rpm. 25
pl of ruthenylated murine anti-human IgG1, IgG2 or IgG4 (Zymed, Inc. San
15 Francisco, CA #05-3300, 05-3500 and 05-3800) (final concentration of 3 pg/ml
in 100 pl total volume) was added to the tubes. Tubes were incubated for 30.
minutes at RT on the carousel vortexing at 100 rpm. 200 pl of Origen assay
buffer (IGEN 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 IVB.
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491 |1gG2 | >500:1 (n=2) | >500:1 (n=2) | >500:1 (n=3) | >500:1 (n=1) | >300:1 (n=1)
244:1 (n=1) 33:1 (n=1)

4.10.2 | 1gG2 >500:1 (n=3) >500:1 (n=3) | >500:1 (n=3) | >500:1 (n=1) >500:1 (n=1)

4.13.1 | IgG2 >500:1 (n=2) >500:1 (n=3) | >500:1 (n=3) [ >500:1 (n=1) >500:1 (n=2)
46:1 (n=1) 329:1 (n=1)

4.14.3 | IgG2 >500:1 (n=2) >500:1 (n=2) { >500:1 (n=2) | >413:1 (n=1) >234:1 (n=1)
80:1 (n=1) 10:1 (n=1) 126:1 (n=1)

6.1.1 1gG2 >500:1 (n=2) >500:1 (n=3) | >500:1 (n=3) | >500:1 (n=2) >500:1 (n=2)
52:1 (n=1)

5
TABLEIVB
Clone | Isotype { CTLA4/CD28 | CTLA4/B7.2 | CTLA4/IgG
ELISA ELISA ELISA
4.1.] 1gG2 >500:1 (n=3) >500:1 (n=2) [ >500:1 (n=3)
11.2.1 | IgG2 >500:1 (n=3) >500:1 (n=3) { >500:1 (n=3)
10
EXAMPLE 9
uman T-Cell Signal Mode
15

In order to further define the activity of antibodies in accordance with
the invention to act as immune regulators, we developed certain T-cell assays in

order to quantify the enhancement of T-cell IL-2 production upon blockade of
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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/ml and incubated at 37°C for 2 days. The cells were washed and

diluted in medium to 2x10° cells/ml. Raji cells (Burkitt lymphoma, Human

ATCC No.: CCL 86 Class II American Type Culture Collection Rockville, MD)

15  were treated with mitomycin C (Sigma St. Louis, MO, # M-4287) (25 pg/ml)

for one hour at 37°C. The Raji cells were washed 4X in PBS and resuspended

at 2x10° cells/ml. Human T cell blasts (5x10%/ml), Raji cells (5x10°/ml) and
anti-CTLA-4 antibodies or an isotyped-matched control antibody at various
concentrations were added to 96-well microtiter plates and the plates were

20  incubated at 37°C for 72 hours. Total volume per well was 200 pl. Seventy-

two hours post stimulation, the plates were spun down and supernatant removed

and frozen for later determination of IL-2 (Quantikine IL-2 ELISA kit, R&D

Systems, Minneapolis, MN, #D2050) and IFN-y (Quantikine IFN-g ELISA 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 pl of anti-CD80-PE (Becton Dickinson, San

30 Jose, CA) or anti-CD86-PE (Pharmingen, San Diego, CA) for 30 minutes at

room temperature. Cells were washed twice and resuspended in 1 ml FACS

buffer. Flow cytometry was performed using a Becton Dickinson FACSort.
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Figure 13 shows the concentration dependent enhancement of IFN-y

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

Figure 14 shows the mean enhancement of IL-2 production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blast/Raji
assay. It is interesting to consider that the mAb, CT4.9.1, binds to CTLA4 but

25  does not block B7 binding. Thus, simply binding to CTLA-4 is insufficient by
itself to provide a functional antibody of the invention.

Figure 15 shows the mean enhancement of IFN-y production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blast/Raji
assay.

30 Figure 19 shows a comparison between the 4.1.1 and 11.2.1 antibodies
of the invention at a concentration of 30pg/ml in the 72 hour T cell blast/Raji
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enhancement and range of enhancement of cytokine response in the Raji and

SEA assays of the invention, Each of the experiments included in the results
are based on antibody at a dose of 30 pg/ml and measured at 72 hours.

10  Numbers of donors used in the experiments as well as responses are shown.

TABLE IVC
Assay mAb | Cytokine Mean SEM Range n Donor
Enhancement Enhancement Response
pg/m pg/mi
T cell blast/Raji 4.1.1 IL-2 3329 408 0 to 8861 42 19 of 21
T cell blast/Raji 4.1.1 IFN-y 3630 980 | 6001013939 | 17 130f 13
T cell blast/Raji 11.2.1 IL-2 3509 488 369 to 6424 18 14 of 14
SEA (PBMC) 4.1.1 IL-2 2800 312 330to 6699 42 17 0f 17
SEA (PBMO) 11.2.1 IL-2 2438 366 147to 8360 | 25 150f 15
SEA 4.1.1 IL-2 6089 665 | -168t0 18417 | 46 150f17
(Whole Blood)
SEA 11.2.1 1L-2 6935 700 | -111t011803 | 25 120f 14
(Whole Blood)
15
EXAMPLE 10
uman T- ignal Mode
20 We developed a second cellular assay in order to quantify the

enhancement of T-cell IL-2 upregulation upon blockade of CTLA-4 signal with
the antibodies. The following materials and methods were utilized in

connection with the expeiments:
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20 EXAMPLE

Tumor d

We have established an animal tumor model for the in vivo analysis of
anti-murine-CTLA-4 antibodies in inhibiting tumor growth. In the model, a

25 murine fibrosarcoma tumor is grown and the animals are treated with anti-
murine-CTLA-4 antibodies. The materials and methods for establishment of

the model are provided below:

Materials and Methods
30
Female A/J mice (6-8 weeks old) were injected subcutaneously on the
dorsal side of the neck with 0.2 m! of SaIN tumor cells (1x10%) (Baskar 1995).
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15 invention that have been checked for cross-reactivity, none are cross-reactive
with murine CTLA-4.

EXAMPLE 12
Tumor Animal Model
20
In order to further investigate the activity of antibodies in accordance
with the invention, a xenograft SCID mouse model was designed to test the
eradication of established tumors and their derived metastases. In the model,
SCID mice are provided with grafted human T cells and are implanted with
25  patient-derived non-small cell lung cell (NSCL) or colorectal carcinoma (CC)
cells. Implantation is made into the gonadal fat pads of SCID mice. The
tumors are allowed to grow, and 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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said antibody inhibits human CTLA-4 binding to B7-1 with an ICsy lower than

about 0.50 nM and inhibits human CTLA-4 binding to B7-2 with an ICs, lower

than about 0.38 nM.

8. The antibody or fragment according to any one of claims 1, 2 and 4 to 7
comprising a light chain amino acid sequence selected from the group consisting

of: ,

a) the germline amino acid sequence of a human A27 Vk gene or said
germline sequence with at least 1 mutation;

b) the germline amino acid sequence of a human 012 Vk gene or said
germline sequence with at least 1 mutation;

c) the germline amino acid sequence of a human A10/A26 Vk gene or said
germline sequence with at least 1 mutation;

d) the germline amino acid sequence of a human A17 Vk gene or said
germline sequence with at least 1 mutation; and

€) the germline amino acid sequence of a human A3/A19 Vk gene or said
germline sequence with at least 1 mutation.

9. The antibody or fragment according to claim 8, wherein said germline amino acid

sequence of a human A27 Vx gene contains at least one mutation selected from
the group consisting of:

a) at least one amino acid in the CDR1 is deleted compared to the human
A27 Vk gene germline amino acid sequence;

b) the serine residue at position 6 in the germline CDR3 shown in Figure 4 of
the human Vk A27 gene has been replaced; and

c) the CDR1 contains at least one conservative or non-conservative amino
acid substitution compared to the human Vk A27 gene germline amino
acid sequence.

10.  The antibody or fragment according to any one of claims 1,2 and 4 to 9
comprising a light chain CDR1, CDR2 or CDR3 sequence of any antibody shown
in Figures 4 to 8.

11.  The antibody or fragment according to any one of claims 1, 2 and 4 to 10
comprising light chain CDR1, CDR2 and CDR3 sequences of an antibody shown
in Figures 4 to 8.
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NO: 8 and the light chain variable region amino acid sequence in
SEQ ID NO: 21;

i) the heavy chain variable region amino acid sequence in SEQ ID
NO: 63 or 64, and the light chain variable region amino acid
sequence in SEQ ID NO: 65;

1v) the heavy chain variable region amino acid sequence in SEQ ID

NO: 66, and the light chain variable region amino acid sequence in
SEQ ID NO: 67;

V) the heavy chain variable region amino acid sequence in SEQ ID

NO: 68, and the light chain variable region amino acid sequence in
SEQ ID NO: 69; and

vi) the heavy chain variable region amino acid sequence in SEQ ID
NO: 70 and the light chain variable region amino acid sequence in

SEQ ID NO: 71.
b) binds the same epitope as said reference antibody or fragment; and
c) has a binding specificity that is substantially the same as said reference
antibody or fragment.

23.  The antibody or fragment of any one of claims 1, 2 and 4 to 7 that competitively
inhibits binding of a reference antibody to human CTLA-4, wherein the reference
antibody is antibody 4.1.1, 4.8.1, 6.1.1 or 11.2.1 having the amino acid sequence
as shown in Figure 22.

24,  The antibody according to claim 22, wherein the antibody comprises a CDR
sequence identical to a CDR sequence of an antibody shown in Figure 22.

25.  The antibody or fragment according to any one of claims 1, 2 and 4 to 7
comprising at least one of the following:

a) human FR1, FR2 and FR3 sequences encoded by a human Vi 3-33 gene
family or said gene family with conservative substitutions, a single non-
conservative substitution or both; or
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b) human FR1, FR2 and FR3 sequences encoded by a human Vk A27 gene
family, or said gene family with conservative substitutions, a single non-
conservative substitution or both.

26.  The antibody or fragment of any one of claims 1, 2 and 4 to 7 that comprises a
heavy chain amino acid sequence comprising the FR1 through FR3 sequence of
antibody 11.2.1 as shown in Figure 2 with up to six mutations.

27.  The antibody or fragment according to claim 1, wherein the antibody or fragment

binds to human, cynomologous or marmoset CTLA-4 with about the same on-rate
and off-rate.

28. A pharmaceutical composition used in the treatment of cancer, inflammation or
autoimmunity comprising the antibody or fragment according to any one of
claims 1, 2 and 4 to 27 and a pharmaceutically acceptable carrier.

29. A cell line that produces the antibody or fragment according to any one of claims
1,2 and 4 to 27.

30.  Anisolated nucleic acid that encodes the heavy chain or the light chain of an
antibody or fragment according to any one of claims 1, 2 and 4 to 27, or a
fragment of said nucleic acid.

31.  The isolated nucleic acid according to claim 30 operably linked to an expression
control sequence.

32.  Ahost cell comprising the isolated nucleic acid of claim 30 or 31.

33. A transgenic mammal or plant comprising the isolated nucleic acid of claim 30 or
31, wherein the transgenic mammal or plant expresses said nucleic acid.

34, A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof, wherein said antibody or
fragment is selected from the group consisting of:

a) the antibody or fragment comprising the heavy chain variable region
amino acid sequence in SEQ ID NO: 63 or 64, and further comprising the
light chain variable region amino acid sequence in SEQ ID NO: 65;

b) the antibody or fragment comprising the heavy chain variable region
amino acid sequence in SEQ ID NO: 66, and further comprising the light
chain variable region amino acid sequence in SEQ ID NO: 67,

c) the antibody or fragment comprising the heavy chain variable region
amino acid sequence in SEQ ID NO: 68, and further comprising the light
chain variable region amino acid sequence in SEQ ID NO: 69; and
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b) a heavy chain amino acid sequence comprising SEQ ID NO: 66 without a
signal peptide sequence and a light chain amino acid sequence comprising

SEQ ID NO: 67 without a signal peptide sequence;

c) a heavy chain amino acid sequence comprising SEQ ID NO: 68 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 69 without a signal peptide sequence; and

d) a heavy chain amino acid sequence comprising SEQ ID NO: 70 and a light
chain amino acid sequence comprising SEQ ID NO: 71

36. A human antigen binding fragment that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) comprising the Fab fragment of the antibody selected from the group
consisting of:

a) a heavy chain amino acid sequence comprising SEQ ID NO: 63 or 64
without a signal peptide sequence and a light chain amino acid sequence
comprising SEQ ID NO: 65 without a signal peptide sequence;

b) a heavy chain amino acid sequence comprising SEQ ID NO: 66 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 67 without a signal peptide sequence;

) a heavy chain amino acid sequence comprising SEQ ID NO: 68 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 69 without a signal peptide sequence; and

d) a heavy chain amino acid sequence comprising SEQ ID NO: 70 and a light
chain amino acid sequence comprising SEQ ID NO: 71.

37. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof selected from the group
consisting of:

a) the heavy chain variable region amino acid sequence in SEQ ID NO: 3
and the light chain variable region amino acid sequence in SEQ ID NO:
16;
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17; and

d) the heavy chain variable region amino acid sequence in SEQ ID NO: 1
and the light chain variable region amino acid sequence in SEQ ID NO: 14

38. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof selected from the group
consisting of:

a) a heavy chain amino acid sequence comprising SEQ ID NO: 3 and a light
chain amino acid sequence comprising SEQ ID NO: 16;

b) a heavy chain amino acid sequence comprising SEQ ID NO: 8 and a light
chain amino acid sequence comprising SEQ ID NO: 21;

c) a heavy chain amino acid sequence comprising SEQ ID NO: 4 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 17 without a signal peptide sequence;

d) a heavy chain amino acid sequence comprising SEQ ID NO: 1 without a
signal peptide sequence and a light chain amino acid sequence comprising
SEQ ID NO: 14 without a signal peptide sequence.

39. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof selected from the group
consisting of:

a) an antibody or fragment comprising a heavy chain amino acid sequence
comprising a CDR1, CDR2 and CDR3 sequence of antibody 4.13.1 as
shown in Figure 2 and a light chain amino acid sequence comprising a
CDR1, CDR2 and CDR3 sequence of antibody 4.13.1 as shown in
Figure 4; and

b) an antibody or fragment comprising a heavy chain amino acid sequence
comprising a CDR1, CDR2 and CDR3 sequence of antibody 4.14.3 as
shown in Figure 2 and a light chain amino acid sequence comprising a
CDR1, CDR2 and CDR3 sequence of antibody 4.14.3 as shown in
Figure 4.

40. A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof comprising a heavy chain
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amino acid sequence comprising a CDR1, CDR2 and CDR3 sequence of antibody
11.2.1 as shown in Figure 2 and a light chain amino acid sequence comprising a
CDRI1, CDR2 and CDR3 sequence of antibody 11.2.1 as shown in Figure 5.

A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof selected from the group
consisting of:

a) an antibody or fragment comprising the amino acid sequence of the heavy
chain CDR1 through CDR3 of antibody 4.13.1 as shown in Figure 2 and
the amino acid sequence of the light chain CDR1 through CDR3 of
antibody 4.13.1 as shown in Figure 4; and

b) an antibody or fragment comprising the amino acid sequence of the heavy
chain CDR1 through CDR3 of antibody 4.14.3 as shown in Figure 2 and
the amino acid sequence of the light chain CDR1 through CDR3 of
antibody 4.14.3 as shown in Figure 4.

A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof comprising the amino acid
sequence of the heavy chain CDR1 through CDR3 of antibody 11.2.1 as shown in
Figure 2 and the amino acid sequence of the light chain CDR1 through CDR3 of
antibody 11.2.1 as shown in Figure 5.

A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof comprising a heavy chain
variable region amino acid sequence comprising amino acid residues 1-89 of SEQ
ID NO: 9, and further comprising the light chain variable region amino acid
sequence in SEQ ID NO: 22.

A human monoclonal antibody that binds cytotoxic T lymphocyte antigen 4
(CTLA-4) or an antigen binding fragment thereof comprising a heavy chain
amino acid sequence comprising amino acid residues 1-89 of SEQ ID NO: 9, and
further comprising a light chain amino acid sequence comprising SEQ ID NO: 22.

The antibody or fragment according to claim 10 or 11, wherein the antibody or
fragment binds to human, cynomologous or marmoset CTLA-4 with about the
same on-rate and off-rate.

A pharmaceutical composition used in the treatment of cancer, inflammation or
autoimmunity comprising the antibody or fragment according to any one of
claims 34 to 45 and a pharmaceutically acceptable carrier.

A cell line that produces the antibody or fragment according to any one of claims
34 to 45.



48.

49,

50.
51.

105
An isolated nucleic acid that encodes the heavy chain or the light chain of an
antibody or fragment according to any one of claims 34 to 45, or a fragment of
said nucleic acid.

The isolated nucleic acid according to claim 48 operably linked to an expression
control sequence.

A host cell comprising the isolated nucleic acid of claim 48 or 49.

A transgenic mammal or plant comprising the isolated nucleic acid of claim 48 or
49, wherein the transgenic mammal or plant expresses said nucleic acid.



