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Gover nment Fundi ng Work descri bed here| n was supported under Al 39671, Al
44690, CA 84500 and 5 Al 41584 awarded by the National Institutes of
Heal t h. TheVB%M3§byernnent, therefore, may have certai nEETEIIE334] ¢ his

I nvention. Related Appli cations This cl ains priority to U.S.S. N 60/150, 390
filed on August 23, 1999. This 10 applicaliron also clains priority to

U S.S.N 60/164,897, filed on Novenber 10, 1999. Both of these

appl-i cati ons are i ncor PP-HiAREGERTOR FOR B3:4, AND USES\THEREROR r ef er ence.
Background of the Invention In order for-T cells to respond to foreign
proteins, two signals nust be provided 15 by antigen-presenting cells
(APCs) to restGeerdmenFlHEY; es (Jenkins, M and Schwartz, R (1987) 1
Exp. Med. 165:7302-319; wmuerter, D. L. et al. (1990) 1 Im‘runol 144: 3701-

1 3709). The first s|\§¢rés|desqnbpéherwmaérsgpmdundemﬁ§967d AhMﬁ%nGAeMﬁ@&gdnse

t duced CR t
Forel gnants g 413k ke By the NARGRM Miules 3 pietl,  Thsl {65 i, Herctore,
hi st oconpat i birhaythave oerplirerightdnGhis ifeatisecond 20 signal , terned

costinmulation, induces T cells to proliferate and becone functional
(Lenschow et al. (1996) Annu. Rev. Immunol. 14:233). Costimulation is

nei t her - antim@@g&#k,&mn@or MHC restricted and is thought to be provided
by one or nor surface nol ecul es expressed by APCs (Jenkl ns,

M K. et al. (1988)Thisclaimspriedity ta HcS.83R40/350,890 Iilledlsh Ayagud?23,5199&t

(1991)1 Ex 730 i : 99 t.
(1090), Xy, cad GEoE Akl s o B s b 10 o
90: 229- 237; Kadtloefthese applicatibns aﬁé-ﬁ%rboﬁteﬁﬂiérenﬁ@dhéﬂ&h?&@by fids refigémeer, H. -
et al. (1992) Proc. Natl. Acad Sci. USA 89:271-275; van-Seventer, G A et ;
al. (1990) 1 Jmrunol. 144:4579-4586; LaSalle, J. M et al. (1991) J.

| nunol . 147'%7341;@“(1@&;&13“““ et al. (1989) J:. Exp. Med 169:503;
Armtage, R 30 357:80-82; Liu, Y. et al. (1992)J
Exp. Med. 175: 437- Imerer M@guﬂmwrmmﬁ/ms@ﬁ/mani two mgﬁ#ienﬁm@p(rmeieﬂ) and

CcD86 (B7-2 SS APCs Criti pst.i mul

nol ecul es (Fr egwréb Z‘tprg%w'?gfﬁgi ﬂ?: )I‘&ﬁmﬁe L "Tl;‘ ’é éJe P’é%ﬂ"@cgﬁm
- R. (1987) J. Exp. Med. 165:302-319; Mueller, D. L. et al. (1990) J. Immunol. 144:3701-
' 3709). The first signal, which confers speclﬁclty to the immune response, is transduced

via the T cell receptor (TCR) following recognition of foreign antigenic peptide
presented in the context of the major histocompatibility complex (MHC). The second
20 signal, termed costimulation, induces T cells to proliferate and become functional

(Lenschow et al. (1996) Annu. Rev. Immunol. 14:233). Costimulation is neither

antigen-specific, nor MHC restricted and is thought to be provided by one or more

distinct cell surface molecules expressed by APCs (Jenkins, M. K. et al. (1988) J.

Immunol. 140:3324-3330; Lmsley, P.S.etal (1991) J. Exp. Med. 173 721-730 Gtmm1,
| o 25 | C D., et aI 1991 Proc Natl Acad. Scr USA 88: 6575-6579 “Young, J. W et al (1 992)

- J Clm Invest. 90 229-237 Koulova, L etal. (1991) J Exp. Med. 173 759-762 Relser,
H.etal. (1992) Proc. Natl. Acad. Sci. USA 89:271-275; van-Seventer, G. A. et al,
(1990) J. Immunal."l44:4579-4586; LaSalle, J. M. et al. (1991) J. Immunol. 147:774-80;
Dustin, M. L. et al. (1989) J. Exp. Med. 169:503; Armitage, R. J. et al. (1992) Nature

30 357:80-82; Liu, Y. et al. (1992) J. Exp. Med. 175:437-445).



(1989) J. Inmmunol. 143:2714; Azuma et al. (1993) Nature 366:76; Freeman et
al. (1993) Science 262:909). B7-2 appears to play a predom nant role

during primyyei/iigdsne 5 responses, while B7-1, which is upgragsh@isngh | ater
in the course of an i ”Mmune response, nmay be inportant in prolonging

primary T cell responses or costinulating_secondary T cell responses
(Bluestone (1995) Inmmunity 2:555). One receptor to which B7-1 and B7-2

bi nd, CD28, is consfjtuyti exnr resting T cel and incr.eases
in expression after %%@giﬁ%pmﬁ@%&e @%ﬁﬁ"ﬁﬂ@s’ f”f‘ﬁ?ﬁiﬁ‘ﬁoq %'Ecsfaml"ﬁm&ll |
receptor, Ii gatcbsﬁﬁmﬁtor?%&pared(ﬁremm.i(mwu COfHI TAL6Z5OF éerfiarOR al.

induces T cells to proliferate and secrete |L-2 (Li nsle& P. S et al.
(1991) 3. Exp. (988)J Fampmol. AT 14chmma er . (1993 :Nature 36660 Eneemames al.(h353)

197211°6: " riar of aanct 2623053, 573 Wiepesg pl, e imipapt ol g BB im0V,
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15 on resting T c%l s and _ap? ars foll ow T cell actiyvatjon s{gBr net, J.
F. et al. (198MaY bRimparignting: éersaﬂm}m LAl TespppsSs O qostupulating sepqndary; T,

negative regul gt REpdates (BRGitbne (199IARBAINL IS5 house et al . (1995) Science
270:985). Bl ockade of C:FIEA4 has(r bgsgn fOl?E]d tgg renove inhibitory signals,

whi | e aggregati on oPngpespioriewhirbdiv-1 andB7-2 bindpCB¢8.de constitubively expressedhen s

t hat downr egul I ' r 20 (. | ence
270: 932) . The %tfﬁ’r‘%Tg%lleagé Eies I ﬁ’i“‘g#éfrﬁg??’%%ﬁl’%ﬁ‘%&ﬁ%&ﬁﬁﬁ@ cﬁ)ﬁhe 28
(Linsley, RO Sce(:jlbtecq:ltbor, l(ﬁjg’hﬁ&igf OD28amd trdbbdhctidr?eﬂ; %&ﬁxﬁﬁﬁ?ﬁﬁiénﬂi%ﬁdﬁcﬂﬂthegi h 2
have been found t ind.to distinct rediqQns n ave
it Teront ki nd Poltesis wisgrig g Cnslei . 8 o O3 /hep. Medlay bty

1: 793). A new RhReE.D. of 4 @990 Froc. NadBAaIdSE TS 88:6678%5702RnBRC M. et al.

i dentified and seens to be inportant in IL 25 10 production éHutIoff et al.

(1999) Nat ure PP lgarmungiploday38habl-6; Harding & . A ¢f ai G99 Naty386:60%609)ndw B7
fam |y nmenber ' - 0 . ; - 96 H W
et al) (2000) &%ﬁ&‘%&pﬁ%ﬁnﬁ C?g‘ia&?él-i?? ’séirgg]éuibgt’ﬂi tl’gTADéag é.i‘?ts%g’bﬁ’)&%.ge??.

Bi ol . 10: 3315 6pn kesting Veellstand hppea Follywidg T reall acivatickGBrifeh 3- F, et ¥oEl9BMaga S. K.
et al. 1999 tu ' 827, |f T cells, are only stimlat rough
TheT cel | r ordbibt SaTBf CTCAS sateats 1§ SesritisRin prits eebBiphof St y
si.gnal , they beagpifiRes (WHiGBRRE 8 d/E(1995)\Stidhce 27098501 Block£¥e of CTNA4ihAs been
downnodul ati on of the i nmune response. WO 01/ 145 7%00’ 23347 -3 The

i nportance of faved toremppeinttibitory signals; whileaggregatinmaf; beayfound to
demonstrat ed | Brofide ihisHdt difhah N domkdbulétePodiidéponstd TAFIEn afd IGGHATE ©F
20 (1995) Science 270:932). The B7 molecules have a higher affinity for CTLA4 than for
CD28 (Linsley, P. S. et al. (1991) J. Exp. Med. 174:561-569) and B7-1 and B7-2 have
been found to bind to distinct regions of the CTLA4 molecule and have different
kinetics of binding to CTLA4 (Linsley et al. (1994) Immunity 1:793). A new molecule
related to CD28 and CTLA4, ICOS, has been identified and seems to be important in IL-
25 10 production (Hutloff et al. (1999) Nature 397:263; WO 98/38216), as has its ligand,
which is a new B7 family member (Aicher A. et al. (2000) J. Immunol. 164:4689-96;
Mages H.W. et al. (2000) Eur. J. Immunol. 30:1040-7; Brodie D. et al. (2000) Curr.
Biol. 10:333-6; Ling V. et al. (2000) J. Immurol. 164:1653-7; Yoshinaga S K. et al.
(1999) Nature 402:827-32). If T cells are only stimulated through the T cell receptor,

30 without receiving an additional costimulatory signal, they become nonresponsive,

anergic, or die, resulting in downmodulation of the immune response.



costinmul atory pathway results in the devel opnent of antigen specific

tol erance in murine and human systens (Harding, F. A et al. (1992) Nature
356: 607-6 ggchow, D. J. 5 et al. (1992) Science 25%, - -~ Turka, L.
A et al. q'?lggz) Proc. Natl. Acad Sci. USA  89: 11102-11%8%@'&7’?%“, C D et
al. (1993) Proc. Natl. Acad Sci. USA 90:4£586-6590; Boussiotis, V. et al.
(1993) J. Exp. Med 178:1753-1763). Conversel y, expressmn of B? by B7
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provi de a costi nul atory Ignal to immune 20 cell's and can transm t
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Accor di ndgl0y, Li et ab1{i992¥ 0l 71:1893¢l 102y Eovinisem, SrB\and &dlisanfe Phd993) Stiemaedul at i ng

modul ates. 28 Lges Rekes 8 o TR Py el Aeed Braoe S RBer Bl onse.
I n one embodinaRiplilatiér6F the@osthbula@SPHiiscays SEr8 \Preabidtériabd stimillag et her
enbodi nent, signaling via PD-1 is stinmulated using an agent selected from

t he group coﬁW@F?Wﬁn‘BFfe@ﬁns&&t“l%g anti body that recognizes PD-1, a
formof B7- 4 that binds to an inhibitory receptor, and a snmall nol ecul e

that binds to PD-1. 30 In one enbodi nent, the immune cell is selected from
the groupScoSwmutary of the Inventigncel |, a B cell, and a nyeloid cell. In one

enbodi ment, aner | eselrl..'lquvr:I; @b&gﬁ at%qgﬁé? n&hﬁvgs %'/ 1ﬁ13§;D‘1 1$a

PCT/ 1 TSO0/ 23347 - e nment conprising

cont acting tfeeeﬁtmfur‘m-caidlecuws txpréssedaaddintigén pibseatiey dells. NPID-1 dansmie | at es an
i rmune respon

negative signal to immune cells, similar to CTLA4. B7-4 molecules are expressed on
the surface of antigen presenting cells and provide a costimulatory signal to immune
20 cells and can transmit downmodulatory signals to immune cells, depending upon the
molecule to which they bind. Thus, modulation of PD-1, B7-4, and/or the interaction
between B7-4 and PD-1 results in modulation of the immune response.
Accordingly, in one aspect, the invention provides a method for modulating an
immune response comprising contacting an immune cell with an agent that modulates
25 signaling via PD-1 to thereby modulate the immune response.
In one embodiment, the immune response is downregulated.
In another embodiment, signaling via PD-1 is stimulated using an agent selected
from the group consisting of: an activating antibody that recognizes PD-1, a form of B7-
4 that binds to an inhibitory receptor, and a small molecule that binds to PD-1.
30 In one embodiment, the immune cell is selected from the group consisting of: a

T cell, a B cell, and a myeloid cell.
In one embodiment, anergy is induced in the immune cell.



I n one enbodi nent, the i mune response is upregulated. In one enbodi nent,
the signaling via PD-1 is inhibited using an agent selected 5 fromthe
group consi Sty a bl ocki ng anti body that recogni zes PRdpusdossser
non-activating formof B7-4, an antibody that recogni zes B7-4, and a
soluble formof PD-i. In one enbodiment, the step of contacting occurs in
vivo. In another enbodinent, the step of contacting occurs in vitro. In
anot her aspect, the_invention pertains to a nethod for nodul ating the 10

i nteraction of B7- 4Ingnefembediment, thetragthod furthericomprsing pontasing thedmmune cell
conpri sing contwitianA@ditiofal agént hRNddWRSRRidsAE imfluhe Wepshe.expr esses B7-4 with
an agent selected f 0 ne}%ng I %Hptlfeﬁ%%'ngi'e'rsg%}sggshup?e#aw of B7-4, a form of

PD-1, or an agent tha rates the inrer n= 6t 'B/-4 and PD-1 such

that the interacti ofn e egbodimgnt, thesignaling Yir PBrl/isiehibifadaising gn agent selertade cel |

IHS] nodul at eds I |¥1%nl the gmpemggdhgmw&n?gmm ltﬁa@fe{cb@ﬁzz@?gpl,iaﬁﬁﬁ-alﬁ@ﬁiﬁgti ng
e i mune cel |._or ant j.gen .present.| ng.C Wi ap a nal agen
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contacting is perfolmeng embodiment the|step0f oertaating opcyas imawo, In trotherep of

contacting is pRebbdieRd theRtepiof Contdclin®b@uRTROMoTENt , the immune cell is

sel ected fromthe gfoup,.consisting of.a Q T cell B cel | d a nyeloid

cell. I'n another askéﬂ%,thef ‘P-Fg%%‘b;%ﬂ?’f’gﬁ“g’g&?&? ke T?}h%fﬁ%mg‘&a?ﬁatnf nhi bi ting

activation 1t interagtiomes 87cdewith an inhibiteryrecepiop oo e immunsreHicompusingednticting

i ncreasi nlgI t he fﬁaﬁﬁgéhbteseﬁi_ng ﬁgqp@taﬁg Eﬁ]:t?ed@és E’Dﬁ Mﬂhan%géx{twteﬁed:ﬁé&x tiezbug hat
i mune cel |l activatlon.is:in e n.anot her as i nvention
bortains 1o vaCRiRunE A PR ALBLA AP RLRBoh 4T an AEBEGA modt et e Phoron

si gnal i ng vi a PEBT-4iand ZR-1 sueh that thelinteractionof Hi7+ewith apinbibitoryrrecdptarenanon
pertains to a ¢aREASEliOMoaalaRAl Si Ng an antigen and an agent that pronotes

signaling vja PD-1 {n_an_iLmune gell . | ot her .aspect .. the .i nventi.on
pertains toisg net hg ?ngren}b?glg'fe tné‘eénesfkﬂ%%_ T REVPH sg%rﬁﬁ%lﬁﬁi%el”" "“lflﬁﬁflp%u! d
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Such that & copg b“*““fﬁ“"““‘ef‘;’;,‘*ggs&"m D oy o o e
suc at a co . .

response is tEegéaemnii?ﬁg%&l.n%r?tpfeggﬁ’eei@gﬁ’ﬁcog’pri ses a sol ut;_l e form
of PD-I or B7-4. In ¢ € impyae ggak 1§ sriedigs o thegspiprqonsisting of: a

adgj ni sterizny T ceRGOBdelR@fda myeldidddAl upregul ates an immune response to the
subj ect .

— D

In another aspect, the invention pertains to a method for inhibiting activation in
an immune cell via a non-apoptotic mechanism comprising increasing the activity or
expression of PD-1 in a immune cell such that immune cell activation is inhibited.

In another aspect, the invention pertains to vaccine comprising an antigen and an

25 agent that inhibits signaling via PD-1 in an immune cell.

In another aspect, the invention pertains to a composition comprising an antigen
and an agent that promotes signaling via PD-1 in an immune cell.

In another aspect, the invention pertains to a method for treating a subject having
a condition that would benefit from upregulation of an immune response comprising

30 administering an agent that inhibits signaling via PD-1 in a immune cell of the subject
such that a condition that would benefit from upregulation of an immune response is
treated.

In one embodiment, the agent comprises a soluble form of PD-1 or B7-4.

In one embodiment, the method further comprises administering'a second agent

35 that upregulates an immune response to the subject.

In one embodiment, the condition is selected from the group consisting of: a

tumor, a neurological disease or an immunosuppressive disease.



I n one enbodi ment, the condition is selected fromthe group consisting of:

a. tunor, a neurological disease or an inmunosuppressive di sease. WO

01/ 14557 Rydbi/fesd 23347 -5 In anot her aspect, the invepchrfRepasd7ai NS to a
met hod for treating a subject having a condition that would benefit from

downr egul ati on of ani mmune response conpki.sing adm nistering an agent that
stinulates signaling via PD-1 in a immune cell of the subject such that a
condition that vvoi,ul d glgnefit t{lr,om downr eqgul ati on of an i mmune _response is

5 treated. |n oneTAROHGET #RFRL theinveption pertdinsto amethad or trsating  fbiest Baying

consi st i ng . ofa:conditiorathati vieomit/benbfitt fromh domeiregwdationiof aminmanerespohis-comp#ising !

bi specific agy, %éfﬁ] = A N i'fﬁgﬂﬁ;

further conprg?'lg#e?‘s a ﬁ?‘ﬂl t?Pﬁdﬁ%ﬁ%‘%eesg%#ém a%{exﬁtp Br?ﬁ%tl omﬁféégﬁ‘g?%‘@%g%

i mmune r espofee thas aﬁﬁ%dleerbﬁﬁetd@dﬂemﬁt fapre devasen!ation of an emunsTetPOPS | S
sel ected f¥ omrestbd group consisting of. a transplant, an allergy, and an

aut oi mmune di sord I ﬂﬁiﬂfeﬂlg o Fﬂm{ t -Lalns 1o a
cel | -based assay ﬁ)orneseglrbeem n Earl,or ﬁﬁ%rsrf)l(g)%ﬁd S ,vﬁ%@ﬁlgﬁg%ﬁhﬁl activity
of B7-4 or Peptibody s stimuylalessignaling yvia §Dl, adigpecifiq aptibady, aud solyble B71q, get

mol ecul e or PD-1 Incongeinbodiment,the nwitlidd farthie? sémprisepainsifiserifig 4 Secdnd sgefit ni ng
the ability ‘ﬁIat{iS’Wxaj &ﬁ%mmg&%n@g%mjeﬁe activity of the B7-4 or
PD- 1 target nole . . : i i t rt.ains to a
cel | -freeﬂgssay f%‘r nsg‘rneg%l%%t’ ?’gr ' ct(li)orrﬁra)iggeggse‘1 %H’e%ﬁglcﬁ%@gé’kd‘ ndi ng of
B7-4 or PD- 1 transplent, an glidrgyyahdan dutoimamngdisesdarg contacting a B7-4 or PD- 1
protein or biologjcal active iFgort.i on t hereof Y%‘;sh 20 a_ test conpound and

deternmining the ataPPthir 3spechihe inyentiop pertaing 1o 2 cell-pasediasy Topseresping i3y pp- |

protein or bighpsin@swhich AlhlNe tRQictiVie o B4 60PD-1Boinpfisiesditdcabg 26elPf t he
Drawi ngs Figure 1 depicts the nucl eotide sequence encodi ng a human secreted
B7- 4, B7- 25expessing g arggbmplecule orRD-] jagetanglerulesuith atsstcompewndiand a hunan

B7-4, BT- j | L0036 S and
1 ustrat g6 SpoinE LR TR 6 RoBbaR Bl BEINCR o be hEBTA D
01/ 14557 PCTAUSSDNRISE. - 6

In yet another aspect, the invention pertains to a cell-free assay for screening for

compounds which modulate the binding of B7-4 or PD-1 to a target molecule

comprising contacting a B7-4 or PD-1 protein or biologically active portion thereof with
20 atest compound and determining the ability of the test compound to bind to the B7-4 or

PD-1 protein or biologically active portion thereof.

Brief Description of the Drawings

Figure 1 depicts the nucleotide scquénce encoding a human secreted B7-4, B7-
25 48.

Figure 2 depicts the nucleotide sequence encoding a human B7-4, B7-4M.

Figure 3 depicts the amino acid sequence of human B7-4S and illustrates the
30 signal, IgV, IgC, and hydrophilic tail domains.



Figure 4 depicts the am no acid sequence of human B7-4M and illustrates the
signal, IgV, 1gC and transnenbrane and cytoplasm c domains. Figure 5

depi cts thewuéiasds de sequence of murine B7-4. 5 Figure poraspysse t he

am no acid sequence of nurine B7-4. Figure 7 depicts-an alignnment of the
human and murine B7-4 am no acid sequenceg.. 10 Fi gure 8 illustrates the
results of FACS anal ysis of binding of CD28lg, CTLA4- and control |g by
B7-4M t r ansf ect ed al ysi s
of binding of |96 anlifit ipichEunfnde %skﬁﬁhé%%w?zﬁ%m%@@

B7- 4M t r ansf ects'@dalagy,&gl,landtrﬁisgmmbraheandbylsplaminedomaﬁﬁs r esul ts FACS

anal ysis of binding of IgM BBl and 133 antibodies to B7-4Mtransfected .
COS cells. 20 Figure 11 iIIustrates that COS cells transfected with B7-4M
(292) can costinul g Jt?i&stgégﬁdléoga@géqg&,ce of fififfie B7-41 | | ustrates that COS
cells transfected wit B7-4M (292) can costinmulate T cell proliferation.
25 Figure 13 il ustrates the b| nd| ng of PD-1 to B7-4Mtransfected COS -
cells. Figure 14 i he abi |i.t ed. P and not FIt4 to
conpete for the bIE ng o im%‘olg?'dlf‘%ﬁ ¥ cgzcgdinéwg§7aﬁ cells. 30 Figure
15 illustrates the ab|I|ty of PDl to bind to B7-4 transfected CHO cel |l s,

as determned by flow cytopetry. WO 01/ 14557 PCT/[JS00/23347 -7 Figure 16
i|lustrates the abi Figue o‘?eppﬁail alignment of the brymen and mpdneRI-4 aminqacid| | s, as
determ ned by BlqekrddE analysis. 5 Figure 17 illustrates the ability of
B7-4Mto transmt a negative signal to T cells. Figure 18 illustrates the
inhibition ¥ T cell proliferation and cytokine production in human T cell

ecaptor /874 act | var Eae § dfieies ety o ERER RS ARSI € |

i nhibition of Tg,asd tonmoblg HyBZAgMaransfettgd COS2RI.| | ust rat es the bi ndi ng of
PD-I to CHO cells expressing B7-4.

Figure 9 illustrates the results FACS analysis of binding of IgG and murine
15 ICOS-his fusion protein by B7-4M-transfected COS cells.

Figure 10 illustrates the results FACS analysis of binding of IgM, BB1 and 133
antibodies to B7-4M- transfected COS cells.

20 Figure 11 illustrates that COS cells transfected with B7-4M (292) can

costimulate T cell proliferation.

Figure 12 illustrates that COS cells transfected with a B7-4M (292) can
costimulate T cell proliferation.

25 Figure 13 illustrates the binding of PD-1 to B7-4M transfected COS cells.

Figure 14 illustrates the ability of added PD-1 and not Flt4 to compete for the
binding of PD-1 to B7-4M transfected COS cells.

30 Figure 15 illustrates the ability of PD-1 to bind to B7-4 transfected CHO cells, as
determined by flow cytometry.



15 Figure 21 illustrates the action of B7-4 in the inhibition of CD28
signals. Figure 22 illustrates the inhibition of cytokine production by

t he PD- 1: Byo4i/pgshway, as neasured by cytoki ne ELI SA. 2@drigws3ss
illustrates the inhibition of cytokine production by the PD1:B7-4

pat hway, as neasured by cytokine nmRNA | egels. Figure 24 illustrates that

t he mechani smof action of the PD-1:B7-4 pathway is cell-cycle arrest. 25
Figure 25 illustrates the ability of antibodies to B7-4 to inhibit the
interaction between B7-4 and PD-1. Figqure 26 illustrates the ability of
anti bodi es to PD- Figure i6rilisgivates thecability of R4 itobind teBRddrangiected GHO cBl, 2s 30 WO

01/ 14557 PCT/{ JSOQY so-Flqure 27 illustrates the ability of soluble
B7-4Fc to exggémfégygﬁéé%g&fﬂgﬁm'wri ne nodel of experinmental autoimmune .
encephal onyelitis. Detailed Description of the Invention 5 In addition to *
the previously characterized B | ynphocyte activation antigens e.g., B7-1
and B7-2, %here aFigumstiidhusisgies theabilignofByo4M te fransmity nqzmegsmabpas@ﬂs-i ng
cells which nodul ate costinulation of imune cells. For exanple, B7-4

pol ypepti des have been isolated fromkeratinocyte and placental cDNA

i braries. B7-4 hBigueel 1$dllustmates theuntdbitioroof B cadl prolifestiomandady®wkine productiort T
cells. The present Jnyention jdentifies P as a 10 receptor for B7-4.

| mune cel | s"h%{f’émriéﬁ%lﬁpmugﬂfdrﬁ?hetm%q%éﬁ vating signals. For exanple,
T cells have T cell receptors and the CD3 conplex, B cells have B cell

receptors, and eloid cells have Fc receptors.. In addition, inmmune cells
bear recelt ors t hkigute1ilpstrates thay |, selkreeaptarBirpactiyationss theaessncsof CB28nal s or

reCePtOF St Naberihitdfldsuld HAicbABE T Ll rifbrain. | CCOP! Of - mech at o

signaling. For exanp transmts costinulatory signal to T cells.

After ligation of the T cell receptor, ligation of CD28 results in a
costinulatory signal ,characterized.b O, regul a%i on | L-2m
IL-2r (i, and IL-2r1§mﬂree2§elfg %Fg,cs{l}e?l’gglen%%gﬁf?%n%c icpe) |e(’)‘ﬁrefﬁm%€{'§' messenger

RNA, increased expression of cytokine genes (incltuding IL-2, |IFNYy,
Gwvt CSF, and TNF-a). Tr, m ssign of a_costinulatory signal 20 allows the
cell top ogressa%%@gﬁﬁ‘f“ﬁéte& Ia%fggm,mﬁ‘%gft%Pﬁégggéé‘gna*s'celI
-proliferation

" Figure 22 illustrates the inhibition of cytokine production by the PD-1:B7-4
pathway, as measured by cytokine ELISA.

20 Figure 23 illustrates the inhibition of cytokine production by the PD-1:B7-4
pathway, as measured by cytokine mRNA levels.
Figure 24 illustrates that the mechanism of action of the PD-1:B7-4 pathway is

cell-cycle arrest.

25 Figure 25 illustrates the ability of antibodies to B7-4 to inhibit the interaction -
between B7-4 and PD-1.

Figure 26 illustrates the ability of antibodies to PD-1 to inhibit the interaction
between B7-4 and PD-1.
30



(Geenfield et al. (1998) Crit. Rev. Inmunol. 18:389). Binding of a
receptor on a T cell which transmts a costinulatory signal to the cell

(e.g., ligatyg@/ssp costinulatory receptor that |eads top@yfighisgr
secretion and/or proliferation of the T ceII) by a B7 famly nol ecul e,

such as B7-4, results in costinulation. g;s I nhibition of an interaction
25 between a B7 famly nol ecul e, such as B7-4, and a receptor that

transmts a costi l,2. O S, resul
downnodul ati on of t eg%}eﬁinuﬂlﬁhg?e%s%eon@ygﬁ%%f%ﬁ @Z“‘% FH e@‘aﬁe %’%%%??gﬂ?eaness
termed i mune amirineaneDof expetimdiidl aotoinkhuneldhbephaloingelist i on can be

acconplished using, e.g., anti-CD28 Fab fragnents, antibodies to B7-1,
B7-2 and/or B7-4, or by using a soluble formof a receptor to which a B7

famly 30 Wm%ieti@d%&%ﬁﬁ(hﬁh@ﬂ.ﬁﬁn@n conpetitive inhibitor (e.g.
CTLAdIg). WO O =9 Inhibitory receptors that blndto
costinul atory nol ech&kiitmueﬂalm@/immhamdnmedm kydxphucytemﬂv@uminhgens
Activation of CTL f or, | e ansmts a nal toa cel | .
Engagenment of CBrAR] lr?ﬂflg%%m) 85%’5?’5&“5&&&?&??&@8 gc‘ﬁig fe
arrest (Kr um|wlﬁﬂﬁn6‘ddldt655&t1ﬁﬂ!&%5ﬁ oﬂrmxﬁ)ﬁé celd Gor ékn fé:ﬁﬂ pél @ﬂ@éstﬂa%"

i's

mce 5 that |ack CTLA4 devel op | ynphoproliferative ease voI et al.

(1995) | nmmuni t ypeemisolated frogy keratinodyae #cemell% libyaries; J27-4 h@s dwaeen favad

bl ockade of CT ' wh
e, 2 Tt S TR0 SRR

Therefore, HepeaertptogfonBdrt.t he recept or to whi ch a costinul atory ol ecul e

binds (i.e., a costinulato recept h_as. 8.or .an.1 |nh|b|t
receptor such as CT ,e%eggpﬁveﬁe%?%ﬁ%‘iémnf WF%‘H%“%%%FW% T cell
costinul ation eells hakve Dicell feptois-aid the CDIWidpRix, BlcelldWave BoeNQedepldrs, @ fani |y

of nol ecul es (Ish!?@ t al (1992) EMBQ J. .11:3887; Shinohara et al.
(1994) Genoni c&¥® haysEcregggtors. dﬂé@ﬁhs%wa%?ﬂlliﬂbpwe%torﬁgha transmit

bt r act |
o ogr amed col ?f%*i‘g%‘ﬁ@ﬁ??‘;‘ﬁ?%zl ory SRPARE Lospfly AP R B RRRUE ©
et al. (199B meptor-mﬁﬂatemmmgo [For @mwlmCDzmensnsﬁ)a coﬁtmulauowdngialtev’bd to
1007 501 Snon HHEBREHeRUFHERLoy oo ST AR RS CEBRALD" ©
Ni shimura et als.gnﬂkﬁﬁﬁateﬁi&aby,mmgﬂé ioff of 3o, ﬁ_Dzﬂa mﬂrﬁi Pecb;m‘ icated as
S

a reqgul ator of B cel| responses 2 hi mur a (1998 I nt. Im"runol ogy
10: 1563) . Unl i fasreasadAranscptionof 1.2 mmnamWAe increasegdexpressi@ipficytokinglgenest ound

on B cells and (Hglgbﬂé ﬁ,-ﬁ,ellFi\ﬁy, GM-CSF, and TNF-a). Transmission of a costimulatory signal

20 allows the cell to progress through the cell cycle and, thus, increases T cell proliferation
(Greenfield er al. (1998) Crit. Rev. Immunol. 18:389). Binding of a receptor ona T cell
which transmits a costimulatory signal to the cell (e.g., ligation of a costimulatory
receptor that leads to cytokine secretion and/or proliferation of the T cell) by a B7 family
molecule, such as B7-4, results in costimulation. Thus, inhibition of an interaction

25 between a B7 family molecule, such as B7-4, and a receptor that transmits a
costimulatory signal on a immune cells results in a downmodulation of the immune
response and/or specific unresponsiveness, termed immune cell anergy. Inhibition of
this interaction can be accomplished using, e.g., anti-CD28 Fab fragments, antibodies to
B7-1, B7-2 and/or B7-4, or by using a soluble form of a receptor to which a B7 family

30 member molecule can bind as a competitive inhibitor (e.g., CTLA4Ig).



The instant discovery that PD-1 binds to B7-4 places PD-1 in a famly of

I nhibitory receptors with CTLA4. Wil e engagenent of a costinulatory
receptor ragu/iisgs7 in a costimulatory signal in an i nmunecsfkéessangagenent
of an inhibitory receptor, e.g., 25 CTLA4 or PD-i (for exanple by
crosslinking or by aggregation), |eads j@.the transm ssion of an inhibitory
signal in an immune cell, resulting in downnodul ati on of i mmune cell
responses and/ or - r

i nhibitory si gnalfnﬁlbh?g|1l %omt}lw?tz)gﬁ tﬁéﬁtl}?ﬁﬂ%ﬁry?ﬁn@%ﬁ{e&%ﬁﬁr %Tse%%nses (and a
resul ting dldmﬂlﬁndwlnam:rmne cellst Aetivation af CTLAmfneexamppomymtsahegapwevent ion -

aganst P 19608 9 % Rk EpgreeBefkar it Al oBPit 1 Be Rt A @ aflisnsdl” 1o

uprodul at i oneyRie dridiRRurfiBbll and AHROA $ED6 TNEkpd MeASISE258T). Tpaduidnie@n of an -
| mune response). The instant invention makes avail abl e agents usef ul

for nodul &t ﬂi'@t latkeCTlA# develop lymphoprolifstptivestiseass (Sivolal (1998bImmwniyact i on
bet ween PD- 1?]%9 W&&h@&‘s&‘éi al gbb@%@ﬂf«é& 70(858- mefb%cEZder)fcﬁ& wgents for

nodul ating t nmune re i'a nmodul atron o nteraction between
PD-1 and itsantﬁvbdleﬁinajtegmelanmhgltpryBYng whereaydggregationdf ICTLAdywittgent s f or

use in these pgethods are cr| bed |l ows. ,B7-4 and PD- 1
Nucl ei ¢ Aci dar%}ﬁl?ﬂ‘ti B‘é‘b?‘? S Liﬁ%fﬁ??'ﬁa%n@%%wsaﬁ%ﬁ?@ "®odul at ory
agent usef ul whieh a@'@ﬁkﬂlﬂdtétﬁ)&ldlébﬁledﬁﬂds‘(iék@%&ﬂhtorﬁ%@ip&ﬁ%h&&s@ﬂ%rhl s a

B7-4 and/or PD-I nucleic acid nol ecul e, Breferabl human B7-4 and/ or

PD- 1 nucl18i cinhibiteryresepton such as GTHAL), errtriy F‘rmleculeﬁmug%mammeq Erdl aci d
nol ecul es ofc&s@hgﬂgﬁ?%%@gnt ion encode eukaryotic B7-4 or PD-1

pol ypepti des. y of nolecules share a 15 nunber of conserved
regi ons, includi ri@p—sliigmmmMMMSMlQMGM|fatmlsaoﬂnolhellesg@sldwﬂhs | gV

dommi na. - The0SoApd TlTB2 oSt 6 PRV Glhorthr 2 Z0M I 00851 <t | e
57, £ prme sttty s ot e 5
acids wi tlf ameelﬂgtewgar%mﬂgcaﬁdﬁ%ﬂ%ﬂﬁé?&é‘éﬁl@%@vﬁ%ﬁ@é %sll n nost,

but not al |, wdasRIZY? al. {1905 ORI 789, MicrdBiol. mnoﬁQdOI ICPo0l Bbelicied &ar e the

same types of sequence patterns and are called the Cl-set wthin the Ig

super f ami | y. play &egle indgmploesticsurvival, le-guiduringclonah éqlecéle@ Honjg)(198dndeienee al so
share seque n@ﬂﬂt hELRSr A Ho5%) FurCitmibTiody. 30765 PRI InIRa e B \16U8)PhNS ar e

| onger than
Immunology 8:773). PD-1 was also implicated as a regulator of B cell responses

20 (Nishimura (1998) Int. Immunology 10:1563). Unlike CTLA4, which is found only on T

cells, PD-1 is also found on B cells and myeloid cells.
The instant discovery that PD-1 binds to B7-4 places PD-1 in a family of
inhibitory receptors with CTLA4. While engagement of a costimulatory receptor results
in a costimulatory signal in an immune cell, engagement of an inhibitory receptor, e.g.,
25 CTLAA4 or PD-1 (for example by crosslinking or by aggregation), leads to the
transmission of an inhibitory signal in an immune cell, resulting in downmodulation of
immune cell responses and/or in immune cell anergy. While transmission of an
inhibitory signal leads to downmodulation in immune cell responses (and a resulting
downmodulation in the overall immune response), the prevention of an inhibitory signal

30 (e.g., by using a non-activating antibody against PD-1) in immune cells leads to



domains and forman additional pair of J strands. 25 Two fornms of humanB7-4
nol ecul es. have been identified. One formis a naturally occurring B7-4

sol ubl e pol wepirsdss, i.e., having a short hydrophilic donearusamessso
transnmenbrane domain, and is referred to herein as B7-4S (shown in SEQ ID
NG 2). The second formis a cell-associ aterh pol ypeptide, i.e., having a
transnenbrane and cytoplasm c domain, referred to herein as B7-4M (shown
1 SEQ | D NO. hpmodfth/ o fufiide GATEEBSHIR £ 4 fesutrll BfiodulRicH D | ¢ 2
signal sequence, and an IgV domain and an 1gC dormain. The signal sequence
of SEQ I D 40 2r¢sponspown from about amino acid | to about ami no acid 18.

The si gnal f. SEQ.ID NO 4 is _sh f t anj id.1t
2bout am no i 16 TRriRaaRu-eaB Ak av bt g R S for ool ns Bttt s
anino acid 19 wed/atsxptession HPIAG| e indtactiod bithReh BN- Ogidaishatdifal BEA(S) @I, 4 1S

shown from about am no acid 19 to about am no acid 134. The [gC domain of
SEQ I D NO 2 § s B74and agentsfos modulating the immpee response,via medulation of shesipteracpionr and

i no"aci o 227 CTRErh e et g K. O B30blal TRy GechiP i e 07"
NG 2 conpri ses irathbseometipdidslareadesaibed finthemasffollowsl 0 about anmino acid 228 to

about am no acid 245. The B7-4 pol ypeptide exenplified in SEQ ID NO 4
conprises a transmenbrane domai n shown from about am no acids 239 to about

am no aci d 259Bg{4 HE®@D-DNueleit Adidlaml FolfeplidSMbkcsey™®i n shown from about
am no acid 260 to about amno acrd 290 of SEQTD NO 4. Miurine B7-4

nol ecul es W e al solnenesmbpdimgnt, FmedulatonnageaDmefus faymodulating;the activitysedioed i n
Fi 5 dt ' V¢ ' ' ' ' | 6.
lgure > an l%gwrggéfoh %?rﬁ-l' i a%‘?-ﬁ&d?&'?ﬁ-ﬁﬁﬂéf&@ G&d h%le%g@;ﬁ'@nfgﬁggu% in ur e

The present invention also pertains to these nurine D
has been i dent Bffideudfoe PB- hnutdei@acidmelstule. whi ch binds to B7-4. PD-i

nol ecul es are nenbers of the | no lin.geng superfamly. PD-1 (Ishida
ot ol C(1662) "Evpap o pmendmeite Rttt e naleBTie Eietiseu vembion,

U S. Patent 20edcofd&ukan@lic BAst iPDEKpolfseptities. ahe BTN RAmily@f hidledhl@dshare a

I rmunogl obul i n sug_erfam’ |y donmmin, _a_ transpenbrane domain, and

i ntracel | ull?r PUBbS AT popseryed fegloan inclidinesignabdareains, gy dompaiss pedibe ?gnGu hi bi tory
Cal e the | rmomiaaes, 1BV dShhs A0d e R It 0 B Bhcon A I sleraliBY BB
and the kil l er domiingi l‘lmsg/dormumo@d«om—)mm unitsrthat haveRistinonfo{dirgd 7)
lpm.nsj Bﬁl)r y;l'g? 2épq Sﬁ%ﬁﬁ%@g f?}}igtljﬁg‘glaz grg Qorggr?slég%?a tsa?ﬁgvic}hho%t\}vg/ {3 gl?e%lts, each
consisting of antiparallel B strands of 5-10 amino acids with a conserved disulfide bond
20 between the two sheets in most, but not all, domains. IgC domains of Ig, TCR, and

MHC molecules share the same types of sequence patterns and are called the C1-set
within the Ig superfamily. Other IgC domains fall within other sets. IgV domains also
share sequence patterns and are called V set domains. IgV domains are longer than C-
domains and form an additional pair of B strands.

25 Two forms of humanB7-4 molecules have been identified. One form is a
naturally occurring B7-4 soluble polypeptide, i.e., having a short hydrophilic domain
and no transmembrane domain, and is referred to herein as B7-4S (shown in SEQ ID
NO:2). The second form is a cell-associated polypeptide, i.e., having a transmembrane

and cytoplasmic domain, referred to herein as B7-4M (shown in SEQID NO:4)..



receptors interacts with SH2-domai n contai ni ng phosphatases, which |leads to
inhibitory signals. A subset of these immunoi nhibitory receptors bind to
VHC nol ecweeyiabsar  exanpl e the KIRs, and CTLA4 bi nd t oprBTASoo2nsk7B7-2. |t
has been proposed that there is a phylogenetic relationship between the
MHC and B7 genes (Henry et al. (1999) 3Qll-nmunol. Today 20(6):285-8). WO
01/ 14557 PCT/ USQQ 23347 -12 The nucl eoti de sequence of PD-I is shown in

SEQ I D NO 10 and Bi-43ppsleihd\émpiist B Sigadlis ﬁauaia(‘aﬂl db¥Raih ahg ag i in SEQ I D
NO 12 (see al so Ishi et al. (1995 % %87 Shi nohara et al.

(1994) Geno %@m;sthmgna!ﬁesuemapé%E QDM292¢ywnﬁpmab°ub@umw%@sly :
dentified

br ot ei ns.§ n iy Laind YO 187 ThOeio SOullbe 87 SEQ (BG4 hobld (2 Ao o
nmenmber of thac:dcma:/oefranﬁnaadmmyhorg\mmmnf@ﬁmﬁomshmmﬁmmbm to bind
to B7-4. i ke CTLA4, PD- 1 I f T-cell
Fesponse So SR 3651 gk apinageid 136 g i IEY,admain gt S 08 Gy shoplp” ° '
contrast to fiAhoutRANRVRId 19Babodt amilosRid YU TRET cfQﬂ:lorﬁdik?oﬁSE dasmos isB-cel | s

(in response to anti-lgM. PD-1 is also expressed on a subset of 10

t hynocyt es aﬁm“mlma@ut@nmg agiddas tp @Pu%mm‘( a0ib237 and thedgCrdosiainafiSEQt al .
(1996) Int. dq A{‘Blsho»gnﬁrﬁ)ab?ﬂ{%tldc;%ﬁiﬁts 1 P ihR0 alug%‘l' 'IHB dﬁ%;h* as a

ligand of P arl ous aspec nven 'on are descr Grt her
detail in thtailfoftHedW-4exemplifiakbmtSEE NOR dmnﬂﬂsésahyﬁrqphﬂxc,&alslmm&m ein, the

term?"i ne cell". incl s cell s .that n and
Lhat pl ay0n stontamipo e J28 i beu aine s 245 e RILB R R rEmethiohiphocyt es.
such as B cekEQIDND:4 cofiprises a&aﬁdﬂeﬁbréﬂe|dbﬁ5&1n%§‘6\b§frormé%tﬁlaﬂuﬁiﬁdchﬁ,239 uch as
monocytes, nacrophages, eosinophils, mast cells, basophils, and

gr anul ocyt esto %“tm%wmrcﬁlsﬁQ IDNO¢deang a cytoplasmic domain shewn fomaboutce| | s
and CD8+ T ceblod w8380 1 bl shifileia MOGF SERFIHEY, bOth T hel per | type T

cells and T hel per ype "antigen presenting cell"
i ncl udes pr of essiMnehe B7:+4 ngakwups wereralsoridentified. s'l'l(eemgm,e cBNA §aqp¢mc;st es,

P uoent £ SRl B Ao GBS Sl RSl PRSI L
fibroblasts, TBépreéengaakhﬁd:ﬁ @l&ypa&lns té\thesefiahined3 724 moletidiles.t er m " i rmune

response” |ncI udes T cell ted gnd/or B ¢ I a ne responses
that are influenddribes brsat eﬁ?ﬁ‘?ﬂ#e&mqs%r@ﬁp“’rw Shich blads 16 7%, 'PBTY '

- molecules are members of the immunoglobulin gene superfamily. PD-1 (Ishida ez al.
(1992) EMBO J. 11:3887; Shinohara et al. (1994) Genomics 23:704; U.S. Patent
20 5,698,520) has an extracellular region containing immunoglobulin superfamily domain,

a transmembrane domain, and an intracellular region including an immunoreceptor
tyrosine-based inhibitory motif (ITIM). These features also define a larger family of
molecules, called the immunoinhibitory receptors, which also includes gp49B, PIR-B,
and the killer inhibitory receptors (KIRs) (Vivier and Daeron (1997) Immunol. Today

25 18:286). It is often assumed that the tyrosyl phosphorylated ITIM motif of these
receptors interacts with SH2-domain containing phosphatases, which leads to inhibitory
signals. A subset of these hnmunoiﬁhibitory receptors bind to MHC molecules, for
example the KIRs, and CTLA4 bind to B7-1 and B7-2. It has been proposed that there
is a phylogenetic relationship between the MHC and B7 genes (Henry et al. (1999)

30 Immunol. Today 20(6):285-8).



costinul ati on. Exenplary immune responses include T cell responses, e.g.,
cytokine production, and cellular cytotoxicity. In addition, the term

| mune r espRi§ fi/i49¢ udes 30 inmmune responses that are indiggaisweRif ect ed
by T cell activation, e.g., antibody WO 01/ 14557 PCT/[JS00123347 -13
production (hunoral responses) and activatjpn of cytokine responsive cells,
e.g., macrophages. As used herein, the term"costinulatory receptor”

i ncl udes receptors ich, t.ransmt a t.1 mgul. at.or | |4t ' ne cell,
e.g., CD28. As used %?'gfeﬁ?d?%éuﬁng?ﬂ{p@ﬁ'f?% |'P§$§zs¢§§§'6tooa$%illl ncltdes
recept ors whi caminoidfdSefuedcd 6fFD-1 ¥shoivg MBEQADAN0:12Y8¢8 8ls6 Eshida(ealy(1998)TL A4
or PD-1). An inhibitory signal as transduced by an _inhibitory reggﬁtor can

occur even if &EMRALiIHA8ET:Hhinoharaghelo(1994) (Genorics@i8Y; V.- Prtent 5/628249)- on t he
i mune cell a B : oy Ik n
TS, e | 288 oy B SOy
costi nul at oryy pmiteinsinesivédrialapeptotivccel ideath.. PD410i9 &entifiedherdin ps a ineniberkd &he205) .

Transm ssi on of 1, 1.ahi Qi t o i gha 0 an . ne cell,.c resu i
e o oAk Dl o Rl o R e S804 R,
Preferably trappoi fvhsidlyddudet éovht Rirfsos ¥f Ficallifih r@péiisa it ODY (AfatLet al.
mechani sm that does not involve apoptosis. As used herein the term

"apopt osi s" i n€1996kk. dmprynaln$rEes)c &n ¢ontrgt fo R ThAAhowexer. BR- 10 alsa indsegdang
Do S i ; . . 5
Charact o e T MRS S 0010p ke Dy, 10 ARG AL a0 O

characterized, e. e, omatin
condensat i ok cthymooypies amgl myelaid ctllsf(Agaaens/afli986).sudat Nshimnoe ergdi (1896)dpopt osi s
al so di splay a,char gcs esistic. pattern.of.internuc] eosona cl eavage.
Dependi ng upon I’f"mé"'?g#’ﬁ%‘f ﬁ%@gtﬁ-‘ﬁveﬁﬂ?%@ﬁ&ﬁef %gfi Fi aﬁi??“‘% ?)%lﬁrlec ept or,

ei ther a signal canvagoisfasisiofihednveatiéh are d¥scAbellLih firthat @il QR TollbwingB7- 4
nol ecul e that results in 20 crosslinking of receptor) or a signal can be

i nhi bi ted (e. gSubseRiioBs:so| ubl e, nmonoval ent form of a B7-4 nolecule), e.g.,
by conpeting with activating fornms of B7-4 nolecules for binding to the
receptor. However, there are instances in which a soluble nolecule can be
sti mul at or yl5 TheDefifittieniss of t he vari ous nodul atory agents can be easily
denonstrat ed using Louti.ne screeni ng _assaySas descri herein. WO .

1117 14557 PCT/ L TaochS e peret R, dndRAR K AR SR s Bl o BrRaodtietc v ¢
reference to aetigiah@that plapafoleinl thSimmitel regpossel Memabe tdlls Ynchide dymphocytes,

costinulatory nol ecul e to provide a second, non-actjvating
such as B cells and T cells; natural killer cells; myeloid cells, such as monocytes,

macrophages, eosinophils, mast cells, basophils, and granulocytes.

20 As used herein, the term “T cell” includes CD4+ T cells and CD8+ T cells. The
term T cell also includes both T helper 1 type T cells and T helper 2 type T cells. The
term “antigen presenting cell” includes professional antigen presenting cells (e.g., B
lymphocytes, monocytes, dendritic cells, Langerhans cells) as well as other antigen
presenting cells (e.g., keratinocytes, endothelial cells, astrocytes, fibroblasts,

25 oligodendrocytes).

As used herein, the term “immune response” includes T cell mediated and/or B
cell mediated immune responses that are influenced by modulation of T cell
costimulation. Exemplary immune responses include T cell responses, e.g., cytokine
production, and cellular cytotoxicity. In addition, the term immune response includes

30 immune responses that are indirectly effected by T cell activation, e.g., antibody



receptor nediated signal (a "costinmulatory signal") that induces
proliferation or effector function. For exanple, a costinulatory signal
can resul tywphfagkoki ne secretion, e.g., in a 5 T cell tharaRamssaceived a T
cell-receptor-nmedi ated signal. Inmune cells that have received a

cell -receptor nedi ated si gnal, e.g., vigsan activating receptor are
referred to herein as "activated inmne cells.” As used herein, the term
"activating d anti gen,
corpl exed anPioaiaiopbuhdil e B aBAR of GRRBICAEBaniRIEL T, 7011 3511
ant i bodi es. Suaclophages.vating receptors include T ceII receptors (TCR), B '

cell receptors (B t pki.ne r fors, LPS r rs, conpl.e
receptors, and FCEFRQ'?QE‘% F’sthelﬁ?ﬂne‘gé:?? gloryFecepto @B&ﬁfﬁ@’ér"@“&fesent on T

cells and ar gaRaiOriatiftlaln SgtdPd anﬁﬁﬁnﬁﬁ'&lﬁ%g Eﬁﬁ | A BECREQh Shélefin ’
stinmul ated by antigen in the Context of nol ecul es (as wel 1 as by

pol ycl onals T ighibitorygedeptars” inrludesirpoertesrs whiph@@nsmlaen¢gmq signal/ foantimgnuBiER 15
results inn u n l,ati @ rrbraellpld
changes, ionwﬁe X?gﬁ‘r%yoglqﬁbcl)nuc gh@{t%&%gﬂ?lga?gr?ggﬁée\é @r‘lg{r@ﬁefﬂq
changes, prota mméﬁrﬁ‘alcsstmhaageecepﬁﬂduﬂedslcms) ot phaam on theﬁmaﬁhk
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found in the foIIowmgG ell types: Fcs R mast cells), Fcs R Il (many
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studi ed FcyRs are centr I'n WO 57 PCT el I ul ar
i mrune def enamptosigalio display e chayactéristie pattern d’tmtnmhalteosogmt thArc&ame of

medi ators of inf tion d. h lved in t
pat hogenesi s of alh? %H%On %’gﬁg@ﬁiﬁéﬁ{?‘gg ¢ f&mqu? aé‘fceptfﬁﬁ qannu.
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20 crosslinking of receptor) or a signal can be inhibited (e.g., by a soluble, monovalent

-
-

form of a B7-4 molecule), e.g., by competing with activating forms of B7-4 molecules
for binding to the receptor. However, there are instances in which a soluble molecule
can be stimulatory. The effects of the various modulatory agents can be easily

demonstrated using routine screening assays as described herein.



a crucial link between effector cells and the |ynphocytes that secrete 1g,
since the 5 macrophage/ nonocyte, polynorphonucl ear | eukocyte, and natural
killer (NK) webinessécyRs confer an el enent of specific recogrmintsensssedi at ed
by 1gG Human | eukocytes —have at |east three different receptors for 1gG
h Fcy R (found on nonocytes/ macrophages)iq hFcy Rl (on nonocytes,
neutrophils, eosinophils, platelets, possibly B cells, and the K562 cell
line), and Fcy |11 I
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~ "inhibitory %i Jregll'that basgeesived adl enllemerptarmeadiatid: signdl. lmmune celilsthatthavﬂ)r y

o gnal _ant agonreenede efibretpidmbdiieEpR) 21l FeBpr e o sy E e r
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herein, the ter | n efr nmune 25
cells to sti nul(Ig?RgcytgﬁlBQp eétf% %fs't“ ':Eors cgmg rece ¥9'§1é‘“‘$§%b‘“ or>or a
cytokine.  Unr esponBorexaepte, Ta¢ll ﬁé&}ﬁb’rsm@p@:sentbﬁfd&tﬂﬁarﬁfarem@ﬁaté&gitﬁCD3
|nnunosuppressan s or osure to ses of .anti used herein,
the term "aner §f ecBlPS TB@E‘P"'&%@'S are,sngxﬁ.{}?}fggay,agygegdp |°P§te¥fc9f%1f19\%’cl?°ﬂ&s
recept or - medi aiAdveditas By palytRhal ﬂegfacﬁﬁhﬁgféagm)yrlcéu a8RAREAh Yhe TCR
antigen-specific and persists after exposure to the tolerizing antigen has

30 ceased. For reswliyipinameroteehppgesne.g., proteinphosshonylptinne thembrane lipidsbanges; éores s )

S VD 01 14557 gl Ul Al iU R SIS AR Ml LTS

production, e.q. aner gy "occurs
anti gen and rechnges and dellstolamngclainggsa T cel | receptor or CD-3 nedi at ed

signal) in the absepce, of a second si | (a_cosgtinmulato si gnal ). Under
t hese conditions, ﬁé@ffmré afffpr?sﬁ’ét@g?ra?‘glgt chﬁén%gfﬁé“ﬁﬂ%F@%af%@??‘ i f
reexposure OCCUEtﬁeéxﬂnﬁﬁﬁrane Ig (nlg) and other transmembrane polypeptides (e.g., Iga and Igp).

20  The signal transduction function of mlg is triggered by crosslinking of receptor

molecules by oligomeric or multimeric antigens. B cells can also be activated by anti-
immunoglobulin antibodies. Upon BCR activation, numerous changes occur in B cells,
including tyrosine phosphorylation.
Fc receptors are found on many cells which participate in immune responses. Fc,
25 receptors (FcRs) are cell surface receptors for the Fc portion of immunoglobulin
molecules (Igs). Among the human FcRs that have been identified so far are those which
recognize IgG (designated Fcy R), IgE (Fce R1), IgA (Fca), and polymerized IgM/A
(Fepoa R). FcRs are found in the following cell types: Fce R I (mast cells), Fee R.II
(many leukocytes), Fca R (neuﬁophils), and Fcpa R (glandular epithelium, hepatocytes)
30 (Hogg, N. (1988) Immunol. Today 9:185-3@. The widely studied FcyRs are central in



5 presence of a costinulatory nolecule) results in failure to produce
cytokines and, thus, failure to proliferate. Anergic T cells can, however,
nount respwoegisso unrel ated antigens and can prolifer aicgaishoadst ured with

cytokines (e.g., IL-2). For exanple, T cell anergy can also be observed by
the lack of IL-2 production by T |ynphacpt.es as mneasured by ELI SA or by a
proliferation assay using an indicator cell line. 10 Alternatively, a

report er - geng RSt aditle ind B ks g?lﬁfsmmm d Riehise ofﬁ@dlat%mx gl to
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nol ecu are ers of a
fam ly of imhmcmpmehmnbcbge,cpolysmrpleduclwlemmwahnmmm(I‘dK}u:ellf eat ures.

The term"fam | en referr o the rote | ei cid nol ecul es

o1 nt ended FETRASERI RAGRNGFD ?lsfeepﬁg %!F@U@CMF@@W&% havi ng
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1N ere uc

nucl eoti de sequence hono am |y nmenbers can be

natural ly or mmacﬁ@ymucedphageepmmn n&ﬁtﬂmﬁﬁ&s Beutdopily, edsirlophils, Pltefsts]e Of

di fferent species. For exa am ly can contain a first protein of
human ori gi npossibixBicellsaanddhe: 552 ceéillmte), FenIHt(en NK csils, mewteaphids.i gi n or

al ternatiy a%%m {%ﬂ g%&ﬁh&ﬁg&iogues of non-human origin. Menbers of a

famly ma ave conmo tional ,characteristics. The 25 B7-4
nol ecul es descri bewithesspicntodF eellspranamissiad of dwostirulbong signabfo alDtedCul es. The

term "B7 faml no| ecul. es, u |n I.ncl uges costlrrulatory
ol ecul o8 1 havolvens fignaine FEHEE Hekis Pl g B P Sy RToyBe A NHRe 8 i th
B7-1, B7-2, %m&ulﬁége@gﬂlca@mdb& indRbdraiYe. BBH12 and?dtILL Ap\eenat al .
(1999) I muni 11: 4 and/ or B7-4. For exarrpl e, human B7-1 and B7-2

shar e appr ox AnHerday p@mté%mln@caen of werspensiveprse d aptigen, thy indvethonefgereEd usi ng
t he BLAST, 50r {hg r@%m{}lg%c]y\agaﬁl ht&ee-figguault WO 01/ 14557 PCT/ US00/ 23347 - 17

paramaters ( osu matrix wth gap penal ti es set at existence 11 and
extension 1 (SeeAhuseﬁhkv’ethemm tdilbnomhglm’m)ej‘erstﬁraeiwalrmis@‘tte@mawpept|des

are capable ¢ ow di nq,cos I bitory. sign t o I mmune
cells ltoo thef‘g'bls 03(%4’ #Wﬁ p‘?ryprfﬂﬁg g?ﬁ“ieroé’ O .caL(Sﬁ“cEaexarrpl e,
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molecule) and can result in, e.g., inhibition of second messenger generation; an

20 inhibition of proliferation; an inhibition of effector function in the immune cell, e.g.,
reduced phagocytosis, reduced antibody production, reduced cellular cytotoxicity, the
failure of the immune cell to'produce médiators, (such as cytokines (e.g., [L-2) and/or
mediators of allergic responses); or the develepment of anergy.

As used herein, the term “unresponsiveness” includes refractivity of immune

25 cells to stimulation, e.g., stimulation via an activating receptor or a cytokine.
Unresponsiveness can occut, e.g., because of exposure to immunosuppressants or
exposure to high doses of antigen. As used herein, the term “anergy” or “tolerance”
includes refractivity to activating receptor-mediated stimulation. Such refractivity is
generally antigen-specific and persists after exposure to the tolerizing antigen has

30 ceased. For example, anergy in T cells (as opposed to unresponsiveness) is



I mmune cells or can inhibit immune cell costinulation, e.g., when present
in soluble form Wen bound to an inhibitory receptor, B7-4 nol ecul es can
transmt an wohmdsspry si‘gnal to an inmmune cell .. PreferrepcBdsdoiish Y
menbers include B7-1, B7-2 , B7-3 (recognized by the antibody BB-1), B7h,
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costimul at ory SYiHpfe %&%ﬂ“ﬁﬂ%ﬁﬁ%@%#&el | . When an activating

formof the B7-4 noIfREHYA ppbekind Rudic AR kddldofieY corhiftize RERhily mdiBGEd t OF Y
signal is generated in the imune cell. WO 01/ 1455 PCT/[TgOOI 23347 -18
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73

20 acid or nupleotide sequence homology as defined herein. Such family members can be
naturally or non-naturally occurring and can be from either the same or different species.
For example, a family can contain a first protein of human origin, as well as other,
distinct proteins of human origin or alternatively, can contain homologues of non-human
origin. Members of a family may also have common functional characteristics. The

25 B7-4 molecules described herein are members of the B7 family of molecules. The term
“B7 family” or “B7 molecules” as used herein includes costimulatory molecules that
share sequence homology with B7 polypeptides, e.g., with B7-1, B7-2, B7-3
(recognized by the antibody BB-1), B7h (Swallow et al. (1999) Immunity 11:423),
and/or B7-4. For example, human B7-1 and B7-2 share approximately 26% amino acid

30 sequence identity when compared using the BLAST program at NCBI with the default



pol ypeptide to nodul ate an inhibitory signal in an activated i nmune cell,
e.g., by -engaging a natural ligand on an antigen presenting cell. PD1
transmts wooi/pdssbi tory signal to an inmune cell in a rawse/ss4T | ar to
CTLA4. Modul ation of an inhibitory signal in an imune cell results in
nmodul ation of proliferation of and/or cyt7el cine 10 secretion by an inmune
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20 In addition, in one embodiment, proteins that are members of a protein family
are bound by antibodies generated against one or more other family member proteins.
For example, the anti-BB1 antibody recognizes B7-4 molecules.

As used herein, the term “activity” with respect to a B7-4 or PD-1 polypeptide

includes activities which are inherent in the structure of a B7-4 or PD-1 protein. With

25 regard to B7-4, the term “activity” includes the ability to modulate immune cell
costimulation, e.g. by modulating a costimulatory signal in an activated immune cell, or
to modulate inhibition by modulating an inhibitory sighal in an immune cell, e.g., by
engaging a natural receptor on a immune cell. When an activating form of the B7-4
molecule binds to a costumulatory receptor, a costimulatory signal is generated in the

30 immune cell. When an activating form of the B7-4 molecule binds to an inhibitory

receptor, an inhibitory signal is generated in the immune cell.



along with the host genone. Moreover, certain vectors are capabl e of
directing the expression of genes to which they are operatively |inked.
Such vect or swaheidsef erred to- herein as "reconbi nant expr egSiohoNsas ors” or
sinply "expression vectors". In general, expression vectors of utility in
reconbi nant DNA techniques are often in thggformof 10 plasmds. In the
present specification, "plasm d" and "vector" nmay be used " interchangeably
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20 complementary to the coding strand of a double-stranded cDNA molecule,

complementary to an mRNA sequence or complementary to the coding strand of a gene.
Accordingly, an antisense nucleic acid molecule can hydrogen bond to a sense nucleic
acid molecule. _
As used herein, the term "coding region" refers to regions of a nucleotide
25 sequence comprising codons Which are translated into amino acid residues, whereas the
term "noncoding region" refers to regions of a nucleotide sequence that are not
translated into amino acids (e.g., 5' and 3' unﬁanslated regions).
As used herein, the term "vector" refers to a nucleic acid molecule capable of
transporting another nucleic acid molecule to which it has been linked. One type of
30 vector is a "plasmid", which refers to a circular double stranded DNA loop into which

additional DNA segments may be ligated. Another type of vector is a viral vector,



when chem cally synthesized. An "isolated" or "purified" protein or
biologically active portion thereof is substantially free of cellular

mat eri al owoei/n@s7 contami nating proteins fromthe cel | p@rshmsee source
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certain modifications may occur in succeeding generations due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent cell,
but are still included within the scope of the term as used herein.
As used herein, a "transgenic animal" refers to a non-human animal, preferably a
mammal, more preferably a mouse, in which one or more of the cells of the animal
25 includes a "transgene”. The term "transgene" refers to exogenous DNA which is
integrated into the genome of a cell from which a transgenic animal develops and which
remains in the genome of the mature animal, for example directing the expression of an
encoded gene product in one or more cell types or tissues of the trahsgenic animal.
As used herein, a "homologous recombinant animal” refers to a type of
30 transgenic non-human animal, preferébly a mammal, more preferably a mouse, in which

an endogenous gene has been altered by homologous recombination between the



Exanpl es of binding fragnents enconpassed within the term "antigen-bi ndi ng
portion" of an antibody include (i) a Fab fragnent, a nonoval ent fragnent
consi sting okolbolygss¥t-, VH, CL and CH donmmins; (ii.) a F(abpgpudonassaent, a
bi val ent fragment conprising two Fab fragnments |inked by a disulfide
bridge at the hinge region; (iii) a Fd fragyent 10 consisting of the VH and
CH1 domains; (iv) a Fv fragnment consisting of the VL and VH domains of a
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20 less than about 20%, more preferably less than about 10%, and most preferably less than

about 5% of the volume of the protein preparation.

The language "substantially free of chemical precursors or other chemicals”
includes preparations of B7-4 or PD-1 protein in which the protein is separated from
chemical precursors or other chemicals which are involved in the synthesis of the

25 protein. In one embodiment, the language "substantially free of chemical precursors or
other chemicals” includes preparations of B7-4 or PD-1 protein having less than about
30% (by dry weight) of chemical precursors or non-B7-4 or PD-1 chemicals, more
preferably less than about 20% chemical precursors or non-B7-4 or PD-1 chemicals, still
more preferably less than about 10% chemical precursors or non-B7-4 or PD-1

30 chemicals, and most preferably less than about 5% chemical precursors or non-B7-4 or

PD-1 chemicals.



Hybri domas 6:93-101) and use of a cysteine residue, a marker peptide and a
C-termnal polyhistidine tag to nmake bival ent and biotinyl ated scFv
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"humani zed anti body"”, as used herein, is intended to_ include antibodies 25

made by d0nosansishegofaky YHﬁaMi’d domnam\a afﬂd?aeeﬁsttcamlstmsgf theVlandchave
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human cel | . ol{r“gle{(ga}rr?%r@ Qﬂgy gﬁiterl ng the non Qb&ntl 65% amno acid
sequence to 34lcipd6 ) whicntamsistsof d YH damain) andi(vilawsisolayedt complementarityiogl obul i n
sequences humani zed es of IL,nventi on. may,.i pRcl.ude am no
2o ree ductesTBvER e (COB) R A en s R oRBer B e BN SHeRethces
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I ntended to 19&%@%@ py )Zz% 88 Wsd %87'9%88?@%‘??%@2& %‘gai.gbﬁ,g\ﬁﬁné’f ot her

ant i bodi es havi anti gem c Speci
B:otechnology 16: 778). Such smgle cham antibodies are also intended to be

20 encompassed within the term "antigen-binding portion" of an antibody. Any VH and VL
sequences of specific scFv can be linked to human immunoglobulin constant region
c¢DNA or genomic sequences, in order to generate expression vectore encoding complete
IgG molecules or other isotypes. VH and V1 can also be used in the generation of Fab,
Fv or other fragments of immunoglobulins using either protein chemistry or

25 recombinant DNA technology.Other forms of single chain antibodies, such as diabodies
are also encompassed. Diabodies are bivalent, bispecific antibodies in which VH and
VL domains are expressed on a single polypeptide chain, but using a linker that is too
short to allow for pairing between the two dormains on the same chain, thereby forcing
the domains to pair with complementary domains of another chain and creating two

30 antigen binding sites (see e.g., Holliger, P., et al. (19935 Proc. Natl. Acad. Sci. USA
90:6444-6448; Poljak, R. J., et al. (1994) Structure 2:1121-1123).



| sol ated anti body that specifically binds B7-4 is substantially free of
anti bodies that specifically bind antigens other than B7-4). Mreover, an

i sol at ed antwdegussmy be substantially free of other cel |pgrarsosrzsiseri al
and/ or chem cals. There is a known and definite correspondence between the

amno acid sequence 10 of a particular prgtein and the nucl eotide
sequences that can code for the protein, as defined by the genetic code
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AAT 20 Asparti Guc?ﬁhﬂnﬁ@ﬁhem@ m@%@le&ﬁﬁud&s‘éfo?ﬂﬁ din edre F&gion thalake a

G utam c aC|d(GIu E) GAA, GAG d utam ne ( CAA, CAG @ ycine (Qy,

O GGA GGC,5 GagameisscEyanalpoyle Kiprivapey, $ MH?' qéA(d?9 manstibediesand(| | e, 1)
T T SRR G0 e Sl S e pl LB A=
Proline (Pro, blyﬂ@@dm&ﬁ@to foaks bitAlent ard blbﬁn)(lﬁed scF&)molédiiles Kipriydrod, S.M Gt
Tyrosine (Tyr . AfISPALHok Jomil; 15t ATIPSEN yncbady remicHscoveh sciep P2 4557
PCT/ 1 JS00/ 2334 fragméis, can be prepared from whole antibodies using conventional techniques, such
10 as papain or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and immunoadhesion molecules can be obtained using standard
recombinant DNA techniques, as described herein.
Antibodies may be polyclonal or monoclonal; xenogeneic, allogeneic, or
syngeneic; or modified forms thereof, e.g. humanized, chimeric, etc. Preferably,
15 antibodies of the invention bind specifically or substantially specifically to B7-4
molecules. The terms "monoclonal antibodies" and "monoclonal antibody
composition", as used herein, refer to a population of antibody molecules that contain
only one species of an antigen binding site capable of immunoreacting with a particular
epitope of an antigen, whereas the term "polyclonal antibodies" and "polyclonal
20 antibody composition” refer to a population of antibody molecules that contain multiple
species of antigen binding sites capable of interacting with a particular antigen. A
monoclonal antibody composition, typically displays a single binding affinity for a
particular antigen with which it immunoreacts.
The term "humanized antibody", as used herein, is intended to include antibodies
25 made by a non-human cell having variable and constant regions which have been altered
to more closely resemble antibodies that would be made by a human cell. For example,
by altering the non-human antibody amino acid sequence to incorporate amino acids
found in human germline immunoglobulin sequences. The humanized antibodies of the
invention may include amino acid residues not encoded by human germline
30 immunoglobulin sequences (e.g., mutations introduced by random or site-specific

mutagenesis in vitro or by somatic mutation in vivo), for example in the CDRs. The



Term nation signal (end) TAA, TAG TGA An inportant and well known feature
of the genetic code is its redundancy, whereby, for nost of the am no

aci ds useQydayi@&e proteins, nore than one coding nucl egg*?,?mt,zrﬁ‘gl et 5 may
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nucl eoti de sequences that can encode B7-4 or PD-] protein can be deduced

fromthe gensibstantiallydreewfpiber ceulapmaterial and/erchemicalsdancy, will produce
mul tiple nucleic peld: Bdhésind&ite BEAWREN e afhindSidides Thus,
20 description an oérjlsgichgﬁggﬁ% g?el n %H a B7-4 or PDIl nucl egﬁ]%lee
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di scl osure of, the.am no _aci d.segue encoded t.he, nucl eqt.i sequence.
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sequence her ebriespdidence borveen the ndéledtide sequence of a partiveler mhekixraciiimeieculeand/ or

di scl osure of all possihble nucleot] equepces.,th an enco the am no
acid 25 seqﬁ'ém?%?mﬂ."aF’édF‘&FE‘EPW&ﬁX%&?‘&P%?‘é‘LWP “F’r?sg?é‘egﬁﬁglﬁ ment ,
modul ati ng aggﬂg{igc&g_r use in the clainmed nmethods conprise isolated nucleic
acid nol ecul és that encode B7-4 or PD-1 proteins or biologically active 30
portions ¥hereof. Nucleic acid fragnents sufficient for use as

hybri di zati oggpirebeeps 0 i dentify B7-4 or PD-1-encoding nucleic acids (e.g.,
B7-4 or PD-i APRNAQ (?gacéi M agments WO Q111455 -PCLLUS00/ 23347 -25 for use

as PCR pri mefs 1or anpli fication, of mitation of ql%éz}: ?r PD-1 nucleic
acid ol ecuPEE™4% ‘%’fgsolggrovi ded. A&GAuézgcg &Pei S 1958 t6F m "nucl ei ¢ acid

nol ecul e" i sAsparagine (Asn, N) ARC,

20 Aspartic acid (Asp, D) GAC, GAT
Cysteine (Cys, C) TGC, TGT
Glutamic acid (Glu, E) GAA, GAG
Glutamine (Gln, Q). CAA, CAG _
Glycine (Gly, G) GGA, GGC, GGG, GGT

25 Histidine (His, H) CAC, CAT
Isoleucine (Ile, I) ATA, ATC, ATT
Leucine (Leu, L) CTA, CTC, CTG, CTT, TTA, TTG
Lysine (Lys, K) AAA, ARG
Methionine (Met, M) ' ATG

30 . Phenylalanine (Phe, F) TTC, TTT
Proline (Pro, P) cca, CcCcc, CCG, CCT
Serine (Ser, S) AGC, AGT, TCA, TCC, TCG, TCT
Threonine (Thr, T) ACA, ACC, ACG, ACT
Tryptophan (Trp, W) TGG

35 Tyrosine (Tyr, Y) TAC, TAT

Valine (Val, V) GTA, GTC, GTG, GTT



I ntended to include DNA nol ecules (e.g., cDNA or genom c DNA) and RNA

nol ecules (e.g., nNRNA) and anal ogs of the DNA or RNA generated using

nucl eoti de agghPedssy The 5 nucleic acid nol ecul e can be si nggpsshaspted or
doubl e- stranded, but preferably is double-stranded DNA. An "isol at ed”
nucleic acid nolecule is one which is sepagpgted fromother nucleic acid

nol ecul es which are present in the natural source of the nucleic acid
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techni ques, or sgqueneasmaneffigiently thawthey flo othens). Mdprepyascepcasiomaliyra methylated
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B7-4 or PD-1 nucl eotide sequences, may be linked to vector sequences). In
certain prefer oFGEReBing AMo agkl-+ i 5ol at ed” nucl eic aci d ol ecul e, such 25
as a CDNA nol ecul e, piig® offhé HiRgdihe TelucRbi®S seiints'bfd DNRALRRNA moldeugver

it is not necessary for the B7-4 or PD-1 nucleic acid nolecule to be free
of other cell ulcadingfaraB7z4 or RI3-1inelypeptide 9 thednventien (or awy pqréomgthereef) pan b or

PD-1 DNA nolec far . an I Al | a
bacteri al c?afl LHs’\lxgdu ggﬁﬁ?gggogomgli e?lgc?g?g’g@gh@q’%ﬁ?gguéy%%ﬁtg%ﬂ%§7
PCTAJSOQ 23347 the DN A/r RINA miolecale iito aw hrainn laeid séquietie. [Lilesdsy, for ameBV4@a PDe. g. ,
a nucleic acid rml.ecul.g havi ng t he nucl eqti de sequence of SE 1, 3,
10, or 11 or a \F5HPY 85ld pequrnsss comespondigg nuclentide sequpnges, %‘faﬁr‘?ﬂ%ﬂga ol ¥cul ar

~bi ol ogy techni @Ees prRdn tdhbeRAMR GOm thE HéndBd £dAB (WRICR,\WeBte HEsTEdundimey,
exanmpl e, using all or portion of the nucleic acid sequence of SEQ
will produce multiple nucleic acid sequences for any given amino acid sequence). Thus,

20  description and/or disclosure herein of a B7-4 or PD-1 nucleotide sequence should be
considered to also include description and/or disclosure of the amino acid sequence
encoded by the nucleotide sequence. Similarly, description and/or disclosure of a B7-4
or PD-1 amino acid sequence herein should be considered to also include description
and/or disclosure of all possible nucleotide sequences that can encode the amino acid

25 sequence.

I1. Isolated Nucleic Acid Molecules

In one embodiment, modulating agents for use in the claimed methods comprise
isolated nucleic acid molecules that encode B7-4 or PD-1 proteins or biologically active
30 portions thereof. Nucleic acid fragments sufficient for use as hybridization probes to
identify B7-4 or PD-1-encoding nucleic acids (e.g., B7-4 or PD-1 mRNA) and fragments



51D NG1, 3, 10, or 11, as a hybridization probe, B7-4 or PD-1 nucleic
acid nol ecules can be isolated using standard hybridi zati on and cl oni ng

t echni quesy@eidss7 as described in Sanbrook, J. et al. bergSs3347C oning: A
Laboratory Manual. 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring

Har bor Laboratory Press, Cold Spring Hakgar, NY, 1989). 10 Mreover, a
nucl ei ¢ acid nol ecul e enconpassing all or a portion of SEQID NGO 1, 3, 10,
or 11 can beg t I

Syt het 0. of 5 S RE: it for B FRRERRnTh Ao RBER AN TR B ¢ g
ID NO 1, 3, molkbylesare alko proeiipd:cAs uset hereih, thetdrm "nucleit deid moldeele!’ isvent i on can

be arrpllfled usi.n 5 alt tivel as.a

tenpl at e and‘“&ﬁﬂ?‘gtﬁr’% W@Hﬁﬁﬁ%ﬁ@tg xfiﬁ‘ggi"ﬁ%“r“g lﬂgﬁégﬁq%ﬁmn‘&%ard PCR
anplificatiogd qﬂmhgmmaﬂsgeoﬂy&bmcom& gerADisirp riblestai? anBgs | THeed into
an appropriate vector and characterized by DNA sequence anal ysis.

Fur t her noie, m!ﬂlmgmmmlﬁ gansbesing %@;{?@Mﬂé@@eﬂm‘lﬂ)bﬂm@ lyds eot i de
sequences ca oubpeiui%ﬁ by standard synthetic techniques, e.g., using an
aut onmat ed esi zer 20 In a preferred enbodi nent, an isolated

nucl eic acid rml eAn l'isolated "t iveleicracidmhodlenule is onPwhick s sbﬁmatem&bmmtﬁednudaquence
shown in SEQ I.D

or I n anot her preferred di
i sol at ed nuc?"é‘?Em!SE‘iJ‘]Bszb‘FéﬁrﬁPEpSW“i% na cﬂ% ﬁ°§8‘§“éf3?ﬁ’fge}£°é acid

mol ecul e whi ghnipke amﬁ%ga} noffc HRA, the terM0tdotifed” ﬁ@ﬂmemam\rm in SEQ I D
NO 1, 3, 10, or 11, portion of an é of these nucleotide 25 sequences. A

nucl ei ¢ d®i dmnbp-éewbwb\m@war gine with mwhich the gegemisdDNAdsience
shown in SE '?‘ﬁ? l;rgli , [

conpl enment a??fl S&larfgdcl eot'l g‘é’ 3;sﬂélc']suolleaz%‘{ea S I%@ﬁg%arllﬁ OZ%EHI %%m%a%gceslo or
11, respect i whick patatatijy flailathe huclexaamdmpbculdl(zzee, sequendes locabﬂetrhe a'eandéQUence
shown in SEQ ID or I vel her for ng a
stabl e dupl S?Pdsﬂ%f}@ﬁlgg?&b&ﬂ h’f?’ﬂ”ﬁk‘g‘té ﬁfé}m %f erred
enbodi ment, aid ndRt@E erbefived. moaemipde itib@i@ué EmBdithdifs, theitdted B7-#\ent i on
conprises a nucleotide sequence which is at |east ahout 50% iﬁo/gSkbo%

65% 70%157585- lgpwleionsil molege @ eoniaindgss thapabent Akhotkigtibs 2t
nucl eot i de _SG0PR6 8 deidide kb VN furkify ik Rk sBUThABAR Seauence)

shown in SEQ 5 I D NG 1, or a portion of any of these
nucl eot i de smmumBEA dﬂﬂm@ﬂ@om which ﬂmml@ﬁle aadn%ﬂmﬂbd‘dﬂ@‘@t athe invention

can conpris e"l?O'iatgd' ugl(%{ctaicfa%olecule, such as a cDNA molecule, can be substantially free of

other cellular material, or culture medium when produced by recombinant techniques, or

20 substantially free of chemical precursors or other chemicals when chemically
synthesized. An "isolated" B7-4 or PD-1 nucleic acid molecule may, however, be linked
to other nucleotide sequences that do not normally flank the B7-4 or PD-1 sequences in
genomic DNA (e.g., the B7-4 or PD-1 nucleotide sequences may be linked to vector
sequences). In certain preferred embodiments, an "isolated" nucleic acid molecule, such

25 as acDNA molecule, also may be free of other cellular material. However, it is not
necessary for the B7-4 or PD-1 nucleic acid molecule to be free of other cellular material
to be considered "isolated" (e.g., a B7-4 or PD-1 DNA molecule separated from other
mammalian DNA and inserted into a bacterial cell would still be considered to be

"isolated").



of the nucleic acid sequence of SEQ ID NO 1, 3, 10, or 11, for exanple a
fragnment which can be used as a probe or prinmer or a fragnent encodi ng a
bi ol ogi cal | \w@gfie portion of a B7-4 or PD-1 protein. Theeyissehenkt de
sequence determned fromthe 10 cloning of the.B7-4 or PD-I genes all ows
for the generation of probes and priners _ggsigned for use in identifying
and/or cloning other B7-4 or PD-i famly nenbers, as well as B7-4 or PD-1
fam |y honol ogues fro h | T prLi per | ri ses
2 Subst ant al Ty pur PRIGBREREIARERHES i piisdit BEIR, O o nidl A8 bUIEREP) |

(1:grrpr i Zets ~a rebaving ﬂil‘e mulfbmgtséderiamfﬂﬁ%m NOat, Sthlbi' b} %&@;owggﬂhemg%bmgent
conditions to.at |east abqu o} referably ou 0 . nore
pref er abl y abo&’F lsogaefd using sm,garés}cfﬂ&efar és!oggéﬁ%syewd sgqR gtion
nucl eoti des of . OF

Pﬁv?@e@%ﬁe’ﬁ?% i, usibgall bﬂ)&@)ﬂ-?f tg% t(lgﬂcl%l:l)c EUll\ldo Qe%nex%é oﬁ%l,iéor

natural ly occu ng allelic varrant of nutant o
11. In an exXenpPaNQ:1ehil@denid nas,a hybridizatisngprehs, B7+#uir D41 nucldic adidmojecelsent

i nventi on conpr.i ses. cl.eotid equence whi,ch iLs at |east 350, 400,..450,
500 20 550, 66U beisEaled 8 St V3RS on' P Theie BpiofiBs ey 2 fgrerbec it
hybri di zes undSambidok/\Dedl. MblebilirATIdRnE 0 A Kndbrkitéry Midnubio 2, 8d) CC 61 Speifig d

nol ecul e of SES(I D NO 1, 3, 10, or 11. In another enbodi ment, a second

nucl ei ¢ aci d nmélaEeani@beraigsyi Gold Spring Rarker Labgrsfory Brsss. ColsiSpringdlarmsNYg00, or
1000 contiguouggggycl eotides of SEQ ID NG1, 3, 10, or 11. In one

enbodi nent, a nucl’eic acid nol ecule of the invention, e.g., for use as a 25 -
probe, doeslthot i ncMamieovete npdeit acid mplecgle@ncampassidg 4ll arma poictoont of (BEE} ¥t | des

815 to about ) EQ.LD NO .1 .or .about nucl eotj des 320 56 of SEQ ID
NO 1. In anot ﬁgl’gr‘rﬂ@b‘??r}é ﬁ?“!\jggalsﬂﬁtgﬁlg?'@'eé’c?&&’%F 8‘6”6’? Eea%?‘mt(%@l{f%t i on does
not include t heynthéictoligom@ieofdePrinhers\esigntd based vl theseqhént bfiSBQ IDNG:9, Rbout

734, or from a?out nucl eoti des 835 to about 860, or from about nucl eoti des
1085 to about 190 ldrrepRegYely about nucl eoti des 1286 to about 1536 of SEQ

D NO 3. VIO 01/ 1455% Rebid4sRidsAR3tvention Barl B £XHEHRGR GRTA, mRNAUG €1 € aci d

nol ecul e of the invention conprises at |east “about 500 contiguous
nucl eot i des!of alSEGtivelyngriomi¢ DNRCeS a¥emplag: andrappropriaté eligoticledido pdineent , a

nucl eic acid o) i~aventi-on. rises .at | east about 0, at

| east about 70 ,C%g(i%&eoasgaf"%%ggu @%{ﬁgéﬁonﬁe‘éﬂé .qua%o’ﬂie ngglﬁlcgfﬁé? aingggfd BBout
950 conti guous bécloned inat anchppropfiatSiégtdrandicharictérized bp DN AlQGEncOiraly3isous

nucl eoti des of _S I D .3. .l n. anot her (él[_r;lbodbgent a_ nucl ei.c acid nol ecul e
of the inventi Sw%%waﬁ gligonygleqtides gorresponding 1o, 834 PPsLppcielifesanences en SEQ
ID NG 3 . be prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer.

-

20 In a preferred embodiment, an isolated nucleic acid molecule of the invention
comprises the nucleotide sequence shown in SEQ ID NO:1, 3, 10, or 11.

In another preferred embodiment, an isolated nucleic acid molecule of the
invention comprises a nucleic acid molecule which is a complement of the nucleotide
sequence shown in SEQ ID NO:1, 3, 10, or 11, or a portion of any of these nucleotide

25 sequences. A nucleic acid molecule which is complementary to the nucleotide sequence
shown in SEQ ID NO:1, 3, 10, or 11, is one which is sufficiently complementary to the
nucleotide sequence shown in SEQ ID NO:1, 3, 10, or 11, respectively, such that it can
hybridize to the nucleotide sequence shown in SEQ ID NO:1, 3, 10, or 11, respectively,
thereby forming a stable duplex.



Preferably, an isolated nucleic acid nolecule of the invention conprises at
| east a portion of the coding region of SEQID NGO 1 (shown in nucleotides
59-793) orwbhiadsey 10 NO 3 (shown in nucl eotides 53-922)pcthizemssirher

enbodi ment, a B7-4 nucleic acid nol ecule conprises from about nucleotide 1

to about nucl eotide 319 of SEQ ID NGO 1..212n anot her enbodi ment, a B7-4

nucl ei ¢ acid nol ecul e conpri ses from about nucl eotide 855 to about

nucl eoti de 968 of h?‘ﬁ@in@th@@r%fenje&'eﬁﬂ&ﬁﬁé‘ﬂt, ST R eic chBZ\bl%cﬁlHGfﬁéC aci d

nol ecul e conprises from about nucl eoti de to about_ nucl eoti de 314 of SEQ .
| D 15 NO 3. |mesamwresnore¢mmsmucleaua7seqnmﬂ;wbmh iscat ieastmbolééa%eS%npru ses
from about 5 128 I n

anot her enbogsllbr#’éﬁs%’ ?P%/B% %ﬁoé'égge%’cgow éﬁn%q}g (e’recgrlﬁ?rll Ic:ie%s&’:‘%r'om about

nucl eoti de 13wblebtideabiichce (8@l ewthe dntiré ngth oﬁtheSﬁertmeNa;&ncd) shoWriaSEQ
enbodi nents, a nucleic aC| d nol ecul e of the invention has at |east 70% 20

i dentity, sorPNPdsd syl Woalpemwl‘)fyny fAersepesieoNge EapFnerer abl y 90%

identity with a

| Gast about 600, NETEEE pleE BN Eonfe FRke iivdilon Bin coffbike S kborl: B
900 or at Ie&f&heahduka&ﬁesqlﬁﬁc&ofgsmmml,eouwasll dfor &afiplel fdgmenor SEQ | D
NG 3. Probes based on the B7-4 or PD-1 nucl eotide sequences can be used to

det ect 25 t riddeean be ysedas g@mmoep%@erwsﬁé@smeﬁ@e?ﬂw 3 bielogigally astivéonol ogous
proteins Ridh/ofh B9Y &'ﬁi?iibfﬂ?ﬂﬂs’ll'héb 1eBfiRE Jéd&é%h‘?é’ onstae @ | abel
group attachepg ereto, e. group can a radi ol sotope, a

fl uoresce® mmmnfme&w enEDﬁEgencﬂrallawsmzlwaGneremﬁ#@mhes ar® primess obes can

(i ssues wni crienpidiy e b AARRE fpd G3opiig o BT GO Bty Bfids o,

|l evel of a 3Gavdﬁ7aslB70for@-lfﬁﬂﬁﬂlﬁhnﬁtﬂogwsﬁahﬁﬂﬁﬁspécmﬂ Phegrotlpingt cells from
a subject e.g., detecting WO 01/.14557 PCT1USOQ/ 23347 -29 B7-4 or PD-i nRNA
level s or dett¥pisallyicagpriges e mehstagtiglly pywified eligonucieotide, Ih"g%'fﬂé?“Wé%"“d‘been mut at ed
or del eted. Ml&ﬁlk%bﬁpﬁébgrégﬁmﬂéle&m%u%eah th&ﬂ#d?&’s%ﬂ&e‘r!tnﬂ%éﬂt ve portion
of a B7-4 or rotein” can be prepared by isolating a por i on of the
nucl eot i &S séqmbh% to#t lestabont 2 qydS; pretsrablygbow; 2001 2541nerR peefraile

pol ypepti de \Y al

Dot Vi T es. of 0 1 dst0, 35,30, B ok 17t el Bhes i Yerkd %ﬁﬁ§*‘°%€§% essi ng

the encoded IDMNGO:@N3,00, bhel,Br oﬂa naturially decprring ellelic(varignt or mntaneefSRY Mant

expression i n VI t ro and assessi ng1 the activity of the encoded portion of
t he B7-4 or 0, or 11. In an exemplary embodiment, a nucleic acid molecule of the

present invention comprises a nucleotide sequence which is at least 350, 400, 450, 500,
20 . 550, 600, 650, 700, 750, or 800 nucleotides in length and hybridizes under stringent
hybridization conditions to a. nucleic acid molecule of SEQ ID NO:1, 3, 10, or 11.
In another embodiment, a second nucleic acid molecule comprises at least about
500, 600, 700, 800, 900, or lOOO contiguous nucleotides of SEQ ID NO:1, 3, 10, or 11.
In one embodiment, a nucleic acid molecule of the invention, e.g., for use as a
25 probe, does not include the portion of SEQ ID NO:1 from about nucleotides 815 to
* about 850 of SEQ ID NO:1 or about nucleotides 320 to 856 of SEQ ID NO:1. In
another embodiment, a nucleic acid molecule of the invention does not include the
portion of SEQ ID NO:3 from about nucleotides 314 to about 734, or from about
nucleotides 835 to about 866, or from about nucleotides 1085 to about 1104 or from
30 about nucleotides 1286 to about 1536 of SEQ ID NO:3.



1 protein. 10 Nucleic acid nolecules that differ fromSEQ ID NO i, 3, 10,
or 11 due to degeneracy of the genetic code, and thus encode the sane B7-4
or PD-1 protwhmyagst hat encoded by SEQ ID NO 1, .3, 10, orpcrhisomsar
enconpassed by the invention. Accordingly, in another enbodinent, an

i sol ated nucleic acid nolecule of the inveggdion has a nucleotide sequence
encodi ng a protein having an am no acid sequence shown in SEQ 15 ID NG 2,

4, or 12. In anothe ' I t cleal C. aci C t he
i nvention has a nuaneo ig@o@% r?glgc %ﬁ%(%@i'ﬁégie%% '3_?&%&' %s‘g#ge%nl&gf n
addi tion to thabbk-500 csntighbus nacledtides ofISEQ ¢ INT eSSEQIIMNGA. HrfpleordD 1, 3,

10, or 11 it shoyl ¢ be appreci ated by thgose skilled ipn the art th DNA

sequence pol yﬁB’E’B&P&eﬁ%a_{‘ clfic pad roles r?gﬂﬁ_é%"ﬁﬂﬂmt wm%%eﬁ%og@heﬂces of
the B7-4or PD- leadCabBhitCf08] BSledR¥bdRk 86U, at'feisPhbbufodtut Rhdt @Bout 95@ contighsushuman
popul ation). Such genetic polynorphismin the B7-4 or PD-I genes may exi st

among i ndi viYduancleqtidesipFSEQ IDBICUL ar about OO contiguaua nugleotidasof SEQUBINQBi on. As

used herein, 't ygene” and, ."reconbi nan ene"..refer to nucleic acid
ol ecul es. wii o e BoSiRE, 8 R5eics A SRR L Sk emcncleiorid o
protein, prefenbhity560 sreifsthudéotidés ¢f SEQ BINO:protein, and 25 can further

i ncl ude non-codi ng requl atory sequences, .and introns, Such natural allelic

variations include ‘Ha‘?lb_r"i't‘,‘t“’f%%ﬂ n‘&f‘?éf’ ‘H’B’rﬂ‘f’]ﬁﬁﬂ? pf{)thginvgytiqg cgmppss gt lsastaei ns
and can typi Cabtion'of fiélchdihPrelion ér'SEQ BN6:1 @h&uﬂﬁn'ﬁﬁ&lk&ﬁeé 95769 %ﬂ%ﬁ;f a

B7-4 or PD-1 gene. Such nucle€otide variations and resulting am no aci
pol ynor phi sk INO:Bfshawp in mpleptidesci3e??2).h In anpther embodiment) a B3# nugleigragid al | el i ¢

i at i d . al ' L 30 L VI 3
o 1 prot ern ar@iral SeBfsd dpLarllcliople, PR wPhid 1t EpRIR NG
0 1{] 1453 ; ZCTI Ugiﬁilioﬂfﬁa éﬁlbodiﬁentl\bneamleimtﬂ Iﬁé]&mlﬁé_:doﬁmﬁﬁéﬁdﬂl eswle ﬂﬁ?@gae

t her - or am ers us | C ave a nucl eoti de
geq uence whi ch 8% forabput #@Hﬁﬁ,ﬁsgﬁ@p %1 1I“fa&HﬁhF5le§@§B"é\‘r@e%7'6 fucleey | p

NO 1, 3, 10, Ofacill moMcllel comBRss droPabdat Micleblide 1 BabaGHMBleOide! 318 of SBYAPT | ON.
For exanpl e, another B7-4 or PD-1 cDNA can be identified based on'the 5

nucl eoti de LeqNQidelngmothgrembogiment s BPhnncleic nejd molesnle camptisss froavsbgut
c! eo fiee it o : e
o e ey o atupgidEdsSlbobtaubicBied BesSr SEGTH VA3 ThElin AR nenh 4B "1

sequences of SHEQutlEichcid mol&:ule chihprises fidin abioat rleetidee153Sao hisounhididotidé hss2scope

of the inventio anpl e, a nouse B7-4 or PD-1 cDNA can be identified
based on the nﬁgFléggba\gig'equence of a human B7-

In other embodiments, a nucleic acid molecule of the invention has at least 70%

20  identity, more preferably 80% identity, and even more preferably 90% identity with a
nucleic acid molecule comprising: at least about 500, at least about 600, at least about
700, atleast about 800, at least about 900 or at least about 1000 contiguous nucleotides
of SEQ ID NO:1 or SEQ ID NO:3. _

Probes based on the B7-4 or PD-1 nucleotide sequences can be used to detect

25 transcripts or genomic sequences encoding the same or homologous proteins. In
preferred embodiments, the probe further comprises a label group attached thereto, e.g.,
the label group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme
co-factor. Such probes can be used as a part of a diagnostic test kit for identifying cells
or tissues which misexpress a B7-4 or PD-1 protein, such as by measuring a level of a

30 B7-4 or PD-1-encoding nucleic acid in a sample of cells from a subject e.g., detecting



10 4 or PD-1 nolecule. Nucleic acid nol ecul es corresponding to natural
allelic variants and honol ogues of the B7-4 or PD-1 cDNAs of the invention
can be i sowateegsssased on their honology to the B7-4 or defaisomnssdei c aci ds
di scl osed herein using the cDNAs disclosed herein, or a portion thereof,
as a hybridization probe according to stzndard hybridizati on techni ques. 15
For exanple, a B7-4 or PD-1 DNA can be isolated froma hunman genom ¢ DNA

library usi ry-2bi PN RRNA 18RISYr de¥efehihing MRether Bgenbfhic BT-4 biPBSI dne has
hybri di zati on probe and standard hybri. 5| zatlon techniques (e.g., as

described in t@emmntatsd or deletedt al . Mol ecular O oning: A Laboratory Manual .

2nd, ed., Cold Spryn Harb Lab " Har.bor 89)
l\/breover, a nucl e '%&efcaa A ae%ﬁngel%ﬂ@g% %cloloﬁl gﬁc{}g?po %Iboqﬁ%wé?fﬂé B7 4
20 or PD-1 geanso®in chitbd preparddls) ikolatinga ppﬁionmm&ﬁcle&ﬁe@eq@ﬁsadfmqm ng
ollgonucleotl prlners de5|gned based upon. the sequence of. SEQ NO ], 3,

10, or 11.35FQ¥O éx%.rhgvg 1 winglencedes g polypeptide having Ry-¢or PD- k'@olgslcalby t he
guani di ni um tg ‘9@ g@%&gﬁ&ng&g&ﬁégmww&lﬁmgkm 418 WbRribdd Hafein){ 1979)

Bi ochem stry 18: cDNA can ared using reverse
transcri pt assxpressgxgthmcod@,poxﬁ_onqf@wéik@mﬂ’laﬁmtcxpt(asebymmbmte 25 from
G bcoBRL, Bethesd

MWV r.ev set cr| e avapka efr
Sei Kagaku AmsRTEson fioie) apd Bty B St B e iR Bore BN B B BT e o
priners for 1R¥hteianplification can be deS| gned based upon the nucl eoti de
sequence shown in ID,NC 1, 3, 10 1 nucl ei ¢ _aci.d nol ecul e of
the invent®on can ﬁ%"?%{ ?ﬂ%"&“‘ﬁ%ﬂ‘ﬂ'gd‘ﬁ?? %FQIQ#@ﬂf%t]pﬁll); dug o oni ¢ DNA,
as a tenpl at %e@é?ﬂra@f’@fﬁ@ééﬂl@c&ié ARhisleRQde 4R sAfle LG FD-2 proddifl b Hlatl O
standard PCR anpliflication techni ques. The nucleic acid so WO 01/ 14557

PCT/ LTSOQ 233n¢oded h)lSBQﬁDﬂ’i(Dé& danortié, &8¢ envomppssedhbyathe ipyentiop: iAscerdingly, or  and
characteri Ze%?ﬁé %ﬁgﬂ&%&c nuc Eél c?f&'ﬁ\'eﬂgulggfﬁe ifeh@aHigh eot | des

correspondi ng sequence can be prepared by
standard sy ntdnelbotaletsapjemapnealmgea g-otemjmmng af amaotaoidesequencd IOwA yMSEQS zer. 5

I n anot he t I sol at ed nucleic ecul e he i nventi on
o ar 1 okst ToGOTGH ob a2 g mEme: iboditeaf i AR RO HE T | i zes
under st ri ngeﬁuenu&ﬂwatnuae&lde@ c}\IO@ceréﬂé‘ddﬂigfhWGrPDll%‘rﬁdeﬁl conprising the
nucl eoti de sequence of  SEQ or 11. In other enbhodi nent t he

nucl ei ¢ acid nol emdémoetathel%%er%l ngleotide gesuenasy shoymgn SEQID NQ4, 3350,
400, 450, 50Q¢ o439t Bulﬁ%Q ﬁ,%&ﬁ@& b,dgase'sﬁmle&n%ban&%t ﬁ%dseé&g rein, the
ent con es

term "hybridizes un stri Itions™ Is I ntend cri be
_ polymorphlsms that lead to changes in the amino acid sequences of the B7-4or PD-1

20 proteins may exist within a population (e.g., the human population). Such genetic
polymorphism in the B7-4 or PD-1 genes may exist among individuals within a
population due to natural allelic variation. As used herein, the terms "gene" and
"recombinant gene" refer to nucleic acid molecules which include an open reading frame
encoding a B7-4 or PD-1 protein, preferably a mammalian B7-4 or PD-1 protein, and

25 can further include non-coding regulatory sequences, and introns. Such natural allelic

~ variations include both functional and non-functional B7-4 or PD-1 proteins and can
typically result in 1-5% variance in the nucleotide seqﬁence of a B7-4 or PD-1 gene.
Such nucleotide variations and resulting amino acid polymorphisms in B7-4 or PD-1
genes that are the result of natural allelic variation and that do not alter the functional

30 activity of a B7-4 or PD-1 protein are intended to be within the scope of the invention.



conditions for hybridization and washi ng under which nucl eoti de sequences
at least 30% 40% 50% or 60% honol ogous to each other typically renmain
hybri di zed t ‘o?ﬁﬁglgm other. Preferably, the conditions are ggisoh/iah7
sequences at [east about 70% nore preferably at |east about 80% even
more preferably at |east about 85% or 90%3k5 honol ogous to each other
typically remain hybridized to each other. Such stringent conditions are

Vol ecul ar B ot ogy. Yoy Pfrigids ABioRRl:dGybgHRe: 1Py CHPR Yl e 11
preferred, nonand, i:lﬁis,twliidl mWeﬁdeséqchmmmmbm-ém-ﬂ ifanidy ar e
hybridi zation in 6X sodium_ chl oride/sodiumcitrate (SSC), at about 45C,

fol l oned by ongayrcsseiSER T NO:1,3, 40,91 (1 ovs 1ziepded o bo pvitpin the scape qfike
Preferably, anjjadl ¢dr g&aﬁlgﬁ Sn&ﬁér%?@&ﬁﬂﬂ'l DN Ldi%e laeaﬁﬁéu taesu a;mg

hybri di zes under stringent conditions to the sequence of SEQ | 3,
10, or 11 cdrrasqmmde sequenceofhumati Bi-4oc EDrY i Mprenyet, euqielaamdmdﬂculsml e As

used herein, fur, - urr eic acid Iecule refers to an RNA
o7 CONA 1ol oour SRR -4 S B i erald festint sBeRleS. SR BB R 0D
encodes a 25 ngiidléctide BéqRbReWhich! différs Soin tReB7-@ dr PD- Beegflerkes SSEQ IDINICER ), de

sequences shown in SEQID NO 1, 3,. 10, and 11, it should be appreciated by
those skilled if offidarintepdegito bppxithindhs soppeof ;sbﬁlpmﬂneﬂ.mexmale 3 WQESEt o

m nor changes t 1}&%5 o Bhadt PD- 1
may exist with Pzia&g)c])jgl)xggﬁ?*o&riﬂ %§ eﬁ gedr}%fﬂlﬁpcdncjthe ynorp ﬁ%ﬁﬁcﬁ a Br/- ZIP%Z PD- 1
gene may exilst 4anBbgl maldewle.dual s within a popul ati on 30 due to natural

allelic variation. h nat.ur llelic. wvariat.i nt esult in
5% tevart ance 1 TGS ARH Hisfrens elsbonclifisp BBl Bia Vool AR notholsERiy,

vari ations andoithe B¥/41stFIr1 CONASDE e 12 ftion cad be isoldtdd babl dithé¢iPh@fidl6gy to
pol ymor phisms in a B7-4 or PD-1 that are the result of natural = allelic

variation and ths&/-4er Fivl nyrleicacidp disclgsediersiysingthe ¢ s disclgsed herei, pr pp. 1
pol ypepti de ar gopibh tHeReof Q@ a A§RREzRbn fntﬁﬁe h&ﬁﬂﬁé 18 @tanﬁa{?d gt diZ280n {ePhniques

natural ly-occurring al lelic variants of B7-4 or sequences t hat 5 may
exi st in thé pbBpuaxamplena BiHcor PB-1 DR cantbe dsatated ﬂ'dmabummgemmeNAahbeawhat

o o of Sho | RELS: ARGSERTINOT Rl 1158 mRbERoh s B8 Rt

am no acid sequpHiezatbn tebmnqm@ wchsmemwm SawibtdeRUL., @bl Mdzagzdr l@omng
functional activity of a B7- PD-1 protein. For exarrp nucl eot1 de

substitutions Hdgaeneery é"“&ﬁﬁ"n?f’daﬁd Lald §E’B’F& HerbenkLabgratoryoGoldSpsng Hatbor,ani no
10 acid resi dugsy, 1545)DR1TEAEr, b Budidl€ adi8 HORRR eRfomplaRidd 2N alportin oFd B4 11-

A "non-

20 or PD-1 gene can be isolated by the polymerase chain reaction using oligonucleotide
primers designed based upon the sequence of SEQ ID NO:1, 3, 10, or 11. For example,
mRNA can be isolated from cells (e.g., by the guanidinium-thiocyanate extraction
procedure of Chirgwin et al. (1979) Biochemistry 18:5294-5299) and cDNA can be
prepared using reverse transcriptase (e.g., Moloney MLV reverse transcriptase, available

25 from Gibco/BRL, Bethesda, MD; or AMYV reverse transcriptase, available from
Seikagaku America, Inc., St. Petersburg, FL). Synthetic oligonucleotide primers for
PCR amplification can be designed based upon the nucleotide sequence shown in SEQ
ID NO:1, 3, 10, or 11. A nucleic acid molecule of the invention can be amplified using
cDNA or, alternatively, genomic DNA, as a template and appropriate oligonucleotide

30 primers according to standard PCR amplification techniques. The nucleic acid so



essential"™ amno acid residue is a residue that can be altered fromthe

w | d-type sequence of a B7-4 nucleic acid nolecule (e.g., the sequence of
SEQ | D NOwW6 0814540, or 11) wthout altering the functi eegusemissdsi ty of a
B7-4 or PD-1 nolecule. Preferably, residues in the extracellular donain of
B7-4 or PD-1 which are found to be requigied for binding.15 of B7-4 to a
receptor or PD-1 to a natural ligand (e.g., identified using an al anine
scanni ng mnut ' t L@&pb are
not altered. %EgﬁgdB%P}QE$ﬁgeacﬂ & Bgfogﬂ{t}’;%&%ggk ue_ééi\%v hi ch ar e *3

non- essent i alanalysis. mehemfom,ehgonadnmmb correspendingtto  B7+door PR mudleotiddent i fi ed”
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of B tami |y SHERTRE S beprepedp it B ediur s 2o nitu et aitipief
resi dues thau)mqudmlzs,onserved Such residues, because they have not been

conserved, are nore |ikely amenable to substitution. Accordingly, another
aspect of % he |nvlmmothﬁ srehodiment, apesm@wbweasmnmwt&m@mwﬁg B7- 4

or PD-1 prot at are not
essenti al fo(ri:é a tzs%‘%ii a@??é&?taélhgugﬂ a%gh4 E’%—% pr oFel ns differ in
am no acid Zﬁompns it the hucleic Sﬁd)riolacul@campdsmg)ﬂae ﬁﬂclgcmtie squenca of8EQDer ent

1374 a1 B el B Phoimens we o g meteebr g B Ser Pt o

a B7-4 or PD10,a501200/25023000850; 4631480, 500, 550, bf)dou:mmoﬁuee norengmr As used
nucl eoti de substltutlons addltlons or deletlons into the nucl eoti de

sequence Yk beweny, the toqm, "hybridiges wnder gfringent conditionsHis ingadedsto desrbeani no aci d
substi tuti ong,, Al a%ﬂv ke HeEd ok encoded
protein. Mt gctnl1 onslstg%(rwgréa%artft%{r?o ucgéc}il I'nt 8%‘\%“%“5‘%%%57 &Té}\FTSOO 23347 -33
SEQ I D NO  130%, 4086, 508, 01 40% homolagelwto eachother typisslly sunin hybridizedtodiackect ed

nmut agenesi s n dj, a nut agen N Pref er rvative am no
acid substi tﬂ&ﬂe n‘gcéagﬁ"h?ﬁ %é’f“a S8 %‘rsgq‘hegﬁes gﬁegéfnﬁo&ﬁ?'?@ﬁ H8*aci d
residues. A ] myma&asvamamm emﬂommwwtkmabdussmar9m%wh| ch the
amno acid residue is re

d h
simlar s}xehemalogousyo gac i° C“é’?“%ﬁ% nh“&‘é%ﬁﬂﬁ b g "?ﬁ/alegt? 2| de

‘chains have bggfitidhs blekabwh fb thbs% sﬁilIEd i mshxwdﬁmnlua%ﬁdﬁ d@rrah@ra@c&wmg :
lysine, arginine, histidine), acidic side chains .g., aspartic acid,

gl utam c aci Molecuhc Bialagycobn Wiley % Sens, HRGi(HB&. 391 3@# fepm@rreéspar agi ne,
gl utam ne, Sﬂmﬁ}% ﬁxmgg(ar&tﬂggen{ ?(Jbﬁﬁi@ﬁon &\ﬁﬁfng h%bri'a&gﬁﬁl ia'6 )([8 Qﬁmfha' ns
a l"al a

(e.g., alanine euc I'soleucine, pro pheny ni ne,

met hi oni ne, thIvHEPRERR citrite (SBO) abdtdhess°c| fiflowhiby\one(of ndre widhe€inl. K,
val i ne, isoleucine and aromatic side chains (e.g., tyrosine,
pheny! al & n8SCt -1%tSHSat 50-687G  Preferably, amrisalated gucleic acid molecule of the

invention that hybridizes under stringent conditions to the sequence of SEQ ID NO:1, 3,

10, or 11 corresponds to a naturally-occurring nucleic acid molecule.
As used hereir;, a "naturally-occurring” nucleic acid molecule refers to an RNA
or DNA molecule having a nucleotide sequence that occurs in nature (e.g., encodes a
25 natural protein). In addition to the B7-4 or PD-1 nucleotide sequences shown in SEQ ID
NO:1, 3, 10, and 11, it should be appreciated by those skilled in the art that DNA
sequence polymorphisms that lead to minor changes in the nucleotide or amino acid
sequences of a B7-4 or PD-1 may exist within a population. Such genetic
polymorphism in a B7-4 or PD-1 gene may exist among individuals within a population
30 due to natural allelic variation. Such natural allelic variations can typically result in 1-2

% variance in the nucleotide sequence of the gene. Such nucleotide variations and



nonessential amno acid residue in a B7-4 or PD-1 is preferably repl aced
with another amno acid residue fromthe sane side chain famly.

Al t er nat i velwg oi/fassgnot her enbodi ment, nutations can be i nipcefiger3sssandom y
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saturation nmutagenesis, and the resultantyanutants can be screened for
their ability to bind to DNA and/or activate transcription, to identify

mut ant s t hat , e
encoded B7-4 orE‘a@glmﬁtmﬁg%%g&h#ﬁ%alﬁalod;%{)(%gs&ég%eco arﬁa}‘%ﬁi n a
host cell andallelie vhriationh amhﬂhtMotult&yhdﬁmétimalrmﬁﬁt}»toﬂam-eoﬁman be

det erm ned usi assays 20 a ilable . in the art for assessing a B7-4 or
PD-1 activity. P%XE"B $9R5 oL18e IVENtOR. { he | nvention pertains to
nucl ei ¢ aci d nol ec%«aadmsmfoqawmy%&rmg afiBiclvaRdl 6 B4 bPBD-ICRRhLE htanges

in amno acid residues that are not esSential for activity. Yet another
aspect of tHRe mayexistiiothepepulations the skilledartisandwitl futther epprediate thet winer ceang@s

di B7-4 t h I
conpr i 5ing at PRLhs adyeed By HBpR e R abeieeh £ P SEQ NG
prot ei n, - pol Ypepi 1, derdtly 1648 't&la.ang&%a&ea\ﬁﬁwa&amas&,csefﬁewoae& protk, €ot i de
sequence encodi ng ‘a non- PD-1 protein, polypeptide or peptide,
can be prepar ewlﬂmgutahﬁmgahecfunamnattacumytoW4beHhﬂlquem Foafple] 557
PCT/ USOQ 23347 d .enbodi . t b
nssayed 1or 1 ruclaprie iRl a5 FRi 4P st SR £ por FeereBL RS at f on

of, e.g., i10 ssumjfbkieuésaﬁdy)betmemmblsé@ka&eldﬂssqanmon sffoged O A twpat i on of
activated i mmune cells; 2)_bind to an_anti-B7 fam!| ant i

B7- 4- ant i body; €s§¢ial amino dsidwesidus i5 2 Fesidye shat P%@!tsw%&ynbthe BildAyReseguence
PD-1). 5 1n a waﬁémﬁ ex@ ag‘} ﬁ(egofsﬂté gﬁen&%fks mhebrl §agh, Dﬁﬁassayed

for the ability to: atlono g..’1n solubl e
form the prol withmaaltmgahﬁcﬁxmtloaﬂfaenmyrof afBilv¢ ox Hh—loilolemda \Patferabiynresidees

cel l 2) bind._t PD-1 a od a

CFoand(e) of P e 8grBithla: B 3R A3ROD- T RAcR ape ool 18 e uited P hBRRIE ) o
encodi ng B154 6fBPPtd a fecepterion PDIDtodamaralREnd(2@Y, dentified wirpChn i ¢ aci d
nol ecul es which are antisense thereto can be_used as nodul atin ents. An

"anti sense” nuUEPEIES BUREEICHA TR oot reeoRnized syeTiRgRSERY) mnehaqtese
conpl enent ary {£Q gy-4 ffBlefles, BRémhpiary réfduls %ﬂféﬂ%%n-%ss@ﬁﬁ&l &hd) theefSre;

conpl enentary to the codi ng strand of a doubl e-stranded cDNA nol ecul e or
amenable to substitution, can be identified by one of ordinary skill in the art by

performing an amino acid alignment of B7 family members (or of B7-4 family
20 members) and determining residues that are not conserved. Such residues, because they
have not been conserved, are more likely amenable to substitution.

Accordingly, another aspect of the invention pertains to nucleic acid molecules
encoding B7-4 or PD-1 proteins that contain changes in amino acid residues that are not
essential for a B7-4 or PD-1 activity. Such B7-4 or PD-1 proteins differ in amino acid

25 sequence from SEQ ID NO:2, 4, or 12 yet retain an inherent B7-4 activity or, in the case
of PD-1, retain the ability to bind to B7-4. An isolated nucleic acid molecule encoding a
non-natural variant of a B7-4 or PD-1 protein can be created by introducing one or more
nucleotide substitutions, additions or deletions into the nucleotide sequence of SEQ ID
NO:1, 3, 10, or 11 such that one or more amino acid substitutions, additions or

30 deletions are introduced into the encoded protein. Mutations can be introduced into



conplenmentary to an nRNA sequence. Accordingly, an antisense nucleic acid
can 15 hydrogen bond to a sense nucleic acid. The anti sense nucleic acid
can be cogglhgiBgiary to an entire B7-4 or PD-1 coding $icraRphases Only to a
portion thereof. In one enbodi nent, an antisense nucl ei c aci c? nol ecule is
antisense to a "coding region” of the cpding strand of a nucleotide
sequence encoding B7-4 or PD-1 . The term"coding region"” refers to the

4
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20 available in the art for assessing a B7-4 or PD-1 activity.

Accordingly, another aspect of the invention pertains to nucleic acid molecules
encoding B7-4 or PD-1 proteins that contain changes in amino acid residues that are not
essential for activity.

Yet another aspect of the invention pertains to isolated nucleic acid molecules

25 encoding a B7-4 or PD-1 fusion proteins. Such nucleic acid molecules, comprising at
least a first nucleotide sequence encoding a B7-4 or PD-1 protein, polypeptide or peptide
operatively linked to a second nucleotide sequence encoding a non- a B7-4 or PD-1
protein, polypeptide or peptide, can be prepared by standard recombinant DNA
techniques.



N6- i sopent enyl adeni ne, 1-net hyl guani ne, 1-nethylinosine,

2, 2-di met hyl guani ne, 2 15 net hyl adeni ne, 2-net hyl guani ne, 3-nethyl cytosi ne,
5- nmet hyl cyt Gghafasd¥o- adeni-ne, 7- net hyl guani ne, 5-net hyl anpdrgigabBaserir aci |,
5- met hoxyam nomet hyl - 2-t hi ouraci |, beta- D mannosyl queosi ne,

5' - met hoxycar boxynet hyl uracil, 5-methoxyurggil, 2-methylthio-
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nucl eoti de conplenentarity to forma sta 3 e, in WO
01/ 14557 PCI0 Lm%ébb?e, is@3fed mmlarcamd mbleaﬂeanhxclsmaauseusel tberclo &an be used

nol ecul e whi ch binds. .o dypl, ih specific i ractlonsmthe
maj or groove of**{ “]5{5%? ey a“ﬂﬁﬁsgxﬁ‘ﬁ&“gacbq ‘%’m%" gt"d?ﬁ“ﬂ?@?rat i on
of antisense nugliet i cafipldmeRMaS Qb h eSenS" nbkiGic abld @AdddH d préteindegdi r ect
Injection at a tissue site. Alternatively, antisense_nucleic acid nolecules

can be nodifi eomplegentapaih es‘é’IdE’Gtsgﬂ’dc‘lflal @u%!ﬁﬁﬂ%ﬁcla% melesuls ey

system cally. Fg Inﬁo HiahFto ah MR Sl F@t hedrdtiRbhse AEXILiS 48 Ean

nol ecul es can be difiéd such that they specifrcally bind to receptors or
anti gens exp§ edwydgembandseh eansegudiet beid LTliccrntisenes apcleibacid t:anlbieng the

anti sense nucl eic, aci | ecul. es, .t ntib |es
oo ot Face ebinpieRfhiin/™'sf e Sl ofiiP hfie Bfand YroRfitb §hatfRh Hhacdir
can al so be delonkembédiinentC& driseisé ﬂ@léndﬂ&nd ﬁzeleuﬂetmﬁsdieéwal ‘ﬁ@cﬂnélﬁgbhﬂof To

achi eve sufficient [ntracellular concentrations of the _antisense nol ecul es,
vect or const r udb&cadipgstrand ofaficleptidessausace snepding B4 of Pl o A termgcoding ced

under the cont rgliof refRrsth HA1EiBPbS thé mitiedha séqhénc@ﬁ:&ﬁi%s‘?ﬁg @H@nﬁlﬁéﬁa&@ed In
yet another embodi ment, the antisense nucleic acid nol ecul e of the
i nvention 20 translated into amino acid residues. In another embodiment, the antisense nucleic acid

molecule is antisense to a "noncoding region" of the coding stranq of a nucleotide
sequence encoding B7-4 or PD-1 . The term "noncoding region" refers to 5' and 3'
sequences which flank the coding region that are not translated into amino acids (i.e.,
also referred to as 5' and 3' untranslated regions).

25 - Given the coding strand sequences encoding B7-4 or PD-1 disclosed herein,
antisense nucleic acids of the invention can be designed according to the rules of Watson
and Crick base pairing. The antisense nucleic acid molecule can be complementary to
the entire coding region of B7-4 or PD-1 mRNA, but more preferably is an
oligonucleotide which is antisense to only a portion of the coding or noncoding region of

30 B7-4 or PD-1 _mRNA. For example, the antisense oligonucleotide can be
complementary to the region surrounding the translation start site of B7-4 or PD-1



I's an a-anoneric nucleic acid nolecule. An a-anoneric nucleic acid nol ecule
forms 15 specific doubl e-stranded hybrids with conplenentary RNA in which,
contrary twobligssirsual O-units, the strands run parall el pegagapiis@t her
(Gaultier et al. (1987) Nucleic Acids. Res. 15:6625-6641). The antisense
nucl eic acid nolecule can al so conprise. g 2'-0- nethylribonucl eotide (Inoue
et al. (1987) Nucleic Acids Res. 15:6131-6148) or a chineric RNA-DNA
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\le ;2 aL%Nzaeg%l e f?‘ihﬁ{'&?gw %Q/%Yn eﬁgmﬂ stra elgs E‘gtgﬁleg#%nam d pr;gtlfefécul e, such
(e.g., hamekherslinthdatyFaeximsle, Chh'ab@dénéeﬁmbl@fc%ﬂfrﬁol@di& has:lftnséﬂs%%) "

Nat ure 334;585- 25 591)) can_be used to catal ytically c eave B7-4 or PD-1
TRNA t r anstr ioHBenuglgotide ?W chemically %ynihﬁa?ﬁél!ﬁmg@ﬁw@ﬂlymcwnmbogdw A

(1 bozyme haviBosiyfidifiéd tklcbles Sediiied dhorelBule HOGEMUIIALHIPLGRE aci d can
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di scl osed hemwiacules oﬁo,mm ﬂ@phl@mﬂ stahility ©f therdufiléx formed bewemnhe a
derivative of _a Tetr VS .RNA c be .constructe n which the
nucl eot i de 36“‘?8&*&@!’@% 5‘?“ °l"Fé° %céq%t @?%@W%%&%‘ﬁﬂ%‘f?&ms a 't?i“fene

nucl eot i de seggbstifuted nubledtiles tabeaied. 'TExampRe offmodifitDnicicdasaditich sie. See,
e.g., Cech et al. US Patent No..4,987,071; and WO 01/ 14557 PCT/ USO0/ 23347

37 Cech t uped togeneratethe antisgpse nscl&liem#mludﬂ\ﬁtfbwmac#é-pmn@mﬂoi- PD-i mRNA
can be used ciBrobibft -iofio A hylonfHe ! el Bigldd 8. 11 bonucl ease
es. rfel,

activity froma pool D. and Szost ak,
J. W (1993) (@&wymmmmurmSwathbxmmlmbmﬁhﬂn-&umndm5— gene

conp! enent ar gupapied it ae el di e bt Bl A Bsine, | o 7.4
brevent iy 3?5“5??°p?1"d'??°‘deﬁ’t“b’mm‘g‘$?m e Car pet gl g o® thet
gener al | Y13 13 de‘g,“e’ ?}gﬁ%“aﬂ‘i‘ﬁ S W“B?lﬂﬁ%lﬁgthyl@(‘ e“%B’Q -adoning,dr one, C.
Bi oi"ssaﬁg??"eﬁ‘? e o ey eraa eyl 2uhigtrac SHE), |

nucl ei ¢ aci dDraamesylgueosine, Shmethpyysatbexymethsduracib §-reethoxiyuracib dinethylthio- t he
base moi ety, \gy E@?&Jla‘?femne Qﬁacﬂfsg@{i)g@eh‘é aclp?&) :Iogm gﬂ?é@}ﬂ&m? g., the

stability, hybridrzati solu he” nol ecy éxanpl e, the
deoxyri bose pﬁm&pﬁz&t—&mbﬁohhmﬁmﬁhyl%omacil &-thiomedcil, 4vthiaeacile$ can be

20 methyluracil, uracil-5- oxyacetic acid methylester, uracil-5-oxyacetic acid (v), S-methyl-

2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine.
Alternatively, the antisense nucleic acid can be produced biologically using an
expression vector into which a nucleic acid has been subcloned in an antisense
orientation (i.e., RNA transcribed from the inserted nucleic acid is of an antisense

25 orientation to a target nucleic acid of interest, described further in the following
subsection).

The antisense nucleic acid molecules of the invention are typically administered
to a subject or generated in situ such that they hybridize with or bind to cellular mRNA
and/or genomic DNA encoding a B7-4 or PD-1 protein to thereby inhibit expression of

30 the protein, e.g., by inhibiting transcription and/or translation. The hybridization can be

by conventional nucleotide complementarity to form a stable duplex, or, for example, in



nodi fied to generate peptide nucleic acids (see Hyrup, B. and N el sen, P.
E. (1996) 15 Bioorg. Med. Chem 4(1):5-23). As used herein, the terns
"peptide nual@h@i488y ds" or - "PNAs" refer to nucleic aci d pcruseenrsaeg. . DNA
mmcs, in which the deoxyribose phosphate backbone is replaced by a
pseudopepti de backbone and only the four Jgg.ural nucl eobases are retained.
The neutral backbone of PNAs has been shown to allow for specific

hybri di zati on [1id Of 1 INA The 20
Synthesi o of PR caryos h Sndbie AOiek QAR WhiPH bt TATA fuibfed Miolen
pepti de synt hspeciicpntetactjoms $n the nuiins graove df tha dbijbieipelixn AnNxetnpleof & 1QB869f supr a

and Perry-0O Keefe. .et . al. 996) Proc..Natl. Acad. .Sci,. USA 93:14670-675.
PNAs of B7-4 o?‘Lﬁﬁ!_ atﬁ?f’c?fé"g’%seﬁ Romsrioihics %lgcql’egﬁ?gg ifyeation Wél“ﬁ%f“é‘?f utic and
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for exanpl e’ i fdaeerglected cellsand thep administeredhsystemiently o Forexample, fon Bystamit ng
replication. PNAs: - ' ' : used
|t he anal ysi SapRrmih, fobok Bolecullt ontlen@ihth fBh a8 s BRcAl, b

PNA- di r ect ed Pfeieeptora opamiigpns expressed on hiselected cedisirface) .9 by iakingthe autisense used

i n conbinati on wi,.t.h qt he nzynes, . (e.d. 1 pucl egses up and Ni el sen
(1968) 30" supr BYI6i€ sat Belesiis i Peniaet B Hibodiet whigh gt crll ey Torepons br

hybri di zati on é:%ehuo The afidéénseMuBleRA0idmSI8lesTHR AR bE Edlivie®id @Ak Bsiff 1R -
(1996) supra). 01/ 14557 PCT/[ TSOQ 23347 -38 I n another enbodi nent, PNAs

of B7-4 or 18D Yectrpdeseribpddiereine dlo gchieye suffigjentdnirasellularicardentrationppf they or

cel lul ar upt akg). [ ' Ldsl . Qs PNA,

by ¢ he 1 or ot i SRy G AER Alot dRlae b saflh f AbelleLRAfc AETHRRel T,
t echni ques of plresg widén thecoptrbhafiarstrong pdidl arpiol IIFprometen atelpesferA- DNA chi ner as

of B7 54 or PD1 cleic..aci | e es can be .generat ed whi.ch .may .conbi ne
the advant ageous S‘Lﬁa FpfhsEem 0%%83'3%{‘“%‘8%08?}9 equle of : ‘[%ﬂ"“ _

recogni tion  eRzyREsmoniefic fucleiEDAS Moldc@Bd AN R NP BLASE 3did Brfo% hiid ct with
the DNA portion while the PNA portion would provide high |n(§| ng arfinity

and speci f i18i t specifindowippstrandediabaids with copleimattary RNA irgwhich/centsarp fo the

appropriate |engt selected jn ter of has t.acki pg, pu r. of  bonds

bet ween the n u‘ﬁ'@%&%‘gs ,ﬁ‘e Shepds F‘f”e‘h"f‘g{%} @ﬁa‘%—ﬁfﬁffég@“%}'rfﬂ al! Eigé?’)slg%?‘i’ié od5

supra). The syRéhesb6250864PNAHNAtisehie RERR: Rl MBI édn@IFRImBse £L2CT I bed in
Hyrup B. and Nielsen (1996) supra and Finn P. et al. &9 g%h Nucl ei c

Aci ds Res. 24( T#Y@SW%&?@W"@%&%U@W)&N‘B&F iﬂé’i Reschi6Bd-6d¢8xar@si zed on a
salid chimeric RNA-DNA analogue (Inoue ef al. (1987) FEBS Lett. 215:327-330).

20 In still another embodiment, an antisense nucleic acid molecule of the invention
is aribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity
which are capable of cleaving a single-stranded nucleic acid molecule, such as an
mRNA, to which they have a complementary region. Thus, ribozymes (e.g.,
hammerhead ribozymes (described in Haseloff and Gerlach (1988) Narure 334:585-

25 591)) can be used to catalytically cleave B7-4 or PD-1 mRNA transcripts to thereby
inhibit translation of B7-4 or PD-1 mRNA. A ribozyme having specificity for a B7-4 or
PD-1-encoding nucleic acid can be designed based upon the nucleotide sequence of a
B7-4 or PD-1 ¢cDNA disclosed herein (i.e., SEQ ID NO:1, 3, 10, or 11). For example, a
derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide

30 sequence of the active site is complementary to the nucleotide sequence to be cleaved in
a B7-4 or PD-1-encoding mRNA. See, e.g., Cech et al. U.S. Patent No. 4,987,071; and



support using standard phosphoram dite coupling chem stry. Modified

nucl eosi de 15 anal ogs, (e.g., 5 -(4-nethoxytrityl)am no-5'-deoxy-thym di ne
phosphor angyg@ipi/egss7 can be wused as a |inker between the PBafvugaghssde 5° end
of DNA (Mag, M et al. (1989) Nucleic Acid Res. 17:5973-88). PNA nononers
are then coupled in a stepw se manner tozz.produce a chinmeric nolecule with
a 5 PNA segnent and a 3' DNA segnent (Finn P. J. et al. (1996) supra).

Al ternatively | g j it '
segnent and ace§ﬁ Q%? glczfﬁn%:yrtltﬁ(6 ?#’Z?%??;rgﬁﬁa%ﬁ&?éﬁpﬂ?ﬂﬁ%ﬁ A%la?)(g)g‘égagﬁjﬁc I\/Ed._.

Chem Lett. 5o $d®a tatdlyrig RNArhasingarspevifivaibomeci¢ase adtivity ddoingropnet bERINAde may

I ncl ude ot her nded groups uc S _Rept.,d . r ' host
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menbrane (see, e. Quternk@iely, BIS orD-2lgend kPR Wior ¢afl be ilkiBited bfeageting> SCi . USA-
86: 6553-6556; Lemmitre et al. (1987) Proc. Natl. Acad. Sci. USA 84:648-652;
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cross- 1 i nki Ng6p3913%; anldMeRR Y. J. (mghfoe%ymmﬁbms.i on-triggered cleavage

agent). WO 01/14557 PCT/11800/23347 -39 |11, Isolated B7-4 or PD-1
Protei ns 4hd Ant i Imyet anasher pmbpdiment, the B7c4onED-2 aueleir apid moleeples afthe7- 4 or

PD-1 protein L@l oql . | Kt : £Of | as
anti - B 4" or WP tSpistah b8 ot 8 bRAT AL Sup RAED o pROOHE | 3
te_rrbodl ment , rbabkbbme 8 imgprove, e@_}t?e' ;labilityi m&:ﬁ_zatidneoﬁ sobibilite df the owlevele] gonr

i ssue sources rqpriate purificati schenme .usi t andar rotein
purification ex%éﬁ'ﬁﬁﬁ%gﬁ%ﬁe @?P&Pkﬁ'éerbaé 86 Pﬁ’g'ﬁf“,mqﬁ‘??% 8?0?%E§i°aﬂr%5t ei ﬁs are
produced by gk&ifedtb Bardtatd PiPtidemitIdiciatass. (sobHyip) Bl indNieled, ®CBN0HIG N
expression, a B7-4 or PD-1 protein or polypeptide cap be s,ynt,geﬁm zed

cheni cal | ¥5 udtiogreMed Gem 4bbt7-He Asyrsediessia, theftgrmspppiids aueleic AGdT 108, aspect

of the i nvent"gmsp{%féﬁd AR CaciBRAlALE U, BDMNA RimRE il whicRIR didxyritdséf er abl y,
the B7-4 or PD-1 proteins conprise the am no acid sequence encoded lby SEQ

I D NO. 1, 3, pbOspbate backbone isireplaced bys pseudapeptide hackhpreand onlyrthe faupnaturs

compr i ses t ,henexﬁlgé%?%tagefﬂﬁgwgg.qﬁy&%trglfbaé&gné 5 BYA Phas eerPhowi 1o AifbwPbof €7

specific hybridization to DNA and RNA under conditions of low ionic strength. The
20 synthesis of PNA oligomers can be performed using standard solid phase peptide
synthesis protocols as described in Hyrup and Nielsen (1996) supra and Perry-O'Keefe
et al. (1996) Proc. Natl. Acad. Sci. USA 93:14670-675.
PNAs of B7-4 or PD-1 nucleic acid molecules can be used in therapeutic and
diagnostic applications. For example, PNAs can be used as antisense or antigene agents
25 for sequence-specific modulation of gene expression by, for example, inducing
transcription or translation arrest or inhibiting replication. PNAs of B7-4 or PD-1
nucleic acid molecules can also be used in the analysis of single base pair mutations in a
gene, (e.g., by PNA-directed PCR clamping); as 'artificial restriction enzymes' when
used in combination with other enzymes, (e.g., S1 nucleases (Hyrup and Nielsen (1996)
30 supra)); or as probes or primers for DNA sequencing or hybridization (Hyrup B. and
Nielsen (1996) supra; Perry-O'Keefe et al. (1996) supra).



15 at least 50% at |least 60% am no acid identity, nore preferably 70%
amno acid identity, nore preferably 80% and even nore preferably, 90% or
95% ami no aGggejsRefity With: the amino acid sequence showprrnkeEs? D NO 2,
4, or 12. In other enbodi ments, the invention provides isolated portions of
a B7-4 or PD-1 protein. For exanple, B7-4sproteins conprise a signal
sequence, and an IgV domain and 20 an 1gC domain. The signal sequence of
SEQID NG 2 is sho frama ' aci bou ' id.18. The
si gnal sequence of W@E@"ﬁﬁrﬁ%e%%?gﬂpsﬂgﬁoﬁ_%%"ég%atc%"tg_ﬁ\%{nygﬁ%gi 'gr’t%o about
am no acid 18. efluct theirdabiityorakliinQiptdRe)\By dttaching Nipophifi¢ orotherhelper grongso
acid 19 to about _am no _acid 134 and the Igv domai n of SEglID NO 4 1s shown

from about ani A®PN& By ths fermatipnof PNADNA shimerasor by-fheuse gflipesemenortheseg | D

25 NQ 2 |'S ShowasbhioR @OR deBir) encie h oy FordRtIe PRADNE b7l 0Bl ¢ Mo

| gC domain of SEQTD NO 4 is sho rom about am™no acid 135 to about
am no acid 227 .4 ortP®-1 hyaeiopdid miotecules tandfe geheratBi whichwiay combinethenpl i fi ed i n

SEQ I D NO 2 ' h ' f b i no .acid 228
o about _ani no “BeiEress ropkiieB S ENA Gan Fi e SRR e RfioR i A<, 5 4
conprises a tr ansyHPE: .Wﬂi&dﬂhﬂ%a&@n&ﬁ@iﬂt@&ﬂb&d&ﬁiﬁﬁew&ﬁ&ﬁ&lto

about amino acid 259 0 SEQ ID NO 4 and a cytoplasmc domain shown from

about ani no acivhiledr FNA nertion wepidpsovide bigh binding affmity ppd specificityy PNAONAS 7
PCT/ [ 1S00/ 2334 ¢ him . LS ' '. | th and
Its domain str Eglt%e?% clzgsiir?c%v?% u{ﬁ%léli{iﬁagé gfrkg)p %@R%ﬁ%ﬁgﬁggf&?tﬂ%ﬁg Sgﬁﬁgenom' CS
23:704) . Thi0 prstadkiog,auimbrer ofibendsdetwash themiclepbasespand arigntatiom@ybp Bt ari68 ami no
aci ds and conpti.ses xtracel| ul dormj 7 ,.am no gcid

t r ansnenbr ane %%ﬁ?’?ﬁ%“fﬁ%n?%@?’%&ﬁs Mﬁﬁ%?%cﬁng’ ip(?ﬁé’ % anino
acids) and a cyespibediti HyroioBrind NiléerX(19986) sz did Finf Pl J.RPEE (11996) Nddleic

gl ycosyl ation sites ar ound in the extracellular domain (U.S. Patent

f
5, 698, 520) . Th-écf%é?ea@ﬁﬂa)%%ﬁ?oﬁr @@rmlﬁét%¢¥W§W%mﬂ@§iaGW§ (cys
4 d 123 . ar-di £i 1. P :
54 and cys kuppRft usink 3BRARA algt%_shsqxanand euplibk Q?enhé%?ﬂo%lg?%‘_ﬁ%o%é‘ in

domai n of the V-Set sequences > Pat ent’ 5,698, 5 nvention’
furt her pertai asalpgs, . (emethoxgrityl)aBinodS' deoxyBhymidinstphpsphoragudite), cwbers can

be naturally o [ R S h D eSE 0of,C | neered
and can conpri g’g%gaé.agg?a}r&df rﬁ’aecpgl‘?\é\?da eé&&&f’ﬁ‘é‘%%%& @%@r)@?’% %in.
Exenpl ary B7- HcriResare3978488). FNARichEmeR Ry thértcoupledirbdstefwisdlinathefts ds

19-238 of SEQ | D NO 4. Exenp] ar 1 extracel |l ul ar_domai ns conprise from
about am no Scp&gdqﬂge}g@exéﬁm lg/wf) a 5' PNA segment and a 3' DNA segment (Finn P.J. .

et al. (1996) supra). Alternatively, chimeric molecules can be synthesized with a 5'
20 DNA segment and a 3' PNA segment (Peterser, K. H. et al. (1975) Bioorganic Med.
Chem. Lett. 5:1119-11124),

In other embodiments, the oligonucleotide may include other appended groups
such as peptides (e.g., for targeting host cell receptors ir vivo), or agents facilitating
transport across the cell membrane (see, e.g., Letsinger et al. (1989) Proc. Natl. Acad.

25 Sci. USA 86:6553-6556; Lemaitre et al. (1987) Proc. Natl. Acad. Sci. USA 84:648-652;
PCT Publication No. W088/09810) or the blood-brain barrier (see, e.g., PCT Publication
No. W089/10134). In addition, oligonucleotides can be modified with hybridization-
triggered cleavage agents (See, e.g.,"Krol et al. (1988) Biotechniques 6:958-976) or
intercalating agents. (See, e.g., Zon (1988) Pharm. Res. 5:539-549). To this end, the

30 oligonucleotide can be conjugated to another molecule, (e.g., a peptide, hybridization

triggered cross-linking agent, transport agent, or hybridization-triggered cleavage agent).



15 1D NO 12. In one enbodinent, the extracellular domain of a B7-4

pol ypeptide conprises the mature formof a B7-4 polypeptide, e.g., the IgV
and |1 gC dowsinfyrmssout not the transmenbrane and cyt opl averasowissins of a
B7-4 pol ypeptide (e.g., fromabout amno acid 19 to am no acid 238 of SEQ
I D NO 4) or fromabout amno acid 19 to.gguano acid 20 245 of SEQ ID. NO
2. In one enbodi nent, the extracellular domain of a PD-1 pol ypeptide
conprises the mature formof a PD-1 pol ypeptide, e.g., immunoglobulin
superfam |y domains (e.g., V-set sequences), but not the transmenbrane and
cytopl asm ¢ dimisoleteddd7-4 oPPD11 Proteins pubAntil87(4corPD-1 fAntibodidsout amino acid

21-288 of SEQ ID j .2 i,al.ogi ctive,portigns aof a B7-4 or PD-1
protein include pg‘ﬁq%@’ '%‘8%6%734?‘?{3’%5“? ex@cﬂd@gﬁggﬁ@&ggw "®ent | y
honol ogous t Qh@éofdRIwelIon ahti-B74 GPDRNhktdbodids bk BeQRSPRGRodu atihg Bgets: 4n Or PD- 1-

protein, which include | ess amno acids than the full length B7-4 or PD-1
prot ei ns, &ncdnesmbediment; ngtive By-4us EDak proteinsycan be igolated frogy cefipontissuert ej n,

referably t Il | - hi pdi . . ypi cal |y,
D ol o01 a1y by dngbiSpiil furldtaod hithAleiny ol phitbh lfificalilh! OB V.
one acti vity tahnighes. B adotiver eldBedimbif, B2-4 bd BD71 piGieins afs(od@8dGy - 41 protein.

A biologically activ rtion of B7-.4 or PD-1 protein ca

Bol ypenti de. TARREARARCDNASrohBu, Altetaiivg B eromtunbgirreston 3674 8FD 400 or
nore am no aGkéiSinioP pbipeptille can be spthedized SiRkniitiily RiSing Siahdardlpuptitlé Yyntesis WO ami no
aci d sequences _or o? two nucleic acid sequences, the sequences are aligned
for opti md deshpidEesson purposes (e.g., gaps 5 can be introduced in one or
both of a first a ' [ | i ekt e for
optimal alignnent Rgﬁ eﬁ%ﬁ%ﬁgfn%pgggﬁ%ﬁggﬁﬁésn@g?lﬁﬁBﬁg ogrls)?legar g]g‘d for
conpari son pPreferably) the Bii-4corPDe] proteis comprish the arninotabid sequengelencdded by ef er ence

sequence ali r. goyppar,,son rposgs LS _at.least 309 referably at
east 200 ol IO Aol 1y B Bt AR SnRbamER ty i e e L ¢
60% and evenmiy Riddeqhacadbl SEQID N0:2, daar 127 MptheOéhbodiménts)theprdtéie hhengt h of
the reference sequence.

| The resjdues.at . correspong] positiqns, are then
conpar ed &hd Sgﬁ’pﬁé‘i’aﬁ. to fRing ﬁ%‘ﬁé‘gﬂﬂgn@@“ﬁ @gfe gllé' [}gyﬁi“‘ﬁ?a‘i"ﬂ@eg%
residue as thgoC BlefeestihP Y tatd AR thére P;ereiam D094 RY5YSRAIBE RG@ ideh g Witht he
nol ecul es are identical at that position. The percent identity between two

sequences, tthroameihopdid ssquenge Shavatin SFQID NBE. Aerdér of i dentical positions
shared by two Seays &%ngbgdﬂﬂené'mi%%kﬂﬁiﬂh}g%deg is%la?édl ﬂg&ﬁi@% %)f;éih7-4 or PD-1

positions/total # 0f positions X ercen
protein. For example, B7-4 proteins comprise a signal sequence, and an IgV domain and

20 anIgC domain. The signal sequence of SEQ ID NO:2 is shown from about amino acid
1 to about amino acid 18. The signal sequence of SEQ ID NO:4 is shown from about
amino acid 1 to about amino acid 18. The IgV domain of SEQ ID NO:2 is shown from
about amino acid 19 to about amino acid 134 and the IgV domain of SEQ ID NO:4 is
shown from about amino acid 19 to about amino acid 134. The IgC domain of SEQ ID

25 NO:2 is shown from about amino acid 135 to about amino acid 227 and the IgC domain
of SEQ ID NO:4 is shown from about amino acid 135 to about amino acid 227. The
hydrophilic tail of the B7-4 molecule exemplified in SEQ ID NO:2 comprises a
hydrophilic tail shown from about amino acid 228 to about amino acid 245. The B7-4
polypeptide exemplified in SEQ ID NO:4 comprises a transmembrane domain shown

30 from about amino acid 239 to about amino acid 259 of SEQ ID NO:4 and a cytoplasmic
domain shown from about amino acid 260 to about amino acid 290 of SEQ ID NO:4.



bet ween the two sequences is a function of the nunber of identical
positions shared by the sequences, taking into account the nunber of gaps,
and the | engiB ophassch gap, which need to be introduced fgirodhhisas
alignment of the two sequences. As used herein amino acid or nucleic acid
"identity" is equivalent to amno acid or_ggcleic acid "honmol ogy". 20 The
conpari son of sequences and determ nation of percent identity between two
sequences can coml i shed. uskng. ' . -] .
preferred enbo F%@nf?gmegﬁgg'rscl%%tﬂfn%e%%p' Sl g%t‘\i\g%!leln %ﬁé%“éaiéil%own n
sequences i s daliedr(Shiadhata end). (1094 Gahbnies @31704). | Theipradictéd matafe! fomi of fhackage
(avai l able at http://ww. gcg. com,. using .either a Blos 62 mairjx_ or a
PAVR50 matri x, PEHED§oRfaips et g8 aing geldsad camprises an gxtrageliar dgmaip (4 a
Length wei ght Ghidy acfts) 3 trafsmeimbre dmall 1Y Ghni/HIAF b ahShGINAR reflBPOA ToNt
the percent identity beétween two nucl eotide sequenCes iIs determned using
t he GAP pr og¥ armin dchis) 8@ cytdrlasaiedqnaaik (9¢ amino/adids) Hoer patential N-

http://ww. gcg. ¢co . using a dna. trix ahtof 40,
50, 50, 70, "o EBgoRIaol el fooeash i pkpeiaiaf Bomath (Y paef ek %, 42
PCT/ USCQO' 23347 68-athinoldtal residhaditetwieh SviéySteitic@ésiduls &6 54 Bidbeys 9P3)Haar pr esent

I nvention can further be used as a "query sequence" to performa search
agai nst publ i c ressmblaneeds aidisulfidgrlinkediimipunoglopulindomain gf the V-sehspapspcesther s or
rel ated sequen spesopgar ches can be perforned using the NBLAST and
XBLAST progranscﬁ%gter’si 6r12%§'. 0) of Altschul et al. (1990) J. 5 Mol. Biol.
215: 403- 10. 1BLAST nilib¢ mwentiba forter pértainsca solblde forms of Béd axiPDRl proteinsNSudST

program score = 100,.wordlength = 12 to obtal Jde sequences
onal ogous. to. it &g biueraliy e . & Pkt i SEI TP 2 oF bt chensed as
protein sear chfécasdnmpeisd @/el, odmexttactlitiar ddukainBE £ 87-410t PO- Bpfotelit; ExRmipldeyd,
wordlength = 3 _ to, obtain am no acid, sequences honol ogous to B7-4 or PD-1

protei n nol eculBfst itracelivlar domaing sempsise from abgut-aming acidilP-238 of SERIDNOH:
conpari son purpgass an,qqp Blefiar doathin i d ¢ aRG Gk | chul
ot Bl (1007) MicRplen Ac"??gtrRes.L%( 17){&%%%{51%&3%;?%%%6” ﬁa%iidF?%zﬁg“ééLﬁA%T
and Gapped BLATPNO:4%rans, the default paraneters of the respective
prograns (e.g., XBLAST an LA can used.. For ample..the .

nucl eot i de seque’nce?‘%@%@hfnhe\?gmﬁ%ﬁa%g@ aoﬁ%"ﬁg%ilazgipﬁ}épﬁ%le88’?‘5’5?'3?

Bl astn matri x thedndthre\fbrinhofoB7-@90BbEptde, el théllgV ad IgCalomaind, butuist text ensi on
1. The ami no acid sequences of the inv,entrihaon wer e anal yzed_using the

def aul t setti nJ8mHRrEFL ﬁ?’tBEIWPFP‘Ra‘W?_ Bé'ﬁpqi’é?mﬂdﬁ(‘é%’ fom abut aging once
1 1 and extensiagia 18 1o atfifho L2384 61EQ TS NO:#) SP I aHRAY amino acid 19 to amino acid

20 245 of SEQ. ID. NO: 2.

In one embodiment, the extracellular domain of a PD-1 polypeptide comprises
the mature form of a PD-1 polypeptide, e.g., immunoglobulin superfamily domains (e.g.,
V-set sequences), but not the transmembrane and cytoplasmic domains of a PD-1
polypeptide (e.g., from about amino acid 21-288 of SEQ ID NO:12).

25 Biologically active portions of a B7-4 or PD-1 protein include peptides
comprising amino acid sequences sufficiently homologous to or derived from the amino
acid sequence of the B7-4 or PD-1 protein, which inclﬁde less amino acids than the full
length B7-4 or PD-1 proteins, and exhibit at least one activity of a B7-4 or PD-1 protein,
preferably the ability to bind to a natural binding partner. Typically, biologically active

30 portions comprise a domain or motif with at least one activity of the B7-4 or PD-1



The invention also provides B7-4 or PD-1 chinmeric or fusion proteins. As
used herein, a B7-4 or PD-1 "chinmeric protein" or "fusion protein"

conpri ses woliadssor PD-1 20 pol ypeptide operatively | i rd@adgseersaqnon- B7-4
or PD-1 pol ypeptide. A "B7-4 or PD-1 polypeptide" refers to a pol ypeptide
having an am no aci d sequence correspondgng to B7-4 or PD- 1 pol ypeptide,
whereas a "non-B7-4 or PD-1 pol ypeptide" refers to a polypeptide having an
ami no aci d SqHNSRC A 6iblo féﬂg%di/é‘ rtiSh 6 B8R4 8t PDVYPrSiin! cin B 1@& ntially
honol ogous tgﬁt.he_ B7-4 gr D1 pébotlei n, e.g., ayﬂr}#ro_tlgi n V\ﬁg?j H?ffer ent
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acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid "homology".

20 The comparison of sequences and determination of percent identity between two
~ sequences can be accomplished using a mathematical algorithm. In a preferred
embodiment, the percent identity between two amino acid sequences is determined using
the GAP program in the GCG software package (available at http://www.gcg.com),
using either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,

25 10,8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred
embodiment, the percent identity between two nucleotide sequences is determined using
the GAP program in the GCG software package (availéble at http://www.gcg.com),
using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length
weightof 1,2,3,4, 5, or 6.
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20 polypeptide operatively linked to a non-B7-4 or PD-1 polypeptide. A "B7-4 or PD-1

polypeptide" refers to a polypeptide having an amino acid sequence corresponding to
B7-4 or PD-1 polypeptide, whereas a "non-B7-4 or PD-1 polypeptide” refers to a
polypeptide having an amino acid sequence corresponding to a protein which is not
substantially homologous to the B7-4 or PD-1 protein, e.g., a protein which is different

25 from the B7-4 or PD-1 protein and which is derived from the same or a different
organism. Within a B7-4 or PD-1 fusion protein the B7-4 or PD-1 polypeptide can
correspond to all or a portion of a B7-4 or PD-1 protéin. In a preferred embodiment, a
B7-4 or PD-1 fusion protein comprises at least one biologically active portion of a B7-4
or PD-1 protein, e.g., an extracellular domain of a B7-4 or PD-1 protein. Within the

30 fusion protein, the term "operatively linked" is intended to indicate that the B7-4 or PD-
1 polypeptide and the non-B7-4 or PD-1 polypeptide are fused in-frame to each other.
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sequence shown in SEQ ID NO:12 that is sufficient to modulate costimulation or

inhibition of activated immune cells) The second peptide can include an
immunoglobulin constant region, for example, a human Cyl domain or Cy4 domain
(e.g., the hinge, CH2 and CH3 regions of human IgCyl, or human IgCy4, seee.g.,

25 Caponet al. US patent 5,116,964; 5,580,756; 5,844,095 and the like, incorporated herein
by reference). A resulting fusion protein may have altered B7-4 or PD-1 solubility,
binding affinity, stability and/or valency (i.e., the number of binding sites available per
molecule) and may increase the efficiency of protein purification. Fusion proteins and
peptides produced by recombinant techniques can be secreted and isolated from a

30 mixture of cells and medium containing the protein or peptide. Alternatively, the

protein or peptide can be retained cytoplasmically and the cells harvested, lysed and the
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20 joining, and enzymatic ligation. In another embodiment, the fusion gene canbe

'1

synthesized by conventional techniques including automated DNA synthesizers.
Alternatively, PCR amplification of gene fragments can be carried out using anchor
_ primers which give rise to complementary overhangs between two consecutive gene

fragments which can subsequently be annealed and reamplified to generate a chimeric
25 gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel

et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially

available that already encode a fusion moiety (e.g., a GST polypeptide or an HA epitope

tag). A B7-4 or PD-1 encoding nucleic acid can be cloned into such an exp;e_ssion

vector such that the fusion moiety is linked in-frame to the B7-4 or PD-1 protein.
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20 the fusion gene can be synthesized by conventional techniques including automated

DNA synthesizers, Alternatively, PCR amplification of gene fragments can be carried
out using anchor primers which give rise to complementary overhangs between two
consecutive gene fragments which can subsequently be annealed and reamplified to
generate a chimeric gene sequence (see, for example, Current Protocols in Molecular
25 Biology, eds. Ausubel et al. John Wiley & Sons: 1992). Moreover, many expression
vectors are commercially available that already encode a fusion moiety (e.g., a GST
polypeptide). A B7-4 or PD-1-encoding nucleic acid can be cloned into such an
expression vector such that the fusion moiety is linked in-frame to the B7-4 or PD-1

protein.
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orug Res. 15, Y S YRR hiie o Rlbeet BF B e RS ica b GHRT, cdeupiichigh 41
(1387) J. Ivefll. oﬂﬂgeprolteixﬁﬁhoslma&_ sidefeffedis m&au?ﬁaeéwmmatgﬁhﬁwmi thly nﬁﬁfﬂgelnpe)
and are usua evel ope t aid of conputerized nol ecul ar nodel i ng.
Peptide m meti %@“FW&@%%“@%#E‘&"EE§'\ 9'_°t°§}'m' lar to therapeutically useful
peptides can be useq ohfeRbRMER, Ftiafd Uf ¥ BYAYr PHR1 RS WAILh finchdn as eithe
prophylactic effect. Cenerall peptidom netics are structurally si mﬁ ar to -

a par adi gmlol Béder PBel ggonists, &/!ﬁmmy%@pﬁkl’eorﬂ’r%ﬂ ahtagondstséap|be ddeptifiedby
pher TRCo! 091 C x4 BB Ty el unl b URYS R
group consi st i prgteif for BGHINRD-1 proteiif’dgonist GHdntagbizist actiGiy- Girtond ehisodiriéhtfd ans) ,
e OGO R0 orBh (AR50 DT e e 0 L 20
".Chemi stry ancmBh@A&ie aeid tev¥l £ andededby dSvaribRiRld gdRSlibrary. A variegated library
20 of B7-4 or PD-1 variants can be produced by, for example, enzymatically ligating a
mixture of synthetic oligonucleotides into gene sequences such that a degenerate set of
.potential B7-4 or PD-1 sequences is expressible as individual polypeptides, or
alternatively, as a set of larger fusion proteins (e.g., for phage display) containing the set
of B7-4 or PD-1 sequences therein. There are a variety of methods which can be used to
25 produce libraries of potential B7-4 or PD-1 variants from a degenerate oligonucleotide
sequence. Chemical synthesis of a degenerate gene sequence can be performed in an
automatic DNA synthesizer, and the synthetic gene then ligated into an appropriate
expression vector. Use of a degenerate set of genes allows for the provision, in one
mixture, of all of the sequences encoding the desired set of potential B7-4 or PD-1

30 sequences. Methods for synthesizing degenerate oligonucleotides are known in the art

(see, e.g., Narang, S. A. (1983) Tetrahedron 39:3; Itakura et al. (1984) Annu. Rev.



and Proteins" Winstein, B., ed., Marcel Dekker, New York, p. 267 (1983);
Spatola, A F., Vega Data (March 1983), Vol. 1, Issue 3, "Peptide Backbone
Modi fi cat iwoesinasémeneral review); Mrley, J. S. (1980) Pecensendshar m Sci.
pp. 463-468 (general 25 review); Hudson, D. et al. (1979) Int. J. Pept.
Prot. Res. 14:177-185 (-CH2NH, CH2CH2-47- Spatola, A F. et al. (1986)
Life Sci. 38:1243-1249 (-CH2-S); Hann, M M (1982) J. Chem Soc. Perkin
Trans. |. 30%;5htm 53333 Ctlikurder 2. (Y843 SR8 198N A56U1KE br ol 19833 Nufei@lcig ( 190)

J. Med. Chem 23:1392-1398 (-COCHZ-)% Jennings-Wiite, C et al. (1982)

Tet rahedr on Res.t11:473: 2533 (- COCH2-); Szel ke, M et al. European Appln. EP °

30 45665 (1982 . 97, . - -dn . HO A | .
(1983)  Tet r anear Stadibiop: frai 37 Regphepit e Aot Pt kg Bdine KptileeBhn @
J. (1982) Li fbe ud¥d to génkstba vdriegdtedgupilation 6{/B7-4 4D PO fraghikffidor sdieedifif and9
(-CH2-S-);_each of which is incorporated herein by reference. A
particularly s%ﬁ%ﬁ?ﬁbcmfﬁ%tﬁfgalBHS@%DTISP“-"G'!Q fp-pne Wﬂ‘%t“l de

m metics may ublfw@fcspg.g 'sé%ﬁ&tﬁa MRS LaPRSzeRMBed BP ¥R biddGbie Spdedrent s,

i ncl udi ng, for exanp re econom cal production, greater chem cal
stability, eR@RftaghephefiaBitébolid-dzodibg sequpacetwiths rulease uniléreconditions pt i on,

potency, efficacy, .aet.c. altered specificity, (€. 0. . r - rum of
b ol og) cal . actetHmkse dooud B BayeRGEhe-rfasrlel fenthurinE ne ORI FREE! |
g_eptidlorri et im\;s]A,Lrsmirih ny the DNA t6 formaloable Straride ddBwalﬁ';:hcvfniﬁﬂedsar rmrfe | abel s,
irectly or through a spacer (e.g.,.an a e group),.to non-interfering
posi tion(9 6?P5flﬁ’é?‘sﬁ’§ﬁﬁ’ﬁ’ﬂ%ﬁ%‘?’?ré’£ﬁ°€mf ﬂ‘&ﬁ‘daﬁrg‘}"}ﬁfse{?f“@ 8 siggle siranded pattiops,
struct ur e- actgop] fefortled Guphikdé B trektindiR Wth ¥13fucleRe Sdnki hgatingikdireBling Nt er feri ng

positions generally are positions that do not formdirect contacts with
t he macr onol daginent (libyary intoan exbressien yesiori By Hiisvethed, |gh xpression librasyl cancbet he

t her apeutic A 1 Lodeb NZdk : e, 0. Hp[s) | ' €S
shoul d not Z&u ‘Zet(:‘i é‘ﬁhtlél%g{nlca;delg nter gér]éé\?\?n ?%natl %‘gﬂglem reoﬁ%ﬁno%gé'?gﬁ{ps{gg &

phar macol ogi ¢l BA4 br PDilypratéint he peptidom netic. 15 Systendtic substitution
of one or re anmno I ds of a . .B7-4.o0r PD.1 amno acid .sequgnce with a
D-amino atld of P‘ﬁ%vegaz%gquxwéa{e&n ‘.”f"@Fﬁgfﬂécﬁeﬂu?ﬁ%%‘gpfﬂduféofysi ne) can be
used to generkghBindfofidl libtaries Sadctii poile nutdtions Bttininic&tibn, £AT6H Jciening cDBIA | des

conprising a B7-4 or PD-1 amino acid_sequence or a substanti al | dent i cal
sequence vatiberiesior gens prrdugts having wlwammausswmmﬁe%%w bledpr; o and

G erasch (1992} 20.Apdr thg?}éne 1BRR BBerdidd 61Ae cdifRiaIR R RAIRISSI B7DY

ref erence); exanp Ing interndl cysteine residues capable of
f or mi ng i nt r anBDdcurbtains.dThe st avidely wsdd tachniques, which are amenable to high

20 through-put analysis, for screening large gene libraries typically include cloning the

gene library into replicable expression vectors, transforming appropriate cells with the
resulting library of vectors, and expressing the combinatorial genes under conditions in
which detection of a desired activity facilitates isolation of the vector encoding the gene
whose product was detected. Recursive ensemble mutagenesis (REM), a new technique
25 which enhances the frequency of functional mutants in the libraries, can be used in
combination with the screening assays to identify B7-4 or PD-1 variants (Arkin and
Youvan (1992) Proc. Natl. Acad. Sci. USA 89:7811-7815; Delagrave et al. (1993)
Protein Eng. 6(3):327-331).
In one embodiment, cell based assays can be exploited to analyze a variegated
30 B7-4 or PD-1 library. For example, a library of expression vectors can be transfected

into a cell line which ordinarily synthesizes and secretes B7-4 or PD-1. The transfected



whi ch cyclize the peptide. The am no acid sequences of B7-4 or PD-1
pol ypeptides identified herein will enable 25 those of skill in the art to
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phar macoki net i @PRHPE Feplased bymlinksessslecteddeqm ﬂxaggouggﬂnsbs@mg of: -CHIN
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20 CH2SO-, by methods known in the art and further described in the following

references: Spatola, A. F. in "Chemistry and Biochemistry of Amino Acids, Peptides,
and Proteins" Weinstein, B., ed., Marcel Dekker, New York, p. 267 (1983); Spatola, A.
F., Vega Data (March 1983), Vol. 1, Issue 3, "Peptide Backbone Modifications"
(general review); Morley, J. S. (1980) Trends Pharm. Sci. pp. 463-468 (general

25 review); Hudson, D. ez al. (1979) Int. J. Pept. Prot. Res. 14:177-185 (-CH2NH-,
CH2CH2-); Spatola, A. F. et al. (1986) Life Sci. 38:1243-1249 (-CH2-S); Hann, M. M.
(1982) J. Chem. Soc. Perkin Trans. I, 307-314 (-CH-CH-, cis and trans); Almquist, R.
G. et al. (190) J. Med. Chem. 23:1392-1398 (-COCH2-); Jennings-White, C. et al.
(1982) Tetrahedron Lett. 23:2533 (-COCH2-); Szelke, M. et al. European Appln. EP

30 45665 (1982) CA: 97:39405 (1982)(-CH(OH)CH2-); Holladay, M. W. et al. (1983)
Tetrahedron Lett. (1983) 24:4401-4404 (-C(OH)CH2-); and Hruby, V. J. (1982) Life



used therapeutically to treat disease, e.g., by altering costinulation in a
patient. An isolated B7-4 or PD-1 protein, or a portion or fragnment thereof
(or a nuclwbeinasi d nol ecul e encodi ng such a pol ypepti derrusershe used as
an i mmunogen to generate 25 antibodies that bind B7-4 or PD-1 using
standard techni ques for polyclonal and rgnoclonal antibody preparation. A
full-length B7-4 or PD-| protein can be used, or alternatively, the

i nvention prqyi td b hde fr nts of Br- A or use as
mmanogens. - e (ORGP ISR GIER et OB hsdipofedhefln B ibrrs {5
amno acid repdritueslypréferesinRiiRpadinkiged  CHINHOfSuBH péptide mithetics aasgh t hat -
an anti body railsed 30 against the peptide forps a specific i nmune conpl ex

Wi th B7-4 or hpyssignifisant ges over palypentide embediments,ippdudingfriexamplet | east 10
am no acid reg| I I : o Bdrmacolddi 23347
51 15 am no %ﬂ%@g@gﬁo&%@éﬁ g%l%&%&‘é%%%?%%%ﬁ?t 20 a(4 no acid

resi dues, Sngrapesies (hplfdife ahivimgtion; pdtamy.teffd@cy eicoalteredbpeafi¢ith(eg., 2

Al ternativel n anti i eptide. foragnent of a.B7- r P ol ypepti de
can’ Do used Praadon@Rim b Rt sci i, BEHRe eplaspRird of alfsmn Loty RE kD o
PD-1 5 pol yp@pgtiddmirheties Glally irialvies édvalentaittadtiridnt offond B eredlabéls,idarsttues of

the am no aci sequence shown in SEQ | D NG 2, 4, or 12 and enconpasses an
epi t ope of aoBthrongha spaser (g G gpidsrerelp). 4o non-infesfering pesiioni o theaj sed agai nst

the peptide .gﬁdﬁﬁmﬂﬂedcrﬁﬁi'lﬁespr&ﬁﬂedﬁi%d%ﬁﬁﬁﬁsﬁ%_&tﬁr&ﬁ:ﬁﬁ%&aﬂ@dﬁfm .

Preferred epitiopes enconpassed antigenic peptide are regions of
B7-4 or PI® 1 ndiztlapmeddlingafuech non-intaderingipositienscgfenerhldy are ppsitiana that denet. |

hydrophilic regigons. ln one di e I . ' . A lally
P € T8 e VB Rl VPR B QR YARY 211V,
bi nds speci fprodatd thie therapeutié-effectr Defvifiz4tioh Y Plabeling) 6F pepridondiingticstsheuld

o1 cf & ably. ol SREARGCrES: ¥t 1 enPH blolagial S PhaguEHloBER SRR e ) o
preferably a , y a
least 20 15 pgluhiAdticno aci d residues, and nost preferably at |east about

30 am no acid residues. Preferred epitopes anorjrg‘;’fsed by the antigenic
pepti de at®e regi obystepfatig sgbptitutign ofyne|or moes apyag agidseofiaiit-4 ar BDHl ggdnced on t he

24 or pp BB s - ULARFINE yimd SR Q1% DMhe il e e O Aue 1O
specific for lysifé)-cdn be usedtdlgguenateanors stible pepsides. dpaddition, censohinedspeptidese or '
P S P Ra AR S S Bl BBt or ™
such non cons@ki@sh dafi bi getRpatédly Methetakaswh iaHe art (Rizo and Gierasch (1992) -
20  Annu. Rev. Biochem. 61:387, incorporated herein by reference); for example, by
adding internal cysteine residues capable of forming intramolecular disulfide bridges
which cyclize the peptide.
The amino acid sequences of B7-4 or PD-1 polypeptides identified herein will
enable
25  those of skill in the art to produce polypeptides corresponding to B7-4 or PD-1 peptide
sequences and sequence variants thereof. Such polypeptides can be produced in
prokaryoﬁc or eukaryotic host cells by expression of polynucleotides encoding a B7-4
or PD-1 peptide sequence, frequently as part of a larger polypeptide. Alternatively,
such peptides can be synthesized by chemical methods. Methods for expression of
30  heterologous proteins in recombinant hosts, chemical synthesis of polypeptides, and in

vitro translation are well known in the art and are described further in Maniatis et al.



using an alignnment such as that provided herein). A standard hydrophobicity
analysis of the B7-4 or PD-1 protein can be perfornmed to identify

hydr ophi | i c wegi/f8§. A B7-4 or PD-1 i nmunogen typically i ssorasdotispr epare
anti bodi es by 25 imuni zing a suitable subject, (e.g., rabbit, goat, nobuse
or other manmal ) with the inmmunogen. An aggs opriate inmmunogenic
preparation can contain, for exanple, a reconbinantly expressed B7-4 or

PD-1 protein OVM%IeGJ?ﬁFTt'%M YASM&A&% muﬁzw@WZnEE'd boppsaring%bl;h%w

preparation can further include an adjuvant, such as Freund's conpl ete or
i hconpl et e adj uBenger, andﬂ(lmﬂ,lhéﬁhqdﬂmﬁwmdnﬂyaYdmedgérﬁmﬂ WrM@lﬁQ-éarl on of a
suitable 30 sub
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or exanple byin'ec_tlonée. -
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(Haynes et al. .SenlzmendPchﬂat,é?élﬂnycBublmﬂln@W}@chaﬁmmrmmedhtryl,n bywefernee)aci d
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targeted el sewhgyaonists gr antiRMRtsof R B74TPD-1GjiteRkAdn. FiptideIcin BE prolided as

(Schubbert. 1997. Proc. Natl. Acad. Sc?. USA 94:961 At t enuat ed
m cr oor gani ¥hs Badifisdpeptides. WP“&M@?‘W‘F@“%&W%@%BW&Q@%NMe et

al - 1995. 10 Scicahe grdlP Bk Y5 oBth pofnea Blpduilnidertl Lheies can

be prepared as described above i mmunt zi ng a suiltable subject th a
B7-4 or PD-i i mmgsaw thmmaﬂ@mnm,at both, @8- chemically nvdifiedi The miost common

I mmuni zed subj e L O ave andard echn ques, such
as with an enzyl(r‘;rlédlfgl OHSOMQ{ 1%sor%%ﬁ?a%dts‘§gf?x%@ﬁm%asceﬁ IT%M? bilized a
B7-4 or PD-1 pohrgidetidn féﬁ;echi'elﬁeﬁgihﬁdemﬁﬂwb maai&ir:hmﬁg s1?8h|a§@t5}éﬁﬁ)n(u geft (ed
against a B7-4 or PD- eptide can elso ate rom t he mammal (e.
fromthe b‘%odﬁceﬁ'gﬁ°%lf§tahgfat’ﬁﬂ (4-8- Pethpiptiond ard W"?@Eﬂﬂﬂ%ﬁj’é@ca“%‘ﬁéﬁc‘hs
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quge

are hi ghest, anmpmytegm Odlmemoﬁthﬁlmeth &Ierteldafmmﬂemalsubj ect
and used to preps d yes. such as
SRRl gl narﬁ’l%ﬁ%ggﬁs Al %{t}‘aﬁ(ﬂ)ﬁ

t he hybri doma tec n| que “or SCri er'°ngﬁd € s€quence
can provide advantageous physical, chemical, biochemical, and pharmacological

20  propetties, such as: enhanced stability, increased potency and/or efficacy, resistance to
serum proteases, desirable pharmacokinetic properties, and others. Peptides can be
used therapeutically to treat disease, e.g., by altering costimulation in a patient.

An isolated B7-4 or PD-1 protein, or a portion or fragment thereof (or a nucleic
acid molecule encoding such a polypeptide), can be used as an immunogen to generate

25 antibodies that bind B7-4 or PD-1 using standard techniques for polyclonal and

monoclonal antibody preparation. A full-length B7-4 or PD-1 protein can be used, or
alternatively, the invention provides antigenic peptide fragments of B7-4 or PD-1 for use
as immunogens. The antigenic peptide of B7-4 or PD-1 comprises at least 8 amino acid
residues and encompasses an epitope of B7-4 or PD-1 such that an antibody raised

30 against the peptide forms a specific immune complex with B7-4 or PD-1. Preferably,

the antigenic peptide comnprises at least 10 amino acid residues, more preferably at least



MIlstein (1975) Nature 256:495-497) (see also Brown et al. (1981) J.

| mmunol . 127:539-46; Brown et al. (1980) J. Biol. Chem 255:4980-83; Yeh
et al. (19%0)mMmysec. Natl. Acad. Sci. 76:2927-31; and Yelpcqjusad3z471982) Int.
J. Cancer 29:269-75), the nore 25 recent human B cell hybridoma techni que
(Kozbor et al. (1983) Inmunol. Today 4:7%8)., the EBV-hybridoma techni que
(Cole et al. (1985) Monocl onal Anti bodi es and Cancer Therapy, Al an R
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anti body (seantigenig. p,eptﬁtlairelegmﬁ‘soﬁB7—ﬁbrPD-l&Ea1hrd%éﬂHd&nZﬁ&snﬁﬁé&3&‘th£efter et
al . (1977 s ra L er_ (1981 ra Kennet h ( up I\/breover
the or di niff y PRKiGiES: ﬁyﬂ%ﬁw oS sraberigeat, ph mﬂgbpﬂpébrad%%‘%
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i mortal cell Ilne(eq%y_ﬁ h%e oma cell line) is derived romthe same
$

marmmal i an s pé&psciicaligtot dd&ﬂ!)@s?tldeor exarrpl e, murine hybridoms can
reparation of ARG e dfecd B RadChintist LA B 0 ath rhcid EMIROFT

preparation of the presé an I mvor nouse cée
15. Pr ef er r edhorepreferahly at édabt aboutd$ amim avid residung sdvemrmonsgiréfetablyass leaft20 ar e

sensitive o culture m cont ai ni poxa am nopterin and

t hyni di ne15t ﬂ&’f"tﬁ@mo&m res“}ﬁjﬂ’? an‘gf“ gtpﬁ%@& gié ﬁr}rﬁg ﬁ%mBE\"I”’ et an be
used as a fU?tdféhdd&bitdi]ﬁE etofPhsded Wy the astigenid peslide afCOgibAN- T2, B724 & PD1 he

P3- NS1/ 1- Ag4- 1, P3-x63-Ag8.653 or Sp2/0-Agl4d myeloma |lines. These nyel ona

lines are avapiyaeptide thatars locatechan the surfact ph e prmteiness Aryrrophific gagiquamad) . 20
Rockvi | | dt
ockville, Myga iéRh ﬂ“c%’B‘)jf‘Irf 'ﬁ:‘oi)’é%ﬁr ke S'rz Baibol nf§ich d% s dad3ed 10

nouse spl enocyt es u5| ng pol yet hyl'en ri cells
resulting fr specifigdor a B7-4 or PD-1 proteins from one species, suchas mouse or human (i.e., an

20 antigenic peptide that spans a region of a B7-4 or PD-1 polypeptide that is not conserved
across species is used as immunogen; such non conserved residues can be determined
using an alignment such as that provided herein). A standard hydrophobicity analysis of
the B7-4 or PD-1 protein can be performed to identify hydrophilic regions. _

A B7-4 or PD-1 immunogen typically is used to prepare antibodies by
25 immunizing a suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the
 immunogen. An appro'priate immunogenic preparation can contain, for example, a
recombinantly expressed B7-4 or PD-1 protein or a chemically synthesized B7-4 or PD-
1 peptide. The preparation can further include an .adjuvant, such as Freund's complete or
incomplete adjuvant, or similar immunostimulatory agent. Immunization of a suitable
30 subject with an immunogenic B7-4 or PD-1 preparation induces a polyclonal anti- B7-4

or PD-1 antibody response.



fusion are then sel ected using HAT nmedium which kills unfused and
unproductively fused nyeloma cells (unfused splenocytes die after several

days becausgyéhfyséy € not transformed). Hybridoma.cells pmicagisaimnss2
nonocl onal anti body of the invention are 25 detected by screening the

hybri doma cul ture supernatants for antiboddxes t-hat bind a B7-4 or PD-I
nol ecul e, e.g., using a standard ELI SA assay As an alternative to

prepari ng m)nocl ona 89!%( SR B7-4
or PD-1 anti body cain Qihl pen d?'ﬁ&é’ #Vak;&g&%y g%r eeni ngédgi}a}J ecg{%fnant
conbi natori al ideans) 6glegdnple, Ibylmjbcftﬁ)m(e gema;nuauulam,nhwdﬁadyalmmmunmpl ay 30

library) with a B7-4 1 to thereby.isolate, i munogl obulin library
nenbers t hat b‘l'?ﬁ?%"%b@'ﬁﬂateﬁ@f Hﬂﬁ}‘%ﬁé‘b‘? thecepiderrpis wi %?B‘h%?“atf’?tr’rﬁesa%d

screeni ng phag 'ﬁaﬁbféﬁl:&kr%@ &Y 036151@2538% tolinfelt tkSpitticles intd thd SKirP(Ha9fest 81.

comercially avail (e. he Pharmaci @ Reconbi nant Phage Anfi body
System Catd 0d9%b. J Bibt@h@tﬂ 6‘137)analtemmsbr,au@lqen@dsanci@\m bﬂaﬂnmg&te@ﬂspl ay

Kit, Catalog 240612 Add tional gagent s
part icularly Eoﬁéﬂ’égi"és‘?’ ?’eange ?r exﬁ@ f@?%"tre ﬂr rgéd‘ scr ﬁé%gnn?g%%&emgl sSpl ay
library can be tiequspiratory sﬁteﬁﬂfrtﬁgaéﬁ)él&wlk&délgr Pﬁterﬁiatchkk By oriladetingry 0.

5, 223, 409; Kan et al I nt er nati onal Publ i cati on ?%to WO 92/ 18619; Dower et
al . InternatioidA fRebubhes 1%/ Reoc. Nerl. dred1Sep US4 Wy pld Atienuated | 1t er nat i onal

Publ i cati on WOrdg643Afdms Mtk usditordelifbry to hidkSal@ifatiRalsizekibld & af. 1995, No. VO
92/ 15679; Breitling et al. International Publication 93/ 01288

McCafferty Hk StiendenB¥2t i onal Publication No. WD 92/01047; Garrard et

Bubl§ cati on No- v SRSl R BEk or M. P aiboaESeor R tiliereles Bbsribdi SRICH) oral
9: 1369- 1372; Haymammgasmabmb etilwith ﬁBVﬂbﬂ@D—l-ﬁdnﬁmﬂxgafaST&aﬂﬁ-m ot PB4 et

al. (1989) Sciencge 246 1275-1281; iffiths et al 1993
12: 725-734; HafR9edy Bt tﬂetr&rg@zy cd pibigiionn B pPirObeLeS @g STy kson et

al . (1991) Nat cBn %ﬂaﬁaﬁm@mﬂm@dm&xma?&béﬁf%a @m‘ cad_Sci .
USA 89: 3576- 3580; rrard et al. (1991) Bi ot echnol ogy (y 1373-1377;

Hoogenboom ¥t apmobll@@lla Bifer BPd padypeptidresif dmred,lthean@gw meF‘d@Fsdl@Lctedl

(1990) Nt e upea 72t Yo poivpesh (W sfitied sl M3 ) i By |
ant i bodi es, subhodmmmrpmmd@y Wallrlmnwned:hniqmchmha# pratein Aodi es,

conpri sing both human and non.h ortio s 20 which, ca be nad_e ysi ng
standard reconfPRERAIS fo ﬁ‘ﬁ%gﬁ AR APRIPRTIALS D imnjpization,

i nvention. Such gGWNheE tHeGn@ B7-8 6P BDL1ZR8bOdY Hters arighRie mmdayeﬁmaadingaans
produced by can be obtained from the subject and used to prepare monoclonal antibodies by standard
techniques, such as the hybridoma technique originally described by Kohler and
Milstein (1975) Nature 256:495-497) (see also Brown et al. (1981) J. Immunol.
127:539-46; Brown et al. (1980) J. Biol. Chem. 255:4980-83; Yeh et al. (1976) Proc.
Natl. Acad. Sci. 76:2927-31; and Yeh et al. (1982) Int. J. Cancer 29:269-75), the more
25 recent human B cell hybridoma technique (Kozbor ef al. (1983) Immunol. Today 4:72),
the EBV-hybridoma technique (Cole et al. (1985) Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc., pp. 77-96) or trioma techaiques. The technology for
producing monoclonal antibody hybridomas is well known (see generally Kenneth, R.
H. in Monoclonal Antibodies: A New Dimension In Biological Analyses, Plenum
30 Publishing Corp., New York, New York (1980); Lerner, E. A. (1981) Yale J. Biol. Med.
54:387-402; Gefter, M. L. et al. (1977) Somatic Cell Genet. 3:231-36). Briefly, an -



reconbi nant DNA techni ques known in the art, for exanple using net hods
described in Robinson et al. International Patent Publication

PCT/ US86/ Og@@Passéki ra et al. European Patent Applicati Qarifktnhsa

Tani guchi, M European Patent Application 171,496; 25 Mrrison et al.

Eur opean Patent Application 173, 494;. Netggerger et at. PCT Application WO
86/01533 Cabi lly et al. U S. Patent No. 4,816,567; Cabilly et al. European

e art P ToRbsARe iR Oplkanf s hElord) jtusdse B %ﬂ?ﬁe S T T
(1987) J. | mﬁiﬂmmﬁﬁmlﬁﬁ%maﬁﬂﬁh aBnm4 oﬁRD-dhmnﬁik&g&ﬁ)as E’és@ﬁbedl‘é%bire arﬁ«i:ad Sc!

84:214-218; Nishjmura el al &1-:987 Cancer Res. 30 47:999-1005; Wod et al.
(1985) Nat ur &esyiurg sepematants of thybridomarcsinare screqued fo idertiffiacr | nst

01/ 14557 PCTIY RSB 738008 proopd RS iquo8y BRFEndtda PGer DN pobleies

Pat ent 5, 225p&Eigeblyspecifically. al . (1986) Nature 321:552-525; Verhoeyan et al.

(11282%)5?'482? ; R%ﬁ?‘ﬁ?g’%ﬂ}gwgﬁh’h‘)l FRIO ﬁ‘?fﬁ%é%%%f}%%gdyﬁ‘@ ?Fﬂgeglaﬁ%cor ding to

standard pr oim&ltﬂlzecﬁc&luﬁ:bs éun belappleeddorthie p&ﬁ@keloﬂgéd&aﬁﬁg enbntbB2Ar #B2. I N
anot her enbodi nent, anti bOde chal ns_or S{)GCI fic bindin 5%%3 menbers can
i

be produced Bbyongelenahantibodyies, ggnialfre. Goe ‘Gr@%?dﬁ/ﬂf‘ﬁ’%? Gefter gicqld
nol ecul es eng@e}ym Fr: LUSE Ps?,gok g,mt( % 9%% ﬂégﬁﬁt c bi ndi ng
enelc age

pair nenber and ‘a conpone repli cab e g |sp ay pac and
vect ors clént skiliédwyoriserovilliappraciate thab thers aremanyranidiiong OQSt&bmﬂtbdpmﬂqcpabbl de

g, a5 des WA uplh JObR? felmRRIay 13k (i 0 h 85y 5T Y Betth e 10

use of i ntrafemltw meaﬁmdmdnepecieeasmbﬂ)bnﬁhocpesou%ra;ainmmwnel nacell is

al so known ip the art (see e son (1988) Myl Bi ol .

8: 2638- 2646: by pas cag eé%adany‘{s%CgWP*B%Ef ’3‘°m9“1‘19i° mm'%r"&glemr M et
al. (1990) F bric pré %l%res@ﬁﬁh%ﬂon%thﬁluﬁrﬁ%f Gﬁsel}!@ﬂime Acad.
Sci. USA 15 90:742727-742 Mar asco, A et al. 993) Proc. Nat Acad.

Sci. USA I90: ?W#mortalsplbbw aresno'@t-' nmelorqapsbhyesshasmm\@g

12:396-399; (hen, Sé tqu%t ggl) 9%@ bg‘%' % yw '!ﬁ qgj L et
al. (1994) Proc. t : ag R %6'%[;}%8 @“& }
(1994) Pr oc oNandmbemﬁdyeﬁma cdl]SAegdmﬂﬁ&Eemaﬁusxﬁejwﬂler achrdiﬂg teedtaralird ( 1994)
J. Biol. 269: 239 4 | OC
Bi ophys. 20 RELHHEH g e BERSHAARLL P aetAR5 60T o SRoiReimhudom 18 Eneo
114:1542- 1551'hese Miyeldma ineyure dvailhble fomahe AnEAGR)TYPE Qalturbi@ollectids MT@G), USA .
92: 3137- 3 1 41;: PCT .
Rockville, Md. Typically, HAT-sensitive mouse myeloma cells are fused to mouse
splenocytes using polyethylene glycol ("PEG"). Hybridoma cells resulting from the
fusion are then selected using HAT medium, which kills unfused and unproductively
fused myeloma cells (unfused splenocytes die after several days because they are not
transformed). Hybridoma cells producing a monoclonal antibody of the invention are
25 detected by screening the hybridoma culture supernatants for antibodies that bind a B7-4
or PD-1 molecule, e.g., using a standard ELISA assay.
As an alternative to preparing monoclonal antibody-secreting hybridomas, a
monoclonal anti-B7-4 or PD-1 antibody can be identified and isolated by screening a
recombinant combinatorial immunoglobulin library (e.g., an antibody phage display
30 library) with a B7-4 or PD-1 to thereby isolate immunoglobulin library members that

bind a B7-4 or PD-1 polypeptide. Kits for generating and screening phage display



Publ i cati on No. WD 94/02610 by Marasco et al.; and PCT Publication No. WO
95/03832 by Duan et al.). In one enbodi nent, an antibody for use in the

i nstant i nvegblopiassp a bispecific 25. antibody. A Dbispecipdguswksdapdy has
binding sites for two different antigens within a single antibody

nol ecul e. Antigen binding may be sinul taneg)fl_s or sequential. Triomas and
hybrid hybri domas are two exanples of cell lines that can secrete

bi specific antibodies. ' f

ybr i d hybri doniba &% cop B huRlenlt G e nranitld RabniRgR SLE R, °

Bi speci fic ant l.ﬂ?ﬂéhe@atﬂagﬁobye?noamlcﬁr&hé Sﬁitegbnbﬂu Mmhageaispla,(/ﬁuaer z et
al. (1985) Nature 314:628, and Perez et al 8’8215 ture 316; ﬁriaﬂ and
hybri doma t echreAtalegNe-348612)- éﬁ@ﬁe&a}lé{nem@é Tepgraty particularly

PCT/ EJSOQ 23347, fogogymg 5 and U 55 i B S

(1986) | mrunol . pecific anti I es are also descrlbed I n
U S. patent %, So0xafple, Fadngnetial 3J. &fPatdnthéﬁﬂZﬁAWaKMMGl dafemationdbscri bed in

US patent 5,79 9.. B ts c s be b k| ng
het er ohybr i donﬁ’é’%ﬁﬁf“%l‘fp‘g&@’ﬁ%ﬂ?f@%ﬁﬁﬁs’?‘“ tfon%lgﬁugﬁca%ﬁ?qr?gw fferent
anti bodi es, foldipyesl;Winted esti! Intetrautionu Pamlcaﬁbmmwzmm;:mmaadt al.
co-assenbl i ng both anti bodi es. They can al so be gener at ed chem cal or

genetic conj ugditcoational RubhisatiandNe. Q934567 Breitling 4f ﬁ‘(sl“ﬁﬁmaé'GP‘Ellpb‘HlécaFH’ér eof
such as Fab a”@yB}sﬁﬂﬁg%'%g&%ﬂeIg%ﬁﬂ?teH&%nﬁ PUDRAGSE N6 WY 04, Glradd 81
or ant | bo

B7-4. An anti-B/- e.g., nonoclonal antibody) can be used
to 10.isol 40 e &l IBEmational Pablivatim Yo S0ioH9590; 4 adued at ol Inteorational Pyblication as

affinity chro t.ion. I Bz .

ant i bodi es canﬁ%%%&&ﬁ f H‘ggléﬂ‘?’p&l%gﬁ’%ﬁ"ho gﬁ‘é?ﬁbeﬁ‘ﬁé%éi%rﬁagﬁhl

po: ypepti ges fr(wazqﬂuZﬁAaﬁBr?doHyﬁr%mbl | B18a+85} Husefer all (1989) .ﬁ?e;zéz 2346:1:23245_2'81;

pol ypepti des expressed in host cells eoye - r.

ant i body can bé-E")‘Ef?g'Befﬁl G@?@&Mﬁoﬁuﬂ%nﬁbﬁ wbﬁ“ﬁ)?’éﬁrﬁé%gd M"Eﬁ'oé cel lul ar
| ysate or 15 celk:sR0Ug06; r@mgﬁn)ez aP?fs@@}N&nreCﬁQ 624-62.8Witain! ALE 1 90Y) BRKNANT
(i.e., physically I'inking) th antib &/toadetectable subst ance.

Accor di ngl y }5i mcudes'celﬁﬁi'dcﬁ%ﬁ&ﬁ&mw aal (1991) Bipchnolagyi (NS 1 313-1373:
vention 1 | AelsethotioldoP (IBERAMIL Sost RSl FREY HAUBLES O (81 FALAD! ©

subst ances i nclUO& VAP ous etic groups’, or es
materials, | urWailazeatlScinamss AVIR-1082; mki\da@aﬁertyet ﬂlB(lG9(i))ch8ureB)4&l5ﬁ2-§54 of

sui tabl e enzynes incl uyde hor s radl sh lkal e phosphat ase,
(3-gal act osi dase, oﬁdgg’é’f’é%em‘}?‘?‘_ _ ﬁ“{mgéiﬁ"é % ﬁa‘@‘?’@ ‘B‘raé‘gt hetic
group conpl exegyiisized Rordcdhat ﬁﬁb&dléy, BdrRprisihgbdth human and non—human portions,

20 which can be made using standard recombinant DNA techniques, are within the scope of

3

the invention. Such chimeric and humanized monoclonal antibodies can be produced by
recombinant DNA techniques known in the art, for example using methods described in
Robinson ef al. International Patent Publication PCT/US86/02269; Akira ef al. European
Patent Application 184,187; Taniguchi, M. European Patent Application 171,496;

25 Morrison et al. European Patent Application 173,494; Neuberger er al. PCT Application
WO 86/01533; Cabilly ez al. U.S. Patent No. 4,816,567; Cabilly e al. European Patent
Application 125,023; Better ef al. (1988) Science 240:1041-1043; Liu et al. (1987) Proc.
Natl. Acad. Sci. USA 84:3439-3443; Liu et al. (1987) J. Immunol. 139:3521-3526; Sun
et al. (1987) Proc. Natl. Acad. Sci. 84:214-218; Nishimura et al. (1987) Cancer Res.

30 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw et al. (1988) J. Natl.
Cancer Inst. 80:1553-1559); Morrison, S. L. (1985) Science 229:1202-1207; Oiet al.



avi din/biotin; exanples of suitable fluorescent materials include

unbel I'i ferone, fluorescein, fluorescein isothiocyanate, rhodam ne,

di chl or ot rweai/msbaM ne fl uorescein, dansyl chloride or peyagenisrin; an
exanpl e of a |um nescent material includes 25 lumnol; and exanpl es of

sui tabl e radi oactive material include 'ds5-1311, 35S, and 3H Yet anot her
aspect of the invention pertains to anti-B7-4 or PD-1 antibodies that are

obt ai nabl e byj 9%5p3:9&@ﬁ;§ql¢fe9muswnﬁer U.8)PateAT3I02 75 300 JoHias &1 TPds6)

I mmunogeni ¢ B7-4 or rotein, or an | nmunogeni c portion ereof uni que

to a B7-4 or 3PESL-5RS; ypspgm@z ala(1988)Scienye 239015343 ang Beidamet 41(1988) ol

anti bodi es that s [ bind to a B7-4 or PD-1 protein. WO 01/ 14557
urid] 141 \7b§g4 60,

PCT/ USOQ 233 econbi nant Expression Vectors and Host Cells

Nucleic acid nol emldemmrtmﬁmed@tﬁ&dxés@hbeaaaeﬁaa}dmgtp&ﬁmmp&%ola portion
t hereof ) can oﬁ contained in vectors, preferably expression vectors. As
used her eih, Siohes thoss disclosed inlS prtent$y565,332. inanefhes embodimentgntihadye capabl e

of ”ansPOftbﬁﬂns%%JEﬁTasm%ﬁaﬁrVﬁe 9: ‘Be?ﬂdﬁ&d‘ﬂyr&%ﬁ:bﬁﬁﬁ&aﬂéu d. One

type of vector 1Is to a “circu e stranded
DNA | oop i nt weotdrs mmMgtnuglcwlacﬂWIMM@mtfubm of aypwilypeiptideshainio€a t ype

of vector is_a ral..vectar addi na se nt.s can be |igated
"t o the. vi ¢ Sl ine Tl tbamttr Gid Gridonins of A plirable E0clE Hghiay Giikact

replication witl vectofdhtaiiind mickicaciithélBculd3@yicoting d s2tdndpobpeptide chain op@ct eri al
vectors haV|n a bacterjal qrigin 10 of replication and episonal_pmanmalian

vect ors) . 0oy ﬁes le bnding pair member Using fechniquesknowndnthe) arta g asdessribed 1 @S

integrated i plond 9@59@3@5@79%%@9%3 74! 'Thy mfﬁm&aﬂﬁmh%dieemnhfbhe host
cell, and thereby are rep’l i catéd along with the host genome. Moreover,

certain vecpmtesnﬁm@tmapabelblsaisomqammthgmfseeexpemwnkoﬂ%@m to which
Lhey are. oneicahiaal ¥aclt. MBthioRicl. G106 AlBC OIHLIG WerdEHPM oPS

'expression Vector s ehera n-vectors
reconbi nant m\mpemammzmmemeﬁmsmuhk (19930 Pbe. NatlatosddSi. USA t he

B The. pi Boroli 1R waedsc B o B e ol ot PR g BT SR Y

“invention i sBidet£8daG!. t(p994) Bibkéa%quiwpmm-jg@raﬁergfs YePAICQASINHMECL O S,

such as viral vectors | ication defective retroviruses,

adenovi r uses a'FﬁjT’Bdesrﬁ?asa@éoE% E-at '2’0(1‘9?4)112'@%Wa‘lvﬁadhs%éfwleiﬂlﬁwﬁﬂ%nt
functi ons. ﬁé}{@-\“%&l 8&95)%%): WNoaelV BEALSS. G 91-9582 9056, Beeli'R! R & o2C1 d

nol ecul e of t

(1994) J. Biol. Chem. 269:23931-23936; Beerli, R. R. et al. (1994) Biochem. Biophys.

20 Res. Commun. 204:666-672; Mhashilkar, A. M. et al. (1995) EMBO J. 14:1542-1551;
Richardson, J. H. et al. (1995) Proc. Natl. Acad. Sci. USA 92:3137-3141; PCT
Publication No. WO 94/02610 by Marasco et al.; and PCT Publication No. WO
95/03832 by Duan et al.).

In one embodiment, an antibody for use in the instant invention is a bispecific

25 antibody. A bispecific antibody has binding sites for two different antigens within a
single antibody molecule. Antigen binding may be simultaneous or sequential. Triomas
and hybrid hybridomas are two examples of cell lines that can secrete bispecific
antibodies. Examples of bispecific antibodies produced by a hybrid hybridoma or a
trioma are disclosed in U.S. Pat. 4,474,893. Bispecific antibodies have been

30 constructed by chemical means (Staerz et al. (1985) Nature 314:628, and Perez et al.

(1985) Nature 316:354) and hybridoma technology (Staerz and Bevan (1986) Proc.



Invention in a formsuitable for expression, e.g., constitutive or

I nduci bl e expression, of a PD-1 or B7-4 nolecule in the indicator cell(s)
of the nucl aygeptissh i N a host cell, which neans ithat the gaeedRhiaNt
expression vectors include one or. nore regul atory 25 sequences, sel ected
on the basis of the host cells to be used_ §pr expression, which is
operatively linked to the nucleic acid sequence to be expressed. Wthin a
reconbi nant e Si RY; ‘1A ' RS ] n that
the nucl cot i do N Seo T8 BauasRARE Sakek o BEGER 108y MERAIfocks 1 3R )
sequence(s) i n Bispetifio entibokdies Arecalso@escribed indX B sttt 5)959,084. tHragnientd fot | de
sequence (e.g.,.inanin vitro tra.g%gri tion/%rans ation systemor in a 30
host cel | when bisRecifieantippdiesare descabrin IS patet o473 t cell). The term
"regulatory sequUEN@ied: HMS oheftrShyBEi i on
control elenents (e.ﬁgsyfdlg\%%gﬁ%ﬁélgggﬁpﬁrg%%gwﬂﬁ58 gg{l%ag%%fl?%n

si gnal s). Suth hybuiddnzas or gtherugllemeking differefitantibodies) foltayred by adeptification of Goeddel
(1990) Met hods Enzymol.. .185:.3-7. Regul atory..segu es include th whi ch
Girocl conet) & SITELPRMSIEAR! $h- 2P Riing, R o REE ST ran ke b Gons Rt o1
host cell and chéifisdl ongerekic donfjBgatioR ¥NdoRfidtOinfimdgdulis Ehaiaior gertisROtea6E
only in certain host cells (e. 5 tissue-specific regulatoré sequences) .

It should be aﬁmbeeéil‘a?ée#%vgqqn%@é& skteiaptdhpdy gompenest ¢an bidte PDnborfREfign of
the expression Vect ah ARAEHPILI AR e £ fbAbclorParBEay Rel 6ustli of N OSE
, evel of exp

cell to be transforne t he ression of protéern desired, and the
i ke. The Hkpiisedaté 2B7-darPO-E palfpaplide bynstandardaechniques) suchras affthityed i nt o host

cells to thereh roduc I ot ei ns _or. _pept,i i n di ng f.usi o roteins
or pept i des. ontiselesRy ofiiodeReBEP Miirs of PR iifadi el BflitpT 1°
PD-1 family pr clegpufificatintofRitufabB0S 0@ PDBI palyseptilis-flom pelistafid 6recombinmtly
proteins, and the like). The reconbinant expression_vectors of the

i nvention can pEPdyerd ear FBr! polxpsptides pxpressed iphost cglls. F’éfo°W’éPéPH§7'r‘h°f
prokaryotic or P@fﬁ{tﬁb@&&Eanﬁﬁ'dsédto'ﬁg{gctegmb?PDd%éirﬂﬁ.gfﬁﬁalce‘i’l%gikﬁgmca” be

expressed in bacterial cells such ..coll, insect cells 15
bacul ovi r usl%ex gelbsnpematagd.c Detestjonycan be fagiditates kyr conpling(l. 2. aphysishllyshinking) theb| e
host «cells ar ' el '! n d (:1990 upra.. Alter i vely,
t he reconbi nant%n tﬁ@?g?@%%&%‘%&@ee%%or gagg%erg%lghé@rn F%‘é‘§° anay ?naaﬁlgl' at'%(‘iI in
vi-tro, for exa®p-tantibodyoflife invemivatickhbelabwitiag détyctablesidsance. Bxamplés of

Ins i.n prokaryotes js nost _often carried out

Do s, B b LGSl LKLY oL G2 ooty oL, CaL T ©
directing the Quiin@eetMhtédalsinki RioachiiShAdial. FXaRipldd BF QAfitable @hAnids inchiléei ON
vectors add a nunber of am no acids to a protein
20 horseradish peroxidase, alkaline phosphatase, B-galactosidase, or acetylcholinesterase;
examples of suitable prosthetic group complexes include streptavidin/biotin and
avidin/biotin; examples of suitable fluorescent materials include umbelliferone,
fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine ﬂuorescein,
dansyl chloride or phycoerythrin; an example of a luminescent material includes
25 luminol; and examples of suitable radioactive material include '*I, *'I, S, and *H.
- Yet another aspect of the in'vention pertains to anti-B7-4 or PD-1 antibodies that
are obtainable by a process comprising:
(a) immunizing an animal with an immunogenic B7-4 or PD-1 protein, or an
immunogenic portion thereof unique to a B7-4 or PD-1 polypeptide; and
30 (b) isolating from the animal antibodies that specifically bind to a B7-4 or PD-1

protein.



encoded therein, usually to the amno term nus of the reconbinant protein.
Such fusion vectors typically serve three purposes: 1) to increase

expr essi onwohi/imdsonbi nant protein; 2) to increase the oirmliddsiys of the
reconbi nant protein; and 3) to aid in the purification 25 of the

reconmbi nant protein by acting as a ligang.in affinity purification. Cften,
in fusion expression vectors, a proteolytic cleavage site is introduced at
the junction gf theljus on. . ] gconbi nant protein to enable
separation o ' SOt 1 te fusion noiety subsequent to
purification of tN&clEﬂdamﬁquoaIeeeﬁbodiﬁgafBMa:yRms farpilyiproteliefor a pagioat e
recogni ti on sequences, include Factor t hronbi n and ent er pki nase.

Typi cal fusi Swr%aeég FRaIDSEL3R Spiors e ably SRR VSRR A e e
Smth, D B Pe“f%?to dnucfic &%@ﬁc@&?aﬁz o?&in@?amné)%bef hﬁ‘dtél.,Engl and -
Bi ol abs, Beve V\D 01/ 14557 PCT/ USQQO 2334 -59 MA) and pRIT5 (Pharnaci a,

Pi scat avva>6 Ry ttwbvhn:h itthas beeg linkesl: iﬂmmesfwtm’BS ) Ppﬁlmud { @bich refetsite 8se E
bi ndi ng proteJn 0, rot ei,n respe V. nt
protein. PurCERY JPH@ %“‘S?%‘S’é’ﬁ}g" ! ]elglhgdq'tfoz“ e A s Ttts Jag%%—n?he%t ivity

assays, (e.dAnothefliypE6f vesdpRuiral veb@RBaHerdin aﬂaxt&msmﬁAdegﬁémM ben det ai |
below), or to generate anti bodies specific for, -4 or PD-1 praotejns, for

exanpl e. Exatigited ingg the yiral genome. (eramiiestors e apah! Bﬂf aetonemor‘sr@;z R Inh

vectors incl @gﬁ,@g ((198 otk T 1 Id
(Studier et g celE;QF%O) Met Sﬁgn%rﬁlggég ght&ﬁpeegg,)%lﬁglrget ggﬂglig%pre55|on

fromthe 19Tr of replication ansd epissmahmaromliant verss). pOthereactoss(eigr. ae-epispmalon from a
Py A D G Do RUTRS el 5, e S RSPk KRB | 1 ¢

vector reli eS28HHFR §OeRrom a pr onoter medi at ed
by a COeXprem‘e&dst\UeH,adndlBNPepr}mﬁio‘a&d a(oﬁg’“gmm@hostTgehmnm Moteov@ptertaity ase i s

supplied by host strain 21(DE3) or HWVS | a reside
prophage har Bﬁ‘ft‘i’rﬁéreé’awﬁ’g‘%la“ Fsst‘?fb°§7ﬁe§ ;VPE;‘%WW WS %}P' of the

lacWV 5 15 piigeet Quch ¢&forSire ?éfﬁf&d 1 RerBivak "éxiaféséx&?%fdri‘fam gdteRl e n
expression in E. coli is to express the protein in a host bacteria with an

i mpai r ed b%paéﬂf‘?sflopde‘mﬁpéb‘lﬂﬁ ieseqmbipgng ermiqueees fbrminibe orBcin
(CGot t esnan, ﬂdggmth% ﬁ)eélﬁééﬁsm " ]%&!ﬁdnja;l?nqe%@)}u aﬁ@ghggar strategy is
el t

to alter the nuc ence of e nuclelic acid to be inserted into
an 20 expr es siternhangeablyrasshe pltsand isithe inosticomuhonly usesiform of wactozalwever,no aci d

22? dtshgzg %hef 1 egt 2k ltchPe&%o mgle&le such Eﬂlercﬁja éf\é\ggr%ss?c}n vaelctors( 191?%2 vira HCl elc

vectors (e.g., rephcatlon defective retroviruses, adenoviruses and adeno-associated

20 viruses), which serve equivalent functions.

Recombinant expression vectors can comprise a nucleic acid molecule of the

invention in a form suitable for expression, e.g., constitutive or in&ucible expression, of
a PD-1 or B7-4 molecule in the indicator cell(s) of the nucleic acid in a host cell, which
means that the recombinant expression vectors include one or more regulatory

25 sequences, selected on the basis of the host cells to be used for expression, which is
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant
expression vector, "operably linked” is intended to mean that the nucleotide sequence of
interest is linked to the regulatory sequence(s) in a manner which allows for expression
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a

30 host cell when the vector is introduced into the host cell). The term "regulatory

sequence"” includes promoters, enhancers and other expression control elements (e.g.,



Such alteration of nucleic acid sequences of the invention can be carried
out by standard DNA synthesis techniques. In another enbodi nent, the B7-4
or PD-1 exprwesimasvector is a yeast expression --25 vect orpermsapisgs of
vectors for expression in yeast S. cerevisiae include pYepSecl (Baldari,
et al. (1987) EMBQJ 6:229-234), pMra (Kurjan and Herskowitz (1982) Cell
30:933-943), pJRY88 (Schultz et al. (1987) Gene 54:113-123), pYES2
(I'nvitrogen Corparatian, .San,DLeqo and piczZ (lnuikr r San
b ogo, | Oy Al PP ARGy by st SE ety Sfollaf il BOSlmIL L 17T,
i hsect cells ugoeadel B0 PO ErdpmalX IBES-3] Regul@6iyGeguendds inthai¢ithidss whivht O S
avai l abl e for expression of proteins in cultured_insect cells (e,g., Sf9
cel I's) incl ude 9T cpustitgive pxpressighiof o nugleotide sganonps)in meNY typgs ¢ hogesh and

PCT/ UTS00/ 2334 = QR ' . 2 - i ow,
V. A and Su rrrrél?os?? %&gk‘k“%sﬁﬁ"?\?ﬁ%ﬁ’é’%@fo: @1- %{;ﬁl?ﬁce&g& hgﬁoc%ﬁg;(ré}g’
enbodi nent, & nissiespecifaciegulatbryt dequennesynitisisould be apprcrisddy those skitledvml thaart
cells using a na | j an expression vector. .Exanpl es,qof .ma lian 5

expr essi on vec thF Beidsien SERe oXiresRion vecio ga Aoead B such Tactars g% ihe RRgics of the
329:840) and  mbE2ENtdBeatthsiine, thdllevel d%pressiorEs? ploteif désired |8d)the Mt Thys ed

in mammal i an cells, the expression vector's control functions are often

provi ded by vi expressiogvegtorsof the|inyeatien;can hedptradusgdinte hogtsglignie therehyaproduce
pronoters are L: - LY,

G an Vi rus. 40UpEEt fepBBRARE s ITRALNE Upefiacs OSBRI 3o 0k

pr okar yot i clandesribet heptin (. BT-4 o5 BD- Icfamily erateif§ maxtait forme bf Bador k] J. et
al . Mol ecular _Clani ?%: A LtFaboraég{?(yl. l\/f\nual . 2nd, ed., Cold Spring Harbor
Labor at ory, CoPEP'af fYPD RRFREAn Eskory Press. Cold Spring Harbor, NY,
1989. In another eniragliedBiibinarit BLpreRIOANRLIBRIDE tHEaAVERlibri¢an D BEQEEdTor Vect or i s
capabl e of directing ex%%essi on of the nucleic acid preferentially in a

particul ar cel EXprgsion of B7¢40rdD-1 proseinsingrkaryotic of eikaryaticeells o Ferfxabpleqr o
used to expres 16 .21 | | hf| tBF:Yin§dcf ts are
known in the aﬁmﬁoﬂwglpﬁtﬁ?ﬁ%hggxn%lk %gdl%fb%gﬁﬁ%lgg?segua?%gs%ucg{lgpec|%lﬁg

pronot ers i Hcl (eking Baeulavipisrekpressicarmstiors) fedst/esils apmamalian delis kSyitablethost! .
(1987) Genes Dey,. .1:268-277 I hai.d- i fic omat ers,(Cal age _and Eat on
(1088) adv. 1 St 486l Shanss BT RS i RIBHRIEL, v Gtk
receptors (W nekpressivs vaGoBaih b tfaliseribdd®Q rafdiiied ik vilko, fdExdaple using T7

I mmunogl obulins (Banerji et al. (1983% Cell 33:729-740; Queen and

Bal ti more (198Bjoregierregiatory sequendes apdhlif BAIYRIS®S: f i ¢ pronoters

Expression of proteins in prokaryotes is most often carried out in E. coli with

20  vectors containing constitutive or inducible promoters directing the expression of either
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion
vectors typically serve three purposes: 1) to increase expression of recombinant protein;
2) to increase the solubility of the recombinant protein; and 3) to aid in the purification

25 of the recombinant protein by acting as a ligand in affinity purification. Often, in fusion
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion
moiety and the recombinant protein to enable separation of the recombinant protein from
the fusion moiety subsequent to purification of the fusion protein. Such enzymes, and
their cognate recognition sequences, include Factor Xa, thrombin and enterokinase.

30 Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D. B.
and Johnson, K. S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly,



(e.g., the neurofilanment pronoter; Byrne and Ruddle (1989) Proc. Natl.
Acad. Sci. USA 86:5473-5477), pancreas-specific pronoters (Edlund et al.
(1985) Sciwgem4dsO: 912-916), and manmary gl and-speci f i echfupissss (€. 9.,

m | k whey pronoter; U S. Patent No. 25 4,873,316 and European Application
Publication No. 264, 166). Devel opnentall44_ regul ated pronoters are al so
enconpassed, for exanple the nurine hox pronoters (Kessel and Gruss (1990)

Sci ence 249: - t es _and Til ghman
(1989) Genes MGy EFRIES huaifacth, LRI, Ry Slnanld BAERA08, 1 90T
use i n mamMmul(G8T), enltbse Bbsindikg protein, or pratein Arregpettivelyq to thi &iigdt Gecombingits | N '
whi ch gene c@PrQSSI on is requlated by heavy netal ions (see e.g., Mayo et
al . (1982) qie1B9: 99-108; Brinster et al. (1982) Nature 296:39-42; WO

01/ 14557 PCT) USOORARA fusiph roRG df b8 billed i BOA: pMoi mﬁﬁ; besayl Qg
5:1480-1489), heat shock (see e.g., Nouer . I n at “Shock
Response, %d diregs gssnys ar competitioe aﬂ@!ﬁedeﬂatbedlm det_all hs}ﬂw)ﬁtﬁ tQ g@)erate intibodieses (see

Nati | Acad et BN Sed GRSREBE 1)U 1067) nature boo: 734. 736

| srael and 5 Kauf mﬁnasaﬂemwmahdumm fsion EJ&;J&'&ﬁ&ss?&D&ctomdclE&Er
Publ ication No. WO 93/23431 FK506-rel ate | es (see

Publ i cati on R (\magn erie 3¢ bfﬁeneﬁéﬁPéé%)@ BET(I&M“W Qr?gghw ard, H.
(1992) Proc. \Ngidds E 1 185608635 rafbie Ebié@xpré?.ﬁﬁo%ég?m \M:toieltehé’é on (1995)
Sci ence 268: 1766- 176 PCT Publ’i cat1 on : 2; and

Publ i cat i bh h@stk}\bmqumansmgn fpm @ hybrid p-lasdusien pmmommgm:me t he

i nvention pr ' I or PD1
DA 1's. oper aPtren ohRe PEL AN beck BT B) Blleofi By 17 pE e R O}

al | owi ng foprmmhmiddiatedelwproemsedﬁ“rahRBA polymteras®(17 puil)L @‘hm viral eukaryotic

cells. The invention, fur rovi de si on \yectqr
conpri si ng aPORARNGI ‘?E‘fﬁ sﬁ%?@%ﬁfﬁgefgﬂ’gﬁ%“m E”’e‘fﬂg si on
vector in an ﬁ)ﬂhég%%ﬂﬁaﬁnﬂgsa L 44 Fﬁngakhﬁdmhﬁhﬁhsc@uoﬂah@omm REUVS i s

operatlvowy |nked to a regulatory sequence in a manner which allows for
expr essi ( BSPMYEnscr i ptlon of the DNA nol ecule) of an RNA nol ecul e which

s anti sense 10 EfduiogPR b redBR a2 SRBNERAAS £ OPFAE) bipil | [ nked

to a nucleic acid clone in the anti sense or| ent atlon can en which
direct the cﬂntpirqtuousahospb@mnadnﬂm impaired capasigntocprétsplyticaliz clebe then a vari ety

Cequlat ory sEaoRRnad eroglE LGOSl 2 t1aR0 WP BBt The PR SABon .

specific or seltdgytiypaltefhemidec soidseqacice 6f thé nucleic acid to be inserted into an

20 expression vector so that the individual codons for each amino acid are those
preferentially utilized in E. coli (Wada et al. (1992) Nucleic Acids Res. 20:2111-2118).
Such alteration of nucleic acid sequences of the invention can be carried out by standard
DNA synthesis techniques.
In another embodiment, the B7-4 or PD-1 expression vector is a yeast expression
25 vector. Examples of vectors for expression in yeast S. cerevisiae include pYepSecl
(Baldari, et al. (1987) EMBO J. 6:229-234), pMFa (Kurjan and Herskowitz (1982) Cell
30:933-943), pJRY88 (Schultz ef al. (1987) Gene 54:113-123), pYES2 (Invitrogen
Corporation, San Diego, CA), and picZ (Invitrogen Corp, San Diego, CA).
Alternatively, a B7-4 or PD-1 polypeptide can be expressed in insect cells using
30 baculovirus expression vectors. Baculovirus vectors available for expression of proteins

in cultured inséct cells (e.g., S cells) include the pAc series (Smith et al. (1983) Mol.



anti sense RNA. The anti sense expression vector can be in the formof a
reconbi nant plasm d, phagem d or attenuated virus in which antisense
nucl ei ¢ aci Ggoai/gser oduced: under the control of a. high efdreessy;
regul atory region, the activity of which can be 25 determ ned by the cel
type into which the vector is introduced. r a discussion of the

regul ati on of gene expression using anti seNse genes see Veéi nt r aub, H et

al. (1986) " ens | ecul ar t for_gen c anal

Revi ews - Tr encée"s%d(;gﬁmggg) ep f?“esf \é"’@%en%&?fnﬁ‘ﬂf?’?‘ﬁér p rtai ns to
host cells int gg%woggpmgrpgg)ant expre55| on 30 vector of the invention
has been intro uced The ternms "host cell" and "reconbinant host cell" are
used i nt er changeabl %thheretnbOd@eghdeudm@ddtOﬁmemhortlépmqsed@r not WD
01/ 14557 PCTI USQQ/ 23347 -62 onl -t h Lt C ﬁﬂll t to the
progeny or pot ent Ty %haﬂrco%su Ry edt e en e%ﬁ'lg .“_;n%gl ééfstogl n no | cations
may occur i n? smgxiessﬁbmcgmﬁﬂﬂad mac-lstea, PODMIBt(Bexd, Bn(upsa)wzmmgw 840) alnd
environment al influences, such progeny, nay not, act e i entlca

The | par ent celPVIIHE (Kentmans pl. (1S42) BUER W URTH9Pn SV eised BrmamBatss el
used herein. 5 o BaRlseicRldctdiBoiol Al SHsAbnnpSvidid 1 VARl Xelibery dbrhentd OF

exanple, a B7-4 or™ PD-1 protelin can expressed in bacterral cells such
as E. coli, i ndecexanygld, s?mWahtumlrpromawm derived fibm ;(om Adenghirvssd e

hanst er ovary cells tabl e. e e
nown 1ot hose SierTeetvint o simie YEu 19 Forget s P Riol bt s ol

pr oka][yot i c10r mwh o)zi@hmd:elﬁ@l'ybﬁc wnasée(hhapta\saﬂran@mabfsmsd]@n r2.¥:]} mze@mard
transfection techni que rein, t "tr formation" .an
"transfection" {eang: n‘ﬂé‘ﬁﬁ@&’%ﬁg@(‘éﬂ”ﬂo"% &24%@’ B bﬁ’r €‘€6’§{ﬂ 9ld ppring
techni ques for pbdrdbshids Pre&sCCold SpHA BafboR MY 1(‘-)999 , DNA) into a host
cell, including calcium phosphat e or calciumchloride co- precipitation,
DEAE- dext r an- nedi at dnjanothes erbedimensnthe rdcgmbmnwmdxan@measmp@ctat iSOn

Sui tabl e met ho%ﬁo%ab?e ?tldlr?&%%%g Oorf ﬂgﬁSnutcfeﬁ% aﬁﬁ-&’ﬁﬁgnﬂ&s ;c’) : %%n are

found in Sanbr cular
ed., Cold Spsi r(ggj,—lﬁ,cshaspdcﬁbcregﬂaory elebent afqmisledlg) drprebothe nhieléio acidy I’lSissBé-ess
Col d Spring Harbor

198 and ot her, | abor nnnuals bl e
transfection of® P?Féﬁﬁfﬁg'iﬂ%{‘ﬂryc"i%"l‘?ts 3re Wﬁm ﬁéﬂ IYENE SEATPR) stfgréﬁ“aﬁ’ﬁe

expressi on vectRieapekifi¢ ﬁ:@ﬁxﬁaﬁﬁ inSlidd @6 mlauﬂuﬁpruﬁstér (Re1-dpedifie/ Bhiterd r@Lt i On of
cells may 20 mt@grate t he forel_?a? DNA into their genone. In order to

i dentify and sdl¥c) Gerrsdev. 1:348%g Alymphaid-gpesifictmemotersdGelame andsEaten:(1288)e
mar ker-(e.g., rﬁﬁ.’ BhRRGE 43 .93?—%5)9&1%%%&1%: ﬁrﬁmoters of T cell receptors (Winoto and

20 Baltimore (1989) EMBO J. 8:729-733) and immunoglobulins (Banerji ef al. (1983) Cell
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters
(e.g., the neurofilament promoter; Byrne and Ruddle (1989) Proc. Natl. Acad. Sci. USA
86:5473-5477), pancreas-specific promoters (Edlund ez al. (1985) Science 230:912-916),

and mammary gland-specific promoters (e.g., milk whey promoter; U.S. Patent No.

25 4,873,316 and European Application Publication No. 264,166). Developmentally-
regulated promoters are also encompassed, for example the murine hox promoters
(Kessel and Gruss (1990) Science 249:374-379) and the a-fétoprotein promoter
(Campes and Tilghman (1 98§) Genes Dev. 3:537-546).

Moreover, inducible regulatory systems for use in mammalian cells are known in

30 the art, for example systems in which gene expression is regulated by heavy metal ions

(see e.g., Mayo et al. (1982) Cell 29:99-108; Brinster et al. (1982) Nature 296:39-42;



generally introduced into the host cells along wth the gene of interest.
Preferred selectable narkers include those which confer resistance to

drugs, suckoa®i4s4i18, hygronycin and net hotrexate. Nucl eicgagaddsgncodi ng a
sel ectabl e marker can be 25 introduced into a host cell on the same vector
as that encoding a B7-4 or PD-I proteingr- can be introduced on a separate
vector. Cells stably transfected with the introduced nucI eic acid can be

| dent 111 ed DsefHdiq o €1986) Mal! Cefl Aol 553840- 1808 etV (SR R §;@.zthe

sel ectabl e marker gene w Il survive, he ot er ce A host )
cell of the |(1ﬁ9éhm1eﬁwf-57safkl1iemn8,§drbk’acrybt,|QR€LrBos&RamyoFL£ppﬂ6§tZ2Q‘)elI in 30

culture, can be used to pfod rotein.
Accordi ngly, Wéonef %v%ﬁg i’ #ﬂft(@s?f N?W%“??r%??’&%@‘e?grd F&&ié’?‘ffg a B7-4
or PD-1 prot eNafl. 4&ddnSeit 1hs4 Vsmz.smwmaaa&w RORTYNGRF23294784-736sixel dnt Of t he
I nvention._ In one enbodi ment, the nethod conprises cul turing the host cell

of i nvent ibn Kaufmag m%ﬁ’"ﬁl Aaidohesi Wa#89e260cand PGrT Rublieaion Biec®@ ng a B7-4 or
PD-i proteins h%l?qg&gggﬂﬁﬁéﬁfb%ﬁﬁé (efe.p UPERPURIER N@WE?&/I%BP?)& B7-4 or

PD-i proteinis I'n"-anot hef  enbodi nent, met further
conpri ses |s®¢t1acthgesa((13§sen, MrarﬁB?lilrd,l'br(bQ%Dﬂrdcerl tAted Bed USkh891554he host

cell. Certai cel ] olgdélg on=h ransgenic
ani mal s. Ssé&ﬁ?ﬁﬁ Ib[s?f gzéﬁéig%ﬂf”ﬁgﬁf%f%’%?t F?bqﬁcguoé’%rw{jl i zed
oocyte or an 9¢A2944a@m¢PGTBﬁbhc6@ddN¢.rwo 96401 818) BAcéordingllin hnéthet Ng sequences
have been introduced. Such host cells can then be used to create non-hunman

transgeni K0 asmbediment,thginventionpsedes sreqembinagt expressipn vectas inwhicha B been

i ntroduced i pipQ) bmlso Blked Y ifEHRIbTe SREQBI Prafbter, AErdHy sowing i Ch
endogenous B7-4 or PD-1 sequences have been alfered. Such aniimals Tare

useful for sterdgdusible dxpressioncef adBy-AntPBrl preteimin eykagfotigedls- 4 or PD- 1

pol ypeptide and fpr, [AGHh Elobel oAl QkoiAhIR LR IR WAL B Bt BT 4 O

PD-1 activity. As ansgeni c
ani mal , pref @Mﬂbhmysleamanﬂﬂmhnveﬂﬁnm:lmémﬂblexpmssioﬁvleadﬂntanamsbnses arat or

nouse, |n mhlch one nore Qf the cells of. t cl udes a

transgene! d’ﬂ%‘}mé’{‘a%f‘té§ %Byéﬁfgﬁ"é‘fﬁ 1B °%ﬁ5?tﬁlﬁ{}§ "%ﬁ‘h%d&g'ﬂ%?ﬁﬁﬁ.ﬂ%“df‘l mat es,
sheep,  dogs g nfaKE widPdIRws Etiekjedifon éms%ﬁﬁﬁ,ofﬂi&d)mb tholdcifie) ofant I ansgene
I s exogenous DNA which is |ntegrate Into th enone of a cell from which.

a transgeni c Ra¥ malecle pichpsantisense i oh of BladimBNAn Regdatgwyfsaieness the mature
ani mal, therg g%é?tﬁ)egﬁﬁﬁde&‘& 4 filefod] cﬁieﬁ‘ih&g aftfsefdd oﬁ@rﬁ&%@rﬂﬁé‘%sogérpd”“ In

one or nDre C es or tissues o e transgeni c ani nma
herei n, a "hedivhciectshe motimivus expressinn pEthe antisenseRNA holeaule ama veadety ofr ef er abl y
20 cell types, for instance viral promoters and/or enhancers, or regulatory sequences can be
chosen which direct constitutive, tissue specific or cell type specific expression of
antisense RNA. The antisense expression vector can be in the form of a recombinant
plasmid, phagemid or attenuated virus in which antisense nucleic acids are produced
under the control of a high efficiency regulatory region, the activity of which can be
25 determined by the cell type into which the vector is introduced. For a discussion of the
regulation of gene expression using antisense genes see Weintraub, H. et al. (1986)
“Antisense RNA as a molecular tool for genetic analysis™ Reviews - Trends in Genetics,
Vol. 1(1).
The invention further pertains to host cells into which a recombinant expression

30 vector of the invention has been introduced. The terms "host cell" and "recombinant

host cell" are used interchangeably herein. It is understood that such terms refer not



a mammal , nore preferably a nouse, in which an endogenous B7-4 or PD-i gene
has been altered by honol ogous reconbi nati on between the endogenous gene

and an exogﬁagwﬁg\m mol ecul e introduced into a cell of thergdhsRl; €. 9.,
an enbryonic ce of 25 the animal, prior to devel opnent of the animal. A

transgeni ¢ ani mal can be created by introdgping'a B7-4 or PD-1-encoding
nucl eic acid nolecule into the male pronucleus of a fertilized oocyte,

e.g., by mcrqipj i o | : ' eto
develop in a %é&ﬁ%ré&%%f%@%&@ bfu('t)%{tggHgglgnr%%%ﬁeﬂ%h%wégg%y%g)?g%m
sequence of SE@etddsdOertdin inpdificatibs may occir imcsucdreding geredtionddumso eitlier ansgene

I nto the genone of anon-hunman npmal . Alternatively, a nonhugan. honol ogue
of & hunn. B7- AMGHiopSF SjEREenta ERUSIcEs, St PREEEY BaY Wt Ry e o
mouse or rat B%‘aén@éell%t%r&%ﬁ%cl&&ﬂv@ﬁiﬂtﬁ@?c & ofth tehmed G54 herdir. € nat i vel y,
a B7-4 or PD-1 gene honol ogue, such as another B7-4 or PD-1 fanily nenber,

can be isolated bagdhbsteellivphbeé anyraokaryotic or ewkarywtic gelbrFopexample i B4 eDNA
f S DNO 1.3 10,. 1. ' ' ti |
sequences o éL protein gﬁis%eed%glres*% ot;act]enalgn%gg gl[cht%g% Lotf %:Q%cg Ft%}%ﬁ}?elzig{so?c ' on

above) and use ronic uences ah enylation

signal s can al sfenfifalian@kNsi@akhias Chiese Hafisteg 61y céllsi (CEIO) a8 €0Stckids) e Dithieti ency
of expression of_ the transgene. A t| ssu%-légeci fic regul atory sequence(s)

can be oper abl fuﬁbl'ﬁ&;‘ﬁt?e@sémﬁs’_ﬂ“@rﬂ‘ms dgatte to direct expressi on of
a B7-4 or PD- 1 protgiir bRAPGHbE Stdodficed $htb ProkdiRioho dSeuk Ay oSERAL @4al NY

transgeni c animals via enbryo nanipul ation and mi croinjection,
par ticul ar | ¥0 aromyentonalirhnsformatiereor ttansfection deshniques. dwisechharaindhe ferms he art

and are descrily for.. L, rn.U,S.  .Pa t 2 .
4, 870, 009, bot h %3“56%%’393@“% fransfgchion ggt'a‘n.%t? p%?’a‘?é?’%'g% §€3\/€e§9 fzed
and in Hogan, téhnifaes fotiintrbduring foreightiusieictasidr (v.g., DA XdntbarhostgeBdndoding
Laboratory Press,, Cold Spring Harhor, N.Y., 1986 im. | ar nethods are
used for produ_(??‘cﬁ’l’f_‘BtPSB]f 9 By decam@m;ﬂﬁ%#‘ga‘gﬁ?@#‘ der
ani mal can be igggtdtionShpdtaHes] or BlRérdpbitidR, Miﬁﬁw}ﬁ&hﬁégk ltﬁﬁsiﬂmﬂﬁg 6P 1

or MRNA

transgene in its genone and/or expression of B7-4 S I'n tissues
or cells of 13 hdragsfeqtimgdostaells ean bg Eovind irf Sambreek, she/neolecafer Gleningsed used to
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20 integrate the foreign DNA into their genome. In order to identify and select these
integrants, a gene that encodes a selectable marker {e.g., resistance to antibiotics) is
generally introduced into the host cells along with the gene of interest. Preferred
selectable markers include those which confer resistance to drugs, such as G418,
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be

25 introduced into a host cell on the same vector as that encoding a B7-4 or PD-1 protein or
can be introduced on a separate vector. Cells stably transfected with the introduced
nucleic acid can be identified by drug selection (e.g., cells that have incorporated the
selectable marker gene will survive, while the other cells die). '

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in

30 culture, can be used to produce (i.e., express) a B7-4 or PD-1 protein. Accordingly, the

invention further provides methods for producing a B7-4 or PD-1 protein using the host



has been introduced to thereby alter, e.g., functionally disrupt, the B7-4
or PD-i gene. The B7-4 or PD-1 gene can be a human gene (e.g., the SEQ ID

NO 1, 3, 1QooRh4séi). but nore preferably, is a non-hu e of a
human B7-4 or PD-1 gene (e.g., a 25 cDNA isol ated by SWHZ}%WW

hybridi zation with the nucleotide sequengg of SEQID NO1, 3, 10, or 11).
For exanple, a nouse B7-4 or PD-1 gene can be used to construct a
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As used herein, a "homologous recombinant animal” is a non-human animal, preferably

a mammal, more preferably a mouse, in which an endogenous B7-4 or PD-1 gene has

been altered by homologous recombination between the endogenous gene and an

exogenous DNA molecule introduced into a cell of the animal, e.g., an embryonic cell of
25 the animal, prior to development of the animal.

A transgenic animal can be created by introducing a B7-4 or PD-1-encoding
nucleic acid molecule into the male pronucleus of a fertilized oocyte, e.g., by
microinjection, retroviral infection, and allowing the oocyte to develop in a
pseudopregnant female foster animal. The B7-4 or PD-1 cDNA sequence of SEQ ID

30 NO:1, 3,10, or 11 can be introduced as a transgene into the genome of a non-human

animal. Alternatively, a nonhuman homologue of a human B7-4 or PD-1 gene, suchas a



DNA by germine transm ssion of the transgene. Methods for constructing
honol ogous reconbi nation vectors and honol ogous reconbi nant ani mals are

descri bed f wyblaghassn Bradley, A (1991) Curr. Opin. Bi ot epd¥igen2354823- 829
and in PCT International 25 Publication Nos.: WO 90/11354 by Le Mouell ec et
al.; WD 91/01140 by Smithies et al.; WD 9240968 by Zijlstra et al.; and WO
93/ 04169 by Berns et al. In addition to the foregoing, the skilled artisan
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transgenic animals carrying other transgenes.

20 : To create a homologous recombinant -animal, a vector is prepared which contains
at least a portion of a B7-4 or PD-1 gene into which a deletion, addition or substitution
has been introduced to thereby alter, e.g., functionally disrupt, the B7-4 or PD-1 gene.

- The B7-4 or PD-1 gene can be a human gene (e.g., the SEQ 1D NO:1, 3, 10, or 11), but
more preferably, is a non-human homologue of a human B7-4 or PD-1 gene (e.g., a

25 cDNA isolated by stringent hybridization with the nucleotide sequence of SEQ ID
NO:1, 3,10, or 11). For example, 2 mouse B7-4 or P]_)-l gene can be used to construct a
homologous recombination vector suitable for altering an endogenous B7-4 or PD-1
gene in the mouse genome. In a preferred embodiment, the vector is designed such that,
upon homologous recombination, the endogenous B7-4 or PD-1 gene is functionally

30 disrupted (i.e., no longer encodes a functional protein; also referred to as a "knock out"

vector). Alternatively, the vector can be designed such that, upon homologous



produced according to the methods described in Wlnut, |I. et al. (1997)
Nat ure 385:810- 813 and PCT International Publication Nos. WO 97/07668 and
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CoNposi ti ONS pasdhoitidgdas %hﬁ%e@mmileha@@nafs B7060r B1Y.S BhiedRe ge‘iec{ear mul at ed

to be conpatible V\nthltsmtende route of adm nistration. Exanples of
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20 Progeny harboring the homologously recombined DNA in their germ cells can be used
to breed animals in which all cells of the animal contain the homologously recombined
DNA by germline transmission of the transgene. Methods for constructing homologous
recombination vectors and homologous recombinant animals are described further in
Bradley, A. (1991) Curr. Opin. Biotechnol. 2:823-829 and in PCT International
25 Publication Nos.: WO 90/11354 by Le Mouellec et al.; WO 91/01140 by Smithies et
al.; WO 92/0968 by Zijlstra et al.; and WO 93/04169 by Berns et al.
In addition to the foregoing, the skilled artisan Will appreciate that other
approaches known in the art for homologous recombination can be applied to the instant
invention. Enzyme-assisted site-specific integration systems are known in the art and
30 can be applied to integrate a DNA molecule at a predetermined location in a second

target DNA molecule. Examples of such enzyme-assisted integration systems include



anti bacterial agents such as benzyl al cohol or nethyl parabens;
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such as et hyyehpilissm netetraacetic 25 acid; buffers such geTaselskes.
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i nj ect abl e sol UPSPSREEBREN BRSSP AT THTEMR AN DS STFINNg Fansgeaes sacodg o und
(e.g., a B7-4 6bthithe (retecvntbimhs@indad Velectd prbteih a:BDecFl]xixamt SRA@YImdlscah be
required 20 anmount .in an appropriate solvent with one or a conbination of
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20 containing a transgene encoding a recombinase.

- Clones of the non-human transgenic animals described herein can also be
produced according to the methods described in Wilmut, 1. ez al..(1997) Nature 385:810-
813 and PCT International Publication Nos. WO 97/07668 and WO 97/07669. In brief,
a cell, e.g., 2 somatic cell, from the transgenic animal can be isolated and induced to exit
25 the growth cycle and enter G, phase. The quiescent cell can then be fused, e.g., through
the use of electrical pulses, to an enucleated oocyte from an animal of the same species
from which the quiescent cell is isolated. The reconstructed oocyte is then cultured such
that it develops to morula or blastocyte and then transferred to pseudopregnant female
foster animal. The offspring borne of this female foster animal will be a clone of the

30 animal from which the cell, e.g., the somatic cell, is isolated.



di spersion nmedi um and the required other ingredients fromthose enunerated
above. In the case of sterile powders for the preparation of sterile

i nj ect abl qy@@iridsdons, the 25 preferred nmethods of prepapeqipSinadsse vacuum
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used in the {pdmbiatd, %ppls&eﬁm'?%mmpsmﬁis%mgﬁmah&&p&mw fhet he art,
and include, for exanple, fo ransmucosal adm nistration, detergents, bile

salts, anld <¢ampogitiensaci d deri vati ves. Transnucosal adninistration can be

-acconpllshed thro Fah Iy r
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transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions

20 used for parenteral, intradermal, or subcutaneous application can include the following
components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic

25 acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases,
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be
enclosed in ampules, disposable syringes or multiple dose vials made of glass or plastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous

30 solutions (where water soluble) or dispersions and sterile powders for the

extemporaneous preparation of sterile injectable solutions or dispersion. For



conventional suppository bases such as cocoa butter and other gl ycerides)
or retention enenmas for rectal delivery. 25 In one enbodi nent, nodul atory
agents are RiSPAH4EH With carriers that will protect the GHRRWEsAJal NSt
rapid elimnation fromthe body, such as a controlled release tornulation
including inplants and m croencapsul ated dglivery systens. Bi odegradabl e,
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phar maceut il®al memtenange of Heaeqired piriiclassize in the cast loEdigprsaigreandrtiytthé user of t he
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and, thereb)é, reduce side effects.
20 amount in an appropriate solvent with one or a combination of ingredients enumerated

above, as required, followed by filtered sterilization. Generally, dispersions are prepared
by incorporating the active compound into a sterile vehicle which contains a basic
dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the
25 preferred methods of preparation are vacuum drying and freeze-drying which yields a
powder of the active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof.
Oral compositions generally include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
30 therapeutic administration, the active compound can be incorporated with excipients and

used in the form of tablets, troches, or capsules. Oral compositions can also be prepared



The data obtained fromthe cell culture assays and ani mal studies can be
used in formulating a range of dosage for use in humans. The dosage of
such conpeumeasszes 25 preferably within a range of ci p&iiginl5437
concentrations that include the ED50 with little or no toxicity. The dosage
may vary within this range dependi ng upgg.the dosage form enployed and the
route of admnistration utilized. For any conpound used in the nethod of
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use of nasal sprays or suppositories. For transdermal administration, the active

20 compounds are formulated into ointments, salves, gels, or creams as generally known in
the art. '

The compounds can also be prepared in the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and other glycerides) or retention
enemas for rectal delivery.

25 - In one embodiment, modulatory agents are prepared with carriers that will
protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.

30 Methods for preparation of such formulations should be apparent to those skilled in the

art. The materials can also be obtained commercially from Alza Corporation and Nova



B7-4 or PD-1 protein (e.g., via a reconbinant expression vector in a host
cell in gene 25 therapy applications), to detect B7-4 or PD-1 nRNA (e.qg.,
in a biol ogiwahi/sgspl e) or:a: genetic alteration.in a B7-4cwuseinkibigene,
and to nodul ate B7-4 or PD-i activity, as described further bel ow. The
B7-4 or PD-1 proteins can be used to treatpgl sorders characterized by

I nsufficient or excessive production of B7-4 or PD-1 inhibitors. In
addition, the r y
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one aspect, the invention provides a nethod for preventing in a subject, a
di sease or h%nahmwuag% sarign: ddheibedification fos theslgsagp pniy foyms phithe ineptiansate on or

activity, de or
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descri bed her eLD50/ED50. Compounds which exhibit large therapeutic indices are preferred. While

20 compounds that exhibit toxic side effects can be used, care should be taken to design a
delivery system that targets such compounds to the site of affected tissue in order to
minimize potential damage to uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies

25 preferably within a range of circulating concentrations that include the ED50 with little
or no toxicity. The dosage may vary within this range depending upon the dosage form
employed and the route of administration utilized. For any compound used in the
method of the invention, the therapeutically effective dose can be estimated initially
from cell culture assays. A dose can be formulated in animal models to achieve a

30 circulating plasma concentration range that includes the IC50 (i.e., the concentration of

the test compound which achieves a half-maximal inhibition of symptoms) as



2. Therapeutic Methods Another aspect of the invention pertains to nethods
of nodul ating B7-4 or PD-1 expression or activity for therapeutic
pur poses. Waofh#gs been denonstrated to inhibit 30 thepepgkhdiisati on and
proliferation of activated imune cells and to transmt an inhibitory
signal to imune cells via PD-1. Accordimngly, the activity and/or -
expressi on WO 01/ 14557 PCT/[JS00/ 23347 -73 of B? 4 or PD-1 as well as the
i nteraction ul ate
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of B7-4 and tHerapy véstordf ainbcckptable dibtut, of &5 Ased sl6tPrelleale Mhteikin dhichV i ty i's
an agent as described herein, such as_a nucleic acid or_a protein

mol ecul e, 10a Hheeeregeliyery vehicle F%ﬁ‘bﬁgﬂeéeﬂti@amkm@ the compispe geng delippgry
protein (€. gyectdridan bé ﬂ‘o&lﬂ’éd ﬁﬁa%?ﬁ% r&%ﬂfﬁnﬁﬁt s, %4, r}eﬁ'd?/ﬁ'alc\ﬁéﬁrsoihe PD-1), a

B7-4 or PD-1 antibody, a D-1 agoni st ‘of ant agoni St ,
pept i dom rneplmma@ﬂtl@l B‘Ppafratmn mltdggm gtmere cellst\’dgdmreducedm@nmer smal |
nol ecul e. And g, Ql%t nodul at es the expression of B7-4 or PD-I is, e.qg.

an antisense |sgl ¢ acid nolecule, triplex oligonucleotide, or ari bozyrre
or ar ecorrbl nant mmmécarucal%nmwr@s%ambe intludedin a4omainé pakkgrot ei n.  For
exanpl e, | i gonucl eoti d nt ar to the area around a B7-4 or
PD-1 pol SGF ORK e&’f”f‘ﬁf'i‘mr;hp %@FG‘E‘“&W Ofcan be synthesized. One or

nor e antisense ol i gonucl eotides can be added to cell nedia, typically at
200 g/m, or_ administered to a ﬁ,ﬁtlent to prevent the synthesis of a B7-4
or PD-1 pol Ypelses and Mretheds,ofithelayention) | gonucl eotide is taken up by cells

and hybridi zes torg gths Blgéd 58 {551\%
Al ternatively, an oI%gonuc Teot i E&im oéetég%ﬁléeé%%‘?glﬁﬁhg&bm to form
a tripl ex coprsteinscproein lpmeleguts, Bkdﬂamhvdlcmﬁegglbadluerem, can be used in one or

20 more of the following methods: a) methods of treatment, e.g., by up- or down-

modulating the immune response; b) screening assays; c) predictive medicine (e.g.,
diagnostic assays, prognostic assays, monitoring clinical trials, and pharmacogenetics).
The isolated nucleic acid molecules of the invention can be used, for example, to express
B7-4 or PD-1 protein (e.g., via a recombinant expression vector in a host cell in gene

25 therapy applications), to detect B7-4 or PD-1 mRNA (e.g., in a biological sample) or a
genetic alteration in a B7-4 or PD-1 gene, and to modulate B7-4 or PD-1 activity, as
described further below. The B7-4 or PD-1 proteins can be used to treat disorders
characterized by insufficient or excessive production of B7-4 or PD-1 inhibitors. In
addition, the B7-4 or PD-1 proteins can be used to screen for naturally occurring B7-4 or

30 PD-1 binding partners, to screen for drugs or compounds which modulate B7-4 or PD-1

activity, as well as to treat disorders characterized by insufficient or excessive



transcription can be used. As a result of either, synthesis of a B7-4 or
PD-1 polypeptide is blocked. When PD-1 expression is nodul ated,
preferably, woslhsggpdul ati on occurs by a neans other thanpbyuks@sising out
the PD- | gene. WD 01/14557 PCT/1TSOQ 23347 -74 Agents whi ch nodul ate
expression, by virtue of the fact that tr_\%_control the anount of PD-1 or

B7-4 in a cell, also nodulate the total anbunt of PD-1 or B7-4 activity in
a cell. In one _enbadi - ent . that stimul i,nhi hi t.or r, '
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vitro (e.g., by corgactivénddi®f Thelintent th the ‘agent) or, alternatively, in
vivo (e.g., by adm nistértng tne agent to a 15 subject). As such, the
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nol ecul e. I n one enbodi nent, the nethod involves 20 adm ni stering an agent
(e.g., an agent idgntif '%bhﬁbéc&ﬁ%é‘&ni ng assay described herein), or
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situations in which B7-4 or PD-1 is abnormally upregul ated _and/or in which
or activity can be identified by, for example, any or a combination of diagnostic or

prognostic assays as described herein. Administration of a prophylactic agent can occur

20 prior to the manifestation of symptoms characteristic of B7-4 or PD-1 aberrancy, such
that a disease or disorder is prevented or, alternatively, delayed in its progression.
Depending on the type of B7-4 or PD-1 aberrancy or condition, for example, a B7-4 or
PD-1 polypeptide, B7-4 or PD-1 agonist or B7-4 or PD-1 antagonist agent can be used
for treating the subject. The appropriate agent can be determined based on clinical

25 indications and can be identified, e.g., using screening assays described herein.

- 2. Therapeutic Methods
Another aspect of the invention pertains to methods of modulating B7-4 or PD-1

expression or activity for therapeutic purposes. B7-4 has been demonstrated to inhibit
30 the costimulation and proliferation of activated immune cells and to transmit an

inhibitory signal to immune cells via PD-1. Accordingly, the activity and/or expression



decreased B7-4 or PD-1 activity is likely to have a beneficial effect. One
of ordinary 30 skill in the art should recognize that in enbodi nents where
B7-4 bi ndsyh@fusscostimul atory, stimulation of B7-4 and pgippgdblasdson of PD-1
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form of :nhl lhbieirﬂ&;thasath%&ﬁggdi;ﬂog@pﬂtoﬁmm_ Ole6ude @ amugloeaadﬂgt'afgeprT ogress. or
may invol ve preventin e i nduction_of an i nmu r esponse. e

funct i onslof “éﬂi?q“%fé%7ﬁﬁﬁfr%l PEteE (o5 P in Hﬁi"ﬁﬁe@g ﬁ%‘;ﬂf &7\7%‘-‘%‘53%55?#' ng

i nmune cel |l g S RPDRY ail Y-8 BEEh | oF ofist A% or
bot h. For ex%?fé),gﬁgnt?-PBD?%ﬂgﬁﬁg% es or lg ?ﬁﬂpo%ég&si’gerpgﬂfdg%gb%&

sol ubl e,  nodaB7H4corPE>agapist or dganisto prqiheysmalk moleeleas B7-4-1g), and/ or

anti - B7-4 anti bod A5 3gent that modulates the expression of B7-4 or PD-1 is, e.g., an antisense

nucleic acid molecule, triplex oligonucleotide, or a ribozyme or a recombinant vector for
20 expression of a B7-4 or PD-1 protein. For example, an oligonucleotide complementary
to the area around a B7-4 or PD-1 polypeptide translation initiation site, can be
synthesized. One or more antisense oligonucleotides can be added to cell media,
typically at 200 pg/ml, or administered to a patient to prevent the synthesis of a B7-4 or
PD-1 polypeptide. The antisense oligonucleotide is taken up by cells and hybridizes to a
25 B7-4 or PD-1 mRNA to prevent translation. Alternatively, an oligonucleotide which
binds double-stranded DNA to form a triplex construct to prevent DNA unwinding and
transcription can be used. As a result of either, synthesis of a B7-4 or PD-1 polypeptide
is blocked. When PD-1 expression is modulated, preferably, such modulation occurs by

a means other than by knocking out the PD-1 gene.



30 that block the interaction of B7-4 wth a costinulatory receptor can be
used to inhibit a costimulatory signal and, thus, downnodul ate the i mmune
response. v {44567 PCT/ USOQ 23347 -76 I n addition, in morasdeeset s where
B7-4 binds to an inhibitory receptor, forns of B7-4 that bind to the

inhibitory receptor, e.g., nmultivalent B7-4 on a cell surface, can be used
t o downnodul ate the i mmune response Li kew se, the PD-1 pathway can al so be

stinulated by the use qf ha t A ne
response. | nhibiti O%ggq(%s Yvﬁ F%?{h tee gss’%nf ngxﬂfggmg?&yh’g{ﬁ%%ﬁgm
receptor on anametatEPDe brE’B4gxacdnyalusmBgulate$lsdtuﬁ1andzmmﬁm lI%DBﬂ-end/or
CTLA4) or activation of PD-1 (e.g., using an activating anti body which
cross-links PD“W"YH%?"?J} ovVi de negat ive signals to immune cells. In one
embodi ment of the i 6! afgg %hmxﬁﬁ&tés@mmuwomusﬁy pEBALRr 10
PD-1 activity is a bispeci |c ant | y For exanpl e, such an anti body can
conprise a SDDaﬁxﬂinbmbmg:tmtyefHDrd 1aamg¢arstd!ﬁ3ib4 ngPBﬂt Examnplesiof suchyagentsa cel |

yel ora col I+ PP GR ey REFDi vt S e i B pSoe o 67 D%

conprising a Pho @F@tmgmgh@me&ﬁ&ad&udhﬁeme@anprl se a binding site which
binds to a nolecule which is in prommtkl to.an actjvating or inhibitory 15

receptor, e.g., B-clianoier epbadipertdhe agen ighibits thejcostimylajery or mrhibitopy actixfty 5,
Fc receptor in &BZQeJnﬁh%xd’i’w}%f} (Zf]?qla?xﬂ‘xgﬁxén% iSREH74 & rasth! ERQH&E@" I on.

For exanpl e, ant | receptor Chain, LFA-1,
i mmunogl obul@ n of Bichapénts mclmkt amsedsgBaMpma’D-l hecléieacid n@te@zles @ml-Bc'i-‘l‘@dﬁ?rt or

" cogni zed and | ARy RHR. Bcivayhe Kt dr BRI ) BPEAR an BT reny)

this 20 second jgHibitegen for the b| speC| fic antibody provi des flexibili ty in
selection of cell population to be targeted_ for inhi bltlcipm:pln ano her

embodi ment, the co- I%ﬁmW%?UPSﬁ“Is%@eéﬂmM‘f vivitee 618
receptor on a Q:@l“)vxtﬁmaigﬁ}?&cglt&ﬁhﬁva?”zﬁrv%éé’g a@mﬂeeahguea§eﬁre@£ via

PD-1. Such co- [igation can be acconplishe by use of a bispecific
agent, e.g.15a SMqusboﬁﬂ‘sueh,ahﬁtprmugAn‘Z@has pmrsisaf mb@ddmmawmnﬁgldual

e et Cond 1 0RO il bR of IRUE A Sy ARPRALR R %Wo&\ﬁa&n 0% 8 pp! "

anot her enbodi or m O
transmts a negqimwm, eg.gp&kordgravm&mddberbﬁt fremdiptod de\niilﬂdithﬂhtiohefthe

transm ssion of a negative s via PD n a ent rese on a
bead or on a sMB%@f?W%HbY"h’@F 1sshareteriesd: yag ’%H’Eﬁx T‘ﬁ P%ﬁgﬁt can
conprise two speppij fprofetrfor nb8leR@RidPYSIecR: In one embodiment, the method mvolves

- 20 administering an agent (e.g., an agent identified by a screening assay described herein),

or combination of agents that modulates (e.g., upregulates or downregulates) B7-4 or
PD-1 expression or activity. In another embodiment, the method involves administering
a B7-4 or PD-1 protein or nucleic acid molecule as therapy to compensate for reduced or
aberrant B7-4 or PD-1 exi:ression or activity.

25 Stimulation of B7-4 or PD-1 activity is desirable in situations in which B7-4 or
PD-1is abnormally downregulated and/or in which increased B7-4 or PD-1 activity is
likely to have a beneficial effect. Likewise, inhibition of B7-4 or PD-1 activity is
desirable in situations in which B7-4 or PD-1 is abnormally upregulated and/or in which
decreased B7-4 or PD-1 activity is likely to have a beneficial effect. One of ordinary

30  skill in the art should recognize that in embodiments where B7-4 binds to a

costimulatory, stimulation of B7-4 and stimulation of PD-1 have opposite effects on



30 ligation of PD-1 and a receptor or a receptor associated nolecule (e.g.,
a bead conprising anti CD3 and B7-4). WO 01/ 14557 PCT/ US00/ 23347 -77
Agents t hawobl/eskr or inhibit interaction of B7-4 with arpcoasenmmsieat ory
receptor (e.g., soluble fornms of B7-4 or blocking antibodies to B7-4) as
wel | as agents that pronote a B7-4-nedigt.ed inhibitory signal or agonists
of PD-1 which activate PD-1 (e.g., PD-1 activating antibodies or PD-i
act i vati ng s ggbl MRS R ha erl RN b SilmindNordddl. 'm bl sede | NI DI ¢
i mmune cell proliteration and/ or effector tunction_or to Induce anergy
when added t evhemstinulatidnrof thesstiyity dfone moleoyk &, desiedbles suppression dithe aetivity t he )
presence of gn agent th t_srdtéi, l?at es signal transduction via an activating
receptor. A Afhpamepmolecyle is @Fr% tzed readouts of cell activation can be
enpl oyed to neas !JEfem;ﬁar? aﬁen?sefol' usiPddvirhcthulating BY-4qB7ardntigohivisyintiade (€. 9.
anti body production, "cytokine production, .10 phagocytosis) in the presence
of the actd véfor expmpled:nantisase melsichles, gntiffodies that recegnige:B -4 compeynds that s
activation c e.readil t ] tgxl i ' ] e agent
to effect a gg’gg"née scggflﬁy%?%lalgﬁg}r'%?qﬁtgn or 2?’ ?%dg{?‘%ré%%ﬁ%%%%%ﬁ%g&ﬂeasur ed.
I n one enbodig@¥oluble, iMdRovaleneB7-4aioledulss.cand solable forms @i B liggadswet specific
antigens by co-adm.njstering.an antigen with D-1 agoni st, For, exanpl e,
tol erance 15°%W5%‘dﬂ¥l§{?€é‘ﬂth9 S“Q%ﬁg?wgﬁfwgl E§‘?mﬂ’lﬁg'@§ﬁnt%f?58_ﬁﬁ Hent,

i mTune r espogsKmbdulating POIEID-? hnthnfits) thcRide (18t Seniple)Vantisbns tnoldrales.e
response is undesirable can be inhibited. For  exanple, patients that

recei ve FHxt entibgies that binditoRD-, byt de petiteansdyes yoighibitorygignakte thejmanung| ot t i ng
factor. Co-adgj Al ] o O t g B7-4-nedi at ed

costi nmul at orgéﬂscg%%{'&g%‘ﬁ%nag{é%%ﬁ?ﬁg{mé@ﬁgﬁ ates aﬁPD 1 nediated inhibitory
signal in 20 conbExemiplarp agéntsfor wse imtpmatutatihg BT ¢l (B7H4 dgodists) inplugdfferi cal | y

li nked to Fact 111, e.g,, b -1 oki ult i
donnmodul at | SHalsl: apeiE Al molediies st R pepEbe st lod s B98¢, s
peptide fused, dophpdunds@a Riérddethé Sieprédsivh BEBRA, AlcEN thit eRpresy BL-Hkc. B

| ynphocyte antigen (e.g., B7-1 or B7-2) can be used to bl ock interaction
of B7-4 wk hE&e@ﬂWiaﬁm%%%PiF ip ypmpdulating PD41 (RRn) agenisis) inousle;(for sxampldul at e

| mune respo : [ e : : j le, a
574 pol ypepArodiel HpE Al tRikinlolibaP A PC1, RERpOUAS bl AbaREME, © g

ant i bodi es  gxpressionafiPDHodudlsic agjdimelecules @poding)BD+ipanst forras qiiB74 that i - B7- 2

and/ or anti g?é rmno%agnahl)_lanti bodi es) can be conbined as a single
conposition PSERTH T PR séparately (sinultaneously or sequentially) to
downr egul ate.i nmune cel |l nedi ated i mmune :

20 3. Downregulation of Immune Responses by Modulation of B7-4 or PD-1

There are numerous embodiments of the invention for upregulating the inhibitory
function or downregulating the costimulatory function of a B7-4 polypeptide to thereby
downregulate immune responses. Downregulation can be in the form of inhibiting or
blocking an immune response already in progress or may involve preventing the

25 induction of an immune response.

The functions of activated immune cells can be inhibited by down-regulating
immune cell responses or by inducing specific anergy in immune cells, or both.

For example, anti-B7-4 antibodies or B7-4 polypeptides (e.g., soluble,
monomeric forms of a B7-4 polypeptide such as B7-4-Ig), and/or anti-B7-4 antibodies

30 that block the interaction of B7-4 with a costimulatory receptor can be used to inhibit a

costimulatory signal and, thus, downmodulate the immune response.



30 responses in a subject. Furthernore, a therapeutically active anount of
one or nore peptides having a B7-4 pol ypeptide activity, with B7-1 and/or
B7-1 acti vi tywoeiusee used WO 01114557 PCT/ [ 1SOQ 23347 - 78pdushais¥nct i on
wi th ot her downnodul ating reagents to influence i mune responses. Exanples
of other immunonodul ating reagents includeggntibodi es that -block a
costimulatory signal, (e.g., against CD28, |1COS), antibodies that activate

i nhi bi t : : i
a0, LY 519 i o AR b Ao B LB r VY
cytokines), f usBMtlm bmetm&e(rﬂnlgtoryﬁdpw é:¢., midlfivaléntiR7-4 onadell surface, can be

| mmunosuppr essi ve, dr rapamycin, cyclosporine A or FK506). The
137-4 and/ or PO¥S¢d é%g?‘ﬂ’é’é‘%ﬁé)’hea‘ ZESREFyl in the construction of

therapeutic agents wWitewiseDine®p-1i axm@/@aﬁlaisofbu@ﬁ&mﬁﬁdlaytm&&wﬁ ggﬂttgf

cells. For exarrple portlons of 4 or PD-1 polypeptide can be |inked
to a toxin td rtherebydormmogdulstedhe¢ imrgneresponssa bihibition ¢ thgg@magn pﬁB7-4 with

destruction of col oS
pol ypepti des of® Sthleatélrgrg%%%ﬂo‘{n;amg"m\%l ‘Egeog r%mspr%pes%é‘tglie\% y gﬂ? caﬁ'%’af to
toxi ns using teCTIA4)we sctivation aﬂ‘RD-In(@gmusmg dn'itivdting atitdy whidh@sessliaks PIJ- of

vi a reconbi nant, DNA t echni ques. , The prepar atjon of imunotoxins is, in
general , wel | KAGY Proyidenesaive signgls to mpuneceflss  pat . Nos. 4, 340, 535, and EP

44167, both 15 i ncoﬂxp%@én%dhﬁe“n?bﬂh@}hvéﬂfoﬂr ﬁﬂé‘cﬁ)ratm@%ﬁﬁﬁdﬁ?%sém%ﬁmﬁfate
di sul fi de- bond containing linkers are known whi ch can successf ul l'y be

enpl oyed t 01@ordRryastivityliva bispaciicmptibady. Wt exampleysichan potitbdy camcampsise a
e mbodi ment, i ’ﬁﬁ—‘ﬁ $irld s?tg o&g?blﬂ{liig%ité Qﬁicg Qa?egettst I'(.aetll s aﬁ%}r%b‘%glolli in

"hi ndered"” are 'to be prererre er sta n-vivo,
t hus preventi ndmmuat edke. gqbnhl‘leceﬂp«Brcellmemyemd cell. Twomd emabodiinett, shdteansi t e

of action. 20 A evarlet of toxins_ar own_that_nmay be c¢onjuygated to
pol ypepti des o@%{ Badditic Eﬁcwgsﬁnﬁﬁéﬁ fBngEiﬁ?rfﬂ"efgmi‘eﬁEP‘BHése Bus

useful plant-, siel@aiehbirds tey Mblecklad WhithiidmGR6kiMad td Ardchvatingldr flhibilyy way of
exanpl e, include various A chain toxins, “particularly ricin A chain,

ri bosone i nAt iteeEpion-SorByeell antigenepenter, & sell prtigsn Tegenton phan Fc repaptarin sar ci n

aspergillin, [p&%g r Sg,
angi ogeni c, di paaeﬁltrl %ox?%hé&ggggégggigr‘r%%g% exo ogl&ﬁé%u(ill te, £§B§ er%’r ed
toxin noiety flocellrseepton cloaim IdFat-i dBDEMCI’IIiA—h,armmmeglbbtdm Bzell mcep‘tonﬁdg:élphan

whi ch has been t at nodi f [ enove C rafje re .
degl ycosyl at ed 18 %ﬁ (felgzzt (’if‘érec?é é’ﬂ?ld bg useds Slf%’l gﬂfﬁé’}' 85‘?‘355)‘?‘ iic ggents)
conbi nati on of afdigtreCopniie® indcaa®R Piodiucdde.g., as&Zcri’oea héeid. Selection of this

20 second antigen for the bispecific antibody provides flexibility in selection of cell -

population to be targeted for inhibition.

In another embodiment, the co-ligation of PD-1 and an activating or inhibitory
receptor on a cell can enhance the generation of a negative signal via PD-1. Such co-
ligation can be accomplished e.g., by use of a bispecific agent, e.g., a bispecific antibody

25  as described herein having specificity for both PD-1 and a molecule associated with a
receptor. In another embodiment, the use of a multivalent form of an agent that
transmits a negative signal via PD-1 can be used to enhance the transmission of a
negative signal via PD-1, e.g., an agent presented on a bead or on a surface. In another
embodiment, a such a multivalent agent can comprise two specificities to achieve co-

30 ligation of PD-1 and a receptor or a receptor associated molecule (e.g., a bead
comprising anti CD3 and B7-4).



30 (alone or in conbination with B7-2-ricin or B7-1-ricin), into a patient
may result in the death of immune cells, particularly in light of the fact
t hat acti vwoaghdssmune cells that WO 01/ 14557 PCT/ [ JSOQ 283Ai&nn/2338 express
hi gher amounts of B7-4 |igands. For exanple, because PD-1 is induced on the
surface of activated | ynphocytes, an ant7tody against PD-1 can be used to
target the depletion of these specific cells by Fc-R dependent nechani sns

or by ablation bya E&QHAQEB&MI&ﬁY?ﬂMbHOﬂBW wifh dbostithalftor) re rin, or
calicheamcin) to the anti body. In 5 one enbodi nent, the ant’ibody toxin can

be a bi speci f(é.g- miublbwyso&bnonbbp\gwmubodnam%@m ‘wewelkas agenss it f o
targeting a specifi Q usin er f only on a
certain type Ot%'flﬁ”'fé. . "l“%!% ry%@‘zl%r Iqrgﬁsgﬂflg-guvr %vaggg)llati ng or

preventing Bieﬁ BDlIydItﬁ%tin@Qnﬁlﬁﬁieb BﬂPBH%ﬁvzftiﬂQ@thDﬂﬁleﬁﬁles)aﬂi be/identifieda B7-4 -
or a PD-1 inhi |tory function (e.g by.stimul ati on of the negative 10

si gnal i ng ¥ urb¥itheirpbgity epinhipitirgmyueel)ipr lgmﬁ?@ftﬁwt‘Pﬁﬁhﬁén‘i‘@ﬁponse
e.g., insit ‘iﬁé gfﬂtﬁarpiddta& 4G v&%‘a@sa?nf‘o% le! ééﬂgﬁm AthRl iPBe }égence

graft-versus di sease I n aut 0l mune di seases suc as
system c | upef azeagcntﬁmsnwmas signal transdupciidnevia an aotivating receplor. 4 xambemrgf
bl ockage of i ne .cel | ults d tlssue de ruction in
ti ssue trans&gwcto @ﬁlogaapaé'“ﬁlﬁntcfl%sue el %Z‘p an ,egéj tion of the

transpl ant i g,rolﬁ‘eraﬁudoraﬁeaoxtmnahglce.gxaubwaﬁmem omkﬁepﬁidgmdﬁy i mune
cells, followed by gn.i

tion that destro the trans nt. The
adni ni st r ¥ | FhagoFyigsIFdn lﬂfﬁe%?P?ﬁ‘ Yating agegh ﬂﬁ%ﬁ‘ﬁ’é ofiafestp F"g‘ﬂ°ﬂ‘f a B7

mol ecul e W 1 lpigadiRgtidn oah BE Rlalil g‘&‘éi&ﬂ‘iﬂéﬂ@:?)méﬁ.&hﬂn ﬁfb the adedtiolbfRet £
sol ubl e, nmononeric form of or PD- I O|ypeptld alone or in

conj uncti on \mreasamrnlefera@mmmf&moaﬁ@mondymamw - to or at the tine of
transplantation 2 [0 si gnal .

Mor eover, i nhi bi tlﬂlo(%%%fdba&h%h{ Tosth gnegﬂﬂg}tig{’%ﬁgfegl%é@ugeq%&proﬁ%?{%n of a B7-4
or PD-1 inhi antigenybyt@mivhinisteyingarsantigen withih PDel agumist. d*‘cnnm@ple,eoléﬂmca nmune
cells eb ndyci t ol.eran a subj ect . Inductlon of lLong-term

t ol eranceﬁ{)y %‘f{b"t’ﬂa §gg’§?m CR® “??I)S‘o" o IS TESR Wne%ﬁ%?d t he
necessity of of i€ pdteniditd Wh&h%ﬁhhﬁ%ﬁ%sﬁoh&i@uﬁﬂe@ﬁdﬂlﬂﬁnb@ﬁﬁﬂﬁfe& Féb To

achi eve sufficient 1 mmunosuppression or tolerance in a subject, it my also

be desi r abl e examme.gatientybatrecsiveFactar YH frequspily grmergte aevmes Astiestthies. For
exanmple, it %e%or L @ilifistARioR 'opé‘:{;agreﬂlﬁ.hé tbiticks 2B 74 Qf-mﬁ?at%d and B7-4, B7-2
7- an aam

and B7-4, or B7-2 and B7-4 nistering a soluble formof a
conbi nati on gbstiplaqlﬁtﬁlds&nﬂmmggqhﬂlammﬂnm)a -1 @mdhtedflnltlh@sxtaSIMDlgens or

bl ocki ng fd‘_lt icgrggingtlsonawgiﬁm regom}gl 51% facfdl R/'Ilg ‘(:"orll'%y physically linked to Factor VIII, e.g.,

by cross-linking) can result in downmodulation.

In one embodiment, fusion proteins comprising a B7-4 first peptide fused to a
second peptide having an activity of another B lymphocyte antigen (e.g., B7-1 or B7-2),
can be used to block interaction of B7-4 with a costimulatory receptor on a immune cell

25 to downmodulate immune responses. Alternatively, two separate peptides (for example,
a B7-4 polypeptide with B7-2 and/or B7-1), or a combination of blocking antibodies
(e.g., antibodies against a B7-4 polypeptide with anti-B7-2 and/or anti-B7-1 monoclonal
antibodies) can be combined as a single composition or administered separately
(simultaneously or sequentially) to downregulate immune cell mediated immune

30 responses in a subject. Furthermore, a therapeutically active amount of one or more

peptides having a B7-4 polypeptide activity, with B7-1 and/or B7-1 activity can be used



30 (separately or together in a single conposition) prior to or at the tinme
of transplantation. Alternatively, it may be desirable to pronote
inhibitory agleyhisgs of B7-4.or PD-1 and WO 01/ 14557 PCT/ US&q/dstndszq7 - 80
inhibit a costinulatory activity of B7-1 and/or B7-2. O her downnodul atory
agents that can be used in connection w thgthe downnodul atory nethods of
the invention include, for exanple, agents that transmt an inhibitory
signal via CTLA4, soluble. ant i.bpdi gs_t hat tivate an

i bi tory i gricodictgs ity SuF alimmetieite cARAL ALk Him B HFSE, 0,
cel |l markers orExamipléslo€other ifBmmbmothllting regpents duclide@anisbdiesitiatbloek §. , agents
that disrupt the interaction between CD40 and CD40 ligand (e.g., .anti CD40
li gand ant i bodi%gymulatopy -‘t‘ﬁﬂi‘gi(%g-: éﬂj‘H}shQPzWPQPS?’ﬁéE‘PdEﬁS%FWWB‘?GEHP}EE‘BQWe
drugs. In anotg yeqql Gisyatys Qe : i f B7-4
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or PD-1 inhibitary fiunction is alsp be useful in treatin ut .ol ne

i sease. Many SOOI REDGOBEHEYedrugs: o dapamysity CTOpoRiif gk e
activation of i munghe@7leandPDAT peptifi@fidy s> Bedkfubin the€ddnstricisaef and whi ch
pronote the productign of cytokines and autoantibodies involved in the
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reagents whi c%f’%@g’ cosﬁsr?g g?‘ﬁc}%%‘ﬂip?‘?@%gnce is’pﬁ‘?‘eﬁﬁg%%ﬁéﬁ"kg
recept or: | i §&ndytatoxicageot dapaitde off tripgtring khealestastion dficetle st which aibondy. r ecept or s

is useful to inhibit, i ne cell activation.an revent producti of

aut oant i bodi es or C?Pﬁ%ﬁggcﬁﬂﬁ%ﬁaﬁﬂ@sﬁ@yp@ﬁ\‘}ﬁ Pﬁer{nﬁggﬁyg’gggiée%g%cess.
Addi tional |y, ~aperatigely Adchéd, @iokins Ading REhinkided that 4rd REdWIDI tRarfle.gB7-4 or PD-1
may i nduce antigen-specific tol erance of autoreactive inmune cells_ which

could lead to | B8l G Wﬁ%ﬁPN@eteehIw%Themevaeﬁmmwt%wem s
in preventing ipkerldl AvdIAkoRsl ift tHeAHITEEI g TR0 PAICKSs. 4930/355, 44 BP A 1 i NI
a nunber of well-characterized aninal nodel's of human aut’ol mune di'seases.
Exanpl es i nt$ udecorpasatedhkerein by réferennel Numeraisitypes of diswlfgdrbondtcostainingdinkeisc

| upus eryt hemat | 2 A prklpn mice o NZB. hybrid mice. nucine

aut oi mune col Iage;%%“}élﬁ}ﬁ% '1[\435 o tbé"rsympira?é'f:‘?fotcﬁgjulg%te Weﬂé’ieé%a’“ég rats,

?nd rrulri ne e)l(? pq:blylpfqmp dal hﬂgﬁa&&ﬂ%Y dil?&n? ﬂgxggerst}ksagzaafﬁggt)dﬁdﬁ -bor?_ﬁgmm f ly
nrunol ogy, Rayen Press, New Yor . .pp. -856). .Inhibition of |mune

cell activati ong’r“gerﬁ@eﬂ‘ﬁ°’\ﬁeer?é?f§5%‘af‘ﬁ‘ectﬁlqe§’ terstability iy iy, thus grevepting, gy and

al I ergi c react ir6lBdse ofthd toxik ol Pridk td MAdihg i RE QTabah. AN agent that
20 A wide variety of toxins are known that may be conjugated to polypeptides or

antibodies of the invention. Examples include: numerous useful plant-, fungus- or even
bacteria-derived toxins, which, by way of example, include various A chain toxins,
particularly ricin A chain, ribosome inactivating proteins such as saporin or gelonin,
.alpha.-sarcin, aspergillin, restrictocin, ribonucleases such as placental ribonuclease,

25 angiogenic, diphtheria toxin, and pseudomonas exotoxin, etc. A preferred toxin moiety
for use in connection with the invention is toxin A chain which has been treated to
modify or remove carbohydrate residues, deglycosylated A chain. (U.S. patent
5,776,427).

Infusion of one or a combination of such cytotoxic agehts, (e.g., B7-4 ricin
30 (alone orin co_mbination with B7-2-ricin or B7-1-ricin), into a patient may result in the

death of immune cells, particularly in light of the fact that activated immune cells that



30 pronotes.a B7-4 or PD-1 inhibitory function can be adm nistered to an
allergic subject to inhibit imune cell nediated allergic responses in the
subj ect. Vb Od4ds5557 PCT/ (JSOQ 23347 81 Activating a PPetusezpepti de may
al so be useful in treating allergies. Inhibition of B7-4 costinulation of

I mmune cells or stimulation of a B7-4 ar79RD-1 inhibitory pathway can be
acconpani ed by exposure to allergen in conjunction with appropriate MHC
mol ecul es. EQinighefARdun® BT B?Whﬁﬁ@%%ﬂn?pl@ %S&MDJIQS hahddiSn e

dependi ng on e route of entry of the_allergen and the pattern of _
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function of B7-4 or PD-1. 10_Inhibjtion of, i mune cell activatjon through

bl ockage of Anesmbodiment; theantibady; toxin can be & bispaeificantibady iSysh bspesiic|
i nhi bitory agf.l bl o Cexﬁifspm&%nhgp@ge&ﬁefwﬁ&?phmswgp%g&lm&k&'fs

i nfections o For exanple, 1 n the acquire nmune I ci ency
syndrone (Al baly,onajceriin typp lof cell egnaTQKBC&lb!aE@nﬂyculmmne cell activation.
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replication mamnw@wupmmmmu(sg,wmmmn obtsmeggive at i on of
an i mmune, response Vi g st ﬁtlon of B7-4 t|V|ty or B7-4 |nteract|on

with its Hht sieaplingfunetian ot ED-1)susefl to doynm thedhmype pespanse, €800 |
pronoting t h@uﬁﬁbmm@aﬁesm{mﬁ &@%ﬁéﬂan%oﬂ mwemkwstmsgmmm essed

in placental trophoblasts, the Tayer of cells that forms the interface
bet ween not her inantbimunediseases isuchas\sysieraip lupus etythematogiiseansmultiple rselp@sxnal

rejection of zth

t hose identi 1F| eeg‘aglgg?f g@?‘éﬂezgl ng@%‘?‘gggu ?ﬁm s “@g%}g@ﬂg‘g{e{%g??%%%é
"Prognostic ﬁmamphamtlomnryphdany,enme han@lapts,emjeommi of thetthnaplaitfiont aneous

abortion gr those 0 have had.difficulty.concei qause of

munol ogh% PR HEeb fE ERLiR rgEn b B h AR SR PRI gent s

‘that stinul at@ctidn thh@leﬁﬁﬁlk metwns;ﬂaan adinihibtfation b4 M6lebrdle which lintiibifs opat ur al

bi ndi ng partner(s), Downr egul ation of an imune response via

stinul ation biocbnntsraaew o at1§/7 @Plesaie with Pﬁ?ﬁé‘?‘ﬂ’&"‘?f& gecgptor(s) andmmpme eells bi ndi ng

partner(s), lﬂ%rfcqﬁﬁ A pﬁ]t rﬁﬂ;e fi6k) aRfe oi mmune
attack of au'? ogouésgb'!?oll s?g}e{% or oexg F or #s ng r’rglai% ﬁ‘ll%hl y
expressed i ncodjenctiemwith annlhqmdgmo@latm abeapnorftponatahn mncmﬂmsylmtatm;x Thi s
'S evi de%edcaninhibit the generation of a costimulatory signal. Moreover, inhibition of B7-4

costimulatory signals, or promotion of a B7-4 or PD-1 inhibitory signal may also be
sufficient to anergize the immune cells, thereby inducing tolerance in a subject.
Induction of long-term tolerance by blocking a B7-4 mediated costimulatory signal may
avoid the necessity of repeated administration of these blocking reagents.

25 To achieve sufficient immunosuppression or tolerance in a subject, it may also
be desirable to block the costimulatory function of other molecules. For example, it may
be desirable to block the function of B7-1 and B7-4, B7-2 and B7-4, or B7-1 and B7-2
and B7-4 by administering a soluble form of a combination of peptides having an
activity of each of these antigens or blocking antibodies against these antigens

30 (separately or together in a single composition) prior to or at the time of transplantation.

Alternatively, it may be desirable to promote inhibitory activity of B7-4 or PD-1 and



30 by the fact that the Balb/c PD-1 knockout nouse exhibits nmassive

aut oi nmune attack on the heart with thronbosis. Thus, conditions that are
caused or exwoaifgsed by WO 01/ 14557 PCT/ USOQ 23347 -82 aptgusmmsgr at t ack
(e.g., in this exanple, heart disease, nyocardial infarction or

at heroscl erosis) may be aneliorated or inpgmved by increasing B7-4 activity
or B7-4 biding to its natural binding partner, e.g., PD-1. It is therefore
Wi thin the scopgipha i REGE dEBTIDHIR BY-£ Wil doWamoRIB08f RAE Tty
aut oi mmune attack, such as 5" autoi nmune di sorders &gs_ wel | ‘as conditions
such as heart diasbaussd imganpeativnatith thedownmddulatorn méthatd$efithe inventippiinclugde,

stinulating B7-4 activity or -4 i.nteraction. Wi,t h a4

Upr egul ati on offmi Wﬁ%’ ?%Eﬁgﬁg g’?"%ﬂf”éb‘ﬂﬁ&??% ﬁ'g8?’l V&&EL‘ég’sﬁolﬁl%ﬁfg%sr%f
aetivity or inhi1liA4,antibodits Bat Sitivate Gh inhilidrpdignaPlia CTUABBlodkiag aktibsdizns of
upregul ating_i nmune responses is also useful 1n therapy. Upregul ation of
i mmune r espohs gaiagtothes immune cellmarkerser sehwbleformspf otheprecentorligandipairde.g.,

response or el iGLt.l [ 1 s ' . ), € cing an
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i nhi bition of Bigaid atibsides)), antithudies agaiyst eytokings gr immunesipptessive drage dn of

I nfections with _mcrohe e.g., bacteri Vi rus ar asi f.es. For
exampl e, in ond™&%Hd q’f‘?@“‘[‘fm’%? e ?“gaqua’ttﬁ‘g?g%?m?gﬁg%a&gg‘b‘%?t fatory
signal in an i radmivdstéred to dchiede optimd? blotkipgpétivitg. i N a nul ti-valent form
(e.g., a soluble nultivalent formor a formexpressed on a cell _surface))

or an agent ®hat 20 Fprtiapiples blopking BY dhnebipresifle spstisyalatian;of Aetiatingin BBt asr y
receptor or an meehitildd fuhBiinds hio bé g%ﬁ?/ ﬂi-‘EéakiHQ:tu%inﬁﬁhde%@eﬂet Ma)‘xgs i gnal

via PD-1, e.g., a non-activating antli against PD- 1, 1s therapeutically
useful in situaucimmunddisarderparedhd resultof ingpproptiatd activationiofiminiune pelidithat ark

responses, resulti.ng. in . rapi £ thorqugh clearan . virus, would be
bonoti ot al .| Tttt Rirish 8 fcn A IR BB e Rl S . ]

shingl es, in waumantitodizaifrolied in the p@t6iogy efake discasts] Praetihgithpactivdtion dfo t he
skin. In addition, systemc viral diseases such as influenza, the common

cold, and ehteptiorsactive immyme celts may rgdycs opelimipate diseass SYymptoms.r Admyyistigtion |y

agents system Galdayentd Whiek blogk BostifiAABA 6Fimminine ¥BiYs tYAdiSEtdeableBtot-Bedddr t her
adm ni ster other agents that uEreguI ate i nmune responses, fof exanple,
ctl

forms ot her -B7 iftarsctiaps eR erolecules with Gostimulatoly seseptogrishssful itminbibittimmynat or y
receptors, 1In %'éﬁl gétlvyi'&r} ﬁ%rpreq}égtrﬁ'g&uc{ipr? of A04R bodles 3P quacemes which may be

involved in the disease process. Additionally, agents that promote an inhibitory function

20 of B7-4 or PD-1 may induce antigen-specific tolerance of autoreactive immune cells
which could lead to long-term relief from the disease. The efficacy of reagents in
preventing or alleviating autoimmune disorders can be determined using a number of
well-characterized animal models of human autoimmune discases. Examples include
murine experimental autoimmune encephalitis, systemic lupus erythematosus in

25 MRL/ipr/lpr mice or NZB hybrid mice, murine autoimmune collagen arthritis,‘ diabetes

~ mellitus in NOD mice and BB rats, and murine experimental myasthenia gravis (see
Paul ed., Fundamental Immunology, Raven Press, New York, 1989, pp. 840-856).
Inhibition of immune cell activation is useful therapeutically in the treatment
of allergy and allergic reactions, e.g., by inhibiting IgE production. An agent that
30 promotes.a B7-4 or PD-1 inhibitory function can be administered to an allergic

subject to inhibit immune cell mediated allergic responses in the subject.



WO 01/ 14557 PCTI USOQ 23347 -83 Alternatively, inmune responses can be
enhanced in an infected patient by renoving imune cells fromthe patient,
contacti ngwowmss? cells in vitro with a formof B7-4 tlratrasegsies a
costinmulatory signal in an immune cell or an agent that inhibits the

i nteraction of B7-4 with an inhibitory rgceptor, or an agent that inhibits
transduction 5 of an inhibitory signal via PD-1, and reintroducing the in
vitro stimil afcgdadngapis 1%%?1& Biap aisé Be ps%ﬁﬂ ¥eatihf afROEN ARniBABRGE TEN . @
nmet hod of enhanci ng i mune ésponses i.nvolves isofating infected cells :
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on their sur apsepristdMMTmblRbulés. AdletdidiFadtivhs tanbRsl aemi@r toehllifi natidfe) t he '
patient. The transfected cells are caﬁabl e of deli ver| ng. a costl mul at ory

si gnal to,> afePendiag epthegpute oEgngry of theaflersenanddhe pattem of depgsifionof IgE B7- 4 t nat
promot e a Cosh i otsbeSiplile! T, i 1umﬁﬁuﬁ.ﬁle'oeua{eda&aaﬂsr§fc that inhibits

the interaction of an in |tory receptor, or an agent that

i nhi bits transponsts bcﬂbhrmtmmtﬂlblbvadzylmmgmommtOIdefenused

prophyl acti ca acecin St. varl tides

pol ypepti des? @Wﬁ@%ﬁ%ﬁ Bﬁ?ﬁ%ﬁ’ gﬁb ﬁgﬁ)ﬁ%%@ aTﬁBS%er‘?t a
virus, can bﬂ]atﬂ@ﬂﬁfydabmhmfylmﬂéﬂoﬁ@fmmr@mlral protein al ong W|th a

f orm of B74thatn£10rmtes a costimylatory s n an _ipmune . cell, or an

agent that® i nhi bi Inbibitige of ypEpae ¢ I@H“Y?FWB'Gh %!‘?‘Fk%ﬂ?qfﬁllmtﬂ ?%V?“]P@éléptor or
an agent tNatyvigll mxﬁaaﬁdnadiwmhmoﬁfa&wmm& B ithpdita MerapbticRlly | 1N an

appropriate 20 adjuvant. Alternately, "a vector conprisSing genes which
encode for bm?uﬁlmnmgénmmunaﬂlsgé’nrmm ingherpeguirgy immunealefigiensats t o

costi rmul at ory, %%Agbgég@r Q@{ Etﬂﬁula%@?% 0&11 thﬂ CBI%S]&% Xacm nes

can be adm n| ere neans, i'njec
(e.g., intr ammu:kﬁmulatom ﬂeaaj;afrﬁmbmcunnothﬁniﬂhﬁﬂn dﬂB7€4 mrifmdtmmmwj

DNA- coat ticles. i.nta.th d t hat
oot o1 e s Shncabima Griici ShiaimoBLrpRuSs B fefePSheicie PRt . o
the skin (Hawmps. Bbwiteguldi®R®f an inmitiedbfohRa/ia stﬂaﬂuéﬁ:}.)ofwﬁﬂ@t csr\ml-ay,

nucl eic acid vacci nes can be adm ni stered by non- invasive neans. For
exanmpl e, pur éntesaction wyitits samral hinding partne(gh egeP ) mapplseibe wsefuhin  r espiratory

systemor ta y very of DNA
(Schubbert . Egjg{f’%q%r ocC. aﬁce (gc?ge (%n gFS %qu%ﬁgﬁ%lhm?&glrﬁgﬁeg

m croor gani sphcmn@ﬂldblasu,sthdlaymofddlmtb%fqmis@hmmfetalbemeﬁam&;rat(dS| zenore .
et al. 192%5 fe‘?t(le = may p?ay aroempre {1&' ﬁgf%maf) reject1i3‘ns g%ez f?é%x%? Females at risk

for spontaneous abortion (e.g., those identified by screening for B7-4 activity, as

described in the “Prognostic Assays” section, those who have previously had a _
spontaneous abortion or those who have had difficulty conceiving) because of
immunologic rejection of the embryo or fetus can be treated with agents that stimulate
25 the activity of B7-4 or its interaction with its natural binding partner(s), e.g., PD-1.
Downregulation of an immune response via stimulation of B7-4 activity or B7-4
interaction with its natural binding partner(s), e.g., PD-1, may also be useful in treating
an autoimmune attack of autologous tissues For example, B7-4 is normally highly
expressed in the heart and protects the heart from autoimmune attack. This is evidenced
30 by the fact that the Balb/c PD-1 knockout mouse exhibits massive autoimmune attack on

the heart with thrombosis. Thus, conditions that are caused or exacerbated by



-84 I n one enbodinent, a formof a B7-4 polypeptide which transmts a
costinulatory signal can be adm nistered with class I MHC proteins by, for
exanpl e, a vweblaksransfected to coexpress a B7-4 pol ypeptpcigysaorgssyC cl ass
| a chain protein and R2 mcroglobulin to result in activation of T cells
and provide immunity frominfection. 5 Forgexanple, pathogens for which
vacci nes are useful include hepatitis B, hepatitis C, Epstein-Barr virus,
cyt omegal ovi 1 USaudiin¥ruhe atdlcl (2., i RS EEMPRS héart dRhS, hfochRitlal ismriisd gsoni asi s.
I n anot her application, upregulation or enhancerrent of a B7-4 costinmulatory
function is useathnroscqusmrnamgaemelmnateﬁ ortimprowved bivingreasing Bligetivitsior B7de. g. |
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cel I's obtained fnfidtion, MdlatiRfYsclEdS) b;estﬁﬁ@aﬁlfgwm@ﬁy i B4 WitérhotR vakB7essi on
vector 15 directing the expression of a B7-4 pol ypeptide al one, or in
conjunction with a peptide having B7-1 activity and/or B7-2 activity. The
transfected tunor cells are returned to the patient to result in

expressi on of the peptides on the surface of the transfected cell.

Al ternatively, gene therapy techni ques can be used to target a tunor cell
for transfe;@i on i g é'zvo. I%o lPI addi hg onE Junor cells which lack MHC cl ass
| or MHC class |1 : %t o express sufficient anounts
of MHC cl ass | or Mﬂqaregmn bemIceahﬁxﬁaory&aﬁmyhﬂ inhitdnGfisidbiesty wetivity 8oicl ei c
aci d encodi ng ortion &r . Iasm c- omal . truncated
portion) of an P?S"gasla'ﬁea% %S‘F;Pg{lgs SBE“SFﬁﬁ R HeRP¥t ei n or
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t her eby express %5 MHC class | or MHC class 11 proteins on the cel

surface. Expr estsponseqi eligiting;gpiniiigh imapune responss. For@ﬂampla,s@hmmmlmmune

conj unction it ti gen
(e.g., B7-1 IWB#%% %?Rﬁ’hgf?ﬁ%@ég{s}l aﬁ 7‘?'@%@#{1%{0?%&@&? oﬁ%mhglg?ggﬁz'ggéﬁﬁégal nst
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construct which blacks.expressi.on of ass oci at ed prote| n,
cUch s the | nvPRIRISSEoLRaRRE B ne rBRt oPa P L Bl S
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a soluble multivalent form or a form expressed on a cell surface)) or an agent that

20 inhibits the interaction of B7-4 with an inhibitory receptor or an agent that inhibits
transduction of an inhibitory signal via PD-1, e.g., a non-activating antibody against PD-
1, is therapeutically useful in situations where upregulation of antibody and cell-
mediated responses, resulting in more rapid or thorough clearance of virus, would be
beneficial. These would include viral skin diseases such as Herpes or shingles, in which

25 case such an agent can be delivered topically to the skin. In addition, systemic viral
diseases such as influenza, the common cold, and encephalitis might be alleviated by the
administration of such agents systemically.

In certain instances, it may be desirable to further administer other agents that

upregulate immune responses, for example, forms other B7 family members that

30 transduce signals via costimulatory receptors, in order further augment the immune

response.



presentation of tunor associated antigens and i nduce tunor specific

I mmunity. Expression of B7-1 by B7 negative nurine tunor cells has been
shown to iwgdenassh cell nediated specific inmunity accoraamsoessssyy tunor
rejection and prolonged protection to tunor challenge in mce (Chen, L.,
et al. (1992) Cell 71,1093-1102; Townsengz-S. E. 5 and-Allison, J. P.
(1993) Science 259, 368-370; Baskar, S., et al. (1993) Proc. Natl. Acad.
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enbodi nent, amecaptbrduclythatthe calis gxpress slloha partian ofitheoB7-4 padéchlemnaleil syefacecan be
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enbodi ment, anf déliversg 4 costhlaerycsighalie, anditheiebyabivhtea himmsicedinaibl gen (e. g.,
an aut ol ogous antigen %g treat a neurologjical , disorder. |In_another

enbodi ment, PD-1 aﬁ?’ﬂét? L dhat promgte 3 caspimillatory signal,inan IpmuRGesll or anes honses

to foreign ankp&ihat inkibits¥@e REQERSS of B7-2 Wilh\e ikHTBTORY &aégk&,rbrahaga@maanpt her
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20 adjuvant. Altemnately, a vector comprising genes which encode for both a pathogeliic

antigen and a form of B7-4 that binds to costimulatory receptors can be used for
vaccination. Nucleic acid vaccines can be administered by a variety of means, for
example, by injection (e.g., intramuscular, intradermal, or the biolistic injection of
DNA-coated gold particles into the epidermis with a gene gun that uses a particle

25 accelerator or a compressed gas to inject the particles into the skin (Haynes et al. 1996.
J. Biotechnol. 44:37)). Alternatively, nucleic acid vaccines can be administered by non-
invasive means. For example, pure or lipid-formulated DNA can be delivered to the
respiratory system or targeted elsewhere, e.g., Peyers patches by oral delivery of DNA
(Schubbert. 1997. Proc. Natl. Acad. Sci. USA 94:961). Attenuated microorganisms can

30 be used for delivery to mucosal surfaces. (Sizemore et al. 1995. Science. 270:29)



presence of an agent that that inhibits a B7-4 or PD-1 inhibitory signal,
to expand the popul ation of immune cells. In a further enbodi nent the
i mune cel | g8k {‘ adm ni stered to a subject.. mmune GRltssefas3aE
stinmulated to proliferate in vitro by, for exanple, providing to the
i mune cells a primary activation signal agd a costinulatory 5 signal, as
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expr essi ng e maionAClyRiphbias, 1&ikends fa@bblittona, &ﬁ’cinbine) tranSfetted vith@mycleier m of
t he peptide. Known cytokines released into_ the nedia can be identified by

ELI SA or by theac’&tfp‘l’lF‘t“}e eseoding 3 By rotigenqap b H&%e"(‘ﬁé‘ SEOIEIP PEPTEES nhi bi t
i mune cel | pr %ﬁlgﬁ%@{uﬁg tbl ru?hmbfs‘?lg@&' meﬁfed%gﬁﬁn&%éﬂ cdnR@mnéfBatd {0

I nduced by the cyt ne exa ELISA kit is available from

Genzyne (Canbri axgxesmombﬁﬁmas of B7 awiypdpudesubac B|7rig Bé(rﬂ, Biday Fompientgmor

anti bodi es aga| g titute

(Canbri dge, gﬁdfé ag#neggfme:ﬂm téda ng&El Aégrf‘r’\ c{ebr?actlon of

'B7-4 with PB 1 cm&ctidg&héiéﬂpﬁ&ﬁkxaﬁoﬁ B?%lpely@almdefahﬁleh&m Ckﬁnjuﬂ:ﬁ@mﬂh apeptida vitro

i mmune cel |l costimul_ation assa as descrlv\ﬁj abo%[{;f:‘t gan al st be useqi 30 in
&t

a method for i deMeBB/rRFUNE ‘(‘fﬁ ok AtEY

modul ation of  B/sdieatd vl mx][':resf 915 oﬁﬁ@ iBes SNRE Surfabd %@ﬁhﬁféc&ﬁ ckipe
CD28/ CTLA4 pat hvvafl seens TS00/ 23347 -87 to enhance |L-2

secretion, sti Mmﬂy@eue ﬂ)erapmhpammybwew targetsvmer ecl] for tramyfection

in vivo.

20 In addition, tumor cells which lack MHC class I or MHC class iI molecules, or

which fail to express sufﬁciex-lt amounts of MHC class I or MHC class IT molecules, can
be transfected with nucleic acid encoding all or a portion of (e.g., a cytoplasmic-domain
truncated portion) of an MHC class I a chain protein and B microglobulin protein or an
MHC class II a chain pfotein and an MHC class II § chain protein to theréby express

25 MHC class I or MHC class II proteins on the cell surface. Expression of the appropriate
class I or class Il MHC in conjunction with a peptide having the activity of a B
lymphocyte antigen (e.g., B7-1, B7-2, B7-4) induces a T cell mediated immune response
against the transfected tumor cell. Optionally, a gene encoding an antisense construct
which blocks expression of an MHC class II associated protein, such as the invariant

30 chain, can also be cotransfected with a DNA encoding a B7-4 polypeptide to promote



secretion (Hutloff et a]. 199. Nature 397:263). If a particularactivity

I nduced upon costinmulation, e.g., inmune cell proliferation, cannot be

i nhi bited wgoadgsti on of bl ocking anti bodies to known egrakinesy the
activity may result fromthe action of an 5 unknown cytoki ne. Fol |l ow ng
costimulation, this cytokine can be pur-igsi,ed fromthe nedia by
conventional nethods and its activity neasured by its -ability to induce

i mune cell  prQtrtdtRh 3F tufor assBceibtd® Ritigeds dnMl itk dRmorBieetficimmupitgy @ role the
i nduction of tolerance, an in vitro T.cell costimilation assay as :
descri bed ab&xpression af87ukeiB7 pegative murinesumorrcedle hasheew showmite induceyl egdh t he

primary acti ' ' . ' . ' . but
hould ot be A spec neftilty BESk BN b utnd: o Sl NI BB, 1
i mune cel | Sthilaeclﬁgéﬂge ivnid eC(Chfh, Lgehdl (Ilwrglaéll\ﬂ;; mgbuum;a"ommrsf. E. "
activation sigpal, and a_ costinulatory signal. If the i ne cel]s do not
respond (€ g?-'}dMﬁ?ﬂaf’e"r-&l@%l)ﬂ%‘"ﬁf"ﬁaﬁzég&é & BaskaeS st ple (19830 /rop d¥¥he
tolerized and gciCcys, 3687156905 STRA! the inAU&IIh Of a irfRuhd W GhddRedinithe t OI er ance.
However, if the immtme cells respond, 1nduction of tolerance has been
prevent ed by respense inadikimag. sulijrcsan besulficiont to aveicome sumoresperifit tolepdncpinevent i ng
t he inducti\%}réso .e&ol erance can be targeted for bl ockage in vivo in

conj unction tSHF eagents which block B | ynphocyte antigens as a nore
efficient nmeans tInanotercenbodinten niscininune kespoisp bartie stimiasdecbytthe or subj ect s

wi th autoj mune di seases, For exanple, one coul d 20 adpgni ster a cytokine

bl ocki ng %ppt FBRREY S aﬁlgﬂ?]é’ézla%ﬂs@ &ache&tpri%aémn%f F?gg}‘ﬁf’f){’?b'.lhﬁs a B7-4 or

a PD-1 inhi b‘iﬂhﬁﬁﬁi’nfas?dglr{h%%? i&nhiuilﬁﬂtxeéeb&amapﬁneﬁ‘towf,esgaps-mvsu&fnﬂvbduI ate .
- i

Expression of a B ) Pol ypeptide 25 The antibodi es produced using
t he prot ei nspreexistingolexdnes is pvereame: For expmples inamuneygsponses againsy setigensitog

P01 | pol ypop itk *SueiE ot St d oA e | BReSE SIS Rl bgetd * "

pol ypepti n-cel ecu
I ntracel | ul aantigen,gnel asragupat specifis artizads can berindaded hyradmiivastereng anageant thaessi on

f B7-4 PD- 1. pol. tides. L t i vat.i an. si |'s),
oan e gLt tfits B SR S e Bt ostd AR BT 7 o Pofy B Biciy? P}
pol ypept i des jigindt [Fer &@inplesia dne embodimentCeihbld PIDAI e koluble BGEdah bsusedni Nng by an

appropriate anti bod¥ in theﬁgqroesence of the nol ecule WO 01/ 14557
PCT1US00/ 233472 ER3FGen B 114 FRlfio cabasce Memmung rospense. - tp Atmercelli anscel | ul ar

f'egﬂﬁ't S Ngln@@E%ﬁgﬁé@%x%tol%?%ﬂg@ﬁﬁu&7ﬁﬁ ithorfEpedifiPlbBE Binlyde €Xpr essi on

coadministered with an agent that inhibits the inhibitory activity of PD-1 or the ability of

20 B7-4 to bind to an inhibitory ligand. In another embodiment, an immune response can be
stimulated against an antigen (e.g., an autologous antigen) to treat a neurological
disorder. In another embodiment, PD-1 antagonists can be used as adjuvants to boost
responses to foreign antigens in the process of active immunization.

In yet another embodiment, the production of a form of B7-4 that binds to an

25 inhibitory receptor or that competes with the binding of B7-4 to a costimulatory receptor
(e.g., a form of B7-4 that binds to PD-1 or a naturally occurring soluble molecule) can
be inhibited, e.g., using antisense RNA, in order to upregulate the immune response.
For example, in one embodiment, the production of inhibitory B7-4 molecules by a
tumor cell can be inhibitéd in order to increase anti-tumor immunity.

30 Tn one embodiment, immune cells are obtained from a subject and cultured ex

vivo to in the presence of a form of B7-4 that binds a costimulatory molecule or in the



I mmunof | uorescent staining. Alternatively, the effect of a nolecule on
expression of a polypeptide can be determ ned by detecting cellular nmRNA

| evel s usi ngwgopiabe of the.5 invention. For exanple, a cejdradahsidar
expresses a B7-4 or PD- I polypeptide can be contacted with a nolecule to

be tested, and an increase or decrease in.ggRkNA levels in the cell detected
by standard techni ques, such as Northern hybridization anal ysis or

ti | d . 9| L LS be
Cober ad it h- resiiclor & odcB ke ittt a 1004 Yh ALY e bldRO 0€
B7-4 or PD-1 1@opahtigmeyftimoanecedlsufred furtherteabagiment tha ilmmnubhocelle atelism

| ati downr egul at | ng. i_.nmune esponses .al pne of. i n conjynction
Wb aorubl e bROEEEG Sublry dmmme pelsan pestumulse OB S0t DYy b
i nstance, a noleRapie, pibNidifig tdhi RinBindeels § pmary a@ﬁvﬁznﬁgﬁaran@scomﬂ+ﬁt ered

together with a second agent, e.g., an inmunosuppressant or a nol ecul &

whi ch i nhi bi ¥ s sigapk asis kngwwoin theart. Vasiqupferms ofBV-dproteing-oriagentisbatbinda ant |
e.g., an 15 adj r yl > b for..their
STty o modit APl EBIcR by PR iR B0 e ik B 08010 et
| L-10, IL-12, @k&lﬁ&ﬁmﬁimm&aglsansemb&ﬂhn&ﬁtﬁﬁﬁﬁhagell%&swmﬁbex;mwent :c on
provides a nethod (also referred to herein as a, "screening assay” 20 for
i denti fyi ng modif% ‘B$E°th‘i’m§ Pdéﬁsﬁﬂp‘?ﬁl‘i’% rARPi‘Q‘En"é‘J?ﬂayz‘ﬁaégg‘f%a_ ts (e.g.,
peptides,  pepichsRlatBlyificleculd @hlbe RLBE, HiBche@ fo LbdMEherdbrdikSor athdheddA nd to

B7-4 or PD-1 proteins,  have a stinulatory or inhibitory effect on, for
exampl e, B71U oplidyyrface; syphaasgibssd.or B7-4 or PD-1 activity. In one

enbodi ment, the invention provides assays for screening candi date or test
25 compounds which bind to or nodulate the activity of a B7-4 or PD-1
protein or pol ypepBi ddentificdrionlof CytokineyMadilated by Mddulation 688 24 hnd/er RD-1

nodul ate the ability. o - r. PD- lypeptide to,interact wth [fs
cognate binding par %fh%élgrmgﬁﬁ'hfné’%éf%&%eg%ﬂF@ “?P’?Bs.c?t%ﬂﬁie '}%’F&@ 196311 ar
interactor nol egiidheire prolietell 85 or VRGR ProMIStidAis EAANRIADT BHibiled YERMnRIR celidin e
obt ai ned usi ng any of the nunerous approaches in conbinatorial library

net hods 30 khowpspPrse toymodylation of B7ctand(pr PBr bacsiyity-almmpng-ogHs expressipg PPal | y
addr essabl e par, | RAs | Ll 00 .1 |8 etic
i br ary. met hodea Sapafthdly BAAREA A% it i3 il At Tor SUBBIY
-89 'one-bead celis-canbpstimaated withphyrbolesten dnti-OD$ ayihodyedripeeferalily antygemit hods
using affinity chronatagr el ection. The biolo LCa&fﬁl | brary approach
e 1 ted o SERRRER v i BAHG S8ss T poiEie andeiet » PR pasy St apes
applicabl e to peptlatey for@df B FarmilPantigen, for instance by a cell transfected with nucleic

20 acid encoding a B7 polypeptide and expressing the peptide on its surface or by a soluble;

—)

stimulatory form of the peptide. Known cytokines released into the media can be
identified by ELISA or by the ability of an antibody which blocks the cytokine to inhibit
immune cell proliferation or proliferation of other cell types that is induced by the
cytokine. For example, an IL-4 ELISA kit is available from Genzyme (Cambridge MA),
25 asisanlL-7 blocking antibody. Blocking antibodies against IL-9 and IL-12 are
available from Genetics Institute (Cambridge, MA). The effect of stimulating or
blocking fhe interaction of B7-4 with PD-1 on the cytokine profile can then be
determined.
An in vitro immune cell costimulation assay as described above can also be used.
30 in amethod for identifying novel cytokines which can be modulated by modulation of

B7-4 and or PD-1. For example, where stimulation of the CD28/CTLA4 pathway seems



ol igonmer or small nolecule |libraries of compounds (Lam K. S. (1997)
Anticancer Drug 5 Des. 12:145). Exanples of nethods for the synthesis of
mol ecul ar woli/essées can be found in the art, for exanplerigii/Bett et al.
(1993) Proc. Natl. Acad. Sci. USA 90:6909; Erb et at. (1994) Proc. Natl.
Acad. Sci. USA 91:1.1422; Zuckermann et-gzl.. (1994) J. Med. Chem  37:2678;
Cho et al. (1993) Science 261:1303; Carrell et al. (1994) Angew. Chem Int.

10 Ed. Engl. to3chhaitedt -2ceér6tidn, ﬁimﬂ&uon(o%%%étosrm&way%mto EfHancead-F9! -
33:2061; and in Gallop et af. S 199 %an . Chem_ 37:1233. Libraries of
conpounds caﬁﬁctﬁéloplﬂdét&ffﬁdl iLf9. e 3H1263.. Ef a parisulghacsinity inggeed upon

Bi ot echni que Lam 2-84), chips
( Fodor (199§3&1]%‘a§1ur%%’4’;“§§‘r§_§%‘é?’,8@a0 erra %Eaﬁ}" M§409) spor es
(Ladner USP thckifif) Stibofliesiorkngem ciiokihes the abtivify ki Apsult faven thblattion ofaad. Sci. -

USA 89: 1865-1869) or on Scott. and Smth (199 Science
249: 386- 390) mﬂiﬂegmcmk’(ﬂigg?}f %\%B(‘éﬁ% ulatien, thi ﬁcyt‘ll@'gﬁcan )smﬂrﬂi'leéf&tmgle. (1990)

Proc. Natl. Aprad b§%bnveh%a%etﬁ§c?s&n§§§g‘)twlt§' Gfthdurdd ¥yli&%bility'to inddRk- Bi ol .

222:301-3 10); (Ladner supra.). In another enbodi nent, an assay is a
cel | -based amynmﬂwml@rﬁgmcont acting a 20 cell expressing a B7-4 target

Tar got ol acul o (L5 frentty okt e By PRy RFole e BharBub bl BECRE ) 0 i) |
Wi Ijhl a test mnmmcioﬂﬁﬁhldﬁ;ha&masmcﬁﬁteabzhtelcaﬁye@éedl Iethiseade, Teelpound to
nodul ate (e.

i mul ate or inhibit) theatlwt of t r PD- |
target nol ocHPd tbe@mﬂmw a%atmsmrlfvnﬁfowré iﬂimlfm 16: B dul at e
the activitywghiddofe ﬁv&rmf&sémaét&ﬁlgﬂ Kﬁéﬁﬁﬂhﬁgﬁﬁd‘m%ﬁﬁ&m& hed, for
exanpl e, by determining the ability of the B7- or PD-1 protein to bind to

or interact oflisihe pellsprpuld hsrreqhdlepgschwgbbothmpemneacnvmmrngnag the ability
of the B7-4 Jstnﬁx@faltorl{g ?ﬁzﬂ e!}'tﬁeo n‘Qﬁtng chify &rno't% ﬁgé gwgltoﬁgeﬁtéor r{l%dl\% ng

partner can be acco by ‘neasurl ndi n a direct
bi ndi ng assayytokihes) théy Hauer’oeRﬁae]to}enmdmnd t}(emytcﬂdmhas nmwented/meﬁmum 30

nmol ecul es). ¢ e co ed w a rad| sot o nz tic |l.ab such t hat
bi ndi ng oﬁs ?ﬂtggg‘f‘?eillig?w‘iyﬂ ift ‘?'8%'%‘?“&% 5508 £ qalﬁi‘? Pecul e can
be det er m negrethtddByQhd dAsine. m&a&w@aﬁhu&ﬁpﬂ@é @fq:tmaﬂuﬂgmel abel ed
protein in a_ conplex. For exanple, B7-4 or PD-1 nplecules, e.g., B7-4 or

PD-1 protei nﬁ‘d““é@ﬁ of tolqranse canpe fngpted fos plockege in ingin ‘19PJ“B$1I‘°néYl¥hH§#geﬂ‘isr ectly
or indirect{ysen @fyék hh?mbﬁdi&@'aﬁﬁ’éeﬂ?é‘s HRERCHRIen?P e st fldu & iRldnBLinOf

radi oenm ssi on or
transplant reclplents or subjects with autoimmune diseases. For example, one could

20 administer a cytokine blocking antibody to a subject along with an agent that promotes a
B7-4 or a PD-1 inhibitory activity.

C. Identification of Molecules which Modulate Expression of a B7-4 or PD-1

Polypeptide
25 The antibodies produced using the proteins and peptides of the current invention

can be used in a screening assay for molecules which modulate the expression of B7-4
or PD-1 polypeptide on cells. For example, molecules which modulate intracellular
signaling pathways that culminate in changes in expression of B7-4 or PD-1
polypeptides (e.g., in response to activation signals), can be identified by assaying

30 expression of one or more B7-4 or PD-1 polypeptides on the cell surface. Reduced

immunofluorescent staining by an appropriate antibody in the presence of the molecule



scintillation counting. Alternatively, B7-4 or PD-1 nol ecul es can be
enzymatically 5 | abeled wth, for exanple, horseradi sh peroxidase, alkaline
phosphat ase,wghiAdsst f €rase,. and the enzymatic | abel detecl@dudiNasser

determ nation o? conversion of an appropriate substrate to product. It is
also within the scope of this invention toggdetermne the ability of a
conpound to nodul ate the interaction between B7-4 or PD-1 and its target

nol ecul e, 10 with the |l abelin f, 0f t i ntera nts. For, exanpl e,
a ni crophysi one"{oé&l%@gﬁgﬁéha?ﬁ’g w‘%&ﬁdﬁ@%ﬂ“{’?ﬁﬁﬁﬁwﬁ& iﬁ\%‘ﬂe"d‘?ﬁs@%‘i{‘ or PD-I
W th its targetupreghlate 24 i PIDQHolypbstideleRpressidicresilt ift bk iRfea®d- 4 or PD-1 or

the target nolecule (MConnel|], H M et al. (1992 Sci ence

257: 1906- 1912) Impym SRRt Stpininga Altemativelythe effsst eframelecule on expressienebr ) i s
an anal ytical [Fggrﬁ [ | i fies
Its envi ronm&*ntp b[}@%&sa?%“%é I g 13%338 F g@%a %gﬁ%ﬁ%ﬁ%?%%ggaﬁé%f&@APS).
Changes i n thi snweotial. fHor axdnipie, arcelf whichrexpresses2B7-dor D-1 palypeptide canfbet he
i nteraction between conpoun nd receptor., In a preferred,e iment,

ot or i ni g ¢ nEOBBRY P Bimojosile i beregre. oo 4n Prfat ol decrimsn inTBRNA BFEl B er act
with a B7-4 or tRlell deb@by Q@A@%amﬁ@es,@ecw&mhmﬂdimonMgi%ﬁi ng the

activity of the B7-4, PD-1 or the appropriate target nolecule. For 20
exanpl e, the aé€ppventignabdotibiot of mRNA ordptal prly(AIPRYAS nsinga cBNGenrobedrbaled e can

be determ ned ' . nd | . e (e.g.,
tyrosi ne Ki nasé’\H %aag(ﬁe\%n&%%)%%égt g@?%cﬁig%sca cgln;q/(ﬁ"!:a)g e%%??r%ﬁéﬂa%?-iaéﬁgegf an
appr opr i at elGulpslypeitide actatsefol thergpeutieally forkither upregiating oe gowriregul gingdémmune
(comprising a target-responsive requl atory. e nt operatively linked to a
nucl ei c acid eAtH Sﬁsga‘& t‘%&?"é‘m"ﬂg’hﬂﬁé‘?@{b]&k’g’gﬁ%ﬂﬁ'%WH%?@H?%S?‘Sa§5 acet vyl
transferase), @escHBédsbiovéIF 6t isfinbe) adolécaRDIRIEICInhREY bxpr@dioR of B74%an BD- |  OF
the appropriate target nol ecul e. For exanple, determning the ability of

the B7-4 or PD@‘“‘"&‘%F‘H_%“P?T vithaseeendsgentog. g %@WH}PRIWHOT@P#@I&E t ar get
ol ecul @ can beAGARKBI SRdsion HFD-FLATR Bver Witk BRI REOL 1 Y OF 2

conpound to rmdu_ ate |1 mune ce costinmufation or (1 on’ 1
proliferatibtn adipwant. Bxenhplary modechiles whighwan be tebted fobiteirtapilitf toan&laB7B2A-40r

PD-i pol ypeptide_to bind to anti bodi t hat. recognize a portion of the B7-4
or PD-1 pol ypB’fﬁ’bb‘e‘.“‘:l ??'191‘1121385*?‘?@%2@3@??&_@ GMﬁg%?“déﬁ‘b"(‘%éﬂdms-
enbodi nent, an assay of the present invention is a cell-free assay in

which a B7-4 or PD-1 protein or biologically active portion thereof is
contacted with a tBsiScresmingAsstysind the ability of the test conpound to

bind to the B7-4 0.4y fimih BI'o%cﬂs a method (also referred to herein as a "screening assay™)

20 for identifying modulators, i.e., candidate or test compounds or agents (e. g., peptides,

peptidomimetics, small molecules or other drugs) which bind to B7-4 or PD-1 proteins,
have a stimulatory or inhibitory effect on, for example, B7-4 or PD-1 expression or B7-4
or PD-1 activity. '
In one embodiment, the invention provides assays for screening candidate or test
25 compounds which bind to or modulate the activity of a B7-4 or PD-1 protein or
polypeptide or biologically active portion thereof, e.g., modulate the ability of B7-4 or
PD-1 polypeptide to interact with its cognate binding partner or an interactor molecule
(e.g., an intracellular interactor molecule). The test compounds of the present invention
can be obtained using any of the numerous approaches in combinatorial library methods
30 known in the art, including: biological libraries; spatially addressable parallel solid

phase or solution phase libraries; synthetic library methods requiring deconvolution; the



or biologically active portion thereof is determ ned. Binding of the test
conpound to the 5 B7-4 or PD-I protein can be determ ned either directly or
i ndirect!| yweasrigscri bed above. |In a preferred enbodi nepraktissgsay

i ncl udes contacting the B7-4 or PD-1 protein or biologically active
portion thereof with a known conpound whygch binds B7-4 or PD-1 to forman
assay mxture, contacting the assay mxture with a test conpound, and

d h . 4
PD- 1 prot ot n oot ae bRt Ifbr s ek RRL Bhinbt el lockde BaBly | T,
i nteract w t Bhrometography seRckidn. Thedislogical tibjary @&)adleisdiiﬂiteﬁltmge;mae abl lity of

the test conpound to_preferentially bind to_ B7-4 or PD-I polypeptide or
bi ol ogi cal | y ‘h@f‘Fﬁf@’hﬂ%)mFPﬁﬁffOH‘é?%‘Pach%sa&ﬁ?ﬁhﬁ’%@ﬁ?@“ﬂ‘ﬂé rR?Rh’aeconpound I'n

anot her enbogj or &EQ‘ eéiile hﬁaﬂesco?lcbm{a](;lﬁﬁer e%ﬁf;‘K. §N198Y) Saritariddr Brig" PD- 1

15 protein or ol ogically active portio I S contacted with a test
conmpound &ndDehd?2: 1&5)) lity of the test conmpound to nodulate (e.g., stinulate

or inhibit) the |V|ty 7- P 0

active portion thef g’t"gﬂﬁrﬁ'&f t&? ﬁg}mﬂfﬂg’ﬂ"ﬁ%"sa%ﬁ j k“ggfnaﬁlh fe test
conpound to endidt aéaﬂ:pteh@ B@W'lft'éttdl (2993) PP NaﬂrAcaw-Skz [USAt 969082 Brb ebél.
acconpl i shed, Tor exa determ ning the ablllty of the B7-4 or PD-1

protein to 26198f‘)18"{001r&£" I#F"Q Set US.91:1142% duckegmann gf @/ (L998h4 Mpd. Chewn et hods
descri bed ab@’f@s‘f@t:ho9@&1?{16933'39&’:&1'fe@%o?'d%ﬂﬂ'i‘graﬂmﬂ)Dih@é»&lgzﬁe};}efnab' lity of

the B7-4 or protein bi nd 0 a B7-4 or PD-1 target nolecule can
al so be aldkodid] ErghS3:2089;Garell af gk 1R bdngew . Cherm dnt. E@ Hingl. BAR0G: endinecul ar

| nt eraction | ysi I j [ . and Urbani czky, C. 1991) Anal .
Chern 265! 995 CABbE aE (153 Mo L“%‘F%(‘fégm Qurr. Qpin. Lover Ba o
5:699-705). As usemmefﬁmmmﬂdécaﬂ&ﬂmhmmgipntog,Hbmgtydm(wgﬁ) ospecific
interactions __in real t hout | abeli [ ac s (e.

Bl Acore). méﬁ?@@éﬂiﬁwstlﬁé@%m Lﬁ?ﬁ@”@ﬂ’é‘r@%@&y ﬁi@ #)6&3’%# §on<(51ncg

(SPR) can be msﬂmare@wsssiss@t b&&neha&aqhsﬁ 5,023 macsbmeglg,aae&w
bi ol ogi cal rml ecul es. e;et anot her enbodi nent cell-free assay

i nvol ves ¥ont488) phgmdSB?ul t gf- (1992) Bryc1Nayl deed. ﬁC'oF/S’élsgﬂgéﬁ BN gracti ve
portion ther I protein
to forman aggify%rr‘l;o >lf<lta§cr1 gmm@nt én%gl? essjf?sdg?/qﬂé‘ﬁ%@?@%’ﬁ"‘g 2t4 gggﬂlV\D

01/ 14557 PCTAUSO@vAB3dral. (1990) Emmﬂamddcadrﬂt! dBUSTA3A8638DNhEebdii(1991)J.of t he

doterm g o 28] Tt K esmouing to i hteract with the B7-4 or
PD-1 protein conpmiaa6herckaitodimdit, Af aisay isalvellibhsed @ésay bempitsing dhtallidgla pr ot ei n
to 20 cell expressing a B7-4 target molecule (an intracellular interactor molecule or a PD-1
receptor ) or PD-1 target molecule (e.g., a B7-4 ligand or intracellular interactor
molecule) with a test compound and determining the ability of the test compound to
modulate (e.g. stimulate or inhibit) the activity of the B7-4 or PD-1 target molecule.
Determining the ability of the test compound to modulate the activity of a B7-4 or PD-1
25 target molecule can be accomplished, for example, by determining the ability of the B7-
4 or PD-1 protein to bind to or interact with the B7-4 or PD-1 target molecule.
Determining the ability of the B7-4 or PD-1 protein to bind to or interact with its
binding partner can be accomplished, e.g., by measuring direct binding.
In a direct binding assay, the B7-4 or PD-1 protein (or their respective target
30 molecules) can be coupled with a radicisotope or enzymatic label such that binding of

the B7-4 or PD-1 protein to a B7-4 or PD-1 target molecule can be determined by



preferentially bind to or nodul ate the activity of a B7-4 or PD-1 target
nol ecule. 5 The cell-free assays of the present invention are anenable to
use of both wglowpis®; and/ or. nmenbrane-bound forns of proteigSighosssqe7 B7-4 or
PD-1 proteins or biologically active portions thereof, or binding partners
to which B7-4 or PD-1 binds). In the case.gf-. cell-free assays in which a
menbr ane- bound forma protein is used (e.g., a cell surface B7-4 or PD-1
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target protei nqgtrgug%ﬁfsgér%ﬁ‘?é%r otern, gﬁﬁl‘g&}%ﬁ%ﬁgﬁpe mcﬂg%?@ ‘under
condi ti ons conduci vhamet‘eunqbbmhodweﬂldelérﬁﬁﬂl nmhbiBEDOdfMF |‘17-4 orBB-lfprbmigt i on
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determned either directly or
20 example, the acti%//ity of B7-4, PD-1 or the appropriate target molecule can be

determined by detecting induction of a cellular second messenger (e.g., tyrosine kinase
activity), detecting catalytic/enzymatic activity of an appropriate substrate, detecting the
induction of a reporter gene (comprising a target-responsive regulatory element
operatively linked to a nucleic acid encoding a detectable marker, e.g., chloramphenicol

25 acetyl transferase), or detecting a cellular response regulated by B7-4, PD-1 or the
appropriate target molecule. For example, determining the ability of the B7-4 or PD-1
protein to bind to or interact with a B7-4 or PD-1 target molecule can be accomplished,
for example, by measuring the ability of a compound to modulate immune cell
costimulation or inhibition in a proliferation assay, or by interfering with the ability of a

30 B7-4 or PD-1 polypeptide to bind to antibodies that recognize a portion of the B7-4 or
PD-1 polypepfide.



indirectly, for exanple, as described above. Alternatively, the conpl exes
can be 5 dissociated fromthe matrix, and the level of B7-4 or PD-1 binding
or activitwoodessgr m ned usi ng standard techni ques. O hercraséwissgies for

i mobi |l izing proteins on matrices can al so be used in.the screening assays
of the invention. For exanple, either a9$Z-4 or PD-1 protein or a B7-4 or
PD-1 target nolecule can be imuvbilized utilizing conjugation of biotin and
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be determ ne vity of the interactor nolecule on an appropriate
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appropriate target .can .be det.ernm ned, as previousl v.described. .30.Ln anot her
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be accomplished, for example, by determining the ability of the B7-4 or PD-1 protein to
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20 bind to a B7-4 or PD-1 target molecule by one of the methods described above for
determining direct binding. Determining the ability of the B7-4 or PD-1 protein to bind
to a B7-4 or PD-1 target molecule can also be accomplished using a technology such as
real-time Biomolecular Interaction Analysis (BIA) (Sjolander, S. and Urbaniczky, C.
(1991) Anal. Chem. 63:2338-2345 and Szabo et al. (1995) Curr. Opin. Struct. Biol.

25 5:699-705). As used herein, "BIA" is a technology for studying biospecific interactions
in real time, without labeling any of the interactants (e.g., BIAcore). Changes in the
optical phenomenon of surface plasmon resonance (SPR) can be used as an indication of
real-time reactions between biological molecules.

In yet another embodiment, the cell-free assay involves contacting a B7-4 or PD--

30 1 protein or biologically active portion thereof with a known compound which binds the

B7-4 or PD-1 protein to form an assay mixture, contacting the assay mixture with a test



candi dat e conpound. The candi date conpound can then be identified as a
nodul ator of 5 B7-4 or PD-1 expression based on this conparison. For
exanpl e, whegoeyisessi on of B7-4 or PD-1 nRNA or protein dcgnagofaser (€.0.,
statistically significantly greater) in the presence of the candidate
conpound than in its absence, the candi datg conpound is identified as a
stinmulator of B7-4 or PD-1 nRNA or protein expression. Alternatively, when
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20 - of the proteins, as well as to accommodate automation of the assay. Binding of a test

compound to a B7-4 or PD-1 protein, or interaction of a B7-4 or PD-1 protein with a
target molecule in the presence and absence of a candidate compound, can be
accomplished in any vessel suitable for containing the reactants. Examples of such
vessels include microtiter plates, test tubes, and micro-centrifuge tubes. In one
25 embodiment, a fusion protein can be provided which adds a domain that allows one or
both of the proteins to be bound to a matrix. For example, glutathione-S-transferase/B7-
4 or PD-1 fusion proteins or glutathione-S-transferase/target fusion proteins can be
-adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or
glutathione derivatized microtiter plates, which are then combined with the test
30 compound or the test compound and either the non-adsorbed target protein or B7-4 or

PD-1 protein, and the mixture incubated under conditions conducive to complex



brought into close proximty. This proximty allows transcription of a
reporter gene 5 (e.qg., LacZ) which is operably linked to a transcri ptional
regul at or wye bisfaséesponsi ve to the transcription factor pchgsRss#on of the
reporter gene can be detected and cell colonies containing the functional
transcription factor can be isolated antgsused to obtain the cloned gene
whi ch encodes the protein which interacts with the B7-4 or PD-1 protein.

above doscr | Eageth (BRI Eal SRR} F ARl O PO ST e

of this i nvelbeadsrurnmcrétueltmwalMawaslngmﬁeniodemyllﬁxbwdaaniemnts,med herei n

I n an appropriate, an xa n fied
descri bgg hg rﬁlazegmég ﬁasBPP%B—% % *ﬁ% %gfgh?rlfgﬁﬁ :51?#[ ?seﬁze B7- 4
or PD-i nucl gj Mﬁrmylaedesan&hﬁow AlRroati$019,ahd édinpiddes Batbe, or a B7-4

or PD- 1 binding partner) can be used in _an animal npdel to determ ne the

ef ficacy, & oﬂ!swqwdﬁﬂm@ma@ﬁé&vsl f{BH4 eiDrd bindjne o7 gy an agent .

Al ternativel ) ﬁ“ descri bed herein can be used in an
ani mal nodel &fteﬁﬂe%glf Tgﬂﬁ?ﬁg mechani sm of action of such an agent.

Furt her nor e, t hi sOtheyediniques ﬂmimmnhkzmgpmmm onf matrices cardajsmbesusedisnthe f | ed.

by the above-desc¢ri bed s een s for n descri her ei n.
o0 F Dot oct FORREAYS b HUrRG: FtSamBIR StisTs Bid o BRA BORA AL
identified hgfpbn tﬁ@edn&aene&ﬁb&ﬂﬁﬁamdzmtmﬂﬁgb@i,@gaq&mefﬁeﬁwmeS) can be
used in numnerous ys_as ﬁnucleotlde reagents. For exanple t hese

sequencesl®a ﬁtfmﬂ"t@édB{OBnﬂQth ﬁ'&[?f 4 Pel Pmtqub%l'ﬁ@&tl nyqlecyles €an brprapassk onpsome:

?ggnt ;[ P;San | I’lg'lt Vltgmﬁ T‘ﬁq{%laﬂ&%l te I ‘"\]ﬁ flf)ﬁ%t I Ssue ygl( :’llgg

and (iii) ai Hiotinylhtorekit Pmrqe(ﬁnmmlspamkzﬁorddt),andbumhuighmIm tevelle of These

applications _are.descrihed in.the sub ct I, o rOnNnso Mappi ng
30 Once t he SEAEE S % vl TR ity ARt s Rl o
Chrombsone, Thre procese e o ?Z‘g';?“?c“%'-‘f NSk eyt i Sl

chr onosong IS process is al | e

chr onoson® nﬂ'ﬁpﬁ ng“%éd’r“ﬁ?lﬂ&f\}Staﬁﬁﬁtr’!‘f"ﬁﬂgefﬂn#td%mﬁ?dsm@fe‘B‘?llcs'&fﬂl?cl eoti de

sequences, Eﬁ bﬂ?ﬁﬂlbhﬁfd%r@et 099’7-4?& Ptmgr&an pped Btht ReRd byoshtiBbdyB7- 4 genes
on a chronoSomé. The mapping of B7-4 sequences to chronosones i's an
i mport ant  f i cejugatiompMethodsdor detestingigpch semplexesqinaddition toithesegesssibedhs soci at ed
\[I)Mr 2\ B a(rj : f] S aISDEF.POQIC ?&J tﬁé égT-u%Zlogihge%%%ﬁmp?&gs Qﬁllﬁ@ Bgﬁgn&dgte&% mﬁﬂgﬁ%sb y

using annbodles reactive with the B7-4 or PD-1 protein or target molecule, as well as

20 enzyme-linked assays which rely on detecting an enzymatic activity associated with the
B7-4 or PD-1 protein or target molecule.

In an alternative embodiment, determining the ability of the test compound to
modulate the activity of a B7-4 or PD-1 protein can be accomplished by determining the -
ability of the test compound to modulate the activity of a molecule that functions

25 downstream of B7-4, e.g., a molecule that interacts with B7-4, or a molecule that
functions downstream of PD-1, e.g., by interacting with the cytoplasmic domain of PD-
1. For example, levels of second messengers can be determined, the activity of the
interactor molecule on an éppropriate target can be determined, of the binding of the
interactor to an appropriate target can be determined as previously described.

30 In another embodiment, modulators of B7-4 or PD-1 expression are identified in

a method wherein a cell is contacted with a candidate compound and the expression of
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W094/10300), to identify other proteins ("B7-4or PD-1 binding proteins” or "B7-4 or
20 PD-1 bp"), which bind to or interact with B7-4 or PD-1 and are involved in B7-4 or PD-
1 activity. Such B7-4-or PD-1 binding proteins are also likely to be involved in the
propagation of signals by the B7-4 or PD-1 proteins or B7-4 or PD-1 targets as, for
example, upstream or downstream elements of a B7-4 or PD-1 mediated signaling
pathway. Alternatively, such B7-4 or PD-1 binding proteins may be B7-4 or PD-1
25 inhibitors.
' The two-hybrid system is based on the modular nature of most transcription
factors, which consist of separable DNA-binding and activation domains. Briefly, the
assay utilizes two different DNA constructs. In one construct, the gene that codes for a
B7-4 or PD-1 protein is fused to a gene encoding the DNA binding domain of a known
30 transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from a

library of DNA sequences, that encodes an unidentified protein ("prey" or "sample") is
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the physical, position of the sequence,.on.the chro be correl ated
W th Genet | c it eehe Phef paodss EMIRRF n Bl et SRR IEAF o P Brgifc | 1™ V.
Mendel i an | nher i tBii§ fveértion furlfePper@itzitd AdWePageiis idertfiéd tyomig Bboleldasribipki ns
University Welch Medical Library). The relationship between a gene and a
di sease, Wappraerning assays. Ageardingly, Atds within thesgorsof this iventignjo futherpsgent i ed
t hrough |ink bSddsE&fbel B : ' Y nes),
dosor'bed | neefRR0eE spalcbibed it 3R Grtlal g 3o, Ak 068e 990500
Mor eover, di agest idensificd psideséribephiereinelgge addst trdiDvk medulating 2g¢ot iwaniisénset ed and
30 unaffecte it | sease, assogl at W the.B7-4..gen be
det er m ned. ﬁ? Wa(J r Qﬁ lél{fclfe(l)cnaclldsmglg.g@r”\% e@d'?'ﬁr ﬁs]i’;"rhes pgﬁﬁ%ﬂ%bgﬁy ’ 13 ﬁ%ﬁZﬁ% (I;’ P ed
i ndi vi dual s bbindingtpaitiier)soay bel asdfis i ArdmiEnétk] théfefermne e effiéacy, 4036k, or 98
i ndi vi dual_s, .the th?; mutatiqn is likely to be tlhe causa%_i \z&ﬁfﬁ%ent of the
particul a° dside Fs°. mﬁ‘?"ivﬁ‘. ugh anggent Allgmafiye Yrr’i‘&fa%‘et‘. gu dPvi dual s
general 'y i n4QLNIRA hefelnsdan b G4ed i) an SfimalshédéFio\deRimmk BRI Adchaism bflactibe
chronosones, such as deletions or translocations that are visible from
~ chronpsone spfwghian agentyd Furhermores thissinyeptiprpensins douses of nevel aoepts ideplifiedce. 5

Utimtely, I " LG qf v hadlyi dual s can be
per f or med toﬁﬂzﬁgﬁﬁvr%rf?%ﬁgwp%g%gﬁ easofﬂg nn%a?gﬁt%%%n b’f:%ﬂ |ﬂsi’ti ngui sh
mut ati ons from pol ynor phi sns. :

20 F. Detection Assays

Portions or fragments of the cDNA sequences identified herein (and the
corresponding complete gene sequences) can be used in numerous ways as
polynucleotide reagents. For example, these sequences can be used to: (i) map their
respective genes on a chromosome; and, thus, locate gene regions associated with

25 genetic disease; (ii) identify an individual from a minute biological sample (tissue
typing); and (iii) aid in forensic identification of a biological sample. These applications

are described in the subsections below.

1. Chromosome Mapping

30 Once the sequence (or a portion of the sequence) of a gene has been isolated, this

sequence can be used to map the location of the gene on a chromosome. This process is



2. Tissue Typing The B7-4 sequences of the present invention can al so be
used to identify 10 individuals from m nute biological sanples. The United
States m | i tyag wqk9r exanple, is considering the use of peghishpisson
fragment |ength pol ynorphism (RFLP) for identification of its personnel.
In this technique, an individual's genoniggDNA is digested wth one or

nmore restriction enzymes, and probed on a out hern blot to yield unique

bands for identification. This.nethod does nqot suffer fro e _curr.ent

Tt at i ons. 15eHed RO TR RaRRiRR | Ao pagiont & fikenralt SL 7 e ki ng
positive ident E%fu&ﬂ:%i,@@scﬁﬂéJﬁér&ﬂ,'chanﬁﬁdwﬁl flie86cafibn b1 B7-BigesR0h ai NVenti on
are useful as additional DNA nmarkers for P (described in U S. Patent

5,272,057). Fufhmmesame: Themapping 9EBédseqieneasdo pliremesames isampertant fissthe used
to provide an e " ' i ) : ct ual

base- by- base Dﬁ%ﬂiéﬂg%ﬁ‘é%‘g*ﬁ%ﬁ%@%ﬁ{’%ﬁ@% g%sf”?%%%? dgfl ﬁlatirllgh"%ﬁéélli vidual 's
genone. Thus, the BBrelly)BGldegehestian be gappazice chrdamsomdsdy prepacing PER pribersus ed
to prepare.two PCiR i f.rom 5 _and 3 ends of th sequences. . These
br i her & can ¢ hOREBYIAES D 1 D Gom B TAaHrasia Fautsm CrEPIS BaISReh |y
sequence it. Panal Seqaéncedéan e REAth PEbldPriR AR 86 Aot sbebretthati ¢hié@kén in
prepared in this 25 manner, can ErOV|de uni gue i ndi vidual identifications,

as each indi vi thegenammic DN/ teuscomplicaging theamplification provrss. Jdgisainesss eandheno
allelic differ Sé‘ﬁ&?for?& &?&Hx%%%??orﬁ’iﬁfctcgﬁhyﬁ}gﬁ%g 'nm@‘ﬁ?ﬁi’&@ nfifil, D€ used to
i q ndi vi dua and from

obtai n such iden i cation seqtiences trom i ssue. The
B7-4 nucl edt0 dehremgsontes.c Onlyfthésehybridseohtaining the humdnygene poressporidingro B7i-dns  of

t he human genone. Alleljc .variatj. ccurs to sone degree in the coding 30
regi ons of the§@“§’§’&h¥ﬂt’@€l, an Age &a(‘()?ﬁ“?al'er degree in the noncoding

regions. It is estsdmdtReeN ridaHe?rJ?a:ed | fadihOddnlaat R Frdnn difféteitial humans
occurs with a frequency of 01/ 14557 PCI/ UTS00/ 23347 -99 about once per

each 500 basesmammgls{est, human andquense eellscdehytids ohlmanand mpusq eslls gros
degree, be Use%ldgcﬁyi??,ﬁfée;{]%@%dﬁx 1ARL Asthan hidiosbies Hr&{aoﬁ{‘érdéﬂ"ﬂdt‘fé&p%e can be

conpared for urposes. Because greater nunbers o
pol ynor phi sifs owuserchramdsbmaes. rBynesing mefia mgvidclsmotisewells casupt@noe decause they

necessary to differentiate individuals. . The noncodi ng_sequences of .SEQ I D
NO L or 3 can kR BRERUR DS PSR el 55 e POR e ST LRt
a-panel of per freneléhcbding the Beeded endyhfe, Wil ke te@med Bi Qtifly faritRid afediahnels
anplified sequence of 100 bases. |f predicted coding sequences are_used, a
nor e of hybrid cell lines can be established. Each cell line in a panel contains either a single
human chromosome or a small number of human chromosomes, and a full set of mouse
20 chromosomes, allowing easy mapping of individual genes to specific human
chromosomes. (D'Eustachio, P. et al. (1983) Science 220:919-924). Somatic cell
hybrids containing only fragments of human chromosomes can also be produced by
using human chromosomes with translocations and deletions.
PCR mapping of somatic cell hybrids is a rapid procedure for assigning a
25 particular sequence to a particular chromosome. Three or more sequences can be
assigned per day using a single thermal cycler. Using B7-4 nucleotide sequences to
design oligonucleotide primers, sublocalization can be achieved with panels of
fragments from specific chromosomes. Other mapping strategies which can similarly be

used to map a sequence to its chromosome include in situ hybridization (described in
30 Fan, Y. etal (1990) Proc. Natl. Acad. Sci. USA, 87:6223-27), pre-screening with



appropriate nunber of prinmers for positive individual identification would
be 500-2,000. If a panel of reagents from B7-4 nucl eoti de sequences

descri bed woeneu4ssi s used to 10 generate a uni que i dent ipciragbiagrdat abase
for an individual, those sane reagents can |ater be used to identify
tissue fromthat individual. Using the ugque identification database,
positive identification of the I ndi vi dual, living or dead, can be nade from
extremel y  Sieledlosi4ifted AFBinGdmed 2nd reLL%feces ng’fﬁdtbhaiza&hé IEMIGIESS 1N

For ensi ¢ Bi ol ogy ase entl |ca I_on tec es can a so be used in
forensic bi olqu;ﬁccmbﬁhhanes bi oI ogy is a scientific field enploying genetic

typing of biol ogi evi dence d .at ene as for
positively identi Fﬁ\oﬁe Cence,ie g%lmﬂ g@&?@@gsec&cﬂc&f%ﬁ'ﬁg@ﬁﬁ% nmake
such an i denn:h:fohﬁa&ma@premntfaﬂmeé ol tEFHOvIe a Pfetie EiRombFdial JocaionPHNA
sequences taken fromvery small biological sanples such as tissues, e.g.,

hair or ski @ne $ep. felrpmosamesspreads ogn be mlade usingseglls whoseglivisianhas beetund at a
crinme scene. dard,
thoroby ai | ouraie s by SRUARATARA IR HIA BBl yihal B o
The sequencefhethrbmosqmessambe treatedbricfiy with trypsin,.asd theh smqned)mth Giemsa. A

" e hunan PO LIS ARLIE ke teyplent b Tl chamesBhe P il ety |

forensic i deghd be idatified SndMiduallp! TRXFISP téchnRjul ¢arfibe\Ged AR mNA sequence
"identification marker" éo e. another DNA sequence that is unigque to a

particul al0 phEoRiagdaP pr aﬁénﬁpwﬁ%%m@rgeaémawoﬁwssl?éﬁem |
i nformation ggg u@sa Yeddih foamgiatchfo g&mmoaao@anﬂg&n&@ﬁ& gAhiliflehali ve to

patterns formeoc restri nzyme 30 generated fragnents. Sequénces
targeted to m'wxrsunpledgemiygl Breﬁerd:lselmeaswmmymmquahlpﬂtoﬁﬂbaseawﬂlhi S use as

gr eat ot el el Pk A TeRbfle ka5t PRY POk PR AL 14557

PCT/ 1 1 S00/ 233 ea5| el o U TTerent 1at e
I ndi vi dual s shiigud, BéesVérma lrha/( HamaloChrimo3smes: A MahuahofBaiztTedithigueagent s

i ncl ude the B7-4 nucl eot.i de ces or portions thereof having a |ength
of at |eabkt %’m&’eﬁﬁ’r%‘f"@{zﬁﬂq@%&t | east 30 bases. The B7-4 nucl eotide
sequences descri bRE'a%@ﬁ’tE?dr@h&%ﬁséﬂié&hﬁi‘méﬁn%%%&&ﬁ&%@éﬂy@@maﬁc dghygeucl eot i de
reagents, e.g., |abeled or |abel able probes which can be used in, for

exanpl e, an ichromosamegrisrsingle siteiop that E*UWHPS?H@; °1t panelg efaepgoptsgan proused for ¢ i ssue,
o et B AR SRl AR 7 C101 ¢
B7-4 probes nenvolinguegichsiod thegenssaétyally s mfeluy:d for mapping purposes. Coding
20 sequences are more likely to be conserved within gene families, thus increasing the
chance of cross hybridizations during chromosomal mapping.
Once a sequence has been mapped to a precise chromosomal location, the
physical position of the sequence on the chromosome can be correlated with genetic map
data. (Such data are found, for example, in McKusick, V., Mendelian Inheritance in
25 Man, available on-line through Johns Hopkins University Welch Medical Library). The
" relationship between a gene and a disease, mapped to the same chromosomal region, can
then be identified through linkage analysis (co-inheritance of physically adjacent genes),
described in, for example, Egeland, J. et al. (1987) Nature 325:783-787.
Moreover, differences in the DNA sequences between individuals affected and
30 unaffected with a disease associated with the B7-4 gene can be determined. If a

mutation is observed in some or all of the affected individuals but not in any unaffected



speci es and/or by organ type. 10 In a simlar fashion, these reagénts,
e.g., B7-4 priners or probes can be used to screen tissue culture for
contan1nat|0Wnﬁh“@ﬁ7screen for the presence of a m xture operdsdhgent
types of cells in a culture). G Predictive Medicine 15 The present
i nvention also pertains to the field of prggictive nedicine in which
di agnosti c assays, prognostic assays, and nonitoring clinical trials are
used for prog ' al
or ophyt act | cat 1gevidiais B8 e bl RUEHIGBe kB chilBliipel PBle BRANEUMAELS
to di agnostic asaﬂpmsﬁmﬁfafﬂeﬂeeaﬁd Maff@tBV'méwthalE’@eﬂeraleCihﬁﬂvesdimi/l@kmgLﬁi eic
aci d expression as as B7-4 or PD 20 1 actiyity, in the context of a
R deletiis

bi ol ogi cal sanpf®e teratlﬂn5gﬁ;he clrpmAzomes; Juch as oritganslpgationPat s or i ne
whet her an i ndiJigld@on] &w&ﬁ&oin%tsg{éad&"&'aet@ct%lé EQE%P@R baded Oh Hck DNX séqﬁerﬁtt

ri sk of developing a sor ociated wth errant B/-4 or

expression of Wltimately, gomplete sequencing of genesfoom severall mshvﬁdualm be psfqrmeQ tlr

predictive) assa det er | whe n .i.ndi vi.du at ri,sk o

Clevel opi ng. a d Sy fHe prsEhe of hfhlifod U5h 4 Sk h By s onh PosPimoliibe? ¢
expression or activity. For exanple, nutations in a B7- 4 or PD-1 gene can
be assayed in a biologlcal sanpl e. Such assays can be used for prognostic
or predictive purpo y prophylactically treat an individual prior
to the onset of @ dins@relealiRt i drékh iiVenfibn BRG] IR WibdhyB/ 4. OF
PD-1 protein, nucleic acid expression or activity. The assays déescri bed
herei n, such0 asndividugls ﬁomdnmgtemlugleay smnnlesc Ths $bnjted States nslitary, fqnwcanyle.sis ays,
can al so be used t.o detect a tendenc ont aneo rtions.

01/ 14587 PCT/ | TBUREIE i use DhrestRction. %‘g@&&hé’f’gﬂ%ﬁ? Qﬁqﬁq’gﬁ Toert ai ns to
noni toring the jdentificeivhef fts pAS@iMLIS In (s @chnidlie @rindividipe genlcmic DNA e
expressi on or dﬁthIty of B7-4 or PD-1 in clinical trials. These and ot her

agents are deschessied With ong oF mere restriction epgymes.and probsd.on g Seuthem bt to yigld
Di agnosti ¢ Assafque bARsTGERH T MioRE TRAUndRd dbRl Adtishfie ff-d?x?m@ Rl ifhidfions

absence of B7-4 or PD-I protein or nucleic acid in a biological sanple

i nvol ves obi&i rifiiBog Tagsd M@h@anbsmmwhﬁd,mlenemdnsmmm identification act i ng
t he bi ol ogi cal oun ent e a eching
B7-4 or PD-i pr%@%%wsteg shocs STRE paeseal ‘"‘%““ ag&'gﬂﬁ;?ﬁ%t’ﬁ’”?‘
encodes B7-4 orfoPRFIP (desdribedinsl8hPAtém 6 ZUh,espr esence of B7-4 or PD-1 prote| n
or

Furthermore, the sequences of the present invention can be used to provide an
alternative technique which determines the actual base-by-base DNA sequence of
20 selected portions of an individual's genome. Thus, the B7-4 nucleotide sequences
described herein can be used to prepare two PCR primers from the 5' and 3' ends of the
" sequences. These primers can then be used to amplify an individual's DNA and
subsequently sequence it.
Panels of corresponding DNA sequences from individuals, prepared in this
25 manner, can provide unique individual identifications, as each individual will have a
unique set of such DNA sequences due to allelic differences. The sequences of the
present invention can be used to obtain such identification sequences from individuals
and from tissue. The B7-4 nucleotide sequences of the invention uniquely represent
portions of the human genome. Allelic variation occurs to some degree in the coding
30 regions of these sequences, and to a greater degree in the noncoding regions. Itis

estimated that allelic variation between individual humans occurs with a frequency of



10 nucleic acid is detected in the biological sanple. A preferred agent for
detecting B7-4 or PD-1 nRNA or genomc DNA is a | abel ed nucleic acid probe
capabl e ofwbyindsshi zing to B7-4 or PD-1 nRNA or genoni c pDRAses/23s7nucl ei c
acid probe can be, for exanple, a human B7-4 or PD-1 nucleic acid, such as
the nucleic acid of SEQID NO 1, 3, 10,-.gg. 11 or a portion thereof, such
as an oligonucl eotide of at |east 15, 30, 50, 100, 250 or 500 15

nucl eoti des iBodt @Rk dar 842 566'bdske | 140h of fhe SRREAES ALADEdRYRIH ShZ® smder
stringent conditions to B7-4 or PD-1 nRNA or genomic DNA. Qther suitable

Erobes for uslegrea be hsed agi aigndasd pgainst whigh DNA from an individuab pancheccompated i bed
in. . A red: i _ 0.
ot body” capaBaefEdigRdfbreds” BelBbE b nbdnRbu of bollimorbhBig bELE i et

anti body w t hofcoditigeediciis] fowkrdeghenceiirdidceRagite diffefentiiie inddidialso Mk, or nore’
preferably, nonoclonal. An | C nti body, or a,  fra nt .t hereof (e.g.,
Fab or F(ab' Joycoding sffl%‘e@&eéﬁf Qﬁﬁﬁ@@?‘ﬁrﬁ’"@ a%wgﬁor}aw Rrﬂ‘%agﬁ‘?ﬂtﬂ’et vighel 11 ope
or antibody, ;dehrifichi PEIRDS 1, Whidg 18 a R6REing"

anti body by l%eglﬂg |l§gd'?ﬁ??.g?&gﬁysi caliif)?d I P?l%’r%gé)}?a dete%f(l:lt}gbl g subsltngnce to
t he probe or amplifishbstguencsof 10@(basessIfiprefiigtednodingiseduencss afe usédea prosbe or

anti body by reactivity wth another r. t.that  ..25.4 i t | ahel ed.
Exanpl es of iaﬂ?ff’?‘é%?“ lf?’éf){l}?lngm TheY elg‘%g? geigltdluig)lr'l&eg}n ﬁgangﬁ N}rzr’wlad;d;e/b%agr?p szogg'y usi ng
a fluorescently | Haglafel of pagentiafirom B7t4 mweibptidewqwencesldeseeibedibereih isuseid  pr obe

with biotin such that, it, can be detected wi.th fl uyorescentl | abel ed
strept avi}gn_genem%ap@ﬂpﬁldg}t&cgwndﬁ}aggsg aingryidpal, those seme aﬁﬂ’é‘i‘f?&i“‘?‘i ssues,

cell's and bi gL Qed¢aidehtifyitidsue flonPthatiBglvidoA M Ring W \Bfidue idthtiREdtbn Aftabdss S ues,
cells and fluids presenf within a subject. That 30 iIs, the detection nethod

of the i nvenwppsitiveidentificationed thedndiwidual; livie or dsad, can bie mededrom gxteemeish, or
genomni c. DNA i .bj ;cal sanple in vitro as well as in vivo. For

exanpl e, WO 6@’?@@&1@% /1 LJSOQ 23347 -102 in vitro techniques for
detection of B7-4 or PD-1 nRNA include Northern hybridizations and in situ
hybri di zagj ons. | itrg te L ques for detection of B7-4 or PD-1 protein
i ncl ude elzyme | i AeS ARG SFBEREIEE 0] SR8 ‘\\estern bl ots,

| Mrunopr eci pi t at i DGA-Bdded ideRtifitalidn eERRRes & alsbbe ibddli fdresitbislogs f or
detection of B7 5 4 or PD-1 _genonm ¢ DNA include Southern hybridizations.
Furt her mor e, Forengie biglogy dcascicgtific figld employing:gensiic Sypingrofbiclpgitabeyidencst. o n

I nclude intr i ' | g,péfl} b - e &rﬁe I body.
For exanpl e,'? gag%%lfr%%?ﬁ%%‘é %ﬁ% goggf,éel Wi tﬁﬁntgﬁhg’a@?%’é?? {e\’/g mart%gg}r whose
presence and of acrime.cTo inakessuch & identificatior; BCR4echpolegy ¢ap bsussddemmplifinagi ng

t echni ques,

DNA sequences taken from very small biological samples such as tissues, e.g., hair or
skin, or body fluids, e.g., blood, saliva, or semen found at a crime scene. The amplified
sequence can then be compared to a standard, thereby allowing identification of the
origin of the biological sample.
The sequences of the present invention can be used to provide polynucleotide
25 reagents, e.g., PCR primers, targeted to specific loci in the human genome, which can
enhance the reliability of DNA-based forensic identifications by, for example, providing
another "identification marker" (i.e. another DNA sequence that is unique to a particular
individual). As mentioned above, actual base sequence information can be used for
identification as an accurate alternative to patterns formed by restriction enzyme
30 generated fragments. Sequences targeted to noncoding regions are particularly

appropriate for this use as greater numbers of polymorphisms occur in the noncoding



10 I n one enbodi nent, the biological sanple contains protein nolecules from
the test subject. Alternatively, the biological sanple can contain nRNA

mol ecul es frwonetfgs7 t est subj ect or genom ¢ DNA nol ecul es #amusehbss4t est
subject. A preferred biological sanple is a serum sanple isolated by
conventional neans froma subject. |In anatfper- enbodi nent, the nethods
further involve obtaining a control 15 biol ogical sanple froma control
subj ect, contactg; : st £33 ; anfpdd | e of
det ecting B7- 4%(&) IH%DH%GB gtrlggllﬂ.l,to E%il\%l%nﬁger%_%&e}‘#g‘ﬁli % \ q?gglﬁa‘?ﬁﬁa% t heaﬁ
presence of B7-pblymuclBpide reagenteinaluderfiie/B 74 nymentide seqevses or podicms thesedfi n t he

bi ol ogi cal sanpl e. and co i he presence. of 314 or PD-1 protein,

nRNA or genomnﬂ‘amﬁaﬁwgﬁh@gkﬁ‘%%8&’“5&%%39%%%?%53B?sgg'ence of B7-4 or PD-1
20 protein, nMRNA or TheBIN fucldlidd seqidhCes R Sdribed HErkia carl fitherbearkd @pravidd
enconpasses kits for detecting the presence of B7-4 or PD-1 in. a

bi ol ogi cal s&npRolynuelgetidsteagents e.g:.Hebekador dabglapleppebes whigh camby wsgd i f¥ound or
agent capabl e tecti - rQt: e ! , Di gi cal
sanpl e; neans feggm e e'%%ﬂ%ll“ﬁ%l dfzﬁ{g&natr%oun ut‘1"0 1@&}1& ?p %%gﬁaﬁ’a%%e&?gnpl e;
and neans for aissqearThisgah be vé@y usafullintase$ whate 4 forensitipathalogist isspresentel avithiat h a

standard. The conpound or agent can b kaged in Sui | e.cant ai ner.
The kit can f urtER ot SokEh it o 68 B tRGseieth Bt ety BRbBeY 7. 4
or PD-1 protei npediestin@lofbf ordén fhpe.2. Prognostic Assays 30 The diagnostic

met hods described herein can furthernore be utilized to identif subj ects

havi ng or alOri sk ofinasimilapfasltion, shese rragends, 6:2., d7shprirasrs aprebsssaw Be vied to

aberrant WO Ollsléééﬁsésﬁé:gﬂlﬂjﬂ(- Zé%:ﬁgaﬁ Qﬁ"e‘? reén £OF tHe Breke g»?ﬁﬁtﬁ:'n% a1

activity. For exanp e assays SCri ereln, “suc S he precedi ng
di agnosti ¢ assalifferent types of cillls va eudtusdsays, can be utilized to identify a
subj ect having or at risk of developing a disorder associated with B7-4 or
PD-1 protein, expression or activity. Thus, the present invention provides
a nmethod for idgnti fPrédidivea Meditireease or di sorder associated with aberrant
B7-4 or PD-1 expression or activity in which a test sanple i s obtained
from a subj &8t and Bhepregent PUﬁl;‘J“%r%*é’FﬁmB’F tothe field of predigtiveraedicine iprwich
genom ¢ DNA) i s t \%{1 : of B4 otein or
nucleic acid i ?lﬁ‘gg%oag% Sc’ rGggag%?ég{l@ﬁlgeﬁég&ﬁg?ﬁl?gﬁ‘g(??édd‘gf/el oping a
di-sease or di queghestic{pedisting)gurpnsesito themby sneat aB individwal POphylectisaklssi on or
AtV 05 USRLoBRRY. o Rt of hEBhesif Tlcftion Slafls o didardstl QY52 Samp! @

obt ai ned from

determining B7-4 or PD-1 protein and/or nucleic acid expression as well as B7-4 or PD-

20 1 activity, in the context of a biological sample (e.g., blood, serum, cells, tissue) to
thereby determine whether an individual is afflicted with a disease or disorder, or is at
risk of developing a disorder, associated with aberrant B7-4 or PD-1 expression or
activity. The invention also provides for prognostic (or predictive) assays for
determining whether an individual is at risk of developing a disorder associated with B7-

25 4 or PD-1 protein, nucleic acid expression or activity. For example, mutations in a B7-
4 or PD-1 gene can be assayed in a biological sample. Such assays can be used for
prognostic or predictive purpose to thereby prophylactically treat an individual prior to
the onset of a disorder characterized by or associated with B7-4 or PD-1 protein, nucleic
acid expression or activity. The assays described herein, such as the preceding

30 diagnostic assays or the following assays, can also be used to detect a tendency to have

spontaneous abortions.



exanple, a test sanple can be a biological fluid (e.g., serunm, cell

sanple, or tissue. Furthernore, the prognostic assays descri bed herein can
be used t owdaim4ssi ne whether a subject can be adm ni st eicagisamnsagent (e.g.,
an agoni st, antagonist, peptidom netic, protein, peptide, nucleic acid,
smal | nol ecul e, or other drug candi date)g1l1l5 to treat ‘a di sease or disorder
associated with aberrant B7-4 or PD-1 expression or activity. Thus, the
present invention i et h ) : ject can
e ot oot vely &1 o o e A Mg L IBEncE of S |
aberrant B7{dgofrugicampound®onithaexpression ongctivityi of B¢ otPRx ltimelinicabtriplse is
obt ai ned and B7-4.pr P rotern .or . | @i ¢ acid, expressi on or. activity
is detected (e. g.ﬁ%@%&%ﬁ%@éggﬁﬁﬁgﬂgéggﬁ%r%hméﬁe OWIng SEHORsy or

nucl ei ¢ aci d expr essi ODiagfiosticAksavé y i s di agnostic for a subject that can -

be adnmnistered the agent to treat. a disorder associated with aberrant B7-4
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at 30 |east ope; ARNA ordeAGhRIINCA i 12 iclelEcRl f166d @piticehybfi@Zng /-4 or
PD-1 gene; 2) an addition of one or nobre nucleotides to a 57-4 or- PD-1

gene; 3) a sBF<torP-1 mRNA ongraomic IRMAQ Tha meieic st plobs ey tr3fon gxampla nor e
| eotid ;5 P : f
nucl eot | SB %Ilm& §7—4§5 Bb-1 &cheésg%?f suchas e%@&l?fg\%g@rﬁngQEiﬁr NG1% 1o (kl\ﬁ a

B7-4 or gene; an a ron in nessehger’
transcri pt obrapdsilenithercofPEuch as g oligontileatide vf atri¢astriy] B0, 50a10002500dr 580 B7- 4 or

PD-1 gene,,. suc af .th thyl ation patte f th enomi c , 7) the
presence bf Bu‘iq%ﬁ-ﬁeﬁ ‘P&“ﬁ@‘p“g‘ﬁé CEPHE S&aﬁaﬁ%ﬂiﬁﬁ"ﬁ?@%gwﬁ% F°'%ns
transcript ofo B7-B4r BDArmRRNAI or@eiiinic DNA Omer siithisle piobes foLiRlin @k a B7-4 or
PD-1 protein, 9) allelic |loss of a B7-4_or PD-1 gene, and 10) inappropriate

post - trans| diageasti asyygiof theduveatonye desgrbed beioD- 1 protein. As descri bed
herein, there ar SA?ref QBerdt {oifelecttle BRS 8YPHAGIOAUE tn 5’@?3\% éa?a%@ﬁfeart

whi ch can be use or detecting alterations in a B/-4 e A
preferred bi bindiggtaB7-4anBDel protein, piefsably @y antibodywitlda deteqiabie labedl at ed by

convent | oal \TRgNFes P8 Soi5BIaE S moft Heterafly SRbShcRal | ST HBSHIRI; or

fragment thereof (e.g., Fab 'or F(ab")) can be used. The term "labeled", with regard to

the probe or antibody, is intended to encompass direct labeling of the probe or antibody
by coupling (i.e., physically linking) a detectable substance to the probe or antibody, as
well as indirect labeling of the probe or antibody by reactivity with another reagent that
25 isdirectly labeled. Examples of indirect labeling include detection of a primary
antibody using a fluorescently labeled secondary antibody and end-labeling of a DNA
probe with biotin such that it can be detected with ﬂuofescently labeled streptavidin.
The term "biological sample” is intended to include tissues, cells and biological fluids
isolated from a subject, as well as tissues, cells and ﬂuids present within a subject. That
30 is, the detection method of the invention can be used to detect B7-4 or PD-1 mRNA,

p_rotein, or genomic DNA in a biological sample in vitro as well as in vivo. For example,



In certain enbodi nents, detection of the alteration involves the use of a
probe/primer in a polynmerase chain reaction (PCR) (see, e.g., U S. Patent
Nos. 4, 683, w@oake 4, 683, 202), such as anchor PCR or RAChcRaRona547
alternatively, in a ligaticon chain reaction (LCR).{see, e.g., Landegran et
al. (1988) Science 241:1077-1080; 15 andjplakazawa et al. (1994) Proc.
Nat|. Acad. Sci. USA 91:360-364), the latter of which can be particularly

seful for det see
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those of skill in.the art detection enes are especially useful
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sanpl e and tes tions.in the s % reover,

t he use of squgtﬁ%%d @%es?)‘g FF CsaﬁnP (FCP eP‘SFe"ﬁ? %‘go Pisitent

No. 5,498, 531) nfRANK bEgensmit DNASS eeQontrol sample with the presence of B7-4 or PD-1 '
20 protein, nRNA or genomic DNA in the test sample.

The invention also encompasses kits for detecting the presence of B7-4 or PD-1
in a biological sample. For example, the kit can comprise a labeled compound or agent
capable of detecting B7-4 or PD-1 protein or mRNA in a biological sample; means for
determining the amount of B7-4 or PD-1 in the sample; and means for comparing the

25 amount of B7-4 or PD-1 in the sample with a standard. The compound or agent can be
packaged in a suitable container. - The kit can further comprise instructions for using the

kit to detect B7-4 or PD-1 protein or nucleic acid.

2. Prognostic Assays
30 - The diagnostic methods described herein can furthermore be utilized to identify

subjects having or at risk of developing a disease or disorder associated with aberrant



for the presence of specific nutations by devel opnent or |oss of a ribozyne
cl eavage site. In other enbodi ments, genetic nmutations in B7-4 or PD-1 can
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7:244-255; Kozal, M J. et al. (1996) Nat. Med. 2:753-759). For exanple,
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B7-4 or PD-1 with the corresponding wild-type 30 (control) sequence.
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USA 74:5463). |t Fertlekmarecthepropdstit asayshiascribed/hereif can bearsedtoydetsiminet onat ed
sequenci ng prqcedures.can be utilized whe erformng the .diagnostic
assays ((1993‘?"’%%?%@%%3’5# : ,anﬁgﬁrfq& nﬂ'%%’ﬁﬁgﬁ'étf‘g?é"sgy nass

spect r onet r y pefRidmisietit, pro bptide) rivoleicionl, soralbinbleailé, od BthBidruyéanQiiatk$ 101,
Cohen et al. 5 (1996) Adv.. Cﬁromat_o%r. ,136: 127- 192; §nd Giffin et al.
(1993) Aphl. t‘BF?ﬁEHéﬁFaseBT@f‘géﬂﬁﬁﬂ"?m. g with pberragy B7-45 P‘h@ipfﬁﬁﬂgn%r det ecting
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het er odupl ex
' . protein or nucleic acid expression or activity is detected (e.g., wherein the abundance of

20 B7-4 or PD-1 protein or nucleic acid expression or activity is diagnostic for a subject
that can be administered the agent to treat a disorder associated with aberrant B7-4 or
PD-1 expression or activity).

The methods of the invention can also be used to detect genetic alterations in a
B7-4 or PD-1 gene, thereby determining if a subject with the altered gene is at risk for a

25 disorder associated with the B7-4 or PD-1 gene. In preferred embodiments, the methods
include detecting, in a sample of cells from the subject, the presence or absence of a
genetic alteration characterized by at least one of an alteration affecting the integrity of a
gene encoding a B7-4 or PD-1 protein, or the mis-expression of the B7-4 or PD-1 gene. _
For example, such genetic alterations can be detected by ascertaining the existence of at

30 least one of 1) a deletion of one or more nucleotides from a B7-4 or PD-1 gene; 2) an

addition of one or more nucleotides to a B7-4 or PD-1 gene; 3) a substitution of one or



formed by hybridizing (I abel ed) RNA or DNA containing the wild-type B7-4 or
PD-1 sequence with potentially nutant RNA or DNA obtained froma tissue
sanpl e. The QYhis stranded dupl exes are treated with an pggtdnssseh
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t hym di ne DNA gl ycosyl ase from Hela c eaves T at "G T m smatches (Hsu
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enbodi ment, a probe,based n.a B7/-4 sequenge,.e.g...a wld-type B7-4 or
oo 1 soauence, i o niRFRRm atbtdndt, de Bt GRS e pySatinfo sy 54B8s ° T 109 o
ot her DNA pr odygébefprinter tn 4 pslymeraie chaih reattion RGR)qsee] Gg.} USaPaentMdsh a DNA

m smatch repair_enz and t he cl eavage;?products I f any, can be detected

from el ect r ophdh@R 195 i SEBLHIZ, Fb sxreciarFER BHRACE BER oS iAEAvelyEn 2ha ont
No. 5,459, 039. HoisH tiain restaeh! (NG See, £k BhitielAR 3 blﬁl?k@%fc%%&[ﬂﬁﬂbﬁ-loso;

mobility can beused to 5 identify mutationS in B/-4 0o genes. For
exanpl e, si byl and Nekavdwa et/ (1A iPver. Not| 4ang’ $dii B YSBOFI640.abe loderiof avdicho

detect 01 1o NGt bl bOAPR: Sk bRt L4t P AO
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Anal . Tech. Appl. 9;73-79). Single-stranded DNA fragnents of sanple and 10
control B7-4 orsPpef cqﬁa@%iaéa'ae 2 98 ocla Fopch ERUITA 1P BHRG FRPISE FUZCE AEgnomic,

renature. The mRNA or both) from the cells of the sample, contacting the nucleic acid sample with

20 one or more primers which specifically hybridize to a B7-4 or PD-1 gene under
conditions such that hybridization and amplification of the B7-4 or PD-1 gene (if
present) occurs, and detecting the presence or absence of an amplification product, or
detecting the size of the amplification product and comparing the length to a control
sample. It is anticipated that PCR and/or LCR may be desirable to use as a preliminary

25 amplification step in conjunction with any of the techniques used for detecting mutations
described herein.

Alternative amplification methods include: self sustained sequence replication
(Guatelli, J.C. et al., (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional
amplification system (Kwoh, D. Y. et al. (1989) Proc. Natl. Acad. Sci. USA 86:1173-

30 1177), Q-Beta Replicase (Lizardi, P. M. et al. (1988) Biotechnology 6:1197), or any

other nucleic acid amplification method, followed by the detection of the amplified



secondary structure of single-stranded nucleic acids varies according to
sequence, the resulting alteration in electrophoretic nobility enables the
detecti on whbeevesy a single base change. The DNA fragnmemrcsnsenrsie | abel ed
or detected with | abel ed probes. The sensitivity of the assay may be
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structure is nore sensitive to a change In sequence. In a preferred

Gonbi e ot s bl AR mihhbAED i Bf SOKR RLaf PelEydeqidp) oPar 8t e
el ect r ophor etsthenm#® e lespeyially el forithadetectid® Oflpuciticeiiisméledidds.if shick) . | n yet

anot her enbodi nent the novenent of nutant or wild-type fragnents in 20
pol yacry| ani #0lesulesarte preseht it WY LOWPHPRSEht of denaturant is assayed using

denaturing gradi Aonasee s S ) Nature
313: 495). Wen il bl RRAN, ShiaRioh i a7rig%§?§,g%l[’f\|§l’%‘aa%;%§émdified

to i nsure & hatll ¢an beddeptified by altergtions inlr¢strittinn enpyme cleavagepattgmhse Koy addi ng a GC
cl anp of approxinately 40, bp. 0 i.gh-pelting.GC.ri.ch .b In a
Further enbograrle sadte i Hpurpl PRVA S bl Aot (pueptlo) gbbed Wi oné

denat uri ng goagofitestii@ioh@adunutl¥asds, bhdfragitedslehgth bizes 470 BétbrndivedWy gepnt rol  and
sanpl e DNA ( Rosenbaum and Rei ssner._(1987) Bi ophys. Chem 265:12753).
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20 stretches of DNA in a sample and control to identify base changes between the

sequences by making linear arrays of sequential overlapping probes. This step allows
the identification of point mutations. This step is followed by a second hybridization
array that allows the characterization of specific mutations by using smaller, specialized
probe arrays complementary to all variants or mutations detected. Each mutation array

25 is composed of parallel probe sets, one complementary to the wild-type gene and the
other complementary to the mutant gene.

.In yet another embodiment, any of a variety of sequencing reactions known in
the art can be used to directly sequence the B7-4 or PD-1 gene and detect mutations by
comparing the sequence of the sample B7-4 or PD-1 with the corresponding wild-type

30 (control) sequence. Examples of sequencing reactions include those based on
techniques developed by Maxam and Gilbert ((1977) Proc. Natl. Acad. Sci. USA 74:560)



pol ymer ase extension (Prossner et al. (1993) Tibtech 11:238). In addition
it may be desirable to introduce a novel restriction site in the region of
the nmut ati oRwéd fi/fas@ate cl eavage- based detection (Gaspari icratse@dsssr( 1992)
Mol . Cell Probes 6:1). It is anticipated that in certain enbodi nents -
anplification may al so be pe fornmed usingideqg |igase for 15 anplification
(Barany (1991) Proc. Natl. Acad. Sci. USA 88:189). In such cases, ligation
wi Il occur onl e
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Furt her nore, ﬁlt' 1 1R 1(3"9 tissue in which B7-4 or PD-1 is expressed can
be 25 utili ze e pr ogno ti ¢ assays described herein. VII.

Adm ni stration of BOthér meth&is-for Mnd'ﬂhgiﬂufayoﬂgﬂlﬂiesB‘BloﬂPDFl gaibe inciade wlegtods g

agents of the {nvention are.adm nistered to subj.ects.in i ol pgically
conpati bl e f or Ut BTG TR RIERYARE BB SRood IR SRR B R® B0 1o 30

ei t her enhanceRrNA/RNAR RMA/DNARer6diplexeBMiiydres ol (10835 SEi852 236:9242) Bin
"biologically conpatible formsuitable for admnistration in vivo" is
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: digest mismatched regions. After digestion of the rmsmatched regions, the resulting
20 material is then separated by size on denaturing polyacrylamide gels to determine the
site of mutation. See, for example, Cotton ef al. (1988) Proc. Natl. Acad. Sci. USA
85:4397; Saleeba et al. (1992) Methods Enzymol. 217:286-295. In a preferred
embodiment, the control DNA or RNA can be labeled for detection.
In still another embodiment, the mismatch cleavage reaction employs one or
25 more proteins that recognize mismatched base pairs in double-stranded DNA (so called
“DNA mismatch repair” enzymes) in defined systems for detecting and mapping point
. mutations in B7-4 or PD-1 cDNAs obtained from samples of cells. For example, the
mutY enzyme of E. coli cleaves A at G/A mismatches and the thymidine DNA
glycosylase from HeLa cells cleaves T at G/T mismatches (Hsu et al. (1994)
30 Carcinogenesis 15:1657-1662). According to an excmplary embodiment, a probe based
on aB7-4 sequence, e.g., a wild-type B7-4 or PD-1 sequence, is hybridized to a cDNA



peptide to elicit a desired response in the individual. Dosage regi nens can
be adjusted to provide the optinumtherapeutic response. For exanpl e,
several diwodgtissioses can be. administered daily or thectesessn be
proportionally reduced as indicated by the 15 exigencies of the therapeutic
situation. The B7-4 or PD-1 nodul ating_ggent (e.g., a peptide, a nucleic
acid nol ecule, antibody, peptidomnetic, or small nolecule) can be

adm nistered in,a nvenj e nne u s, by ji.hject.i.on ubcut apeous,
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may be desi r idehtifytroutstixens it B2-4pe PDilogened. tHor example singleistrast conformhtiompept i de

with, a material to.pr i t.s inactivatjan. 25. A B7-4 or. PD-1.nodul ating
agent can be Pg@ﬁm?%%&ﬁgﬁ Ba“aﬂ? ‘F?fﬁf’#ﬁ%ed’&?rﬁmﬁﬁm_ eé%é?éﬁﬁtlgt“é"bil_ rier,

di luent or agktwéaiinutaiCmdildy s ReRiE a0ids (OBaZY AE(198Y) Aot Mo AvadiSei.an
appropriate carrier such as |1 posones. Pharnmaceutically acceptable diluents
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pol yet hyl ene et her. Enzyne.inhihitors inclu ancreat.ic tr I n_i nhibitor,
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trasyl ol . Li pReRinEsltérion's elevdphéretiomobility éhablésdhe detectioh o even agnptee! | as
conventional |iposones (Sterpna et al. . 1:27). The
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gl ycols, and m xtures ereof and 1n oils. Under ordi naré condi tions of
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In yet another embodiment the movement of mutant or wild-type fragments in :
20 polyacrylamide gels containing a gradient of denaturant is assayed using denaturing
gradient gel electrophoresis (DGGE) (Myers et al. (1985) Nature 313:495). When
DGGE is used as the method of analysis, DNA can be modified to insure that it does not
completely denature, for example by adding a GC clamp of approximately 40 bp of
high-melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient is
25 used in place of a denaturing gradient to identify differences in the mobility of control
and sample DNA (Rosenbaum and Reissner (1987) Biophys. Chem. 265:12753). _
Examples of other techniques for detecting point mutations include, but are not
limited to, selective oligonucleotide hybridization, selective amplification, or selective
primer extension. For example, oligonucleotide primers may be prepared in which the
30. known mutation is placed centrally and then hybridized to target DNA under conditions
which permit ﬁybﬁdization only if a perfect match is found (Saiki ez al. (1986) Nature



exists. It nmust be stable under the conditions of manufacture and storage
and nust be preserved against the contam nating action of m croorgani sns
such as bactwoisgngggtl fungi. The carrier can be a sol vent mdr/gkedRsE5i on
medi um cont ai ni ng, for exanple, 15 water, ethanol’, polyol (for exanple,

gl ycerol, propylene glycol, and |iquid paljygtheylene glycol, and the
like), and suitable m xtures thereof. The proper fluidity can be

mai nt ai ned, for . td Gl Lib t he
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In many cases, pybridided Wit} RbA4 GrgePDNAC! ude isotonic agents, for exanple,
sugars, polyal cOhols such as manitol, sorbitol, sodiumchloride in the
conposi ti on.5 Pr ol onddtémativaly,atléle spesifictamplificgtion techhelogsowhich dependssoncsglecties
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required, ol Seibiioh) (GitseH al PIRS) Niciéid s RECTTSRST daag o e ShRtne 87 ©
prepared by incorporating the active conpound 30 Into a sterile vehicle
whi ch cont alths ead pherierighes pihersi undemappioprirtgcdnditiensy migmatch¢awpriewent, or reduce
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protected, as described above, t protein “can be ora m nistered, for
exanpl e, wi th amplifiegtion (Bargusnl 9D Paer. ot Adadalli. U811 89). besurh eases, Jigatipned
herein " phar maGaiibiaabliy ;ARGER! ARRCALL] Sibe 4 264 KRS 530Kl Alie i

sol vents, dispersion nedia, coatings, antilbacterial an ntifung agents,

I sotoni c and @bsibigto derectiht pyesange afyckiosvn rautatidnlae a kpdeific sith dy lodkingfforzhie h
nmedi a and agents for 1({) harnaceyti cal ly active substances is well known in
the art. ExcepPrSSHEELEFLSERCS ?nplé’%ﬁ‘?f}%’ht ional nedia or agent is inconpatible

Wi th the active conygsmeihodSdsérbRa 8&tkin! cAn be performed, for example, by utilizing pre-

20 packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent

described herein, which can be conveniently used, e.g., in clinical settings to diagnose
patients exhibiting symptoms or family history of a disease or illness involving a B7-4
or PD-1 gene.

Furthermore, any cell type or tissue in which B7-4 or PD-1 is expressed can be

25 utilized in the prognostic assays described herein.

VII. Administration of B7-4 or PD-1 Modulating Agents

B7-4 or PD-1 modulating agents of the invention are administered to subjects in
a biologically compatible form suitable for pharmaceutical administration in vivo to
30 ecither enhance or suppress immune cell mediated immune responses. By "biologically

compatible form suitable for administration in vivo" is meant a form of the protein to be



the therapeutic conpositions is contenpl ated. Supplenentary active
conpounds can also be incorporated into the conpositions. It is especially
advant ageowme oat/ai5870r nul at e parenteral conpositions in dopagmsansi4? 15 form
for ease of administration and uniformty of dosage. Dosage unit form as
used herein refers to physically discrdpge-units suited as unitary dosages
for the mammalian subjects to be treated; each unit containing a
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desired therapeutic effect in_associati.on with the required pharnaceutical
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skilled isan will appreciate th certain fact.ors may inflyence the
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di sorder, previous treatnents, the.general_ heal t h and/or age of the
subj ect, and Pertiqeo elifitadesieed rpspanse in the individyalr Dosage eegimpans cay beadiusiedect wit h
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treat ment or eferably, can i'nc f treatnents.
preferred exadministered dailgjoethe dose can bepredortiondllyaeductxbabindicatedey theange of 5

bet ween ut _0.1.t0.20 nmo/ ka. body. wei ght, one tinme per week for between
about | ?go fﬁg%&%g&ﬁl}%&@?g‘bﬁ?m%“éPMen 2 to 8 weeks, nore preferably

bet ween about 3 t The/B7-4@eRDB-1 modhlating agend (£g. 4 ptidd Bnyicléio beid hwlécule, S, or 6
weeks. It will also btgdq%ﬁ reci at eq the effecti V?i dosage . of anti body

t ha .
used for treaRtikody. pepl 16, Spsmpall ra@e?l@%@n bsaministered in 3 convepjent

particul ar 1t yRahdBikdh as b) A& (RbERZROSR Mvén@ﬁ&ﬂb&.t),fdrﬁ%hﬂstfaﬁﬁﬂ ts of 10
di agnostic assays as described herein. Monitoring the influence of agents

(e.g., drugs inbalatiomeusdermal applicationcoreeial aidministration. Depending on the route of

20 administration, the active compound can be coated in a material to protect the compound
from the action of enzymes, acids and other natural conditions which may inactivate the
compound. For example, to administer B7-4 or PD-1 modulating agent by other than
parenteral administration, it may be desirable to coat the peptide with, or co-administer
the peptide with, a material to prevent its inactivation. '

25 A B7-4 or PD-1 modulating agent can be administered to an individual in an
appropriaté carrier, diluent or adjuvant, co-administered with enzyme inhibitors or in an
appropriate carrier such as liposomes. Pharmaceutically acceptable diluents include
saline and aqueous buffer solutions. Adjuvant is used in its broadest sense and includes
any immune stimulating compound such as interferon. Adjuvants contemplated herein

30 include resorcinols, non-ionic surfactants such as polyoxyethylene oleyl ether and n-

hexadecyl polyethylene ether. Enzyme inhibitors include pancreatic trypsin inhibitor,



or activity of a B7-4 or PD-1 protein can be applied not only in basic drug
screening, but also in clinical trials. For exanple, the effectiveness of
an agent detwpl§ypfe by a screening assay as described her epdyrishonines ease
B7-4 or PD-1 gene expression, protein 15 levels, or upregulate B7-4 or PD-1
activity, can be nonitored in clinical trrqbs of subjects exhibiting
decreased B7-4 or PD-1 gene expressi on protein levels, or downregul ated
B7-4 or PD-1 acj,ivit Al t tiv effe i veness of an a

det or i ned by duserEribiomphasay (BEERLa imeuo b insaRepRetoe BRe B os o on
protein |evel Swa@é:emsmmsﬁgwuﬁa&oﬁ%nﬁo%1185}0111@Qstuﬁhwar @ogy)lge rmonitored in
clinical trials of subjects 20 exhibiting increased B7-4 or PD-1 gene

expr essi on, prd‘(eeltmmmmr%‘”)or upregul ated B7-4 or PD-1 activity. In such
clinical trials | [ Lt f

preferably, ot her ggﬂ ngmﬁgu\?g“gg%so\ﬁ a?(mv%s[t&g?garén& ’?é)%rl g{a{)ﬁe used
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escri e
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evel s of gene expr.ession e e ressron pattern

quantrfred by N@Wﬂ%?wrsrebegﬁekﬁwu%e@ﬂﬁﬁ Heheasy Fyiogeepility 1 13 or
RT-PCR, as desGkisRedk hek 64 &ablo {m&%l- R chﬂ&dxMﬁ'anBMuﬁ&ﬁx%%& B9t &@ﬁﬁé{ e of

protein produced, by one of the nethods as described herein, or

measuring the [pessenved &msh@gpmwnoﬁnmum@ﬁmwzgwmmrsmas@ww an|dn this
way, the gene re |ve of

t he physiol ogi C rzgép%?\%%m Eﬁ{%seﬁ‘gegf - dl%%{s‘{qr?ilergéadé‘g?\?&[ %&kg’cfgr% gf this
response st#je vmei éimndlepdlyﬁh (ftﬁdxhﬂ;ile,rgl'ycemh,cbréﬁylemrgl}@uls arpttiiqhizispdlyathdygme
treatment of the inpdi | with the agent refer e |rrent, t he
present inventi EF@#‘BBE e)AnshitaRle “‘e?r'bﬁ‘ief’ é”‘lﬂ‘?&ﬁ‘é‘g eness of
treatment of a ppdiahiBed, fo¥ekiinplB, KyARhse(of a Goating RudidKcithin, bypihe %ﬁﬁﬁérﬁhee of

peptidom netic, protein, pepti de, nucleic acid, small nolecule, or other

drug 10 candi ddkeremeedprrticlesizgyn the cassof disperpign andsbyythe yeeof swfastintier e n)
conprising the PiéveRtort Jf tl(é Qctlon of microorganisms can be achieved by vatious antibacterial and

20 antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic écid,

thimerosal, and the like. In many cases, it is preferable to include isotonic agents, for
example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about
by including in the composition an agent which delays absorption, for example,
25 aluminum monostearate and gelatin.
Sterile injectable solutions can be prepared by incorporating active compound
(e.g., 2 B7-4 or PD-1 polypeptide) in the required amount in an appropriate solvent with
one or a combination of ingredients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the active compound
30 into a sterile vehicle which contains a basic dispersion medium and the required other

ingredients from those enumerated above. In the case of sterile powders for the



obtaining a pre-admnistration sanple froma subject prior to
adm nistration ofthe agent; (ii) detecting the |evel of expression of a
B7-4 or PDVOopi4ssEin, nRNA, or genomic DNA in the pre- 2EwUsME3s4rt i on
sanple; (iii) obtaining one or nore post- admnistration sanples fromthe
subject; (iv) detecting the |level of exgdkssion or activity 15 of the B7-4
or PD-1 protein, nRNA, or genom c DNA in the post-adm nistration sanples;
~ (v) conpari n%fpaﬁub@uﬁtemé infoeRbRS$BIufitnsDthe pefénedinvetifds b grefafatibn@re PD- 1
protein, or genomn ¢ in the pre-admnistration sanple with the

B7-4 or PD-1 vawm drying anmzexslmg@wblﬁh we@mppwdqrwé thesstiveingredipaie.g+ i on
sanpl e or sa I %r%%& a&Hr?Jn t to
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| evel s than detect e. to decrease the effectiveness of the agent.
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t he Sequence colidntidnal inBdia oPdgent i GRbM: mth&emetw ?&ﬁﬂ[ﬁ@l&teom 01/ 14557
PCT/ US00/ 23347 -114 EXAVPLES Exanp 'sol ation of, B7-4 cDNA Mol ecul es.

The protein deafhunapeatiocompasitions F&B@F‘F‘B‘P‘ﬁﬁ SRRPIEIIETENY ARtiYE FORROURAS 688 ysed t o
5 search the lﬂlsirﬁo g;a@gqﬁtg%é‘ Hglngl c acid nol ecul es encodi ng

honol ogous pept| es. Two ove appl ng sequences in the EST dat abase,
AA292201 and AA3B9%§¢claAkyradva¢omsrtp &amulBtecpacentere] compesitione inedogagedmito

late full -]l th B7s f d
5012t 1141 S DBl G R oS S L APR S 10
5' - CAGCT ATGG’EGGWMI iﬂBchte lﬁxﬁﬂﬂltbbad\iﬁnﬁl)y dosapes for the mammalian

5" - AGGTGCTAGCSGGACAGIGI T ) LD NO mthes ESTs were
synt hesi zed. StjeRdto ﬂ%@?@b‘m 'd‘é’gt gﬂPﬂPé‘W Betye coppeynd;

using as te”théﬁlﬁte&%&fcgﬂii:&ﬁﬁréﬂ)ﬂxér@éﬁﬁesﬁfetﬁﬂ@%ﬁaﬁ&ﬂﬂﬁh &k regaiés fromt he

pharmaceutical carrier. The specification for the dosage unit forms of the invention are

20 | dictated by and directly dependent on (a) the unique characteristics of the active
compound and the particular th;:rapeutic effect to be achieved, and (b) the limitations
inherent in the art of compounding such an active compound for the treatment of
sensitivity in individuals.

In one embodiment of the present invention a therapeutically effective amount of

25 anantibody to a B7-4 or PD-1 protein is administered to a subject. As defined herein, a
therapeutically effective amount of antibody (i.e., an effective dosage) ranges from about
0.001 to 30 mg/kg body weight, preferably about 0.01 to 25 mg/kg body weight, more
preferably about 0.1 to 20 mg/kg body weight, and even more preferably about 110 10
mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg; 4 to 7 mg/kg, or 5 to 6 mg/kg body weight. The

30 skilled artisan will appreciate that certain factors may influence the dosage required to

effectively treat a subject, including but not limited to the severity of the disease or



spl een of a case of follicular |ynphoma, activated B cells, INF-y activated
keratinocytes, normal spleen, and placenta. Conditions were 94C, 1 mn;
94C, 30 sec,wbwg14s89 sec, 15 68C, 1 mn for 35 cycles; 68CGcpusnAassshol d 4C.
Al'l tenplates gave a band of the expected size of 389 bp. The 389 bp
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agarose gel electrophoresis and.0.12 ng was used as a tenplate in a PCR
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[ brary. s addOtFokh Lt BESF £ H PrRksnfis PRl REvsth figobi QLR |

di gest ed | anbdawdel) and\@fen e PrefeRabiiy for b 4] 5 Br 8 WdelisN HNWML AL b2 aPprlciatdd 6 |
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captured wi 16 aliapagstietassayias despibeddéreint r enoved, and the beads resuspended

in 30 I of binding,butfer (I, EDTA, 1 M NaCl, 10 mM Tris-HCl1, pH 7.5). The
beads were added t ?WB"?%‘&‘&"&M?“ a €2 CFUES AT FIRIYE SBHWXB’GSW% at

room tenper at ure? aWivity of 88714 & PD-X pfffein ERELPBES d@&ﬂy%ﬁs&ﬂcﬁ% WrdeRing, BRINEL
and the supernatant renoved. 5 The beads were washed with | of washi ng

buf fer (1 nM EBRin dinigalgials. FKor pramply, ithe sffertivepess pf 8) agepicdetpsmined by 8apt ur ed
ith a magnet : r ' epeat ed
3 times One. i ot aS R RRREN ndrBHG firesse B4 SPYDLCAL SN AP OO =

mn at 37C, 1hedeisnerupragajateB?d ooRDel avtigity icarabeimbtitredsinghinical tteals of sabjevied.
Capt ured DNA was, el uted b i.n .1 m of elution.buffer (1 10 mV EDTA,
0 N Nar) Rt A e 7 P et shpeio pR IS on A ETRRREA o

with a magnet @&w4 biED-3UBEViITA A RIMatGIPMBSleffRbvensssat ah %e@nt AW rdinddby a22. 5 |

of precipitation mx containing_carrier and pH neutralizers was added
al ong with 2.5 SCRseRiRgssaydp desreasp B7-4 orD-peensexpression. proteie lewelsirr at ed by

centrifugati on 43Gfrekfiate B7-4 or PD-1 activity, can be monitored in clinical trials of subjects
20 exhibiting increased B7-4 or PD-1 gene expression, protein levels, or upregulated B7-4

or PD-1 activity. In such clinical trials, the expression or activity of a B7-4 or PD-1
gene, and préferably, other genes that have been implicated in a disorder can be used as
a "read out" or markers of the phenotype of a particular cell.
For example, and not by way of limitation, genes, including B7-4 or PD-1, that
25 are modulated in cells by treatment with an agent (e.g., compound, drug or small -
molecule) which modulates B7-4 or PD-1 activity (e.g., identified in a screening assay
as described herein) can be identified. Thus, to study the effect of agents on a B7-4 or
PD-1 associated disorder, for example, in a clinical trial, cells can be isolated and RNA
prepared and analyzed for the levels of expression of B7-4 or PD-1 and other genes
30 implicated in the B7-4 or PD-1 associated disorder, respectively. The levels of gene

expression (i.e., a gene expression pattern) can be quantified by Northern blot analysis



di ssolved in H20. Plasm d DNA was re-introduced into E. coli DHL OB/ P3 by
15 el ectroporation and sel ected on LB-agar plates containing 7.5 .tg/n

tetracycl iwgomnass725 gg/m anpicillin. Colonies were |iptesssnssaz Nyt ran
filters and hybridized with 32P- |abel ed oli gonucl eotides with the sequence

5' - CAGCTATGGTGGTGCCGACTACAA- 3" (SEQ | Dlﬁg
5' - AGGTGCTAGGGGACAGTGTTAGACA- 3 (SEQ | D , and

5' - TCCCTTGTAGI. CCA! A3 | D NO.9 All .ol igos are.20 from
AA292201 seqBENCT A dreetigd e %ﬁ%’ﬁ@’%i’% %‘Iéga@ O4nt Of B 55 for,
20 mn. The i)i'b’ﬂué%}]bé}‘ e HF 112 nfelods b Gestiftied h&'eﬁlk@n%frﬂéhsﬁxh% thervaoee of the
cDNA inserts was determ ned. Sequenci ng reveal ed two forms of B7-4

mol ecul es. Tagivity pEB7#er BD-1Bor-othes genest btﬂusmyrths;e@wémt@n@ammtc@r n having -
a short hydrophi .G Ieotlde and
am no acid sg%‘ﬂeér?c e@g@ﬁmm#g?%gﬁ%ﬁaggmQ&R@Egﬁﬁgﬂél@@%

respecti vel y Acddidinglerthisdesponisestats £ad berderirirdmed befdre, 41 atevariotgwins dqringt ein
having a transne e.apd,s t opl asm ¢ donmai n. The nucl eoti de and
anino acid s¥ W@ggﬁfmﬁﬂf“éﬁf"&‘}'m%ﬁg@‘[‘)tshom in SEQ ID NO 3 and 4,
respectively:. Botmaﬂ?&@@&f&n&ﬁlﬂéaﬁ&&é&ﬁﬁ@éﬁ@ﬁ@ﬂfdbﬁﬂ&m@ﬂﬁ signal, 1gV,
and 19C domains, as illustrated 30 in Fi gures and 4. The B7-4M form has

appr oxi nat el pomlm@emffea@veaess@émamynttoﬁavwbjmmhssagqntma;s@@ggssm -116

using the oRfafpRl eAURRRC Ot phARR dukleic i WARm el 37 o8 i ° ]

and ext eri®i ocandlidatSddentified by the \wmnnmbissayk d&smlh:dg:em)n) cunﬂmmg:‘thq steps afif® wher e

B7-1 and B7-2 have abou 2.6% i dent, ty. 2. Si of B7 4
o Nt e Peimiaig o DRoaB ttan STRKE Hhin § MBI BURISE FLadap R et g |
predicted toadat; ﬁméiecﬁngﬁblewawekpm@iohefasvmp@r-rapmlnmNzA &he rrRNA of
the second formis about 3. kb, with m nor of 1.6 and 6.5 kb. 10

Expr essi on ogenemiuDN4| ip M?M‘“M%“W?‘fe@“) qRXGINIng, QAT BIAF BASt-hy guani di ne
t hi ocyanat e ﬂge%% o |
anount s of WQ%%@%% % P,ﬂ bpol’ ?}A +é RNA gv\mgﬁle&ggﬁééts%gp? g‘%e d on an
agar ose dél , of the BﬂﬂmPDahHOtwbmlm&,sm gmpna'c Pd¥A indhe prist-ginFnisatwined B7- 4 cDNA
to both /- 4S
ggmg s eg i (r)]sabtfpz éeﬁ’E 5om]ranﬁlg e léBvZfl g’f e'\)élpIe(s)srugBB or am\%g' f%'z ]f7 HR% l%rgteﬂl ghly
mRNA, or genomic DNA in the pre-administration sample with the B7-4 or PD-1

protein, mRNA, or genomic DNA in the post administration sample or samples; and (vi)
altering the administration of the agent to the subject accordingly. For example,

20 increased administration of the agent may be desirable to increase the expression or
activity of B7-4 or PD-1 to higher levels than detected, i.e., to increase the effectiveness
of the agent. Alternatively, decreased administration of the agent may be desirable to
decrease expression or activity of B7-4 or PD-1 to lower levels than detected, i.e. to
decrease the effectiveness of the agent. According to such an embodiment, B7-4 or PD-

25 1 expression or activity can be used as an indicator of the effectiveness of an agent, even
in the absence of an observable phenotypic response.

This invention is further illustrated by the following examples which should not
be construed as limiting. The contents of all references, patents and published patent
applications cited throughout this application, as well as the Figures and the Sequence

30 Listing, are incorporated herein by reference.



15 heart and are noderately expressed in the thynus. In addition, these
B7-4 nRNAs are weakly expressed in skeletal nuscle, kidney, pancreas,
prostate, tagbofasevary, small intestine, colon, and perisgrarsahzdzsood

| eukocytes. They were al so-f:ound to be very weakiy expressed in liver or
brain. B7-4 nRNAs were not expressed in ungkimulated nonocytes, but were
strongly induced by IFN-y. Simlarly, the expression of these 20

pol ypepti des was found to be induced |%m§ ocytes by TPA/IFN- y and in
dendritic cells by IFN- y. These B7-4 re not_expressed in
unstinul ated B cells, but were induced by I'g crossli nking. Expression of
these B7-4 nRNAs was al so exanmined in a variety of cell lines. They were
not found to bﬁxmnledqimlanqn@BﬂﬂiqDNAMdewﬁsh as Raji, Ranos, LBL, Nalm 6,

25 and DHL-4. They ' ' a_ oJurkat,
Rex, CEM HPB- ALL, Erz?% 89%9“ Sidk nE’EtE‘ﬁE'{)!'% dtBFg‘ﬁ’!s f buindf 87 1?5'%%?& nes such
as SPP and MI2 seavch 1ha publiz duabhses for hucleic B8 noldexksphoodidg hﬁmplogeus

Characteri zation of R7-4_nRNA ressi on | ot al ysis WO

01/ 14557 PCTI L%@Bﬂ’%ﬁ&ﬂm slwﬁxﬁ%%qamemﬁﬁﬁaﬁﬁﬁe@w %@%@g rt hern

bl ot s (O ont ectyA350k s, Alerdidedtilied VEhede sefuerit@s witeldled3tdFsolkitd filltlaskitw Balee! ed
cDNA probes |n Qui kl% éStrat agene, La Jolla, CA) according to the

manuf act ur er' s cDRAsy activatedhkesatinogite mqﬂlmta&@NAétb@dlew fall&ka

BanH / Not | fragment pf ec

untransl ated 5 regi gﬂ £3 &Egg%ﬁfgﬁéiqu%é?}oug‘e -4 proge consi ste% of a
300 bp cDNAlOr&Q(ﬁQIDN(bﬁ)mBé MMT&@GGGAMTGMA@&GM3MS@Q&H)N@:®
supplied by Cante ts wer .Loomte rature_ja 2X
S5 05106 Sos, o PR Thyvest Srthesigst o olgpaconpvert it B EACH,
aut or adi ogr aph¥eachidin &:ﬁmfaﬁ&eenwm%ﬂy Ve k¥ @iptioh afﬂagmxs frdi!tHan

pl acenta, and human 10 fetal liver, and at |lower levels in spleen, |ynph
nodes, thynus, splaeh m;@ewﬁfv&pulaﬂ?mnhmmyd@mﬂedb@d dctival at@pyytcﬁ,

e oL Ted T S R e Lo B0y BN S BN

Exanpl e 4. Hur t68%g, lﬁimrfacisarybleatssm; 3@hinFhold 4RI Emrmgam badafithet at i ve
PCR, Genechip Hybr| di zation, and RNA Bl ot Anal ysis B7-4 nRNA expression on
antigen pr esentekprgted size of 380 xEhei3R2 Bp Rreduetdromuthe #CR of lNF-Y activated

keratinocytes was purified by agarose gel electrophoresis and 0.12 ng was used as a

‘template in a PCR reaction containing 0.05 mM biotin-21-dUTP and the above primers.
Conditions were 94°C, 1 min; 94°C, 30 sec, 56°C, 30 sec, 68°C, 2 min for 20 cycles;

20 68°C, 5 min, hold 4°C. The biotinylated PCR product was purified on a Nucleospin
column (Clontech) and used as a probe in the ClonCapture cDNA selection procedure
(Clontech). 60 ng of denatured, biotinylated PCR product was incubated with 2 mM
CoCl,, 1 X RecA buffer, 1 pg of RecA protein, 1X ATP in a final volume of 30 pl. The
reaction was incubated at 37°C for 15 min. To that mixture, 0.7 pg of plasmid DNA of

25 an activatedkeratinocyte c¢DNA library and 0.4 pg of a human placental cDNA library
was added and incubation continued for 20 min. 50 ng of EcoRV digested lambda DNA
was added to the reaction and incubated 5 min. 0.6 pl of 10% SDS and 5.6 pg of
proteinase K were added gnd incul:'of?ed at 37°C for 10 min. Proteinase K was
inactivated by adding 1 pl of 0.1 M PMSF. Streptavidin magnetic beads were

30 preincubated with 5 pg of sheared Salmon sperm DNA for 10 min and the beads



to the expression of B7-1 and B7-2 on those cells. For quantitative PCR
anal ysis, cellular RNA was deoxyri bonucl ease-treated, re-extracted and
converted woolmssst strand 20 cDNA. FAM ( 6- car oxyt | uor eseernsed/sal ed human
B7-4, B7-1, B7-2, and GAPDH probes were purchased from PE Bi osystens
(B7-4: primers 5'- GCCGAAGTCATCTGGACAAGIB5-(SEQ I D NO 13) and 5' -
TCTCAGTGTGCTGGTCACAT-3" (SEQ I D NG 14), probe 5' -FAM

?W%@E%&%@@ rfn?zedl andpihle BB4dS re3uspertded in 30 pl of

TGOCAGCTCTT C/alEi@bsienl-1aM EISE) 1| M ml,lm)mMpTr(sHéCE PHFAR The beads were

Tmmg%%geac{t%%ﬁﬁ%fm or 3 éﬂﬁ#@%@%‘r%@- 3

(SEQ ID NO 2 Th E&%W@Eﬂi@@ﬂéﬁ&lﬁ&m éefhtdm SemdelEQ | D
NO 21) . (1&14557 CT/?JSOO’ 23347 -118_ PCR reacti OES wer e IIslet up in

96- weLI | p|%1t che heads yereayashed with | avof washimgbuffer ( M EDLy 9 NaCl, 29 m; |

according to =) t

for each of tfﬁgq? ?1# ggﬁﬁgé‘gﬂaﬁé@ﬁﬁé&ﬂéﬁ?@“ﬁes o?&% \X‘/}éﬁgm?ﬁr?nsgn P

g\sl 1Pri % m YSGQ;anduﬁeﬁascmzedﬁdnﬁﬁm I\ﬁ?gf Kstﬂ;'d@leQ wamddnditqthg ]Ehe B7- 4,
an e e ri

Genechi p hybr"T'E’(’ﬂ1 ?% g}eggnéma ‘gﬁséap‘l're °$8P{;%mﬁg"b¥t%§uri ﬁ; B7-4

| s represent gdpdavatdXRARYER (CAHAGUEDNA waglutmwaaaﬁxgm thi6f ehioh ibufférg1 f or
Genom ¢ Research on this chip. RNA isolation, chip hybridization and

scanni ng Yis MMEDRTAD N Na@, c%‘?"B‘?&“Eﬁ“B?PW@mMmEmt@Fs heads worssaptured Cur r .
Pr ot . Bi zation, the
1.6 kb human vg#&lgé%%agd S%ﬁerﬁﬂ%mi&'%@d V\gédeﬁeu@g?}s@cf rbﬁq’dhgéjtgstlon W th
X]E)aD:\IAandI | alppdciitation mixredntaining dairieg avd pHineuliAliZars'vWiad addewhlbﬂgawiﬂizﬁow fragrrent
o] pol ymer ot ybridi zed a scrihed ipn Freeman,

J. et al. (19’95‘}“‘3&?%12‘[1‘ Pi“&@‘%gb'g GT““E%‘“?—{J% H'&}r‘ﬁff'f’??’l‘nfel | s Were
derived fromdagsivaiaRo. Plasmish DNARGRYS ntdiuce idS E. Sl BHIoBIPRbed af t er
fracti onation on a Fi coi l gradi ent. Non-adherent cells were renoved and

t he remai bd nglecedposation hndsedattedron IEBagagplates eantainingiiS @l trgmydinsand@y and
- ggﬂ S na,/eiﬂe hu g?nrﬁ almlblc‘l}lhg R&D C%(omt’e%nvggre Ilged ontodﬁ%an élihe ”ﬁrﬁyé‘r? gerd% gq,e_ndr itic
labeled oligonucleotides with the sequence 5’-CAGCTATGGTGGTGCCGACTACAA-
3’ (SEQ ID NO:7), 5>~ AGGTGCTAGGGGACAGTGTTAGACA-3’ (SEQ ID NO:8),
and 5’-TCGCTTGTAGTCGGCACCACCATA-3’ (SEQ ID NO:9). All oligos are
20 from AA292201 sequence. Final wash conditions were 2 X SSC, 0.1 % SDS at 55° for

20 min. The two hybridizing colonies were picked and the sequence of the cDNA
inserts was determined. '
Sequencing revealed two forms of B7-4 molecules. The first form, B7-4 secreted

(B7-48) encodes a protein having a short hydrophilic domain without a membrane

25 anchor. The nucleotide and amino acid sequences of this form are shown in SEQ ID
NO:1 and 2, respectively. The second form, B7-4 membrane (B7-4M) encodes a
protein having a transmembrane and short cytoplasmic domain. The nucleotide and
amino acid sequences of this form are shown in SEQ ID NO:3 and 4, respectively. Both .
members of the B7-4 family identified have signal, IgV, and IgC domains, as illustrated

30 inFigures 3 and 4. The B7-4M form has approximately 21% amino acid identity to



i sol ated (CD80+ CD86' HLA-DR ' CD54+ CD584 CD 1 a+) and cultured in GW CSF
al one 20 or activated with GMWCSF, 2.5 g/m LPS (Si gnma Chem cal s), and 10

ng/ M human whiisteron-y. At 4 hours and 20 hours after agdyyabag cells
were harvested and RNA isolated using the RNeasy kit (Q agen). Mirine bone

mar row mononucl ear cells were i mmuno-depl gtygd of granul ocytes, |ynphocytes
and la+ cells by rragnetic activated cell sorting and cultured in petri
dishes 25 with Gw e cel |

non- adher ent populraci '%tzﬁ, mg 15 (%Ptt't?fmﬁum aﬁﬁg%xaﬁ‘f‘}l%?d‘ﬁs"f%tgﬁe

75-80% CD1 | c+,defuiul Imdseﬁm elabriic wﬁlegd;spenmesaseaatemmhwh Nmﬂhxiei?ﬁoxancsdau man
interferon-y. Analysis of expression_in hyman bl ood nonocytes

ot
hybri di zati on b ‘achi glm-pih-govl under icanditigns whsred i b and,§ 73 rk%‘(‘? ?h?P‘a?%
nmonocytes, but ;hSeik@Pi dly 30 upregul ated upon interferon-y treatnent. -
Treat ment of nonocytes with another pro WO 01/ 14557 PCT/ USOQ 23347 . 119
i nflam"ratory5cytoki ne, tumor necrosis factor (TNF)-a led to a | ow | evel
induction sim ar L S W, _d | A e.sumably as a result
xamp SO0 % AR Er B2 he major 4.2 kb

B7-4 nRNA, a mi nor hnanmlm%?ﬂfb somal\é%ﬁﬂeﬂma iyredioled & BHBAVIEED though

interferon-y treated nonocytes. Expression of B7-4 5 by human B-cells

activated by cether sigesrarrRossibiey The mRNA pfithe sesend form)is #zgut B8 kb, with mwinor he
Raji cell line, mﬂ@ﬁs@fﬁ@a@?&?kﬂed Simlarly, B7-1 is not expressed by

unstinul ated nonocytes I'S upregul ated in response to interferon-y
with kinetit® siml Exprbmolﬁbft]s?-‘bnqjmsdasrwas lamalyzedt Rhlsﬁwaﬂi-qﬁtreﬂyﬁgmmdme

titutivel d d, | | ffected
Coterterony oiREERE fimodtniRton oy SEs  ChigBdScehuiéaon  Eipal g ¥ si on by
human dendri ti QN£(dpprod@satdd 29 p%ﬁ@m-ﬁnmjﬁs?%eﬁ%bﬂ@}ésl@of mgamggél

peri pheral bl ood-derived dendr| ti ¢ cell gzwere treated

gr anul ocyt e- na@i%ﬂbeﬁgéhtbﬂw te & pertion pf beqleﬁBlﬂwaqommn@ btoth the B7-
activated with 3 Olpy inserfieron-v. As.a
result of acti\%ﬁﬁltbh{/lfﬁr%% g&fﬁr{}t}ew Ar%;?l)gh]g%glgn #ﬁz‘fhﬁ‘%ﬁ%“ﬁ‘ﬂs‘f‘%ﬁ{f" _
i nduced wi t 16 a hé&t drdlate ﬂ:6daratelyeapessad irdthé thytnsis. alnchdditidd - these B7-mRBAs@arat 20
hours, relative ;’@ non-in csgqmgm E‘éﬁ 1 and B7-2 nRNAs were al so

i nduced upon ad{eRK%ExmRsse If, Kidges> pancrras prgstate, tgsis, ovanyngnalb_ ¢ o| g
at 20 hours. BinméstinbQoRe, dnutptahﬂuekanﬂmauamoéy&es4m%&e al¥8 50310 be GtPT €SSi ON
was induced 5-fold at 20 hours. Expressi on of B7-4 by murine bone marrow

deri ved dendri t4eakly expressed iadiverionkirain. BP4 mRNAs werernop expresyed in snstitautated d
usi ng

monocytes, but were strongly induced by IFN-y. Similarly, the expression of these
20 polypeptides was found to be induced in keratinocytes by TPA/IFN- y and in dendritic
 cells by IFN- y. These B7-4 mRNAs were not expressed in unstimulated B cells, but
were induced by Ig crosslinking.
Expression of these B7-4 mRNAs was also examined in a variety of cell lines.
They were not found to be expressed in B cell lines such as Raji, Ramos, LBL, Nalm 6,
25 and DHL-4. They were also not expressed in T cell lines, such as Jurkat, Rex, CEM,
HPB-ALL, Peer4, and H9 or in HTLV-1 transformed T cell lines such as SPP and MT2

or in the myeloid line U937.

Example 3. Further Characterization of B7-4 mRNA Expression: Northern Blot
30 Analysis




20 Genechip'' hybridization. B7-4 expression in these cells follows a
pattern simlar to that observed on human dendritic cells: a 5-fold

i nducti on WO ov/S5B7-4 nRNA rel ative to the uninduced ceciraisei23s7and 20
hours after induction. These data denonstrate that B7-4 is expressed by
antigen presenting cells and | ynphocytegj7and it is induced on dendritic
cells in a manner simlar to B7-1 and B7-2. Treatnent of hunman
keratinocytes 25 yj BG4 o : | ' -4. WO
01/ 14557 PCTI Qoo0) Sy SRl b R0oNpRIA HELCrokuelh YAl MY SR e, ™.
B7- 4 nRNA t r @rebed with *{RedCTRradiolabeled tYNA@rebies imQuikHyb (Sniatagehiez ba Jalla, CApe

di stribution_of t.he rine -4 . nR | os res | ed t hat.  of human
B7-4, with hia&‘f?“f‘a%ﬂ_ °T"ﬁ“‘ﬂ%‘§‘i’t”, swﬁfﬁgnsaf# iiich Bl | ‘.‘ﬁ‘s_é?ﬁa‘rflsah'i

ki dney, spl emnﬂnmduﬂ@nenﬁo@(@amgsﬁam@gwn%a&gimla’mﬁmmeaf B7-4 The
chronmosomal | ocalization of the B7-4 _genes was determ ned using a

nonochr onos o FegionAfSEQIR NOolhe snause B7-4\paipbeconsisted of i 300 bacDNA to,

Canada). Th & 0 ' q‘;é?ﬁ% ni th B7-4S
and B7-4M Ugoﬁig Iigo‘it%%gﬁé't Egﬂ"%ﬁg‘@?&g poly l?oéta?%eésl&&g%lé %@g#& ocal i zed
t o human chr washedtwic® at ronindempesatie-il 2X1S§CRU.1% SDES; dollveed by 02N $SED.1% hunman
chronosone 3. _The _butyrophilins, which also share limted am no acid

sequence ideﬁgsta\}ﬁﬁq’ﬁn‘{?wdkya\“ﬁfﬁdiwmfe been localized to the major

hi st oconpat abi | i t {7 QAIRNR WA RxSridsed IR Ele s i Eﬁtﬁnﬁm’qﬁm PhidfanOn Of
B7-4 was confirmed usi n? B7_4x§rg§§ci fic p?i mers i n PCR 15 am’aH‘f i cation of
monochr ontés o fietél liveryand & lowsr|levalsiim spleeDNsmpb npdess thymus, and mbuse livemm  Quant um
Technol ogi es (Can iR]Eégpgl i ndj (=4 lecul eg.to T Cell

Li gands or Anti bog?@s. ce rgss\e/\‘grne&d‘{aﬁgrﬁ%%g%sgo \?l\agf'}?%éejﬁcteﬁg?gs\’/ect or DNA
(pcDNAI), or iriuding R85 5.8 0RAW2Zb4(V, KsBalb, M-S VABalb/3T3, HepBl-64R1.¢[INAI0Af ter 72
hours, the t d | s, were detached by incubation in PBS

.cont ai ni ng 0&’%%%%&%@@4@8& ﬁ?ﬁﬁ at 37C. The ability of COS cells
expressing B7-4Mto bind to various T cell receptors and antibodies was

tested. FACS anal ysis of binding of CD28lg, CTLA4-1g, and control |g by
B7- 4- t r anb¥ e ExamplethcFruther Chametgpization of B1Ad mRNA Expisssiop: (QuantitaivePGRy was

bound 25 byg%- IF( :'? = N bi Adatvsff COS cel I's expressing B7-4Mto
bind to 1gG e ﬁm%@'ﬁ%ﬁmﬁ JREABIL oL in was al so tested. No binding

of human B7-4 to BindimRNA expression on antigen presenting cells was examined and compared

to the expression of B7-1 and B7-2 on those cells. For quantitative PCR analysis,
cellular RNA was deoxyribonuclease-treated, re-extracted and converted to first strand

20 c¢DNA. FAM (6-caroxyfluorescein)-labeled human B7-4, B7-1, B7-2, and GAPDH
probes were purchased from PE Biosystems (B7-4: primers 5'-
GCCGAAGTCATCTGGACAAG-3' (SEQ ID NO:13) and 5'-
TCTCAGTGTGCTGGTCACAT-3' (SEQ ID NO:14), probe 5'-FAM-
CACCACCACCAATTCCAAGA-3' (SEQ ID NO:15); B7-1: primers 5’-

25 ACGTGACCAAGGAAGTGAAAGAA-3' (SEQIDNO:16) and 5°-
TGCCAGCTCTTCAACAGAAACAT-3’ (SEQ ID NO:17), probe 5'-FAM-
TGGCAACGCTGTCCTGTGGTCAC-3’ (SEQ ID NO:18); B7-2: primers 5°-
GGGCCGCACAAGTTTTGAT-3' (SEQ ID NO:19) and 5'-
GCCCTTGTCCTTGATCTGAAGA-3' (SEQ ID NO:20), probe 5-FAM-

30 CGGACAGTTGGACCCTGAGACTTCACA-3' (SEQ ID NO:21).



| COS was detected (Figure 9). As shown in Figure 10, FACS anal ysis reveal ed
binding of BBl (anti B7-1 and anti B7-3), but not IgMor 133 (anti-B7)
ant i bodi es twobBri44s7 transfected COS cells. 30 Exanmple 7. Gqsiugawbski on of T -
Cell Proliferation By B7-4 nol ecul es WO 01/ 14557 PCT/ USOQ 23347 -121 The
ability of B7-4 polypeptides to costinmul aE}thuman T cell- proliferation was

tested. Human CD28+ T cells were isolated Dy i munomagnetic bead depl etion

' I I L,bodi.es di t ed ' B cel | | Kil.l |
and mact ophages s THRIGIHG Yo 88p i aH ~elkplae v6Bs praberlt i e P o

Nat|. Acad. SCIEIméSfagifin™6ES Git, &ocdt@HR Yo the faufabiddrey's GiisttuctiondNStaftat € Ehr(&sS

cell's were harvested 72 hours after transfection, incubated with 25.tg/ni
of nitonyci n- CWest setup g eachpithe faungepss anplyzerde |prty welescef PCRowera sunia ap Cel | s

were stimulate i ant.l. - .1 [
treated COS ceﬁ%r%gﬁ}g? 2??@%“%? t'ﬁe&?n%dﬁmgia}t‘ g)gy Eﬁﬁiq%gns r1%90+8§¥36§?ﬁ,
proliferati och wadBrRassulted by 3Hthymdine (1 j.tC ) incorporated for the
10 | ast 12 hours of 72. hour .i.ng [on. As shown_.in Figures 11 and 12,
G5 col 15 expresei e ARvmetiMEGSRHA Sl aes vesd i arsehip 87 bidiahon BRHA &
Generation of Mye b&ﬁeﬂé@fh?ﬂfﬁ%ﬁ of e B Mﬂéﬁieb&i?e_d@&@kﬁ&%eﬂ@eq{%&%%g’s (PEF6

7
or pcDNA3.1 (Invitrogen)) were prepared 15 conprising the entire nurine or

human B7-4 cDNACITRYH ef] Resitute for Egnemic Reseapghoon this chipl RMNA isplatiorgehipal | ne at

1 mg/m (not T : 1 f.’iﬁ.ﬂ;}i?t‘. | { 1 of rdiot oxi n
(Sigma #C 1777@?’?\‘1‘%.%5%%“(& 1eg{\X/a | r?flg%:ci %3’ efcﬁ'i%g?gnh%rfl%’@l&r‘g# ’ ig}sal; 0gdr))i or
muscl e of edh CurmHrott.ivdl. Biol.tSupplndaisz2.he2(013. i nuni zed. Each nouse was then
| eft alone for 5 days. Af ter-.gnest het | zi the nmc 50 pl_of /m
purified B7-4 pDNA/_é%’;lpég b‘%&‘ﬁé‘ﬂ‘g “’(lﬁ?wi-ékggel@aﬂ‘ F;He}gkggmrlﬁf BlvabVaR o
each regener at ivige éxicldbdby Sigestibf Wit XvaU hd Rbeled'6} 1aB@8H phibify WithVRPp- AR sur ed
approxi mately si xmd%s after imuni zati on using standard met hods, for

S

exanpl e, in anag enpyefjagmentofdPINA polymerrse RN bletsswere bpridizsd asvery 2-4
weeks for threg.Lhpls Ll gt ' | l.ckd, 000). M ce 25
were then boost g%xvx% t a%eﬁ 'Qg’t‘?aﬁg%g%ﬁggh W°Fﬁw%§>l?>5r’.’§°gp| een cells
i sol ated fribfn m ce Hamamndersippic oglsivetredaived frompetiplieeal blovelr Monbauckastsdld. The
spleen cells WeVere i];éigtgcg aﬁe?‘ ﬁtagt%ng 1orP glnr é Piecgl? gmdspl%ﬁt(.) )N(}ngadﬂgriégt crel. sb \EVtI’.r(ej genn?os\ied
and the remaining cells cultured in 150 ng/ml human GM-CSF (R&D Systems) and 100
ng/ml human IL-4 (R&D Systems) for 2 days. The non-adherent dendritic cells were
isolated (CD80" CD86™ HLA-DR* CD54" CD58* CD1a") and cultured in GM-CSF alone

20 or activated with GM-CSF, 2.5 pg/ml LPS (Sigma Chemicals), and 10 ng/ml human

-

Interferon-y. At4 hours and 20 hours after activation, cells were harvested and RNA

isolated using the RNeasy kit (Qiagen).

' Murine bone marrow mononuclear cells were immuno-depleted of granulocytes,

lymphocytes and Ia* cells by magnetic activated cell sorting and cultured in petri dishes
25 with GM-CSF and IL-4. Dendritic cells were harvested as the non-adherent population

after 7 days of culture, and demonstrated to be 75-80% CD11c*, high IA* cells. Cells

were activated with LPS and human interferon-y.

Analysis of expression in human blood monocytes by RNA blot hybridization
demonstrated that B7-2 is not expressed by unstimulated monocytes, but is rapidly

30 upregulated upon interferon-y treatment. Treatment of monocytes with another pro-



Hybri domas and anti bodi es were mani pul at ed usi ng standard net hods (see,
e.g., "Antibodies: A Laboratory Manual", Harlow, E. and Lane, D., Cold
Spring Hambme/@ss7Laboratory (1988), which is incorporat edrAsmesss7 by
reference). WO 01/ 14557 PCT/ US00/ 23347 -122 Anti bodi es 2A3, 10D9, 5A9, and
11D12 were anong those selected in scregmng assays. These anti bodies were
found to bind to COS or CHO cells transfected wth human B7-4 and not to
nmock transfeglad f I : The

anti bodi es were usecﬁ' reI% &:{i&:ﬁgﬁ%g@@%g@k@f«%ﬂ%%&qﬁ?‘gjuénogel I
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tunor cells ncl u SO nor. ¢ varLan ells
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of Fully Human Antibodies to B7-4 10 In this exanple, fully_ human

ant i bodi e$ abwnhwman Brrells astivared by cauémm@mnnqalwmma&-lu&m,wmemec for
human i munoglhobljj kil feligo h%r@&?%‘?ﬁd&ﬂ?el Rt &g{éssea gnaﬁmfu iaggar d
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are mani pul afXEestign, Incoptiast 1s§ﬂ’é%‘rtrlﬁ‘rv813 SHRIF S IRSRs and

enbryoni ¢ Stﬂmﬁﬂ*fécsedwmt&f@sﬂ-wﬁrrNWﬁfém Robertson E J. ed., IRL
Press, Washi ngton, 1987; Illstra et al. (1989) Nature 342: 435- 438;

and Schwaf zber g E‘t"4a$7 1(apd BJy2 bpbupapdlendrgtic gl wasglsa.h |
| ncor por at ed %ﬁﬁng a}ﬁ(‘ Flfe PR n %%eﬁ%ﬁg@a%owﬁ@émﬁ&&r&u@%@ ed out

according to et at. r doning: A Laboratory Manual,
2d ed., 20 16&fed wih gkaﬁpiocytngmhdaolﬂmge ol by stimaapediacter GMS6ISH) &lpns org  Har bor

N Y., Wmch i co her ei n s are
synt hesi zed, %’v@{eg%ﬁ%% 1‘?°@855§°§*§7§'{~§%‘“§1‘1“§‘??{uc| e0 aggms;gﬁt hesi zer
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comer ci aI ly, Trans en| c mce i mmuni i urified,or nmbi nant
B7-4 or jncggase at 3‘°‘éfs ali] %41‘?"&?{5‘?’@?% aéé‘iig? Fﬁ%“vﬁf‘%‘@h’?@““gﬁ cFl dgeni c
portion Of tb%@ﬁﬁfzmkyb%a&emueednﬂionBZﬁ\/&u&i BP1 iwas MAREcPI10MIask y four
hundred g of B7-4 or PD-1 in 100 phosphate buffered saline (PBS) is

i nj ect ed i nt heyseand 2fold 4t g0 henrs Bgéﬁhmsisléﬂe mdvaion atbhawrs §owewencol | ect ed
appr oxi mat el AtodRdy
reactivity a%(fress[s)lggl ndﬁéegfs %SQL&&%@%&?@%&:EQ@ té;?"r?ﬁ an W

derived dendrmc cells treated with LPS and interferon-y was examined using

{ ==

20 Genechip™ hybridization. B7-4 expression in these cells follows a pattern similar to
that observed on human dendritic cells: a 5-fold induction of the B7-4 mRNA relative
to the uninduced cells at 6 and 20 hours after induction. These data demonstrate that
B7-4 is expressed by antigen presenting cells and lymphocytes, and it is induced on
dendritic cells in a manner similar to B7-1 and B7-2. Treatment of human keratinocytes

25  with phorbol ester and interferon-y also induced B7-4.



30 indirect enzyme-linked i mmunosorbent assay (ELISA). Several

I mmunogl obulin superfamly nolecules are tested as controls (e.g., CILAA
and CD28) toyeafi4ge the WO 01/ 14557 PCT/[ TS00/ 23347 - 123 camnisotyosdys
specificity of the antibody for B7-4 or PD-I . Antibodi es having hunman
vari abl e regi ons which bind to B7-4 or PDipgare detected by enzyne
conjugates specific for human | gM and human | gG sub-cl asses with no cross

reactivity to nousey, 4 b J [.af | Hﬁlﬂr | e
coated with B7-4 orhb{g—g Ey g&b%iadﬁwéﬁﬁimgﬁpgﬁg\t;?y%g t_Ag%dnétgr{et%a?EQECtS(’m
B7-4 in PBS. . Sbymortbanplot Bytaidézation. (iXhediistiibutioB9f tHednwine B7y4 BREY dlosebn- 20 and
are incubated in t | 1s.for 1 r at.room. tenperature ollo by
At haran | gcrpRemied WP ee By S8 with ieb ievets3 e Biitts end oe. ST | g
Fc- hor ser adi sh 13@Isqx kida&E spiBerf 408 liva’® di | uent. After |hour at room

tenperature enzynme activity is assessed by addition of ABTS substrate
(Sigma, St. 30 Louis, Mv.) and read after 30 minutes at 415-490 nm In

pre-i nmuni zat i ﬁmﬁge%mgﬁmﬁﬁlg gc%hggofg mce, titers of hunman

anti bodies to | so tested. Spleen cells
I sol ated from m ce MhechrgmasmniablocalizhtorosfithdBThv gehdsavas determihed wsitgf&£d. The

spleen cells are fused to rogpriate fysion partners (e.q., elo cells)
6 nake 15 hyBnadeossah PRk R trotereialy sYaable Som- e (ot e or i n
to "Antibodi es ThébletPRérd bribk¥d WRR H8équs é%drbé&?eﬂz@mﬂmﬂusiaﬂ@@mmangsml ng
Har bor Laboratory 1988), which is incorporated herein bé ref erence. The

conpl enent al t fhigmethod; the Bd-4nelypentideshaye beenclopalizediio hyman glromtosaton®i ns  of a
“murine antibod fil .0l Q fwhuman 20

i rmunogl obul i n?h?%u%gzi'g%ngoﬁggze%ag? g{eg‘ lélc ﬁfr‘rlgﬂ?lglgﬁﬁ é‘%ﬁﬁ%&]{% 339}%# nst B7-4 or
PD-1 (R echnabntysiphiins, vili&8alsd\dbbrerimifd AniddBacid/eqheney ientity with.thd B34,

Sci ence 239: 1534)... aml e..10 ner.ati.on of Hugan Single ain Fvs
Reactive with %7')"1?' l&?rv%ffrpii"mm ﬁ’ﬁ?’ﬂ%‘f‘ﬁ@?@taﬁﬂgbé‘?‘?ﬁ%‘ ?fb%?:‘f‘%%‘?&?e 6.
ant i body- secr etrh8 ghroesdrek) M6katiorAdTH7-4 Was EoAfifmed ustipi B7-FEpebifd prinRedin TR

(single chain Fv-like portions of antibodies) were identified and isol ated

by screenintf aamplificatign of mgpochramosemal spmpticread! hyhrid ROW tsmplates availabledrre s

di spl ayed on M aveTe g IR Canbri dge Anti body Technol ogy. Ltd.,
Mel bourn, UK (W nter éit”g’géﬁ.&itgg‘% Ainu. Rev. |mmiunol.1994 12: 433:
Hoogenboom et al., 1998, |nmmunotechnology 4: 1) PD-1.Fc or B7-4.Fc was used

to 30 ther eby E%grlnglg . I%nggj 19}%1 MOTCCHC? {Oaf &eﬁ?gbagéssor tAI}l%LOJ%!CSnd a Br-4 or

PD-1 pol ypepti &€

COS cells were transfected with either vector DNA (pcDNAI), or an expression
. 20 plasmid containing the B7-4M cDNA. After 72 hours, the transfected COS cells were
~ detached by incubation in PBS containing 0.5 mM EDTA for 30 min. at 37°C.
The ability of COS cells expressing B7-4M to bind to various T cell receptors
and antibodies was tested. FACS analysis of binding of CD28Ig, CTLA4-Ig, and control
Ig by B7-4-transfected COS cells showed that neither CD28Ig nor CTLA4-Ig was bound
25 by B7-4 (Figure 8). The ability of COS cells expressing B7-4M to bind to IgG and
murine ICOS-his fusion protein was also tested. No binding of human B7-4 to murine
ICOS was detected (Figure 9). As shown in Figure 10, FACS analysis revealed binding
of BB1 (anti B7-1 and anti B7-3), but not IgM or 133 (anti-B7) antibodies to B7-4-
transfected COS cells.
30

Example 7. Costimulation of T Cell Proliferation By B7-4 molecules




Kits for generating and screening phage display libraries are comrercially
avai |l abl e and WD 01/ 14557 PCT/11S00/ 23347 -124 standard net hods were

enpl oyed twogemssiate the scFv (Helfrich et al. J. | munecraseybseds 2000.
237: 131-45; Cardoso et al. Scand J. I|nmunol 2000.51: 337-44.)PD 1.Fc or
B7-4.Fc were inmobilized on plastic andyphage expressing specific scFv were
sel ected by panning and nultiple rounds of enrichnment (Giffiths et al.
1993 EMBO J. " : . A M i . for B7-4
Fusi on prot eiTHés_)ab(]:I soi%g"i“n‘gff@rfrB Jt‘%é}oé&otsé‘g@g{e Ihu “g‘?trr_"gg?’g’frl]‘ o?‘fﬁﬁﬁ*éﬁé% -1 fused
to the hi nge- CH2H(Ghih OD28T Txeltf were isblated by imamuhomagnetid bead depletipansing 1 or

murine Ilg 10 ga 2 W t.h tat.i ons bl ockin and coppl enent
i nteract ?on) m%éggfﬁ@@ém?@‘es é%&?eéﬁg?‘ﬁﬁt #£¢ ’r@ﬁtﬂ{ffgﬁ& c Fﬁ'&‘gp‘?%%?as% part
of this sear g{bvioﬁhﬁhéycﬂ&dgbiﬂnm f._ﬁ!, bt &3, l§9?»g?mc9NaﬂDMY$c@W90}‘€$m ed with

ganmma-i nterferon was foun B7-4 is induced in nonocytes after stinulation
wi th gamme | 6594 B7-drand sectoreansioesed €OS qellsiwese harigstad 72thpprsiaietzat i on. 15 The

bi ndi f PD-1-Fc (h . | t he. syrf f ||
{ransi ant |y SRt Esibrd Hik el of Rl T, sl Pep BEPEoos cel I <
were transf qaiiRd Y03 keIt 08ls Jke Siivth@ated3With plafd bikind APEDS 1fdd ks 20,000

transfection reagent. After 48 hours, the cells were stained wth human
PD-| - Fc, nur mitempging treated €AS/cells ransferted aviththe igdicatgdDNG ¢apsiit-ny anti - 1 gG

conjugated to phygoervithrin (PE). The .cel 20. wer fl ow
cytonetry. As shoﬁlﬁ&{ #lﬁ—{e@?f’éwféfm%d& I3F§m§%ﬁdm'%s it @e'p‘@?&%%%ﬁ% oth
human PD- 1 Faserchoits'of 892 Bbud infubatidhl s shiodwn'ift Figuresd 1 Ghi AZ,-C@S cells| t 4- Fc, or
human 1gG As a positive contraql, it was_denonstrated that B7-1 expressing
COS cel I's boexreessing B7-4<an cpstimylate Tispll prohiferalion; g | n addition, an in situ
assay of transfected COS cell nonol ayers was perfornmed. 25 Monol ayers were
probed with PD 1Fc, CTLA4Fc or human Igd@ and binding was detected with a
secondary anExtople 8dGeneration of dhirins tAntibedigsto Bdrk i on and conj ugated to

5 bromo- 4. oni or o] oM RecdrT R GF AL, BCRIRARTGr BHPRRA, 7O

m croscop)s komprisirg theéntire meatihesorthusas B@et cBNAV The &INA/vegtorecohgtometiwaso bi nd to
PD-1-Fc, and no LA4- Fc..(human 30 | a 1) or Flt4-Fc, the
extracel | ul afhsF‘é\fﬁggﬁ&é% ﬁ?{ﬂg‘? ﬂgHWF'i('PPFEQgﬁ?%)‘hurmn | g WO 01/ 14557

PCT/ US00/ 23347 Before immunization, 78 ul of 1 mg/ml cardiotoxin (Sigma #C-1777) in 0.9%

saline was injected into the tibialis anterior muscle of each hind limb of the mouse being
immunized. Each mouse was then left alone for 5 days.

20 After anesthetizing the mice, 50 pl of 1 mg/ml purified B7-4 cDNA/vector
construct (in 0;9% saline) was injected into each regenerating tibialis anterior muscle.

Antibody titers were measured approximately six days after immunization using
standard methods, for example, in an ELISA assay.. The cDNA immunization was
repeated every 2-4 weeks for three cycles (until the antibody titre was >1:10,000). Mice

25 were then boosted with CHO cells transfected with PDL-1.

Spleen cells isolated from mice having appropriate antibody titers were
harvested. The spleen cells were fused to fusion partners SP2-0) to make hybridomas.
Hybridomas and antibodies were manipulated using standard methods (see, e.g.,
"Antibodies: A Laboratory Manual", Harlow, E. and Lane, D., Cold Spring Harbor

30 Laboratory (1988), which is incorporated herein by reference).



-125 gamma 1. In parallel, PD-IFc did not bind the surface of
nock-transfected, B7-1 or B7- 2 transfected COS cells. |n another
experinent, @@ dhigding of PD-1-Fc to soluble forns of B7- lp@fu&indsrand
binding to B/-4 was detected using a Bl ACORE- based :assay. In parallel,
hCTLA4 5 was shown to bind to B7-1 and noj,f0 B7-4. PD-1-Fc or CTLAA4-Fc
was i mobilized and conditions were essentidally as described by Fitz et al.

1997) On 15: 613). .. I di f .L.s that had
boon 11 anet oot e o CATGRES AT 0RO aAd. S8 D15 2 mere Bpoybors FPeed i sirpane
i nteractions We4sgaydEARNE AfibbditdWert Siinditd BBd tCOSRE EHW @is hBhsBcativiigh

Anal ysis (BIA) (Sjolander, S. and Urbaniczky, C (1991) Anal. 10 Chem
63: 2338- 2345 ankhnsindhid and not to moedotsansfegted cellsor to cells trapsfectedjvith meuse 83-4705) .

Human B7-4 was o] Qg P hi i ndi was
inhibited by cic;l?rspu%tg}aétﬁ%sn Wi P%Hg@ @%?"Eﬁ'@mée%’?ﬁf’ﬁ%]’ f?q‘qﬁh‘f’ n%e:ﬂ P&ﬁ’t‘ﬁnﬁ‘? .
These experi 5enB%4 cipossivitiwaatobseivdd, edr wlid, o hbdrtwiksts) tuhorsellsinobudih sbnfeC
fusion protein to immbilki zed PD-, 1-Fc, hut al so denonstrate the presence

of a sol ubl e f oA BImOBFell: same qyarianor ellsetpmesressidhmes esils.some P
transfected cel{iypor BIBSHAREMY sq}égﬁu; é‘e‘ﬂtﬂafci&inéﬁﬁgé@rnw and thy St pithélium.

illustrates the ability of PD- nd not Flt4 (t eceptor for vascul ar
endothelial growmh factor C) to conpetitively inhibit the binding of PD1

to B7-4. The Endi o) 2 f.US] rotein to CCS cells
expressi ng B7-4 ieh, ée'{‘l'&%ﬂ PI - Ms detected with
anti-gammua 28 speci fInthis eagple, full¥hulriah kekbotdies AfainstB feof PD-1 ateinidde ¢h nize| gGL
was added at: Stg /m, 6.25 .tg/nm, 100 [m, or_ 25 g/mM _and was found to
conpete for bin ?‘%ﬂj“f transgemcfor hyrpan immuyneglobylin genes; Jansgenic migs aremadersingd ¢ o

conpete for bi NgindtrdFhethdds, e.éd,oacgt?rdﬁg tJa Hg%ﬁ ?l?ﬂ.?iMﬁ{iplﬁW thé‘ﬁ%iweﬁxﬂﬁy@:b}‘l ity

of B7-4 to bind to PD-1 was determ ne ow cytonetry an

Bl ACORE- bi ndi ngl-abeatars Mapyalh (ColdhSpringrHasborbpbengtofyy svhich ipmcerporatsidereboynd t o
bot h human and | R Ty . S..flet ect ed fl ow
cytorre?ry (Fi guljrg]egéfg?opég%everFggéﬁﬁgﬁ%%llgtﬁ"aﬁﬁ@f{ﬂﬁfgf&gtl}lrfaglﬁu%g& g, nor

human | CCS. 1§ bmoording ¢o pitdisiesd piidtedures(Tlesmaareinomas ind énitaryonitisteritloells: Ausi on
proteins did not bind eJ] |l s trapnsfe W ector o) -urt her
confirmation ofprf“ﬁl@alIgﬁ"r%;‘fg?iio ﬂ‘f’éﬁ i'ce@i’%f&gés’%éﬁnﬁ@a’ H?ﬂgggliﬁ%'

pl asmon r esonangg1989) NafrBB 454330 and Schivd ARk etEth%%’eﬁ:@@%Wg%g@, PD- My

proteins and human CTLA-4.1g were WO 01/14557 PCT/ US 347 -12
. each of which is incorporated herein by reference). DNA cloning procedures are carried

out according to Sambrook, J. et al. in Molecular Cloning: A Laboratory Manual, 2d ed.,
20 1989, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., which is
incorporated herein by reference. Oligonucleotides are synthesized, e.g., on an Applied
Bio Systems oligonucleotide synthesizer according to specifications provided by the
manufacturer or are purchased commercially.
Transgenic mice are immunized using a purified or recombinant B7-4 or PD-1 or.
25 afusion protein comprising at least an immunogenic portion of the extracellular domain
of B7-4 or PD-1. Approximately four hundred pg of B7-4 or PD-1 in 100 pL of
phosphate buffered saline (PBS) is injected intraperitoneally into each mouse. Serum
samples are collected approximately six days later by retro-orbital sinus bleeding.
Antibody reactivity and specificity for B7-4 or PD-1 are assessed using an
30 indirect enzyme-linked immunosorbent assay (ELISA). Several immunoglobulin
superfamily molecules are tested as controls (e.g., CTLA4 and CD28) to analyze the



I mobilized on the flow cell surfaces of a dextran chip and tested for
bi nding to soluble human B7-4.1g. B7-4.1g bound to both human and nuri ne

PD-1. 19, hypofidsst © human CTLA-4.1g (Figure 16). This B ‘i‘ﬁ]‘sﬂﬁzsms bl ocked
by conpetition wth co-injected soluble PD1.1g, but not CILA-4

Sol uble fornms of human B7-1 and B7-2 di ot 5 bind imobbilized human PD- 1.
These data denonstrate that PD-1 binds"B7-4, and that this interaction may

regul ate the action of PD Exanmpl e 12. B7-4 Can Transmt a Negative
Signal to | nARthed I)éﬂeP@"Eb°%We P‘Fﬂbggiég&ﬁ%“em P&iﬂé“ﬂmi‘“lm%m@ per wel |

were stimul awﬁ&bwrégxoﬁsrmmmﬁd 1F Ak %ﬂpﬁﬁaﬂéd&@&e@bﬂm}ylﬁ@ed églgpe'é&icub' e

anti-CD28. COS cellS expressing B7-4 negati-ve .contro cal’l
were titrat eﬂarlhnmonlghéandahmmnlﬁpeb-dassmshmmsmaomsxmnomc 48 hours and

of e b7 4 Dmpoefibulte Bty BVC mitBECds S MR IR B ASE BBEI 0F DUT0CT D
L2 15 B Oebifihl GRils beizightsh 970 itk S BMAL LT RS, SeunPIR frd dhuill oh

human PHA-Dbl asts from were stimulated wwth i mobilized anti-CD3 and
sol ubl e ant i in(iBS S‘Vaseum,roe% gweem20randearg mpub@tqdfletlutweblnfqndshomwmd by

titrating in | | 75

I nteraction F%Ba&?es’ %ﬁﬁgﬁ ﬂ%n%%éﬁcz%d%ﬁibgtq%gsﬁml opg%alm i3 the
functional saghhinadgVeFohorsdiaidhpeoxidase/in ittt samadiluen, Aften ehou‘r @nobinonal
consequences of B7-4 interactiqon with its. rece m ned usi ng
human T-cel | MPBRAIGENZYEF BEHAR dS 35575 jaddiion of AT e éosa

Fi col | - Hypadg6uis M@%m&a&:ﬁ& 80 ﬁmeéslapns%fnsﬁhhmﬁw@ﬁeaﬂ@ (85- 90%

purity) were purified by 25 negative selection using a cocktail of
monocl onal asanuesdiame the seme mirgntitans ghbuman antiberies to thersgmp target gitigsysarens) .
Anti-CD3, co gG and fusion protein were covalently attached to
pol yur et hane-coated tosyl activated Dynabeads (Dynal) according to

manuf acturer's i r@lmmbllﬁsdamdmﬁomsmdehaviﬁgtmﬂmpﬁmianxihoklyti(efslaéharv&ted.] et

al. (1998) J | ;munaql . 160: 15 ant bod UCHT, Phar m ngen
St the i o TGOS0 SRR D PBR O LD R (- Fsﬁga@m S
phosphat e sbuhytidomlas. Hybridomas adal annw&ésmmlﬁﬂsted sccbidihglie BAintibadiRe i on i n

order to maintain a constant _total WD 01/ 14557. PCT/ US00Q/ 23347 -127
concentrati ohabwatsty@ﬂaﬂualdaﬁdﬁgw ﬁ@l]gﬂj‘“@-“ﬁa‘%lﬂlsym‘% Herbordpesatony | g(y2a)

beads were DRl %,I,‘;}gteagg%%gg | -CD3 antibody concentration, a

constant con ent fation o
The complementarity determining sequences of the murine VH and VL domains

of a murine antibody could be used to graft into the framework of human
20 immunoglobulins’in order to generate a humanized antibody against B7-4 or PD-1
(Riechmann et al. 1988. Nature 332:323; Verhoeyen et al. 1988. Science 239:1534).

Example 10. Generation of Human Single Chain Fvs Reactive with B7-4 or PD-1

As an alternative to preparing monoclonal antibody-secreting hybridomas, anti
25 B7-4 or anti-PD-1 antibodies (single chain Fv-like portions of antibodies) were
identified and isolated by screening a combinatorial library of human immunoglobulin
sequences displayed on M13 bacteriophage from Cambridge Antibody Technology.
Ltd., Melbourn, UK ( Winter et al. 1994 Annu. Rev. Immunol. 1994 12:433;
Hoogenboom et al., 1998, Immunotechnology 4: 1) PD-1.Fc or B7-4.Fc was used to
30 thereby isolate immunoglobulin library members that bind a B7-4 or PD-1 polypeptide.

Kits for generating and screening phage display libraries are commercially available and



either B7-4.1g representing 40% of the total bound protein (2g/ 10" beads),
and control 1gGto nakeup the remaining total bound protein. 103 T cells
were cul ture§oigiisey Wwel | 5 flat-bottom pl ates, and beads wareussdsdr at a |
bead to 1 cell ratio in the presence or absence of the indicated
concentrations of anti-CD28. .anti body (CD%@% Pharm ngen). Proliferation
was determ ned by | abeling cultures for t I"fast 6 hr of a 4-day assay with

1 iG 3Hthymdi ne/vvel | . For anal ysis by cytokine I% gt{l tures were
set up as desctanded methnds werermplgysd fgeagrate the sFy H et gl & Iminglt o g
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commerci al ly aval Genzynme Purified CD4+ T-cell's
obt ai ned from peFd tpﬂBéMch iverzdohmubilizedion plastlccaed phage eRBRASIng specificssFy were d

G, Proli er at iheEhEY EgRORE A AR L P e R R o o (08 TATRER 15

sti nmul ation.5A312$ng§/n in Figure 18, cells activated with anti-CD3
mAbB7- 4.1 g coated eads showed a 69% decrease in proliferation relative to
anti-CD3 mAb/control Ig activated cells. Furthernore, activation of cells

in the presenceggf, E7I14 Ak SlentyfoPlyae secretion. In the presence

of B7-4, interf decreased by approximately
80% and 60% , respedusioe b;ote(ifs c@nsmmg&)“ﬂlel ektréefinlariregion of h@BanR3-1 Faded o the

det ection under the atLon CJ tions at 24 and, 96 hr. wever,
under conditi orfingeH ﬁ%'%g' ‘{0 BW“W%‘B‘%@WVW“EB?LBVEHQW - CD28
was provi dedp %sﬁﬁa@atwmmq{aus@ Biscking HoR@inB tempRARntdhteRétich) Alefust@th t 0 a-
decrease in |L- roducti on hus, activation of nurine and human T-cells

in the pr esencese@Fh for adigpudiihat ltﬂeﬂslt‘?nﬁpb‘q tAsmert of thip garchpsteiping of teicelhsusfge
Ki f s
cyt oki ne secr et trenéﬁﬁ@ﬁ?ﬂ@ ce‘;ﬁ agl}ﬁ oSS wW A foltd. ﬁ7—'3,1sﬁ1dh£Hd‘?ﬁaCt i on

Depends on the eptor and CD28 Signals To exam ne the
rel ati onshi p bahowepteJafter stimnlat@pwith ganGhe-diterfeador?Bs dbsaydd by sefthesi jotal s,

human CD4' T-cetl1 gsdwere stinmulated with suboptimal or optinal
concentrat i ons Y58%9%#%nt i - CcD3 mAb, a fixed concentration of B7-4.1g and

i ncreasi ng gencent rqthle(bﬁﬁlnigfofm-ﬂli‘é@lﬂﬁﬁﬁlﬁﬁﬁﬁxﬂﬁ)%%&ﬂﬁ'&enft@& ceBol ubl e
anti-CD28 mAb. Usi ng anti - coat ed ds, the concentrations

required for suFagenthransiated pith Akl --drexpression veeion WasitetiedneF @S sSsre shed.
Under conditi opgRfedWaRRithdBl-aM 6EBY-1MEHE R e tANRMIE HahlfediBh dag&P3 MAb at

1 9g/m), After 48 hours, the cells were stained with human PD-1-Fc, murine PD-1-Fc, CTLA4-
Fc, Flt4-Fc, or IgG followed by anti-IgG conjugated to phycoerythrin (PE). The cells
20 were then analyzed by flow cytometry. As shown in Figure 13, COS cells expressing
B7-4 bound both human PD-1-Fc and murine PD-1-Fc, but did not bind CTLA4-Fc,
Flt4-Fc, or human IgG. As a positive control, it .was ‘demonstrated that B7-1 expressing
COS cells bound CTLA4-Fc, but not PD-1-Fc or IgG.

In addition, an in situ assay of transfected COS cell monolayers was performed.
25 Monolayers were probed with PD-1Fc, CTLA4Fc or human IgG1 and binding was
detected with a secondary antibody directed against the Fc portion and conjugated to
alkaline phosphatase. Binding was visualized with chromogenic substrates S-bromo-4-
chloro-3-indolyl phosphate and nitro blue tetrazolium and light microscopy. In parallel,
cells transfected with B7-4 were found to bind to PD-1-Fc, and not CTLA4-Fc (human
30 Ig gamma 1) or Flt4-Fc, the extracellular region of murine Flt4 linked to human Ig



mnimal proliferation was observed in the absence of costinulation (Figure
19A). 5 Addition of increasing concentrations of soluble anti-CD28 mAb | ed
to an up twodldsstd increase in proliferation. Under tiresaissmngizti ons,
activation of T cells in the presence of B7-4 resulted in an 80%  reduction
in proliferation (Figure 19A). A maxi malj2fevel of costinulation (anti-Cd28
at 250 ng/m) was required to rescue the inhibition of proliferation

medi at ed by Bimthadt 'IHPixﬂldl ®D-1Ed\did 3BE BiRFthe s&méafﬁaéw&a{sfeeed,@nﬂ ot B‘?“S of
10 T-cell receptor activation (anti-CD3 mAb at 2g/nm), B7-4 nedi ated
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t ransf ect ant peres Ihs .h 20 of . hu PD- hl g
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anti-nmurine m&aemmmhmnalyéi?@mﬁlswahﬁrm Iind)Uﬂﬁgtbﬁkﬁgy(ls\QfﬁmI athes
Inc., Birmn m AL tlon ells wer ne searaeyvmt
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After the final 25 incubation, cells were fixed with |% parafornal dehyde.
Ten t housand be eempetitipe with aawajeytsé&Dtha bunes CHILAYfrc. (Thesetexperithenits nson,

Phar m ngen.  gpabas et POL Uaing CPRYEAL BBkl oA TRBIBRIRR: |,
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peptide fqr 3 ti t echno Ser vi .Bost on, I n
Pt 640 L Fieatum A AR dinsfollen BB BERRRRETY o shlt of S o i 11
10% FCS (Si gma, Sfigille 18 Iiuktties'thPabi 4 Bartimot Fﬁﬁ&h&fé&p‘sm tﬁ@ascu&rrﬂ\/l

L- gl utam ne, 100 m penicillin, /M streptonycin, 250

anphot er i ci newslothedalgpwiafactor G go WI’EIWECI( ihibitithe;binding af H@dﬁﬂ@ﬁ "3‘5) and
15mg/m of ggiy gﬂig‘l Vg&nﬁﬁﬂ\f\yﬁhﬁ&xﬁ@ﬁ'ﬁsxwrgﬁﬁx% bUSecellM% desgﬁ)élfﬁ il s were

purified by po sel ection using nagnetic-activ sortlng
separ ati on showninPanel A. The binding was detected with anti-gamma 2a specific reagents

20 linked to PE. Human PD-1 linked to IgG1 was added at: 50 pg/ml, 6.25 pg/ml, 100

=

pg/ml, or 25 pg/ml and was found to compete for binding. As a control, Fit4IgG1 at
100 pg/ml was not found to compete for binding of PD-1 to B7-4.
In yet another experiment, the ability of B7-4 to bind to PD-1 was determined by

flow cytometry and BIACORE-binding assays. Human and murine PD-1.1g fusion

25 proteins bound to both human and murine B7-4 expressed oh CHO cells, as detected by
flow cytometry (Figure 15). However, neither human CTLA-4.Ig, human CD28.1g, nor
human ICOS.Ig bound to either B7-4 expressing cell line. The PD-1 fusion proteins did
not bind CHO cells transfected with vector alone. Further confirmation of the PD-1:B7-
4 interaction was obtained using surface plasmon resonance with a BIACORE

30 instrument. The human and murine PD-1.Ig proteins and human CTLA-4.Ig were



5 colums (MItenyi Biotec, Auburn, CA) with resulting purity of >98%
Cells were rested overnight before re-stimulation. Proliferation of CHO
cell's was i yoahgdy by i ncubation with 50 pg/m of mtonyﬁ(tﬁugao&ﬁwstol
Laboratories, Princeton, NJ) for 16 hours at 37C. At the end of the

I ncubati on period, the ceI I.s were harvesteghed th 10 mM EDTA in PBS, washed
10 twice and left on ice for 1 hour The cells were subsequent |y washed

three tines and in ur e ium ,105
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on all CHO transfectan | gure expecte I ntroductro
| ed to an i nfr dasdkimmobilizel himamPDyle r esponses by T cell s at all antlgen

concentrations (Figure 2 However ed res nses at | ower
peptide concentrati ohss %Jt‘b‘_{ emapstrate that BAIO‘E %%% rF’@rafﬁ?“m?b To
address the cagegmatyt}gfactlf&h;f*p@zlﬂ pat hway to inhi b|t cytok| ne producti on,

supernatants from DOL1. 10 CD4+T cells activated with OVA peptide presented
by CHO cell transfectants were anal yzed. Aliquots of supernatants were

harvested al Va5l 15 HIEPCA! Hahrhith NeBhd B Ridhi S thbihEEend L2, IL-4, IFNy
and IL-10 | evel cytoklne

st andards fd@m Phar i ﬂgsaaxamﬂet bdof hnkdt Troetls parevell wese Simlatéd with anti-CD3,

20pg/m, |L-4, 40p d 11-10.200pg/n .. duct f
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concentration there was only a weak i nhi bition of proliferation. However

B7-4 significahfd Wm&m%%@&i By EBISANor Bumaan .+ 2-ofigure 13 showsghatiingseasingde
consistent wit was
not detected unrlj er t%gscggg%}to%%%tgggﬁg V%ﬁlgfiF%ﬁ&?gé%)%ag&?gg%% in@%
condi ti ons. 1¥hawredugtien. PD- 1 engagenment by B7-4 can downregul ate cytokine
production even when, T ce rol feration is.not affecte det.er m ne
whet her the dim ni s@éﬂ‘géﬂ}’ﬁ‘g‘é%f formasor samplesn dﬂ’é*‘t‘&’%&%g‘ | evel s,
and RNase pr ot BMOsiwearestiulaid with imniodilizeLR4iCH3 @R sslubleati-CD38 iagek@ied 5

with various CHO ce|l transfectants and 0.01 gg/nl OVA peptide. After 48
hours, cells in T-cell proliferation was observed by titrating in COS cells expressing B7-4

20 Example 13. The PD-1:B7-4 Interaction Inhibits CD3-mediated T-Cell Proliferation
To examine the functional significance of the PD-1:B7-4 interaction, the

functional consequences of B7-4 interaction with its receptor were also examined using
human T-cells. Peripheral blood mononuclear cells were isolated by Ficoll-Hypaque
gradient centrifugation. CD4’ T cell populations (85-90% purity) were purified by

25 negative selection 'using a cocktail of monoclonal antibodies and immunomagnetic beads
(PerseptiveBiosystems). Anti-CD3, control IgG and fusion protein were covalently
attached to polyurethane-coated tosyl activated Dynabeads (Dynal) according to
manufacturer’s instructions and as described previously (Blair, P. J. et al. (1998) J.
Immunol. 160:12-15). Anti-CD3 antibody (UCHT1, Pharmingen) at the indicated

30 concentration was added to 1 x 107 beads/ml 0.1 M phosphate buffer pH 7.4. Control

IgG was added to the bead suspension in order to maintain a constant total Ig



were harvested and nRNA was isol ated using TRlzol (r) reagent (Life
Technol ogies). 5g nRNA was anal yzed for cytokine | evels by RNase

prot ecti orwaswassusi ng R boQuant nultiprobe kit nCKl a®ecwasiwe3s4’o t he
manuf acturer's instructions (Pharm ngen). Transcript |levels of IL-4,
IL-10, IL-13, IL-2, I1L6 and IFN."y nRNAipere 10 detected in pre-activated
DO11-10 CDA*T cells after stimulation with 0.01 pg/m OVA peptide
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| sol at ed from nmurine cell |ines undergoing apoptosis, a possible nechani sm
of action of pChiH-ppmidisFwel. Fortanslisis by eytekitscELIS Az rultwrgs wersseigipaasmed cel |

death. To address this |ssue l.I's re rest at ed
with 0.01 pgRRCRpwAbPYang o i et i e . ierersir h?ﬁ%

progressi @ WRFIIANdntéRhtiond Were detbrplinedl v Romaiekcidlly avhiRBleBIIHA Qitd 1 g/ n
pepti de as described previously. After 36 hours of culture, cells were

recovered an€Cepzymedled with anti CD4-FITC. Cells were washed in PBS, fixed

in 70% et hanol Slpg JRBY 'IO "k8?‘%‘?‘%&9?’5“%“%&"’5@8@%@&“’2‘5’%“%nt ai ning 10

pg/ mM RNase 30 ( and pr op mio al ysi s was
per f or med wi (RBMCQwerehounatedfwxﬂtmds qogted With @a4d-CD358Xb E’ﬁdl’élﬁﬁﬁlﬁﬂ@&ﬂ-l»? -131

After 48 hour r vere stalndvvlthCD4

et oan 11 ot T~ coskpllE, Bra SR e sBoRpS HOARSIR det Aot ot by ek 26 ¢ he
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‘ peptl de presente ave are[oort n_o ce S 1n the
Eug di pl 2, d be&aﬁlmwyeéﬁ69?%@3&619@*@&%%&@%50sm%éPa%bmrolign cul tures
where CDA+ T,GRk{ed YR Fuithérfidtelh@idatidh d@%alslxﬂﬁaeg&s&atoeﬁmyalsocﬂﬂ%ﬁeﬁd B7- 2,

there were increased nunber of cells in the phase, and a decreased
cytokine secretion. In the presence of B7-4, interferon-y and IL-10 secretions were

decreased by approximately 80% and 60% , respectively (Figure 18). IL-2 production
20 was below detection under these activation conditions at both 24 and 96 hr. However,
under conditions in which costimulation in the form of soluble anti-CD28 was provided,
activation of cells in the presence of B7-4 also led to a decrease in IL-2 production.
Thus, activation of murine and human T-cells in the presence of B7-4 leads to inhibition
of both proliferation and cytokine secretion.
25
Example 14. The Outcome of PD-1:B7-4 Interaction Depends on the Strength of T-cell
Receptor and CD28 Signals

To examine the relationship between T-cell receptor, CD28 and PD-1 mediated
signals, human CD4" T-cells were stimulated with suboptimal or optimal concentrations

30 of anti-CD3 mAb, a fixed eoncentration of B7-4.Ig and increasing concentrations of



nunber in the sub-diploid population, indicating that cells were in cycle
and rescued from apoptosis by B7/CD28 costinulation. The introduction of
B7-4 led to wpobsseased nunber of cells in the GO G ph GdohBas e 24) .
There were conparable levels of 10 apoptosis in the B7-4 cultures to the
CHO- | AdB7 cul tures. This was confirnmed by _annexin staining. The inhibition
of cell progression by the PDi B? 4 pat"r&%y confirms its role in
downregul ating T ceJl activation. nple 17. Inhibition of binding of
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was devel oped us st angar ods. ., The ED50 of B7-4Fc was found to be.
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inhibit the binding of biotinylated human c to human Fc was
tested at 7 cornm!ﬁ@fﬂ‘mﬁ wnboohwvgm.tm ahsense Oﬂ'ﬁ‘-EZB @mmmﬁﬁlgt}l‘eﬂ@m ange
fromO0.5 nMto 24 nMand the data are presented in Figure 25. WD 01/ 14557
PCT/ ZTS00/ 23347 -132 The PD-1.. specific scFv were also tested for their:
ability to inhiEzamplefls. Abildy ofiBD# ToBihibit ED28 Signklslahd Cyking Prdiuctaie ELI SA

met hods described a Huma scF active wwth PD-1 (PDl-17 scFv vvere
found to i nhibit spgﬁ {E&%g’ ﬁ@?ﬁé@%wamw&mbf&ewma@ by

Figure 26. M gaéhgiibfisumal ﬂﬂﬁ)u%ﬁ tHeh@lP&d' cnﬂs@sfp&%&js%xh&ﬁﬁ@ @h%&bﬁev@ﬁ{ at e a
conplete 1gG In brlef t he VH and VL codi ng rggl ons were Tinked
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the 1gG harvested
activated with OVA peptide presented by CHO-IAYB7.2 or CHO-IAY/B7.2/B7-4.
For detection of B7-4, 5 x 10° CHO transfectants cells were incubated with
20 5pg/ml of human PD-11g (hPD-1-Ig) (Genetics Institute, Cambridge, MA) and

developed with goat anti-murine IgG2a-phycoerythrin (PE) (Southern Biotechnology

Associates Inc., Birmingham, AL). In addition, cells were stained separately with
5ug/ml anti-IA%-PE or B7.2-PE (Pharmingen, San Diego, CA). Following each step,
cells were washed three times with PBS/1% BSA/0.02% sodium azide. After the final
25 incubation, cells were fixed with 1% paraformaldehyde. Ten thousand events were
analyzed on a FACSCalibar (Becton Dickinson, Mountain View, CA). All isotype
controls were all obtained from Pharmingen.
Splenocytes were prepared from DO11.10 mice and treated with Tris-NH,Cl
to deplete erythrocytes. Cells were cultured with 1pg/ml of OVA peptide for 72
30 hours (Analytical Biotechnology Services, Boston, MA) in RPMI 1640 (Life
Technologies, Grand Island, New York) supplemented with 10% FCS (Sigma, St



condi tioned nedium The potency of the grafted whole 1gG nol ecul e was

hi gher than for the scFv anti body (EC 50 between 10'8M and 10M. 10
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protein in 1mlmaibat$6nqrehb@ theS@lis Reredarvdd¥bwith 18 mM EDTAGR®BSwadhe@r cel | -

transfer (n=10). Control mce (n=10) received an equal volunpe of saline
onl'y. Al |I%niwigs andleft en igsdor lohous Tl@gv&llawm svbﬁeq%anlhweﬂredgrrwew d| sease

whi ch were S¢, ﬁgé/ﬁ |

weakness/ parti aﬁ’gﬁl ndﬁPlh ed‘éﬂl ? gétw%%ti ciﬁet‘@gecﬁllln ert"cngné ysr S;
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- n the ex ri t he | onset .0
oo ca o gkl e ST f¥lay Molifefiib, cibured Here i SEI BEIERS afdRed 7. 4rc
however, devehBapdi/sel of EH] thymaiute(NowiBhgldne Nujear; Bbstor) MAforthk Sast @pi dI y

progressing to copplete hind and forelinb paralysis (9/10 and 1/ 10 for
B7- 4Fc an cBﬂYrFSFBHWB batigu periad: el y) . Mortality associated 5 with clinical

signs of disease ’I‘ﬁ’ée FRGibof BPardQAY (vad siglfih ANCHG AUbdrtdnbaF

treated mce. In ad I on, recoveré fromclinical disease was substantially
del ayed in t e exmtedﬂotrodisa@leef B2 led tan inereae dnyprolifecatiye raspanses byl ¢ellst t hat

treat ment a3z aqf an‘f’Qgg éoggt%q'a{i)&s (Figure 21). However, B7-4 inhibited responses at lower
peptide concentrations (0.01pg/ml and 0.001g/ml) (Figure 21).

20 To address the capacity of PD-1:B7-4 pathway to inhibit cytokine produétion,
supernatants from DO11.10 CD4'T cells activated with OVA peptide presented by CHO
cell transfectants were analyzed. Aliquots of supernatants were harvested at various
times after initiation of cultures. IL-2, IL-4, IFN-y and IL-10 levels were analyzed using
mAbs and recombinant cytokine standards from Pharmingen. Detection limits were as

25 follows: IL-2, 20pg/ml, IL-4, 40pg/ml. IFN-y, 100pg/ml and IL-10, 200pg/ml.
Production of IL-2, IL-4, IFN-y and IL-10 was inhibited significantly when DO11.10
CDA4'T cells were cultured with 0.1 ug/ml peptide and B7-4 (Figure 22). At this
concentration there was only a weak inhibition of proliferation. However B7-4
significantly inhibited cytokine production at 0.01pg/ml peptide, consistent with the

30 inhibition of proliferation (Figure 23). IL-10 was not detected under these activation



day 11. In conclusion, using an adoptive transfer nodel of T cell nediated
10 autoimunity, adm nistration of sol uble B7-4Fc exacerbates clinical
signs of di swesg4ssesulting in increased nortality and del gygdswgssavery
fromparalysis. These findings are consistent with enhanced
activation/infiltration of inflanmatory cejjps into the CNS and clearly
demonstrate the inmmnoregul atory potential for the B7-4Fc protein in vivo.
15 Equi val ent's coddi@sss, %&k&@ PDY1 Edifagéthint Ed7-4@as<asmgma@rcytaﬁl gole to
ascertain using no nore than routin exp I mentation, nmany” equival ents to
the specific ermmcme\@naﬂlemﬁseﬂmbfﬂmmmmg&mtﬁbd here| n. Such
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contacting an inmmune, cell w th an agent that rmdul at es signaling via PD-I
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signaling via PD-1 1s stinulated using an agent gr oup
consi sting of. mIﬁNA\mlangymdforlwnbkxmﬂwelsrhqdﬁﬁmé petecibhr dssayeusifgor m of B7- 4

that binds to itorv.rece d mal | | ecul.e that binds to
PD- 1. 4. The %P?‘I@ E ébﬁﬁﬁ"%%]e?%?ﬁ @8%§mmg%wrlsq’§m§'é?”éct ed from
the group 15 qPhginSigen) m&maptTeveﬁlth-a B-15 113,302, n,mllpmxﬁRNIAwée The
net hod of claim?2, wherein aner is induced in the imune cell. 6. The

met hod of clGi Metscted in premasti YritCrér eelle P%Sﬁméaﬂ?ﬁmﬁboéél*ﬂm&% an
20 additional ag6fle grihtedOyOHBUN RS ﬁ&é\)@p‘ﬂfk ﬁﬁ%&ﬁ?B?A si hod of

claiml1, wherein the I mune response 1s upregul at claim
1, wherein the rglugﬂhtmtwignwaNRDe\rels §"herd1wmmmm1ajspmgulatmn23° nﬁgémfmsel ect ed

fromthe group SISII i zes P a
non-activating® or rrﬁc% ngmﬂulatgﬁjgﬁﬁ F“' ﬁta"'teH %’8@‘5‘?% ?fﬂ% Presryy
sol ubl e for m ofCHGNDAY . These results further demonstrate the capacity of the PD-1:B7-4 pathway to

15 antagonize a strong B7/CD28 signal at least when antigenic stimulation is weak or

limiting, and the inhibition of at least cytokine production in conditions of strong

antigenic stimulation.

Example 16. Mechanism of action of the PD-1:B7-4 pathway

20 Cross-linking of CTLA-4 has been shown to inhibit cell cycle progression in
naive T cells (Krummel, M. F. and Allison, J. P. (1996) J. Exp. Med. 183:2533-2540;
Walunas, T. L. et al. (1996) J. Exp. Med. 183:2541-2550). As PD-1 was isdlated from
murine cell lines undergoing apoptosis, a possible mechanism of action of the PD-1:B7-
4 pathway might be to increase programmed cell death. To address this issue, DO11.10

25 CD4" T cells were restimulated with 0.01pug/ml peptide and various CHO transfectants
and cell cycle progression was analyzed. CD4" T cells were restimulated with
0.01pg/ml peptide as described previously. After 36 hours of culture, cells were
recovered and stained with anti CD4-FITC. Cells were washed in PBS, fixed in 70%
ethanol for 1 hour on ice and then resuspended in PBS containing 10 pg/ml RNase

30 . (Sigma) and 50 pg/ml propidium iodide (Sigma). Analysis was performed within an

hour of staining.



9. The nmethod of claim11, wherein the step of contacting occurs in vivo.
30 10. The nethod of claim1, wherein the step of contacting occurs in
vitro. 1l.wéoemess$tod for nodul ating the interacti on of Bpcdusiwdssan
inhibitory receptor on an imune cell conprising contacting an antigen
presenting cell which expresses B7-4 3%3mth an agent selected fromthe
group consi sting of a formof B7-4, a formof PD-1, or WO 01/ 14557
PCT/ 1 3S00/ 23347 I r i f B7-4 and
PD-1 such that the |nt era @%ﬁ%ﬁ%ﬂgﬂaﬂ& igéldli@ln tfg?ff %elhcegpt or on an
i mune cel | ipsrmeabilitationscelld were Thnubated Wﬂhlpmbldmrmmdﬂv arialorzte IﬂdethﬁlCtzm ng
contacting the, | e..cell, or t ti resenting cell

addi ti onal 58‘?1%“%“‘&88%}?% Eg’rAI ?ﬁ%ﬁgﬁ %ﬁcﬁg@r‘] epf'g PIERE ‘Olga'of
claim 11, whgA®have b Megsireporaén fllsiaithd ibidipl6id ipbAulaRA, indicktie’of apopldsis The
met hod  of claim 11, V\f‘IEI’EIn the step of contacting is performed in vivo.

10 15. The® méTigwa 26k lwwsmer%xﬁwel‘ﬁe Istveerg stimplated by peptide presepteddy from t he
group consi i’fl—t@%%7—2%&e%}elmcr9asgﬂﬁﬁﬁﬂerﬁf‘& s th Y 8/ pﬂas@einldadje@xfg;édmt hod
for inhibiting activation in an | nmine ce Via a nofd-apoptotic

mechani sm compmberiim theisutz-dipieid papuldtien,dndicating shabcells weredipsyceantreited i n a

| mmune cell _such that,.i cell activakion is pted, . 17. A v C|ne
conpri si ng affomAPPRIEsHS 3%%&&8?%“ q‘hﬁp&oggcngpatg?Aﬁai (93 insyage an

i mmune cel |. naabé:%fcemsqmﬂaqm/m pmem&emn%a&awrﬁmmemagent that
pronotes signaling via an inmmune, cell. 19, A method for treating a

subj ect hH | ﬁ@W%HﬁH%ﬁ“ﬂWWﬁ\?IQi{%@? 9u1m§mTh§5vasamfis§as#§¥| on of an
i une respo [ al i ng
Vi D1 ARG T Bk 3 o Oy e P o
benefit fromitspleiudoanregnlatiig Frell ativationy esponse i's treated. 20. The net hod
of claim19, wherein said agent conprises a soluble formof PD-1 or 30
B7-4. 21. The nmethod of claim 19, further conprising adm nistering a second
agent that EpafpleilAt Bhibition of bindingrof bjtingleted buh&eB 24 Fic @€ human PD-1Fc

15 Fc fusion proteins were generated by linking the extracellular region of PD-1 or

B7-4 to the hinge-CH2-CH3 domains of murine Igy2a. recombinant protéins were
produced in COS cells transiently transfected with LipofectAMINE (Gibco-BRL) or
stably transfected CHO cell lines and purified from conditioned media using protein A-
Sepharose.

20 The ability of antibodies to B7-4 or PD-1 to inhibit the interaction of human B7-
4Fc and human PD-1 Fc was tested using standard ELISA methods. Briefly, human PD-
1Fc molecules were immobilized in 96-well plates, blocke&, and washed. Biotinylated
B7-4Fc molecules (100ng/ml) were added to wells at concentrations of approximately
2000, 700, 200, 70, 25, 8, and 1.18 ng/ml (Figure 25). The wells were incubated with

25 StrepAvidin conjugated horse radish peroxidase, washed, and color was developed using
standard methods. The ED50 of B7-4Fc was found to be 108ng/ml.

The ability of murine antibodies to human B7-4 (10D9 and 11D12) or scFv
| portions of human immunoglobulins (B7-4-1, B7-4-6, and B7-4-12) to inhibit the
binding of biotinylated human B7-4Fc to human PD-1Fc was tested at 7 concentrations
| 30 ofinhibitors. The IC50 was found to range from 0.5 nM to 24 nM and the data are
presented in Figure 25.



35 22. The nethod of claim 19, wherein the condition is selected fromthe
group consisting of. a tunor, a neurol ogical disease or an
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01/ 14557 PCT/ LUSOQ 23347 -136 23. A nethod fbt treating a subject having a
condition that would benefit from downregjghation of an i mune response
conprising adm nistering an agent that stinulates signaling via ]I:’D 1fi n a
i mmune cell of the bj at ondj t.i-on, 1.hat.,. ul d.henef i.t om
downr egul ati on of aﬁf%@cﬁ%s gglge\ﬁlsgﬁ%)ﬁnvs‘ém?%ﬁﬂgeg*ae{i gﬂ%%f%ﬁi”%@ﬁr’éﬁﬁ%ﬁ“%‘f‘gS ai m
- 23, wherei n saiB7-a@e e PDFs abiftg theGarhé BDISAmedibds deséribed abdveN Hlumah seFv

‘anti body that stinulates siT&nal ing via PD-1, a, bispecific al and

. ) . anti body,
sol ubl e B7- 4. TeeptiyewithRD-H{RINGHY S vEwere fqupd to inhhitsppcitic,bipding K%SOY between i
adm ni sterin 8 ?&;,‘lmt- gllgéj%my t ' AP - t he
subj ect. 26. g_l_ﬁié)?%ﬁe??;%iagg [ allg?ﬁ:i , \i\/ne“re%lunlwﬁt(ﬁgwg{c%r?gltion ¥§§w§§€%§ from
the group cdnsbgenemie @tompletelgB.spi lzrief,,themHahdé’llggp]flimmgim wfjbnk“ngﬁ
di sorder. 15 27. A C -b d assay for. screenin or..£o unds i.C
Todul ate the adePOPER Gl Batpiiante in SHEFFR NS TRCR e xpEierion
expressi ng a Bhedtotsavgeiransitntg &h&f&[ed'?ﬁolmmhﬂﬁ%ellﬁ'&ﬁ@&Hggﬁ Warkébted 13§ the
conpound and determning the ability of the test l;ggr@oun to nodul ate the

0.

activity of theopditianedimadiym. The pptericypf the grafied yib modesnle-wyas dighsethar, f or
screening for Skt Loféag of B7-4 or PD-1to a
target nol ecul gﬁ?grgrpri Si ﬁg‘;@gﬁt@?gﬁeﬁ%&%&@%%*‘gfdm 1 protein or

bi ol ogi cal | §0active portion thereof with a test conpound and determi ning
the ability of | ePnl l\E}roein or
biologically a e - +——H 1 |11
111 MS Model.

To determine if modulation of the B7-4/PD-1 pathway has immunoregulatory

activity in vivo, the protein was evaluated in a murine model of experimental

15 autoimmune encephalomyelitis (EAE) that shares many clinical and pathological
features with the human disease multiple sclerosis. Female SJL/J mice were immunized
with 100ug of proteolipid protein (PLP) in complete Freund's adjuvant. Ten days later,
spleens were harvested, processed to single cell suspensions and then restimulated in
vitro with 5ug of PLP for 96 hours. Cells were washed three times in PBS and then

20  15x106 cells transferred to naive SIL/J mice by intraperitoneal injection. The adoptive
transfer of autoreactive T cells results in acute paralysis of recipient mice which
manifests as loss of tail tone with subsequent progression to full hind limb paralysis.
This paralytic episode coincides with marked infiltration of activated T cells and
macrophages in the CNS. Under most conditions, this is an acute model of disease with

25 spontaneous recovery occurring after a short period of paralysis. For evaluation of B7-
4Fc, mice were injected subcutaneously with 200ug qf the protein in 100ul of sterile
saline on days 0, 2, 4, 7 and 11 after cell transfer (n=10). Control mice (n=10) received
an equal volume of saline only. All animals were monitored regularly for clinical signs
of disease which were scored as follows: 1. Loss of tail tone; 2. Hind limb

30 weakness/partial hind limb paralysis; 3. Complete hind limb paralysis; 4. Hind and
forelimb paralysis; 5. Moribund. '
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In the experiment shown in Figure 27, the incidence and onset of clinical disease
were similar in both groups. Mice treated with the B7-4Fc however, developed severe
disease with the majority of animals rapidly progressing to complete hind and forelimb
paralysis (9/10 and 1/10 for B7-4Fc and control mice respectively). Mortality associated
with clinical signs of disease was 10% in the control group and 70% in the B7-4Fc
treated mice. In addition, recovery from clinical disease was substantially delayed in the
B7-4Fc treated mice that did survive despite the fact that treatment was discontinued on
day 11. '

In conclusion, using an adoptive tra:isfer model of T cell mediated
autoimmunity, administration of soluble B7-4Fc exacerbates clinical signs of disease
resulting in increased mortality and delayed recovery from paralysis. These findings are
consistent with enhanced activation/infiltration of inflammatory cells into the CNS and
clearly demonstrate the immunoregulatory potential for the B7-4Fc protein in vivo.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.
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1. A method for modulating an immune response comprising contacting an immune
cell with an agent that modulates signaling via PD-1 to thereby modulate the immune
response.

2. The method of claim 1, wherein immune response is downregulated.

3. The method of claim1, wherein signaling via PD-1 is stimulated using an agent
selected from the group consisting of: an activating antibody that recognizes PD-1, a
form of B7-4 that binds to an inhibitory receptor, and a small molecule that binds to PD-
1.

4. The method of claim 1, wherein the immune cell is selected from the group
consisting of: a T cell, a B cell, and a myeloid cell.

5. The method of claim 2, wherein anergy is induced in the immune cell.

6. The method of claim 2, further comprising contacting the immune cell with an
additional agent that downregulates an immune response.

7. The method of claim 1, wherein the immune response is upregulated.

8. The method of claim 1, wherein the signaling via PD-1 is inhibited using an
agent selected from the group consisting of: a blocking antibody that recognizes PD-1, a
non-activating form of B7-4, an antibody that recognizes B7-4, and a soluble form of
PD-1.

9. The method of claim 1, wherein the step of contacting occurs in vivo.

10. The method of claim 1, wherein the step of contacting occurs in vitro.

11. A method for modulating the interaction of B7-4 with an inhibitory receptor on -

an immune cell comprising contacting an antigen presenting cell which expresses B7-4
with an agent selected from the group consisting of: a form of B7-4, a form of PD-1, or
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an agent that modulates the interaction of B7-4 and PD-1 such that the interaction of B7-
4 with an inhibitory receptor on an immune cell is modulated.

12.  The method of claim 11, further comprising contacting the immune cell or the
antigen presenting cell with an additional agent that modulates an immune response.

13.  The method of claim 11, wherein the step of contacting is performed in vitro.
14.  The method of claim 11, wherein the step of contacting is performed in vivo.

15.  The method of claim 11, wherein the immune cell is selected from the group
consisting of: a T cell, a B cell, and a myeloid cell.

16. A method for inhibiting activation in an immune cell via a non-apoptotic
mechanism comprising increasing the activity or expression of PD-1 in a immune cell
such that immune cell activation is inhibited.

17. A vaccine comprising an antigen and an agent that inhibits signaling via PD-1 in
an immune cell.

18. A composition comprising an antigen and an agent that promotes signaling via
PD-1 in an immune cell. '

19. A method for treating a subject having a condition that would benefit from
upregulation of an immune response comprising administering an agent that inhibits
signaling via PD-1 in a immune cell of the subject such that a condition that would
benefit from upregdlation of an immune response is treated.

20. The method of claim 19, wherein said agent comprises a soluble form of PD-1 or
B7-4.

21.  The method of claim 19, further comprising administering a second agent that
upregulates an immune response to the subject.

22.  The method of claim 19, wherein the condition is selected from the group
consisting of: a tumor, a neurological disease or an immunosuppressive disease.
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23. A method fof treating a subject having a condition that would benefit from
downregulation of an immune response c;omprising admixﬁsfering an agent that
stimulates signaling via PD-1 in a immune cell of the subject such that a condition that
would benefit from downregulation of an immune response is treated.

24.  The method of claim 23, wherein said agent is selected from the group consisting
of: an antibody that stimulates signaling via PD-1, a bispecific antibody, and soluble B7-
4 _

25.  The method of claim 23, further comprising administering a second agent that
downregulates an immune response to the subject.

26.  The method of claim 23, wherein the condition is selected from the group

consisting of: a transplant, an allergy, and an autoimmune disorder.

27. A cell-based assay for screening for compounds which modulate the activity of
B7-4 or PD-1 comprising contacting a cell expressing a B7-4 target molecule or PD-1
target molecule with a test compound and determining the ability of the test compound

to modulate the activity of the B7-4 or PD-1 target molecule.

28. A cell-free assay for screening for compounds which modulate the binding of B7-4
or PD-1 to a target molecule comprising contacting a B7-4 or PD-1 protein or
biologically active portion thereof with a test compound and determining the ability of
the test compound to bind to the B7-4 or PD-1 protein or biologically active portion
thereof.
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