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1998, the disclosure of which i.s hereby incorpor mentirety
herein. 10 2. Summary of the Invention In accordance Wwig R+t he present
invention, there are provided fully hunan nonocl onal anti bodi es agai nst
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drugs. Both up-A®uedidhi SUiapRE. 6 e i nmune
system woul d belﬁgssrble. The (?%@2@??9&#@%% ?Qghéﬁgpcefﬁékﬁéﬁg been
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treatment. 111111112111194mmaryofdedavention11 | | 111111 *000002* 2

In accordance with the present invention, there are provided fully human

monoclonal antibodies against human cytotoxic T-lymphocyte antigen 4

15 (CTLA-4). Nucleotide sequences encoding and amino acid sequences
comprising heavy and light chain immunoglobulin molecules, particularly
contiguous heavy and light chain sequences spanning the complementarity
determining regions (CDRs), specifically from within FR1 and/or CDRI
through CDR3 and/or within FR4, are provided. " Further provided are

20  antibodies having similer binding properties and antibodies (or other

antagonists) having similar functionality as antibodies disclosed herein.

3. Background of the Technology

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

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

prevention and treatment.
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T cells possess very conplex systens for controlling their interactions.
Interactions between T cells utilize nunerous receptors and sol uble factors
for he process. Thus, what effect any particular signal may have on the
i mmune response generally varies and depends on the particular factors,
receptors and 5 counter-receptors that are involved in the pathway. The
pat hways for down- regul ating responses are as inportant as those required
for activation. Thymic education leadidg to T-cell tolerance is one
mechani sm for preventing an imune response to a particular antigen. O her
mechani sms, such as Tseds pessem venfcogwisprsgsteiy Br coitollingetbeir int@aaiosn known. 10
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host's i mune system t rans ng a nunber
of possi bl e T- (BAE) ki Berun baaiclesnunadl Res 14:189-99 (1995). EAE is an autoimmune

disorder, induced by Th1 cells directed against myelin antigens that provides an
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in vivo model for studying the role of B7-mediated costimulation in the

20  induction of a pathological immune response. Using a soluble fusion protein

ligand for the B7 receptors, as well as monoclonal antibodies specific for either

CD80 or CD86, Perrin et al. demonstrated that B7 costimulation plays a
prominent role in determining'clinical disease outcome in EAE.

The interaction between B7 and CD28 is one of several co-stimulatory

25  signaling pathways that appear to be sufficient to trigger the maturation and

proliferation of antigen specific T-cells. Lack of co-stimulation, and the

concomitant inadequacy of IL-2 production, prevent subsequent proliferation of

the T cell and induce a state of non-reactivity termed "anergy". A variety of

viruses and tumors may block T cell activation and proliferation, leading to

30 insufficient activity or non-reactivity of the host's immune system to the

infected or transformed cells. Among a number of possible T-cell disturbances,



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
medi atle anti -t unor i mmunity has been described in Chen et al. Cel
71:1093-1102 (1992) and Townsend and Allison 5 Science 259: 368 (1993).
Schwartz Cell 71:1065 (1992) reviews the role of CD28, CTLA-4, and B7 in
| L-2 production and i nmunot her apy. Fbrdipg et al. Nature 356:607-609
(1994) denonstrates that CD28 nediated signaling co- stinulates nurine T-

cells and prevents the jinduction.of aner i cell.clones. , See also U S.
atent Nos. 5. agipgygney b9 ghs; Bl keeRR P or e Lt or e ST R peal B .
Pat ent Appl i cat pahoghinis or MBoBkhid@4lkl, WO 95/ 01994, WO 95/ 03408, WO
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was initially estamilaes miind TecllSkhd\prevemstht indattiodMfiaflapy id T eell doskscl oned by
Brunet et al. ture 328:.267-27Q (19 .. .S t of a for | ecul es
that are prefer&fft iaZ’IOI ?%x P?E‘sgﬁoson?’@ﬁ]éﬁoxfﬁoﬂw% fﬁﬁhgﬁf@ n CTLA-4
was i dfant i fijed Bﬁ'dmﬁﬂoﬁﬂeﬂat&hOAhﬂiéaﬂiJiﬁmaf Mm(sj dﬁw04mrwa9sm1994|, aWO| Eur. J.
| mmunol . 18:1901- \%}? 2% e ' uman CTLA-4 nol ecul es
possess appr oxi éﬂ&i‘ﬁ%g )885 4@?Zlapd%5€(ﬁ%@8homl ogy and 25 approach
conpl ete sequence i d@Bini thy foregbifgi #t wast Ol 3BV TedRMRUIfed(MRY fypssash et al .
Eur. J. Immnol. 18:1901-1905 (1988)). -4 1 s a.menber of the
i munogl obul i n E‘F@ﬂi gﬂ’ﬁetp? é?ﬁ‘ﬂ% p6?se’%3¥"§t°gﬁk§\.}) é)l'fﬂs‘ al"[j"aélﬁﬁé?’d P&WF‘F‘_V“E s a group
of prot el( ?:)s tgaf(ffe&hﬁit?nK@)bffilﬁtbtlﬁfn%&l. Fﬁ%t thléﬁsifs th@tigé]egpeaiﬁmigxﬁtlol e (V) or
const ant omain of 1g nmoplecules. Menbers of _the Ig superfamly
i ncl ude, but!S ar 8en5Btedy ipferactions bebveer the ThRan &k beel MWE{?F@% maj or
hi st oconpat i bi | pieyentingippdptides dnMCAPC/ 88cndhereisla@antigenéndepbdentaighas | and
1), and TR m)lth?ltC is lmeeaiateﬁ by the interaction of CD28 with members of the B7 family B7-
1 (CD80) or B7-2 (CD86)). Exactly where CTLA-4 fit into the milieu of
immune responsiveness was initially evasive. Murine CTLA-4 was first
20  identified and cloned by Brunet et al. Nature 328:267-270 (1987), as part of a
quest for molecules that are preferentially expressed on cytotoxic T
lymphocytes. Human CTLA-4 was identified and cloned shortly thereafter by
Dariavach et al. Eur. J. Immunol. 18:1901-1905 (1988). The murine and human
CTLA-4 molecules possess approximately 76% overall sequence homology and
25  approach complete sequence identity in their cytoplasmic domains (Dariavach
et al. Eur. J Immunol. 18:1901-1905 (1988)). CTLA-4 is a member of the
immunoglobulin (Ig) superfamily of proteins. The Ig superfamily is a group of
proteins that share key structural features of either a variable (V) or constant (C)
domain of Ig molecules. Members of the Ig superfamily include, but are not
30 limited to, the immunoglobulins themselves, major histocompatibility complex
(MHC) class molecules (i.e., MHC class I and IT), and TCR molecules.



In 1991, Linsley et al. J. Exp. Med. 174:561-569 (1991), proposed that
CTLA-4 was a second receptor for B7. Simlarly, Harper et al. J |Immunol
147: 1037- 44 (1991) denonstrated that the CTLA-4 and CD28 nol ecul es are
closely related in both nouse and hunman as to sequence, nessage expression,
5 gene structure, and chronosomal |ocation. See also Balzano et al. Int J
Cancer Suppl 7:28-32 (1992). Further evidence of this role arose through
functional studies. For exanple, Lenschbw et al. Science 257:789-792
(1992) denonstrated that CTLA-4-1g induced | ong term survival of
pancreatic islet grlaflo8l, Iindeymanl. &t Exd. MeScl Hndd-526 21 BV T -9 s¢d her3)
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(1993). Sever al igkouwgewpetogoBA4.8] 9&i HEHi1Ve580¢1983)st Linsley eeakriendd i gand

interactions fog.L - [ 2 nd .even, pr ird B-7
25 conpl ex that E@b?ggég%zgg%%yeggmé&%g%nﬁ?s?lﬁggywv%gg:‘19@%@?3&%&%$e,
Hat hcock et al . CEEAencEIn26R eOil5/ Exp MadA)76:159£60%a(l 982) meparédcanghodies262: 907- 9

(L0920 oo STyl N SR CHIDS Bl P10,
US A 90:11182thet CT883) ,is anekpBosedswioh i GD28 om]activateic TNetiphogtesSarid USA
(1598) “who i scipbeateniiteyisfEd cel ARARR & Bovagich WIBI kpdBdh & 15, o
identical to th€elt8D70%UB{(48%) dewmonstwfed GBRAtheRy-1 tahérBF-DrogstinnigoBB 1 mAb
binds to a prot %iofgmﬂ!tss&ikt@r%kti;llryomiﬁakd the Th1/Th2 developmental pathways. Yi-
qun et al. Inz Immunol 8:37-44 (1996) demonstrated that there are differential
20 requirements for co-stimulatory signals from B7 family members by resting
versus recently activated memory T cells towards soluble recall antigens. See
also de Boer et al. Eur J Immunol 23:3120-5 (1993).
Several groups proposed alternative or distinct receptor/ligand
interactions for CTLA-4 as compared to CD28 and even proposed a third B-7
25  complex that was recognized by a BB1 antibody. See, for example, Hathcock et
al. Science 262:905-7 (1993), Freeman et al. Science 262:907-9 (1993),
Freeman et al. J Exp Med 178:2185-92 (1993), Lenschow et al. Proc Natl Acad
Sci U S A 90:11054-8 (1993), Razi-Wolf et al. Proc Natl Acad Sci U S A
90:11182-6 (1993), and Boussiotis et al. Proc Natl Acad Sci U S A 90:11059-63
30 (1993). But, see, Freeman et al. J Immunol 161:2708-15 (1998) who discuss
finding that BB1 antibody binds a molecule that is identical to the cell surface
form of CD74 and, therefore, the BB1 mAb binds to a protein distinct from B7-



5 1, 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 ygis of CD80 expression and function. Beginning in 1993 and
culmnating in 1995, investigators began to 5 further delineate the role
of CTLA-4 in T-cell stinulation. First, through the use of nonocl onal

anti bodi es agai nst CTLA-4, Walunas et al. Immunity 1:405- 13 (1994)

provi ded evidence that CTLA-4 can functi®on as a negative regulator of T
cell activation. Thereafter, Waterhouse et al. Science 270: 985-988 (1995)
denonstrat ed t hhtanditiye epitope ¢4 dsnt present @THA-BY- hpotemi| Abwsdthls asbrvatinast s wi t h
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cross-|inking ofurthéredetipgate e egie of CThd-hin Tlielgammwlamcmr aﬂm,tthmngh Wet er house

et al. conclud . re uI 0 el |
activation andeﬁgs%\??{ogg%E é%tﬁgﬁlgso %ﬁ@?}?ﬁl ymphoeyte ﬁ'é"r‘fﬁ%’s% ggé: In a
coment in the @a(rt@%)ssmédedmﬂdewnhamm mmfunSmneascaelegﬂm r%&t&% (1995),
di scussed the VKol BhNPHAER! RatcnBiedlS IDRSLIALYSss. g&% LA-4 acts

to down regul ate esponsi verness or fas a rnhi gnal i ng
role in T-cell deotonsteatddghatamek @évehtcfpm@'ﬁIt.A 4'Eicmmiula$¢d Rkell Blaswmith yp-3: 541- 7

(1995) al so,geng Iit@djfxc%hﬁbn%nﬂﬁ% ?d goL VymFg] sees an nst r.ﬂ[eebg?sggeﬂ]t such

mce rapidly dev era ase
| ymphocytic i rdlsol mﬁa:tarcednh\ecnme’ant,sbug aahésianue:tsl tcssue \and lampeart bf sdranl y severe

R e e
honeost asi s. Al ssropgliKrwiremestimudatel Ai:bug‘hotrheJr Exlp rédeptod, Sibwkv&r; Gltey( \11&95) further
LR ot A Tl S BB Bl Sl 5> ©
Jinvestigat eth trganm'iafleedlsthmf Witerhtmisadi aj@ohdudmlhaé\czrm actsassirepativéi ng hi ghly
Povel s of g7~ 2 S Bh T eal SpRtdion Qs NIBYTAL B LBl o RRIRERL 1 cel 1
proliferation, hemgostisiss lnrmcdmmmbm e ssame dssag, edlifop andtIénumotel Seigncei t h
270:932-933 (1995), discussed the work of Waterhouse et al. as demonstrative
that CTLA-4 acts to down regulate T-cell responsiveness or has an inhibitory
20  signaling role in T-cell activation and development. Tivol et al. Immunity 3:541-
7 (1995) also generated CTLA-4-deficient mice and demonstrated that such
mice rapidly develop lymphoproliferative disease with multiorgan lymphocytic
infiltration and tissue destruction, with particularly severe myocarditis and
pancreatitis. They concluded that CTLA-4 plays a key role in down-regulating
25 T cell activation and maintaining immunologic homeostasis. Also, Krummel
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
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



CTLA-4. Cross-linking of CTLA-4 together with the TCR and CD28 strongly 6
inhihits proliferation and IL-2 secretion by T cells. Finally, the results
showea that CD28 and CTLA-4 deliver opposing signals that appear to be
integrated by the T cell in determning the response to antigen. Thus,

t hey concluded that the outcone of T cell antigen receptor stinulation is
regul ated by CD28 5 costinmulatory signals, as well as inhibitory signals
derived from CTLA-4. See also Krunmel ef al. Int Immunol 8:519-23 (1996)
and U S. Patent No. 5,811,097 and International Patent Application No. WO
97/ 20574. A var imajtsproliferatian s dL-Zeseprtombn T sehnFmnalpahe sshitbowed f urt her

el uci dating the gl TLRN & sthg Fifbhis @R BRI 0 WellbaRe by 2 - I Bxp
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Also, Perrin et a | mmunol 1333-6 (1996), denpbnstrated that
anti - CTLA- 4 &nt ichstigtiudagory ﬁlge?(laeqs ivyedras ahibitory @E@I@e@ﬁﬁbﬁhﬁl(b’ﬁyﬁ‘q t5¢¢ ( EAE) ,

exacerbat ed the ,5easgnand ANIANGEH.LD dDIGLA (%) BheaRSe pRRACKGDAL i 0N vias

associ at ed wi t h “€Rhance pro uction hal i to_gfnl c cytoki nes
TNF- al pha, | FN- g9 aand Imgmztlorfﬁhmemtﬂmlycatlelbﬂ@l /20684 CTLA-4 regul ates

the intensity of the,ay gq gtg)ﬁgo “*"?;’g?, Fe tab1 elyuatddad fﬁrn;e{. ammat ory
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sufficient to ne
concluded that CTLA-4 regulates the intensity of the autoimmune response in

EAE, attenuating inflammatory cytokine production and clinical disease
manifestations. See also Hurwitz et al. J Neuroimmunol 73:57-62 (1997) and
20  Cepero et al. J Exp Med 188:199-204 (1998) (an anti-CTLA-4 hairpin ribozyme
that specifically abrogates CTLA-4 expression after gene transfer into a murine
T-cell model).
In addition, Blair et al. J Immunol 160:12-5 (1998) assessed ﬁe
functional effects of a panel of CTLA-4 monoclonal antibodies (mAbs) on
25  resting human CD4+ T cclis. Their results demonstrated that some CTLA-4
mAbs could inhibit proliferative responses of resting CD4+ cells and cell cycle
transition from GO to G1. The inhibitory effects of CTLA-4 were evident within
4 h, at a time when cell surface CTLA;4 expression remained undetectable.
Other CTLA-4 mAbs, however, had no detectable inhibitory effects, indicating
30 that binding of mAbs to CTLA-4 alone was not sufficient to mediate down-
regulation of T cell responses. Interestingly, while IL-2 production was shut off,
inhibitory anti-CTLA-4 mAbs permitted induction and expression of the cell |



regul ation of T cell responses. Interestingly, while IL-2 production was
shut off, inhibitory anti-CTLA-4 mAbs permtted i nduction and expression
of thé cell 7 survival gene bcl-X(L). Consistent with this observation,
cells remained viable and apoptosis was not detected after CTLA-4
ligation. In connection with anergy, Perez et al. Immunity 6:411-7 (1997)
denonstrated that the induction of T cell anergy was prevented by bl ocking
5 CTLA-4 and concl uded that the outcone df antigen recognition by T cells
is determned by the interaction of CD28 or CILA-4 on the T cells with BY
mol ecul es. Al sosurkiasl goas bilsX(B). Gansistgmapthvbi obgvationIelgrempdny yiableani ned t he
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sufficient to ctwought inhibitogmallLy-4 cdngnggneml durstgl andrg)s induotian) T neelinogeni ¢
one. 20 In qg nnProi }‘egartllf)ﬁm vtvaré nf eé,]_ cp jﬁll bﬁ?oélx Jgrentla 10n ‘]\}/Eﬁ)épnolyeqor%gtgd 183-7

(1997) denonst at an ant’i bo anced and
accel erat ed t heHoWwewelT ceIIm:umsed asfpolensenit cantlmcppoﬁterpmsgwcwé bbthd&+12i ensi s,

orm nat fon of B 401t adctEb Reihol i L BHIRE BeBRUPR Y |
161: 4153- 4160 (d@@s&mcmsax(emmmmm anrdaguan ajtigeh.nTheon nesolts suggesitedh cancer,

Kwon et al. PNA URA, 94:.8099- 1 199 | i nge 4murine
prostate cancer§l gwf pmcassexﬁ?ﬁqnaté"ge ?o Qe Hi%ﬁ(fn%g fsan%rdﬁy Ul gf ‘?o?gt‘ignt ended to
elicit an anti pemgemuwt odniceleadsgs pdxmk it trecabgity oﬁ"ﬁhelhcte(brdhf@retlel and

costimul ation: i) proviel Bupidtieakinatd R 99, RHicRTASLAL e

differentiation of T cells into Thl effector cells. The combination of IL-12 and
anti-CTLA-4 antibody was sufficient to convert a normally tolerogenic stimulus
to an immunogenic one.

20 In connection with infections, McCoy et al. J Exp Med 186:183-7 (1997)
demonstrated that anti-CTLA-4 antibodies greatly enhanced and accelerated the
T cell immune response to Nippostrongylus brasiliensis, resulting in a profound
reduction in adult worm numbers and early termination of parasite egg
production. See also Murphy et al. J. Immunol. 161:4153-4160 (1998)

25  (Leishmania donovani).

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



30 cancer cells transduced to express the B7.1 ligand and (ii) in vivo

anti body- nedi ated bl ockade of T cell CTLA-4, which prevents T cell

down- ﬂegul ation. It was denonstrated that in vivo anti body-nedi at ed

bl ockade of CTLA-4 8 enhanced antiprostate cancer immune responses. Al so,

Yang et al. Cancer Res 57:4036-41 (1997) investigated whether the bl ockade
of the CTLA-4 function |eads to enhancenent of antitunor T cell responses
at various stages of tunor growh. Based on in vitro and in vivo results

t hey found that CTLA-4 bl ockade 5 in tunor-bearing individuals enhanced the
capacity to genenhanced antipresidte carfergainjune respersess elso, Blangtehal. Expreedes on of

h h [ fef ; ) f wth i
Thoi r model - Fur CRe Ao i Epblen ol etk o AR B, hERAR 09151

(1998) i nvest i gkedscotenbangement af aiurodr B celll wepdnseyed vaiad stagest ofttumor r esponse
depends on T ce e Nt . i I Lhikity

cogpl ex/ anti genygggh\ivec%g&gén %Dqgtggﬁaggtkfvgxesg@ 1%57)' Eogréér]thg{ ﬁ?ﬂg%%é%adcs uch as

t he SML nmanmér yingamei-prsrag indeviduals gfiliaacedathg capaciprd igei@itdamtiturnoniitoalt her apy.
Thus, UArough Usg e, QUOLBALEAN Al Ghvndh PEQFKANS. 30 Y 3EE) Ne

consi sting of gr nufoty‘f AT op(hage coﬁnony-s{nigrrufaatl ng actor - eyxpr essi ng
SML cel | s, regr gsgs ofitunfor geavah iratheisodtl furthernwHervatrsat al Rtoc Nersdeade 15 t he

i nef fecti veness,aof,, gi tdie t. al one., Thi s conbi nation t herapy
osul ted in )oY SASEIoobTIE B QiR B EEncERR LR T AR 1) and
CD8(+) T cell santifhmorf resgdonsgsdepagdyeshed téihtreéSploA- dndapondnndey anijer at t he

| evel of a st-. derived. .anti n-pr.esenti cel | In.connection with
i apet o6, - LfachsSfongRbiAL ot RUSREE WaS of Cos neduG PR AT Gehal
ant i - CTLA- 4 mAbtumots) sich BCRiet SMh sgmsiniacy cantisenaypde rebictaly ab edtk€TLAL4 di f f er ent

t fdi . Thev found that t_of - the tjime wh
ot ential 1y o abnesbuee T 8 uBler SR PER e fin 6L & Lhigtiift st ovent -

i f engagenent is vpedim tcomsikting mfagmmtioayfe-hieophagee tslongstithwatidgu factogmai nNs
quite innocuoug fOr. hs,,. Lf nat, jinsulitis s nmuch re aggressive, and
Qi abetes 25 quPERRIPBRUIRTS re ok ebtr e S B at TR TRINTORE on.
Hor spool et 1al . thd ideffiietivehess d6€ither O&ihént @AE.8)hid @uibéhatibatheraply assultant | - CTLA- 4
mAb but not Fab, f e Lmany..h eto
0GI Al bet a_gal V\hntlﬁ%{ﬁg%ﬁmegﬁﬁ{l ﬁg% ST 9nd RépeRdea TR w6t EDAA) 3ha EBTRITS

cells. The findings suggested that CTLA-4 blockade acts at the level of a host-

derived antigen-presenting cell.
In connection with diabetes, Luhder et al. J Exp Med 187:427-32 (1998)
20  injected an anti-CTLA-4 mAb into a TCR transgenic mouse model of diabetes
at different stages of disease. They found that engagement of CTLA-4 at the
time when potentially diabetogenic T cells are first activated is a pivotal event;
if engagement is permitted, invasion of the islets occurs, but remains quite
innocuous for months. If not, insulitis is much more aggressive, and diabetes
25  quickly ensues.

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

30 T cell priming. Blockade of the ligands for CD28 and CTLA-4, CD80 (B7-1)
and CD86 (B7-2), revealed distinct and nonoverlapping function. Blockade of
CD8O0 at initial immunization completely abrogated primary and secondary Ab



recall responses, indicating CILA-4 activation inhibited Ab production but
not 30 T cell primng. Blockade of the Iigands for CD28 and CTLA-4, CD30
(B7-1)) and CD86 (B7-2), reveal ed distinct and nonoverl appi ng function.

Bl ockade of (CD80 at initial inmmunization conpletely abrogated prinmary and
secondary Ab 9 responses, whereas bl ockade of CD86 suppressed prinmary but
not secondary responses. Simultaneous bl ockade of CD80 + CDB86 was.|ess
effective at suppressing Ab responses than either al one. Enhancement of

costimul ation via cm%ectl on _of B7 ex ressing plasmds augnented CTL
responses but n§tPORIFSEVPEEHIAKade of SHRPEASSeS\iirtant: duofiot Hetondary Th2

skewi ng. These febpoeliedgSiraiIgaRst bl&:ﬁmel @%c@@é’ 1@"@53'6“ i 28,
CTLA-4, CD80, and CD36 |n T cell costinulation ﬁ%w’%g%zfﬁéﬁfel ag:t:Dac d

vacci nation. | rPURBRHEREADFSRANETS than Steraglene EP@@Wmt ofaskmuehtient vial . J din
Invest  101: 244GifEtibd 99 BY-ckprdfishgl maﬁua@meﬂmgin%@%é} @ [BOABI

rejection that 10 acceptance initial K depende e presence of
| FN- ganmm, CTLASSPonsgs,angmathqut eyidgnoe 0§ T 2iskewing. Thase firdifigAsupgest
anti - 1 FN- ganma dohfpidxOaridh@stinf RIQCR} om% @%m% aér%b Whi edeOlPE gphaft

rej ection, whereas anti-lL-4 mAb had no effedt. |Ih connection Wth the
rol e of CTLA-4 Sostiruptign following wivhas acihyaceipation. et 15 al . J Exp Med

188: 205- 10 (1998) ngmee(,g,{ TRt vating gene
2-det i o1 ant | Co28. w Loy eekony e ARl MR AT &, S b 2o

with an anti ger?oé%ﬁ?%é%l(ﬁ’égl favad in prmopsel mpdelepf skirf lakbcrgraibtrdjedtlymehat of ni ce
produced cylookidespAnd il depedt e dnl e bE3R0SE 1hleihh qUER Rl 484! S
t e of +/’fn‘+cellsvvas

| acki ng B7 expression. However, whereas respon
20 augnent ed byCR4s} Tneallst Addition 1ok anerILAtﬁ@rraesﬁﬂﬁsemufa mma tGDR8- /- T

cells was strgpatbybl lwgmsl%glgg} WIMI%WBPQL%%&B%’ VWR3Sreh ev%_ ILz‘mln;gnocl onal

anti body agai nst B? 1 or can po it T cell
activation in tRéffegbsence of CD28, indicating that ant agonl smof a

TCR- nedi at ed si gnal eff ct of
CTLA-4. Al SO, L?n etId ?Inn%%ﬁ% rgg%{%&ﬁ%%%&ﬂﬂ&h@k Stu ej ection
of heart al '|5ograhf~t' @‘PnMebZ]QBGQH@l @P8) ngeperated HFQI(&qt)anhmdxscmse

transpl anted i Rtgvaghd g@;@@gdeﬁclwdcbztsy\% -Bhe %ﬁz@@é‘d&‘ehﬁ,ﬂ ce “E‘]‘C% vl 2(b)) .

G aft rejection was del ayed in CD28-defrcient co
immunized with an antigen-expressing tumor. aned T cells from both types

of mice produced cytokines and proliferated in response to stimulator cells
lacking B7 expression. However, whereas the response of CD28+/+ T cells was
20 augmented by costimulation with B7-1, the response of the CD28-/- T cells was
strongly inhibited. This inhibition was reversed by monoclonal antibody against
B7-1 or CTLA-4. Thus, CTLA-4 can potently inhibit T cell activation in the
absence of CD28, indicating that antagonism of a TCR-mediated signal is
sufficient to explain the inhibitory effect of CTLA-4. Also, Lin et al. J Exp Med
25 188:199-204 (1998) studied rejection of heart allografts in CD28-deficient mice.
H-2(g) hearts were transplanted into allogeneic wild-type or CD28-deficient
mice (H-2(b)). Graft rejection was delayed in CD28-deficient compared with
wild-type mice. Treatment of wild-type recipients with CTLA-4-
immunoglobulin (Ig), or with anti-B7-1 plus anti-B7-2 mAbs significantly
30 prolonged allograft survival. In contrast, treatment of CD28-deficient mice with
CTLA-4-Ig, anti-B7-1 plus anti-B7-2 mAbs, or a blocking anti-CTLA-4 mAb

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



W ld-type mce. Treatnment of wild-type recipients with CTLA-4-

i mmunogl obulin (l1g), or with anti-B7-1 plus anti-B7-2 mAbs significantly 30
prol onged allograft survival. In contrast, treatnment of CD28-deficient mce
with CTLA-4-1g, anti-B7-1 plus anti-B7-2 mAbs, or a bl ocking anti-CTLA-4
mAb induced acceleration of allograft rejection. This increased rate of
graft rejection 10 was associated with nore severe nononucl ear cell
infiltration and enhanced |evels of IFN-gamma and IL-6 transcripts in
donor hearts of untreated wild-type and CTLA-4-1g- or anti-CTLA-4

mAb- t r eat ed CDRB-adsfciatidewith mioce sevEteumondniiglear el dnfikratioregnd enhangedr ol e of

through |1 gand®thia eramR apellb Rendibl bdorban O RERBTRRRAAE' 12 "o

i nhibitory rolasd |GTLtAh®Ig-@guhm-ﬂTM -bim/Adi-rengpdER28&-dgfeieni mire. Tissthe f urt her
xanpl e Al oqresufe PTG HRSS! By Sl bRy 85 BB CRINIR T Ut ace
CTLA-4 i s rsapipdéventi GD28 laaiwau@d;lHWghdfgamhyompqtmm rEvehan tieDalsewelcdvel s of

expressi on ge I e ted h el | concl uded that both
co28 and | L- Zr@%yb?nglf san1r9r1nb1Iorf o the Sredl rag%ﬁ of ﬂ)%aﬁor?_]e@ﬂ%p\_ 4

expression. In addlAﬂsoolfmﬂieheham:Itdnzamnnf efcrheaao;mtemdna@ﬁ OTLAf4 hzslLWecd appear ed
to be pri rrarll agf_ la%@’g‘/’j‘ |tsé‘[e tgpd.P%X;[m?nSollslSﬁ%l ?703?§§ n et al.

| nunol ogy 9(5n age N Cnosit U1 muno ol o anal yses
of the 15 exprpe«ams@lnmwsuﬁIteAG'nLAeﬂunggqsdlgdntbimalnzeg,ewmphnaiayoaptaerth&' cells,

whi ch were ositive, could be inpartant,to.l ne requl ation
Accor di ngl V eivg‘% gfxqr?}f‘ 310p BEICH qlgn‘(%teﬁ'i%@o hTe Pl Isurfatcﬁ CIR gppear s to
possess in i m’thmebome@pmmdvlémaplsy nhponmulotbs lne thdepiregiidtontod GdRed at e

Nor cover . it U e BB P A e S s B A R PG T A BpRE ST A 4t hat
can be utili maﬂl’y epulated bydussqad;esdacyltowlsu Alisop é:paat etaal nimmingtology i ons of the
anti bodi es F _DESCRI PTI ON NG Fl RES 25
Figure 1 provi ﬁ@ggg&j Qﬁ?@s nPft 1ot émglﬁaoqé:tsﬁ aﬁ & sg tU&nces of
heavy chai s ardpiesjpnacfl CThA-4c saggestedmhant @gimiball denterd] exils) whlch nwaecor dance

;VIC; h the i nverBIlL%nll posu;Ve CO(.le l%l“n%oxjté)c to lﬁmgmg're(gﬁfagw e 1B), 4.14.3 (Figure

Accordingly, in view of the broad and pivotal role that CTLA-4 appearé
to possess in immune responsiveness, it would be desirable to generate
antibodies to CTLA-4 that can be utilized effectively in immunotherapy.

20 Moreover, it would be desirable to generate antibodies against CTLA-4 that can
be utilized in chronic diseases in which repeat administrations of the antibodies

are required.

"BRIEF DESCRIPTION OF THE DRAWING FIGURES

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 1)), 11.7.1 (Figufe 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,



6.1.1 (Fi gure 1D, 3.1.1 (Figure 1E), 4.10.2 (Figure 1F), 2.1.3 (Figure
16, 13 1 (Figure 1H) 11.2.1 (Figure 11), 11.6.1 (Figure 13), 11.7.1
(Flg% 30 12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M. Figure 2
provi des a sequence al i gnrrent bet ween the predicted heavy chain am no acid
sequences fromthe clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1, 11 4.10.2,
4.13.1, 11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the germine
DP-50 (3-33) ami no acid sequence. Difféftences between the DP-50 gernline
sequence and that of the sequence in the clones are indicated in bold. The
Figure al so shéig2thitd.podiz.1,dis. 6fl1t7he 1ZBRILL, a@DR2.9.1ahdndCbRPBegwlipgences of 5
t he anti bodi es Lgur r ensls bet ween
the predicted Rg;?j?'%gﬁgmnggrgfilgﬁgqll%g‘%dogl{efggezﬁ%eb%gﬁ%{?%c %Fg'g%@%ﬁl%?es and the
germ i ne DP- 65sefjdende m)d tlannﬁdlea@q@neeequémmnemxfeﬂedlem@@ beldweBie t he DP- 65

m i h d
ol 0. The Fi gugus s stdbe Bhsiiolf SR CPRE Cnd M CBRe R .00 Cons”

sequences 0f Hheaarbbdlbmkyshakd under | | ned. Figure 4 provides a sequence

al i gnment between t redi cted ka ht .chain equence of
the clones 4.1.1, §”€3 L e Se@ nci ahﬁl%i t%’etweengl %dﬁt%ﬁ ﬁ%yt he
gernline A27 atﬂ‘iafixoarﬁﬁo dcxssqqm:meeof 1Bk thoee @nGeandbtae \g/amimbmi’ %5 (4A21) germl i ne
sequence and that of.

eq ce in. the c e| dlcatedln bol d. The
Figure al so shBHE°# F‘n’g Sﬁ%‘?f’?e anéler?)'fce? REVERR k’ % CE3 B uences of
the anti body athat.oTdled deqende in/pp alosetre dadi@tddan doldn ’ltHadﬁ@BRals.o diowscl ones
4.8.1, 4.14. 3,  and r e dndi e 5 V|des a
sequence " allf gnthe pes ‘B%‘lsvére © e pr %thagw%p%fqu%cﬁ ?Iuﬁ’[ h H ani no aci d
sequence of thendeti@ees 3.1.1, 11.2.1, 11.6.1, and 11. 7 1 and the germine

012 am no acid seqyence. Di fferences between the 01 er.nd sequence and
that of the sequendd®yh4mMavidss haranpnse 2 %‘?’8%‘%%8‘“% Mik I‘%gmt‘#} EBR3gure al so

shows the posi ngmaﬁaxmimhbacxﬁwpanMe cionds CDR34.84qdehBeG61. 1,04 1.2 anti body
S SNy T AT T T
germ i ne A1) AR$7 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

sequenees of the antibody as underlined. Apparent deletions in the CDR1s of

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
20  light chain amino acid sequence of the clones 3.1.1, 11.2.1, 11.6.1, an_d 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.
* The Figure also shows the pesitions of the CDR1, CDR2, and CDR3 sequences

of the antibody 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 CDRI1, CDR2, and CDR3 sequences of the antibody as

30  underlined.

Figure 7 provides a sequence alignment between the predicted kappa
light chain amino acid sequence of the clone 12.3.1 and the germline Al7



am no aci d sequence. Differences between the A1Q A26 gernline sequence and
that of the sequence in the clone are indicated in bold. The Figure also
shows ) the positions of the CDRl, CDR2, and CDR3 sequences of the antibody
as 30 underlined. Figure 7 provides a sequence alignnment between the
predi cted kappa |ight chain am no acid sequence of the clone 12.3.1 and
the germine AL7 12 amno acid sequence. Differences between the Al7
gernm i ne sequence and that of the sequéhce in the clone are indicated in
bol d. The Figure also shows the positions of the CDRI, CDR2, and CDR3
sequences of t rREianAGi®espenss. Diffetaedsibaeeben Blemlgweanl&epqunmohemdahaequence
al i gnment bet wegn t Q uence of
the clone 12.9.1 g%l%%?ﬁrecgg{e%%%gﬁgqulﬁii%&g%nq&%ag% ﬂg%rg alljsgnsé%ws %gfferences
bet ween t he A3/pestiogfefrithen&€DFdq PR andd CDRAasequdnceshef $l®qaxarb©éy|an the cl one
are indicated ipsbahds The Figure also shows the positions of the CDRI,
CDR2, and CDR3 sequences of the antibody as 10 underlined. Figure 9
provides a summary &igure Baronidrala seqiienoe atigrnese terwraete maiieedkapat hr ough
direct protein c ns of t nt i bodi es
Figure 10 pr OVIl egagdgf ugfﬂﬂ%ggds?@eng %l th%gl(rg%% %é]itlm%g" gﬁéﬁeabout
certain of the aaind dudsegyerica. Iaxﬁemndarh;evemum ANAL9 gmﬂmb@equeﬂda abd gur e 1OA

data related t nd 6.1.1 is
sunmmar i zed. Dat{?%%? at %% %eol%c%en%lé?l Fad (l)crz?l:Iéd i 8318 gr!‘? ?(‘,gufe %ffssﬁ’ﬂb's (1EF),

SDS- PAGE, si ze thes pegitieis o theh CORAL G@I?Qphr}d CDRG Lseguenbus asfath© giititpBy /asms S

spect r oscopy, mass spectroscopy (MALDI), |ight chain N-term nal
sequences | s prOV| déd: 20 Additional detailed information related to |EF is
provided in Figure lFlggB' Irpbetieda SllmnﬁBSoPAGErﬂlﬁalpﬁxﬁinbdﬂﬁh isequendeS, and SEC

f the 4.1.1 a ellsho ee Si on B7-1 and
g? 2 gn Raj i %L' Hgag&slfhh%ghgja *PETENE © e XB'E__!EE g Oépﬁure 12

shows t he conc@_npbqpltqson dependent enhancement of IL-2 25 production in the
T cell blast/Raji a%%%}/e idqgr%%%gs cl:3 a%ngddltxongl charalgter?zclrlfg mQOImatlon about
15  certain of the antibodies in accordance with the invention. In Figure 10A, 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.

Data related to éoncentration, isoelectric focusing (IEF), SDS-PAGE, size
exclusion chromatography, liquid chromatography/mass spectroscopy (LCMS),
mass spectroscopy (MALDI), light chain N-terminal sequences is provided.-

20  Additional detailed information related to IEF is provided in Figure 10B; related
to SDS-PAGE is provided in 10C; and SEC of the 4.1.1 antibody in 10D.

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

Figure 12 shows the concentration dependent enhancement of IL-2

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

Figure 13 shows the concentration dependent enhancement of IFN-y
production in the T cell blast/Raji assay induced by anti-CTLA-4 blocking
antibodies (BNI3, 4.1.1,4.8.1, and 6.1.1)(same donor T cells).

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

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



antibodies (BNI3, 4.1.1, 4.8.1, and 6.1.1). Figure 13 shows the
concentration dependent enhancenent of IFNy production in the T cell

bl astbRaj i assay induced by anti-CTLA-4 blocking antibodies (BNI3, 4.1.1,
4.8.1, and 6.1.1)(sanme donor T cells). 30 Figure 14 shows the nean
enhancement of IL-2 production in T cells from6 donors induced by
anti-CTLA-4 bl ocking antibodies in the T cell blast/Raji assay. 13 Figure
15 shows the nean enhancenent of IFN-y p¥oduction in T cells from6 donors
i nduced by anti-CTLA-4 bl ocking antibodies in the T cell blast/Raji assay.
Figure 16 shows the F@mn&:émntthd)mearunxarmmdmodfimm yiprodueBMGnf T o¢lls5 5

donors i nduced ock d at ,72._hoyrs after
stinmulation wi tfﬁ%é rs lﬁr} élcef7 SHOW r&w%ﬁ%gﬂlé ?‘Pgﬁ?g BF 1 fheoT e ﬁducti on in
whol e bl ood frmm/RaJdmabrs i nduced by anti-CTLA-4 bl ocking mAbs as neasured
at 72 and 96 hours _ afte atjon with t he

i nhi bition of tunor Fi w{%a’ow?%e %ﬂ‘{f‘f’ q‘rﬂfﬁhEgpm Rng é’ﬁ%&%o%‘if"%ﬁ a murine
fibrosarcomes t uivasrsrimbhetd by-argiiCELAS WHbakivg r@Abancaemtted f 71 houts pi@duct i on

i nduced by antls IrA4 a LS ROdI es (4.1.1 and 11.2.1) of the invention in a

}1&5 alonw g E

72 hour T bl ast Uper anti gen (whol e bl ood and peri pheral bl ood
mononucl ear cells led)gﬁéSl? :kﬁo\a@bOﬂharesl)ana:SS@YSf IR (Hibducdéh Fhansle disoa dependent

enhancenment of JL- roduct i LA4 anti es (4.1.1 and
T or e T AAPTOR e bAoA Hache mas wandBed B e 51 shows
dose dependent %ﬂh&ﬁ&ﬁﬁﬁﬂﬁnuﬁt)ohhﬂtBSﬁIAOdUCtl on 20 |nduced by anti-CTLA4

ant i bodi es f4.1.1a %é& x%lnvetlon m\gﬁ% hour, Superanti gen
whol e bl ood*%assay s f%‘r‘ﬁ"lé Wi ’fhﬁ BIUAY PR R P Yy MR AN 38figayrine oo

provi des a sericesBLm;aaﬁicﬂdyummhnﬁumrmrdodﬁtmr@dmno aCI d sequences of the
foll owi ng anti-CTLA 4 angbgsﬁg%%chal ns: full |ength 4 a,u heav chal n (cDNA

22(a), genomic 22( by 8%h enfgngemest Of \IL-% g qd“‘f%’ﬁg‘tn ced by dn
CTLAA4 antibodies (4.1.1 and 11.2.1) of the invention in a 72 hour T blast/Raji

and Superantigen (whole blood and peripheral blood mononuclear cells from 6
15  donors) assays.
Figure 20 shows dose dependent enhancement of IL-2 production
induced by anti-CTLA4 antibodies (4.1.1 and 11.2.1) of the invention in a 72
hour T blast/Raji assay. _
Figure 21 shows dose dependent enhancement of IL-2 production
20  induced by anti-CTLA4 antibodies (4.1.1 and 11.2.1) of the invention in a 72
hour Superantigen whole blood assay stimulated with 100 ng/ml superantigen.
Figure 22 provides a series of additional nucleotide and amino acid
sequences of the following anti-CTLA-4 antibody chains: full length 4.1.1
heavy chain (cDNA 22(a), genomic 22(b), and amino acid 22(c)), full length
25  aglycosylated 4.1.1 heavy chain (cDNA‘22(d) and amino acid 22(e)), 4.1.1 light
chain (cDNA 22(f) and amino acid 22(g)), full length 4.8.1 heavy chain (cDNA
22(h) and amino acid 22(i)), 4.8.1 light chain (cDNA 22(j) and amino acid
22(k)), full length 6.1.1 heavy chain (¢cDNA 22(l) and amino écid 22(m)), 6.1.1
light chain (¢cDNA 22(n) and amino acid 22(0)), full length 11.2.1 heavy chain
30 (cDNA 22(p) and amino acid 22(q)), and 11.2.1 light chain (cDNA 22 (r) and

amino acid 22(s)).



25 aglycosylated 4.1.1 heavy chain (cDNA 22(d) and am no acid 22(e)), 4.1.1
| ight. chain (cDNA 22(f) and amino acid 22(g)), full length 4.8.1 heavy
chain)(cDNA 22(h) and amno acid 22(i)), 4.8.1 light chain (cDNA 22(j) and
amno acid 22(k)), full length 6.1.1 heavy chain (cDNA 22(1) and am no
acid 22(m), 6.1.1 |light chain (cDNA 22(n) and am no acid 22(o0)), ful

|l ength 11.2.1 heavy chain 30 (cDNA 22(p) and amno acid 22(q)), and 11.2.1
light chain (cDNA 22 (r) and amino aci# 22(s)). 14 SUWARY OF THE

| N\VENTION I n accordance with a first aspect of the present invention, there

is provided an antibody that S¥MMAR¥BFEHBINVENRONNg CTLA-4, conprising a
heavy 5 chain variable region am no acid sequence that conprises a
conti guous am no acid sequence fromw thin an FRL sequence through an FR3

sequence that is eftoekondapge withuandinst \AsBec8 3f ftharipreyeny apeention tlhibratlscorrprl ses
at | east one Ofp $ided ﬁ%ﬂ%@%&l i$ uQﬁuetdftbhmg ¢LARe SR lxﬁegu‘feder es.

sequences, r amewor k sequences hown in |gure 2 I'n a pre
enbodi nent , 5t hechainivanabloregiondmieqerih seguensaiat sermprises e gortigtieussamiset ed from

NOva” SED 11D Nt i B5M it BOFRY spogRe {ellEh & ERY 2ol i 53 1 0
SEQ I D NO 11, SE@dedby mbuman VEEGS FmiNQens andSEe comphi®s 68 leagpae thNO 64, SEQ

D10 65, S50, kIR Bm@iSRO DR Lang! Raseprlgitad rod ront

t he antibody 1 er conprises a n vari a egl oh am no acid
sequence corrpni'mmeg/orlasegma@rsbmmllhmea br prefetred gmimdpnentyibé minng of a

No 17, SE0 I B HERg s PR 8 Mool b die é@&%%ﬁ@% D

% gg gEg I 20 IRNQ3, SBEQ IND:NSEXAID EEQ SBQNDTQ?4 SE@IDMQJGI&IBQHSES”LGD ith
a second aspectl\II Pl\%gz%r@ggn%& nvent| on, Iﬁ?ﬁr@elof Sﬁ@nrgaoded‘%z}zﬁgntl body
conprising a hé‘&Q}IZ,cSEsQIDaIﬂ 1 SEQIIR M@é&e‘%&&mm SEQFI@ 96 SEQIC | and a
light chain Varxb;}E’Jt)hl ,r o F@‘ijtﬁo%qlfz?g&o‘?herﬁ%@{eh%mﬂ &%ﬁ? {hgaklﬁ%adé“ 25 1In

accordance with of 'the pres inven ere
15  further comprises a light chain variable region amino acid sequence comprising

a sequence selected from the group consisting of a sequence comprising SEQ
ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18,
SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:65, SEQ

20 ID NO:67, SEQ ID NO:69, and SEQ ID NO:71.

In accordance with a second aspect of the present invention, there is
provided an antibody comprising a heavy chain amino acid sequence
comprising SEQ ID NO:1 and a light chain variable amino acid sequence
comprising SEQ ID NO:14.

25 In accordance with a third aspect of the present invention, there is
provided an antibody comprising a heavy chain amino acid sequence
comprising SEQ ID NO:2 and a light chain variable amino acid sequence
comprising SEQ ID NO:15.

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

30 provided an antibody comprising a heavy chain amino acid sequence
comprising SEQ ID NO:4 and a light chain variable amino acid sequence
comprising SEQ ID NO:17.



provi ded an anti body conprising a heavy chain am no acid sequence
conprising SEQ ID NO 2 and a light chain variable am no acid sequence
conpri)sing SEQ I D NO 15. In accordance with a fourth aspect of the present
invention, there is 30 provided an antibody conprising a heavy chain anino
acid sequence conprising SEQID NGO 4 and a |light chain variable am no acid
sequence conprising SEQID NGO 17. 15 1In accordance with a fifth aspect of
the present invention, there is providéd an isol ated human nonocl onal

anti body that is capabl e of binding to CTLA-4. In a preferred enbodi ment,
antibody i s capabl & @fcosdmnpremitha fidih aspeaydifrhe wrestnt GFvemtion.vihers ian ant i body

sel ected from r 0. 2,
4.13.1, 4. 14. 3‘“‘2‘*‘% a%q%ﬁggﬁ&’ﬁg”lfﬁg%& °n§l1%“% d%théé}?pfbfl& °$bi'"d 1%. 9.1.1. In
anot her pref erCEdA-énblod m@edtehéomnb@dgqumssem@s of combtsngafvtri ally

o oup. cons st 1SS gh FTAL Ve Gh it s iRe SRph QRS BfieRe S1OT || 1°

11.2.1, 11 6.311.1,141.1,.48.1, 10102, 3.18,1, 41431619, 11.2], 11s6.bnldiMerl2g3rlek, er r ed

enbodi nent, t 1 bed g g of 3.1.1,
S0 e 1, e alt R i jRERLL bR, fediBef Ankals 99,

12.3. 1. 1, and sﬁﬁst&tlall)&smﬂﬂtandmtg‘ﬁe=61ﬁ@ty€b@rTLéd4 srﬂn@dilbmimseleqtfhiefrtantl body is
The Tower mamilt Eau Sdebtdr 2ot 8T, WA DRI Rt B AR ST TR Y
preferably rmulslé land. 7r1at12 3int, aambtlﬁé’rl br éf enatead plﬁ;:md)gdbmm thhe anti body
IS cross reactj i e |y ot4h r4 mat es
conpri se C;F/()nom)}{@odyI S Qel%%géﬂs&lggﬁﬁ% &%l a?lfp{ ﬁfl E?qf }eﬂfgelr’ (rae@ 2lérrbodl ment ,

t he anti body pokskddds, &.1sigllélili V.64, ib? I,OIZ_ZAM, zmdelr29K:D281 ai®thep, CD44, and
hl gGL of greater Q I greater.

I n anot her pré)rreequctbge bab%l#%n ]tggtaghbt%ag % ?&r”%t}a l?érilg"t?{l} %f[f’ (Jafm% ant i body
is ?Eout 10;‘9 lwgrmgnmaitaarspwmt]ﬁ'ﬂ&f@l)aﬂhbgommhmnm_ ﬂmﬂﬁpd\diesrcoxgpn?s er. lC'rI]'LA
anot her preferre [ e_an i nhi s..bin en -
and B7-2 with BH® ?é)}gmgf cl)tv\%‘fl“f%eﬁre%eﬁ%?ﬁ%i‘bsﬁan aE pr Eei'\gegra%?ry | ower than
about 0. 3815nMenibadiarzot, tbe aptilefdgr is ectossniradiveewith Gm-&nﬁbmopkynatcml bits

bi ndi ng ~ bet wegry, GRL A 4, ANGh B fridbich Horlgd 530 Besul WihlkeyN B RRRPL 100 nM or

greater

preferred embodiment, the antibody possesses a selectivity for CTLA-4 over
CD28, B7-2, CD44, and higG1 of greater than about 100:1 and preferably about
500:1 or greater. In another preferred embodiment, the binding affinity of the
20  antibody is about 10° M or greater and preferably about 10 M or greater. In
another preferred embodiment, the antibody inhibits binding between CTLA-4
and B7-2 with an ICsq of lower than about 100 nM and preferably lower than
about 0.38 nM. In another préfcned embodiment, the antibody inhibits b'inding
between CTLA-4 and B7-1 with an ICsp of lower than about 100 nM or greater
25 and preferably lower than about 0.50 nM. In another preferred embodiment, the
antibody enhances IL-2 production in a T cell blast/Raji assay by about 500
pg/ml or greater and pfeferably by about 3846 pg/ml or greater. In another
preferred embodiment, the antibody enhances IFN-y production in a T cell
blast/Raji assay by'about 500 pg/ml or greater and preferably by about 1233
30 pg/ml or greater. In another preferred embodiment, the antibody enhances IL-2
production in a hPBMC or whole blood superantigen assay by about 500 pg/ml
or greater. In another preferred embodiment, the antibody enhances IL-2



25 and preferably | ower than about 0.50 nM In another preferred
enmbodi_ment, the antibody enhances IL-2 production in a T cell blast/Raji
assay )by about 500 pg/m or greater and preferably by about 3846 pg/m or
greater. In another preferred enbodi nent, the antibody enhances 1FN vy
production in a T cell Dblast/Raji assay by about 500 pg/m or greater and
preferably by about 1233 30 pg/m or greater. In another preferred

enbodi ment, the antibody enhances IL-216production in a hPBMC or whol e

bl ood superanti gen assay by about 500 pg/m or greater. In another
preferred embogtodeetion intdiePBMC iobwitiyle bivod mepesantifenzasd#y bymboufd0ipgmli n a hPBMC

or whol e bl ood suggra@ la&eg&/@?o{ eat}gr out O%ag% Ui 309 prem% ny 1500

pg/ M or great%rr &h-aBoe Yo Of prefera orelative
to control. Immmxdamammlth a sixth aspect of the present |nventi on,

there is 5 provided a h ITB.I’II zed ank‘ bOdtcétht%t osstess/eli 'Eshbstantl aIIy
simlar binding s c?lc?cir £S5 "9 TR 4°P§ BBV VLR B T 15r om t he
group consi st ipgviedd a Burhanlzed4anfibddy #atSpolsesses 2GuBstandiallB silnilad bibding, 6. 1. 1,

11.2.1, 11.6.1, 1 f d enbodi t,
the anti body i%’eﬂéflwc?ogtg’?%a‘&Wé“r&’nog)hsgif%Aﬁ%nf‘*’%ﬁm \répgrre | i a(r)1 e

speci es, prefesah)lzyuhesllommz mmmamlan &o 1spezuesl &bl sa.3muyse, rat,
and rabbit and feraElégBrt r at anot herﬁ&r eferred. tgrrbodi ment ,

d
t he anti body |3§1 8sls ﬁd‘@ﬁ‘fﬁ\thﬁa‘?tfb(? 154101 QPR 2CUSF &'8r abl y t he

primat es conprcmmyﬂaﬁolbgexummllmewses n’pﬂ&i?eeab&y thel lbv&lﬂchhﬁihaltmef erred
enbodi nent, the anti bod possesses ect AE}4 over CD28,
B7-2, CD440 arfeHfgtemmresyatrefty Wgrfgtﬂ Eﬁ ?Pl)ér%?“i%a'b Her'fol y about
500:1 or gr eat@bmeﬂp"tetaﬁai éiﬁﬁodpﬁ@t emd@dbmybodbmedcuvéhﬁhcbmnm figmaf finity of

t he anti body is. about é‘f ? M or, reat er . and fer abl habout 10-10 M or
greater. |n anfSimalss: Preterably (g ORI comprise C?'?n %‘f‘i%‘Bﬁ% FEhPEIEEYS bi ndi ng
bet ween CTLA- 4magfdthdr pe fwadhezalsbdhxﬁm e ixmmcry bb@ét;sedJ@UielelﬂﬂtynMr and

D0 ant | body. %T%q?%ﬁ B88% P 2B, 408 At S 000 HHTRROD! | e
t han abouis 10QeehbRral@ueddenr angrepeef Qﬁail_ﬂbtjﬁeﬂ pwneahaﬂboa!hﬂuﬁ &350 nM In
o o SR SRR bRl SRR ) " T
about 3846 10"° M or greater. In another preferred embodiment, the antibody inhibits
binding between CTLA-4 and B7-2 with an ICso of lower than about 100 nM
and preferably lower than about 0.38 nM. In another preferred embodiment, the
20  antibody inhibits binding between CTLA-4 and B7-1 with an ICsq of lower than
about 100 nM or greater and preferably lower than about 0.50 nM. In another
preferred embodiment, the antibody enhances IL-2 production in a T cell
blast/Raji assay by about 500 pg/ml or greater and -prc'ferably by about 3846
pg/ml or greater. In another preferred embodiment, the antibody enhances IFN-
25 ¥ production in a T cell blast/Raji assay. by about 500 pg/ml or greater and
preferably by about 1233 pg/ml or greater. In another preferred embodiment,
the antibody induces IL-2 production in a hPBMC or whole blood superantigen
assay by about 500 pg/ml or greater. In another preferred embodiment, the
antibody enhances IL-2 production in a hPBMC or whole blood superantigen
30 assay by about 500 pg/ml or preferably 1500 pg/ml or greater or by greater than
about 30% or preferably 50% relative to control.



pg/mM or greater. In another preferred enbodi nent, the anti body enhances
|FN 25 y production in a T cell blast/Raji assay by about 500 pg/m or

gr eat er " and preferably by about 1233 pg/m or greater. In another
preferred enbodi nent, the antibody induces IL-2 production in a hPBMC or
whol e bl ood superantigen assay by about 500 pg/m or greater. In another
preferred enbodi nent, the antibody enhances IL-2 production in a hPBMC or
whol e bl ood superantigen 30 assay by abdut 500 pg/m or preferably 1500
pg/mM or greater or by greater than about 30% or preferably 50%rel ative
to control. 17 In decesoidanee With tahsezentie gepretiof b pretend inventeonp therseint

i nvention, therge i; i i ha j. t -4 nprising a
heavy chain am [ﬁg{qﬁ%dg?g%{s%g%eﬁlgte&gé)gn%%él3’ %°l?%“ﬁﬂ§§1@ag$é‘“aﬁ8ﬁgm
sequences encodasii $ppuence pempnsingHhumag FRJeRB2 faadiFRY sopuenesslepcddedhked in frame

with a CDRL, a {di2. v23: g;)ﬁg - QﬂﬁEFCDm
sequences being md‘é”p%%g r?t?ﬁy S I%ggggqﬁ%dm&{%a%?%? and ’CDR3
sequences i |9 usandag edDRp nsediepge.ethg. CPR1a (IR eande @DBADordiersest beinpe ant i body
of Caim32, fu LS S i i t he FR1,
Fro, and PR3 sedanien® SRt ARCT, Lo antne Sbdkiaihole 12 i
an ei ght h aspecin igueRe pr epeeferrddnerabadimant, thh@ntibody of §Haimi e dudirerant i body
that binds to = Sl [ ' i ce

conpri sing hune "L e ERDE! 8 O HERIk (TR FRATERS 0758 AN, | o
gene fam |y opessalisyrated md&gured. frane with a CDRl, a CDR2, and a CDR3
sequence, [ ch anti al i prQperties: .. ingding 15
affinity f\(l)\/?d CTLA- 4 I@% 9%6%3‘?6 &’gﬁgﬁx oel#éhgl\rMaegg cetrc%fqﬁenéﬁte’fs f‘s‘”%?“%éh %ﬁ&glét ween
CTLA-4 and B7-provid¢danamtib@h0thet biadrotot CTIVO-4nddnpprising wehreavy cthaiinbartiso bi ndi ng
bet ween CTLA-4 7- Lth.an | f out 0_nM or | ower. and
enhances cytokﬁcﬁggﬂgga%(C:%I(S)r%“}gnrhuén%g:gga)};ﬁgfmﬂlfr#grfe eléceels‘lexswogg({ 3306 pg/ m or
greater. |n accomtaribe338 tghneafamilytoperablp dinkedoin frdme wittes €MR 1, avGR3,0n, there
is 20 provided ADkA . D] LA~4. . conprising, .a.heavy chain
amno acid seqahng%ce c%%'%g%(%%’@l%{?g%}?“%dé i’—l%mgg%grt\’gsésg%lﬁ%l? bly Iinked
in frame wit h &fiGDBRYy CILEEREE abantd 03 oCpR3tes duhissdindinplepeced €1llAr4 sel ect ed

fromthe CORL, £BR%.; 3t GPRS, SLUHERTEE nk bH et kbl b8y eiv@nand 3.
CTLA-4 and B7-2 with an ICsy of about 100 nM or lower; and enhances

cytokine production in an assay of human T cells by 500 pg/ml or greater.

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

20 provided an antibody that binds to CTLA-4, comprising a fxeavy chain amino

acid sequence comprising FR1, FR2, and FR3 sequences operably linked in

frame with a CDR1, a CDR2, and a CDR3 sequence independently selected

from the CDR1, CDR2, and CDR3 sequences illustrated in Figures 2 and 3,

which antibody has the following properties: a binding affinity for CTLA-4 of

25 about 10® or greater; inhibits binding between CTLA-4 and B7-1 with an ICso

of about 100 nM or lower; inhibits binding between CTLA-4 and B7-2 with an

ICsp of about 100 nM or lower; and enhances cytokine production in an assay of
human T cells by 500 pg/ml or greater.

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

30 provided a cell culture system for assaying T cell stimulation, comprising a

culture of human T cell blasts co-cultured with a Raji cell line. In a preferred

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



whi ch anti body has the followi ng properties: a binding affinity for CILA-4
of 25 about 10-9 or greater; inhibits binding between CTLA-4 and B7-1 with
an 1C90 of about 100 nM or |ower: inhibits bindi ng between CTLA-4 and B7-2
with an |C50 of about 100 nM or |ower; and enhances cytokine production in
an assay of human T cells by 500 pg/m or greater. In accordance with a
tenth aspect of the present invention, there is 30 provided a cell culture
system for assaying T cell stinulation,'conmprising a culture of human T
cell blasts co-cultyred with a Raji cell line. In a preferred enbodinent, -
the T cell blasts are? gﬁ&a“ﬁ%a&rd%ﬂ%&mﬁwﬂm pIgsenhmvRetjon, thetelis| j ne. 18

In accordance pidvileannekgy a6t heaSRRET Rfl sﬁﬂﬁlaﬁéﬁ%ﬁﬁbdii%e. fdvRfing S here is
provi ded an aSSﬁkazg measur I rising:” providing a

lncheII stimulation, co (
cul ture of hunf umag getl dlagig gndya Raji pellclinie; cantagting he peltuee Wilyan he cul ture

with an agent agaafdndBRSMAhNEERAOLNR B BAMUE LhiRR, DY the culture. 5 In
accordance with an fwelfth aspect of the present Invention, there is

provi ded a Puncti ond 2°5Ygare path anciweily srgech ofdfiedirssentoinvention) therstis nul at or y

function, conppiovideg:a Rnodrdi Bgap f6iUkdrkdngg0h M&?nfo;r 'Icglzll spJnaﬁ{o?P' and a Raj i
cell line; contacting the culture wth the noiety; and assessi g cytokine
production by A& GPRRIFEE: PEPVidinge el meraefdwman Tirel blasts and e Raji celbpect  of

the present i nuggicb@Bcting ey @ith® wikd MY indidy.3nd a6@ldingSdidl igpsay for
CTLA-4 i nhi bi tBr éﬁf unction, conprising é(?}(’)nt act i nsgngzéy:t:u £ rgJ%ganf)ri si ng
human T cel | bPAYFSUERE a Raji cell line with an agent and assessing

cyt oki ne prnieduct i ornbigcdri@c€ whth WriBirtedrin e&rﬁ%%cﬁ hi Bvéhk 2Nt h aspect
of the present ini\ég‘?%%ocn t here isl e15 éis?ovi de aegr%e%lﬂ‘éﬂmfog’%ésrgﬁg;eni ng an
I

agent for T ceP?Y sl shirpulatory assayyior CEbfdrinkibitagy furstiemcoinprsitgie agent

with a cell cutdntdcting®bRfukSednhristBRimin $REN bbb ] iRAlity GE11 Tine;
and assessi ng %&gﬁne p[odudg'?)i onggy t he cul tur?&?ﬁgjgg%ﬁmg‘a‘%}héntenth

t hrough the fo Rfressissytoking pradyetionhydespultuienvent i on, in a preferred

enbodi ment, the T gglabcolaRed withh SotRSTIR dspRbt Find O Getlibi e iid N the Raji
cell line. In another preferred e?rbodi ment , tﬁeeﬁg§ste§ﬁ<lfg%kl%§’ t%_rf'f or IFN-vy.

In a prefeft edP@feftiRBehod &9 seeeningpiro @t ifon Ti eclinetisulatery Retivitguper nat ant
i sol ated from édueprisiabt Wbacting the &¥eh @itk 8P ERAM OB risineNRinRE N Lerf S

blasts and a Raji cell line; and assessing cytokine production by the culture.
In each of the tenth through the fourteenth aspects of the present
invention, in a preferred embodiment, the T cell blasts are washed prior to
20 culture with the Raji cell line. In another preferred embodiment, the cytokine is
IL-2 or IFN-y. In a preferred embodiment, cytokine production is measured in
supernatant isolated from the culture. In a preferred embodiment, the agent is
an antibody and preferably binds to CTLA-4.
In accordance with a fifteenth aspect of the present invention, there is
25  provided an assay for measuring T cell stimulation, comprising: providing a
population of human peripheral blood mononuclear cells or human whole blood
stimulated with staphylococcus enterotoxin A; contacting the culture with an
agent; and measuring cytokine production by the cell population.
In accordance with a sixteenth aspect of the present invention, there is
30 provided a functional assay for screening a moiety for T cell stimulatory
function, comprising: providing a popuiation of human peripheral blood

mononuclear cells or human whole blood stimulated with staphylococcus



an anti body and preferably binds to CTLA-4. In accordance with a fifteenth
aspecs of the present invention, there is 25 provided an assay for
measuring T cell stinulation, conprising: providing a population of human
peri pheral bl ood nononucl ear cells or human whol e blood stinulated with
st aphyl ococcus enterotoxin A, contacting the culture with an agent; and
nmeasuri ng cytoki ne production by the cell population. In accordance with a
si xteenth aspect of the present inventil8n, there is 30 provided a
functional assay for screening a noiety for T cell stinmulatory function,
conpri sing: prememionn &; pmpatizg the eulbire iwithethe peidty ed alssebdinpdytokimnonuc! ear
cells or human ol.e blaad stimul.ated with staphyl ococcus 19 enterotoxin
A, contacting P%géu%ﬁpt%ﬁ%eec\?\nﬁ?wu tlgﬁm)i ety; and assessing cytoki ne

producti on by the chlakcopdyncd with @seventeentticaspecti afthe presdnhinxegimucthereént h aspect
of the present invention, there is oM a.Locell stinulatoery assay for
CTLA- 4 i nhi bi tBWdFEﬁtrt"F%ﬁtfm 8Wr75§ﬁy&ér &tﬂggﬁ{‘a}g@f?’%&"nﬁaﬁo u'in%I'?sl"?% of human
peri pheral bl oeshtitting pegudaion o Ehunsanqreriphena blost alooldiciearicals iontiraired wi t h

st aphyl ococcus enterotoxin A wth a ent and . assessi,ng cyt oki pe

oroduct i on by PREICEIeH BRI vighs S Raaess BRI R h gt B h aspect
of the present adseséimpicitokine production By thercelV papaihtion.met hod for screeni ng an
agent for T cell stjmulator ctiwvit 10 comprising: contacting the agent
WUth a popul ation. df SRR Bhapiten BB RO GEPEay SRR S50 human

whol e bl ood st pismidad @edmethbd forit aqpésninpcac agait fenTecal stivhulatdry astivitgssessi ng
cyt oki ne production.by the cell population..ln each of the fifteenth

t hr ough t hd®ei §HEREEHER cggtﬁ‘éw?éhco#)gegth‘é’ P RYRgtion f’ﬁ&é‘ﬂﬂ %‘?’i‘?gﬁ’rﬂl bAocffl(reeferred
enbodi nent, t heosigttuelearneelisSorl hurdan WhoRNnblobe Istipuiafedr withl stdphylecdwodk nent ,

cyt oki ne production is, neasured i n supernat.an sol.ated, fromthe culture.
I% a prefgrrede’&%@ﬁinrﬁéﬁpgascsﬁsémﬁégﬁ?nggmgﬁct“% Yh‘&ﬁﬁl?%??dﬂaﬁ'%'ferabl yu b:Jnds
to CTLA-4. DETAI LEOnRESCRHE Ml ikéchth thidugtPBfeFdriiitzithEAdBedtl bENES res2ht | n

accordance with the present i.nvention, there ar vi ded f ul e‘s‘{uumam
nonocl onal ant F’HB‘H}"B’s‘néé’é‘{}?fﬁd °Hle? IH“’@TE’R-%.% Eﬁ&g iQIBém% Ypa E% encodi ng
15 ~ embodiment, cytokine production is measured in supernatant isolated from the
culture. In a preferred embodiment, the agent is an antibody and preferably
binds to CTLA-4.

ETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20

In accordance with the present invention, there are provided fully' human
monoclonal antibodies against human CTLA-4. Nucleotide sequences encoding
" and amino acid sequences comprising heavy and light chain immunoglobulin
molecules, particularly sequences corresponding to a contiguous heavy and light
25 chain sequences from FR1 and CDRI1 through CDR3 and FR4, are provided.
Further provided are antibodies having similar binding properties and antibodies
(or other antagonists) having similar functionality as antibodies disclosed
herein.  Hybridomas expressing such immunoglobulin molecules and

monoclonal antibodies are also provided.

30



and am no aci d sequences conprising heavy and |ight chain i munogl obulin
nol ecul es, particularly sequences corresponding to a conti guous heavy and
| i ght )25 chai n sequences from FRI and CDR1l through CDR3 and FR4, are
provided. Further provided are anti bodi es having simlar binding
properties and anti bodies (or other antagonists) having simlar
functionality as anti bodi es disclosed herein. Hybridoms expressing such
i munogl obul i n nol ecul es and nonocl onaf? anti bodi es are al so provided. 30
20 Deflnltloniggghéég ot herwi se defined herein, scientific and technical
terns used in ion with the present i nvention shal | have the

meani ngs that are 5 commonly understood by those of ordinary skill in the
art. Further, unles% ot herwi se required by context, singular terns shal

i ncl ude pluralitiesCaKE phevige defiasdheraimaicientifircanddechintvel Simgusediin

General |y, nonmeagleaddsr @6thUthe! pregss | 1ﬁ‘ve‘ﬁf?6}{‘%ﬁéli | Hve Yl 'Pnear%xra‘g %ha?hm daes of,

cell and tissue culture, nolecul ar biology prote oI| o-
pol ynucl eot Fdecﬁ’ﬂﬁlﬁi‘lgtwc’é‘l‘?ad WBF?Sﬂlofe@tﬂihDﬁYdé@cml thedrtheFwiher, amiesd o t hose

wel | known and ogeRiedYeyuikta &9 cbﬂeitk@n%ﬁaﬁf termb aﬁﬂgﬁc%dtegz?urﬁltl N Exa gr e used for

reconmbi nant DNA, ol (ﬂonucl eoti de synthesis, t1ssue cu
transfor mat i on‘e(’és shall igqludethesinguler. |Qﬁﬁerallj/,p19memlawns) utllﬁnntgnrmhm&tmneactl ons

and purificat g, ixﬂCtEUHn MESofaES AR s, BCHAE nuf act urer
specifications or . as co%mncl) accorrﬁﬁes he |rﬁ&t éﬂg)rl %’r’a&J geé’brlbed

herein. The fof¥y9lig °18°1t>’@t9llﬁ"?¥1%€§nhwd 39d doybridization aleerigehiareh laye per f or ned
accordi ng 1o CERYEREI RN ana%mmfméd inkROWD sthc{ Eaet[cc aeu%g? as. eSC” bed

in various general and nore specific referenc
di scussed t hr off§hisEembiRat pPNde rrligorysicetidd samthesis, aﬁéeusug c,ultﬁanhrdook et al.

Mol ecul ar QO oniri@forMadcd @ At ek Sprl Har or
Laboratory Press, 0Colad g{glang a&I—lgaor E‘)@Hb@ lb&ﬁqv%qug%’ atlc\ﬁFﬁc

i ncor por at ed h%‘f‘rhflcﬁ“%‘)ﬁe"rhéfqéﬁseﬁéeerfdmed Fropding |t@ tnameacturert s slpeczﬁdnbm; connecti on
e sory Do erBRLARRLY REARSRHIER Bt LESMLANE Gl TR0l a?

chenmistry, synthetic orcganl c chemstry, M¥aceut i cal
chemistry descieripinpenandpiocedueestarmseneredly Ipelrfmrmm aa¢odd1ng)mmcsﬂvynuou51ed in the

art. Standard et WeERnWLinUBEdr A8 o5 RELSA 1n%51ﬂegse%§fal a.ncfe rrrrxlor%al
specific references that are cited and discussed throughout the present
specification. See e.g., Sambrook et al. Molecular Cloning: A Laboratory
Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
20 N.Y. (1989)), which is incorporated herein by reference. The nomenclatures
utilized in connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well known and commonly
used in the art. Standard techniques are used for chemical syntheses, chemical

25 analyses, pharmaceutical preparation, formulation, and delivery, and treatment

of patients.

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

30  meanings:



25 anal yses, pharnmaceutical preparation, fornulation, and delivery, and
treatgent of patients. As utilized in accordance wth the present

di sclgsure, the following terns, unless otherw se indicated, shall be
understood to have the followng 30 neanings: 21 The term"isol ated

pol ynucl eoti de" as used herein shall mean a pol ynucl eoti de of genom c,
cDNA, or synthetic origin or sone conbination thereof, which by virtue of
its origin the "isolated pol ynucl eotide?! (1) is not associated with all or
a portion of a polynucleotide in which the "isolated 5 pol ynucl eotide" is
found in nature, (2)hesteBpensoiis? PPiRedreCtide"a 2potsyhlEredbtshale meati éh it is
not linked to | J31yRatidt e S gehchhicAOSRANGE sRRIFHE drigin &l tnfe 8smtAR4tlonOf @

| ar ger sequence. ‘The.term "1 solated protein” referred to herein neans a
protein of cDNAhereofgwhish Sirbiireme! iprigip thesYsplated pelymiciegtide” o) somat

combi nation t hea'é&)_gfatcdv‘@f-t}? ARy 2 W)&iEH%f Qxf p&l%ﬁlcf%f-i&i i wﬂfchstﬂé’_r"ﬁglaféﬁ
(1) 1s not dwth

derivation, the "isolated protein” _ associ ate proteins
found i n natsur epolynpgleqtide’ psefounst ingnaee, (3} ist epiersblyf linked the pobaneleaslar ce, e. g.

free of nurine gl #idfor 1faldd doSn GXRILES B d?&S’s r%%@éul- ir] ffiPedis %foﬁgr ent

speci es, or (4) does not occur in nafturé: e term "pol ypeptide" as used
herein as a geragfrsequenen-to refer to native protein, fragnents, or anal ogs
of a pol ypeptide sequence. Hence, native protein, fragnments, and anal ogs
are species of the pol ypeptide genus. Preferred polypeptides in accordance
with the invention dbaferindisolaisd prteraiirefead {0 kenen me26 4 protgivad|cODUL.i n

nol ecul es a t - i hal rggrgg}ﬁtg |4 : es
represent edn)idn ‘E&S@@?f&g‘ggﬁé’{“w&ﬁ ?iﬁé y m'eéﬁﬁgsth%gc}fﬁng ﬁﬁ?k
conbi nati ons comfre &ff iyougia drewwire chialerivatenuithe gisolatadi protebl’ ddlifserotwi t h | i ght
.Cha' ni nmmo.gl Qagwcfa&drmlheﬁwefﬁ ’folﬁlﬁqn th%ret, ié(ﬂ'gé[)ﬁf &th%rot%tﬁ@'ff&m the
i mmunogl obul i n nol ecul es,” and vice versa, as we as fragnents and anal ogs
25 thereof. Thesamerspyres o rfee|of murterardtags, @k iueomesirdrisl A caB fppried to an

object refers &if?eréﬁ!@péc?cgtort(i)%esax{bt bluehnaaR be found in nature. For
exanpl e, a ’ ' '
15

The term "polypeptide" as used herein as a generic term to refer to
native protein, fragments, or analogs of a polypeptide sequence. Hence, native
protein, fragments, and analogs are species of the polypeptide genus. Preferred
polypeptides in accordance with the invention comprise the human heavy chain

20 immunoglobulin molecules and the human kappa light chain imrﬁunoglobulin
molecules represented in Figure 1, as well as antibody molecules formed by
combinations comprising the heavy chain immunoglobulin molecules with light
chain immunoglobulin molecules, such as the kappa light chain
immunoglobulin molecules, and vice versa, as well as fragments and analogs

25  thereof.

The term "naturally-occurring” as used herein as applied to an object

refers to the fact that an object can be found in nature. For example, a
polypeptide or polynucleotide sequence that is present in an organism

30 (including viruses) that can be isolated from a source in nature and which has
not been intentionally modified by man in the laboratory or otherwise is

naturally-occurring,.



pol ypepti de or polynucl eoti de sequence that is present in an organism 30
(i nclwding viruses) that can be isolated froma source in nature and which
has ‘ﬁot been intentionally nodified by man in the | aboratory or otherw se
is naturally-occurring. 22 The term"operably |inked" as used herein
refers to positions of conponents so described are in a relationship
permtting themto function in their intended manner.. A control sequence
"operably linked" to a coding 5 sequen@% is ligated in such a way that
expression of the coding sequence is achieved under conditions conpatible
with the control sequences. The term "control sequence"” as used herein
refers to polynucledmdennSBguamyaﬁmMMi@hx@&ﬁh&@ﬁeﬁﬁﬁE%o sflohe @ t he
expressi on and roces |ng cqQdi n 10 sequences to which they are
ligated. The nat™itP&"d¥ rbbc‘fﬁtafeoﬁ‘ %é%ﬂ PUitting @eaesseﬂumtwg inpon the

host organi sm their pmta{dad yﬁﬁnﬁ&, &ue&t@m&cru@hce DPEIRPAfRedCRCE Ablifg! NCI ude
and transcription term nation®sequence;

pronoter, rlsbosomal S|t§b

in eukaryotes, G&8f% 1slnliﬂ UB U Coh vy that eypissiadsof the Icadieg seuemestier s and
transcription taehievédainietofid6iR6MpatibOvitthBtortB Yehfincdsd Sequences” is
intended to include, at a mninmum all conponents whose presence is
essential for expression and processing, and can al so include additional

conponent s whose pr @sen&m v@na@lvs%a&e%g@%suseﬁ%eﬁ%?ém& %o Bﬁ'ﬂﬁjé‘r‘éond equences
and fusion partner seﬂ‘%@gces 20 The term "pol ynucl eotl as referred to

herei n means a SpHIFHE REITCessATY iLdies’dhs er@eestion and Hr‘é?&ﬁngl@ chdizgs in

length, eiter séqdaﬂcrw&b eaiidhd@sy QFe 1iRQXYTMChAQtiFescPEo Fﬂ &g form of
ei ther type of gioePeélge The term includes single an e stranded

forns of DNA. g BP9y &ifu BPY opTstfEsm;; &Y Prakaryotes h@lhebqnhwhcl udes
natural ly OCClSEc[Ueﬁtgs géreehlIFoskinideqrorhstel ﬁ%sbﬁt@l%xﬁdx@ﬁ@ &rﬂQ%%ﬂth&y natural ly

occurring, and_ non-naturally occurring oligonucl eotide I n
A i gonucl eot i dé“é'méﬂagmhseqﬁmcﬁﬂﬂéPW?tﬁeg%%éiS“g}éWal beguensemintlsding a | engt h

of 200 bases Ofprdneones . andF’rnQB@:hatbcer tEHndi SHHBH C Qén'céies T by bases in
| engt h and post doref grably 12, 30 13 114, 15‘?‘?l 16 ée]ﬂg o @9] 20 to 40

bases in | éngt ¢ “@‘ieﬁoﬁu&t@é‘?‘i dednelpde, a g minigpumy; nl!jl @nmonmmadmse g. for
probes; al t hougtesaict goraseheat foel @xpri@dBorPnd processing, and can also include

additional components whose presence is advantageous, for example, leader

sequences and fusion partner sequences.

20 The term "polynucleotide" as referred to herein means a polymeric form
of nucleotides of at least 10 bases in length, either ribonucleotides or
deoxynucleotides or a modified form of either type of nucleotide. The term

includes single and double stranded forms of DNA.

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

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

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



doubl e stranded, e.g. for use in the construction of a gene nutant. 23

A i gonucl eotides of the invention can be either sense or antisense

ol i gonucl eotides. The term "naturally occurring nucleotides" referred to
herein includes 5 deoxyribonucl eotides and ri bonucl eotides. The term

"modi fied nucleotides” referred to herein includes nucleotides with
nodi fi ed or substituted sugar groups and the |like. The term

"ol i gonucl eoti de |inkages" referred to Berein includes oligonucleotides

| i nkages such as phosphorothioate, phosphorodithioate, phosphorosel enoate,
phosphor odi sel éiggnecleotidesy s fhroriBeamtipot Panodice cithtrosherearsi | aeliserse
phosphor oam dat e aRR.Lae | i ke. See e.g., LaPlanche et al. Nucl. Acids
Res. 14:9081 (19§6); Stec et al. J. Am Chem Soc. 106:6077 (1984); Stein
et al. Nucl. Acids Res. 16:3209 (1988); Zon et al. Anti-Cancer Drug Design
6: 539 (1991); Zon etp,al CLQQEQIQJ@&%L JesnADAY e i i cal
Approach, pp. 87-108 (E?mEcﬁste?nf E .gs%%%%r? ?@éﬁﬁgggﬁgfﬁyﬁgﬁgés, Oxford
Engl and (1991) )deoxgbenusieotidles aydgibopagleqtideso The Sern6imedified whdiengides"and Peynan
.Chem cal Revi ev}@feg?d' % ‘?hel(egrp %audeg ri'EclecS:Hd%sC lv@%“ﬁx%&iﬁ% .o\{m%u%glirﬁtre@ st]ga{reby

i ncorporated by reference. An oligonucleotide can include a I'abel for
detection, if dseipseadd tOlikthe The temn" Hdibensicieotadeylinkppas! deéfemed toeheeined t o
herei n neans t ct gl peci fical |y hind.. _Pol |.eqt.i des,
oligonucleotidggg§%% f?%ﬁé%ﬁ?@g?%ergg&hgﬁn égg%rdgﬁceI%ﬁ#%°%ﬁ3$£%vention
sel ectivel y hylphpsbhereditijosteic| ei c phosplioosalemeats, undephobptorddikeleatdton and wash
condi tions at B RLISLG i . u C e.hingding to
nonspeci fi Chﬂu hgs:p@b acl g)gﬁ Qﬁgﬁb%? ;ra?‘rﬂésdgﬁtgﬁ%%%?%“ﬁ?r‘é a2:1?31}['62]&9?%e‘gleﬁsed to
achi eve sel ect iage IaPlanthti et at Norl. doddResi bh808 1980hviied et at. edmr Cheamd

di scussed herei | o¥% 47 | g oy et ween the
polynucleotideégao ig@Zﬁk¥§g%§g§§§%§ﬁ@‘%Fgﬁﬁg%?s o§%?ﬁg£§23%ﬁ?¥g§ and a
nucl eic acid stfuemnce Shrug Mlesigest:53 199k &un keakt OB@uclastidlesromd typical |y
with preferably | easj [Pele]] i t % 9% %, 99% and
100% 30 Two arﬁ%ﬁ’é@gggi ddsggﬂ%g%g’gfg!r’%&h%hb%égﬁgﬁi F?]?S %?’egcl{"s Ozé?)r(grti al or
conpl ete i BentUriyertiyt Reeenn Okord Englpoén(d8$l)); Foiec estasipl @S Fanhd¥ml ogy neans
that 85% of theamhHoAEhn HE PG | GRludPRENS J0°0u3S esBICHR are

aligned for

disclosures of which are hereby incorporated by reference. An oligonucleotide

can include a label for detection, if desired.

20 The term "selectively hybridize" referred to herein means to detectably
and specifically bind. Polynucleotides, oligonucleotides and fragments.thcreof |
in accordance with the invention selectively hybridize to nucleic acid strands
under hybridization and wash conditions that minimize appreciable amounts of
detectable binding to nonspecific nucleic acids. High stringency conditions can

25  be used to achieve selective hybridization conditions as known in the art and
discussed herein. Generally, the nucleic acid sequence homology between the
polynucleotides, oligonucleotides, and fragments of the invention and a nucleic
acid sequence of interest will be at least 80%, and more typically with
preferably increasing homologies of at least 85%, 90%, 95%, 99%, and 100%.

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

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



24 maxi mrum matching. Gaps (in either of the two sequences being matched)
are |l owed in maxim zing matching; gap lengths of 5 or less are preferred
W th or less being nore preferred. Alternatively and preferably, two
protei n sequences (or pol ypeptide sequences derived fromthem of at | east
30 amino acids in 5 length) are honol ogous, as this termis used herein, if
they have an alignnment score of at nore than 5 (in standard devi ati on
units) using the program ALIGN with thé nutation data matrix and a gap
penalty of 6 or greater. See Dayhoff, MO, in Atlas of Protein Sequence
and Structure, Eg“mfﬁllmiti@“% V@Pl?frﬁé‘ ejther aithe Breaseamingersktinganatieedanec h

Foundat i on (1972)ojved imDHRRA R RLRENILs; &b lreﬁgrﬁso]f@o\‘ syﬁFBreI?é?Tedlx?t]nqh The two

sequences or parts thereof are nore preferably ous i eir am no
acids are great &5 Relgrimere PesdEed. tAéwE@%Cﬂ)d@thr@faﬂabbmm pr@qgmlsnmlehgesal i gned

ueing the AL| NP pREpaTce Lifcht s 60l (65 AAAIDY WP eak 20 UG fisiopn €0 rear

that a pol ynucl eot | sequence i s honol ogous I ca not
strictly evol utleBgtarare iomelogqusdss this texm) is gredzhersim, tif ey biveanraigemence 15

pol ynucl eot i de &8RWEAERorethart )@k sendfaﬁi IR QILAS gﬁﬁzﬁ%ﬁag&oﬁ{n deptycal to a

reference polypeptlde sequence. In contra
"conpl enent ary Witthejmutation fatgapatiin andya garapenalibaef § blegrcampl&mylmfﬂ sequence

s homol ogous. tro.ahd 4fis 8 PRI %E'q;@i.ceande&zﬁ[Fg\zggzppDQbY’W&ég BlihndSs, sequence.

For illustration, the nucleotide sequence orres St0 a
ref erence sequeNiionalTRipmedical Reseach Feundasion! @920t andySupplemenclao ehise sequence

"GTATA". They f ofdnawd, 9. § QOMSTRI Gvol &Eﬁ%nﬁ:& 9re§a(f‘trs tB&egfha(?e Tiale preret

rel ati onshi ps between two or nore Aucl eoti de or— am no raci 8b1§equences
"reference sedirBIpiageus i gisirpminossids werstkaior than seeﬂmelrto éO?/ode:tlyWh,en
"percentage of SRAWANGERA dsﬁi@r}m B«)L‘iGNf}J?G'gT;rﬁU Ak Aol dentl {3,
"reference sequence" is a defined sequence used a8 a badl 1?or Y sequence
conpari son; a rfkpERBetosBeicthalea palynudestige sedusese isfhomolagoymei. esaguence, for

exanpl e, as a segHBA! n&fstr?ctlgl'-élvl)lu{x&ﬁgfoyl} la&% Qbﬁﬁ‘?%@nﬁ)ﬁ%‘fenr%?ergf yenin a

sequence listing or may conprise a c ene ‘sequence.
General |y, 5 r dPbperlextids esaushes rsthal al@émeptm %umelleodand% tora6 anino

acids in |engt hcfefeh&ﬁ&tﬁﬁekt‘x’de%%qdcﬁ&stln%&ﬂﬁﬁh&‘ﬁ%ﬁ 4fStelh "Ehm d)%ﬂl cids in

| ength, and often at | east 48 nucl eotides or am no acl engt h.
Since two pol yrficksaised bran ép masn that the pemplementan: sequenwy ieharhologous to

all or a portion of a reference polynucleotide sequence. For illustration, the
nucleotide sequence "TATAC" corresponds to a reference scquence "TATAC"

20  and is complementary to a reference sequencc "GTATA".

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

25  identity", and "substantial identity". A "reference sequence” is a defined
sequence used as a basis for a sequence comparison; a reference sequence may
be a subset of a larger sequence, for example, as a segment of a full-length
cDNA or gene sequence given in a sequence listing or may comprise a complete
cDNA or gene sequence. Generally, a reference sequence is at least 18

30 nucleotides or 6 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)



25 conprise a sequence (i.e., a portion of the conplete polynucl eotide or
am no. acid sequence) that is simlar between the two nolecules, and (2)
may further conprise a sequence that is divergent between the two

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

regi ons of sequence similarity. A "conparison window', as used herein,

refers to a conceptual segnment of at |east 18 contiguous nucleotide o
positions or 6° W\B’fﬁ? 4 89U ET 3 Rortign 9bthermeatplstt pelEustsqliénercamino ani no aci d

sequence may beacia@sRRhe thad itsihfar REERMREIEAMEALS, Hd BY nlatinel 8 .
coﬁti guous nucl elot i??jlgsagr 6 ami ng acid sequences angl{ V\?zre?n the portion

of the pol ynuc’8BPTYE EMFHEY 11 VAR DeyAEthe Sorpabimidisoiideagr auinpr i se
addi ti ons, del QEiHCslaéuenGddp%ghédéE icOMparisBRdbdri€en tleoEfc‘)r ng(%llggﬁe%éagg f 20

ercent or | ess as _co red to the reference sequence S not
Eoﬁpri se addi ti%’h‘;é‘uéﬂrprgpél”éeldi B)hgf’mf’%’fngofﬁﬂl‘?z(ﬁ?s af : nﬁ?ngogﬁgh@é??a E) \r/]vo i o
sequences. Qpt i'gBkhpafibdrg WERIdW" Ob RBHHT MR8 Sconfarelldcdl n
nag be condgﬁted_gg tﬁg Local,honulggx a|gg§{thﬁlpf€%nlth a%% r’_\?@terrran :
Adv. Appl. MNat RiFBNHg2 A TompRrison winfev h spaiselghereini teferene a aingeptial hm of
Needl eman and Vipasatofht 1d¥R118 cBit ousﬁ&bﬁéédegp%%ﬁ%’qr%yaREK'oeacﬁg%%Pe(ixbf or 20
simlarity method of Pearson and Lipnan Proc. tl. Acad. Sci.” (U S A
85: 2444 (1988) # RYYHIBIRPHiceteRy@Ee Ofpminte Atid (seanenceomay tes@mglatpdr ot ins  ( GAP,
BESTFI T, FAST Areféttiibe Tiefthée 100 o NEusi™ 8 fihid CalAEA S, ST UAIG farkace
Rel ease 7.0, (Genetics Conputer G oup, 5 cience Dr.’, Madison,” Ws.),
Genewor ks, or REEEEL 34 sofiereimthe periRmdsthe rofynbgledtivs prequdnon in ahel t he bﬁst
al i gnment (i . ecompa@SeH Wird@w! Mayt BfingHso Q@@iﬁorﬂ?B&&Q%Qgs%gaftutl%%g%ngqye over ht €
25 conparison w ndow) generated by the various methods 1's Sel'ected. The
term" sequence“l“ij@ﬁpi&alys') ‘frfe?&r@“tehh?r stp@ilwol?tedm deZirglgciegagtqu;ci 2(8:: gue by
sequences are . : - -
r egi due basi s) (vggée}f Hc{eﬁgoé%oﬁn%gsie gghﬁ%vdg;bglggﬁ ‘lﬂggf_t éP{rq#g]paelrg_(r:"é'ﬁ? a°g_etheof sequence
30 identity® | 8vecEaEIcat e@rbipat shigaenhgl sequenspt foredligyingld gmeghrisequences
over the Wi ndewdew BeBaIchs®ited A8t @ Mba %m%ﬂ%y rh‘#ﬁﬁ%[m éff PR bipns at

i i ical nucleic acid base (e.qg., 1) or
‘r’"g'sf gutehgc C:Jflg TR [fidv. Appl. Math. 2.482 (1981}, by the ‘homology alignment
algorithm of Needleman and Wunsch J. Mol. Biol, 48:443 (1970), by the search

for similarity method of Pearson and Lipman Proc. Natl. Acad. Sci. (US.A)

20 85:2444 (1988), by computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package
Release 7.0, (Genetics Corhputer Group, 575 Science Dr., Madison, Wis.),
Geneworks, or MacVector software packages), or by inspection, and the best
alignment (i.e., resulting in the highest percentage of homology over the

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

The term "sequence identity" means that two polynucleotide or amino

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

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

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

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



26 sequences to yield the nunber of matched positions, dividing the nunber
of matched positions by the total nunber of positions in the conparison

wi ndow (i.e., the wi ndow size), and nultiplying the result by 100 to yield
the percentage of sequence identity. The terns "substantial identity" as
used herein denotes a 5 characteristic of a polynucleotide or am no acid
sequence, wherein the polynucleotide or am no acid conprises a seguence
that has at |east 85 percent sequence ?&dentity, preferably at least 90 to
95 percent sequence identity, nore wusually at |east 99 percent sequence
identity as corfs&icaerstte vield é’l‘e‘?’éﬁ’é’é“ %ﬁh@%%‘él‘w&rd“&d'@é PERsE Afi ndow of

at |east 18 nU%ﬁ%H%@si{i&usWtH@to??éI'n%béroof%%kiBﬂquShg EnSAHSER Winaever a

wi ndow of at |east 24-48 nucleotide (8-16 am no acid) positions, wherein

t he percent age bf Geyindawesizeyand mpliplyingdhs wslthyePORy we&@hﬁamqﬂgag@ he
reference 5eqUE‘d’f%é‘?&ﬁ’ceti@&ti@?qﬂﬁﬂ%s""@ﬁ&ﬁnﬁ@){dénﬂﬁ" Y Bsed Hlefeld &stes 97

addi tions which total 20 percent or |ess of the'reference sequence over the
conpari son Wi ndbajactamsticr ef ar pelyeucleetidee 98 caping ased seangbeset Wistreln thar ger 15

sequence. As u i t j i their
q Sp%%ﬂ%ﬁld@ or bflfiota¥R r&%%pﬁ&@é%ﬁi&e?&%ha’(%@ ROt "%\9 E‘; ot

abbrevi ations follow conventional usage. mmunol ogy - A esis (2" a
Edition, E. S. Geflushceidentty.Rrefapkly at Ray 90 t6i% parsent Asasascaidenity, Suerder | and,
Mass. 20 (1991) )i lRadiSod BELER WeileRtt MehflyNasOYorh B &l B G eferl R €01 SONBr's
(e.g., D amino acrds) of the twenty conventional am no acids, unnatural

ani no aci ds suAelneass Quer azompaises tindeveef dritasol haideptidey@pine i no aci ds,
lactic aci d%o a%sidgﬂsb%qt}éﬂﬁ)QBV&?rﬁtWﬂﬁ@\L o2l regst%'.a%umxﬁgxg@mbﬁmﬁw table
conmponents for ~ polypeptides of the present invention. npl es of
unconvent i onal asi¥) pesiberisdyhersinj the perdentags-dfysdqusneepidentitnés cgiculated by

- car boxygl ut ang i Nl drkick SRABE kY e EqueleNni b LY L)t Bl
O phosphoseri ne, Rl-_acggtyl.sér icng%tul\l- feér m?l uteﬁﬁeonl}l%er?lg%lncpr{rlg% ngt 1St di ne,
5- hydr oxyl ysi neor agdiNprseviigh tota)i2Ripsecentaaidesstof ghe refepdncesequpion@verabe ds and

i mno acids (€. gmnadol WARGW PRk lBRYencd Beubifte AW BERL difiGet PR QR used
herein, the | eftrﬁ1 ?\rcljodi rection is thegcarﬁqﬁl]o teerrf‘;ynal di récti on %d t he
ri ght hand 30 dise@s¢n¢eon is the carboxy-term nal direction, in accordance

wi th standard usage and convention. 27

As used herein, the twenty conventional amino acids and their
abbreviations follow conventional usage. See Immunology - A Synthesis (2™
Edition, E.S. Golub and D.R. Gren, Eds., Sinauer Associates, Sunderland, Mass.

20 (1991)), which is incorporated herein by reference. Stereoisomers (e.g., D-
amino acids) of the twenty conventional amino acids, unnatural amino acids
such as a-, a-disubstituted amino acids, N-alkyl amino acids, lactic acid, and
other unconventional amino acids may also be suitable components for
polypeptides of the present invention. Examples of unconventional amino acids

25  include: 4-hydroxyproline, y -carboxyglutamate, €-N,N,N-trimethyllysine, £-N-
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-
methylhistidine, 5-hydroxylysine, o-N-methylarginine, and other similar amino
acids and imino acids (e.g., 4-hydroxyproline). In the polypeptide notation used
herein, the lefthand direction is the amino terminal direction and the righthand

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

and convention.



Simlarly, unless specified otherwi se, the |efthand end of single-stranded
pol ymﬂcl eoti de sequences is the 5 end; the lefthand direction of

doubl e- stranded pol ynucl eoti de sequences is referred to as the 5
direction. The direction of 5 to 3' addition of nascent RNA transcripts
is referred to as the transcription 5 direction; sequence regions on the
DNA strand having the sane sequence as the RNA and which are 5 to the 5'
end of the RNA transcript are referred 0 as "upstream sequences";
sequence regi ons on the DNA strand having the sanme sequence as the RNA and
which are 3" to the Siguilaghy qinlgss sneeilipdpthervassstae lefhangrend of shgle-steanded as

" downst r eam seguphEdiide IJudieAipBlel Lehdt &e@éﬂh&ﬂﬁnieh%lsofd%mﬁ fednldLq

"subst anti al |dent|5 means that two peptide sequences, en optimally
ali gned, such REYBYFl¢ofide sraugicais rafred tops RESTREtions The didestionbt S’ mp wei ght s,

share at | east 389d@@61§@ﬂtna§§ﬁumetrah§éﬂ%ﬁ it Xefcﬂédeflc? t“‘l% %sclng i 90
percent sequence identity, nore preferably at 15 1edst 95 partent sequence

i dentity, and ABEHIORSequeneRlegions on the DNAgarandhaying the sapsequsecd atdint i t y .
Preferably, reRNEPARIch ANS WHCH A8SLRRIRNASPLLER! oI LhEEd (Y

conservative amino acid substitutions. Conservative am no
substitutions riEEsant sequensces s seauensa meriensi dn thy DA lswddwemghha/samgp simlar

Side chains. SfeRYaBlRNA 1A MiRnake S B2 AEAS HAXNIO.ALLARAL © side

chains is 20 egC|ne al ani ne, valine, leucine so eucl a group of
am no acids hatA ‘H{fdt%lPﬁ ﬂﬁmt@mﬁyenv@ws -side chains is serine and t hr eoni ne;
a group of jgm no acids having am de-containing side chains is asparagine
and glutamne; a group of amno acids having aronmatic side chains is
phenyl al ani ne, tyr oA ARplied el Polypspyitiesp enterm "gpbgtampiabideatifyh meansi diat havi ng

basi ¢ si de_chaiiiSpdpfiad ¥Siaies, 3104 BBy AR 0h 3 b UNS;o B0, B OUP Of

an no aci ds havi n% sul f ur - cont ai ni g sl alns 1s
met hi oni ne. Pr@F BEFEA Tcuiiakdefanll gep aveights, slviralst kadisB0 perténorsequgneeups ar e:

val i ne- | euci nejdem@y, epreteriBly RNELY '96'&&:%}& &Qéidéﬁu ')ﬁ%‘ e fbl njne,

al ani ne-val i ne ?I ut'am c-aspartic ar agi ne 0 tAs
di scussed Rer eferst 9% prsveny apqusmdecidentitn Zenﬁem@ﬁmpmferabjydit slaqUé?lcpesemf

anti bodi es or {eqiiaso® geatny! |P?ef@ﬁblt‘f‘«ci=&1@§e %sﬁnoﬁ?%ﬁ:ﬂ%@ﬁ&qdéﬁlcg%u?
enconpassed by the resent invenftjon, providing that the variations in the
28 conservative amino acid substitutions. Conservative amino acid
substitutions refer to the interchangeability of residues having similar side
chains. For example, a group of amino acids having aliphatic side chains is
20  glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chaips is serine and threonine; a group of amin6 acids
having amide-containing side chains is asparagine and glutamine; a group of
amino acids having aromatic side chains is phenylalanine, tyrosine, and
tryptophan; a group of amino acids having basic side chains is lysine, arginine,
25  and histidine; and a group of amino acids having sulfur-containing side chains is
cysteine and methionine. Preferred conservative amino acids substitution
groups are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine,

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

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

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



am no aci d sequence nmaintain at |east 75% nore preferably at | east 80%
90% —95% and nost preferably 99% In particular, conservative amno acid
repl ackenents are contenpl ated. Conservative replacenents are those that
take place within a famly of amno acids that are related in their side
chains. 5 Genetically encoded am no acids are generally divided into
famlies: (1) acidic=aspartate, glutamate; (2) basic=lysine, arginine,

hi stidine; (3) non- polar—alanine val i #fe, | euci ne, isoleucine proline,
phenyl al ani ne, nethlonlne ?to phan;_and (4) unchar ol ar =gl yci ne,
aspar agi ne, gl (rHRT #d Se@?"é’ﬁ"ém@ ain gdgash e %, mﬁréawfeﬁ@ly at F@E He. 90%br e

preferred fam Igses @idemosepich@abdN@otNr el‘ﬂnbe{}ﬁc@zfr c&%e@lahm@#n o, Qé’lgr oxy
fam|ly; aspar aglxge and gl utam ne are_ an am de-contai ni n y;, al ani ne,

val i ne, | euciné® ?Fd"ﬁeg%lamﬂﬁ@r’&ffé rPnggrypiva reptacemerits gre tbmﬁd thapltpécnyl al ani ne,

tryptophan, andidcynagiing Afrflyadt @RS thaHrd yelatE@ Whg’chéxﬁs s
reasonable to \e}izgqpect that an isol ated repl acenent of l eucine wth an

i sol euci ne or \EPFHA!Y oS ARIER cAcif 1 #° Begtralbadirided Hth Hemidigsnd)wi t h a

serine, or 15 &ciﬂlcﬁhﬂpﬁzﬁaté ephAsAREND) Bhsiddysid lﬁ’ﬁbdm‘e‘h&i}e agﬁtﬁdﬁﬁ urally
rel ated am no acl?r w |l not have a major’ ef fec% on the bi’nding or
r

properties of tPRETTAADIe Vﬂﬁ‘e leBeing dsaleucisgppreling, [phenylalanine, metiomeayent does
not involve an opRan@ Ghd (4 vnBHaRzed polFEgIFUNRY. Kspalabf no acid
change results U?'E‘g funct |(43nnal agg ptpl0 can repgc?lg i %mshnﬁerﬁ'en%n by
assayi ng the sﬁérc‘?ef fhecoging, tyfopipe. dilore ﬁéﬁf‘?ﬂfﬁ)fﬁ@‘éiﬁﬁ des Szﬂnmdlﬂva@mmaareAssays are
described i1 delipia JE A8k fankil g%p{%& €Oknda%)

i mmunogl obul i n r;gﬂaelgu es }gan by: readi |y prep argﬁ Egg ana%ﬁlgpo(ghaq&ngl nary
skill in the aftmilysrasnge; yalingqilepsine snd lé%l?llﬁm@yart: emmlmhatmr faﬁmblgrmdlt s or
anal ogs occur @ﬁ&fyl%ﬂﬂéd@ﬁt@pﬁaﬁfamﬁ HR&S dean@dn gmﬁlcr}ﬁmxlftf: 1§nd
functional domains can be identifi'ed by conparison o e nu Peoti de
and/ or ami no ady &2enakle Jaeneect dhtaan ésolsird| teplacsment ofra sucing vatiqamnce

dat abases. Prefi@ieabihy or vaHERERY e 4 iSoN PG ed to
identify se guerllce not ?rf‘é or %%dl ct édoargr?otyg?tgrhctg% %?lgrirgvt@c?nseﬁ%ﬁgf ns that
occur in otRer 2pipasireplacementfiven aming aid with aaMF@rallﬁunbwd@nnnd\mmods to

[ dentify prot einil SRAUBRCE Smdjtiabirdepodl thelofhagh bpBerily B 1% nal
structure are kngc\:\?n Bowi e ét al ‘ Sci ence 2 %d ( é F@Qﬁh , the

foregoi ng exanploesuigeitBirially df Be fqﬁk@@m%%ﬁs@m @k@lwarlmmhemdr“tlthlrcan
recogni Ze SequeaseviRisid.s Withe kil Hihbladh SRRLAURL IO Rl il pRabe used to

define structural and functional domains in accordance W t e 1 nvention.
can readily be determined by assaying the specific activity of the polypeptide

20  derivative. Assays are described in detail herein. Fragments or analogs of
antibodies or immunoglobulin molecules can be readily prepared by those of
ordinary skill in the art. Prcferred amino- and carboxy-termini of fragments or
analogs occur near boundaries of functional domains. Structural and functional
domains can be identified by comparison of the nucleotide and/or amino acid

25 sequence data to public or proprietary sequence databases. Preferably,
computerized comparison methods are used to identify sequence motifs or
predicted protein conformation domains that occur in other proteins of known
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.



29 Preferred amno acid substitutions are those which: (1) reduce §
susce%tibility to proteolysis, (2) reduce susceptibility to oxidation, (3)
alter 1 binding affinity for formng protein conplexes, (4) alter binding
affinities, and 5 (4) confer or nodify other physicochem cal or functional
properties of such anal ogs. Anal ogs can include various nmuteins of a
sequence other than the naturally-occurring peptide sequence. For exanple,
single or nmultiple anmino acid substitétions (preferably conservative anlno
acid substitutions) may be nmade in the naturally-occurring seqguence
(preferably in the portion of the 10 pol ypeptide out5|de the donain(s)

formng internol ec%gﬁ&io tsacdisu&ﬂth?SﬁsV%}é \{ﬁos gtr%aﬂ%%tl tution

shoul d not substantia ange the uct ural arac ics of the
par ent sequencuisqeptibylity tg nretpvla(@en@htrcctum a@cam”bdlty sch@uiddtlcmot(B): el to break a

hel i x that oc e types of
secondary strﬁﬂg%%?éeﬁﬁhgfop%ﬁﬁ(ﬁ%‘??g’e%gﬁh pgg aﬁfrwg;é‘an nc énjnes’ aggExarrpl es of
art-r ecognl52ed4bg¢15fgeqnmdbf)’setbcrmd&’$lyoqlmmlcaleort fuact;onslt propértieseef sk descri bed
in Proteins, Jur, gng Princi pI W H
Freeman and Cos"%n%lg y,Aﬁéo or 59%‘% %ous Imﬁ’tter“g‘d%cafl ue ceq’I*’}r’ QEmEE’ Structure
(C. Branden andtulallyfoomeng eejgide smlehcand?d?ubimlﬂhlsngle dlemuNpickamibb Y.

(hoon) aong et Albfhufhe RbeerchlBly b6t Wit 200 natBlcello A8 B207. 20

i ncor por at ed Kerein ferm Fert" as used
herei n refers magean pbé yxpmmllwd:ecurnhmtsechamcea(mrdep-m ehasnpnaionanfdthar

car boxy- te{(r;‘l '?phlé'p qldgt Bxﬂslde qHé m s)t I?onm {I]_’Iﬂl ni gegﬁﬁmu({gg a?&/ equence is

i denti cal or respondi ng p05| |ons 1% urring
sequence deduccenis,ervhth emaplagd $ubstitutionf sduld au’gtshbsmmully skafigend@ie. Fragnents

typically are %nﬁrgﬁ% a§tengfcs$f8e 1%nta5tr‘¥l‘f%§ a@gza ‘gﬁ?‘%gl acqrngfgerﬁa ly at | east

14 amino aci ds erab usual |y
at | east 50 arshowdd actiteksd ﬂodnggk aahﬁihxeh&!rmccms'm the pirentadslyenad, ok dBaipt 70 am no

acids long. Th nal o e refers to pol ti des 30
whi ch are corrprﬁ?emg’ (S:)foqraS%g%n('a ?mcﬁ“ areg%r? e Mo BEEY ﬁ%ﬁ)?ﬁg?t has
subst anti ais |Eak@npl|e$ pf 'm-re;;ogm&dl pmymptm techdarydand nemiaryagttudtugss caieence and

which has at dE@ibed 80500l el AWV RIaP PRALLES (CrbibhoRASE W1 © BT ndli ng

H. Freeman and Company, New York (1984)); Introduction to Protein
Structure (C. Branden and J. Tooze, eds., Garland Publishing, New York, N.Y.
(1991)); and Thomton et at. Nature 354:105 (1991), which are each

20  incorporated herein by reference.

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

25 naturally-occurring sequence deduced, for example, from a full-length cDNA
sequence. Fragments typically are at least 5, 6, 8 or 10 amino acids long,
preferably at least 14 amino acids long, more preferably at least 20 amino acids
long, usually at least 50 amino acids long, and even more preferably at least 70
amino acids long. The term "analog" és used herein refers to polypeptides

30  which are comprised of a segment of at least 25 amino acids that has substantial
identity to a portion of a deduced amino acid sequence and which has at least

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



bi ndi ng conditions, (2) ability to block CTLA-4 binding with its receptors,
or (3) ability to inhibit CTLA-4 expressing cell growh in vitro or in
vivo. ) Typically, polypeptide anal ogs conprise a conservative am no acid
substitution (or addition or deletion) with respect to the

natural ly-occurring sequence. 5 Analogs typically are at |east 20 am no
acids long, preferably at [east 50 amno acids long or |onger, and can
often be as long as a full-length naturd? | y- occurring pol ypeptide. Peptide
anal ogs are comonly used in_the pharmaceutical industry as 10 non-peptide
drus with pr opebrmqueeccaﬁmoagdabattlwttﬁékoék&T%ébtnéwgl‘*é}ﬂbﬂbeeﬁmt%ré of These
types of non-pegy agmtfmmd @mw@e, em g&i@mml;re&,;rssor B vivo,

" peptidom netics Fauchere, J. 15: 29 (1986); Veber and

Frei di nger TI NSypicabp pobgemide aaﬁegse\?axﬁesee% coaﬁervajlve RBENO acifesybstibgionn 29

(1987),  whi ch @f GakiNGPIOPGIeRER) WAk S %paytor e ChRRER ol COBOUATS ar e
often 15 devel oped w't he ai uteri zed nol'ecul ar l'ing. Peptide
m metics that Anadogstynicedly aeg 4t§ﬁast|2|ﬁha4nano acidst s, aysécratily al 1F§8té%élflullo pepti des
may be used {0 4ok OHHE Gr AbhgefUnt UaNach BPRHEI & PruPIARRYIAGHRS f fect.
Generally, peptidommetics are structurally simlar to par adi'gm

pol ypept i de (i .ascurring plgpephdpt i de t hat has a bi ocheni cal property or

phar macol ogi cal activity), such 20 as human antibody, but have one or nore
peptide linkages optionally replaced by a |inkage selected fromthe group
consi sti ng of . - - CHPrpYide analogy{arg.commonlyOpsed @Hghe-p m@ﬁ@ﬂ- infestry asnd trans),

- - COCH2- 0 gﬁk&@ the art.
Systerratl c lsoug's_ll& tu |ondr8 Qgﬁepr%ﬁ%gt%]goéﬁlﬁﬁﬂdé??ﬂMehpgﬁ rtlltsjﬂs sequence
with a D-amino Bresal trrfes tdfeneyapaptids coppaundearg. termpd| Jpepiide imimpliesc eorof

L1 ysine) may Decuafhih0icgenFhaheDr a7 Bh) eRequetzbd@§86)' Wend il ON,

constrai ned pep es conprising a consensus sequence a substantlally
i denti cal conséirsidingerefiE pA@2 (BI85 Hitahd Bvens\et ble/. g{@ﬁé@?fﬂ&‘b&iwﬁhﬁmbds known

in the art (R zguap eGiirﬁ:r le?cda‘ﬂgl'engy -refolelG f{]erglxlg %%Zunc{slg'gz‘)ﬁen

i ncorporated herein by reflerence); for exanple ing internal 30
cysteine resi du@selemdafoﬂethefaldqurcmnngemmmmubcmogﬂum Beptide demptidsdges whi ch

%tcla::tzeatn[?bgg%hga?c stverurafyEinRA0% th@hpeutitdily IREWI PEREECRES be uEéﬁftSr to an
produce an equivalent: therapeutic or prophylactic effect.  Generally,
peptidomimetics are structurally similar to a paradigm polypeptide (i.e., a
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,SO--, 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 ef 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.



bi ndi ng fragment thereof that conpetes with the intact antibody for

speci_.%i c binding. Binding fragnents are produced by reconbi nant DNA
technilques, or by enzymatic or chem cal cleavage of intact antibodies.

Bi nding fragnents 5 include Fab, Fab', F(ab')2, Fv, and single-chain

anti bodi es. An antibody other than a "bispecific" or "bifunctional"

anti body is understood to have each of its binding sites identical. An
anti body substantially inhibits adhesidh of a receptor to a

count erreceptor when an excess of antibody reduces the quantity of receptor
bound to count errece‘gmb@dwaraPmlbééEtPemﬁG(f%/ el to A00intag0antbed8 (%2 and nor e
to usually gr e?ﬁﬁxﬁlﬁtiﬂ Hleﬁbtﬂ%o(slﬁz{? &d?rﬁ)eE:EF@gﬁlr 8¢ ihtctatibslyV fok lsPeciRmPet i ti Ve

bi nding assa erm "epitope” I'n es an%/ protein determ nant

capabl e of spebinfling. Biriding] fmgmeotsarﬁ Praduead Y otsambinang DNA deshpiquesceipt or .

Epi t opi c deter QH{IE S akyl: rface
“groupi ngs of m[ﬁgc etslyz)gghéréga]?n‘elagg&a%ﬁségage;%lﬁisggggér: lBl%/d F}rhﬁsn%s;nd usual l'y
have specifsc inklude Feb, FebsF@bRl Fetand singleadhaincntibatiigse rAs aitibody etbemel | as
speci fic chargeg_chagacteristh a ally bind
an antigen v\/neﬁ’ail ﬁe{”% es??c?c?’%tbﬁ%lﬁc@gﬁls? geh@%@ %A%oﬁi té ave}@?‘f/bffli_ 100 nM
and nost pref ebiabihgsi:cd%xde@thAﬂmt‘bhéy s@amﬂ@lgaﬂnbitsmghqg@g@f hegcepter t 0 denot e
a chem cal conpound cal
macr orol ecul e, "°Gt*° 1’rlltcmce %Hgn an?ft(cegr omg ({Eg%l%l%ilfan&? %}fpéc%g As used
herein, the tebmd to adueﬂtdhemptdrlbataele@st"abomf@f/s 40% 606 @r B0Vaandmoref a

det ect abI e rker ratl f radi ol . no acid or
att achment ? 315116129[ ?pnﬁsttlh?f)e/abo tcgt;*) |nhe>9 %chlne |me§l rtohcgﬁggtgtﬁ'qt?e ected by
mar ked avi di nass®y)g., Streptavidin containing a fluorescent marker or
enzymatic activity that can be detected by optical or colorinetric

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

t her apeuti c. Vari oukhertetrtheditopst irchided anygprotpin|dgteapinard eapadlecbfgpscifopr ot ei ns

are known in t ng [m ypepti des
i ncl ude, but a?edf%éE % %gl?&hﬂ%ﬁ? 055@&?%}? '{ it 1(.: da@%lllgﬁnfésg{sgg s or
radi onucl i des ¢mnsigt of cBéhitaly, act eNuBBS, grp¥fgs 99ifiglecules such as amino acids

or sugar side chains and usually have specific three dimensional structural

characteristics, as well as specific charge characteristics. An antibody is said to
specifically bind an antigen when the dissociation constant is <1 uM, preferably

< 100 nM and most preferably < 10 nM.

20
The term "agent" is used herein to denote a chemical compound, a
mixture of chemical compounds, a biological macromolecule, or an extract
made from biological materials.
25 As used herein, the terms "label" or "labeled" refers to incorporation of a

detectable marker, e.g., by incorporation of a radiolabeled amino acid or
attachment to 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



111l n, 1251, 1311), fluorescent labels (e.g., FITC, rhodam ne, |anthanide
phosphors), enzymatic | abels (e.g., horseradi sh peroxi dase,

p-gal act osi dase, luciferase, alkaline phosphatase), chem | um nescent,
biotinyl groups, 5 predeterm ned polypeptide epitopes recognized by a
secondary reporter (e.g., |eucine zipper pair sequences, binding sites for

secondary anti bodi es, netal binding domains, epitope tags). In sone

enbodi nents, |abels are attached by spéter arns of various lengths to
reduce potential steric hindrance. 10 The term,”pharnaceytical agent or
drug" as used helevinsy apdiisoterssepr redigmiclidas (egnpdun. oMN.cohposi TTen capabl e
of Inducing a degir e, t hay apRbieldn: GAIRC e pNAITR! OBEANE S ed (O a
patient. Qher chenmistry terms herein are used according to conventional
usage in the arrhosphgrshxengpiptc Egelsy(eghehoryvtetishvperixidasi &galmgesgcgps@f Cheni cal
Ternms ( Parker, : - a 1 an > cq, (.

i ncor por at ed héﬁ%gﬁg’y ?e EEeﬂ%@%&%qﬁ“h;gpéﬁﬂéﬁggﬁggpﬁggg;g gg%ﬂT"hizigsed
herei n to ref erpredsteagmnd polybeptide lepnapes heeogniged thiyon sdcopdagp eapbgerdk.gi, nhi bi t i ng
a devel opnent 0. j | h a h n._..particularly a

mal i gnant (c'angéﬁc%s%ﬁﬁgyag%%eﬁgﬁ' gg’gg’g%%@cg?cﬁe?%%? %ngrg%%%a,mﬁm?rrphorm,' or
| eukem a. | nhi Bindigghdaphaimse tpitipasags). i b sox‘nleeeqlbedurieyts,?llams)mrattycmd by et
anti neopl astic i " tantial. yre" neans an objec
species is the Sg%r%g%%‘rsrfﬁgﬁ#’%g%é I ‘E'e"s% rgdru_ecgéﬁ?rﬁlf?%?eerﬁcf}u%%a‘%e'ml ar basis it is
nore abundant than any 25 other individual species in the CQ”POS'&LO”)z
and preferably a su i ald j E ractipn i s conpasitjon erein

t he obj ect g)lpeci es ?ﬁ'gﬁg%sgtlsh%?a%ﬁetgéﬂt ?g%g{)gru ™80 af)é‘ls%d:mrel(lorﬁ?eé‘c’_ *‘Po?ar basi s)
of all nacr onolobemicalr cogpeuidesr @ngmeitibn cap%lggxf a‘niduyingatdwi]lcneitﬁhleﬂap@kiby p:,ll‘ e I
conposition wl] [i re than out rcent . all macronol ecul ar
speci es presenteffle(rglt the p(?%r?pﬁgsa?ﬁ%sﬁ?mﬁgor%p%’lfnbréﬁlé? glg:wsq%ﬁcgns[ }Illeéﬁfl about 85%
90% 95% and %@9mselbmtorgingftercabveptionah@sagelin el axs,psceuempligemuy |71h|é ed toh
essential hono ItV £cantanmn S Les canno e ed in the
conposi ti on byg%%%@@ﬁ?hgﬁngﬁg¥gg%?3%%ﬁ% '%@§¥ﬂm§e%§?Hﬁf%@”&®gﬁﬁﬁsitipn
consi st s essenthraicisyo AP8Y),snaogloeaterbteramby ebudnaé). speci es. The term pati ent

i ncl udes human and veterinary subjects. 5

The term "antineoplastic agent" is used herein to refer to agents that

have the functional property of inhibiting a development or progression of a
neoplasm in a human, particularly a malignant (cancerous) lesion, such as a

20 - carcinoma, sarcoma, lymphoma, or leukemia. Inhibition of metastasis is

frequently a property of antineoplastic agents.

As used herein, "substantially pure" rﬁems an object species is the
predomiﬁant species present (i.e., on a molar basis it is more abundant than any

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

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

object species is purified to essential homogeneity (contaminant species cannot



Anti body Structure The basic antibody structural unit is known to conprise
a tetramer. Each tetraner is conposed of two identical pairs of '
polypébtide chai ns, each 10 pair having one "light" (about 25 kDa) and one
"heavy" chain (about 50-70 kDa). The ami no-term nal portion of each chain

i ncludes a variable region of about 100 to 110 or nore am no acids
primarily responsible for antigen recognition. The carboxy-term nal
portion of each chain defines a constant® region primarily responsible for
effector function. Human |ight chains are 15 classified as kappa and | anbda
light chains. Headaectaddn te @mpositiensky gonxentignal detectioganatdskyeiharein the pha, or

epsilon, and deédnﬁ}%sﬁlbﬁc&ﬂfslstl%ﬂtlﬁly o?QEMB@rr?a@rohg%ulLLg%BTwsl 9G 19A and |gE,

respectlvely Wthin Iight and heavy chal ns vari e and constant
regions are joined by a "J" region of about 12 or nore amno acids, wth

the heavy chain al sorjeRghigtiBg it ludeh th%'a%ﬂv&%m%ng{bje mor e amino aci ds.

20 See general ly, Fundanental | nmunol ogy , ed., 2nd ed.
Raven Press? N. Y. (1989)) (incorporated by reference in its entirety for
all purposes). 4lid gﬁbaphp regions of each light/heavy chain pair form

t he anti body b|n Ing sSi Thus, an intact 1gG anti body has two binding
sites. Except in 25 blfunctlonal or bispecific anti bodi es, the two binding

sites are the sane. ﬂlgeoagllgadnngod@l Lnfhh (, it e owaNE C%%Bﬁ%ree&h Jucture of

relatively conserved framework regions jOIned yper vari abl e
regi ons, al so cBichdeiramesiprarrosedaef wp ldmtréalmams 9 pplefgmulds chainsCBRS. The CDRs

fromthe t 9o Chﬁdunﬁavn%f orﬁa%lghtpa(hﬁou?‘rzg KB} gn@ﬁﬁ%{g Jhaﬁnq;w k58r7%gl ons,

enabl i ng bindin speci fic epitop e rom rm na term na
both |ight and laé%vﬁeﬁmteweﬂmonm of lsachoeheiai ingdudeRla, vaGEIRg reghiR29f CDR2,

FR3, CDR3 and FRdut TH® to a361 GNRBRL arﬂfnoa{%dg rgrg %elja%é)gﬁglh t‘g?q‘% %’tnia;snlsnof

accordance with the definitions nces o
| mmunol ogi caI IWP‘ESP&’S’P (gt ¢atppaly-te t¢rﬁ1§tai Pottion of feachHelzlirt Idﬁﬁrﬁetahemstam Ml. (1987

gln.d ﬁg?ﬁz)e 342 878 % I‘gg%?o";%% ;fg?{:tgl c or(%b ?%%P ?jjcﬁ%] % h:bgg;t P!saaﬁt
artificial Mbrql'@sxgﬂq psb]@mya and lambda light chains. Heavy chains are classxﬁed as mu,
delta, gamma, alpha, or epsilon, and define the antibody's isotype as IgM, IgD,
IgG, IgA, and IgE, respectively. Within light and heavy chains, the variable and
constant regions are joined by a "J" region of about 12 or more amino acids,
with the heavy chain also including a "D" region of about 10 more amino acids.
20  See generally, Fundamental Immunology Ch. 7 (Paul, W., ed., 2nd ed. Raven
Press, N.Y. (1989)) (incorporated by reference in its entirety for all purposes).
The variable regions of each hght/heavy chain pair form the antibody binding
site.
Thus, an intact IgG antibody has two binding sités. 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



5 having two different heavy/light chain pairs and two different binding
sites, Bispecific antibodies can be produced by a variety of nethods
|nclud|ng fusion of hybridomas or |inking of Fab' fragnents. See, e.g.,
Songsivilai & Lachmann din. Exp. Inmunol. 79: 315-321 (1990), Kostel ny et
al. J. Immunol. 148:1547- 1553 (1992). In addition, bispecific anti bodi es

may be fornmed as "di abodies" to (Holliger et al. "'Di abodies': small
bi val ent and bi specific anti body fragmdhts” PNAS USA 90: 6444- 6448 (1993))
or "Janusins" (Traunecker et al. "Bispecific single chain nolecules

(Janusi ns) t ar gfdfabetytegreapxésef Pyatphor ynwsnadogitdl Yhterad €3 ateaal lpgithtes' of EVMBO J

10: 3655- 3659 ( ) r 44N r..at P 4 Ng egyl,ar design
for bispecifi cé‘?zté eB ngI gfaéanaggrlggm’p?f]%ﬁ'—a!ﬁ %%g/QIZ;X?AI %g’l'Pr oducti on
of bispecific mtﬂob{?dﬂ é@%}aﬁhwaat tleNetureSdR B 78-880(1 98Nt ensi ve process
~conpared with prodycty ?&uﬁ’é 098%%95% P libAP L %’gatn?t% “@b}ﬂh fiSoQnd degree

of purity are genera specific a spe ific
ant i bodi es sglo Maving tei d;ffencm hdaey/ﬁgin rchmh pfarmgmanms dtfﬁmnm@nahrzgl sigh.e bi ndi ng
site (e.g., nAntlb

F Una ni zation

of Ant i bodi es Ia-}gﬁ%%aé%ﬁpu O%dacsé:%n ?éev cer ﬁlvﬁnco e %?Solgﬁqun as¥8ciated with
ant i bodi es t hadéf hybsdoass omuﬂumgaofd?abrfeetgmcmlsl 8 egaldrigsmleo&suae}nﬁanmegl ons. The
25 presence of .su r|n frot i ¢an I he rapid
cl earance of . tﬁi"-g]ﬁff. BB es%{)éﬁggzpﬁé g ?lﬁyeeet Enler ’l‘"oon g?tlgn‘}l nmune
response agai nks53 (19%2).aht addoiby, biypeaifioahtigdies may tmrfdﬁnedtax ‘disbodle’he
utilization of rln r“, eriv t 1 badi it . ha een pgstul at ed
that one odh_ d@0Uishftbedict® il i At gt inbfy PRgRenan
ant i bodi es thrBM@hUSh@Onmlr-quuP%m) “J&ﬁlsinsihﬁhalmactldcbedgd fRisgkifion i nto a
rodent so that t he rode d produc nt.i i,es havi ~human
sequences. ‘H@%%Pﬁm/iﬁ %‘m%il&eagus?'ﬁggégﬁﬁ’ft? g’“ﬁﬂhé?% oﬁg’elggﬁ’?g ruct
megabase- si zedcellsma"MBla)dl 10:3655-868% (E59d) tand iTriunecker et mhemnumtno ntWe nouse
germine provid roach | uci dat i t tional
conponent s of W@Fﬁ}’?ﬁrrﬂ% Eﬁ’ "éﬁpﬁ%@?g: ﬁ‘é‘;‘péﬁ"f & cerg n’gﬂ % gé#ﬁfatl ng
useful noded s mbdietemnaf bispeedie eantibodies can be a relatively labor intensive process

compared with production of conventional antibodies and yields and degree of

purity are generally lower for bispeciﬁe antibodies. Bispecific antibodies do not

exist in the form of fragments having a single binding site (e.g., Fab, Fab’, and

Fv).

20

Human Antibodies and Humanization of Antibodies

Human antibodies avoid certain of ‘the problems associated with

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

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

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

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

antibodies having fully human sequences.



Furthernore, the utilization of such technol ogy for substitution of nouse

| oci ..wth their human equi val ents coul d provide unique insights into the
expreésion and regul ati on of human gene products during devel opnent, their
10 conmuni cation with other systens, and their involvenent in disease

i nduction and progression. An inportant practical application of such a
strategy is the "humanization" of the npuse hunoral i mmune system

| ntroduction of human i mmunogl obulin (Pb) loci into mce in which the

endogenous | g genes have 15 been inactivated offers the opportunity to
study the nechanis L programmed expression and assenbly of
anti bodies as well as their role in B- cell devel opnent. Furthernore, such

a strategy could prg_xli dal%aan i deal squrce for production of fully human
nmonocl onal ant i bodi €9° (RIS O £HP0F rARE r Fecapstructimegabaseraized hamars 16ailifi | 1 i ng t he

proni se of antiYwdy ahdes apodide MedBRMLS §RsSe g@:ﬂali‘ﬁ&':ﬂré/viﬁ&”?go jjbodies are
expected to mnimz enic and allergic esponsesS 1nirinsic to

i t he i, no .
nouse or rrmfse-aagrtofl%afol §‘8%1 %ﬂﬁs‘g%ﬁ‘ﬂ‘cflmk CRIBPQNSEls fsvenyt krege ef frudelgy and

Can bb expected. Lo provide & Subscantt ol ouprsteld (0 YuRT el O0F

can be expected, t rovide a substantia in

chronic and re%&ﬁfrﬁ@r%%ﬁl grtoa such eharlogy Horgubstiterien efrmowsetiasi rmuni ty,
and 25 cancer withehhirRaiéqfalkefd 85418 $roviciuhRAY iRl S thAbiPlSon N
approach towards,thi s{agoal S to engi neer nouse strains deficrent in

mouse ant i body 2B ofECIRRGh QF t Brorasr grene ¢ Argdutis s dwingt Hievelopment) gthbioci i n

anti ci pati on t hasmsbichioni with S sgstBhQUHE thef ih\ﬂaﬁ&ﬁleﬁﬁiﬂedi&a?ieriﬁdu%porﬁ‘“ma”
anti bodies in th‘ﬁ absence of nouse anti bodies. Large human Ig Tragnents 30
woul d preser ve PHEOFEPYE vari abl e gene diversity as well as the proper

regul ation of anti hadympsraducirh@RalangdpIRXRdeSs Qlkn BY ng%lg?l {d Ng t he nouse
machi nery for ,,gnti bod%n"di versification and selection an he lack of
i nmunol ogi cal t OF¥AUAAEER" 4 therrgoyse hamoral ismaing systerhe Inteodnaivn of Huthaman

ant i body  eper iminueoglobuliRERY 16 4RE midé fPbiith SHOUdladiobl § LD 1a1L 1 ty
ant i bodi es against, any antigen of interest, 1nc Ui ng QRN ant gens.
Usi ng the Hybr %#&aﬁté@ﬁ%@ﬂg{jy@e ARPITHBILY dp ety ithe mochmmismvalderiyiitgh t he
desired speci f poigtapnsedlxBrebston SAGsebB QUAGESHANT wen 2Gh&FISn B-
cell development. Furthermore, such a strategy could provide an ideal source
for production of fully human monoclonal antibodies (Mabs) an important
milestone towards fulfilling the promise of antibody therapy in human disease.
20 Fully human antibodies are expected to minimize the immunogenic and allergic
responses intrinsic to mouse or mouse-derivatized Mabs and thus to increase the
efficacy and safety of the administered antibodies. The use of fully human
antibodies can be expected to provide a substantial advantage in the treatment of
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 antibodiés. 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



This general strategy was denonstrated in connection with our generation
of the first XenoMouseTM strains as published in 1994. See G een et al.
Nat ure Genetics 7:13-21 (1994). The XenoMbuseTM strai ns were engi neered
with yeast artificial chronpsonmes (YACs) containing 245 kb and 10 190
kb-sized gernmline configuration fragments of the human heavy chain | ocus
and kappa |ight chain | ocus, respectively, which contained core variable
and constant region sequences. |d. The¥human | g containing YACs proved to
be conpatible with the nmouse systemfor both rearrangenent and expression’
of anti bodi es AAYHePRteNsH DS TePraduced, Bumpn eatibady feperteireeini thesstiouae ed nouse
| g genes. 15 Thlrﬁné’\/ﬁﬁ)uﬂie?'@msﬁlgﬁtamu@yanttlti@dlés Bt LYy b egeﬁ'q}fqg Cel !
devel opnment, to produce an adult-| hunman Tepertorre of f “huma
anti bodi es, andfWingeHERE Btz %‘éﬁ’r‘§E)émbﬁqomaﬁmwowmtlgﬂiMS@ﬁ«r esul ts
al s0 suggest ed niiat MM QEMGhE ARsiRl sdeBHG b tie g; p 1g loci
cont ai ni ng greater nunmbers of V S{geneSplc g{zllcpl?ongal et upg(?ﬁry el enents, and
human I g co stéﬂ?c“’rdegl ons mght 20 recapitul ate substantl ally the full
repertoire that is mgr@egg,grlsglagegy q{,ast Q@%&%%@d fﬂ“'@?ﬂn%cno e%pglnse to
infection and i muni zat1 on. The Wwork een et entTy ext ended
to the introduétieEtionpl @Féa%é‘ﬁnqhﬁ%me’é‘mﬂamambébl}ed&@%%f SehGreehlan'an
ant i body  eper 4ol 1 Gadfi @uallich 171 S1ICHLS). OFp z &I i ne
configuration YAC f?agrrent swo t he (t Qﬂ heg\%ﬂc y(ﬁls?%’ gﬁ%’ﬁ% & ppa |ight
25 chain | oci, cpesssesd yitheyspst ftrbﬁ@alddmeosmn@(%at@@mmm 245ekb hhhdez et al.
Nat ure Gengpi Coqlhs- A8t Bftide 3 duratdn
188: 483- 495 (1998)., (f’la S, Pat ge“rrftlt iﬁ?mcat f’éﬁ‘ B af‘eaKFh“é’é?%"g 620,
filed Decenmbepndst aPE@@Ght ¢hatn lopuse F%BWIééy,owhmhmmaxawcbcdxeweﬂn@bla mebr por at ed
by reference. ;3asichoRBRueRED B THY ' d ed in Us.
Patent Appli czcitl on S%?I awuNos 07/ 466, Ug‘%{é‘ Ig Cgﬁtgz'ﬁl?g\%‘gr 9roﬁd t
07/ 610, 515, fi FepatiNsVstihthe mgousq gggem W/@lfgrez@%gempmtwdmbgesﬁcﬁx ofl992
07/ 922, 649, fihffoditd 3hd3fbre B bll%??ubf March 15, 1993,
081 117 948, 11 | oy sh¥hse Sspal 51%}%@9%3%%@(3@ e ng‘é‘* 1994,
08/ 376, 27915 f i Tlig W&%ﬁgﬂmnytr@@ by1tbg5abxht@s¢ ingace gl de».,-,jppmemp phAS&:,
08/ 464, 584, fikpdiulUne BumdO2Bert @R/ 464

mdooee Bt piffogt #hg o, gifithe

08/ 463, 191, filed June 5, 199 08/ 462,
antigen-specific human Mabs. These results also suggested that introduction of

larger portions of the human Ig loci containing greater numbers of V genes,
additional regulatory elements, and human Ig constant regions might

20 recapitulate substantially the full repertoire that is characteristic of the human
humoral response to infection and immunization. The work of Green et al. was
recently extended to the intfoduction of greater than approximately 80% of the
human antibody repertoire through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain loci and kappa light

25 chain loci, respectively, to produce XenoMouse™ mice. See Mendez et al.
Nature Genetics 15:146-156 (1997), Green and Jakobovits J. Exp. Med.
188:483-495 (1998), and U.S. Patent Application Serial No. 08/759,620, filed
December 3, 1996, the disclosures of which are hereby incorporated by
reference.

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



5 08/ 486,853, filed June 5, 1995, 08/486,857, filed June 5, 1995,

08/ 486,859, filed June 5, 1995, 08/462,513, filed June 5, 1995,

08/ 724, 752, filed Cctober 2, 1996, and 08/ 759,620, filed Decenber 3, 1996.
See al so Mendez et al. Nature GCenetics 15:146-156 (1997) and G een and
Jakobovits J. Exp. Med. 188:483- 495 (1998). See al so European Patent No.,
EP 0 463 151 131, grant published 10 June 12, 1996, International Patent
Application No., WD 94/02602, published 3’February 3, 1994, International
Pat ent Appl i catl on No., WO 96/ 34096, published October 31, 1996, and WO
08/ 24893, publ i AL fJ%ﬁnés/ﬂ?il 80lgdied haech &, KX9B08/H E848E ﬁéfaichuslfst 2Re

above ci ted pat et 0sa0Rh IS L0 Ry 008! GITRORD, AR JlIBLEDY {spgor por at ed

by reference in théir entiret I'n an a terha hers,
i ncl udi ng GenPh&¥/#3q, ﬁﬁ&rlﬁmllﬂn&?% 0§/#@4,584hfled Jurtei 5,192 03/4641;158121 Ifibesius "

appr oach. In th%x{é‘ﬁ'lb%‘b‘%mﬁﬁ’%f)?ﬁ% 3 3Ug?@398@%§§379ﬁle%“ m cked

t hrough the inclusion of pieces nes)  from'the ’I g ‘ocus.
Thus, one or 5 noP¥43BGedided, uond, dPISTHBMBERE e Junean el 985, 08486,838) genes, a

T constant regkinly, Al 1808680885 PORRLANL: £ G0bORsA0 1T RfEGhly, 3 dam

constant region) are fdorimed 1 ntd a’cons ‘an ani mal .
Thi s approach i $9%eswt 08589,620, fileSDefRatbend, 1996. Seedd, MOet ot al Narard et al .

5 661, 016, 5. 77603 TETARL 00N R wlg o R e R By oy,
U S Patent No4955(1998l) 88 also Bxroppanehutent Nog @ (BeG3nks,1 R1, SranPaiildishedNOS .

5! 643, 763 1 47 colie 288 Ancidiond balcd) RERSFNE, wo Waflagchuniihetn, "
Appl i cation Ser Fetiruaps3, 1997 Siteniatigqal f Pdtend Ap;gmatonzmo 1990, 96)374!0565 962,

)28 ALt 80 0oL B e Y38 BT b B hin S0 108,
Decenber 16, 194disclosptes®8eaHhf k] abofeé-Ligwd mpmtsl applicatibB8) Ind BFéredfes 2, filed
Decerber 3, 100k BarraR gt FRArlE MR 107" To0a, 08200, 741, 11 1-ed
March 9, 1994, the dhswlasmatse efpr@gh, Mcr&hnanﬁnmﬁe&h}wmm@&hpﬁm&p ed Iby
Pt ont Appl i cat 1 6n Roe R o it dpprtesdy 86 06 miirs S8R o
92/ 22670, WD 93¢xDRARYS Ig/\@ogﬂ/i:o@ﬁﬁgked\/mrough the inclusion of pleces (individual
genes) from the Ig locus. Thus, one or more Vy genes, one or more Dy genes,l
one or more Jy genes, a mu constant region, and a second constant region
20  (preferably a gamma constant region) are formed into a construct for insertion
into an animal. This approach is described in U.S. Patent No. 5,545,807 to
Surani et al. and U.S. Patent Nos. 5,545,806, 5,625,825, 5,625,126, 5,633,425,
5,661,016, 5,770,429, 5,789,650, and 5,814,318 eaéh to Lonberg and Kay, U.S,
Patent No. 5,591,669 to Krimpenfort and Bems, U.S. Patent Nos. 5,612,205,
25 5,721,367, 5,789,215 to Bems 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



94/ 25585, WO 96/ 14436, WO 97/13852, and WO 98/ 24884, the disclosures of 5
whi ch.are hereby incorporated by reference in their entirety. See further
Tayl or) et al ., 1992, Chen et al., 1993, Tuaillon et al., 1993, Choi et

al ., 1993, Lonberg et al., (1994), Taylor et al., (1994), and Tuaillon et
al ., (1995), Fishwild et al., (1996), the disclosures of which are hereby
i ncorporated by reference in their entirety. 10 The inventors of Surani et
al., cited above and assigned to the Medf cal Research Counsel (the "MRC'),

produced a transgeni ¢ nouse possessing an |g _|ocus through use of the
i ni | ocus appr oXEfP arFHErsby jRARIRSFaiedoby tefraencen Prmirise EprepeamBatens et Owor Kk,

cited above, Lopgepss and ﬂﬁ%amfn?il|PA&‘én”9A§ﬂ1fcat§&xa‘ﬂJo§’f W@e92/9§9€}§e'WO' nvent ors,
proposed inactivation o Eenous mouse 1g |ocus ~ 15 coupled with

substanti al dupl¥%24t3 owoo?z/%%@ PR/23670aW0 QHNI227TAN QYRR VB t he
m ni | ocus appr cyamsw Wb%namsi'w(y 9W1§§52W9ﬁoc% 99@@%&%% Qisbiogading

portions of the | ocus can be generated and 1 nt uced 1nto aninmals.
Comensur at &l y ,W}Hgi/\EQ Bprebyingorperpied By Frferancs drithaieagetyoiSee fiether ayldrocus

approach i's thaka imos, fmmet all, 1544, friugmem.-tﬂly 3SChi di 5. %ﬁ%gﬁ&ght hrough

20 the inclusion of small nunbers’'of V, D, J “genes. ndee
publ i shed wor ket &334, T%loél?bp‘or(i”ﬁhl@ddbﬁﬂemF\talB(kPQIS), Fibwélil spatent and

ant i body prodtt%ga?nh@hlsaegmlosfvaﬁ&m@%@rew U@Erra;kgﬁoﬂeféré}x%ﬁm fiel-ocus

approach appear unt ed herefore, researc ding the present
i nvention has c¢@Hststently been directed towards the introduction of |arge

porti ons of g he 1g. e yehbreQiidfan?d 4 OciHah 6Vl S8bRG HlydNisiy and in an
t he”ani ma

effort to reconstitute the ;mmine repertoire o Liman
anti-nouse ant |Rsﬁ@@ych(¢mmel (the SHREZ B Prothroed 4 wahsgdmic inpiehe possgssing andgepar e

chi neric or ot h@éumsu@%@gkaﬁ%iﬂﬂééupgglr&% he grﬁfeﬁtmsrg:f‘]rttheg%ztaHQOdl es have

a human constant- Tegrah and a miri ne: vars ahl e expect ed
that certain hdﬁfﬁﬁ‘amﬂai werk. eited eboant Landeng mdAGH) fdk&pnm@sslew of thee

observed, parti é&‘sx?trllnyen'td}s Cﬁ}Bgdll:cP ifdetiV H r RS Endd) & dxldu? %:%ugg' $g Qb €

anti body. 39 hus, it desirable to provi Bman- ant i bodi es
agai nst CTL&- 4 COPMCQ)‘W%?UbEfGHtW fypdicationd SerSumnasidl. ororlef f ect s of HAMA or HACA

response. Humani zat ixgna@Rfladd SOIRVERERR UpPPYch is the rapidity with which

constructs including portions of the Ig locus can be generated and introduced

into animals. Commensurately, however, a significant disadvantage of the

minilocus approach is that, in theory, insufficient diversity is introduced through

20 the inclusion of small numbers of V, D, and J genes. Indeed, the published

work appears to support this concern. B-cell development and antibody

production of animals produced through use of the minilocus approach appear

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.



5 As was di scussed above in connection with human anti body generation,
there. are advantages to producing anti bodies with reduced i nmunogenicity.
To a,,\degree, this can be acconplished in connection with techniques of
humani zati on and di spl ay techni ques using appropriate libraries. It will be
10 appreciated that nurine antibodies or antibodies fromother species can
be humani zed or primatized using techniques well known in the art. See
e.g., Wnter and Harris |Inmmunol Today 2%:43-46 (1993) and Wight et al.
Crit. Reviews in Immunol. 12125-168 (1992). The anti body of interest may
be engineered BYusy & heaiesiraiaso peasidsi fylbe burnan antibediest agaimst GELEML, CH2,

CHB, 15 hinge dRngidi% vidRebderhindid: RRENOS M1 AR cor respondi ng
human sequence (see V‘\?) 92/ 02390 ané U. S 6Patent ﬁoA\é&AEe,é%g,'lol, 5, 585, 089,

5,693, 761, 5,693,792, 5,714,350, and 5,777,085). Al so, the use of |g cDNA

for construction of ',,ygg,r,-(;,,ca,jd eg}p,y)hj genes is known in the art (Liu
et al. P.NAS 84: an Tnmmunol. 139: 3521 (1987)). nRNA i s
isolated 20 from a hybridoma or other cell producing the antibody and used

to produce CONA The GRNhed B0k SPlonfBliaP R HRh LRy glln e virer ace

chain reaction using specific priners and
4,683, 202) . A|@e.emadmta,ges@nwdwmgynmdwmahmwc@ammegmm. ol ate the

sequence of inter Eltee & ENﬁéusa%g&x? ﬁﬁedenlfocglnﬁ'e%n}m w1¥art|c le srl.ﬁ on of the

anti body is then used to man cons region seque sequences
of human const amanizgtiasnand diepies teshniquze dsmlrnﬂpmpmi(abmaret at wﬂQ 1891)

Sauences ofo PRk chy hIFIBLAUNEEL LIRSHES honlheHpiblicat) on no

91-3242. Hunman regi on genes are aval I a e ¢l ones. The
choi ce of isot ylpenamzr:d Obeﬂgatllzstédmnbywhhelucbewcli ddoverf ﬁredteo:trt f Sactkiggns, such

as Sonp ement wial! @0 sk 3l ok 13059814 BT &’gnggg&‘}aéc ir U1 ar

cytotoxicity. Preferred |sotypes are )
Particul arly prRdviems d Imwttglpéélﬁo%fia(dw?()odﬂmami’ood)hef|1mmsttm®y1 beare | g&

and 9G4, Elt hegogfieb ok 80 B0BIALE ISRANL L ANk AgRR O 40

| anbda, may be u ed I meri c, unan Ze ressed by
convent i onals nétlm@malfmt m@myhcf fragnuoﬂ(slomucmﬂasheﬁoneﬁ(oabm);mumd Fab may

be prepared by sequence (see WO 92/02190 and U.S. Patent Nos. 5,530,101, 5,585,089,
5,693,761, 5,693,792, 5,714,350, and 5,777,085). Also, the use of Ig cDNA for
construction of chimeric immunoglobulin genes is known in the art (Liu et al.
P.N.A.S. 84:3439 (1987) and J.Immunol.139:3521 (1987)). mRNA is isolated

20  from a hybridoma or other cell producing the antibody and used to produce
cDNA. The cDNA of interest may be amplified by the polymerase chain
reaction using specific primers (U.S. Pat. Nos. 4,683,195 and 4,683,202).
Alternatively, a library is made and screened to isolate the sequence of interest.
The DNA sequence encoding the variable region of the antibody is then fused to
25 human constant region sequences. The sequences of human constant regions
genes may be found in Kabat et al. (1991) Sequences of Proteins of
Immunological Interest, N.LH. publication no. 91-3242. Human C region genes
are readily available from known clones. The choice of isotype will be guided
by the desired effector functions, such as complement fixation, or activity in
30 antibody-dependent cellular cytotoxicity. Preferred isotypes are IgGl1, 1gG2,
IgG3 and IgG4. Particularly preferred isotypes for antibodies of the invention
are IgG2 and IgG4. Either of the human light chain constant regions, kappa or



cl eavage of the intact protein, e.g. by protease or chem cal cleavage. 5
Al terpatively, a truncated gene is designed. For exanple, a chineric gene
encodilng a portion of the F(ab')2 fragnment woul d i nclude DNA sequences
encodi ng the CH1L domain and hinge region of the H chain, followed by a
transl ati onal stop codon to yield the truncated nolecule. I n one approach,
consensus sequences encoding the heavy and light 10 chain J regions may be
used to design oligonucleotides for usetas primers to introduce useful
restriction sites into the J region for subsequent |inkage of V region
segnents to hurd#mbda. meyibe isesledheehimencchumgiizngd avihgycathepexpmgeied bed by site
directed nut agepgshSodPmPihdge @ restriction site at the anal ogous position
in the human sequence. 15 Expression vectors include plasm ds,

retroviruses, cosmi dstibogxdsagnepy, sugk ek FedF@p)saoddab maydbe hrsparpk by A

conveni ent vVectQh, 13 9P h%ct?%%?%xgz F.gbrt{y;?ﬁ)ttéagpac]r! YhenROR! ALfKafpiman CH or

CL i mmunogl obul'i n sequence, | _ e restriction sites engineered
so t hat any sVHAjtlemativelpquidniveateghgensels deaigngdy Fonswample arcdinsxiorgessed. | n

such vectors, %Héddﬁii%g é)‘ég}b%' LY QG DEMEERoEH hEaSPINA Se QR%E site in

the inserted J regi the splice”acceptor site preceding the human C
regi on, and al socaging the Pl idemaineagid dringet dagion @f dhe Hweltah, rfollawed hyupan CH

exons. Pol yadenyl aid Q% s@dl}qwh&g@%ﬁ]]& {%igrgﬂ!:a{cgrrﬁgl&ﬁfei on occur at native

chronosomal sites ofownst eam e coding regions. The resulting chineric
anti body may be j oi fredn¢ epripachs tonsergupsamerices endodiml Uble gaviyeandolightal 25

LTRs, e.g. {V- .ear ] y. ( A . . I | : 280
(1983)). Rolls ;&g?‘ggn‘%&\?’% gy E%Eﬁs"(déor na‘%%‘g‘}é‘f‘aL?d%)k’.rgL 5% s t?1982)) ,
and nol oney mintrodgcd wagkd mestriotion exesTR i opsohfediube¢quent. linkagel of4: 885
(1985)); native. e - Eurther [ ' ant i bodi es
from ot her specr? Jélgsée%\"%%gtto @%ﬂaélg%ge a g %?Soﬁgwglgﬁay@?%g’%ﬁg‘éﬂnol ogi es,
“including, w t feyusite dirertedanitagenesiplogdee direyiictipn siteedt tio/amaltigods myitiay
ri bosomal di splig&ehﬁ%gn g)et&t]gnrc techni ques, using techniques well known in

in

the art and the resu Mol ecul es can be subjected to 41 additional
mat ur ati on, 1ssuch as Eapressinint vectomstionlateippasmidssregondfus¢seadsmidpu¥aCarEBvel | known

in the art. Wighte@ads bt it m8UYRea cddbfsht 3ot Gh A DGR IRA

functionally complete human CH or CL immunoglobulin sequence, with

appropriate restriction sites engineered so that any VH or VL sequence can be

easily inserted and expressed. In such vectors, splicing usually occurs between

20 the splice donor site in the inserted J region and the splice acceptor site

preceding the human C region, and also at the splice regions that occur within

the human CH exons. Polyadenylation and transcription termination occur at

native chromosomal sites downstream of the coding regions. The resulting

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

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

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

moloney murine leukemia virus LTR (Grosschedl et al. Cell 41:885 (1985));
native 1g promoters, etc.

Further, human antibodies or antibodies from other species can be

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

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

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



94:4937-4942 (1997) (ribosomal display), Parmey and Smth Gene 73: 305-318
(1988). (phage display), Scott TIBS 17:241-245 (1992), Ownirla et al. PNAS
USA 5 B7: 6378- 6382 (1990), Russel et al. Nucl. Acids Research 21:1081-1085
(1993), Hoganboom et al. Inmmunol. Reviews 130:43-68 (1992), Chiswell and
McCafferty TIBTECH 10:80-84 (1992), and U. S. Patent No. 5,733,743. I|f

di splay technologies are utilized to produce anti bodies that are not hunman,
such antibodi es can be humani zed as de$cri bed above. 10 Using these

t echni ques, anti bodi es can be generated to CILA-4 expressing cells, CILA-4
itself, forns cfdiGrnsnpturationg sshas ffiniy materation; presushfechnigpes asspekssi on
libraries ther qfg,h$8feSd- WHeS RSN D, Had Al Bl 9l 884

thereafter be screened as descCri bed above for the activiti es descri bed

above. 15 Addi t94c4937-48%2 (1897 4rifaspmaltisplsly armiey andemithcengsI30b131Be
appreciated, it I sin
cells. Rat her (0%1828 gﬁﬂg HM);F%P?Z? %ﬁﬁsllezr?t}gqlégzb C@%&C#'Lﬁ{-@%lﬁbgﬁndl gg wth
its |igands % o 8637848 % (199,(31 Rusgg)\ghaly Hgdlmlﬁogﬁse@fezbfo&ll'ﬂémﬁrﬁ]%ﬁ) 20

mechani sims {1V Ak Rk b 2 IABHLEE. KbjdysCe50:33-68 (106810bl R AN OF

conpl emrent and p I clpation 1n e constant regi'on of an anti body

pl ays an i nportMcﬂiaferVeTIBﬁEGHrﬂrﬂe&QtMoﬂW)t land ). SnRatdnd dYo. 5. B3I MBt yIft o fi x
conpl enent and i S e isotype
of an anti bodyﬁﬁa&etlgdthﬁ%g B%%S%eg hge] a%tllclg?{@{ogteg %}g?&@g?r@lhup%l leé;?l on, or
not . In the 25 aptibadigsfcan brehymanizedas desardad done. gener aI ly, as nenti oned
above, 11 1§ 9ener aloheNfhese Qécﬁﬁguse%a&d%' bdn? B Al DRAXCTLIIY il 1S the
cells. There are a nunber es of anti bodi at are capabl e of
conpl ement fi xaxpossicar¢ICOTLA-# Hedl Gmngof Wfphéu@plﬂomﬁqr@pptmqs tbme ,f ol | owi ng:
murine I gM nur , 'y r ; hunan
lgd, and hunandn?%%g.gs%ﬁégg% %)ﬁl?rse(t)dteé%ggt 'atp %t rhl\%tG33 |7 %{'P‘%Svh hout
limtation, hurthﬂeatﬁg@e seregndd asdpscribg@abovd for the la¢tivisees dpssribesd a:bped t hat

anti bodi es that are generated need not initially possess a particular
desired isotype but, rather, the ant| body as generated can 42 possess any
i sotype and1x he ant i4dd 3 2 grapetreal t her eaf t er usi ng
conventional techniques that are well knovvn in the art. Such techniques

include the use of direct reconbi nant techniques (see e.g., U S  Patent
No. 4,816, 397), As will be appreciated, it is generally not desirable 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 ahtibody
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



cell-cell fusion techniques (see e.g., U S. Patent Application No.

08/ 730,639, 5 filed Cctober 11, 1996), anong others. In the cell-cell
fusioﬁ techni que, a nyeloma or other cell line is prepared that possesses
a heavy chain with any desired isotype and another myel ona or other cell
line is prepared that possesses the light chain. Such cells can,
thereafter, be fused and a cell |ine expressing an intact antibody can be
isolated. 10 By way of exanple, the mpjé& ity of the CTLA-4 anti bodies

di scussed herein are human anti-CTLA-4 1g& anti body. Since such

ant i bodi es possmessess atwysisotpre didrihié aryibody F#mebeGTQ_tﬁPMSWmK@bthbléaﬁqnlyinéne of such

antibodies can &EVﬁnES&m}]Jc?(nlh&Qt%F?re%1%&%’1;1 tfle ﬂg%rcﬁte%hfﬁ W}%'ihd'ege‘1

i sotype, for exa possessi ng t sae variabl e region
(whi ch defines thheseanftdnbddyCosnbltﬂaEl wpwmiques Ge¢ gg.ablS. Potent 6. 4,815,391, n| ty).

pccor dingl v, -as.gnthbosky cagdldates o &18epaLR Ag)%llm%h NEREBEBICT i ded

"structural” utes as bove can gener al
with at |east ﬂ:led Oaﬂoherddid19t96balabng dtersti onal " attri butes that are desired

through isotype I%ﬁx@icglg-'celggmggﬁc ‘Pengm%&glase 5B} 0(31]c g%% mﬂr apeuti cs

I n accordance W|th e presen |nve Won" & V|ty of the
anti bodi es thattharpesq@ssodmbwyahdnc\hmrmmdwneéemtymeami amther myelospart to

CTLA-4, = 25 the tf?eef‘sdeﬁ“lm% ;E tred: B)%{]ggs%&ts s thgqgﬁl LhdifS ddf! Hé U, Ot her

anti bodi es, ot har ahtagont or ¢ I S Ot her t an atriti bodi es
is facilitated.thSeafter, bmfmti ad c:lliline kxpolessing/iat moagt antibodyt cab beisplagedt | bodi es

havi ng sim | ar bindi actl r functl al nced,.anti hody
t her apeuti CLOa such ﬁs}gﬁ?ys%em le g"ntl o(?nh e|:Jir‘rIT§“/’rﬁno \éﬁ?ﬁgs dlscu 69

radi ol abel ed t Hereaxpemthuwn agﬂHQHlLati tgﬁbintlpextyt i $iece3chy Iamrt@p@uposs&,s gene

t her api es, partjcul i nt fl’fil i sense t her apeu an smal |
nol ecul es. Furt#usalrrer%lta)‘?lgé(m o scus’gz (gl%lveé any Re° er ety Bbb udﬁcctaflg)ﬁ of the 43

ant i bodi es of tﬂe&hiynsc@meismitcmyco lgmecdtaQOdmbI;gGﬂsnﬂmefosmmmh,wgnlbo an 1gd,

lg&, 19gG3, for |ou er ses. In
connection w t hn%l S%Sﬁlélgﬁhﬂon of van vanc ‘?{u ert%g%ltél C§LSI wher e
conpl enent {3 xaetpccoﬁcltygnasdeesofnahlffeum.t ri but e, it may be possible to

Accordingly, as antibody candidates are generated that meet desired
“structural” attributes as discussed above, they can generally be provided with
at least certain additional “functional” attributes that are desired through isotype
switching,
20

Design and Generation of Other Therapeutics

In accordance with the present invention and based on the activity of the

antibodies that are produced and characterized herein with respect to CTLA-4,

25  the design of other therapeutic modalities including other antibodies, other
antagonists, or chemical moieties other than antibodies is facilitated. Such
modalities include, without limitation, antibodies having similar binding activity

or functionality, advanced antibody therapeutics, such as bispecific antibodies,
immunotoxins, and radiolabeled therapeutics, generation of peptide

30 therapeutics, gene therapies, particularly intrabodies, antisense therapeutics, and

small molecules. Furthermore, as discussed above, the effector function of the



5 sidestep the dependence on conplenent for cell killing through the use of
bi specifics, imrunotoxins, or radiolabels, for exanple. In connection with
bi spedi fic anti bodi es, bispecific antibodies can be generated that
conprise (i) two antibodies one with a specificity to CTLA-4 and anot her
to a second nol ecule that are conjugated together, (ii) a single antibody
to that has one chain specific to CTLA-4_and a second chain specific to a
second nolecule, or (iii) a single chai*h anti body that has specificity to
CTLA-4 and the %h{ﬁr rP)tLecuI e, Such bispecific antibodies can be generated
usi ng t echni que® P HE: 4P NEMODKRBWRF FRresd bynipttene switckBgriear lgflwi th (i)
and (ii) see e.lgGz, [g@GageG4, IgD, RiA, IdBT6RIRM foMbirladgetpdric@les( 1994) and Wi ght
and Harris, supra. and in 15 coglnecti on with 1g|i ii) see e.g., Traunecker et
al. Int. J. Cancer ?%ﬁﬁﬁef“"f‘: wih dbe gongrogon of pdvaperd; antibedy tweeperaissdi es” (11 |
et al. "Design winte complememt fiefionTis & dbyBblk chrkiBRENAGhAP Wei fosdPFBLN Wi th
properties of both heavy an Ii%ht chain variable regions"” Protein Eng

10: 949- 57 (159975)“‘§e,-°‘t’ep l\‘ﬁ%ﬁﬂ’ﬁa cgee op \gmplement fog) cell Jallingrlrougty thei usg-afel ect i on

of a m ni body pidpeeEaes, intRuiondXiddl 6:06dighbdN) R Rxarhdit.er | euki n- 6" EMBO J
13:5303-9 (1994)), "D abodies" (Holliger et al. "'Di abodies': small
bi val ent and bi speci® CESFHINHYHY brsp Antibodies ispegific anthogied 4aBh48 (1993)),

or "Janusins" (gkhé&ttee thsEdonfrisei) tvv\o%ﬁmsfohgwﬁil_g%c%ifﬁ:h§‘il& IF@J4%%3| €s
(Janusins) tar gagt cyt ot OXI§ | ynphocytes on H V infected .ce’lr s" EMBO J
10: 3655- 3659 ( P99HST 19 AdecPRd Melrckle that aregpnjugatedagdther, (ibesingle entilody  desi gn

for bispecifd c theagesteschainpeclfiCRNCEIA-FURE L sdcord chan Qﬂc%fﬁ%)t%)a gl so be
prepared. In connection w th inmunotaoxins, antibodies can be nodified to

act as i mmunot®YFHE: ot Giiasinele shamantibpsydhat hag spegificitutp ICTAohend thet he art .
See e.g., 30 \ithephiofechRMeaeh b; ﬁéime eﬂrﬂib&ﬁ%_&aﬂr%@%)ener § g%nggc%@,e Pat ent No.
Fol apeled an

5,194,594. In connection with the preparation of radio £i bodi es,
such nodified B eierudlmewe dor cxpmpleia cprsetianwigy @yrad &) et ielgi, Fangsr t echni ques

that are well lkheMWimAtdnol iIMeAddS 4amts] $864)%08 Wi is€ -anli I CaNCeETr
Chenot her apé and Bi ot her apy 655- 686@( Zo)l edi t?%n?g%ﬁg%ﬁé%upgéicfnhg?\go, eds.,
Li ppi ncott RavERME§eeyyh lithice eg. slyaunecker paalelyt. INGancen (B@p))5811-52, 735, 210,
5,101, 827, 5, 1Q%9R0 (RE 35, 500),

In addition, “Kappabodies” (Il 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 eg.,

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



5,648,471, and 5, 697,902. Each of i mmunotoxins and radi ol abel ed nol ecules. 5 .
woul d-be likely to kill cells expressing CTLA-4, and particularly those
cells in which the antibodies of the invention are effective. 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 10 small nol ecul es) or 48creening of peptide libraries,

t herapeutic peptides can be generated that are directed g}gal nst CTLA-4

Desi gn and scr eethierag. 8¢ peplungbansichal ap &unte LHemotdtersensad F1atheredhnect i on

wi th Hought en h 2Snd 13ngbl2addkp yaahie B NAS USA
82: 5131- 5135 (%58@)6 OBk Ohh find Lodby 0 géjles Ao (4992). Blake
and Litzi- Davi slsBUOSScPIa]eu@dQSe“n@ﬁbﬁrﬁl 193825}16 181,827, $d62,090 (dHotQxi ns and
radi ol abel ed l6§§k‘%le§n§§%9§lb ) Fig, opfnggﬁx{omms?\q radlo@beidtd mbREuiBRNNEr, in
connection wt I'c hol’ e i es as I scusse bove 1 n connection with
ant i bodi es. sl nmulkiweﬂlkeluftmkxi’mellanxm@lslag &dLeck tané pistiewlathigthese eghs int i body to
an antigen can b e ay experimentation. Such
experinments ar & 'gg%gaélagorasogﬁ]g%%%{hﬁagﬁ % ﬁ‘fyr ough panni ng hage library
expressi ng random pipdonsketion mthhhengmgmm pﬁtmmemtpebmSeﬂvmﬁtthﬁe i nvention
to determine if, tid can. I"@-h S ul, certain
epi t ope i nfor rréﬁ“?@ °rb8§%5“§mal R a§8+ ?%%Q} ﬁe pe"ke't‘;n'%gsa&"{l at glﬁ%?itt)’ In

gener al , phage shdhlas aliei mbquaroésm mgemxamaxsrdlspmed edew @!anormectmmﬁased 25
fromNewEnIand r ptide 7-mer
Li brary Ki t! anamﬁﬁmﬁ ec‘iﬁs)égéﬁfrc‘a’ gl% pr’r@tl r%ré';{zlrg’ytﬁ ?c%txcg@%t ve y) based on
a bact eri ophagenehic thgﬂs:tesdrrecfEhega'lnstr@rTLlAl-br aEgslgneqmlesr@nmg ef reptida sity of

AT of "t he 28prbyitd s YREGRA AT RingbeiRl S, YOLARe EPLESRPRIERRL . |1 oy
cont ai ns 30 appsdxd-Azit GDW)lHGugthOBNA&d/éﬁeﬂicﬁéht Stiso(igss)aRmaleprdsent s only
T2 et sequenc et Igiont SqERIsRR e A RACE AP BRR el KRy, 0 1 X 101
screened i nsacacn0aht €1992).h I4mmunbloginsrand fradivlabeied motesulgsneamdisoi s i n whi ch
pl ates were coa B Yert 0 nti body (a
goat anti - huma R}esggménlafﬁ a sﬁplta} erl B GAREYLR WiBE p@RRIC ﬁ)lroicﬂésea@

dlscussed above in connectlon with antibodies.

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

~ gleaned from the peptides that bind.
In general, phage libraries expressing random peptides can be purchased
25  from New England Biolabs (7-mer and 12-mer libraries, Ph.D.-7 Peptide 7-mer
| Library Kit and Ph.D.-12 Peptide 12-mer Library Kit, respectively) based on a
bacteriophage M13 system. The 7-mer library fepresents a diversity of
approximately 2.0 x 10° 'mdependént clones, which represents most, if not all,
‘of the 207 = 1.28 x 10° possible 7-mer sequences. The 12-mer library contains
30  approximately 1.9 x 10° independent clones and represents only a very small
sampling of the potential sequence space of 20'? = 4.1 x 10'* 12-mer sequences.

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



| gG anti body for exanple) followed by washi ng. Bound phage are eluted with
0.2 Mglycine-HCl, pH 2.2. After 3 rounds of selection/anplification at 5
const hnt  stri ngency (0.5% Tween), through use of DNA sequencing, one can
characterize clones fromthe libraries that are reactive with one or nore
of the antibodies. Reactivity of the peptides can be determ ned by ELI SA
For an additional discussion of epi topg5 anal ysis of peptides see al so
Scott, J.K and Smith, G P. Science 2497 386-390 (1990); Cwirla et al. PNAS

USA 87: 6378 10 6382 990),; Felici et al. J,. Mdl. Biol. 222:301-310 (1991),
and Kuwabar a ettgﬁlman(‘flﬁé?‘fﬁ)’é EFYRBYKANIS G WhCh Plaes Weig9e9ated TRER 85 gn of
?enel and/ o(rj aﬂtdnﬁBdS‘cS/eth ﬁtcbﬁﬁ&pmliﬂp@@nhhrdﬁﬂﬁﬂﬂyq@@Uﬁ&hﬁlhﬁiﬂhn Ié@FbmrfhgeS [ sI al sg
acilitated thro ) resent .i.nventjon. .Such nodalities can .be utilize
for modul ating Igtgeeayi tfgb?i‘aslr’fetﬂlﬁ\waé by W%g‘%‘lui“gﬁl‘%aﬁéf%ﬂk“ﬁﬁ“?‘ﬁe 15

anti bodi es of the Mrgsand-HCHVENA DN Afegi 3 irbialde offesicaibnanthliisionfl atf uncti onal

assays related thereto. A design and strategy for antisense therapeutics
i s discussed i nconﬁértteffrl‘“gf’??yl(ﬁgl’e/‘r ﬂgf"‘? n‘é{“ﬁ%t“?ﬂ?fr RYAI §e03FH8 M5, cap0

94/ 29444. Desi WhaRBi@rizeSilbrith EQithe librarigLimer 4rb RRaaP) vAtfonttdrimdsdoMhe However,
herapeuti c techni ques involvin

in particular, the use of .gene g

i ntrabodi es comnﬂg?#?f’velg?aﬁ“‘gg ‘ﬁnafﬁ"f PeRtides 47 beodetrapmd Dy dedsA- e g., Chen

et al. Human GesmeitibhardgeyssionSEoepfibie &ﬁ@@i@)ofﬁﬁﬁhdé%&@&@& seqng. K haaapy
erations related to gene

4:11-15 (1997). ner al _desi d consi

t her apeutics i §T§ﬁ§c¢§1 §%iﬁ§§§gglgg6'$§h Qr"ﬁ@é o epalt EAUS AU 8E487%n  No. WO
97/ 38137. Ganetq3s2 (B96Y: FaliG e€NCOWNBigN2 201 300Y19h), thekuwnant é@n  (such as
the 4.1.1, 4.8.1, or 6(%{ 11, or_ ot hersé may be included in a suitable 25
expressi on systedidesiaeiop Pal4-78dP&uat ed viral, non-viral, naked, or

ot herwi se) and adm rihstdesigflot £nd ah@6t arftidénsk theVdp¥@ics ABHAL dodlerbndine
anti body in the host. Small nolecul e therapeutics can al so _be envisioned

in accordance WFPRIGUes s alsp Eacilitated thipugh ths present inysntioan Speh medaligeednt o

nodul at e the addeivliked fof mbdliAmg IR AndiRg € CTLANY. L1HBomeSif therbWiEMET ON.
Know edge gl eaned fromthe structure of the CTLA-4 nolecule and its

i nteraction® wiatHbUHsEf thedresertiewention Beilitseriesign and pse|of fumetionabassays
i nvention, suclrelagd thgetanAl desigh i Aifatel] Sorl AN @Al tRetapceli¥ils diddussetln B7- 1,

{3 E;arz épgﬂg i gt herd%ta?lag ?errlljz;[tljolxalll actientt %prp 1£a{ti%g allkla deOes9h/%844%qdlDtelsing11aalnd

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) aﬁd

Marasco Gene Therapy 4:11-15 (1997). General design of and considerations

related to gene therapeuticé 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,



nodalities. In this regard, rational drug design techniques such as X-ray
crystal | ography, conputer-aided (or assisted) nol ecul ar nodeling (CAVM
quantj.)) ative or qualitative structure-activity relationship (QAR), and
simlar 5 technol ogies can be utilized to focus drug di scovery efforts.
Rational design allows prediction of protein or synthetic structures which
can interact wwth the nolecule or specific forns thereof which can be used
to nodify or nodulate the activity of ®TLA-4. Such structures can be

synt hesi zed ch or, xpressed. i n bi ol ogi cal systens. This approach
has been revie dfa‘# %ﬁ‘BQBQerétca’i'?F ‘é{lhze’@@ﬁ@t@é& qJeyigradditierat tharapkuian

Ther apeuti c Drugaia(xﬁtsockﬁ (Dms FPE &5 ratidhal G388 nal design
of nol ecul es (e|t o A tkma%gs Sﬁ{he ?Ha? or the

Sgﬁsﬁ er ggtldommetlcs

li ke) based updh RATSHAP yor°°'6‘8‘|‘F fdetpr asdited) cnelp@iaronedeling (EAMAY), onshi ps

W t h ot her nol emardtiRsive Sdi cualxgtivandtiu i nvention
em ive Sdi Gfhaltatiangt mﬁ&ﬁv"ﬁnm%ﬁ&ﬁf@&ggﬁé@. #.m? )

has becone gener routine. . See
i rreversi bl g i ﬁ%\%‘f‘ léﬂf“i oA By utilized @pf%@r Frue d@fPQ)mhefftatst Ratiogalefesign  and

erbB2, by a newu&k'aﬁ:%dleﬁod Y 26teihCor ki MBSR stlbthdRl LA t]. . Acad Sci
A 95:12022-7 ( n. et aIr "A rms del %cf ?q%%%rﬂllf’%‘% cat al yt| C

1 Hof f
domai n and Cdk ’?Oi?cé]reé’éf?eﬁ 1cJppys gheseqf xdush cambe ﬁﬁsdprlesraf}ccarmddumerthedanese
honol ogy domai nctiidybds BiTalA-282 5k8p- g@&,rgslgg@)be ?n cgc%&lg’ "Model |'i ng

20 of active forns 3({) E’b"tel n ki nases: 8--ac 8f ochi m Pol

44:557- 64 (19§HresSIHR 1%&‘°%Fyst°m5d§ht5|appr@mhamb@rn rc‘ekthdymdBapsfeg et

phosphor yl abi 0@l SFdneScalP Engtelbrtl QRIANEG TSk ﬂyﬁ lj;tpégr E‘ nolgr e domain
i et al® ruct -based

structure" Bio J3 927-35 (1997 Si'n
design of a po?@%g]) é’ﬁ‘é"gtl the, ré!rﬂa'al w%qs’eve i iokecilehi Kaither pﬁptxddﬂ;e catal ytic

domai n of the pehomasaidt,em ﬁumeambéx @k 1 0§ ases” J Med
Chem 40: 1130-5 (1997) - . Mandel et al . xéb&fe%g&n&don@g Padio s el

approach for aftiBBHetty relationshiphoith Pﬁg" mqeculBy Gtuck frsodntibddig2d 8 (1996) ;

Monf ar di ni et aécord'éﬁ;%twmmle iflREh BN has FOGhY Blrrall tential lity of
GVt CSF anta oni st, Proc Assoc Am51 ?DShyS| Cl gnsralgggﬁglg ge (2‘.1?'99}JJ Furet et

al . "Model I'f ng?lst tRE§isE nsvessiBlerinactivativn ofohe emdepinelogrewthbfantdi ngeprode of

st aur ospori ne aickrsB2, Giya n@fv dde o@ﬁEkﬂx’a§ . ut Ai ded
Vol Des o: 46573 (1995) .4 1€ b IRk Kbhieinfibiti P rocil Aear ke I
desi gned and 59 ReéV22a (lgﬁ%p Heffpan et al. “A model of Cdc25 phosphatase catalytic

domain and Cdk-interaction surface based on the presence of a rhodanese

homology domain” J Mol Biol 282:195-208 (1998); Ginalski et al. “Modelling

20  of active forms of protein kinases: p38--a case study” Acta Biochim Pol 44:557-

64 (1997); Jouko et al. “Identiﬁcation of csk tyrosine phosphorylation sites and

a tyrosine residue important for kinase 'domain structure” Biochem J 322:927-35

~ (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-S (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).



in screening progranms, such as high throughput screening efforts.

Therapeutic Adm nistration and Formulations 5 It wll be appreciated that
adm nilstration of therapeutic entities in accordance with the invention
will be admnistered with suitable carriers, excipients, and other agents

that are incorporated into fornulations to provide inproved transfer,
delivery, tolerance, and the like. A nultitude of appropriate 1 o
formul ati ons can be found in the fornmul &y known to all pharnaceutical
chem sts: Rem ngton's Pharmaceutical Sciences (15 h ed, Mack Publishing
Conpany, Easton, PAFeresombinatarial ararzesicyn @hdepigesd 87 sippesBied aod ussdynour

therein. These ifx%r@@hl' r éﬁm%), irgﬁgshthgﬁ%{t@éugql?@[@ggg?né)%r S, pastes,

ointrments, jellies, X€S, I pi cationic or anionic)
cont ai ni ng vesicles (such as 15 LipofectinTM, DNA conjugates, anhydrous

absorption pastgs,, olk: kBN Sliof i FYRLEs k- 01 | emul sions, emul sions
car bowax ( pol y%%ﬁﬂﬁ%%l ecul ar weights), sem -solid

gels, and sem -solid m xtures containing carbowax. Any of the foregoing

m xtures nmay be appropJyat.e. a . 1 [ S dance with
the present inventi g)ﬁ%l%raogv?d&’gﬁfhhﬁa{hg?H%ﬁlé%tﬂlgt\’/oé] %E}?egdé)rg‘ztg% gﬁtﬁﬁ?ﬁﬁt he

formul ation i s avcdrdineacvithy hieethvintion heillf be radinaistered antdh suiteblef@rmmnd, at i on i s
physi ol ogi cal l y_co t bl l. i t. . j.ni stration.
et al so Ponel |, bt GnB el Elial B8 sfcolichied iR foiEcRl 1o BT

formul ati ons" FbBaralehaensfeBcdeliVegtnstancs 202G81iBd. 1A M1998)e efrapptopsateci t at i ons

therein for additi | inf Lon_r Xcl e iers 25
wel I known %63 p%%%%gﬁtﬁ%ye%3%1§t§% %ﬁgbaﬁﬁf%qgfﬁtipﬁg%f%gg nti bodi es
in accordance véheinistshe Remingtun’ soPhameceptief Sciairdey (b7'epdirlddck Beblishingugh t he

huran- ant | body GYHHIE: BB SeRanEy sarpud iy CRHET ST Bl ey et 11
the producti onhetinerithegeioongations inchele, fanexanpdl, pewdes @hastes, ogtmenten, are
e R L s S i T e
ant i bodi es. 15 TeldihofedtmdT e SDNAidohipgalesf anhydohs ghspptjort pastesagikinawaterdindc| osed i n
the patents, water-in-oil emulsions, emulsions carbowax (polyethylene glycols of various
molecular weights), semi-solid gels, and semi-solid mixtufgs containing
carbowax. Any of the foregoing mixtures may be appropriate in treatments and
therapies in accordance with the present invention, provided that the active
20 ingredient in the formulation is not inactivated by the formulation and the
formulation is physiologically compatible and tolerable with the route of
administration. See also Powell et al. “Compendium of excipients for
parenteral formulations” PDA J Pharm Sci Technol. 52:238-311 (1998) and the
citations therein for additional information related to excipients and 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



applications, and references disclosed in the Background, herein. In
particul ar, 5 however, a preferred enbodi nent of transgenic production of
mce and antibodies therefromis disclosed in U S. Patent Application
Serial No. 08/759,620, filed Decenber 3, 1996, the disclosure of which is
hereby incorporated by reference. See also Mendez et al. Nature Cenetics
15:146-156 (1997), the disclosure of which is hereby incorporated by
reference. 10 Through use of such techndfogy, we have produced fully human
nonocl onal antibodies to a variety of antigens. Essentially, we immunize
XenoMbuseTM | i nesdwingrivpenvimwnegiobulini myaecuiss andbattedies ané emwvdsficieytnphat i ¢

cel S o LsuCh 2% BueehlalethOm Yol Snbn P ERS AN RO dpfigrduse such

recovered cells wt Pepare inmort
hybri doma cel | Twhn;ﬂqglandnlﬂz@d sfm:lacmwmg tensemeebre dlsqlnssd an ehscpafemﬂ,ed and

-Sel ected to identi 12%211({ g?e{%)cg I%CIOSGA n t?ﬁeggggf&ngf C(I':Cell’l aﬂlt a%?%a?s SpeCI fic

to the antigen %’P gues i B accor dance
with the pr esenmowenmerat iprefierfedr erhbralimens paf a'amsgcmofprochmtwrb@dil mEespEci fic to

CTLA-4. Herein, e the t.] t y cell

| ines that pr Odﬁﬁo%ntl mgmg’s l%pd(gsi:cl%g?acc gﬂ “%ﬁ’hfﬁlon Q aﬁiglgapr ovi de a
char act eri zat i o08/159,62b.e fitedt Docethibes 3prid6c de Idysclsmdn aofewhich i iselserebyi ncl udi ng
nucl eoti de and am no a uen S e heavy. a chai ns
of such anti bodf&¥t ?ﬁ‘g{’%ﬁ%’rgﬁﬁi @%e% wg%zfefﬁlh&hﬂ'fﬁergfﬂ%ﬁ iv:]éej 461 ggnes

di scussed her ei(n9m),ethe di&ﬂosgreaif@ducﬁ 1§.h&¢by4ndorﬁqratédwfhferéhc&.0 2, 4.13.1,
4.14.3, 6.1.1, 11.2 9.1.1. Each of
the antibodi®s prodJ%’Eod‘g% uth%f 3‘1“:3 é%rtgﬁ C}g&n@’& g%vlel pfoflﬁcég é‘ﬁ% e ?ﬁl I 3
human |1 g& or |gébchasvantibbdiens awiatibty hafnamighsp pBssentidilly, ofeaimmsuniden gener al ,
antibodies in agcordance nvent ssess very high affinities,
typically possz)g%r@(g’uffd émﬁ)sfor}fr?lﬁ?nwﬁib%fm gfﬁ)ogﬁfﬁ?sbﬁﬁcﬂv?{d%'ﬂ&a%cg{SM when
nmeasured by ei t(@mh BMB-cellsp f@aethe mise khat iexpress tipddies e fusdsucki tebovieeed

appreci ated, ant

expressed in ce‘ichs Tovl g?‘% CC?O%egﬁmﬁ %¥M b he‘é*%l gﬁr}f}@g’a c%ﬁ'r’]egao e?\ggsbe
encodi ng t hes cmélshydfndgmlmall tineslaoneseched atdnselepiad td Riehtifly hyhiiddadiels can be
used for transfiof Qi Bhale MuifolidsABbdnl R dnREknSr NRRTERE LaRzdd0S!t
these techniques in accordance with the present invention for the preparation of
antibodies specific to CTLA-4. Herein, we describe the production of multiple
hybridoma cell lines that produce ant‘ibodies specific to CTLA-4. Further, we
20 provide a characterization of the antibodies produced by such cell lines,
including nucleotide and amino acid sequence analyses of the heavy and light
chains of such antibodies.
The antibodies derived from hybridoma cell lines discussed herein are
designated 3.1.1, 4.1.1, 4.8.1, 4.10.2, 4.13.1, 4.14.3, 6.1.1, 11.2.1, 11.6.1,
25 11.7.1, 12.3.1.1, and 12.9.1.1. Each of the antibodies produced by the
aforementioned cell lines are either fully human IgG2 or 1gG4 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. -



cells. Transformation can be by any known method for introducing

pol ynucl eotides into a host cell, including, for exanple packaging the 5
polynuhleotide inavirus (or into a viral vector) and transducing a host
cell with the virus (or vector) or by transfection procedures known in the
art, as exenplified by U S. Patent Nos. 4,399, 216, 4,912,040, 4,740, 461,
and 4,959,455 (which patents are hereby incorporated herein by reference).
The transformation procedure used deperfds upon the host to be transforned.
10 Methods for introduction of heterol ogous pol ynucl eotides into manmalian
cel s are wel | SKHEAFFSiERcodHe the DN or grapmigeionst for thegpaptisular patibpdigs t o,

dext ran- medi at edan b @88 f? tlahFormatiah 6f 45BN O ARRIaBaPé&dnRiak@atifhosPO! YDI ene
medi at ed transfeéklon prot opl ast fusion, electroporation, particle

bonbar dment, ené suIB‘EaPﬁ?lmB‘Fi_"? h&n Bol Ph ey elrerae methodn for psmodieing  pept i de
conj ugat es, dendplyfi®iléotid@Nehtsli 4 &fokt cdip MHcRIaRIgN € tekhp1ef pdcgeiiNKd Nt 0

nucl ei. Mammalian cell |ines available as hosts for expression are well
known in thé aPPlYBYfdFotieinAfarusEyntP ysal wrionend Fansfugingeboshcedli Wiltbl e from

the Anerican TyReviaW (o fected) be Gl RahsfebtidriChrockdufds UG BHtnQk, hi mited to
Chi nese hanster ovary Qo a cel baby hanster ki dney

(CHO) cells, NS Hel |'s,
(BHK) cells, 20ckslidsd kixides. detent Nasos)399l fard.He940.04eM0 46 kr ardar ci nona
cells (e.g., Hep9s&dds (viich PatBisResr hé?@byofnb&{a?x%t%h'helcﬁﬁ%?-re#é%ééig*gg@ i an

cells including but not limted to bacterial, yeast, 1nsect, pl ant s
can al so be use#aaséraRiipe proceduse st dependmperh s best i be teahsfernedd

nut agenesi s gf Mk@m?amdrmdmuc&'ﬁ'%fQa%iogous%]ﬁlxélmti'a@éiﬁtog:hma}’ah%ﬁsof‘ may be
preferred in order to prevent changes in either 25 the Inmunogenicity,
phar macoki net i c areayly ‘growafin gherast anl ipRdedeob apeoral lipjited tq, dgxiranrroedidtesdhan

gl ycosyl ati on. Egl?sfé%ﬁ&{,%ﬁfiiu%pﬂ@}gﬂ%&dﬁeﬁﬁi%tiﬁﬁlpgﬁﬁgﬁege BYed ?Jderramfgét@q whi ch

system generates the highest expression |evel produce antibodies wth

constitutive CTPRIplast fgiongelprtperations partipigriombardmenty eraspsubgtionfof et | bodi es
of the inventio olSlﬂfcléBHH@b [Okifdsbines, &?tliﬂgéﬁ&é&@ déd’dﬂmeg‘r, qdycditen cell

| i nes can be enhanced using a nunber ‘of techni ques. For exanple, the
gl ut am ne syf hefaaeingpdpnoftir Pfdntenpaleissi on  systens are common approaches

for enhancing expr eSer@hakg IR kiifbio0s nER Yl bipision hlePiRiuiSS! NY cel |
cl ones can be identified using conventiona _
in the art and include 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



techni ques, such as Iimted dilution cloning and M crodrop technol ogy. The
GS systemis discussed in whole or part in connection wth European Patent
Nos. 0) 216 846, 0 256 055, and 0 323 997 and Eur opean Pat ent Application
No. 5 89303964.4. Antibodies of the invention can al so be produced
transgenically through the generation of a mammal or plant that is
transgenic for the i nmunogl obulin heavy and |ight chain sequences of

i nterest and production of the antibody on a recoverable formtherefrom
In connection with the transgenic production in | o mammual s, antibodies can-
be produced i n, cenditionsc dligh exprdssingneelt hlengsi dak befidgntified psing owsventionabt her
manmal s. See, e . t . 5,827,69Q,. 5.75 87 75Q, 172, and
5,741, 957. Anti tebhyiads Suctl fHllcd Wifion ot gin"é‘g%?‘%rs?‘érr? Uchidon TR e beon
anal yzed st r ucsysteal is disqusded inrvdioleamphit yn canneatiom mith tFuorpeari Pdtertt Bes.<X r uct ur es

of the 15 anti LEs, ' [ f thesheav nd. kappa | i ght
chai ns have beeg%g?ﬁlioc? gad%E%(gaglgdoo?%%ﬁlﬂcagicﬁéoﬁggnsP%B‘?ta)l(?f’g{fa?%gg'gh RT- PCR
of the hybrbdof¥d398ee Exanples 3 and 4 and Figures 1-8. N-term nal

seauenci 1 of e, RhIHL Pl Al it NED SR SRR IRICT (e
anal yses of thgathz(z_ematiO!Dcmﬁaemmal@rphnqmmtiedamsgerdefoem inemajoglobilin es. See
tho 4.1.1, 46 BovsiR b REFSLIAREE thles! 38 SRMR s BB R -
affinities (4. lretoverddB fHrrQliddefionh} In dorBredtioB. bith e thhépedicMroduadorbinl. 1: 7. 2 X
109 1/ M. Fygther t i bodi.es re .analyzed by isoelectric focusing (IEF),
Ir_edu_(:iclnghgeIL”;tel BePT %gz%ﬁggélessc %‘; guﬁsi%sr,’i’if Véreg%cgggngggﬁ%‘?forggzté’t ggraphy,

i qui d chr omat ogrvesp oy bthes siamspadsc t Sars egpyyJ.SaRaentads. SGTHBY68AN

anti body pr oducggg)(pl yagd@”tlhtb\é?ri domas was assessed. See Exanple 6 and

Figure 10. In connectton W unctional analysis of antibodies in
accordance wi th theAmgibedienin dccordamte with tRypedsertifvehtid iese peaavaalyted be pot ent

i nhi bitors of LA-4. 3 i.ts.binding to its ligands of the B7 famly of
nol ecul es. For Céé(”g&rlr“pﬁng, Q%Gﬁ{}? SHEY | ﬂnagoélﬂ?ca'ﬁﬂc‘g‘%%ﬁ% %H%mﬁf‘ e¥eff® i nvention
wer e denpnsti$ at sdibbdied)hmik acidFeqiedcebbfMiie hepvy anékdppelighd EhdinOliavBBecd. See

Exanple 7. | ndeﬁ'gdictg@n%seoj o%thQ;& 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



anti bodi es in accordance with the invention possess nanonol ar and
subnaonol ar 1C50s with respect to inhibiting CTLA-4 binding to B7-1 and
B7- 2.) Further, antibodies of the invention possess excellent selectivity
for CTLA-4 as conpared to CD28, CD44, B7-2, or hlgG . See Exanple 8.
Selectivity is a 5 ratio that reflects the degree of preferential binding
of a nolecule with a first agent as conpared to the nolecules binding with
a second, and optionally other npleculés. Herein, selectivity refers to

t he degree of preferential binding of an  antibody of the invention to
CTLA-4 as conpaéBodies tipe 2¢RtdapesdyWVidh pihadinygntios pessesr nepeeela) e®dsuch as

CD28, CDA4, 57-s%bn£.6mhia9@69s wig] RR€ebib inhit(BEPL Ok bir@ir%ﬂ%iﬂ?oﬂ&ﬁssﬁf t he

i nvention greater than 500:1 are commpn. Antibodies of the 1nvention have
al so been denonit Fethen aptipodisg gE e grvertion passessexgallen spletivity fordehlyArin

cyt okines (suchus@gmbhred 11924, '615':4)4{:1_3#1!, &qh%@f.eﬁe’éxﬁxﬁlglk%. I Ruivinyighl DI ast
nodel . See Exanples 9 and 10 and Figures 12-17. Further, it IS expected
that anti bodi e8tiothat reflesti therderrsp ofypreferemiial binding Ré 2 gradegule with e divsrs in

appropriate in bank¥ompditii m@)ﬂakﬁﬂes%ai HODsRbnd M LELHIRAR cindd' ©

di scussed in Exanple 11" and 12. The results denonstrated I n accordance

wi th the presermoleejesntesin, selagtivity refers frathe dpgrepefdireferential tindingrafeant

i nventi on possegfpdy drahdlintilibh td LA colfB¥relRi e bilboR) S TRHingABL | POdI €s
more efficacious tﬁ%ﬂ current ther apeut i ccomgoeanti bodi es.gl‘aggli?lnnsgtat CTLA-4. In
particul ar, t heotier majecules guch asg@lg28% CD4#, Biit2 bobliged. oYelackuity vaheastafon

possess hi gy v #&64diANhPIOBRDh ipfSter HAFIsHO:$ LFS ',&ﬁ%ﬁfeﬁgf 51%“ cs,

functions, or activities provide criteria that facilitate t | esign or
sel ecti on of addventiemapve alpe jbpeidiieronsirated kreindnes et enhancegsxpi¢ssionsfed above.

Such criteria i . I ; L og . AR 0 conpete
for binding to %ﬁhﬂggo\%ﬂt@%@gﬁeég%@n%?épgfﬁ pﬁéﬁlﬂg%]d?rnlg% |18§b1(;fé1{ lé&i nventi on;
Si mi | ar bi ndi ngmedebchdeiExamples § aGl 1 Aard Eiguren &2-07. Rwther,of isteipecadithddodi es  of

the invention; .%i i %-f' I f: L@-Q ut _10-9. M or greater
and preferably 5’?)1?6%51 o‘ﬁﬁf‘éfgv ﬂ’c%ﬁ )g{ﬁhé% g’rg?-gr ﬂ'o?ﬁun?o% o aprOP%aM "
' 15  vivo tumor models. The design of which models are discussed in Example 11

and 12.

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

20 antibodies against CTLA-4.

In particular, the 4.1.1, 4.8.1, and 6.1.1 antibodies of the invention
possess highly desirable properties. 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 107'°M or greater;



Does not cross react wth | ower mammali an CTLA-4, including, preferably,
nouse, rat, or rabbit and preferably nouse or rat CTLA-4; Cross reacts with
pri mai\e CTLA-4, including, preferably, cynonol gous and rhesus CTLA-4; 5 A
selectivity for CTLA-4 over CD28, B7-2, CD44, or hlgG of at |east about
100: 1 or greater and preferably of about 300, 400, or 500:1 or greater; An
| C50 in blocking CTLA-4 binding to B7-2 of about 100 nMor |ower and
preferably 5, 4, 3, 2, 1, 0.5, or 0.38 M or lower; An 1C50 in bl ocking

CTLA-4 binding to B7-1 of about of about 100 nM 10 or |ower and preferably
5 4, 3, 2, 1, 0.5, D9es Qo5@resf 5act| Witk rlowen mammakae fehkAdf ingeding, ne

production in GRee@blyMb&e] Bt ¥ fabit S#IPRASably s MIREA-AN enhancement  of
| L-2 production in a T cell bl ast/RaHrgassay of ‘about 500 pg/m or greater

and preferably 750, CiefoacactEsoth prvrio CTBAeb inchidinggamfemblyricynop®lggus gr eat er ;
An enhancenent g@f HekiN-grig@duction in a T cell blast/Raji assay of about
500 pg/ M or greater and preferably 750, 1000, or 1233 /m or greater;
or An enhandenent of* felectVily g GEEAchoven CR2BMANE @?%bh&%élfé@ﬁleaﬂo

superanti gen assay 106:13Pgihter R prILbly OF aH3LEVo 400251k 08! Ly 750, 1000,
1200, or 1511 pg/m or ggxgafer. PExpretsed another’way,@lﬁr%fega%jesi rabl e that

|L-2 production isAsdksrieéleckpe 8644 Boding® B7 of Amut 580 w¥ror dovter or nor e

relative to CcqRlpRkeritly 5335385, £8.38M & | ected that anti bodies (or
nol ecul es desi gned or synthesized therefro aving one or nore of these

properties wll posé&ad&sednhiocking ELiAchbipding ¢ Bhé ofiphdubofisbout eI i bed i n

the present o N\@MNwePtnd prBRra88S, hadbhe; oungld, loPloRREr L1 €s discussed above
can often result 30 fr%mﬁli%z ng to and i nhi |t°|p(?n of CTLA4 by a nol ecul e

(i.e., antibody, anfnissH3pcemens gfreyiekingprpdicten ingenemmidre frotiee@dseys, i n a
simlar manner ggSxafpanti body of the invention (i.e., binding to the sane
or simlar epitope o? the CTLA4 nol ecule). 53 The nolecule nmay either be
adni ni st ered di r ect Ap ephangemendpf Bc? pradwdtion &1 & Ftcelbhlast@Ragi assay of about

500 pg/ml or greater and preferably 750, 1000, 1500, 2000, 3000, or 3846 pg/ml
15  or greater;

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

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.¢., 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).



pati ent of such nolecules). O, alternatively, the nolecule nmay be

"adm ni stered" indirectly (i.e., a peptide or the |ike that produces an

i mmune) response in a patient (simlar to a vaccine) wherein the inmune
response 5 includes the generation of antibodies that bind to the sanme or
simlar epitope or an antibody or fragnent that is produced in situ after
adm ni stration of genetic materials that encode such .anti bodi es or
fragments thereof which bind to the saf® or simlar epitope). Thus, it
will be appreciated that the epitope on CILA4 to which antibodies of the
i nvention bind The malecuemay eifhet bd sdmgwisiared dirently (10e-\dinett admenigratipmiost i on

and/ or design o er ap i cconda Lot t pd N drug
desi gn, negati vé 1|t31r;1ltf (??ng#lho%%llégmgﬁtenbﬁsggnggslpmeﬁf lzllblg(\é/\ﬁgl l!tnﬁsne fact that
an anti body whi tddmiistersd’t md@RLIAAI eloe pepiide onpirekire thet dypdutes an smmurgi t ope
that acts as an_Jjnhi r A Sl o whi ch
anti bodi es of the’ olnfc']é\ié’%]gl %a%e%tﬁ%éﬁﬁatg dggcﬁ}étglwgg Hlt gwt%ﬁmg'ga re et
functional ity cemludésstbe peneragey olimibedies thas dinddp Ml spme gk ymlleomx@nmrat ed in
accordance with the e t rly

ant i bodi es) t haf" B bgﬁfgr {P#TACR L 1'5 ’%g?%ﬁ% 'g?b'?gﬁtgr%ﬁrgs?%%n%ﬂﬁ%&g& Cgs of the
i nvention. |n acdietialonhat cemtdde sﬁqix:annbbrhes anﬁragmdtsehermf wiieh binddattheon and t he
epitopes to 20 _which_ .tk are C 1ih the

i nvention, we h&Ve “cBhad c%lc? g) rrglfos g %%Fﬁgr s%sr(eéml {éd %(E%Q%P'%S’ W% udi es of
certain anti bodCé”sAnmo whmhamtd:admeoﬁmt invérttion bindam tanche usefd! ipappnectdnar | y t he
4.1.1 and t ant | odle i

conduct ed Bpicore co ecfpmfl on ats@udl %Sé Ok Qhe?%tebt?cg ln%cﬁ%dmc ‘hm?t[ﬁeo

bi ndi ng as bet wewentoer ﬂmdmgalnd:grbocgaese mformla@on inv8en useful la-nwelchbn’—néhﬁtl on with
their ability t ol | 0 , LA4 was
bound to a Bl Acgarcg%gﬁgrb%%th@dé%}l&s an iggéﬁﬁl dog;d%értmgg?agggaitbfnr?gqg @ondl tions,
was bound -t her ebmtoaacthat(anqseslammmbmdr cstﬁbHet]{udsnuseélé)COMr yhe @mppfbﬁdl es
binding to CTLA4 was This technid nabl.e ne ' 30 of a
rough map in to'\ cﬁ‘nﬁ eﬁ |°gsthofmgﬁ{l°% deggﬁzgn Et f (ggm %99?4 Thr ough
this processs; vvﬁmdmr:m cepdalbdhat tehe vedult alA¢cadmgbodisescqnmnm®¢@r dance with

the invention Cg& Qiagc% %ﬁle%)er Ip%&gnta%wfcl?tun' e I1'1r1.g1<£?cu e@e(angl b%\ﬁg‘ly

antibodies) that bind to the same or similar epitopes as antibodies of the

mventlon _
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.



epitopic categories: 5 Category Antibodies Conpetition for CTLA4 Binding A
BOL M Freely cross-conpete with one another; cross- BO2M* conpete with
categ}} SOme cross- conpetition with category DB4.1.1 Freely

Cross- conpete wi th one another; cross- 4.13.1 conpete with category A C
and D. C6.1.1 Freely cross-conpete with one another; cross- 3.1.1 conpete
wth category B and category D4.8.1 11.2.1 11.6.1 11.7.1 D 4.14.3
Cross-conpete with category C and B; som@ cross-conpetition with category A
E 4.9.1 BNI3 blocks 4.9.1 binding to CTLA4 but not BNL3*** the reverse (*)
(**) Avail abl e from Bireugh fhife procgss« wy defesmingd)| thats the Feppiar 3tiRedHE M0 As a
next step, we epgdgrMAdAstH Me HRERIOAICHRA bt citbRriadt dsTRdhemtdmhe fhiRwing1vent i on
recogni zed a |inear epitope on CTLA4 under reducing and non- reducing

condi tions on WERHOBIGFalsERfiS. W observed that none of the 4.1.1, 3.1.1
11.7.1, 11.6.1, or 11.2.1 anti bodies of the invention appeared to recogni ze
a reduced fornlof CTLA4 on Western blot. Accordingly, it appeared likely
that 15 the épitope to which each of these antibodi es bound was not a

| i near epl t ope U@&t ogg,)re JIAI.HEGA(}{{CSVEB*’ 6} COay ﬁéﬂ%{)lj} fb‘?@:’rl,ﬂﬁ'élf?cﬂﬁg The Structure

of which may h e AR PR VRS ICLuu, eT\'Jv(i' \Simapel J|=|'I'E'l"EfOI’(£‘, we

sought to detefm ne whgth dﬁg;pﬁﬁid g@?ﬁﬁc % ¢ resiy ues e |the CTLA4
nol ecul e that &re inporta r bi AN« Cac%fﬁB es oF OSs‘lnvention
One manner thﬁi—m@;u%++' s—t6 ?” #ggg%}ﬁﬁ%ﬁ%ﬁ%ﬁggﬁggﬁgg%;gtjoff-rates
as between humgn CTLA4 | pohi-gh y:npe?e %%1 \9’%%OWA Cond D, -
C 6.1.1 Freely cross-compete with one another; cross-
3.1.1 compete with category B and category D
4.8.1 :
11.2.1
11.6.1
11.7.1
D 4.14.3 Cross-compete with category C and B; some
cross-competition with category A
E 4.9.1 BNI3 blocks 4.9.1 binding to CTLA4 but not
BNI3*** the reverse

(*) (**) Available from Biostride.

(***) Available from Pharmingen.

10 As a next step, we endeavored to determine if the antibodies of the
invention recognized a linear epitope on CTLA4 under reducing and non-
reducing conditions on Western blots. We observed that none of the 4.1.1,
3.1.1,11.7.1, 11.6.1, or 11.2.1 antibodies of the invention appeared to recognize
a reduced form of CTLA4 on Westemn blot. Accordingly, it appeared likely that

15 the epitope to which each of these antibodies bound was not a linear epitope but
more likely was a conformational epitope the structure of which may have been
abrogated under reducing conditions.

Therefore, we sought to determine whether we could learn about
residues within the CTLA4 molecule that are important for binding of

20  antibodies of the invention. One manner that we utilized was to conduct kinetic
assessments of off-rates as between human CTLA4 and two highly conserved

primate CTLA4 molecules (cynomologous and marmoset CTLA4). BIAcore



pri mate CTLA4 nol ecul es (cynonol ogous and marnoset CTLA4). Bl Acore 55
studies denonstrated that the 4.1.1 anti body of the invention bound to
hunﬁﬁs cynonol ogous, and nmarnoset CTLA4 at the sanme rate. However, wth
respect to off-rates (affinity), the 4.1.1 anti body had the hi ghest
affinity (slowest off- rate) for human, a faster off-rate with

cynonol ogous, and a nuch faster off-rate_5 for marnoset. The 11.2.1

anti body of the invention, on the other ﬁand, binds to human,

cynonol ogous, and,.ner noset 4 at the about the same rate and has about
the same rel atig\}%d’% e téat%gtbéé %h‘lt}fa"f’ﬁ%d?’t?fr‘é%‘.nvﬂ*}wg bORMb M8 furt her
i ndi cates that ¢ymemdlogous, amidmarinoRet CTAM4 D aieti safme @fte.t HBwhVeY,OHkH RBpedi Nd to

di fferent epitopes.on .. 10 To further study the epjtope to which the
category B and @ogﬁﬁtebsgﬁ#ﬂgg")o#e 1% af'{\l?}’gm"iwa%ﬁ}&fft ﬁén%ﬁ%‘t}’é"ébﬁﬁ‘certai n
site directed matfemesias, sstatieli Fbrate Wit epSRblogIUsAthdROSEaSEAEr dfitRtd MPOTr t ant

changes at rgesidues 105 d rel ative to human CTLA4. Such differences
958} ?Iﬁ’g liggn Ego tof (RSP YrRHom 68 therihes hgnd, bindeter o seri ne

are a |eucine tS MERT6n
change at resi dusnah(6ynoAntepbal, Agd yharieselETDNL at 8d BENALE 8RS Dadguman CTLA4

to encode a nutate A4 having the L105M and GLO6S changes. The
honol ogue r epl aréaér?gﬂ‘fq 4Rt retlfl‘g'ﬁ\ffpﬁfed%ﬁﬁfwhe?‘g ©e thrgs- n dihksgindrmatiqn7 2- | 9@

fusi on prot ei n. fufibertihdicatesbihacihag. i tid 1he1 ahdiboliel oFibd RREMicATLIAd® | Nventi on

was not effecte However, s | ecule was significantly inhibited in
its ability to ‘gffﬁrﬁn\/ﬁp{t?f’e?ﬂg%ﬁfml) anti body of the 20 invention (sinmilar to

marnoset) . Next, we ToufuakeGtudy HolMitaRee hith tHEaR&9B arfd 1t AMibb@esseat e a
mut ant mar m)sett CTLMt.haﬁ{ﬂgg a S106G change.., Suc change resulted in
restoration of QfAB{BI%} RRon ey e f%@g‘ﬁ‘f iregted; HB@genssisl studise nar moset

CTLA4 nutant. |Maagett CDDA4 pesseadtsaivdingorNAheReodi RYiIduERITBOSAL106TLA4 to
create a nutant ggr m)i]gt Cghﬁmgvi n% a MLOS5L 25 change. Such change
partially restdfédvbieiyriy Hely gEemmaes gregriecrsdy meflioniaerbargst ant
CTLA4. Each of dtheiduatiogernd/a Blytine eghinDcrinbé ROdiigse Ws. LARoIdhe8NWeoN appear
to possess siml ar fﬂ%ongl gr 0 erE%rl es and appear to have t'he potenti al
to act as 5t r JAYREAEPNATenkadipg, P‘Qg‘é A4 4p sAtede ampptated CTLddchavisR t he
nol ecul es cer t ahe)LBE5M mod §10681iaihgdsi OTheibdmbolo@ié repiabethéi® nfueint CTLA4. However,
as W' 'l be Obse(fi(Y §&t effect binding of a B7.2-IgG1 fusion protein. Further, binding with the
- 11.2.1 antibody of the invention was not effected. However, such molecule was
significantly inhibited in its ability to bind with the 4.1.1 antibody of the
20 imvention (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 CTLA4 to create a mutant marmoset CTLA4 having a M105L
25  change. Such change partially restored binding between the 4.1.1 antibody and
the mutant CTLA4. '
Each of the category B through D antibodies of the invention appear to
possess similar functional properties and appear to have the potential to act as
strong anti-CTLA4 therapeutic agents. Further, each of the molecules certain
30 cross-competition in their binding for CTLA4. However, as will be observed
from the above discussion, each of the molecules in the different categories

appear to bind to separate conformational epitopes on CTLA4.



fromthe above di scussion, each of the nolecules in the different ,
categqries appear to bind to separate conformational epitopes on CTLA4. 56
Fromthe foregoing, it will be appreciated that the epitope infornmation
dlscussed above indicates that antibodies (or other nolecules, as discussed
-above) that cross-conpete with anti bodies of the invention will |ikely have
certain therapeutic potential in accordance with the present invention.
Further, 5 it is expected that antibodi*®s (or other nolecul es, as discussed
above) that cross- conpete with anti bodies of the invention (i . €.

cross- conpet e wi t h Eramehofoyeming, ¢ vl degprrriatd thsbdieepitond informaliel]l y have
certain additi %ss&hﬁ%%%%ﬁ&a&sﬂ%%hb xes fop d%?e?%% fes, ‘ﬁ§ tdﬁc&é@@d present

i nvention. Add onal IS expecte anti |es (or other

mol ecul es, as ebwcpsxaedrom)ﬂet\hah actltt@slle';s %ﬁ#ﬁetwmﬁmhwlibhbﬂﬂ ibe¥di es of the
invention (i. r t bodi es) and
‘that (i) are no mfh e&ﬁgﬁﬁgﬁeﬂn {)él n %ﬁg%%t& rgrr%’gg% IISE4F§H§% mlar to
the 11.2.1 ant itﬁmdpgct@rthz(tlanf}boairee(qreﬁlqcmdlenﬂe& #edlscuﬁﬁﬁehfwg) thet Cﬁ%ﬂs'm)set

CTLAA (simlar to he4 I I ddi ti onal

t herapeutic po é?ﬁéc T” i faln]tg’g‘fg%ér]égﬁg%\nmﬁ (%?1 &Jé%e&sée i nl\ggéla{tfgg ﬁAnt| bodi es
(or 15 ot her maladlot Bsantibedich) MMIﬁkétha\tcmpeamtah@tlomﬂmum potentiat egories A
and E may al so hav cert era po The

fol | owi ng exanp ?’hcf I 3" % rﬁs'een{e)x%tglrnl%rr%en%‘g&{cl%% &cFég\'\&hg%dr élgtul ts

achi eved are pmibbdied(cfroatharldmleriutea,t w@sqmsepc@e‘se) chdtycressgompete woth t o be

construed as limti.n n_th esent i nvent I neration
of Anti-CTIA 4%?7’ 5%86815 l%"“g?’% Tt 8°%et° nt? e%E%f &ﬁegﬁnventl on
wer e prepared, astibodied)edd tizan i) asrsayareﬂuceﬂ inatheio bdimgeto vinarmosdh £ TdrAdds ent
Exanple. 30 An n,Pre hr | n ' : repar ed
for i mmuni zat?b’ﬁ?aéf P’I‘ig?ﬁg m%%dggﬁrﬁ ag: r§&dff§&£b%8%ﬁpgg‘%%§ lgn protein,
(ii) a CTLA-4 E&‘m\nd(eumhndo (the i4)1. B@ﬁubbﬂyhmli ritkellyy bk osestaipe kdditianalinst ect ed
W t h o7 a mJt crapeutlc pol'Anaﬂ llg accordawe mjalaEhelp§esgnqr{§\;en{1gr¥ : Xgl'lyod?ggl:tslessed on

t he cell

15  other molecules, as discussed above) that compete with categories A and E may

also have certain therapeutic potential.

EXAMPLES

20 The following examples, including the experiments conducted and
results achieved are provided for illustrative purposes only and are not to be

construed as limiting upon the present invention.

EX L

25 Generation of Anti-CTLA-4-Antibody Producing Hybridomas

Antibodies of the invention were prepared, selected, and assayed in

accordance with the present Example.

30 Antigen Preparation: Three distinct immunogens were prepared for
immunization of the XenoMouse™ mice: (i) a CTLA-4-1gG fusion protein,

- (ii) a CTLA-4 peptide, and (iii) 300.19 murine lymphoma cells transfected with



surface. (i) CTLA-4-1gd@ Fusion Protein: 5 Expression Vector Construction:
The encodi ng the mature extracel lular domain of CILA-4 was PCR
anpliflied fromhuman thynmus cDNA |ibrary (C ontech) using prinmers 10
designed to published sequence (Eur. J Inmmunol 18:1901-1905 (1988)). The
fragment was directionally subcloned into pSR5, a Sindbis virus expression
plasmd (InVitrogen), between the human_oncostatin M signal peptide and
human 1gG gamma 1 (1gG 1) CHI/ CH2/ CH3 d¥mai ns. The fusion protei n does not

contain a hi nge domai n steine, 120 in the extracel|ular 15
dormmi n of CTLA24™P#E0% 8f %ﬁrp‘c‘g%%]% ﬁ‘g r onyifutiyels GrRrPsiE Bchorehas cal | ed
CTLA- 4-1 gG / pSSifacehe conpl ete CTLA-4-1gG cDNA in the vector was sequence

confirmed in both strands. The am no acid sequence the CTLA4-1g protein is
shown bel ow. The mature extracellular domain for CD44 was PCR anplified

from human | ynphocytp | i@rm.g.%@llmg@m:)otaﬂﬂ subcloned into 20 pSinRep5 to
generate a control protein wth the i1dentical 1gd@d tail. OV CTLA4-19QG

Fusi on Proté&in: MGVLLTORTLLSLVLALLFPSMASMAVHVAQPAWLASSRG ASFVC 25
EYASPGKATEVRVTVLRQADSQVTy Oy MMt obistddaSh-CT

GTSSGNQVNLTI QALRAMDTGLY! CKVELMYPPPYYLA GNGTQ Y

VI DPEPCPDSDL EGAPSVFLFPPKPKDTLM SRTPEVTCVVVDVSHEDPE

VKFNWYVDGVEVHNAKT KPREECYNR THRMASY th E Vi drd\ Nl ar YR of CTLA-4 was
SNKALPTPI EKTI SKAKGQDR%FESIYTLPP SRDELTK SLTCL 30
THEDRmamntiyprs

VKGFYPSDI AVEVES ibresr (Clapseginpsizgprimers
VIVHEAL HNHY TIQKSlagd: SiReiHo 581)115 Dﬁ&hene@@gursmabnaqnt1l9@lﬁ1ﬁssl Aosdyl LAe

extracellular domain 5 T mat ur e extracel | ul ar domsu n of CD28
were PCR anpl |ﬁia|‘5‘€€f“f‘?%§rﬂ1¥?6ﬁ%{ﬁ11¥9h?ﬂlﬂ?é§/t‘@°IHSBﬁaPﬁl’Q@PSoWCWWéﬁ@Pthen

subcl oned i nt 0 plaRfddVBnVitrogéd) MU Rken gkélhun%%nczgeat(nl&pgl)g}lalt&pgﬁ@q{ﬁ:e a human
9@ fusion human IgG gamma 1 (IgG1) CH1/CH2/CH3 domains. The fusion protein does
not contain a hinge domain but contains cysteine 120 in the extracellular
15 domain of CTLA-4 to form a covalent dimer. The resulting vector was called
CTLA-4-1gG1/pSRS. The complete CTLA-4-IgGl ¢cDNA in the vector was
sequence confirmed in both strands. The amino acid sequence the CTLA4-Ig
protein is shown below. The mature extracellular domain for CD44 was PCR
amplified from human lymphocyte library (Clontech) and subcloned into
20  pSinRepS5 to generate a control protein with the identical IgGl tail.

OM-CTLA4-IgG1 Fusion Protein:

MGVLLTORTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVC
25  EYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTFLDDSICT
GTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGIGNGTQIY
VIDPEPCPDSDLEGAPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPTPIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCL
30 VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR
WQQGNVFSCSVMHEALHNHYTQKSLSLSPGK



protein containing both thronbin cl eavage and hi nge regi ons. Marnoset, _
Cynomnl ogous, and Rhesus CTLA4 were cloned from nRNA isolated from lo PHA
stinmul at ed 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 from mature human CTLA4 extracel |l ul ar
domain (SON, 117T and L 105M. Marnoset denonstrated ten am no acid
differences fromthe mature human CTLA48extracel | ul ar domain (V21A, V331,
15 A41T, A51G 541, S71F, Q75K, T88M L105M and Gl06S). Site directed '
mut agenesi s was used to nake single point nutations of all am no acids
different in 6érnlse ) CTL,?A tn%ﬁmap am no acids inportant for interation of
the anti bodi es WM HAuMEN 85 -1gG Miutations of human and mar noset
CTLA- 1 gG for epbiopgfLrmdppirazellulerdemgmner at ed by mat chnmeker site-directed 20
mut agenesi s (Pronega). The 1gG fusion proteins were produced by transient
‘transfection of Cos7 cells and purified using standard Protein A

t echni ques.s Mt antTHeTEINAS g6 piadirei extrasutiniar evmbinabfCHAB weten®CRg t 0

anti bodies by i bl ofting and usi Bl Aco anal yses, 25 Reconbi nant
Protein Expr es@%gﬁoﬂ f*%‘aﬂg‘mpg?ﬁwc}ﬂﬁﬁéﬁfmﬁﬂ?‘ﬂa%?ﬁ% %“B%“\}Sﬁsm@ener ated by
el ect rOpBrgti A8 (G OdnmuRobh M 5HasB61 91 (K9a3Nely peaduks avkutdan I£BG! ifusion tr o
transcri be A-4-1 gd./ pSR5 and DH- 26S hel per .nRNA .as descri bed by

| nVi t r ogen. FoP"PSF‘”eF%ﬂﬁ’r‘mgé W?th?y‘ﬁ\éﬂf’eaear"é%eoﬁ‘?ﬂ Hﬁﬂﬁ? TG&'PRrs 23"I’I‘?<5;1€§’\/est ed and
titered for optimBaloldpons, @hd RhesusrCRSADwerencléitd fame niRaNA tisvlated &om cel | s
(CHO-KI). CHOKI cell r ultured i uspensi on.in DVEM E12 (G bco)
cont ai ni ng “iowg%aftlrf“ﬁ%f\é\?iwgﬁ BHe f@f‘%’gb% s &f u&ﬁgf?ﬁr ?:OI%TZR'
non-essenti al géfuaRingCdedifontiaddanyt, thébd/ag eynaniologous(dthibe agid sequence
penicillin/streptqnycin (G bco),. 10nM es 7.5 i bco). T roduce
CTLA-4-19G t heeregsfical d‘é\ﬁ ‘E'e&érf&‘ﬁné?ﬁ%g H&&@%&""%é&kg ee%?"sffﬁi‘la’f)n

DVEM F12 and i asudh@{SSNMITIT saddbdsMyi Misméser danensirated tent armhimoracidenper at ur e.
5 Cells were then diluted to 1 x 106/ i DMEM F12 cantglnj % f et al
bovine serum ¥ B‘ieé‘ieég‘°8‘f‘hf>8\9f“ﬁeeh‘1"&é %‘t‘r%%ﬁ*‘&%{iﬁgi{“%éﬁ%ﬂﬁg‘ 3%’Phar maci a) ,
non- essenti al AanT,N0s51&; 1548, SARMOg Kt Bg8MeL10bR1 andViGHees)s Pitt dirgtedand

Bgm glt leldl n/ st rx%Btta(g)e ATRL FIPSE& Yo en'm?cgt si:tlg%J rp%in?%l}tét{orﬁg %(fta{l Qnu%%l Lc%dswer €

different in marmoset CTLA4 to map amino acids important for interation of
the antibodies with human CTLA4-IgG. Mutations of human and marmoset
CTLA-IgG for epitope mapping were generated by matchmaker site-directed
20 mutagenesis (Promega). The IgG fusion proteins were produced by transient
transfection of Cos7 cells and purified using standard Protein A techniques.
Mutant CTLA4-IgG proteins were evaluated for binding to antibodies by

immunoblotting and using BlAcore analyses.

25 Recombinant Protein Expression/Purification:

Recombinant sindbis virus was generated by electroporating (Gibco)

Baby Hamster Kidney cells with SP6 in vitro transcribed CTLA-4-IgG1/pSR5
mRNA and DH-26S helper mRNA as described by InVitrogen. Forty eight

30 hours later recombinant virus was harvested and titered for optimal protein
expression in Chinese hamster ovary cells (CHO-K1). CHO-K1 cells were
cultured in suspension in DMEM/F12 (Gibco) containing 10% heat-inactivated



and conditioned nedi a was harvested and suppl enented with conpl ete protease
10 inhjbitor tablets (Boehringer Mannheim, pH adjusted to 7.5, and
filtered 0.2.t (Nalgene). FPLC (Pharnmacia) was used to affinity purify the
fusion protein using a 5mM protein A Hi Trap columm (Pharnacia) at a
10m/mn flow rate. The colum was washed with 30 bed vol unes of PBS and
eluted with 0.1Mglycine/HCL pH 2.8 at Im/mn. Fractions (Im) were

i mredi ately 15 neutralized to pH 7.5 with Tris pH 9. The fractions
containing CTLA-4-1g3 were _identified by SDS-PAGE and then concentrat ed
usi ng centri pl Lféta‘S‘IPV‘"GA?H‘E’dE’)‘bCBbF‘B? -8ssepidl Wﬁ@; agigs bgedrad ehemips| um

(Pharmaci a) at (&icbyTipeniciil/H@ploRFcia(Gitks), I0mXL MepespIACLS @BHEHONTEI Ni NG
CTLA- 4-19gd mereq;;g{)npenlc stelrjllggcfls(ltered 0.2 tpesl\flll QG 06) al i quoted and

frozen at - 80CPremagCThkyd- Isé?st@&%@%ﬁﬂéfﬁdumﬂq%awl@sFfﬂ(jni%lhé sane

met hods. CD28- | gipr s 2P idcuBSled windtWlhis fgre hamlt ?ooiﬂ RimpthaRsi ent 'y
transfected Cos7 cells. Characterization CILA-4-1gG; 25 The purified

CTLA-4- 1 gG Smi dFedls sigreaBerndibitedoip d xbhmel ip MBS/ Acpntaigingnlys éeal|bovimal

coomassi e stai & bf b&dglelza88 NOsé&pRRELd (FMafnacka] Ldsnd- 1 93 was
a-di mer (lookm%lfl?lglt é\%?é{r educed tog a rcl)%ga rmno?r%r%en traeca 'ed with 50mv

DTT. Anino aci csssatigleamingg agifis,t HadMpuglpeming, GR8M- Heees nth 38| winflon
confirnmed the l%eﬁﬁ?lm/m‘é?togé'cxgl-%oéy (eMﬁ'lv ﬁtg?éw&ﬁfflotloﬁrb@ls?@elte%le{ebe

oncostati n-M si‘gna was cleaved fromthe mature fusion protein The
CTLA- 4-1 gd boumd cmshtnqnnd)mpmia z\@dhmes@d|ag®qpnlemeete¢1wethtcpraple@rprotel@pendent

manner and S i 0 CTLA-4
1 108 SEQE% Matu gﬁ)éﬁ-fA%g]_ul?tS& to hﬂgra&xdalﬁﬁtkre@

anti body (BN 3 ngen endotoxin free and
quantitated by (ﬂm@&lggs@)ngFRLQ (Bbarmh@a)ewes meedi ‘@nafﬁoa fwofyeﬂte fusivhe yi el d of

" Best o SR PSS AR R AP B 2,
bel ow. to NH2: IVWAQIBAVVIHASSWBI WERNCHIASPGIKA TEMRT VE RBBDBO¢Iuted with

EVCAATYNWELTF&WSAIQM &Ibqt %%N DITrgct}Qngflml) -were immediately

15  neutralized to pH.7.5 with Tris pH 9. The fractions containing CTLA-4-IgG1
were identified by SDS-PAGE and then concentrated using centriplus 50
(Amicon) before applying to sepharose 200 column (Pharmacia) at ImV/min
using PBS as the solvent. Fractions containing CTLA-4-IgG1 were pooled,
sterile filtered 0.2u (Millipore), aliquoted and frozen at -80°C. CD44-IgG1 was

20  expressed and puriﬁed using the same methods. CD28-IgG was purified from

conditioned media from transiently transfected Cos7 cells.

g:haracterizatidn CTLA-4-1gG1:

25 The purified CTLA-4-IgG1 migrated as a single band on SDS-PAGE
using colloidal coomassie staining (Novex). Under non-reducing conditions
CTLA-4-1gG1 was a dimer (100kDa), that reduced to a 50kDa monomer when
treated with 50mM DTT. Amino acid sequencing of the purified CTLA-4-1gG1
in solution confirmed the N-terminus of CTLA-4 (MHVAQPAVVLAS), and

30 that the oncostatin-M signal peptide was cleaved from the mature fusion protein

The CTLA-4-IgGl bound to immobilized B7.1-IgG in a concentration

dependent manner and the binding was blocked by a hamster-anti-human anti-



VELMYPPPYYLG GNGTQ YV | DPEPC- CONH2 Abbrevi ations/ Materials: 15 NWP, _
N Met.hyl pyrrolidinone; TFE, 2,2,2-Trifluoroethanol; DCM D chl oronet hane;
FMOC, JFI uorenyl Met hoxycarbonyl. Al reagents were supplied by Perkin
Elmer, with the follow ng exceptions: TFE, Aldrich Chem cal, FMOC- PAL-PEG
resin, Perseptive Biosystens. Fnoc-Arg(PMC) 20 OH, FMOC-Asn(Trt)-CH,

FMOC- Asp(tBu) - OH, FMOC- Cys(Trt)-OH, FMOC- QA u(tBu)-OH FMOC-An(Trt)-0OH,
FMOC- Hi s(Boc) - OH, FMOC- Lys(BOC)- OH, FMYC- Ser (tBu)-0OH, FMOC-Thr(tBu)-0OH and

FMOC- Tyr (t Bu) - ey e used those.am no acids requiring side chain
protecting gr o%é‘w‘g{-’» ﬂta'g?(ﬁdég%%t Hgﬂ”é’?ge?)ept Thre sty &EEIP%“‘ S pesforned on
a Perki n- El mer edd®lokin fret andfquirdtieded wmbzéoaﬁdiga%m&i%tidﬁ&ﬁé’fh@iew q

absor bance at nm { Per Kki.n- r el 759A detector). The peptide
sequence was a?géeLH%]deocfe%lﬁ‘ﬁﬁd E@-‘ﬁ%- PREsdbrty eea; Op- 3w %@fn‘élﬂg'r hal doubl e
coupl i ng cycl esellsForced doubl e couplings were perfornmed at cycles

10, 11, 18, 19,20 and 28 through 33. The resin was washed wth a 50% m xture

of DOM and TFE at the conpl eti on of each acylation cycle, 61 followed by
cappi ng of unreact e¢i) amgrL 47 QrEpHidddM t h acetic anhydride in NWP. Resin was
removed fromthe reactor after conpleting cycle 49 and the renmainder
continued to conpletion. Peptide cleavage fromthe resin was perforned
usi ng Reagent K (KiTig fellovahg ClIrnhes mptideowal preatti Raliesefibedeloi N and 5 Pepti de
Research 36: 255-266 (1990)) for 6 hours on 415ng of resin affording 186ny
crude CTLA-4 peptide. Peptide Characterization: 10 25ng aliquots of the
LB, 4 and ol UL Bl oueloa PhALTREL S Lom At e 7y TRIRRSQOR I Tomm
pH6. 4 and el ut v, n 0a uper dex ol um nmm X
600mMm 120nt b gcg‘&m%%&;bﬁs&ﬁﬁ%ﬁ%Q TIQGIRMVIDTHIIICK: pH6. 4 at 2
-m / mn for IBBLMYPPPRYLGIGNGIQIYWIDEEFE-cONRGE i Ons. The fractions were
anal yzed by loading 1.7l of 15 fractions onto a NUPAGE Laeneli gel running
wi th MES runni ng buffer and

Abbreviations/Materials:

15
NMP, N-Methylpyrrolidinone; TFE, 2,2,2-Trifluoroethanol; DCM,
Dichloromethane; FMOC, Fluorenyl Methoxycarbonyl.  All reagents were
supplied by Perkin Elmer, with the following exceptions: TFE, Aldrich
Chemical, FMOC-PAL-PEG resin, Perseptive Biosystems. Fmoc-Arg(PMC)-
20 OH, FMOC-Asn(Trt)-OH, FMOC-Asp(tBu)-OH, FMOC-Cys(Trt)-OH, FMOC-
Glu(tBu)-OH, FMOC-GIn(Trt)-OH, FMOC-His(Boc)-OH, FMOC-Lys(BOC)-
OH, FMOC-Ser(tBu)-OH, FMOC-Thr(tBu)-OH and FMOC-Tyr(tBu)-OH were

used for those amino acids requiring side chain protecting groups

25 Peptide Synthesis:

Peptide synthesis was performed on a Perkin-Elmer 431A, retrofitted
with feedback monitoring via UV absorbance at 301nm (Perkin-Elmer Model
759A detector). The peptide sequence was assembled on a FMOC-PAL-PEG

30 resin using conditional double coupling cycles. Forced double couplings were
performed at cyc]es 10,11,18,19,20 and 28 through 33. The resin was washed
with a 50% mixture of DCM and TFE at the completion of each acylation cycle,



visualizing via Daichii silver stain protocol. Those fractions exhibiting a
nol ecul ar wei ght of 12 KDa, as judged versus nol ecul ar wei ght standards,
were ppol ed together and stored at 4C. The conbined fractions were anal yzed
by UV and gel el ectrophoresis. Am no acid sequencing was performed by 20
absorbing a 100 mcroliter sanple in a ProSorb cartridge (absorbed onto a
PVDF nmenbrane) and washing to renove the buffer salts. Sequenci ng was
performed on an Applied Biosystens 420.%The expected N-term nal sequence .
(MHVAQPAVVLA was observed. |nmunoblotting dennnstrated that the

peptide was recloleieddy wppingef BrEagted aminormpips With aactic anprdniduimd@.. 25 To
desalt, an aliquQ @BV Q96 Be Oleadi®H Sftdradontifiding! AcRd 46 TandS@@ Da  MACO
dialysi s tubing andgﬁp yzed agai nset e% 1 %'Ir'FA?/ Hl?%éaaftE A4C for 9 days with

stirring. The ernmmméercmtxew@lswowmmwm aPepside clravpsgalson yBpHFIY M8 to a
powder. 62 (i 'C;!DJ'\R{?Q& Js%é%l@éa%r%t ¢ pass %PLle%té/)‘antbngr%mAal(oﬁ%zez)()an]ihe full

| ength CTLA-4 fred”from human t hynus brary
(St rat agene)s antepsiddhBeseersti 3636026 ﬁE@ib&r(@wm@cﬁ)Smgmf rﬁlmif%rﬂinén of

CTLA-4 that res ¢aRst e cell surface expression was introduced
usi ng MatchMakefr.!gl k}gt ggignem si‘ﬁséﬁl?éém (Promega). Miutation of tyrosine, Y201
to valine inhibits binding of the adaptl n protein AP50 that is responsible
for the rapid internali ZaL i QCRL SdAs4,. (Chuang et al. J. Inmmunol.

159: 144- 151 (1997)). Nycop as ree .19 murine |ynphoma cells were 10
cultured in RPM -1640 cont ai n| ng 10% f et aI calf serum non-essential am no

qoids. penigdllln/ ShiRlARK gmzmgbﬁectﬁudéaég@é SREsR: G dyS. and

25uM bet a- mer capt oet |'s were e orate 106/ 0. 4nl serum
free RPM) in aGhanidinghBEHEIOmM KhPQJOQI@I‘E'H_WNQCDQW leREQWé?@ Hisl.aad

200V/ 11 80uF (G I P t t and then
15 8m's o1l‘J pﬁem%'&grdg?g(k)rrl%@ %ﬁWﬁEdl a. 02‘“[4 bﬁoggcg ce gvﬂ\/\%{rgadl luted to
0.5 x106/m in Guamslinet BCIRONPOmMMIK P Quosit pHGW rag 2 mi//mininGlor 81 §0Gmisees.

Resi stant cells Eﬁt%ﬁ%&i%n&n%%oﬁs %%@?ﬁ%ﬁfcaﬁ “L.’f &icel |

surface using 1) ody conj ugate oer
(Phar M ngen)s Hraghions| ek NaPAGEsEdemglices] humnning rveth kmsameninbyuﬁf@reamidl e
sorting.

D

visualizing via Daichii silver stain protocol. Those fractions exhibiting a
molecular weight of 12 KDa, as judged versus molecular weight standards,
were pooled together and stored at 4°C. The combined fractions were analyzed
by UV and gel electrophoresis. Amino acid sequencing was performed by
20 absorbing a 100 microliter sample in a ProSorb cartridge (absorbed onto a
PVDF membrane) and washing to remove the buffer salts. Sequencing was
performed on an Applied Biosystems 420. The expected N-terminal sequence
MHVAQPAVVLA) was observed. Immunoblotting demonstrated that
the peptide was recognized by the BNI3 anti-human CTLA-4 (PharMingen).
25  To desalt, an aliquot containing 648ug of material was placed in 3500 Da
MWCO dialysis tubing and dialyzed against 0.1% TFA / H20 at 4°C for 9 days
with stirring. The entire contents of the dialysis bag was lyophilyzed to a

powder.



20 Imuni zation and hybri donma generation: XenoMouse mce (8 to 10 weeks
oId)‘mfre i muni zed (i) subcutaneously at the base of tails with 1x107
300.19 cells that were transfected to express CTLA-4 as descri bed above,
resuspended i n phosphate buffered saline (PBS) with conplete Freund's 25
adjuvant, or (ii) subcutaneously at the base of tail with (a) 10 .tg the
CTLA-4 fusion protein or (b) 10 g CTLA-4 peptide, enulsified with conplete
Freund's adjuvant. In each case, the d¥se was repeated three or four tlnes
in inconplete Freund s adjuvant. Four days before fusion, the mce
received a final infititti3419gplls mansfested with &Tldrd FAPIK) i n PBS. Spl een and/ or
| ymph node | ynphocytes 30 fromimuni zed mce were fused with the [nurine
non-secretory nyeloma P3 cell |line] and were subjected to HAT sel ection as
previously descri bedht fulileneth CTigh- AMesPER amplified frqm bpmamthyons of

monocl onal ant i-DNHN @®rary t(5& Sax?d‘Q' R aGe nzynol .
73:3-46 (1081) ) A |orar (pantg#h% utoned (A HES e ‘?@%%L ' 4 specific
hunan | g&2KSor MWREeR ‘(fﬁnd%'ﬂeté%te@s%éllbwpnstlaﬁw tsoldliserfacomxpressiowes ed. 5

ELI SA assay: Elrr.l.u%ﬁuééarus OALERNIALer ORruRkeRRE i gﬁaniﬁx% EAC?C ﬁﬂfab? ogres in

mouse serum and in hybridoma supernatants wasS carri e ut as escrl bed
(Col i gan et al yrosipg, tY2@1 o valimeziphibits pinitiag of wreusdestor protein APS@yIst'fs i n Current

protocols | n | FEBRtAGH: (RISAN SR GTIAT LG CHRRER, B Qbhiyho capture

the antibodies. For ani nal are 1 nmmuni zed t fusi on
protein, 1o weléﬁiéiﬂ”iﬁnﬁp?@) sMYG@iaWrﬁwWéﬁenurfmdymmal sells yeagai nst t he

noman 19 pogti Gl it Revi YoIPOBEOLE10 Dl Suf SrEGRTALIEA LS 19 ELI A

pl ates coated with hurran as a spec C|ty In a
preferred ELI SAciEg S’&ywlll!ﬂ%@rep@mygw PyM @Wmnqla,e& $mM Heped pHELSSAndl at es are

d th 10 6 ff 0.1 M
(C::g?t)gna}tMe Buffggwi\pl)}%lanaEa Mt}ﬂﬁgﬂccgﬁ ?Mx?@dl&gg%?ﬁ%{ @%Ioa/t%génquar g’rt glen
i ncubat ed at 4@&ee\FEMH) ghta 1mf thenwthaZQlunCTb@atYthﬂRESmam ssing enoved and
the plate is bb@@\k/ﬂ%o\ﬁiﬂ(b 9%6%&%@@ dRhi9GklY 49#] ?6{49ut§(ygn%§ﬁé 0. 1%

Tween 20, 0.01% Thi ner osa nd i ncu room terrper ature
for 1 hour.15Al fejseftirewdryped Pmlgbz&l’éﬁ raqc@a sb#& bourncellsfwerg dilaedro wi t h

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

Immuynization and hybridoma generation: XenoMouse mice (8 to 10

weeks old) were immunized (i) subcutaneously at the base of tails with 1x10’
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 (a) 10 pg the CTLA-4
fusion protein or (b) 10 pg 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



20 bl ocking buffer and plate sealers. Blocking buffer is renoved and 50

gl/ | of hybridoma supernatant, serum or other hybridona supernatant
(posittve control) and HAT nedia or bl ocking buffer (negative control) is
added. The plates are incubated at roomtenperature for 2 hours. After

i ncubation, the plate is washed with washing buffer (Ix PBS). The
detecting antibody (i.e., nouse anti 25 human |1 g&-HRP (SB, #9070-05) for

| g& antibodi es or nmouse anti-human | g&-HRP (SB #9200-05) for |g& :
anti bodies) is added at 100gl/well (nouse anti-human Ig&-HRP @ 1: 2000 or
nmouse ant i - hunetioegesss. Hidetagss) Engyool. 7(393a’&§1(1831))1tédﬂBﬂP@PbQ%thde er)). The

plates are incupatLfludt BAKt hed with
washi ng buffer. Eere’a%tder O%Q‘P%\g’lh# Igé%r]g étﬁ#y(ag;%berg{rgg&) g‘g@el opi ng

solution (10 mansmqsrveﬂrerem}efefeér, 5 ng OPD (o- phenyl enedi ani ne, Signma Cat
No. P-7288), and 10 | 30% H202 (Signma)) is added to the wells. The plates

are allowed to develop 10-20 m nutes, until 64 negative control wells
barely starts to sholLd8H @ssayTHIABAffordsterbi@ition métdtigai-spesﬁiopnnﬁbﬂddﬁsi on (2 M

H2SO4) is adde I a ELI SA reader, at
wavel engt h 490qnfr}1l[;°ch§é %@r%}lngt@éﬁdoﬁ g‘???ﬁt?'fq@ YRS F%Sf ?{esf"? human Mabs
by Bl Acore: Af(Cohganyet mbaboit érieﬁEnzyfnegimked inedurtosorbent mmgas:’l’ tn&lrramt i bodi es,

Fab fragments, r.ido t snon _resonan s carried
out using the pé?[ 6‘2‘?@ '?6'65?1"%“@ %%Xnéqégl @Pé’lromlngc‘é@ﬁf‘%é\?outl i ned
by the manuf acintibalies, Fﬂzﬂadﬁmaiethat:aramaﬂnymzezl with thb ETAAL4- tg)ﬁisxeSpm carried
out using anti %EF ont o t. nsor e at .a | ow density.
Thr ee surfagbtesqg%@(}dﬁlo cé(??’ggrsneorrllss Fehi rea&w’t amelt)tt)}?elclﬁmafe% pﬁﬁioﬂ t he
CTLA-4-1g fusiof tpfr 6tsmnrpreteing Tldensadcymplashgj m@ng EDI8Aaplates xbared efith 390- 900

usi ng CTLA-4-1 rotei.n in 10 mM sodi um acet ate at
pH 5.0 using t%’e amé@%@uneghwe “‘{°%%§%%°§§%F?ed by the manufacturer

(Bl Acore, Inc.). Thélipmfdnhd EMSAama)oihetfblmwnﬁ Wcimiqresaaasgdchi p was
For mon- epeci 16 bi R mP e e PACANER o7 EPy@lor e PREER o B pBou Tt o of
25 or 50 mi ox oltiuffer @. ipdrCanb anate &3 udifier) pﬂi SBSmﬁi MAHOD; (MW 840 18.4kg/L)f Plateand
association ( kaa.ré) rtheiﬁo n):ut{a?et x & eve(:jrgltgﬁ eg igcsuibgtgont hc?;';at"lsnogf o Sis

removed and the plate is blocked with 200 pl/well blocking buffer (0.5% BSA,

0.1% Tween 20, 0.01% Thimerosal in 1x PBS) and incubated at room

temperature for 1 hour. Alternatively, the plates are stored in refrigerator with

20  blocking buffer and plate sealers. Blocking buffer is removed and 50 pl/well of
hybﬁdoma supernatant, serum or other hybridoma supernatant (positive control)

and HAT media or blocking buffer (negative control) is added. The plates are
incubated at room temperature for 2 hours. After incubation, the plate is

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

25 human IgG2-HRP (SB, #9070-05) for IgG2 antibodies or mouse anti-human
IgGA-HRP (SB #9200-05) for IgG4 antibodies) is added at 100ul/well (mouse
anti-human IgG2-HRP @ 1:2000 or mouse anti-human IgG4-HRP @ 1:1000
(each diluted in blocking buffer)). The plates are incubated at room temperature

for 1 hour and then washed with washing buffer. Thereafter, 100 plVwell of

30 freshly prepared developing solution (10 ml Substrate buffer, 5 mg OPD (o-
phenylenediamine, Sigma Cat No. P-7288), and 10 ul 30% H,0, (Sigma)) is
added to the wells. The plates are allowed to develop 10-20 minutes, until



20 provided by the manufacturer (BlIA evaluation 3.0) that allows for gl obal
fitting calculations. EXAMPLE 2 Affinity Measurenent of

Anti - OTLA-4- Antibodies 25 In the foll ow ng Tabl e,

affinity measurenents

for certain of the antibodies selected in this manner are provided: 65

TABLE Solid Phase BlAcore Hybridoma On-rates Of-

Di ssoci ation Surface Ka Kd Constant Constant Density

rates Associ ati on
(M'S"' x10) (S 'x10-)

KA (1/M = KD(M— [RU] ke/ kdx1010 Kd/ k&®#10-" Mpab0l 0.68 1. 01 0.67 1.48

878.7 0.70 4 156()? 3045 0.77 6.49 0.19 8.
5.11 397.8 4. 1“igai”%8°’6’ yeys

41 457.2 60 3.08 0.20

Byrely siagt t97sbow °°i°r88“1ff62&°r11@%ubwslh o604.5 1.73

1.54 1.13 0. 88 stdh éoldtionl (286 H,S®Y) it addedGind %e?ﬁe@aréf rédd %n%@,I@A%Yatél 46 0.22

878.7 0.31 0.231.33 075 504.5 0.28 0 4.82 0.
3.04 0.92 1.08Tdy aywavelengthA9%8pny 73 1 38 504.5 2.

21 397. .14.3 2.81
846660432354572

3.17 5.03 0.63 1.58 397.8 6.1.1 0.43 0.35 1.21 0.83 878.7 0.46 0.90 0.51

1.98 504.5 s

10

15

20

25

etermination of affinity constants of fully human Mabs by BIAcore:
Affinity measurement of purified human monoclonal antibodies, Fab fragments,
or hybridoma supernatants by plasmon resonance was carried out using the
BlAcore 2000 instrument, using general procedures outlined by the
manufacturers.

Kinetic analysis of the antibodies was carried out using antigens
immobilized onto the sensor surface at a low density. Three surfaces of the
BlAcore sensorchip were immobililized with the CTLA-4-Ig fusion protein at a
density ranging from approximately 390-900 using CTLA-4-Ig fusion protein at
20 or 50 pg/ml in 10 mM sodium acetate at pH 5.0 using the amine coupling kit
supplied by the manufacturer (BIAcore, Inc.). The fourth surface of the
BIAcore sensorchip was immobilized with IgG1 (900 RU) and was used as a
negative control surface for non-specific binding. Kinetic analysis was
performed at a flow rate of 25 or 50 microliters per minute and dissociation (kd
or ko) and association (ka or ko,) rates wefe determined using the software
provided by the manufacturer (BIA evaluation 3.0) that allows for global fitting

calculations.

EXAMPLE 2

Affinity Measurement of Anti-CTLA-4-Antibodies

In the following Table, affinity measurements for certain of the

antibodies selected in this manner are provided:



.31 0.51 0.61 1.63 457.2 0.45 0.79 0.57 1.76 397.8 3.1.1 1.04 0.96 1.07
8.83M 78.7 0.951.72 0.55 1.82 504.5 0.73 1.65 0.44 2.27 457.2 0.91 2.07
0.44 2.28 397.8 4.9.1 1.55 13.80 0.11 8.94 878.7 1.43 19.00 0.08 13.20
504.5 1.35 20.50 0.07 15.20 397.8 4.10.2 1.00 2.53 0.39 2.54 878.7 0.94
4.30 0.22 4.55 504.5 0.70 5.05 0.14 7.21 457.2 1.00 5.24 0.19 5.25 397.8
2.1.31.24 9.59 0.13 7.72 878.7 1.17 13.10 0.09 11.20 504.5 1.11 13.00
0.09 11.70 397.8 4.13.1 1.22 5.83 0.21 # 78 878.7 1.29 6.65 0.19 5.17
504.5 1.23 7. 0.17 5.88 397.8 66 As will be observed, antibodies
prepared in ac§§¥%§ice with the invention possess high affinities and
bi nding constants. 5 EXAMPLE 3 Structures of Anti-CTLA-4-Antibodies
Pr epar ed i n Aceerdahce—with the Lovention In the foll oW _Nng di_scussi on,

structural inflormation |&pkd Beeseo antibodi es 10 prepared in accordanch with
the invention lis_provi defby BHcareder o apal yze structures of ant i bodi ps
produced in addbihaidena wOuokrateshe | Offarates on, Asschition eDigsuepsios | Sada0g | he
heavy and light chain ffEgments dgg of theCoasthntcul BCodbydNti dQMFensitENp
cloning and sdquenci ng Wa¥ ' S&d6dNUEI s as Kao(iMys: | KBRR ¥ ( ARUTRNA was
i sol ated fromlapproximately 2 X 105 hybri dokgksx10" | Ka/k,x107°
Moab01 0.68 1.01 0.67 1.48 878.7
0.70 4.66 0.15 6.68 504.5
0.77 6.49 0.19 8.41 457.2
0.60 3.08 0.20 5.11 397.8
4.1.1 1.85 0.72 2.58 0.39 878.7
1.88 1.21 1.55 0.64 504.5
1.73 1.54 1.13 0.88 457.2
1.86 1.47 1.26 0.79 ' 397.8
4.8.1 0.32 0.07 4.46 0.22 878.7
0.31 0.23 1.33 0.75 504.5
0.28 0.06 4.82 0.21 397.8
4.14.3 2.81 3.04 0.92 1.08 878.7
2.88 3.97 0.73 1.38 504.5
2.84 6.66 0.43 2.35 457.2
3.17 5.03 0.63 1.58 397.8
6.1.1 0.43 0.35 1.21 0.83 878.7
0.46 0.90 0.51 1.98 504.5
0.31 0.51 0.61 - [ 1.63 457.2
0.45 0.79 0.57 1.76 397.8
3.1.1 1.04 0.96 1.07 0.93 878.7
0.95 1.72 0.55 1.82 504.5
0.73 4 1.65 0.44 2.27 457.2
0.91 2.07 0.44 2.28 397.8
4.9.1 1.55 13.80 0.11 8.94 878.7
1.43 19.00 0.08 13.20 504.5
1.35 20.50 0.07 15.20 397.8
4.10.2 1.00 2.53 0.39 2.54 878.7
0.94 4.30 0.22 4.55 504.5
0.70 5.05 0.14 7.21 457.2
1.00 5.24 0.19 5.25 397.8
2.1.3 1.24 9.59 0.13 7.72 878.7
1.17 13.10 0.09 11.20 504.5
1.11 13.00 0.09 11.70 397.8
4.13.1 1.22 5.83 0.21 4.78 878.7
1.29 6.65 0.19 5.17 504.5
1.23 7.25 0.17 . 5.88 397.8




cells derived frominmmuni zed XenoMouse m ce using a Fast-Track kit
(I'nvi.trogen). The generation of random prinmed cDNA was foll owed by PCR.
Human MH or human VK famly specific variable region prinmers (Marks et al.,
"digonucleotide primers for polynerase chain reaction anplification of
human 20 i mmunogl obul i n vari abl e genes and design of fam |y-specific

ol i gonucl eotide probes.” Eur. J. Inmunol. 21:985-991 (1991)) or a

uni versal human VH primer, Mz 30 (CAGG%GCAGCTGGAGCAGTCI G5 was used in
conjunction with priners specific for the human Cy2 constant region

(MG 40d; 5' -GCTGAGééA&'fié&é’éﬁ“f@f\cﬁ&bsdlys 8reperd dnacandgnaeelyithnthe hi P2; 25
as previously desafisdgdsdsshigh efEnities ardl bindiddRtantSequences of human
Mabs-deri ved heavy and kappa chain transcripts from hybridomas were

obtai ned by direct sequencing of PCR products generated from pol y(A) RNA
using the primers described above. PCR products were also cloned into pCRII
using a TA cloning kit (lnvitrogen) and both strands were sequenced using
30 Prismdyé-terninator sequencing KEXAMBLESD o AB| 377 sequenci ng machi ne.
Al sequences \SthRnABNVGRICITY.A-AGBBEAIESPeParel tn AMcoBhSte SEAURECE
directory" 67 (Tominson et al., ntre for Protern EnNglneering,
Canbri dge, UK) using MacVector and daveation ks soft war e prograns. Further,
each of the antibodies 4.1.1, 4.8.1, 11.2.1, and 6.1.1 were subjected to
full I'ength DNA sequences. For such sequencing, Poly(A)+ nRNA 5 was

i sol ated from appr ok haddloying discggon svgterelinforaatios related do pritadies r ect ki t
(Dynal). The nBMpar@sn dcEMRArzE with MESRVenl&itis pRjviia 0l | go-dT(18) and the
Advant age RT/PCR kit (C onetech). The Variabl e regi on database (V Base)

was used to design TrPfeTe anayze strystyresefantieadies pradycediin aprordali@ withir t site of
the heavy chaine iRrBtlog)eREclbRed geles encoding the heavy and light chain fragment
TATCTAAGCTTCTAGACT CGACCGCCA GGAGITT GAGa[ TGg?,') anér £0 T he stop
codon of the | G2 %othet BHtICHHghypridoma.  Gene cloning and sequencing was
TTCTCTGATCAGAATJphRse AT IHAGREGGAGACAGGEGAGAGCT- 3'). An optimal Kozak
sequence (ACCGCCACC) was, added 5' to the ATG start site., The same nethod
was used td3desi gn 2P nBRNA weh isolgted, fxam appreximatelyf 2 X519 hybkdgma chai n A27

gene (5'- 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 Ck constant region (hxP2;
25  as previously described in Green et al, 1994). Sequences of human
Mabs-derived heavy and kappa chain transcripts from hybridomas were
obtained by direct sequencing of PCR products generated from poly(AY) 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”



TCTTCAAGCTTGCCCGGGECCCECCACCATGGAAACCCCAGCGCAG  -3') and the stop codon of |
t he ppa constant region (5 - TTCTTTGATCAGAATTCTCACTAACACTCTC
CCCTGITGAAGC-3' ). The 012 cDNA was cloned by using a primer to the ATG
start site (5 - 20 TCTTCAAGCTTGCCCGGGECCCGCCACCATGGACATGAGGGTCCCCGC  T-3)
and the kappa constant region stop codon primer above. The heavy chain
cDNAs were al so cloned as genom c constructs by site directed nutagenesis
to add an Nnhel site at the end of the %ariable J domain and subcl oni ng an
Nhel - fragnent containing the genom c |gG CHL/ H nge/ CH2/ CH3 regions. The
25 poi nt nut at (Bmlingoryetradr MRE for RretedinginneringaCambridgecUKisieg aci d

sequence fro%@V@ét&%dé}@ﬂ&v&ké%aﬁ%é re used to anplify the cDNAs
h Fidell [

usi ng Advantage Hi ¢ elity PCR Kit onet ech). Sequence of the PCR was

obt ai ned by direct Betgerrerhg! ubs aptitegies tdelrhi hddodl8éqaehdilng were s and an
ABl ~ sequenci ”gul{lj‘&&ﬁ't@ﬁrll 144}h BNR sQé&‘ﬂUé%.t %cﬁ%ﬁgﬁgiﬂgﬂfﬁ%@w am ne 30

synt het ase mammalian expression vectors {Lonza _ | ones were
sequenced t & cwas isplated dtem arproximately ?n 10 Faybrideroi cellsoning mBM¥AJdregence was
verified on bo d$nd BRA I .£aCt | I | at ed
4.1.1 68 anti E@é@%@g JE:;lgner a}tAe ?gvgllts?e |°£1§%t&esg%nrrﬂ%gggergggi%ggrﬁyNZMQ in
the CH2 donmi AdvaRtage RA/RER kit ilorstedh)e sTheeV eriableond gior dlatahase (AnBasent

trasnfection of . (Q§7 ggst#ﬁ‘faa‘*&éqg_w‘g{’§§W§ﬁt"§g‘ﬁ§$§é{j‘§g fqglér étL—'t gg: oﬁeng standard

Protein A sepharose tec ] t nts were generated by
el ectropor ati oheayy nurine 3hNSO cel | s MF0sel ecti orgenran gl ut ami (& free

B A k) i e s T
assays. Gene UIGHYyaardorioAdkd ystéps coion The thel Ig§ill nepndtaisl eegien s(Sforth the
sene SLiLL et sicaCRTe b BiAS el edrr L e G asee e bodt o0 11
Utilization 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’-
200 TCTTCAAGCTTGCCCGGGCCCGCCACCATGGACATGAGGGTCCCCGC

T-3) and the kappa constant region stop codon primer above. The heavy chain

cDNAs were also cloned as genomic constructs by site directed mutagenesis to
add an Nhel site at the end of the variable J domain and subcloning an Nhel-
fragment containing the genomic IgG2 CH1/Hinge/CH2/CH3 regions. The
25  point mutation to generate 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



Cl one Heavy Chain Kappa Li ht Chain VHDJH VK JK 4.1.1 DP-50 DIR4 or JH4
A27 1 DR3 4.8.1 DP-50 7-27 JH4A A27 JK4 4.14.3 DP-50 7-27 JH4 A27 JK3
6.1.1 DP-50 DIR5 or JH4 A27 JK3 DIR56rc 3.1.1 DP-50 3-3 JH6 012 JK3 4.10.2
DP-50 7-27 JHA A27 JK3 2.1.3 DP-65 1-26 JH6 Al10/ A26 JK4 4.13.1 DP-50 7-27
JH4 A27 JK3 11.2.1 DP-50 DI-26 JH6 012 JK3 D2-2 ors 11.6.1 DP-50 D4 J116
012 JK3 D3-22 11.7.1 DP-50 or D21- JH4 012 JK3 9 D3-3 or 12.3.1.1 DP-50
JH6 x> Al7 JK1 DXP4 12.9.1.1 DP-50 D&%19 JH4 = A3/ Al9 JK4 5-24 4.9.1
DP-47 and/or JH4 LgyJKI 6-19 f>>' 5 As will be observed anti bodies in
accordance wi t RPHPRAY 3ras gepfrated by site Gitectere mutageneais f NPIRRL i the $iHong bi as

towards the utgbhaat Imorﬁtsmma.nmf’oaég w@@\s%du&haiynuééﬁfehtams‘ﬁfécﬁ gp. The
DP-50 gene is also referred as a VH 3-33 fam ene y one anti body

that was sel ecfetf GHs théGﬁla%lthd 5S end purified using ﬁgidéﬁld’rmmp‘?xéfmhmsrary in

vitro functi ongbhAgeay StabhoMRRfcais Meye gé}@ia&d%née&&fobé,ﬂa&éﬂ bPﬁ\um?J her than
DP- 50. That clone, 2.1.3, utilizes a DP-6 eaVK chal n vari ab
NSO'cells and selection in glutamine free media. Recombinant 4.1.1 w1th or

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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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 Vy 4-31

family gene.

On the other hand, the clone, 4.9.1, which possesses a DP-47

heavy chain variable region binds to CTLA-4 but does not inhibit binding to

15

B7-1 or B7-2. In XenoMouse mice, there are more than 30 distinct functional



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
gernline 30 DP-50 (3-33) am no acid sequence. Differences between the
DP-50 berm i ne sequence and that of the sequence in the clones are
indicated in bold. The 71 Figure also shows the positions of the CDRI,
CDR2, and CDR3 sequences of the antibodies as shaded. Figure 3 provides a
sequence alignnent between the predicted heavy chain am no acid sequence
of the clone 2.1.3 and the germine DP-B85 (4-31) 5 am no acid sequence.

Di fferences between the DP-65 gernline sequence and that of the sequence in
the clone are heaty chtinaniablggangs withwhichde gencrate antibpdioss Biahdhgsefsiei i ons of

the CDRI, CDR2;; apd,fdaRt igﬁ%%%&%ﬁudﬂi;% xEnEﬁ’f S’inﬁxh%ﬁ% ia.gti%@a;"xdﬁ{f: JcP&P'- Figure 4

provi des a sequence alignnent betwee e predicte p Ight chain
ami no aci d seqwétheespest tq the cernbinedsprapertics of hinging to the patigen agd fungtiomgl 10. 2,  and
4.13.1 and thea&g,grgj ine A27 am no 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 CDRI, CDR2, and CDR3

sequences of the anéé ggg,yAgg gpderl i ned. Apparent deletions in the CDRls of
15 clones 4.8.1, 4.1473, .1.1 are indicated with "Gs". Figure 5 '

provi des a sequence alignnent between the predicted kappa 1light chain

amino actd sequence,olf heashangs derk hicddn Sndictho B orPfichfed 1 ane

the germine 012 am no aci ue rences ‘between 't germ ine
sequence and t hegrviel ohentslwgmesivetuien the thd Fhecllarie KemtiMatse cenimalhol d. 20

of the-ant I Body  Satiy giferR )b PRy Plog NP PR s CHlE BREE s T BrCES
bet ween t he pr edixtwubek af parondangproceskraithet astunoinelodide.sethosh bwitgtiont he cl one
the ALOIA26 el sd Bstiies a0, 8 DEFINENRS,, Sk B 808 e ar e
i ndi cated i n bMeidezldial. Nague &eattro 1816456 (1987)pwdiU. 8.0 rtend Apphati@DR1, CDR2,
ond COFS Seucagen 4, hisol I peReop ST ReTcELANGS, L LB 00
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 llD), 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), 12.3.1.1 (Figure 1L), and 12.9.1.1 (Figure 1M). In Figures
1A, 1B, and 1D, extended séquences of the antibodies 4.1.1, 4.8.1, and 6.1.1
were obtained by full length cloning of the cDNAs as described above. In such
25  Figures, the signal peptide sequence (or the bases encoding the same) are
indicated in bold and sequences utilized for the 5’ PCR reaction are underlined.
Figure 2 provides a sequence alignment between the predicted heavy
chain amino acid sequences from the clones 4.1.1, 4.8.1, 4.14.3, 6.1.1, 3.1.1,
4102, 4.13.1, 11.2.1, 11.6.1, 11.7.1, 12.3.1.1, and 12.9.1.1 and the germline
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



light chain amno acid sequence of the clone 12.3.1 and the gerniine Al7

30 am.no acid sequence. Differences between the Al7 gerniine sequence and
thatnt? the sequence in the clone are indicated in bold. The Figure al so
shows the 72 positions of the CODRI, CDR2, and CDR3 sequences of the

anti body as wunderlined. Figure 8 provides a sequence alignnent between the
predi cted kappa |ight chain am no aciqlsequepce of the clone 12.9.1 and.
the gernmline A3/A19 5 am no acid sequence. Differences between the A3/ Al9

o 1 e e BRIl WL o Ep R R ol e GO L
sequences of tH@aaﬂMthdyﬁa9qLunderginid.sglguagegzopr?xldfslﬁoafaées of
o) Lonal et oot 5y RPN B WA 19
22(a), genom ﬁcm brpjnomgﬂzseg;lﬁnno;ﬁmzd_lcﬂ]g(ﬁl).? andlﬂxel;glé?ﬁl_idﬂ'g-?bl(?g?]%’cgﬁ;! ﬁt ed
?c%)Ni\ 2(23?:‘/3/5;%521%( a(r\?@,\gégllle (:"Zﬂig‘? frees ?.e&ef‘.‘ %?3D$§%| PGt KauneE Bdheavy chain
(S5 Shuaiat et s iRl e T O A,
2cid 25 2 my e ol b R PR SRS et o R mePeG o )
11.2.1: full | emiptlimedl. 2. 1 heavy chain (cDNA 22(p) and amno acid 30
22(q)); and 11.2.1 kight, chain (CDVA 22,61).20d,am o acid 22(s)). 73
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 Al17
30  amino acid séqucnce. Differences between the A17 germline sequence and that

of the sequence in the clone are indicated in bold. The Figure also shows the



Si gnal peptide sequences are shown in bold and | arge text. The open readi ng
frames in the full length 4.1.1 genom c. DNA sequence (Fig. 22(b)) are
underlined. And, the nutations introduced to make the aglycosylated 4.1.1
heavy chain and the resulting change (N294Q are shown in double underline
5 and bold text (cDNA (Fig. 22 (d) and amno acid (Fig. 22 f e)). EXAWPLE

4 Anal ysis of Heavy and Lieht Chain Am no Acid Substitutions 10 lii Figure
2, which provides a .sequence alignnment’2bet ween t he predl cted heavy chain
am no acid sequences fromthe clones 4.1.1, 4.8.1, 14.3, -6.1.1,

3.1-.1, 4.10.2positiops. of the 1CDRY, CPR26 and GDRY saquences 3)f11h1 aniibeily12 9. 1. 1 and
the germ i ne [Rrenfhe3-33) amno acid sequence, an interesting pattern

energes. In addition to the fact of the bias for heavy chain DP-5.0 in the
maj ority of the 15 KiBwndsprovides a spacpes| dignmentyberwasn ttei Pregisted 1i3pR& i on i n t he
ant i bodi es 1 el fhitGah AnfifiPaci® RollbcB 8¢ B e 990 arliGhe EXAITRE Ay klspnes 3. 1. 1
and 11.2.1 have no nutations. 'Moreover, the nutations in the other clones
are general by ewimseridaeaueace Rafferenses betyygent the Wg/Aldeernling segucotndani no aci ds

with simlar pgopgfhi @é;u&&e%‘ﬁxeac'iﬂn@%@ﬁhx@ﬁed inrbo‘ici‘er&eﬁg&ﬂer&%o shigati ons
wi thin many of the CDRI" and CRD2 sequences are 20 partrcul arIQX conservative
y

in nature. Thrte mitlph%oﬁéﬁ@%ha@lﬁp,r@ér@%tsmemqqs ofithguangibody as 10. 2,
4.13.1, and 4. 4 3ined’ € Clearly derived froma. single reconbination event
(i.e., derive- ?rom an identical germnal center) and are nearly

i dentical in sequenigure 22f providssea tshmeseofasdditivorisiuglsrtedt argl amigbrrgie sequence,
t hen, anong,th i S the DP50 heavy'chain, in
25 CDR1 angow%%gﬁggrgtg{%ngwg@?ﬂ??’g%g481ng 1ggnonpol ar residue is

repl aced by another nonpol ar residue, 12 in mhlch a pol ar uncharged
residue is replacedy;by another polar uncharged residue, and 1 in which a
pol ar charged resi d_é‘l s replaced by another polar charged residue.
Further, there are two fullangduvsl.l heavytehain (CSAr2364).dgeosminhd2(h), ande very .
simlar structurally,. gl é{c?b and al anine, are 30 substituted for one
another. The only. nutations %ot strictly conservative involve 3
substitutidhs of a pol arfult hangtheeklywsylated 4flor haavpohan (chdkharYddandesi due and
one substitution of,&,nonpe @% residue for a polar residue. 74 The |ight

chai ns of these anti od| es aré derived fromb5 different VK
4.1.1 light chain (cDNA 22(f) and amino acid 22(g));

RS
o~

20 full length 4.8.1 heavy chain (¢cDNA 22(h) and amino acid 22(1));
4.8.1 light chain (cDNA 22(j) and amino acid 22(k));

6.1.1:
full length 6.1.1 heavy chain (cDNA 22(1) and amino acid
25 22(m));
6.1.1 light chain (¢cDNA 22(n) and amino acid 22(0));

11.2.1:
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)).



genes. The A27 gene is the nost heavily represented and is the source of 6
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 CDRL, a rare event. Second,
there is a strong prejudice against thﬁ gernline serine at position six in
- CDR3 in that the serine has .been replaced in every sequence. This suggests
that a serine at.tHg2al peptide BA¢Nces amchnpatia bbid anidt]brgETeA4 ’ltuertq:leﬂg It will

be appreci at At ovesident.if .amno acid

substituti ongrqaééﬁgh %ﬂgééﬁ Ipﬁngﬁlrﬁ‘ﬁ/ EEYTYF- dﬁ“g AFaeRceCEFE. 2@@&)@"

substituti onsundwbmbdj aﬁ:mﬂeahe mthizas iR fembkd BRMNM \{fb% shgligng; of the

anti body to t qa&( LA-4 r{gl ecul e. Further, such substitutions couI d have
t+

si gni fi cant %Eﬁsﬁifffqgmh@yg@fNZQ’ﬂé))aan st &5 doute DXAYRE 5
N- Ter m nals A Jyon AG m? of Ant| ies_ in Accordance wth
the Invention In order to u@%% 62%651-% {9h and structure of

the anti bodies- 20 in accordance with the invention identified above, we

sequenced certain of the antibodi %xgm g! a Perkin-El mer sequencer. Both
heavy and kappa |ight chains of t dies were isolated and purified
t hrough use of pr isi an g A&ﬁh@ @ialcbu%lsﬁq,tﬁogpl otting

t echni ques and thereafter directly sequenced escribed rn Exanple 6. A
majority of the heavy the heavy chain sequences 25 wer e bl ocked on th'ei r

am no terwi nus. TheFighnrk wisdcfronded »adjutite WBERn &
pyrogl ut amat am qogeotl dase and thergédifut ee sézgﬁenf?gt&r Qﬁ'&g%e&gﬁﬁ s from

this experi HBWRA 3 $5ageEnces §°’¢Ihgm1@°94dﬂsd 8.hrow. Bi,eéltlhe

mol ecul ar vvelag[ht Qﬁon,he 1Bqavy 2nd;{ g gh ai mass
spect r oscopy Q%L ,I%P 30 75 EXAVPLE | 6t1,163 ftllag'ng}s %n ?%?te cg)""on of
Antibodies i & ang 8-  #nipp acid jspanenes, emmtﬁcdﬁngmawcrﬁ@mpfgwl Hes certain

addi tional chadiféed & thel fag ¢ theHRRL P ﬂemor!ﬁ%m DP-50 in the majority of the

s 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 thc CDR1 and CRD2. scquences are
20 partlcularly conservative in nature. Three of the heavy chains represented in
Flgure 2, 4.10.2, 4.13. 1, and 4.14.3, are clearly derived from a single
recombination event (ie., derive from an identical- germmal center) and are
nearly 1dent1ca1 in sequence.. If these three are considered as a single sequence,
B then among the 10 different antibodies containing the DPS0 heavy chain, in
' 25 CDR1 and CDR2 there are 3 posmons in whlch a‘nonpolar residue is rcplaced
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
replaccd by another polar charged residue. Further, there are two positions in
which two re51ducs 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 _uncherged residue

and one subsﬁtution of a nonpolar residue for a polar residue.



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
sunnaF}zed The followi ng data is provided: Concentration, isoelectric
focusing (I EF), SDS- PAGE, size exclusion chromatography, FACS, nass
spectroscopy (MALDI), 10 and light chain N-termnal sequences. Cenerally,
the data was generated as follows: Matgrials and Methods 15 Protein
concentration was determ ned at 280 nmfroma UV scan (200- 350 rim, where

I Im . SD rformed
angga??\gr lIilg\r/];e( KIEI X@%ﬂ%‘rt ?’ng ?’%ﬁ%a@dmé{;g?&nﬁ’Wf rﬁmleg%%gﬁ%@‘ gel and
MES runni ng buiénes.. TBa3l egsnevisrtbe md6x ;hea'ﬂarrqﬂedlameﬂb.hdﬁsldtﬁg scﬁxrée dSylg h 4])5

/ oet hano eat and - o]
grgﬁgE nsaangl Ieoggfegf% éhT @%n;)eéoﬁp qg{f)ﬁe HiEPe urdueesTeus |W8&°W"Pﬁh38r| |1iant
Bl ue R st ai ni négatiegsutHich if &rgamf therh, 48.8; 4.6&2%ndand ] nedhaGUiadtiont 82 esti mat es

de b i L he nds to "P rf Pr.ot ei n Markers" (Novagen
\(I:VZ'[Z 28129- %)?Q%@ﬁg?qﬁﬁ%%%ggﬁ?sa&%ﬁeeﬁ gn’%?&és RETWERTHULEE above on

NUPAGE gel s, bgaimssfhergemulinecerirecat Bbsitior smﬁbeDRza.ﬁ K0 theaeiiame bedpp! i ed

Bi t t i h Coo ssie Blu The stai.ned protein
bi’igzgsvxggg) ex% d}gjntgj%g' géqecrf &d to° séléﬁeéﬁcgata‘ﬁé‘fﬁlaét PRSIt ed Edman

degradati on onmcwpmbleﬁqumC”EIdA‘BbmSiygtens 494 Procise HT Sequencer. 76

| soel ectric focusi rformed u Phar c a | EF 3-9 pHast gels
(cat# 17-0543-01) nigé,g {’E‘i‘*)aspp‘“‘“% tE’i“ui“é’&?’ Pﬁ“fo%o%j? d gginoe g/ M and

lul was | oaﬂiedswbnmtougmlexandm ¢ibe preiimitgtto 8t aithiad. Cl'ﬁlelsg)l;h FE&Ehfﬁ?B@ﬁ \(/j\/er 95
made by conpar nds to..broad range.. st andar ds
(Phar rrgci a cat nggi'fﬁ)g%?qu’?? W efgﬁ?g B Hﬁn@ﬁ‘}‘wg& adY &E8E was
carried i n pho§PhAtéembletdler eRJhrtherak\udh&subRBﬁ)onﬁ)l&oﬁlbﬂla%\@fgﬂﬂﬁhrﬁ SART system

using the Supey, 7 ol um. Mol ecul ar size estimtes were nade
by cgnparl ng pep%gl)ih“gﬁmg't eﬁ}f ﬁgchcei?e to the retention tines of gel

15 EXAMPLE 5
N-Terminal Amino Acid Sequence Analysis 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 sequencec{ 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



For FACS studies, human peripheral T cells were prepared and stimulated
for 48 hours. T cells were washed once, resuspended in FACS buffer at
1x106 Icel | s/ 100 ul and stained for CD3 surface expression with 10 ul 15 of
anti-CD3-FI TC (I nmunot ech, Marseille, France) for 30 m nutes at room
tenperature. Cells were washed tw ce, then fixed, permeabilized (Fi x and
Penn, Caltag), and stained for intracellular CTLA-4 expression with 10 u
anti- CD152- PE (Pharm ngen). FIOM/cytoﬂ%try was performed using a Becton
D cki nson FACSort. Quadrants were set by analysis of relevant isotype
control 20 antibodies (Caltag). As E¥AMPHE6 cussed above, anti- CTLA- 4

anti bodi es have ba@giticdenORhétatindiohdf RAGEERS ifi NcbsHdn ROV fel | Mmune
nodul ation activities. The 25 follow ng experinents were carried out in
order to determine if antibodies in H¥e#ioance with the present invention
possessed such activities. In general, the experinments were designed to
assess ability of the antibodies to inhibit the interaction between CTLA-4
and B7 nol etul es, Ud8We|l@drovides gendin pddidonabvharctarizingdnidymeatisinebaites and

CD28, and prong¥r@inlofaRd Antib¥diedinHRcERAL Gith A indhtib C it HeMggurd Watn0t 1imited
to IL-2 and/or |FN-y expression. Fur exam nation of Cross-reactivity

t her
of antibodi es BHHE §lenFeAtli ot M- 148 bet-1&d.f- 1473, andifehl ds swuearizedd CTLA- 4
mol ecul es in Ohﬁlﬂbllmghﬂﬁis(g%wgded: RSB tra isméc@éfsénsms(mpgdﬁﬁ-aken- _
EXAMPLE 7 5 Conpetition ELISA. Inhibition of CILA-4B7-1 or B7-2 Interaction
by Anti bodi esPAHEAREOEXFRR dhramategiaphynlARS, Basssreqtioscapy (MAIdRY was
conducted @ dﬁ{dqrgmdjﬁiniﬁ_te?,ﬁ;niamql;eggesj n accordance wth the present
i nvention were capable of inhibiting the binding of 10 CTLA-4 with either
B7-1 or B7-2. As wiFanesly.dbsrfatacyastesperatgthis fbldarises of the invention that are
capable of inhibiting the binding of CTLA-4 with B7 nol ecul es would be
expected to be candidates for imune regulation through the CTLA-4
pat hway. |n t hMategialsandiMethedy | owi ng naterial s and nethods were utilized:
15

15 Protein concentration was determined at 280 nm from a UV scan (200-

350 nm), where 1.58 absorbance units at 280 nm equaled 1mg/ml.

SDS-PAGE was performed using the Novex NuPAGE electrophoresis
system with a 10% NuPAGE gel and MES running buffer. Samples were
20 prepared by diluting 3:1 with 4x NuPAGE sample buffer (+/-)
beta-mercaptoethanol, heated and ~ 5 ug of protein was loaded onto the gel.
The gel was then stained with Brilliant Blue R staining solution (Sigma cat.# B-
6529) and molecular size estimates were made by comparing stained bands to
“Perfect Protein Markers” (Novagen cat# 69149-3).
25
For N-terminal sequencing, samples were run as above on NuPAGE
gels, transferred to Pro Blot immobilization membrane (Applied Biosystems)
then stained with Coomassie Blue R-250. The stained protein bands were
excised and subjected to sequence analysis by automated Edman degradation on

30  an Applied Biosystems 494 Procise HT Sequencer.



Materials and Methods 3 nMB7.1-1g(Gl) or B7.2-19g(G) (Repligen, Inc.
Neednham MA) in Dul becco's PBS was coated on 96-wel| Maxi Sorp pl ates
(Nunc,) Denmark, 20 #439454) and incubated at 4C overnight. On day 2, B7-lg
was renmoved and plates were bl ocked 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 approp;i ate test concentrations and
CTLA-4-1g(#4) (0.3 anlnaI conc.) (Repligen, Inc. Needham MA) were

pre-m xed for 15 m e added to the. B7-]| coat ate (60 ul
total volume) and i e Hl Vs Be rf?fBﬁ% gusing| Bl rlggvﬁg dhed 3X and

50 | of a Ito 1OB& ghs (eatdn- CbﬁB-BIHD-$a:hm¢sederc dbutse irf DA% gMieen td 964 ant i body

(Zynmed, San Fr add d and i.ncubated at RT for 1

hour. Pl ates mq%h¥%lumﬁga%8§§% °18¢ I\7§d ﬂf\ﬁ" tﬁ‘“"ﬂe&@&%‘éﬁé‘@“&ﬁbstrate

(Kirkegaard & Pere madeCi ¢ompasigistginedviandstobrad ﬁﬁge(?(ﬂmwa;mdgiaﬁaﬂd

i ncubat ed atg R&ﬁ%a@&%qy?ggr nd then 50 I IN H2SO4 was added to the
# . . .

pl ate. Pl at es re rea using a Ml ecul ar Devices plate reader
(Sunnyval e, Al l sarrpl es were tested in duplicate. Maximal 78 signal

was defined as CcTL hi ndi n J.the ence af te ntib Non-
speci fic binding wa AR i1 £4Be %@ﬁﬂ’gaﬁpu%ﬁfﬁﬁ 4-1g and
test anti body. sﬂm‘EH@BSks»ulthe; PhammWARSTawstameusﬂngmecm@eﬂde Tabpe |11 A and -
[11B. In Table ’colﬁx%n @ieel { ravarlet%; of antibodies in

accor dance with' Fnvent1°0m 4 ﬁlzel'aelﬁ Ratpy wsre madg, iy copRanag RAK conpar i ng
the 4.1.1 anti m@dyxootlnteh@themmmhnmsw‘geh the 11.2.1 anti body of the
invention froma separate experinment. 10 TABLE II1 A Cl one |sotype
CTLA4B7.2 CTLA4B7.1 CTLA-4-1g Conp. ELISA Conp. ELISA 1C50 nM I C50
CT3.1.1 1 g& 0. 45 OF@7FAGS3}ubie§3hurfanl Qerfphe2) T GEHs weke | si’a:& 3fat 0.06

5) 0.50 O. 0.57 t 03 3) 0,17 28 2
(C'r|]'4 29 1 9@ Ngéxp&lnteg )f L. ,E%T égurﬁ On]L ggﬁp\gfret\?/vged oncc( pesus)pended in FA (n=2)

buffer at lxlO6 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, penneabilized (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



(n=3) (n=2) CT4.10.2 Ig& 1.50 0.37 (n=3) 3.39 0.31 (n=2) Cr14.13.1 I1g&X
0.49 _0.05 (n=3) 0.98 0.11 (n=2) Cr4.14.3 1g& 0.69 0.11 (n=3) 1.04

0. 15 Ch:Z) Cr6.1.1 1g& 0.39 0.06 (n=3) 0.67 0.07 (n=2) 15 TABLE IIIB
Cl one |Isotype CTLAAB7.2 CTLA4/B7.1 CTLA-4-1g Conmp. ELISA Conp. ELISA 1C50
(nWI1C50 (nM CT4.1.1 1g& 0.55t 0.08 (n=4) 0.87 0.14 (n=2) CT11.2.1
lg& 0.56 0.05 (n=4) 0.81 0.24 n=2 Th 79 EXAMPLE 8 Selectivity Rati os .of
Ant i bodi es of the Invention with Respect’ to CTLA-4 Versus Either CD28 or
B7-2 5 Another in vitro assay was conducted to determ ne the selectivity of
anti bodi es of hhean figess ja9d GTkf-4r Ewfseeles tip oL Apecigse fesgis MOuscherd CD28 or
B7-2. The folkgw&ggwgghﬁghggﬁ_and met hods were utilized in connection with
the experinments: 10 CILA-4 Selectivity ELI SA: Materials and Met hods A
96-wel I Fl uroNUNC pl ate (Nunc Cat No.475515) was platecoated wth four
antigens: CTLA-4/1g, CD44/1g, CD28/ gy g 7B7-2/ 19 (antigens generated

i n-house). The antlgens wer e pIatecdﬁT@H‘ﬁVérnlght at +4C at Iug/n1 15
100ul /wel | #n O LS A 5 Imhibik GTLAr4/BYrl og B -2
washed wi th PBST (PBS + OA&%gﬁﬁﬁqu&}dME@ﬂhﬁhmeM% g a NUNC plate
washer. The plate was bl ocked w O ul/well. The plate
was incubated at RT for 1 hour then washed with PBST three tinmes. Next the
anti - CTLA-4 anti bodieges;,of V. i e,.di a i gl
and 20 were added téﬁtw vu;oh%sga?Tﬁ%t ﬁgghu\gﬁévag |dlﬁltgﬁrgg? elg %{ugﬁi‘;resf t(1)nr 1 hour

t hen washed wa@qqrdasswitﬂhﬁle@rqs¢ment1dmevmp4psblp e&inhibgmedhabiddinpef ant i bodi es
of the invegli ey AMLAn AR 5162k 8-29 WG whfi B Rbhrtkdba, Alibode B nd G2~ HRP

(Sout hern Biote
invention that are capable of inhibiting the binding of CTLA-4 with B7

molecules would be expected to be candidates for immune regulation through
the CTLA-4 pathway. In the assay, the following materials and methods were
utilized:

15
Méterials 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,

20  #439454) and incubated at 4°C ovemight. On day 2, B7-Ig was removed and
plates were blocked with 1% BSA plus 0.05% Tween-20 in D-PBS for two
hours. Plates were washed 3X with wash buffer (0.05% Tween-20 in D-PBS).
Antibody at appropriate test concentrations and CTLA-4-Ig(G4) (0.3 nM final
conc.) (Repligen, Inc. Needham, MA) were pre-mixed for 15 minutes and then

25  added to the B7-Ig coated plate (60 ul total volume) and incubated at RT for 1.5
hours. Plates were washed 3X and 50 pl of a 1 to 1000 dilution of HRP-labeled
mouse anti-human IgG4 antibody (Zymed, San Francisco, CA, #05-3820) was
added and incubated at RT for 1 hour. Plates were washed 3X and 50 ul TMB
Microwell peroxidase substrate (Kirkegaard & Perry, Gaithersburg, MD, #50-

30  76-04) was added and incubated at RT for 20 minutes, and then 50 pl 1N H,SO4
was added to the plate. Plates were read at 450 nm using a Molecular Devices

plate reader (Sunnyvale, CA). All samples were tested in duplicate. Maximal



Cat No.9070-05) at a 1:4000 dilution in block. Al so,

W th
pl at ec

100 ul /wel | . Al SO,

(Pharm ngen Cat No.

Thi s anti body was

i ncubated at RT for

one row was treated
anti-human | gG (Jackson Cat No. 209-035-088) to normalize for
ating. 25 This antibody was diluted to 1:5000 in block and added at

one row was treated with anti-human CTLA-4-HRP

used

chem | um nescent substrate

1 hour then
(Pierce

pl ate was i ncuﬁ&taéd“éﬁe@‘eﬂlaépgéﬁa‘kgrbm%%‘5‘

pl / wel |

345815/ Cust om HRP conj ugated) as a positive control.
at 0.05 ug/m diluted in block. The plate was

washed®with PBST three tines.
added at 100
ths ghsencyibtept aatibodygNor-hen read

LBA
and the

using a | um -i gRAABE bfingdwR d¥iifed AXNISHLRe i) 1R UbsdnGENF BTLA=4lrd ghaSel ectivity

Bi ndi ng Assay: Mat

CD28-1g(G 1) or 1.0
were added 1o 100

erials an

to 3.0 .t

d Met hods

B7.2-1
Tihe respltyEem g“’eﬁﬁﬁy |afm%\a@eé1dn Takie

1.0 5
9(G |

M 450 Dynabeads (Dynal
Nor way #140. OZ‘FStv%éWéOd\‘Nashed 3X with Na phosphate buffer,
resuspended in Na phosphate buffer.

I nc.

A. S, Oslo,
pH 7.4 and

tg CTLA- 4- Ig(G 1),
(Reﬁ)llgen

1.0 g

Needham MA)
I gnd 1I8H In Tableat or at 4C.

On day 2 the bgpdsewei eare‘.""@l%hs‘:"nd fo’i,‘)g v Bridry/00BHtib A dd Sin OacPRAAanteag: 4l 1 n
Dul becco's PBS and bl ocked f

bl ocki ng buf f elvenign.2B Tabiss 1By eeselisaareshoyasampywingdhe § 1 4 datepdy ®f t2x 75 mm
pol ypropyl ene fnuafﬁ%n “Ahltheslqrﬂoi ﬁﬁbx\ff&m&ﬁ@&qoﬁ RolYUREACAL ExperimniP! T est

antibody (1 g/m

final

or

concentrati on)

30 m nut es.

or

Beads

were diluted

bl ocki ng buffer was added

1 to 10 with

to the

tubes and incubated for 30 m nutes on the Oigen 1.5 Anal yzer carousel

(I GEN I nteppational,

I nc.

Gai t her shypge ;) at RT, vortexing at 100 rpm

25 d of ruthenyl at ed nurine anti -human Tgd, 1g& or 1g& (Zyned, Inc. San
15 Franci sco, CA #05- 3300 05- 3500 and 05- 3800) (final concentration of 3
/M in 100 | totged— i s—aaded—to—+he—tgbes—Fubes “”: i ncubat ed
?or 30. ninutes at R t ESOORF Qus et Ty gl ng CIW 200 pl of
Origen assay bufflef nterntigg -ELISA ‘1&%’ S“Ag, VD
#402- 050- 03) per t}+e—w sddod—andArrGEM ‘.m”nvcl henit he tubes
were counted in the b EEGN o 1| WA QOHMED (91633 0.10m=8) | L nescence)
units were deterni adg 119638 NhOH@ED), 21|09 H KBS BF2) wete det er ni ned
to correct for di ff@T%}pc il 88G%Hi (QtSHﬁF 83 @F3) or Odr7(#@2$1@'2b DYnabeads, and
ECL units were corlr€E42Y fod Igfen- Non- -competitive non- competitive
(n=3) {n=2)
CT4.10.2 1gG2 1.50+ 0.37 (n=3) 3.39+0.31 (n=2)
CT4.13.1 1gG2 0.49 = 0.05 (n=3) 0.98%0.11 (n=2)
CT4.14.3 IgG2 | 0.69%0.11 (n=3) [1.04+0.15 (n=2)
CT6.1.1 IgG2 | 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
I1C50 (nM) IC50 (nM)
CT4.1.1 IgG2 0.55£0.08 (n=4) 0.87 £ 0.14 (n=2)
CT11.2.1 IeG2 0.56 = 0.05 (n=4) 0.81 + 0.24 (n=2)




i fic binding before calculating selectivity ratios. 25 The results from
tsggc says are grovi ded in Tables IVA and IVB. 81 TABLE I VA C one |sotype
CTLA4/XCD28 CTLA4B7.2 CTLA4/ CD44 CTLA4/ CD28 CTLA4B7.2 ELI SA ELI SA ELI S,f\
IGEN J]GEN 3.1.1 1g& >500:1 (n=3) >500:1 (n=3) >500:1 (n=3) >500: 1' (n—2)_
>500:1 (n=1) 195:1 (n=1) 4.1.1 Ig& >500:1 (n=3) >500:1 (n=2) >500:1 (n=3)
>500: 1 (n=1) >500:1 (n=1) 485:1 (n=1) 461: 1 (n=1) 107:1 (n=1) 4.8.1 !g@
>500: 1 (n=3) >500:1 (n=2) >500:1 (n=3) '5500:1 (n=2) >500:1 (p:Z) _190. 1 .
(n=1) 4.9.! Ig& >500:1 (n=2) >500: (n:2% >500:1 (n=3) >500:1 (E_l) >509. 1
(n=l) 244:1 (n=1) 33:1 (n 1) 4.10. %45500:1 (n=3) >500:1 _(n—3)_>500.1
(n=3) ?500:1 ( tibodied 3f the Mentiab@fih Relptcedo SPOR4L (N=3)
>500:1 (n=3) >500:1 (n=1) >500Q, er 4 Q;Q_l 329:1 =) 4. 14.3 lg&x
>500: 1 (n=2) >500:1 (n=2) >50()—§f—{-nrk4~9— %—i—-{—@zl) >234:1 (n=1) 80:1
(n=l) 10:1 (n=1) 126:1 (n=1) 6.1.1 IgGZ >500: 1T,(AELE)I\>/EO(C):I éngnlgét;ggo 1

> 2 1
(C$L21/ ngg %ZT(LQA/?B gE‘rL'-AS(?Tﬂ ‘)'Séay Ef &gﬁ?}%’%ﬂ ggtermane the jselpctiviigpof>500: 1
(n=3) >500: 1 (amﬁ?dleﬁﬂ'ﬂle]i‘n(enn&) w1tﬂﬂe512ecﬂ.tolcgl@\ 2580uskeith& G2 d.4 (n=3)
>500:1 (n=3) IVP E 9 ag%ll n?I Vodel 1? I n ?hr(tjher to
further defi neilrfehe aw%nlgv?lfl&?" Ta%t"? &F&”‘?H‘%édf‘d"é’ﬁ&"é igp tith the

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, CD44/1g, CD28/1g, 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 pg/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 pul/well anti-human IgG2-HRP (Southern Biotech
Cat No0.9070-05) 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.



the invention to act as imune regul ators, we devel oped certain T-cell
assays in order to quantify the enhancenent of T-cell 1L-2 production upon
bl ockade of 82 CTLA-4 signal with the antibodies. The followi ng materials
and nethods were utilized in connection with the experinments: Materials
and Methods 5 Freshly isolated human T cells were prepared by using

H st opaque (Sigma, St. Louis, MO #A-70543) and T-kw k (Lynpho-Kw k, One
Lanbda, Canoga Park, CA, #LK-50-T), and stinulated with PHA (1 .tg/m)
(Purified Phy tinin . Nirex Diagnostics Ltd. rtford, England,
#HA 16) in 10 mgﬁmﬁl\#@fﬁﬁ%oﬁf‘gﬁnﬁ%?y'tﬁ‘a?tﬁf'élﬁ?ﬂ%g? Snon- essent i al
am no acids, penicillin, streptonycin, 25 nmM Hepes and 10% FBS) at a
concentration of 1 ell s/ and, | bat ed 7C for 2 days. The cells
wer e washed and dﬁﬁﬁ%@&fyﬁﬁbeﬁgﬁdﬂgﬁg’gﬁ#‘bg‘}%‘@?ﬂa’gﬂﬁp% ‘I’-'Q%FFiwaé@F‘?é%( (Burkitt

| ynphora, Humawith NE@Bodyhate bifir, fi6 7@ 8 seshipeAdadin Naphdiphe Gufrérune Col | ection
Rockvil l e, MD) 15C¥¢%%It@§tgg) vm'tg %}o cin C (Sigma St. Louis, MO #

M 4287) (25° g/ H#) T IBE Y M8t CBFTIB(Fhk ORA9 te ef P sHavdtie2-lgiShed 4X in
PBS and 1 esuspatgagen, alc. RXAMEmCRLAINGL aaddd 1100 (8 6F beddl 354 tmckbad®S/ M)

Raji cells (5x105/m) and anti-CILA-4 antibodies or an 1 sotyped-matched

control anti boelermght\pgpiretar atcdShc Ontden 2i b beade wereaasball 10in0Bs RSA|
mcrotiter plaggsoasd fhenh &, [ 37C for, 72 hours.
Total vol unme g{ér welg‘?1 waangg;l P%mggc&esn%gs- %ﬁgﬁ%eg;}%ra%oo?fnuéetsi rlraﬁfiasti on, the
pl ates were spweredioied drid 19upsh hlcking buffereueds phnfithe rcoatedbéads west er

determ nati pn - antikine |IL-2 ELLSA ki.t, R&  Systens,

M nneapol i 319 pr\{deészégg ang’ ‘WRE-‘@"“&&%’&%J‘ SHBPIEKETg teELCESIAB‘RHrﬁ?’?tC' R&D
Systems). Cyt okl petestrahabiude (e pg/miefhabedntatdiasy of BRckhf befanes bddaween 25
cytokine |l evels 'hn %ul‘%#r.es ctggiai gi ng an anti-CTLA-4 bl ocki ng mAb versus
an i sot ype- maPcHe oA BTubatRd f5Qyminees o g \Driggr ddetnalyzensastustlent s, Raj i
celI's were wa@GEN Iheermatibral, BACSGAthbfsBirg (MBPacRNaiteking a2fohgat Jsnact i vat ed
FCS, 0.025% sodi um azi de&. Cel ellets were resuspended in FACS buffer at

1x106 cel | s/ 1800°f fhenyjpie HE‘HB%llta’é‘ghW%“hIgfﬂ’ [8Qf oralg(4- @mmed.Hec. ($38ct on
Di cki nson, 15anF3kkist8SEA #68B300; 083500 f@%8-3850)(BRA HARHENion S Y nPIniig0. CA) for
30 mnutes at in 100 ul total volume) was added to the tubes. Tubes were incubated for 30,
minutes at RT on the carousel vortexing at 100 rpm. 200 pl of Origen assay
buffer (IGEN International, Inc., Gaithersburg, MD #402-050-03) per tube was
added and briefly vortexed and then the tubes were counted in the Origen
20 Analyzer and ECL (electrochemiluminescence) units were determined for each
tube. Nommalization 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.



roomtenperature. Cells were washed twi ce and resuspended in 1 m FACS
buffer. Flow cytonetry was performed using a Becton D ckinson FACSort. 83
Hi sto@r am markers were set by analysis of relevant isotype control

anti bodies (Caltag, Burlingame, CA). In general, we have devel oped an

. assay that can be used for rapid 5 determnation of T-cell [IL-2
upregul ation. As will be appreciated, ltirml ation of T cells is B7 and
CD28 dependent. Further, washed T bl as s do not make detectable IL-2 and
Raji cells do not nake det ect abl e IJl. ?égn when stinulated with LPS or
PWM However, in conmbination, the T co- cultured wwth Raji cells can

nodel B7, CTLA-4 and CD28 signaling events and 1o the effects of

anti bodi es t |cr\‘;1n can-b LQQCQDDZCC‘DP'L Eiqure_ 11 shows the F‘XDreSSi on Of B7-1
and B7-2 on Ra['?™ ¢&F¥% u%rEﬁ‘é At9E '?%@6 ﬁ%ﬁﬁ@fanﬂﬁ%‘%&%é F‘E"-gﬁ@ié [usi ng f1ow
cytonetry (FAGT) #i5cz UGSEol BE 1 Dsob: cﬁéw' 5081 Bt DL S50 | 6oy > 1OV bl
concentratior] depgndent| enhancement of I/L- producti Qnjgk: n(,,;|Ee T cell

bl ast/ Raj i agsay—nducad—by CTLA-4 hloc g —antli bodies (BNI3 (PHharM ngen)
and the 4.1.1°7% %2 JR¥%D 1 ajﬁﬂ(ﬁ):c}}jl 3V 3fk65°°w1 nt| PE) ¢ ]?: gure 13
shows the corjcentfation dependent enhancerrent of )rodu(ct gqn inthe T
cel'l bl ast/ R4t assady ||t ech) by >TH LY | bIoorktnd >502®(n6m1t| bmal @) (|BNI 3
(Phar M ngen) {and {he 4.1.1, 4.8]1HK® 6. 1.1 ant|li bodi es ¢f the ijnvention)
(sane donor T4@€TTRE? K-GO @=2)12 | SI06Ne=2) | §5oblp(q43)tl;fﬁlﬁ&cll)lcu%ob;j(nil'j_-Z _ _
production irnp T cells [f#éohed) d)nm &=y nduced by |CTLA-4 bllocki ng” gnti bodi es

in the T cel I-btapitRajri——assay '°-Ws-r-esl4 lat t he
10.7° ] = .

b, CT4. 9. 1| ‘B nhgt o | SPERE by 1>5§%1 Odes G OB ¢ us, sinply

bi ndi ng to ClkA.14] 182 | NS10d:T m€2) eNEsedyn=3) 1 SBb:T (v 3P nal

anti body of tlhe i hvent ijot:! <"Fi)gwe 15 shows the rreaml(&nhal - f IFN-y
producti on i e Crlts TRy SPRg S S Y TS %L@'—n%—d ntibodi es
in the T cell| bi'ast/ Raj |so;|a,('§szay 1°(I__12) Jrfé’gn(ﬁ,,)sr >“ﬂla 1& nparl(g”h bet ween

the 4.1.1 and—11 1 amti bodies
6.1.1 | 1gG2 >§§o:1 (n=2) | >500:1 (n=3) | >500:1 (n=3) [ >500:1 (n=2) | >500:1 (n=2)
:1 (n=1)

TABLEIVB

Clone [ Isotype | CTLA4/CD28 | CTLA4/B7.2 | CTLAA4/IgG
ELISA ELISA ELISA
411 [1gG2 [>500:1 (n=3) | >500:1 (n=2) | >500:1 (n=3)

11.2.1 | 1gG2 >500:1 (n=3) >500:1 (n=3) | >500:1 (n=3)

10

EXAMPLE 9

Human T-Cell Signal Model
15

In order to further define the activity of antibodies in accordance with
the invention to act as immune regulators, we developed certain T-cell assays in

order to quantify the enhancement of T-cell IL-2 production upon blockade of



of the invention at a concentration of 30g/m in the 72 hour T cell

bl ast/Raji 84 assay as described in this Exanple 9 and the Superantigen
assay Yescribed in Exanpl e 10. Figure 20 shows the concentrati on dependent
enhancenment of IL-2 production in the T cell blast/Raji assay induced by
the 4.1.1 and 11.2.1 CTLA4 5 anti bodies of the invention. The foll ow ng
Table I Vc provides information related to nean enhancenent and range of
enhancenment of . cytoki ne response in thd2Raji and SEA assays of the

i nvention. Each of the experinments included in the results are based on
anti body at a €G85&-4fig@bwih Hie anhebdrrsadte édfowing TRatériplsrand npethodeimersr s of
donors used in ¢t | | . responses are shown. TABLE |VC
Assay mAb Q/toﬁt?l%gdmﬁﬁéégﬁl&ég%gge%ﬁgé Enhancenent Enhancenent Response
m Pg/m T cell blast/Raji 4.1.1 I1L-2 3329 408 0 to 8861 42 19 of 21 T

cell blast/Raj Mf?‘*ﬁ"i‘{%"f%'\é’gg??’o 980 600 to 13939 17 13 of 13 T cell

blast/Ra'i 1 1. 488 369 to 6424 18 14 of 14 SEA PBMC 4.1.1
I L-2 2800 312 330 to 6699 42 17 of 17 SEA (PBMC) 11.2.1 IL-2 2438 366 147

(Wiol o Bl cod) SEA 190 spleky "l G3A0 yRROpichidy 58 St Sisibadit ° vno) o

Bl ood) 15 EXAMSignd Gt kawisMT #8e10545)i apd &l-kwisdéympit-Ryild el lapbda,a second
Gpr egulat o uGBIERIFAR o BT D 4at dFmuERS SAATPRR 1 SeD BB The
fol | owi ng nat ePhyadtenagglutivgt, dcex IBEghostics |1ita eDariford, Englael; #HAN16) inh t he

expel ment s :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 IT 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.



85 Materials and Methods Human PBMC were prepared using Accuspin.
Mcratiter plates were precoated with an anti-CD3 anti body (I eu4, Becton
Di cki nson) (60 ng/m) and 5 incubated for 2 hours at 37C. hPBMC were added
to the wells at 200,000 cells per well. Staphylcoccus enterotoxin A (SEA)
(Sigma) was added to the wells at 100 ng/m . Antibodies were added to the
wells, usually at 30 g/m. Cells were then stinmulated for 48, 72 or 96
hours. Plates were centrifuged at the d&sired time-point and supernat ants
were renoved fromthe wells. Thereafter, lo supernatants were checked for

I'L-2 product i oHisipeTaymeTkems A qriemh by Aaplusis pf rel%df‘t‘@"fﬁ"éﬁ?lﬂﬁ*@b@‘@xperl ment s
are shown in F$] Q@UsELBudifigarkd CcONd 21. In Figure 16, induction of IL-2
production in hPBMC from5 donors was neasured 72 hours after stinulation.
In Figure 17, results are shown from neasurenment 15 of whol e bl ood,

anal yzing the di ff a5 qRg&all Rvei R Clel@Bpef arl sy Brapqgip%hqged @ortﬁﬁld bi ood of 3
donors as neasured at 72 and 96 hours after stinulation. Figure 21, the

enhancenent’ of detgrminaeryef EcelbH--2 ppisgeREony| AoWilobe gppregistady Sﬁf@bﬁat}@asur ed at
72 hours af terqsst b4l iaB70Rd C&S@éﬁé\ﬁklﬁ ]FlthHJWQEheé\"ﬁ BBt B@Q&' mi& have

est abl i shed an_ani mal tunor nodel for the in vivo analysis of
ant i - mur i ne- CTdecteblenfli-goide Raji reejlpiob pet mgke eisetable olit-h. evem whea nodel , a

25 murine fibf GSRIAQMRith UFR of pmovrﬁbv@ewr tuh%oﬁmnsf@d Y ¢ digpated with anti
muri ne- CTLA-4 anti bodies. The materials and neth for establ I shrrent of

the nodel are §Mted 3dd Rag|celly capmode!i Bl £ ThAdd, opd ﬁB@% siggdingenetand/ J mi ce

(6-8 weeks;pl dt}leg\@gcesdf@ht%gggﬁ@%ﬁgm%g%g ¥y on the dorsal side of the
neck with 0.2 of SalN tunor cells 1X1(k)ﬁ?)k/ (Baskar 1995). 86 Anti-murine
d

CTLA-4 or an |sotyﬁés%ﬂbﬁw8ctbmempssr@ntqf agdRA2NMBah cellsSsimgDi ego, CA,
200 ug/ ani mal )anweéﬁsoM%aeg.mbé@psnhkbm&yﬁomyfm OFAts) [as and 14

followng the injection of tunor . nmeasur ene e taken
described in Example 6.
Figure 12 shows the concentration dependent enhancement of IL-2
15 production in the T cell blast/Raji assay induced by CTLA-4 blocking

antibodies (BNI3 (PharMingen) and the 4.1.1, 4.8.1, and 6.1.1 antibodies of the
invention). '

Figure 13 shows the concentration dependent enhancement of IFN-y
production in the T cell blast/Raji assay induced by CTLA-4 blocking

20  antibodies (BNI3 (PharMingen) and the 4.1.1, 4.8.1, and 6.1.1 antibodies of the
invention) (same donor T cells).

Figure 14 shows the mean enhancement of IL-2 production in T cells
from 6 donors induced by CTLA-4 blocking antibodies in the T cell blaét/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 30ug/ml in the 72 hour T cell blast/Raji



during the course of the 3-4 week experinments using a Starrett SPC Plus 5.
electﬂonic caliper (Athol, MA) and tunor size was expressed as the surface
area Jcovered by tunor growh (m®2). Figure 18 shows the inhibition of
tumor growmh with an anti-nmurine CTLA-4 antibody in a nurine fibrosarcom
tunmor nodel. As shown in Figure 18, aninals treated with anti-CITLA-4 had a
reduction in tunor growh as 10 conpared to aninmals treated with an isotype
control antibody. Accordingly, anti-nfirine CTLA4 mAbs are capabl e of
inhibiting gromh of a arcoma, i a mpuse tunor nodel. It is expected
that anti bodi eaésayﬁ‘étdesffp& ‘&n E’ss %BFI%@W? Rurgmntigen esayadesaribgduind perfor m
simlarly in tEnmnphdel However, of the antibodies of the 15 invention

t hat have been che %grh ross-reactivity, none are cross-reactive wth
murine CTLA 4. EXARHE shatidie feRcRRiTatifh derenden enhanseraent follfar ¢ her
investigate t hﬁocﬁnﬁtﬁdn\/mitbe DécliaoMst/RHELS ihducs®BPhed daNCieandWi 2 EHEAL NVENti ON, a
xenograft SCI D del was designed to test the eradication of

est abl i shed t V’“ﬁﬂ P YBeri ved metastases. In the nodel, SCID mice

are provided with ghaffoﬁdwxlﬂyﬁmﬁblé' Rl lpﬁovmagi 1ﬂfoﬁnht{69| 204l i tnﬂ:a:?5
pati ent - derlved non-smal | cell g cel | or colorectal carcinom

(CO) cells. [CAARSRETE ARt range Hﬁ agemgnt ?fecygﬁfﬁmaqpowtmgh@gamand50| D ni ce.

The tunors arsaAaisk@%ci theOinGn@ivh. BAch $BE BRfekiREnt %mgaim #HoGedlice devel op
human- 1i ke tunDr and liver netastases. Such a nodel is described in

Bunpers et al ¥ baseg,ogi aibodyeat 36198‘2823981$/@h9%)fn633me4 @t {73 houpect ed t hat
ant i bodi esjoof NubeisdY 85HdrPRedin th é ts VAR ormed in such
m ce. 87 | NCORPORATI ON BY einithe LRE R SR rbonsd Bl T L P L ng
patents, patent applications, 5 papers, text books, and the Ilke and the
references cited therein, to the extgng ryichat they are not already, are

her eby i ncor porat ed hereln by reference in their

Assay mAb | Cytokine Mean SEM Range n Donor
Enhancement Enhancement Response
pg/ml pg/ml
T cell blast/Raji 4.1.1 1L-2 3329 408 0 to 8861 42 19 0of 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 312 330 to 6699 42 17 0f 17
SEA (PBMC) 11.2.1 IL-2 2438 366 14710 8360 | 25 15 of 15
SEA 4.1.1 IL-2 6089 665 | -1681t018417 | 46 150f17
(Whole Blood)
SEA 11.2.1 1L-2 6935 700 | -111t0 11803 | 25 120f 14
(Whole Blood)

15

. EXAMPLE 10

Human T-Cell Signal Model

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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Bi oConj ugate Chem 3:510-513 (1992) 20 Boussiotis et al. Proc Natl Acad
Sci USA 90:11059-63 (1993) Bowie et &#. Science 253:164 (1991) 25
~Bruggeman et al. PNAS USA 86:6709-6713 (1989) Bruggenman, M and Neuberger,
MS. in Met hobl@fcrml%mﬁﬂmheﬁsto Met hods in  Enzynol ogy 2:159-165 (Lerner et
al . eds. Academ c Press (1991)) 30 Bruggemann et al., "Human antibody
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10  supernatants were checked for IL-2 production using ELISA (R&D Systems).

Results from these experiments are shown in Figures 16, 17, and 21. In

Figure 16, induction of IL-2 production in hPBMC from 5 donors was measured

72 hours after stimulation. In Figure 17, results are shown from measurement

15 of whole blood, analyzing the difference in induction of IL-2 production in the
blood of 3 donors as measured at 72 and 96 hours after stimulation.

In Figure 21, the enhancement of IL-2 production in whole blood of 2

donors as measured at 72 hours after stimulation.

20 EXAMPLE 11

Tumor Anim l od

We have established an animal tumor model for the in vivo analysis of
anti-murine-CTLA-4 antibodies in inhibiting tumor growth. In the model, a

25 murine fibrosarcoma tumor is grown and the animals are treated with anti-
murine-CTLA-4 antibodies. The materials and methods for establishment of

the model are provided below:

Materials and Methods
30
Female A/J mice (6-8 weeks old) were injected subcutaneously on the
dorsal side of the neck with 0.2 ml of SalN tumor cells (1x10°) (Baskar 1995).
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342: 878-883 (1989) Chuang et al. J. Immunol. 159:144-151(1997) Coligan et
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protocols in inmmunol ogy (1994) Cwirla & al. PNAS USA 87:6378-6382 (1990)
Dariavach et al. Eur. J. Immunol. 18:1901-1905 (1988) 30 Da hoff, MO, in
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18, animals treated with anti-CTLA-4 had a reduction in tumor growth as
10 compared to animals treated with an isotype control antibody. Accordingly,
anti-murine CTLA4 mAbs are capable of inhibiting growth of a fibrosarcoma in
a mouse tumor model.
It is expected that antibodies that are cross-reactive with murine CTLA-
4 would perform similarly in the model. However, of the antibodies of the

15 invention that have been checked for cross-reactivity, none are cross-reactive
with murine CTLA-4.

EXAMPLE 12
Tumor Animal Model
20
In order to further investigate the activity of antibodies in accordance
with the invention, a xenograft SCID mouse model was designed to test the
eradication of established tumors and their derived metastases. In the model,
SCID mice are provided with grafted human T cells and are implanted with
25  patient-derived non-small cell lung cell (NSCL) or colorectal carcinoma (CC)
cells. Implantation is made into the gonadal fat pads of SCID mice. The
tumors are allowed to grow, and thereafter removed. The mice develop human-
like tumor and liver metastases. Such a model is described in Bumpers et al J.
Surgical Res. 61:282-288 (1996).
30 It is expected that antibodies of the invention will inhibit growth of

tumors formed in such mice.
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1o any equivalents thereof. LLOYD WSE 97 CLAIMS 1 A human nonocl onal

anti body that binds cytotoxic T | ynphocyte antigen 4 (CTLA-4) or an
antigan binding fragnent thereof, wherein said antibody or fragnent

i nhi bits human CTLA-4 binding to B7-1 with an | C50 of about 100 nM or

| ower wherein said anti body has at | east one property selected fromthe
group consisting of. a) binds human CTLA-4 with a binding affinity of
about 10-9 or greater affinity; b) inhtits human CTLA-4 binding to B7-2
with an 1 C50 .of about 100 nMor |ower; c) enhances cytokine production in
a human T cel | WbSRatenrdpis.@ld28y by 500 pg/m or greater; d) enhances IL-2
production in &)-Buietent Focs925,18bast / Raji assay by 500 pg/m or greater; e)
enhances i nt er fléBdtatept NpobelSi&28n in a human T cell blast/Raji assay by 500
pg/ M or great &/ Rajengyess.¢@3i42hi nd CTLA-4 from nouse, rat or rabbit; Q)

bi nds CTLA-4 fr%&%mbﬁ@l%%ﬂ@and rhesus nonkeys; h) binds to a
conf or mat i onal WbpiRapeNord.¢08ifdh CTLA-4; and i) inhibits human tunor

growm h. 2. A prib8atent Nonfald,(dh anti body of claim 1, conprising: a)

i muni zi ng a ndhSHRatemhNeEneA376Wi t h an i nmunogen conprising CTLA-4, wherein
the mammal is dapdistent ¥p. $6837@23si ng hunman anti bodies in B cells of the
manmal ; b) 10soltabiRaenBNedl.65.9920m t he mammal ; c¢) screening said B cells, or
cell Iines der iW.8PatdneNef S YH05¥ or anti bodi es that bind to CTLA-4; d)

cul turing a celU.S|Ratent Naph8ds¥i5Ag ant'i bodi es that bind to CTLA-4; and e)

i sol ating the dh6iRutauiNe.
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3. An anti body produced by the process of claim2. 4. The anti body or
fragmgnt of claim 1l conprising a heavy chain variable region amno acid
sequence that utilizes a human VH3-33 famly gene. 5. The anti body or
fragnent of claim4, wherein the gene utilization is determ ned by
sequence alignnents using a V BASE sequence directory. LLOYD WSE 98 6.
The anti body or fragnent according to ac?rg one of clains 1 and 3 to 5,
wherein said antibody inhibits human A-4 binding to B7-1 with an | C50
| ower than abqut 0.50 nMand jnhibits human CTLA-4 binding to B7-2 with an
| C50 | ower thgﬁte‘%‘bqi?l Rtens Appiication eV Q 98{288%By pellishqddyne b 182 or ding to
any one of clains 1 and 3 to 6 conprising a light chain am no acid
sequence selected fromthe group consisting of: a) the gernmine amno acid
sequence of -a human A27 VK gene or pgiaLgfs! i ne sequence with at |east |
mutation; b) the gernline am no aci d sequence of a human 012 VK gene or
said germ i’ne sequéhtdOBPIRS afeserption andmExamplen: detajl chgaigepmfereé ani no

aci d sequence anb@diﬂx@ﬂ@@fﬁ@%v‘ég&n\éﬁdQ%Eb&rthé:‘l?ésfjmo&e&m%@atﬁﬁ%ﬁpce with at
a nu

| east 1 mutation; d) the germine anm no acid sequence o n A 17 VK
gene or said d®ERPSneltsd Hpragiated, Aoweverdhat monmatiarihow: detritedethe t he
gernmine am no 1 ; URBRs . j germine
sequence with affﬁ dg%gzxtﬁg}igﬂr%gfﬁe{?i&gﬁm&. Tﬂéséﬁsf ﬁ%rgglcg?n}erpga}é’ng%{sqg%cordi ng to
clai m 7, wher eithf 18¥angoryshronlq brecogstiugd imadcerdanse quitrtbe aprfendedhalaiam ahP7 VK gene
contai ns atyyl eqgf eI lRign sel ected from the group consisting of: a)
at least one amino acid in the CDRL is del eted conpared to the human A27
VK gene germine am no acid sequence; b) the serine residue at position 6
in the germine CDR3 shown in Figure 4 of the human Vic A27 gene has been
repl aced; and c) the CDRLl contains at |east one conservative or
non-conservative amno acid substitution conpared to the human VK A27 gene
gernline am no



acid sequence. 9. The antibody or fragnent according to any one of clains 1
and 3 to 8 conprising a light chain CDRL, CDR2 or CDR3 sequence of any
anti body shown in Figures 4 to 8. 10. The anti body or fragne EO%%&@ glng
to any one of clainms 1 and 3 to 9 conprising Ilight chain CDRI S

CDR3 sequences of an antibody shown in ghgures 4 to 8. 11. The antibody or
fragnment of claim 10, wherein the light chain CDRL, CDR2 and CDR3
sequences g p to five conservative substitutions conpared to those of

t he anti bo @ in Figures 4 to 8. 12. The antlbody or fragnent _
according to an one of ¢ 0 .6 co the I ht chain
vari abl e rLglonX' e g%Fﬁdpgg%ﬁng HH%h‘SSgQP Brﬁ LLOYD

W SE 99 con5|s§ gvo E’@ﬂﬁtﬁ agrgent gh GZ?P W erﬁ?”ta ¥Hbut a
signal peptide ‘Ta@feriplubis hypay EPA“i®ndmﬁé°5ﬁ%¥BﬁhﬁnégﬂﬂﬁQBWﬁdpoé@éordlng
to any one of cPaloMer wharein 33114 antbpdy fips @Heashane propestyselestedi from dhepgrosp ng t he
gernmine am no avwwngeqﬁence of a human VH 3-33 (DP-50) gene or said
gernline sequence MAL ast 1 nutation. 14, The t|b0Qy or fragnent
according to an one WF‘S P‘QF‘ TéAéwéWcPan@BgEﬁ‘mB’dﬁﬁPP‘éﬁ 19 o4 gFeatsFy  chai n
ami no aci d sequence 3®INé¥ted fromthe group consisting of: a) the gernline
ar no aci d. sedugsice alhif R, O Axtind FE OB 298APu0ICy SPUSL IS
sequence with at Ieaﬁ£N&"nutat|on he ger |ne am no acl d sequence
of a human VH DP-47 gene’ or said gernline sequence with at least 1

mut ation. 15. The antilbodss aytokinepdmitioace ahdinay Ttaslldbast/Bag asday bly2iofs | and
3to 12 conprising pg/heavygraaleaj n CDR1, CDR2 or CDR3 sequence shown in

and 3 to 12, whlf o ﬁgrﬁfieﬁgeé%\épfﬁﬁﬁf?‘?@h firdad (90 B s Vianh

am no acid sequences catgh anti body shown in Figure 2. 17. The anti body or
fragment of clagm 16enh/h1ﬂ6és€ih!%rﬁeﬂﬁ1 Ysrddictioiah A hekiRA T ldasRAji assay by 500
pg/ml or greater;

f) does not bind CTLA-4 from mouse, rat or rabbit;
) binds CTLA-4 from cynomologous and rhesus monkeys;

h) binds to a conformational epitope on human CTLA-4; and
i) inhibits human tumor growth.
2. A process to make an antibody of claim 1, comprising:
a) immunizing a non-human mammal with an immunogen comprising

CTLA-4, wherein the mammal is capable of expressing human antibodies
in B cells of the mammal;

b) isolating B cells from the mammal;

c) screening said B cells, or cell lines derived therefrom, for antibodies that
bind to CTLA-4;

d) culturing a cell line expressing antibodies that bind to CTLA-4; and
e) 1solating the antibodies that bind to CTLA-4.

3. An antibody produced by the process of claim 2.

4, The antibody or fragment of claim 1 comprising a heavy chain variable region
amino acid sequence that utilizes a human V3-33 family gene.

5. The antibody or fragment of claim 4, wherein the gene utilization is determined
by sequence alignments using a V BASE sequence directory.



CDR3 am no acid sequences have up to five conservative substitutions
conpared to those of the antibody in Figure 2. 18. The anti body or
fragnent according to any one of clains 1, 3 and 6 to 12 comp_;b%v\? %he
heavy chain variabl e region of am no acid sequences sel ected rom %
group consisting of SEQID NGS: 2, 5 togg and 9 to 13 without a signal

pepti de sequence if present. 19. The ant9| body or fragnent of any one of
clains 1 apd 3 6 that c etitivel i nhi bits. hi.ndi.n f ref erence
ant1 boay 15 nundfl: Ex0ASoF e e oot fbudy it
4.1.1, 4.8.1, 6344 nighodynisbifs humans Taet Binfing taBirgl witha Kew I0er Bpbwn in
Figure 22. 20. gt er0inddapd phatdisdumgnidolTed-4iinding taB élarith aniCsaWasody
conpri ses a CDRhag@hei 3 Mentical to a CDR sequence of an anti body shown
in Figure 22. 21. The antibody or fragnent according to any one of clains 1
and 3 to 67-corrp}fh_%g‘¢£0_dwor frag@entaseordmgitpany en¢ ofmlzigrs laandriteencorRisingR2 and
FR3 sequences eadseethainanaingamdrseqienge Sdecieshizom the groap dompastingwift h
conservative substitytions, a sjngle non-conservative_ substitution or
both; and LLOYD*w SEeg§pniiye mmﬁ?ﬁﬁfqumogﬁéum%@é&ﬂ%@é@réfﬁéoded by a
human Vx A27 gene, 8fmydBiedegisnes withat feasidenyiationie substitutions, a si ngl e

non-conservati v substd ] t i nt of any.
one of clains 16)and ?ﬁ;%ﬁlt%?géﬁgrﬁééﬁxgggﬁg QE%% gg{rlﬁ Ecr)l{)s'%gi(;ried
sequence conpri sing e £ roug £ sequence”’of antibody 11.2.1 as
shown in FigurecR wi the ggpmhine ghnormotdaeqomse o238 hurihie Ad AtA 260y gare drrsaginent
according to cl ai m 1gemtimeaequehbewithtai leadtyl rautafisrggnment bi nds t o human,
cynonol ogous or r npset LA-4. wi th about the, sane -rate and off-rate.
24 A phar naceuf‘)"?arﬁlsrﬁgéﬁﬁmot?g RIEERaLE PR ARY Ve ot s

infl ammation or aut & iSEQPeREHYHN &f lsasttlHBUaHeT: 388y or fragnment according
to any one of g ai MhekeffilinedarhPoadidaRguchcP bAE TAGEMARLAIJ Vi 3EER BN e

carrier. 25. A cell LifgineRaducRbORURGPIhNa ARbiilipdy or fragment according
to any one of clainms

8. The antibody or fragment according to claim 7, wherein said germline amino acid
sequence of a human A27 Vk 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 CDRI contains at least one conservative or non-conservative amino
acid substitution compared to the human Vk A27 gene germline amino
acid sequence.

9. The antibody or fragment according to any one of claims 1 and 3 to 8 comprising
a light chain CDR1, CDR2 or CDR3 sequence of any antibody shown in Figures
4 to 8.

10. The antibody or fragment according to any one of claims 1 and 3 to 9 comprising
light chain CDR1, CDR2 and CDR3 sequences of an antibody shown in Figures 4
to 8.

11. The antibody or fragment of claim 10, wherein the light chain CDR1, CDR2 and
CDR3 sequences have up to five conservative substitutions compared to those of
the antibody shown in Figures 4 to 8.

12. The antibody or fragment according to any one of claims 1 and 3 to 6 comprising
the light chain variable region of the amino acid sequence selected from the group



1 and 3 to 23. 26. An isolated nucleic acid that encodes the heavy chain or
the light chain of an antibody or fragnment according to any one of clains
| and 3 to 23, or a fragnent of said nucleic acid. 27. The isol ated

nucl ei ¢ acid according to claim26 operably linked to an expr d&8iBHVISE
control sequence. 28. A host cell conprigging the isolated nucleic acid of
claim26 or 27. 29. A transgenic manmal “or plant conprising the isolated

nucl eic acid of cl ai.m 2 / rei.n. the nsgeni c mammal or. pl ant
expresses said ﬁ‘til?lsgf’%ogéﬁél@t{@s\ﬁ\’?ﬁﬁéﬂ 2%%%?3912@‘” th?ﬁ“t?o%i%‘”h RERUYS; nds
cytotoxic T |yniti8eyedf s en 4 (CTLA-4) or an antigen binding fragnent
t hereof sel ect eﬂ frO{B&t he group . consjsting of: a) .an antibody or. fragnent
conpri si ngla hedbs 20y of R R Aceerdmg e AR ong b izimsilapd 3 1 Whighdas ang
CDR3 sequence of Néaidhacomprising the serghipgamine #Gi¢ srquencen{@ amangty 3-¢Rai n
am no aci d sequd-é0Lernsror suid germligpryuencpRAthat deasiDRRwutasignence of anti body
4.13.1 as shown in Fiqure 4; and b) an antibody or fragnent conprising a
heavy chai b-ani Bbe awtibedy ogfregment acenrgingdp agy andGRlaimSIR3 and @ tebR3 sequence
of anti body 4. ldomBpragng & heamy chainfkingne ecigd sequenee deleghed fodmithe @oumcorsestidg
sequence conprisfing a CDR1, CDR2 and CDR3 sequence of antibody 4.14.3 as
shown in Figure 4. LLOYD WSE 101 31. A human nonocl onal antibody that

bi nds cyt ot oxi cT | yHstesepliee apinogeld sequenerpha hymar Vard-2h(DPR6) ginedirng
fragment thereof conp#d gemgling shewenge withiahleastni motatien;dndequence conprising a

CDRL, CDR2 and_ %Rgciﬁ% fHfi%e %m%%:fdbs% en%g‘of?amn%hé%4zgaﬁ Ui & 2 and a

l'ight chain am d Jeguence c&ﬁgr{ |asr}g Q& , sequence
of antibody 11.2.1 a8~ ShoOW 1 Y g 5_ B3R man nonocl onal ~anti body
that binds;gyt otrgxhgibbdl YrRASKYEcBEHINgad afly ohdIftdaihs 10nd@oAnt i gen bi nding
fragment ther eoéoxﬁﬁliﬁﬁé QﬂeJJy%ﬁlr@ﬁ'i,%'IBRZQ)?@ﬁl@t §e'agerf3t3 shown in Figure 2.

16. The antibody or fragment according to any one of claims 1 and 3 to 12, wherein
the heavy chain comprises the CDR1, CDR2 and CDR3 amino acid sequences of
an antibody shown in Figure 2.

17. The antibody or fragment of claim 16, wherein the heavy chain CDR1, CDR2 and
CDR3 amino acid sequences have up to five conservative substitutions compared
to those of the antibody in Figure 2.

18. The antibody or fragment according to any one of claims 1, 3 and 6 to 12
comprising the heavy chain variable region of amino acid sequences selected
from the group consisting of SEQ ID NOS: 2, 5 to 7 and 9 to 13 without a signal
peptide sequence if present.

19. The antibody or fragment of any one of claims 1 and 3 to 6 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.

20. The antibody according to claim 19, wherein the antibody comprises a CDR
sequence identical to a CDR sequence of an antibody shown in Figure 22.

21. The antibody or fragment according to any one of claims 1 and 3 to 6 comprising
at least one of the following:

a) human FR1, FR2 and FR3 sequences encoded by a human Vy 3-33 gene,
or said gene with conservative substitutions, a single non-conservative
substitution or both; and



a) an antibody or fragnment conprising the am no acid sequence of the heavy
chain CDR1 through CDR3 of antibody 4.13.1 as shown in Figure 2 and the
am no acid sequence of the light chain CDRL through CDR3 of an[l@ﬂﬂWlﬁ 13.1
as shown in Figure 4; and b) an anti body or fragnment conprising the am no
acid sequence of the heavy chain CDRl {fiy ough CDR3 of antibody 4.14.3 as
shown in Figure 2 and the am no acid sequence of the light chain CDRL
t hrough CDR3 of,, antj bod own in Fl 33. A h
nonocl onal anth))od bﬁ%‘&?‘y’éﬁ}.ﬁ% ds?%&?%qu?nqe?g@ g‘&‘@?é 4 VrF%%1 BB A- 4)
or an antigen bi nd| ng FdgRsnWIth GRRsspyative, IRGS-13E %C%P‘Hau‘éﬁequence
of the heavy chain CBIQ?“'{ PBEgRCEDR3 of antibody 11.2.1 as shown in Figure
2 and the NOL-ACi uence of l.igh cha in h CDR3 of
anti body 117°2. 1?36 o b °r ra%mentoef a5 Y o3 90 G %%Hoéc‘ihB g“péﬁf? bod
bi nds cyt ot oxi c]elaVP' g&’?‘éaﬂ £f ﬂcefOWﬁL%t B trquehhFR3 spausperie
fragnment ther eofth§ e showadlyigure? W‘th\}‘é’rtPéﬁl@uﬁaB@‘i‘Son am no aci d
sequence conprisjing am no acid residues 1-89 of SEQ ID NO 9, and further
conpri si ngZt-he IigRitibodyon rpgnenigcerrdwgite Alagmilnyhereinghe sutehady s flagmegq | D
NO. 22. 35. A hbRfinlnBHes eYRamalegqus sanarmeaset bilhds4 ogithobent the vamy aphigfeyt e
antigen 4 (CTL?decl()ff@?tean antigen binding fragment thereof conprising a
heavy chain am no acid sequence conprising am no acid residues 1-89 of SEQ
ID NO 9, %hd fAmhaenacsuiigal ceinpesition ugghin Hiedieatragnt nbcarcen is8gumatien or
conpri si ng SEQ #uboiN@nuidgy, congBisingtbe antibddyay fragmentagnendingac @any dhegf t 0 cl ai m
34 or 35, wher ethinbshkamh} id2yndor pharmacgnenillyodcoejstatile cirtighn, cynonol ogous or
mar noset CTLA-4 with about the sane on-rate and off-rate. 37. A
phar maceut2&al Aarfidsiethaproduees tha ahtitedyroe fitapmeit wtordanaeany oné bb¢mmis on or
aut oi nmuni ty comphd Sit®@3.t he anti body or fragment according to any one of
clains 30 to 36 and a pharnmaceutically acceptable carrier. 38. A cell line
that produg®s tha isoitbdacieidacidrthgReddes eeaiedi yehdi® oty lightcHafn st ms 30
to 36. LLOYD W fkibodQ9r fragment according to any one of claims 1 and 3 to 23, or a fragment

of said nucleic acid.

t hat

27. The isolated nucleic acid according to claim 26 operably linked to an expression
control sequence.

28. A host cell comprising the isolated nucleic acid of claim 26 or 27.

29. A transgenic mammal or plant comprising the isolated nucleic acid of claim 26 or
27, wherein the transgenic mammal or plant expresses said nucleic acid.

30. 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.



39. An isolated nucleic acid that encodes the heavy chain or the |ight
chain of an antibody or fragnent according to any one of clains 30 to 36,
or a fragment of said nucleic acid. 40. The isol ated nucl ei GL g;' ISE
according to claim 39 operably linked to an expression control Sequénce.
41. A host cell conprising the isolatedgjjucleic acid of claim39 or 40. 42.
A transgenic mammal or plant conprising the isolated nucleic acid of claim
39,9 40,3 4her QI i RS PR R oI HEPbind 0B FIRASTRENE st J1uc! ' ©
' (CTLA-4) or an antigen binding fragment thereof comprising a heavy chain

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.

32. 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.

33. 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.

34, 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.

35. 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.

306. The antibody or fragment according to claim 34 or 35, wherein the antibody or
fragment binds to human, cynomologous or marmoset CTLA-4 with about the
same on-rate and off-rate.

37. A pharmaceutical composition used in the treatment of cancer, inflammation or
autoimmunity comprising the antibody or fragment according to any one of
claims 30 to 36 and a pharmaceutically acceptable carrier.

38. A cell line that produces the antibody or fragment according to any one of claims
30 to 36.



39.

40.

41.

42.
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An isolated nucleic acid that encodes the heavy chain or the light chain of an

antibody or fragment according to any one of claims 30 to 36, or a fragment of
said nucleic acid.

The isolated nucleic acid according to claim 39 operably linked to an expression
control sequence.

A host cell comprising the isolated nucleic acid of claim 39 or 40.

A transgenic mammal or plant comprising the isolated nucleic acid of claim 39 or
40, wherein the transgenic mammal or plant expresses said nucleic acid.



