: rmopqr st uvwx V T z119BIIIIAI6IhITTIT1111 0O MODULATION OF PD-1 >
| NTERACTI ONS WTH | TS LI GANDS mumﬁlmwmwml i cations *159159 S This cl ai ms| P

priority . N. 60/ 281, 54 ril 2, 2001. T |cat|on
IS incorp\&ﬁ ??‘7 erein in its enti*c®oy by this reference p%a/g %ﬁ@%d of the
Invention In order for T cells to respond to foreign proteins, two signals

nmust be pr oy S@W i I ) toresting T
| ynphocyt ey?§ggﬁﬂ:ﬁ)sl\pb @ﬁéﬁk WI.QHQ?ﬁé'g%ﬁ@gsExp Med. 165: 302- 319;

Mueller, D. L. et ul. ( 1990) J. | 144: 37013709) . The first signal,
whi ch confers specificity to the |Wmﬁ'm’ i

Mﬁ'u ME , is transduced via the T
cell recept ?1(!I EH ng reco reign antigenic peptide

" presented iﬁ%l o flpitlocml} the maj or Ms¥®oconpatibility conplex (MHC). The
second 1% si gnal Thisetdifs priostyi tonll &ISINIr60/281chidd dHed oic Aptib2,t1290pr Dhis f er at e and
become functional (Lenschow et al. (1996) Annu. Rev. |munol. 14:233).
Cost i mul at i applicatiosistiprerpasaied fersypiadisentiretny thiaseferenser i ct ed and i s t hought
to be provided by one or nore distinct cell surface nol ecul es expressed by
APCs (Jenkins, M K, et al. ( 1988) J. Imunol. 140:3324-3330; Linsley, P.
S. et al. (BA ound of BieinviMe@en 173: 721 -730; Gmm, C. D. er 20 al. 199l

Proc. Natl:~Acad. Sci. T6575-6579; Young, J. W et al. (1992) J.
din, Invest. 90Ir2®9e12f97T ckbsitoorespond to Ereigh proteingdivo pighals BExyst bavppvided

173: 759- 762: Rei ser 92). Pr

80272 Moo by Assaussrrening e kAPGH Qredipt TS mPhey s iars. M and Sencesgs,
LaSalle, J I 1 I 1A7;i 7 _al.
(1989} J. EI‘EI‘%ZM Efg'g&@g 16s; P%IT?SQR"GI&“’ @.‘ L'e%’dt’é'ﬁ% (@Jﬁ%%ﬁa%]ﬁé 37
357: 80-82; 23%09)i The Yirst 8ignbl, wh(c]n%afers]speﬁﬁpny Metthe ithbnd Zépdikd) is rhheluciB O
(B7-1 ) and CD86 (B? 2) protei ns expressed on APCs, are critical

cost i mul at o¥ip ‘h‘bTéé’u Mgpt@FIHélﬁhff? lgwing recqgnitipgpfforgignmpggenie peptide 74: 625:

Freeman et al 9 Nat ur e
366: 76; Fr eg?%e %ﬁé C?mefﬁg?d}% P'Jeﬁgte)c%éﬁ'%@?%g@ﬁ%( Ce)aréhetsgcquay a
predom pant m?ﬁiileteﬂﬂéd EBtiRuldIRNYind 3 TeceB9 td HORAARE Gnd Mwohe f@fctlonamhi ch i's
upregul ated lMater in the course of an i mune response, WO U2/ 078731 PCTI

US02/ 1 U303 (lengchway érmpdil 9¥mtdrina. Pevolromgiaigl 4323 3raOpstimeletion sespberseszor
costimul ati ngems ngrdﬁ% r-lc-est(%n%lteld angsg3 t?loug it t(g Eé gr%%/}dgg %y g)%g 8rS %orergmtmct Xel? 555).
surface molecules expressed by APCs (Jenkins, M. K. et al. (1988) J. Immunol.
140:3324-3330; Linsley, P. S. et al. (1991) J. Exp. Med. 173:721-730; Gimmi, C. D. er
20 al. 1991 Proc. Natl. Acad. Sci. USA 88:6575-6579; Young, J. W. et al. (1992) J. Clin.
Invest. 90:229-237, Koulova, L. et al. (1991) J. Exp. Med. 173:759-762; Reiser, H. et al.
(1992) Proc. Natl. Acad. Sci. USA 89:271-275; van-Seventer, G. A. et al. (1990) J.
Immunol. 144:4579-4586; 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 357:80-82;
25  Liu, Y. etal (1992) J. Exp. Med. 175:437-445).
The CD80 (B7-1) and CD86 (B7-2) proteins, expressed on APCs, are critical
costimulatory molecules (Freeman et al. (1991) J. Exp. Med. 174:625, Freeman et al.
(1989) J. Immunol. 143:2714; Azuma et al. (1993) Nature 366:76; Freeman et al. (1993)
Science 262:909). B7-2 appears to play a predominant role during primary immune

30  responses, while B7-1, which is upregulated later in the course of an immune response,



One receptor to which B7-1 and B7-2 bind, CD28, is constitutively expressed
on resting T cells and increases in expression after activation. After

signalin theTSCeII receptor, ligation of CD28 uction
%E&U?Bﬁ% Pé"%g&i/ﬁﬁ&d

of a costi ry signal induces T cells ° to proliferate and secrete |

L-2 (Li nsl eynayfbe idpofthntah prdlodgi®Pprithard. T & Prespdaded or £3stinf@lating3&cokdamyril, C.
D. et al. ( 1991 ) Proc. Kla Acad. Sci. USA 88:6575-6579; June, C. H et

al . ( 1990) ctlrlrmn@thsesGﬂidegvonej(l?95)2mmrty2|aﬁr55) ng, F. A et al. ( 1992)

Nat ur.e 356: 607-6 A t 4 |
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appears to be critical in negative regul ation of T cell responses
(Wat er hogse cell rakptot, lipaQér) oHCDéﬁh and &z?r&d@zali))m of Ilcosikrauletoqf sigdl At veesT belén
found to renove inhibitory

t LA4 h b
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b gher af 1 SEDH B Dk PP P b e (P R s Ao Rl °¢*'ﬁ Yty 5
E.rp. Med. XY4905%hmaRs) T Bi2 L1 -8PHa@ng2 Fhave dnqemz‘)owwetmbom@ogp A
di stinct regions of the CT A4 nol ecul e and have different kinetics of
bi Indl ng to gi‘stéogdrédgpm,l LtelynmCELAM@Q@ﬁl)) ip hﬁgﬂiogwslto;iﬁg%% bus inrayexpiessed| e
re ated to a nt i an

por ¢ arld i AATESR8 | Cghs ﬁP%ERFPTSofﬂH?W ool sfvigon ErBld) FREAT (L8987, 262,
V\D 98/ 38216) t [ ) e cher A
et al . (2006‘{“?%3@%7.329%%29 BT e i Al s i ke
| mmunol . 30:rdépdhsed (WRKedkbBe Bx alet] 9ab) Sdi& ey 0GR ) Bl&katie ofl0TBA3h6s béanng V.
et al. (2000) J. Imunol. 164: 1653-7; Yoshinaga S K. et al Nature
402: 827- 32) . Oqlﬁdtvfé'@PY%mh’rbé‘Oa’rﬁ‘%“%% iwhile Ag g A ONAS 1 lyAfbhap begn founnzé‘%eptor

W thout rece g\lné::% é&ﬂ) % éléh 39@1'& 8&%#‘:@15@%0&)(1 \B%H?ela 61'\ b6y %pcggﬂﬂﬁmel

nonr esponsi \K Fes at o e | mmune

responsqs T"{¢9957B@[e§1@é127ﬂ) qm‘z)t flfﬁe B7: rﬁ@&ﬁﬂe@'ﬁaﬁéa ﬁfg&ki afhay or\CTathinay féras
been denpnstratéed in vitro and in several in vivo nodel systens. Bl ockade

of this costCD28 diinslgy, PaSheta. (I €3I Exp. adhd7HedebeDmaABTof andiB7-gdnve

fic tol i 30 .and E._A et al.
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WO 021 07873 17 DEBRMTEI0S ‘80 1T 6o 14 10 G i, D. ‘et al. ( 1993)
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rrulrol ne t3%horl O(:@P@‘:‘,Ct'ioﬁ(fiﬂ%%@%f nve{l%sém?’éfeg@%ss%é W@gs&%l ?V‘agﬁgﬁtg%}\éﬁl ed by
tunor rej eCt?R?%%rbdnA\@Pg géﬂﬁ%tigﬂlbgf Ohigkdr d@’}r EPQG@U?J Jjarey anQ@M@%‘ S L.

et al. (1992 ownsen and |son . ’(1993)

Sci ence 2S9: agesHW. ddakk2000) Bur. et Iahund! 1HEB)40PT, Brodibidl. les alAQ@dO) (Stmr
90: 5687-5690.). Therefore, manipul ati on of the costinul atoryrgat hway s
of fers greatB!pbtléﬁﬁﬁaﬂ, Ling ¥t¢1r¥él(819@)dr1”§nwp’/e‘§§ li6RP T & OpiBRg3 Ié;s‘f’l"llr humans

10, Sue . b B RE D A PEETR e N SORD AR BT Ly P e
PD-1 andyg t syith&araSividgPal-dddaitthalEdskimul6r§ simel, teyibdcome nonresponsive,
anergic, or die, resulting in downmodulation of the immune response.

The importance of the B7:CD28/CTLA4 costimulatory pathway has been
demonstrated in vitro and in several in vivo model systems. Blockade of this
costimulatory pathway results in the development of antigen specific tolerance in murine

30  and human systems (Harding, F. A. et al. (1992) Nature 356:607-609; Lenschow, D. J.
et al. (1992) Science 257:789-792; Turka, L. A. et al. (1992) Proc. Natil. Acad. Sci. USA

-2



t he downnodul ati on of the i mMmune response, e.g., in autoimmune disease.
PD-1 is a receptor for PD-L1 and PD-L2 nol ecul es expressed on antigen

presenti PD-1 15 transnmits a negative signal to .WH@ S,
simlar ?@0@%%@?' PD-1 ligands (e.g., PDL 1 and PD-L2) arE exg’/@%d on

the surface gof 1 aa-1 ORI3; BHRRENE. D% GEl(| 33PN AEacd SEOBISKUDAtEBOIGE9G] gnal
to imune cells and can transmt downnodul atory signals to i mmune cells,

dependi ng upBonssidtes, Nokeduw1893)a/ Wwp.cMed. 1@§: 185 hd/637hGonverselyl expiessiondf BD- 1 or

PD- L1/ PD- L2 agﬂ/ or the inter acf[ni‘:r'%ﬂs .b&t vvegn EDl.a%f PD-11 and/or PD-L2 20

results in WYL NEEALYE BHrRGWMOReHFandures Jrfell megigied speqHicymmity e aspect
the i nventi i . j i i an

" i mmune cel | ,%Cco a}rﬁl%gl% gt&ggﬁeﬁtl{;&ﬁgmgﬁhg M%B%ﬁcﬁ%h gk? tu’?fﬁ)té C%{?Leebgggé}%ght act

wi th ant ggen. emilt 11992) @gETE:1093at 1020 Tulvaiend, SiEyaad ivnigson| B PPOHD3} Sciédrer eby

downnodul ate activation of an i mmune cel I n one enbodi nent,the agent

. | . 25
i s sel ect ed 269 308-BA& BaskarpScadgdi($99Nndror NaghAgedt 5%8935ﬁ8\'ért56?0-hng}ﬁﬁtf§fegn

inhibitory signal via.PD-1, .a | ubl e form.of PD- I . soluyble formof PDL
Lo ubt S bl sudulfiry B Bopdl ot e nosRiah B ARGl o for m of
PD-L2, an a@{,@gggymmng%sboﬂgesﬁ{\hmﬂsbody to PD-L2, an antibody to PD-L 1
and an antibody to PD-L2, and a small nolecule that transmts an inhibitory
signal via PD-1. -, WO 02/(178731 PCT/U S02/ 10303 In one enbodi nment,
the agent is selected fromthe group consisting of: a soluble form of
PD-L1, aVsoSummanypfthelnyention “and a conbination of a sol uble form of

PD-L1 and PD-L2. ' W_Q; : : gsl%'

i nhibitory si gnaITlh{Q/' gég%ﬁ%?@ba ag?ciigflg%%ﬂ%ﬁ%gégggé{hﬁ%{@ I sott%g@gg}ﬁtzes an
activating mesRpkOfthe ihtBradtie heweanPOdi aients lighhd® (PDALUNencPDILY)arcustfuded | . 1 n
one enbodinment, the T cell is a naive T cell. In another enbodi ment, the

i mrune cel | thesdawimedsilationed thenmnaei rgponseg e Be depitoimmunedisease| FD1ldgapt or .
10 I n one enbodi nent ner is,induced in the imune cell. |n.angkher
enbodi nent . TERERERILA dne RBFCR BNSHFES ks ob PR RESehing @8e PPl ¢ n an
addi tiongl aga&hitd NAteHONBERAYS BhRSnAE:]IsIMNE: ESHOAS EPDI INligiAgs @D oeibrent
the step of contacting occurs in vivo. In another enbodinment, the step of
cont act i ng ddcandPD-h2yare evpreSsed on dreotunface efsamtigen prekenting eelint dndprgpadde ai ns to

a met hod of downnodul ati activation of an activated T cell.froma subject
havi ng an agCHiAMARE Elg%ag?‘blg?m%eélﬁé FAP ansmitdoxnmpdulafqry sigpdls e i si ng

contacting I i 1 Anty t I ; D1
such that a?f“ﬁ}‘g‘? ic%)lrll;’ g%ﬁﬁ&c@?@ﬁ%@éoﬁﬂg}@?égmeg%g% 'j’i;}gltg’ 'ﬂg@ﬁﬁtb&gonfp
aut oi mune dirs-0hdeD-DEEDaL Eandlyr the iritstadtie bEtveeh|PD-il and @BRDhDand/@t BFDRL220 | n

one enbodi nent, the antibody transmts an inhibitory signal via PD 1.
20 results in modulation of the immune response.

Accordingly, in one aspect, the invention pertains to a method for
downmodulating activation of an immune cell, comprising contacting an immune cell, at
the time of contact with antigen, with an agent that modulates signaling via PD-1 to
thereby downmodulate activation of an immune cell.

25 In one embodiment,the agent is selected from the group cénsisting of: an
antibody that transmits an inhibitory signal via PD-1, a soluble form of PD-1, a soluble
form of PD-L1, a soluble form of PD-L2, a soluble form of PD-L1 and a soluble form of
PD-L2, an antibody to PD-L1, an antibody to PD-L2, an antibody to PD-L1 and an

antibody to PD-L2, and a small molecule that transmits an inhibitory signal via PD-1.



I n one enbodinent, the antibody that transmts an inhibitory signal via
PD-1 is a bivalent antibody that al so recognizes the T cell receptor. In

anot her j t, the autoi nmune disorder is multiple s 0Sj I n vet
:‘%8’%%@2& b BLEASH Rz0s N Y

anot her the nethod further conprises contacting an imune 25

cell fromthe sulj ﬁ'&;ﬁ%{%ﬁ%&m‘%{ ﬂ’gq b Q& RIS m t{gpém,g‘pgmsggyé éfz%sﬁﬁblc%] nmune

response. In one e tep of contacting occurs in vivo. |
anot her enbdstmefRD-Lilhe satiklp fafm oDPD A, und)a omrobingtianofia sofuble Brmedff PD-L1
Description of the Drawings 30 F figure 1 depicts the nucl eoti de sequence
encodi ng a BMBR-s&creted PD-L 1, PDL 1 S(SEQIDNO 1 ). -4 WO

02/ U78731 PCT/ USQ2/ 103 = gur i j: di

2 huran PD- L 1, B0t ey e SdfRlyiha dAGn R ) BRIER, SERHSREmENERT "
sequence; of pRumEaRarftBolly thatalsSFok iz adlivaiip retdpusit rates the signal, 1gV,
I gC, and hydrophilic tail domains. 5 Figure 4 depicts the am no acid

sequence of hunafn RDther EmodiBEDLIte fdnumrg cedlis aill dells {r aneembitimentgthalT | gV,
I gC, and tragl menbr a %Ed cytoplasm ¢ donmins. Figures SA-SB depict the
nucleotide§§l§é1‘3f‘éveoc rine PDL 1 (SEQ ID NO 22). Figure 6 depicts the

am no acid SeqUeﬁ‘.ﬁ&o‘?ﬁer%{ﬁgﬁ@nﬁ&h&in&ﬁﬁ& ¢ NPT %ﬁ)andhg: zl%'tlg%“@ rbcdpERICLS an

al i gnnment of the human and nurine PD-L am no aci equences (SEQ
D NO 4 and 12&ll eepejpctively). Figure 8 illustrates the results of FRCS
anal ysi s of binding of CD28lg, CTLA4 1g, and control |g by

PD- L1M tlPansf ect deomamnbadiment, meggy ks indyced ipsthe ynwang ¢l r esul t s of FACS

anal ysi s of bindin f | nd I - LS . i t PD-L 1
Mtransfected COén %Eq? < .63%03 rrrleenrtr’lliéé ﬁ%}hégtf{rléﬁgg@ﬁgg#zgutP(ftEs)r{ g&k rgﬁ%{ﬁ ysi s of
bi ndi ng of l.gMyifRBnhddifidndiZ3emhitOdnRgulatesRRimlnbreshbast ected COS cel | s.

Figure 11 illustrates that cells transfected with PD-L1M (292) can
. In one embodiment, the step of contacting occurs in vivo.

In another embodiment, the step of contacting occurs in vitro.

15 In another aspect, the invention pertains to a method of downmodulating
activation of an activated T cell from a subject having an autoimmune disorder mediated
by activated T cells, comprising contacting a T cell from the subject with an antibody
that binds to PD-1 such that activation of an activated T cell from a subject having an
autoimmune disorder mediated by activated T cells is downmodulated.

20 In one embodiment,the antibody transmits an inhibitory signal via PD-1.

In one embodiment, the antibody that transmits an inhibitory signal via PD-1 isa
bivalent antibody that also recognizes the T cell receptor.

In another embodiment, the autoimmune disorder is multiple sclerosis.

In yet another embodiment, the method further comprises contacting an immune

25  cell from the subject with an additional agent that downregulates an immune response.

In one embodiment, the step of contacting occurs in vivo. In another

embodiment, the step of contacting occurs in vitro.

Brief Description of the Drawings

30 Figure 1 depicts the nucleotide sequence encoding a human secreted PD-Lt, PD-

L1S (SEQ ID NO: 1).



costimulate T cell proliferation. 20 Figure 12 illustrates that COS cells
transfected with a PDL 1 M (292) can costinmulate T cell proliferation.

Fi gures - Kl lustrate the binding of PD-1 to PD-L 1 PMradesfossst ed COS
cells. F.j‘gﬁr‘%@%ﬁ# 14F illustrate the ability of added PDMi and not FIt4 to

conpete for the Ipigud ndesifts e nucledtiBDsdgldhdercatshinri RemAOPDEEL | BD-1AM Fi gur es
15A-15L illustrate the ability of PD-1 to bind to PD-LI transfected CHO

cells, as d€SEQADMN@: Yy flow cytonetry. Figure 16 illustrates the ability
of PD-1 to bind to PD-L 1 transfected CHO cells, a r.o | ACORE
anal ysis. Figur e&:ig?‘r‘? $ hg@gqsggeeagmpﬂémagf:qqepg,e &h%ﬁ"ﬁ)[ﬂ Eﬁf&@ﬁﬁ@ﬁ% 5 3&’%@

negative si StoC- #nd 120 484aths PCT/  US02/ 10303 Fi gures
18A-18C il | ggﬁrg{egm}hs |air:iﬁé‘g’| [igicbn 0 Ml'éacel I aproI I fgrati on and cyt oki ne

producti ®n in humigurd4 depittsshd amihateid sequenbeofinasarRizLoM GBQILLNCEd)ur es
19A-19B il lustrate that T cell receptor/PD-L 1 activation in the presence
of CD28 costndrillustratenthe signek &2Y.Agt¢ mndgransmambrang-apdeytoplasspic degmginson. 5

Fi gures 20A- 201 il] ust he. bi nding. of |l {.ng
PD-L1. Figures 2?‘%&3-‘?1&%%&4"8%{ &‘gtnguf:%é&asgﬁ%lne éﬁmﬁéﬁ)ﬁﬁ@'ﬁ(%ﬁ? N:0Pti on
of CD28 signals. Figures 22A-22D illustrate the inhibition of cytokine

production by the PD 1: PD-L1 pat hway, as measured by cytokine ELISA. |0
Fi gures 23A- 23C iFiguis6 depietsttireaminhiabidtsequencd ofoypumiid He-L3r(S8QCH WO: BY). t he PD

| : PD-L1 pat hway, _as neasured by cytokine nRNA | e . Fi gur A-24C
i LustraBe that " ERBITE CRRIFS SRABEEIET. ShOBrRE FEDL- VB TRy argno
cell-cycle agrrs i - bt | the ability of antibodies to
PD-L 1 to i%ﬁﬁdgs?‘gue{’géesq% 'Irlﬁlg@agtgﬁ%?mé’ﬁgst%%erf D L1 and PD-I. Figure 26

illustrates the ahidré 8 Ni@trarethchodiesf FACBRnalysio of bindhigtof B2 8l t@&Flak4-i on
between PD-L 1 and PD-1. Figure 27 illustrates the ability of soluble PD-L
1 Fc to exadgrapdwcentrldgky &D-k1M-transfected COS cells.

Figure 9 illustrates the results of FACS analysis of binding of IgG and murine
15 1COS-his fusion protein by PD-L1M-transfected COS cells.
Figure 10 illustrates the results FACS analysis of binding of IgM, BB1 and 133
antibodies to PD-L1M- transfected COS cells.
Figure 11 illustrates that COS cells transfected with PD-L1M (292) can
costimulate T cell proliferation.
20 Figure 12 illustrates that COS cells transfected with a PD-L1M (292) can
costimulate T cell proliferation.
Figures 13A-13D illustrate the binding of PD-1 to PD-L1M transfected COS cells.
Figures 14A-14F illustrate the ability of added PD-1 and not Flt4 to compete for
the binding of PD-1 to PD-L1M transfected COS cells.
25 Figures 15A-15L illustrate the ability of PD-1 to bind to PD-L1 transfected CHO
cells, as determined by flow cytometry.
Figure 16 illustrates the ability of PD-1 to bind to PD-L1 transfected CHO cells,
as determined by BIACORE analysis.
Figure 17 illustrates the ability of PD-LIM to transmit a negative signal to T
30 cells.



muri ne nodel of experinental autoi mune encephal onyelitis. 20 Figures
28A-28B illustrate the effect of PD-1:PD-L1 interaction on mtotic cell

di vi si on. were | abeled with CSFE and stinul ated w I .[EC or
nPD-L | _v&%o @?&? At the indicated tine points, FACS an\gﬁlé{sa/iugﬁz\z\gg&done.

Li ve-gated event §igars 18@PI 8¢ BRistrdtk el ighi®&dn sEPdelllprékfetation Eh@uytelki@s: CDB+ T
cells. PD-1: PD-L1 interaction results in decreased mtotic divisions of

bot h CD4+ aprbd@Dis i hueiahd, ceflstimivipiedin thopresace of PDstk.at e t he inhibition of
bot h CD4+ and + T cell y,. PD-1:PD- L1 interactiopn. Figure 29A
U1 st rat o scnobies By Tor G ta et shPlRE e Dariath i fa stesepee

Stabl e anti | : nghieered to express GFP
or TPD L1 T B e P ed LN T col | 5

from TCRS t r ansgeRigures DOA-201dBusatecths bindingadf®dD-hitd EHAPE s lewpregsigy Pl 1f or 2,
2-3, 3, or 30 4 days. For~experinents involving CD4+ T cells, the APCT
cell ratio was 1FEOres2ii-21P glstetethenssion @EPDHot indhe inhitition of €RY$I vi ng CcD8+
T cells, the ARC.T cell ration was -6 WO 02/ 078731 PCT/ US02/ 10303 1:1

with 1 M\Apﬁlégalf)'eptide. Figure 29B illustrates the inhibition of

proliferation of s 2bAcein ﬂl@aatmehhmitionloﬂcmcﬂti@ca;bwatioﬁbgme@mc
illustrates the inhibition of proliferation of CD8+ T cells by PD-I :PDL1

i nt er act i onl:FB-glipethwapfas30Bsied by cywkmetHdSAbi ity of costinulation to
overco the S inhibitiaon .. CD4+ hut. not . + T.cell praoliferatjon by

oD 1o PO nt er iR 23A i B theaphBiion oy ke bbby e T vl | 5.
Figures 31 A-pyLi Byl t 8URL Ikl MRRASIEVAENI Ng assay used to
identify pr@tpykgp?ég\%?vz{esﬁﬁfdﬁ%ﬁengol sei gnar\l ng pat hway. Figure 31A

depi cts a schenmaFigure3f24Ah 4GS iRpsatothat e mahayismfofguien &iRe BBpI:BD<LIt he

sequences of a fragnent of human PD-1 (SEQ 10 ID NO 24), a fragnent of
nouse PD-1 (@SB@®aYy B qubrcysk)argsld t he peptides used in the assay. Peptides

dinth . t.h . tides. RD- 1. NQ:, 26);
Lot e o BT AL R TR ) o
29); PD13 YZfehRR et P3O ;an®PPDLLY2 (SEQ I D NO: 31); and O her Pepti des:
PD-1-K212_ (SEQ ID NO 32); PD 1-K212D (SEQ ID NGO 33); PD-1 K335 (SEQ ID 1

~ NO 34); PD 1- RagsiPq dEagratcs thoabibi) of anpbadies @i BD41 t¢ Stkibit thefNmeragdyn and PD
1 Cail2 (qutl D PIB_ 13%# lSilgure 32 A-D show that inmunization of SJL/J
mce with pPotEstFhMY ‘U[) i'n (PLP) in conplete Freund s adjuvant (CFA) and
PD-L 1 Fc (on t h@ig%ge/zpfuds he abill ANt I IHRIPBLISEFcRE ekdck@ai!diQasind
cyt oki ne secretionm by |ynph node cells. 20 Figure 33 A-D show t hat
i muni zat i omueine Bdddeloffexperimethl quan@olne@ncepbalotryichiti{. PLP) in conpl ete
Freund's adj uvant_ ( CFA}ZM‘and PD-L 1 Fc Eegn él?e qla% of. i mmuni zati on)
att enua®s prol i Figuassii-abR iIpraRithretict Pk PdnF Iy 1dpieseHoR gn ritotic cell

division. T cells were labeled with CSFE and stimulated with ctrl.Fc or mPD-L1.Fc

beads. At the indicated time points, FACS analysis was done. Live-gated events are

depicted. Figure 28A: CD4+ T cells. Figure28B: CD8+ T cells. PD-1:PD-L1

interaction results in decreased mitotic divisions of both CD4+ and CD8+ T cells.

25 Figures 29A-29C illustrate the inhibition of both CD4+ and CD8+ T cells by
PD-1:PD-L1 interaction. Figure 29A illustrates schematically the cell lines and the
experimental design. Stable antigen presenting cell (APC) lines were engineered to
express GFP or mPD-L1/GFP using retroviral technology. 5x10* purified LN T cells
from TCR transgenic (Tg) mice were stimulated with APC plus peptide for 2, 2-3, 3, or

30 4 days. Forexperiments involving CD4+ T cells, the APC:T cell ratio was 1:10 with 10

uM PCCEF peptide. For experiments involving CD8+ T cells, the APC:T cell ration was

-6 -



Figure 34 shows that MOG i nduced proliferation fromspleen cells of MXG:
i muni zed C57BL/6 mce was attenuated in mce treated wwth PD-L 1 Fc. 25

Figure 3 at anti-PD-1 anti body can reduce the se j f
Ryl L PEPIVLR i e

adopti vel erred experinental autoi mune encephal onye _
Description of withe rhiv2ttal fRptide) ﬁg@etzggrluﬁ@ratelaehdornﬁmwﬁdﬂpr&naraﬁsﬁ gfi zed B
| ynphocyte activation antigens, 30 e.g., B?-1 and B7-2, there are other
ant i gens on GDve T uelisanePdf]:Riddlilgeterasties ehigired 9 eil lustrasds thé inhibioetudfat e
costinulation of i.nmmu ells or._e , PD-L 1 and PD-L2 have _ 7. WD
021 078731 P@Wlﬂg@é?‘l@géggbgéﬁuﬁEéhg'rzgggtgg‘tqrf‘ﬁ%ds for PD-1 (Freeman et

al . 2000. J. Exp.: . X . i@ o nol ogy. 2:
' 261-268). |nmmune F(':%?%s a@%gﬁguégggtéﬁé;@ﬁgﬁ’tff@é%‘rﬁh t atg{};?%/%%)ﬁﬁgﬁgs?gnal s. For
exanmpl e, 5T Ggllibisiohav EDE+dRL hotr@DEPTeER pastiderhtien BDBDcloPPLIeXintetctiohl s have B

. cell receptors, and 5 eloid cells have Fc receptors. In addition, inmune
cel |'s bear Fepupddhs C@%T eellendingure 30Bn &IPS+ The’llspr ovi de costinul atory
signals or receptors that smt signals,that inhibit receptor-snediated
si gnal i ng. For eio%?séx%&%ﬁﬂfsglﬁ@rﬁweg" l_cﬁl&'s? fcﬁﬁff"é?%?sﬁayslilsﬁﬁgqo'd%t_l cel l's.
After |igatiofe@f idvBRed iff fle!PD-S SRR pdih WAl iTPuef: | ARRBictesithtBatidofahe

costi nmul at 0|Py signal characterized by, e.g., upregulation of IL-2ra,

| L- 2r (3, andtepkof thy assage pignre 3 IMdé¢picts drsequenceasndarfragniennoifunian-PDigSEQnger
RNA, and increased expression of cytokjne ]i%?e*rﬁf)s gi ncl udi nq_ IL-2, IEN-vy,

GV CSF, 18nd IPNEOa34), airagiaent 9§ monsoF D (G644 2ot JddhgRentidas sHdn thie cel |
to progress _thro . L, C L:pcd. 85 YT
proliferati 3?15%' Grlrbg@m[‘e?gfe@qétthea%@.g&?w%g%e) f%e.phpé%ﬁq 1 lofﬁdlg); §§)9)2.6)’

Bi ndi ng of @p-¢cept BEQ@MDNJ: 275 PDUhi¢HSEQaDINO 38)aPDOk Py YSEQ ODWGI gnal to
the cell (e.g., ligation of a 15 costinul atory receptor that |eads to

cyt oki ne se@OstRIdA_¥RAA(YEQ pP NOf ¥ aRPdn YBHSERADINGe$ 1)y ansl Othenbeptidas:| y

nol ecul e, s I SyLt s, j il atl 2 1h i oy Dt of an
interacti on_Lt’tﬁ'tl :g%l?[—}a(lsg(f? lfDaﬁf)l' 35}r§peg-tj‘§@§ﬁsngs R@D? Bl]%arluﬂlegg Srdgggpo{bor

that tr QPS MN@S: #)CPSH RubaHSFQIDAME! 39NPAN CEIUNGECLID NOESH), hitd PD- @
downnodul ati on of the™ nmune response and/ or specific unresponsi veness,
termed i nmure Ceal2 (SEQEDyNO: Bhhi biti on of 20 this interaction can be
acconplished using, e.g., soluble forms of PD-1 |igands, antj .CD28 Fab
fragments, anti bdd®¥s 38({5’*‘@75-}‘9""& MgugEZagon %‘%-ﬁ%@%@é”‘ﬁbprpﬁ’h%‘g%ﬂ?‘&r PDL
1, or by usi . S A Qfi: W f.am ! r
mol ecul e carfl B R QI EEIAhTs B RaiiERR) By POLPh oy b RUnZRINS
shown her ei mteagRatmolifdation ahd bytbkiae seceslivadytli@ph nbdy @&tlki on bet ween B7

fam |y nol ecul es ée. g., Br-1, B7-2, PD-I~l, 25 and/or PD-L2) and _

costi mul28t ory nolfdaye 3 A-D.sow tpmmynizatienak $Hal B Withpioielipid profgin bi nds

to PD-L 1 . PD- L ] ' .
cffective wHERPLE s RESPT SR8 AR AR GRE PRAFSRNGn el B BRI
to costi mul afi@hyatéfrekfet£idn AAY Bytakine sdte@ibnibyepleeh c@lts. on i mmune cel | 's.
Activation of CTLA4, for exanple, transmts a negative 30 signal toa T

cel | . Engagenent Kgur€ByAkownthabMQG indugedyrolifigratioodroamsplesarcellhelle (E el |
cycle arrest, (Kruy Al.lison 1996) J. Exp.,Med. - 2533). In

addi ti on, m‘Eﬁ““_‘ﬁZ}]}e&S\%{;@%’“ﬁWW “Wéﬁ‘ﬂﬂéﬁ‘ﬁ? ffﬁ%ﬁ%wftﬂﬂ)l' Ei}é‘k CTLA4 devel op
| ymphopra i f er atipg, di TARP DAL arftibods cahdRRce tROMAELY oB addphivel
V\aterhouz(sse et al M?”’%Qﬁ% é‘%%:l‘hgtnce 270:51980.0 )%'%e bl ocgkade ofMCTE l\/\\//ietyh

ant i bodi es nighsfedR® ¢epaimdndablioirmmynsergephalomymitsas aggr egati on of CTLA4
with antibody transmts an inhibitory signal. Therefore, depending upon the
receptor to 5 which a costinulatory nolecule binds (i.e., a costinmulatory

. receptor sucf a 8 or..an dnhibitary receptor such as CILA4), certain B7
- nol ecul es | n@?‘ﬁﬁ?g;@% iption ogéﬁp%'.k%r'}g?ke{ T cell costimulation or inhibition.

PD-1 is a menber gfadifiRnitotHetRali oW éHardcadiztdy BAy miRdseldctvatidndhtidénset al .
. (1992) E~1~1BQJ. 11:3887; Shinohara et al. (1994) Genomics 23:704). PD-1
was 10 pievi ogsBy-li aedB7-2) theteass otherantigénsroaché snface ohamigen arssentimgsebach

designed to identify nodulators of..progra cell death (I1shj t al. (
1992) EMBO JWHTB:"%%‘#&-‘%QSUVWF%'HP@FE‘P“ ??e'i"?ﬁg%sxa@pﬂ% ?’b’%&ﬁ‘.“rkﬁ%ﬁg‘bﬁVBl .

| mmunol . 200:137). PD-1 is believed to play a role in | ynphocyte survival,
e, g., during clonal selection (Honjo (1992) Science 258:591; Agata et al. (
199b) Int. Immunol ogy. 8:765; Nishinura et al. ( 1996) Int. 15 | nmunol ogy
8:773). PD-1 was also inplicated as a regulator of B cell responses
(Nishimura (1998) Int. |Imunology |0:1563). Unlike CTLA4, which is found
only on T cells, PD-1 is also found on B cells and nyeloid cells.




The fact that PD-1 binds to PD-L1/PD-L2 places PD-1 in a famly of
inhibitory receptors with CTLA4. Wil e engagenent (to produce activation)

of a cost i nul 20 receptor results in a costinulatory,si L, an

i mmune ce‘hwzﬁif‘g%e@nt of an inhibitory receptor, e.g., @t&g@gph@[}l (for
exanpl e by GeQSaédtiTtedns ligandd Yoo 19Fadentai et 8. Q000 USIEXD. Bedadiloony) , | eads
to the transm ssion of an inhibitory signal in an immune cell, resulting in

downnodul at Letchwmén enatude0 t eVarureponedaya@d2or-268). | nmune cel | anergy. As

shown herein, Agents thaH i nhibit or reduce.the int e.raéti gn betw?aet} B7

fam |y 25 member §npgng cellsgave recepjors thasfyansmil aeirvaungsigpass. LaLeXampiayili or y

. ol ecul es ( o\ nayCTlie rlepfold hadnE P RMIEE BEcliTHIRD EAPRRBAER. anh! | €

transm ssion of "an inhi |Pory si gnal leads fo downnodulation 1n inmmune cell

responses ( aydloid ectisHaté PYredemoiRD dihlhadition) immunb eclisviantdceptonsuia tragspionse) ,

. the prevention of an inhibitory signal (e.g., by using a non-activating
anti body agaignals ttrRppmyvide costimwateny pigaaly Or reaepters dlat frapsmi signalp diat tinhint

i nhibitory signal vi.a PD-1, . .for.exanpl use it does. ros ipk
Po 1) c6 ) Tetosrmre oS aha® R Rl f PEtL eS| BaRr 10 T
upmodul at i oge)Rf AfEFURSHIGEH thé TITER &R0t ApMtiEn 6LSPLS kGl rDebdlimllatiry of an
i mune response). The instant invention nakes avail abl e agents useful for

nodul ati ng &faal chiecrekEObY, bet, WpaspuRitod ofilld 2id, $L+2aB WwndlIL+ Argaselftsy, (e. g. ,
PD-L2 and/or PD-L 1 ), and 5 agents for nodulating the inmmune response via
modul at il®n dfcreaned iranseriptiom S AL BemevsereePBN/A, anddnercappernreasien ¢isytokine

Exenpl ary nodul atory. agents_for use in these nethods.are described further
as foll ows. gpmsilnslugmggé-%ﬁﬁNﬁDGM-%fgPJ%@&M%%W}%@&W&HWO&M es
10 In one e i , d i e activity
and/ or expré ggoarllnl%g{s d&&eﬁq?gtgg%g@g%%f g?ﬁ IT_E@ éﬂr?gl l{cl)llrt: l%é%_@%‘ Jr?ﬂcl eic acid
nol ecul e.  ppafigEatby (GrebifigidleRD-(L29ITHiORe P Dnkiuadidl £88PD-Bindiugbea c aci d

mol ecul e. I'n one enbodinent, the isolated nucleic acid nol ecul es of the
present i nveerepionoeadotdl vehikdairgnsnis appstimulaiory pignalde thprell (pg), yigetiniafdés. The

PD-1 ligands, PD.15 L2/P | ecul e are nenbers of..the BY 1 |y, of
ol ecul 35 8 ETPEE R P 4fods B B BB RO pligErA iy BRTee
donai ns, | gYydqiBiisiyanslet 18 sheasomRi INfesulkGY BQIBIIBSOR MThdshmhltiferdomi ns
are art recogni zed Ig superfanm |y menber domains. These donmai ns correspond
t o struct ur ahteraotidrsbatiwedn HRY éangilysmidlectlef pichian§Dplat, tand ageasator gt irgnshutsds. |1 g

folds are conprised of a sandwich of t 3 sheets, each consisting of 20
antiparal | el CQS‘S’%‘W&W&%S‘SFE‘%QDI‘B IRRYRS C%\'@%&é“ﬁ/\ﬁ“@f&é”@&ﬁé‘@\?@(??a\eéﬁ‘m"\%ae bond
bet ween t he b0 : ﬂgm [ | g,
TCR, and Wéé%g?%?ﬁ%s Sg‘%}ire t%sggfégé@%%sygéé‘lé’e% segﬂgerlllc%ggéﬁ? ? (Fam;i h’smg%fg are
cal | ed the @His$@érapdidnndan belecdngplisharudiryyielgy, soldbleeformgéef Rdrdigaadd, ahdi- wi t hi n

ot her sets. |IgV donmai ns al so_share sequence patterns _and are _cal]ed V set
donai ns. Ig\f&ﬁ@hﬁa%@hé‘ﬁwleﬁ%w ang/og Sifad-rigtiberhesr g fiR-54 2a¢far PPonal

[ f ~3 st o
et 11 od. APL0 oyl BeUHT R ot IR mds b S RE b ARGy on
192:1027; Dayigh &ta @mpetid99inhlbador (£g. MeUi 1CIgNE€ TLAA D6 As.shéW e heRin)agehtsthat
naturally occurring FPDL 1 sol ubl e polypeptide, 1. e., having a short
hydr ophi l'i idhihﬂionreaind?thointﬂaﬁmmbﬁbwmfeé)ﬂgmlmpobﬁdeﬁ @&l 42t DHdrein
pol ypep(iSde, ot B Yysnd 5Pt Sonteskeuo erbang t of SeC iy Tyoredie Oc! o1 &
transmenbr ar{ﬁ%?)’?ﬁhﬁ%@_fﬁﬁgt PEEH/Gr EI9TD) BecrERE Fhififle F&F&%E 8hdaRSaftlRulariy M (shown

in SEQ | D NO: 1 proteins conprise a signal sequence, and an | gV
domai n and agifebg¥e Whernised aflthe tiviegripringegiuence of SEQ ID NO: 2 is shown from
about amino acid 1 to 5 about amno acid | 8. The si gi;nal se u%nce of SEQ ID
NO: 4 i s Shown f r JhibHGT reeRpiGre TREPIAd 0 EestiEmiAiery ARpIRTediae SHO DYtk | gV

domai n of SEQ | 215 sh . ] i 1no acid
134 and the ‘%\)‘?&glor?&i‘ﬁ‘“b"fngéég)|‘{§‘ﬁ@'§p§§%€ﬁ‘§hvm%¥ ?}Eefnrg?pé%gha%?%ﬁ?%gé%g% 19 to
about amyo @gialtold# cellNEndagemeRBIiaTIONS SRDids DL N0sradiictior Aadwarf ihdwoeakliut
amno acid 135 to about amno acid 227 and the 1gC domain of SEQ 10 ID NO: 4
i s shown fromckboest GrimoechandiAllaen {I998bbutxpaMedol 8315432 An addiienHyige ophi | i ¢
tail of the PD-L1 exenplified in SEQ ID NO:2 conprises a hydrophilic tai
shown from about amno acid 228 to about_gmi no acid 245. The PD-L 1
pol ypeptide exenplified in SEQ ID NO:4 conprises a transmenbrane domain
shown from about am no acids 239 to about am no acid 259 of SEQ ID NO: 4 and
a cytoplasm c donmain shown fromabout 1 ~ amno acid 260 to about am no
acid 290 of SEQID NU: 4. Murine PD-L 1 nolecules were also identified. The
murine cDNA sequence is presented in Figures 5A-SB and the nmurine PD-L 1
am no acid sequence is presented in Figure 6. The present invention also

T b o o ~ees 8




PD-L2 nol ecul es have al so been identified. (Latchman et al. 2001. Nature 20
| mmunol ogy. 2: | ). The nucl eoti de sequence of a cDNA encodi ng human PD-L2
IS provi Q ID NO 38, and the am no acid sequence PD-L2 is
provi dedqggogégg NO 39. These are al so avail able as GE'II’)I @HE%@@SQ on
nunber AF3444h2thck DTIA 0&RE10pNyhplicHibiderative diseast 20031 erNAL(U9SS) Iamnm) ogy. 2:
261-268). PD-1 nolecules are nenbers of the immnoglobulin gene,

super f ani | y3:5Phy Wagshquse bt ala(1805)afcience 289985)ENBObIckade S8 ABRithohar a et

al . ( 1994) nom cs 23:704: LJ.S. Patent 698, 520).. ha tracel lul ar
regi on cont aﬁ%&si%ﬂﬁwg%%f W'@%ﬂg?ﬂﬂﬁve@cﬁgﬁfeﬁ%m&? (fsfr(:ﬁs’ﬁae(% ane

. domai n, and,aihddptfanGhitd A Rhitiee) Q8ndl "ThateioRd d@RendHEUMR FSEREG o to

tyrosi ne- baged ighllraglgl?ory m)}t ilfgj(l%ll\/p. Theogg f%katures al so déeb:‘ii ne a | arger
fam ly of molhidhd @stimubitdre andlémld bmda@ienhicbstimulytoryereeqritarsich whCOR8 at s

i ncl udes 30_!%24_98, PIR-B, and the killer inhibitory [ecept ors (Kl Rs;

(Vi vi er and inbalifasy receptopsuchiagqlAd4), cerainB 7 motegales including B d r258 8 t hat
t he tyrosyl phaspheryl at ed .|l WO 02/ 078731 PCT/ US02/ 10303 notif of

t hese rec_eptTpC?g Clgﬁf"e]ér{lgl@(%ns&vh 1PIH)WEIDQ-dorrai n containing phosphatases, which

| eads to inhibitepy] syMahber o‘Ftﬁdﬁhﬁﬁtﬁnd@ioﬂuhﬁ$ﬁnilclf‘mﬂ61eﬂlhlb@(l§lﬁda’etFaﬁCept ors
bind to MHC nol ecul es, for exanple the KIRs, and CTLA4 bind to B7-1 and

B7-2. |t ha$l993eAMAQFoeiB87hShinoliaea ef d/s(189PHydnogeaseddi W4)-ePRtl washi p
bet ween t he MHC and B7. genes 5 nry et al. (1999) | nol .. Toda
20(6): 2é§- sprevm@@dde'rtté%ﬁiua@gééilﬁ"g?fé%n SF’“EI:&%(S?"ZE‘P%’%WHHF%%@&’ I‘%“ﬁﬁ 10 and

11 and th ] ' f [ ' I3 NGy I
shida et aroo PSSl PRRRATRE R L bl T g I ) tanom co.

23: 704; U. Swdétahentr &, 6985 62ay. TiRDMicnés! preminol 2D§: 13 de Dl iiebeliesedhy a
subtraction cloning based approach to select for 10 proteins_involved in
apopt oti ¢ célay agelsin lymphoeylesurdeal .- deringerienah selection (Eame(1512) Srignee

CD28/ CTLA- 4 hiya of - nol S n i Ll i D-LI. Like
CTLA4, PD- 12E§'I§H’;1’p/?‘%ﬁt%/eti r’ug‘ﬁgg‘ﬁ 16};%?%8”@?@% 2?&%‘%’%‘&?@4 Q@rg @g]ggnse to

ant i - CD35 ( Agah@ansbgiB:77§)L 39 wtalsolimpuoéd ash réSSlhtor bNBGeNtespsiiset 0 CTLA4,
however, PD-1 is also induced on the surface of B-cells (in response to

anti-1gM. PBishimgagl98) éxphesswedgyr 0d 563hdénliksfCHEA4. whdtistfeundaandy ey dl oi d
cells (Agata et al.,.(,1996) supra:. N shinura et al. ( 1996) Int. |munol.
8:773 ). VarcFl_g%gﬁéEtfea&osgB%d ?’ﬁg qenﬁé’?ﬁf’f‘ﬁag’_élrcgﬁﬁlescri bed in further detail
in the fol low ng ﬁ‘ll:'z&@%a't FPS} biafds b PISILIPBIL2b1acts PBSEH BRRIHS idHiSitdrgr M
"imune cell" includes cells that are of hematopoietic origin and that play
a role in theepronuwith Cd3pehnsWhii¢ emgagemens|(losprodiek ackevatipmpdfocsosemplagugh as B
cells and T cells; natural killer cells; nyeloi

X d Flls, such as, ogxtes,
55 macr dBhageiePioB sttt fostimylaiary signplin a8 5EBpAF AL, engEeRIERt A28 (Y BLOT A
d h in, t T N I i t
(e by e edehft ST TLAGRY PD-| 16} HERRICH) bRsARRINLTA oF afereldonl €70 07

cells. The tu@rn?a]i afftbddyd Iegisitt tHeuh@smizoioh ol amalhjigtoryl sigygén dn ehiluse aolid T

hel per 2 type T cells. In one enbodinent, a T cell of the inventionis a
naive T cel Iresulting in depnmedulaion obimsannsrcehaerpoyses endforis| immuyng cglhanergy.

oo TN B oy A A R DR AL P T, |
exanmpl e,35- 12nembers (e.g., B7-1, B7-2, PD-L1 and/or PD-L2) and inhibitory molecules (e.g.,
CTLA4 or PD-1) also modulate immune responses. 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
(e.g., by using a non-activating antibody against PD-1, i.e. an antibody that does not

30 transmit an inhibitory signal via PD-1, for example because it does not cross-link PD-1)



V1' O 02/ 078731 PCT/USU2/1(13(13 activated T cells express markers such as

CD1 S2 and CD1 S4. Activated T cells also can be characterized by their

enhanced il o produce cytokines, proliferate, or pe rtain
$tabingat bpElgh AP

effector . The term "antigen presenting cell"” inc
pr of essi onaly, mithiged1IPI@aedtiphtdaftibs of Bniunc &1l KERINSEYaRda rdlORPEY L €S,
dendritic cells, Langerhans cells) as well as other antigen presenting
cel | s (e.g. upheddntioroafjanammusedesphede).al cel ls, astrocytes, fibroblasts,
ol i godendr ocyt es As used herein, the rm " prijgng” incl.udes exposing an
i mune cell, e. g?r,he pstpng gyventigngn Sﬁ?ﬁ‘lajigr?g{:%tsﬁﬁ?ﬂt@g"?f?“ EpgthSted T cell
(a nmenory- ef c 1at,. | b , ,a el K e upon
reexposure tl%gr% %tggnabr?t?‘lb %ané[?%apgztsﬁﬁ@e Ihgaitg?ﬁ[e‘& lﬂ?'thQ gy\})gl(i)sﬂ g‘fsw’%agel ectin,
whi ch cagiseggd e }ﬁbdhl%ﬁh% eel iddnfunk hEPUBsR Viy olulRAes 5f thhd¥@ciorCidtveen
~specific for any given antigen are few in nunber, do not exhibit high

anti gen respinilwades®D-AhdndPIvdt Exepipbsy nexdnfasore apentk for ssd mutheseonl y on
activated T cells. As used herein, the term"inmune response” includes T
cel | nedi at @ethadsasrdeseribed furgher asdaliotSsed i nmune responses that are
i nfluenced by nodulation of T cell costinulation. Exenplary imune
responses include T cell responses, e.g., cytokine production, and cellul ar
cyt ot oxi ci t pp.| nigddd 4ddoPD-1t Nucleds Aidnd Py RpidE®LIdciiel udes i mune
responses that are indirectly effected by I cell activation, e.g., antibody
product 10n ( hunodmbne aspuisent) a modulatory egant osefidfforpodidaee the gpovityiand/ocel i s,

e.g., 20 nmacrophages. As .us rein, the term _costinulatory receptor”

i ngl udes re@éa‘gﬁﬁ“g‘ AHRA ”l'!?g%ﬂsﬁnggégt}'ﬁﬁﬁp%ﬁbpp']si‘%%w agid “&)){?Cr\ff’ung cel |,
e.g., CD28. used .her ei the tergn’y nhibi receptors”, includes
regeptors mﬁﬁgﬂa@ﬁéﬂﬁﬁﬁ‘épﬂé%%%ﬁ%%ﬂQﬂgﬁﬁPﬁFEe%X“P _%ﬁ?%g?km?%.g., CTLA4
or PD-1 ). An 'n?ﬁ ghé%E’ocﬁhgxﬂa{he%latt&iimegadWol@dﬂllés'bml@ Pri¥ett mO&RRMOT 25

can occur even i costinmulatory receptor (such as CD28) in not present on

the i mune ¢atddea@nkarydbthuBD-1L3, FIDAL. IsirRD-Y palyipepiiddsoTheo D-ddigaads, PIbn bet ween
inhibitory receptors and costinulatory receptors for binding of
cost i nmullat oly2/Rbtet ulogsuleFadré memberseif tiel B7 fantifod) maleciiggandnbare argg1t20S) .

T i SSi f i nhi bitq ignal  t i |1 It i
e TSN KR NN TR .
Pr ef bly t 1,S§l f -1.nhi hi .S :

e, ARl LBk oSO ok e

mechani sm t ha

"apopt 0si s" THaed AsREnEREsEonaRE strddural WsARABE 3ikti RCTIHINEPHAltdDS O leddy |
death which can be characterized using techni ques which are known in the

art. Apopt otfoldschl foldieat toromiset of & bendaithesfi twed, sheelg, gachyonsadting ofr i nkage,
menbr ane bl ebbi ng . _ _ .

20  antiparallel B strands of 5-10 amino acids with a conserved disulfide bond 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-
25  domains and form an additional pair of f§ strands.

Two forms of human PD-L1 molecules have been identified. PD-L1 is described
in (Freeman et al. J. Exp. Med. 2000. 192:1027; Dong et al. 1999. Nature Medicine.
5:1365). One form is a naturally occurring PD-L1 soluble polypeptide, i.e., having a
short hydrophilic domain and no transmembrane domain, and is referred to herein as

30  PD-LIS (shown in SEQ ID NO:2). The second form is a cell-associated polypeptide,
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and chromatin condensation culmnating in cell fragmentation. Cells
under goi ng apoptosis also display a characteristic pattern of

i nternucl\gﬁ%?ﬂgjlnPNA cl eavage. 5 Depending upon the form {:Tﬁ]@&/rﬁsl Ilgand

nol ecul e t nds to a receptor, either a signal can be transm

stinulated fg, mawngsa/translm&ﬂurmlaaatcyt@ldﬁn@é dndiR - rdfeklc8 aRkroml .6 PO-E] Mhat
results in crossllnklng of receptor) or a S|gnal can be inhibited (e.g., by

a sol ubl e, (sbawnan 8hQ HONDf a PD-1 ligand), e.g., by conpeting with

activating forns ands for bindj to the r tor e t here

are instagces inpméﬂ ﬁ%cogmfﬁsﬁé'%i Séﬂmnéeeaﬁ aﬂigg P%l%%@@?%gér) _

effects of §higa maﬁ*h%ggnaps@g eg‘l obY Sgggﬁtﬁoczaﬁg sBSw RS ﬁﬂﬁ%ﬂé%&ﬁthg using
ys ‘as des

I'OUtI ne Screeni ng ass cri her el n use erern e term

"costi mg at mbomnmhxorz&icbrien"c‘he dignal sasqmmecszlsm I[mNIOJdmshbbvﬁ fedm hbduy ainoa
costimul atory nolecule to provide a secon non- activati ng receptor
]

nedi at ed si gndll to ab‘”‘ﬁéw@%%ﬂ“&ﬂQ)r"\l]h‘-‘slgéhéﬂmf)mpﬁﬁEQl IRNOesis 5 framaabpein or

ok e oo Pl o AR g 30 R e THL SR S PP 0 S 7
cel I -recept gbmduediilo 2tAN3! 1o abSTARENE R $34.MBle RAVRAE 6T ST [B NELis

recept or rredl ated signal, e.g., via an activating receptor are referred to
herein as " shevinvrem dbputramieo eafl 1135 1o Autismihokeidd 2T ,antl tlee g€ dontaarcof SEQi ng

ant 1 geni e, 1o NGRSy st mlaﬁ{w%fagﬁﬁ%%ﬁ%fm 85t BP0 B 0o TRAEY BORHIBS.
Such, act | vabiing . Pat OhanipgkyAESTOIBINODIBRRKELS (A Shus gsggtors

(BCR), cytokine receptors rece tors enment” receptors,

receptors. HReut amampdoed 228 walbbutransiaptad 248r @h@PBsIehiaolmpTde e;kdmsplﬁiad ifr e
associated with CD3 nolecules. T cell receptors are stimnmulated by antigen
in the cont 8k IGFNRHccarmprisstip &anspembanagdamainshayn fempbowrmalinaraciey 339

changes. <. 5 U ubke A EastSEH HENSRR i Rl et oo Radr N T Ve
cyclic nchImtdo%lcaié%%b@%m&mdtzpaaﬁssopblNm 4changes, protein synthesis

changes, and cell volune changes. B cell receptors are present on B cells.
B cell antigen ré’b&pﬁd‘rﬁ;Ldlm@l@;utﬁ@rvmreadS@Giebeﬁ@vbeThen’euﬂmmﬁi\lAgec(whg:)lsand

oLher L1 anSTROLENE POPERUACS (e iR PISASN o he STanal oy,
10 081078135454 ORI RGP AOTR . D CVALL LI gt
activation, nunmePduk2 atvhrgles havecdlso been Blemakibd (Latchman etal. 2001. Nature
20  Immunology. 2:1). The nucleotide sequence of a cDNA encoding human PD-L2 is
provided as SEQ ID NO: 38, and the amino acid sequence of human PD-L2 is provided
as SEQ ID NO: 39. These are also available as Genbank Accession number AF344424,
disclosed in Latchman et al. (2001. Nature Immunology. 2: 261-268).
PD-1 molecules are members of the immunoglobulin gene superfamily. PD-1
25 (Ishidaeral. (1992) EMBO J. 11:3887; Shinohara er al. (1994) Genomics 23:704; U S.
Patent 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

30 gp49B, PIR-B, and the killer inhibitory receptors (KIRs) (Vivier and Daeron (1997)
Immunol. Today 18:286). It is often assumed that the tyrosyl phosphorylated ITIM
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i ncl udi ng tyrosi ne phosphorylation. Fc receptors are found on many cells
whi ch participate in i mune responses. Fc receptors (FcRs) are cell surface

recept orég,t)%%/g%ﬁzl Fc portion of inmunogl obulin nolecul es ﬁﬁg@gwﬁrg&ng t he
t

human Fc ave been identified so far are those which recognize |1gG
(desi gnat ed nfotif¥f Rese lebEptorsGistefabts withBFHL-B6mhin cdRAiINNY pHTRphAREs, VWA (Fc~a
R). FcRs are found in the follow ng cell types: Fcc R I (nast cells), Fcs
R Il (many leadktociphibitpry sk 4 gehset afphdse spmuapiahibitory Regpyprabing|taMHC
epithelium | .0 hepatocytes) ( g _ 88). 1 no o] : 185-86) .
The wi dely ﬂ%%ﬁugea’é Q@S\%}? @&%t M'\&Tlﬁr“%gm%d?ﬂ ?H&%@Edi‘%z’%“ and are
_ responsi bl e i I - : i i | pld| BgEakd on and
hydrol ytic gﬁ%%th?@éb%’le\;é;%pllﬁﬁn@%e[rllgﬂuggfaﬁlggihﬁgg%g@%?f}%ul\?félicnﬁfx@r&ine di Egéease

(Unkel es$, JHerGy eehl. 6l999) 8@l Huay 26y 283-8unol . 6: 251-81 ). The FcyRs

. provide a crucial_link between effectaor. cells and the |ynmphocytes. that
secrete Ig, 15 siThééu‘flP@%éﬁl‘&ﬂﬁf‘agﬁ?%d%]%@ '“p%ﬁ@ﬁ%“ﬂii@léﬁq bg?“q Bekocyt e,

and natural Kkiller I g i.fi,c
recogniti onaﬁléll |%f%éfw§§nﬁ%§&quqﬁ}éa%ﬁoﬁgt%§%9? ?sﬁﬁg\?ggéetaq%oelggéagf Jfl'eg 93i2)f ferent
receptors fenBaG 1 1h3§87y SRnohdre undl. ARIMDGERYESI ITREN: Opb Faes) 5,6D86Y0RI | (on
monocytes, neutrophils, eosinophils, platelets, possibly B cells, and the

K562 cel | | iPhe) waspreviralylidéntified upiKg e skiptzactine alonmgthiabest appaglytn sedgshfdrs, and

macr ophages). Wth r ect to T cell m,ssi.on,of . a costimul ator

o anal 8. apieteat mpREE weviiticE drithoP BEl RS IRd b bR eRATS G by
cycl ospori n%n%sxémﬁﬂdfam-ﬁ/mfn?olm A3t TYabRiig i e%pbmlu%kem‘swe
secretion (e.g., IL-2 ané or 1L-10) in a T cell andpor can prevent the

i nducti on ofPDdhiserapidhsindedtd s thosuface gEThcellhia respdus toanti D (reratyer a5 or
the induction of cell death in the T c As used herein, the term

I 1,
"inhi bitory (h?%hén’-"]”f'@f’é’r’-§3?Q§)-a“§‘ffﬁlﬁa$t%‘? CdhA s howeveni ED-Ans alshingpessign
t N ) i
receptor (e, sUr&Ié&‘JB.%éusg@ g)ersé%{&gﬁodﬂgg&g\@@ﬂ[ﬁ?@%l?% %{Hifé&@@d lglg LLtbeS%(gff.' 3i .

signal antagonizesS a Sign e activa recep

TCR, CD35 B@Rmevytdsand®lyeRid €dllsqndate 2Nall @996} supha; Nistmurd di.51996) nof
second nessenger generation; 30 an inhibition of proliferation; an

i nhi bition dhmanele8i’d?).function in the inmune cell, e.g., -1S WO
02/ U78731 PCT/ US02/ 10303 reduced phagocytosis, reduced anti body production,
reduced cellular cytotoxicity, the failure of the inmmne cell to produce
medi ators, (SuchvasioGyApKEEEBthetn@ntiod dre AbscRBEd A fubReH RELN in 1R foRbliid! C
responses); or the developnent of anergy. As used herein, the term

"unr esponsi ebeessonsi ncl udes refractivity of immune cells to stinulation,
e.g., stimulation via an activating receptor or a cytokine.

Unr espor8i veness can occur, e.g., because of exposure to i mmunosuppressants
or exposure t i oses of antigen. As used herein, the term "anergy" or
"tolerance"['?)e ! Qngrefractivity to activating receptor-nedi ated

stimul ati on. Suchsetd hereinytheyters“ig@mnme atll’yinalhide gestls e aefdf bermmdppietisi st s
after exposure to the tolerizing antigen has 10 ceased.  For exanpl e, anergy
in T cells (aginaedbedpan o @§8@WW§W$¢-3‘"€HMU%M¢E@S Iysyphosyiesof

t oki duct i Qer -2 T | _an :
exposed t o AT bus el etisiuch 5t oo TG Sy uobofliks. 0, 75 5
medi at edssi gRRrdphafest B&iPRRE Gastlells, aesyHId, Sidgh@luldegtegost i mul at ory

signal). Under these conditions, reexposure of the cells to the sane
antigen (even if Asexpbewinethesenn ST cell tindudes cpllebeaniog adicedl reesptor (CR).or y
nol ecule) results in failyre t,0 pr.qd cyt oki ne hu ailure to
proliferat e.Prﬁgﬁi@i@’ ’gl&ﬁe%ﬁgelidﬁ?“'ﬁﬁb@s/ﬁ ¥ G mﬂd??fz(&g%*niégﬁ% o{hfﬁ?’é‘? it ed
~antigens an i i u | j ). -2). For
exanple, T %gﬁ?ggﬁ%('?g%/efs?gﬂltgpéslgergledyggggrgl\}%% f{/ﬁ%g,k% Q@ﬁﬂocg H?Ll-n 2(J n%r oducti on
by T Lynphoenitedimant/eehseit efithbynvehli@Asamaby Tacedl; 0b.| i@ aattivataliserayemsiyng an

.indicator cell line. 20 Alternatively, a reporter gene construct_can be
used. FA0 exbedl dn oapemgpéiment, @di ¢ed! Gfshe inpention is an activated or memory T cell.

These cells can be distinguished using cell markers known in the art. For example,

a
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initiate I1L-2 gene transcription induced by a heterol ogous pronoter under
the control of the 5 I1L-2 gene enhancer or by a nmultinmer of the APl

sequence be found within the enhancer (Kang et a SC| ence
257: 1134)‘;‘8?'%/3%%%—1 | i gand protein and nucleic acid nol echfe@gcogrr%?l se a

fam |y of 23.flRACHLAR RpMsNBakRfsisabasCNd ST HRIACH 54ICA Lt kedaNEEIfsanotdagnal
features. Simlarly, the PD-1 protein and nucleic acid nol ecules are
menbers of &e tharadtgried bmjh@cmlescdda&bnlng te produgaytbksnesuprolifesdte, angeffam t | onal
features. The terpm"fa when referring to the protein and nucleic acid
mol ecul es i 53“%?5&%‘3 BCYKQ‘;"én two or nore proteins or nucleic acid

nol ecul es havi ng 1,qmn%g I f i ent
30 amino acid or T?:'uc eot | déénsﬁe}g%gmée grm lg%é; gg@%ﬁe(ffnlaﬁé]-g gﬁﬁp}eﬂgﬁﬁﬁ ané:
famly nenbess, Baylmbﬁodwetsumahcbqymr dendritio atlis; Bhigerimas vells) agwelhas ather be from
either the sane or different - 16 WO 02/ Ur8731 PCT/ US02/ 10303 speC| es.

For exanpl eantagernamsepn%wllééﬁgakwaanqqyreéterﬁptb@balﬁekb?r agfraeates dibreblasts.as wel |
as ot her, ftl ﬁ]prot eins of human origin or alternatively, can contain
honmol ogues G818 0r| gin. Menbers of a famly nmay al so have common
functional char a%s%é&héra% thIh'@rEDphnhmgaﬂﬂﬁld@l@é@bmhgqn hemahdlcell, 6. F,mambers of
the B7 famly of nolecules. The 5'term"B7 famly" or "B7 nol ecu

used her ei ncelhab adestxgmsto produed ar setivated dudeiga t’rhrator}s-h&"c&éowdjh@at:@ chpabbd ogy

with B7 poly tldeS ., wth B7-1, B7-2, B7-3 (recgognjzed by the
ant i bodJBBBOE elB‘?Wn%dsWélP‘?fEG\PB‘%“ %FXPO(S_“L@QQ)‘*‘@H}?H&‘FH t%’/a‘ifiﬁl%ﬁgﬁ exp&"ﬁé}’lﬁh PD- 1

|1 gand. For la?éPsz?' el&lﬁWhEﬁ %us@?gleﬁ?to%eccig e REtle gralm%dés 2Q%efi no acid

sequence identity When conpared using the NCB1 with 10 the

defaul t par %B@i@@slﬁ(:%myrgﬁ&nrmhgmamfé»h ugapnlm,rtai idteshibithightaneyérst ence 1 1
and extension 1 (See htéf [ www. ncbi . nl mni h. B% Preferred B7
pol ypept i desesap@slmssaaa & nqsrespiess ﬁgfaé@marlm fatl gnlgonjagtiyaad besiissi gnal s

to immune cells to thereh note _or |nh|b|t, For
exanpl e, when bodhd's F“i[‘%{%lo@???m} alosPer e wepte H'W‘ﬁ%?f cl%ll %Jndgﬁég&;%%?oﬁrcpu
costimuligti Qg nediatdd 1hﬂHi}lﬁ9re§b%hie§ tiRdt afeamﬂumab@w lodlMfen 6ﬁt kelFostimul ati on,
e.g., when present in solublé form Wen bound to an inhibitory receptor,

PD-1 i gandsostanulatiem skrempdary iimhiubg respgnsss quehide flocednesponseser & etitoking one

enmbodi nent, B7 faml ers bhind ta o or nore r.eceptors on.a

cell, e.g., Pradusgon, é\éégelm@égmt‘?*ﬁ'f‘iy ;Q(figgP'OBttll?ﬁFerV‘é nig respongg dn qﬁéﬁﬁendl ng

on the rece l: t | or a 20

costi mul at oﬁﬁlﬂ{mem Sn%pglﬁg?bm%é{)eécgg ff,éégfg} Zrcglgagtwghm’cegeg'%/anﬁll%%}?er red PD-1

mol ecul es arpﬁodlﬁriarbtlﬁmufraltremsmsj aridegtiaatidnndficpiok oreyresponsied cdlls, eam, i nmune
cell to thereby inhibit inmune cell effector function or are capable of
promoti 7§ coBITPRNAEES on (e.g., by conpetitive inhibition) of imune cells,

e.g., when present us(@)d %ngHP th% terip nc%@?xlhhfétgrg FJ@epth E@{’a%% géa-oé’b‘];@@l gand,

menbers bind to one nore receptors

and/ or ot heryBhe GWossmeRtoatigaato RiMHRAE celY ecgelctrszs amguset deeins dgueme e
identity vmth PD-1. In addition, in one enbodinent, proteins that are

menbers of d'igribitay mecreaws”yncdu@stﬁmn@rwh@htrﬁmi agegatine Fignaldo Ay HNMYEE one
or more other llf(f;jl g‘ lel" 4nct>)rei;D ﬁ)f O}\ 1b1tory srgnal as transduced by an inhibitory receptor

25  can occur even if a costimulatory receptor (such as CD28) in not present on the immune
cell and, thus, is not simply a function of competition between inhibitory receptors and
costimulatory receptors for binding of costimulatory molecules (Fallarino er al. (1998)
J. Exp. Med. 188:205). Transmission of an inhibitory signal to an immune cell can
result in unresponsiveness or anergy or programmed cell death in the immune cell.

30  Preferably transmission of an inhibitory signal operates through a mechanism that does

not involve apoptosis. As used herein the term “apoptosis” includes programmed

-
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WO 02/ 078731 PCT/ US02/ 10303 As used herein, the term"activity" with
respect to a PD-1 |igand or PD-1 pol ypeptide includes~activities which are

i nherent g oAyt ructure of a PD-1 ligand or PD-1 protei gard to
PD-1 ligand, the term"activity” includes the ability to ir;'rcno{%&zl(ﬁllg&?‘m‘rune

cel | costi nu¢ladéadnwhieh gan bbyhanadhrizad usigg sechoigtésmiiett arelkndivgiidtheiaft. an i
i mmune cell, or to npdul ate inhibition by nodulating an inhibitory signal

in an i munépepiptic cell death ¢an berchargrisrized, aat by &¢ll shrinkggemesnbrand biabiies cel | .

Feceptor - atEUPRam Sl Tsrelig fmirbuigk B Bafehdie” GRS HRREERRE Wnen an
activating hgspiosef alid'ldisﬂg?{ éclhdrﬂ.ﬁ’é}@tl@'pﬂl@e?nbPuﬁéinhcﬂ&BsQintaPDNN @9&?\8 er, an

inhibitory signal is generated in the i mune cel i O Modulation of a
costinulatory si Bapdndmgsuponghd fermof tHedRD-ddigand afoieeutedhatfbmdstto ameceptoan

|1 h h | ud h hi | f
2TPDLT | T gaRBaN EBELEn BE BBt of O HAa o DL ENGHEY e KBTI y o
modul ate | ﬂgrﬁabéungaauegms%ewgsl irhd ¥ Rl E)Rfr%o g&h%ﬁ %hbh@% gégg' ity

to nodul ate I mrune response res ec ern1 vity'
i ncl udes t hay abolhbreymoﬁmaleBDfothcﬁ afRD) ypgpﬁd)plegt by a@dFétatgav@mwmambg tory
signal in an immune cell, e. by engaging a natural |igand on an antigen

pr esentl ng &rms PWUl&aﬁdﬁé‘?fshWQlBg tnthe misepior. oflgweyegitheretare mstancemimehisblal in a

rranner ahnik 9 itor in_an inmune
ot r el sotit Rfetpison N SHmBIARY he At Srehe it ifitori e et | on by
an lmmne CBé Easnl?@exﬂaoﬁ@@te@'Lﬁﬁ)g@&hﬂeaﬁ:ﬁeﬁngQ%Eym&E&'i%dqiewl by conpeting
W th a 20 costinulatory receptor for binding of a B7 nol ecule. Thus, the

term"PD-1 acti vAs ysediheedindbstetrh&carpinuilaty” with aefBHaaéle tpohmymmptcelbhantloddm nd its

natural |igand ., he abilit dul ate i mune cell costinulatory or
i nhi bitory g] (j’&?a t%og%l?flf“fnh' ¢ |"i“?ci?%r}1‘?"’t'8 RIDHES & feondhdionmac KAl inedesspits e

used herein |« I an RNA
25 or DA ol aea et eI hnal YR IENES iy li?*ﬂ%‘é”@?sff?%fﬁ?&%“
(e.g., EMcoHesexampky{ bcastinpiatbsi signal é‘ﬁlﬂd&ﬁdmhﬂ(ﬁhd’&,se&ﬂuo@r&tg Seasecelintgl ei ¢
aC|d nDIecuIe conprises a nucl eotide sequence which is conplenentary to a
"sense" nuchasrecearadd Eﬁ@bfﬁcwo%lmﬁﬁ?hé\eélsr&"a’e Iglmet@Gﬁlrbﬂ daehrvarsceivsdatsellcodi ng
strand of a DNA,rme an mRNA
sequence orregg er @%@Eﬁt @ggogghélacag a[gl?f%cﬁa%é%deggrﬁg% Me"i'g 3 WO
02/ 078731 PCEB&MﬁQ@{rﬂqQaﬁBceﬂgcordl ngly, an antisense nucleic acid nol ecul e
can hydrogen bond to a sense nucleic acid nolecule. As used herein, the
term "codi ng reghensedriefain,she term Egitomsngfeceptoniichduddsdmmsmguelhreemonpr i si ng

d i t t t d du the .t
honcodtihg PeBhEn R RE st P ST Car 15 Ui ot TR CURaE e ARG Re. ot
transl ated jQifgdRgl Q&Pﬁeﬁhdﬁlrﬁtgff &ptorSinchiad T?celwg'ctce?gﬁi{)@l@dprc%ﬁlr&fag s As used

herein, the term"vector"” refers to a nucleic ecul e capabl e of
transporti n@@hhthekinamrlepﬁocs hBSdeaepioa;ubmplEmeMeodptmrts dndFchemptdrd. nked. One
type of vector is a " smd', which refers tg a circular double stranded

DNA | oop into V\hf‘Eﬂ?xi’@P ol dicFHl ERegPIoTSNgAE B'@@‘f?éﬁ{@ Gely anbarejasseeiated WilbER8r t ype
of vector i o & | i gat ed
ot v el o PR Shr L ) Sy ASHRATF Bl 9
repl i cap§ on(dsiwedl &8 @9 tpobelonal Teell adtivaiing feayensy) eTlclaIl noigie viaah@ TCRPact eri al
vectors having a bacterial origin of replication and epi somal nmamal i an
vectors). Ordsults ipaymerads changes, er&a,mr@tpnr\snhmhorwlmm imembrenstlipidghaages, ion

integrated iynto th t.ce introduction into the
host cell, Qﬁﬁest WéF%BS}Clgﬁlf”@ﬁra} 1% pa}r?)’ﬁﬁnwc?%cq‘?ﬂ%eshggfe“bg 'S Mor eover,
certain vecgpgr?esagﬂgeqmmrﬁe eflangéd ecting the expression of genes to which
they are operatively linked. Such vectors are referred to herein as

'reconbi nant ex pB@sH rexeptoeciro pesernon 4 eyiik y B'ceH pnegesi recepues treraomplex

. general, expression vectors of utility in reconbinant DNA techni ques are
oft en ||3|0th etwgeingmbrane Ig (mlg) and other ransmembrane polypeptides (e.g., [go and Igf).

The signal transduction function of mlg is triggered by crosslinking of receptor
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20 plasmids. In the present specification, "plasm d" and "vector" may be
used interchangeably as the plasmd is the nost comonly used form of

vector. Howe he invention is intended to include suc f or ms of
oWO\?é@%sJP]ts | Bc?ﬁf&‘ﬁfno&@f

expr essi such as viral. vectors (e. g. , repl ication defective
retrovir USeSrnolé’&?é@%‘y'dli%%ﬁéri@@ﬁmﬂﬂﬁx@ic%ﬁ@&ls@@@elM'cﬁxU&I@@ be atfvaell by@nye
equi val ent functions. 25 As used herein, the term"host cell"” is intended

to refer toimnmuabglobwimanibodies.alporcBERcactvatibmphimewheclshgethecimadhedllsn,

such as a rel%q(i@)i nant .expression.vector of the invention, has been

i ntroduced. ! Ing YRRSINGRRASPRALY IOy g~ * r econbi nant host cel | " are used

i nt er changeabl y rej I 513;4{} 3 : r ek not

only to the part?glﬁfdaeptosr%){l)rfz(g’&ldcog’lrﬁ u ﬂ?@%@%&?% e%@“g{r}n%%tre tolﬁgcS g?ogeny

of such 3 cekdeptoBe@aRsrardCelt aurfaae FecBpdisf for theiFepdrimyofaatiioglobslircceedi ng

~generations due to either nutation or -19 WD 02/07R731 PCT/ US02/ 10303
envi r onnent aholeewids(kasd eA mosg éhe pmngdipRsiteas hawe beepddangified so far predhesecal to

Laed her o1 nwhigh 1SHUEG Hesignarat B g teetF R biTEA TERBr 2 R imerised human

i mal , f I , f bl . > i ch
of the’ ool | 4eWrR (Fule BT e o RuGa BF BeTpiip BnTBAeSint RO IREE & e ©
refers to e@ﬁzﬁ@g}sgw%% I8 gﬂeﬂ{rgﬁ{i%’%gﬂ'%% @@mgglrap tthiux‘ﬂ, cell from

which a transg evel ops an Bl s 1 n the genone of the
mat ure api MHepathQtes§ AR, N. €1 988S Vb MGndINFoRH D% BSSEON TRE widkl £RGH@ dcgane
product in ong or nore cell types or tissues of the transgenic animal.
used her ei n,aracéhirahinlcejolasimrecmndeifenaed, andangaesponsblefer stionwatingghe sicagof
transgeni ¢ non-human, ani mal , prgf er ali)ly a manmal , re reLer abl. fa nouse,
in which an TasfigErsifdlaupaionpad hxde )ﬁICteé‘F)é‘Be%VVWB%I”&B‘gB? PEECBHHPhat i on
bet ween t he ] I kB into
acel I of 't HUIRTAF dReHEEnEls, ET, SHAORORKEA LM AR RG] BOST8F RS
devel opment iRt E%v%'a@hcial%k%%eh%‘f@bt@r cAR and 8% [3inPRodYiQ At Recréeligrs to
a protein that 1S substantially free 15 of other proteins, cellular

mat er i all5andimoelthemecropitigamanoeyte] by raorptonuctaar bakbdcytorng nasurat kidlebhiNK)
reconbi nant DNA techni ques, or chem cal precursors or other chem cals when
cheni cal | y s¢HtFeeRs cander anrelemen phsnseirficaecogpitionmasiptedibiotesi- tHypami ol ogi cal | y
active portion thereof is substantially free of cellul material or other
cont ani nat i H@u“pﬂ%‘%gﬁ‘l‘ée qti‘?ﬁ'ﬁ‘l S%éfiqr?mdgce?foéﬁ?éfl%@ﬁ} t‘i—:y ﬁ@?ﬂr\%‘ﬁ"ch the PD-1
ligand or PD-1 protein is 2 ri i . f m cal
o o P RS ol AL RocBiiet ROl e meRer c

' substanti a::;}_&fsiéf 98 <A, Gt ko2 WP Rhd)2hnd FHAMBRNIOLMRHAbANE, Of PD-1

. 2
ligand or P otern 1n which the protein’is separated from cel |l ul ar

conponerges ofosinophiehhdmhcrophaghs)ch it is isolated or reconbinantly
produced. In one enbodinment, the | anguage "substantially free ]pf cel lul ar
material " incl udedVitlsrespeghia Bicelim yangmipsion of 3 ¢psHputptonpsiepalgp ilese havi ng

253 1en 20t 307X s O AR 0RO, Pkl o 1

contamnat ng nore preferably

| ess than abgytimaR¥rpkighancaRbhduct cgaRige Q&crétidnl(epr, L & dnd/os TLI10) oy B cell
preferably | ess than about 10% of non-PD-1 |ligand or PD-1 protein, and nost

preferably | asiorichmprexbatithe Bekietinn-adDniespongieacssito ppigen ghe induptionsfanciehe
PD-1 ligand 30, or PD-1 of.ei n or biologically active portion thereof is
r ecombi n&ht | §F 1BF H@H&‘é‘ﬂ‘,&ircteh%gatgll%gleaf erably substantially free of culture

medium i.e., cul jup& redikthe @RAhCRBViRY SgRal” flers to a signal transmitted via an
inhibitory receptor (e.g., CTLA4 or PD-1) for a molecule on a immune cell. Sucha
signal antagonizes a signal produced by an activating receptor (e.g., viaa TCR, CD3,
BCR, or Fc molecule) and can result in, e.g., inhibition of second messenger generation;

30 an inhibition of proliferation; an inhibition of effector function in the immune cell, e.g.,
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WO 02/ 078731 PCT/ US02/ 10303 than about 20% nore preferably | ess than about
10% and nost preferably |ess than about 5% of the volune of the protein
prepar ation. anguage "substantially free' of chem ca rs or
ot her che é%/F’_Zk%Jl ncl udes preparations of PD-1 |Iigand or gﬁ?@gﬁl@?@i nin

whi ch the prsduetdiphagos e, addddedarftibody proRtwd), rdduegiueHalas c@btoRicite the
chem cals which are involved in the synthesis of the protein. In one

enbodi nent , failee plthe inmene ealbietpseruca Megiataradsush as lipiokings (et eldu)samdoror
ot her. chem cal,s" ingludes preparati ns ofl PDJf l.i gand or PD-1 protein
havi ng | essrr{eﬂ%oraggﬂrer@@ygspg%ea)r gr \%@l EYRIGPISIL QR BRI precur sors or
non-PD-1 ligand af 8L derGREME @S unfRpShsRIeREST aRluGet RIBCENB AR Ine 20%

chem cal precursors or non-PD-t ligand 10 or PD-1 chemcals, still nore
preferabfy cebssotstimnlanbow g 10uditem iakn petbating crceptor orraorytdhinegl | i gand or
PD-1 chem cals, and nost preferably |ess than about 5% chem cal precursors

" or non- PD- 1 UnresapRe! inesssan ogqiErh & aPecauseipd ekpqstie tg it PyaasHPPESSaRS her ei n

al so includ ! j - bindi: p i.on" b y (@ i sy

Tanti bogy el SMAAEIUOAL0M, PR Rerch, (RN o CDIGMBLY | i
refers to ongiwies FafRtiifya@nRnAingfre@ptonhd ety stiohahtione tSuch réthetidiy Isi ty to
specifically bind to an antigen ~e.g., PD-1 ligand). It has been shown that

t he anti genigemadalhoartigen-spesificondapersiats aftsn dypasure théheeletigingeaitipsn fasagnent s of
a full-length antibody. anpl es of binding fragments enconpassed within
Che t or - SERISGEb AR Ry RoR | ORI SROr LR RS HBR ) foa Fat
fragnent, a : LSt 0 CH1
domai me: | (1 A o P el Mg et
fragments | icelkede bypmedliiosintiperdadrecadgea fitst sigealtia Tgell regptonpr CDH nediafed

fragnent consisti n% of the VH and CH 1 domains; (iv) a Fv fragnment
consi sting &®Bneh& e ahseacepf assrenduen (coshmylatory signal. HaderdéSody, (v) a

dAb f | ; = ' i f
Vi domain:  SREOFY e drteths Mg i Atenalt c ot GBS LPRR ©F ©

(CDR). Fgrt hedsomied  abithinusint Meletive) @OUTR inFailire tRoducelch RBMRHERd, Yiusand VH,
are coded for by separate genes, they can be joined, using reconbi nant

met hods, by failusg ot prelifecat¢. i Arasgictheglls spmhiowsverhmountgesponsps de uarslatedsi ngl e
protein chain.in which the.VL and VH regions.pair t or.m nonoval ent

o ecul es (GGHS A8 St iypretiie oleyed SR IRBS ey fL- 25 IRy TRRRHR: TRHbgg)

Sci ence 242: 3 , B8tk & 1L-2 2288 tidRr IWBHocyi®ead. Sci. USA
85: 5879- sssﬁﬁag%gg@c%lﬁ‘ggérj%&gidégl%w% ?&998) i proHedROT Lytocy 778) . such

si ngl e chai meastreth oW EEES Apebph pmliferatordasdayt wsitgean iddicator ¥8M0ig2/ 078731

PCT/ US02/ 10303 enconpassed within the term "antjgen-bindi ng. partion' of an
ant | bodg® AfYieaLVae (PORETRFaR ERRSIF! BB UG Rt EYArERlFy BHETHY RSl BB Punmn

i mmunogl obul.j. S [ r i i

gener ate. oxp DaBIL ERE e lof H oy IR RS AMGRERS prdd (RSBl &

i sotypes. VhhafdLVlg&rrenharer rebyus@ditinter bfichegePiesegqtienea tiad cdrally fobndv or

ot her fragnments of imunogl obulins using either protein chem stry or

reconbi nant vBRMn thecenhance .anaehé/r(W@?hﬁﬁcl@fcegﬁﬁéllg“)chai n anti bodi es, such as
di abodi es are al so enconpassed. Di abodies are bival ent, bispecific

anti bodi es i n whiTldie PUM1 digandyprottimaridsiciicacedk proéesulies comprsesi faglilg ofol ypept i de
chain, hut using a linker that is too short al.l ow.for pajrin et ween
The two Momireckuds faedaman Shaiervedsiuftgy od Bnfisrdl Tealiend SibHEMIR o pai «
wi th conpl ermit i f | Y i i

b1 ndli ng. o1 £ 000 ( Jage BB nIcR acRbRle e tRPl TOTRHITE MERCPES WO ooy
USA 90: 6444-Rddstvedimiuicakal ail fuhctiedal &aturdd. Ih)tersi fanmilyt evhgn tef@ting 1. Stil |
further, an antibody or antigen-binding portion thereof may be part of a

" larger i murisa@ieaidancleis %M@?Fu'ﬁ%ﬁr‘r@@“% 1@ HiFan BHR OMOKsIHRISINg OB RYcleic
association of,th ntibo ar_ant | | M § apr e ot her
proteins orzﬁéb??%&égs%QgWHTg%n%?ngﬂ%ﬁggﬁ#ﬁﬁgééhggpg%“ﬂ%?@%&ﬁg§ﬁ¥%cIude use
of the siy epirdivbatid of Al@edtRIBIsCiuehee lﬁlﬁr}f(ﬂo%/ il eTiRB® héreinS Shuvh faphiBCmbRbers

(Ki priyanov, S.M, et al. (i 995) Human Anti bodi es and bridomas 6:93-101
) and use ofcaa beywtugillyeormesindtveallyzoceuiringrang et belommsither te: samewrthfferent

pol yhi stidine tag to nmake bival ent and biotinyl ated scFv nol ecul es
(Kipriyanov, S.M, et 20 al. (1994) Mol . komunol . 31:1047-1058). Anti body
portions, such as Fab and F(ab')2 fragnents, can be prepared from whol e
ant i bodi es using conventional techniques, such as papain or pepsin

di gestion, respectively, of whole antibodi es. Mreover, antibodies,

anti body portions and i nmunoadhesi on nol ecul es can be obtai ned using
standard reconbi nant DNA techni ques, as described herein. 25 Antibodi es may
be pol ycl onal or nonocl onal; xenogeneic, allogeneic, or syngeneic; or

Y Y T T



" The humani zed anti

-22 WO 02/ 078731 PCT1US02/ 10303 conposition” refer to a popul ati on of
anti body nol ecul es that contain nultiple species of antigen binding sites

capabl e ?\&#0%%7%“ ng with a particular antigen. A nonock,gp/%lsom%sbody

conposi t typically displays a single binding affinity for a particul ar
antigen w t Rpydies: IFdrexdnipTelofagiltcan contdia alfrstifietelresfhuntisraripig adl wehtak body™,
as used herein, is intended to include antibodi es made by a non-hupan cell
havi ng var i athes, distince presainief husminemigimr adtgrmasively eaasontatnelraseplegienpf von-

e Y SRS A1 NG Sy RS i PR S s
| noor por at e BEDO| AgkS dLRHBEY hite AR RCABERIIR BMTARCGRYbLsS TRIenCes.

dies of the invention may include am no acid residues

not encoded téryn fiBTréamibyeront B enolequlesd @k odedhereirs exgludos esstifnl gory noleadésons

i ntroduced bg tr andom or site-specific nutagenesis in vitro or somati c
?

b
nut ati on i n thatshare seqeneadiammlagy with B F@E)F@Ptiqfﬁee-ge%h"%haﬁﬂ'%&l%énti body",
3 herel A | UITe PR . ' veg
fromthe gerergBedfby fE R AL PR walloa 8195 BEAMRITRIE. L een

grafted ont qnitT®D-f ligdRWPOK eSARpIE MR B 1 ahdé BY At seredipptdradatély 2% used
herein, is intended to refer to an anti body that is 20 substantially free

of ot her antanboeadd sequencegdentity sthentomparedjusing thegHeA$T pragirans ay NCB! withn

i sol at tib t hat i.fical bi.nds,PD-1 |i di bstantially f

of Chnt | 003 ehe feftult B bR BRBlo s ettt PR Pl Fhapinee [y Y o

Mo , i t i. tially f f oth [ 1 ul
reover aﬁ}f"‘é‘gi"’ﬁeﬁ.ggﬁﬁm&M*’-W-"m“ﬁ‘%wn ially free of other cellular

mat eri al or c There 1s a knowi and definite correspondence

e e, 15,2 185 g4 B7MSRSELGE R EC A LRl

nucl eoti de sequences or ot el

geneti c codesidmiosimirhewlls thitheabySRombleasr énHibit éminANEelPrashotedsi Fok e
correspondence between the nucl eoti de sequence of a particular nucleic acid

mol ecul e andxampleamhapbeuniddo gegstondatopniseeider, BP-t Haandrags lirduge eestinulasioacul e,

as defined by..the genetic code.. GENETI C CODE nine (Ala, A 30 [ nine
Cr g RSho pRIAgHE SR o R HETRITE Sl e RS 0O oy e mifiepi ) O o
GCC, GOG G rAiGAvheA®sun n iff¥bitoyFeeeptde TP BAGigaids cddfansieh in THibitokfeT - 23
WD 02/078731 S 10 15 20 25 30

signal to an immune cell. In one embodiment, B7 family members bind to one or more

receptors on an immune cell, e.g., CTLA4, CD28, ICOS, PD-1 and/or other receptors,

and, depending on the receptor, have the ability to transmit an inhibitory signal or a

20  costimulatory signal to an immune cell, preferably a T cell.

Preferred PD-1 molecules are capable of transmitting an inhibitory signal to an
immune cell to thereby inhibit immune cell effector function or are capable of
promoting costimulation (e.g., by competitive inhibition) of immune cells, e.g., when
present in soluble, monomeric form. Preferred PD-1 family members bind to one or

25  more receptors, e.g., B7-1, B7-2, PD-1 ligand, and/or other molecules on antigen

presenting cells, and share sequence identity with PD-1.

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.
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GQutamc acid (Qu, Ef utamne (An, Q dycine (Ay, G H stidine (H s,
H) Isoleucine {Ile, 1) Leucine (Leu, L) Lysine (Lys, K) Methionine (Met, M
Phenyl al api , F) Proline (Pro, P) Serine (Ser, S) T i Thr, T)
Trypt ophg\&b?%oéﬁgs\) Tyrosine (Tyr, Y) Valine {Val, V) Ter%&ﬁ%?igﬁm&sﬁ gnal
(end) GAA, GAG CAfy usedrefela\the@sn “dotikaty’ Gth tApect @ PBTNligahlir PBLT CTA, CTC,
CTG CIT, TTA, AAA, AAG ATG TTC, TTT CCA, CCC, CCG CCT ACC, AGI, TCA, TCC,
TCG, ACA, AQGlypapiBle indndaGeE!ivities winkh agTinhergrGn taTeyuchra of iaRD; | igend orGa

PCT/ US02/ 10303 , TTG T ' and, wel | _known. f eat fLh ti
Code 1151 ts T WIaHc,Y bbbty PIF by sk iR Ry Slibe@e sblly 15" hukce
. proteins, ggﬁgcl)%é\}g)ﬂnﬁ’qlﬁe EQCLJIEmAKELE Y ¢ A8y mbliRhGhe ABOstiRRAREMsRHEin an

(illustrat erefore, a nunber "of different nucl edtide sequences
may code 5f orimmugie\cell, @nd nodalkatednkibjisarbyenodilatingrand hiibitorg sighiehinendmmune e

. considered functionally equival ent since~they result in the prodyction of

the same ani%h agi by sripgigdaatyialyeeepir 9a mymuneLel h Nhes 2B erEvating domunl sns

may transl at .seque fi.cl y ! .

Vor cover, - odisEPERUPRS TR TE B B dohieb o s pOARUIISN Sl lhiuedin
be found in (Re GhiiBRe CUIC! WREH &Pacs PSR Yo oBHERIPIBURYNAEbINGNG MAniBitodf f ect

the coding relationship between the trinucleotide codon and the

cor r espondi rreceptrirnan iabibitoryl signal svgeoérateden fherimguimgellt he nucl eoti de sequence
of a DNA or RNA nol ecule coding for a PD-1 ligand or PD-1 pol ypeptide of

t he invaoti on (orMadylatperdfiacostitnelaeoy yigaa rednéts usmddileticlesti effectoh éurleéDot
ligand or PD-1 am no aci d_sequence, using the genetic code to translate the

DNA or RNA rfflagcmmuing gelh Bhpsathe ssmadiler | digqudainity | mebides the apidity gy PPO- 1
li gand PD: 1- anj ] i ng;: ' t hat
e encode. A8 Ppfefsto BEAIRRNGR o FRIEIREAN MiQE b ASRRANSAN=E | 08

(whi ch, becas@mafatdry Sr [BhHBEAAENAls, Whé theRbORY ESmotblhie Pheinithiieaespoasd. d
sequences for any given 35 am no acid sequence). Thus, description and/or

di scl osur e her ei nWeh respeidd PDr haloteon “a@iyity” ing(pdeorhe 28itgy o tJS02/ 10303
PD-1 nucl eoti de seguenceduihoul d qu consi{fger ed.to al SQ i nchude description
and/ or  disclRODReRLT 1o Aedulaie AR keIt MENE R & INRURREF b S RE CAGREELT i de

sequence. Siu |-ar bbb di -t Odh i@hi idd or
P01 o ARIrAidind 873 ahich e AMEoICIFLE L Ba Oln BBl o ne
descri pti on iaimunercetiiss 6 haaneraimilarad ICThdsks | Mbéul stiorusflaaonhibi¢ors sgnehioas t hat
can encode the am ng acid, sequence. The term "small nplecule"” is a term of
the art and imseyngeel resyiteinmedulatpscofareliferatign phand/opsyinkinegeeretion B an ar

wei ght ‘or | egs {han;abey C%ansmh&ﬁwe%rcomg@{% ﬁggmgﬁsggwmaa smal |

nol ecul es do not "excl usi vel'y conprise pepti enbodi nment ,

smal | nloecuogsmalatori @éceplot G MkHding. offaxBTralodecules Mk, thdlean UPB- MLaktv@gPounds
whi ch can be screened for activiti;y include, but are not |Iim

mted to,
pepti des, peipeludestherabilinsof aR4!aiotypgpiidisto bangd omagabligand(syilg abibygani c

nat ur &l pr odnegualFmiiRe pAERmaBSy B oty e Rt iaS HoBinas are

smal |, organig imMRnPeRbEeC conpounds. In a further enbodinent, a snall
nol ecul e is not biosynthetic. 15 Il1. Isolated Nucleic Acid Ml ecul es
As used herein, a “naturally-occurring” nucleic acid molecule refers to an RNA

25  or DNA molecule having a nucleotide sequence that occurs in nature (e.g., encodes a
natural protein).
As used herein, an “antisense” nucleic acid molecule comprises a nucleotide
sequence which is complementary to a “sense” nucleic acid encoding a protein, e.g.,
complementary to the coding strand of a double-stranded cDNA molecule,

30 complementary to an mRNA sequence or complementary to the coding strand of a gene.
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I n one enbodi nent, nodul ati ng agents for use in the clainmed nethods
conprise isolated nucleic acid nol ecul es that encode PD-1 |igand or PD-1
pr ot ei ns i ically active portions thereof. Nucleic i ment s
suffici er}?bfogbmaglg as hybridization probes to identify PD??fliUlgogiyr?g&or
PD- 1- encodi ngchidalgy,anagtisbasd fuctkic afi®mbléduiodad hgdrdghh bokDtorhiige ranlic
fragments for use as PCR priners for the anplification or mutation of PD-1
| i gand or PBcid mele¢w¢.c acid nol ecul es are al so provided. As used herein,
the term "nucl eic acid, nol ecule” is.intended to |nclude mol..acul es
(e.g., CDNA or géAY?dJr?‘F‘gh‘fSRBQ)I S AT TRNRIMRS e AT eg%?ﬁ!ode?'oﬂﬁ@ﬁ%A%?tlggal ogs of
. the DNA or '?Mﬁu S IrRirBsheUDidBss Which 8RL th81aRAah@%nind REd LGRS, Gyifpdad the

nol ecul e can ggm né@er-stranded or double 25 stran"aed, but preferably is
doubl e- s§r aneed ‘nohkodiknregidnd adfatsed tegiarslofanuealeotidenseljeanat ¢hat sreowe whi ch is
. separated fromother nucleic acid nolecul es V\/nigh are _present in the

nat ural sourtaslagied ine amirg &ids (88i-d ARl dNtRDSIiSE regionthi e, with regards to
genom c DNA, the te ri.sol Yok d clelg..acl: fFch are
separated fromt ﬁ\es lgzsgarl 8%%?0%(%%"} h"% olpc%%etrﬁelb %@c%eﬁé&%@%@%&%ﬁ%b&%f ally
associ at ed. RngfortimPanothedRucléis atidirislecule!®) which adiag bea 1akel © Ons tyfpe@ of
sequences which naturally flank the nucleic acid nolecule (i.e., sequences
| ocated at tvietobls adipiasatid”, Mich referoR/aoiguRe dabiy sismded DBWY Bopnris vdhch he
nucl eic acid), . .in t enom ¢ DNA of. th rgani smfromwhich.the nucleic
aci d rrollgculaéd'i‘@“%lgﬁ‘géagmﬁﬁ? mé%é?ﬁﬁ‘lgé‘f’g-i %"@@‘Ff ‘88%%%6%%#?2‘?%% i sol at ed
PD-1 |igand i ' InEnTOMGS He ReftedintPHedinl f&dmet TRAaMBRMOrd Kb,
4kb, 3kb, 2k ,eréip'ﬁ%c’hﬂg%@%Ag%ngénl kgfof %ucllenoti delse%uencees whi ch
natural |y flaagdapable ofiacordmowatplication irex hibse celhingewbithehddNte oftrolheeddelgl, from
which the nucleic acid is derived. Mreover, an "isol ated” nuclﬁic acid

mol ecul e, sihepterial vectopneving akagtesial ergin 96 repligationrnd £pisgmal mampaligh ner
cellular materjal, ~or culture nmedium e r j
t echni ques, '§¥to s@l'b?t%ﬁt““&f’ﬁ&'?‘r’ gen%?‘sc gl%n%gﬁqgfrgnegetf?%s raggg{r@éélﬁae]tm%wgm cal s

when cheri cglehymé ¥hh R6sticél dporfitrodsdioatife thdHesicdll, gaditheteby RE2 teplitaeddei ¢ aci d
nol ecul e may, however, 10 be linked to other nucl eotide seguences t hat do

not nor nal | yalétigawith thecopzenome g Mrdewyer, REainyeejarsraceeapable gd dupstiag A (e. g.
the PD-1 ligand ar PD-1 nucl eoti.de sequence be |,i nked vec
sequences). J*RTSEYPR Y ﬁenﬁ?&‘ﬁﬁf:ég‘eér%‘b@?eﬁ%%@, l@%d" gF%the f"éa}”%ﬁ%%’é‘ﬂ:o acid

mol ecul e, suyghe; Sh¥inamle8GretSon AlciRs NP5y eRGe@ionOldifiis C ¢h beredd],
mat eri al . Home\}gras @rietg I snnote ﬁgcesnsarcy ?or 'EhglyPD%?el i gand or PDitgl nucl ei ¢
aci d 15 nol esgleasibe vegorksoatilidy intdvembamht DNz teotatiquds are ¢ftenbe thediesh dér ed

"isolated" (e.g., a PD-1 ligand or PD-1 DNA nolecul e separated from other

%3

mamal | 249 DNBasmigs-i listbs peegen ﬁ?e(‘}‘féFaﬁa'&’t“Qfaﬁ’QI‘d”(?é‘fjF‘V%?ﬂ d4159 ¥5°be consi der ed
to be "isol at ed’ i iq - j Nity} e.g., a
nucl oi ¢ aci dEEiTaEe Bl Ihe pRa iEhleiot: Conoh el AR e HRENE3 T 1
11, or 38 orthaimentidOR ihkteededad incRRlecach btber foarhabfekpussing vettarsgauch asroirdcul ar
bi ol ogy techni ques and the sequence information provided herein, For

exanpl e, usi Yagtaad (e or repliatipn defsetiveratraviryses. @denon Huses did ALDOFPsoSEEsd D NO. 1,
3, 10, 11, or 38, Esha h¥bri.di|zattfj ocrtliogrobe, PD-1 ligand or PD-1 nucleic
aci d nol ecul BESEHNWBEMSESF SEUE L THY "' indar d hybri di zati on and cl oni ng

techni qugs (e.d., A@asddaRfdih, MRdietd “REITREIPTK intdndedtio fdfer thlalcelt it@kvhidhani ng. A
Laboratory 25 Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold Spring

Har bor Labor adobeiy add esdeculoifdhSipvemtipnisuchas a rédembig@oyxpragsionceetor ofthaucl ei ¢
acid nol ecul e enconpassi ng all or portion of SEQ.|D NQO.1 10,,, 11, or
38 can be i swaﬁtw?gv Beg IeodysRdy é@’é RS ﬁ"?té’ﬁ]ét?@n rf@%m@éﬁ% Cg@/rﬁrﬁeti c

. ol i gonucl eot | dg ;e ' RAMIEN PO tefFEG: bRYNG 1. 3,
30 0,11 o b R BT RERNE e YRR bl BREr S0 ‘ Y

the particular subject cell but to the progeny or potential progeny of such a cell. Because

30  certain modifications may occur in succeeding generations due to either mutation or
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WO U2/ 078731 PCT/ US02/ 10303 A nucleic acid of the invention can be
anplified using cDNA, nRNA or alternatively, genomc DNA as a tenplate and
appropri ko %52979?”“ eotide priners according to standardpRERsgRbkeS cCation
t echni ques. e nucleic acid so anplified can be cloned into an appropriate
vector and cheir@ghaiiliefudayesDNAheoRtanoeayarns iy fics.beSddricalhe teqragent cell,
ol i gonucl eoti des corresponding to PD-1 ligand or PD-1 nucl eotide sequences
can be prepaubeareisill snchyasdvdthiy fherseepecofitbeigrn gssed heregn.  usi ng an aut onat ed
DNA synt hesi zer. In a, prefert di.ment n isol nucl ei I
nol ecul e of the ipﬁv‘gﬁq ng mC%rr%fg}sgg@Q?Wg’agu%regso'toia eongﬁeugﬁaé‘naé‘émglhér\%nﬁ&%bgy %EQ | D
NO 1, 3, 10,makmal0morSprefebablya aitbd e whicBioRE bf thof®RHE BRRLof R bnifgll at ed
nucl eic acid nol ecul e of the invention conprises a nucleic acid nolecule
whi ch is5a dosipdesaetransgene helheuennerandgens @ cafers teexoigonensiDN SEQi¢HDSNO 1, 3,
10, 11, or 38, or .a portion of any qof these nucleotide seguences. .nucl ei c
2ch d 1ol ecul BeaRIedMPIne AR AL ACHH JFomo VRS AT RBFCOLS APane AR GNEASHIA |

SEQ I D NO | 10 ' M3 ' hel

corml erent argmEns e febqmSt AEmahie SR I Chalrdic b iRt son gfn | |
or 3 8, respaedded ke prodadi in Bad od horeasll ypes baiikaed of thdr@ardgenieatimde sequence
shown in SEQ ID NO'1, 3, 10, 11, or 38, respectively, thereby fornmng a
stabl e dupl ex. Arseysad heretwp(‘boraelpgous raookiaashpriarsd niekary to atype gbeci f i ed
nucl eotilge sequence. I,n still anot Eer gef erreid errébod' rr%gyt man i;sol %tgd
nucl ei ¢ 'Hci dTAHACAE o tman aningl. Rrgferably a Manumdl, g cp(fﬁ%ﬁ S MQUIE 1Y WHET de
sequence Whiggfiniispebud A8 hadtbilaliBRUby B5Mol AONE 16Hinkidh vekhdln HO% 85%
90% 95% 98% or more honol ogous to t%,e nucleoti de sequence (e.g., to the
entire | engtendofenbiregenaahd on exteesagUdNAaholstupeuntioduSEoR detDof thepindd, 1 1,

or 38, or a portion of any of these nucleotide sequences.. reover, the
nucl ei ¢ aci ¢ i rYony¢ C%/lh%}‘ihﬁé'é‘ﬁﬁ"d’t‘im&&)rnéeé’ﬁlr?ﬁmeg@fgﬁ? V"H"Xgorti on 25 of
the nucl €l.c acl d ﬁse\gsggﬂgt%i ?Bn %@Qa!e lP&’einl’ refars t&'QBrol'éin%lpart isss%bstgrﬂfallg)ﬁ%gpl € a
fragnment which can be used’as a probe or prinmer or a fragnment encoding a
bi ol ogi qal | yofaeder protding, telhiarahatari&and chliugantdium RBed isplagddefrom cellzer

nucl eoti de sequence determned fromthe cloning of the PD-1 |ligand or PD-I
genes al | owrédiced he regembdingnt BN Aotechrigissesorshemisal precussaieef gherghedicalsse in

identifying and/ or cloning otherPD-1 |;j. y RD-1.fam]|y. 30 [ as
wel | as pD-1V eindzﬁﬁramgﬁy ﬁf@_hLesfza? ly h&%ﬁ%’ﬁ%&‘g r Bﬁlg?ﬂr?%gle%ibgg@% =27
WO 02/ 078731y R pdraBR inbRIP R SubQB Ay fRRIof EMRil&ahAtyrifl @FBihef Esntainating
substantially purified oligonucl eotide. The oligonucl eotide typically

conpri ses a preteins fronothe galt bebssue soweyfiemovhicththe PRy bligehd-arPRihgeateistis | ngent
conditi Q)ras to at | east aho tflzfor ]11 S, Pref erabI% ﬁbml'ntf 20, 0r. 25, nore
pref er atfily #l55ed> 95 subsantiglly frgefrom sherisal prgcuryass opptherchepyicals When, o

nucl eoti des . 5a( S : il , or
of a natur alﬁlgry%ggggflﬁ P%é&gl ﬁg‘??@g% ei gﬁ@t%}lgmﬁ?f%%luﬂsaggalae[%)aquoﬁcll?d%, 0
11, or 38. Iprepanatine 0PPBF yligandodiPDehproten uwhieh chegqurbedimislsemadted Hémt he
present invention conprises a nucleotide sequence which is %t | east, 3S0,
400, 450, Sowllusseympmngntsedthe celip fromaghich it 1gisplated ar ssembaantiy prodhgadn 1ang

vbhi di . Cdlgati it i ) i
R A e o S A 1 1
second rucl eirepAfichs 6P PBCUlifand@PD-$ @fotélh hhweiag lesaihan ab&AG0YHBH dry/Reigh§00,

900, or 1000 contiguous nucleotides of SEQIDNO1, 3, 10, 1 1, or 38. In
one enbodi neeftnond’ i digand ouRPd proteicialse referredhio hergie At @ oppntamigatingf or use as
a 1 S probe, does,not include th orti f . SE NO 1 f about .

nucl eot i des E9ted ?’d“%fﬁ(?fﬁ(‘ferg lw?@@bPBW?f%qn%%gﬁg%éﬂ E@ﬂ @8@"‘%@8‘% 0
856 of SEQ | RS St SORQALBRPD. | AofceiDs | 3rhEnlmiases e of the
"invention do@gm%%#eraﬁyllgse iﬂie go?@i%on of SEQ %D Ncl;: 3 f?om gbout

nucl eoti des @éferdbdy Rbbothan ZBelit 56 ndo- PR laligaud onBD} leprbiedie sWhd b thed Db diganB 60,

~or from about nucleotides 108S to about 1104 or. from 20 aB,out nuil,e_oti des
1286 to Hbouer Aixdereeingrdiglogisglyactive pestan dierad isresrmbinanityciraducedd; i§

et eot | dos B0 BB WP R RIRGERG oy TRs RS Rl ARk A s ess

nucl eic acid nol ecule of the invention conprises at |east about 600, at

| east about 700, at |east about 800, at _lpgast about 900 or at |east about
9S0 contiguous 2S nucleotides of SEQ ID NO 1 or about 1000 conti guous

nucl eotides of SEQ I D NO: 3. In another enbodinent, a nucleic acid nolecule
of the invention conprises at |east about 1 SO0 or 1 SSO nucl eotides of SEQ
I D NO: 3 Preferably, an isolated nucleic acid nol ecule of the invention
conprises at least a portion of the coding region of SEQ ID NO:1 (shown in
nucl eoti des S9-793) or SEQ ID 30 NO:3 (shown in nucleotides S3-922). In

oy I Y



NG 1. In another enbodinent, a PD-1 |ligand nucleic acid nol ecul e conprises
from about nucl eotide 855 to about nucleotide 968 of SEQ ID NO 1. In

anot her gquBgdiaEst., a PD-1 ligand nucleic acid nol ecul e cpapkeERsdsr 0M
about nucleotide 1 to about nucleotide 314 of SEQ ID I\IO:B.E:}Q/EIJ anot her .

enmbodi ment , ttanRBeudt 200g anste preférable 1 tithnabow 1€004|ladd GIDPrefesbl§ legslihapout
nucl eotide 955 to about nucleotide |285 of SEQ 1D NO:3. In another
embodi ment , akPubp¥a of they uelymeof (the Rrotg i prepasitianul e conpri ses from about

I id 3 b ucl J f.S NO: 3. her ,,
oo ment s, a_nils guss SRR D R i Bl st of ateR RIS 7006
identity, NMcfudes gifesaxahws SPH-i qtga}}d' érYITD-Q'}ﬁot%MﬁH,Whetg? if'Jetgé ?sb%%)axgg%

identity with a 10 nucleic acid nol ecul e conpri sing: out 500, at

| east abbut fréf0chemtical prestrsalsonbthédchendtals which aabinudvedth thakyrdteassofalout 900

. or at |ease abqut 1000 contiguous nucleqtides of SEQ ID NO 1 or SEQ ID
NO: 3. Pr obegr%edg'ea"ﬁ}?%r&fjﬂﬁ“i’t ¢ pageees syiistaptiglly fregef chemieal presusers@an be

used to det e r i ¢ odi fhe .sa r
noml ogous. S05t SRR B BSr PRI o POIAN of PERED B BRI or
conprises aabaed%gbedp atighy b chdniled grcursersornoh!FD-1 afpghd 8F @A can be a
radi oi sotope, a fluorescent conpound, an enzyne, or an enzyne co-factor.

Such pr obeschemicals myere greferably dess thanfabguic0&g plasmmical pressitsoks ¢r rfoorPDddigand yi ng

cells or,ti ich m re a PD:-1 |i d PD- 1, protein, ch as b

reasur 1Y a0t Eod HiGRTT R aR Py ats b iy RN predesrsch a

sanpl e of cgbd-spifAMARA o?'-l"@-?@ﬁelﬁcalg,-andggosg_ﬁlteﬁﬁ&ﬂlp% PlRah %i)l%%ﬂ/gcﬁg icap- 1 MRNA
111 gané or Ig g nP'I

| evel s or determ nihg whether a genomc P ene has been
nmut at ed or pekaeted.or AomBO-Eligardair ®D-t alwmeiodlsencodi ng a "bi ol ogically active
portion of a PD-1 ligand or PD-1 protein” can be prepared by isolating a

portion of the nkb¢ ko aatibody iasiesed herewpatsq inclydesian “antigen-binding portma” whi ch

R Y L R O S e S e B
descri besl ha¢rein))efere ¥ rRSEinge flagmens ef@atamivoly eat Rtait AR Bt} té i gand or
PD-1 protein (e.qg., by reconbinant expression in vitro) and assessing the

activity of snekificalhe binddo poentigsn (@f., PRel Pmand).| jt danbeeosh®mn thapthetagtigen- Nucl ei ¢
acid nolecules.that differ from SEQID NO | 10, 1 38 due to 30
degener acy h'lna{nﬁg%'écé‘r?gtolf@n Elbtbbé’fglyﬁﬁ'blq”? Hﬂgcl’?g’ﬁggﬁgmgwgﬁ@ 8%@ f@B‘ﬂfgi'ﬁ gand or
PD-1 prot el Bnfdd .hERarﬁﬂ%’_Qﬂﬂn&)iggaExQev%PS assed within the terf] “adtiBen-ar €

enconpassed by the invention. - 2/ 078731 PCT/ US02/ 1030
Accor di ngl ypindmggrdidnérof embotdhodg irdcluden(i)i asltabdtathent) alInsorovalehdfragmhenc ul e of

aci d SeghentuSHRAT T UEQ TS haRL i domaimsoi 3¢ @ T Geneiurs RHBGH nent . an
i solated nu ' id.n i i.0 : t: ence

encodi ng a %ﬂ%‘?g?ﬁ&g'g%?‘%%hﬁb g?%%%ﬁ%ll%%{bk a di ??eoﬁr]%%ﬁg }k@f%& ?g’and or
PD- I nucl eotiiijle Fd éggempateonsibingofithe BHQnH QT HNCIdmaids; (M) a FhifragatenBedhsisting houl d

be appreciated R}/ those ski I led in the art that DNA sequence
pol ynor phi sREtheVds ande¥l dogains ol gsinglerprpmef agniibodye (Vo asdduisagment 6Wardes PD- 1

9209, O0 P BES100 S 4Pl AR RERTI Rt iop IS, ey
exi st ap®ngcomplementarity determining region (CDR). Furthermore, although the two domains of

the Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using

recombinant methods, by a synthetic linker that enables them to be made as a single

protein chain in which the VL and VH regions pair to form monovalent molecules

(known as single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and

30  Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883; and Osbourn ef al.
(1998) Nat. Biotechnol. 16:778). Such single chain antibodies are also intended to be
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10 individuals within a population due to natural aIIeIic variation. As
used herein, the terns "gene" and "reconbi nant gene" refer to nucleic acid

nol ecul e clude an open reading frane encoding a d or
PD-1 pr of‘%m%?ohrﬂé?er ably a mammalian PD-1 ligand or PD-1 EE%%‘%{’ n, g@nd

further i nclelglfinpR8edaRithin the BEN HAtREN-bRRMESIHFES” dnad ahﬁﬁddyn%nysﬂlq Angat ur al
allelic variations include both functional and non-functional PD-1 1 S
| i gand or P squuences nésmndﬁccsalﬁw tanpiedaiked to mgudn immunbgiiilin constan ragiont he

nucl eoti de s g}lence of .a PD-I gdd or PD-1 gene.. Such nucl eoti de
variations & BE%R”LOPWQS%H‘F%S al oH FRSSIOR VEiers ePfQj’éH’ﬁf"é‘?pl?i‘b 1
genes t hat I r kgl
“alter the fu ctnltlggﬁcale%z)gﬂ}h\??tmg@%:y Qg[@g\ﬁchﬁa g% ﬂ%PéEi}Ql%tl% Pé’?ﬁé%re |ntended
to be w 5hi Fvidi@tiee Gagmeits bhenmmvagmmmns uﬂﬂg diitee proaein chmisey oracid
nmol ecul es encoding other PD-1 ligand or PD-1 famly menbers and, thus,
whi ch have aeqmmlmpa\b%@ém@%e Qiectoras of ungle ehapnptrhodm, such pyand or PD- 1
famly sequ S are..Lnte e, wthin
the stope ofHEREIeS A Brempiped: dighpies S IR sipSeiif hEKAGES RPEN ua
can be 'de”tVIfI'aﬁcﬂVlﬂaeﬁ)%n%rhré aeprégged@mglqgle%wm &lfamhummPE&mu ﬂh@ﬂd or
PD-1. 25 Moreover, nucleic acid nol ecul es encodi ng PD1 |gand or PD-1
proteins f romodlshbrelceaitovsqunaemg batveken thestwehioohainsaongha samuc ¢haat, ileectyequence
which differs fromthe PD-1 |igand or, PD-1 sequences of S‘!r_:h Q1D NOI 3, 10,
11, or 38 afercingtbqdaindiaRaisiith Fomplemeaiaplonsing fanpihyteiinnd deting

exarrpl e, a pC t he
nucl eoti de g@gﬁgtﬁg bén;chh@%ifk%é?&f&ﬁ?lﬁg&ﬁd éml ggﬁ%{’ecu PAP&ESQI ?j%
02/ 078731 P@B/m@%hmmammIJeb:Cala(q99l4)rmmnmb esi1gvin2dpondi ng to natural
allelic variants and honol ogues of the PD-1 Iigand or PD-1 cDNAs of the
i nvention can be Stlélcﬂlah@dalbm'é’ﬁdbﬁr AHigER- bmdm region tbetehémPDbQPm gbhd or
PD-1 nucl e| acids discl osed | ne usi ng ?{E)NAS é rei PrheOr 2
portion the %‘&f“ ImRunRagAsIandr S‘ELI SnPmsH yéi%‘(:aé °h&°'i°8v F'é‘r?a%?FH‘ tgn ot the
hybri di 28t 1 QRib&dUH MBSy ﬂ:&tﬁorﬁ%ﬁ%h@or MofBter p'r&@aﬂgopﬁep'?@egl quara)fbe

i solated froma human genom c DNA |1 brary using al portion of SEQ ID
NGO 1, 3, 10 sudli;mmnn@ﬂhamranhlpbnlesjmzmﬂe ose qfrthﬂ)ﬁre@mhchm eord acglorhipbmalatiazat i on

L aboratory Neliarc SRumocule (Kegmanap Mo s b5t dBuradBrgstesnd Soring
& bortion of 2 gt O3S %ﬁ%&%@ﬁﬁsﬁ e IRafiery “EQEQ’GE@@%EW%%I?LL;”
chai n react ippiyHigidivg mg togﬁakec&:ealérhtdﬁd piotinelageddesv gmmdulaasleqbnymm SM et
?23?’3{‘ 23019 ]; cﬂ?]E 8494[))&?&11"@"%%;/3 It lrwgl&g%) g?mn?% Pgégéﬁéﬁﬁft s %%btqna&(%h
procedur e Offragéﬁ ! %f can bre epvgérareé f{%m wq'?ochén?%h gl 3&115 cc;h%el%ﬁ%%l égl?n?%}thﬂlcﬁDNA

can be prepar tFans e ptase reverse
transcri pt asg.papiabol aéﬂsﬁl dip@fbid regrRé iRy, oB%bESaelﬂbod\@ masree«w Areivedies
transcri ptase, avail able from Sei kagaku Anerica, Inc., St. Pet ersburg FL).
Synt heti c olangbﬂd»cp@bommdpmmmpsd}fes)pn P@IR?CaWpICM beebtpioed esing sendaed i gned

based upon the cle uence,sho SEQ IDNO1, 3, 10, 11, or 38.
A nucl ei c achfJO WE?C%PﬁBeSI ﬁ?/‘é‘??f‘i‘%% }l?éer\ ‘be anplified using eDNA or,

al ternaq svely, ZOALQ%Q{PS%% o?ﬁ:l(ﬁlafW&%c?on%ﬂ%ﬁéﬁ@ﬁ&@rdll%&elc or

ol i gonucl’eotide prinmers according to standard PCR amplification techniques.
The nucleic sgmgehemp oampdiffed dointsatherbe, agom&nhmzetipclnmea@proorﬂreﬁatablyvect or and

characteri zed DNA_ sequence anal ysis. Furthernore, h ucI %gtl des
cor r espondi n%j‘"lbﬁd'ﬁs PBh?L"}VF@ta‘?TH 18¢ sm@a Y181 %@@@W'B’éﬁ&%‘ b prepared

by standard gyabert o bEON NSl Sy gl nagm%ﬂoggaaqmseq%gfew@pﬁnwes' zer.

25 I'n anot her nuclerc acrd nole
i nvention i sasalsed R&Stn, fefer 1€ @ popdlaticHlofQnti BEIyembldel 1€ k@B taiMon| ¢ BE¢ spedias
. hybridizes under strlngent conditions to the nucleic acid nolecul e

conpri siiy téfanmntgerobindiog sie)capable o@"ﬂms&t@m@tm@wnth @partigilariepjtopegf a®8. | n
ot her enbodi nent, the nucl ei c.aci e S 50, 100, 150,
200, 250, 30ESBOVhelRsY esEn %‘8@580{3%8“‘ ‘%oé"‘ﬁ&ﬂ%@?’?%%‘é‘%"ﬂyl ength. As
used 30 herein, the term"hybridizes under stringent conditions" is
intended to describe conditions for hybrindi_zati on and washi ng under which
nucl eoti de sequences at | east -3l



WO 02/ 078731 PCT/ US02/ 10303 30% 40% 50% or 60% honol ogous to each ot her
typically remain hybridized to each other. Preferably, the conditions are
such thatwé%g)#%g s at |east about 70% nore preferably apctRagdea@out 80%
even nore preferably at |east about 85% or 90% honol ogous to each ot her
typical ly resmpositiyirreftr Zesdlpépulapalof ahlitsydy ntaledulatthatrganin mukiphdipetions ar e
known to those skilled in the art and can be found in Current Protocols in
Mol ecul ar Bio§pasigen binshing sijes egpablesinteragging with gganticular antigep. # wongglonal

preferred, nonlimting .exanpl.e.nf .stringent hyhridi.zation conditions are

hybr i d zat i nuPesRrbRafa UiEaR S e e PR otaly S a PRahlt e

. followed by afewRith MkgeRA8s. in 0.2 X SSC, 0.1 % SDS at 50-65C.

Preferably, an isolated nucleic acid nolecule of the 10 invention that

hybri di zés under Thtrérmyénmaouadattibodg”,tas usddehesanue mtended tSBEQUdDaNotjes3,

. 10, 11, or 38 correspaonds to nat ural |l y-occurring .nuclejc acid nolecyle.
As used her @ by a'mathxmmcyl@e\@ag V?wley HEOBTEN R AN PHS beve Peéf*éltgre 0 an

RNA or DNA [ - j ' r.e
(e.g., enco eb%géj!ﬁlg eﬁ}?}é‘*?&g‘?'gtagﬁﬁ‘{d?&f"ﬁﬂg’” i t'l’%ﬁﬁf?eo}s}?ﬁiemgﬁfgaﬁi%@ﬁgﬁgﬂePDI
nucl eot i de &g%ﬂeﬁﬁg?ﬁxe%b@-\mmﬂ ahtitod$RfdindadNDscquerice td Ghcoggvdatd dmidd actdsoul d be
appreci ated by those skilled in the art that DNA sequence pol ynor phi sns
that |ead tdowidiohumhasgeslineimnhiwoplebhliébiaquences. B hisnanized avtibediescafshof a
pol yrror A sivTeAiSn P T ain peip e S nE0Aed By SRR vi clual s
within a po I ral FYWE @b ; allelic
vari ations Egl%eg:agﬁaiﬁfsfhg%&r%eg "tmiﬁhh%séﬁtor/g((&glﬁ?g%gigld?ﬁ%%gaﬁgég:i?oti de
sequence of ritegegesiein \@ualor by sdreatici roetavar inatodfer exmnple suhe ORsarfiheo aci d
pol ynmorphisns in a PD-1 ligand or PD-1 that are the result of natural

al I elic varitem gnmaatred AREDAdY s uised hesqingahso inglydes %WQ@&WWG@C a PD-1

'i gand PD. ; oo b ]
add 1 on t o AP RO it Br i SR Alen B THRN A holsB | o
sequencas t Nabe b gexficilontdhimah Papel@kisequenédse skilled artisan will

further appreciate that mnor changes may be introduced by nmutation into
nucl eoti de sequerfe§solated antieidy' SEQused ha@in,, is Bitentgd toj referde arpgntibody thah s

| eading to changes..in th m no.. aci d _sequ e of the encode ot ein,

w thout bt GHPHETEHE et AEpPEHAToRTES beeE GReGnProraRiedRAaRG el 35 ot ei .
For exanpl e,isdiael SﬁﬁHo@? tlﬁt‘?p?clﬂddily 8ihas PeRM]ighdli9 siitanfalBClrék StHABbbdiL | ONs
at 30 "non-essential™ amno acid Tesidues nmay be nade in the sequence of
SEQ | D NO 1,th&,spddifically, birat anBigensfotheromancdi3drigand). Modeneeraai idolatediadiileodys a
residue that can be altered from 3 WO 02/078731 PCT/ US02/ 10303 t he
wild-typd séﬂ@’e‘i’f‘c%‘%é‘ﬁméfﬁbéfef qugqﬁﬁﬁe%mﬁflr‘éq“’cf‘aié’i‘io CBLA'e (e.g., the
sequence of SEQ | I ' i - h&d i onal
activity of a PD@CFASSQ#H()%P aﬁ diﬁ&rrtglcggrti%%%d%ﬂrcg gtwggﬂﬁee{nﬁelgfgaﬁgge*ﬁ ﬁe
extracel | ul agf adrapdutar pfotéibaitd tHegabidotde feGuchceihaicaarcedd fountet froteire as equi r ed

for binding of PD-1 ligand to a receptor or PD-1 to 5 a natural |igand
(e.qg., identdefinedibydierggneiis codafshawndelomni hikemiteatisrrais adnawp aadhdefinist her art

recogni zed screeni ass re not .alfered, r.p [ ary
resi dues whiccoﬁresal?oéﬂ%&:ﬁfbggg%ﬂti’]?earfucgemﬁe% ggnec c())lrE g,parélrrglr]%hﬁwgg? g&gﬁ&gfc:ﬂtﬁ’éuti on,
can be igentifdiRdahinodeR Liucdtslbrtdtdd 5fKihal nicteié &ad afolechle, méfméﬁrb? ghean

am no acid alignnent of B7 famly nenbers (or of PD-1 ligand famly
menbers) andgatetiecatieni ng resi dues that are not 10 conserved. Such residues,
because they have not been conserved, are nore |ikely anmenable to
substitution. Accordingly, another aspect of the invention pertains to

_nucl ei ¢ aci dggrehe€ tbss

Alanine (Ala, A) GCA, GCC, GCG, GCT
30 Arginine (Arg, R) AGA, ACG, CGA, CGC, CGG, CGT
Asparagine (Asn, N) AAC, AAT
Aspartic acid (Asp, D) GAC, GAT
Cysteine (Cys, C}) TGC, TGT
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encoding PD-1 ligand or PD-1 proteins that contain changes in am no acid
resi dues that are not essential for a PD-1 ligand or PD-1 activity. Such
PD-1 |i gqggo%ml?g 1 proteins | 5 differ in amno acid seqpepgsedfosyn SEQ I D
NO: 2, 4, , or 39 yet retain an inherent PD 1 ligand activity or, in the
case of PD- fluvrastgi #ricthéSlabi Fity to BAhdGR® PD-1 |igand. An isol ated

nucl ei ¢ aci diotdmeedl s1enapdi ng a non<nat unal variant of a PD-1 |igand or
PD-1 proteip;can.be;greated by introddgi RgcOn@eOrcgHor e nucl eotide
substitutions, additions or deleti ong 1.nto_the nucl eoti de sequence of SEQ
ID NO |, 3M*9 419 (8gf 38 such that “Bre 20 or nore amino acid

substitu?i oAsoleddnt iGhe G0 del eti ondTar @T¥nt¥8duced i nto the encoded
protein. MitattioRs (can be i ntroducedcirat @rSEQTED @, Ixta3, 70, 11, or 38 by
standard tegggjn%uqﬁ, sych as site-dipgeted;nutagenesis and PCR-nedi at ed

nmut agenesi s. " Pref el’%ﬁﬂ y, conservative amino acid substitutions are nmade at
one or nore"AbM-@482nt’Fal Mini no aci d*F%si dues. A "conservative anino acid
substi t uti ofheng adawinen (B, ch t he 25Tai rMGTaci d residue is replaced with an
ami no agpd npesidue havipg a simlar stflecebaicde, kawilies of amino acid

resi dues having sipilag, side chains e . heen. defined, j.n e art, including
basi c side \céﬁéllgnnes (%J%ar.'%l.éz | ysi ne, arg?gél'né\%‘l’?hir}scgi £Cgé3jr,éGac% ic side chains
(e.g., asparfreenaepd(Thgt am ¢ aci d) Atndhar géd- p6lfar si de chains (e.g,,

gl yci ne, aspapagicnen @kpt &m ne, serimeé threonine, tyrosine, cysteine),
nonpol ar si dg.ghaingr €. @. ., al anine, +30, waki ne, |eucine, isoleucine,
proline,.phenyl| al api ne,, nmet hi oni ne, pt aph , ta branched side chains
(e.g., tlﬁregﬁ%{hrée, %Q%}I'i ne, i sol euci ne;GE%’n gBg’r %ﬁ%t i(%%si de chains (e.g., WO
02/ 078731 PC¥ruse2ian3dsralyiendine, pRéhylTaFardiChe, tryptophan, histidine).
Thus, a nonessential amno acid residue in a PD-1 ligand or PD-1 is
preferably replaced with another amno acid residue fromthe sane side

chai n fam | yAn ifdpostantzandwedlknowm faatoreneithegdrods esistis itsnedandanny vowrebyefor

i ntroduced randoply 5.along all or part of a PD;1 Iigagd or ﬁPD.I codi ng
sequence, sURISt Q5thEPMing aridy st i eERIRENISsmote{han e SOdg RugiSOUdR ¥Rt s can

be scregped foryd digibydRiilusted Q?Meﬁdﬁ&egamaﬁn%wom&x%ﬁcksmCri ption,
to identify tants t¥1at retain functional activity. Follow ng nmutagenesis,
t he encoded seiehcdsimyanebde forfalki temarhmotacidrsogwinte. cCluthclerpdesgedhces are
reconbinantly in a host cell and the functional activity of the nutant

protein 10 cansidediBmetionatly gawypient acsdley il indht erodyrtione! fesamgamino
assessi N9 a b audnd@fiaiPlrabiimd (AhbIAM d¥rird GERT DALY 1rafIL Ui asPect of

the invention pertalns ucle acl ecu encaodi ng i gand or

PD- 1 pr ot ei Rgqichads o lefidiertiyaRgedey do aiHeR). Rorébvel stehvidaall)atmaliytatadt
essential for activity. 15 Yet another aspect of the invention pertains to
i sol at e@Snuociadhns ofeipyrine Pepyrineidinemeatbeigued P given gielretide sqmencef $¥flbn

proteins. Suc ucl ei ¢ aci | ecyl es onpri,sin eas first

nucl eot i de s‘%%lﬂﬂﬂ‘é‘é’séﬁd’c?ﬁ?ﬁ%&ﬁ‘e HTgI rlélﬁﬁﬂtgf%@rbeﬁﬁ&fatb? Lﬂnéllc%?@%eo(io;‘?ﬁ'éﬁ'ﬁ de or
pepti de opengd RisPordinPAinb@cid. second nucl eotide sequence encoding a non-
a PD-1 ligand or PD-1 protein, polypeptide or peptide, can be prepared by

standard 20 recorthivieanof thdforegeihg)ithpmsleotide sequemsfeart addN Ao B Arewotecula nut ant
PD-1 ligand protein n be assayed for the ility to, 1 ) costinulate (or
i nhi bit t he COEBiALA gﬁrb‘ﬁﬂ%‘?,orgﬁgf?"‘#ﬁ%@f?l&‘gﬁ@ iRYsnfpn FHé‘“%SPBW"PPé‘?%?‘ﬁBn

and/ or fe e LURGH ipf ] 3. bl ant:i s il y- or
anti - PD% I iccédgrl?ailantl ggﬁ‘ﬁ)tfhgn /Or'l"ﬁ%r%e%x{]ﬁ% 1%%)“‘26 %Egctl Eérhél?&re’eg%%% @rzéﬁég?fc PD- 1

li gand (e. g.cod2% tiidshate the DNA& opRBfAEMbRAule o dh Ao achd saguame. Pikelviges fdrei n

can be assayed for the ability _ ) ,
any PD-1 ligand or PD-1-amino acid sequence, corresponding nucleotide sequences that
can encode PD-1 ligand or PD-1 protein can be deduced from the genetic code (which,
because of its redundancy, will produce multiple nucleic acid sequences for any given

35  amino acid sequence). Thus, description and/or disclosure herein of a PD-1 ligand or

LY



to: 1) inhibit the costimulation of (e.g., in soluble form the
proliferation and/or effector function of inmune cells; 2) bind to an

anti - PD- ' , and/or 3 ) bind to a natural |igand(spcpPhisiirodo€- 9-.
PD- 1 Iigelawg)%h?@gy WO 02/ 078731 PCT/ US02/ 10303 In additi O(I;l to the nucleic

aci d nol eculpes | anclestideteidnte bioghhisk @hsidBred tpuled @icheledieswriptibedndibove,
i sol ated nucleic acid nolecules which are antisense thereto can bhe used as
modul ati ng aligsisare ofthe'aminp geid sequepercenspdediy e aupipptidesssayensecPidyiariye

g & | ' ¢ ; > .
orotern. e gesengtiof APerdRabaYots R SRRy PO FAROA LaBORRBERR 2 e
. CDNA 1ol eculsgo@f be @O REI Yo ihQudd¥EMAicHemURR AR clofere F dil PBisible an

antisense nucleic acid can hydrogen bond to a sense nucleic acid. The
anti sensé nucklebtideaseijskncesthbtecas engridertenaming acwl saquesne.i re PD-1 | i gand or

- PD-1 coding strand, or only to a ‘js),o_rti on ﬁt)lpgreof. In gne e odi nent, an
anti sense nucl ei dhgdsran wE1aldneleculs 18 Atsrarefdhe prhand ingludesmgieqyles B3t 5 of

t he codi ng f [ i i gakd,: 0 1.

The term "cansait o PO AgME S NP R e R e Al 3R Blcepld B T e

conpri si ng Gaskeasmaen setallansleduianil mt egeligively aomprdsegzptide baiddudsanokieranot her

enbodi ment, the antisense nucleic acid nolecule is antisense to a
"noncodi ng resghiodimensfsmaleneleciiesgre notpligomeria. Ryemplai erallsagigeiee encodi ng

PD-1 ligand or PD-1. The term 15 "noncqdi.ng reqgion” refers.tp 5 and 3
sequences wHiPBR° “a‘flflé”li‘ Ao isﬁﬁe?@ngﬁbﬁgfvﬁtgsnﬁ'ﬁ%’ ﬁ%ttar? P%ﬁ’sT%?@&’ PerP?I gesam' no
aci ds (i. €.penfif n{eﬁtﬁrnhaeicta@idé,sqa%ohgaﬁte%' srhdlf rgait foRQulesgé pns) . G ven

t he codi ng sgtPan sequénces encoding PD-1 1igand or PD-1 di sclosed herein,
anti sense nuymlykeddas(Cmeet alt he98. Buientd 282 : G mndaatied ipgorbit exdeet bitragest dnt he
rul es of Watson and Ci ck li‘?se pai r43g9 Tt]ﬁ ant j sense n%cl ei ¢ acjd nol ecul e
can be 20 cAepiheheRbedipentytheicamppnds are.gealh graanisinoR-REPUBECPMPPYRISy 182 PD- 1

MRNA, but ”%ﬁné}feﬁ{bgpglgéd,aiénmn@lemm%hﬁ%y Feghi ch s antisense to only

a portion of e Co or noncoding region © D-1 ligand or PD-1 nmRNA.

For exanpgl e,[It helaaatNssdis acil Moroues eoti de can be conplenmentary to the
regi on surrounding the transfation start site of PD-1 |igand or PD-1 nRNA.
An antisense ol i JowoeEwbeditent medplating agenésdanpsedn thesclaipwdimethodsgompsise 20,

25, 30, 35, 4 5 qgr. 50 ,nucl eotides in |l th, t,i | e cid
of the i nveH?‘%Bﬁqéf?gﬁelﬁ@Clgdﬂ@ﬁ‘%&tgﬁ °negds gﬁgﬂ éﬁ"narcl: a{)]r ‘i@&ﬁi’@@?‘? og\r%'g)loeé%ga;l/ tic
ligation reaghi,Opsitibsd Merebf OGEAME G8id AR MRNIsRutfltRnefdr usday hydridivalien pBes
antisense nucleic acid nolecule (e.g., an antisense oligonucl eotide) can be

chemi cal | y stpriddnti§y PBel ligand gr BBt Lierdodingovielera doids (agePELT fidend airPRrdr i ousl y
nodi fi ed, hucl i.deg designed to i ease 3 he bi.ql ogi cal st abilj of
the nol &l e%‘ﬁgf“\)taﬁg ifrﬁé?’é'gtézort‘ﬁ%aspﬁ§ iPERIery Oéi‘)’?eﬁ"ﬂi}ﬁjiﬁf' TheE Y \ﬁ‘l °¢ ’%#‘r%ed
bet ween t he ' e : i ' id€d.9 f tpat e
dor | vati ves B DPERE AESd Mol R o LB g oA R AR R e

nucl eot i des ‘Galleleacubmdlecilraisphtesdedfto mnmdiidei [RNAMmaEabdsi (degs cNA br geaome used
to generate the antisense nucleic acid incl uﬂe 5-f;ﬁ¥ﬁ oura@%{l ,

Sbr onour aci | DN8Vapd BNsvumalacples &.9-ca8itaan anpogsts ;Jﬁb?r fitgeperated

4- acetyl cyt osi.ne [ y t.hyil Ll he cinole. i

5- car boxynet wﬁl%lmci&%ﬁg? ?r%)fé_(é}_ R XMLIR LY r}lol'ééﬂg tdn be single-stranded or double

t'hrourrdine, -~

car boxy med hyliisden wat preferdbde isldoule Rygided GA| , bet a- D- gal act osyl queosi ne,
i nosi ne, N6-isopentenyl adeni ne, 1-nethylguanine, 1-nmethylinosine, )
2, 2- di net hyl guani Ae “isglatedRyheldie atidanoleculeistopk gidedli in scpagiterofrom| other sutleis

o SSLSRRTE, O B LA BT
_ ' - met hoxy cag by el g4rasto gen&h@lh@,(wért@t% 4‘isol@t€ﬂ"efnhwhéf'li,1&1eic acid

molecules which are separated from the chromosome with which the genomic DNA is

30 naturally associated. Preferably, an “isolated” nucleic acid molecule is free of sequences

which naturally flank the nucleic acid molecule (i.e., sequences located at the 5° and 3

.25.



10 N6-i sopent enyl adeni ne, uracil-5-oxyacetic acid (v), wybutoxosi ne,

pseudouracil, queosine, 2-thiocytosine, 5-nethyl-2-thiouracil,

2-t hi our ggj,l =t{.hiouracil, 5nethyluracil, uracil-5- oxya i i

met hyl es%tr),wtoﬁgl%ll | - 5-oxyacetic acid (v), 5-nethyl 2-thi ou?gt/lbﬁ?ﬁl%(g

3- ( 3- am no- gnd¥-cFtiecuiueteiy APyl the gindfiié DNAAEPHE Wrgaaldch Rodvehigihe apsleicne.

Alternatively, the antisense nucleic acid can be produced biol ogically

usi ng an 15a&id madepsileos dedeedorFar gxamplpi islyadiowsrrhleddimenss,dhchiaslalsdd-$ ubci oned

in an antisense, ordrentation (j. e... RNA transcribed fr t inserte

nucl ei ¢ aci ﬁg?néi %fljlg'ﬁ “é’ﬁllﬂcsaé%g’@o%?'iu%ﬁ%f‘?"&n? S&‘*’P&Pﬁ‘é&%?ﬁéi"’@ﬁéﬁtbﬂof

. interest, degaysRedrdy rkrb*b%uueotmese{,lsén'c%mh %%%@tﬂaﬂn}jhe mlifei@thid sense
nucl eic acid nolecules of the invention are typicalfly admnistered 20 to a

subj ect ®r gwmienktiegenomigiDNAfidie delidtont hdjchhiidnudéiz ecidiid derived bMogedver,

. cellular nRNA and/or genom ¢ DNA encoding a PD-1 ligand or PD-1 protein to
t her eby i nhib)isolatedy pacleis acigrmelprils sugheas cING molpgnle, §an be sybsigntially free

transcripti ] at| b di zat. can_be .b onvent i onal

ransort oI SPoRRALAE FATSE L Al HeaAEM Ol AAbAOR LR SRANGISE onl

case of an andibsansdaly el dichemabproflr&sisl bEothbr sHenMandwhdénchémidap dupl exes,

through specific interactions in the major groove of the double helix. An

exanpl e of synthrsized oAngthelaedStRIxd iligandér Ridtli mehedeaaidimlobiculeandyd howtvecul es of

the inventiopn.nclude direct.jnjection at, a tissu jte. rnatively,

anti senll nBE RS e hiside S e ntdsdiot o Heaf e PO B0k ar coi 1 s

and then adppni sl.6L ): ‘ 2 ) !

adm ni strat %, ggntlﬁgseﬁg%énﬁﬁlée:%mpg(gé;ghe gieﬁa%gi&fdl ({er?bsﬁ}éﬁ&tg é]ﬂacf[\e sg%uetn Fleesy

speci fi cal | ynapibadinked toacetpt ssqhemdes Alhicgrdia peefprireSantsbdimeras, 30l “Golatsd cel |

surface, e.g., by linking the anti sense nucleic acid nol ecules to peptides

or anti bodi B¥cl¢iRieid mplecyle, suchsrs a cONG apglecnbes 2isopay hodosz/of odwscelbilar sur f ace

receptors o L : Lsense Aual eic .aci d nohecul es.can,al so be

ol  ver ed  BeRapl 0Tyl Fis30L hEERE BBtz adfial BPEO R RiF R C

sufficient mdldcarab bulfiRe of OMeLEHIILRE hARFiaPlo B @nsidtied eRsRtcAD( L6 UL €D.1 Vect or
constructs in which the anti sense nucleic acid nolecule is placed under the

control of Hgandras®lP-pHINA malecuppodeparated grommother memaradiap D& Ae andeighserted igtet
anot her enbodi nent, the antisense .nucleic acid | ecul e of the invention is
an a- anomer P aﬂff(‘ﬁtl8?@‘”88?‘0“‘#31@80?'@?%@baﬁ- d?ﬂiﬁtﬁﬁriri%c nucl ei ¢ acid nol ecul e

forms specific dayplcRicid@MdRAulRRiHdsedtht fvaRT sg!,e?%afw%% lhﬂem ch,
contrary to the usual ~3-units, the strands run pafallel to each other
(Gaul ti er ehawdhg the nLeiBaideNeqlance oASEQID NO:1R8s10,1%; G3B%raGrbition thdieef,

antisense nucleic acid nolecule can also conprise a 2'-0

met hyl r 2Honb# '%f‘o‘ts?la@dGﬁ’ﬂ&étaéfiarﬁI"?Ol‘{cui@é’ﬂlog\‘m@f’@“&“%@ﬂ@?eﬁé%qe“i%: 6131- 61 48)
or a chineri I : : S

215" 37 350) OTMEP R AR RS LM ABl:, ing b 1P BR EERe nffkic seid,

mol ecul e of séquenderdfSEQ MNNICE 1,8, 10,0107 ¥iTBS, akha g By iR cArRolEa PBL I 1i gahd RINA

mol ecul es with ribonucl ease activity |5 which are capable of cleaving a

si ngl e- st r aRBelnvrieic a¢id maleclesspe belselated usmgastangdardimindizadongridctioningy have

| . region. Th i Q... .h d ri
Caeccrt boa 1ntiahes B os A Emed in RS by e BV CRgL A DA M Lsea
to catabyti aalduyi Qh&%fwf? o S;fﬂiﬁéggﬁabf&oplaﬁ’d?ar%w %b:?:iﬁ%ﬂéﬂbﬁﬁ BabdPatbier eby

inhibit translation of PD-1'1igand or PD-1 ozyne havi ng 20
speci fi ci t yPfess, Gol@Bpring Hgdod MY, PB9LL- encodi ng nucl eic acid can be desi gned
based upon the nucl eotide sequence of a PD-1 ligand or PD-1 i scl osed
herein (i.e., SE qrﬁ?‘malf}ucg}c %@ff mf%FPlCGPC%BQSS'gSPﬁiQRQ%‘F’QP Ogggérlgvati ve of
a Tetrahymerg.k- I i [ i de
" sequence of ﬂ@il’é’ %gto i ylésoy 8&?@% @@%%ﬁ@?éﬁ%é&rlgﬂf }gg? %ﬁ%@%t&&(?ggbggh ence to
be cl eaved isyntRetRIdligohudeviide prinfRkd desipnedBased upbiivhe s&Rnce?df SEQ@ID NOEIB et
~al. U S Patent No. 4,987,071, and Cech et al. U S Patent No. S/ | |6, 742.
Al t er naBPvell), L lppr 38, respgetavedy. PD-1 nmRNA can be used to select a catal ytic
RNA having a specific ribonucl ease activity froma pool of RNA nol ecul es.
See, e.g., Bartel, D. and Szostak, J. W (1993) Science 261:1411-1418.
Alternatively, PD-1 |igand or PD-1 gene expression can be inhibited by
targeting 30 nucl eotide sequences conpl epgentary to the regulatory region of
the PD-1 ligand or PD



1 (e.g., the PD-1 ligand or PD-1 pronoter and/or enhancers) to formtriple
helical - 37 WO 02/078731 PCT/ US02/ 10303 structures that prevent

transcripti he PD-1 ligand or PD-1 gene in target c
generall%b&gﬁ“ggﬂé{, C. ( 1991 ) Anticancer Drug Des. 6(6):@?5@5%;%%&% ene, C.
et al. ( 1992) Anpudbic Yeid AF 8 intion BPESAniffd B BNEImRNA o ( 1992)
Bi ocssays 14( 12): 807-15. In yet another enbodinent, the PD-1 |igand or
PD-1 nucl ei eltematvaiplgesohedDNA, & 4 eepatesshappropriate dligonedeotide priowrrs i ed at

Stani 1ty Hgwtapsanrard B RepiisRARcaiate. (DY Buir g atinap PUAEH Ein ( ho-
d ib ; bG | I ;
modi 1 ed o PeREr Lo Al BARRR: Qotb R aSl frt DN e o e,

E. ( 1996) BiuahémmordRdigomidietidesdctrespdndip)to PBs1 ligast orefTeil muclebidd er s

. peptide nucleic acids" or 10 "PNAs" refer to nucleic acid mmcs, e.g.,
DNA mi mi cs, Sequenpdsean bp prepaisd Py istaaderd srsbetiraeehigiervoh eusing areiteadigd by a

pseudopept i %ﬁgfg“k one and only the four natural nucl eobases are retained.

The neutral REBAE' ST PNAs has been shown to allow for specific

hybri di zation t o PNAgaddMbJinHET, £OR6hicH A0SleRlaclOMbleQt 6f fhk ifRaiion The

synthesis of PNA oligoners can be perforned using standard solid phase

peptide 15 symiphesithe pickdoidekequascedshowniibSHQ ID Nx L3, 4641 Niel3®en ( 1996)

supra and Perry-U Keefe et al. ( 1996) Proc. Natl. Acad. Sci. USA

93: 146700675 PNAdn enotgy-preferrecheribesimenm. an isglatedi nucleiq asidyppleswe o§thean be used

i n therapeut.ic and di agnostic, applicatiqns,.For exanmple. P can be used
as anti sensé™GPUSREPR %S&j&ﬂﬁc a?kgfrm(’gilg %W@éc-hs'f)gc?f)wq%%mﬁ\ﬁsPl(’)cﬁlleoé\‘%egene
expressi on HOSATR! ' > 0 111 GSE ok Rl Fahy 8gkgt i on arrest
or inhibiti lr%ql%efgg‘flscat ﬁgr?:%%‘l\%]g@%%’n%t@ilh gand o%?bg%&?%naﬁ* ei c %ci d

mol ecul es camcRbde fquetkes A nutlbie aaidahylstde ohichiingdmplbasstapabnherut ati ons in
a gene, (e.g., by PNA-directed PCR cl argi ng); as "artificial restriction
enzynes' whanclestde sequarsaishovan inctEQIR NG hér 1Gridy aeds, is engywhickis nucl eases

d Niel 1996 ; . b | f
é?éL:ﬁgﬁﬁg ?L?fwfe”ﬁy&omlﬁprr% n%lf%fw%éguﬁﬁ%?r%bé@gb%&&%so g%ﬁﬁfloﬁ}
erry- ee e ) upra). In anot her, e .EN of .
I gand or prih Ok 3R issdesibistyssul Mt gan PyeBiaRAcS IneCh TRl P ek oBg
|1 ul t qatt i ' Jook hel PNA, b
'f ﬁe 1l‘J o?:m'tj Pon %Dﬁ%}%ﬁfdﬁp%?ggs’r}g%&yf%%eru e f)rpmgia%gdg%egn&e %g(? %‘?her Y

techni ques aiadicdhplihdny & OOM@Mplemeritils 18k pecifdd mRopiEseqRide DNALIChi mer as
of PD 30 "1 ligand or PD-1 nucleic acid nol ecul es can be generated which

may comnbi ne stilenatheaprefeged smbpdiopet.an éwlaséd myeiapcid maeculsudihepresest as al | ow

DNA recqgni t.ion -38 WO 02/ 07873t PCT/ US02/, 10303 en o OJrno e H
and DNA Pl yRESUIOBSPMPRITES s eande SEAFFE By ‘Cﬂ\ﬁ%aﬁg%?‘“t?f’%%“ﬁﬁﬁ’ TN
portion woul gheprByi deofigeh, bondosg, eoh bninbie lﬁmb@%lﬁﬁ itd ineinuileo IV AeB¥ce
chimeras can be lI'inked using |linkers of appropriate |lengths selected in
terns of base. gstacte dagre longrhef thefnubleotid deqianeeyshbive imGEQAELEOek 3, dAd11,
orientation (Hyrup B. and 5 Nielsen (1996) supra). The synthesis of PNA-DNA
chi mer as canorbi8, pen portigp@f asy of these nucleotide sequences.

1

Moreover, the nucleic acid molecule of the invention can comprise only a portion
25  of the nucleic acid sequence of SEQ ID NO:1, 3, 10, 11, or 38, for example a fragment
which can be used as a probe or primer or a fragment encoding a biologically active
portion of a PD-1 ligand or PD-1 protein. The nucleotide sequence determined from the
cloning of the PD-1 ligand or PD-1 genes allows for the generation of probes and
primers designed for use in identifying and/or cloning otherPD-1 ligand or PD-1 family

30 members, as well as PD-1 ligand or PD-1 family homologues from other species. The
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described in Hyrup B. and N el sen ( 1996) supra and Finn P. J. et al. (
1996) Nucleic Acids Res. 24(17):3357-63. For exanple, a DNA chain can be

synt hesi olid support using standard phosphoram gy i ng
cheni st rﬁgﬂg@ﬁfq‘?éd nucl eosi de anal ogs, (e.g., PetsFHRs

5" - (4-net hO}SbﬁHéﬁ;ﬁ’i{ﬁe)r@}"ﬂiéHPty“c'on%ﬁ%Ya§db¥tﬁin€ﬁll?§)l@i|ﬁ'ﬁ8Dhgdirﬁi@icdiiﬂee)TheCan be 10
used as a |inker between the PNA and the 5' end of DNA (Mag, M et al.
1989) Ncr cl eligomeledsdReypically caropaseg 8)regipmal punikatide sequercerthethybadigeed in a

stepwi se manner to produce a chinerjc nplecu w.th.a b5 R ment and a

3' DNA segnéf er(s}fm%m,;c_on rogg o4t _lea(;f *}CDOEbLs%eOFS{PgPaﬁf?faWFE?%&Bﬁ%ZE NO%¢hi meri ¢

. ol ecules c ' : '60DBY) 07 99 TBMNec @i e RotiddNOf & SeER Nt
(Peterser, %&fﬁ?b@é@gﬁ'&?ﬁﬂ( 5%’3‘9%5%023?’9661% Med. 15cChenr?chttlté.§|%5: 1119-11

i 24) . | n50t BefueRFSIEREID NO:1 3, 1,ildoonss antof d@atmeatly srchrvidg aliélivevariappanded

. groups such as peptides (e.g., for targeting host cell receptors in vivo},

or agents f avitantaSEQJD Nank 3ol 0, Atraysy. tthenes¢rhplanndmbadenéns cenucdeigacid

Letsinger et al. ( 1989) Proc. Natl. Acad Sci. USA 86:6553-6556; Lemnitre

et al. (198mpolesulsof theypresenhaygniapn compsigesa naolgotils sequenceyrichigntilcast No.

W88/ 09810) e -br.aj r4e@r ( . LG ak:ion. No.

Vi089/ 10134) ,48{)71%5%%@’5%@,6%@1 60 001 758] rtfRB rucRofides i e Rl 28

hybri di zat i QRb sgiRNeRChybHABMASIECARIRMNS ¢ Shbsleit afid méfe@ile 6t SEQ IDN®IS},

Bi ot echni ques 6:958-976) or intercalating agents (See, e.g., Zon (1988)

Pharm Regs. 19, $8%3®). To this end, the oligonucl eotide can be conjugated
to another nolecule, (e.g., a peptide, hybridization 25 triggered
cross-|inki ng agémapotheramhodimentgpeseeondoruckybadidmodachlsreomprigesent dagstaberly age
agent). I1l. Isolated PD-1 |i~ or .PD-1 Protejns - P | i ~and or
P 1 Ant | bodReston GigDR; B ox LD sPuneuss pudIFyiled o6 SERBDN G ope el - SR

bi ol ogi cal | Bcé’ active portions thereof, as well as anti-PD-1 |igand or PD-1
anti bodi es §n be used as 30 nodul ating agents. In one enbodinent, native
PD-1 ligand or PRsbnPERb&diRent #AubBiciasial @IBELIE bOMRe Gflehol e, oL if554se a5 QU Ces

by an appropriate purification schenme using -39 WO 02/ 078731
PCT/ US0251030&bes iaesdmt thchrdetled porpon of $EQID OO 1l ddm abpue sucléotidesn 8t heer

nmbodi t, PD-1 |i d PD- 1 tei . nbi t DNA
Fechni ques, YA OFD RbNPeLBrEr ke Rkarosd] 8508t sE0IT S8ndRor P 1
protein or pa%ht\‘ﬁgtegﬁbéja‘? S&nap cleQﬁXQEiIa‘?ﬁélE&?e Sﬂtﬂmlﬁ%hﬁié’n 462k R6: pLigddaed peptide
synthesi s téCANques. S AROther  aspect of the I nvention pertains to

i sol at ed PD-pbriidr0siBE@ID RD:3 fidhoitwiun fuclddtidbes bbioyabot 74P flothiab@nd or PD- 1
proteins conprise the am no acid sequence encoded by SEQ ID NO1, 3, 10 or
11. | n anot hecleptiddsei3p del aleart §69.ras drom about pecdeatidgs b%%ﬂpiab% ldAtonfieMo aci d

sequence,,of SEQ | D, NOQ;, 2, 1 I .~enbodi nents, the protein
has at | asta%gg%ucgto ‘F%Sal&%é%égoéﬁilﬁg@%fcélé(p?[ére]kﬁ?ﬁty, nore 10 preferably 70%

am no aci d identith\bne BRBEdiIRIeRE, @Mmablelt RBRMoRRBEe 0F 81t ifhtoRt@hsrebhyleasd0% or
9S% am no acid identity wwth the am no acid sequence shown in SEQ ID NO: 2,

4, 12, or 3%bohnSafrdeatigemisodélnetides of SRQ IDINONk oroaYEQ IBNQI3s In & presareed
portions of a PD.1 |ligand.or .PD- otej n. For exanpl e D-1.1i d

prot ei ns con“pﬁ‘i’l?oéiém‘éf‘ts‘%J @‘f‘?gff‘c acid Hé’i"c‘:g’,ie QJ?{%F yeqticy “105{?3 ‘d%%?éiﬁi?s%ﬂ‘?a“‘g@?’r 8lc

domai n. The gi Ko Wdona Bl acid 1
to about an‘i%%sgggéué%?g’%%gt agitnéﬁig)lg’ étga%g%%gt 29@2@5}?45{%}12 IS gﬁgﬂlvg}g from
about amisno meldtided of SHPLD NOvi boaboit d0dBconTigeousgicktondds of SEQIBONOD.N@: 2 i s

shown from about ami ng acid 19 to about aming acid |34 and the |1 gV domain
of SEQ | D Noanpthes erbodinent e muslsisiacidmplsenia of te1avangon pyuRrIssHPHEAshabt 134,

The 1gC 20 dgm quéggo gﬁ%%‘@s&%%daiﬁaﬁ@% fromabout amno acid 135 to

about am no “of SEQ ID NO:4 is shown from about
~anino acid 13S t opaheably,aiisilate® hekleid deid Tiediels XRb invemtidnadompeises d1deably 1

| igand exenplified in SEQ I D NO: 2 conprises a hydrophilic tail shown from
_about ami no pmiidn 2Pthecodiap oegioraefi $EQ HIND:2{showrhia nRpieatides A3 hen SR HPi de

N S e R e R A L

cytoplasmc | T L&k BLC1 J goi d 290
of SEQ 1D N0 e G A AR & e e TR

nucl eotides in I ength, encodes a pol ypeptjgde having a nol ecul ar wei ght of
approximately 30.0 kD and which




30 is approximately 273 am no acid residues in length. Amno acid residues
1-219 of the native human PD- L2 pol ypeptide, and am no acid residues 1-200

of the pégai(@@ﬁsgf){mture -40 VWO 02/ 078731 PCTJUSOZJlO%ﬁCf{%NZ‘?@E%i de, are

predicte i se extracellular domains. mno acid residues 273 of

the native INOAD [FPRhdtBerxphbodandnt dAEPDANEhaatnicleidatid melstuléesmp@des Bém of the
predi cted mature pol ypeptide, are Predi cted to cog{pﬂr}i se cytoplasmc
e i

domai ns. Theabeutalugleotide B3P wagowmueleotidertss of SEQ BAdIR1i In sRther EnRCHing8t, and
e of. PD.L2.is shown.i he, PD-1

th i i ; EQ I D 3
Ly ot o a it R i AT e SR SR o ORI ROaE T IS 1 s known
in the art (mbieBGdas @ &S ID Nol:9.9f9am%sgdiaﬁgz%)bd1Tilgsndolﬁ&c@i@aﬁgi mat ur e

formof the protein contains about 268 am no acids and conprises an
ext r acet Bul anoleri@eomfriskd froarmdboot mricdsijlg 955 torabostmectrotide 1 2B5nafiSEQ HY ami no
_acids), a transnmenbrane region 10q\I§27 am no acids) a(gd a cytopl a?m' c domain
(94 anmino ad¥@s3) In ppethersmbadiment, aPidtl\liggag nugleis eidimelscule eompisssi oM ¢ he

extracel | ul %&o&or{ﬁ%iegtiééjlﬁ% tg%(?@bgagg&gn%%g)ygsﬁgmoa@ no acid residues

bet ween two cysteine residues ear resenbl ance to a

di sul fide-1inked [hatHéne@beditichi, LMtRiNadll idhulé cTake ROEMRINGRS at(lehsb70%at ent
5,698,520). 15 The invention further pertains to soluble fornms of PD 1

| i gand or Plideritity mareipreferalply 80%eidentity sind evethmotespraferabdy filfroadentincwiibies

| | t hat . hot d t h f | | d whj ch
ol ubl ¢ TnaduelsyiDPBlEHECERRane: st Sk 56 aflea akSyisofotl i fignf °
OCCurring, €qf; at 183t MY"QO(?,{AI {eEPabbtit N80 &r A le&RBORE l%tgéd?ﬁgﬁﬁﬂ rABRoFRR.

conprise, e.g., an extracellular domain of aPD-1 Iigand or PD-1 protein.

Exenpl ary 2@fBBQUD Ngahdr 8KQrBAé0O13ul ar dormai ns conpri se from about am no

aci dsl 9-238 of SEQ ID NO:4. Exenplary PD-1 extracellul ar domains conprise
from about am no FAebesdased gt BP-Kliggndior §H- | pucleetids sequenersspribntsediife

of o PD i 1 CGREIREy R of e sty BR U e TRRAGR L BEIRL Hhe, The

t ransmeniyr angefefed embodhRAR] the GRRIfEhed Lompiiies 1&3@%@&5&9@%&&@, d&; 9.,
fromabout amno acid 19 to amno acid 238 of SEQ | :4) or from about

anino acid 1be labelegrowpcancheh RdBisofopsR(IVdDeseNtZompauRsh@n endymes, ALdn snzytie
ch e U o a8, Bl OB AR5 B AR L0101 2
sequences) , s RQwHidemis /BT -ANGasd6r ﬂ?llgrpbﬁﬁﬁfbﬁch%'win&%s&fqgaa_ 18l 1
pol ypeptide (e.g., fromabout am no acid 21-288 of SEQ ID NO:12): -41 WO
02/ 078731  ofaPD-1 ligand or PD-1-encoding nucleic acid in a sample of cells from a subject e.g.,
20  detecting PD-1 ligand or PD-1 mRNA levels or determining whether a genomic PD-1
ligand or PD-1 gene has been mutated or deleted.
A nucleic acid fragment encoding a “biologically active portion of a PD-1 ligand
or PD-1 protein” can be prepared by isolating a portion of the nucleotide sequence of
SEQ ID NO:1, 3, 10, 11, or 38 which encodes a polypeptide having a PD-1 ligand or
25  PD-1 biological activity (the biological activities of the PD-1 ligand or PD-1 proteins are
described herein), expressing the encoded portion of the PD-1 ligand or PD-1 protein
(e.g., by recombinant expression in vitro) and assessing the activity of the encoded
portion of the PD-1 ligand or PD-1 protein.
Nucleic acid molecules that differ from SEQ ID NO:1, 3, 10, 11, or 38 due to

30  degeneracy of the genetic code, and thus encode the same PD-1 ligand or PD-1 protein

as that encoded by SEQ ID NO:1, 3, 10, 11, or 38, are encompassed by the invention.
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PCT/ US02110303 Bi ol ogically active portions of a PD-1 ligand or PD-1
protein include peptides conprising am no acid sequences sufficiently

honol ogo derived fromthe am no acid sequence of Rl ijsl gand or
PD- 1 protl{zf)&l’%%fch include |l ess am no acids than the ful eng tlh

| i gand or PBctordinglygiimanotizandmbrdinisnt, aatisdlaedbudeie acid moledule cffth%lmPE)xthnS

| igand or PD-1 protein, prefera the ability to bind nat ur al . bi ndi ng
partner. Ty}9f‘sc"%‘;ﬂ‘‘I‘“)Le""lgie(5‘1’‘15’51“6,"651“|‘:9(E é%lalp\r/‘&e’ﬁc;‘r"i”l“éﬁg a%‘i’ﬁ)‘?‘ili%ﬁq&e OWN Bt noti f

with at |ea ‘E (439 '4V ﬁyor%t) ﬁ#ﬁﬁ@%%ﬁbogﬁgﬂ %ﬁ%&d Ric4iE hAld ni%le[-)cule

b|olog|cally I Ve pof 'on~of a otern can

~ pol ypept i de ofMheGhvension heya ﬁ)@@deESCq&\Ende%a&bdul@a PD5} lxéﬂhd okQD-1 peddein200 or
more amno acids in |length. 10 To determ ne the percent identity of two

anmino acfd sequeht@@ltmn tofthe BB- Inkigandiog PRc] audeiide sequsncasisbowe ulHedl are

i d f [ b t d i
one or boi’mﬁlﬁ - EE SR RSk AR a A ai B kT e o R cence  or
optimal aligape &%ﬂlshﬁrﬂmt QAYS cﬁﬁ.gegemﬁ@arﬁ% A@ﬁi Kb SEResArdpHOor
conpari son pur poses) a preferred enbodinment, the length of a reference

sequence 15 lighndyoreRD-l proteimspayiesshwithmpospslation &. g |, dedtuni2a0 Yppydawdngr abl y at
| east 40% nore preferably at | east 50% even nmore preferably at | east 60%
and even nDrSéC}bE"éFEFa%lD’WOﬂ%h“f"é&‘s@‘e'P@%J ligeng, ordiD émwm%wtéﬁ@pa of the

referengg s TotAlEds wi dn\%na;;?o%'uﬁlﬂi%ﬁ Qlie Fb“x?éuﬁ’aﬁau%ﬁb Qﬁnaﬁfonc‘?{ rﬁ%&’ﬁ’é}%”%e E’é’rﬁ{ tions

are then conpare ositron i1n one I'soccu

same resi dueggfe” aHé¢ tRtsmBahs aﬁe”t.’e&rwﬁwce@@malhnmecmslv&m@ﬂmtmaé meo;sanher 20
sequence, then the nolecules are identical at that position. The rcent

i dentity betgading frame eneqdiagediD- 1 igandero?ly-] pretein, preferably m negmmaléan er of

i dentical posit hared b uenc 0

dent i cal pogtd SrEDY dREm, N T SN oesp gy BLiseneh et

bet veen t he 16%?135@9&}?&&:%%1 AlRelid vhiAtdnk 1Rk HolteruRttiRRl alf ndnd@Rtd dnal PD-1
positions shared by the sequences, taking into account the nunber of gaps,
and thel25 lligagi ér Ri)-1gaathingapd ca/dmyphalrmemslult m b8%i varanchuo ekt fueteodpge i nal

allgnnent of the two sequences. used _herein anmino ,acid of nucleic acid
‘i dentity" i58ueHER U Rl ligandipy Wa lagsng. éPCm%F"é’i“gL é(%”zlﬂ'o*‘ﬁéﬁ‘f‘{)‘leb‘dyng The
conpari son i n two
equences camBEAAERaERoRa R 1S RERACH, 0 LRRRETRL L OB redut of SRS
preferred 3Qliedasiatemnand mhedqamt@ﬂmthe featioiay aheﬁwra RDWO ligandier RImild
sequences is determ ned using the GAP pr amin the GCG software package
(avai | abl e @rothintage mmmgﬁg:w,m the.sgope of\%mf OEQUr8731 PCT/ US02/ 10303 usi ng

h I d f
(]a_lzt (]a-(r) QQB Osum org%\éfr nL\C%ﬁ ?chf{}aew Hltes Ol}cngm’gé)%] PD; g?gar%orqgﬁ l(llaml gt 14,

anot her pr efrﬁérﬁ&‘i's Ao RRth hike rﬁ@[e%ﬂﬂé sdqd@melwmcrbmmefmﬁ we mml eoti de
sequences is determ ned using the GAP programin the GCG software package

(avai | abl e digahd opP D/ Ivamily sequsoess,of SEQSIDY Oal , B} dd dem3 8Gve intentdeid so bhd a gap
wei ght of 40,. 50, 60, 7Q,, or 80.anq a |length i f 1.2 .3, 5, or 6.
The nucl ei ¢ %@T‘Ht}ﬁﬁﬂoﬁfrﬁtb‘? Wvg%}lﬁ‘}e QBEXa5t ?ﬁEV\%FP@Hﬁ‘SaH@%F thcégﬁ “lrt her
be used as g Gl %d%gﬁ BRfe nilcReohBE F&fugﬁc% TR PRORIIBSM Ryl C databases

to, for exanple, ent | nbers or related sequences. Such
sear chegscarvbeopsl ﬁmamabldﬁmdl&mmg ehctnelnnglm&B'Ih@n«H oXBDASrorimsdroamdiffeve si on
2.0) of Altschul e! al. (1990) J. M, Biol. 215:403-10, BLAST nucl eaoti de
sear ches carfPpéeypand usradichiheie @ Ruclegtidsssaysperywhich diffess from theBD-Lkigaadengt h
Eer 0 bt bl RN SEAMPNGER, ROTR!2081% 4o ikieta d BP0 R nd Rope

nucl ei ¢ aci OO invention.’ el n searcnes can
performed widhhd iiQentBhABbr BX2GE M m& e PH-Flifihd ownih DU Acan be identified

based on the nucleotide sequence of a human PD-1 ligand or PD-1 molecule.




15 3 to obtain am no acid sequences honol ogous to PD-1 ligand or PD-1
protein nolecules of the invention. To obtain gapped alignnents for

conpari s s, Gapped BLAST can be utilized as descy) i | t schul
et al. (WB@%%‘& eic Acids Res. 25( 17):3389-3402. menﬁﬁff.ﬁ??féﬁ'aﬁf‘é BLAST
and Gapped BLAST Niklkiy &id molde@lesl edredshéndind ®mtralisallefic Vafantemaawio¥cues

pr ogr ans (e.g., XBLAST and NBLAST) can be used. For 20 exanple, the
nucl eoti de 9éthedi-ddigand ohBD:InsAs ehthaenventemsaptedsalatied jase on dhefiraul t

Bl ast trix 1-3 wth | t4 .at . i St 11 d i 1.
The amino. adrroley el s REREor bE3 Rl srisshatoel Bemarighe FRNAS oul
. settings: tﬁ%cﬁs%%iﬁ%?ﬁv(ﬂi&n Wetddf 48R h%ﬁ‘dﬁk&tlo%%r@!f‘etac@&rdﬁ?gtﬁtsf%H?és?gll and

extension 1. See http: ncbi . nl mnih’gov. 25 The 1 nvention a

pr ovi des5 PDhybiidigatioa technRdes. Edriexemple, @ PDE UBgand qpPdt- EIDNA clisbaiseldteder ei n, a
PD-1 ligand or PD-1 "chinmeric protein" or "fusion protein"” conprises a PD-1
| i gand or Piffom pbypgeganoguc Hbrapeysyng glhetarertion of YA IPDIQ: 1} 3gkthd loer PD- 1
pol ypeptide., ,A "PD-1.1igand or PD-1 polypeptide" refers to a polypeptide
havi ng an anbri ad¥badiza gbe %f@r%@é%&d}ya)igﬁgl@%owfkmwe@é%&,esrc?wad In

I id " - N I i de;' f
pol ypepti e’Sﬁ%F({(})S?.g Qaﬁg\r/{%@g@?rgg[&#g' %ngo%to%ﬁ cf9 YRE Q(B" g’glrd Strv?m rs to a

pol ypepti de havi ham seqtience corr Ing to otein which

i s not substgpbsral dbyrdrond CorsiFingHdrbs, RY,; 1989)4 XMoreoVdh A0RIcRTSHRL
PCT/ US02110303 lIigand or PD-1 protein, e.Rglg%,lda protein which is different
ilgigan

f r om t hé0 PDmol¢quisaandompaseipgiallr atpertonanfc & otflP 1 lvezsnie aroba istletedame or
a different  or anilsm Wthin a PD-1.1i g.and Er .PD-1 fusjon &Lote' n the PD-1
ligand or PBY{ YIReAY e TsACt OB s ing oBiganY el oA PEMER dsSIENFLPRSET URPIEPE |

ligand or P i frenn e i L () PD- 1
fusion pr ot SeEebS 1D NG LDS AR 1 6 SEPPEH ERpLe, ARRA Lad bORMC Bn PDLT

li gand or Plells @le0thgithe g@anidiniuainth@ch irdgedlitabadn stob@iure &f Cleirddn &r 4l gand or
PD-1 protein. Wthin the fusion protein, the term  "operatively |linked" is
i nt ended t o (19Y9) Béacsermisay 181389495299)Iand a R AoeanP®-prepand feverseand t he

-PD-1.ligand or PP-1 ' fused in-fr. h . Th
non-bo. 151 1 aRGrBlesersa, DRIRERI i BhE watF st iy b QBtuBkEns o
C-term nus @fereb®, R lorl A@NLv&Ee E&sé&@_@ip%@?a@l%%lgeﬁonlzgéik 0Rlferich Nn@Ne

enbodi ment, the fusion protein is a and or T-PD-1 fusion
protei n i n \hiRekershueg, PID).1 Synthetobligoniidedtide prinenc fos PEReanfipl Hedtiorocantte

C-term nus of .the GST sequences. |n another enbodinent, the fusjon protein
is a PD-1 | idgssreddasesniponthe yrdsoside srayerseshpwn whpEQ IPH&OFID%1154 Yawa 38 PD-1

ruct e0t1 9 onREAYRI8 el S5 el o BE LR AU N BB A,
PD-1 i gand_geﬁodﬁ!&mﬁ,eﬁt@temgﬁat@a;ﬂ dppfopiaierdlizbatiectide Enm!efsfdcb@az] to
hemaggl utinin epitope tag. Such fusion proteins can Facilitate the

puri fi cati omstapflard PCEcamplification Rphniqdsg dihd noeleiopeid spraptpdifind can R:landdi gand or
PD-1 fusion.protein can be produced by rec inant 20 expression of a

nuci eot | de. 406 g8 AREOBREEAFFIE SRS e PN AT B S TPEY iR o
nucl eotide EAUARERHBNCQRHEbMINSS 2Ph-PERiAAG FIR mesRodl fReudnRe Bad @Y et Y

b
that alters the solubility, affinity, stgbillty or val ency "of tEae first

pepti de, f omprepasxiiiyestandard synmiheogicolmidues, cgnsdisgan aegnaed DN A pntldsizgr. t he
first peptide consists of a portion of the PD-1 ligand pol ypeptide (e.g., a
portion28f ani no laapetheregmbediacni, anggplyyed &@?88“95‘“3%?1‘4%‘# the BXGR{P 198t t he

si gnal Sequgnse }5,96, éﬁ%o%?%?é‘&?cle%%mn‘ lghgﬁszg\d Bbmizés LQ&H‘ sl.iri%gent

conditions to the nucleic acid molecule comprising the nucleotide sequence of SEQ ID

NO:1, 3,10, 11, or 38. In other embodiment, the nucleic acid molecule is at least 30, 50,

100, 150, 200, 250, 300, 350, 400, 450, 500, 550, or 600 nucleotides in length. As used
30 Iherein, the term “hybridizes under stringent conditions” is intended to describe

conditions for hybridization and washing under which nucleotide Sequences at least
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sufficient to nodul ate costinulation or inhibition of inmmne cells). In
anot her preferred enbodi nent, the first peptide consists of a portion of a
PD-1 pol hde.{e.g., a portion of am no acid residues 21-288
after cl g\gg%)g%g?l(the signal peptide) of the sequence sho&%gﬁﬁm(é%%)sl D NO: 12
that is suf B0%, édt, 5@emdillah@nclogbusituleadh aheraypidélly retnabi hybodized to eactine
cells) The second peptide can_include an i mmunogl obulin constant region,

for exanpl eothsr-nDretssabdy, thejennditipns arecsygh thakgauencss gt least gROW; /Ay morg2 ™" and CH3

see oo, cRugiany oA gBg b vl S8R CATRR: YRR beocdl aBHCE" 8

l'i ke, incorpemalogdudBleatiotld tE/}SfE@l'l)ei%%_]n hybrided |td bAt@ Jrivkg «s_nclpmhgénn_ nmay
have altered PD-I ligand or PD-1 solubility, binding affinity, stability

and/ or val enendifidonsers kndven touhdseskidled i theiartgend icaebe fouad imblerepelirorsbbsdal e)
and may 5 incr,ease the effjcj.enc f ej uri.fication. Eusi,on proteins
" and pe%ti degy"é‘f%‘zq{céﬁl%g& JP%&V&%V?%&%P“{%@%&1§§®s6éalﬁg'gé' So prebsrisd: %1‘?{8
isolated fr : i : i : € in : i r
vt do.  Flifnd it Cofrifehd i RALTER GRS R RYHRizhGn B 6K Sodhud
cyt opl asmi cambﬁd@/@&hifuh%itﬁa@é (SSdyar Mt wic,lfmmda@obﬁemnmr@mms isebated. A
S,

cell culture typically includes host cell nmedi a and ot her byproducts.
Sui t abl e nedsea, 0.ars $BE lat $0+650. ePréferabl g andddlatkdhawddeic Acil eoledule offhot ei N and
pepti des can be isolated fromcell culture nmedia, host cells, or both using

t echni qu@s kmearon that ndridizes aegder puingensicapdipers teithe seanence @b SEQID Nl Ani ques

for transfecting host cells, and purifyin rotei ns and peptides are known
in the art. qb’aﬂ’f)ﬁggg?rfvp%r}dé?%? Pgt ff’ﬂﬁ"ﬁ?’f@’éﬁ‘ﬁ' I %@Toﬂgﬁ&ﬁusi on proteins
include the 15 exshasChdrbthad “iAeFAlNoRAUHALT hulleicVaid MbleBulegefeRto kh R&Aomai n
of a human PD-1 ligand or PD-1 coupled to an inmunogl obulin constant region
(e.g., the BcDNyimwieculearing amualeglideighignce thas beawrs inggiwe (grayercoddsai n
genetic nodifications i gh. reduce limn ef fector activity inherent
in the immHB‘@‘F”ngEﬂ‘F‘H)-;Y?‘FEE‘E‘BPé‘? the §1-4 g %,?,!; lEBHdR segupneEs Slown'in
extracelkul ' 0 R 15 joined to
20 DNA é%cogﬁggﬂ% Wé’?ﬂﬁﬁg%’?a”%?}’]’éﬁ"‘f hc% ?‘gé’éig)cc?ﬁéd gfl%gﬁnﬁl&?ﬂ?mgﬁ‘é}or | goy4
modi fi ed by DNA gedlieh@qictymomphRge mes lcad 1€ ninor changdeaiigiht nucleWled/aABRH57 .

Fusi on proteins of, e.og. , PD-1 ligand and an i munogl obulin fusion protein
may be ref eeeidsequenrestad adhdigans or el anay exdstvpthin a popiigiipn. Puch geneip,. 1

l'i gand. Fc". er wvari.ati which o Lpo . I oy . Fc" may
al so be usegaygg) wgﬁe‘rﬁég%fhgg}'ﬂéf ql?g’glﬁed&@% gﬁ%#@g?&éﬁdg?l&“&{hﬁn ¥ the
i nvention i popiledec@st tbyiastaateicd arigeenTos whtandliAl e BE Matiatioas canftgpicakanpl e,

DNA fragnments coding for the different pol ypeptide sequences are |igated
t oget he20i nrésulirie 1iZeaeuancgamthe nicleptidospduence of tic aeaehbichuuasleotids exanpl e

| oyi bl unt - end St -ended t ini. f L i.gat | tricti
ey O god T GuproviiBG ARgP SHpPaRTParERup AR BRN PrepiITRy e S "
cohesive endgufiorARRFPRNARNAriadbdHd e RNRR BIGUAS funkhi Gl BRIVityld? aPPoi d

undesirable joining, and enzymatic ligation. In another enbodi nent, the
f usi on gene ligamd bePD-14®lypeplidd B2 MfR81thd sREE/0PBIIZNTtOBIO0B8. synt hesi zed by

conventional techniques including auto d DNA s i zers.
Al ternatively, Pdra ?‘?Tq'l?&tr?lbho‘&ﬁ'"ﬁlﬁ:%}emé(@rmgﬁc@ﬁ tand 8k PPdd out using
anchor pki ' ' ' RN
consecuttve ol dhatds B Bof AR A o o N A R At
reanpl i fi ed higogeHaag&inayebeCihirodiced b niennisgumoretidsequericos, eXATSEE)
Current Protocols in Mlecular Biology, eds. Ausubel et al. John Wley &
Sons: 1992) .IDN#©devel(), hiaoy 38xibewsby laadingde changenindhe aminerasidsenyenss af thabl e

t hat al ready encaode a fusjon i et e.qg., .a GST pol tide o n HA
 epitope ¢ agncteamratcp Baheh alori the SriDanan ey APl eanda bR oned
into such a r [ [ : : LSd nge] d
_in-franme torhrﬁtéﬁbﬁ)?e)l%{?n agl’gjtuglre oq%cﬁgt?ﬁ%?ljgp galxdpln":ts»‘]o%f?rgﬁg% ﬁae)réul(sas?}l{)dgg?ér(rént , the
f usi on @Ot einBnlessedtidDamirlo agRN@sidueshhrylbgmadesinnhe squéariceiofi §EQ IMENSr IQl3pgous
signal sequence at its N-termnus. In certain host cells (e.g., manmalian
host cells),10ekprassS8i on rondsisntiale amenq wid Esidppisia resigu thabandrs ajteged drase
i ncreased through use of a heterol ogous signal sequence. |5 The PD-1 |igand
or PD-1 fusion proteins of the invention3gan be incorporated



i nto pharmaceuti cal conpositions and adm nistered to a subject in vivo.
PD-1 ligand or PD-1 fusion proteins are useful for therapeutic nodul ation
of an mmyp se to, for instance, in the treatnment op {500 cal
di sorders, Sogﬁ?ﬁggut oi mmune di seases, or in the case of i nﬁl biting

rej ection Ofthdwa@@nieaecitﬁencé\bﬁzebnelrl;gahhauaaclacid igalechlo(e. £Dhi sélﬂxeﬁusofon
proteins of the inventio full length R‘ rotein or port| ons t her eof ]

can be used S@Q iD’rN@nbg}ehQ ltloob?@dﬂé@uamqulﬂlq “F@fm‘t‘ﬂa%t"'tp@ 4 Phhi ligendh es in

bj
dont Ty moPoRArbtolishien ProfhBbt it e Bl RS SER MIAMAR By . o
. ligand recepl whchthre fdtiRd 1o b?Fe@lﬁﬁE(ﬁfUrlSmdﬁtgP@'Pb-ll'1@§lﬁ‘tﬂt0ereE’é§t& d#PDTRRd ¢ or

fusion protein of the invention is 25 produced by standard reconbi nant DNA
t echni qués. amaturabiamd €, g. Okéntiffedgisegtan atamifiengairong mbtageidsissrsen opathgmpept i de
~ sequences are ligated together in-franme in ﬁ @Sga]nce W th onven i onal
t echni ques, 2ftGFCOBREAD PPN RPt BlterAd e 'gé‘f‘%ﬁé‘im HAEE i ni
for 119at! ORnidieat RbekkaRuANRY TherthoRe ShicRfhil & FEQKLAS, LAY pERBROR AL S,
a 0 hat ase

termnl,fllln- ve ends’as appropriate, Ine p

30 treat mentof belimirP kil UR dRr Bopeefording dﬂgllnlﬂ@dCIEQEgmnthBWgﬂhilan I'n
anot her enbodi nent, the fusion gene can be l;L%/nt hesi zed by conventi onal

t echni ques mmmtm (mgoéﬁpolrrbg?@d famdy meypers) and detgnninpeesidysy that 308t DNA

synt hesi zers. at vel ication of nucleic ac , gene)
fragment céfﬂ"st‘}éve a PF%EFS@Q‘FS Eg?aﬁﬁe@ﬁ%hﬁve r}ﬂl% e LAY Eh 25V %re?llkéé to

conpl enent ary ﬁa{;\% ifagbyeen two consecutive nucleic acid fragnments

whi ch can su@seg%lﬁ ntly tbe anneal ed and reanplified to generate a chineric
nucl eic acid seqwammehr(gmanotﬂterasemarmﬁtte ingenGon pemdinPootuoleal &id mokbllesul ar

Bi ol ogy, eds. Ausubel et al. John W & Sons: 1992). Moreoyer, nman
expr essi on aeqdiagsPRr leliganrhes PR hpt%e"as\/g?tl copfain ?lt?ﬁﬁesdf‘ AEARRA B’Gléesathgtusi on

ol ety (€. G-are for SREaRA APLPH! {1 dand/dr BB: fad V3N 8ubK pBY HeRARPPDIBpAKGKE! C
acid can be"cloned in o such an®expression vector such at the ftusion

noi ety 13 | idif@dn anfinoodtid §equédte R SEQIIDaNO: 14, PDol 3pyetreiain anlih¢fore RiY-esent
invention also pertains to variants of the PD-1 ligand or PD-1 proteins

whi ch funct ildigaad aetivityear, mmhqcasr: §aRB-bretmp.the ghibiyite bind(taPRkt figand. dkn as PD- 1
| i gand or ani st,s of the r i ns
can be gener%ﬁ%‘ﬁ‘? B ﬂﬁ?&&éﬁ%‘@%‘i“&e e‘t§°§‘“g adllogé‘PEtr%l vag?rﬁﬁ?%upﬁja ?g} n]d&ﬁﬁ’
truncation GirodinRlan belchd@aabyqhtr&ddcieRing b hfdre ﬁtﬁbl@ﬁxﬂ@b@&sttﬁﬁlohﬁﬁd&i@oﬁs 4 gand
or PD-1 protelns can retain substantl ally 15 the sane, or a subset, of the
bi ol ogi cal aieldtivhs inesthefnutleetideateguankct yf SEQUDNAY, Bot 0y loif, oa 3BBuch tlhatgamd or
PD-1 protein. An antagonist of a PD-1 . ligand or PD-1 protei.n can |ng£it
one or mAre asfmarpamina 3oid subsdtugpns, @'h%ﬁst?rr QF‘WOMEW‘PH@C@FHP%%? ERcREe

ligand or PD-| pr b Sa@(gtrﬁt hvel 5 el lul ar
activity of H° 55%—' WF% Q%‘h%ﬁa&bgﬁﬁ?‘fﬁg?do S NG légel)(g)l ?P d"l"b?tgt’gg‘f@%ﬁ

effects can pgfddes, subfladiitel diRoiet®iitagihédis @dﬂftnaﬂiddaaﬂéd @fitapéresised function.
I n one enbodi nen treatment of a subject with a variant having a subset of

the bi ol ogi cRrefeaaty, wpnseeetnae ammp agid wfbstttugrowmmdw oG OFMeFe Q%esﬁfétab n
has fewer side effects in Aect relative t% atsrent w t hg’lﬁ

nat ur al | y ocHPP |ah'§ r?%‘i“thso tcﬂa epf3tiye Ao Afid;u gﬁu Ohr'dPRT B W}f'ﬁ

embodi z?fﬁthb% ﬁ*es‘?(flueEis P@é’ceﬁ I“erb?l aflindRid rRIRk Bhvin¥Rishilak Yrae chAR. as 25
ei t her I gan PD-1 agonists (mnmetics) or as PD-1 ligand or PD-I

ant agoni St S Emhbeoﬁ aimnb afideekidyes havieg sirmigr siderohais ltave kel ddfined methe offt,

mut ant s, g&)‘m nt nutants or truncation nmutants, (g tht nd or PD-1
protein For R ﬂllnlglbgaﬁd‘déﬂhpm@&arldﬁlé? RIHBHA @?“%‘Pe)a*h‘t HOAF §72 |gvi ty. In

one enbodi ment ate f S is
' gener at ed byasé’g%laﬁ %l[u gufi j:;1%6?1‘{% < P°F ngg Ch%glpgeg %gg‘a"l ag&% and 30 is
encoded by agiaif€atmst, aReshind, grrawe cfstmaé)n e@aiotH sidehainy (eaf , #Piide,| i gand
~or PD-1 vari ants can be produce for exanple, enzymatical | Ilgatl ng a

m xture 34 syzdtnheku@n@ 4spleucing, m@lnoezahetylaimnusmghmnwswt@hagb ¢fe1 eot i des
into gene se ue gh t hat de enerlate S| ici)tentt deDfx ms{] and or
PD-1 sequenc '?“? if% aig} [} &, fgeon t\’ﬁ‘d’ﬁdlsoﬁlécilgl?@g AeBLHC SIS SPT8 a1 vel vy,
as a set of larger fusion proteins (e.g., for phage display) containing the
set of PD-1 ligand or PD-1 sequences ther3e,i_n. There are a variety of

met hods whi ch can be used to produce 5 libraries of potential PD-1 |igand
or PD-1 variants from a degenerate ol igonucl eoti de sequence. Chem cal
synthesis of a degenerate gene sequence can be perforned in an automatic
DNA synt hesi zer, and the synthetic gene then ligated into an appropriate
expression vector. Use of a degenerate set of genes allows for the

pr ovi si on, |n one mxture of all of the sequences encodl ng the de5| red set

. ~NES A o ~ES AN o o r o ——



fragnents for screening and subsequent selection of variants of a PD-1

| igand or PD-1 protein. in one enbodinent, a |library of codi ng sequence

f ragnent enerated by treating a double stranded t of a

PD- 1 Iigz‘ﬁé%g/ropigffl codi ng sequence with a nucl ease under%@#&p I ons

wher ei n ni ckyrogn€ehetiydalenihy, tapaiphannigidie). T anbresséffiabanab acidrgsidine

doubl e stranded DNA, renaturing the DNA to form doubl e stranded DNA which

can i ncl udeis@RBel ligandss PR:1 pepreterablpieplaced with apothercanaiao geig aerdue fremnpvi ng

singl e stranded orqtei ns fram refornmed dupl exes by treatment with S 1

nucl ease, _ﬁaF%afﬂ rfg‘a'tn 8 &sulting fragment library into an expression

_ vector. By this mB{hadveldNin@KBhesahbddimbRl AldatieANcbedfirbdREd Hshlyencodes

N-termnal, Ctermnal and internal fragments of 25 various sizes of the

PD-1 | i gAndakmgRD-ot part of 2PR-1 BgandraaPD-& chding| sespicnges suohasby isatutationar t  f or

~ screening gene products of conbinatorial libraries de . I nt tions
or truncati M‘a%ﬁﬁﬁl%éﬁ thereiaRignRteRia cay B serecaed ?%ﬁﬂgéﬁﬁﬁértggugt@%i ng a

sel ected pr r . i t Al -Saf i eni ng of the

genc. | 1 br ar ARgoh ey ipl ERB A0 Saen B mBLARLAR ol Hn B AHRLE" 30" 11 gand

or PD-1 protrgilpwing hataganstis,wheledcpdesPO- It Ieahdof BBs] mukin€ prodsiecantnabl e t o

hi gh through-put analysis, for screening |large gene libraries typically

i ncl ude cl omkprgssed eeconpinaniypirop hest ggiBandrbiy funshonal @gdatygedribe mutanRPIPtEIMt o

replicahle expression vectors, transfornm ropri.ateseel l.s. wt he
e R M s e LR D R T 9 2 A T S
condi tions ipiwhi ch detection~of a desired activity facilitates isolation
of the vector ericoding the gene whose product was detected. Recursive
ensenbl e nut agenesicerdirigiManothemaspedt of Heiioneatidn péitains eniyalecesid neletulesuency
of functional nutants in the libraries, can be used . in conbipatjon with the
screeni ng as8egAing BD1ldigand oy PRl profsinsthet contapshanges ip apuno 3o Kesiduehiiatouyvan
( 1992) Pro r j, USA 89:7811-7815; Delagrave et al. ( 1993)
Protein Eng%r%é\@)e:g%fﬁ%ggrlac)ﬁ%xn one enbodi nent, cell based assays can be
expl oi t gd to analyetandtharaispeoal &d il@niik fertairgan holiteduicleid adid atoyeculesr
exanple, a library of expression vectors can be transfected into a cell

| i ne whi ch endiding & PD-kligandesiPR=§ fusinn preteinst Syctpmicieir pgjd mplesulespl.  The

transfected cells. are then. cultur such that PD 1,hi.gand . .or 1 and a
par T cul ar - FOTEHRBA EelAguN o pls S4ichet SRlodia PR Py 8L L Bt
expression q;ol}tﬁéﬁtidgﬁr%bti@enoﬁpail'eiy' |gk88 tPd sdebhdln@ddotide koqueRceCedkdding a
supernatants can be detected, e.g., by any of a |5 nunber of functional
assays. Pl agwndaPRA gandtdrdD-berateioonadypegtide arpeptide. cen be piehireth by s@ndarfior
inhibitign, or alter [vely, potentiation of PD-1 ligand or PD-1 activity,
and t he 40ndi$ pant| & P%er characterized. In addition to PD-1 |igand
or PD-1 pol ypepti | Shi ! [ dah B 2@ QPfoREedS
PD-1 |igand or P[ﬁ‘%ﬁ)ﬁggl??dd%{rﬁ)%?ig@éygﬁgang?g? géfdé’éi‘ﬁ‘gg& cr20 Peptglyde anal ogs
are commonl yabise do:i 1N codienyiita(oreakeibit itteedostiimdiation yf, ag. ioselpblptiorde the ugs wi t h
properties anal ogous to those of the tenplate peptide. These types of
nonpept i de duniMsiatign apdlor elfseiar funpsioniod anmngssiles?) tipd tommpntiefi{agity- €5

Fauch , J Adv. .Dr . - 29; ol 5) TINS
G Duag e e i S
i ncor porgg edpfhanei n by reference) and are 25 usually devel oped with the aid

of conputerized nol ecul ar nodeling. Peptide mnetics that are structurally
simlar to therapautprefaitey embedimentpa pritais £Dc haroirin garebe assaysd deyube akifty

i | h ut i ) hyl ic ef ] . i, dom i
S R o il TERE e O B ERGY o & rinSE Bl o b TR G SR .
that has a by ﬁt&gim nfRine RBAY: TREQL9hE 2ti-OLY .th?é_ﬁy; a%ldlb'%?ﬁinbmlﬂ?tﬁ&l

*ligand or PD ut have one of 30 nore peptide |inkages optionally
repl aced by kgdnd(sxafRDsleleqactRidt1fligand)t he group



consisting of: -CH2NH, -CH2S-, -CH2-CH2-, -CH=CH (cis and traps),

-COCH2-, -49 WD 02/078731 PCT/ US02/1 U303 CH(OH)CH2-, and - CH2S0-, by
nmet hods in.the art and further described in the fol i erences:
Spat ol a, K&B\Q@.ﬂ%’pﬁf "Chem stry and Bi ochem stry of Am no Ackgﬂulg%éwésdes, and
Protei ns" Wi nst g addiffon to@le nudidit 66l R Edds,enbieihgPDKI, lighnd 28 PDE 1 p&Hs

Spatola, A F., Vega Data (March 1983), Vol. |, Issue 3, "Peptide Backbone

5 Modi fi cat rle‘wsx’oect%@W@r1a¢lateé\w@lw)c;acmnpleyqle$whsh are apgigoise Theegtel sarFrawsad  Sci .

pp. 463-468 eneral review):.Hudson, D, .et .al. (.1979) Int. J. Pept. Prot.

Ros. ‘14 177204 00Talpg peerte i ot i Cheif comprigs & cteplidgadinii e sol

. 38:1243- 1249 ichG5RomplentdRialy toM “sbhset nbd8R)acill-entod1fEh prRR&N, fgr Kin Trans. 1.
307-314 (-CHCH, cis and traps); Alnguist, R G %t al . (71%0) J. ~I~led.

Chem 235 139@mplaa@n(aryXoChi2 edding gramidrnga-ddhbleatradddd CONA mallecule at982)

Tetrahedron Lett. 23:2533 (-COCH2-); Szelke, M et al. European Appln. EP
* 4566S ( 19899mplsmegtansiyan MRNGgsggpenepy Acsarmely, apaniisgasynucic agd @ g . (

(1ob2) L ¢ Aol byn el el i ipeds b tliha i) S VT

i ncor por at edompleficAtabytor @ c@tifEB-1 1fpaBabt PDUI adding fFaRfl Sdrontl RQNpopedt | de
| i nkage is -CH2NH-. Such peptide 15 minetics may have significant
advant ages thesgeofpbi gneegmbadimentbandintsense nuélaislagidi mejecyle s apsasenst @ a nor e

ot opert fBs (FEATE feRE, oBHE 5P BE SHaMok HHEoUF Foalbash engiring PO pepdar -
SPeci 11 i Uy pEe) OThe RhFalnSRERh YoM Rl Mkl 6 Incafibieklidd G3hench educed

antigenicity, and other L ng of peptidom netics usually 1 nvol ves
coval ent at camprising cafonemdichrar@anstated inabarhing adidrresidlies. o aidiiewough a spacer
{e.g., an am de gr Oth)x’ to non-interfering positions) on the peptidom netic
that are pr&mbedigignhyheansisense au¢lgis agidrmelecie ispntisapse {p 4 aroacedies WeioRpEcul ar
model i ng. Such -d | RY..AOSLtI.ons Al ypare {ti t hat do
ot 1 or m i Ficeodi b bl EhichaBESLeRRSerIERRE B LB QR RS

pept i doms nethencoitin Sc%i&m’%&fﬂslféej’ tahe 3t feiames hechafahR Clie codag regibh Ak hien
(e.g., labeling) 25 of peptidom netics should not substantially interfere
wi th the degprieahslates iotyiaseino a¢idpliar, ssoatioyed il asa and Bt yntusinslated regions).

tidom metic. Systematic substitution of i i ds, of
P 1 11 gand or PRI heting Y stihence StrefinaPBrLiphg SECET gROPIR! Same

type (e.g., pBelny %ilmti'fcn wRledC&ifoflthd ¥Stffoh GABe BSiLRAGLAIBE NS IR GITBS ©

st abl e pepti des. addition, constrained 30 peptides conprising a PD-1

| i gand or PWédtsananddCrauki tehses pajtieg) CEheoant@erssa matlactacal thylecudendn lal sequence
vari atign can be generated by rre‘iihods,knom in the art (R.zo and -50 WO
02/t) 78791 memplogsaraysyhe entie Seding reeigudl)P Dol digangzer, PDdi R buEmorsg 7.

ncorpor Sleast lof USRI il FURRL G oY RS Gt o1
the pepti de.nodéwdirgiegionat PD- 5 Bgindne @D-0MNAL Foi gantbi@nrhddntiterpol ypept i des
' dentified oligonucleotide can be complementary to the region surrounding the translation start site

of PD-1 ligand or PD-1 mRNA. An antisense oligonucleotide can be, for example,

25 about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense nucleic

acid of the invention can be constructed using chemical synthesis and enzymatic ligation

reactions using procedures known in the art. For example, an antisense nucleic acid

molecule (e.g., an antisense oligonucleotide) can be chemically synthesized using

naturally occurring nucleotides or variously modified nucleotides designed to increase

30 the biological stability of the molecules or to increase the physical stability of the duplex

formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives

-35-



5 herein will enable those of skill in the art to produce pol ypeptides
corresponding to PD-1 ligand or PD-1 peptide sequences and sequence

vari ants\]ilaeoygxﬁr7 Such pol ypeptides can be produced in prg 5@5%&9103 or
eukaryoti ¢ host cells by expression of polynucl eotides encoding a

| i gand or PhBhdladprdjriei sdBstRergd aocleotides estlenisey. BRarpples oOmodiflednhgdéotides

pol ypeptide. Alternatively, such peptides can be synthesized by chem cal 10
net hods. Mewhtfascan B¢ ussdgp @eagrafn ther antisense @p@iglsasldw@v@ réluprpurasdotrbi nant
hosts, _Chemmh Gl BRloRoulciP Sl RS RA LR oxBirle b O LE ARS8 AT e

wel | known |n NeEhr are escrl er in

. Mol ecul ar q&Fﬁoﬁghyd?o)Lﬁﬁchﬂ)Qﬁ%llmuﬁoxﬁmé{ﬁﬁla}nm&Mhﬁdz tm&‘ﬁiddleSEﬂ ng

Har bor, N.Y.; Berger and Kimrel, Methods in Enzynol ogy, Vol une 52, Cuide
to Mol ecll acar@wml@'la'mmmetlwéma(ll ﬂQB’ﬂ)QuraﬂsdaU@mD:gall&thsxhcnanqsnfean

~ Diego, Calif.; Mrrifjeld, Che 5Q01; _Chai ken
oM ( 198&’6)15@52@6@‘1?56“'%3 méﬂ‘é 5“051{'&1 %gﬂl@?théﬁguaf(m%ésg)

S 243 H.
T088) Annu. " HRE L hES gy ok, ﬂ%ﬁﬁ‘b@@oﬁﬁ Fgreigiciiogad S adetine T e f o
Prot ei ns, \ethyldlahink shieehylafinciedy Riracic Smptlicadyasindaicdhyn-Dyhis@her, esge) . 20

Pepti des can be produced, typically by direct chem cal synthesis, and used
e.g.. as ag@nﬁngwsﬁﬂu%ﬁﬁt@g%ﬂ“gﬂ‘QXIﬁaf@XPDﬁtil)’NT@alnéfﬂmﬂﬂqx}iumcdr%r@tqﬂb’lhthlo-

Pepti des, ca rod c d.as no |ed ept h nonpe de ieties
at t ached” by ﬁé %ff) W{‘yr"‘ grzicg }ﬂdﬁzswygﬁg‘)xé??m@ ng?drﬁumfgo
certain pre&@éorsﬁé ﬂm&q«aﬁﬁm 5~m&h§l@fh161ﬂ&nlcﬁftﬁ)i@ﬁﬁétﬂQffﬂuﬂh@cxpg the

am no-term nus, or both, are chemcally nodif The nost 25 common

nmodi ficati OnEtl'[yﬂurhdlb utagl - ayacant aad aredl)rkestdnmwctnl Groayastiapad fcedynabylon and
am dation, respectjvely. Am_no-term nal flcatl S h as acyl ation
(e.g., acet yrthiopBRY, %?y%xnwyrw.%%rg] RXYgropy f?ﬁ}'l é%Cing{j 4 d-6-dlaminopurine.

car boxy- t et M 0Rg he SALLAIS SR L AP AR R0 RREhY R ghher Lot nal
nmodi fications nc cyc |zat|on, can be 1 ncor o vari ous
enbodi ment s ciredston viedtoe mm ohichGatuciidacidrhasbeb g smncnfmbd &Daramd{saise

car boxy-term nal nodifications and/or peptide extensions to the core
sequence cafrigteiandée.aBidntransedions @Wébeclmefteé mepleisacid ipobamaniserse, and

phar macol ogi ca 078 ro such as:
enhanced stgﬂfrfti’tw’]m aﬁ%rrggq 'Eutgfflcp%ct“gﬁfm gﬁ%?“éf%?‘ﬂ%{/"{a $Si?l.ﬁf’twdﬂ%e to serum
proteases, g@skéaR).e pharnmacokinetic properties, and others. Peptides can
be used therapeuti cally to treat disease, e.g., by altering costinulation
in a patient. AnThsaitiserst nRbeic dcidymnitcales mhetimotﬁmi arg typically pdminigtaredr
fragnmen ereof .(or a 5n clelc aci enc uch

ol 3 peptd defo & Siitcher GraBeein SH sikugiey To0r i anihey tit IEURESTRAA bi nd
PD-1 |igand ff&% I nonocl onal
ant i body prgg(g?‘z% (g)’rr?%sbm ﬁcafmgél? I’llj g’%@?ﬁ |gandq{§?tg%[5¥%ém§{lg?lﬁqcan be
used, or al eeprestdnuditlye protetn, ieng,eiytinlibitingoransteiptiantndfentiransiaeiphi @he f ragnment s
of PD-1 ligand or PD-1 for use as |m"run%9%ens The antjgenic pePtl de of PD-1
li gand or 1bym113t’@8ﬁﬁ'?¥)%é)éc%ve{‘%§! neclegtidn somplemepiasitlodermaadiabliéc onpasses
an epitope qf B0l d} gm%’plé“m ﬁ%c%ses&ca'ﬂ. %H?ﬁkﬁ@%@& }188%&&%'1&@& ﬁ‘%ﬁx‘d?? the

pepti de forns"a ’specil Iex

Pref erabby, DN® dﬁ{ﬁlék@eﬁhk&lgﬁ@p&dlﬂ@m@@ﬁmfoh§ @Sth@imaj @égﬁéovbQ)fﬂ{B ddabRdielx.

resi dues, nore preferably at |east 15 am no acid residues, even nore

pref er ably zftnexemtecﬁ@ ranﬁewéaémlr@stnaégndﬁ@élserasn@uqlﬁ@tacmrecl@mdtﬂ of the Ieast 30

amno acid I_S resid Al ternati eni tide fragne

5D 1°1 Fgand ivEnise nelgE pistss oAt S s Sl Bl FRDTraRipetnIGC AR geni o

, peptide frams@me@fca@bmoaldeugaw éarselﬁ’&edlc&eIam%waaﬁuﬁlyteiea@yétymfemwrI ses
at least 8 amno acid residues of the amno acid sequence shown in SEQ I D

NO: 2, 4, |2 Fooexddlgrior syseoipadsiastations phtieps @6leoflescdibeInddifjehsichthaeD- 1

. pol ypept| de such that an antibody rai sed agai nst the peptide forns an

i mune é8npItksy sRp4 Acall YDA 1o TEERRIYS BF antigens Gipreseqd a2 $ﬂ|1f‘é'4“é‘rcteﬁ(§u@?ﬁet ®Bes

enconpassed t i f 1

that Bre I oly skt EHHER AuBER BB AR or ERtilodkis AR Bha I8 T

I n one enbodi nent, an anti body bi nds substantlally speC|ficaIIy to a

mol ecul e whi ch contains a portion of a B¥§25 4 or PD-1 nolecule (e.g., the

extracel lular portion).PD-1 ligand or PD-1 nolecule. In



anot her enbodi ment, an anti body binds specifically to a PD-1 ligand or PD-1
pol ypeptide. Preferably, the antigenic peptide conprises at |east about 10
am no aci nore preferably at |east about 15 anppe R6fhsg£si dues,
even nor e‘Q'BrOZ@er a‘gl y at |least 30 about 20am no acid resi dugsm%an st

preferably atll ek rédeptors GQindipenso The iafltisedsd slwbsic add efobdcnied capaltcnbxes
enconpassed by the antigenic peptide are regions of a PD-| ligand or -52
WO 02/ U787 3¢hvenyd w03ehs mosagﬂeppctprqﬁﬁsw@éthe@ntﬁ@@ChﬁV@ spftcignd HtEpe! fukas

surface of the roteln Lons...and.t pique to a
5D 11 gand “Bheepiionsar ety Moliles Gristaphanes 2 bn i Bi8eiEln be

. specific fomn,aeRBcH mbRaNE iOflakRvhdihé @mﬁ)lbfmr&fgq)&ne&lp@m gmmt@s nouse
or human (i.e., an antigenic peptide that spans a region of a PD-I |igand
or PD-1 5 palepreferrede that is not conserved across species is used as

i mmunogen; such non conserve

_ .esid es can be deter. i ned usi an al i gnnment
such as that prop M@&"HW&F'HS’OJI‘RC% @&F‘ﬁ?“ﬁ?ﬂ‘r‘gﬁﬁaﬁ'?ﬁoﬁ?ﬂg‘f‘nﬁn8%“%‘“31‘”‘?he

PD-1 ligand.or PD-1 protein can b rmed to .identif

regi ons. A P?ﬁ"_LO‘Tainﬁ’é‘RHC B?CI?’baTg"?ﬁ%‘ﬁ‘g fxyaﬁ’ioglaeflf: nulﬁgnc&égc{x@ pr epar e

anti bodi es %Eac}g?c HWE n'agd Ry Siidstvak &nﬁﬂ&h@rﬁﬁ KA Gn whichD&dnftraryd@dhe noOUSE
or ot her e I mmunogen. An appropriate inmmunogeni ¢ preparation

can contai nushp- ﬁiﬁ@”ihle%traﬁdsrrﬁﬂﬁmllﬂwéic}‘l e Gaslaer 0711987y MaelefarAdRD- 1
protein or peptide fragrrent or a chemcally synthesized PD-1 |igand or

PD-1 pepi deRefir kighfi2t664The The apsisense muﬂelc-aﬁldfm@lpﬁé? canydsqeranpiise adj Gvant

munost | BBy bEIRUae Haakd S A TAR Bt A ke 156TLERTS Bhe an
i munogeni ¢ Bikcid RIGADONA arlaldpte ms@@ét%tzI(@@S?)rrctcgse.@enazppbyphm)al anti- PD-1

ligand or PD-1 antibody response. In another "enbodi ment, nucleic acid
vacci nes can be admmasmheremhbmghmemam@nyemé nndeiscidimoleatanisheinveytion

injection (e.g., intranuscular, intrad or the bjolistic 20|nject|on
of DNA- coat éﬂa@bp%b"?ﬁar@‘i OFYRes a5 eAtaliic g&m& %‘Plﬁcgleﬁn“‘t“ﬁ ribo ‘é‘ﬁ%asﬁﬁ‘ﬁ MWat uses a

particl gcacc r PAL L4, into the
skin (I—l:lfnesvglﬁalfe‘}}E g‘lle%a?a%iegg%‘)%)%%eiﬁﬁ eg %%C &rnﬁllet er nsa{tﬂ} %Hy nucl ei c
aci d vacci ngaREA) td@hiHWheyi l&&eﬁedmbkm&w rvg&m VEhusErébogy meofe. gexanpl e, pure
or |ipid-fornul ated DNA can be delivered to respiratory system or

targeted el s@mwbeadgl@zym%@éscglbsétrtﬂéﬁlq{fm& @Fflf%fél(iwﬂ Vagtre @54 ﬁ)ﬁA

Schubber t Pro I t
En' cr oor gani g hbséxs%t&fagabnc@& fqv%ve?q ! cosaﬁgﬁs]u%1 aceégng}(@; zemore et
al . ( 1995) é&%gﬁﬁﬁlt%?@ar%%)uo%tp@nph@% APPeCmRiAl eribd2yeRhh@Ag pertai ns to

anti-PD-1 ligand antibodies or anti- PD-1 antibodies. Such antibodi es are,
for i nst2ncespecinity freddy ligandioi PD1leerandiag naeleiesicidgan e dwgmﬁ@ﬁ@gmpe PD- 1

O o PO R o e e BB IGASR R PREL RS et 61, bt ove
NO:1, 3, 10, 11, or 38). For example, a derivative of a Tetrahymena L-19 IVS RNA can
be constructed in which the nucleotide sequence of the active site is complementary to
the nucleotide sequence to be cleaved in a PD-1 ligand or PD-1-encoding mRNA. See,
25 e.g., Cecheral U.S. Patent No. 4,987,071; and Cech er al. U.S. Patent No. 5,116,742.
Alternatively, PD-1 ligand or PD-1 mRNA can be used to select a catalytic RNA having
a specific ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel, D. and
Szostak, J. W. (1993) Science 261:1411-1418.
Alternatively, PD-1 ligand or PD-1 gene expression can be inhibited by targeting
30 nucleotide sequences complementary to the regulatory region of the PD-1 ligand or PD-

1 (e.g., the PD-1 ligand or PD-1 promoter and/or enhancers) to form triple helical
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-53 WO (12/078731 PCT/ US02/ 10303 anti bodies fromthe ani mal that
specifically bind to the PD-1 ligand or PD-1 protein, or a fragnent

t her eof . \BB'OXE)%?/E?' anti-PD-1 ligand or PD-1 anti bodies C@X}a‘s(’ﬁfﬁ@ar ed as

descri bed above Dy inmmunizing a suitable subject with a P Igand or PD-1

i mrunogen. ¥fctired fat plRlnt tlah@eipHo®6f RPPD- BOgArASHPD-1 igefie innadgbtcellsNBey zed
subj ect can be nonitored over tine by standard techni ques, such as with an

enzynme |i nredndraﬂm thiﬁ!mfb%r(ﬂ 9% shicqrrier qug; Qgs. ﬁ@ﬁ)i%ﬂt&lﬁ Heleae, G epal {1992yand
Al e s / | . .
B0 171 i gand Br B 10455y Gasam aerdo ot STk FE AR AR 2%S " ¢ o

_ the bl ood) and fma%ﬁtmwérmo%qnm,mbqgn WA JreENinGlIeR acRUABle@Resldt

protein A chromatography to obtain the fraction. At an appropriate tine
af t er i nfrunitlwagresznt ineergion cah e ntodéfiedrt thePRselmbiegg vagap mokiy,lorphosphatty titers
. are highest, antibody-producing cells can be obtained fromthe subject and
used to preba@@o%m{!}mﬁl e.gntheability, pridizatiem oa sqlubilihi of fag molegrls. &6r t he

hybrid t echni igi.pally d i b | er.. ' 975
Nat ur o 256: F5am0gARe BlediRe pho B pRRn ey HRASli AR HOIEUE Sjee” ")
127: 539- 46; nBydovl Blgedrate beptRBtuckbic Bid3l(see WB.%@M&%,@SE. gf@%)et al . (
1976) Proc. Natl. Acad. Sci. 76:2927-31; an eh et ul. ( 1982) Int. J.

Cancer' 29: Be@wZ5Med tGlemrble:Sr230e s ubedeneiB the fermb prpitide nacleie @bids oere
Kozbor et ,983) | nol ., Today 4:7 t.he EBV- hybri donma techni que
(o o et0an PNASE BN iaRUE BRSIC TAREIED - dEVA RNt CbP PR R IR Y S R Li 55,
I nc., T I i j 1 I i i
PP g;}? ha ba%l%/ﬂg?ll Orf%@aéeﬁiod}rﬂ ;?sié@c&wg&}n&ﬁ (ﬁagﬁmg aﬂ&’)ﬂmy%e RhuPHAatang

nonocl onal ody S Is"we see general 'y Kenneth, R

i n Monocl onalicléebas&ndte egainddl. Nehy dounsirtatikbont of PNalsdgs beeh sAoah ysdiw Rirenum
Publ i shing Corp., New York, New York él980); Lerner, E. A (1981 Yal e J.
Biol. Med. Smeck@vhyluidizatien toddNANNAIRNAwunder copditignsnf leyrienir strangth. Tenet .
3:231-36). Briefl. n, i rtal _cell Line,(t.ypicakl . | omm)..is fused to
ympnocyt es g A o BRE S at Bt eerforo iME bRy s MBSRRNGE T 2P0 1
ligand g5 PydhiRHORLER a8 8eRABEd intBrup RRY RielRAM1 998§ stk PerpylDPR BEE ant s
of the resulting hybridoma cells are screened to identify a hybridoma

produci ng a emah696h8tocaNudl.btvdy. $dialySHPhd4610e672. PD-1 | i gand or PD-1

ol ypepti de, preferabl cifjc : of, th n Il kno r ot ocol
5se)d/pf grl f usi ﬁg |P%Hﬁ’ﬁ'ﬁ‘gla OY%'?{rﬂ’x‘é%aﬁcidz‘Bar%&‘g?% Xﬁ“?@é‘ée‘tﬁ‘ﬁngr&g 51 i eds
for the pur : b I = i :

bt i bogy" (- 208 SisBhoARABERLLER ForSRmplE NS cALC TIMBTRICEARE 1o
02/ U78731 PGEERISHR/sEqRAS-Spetifermaiulaion of gdrid#Xpressipm hy, fheqfxample(, indesihg)

supra; Kenneth { 1980) supra). Moreover, the ordinary skill wor ker wi ||
appr eci dPe {UIRASCTIPHER &F 5?@%‘(‘%9”9%0?{ ihibitiag wplication- %&gé’ Qﬁﬁﬂ&?’f‘d;‘?r?@‘\)\oul d

be useful. Typic hg. .| 1 i - jne) is
dor fved 17 omiP & eld molefifled PINSHe B8 In bt Bl o singf CUELRRTuERIohs 1d 10
nurine hybrigQaags ¢ an P -dRettedICR ¢Rinibingd) yas0 braiti tad tesfrictioh @nayaiesewhemuni zed

wi th an imunogenic preparation of the present invention with an
i mort al i zedisabinsengunation iwid, othgrenaymesd(e gl rugleases| (Hyruprrnd Niglserhd §8@)

Yo, el e b T b LA S PR SR e o
T{o o 5 kBSOS Ot VDR 200 g Lo P anderd
nyel oma |ines. In another embodiment, PNAs of PD-1 ligand or PD-1 can be modified, (e.g., to
enhance their stability or cellular uptake), by attaching lipophilic or other helper groups
to PNA, by the formation of PNA-DNA chimeras, or by the use of liposomes or other
techniques of drug delivery known in the art. For example, PNA-DNA chimeras of PD-
30 1 ligand or PD-1 nucleic acid molecules can be generated which may combine the

advantageous properties of PNA and DNA. Such chimeras allow DNA recognition
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These nyeloma |lines are available fromthe American Type Cul ture Collection
(ATCC), Rockville, M. Typically, HAT-sensitive m)use rryel oma cells are
fused to enocyt es using pol yet hyl ene gl ycol E Riddoma
cells resu t?ﬁgg%?romthe fusion are then sel ected usi ng ng‘}msé?lum whi ch
kil l's unfusedzyang, (engrRidass Haal {DNA pblysedasey)etoan@race With tie/DNdspmition

spl enocytes die after several days because they _are not transforned

Hybri doma cayhils the Bﬂﬁcﬂoﬁg)fh“’%ﬁ@&V&Fahlghhtqdﬁwﬁ@fy HKlsPegifieiny. | NAPIA

detect ed by reenin h ture di es
Shat bing. 2 REGRYaRhe hREedod AR GobtrFaRUBRIARA 1h MR BEbER T 2
. assay. As aRtagkihgldidibey 8f B&md@b@@@%hﬂﬁﬂm%%s@@&hd@ﬂ&mm Bt andg
hybrl domas, a 20 nmonocl onal anti - PD-1 | igand or PD-1 anti body can be

identifiéd ahelsérs@Pab)euptn). $be sxmhasis of PNA-GIDA nhmnermbubn@tmmwd as

. i mmunogl obul Li d a ry) with a
PD-1 |igand dB?Cr‘IbEEi“a%thg%ya‘?q%Ri{)% %ﬁ’f% g ’I%%@Qé@ ]%(ffﬁ’)‘érs t hat
bind a PD-1 I I n j eni ng

phage di spl éﬂy ?aéral le?%g%yagbfnerg%l a ;@%glcpggl ﬁ?gs}é}%&%gegﬁﬁ%m a 25

Reconbi nant sE’;b;ﬁgtalsArgtsithw fhysplommidit abqdiniche ki 4 Mbddidd nirtedsidbe

Stratagene SurJZAPT M Phage Display Kit, Catal og No. 240b 12)

Addi ti onal | ynalegakghees -GrmpBerdty ! mun%a@f@mihﬁatdﬂriedmowhoyarawﬁ%baneber or

{or exadfe ShL ARG SEH SSTHEPN MR, SR B, cE A e Mg
| nternati 0”@401(?%'S'Fﬁ5979f88 OPNUGnERIM&ES b th @leatmalssef){vme%mu@nal 30

Publ i cation No. WD 91/17271; Wnter et al. International Publication WO
92/ 20791; Mardduaed chimeaic mdlcm with acSnENAPwlgmeoaandcnﬁ WA\A@:@@MB@W J.

Breitling e 2/ 1178731 .PCT/ USU2/ 103U3, | nt er nat

Publ i cat |gon ‘”WJ Q@Pglggga) I@@é‘?@’é(ﬂyy]l@f“ea? mojgt éﬁﬁﬁ’? Pofyathesizs W(‘:tglal %n No. WO
92/ 01047, s n §) Ladner
ot a1t ernuRiEafinBhd p 0P RANLREREAS! 15 3P Al (07 OB AR o )

Bi ot echngl og¥hetdN . F: 1369HI13FR2; Hay et al. (1992) Num Antibod. Hybri donas

3:81-85; Huse et al. (1989) 5 Science 246:1275-1281; G.iffiths et al.
1993) EMBO J. 12:lmpthergnbod ,ntbe ehg%ucleetlc_iﬁggzy myludﬁ/mher pPRSNdedarouBg9- 896:

rean oo o ol atpebidts (b gnMrheindh g o DElen G IV Eb P echitadiaBhe . (RET

9:1373- 1377, traHWb?&@'fﬂeQiell%emlﬁraﬂeg@ée)z U G oBrh rémzdmﬁ@)spmwmr /@3d4137
Barbas et al. ( 1991 ) Proc. Natl. AcadgNSm %SA 88: 7978-7982; and 10

Mt Caf f er ty efeidlS4 §6: qs;sgegsSmLmGtrBABaISGQSE}Sﬂroc‘AMI tAcodalel iS4 86 Nt

anti - i r PD- h chi rrerl and h

m)nocl o I é%ﬁn g'é@fcégon éB?%IrO @B%Fhﬁé’f ﬁ.' ﬁ)?@f}brgwobaﬁr&{ Hanah Bgﬁt |u§ﬁ%a“0%h| ch
can be made m@'wgwtmdwmaaaﬁamlgg@nacnmeg%mﬂamed it Wbiifizatidnbe scope
of the invention. Such chineric and humani zed nonocl onal anfi bodi es can be
15 produced thyggereddebiapaagenBNBed, e’cgld(mug&zlk(ném anterkquaﬂs@ 9SBe9r7éygmarrpI e

usi ng net hods descrl bed i n Robinson et al er 85;[ i %gﬁlj %lent Pl}!lb| i cation
PCT/ LJS861 02ntralanip agents (Sg¢. e &u@%@%gb”aﬁfﬂéﬁt 3¢ o Bus engythe

Tani guchi , i @E i n ur opean
Pat ent Appl :\4 1.%'3%{%%?9@%5’@@@ B‘Jgrtgglr‘&g%} "Hzl;c"é%? ﬁplvg |ll():t§{éi’ %}ﬁ&r\%agggm 533;
Cabi | Iy 8t atiggddedcroRplisiing dieent, 41;a8£;ﬁ)r15@3nt Gelibridizagbn-alggeRA cliavayeesgentat ent
Application 1% 023; Better et al. (1988) Science 240:1041-1043; Liu et al.
( 1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al. ( 198’>) J.

| munnl . 139; , . . ! ]

84: 214-218; N:-dF atelizle 2 ! Set al
(. 1985) Nature 3]{ﬁaﬂ&@ioﬂ4igola@@¢Dshﬂ§érﬁtor@|D 1@&1&&%3 aAd bi¥ad 1call eﬁ@er I nst.
80: 1553-1559); Morrison, S Sci ence 25 229:12072-1207; G et ul.

(1986) Bi ot esdrmiomguharedt, 25].‘4!¢11WMEPDU IanPat Dt 1 &ntibRBicS 80y bé&@néss et al. (|
. 986) Nature 321:552-525; Verhoeyen. et al. g bQ{SF Sci ?’T)C? 239: 153 and
30  modulating agents. In one embodiment, native P 1gand or proteins can be

isolated from cells or tissue sources by an appropriate purification scheme using
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Beidler et al. (1988) J. Inmunol. 141:4053-4060. In addition, humani zed
anti bodi es can be made according to standard protocols such as those

di scl Osedw%ﬂ%H%Jgf“t ent 5,565,332. In another enbodi nent, nﬁ?ﬁ@?%‘ﬁ”ﬁg chai ns

or specifi i'nding pair nmenbers can be produced by reco t ween
vect ors conpuanddrd grateialpatificabndeamigaes| lasanothenethbaglimerityBDelnligand ar PD-1

pol ypeptide chain of a -56 WO 02/ 078731 PCT/ US02/ 10303 speci fi c binding
pai r menber PEREINBERERrBIcehPY Erombinapt PNAGpehngiset AlCatYs tgyecombinase and

chai ' of o ERgtash, RE-FERRR SRR oAU SR oERPRR RN SRR NERRY

chain of a single ngepair me usi
e.g., as degghFBﬁﬂdérﬂp iRl BiRESs Bciifiqued32, 5,871,907, or S, 733,743, The
" use of intracellular antibodi es to inhibit S protéin function in a cell is
al so knofwin i n t hénather aspeet of the. invedsiohpertaing to iRvlaied POBBigarmsd or PD-Cel | . Bi ol .
8:2638- 2646; Bi.occa, .S., et a (,. 1990) O0J. 9: | O01-108; Werge, T. M
“et al. ( 1996)‘“?%5%‘3@&?‘% ‘beili[.)lb‘éﬁai‘g@f PEaVFP%‘W}S PmpRSe (eRgaag apfloc. Nat | .
Acad. Sci. & St adedf280 Mg 03, Work, f tNaE ! -
Acad. Sci . @ego: 7%‘&7 93;Q|g|90cca’, ’Swoert aﬁ a@lgﬁé%féfﬁ?%?%néﬁlo %“93';{% %N?~
12: 396- 399; pfdein cofipiisesahe ahino@didSéquenverof IEQ OMNO 412, & B9InGiHer Duan, L
et al. (1994) Proc. Natl. Acad. Sci. USA 91:S07S-S079; Chen, S-Y. et al.
1994) Proc. emkodimengsathe poptpin hasat loast §6%patdoast60°Baating aciRideptityemogg . ( 1994)

J. Biol.,,Chem. 269:23931-23936; erl | R oab, al 1994 i.ochem

31 ophys 10 Re BB Fhirddea ders ot rdfealy SR find elen por g @enmo 5.
14:1 S42-1 584 or I8ve BalndSeld idehtitywitBithdminb adid%equent? SHownNASIEQ IS Rd:2,SCi .
USA 92: 313 7-3141; PCT 1 S Publication No. WO 94/02b10 by Marasco et al.;

and PCT PubMKi tatordf. No. WO 95/ 03832 by Duan et al.). In one enbodi nent, an
anti body For use_in the jnstant jnvention is a bispecific aptjhody. A

b1 Speci 1i ¢ ant 1 bbH)MHEETAREFRG (BT VRS HBrProvSFIAGY BAfIoRHP! HERS TR n
single anti ) >l Laepnbi ndi 3 i: -

sequenti al . %g?;éof;g@?e% g%rcfa‘ E{?B% gDﬁy@%ng%rrrg%%%P@n We%(%{r%g%@e ot %ngl  1ines
t hat canssedgeidembingnecinflzC damhinb dhegRnaFsequgice s BEQUDINOQ it slkovanirbiodi es

produced by a hybrid hybridoma or a trioma are disclosed in U S Pat.
4, 474, 893. BPeBaBiing ecidhie oyt amingasl ke chhecignal seauencg oy EQHENOHA isneans

(Staerz et al. 98S ture .62 and_Per. ety al +; (198 e

576 354) angPhybEP e T uihf a4y Al dRn SR R Inleadnibr B
Acad. Sci. 2R8):Y8AshoSk ficth3bodafhindg /8d 79 8sboBEMAMO (BcilABE and FIRRUBV|domb@dlay
7:241 ). Bispecific antibodies are also described in U S. Patent S 9S9, 084.

Fragnent s ofof BEQUECNOi4isahowh &rdineabouy amige aeidi 19dd abont @@ inseacihi 345, Tiedg@29.

Fustng. Aor Aaomice QR ED-2% FEVRIRR e pPauhts i PaloN denbe 8 adba by

e RS A8 A gL A s,
i mmunogl obulantincérad 827.oThlordrophilse thitef defPD-$Tigand exemplified in SEQ ID NO:2
comprises a hydrophilic tail shown from about amino acid 228 to about amino acid 245.
The PD-1 ligand polypeptide exemplified in SEQ ID NO:4 comprises a transmembrane
25  domain shown 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.
The human PD-L2 gene, which is approximately 1223 nucleotides in length,
encodes a polypeptide having a molecular weight of approximately 30.0 kD and which

30  is approximately 273 amino acid residues in length. Amino acid residues 1-219 of the

native human PD-L2 polypeptide, and amino acid residues 1-200 of the predicted mature
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WD 02/ 078731 PCT/ US02/ 10303 such as Fab and Fv sequences. The anti body
conponent can bind to PD-1 or PD-1 ligand. An anti-PD-1 ligand or PD 1

ant i body (e. nocl onal anti body) can be used to isola | i gand
or PD-i p‘&ﬁ)?%%llmge by standard techni ques, such as affi mi»?)r/%gg)z%o}us

chr omat ogr a@bwp@{:idemmcﬂ@d 1l dodpria® extfiRbilnlBRIdmdih akifo a¢id Risidueapa4.-bodi es
can facilitate the purification of natural PD-1 ligand or PD-1 pol ypeptides

from cel | s &dd obthematvarivimamPDyL2padyeptide, RB aminoggeitiresidu@225-3/6 of plegpt | des
expressed in host,ce|ls. Mreqver, an anti-PD-1 |igand or PD-| i body can
be Used to AERBaEd A ol ppLk 5 PRBicRAD GPmpse Y IAsTiin ASPRBF | Wiy | ysat o
. or cell supegpRlaRld seqhdc€6f PBIL X8 Hen f@@ﬁdzug@ﬁ@dzs%d% aRHRlARO (i.e.,
physically I'inking) the antibody to a detectable substance. Accordingly, in
one enbofi meequenaofafiD-L2 ROshbwn ig&k) 0D N34, ant i body of the invention is

~labeled with a detectable substance. Exanp|es of detectabl e substances
i ncl ude various dRgyhksspolypentideat 288 nigagsids in lgpgtband is dpmpiarsiraryre is

| um nescent Elal L i t] eri.al.s,. a sui.tabl e
um nescent b B3Rtk Rg! (USRS R TR BBl AR
(3- gal act osigd@erotein RARINS BB J6BQHLIRG A68s aRKAMPrREs A1 exdidbd|RMrYoRanst heti c
group conpl exes include streptavidin/biotin and avidin/biotin; exanples of

sui t abl e | (b¥eationtacidel e tragdneembraneudtenainiids] amiheacide), atlansmaestrenauregion

fl uoresgein isothi ocyanate, rhodam ne, dichlorotriazinylanm ne fluorescein,
dansyl gﬁl or(#z%mﬁ’f’ aﬁ@)ﬁi@r%yﬁ?ﬂ%ﬁm'ﬁ 0@%{%1‘ amyro a&“ﬁ‘in? %‘5?@&‘?{'5"%’[ eri al

i ncl udes | umgngly HEX - iAfh i I rpacp] hal

ol udo "+ | B3R IaFRSEX AT SR Rl AR Rl S B PR P20 T s
Cel I's Nucl ei68 aatnaladio tsariubebeteaanvoy seifeDesidheds Geysdb4andRis 12F)aehd y protein
(or a portion thereof) can_be contained in vectors, preferably expression
vectors. As ressB@lanse e dipylfide-Hakeddmmunpglabylin dpmpiarod theyV Hehsganasnces @b d

nol ecul e ca I nsporting another nucleic acid to which it has been
| i nked. mth%%Bgs’g{)S 1-Sie(gt or is a "plasmd", which refers to a circular

doubl e gsranded BNAiAwRARon filrBeMbtirfathsasl dbllibleFaimsIMP R e JigRAd r V1 P&elnkgat ed.
Anot her type of vector is a viral vector, wherein additional segnent s
can be | i gatAsdusedhereinhthevérmafsolypbledmeclu@smaléqulasahat@arsnatespressedbh ¢heof 30

| i i [ . I 1 i whi.ch they . [ d d .g.,
Pact or al veuREEe RAgH AR APIsHARIHIe B PhY U9 SRGHI obdEPh Sl oGl
el an Vgt gy Ache: OB, 5 YO SETRINBSTL LU ERIFES (©:0-

non- epi somal mammal’i an ve are integrated 1nto the genome of a host
cell upon i rbompds; kigoranientracellulaedbrasit of @PD; 1 bgeid oh@Debyproxie. Ergrhplant ed
along wi_ith the host genone. Moreover, cerfain vectors are capabl e of

directiR§ t Hd-&tigarskestipclptargomanscamprse Hommbgulanding gefakt-448 of SHQIRd.
Such vect or gygpe e&@&ﬁh{fﬁp}1%%?@&8!&%@5%%%@&% 466E Hhifo acihé‘gﬁ%@r al,

expressi on vectors o N reconpl nant echniques are oftén in
the form of gplS&eDINO:120 t he present specification, "plasm d" and "vector”
can be used interchangeably as the plasmd is the nost commonly used form
of vector. Howevdn ong¢ erabodient; therexiracellytap detmaintod aiPRt 1l ligandpaypeptidler f or ns
of expressiaon vecta

S uch as .vijal .vectors 9., replicati efective

et rou r usedomaggisans ralEERape 2LR e SuGedrlindi s FRLLTM % SmE o
equi val est  fyhpgdt IR GansiRADIENHRA by BYRERRSdoMhi ¥EF a0 S- 197And BARpéptide e pUC! €i C
acid nol ecul e of the

from about amino acid 19 to amino acid 238 of SEQ ID NO:4) or from about amino acid

19 to amino acid 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.,
30  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).
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invention in a formsuitable for expression, e.g., constitutive or

i nduci bl e expression, of a PD-I or PD-1 ligand in the indicator cells) of

t he nucl g| id.jn a host cell, which neans that the rec ' .

expr essi 3&8\92@%%? i ncl ude one or nore regulatory 15 sequgﬁgg%gf:’ect ed on

the basis of theBislsgicsl) dctive pokdnsiSLAPDON ligngdioe BB- Dpiotelhimiudepepipddsat i vel y

l'inked to the nucleic acid sequence to be expressed. Wthin a reconbi nant

expressi on vewpusing avineragid sequensresifficigninhanelegousdo arderiver dxon the amino

nucl eoti de sequence of.interest is |ljipked t.o the requl atory.sequ es) in a

manner whi cAYESFHRET %t}th%kg)f gg%‘?"&r{"ﬂy f Il?émﬂﬂt‘f&g'?i"ﬁg’dngfﬁ@ﬁwéo %é&sgﬁ?"i n an

_invitro trmglla{egtdwpbw h%fr'pmlgméiﬁ{naﬁa extlibiRatdPash B¢ adRity orheD-| he
vector is introduc into e host cCell). The term"regul atory sequence”

i ncl udess pr digmidesrsED-d nhatoine peefaatsly dietubilite tpbiad $0 @ natomh bmdinggpaememt s (e. g. ,

. pol yadenyl ation signal s). Such rg%gl atory sequences are_described, for
exanpl e, i n Tepalp biqlogicalbpactive perdigas eqipRriag|a dompn ar motfith ptle 9nsequences

i ncl ude those.whi bRECH NETI exnfassi . ipe, sequence

i many ©ypeg i fiduf PO Be RS sk CARIISEEA, Ry g bR ST vER P

nucl eoti de $QEMEHCED QPrdteincan®e tadiolypopsde WEith &, (o edample] &3¢t BRES] 30, C

regul atory sequences). It should be appreciated by those skilled in the art

t hat the dedD@nl5f 2@ther mengrapsre anids/iedength.can depend on such factors as the

choi ce t he ho ell .to, be transfor the | evel of expression pf

pr ot ei n?éesi red, Sllgrf%‘eﬂ’?é’el tr‘?(Be.rcel‘ﬁé&é‘QB{T‘ggg’Péﬁn%ﬁcﬂ‘g?eﬁuS’?ceﬁ REC tm?e'}‘llff%bcn can
be i ntroduced i i i des,
'l Udi ng- 1 Qe anoRs heSEceldrt AR R R B RS s R DB 0™ v
U2/ U78731 PGt biSarrod0&A3n das or bk df hérsehand § secgnd aRBolacld gandlearacRD- 1 fani |y

proteins, mutant forns of PD-1 ligand or PD-1 proteins, fusion proteins,
and the | i késquempfor epimpl aligamentandawaihomolegouy sequences ren bedigisedrded &N be

desi gned for_expressio f S| Iy i L# ic or
eukaryotic 58?11%%.‘50!5&“ S‘%e)%?ai‘g?éfel“lﬁ%%%b. Sgﬁ%’(])tpgbgétﬁ Jg%&%@.’eﬁéé)%g‘{d&g“e
expressed i nliPact BF tethpiRbh pugusd a8 |&ast SO%| prefehbBLat 168t 46%( mdieng
bacul ovi rus expression vectors) yeast cells or manmalian cells. Suitable

host cel|s araemblycadesidduravhemormprefseatdiest l¢ast 6@96) anshgyen mong pisfanehly ¢tel vy,
the reconbi nant psessi an vector can be transcribed and trans| ated in
Vitro. Tor Qe ey S0 SrbhlsreRy S5 -LOTRS SeRtiancis "B rcil

pol yner ase. al%@s%ﬁrfeégérﬂﬁhgogosﬁfo% &leRer COntaREBINQHIRS al posia lin Bid RAu&GRET | €d

out in E. co ctors contalning constitutive or inducible pronoters
di recting t hHeoexpieddyithansanie resititesr fuskicaridas the nertespomdingpaxt idmis themetbéron
vectors add a nunber of am no acids to a protein encoded therein) usually

to the 2R ndequsnRs. RN 1BF Molrsules tsrAFHigAkat Jhabpesition- SRaPeFGeat KRNI OFiYeEn
typically s es. : i i Qn; i nant
by ot o1 n; 15 9P SpAlthEE, BERARNE Fhhclich Br R ThARECoRIBNRAGANCA AR "N
3) to aid inwohequutds(ieavd identy =tHef idaientyosnivhs/aaltiaifipobyionct i 00). Thea
ligand in affinity purification. Oten, in fusion expression vectors, a
prot eol yti c Reresayilgetityibeevaes thaiwosgausagesds afnstipyatihesumeer efidertical on
noi ety and the. recanbi pant protein to enable separation of th onbi nant
protein froR®PHE" %}H yn%‘leéﬂ}legffﬁ’s%@ﬂ%rﬁ?a}of’%coﬂﬁlrpﬁﬁ? f'cd ?roo(r?gg‘gs’g ﬁéeﬁ'%u_si on
pr ot ei n.95SUCky ANBY BRS . gap\Whiél néddab be GREJIAER for6MEaAltalighmem@Ienaes, | ncl ude
Factor Xa, thrombin and enterokinase. Typical fusion expression vectors
i ncl ude pGEXefRinaesrads aseBihotegrcdminn apid Smrintiblgic BeidBideatity ”Jpequivalent ko argino( 1988)
Gene 67:31-40), pMA .(NG%EQ%{%Q Bi ol abs, Beverly, MA) and pR TS
( Phar maci a, aoids oAU IRiG AC NomHP®Bh - f use gl ut at hi one S-transferase (GST),

mal tose E bindin ' | , syl 16 HeRl QR
* reconbi nant 25 p?(r)k%reélz)n. e a?léﬁsgg%géﬁﬁdﬁﬁeﬁ@?ﬁéﬂ éégéld%egi Sjtell-l{?l?zed eign VI\:/>cl)} 1
ligand or PReduérbs sdnthe sasenplished gsiflg a niitHeattical afpyishror Iicopeédricti ve assays
. described in detail below), or to generate anti bodi es specific for PD1

| i gand 30 Prmbqsimers; e pefcant idsasitp between ayaanaigo geidSsaquenpisds fetgiueingd esing

non-fusion E | _expressio ctors ingl ud Tr ~ , (1988)
Gene 69: 301-‘§‘F§A%H‘d’g “ﬁﬁfﬁﬁég affige pickape &(%%g%atg}gghfio@st Jgéﬁ%@‘d’.

185: 60-89). Target gene expression fromthe pTrc vector relies on -60 WO
02/ 078731 PCT/ US02/ 10303 host RNA pol ynergpse transcription froma hybrid
trp-lac fusion pronoter. Target gene expression fromthe pET 1 | d vector
relies on transcription froma T7 gn | O-lac fusion pronoter nediated by a
coexpressed viral RNA polynerise (T7 gn 1 ). This viral polynerise is
supplied by host strains BL21 (DE3) or HVS 174(DE3) froma resident 5
prophage harboring a T7 gnl gene under the transcriptional control of the

| acUV ~ pronoter. One strategy to nmaxim ze reconbi nant protein expression

. e o



the protein in a host bacteria with an inpaired capacity to proteolytically
cl eave the recombinant protein (Cottesman, S. (1990) Methods Enzym)l

| 85:119-1 @) of her 10 strategy is to alter the nucleicyp Sfayence of
t he nucl \% 02/0?%9{0 be inserted into an expression vector g}g)t at the

i ndi vi dual cepgRrshél Bloaeh 63mdttx o€ BAMXBSOthAse, d?fdeaf@b&vﬁxglalolf%um ipzed in
E. toll (Wada et al. (1992) Nucleic Acids Res. 20:2| [-21 18). Such
alteration do, &Lﬁsloeﬂ@nda@i@gﬁ‘e‘éiﬂéhf(ﬁsl 8f3.t4heé, ¢frﬁ/e[ﬁt)’|eb4ﬂ0éb?ﬁpfféelt€§1rrl ed out by

t andard DNA t echni anot enbodi nent
|SI gand or PE nﬁ%g er"iéé’? B’?{CWI@BE& ge%\geespgg'gtnu‘g{}@%esgquw %Estd(ﬁcmmﬁ%fﬁlﬂges of
. VeCtOfS for gxg Ngﬁb%l'ﬂm'lﬂtlyee@@G s%ft“/ﬁﬁ:r ‘ék e%ﬁvdxl%ie%ﬁmpﬁmgﬁg glc drfgl dari ,
et al. 1987) E 6: 229- 234), urj an and Her skow 1982) Cel |
30: 933- 943) usm@lﬁ%WS@ﬁmiml(IMPmatm anc(a g,zﬁﬂwmglmrfel%a@ %0370, IorBB)andeﬁ‘gm
_ (I'nvitrogen Corporatiaon, San Diego, CA), and picZ (lInvitrogen Corp, San
Di ego, CA). vmglm%r%étfw%ww a PD-1 ligand or PD-1 polypeptide can be
d L] L I

veet or o avai 1 abi & T SCEls eI NBH UG HEB SR Bl SRR OV 1S

vectors avail abl Xpressi S Ih i nsect cel

(e.9., S- celkédds d MuktydRqlidiRe’ %Cpeﬁfﬁﬁh Q%eiraﬁh%ths@bulﬁﬂc daftabh8330, fbéxanipid, |
Biol. 3:2I 56- 2165) and the pVL series (Luck V. A and Sumrers M D
(1989) Vi rollwfﬂmemﬂ@g)menZ@m or -ybtcedemqwmw cSshdearehes cambaperfasmedaci d of

t he |nv ion.is, e lian cells u ression

vect or amnggh%ﬁ%qug@@%ww st 20T B TRl R eone

(Seed, B MEPFoNASUDS. 192515400 e RUERRG & KoM bUTBa e it ind 987) ENBO
. 6:187-19 en used in nanna Ian cel t he expression vector's

cont rol fundBOAST preraf}seorepr 080, daddlbygth i=r 18l to b micdroyideksenendes. 30 For

exanpl e, commonly usedwgr onoters_are derived from pol i/oma Adenqvi rus 2,
cyt omegal ovihomelegeys & RPdnisgnd qs PRgl nysdgic 6‘%‘1%&01"5%?6(5295 he ‘BW'égsBMSgyst ens

for both -61 nd c
cells see cH’éorte’é'r sar%%"!s gz’%%eo%gﬁgr oog??a%‘. fb?q ¥aq§lbsﬁ%%ul %(ﬁ ?%l%[? the
Labor at qry I\m%taln githo aRfd segmlc@b [RRAdI6Ebusas PDE] Ligdhar RPOY-Y r&@xhdno‘mruud@g
Har bor Laboratory Press, Spring Harbor, NY, 1989. In anot her
ermbodi ment , aftiee inverdiobi ffamtbtamambd amrem%’é)sp@npv@@mwmosess%mﬂdbl e of
directlnge i on of .th cl el c, .acj.d refe rticular
cell type (éﬁqﬁfﬁ%g"u‘&'lgﬁgé? H?Sﬁr'é’eéig‘ﬂllﬁ 6 ‘i)eéf’[ fr@:?? g}vﬁ&?ctﬁé‘ﬁ 6 expr ess
the nucleic 3‘%113?3383'3&@@9%%Ehﬁhﬁn BYUISAL NG sdrgwswrsgm@waeu@fame art.
Non-limting exanples of suitab |ssues ecl pronot efrs include the
il l% gl 27r7)r ornlatzeneéérls lgﬂéue{sqp?awfelpmogra:)m@egt)éiLAzSIT adddNIngﬁTmmdxg LBedlll(-‘)orAd
ynphoi d- speci. fi c pronote ame and Eaton V.
| mmunol .2043:ex8mpley e nuglgo %eﬂW%%OfﬂB%W&F@F%‘ were-gnalyzad ”rsg’&é%‘i g?fém f W not o

and Bal ti nor et al.
(1983) Cel | @égti]}g‘g"?%gw& %l%ﬁi%%%“ng?g‘e o 3?’“@&4&1“5%’ 1, T 9’3’@&‘6

neur on- speci dcidsequ&nives effthe (rﬁ/emon Wwére anglyzredhisirgrika te fpulo satisys; tiRyBlosurasd

Ruddl e ( 1989) Proc. Natl. Acad. Sci. LISA 86:5473-5477}, pancreas-specific
pronot er s (Euatmnmwétga@lpenqltnqwsyt estﬁt@ﬁeélzed)em@@nb)%ew and manmary

gl and- speci f, rormtﬁ 'iﬂ}() lh%g m 1k whey pronoter; U S. Patent No.

4,873, 316 an P tion Publication No. 264, 166).

Devel opmntal | yr emel i@ oR aRODF A/ idesPR | Hps SIEDITRASHRAD orftﬁﬁor@gﬁl)l@h@ Ade
murine hox promoters (Kessel and Gruss (1990) Science 249:374-379) and the

a-f et opr ot ei mseprhmmt, erPD( Chigpebordiidt | Tthigieniaprqtdio g o) “fwﬂesromen” CCBnEEES 546) .

20 Moreover, u0| egul at or, ste r use in I | s are
known in the Ia‘r lgap ,or b 'ép?yéff gﬁ?ati“fn'i”? ‘iaiﬁﬂ t@ér’i‘@“@%?ﬁa regul at ed
by heavy net (g& 9 i nster

“et al. (1982 e?)ﬁraee éQgDebgﬁ?dM;earlg @#’eptf& ?@%rgg@a k’/b%gep%gil-eﬂ]g&nﬁ?
5: 1480- 1489) amindatidsagunce Ssttespor@ling PR l\gbndibr PI- 12%ipeptide) wheeseas Shock

. Response, ed. Nouer, L., CRC, Boca Raton pp 167-220), 25 horm)nes (see
e.g., Led et “ngin-PP-11liggnd pr Natlmcéymndeézsfez%tzangtl@qhadpngqnamap agidpr oc.

sequence corresponding to a protein which is not substantially homologous to the PD-1
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Nat|. Acad. Sci. USA 78:2038-2042; Klock et al. (1987) Nature 329: 734-736;
| srael and Kaufman (1989) Nucleic. Acids Res. 17:2589-2604; and PCT

Publ i cati 93123431 ), FK506-rel ated nol ecul es (s CT
Publ i cati‘gﬁok@‘m 94/1831 7) or tetracyclines (Gossen, w?ggﬁé&é'd’f‘g’r d, H.
(1992) Proc.lightd br PBUSstoteRt; b-g.,dFRoR M WHGH isSOffelft ftom GasBB, liddnd 6f PBHL  (
1995) Science 268:1766-1769; PCT Publication No. WD 94/29442; and PCT

Publ i cat i on prgeinand 981013 Hgivedazem i sugleyor ajdifferapitciganisng2 Withyye BB 078731
PCT/ US11211Q303 i ment, the j ti i ecombi nant i
Vector i n whiea & Baiforep e heEs R Bt PHEQyReps S it A O
I nduci bl'e e%%@}sﬂwn%farmmtlfgm bheHabyofld. QWa"tlﬁelszeHEd EBsthinRhe 2 OBPT Rggtdon of

" a PD-1 ligand PD-1 protein in eukaryotic cells. The i1nvention further

provi dess5a roe®Drbifusioit pretepr essprises mdedsooncloinfogically actavepitiomdfedd-¢ of t he

invention cloned into the expression vectqr in ?gé)%gﬁl sense Qrientation.
@

" That is, thdigenornPPdcRIPEIN, ¢ Lopdreatracrdulpr dompis . ligand enfdr PEYEBence i n

a manner whi al ]l ows. far _exp i on . A Rt f ecul e)
of "an ra o aich ionro EHERERE R e v i HRES SR Bl it TS

Regul at ory SqsYeRaRE oo 1330l yRbidé antkBe nbiePB- NUEARI ot PEEL GoBpetRid at t he
antisense orientation can be 10 chosen which direct the continuous

expr essi on dhisedhe-frante te sacheotiiiA Theineslk 1 ligand eraf-dtpplypepiidd dantby fesed td or

i nstance viral pronoters_ and/or rs r gul gt ory. .sequences can be
chosen Wi cH%NF‘E‘&’P‘“E%Ws@it?rm'?‘{feoﬁq&agﬁﬁel’%‘Bgé’f P ﬁéfJB(ﬁy'&er‘fje't ype specific
expression of antgsens i r i 0. in the
formof a reconbi Eant %P?s\lﬁ %F%%L%égﬂgfﬁg@epﬁﬁggngg aﬁgbi ﬁﬁ%‘??ﬁ

anti sense NWE$EBPD- bisitmh worinlin vaicitlthe D-Uhigend 6tRD-d saquentesaire fuséd githe

efficiency regulatory region, the activity of which can be determ ned by
the cell tygetarminusiiheO8haequenessr In anather epbadigent, thy fusionipeteiads HRDok t he

regul ati on qf NeLBXPLASSI L: [ 3 R b, H et
o " “1086) Yeafif PERRIBHARALER AL A ARE S, PR 280 VRULARY
Revi ews 15 Trgeihct 1§ ifker@elin & véstoridkh aslpCER4-HA v&toFliHeirsvhern) . Gnerfalr(1 993)
pertains to host cells into which a reconbi nant expression vector of the

i nventi on haSerse Hav.i h30IeN82d suchibatites M- 1"ligasd oe BD+I' seqrences argdeseBiimant host

s e R e L
potential progeryid ofStieloRbinfit PD-BEEAHES M8 tRb@inodi fications may occur

i n succeedi ng generations due to either 25 nutation or environnental

i nfl uences, such pPDyeligandeor RibA fusion prattin cdncbe preduded &y re¢contbir@npar ent cel |,
but are still included within the scope of the term as.us herei n. A host

cel | cartlbe &R{ESHPBRAR PotisQidgsequsRss Ssofing adirst peplide *amﬁﬁ s4 aglippy apdig o504
or PD-1 protegj : i i : Iq thkNSECt
el 1 s, yoastisitofEsaieRtRhERAREY LEbolR b RbmE Fop g i BBl s b 00

or COS cel | sgolubdry Qiffiatty Sstebilithloe viiesdy ofehd Srsapeptidadonexampidiase skilled in
the art. -63 WO 02/ 078731 PCT/ US02/ 10303 Vector DNA can be introduced
i nto prokar yiownenogiobulir spatant eegie. | Rreferablys ohplnst papHas conskissH@rmos# ot or

transfection,t i.ques. ;As ed herei the terng "t fplLmatheRe and
"transfecti OWR?);)?EII‘E?HG‘ZW&%D&I)H% {_Ejeegr'ear pqrgo%of) L!ngtafr/r"a 5?S'&alr%? qr%é‘ggr‘\??gé
techni ques fQltel (E4vapsI6f 16 sfoRhiSeqilenBe)If BheCseqéride 6oveh in SGAID IND:9 tiat oSt
~cell, including 5 calcium phosphate or cal ciumchloride co-precipitation,
DEAE- dext r ansuffiditte thddubatesdostimubation lor mbfteten efimnumesklot i prother ipeferred
Suitabl e met ggggdijngrrlt, Ehreag}gtfp%{m encgonglrsts of a portion of a PD-1 polypeptide (e.g., a portion

of amino acid residues 1-288 (or 21-288 after cleavage of the signal peptide) of the

sequence shown in SEQ ID NO:12 that is sufficient to modulate costimulation or

30 inhibition of 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
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transfecting host cells can be found in Sanbrook, et al. (Ml ecular
Cl oning: A Laboratory Manual. 2nd, ed., Cold Spring Harbor Laboratory, Cold
Spring H%B%E/OII@Ploratory Press, Cold Spring Harbor, NY, .19§?/)Lls?ﬁf69030t her

S S, It is

| aboratory “nénual's. 10 For stable transfection of mammalian cel t s
known that, rgeaandihimal BTy 1t BehiXal B854, Q8e ¥.8C Capor bt/ 19 RaleRCS, | RI9d4eChni que
used, only a small fraction of cells may integrate the foreign DNA into
t hei r genomé,580,756y 31844.09 dndahe likes imnocbsatbd bereinthyseferance)yrAansslting fgore t hat

encodes a sel ectabl e marker . 0., resistance t.o antibiqLics) .generally
i nt roduced ipFﬂ“H“t"P?é'eiT‘?&%f‘“%r%‘f F’@laﬁ‘%ﬂ‘?& %Pi)ﬁ?ﬁﬁléb‘ijé"ng'r@fng ﬁb@ 3é§fal.bﬁl§$ef erred
15 sel ect abl } Bos7ai i : I ugs, such
'~ as (418, hySﬁ%/Hn?g#ﬁ{czr%pcnibg ﬂgﬁ)exat ém%%}}eglgggl%%}er eh?:%%?% altécp?gfect abl e
mar ker can leréasé thedtitdehdyf praeih @atificaion. Fusibh pradn®andgsdpadesggodutad by
~encoding a PD-1 ligand or PD-1 protein or can be introduced on a separate
vector. Cel Iresombinsnytechnigues san bejsasrated anddsqlated Hemcemixiueloficellsanddnesigmbe

identified by dru el ect.i on 0. ..cell.s that have 20 i.ncorporated the
el ectable MReIkIBRBRIH Padfiof, AneRaliel) (RteRRiEe? Renls SHPES Rlakied o,
cell of thech@ﬁﬁ%lc@ﬂ¥ af B c8I%s rPIsRIGARNQE drfdl (RE pRWAIBRLdL Aeal ci@kd 10
culture, can be used to produce (i.e., "express) a PD-1 |igand or PD-1

pr ot ei n. Ac¢yrchllyghgiudets hesti calls middomarfdurtberdy prodoats.d Ssitablxd inedis féraell pnbaeci ng
a PD-1 |jgand or he invenption. In one

D1 protein using the haost cell.s of
embodi meht af@n\@elhgrf inghe g phioted %“‘EBﬁPL“B?%%Q%FH%)IﬁS%%mE‘é%eFI cpityEeMsHch a

hi : ! . o ! . o
been 1 nt rodtouar s ot SOt (SREchRREECk M Anth dr o FAARIQE prctiuds A Befidty 2
protein is [Mecthiged for transfeefinpchiosec8I8Andpinifyirtghsrotdiishmd pEptideb afe lGMRANh SES

isolating a PD-1 ligand or PD-1 protein fromthe nediumor the host cell.
Certain hosthesst.| s can al so be used to produce non-human transgenic

animals. 30 For a i n.on odi nen st cell. is fertilized
oocyte or an enb%'aﬁt%ﬁgtpé%r&eéﬁ)ﬁiqﬂf%ngﬂ %R-lglgg‘%glgnproé%{%m(gﬁ:dg ®1- codi ng
sequences hay@adafelr ddthaiR PBRRH or FHGdble Rbion-MEQoRelitd By Rim A TH 4SHAnd 8303
host cells can then be used to create non-human transgenic aninmals in which
exogenous PDBDL1 kogdertitogin iBruboglebulencmstaharegiobdeg., thetfcodgiosll Thet o t hei r
genone or honol ogous reconbi nant ani mal s.in which endogenqus PD-|1 |igand or
PO SequendBBUASEADYEGRSARIREIgn MRYANGIN SFAFS MO TGRUANS Ve 1eQKSRRTi ng t ho

function and{:q¢ SV : : '-%g& p | r
i dentifyi ngqgﬁmagér:éfgé\%frégﬂlﬂgnﬁ%}gﬁl lgtﬂi)elrls 0 Og{gb'ﬂ%l %tél%ﬁ&({x'oﬁgﬁg?pgégﬁﬁf?t y.
As used her ehtvdimg the ertisgiitbcpationaf & PDsl lggandior RDabpolgpépriak capbejottedd y a

manal , nore preferably a rodent such as a rat or nouse, in which one or
nmor e of 20he WA leacasting the hinge a2 and Clidasgians ofdwegerdgGy Qdéer Iglahmiodidiedf

ransgent o a0 Mol AUEIUS nen. b, PEATRLGS o SHERP r dofs,peouey doats,
i s integrat ggh.i Rbond &M a&qmogfobé‘liﬁﬁlsionfpfr&gi‘n‘r’]méf& RfdrfedNS Gﬁelf}b}?z}n%gdr é ;

devel ops and whi Ch remains in The genone of the ‘mature ani mal,

di recting t heregxgr ‘®PI%il digaraf.Igdor EPDddégindéne Ptheduaiations whizhanconmrate ched |
types or tissues_qf the transgenic animal. As used herein, a "honol ogous

r econbi nant YRS "0 $CaMABASAGRYIFdani mal , preferably a manmal . nore
preferabky a 15 i N| G | 3 i . Qr. 995]? has
been al ?éred by %ﬁgbﬁ%ga)bggwleggarﬁ?&ﬁgﬂfg%%uﬁggr%%%&elé gﬁgg%@{{gg@dégne and an
exogenous DiNAna@ieedsntbinait DO eelhifidso Far &intpl DN Adraghieilcodiag Jor, th@n
enbryonic cell of the animal, prior to devel opnent of the aninmal. A
transgeni c akfferant podypepledecsequanees 45y ligaied tngadenig-frarmpiniacordareg voth PD-1 20
encodi ng nucl ei c .aci.d nol ecul.e into the mal e pronucl.eus of a fertil.ized
‘oocyte, e.g.COMYFPUANA IeahRAES fofFxample cRlevipe P‘Hf‘%s‘é’iqpeSH,r SEERFrAPHSLETY ™ he
oocyte to d | i : : 1 ; PD i gand
or D1 oDNAS '?é%ﬁé’h{:}gagf%sﬁEéme %@%@%oéﬁ%ﬁﬁ R’%ﬁgﬁ’ ﬁ’géstg?érr? ‘“E’E‘“i"ﬁ rl%%tced
as a tr a0sgenhesivet ends heagpeoine, afkahnegshosphatea traatnreat to akbidenmdagitabll y, a
nonhuman honol| opgue of a human PD-1 ligand or 25 PD-1 gene, such as a nouse
or rat PD- 1 JPinyignanchenzpmayc jeation. é&ﬁmlgséerﬁg@edwné the fi§l0g&5Be Cam Reer nat i vel vy,
a PD-1 ligand or PD-1 gene honol ogue, such as another PD-1 ligand or PD- 1
fam |y nmenber, can be isol ated based on_hybridi zation to the PD-1 |igand or
PD-1 fam |y eDNA sequences of SEQ ID NO:1, 3, 10, 1 I, or 38 (described
further in subsection | above) and used as a transgene. 1 ntronic sequences
and pol yadenyl ation 30 signals can also be included in the transgene to
increase the efficiency of expression of the transgene. A tissue-specific
regul atory sequences) can be operably linked to a PD-1 - 65



WO 02/ Ur78731 PCT/ USU2/1U303 |igand or PD-1 transgene to direct expression
of a PD-1 ligand or PD-1 protein to particular cells. Methods for

generat i ng tugms,gleni c aninmals via enbryo nmani pul ati on andpﬁ}/ﬁgﬁi RiRct i on,
parti cul ar?y animal s such as mce, have beconme conventional I'n (lhe art and
are descri begnthbsizedepiadtiplentiondl tkkhpiqu2atRNidi torftatéd ONGO Sy radizdss8 70, 009,
both by 5 Leder et al., U S Patent No. 4,873,191 by Wagner et al. and in
Hogan, B. Mavligodtivelyn§CR anydifivbtisreofigene fragihuth darSper ¢angedHaut lnsing aadior at or y
Press, Cold Spri ng, I—Clﬁr bor, N.Y., ‘1986@;y Sim|lar, nmethods are used for
product i on GFMSTHERIChLyRrse P complemgpary Querhangs BeiMieen MR FAISSCULES B3 can be
identified ) I P I ein
s genome A orUaiace ol SERSFERR B qreli dnd RPN Bhcha s RAGNT O,
cel | s of 5t hegeaniembsce (deet faarsgeple cCiroem deoioadls raMoteatiat Bedlo@e edss ddsiitel br eed
additional animals carrying the transgene. Mreover, transgenic aninals

" carrying a t¢f ahdeftn¥ilen &o8onsg 1 02PpMoreqygh eany eXprossionyestess arecammentialher be

bred to otheg, trnan i ' i t her ansgenes. To,Greate a
noml ogous e el ERH<Aaf R & AR Hp g G LROTARRIR 00 AT LA SR 5
l east a por thg@)n PDA IFfand or PHANEhQRUinERutlettORR1 danttR cYiHed g sGldl 4t i on,
addition or substitution has been introduced to thereby alter, e.g

f uncti onal | yexpiessiopvectarsachPbatithe ifgsaordmoietyPBlinkgfbmefraridhite tROPD- 1 iigmdéb’ror PD- 1
gene cag bea{ﬁ? human gene (e.g., the SEQID NO 1, 3, 10, 11, or 38), but
more prePer By PrO%ING non- human honol ogue of a human PD-1 Iigand or PD-|

gene (e.g., a CDNf, i il : i:di Bat g i .

nucl eoti de sequenceé%@%éé%l()@éﬁg’Itl?é]%,gl%é),m{?hIlg,jé grB %%hnwlgté:p[)teggrﬁ%ﬁ% a
mouse PD-1 ldofairnings hitErologgansigndl Redentsadis N teemiriiss Uicterairignstedig 0.,
reconbi nati on vector suitable for altering an endogenous PD-1 |igand or
PD-| gene i inammalignhast epdlshgipressiomandiasfseereiian effildrdilizand or RBd cpadeor i s
desi gned such '%Epsa% hrgtpq{luskel%rfrglhg%oqg d g(szlonaisnatei on, t he endogenous PD-1
l'igand or PDET g_g é Pt R CL i oh Hyg |srgup§ \8‘31" (II ,’e., 2~ no |onger encodes a
functiongl proteiThe F-39igaRd 67 P8 fuSloAPraleins HMAE knvetion AR De Mdorporated
Alternatively, the vector can be designed such that, upon honol ogous
reconbi nat i onto ghaemasauiogd peruposkions ahd gdmuhisteredPO-alsuhpentini vivan Rixd digawd or

ot herwi se altered . but still encodes ,a functiopal . praotein (e.g., the

ot r eam r g T-ABHGR ProdfiBtAe SR on e EPEd cBoRidBy ARy HioB el on

of the endo 2 akeTalo Q) el rr\:ml :

reconbi nat i gﬁﬂ@&e&%t l(glrl?f1é ;[r Eiet g{;l"?oerxlieigﬁl gglgogll%gf;&gc]&crﬂ%r ’eé'%ﬁ%d%& [ gadr%gﬁ%lf&g(yin gene

i s flanked ahe tdss obinhéidnBiejeerios obyarsglntsi MatovenchePD-laligandoefDence of the

PD-1 ligand or. -66 . WD 021078731 PCT/US02/10303 PD-1 gene to_allow faor
honol ogcd¥s rfddignBrateins efthe vseian (He: ftldangth Brotsin QEPRIINDErept) Gambe BiedpD- 1

gene carrie Rl PD; 111 s - e in an
arbr yoni ¢ stsnnafesSEd BlodBte iy SORBRARL EDL o SR Abicchid oY o
aci d sequencED{1gigahd 6tPDLICArRINE s¢re@ifhdads@ys 16 ide@EiHSmblectilonWhieh dlsbit the

reconbi nation with the 5 endogenous gene. Typically, several kil obases of

f1 anki ng DNAngemstipn af PPhleligand arith 8PDdnliizand sgcepton@ &sddetli n t he vector (see
e.g., Thomas, K R .an hi . . M, R, (.1987) Cell 51:503.for a. .
description of ho%ﬁeba&ﬁhéiﬁjégg%?%%ﬁ[& “\(‘/‘HB?fbcr‘if)fPS‘%B’O\%e&Pgﬁhe M Bduced
into an BOryeMiced B 884 redohbhanEDRA tebinifile8C FOPPQARRIE, NA &agmeRs! s i n
whi ch the introduced PD-1 |igand or PD-1 gene has honol ogously reconbi ned
with the 10 exdigdentadifRDent poiypeptidecseqiridets aye higated wgsthbeiotfedng inee, e. g.,

Li, E. et al. ( 1992) Cell 69:9] 5). The selected cel]ls, are then injected
into a bl ast¥EYEenesrwithconyepianal techpiques, foperaaple By sapioy Rg Hlwlended AT chi ner as

(see e.g., ] ek T6 r e - yoni Cells: A
bractieai " apueEnacRiedlin 6t RUAIER, RUARBF R RMNER gt o o
13-152). A cipprdriate efhin), dillripRintdTRBhd3evel ofifé &N dppebpriatepalRaline phakphatase
pseudopr egnant 15 femal e foster animal and the enbryo brought to term
" Progeny Hhr bisgatmenttieavaid ppdestyakle jaining candisinpwroatpNzgation.t lednothgeembedimest, can
be used to breed.animals |n ich 1 cells of the ani.mal ,.contain the
ol ogous v F SETbETEdBRATUNSEe AT remiepdorhicsBriaRRaribe i dhdistne.

Met hods for constructing honol ogous reconbi nati on vectors and honol ogous
reconbi nant ani mals are described furtheng.n Bradley, A 20 ( 1991 ) Curr.
Opin. Biotechnol. 2:823-829 and in PCT International Publication Nos.: WO
90/ 11354 by Le Mouellec et al.; WO 91 /01140 by Smthies et al.; WO
92/ 0968 by Zijlstra et al.; and WD 93/041 69 by Berns et al. In addition to
the foregoing, the skilled artisan will appreciate that other approaches
known in the art for honol ogous reconbinati on can be applied to the instant
25 invention. Enzyne-assisted site-specific integration systens are known

- o,



can be applied to integrate a DNA nolecule at a predeterm ned |ocation in a
second target DNA nol ecul e. Exanples of such enzyne-assisted integration
systens iRel the Cre reconbi nase-1ox target system (e. ri bed
in Baubon;ﬂg’,(ﬂ&?s%ﬂd Sauer, B. ( 1993) Nucleic. Acids Res.ggi/:l%gzég)-g%m; and
Fukushi ge, PNAngntBesizrs. Blterfath@92 POR anplifd@tidad! nuchkdaskid &eg., gddoA

89: 7905-7909) and the FLP reconbi nase-FRT target system (e.g., as descri bed
in Dang, D. TRSMSAY cpldpe carpiad oW usieroobgr poaRers whichglverse g porBpismentaty - 67

WD 02/ (1787 2/ 10303 Fi er.i . et al. 1993) Proc. Nat) ., K Acad.
Soi - USA 90 B5EaTe P FehTEp dabi Bl iducisin S Rrgment PBh i Adiseisnty v

. reconbinat i Qﬁn&Yéiﬁxﬂﬁearﬁ;%}\gtkd% SIRPAE b RRGhdrR iEIEi AR dcq@ddcB Tsedofor WanYté, 29442
and PCT Publication No. 96/ 01313, al so can be used. 5 For exanple, in

anot her énbddirnemProrocadnsenleculmoBiokgypets. Ansubal & ot dohib&ifeydd Gord 19H2)ch

. contain selected systens which allow for regul ated expression of the
transgene. CHYCRYENBRY GIPSSHOR VECIQS SrssAmmercRlly ayalablsdbatadisadngneadea syst em
of bacteri oghagembi o) [Wat i o) t X pase.

system see, e g letyaif'sé;’ z{e?é‘gﬁ)féfy?égt%%ﬂ rdé.liéﬁﬂ(ﬁ)ahkgé%cgégg .m}{ﬂégsa%’d

89: 6232- 623Gan Bacloh&d inexaithlag eRpreRidnOvec e oundhi thAIBe Hikhendies if hekedlR-

reconbi nase system of Sa(_:charorréces cerevisiae (O Gorman et al. (1991)

. Sci ence 25frammge thea®B-1 ligand og PBHY prRRI%-econbi nase systemis used to

regul at e ,expressi-on of the tr.ansgene, .ani mal.s copf ainj tran nes

encodi ngoboth thg%&_rpées?'étd'&m“ﬂ% O RIS Yty {B‘Fg?jépg‘ggﬂ‘gorﬁg%&i red. Such

ani mal s can pagieiRt QhicREAndtINQK Aindr PD-¢ HRSAd HHHD-9hBHists ARAHRLERS) SrABgHgNi ¢

animals, e.g., by mating two | 5 transgenic aninmals, one containing a

transgene enigoud ongPly- Ismtagonist. Pradests of the®D-hdiganchearPR-dntrateims ngn be t r ansgene

encodi ng a reconbi nase. C ones of  the nan-human transgeni c_ani mal s
descri bed h&e%‘?rﬂ‘eégﬁ MAESNERS, 680 FIRCEE BRIRUPHRHRN Ptryncationefalid- 1digandohed i n

Publ | cat | on 10 PG bkt e BB bERB  pleien PSS GR BT Raty
somat i ¢ 16el lthe fanpot hsubseipoipe biotogidal saivikanf iR rasnhldt &duang foAGYESEDL O

exit the growmth cycle and enter Go phase. The quiescent cell can then be
fused, e.g., HgpdagPDtiheroteie Hr artpganistiofaPDpliligansd orPD-4prasein chieihidt oocyt e

froman aninal of th .. speci fromwhich. t J .cell i
i sol at ed. [I'@e P g?gﬁes(?rtﬁg%gwﬁgegé’;f/ﬁ% '}a{sur%e%&%mf%[}g@ggéﬁg%ﬁtjngathorﬁ?iél ops
to norul a orprdkiatlyOfy eRardpe, édnwanﬁmylﬁ{oamraﬁgga@elnﬁm@@mﬁm-lflﬁgmb%r25

foster animal. The offspring borne of this female foster animal will be a
cl one of thélahipmieinf Tbns, wpécific bibbbgial ¢ffects.ogn be eheted biyateatmene With ai s

i sol ate V. Pharnmaceuti.cal. Coppositions PD-1 |igand or PD-1 nodul ators
(e.g., gB 1 Vep r‘?gﬁg}'teé@rf“f’ﬂ'hpﬁ?"tec?wo jmei t?ﬂ'?r‘%\t ﬁgﬁﬁﬂPJ%féé"h‘Pé‘,vaT‘ﬁE‘I udi ng

PD-1 |igand pgiinPRskbdeti6t @k %_id?%giéjal R VEGA4! F $he RERHIR Sb%unﬂ{gtﬂoh{?gk&% p‘?@gﬁr i \?\?%

above, or conpounds i1dentified as nodulators of & PD-1 [igand or “-

02/ 078731 PGas fd5@2 Aitle 3ffect P d subfxct reldtiye sntléanmeenspitteths nataradly cvodttihgfehs of
the interaction hetween PD-1 |igand and PD-1 ) can be incorporated into
phar maceut i @éphe&%ﬂd@apql Bth_leﬁ"P'ﬁ_m-e for adm nistration. Such conpositions
typical |y conpri %th@&nﬂ%ﬁ%@h&ﬁ%& 'ﬁf-‘ﬂ'lga PEBISH rotgfgn @n&n RpdYoRRd a
phar maceutical ly acceptable carrier. use erein the anguage

" phar ma@gut iefthéd BD-adizanpd GJbPIB-lcagbhistsr(hiﬁaétidsgbﬁﬁd@-ltl'ﬁgahdl&l ROg aafmgopRad al l

sol vents, dispersion nedia, coatings, antibacterial and antifungal agents,
i sotoni ¢ andarbs sleptifieshbyjgaregpinggo, arial Hharighel hiRets, comeit inbitantsit h

phar maceuti cal adm ni stratdi he us f. such j nd ,agents for.

phar maceut i gﬂ'lnf’ 10D APRGS, ‘ﬂlt?g{l?iﬁ ’8@"4J%re%g'lllpr?<tﬁ5\ﬁph?]t ﬁ%mgl‘)? ?BEieré’fﬁmi nsof ar
as any Cconvegbhign@lan{Bshis 4efividd eilonk Sribd&infEAR I Vaki€oathd brhR G PD-PREANE
" conpound, usg tlhereagggi nl thelvg‘}grrpoosni ti onsmlmg contle a\‘\% ater . Supp?e%rent ary

active conpauikids! ganmans is gelerated by c@mobiattedal mutagdresis apthp ascltic acid.levd] and

. phar rrace%ti cal corr(Posi tion of the invention is fornulated to be conPati bl e
wi th it Y ntldrRfeded e Xarssaled geng Whrany A Marieeatsd ibesy of Plpd igead gt PD-

adm ni strati i r r ol . r .
ubcut ancous TabaFt SpBRERLE B eyl g RUET ARG SHLRRE L Binheri
transnmucosal, and rectal adm nistration. Sol utions or suspensions

-47 -



used for parenteral, intradermal, or subcutaneous application can include
the foll owi ng conponents: a sterile diluent such as water for injection,
sal ine sql uti i xed oils, polyethylene glycols, glyceri P RBY4 ene
gl ycol or §toﬁ@?87§{/nt hetic solvents; antibacterial agents gg@’ﬁ]sas/ 'genzyl

al cohol or r@ﬁghb{ﬁql&@iﬂ@@ﬁ%’sgen@@&%&ﬁééﬂ%ﬂ&kﬁthﬁﬂ&&gg@ﬁgrﬁ@ saSERPointiabrRDd Iipangodi um
bi sul fate; chelating agents such as ethyl enedi am netetraacetic acid;

buf f ers suclor®P-heefuanes js eiprassiblesasondipidoaliody peptidasdoralemativélpyrastarset of
adjustnment qf topicity such as.sodi um.chl oride. or dextr .. pH can _he
S st od i (W ESEREN BToIBRS ot GF Bhnes isRRyy GeMABIEREA 4t BD- L Beariar P

, hydroxi de. -Egguéﬂ@ésetﬂérg{nﬁmh?feaggﬁS&'i&? o?ﬁ'{%t%ﬂs %%h%ﬁﬁige itjgledqmﬂ}dﬁée .

di sposabl e syringes or ose vials nmade of glass or plastic. 25

Phar maceyt i dithrar{ee 3 pstehti) PD- 5 lighmbdreP - rvatisnte Gloabd degdnaaientigomielcptide i | e

. aqueous solutions (where water soluble) or dispersions and sterile powders
for the extcapesnehcohemigalsiathasis eha degeeraiejgeae peguaraesan be perfermed i apy

At T A e
Par si ppany, Nles@bn 9&9&9@{%&% Q'déée%éﬁld: Seabf I e§ BBSYs fol theFRodbibn GAsRs, the

conposition nust be sterile and Shoul d be uid to the extent that easy
syri ngeabi | imixtexiofal of the saguemcésensodibg eheudesieed sehef puerdial PDrisligand or PD-
manuf act ure and storage -69 WO 02/ 078731 PCT/LSU2/ 10303 and nust  be
preser ved ag'afieﬁg?“c%e'g'%'ﬁ@%ﬁ?ir sethesizing deesnerate qhisepusdioy: Fﬁ%’ﬁg"’%‘ﬁ'&w the art

bacteria an ungi ; agri v i ' ium

cont ai ni ng, d(f%et’ ngglﬁ%—%g §v\é.t(é§§3)§?ﬂgﬁ%fr,ﬁn %gl3y§?&¥?(%,rﬂé§g%ﬂe@g?§ger ol ,
propyl ene gl gigehem. 38925 [eHkush d@l.Y £I939 SLRAE TISYN3L; [kantlal (188B) Kedleic afadts
suitable m xtures thereof. The proper fluidity 5 can be nmaintained, for

exanpl e, by Rdsellu$®.of a coating such as lecithin, by the nmaintenance of
the required particle size int case o0 l.spersi on by .t he use of
surfactants. PrevBRfdigandibraries Oggtag‘BanéP%Pdg br Eﬁg@’grﬂrﬁpg?@é%e‘ﬁé"%ﬂeﬁi eved by
various @anti i j : | e; ns,

chl or obult% ano%g,aﬁ%ﬁée%%{ l?ealggc(i:g&r‘%%nfg}égeg?g%r?egﬁt?ﬁé%@gﬁﬁ? ang t1 ﬁ?aﬁ‘?ﬁﬁmpn many

cases, it i sfranahesfobiedning dndlsubRqickelsitbnld vagans of a PDFI lkpaadpl BD-kugar s,

pol yal cohol s such as manitol, sorbitol, sodiumchloride in the conposition.
Prol onged at®yetept i loreneembedimen;, adibeasy ef eastippssiquenss dragasnissapogistateddut by

including in the c si.tian ent L chndel. \: 4 | e,
o o num oS B A APEIE sirges BERHERent B PR o BEEL PR secBlce A
prepared by i feaROhmiet Behdidis Hete!® nikRing YEP@Y BHly(#B0@ onca pfilhdletilgand or
PD-1 protein or anti-PD-1 ligand or PD-1 anti body) in the required anount

in an apdr opddnatueng thewdoublewtranded 2N 4y renatyuing theddN drio &irm dapbleditiandest DNA
enuner at ed abpve, as required, .followed by filtered sterilization. .
Conorarly. averEra oRbIE s R oM SrEap R TR FR R tinglang
into a steri Wi ' | ' howRRE §1 AlcIERE] MDNRAGhd he
required ot h%%nlaﬁd;‘%@d?nesﬁﬂsrﬁ rfgﬁq%dﬂd(;@gexgsn%angﬁg?gd 20 gbove. I'n th% cagtse of
steril e powdgesesubingtffagmeneifiragtinoranekpeseon vectomjBychabhethsh hnekpesiont he
preferred nmet hods of preparation are vacuumdrying and freeze-dryi ng which

yields a pO\/\H‘éﬁaTYCﬁa“tbﬁgeréYﬂdi which prfiodes Tﬁﬁ?mﬁl’ﬂscgﬁ‘?gaﬂ&l‘@ ierapl faagg}e,n@g)f
i ngredi frOmu’?si%ﬁe&/f*tf?éjlsbﬁldlzéa%@ok‘9Df—l b{&)? .gd solution thereof. Oral

conposi t onsvadenera y 1 hc an I ner uent or an edible carrier. They

25 can be encl osegkevieral @Rhaigiids HaRSOWEH tBE ak Goceeniag gemd srodwdn ¢t s.  For the

purpose of oral therapeutic adm nistration, the active conpound can be

i ncor por at edcambinhatesidilibraries snadn By poind mutatione of Gyrraten, ead fastssreenipg eRNA  or
capsules. O conposi tions can al so be prepared usi a fluid rrier for
‘use as a rmuﬁi’ﬁﬂﬁ%%ng‘)’r ﬁﬂ@rﬂﬁ’%"c{sﬂ@v r?psé‘[)fr“l{f%ipﬁ ReR- 1SI“§? Gg@aﬂvﬁséﬁ ?déstgé%ﬁ ®d
orally and s XREEhOT; cSHEd [ .

_conpatible bwr?ﬁ]%geegggr?? S, ahg,lgtaﬁgfj?%nvant %ﬁ??gﬁgﬁgogﬁp@giagﬁ%{i?gggas

part of 8he ¢digmabort RN .prdtbiast Ahé miost, widklylsed calrsglesswhich arrasenabld to he | i ke

can contain any of the -70 WD 02/078731 PCT/ US02/ 10303 f ol lugvm P%

i ngredi ent s, high thionphybwRnakysis o8 soreenng large geae libragesiypicallyiglugg cloning the

m crocrystalline cellul ose, gumtragacanth or gelatin; an excipient such as

starch or |actose, a disintegrating agentsguch as alginic acid, Prinogel,

or comstarch; a lubricant such as nmagnesium stearate or Sterotes; a

glidant such as colloidal silicon dioxide; a 5 sweetening agent such as

sucrose or saccharin; or a flavoring agent such as pepperm nt, nethyl

salicylate, or orange flavoring. For adm nistration by inhalation, the

conpounds are delivered in the formof an aerosol spray from pressured

cont ai ner or dispenser which contains a suitable propellant, e.g., a gas

A PN O~ o m I



Met hods for preparation of such fornul ations should be apparent to those
skilled in the art. The materials can al so be obtained comercially from

Al za Cor i nd Nova Pharmaceuticals, Inc. Liposomal I, ONS

(1 ncl udi %bﬁ?)pogégéﬁes targeted to infected cells with mnogﬁgﬁgﬁ@ﬁ@:bodi es
to viral antgegelishryciatn raplicableexpssdomsequratransfonningalppyopdatcaeiepithithe
carriers. These can be prepared according to nmethods known to those skilled
in the art, [OMINGIEYY F veorgcand sxpreasing the cambingiqiat 2qss undes gondgtiqns in7

Vo 02/ 07873'wlﬁ§1¥ée&§%§€1%?gggsirleﬁ &icﬁvig';fggﬁiat%sliyolﬁ at{}tt}?egse%pogfe%god{ﬁ%@g{g?r;e or al

or parenteral Conpositions in dosage unit formTtor ease’ ion

., and uni f or mwhos@prodeaaeR deléeRad Retiitbive EseMbASmUREEhKISREM)! £h&Y fech@ique

physically discrete units suited as unitary dosages for the subject to be

t r eat ed; 5 eacthichnérthaness thai frdqugney offenhtivealmutents gquihndibtayiesfcanbe used isonmpound 5
cal cul ated to produce.the desired therapeutic effect, i sociation with

" the requi re&o‘;ﬁlﬁéﬂaHQ’éE’&hﬁ?%s&FeeB%graiS&y?t 8“%‘1252%94 iflléﬁﬂq ‘b‘ﬂ)]ﬁ cssrvaflﬂ%‘sﬂig e unit
forms of thenh RGO QOoBY G ol BhPLRHL 2Y: 2 €Y. 7891181508 158§ uni que

characteristi cg%g? t(ﬁe ?ct Ve ct()rrpou'%"and the parti buggglq?ﬁ%’rcggegtbiﬁc

effect to béraehi Byed(3)38@-3Bhe limtations inherent in the art of

compoundi ng such _an active conpound for the treatnent of individuals. 10

Toxicity and t helipeggmbodimenteertlbased assans can hpexpieieddtasnplszeievaiogrisdd by

st andar d,ph eutjc necedu in cell.cul rexper.i nment al

ani i s 100, SOTPAEHGRD RIRERE" FiCeBals b iREY bELHesPRn R ¢ e

popul ati on) t@nefeétb@ink P Lel( inewrior 8rdiNeN RPRIhdsERS hod REFRGIPDE igBn PSS the

popul ation). The dose ratio between toxic and therapeutic effects is the
t her apeut i c li Adexrapsfected callsaroberrpheebagh dwnt PRel higandor PD-1 BEO: pRSOUlar

Compounds whi ch ihit |]ar t herapeuti g jndi.ces.are preferred. VWile
conpounds tﬁ?ﬁta'g}ﬁl h)"ﬁa'f %]ﬂfgia&"eseégef%&"g t"&f‘af‘(rjffﬁﬁbofi;%aeﬁ?leap theyiipt Be t aken
to design apgeh iuetd PR G e SRR TREKRAS EObY Ay 54 € Of
affected tissue l|§n order tolnlih“'?lll M ze pot ent | an amage f%gﬂn%n?yect ed cells
and, thefebynumbedeffanaiotel sfdyscPhismihBNAadan thdit i reexletaddion kit el Whéohl t ur e
assays and animal studies can be used in 20 fornulating a ran(%e_of dosage

for use in [eRFRKe inhihitiogoyabiernstivalydwievaienelidD i igand pePRr laglyityiandi n a
range of ci rd?euil afxﬁidlgl &gge%qﬂ}tﬁeqtck?rﬁae}i%ﬁt include the ED50 with [ittle or no
toxicity. The 3osage may vary wthrn i s range dependi ng upon the dosage
form enpl oyed andn hdtBri6P14tED-QfligAAALAPDLIN 31y RB1idesi dohdigithg drdy oBituralypound
used in the nethod of the invention, the therapeutically effective dose can
be esti mat e@c¢urting aming agisf P3nh ligaind ot APt upeptidemayesics Arerisneprosidede

for mul ahgd iPn a%i mal nmodel s tolachidev ahci rcul at Ln% gtl asna concgnt ration
range that i AETRE GERHETCEERQTY U In firP REREERY AT 80T TNPPEEY conpound
whi ch achi evegsayilifpropdrad mlog'gﬂﬂotth&ge%twteﬁm&tp@gﬁae.a%éi@weaw%-l n cell
cul ture. Such 1 nfor maF| on can be used to nore accurately det'erm ne usef ul
doses i n humeptide dogpehisd ane tgrived fpemale nieeressu’ pehtidbovimetaiihpF aichdry, hi gh 30

' f i quid ch t .12 ... WO 31 PCT/ 11502/ 103U3
The. nucl ol o (K451 BaEs. DroEREvFHGTTFGInEEEOB0 LIRS 1 TSt or <
and used as oo eIRARYCHSESBI1229 Galeh LEIARKIES hALR ARG BEIuL ed 10

a subject by, for “exanple, Intravenous 1njection, loca mnistration (see
U. S. PaReént usualB8ledd10pedwitlshesdi®obaingnitdrized njokecilabmodeléey. eReptide fnaeicgt al .

( 1994) Proc. Natl. Acad. Sci USA 91:3054 5 3057). The pharnmaceuti cal
prepar at i on tht arnerugallyt siailandy theseneyticallyriseiybpentides ¢aa bgaised orspdysy apect or
in an acceptable djiluent. . or can conpris s| release matrix in which
the gene delequ'é’Pk?"{/t f“ﬁaB‘f‘glcioé pf‘??ﬁé@&@‘g?#fe 't@?%éﬁry\’/g?%}l,d%%’g?@cstaﬁee conpl ete
gene del i Vergy¥@edIQ sirki®d? (98§ pRa@EurSsly peptidlti of, aQiBlyREGIE AR abRlbSicale- J.
“retroviral vectors, the pharmaceutical preparation can include one or nore

cel I s whi ch quipbslueclopiealpetieity))siwbdlas emgn Bi)st bgand T &€ Do hdutrhaveutneoal
conposi tions can be included .in onée%i ner, .pack, i spenser together
I

“wi th i ng0r udpPTEREPYds aves ppupralbieplacgie %gé@g%wc(ﬁ@tﬁ%‘aéheo%mme_ I nvent i on
15 The PD-1 Jjhgaieh AOHI9INED- EnIBIUERD PN AQHLEH- Risthnd 1f6), REEHHE -aci d
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nol ecul es, proteins, protein honol ogues, and anti bodi es descri bed herein,
can be used in one or nore of the foll ow ng nethods: a) nethods of

t r eat ment y downnodul ating the i mmune response; b i
assays; c‘jv"g’rzg’&???i ve medi cine (e.g., diagnostic assays, )ﬁrcgéfﬁggm:’@?assays,

moni tori ng C@HOW@H2-| drdll -€H280d, phaethiBeORMaT inGhg art 264 fliher &8trdtiedqn fHec! ei C
acid nol ecul es of the invention can be used, for exanple, to express PD-1
li gand or Porllowingrefergnges; gpatolgi A. B in e€herisinand Sigshenisirpnf witootcidsn a host

L1 | i i , d i d
Corg. i e a bl PRl B, B Bab R0 i N5 Vi 887 (8 nd or
. PD-1 gene, ol ATPAW b DR Markh g%@?, gsn. PDsduet tpYitidé Badfbdiescr i bed

further below. The PD-171igand or P roteins 25 can be used to treat
di sorder § chMModifitaionge@ehsral mviatv, MoBey, 108, (€X80B et Rhuod st ippnd6¥-468- 1

i d PD-1 tein. ddi ti he PD-1 |i d PD- 1 tei
e used to SEB G B Py o7 Actep Pighrkesol BB Whindi ng
, : j ; | 77 j d
D 1 et vi G e T R A 8B s 84 R R e

Or excessi VeanhORud.i(098291/. kel Sot gRdrRindIra3D1 13603 P QCEI-OHOciPAmadigt); on of
PD-1 ligand or PD-1 protein forns which have decreased or aberrant activity

co;rpar ed toAF}/D}q}!iSLin:jéhd’ ok (190) 4 Med. Eheip@3:p3R2-e398 (-MOCERYRIgnnings-Whe, WO

02/ 0787 P 3 i - i i i

i nvention canb®" o 29%)'&55%1%3?éﬁf@%@gﬁ%ﬂggﬁ%bﬁ%%‘% Egteei ns,
I canebe Qo T 3

regul ate t heyd)i03pa496851] 980y Caf. 9PB9dod ¢ l%ﬁ‘)‘é-tg)i(d??@ﬂzpf; qlfo‘?liaﬂa?, MG, e al

nodul atePD-I Tigand or PD-1 activity e.qg., hodul ati'ng t I nteraction of
PD- 1 |i gand (¥988) PRxrdhedporALeMEt 3830134 : 440 TFA4GH (€ (D H)AMB );and $iaby, iViie1 98 DN

provi des for both pr l actic and therapeutic nethods of treating a

subj ect at rli’fglgcbd)g(ggs)ggﬂg%é%? ('S:I}'@'%&)eaéﬁﬂf whichds ingprpRealdigrean 8¥ sor der
associ at ed exr j 0 : I i or tivity. i0

B ophy act i LR A FRRfeulely brdrb RN herli: AnERTES AN SRR bRk
preventilag infinftisdidhgbive sigrlficRbsd aflagePndt bogPeids @fibalietnW IR lhgaber r ant

PD-1 ligand or PD-1 expression or activity, by admnistering to the subject
a PD-1 [|i garer exempis: 1merslegenromical @rastucion, gigatar chemichl sabihydernhaned PD- 1

ligand or PDy1 pol ypepiide expressi.on . or at |least o PD-1 ligand or PD-1
actvity. sobrebealBERt pbReFErtaR e antimin efitrty Sfees <6 oY1 buted to
Ey aberrant spRiflcityl @3NG Woad=igediri B BRI tivBEdsh Fhduted atiRictilemti fi ed

y, far exanple, any or a cormbination of diagnostic or prognostic assays as

descri bed hetlsirn. LabdhngoSpaptitdornmaics asyatly pimol esstcbealag ertechnznt ofanerorpri or to
characteristic of PD-1 ligand or PD-1

t he manifestation of .s to 2

aberr an&y, é?ﬂ:rﬁ?atbﬁﬁt dlg%ﬁy g@ﬁ@gﬂgg}a WAL 8 &r 2R 8MifleRFaWR) el NOPINETtEEMhat | vel v,
del ayed in S i . i : i fapdul at es
the Tt er ncPPEBAGPEEER! B idoniluE ARk GRAALABY buarftihu RYSRh A RPIL B

time of expaatarandiod naidculpe modEkme rRlich goadinteiferidgy/pwitivins Behelallyl gapeokinsnsPD- 1
aberrancy or_condition, for exanple, a PD-1 ligand or PD-1 pol ypeptide,

PD-1 | i gand teat domopform digetfiogtactswiphe macepaprleaiestipia whichdlgoni st agent can
based on of kPR gk e shbGhes BahBRRHANIR) RNl tR & KEF D e no
assays dgscrofpestidogiifietics shoullih@t amiahiislyMBtcRReSwith the desired biological or
pharmacological activity of the peptidomimetic.
Systematic substitution of one or more amino acids of a PD-1 ligand or PD-1
amino acid sequence with a D-amino acid of the same type (e.g., D-lysine in place of
L-lysine) can be used to generate more stable peptides. In addition, constrained
30 peptides comprising a PD-1 ligand or PD-1 amino acid sequence or a substantially

identical sequence variation can be generated by methods known in the art (Rizo and
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30 Anot her aspect of the invention pertains to nethods of nodul ating PD-1
ligand or PD-1 expression or activity for therapeutic purposes. PD-1 |igand
has been W&‘bz/(ws\é\g 02/ 078731 PCT/ USU2/ 1U303 denonstr at ed tPC’i"/%Q#ZWOBMt he
costimul ation and proliferation of inmune cells and to transmt an

i nhibitory sGRaath{ORYIMIE ReR!Bischeh6 E@si-in&ﬁﬁs&aﬁa Réleih by Reeré@kk); bt Y
and/ or expression of PD-1 ligand or PD-1 as well as the interaction between
PD-1 |igand esamhpRDby adding beernalchybtginedesidues cammble of fomeiog antegmokeculatmune

response. It,s | d.be 5 understood that in enbodi nents where PD-1 |igand

binds to a c@§qqﬁaﬁg%ggfﬁwwgb“é'ﬁﬁ%ﬁ{ﬁeBﬁ?té‘{iul ation of PD-1 ligand activity
results in upreg i gHg_Hg I r won of PD-1

" ligand activity lri*ggu ?{é#&d% mrgsgﬁﬁeg[??g%%(ﬁ)? Oel\pn%ulﬁgwéej%gg%fgésﬂﬂ{eﬁ

enbodi neft s wdnein avilPndblé thaanel skilhihsthe art it priodideooly peptidgt isspordinggell at i on

of PD-1 ligand activity results in downregul ati on of inmune responses, 10

" wher eas downtldduigand enPBf! paptide peqyances aed peguescervagants shergofupudyul ati on of
i Mmune responjes. n a prefe re(fj. enbl%)di qent, PD%}.Ii nq inds to

| nhi bi tory TSUUSPERS At prashired o AR PG S pukrutieBReTis i EXPresTeR 96 gand
bi nds to PDﬁolyMé%'tiaésOén!odlﬁp%B?%_l Aards PWY%@MMehM&,Vf?e G&ihaslpaRg a
cell with a nodul ator of a 1 ligand or a PD-1 polypeptide, e.g., an
agent that nofcdubeepolgpgptidesAltarnanvel, sach paptidys cin HeBydthesigaiity dmaiad PD- 1,
or an agent that nodul ates the interactiqn of PD-1 |igand and PD-1. An
agent t At n'Ba‘jl?P%%-eMeﬁde%LPOFF’&Hﬁ%il%‘rOf%&eio O Frofeins in feempbinantisisgent  as

descri bed hegegl { i I
natural |l y- oc%:h%b{r??arllgﬁg?sg%%ﬁﬁ% gétﬁc?eg’ 0 lg v%rﬂtiarﬁg{aggﬁ%O@Lﬁ-ﬁ’wn{ép(ﬁe&r}l (e.qg.,
PD-1 in the gsge 8éscRbrdlfubthgdnMatliatirer BDMolkdigiarCohingt el &sR0f MBbkIal) , a

PD-1 ligand or PD-1 antibody, a PD-I |igand or PD-1 agoni st or antagoni st,
a pepti domi n@f8?). and BdpOold Sprgartnrber, NIY.1 Bargehanst KigrmelnMeghods 51 . or ot her

| | | A th dul th i.on of | i gand
Pt o oot ymilaf Valudd P ERER SN el RS TR (B AR 0 e
a ribozyse Opreéis,mc,csahimllggu, c%ﬁf-mhmelé,qutl%wﬁsﬁi. Qe Séc BDsA1 | digangd or

PD-1 protein. For exanple, an oligonucleotide conplenentary to the area
around a PD-I MLi(§28l) RC B¢ RepoBipplept. i1de2 15, Kaseneiadr(198@)tScaniald3si®7e, can

be synt hesi zed use e or re apti s ol igonucl epti des, can be
added to cel Meﬁg?ﬁ?%r,it(g?ﬁ6é0§lf’mcea2t%%; R’E'@f/ %né'%é'r(lg@%i’ﬁingt ‘?Veg’afﬁe"é pati ent
to prevent t [ i | r 1 3

anti sense ol ?gg%gbgﬁfog%q{s@ é?@gis%gﬂgg%g }ggpf’é gﬁgyﬁgpéhﬁfgﬁg@@om% PD- 1
| i gand or PDmtorptidted lerdin 8y edtérehdedns! ation. Al ternatively, an

ol i gonucl eoti de whi ch bi nds doubl e-stranded, DNA to forma triplex -75

20 Peptides can be produced, typically by direct chemical synthesis, and used e.g.,
as agonists or antagonists of a PD-1 ligand/PD-1 interaction. Peptides can be
produced as modified peptides, with nonpeptide moieties attached by covalent linkage
to the N-terminus and/or C-terminus. In certain preferred embodiments, either the
carboxy-terminus or the amino-terminus, or both, are chemically modified. The most

25 common modifications of the terminal amino and carboxyl groups are acetylation and
amidation, respectively. Amino-terminal modifications such as acylation (e.g.,
acetylation) or alkylation (e.g., methylation) and carboxy-terminal-modifications such
as amidation, as well as other terminal modifications, including cyclization, can be
incorporated into various embodiments of the invention. Certain amino-terminal

30 and/or carboxy-terminal modifications and/or peptide extensions to the core sequence

can provide advantageous physical, chemical, biochemical, and pharmacological
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WO 02/ 078731 PCT/ US02/ 10303 construct to prevent DNA unw ndi ng and
transcription can be used. As a result of either, synthesis of a PD-1

| i gand Orwg%ﬂmﬁ?{ ypeptide is blocked. Wien PD-1 expressi gprjiRod/RE4 at ed,
preferably, such nmodul ation occurs by a neans other than by knocking out-
the PD-1 gengropérti€s, su€tedst sntafcedtabilityDindre@edr posehic 9 And/6r sMdadyatesidtahce to
preferably conprise a nucleic acid nolecule encoding PD-1. Agents which
nodul at e expeses ipericaspy dgsirableephafmadekinetie prapagiestdndpthesht Peptidesgandfount  of

PD-1 or PD-I_li,gand i cel | | so. nodul ate .the t.otal.anpunt .of PD-1 or

PL 1 gand aterongspeehediva@imen e E e Bt o BB IR PRuRs i mul at es

. an inhibitory actnviséie@Ppr) Rk &Q)DJlg?&din%r APortibh bPfrhgthdnt Adrdof (dr¥a Of
PD-1 is an agonist of PD-1 ligand or PD-1. Exanples of such agents include

active PDB- 1 nuclgandidanolPérld eprodingi snclaa golypemide),ess bbdlisedras ah éinmuacgen tool ecul e

. encoding PD-1 ligand or PD-1 polypeptide at has been_introduced into the
cel . In an8EMERE appbadissshnt big 'aldéﬂ?f‘diothN pung sandagd techriguasdey or

i nhi bi t or i Vi f a P i i.ahi bj t bt and is
an ant agoni Spgion¥as et ank B8 pbart FH A eliterf Y1 eeBd o B4 ROF 2
anti sense Plrdeihicginbelued, fxitkriatiot§] e avicttioprooidee gntighici pepiRId fragngsand or

anti-PD-1 antibodies (e.g. , non-activating antibodies), '

sol ubl e, nonat PDviatigang of 8Dt ferfuseps Mmmpepesys. of hermtigemio peptidees PDahdig®m ar

| i gand P i nhi bitors. These nodul ator ents can be .adm njstered in
i ro (&g, Py BBRREI i Braeh o Sud P uHeE A HEOmGERE) L FPiRaF PFRak | vel y.
In vivo (€. Goandd BT SOEPIHEE AdEhtioD8y AERALeiASEhS BEHIRE Form ’%Ssp\%éi??'mxtnnﬁe ,
present invention provides nethods of treating an indivi éual a fl cted with
a di sease oronpkenvdtdr PDHdigand ot BDble nérkferalily, aie arvigerhia tpepuideofongprifés-dt 1dasgand
or PD-1 protein, e.g., a disorder which would benefit from downnodul ati on
of the imun@a d eesidyes, pare preferally ar lsastd piaguep asjd saskhucasieempitessi on or
activity of i . i i i ecule. In
one enbodi n@gﬁf?g@%é’%%%t@?ﬂﬂgé?@ges&dalg%h%h?s es?Frg%‘ﬂ%ﬂA?gglee%sﬁ 3?3%40, EFCgf!n agent
i dentifijed hysiduescreeni ng assay descri bed herein), or conbination of agents
that nodul ates (e.g., upregul ates or downregul atq?'gg PD-1 ligand or PD-1
expressi on or actiligimajivelynarcansigbrie peptisisdragment of hdDnleligand or Rlol ves

dmi ni steri PO 1 |jgand or. PD-i tei,n or nucleic acid ol 30
A o N

expr esSi on_QlgaREH P polyptride (Ybical OdrIRY BIRETHALAAORRLS hrigh at i on of
PD-1 ligand or PD-1 activity 1S desirable in situations in which PD1

| i gand or PDRniino scidibeymemes! shywo owbEQJ DI 1O 4ahd) o039 amd evtontpassas aregsege PD- 1
l'igand qor PD- 1 activity is likely to have a beneficial effect, Likew se,

i nhi bi ti?8n & aﬁ@%swﬁwﬁ%ﬂ PolyPEPtgeTUgh fpt L aRIPOF Kited aeAinsy b BRAUGRS i n
which PD-1 I ; j . : f j nawhch
docr cased P it imFcbpigh PR EDTlipdha PR WG R il
effect. One eatompadsadetiyythe khtidenicrpeplide @t reggbrauf®D-e tigand arePD-Hahatiare
enbodi nents where PD-1 |ligand binds to a costinulatory receptor,

sti mul at i on legatqdonithe syrfacq oAHE Pseteiue 4t Mﬁifoehlhprstg1onﬁa¥ré opphyBRdimeRf Aect s on
i mmune cell costinulati t hefr efor 0 e . iy el uch
a1 not ance S Hpd P Len BS ARG Ep pRls R TR e I RRR R o B
desirablyg, spgHPTRS Shelbcudd (etdrah@etttackilvafortidle. Fa- M digamdberIM | §ndlsculke Sint abl e.
Exenpl ary agents for use 1 n downnodulating PD-1 ligand (PD-1 Iigand

ant agoni st s)anothet endieodiment, axantibody bindsspesdivsBy trd BRul kgandamPDbbdi es t hat
recogni ze P% Iigcfnd, conpounds that block interaction of PD-1 |igand and
one of its XFFBY¥Y 15 occurring receptors on a i mune cell (e.g.,

sol ubl e, nonoval ' i Jdegands
" or conpounds ideﬁ?i&;‘ﬁ?ae@‘cﬁ itﬂné @ﬁgé{g% @g%eﬁghggéﬁfi&ag?g%tb@? 1ng) glaﬁ?glddeg’
Exenpl ary agasiepréferablye ldast abounisodnina tatidgedniined, dvBnbrapiefgably atlsjsti ncl ude
_ (for exanple): antisense nolecules, antibodies that bind to PD-1, but do
not tr an¥ducioran?Oaptndiaidrepidipy aad most preierabhngfieastehaut §0 amie-agid residugsng 20

ant i bodi es” )Pre%prgd %&lloupl%!s gngo%{pg?se8 fby I?]% aln'ligenic peptide are regions of a PD-1 ligand or
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Exenpl ary agents for use in upnodulating PD-I ligand (PD-1 |igand agonists)
i nclude (for exanple): nucleic acid nolecules encoding PD-1 |igand

pol ypept i des l.tivalent forns of PD-1 |igand, conpounds j ase the
expressi o 80‘%‘2/0%’ | i gand, and cells that express PD-1 lig%ﬂ@%oie/{bgﬁf

Exenpl ary agegmi Holypeptideethhttare Rchteded Mheadutfase Hihd plddih,le. @ 09firihslc rie%i_bhkl,de
(for exanple): antibodies that transmt an inhibitory signal via PD-1 by
bi ndi ng to zand that afonstquego @Iy ] ligandesPDikpolpeptidee [PONg embbdimentsucbonpounds

t hat enhance the expressio f . hucl ejc.acid | ecul es encodi ng PD-1,
and f or me. ofePHDIRE A G8 AR HAAPT & P oG et ot 14F-4 RE0tEipf Homsne Speseieaiy
 Bownr ogui at TS it e dovafiecnic Ry (P Gahs sty oAl PO Bhatd o PR o
are nunesouspotypeptidemhat is nof cdnbervédatodsispetidsds usedras guimaihoged; suvh nonhi bi tory

function or downregulating the costinulatory function of a PD-1 |igand
" pol ypept i de cossarvrskrepduesean be detempiacd pyingan alighmens ich apdigh peyidedtesinican be

in the formpf inhibiting,or. blocking..an,l ne.,re nse al ready i

ot ogress or ity By BB SRt o MR CEPBL B e Wl Bt e
functions ofy,ijdBxHREnFRbPIIICRRIdAE | Nhi bited by down-regul ating i mmune cell
responses or by inducing specCific anergy in inmune cells, or both. 10 For
exanpl e, anti - PD-A PD-fligpahdaortRIbd dinesinogenRippitallyi igasadl tpgirgpaeqntidedies by g. |

sol ubl e, nmononeri.¢c fornms of a PD-1 |ligand pol ypeptide such as P

|i gand- 11§) ‘M%%‘“&ﬁ??‘!qb&%‘%ﬁcbé%a %%Si"tﬁ?&f’é‘z"uﬁ QEO‘E‘FrdE%“F’H\S "f‘atg? action
of PD-1 lig i a I pohibit a
cost i mul at ot iokh-“AR AR E B Ra Rl R R HREH, KRME § | |
addi tion, i neentsifAdiBExpresbearFD-Phgdnd o@D gabtethsortpepide fragmdat,toeay receptor,
forms of PD-I ligand that bind to the inhibitory receptor and activate it,
e.g., multicheairallppynthesized FdP-dhiganden FD4 mepaéfe%,raaf%ﬂmt-bEhwer@ﬂar@bon can

downnodul at e, t he .i ne response, Likew se, t PD-1 pa can al so be
sti nul at ed bfyanH “ﬂﬁe%’f“ﬁ‘h‘%&géh‘i“ ¥ rf%rse%oﬁ"pgéﬁﬁﬁﬁlﬁﬁﬁgtegemﬁ%vap ne
responsqs ThijilhSinAGREMhuBEHaYine IMBuRLAGAb A sulthifle dtbjéchWpthamt | on of PD-1
ligand with a stimulatory receptor on an inmune cell (e.g., by using a

sol ubl e f or nmofiurie@eriic RRd! Ggardkir RD-1 prepaction atduoes ayfol Rilerial mti-g’D- 1 higamdjormn
activating rBi bodﬁ(é(y\/ni ch cross-links PD-1 ) to provide negative signals to
i mune cel | P11 @YRDYKBRISHrent of the invention, an activating anti body

used to stinulat qn%%&g@&gﬁé%ﬁ\m @chﬁiﬁgcﬁﬁggécﬁdeg cgr{'{)jé M}ﬂﬁt rr%b}ﬁﬁ(m)eof such

an anti body can conpri site and anot he i'nding site
whi ch t ar getraesscol bxamiilé, ayanjeeiele @, imfarmuscilaiimeadeshdl, orahgbiolistic a T cel |,
a Bcell, or. anyeloid cell. In one enbodi nent, such an anti bod in

addi ti o0t o inIsaHeN of AN Aacaptsdigol] priiiclgs Wiq Be CRIFCTS B BeBRBHR ! isebAndi ng
ddi tiorFto ! aneg S e ib thie e et
o £, 5 Sy AR S LA BB 8 LT I B

receptor, orﬁw%)lac BiRESRDOT44:3T) B QledrAlRively) nb@éig atidivaering|cas b edhmistered
specific cell population. For exanple, a CD3 antigen, a T-cell receptor

chai n, LFA- 1y ®BRinvasivenmaansi froueragipbs: phteror LipidsfirmulagesldpiN drcan bg deliyshed to

the respiratory system or targeted elsewhere, e.g., Peyers patches by oral delivery of

25  DNA (Schubbert (1997) Proc. Natl. Acad. Sci. USA 94:961). Attenuated
microorganisms can be used for delivery to mucosal surfaces. (Sizemore et al. (1995)
Science 270:29)

Yet another aspect of the invention pertains to anti-PD-1 ligand antibodies or

anti- PD-1 antibodies. Such antibodies are, for instance, generated by immunizing an

30  animal with an immunogenic PD-1 ligand or PD-1 protein, or an immunogenic portion

thereof which is unique to a PD-1 ligand or PD-1 polypeptide, and then isolating
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- 78 _ WD (12/078731 PCT/ US42/ 10303 1 g beta, CD22, or Fc receptor could
be used. Such antibodies (or other bispecific agents) are art recogni zed
and can I d, e.g., as described herein. Selection j cond
ant i gen ?‘gf’g’?ﬁg’y@fspeci fic antibody provides flexibility pEhUsRapE oo
cel | popul atanfibodi€s faém tiay GerhaidhdiepedifidillyiVind . th&PDAl Bganidive PDeivpadéingoita, t he
co-ligation of PD-1 and an activating or inhibitory receptor on a cell can
enhance t he fepgmenbthesaf of a negative signal via PD-1. Such coligation can

be acconpli shed ... D S f..a hispecjfi en e.g. hspecific

anti body as descﬁ?‘%&"%ﬁ?’ﬁ\'ﬁl)glawwg °§E§é| ??‘EQO?&SF%‘% b%%‘gﬂarﬁﬁ?ga%gﬁ o

. mol ecul e ass@6{abEnilifing a'sGRAN Qlbject WiRHEHANiARPOLPDE MmNt SEBhO! a
mul tival ent form'of an agent that 1(5 transmts a negative signal via PD |

can be u$ed and-RivMidipand 6RDIramtibodysttenin thé immneiged subgect cagnize menitorgever e.

g., an agent presented on a bead or on a surface. |n another enbodinent, a

" such a mul t itimg Bnstandpehiechnigues siwsh ps With ag eapups hinked imawinpspraent agsgy
ligati d - . t i Jml .g.,
bead comprELy B TRARLID §iend GEEB ol RBAR ¥ B GEUhGd- O

i nhibit intehaledul@difktePRedinitiadand lighidoePDASHOlYREhadOtA Yetis@mbd fromathg.
soluble forms of PD-1 ligand or blocking antibodies to PD-1 |igand} as well
as agents t maampableg dram he-bloqd) gagh Birthedpurifead tyrwelbknoynteghnigies. seh agoni sts
of PD1 ich activate PD-1 (e.qg.,, PD-1 ivating antibodies. or PD-1

acti vat 1" raein ohBemetsrtg fobamBERRS ity RdePORHRTE 357, nhi bi ¢

i mune cel | ipraldif-86R1d SPwREHWhO an2PDRT fighidosr HDLD GhiidlyQters Ard IGIGE aner gy
when added to an in vitro assay. For exanple, cells can be cultured in the
presence of amribadyepiodudiag cadlsicambabketainsd ¢roal the sehjeduod used toipeepare acti vati ng

receptor. A nunber of art recognized readouts of cell ,activa%i,on can be
enpl oyed t o mereslanal anibodigs by ptandgrd teghryquese gijch as the hybedema gshejaues £ ect or

function (e.g, . t] ' - [ ey 0Sis) in
the. pr esencetisindide33ta BY BEHRL sRIMIGKAPODS) RERRLE 084 EKE D' 2
bl ock thiss agfolwaat k01 98an DmnheadilDy:sseuer Biowede: Yy (NESASUr B CHag. abi lity of
the agent to affect a decrease in proliferation or effector function being

measur ed. | 55988880 el @P7@OHE or.Nwhidicad, Sct. d293Aadd; angd Yehugicébd! ¥Fai nst

ifi i b G Li i i it h PD-.1. i . F
cxaml o, ¢ol/af dhcerchn 28R e iRatesdheB il FRR Phiffpleeidg R "
embodi ment, é’rwmmmﬁmmeﬁow4@12'),%9EBw-Hybrfd@mixedhnggxet(eblasez ap;ms h an

i mmune response 1 s undesirabl e can be inhibited. For 9 WO 02/ 078731
PCT/ US02/ 103Wanatamp Uetibqptidsi aedt(intérakher e Alan Bedospincyippl 7T-Pexpranomy

generate anti bodi es ainst this clqtting factor. -adm ni,stration of an
Sgent A ecNGses. RS ok dor st inG hepgs Pty M bHiahags 8l agent
that sti nul i ig Rk b i - coniy } it

r ecombi nant agvtng(rsgﬁeﬂ‘fﬂ?gg(%h@&%h@g? 'Egm%ﬁ%hg@%lrltyggllggicm%lb%'ﬁ?@ﬂghé}.?, 5 by
cross- | i nki nBiblugaial Haglydel, Plendho Robiistiingalarpn NebnY orkeNewhtmtk (EI80); feusr.dfy

proteins conxri sing a PD-1 Iigand first peptide fused to a second peptide
havi ng an acti UP8l) lafle Adftielhde -Bs‘ﬁ:%‘ﬂ%ﬁgg%ﬁﬂ-i[géh% 6197 Semaric !l @emep) |

can be used i, ckyd it e i f | i - W r
receptor on %9?%33’&%% 5‘?@%@&%%8%5%@‘@?%%@%@?’6 lrlsgflgg'%d ‘%"’E’@?@é t|e\c’/el Y,
two sepayat elficdlgRipledsstdsh BonexMaRhRI irfmBhizdd WithamrD-poigyREpiPDe Wit h B7-2
and/or B7-1),  or a conbination of bl ocking antibodies &,e. g., antibodies
agai nst a PDmimiiogands gestiybeszbovis and the cattute-sBperpatanid pbthe aeguitingrhybridoma

nmonocl onal antj bodi es an . be. .conbi ned as single c sitian or . .

admi ni st er ed“élé Vi %fe@%"f/dctf)éfi?ﬁﬁllq aﬁgw&f@ﬁ HPS%%%%WPP%‘TCIT%;’? aP%bog‘éS\kPﬂl BYF at e

i mrune cel | {g)t-'adp 1t [ -1 88 ordte@bRMBEEBLalFUr thernore, a

t herapeutically ?gq%g??%pgr}oﬁwﬁ o’r% ?)r m peaptyi des having a PD-1

| i gand pol ypept i dangef iheiniany walltkmoBh-ptotacsls asedBar Risimgtiynapliocyeannde used in
conjunction with other downnodul ati ng reagents to influence i mun

" responsed) Brempraizedeelblingscan heppriies don the PH@O’P‘-’e%fg?éH?rétiligﬁ%‘}'ﬂﬂieplaﬂ? ligssdi es
t hat bl ock t.i mul j . O i ; . i bodi
Ok e PR AR B4t LR, 00 9, PP g5 o =

ot her imune cell markers (e.g., against CD40, against CD40 |igand, or
agai nst cytokines), fusion proteins (e.g.54-CTLA4-Fc, PD-1-Fc), and

i mrunosuppressi ve drugs, (e.g., rapanycin, cyclosporine A or FK506). The
PD-1 ligand and/or PD-1 peptides may al so be useful in the construction of
t herapeutic agents which bl ock i nmune cell function by destruction of
cells. For



25 exanple, portions of a PD-1 ligand or PD-1 polypeptide can be linked to
a toxin to nake a cytotoxic agent capable of triggering the destruction of
cells to Wﬁioﬁ}&?éﬁ bi nds. For meking cytotoxic agents, pol ypeRihHRSeCf the

i nvention may be 1inked, or operatively attached, to toxins using

techni ques tCudifer arcd. (HADWSupsu; Usthel (198 1 Esu@ra; Kanastal(i 980) agpray. Mogovead diebi nant
DNA techni ques. The preparation of immunotoxins is, 30 in general, well
known i n t herdinary skidled workgr willappreqigte thayskere grezmanysapations@ E@Mﬂq:tbqqs bot h

i ted herein by ref ; t f. di sul fi de-bond.
cont a. mi ng. ML wald BeyGeiE o Pipier e akiGh s u” Byl linedn can
. successt ul | ys B&iveIHRYHE shite RRARIMARRSpdN o e 1Pm@ab@;&es. Wk Bt vt i de.

I n one enbodi nent, linkers that contain a disulfide bond that is sterically
"hi nder e@" duybridemdsecap be hreade gt fusingelymphoéyés from @anause shmbhized withanvi vo,
. thus preventing rel ease of .the toxin noi etly rﬁril?r to bi adi at tch'Site of

action. A witiENpasiR reaarei e tee areaent Mgtk am mmer iz ase eql e

pol ypept I desp G AN RORA 281 Bhed € nldNNERYEBHn B AR B dd Weldie 1 IR OUS
useful plant-; l1"rungus- or éven bacteria-derived toxins, I ch, by way of
exanmpl e, i NGhddean ¥edthidity Hypokaithing Qxiinspterivdrid thymidey(“HAT medumhpi Any
ri bosonme inactivating proteins such as saporin or gelonin, .alpha.-sarcin,
asper gi | | i n,of p@gmbeefonyeloma ictlbhngsicen beysediasia fugoppartnen aciordingiorstandeamlse, 10
angi ogeni.c, diphtheria foxin eydonpna ot QX etc. referred
t oxi n m%et Nad }qu%@&"ﬁﬁﬁéhﬁ&lﬁq &&Q\fb ? 2”‘52%3%5{%&’ i 8?@'@%%@0 aﬁHlfF'n
which has b i Vi SR MRVAMEALRCIVHAIEA frd ESIRHES(ATCC),
degl ycosyl atq(ehgsekhgﬂgﬁﬁ.ll%?il%%%gltbg& 5, 776!,1]427) . I'nfusi f)n of one( or a)
conbi nat i on Rafcksille Mdy Typieaily, HyEstsitieenguse nBRlaind ¢efjanct fisedrtd miaus€ al one or
in conbination wth B7-2-ricin or B7-1-rigin), into a patient may result in
the death ofSPleppgyies usig rolyethrleneaglyel (WEG)- ?'{éihrt‘d%‘f'a ¢alls r?séﬁ‘t“gtffi’é}%/th&ct i vat ed
i mune cel | . r [ I fr-BDEh L | 4yi :
exanpl e, - bedatepr #E g AT Mk R ks bhARRC A HERABOERY o
an anti hady fagdindslotPedlsqanfubal sptdcyies dieafetsetdiel dopbeausnhef art hese
specific cells by Fc-R dependent nechani snms or by 20 ablation by
conj ugat i ng tensfptraedix iHybrdoma cellsgprodycing ayno antibgdy efihiedmeeationang) to

th ti bod | nmhodi th tibod ' ' i
anti body. - SHEIBESGEFFTEE SR GEAPES AL QOB L Fagdio iy BT c
cel | popul atj HdoﬁPlQLmH&Eﬁlg,@g.ngﬁ % sthi4RFAERN A aRy. @ certain type of cell,

e.g., a TCR, BCR, or FcR nol ecu wnregul ating or preventing PD-1 |igand
pol ypepti de cost iAsdmadlermatife neprieparsigaborocional amibodyrseceetidPhyblidapeasda or a
PD-1 inhibitory function (e.qg., by stinuylation of t negati ve, signaling
functi ortOof psiogional %‘th’g&afldl‘gat“ﬂ oﬂﬁwhfrﬁﬂnﬁf’a)( gah tPFe‘dF'P'Fﬂf?Héngésé’i%%t@', e.g., in
situations qf. Li: i; : ; i ' ; s host
i sease. ( ovByhp decitiart ComOgARal ARNRLRRMAR By ok ik e

er yt hemat os uispl@niibramyl) wighl PB4l lgyaad bs PDHow therabypiselatehimaninaglebultn litranyne cel |

function results in reduced tissue 30 destruction in_ tissue
t r anspl ant atmemberyihst biad 2P DAl Jigands e RD 1! mohyispude. Kity for eencrasingdnd ¢ he

transplant is initiated.thr N r kLi.on rei i.pune cel | s,
fol |l oned by SFrelgg %gge ‘%5“@8;{ g’?g%%e f’@%ﬁ%ﬁ%gyﬁ’gﬁg %féﬁﬁgpﬁ%g{g on that
dest r oy)st herdpombs@hePhage TRibBANSY3teH, Talal (P INO27294D0L (G hEtheiSirafagerehi bits or
bl ocks interaction of a B7 nolecule with a costinulatory receptors) on

i mune cel | sSurgat MPhage DispityeKit, iaatedoeNp 24061 2 gtdditianally, expmyplesiobr PD- 1

ol ypeptide) alone aor in conjunction wth_another downnodul atory agen

i oF Lo or ) menpdRerd reeas PRSIy AEARSIE F 16 A AP BF 4 eGP ao T o
3 costi mul at giyap HBAA) canRTEGNER, (o BRIRYIE 108 e BDLLS| B Noco 383 M.t or ¥
signals, or pro ron of a 1 Tigand or PD-1 inhibitory signal may al so

be suffi ci enKahgeradn@inaciohdlPublization Noe W 92411861 % Dowendudi merbaloaalance in a
subj ect. Induction of |ong-termtolerance b%/ bl ocking.a PD-1 |igand
(2

medi at ed3® osPibhsrtiaroNg. WOHNHI 727y WAST ¢ @ HetemadignaliFupligatiop h@fed /91
adm ni strati f a1 ese bl ogki r. n lingy:8: SUf 1 ci ent
i munosuppr e@@‘f“g?f’doeg a%'gptgfnﬁﬁg%ﬁilﬁﬁggcagﬁﬁ?@c@iggﬁrsrgﬁj)a%? ésflgmgg : ﬁ}ési rable to
bl ock the costimulatory function of other nolecules. For exanple, it may be
desirable to block the function of B7-1_.asd PD-1 |igand, B7-2 and PD-1
i gand, or B7-1 and B7-2 and PD-1 ligand by adm nistering a sol uble form of
a conbination of | 5 peptides having an activity of each of these antigens
or bl ocking anti bodi es agai nst these



antigens (separately or together in a single conposition) prior to or at
the time of transplantation. Alternatively, it nay be desirable to pronote
i nhi bitor y of PD-1 ligand or PD-1 and inhibit a Pry
activity %P%%Lﬁs\fk%nd/ or B7-2. U her downnodul atory agentsB?E)t<'51jt%9(7:|a?%6 be used
i n connect i Gitematidnal ReblitanbmBADDZ002ER; M’c@ﬁfehpdsablntéﬂneuomvmihcmon Ne| ude,

for exanple, %nts that transmt an |nh|b|tory S|g{g via CTLA4, soluble
forms of CTIW@, 7&19%@@@ et Inteengtipasald ublicationi et 9>92&9éﬂa|La¢nar CH-A4,

other 1 acepttspalgih Ren o0 dR: Fhins PRl LFIF: BludrilBer atdl on ©
_ between CD4G. 1@@@1@%%)1@%'(&19@) wum atibo L PABrikibRBNSG: smtSI msis &%) )(1989)

ant i bodi es agai nst cytokines, or 25 i nmmunosuppressive drugs. |n another
enbodi nefit, Sazenmﬂ:;iGnl&t?ﬁd@Sb*fGlaﬁitlhseaisﬁ (lS)QiS)diMB@r]em TP7134; Hagdnts eant i bodi es

b dm ni d b Ki PD- 1
SR E SRR R R Mt éa&teiuﬁ%gﬁd 2 Gt
| i i tor [ EdG 90§ NahSQ P pgA%pws%tzsg@ Gl FTGogsease. Many 30

aut oi mune di rs are thére propria ion of imune
cel I s that @*&ediﬁa@gwm’)agmmtsﬁemo dnH5o1a eaald(mlwumz@mtae Relpe
production of cytokines and - 2/ 078731 PCT/ US02/ 1(1303

aut oant i bodll@S“BMd)NAeﬁtrbaﬁetWe(IﬁQﬂhB’raé‘gVatéfAcvﬁe&dl o4 8&d9797 W% and ng or

downr noqul a he activ n of r tlve i mmune cells may reduce or
elim naSﬁ M@g ﬁﬁé S'r?@b ﬁﬁfﬁ@%ﬁt on of reagents which bl ock

costinul ation of AcﬂmHﬁﬁl n%%éo%bﬁ%n@h:ﬁ'i—!‘@ﬁ ﬁ%an'a%?@@-P%ntllﬂog%dsdcm@é}ﬂﬁ\teh@ns of
B7 nmol ecules with costimilatory 5 receptord is useful to inhibit Inmune
cell acti vatahdhuraatizgl reussdional mmbothes),rcoafpnamgcbarlthtbmdn amd non-hoytaoki nes whi ch

are involved in the disease process. Additionally ents that pronote an
i nhi bitory weﬁ@mﬁ@ﬁhleh cmelmmegﬁm%an pId-recariyingriy tegARiAY e &5 SWETIR ¢

Lol erance OlyAUbAL SARY LRI 18 kel A G RUL S b a0 ah pRib BEL €l | o

fromthe di sease’ I cac SITh preven evi a

aut oi mmyge :bgodﬂxbécpbyd%§m6ﬁxﬁntt[ﬂ\1ﬂ&§(ﬂfni’queﬁﬁndﬁ1 inghéar Lmba{aanle using methods
wel | -characterized ani mal nodel s of human autoi mune di seases. Exanpl es

i ncl ude mur idageribre &y Rotunsom| e abﬂlﬁﬁlmﬁum@l Bats@tdh@hmtlosa P%wsgﬁﬁ%%%ﬁdssra et

ol | agen ar thrEean ppBRLABRIHT 1 LU TaRbi M EE e B SPPLORT  ne

exper i ment al) 71951 \x8RHsen 9F @NEérog%@aPa# Agﬁﬁcatloﬁq ngl m9mu%rgkmm FHODY.
Raven 15 \ Press, New York, 198 855) nhi bi ti on of inmmune cell
activation |A;pptlnsmiqﬂ Wﬂﬁ&&/@rﬁéatfdally yt ainUtSh @atentdao.iiedit6, 67 ; €hbily gyaland
allergic reactions inhibiting |IgE pro ion n en

pr onot e€Ya FﬁyrqpePPSaﬁat %Ppllfﬁi“l“ [ 14 Pgﬁl ﬁg H%g?]%%’%ﬂfe@éodggd {)‘%’( Bd to
an allergic : bj I C ses in
he subj act . do e} bl Rhadag 1, BF1 85 ME%?E@%’?&‘S?@’.)# g

al l'ergi es. 1130ilsdti36D6; (ﬁunBDaA(1|989ﬁRﬁbcCNaﬂIAﬁah'aszCim Dif4-1 18y ishiraedales abr
stimulation of a PD-1 ligand or PD-1 inhibitory pathway can be acconpani ed

by exposure (ﬂ%87élq6@r—‘@fe‘??si - ?;99:1} Q%eWQ?ﬁ ehik hI%B%NG’;W‘? a0t Yand Shave &

Allergic re tyre, g on the

fout e orentyl SOk BR Carbeh NG 35y pEP woRidR S5 LBISROARS OE 26%0n
mast celjss 0129%@941&07 Qi eTBP%198'6§1Bld?édhhgﬂeM:21WﬂﬁerQﬁBJ Paiedisapedse) | ergic
responses can be local or systemc b mnistration(e.g., either |ocal or

systenic, reopeodiadl986) M!zaenﬂhﬁﬁbﬁii}r\iprhwm efal Al 988)eaternthdi9: | i mid s t he
i nt eracti on of PD-1 1] stl ory receptor or an agent that
pronotes an $%Wbe’t%r()}g%r(cm tﬁ-%%é nd or PD-1. WO 02/ 078731

PCT/ US02/ 10303 | Zggrgmao M 4o kB88sof a
~PD-1 ligand cost |rm apgl{tll(())fr?{/}mgiﬁnl‘ vity oog?ésstcflﬁg% }a?t ?%%&g¥&%gl [ nE‘I gﬁt or yS
activity maysush aothbse dl@d)@sretlamUStﬁa&Ihaﬁ)éﬂi 332l Inyanothevémbddimafitearitibods of

~immune cells. For exaqp in the acquired i mmune deficiency syndrone
(A DS), 3A r athainsr Restiichindisg mlr mﬁméﬁ@&awe PreRieRd WequO@‘a%‘tqn\P&f‘f’QS’ﬁ
Bl ocking a PD- nd/ cost r on of
PD-1 |igand qu}%@n?r%ngﬁ CLCIJC “FURE elcgﬁgfgrlgco(arnésul ?' Oﬁ%ﬂﬁﬁlly gé%u%%rclﬂ%b%%r al
replication to thereby anellorate the course of AIDS. Downregul ati on of an
i mune response via stimulation of PD-1_lsggand activity or PD-1 |igand
interaction with its natural binding partner(s), e.g., PD-1, may al so be
useful in pronoting the nmai ntenance of pregnancy. 10 PD-1 ligand is
normal |y highly expressed in placental trophoblasts, the |ayer of cells
that forns the interface between nother and fetus and is thought to play a
role in preventing maternal rejection of the fetus. Females at risk for
spont aneous abortion (e.g., those |dent|f|ed by screenlng for PD—1 Ilgand

o, A - " S



25 infarction or atherosclerosis) may be aneliorated or inproved by

i ncreasingPD-1 ligand activity or PD-I ligand biding to its natural binding
partner, ®odnpdyl It is therefore within the scope of Eg%dswﬁﬁw on to
nodul at e condi ti ons exacerbated by autoi mmune attack, such as autol mmune

di sorders (apeonfed bindmg paindidmbenanda cémpeneheat d reglicabesgenetiy displayl padkage
infarction, and atherosclerosis) by stinmulating PD-I ligand activity or
PD-1 30 |i g&R? VEHRIS Cappingg Ructer 4‘5E5¥ mojecylgh gncodgg a seeand ppdyRryphideghain of a

2 PD-1 11 g B Bt Rkt M e AR R B e D B 5 R LS "

. proteins angatesRts, I8330f 5, BNEIEA OF S[T83,74Y.eThd @R of MirdeellWsCthibsdis @GHhKERI NY
assay for nol ecul es which nodul ate the expression of PD-1 ligand or PD-1
pol ypept ¥ de peieipdhnation froa celkismisoknowp|ie thel ass(sethd. £ hCatbsdnl htRe (1988) &I | ul ar

R e e
i dentified by (m?yim [SHPIRSEI301H8 Tl PIRITPIS3) PPod Noi93Psh QF; DR4L
pol ypeptides on the cell surface. Reduced inmunof | uorescent staining by an

appropri at e 9ar742D3d38;iMaradve, WO Apeeale (1983 pPrdchBanmicedulce MBWHGI788TEHE e t hat
the molecule.inhibits intracellular signals. Ml ecules which uprequl ate

PD-1 | i gand Bieceprd. 2/ glo( W3 hPiokrsesippedB) di:396533Pt Chen, 8nY i afef- & B394y Hum.

i mrunof | yor bRiRY. ternati .t he effect .of | I n
expr ess:lgn c?):fse%g?%%rrs%%g%t6pg’el)€g§hﬁt§é%g9§r4 %Pﬁge‘d%ﬁg' %feat et Hgf’?&ﬁ? g&‘rﬁﬂNA
llevel s usi nghan,8-90er A (1906 Aoy VU] A0ad SR (E¥PIPEB2-36EBedr]i VR €N GXPr esses
a PD1 1 igand or PD-1 15 ol%geptlde can be contacted with a nolecule to

be tested, &R94a4 Bint CbeamelP 2398128936 BearlniR\R. kiav/e(1§94 nBivtienc Bidphget ect ed

by standard  techni ques, ,. L thern hybridj [ nal ysi [
convent i onaf*¢Yy 0@&3848%31%%9 r’%o%fﬂﬂ)@%@gpﬁg?éxjéiﬁ?ﬁbbe

| abel ed wi t Ri@afRbROL ADLATBOES ProMNAE ULES P hat@ epefession of a
PD- | Iigandloral PD-1" pol ypggti%e rgre ugefcul S?ﬂelgglpqe%?tl‘gga IIQS} or either

upr egul &% i nGublicafion oW §#026 iongy Marasoeends pehBET PablickeioaMNd. W@onj uncti on
wi th sol ubl eé@lﬁoﬂcki ng or stimulating reagents as descri bed above. For

i nstance, a AOPBRAPEDUM ¢l)nhibits expression of PD-1 |igand can be

adm ni stered tog ' secaon: n o - [ nosuppressant)
agent, e.g., an ?&rrgru&;leo&éﬂ l?tSE}P %g’sag’n@“g?&g%rrrkolfée%dﬁeem\?\ﬁlmclﬁw?"n Aot gglsg%bﬁ%ssi on

of PD-1 canahbddyVenbivpecificamtibsayne Hinding stk fdrawd di ff@entaetipe@Mithin 25
Exenpl ary nol ecul es which can be tested for their ability to nodulate PD-1
| i gand or Peinglejansbedyemelpedi Aatgenkindiag may-be sinyyligreoysior sequential 1 TrioGies CSF

and prostagladins. . .C._.Screening Assays. The . invention provides .a nethod
(al'so v & or PREP T paREEas Mg EYERF o SUURE Pl GheBiti iibrifsi ng

nmodul at or's, ahtikbdiesC ErenfiRS 8f BikpcFRt antiBHMEY PAuRH bHIEbEd H§bAdomPERE | des,
pepti dom netics, small nol ecules or other drugs) which bind to PD-1 Iigand

or PD-1 - 8%ioma 3O dixeloeetBind 1. SPEAL/ 4/$0RR 10 Widpquifot aitibedichbare baerstansubatdry or
inhibitory effect. on, for_exanple, P |l igand or PD-1 expression or PD-1

| i gand or P%Y fﬁ%{E'tCPW?ZS?.S ($tﬁer628"leﬁlt%5 Newte 3 lt4}3|‘§28i’ i’f%é‘i’?%‘ﬁ “Zr(é%%é\@”érgsays
for screeni . j : i i dul at.e t he
activity of 626%%@%@?’82%@%% QI@BO‘{ r o%hgﬁan\grgegg? ;P/lggg% Jlb%é g?”’tr?l)‘ g’ 'o‘gclt"cal ly
active Pportili, 8hddshiand Staerzgind Bevah (1986 uInateol. Todapi ity BipeeBicl | i gand or
PD-1 pol ypeptide to interact with its cognate binding partner or an

i nteract or ABlkadigsarg dsqdescrbed;ind}-§deagny PH59:108¢ o Frrements 9 bisperify .
antibodies are described in US patent 5,798,229.
Bispecific agents can also be generated by making heterohybridomas by fusing
hybridomas or other cells making different antibodies, followed by identification of
30  clones producing and co-assembling both antibodies. They can also be generated by

chemical or genetic conjugation of complete immunoglobulin chains or portions thereof
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The test conmpounds of the present invention can be obtained using any of

t he nunmerous approaches in conbinatorial |ibrary nmethods known in the art,
i ncl udi ngy j-Ql ogical libraries; spatially addressable olid
phase orgggﬁﬁgp%ﬁlphase | i braries; synthetic library nethggzhgﬁgﬁk?fng
deconvol uti gach dd1ab addFvheqitnose-ThematabedY conipgohéaitanbindas PDandr Bp:at het i ¢
l'i brary methods using atfinity chromatography selection. The bi ol ogi cal
library apprigash is limted to peptide libraries, mhile t he ot her four

Sopronees o OB YERRbS AR PP Mol BBy oo
. 12:145) . Exqgplbgse Qf’DUPhQﬁ@%rWle@p%ﬁ%fb?%eaﬁtd%’rﬁ té@thﬁgﬁ!i Qi dst%lrfﬁﬁx't)ﬁs can

be found in the art, for exanple in Proc.

Acad. Sci5. UBdnHlodai; ormmbpncbtpltétlcﬂm%)t H?delgahﬁlbt PDAcmﬂlbod:‘te$ canUSA 91:1
| 422; Zucker mann et al C hem__37:2678; Chg et al 1993)
Sci ence 261:faalte ttr,%tpwéthanet oavatur@l E@QW)‘S%QHQ%\R/D Erelapeptidgs fromeeljan

33:2059; Ca d
Gal | op et alrgéofTl bﬁ@@% pjééuﬁgf'?’Déhﬁ%deﬁﬂg&l%eprgrﬁgsr ?’g{s; l:1313"10gloun(‘bil”sa(r:]anl Be
present ed i M&@bwtr] ArantiePI0- 1, ligdad ghPBnl 4ntd9dy cdii 0 @ed @meotra Pllﬁl figandiarl ),

or on beads (Lam ( 1991 ) Nature 354:82-84), chips {Fodor (1993) Nature
364: 555- (56)PD-hprateini(eg( imd el ulagdysag, qzslmwrnatepbrlé@ethactmbe Gaciitasd ~ 409) ,

P hace (305 Qﬁygﬁa&%@ﬁ Py iakinehis bu85Bs Bsisrablesubiiie; 1o00) O O

Science 249: 40 19;1@9 i Q)%ﬁtb@dlﬁttentabn at(tl PP dHdQr - Pﬁ\lﬁtahnb%%fy%? ﬁ{'entllc}§A
87:6378- 6382) (Fet1ci . Biol. 222: ner supra.

). |In anot hds labalbd)dmhiEiﬁe,teca?tbleaﬁrbaynaes Eexanmldsolﬁastedataesai;stanoasmhcladmg

contacting a 30 cell expressing a PD-1 |igand target nolecule (an
i ntracel | ul ARNPYE BEERED PIoRHICHE Brapsflupreseent matertalt, bpyingscepmmatenials gad

| | | /8731
Ty Usoz/ 103050r A E il Tl 80 sl Ui IRl e Beflande T
the abi ljisty a‘ﬂialtrn@ﬁhds@%&?&oB%Hl@Q)sfdgser@fjéﬂef}tl&oqlﬁeﬂerasesE*dﬁ\ﬂlé’s’i(ﬁ statit@hi bi t)

the activity of t and or tdarget nol ecule. Determning the
ability of tdnastlhastgrmmmmque‘s mctmkdtstraptevttihﬂ)xamt and awdiofbiaiPDexdanhplesaofd or
PD-1 target nplecuyl e can be acco shed or exanple, by 5 determ ning the
ability of tSHéatrithoneﬁvgahdafawap n‘E ‘Jﬁr%‘tl??‘ €105°; ”r?desﬁﬁnofsuqf?ﬂce‘t‘act with

thePD-1 lig I j 0 or
ntoract w (R Re ey ahie, APAGE S MR Gk MhEP bRl b0 1

Det er m ni ng pthbeo@tthhhtah sxtambttai?lathmtneg@mdm@renﬁ’nnatupésthmmblt@d@xm le©opr
interact with its binding partner cap be acconé)h_éshed e.g., by neasuring
di rect BOndisyijable crdiopctiveimpisrie! ipelnds nd. ‘abs: PD-1 Iigand or PD 1
protein (or their respective target m)l ecul es) can be coupled with a

radi oi sotope or enzymatic |abel such that binding of thePD-I |igand or PD-1
protein to can be determ ned by
detecting tﬁ?%ﬁébggﬁﬂtu gfpéug)ﬁhoﬁly%&g%%%éﬁ%y? exanpl e, PD-1 |igand or PDI
nmol ecul es, e.g. , Plucleit hgid nebleule®Bndodiigod BDAIsligandor BD-1 &nelyestowtrt (or a- $I

"C, I 5 or '"H, e|ther directly or indirectly, and the radioisotope detected
by direct coRpiemEespNcanbeerRtagerbn SEopy pgeétrﬁtlwermetseﬁn Yestaas. i Agused

Al ternat%jvell}/e’r tl]t'e t?&'?sercé‘g‘f SE <o TPLE %té'a%ﬁi xﬁ@@ftﬁ?c p'lété”%tz' Ca'o'nYng{)fbe' ed

W th exarrp per oxi ase I ne ospha

luci ferase, gthet h@cl@t@éb’nﬁ% whichabigls bded Beead Ong tﬂﬁtcﬂ‘fv@bt@ﬁtslao'bl@fm&mvef si on
of an appropriate substrate to product. 20 It is also within the scope of

thi s i nventiwhichccferetea mméartd@eghbtrhmdegi DNAatocmnmutmdh additronhl N4 t he

i nteraction betweenPD-1_1|i a('g f\ PD- nd its ta m)gecul e, out the
‘| abel i ng of %AeBYS cpmbe |‘$ﬁ‘%f o etréyp VeERARIA Vera ecﬁ‘?rc?” E’ﬁyqudﬁﬁné can be
used to det NAt Q?w'gﬂﬁ%%é@?é ll%ﬁ ﬂcn%:thg: vlrhl%?tgmgr CEPQ t%_))g drd éalptaﬁ‘l'é%?t

. hol ecule wit out el t her I gan the target
mol ecul e30  autonomous replication in a host cell into which they are mtroduced (e.g., bacterial

vectors having a bacterial origin of replication and episomal mammalian vectors). Other
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25 (McConnell, H M et al. (I 992) Science 257: | 906- | 912). As used
herein, a "m crophysioneter” (e.g., Cytosensor) is an analytical instrunent

t hat nea rate at which a cell acidifies its envi ing a
l'i ght - adz\r%)gégg gl potentionetric sensor (LAPS). Changes i ﬁe’t?m%g}/w‘i@

aci di fi cati agctoat(e. gGaonkpisumelimamnalian netiters) e iniégrhtee ito tiey @abmo vl babpeen
conpound and receptor. _87_ WO 02/078731 PCT/US02110303 In a preferred
enbodi ment , <gBupemingiodectionantaihg hesy et and thepghy mre reghisptedoplompwith ghedtosi n t o

bind to or interaci, with a PD-1 |igand ar. ,PD:1. {ar nol ecul e.can be
acconpl i shec?eh?/m evé)lrefﬁvﬁrl’ ﬁﬁnq'rﬁéecé{):'t%i%{ﬁ ctaﬁa%l? Qgé‘é&%ﬂgiﬁq FESmgon Bf)ge_fe%?o t he

. appropri at e JWiago@ky R spetshiQely fidke® XSuthvRctotd e adbirad todhefiin FDekplebgand, PD-1
or the appropriate target 5 nolecule can be determ ned by detecting

i nducti oA ofveatocsdl Iupenerad,caxpredsiom yeatorgof utiktygn recogmbownnBNA watsequshrevi ty) ,
_ detecting catal ytic/enz tic acfiyity of an, ropriate substrateg,

det ecting t K&ep HH@EtfP’thg?ﬂa%mP%pﬁ‘r%‘éP%égﬁépf(‘:éﬁ Pls ipi?@mad tad‘ldgé?‘lt?rescﬁ%nsi ve
regul atory %Egd"l- i i : i i och
detect abl e ?r’lgr er‘fnteg&gi.;]?édg |A§¥2%Bﬁ§ﬁﬁc’%?‘e§8§#§}ﬁ?%§ S Sg‘rj gse &Jo}rgmget ecting

a cel lul ar rtaspaesehd iagHtdhedinindddtdRbelhdé buphrather Pk oFexpressicp@kops,i at e
target. nol ecul e. For exanple, determning the ability of the PD-1 |igand or
PD-1 prot ei suehhasyirad veciors (e.g nrephgationgefasiize myoyirpsegadanayirupgy-and adenget

nol ecul e,can_be. acconpl iished, for _exanple, measuring the ability of a
compoundt o UG GrrRL B e T Ot R or i bition in &
proliferation asggtemBinafMexpsabh QEdord cih EdmprikR ARicleid tiPhofchlPot tlel gand or
PD-1 pol ypeptide to bind to 15 anti bodi es that recognize a portion of the

PD-1 |i gand iovenRdr in pfurppepatilel éar ekpreyson, @rmtdosstitetrizodiindutible expressmayofof t he
present inventiqn i cel]-free assay | jch a PD-1 ligand or PD-1
protein or @iq;&?-ﬁgr@i%-fygaﬁ'w@ '.Bdrcmoaﬁelk%eqv% nodeic g it B GL AR ot
conmpound an i . : i 1 ligand or
PD-1 protei ﬁnéoalragb@gwgél&?a 1@%2%;?@%@0&\%?@ gﬁﬂ? lﬁlggggéf &ﬁg&ger%%?artnﬂr%}ed. Bi ndi ng
of 20 theé t esjuenosspsulerted an thbead¥ofltht hgarellow telsdd for expressicnawhie is

determned either directly or indirectly as described above. In a preferred
enbodi nent , apREtixely dipked o] thejeucleip acid sequsnc tedemmpresied g AYithine reepmbingnbt ej n

or bi ol ogi cal | ive porti . her.eof. W D kno onmpound .whi ch_hi nds
PD-1 1i gand%ép%ﬁrivchorf o aﬁrp?' l rg(s? gy S %iﬁdet,% e6) \tlt\g%gl? e%ucreﬁgd%§e§5§ﬂcﬁi°£t ure

with a test igefRONNdkedPiddhéRBIaOrRiséfhehdtts)aRh Inanierabhit 128 foediprésgimpound
tointeract with a PD-1 ligand or PD-1 protein, wherein determ ning the

ability of toighe meleotderprauertet(e gi, m & otiroiranscapioy/ trarsiagian dystem PDinla pr ot ei n
he abi.l of the te erentially

conpris det er m nin it t C nd tq, pref

b nd t o 2P0 o8 S bt pirbptedinganeRo QAR Frce BT i on

thereof as (‘s@gﬂﬁfz@cﬁnélgdésl]ﬂorlﬁﬂﬁm RPN AR oBOr exfBession WA RAlembRERd o,

PCT/ US02/ 10303 I n anot her enbodinent, the assay is a cell-free assgy in

whi ch a PD- Ipolyagemdatian sifidals).pBwdheriepulatonbseghiagies atel dgscaibtd,\fer panipleyin t her eof

is contacted with a test l(;orrpound ) ,
Goeddel (1990) Methods Enzymol. 185:3-7. Regulatory sequences include those which
direct constitutive expression of a nucleotide sequence in many types of host cell and

25  those which direct expression of the nucleotide sequence only in certain host cells (e.g.,

tissue-specific regulatory sequences). It should be appreciated by those skilled in the art
that the design of the expression vector can depend on such factors as the choice of the
host cell to be transformed, the level of expression of protein desired, and the like. The
expression vectors of the invention can be introduced into host cells to thereby produce

30 proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as
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and the ability of the test conpound to nodul ate (e.g., stinulate or
inhibit) the activity of the PD-1 ligand or PD-1 protein or biologically
active p i reof is determned. 5 Determ ning the apjkj f. i he test
corrpoundo%%)o?maédpgte the activity of a PD-1 ligand or PD Etjgrug%{zé@%o%an be
acconpl i shedesdribed haranie.,, P 1 digiued of RD1dfainkie pedieins tyutardit fohes $iMDH1i gand or
PD-1 protein to bind toits binding partner (e.g., by determning the
ability of tigandenbduriiotetns; WponPreteas.apHthakedf PD-1 |igand to bind to

bi-ndi hg. Dot or m APRG=CHPIART PAToIsP P (B fen BB B AR APTl ¢/ 1 1o

. bind to itSeh%ﬂ&gﬂi&gom-tlrl%ran&?@f\PDLISﬁIoQﬂ)saIﬁ%Rfkﬁfyi&ib%delﬂéﬂrglﬁic%_eﬂﬁcmo| ogy
such as real-tinme Bionolecular Interaction Analysis (BIA) (Sjol ander, S.
and Ur bahi czkgmple, PD-111igaed oy PRrkprotadimeoan be3xpre$8d 28 i&teriadi cSisanch &t Eal . (
- 1995) Curr. CEi,n. Struct ., Bé% 1:699-705). As used hé ein, "BIA" ia a
t echnol ogy f8f- BssesIs JuiRGRarEIaVITIS EXRIESSICIEFIOF YRR FRlls or rnapemaligingels¢
| abel i ng an [ o A5068) At opti cal
phenonenon z)sfu ﬂéﬁl%? g%é%ﬁ%@%ﬁ%@s%ﬁtg&gg@?%eg% '%can(ﬁbsgp ’%Zﬁ&g@atgﬁlyf H‘%i cation
of real -ti needoptfihdndBsprésionaestobta mgiramatribedlaad waadated i yieb, fanetdieple
enbodi nent, the cell-free assay involves contacting a PD-1 ligand or PD-1
protei n or BiSEEAY rampier geulajesy seauenens 2apAdr e9IYMGTEK- a known conpound whi ch
bi nds t PD-1 ligand .or PD-1.pr.otein .. i th its. hindin rtner) to
form anqgssay 20 'pﬁisﬂ?'é,(’F%r(girLlet"gscTi?ﬁ%kaP&geSg%tsné)\;é/\f Orﬁpe?tcﬁfrée%vaut hng Clt%Zis i
conpound, angd.@et @nEiheorshRtidd o indycible préBoteRdiree PRI REpreidH SVEiME: t he
interaction of PD-1 ligand or PD-1 protein with its binding partner, for
exanpl e t he fapoh bt yonefusivhgrdteiss. Ewmipovactbrs adda efrebeof amlinoyacidstte ageotein t h
the PD-1 ligand, or, P-1 proteipn at.its hindi site or the ability to
nmodul ate t héns%qeﬁohqrvnowsﬂal?mtﬁe PW&E’HS”‘HP“SFQ{}% ’Ee&P@SI“aH&)‘Ir@@Iﬂ-eg%brf"%%“
tested. The - Y/ f ] r: i i . .to
use of bot h SEPHHPRERNARED Aripufmal8) RRRERe oSO B BB BROLE |
i gand a5 PD)io prcadasd the selubibityodfabe eabmpinaat proeimand B prosid hethephirifieatiobi ndi ng
partners to which PD-1 ligand or PD-1 binds). In.the case of cell|l-free
assays i n wifdhe igeombinan PEUGH Y RCHBg A5 Hiigandp alfwity pughication. Qftey, in fysipg) |
surface PD-1 _|igand or PD- tor), Lt oy [ . hlicze a
ol ubi 11 21 ng RSP i P REE B e AR B RS ARV Blith B e BT 1
mai nt ai ned ifoieQ! dablitRirecdMBiRDAt@Fotein t5 efdblSSptiatibh 31 Mg revaibitant potdisl &om
non-ioni c detergents such as n-octyldgllaqcom de, n -89 WD 02/078731
PCT/ US02/ 10308 fusaenyiclylsubssqiiete fo purifaratiey btk fussondgrotein. Such enzymes, and

t |- N- met.hyl gl ide, d | - t hyl gl ide, .Trit X- 100,
O oy TR e en SR Pl P 4 MSap bl 9Bt
3- [ (13- chol anjdepi QRYdn)brRiigy L amms G}Iéﬂlde%)(]?ﬂ')@%aﬁnwi Bof@hané; SHAESD. B.
3-[(3-chol am"dopr opyl ) di met hyl anm ni 0] - 2- hydr oxy- 1- propane sul fonate 5
(CHAPSO), orani-dimbecyK ~S\,(N&S) Gené ¢T3 B-4QmpdhA b (Hewrtngknd BsolhbmBavealy,| n nor e

t han one enbodi ment of the above assay hods of the present invention, it
; SFJIM%@JH

may be desi r’dHvénd BRITnEBrmasi, Eiseaayay 3 gptabpene Biansferassor opri at e
target nol ec t i - ratiap .o I folnel d
forms of one(iaostraf )brg?l{%&gfl:“ 'H@B%P g)?@?’ncgfplﬂggmvélr @g@h&@fsg%@gg%ggg e adrt%cs)l(r?rati on
of the agsayprotkth.Bi nding of a test conpound to a PD-1 ligand or PD-1
protein, or interaction of a PD-1 ligand or PD-1 protein with a target

nol ecul e in the pPedfeklusionareipiseparebeostilized indpdatgand erPBuhtivitaAsseEs,

| i shed, i I itable f At ai.ni,ng.,th tants. Ex I
of “such ves @i FHRE RS B et Py Sl 4SOMAT P LdO A BB onc | T uge
tubes. In Onﬁatﬁm@%ﬂ&m,foaplﬁusﬁ%ngfm pbei arofem,aﬁesemgkded whi ch adds a

domain that 15 allows one or bot the proteins to be bound to a matri x.
For exanpl e, gl utBEtdmpdessofSuitabdnsidecibkaoRrBudion Egerdexpreskibn Vedtorsiinaluger ot ei ns
or glutathione-S-transferase/target Si proteins can. be ads ed onto
" gl ut at hithe %Bﬁﬁéﬁ%ée‘dga&§98(8$%§%6%ﬂ%‘gw g§la,“d Biﬁ lﬂgdg@g‘emﬁo@gé&ht at hi one
derivatized pj [ I . i i ' :
conpound or }t{? eO? Eeg%%g%géﬁg ng*rg{éf %ﬁe%g%gsﬁgog{%ggg%b@cﬁ? %%‘g‘gﬁef‘gér%I ein or
20 PD-1 ligand or PD-1 protein, and the m xture incubated under conditions
conduci ve to conplex formation (e.g., at gphysiological conditions for salt
and pH). Follow ng incubation, the beads or mcrotiter plate wells are
washed to renove any unbound conponents, the matrix imobilized in the case
of beads, conplex determ ned either directly or indirectly, for exanple, as
descri bed above. Alternatively, the conpl exes can 25 be dissociated from
the matrix, and the level of PD-1 ligand or PD-1 binding or activity
determ ned using standard techni ques. O her techniques for inmmobilizing

. o o o o o Y .



-90 WO 02/ (178731 PCT/US02/ 10303 known in the art (e.g., biotinylation
kit, Pierce Chem cals, Rockford, IL), and imobilized in the wells of
streptavidin: d 96 well plates (Pierce Chemical). At Lvel

ant i bodi e‘gb&%{gg@?{je with PD-1 ligand or PD-1 protein or tgﬁg@{sm@ﬁﬁ%m es
but whi ch daost®NAPoBMicesse tihidiiphioh Gofa Rfbridtep-Rio-fisibh Fﬁhﬁibt@l’ TREgel g@fcot €i n
toits target 5 nolecule can be derivatized to the wells of the fpl.ate, and
unbound t ar gepregsionHrom the pfah 1 dyequpsreligsrant teanseriptippdecan p f 7t2né0-lasl fusiony

ant i body conjugation,. hods_for tegtyng such caonplexes,in.addition to
those descr PRI ELBOtaEs bY EiEeules REVETATS el bERrER LT L ARy oy '

. I munodet eChbRihe?dse GOMDPBAESy Wsst Beaif'BLPRWESS of BIMS IMEDIA ) forh Afesiden{ | i gand
or PD-1 protein or target nolecule, as well as enzyne-l|inked assays which
10 rely bn geiphegd mgbamegentY gmlt gencantenthe yramssspoor echtwil phthehalPD51 | i gand
~or PD-1 protein or target nolecule. In an alternative enbodi nent,

det er mi ni ngPIHROEhi ity of the test conmpound to nodul ate the activity of a
PD-1 ligand or P i : i i-NJ ility
of the fost compodrtrBeridinpamiteasaaRRleRIEs, RtreSEhElE Dot b ol

functi ons dewysbiegritdadiosPbcleriaiviieinah infpafted cpabivy aﬁmbeotfvhaény défeagd s with
PD-1 ligand, or a nolecule that functions dowmnstreamof PD-1, e.g., by

i nt er act | ngresontbinanepreyab{Faiisamen.do ki) Meripds Enzymrl 183:dAH1188). | Anather of
second ssengers. ﬁan bz dgt [ 1M ngd t he %g{lel Vi tl%i of.dghg i nt rdact or

ol ecul &7 onSUFHERpIIQ AT }_Pee Yol gard SeieRE Ydberhd 8519 6 ° HEHHBICHY of the
interactor tEyREIGPRICRIPSH HaPtHedhdIHlduslaRdbes BeERN IR ad8 aklnideeVi ously
descri bed. In another enbodi ment, nodulators of PD-1 ligand or PD-1
expressi on aredercotéailyitilized innf. aoliMada exdie(18PD) Sudel Ucids Rep0aXitl ¢ 1W8YX h a
candi date or, test conpound and. the expression of PD-| ligand or PD-1 nRNA
or protein PHH Aeralign ofingelgicrisidicAuncesroidne HYEntioR cap b cadic ot by stppglard
ligand or P Lnh in the presence of the 25 candi date conpound
is corrpared%t%At € Sggvtgﬁ{ng%&gxpressi on of PD-1 ligand or PD-1 nRNA or
proteinisn the alsgitierembobignchgnid Pt eligmdpeRnd] edfiessandcdalse yeaspound
can then be identified as a nodulator of PD-1 |igand or PD-1 expression
based on t hexpressgiaractsn Exmapleeeiygsiass fagisspreesipr @ospe . efrewpvd inclugand or

Ciogni f1 cant Py Spred B b AR AZ g TSR A o PR AT S an 1 1

i ts absence 198§ CeAndiodalonsy; pMRUBS (Bdhdlts sl (108 BGaR 7: 198l M) gygsrof PD-1
| i gand or Pé}l 2RNA or prot}e:?n expggessi on. Aﬂte?ﬁ%tively, vvhben -91 WO

02/ 078731 PQIviis@eh Cogbidicax parebisgorC4¥, arbpicZl (InamekeorCopm-Sand¥#bgo, 61A)pr ot ei n
is less_(e.g., reproduci bl .statistically signifjcantl ess) in the
or esencdbor %t he clisaases: dBfpoissdonEh- Aoibertif dan b Striod BideaLtus
conpound 'Su's,iqg%\bjlbﬁ s@RpR&idd M cRirt OBa@flovilds Vel th BB FPedn bR A7
protein expresSion. The Igvel of PD-1 ligand or PD-1 nRNA or protein 5
expr essi on ipmttine ircalltugeddasecbeelld €2 g1 §netlshincluse thege\cdeser (Soadh dnef ei n f or
detecting PD1 |ligand or PD-1 nRNA or protejn. I.n another_ enbodi nent of the
i nvention, PENE) &Y GelaPel 3phlabeilh) i thepYE-serich/ucdawi ¥- Arand Symmemsi ng
pat hways (e.\g. J: i o act as PD-l :PD- 1 ligand agonists or

ant agoni sts,w'p?bﬁggﬁgy'eﬁﬂ?%f@m phosphoryl ated in response to PD-1 10
signal i ng, and/ onp pétaineinesembodimemn, fdudtilc hidofthdiavémiontd dpesisassinng a

pepti de bi ndi ng/i mmunopreci pitation and nass spectronetry assay. For

exanpl e, T ceimmalian oglls ugng k srammalieniespressaen wrstaic Exgmples of mamp@lipn esence or

absence of PD-1 Il.igan and in,th res r f pe at e.
Pr ot ei ns car‘?xPrﬁésﬁo'g\éeC?%ﬂﬁg’SFQM%?W&EE&S&@&%FVEE g{sb%g? R’f’ﬂ}é)e gfy%g‘ﬁﬂgnﬁsi ng,
e.g., anti- ﬁ@nlzlfw KRERLE 82 213158 PNOFBDRL ¥11831198), (Wh¥h hsedGh mbmriiah cells,
“peptides. The patterns of inmunoprecipitated proteins and the changes in
phosphor yl atthoexpressioh vectoti e canrmp funedonssire gfterepmyideSbgvRAGEg (1stodi elemewslecy|
~sulfate polyacrylam de gel electrophoresis)., Proteins can then be anal yzed
and i dedVi f iFoa examplg qommaudy NasdmrerRetess e deraipdifran polxoma rddrpeYiEUSHepi cti ng
t he above d [l g is ke g e Protei ns
identified ugfor%&gﬁgﬁg%%g{é@gas@??g%gyslf:(?rre}’gw 33‘@%{’5‘@%{#‘%&% .ngt?rgnpg)rrl bggs ay
using a Jurkat T cell) can then be used in analysis of human T cells. Such
proteins can then be used in signaling-bgsed screening assays to identify
PD-1 agoni sts or antagonists, e.g., snmall nol ecul e agoni sts or antagoni sts.
I n yet another aspect of the invention, the PD-1 ligand or PD-1 proteins,
25 preferably in nmenbrane bound form can be used as "bait proteins” in a
two- hybrid assay or three-hybrid assay (see, e.g., U S. Patent No.
5,283, 317; Zervos et al. (1993) Cell 72:223-232; Madura et al. (1993) J.
Biol. Chem 268:12046-12054; Bartel et al. (,1993) Biotechnigues
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PCT/ US02/ 10303 proteins are also likely to be involved in the propagation
of signals by the PD-1 ligand or PD-1 proteins or PD-1 |igand or PD-1

targets anpl e, upstream or downstream el enents i gand
or PD-I an@&‘%@z’gggi gnal i ng pathway. Alternatively, such P%FT&SE%%OJN PD- 1

bi ndi ng pr ot@blagydtRyandeulitydtid deliasék MapRR 16 dndNi7ifiSambrook, TReal Wi d

systemis based on the nodular nature of nost transcription factors, which
consi st of ddpaingbldelaiirarbiyndamg!.adnd, edt CaldiSpong dtawbarnisiboBroref Cyld Spmimgassay

utilizes t dj fferent constructs. In struct, the gene that

codes for a ‘¥Irqb85?ﬁWD§k§esﬁ*£‘ild;§PHP%ﬂ‘?d?O§ﬂp§sg%bto a gene encodi ng the DNA
bi ndi ng domai n ofj a3, rdptd : = 4) . the other

" construct, a DNA ggaﬁgnce,ﬁogd?g%ﬁ’l%péécﬁﬁlgﬁ%%ﬂé?% g@%ﬁ’ée‘fgépﬁat encodes

an uni defit i fcapablpobdigicting éxpresgionaf thesarpieidid prféramitly iwa pagicnlar ddliaypeodes
. for the activation domain of the known transcription factor. If the "bait"
and the " prd$g Pppteeppcifia regulary elementsiase nied to prprossibe nyclgipneid). lismeq

| i ganddepen . he - bl ndi ng, an ctival.i on donai f ,the
transcripti %ﬁ%‘%‘g?&gﬁlag&r(% et%’&@% ﬂﬂ 0 'é‘IqB%% 'pEISQTIIr%‘[‘S’/g. exﬁﬂ?pggquqgﬂ'?arh]? y

al I ows t r ansgicPipedific ProrfoteBRRIHEY the 8IHAmMIP plotaoler: (1ik@Cspciib Kk drSe GRET abl y
linked to a transcriptional regulatory site responsive to the transcription

factor. Expr(&$%)) 6renef Dend :2685017),dymplerid-spemfibprodeteas (GdamanshdcEdton CIG88NI es
containing t uncti o t scription factor n be isolated and used to
obtain the c‘r@n&m%eﬂﬁﬁ%ﬁgdea ’§”l@hB’OBP°6"tr%Pﬁ%\£ﬁli EERAESE MBS At h t he
PD-1 |igand : I tral 207351 h8g | -t aJ el
agent s | dent 1y B HREAR0 RTINS BRI MG NIRRT LRUCR IR TS
is wthin t38:200®, Quedring Batwaodei (0983) @l /B3t A £ 7485, eeaidnapedific paiviérki ed as
described herein in an _appropriate_ani mal For exanpl e, an agjnt

del .
identified d¢&dEscioumidament premeter; @,y,mea@n#[ﬁm%dleq Q8% fpc. Plarh Aperd SriatliSdg

agent, an anfti | igand.er PD-1 n ei £ aci lecul :
gand- or PBS g a7 1 phosetap o omotera NS A ol BisE i SR dRbib).
par t ner )| 5camnl ehansifsty iglandspadfieBlomMES (e. b OmiiR tvifeyipremdiBe 18§ fP£a€ Wo. |
toxicity, or side effects of treatnent wmth such an agent. Alternatively,
an agent i deép873{3lédindEudepsan Applicahien @ublicatinn blo. 264 tH6)n Darelapmerabllyyodel to
determ ne the msc@ani sm of action of s%jg? an aﬂfng. Furtﬂer nore, this

i nvention paf$UatAd PROJQIE aregesofgNPaseh Y SXABRIS thy BYrIBg heeyomoters

W0 091 0757 (el T DR e 9 T 53 T AT L SRRy e s of
t he cDNA seqaamgessariddmgmhfahmmk:@mDand:stmfmprrespondi ng conpl ete gene

sequences) can be used In nunerous ways as pol ynucl eotide reagents, For
exanpl 20t hese sédorsprassindegiblp seandaserytsystems formge in mammaban esdlsacs knpavnganes

on a chronmospne: and, thus, |ocate.gene regions .assogiated with netic

di sease; (1 15° FhARt PRTPIESSIFERIT HiSP &P REeRIOn? SeRtdg heary BsRbros
(tissue typi@e g a0dyd ki) (1988 N JR6RGE; BrirdRPEl 4/l Q982)0VaRfe D6Bl00d 09 Cal
sanmpl e. These applications are described in the subsections below 10 1.

Di agnosti c Assdy e An(18&BnWblalyllnioh6d 48041489 ket singkt($ee ey S@mrecer @r absence

nvol ves. obradHI i PRITFBBr TSt STt Lorh RC( B R EL1 PRIRT- B0 act | ng
the biol3gi GRlmSATRER M. I leets GPTRANNafilre 394:228-232; Hynes er al. (1981) Proc.
Natl. Acad. Sci. USA 78:2038-2042; Klock et al. (1987) Nature 329:734-736; Israel and
Kaufman (1989) Nucleic. Acids Res. 17:2589-2604; and PCT Publication No. WO
93/23431), FK506-related molecules (see e.g., PCT Publication No. WO 94/18317) or
tetracyclines (Gossen, M. and Bujard, H. (1992) Proc. Natl. Acad. Sci. USA 89:5547-
30  5551; Gossen, M. et al. (1995) Science 268:1766-1769; PCT Publication No. WO
94/29442; and PCT Publication No. WO 96/01313). Accordingly, in another
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15 agent capable of detecting PD-1 ligand or PD-1 protein or nucleic acid
(e.g., nRNA, genomc DNA) that encodes PD-1 ligand or PD-1 protein such
that the pr of PD-1 ligand or PD-1 protein or nucle

Q| BT P 4

detect ed ol ogical sanple. A preferred agent for d

l'i gand or Plombobin¥t, ke gﬁeﬂmncprm&eslaSreaodqs,la@rht%tp&Hﬁb@v&t&qh%pdhcm)qapabl e
of hybridizing to PD- 1 | igand or PD-1 nRNA or genomic DNA. 20 The nucleic
aci d probe digander, PDdrD¥Aaspperativelhlmeed 10 1ndup§!)>b?rﬂllk@ﬂy0ﬁ€)pmnmzfl dﬂﬁtﬁbam d,
such as the nucleic acid f SE ion
Chereor . suclontedar BangbfsapE '?mﬁﬁa}thaaaégf sl brsfsin amekao@iESal or s00
nucl eot| des in |

Stringent condit ?@%2&6@“&@% b} oS Fh] Pt Yol VDAL

sui t abl e5pr aiea rﬁdléculltS@fthéhrtvhetmii «a@mdsnuoahamysmfvettbem% dnfiveddé | on ar e

. described herein referred agent for detecting PD-1 ligand or PD-1
proteinis @ﬁleatﬁtlﬁ)rboﬁ}at&H&@@Ad\‘m's‘i%lsr@eﬁbvﬂwlﬂkfd YAgeWAtopDseRUCE iR N,
preferably an _anti a detecta | abe an b

ol yol onal . Adpaist BREH altaba iR STeR s Tan®Ron A et HSA bl 8Fm
fragment t hgneRindi@us whichEs eﬁftlsé:n(séllib PB)1 K@ind e PuSPARNAERESIIMA0 | abel ed”,
with regard to the probe or antibody, is intended to enconpass “direct

| abel i ng of stdnengaseiperativelyinkéxbidya hzletoand thoged in.the antishyssiocizhtagion ¢amkdieng) a
detect a Ie s bstancéané 4 V\O 021078731 PCT/ 1JS02/ 03 t he probe or
ant i bod Shogenwhich difest thecpninposs PrRyestonaf dhe,antigense masHy B9
react|V|ty d s of

ndi rect | aé”gf N R A e G

f 1 uor escent Isyqueatessican be ebmdm;«:haﬁtecmmmaﬁde eusshel spefit Glgcdl)[ftype dpAifipr obe
with biotin such that it can be detected with fluorescently 5 | abel ed
strept avi di FXprERRon efrantisense BiNgyi Ehﬂ aréléwre@xprﬁgwwe@mgm boin the fareeoftaj ssues,
cells and biol o | cal B%l un(ﬁ‘% | soI as tissues

cel |5 and fITE§oD bR E bR Y FEth afRentueBR R a on of
the invasti gpo&REd b@de&a%ﬁ%&]ﬁoﬁ&ta%gh Bﬁc;bn&y &@Gm&f réglizml tHERNAvitP6 OLEER,  OF

genom c DNA'in a biological sanple in vitro as we as in vivo. For

exanpl e, incanbe dett:emhﬂd bude cebtyptenteothicnthefveRDdr & intraganet. dror RistussiorrRNA

i ncl ude Nort ern brld ations and in sMuhbridizaWons tro
techni ques f th "dféﬂ étﬂ‘i"b g51e BYRrISSIANgISHIG 2BHSeBEE BeTST St VEINIALY: d‘&é’ &nzyme

i nked | MLNGSEY DRAfisASS RXA A hSRGIar B66hPLEhchl AhSysil TRIRART-GeLRL AL T Ons
and |nnunofluorescence In vitro tec ni ques for detection of Ilgand or
PD- 1 genom oGdaAcs, Wol.ude). Sout hern hybri di zati ons. Furt her m)re | n vivo

t echni ques for detection of PD-1 ligand or PD-1 15 protein include .
i ntroduci® ng i nt o Lhedpysngen f‘ﬁ‘theébﬂ@&éﬁthps‘lﬁﬁl%mlt? YAIFH agPCOPIRInANA RYRTESIP.  For

exanpl e, ?F ﬁ&%gt’&gﬁ{m&ﬂﬁoﬁjﬁas' b%prﬂn%%dm tdh t@rﬂ{ Qg&lé P Y J??cr m¥IRRe

presence an ioN 1T n a Subjéect can standar I'magl ng

t echni ques. Hodt @ne a&rm;edimaamangémy mrellnogt @@hd@r@tﬁb&i EhaCthaérﬂﬁ r@ﬂ'eﬂlﬁ&l n
nol ecul es fromthe test subject. Alternatively, the biological sanple can

contai n mR\NAnploethe bartichlpnsubissteedicbut ésthe@mgeebpr mterg@hpmgenmuqba edll es

fromthe te subj ect ef.erred biol ogi sanpl e

| Solat od by oAU oRAGE Fiw et PR Rafalits B ettt he
met hods Fsur trh&traubm&oén\oﬁo%&ﬁhnhnge.@esc eurehr&bgéh'y%@m& ah 3R 1§erftfc5’lrfb dhe
control subject, contacting the contr ol anpl é a conpound or agent

capabl e of ctmirmtelh@uPBe]snllmgﬂuddd@mhﬁuht Smmt(lflthrntenﬂhh’\usedﬂle%l genom ¢ DNA,
such that the presence f PD- 1 and or PDl or enor ni ¢ DNA
is detected in th%%Bﬁ&F GRLbg a 'Efd?fglfaéymkfrﬂie%‘iﬁi ?’F@ %I‘?ée’ﬁ’r"%ﬁ 4f PD-1

ligand or PD-1 protein can be expressed in bacterial cells such as E. coli, insect cells,
yeast or mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells).

30  Other suitable host cells are known to those skilled in the art.



ligand or PD-1 protein, nmRNA or genomic DNA in the control sanple with the
presence of PD-1 ligand or PD-1 protein, mRNA or genomic DNA in the test

sanpl e. ion also enconpasses kits for detecting ce of
PD-1 liga %d&@‘/%’i PD-1 in a biological sanple. For exanpl gklfﬁﬁﬁf/ﬁégﬂlcan

conprise a | abel &tconiidAan be inigduteddap podlanaiticaeealciryoty dells tial i gand or
PD-1 protein or nRNA in a biological_ -95 WO (12/U78731 PCT/ 11 SO02/ 10303
sanpl e; neawgnw@ﬁloafétt@nmwwnméraaﬁé@wm teghnppes. Af gspddersin. s 1By, ¢ he

sanpl e; and. I e a and t he
sampl e w th gfggslt?émaag gﬁqr@g)nﬁ (tt}]n ‘93‘9?88‘?{0 rgan}(b%v% gerﬁpe?ﬂ késbw tabl e
contai ner. Tta@nlgues Rﬁrhtfddhb'ﬂgrfo@%ﬁfubl‘éﬁ elclHS(TergUQDNAWﬁltéQ'ho;ﬂ%lalmgnélb&nélt to
detect PD-1 ligand or PD-1 protein or nucleic 5 acid . Prognostic Assays

The di agfostealciume phesghatd o cal¢ibacchiaideicn- mwplfampnhléEkEr@xtren oediateded t o
a . dj seas or. di sorder

identify su S. hayi or at risk of deyel
" associ a%/ed \X}af‘ﬁfte Ya‘gf?ctm ﬁliafqpﬁffﬂﬂn ¥ '15% mEHGAL L iTgps B’Fma%f’f vity. For
exanpl e, t h?raﬂ?ﬁﬁ?’%ﬂ%@?&ﬁl‘s@%ﬁb@%ﬁﬂ l@set EP?MBIe‘E&I‘Eﬂt%z% agnostic

assays or the ng assays can e ut| I'zed to |dent| subj ect

havi ng or atLdbbekorytMainmt|2agi o) ColdSpongHariasdabbrmias Qolt ISpHﬁg Hattogand or
PD-1 protein, expression or activity. Thus, the present invention provides
a net hod forLaqbQ@mrvaqSﬁg?@d §p§@&§érh9r, I\HY,slcﬂsabran@@@sbiah@réwwnuadberrant

PD-1 | d P 1

obt ai ned i rom a dbrun TG ERBr ot iR celt S SHOMERE ek dud

(e.g. nRNAexEn%QQGﬂ %Mdk@nﬁe&wt@éﬂm@w@g@l Bnfyesnil EBPRAEE oPéel Bl Ilgand
or PD-1 protein or nucleic acid is diagnhostic for a subject having or at

ri sk of devehiepiarghe fattige d¥eA antodiigigedeme absodiatosdeniify Andadséact thase PD- 1
| igand or PD-1 .expressipn or activi d herei

| "
refers to awz@gr@m b eaoses o sEIeCINble Arhes (6 & Easieats DanipRiedeer . For
exanpl e, ﬁéraﬁ?i@o@u r]nt%%h@h%%lggil | with teGebEointer " Bilderre eII

sanpl e, or t ssue rnDre e prognostic assays described herein can
be used 50 Obekerabienﬁarmﬁdwjdeahasabylﬁmcm&i risistadeitndmpersech anGalgent (e. g.,
an agoni st, antagonis pepti dom netic, protein, peptide, nucleic acid,

smal | nol ecd1yef0%¥01‘b@frdemefépl!i@‘aé€armwﬂ‘a€ agid sncading & wlsctablegnakei@ndc di sor der

d h, aber h
hepr esent THURE S Bhol el oh A Jer GFaspu RPRSRRL BRORL kREH o ey, S0t

can be effecpirbt\éﬁwctaﬁ@atrﬂ%d\atédbramse@a@&tvemf @eldy §m¢&ansa@c$éacwmaﬂ with
aberrant PD-1 ligand or PD-1 expression or activity in which a test sanple

i s obt ai ned iafreduepd nudleigacid con bpmsmtn&cbbkdmgédecﬁm (eigc celds tbaté)@m ession or

activity is detec in 30 the abund of, PD- gand or PD-1
prot ei n Or Hﬂ%‘?rB?r@tegééedseg%fﬂbgh@F%ﬁ T et Pty Yv the\/\ﬁ%ﬁ* 1978731

PCT/ 1JS02/ 10303 di #gQQsf b?thfe(?ﬁvéi\tlﬁh'%@r%sﬁﬂ%fxar%@fb &%uﬁﬁ%m BdsetQpint he agent
to treat a disorder associated wth aberrant P igand or PD-1 expression

or acti vity)culture, can be used to produce (i.e., express) a PD-1 ligand or PD-1 protein.

Accordingly, the invention further provides methods for producing a PD-1 ligand or PD-
1 protein using the host cells of the invention. In one embodiment, the method

25  comprises culturing the host cell (into which a recombinant expression vector encoding
a PD-1 ligand or PD-1 protein has been introduced) in a suitable medium such that a
PD-1 ligand or PD-1 protein is produced. In another embodiment, the method further
comprises isolating a PD-1 ligand or PD-1 protein from the medium or the host cell.

Certain host cells can also be used to produce non-human transgenic animals.
30  For example, in one embodiment, a host cell is a fertilized oocyte or an embryonic stem

cell into which a PD-1 ligand or PD-1-coding sequences have been introduced. Such
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The nethods of the invention can also be used to detect genetic alterations
ina PD1ligand or PD-1 gene, thereby determning if a subject with the
altered 5 risk for a disorder associated with gand or
PD- 1 geng‘%%oﬁlog’?@ erred enbodi nents, the nethods include tcli)gl‘?/elgﬁ/#sul n
sanpl e of cehlokt&eﬂfcrmthhebesmdanm:tr;eatt:Imen-;hnamammesgnmcainsmism whlcheg@mbu&:
alteration characterized by at | east one of _an alteratlon af fecting the

integrity ofDil digard eftrdisagpeacesiiare beegdpdodicepmte theirgeapme ObPO‘PﬂIQgOUS
f
m sexpr essi Qp. 9 bix%a g% lglgisect e??ﬂenﬂ%gf&n%Pﬁgpﬁéantﬁ%rr PRI T %nce§ et I C

alterations can certarnin he exi stence o east
one of 1) aneRiebi@ladhalRR QefulbsrSutylgant fdrsomh amlaacBDh)lofa ganld or PD-1
gene; 2) an addition of one or nore nucleotides to a PD-1 |ligand or PD-1
gene; 3)5a dighsd ot RiDi1gmlypepladecandrformslertifyingl andtar dealugingsamednldtotsiog &Rd! or PD- 1
~gene, 4) a chronosonual rearr t of . a PD-1 ti (.or PD-1 gene; 5) an
alteration ﬁ‘rga'ﬂch%f RRyctiyty- a‘gfrg.sf aRmnigreaﬁ%ﬁP*gt i nop-ispnan anigahy o

PD-1 15 gen @abgba%mmal RAE bicRahs QQr%enﬁsLPc@‘akarh?ﬁQﬁm@E ifRhlcHiGRGr such
as of the ?1 ion pattern e’ genom c e presence of a
non-w | d typeors pf theicells pfahé atimabinchidees sanmgere. FDiAet exanpiasioptrandgenicPD- 1

| i gand or PDligene 8) a non-wild type level of a PD-1 ligand or PD 1
protein, 9) aaim un@lude@gn-bflman p\:mtemsgaw dggs. ppy3, g9atsechigkeds. ppyhibians,

I nappr qul at 6%’&212](({@? :‘,Agg % ne 1n§xog[nﬁgtllsf[|)ﬁgt\’vlgl ?S 1négfp'%mlo tggggno%e (ﬁ% 1

pr ot ei n. erein ere are

t echni ques kBN ﬂhkﬁ%t@%geﬂ%‘a‘hi}néﬁﬁvég% dwmlem réﬁ%x@ﬁnﬁ'th‘@ge&bhﬁrﬁm@ns in
a PD-1 ligand or PD-1 gene.” A preferred biological sanple is a tissue or
serum sanpl enatselaatreal, thyreby diventing incadxpressing of amm@dsdjbql@mrodtet g.onegrcar di ac
tissue sanple. In certain enb i ments, .det. ec t he al| era%g?n i nvol ves

the use of 4"9Us cpl Bipes ?Jrr‘i‘sﬁ’é‘is %tr%’égegﬂ’ﬁa?'ag‘é c’g%lﬁ?drh@’zf(‘ﬁl BoOPPERPYY see,
e.g., US R ) r RACE
PR, or, al ey S oAy e b e ol hréR bty SRR O BRERER
Landegras etmaéuse, 1(11&8«81)arfmdegmmeuQHD I Hghnd-or @E0] ga‘mdla&lzbkazﬂwaecblhy al. ( 1994)
Proc. Natl. Acad. Sci. USA 91:360-364), the latter of which can_be

par ti cul ar | yiomobeaeus fespmawpten beiyesrbith endraeneyseae prd ahexagenousiDNAnd or

PD-1 gene 30 t [ 2) .
Thi s et hod "éédl RS gx&%ﬁﬁﬁgggtcgllgfok% ﬁ%gld ng&b@%hg%eﬁ%? the%lﬁfnﬁgl ?r%%
patient. isabakidlpriettbeine aditndl. (€. 9., -97 WO 02/078731 PCT/ US02/ 1(1303
genomi ¢, nRNA or both) fromthe cell s of the sanpl e, contacting the nucleic
aci d sarrpl e with /btrenagcnln@n@qbﬁilrr@@ew bhlréli@éé@flﬂ é£D Y ligggkardibré-to a PD-1
| i gand 229 PD-1 gene nderdco i.ons suc t hat |h g%ﬁ Lon {1?

anpl i fi & i FHeefing RuclBp,agid prlean 'BFO‘BB"‘f QB SP SUREST @i §8- BN
detecting thﬁlc%@%&wr&fovﬁmﬁﬁeﬁomﬁmalwxﬂh%fm&ﬁkyerioaemaﬂmcat or
detecting the si anplification uct and conparing the length to
a control samphdoprdgnamtderaaltifostganaoalt Ahe PDERllgatrdi/QIrPD_d:RDMa%/sdqeembesxfr able to
use as aprellmnargdarrp ifjica i onjunction, with any of .the

on step in
t echni ques u3dd PO det e‘@t?h(‘?r%%ﬂ O Oellé@graFBérﬂn??@P%l%o the geRomePf e

?gjpg't fe | fiaf' %8%@%.& :Ag%grjaugglgfa §@Lﬁaﬂ§§8§ﬁ&g%f§ bl p9a1t8 171%9\5878)
transcriyti oppl] g%li’(@l Juth @sad mOtseSy $iteD-( Kigald o PDY. geat, cah be @se’ﬂ%a)trdﬁsgme

Nat|. Acad. Sci. USA 86:1 173117d2 Q Beta Replicase (Lizardi, P. et al.
( 1988) Bi otébﬁﬂ@ﬂl‘@@y ad®Dr! ligamd o Dérsyn%h%ﬁaloa%|S%WS@@P@€@%LB11| lfaa@atoron

hod, foll t he d f,ih fi
Lechnt ques. vePT RRNATRbeE 55 b Pded 1ot G Byl T BELTRE BRI G, P15
schenes are R smlleecﬂx%ﬁ‘ée%ffSEQ Imoqesewlqnoros‘s (QbKekiBE« fudhbOinOl ecul es

*if such nol ec are ptesent in very | ow nunbers. in an alternative
enbodi nent, subbationhabove) andABed ab b gansgensy. IRDodicgeqenéasand polyadquiykatiorl | can

‘beldentlfled by alterations.in restriction. en cl ava atterns.. For
exanpl e, 3&anfieRdlyp ‘ﬂmerlﬁ‘ﬂuwn itRe ransgenede ‘““é?%‘l['ni‘ﬁ gt(’lf EMF?%” of

Gi ves are. dePSiARLe op Ga e SRR o @%@%‘S’C‘%@S?’Bfﬂ%‘%‘?ﬁ%‘é‘?‘?Egt“

fragment |ength sizes between sanple and control DNA indicates nutations in
t he sanpl e DNA. Moreover, the use of sequsnce specific ribozynes (see, for
exanple, U S. Patent No. 5,498,531 ) can be used to score for the presence
of specific nutations by devel opnent or | oss of a ribozyne cl eavage 25
site. In other enbodi nents, genetic nutations in PD-1 ligand or PD-1 can be
identified by hybridizing a sanple and control nucleic acids, e.g., DNA or
RNA, to high density arrays containing hundreds or thousands of
ollgonucleotldes probes (C}onln M T. et aI (1996) Har m NUtat

A ~r- - o A NN S\ 1 PN g g ey oy o ) —



VNO 02/ Ur8731 PCT/US02/10303 T. e~ al. (1996) supra. Briefly, a first

hybridi zation array of probes can be used to scan through [ong stretches of
DNA in a g@mRlyss3nd control to identify base changes betwg ?il Jsﬂﬁ Sgguences
by maki ng I|near arrays of sequential overl apping probes. This s ep all ows
the identifiligaid @PD tR@kgdne Maitidédt @Xisressidi of atBA ligand 6f PDVIEstol}h 8 second S
hybri di zation array that allows the characterization of specific nutations
by using smpitisplar eqibcﬂ\éfrthQ@cfobg%etlagﬂrayssgem@raptr@atemaacmbrycomampulemm ants or

t at det ect ed. d,_of t
one conpi et B0 PRe B bt b SRR TFR e onB RornDaedig 1o o
nut ant gene artlaid X@de@&?ﬁeﬁefor exdigsle RS, F%i?éht Ros '7396 864 Ahd % 3 RISt B?

reactions known in 10 the art can be used to diréctly sequéncé the PDF
| i gand of Pbhedergenk, B5dPatentede. 48it3alt%1 dysWhgnec engdaaridnig Hdgan,s&qtdmvnmdamﬁgt he

. sanmpl e PDl | i and Wit h th corresponding w |l d-type (control)
sequence. l%?b’@ é‘é@ﬂéﬁpﬁgg har iLgheratory: Pisae GoldSeringdargoni.Y .,

LEZ“%QEEB qgg&éﬁ’ﬁéﬂt%‘%ﬂ}%& S e T o S

also 15 contxenggleﬁkeduxtdaatammlaycamfbeadmtﬂeetbyseafupahlt}mﬁtsedcesmmqIlrggnd or
procedures can be utilized when perform ng the diagnostic assays (( 1995)

Bi ot echni gu®®-1 transgagy in itsraepomp ngd/gr‘e@fwemtongfw higandgp@E- oA yn ( see,
e.g., PCT Internati naI Publ i Cohe ( 1996)
ads " i brmE s oSt ob aBinh I8 A Unbiinie Bprdey ahimal sheR B hsedip Biskm

Bl ot echnol . ,3Riibdkl 242 6 krafBehO dStofcBY n the
PD-1 |i gandaoruPD?lJl genseca?%c%de raﬁffgﬁo ds |on erﬁif%&%&ﬂg?%gtmﬁéawg%dcl eavage
agents i s usansgene elebdog arfiRidigahd dr PRslgzroiem daNALRRNA berbrddNA/odAtransgenic

het er odupl exe,?rhaﬁ I\%ers et al é’@ 985) Science 230:1242). In general, the art
t echni que off"MK'S H}g(ﬁh?{év’& NC%tarts by providing heterodupl exes formed

by hybri di zi ng ( t nd or
25 PD-1 sequenceIT\i}vltatﬁlhl pot enti g‘quy?%unt?@ﬁ%n%wg’ra ‘%ﬁf&%éb@aﬁfnée)agwﬁr@%r%ﬁgh ?ssue
sanpl e. 13he adiessrapoaionaTderD-duighak esPRF1epchnt aab OhicM 4 del@dnagrlitiondt ch

cl eaves singl e-stranded regions of the duplex such as which will exist due
t o basepai r SWis§h#ios thas besatipiseduced o fb@‘ﬁb){ alterangl, Bueonally disgepisthe Pbr 1

h R DNA h d
troated wi t HEaht KR SEHE TRAPRIIAnT L PP, e o8 B¢ 78agn BMe At R SEQ S
regi ons. | niptN@n, $niodi mengs buembwre@w% n- RN SloRleSreahurRR be

treated with hydroxyl amine or osmumtetroxide and with piperidine in order
to -99  WOPOR! g8 APETRei80(/cl.08d3N diigbated hysmmgﬂhédbmcbgatmnsmtmﬂtt er

di gesti of the smat che sul.ting mater i S

separ at 2@ )'/‘uglf“}t ﬁqlfféﬁ%?ﬁé(ﬁgbg\gﬁﬁaé’r éﬁl tgé; tg%fet*d“a t%?’ﬁi‘?‘? e site
of mutationy ) I I Acad Sci .
USA 8S: 4397 figgtfor fI1 g8 K@%%“ésgaz)w Rsfihe ghﬁﬁ{ro'okggﬁefg’mg'§% betorf'o
preferred 5 sm[dbmjfonamnngtdneenddgmbud PDNAigaind RNRDehg\edeen k}&bﬁd)usd gémfme In

detection. In stil] another enbodi nent, the nismatch cl eavage reaction
enpl oys one aerefpmedkembadimprsthe ygetoy @@Sﬂﬂi‘eﬁé"ﬁﬁ‘ ﬂh‘ht‘l@ﬁ@doﬁa@éoﬁal rsin

doubl e-stra ¢ fi ned
systens for ?%%EL eﬂ% Ogstﬂe gﬁdn'&gg?urSIWI hﬁ? ttﬁtg 1%%% I f“%gﬁ?&‘aﬁ‘awgi

cDNAs obgai fﬁ@dorfgreﬁéﬂc%démi fifct@nal plokein; afRIreRK8INR] & a -’l&otmeutWééto@nzyrm Of E.
coli cleaves A at G A misnmatches and the thym di ne DNA gl ycosyl ase from

HeLa cel | s &lemasisely, e veytar ¢andeaiesigned uek thastupan homolpgouy re@amihatogene. si s

D 1 11 gana (eeeioRTBY. Eg-fpgaé%e)f’?l? 5ot B SRt el ihce. | s
hybri di zed teﬁccﬁle?%cﬂﬁné?tpm&n dirdani F maﬁ) hitkSltered ¢ dupI ex

"is treated 1 ~ wth a DNA"'m snat hre air en r§'a‘j‘f‘%tmrpeceavage
products, i ftheety, almamemepd@mbhdekncmgemmd’tn d)pnlgamdemlﬁ)prpwemdlhnbé t he

. i ke. See for exanple, U S. Patent . a459,039. In other enbodinents,

al t er at P8ns homolqgays F%B‘I’?B‘r“é’t“i”t"‘fﬁ‘fﬁr ‘IthaUerééﬁo%‘@“l%gH Ry liligand prRDrhRere i ons

ool yror phi S (SRR 1 Ba ueh o RHRMRa s B ErBLERED ERTEITRRAPE s ¢ 20

nobi lity between nutant and wild type nucleic acids (Oita et al. (1989)
Proc Natl. Acad. Sci. USA: 86: 2766, see.g§so Cotton (1993) Mnat. Res.
285: 1 25-144; and Hayashi (1992) Cenet. Anal. Tech. Appl. 9:73-79).

Si ngl e-stranded DNA fragnments of sanple and control PD-1 ligand or PD-1
nucl ei ¢ acids can be denatured and allowed to renature. The secondary
structure of single-stranded nucleic acids varies according to sequence, 25
the resulting alteration in el ectrophoretic nobility enables the detection
of even a S|ngle base change The DNA fragnents can be IabeIed or detected
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-1 00 WO 02/ 078731 PCT/ US02/ 10303 In yet another enbodi ment the
novenment of nutant or wild-type fragnents in polyacrylam de gels containing

a gradien turant is assayed using denaturing gradi .

el ectrophgvrde)(;szlﬂgg?%(}f) (Myers et al. ( 1985) Nature 313:4&?&%%@1}0&1{ IS
used as the Ptihede of alkyvafor hbomoldgdds €osmbiRatid ol dcst HebwdenIhe &debRdusiED-does
not 5 conpletely denature, for exanple by addi ng a GC clanp of

appr oxi nat el Yligandioy PEF1 gerprcamigd: byrhe @ctor and anpadegenp&RPD4Inigand or PRek

mbodi t, 5 . di ent...i ed i | f. ing.
oradi ent 1t o Stae TR SRewppis Pletestl Thead gy ifnRpRID-Coistndir o ifin o ona
(Rosenbaum afnel K8LEREBY ofl shBEiont Ring B s suc%gl Sé@%lokgzgi%lom@ﬁ?{%@m %Iet géher

techni ques for detecting point nmutations In ut are no

to, seledtivendogingosgaicediypitellysbvdralikilabasenof Balkeg DNe @6 dt theCHtanas; or
. selective priner extension. For exanple, oligonucleotide priners magl be
prepared in SRAPARE NekidRe Stk vestar (Sere-g-s Thrmae K- Reand Gapsgchindl. Rn 61987

hybri di zed t r. : j L i GF rmt hybridi zati.on only
if a perfect@erlr{a c'%@jlt @%ﬁn&gﬁéﬁl?@gbﬁ%lbgﬁg r%h%gﬁﬁn%?tpﬁ?{'e%%@ﬂ?cﬁ%éﬁ; Sai ki
et al. ( 1988kodiced intdNan bmbAGhE. stehe tell iR 30 b§ 2R ropstddh)aind balEnsREH fic
15 oligonucl eotides are hybridized to PCR anplified target DNA or a nunber

of di ff er enttherintradpesdPLith digancher BIP{1gsne bisdvmiadegpuatygecrmbzinérowtith thet he
hybri di zi,ng nbr ane d.hyhridized with | abel ed target ernatively,
allele é‘Seei%ﬁ%geg%? ?I?Trﬁcléﬁ%gr?r ? p&ﬁ%ﬂe&@se\ﬂ‘ff%ﬁs‘ﬁeﬁgng‘é’ B! %(Cg@%? &/ PCR
anplificati . . &%k J i 1 I 1 ion. 20

a i gonucl eotF.Hiﬂg dge:l?@uigged as Sr({égg%lsa t?%ﬁwseg{eagmtég byr%%c?/??)gg? |tm(5ilrrlrﬂl \rfrgé;‘é'bgr ry the
mut ati on of maetsey esbrm aggrbgatioe phiwteras (s¢eheg.nBladiayl a. (STertifdadrcaiplds timgat i on

depends on differential hybridization) (G bbs et al. (1989) Nucleic Acids
Res. 17: 2437mAngyic stemtelinet ExactiestelrgroashiaReltersam Bodi adr(Rdnepxford,n 887

okt onsi on (oL Chu L7 Bl BR KR Ry 0 iR MR bR ety e
25 desi rabl eemaleifpsteradimns aadﬂm/@hbrp@stduigr@tttbminr@géﬁyﬂar&rirnggme?n of the

mutation to create cl eavage-based detection ﬂGasparl ni el al. ( 1992) Mol.
Cel | Probes omplggouply recommnaddpiNAtie theirgermicallceant bei used redaédramimals in

S 1o, L AP A0 U5l 0 TR
ligation w lian9fEsion @Nthe tiaﬁqsée!ﬂg.r Blekidd fRRbhGRLIARhE&Ro Rkl c%ﬁl&iﬁﬁl%n‘ﬁ the

5' sequence naking it 30 possible to detect the presence o nown
mut ati on at ‘\a@cspegidfhiomodégoss tegombmantregirhals atehiesqited dmcler ar Baddssnae of

ool 19501 9o/ 101, MO (421418131 FETUS( 0200, Ing et s cescr e
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

25 invention. Enzyme-assisted site-specific integration systems are known in the art and
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
the Cre recombinase-lox target system (e.g., as described in Baubonis, W. and Sauer, B.
(1993) Nucleic. Acids Res. 21:2025-2029; and Fukushige, S. and Sauer, B. (1992) Proc.

30 Natl. Acad. Sci. USA 89:7905-7909) and the FLP recombinase-FRT target system (e.g.,
as described in Dang, D. T. and Perrimon, N. (1992) Dev. Gener. 13:367-375; and
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packaged di agnostic kits conprising at |east one probe nucleic acid or

anti body reagent described herein, which can be conveniently used, e.g., in
clinical t to di agnose patients exhibiting synpto ]
hi story o\il% Otzéﬁtgéase or illness involving a PD-1 |igand g?cgfﬁsﬁﬁmsﬁsy

Fur t her nmor e Fiéitg, Selal (YPB) Phod. iINeBlUGcdd) SWhUSH %Mmmgaﬁdrsmracﬂuna- is
expressed can be utilized in the prognostic assays described herein. VII.
Adni ni st r at iregplased indueiplgthomylosgup resombinappn sy stanga piFhas degsribed o PEL' 1 | i gand

or PD-1 nod e 0 sSubjects in
a bi ol ogi caILHL\? %{JZ‘?’ &#@ ?Z}P%{iﬂﬁ@ﬁ? gp?a' ﬁn&:@ggbiéff&g&cﬁ? ration
., in vivo to gigher enhance or suppress inmune ceII medi at ed i nmune
responses. By "biologically conpatible formsuitable for adm nistration in
vivo" is5neant a Fooexangfle, ﬂ#nenqjhmesihodtlmrb,armmnid nemgoarisranisils bandiey t oxi ¢
. effects are outweighed by fthe tha\ euti 5 effects of the prote ﬂﬁuThe

t er m subj ectPr? R PERASANEY FIER ey Whis &#amfpgwgu'@w VPrEpsighof

response Calafit! Bt et suclATRER Fearplgs ol &1 gerh BF ! ude

humans, ransgeni c specie

Adm ni st r at Ib@&eﬂ& ptage | Bgeﬂér BesC@SEon dTekk bexzwmree@ﬁbnh@sel systeny see, eg. Lakso
phar macol ogi cal for m i ncl udi ng a therapeutiéglzzltg active anount of an agent

al one or inecahbia3l Poag. Nk M@dpfrarlpf&ééﬂﬁl? asedherashmpRefearri er .

Admnls ation ath e ctive of the therapeutic
corrposi ong® ‘iﬂmc{l W’ée&g ﬂsttH? hgg ‘1)68 qage 3%88‘%‘%;":‘%"’6’{%‘%?& Yective, at
dosages and (HogGoRednl £HB ( 9591?'5%&%?31%9”355) ﬁ‘é*&k@)‘b@Ptr&%nﬁj&%sé%’stén@%“t

For exanple, a therapeutically active anobunt of a PD-1 ligand or PD-1

pol ypept i de usetonragylataexmestiongof2be transhersd, amimatsuohtaasng hrensgessaseodid@t e,

age, sex, and ight of the individu and the abi]ity of peptlde to
elicit a deéﬁof}\{a\ﬁ gkgfﬁsﬁ@émﬁp e se%a}e\si.paefsun argysQuiged rulsh ABiEaly gan bse

adj ust ed L0 JEALLARR JAR AL NS ARG Giah SRRANS nall e SKANIAR, niEVe!

di vi ded dos s can mni's ose can ionally
reduced 18s _itRdbgeatcathimils,tdne cBxtaBRNICd @snspénetdheodiigh s¢ledtéd protid tied the@Bther 102
WO U2/ 1178731 PCT/ US02/ 10303 The PD-1 |i1gand or PD-1 nodul ating agent
(e.g., a pepoh@iinga nenseeiecengedie ptceabinase.ant i body, peptidom rretl c or

smal | nol ecul e) n _be.adm ni.stered in a co nner su

i ectfon ( subbutaeg el e ReRr SR ot etaft SRS BtRbe RO Bleat G 4R

i nhal ation, dgrb@RsE 8caRlin@RdRhé ﬁ@tuoagldesehbé@ﬁtwhm@ﬂm Na (1 997) WarrP3RSRUONG S
on the route of adm nistration, the active conpound can be 'coated in a

material to &dBcaméé’CTtlhErtwnp:dMl1tMmmNdseW97/6%&8fanéd¥@r%Q7Gé@1 trsbraafd

ot her n ur al ond| tions. whic i nactivate the co d For e

S ni oobr ' prsell P Eghiamaic ek Romge rarery® auam CHSornged chg rdsrtAtRital
adm ni st ratl [ t h

co- adr ni ot ArC Bk ERYe 88 GRF et | PrciloobRSRER IR bl B broush 10
A PD-| |i gante ase dfieletirivabipllss) ognageditatehoodye faghranasined efithe camea spectbisvi dual
in an appropriate carrier, diluent or adjuvant, co-adm ni stered wth enzyne

i nhi bi tors dfomnhigh th‘bﬁ‘l*lé??ﬁ"d-‘teg igisplatedr TdhgEproasiTycied RosKiEds thep gl Hﬁ%‘éﬁﬁthal |y
acceptabl e qh PR bOE) HR S8 G A0Ch AIHEONSRUEAS! o30hul A cAglavan

is used in i sense an I mune conpound
such as Jsnt efober QﬂmalAQIHé\bﬂii@bﬁngiwrheﬁpﬂhﬁ&i@ﬁhah&bﬁtlﬂaml{ﬁall mllbecha:w@smm nol s,
non-ionic surfactants such as pol yoxyethyl ene ol eyl ether and n hexadecyl
pol yet hyl eneanemildrom Fhioprtee $ailhelgi. ity somatic|caldlds psalatadeat i ¢ trypsin i nhibitor,
di i sopropyl fl uorophosphate (DEEP) and trasylol. Liposones include

wat er-in-oil-inwater emul sions as well as conventional |iposones (Sterna et
,al. (1984) . pNagiakQii osltioné) - 20 The active conmpound may al so be
adm ni stere peritoneally. Dispersions can al so be

prepared in glyceRll ligahdioi BDpohpdilagtsdag., §DxE tigand @rRD-hintibitery of her eof and
in oils. Under ordinary conditions of storage and use these pr epar ations
may cont¥ n siumrl@tge/ragamweclp@nsP&zéhgaa% Pd? duipleisracid mplsev! @fam%tﬁﬁs

Phar maceut | Caa tlb§9 QPQéSs x\t,\%e%na%o%“ %@S)Jng \I %em ificd stA1gdLH§t8rs' (ﬂ%l - @Eﬁf bi €
aqueous 2~ sol f 7 ubT di'spérsions and sterile
powders for the exterrporaneous preparation of sterl | e i njectabl e solutions
or dispersion. In all cases, the conposi.tggan nust be sterile and nust be
fluid to the extent that easy syringeability exists. It nmust be stable
under the conditions of manufacture and storage and nust be preserved

agai nst the contam nating action of m croorgani sns such as bacteria and 30
fungi. The carrier can be a solvent or dispersion nedium containing, for
exanpl e, water, ethanol, polyol (for exanple, glycerol, propylene glycol,
and liquid polyetheylene - | OJ WO (12/ 078731 PCT/ USOZ/ 10303 gI ycoI

o e " Y



5 antifungal agents, for exanple, parabens, chlorobutanol, phenol, ascorbic
acid, thinerosal, and the like. In many cases, it is preferable to include
i sotonic e or exanpl e, sugars, polyal cohols such a i
sorbit ol ,%0@?03%3 hl oride in the conposition. Prol onged a%g%o%/gdﬁo%f t he
i nj ectabl e crRIMQSIivitynRl/sraRpheesibn op@bdulatoesist thy iriteradtiodiba@vden PDIE ligand
conposi tion an agent which del ays absorption, for exanple, 10 al um num
nonost ear at eand PP-gr¢anthierincagperaiel éntp pharmaspiticabednupdsiiess seitablsdopr epar ed by
i ncorporating active c und (e.q., a PD-1 ligand or. PD-1 po eptide) in
the r bqui r e aBeFRTIT, SHR Spmpo st dmpi tie s i PRI BE Rt {on of
. i ngredients GRURELALRHAPINEa pRitnTaBEMcEIBHaccE MabIRWRRieLY AL lidddBlcREn the
sterilization. Cenerally, dispersions are prepared by incorporating | 5 the
acti ve cdénpdamgliagetghaemadeaticdlly acedyitablecastier lis moendad rsinelub@snycardiadlper si on
, medium and the required other ingredients fromthose enunerated above. In
the case of selvepts) dsprssien medrgroalings, Jpibastestal and ytifungal ageats; isplepicapre
solutions, th : f e i ryin n.
oL Ut ons: - RSl ALEH: SEROLR: e IRECARAL KRN A ATt
peptide) pl UpheaRY opEisthinhd@hndighis F6k phaghasdubedllyfdcave subitafods QUwblY ksdvei i | €20
filtered solution thereof. Wen the active conpound is suitably protected,
as descri bednalyoart, Exdept ipsafardsrany anysational Inhadizehrigantds tcenpatilde withahpl e,

wth an jnert diluent qr an assi.m | abie edi ble carrier. used herein
bhar anddit i s sorapeung: ultadEiFinecomieSioR & R AR, SUrEBFaR G

di spersi on | U985y a1hd RaShEhatdl in@Ne Adthbdingal agents, isotonic
and 25 absop%tgi %%Orgg(ﬁg]y?ng %gents,@&gné thué Iﬂ?(e. Li'ise ug'e of such nedia and
agents for phar mag ehimmaddticabaimposition o$ thernemtion isferhulkrRdws bé Borhpeibdy t .

Except insofar as any conventional nedia or agent is inconpatible with the
active conpovitlits inended gt ef dmipatione agaplgsof sanpsRfiadmimstration include

cont enpl at ed,__Suppj nt.ar ti be i orated into
he. compost (RBEerR, 0 Ao ialGo 00 SHRH R, Pt @03 hER e pect al 1y
advant aggoustdrRddrfalibpitA), PAnght@sal adaenasddmifiRGatich. BRaBAs YRsdspémaionsf or
ease of adm nistration and uniformty of dosage. Dosage unit form as used

herei n ref erssed forpayenierall injradérmat, or subgnianeousapplichtias caminthudy thédebepeingf or

the mammal i an sub'gnects tﬁ}?gﬁ treated: each unit. cont.ai ni,n

det i d
ey of ChoopbiE R sl kh L F S s B iRe Safod SRR e ment o

effect in assAERILR IS olREriAE PrdpyRA Bl:&%h'éi @RhetfcolVedts; The
speci ficati o?cld? olr%;t e #osé eﬂuﬁét’%wg?’nsegp@t e |nvresgt |h%n are di ct at ed by
and di r ect | yamidpaerddnpemsnsich)as barezylalcohuod oc hetiat pambasis) asioridatth sudctsi ve
conpound. and the particul ar therapeutic effect to be achieved, and (b) the

limtatishs #RAEKeAd prsodiimn Bisplfigg: chelagasants gudasriyiensd itmiRettEREdind f or
t he treat nmenf..of Ry G0l M : | t he
prosent i Mook QuTar T RE At et it O el ol B e PR RO o2
PD-1 |igand ehnicRPsdchdsabéium ¢iorddborniestesee @H @ndesdjused vithAgidd ot bawesl
herein, a therapeutically effective anpbunt of anti bodi; {i.e., an effective
dosage) ranggshps bydraghetic acidor sadgimsbydrgridg. Bbepargeieghpreppabdeaidiey about

0.01 to 25 ny/ ody 1 ight, nore preferably about 0.1 20 ny/ body
wel ght - and ethen g ey BidRiepi-Tah e oF phdee HoRdiHt spd obfag A dse, 05
no/ kg, 440 7 o/ Kghrm@Eeuficdl@ofpBEitibes REMe &Y iffebtablthiSe MkIudk 8@riRrdquésn Wi | |
appreciate that certain factors may influence the dosage required to

ef fectivel y saleainsgwherbjvatdr sojuble) addisgersions andtstdrilerpoweders torthee severity of

t he di sease or disorder, previ oug tr.eat.rrer%s, t he geger al . heal th and/or age
of the subj eB¥eMpfanesys preparatign ebsierde njpctatle solufippssdispersione fPhent of a
subj ect with. b . i . an: it j.ncl ude
2ol gl et r cuftst AR REHI EALLY hIRE Lk HTIUIE R Lo PRI R ARG IS
preferred exaarlEremophtdjBIOM (BASE; Pakipganyi, NJ) anplidspidye bufferdiesatia (RBS)f [n

. between about 0.1 to 20 ng/ kg bod ight, one tine p:er week for between

about 1 3@ 1all pasesghe w%k@bwu%g@%hg@ atzdtsbméd\bz/e@k@ o Hhrextgit Hpbeasy| v
bet bout 3 tq.7. 25. . and £, f 4, 5,
o woeks. 1t surineedhily S a8 BustRIC TP R SRR B e HenBR oM et b oy

used for treatnment nmay increase or decrease over the course of a particul ar
treatnment. Changes in dosage may result fgpmthe results of diagnostic
assays as described herein. Mnitoring the influence of agents (e.g., drugs
or conpounds) on the expression 30 or activity of a PD-I ligand 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 - 105



WO | 12/078731 PCT/ US02/ 10303 determ ned by a screening assay as descri bed
herein to increase PD-1 |igand or PD-1 gene expression, protein |levels, or
upr egul at gand or PD-1 activity, can be moni t or ed <hd Ak cal
trials of\$0 ogo;esg%is exhi biting decreased PD-1 |igand or PDl-)tiﬂé’glr'liéﬁb&;a
expressi on, apd otust bre preseevesl, agamstdbevooreguinatisgladeon bf hiigaaganismpPuch act i vity.

5Alternat| the. eff i veness of an agent. determ edb a ScC enlng
assay to deg grg«baqg[fuqu ﬁ%ﬁﬁﬁ”ﬁf cgihea iRt QL disearEpy e b‘F‘bf‘é’it‘HmI“évtg

downr egul at b : cal
trials of sgﬁ]r}@?:lté s&éetgﬁ@@aﬂ h@%‘g\ié?(gaegéjﬂ&é[glg@#o‘ gro§9 et g@@% ull l?ddl&]

. expressi on, pplyetheylend glyedlsandathe URe)eand ﬁlﬁt@ﬂlemﬂxﬂlrésltﬁc&&ﬁf theﬁSEprr ﬁﬁidluy/l ty. In
such cli n| caI trials, the expression or activity of a PD-1 |ligand or PD-1

gene, 103 an€apbemamiginegd, qutem@nplgeb»e@emn@@f Hhepating segh asdq;nthmabmq n a

. di sorder can be used ers. f the a
particul'ar CEHTCIAREY oétilgﬁe&ugeggﬂﬁ t?cﬂzew%seo? ?pr?fstl% y béﬁ%esocp

i ncl udi ng PEhr?ac'tdn@lsarlqunnBPo@theta@ﬁ&n & rﬁ‘lcfﬂm ah'be G V\h@edm& Vil ment

wi th an agent (e.g., compound, drug or smalT nol ecul e) I ch“nmodul ates PD-1

| i gand or Pmaﬁbaatetlal/artdyan(lﬁmgal agenksnfor Examaple, rpaeabsnsr elelnrdbgtaﬂxBI phawy, as

described herein) can be identified. Thus, to study the effect of agents on
a PD 1 |igaA¥osic ppdqthyncrasal é@ééqualseorla@}anysaﬁesemm ferablerfo snchyderisatenic

trial, [ 1 z | evel s
of expr egm g%&@ ﬂ%% I?iﬁlﬁl Lf%g“apg%@l@‘ g}aﬁg@hgdggﬁt%bfﬁéuéﬁ 813110n§ the PD-1
l'i gand or PEPrelco&ﬁﬁ)meﬁt bel&igﬁﬂhﬂﬁfrpndrﬁﬁ‘ﬂﬁ@ﬁlgééﬁib% cohtisitieHeth &fbrgﬁ%\lhg
expression (i. a gene expression pattern) can be quantified rthern

20 bl ot anaﬂb@@ymclmﬂpmhe aemplessiéen aneagentevkich deleys S@@rlnatfpvedawpﬂg:
measuri ng thﬁ‘ anount of ot el nﬁ@goduced by one of the nethods as

descri bed hé &’ﬂum(??o"l%te §sa|9fi| 'he levels of activity of PD-I |igand or
PD-1 or other geRgsile infectdbleSsol@ ; an serve as
a marker, indicati vlee Sf ¢ AE Sr()) y?P%E%S?Ggigle&arrgds(g%ﬁggbg%tl?ggﬁ%pl g to the

agent . Aﬁ:cocdnpgjn;i (etghlasPD-equgamBer Bibdteotemoraatiddd-@ ligambor Pdflamebody)dn at 25
various points during treatnment of, the individual with the agent. In a

preferred eMSTaRMHEAMAUREINGINAPRIOPriRtTPRRERONIt PRR PR MPIRAIOR O “f%‘fdlems

moni toring %Hxﬁn@r&ﬂ‘eﬁ%bxy Qsel%auﬁ’éd HIE)%\FCH%Wﬁl@Eed%taH%E@ d(\;‘u\énepal@ gﬁ')ns(e 9.
an agoni st, antagoni st, peptid ein , I’e acid,

smal | nol eCu}qurepI{red)lb)hmbox@btagng?&f&(‘ﬂcd% &m;ﬂﬂ:ﬂﬁllﬁtb@(itebﬂ'e &dhﬁ:lé%fbﬁ&bﬁﬁuﬁssays
descri bed herein) conprising the steps of (i) 30 obtaining a

pr e- adni ni s@asif éwpgrawpm@dmn@mchthgmt@r@d opher tgredicratifiomitase gnimerast t he

t det I f d PD-1
ot el 20 miaéVeL IR el XSl B Brn P TRERED B o Qs B B B 1 ¢ ne
pre-adm ni stierkfRfred af¥klods of preparatdit aé %diﬂﬂpd}? r@ranwlreezmrr@dmlm $lel@t i on

sanples fromthe subject; (iv) detecting t evel expressi on or
activity of atphwdrrpfth¢ atgandngycdlﬁtoplusmnmaédmpna’rﬁw&redongrgdmmrﬁmnE)NA in the

otivity of PrgtausB e BURE shibos Hekchy otel n. mRNA, or genom o DNA n the
pre-adm ni strati @gaj R I ,
genonic DNA in theaﬁﬁblogd %ESHHAE |I§;1Jd§adrrrlg gl{rmegg!r;r%p%l d%ﬁk%@%ﬂf terl ng
t he adnfi stambé¢ emclaskd irhgelatiperabsiies drhemtdsmlqmoaal@leusdwgdhy pufpose @ﬁ«&alpl e,

i ncreased agh}m ni sit raél %gsﬁo{w; 2}? acgent may qnge dﬂe)m r abl gqttqo bgcreasetﬁt hg
expressi on GCTIREUPG p¢R)INGHra § 3y A GomMPO Can P UKPEIRENC] Wik EXCIPIRRALS an

det ect ed, ugedn tﬁ’e fo@r%r E%Eeté QI%C{K:S Féaﬁﬁ% 4\ HF? > O{snt{gggc%gzﬁ%oel%q ;Frgl%z}r%d to

Al ternativelV, decy ease nm’ni’s e ag

, decrease expkiagaifiid edrridcClor Udelaé aGholthvashl waa@m tRE ccE’er&mHQn hVRNd Lavel § than
detected, i. e., to decrease the effectiveness of the agent. According to
such an enb@dpln@mrallmdlswslg&dmddoxpd@[()riﬂtecbmpﬂvevélgmd Bharsacéurically can be used

. as an i ﬂl cat or ?} % ef fecti v nesa. of an a eve t he ahbsence of an
ShsorvanDe. SHERBLYE PG EAsERSnaler Bopany ot B e b sl an @i of 1oy r an ed
by the foll Qg‘lﬁgmﬁéﬁrrﬂ)@ébl\é@ ﬁhsséagml& {rb&ne @@gmwﬁ&n@aﬁn Fmﬁm@g The

contents of references, patents and pu patent applications cited
t hroughout this application, as well as the Fi gures and the Sequence
Li sting, are incorporated herei n by refer@nce. 20 EXAMPLES




Exanple 1: Isolation of PD-L1 cDNA Mol ecul es The protein sequence of the
extracel lul ar domai n of human B7-1 was used to 25 search the public

dat abase ei ¢ acid nol ecul es encodi ng honol ogous Lees. Two
over | appiswg)q%/g%}jglnces in the EST dat abase, AA292201 and Ag\gj&é%%%ds%re

i dentified. fdlhesiag dgtrdis or vanpoursledf 4 siniikohatue: fabihddrondtds PD-L 1 cDNAs
from human activated keratinocyte and placental cDNA libraries as foll ows.
a i gonucl eothig@srygiallinecpbuloss sundeagstan RHOCICESCEE RSB ARIN & (SEQ | D
NO S). and 5'

et o synt nolfBt, + AREEE T gl ot e sk bt b ARl By

. WO 02/ U787 3Ly @i d 303 i€ 88 deffest 8 b N8arR SudhedsRbAbIEaIGHRON iR, @d by
reverse transcription of nmMRNAs fromt he spl een of a case of follicular

| ynphonma5 acwestanieg agnt eidhsys shdipseyorsacaharin;ed advating egept susch appeprgminpl een,
and pl acent a. Cﬁn itions were 94C, .1 mn; 94C, 30 sec, 56C, 30 sec. 68C, 1
mn for 35 At saligylate, og opange NAWITNEAC. Al | tenpl ates gave a band of the 5
expect ed si ze_of (380 ;o5 BB QHLGImAd AR bGIcROR: Ph oo an
activated keratinocytes was puri Fed by agarose gel el ectrophoresis and
0.12 ng was au®e6l spraydrdne pidsair&l ¢ontdindPGRdIspastt which eontaing b Bgitdbldropdilant,

bi otin-21-dUTP and the above prinmers. Conditions were 94C, 1 mn; 94C, 30
sec, 56C, 30 SecgasEs, aszartion diexideor gpehudiger. 68C, 5 nin, hol d 4C. The

bi oti nyl at ed PCR _product, was. purifie n.a Nucl eospin .10 col um (Cl antech)
and usedaas a pr éﬁé‘efn_ﬁ’ 1%“@%%%??{’@?58%5Mr@é?g‘éﬁsgg?{ tﬁnggegaarlge%@ gﬂrt ech) .
60 ng of denghuh8dsaldr HahshAl@dmRERrRoAdMGEHRS apptopiad RAhNbArRe oY Codl ,
1 X RecA buffer, 1 p.g of RecA protein, 1 X ATP in a final volume of 30
~t1. The regpetmaatedwas useddo iiat formalati@y Svcbpeddramisare Fenetdllytknoivrtinithe,ar). 7 pg

f plasnid DNA of tivated kerati _CDNA | d 0.4 pg of
P pl cerfRINGUSRACE FEHRG. et GRS PP RERIAS 0 B PSR or 20
in. ~0 . oesked - t

noubat ed s R E dh bS] DR RS RN b8 BB AR o

and i ncybat ede 8f na34IGpfayk ol Suppositories OF 61 thasderthal\@dminisaation aiecdtiby addi ng 1
Pl of 0.1 MPMSF. Streptavidin magnetic beads were preincubated with 5 pg
of sheared samponndspes tedgptojntmientsasidvas heelh eaersamp acegpeistis knova i a
magnet, the supernatant renoved, and the beads resuspended in 30 L~I of

bi ndi ng buf f@?%?' 1 mM EDTA, | MNaCl, 10 nM Tris-HC, pH 7.5). The beads
were added to therHe@ampb@itis?Afl alsh 8e bRPGIcH ¢ tHeToR 8 QPpbATorid(elB. Wit T oom
tenperature with gentle m xi ng. The beads were captured with a nagnet and

t he super natcanventionalsephositbry Hasesdwicinesy eocombuttad andl pthern glytersiesasetemprbuf f er
(1 nM I%BTA, 2 MgalCI éO.nM 25 Tris-HC1, pH 7.5), beads were captured with
a magnetOandneMas W st dEUYRY r enoved. The wash procedure was repeated 3
times. One m  of |5LEL bhBodinEhtBRJARMRY abdhtd d1€ pHaRaAdvilEAHTers iCWhAt ed 5 min
at 37C, beads were captured on a magnet and the supernatant renoved.

Capt ur ed DNApruet th¢ cdnepbulny agaidstingpi0 elimivatiof frehuthe bndyyshéheas a(cobtroflddEDTA, 0.1

N NaOH), incubating 5 mn_at roomtenperature, beads were captured 30 with
a magnet andeleas fetipdatom Msludingimplantamnd Bicrsacansulptededplivemyeystems. sy of -
108 WO 0240787 : Leci pi I 10 i Al rier and
pH neutrali iéelgéés%{g&sabE@%ggégﬁééﬁbgg&&ylﬁegﬁhﬁ)%?%Jégéghc?fa §§§]ﬁ§hgh&&[}%§&g§’asm d
DNA was 250N Gsylydn@sticbypob@ilydolit ucidf tRgat dolyeethocsry, add polytei2 adil.asmi d DNA
was re-introduced into E. coli DHLOB/ P3 by el ectroporation and sel ected on
LB- agar pl atMsthodnfoaprepargtion 8f sugh fprotudations gleduldbe apparenstoghpsg/skilled apthei | 1 i n.
Col oni es were Ijgﬁted or]to tr@n fi.l tdars and. ridized.w th' ZP qu?l?el ed

ol i gonuc! eot IHeENeMatAnaly cansdlzn R ohtained CoRppgia & B A NBRH | p
.NOS), 5-A _ ispensl : to infected

5" TOCTTOTACH R AR OERT A B B T gy iogME (HosoEtarected o nfes
AA292201 seqtetiamath momoalonabaitibodiasliot vimhsntigens) ¢An Xs8BEusdl. 4 pharBGewticaBp For

.20 mn. The two hybridizing colonies were picked and the sequepce of the
cDNA i ns¥tt sa%gta@le@@'flﬁsSnégaesegéa (& REGPARFd AeCEgIng do m%%kle&w'bﬁo tE@eLsﬁl“eé

nmol ecul es. Th ' P I ncodes a protein
havi ng a sholr“teth%%’r ob%xl%ﬂeagaéfﬁb%ﬁﬁggfgééﬁgd%#%?g%g anchor. The
nucl eoti de and am no acid sequences of this formare shown in SEQ ID NGO 1
and 2, respectively. The second form PD9;.1 nenbrane (PD-L 1 M encodes a
protein having a transnenbrane and short cytoplasm c donmai n. The nucl eoti de
and am no acid sequences of this formare shown in SEQ ID NO:3 and 4,
respectively. Both nenbers of the PD-L1 famly identified have signal, 1gV,
and 1gC 20 dormains, as illustrated in Figures 3 and 4. The PD-L 1 Mform
has approximately 21 amno acid identity to human B7-1 and about 20% am no
acid identity to human B7-2 as cal cul ated using the default Bl osunt62 matri x

o, -, a A . ~



Exanpl e 2: Expression of PD-L1 nmRNA: Northern Blot Analysis An nRNA of the
soluble formof PD-L 1 is predicted to be about 1.2kb though other sizes
are possiRh8qnidts: ™RNA of the second formis about 3.8 kbpcwkhy/itheer MRNAs
of 1.6 an‘g 6.5 ﬁ’g - 109 WO 112/ Ur78731 PCT/ US02/ 10303 pr essfzon of
PD-L 1 pol ypepti des esyxsiatinat yantegeolNA fovasul e epdoepartntegliesrhpbisitonts i ocyanat e
honogeni zati on and, cesi ym chl gride .centrifugation anpunts of RNA

. E |
{ appr oxi mat dPsags uny forar {ar Agse akrdyirigrasion pad pRIEIHBY . gg?%ﬁ Hesaggamnsdaryel |

pot h ¢ he pps PPRRIiA Rl fo Al Beftl i shBEl S hosdpe§ R BT © 1
. expressed i o Bt aefed;@ach &mgcon@dﬂﬂngﬁgédeﬁﬂﬁir@ﬂ Quamie oAV compamdsed in the

thymus. In addition, these PD-L 1 nRNAs are weakly expressed in skel etal
nmuscl e, Ri dielgylapdrie peaskice the dssieeddherapentic sffeayymasgocigtion with titeersquired, col on,

. and peripheral bl ood | eukocytes. They re, also found to very weakl
exprgsseg i rf?ﬂFri"?f‘éF“tB’tal HA e sPEe! 1”3'}%\{& t%ﬁ’%ga%'tm‘bg’ﬁ“éé’ggﬁ "1‘(5%"?1“ are
unsti nmul at ec; : t i Si. [ , the
%#aaat%ﬁae) 6y W?lr&%l%td}éﬁernﬁerﬁ annahmah{gﬁgagﬁkrggcgc(gghy activk %anad.rm

expression o se pol ypeptides was foun I ndu I n keratlnocytes
by TPA/ | FNy aad ¢hel partiteihad thdrapeutiebffect ybd ddiieved, ahb elsediitationd iihiSMAS inveE art Not
expressed in unstinulated B cells, but were induced by |Ig crosslinking.
Expressi on &f cempeundpyg queh amppiyegampapnoios therifeaent af mdpadvals y of cel |

l i nes. They . Aot n ol ed in B cell |jpes. such as Raji,
Ramos, DAL ot migReRf bRt R EIRSIREG I BeRS B e RTINS

l'ines, such saadatdphaimack@ical ﬁ%Mduk&Bn Blk-culRR&T o expetfindii¥al Qhinhdls, EBL Yord
transforned T cell lines such as SPP and M2 or in the myeloid I"i ne U937.

20 Exanpl e 3eteFuimitgthe Ch04thealose kthabio 1% PDhe popridionEapd gediie: (thdoddastier n

Bl ot Anal ysi s Muse and.hunman tiple tissu rthern. bl ots (C .ontech,
Palo Alto, @s)rawlgalﬁr%f?éavwéﬁw of Besrepuiinng Medess NP TIFABRECART Qf Ky b
(Stratagene, i f Lt Shl ructions.
The. hunan pPRTaetl bffec it hERRARAnGG g% TR REE el s el e
cDNA spasni nd3I0EDs@JCompoegs ahichngkhibit luige tisngieatie thdiceg b@preftrr&GEQVIhDe NO: 1.

The nouse PD-L1 probe consisted of a 300 by eDNA fragnent fromthe coding
regi on. ContcPapouRdsithat sxlibi doxig pide sifenss candeipedsicastsberld bpitakes tadgsientashed

twce at rogm.t i % SDS;. . f 0 . 0.2 SC, 0.1%
5Ds at - 65C IEFISSEth Wt s f iR Shmatikts 6 Mese pEr iR B s son
hi gh Ievels miﬂidﬂiﬁéFbmntﬁmfd&ﬂa@ RafNifectePels AndaRertBt adduke Yige effevdd at | ower

| evel s in spleen, [ynph nodes, thynus, and nouse liver. - 110 W

021 078731 PCT/ USOhe Horowbtapmd| from geall wakuresapraps setanimalastudies aan e oped in
transforned nouse.cell lines, includi.ng PUS-1.8,, RAW 264. 7, K-Bal b,

M NEv- Do, T3 sts tang Sibsage 15n S5l M THSitpRtecal QUsisPTOSURIA TS 5
Exanpl e 4: _'er'éfEBSfy_ \Qﬂﬁh%S%&r?‘gre'o?%?rbxﬂ&ir@é:oﬁ&dfﬂati@ﬂ\ﬂﬁat%ﬁ@éﬁk(E'D'SOCMQ{‘MIEa_t' ve
PCR, Genechi'p Hybridization, and RNABlot Analysis PD-L 1 nRNA expression
on antigen praesesicing Thel dosagrasayexayrwmithch hisdacgenizacreling opdnitbe dospgefsmon of
B7-1 and B7-2 on those cells. For ,guanti tative PCR anal ysis, cellular RNA
was deoxyri iSEHIRYeAA8d therrauteof adminigisetipn piibgrda har ayrRAsRoYad verdin the r st
strand cDNA. r WA . B B7- 2,
and GAPDH prBAn GanE BN, N ARl AR RLe QIR S yprinkaed iy
GCCGAAGDEAT GrldstA¢IPARuBE assHEQA DddQad B formd lated i hmal elbdelb GoAhidwd B- 3'  ( SEQ

| D NO: 14), probe 5' - FAM CACCACCACCAATTCCAAGA-3' (SEQ I D NO: 15); B7-1:
priners | 5 dyculatmrplagoaseucanEtonsaeasha inglgiethed O (16) thggencentration of

S' - TGCCAGCTCITCAACAGAAACAT: 3' (SEQ 1.D. NO; 17),. pr.obe

S © Fav TOOUARCEERON e e Ach sV gl st B0 oL symplomit g

. 5’ - GECCCCCARMARIEE G elBcul kiRE B U R iNBrm&tionaiaH be usdd e TiotCAEdulal M G EANEA- 3'
(SEQ I D NO: 20), probe 20 5' - FAM CGGACAGI TGGACCCTGAGACTTCACA- 3" (SEQ I D

NO: 21 ). PCRisefahddsesnshwmans. $evelsijn plasn@teande imaakatd Sousianpla, epbight s from
the Perkiri Elmer TagManT"' EZ kit, according to the manufacturer's

i nst r ucti0onPeriormpnesiiguid fhyematgeraBset up for each of the four genes

anal yzed. Forty cycles of PCR were run in an ABl Prism 7700 Sequence

Det ector and GAPDH was used to nornualize the PD-LI, B725 |, and B7-2
results. The Affymetrix Mu 19KsubA chip was used for Genechip hybridization
anal ysis. The sequence of a portion of ngpiine PD-LI is represented by
expressed sequence tag TC | 7781 of The Institute for Genom c Research on
this chip. RNA isolation, chip hybridization and scanning was perfornmed as
described in Byrne, M C et ul. (2000) 30 Cau~r. Prot. Mdl. Biol. Suppl.
49:22.2.1-22.2.13. - 111



V1' O 02/ 078731 PCT/ US02/ 10303 For RNA bl ot hybridization, the 1.6 kb human
and 3.6 kb nurine PD-L 1 cDNAs were excised by digestion with Xba |I and
| abel ed b‘xo Og)aw priming with y-'zP-ATP and the Kl enow fi)é‘ﬁ/ﬂ%ﬁ%/m%fs

pol yner ase "l blots were hybridized as described in Freena

al . {1992) J. | mmyeaicleit 48idI{AuRBQRF thdinbhHiRA df Be iriskitdd a8 VedtoreaR] hed i ved
from peri pheral bl ood. Mnonuclear cells were isolated after fractionation
on a Fi col | aggeaditharapy WotoradGeregherapeitctoraearebe detvered tandubjed byefeni ni ng

TE 4 (RiD SECATabIE R g paigb o Teah T IS HaEh ee bh PRl e dap e By MU
Lronat 30 & ERbR thlecot A SeRER (AP PIOSPP I NG ML ot USR 91 8Os ST

ng/ m husran 3051'1)6r[fnelpﬁmmacetﬂicaﬂprémmﬁ)naﬁdhe?gbnhOhﬂra))a\fdc&ﬁ cae inchude Itlm’geneel S
. were harvested and RNA isol ated using the RNeasy kit (? agen). Mirine bone
Marr ow nonoﬂlféﬂpéaﬁec@élﬂ@%éﬂéahl%ﬁu#‘@l S SRIBEXTPTHT ag@ﬂ% tlepsy malix iwhielbeyt es

and |a' net i ctlvt cul t redi etri
i'shee 15 wikreets REER, Leidle o MBedear Aleribl s Un@Rins orlal B ke

non- adher en%a&wb%lp@&u@éd i%’iac?frgﬁ%&d?ﬁbxﬁéﬂtké'ﬂlsee gam@lrdmw&td@ttﬁ@ to be
75-80% CD 1 1 c¢', high IA cel I's were activated with LPS and hunan
i nterferon- pharmaaétysalsprqﬁarmanoesmodndenmeI@urmme tillsohictoprodydedke ggneRNA bl ot
hybri di zati on denonstrated that B7-2 is not expressed by unstinmul ated
monocyt ¢, BEMVETSSYSE-dl y 20 upregul ated upon interferon-y treatnent.

Treat ment of non ggmﬁ;j

necrosi s factor ?ﬁi{lbﬁ%\%é@w?%%m EmQ ée)?/dglrgelln uct ﬁé%cgl}ﬁtaﬂ{& :fﬁ%k tthat f ound
W th medi umdabenies topéhsiniahingragions fcﬁ&dhﬁm@t‘i‘atﬁmtl vation by adherence to
plastic. In addition to the major 4.2 kb PD-L 1 nRNA, a mnor 1.8 kb PDL 1
MRNA speci es was al so observed in interferon-y treated nonocytes.

Expr essi on Q)‘l PD-L, 1. b PR, B—cel | s activated by cell surface

i mmunogl obul’i'n by the Raji cell line, was al so

observegs Si mIal‘rha/pDBVnéaddsdn%&p@spma%rwgm%gwwﬁmlmcyt es, but
is upregul ated in response to interferon-~y w kinetics simlar to PD-L 1

expr essi on. maleantms pragins, Botein Wogmscmm@umbudlwédsynlmdmeess,@dn beusmdnocyt es

and | evels are unaffecte |nte or, TNF-a treat - 112 WO
0o 1178731 PESPLIGIS S AhomHSit Maihosy 4 mesids 8 apeRas &xF S¥Ton by human

dendritic c her al
bl ood- derii vg(tdddgewgglt}%: %H%&Té I's p\%@%eg srcg%é?][ehé;lats% ‘gﬁ%”&?&@mﬁgﬁ (§Bhage
col ony sti mdiaghedicfassdys rprédidsiSispayal moritaringadinicabtreats, wad phatibhddgEnetics).

| i popol \leaccharl de (LPS), and interferon-y. As a result _of 5 activation by
LPS and20nt dhgdsodate nucmc acuimmewaétheaweawn FRFCWAdIPE FramPi% 19 g¥igess

i P
non 1 nauced 05t REEhd o3t R it SEMTL RSP RHEE e BT MR i o,
B7-1 was i nguseteripy bpplitaBbnsd, tbaetest AN 19dnd of BlDatmRQlAh@LgF Sin aBfoldgisdoned

little induction at 4 hours; however, expression was i nduced 5-fold at 20
hours. Expr esmplehood gevetic altdsgtioniniarRD-b digend or Ii’wﬁflrgﬁmd@dﬂ@/mddléw[?*ﬂl c cells

treated wit i nterfer m, ned g
ybr | i 2t | QREPR D BYie a8 AT pH HBSEOLN: h¢ BPr gl SEAPELPiRts | a
to that 3bsehygdu@a § %&m&%@g bﬂa'ré‘ct&?zlea By u@uﬁ'lmé?llt Br &edustd ;ﬁ&immﬁ be PD-L 1
MRNA rel ative to the uninduced s at and hours after induction.
These data ddwhighnddrePDHgtrotein: lIn mddmmagxhrr Eleehigdn;i oaRDF hprotqmsasebeiusey cel | s
and | ynphocytes, and it is induced on

to screen for naturally occurring PD-1 ligand or PD-1 binding partners, to screen for

drugs or compounds which modulate PD-1 ligand or PD-1 activity, as well as to treat

disorders characterized by insufficient or excessive production of PD-1 ligand or PD-1

30  protein or production of PD-1 ligand or PD-1 protein forms which have decreased or

aberrant activity compared to PD-1 ligand or PD-1 wild type protein. Moreover, the
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15 dendritic cells in a manner simlar to B7-1 and B7-2. Treatnent of human
keratinocytes . with phorbol ester and interferon-y also induced PD-L 1. In
murine ti approximately 3.7kb PD-L 1 nRNA transchi-plys sfietected
by northea/g)l{%ﬁ’o%ﬁﬂybrl di zation. The distribution of the rrurt?new%%— 1 nRNA
cl osel y resandP®dl tigatd @fPD-hantibodies dPEhd indentiontchn he gieditedeted and itodde t |

t hymus and Iun and | gw 20 | evel s in kidney, s Ie l'iver anpl e 5:
Chr onosomal P ghgméaqr iFd31 proteips, Eig“ﬁ‘r%t‘t?rh‘%%h@ %Pal‘ ‘Eé’%q‘HrPQ)Ext he PD-L1

Svai bl o 1 P EnATY iSRRI TR W0 k*a*t"gﬁ"ar ARG 1 4

. sequence thafppecrgindzag Ppoth PD-L 1 S and PD-L 1 M Using th| s rret hod, the
PD-L 1 pol ypeptides have been | ocalized to human chronosone 9, whereas B7-1
and B7-25have been |l ocalized to human chronosone 3. The butyrophilins,

. which al so share Iim'EEg gm gcf aci d sequence identity with the PD-L 1
famly have been® oca jor histoconpatibility conplex on
chronosonme 6. 30 g

PD L1 specific At peraRRAQHEbrok RS MU adlict S BT 1SRRI

anpl i ficati owatfg mbmhmormmmﬁrlsumpﬁtble oo)aalisordyrior havibhNA diserdet adsesated

avai |l abl e from Quant um Technol ogi es (Canada). Exanple 6: Binding of PD-L1

Mbl ecul es t avith absrrant POy gandher Pl jcspigssen of actigittel | s were transfected with

ei t her Y ctor DNA (pcDNAI), or an expression plasmd containing the PD-L 1

M cDNA. "After 72 hours, the transfected COS cells were detached by

i ncubation in PB§ conp%ﬁhmgn@mﬂ{m EDTA for 30 mn. at 37C. The ability of

COS cells expressing PR I MTo bind to various T cell receptors and

anti bodi es was t &somchspeAd8e anahtysi mowikledd meihed f@tfprmahgin@@m lag, and 10

control Ig by PD-L1-transfected either CD28l g nor
CTLA4- 1 g %élsswr?acmﬂlm gssqcigtpd it gogéngk’e"%ggmﬁgqﬂg - beEsanor
expr essi ng Bhy i %P%&ﬂm@t 18 b DE@fja PHIY nhgquhl aolwédmaeopaps p was

al so tested. uman lto rru I ne detected (Figure

9). As $B|ovmwm¢h ;Eb@uuites BD-1 ka8 oaRd- yﬁblspepadeakmdssmnrtdlan@asxfonBlBD (anti B7-1

and anti B7-3), but not IgMor 133 (anti-B7) 15 anti bodies

PD- L1- t r ansfigander REpS ackivits SMWtélsl?for@&%qaﬁﬁJwanchbﬁncaafedpre@mrlbuted to

Proliferati P cul I des to
aggrran?P?é} 'YQ:.ngioqr P?D; F e?sl?on Jr a¥t19£ :l.? R’bh 1&erﬂ?&%§gpﬁo|}

cost i mul at e "AEREN Sh Was tes cells were
i sol ated by ekﬁﬂ’(?l@oii@rgjﬂ%tcbﬁxbmﬂn dﬁ&h?idsf?@oﬂ;&’ogﬂosa@ afsRnog des@lbeamtiehndi es

di rected against B cells, natural l er cells and macrophages as

previ ously debuinistratibn( @ aprophytacDe agent gan oqcut p9a tp trrmanifeasgatipn ofigymptorggi |

USA 90: 590 fect h ted
72 hour S0af €BRACHAFERSET bEn G LT ebtFieh Seh gkt Sorf SROUFROC for 1
hour, and ”H?ébeﬁ?éﬁ%?%'lﬁéﬁu'ab{vé’b@scﬂga@g% %ﬂz Sﬁ'l@g'r%ss]_orpelln'aﬁom@rré?n%d‘lrﬂbﬂtaﬁ em t h

plate bound "ant | - CD3 | us 2 mtomycin-c treated COS ce

transf ect ed whnd:khmbduﬂauemmeoatbexdu@l\wetwwsﬂbucand a‘IP[MIligapd oin beadatlnleuaredaa@
nmeasured by 3H-thymdine (1 ~C) |ncorporat d fo ast 1 ’]ﬁ urs of a 72
hour |ncubatth%ﬁmeﬁ§e’§%96\ﬁﬁ 9 Antgegu PsRenfingLi EXPe ‘B%“degfé’ ESI ng PD-L1

can costi w'a%&ﬁan-gy%ﬂ:&nd?ﬁ&l, led %k %bfgpa PD-llljrgA‘and or PD-1 polypeptlde, PD-1 ligand or

25  PD-1 agonist or PD-1 ligand or PD-1 antagonist agent can be used for treating the

subject. The appropriate agent can be determined based on clinical indications and can

be identified, e.g., using screening assays described herein.

2. Therapeutic Methods

30 Another aspect of the invention pertains to methods of modulating PD-1 ligand

or PD-1 expression or activity for therapeutic purposes. PD-1 ligand has been
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WO 02/ 078731 PCT/ US02/ 10303 Exanple 8: Generation of Miurine Antibodies to
PD-L1 and Use in Detecting Cell-Surface Expression of PD-L1 Manmmali an

expr essi (pEF6 or pcDNA3.1 (lInvitrogen)) were p npri si ng
the enti Sgo\r@r%?sﬁgelsor human PD-L 1 cDNA. The eDNA/vect or cgﬁg/t?jrgﬁfgltog‘\%as 5

di ssol ved i defoftrasedlto ivthilsit the cogimmlatididndTfroldferatiBbf ifaibag eclismming zat i on,

78 ul of 1 ng/m_ cardiot oxi_M& gma #C-1777) _in 0.9% saline was injected
into the tibpajmisaninhiritony signa ¢o Bnmpnaeedls vin Bd- 1 iARsoutinglnaheriivély sading

i i zed. Each f.t f Af t
the i ce. sEURFB o R TiehEh R s BsTR sh et Bsmeeeh Ps RLEREY
. 0.9% sal i nePDNasadtsu:ﬁs&ﬁﬂeaM&d@xat@hndo@m@a{eaﬁmnﬁerrésebﬁdel $t MoLRIYeOr muscl e.

Antibody titers were neasured approxi mtely six days after inmmunization
usi ng st andandersteodthdsin einbrodemempivbsre iPR- hhig#id Bad e sapstimblatorpiéseptor,

i mruni zati on was rergeﬂggever 2-4 weeks for threeccles (until the
anti body ti HPEEHaEon0 § lepgng actyfiydeslls dn piresulpRIsAL ST CPPRSSel | <
transfect ed {eg%ﬁj&/ﬁre lat] orﬁof% ﬁ?q afihdiii J&%%%Jﬁgﬁfj JMQ%JT%IFO% Jﬁ%

€
appropriate an ers were h veste een S were fused to

fusion partP@pSnSSPZhﬁ)nﬁdalmakewhyrbmmorm*gSnd tkﬂnbnodﬁmﬁo@néce@mrs bodi es were
mani puI ated using standard nethods (see, e.g., "Antibodies: A Laboratory

Manual ", Hampisghlation efRD11digand petivigareilisin feinmranlpéem ofimonuse sespopsesss) |

whi ch d h 20. A bodi 1 OD9, 5A9,
oy B0 DSReRES Atk Seloh AdieBhT Rt R M SRS g | bt es
vere Tound tapihed oy GRneh cRURUSRH, P11 ATBPSHER M BYTERRR: Lk and

not t o nock transfect ed cells or to cel ransfected with nouse PDL 1.
' The anti bogaresulady eraferest drmquﬂehaﬂll’lf)hdlganébﬁmlsm BP-IPD-L 1 on vari ous cell

popul ations. PD-L1 expression s abserved, inter alia, heart {issue,
tumor cells 25 (Mﬂﬁué?é?fbig“%‘?ééw?d?ww%'ﬁp invalyecontagiipg 69%lpw&hat Q| | s,
sonme breast S8 nous
cell carci n8§§??’,r“ﬁ§4“4&‘2"rﬁtaa aﬁgwp%eﬁ%! géﬁ Fﬁg‘{nltﬁ}%lt L‘%Hglt% ge§ y, clone
29E. 2A3.166 e fIPIIsR ikhnd\asl/orPaDk 1| 6 a@@@ﬁﬂltﬂﬁat&ﬁddulﬁ&srtﬁaﬁﬂereetﬂfneﬂ"ﬁﬂ[))n of
PD-L 1. PD-L 1 is expressed on hunman breast cancer cell |ines 30 MDA-231,

SKBR- 3, and!igmriand B4l5 WD 02/ 078731 PCT/ US02110303 Exanpl e 9: Generation

f Full H Ant b d t t hi ti bodi
agai nst PO LT o NSEETLE el PR digap e P "FfPﬁam%CEWH%S#’f%%Hﬁ” | Dodies
i munogl Obu|db§brng@dﬂﬁ§rem-r§@ﬂ%gle'u@lema@ﬁ &raq:rﬁ'f@ﬁﬁnb'l&mg, asﬂaﬁﬂ'gg Qccﬁiﬁti

e.g., according to Hogan, ., "Manipul ati ng the Muse Enbryo:
Labor at ory NapetahdlecuBobdith B‘@fh lﬂ'@nﬂ'l@l' BDr1 prateim 6t o1 BD- whitlheass of Pinr lpgamdt ed

her ei n reference, ar are u e rcially. Eobryoni te ceIIs
are rrani%ul &f bgﬁﬁ%}ddpmf 9@@5?@@3’&535@5@ {3 l(af@'ggg%é’gi@ ﬁ %fand
enbryoni ¢ stpgyny S [ N2 or FD- Pagofift or | RL
Press, Washingt o %%(%)A)D-o&ﬁr}@%gg%t? Q%‘}"ﬁgﬁﬁé}e&r}h@q 1%89or Nor a8 9T 435 438:
and Schwartah&ggmett ordther(snia®i8A)le@de.ence 246: 799- 803, 10 each of which is

i ncorporated herein by reference). DNA cl oni rﬁbprocedures are carried out
accordi ng to SantHbrgent that rapdudates the expypsstan ofr | digapeor &Dtdbcﬁr&t%ﬂy Manual ,

2d ed. |989 sc%se m%)e\f:g dg%n (a[e, h?pge roe}t nXCIE)(;tEf%SHI% nugﬁ F ék@ﬁ&?r

N Y., whi ch | I hcorpor a erei erence are

synt hesigzed,vegoBfor eme@rbmm PRd 1Biafd &mbqnﬁo@hn QlQﬂléQzllrﬁQl'él sitolipoatdlesideer

according to specifications provided by the | 5 manufacturer or are

pur chased c@m&mqﬂtaryto rhr:are@gecmnd afilz-¢ ligaed Qmﬁlméxpegtsdm@atﬁlapgm fied or

reconbi nant . on protein conprisin st an

i Munogeni c ‘B‘(’)‘Fi“f"bﬂt ’Fa”t[?fr‘esy&bﬁ‘é‘?f’e% LHS%fP @B‘?r‘&r rﬂogfan%nls_e ‘1“%}" &3 can

. Appr oxi mat el e’
be g8é(l’<{:;§£t)%ﬂ‘i’#{e%?a P@C@ Iy aP2¢o %%er Iotr%r"n 4 FiexJeIQQ Nphidh toﬁé}gz&?ﬂ%o

buf f ered sall isin onea nt o eac

Serum sanpl egndeds 604 PBCt ﬁ@bnarwpm p&l pdptidsl Xh@'@x&tﬁsehs@t&xfgob&ldfo@nhé @ akdai t al
. sinus bl eeding. Antibody reactivity and specificity for PD-L 1 or PD-1 are
assessedOusiupgpyagells and hybridizes to a PD-1 ligand or PD-1 mRNA to prevent translation.

Alternatively, an oligonucleotide which binds double-stranded DNA to form a triplex
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i ndi rect enzyme-|inked i munosorbent assay (ELISA). Several imunoglobulin
superfam |y nol ecules are tested as controls (e.g., CILA4 and CD28) to

anal yze t i.hody specificity of the anti body for D LI
Q%hﬁ/%éﬂi) PEB—LE&“(])“PO%D 1 are

Ant i bodi eS "having human 25 vari abl e regi ons which bind to

det ect ed by cemstiioetoqReNedgDN@Sumpadingiagd transchiptignedndidlwwedl AvaBssult 96
sub-cl asses with no cross reactivity to nmouse inmunoglobulin. Briefly, PVC

mcrotiter [Sitheresynshesisobaft] igend @RD-1potypeptisies plockesht Whgn RBHl s over ni ght

t 37Cwith 5 pg/ini. PD-Ll .in PBS.,.S . diluted in PBS,, 5%
ger um \(I)VI S%CW\'EEW"Z’@ n&‘#&laé‘lrd; P feﬁe({ﬁ?}ﬁtesré’g H}"?IO%F%LISK?\/B%{“ES lfylo? g’fg'ﬁsoclﬁﬁerég room
. tenperatur ekn&@iih@&ﬁdh@mﬂg%inehmllé aGviich 2091 befredsloalls modliateder adi sh

per oxi dase or anti-human | Fc- hor seradi sh peroxi dase in the sane dil uent.
After - 116 prefe@bly2ohprisy 8hudbeit ALiB0Rs2A3ONchbdinglPD-&t r oom t enper at ur e
~enzynme activity is assessed by additign of ABTS substrate (Sigma, St.
Louis, M.) and rAé&HtSa‘Fftl‘é’rmgg'-"ﬁ‘Fﬁﬁ?‘@éﬂ%ﬂ’%ml@eﬁéh%f%ﬁ tﬁﬁt thexecqniielWEzat i on
serum sanpl I B LS bl LAY SO [ ' ) ame
argot anti aeuhEMFPLT oFPPEL AR in H s dsPal AR BAGLARED. L8PS
appropri at e 1afgahdeétivitylih ekcéll.are harvested. The spleen cells are fused to
appropriate fusion partners (e.g., nyeloma cells) to make hybridonas.

Hybri domas and arhe phoemesdimert, arnzdeptithat sunwatenaninhiditory 2chvity bbailPPst A

Labor at Ry nual ". .Ed. Harl o nd.Davi.d Lane. ri of.._ Labhoratory
(1088 0un teRT Y dniaBpER A LyRher 3 SomAeFen o eD- Chette VLR FetRES s Cy

det er m ni ng ;3 AHSIRERS iRiudeRBtivRIPDNE!iMrd JP DU pdeiRh fBarPdx presiiblel filefnt | body

could be used to graft into the framework of Ruman I mrunogl obul 1 ns i n order
t o gener at e aaidhnotenile etodmigiFibdyigaghomBD- | Ridltpkptide tRB-Hhs bEreiairoduved a@ito al .

(1988) Nature 332:323; Verhoeyen e! al. (1988) Science 239:1534). 15
Exanpl e 10: Ws5fék at i ofn apothgy Oél"f‘@"éh@%"hma’%ts kRscostiprlalgry gr phibiteryr  pp1

A 1 bl . _ ) : |
ant; PD L1 cuel RO SBahA DO RRARR RR%) BTp DA S Bl pEb It B REESP ™S
ant i bodiles) leficoi BBt iHxamples v sichGigahie hdlydeBlieaRd PO- [Aligmdidr PBL DAbddic

l'i brary of human i nmunogl obulin 20 sequences di spl ayed on M 13
bact er i ophageidfmelasutesypiti-BFe! hegandmsapt-Fathastikagesi(e.g. . nomAcHvUE UK (W nt er

Fmanot echndl Gyt o) b lasniARhe fafsof PO REAERROT roisf W) ot o

i munogl obuljjgand boPRIYinkeRr s that bind a PD-LI or PD-1 polypeptide. Kits
for generating and screening phage display |ibraries are comrercially
avai | abl e and 25 theaadeddlatey hgots vaarbe admpbistyeed it eitrgdaegr, by eontaetingahy

5oy AOSSh s TS, DS 3 EGERD FL b e
o 1oL GRS SOIE IR SR oSS RIS EELSSg g 19
- 117 WO @2fioied 7dth £GI¢akiSO2diddid&r3hat would benefit from modulation of a PD-1 ligand

or PD-1 protein, e.g., a disorder which would benefit from downmodulation of the

immune response, or which is characterized by aberrant expression or activity of a PD-1

25  ligand or PD-1 protein or nucleic acid molecule. In one embodiment, the method

involves 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)

PD-1 ligand or PD-1 expression or activity. In another embodiment, the method

involves administering a PD-1 ligand or PD-1 protein or nucleic acid molecule as

30 therapy to compensate for reduced or aberrant PD-1 ligand or PD-1 expression or

activity.
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Exanple 11: ldentification of a receptor for PD- L1 Fusion proteins
consisting of the, extracellular region of human PD-1 fused to the

hi nge- CH2- | " ins of either human immunogl obul in gar‘rm;,c:l.ngf) HGd ne g
gamma2a (W tions bl ocking FcR and conpl enent interacti on3 wer e used

to 5 search for ®tingaioh fira-1 bighstsort RD-ARchvityAs desitdblein sithations éanbith
staining of the cell surface of nonocytes stinulated with gamma-interferon
was found. MR- ligandsor Maddedbnammaiindeyruegulated apd/of imyinigh insreasgd BD-1

ganmma-i nterfero observed..by naorthern bl o ridi zation, .The bindi ng
of P 1 Fo. (eanah T CRRTY 5 gt RIALEF petieB <L LRFE gttt
transfected ngaﬁ&loxamﬁ’%e%avﬁ{Esr&gisamamvmwnsmsvhmsnm-1ig@§§ofcpbl Siswer e
transfected with eitherPD-L1M or B7-1 using Lipofect AMNE transfection

reagent . SAf tabnor@lly apregulatddeandair lirs whish eleereasied €D -l igandhemRDx- | REH YityFis likalyr | ne
L T Kl VB B B I

h i Ei _ ) ol d . - ;
P 1 o and PR et pERD B Snds 8 o8B AER| R rcEEbibr. sybiBAEn 3PRD LT

| gG. As a pQfgahd ¥Rl SPMilAGRIN ofl ID-Was veleposié éffdctdor nghurld/cell coxph@igagom) andOS
cells bound LA4-Fc, but not PD-1-Fc or 1gG In addition, an in situ assay

of transf ectthefeforson ¢hd imouns rasponse- ia sugies’t 9ptaees. Wheh siraylatien githe agivityed
with PD-1 Fc,. CTLA4Fc, ar hu | 9gG 1 .and.bindin detected with a
secondarlg(/) artf PB%BV‘E&HE&fl‘ésdrggléa?‘%gfes?ﬂréo e68“‘%00\3%@%%8?0@?leﬁ‘dﬁfsed to

al kal i ne phogpkaiiase. Binding was visualized with chronpgeni c substrates
~- br ono- 4chl or o- 3-i ndol yl phosphate and nitro blue tetrazoliumand |ight
m croscopy. | n pdxahiptdry ageittd for tisecansibentedulating PPE ligdhdWBPel figandd t o bi nd

to PD 1-Fc, and not CTLA4-Fc (hunman I??ngm 1 z? or ,FI 4-Fc, the,

ext racel | ul #ntagegsishinghudgior meankie)s apfisghaymElFCRigR-ARt ‘g‘h%h@‘dﬁ?{?&“i@e RDy1
parallel, P c..di t. hind, t qfy: - : 7-1 or B7
D Fans ect ey i WhALCiNE SN BEFDY 1 REBid BAOS SRART 2 %1

sol ubl e ifsor reec@kinBfeckpks &a indist dileigNgolublePRohdvalés Phet Hedndd, andi Ng a
Bl ACORE- based assay. Fn arallel, hCTLA4 was shown to bind to B7-1 and not

to PD-LI. PBolublecforns ofifid4l Iandigarsly or gppoynds édentified Bohel BErEeiRe asseys

iall i bed Fi | . .1997 ~013) .
Concent  at Sdoeeseen pieno krompiEaiEhistpeuse A A U BERRE AP S i e rur)
-118 WO 0Z{h£hfBdi3ts) MEidbPReeddddile): | nsinie Motdeulks MnAbodted tharlbifet to/@-1,

injected and interactions were measured using realtime Bionol ecul ar

| nt er act i on badb pei sans@Bick)an(iBhibitamdenal 8. thamemwndxehi (Crdoygcti@ating 1991 ) Anal .
Chem 63;2338-2345 and Sz t al 995) Curr. Qpin. Struct. Biol.

5: 699- 70%) . Wﬁﬁﬂe%gam Sﬁ}igfg’ffgwqp&ﬁ' i nd human and mouse PD-1 and this

bi nding was i nhi bilGhiny BYetOmRELd il photulaling PERI Ni&RLEB- PRaahidBgoniSl] not
CTLA4- Fe. These expee i%éng?s dermnslt r@teo not “%n?ﬁ t%e b(i ndi n% ofa%(s)‘(])]?u{)l e
pD- LI - Fc f usinclnd@(fot @iampie): nntieliakidzedefeslenkading BD- hliganddeiypestideat e t he
presence of a soluble formof PD-L1 in the conditioned nediumof PD-L 1 M

cDNA t r ansf eBtkiyalen) fogms of I3 nigsng, campgupdsdhatinggeass pscfpregsion of PD-1

ligand, and cells that express PD-1 ligand, etc. Exemplary agents for use in

25  upmodulating PD-1 (PD-1 agonists) include (for example): antibodies that transmit an
inhibitory signal via PD-1 by binding to and activating (e.g., crosslinking) the PD-1
molecule, compounds that enhance the expression of PD-1, nucleic acid molecules
encoding PD-1, and forms of PD-1 ligand that transduce a signal via PD-1(especially
bivalent forms of B7-4).

30
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10 Figures 14A-14F illustrate the ability of PD-1 and not Flt4 (the
receptor for vascul ar endothelial growth factor C to corrpetitively i nhi bit

the bi ndi\&%&%ﬂ??l to PD-L1. The binding of human PD- 1 g?ggﬁ, ﬁ] ‘g_‘m on

protein t 11s expressing PD-L I Mis shown in Pane ndi ng
was detected w th BYWGEHIRRioAd] HRffinE ResgoRaaail Moduladiai bt FD PigatiorPD PD- 1
linked to 1gG 1 Was added at: SO ug/mi, ©6.2S 15 p.g/m, 100 pg/nl, or 25

~g/m and wds found to conpete for bi ndi ng. As a control Fl t 41 gG 1 at 100

pg/ M. was not foynd to conpete for . bindi of PD-1.to PD-L 1. In yet

anot her experi rrex‘geretaﬁee“%‘?rpi‘%V“llﬁd“ﬁﬁi“ﬁogg?dn‘fﬁnﬂﬂn fe “PE?ETE\WB%t {ﬂégﬁ?‘ﬁed by
flow cytomety ‘@,%ﬁ B b rash . he (J usi on

- proteins boun ngﬁlg{) ﬁ%ﬁé&ﬂ%@%ﬁ@?ﬁ%@fﬁ[{ul_ 1 ex%r esrsrg{%ld{l])(ﬁ %pgegl S, as

def ect eds ZOtMyeHyldmwm@gudnmtmmmﬁd:newrees Dé&iardg Shtjon ddawe viethe fomh bher hunan

CTLA-4.1g, human CD28.1g, nor human 1COS.1g bound to either PD-L1

expressi ng &wiibiting peblogliag poimmagesfesprnse altr%adbisn giogresser mrninvelo cel | s

transf ect ed W|t tord&abone Furt her confirmation of the PD-1:PD-L 1

i nteracti onPHEE" H@tt F HESCU %fganéﬁlr‘mg‘céesﬁpgsrmn resonance with a Bl ACORE
instrunent. The FYERhcADLs S MMAe REHY ealng)eﬁﬁlﬂbﬁéd‘l? Adh-ARuMAR Imfrhhdcedl | 9
were immobilized on the flow cell surfaces of a dextran chlp and tested for
bi ndi ng t o sasporsesohbyrmduibg kpetiflccanefy-ih imrriuge bellsnor tash.bot h human and

EFILLEIEdP??y' conet Pt PR ert- et wifvedieton B0 Biasl golipeiicte [ T a4, 1
S ] 1. -
119 VO 85?@9@%@“—%‘%%%&9%838? 5 A B ipe JE SRR PTL) SRS LRGP

anal yze PD- bndr®DPDligandrantibbdids thgt kicieihie dsterabiidi 6f BAQigahdbyithansor chi p was
used. NHS/EDC i mobilization was used to bind SO 150 RU PD-1.Fc to the
chip. The sgpftimuaiarsreeenieri aanbaasediptinhibioajcastveylatonssignaband, diise

regeneratio buffﬁl‘gﬁﬁw 0 1.83 M g:l,, 0.46 MKSCN, 0.92 MUrea, 1.83 M5
guani di ne- H nmaguate [k WYL S%as PBS (phosphate buffered sali ne) with
3.4 nM EDTA, 0 Ofrpaadinge in &Qbo&&em},%ekwﬁmll bhayida mebKehAlbipidn) at
25C. The reference surfaces used were ( 1 ) blank activation (NHS DC) f ol

| oned by et haml(ﬁrﬁmélllghmtﬂhaamw (oZhe mhllatoeyjrfrttg@?ald artigate dne gntmudtivabant of

PD-LI. Fc us ecta I ti m ne SEC was det erm ned by
EL1 SA and- BER-bBEE o & edbgprRee. coi B ke 1o Shanay PeretielKused was

20 nMto 2 pM Trll?kefwll?é’v J{eaélﬁ* 1%?}1\»% c'dh/aﬁb'ﬂersﬁmul%&%%g'tgé b&'bf“’é(ﬂ% .Rr 3-4
mnutes with 4 mnutes dissociation. Injections wer one in tF pI|cate and
r andoni nzed thetetg] desirsnodutatelhdémursing gesBbrsey dhisat aaonmphifiiedai@inhitiitidn df the

Langrmuir _and gl obal analysis. The results of the anal ysis showed that
PD- | . Fc2APDIRErapiomne Pl digand with . stimulpieny reeggiorien ﬁéﬂmempaf@' @(ﬁﬂ’sqya‘fﬂ“g( Kp)

o~ = 0. 122 6Bl ofRE: L COEANTR A RPN BREL e Rine d fifnd ™ 5

that this i nhEbRItWEIBh oRYs-liRHRB Ptd hrovide hegitivekighhls {o indfudettpl e 12: PD- LI
Can Transmit a Negative Signal to Inmune Cells In this exanple, 5x10'

Jurkat T cells pén omﬁmbmmmsqﬂtlmna@rwwn actiyating abgodyuseddo Bemdsic( at a
1:1 ratio) 1 or .a negative

comt oL SR S A e ARy O G B bR o By Ss &

har vest 9@ atpri$ bmgss.&%d%ﬁémmqnmg Eikd @ﬁlcmargasl real foa%e rdceibf 6n df Shows
that increasing 25 nunbers of COS PD-L 1 cel (bars on the right in the

figure) | eadmhona ceiborgasea Trell,la12 cell, ora myelmd cell In one embodiment, such an

antibody, in addition to comprising a PD-1 binding site can further comprise a binding
site which binds to a molecule which is in proximity to an activating or inhibitory
receptor, e.g., B-cell antigen receptor, a T-cell antigen receptor, or an Fc¢ receptor in

30  order to target the molecule to a specific cell population. For example, a CD3 antigen, a

T-cell receptor chain, LFA-1, CD2, CTLA-4, immunoglobulin, B cell receptor, Ig alpha,
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production. Using simlar assay formats, for exanple in which human
PHA- bl asts from PBMCs were stinmulated with i mobilized anti-CD3 and sol ubl e

anti - CD28 ase in T-cell proliferation was observe i ing in
CCS cel | swg’?fr}%ggé?ng PD-L 1. 30 - 120 WD 02/ 078731 PCT?GE@})%/E)@@%
Exanpl e 13: [§lbetaROD22,FIPFC kedepioe calt ibe msddn Hubh antikodds feddthéreispeeifielabents)

Proliferation, Cytokine Production, and Expression of T Cell Activation
Markers To @ Frsogmeediandcan bparoducegny.gi. aadrseribad hepein pBeleetpp-qf this

interaction, the functiopal .caonsequences of PD-L.1l.interactio fth its
recept or wersgcoé’ﬁff}ﬂ%%?aflﬁ{ ﬁ’&? ’S@eﬂglc %&t?%oﬁlﬁ'é’ﬁo“fgeégielxépm%é? Fﬂﬁ%}”&"?ﬁmod

nononucl ear Relihfof\RIHR thizfledGdnk¥itloncol | Hypaque gradi ent centrifugation.
- CD4+ T cell popul ations (85-90% purity) were purified by negative sel ection

usi ng a 6ockt ai | Inhnotiereoibodahenarthé botgamnad ®D-inandhanagivetingohiahitigory
- (PerseptiveBiosystens). Anti-CD3, control IgG and fusion protein were
coval ent |y 4¢4RIRER 2 531 SHrRtaHhR BencsIon Of P 985atva StEndlyia DDl ndwd48s 10

brevi ols!y. (B iipodnbe HEHARML £, By uRofHitdeli 8 58, J88HiRCHrbory
anti body (UGkl8dscribabNdréintamhg dpecifity forbaaPEd] aahs pdtdcalei @shcnas wilded to 1
x 10" beads/m 0.1 M phosphate buffer pH 7.4. Control |1gG was added to the

bead suspenggesptornlmangdier embedimentaihe use ebagrdthalanpfaam afgnagersalmatr at i on of
Spg/ m ri binding. .Simlarl nti-CD3/PD-L].I a) beads 15 were
o apar edbnt tineRE 3 Atk Send e e an b ety hincE e e Bood o anet ant
concent rat| oRafveRighiBtia PB- | clo.| doeR7aRMe! 8 o403 O o Murtiel.aln dioyy

protein (2pg/ "I O eads), control" 1gGto make up the renaining total
bound pr ot eiembodident, aceth s multivalantbgamt exh comp@Be wed bpecifaitidsos adrievelcat es, and

beads were added at_a 1 Qead to 1 cell ratio.in th? presence or absence of
the i ndi cat @avgheldr?-l and grecegtor ahe recepiopassogipted mplecklsdg £2 a bsed phar ni ngen) .

Proliferati : ' /1 h: ing cultures for the last 6 hr of a 4
day assay w%?W\ﬁﬁ?‘B%%‘ﬁwﬁ&%gmé}@g 4)1 For anal ysis by cytoki ne ELI SAs,

cul turegswere setAgéntsalat BRTR ok btbioDe¢atidAG T PDPEN giidavitisa baivrsdied at the
indicated tinmes. Interferon-y, IL-10 and IL-2 concentrations were

det er ni ned usdeptpr cogmealehlefdrins of BPr b hgandmr bekingtastipahesApid)-1 ligandpasi f i ed

CD4" T-cells tai ned.fromperi ral hl oo nonucl ear cells (PB wer e
2ot vat ed g 2R bR 4 PO B P BRI e R AP T or
a control | g. whcRhithatedin- Q. gNPICY h@kiafify MRS bPPDVRLLRaSRSHRM 96 hours
after stimulation. Cells activated with anti-CD3 mAb/ PD-LI .l g coated beads

showed a 69%ceaiaasan bendentidled fogrthii dnlityad athibvieimroumndell-pEbdferatibh endior ol | g
acti vat cells ggdiqgure 30.1 A%. Prol{feration was .inhibited in a dose
dependeri! n&htierP Horeretp anergyyvnen a Q) 17se 8Fay HeY axampls. 25 30

PCT/ US02/ 10%gﬁs Eéﬂr}fé%mtﬁll%gﬁﬁ)%lp?{)sg a('?s %ﬁ am E%&]t mgﬁqulgﬁgg@nmfﬁsd‘lﬁ:ﬁ?n ((:'gi 25,

0.5, 1, and PgPD-L 1. rthernore, activation o lls in
t he presenceanaktiRiting réceplos OAintpter efthrcictadnized remionstof oell adtivatitrecgartesence  of
PD-LI, interferon-y (Figure 18B) and IL-10 (Figure 18C) secretions were
decreased byemppredie meaars thghokibitian.cog, collasplafstation pyeftgotor fungtion e €+ on was

bel ow det ect -hes ot vak | o i) : d 96 hr.
However , actaln\f/{g?l ng%l%&l?ﬁ’ccgfﬁgﬁe sf?‘?]‘g’%g‘é’af’g‘gg%?"%%% f‘:@tgﬁ%?)etégi%%tf)e ow showed
that PDols 1 f@udtthgiapbitbiThe hbitig, ¢raagii@pemio Block thisactidtorficana seddlily
stinualation. PD-LI also inhibited IL-2 production in Jurkat T cells at

beads: cel | rdstarméned by imeagyring; the akihty of:the ageor toradientor decraasediarpreltfantion ons i n
whi ch costi . ation i.n Ighe formof soluble anti-CD28 was provided.,
elfector function being measured.
In one embodiment of the invention, tolerance is induced against specific
antigens by co-administering an antigen with a PD-1 agonist. For example, tolerance
30  can be induced to specific proteins. In one embodiment, immune responses to allergens

or foreign proteins to which an immune response is undesirable can be inhibited. For
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activation of cells in the presence of PD-L 1 also led to a decrease in

I L-2 productlon PD-1:PD-L 1 interaction also led to a decrease in both

I L-10 andy roduction. Thus, activation of nurine ang-R }'cells in
7 0303

t he presence o?% %DL 1 leads to inhibition of both prollfera/tﬂlggzrlll and

cyt oki ne seexamplepati€iis tHaterecewaauneMﬂbfrsmmndM gehexate aotibodatsiagaingfthis cel | s

in the presenc 1 results in decreased expression of T cell
activat | on RGHINg éctor Oé%arﬁsﬁtetlomgw aeeab\pLoIREksE BariliEandmepiateche

f CD69
presence of Bk don i DPuPURIATE APt DPOPELYASNTLORARTECT
. CD69 expr esgbrbihati@ith (dddaibinanadloPBHIL (ofgMitisRaIDN0Bitidd (H @ uét&%fm &%l A8

hour s46%86%2%2 hour s63%12%%% Wien T cells were activated in the presence
of FD-L 1, Androssréinkingycaagpait isdopnprdylai®s) exani ned by flow cytonetry,

~the results were.as foll % positive for LL 2R es

027 078731 - PeT) Usho e SepsSifiert R oG hesisind ERREEERE Hibaspiiae fifed
hour s17%12% VT8 2R IQWT SRARES D | B L1
I nhi bition %/ﬁéeﬁcpgdsjﬁegir rel at %/(ﬁr\]/\lth gtg 1 Expr es&‘g%r?@gﬁlagnéeéa(rerpl[)gbdggre“ bes
t he correl aB7d)), tamtbeased toHdodki imienagtiof oPEDAl kegandesiti @costmuiatgry Feceplok on

activation and the %EIH'[ of PD-L 1 to inhibit T cell proliferation. T
cell 10 act A BIUAE C d&emné\fié&t%mﬁwrswsectﬁlmaéldelmet%%parew) coat ed

fusion Bot BoideRoR fnpIER 128y SghREbo S ARHIL R S a0 lBh I Bloror it 1
1x10" beads comibidatiéh sftlbckihdrRibbaiesad g., n@iboMedhd st aPDONlig ﬂidqioﬁELPGdAs

pul sed for the final ~10 hours of the culture period. For |IL
super nat ent &ithent-tha? ved/oeantf-Barh perasianel antibpiliss) cap b gonibined a3 neinglhe

ki netics of PD-1.expression d ng T cell activati ed Bal b/ic LN T
el s vor o SOMRON SR Lt R et ey Fmu@So o GgueBtil) Shovegfig g o
days of sti fpdindhé 8¢ mé@hded iRIRe Fle%bé{r%% B subpeh et fore ! AihBRge R LN

biotinyl ated antinurine PD-1 (made from nonocl onal anti body J43, descri bed

in Agat & Yactete anrdunt ¢f one%ﬁ)oré p¢ptidesrhavingd a PB- l?B@nilEp)ol)@epthﬂechnww atigd
hanst er control foIIo d PE-Str tavidin, ‘&1 re calcul ated for
peaE!

live-gated &drland/ofRy- ‘“e“‘ﬁ r@BRE Y ‘PFPW@"MWE% vanedyatingyve to

co | hot | var s b ERARRILE Rebbih s BREn T AU ifBhGGoRlalhd™ 071 30 T
(409 ; Day 4eagéit¥Qrcluapdnfibodiés th&Idck Moerimplatdry bighall (e, agfamBewzx LN T

cells activated using either anti-CD3/ctrl.Fc 25 beads or anti-CD3/nPD-L |
Fc is conpife8). antieodigsribatiastivass an ibibiony signal wig GTEArandfor mmighedies

prollfe tlon.c elates w X re55| RR- 14 oproviding
Purther 20vi dened ofis P Bind (e ErstE R, AT e L BT Tl fhind s
i nteraction c%’kfﬁheBDﬁﬂswn prétémis (e.g. V@IQN4Q~“7(:8?©11 Pg%h@ﬁ%mgﬁprgﬁﬁmr@gsls The
Qut come of PD'L1 Interaction Depends on the Strength of T-cell

Recept or ande. £D@®aBygnadyslosporneahionEKSO®. r el at i onshi p bet ween T-cel |
receptor, CD28 a nmedj at nal s, huma + T-cel]ls we
Stimlated with ?ﬂs?ﬁrfh&and&md@ﬁfﬁrgpewﬁemw%ﬁm&efsl Giive e gy,
fixed Concmerrﬁéehf?@a&fntsp\ﬁi lélb%l QifRdnd O4f ﬂéﬁ&%fﬁéﬁﬁ@&foﬁ%@c@lﬁs [f soluble

anti - CD28 Usi ng anti - -coate eads concentrations required
for sub@pti mmalnpbcm]mlsnﬁla PD-¢ dighnd b1 FidH1apolgpephige earelsd lahdedsdnechxnrm)der
condi tions of subog;tl mal T-cell receptar engagenent gantl

ug/ m), ni niMEkE asyiNteNeagent eapaws§f&b@érlvweuq¢stfwoa@ e%éomiwbds?mw atl on
(Figure 194). 104 g%g%mg%yg&oixé‘& %?Ssb&gpeg) gse&thé‘ Avgﬁ}%onfﬁﬁ dgeh 6§ @nti-Cb28

mMAb led to an upt i'ncrease erati on ese

. condi tions, opefativély afdthed, td t&ehd SingtedHhgques BfREme&neivn Ptk akt, £.gsul ted in an
80% reducti on in prollferatlon (Figure 19A). A maximal level o

cost . i mul at icorsslirking orGd@ &cambiBot IabIlAntiec)hmmesr éhepreperation ofdsmumumotaxéns is,
inhibiti,gn of prolif tion, dlated ti i.on t t,

under séBurdf‘ﬂ oW 5?5“8?‘&‘"0 ¢ 4 ( Sﬁeﬁeé/iﬁﬁkébﬁ?? t‘fiQ#Qt ?%I‘E}Fﬁéﬁﬁéﬁg mAb
at 2p, g/ m) ,inRlbdrartd FB]rAyed fdrfHek P iNunRRoRftydes of disulfide-bond containing linkers
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cell proliferation was only observed in the absence of CD28 costinul ation
(Fi gure 19B). To exam ne the ability of costinulation to rescue the PD-I

:PD- L1 "E{ébaotzﬁ)%n{‘h' bition of proliferation at different ;,b aSFr?rzgiog&sLdiu:li ng

TceII rvation, Balb/c LN T cells were stinulated as in

the pr esenceraimoa\bswhlcbcmfsuﬂ;cqsgilﬁy bs eimplaiyed Bﬂccmyugatem&xnﬂnoieit)f withai on was

nmeasured on d and 4. Anti 28 reverses DH.I %v Fc nedi ted
gisylfide bpnd t

i nhi bi tion g?%ngf&? ?aape %)‘bOdb'E}F“‘nB qrthat o a h%wfwgl Bf T
cel | activat h%aeregegfeftéaé fe&eahal@tk(tﬂq 6%@;,;1&9 nggg@m}e{ﬂ ﬁﬁ%qe,ﬁ;agp acr oss

a range of anti- concBrtrations

. pg/m, and Zéeasglofthe. tokincﬁﬁﬁetyipeoswmnm@duthe@ntESoﬁ)fcusﬁrong cost | rrul ati on (1
~g/m anti-CD28), however, PD 25 L | .Fc inhibits IL-2 production at all
time poifts examAanie(‘@ayty of toxans m&nm\yn thepmgy pe cerjugatesitoipelpeptidss ok - 2

. production acr 0S

gh rang lsolule anti - CD28 t] Iation‘g

P 160 aghesdy SRy ononahs MhaRRi i, A Gen] Pt HpdlissPevena g 20
~g/ m). | Cogaaa@s 8k dGoahd, Wit bpovagl(ﬁex @suﬁeufé}a}mum& ath (%dé dat ed
inhibition of 30 proliferation. 1'0 02/ 078731 PCI/ USOZ/ 103( 13

Exanpl e 16: pattichiatly rizin SDhdin, llwsombiifmctivAD2r@eign atich asapdtin @lgelomin,

Production The inhibitory effects of the PD 1: PD-LI pat hway appear to be
det er ni ned APRATEASH éﬁ?@fghﬁafre%‘f‘@‘ﬁﬁl“ E'E?’B’t‘} SqSﬁEChr@Fﬁﬁ%Fﬁﬂta cipenueleasss pr evi ous

Gonnt et at gL o ARG TR ARk QOIR A0 efFR ey moiey

PD-1: PD- L1 padtideary corpe@icholitly the @ileREbn k. tb%in GDdminwhieh lhds behereartiyat ed Wi th
OVA peptide presented by CHO | AdB7.2 or CHO | Ad/B7.2/PD-L 1. For detection

of PD-L 1, smdlfy aDACTTBHE cerbtahzdratstrasiduescddglwondated Archainafé§. Ritert S5pg/ ml of
human PD-| % 1-1g) (Cenetics Institute, Canbridge, MA) and devel oped
w th goat ar?tl - ‘'ne | g&xa- phycoerythrin (PE) (Southern Bi ot echnol ogy 10

Associ ates |nc., [B&ighRebaMr ﬁle)nblﬁd?loﬁ@@kﬁdh@gtot&ﬁé h&enVe(Le. SPPBLIN
separately with 5pg/m anti-I Ad-PE or Pharm ngen, San ego

Fol | ow n§ each @tamp,or uectdn:dmweloe wvdslﬂéd ricm eeBhlmn)vmmdna pB&ht niy BSAItOn 02%

sodi um azi de. After the fin i nc 0 c s were. fixed, with 1 %
par af or mal d&bR/Reth afdmmuns se Ba@ﬁ\glﬁ{ QAQ%*& gHm%é%Ptaﬁtwatqueewe cs%&

(Becton Dic ot
obt ai ned frgwgﬁge g&t’%@p e‘ég@?@g%@rﬂéa@eﬁ%ﬁ%%%@éﬁ m ce and
treated wi tlinduced oMtheGlurfhee dfaplieitel lgmphbeyeesy hiesntibody hgainse PO- L udrd bereddwi th 1

~g/ M of OVA peptide for 72 hours (Analytical Biotechnol ogy Services,
Bost on, MA) 9 farggdiie deplation of f*@sq@@ﬁﬁél%%ﬁ tystc-Bydspendesy merhaninggoxby k)

suppl e”%t edeuE) % go/njug%n%% c%[n?c)xxc Elrug (e.g., ricin, saporin, or calicheamicin) to the

antibody. In one embodiment, the antibody toxin can be a bispecific antibody. Such
bispecific antibodies are useful for targeting a specific cell population, e.g., using a
marker found only on a certain type of cell, e.g., a TCR, BCR, or FcR molecule.
Downregulating or preventing PD-1 ligand polypeptide costimulatory functions

25  oractivating a PD-1 ligand or a PD-1 inhibitory function (e.g., by stimulation of the
negative signaling function of PD-1) is useful to downmodulate the immune response,
e.g., in situations of tissue, skin and organ transplantation, in graft-versus-host disease
(GVHD), or in autoimmune diseases such as systemic lupus erythematosus, and multiple
sclerosis. For example, blockage of immune cell function results in reduced tissue

30 destruction in tissue transplantation. Typically, in tissue transplants, rejection of the

transplant is initiated through its recognition as foreign by immune cells, followed by an
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20 Louis, M), 2 nmML-glutamne, 100 Um penicillin, 100 pg/m
streptonycin, 250 ng/m anphotericin B, 10 nM HEPES, SO pM 2-ME (all from

L| fe Tech\gﬁloggiﬁ%) and I5nmg/ M of gentam cin (Bi oWittakeperNRIKRESYI | €,
cells were purified by positive selection using

magnet i c- actimwame deactedrl thadddsirogs thepana)ﬂaMnTb@adnmmtr@Mﬂ ofoybleBilo diich

Auburn, CA th resulting purit 8% V\,er 25 reste overm ght
before re- st‘m*h'lt%‘%‘i%?i: SF’?‘%‘IaF‘f‘é‘r‘ﬁyq 13{1”‘8? ‘I‘F%St a‘PrHHFWP{Oé

i ncubat i on permg)l :g4yon,
NJ) for mh{r@gg lps%@h a%t b en n&%ngnég r!n?é: altbf}g%aﬁ%?f ggsl qcﬁeﬂ e@ﬁﬁ)

. Were harvesta&dxe\&rﬁmcohghm\{bﬁwmahmha&ﬁ;wm@damodyw;gem ;fmdtd &fdt tierimeef for 1
hour. The cells were subsequently washed three times and 30 resuspended in

cul ture feditansplamitiqarean aufubiy heegnapon af aeqstimuigions signk dvlegowdrt h varyi ng

OO ot pen st ey Heeat R pomipshed s ¥ Tligad PDAC AN S
proliferati qa[i},uﬁﬁfw{ts%rnasmw@o b@ﬁ}fhéﬁ%ﬁc{ofaﬁérg&% oY S rAieb e aﬁéiew ihBuckng

uG /wel | of m di ne (New Engl and NucCl ear, Boston, for the | ast 6
hours of t heoleranodbimta mbjeper[nambtnoilmélomgﬁemmla:rananfbyEmoczkmg awa Magandi m | ar on
all CHO transfectants (Figure 20). expect ed, i ntroductl on of B7.2 led

to an i ncredaijted msamu\‘aé?ratsm@el m@sﬁm&e nsgessity. of fegeatgd adminigtratiopent
concentr r A-21 D). However, PD-L 1 inhibited responses at
| ower pelg i Qessce:%rf%gﬁl i %éTrsls (0.01 pg/m and 0.001 ~g/m) (Figures 21 C

and 21 D, reSpeCWoVé%hhé)/e sufficieAdhBStnob i resiRAdr tole@hcdiR-alsubjel, It nfaypaddway to
i nhibit cytokine production, 10 supernatants from DO 1.10 CD4+T cells

acti vat ed vvllletdes}mblqaterbdwitéhw(lﬁgmﬂaé@}'tfynmqﬂ)oéemer mokasslea chenexemples & may

lyzed. t ant ft
2 e g L TORShS R i o B, N LS P ifénd b e PR g Bd of L ot
usi ng mMAbs apf, ][am?pvtymrﬁo (FWnglfd E‘Fadiﬁﬁih‘t’éf sasforma RRaroia ke@Binafied 8t on
limts were as fo IL.-2, 20pg/ M, Opg/m . ITFN-y, 100pg/m and

| L- 10, ZGOpgfephdeslﬁvnt(adlacmvltymfceﬁch dzf tBes(eEnggﬁm o? Blacking landbqdidsggaiast2BEBE,
| FN-y (Figure 22C), and IL-10 gFI gure 22D) was. i nhi bited shgnlfl antly when
D011, 10 cmmtlé@}smgem@ﬁeéy eLlogetperdN\Ristnglocompasition) Bt @b atdAgt 1. At

this Concentt@gggﬁ}ﬁ% At lvgﬁJh @V\@%s rdifit esrbmat hniBliGh LR B

However gnitican uction-at

pepti de, congiafd eNPDW 4nd lhhbltlaf&bsthhﬁilbt@fy alftlv[lyfbeﬂelrﬂidVdNBXfl Othees 23A— 230) .
LL-10 was 20 not detected under these activation conditions. Therefore,

PD- 1 engageniavnnipdulamry ageniahakambe aged ‘atcén%%ﬁﬁlék“h@ the dewiemodtatetyen when T
cell i fer not affe d To. d
cyt oki n? roraf%??o?ft@&agvﬁ'ﬁgn HE)C eciill})cree a'ﬂﬁﬁAa e(ralve I%B Iﬁ“ ﬁ{{la'%lbq om%Féﬁ{ll on
assay was Ut\h!} Cae g, Mdble ToraRlof € T4 amﬂﬁﬂammaﬁtaadvaw mnmnb@@gr@macel I
transfectants and 0.01 Fg/m OVA pept ide. After 48 hours, cells 25 were
har vest ed an@ThiRM/blocksng avibadieslagagishgthTRinrouner estgearkerg bf scduble vms lobgi es) .

other receptor ligand pairs (e.g., agents that disrupt the interaction between CD40 and

CD40 ligand (e.g., anti CD40 ligand antibodies)), antibodies against cytokines, or

25  immunosuppressive drugs. In another embodiment, a combination of at least two
different PD-1 ligand antibodies can be administered to achieve optimal blocking
activity.
Blocking PD-1 ligand polypeptide costimulation or activating a PD-1 ligand or
PD-1 inhibitory function is also useful in treating autoimmune disease. Many

30 autoimmune disorders are the result of inappropriate activation of immune cells that are

reactive against self tissue and which promote the production of cytokines and
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Spg MRNA was anal yzed for cytokine | evels by RNase protection assay using
Ri boQuant nmul ti probe kit nCKlI according to the manufacturer's instructions
(Pharm n script levels of IL-4, 1L-10, 1L-13, IL; ) | FN-y
MRNA wer g&%?’é’g‘{@ﬁ in pre-activated DO1 1-10 CD4' T cells gﬁ/grghglt(’?%l ation
wi th 0.0l pghtehntBdaiesthyodyaldiifl ehefpadsdsdyad thy dicddeesl RléBatidg oHowever, the
introduction of PD-L 1 significantly reduced cytokine nRNA | evels. There
was ni ni nal dopyragdulatngihe Geti YARRMA Of aitoreactivng iImmuppcolly MygrducrE g 10303

cytokines in.unstinmulated, T cell .culfures. ar,. |4 ctivated. wth peptide

presented b 1s%sym8{o%é§<gn\nggapf o#rﬁ’égeﬁgrwlagl}r@g}glf ?%S?'g“ilﬂéoné)g&@ihf‘% of the

. PD-1:PD-L 1 cptdpiirupin b 446 gafd ntélabistd oBB7 hiBeulésOnial c@timufiey when
antigenic stinulfation 1's weak or limting, and the inhibition of at |east

cyt oki nes pr ostaptbisas usafulctonichibit ovpuod callt actimgtidh andtpreyent produdtionloéit i on.

. Exanple 17: Mechanismof action of the PD- 1. P 1 pat hway Cross-1j nking of
CTLA-4 has BWeANIRgiGs of 8YtPRIRFHVRIcR afq ingglypdsin Pééﬁ@fsgpme Sn Additpeaty.cel I's

vl unas, 7. g FCpOpIGa0n oy AR P L 8B AP iRt 1O

i sol at ed fr gpacifiy tolgarze lof alitbirasivenm@nge icelds whioptedd $cadao pagaed elisBchani sm
of action of the PD-1 :PDL 1 pathway m ght be to increase programed cel l
death. To adigreths disepss. iThegficappafireagentsng prepeaieng & algyiatingadtoimmunced wit h

0.0 / d d ' CHO f d. cell. I [
anail] o8 edsirea b g mied astea b AP BT i e RAET] G2

was ana
described ph&MhQYHbinmAhd Bkeadbs. TXARPIQTinGid Hifhe SOLIiReMEI SudifrRier ed and
stained with anti CD4-FITC. Cells were washed in PBS, fixed in 70% et hanol
for 1 hour encephaitasnsystemein lupes egpendecsus m MBS/ potpranice ogNZB pydfidimiRNase
(Sigma) and 50 ~g/m  propidiumiodide (Sigm). Analysis was perforned

wi thin an hdWingRutgimmyne gollagen agthrays, ﬁ‘%bq{gﬁ%l}lt%m@%@ dBR e @ndnd

tained wit ' : ‘ S . ! ith
o oot dn um | RS eRpH mer B asAERTEARS (G B, PRGN S DAL Ry L
CD4+ T a8l | PreseNévaylont, 6980 pphs4epsd)de presented by CHO Ad have a | arge

proportion of cells in the sub-diploid population, indicative of apoptosis
(Fi gure 24A). | nlehibitionesimmuapecetpstivationds pselylahesapaurigllyandee ERptPeBt i de

presented by .25 CHO | A-1B7-2, .there £e.i.ncr d,n er, of cells in the
5 & phase. P5Rere ot ML sentter & KT IibBER I8 SRaRIRo pdeeFShAC i Gur o
24B) , indi catir@ed DBD-CREAR PR idhilide) BirRil6h EMKeURchihisRIBdapapt 0si s by
B7/ CD28 costinul ati on. e introduction of PD-L 1 led to an increased

nunber of callergid subjeaetoGaNGt impiuas ec!l| IMedjated aller€ic. reSpoeses inhesubjectpar abl e

| evel s qf apoptosis [n the PD-1. 1 cultures to the CHO. I Ad/.B7 tures. This
50 vas OBt A2 Beokod & ArehitistraimepllEiein Rt opERYr cesi on by
the PD-1: P j ' LiBn eV : [ I cel |
activation. mfh&%cﬁﬁﬁﬂlm%%g% hh%%%rf%ﬁéﬁ %lgggl} 10302qg3éa§\%g$ g]gx]peri ment s

usi ng PD-L Inlibit@rephthwigdat babccBmphniedby exposeregaghi@ptn mrcomjuneidnswitloes not

| ead to apoptosis. Cells were treated with anti-CD3 or anti-CD3/PDL 1. Fc,

or irradi at eégprogriaiedCinelacyso AMlisrgifrsasaprsesan ke systeraicion localig nawsg.y zed by
flow cytonet 0 [ ' if : positive
for both 5 p(freg%nldﬁlp%(?é ﬁgéﬁégggﬁﬁwﬁﬁgﬁlﬁ?&é@% (r?%l @ﬁaﬁﬁ%ﬁﬁ&%ﬁnﬁﬁéﬁ showed

t hat antis- Cl3Bdast céifs drasdphiledTRIsOInhitsticat d famnaine 4811 afediaed Aegics. There
results were as follows: anti-CD3anti-CD3/PD-L | .Fclrradiatedapoptoticl0
24 hour s393%$VS:s lcon be Brabasygiomicdyr asirinisraurnie. St ¢ither fogakgisystemiger i nent s
anal yzi ng DNA content .demgnstrated that actjvation of.15 T. cel [n the
presence of rﬁiﬂeﬁt‘??gd)fraag%' itory Orfpe(l’Ia"@%rftéhaéﬂ%@s.tgﬁ'"&‘é’?‘f‘?“\ﬁé?é’&i nul at ed
,wWith ctrl. Fclgggﬁ%gﬁtﬁ} Hosﬁrﬁuﬁﬁﬁ??ece&ar&% dhentth& pPEhSRIARRRIordI Vi ding cells

was determn propidiumiodide staining. T cells stinulated with nPD-L
1. Fc showed faadtfon(of PD-%igand &IPD4lf or the control) the nunmber of cells with
. the increased DNA content indicative of dividing cells. In tw other
experienments, the percentages were simlar: 20 14%vs. 28%and | 1 %vs.

24%




Anal ysis of mtosis was also examned. T cells were | abeled with CSFE and
stinul at ed vm'th ctrl.Fc or nPD-L 1. Fc beads as in Exanple 14. At days 1, 2,

3, and 4 | ysis was done. Only live-gated events
Per cent ages ar e%?? non-dividing cel Is. As the foll ow ng\ﬁgrg@aﬁ?ndl cat es

treat ment w th PDahkibitiohifiitamuse el dctizéitiahi thtomighblockage df aY-1digaay 3 Day 4
non-dividing Qtrl.Fc 87.4%32.4%11.9%3.8%30 ~ PD-L 1.Fc 87.7% 46.7% 35. 1
% 24. 5% _| 2¢ostimylgsonppqivdty 91 stoaslatian ol RIdd inhibpryrstivitymay alse bedRppriansd (as

pbove)  SepanfhaloLAly R bbb PR L A b a0 75!
. Costinulati QﬂmﬁrneA@ﬂ@eln@@yﬂmmqmsﬁar}aﬁe@@h@@mgesuﬂmétbaie ahimMfe ¢dihi bi tion
I nduced By PD-1:PD-L1 Interaction Purified Balb/c LN T cells were
St _nrulcgm)t2 gd aastwatloExﬁrhqﬁkmglt aaPlDﬂ l;gaei@e?s?d@@?omcmnmwbn 9; ﬁgnmiztlfsmfubl e
canti - a i - roliferation ured on day 2.

t he presencg)cb)% ?’ég'g‘{‘i’ t‘PJB 1eyy f‘a\'i‘ﬁt’ionﬂﬁ‘é'syes‘ﬁ'd’ﬁl %BWOBP Xk rePltcaEO’%/[a'pst or es
PD- PD- 1: PD- ugge t he
10 1 i bi ¢ oryereyty hdloféte uYollst bPAIDS: 307 okt liton 3P ph e (U B,

al so rest or gtimidltibn oPDDLllhgmllaaﬁﬁcy oD i ligand iritéraéthom \pitle&enmeraosmdmg

costimulation by |1 COS |ligand. |In another exanple, Balb/c LN T cells were

sti mul at ed @@nnw(wpl’@ Iy mayjatsh betvsefbiai prowatieg the epirtaeanse pf pegnanhrn
asur e

lif
edi at od O ittt dRN Bropran; Mef el PPAGY R oAl e arlisghec 2
concentr at | OBk PO BiterfacE BetWeen AItIRIAM fetrdCand G4 fﬁou%}/lntQQ pl%%/amole ifl %v@@tﬁh

pg/ M ). Moreover, addition of exogenous |L-2 I L-2) reverses
PD-1: PD-L 1 matetnaltreidctiorhoftthe feous. dfemateslat ﬂd«&»trlsmntateouﬁl dbortiene(epgoitintss

liferation . d 3. 4. and 5). 20, Ex 19 CDB+
1 s Ao MisehiBee bhsereena {5 Pn figiid 4hivEp a@ﬁ%icil%%ifst%mgﬁﬁpet@eséwsges
e i Y er engenbRUESRo FRAaNKL PR JofsSlhe ARLIbSARNOP e LERAANSR 0 PD- L

1. Stable antigenh presentin nes were engineered to express

GFP or nBD- Wditfichikd-Edridsivivg) bedausyo fimmunetipiolefeg@iion Eftgureeleﬁﬁorst‘amwaarabe
schematic of the cells 2~ used. For CD4+ T cell experinents, the APC. T cell
ratio was 1:Ueetedivith aggntshat paomaisdpe pdivitymbPDebligand Qrdts|inissastion withi's, t he

APC. T cell ra 2Ca peptide. Sx 104 purified LNTceIIs
from TCR tré‘ﬁéué%r?r@dsrﬁﬁ %ann\ﬁg%)eegt’ Pat ed with irradi ated APC pl us peptide

for 2, 3, or 4 daysvnrédsul&tawWT ah infiugé F@Bordd Bizdtithd@fon dTPIR 1 Gdnd atidit-D8+ T
cells are inbhi bltedamé PD-1: PD-L1 interactions. 30 Wiile addition of

anti - CD28 cam POrEtigandeinRBrction PDhits natvdal diting paringi(s), eg..dD-prislalsbeysaful on of
DA+ T ol ! S LEhEhY S 2o 0eitnimunt 2t aR S oY S0t NSt Cror thDble! BB. i gafires
normally highly expressed in the heart and protects the heart from autoimmune attack.
This is evidenced 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 autoimmune attack (e.g., in this example, heart disease, myocardial
25  infarction or atherosclerosis) may be ameliorated or improved by increasingPD-1 ligand
activity or PD-1 ligand biding to its natural binding partner, e.g., PD-1. It is therefore
within the scope of the invention to modulate conditions exacerbated by autoimmune
attack, such as autoimmune disorders (as well as conditions such as heart disease,

myocardial infarction, and atherosclerosis) by stimulating PD-1 ligand activity or PD-1

30 ligand interaction with PD-1 ligand.
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-1 29 WO U2/ 078731 PCT/US02/10303 T cells (Figure 30B).: Furthernore,
ei ther exogenous IL-2 or IL-15 (20 UmM and 50 ng/m, respectively, added
on day 0), come PD-1: PD-L 1 nediated inhibition o I'ls
(proli fer\gﬁﬁ)gﬁ%\r?ggsur ed on day 2). CD8+ T cells nay be mﬁ’gl‘:@%?é’e%é Ible to
i nhi bition becaud® ldéntiffvation bfiMolaesies whithdbdilyte tixppassidnofa PD- Rligandloxanpl e
20: Recruitnent of Signaling Ml ecules Through Engagenent of the PDLl: PD- L1
Si gnal i ng Pa?rgﬁk&)@‘mémﬂi‘rt her investigate the nechani smof action of the

PD- 1: PD- LI path i.n.T cell t m was ,used. Jurkat cells
const tutivery edhraBitodi o bht s RRES oy BESTRE i S NGl

. activated Wichh be D&RAAS 2 GOREMAg Wish} fHhdle R/ wtieh mbauldte (RO prERRMYPPD-] - | 9.
Ligation of PD-1 plus CD3 leads to inhibition of IL-2 secretion by Jurkat

cel |'s, cénpdigend owPRE|Hodypeptidedmcadls. Wot ¢kamplé, neibSuddsoviech Methlstewer e | ysed
~and subjected to anti-SHP-2 i mungpreci pitation, run on a gel . _an
transferred '?%acﬁuﬁéh%% ag Pﬁl?@’aﬁ%%ﬁ?‘ﬂ'ﬁ'gp 11;C Dyl Bt%awwom%bﬂa_@dmp
(horseradis . e cony ] i isady) and
Subsequent |y hPoNPPIRE B GPTe ek @Ik R SRRk AT Rl
i Munopr eci pkdagingsexpMédidn afdrie-cChgorafDd- hREANd. dr @D-1 pbypéptives of tHRRell pl us the
TCR rapidly results in the conversion of SHP-2 to the phosphoryl ated state,
conpar ed t o Stdeea dadyeediirmnumefnerespstaining by@n appieppneeptibedydnitheder t hese

50 down QuPhreRcs Shodk BPRHGE Wyl Blico Tt i RRe B ioRRialr e BB R cor
sinilar exp%bleanésawhiepngﬂegm@mmghnmlﬁ-xiﬁ@t@tﬂ&gﬁa@&a‘ppésfsﬁhir&mmﬁﬁ;gl ts in

i nhibition of Zap70 associ ated p23 pTyr upon coligation of CD3 and PD-1
(using anti iGReBedmm@fluorescény stairdnS~Alternatiefy, ¢l gfifectef omolstuld onk at

| ysates and anti-pT blotti. results in .inhjbition o ~ .
e ot o R B S A ReREeAnR Qelgamithd SeRenis peliar N levels wingnd
PD-L 1.1q). .l.nkibid.i o : i j LSt it

C01 i at { o ? RESSBAAORy Bl For R LS RUSHAE Spessitrtl Milab®oPoD-) o |
Fc to hufan peRbEptidtahrbde tComtacied pithtaansisculerochegednat, ahésh iy rdaba i degrehdedin

extracellular_region of PD-1 or PD-LI to the hinge-CH2- CH3 donai ns of
nurine | gyzanRYPkéngﬁ&i indhg cqll dptesiadsbyiandard tedmiques,\Aocingy Narthem hybridization

PCT/ US02/ 10 i | | I ientl I ct.ed w

Ui pof et Avt AEySs BESHEE|qhafist o of N S 02} Bl moly o OTAF FUIRE p 2N probe
purified frqspefangit 4 @steclable atkedS Miflednlcd biich MEANARRFRssion & ADlji ty of
antibodies to PD-L 1 or PD-1 to inhibit the interaction of human 5 PD-L 1
Fc and humadigeml ar F2- lvpedyneptdecate uséfultherapediaalty fok kitisA upeeghbadsg oBri ef | y,
human P? 1 Fc nol eéﬁl es were imobilized.in 96-well H{,\glﬁl&ﬁ @I ocked, and
washed. “Bi ot NN BEI VS FSPHRFRUONeY 1P CQUBRgIOMY! ShI9EKNB 8" wel | s at
concentrat| %ﬂ%u&ﬁin@%ﬁ%k HRI&LHbOMve 7BR indMe,  Bole€le vhictiflibls 18 ng/ m
(Figure 25A). The well's were incubated with Streptavidin conjugated horse
radi sh per oxixpmssaon ofdyhd digand darcled @iminaeredtogkhe| vateasacsnd ggent @ergl sand

nmet hods. The ED50 of PD-LIFc was found to be 108 ng/m_. The ability of

muri ne ant i BBEIUEESUPRTESIAREI RSP ¢ 8-> @7 HTIBUBYPAIESPALIT agnoleeits whighinkjais of
human i nmun ' | 1. R e -12) i.nhibit the
bimding of | RRBEr Tt S et efen (o e ifne . B aidl ey o' 01 7
concent gt i Exemplary Mioldeuled whichldag bk t&tdviastheR ubility) @ méedgfe PDOMiGard diM to 24
nM and 15 the data are presented in Figure 25B. The PD-1 specific scFv were
al so tested Hi indhedercysdkinastsych as ILriyBYE, 1LAI®, Bi-h2li Giyl-OGSF B prodtagladine. PD- 1
Fc using the sanme ELI SA net hods descri bed above. Human scFv reactive with
PD-1 (PD1-17 scFv) were found to inhibit specific binding (ECSO between

~10-' and 10-9) a%_smmidggAEjag%re 26. V~ and VH donai ns of the PD 1-17scFv

were used 20 to lete 1gG In brief, the VH and VL codi ng
regions were linked.to genom ¢, CH and e S ences 1N _expression

vectors. "The resrtihgrBERPRYEeSh SRR PR REAE R < FERRERE W ed 1 nto
human 293 ceb} Hemtiinhfodulrordal e/ eahgidatk bP st & foRRad & 2889 (B ?éﬂi’i'des'[he
potency of the grafted whole |1gG nol ecul e was hi gher than for the scFv

anti body (E@eplddreimetien std!ldndleaudesin'ogiey drugs) wxialmping 1@ PD- AtgindistPDat i on of
Sol ubl e PD-LI Fc Exacerbates Disease in a Murine Mdel To determne if

nodul ation of the PD-L 1 /PD- 1 pathway hgs-i nmunoregul atory activity in

vivo, the protein was evaluated in a nmurine nodel of experinmental 30

aut oi nmune encephal omyelitis (EAE) that shares many clinical and

pat hol ogi cal features with the human di sease nultiple sclerosis. Fenale
SJL/J mce were i munized - 131




WO 02/ 078731 PCT/ US02/ 10303 with 1 OOUg of proteolipid protein (PLP) in
conplete Freund's adjuvant. Ten days |l ater, spleens were harvested,

processedwbq?(ﬁ))i;ﬁg{se cell suspensions and then restinul at 'egcilp‘gjéﬁa/h{i% W th

S~tg of P hours. Cells were washed three tines in then 1
Sx 106 cel | priteimndfaee a stimulatoraor mhihitoryefifiect en tfgr exampdg @D -tiganddbr PDjlect i on.
The adoptive 5 transfer of autoreactive T cells results in acute paralysis
of reci pi enExpiessionpn [N 1igand esPR- lactiviks ppng embodigaat. thednveatipd pipyulss
progr essi on |1 hi ] a i i i i L.nel des
o Oh mr ke 2t gitbilfle SolRAARHShinodits I Bhiid, o FRIERAARINE AR S

., Under nost Gea®i-1 Gigsnd SiPB-1iptotein crpelypepinitalr bidlogeaBagevipbifios fiedoatneous
recovery occurri ng after a short period of paralysis. For evaluation of PD

10 L 1 F6, migavhighrraoduljte theeabilitylof BDahbgans| oy RR-1 pobypepsifiedd interectpridi s n i n |
, | of sterile saline on days 0, 2, 4 ng 11 after | 1. transfer
0y, Somepitas Batie aost o ap Sitwationfrolsiae opt g il inkElhR v A

ani mal s V\ergﬁ“ﬂpmlg)pred regularly for clinical signs of disease which were
scored as follo 1. Loss of tail tone; 2. Hind |linb weakness/partial hind

Ws:
Ui mh lysis: . X i e - Li b
p:ar al sglr 2; ygl S%ﬁ}hgﬁggérﬁé&{naéggwﬁl P%g%ﬁﬁ{n?ésnﬁgf\}\%m} é\le %lﬂg%ﬂggg &rg'h%ﬁfleﬁc: dence

and onset ofnuﬁie'tdu's@Ebrodér&eas@)mmoﬁémaray nethdde ko @h duhe artMneRidingeat ed
with the PD-L 1 Fc however, devel oped severe disease with the majority of

ani mal s 10apibitlggipal didprasies; spgtially asldngshadieparaliad selidipliase er soliquephaseyldhrariqsg/ 10
d /10 for PD-LIF d trol..m tively). tality 20, ..

P A A T e P R AR R

70%in the El%t{godl, ah s§ tﬁ{cggrz{%%tbdd@ uaqglagx_rﬁ@,cm&ﬁﬁygra ¥ SeMiGhi mheal

di sease was substantia ed inthe P 1 Fc treated mce that did
survi ve despidlegichidibrarg approath it liedteden pepiis Idhraesnwhiteube other fbay 11. I n

concl usi on, usi nai an adaptive transfer nodel of T cell nediated 25 .

aut oi mmuni t \PPEsaPhesags applirabie orpepbde; Bpe-ppplide of igpmer eiviadl baplssule lipHyies)

si gns of,.di sease resul{ing.id& i eas | el ayed recovery from
par al ysilg . fﬁégﬁlp??nﬁféi(fﬁ%%%‘r% (?:%gr?’l s?’ g%fc%bb% Q%%A%ggép
activation/infiltration af infl tory, cell.s int he CNS and. cl ear
deronot rate the THTRGPgmeditgs FRIB: SRR of diofhfer B CufRtpGpE by
Vivo. _ 132 a1 forexEpR34.0P3 WA <P&T (1959 AR303 Excanmse 234 96.de0d;ickb eal/i on of

PD-1 Signaling Mlecules This exanpl e describes a screening assay for the
i denti fi cati(@994)fPrpe. Ml AsadStic V/Sdry : 11422 Zuskteinmni®s &/. §199400i Meyd. Semways. A

Coxpor i mont. H3678; ChS 4 QR0 Seiars Aot 103 Courk skerSde e’ ettt oa i

the presgnc r t I t LN lysis
bt or (01 SR 8 100 RLd ey 0 TR R T BRI R
phosphat ase Gualtvplir ub(5994) Pr iR 87:¢23hen i nmunopr eci pitated with 100 pg

bi oti nyl ated peptide for 4 hours at 4C. The foll ow ng pe}Pti des were used
for i mmunopr eci pikibrarisnef qompoupdsreanche pregemtesjn sofutiong gy Hoyghte(19%3on- 1 T1 V) .
Th . of th t,i,d { &K St i di
agar oo vas BaRSHPE 130N R 2 Sy oM  BUTPHL € a3k s B EhRIRLF

times in 1 9%bysiNadefF6ar555-556f) ba&eMd (YaGher BS1I5 228 HOBS spbirdsT LEERr (JPOSphat e
buffered saline). Sanples were then boiled in SDS- PAGE sanpl e buffer and

run on a54- 2809}, plasmigdsyCitll e/ NOMBR2yPradi Mer. Agall. Soi ddirt8YU) 865FOIy et omas t he
o ot ocol 15 TERpEIPHE 2y (a0 e e et e (R0BSeEE 228 W hom the
gel and anal yg§dR¥rdBES. BRSEY 5RUENLY ARNE 96711354 87:6378-6382); (Felici (1991) J,
) Mol Biol. 222:301-310); (Ladner supra.).
In another embodiment, an assay is a cell-based assay comprising contacting a
30 'cell expressing a PD-1 ligand target molecule (an intracellular interactor molecule or a

PD-1 receptor) or PD-1 target molecule (e.g., aPD-1 ligand ligand or intracellular
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The following PD-I interacting proteins were identified: Experinment 1 (ITIM
peptides): 20 47 kD Y and pY - pervanadate 95 kD Y, pY, and F + pervanadate

25t 30 i 2 (ITIMpeptides) 75 kD Y and pY - per MR kKDY
and pY +E%/§§)\5/Q?1€7§£te C -peptide 22 kD - pervanadate 46 kD\‘??%gr\;andgate -

| 33 WO 02n18ra8to3 mdRcTldySaty dlte dt 30 phnainmdedeetmininfthei abilan obthe RESt 1
Signaling At Time O Prim Q\I&Resul ts In Decreased. T Cell Responses Peptide
specific T cempopdiognedidatgésg. sindlatcsy ihibph thpaqtivity pé thefd i digang eePDd 1/
mce were i j it roteol ipi g i i I . ds 5
adj uvant ( @o’ﬁgﬁgﬁ‘@%-@ﬁ%g?‘“ﬂ“rﬁwﬂﬂ‘ gfiglg?)f gftntﬁé %ﬁ%ﬂl?’d;")é‘aéég" %ﬁgagtglt@ee%gﬁ\}/\{gr e

., collected orfdpp-LRgdnAror PD-YidrgQ neoltid @ RNcahPishb® ol dxampRSBRY'S -
Surprisingly, PLP induced proliferation and cytokine secretion fromLNC

(Fi gure 32Adejermamug the ahilitgetbe PExi pandseri id peetkingo piridgaoeingdact Byith was

cattenuated i 1 ce. treat ith the PD-L 1 Fc.. This, effect has been
observed I n ehP-LdisaRd BrEp- IRt mRlsRE, Seanscilenvhica Pindia er Werpet Rl o pp- 1

Fc gave si mt%ugét &%%?ﬂ&%re%&@ lfﬂg&rtsmla@é é)éti‘vftg.r @fe{eﬁgio @x?ﬁ&‘éﬁiﬂt'&tﬁ&%-‘?[) 1

FC treated m ough cyt oki'nes have not been d at yet, spleen

cel | s from Migaid bePDrleproeth Wdnind todrdstetaortvithvits bindagqiartviedcd ben vitro with
peptide failed to transfer EAE to naive recipients, whereas control 1gG and
PD-L 1 Fc traeeqreplishehers spyl measudeg figeqyibipdingot h r eagents were bei ng

eval uat i n another,.nodel ,.of EAE: lLin. 1 hgodendr ocyt e gl ycoprotein
(VG 1 iunt zed AR EER B ey adhar BT oft e BRATTET Pk SRR s

found to degsgasBoRt@kd)c8h B LADIQS witiPh eRlois@bpSor én@fmAddGabéitil tagd C57BL/ 6
mce stimulated in vitro in the presence of varying concentrations of MOG

(Fi gure 34) .bixiinEstumpPB- 2liganiod BDat poteinfo FAD-1 IQantheal PIdd thxgstmPlecwiengy wit h
an Anti body That Activates PD-1, Attenuates D sease in a Miri del, To
further i nydeeisaminediiy deiertes tsatelsd raeion asprpie- e Pxas EDphbegy | on

i mmunor egul A LY, i ff - af 11 iQ I

ant 1 body e L5k fitclhdsye b PrEl dkand EPB (Hbleift I B Dl ot | ve
t r ansf erlsmurdriH, eitige Hiredtlyet rediteortyitaal tieuhdioisolope derecied bpdiragt ebusting (fEAE) .

Femal e SJL/J mce were immunized with 100ug of proteolipid protein (PLP) in
conpl et e Fr gadigewissign @v Anscintiigatiogppunting: &lterngiivelyfd-hdigandharRIddtragfecules

processed to _single cell.s ensi.ons an h . est il af i .Yitro with
Spg of PLP P bﬁgnw&aﬁgt?”)bteéﬁggd \‘/’\V/ét?'efor St e’tq'%f%g;({l%h%fg&%'&;\a%g’@%gg and t hen
10x106 cel | _Slph‘bﬁﬂﬁatatsé,fiﬂf’tﬁ&fefﬁél, dn@ thPdnzemald ladelNictRtedbyi detehanatibh eneal

injection. The adoptive transfer of autoreactive T cells results in acute

par al ysi s ofconeersionefian aprrepnvié subsirainitd productas | oss of tail tone with
subsequept progression to full hind.linb ralysis. .This ralytic episode
coi nci des’ with rrglllks °i‘ﬁ'ftli“.fl#'?ea%cf’?ﬁ‘_)%'*’fsdﬁ‘fﬁip‘\?/‘g? é%g rpapg the ﬁﬁ' Yeld ophages in
the ONS. Undemimiad (¢RaBdhIhe MSinterdtiidn bStwRBnBOH 1fzand SBHD-1 andflsQ/p@7 8731

hy
PCT/ US02/ 10303 nodel of disease wth spontaneous recovery occurring after a
short peri odmolecyle witlysit the 18tmling vé kryadfi theinddradtives.eFdrexample, admi ni strati on

"Nt apor i t orBFYAIOTIFESUPE b nr sl BIRSCHAN DO0YL BN DI 0, 2
Lel;:]ugl and 8 atfa;g%E m%?elcllletv&i%ﬁ fak 148%ﬁ&£ Mt eiffiRPPHO liﬁgnﬁ%r PH=LEP the ?aqgét\ﬁ?&iec%ﬁk
25  (McConnell, H. M. et al. (1992) Science 257:1906-1912). As used herein, a
“microphysiometer” (e.g., Cytosensor) is an analytical instrument that measures the rate
at which a cell acidifies its environment using a light-addressable potentiometric sensor
(LAPS). Changes in this acidification rate can be used as an indicator of the interaction

between compound and receptor.
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5 anount of rat 1gG on days O, 2, 4, 6 and 8 after cell transfer. A
animals were nonitored regularly for clinical signs of disease which were

scored asWIB(r?]) )0?’%/3@{) 1. Loss of tail tone; 2. partial hind \,&@8&3{0@ sis; 3.

Compl et e paral ysis. The results are presented in ure 35, where
t he cr oss- hat chednbhptSerrapemiseivheittndeteraaning thedbility of derRD-Afligah¢onPDd whi ch
received the anti-PD-1, and the black bars 10 represent the nean clini cal
score of thdﬂretémtpémdﬁp@é.mtqlﬁ@ts«éﬂfa&i’a-lihﬂ@&fﬁ&ﬁ&rg%@mlw%m#on of an

anti-PD-1 antib enuat es. clinjcal sign f di in.an adoptive

transfer mc?g%orgays?gciéy Pé{ﬁ@a‘?‘g@éf&e %’acgltvg?' %trg’ r‘iispt]j;',I h%%'i‘ﬁiﬁfﬁﬁr fhﬁ aBB'@PEé‘Sed

. paralysis. Tthgsemblictdlengsr éi(hﬁxtpié‘?ﬂﬁ'a‘éﬁﬂm of PN 1[RAUTESL1 or the appropriate target
activation/intfiltration of inflammatory cells into the CNS and denonstrate

t hat noddl atmaacué cabeldesirppmedibygletsating inButientdarcalelat secondimessengar éag.rent

~of an autoi nmung ?I(isor der, ng% al so ?Ier%nstrate the i nor egul at ory

potential f d¥TOPIRE KHIAEG aqbwity), JRESHRGAPa YICRNGYMARRIYLY QhP% 2BRIOPFG e ski | | ed

0 the art bl £000idae BlauborAlGehdhR BOR cBhBrithk A%r0. AR Lban

routi ne experinentatl many equi va pecrtic-e I ments of

t he inventi qegulasssdl@itehtbpemiively Hukdl 10 @uiuvialcaitidenzbding atdeed@bletmarke,
enconpassed by the followmng clains. - 135 WO 02/078731 PCT/ US02/ 10303
1. A net hod €&rchirampbrnicod ecaty] teemsherase) endegactiag ajcphlareresnainse regulaisdibyi ng

' i | he .t ] f ith anti . Wi t h
gont tHEC ARITRRRE FEF heRiagbuPabeBieton SRS choy SbtaRoPE e 21 on
of ‘an I MuNeLARY bf the PD-1 Ti38nd &I ;g(]gtgﬁlt@ibmdlzp oMHedr8i it E PBYACHEant Br

sel ected fromthe group consisting an antibody that transmts an

i nhi bi tory dRriakrgetimolPiMd carebestwkoropleshEdrfon ofanipl, by neeaswingzheathibrynofaf
PD- LI, a soluble lEfgr mof PD-L2, a soluble f.orm %&, PD-L] and.a soluble form
of PD-L2, arfomworbigmedpigsgimmune eeil cosimplation ppinpihition ina-proliferagngssey pD- L

1 and tj - : I ] I I,
i bi tory 10 Sg etk e bR obTBOLL RSN | BBpLARIELAR BT o agen
i's sel eatsed dntibodiéd@atdecignize@diidn ¢TghoPD- 1alig@l wb PD-f polspeftideD- L1, a

sol uble formof PD-L2, and a conbination of a soluble formof PD-L 1 and
PD-L2. 15 4. The hveidaoder embgdiment, gthassai of thdpresentimsayon isatcellfeeggpsays an

i nhi bitory sli el alh E;/li,ﬁl_ Plll} 1 ios Ibi %el.lgn}big]nti Qﬁd Ctlch-%t rtal SRerhd ogni zes an
activating r3ddWi D lisnd of EPRhprofym o bipiopiralty AhE PRrYIRdneTsl e cell is a
T cell. 20 @onthbRdWaihhoEstRbmpbatd Ak, theiligi JF thd@st Loffpolind fo Bnd'® e pbd-rel | .

7. The nmethod of claim4, wherein the imune cell is a T cell and the
activating rlgaegpooPDilsprateih ardiidlogiseldipactive paio thefend isrdeterinef. Bindingof,

sher ol gner ol Lo hnduced byt IS e L 2cute MEhod of clatm .
downr egul at &5 Al TP HNGesEGSRUBSFe. [n aeferred embodiment, the assay includes

contacting the PD-1 ligand or PD-1 protein or biologically active porti,on thereof with a

known compound which binds PD-1 ligand or PD-1 to form an assay mixture,

contacting the assay mixture with a test compound, and determining the ability of the

25  test compound to interact with a PD-1 ligand or PD-1 protein, wherein determining the

ability of the test compound to interact with a PD-1 ligand or PD-1 protein comprises

determining the ability of the test compound to preferentially bind to PD-1 ligand or PD-

1 polypeptide or biologically active portion thereof as compared to the known

compound.

- 88 -



10. The method of claim 1, wherein the step of contacting occurs in vivo. -
136 WO 02/ (178731 PCT/US02/ 10303 11. The nmethod of claiml, wherein the

step of CQpt QRM ?p occurs in vitro. 12. A nethod of dovvnrrgglll)l% 31903
activation or activity of an activated 5 imune cell froma su ject havi ng

an aut oi mmune di $wasteherreathiodire¢ht ajie ashy isat @il -freerassuy io edhich a RD+pidasd og
contacting an activated i nmune cell fromthe subject with an anti body that
bi nds to PDPD-&prdiein Rabiokegicallytacye partige theggof ys Q?Plaaﬁdémh /gsleq@mpatithe cel |

froma subjecg avi t { ne
cells is do@ﬂm 'l{%ga?n‘fg&&go n% tg dgpa?‘lf' (e “al %u‘iag 8%@%‘ anghmrr:ruune
. cell is a Toggle PD- 4igaddér PfIBIlh}S}dteﬂf orodl@l'ogic&lzy aMN@'bShiﬂmttﬁ@e@f% H&aebined.
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In yet another embodiment, the cell-free assay involves contacting a PD-1 llgand
or PD-1 protein or biologically active portion thereof with a known compound which
binds the PD-1 ligand or PD-1 protein (e.g., with its binding partner) to form an assay

20  mixture, contacting the assay mixture with a test compound, and determining the ability
of the test compound to prevent the interaction of PD-1 ligand or PD-1 protein with its
binding partner, for example the ability of the test compound to preferentially interact
with the PD-1 ligand or PD-1 protein at its binding site or the ability to modulate the
activity of a PD-1 ligand or PD-1 target molecule can be tested. The cell-free assays of

25  the present invention are amenable to use of both soluble and/or membrane-bound forms
of proteins (e.g., PD-1 ligand or PD-1 proteins or biologically active portions thereof, or
binding partners to which PD-1 ligand or PD-1 binds). In the case of cell-free assays in
which a membrane-bound form of a protein is used (e.g., a cell surface PD-1 ligand or
PD-1 receptor) it may be desirable to utilize a solubilizing agent such that the

30  membrane-bound form of the protein is maintained in solution. Examples of such

solubilizing agents include non-ionic detergents such as n-octylglucoside, n-
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Cell 72:223-232; Madura et al. (1993) J. Biol. Chem. 268:12046-12054; Bartel ef al.

(1993) Biotechniques 14:920-924; Iwabuchi ef al. (1993) Oncogene 8:1693-1696; and
Brent W094/10300), to identify other proteins (“PD-1 ligandor PD-1 binding proteins”

30  or “PD-1 ligand or PD-1 bp”), which bind to or interact with PD-1 ligand or PD-1 and
are involved in PD-1 ligand or PD-1 activity. Such PD-1 ligand-or PD-1 binding
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0 :!t!3dEbC  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

PD-1 ligand or PD-1 protein is fused to a gene encoding the DNA binding domain of a

known transcription factor (e.g., GAL-4). In the other construct, a DNA sequence, from

10  alibrary of DNA sequences, that encodes an unidentified protein (“prey” or “sample”) is
fused to a gene that codes for the activation domain of the known transcription factor. If
the “bait” and the “‘prey” proteins are able to interact, in vivo, forming a PD-1 ligand-
dependent complex, the DNA-binding and activation domains of the transcription factor
are brought into close proximity. This proximity allows transcription of a reporter gene

15  (e.g., LacZ) which is operably linked to a transcriptional regulatory site responsive to the
transcription factor. Expression of the reporter gene can be detected and cell colonies
containing the functional transcription factor can be isolated and used to obtain the
cloned gene which encodes the protein which interacts with the PD-1 ligand or PD-1
protein.

20 This invention further pertains to novel agents identified by the above-described
screening assays. Accordingly, it is within the scope of this invention to further use an
agent identified as described herein in an appropriate animal model. For example, an
agent identified as described herein (e.g., a PD-1 ligand or PD-1 modulating agent, an
antisense PD-1 ligand or PD-1 nucleic acid molecule, a PD-1 ligand-or PD-1 specific

25  antibody, or a PD-1 ligand or PD-1 binding partner) can be used in an animal model to
determine the efficacy, toxicity, or side effects of treatment with such an agent.
Alternatively, an agent identified as described herein can be used in an animal model to
determine the mechanism of action of such an agent. Furthermore, this invention
pertains to uses of novel agents identified by the above-described screening assays for

30 treatments as described herein.
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typing); and (iii) aid in forensic identification of a biological sample. These applications

are described in the subsections below.

10

1. Diagnostic Assays

An exemplary method for detecting the presence or absence of PD-1 ligand or
PD-1 protein or nucleic acid in a biological sample involves obtaining a biological
sample from a test subject and contacting the biological sample with a compound or an

15 agent capable of detecting PD-1 ligand or PD-1 protein or nucleic acid (e.g., mRNA,
genomic DNA) that encodes PD-1 ligand or PD-1 protein such that the presence of PD-1
ligand or PD-1 protein or nucleic acid is detected in the biological sample. A preferred
agent for detecting PD-1 ligand or PD-1 mRNA or genomic DNA is a labeled nucleic
acid probe capable of hybridizing to PD-1 ligand or PD-1 mRNA or genomic DNA.

20  The nucleic acid probe can be, for example, a human PD-1 ligand or PD-1 nucleic acid,
such as the nucleic acid of SEQ ID NO:1, 3, 10, 11, or 38 or a portion thereof, such as an
oligonucleotide of at least 15, 30, 50, 100, 250 or 500 nucleotides in length and
sufficient to specifically hybridize under stringent conditions to PD-1 ligand or PD-1
mRNA or genomic DNA. Other suitable probes for use in the diagnostic assays of the

25  invention are described herein.

A preferred agent for detecting PD-1 ligand or PD-1 protein is an antibody
capable of binding to PD-! ligand or PD-1 protein, preferably an antibody with a
detectable label. Antibodies can be polyclonal, or more preferably, monoclonal. An
intact antibody, or a fragment thereof (e.g., Fab or F(ab’)7) can be used. The term

30 “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
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30

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 is, the detection method of the invention can be used to detect
PD-1 ligand or PD-1 mRNA, protein, or genomic DNA in a biological sample in vitro as
well as in vivo. For example, in vitro techniques for detection of PD-1 ligand or PD-1
mRNA include Northern hybridizations and in situ hybridizations. [n vitro techniques
for detection of PD-1 ligand or PD-1 protein include enzyme linked immunosorbent
assays (ELISAs), Western blots, immunoprecipitations and immunofluorescence. /n
vitro techniques for detection of PD-1 ligand or PD-1 genomic DNA include Southern
hybridizations. Furthermore, in vivo techniques for detection of PD-1 ligand or PD-1
protein include introducing into a subject a labeledanti-PD-1 ligand or PD-1 antibody.
For example, the antibody can be labeled with a radioactive marker whose presence and
locatipn in a subject can be detected by standard imaging techniques.

In one embodiment, the biological sample contains protein molecules from the
test subject. Alternatively, the biological sample can contain mRNA molecules from the
test subject or genomic DNA molecules from the test subject. A preferred biological
sample is a serum sample isolated by conventional means from a subject.

In another embodiment, the methods further involve obtaining a control
biological sample from a control subject, contacting the control sample with a
compound or agent capable of detecting PD-1 ligand or PD-1 protein, mRNA, or
genomic DNA, such that the presence of PD-1 ligand or PD-1 protein, nRNA or
genomic DNA is detected in the biological sample, and comparing the presence of PD-1
ligand or PD-1 protein, nRNA or genomic DNA in the control sample with the presence
of PD-1 ligand or PD-1 protein, mRNA or genomic DNA in the test sample.

The invention also encompasses kits for detecting the presence of PD-1 ligand or
PD-1 ir‘l a biological sample. For example, the kit can comprise a labeled compound or

agent capable of detecting PD-1 ligand or PD-1 protein or mRNA in a biological
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10 PD-1 ligand or PD-1 expression or activity. For example, the assays described herein,

such as the preceding diagnostic assays or the following assays, can be utilized to
identify a subject having or at risk of developing a disorder associated with PD-1 ligand
or PD-1 protein, expression or activity. Thus, the present invention provides a method
for identifying a disease or disorder associated with aberrant PD-1 ligand or PD-1

15 expression or activity in which a test sample is obtained from a subject and PD-] ligand
or PD-1 protein or nucleic acid (e.g., mRNA, genomic DNA) is detected, wherein the
presence of PD-1 ligand or PD-1 protein or nucleic acid is diagnostic for a subject
having or at risk of developing a disease or disorder associated with aberrant PD-1
ligand or PD-1 expression or activity. As used herein, a “test sample” refers to a

20  biological sample obtained from a subject of interest. For example, a test sample can be
a biological fluid (e.g., serum), cell sample, or tissue.

Furthermore, the prognostic assays described herein can be used to determine
whether a subject can be administered an agent (e.g., an agonist, antagonist,
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug éandidate)

25  to treat a disease or disorder associated with aberrant PD-1 ligand or PD-1 expression or
activity. Thus, the present invention provides methods for determining whether a
subject can be effectively treated with an agent for a disorder associated with aberrant
PD-1 ligand or PD-1 expression or activity in which a test sample is obtained and PD-1
ligand or PD-1 protein or nucleic acid expression or activity is detected (e.g., wherein

30 the abundance of PD-1 ligand or PD-1 protein or nucleic acid expression or activity is
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presence or absence of a genetic alteration characterized by at least one of an alteration
affecting the integrity of a gene encoding a PD-1 ligand or PD-1 protein, or the mis-
expression of the PD-1 ligand or PD-1 gene. For example, such genetic alterations can

10 be detected by ascertaining the existence of at least one of 1) a deletion of one or more
nucleotides from a PD-1 ligand or PD-1 gene; 2) an addition of one or more nucleotides
to a PD-1 ligand or PD-1 gene; 3) a substitution of one or more nucleotides of a PD-1
ligand or PD-1 gene, 4) a chromosomal rearrangement of a PD-1 ligand or PD-1 gene;
5) an alteration in the level of a messenger RNA transcript of a PD-1 ligand or PD-]

15 gene, 6) aberrant modification of a PD-1 ligand or PD-1 gene, such as of the methylation
pattern of the genomic DNA, 7) the presence of a non-wild type splicing pattern of a
messenger RNA transcript of a PD-1 ligand or PD-1 gene, 8) a non-wild type level of a
PD-1 ligand or PD-1 protein, 9) allelic loss of a PD-1 ligand or PD-1 gene, and 10)
inappropriate post-transiational modification of a PD-1 ligand or PD-1 protein. As

20  described herein, there are a large number of assay techniques known in the art which
can be used for detecting alterations in a PD-1 ligand or PD-1 gene. A preferred
biological sample is a tissue or serum sample isolated by conventional means from a
subject, e.g., a cardiac tissue sample.

In certain embodiments, detection of the alteration involves the use of a

25  probe/primer in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent Nos.
4,683,195 and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a
ligation chain reaction (LCR) (see, e.g., Landegran et al. (1988) Science 241:1077-1080;
and Nakazawa et al. (1994) Proc. Natl. Acad. Sci. USA 91:360-364), the latter of which
can be particularly useful for detecting point mutations in the PD-1 ligand or PD-1 gene

30 (see Abravaya et al. (1995) Nucleic Acids Res. 23:675-682). This method can include

the steps of collecting a sample of cells from a patient, isolating nucleic acid (e.g.,

-97.



f* 109%4& ()-S( 109H& () - , " 109%4& () -1 %r10%H& () - uv WwwWwWwwvRx ~
10HLO%VE' ()-! 1090V& ()- 10H 10H 10H& 10%4& ()-!\ 996#10% H H& () -ff/ -

1094 dE~_ @ 10H S10%! ()-f Z" 10%/& 109 0%VE:
3 mow&‘?@m%%&{()-rg{l ||deE~_(@73 10H@ 10%\/&'(%)-@10 U%%”‘%i‘%’w& (§)&

109%V&!' () - L0y ik ; mBINOVBKLALD ) ¥ the-cktts OEthe @rhPld, contRUNE tHe) miceROA () -
' 109VE () - Y% #109%&' ()- #109%v& ()-! 1094v& ( hndE~ @ 10H
4109 () - 2imwl)h0@wmppwwwm9mcvgm y hpbrpdeze tp-a RD-1 diggved on PRYC

Lor 0% (P SOOI sy AR g0 SO 050
ig?ﬁ; i E g gsﬁ'%)pg ot f)égrlgé’fgi ogélzr)s %ggg\ﬁse&lﬁé the $fesddd¥oabsenéd 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 amplification step in conjunction with any of the techniques used for
detecting mutations described herein.

Alternative amplification methods include: self sustained sequence replication

10 (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-
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
molecules using techniques well known to those of skill in the art. These detection

15  schemes are especially useful for the detection of nucleic acid molecules if such
molecules are present in very low numbers.

In an alternative embodiment, mutations in a PD-1 ligand or PD-1 gene from a
sample cell can be identified by alterations in restriction enzyme cleavage patterns. For
example, sample and control DNA is isolated, amplified (optionally), digested with one

20  or more restriction endonucleases, and fragment length sizes are determined by gel
electrophoresis and compared. Differences in fragment length sizes between sample and
control DNA indicates mutations in the sample DNA. Moreover, the use of sequence
specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score
for the presence of specific mutations by development or loss of a ribozyme cleavage

25 site.

In other embodiments, genetic mutations in PD-1 ligand or PD-1 can be
identified by hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high
density arrays containing hundreds or thousands of oligonucleotides probes (Cronin, M.
T. et al. (1996) Hum. Mutar. 7:244-255; Kozal, M. J. et al. (1996) Nat. Med. 2:753-759).

30  For example, genetic mutations in PD-1 ligand or PD-1 can be identified in two

dimensional arrays containing light-generated DNA probes as described in Cronin, M.
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In yet another embodiment, any of a variety of sequencing reactions known in
10 the art can be used to directly sequence the PD-1 ligand or PD-1 gene and detect
mutations by comparing the sequence of the sample PD-1 ligand or PD-1 with the
corresponding wild-type (control) sequence. Examples of sequencing reactions include
those based on techniques developed by Maxam and Gilbert ((1977) Proc. Natl. Acad.
Sci. USA 74:560) or Sanger ((1977) Proc. Natl. Acad. Sci. USA 74:5463). It is also
5  contemplated that any of a variety of automated sequencing procedures can be utilized
when performing the diagnostic assays ((1995) Biotechniques 19:448), including
sequencing by mass spectrometry (see, e.g., PCT International Publication No. WO
94/16101; Cohen et al. (1996) Adv. Chromatogr. 36:127-162; and Griffin et al. (1993)
Appl. Biochem. Biotechnol. 38:147-159).
20 Other methods for detecting mutations in the PD-1 ligand or PD-1 gene include
methods in which protection from cleavage agents is used to detect mismatched bases in
RNA/RNA or RNA/DNA heteroduplexes (Myers et al. (1985) Science 230:1242). In
general, the art technique of “mismatch cleavage” starts by providing heteroduplexes
formed by hybridizing (labeled) RNA or DNA containing the wild-type PD-1 ligand or
25  PD-I sequence with potentially mutant RNA or DNA obtained from a tissue sample.
The double-stranded duplexes are treated with an agent which cleaves single-stranded
regions of the duplex such as which will exist due to basepair mismatches between the
control and sample strands. For instance, RNA/DNA duplexes can be treated with
RNase and DNA/DNA hybrids treated with S1 nuclease to enzymatically digest the
50  mismatched regions. In other embodiments, either DNA/DNA or RNA/DNA duplexes

can be treated with hydroxylamine or osmium tetroxide and with piperidine in order to
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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
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 PD-1 ligand 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 a/. (1994)
Carcinogenesis 15:1657-1662). According to an exemplary embodiment, a probe based
on a PD-1 ligand sequence, e.g., a wild-type PD-1 ligand or PD-1 sequence, is
hybridized to a cDNA or other DNA product from a test cell(s). The duplex is treated
with a DNA mismatch repair enzyme, and the cleavage products, if any, can be detected
from electrophoresis protocols or the like. See, for example, U.S. Patent No. 5,459,039.

In other embodiments, alterations in electrophoretic mobility can be used to
identify mutations in PD-1 ligand or PD-1 genes. For example, single strand
conformation polymorphism (SSCP) can be used to detect differences in electrophoretic
mobility between mutant and wild type nucleic acids (Orita et al. (1989) Proc Natl.
Acad. Sci. USA: 86:2766, see also Cotton (1993) Mutat. Res. 285:125-144; and Hayashi
(1992) Genet. Anal. Tech. Appl. 9:73-79). Single-stranded DNA fragments of sample
and control PD-1 ligand or PD-1 nucleic acids can be denatured and allowed to renature.
The secondary structure of single-stranded nucleic acids varies according to sequence,
the resulting alteration in electrophoretic mobility enables the detection of even a single
base change. The DNA fragments can be labeled or detected with labeled probes. The
sensitivity of the assay may be enhanced by using RNA (rather than DNA), in which the
secondary structure is more sensitive to a change in sequence. In a preferred
embodiment, the subject method utilizes heteroduplex analysis to separate double
stranded heteroduplex molecules on the basis of changes in electrophoretic mobility

(Keen et al. (1991) Trends Genet. 7:5).
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10%‘&' ()-8 ysed 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

10 limited to, selective oligonucleotide hybridization, selective amplification, or selective
primer extension. For example, oligonucleotide primers may be prepared in which the
known mutation is placed centrally and then hybridized to target DNA under conditions
which permit hybridization only if a perfect match is found (Saiki et al. (1986) Nature
324:163); Saiki et al. (1989) Proc. Natl. Acad. Sci. USA 86:6230). Such allele specific

15  oligonucleotides are hybridized to PCR amplified target DNA or a number of different
mutations when the oligonucleotides are attached to the hybridizing membrane and
hybridized with labeled target DNA.

Alternatively, allele specific amplification technology which depends on selective
PCR amplification can be used in conjunction with the instant invention.

20  Oligonucleotides used as primers for specific amplification may carry the mutation of
interest in the center of the molecule (so that amplification depends on differential
hybridization) (Gibbs et al. (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3’
end of one primer where, under appropriate conditions, mismatch can prevent, or reduce
polymerase extension (Prossner et al. (1993) Tibtech 11:238). In addition it may be

25  desirable to introduce a novel restriction site in the region of the mutation to create
cleavage-based detection (Gasparini ef al. (1992) Mol. Cell Probes 6:1). It is anticipated
that in certain embodiments amplification may also be performed using Taq ligase for
amplification (Barany (1991) Proc. Natl. Acad. Sci. USA 88:189). In such cases, ligation
will occur only if there is a perfect match at the 3’ end of the 5° sequence making it

30  possible to detect the presence of a known mutation at a specific site by looking for the

presence or absence of amplification.
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VII. Administration of Modulating Agents for PD-1 ligand or PD-1

10 PD-1 ligand or PD-1 modulating agents of the invention are administered to
subjects in a biologically compatible form suitable for pharmaceutical administration in
vivo to either 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 administered in which any toxic effects are outweighed by the therapeutic

15  effects of the protein. The term subject is intended to include living organisms in which
an immune response can be elicited, e.g., mammals. Examples of subjects include
humans, do-gs, cats, mice, rats, and transgenic species thereof. Administration of an
agent as described herein can be in any pharmacological form including a therapeutically
active amount of an agent alone or in combination with a pharmaceutically acceptable

20  carrier.

Administration of a therapeutically active amount of the therapeutic
compositions of the present invention is defined as an amount effective, at dosages and
for periods of time necessary to achieve the desired result. For example, a
therapeutically active amount of a PD-1 ligand or PD-1 polypeptide may vary according,

25  to factors such as the disease state, age, sex, and weight of the individual, and the ability
of peptide to elicit a desired response in the individual. Dosage regimens can be
adjusted to provide the optimum therapeutic response. For example, several divided
doses can be administered daily or the dose can be proportionally reduced as indicated

by the exigencies of the therapeutic situation.
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109%& () -f, ’%\J}Qdﬂ'ﬁiﬁ nactivate the compound. For example, to administer PD-1 ligand 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.

10 A PD-1 ligand or PD-1 modulating agent can be administered to an individual in
an appropriate 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

15 include resorcinols, non-ionic surfactants such as polyoxyethylene oleyl ether and n-
hexadecyl polyethylene ether. Enzyme inhibitors include pancreatic trypsin inhibitor,
diisopropylfluorophosphate (DEEP) and trasylol. Liposomes include water-in-oil-in-
water emulsions as well as conventional liposomes (Sterna et al. (1984) J.
Neuroimmunol. 7:27).

20 The active compound may also be administered parenterally or intraperitoneally.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures
thereof and in oils. Under ordinary conditions of storage and use, these preparations
may contain a preservative to prevent the growth of microorganisms.

Pharmaceutical compositions suitable for injectable use include sterile aqueous

25  solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. In all cases, the
composition must be sterile and must be fluid to the extent that easy syringeability
exists. It must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and

30  fungi. The carrier can be a solvent or dispersion medium containing, for example,

water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyetheylene
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composition. Prolonged absorption of the injectable compositions can be brought about
by including in the composition an agent which delays absorption, for example,
10  aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating active compound
(e.g., a PD-1 ligand 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

15 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 preferred methods of
preparation are vacuum drying and freeze-drying, which yields a powder of the active
ingredient (e.g., peptide) plus any additional desired ingredient from a previously sterile-

20  filtered solution thereof.

When the active compound is suitably protected, as described above, the protein
can be orally administered, for example, with an inert diluent or an assimilable edible
carrier. As used herein “pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and

25  absorption delaying agents, and the like. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active compound, use thereof in
the therapeutic compositions is contemplated. Supplementary active compounds can

also be incorporated into the compositions.
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5  calculated to produce the desired therapeutic effect in association witﬁ the required
pharmaceutical carrier. The specification for the dosage unit forms of the invention are
dictated by and directly dependent on (a) the unique characteristics of the active
compound and the particular therapeutic effect to be achieved, and (b) the limitations
inherent in the art of compounding such an active compound for the treatment of

10 sensitivity in individuals.

In one embodiment of the present invention a therapeutically effective amount of
an antibody to a PD-1 ligand 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

15 weight, more preferably about 0.1 to 20 mg/kg body weight, and even more preferably
about | to 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 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 disorder, previous treatments, the general health and/or age of the subject, and

20  other diseases present. Moreover, treatment of a subject with a therapeutically effective
amount of an antibody can include a single treatment or, preferably, can include a series
of treatments. In a preferred example, a subject is treated with antibody in the range of
between about 0.1 to 20 mg/kg body weight, one time per week for between about 1 to
10 weeks, preferably between 2 to 8 weeks, more preferably between about 3 to 7

25  weeks, and even more preferably for about 4, 5, or 6 weeks. [t will also be appreciated
that the effective dosage of antibody used for treatment may increase or decrease over
the course of a particular treatment. Changes in dosage may result from the results of -
diagnostic assays as described herein.

Monitoring the influence of agents (e.g., drugs or compounds) on the expression

30  oractivity of a PD-1 ligand or PD-1 protein can be applied not only in basic drug

screening, but also in clinical trials. For example, the effectiveness of an agent
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5  Alternatively, the effectiveness of an agent determined by a screening assay to decrease
PD-1 ligand or PD-1 gene expression, protein levels, or downregulate PD-1 ligand or
PD-1 activity, can be monitored in clinical trials of subjects exhibiting increased PD-1
ligand or PD-1 gene expression, protein levels, or upregulated PD-1 ligand or PD-1
activity. In such clinical trials, the expression or activity of a PD-1 ligand or PD-1 gene,
10 and preferably, 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 exampie, and not by way of limitation, genes, including PD-1 ligand or PD-
1, that are modulated in cells by treatment with an agent (e.g., compound, drug or small
molecule) which modulates PD-1 ligand or PD-1 activity (e.g., identified in a screening
15  assay as described herein) can be identified. Thus, to study the effect of agents on a PD-
1 ligand 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 PD-1 ligand or PD-1 and
other genes implicated in the PD-1 ligand or PD-1 associated disorder, respectively. The
levels of gene expression (i.e., a gene expression pattern) can be quantified by Northern
20  blot analysis or RT-PCR, as described herein, or alternatively by measuring the amount
of protein produced, by one of the methods as described herein, or by measuring the
levels of activity of PD-1 ligand or PD-1 or other genes. In this way, the gene
expression pattern can serve as a marker, indicative of the physiological response of the
cells to the agent. Accordingly, this response state can be determined before, and at
25  various points during treatment of the individual with the agent.

In a preferred embodiment, the present invention provides a method for
monitoring the effectiveness of treatment of a subject with an agent (e.g., an agonist,
antagonist, peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug
candidate identified by the screening assays described herein) comprising the steps of (i)

30  obtaining a pre-administration sample from a subject prior to administration of the

agent; (ii) detecting the level of expression of a PD-1 ligand or PD-1 protein, mRNA, or
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5  protein, mRNA, or genomic DNA in the pre-administration sample with the PD-1 ligand
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,
increased administration of the agent may be desirable to increase the expression or
activity of PD-1 ligand or PD-1 to higher levels than detected, i.e., to increase the

10  effectiveness of the agent. Alternatively, decreased administration of the agent may be
desirable to decrease expression or activity of PD-1 ligand or PD-1 to lower levels than
detected, i.e., to decrease the effectiveness of the agent. According to such an
embodiment, PD-1 ligand or PD-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.

15 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

Listing, are incorporated herein by reference.

20
EXAMPLES

Example 1: Isolation of PD-L1 ¢cDNA Molecules

The protein sequence of the extracellular domain of human B7-1 was used to
25  search the public databases for nucleic acid molecules encoding homologous
polypeptides. Two overlapping sequences in the EST database, AA292201 and
AA399416, were identified. These sequences were used to isolate full-length PD-L1
¢DNAs from human activated keratinocyte and placental cDNA libraries as follows.
Oligonucleotides with the sequence 5’-CAGCTATGGTGGTGCCGACTACAA-
30 -3’ (SEQIDNO:5) and 5’-AGGTGCTAGGGGACAGTGTTAGACA-3" (SEQ ID NO:6)

from these ESTs were synthesized. These oligonucleotides were used to prime a PCR
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5  expected size of 389 bp. The 389 bp product from the PCR of INF-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;
68°C, 5 min, hold 4°C. The biotinylated PCR product was purified on a Nucleospin

10 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 pug of RecA protein, 1X ATP in a final volume of 30 ul. The
reaction was incubated at 37°C for 15 min. To that mixture, 0.7 pug of plasmid DNA of
an activated keratinocyte cDNA library and 0.4 pg of a human placental cDNA library

15 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 ug of
proteinase K were added and incubated at 37°C for 10 min. Proteinase K was
inactivated by adding 1 pl of 0.1 M PMSF. Streptavidin magnetic beads were
preincubated with 5 pg of sheared salmon sperm DNA for 10 min and the beads

20  captured with a magnet, the supernatant removed, and the beads resuspended in 30 p of
binding buffer (1 mM EDTA, 1 M NaCl, 10 mM Tris-HCI, pH 7.5). The beads were
added to the reaction and the reaction incubated for 30 min at room temperature with
gentle mixing. The beads were captured with a magnet and the supernatant removed.
The beads were washed with 1 ml of washing buffer (I mM EDTA, 2 M NaCl, 10 mM

25  Tris-HC], pH 7.5), beads were captured with a magnet and the supernatant removed.
The wash procedure was repeated 3 times. One ml of sterile H,0 was added to the
washed beads, incubated 5 min at 37°C, beads were captured on a magnet and the
supernatant removed. Captured DNA was eluted by adding 0.1 m! of elution buffer (1
mM EDTA, 0.1 N NaOH), incubating 5 min at room temperature, beads were captured

30  with a magnet and the supernatant removed and saved in a new tube. 22.5 pl of
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5  pg/ml ampicillin. Colonies were lifted onto Nytran filters and hybridized with *P-
labeled oligonucleotides with the sequence
5’-CAGCTATGGTGGTGCCGACTACAA-3’ (SEQ ID NO:5),
5’-AGGTGCTAGGGGACAGTGTTAGACA-3’ (SEQ ID NO:6), and
5’-TCGCTTGTAGTCGGCACCACCATA-3’ (SEQ ID NO:9). All oligos are from

10 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 PD-LI molecules. The first form, PD-L1
secreted (PD-L18S) encodes a protein having a short hydrophilic domain without a

15 membrane anchor. The nucleotide and amino acid sequences of this form are shown in
SEQ ID NO:1 and 2, respectively. The second form, PD-L1 membrane (PD-L1M)
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 PD-L1 family identified have signal, gV, and [gC

20  domains, as illustrated in Figures 3 and 4. The PD-L 1M form has approximately 21%
amino acid identity to human B7-1 and about 20% amino acid identity to human B7-2 as
calculated using the default Blosum62 matrix with gap penalties set at existence 11 and
extension | (See http://www.ncbi.nlm.nih.gov), under conditions where B7-1 and B7-2
have about 26% identity.

25
Example 2: Expression of PD-L1 mRNA: Northern Blot Analysis

An mRNA of the soluble form of PD-L1 is predicted to be about 1.2kb though

other sizes are possible. The mRNA of the second form is about 3.8 kb, with minor

mRNAs of 1.6 and 6.5 kb.
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5  to both the PD-L1S and PD-L1 M forms. These PD-L1 mRNAs are highly expressed in
placenta, lung, and heart and are moderately expressed in the thymus. In addition, these
PD-L1 mRNAs are weakly expressed in skeletal muscle, kidney, pancreas, prostate,
testis, ovary, small intestine, colon, and peripheral blood leukocytes. They were also
found to be very weakly expressed in liver or brain. PD-L1 mRNAs were not expressed
10  in unstimulated monocytes, but were strongly induced by IFN-y. Similarly, the
expression of these polypeptides was found to be induced in keratinocytes by TPA/IFN-
v and in dendritic cells by IFN- y. These PD-L1 mRNAs were not expressed in
unstimulated B cells, but were induced by Ig crosslinking.
Expression of these PD-L.1 mRNAs was also examined 1n a variety of cell lines.
15  They were not found to be expressed in B cell lines such as Raji, Ramos, LBL, Nalm 6,
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.

20 Example 3: Further Characterization of PD-LL1 mRNA Expression: Northern
Blot Analysis

Mouse and human multiple tissue Northern blots (Clontech, Palo Alto, CA) were

probed with *P-dCTP radiolabeled cDNA probes in QuikHyb (Stratagene, La Jolla, CA)
according to the manufacturer’s instructions. The human PD-L1 probe consisted of a |
25 kb BamHI/Notl fragment of the cDNA spanning the coding region and 3’ untranslated
region of SEQ ID NO:1. The mouse PD-L1 probe consisted of a 300 bp cDNA
fragment from the coding region. Control actin probes were supplied by Clontech.
Blots were washed twice at room temperature in 2X SSC, 0.1% SDS, followed by 0.2X
SSC, 0.1% SDS at 65°C, and examined by autoradiography.
30 PD-L1 mRNA was expressed at high levels in heart, human placenta, and human

fetal liver, and at lower levels in spleen, lymph nodes, thymus, and mouse liver.
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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

10 first strand cDNA. FAM (6-caroxyfluorescein)-labeled human PD-L.1, B7-1, B7-2, and
GAPDH probes were purchased from PE Biosystems PD-L1: primers 5°-
GCCGAAGTCATCTGGACAAG-3’ (SEQ ID NO:13) and 5°-
TCTCAGTGTGCTGGTCACAT-3’ (SEQ ID NO:14), probe
5’-FAM-CACCACCACCAATTCCAAGA-3’ (SEQID NO:15); B7-1: primers

15 5-ACGTGACCAAGGAAGTGAAAGAA-3" (SEQID NO: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

20 5 -FAM-CGGACAGTTGGACCCTGAGACTTCACA-3’ (SEQ ID NO:21).

PCR reactions were set up in 96-well plates using reagents from the Perkin

Elmer TagMan™ EZ kit, according to the manufacturer’s instructions. Standard curves
were set up for each of the four genes analyzed. Forty cycles of PCR were run in an
ABI Prism 7700 Sequence Detector and GAPDH was used to normalize the PD-L1, B7-

25 1,and B7-2 results.

The Affymetrix Mul9KsubA chip was used for Genechip hybridization analysis.

The sequence of a portion of murine PD-L1 is represented by expressed sequence tag
TC17781 of The Institute for Genomic Research on this chip. RNA isolation, chip
hybridization and scanning was performed as described in Byrne, M. C. et /. (2000)

30  Curr. Prot. Mol. Biol. Suppl. 49:22.2.1-22.2.13.

-111-



10\: 10% & ()-f710% & ()-&610% & ()-SS/' S 10% & () - ?dEnbC 10" @ f
109448 () - &s! 10944& ()- S3 Y109%4& ()- @10%4& ()- Sy 10%4& () - "10%4&()

dEmbC 10, Y% 10%& 1094& () - ! 109%44&
(dENDC 10, G oAr’ () ()- @10% () ()~ Gt Rkl

0" 96&! 10%4&' () - 410%4& () - 210%4& () -

110%1& ( ) - Sf/ 1096H&t RNA blbOBgHid{2atipin Chel D:6\kbELBMn&inG B-6 KiOMihg PDAOVARNA} -
10H 10H: 10%H& ["dERC 10" 10% 0% & ()-L'10% & () -
10% & () -y Méw@ﬁ&e&l? wvth%ewci@beleig%@dém@lmmg Wity P-ATP

10 & () -]
10\ 10\ 10\

o e fiehd haghnfnl DNR Py pfelask T- RAGEBEis e B BTAast 074 ()

10H
Y

10" "1 10%4&" [pscrided dORMeEmbn 0319%“&1@2)110%&1@1 r491:0/%k§8())- ' 10%4& () - >=dEnbC

" 10" S@ 10%H8 () - 10948 ( (zeﬂsww& 109448 () - f! 1094H& S
1 10%44&' ( § - ==6dEntilomep" ﬂumﬁe&!swerederw@mn(penpseral ( Movosuchea-gel(s) - S#-
1094 () -S!

" 10%4& () - &9

R QRS A0 SO (0 Mo ot vr removes

10HS! 109%5&' G)d the remaining cells cultured in 150 ng/ml human GM-CSF (R&D Systems) and 100

10

15

20

25

ng/ml human IL-4 (R&D Systems) for 2 days. The non-adherent dendritic cells were
isolated (CD80" CD86" HLA-DR' CD54" CD58" CDla') and cultured in GM-CSF alone
or activated with GM-CSF, 2.5 pug/ml LPS (Sigma Chemicals), and 10 ng/ml human
Interferon-y. At 4 hours and 20 hours after activation, cells were harvested and RNA
1solated 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
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 [A" 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
upregulated upon interferon-y treatment. Treatment of monocytes with another pro-
inflammatory cytokine, tumor necrosis factor (TNF)-a led to a low level induction
similar to that found with medium alone, presumably as a result of activation by
adherence to plastic. In addition to the major 4.2 kb PD-L1 mRNA, a minor 1.8 kb PD-
L1 mRNA species was also observed in interferon-y treated monocytes. Expression of
PD-L1 by human B-cells activated by cell surface immunoglobulin cross-linking, but
not by the Raji cell line, was also observed. Similarly, B7-1 is not expressed by
unstimulated monocytes, but is upregulated in response to interferon-y with kinetics
similar to PD-L1 expression. In contrast, B7-2 mRNA is constitutively expressed in

monocytes and levels are unaffected by interferon-y or TNF-o treatment.
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hours and 22-fold at 20 hours. B7-2 showed lmle mduct10n at 4 hours however
expression was induced S-fold at 20 hours. Expression of PD-L1 by murine bone

10 marrow-derived dendritic cells treated with LPS and interferon-y was examined using
Genechip™ hybridization. PD-L1 expression in these cells follows a pattern similar to
that observed on human dendritic cells: a 5-fold induction of the PD-L1 mRNA relative
to the uninduced cells at 6 and 20 hours after induction. These data demonstrate that
PD-L1 is expressed by antigen presenting cells and lymphocytes, and it is induced on

15 dendritic cells in a manner similar to B7-1 and B7-2. Treatment of human keratinocytes .
with phorbol ester and interferon-y also i.nduced PD-LI.

In murine tissues, an approximately 3.7kb PD-L1 mRNA transcript was detected

by northern blot hybridization. The distribution of the murine PD-L1 mRNA closely
resembled that of the human PD-L1, with high levels in heart, thymus and lung, and low

20 levels in kidney, spleen and liver.

Example 5: Chromosomal Localization of PD-L1

The chromosomal localization of the PD-L1 genes was determined using a
monochromosomal blot kit commercially available from Quantum (Toronto, Canada).
25  The blots were probed with a sequence that recognizes both PD-L1S and PD-L1M.
Using this method, the PD-L1 polypeptides have been localized to human chromosome
9, whereas B7-1 and B7-2 have been localized to human chromosome 3. The
butyrophilins, which also share limited amino acid sequence identity with the PD-L1
family have been localized to the major histocompatibility complex on chromosome 6.

30  The chromosomal location of PD-L1 was confirmed using PD-L1 specific primers in
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The ablllty of COS cells expressing PD-L1M to bind to various T cell receptors

and antibodies was tested. FACS analysis of binding of CD28Ig, CTLA4-1g, and

10 control Ig by PD-L1-transfected COS cells showed that neither CD28Ig nor CTLA4-1g
was bound by PD-L1 (Figure 8). The ability of COS cells expressing PD-L1M to bind
to IgG and murine ICOS-his fusion protein was also tested. No binding of human PD-
L1 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)

15  antibodies PD-L1-transfected COS cells.

Example 7:  Costimulation of T Cell Proliferation By PD-L1 Molecules

The ability of PD-L1 polypeptides to costimulate human T cell proliferation was
tested. Human CD28" T cells were isolated by immunomagnetic bead depletion using
20 monoclonal antibodies directed against B cells, natural killer cells and macrophages as
previously described (Gimmi, C.D. et al. (1993) Proc. Natl. Acad. Sci. USA 90:6586-
6590). PD-L1 and vector transfected COS cells were harvested 72 hours after
transfection, incubated with 25ug/ml of mitomycin-C for 1 hour, and then extensively
washed. 102 naive T Cells were stimulated with plate bound anti-CD3 mAb plus 20,000
25  mitomycin-c treated COS cells transfected with the indicated DNA construct,
T cell proliferation was measured by 3H-thymidine (1 puCi) incorporated for the
last 12 hours of a 72 hour incubation. As shown in Figures 11 and 12, COS cells

expressing PD-L1 can costimulate T cell proliferation.
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After anesthetizing the mice, 50 pl of 1 mg/ml purified PD-L1 ¢cDNA/vector

10 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
were then boosted with CHO cells transfected with PD-L1.

15 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, ¢.g.,
“Antibodies: A Laboratory Manual”, Harlow, E. and Lane, D., Cold Spring Harbor
Laboratory (1988), which is incorporated herein by reference).

20 Antibodies 2A3, 10D9, SA9, and 11D12 were among those selected in screening
assays. These antibodies were found to bind to COS or CHO cells transfected with
human PD-L1 and not to mock transfected cells or to cells transfected with mouse PD-
L1. The antibodies were used to detect the presence of PD-L1 on various cell
populations. PD-L1 expression was observed, inter alia, on heart tissue, tumor cells

25  (including some lung tumor cells, some ovarian tumor cells, some breast tumor cells,
some epithelial tumor cells, and some squamous cell carcinomas), placenta, and thymic
epithelium.

Another antibody, clone 29E.2A3.C6 (mouse IgG2bk) was used to examine cell
surface expression of PD-L1. PD-L1 is expressed on human breast cancer cell lines

30 MDA-231, SKBR-3, and MCF-7.
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practical approach, Robertson, E. J. ed., IRL Press, Washington, D.C., 1987, Zijlstra et
al. (1989) Nature 342:435-438; and Schwartzberg et al. (1989) Science 246:799-803,
each of which is incorporated herein by reference). DNA cloning procedures are carried
out according to Sambrook, J. ef al. in Molecular Cloning: A Laboratory Manual, 2d
ed., 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 PD-L.1 or PD-1
or a fusion protein comprising at least an immunogenic portion of the extracellular
domain of PD-L1 or PD-1. Approximately four hundred pg of PD-L.1 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 PD-L1 or PD-1 are assessed using an
indirect enzyme-linked immunosorbent assay (ELISA). Several immunoglobulin
superfamily molecules are tested as controls (e.g., CTLA4 and CD28) to analyze the
antibody specificity of the antibody for D-L1 or PD-1. Antibodies having human
variable regions which bind to PD-L1 or PD-1 are detected by enzyme conjugates
specific for human IgM and human IgG sub-classes with no cross reactivity to mouse
immunoglobulin. Briefly, PVC microtiter plates are coated with PD-L.1 or PD-1 by
coating wells overnight at 37°C with 5 pg/mL PD-L1 in PBS. Serum samples are
diluted in PBS, 5% serum, 0.5% Tween-20 and are incubated in the wells for 1 hour at
room temperature, followed By anti-human IgG Fc and IgG F(ab’)-horseradish

peroxidase or anti-human IgM Fc-horséradish peroxidase in the same diluent. After
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hybridomas. Hybridomas and antibodies are manipulated according to “Antibodies: A
Laboratory Manual”, Ed Harlow and David Lane, Cold Spring Harbor Laboratory
(1988), which is incorporated herein by reference.

10 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
immunoglobulins in order to generate a humanized antibody against PD-L1 or PD-1

(Riechmann et al. (1988) Nature 332:323; Verhoeyen et al. (1988) Science 239:1534).

15 Example 10: Generation of Human Single Chain Fvs Reactive with PD-L1 or PD-
1

As an alternative to preparing monoclonal antibody-secreting hybridomas, anti

PD-L1 or anti-PD-1 antibodies (single chain Fv-like portions of antibodies) were
identified and isolated by screening a combinatorial library of human immunoglobulin

20  sequences displayed on M13 bacteriophage from Cambridge Antibody Technology Ltd.,
Melboumn, UK (Winter ef al. (1994) Annu. Rev. Immunol. 12:433; Hoogenboom ef al.
(1998) Immunotechnology 4:1). PD-1.Fc or PD-L1.Fc was used to thereby isolate
immunoglobulin library members that bind a PD-L1 or PD-1 polypeptide. Kits for
generating and screening phage display libraries are commercially available and

25  standard methods were employed to generate the scFv (Helfrich ef al. (2000) J.
Immunol. Methods 237:131-45; Cardoso ef al. (2000) Scand. J. Immunol. 51:337-44).
PD-1.Fc or PD-L1.Fc were immobilized on plastic and phage expressing specific scFv
were selected by panning and multiple rounds of enrichment (Griffiths er al. (1993)
EMBO J. 12:725).

30
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of monocytes stimulated with gamma-interferon was found. PD-L1 is induced in

monocytes after stimulation with gamma-interferon, as observed by northern blot
hybridization.

The binding of PD-1-Fc (human Ig gammal) to the surface of COS cells

10 transiently transfected with a PD-L1-expression vector was tested. COS cells were
transfected with eitherPD-L1M or B7-1 using LipofectAMINE transfection reagent.
After 48 hours, the cells were stained with human PD-1-Fc, murine PD-1-Fc, CTLA4-
Fc, Flt4-Fc, or 1gG followed by anti-IgG conjugated to phycoerythrin (PE). The cells
were then analyzed by flow cytometry. As shown in Figures 13A-13D, COS cells

15  expressing PD-L.1 bound both human PD-1-Fc¢ and murine PD-1-Fc, but did not bind
CTLAA4-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.
Monolayers were probed with PD-1Fc, CTLA4Fc or human IgG1 and binding was

20  detected with a secondary antibody directed against the Fc portion and conjugated to
alkaline phosphatase. Binding was visualized with chromogenic substrates 5-bromo-4-
chloro-3-indolyl phosphate and nitro blue tetrazolium and light microscopy. In parallel,
cells transfected with PD-L1 were found to bind to PD-1-Fc, and not CTLA4-Fc (human
Ig gamma 1) or Flt4-Fc, the extracellular region of murine Flt4 linked to human Ig

25 gamma 1. In paraliel, PD-1Fc did not bind the surface of mock-transfected, B7-1 or B7-
2 transfected COS cells.

In another experiment, no binding of PD-1-Fc to soluble forms of B7-1 or B7-2
and binding to PD-L1 was detected using a BIACORE-based assay. In parallel,
hCTLA4 was shown to bind to B7-1 and not to PD-L1. PD-1-Fc or CTLA4-Fc was

30 immobilized and conditions were essentially as described by Fitz et al. (1997) Oncogene

15:613). Concentrated COS cell medium from cells that had been transfected with full

-118 -



10H: 10%4&’ (
WAESH= ! 1!
@10% & (,gv
FMLO% &

)-1/"10% & ()-! Nf/" LOYNHNHE ()-'"109& ()-!S " 10%SHSH& ()-\jz
10Y 10% & ()-10% & ()-10% & () -

it 1) 1105 Q) UG & () abearene ) b

109% & () - - ! 16%I&PD)L 18 or PD BFE Ivab U@t @PAng! i(n)efactiazﬂs)/we(n)easaxea/m&ng )ear. bC 111

10" 10% & () -
#%dEbC ! 11
10% & ()-10
f10% & () -
10% & ()-@

5

10

15

25

10% & UT&% 10\ 10\ 10\:10% & (1\5 f 8F10% & () - 6! 10%
tippe Bippulggulay Inter@m@nqusq:ﬂ?tl {Riglaner, 8. qngdd/ﬁb&m@ky,,(} (1991)

Al ST oeh 43 P sa AL AP Ol SRL B S koe

:m.i){ﬁan(BD LJIQ%S&'o&ﬂd' toS@AL RN dnk-Ryvse P Eahd this binding was inhibited

by competition with a coinjected PD-1-Fc, but not CTLA4-Fc. These experiments
demonstrate not only the binding of soluble pD-L1-Fc fusion protein to immobilized
PD-1-Fc, but also demonstrate the presence of a soluble form of PD-L1 in the
conditioned medium of PD-L1M cDNA transfected cells, presumably as a result of
shedding.

Figures 14A-14F illustrate the ability of PD-1 and not Flt4 (the receptor for
vascular endothelial growth factor C) to competitively inhibit the binding of PD-1 to
PD-L1. The binding of human PD-1 gamma 2a fusion protein to COS cells expressing
PD-L1M is shown in Panel A. The binding was detected with antigamma 2a specific
reagents linked to PE. Human PD-1 linked to IgG1 was added at: 50 pg/ml, 6.25
pe/ml, 100 pg/ml, or 25 png/ml and was found to compete for binding. As a control,
Flt4IgGl at 100 pg/ml was not found to compete for binding of PD-1 to PD-L1.

In yet another experiment, the ability of PD-L1 to bind to PD-1 was determined
by flow cytometry and BIACORE-binding assays. Human and murine PD-1.1g fusion
proteins bound to both human and murine PD-L1 expressed on CHO cells, as detected
by flow cytometry (Figures 15A-15F). However, neither human CTLA-4.Ig, human
CD28.1g, nor human ICOS.Ig bound to either PD-L1 expressing cell line. The PD-1
fusion proteins did not bind CHO cells transfected with vector alone. Further
confirmation of the PD-1:PD-L1 interaction was obtained using surface plasmon
resonance with a BIACORE instrument. The human and murine PD-1.Ig proteins and
human CTLA-4.Ig were immobilized on the flow cell surfaces of a dextran chip and
tested for binding to soluble human PD-L1.Ig. PD-L1.Ig bound to both human and
murine PD-1.Ig, but not to human CTLA-4.Ig (Figure 16). This binding was blocked by
competition with co-injected soluble PD-1.Ig, but not CTLA-4.Ig. Soluble forms of
human B7-1 and B7-2 did not bind immobilized human PD-1.
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reference surfaces used were (1) blank activation (NHS/EDC) followed by ethanolamine
block and (2) mutated mIgG2a. The concentration of PD-L1.Fc used (undetectable
multimer, determined by SEC) was determined by ELISA and BCA protein assay
10 (Pierce). The range of PD-L1.mFc used was 20 nM to 2 uM. The flow rate was 60
ul/minute. Association was for 3-4 minutes with 4 minutes dissociation. Injections
were done in triplicate and randominzed. Analysis was done using BlAevaluation
software, with 1:1 Langmuir and global analysis. The results of the analysis showed that
PD-1.Fc:hPD-L1.Fc binding fit a 1:1 model. The kinetic rate constant (K,) calculated
IS for PD-1.Fc:hPD-L1.Fc was 186 nM (k,, = 6.57£ 1.2 Xed M''s"; k ;= 0.122 + 0.0007 s
.
These data demonstrate that PD-1 binds PD-L1, and that this i'meraction may

regulate the action of PD-1.

20 Example 12: PD-L1 Can Transmit a Negative Signal to Immune Cells

In this example, 5x10° Jurkat T cells per well were stimulated with anti-CD3
coated beads (at a 1:1 ratio) and soluble anti-CD28. COS cells expressing PD-L1 or a
negative control, called EZZ, were titrated into the wells. Supernatants were harvested
at 48 hours and assayed by ELISA for human IL-2. Figure 17 shows that increasing

25  numbers of COS PD-L1 cells (bars on the right in the figure) lead to a decrease in IL-2

production.

Using similar assay formats, for example in which human PHA-blasts from
PBMCs were stimulated with immobilized anti-CD3 and soluble anti-CD28, a decrease

in T-cell proliferation was observed by titrating in COS cells expressing PD-L1.
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Hypaque gradient centrifugation. CD4" T cell populations (85-90% purity) were
purified by 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

10 (Dynal) according to manufacturer’s instructions and as described previously (Blair, P.
I etal. (1998) J Immunol. 160:12-15). Anti-CD3 antibody (UCHT1, Pharmingen) at
the indicated concentration was added to 1 x 10’ beads/ml1 0.1 M phosphate buffer pH
7.4. Control IgG was added to the bead suspension in order to maintain a constant total
Ig concentration of 5ug/ml during binding. Similarly, anti-CD3/PD-L1.Ig(y2a) beads

15  were prepared with the indicated anti-CD3 antibody concentration, a constant
concentration of either PD-L1.Ig representing 40% of the total bound protein (2pug/10’
beads), and control IgG to make up the remaining total bound protein. 10°T cells were
cultured in 96 well flat-bottom plates, and beads were added at a | bead to | cell ratio in
the presence or absence of the indicated concentrations of anti-CD28 antibody (CD28.2,

20  Pharmingen). Proliferation was determined by labeling cultures for the last 6 hr of a 4-
day assay with 1 pCi *H-thymidine/well. For analysis by cytokine ELISAs, cultures
were set up as described above and supernatants harvested at the indicated times.
Interferon-y, IL-10 and IL-2 concentrations were determined using commercially
available ELISA kits (Genzyme).

25 Purified CD4" T-cells obtained from peripheral blood mononuclear cells
(PBMC) were activated with beads coated with anti-CD3 mAb and either human PD-
L1.Ig or a control Ig. Proliferation and cytokine production was assessed 96 hours after
stimulation. Cells activated with anti-CD3 mAb/PD-L1.Ig coated beads showed a 69%
decrease in proliferation relative to anti-CD3 mAb/control Ig activated cells (Figure

30 .18A). Proliferation was inhibited in a dose dependent manner when different
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production was below detection under these activation conditions at both 24 and 96 hr.
However, activation of T cells using beads as in Example 14 below showed that PD-L1
could inhibit IL-2 production at 2, 3, and 4 days of stimualation. PD-L1 also inhibited
IL-2 production in Jurkat T cells at beads:cell ratios of 1:1, 2:1, and 4:1. Furthermore,

10 under conditions in which costimulation in the form of soluble anti-CD28 was provided,
activation of cells in the presence of PD-L1 also led to a decrease in IL-2 production.
PD-1:PD-L1 interaction also led to a decrease in both IL-10 and IFN-y production.
Thus, activation of murine and human T-cells in the presence of PD-L1 leads to
inhibition of both proliferation and cytokine secretion.

15 Further experiments showed that activation of T cells in the presence of PD-L1
results in decreased expression of T cell activation markers. For example, when T cells
were activated in the presence of PD-L1, and the expression of the early activation

marker CD69 examined by flow cytometry, the results were as follows (% positive for

CD69 expression):
20
anti-CD3 anti-CD3/PD-L1.Fc Media
% CD69+
24 hours 26% 26% 1%
48 hours 46% 36% 2%
25 72 hours 63% 42% 5%
When T cells were activated in the presence of PD-L1, and the expression of [L-
2R (CD25) examined by flow cytometry, the results were as follows (% positive for IL-
2R expression):
30
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Example 14: PD-1:PD-L1 Inhibition Kinetics Correlate With PD-1 Expression

This example describes the correlation between the timing of PD-1 expression
during T cell activation and the ability of PD-L1 to inhibit T cell proliferation. T cell

10 activation was achieved using tosyl-activated beads (107) coated with 3 pg anti-CD3 and
2 pg of either control Fc (ctrl.Fc) or PD-L1.Fc fusion protein. 5x10° purified Balb/c LN
T cells were stimulated with 1x10° beads in a 96 well plate format. For proliferation,
plates were pulsed for the final ~10 hours of the culture period. For IL-2 ELISAs,
supernatents were harvested from parallel wells.

15 To determine the kinetics of PD-1 expression during T cell activation, purified
Balb/c LN T cells were stimulated with anti-CD3/ctrl.Fc beads. At0, 1,2, 3,4, and 5
days of stimulation, cells were harvested, washed, and stained using biotinylated anti-
murine PD-1 (made from monoclonal antibody J43, described in Agata, Y. et al. (1996)
Int. Immunol. 8:765-72) or biotinylated hamster control, followed by PE-Streptavidin.

20  Data were calculated for live-gated cells, and the percent positive were calculated
relative to isotype control. PD-1 expression increased over the course of time during T
cell activation as follows: Day 0 (0%); Day 1 (27%); Day 2 (37%); Day 3 (40%); Day 4
(74%); and Day 5 (83%).

When proliferation of Balb/c LN T cells activated using either anti-CD3/ctrl.Fc

25  beads or anti-CD3/mPD-L1.Fc is compared, the kinetics of the PD-L1 inhibition of T
cell proliferation correlates with the expression kinetics of PD-1, providing further

evidence that PD-L1 acts to inhibit T cell activation via its interaction with PD-1.
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soluble anti-CD28 mADb. Using anti-CD3 mAb-coated beads, the concentrations

required for suboptimal and optimal T-cell stimulation were established. Under
conditions of suboptimal T-cell réceptor engagement (anti-CD3 mAb at 1pg/ml),
minimal proliferation was observed in the absence of costimulation (Figure 19A).

10 Addition of increasing concentrations of soluble anti-CD28 mAb led to an up to 30-fold
increase in proliferation. Under these conditions, activation of T cells in the presence of
PD-L1 resulted in an 80% reduction in proliferation (Figure 19A). A maximal level of
costimulation (anti-Cd28 at 250 ng/ml) was required to rescue the inhibition of
proliferation mediated by PD-L1 stimulation. In contrast, under saturating conditions of

15 T-cell receptor activation (anti-CD3 mAb at 2pg/ml), PD-L‘I mediated inhibition of T-
cell proliferation was only observed in the absence of CD28 costimulation (Figure 19B).

To examine the ability of costimulation to rescue the PD-1:PD-L.1 mediated
inhibition of proliferation at different time points during T cell activation, Balb/c LN T
cells were stimulated as in Example 14 in the presence or absence of 1 pg/ml soluble

20  anti-CD28. Proliferation was measured on days 2, 3, and 4. Anti-CD28 reverses PD-
1:PD-L1.Fc mediated inhibition at early (day 2), but not late (days 3 and 4) timepoints
of T cell activation. Reversal of inhibition was dose-dependent and seen across a range

of anti-CD28 concentrations (160 ng/ml, 800 ng/ml, 1 pug/ml, 4 pg/ml, and 20 p}g/ml).
Under the same conditions of strong costimulation (1 pg/ml anti-CD28), however, PD-
25  L1.Fc inhibits [L-2 production at all time points examined (days 2, 3, and 4). PD-L1.Fc
also inhibits IL-2 production across a broad range of soluble anti-CD28 costimulation
(100 ng/ml, 160 ng/ml, 500 ng/ml, 800 ng/ml, 4 png/ml, 5 pg/ml, 10 pg/ml, and 20
pg/ml).
ICOS mediated costimulation also rescues PD-1:PD-L1 medidated inhibition of

30 proliferation.
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! X#10% 9 0& Al sciate 31191(6 %‘?fn(n)&g}ﬁn{, @L’L}r S ﬁ(ﬁtl&rﬂ'cgl{s were stained separately with
Sug/ml anti-[A*-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
incubation, cells were fixed with 1% paraformaldehyde. Ten thousand events were
analyzed on a FACSCalibar (Becton Dickinson, Mountain View, CA). All isotype

15 controls were 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
hours (Analytical Biotechnology Services, Boston, MA) in RPMI 1640 (Life
Technologies, Grand Island, New York) supplemented with 10% FCS (Sigma, St

20  Louis, MO), 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml streptomycin, 250
ng/ml amphotericin B, 10 mM HEPES, 50 pM 2-ME (all from Life Technologies)
and 15mg/ml of gentamicin (BioWhittaker, Walkersville, MD). CD4" T cells were
purified by positive selection using magnetic-activated cell sorting separation
columns (Miltenyi Biotec, Auburn, CA) with resulting purity of >98%. Cells were

25  rested overnight before re-stimulation.

Proliferation of CHO cells was inhibited by incubation with 50 pg/ml of
mitomycin C (Bristol Laboratories, Princeton, NJ) for 16 hours at 37°C. At the end of
the incubation period, the cells were harvested with 10 mM EDTA in PBS, washed
twice and left on ice for | hour. The cells were subsequently washed three times and

30 resuspended in culture medium. 10° pre-activated CD4" T cells were cultured with

varying concentrations of OV A peptide and 10* mitomycin C-treated CHO transfectants
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To address the capacity of PD-1:PD-L1 pathway to inhibit cytokine production,
10 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, [L-4, [FN-y and IL-10 levels were analyzed using
mAbs and recombinant cytokine standards from Pharmingen. Detection limits were as
follows: [L-2, 20pg/ml, IL-4, 40pg/ml. IFN-y, 100pg/ml and IL-10, 200pg/ml.
15 Production of IL-2 (Figure 22A), [L-4 (Figure 22B), IFN-y (Figure 22C), and IL-10
(Figure 22D) was inhibited significantly when DO11.10 CD4'T cells were cultured with
0.1 pg/ml peptide and PD-L1. At this concentration there was only a weak inhibition of
proliferation. However, PD-L1 significantly inhibited cytokine production at 0.01pug/ml
peptide, consistent with the inhibition of proliferation (Figures 23A-23C). IL-10 was
20  not detected under these activation conditions. Therefore, PD-1 engagement by PD-L.1
can downregulate cytokine production even when T cell proliferation is not affected.

To determine whether the diminished cytokine production was due to reduced
mRNA levels, and RNase protection assay was utilized. CD4" T cells were restimulated
with various CHO cell transfectants and 0.01 pg/ml OVA peptide. After 48 hours, cells

25  were harvested and mRNA was isolated using TRIzol® reagent (Life Technologies).
Spg mRNA was analyzed for cytokine levels by RNase protection assay using
RiboQuant multiprobe kit mCK1 according to the manufacturer’s instructions
(Pharmingen). Transcript levels of IL-4, [L-10, IL-13, IL-2, IL6 and IFN-y mRNA were
detected in pre-activated DO11-10 CD4'T cells after stimulation with 0.01ug/ml OVA

30 peptide presented by CHO-IAY/B7.2. However, the introduction of PD-L1 significantly

reduced cytokine mRNA levels. There was minimal upregulation of mRNA for
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Example 17: Mechanism of action of the PD-1:PD-L1 pathway

Cross-linking of CTL.A-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;

10 Walunas, T. L. et al. (1996) J. Exp. Med. 183:2541-2550). As PD-1 was isolated from
murine cell lines undergoing apoptosis, a possible mechanism of action of the PD-1:PD-
L1 pathway might be to increase programmed cell death. To address this issue,
DO11.10 CD4" T cells were restimulated with 0.01pg/ml peptide and various CHO
transfectants and cell cycle progression was analyzed. CD4" T cells were restimulated

15 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
(Sigma) and 50 pg/ml propidium iodide (Sigma). Analysis was performed within an
hour of staining.

20 After 48 hours, cells were recovered and stained with CD4-FITC. After
permeabilization, cells were incubated with propidium iodide to analyze the G/G,, S/G,
and sub-diploid populations. CD4" T cells restimulated with peptide presented by CHO-
IA* have a large proportion of cells in the sub-diploid population, indicative of apoptosis
(Figure 24A). In cultures where CD4" T cells were stimulated by peptide presented by

25 CHO-IAY/B7-2, there were increased number of cells in the S/G, phase, and a decreased
number in the sub-diploid population (Figure 24B), indicating that cells were in cycle
and rescued from apoptosis by B7/CD28 costimulation. The introduction of PD-L1 led
to an increased number of cells in the GO/G1 phase (Figure 24C). There were
comparable levels of apoptosis in the PD-L1 cultures to the CHO-IAY/B7 cultures. This

30  was confirmed by annexin staining. The inhibition of cell progression by the PD-1:PD-

L1 pathway confirms its role in downregulating T cell activation.
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anti-CD3 anti-CD3/PD-L1.F¢ [rradiated
% apoptotic
10 24 hours 3% 3% 18%
48 hours 5% 4% 25%
72 hours 10% 12% 42%

Still further experiments analyzing DNA content demonstrated that activation of
15 T cells in the presence of PD-L1.Fc results in cell cycle arrest. T cells were stimulated
with ctrl.Fc or mPD-L1.Fc beads. On day 4, the percentage ot dividing cells was
determined by propidium iodide staining. T cells stimulated with mPD-L1.Fc¢ showed
half (11% vs. 21% for the control) the number of cells with the increased DNA content
indicative of dividing cells. In two other experiements, the percentages were similar:
20 14% vs. 28% and 11% vs. 24%.
Analysis of mitosis was also examined. T cells were labeled with CSFE and
stimulated with ctrl.Fc or mPD-L1.Fc beads as in Example 14. Atdays 1, 2, 3, and 4,
FACS analysis was done. Only live-gated events were analyzed. Percentages are for
non-dividing cells. As the following data indicates, treatment with PD-L1 inhibits cell

25  division:

Day 1 Day 2 Day 3 Day 4
% non-dividing
Cul.Fc 87.4% 32.4% 11.9% 3.8%
30 PD-L1.Fc 87.7% 46.7% 35.1% 24.5%
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1:PD-L1 mediated inhibition in the presence of costimulation by ICOS ligand.

In another example, Balb/c LN T cells were stimulated as in Example 14 with
the addition of exogenous IL-2. When proliferation was measured on day 3, exogenous
IL-2 reverses PD-1:PD-L1 mediated inhibition of proliferation in a dose-dependent
15  manner (IL-2 concentration range: 3 pg/ml, 10 pg/ml, 30 pg/ml, 100 pg/ml, and 300
pg/ml). Moreover, addition of exogenous IL-2 (at U/ml rhIL-2) reverses PD-1:PD-L1
mediated inhibition of proliferation at all time points (proliferation measured on days 2,

3,4, and 5).

20 Example 19: CD8+ T Cells Are More Susceptible to Inhibition By PD-L1

This example describes the differences between CD4+ and CD8+ T cell
activation in response to PD-L1.
Stable antigen presenting cell (APC) lines were engineered to express GFP or
mPD-L1/GFP using retroviral technology. Figure 29A shows a schematic of the cells
25 used. For CD4+ T cell experiments, the APC:T cell ratio was 1:10 with 10 pM PCCF
peptide. For CD8+ T cell experiments, the APC:T cell ratio was 1:1 with | mM p2Ca
peptide. 5x10* purified LN T cells from TCR transgenic mice were stimulated with
irradiated APC plus peptide for 2, 3, or 4 days. As shown in Figures 29B and 29C, both
CD4+ and CD8+ T cells are tnhibited by PD-1:PD-L1 interactions.
30 While addition of anti-CD?28 can overcome PD-1:PD-L1 mediated inhibition of

proliferation of CD4+ T cells (Figure 30A), it cannot overcome the inhibition of CD8+
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l.PD L1 Signaling Pathway

To further investigate the mechanism of action of the PD-1:PD-L1 pathway in T
cells, a Jurkat based system was used. Jurkat cells constitutively express low levels of
10 PD-1. The Jurkat T cells were activated wilth beads coated with anti-CD3/ctrl.Ig or
anti-CD3/hPD-L1.1g. Ligation of PD-1 plus CD3 leads to inhibition of [L-2 secretion
by Jurkat cells, compared to cells stimulated with anti-CD3 alone. Cells were lysed and
subjected to anti-SHP-2 immunoprecipitation, run on a gel, and transferred to a
membrane. The membrane was immunoblotted with 4G10-HRP (horseradish
15 peroxidase conjugated anti-phosphotyrosine antibody) and subsequently with anti-SHP-
2 to confirm SHP-2 expression in the immunoprecipitates. With anti-CD3 and hPD-
L1.Ig., ligation of PD-1 plus the TCR rapidly results in the conversion of SHP-2 to the
phosphorylated state, compared to TCR activation alone. SHP-1 is not phosphorylated
under these conditions. This data suggests that recruitment of SHP-2 is a mechanism for
20  downregulating TCR signaling events via the PD-1:PD-L1 pathway.
Under similar experimental conditions, anti-Zap70 immunoprecipitation results
in inhibition of Zap70 associated p23 pTyr upon coligation of CD3 and PD-1 (using anti
CD-3 and PD-L1.1g). CD3¢ immunoprecipitation of Jurkat lysates and anti-pTyr
blotting results in inhibition of CD3¢ phosphorylation upon coligation of CD3 and PD-1
25  (using anti CD-3 and PD-L1.Ig). Inhibition of CD3( in this system persists with CD28

stimulation.

Example 21: Inhibition of binding of biotinylated human PD-L1 F¢ to human PD-
1Fc

30 Fc fusion proteins were generated by linking the extracellular region of PD-1 or

PD-L1 to the hinge-CH2-CH3 domains of murine Igy2a. Recombinant proteins were
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PD-L1 Fc to PD-1Fc using the same ELISA methods described above. Human scFv
reactive with PD-1 (PD1-17 scFv) were found to inhibit specific binding (EC50 between
107 and 10*) as shown in Figure 26. V, and V,, domains of the PD1-17scFv were used
20 to generate a complete [gG. In brief, the VH and VL coding regions were linked to
genomic CH and CL gene sequences in expression vectors. The resulting expression
vectors were transiently transfected into human 293 cells and the IgG harvested from the
conditioned medium. The potency of the grafted whole IgG molecule was higher than
for the scFv antibody (EC 50 between 10°*M and 10°M).
25
Example 22: Administration of Soluble PD-L1F¢ Exacerbates Disease in a Murine

Model

To determine if modulation of the PD-L1/PD-1 pathway has immunoregulatory
activity in vivo, the protein was evaluated in a murine model of experimental
30  autoimmune encephalomyelitis (EAE) that shares many clinical and pathological

features with the human disease multiple sclerosis. Female SJL/J mice were immunized
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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
weakness/partial hind limb paralysis; 3. Complete hind limb paralysis; 4. Hind and
15 forelimb paralysis; 5. Moribund.

In the experiment shown in Figure 27, the incidence and onset of clinical disease
were similar in both groups. Mice treated with the PD-L1Fc however, developed severe
disease with the majority of animals rapidly progressing to complete hind and forelimb
paralysis (9/10 and 1/10 for PD-L1Fc and control mice respectively). Mortality

20  associated with clinical signs of disease was 10% in the control group and 70% in the
PD-L1Fc treated mice. In addition, recovery from clinical disease was substantially
delayed in the PD-L1Fc¢ treated mice that did survive despite the fact that treatment was
discontinued on day 11.

In conclusion, using an adoptive transfer model of T cell mediated

25  autoimmunity, administration of soluble PD-L1Fc 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 PD-L1Fc protein in vivo.
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15  be therapeutlc m the treatment of an autoimmune disorder. They also demonstrate the

immunoregulatory potential for the anti-PD-1 antibody in vivo.

Equivalents

20 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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10 signal via PD-1.

3. The method of claim 2, wherein the agent is selected from the group
consisting of: a soluble form of PD-L1, a soluble form of PD-L2, and a combination of

a soluble form of PD-L.1 and PD-L2.

15
4, The method of claim 2, wherein the antibody that transmits an inhibitory
signal via PD-1 1s a bivalent antibody that also recognizes an activating receptor.
5. The method of claim 1, wherein the immune cell isa T cell.
20
6. The method of claim 5, wherein the T cell is a naive T cell.
7. The method of claim 4, wherein the immune cell is a T cell and the
activating receptor is a T cell receptor.
25
8. The method of claim 1, wherein anergy is induced in the immune cell.
9. The method of claim 1, further comprising contacting the immune cell
with an additional agent that downregulates an immune response.
30

10.  The method of claim 1, wherein the step of contacting occurs in vivo.
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11.  The method of claim 1, wherein the step of contacting occurs in vitro.

12, A method of downmodulating activation or activity of an activated
immune cell from a subject having an autoimmune disorder mediated by activated
immune cells, comprising contacting an activated immune cell from the subject with an
antibody that binds to PD-1 such that activation or activity of an activated immune cell
from a subject having an autoimmune disorder mediated by activated immune cells is

downmodulated.

13. The method of claim 12, wherein the immune cell isa T cell.

14.  The method of claim 12, wherein the antibody transmits an inhibitory

signal via PD-1.

15.  The method of claim 14, wherein the antibody that transmits an

inhibitory signal via PD-1 is a bivalent antibody that also recognizes the T cell receptor.

16. The method of claim 12, wherein the autoimmune disorder is multiple

sclerosis.

17. The method of claim 12, further comprising contacting an immune cell

from the subject with an additional agent that downregulates an immune response.

18. The method of claim 12, wherein the step of contacting occurs in vivo.

19.  The method of claim 12, wherein the step of contacting occurs in vitro.



