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positive and negatiVve signals tromcostinufatory nol ecules, 'such as the B7
fam |y of probeidpsil ITHE)D st what @ashigsible achacapbeatédzedreleremlelincost i mul at ory
pat hway is B7-CD28,. in which B7-1 (CD80) and B7-2 (CD86) each can engage
the activati nd €528 #68&ept or and the inhibitory CTLA-4 (CDL52) receptor. In

conjunctiom with signaling tpyprehoikies IRRIENTRSSPLOr, CD28 ligation
i ncreases antigen-specific proliferation of T cells, enhances production of

cyt oki nes, acti vat d®isdhyensionmelpgs foronaprditions end methods &trinoriuladimg pr onot es

survival of T-cells.,.(Lenshow,._.e ., Annu,. Rew. | 0ol , ,14:.233- 258
(1606) - chanbar ELiv ety b &iado cpmpRitono e 0 e mafifi 11507) . and
Rat hnel | and THbspbBeton Annu. Rev. | munol, 17:781-828 (1999)). In contrast,
signaling through CTLA-4 is thought to deliver a negative signal that

inhibits T cellproliferatB4RKGROVND QHEBBINVENTION | cycle progression
(Krumel g AT TS0ty e AP AT IARIRLL I Ro BB Unas. e

al ., J Exp.
engagement of the T cell Receptor (TCR) with antigenic peptide presented in

the context of MHC (signal 1), and 2) a second antigen-independent signal
delivered by contact between different receptor/ligand pairs (signal 2). This
“second signal” is critical in determining the type of T cell response

20 (activation vs inhibition) as well as the strength and duration of that
response, and is regulated by both positive and negative signals from
costimulatory molecules, such as the B7 family of proteins. The most
extensively characterized T cell costimulatory pathway is B7-CD28, in which
B7-1 (CD80) and B7-2 (CD86) each can engage the activating CD28 receptor

25  and the inhibitory CTLA-4 (CD152) receptor. In conjunction with signaling
through the T cell receptor, CD28 ligation increases antigen-specific
proliferation of T cells, enhances production of cytokines, activates
differentiation and effector function, and promotes survival of T cells
(Lenshow, et al., Annu. Rev. Immunol., 14:233-258 (1996); Chambers and

30 Allison, Curr. Opin. Immunol., 9:396-404 (1997); and Rathmell and
Thompson, Annu. Rev. Immunol., 17:781-828 (1999)). In contrast, signaling
through CTLA-4 is thought to deliver a negative signal that inhibits T cell



Med, 183:2541-2550 (1996)). Ocher nenbers of the B7 famly include PDLI
(Dong, et al., Nature Med, 5:1365-1369 (1999); and Freeman, et al., J Exp.
Med, 192:wW020(0200£28), PD-L2 (Tseng, et al., J Exp. Med, PC33iS3B0/08461 (2001) ;
and Latchman, et al., Nature Immunol, 2:261-268 (2001)), B7-H2 (Wang, et
al ., Blood, 96:2808-2813 (2000) Swal | ow et al., Immunity, 11:423- 432

1999); and Yoshi.na Nat ur.e, : 827-832 999)), B7-H3
EChapz)vaI et PHi lferagﬂhljfé FFW?H?HB? angc%gy Pf&’gi%mgl%mm@ 1H4 (Choi, et
al ., J ImTunolAzmsJeﬁlJ%@;’5%@@5&3(225@9@540219%)7aﬁav@ahunas'é{%mjteycp 18: 849- 861
(2003); Prasad, et al | muni ty, 863-873 (2003): and Zang, et al.
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PD-LI and PD-L2 are ligands for PD-I E;rogran’med celi death- 1), B7-H2 is a

ligand for | CO9URgndTalghmapzt ph. Mefer 805 e%ﬁ@;ﬂ@? ERah) fﬁb}?ﬁd_sl at this
Dong, , ¢
J;YID:TECI(H eggar ehe}@ﬁ) ggélé 9&} ?§2§ %1% @8?@C%‘(V§%lm Q’ﬁ %alr?!r?gq Qi")r/ral

constant 1gC dazrej%%radda{ommaaaeaiqn\sﬁmh 4(11\82&1@8@(1\99953@56@3”8 for these
| i gands share@hcom’mn xtracel | ul ar nt eracti ons of

recept or - | i gakdhapavilsetaleV ﬁ@‘d‘?8’(’”@&1”“?5%83’&%%&&@@%})}%7911{4&@@?@%5 in the
| gV domal Okl LnGmbhaNd91485%- a@@e%ggfs@a% [ bl B:840.DB Lr e | unol

3:427-434 (2002’)) I'n géneral, Ins are aving two
sheets that e&dW3gdiresidretal.) Iayramztgn‘]&n%ﬁ BW&Qﬁl)V\&ﬂdemeMdPBm clay, Annu.

Rev. | |, T h CTLA-4
cg\rllt ai nmﬂsjtn?ané‘pﬂig@f%g@ WA&&QJE& gg&%q%ggi %%?ﬁé?q%& fﬁ%’g Yal ., Science,
290: 816- 819 (40RMA) discovbel gasnienf it fa?xﬁgf BeCKsS088ESHQ] intpter BY 1 gV

dormai ns are conposed of strands AG-CCC d BED, respectively (Schwartz, et
al., Nature, &¥ 1@@4%@8\)(@@0@@/01@3@@@:1911%1 stidies Mdtcatechat A OHE08- 61 1

(2001); and 51-60 (2000 stal | ographic
anal ysi s ?evegﬁ%‘ﬁvﬁﬁ Oéd&#L%E‘f%YHl&f%c??ﬂség’ﬁﬁtbv@)mi)g gﬁ%’l nated by the
interaction of thePDDBBa@dlaDQQD&té lip@edy b P 1Ghkrdnme@ 0aIP8&#h-05, a MYPPPY
motif, with a surface on B7 fornmed predom nately by the G F, C C and C

strands ( SchwdrH2 i ligand foN&Qs, end B7-H3, B7-H4 and B7-HS remain orphan
ligands at this time (Dong, et al., Immunol. Res., 28:39-48 (2003)).

Most B7 family molecules are expressed on the cell surface with a

20 membrane proximal constant IgC domain and a membrane distal IgV
domain. Receptors for these ligands share a common extracellular IgV-like
domain. Interactions of receptor-ligand pairs are mediated predominantly
through residues in the IgV domains of the ligands and receptors (Schwartz,
et al., Nature Immunol., 3:427-434 (2002)). In general, IgV domains are

25 described as having two sheets that each contain a layer of B-strands
(Williams and Barclay, Annu. Rev. Immunol., 6:381-405 (1988)). The front
and back sheets of CTLA-4 contain strands A’GFC’C and ABEDC,”
respectively (Ostrov, et al., Science, 290:816-819 (2000)), whereas the front
and back sheets of the B7 IgV domains are composed of strands AGFCC’C”

30 and BED, respectively (Schwartz, et al., Nature, 410:604-608 (2001);
Stamper, et al., Nature, 410:608-611 (2001); and Tkemizu, et al., Immunity,
12:51-60 (2000)). Crystallographic analysis revealed that the CTLA-4/B7



410: 604- 608 (2001); and Stanper, et al., Nature, 410:608-61 1 (2001)). Data
fromamo acid honol ogi es, nutation, and conputer nobdeling provide support
for the cwocemrozrseat this notif also is a major B7-bi ndiPag/Us2es/0f4971 CD28
(Bajorath, et al., J . Ml Gaph. Mdel, 15:135-139 (1997)). Al though the
MYPPPY notif is not conserved in | COS, studies have indicated that a

SRR R e R R R SRR R A
J Exp. Med., 9% @PBA-4 Q4hpbsAAd)) M YPPPYZmb8E, $8thcRdrBde B B7Ghrh& @

rel atively new nmenber of tﬁe B7 famly, and has an am no acid sequence that
i s about 34% ipthseniieatély thy tROCLF, Calsodc@l steead BEchwprtz 4t planVawe, nouse PD- L2

ransor pts ardopOlRi ot Tttt al Tk ot By Pia
5:1365- 1369 ( 18Pimmbatidhvaidlogds, lutatiohadndcBmbiltmeleling #64d268 (2001); and

Tanura, Blood, 97:1809-1816 (2001)), the expression profiles of the
proteins are §unoe fay Seicpraept thrpthssapéhalst ispongior B drieding siie farough

can be | ncicoy i S POITY (PLITUER, R, 1o R I "o AT hature

Med, 5:1365- 139tho(308R)N YRREYI %hiiﬁilametm?bzvgdi micos, s:ufiiiéshaﬁyé: 57-62 (2000)).
In contrast, PD-L2 js expressed. only i endritic cells and nonocytes. It
has been showﬁndtl?f’é?d %6&%6[?@‘{@0 VP}@E%%W%’%F‘%@W andiperderei theet al ., J
Exp. Med, 149248800002 RPhhjor BotPmhift o BAREY of’{crcmﬁ) §ap famly wth

an i nmunor ecept or "t yrosi ne-base itory noti In"1'ts cytoplasnic
domai n (I shi ddaWaed, ekl.,/ ENBG4d ) 195:1EB8I04389802011992)). PD-1 is expressed on

a subset of thynoc d up:r ed on 15 B, and elpid cells after
activation (Agala, ¥b?ﬁ%ﬁ&§°f%{9d%d§?reé?tlf’gb’-%m(a‘fgé@?ﬁbf’g | acts to
ant agoni ze si g@dily, bh@RSHICAhiAB S WBGIhEAMOE abhiR 346 deld@l W EDRiinds a

pepti de antigen presented by the major histoconpatibility conplex (MHC).

PD1 i gnal i néplsecalingBIHE1X dlumapandentisnBPHG? odhalogueg s Kok 68% pr oxi i t y
col | and & aAres AR, PABMID P B o e Re I ARog. "seL U's L.
105: 10275- 10276ri4u3QB8)ck _.(Dﬁh%_epéli.,ﬂﬁftyrerfﬂ'&ﬂj 3:1395- 7189 (1999 dpditieRar¥t i t S
ligands is to jnhibit signaling dowstream of the TCR
al., Nature Immunol., 2:261-268 (2001); and Tamura, Blood, 97:1809-1816
(2001)), the expression profiles of the proteins are quite distinct. Expression
of PD-L1 protein, although essentially not found in normal tissues other than
20 macrophage-like cells, can be induced in a variety of tissues and cell types
(Dong, et al., Nature Med., 5:1365-1369 (1999); and Ishida, et al., Immunol.
Lett., 84:57-62 (2000)). In contrast, PD-L2 is expressed only in dendritic cells
and monocytes.
It has been shown that both PD-L1 and PD-L2 bind to PD-1
25 (Freeman, etal., J Exp. Med , 192:1027-1034 (2000)), a distant member of
the CD28 family with an immunoreceptor tyrosine-based inhibitory motif
(ITIM) inits cytoplasmic domain (Ishida, et al., EMBO J., 11:3887-3895
(1992)). PD-1 is expressed on a subset of thymocytes and up-regulated on T,
B, and myeloid cells after activation (Agata, et al., Int. Immunol., 8:765-772
30 (1996)). PD-1 acts to antagonize signal transduction downstream of the TCR
after it binds a peptide antigen presented by the major histocompatibility
complex (MHC). PD-1 signaling is thought to require binding to a ligand in



Therefore, signal transduction via PD-1 usually provides a suppressive or
inhibitory signal to the T cell that results in decreased T cell
proliferavpanloan7828her reduction in T cell activity. TheCphsa@wppest of PD-|
m ce provide direct evidence for PD-1 being a negative regul ator of immune
responses in vivo. In the absence of PD-1, mce on the C57BL/6 background

slowy devel op a | upus-1i rul onephri.tis and progressive arthritis
(Ni shi mur a, e&oéq Pﬁogi%‘i‘?ﬁ@%ﬁg&f@?ﬁ@& whieagoprs f}-”oﬂj{.q IgW‘(’:@i‘Eﬁicaﬁhe BALB/ ¢

background rapy Ipéé 1N EOPT el 8hPhn Qd#ggh g;‘[’éé&%ir%deﬁt(ﬁféeﬁﬁﬁ,d}’;%@yopat hy
(Ni shinmura, et” al., Science 291 :3 19-322 (200I)). However, substanti al

evi dence i ndi datledcadhlti. PB.4,21 016a927 511 62 70@R008))ad he prteryTresdl bf PI2sponses. I n
t he presence of. suboptinmal TCR si.gnal s, PD-L2 stimulates .lhcreased

e Pt eratt on T lsRtOr S RS B S G Sisnt et B SEBR S AR °00 S 5
Med. _1931 889- §h&f020Q ltr&%dﬁﬁﬁn%@PD-hﬁs[ﬁdﬂy bfbv‘i’désh%uﬁﬁr@@&ii@&)ri ndi cate a
negative regulatory role for PD-L2 in T cell responses. These seem ngly

cont r adi ct or yindshiwrapignade the hedl heeresdtsip destprsed Ji eshl naelifgegioniopnal

receptors for T S ?Pgr than PD-L PD-LI is the predom nant
PD-1 Hgand caagﬁlégg}lﬁmnﬁflf{%@gl%ﬁgi il transduction in T cells. As PD-I

signaling is thougiihe pherioegids bEPDHNUinAE firovide BRedt evigaid 6 ypiical |y PD-LI)
in close proxinmity to the TCR VHC conpl ex, proteins, antjbodies or small
mol ecul es t haPeiBE BAREHHE remylator eidBprwie teFnRoRsssit vacn g aenre Pt s endogenous

this prevent o0 rase PEMOTs TP bERTRhR Ry RV ol b iRe BETEre Deeru
PD-1 ant agoni glenartiatepfriéls aod prigpdsaivearthritts (NSstiheraetior e lamuaipj,ect of the
present | et 97, L6 RS e, YRS Lon AT TR DOdS for a1 o St o
LT ansduct | on. T 1o R B R e e POt O
ant agoni sts t Refendsi A8 P-BR2 K200 1yaridsvensd sitbstdrtial exidence dndientesttbati nt er act i on
of the 119800 ply 1 B berdi o 2o ROTIET -OBbSEL. B ok skl TN Lo provi de

suboptimal TCR signals, PD-12 stimulates increased proliferation and

production of cytokines in vifro (Tseng, et al., J. Exp. Med. 193:839--846

(2001)). On the other hand, in vitro studies indicate a negative regulatory

role for PD-L2 in T cell responses. These seemingly contradictory data are

20 best interpreted by expression of additional receptors for PD-L2 on T cells
other than PD-1.
PD-L1 is the predominant PD-1 ligand causing inhibitory signal
transduction in T cells. As PD-1 signaling is thought to require binding to a
PD-1 ligand (typically PD-L1) in close proximity to the TCR:MHC complex,
25  proteins, antibodies or small molecules that block the PD-1 receptor from

interacting with its endogenous ligands, either by blocking the receptor or

inhibiting its ligands, and thus prevent co-ligation of PD-1 and TCR on the T

cell membrane are useful PD-1 antagonists that are contemplated.

It is therefore an object of the present invention to provide

30 compositions and methods for inhibiting signal transduction through PD-1 on
T cells.



bind to the PD-1 receptor w thout engaging in signal transduction through
the PD-1 receptor, bind to ligands of PD-I and inhibit or reduce the

i nt er act w0 20fo/2me281 i gand with PD-1 receptors, and opti @Qalusgoeansisvnte T
cells through a separate receptor pathway. It is another object of the
present invention to provide cells containing vectors that express nucleic

aci d nol ecul es encgdi ng ,ant agoni ol ypeptides,of. .PD-1. It is a still
further an object of° f‘ﬁ’éhe_ﬁnggrﬂfsif‘%@’gﬁ’g’?%ﬁtot%%}ﬂ%g?a&ﬁﬁoﬁbg&&? r enhanci ng
and/ or prol onginAPTRS iV dd h@hchatd PPe] bignslltragv@icgeni ng T cel | exhausti on
and/or T cell anergy by contacting themwth po:mngeptl des that bind PDI

wi t hout acti vati ngltREDulothes obistiel thoinvienime psevigDPD-badagonksihibet or reduce
the interactign L 1.gand . wit receptor | te 4 S;:Stisl |.,a further
anﬁgé gg-]g%g{lrgi% ag% %/r}h&jtte}t ré%teh%cggcﬁ B)ttera(?}ion of t eelrlgand \4!1’5

obj ect of the’l pr or -admni's ng ant agoni st
pol ypepti des pH-PD-1 , nucleic acids encoding the sane, or cells
transfected or transduced with nucleic acids encodi ng ant agoni st

pol ypept i des of PDItis gpther phisred! hainveaiion Reredde PPrT idaganists that £ ur t her
et o bG5S R (AR i QBB Aoy | MU
response to an antigen or a“vaccl ne ni stering antagoni st

pol ypept i des tfe B Iredaptarpbind rakigands wf PD-1 &rel iahibitgeneduce kecci ne.  SUMMARY OF

THE | NVENTI ON, Conposi tj ons and . ods for enhancj ng, and/ or _prol ongi ng the
activation of ferg rqnsof’(t fe@ga,ngivrfgfﬁﬁ-sh HTGORAPHS: @'@rﬁpélae%mc@‘f@tﬁaf) fellér ation of T
cel I's, enh@ncyng,ayi QbR I{gg%ﬁg@a oy T cells, stinmulating

differentiation ad effector functions of T cells and/or pronoting T cell
survival) or over ctn mptherobject efithapssedinantdbdoto proerdgyelly e@nprivnigded.
Representative co itions igcl ud{ﬁgﬁ?l ant a(%fni stts tlt}?t bi npg. o and bl ock
endogenous PDY FeIBHITARSRRCERICEIT 4 B GREFI Hg ARt Povye }dt[fjﬁals from
PD-1 . In othgfppmpodi nents, the conpositions include PD-1 antagonists that
bind to and bl ock PD-1 |igands and thereby prevent themfrominteracting
with PD-1. Methodslifipg siiléfurther preotpertiof 4w Rrgesmt srventis teaide | mune

espores 4 ISEI SRR R SRNEIS RO RS B0 b gt o,
i ncl ude PD- LI Tagetl eRBadsBonahd/PeD il gSergPby bhitadingghem with polypeptides
that bind PD-1 without activating PD-1, or bind to ligands of PD-1 and
inhibit or reduce the interaction of the ligand with PD-1 receptors.
It is still a further object of the invention to provide methods for
20  administering antagonist polypeptides of PD-1, nucleic acids encoding the
same, or cells transfected or transduced with nucleic acids encoding
antagonist polypeptides of PD-1 to a mammal in need thereof.
It is still a further object of the invention to provide methods for
potentiating an immune respornse to an antigen or a vaccine by administering
25  antagonist polypeptides of PD-1 in combination with the antigen or vaccine.
SUMMARY OF THE INVENTION
Compositions and methods for enhancing and/or prolonging the
activation of T cells (i.e., increasing antigen-specific proliferation of T cells,
enhancing cytokine production by T cells, stimulating differentiation ad
30 effector functions of T cells and/or promoting T cell survival) or overcoming
T cell exhaustion and/or anergy are provided. Representative compositions

include PD-1 antagonists that bind to and block endogenous PD-1 on



fragnents thereof, PD-1 antibodies, fusion proteins, and variants thereof.
These PD-1 antagoni st bind to PD-1 under physiological conditions and bl ock
T cel | i MkDRotovame28PD-1 ant agoni sts that bind to nati vePPDAUS2000054%d6
include PD-I and B7.1 pol ypeptides, fragments thereof, antibodies, and
fusion proteins. These PD- I antagonists bind to B7-HL and B7-DC and prevent

them fromtriggering, jnhibitory signal, .fransdyctio rqu PD-1 on i nmune
cells. In a p%ﬂ@@f‘? gﬂise"??gl%‘? f,m%f-%&t}%mg Sﬁf“@gpjﬁg’ &s, or variants
thereof are ceppb@icheh, MeRBmpPStivREREIEE PDL P ki@ IRt ShOBnRkOAR] NS t hat

ant agoni ze the PD-1 receptor by binding to the PD-I receptor wthout

causi ng si gnablack &4 ligandsrang tresehyrprerent thenTirpindateragting methfRIdilon

pol ypepti des i r Ui rtner.having .all or _a part. of B7-DC or
7t Por “var Mstfec thkiidly b RLEE ARARMER: (AR Mufirs P 0ept  de o
(i) optional sybjedtsiiesbet thededfiafkgovidegt i de sequence that is fused to the
second pol ypeptide, The presence of the fusion partner _can alter the

sol ubi lity, affini \P-haeagemistathehbipdde aphbloplepidagprougd D-f pndeyqugen
enbodi nent s, vl _ : ope or nore
domai ns of anQ%%J’D%eegé\%mgh%a%?\lS’clgléllg?g%tﬁ Er'ggéagﬁb LS{IZ?J %ﬂ}@gﬁ?’é gg\??ng an am no
aci d sequence banlitelpmditigeteof, ik 1 AntieliesChisiomthrilidthsy agl vanianegf a hunan

i mmunogl obulin Cg |, chai Simlar fusiop . proteins using B7.1 and PD-1 are
pr ovi ded. Nuclifofadpge @%—é&&%n@tﬁ@ﬁ%@pﬁ wd%aﬁﬁwﬁﬂml Cﬁﬁa@}“ﬁ%ti des and
fusion pregei ngyg 8Pk MAst) iggbisncont ai ning such nucleic acids in vectors are
al so provided. | munogeni ¢ conpositions containing the disclosed PD-I

recept or ant agoni stP®-anetagbsts fravbinddd nativenRinddegands imolyde®x-1 emd i ncl ude

antigens,a so f PD.1 receptor, ant i st and .optional.l dj uvants.
Sui t bl e ant | EnCrelimeREEs SRR R FPodssr o Pon BRfripd FlE a1 ane
tumor anti gengpn.Mahapslssts 8ind4s VI Pend B7EOERhEbredBAABARIRS (0 reduce T
cell inhibition and/or 5.“)' ong activation of T cells or overcone T cell

exhausti on andyiggeriagéntyhitay sigoplovngdertionieoage P congemunt cdls- | recept or
sntagon! 5. and kgt S8 QuRRERHIT R BRI BBl 70, roepter
PD-1 receptor vafiagdieisf arkaapsisd td ehsr maypeptids tb €orusREiohPraitingtiagt € t he
| mine antagonize the PD-1 receptor by binding to the PD-1 receptor without causing
signal transduction through PD-1. Typically, the fusion polypeptides have a
first fusion partner having all or a part of B7-DC or B7-H1, or variants
20 thereof fused (i) directly to a second polypeptide or, (it) optionally, fused to a
linker peptide sequence that is fused to the second polypeptide. The
presence of the fusion partner can alter the solubility, affinity and/or valency
of the polypeptide. In certain embodiments, B7-DC, B7-H1 or variants
thereof are fused to one or more domains of an Ig heavy chain constant
25 region, preferably having an amino acid sequence corresponding to the
hinge, Cy, and Cps regions of a human immunoglobulin Cy1 chain. Similar
fusion proteins using B7.1 and PD-1 are provided.
Nucleic acids encoding PD-1 receptor antagonist polypeptides and
fusion proteins and host cells containing such nucleic acids in vectors are
30  also provided.

Immunogenic compositions containing the disclosed PD-1 receptor

antagonists are also provided. Immunogenic compositions include antigens,



response of i munosuppressed subjects. In certain enbodinents, PD I

recept or antagoni st conpositions are admnistered in conjunction with

vacci nes.WBRVEF2DESCRI PTI ON OF THE DRAW NGS Fi gur es | A- BCaus2@goapizl show ng
B7-DC-1g binding to PD-I in a PD-1 binding ELI SA as described in Exanple 1.
Figure 2 is a graph showi ng that B7-DC-1g binds to PD-1 expressing CHO

cells. Figure a ph show ng that B7-DC- onpet th PD-LI for

bi nding to P@ﬁomﬁﬁﬁéqfe??t%@f%ﬁp’éfﬁl Opé’ﬁ’n%liﬁﬂci gﬁ‘é%]@ regi men for
the P815 tumhnt@ﬁﬁlnclda'egr%ﬁ%a@té’iﬁ Srsilel ARiGhARARI Q{dﬁlﬁﬁpamygényrres plotted
as a function of tinme and treatment: A) vehicle control, B) nouse |gG

control, and O wMﬁﬁ!@dBfOID@iﬂggPDﬂllgwpé@Mg@mSéomdme@?rcabhs showi ng t hat

h i h - DC- | t ed
e adi oati on of PiSPaf HLARORREAT gk ST Xl Efr EhrSirohas TRt "wi gure 7
shows thatst hend/endiierst 4 dr@ Brodfde@T X henghefic kdes bOPB! et GasamhiHDhald | shed CT26

tunors (colon carcinoma) in nice and protected a&g nst re-challenge with
CT26. Fi gure 8ndngslpic agids eropstingribe smoee pepvidasa i reqeptnulaniagonist gener ati on

Betini 11 ong. Ac BERRIE to b o bR bt sBh s Weabblr FIEECT e o

conmpound of i pdcepiestntegonist combbditionsapalsprieaisediol signudite thelialnypept | de) t hat
is in an environnent different fromgthat in which the corrpound natural |y

occurs e.g. sEFRPEESE IPMgRPSUPRressedsRBIecty [ esytadeRbedimets iad entrating a
PoPL e 5, FABEGRELLEN ot 6o el GRS, 101 o
substanti al | yvecmmeshed for the conpound of interest and/or in which the
conpound of interest i %ﬁ%ﬁbﬁb&%&x&&@&ﬁ%k%ﬂxﬁ&éé' ed.
Figures 1A-B are graphs showing B7-DC-Ig binding to PD-1in a
PD-1 binding ELISA as described in Example 1.
15 Figure 2 is a graph showing that B7-DC-Ig binds to PD-1 expressing
CHO cells.
Figure 3 is a graph showing that B7-DC-Ig competes with PD-L1 for
binding to PD-1.
Figure 4 is a diagram of an exemplary dosing regimen for the P815
20 tumor model.
Figures 5SA-C are line graphs of tumor volumes plotted as a function
of time and treatment: A) vehicle control, B) mouse IgG control, and C)
murine B7-DC-Ig.
Figures 6A-C are line graphs showing that the combination of
25  cyclophosphamide (CTX) and B7-DC-Ig resulted in eradication of
established CT26 tumors (colon carcinoma) in mice.
Figure 7 shows that the combination of CTX and B7-DC-Ig
eradicated established CT26 tumors (colon carcinoma) in mice and protected
against re-challenge with CT26.
30 ~ Figure 8 shows that CTX and B7-DC-Ig treatment resulted in

generation of tumor specific memory CTLs.



As used herein, the term "pol ypeptide" refers to a chain of am no acids of
any length, regardless of nodification (e.g., phosphorylation or

gl ycosyl avpanjo/o22e28used herein, a "variant" pol ypepti dePCOAIS20009549071 | east

one am no acid sequence alteration as conpared to the am no acid sequence

of the corresponding w |l d-type polypeptide. As used herein, an "am no acid

sequence alteration” f i | a deletion, or an
insertion of one or %@“@%&ﬁw@@iﬁi@ﬁﬁﬁ%@ector is a
replicon, such as pehnmd, phage, or cosmd, into which another DNA
segnent may be inserted so as to bring about the replication of the
inserted segment. Ahesedderanshaiens ‘isblatedley memttadedosber pompeiron vect ors.
As used herein,. an "expression yector’.is a vector .that. includes one or
more expressi Shi” e5ﬁstt‘r€%§" &l ﬁgrﬁ’@é@uﬁ@mﬂ%ee?f%Oﬁ‘éfeﬁ,ld%?r}ﬂ%&(ﬁ’raé’ssi on control
sequence” §s anBNAnROEERest Fdat theORtwigtisthe REmbea Rit@aily Becdrs @gscri ption
and/ or translation of another DNA sequence. As used hereln, "operably

| i nked" means seRgEdseBPRtiBMaislgnitiey sveh as hycneseaniieting 8 pepiide teRpr essi on
cont rol Seq“e@(?%%ﬂt?ééo%ca%%%;{it B 'i%?lnd%%tﬁ?es."‘i&lﬁfgd’ 's%?e%{‘t% sequence of
a "fragmen of "a pol ypepti

i nterest.As use erern, e refers to any subset

of the pol ypepidde cohpbunds thathowitkin sasiplda ekt iattesubkiahiiedyf dbrchédfogt h
protein. Generally, fragnents wil|l be five or nore am no acids in |ength.
As used her ei fe coppogpe OF injegest pad/priny wich thesemperng PHBHESt & t es avai | abl e

per nol ecyje. pﬁiaﬂ?%ﬂsﬁ@{aﬁ{iﬁ nEfger vative” amno acid substitutions are
substitutions erein the SUBYSII)I tuted amno acid has simlar structural or

chemi cal propertiess uésl heseid, theteimpolypeptidaineferstata oheln elmmino aci d
ubst i it ed aftHSOLEdoR e EARER chmg iy @ PREHISERHRN Y n, i sol at ed
nucl ei ¢ aci d" gIﬁB%’]z%i&n@. a nucleic acid that is

As used herein, a “variant” polypeptide contains at least one amino

15  acid sequence alteration as compared to the amino acid sequence of the
corresponding wild-type polypeptide.

As used herein, an “amino acid sequence alteration” can be, for
example, a substitution, a deletion, or an insertion of one or more amino
acids.

20 As used herein, a “vector” is a replicon, such as a plasmid, phage, or
cosmid, into which another DNA segment may be inserted so as to bring
about the replication of the inserted segment. The vectors described herein
can be expression vectors.

As used herein, an “expression vector” is a vector that inchudes one or

25  more expression confrol sequences

As used herein, an “expression control sequence” is a DNA sequence
that controls and regulates the transcription and/or translation of another
DNA sequence.

As used herein, “operably linked” means incorporated into a gentic

30  construct so that expression control sequences effectively control expression

of a coding sequence of interest.



separated fromother nucleic acid nolecules that are present in a mamuali an
genone, including nucleic acids that nornmally flank one or both sides of

t he nucl evo2avit7828 a mamal i an genonme. As used herei n RCTRUSR@9{084971 t O

nucl eic acids, the term"isol ated" includes any non-naturally-occurring
nucl ei ¢ aci d sequence, since such nonnaturally- occurring sequences are not

found in nature and do ,not .have i medj ately coptiguous sequences in a
natural | y-occurri n‘gs ﬁiﬁﬂg}?ﬁgmﬂs%{@wnﬁ é”iﬂ??{ypteﬂﬁéef %&I?Ff’ fon%t ug%qtp refers to
prokaryotic amd peHpaptyetthst i§§|shétér@b@p@5tﬁcﬁl”bf§héﬁmqugﬂgﬂ fteigXPressi on vector
can be introduced.” As used herein, "transforned” and "transfected"
enconpass t heGemralhd dwgmentsofilldedivslcsimoragingho(asidy.in lengtlect or) into a cel |
by a nunber of techni s_kna 0. Nne t, As used.herein the term

ot bodys i o meart POt e Badtishiy hrale s pTabE S os | Fagment s
thereof that hnghbdeet idlabll gen- bi nding site. These include Fab and F(ab')
fragments which lack the Fc fragment of an intact antibody. The terns

"indi vi dual ", "hosf\s useddighjinciconseaypdive pamingrcid ubglitydens areit er changeabl y
herein, and r - e H%@m i i Ng: -4 m humans,
rodents, suchg‘tabg&r%Ft lgré&gn rab %,Swag%ﬁ%@tc%’glp OPia oﬂgigtg%élglawg{ﬁ?%auﬁag?%s used herein
the term "ef f eleniivae paoputids! or "t herapeutically effective anount” neans a
dosage sufficient to treat, inhibit, or, alleyiate one, or, nore synptons of a

di sease state bein SP?eé]éleéﬂndrmfl“&%ﬁ‘ﬂ?ﬁWs%‘nﬁ’ro@_x‘ifdd%‘bét“%@%‘ilsraéﬁﬂ]?ﬁ%lr nmacol ogi ¢
and/ or phygi ol,0gheh @ld @Gtee, f[ﬁﬁoﬁ‘i&%i@%opﬂﬁﬁg?tﬁ@'s&lbst%@&é{ afffoodcsl 39 to a

variety of factors such as subject-dependent variables (e.g., age, inmune
syst em heal t hsigetficant]y alteeeddi sease, and the treat nent bei ng adm ni st ered.

1. PD-1 Antagonists A pref.erred PD-1 antagqni st co und for i.nterfering
W th the §ntoract: On B CE PEIFCORUFIBBSCR" PR SUCRRCEIAHEV as B7- DO).
the extracel | WarataPABhbiR: nBBeledicid MSlcOMlePihat S PPeseht iFRhatamalh vari ants
t hereof which bind to and bl ock PD-I without triggering inhibitory signal

transduct i on ¢ nahpling nugheic peidy that ngrmadiy Aignb onepr: path sigerpf the

15 nucleic acid in a mammalian genome,

As used herein with respect to nucleic acids, the term “isolated”
includes any non-naturally-occurring nucleic acid sequence, since such non-
naturally-occurring sequences are not found in nature and do not have
immediately contiguous sequences in a naturally-occurring genome.

20 As used herein, the term “host cell” refers to prokaryotic and
eukaryotic cells into which a recombinant expression vector can be
introduced.

As used herein, “transformed” and “transfected” encompass the
introduction of a nucleic acid (e.g., a vector) into a cell by a number of

25  techniques known in the art.

As used herein, the term “antibody™ is meant to include both intact
molecules as well as fragments thereof that include the antigen-binding site.
These include Fab and F(ab’); fragments which lack the Fc fragment of an
intact antibody.

30 The terms “individual”, “host”, “subject”, and “patient” are used
interchangeably herein, and refer to a mammal, including, but not limited to,

humans, rodents, such as mice and rats, and other laboratory animals.



Addi tional PD-1 antagonists include fragnents of PD-LI that bind to PD-I
w thout triggering inhibitory signal transduction through PD- 1, PD-1 or
sol ubl e fwagrrs2Bher eof that bind to |igands of PD- |1 &ad/use@emI7bi ndi ng
to the endogenous PD-1 receptor on T cells, and B7. 1 or soluble fragnments
t hereof that can bind to PD-LI and prevent binding of PD-LI to PD-I. In

certain enbodi nents, PD-1 antagonists i.ncrease, T cell cytotoxicity in a
subj ect. The mul ti‘%’f@se&ﬁﬁeﬂ’?@ﬁ%‘m yeffgﬁwe FROHYo AT < Eraﬂg‘i{‘ﬁgﬁjfo i nduce a
robust i MuNe.ARHROBSBuAN nfdRs £abRg@ BEFHONAT RAFR, I8l or@XbAugtinen and T
cell anergy. PD-1 antagonists bind to Hgands of PD-1 and interfere with or

i nhi bit the bommipregyoiptamheeodd dasadestets behng tRBtad arde efyenyise plovisierd direct |y

to the PD-1 receptoyr wthout engaging.n sikanalk.transduction.through the
PO 1 recept or S hartiar Pt aREh Phife bRt PATREHGkREMt bl i r ect iy
to PD-1 aml bla¢lkcdihgithRivaidipby fa3t@nalchias smsdsicdchaitient varblker enbodi ment s
the PD-1 antagonists bind to |1 gands of PD-1 and reduce or inhibit the

| i gands from g gagsr innpunetystsn kpelthsstghdhe diseasedidihoiical e & he PD-1. In
still anot heracﬁnnl!%)s(gérg&nt, the PD-1 antagonists can activate T cells by

bi nding to a receptor other than the PD-I receptor.The PD-1 antagoni sts can
be smal |l nol etul e EDthgavigphists The term "smal |l nol ecul e” refers to snall

or gani ¢ conpounds havi ng no| ecul ar, wei ght nmore than 100 and | ess than
about 2,500 dal toné‘,Pfngfv“iPle ?ntﬁ%‘i%é’ﬂmf%‘“g{%”ﬁ g NSy ef er abl y

bet ween apput ;100 2AGARAMIPTI4 204 PIRLS iPPBITe @RLYnBRHhYE B7-96Phe 100 and
about 1000, nore preferably between about 100 and about 750, nore

pref erabl y betxteenlldbodims00f BBl 23 fosion pdGeickaddRINd.2, Fikevaiamtsl nol ecul es

of ten include_cycl.ical .carbon ar rocyclic.structuyres and/ aor aromatic or
pol yar omati c E}F%/‘i?&wgﬁ“é]_sblg‘%g’sfﬁdtqﬂ?@%lt‘ﬁxm%ﬁgeﬁﬂgHH"F?}?P&'iS’(gﬁ | groups. The
smal | ol ecul gagiabeaaNhadush PEHYUCHAQreveRt BIiRLS WD RPPDY . recept or si gnal
transduction by binding to |ligands of PD-I such as PD-LI and PD-L2 and

preventing thadditipaaldPP+lawmtdganisisdaeipdgyiregmentyes TDdy] thet indte Md-1di rect |y to
t he PD-1 ceptor wi.t hout .tr.igger.i Lgnal..trans | rough the PD- I
receptor. {%eﬁ?ﬁlg\g&lﬁﬁrfngdﬂ%%g%% Séé}%I ﬁﬁ%lraﬁlél o:n t%.ﬂotuggﬁ’?-ﬁg?[lﬁﬁio% ted to,
PD-L2, PD-LI, sfilvlk feenBhtsthaeditpatihdiesigaatdoVEDlamt preehelgiiging so or  f usi on
the endogenous PD-1 receptor on T cells, and B7.1 or soluble fragments
thereof that can bind to PD-L1 and prevent binding of PD-L1 to PD-1. In

certain embodiments, PD-1 antagonists increase T cell cytotoxicity in a
20 subject. The multiple functionality PD-1 antagonists helps to induce a robust
immune response in subjects and overcome T cell exhaustion and T cell
anergy.
PD-1 antagonists bind to ligands of PD-1 and interfere with or inhibit
the binding of the ligands to the PD-1 receptor, or bind directly to the PD-1
25  receptor without engaging in signal transduction through the PD-1 receptor.
In preferred embodiments, the PD-1 antagonists bind directly to PD-1 and
block PD-1 inhibitory signal transduction. In other embodiments the PD-1
antagonists bind to ligands of PD-1 and reduce or inhibit the ligands from
triggering inhibitory signal transduction through the PD-1. In still another
30  embodiment, the PD-1 antagonists can activate T cells by binding to a

receptor other than the PD-1 receptor.
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proteins thereof. Additional enbodi ments include antibodies that bind to
any of these proteins. A PD L2 Based PD-I antagonists 1. PD L2 Based PD I
ant agoni swe 20tva788nd to PD-1 PD-1 antagoni sts bind to PDTIUSeendiomvane cell s
and bl ock inhibitory PD-1 signaling. PD-1 signal transduction is thought to
require binding to PD- 1 by a PD-1 ligand (PD-L2 or PD-LI; typically PDLI)

in close proximty, to_the TCR IVHC cqnpl ex within the inmu synapse.
Therefore, protei Thphe! %@ﬁ%t%?a%@m@ew égiasmm-bﬁlﬁ%}%ﬂn hi bi tory

si gnal _transdugdipRoleBiIet e !;m@lpgrg‘éﬁfc'&H%bhﬂds%a@ﬂ%%mﬁl@éﬁlhﬂat ion of PD I
and TCR on the T cell nenbrane are useful PD-1 antagonists. Representative

pol ypept i de amewhool mpr tharel band lbssttham abowd 2,500 diltad, proferabily | 2

het oof. pb: Lo BBy Labendior Rite ity Bpaleft ARt aFRER toF Y6, 0l gna

transducti®on hiiopeter bet@een @bt 900 bh@ ape 000, @cbre phagpEnt s. O her
enbodi nents i nclude PD-1 antagonists that prevent native Il%ands of PD-1

from bi ndi ng beftveen plopyd f P andsapmal 59. magrs drferebly befweeaabowli ¥W0amdodi nent s,
itis believed i P | i d
I tis believed,ghatoh Bamg{s.s‘i‘hgglgl 1l gf%ﬂ%cﬁl@ﬁof%ﬁ?rgcﬁ%g&ﬁgﬁ}{%m‘os% ed or no

ability to trigger 'sirgn tr roug receptor because

there is no cheteiogatliconruofurdshdd/BCRrdayatiche ppbatdnitichbtGemapubXititad t he
context of the . inmune synapse. Because_signal transduction through the PD-I
receptor tran¥fieer mogatingdongl growpst Rhe STaei Bwipspleqntageists rg®icByat i on and

T-cell propif | it [ @nﬁ%j ] t hway

al | ows ceﬁ)s tS %ﬂ%éé%g%??t\g?}%?j&%dﬁgﬁ&%ﬁﬁg" ots ﬁ%(?i\%ﬁlggtbgela %&g%agt@se@? 2.

Exenpl ary PD- EP-PshoppsP-té aRDPD-1L0 tadyprivattsigivhe ligemd BBy hitprattygept | des can
have at |east 80%_ 85% 90%. 95% 99%.or 0% sequence, jdentity to: MLLLP
| LNL SLQLHPVARL! @ﬁi&ﬁ?@\%@‘gﬂﬂ)@&é\‘? t@é’é&%&ﬁ@@‘ﬁ Eﬂ%@“ﬁ&’@@@% KVENDTSLGS
BRATLLEEQL PL ﬁk&]gd@g@{\%%%%%h@@@q QGALLW DYKYLTVKVK 120 ASYMRI DTRI
LEVPGTGEVQ LT RGYPL AEVS V PAHTSRI RTP EGLYQVTSVL 180 RLKPQPSRNF

SCMFKNAHMK ELTSAI | BremBRIMEPRVPRI2aaRistH/BERAS brk Ate|net imited 4@ PD-QRKRI 247
15 PD-L1, PD-1 or B7-1 polypeptides, and variants, fragments or fusion
proteins thereof. Additional embodiments include antibodies that bind to any
of these proteins.
A. PD-L.2 Based PD-1 antagonists
1. PD-L2 Based PD-1 antagonists that Bind to PD-1
20 PD-1 antagonists bind to PD-1 on timmune cells and block inhibitory
PD-1 signaling. PD-1 signal transduction is thought to require binding to PD-
1 by a PD-1 ligand (PD-L2 or PD-L1; typically PD-L1) in close proximity to
the TCR:MHC complex within the immune synapse. Therefore, proteins,
antibodies or small molecules that block inhibitory signal transduction
25  through PD-1 and optionally prevent co-ligation of PD-1 and TCR on the T
cell membrane are useful PD-1 antagonists.
Representative polypeptide antagonists include, but are not limited to,
PD-L2 polypeptides, fragments thereof, fusion proteins thereof, and variants
thereof. PD-L2 polypeptides that bind to PD-1 and block inhibitory signal
30  transduction through PD-1 are one of the preferred embodiments. Other
embodiments include PD-1 antagonists that prevent native ligands of PD-1

from binding and triggering signal transduction. In certain embodiments, it

11



(SEQ ID NO 1) or LFTVTAPK XV YTVDVGSSVS LECDFDRREC TELEG RASL QKVEHDTSLQ
SERATLLEEQ 60 LPLGKALFH PSVQVRDSGQ YRCLVI CGAA WDYKYLTVKV KASYMRI DTR

| LEVPGT GBVO220/0QISPEQARGYP LAEVSWINVS VPANTSHI RT PEGLYQVPEV/USRIKBEPBIRK
FSCVFWNAHM 180 KELTSAI i DP LSRVEPKVPR TWPLHVI G PA CTI ALI FLAI VI |1 QRKRI 228
(SEQ ID NG 2). Human PD-L2 pol ypeptides can have at |east 80% 85% 90%

95% 99% or 10Q%. i dent i t . MFLLLMSL E AAL ETVTVPKELY
IIB?—IGSNVTEr Ecﬁ%ﬁir%%ﬁ%ﬁgﬂ*?&gi% %%IL%\F@%I@?BW%[% qu_laLg_ I 19 ARNEFH P
QVQVRDEGQY QY RT@M@&&H&&%& thedh o ABEH kb e VRETIE W rd KHIATGYPL

AEVSWPNVSV PANTSHSRTP EGLYQVTSVL 180 “RLKPPPGRNF  SCVFWNTHVR ELTLASI DLQ
SQVEPRTHPT W eHliEstRmofthaFCRI baThe pejoideAVRKGoDGReL YSBKDITER VT TKREVN SAl

273 (SEQ DNQ 3)or. 1, FTVIVPKEL YI | E BONFDT | TASL QKVENDTSPH
RERA(TLLSEQ GOI%EWMG' %ﬁﬁﬁ%@%&@ﬁ%@&@%ﬁ CREREYRKI NTH
| LKVPETDEVS 12 {arksdaits@kain d MNP WYt uRANTEHASE v ML LRLKPPPGRN

FSCVFWNTHV 180 RELTLAS| DL QSQVEPRTHP. TW.LH FI PF Cl | AFl FI AT VI ALRKQLCQ
KLYSSKDTTK 24proRfapationk Ribis\the X134 sigmtyramdpetionpathngy- Hlovasels fonat e

(Cynonol gus) Ly ReRt .!1 east 80% 85% 90% 95% 99%
or 100% sequeﬁ%&ﬁﬁgﬁﬁ?@y to‘?wgﬁ\f‘g%?eﬁgéf AAL FTVTVPKELY || EHGSNVTL
ECNFDTGSHV NLGAI TASLQ 69. SCVEXERPRITR PERAZRoRRdptide BOASFH P QVQVRDEGQY

QCl | | YGVAW DYKYLTLKVK 120 ASYRKI NTHI LKVPETDEVE LTCQATGYPL AEVSWPKVSV
PANTSHSRTP EGLYQVTSVL 180 RLRPEFEOMHS SCVFWKTHVR ELTLASI DLQ SQVEPRTHPT

VLLH FI PS@G | | Al Fl ATV: 240, TT oSAke273 (SEQ I D
NO. 5) or &TVTVpKEﬁﬂI\\;IInI%é%GkSJ%\/TFE lg%B@”Fﬁ%@% ‘VQ%I@F%P’M@Q ARERATL LEEQ
60 LPLGKASFHI 9$MQIRIFGRNOCE ideMGYAOVDYKYLTLKY KASYRKI NTH | LKVPETDEV 120

EL TCQATGYP LAGN VPN S, My eHRRT, - BEE YIMISY, k&ﬁ@%&%{%&é@é\m@ | SO

RBLTLASI DL QS%\éIN:, RTHP. _TW.LHI FIL PS Cl I ARl FI AT VI ALRK DATK 2 0O
RPVTTTKREV NS é_si ERATLLEBQL 93:«:-;1%1,3';11? SVQVRDSGEY RCLVICGAR YLTVKY 1 2

2
ASYMRIDTRI LEVPGTGEVQ LTCQARGYPL AEVSWQNVSYV PANTSHEHIRTP EGLYQVTSVL 18
15 RLEPQPSRNF SCMFWNAHME ELTSAIIDPL SRMEPKVPRT WPLHVFIPAC TIALIFLAIV 240

IIQRKRI 247
(SEQIDNO:1) or
LETVTAPKEV YTVDVGSSVE LECDFDRREC TELEGIRASIL QKVENDTSLQ SERATLLEEQ &0

LPLGKALFHI PSVQVRDSGO YRCLVICGAA WDYKYLTVRV KASYMRIDTR ILEVRGTGEV 120
20 QLTCQARGYP LAEVSWONVS VPANTSHIRT PEGLYQVTSV LRLKPQPSRN FSCMFWNAHM 180
KELTSAIIDP LSRMEPKVER TWPLHVEIPA CTIALIFLAI VIIQRKRI 228

(SEQ ID NO:2).
Human PD-L2 polypeptides can have at least 80%, 85%, 90%, 95%,
99% or 100% sequence identity to:

25 MIFLLIMLSL ELQLHQIAAL FIVIVPKELY IIEHGSNVTL ECNFDTGSEV NLGAITASLO &0
KVENDTSFHR ERATLLEEQL PLGKASFHIP QVQVRDEGQY QCIIIYGVAW DYKYLTLKVK 12¢
ASYRKINTHI LEVPETDEVE LTCQATGYPI ARVSWPNVSV PANTSHSRTP EGLYQVTSVL 180
RLKPPPGRNE SCVFWNTHVR ELTLASIDLY SQOMEPRTERPT WLLHIFIPFC IIAFIFIATV 240

TALRRQLCOK LYSSKDTTKR PVTTTEREVN SAL 273
30 (SEQIDNO:3)or
LEFTVIVPREL YIIEHGSHVT LECNFDTGSH VNLGAITASI QKVENDTSPH RERATLLEEQ 60

LPLGKASEHI POVOVRDEGQ YQCIIIYGVA WDYRYLTLKV KASYRKINTH ILKVPETDEV 120
ELTCOATGYP LAEVSWPNVS VPANTSHSRT PEGLYQVTSY LRLKPPPGRN FSCVEWNTHV 180
RELTLASIDL QSQMEPRTHP TWLLHIFIPF CIIAFIFIAT VIALRKQLCQ KLYSSKDTTK 240

35  RPVTTTKREV NSAI 254

(SEQ ID NO:4).
Non-human primate (Cyromolgus) PD-L2 polypeptides can have at
least 80%, 85%, 90%, 95%, 99% or 100% sequence identity to:

12



(SEQ 1D NO6) SEQID NGs: 1, 3 and 5 each contain a signal peptide. B.
PD-LI Based PD-I Antagonists 1. PD- LI Based PD-1 Antagonists that Bind to
PD-1 Recewpoanw/rdzer PD-1 antagonists that bind to the PDIIUS@OOpt90T

i nclude, but are not limted to, PD-LI polypeptides, fragnents thereof,
fusion proteins thereof, and variants thereof. These PD-1 pol ypeptide

t i sts bj duced or no
abi [Tty to t r*.;fégléb%?%ﬁ%‘%@%ﬁ%"%%%} ek BRERb Al AR NAXELECUCRR |

DT3P} : I T OrLyI:?LSIEAngZ VOVRDEG uet] Onv W r%L
receptor. In one énbodi nents 1T 15 belteved that 1 he PO LI pol ¥ept i des
have reduced OF*HIHOYTTAYSEFTTH Gt STENAT "M aHEHUETH SRS Ehr otigh t he PD-|
recept or becabid&FFENEr EVISTHEG COLFERAE ISGFFFafErT HELTCRED YL HEAPe pt #4de- MHC
conpl ex i nd t herigomtaxtyseoatherviREe sgynapse. Because signal teansduction
t hrough the P, ] transmts a negative signal that attenuates
T-cell acti vaﬁ%(%ﬁg%\gﬁ'lts'?élél | proliferation, inhibiting the PD-I signal
transduct i on BEVRGPDIVFESHHITYFEPLTER SV 'GWs “EEFTISPT SEHELEEL | vatled t hat
woul d ot her wi BECHEFE FERARAEQAC 2 I YR epivatlyy PBYRKINRDEypestivde PD- |
Ant agoni st s MurcgrecPDedel svpolsypeptide secaovihaverkatrcheastm809 859 90% 95%

99% or 100806 sefuene® bdedtideyrwt. 0 riVRIJCAGE kT vACRHELERARE s dodAPKDEG VYV

EYGSNVTVEC RFENERELRL.ALVWYVEKE 60 DEQVI QFVAG EEDLKPQHSN FRGRASLPKD
QLLKGNAALQ I T AG. VYCCl | SYGG 120 ADYKRI TLKV NAPYRKI NQR | SVDPATSEH
ELI CQAEGYP EA %VSGKRSV 180 TTSRTSGVLL NVTSSLRVNA TANDVFYCTF

VRSCPGQNHT AELI | PESRA T3 RBQVRE 20N bFSd o KETMLFL RKQVRVLDVE
KCGVEDTSSK NRNDTQFEET 290(SEQ 1D NO 7) or FTI PKDLY WBYGSNVTM ECRFPVEREL

LML (R e S s 1T

1 e ind t
SDHOPVSGKR SVTTSRTEGM LEHVTS fa %”ﬁﬁ/@@%ﬁ | | PEL
PTHPPQNRT HW/LLGSI LL FLI VSTViRecaftdrs LRKQVRMLD VEKCGVEDTS SKNRNDTQFE ET 272

(SEQ I D NC 8). )
Other PD-1 antagonists that bind to the PD-1 receptor include, but are

not limited to, PD-L1 polypeptides, fragments thereof, fusion proteins
thereof, and variants thereof. These PD-1 polypeptide antagonists bind to
20 and block the PD-1 receptor and have reduced or no ability to trigger
inhibitory signal transduction through the PD-1 receptor. In one
embodiment, it is believed that the PD-L1 polypeptides have reduced or no
ability to trigger signal transduction through the PD-1 receptor because there
is no co-ligation of the TCR by the peptide-MHC complex in the context of
25  the immune synapse. Because signal transduction through the PD-1 receptor
transmits a negative signal that attenuates T-cell activation and T-cell
proliferation, inhibiting the PD-1 signal transduction using PD-1.1
polypeptides allows cells to be activated that would otherwise be attenuated.
2. Exemplary PD-L1 Polypeptide PD-1
30 Antagonists
Murine PD-11 polypeptides can have at least 80%, 85%, 90%, 95%,
99% or 100% sequence identity to:

MRIFAGITET ACCHLLRAFT ITAPKDLYVV EYGSNVIMEC RFPVERELDI LALVVYWEKE 60
DEQVIQFVAG EEDLEPQHSN FRGRASLPKD QLLKGNAALQ ITDVKLQDAG VYCCIISYGG 120
35 ADYKRITLEYV NAPYRKINQR ISVDPATSEH ELICQAREGYFP EREVIWINSD HQPVSGKRSV 186
TTSRTEGMLE NVISSLRVNA TANDVFYCTF WRSQPGONHT AELIIPELPA THPPQNRTHW 240
VLLGSILLFL IVVSTVLLFL RKQVEMLDVE KCGVEDTSSK NRNDTQFEET 290

13



Human PD- LI

sequence identity to:

pol ypepti des can have at |east 80% 85% 90% 95% 99% or

AALIT VYVENEOGO10DKMN2B QFVHG EEDLKVOHSS YRQRARLLKD QL SLGNAARQTIUBRMKI0SIIAG
VYRCM SYGG 120 ADYKRI TVKV NAPYHKI NQR | LVWDPVTSE HELTCQAEGY PKAEVI WI'SS
DHQVLSGKTT 180 TTNSKREEKL FNVTSTLRI N TTTNEI FYCT FRRLDPEENH TAELVI PELP
LAHPPNERTH 24&#6/&#%#@L@/ALTFI FR LRKGRMVDVK KCA QDTNSK KQSDTHLEET 290

(SEQ I D NO 9)

HGSEDLKVQH 60r1SS¥RORARELssKDQLESLGNAAL Q- TBVIL QD sAGHYREVESY-GGADYSRI TV
KVNAPYNKI N 128 r&dRk ENDRY T x SEREL 1:6RAED @YRKAEW VW S@DHQWhSEK kT T TINGKREE
KLENVTSTLR 180, ;LTI ENSE LY AT FRRLDREE - NHLAELVLRE LELAHRENER. TH'— LLGAI L

LOLQUALTELs 2400 BN TEii G ST 1 212, LS, 50

| D NGs: 7and ach contai'n

10) .

100%

MRl FAVFI FM TYWAHLLNAFT VTVPKDLYW EYGSNMI'T EC KFPVEKQLDL

Y VEYGSNHTI ECKFPVEKQL DLAALI VYWE MEDKNI | QFV

SEQ

Based PD- |

Ant agoni st s 17B7FPafi PET BIERG PB'1 Ant agoni sts that Bind t6 PD-LI and

PD-L2 O her

ucHQID pEdPpept i des i nclude the PD-1 receptor protein,

sol ubl e fragnents

S Y b Bl B 5P b Bt 2o P

preventing i ”b@%‘erOlﬁ%ss'eQﬁtﬁ‘a'ce idcAfigayct i on.

sol ubl e
such as t

or

Such fragnents al so include the

portion of the PD I x(groteln that o tlonallﬁ i ncl udes mut ati ons,

A%EA‘%EF%?W%NMF Hat " PHeT E8SEE BT Ath AT t'o”t"

endogenous PDgi:r68€@PL@kLrriekeiik e¥eRbhed xbdbiREt ory signal 5o

transduct | on, lL.so . useful. 2. Exenplary B7.1 Pol ypeptide PD-I
i liwu?ﬁ@@%‘f@%‘i ypepti des can have at |east 80% 85% 90% 95%

Ant agoni s

99% or 100% sequence vderstmt yeckioryENACNCQRL MWD vF Rl L IKFPEGRRiIkIdsl FVL4ol R

LSQVSSDVDE QL SK&MKRIKV ol RGRYNSPHvGQ D acvyreMIsy GGADYKRITY KVNAPYNKIN 120

20

25

30

35

QRILVVDPVT SEHELTCQAE GYPKAEVIWT SSDHQVLSGK TTTTNSKREE KLFNVTSTLR 180
INTTTNEIFY CTFRRLDPEE NHTAELVIPE LPLAHPPNER THLVILGAIL LCLGVALTFI 240
FRLEREKGRMMD VEKCGIQDTN SKKQSDTHLE ET 272

(SEQ ID NO:10).
SEQ ID NOs: 7 and 9 each contain a signal peptide.
C. B7.1 and PD-1 Based PD-1 Antagonists
1. B7.1 and PD-1 Based PD-1 Antagonists that Bind
to PD-L1 and PD-L.2
Other useful polypeptides include the PD-1 receptor protein, or
soluble fragments thereof, which can bind to the PD-1 ligands, such as PD-
L1 or PD-L2, and prevent binding to the endogenous PD-1 receptor, thereby
preventing inhibitory signal transduction. Such fragments also include the
soluble ECD portion of the PD-1 protein that optionally includes mutations,
such as the A99L mutation, that increases binding to the natural ligands.
PD-L1 has also been shown to bind the protein B7.1 (Butte, et al., Immunity,
27(1): 111-122 (2007)). Therefore, B7.1 or soluble fragments thereof, which
can bind to the PD-L1 ligand and prevent binding to the endogenous PD-1
receptor, thereby preventing inhibitory signal transduction, are also useful.
2, Exemplary B7.1 Polypeptide PD-1

Antagonists

14
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PD- LI has al s&FBEERCSSHEWN 56 BRRALERSIHEHRe? ATBEPA{ BREEYGet 80,

| muni ty, 27(3)yRrRIFTV- ¥2AORBOZYYoeviFh erecortey PBEVITEY DinulaghiTe f ragnment s
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BDESBDRI YW QKHDKW.SV | GKLKVWPE YKNRTLYDNT TYSLI | LGLV LSDRGTYSCV 120
VQKKERGTYE VKHLLVKLS | KADFSTPHI TESGHPSADT KRl TCFASGG FPKPRFXWL.E 180
NGRELPG NYOBH®ORRESEL YT SSQLDFN TTRNHTI KCL | KYGDAHVSE PETMERPPERI921 0
PPDSKNTLVL FGAGFGAVI T VW W | KC FCKHRSCFRR NEASRETMNS LTFGPEEALA 300 EQTVFL
306 (SEQ ID NO 11) or VDEQ_SKSVK DKVLLPCRYN SPHEDESEDR | YWOQKHDKW

LSVI AGKLKV WPEYKNRTLY. 6 TYSLIIL GLVLS TYEVKHLALV

KLSI KADFST PN TESGYP&ENE KPSPHERNC WDR%F%W% TI SQDPE
SELYTI SSQL DFb@'I%}I%b%]s@Quéﬁ%idg GRAH: VSEDFTVEKP PEDPPDSKNT LVLFGAGFGA

VI TW/I W1 | KCFCKHRSC 240 ' FRRNEASRET NNSLTFGPEE ALAEQTVFL 269 (SEQ I D NO.
12). Human B7Y™ EolSFpEptiFaes 'Cari Y HaT & att > 1V east**809% 8595700 % 99% 99% or
100% sequenceEPEuRE 7 §REpRYVLNEBTRROET S KPSKEPY [ NEF IGHL IARIYSH FCSBVI HVTK
EVKEVATLSC GHNYSMEBEEA G0 LOTR| (YMPKER: KivhArTavVEGRr rMNisWPEAKNRWTE FDELSFNNL S

| VI LALRPSD EGREQALK 1:200 Y DARKRE h LARMTL:SVKA DERTPSHGRE-H PTSN RRI

| CSTSGGFPE  PHLSWLENGE: 18R Ek:NM NTTVS :QRREFEL YAV ookl DENMET .HHSEMCLI KY
GHLRVNQTFK HFP 240 DNLLPSWAI T LI SUNG FVI CCLTYCFAPR CRERRRNERL
RRESVRPV 288 (SEQ I D NO. 13) or VI HVTKEVKE VATLSCGHNV SVEELAQTRI® YWQKERKMVL
TMVSGDVKI W PE B9dd) PITTNNLSI VI L ALRPSDEGTY ECWLKYEKD AFKREHLAEV
TLSVKADFPT() PSESRERER T 20 5M ﬁﬁéﬁggﬁ{ Imlﬂbﬁa&%ﬁ%%ﬂ NT Ta¢SQDPE

TEL YAVSSKL DFMWI—@FGLJ@QRM KOEHEPDNL L. PSWA TLI SV

NPT GeLT YCHAPRER 240 i s YRy 284 TX01 B e 220 1D ho

11 and 13 eac cont al n Xfe ptide PD- I

A ot o TR b TR e RS R A TR P BT BosE Ronot, 950
99% or 100% Sé%f@%ﬁ“?&%r FW@WF?E@)’A%@TV% PQAPWY WAVLQLGAR PG\/\FKDS@DR
PWKPPTFFPAS LLYABEEDIWOTET.CSFSNTS 60

Human B7.1 polypeptides can have at least 80%, 85%, 90%, 95%,

99% or 100% sequence identity to:

MGHTRRQGTS PSKCPYLNFF QLLVLAGLSH FCSGVIHVTK EVKEVATLSC GHNVSVEELA &0
QTRIYWOREK KMVLTMMSGD MNIWPEYKNR TIFDITNNLS IVILALRPSD EGTIYECVVLEK 120
20 YEKDAFKREH LAEVTLSVKA DFPTPSISDF EIPTSNIRRI ICSTSGGFPE PHLSWLENGE 180G
ELNAINTTVS QDPETELYAV SSKLDFNMIT NHSFMCLIKY GHLRVNQTEN WNTTKQEHFP 240

DNLLPSWAIT LISVNGIEFVI CCLTYCFAFPR CRERRRNERIL RRESVRFV 288
(SEQ ID NO:13) or
VIHVTKEVKE VATLSCGHNV SVEELAQTRI YWOKERKMVL TMMSGDMNIW PEYRNRTIFD 60

25 ITNNLSIVIL ALRPSDEGTY ECVVLKYEKD AFKREHLAEV TLSVKADFPT PSISDFEIPT 120
SHIRRIICST SGGFPEPHLS WLENGEELNA INTTVSQDPE TELYAVSSKL DFNMTTNHSE 180
MCLIKYGHLR VNQTFNWNTT KQEHFPDNLL PSWAITLISV NGIFVICCLT YCFAPRCRER 240
RRNERLRRES VRPV 254

(SEQ ID NO:14).
30 SEQ ID NOs: 11 and 13 each contain a signal peptide.
3. Exemplary PD-1 Polypeptide PD-1
Antagonists
Human PD-1 polypeptides can have at least 80%, 85%, 90%, 95%,
99% or 100% sequence identity to:

35 MQIPOAPWPY VWAVLOLGWR PGWFLDSPDR PWNPPTFFPA LLVVTEGDNA TFTCSFSNTS a0
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT 120
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSE RPAGQFQTLV VGVVGGLLGS 180
LVLLVWVLAYV ICSRAARGTI GARRTGQPLK EDPSAVPVFES VDYGELDFOW REKTPEPPVP 240
CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWRL 288

40  (SEQID NO:15)
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ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMVSEY VRARRNDSGI 120
YLCGAI SLAP KAQ KESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV VGWGGELLGS 180
LVLLVWLAVO2CHRAARETI GARRTGQPLK EDPSAVPVFS VDYCGELDFQW REKTRERPNR210
CVPEQTEYAT | VFPSGMGTS SPARRGSADG PRXAQPLRPE DGHCSWPL 288 (SEQ I D NO

15) Non- human primate (Cynonol gus) PD-1 pol ypeptides can have at | east 80%

85% 90% 95% 99%.or ,100% sequence ident| to: .POAPVWPV vWAVLQLGAR
POIFLESPDR PVNAPTPRB TR0 PEAIN @W%@%ﬂ %ﬁ%%’éﬁ%wm
AFPEDRSQPG DRIl sPNGRIE BB o0ARRDDBGLa1de MGGl SLAP KAQl KESLRA
ELRVTERRAE VPTAHPSPSP RPA LV VOAGGLLGS 180 LVLLVWWLAV | CXRAARGT

GARRTGQPLK EDBBAVBA S ™DYEEE DECIN BEK TREBBYE: 240 CVBECTEVAT® VFPEGMVGTS
SPARRGSADG PRSATPYRPE ‘EXGHCSAPE P 288 P f SEOTFDRNEYCREBY S VSEORIDSNOs : 1205 and 16
each cont at n sicsiigmal xapeptizd i DEREE ygrrentes? af2cPRTv AWegossi st 1490l ypept i des
The PD-1 ant agonistavpolsypeqt i descoan besafivkd vheagirtw palrypept | des, or can be
a fragment of carfmbdr HepGhdrspPRbRERE b0 AS: UsREEr €i N, a fragment of a

PD-1 ant agoni ?M\E&@?f de refers to any subset of the polypeptide that is
a shorter pol ﬁﬁe(g 'of/the full length protein. Useful fragnents are

those that retain g}g? BINDst ¥5 élﬁmggghkgntgjﬁqjﬁgmfjéﬁtgje_ l'i gands. A PD-I
e that is a fralg)ment of fulllength PD-1 antagoni st

ant agoni st pol ypepti f ]
pol ypept i 8¢ typi caPhy h¥sagments of PD2D Apéagomint Pob@eptidesent , 40 percent, 50

percent, 60 percen _per.cent. Fcen ner cent .percent, 98
percent, 99 per cenﬁr,he %gop%étrg%(glﬁ%t,pggllp Q@\lfge% C‘%P%%ﬁ%ﬁ é’é’ly %E%%%t of the
ability to bi ogh bd sfraghemalf alfilg agdfispolAsepaEPAE @skd réihe fradhdagt h PD- |
ant agoni st pol )f%egi)tide. For exanple, useful fragnents of PD- L2 and PD- LI
are those tha Pkt antazene nobipeptide seerp inanytsybispof thepplyperidrdtbpps g|

fragnents typisl‘fcﬁ’le'r%éof}%ﬁicﬁtofltﬁeaﬁl‘iléég)%gﬁfo‘%ﬁﬁ.t’ 30 percent, 40 percent, 50

percent, 60 percen percent, cent, 90 percent, 95 percent, 98
percent, 99 per centisefl@ageene ate, thoge thatestamnhe abibigntolofd peheient of the

R ROEEE RTINS TR ER I N Y ol
length PD-1 antagonist polypeptide typically has at least 20 percent, 30
percent, 40 percent, 50 percent, 60 percent, 70 percent, 80 percent, 90
percent, 95 percent, 98 percent, 99 percent, 100 percent, or even more than

20 100 percent of the ability to bind its natural ligand(s) as compared to the full-
length PD-1 antagonist polypeptide.
For example, useful fragments of PD-1.2 and PD-L1 are those that
retain the ability to bind to PD-1. PD-L2 and PD-L1 fragments typically
have at least 20 percent, 30 percent, 40 percent, 50 percent, 60 percent, 70
25  percent, 80 percent, 90 percent, 95 percent, 98 percent, 99 percent, 100
percent, or even more than 100 percent of the ability to bind to PD-1 as
compared to full length PD-1.2 and PD-L1.
Fragments of PD-1 antagonist polypeptides include soluble
fragments. Soluble PD-1 antagonist polypeptide fragments are fragments of
30 PD-1 antagonist polypeptides that may be shed, secreted or otherwise
extracted from the producing cells. Soluble fragments of PD-1 antagonist
polypeptides include some or all of the extracellular domain of the
polypeptide, and lack some or all of the intracellular and/or transmembrane

domains. In one embodiment, PD-1 antagonist polypeptide fragments
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fragnents. Soluble PD-1 antagoni st pol ypeptide fragnents are fragnments of
PD-1 antagoni st pol ypeptides that may be shed, secreted or otherw se

ext ract eawPromvhespr oduci ng cells. Sol ubl e fragnment s ofPCPIXSRoMOS4GONI St

pol ypeptides include some or all of the extracellular domain of the

pol ypeptide, and |l ack some or all of the intracellular and/or transnmenbrane
domai ns. I n opne_ enbodi nent, PD-1 antagoni st polypeptide fragnmentsinclude
the entire extichethusniie gommeriviar demenepihe fgpﬂ%ﬁ’@_&ﬂ&%‘ﬁ%)’%@é@-i de. It will
be appr eci at eMilnaJegp??ec%m&ﬁhwwceﬁ&m&nm@aﬁﬂﬁi&&@q,é;s,%;oﬁs 4, or 5
am no acids fromthe transnenbrane domain. Alternatively, the extracellular
domai n can hawmirb, acs fBord theorarlsmambreme aloics. r Shouadely,dm t he G-t erm nus,

N-term nus, or_both. ner.al | t P ant agoni s ol itides or
fragnents the )été?ceg?lére‘g‘?{ﬁ?lgﬁ‘iha‘feﬁg@? %{p@?@nﬂm %fga%xﬁa’toxﬁﬁf){?& ®sequences
that encode acsiegidhs SCUERGE,; orfRLSI gnal sequence is generally cleaved
fromthe imuature pol ypeptide to produce the mature pol ypeptide | acking the

si gnal sequence. TKeEnglalndhe EPqliaragondst pPIIpepiides aybagmentpdicygoépte des can be
repl aced by th ignal s ence not her pol tide usin t andard

nol ecul e bi ol 8%%*3%5%% rﬁ%ﬁ%gel? gmgﬂhgc‘tmbjﬁg S%‘}EISP%P??%SH?O V&% acr eti on,

sol ubility, okequchey THeOREf! Yeq@bndehie g@@iralRaEdvee frofhde Seadle SEqUENCE t hat
is used to replace the PD-] antagoni st poléé)e@ti_de si gnal sequence can be
any known in PpEpeptide te pradnee theanatpgpolyngplde Gekiag Hie sgnalpresendeD- L2

t | ' ' [ | tid
Phcl udes the A0 FRReh kR0 Ge EORO M IR p BRI AT ARBIE Pl BP0 e
PD- I ant agoni signpicieyypanpt bflencther polypepiddedethgytaralardmbkotle éolsgguence havi ng

at | east 80% 85% 90% .95% 99% or 100% sequence 'q.entit¥ to: atgatctttc
ttctottgat gelfghelapeyloghlert e sxpreriunierelssecretiony gelvetRy.66 ofhef act gt ga

ccgt gccaaa agaamtalat dRlFRIIAEE RRIGH S SaRchGBAGS Gt&l ) 20igaahgt aact

ttgacaccgg cagccacgtt aacctggggg ccatcactgc cagcttgcaa 180 aaagttgaaa
acgacactto acdirherggomsigeigpygpade sgwd stqugye ggadgeanbngwRa0the@st t gggga

aggcctcctt _tcatatccct cgggtg tt t.ga acagtac 300 cagtgcatta
ttatct acgg5cgt ggcttgg g ttacj’igg‘zﬁg@gaﬁgg’fdgégﬁﬁt gaaa 360 gcgtcctatc
ggaaaattaa cactcacatt cttaag@lgc FhaaSRPHIR2 IAASINIASIARRins

In one embodiment, the PD-1 antagonist polypeptide includes the

extracellular domain of human PD-L.2 or a fragment thereof, The PD-1

antagonist polypeptide can be encoded by a nucleotide sequence having at

20 least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to:
atgatctttc ttctettgat gotgtetttg gaattgeaac ttcaccaaat cgcggeococtce &0
tttactgtga ccgtgccaaa agaactgtat atcatigage acgggtccaa tgtgaccctce 120
gaatgtaact ttgacaccgg cagcecacgtt aacctggggg ceatcactige cagettgeaa 18G
aaagttgaaa acgacacttc acctcacegg gagagggeaa ccchotitgga ggagceaacty 240
25 ccattgggga aggoctectt teatatecct caggtgeagg ttogggatga gggacagtac 300
cagtgeatta ttatctacgg cgtggetigyg gattacaagt atctgaccct gaaggtgaaa 360
gegtectate ggaaaattaa cacteacaltl cttaaggtge cagagacgga cgaggtggaa 420
ctgacatgec aageeaccegg ctacccgttyg geagaggteca getggcoccaa cgtgagegta 480
cctgetaaca cttctecatte taggacacce gagggectcet accaggttac atcegtgete 540
30 cgectcaaac cgoccccagyg coggaatttt agttgegtglt tttggeatac ccacgtgega 600
gagctgactc ttgcatctat tgatctgecag tcoccagatgg agecacggac teatccaact 660
tgg 663
(SEQ ID NO:17).
In another embodiment, the PD-1 antagonist polypeptide can have at
35  least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to the human
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ct gacat gcc aagccaccgg ctacccgttg gcagaggtca gctggcccaa cgtgagcgta 480
cctgctaaca cttctcattc taggacaccc gagggcctct accaggttao atccgtgctc 540

cgcct caaawocguRee28gg ccggaatttt agttgcecgtgt tttggaatac eCAAFYPOHs49600
gagctgactc ttgcatctat tgatctgcag tcccagatgg agccacggac tcatccaact 660 tgg
663 (SEQ ID NO 17). In another enbodi nent, the PD- I antagoni st pol ypeptide
can have at least 80% 85% 90% 95% 99% or 100% sequence identity to the
humanam no ac%“?@&ﬁ’eﬁ?&%‘?mm FUEENVESL FBEEMO BAL PFRYTVPRENNY™ | | EHGSNVTL

M FLLLMLSL EL@Q=HQhAAL 51 BTRTAR K ph el EHGSRAAT L, ECHEOFGSHY A HGAl TASEQ 60
KVENDTSPHR ERAJE&&EEQ-E@}L%@EB&E&Q{%P@E@% @;ﬂx;@vaMMLTLWK 120

ASYRKI NTHI - LKV, Q&EQEV&LEP%W%DE@%E\A AYSY EANT - (%D YQEPSVL 180
RLKPPPGRNF; SCVEWHTHVR %CV%%HVR RIHPT W221 (SEQ ID N0 18). It will

be appr eci at ed that t LTl’sém%c?MEPg i1 "be removed in the}zgrat ure
protein. Addi (SEﬁiélDlNﬁ) 18 wi I | be appreciated that signal peptides from

ot her organi sns ca use secreti of the tein froma
host duri ng manuf a@t u‘ﬁ %C aBW%%“E?%\? é“’?ﬁ@ph WVS%PH “aci d
sequence of SEHIrPpMN&in 1&d\ddtioh@l%t it Wil i ciehensial béphdtyREEL

Yl | BHGSKVT LECNFDTGSH VNLGAI TASL (KVBNDTSPH RERATLLEEQ 0 LPLGKASFHI

PQVQVRDEGR YQUIET SRgemismpwidyberised ik ahvris eiseqetapeitbeprotein fppmeQaTGYP

GSQVEPRTHY TWDB2 T S8 T BRA 110 TP GGt Rer SO AT MPRgpp, |

ant agoni st pokgquende afeSHMOD R3S thihotigie dignali soquicdruman PD-L2. The first

fusion pa””Wigwgg{,}xﬁeyﬁ%g&ﬁ%gwyaﬁsg%{ {ns?%x&aﬁ%ﬁ{‘g&aﬁ%ﬁgng al, | east 80%

85% 90% 95 ence a cc tgccaaa
aganctgt at at CHPEGH CPO%%’@%%WEW@MM&F&V R T
cagccacgtt aaletegghgl EtAreACtrHE TGP geaaY i@@@’ééﬁgf {GE&E acgaPact t ¢
acct caccglP gafHgyFERacURFREFt iga ggagcaact g 180 ccattgggga aggé®tcctt
tcatatccct caggt@epagolibggggat ga gggacagtac 240 cagtgcatta ttatctacgg
cgtggcttgg gattacaagt atctgaccct gaag 294

In another embodiment, the PD-1 antagonist polypeptide includes the

IgV domain of human PD-L2. The first fusion partner can be encoded by a
nucleotide sequence having at least 80%, 85%, 90%, 95%, 99%, or 100%

20 sequence identity to:

tttactgtga ccgtgecaaa agaactgtat atcattgage acgggtcecaa tgtgacccte &0
gaatgtaact ttgacaccgyg cagccacgit aacctggggyg ccatcactge cagettgeaa 120
aaagtigaaa acgacacttc acctcaccgg gagagggcaa coctcetigga ggagcaacty 18¢
ccatigggga aggectectt tcatatcceccet caggtgeagg ttcgggatga gggacagtac 240

25 cagtgcatta ttatctacgyg cgtggcttgyg gattacaagt atctgaccct gaag 2594
(SEQ ID NO:20).

The PD-1 antagonist polypeptide can have at least 80%, 85%, 90%,

95%, 99%, or 100% sequence identity to the human amino acid sequence:

FTVTVPKELY IIEHGSNVTL ECNFDTGSHV NLGAITASLY KVENDTSPHR ERATLLEEQL 60
30 PLGKASFHIP QVQVRDEGQY QCIIIYGVAW DYKYLTLK 98

(SEQ ID NO:21), also referred to as PD-L.2V.
b. Nen-human primate PD-L2 extracellular
domains
In one embodiment, the PD-1 antagonist polypeptide includes the
35  extracellular domain of non-human primate (Cynomolgus) PD-L2 or a

fragment thereof. The PD-1 antagonist polypeptide can be encoded by a
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(SEQ I D NO 20). The PD-1 antagoni st pol ypeptide can have at |east 80% 85%
90% 95% 99% or 100% sequence identity to the human am no acid sequence:
FTVTVPKELWOI2D GBI TL ECNFDTGSHV NLGAI TASLQ KVENDTSPHR ERAVIISREZQE4960
PLGKASFHI P QVQVRDEGQY QCI | | YGVAW DYKYLTLK 98 (SEQ ID NO 21), also referred
to as PD-L2V. b. Non-hunman prinmate PD- L2 extracel | ul ar dormai ns I n one

enbodi nent, the PD-] ant ago ist paly cl ud cel | ul ar
domai n of nonﬂﬁﬁ?ﬂweéfg‘ﬂ‘}?&?% ?V@&%}r"rﬁqsgﬁ e, g’ﬁ@. (y6=r95§(5 gr?éﬁb(s her eof . The
PD-1 ant agoni §g gﬁ)geylg %q;a can be encoded by anucl eoti de sequence having
at | east 80% % 95% 99% or 100% sequence identity to: atgatcttcc
tcctgctaat gt f‘@é@féé‘fcgt“g%ﬁa@c‘ﬁﬁ@'gf%%&éé%@ﬁﬂc AbRaHELT tH2B0 Tt cacqgt ga
cagtocct aa ggasetygtaccat@atagageateggtagesac tyogacectyod2otogaatyPcaact

t t gacact gg5 aagitategitgr@acetdsggagcaat-aasages caghidgeaatiBtaaaggioggaaa
atgatacat s Ce&ReacL0L@RBAGAZ6LAGE Id80ba9a -00386a06d9.44Q CcCceat aggga
aggecctcgtt ccacatacet ag‘&@?cgé&céé&tlx&@g;ggﬁg&%g aggacAg a%.300..caatgcat aa

tcatctatgg ggtcgcee tc -qagtacaagt cgtcctggataggattgg&agbttca a 360 gcttgctaca
ggaaaat aaa cactc c ctaaaggttc é)é é 20" ct cacct gcc

aaaca
aggct acagg ttﬁ‘ftc?ﬁ‘itéfa gIGeRGE g‘faﬁ’fcaﬁ%t Cﬁ%%aﬁ c?g?a gﬁ%agf%g?fé‘@a cct %%:caaca
ccagccact ca@b"a*‘&%?é”d’t agaEGidctieiccate sGEtPEHE " Cage gttty 540 cgcéit’aaage
caccccct gg cagaaacktc cagergicgtagtactet ggaatrdet teaggicgagyt600tgaatt act t
t ggccagcat t gacetieancagicagatgeaaccraggact ccabetaactactaBad gge863 (SEQ I D

NO 22) . I n angiera-embRdigent sgatdhecBDygt caanlageni-sdyapatypeptd desgan have at
| east 80% 85% 90% 95% 99% or 100% sequence identity to thegznonhuman

primate a @ﬁ&ﬂi é‘é? M | FLLLMLSL ELQLHQ AAL FTVTVPKELY || EHGShi VTL
ECNFDTGSH‘J/ NL §%‘%9 "KVENDTSPHR ERATLLEEQL PLGKASFHI P QVQVRDEGQY

I 1 | YGVAW DYKYLTL [SYPNVSV
SXI\FI'SHSRTP EG_YQ\/TQWV%%%% %L%éggﬁ%%:\liée PBVPW EEW%LP%“/%%VVEPRTHPT W 221

least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to the non-

human primate amino acid sequence:

MIFLLLMLSL ELQLHQIAAL FIVIVPRELY TIBHGSNVTL BCNFDTGSHV NLGAITASLO &0
20 KVENDTSPHR ERATLLEEQL PLOEKASFHIP QVQVRDEGQY QCIIIYGVAW DYRYLTLEVK 120
ASYRKINTHI LKVPETDEVE LTCQATGYPL AEVSWPNVSV PANTSHSRTP EGLYQVTSVL 18G
RLEKPPPGRNF SCVFWNTHVR ELTLASIDLQ SCQMEPRTHPT W 221

(SEQ ID NO:23).
The signal sequence will be removed in the mature protein.
25  Additionally, signal peptides from other organisms can be used to enhance
the secretion of the fusion protein from a host during manufacture. SEQ ID
NO:24 provides the non-human primate amino acid sequence of SEQ ID

NO:23 without the signal sequence:

LETVIVPKEL YIIEHGSNVT LECNFDTGSH VHNLGAITASL QKVENDTSPH RERATLLEEQ 60
30 LPLGKASFHI PQVQVRDEGQ YQCIIIYGVA WDYKYLTLKV KASYRKINTH ILKVPETDEV 120
ELTCOATGYP LAEVSWPNVS VPANTSHSRT PEGLYQVTSV LRLEPPPGRN FSCVFWNTHV 180
RELTLASIDL QSQMEPRTHP TW 202

(SEQ ID NO:24).
In another embodiment, the PD-1 antagonist polypeptide includes the
35 IgV domain of non-human primate PD-L2. The first fusion partner can be
encoded by a nucleotide sequence having at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to:

ttcacagtga cagtccectaa ggaactgtac ataatagage atggeageaza tgtgaccectyg 60
gaatgcaact ttgacactgy aagtcatgtg aaccttggag caataacagce cagtitgcaa 120
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(SEQ I D NO 23). The signal sequence will be renoved in the mature protein.
Addi tionally, signal peptides from other organi sns can be used to enhance
t he secr ewpanioaf2782Be f usi on protein froma host during mamafSa@vose71 SEQ | D
NO 24 provi des the non-human primate am no acid sequence of SEQ I D NO 23
wi t hout the signal sequence: LFTVTVPKEL YI|EHGSNVT LECNFDTGSH VNLGAI TASL
KVEKDTSPH RERATLLEEQ .60 LPLGKASFHI , P RDECQ. YQCI 1 | YGVA WDYKYL TLKV
KASYRKI NTH | LKP 96 EL TCORTEYP g%é%“?éw%ég PANTSHSET PE El\'%QJTsv
LRLKPPPGRN FSCVERRAEN TP SE RELTE ARSI B “CEVEPRTEF I 202°°8E® | D'RO. 24) . In
anot her enbodfPiFeE2%t 18T PHIF WAIAGENIY3T 2ol pEpticae ¢33l udes tHé |1 gV donmain
of non-human @HEED&MP5).2. The first fusion partner can be encoded by a

nucl eoti de_sequence having at | east 80% 85% 90% 95% 99% or 100%
sequence identity #Be Ppt]c%%n@%%]é@%%%t%h@%é@éﬁ Hoa¥natHagce

atggcagcaa t gh@aceat, gy, %82%68199&%%&&&}%%%&%%% gﬁhﬂ{eganﬁ%%ihggag

caat aacagc cagtttgcaa 1 ggaaa atgatacatc cccataccgt gaaagagcca
ctttgctgga ggsmmeget g 180 cccctaggga aggcctcgtt ccacatacct caagtccaag

t gagggacga ag C..24 C gact acaagt
acct gact ct gag%'CC élﬁ( jstéaé;\“%%%89%253%913%%@%&@gfgﬂg%%g%o%%g%&%%l ypee%ti de can
have at | east 8§09 859500 G5% 889 & 100% sequence identity to the
non- humanlfri Q@ IAMNMB6pelsd referyed trcas: PIRTYVWPKELY | | EHGSNVTL ECNFDTGSHV

NLGAI TASLQ KVENDTSPHR ERATLLE XQ.,£0.P FH P Y QCl |1 YGVAW
DYKYLTLK 98 (SEQ | D NO 26), 51 o) ‘f“é‘??Lgagfrqge%a‘ﬁ@‘{%@%%& Mirine PD L2

ext racel | ul ar domaignd éin%n@r&?@@imﬁmfantag&ﬁstﬁéiﬂfe HidoRenidss theol ypepti de
i ncludes the extracel lular domain of nurine PD-L2 or a fragbnent t her eof .

The PD-1 ant agoracstulpodompaipof geirisafDob2 ene fapaenyhereplu clhediPde sequence

havi | 0 0 0 0 0 0 i i :
oot dctee ¢ aghiaBhi iR iR e KRRy A RO EHENE DB 1Y (0

15 least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to:
atgetgotec tgetgecgat actgaacctg agcettacaac tteatectgt ageagettta 60
ttecacegtga cagecectaa agaagtgtac accgtagacyg toggeageag tgtgagectyg 120
gagtgegatt ttgaccgeag agaatgceact gaactggaag ggataagage cagtitgeag 180
aaggtagaaa atgatacgtc tectgeazagi gaaagagoca coctgetgga ggageagelg 240
20 coeetgggaa aggebttgit ccacatccect agtgtcecaag tgagagatic cgggcaghac 300
cgttgeotygy teatetgegg ggccgeoctgy gactacaagt acctgacggt garagtcaaa 360
gettettaca tgaggataga cactaggate chggaggttc caggtacagg guyaggtgceag 420
cttacctgee aggcetagagg ttatccccta geagaagtgt cctggcaaaa tgtcaghght 480
cetgecaaca ccagecacat caggacceoe gaaggectet accaggtcac cagtgttctg 540
25 cgoctecaagoe ctcagectag cagaaacttc agetgeatgt tetggaatge tcacatgaag 600
gagctgactt cagccatcat tgaccctetg agtcggatgg aacccaaagt ccccagaacyg 660
tgg 663
(SEQ ID NO:27).
In another embodiment, the PD-1 antagonist polypeptide can have at
30  least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to the murine
amino acid sequence:
MLLLLPILNL SLOLHPVAAL FIVIAPKEVY TVDVGESSVSL ECDFDRRECT ELEGIRASLY &0
KVENDTSLOS ERATLLEEQL PLGKALFHIP SVQVRDSGQRY RCLVICGAAW DYKYLIVEVK 120
ASYMRIDTRI LEVPGTGEV(Q LTCQARGYPL AEVSWONVSV PANTSHIRTP EGLYQVTSVL 180
35 RLKPQPSRNF SCMFWNAHMK ELTSAIIDPL SRMEPKVFPRT W 221

(SEQ ID NO:28).

The signal sequence will be removed in the mature protein.

Additionally, signal peptides from other organisms can be used to enhance

the secretion of the protein from a host during manufacture. SEQ ID NO:29
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ttcacegtga cagcccctaa agaagtgtac accgtagacg tcggcagcag tgtgagcctg 120
gagtgcgatt ttgaccgcag agaatgcact gaactggaag ggat aagagc cagtttgcag 180
aaggt agaawoapyARaegt c t ct gsaaagt gaaagagcca ccctgct gga Geagsayons2u0
cccctgggaa aggetttgtt ccacatccct agtgtccaag tgagagattc cgggcagtac 300
cgttgcctgg tcatctgcgg ggccgect gg gact acaagt acctgacggt gaaagt caaa 388)
cttcttaca tgaggal aga sactaggatc ctggagqgtt tace agqt gcag 42
gttacct gcc ag@&%éfifég%em’% W&Cﬁéﬁ@?@fsﬁ@%ﬁ@?ﬁwg‘g@gg& gtt 480
sctgccaaca ccggnpslaeqiene@ggaccccc gaaggsctct accaggtca s cagtgttctg 540
cgcctcaagc stcagcctag cagaaacttc agstgcatgt tct g%aat Cc tcacatgaag 600
gagct gactt caé@gﬁ% t 'Yy é%‘fétf@w@%%?egb?ﬁf%& FECLTAHR T T et agaaty 660 tgg
663 (SEQ | D NGZ2PALFEY PPVt RefRCeRtad i et vy AaSYPPRTR AWVEGeT st *{fol ypept i de
can have al | eerstrr80%42:85%vsO0M TS5y PEQYYTsO LREOOUS espuemere: | destity to the
murine am no amish:sequencersrMslLLPI LML SLQLHPVAAL FTVTAPKEVY TMRVGSSVSL
ECDFDRRECT EL@@@W% KVENDTSLQS ERATLLESQ. PLGKALFHXP SVQVRDSGQY

RCLVI CGAAW DY! ) b ASYMRI DTRI  LEVPGTGEVQ LTCQARGYPL AEVSWHVSV
PAKTSHI RTP EGLYQVT ﬁthol&QleRlbléH’ﬂ%&RI‘tEe BDthl I Mmch%b tlﬁbfdpwtidal?hch IRRVERKVPRT W 221
SEQ I D NO 28).._The signal . sequence_w e renoved in the nmature protein.
,(AddiQti onal |y, )I%Y éﬂ@?lﬂﬁgﬁ?‘irﬂl?ﬁ?‘rl@mﬁﬁﬁ%ﬁ fayiempar&ies campe gvodedly 20 enhance
t he secretgon . i . i f EQ ID

NO. 29pr ov?dc)ies "t ﬁg&%rsigﬁgéng%nﬂ%%ﬁggﬁlgasggg%’eg%%’ 0 ”’g%géw %G}ﬁgrggot\% t hout the

si gnal sequenssuchdENNTARKEY YTVDVGSSVS LECDFDRREC TELEG RASL QKVENDTSLQ

SERATLLEEQ 60 LPLGKALFHI  PS) YR | CGAA \é\DYKY TVKVCKASY | DTR
| LEVPGTGEV 126%%%%?% SHOWVS %&Fﬁﬂt&ﬁ ?ﬁ%ﬁilf Y \fgLRL%QPSRN
FSCMFWN HV 1887 KETTSAr 1B/t R D67 SEOFIREY 58) T FiF anotther
embodi ment , t AEYPI*? AWEHGET CEIBHY paper e ICAEPHas WPV détfai n of
muri ne PDHLZ. cThverdPia spectyisitorraprartchevt carrhavenedtededoyrsarmuckeot i de
sequence havi ngrratcteastc 808 B85y 08 0rta05% 208%coor ¢d00% 294

(SEQ ID NO:30).
The PD-1 antagonist polypeptide can have at least 80%, 85%, 90%,

95%, 99%, or 100% sequence identity to the murine amino acid sequence:

20 FTYIAPKEVY TVDVGSSVSL ECDFDRRECT ELEGIRASLG KVENDTSLOS ERATLLEEQL 60
PLGKALFHIP SVOVRDSGOY RCLVICGARW DYKYLTVK ag
(SEQ ID NO:31), also referred to as PD-L2V.
d. PD-L.2 extracellular domain fragments

The PD-1.2 extracellular domain can contain one or more amino acids
25  from the signal peptide or the putative transmembrane domain of PD-L2.
During secretion, the number of amino acids of the signal peptide that are
cleaved can vary depending on the expression system and the host.
Additionally, fragments of PD-L2 extracellular domain missing one or more
amino acids from the C-terminus or the N-terminus that retain the ability to
30  bind to PD-1 can be used.
Exemplary suitable fragments of murine PD-L2 that can be used as a
first fusion partner include, but are not limited to, the following:
24-221, 24-220, 24-219, 24-218, 24-217, 24-216, 24-215,
23-221, 23-220, 23-219, 23-218, 23-217, 23-216, 23-215,
35 22-221,22-220,22-219, 22-218, 22-217, 22-216, 22-215,
21-221,21-220, 21-219, 21-218, 21-217, 21-216, 21-215,
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sequence identity to: ttcaccgtga cagcccctaa agaagtgtac accgtagacg

t cggcagcag tgtgagcctg 60 gagtgcgatt ttgaccgoag agaatgcact gaactggaag
ggat aagagwocagrmrgréag 120 aaggt agaaa at gat acgtc tct gcaaRgi/usa@ags4ycta
ccctgctgga ggagcagctg 180 cccctgggaa aggctttgtt ccacatccct agtgtccaag
t gagagattc cgggcagtac 240 cgttgcctgg tcatctgcgg ggccgcctgg gact acaagt

t t 29 a i st. _pol ypeptide can
ﬁ;geggfg?eag?ago% é%éifgé’o&d\g%%%g%/gf%ﬁgfd@/?‘iggfggﬁc?é% dentity to the
nurine anino aci d_seauengesn( TYBABKENY| T BMGESISh | EGRERRRECT ELEG RASLQ
KVBNDTSLQS ERATLLEEQL 60 PLGKALFHI P "SVQVRDSGQY RCLVI CGAAWW DYKYLTVK 98 ( SEQ

| D NO 31), also refl&22&d & 3204820091 8218 18R1d7| PB-2ké, 18IS, ul ar domai n

herde trom the o ohibeberat 1210 n e R 4T PP AR IS ane Gori b of
PD-L2. Dur§ng secr ebi2on, 14-2m, nezher 1801 &mernd 7acé-d86,0k-113¢ si gnal pepti de

that are cleaved _can var%F dependi ng on the expr essi on system and t he host.
Addi tional |y, of PE@HBINS: 6 PD-L2 extracel | uI ar domai n ni ssing one or nore

amno acids fromt r nthe ability
to bind to PD | cang’%g%ohgle tgtéxﬁ%% %ﬁ@osu §8| ?%gngc?r}edr?tgﬁt%f r| ne PD-L2

t hat can be usedtedso,ahd follstvidgisi on partner include, but are not limted to,
the follow ng: 24- 24-220, 24-219, 24-218, 24-217, 24-216, 24-215,
23-221, 23- 220, %é-%@l 3224 83223, 3r924.33:220633-3%0,338227p2- 221, 22- 220,

] 1 21-219. 21-218.
gigi? 3?312 gizgi]%i22201222%2}%02%%’2%@22%%1%% %%%51?102% 217, 20- 216

20-215 19-221 19222@1 W2 92209 P84, DI-2DF722-296, 202710~ 215, 18- 221,
18-220 18-219. 8- . 7-220. 17-219.
17-218 17-217. 2%%2‘ %’722%@ 2%2 %?24 %3 %@23 %%5 %?2 16-218 16-217.

16.216, 16. 215, of SO0k DN 34 At 4 hanols 281 bbbe JLAEIEN S of muri ne
PD-L2 include, but are not

of SEQ ID NO:1, optionally with one to five amino acids of a signal peptide
15 attached to the N-terminal end. The signal peptide may be any disclosed
herein, including the signal peptide contained within SEQ ID NO:1, or may
be any signal peptide known in the art.
Exemplary suitable fragments of human PD-1.2 that can be used as a
first fusion partner include, but are not limited to, the following:

20 24-221,24-220, 24-219, 24-218, 24-217, 24-216, 24-215,
23-221,23-220,23-219, 23-218, 23-217, 23-216, 23-215,
22-221,22-220,22-219, 22-218, 22-217, 22-216, 22-215,

21-221, 21-220, 21-219, 21-218, 21-217, 21-216, 21-215,
20-221, 20-220, 20-219, 20-218, 20-217, 20-216, 20-215,

25 19-221, 19-220, 19-219, 19-218, 19-217, 19-216, 19-215,
18-221, 18-220, 18-219, 18-218, 18-217, 18-216, 18-215,
17-221, 17-220, 17-219, 17-218, 17-217, 17216, 17-215,
16-221, 16-220, 16-219, 16-218, 16-217, 16-216, 16-215,

of SEQ ID NO:56.

30 Additional suitable fragments of human PD-L2 include, but are not

limited to, the following:

20-221, 33-222, 33-223, 33-224, 33-225, 33-226, 33-227,
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limted to, the follow ng: 20-221, 33-222, 33-223, 33-224, 33-225, 33-226,
33-227, 21-221, 21-222, 21-223, 21-224, 21-225, 21-226, 21-227, 22-221,
22- 222, 280288)/02228224, 22-225, 22-226, 22-227, 23-221, PRIAR2®9/02837023,
23-224, 23-225, 23-226, 23-227, 24-221, 24-222, 24-223, 24-224, 24-225,
24- 226, 24-227, of SEQID NO 1, optionally wwth one to five am no acids of

a signal peptide a e 0 the N-termnal _end. The signal peptide may be
any di scl osed here%L‘,%r’r?gréﬁ%%b'%@ﬁez]g?%gll"zﬁépﬂ%%@@ér%ﬁi ned within SEQ I D
NO 1, or may be an?!zéizﬂ@'-zf\ﬂ?@ﬂz@@ iﬁlmgb%& 854, 2oB%eNpl ary sui tabl e

fragments of human PD-L2 that can be uséd a first fusion partner
i ncl ude, but are nd3-2Bi,A3ZL, £8-228 haS-2 0, ROWH2AGR3-226,23122724- 220, 24- 219,

23216, 23.215, 2225341 BB HL B BE IR0, 510 5 16,
21-221, 215 220f SRH1B190:32 dpidiBily ithedné to Zibe kho #ldsoka si%&; é%)li»dezo' 220,

20-219, 20-218, 20-217, 20-216, 20-215, 19-221, 19-220, , 9, 19-218,
19-217, 19- 216ttached prbe Nrgrmngl endg - BegigneBpatide mag-le @y diglaped, 18- 216,

16220 16 218repe BE ke Sipdal fids domatfeyihin SEETNGR TR adar 11 onay

sui tabl e fragbeatpsighal pupbie Mlowndniicdryde, but are not limted to, the
foll owi ng: 20-221, 33-222, 33-223, 33-224, 33-225, 33-226, 33-227,21-221,
21-222, 21-223, 21Ezemplapgysutable fpgnppts of pop-ppman prinmpePDI2. thatxcan22. 223,

23 226, 25 500 “SF 53 yuEs by idkie, S fot RGN, g ogGneD ) D07 o
SEQ I D NO 3, opti oB&2RY, 24-220, 04 1004-21& 24M1Ap2AR16]24df15 si gnal pepti de
Per oi 1. i nol udi ng CHEIL 0. pEp Vo e Bear e i LhA M0 | D NG 3, or may
be any signal peptbslesknownd, B2bhe, B8, 22-217, 22-216, 22215,
21-221, 21-220, 21-219, 21-218, 21-217, 21-216, 21-215,
15 20-221, 20-220, 20-219, 20-218, 20-217, 20-216, 20-215,
19-221, 19-220, 19-219, 19-218, 19-217, 19-216, 19-215,
18-221, 18-220, 18-219, 18-218, 18-217, 18-216, 18-215,
17-221,17-220, 17-219, 17-218, 17-217, 17-216, 17-215,
16-221, 16-220, 16-219, 16-218, 16-217, 16-216, 16-215,
20 of SEQID NO:5.
Additional suitable fragments of non-human primate PD-12 include,
but are not limited to, the following:
20-221, 33-222, 33-223, 33-224, 33-225, 33-226, 33-227,
21-221, 21-222, 21-223, 21-224, 21-225, 21-226, 21-227,
25 22-221,22-222,22-223, 22-224, 22-225, 22-226, 22-227,
23-221,23-222, 23-223, 23-224, 23-225, 23-226, 23-227,
24-221,24-222, 24-223, 24-224, 24.225, 24-226, 24-227,
of SEQ ID NO:5, optionally with one to five amino acids of a signal peptide
attached to the N-terminal end. The signal peptide may be any disclosed
30  herein, including the signal peptide contained within SEQ ID NO:5, or may
be any signal peptide known in the art.
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Exenpl ary suitable fragnents of non-human primate PD-L2 that can be used as
a first fusion partner include, but are not limted to, the follow ng:
24- 221 24W02010/@2782819, 24-218, 24-217, 24-216, 24-215, P8TAR200923492P0,
23-219, 23-218, 23-217, 23-216, 23-215, 22-221, 22-220, 22-219, 22-218,
22-217, 22-216, 22-215, 21-221, 21-220, 21-219, 21-218, 21-217, 21-216,

21-215 20-22 1, 2 0. 20-2.19, 8. 20- 2 A7, 20-216, 20.2 15,
19-221, 19-220, 1989%91‘:99@1%1%50111912%&*?5’:{31% 1@“2%0 amingpeids18_ 220

18-219. 18- 21 17-218,
17-217. 17- 21%9 1%0%%%2 I%gqg?ghﬁn%glen%{a)%émlﬂ%aﬁsgl 1%%()%%@ 16-216.

16- 215, of SEQI) NONE} BextrAcﬁilllﬁar@lnmansQn EGD). elnfspegifre nnboditnentsrthéranian pri mat e
PD-L2 i ncl ude re.not.lim e foll ow.n 20-221, 33-222,
33-223, 33- 22 @Lgé’giypﬁﬁt% ﬁ@g bi%ng E‘ignz%"f apﬁin‘g%%ra@ia@ﬁ? 21- 224,
21-225, 215 ZZ&Idﬁmeﬁzesmsﬁ@aMafsﬁ B30 P WRAK L 4t dedluel 2- 226,
22-227, 23-221, 23-222, 23-223, 3-224, 23-225, 23-226, 23-227, 24-221,

24-222, 24-2281- 9§4>f§Eﬁ2IDzhiOzZz%Byzmamf@oanm@zgexmplsﬁ@w@ms optional |y
with one to fln;{ﬁ g’ﬂa%%e%%c% r?sesﬁtl%%&r@ geeag%%djﬁ eﬁst% ﬂ% ?ﬁ%ha?h'\”.erm nal

end. The signa Be any e signal

peptide cont aim%@ymﬂlbamﬁ@&@daa NOat [2ast G5, 418345080, ableagiggnadleszepd,i de known
inthe art.PD-L2 proteins al sq include a PD-1 _ bi ndi ng fragnent of am no
aci ds 20- 121 #fleastdy.anakisas IORGRBMeOYR Proinsrisids)of tesr seghents Cheménp 1 102 of

tS Egr :a(E))f NO“%S é@{%@?ﬂ %}%ée I gﬁgpn &%?ﬁeﬁgﬁﬁfér% d?’lrﬁgég%)l nerhn%tg)?g%qﬁ ncor por at es
am_ no aci ds V\DEKImetimtgefmg&mSwﬂ:ﬂlﬁ chnibfisohs HhD- fr@rﬁ@tﬂlaﬂmm\ﬁlﬁﬂs gtD Ir e; : ﬁg?ﬁ
f9 r1 agrSregI gggpb&%gxzéupgé SIJ@B@S ﬁoﬂéﬁg%fﬁﬁgsgﬁﬁvc ?east 40, at )

least 50, at |&ppbsoosatskeasinghs at |east 75, at |east 80, at |east 85,
at least 90, at least 95, or at |east 100 contiguous am no acids of the

sequence of anino aci ds220- 1PD-bi egFardiDINGlomainkerein a preferred
enbodi meni of eac hhis gr?chembodlment the variant PD-L1 polypeptide includes all or

part of the extracellular domain. The amino acid sequence of a

representative extracellular domain of PD-L1 can have 80%, 85%, 90%,

95%, or 99% sequence identity to

FIVIVPKDLY VVEYGSNMTI ECKFPVEKQL DLAALIVYWE MEDKNIIQFV HGEEDLKVQH 60
20 S3YRORARLL KDQLSLGNAA LOITDVKLOD AGVYRCMISY GGADYKRITV KVNAPYNKIN 120
QRILVVDPVT SEHELTCQAE GYPKAEVIWT SSDHOVLSGK TTTINSKREE RKLFNVISTLR 180
INTTTHNEIFY CTFRRLDPEE NHTAELVIPE LPLAHPPNER 220

(SEQ ID NO:32).
The transmembrane domain of PD-L1 begins at amino acid position
23 239 of SEQ ID NO:9. Tt will be appreciated that the suitable fragments of
PD-L1 caninclude 1,2, 3,4, 5,6, 7, 8,9, or 10 contignous amino acids of a
signal peptide sequence, for example SEQ ID NO:9 or variants thereof, 1, 2,
3,4,5,6,7.8,9, or 10 amino acids of the transmembrane domain, or
combinations thereof.
30 The extracellular domain of murine PD-L.1 has the following amino

acid sequence

FTITAPKDLY VVEYGSNVTM ECRFPVEREL DLLALVVYWE KEDEQVIQFV AGEEDLKPQH 60
SNFRGRASLP KDQLLKGNAAR LOITDVKLOD AGVYCCIISY GGADYKRITL KVNAPYRKIN 120
QRISVDPATS BHELICOARG YPRARVIWTH SDHOPVSGKR SVITSRTEGM LINVESSLRV 180

35  NATANDVFYC TFWRSQPGON HTAELIIPEL PATHPPONRT HWVLLGSILL FLIVVSTVL 239

24



PD-1 binding fragnment woul d conprise as a sub-fragnment the am no acids
WDYKY found at residues 110-1 14 of SEQ ID NGO 3 or WDYKY at residues 91-95
of SEQ | DVDnRB22828PD- LI extracel | ul ar domai ns I n one emrbddiSeetos49rhe
vari ant PD-LI polypeptide includes all or part of the extracellular domain.
The am no acid sequence of a representative extracellular domain of PD- LI
can have 80% &%WT{@%P%EB 95% or 99% sequence identity to FTVTVPKDLY
VEYGSNMTI  E LI VYWE MEDKNI | QFV HCGEEDLKVQH 60 ssYRQRARLL
KDQLSLGNAA L Ol TDVKERD RO S dSARY KR Vo QANARY NK b 201 Rink VWDPVT
SEHELTCQAE GYPKAEVI WI' SSDHQVLSGK TTTTMSKREE KLFNVTSTLR 130 | NTTTNSI FY
CTFRRLDPEE NRIvAEpWitheh 244 ¢ $INER NO.G. (SEtiDembrdmentsThePPrlains menbr ane
dormai n of PD-LIl, begi.ns at.and no, aci ition. 239 1 1,9, It will
e appr aci at B YRERIE iR PR B RER b B PRI MBI e 1, 2. "5 4,
5, 6, 7, & 94, 2k, 1B, 0051 | MeisueE MInaetidSod signdipgpide, PERI, des sequence,
for exanple SEQ ID NO.9 or variants thereof, 1, 2, 3, 4, 5, 6, 7, 8, 9, or
10 amino aci d& b, P4fe 10rcant s eaeo addetiihe Brnsesmbiranadosran.ier eof . The
extracel | ul ar I f ine PD-LI has the followi ng am no aci d sequence
FTI TAPKDLY V\EV%@%%I%&%&#EREL DLLALVWYWE KEDEQVI QFV AGEEDLKPQH 60
SNFRGRASLP KDQLLKGNAA LQ TDVBEQRxéaévilidat S¥mesADYKRI TL KVNAPYRKI N 120
QRI SVDPATS EHELI CQASG YPEAXVI WIN SDHOQPVSCKR SVTTSRTEGM LLNVTSXLRV 180
NATANDVFYC TFWRSQPGQN HTAELI RPEL extycelluday demmns\\sTVL. 239( SEQ I D
L amno acid

NO33). T transm{%;@gﬁ@ﬂ g [: : i
position iétflo of SEQ ID NG 7. Ir;[’ntti:lgiptﬁalbﬁne ﬂéﬂﬁ)ﬁgﬁegl%ﬁgg%%&L pol ypepti de

i ncl udes the exttacelddht donaain domarine 8f7. Inarra fingzoRiDt tHerenift Aha PD21 3, 4, 5, 6, 7,

8, 9, or
8, 9, or
conbi nati ons

10 ¢

10 conti guous. am n
e

GOLYRRP
iaerseel 853, 9B, dsexbvoacs) 10@%%&9@5@ iB&éntity to:

aci.ds of

cqpibgSnefde

RS N e S e

atggctigea attgicagtlt gatgcaggat acaccactce teaagitttce atgtocaagy 60
15 cteattctte tetitgtget getgatitcegt ctttcacaag tgtettcaga tgttgatgaa 120
caactgtcca agtcagtgaa agataaggita ttgcectgeett gecegttacaa ctctoctceat 180
gaagatgagt ctgaagaccy aatctactgg caazaacaty acaaagtggt getgtctgtce 240
attgeltggga aactaaaagt gtggoocgag tataagaacce ggactttata tgacaacact 300
acctactctc ttatcatceet gggectggte ctiicagace ggggcacata cagetgtgtce 360
20 gttcaaaaga aggaaagagg aacgtatgaa gitazacact fggetttagt aaagttgteo 420
atcaaagctg acttctctac ccccaacata actgagtctyg gaaacccatc tgcagacact 480
aaaaggatta cctgetitge ttcecgagggt ttceccaaage ctegettcoto ttggttggaa 540
aatggaagay aattacctgg catcaatacg acaatttccec aggatcctga atctgaattyg 600
tacaccatta gtagccaact agatttcast acgactegea accacaccat taagtgtcete 660
25 attaaatatg gagatgctca cgtgtcagag gacttcacct gggaaaaacc cccagaagac 720
cctectgata gcaagaac 738
(SEQ ID NO:34).
In another embodiment, the PD-1 antagonist polypeptide can have at
least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to the murine
30  amino acid sequence:
MACNCQLMQD TPLLKFPCPR LILLEVLLIR LSQVSSDVDE QLSKSVKDKV LLPCRYNSPH &0
EDESEDRIYW QRHDKVVLSV IAGKLKVWPE YKNRTLYDNT TYSLIILGLV LSDRGTYSCV 120
VQRKERGTYE VEHLALVKLS IKADFSTPNI TESGNPSADT KRITCFASGG FPRPRESWLE 180
NGRELPGINT TISQDPESEL YTISSQLDFN TTRNHTIKCL IXKYGDAHVSE DFTWEKPPED 240
35  peoskn 246
(SEQ ID NO:35).

The signal sequence will be removed in the mature protein.

Additionally, signal peptides from other organisms can be used to enhance
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a. Murine B7.1 extracellular domains In one enbodinent, the PD-I antagoni st
pol ypeptide includes the extracellular domain of nurine B7.1 or a fragnent
t her eof . WbeofD2rs2ant agoni st pol ypepti de can be encodedPOy/Us2000054961 | de
sequence having at |east 80% 85% 90% 95% 99% or 100% sequence identity
to: atggcttgca attgtcagtt gatgcaggat acaccactcc tcaagtttcc atgtccaagg 60

cant of coa agliEsargien ST RGRATH b hrgasrte regre it AR 150

caactgtcca 180
gaagat gagt ct gRAURS G¢ Madisd 460 AclReqadedbiSBQIRAIOaGwillidu@ et gt ¢ 240
aact aaaagt gtggcccgag tataagaacc ggactttata tgacaacact

att gct ggga ) 300
t t siigoaltsequenggjgcct ggt ¢ ctttcagacc ggggcacata cagctgtgtc

acctactctc 360
gtt caaaaga agysaagagdn@atotal Gaasahk daagasty Logetdlagi-yvaaagt t gtgc 420

at caaagct gs actl,6l Gt ACGLAEAICALAAGE GLELT, 9AdRLeCALG facagacast 480
aaaaggal ta cop el bEge. Liceadadal . Lleccanage, CLEEllol s, 1Lgdltodaa 540
aat ggaagag aaf' Cat Caat acy acaattte cet ga at ¢ gaattg 600

acctag ¢ agga

tacaccatta gt 5@6?&&% VEGH T CAAT " Hlgact cgca accacaccat taagt gt ét°c 660

att aaat at g ga@®i@QGEb®0OBE).gt cagag gacttcacct gggaaaaacc cccagaagac 720
cctcctgata gcaagaag 738 (SEQ I D NO 34 I n anot her, enbodi nent, the PDI

ant agoni st pol ypepgfi't‘ﬂé) }éf‘éﬁm%&@’én"éiﬁ q“’é}é@tl @ré%ongaj,@glygq%degg&:éegg or 100%
sequence i gentiy Yohenl FenHe B1e] aThdf A6 SEHMENCE beMANIMMD TPLLKFPCPR
LI LLFVLLI R LSQVSSDVDE QLSKSVKDKV LLPCRYNSPH ‘60 EDESEDRI YW QKHDKW.SV

| AGKLKVWPE YKNEIIEOFEedié8he havGhy/atll SBRETHSEN 6] Ko VEIIKERGT, YIE TVBHLALVKLS

| KADFSTPNI TESGNPS?A%E KRI TCFASGG FPKPRFSW.E 180 HGRELPG NT Tl SQDPESEL

YTI SSQLDFN TTERIUPTRCLT Y EDAHVSE DFTWEKPPED 240 PPDSKN 246 (SEQ | D NO. 35).
The signal sequencesakdckodoenar grpnetaidrdsbesmabanetps ot@idrzacAddi ¢d onal |y,

si gnal pepti des.tiafm edhepmyRr ganasit Lano-bgc used 49 emhgneet he:secretion of
the proteif frLom&:h0st;cAMEdNG IRAMEAGLUEL e SEQ LD NA 36, RLOVI dgs the
murine amno gcid sequence. of  PEQ.1D NO.3a . .Lhout & he signal sgquence:

agetgtgteg ttcaaaagaa ggaaagagga acgtatgaag ttaascactt g 291

(SEQ ID NO:37).
The PD-1 antagonist polypeptide can have at least 80%, 85%, 90%,

20 95%, 99%, or 100% sequence identity to the murine amino acid sequence:
VDEQLSKSVK DEVLLPCRYN SPHEDESEDR IYWQKHDKVV LSVIAGKLKV WPEYRNRTLY 60
DNTTYSLIIL GLVLSDRGTY SCVVQKKERG TYEVKHL 97
(SEQ ID NO:38), also referred to as B7.1V.

b. Human B7.1 extracellular domains

25 In one embodiment, the PD-1 antagonist polypeptide includes the
extracellular domain of human B7.1 or a fragment thereof. The PD-1
antagonist polypeptide can be encoded by a nucleotide sequence having at
least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to:
atgggecaca cacggaggca gggaacatca ccatccaagt gtccatacct caatttettt 60

30 cagctettgg tgetggetgg tetttctecac tteotgttcag gtgttatcca cgtgaccaag 120
gaagtgaaag aagtggcaac getgtcetgt ggtcacaatg tttcotgtitga agagetggca 180
caaactcgca tctactggea aaaggagaag aaaatggtge tgactatgat gtectggggac 240
atgaatatat ggccegagta caagaaccgg accatcetttg atatcactaa taacctotee 300
attgtgatee tggetetgeg cccatctgac gagggeacat acgagbgtgt tgtictgaag 360

35 tatgaaaaag acgctitcaa gogggaacac ctggetgaag tgacgttate agtcaaaget 420
gacttoceta cacctagtat atctgacttt gaasattccaa cttctaatat tagaaggata 480
atttgctcaa cctcotggagg ttttccagag cctcacctet cotggtigga asatggagasa 540
gaattaaatg ccatcaacac aacagtttce caagatcctyg aaactgagel ctatgetgtt 600
agcagcaaac tggatttcaa tatgacaacc azaccacaget tcatgtgtct catcaagtat 660
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VDEQLSKSVK DKVLLPCRYN SPHEDESEDR | YWXKHDKW LSV AGKLKVY WPEYKKRTLY 60
DNTTYSLI | L GLVLSDRGTY SCWXKERG TYBVKHLALV KLSI KADFST PNl TESGNPS 120
ADTKRI TCAWOSGBHRRRRRFS W.ENGRELPG | NTTI SQDPE SELYTI SSQL PENUBRNBINS49180

KCLI KYGDAH VSEDFTWEKP PEDPPDSKN 209 (SEQ I D NO 36). In another enbodi nent,
the PD-1 antagoni st pol ypeptide includes the I1gV domain of nmurine B7. 1.
The first fusion rtner can be encoded a _nucl eotide sequen havi ng at
| east 80% 85%&691:8%;a ﬁg%qaatﬁﬁc%ac%rgcafﬁggoagg%ﬁaerclccaégcla(aj an%ﬁafv%fcg: gfzt% gat gaac
aact gt ccaa gt ¥481°GHEa “gat aaggt at tgctgecttg ccgttacaac 60 tctctfcatg
aagat gagt ¢ t gedgadodHD:a9kt act ggc aaaaacat ga caaagtggtg 120 ctgtctgtca

cetactorer tat car chigoyBeengattent e oAttt nEbdias sen BGER: gt cg
tt caaaagass gyRAAFBAGY B5XEC GOH JAY99%, ARG Eesﬂex?c%]id d the N@ndd) - The PD-|

ant agoni st pol ypeptide can have at |east 80% 85% 90% 95% 99% or 100%
sequence i dentping acsl seheensar MifeLANINBLOAEI BA LSRRGS : TIMDEQESKSVK DKVLLPCRYN

SPHEDESEDR | YMYISHRIMY hs2M NG LM MPEY KERT LY 6 Qv 1 ¥Sbihol dve 32 VL SQRGTY
SCWKKERG TYE?J%F&;WP?%O&@E%AGP N2k T%d}i&NESefI\?{L%L 9%} Qﬁwé&v%- 1V;,0b.  Human

B7.1 extracel parar domalns ln_one enbowl nent, the PD-1 ant agonﬁsot

pol ypept i ’Clj‘ﬁ i AePUdes PRE “eXPracer 150f & aORRl ACSF RIS BRE or 'R fragnent

t her eof . e PEPTTERt AGORISY POYPEprHHE-Cah SHE CATOHETFBY *a ntfél eot i de

sequence havi Bg at | east 80% 85% 90% 95% 99% or 100% sequ&iice identity

to: atgggccacesRACUPaRPIGR gggaacatca ccatccaagt gtccatacct caatttcttt 60

cagctcttgg tgctggctgg t ctittctcac ttctgttcag gtgttatcca cgtgaccaag 120

gaagt?aaag ?agt ggcahe sigeal gequeneg wghbe eeznye 1r:tlm¢magmm@fota?a?ct ggca %28

caaactcgca tc i o at . qat.c ac
R S R S R N S e

at gaat at at ggcccgag 300

att gt gat cts t ggrtsetrgion stbapatigadropngdoadathg mgaﬁbmh?tsmgﬁp@@mg 360
t at gaaaaag acqgctttcaa gc aacac ctggctgaag tgacgttal c agt caaagct 420
g g %rovE es the k?un?a%garr%no acid sgguenge otg SES ID%\TO:40 With%ut the J

signal sequence:

VIHVIREVKE VATLSCGHNV SVEELAQTRI YWQKEKKMVL TMMSGDMNIW PEYKNRTIFD 60
120
180
209

ITNNLSIVIL ALRPSDEGTY ECVVLKYEKD AFKREHLAEV TLSVKADFPT PSISDEEIPT

20

SNIRRIICST SGGFPEPHLS WLENGEELNA INTTVSQDPE TELYAVSSKL DENMTTNHSE
MCLIKYGHLR VHQTFNWNTT KQEHFPDNL

(SEQ ID NO:41).
In another embodiment, the PD-1 antagonist polypeptide includes the
IgV domain of human B7.1. The first fusion partner can be encoded by a
25 nucleotide sequence having at least 80%, 85%, 90%, 95%, 99%, or 100%

sequence identity to:

30

35

gttatceacg
tctgttgaay
actatgatgt
atcactaata
gagtgtgtty
acy

tgaccaagga
agetggeaca
ctggggacat
acctctecat

ttctgaagta

(SEQ ID NO:42).
The PD-1 antagonist polypeptide can have at least 80%, 85%, 90%,

agtgaaagaa
aactecgeate
gaatatatgyg
tgtgatocty

tgaaazagac

gtggcaacge
tactggcaaa
cocgagtaca
gotctgegee
getttcaage

tgtectgtgy
aggagaagaa
agaaccggac
catetgacga

gggaacacct

tcacaatgtt
aatggtgctyg
catctttgat
gggcacatac

ggctgaagtg

60
120
18G
240
300
302

95%, 99%, or 100% sequence identity to the human amino acid sequence:

VIHVTKEVKE VATLSCGHNYV SVEELAQTRI YWQKEKKMVL TMMSGDMNIW PEYENRTIFD

ITNNLSIVIL ALRPSDEGTY ECVVLKYEKD AFKREHLAEV T

(SEQ ID NO:43), also referred to as B7.1V.
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gacttcccta cacctagtat atctgacttt gaaattccaa cttctaatat tagaaggata 480
atttgctcaa cctctggagg ttttccagag cctcacctct cctggttgga aaat ggagaa 540

gaat t aaatyocorrearRsac aacagtttcc caagatcctg aaactgagct ECatUFeagis49600
agcagcaaac tggatttcaa tatgacaacc aaccacagct tcatgtgtct catcaagtat
660ggacatttaa gagtgaatca gaccttcaac tggaatacaa ccaagcaaga gcattttcct 720
gataacctgc tc 732 (SEQ LD NO_.39). In another enbodi nent, the PD I

ant agoni st pol ypepti de ¢an h&@é%rﬁcééﬂéﬁréw&ﬂe@%m%% 95% 99% or 100%

sequence i denti 1y ERuhREchIER. 3RRnAC fBRANENCE MM Sl ELQUHQ AXL
FTVTVPKELY || EHGSNVTL SKCPYLNFF QLLVLAG.SH FCSGVI HVTK

EVKEVATLSC G—WSVEEIMQ@I)@'ERHWH Kl dEMVBGIDE M INBERAMNRDEI FDI TNNLS
| VI LALRPSD E IﬁCNVLK 120 YEKDAFKREH LAEVTLSVKA DFPTPSI SDF ElI PTSNI RRI
| CSTSGGFPE P 180 ELNAI NTTVS (QDPETELYAV SSKLDFNf MIT NHSFMCLI KY

GHLRVNQTFN WNTTKQEMEDAR A0 30N 42434 (HEEA3, @2&@2%241“1@ sipgnal sequence wi | |

be removed in the mature rote| n. Addltlonally gnal peptides from other

organi sns can be u$kd4é. d“e?ﬁaﬁé@%h‘ﬂ %‘b’—‘eﬂé‘tﬂ‘*@n‘”o%]t 4é-24Pot ei n from a host
during manuf act ur e40?g&é&dpﬁ%g;@\é%%%o%?méé% 0 aci d sequence of

SEQ I D NO 40 withou he si"gnal TLSCGHNV SVEELAQTRI

YWOKEKKWL  TMVEGOIVBY M EEMRT B §-D46 03 9-TANBSIMD | 380 RPSBEGDY ECVVLKYEKD
AFKREHLAEV TLSVKADFPT PS| SDFEI PT 120 SKI RRI | CST SGGFPEPHLS W.ENGEELNA
| NTTVSQDPE TEL YAVSSKEZAGRSHNRER2 41 SE- 33 PRYGALIS-VHIPENATT KQEHFPDNL 209

_(SEQ | D 41). | n%m%h’ﬁzﬁn@‘?%’*@\ffm% 2?9%’ fa_ggoiyost pol ypepti de

includes the IgVv d i 't'st lJS|on partner can be
encoded by a nucl eB6-i2de BeiifeA6Q4HR4-2453, 86-242a%4-280%6-BBY 90% 95% 99%

ot cct ot g 1 cacaat gro o x b et gl TR oh e el T Tact ogcasa
aggagaagaa aat ggt 994-@4@2@ 201 ah0ali 934.64139930334-98AL3LAKYY cccgagtaca
agaaccggac catctttgat
of SEQ ID NO 11
15 Additional suitable fragments of murine B7.1 include, but are not
limited to, the following:

38-246, 38-247, 38-248, 38-249, 38-250, 38-251, 38-252,

39-246, 39-247, 39-248, 39-249, 39-250, 39-251, 39-252,

40-246, 40-247, 40-248, 40-249, 40-250, 40-251, 40-252,

20 41-246,41-247, 41-248, 41-249, 41-250, 41-251, 41-252,

42-246, 42-247, 42-248, 42-249, 42-250, 42-251, 42-252,
of SEQ ID NO:11, optionally with one to five amino acids of a signal
peptide attached to the N-terminal end. The signal peptide may be any
disclosed herein, including the signal peptide contained within SEQ ID

25 NO:11, or may be any signal peptide known in the art.

Exemplary suitable fragments of human B7.1 that can be used as a
costimulatory polypeptide domain include, but are not limited to, the
following:

39-243, 39-242, 39-241, 39-240, 39-239, 39-238, 39-237,

30 38-243, 38-242, 38-241, 38-240, 38-239, 38-238, 38-237,

37-243, 37-242, 37-241, 37-240, 37-239, 37-238, 37-237,

36-243, 36-242, 36-241, 36-240, 36-239, 36-238, 36-237,
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atcactaata acctctccat tgtgatcctg gctctgcgec catctgacga gggcacatac 240
gagtgtgttg ttctgaagta tgaaaaagac gctttcaagc gggaacacct ggctgaagtg 300 acg
303 (SEQWOD2bh0/022828 The PD-1 ant agoni st pol ypepti de canPoaws2@9/0boast 80%
85% 90% 95% 99% or 100% sequence identity to the human am no acid
sequence: VI HVTKEVKE VATLSCGHNV SVEELAQTRI YWXEKKWL TMVSGDWNI W PEYKHRTI FD

60 | TNNLSI VI L ALRPS YEKD AF A 0 I D NG 43), also
referred to as B7. i&g\gl_i%%@%gﬁr@?s# Zgéﬁeﬁ #é?é?ggnts Exenpl ary
sui tabl e fragnent 5341§45n,3r4|m Brod1 thasqcan.he, y@g{; a8.,a7costinul atory
pol ypepti de domai n i ncl’'ude, but are not Timted to, the follow ng: 42-246,

42-245. 42-244, 423243, 3BDA2433-24D-334240, 43-239033-238, 3463741- 245, 41- 244,
41-243. 41-242 41 - 24 - 24 . A 40- 243, 40-242
40- 241 40- 240 3%%3 3\54?‘% g2~2§g é@zo égéﬁéz% %2%3739 241 39-240
38-246, 38 245, 3832%413 13842431.238-24240, 38039 131-3%, 3403737- 246, 37- 245,
37-244 37-243 37-242 37-241, 37-240 36- 246, 36- 345, 36- 244, 36- 243,

36- 242, 36- 24qu1§’~,@11,’2¢€9 1365- 246 35- 245, 35-244, 35-243, 35-242, 35-241,

35-240, 34-246, 34{&%@%0{16“)3'11 AIﬁe frg%enlél’[gbfﬁg %14%’7 IBéc}aée}’bu?’arF%ép of SEQ I D

NG|l | . Additiona but are not
limited to, thmiketd,ow olowd: 246 38- 247, 38 248 38-249, 38-250, 38- 251,
38-252. 39-246, 39-247. 39-248 249 39-250. 39-251 39-252. 40- 246,
40- 247, 40- 248 4032443, 3%be24595- 2&@»32%%46 4D:288935-248,32604941- 2047, 41- 248

41-249, 4@322 413%2%3%%%2%6%%523‘%62461%?%? 3621848042 249, d2- 250,

42- 251, opt T on one to five am no acids
of a signal pepti da7-a4sB7neHt, BB- 2463 N4 BMMA] 32248, 3THEIsi gnal pepti de may

b any di scl osed hgggin. . 9] GG 1se Rl REBL AR £ @ ned W thin SEQ
39-243, 39-244, 39-245, 39-246, 39-247, 39-248, 39-249,
of SEQ ID NO:13, optionally with one to five amino acids of a signal
15 peptide attached to the N-terminal end. The signal peptide may be any
disclosed herein, including the signal peptide contained within SEQ ID
NO:13, or may be any signal peptide known in the art.

E. Variants
1. Variant PD-1.2 and PD-L1 PD-1
20 Antagonists

Additional PD-1 antagonists include PD-1.2 and PD-L1, polypeptides
and fragments thereof that are mutated so that they retain the ability to bind
to PD-1 under physiological conditions, have increased binding to PD-1, or
have decreased binding to PD-1 compared to non-mutated PD-1 but are not

25  able to promote signal transduction through the PD-1 receptor. One
embodiment provides isolated PD-1.2 and PD-L.1 polypeptides that contain
one or more amino acid substitutions, deletions, or insertions that inhibit or
reduce the ability of the polypeptide to activate PD-1 and transmit an
inhibitory signal to a T cell compared to non-mutated PD-L2 or PD-L1. The

30  PD-L2 and PD-L1 polypeptides may be of any species of origin. In one

embodiment, the PD-1.2 or PD-L.1 polypeptide is from a mammalian species.
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NO 11, or may be any signal peptide known in the art. Exenplary suitable
fragnments of human B7.1 that can be used as a costinul atory pol ypepti de
dormai n i ,eDrdw/02828 are not limted to, the foll ow ng: BOTAK3)098849212,

39- 241, 39-240, 39-2395 39-238, 39-237, 38-243, 38-242, 38-241, 38-240,
38-239, 38-238, 38-237, 37-243, 37-242, 37-241, 37-240, 37-239, 37-238,

37-237. 36-243 36-242. 36-241 36-240. 36-239.  36-238 36- 237, 35- 243
35-242  35- 24 aspfsgﬂfésm%gém?@@ h%%%g% lggﬁé@?%ypéﬁﬂﬁgzt%f)?@ifn%% 34- 241,
34- 240, 34- 239 237 33-243, 33-242, 33-241, 33-240 33- 239,
33-238 33-237% g‘%“%?é“m%(’ %2 32-241 32-240 32-239 32-238, 32-237,

31-243, 31-242, 31In2341b1h63¢m24@meﬁt1ﬂ123@nar3ﬂ1238 or BDDBWI}W@@H&D NO 13.
Addi ti onal swtablefrane n 1 i nclude, limted
fo L he for T ol SamE b bRy BnD VB ks ot e Fiaat) 1Y §8100s | Tt 540,
36243, 365 2401 1324 Bot e fas B6r 84T 108G MG 0 AnddR sightr 243, 37-244,
37-245, 37-246, 37-247, 37-248, -249, 38-243, 38-244, 38-245, 38-246,

38-247. 38- 248ansdactipaghroggh MD :J,grefz&pmr rglgtive® a mo-pyEtedRDIL0r 39- 248

39-249, of S o] naII cids of a

si gnal pepti d%aﬁggﬁ%ﬁ)ﬁpg ﬁ_e[né r%M gﬁ%lv‘lﬂ%?{i%el’?n}l 15‘%61,;1“ de may be
any discl osedpdﬂgp@uﬂe hasﬁc(b%dzmg 3e, zﬁmrﬁ@%,mm |7d% 80, adwetotibhi n SEQ |1 D
NO 13, or e an S|gnal Rﬁftlde known in t art. E. Variants 1.

Vari ant PD- LG@mbiptbng jactppty| to Ade-A dlean ‘gﬂ@tymapr%@raﬁ’ Dby andds dgni st s

i nclude PR;L2 2P t hat axe

mut at ed sgbt hmt%@ﬁeyéd?‘léqf gi@%’ X% %ﬂbﬁ%?@ﬂﬁgo%ﬂﬂgﬁeﬁ’%ﬂﬁg%{@%er physi ol ogi cal
condi tions, hauesduatorathsedh haRPDigetaptdiDelativoto havemdetsdERi3dd di nding to
PD- | corrpared ted PD-1 but are not able to pronote signal

transduction ?hl’%ﬂ@%ﬁﬁ%l receptor. One
A variant ?D—L2 or PD-L1 polypeptide can have any combination of

amino acid substitutions, deletions or insertions. In one embodiment,

15 isolated PD-L2 or PD-L1 variant polypeptides have an integer number of
amino acid alterations such that their amino acid sequence shares at least 60,
70, 80, 83, 90, 95, 97, 98, 99, 99.5 or 100% identity with an amino acid
sequence of a wild type PD-L2 or PD-L1 polypeptide. In a preferred
embodiment, B7- H1 variant polypeptides have an amino acid sequence

20  sharing at least 60, 70, 80, 85, 90, 95, 97, 98, 99, 99.5 or 100% identity with
the amino acid sequence of a wild type murine, non-human primate or
human PD-L2 or PD-L1 polypeptide.

Percent sequence identity can be calculated using computer programs

or direct sequence comparison. Preferred computer program methods to

25  determine identity between two sequences include, but are not limited to, the
GCG program package, FASTA, BLASTP, and TBLASTN (see, e.g., D. W.
Mount, 2001, Bioinformatics: Sequence and Genome Analysis, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y.). The BLASTP and
TBLASTN programs are publicly available from NCBI and other sources.

30  The well-known Smith Waterman algorithm may also be used to determine
identity.

Exemplary parameters for amino acid sequence comparison include
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enbodi nent provides isolated PD-L2 and PD-LI pol ypeptides that contain one
or nore amno acid substitutions, deletions, or insertions that inhibit or
reduce thwoabioa2r828of t he pol ypeptide to activate PD | &Qd/US2@I®MITL an
inhibitory signal to a T cell conpared to non-nutated PD-L2 or PD-LI. The
PD-L2 and PD-LI pol ypeptides may be of any species of origin. In one

I el e B R I P o
non- human pri 1843953 gigyop! ) BIOREAEERGIRAN rhlit Kk RAKARak or PD- L

pol ypeptide has the sanme binding activity to PD-1 as w | dtype or
non-vari ant Pﬁenﬁkaff(fPDt_Ithith/kd@Se%l 66 hBRl 0 SHAS1S €992 Fagan0% abi lity to

stinul ate S|gnal onthr he ,P ce tive to a
non- nut at ed PB@IL %%:] ’yﬁ%‘ﬁtpg?ﬁ}g 3?{8 ag’rrggﬁﬂr‘?éﬁlt@ *t he vari ant
PD-L2 or wﬁﬁﬂeﬁ@@%ﬁl@cl?@ﬁmﬂa@%as%@%ga’ﬁ@%og‘ﬂﬁ%(GMs 60%puiEd% 80% 90%

100% or nore BI nding activity to PD-I than wildtype PD-L2 or PD-LI and has
| ess than 50%&raasMagioumg, %93/ ‘Bhe afoogmentioped pasmetess arothedefayltat e si gnal

P LT pol ypepPraghs i basepdeBR iAol Ruh b RebSnBoP PRLIMER' P e any
combi nati on of am AdicAmtidelspidypaptiie snmenctati@ititpnm oy calndsed iong. 1 n one

enbodi ment, isolated PD-L2 or PD-Ll varjant polypeptides have an integer
number of ami M BREPWIng ARt ShileRiiy T (hpupPigiof 1 ‘g’ﬁﬁf’g aci d sequence shares

at | east @@ ?&1611%%%(&?%% ’1%1%?1 1n9a¥mr18§c1d%931d1%?{“510@r dOffo identity with an

am no aci d sequenc e PD-L2 or pept| de. In a

pref erred enbodicnletitn, aBZamédt lmh miudpoi@mﬂtgaﬂebuﬂ@een@nnéaﬁmo acid
sequence sharing.at | east 60, 70, 80, 85, 90, 95, 97, 98, 99, 99.5 or 100%
identity witht‘“irﬁ\é“ o acid sequence of a wild type murine, non-hunan

primate or human Plipkido QFidREbdtuRQI YR OPLLEE: PRArICRN pepBatiengebe dentity can
be cal cul ated usi ng conput er programs or di rect sequence co arison.

Preferred conpamservptivirainomtoesgsativededenseilhersin épenseiyaties viseinot wo
S ueneeS 1l 6550 Ghob Sk M SRR GPRPRIR 0™ LASTA
and Genome Ana|nyigdrStruéiatall oSfHeinii@al properties, and “non-conservative™ amino acid
substitutions are those in which the charge, hydrophobicity, or bulk of the
substituted amino acid is significantly altered. Non-conservative
substitutions will differ more significantly in their effect on maintaining (a)
20 the structure of the peptide backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b) the charge or hydrophobicity
of the molecule at the target site, or (¢) the bulk of the side chain.
Examples of conservative amino acid substitutions include those in
which the substitution is within one of the five following groups: 1) small
25  aliphatic, nonpolar or slightly polar residues (Ala, Ser, Thr, Pro, Gly); 2)
polar, negatively charged residues and their amides (Asp, Asn, Glu, Gin);
polar, positively charged residues (His, Arg, Lys); large aliphatic, nonpolar
residues (Met, Leu, Ile, Val, Cys); and large aromatic resides (Phe, Tyr, Trp).
Examples of non-conservative amino acid substitutions are those where 1) a
30  hydrophilic residue, e.g., seryl or threonyl, is substituted for (or by) a
hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; 2)

a cysteine or proline is substituted for (or by) any other residue; 3) a residue

31



Har bor Laboratory Press, Cold Spring Harbor, N.Y.). The BLASTP and TBLASTN
prograns are publicly available from NCBI and other sources. The wel | -known
Sm t h Watworran/@rgsérit hm may al so be used to determ ne ipdEaiSeaw/o0s@IeNpl ary
paranmeters for am no acid sequence conparison includethe follow ng: 1)

al gorithm from Needl eman and Winsch (J. ML Biol, 48:443-453 (1970)); 2)
BLOSSUMB2 conpar.i son matrlx fro Hiantl kof nd Hentl %?ff ﬁl?roc. Nai | . Acad.
ScL U.S. A, 883vippakels ﬁ@?l?@s'(“i’%%)c 3P GEp yﬁ aginyl-orppstidyhds 4) gap 1ength

penalty = 4. t avallable
e

af or ement i onedr e wrdtehaving a bty sdbft@megaphmﬂ%mném s@@tugaprelpu de
conparisons ( pen ternativel pol ypepti de
sequence | denrélfrt@r l&ygr? rﬁ%g%ea%%‘?oﬁsé‘a rfilge’zqehcémlnt’)fﬁ ﬁoﬁ# %quatl on: %
identity =5(the nupietn@istb6eMoiveddr ﬁx@ﬁkﬁ;ﬂ@t&iléﬁsadﬂtmﬁéd dn@iRgkBidi N am no
acid residues)* 100. For this cal culation, ali gnnment | ength includes

i nt er nal gapspﬁ‘mlo@d?é?y baarade weing @ey ewine avid OERS0 aﬂﬁl&ﬂ@loﬁcf@}r substi tutions
in PD-1L2 or BEATanQ 9y 91%{1&1@%33 ﬁ?ﬁﬁe Pe%ﬂecfﬁ&ztﬁcgs ; Hl’é? malk wifhQlly Ggnser vati ve®.

As used herein conservative i ons are stl tutions

wherein the sdﬁsiamralm)edc@mﬂﬁg)arﬁmodthe §J, Blahie, &bﬁﬂﬂl@'fadidahsp@fagﬁi&?n’i cal
properties, and,"non-conservative" amng acid substl tutions are those in
whi ch the chafigdningsewRoByene lutamianmd ehitamme, Bgudine.deHcans: ami no acid i s

significapglyg ﬁeefs%f%ucxy?’]gﬁﬁé‘srﬁétﬁi% nge I‘%HH@?hl‘{EHﬁth%rl% Il differ nore

significantly 1 their on malnta i ng € structure of the
pepti de backbehenyidlarihe topephed, driveosudstit uti on, for exanple, as a sheet

o el cal Com o TREn Ll IS LY ORHRRLEL e ol ceul e

conservative aghRAnas penSHRMd Hukldn@15- 120 pesde ) HPRSRdd gl he
substitution is wthin one of the five followmng groups: 1) snall

al i phatic, norpbhay skill 1s|tlnegm't ¢c3p1quaéﬁy meke dqnesal(:wa&erasgns inTthe, Pro, GI y);
dues, and t.h

2 |
2) bolar. segaivel v chaasd desidues, andlhels, am des Asp e, G
nonpol ar resi @m fabit, ddeCbat, Ingse, Yad, shéepSor codNdHbRERE, Ah@Mhdigg r esi des

(Phe, Tyr, r %as a species-specific component, it is preferable to use human when
administering PD-1 antagonists to humans.
In one embodiment, the disclosed isolated variant PD-L2 or PD-L1
20 polypeptides are antagonists of PD-1 and bind to and block PD-1 without
triggering signal transduction through PD-1. By preventing the attenuation
of T celis by PD-1 signal fransduction, more T cells are available to be
activated. Preventing T cell inhibition enhances T cell responses, enhances
proliferation of T cells, enhances production and/or secretion of cytokines by
25 T cells, stimulates differentiation and effector functions of T cells or promotes
survival of T cells relative to T cells not contacted with a PD-1 antagonist.
The T cell response that resuits from the interaction typically is greater than
the response in the absence of the PD-1 antagonist polypeptide. The
response of the T cell in the absence of the PD-1 antagonist polypeptide can
30  be no response or can be a response significantly lower than in the presence
of the PD-1 antagonist polypeptide. The response of the T cell can be an

effector (e.g., CTL or antibody-producing B cell) response, a helper response
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Exanpl es of non-conservative am no acid substitutions are those where 1) a
hydrophilic residue, e.g., seryl or threonyl, is substituted for (or by) a
hydr ophobwo 208si20828, e.g., |eucyl, isoleucyl, phenyl al aRgir,uSeeiops497or

al anyl; 2) a cysteine or proline is substituted for (or by) any other

resi due; 3) a residuehaving an electropositive side chain, e.g., lysyl,
arginyl, or histidyl, .is substituted for, (or. hy) an.electronegafive

fea e, o o poydRERgP RiohE et et Rl Ty iSRG HEOETREI Ky i de
chain, e.g., ghBMpBhRB] & subPreSifisiekpdised for (or by) a residue that does
not have a side chain, e.g glycine. It is understood, however, that

substitutions at tNethadsiferaneasniingthedinlinpafinit bstveen the mebetalessi ng any

am no acid or_am ci d apal og, . Eor, exanmpl e. the.supstjt.uti gps at the
eci ted post ¢ FameEaRistn AR IMAT ¥ P 3B Rind B8 pPRS AT BF T g an o
acids (e.q , ok PR LASPRDII CpdspeptidasipaPrBi hreludel Githtdidt Ligyiskei ne,
glycine, glutamc acid, glutamne, histidine, |eucine, valine, isoleucine,
l'ysine, met hi bnilaresesnet asivatedicel sonting (FAES). sutfagspdasynonlrasonsnee. t r ypt ophan,

or tyrosine). i : I, Fet bl I i i respect to
mouse, non- hu%%;r%?érf%&ﬁgg@’ ﬁﬁ%ﬂg%@ﬁ@%ﬂh&%gﬁ Pﬁ{{} rélﬂs%Ia(r?l%n\fl\%%ggt hat one of
ordi nary skil kpactrotnbeyart coul d readily nmake equivalent alterations in the

correspondi ng poly tides fromother species (e.qg. t, hanmster, guinea
pig, gerbil, rabbi Eﬁgﬁﬁ&mE%tlty?eﬂﬂﬁ}re§gl,5‘dﬁﬁfiji,he§%€€ﬁn g‘? f‘eg\aﬁflg“hHomever, si nce

bi ndi ng h a [(BSz b 4 te 11 i ol b use human
when adm st By DR B B e P R ™ The
di scl osed i sofragmenty achaietallRDpag obtheRBirateljuddrydoepin dissfeatiec @mritindjoni st s of

PD-1 and bind,t nd, bl o PD-1 w thout .triggeri si.gnal . trapsducti on
Chrough Po 110 80 rATRRATRER dMsiahis Setar o p et FE Ry s o1 gnel
transduct i on, tHxeis® shofél plyspadaypihk 3l Rnb f6teact i vated. Preventing T cell
i nhi bition enhances T cell résponses, enhances proliferation of T cells,

enhances production andBor sd&ariamiBi.loinkPPckAntagopisisT cel |'s, stinul ates

cel I rol iive o MRuoRE Py HRRPLERIaT e R7 T wbrP-LRPRERATE T ol |

response that fragsshts sherscimhdt g mbdigiedss ianthey peteial thy abilitygo®aicen than the
response in the absence of the PD- I ant gﬁoni st, pol ypepti de.. The response of

the T cell inPPhk? apdentled-Idsundserimsiqlogipl sgaditisns, payaipeisesede can
binding, or have decreased binding to PD-L2 and/or PD-1.1. The B7.1 and

PD-1 polypeptides may be of any species of origin. In one embodiment, the
20 B7.1 or PD-1 polypeptide is from a mammalian species. In a preferred
embodiment, the B7.1 or PD-1 polypeptide is of uman or non-human
primate origin.
A variant B7.1 or PD-1 polypeptide can have any combination of
amino acid substitutions, deletions or insertions. In one embodiment,
25  isolated B7.1 or PD-1 variant polypeptides have an integer number of amino
acid alterations such that thei;‘ amino acid sequence shares at least 60, 70, 80,
85, 90, 65, 97, 98, 99, 99.5 or 100% identity with an amino acid sequence of
a wild type B7.1 or PD-1 polypeptide. In a preferred embodiment, B7.1 or
PD-1 variant polypeptides have an amino acid sequence sharing at least 60,
30 70, 80, 85, 90, 95, 97, 98, 99, 99.5 or 100% identity with the amino acid
sequence of a wild type murine, non-human primate or human B7.1 or PD-1

polypeptide.
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be no response or can be a response significantly |Iower than in the
presence of the PD-I antagoni st pol ypeptide. The response of the T cell can
be an ef fwot2oro/02e828., CTL or anti body-produci ng B cel | ) PCEAS0M98549a1 hel per
responseproviding help for one or nore effector (e.g., CTL or

anti body-producing B cell) responses, or a suppressive response. Methods
for nmeasuring the hinding.affinity b en | ecul es are well known in
the art. Methods f Iﬂ%ﬁ‘gﬁﬂﬂﬁa tWéSH}e]hzﬁr%Pﬁ?PHB’P?p%SQWibﬁnt PD- L2 or
PD- LI pol ypeptidhesvhtde” BP“hor-Osilstid8ivd? Ul odevalioh ahd Hbrl-86hst&atifd UOr escence
activated cell sorting (FACS), surface plasnon resonance, fluorescence

ani sotropy, affishiutipnedre dawribed abhig- and affinity sel ection- mass L )
spectronetry. The i ept.i i herein cgn be full-lengt
pol ypepti des, or cgrﬁ&ga’gé}%b@?%éﬁ’etﬁ%d(g)ggfogg#ﬁsﬂa?qsdg‘%ﬁ?ﬁt%}owlbg%tfde. Preferred
fragments 3§ ncpolgpermides are apaigbniof of PO-Exid Bpeld BDAL2 getie FDof, ef fective to
bind to PD-1. As used herein, a fragnent refers to any subset of the

pol ypepti de tﬂﬁ%ebwél%kgr&fb@%b%némaﬁﬁémgf@w PPrle Buipievergingithe pr ot Iei 3 é7 .
Variant B7.1 %&uﬁ%@s ofﬁEé&ﬁ:&' 3 M%&b&&?&éeﬁ%ﬂor@?%@ﬁ@ﬂ%Iﬁgéla'bféc ude /.

and PD-1 pol ypepti and gnents ereo ar e nodi SO that they
retai n the abidbdactivetedi Rebvewtirglx £&] mhitfiten Ebahtesihedirreglonsdspl ogi cal
conditions, have increased bipding, ar have decreased binding to PD L2
oo POl SR R eopel T D pRimrrBel YN B TR e, oo of

origin. |pgongygrRediyrents &d}ﬁul%t, aifft%%enﬁ%énlﬁﬁ'&ﬁ%lw hA@rbss Jefogpe, manmal i an

species. In a preferred enmbodi nent, he .1 or PD-1 polypeptide is of
human or non- hupmmogssisneiel of Tgieks relativate AnellBiot towrctBbwithpdiBHpept i de can

have any conbinati o ino acid substitutions, deletions gr.insertions.
' one- mbodt RARES s dhad gl g Pond BPEEn et IR ipTsfin BiGely e an

i nteger nunbegreafer @iniRe AGhshsa kil BE abiABS oSl PI-DahtabHi8itpoRfPepdaci d
sequence shares at |east 60, 70, 80, 85, 90, 95, 97, 98, , 99.5 or 100%

i dentity withTharesnenss oadicdl salbinahe abssnceoiihe BD: | peagnist pelyprptide

pol ypepti de. f Hpgg | Y i.apt. pol ypepti des
have an ag‘l?nokgai‘é?ed&g%aﬁéer{r’?ggr § ar ?Anfggglgiﬂsf: glagfﬁ"gﬁ?ﬁ%{“ é%k ng%,e 90, 95, 97,
98, 99, 99.5 oresdRUS ikl IDiltantagohivt pdlepepmida.oTAE tedponse of the T cell can

be an effector (e.g., CTL or antibody-producing B cell) response, a helper

response providing help for one or more effector (e.g., CTL or antibody-
producing B cell) responses, or a suppressive response.

20 The variant polypeptides can be full-length polypeptides, or can be a
fragment of a full length polypeptide. Preferred fragments include all or part
of the extracellular domain of effective to bind to PD-L2 and/or PD-1.1. As
used herein, a fragment refers to any subset of the polypeptide that is a
shorter polypeptide of the full length protein.

25 F. Fusion Proteins

In some embodiments, the PD-1 antagonists are fusion proteins that
contain a first polypeptide domain and a second targeting domain that is an
antigen-binding domain that targets the fusion protein to tumor cells or
tumor cell-associated neovasculature. The fusion protein can either bind to a

30 T cell receptor and enhance a T cell response or preferably the fusion protein
can bind to and block inhibitory signal transduction into the T cell, for

example by competitively binding to PD-1. By interfering with natural
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sequence of a wild type nmurine, non-human primate or human B7.1 or PD-|

pol ypepti de. Amino acid substitutions in B7.1 or PD- 1 pol ypeptides may be
"conser vawpwvelo/mrs28non- conservati ve". Conservative and ROBAUSeINSMOB49aL | Ve
substitutions are descri bed above. In one enbodinent, the disclosed

i solated variant B7.1 or PD-1 polypeptides are antagonists of PD- 1 and
bind to PD-L2, and/or PD- LIl .,. thereby bl ocking their binding to endogenous
PD-1 . By prevglﬂ:ﬁ%hgwwrtd&&%@ﬂ@ﬁm%w%@ Frepeitips effegiivile)
transducti on. hf5ek SighalGRhnducbR uB¥RM POLE 5@ aklipleg. Preventing T cell
i nhibition enhanceg T cell responses, enhances proliferation of T cells,
enhances pr odpelypepidanthcbide yegardtpolypeptfidesphdiki fregmbyts Theoelf kst hatd nul at es
differentiation and, ef fector, .functigns of .T.cells o roppotes survival of T
el o rol ai vEorgs GulepShs iR alily SuhibiGoed fl rdlon ot * the T cel
response that yhedMbiicn ket BecH Atrgsaction typically is greater than the
response in the absence of the PD-I antagonist pol yf)epti de. The response of
the T cell in the dbsBriva peteinselsPophonmtyagohiins peidgpeprlygeptlen be no

Lgni ki Ly, [ h f
the PD 1 ant agBitcPRRbORERPRads U bisrAlkuchauCif el b 403e 02700 °

ef fector (e.gbindbldodiai@nt i body-producing B cell) response, a hel per
response providing_help for one or nore effector (e.g., CTL or

ant i bodypr oduci ng Budel ppteigs@eniewd hewin gregf fpypudasl:ve response. The vari ant
pol ypepti gdes can be full-1ength pol ypeptides, or can be a fragnent of a
full length pol ypeptide. Preferred fragnents include all or part of the
extracel lul ar donmain of effective MNoRbiRARt® PD-L2 and/or PD-LI . As used
herein, a fragnment refers to any subset of the polypeptide that is a
shorter polypeptide of the full length protein. F. Fusion Proteins In sone

embodi ment s, hgroRD-\ AAIANUNR-BLE LU AORRIALFHER, DaleRQBERI N & f1 1St

pol ypepti de domai n and second targeting domaln is an anti gen-bi ndi ng
domai n that t drefetentimes dftlsd Griopmpotteing“RJ is aPdr-L.204.10B7luonkPD-1

cel | -associat ed, negvascul af.ure.. The fusion,protejn,can either bind toa T
cel | receﬁor pgﬁge@fﬁfﬁ%‘n gep-hig ’Ingrt%@ﬁ%’?‘?s%cpr?ﬁm’pllgf &tdbly the fusion

2 re ﬁt 1ei Pofan bipistidethotipRliOBiker Abinkint Sy <18 a0 tarfdiRmBIHEIA & i nto the T
antigen-binding targeting domain, wherein “Rj3” is a polypeptide domain
when “R;” is a antigen-binding targeting domain, and “R;” is a antigen-
binding targeting domain when “R;” is a PD-L2, PD-L1, B7.1, or PD-1

20 polypeptide domain. In a preferred embodiment, “R,” is a PD-L2, PD-L1,
B7.1, or PD-1 polypeptide domain and “Ry™ is a antigen-binding targeting
domain.

Optionally, the fusion proteins additionally contain a domain that
functions to dimerize or multimerize two or more fusion proteins. The

25  domain that functions to dimerize or multimerize the fusion proteins can
either be a separate domain, or alternatively can be contained within one of
one of the other domains (PD-1.2, PD-L1, B7.1, or PD-1 polypeptide
domain, antigen-binding targeting domain, or peptide/polypeptide linker
domain) of the fusion protein.

30 The fusion proteins can be dimerized or multimerized. Dimerization
or multimerization can occur between or among two or more fusion proteins

through dimerization or multimerization domains. Alternatively,
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exanpl e by conpetitively binding to PD-1 . By interfering with

natural inhibitory |igands binding PD-1, the disclosed conpositions

ef fecti veWwg 2b1ogks28i gnal transduction through PD- 1. SuiPCahlSeooens497mul at ory
pol ypeptides include variant pol ypepti des and/or fragnents thereof that
have increased or decreased bi ndi ng affinity to inhibitory T cell signal
transduction rece tors sucg as. PD- The fusion protej ns al s optionally

contain a pep{i}”?f’é Z310m 1 PR qr’&ét“m oidusion SFRIFAS F%’a‘?ccg"e fhemd the first

pol ypepti de d&fé@élﬁﬂdﬂgonﬁﬁe%@ﬂtdr%ﬂéfneﬂuﬂaaﬁ@fmh@dcﬁy&! on proteins

di scl osed herein are of fornula I: -R3-C wherein "N' represents the
N-t er m nus of hemedimesichenpnotiénaric bﬂlet«:re{iummﬂteser@melti@}ewmr m nus of the

fusi on protein, |de or

anti gen- bi ndi ng t?FB%{‘P@&H%%ﬁeﬁfpﬁ}%ﬁ‘ﬁ‘)ﬁéﬂ%felﬂéB{“? E@F&Sﬁﬁ%éﬁ& &P nker

domai n, angl " B3multhnéizaf GETdrad cORBRIatlo pravidsd A GeMuPsneiidds kar geti ng

domai n, wherein "R " is a pol yfpeptl de domain when "R1" i's a antigen-binding
targeting dondrectingmeoleqles thal fanetimi tgenbringelamgmmangespertge dothei n when " R1"
is a PDL2 P , p0|ypeptlde dormain. In a preferred

enbodi nent, %Mrceﬁzméﬁﬁémpn%ﬁ B7.1, or PD-1 polypeptide domain and "R

"i's a anti gen- bi ndi ng uargengeﬂmmgt@g&mQabwmthe fusion proteins
additionally contain a donmain that functions to dinmerize or nultinerize two
or more fusion pr OEFE? fisionTHatels RESOrPORRR artiggp-binshng eegelipadpmadsor

mul tinerizg thegd érﬁﬂod?ﬁa@ﬁt%'t@@ ta&?ﬂm%‘&oﬂ?a‘ins‘%ﬁn@ms g&ﬁs‘ ﬁ% kn, or
alternatively can cont al ne one of one o é er dOfTB.I ns
(PD-L2, PD- LI recBjftots thetrar@Epekiffpoto yypeapt ¢edle od cmmirmssaidttdsrovhicattinng, t ar geti ng
domai n, or pe tlde/ I eptide |inker domain).of the fusion protein. The
fusion protei A5? (‘?é{‘ﬂ? ag‘iaﬁ‘é‘rtﬁ‘?%"egﬁ Oﬁfﬂr’?‘?rr‘?éf’%%ﬁd DYVAEHYEE| on or

mul tineri zat i OOmpAed %ﬁéﬁnal)%é&%eﬂa HmATROEH i fdRs e f@é&mfg%hﬁi spr ot ei ns

t hrough dinerization or nultinerization domains. Altérnatively,dinerization
or nul timeri z&tiddga aofigengsligandpeoeedpiors dlza amucrlﬁbjzo zmenm:assucr ossl i nki ng.

-(I)-Pehg!t g?g% ne}l}vgh\ae'élgg E%rFtﬁglﬂ, %tﬁcg{ ﬁ?f 'f gélpgc%va? 0N i resp%rr{gedt'or{e e'ct%ur:]somrml timeric
disease causing agents.

Tumor/Aumor-associated vasculature tareeting

domains
Antigens, ligands and receptors to target
20 Tumor-specific and tumor-associated antigens
In one embodiment the fusion proteins contain a domain that
specifically binds to an antigen that is expressed by tumor cells. The antigen
expressed by the tumor may be specific to the tumor, or may be expressed at
a higher level on the tumor cells as compared to non-tumor cells. Antigenic
25 markers such as serologically defined markers known as tumor associated
antigens, which are either uniquely expressed by cancer cells or are present
at markedly higher levels (e.g., elevated in a statistically significant manner)
in subjects having a malignant condition relative to appropriate controls, are
contemplated for use in certain embodiments.
30 Tumor-associated antigens may include, for example, cellular
oncogene-encoded products or aberrantly expressed proto-oncogene-encoded

products (e.g., products encoded by the neu, ras, trk, and kit genes), or
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The nodul ar nature of the fusion proteins and their ability to dinmerize or
multimerize in different conbinations provides a wealth of options for
targeti ngvoobwauarss that function to enhance an i Mmune PETASAEO/05497t he
tunor cell mcroenvironment 1. Antigen-binding targeting domain The fusion
proteins also contain antigen-binding targeting domains. In sone

enbodi nents, the targeting domins bind to anti s, .Jigands or receptors
that are specPyfate %@ﬁ%gro@@g?@t%rwfeﬂ%f’f%gﬁeggp‘éﬁelL% Scul ature, or are

upregul ated ipoidigRE S%g%%%f&e rédé?%'i AR b k&%_a%qafgangy.l Bkier firkpared to

normal tissue. In so odi nen the targeting d ins bind to antigens,

| i gands or reewsptioted anhgns andudspecletiles thet iaybadir¢dtlysoeclveniol ved in t he
regulation of | T cell .activation in re nse to,infecti.ous djsease causing
hgent o, Tumor MRt R8 su e e Rl IR PES el pe ARG Bk b Hant | gens,
l'igands angl r geRREMIC SrahSrobAAR evEMRIBHt &E%ﬁp&é&d%@@uﬁaw}sgég.(}?l ated
antigens In one enbodi nent the fusion proteins contain a domain that

speci fical |y bingeembryanicanticesA-Aa2, meorypr assedatedpntigamsreiopl | s. The

anti gen expressed. byt e ecifi¢g t he t )b~ 9 May be
expressed at gseﬁ’ieg%e ‘4?%\?%%8%’6?%’%7?’1}@%%’ tea\if m‘ajs? CE%" ra?lggé%gélon-turmr

cel I's. Anti geom3nedopesdy, sugalh /as ReeIohoablald: w198 (2008),; Seaker, st Known as
tunor associ ated antigens, which are either uniquely expressed by cancer
cell's or are prBssEdrmar. far (€98 hi gher levels (e.g., elevated in a

statisticghly signidelcamhs é}EB&\fée)Uuia? HSHSY a%gééqté‘&é{rg n&inTRigk 90RMAL, condition
relative to appropriate controls, are contenplated Tor use in certain
enbodi nent s. buckaassdgirabetcaginestnsamapeiratlyuderesfcdr [exampile, cel | ul ar

onco gene-enco roducts or aberyant expr esse r ot o- oncogene- encoded
products (e. g?gﬁﬁ%@aﬁeweéﬁ%@&saﬂb{‘#ﬂ&ﬁ ¢ ,lrercg‘&“g? LloBRy kit genes),

or mut at ed o FanQbmBlN AKIOInd SRERQS 1 (ESERlgALlkAaEhhpur f ace

nol ecules (e.g., s ace repepfor enc he c-eérb B gene). 'O
t unor associ at @cfemd igegets fonochmdeothohpe uhasxarhple isy towodganériduy i nvol ved in

transfor milgl O%el?ey t%gtt Scodes an&hi%%'fyagesm%g%le rirl?%}@e%tin %%cggieEI%Ct 'y involved in

transformation. Other examples include the ras, kit, and trk genes. The
products of proto-oncogenes (the normal genes which are mutated to form
oncogenes) may be aberrantly expressed (e.g., overexpressed), and this
aberrant expression can be related to cellular transformation. Thus, the

20 product encoded by proto-oncogenes can be targeted. Some oncogenes
encode growth factor receptor molecules or growth factor receptor-like
molecules that are expressed on the tumor cell surface. An example is the
cell surface receptor encoded by the c-erbB gene. Other tumor-associated
antigens may or may not be directly involved in malignant transformation.

25  These antigens, however, are expressed by certain tumor cells and may
therefore provide effective targets. Some examples are carcinoembryonic
antigen (CEA), CA 125 (associated with ovarian carcinoma), and melanoma
specific antigens.

In ovarian and other carcinomas, for example, tumor associated

30  antigens are detectable in samples of readily obtained biological fluids such

as serum or mucosal secretions. One such marker is CA125, a carcinoma

associated antigen that is also shed into the bloodstream, where it is
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oncogeni ¢ transformati on events but are expressed by tunor cells (e.g.,
carci noenbryoni c antigen, CA-1 25, nelonoma associ ated antigens, etc.)
(see, e.gwvp2uu0@27Rat. No. 6,699, 475; Jager, et al, |nt. PCT/USCHO84971
106: 817-20 (2003); Kennedy, et al., Int. Rev. Imunol, 22:141-72 (2003);
Scanl an, et al. Cancer Imun., 4:1 (2004)) Genes that encode cellul ar

o eesoet e A0 LSS5 IS SN B LSREPTIO SRRDBHEL o, oncogenes

products thatygne dialeslly sk eyasin tl@gtrrecm,@@&k%mmﬂaaaem@@ cell, and
because of this, thesé antigens are particularly preferred targets for

i mmunot herapybIOkrgI@(élnpiSélansbttmenﬁaamd|a§mglveﬁﬂnbueigeﬁ@?hcmarkenc es a cell

PurTace T U ok SREREER L ATIEL I S BB e

nornmal gengs YHUCH tishR pdlpapett dpecifie kiti@raIUshesalyl MY nkeindlgernant | y

expressed (e.g overexpressed), and this aberrant expression can be

related to cekndiplapenial afieline alaqspbﬁaw(%&),tln@ffgrt@m’pv@ﬁ@Imast@y
prot o-oncogengs q/&gﬁogﬁoshéﬁlgﬁofo%% S0 ﬁgr“ﬁ%%&&ﬁ d@ & ms‘é}éﬁr‘?ﬁk@“ or

receptor nolec actor r ecep are

expressed on tiel., IAlamJtDmﬁﬂ B6:368 (1@@&), Sﬁmndxla:ﬁ:pb‘@ll gut. e Geebdcobur f ace
receptor encoded by the -erbB t upor - associ at ed antigens nmay or

may not be di FEEPH )ﬂ9rMP%dMq}PTnﬁla? gﬁ’étfﬁa”?‘?’”a@ﬁﬁé?%@@(% (IRdse antigens,
however, #§e RULESTSH Orebsr DB, TR 498l G n%% ARYatbdSdrafor € provide

effective targets.” Sone exanples are carcinoe onic antigen (CEA), CA 125
(associ at ed Wit 26veay s mompalqrm):mhimbm(eaglpﬁﬁomefalg Sarg i gens. In

ovarian and o r exa t associ gted antigens are
detectable in Qé%(liggg‘%ﬁjﬁid’?lﬁt}% @W@E&r& RPN PEFHs™Uch as serum
or nucosal segi®klfng col@&%ta%&xﬂ:ef@}é‘%ﬁﬁeﬂ &aq:AlAnggtmc@* R&! qwmgjaz%@som at ed
antigen that is also shed into the bl oodstréam where i't isdetectable in

ser um (e.g., BE¥7)-et al., N Eng. J. Med, 309:883 (1983); Lloyd, et al.,
L h e SR b S IR YDA SRR P I, oLz o)
car ci noenbr y oidhodldhhig@ibeGE) 1, 1§ﬁ5@ﬂ@@§a@xﬁjém? aF squaaivas aglt i gen (SCO) ,
tissue pol ype%&rlcgn%msars)?&hicﬁgg grgtheﬂal ova:-rl;g)ns, cerv?clza? and esol\rl)hglgjgajl tnumosr-sn\l)
and on mesotheliomas (Chang, et al., Cancer Res., 52:181 (1992); Chang, et
al., Int. J. Cancer, 50:373 (1992); Chang, et al., Int. J. Cancer, 51:548
20 (1992); Chang, et al., Proc. Natl. Acad. Sci. US4, 93:136 (1996),
Chowdhury, et al., Proc. Natl. Acad. Sci. USA, 95:669 (1998)). Using MADb
K-1, mesothelin is detectable only as a cell-associated tumor marker and has
not been found in soluble form in serum from ovarian cancer patients, or in
medium conditioned by OVCAR-3 cells (Chang, et al., Int. J. Cancer,
25 50:373 (1992)). Structurally related human mesothelin polypeptides,
however, also include tumor-associated antigen polypeptides such as the
distinct mesothelin related antigen (MRA) polypeptide, which is detectable
as a naturally occurring soluble antigen in biological fluids from patients
having malignancies (see WO 00/50900).
30 A tumor antigen may include a cell surface molecule. Tumor

antigens of known structure and having a known or described function,

include the following cell surface receptors: HER1 (GenBank Accession No.
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and pl acental al kaline phosphatase (PLAP), in efforts to provide diagnostic
and/ or prognostic profiles of ovarian and other carcinomas (e.g.,

Sar andakon 2eto/@r828 Acta Oncol, 36: 755 (1997); Sarandak®aT/useoolos497Eur. J.
Gynaecol Oncol, 19:73 (1998); Meier, ., Anticancer Res , 17(4B): 2945
(1997); Kudoh, et al., Gynecol QObstet. Invest. 47:52 (1999)). Elevated

CAl 25 Hi K t al., S
S 2o Tagh R REE el Bt b b bl iy o )+ S
acconpany col eqgctal, 6816¢TodisabaRhk Ak, Rbs. XWB,B%&PMHE@@) HERE(4B) : 2939

(1997)). The tunor associ ated anti gen, nesothelin, defined by reactivity
wi t h nonocl onéberdunk PodyNis. (129339 pn@WBO%M%WMa}n,@f als deewreus cel |

carci nomas i ngludi jthelial ,ovaria nd ageal tunors,
and on rresot h%g?ﬁggf’?@;‘%&h @%Aﬁf%oscgﬂéiq%r Claéﬂg% ??‘%392) Chang, et
al., Int. @ﬂﬁﬁﬁlfact&(}eé’%a)r(@@??\) (G&kmm AR Nak. - u4gmb. anélK@‘@m , 51:548
(1992); Chang et at, Proc Acad Sci. USA, 93:136 (1996 ovvdhury,

et al., Proc. vaular em&élwhalséﬁil grwﬂl fagtor §GenRapb By M32957h yasmbar K- |
t hel £51 nd h t
been Tound | nelEEE Rt nlRy BecElol IO A N BB ot s i

medi um condi t IIGXIHGBDMZEQ@‘NRdK@GBS)S ilsGhamge gﬁiwtmfactorLIf‘(GenEalﬂCAB@el’ 50: 373
(1992)). Structural hunman nesot hel in E)g Eeptl des, however, also

I
i ncl ude t unor NessHGL Jgeﬁsém geh” Fb XHEEHT i rsapesn FateasNeHaBdi st i nct
mesothel i fo! ehak £h37 AR IR HIBLURARHCBan AL ids Sxfipact abl e as a

natural Iy occurring so ntigen 1 n biologica s frbmpatlents
havi ng nmal i gnaitoPes Mkﬁﬁb’\AﬁﬁMI’B@QD&hnSféanptc&r(ﬂ"itgwndgamnﬁ ncl ude a cell

Gescri bed 1 unCi, MPRCYGade Tha Yol o na oBbk eetims 86° NBe Ol “PeR
( GenBank ACCG%ﬁd%lB@?)Ué%%gﬂ reckﬁ@?gcémlak@&c 1)%:; Q38654 xb@mgnol ,  152: 2393

(1994); Disis, et al - GenBank Ace. Nos. X03363
and ML7730), R@I%OK m&&mm26%bpr@2g®®96 teedptvBA30Bank HERANGP! owman, et

api dor mal |5t on /1 kel PR BN T OELSIRgTE pERRE AT RBEPBAR Y. and Koe
193), vascul ar)gGegaR! Ad). Nes! 234260 whd Ms308 )Y, r&i@@ﬁ%@ﬁ@e&@to%wﬁ)
vascul ar (GenBank Acc. Nos. L12060, M60909, X77664, X57280, X07282 and
X063538), MUC-1 (Barnes, et al., Proc. Nat. Acad. Sci, USA, 86:7159 (1989);
GenBank Acc. Nos. M65132 and M64928) NY-ESO-1 (GenBank Acc. Nos.
20 AJ003149 and U87459), NA 17-A (PCT Publication No. WO 96/40039),
Melan-A/MART-1 (Kawakami, et al., Proc. Nat. Acad. Sci. USA, 91:3515
(1994); GenBank Acc. Nos. U06654 and U06452), tyrosinase (Topalian, et
al., Proc. Nat. Acad. Sci. US4, 91:9461 (1994); GenBank Acc. No. M26729;
Weber, et al., J. Clin. Invest, 102:1258 (1998)), Gp-100 (Kawakami, et al.,
25 Proc. Nat. Acad. Sci. US4, 91:3515 (1994); GenBank Acc. No. $73003,
Adema, et al., J. Biol. Chem., 269:20126 (1994)), MAGE (van den Bruggen,
et al., Science, 254:1643 (1991)); GenBank Acc. Nos. U93163, AF064589,
U66083, 32077, D32076, D32075, U10694, U10693, U10691, U10690,
U10689, U10688, U10687, U10686, U10685, 1.18877, U10340, U10339,
30 L18920,U03735 and M77481), BAGE (GenBank Acc. No. U19180; U.S,
Pat. Nos. 5,683,886 and 5,571,711), GAGE (GenBank Acc. Nos. AF055475,
AF055474, AF055473, U19147, U19146, U19145, U19144, U19143 and

39



endothelial cell growh factor receptor (GenBank Ace. Nos. AF022375,
1680143, U48801 and X62568), insulin-like growh factor-1 (GenBank Ace.

Nos. XOOIWe,20dHR728, X56773, X06043, European Pat ent NoPCERS2®4054P08) ,
insulin-like growth factor-11 (GenBank Ace. Nos. X03562, X00910 ML7863 and
ML7862) , transf errin receptor (Trowbridge and Omary, Proc. Acad. USA,

78: 3039 1981 GenBank X01060 150 t
( GenBank( Ace. 154231\?5?‘8’63§ﬁge975§6§§3 0 %iﬁ?gqﬂﬁ%% “éﬁ%’l Rﬁ%}%wnp; gg:gt g; one
receptor (CenBankifGhie elﬂ%cocfééjogstge SKR906& BMIP Alc Bos. KkBLH £

stinmul ati ng hornone receptor (CGenBank Ace. Nos. 234260 and M55085) ,
retinoic aci dU@@&té’pﬁiSiOSQM&&l%ﬁ,@ardﬁus:mhﬂ@@@@ﬁi%@@ﬁa Gxirresld, X57280,

X07282 and X0653 -1 (Barpes,..e .~ Proc. . Nat. A et USA, 86: 7159
(1989) ; GenBa‘i?e%%@’%? M @243%‘39%&@5%&%\/*%80?%?{%%% ank Ace. Nos.
AJ003 149 andy555581d M38sAds; dnd PETT RAHBSARIACOINDE J03B9964 40053

Mel an- A/ MART-1 (Kawakam , et al., Proc Nat. Acad. ScL USA 91:3 15 (1994);

GenBank Ace. NeA(melawgsastanin) (Bewsryt ﬂt»ir@@ﬂ%ﬁéei%’fréb%ﬁﬁéwglét al ., Proc.
Nat . Acad. S US, 9 |\/26729 Wb t al.,
J. di (r:1a I nvg Ose ABazl %)f %ééé%l)&b%%ggg?ﬁg%%é) et al., Pr og.r Ngt ) :

Acad. Set USA, 9 1 A38ikntl00@) assteinidnkiifige indNale pfBdIa0 SurfAdeamdgeret al ., J.

Biol. Chern., 269:20126 &%994)8 MAGE (van den Bruggen, et al., Sci ence
254: 1643 (199{§5A) EhBin 6.57Rd87; 051 ED): INowangboriands083, D32077,

D32076, 075 694, 0690, U U10687,

UL0686, ﬁ@asgbnﬂt‘{?ggﬁ%‘ﬁ ﬂgfgg}%‘ NS al. =|_ %%Reijé’%%@’ #clﬁ%lm BAGE
(GenBank Ace. yRQninddkd 188, tthreer F']gt274£\l@§ g cBNet &, Bl 71 1) GAGE
(GenBank Ace. Nos. AF055475, AF055474, F05 473, U19147, "U19146, U19145,

U19144, U1914€aneatb0:3328% (1989y Alfthemet @A aricarsResof52t4628 38 89N udi ng in

B6175. | U054 B COBBEPE A TRBAT VAL CA RO BRI s FOURC] CEA. Col @ and

Freedman, J Heoﬂv%ﬁial 1A J: B3Rk, U38B).62F20BRANK n S 1t alNOB: J'\@gﬂcjep Mb9255 and
M29540), and T (GenBank Ace. Nos. J02289 and J02038);

(el anot r &hsf éﬂrlp?nl)'? (BB Dwihsuckidaatt al., J NatinGaorer, 743754409 (1981) . Rose, et
al., Proc. NatIIsuc ta§c }Vlsf?‘ Cc?n%e;f;l' %@.]5&630 &53’?)@%018 (Lehmann, et al.,

Proc. Natl. Acad. Sci. USA, 86:9891-95 (1989); Lehmann, et al., Cancer
Res., 47:841-45 (1987)); melanoma antigen gp75 (Vijayasardahi, et al., J.
Exp. Med., 171:1375-80 (1990); GenBank Accession No. X51455); human

20 cytokeratin 8; high molecular weight melanoma antigen (Natali, et al.,
Cancer, 59:55-63 (1987); keratin 19 (Datta, et al., J Clin. Oncol., 12:475-82
(1994)).

Tumor antigens of interest include antigens regarded in the art as

“cancer/testis” (CT) antigens that are immunogenic in subjects having a

25  malignant condition (Scanlan, et al., Cancer Immun., 4:1 (2004)). CT
antigens include at least 19 different families of antigens that contain one or
more members and that are capable of inducing an immune response,
including but not limited to MAGEA (CT1); BAGE (CT2); MAGEB (CT3);
GAGE (CT4); SSX (CT5); NY-ESO-1 (CT6); MAGEC (CT7);, SYCP1 (C8);

30  SPANXBI (CT11.2); NA88 (CT18); CTAGE (CT21); SPA17 (CT22); OY-
TES-1 (CT23); CAGE (CT26); HOM-TES-85 (CT28); HCA661 (CT30);
NY-SAR-35 (CT38); FATE (CT43); and TPTE (CT44).
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Addi tional tunor associated antigens include prostate surface antigen (PSA)
(U.S. Pat. Nos. 6,677, 157; 6,673,545); b-human chori oni ¢ gonadotropin

b- HCG (Mybeawg27&28 al ., Cancer Res., 36:3476-81 (1976) pCYashomiose71 et al .,
Cancer, 73:2745-52 (1994); Yanmaguchi, et al., Br. J. Cancer, 60:382-84
(1989): Alfthan, et al., Cancer Res., 52:4628-33 (1992));

gl ycosyl transf eras -.1,4-Nacet yl ggl act osam nyl transferases (Gal NAc)
(Hoon, et al., Int ?*d?ﬂ%onéawwr?nu%mg%%@zﬂm ed, BAHIngH AT | nt . J,

Cancer, 40: 12'a§sgci@xﬂe%%zhima_15§tﬁbim%nﬁ§én AlcludeJbilalol 1i5ARE &, alphl: 45- 54 (1987);
Tsuchida, et al., J. Natl Cancer, 78:55-60 (1987)); NUCI8 (Lehmann, et al.,

Proc. Natl. AeeithindeBctishl f8BnI8@eingCagpt@dea-cdtetinedn?l’, etkhlcdk@ancer Res.
47:841-45 (1987)); | i i dahi . ., J Exp.
ved . 173 13760kb oeR R AR PRIy MY ASRh R, EBERY Lt oker at i n

8; hi gh nofecyhakyiwehgbiasdres AR raRin, BeM -Abatialal-Al1ethsplo-2, Cancer, 59:55-63
(1987); keratin 19 (Datta, et al., J Cin. Oncol, 12:475-82 (1994)). Tunor
anti gens of i MIAACEI05] Neartdoluaid i 4and 3y eagaP 4By esin plassl ©54% pml-

"cancer/testis, .antigen re J.nmu eni,c I.n. subjects having a
i gnant - condtt Gt ELbRRER P1ERR RS AR SRR st oG ) ) o

anti gens incl gdgeat Gheash, 5187 dvdTereat-K-aml | ies-10Ma0t i gens that contain
one or nore menmbers and that are capabl e of inducing an imune response,

i ncl udi ng but Ae?:3 46 & b MageNRGRMA BETNY-EratiEagct P 1 MABER. et 3) ; GAGE

CT4),; SS Y ; " ; | (CTI
12)) naga"( Cru PEABE IR - () . ety PR P2, o
(CT126); HOV TBRPABE- [ GIAGE-3 HEAGE ] GACTESD) GARE-DARSEE)(CHASRAGHATE (CT43) ;
and TPTE (CT44). Additional |unpr _anti giens that can be targeted, including a
t umor associ at &Y Q@ UrpEl SEET i oM f@n PRAMEE.Rpd; Hoas, -Prfdted to,

o phesct Lo, ST A b AL e EemE g il e e, coke
LDLRf ucosyl t r angg@sa8BNS, husao paplonevins (HPAR A(igdds £6AInd F7, AiSP70- 2,
fusi on pr dbel reopaRE n AGESBadE b e Sy Rorb s v Bage. 1. Gage
3,4,5,6,7, GV HBEX; Kat®Ya-4L@889), RESY CAM 17.1, NuMa, K-ras, B-
Catenin, CDK4, Mum-1, p16, TAGE, PSMA, PSCA, CT7, telomerase, 43-
9F, 5T4, 791Tgp72, a-fetoprotein, 13HCG, BCA225, BTAA, CA 125, CA
15-3 (CA 27.29\BCAA), CA 195, CA 242, CA-50, CAM43, CD68\KP1,
20 CO-029, FGF-5, G250, Ga733 (EpCAM), HTgp-175, M344, MA-50, MG7-
Ag, MOV18, NB\70K, NY-CO-1, RCASI1, SDCCAG16, TA-90 (Mac-2
binding protein\cyclophilin C-associated protein), TAALS6, TAG72, TLP,
and TPS. Other tumor-associated and tumor-specific antigens are known to
those of skill in the art and are suitable for targeting by the disclosed fusion
25  proteins.
Antigens associated with tumor neovasculature
Protein therapeutics can be ineffective in treating tumors because they
are inefficient at tumor penetration. Tumor-associated neovasculature
provides a readily accessible route through which protein therapeutics can
30 access the tumor. In another embodiment the fusion proteins contain a
domain that specifically binds to an antigen that is expressed by

neovasculature associated with a tumor.,
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A, 2 3, 4,6,10,12, Mage-C2, NA-88, NY-Eso-I|/Lage-2, SP17, SSX-2, and

TRP2- M2, Mel anA (MART-1), gpl QO (Pnel 17), tyrosinase, TRP-I, TRP-2,

MAGE- |, NRORoB/02BR&E, GAGE-1, GACGE-2, p i 5(58), CEA RRGEUSRVESO7( LACGE),
SCP-1, Honml Mel -40, PRAME, p53, H Ras, HER-2/neu, BCR-ABL, E2A-PRL, H4- RET,

| G4 1 GK, MYL-RAR, Epstein Barr virus antigens, EBNA, human papil | omavirus
(HPV) antigens E6 d E7, TSP- 180, MACGE-4, MAGE-5, MAGE-6, pi 85erbB2, p i
80er bB-3, c-met, nhRe Zuigen meg e spagiiy o imoppeqgsellata oFmay becav 17, 1, NuMa,

K-ras, b- Cat gplBeseihiohTevel iPlunfor nI&%euaﬁ%hé?&%Pagﬁﬁo tel omer ase,
43- 9F, 5T4, 791Tgp/72, a-tfetoprotein, 13HCG BCA225, BTAA, CA 125, CA 15-3

(CA 27. 29VBCAAymalAak@biur€AE2aRpla@lerBigensCAMABe 0 CDBBPKREd IguaRs, FGF-5,

NV-CO- | ROASP S RET B A O AR Br G e BT
C-associ ated ORI to, VANFK DRAGK2, vasbilar 8adhBston Hould (WX mgssoci at ed

and tunor- specific antigens are known to those of skill in the art and are
sui tabl e for tedagdniand obls integridivéninssisnl Pthst entigsnothef ars ovamt i gens

iated with t . at P in th ' b
her fect ve | APFSA PHOTRROR GE) A0 LS SOPRBES I PRRE at ¢ uror

penetration. JhdElands sRAMKWGe ARRY 38Ul 3 teQurika\urddQstablerBP@ideyingccessi bl e
route through which protein therapeutics can access the tunor. |n another

enmbodi nent t héy thesdiehosgd dessomproted®i ai n a domai n that specifically binds to
an antigen.that is expressed, by neovascul ature associated with a tunor. The
antigen ni(\} be specifi c%?’gm?lffﬁ%s(c ﬁ@g%’é”ééﬁ%g#’ﬁfe or may be expressed at a
hi gher |evel in tulandiee¢adetingnyrse ﬂi@ﬁsﬂéﬁ@tﬁmmﬁkammmkhavascul ature.

Exenpl ary antigens that are over-expressed by tunorassgci ated
neovascul at ur EPeesliclbindsdo o shepeliag oxmeemokingracepiyt ddemokines gice not

2 ST TR NS B oA RSB o i YA
over expr essed chyndieiGepro@isaubkteccepeoy (ERCR st kBcias cdbigaegpdnted nor mal
o get i ng 1By A b GErbEERaSH BhopisTaHEs Tumot celtSSeerdle End £ A1 € 1"
respond to chemokines, which facilitate growth that is achieved by increased
endothelial cell recruitment and angiogenesis, subversion of immunological
surveillance and maneuvering of the tumoral leukocyte profile to skew it
such that the chemokine release enables the tumor growth and metastasis to
20  distant sites. Thus, chemokines are vital for tumor progression.
Based on the positioning of the conserved two N-terminal cysteine
residues of the chemokines, they are classified into four groups namely CXC,
CC, CX3C and C chemokines. The CXC chemokines can be further
classified into ELR+ and ELR— chemokines based on the presence or
25  absence of the motif ‘glu-leu-arg (ELR motif)’ preceding the CXC sequence.
The CXC chemokines bind to and activate their cognate chemokine receptors
on neutrophils, lymphocytes, endothelial and epithelial cells. The CC
chemokines act on several subsets of dendritic cells, [ymphocytes,
macrophages, eosinophils, natural killer cells but do not stimulate
30 neutrophils as they lack CC chemokine receptors except murine neutrophils.

There are approximately 50 chemokines and only 20 chemokine receptors,
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Chenoki nes/ chenoki ne receptors I n anot her enbodi nent, the fusion proteins
contain a domain that specifically binds to a chenol ne or a chenoki ne
recept or . wanemgkises are sol uble, small nol ecul ar wei ghtCr8:S2@4/0kH3)
proteins that bind to their cognate G protein coupled receptors (GPCRs) to
elicit a cellular response, usually directional mgration or chenotaxis.
Tunor cells secrete and r.espond o chenoki.nes, which facilitate growth that
i s achi eved bﬁ’uﬁ %§§8831§?{8@FH6¥WHQFH‘§BPF}H? SR Ph@%ﬁ“dgﬁﬁpéﬁ{gi ogenesi s,
subversi on of jjigmunel ogi cal surveillance and nmaneuvering of the tunoral

| eukocyte profile to skew it such that the chenokine rel ease enabl es the
tunor growt h and nEhesokiséssclatwraipd framt the tureer. anttithesstropied velkd biad taar e vi t al
for tunor progression. Based on th si,tioning,of the cgonserved two
N-termi nal | cy SRR ST asEer o e bR e hatttng egmd sl TS T ed i nt o
four groups nanebinddsep offhe QB6r @Y abd GlRARKERE StimTRRrEiepMRaI@RIs Nnes can be
further classified into ELR+ and ELR- chenoki nes based on the presence or

absence of t héhefpmpr andjibg siremalgelfs facilftatedlg prpgrepriecebibadimere CXC sequence.
The CXC chenokj i i i enoki ne receptors
on neut r ophi | §°Eﬁ%?7ﬁp%’§€%§%@gﬁg‘g§%%§ﬁd§ %\E?@j{}bﬁﬁ@g%&cel | s. The CC

chenoki nes acturasrigeavds ald methseadis OKOBRenssysta dtat &l & argjogehetyirels,

macr ophages, egsingophils, natural killer cells but dg not stimulate

neut rophi | s a&{Rlayssieledn thaspiimat pbmapophages LR Fie tRBPT ne neut r ophi | s.
There ?‘r.el@pphg&o%ﬁiﬁln)heg{? @'@Rﬁ‘?&‘h@@ﬁre@%@@kt&s@@;ﬁ?%ﬂ%ﬂ Afsfpgeptors, thus
there is considerable redundancy 1n this systemo i gand/ recept or
interaction. Cleewnimaldenpt adaites at g 1fmphmodes haverte leadd fh€GRT,omal cel | s
bind to the c [ eptars .present on the tunor and the stromal cells.
The autocri nem' g&“ﬁﬁ%‘ rﬂ"f’fﬁfy 1@5&7"%‘9’5&{8"’ W@S%Fﬁﬁﬁe?‘ﬁ%p%f"i‘%ul atory | oop
bet ween the tysBstvanditdre stromal cells facilitate the progression of the
tunmor. Notably, CR2, CXCR4, CCR2 and CCR7 play major roles in
tunorigenesi s and e agses QR eRgetimigalpmaimnsvi t al rol e in angi ogenesi s and
CCR2 pl ay 5a role in th:i.re%rui%rrentt of macrophages into the tunor

ni croenvi ronment. CCR7 &X' AVEIYEEH A et ast asi s of the tunor cells into
the sentinel |ynphinegeaniaslihbe, turipbr AeERSashayRed R vhicaieef or CCRY,

targeting domains are ligands that bind to cell surface antigens or receptors

. H &8

SabA v el diy

that are specifically expressed on tumor cells or tumor-associated
neovasculature or are overexpressed on tumor cells or tumor-associated

20 neovasculature as compared to normal tissue. Tumors also secrete a large
number of ligands into the tumor microenvironment that affect tumor growth
and development. Receptors that bind to ligands secreted by tumors,
including, but not limited to growth factors, cytokines and chemokines,
including the chemokines provided above, are suitable for use in the

25  disclosed fusion proteins. Ligands secreted by tumors can be targeted using
soluble fragments of receptors that bind to the secreted ligands. Soluble
receptor fragments are fragments polypeptides that may be shed, secreted or
otherwise extracted from the producing cells and include the entire
extracellular domain, or fragments thereof.

30 Single polypeptide antibodies

In another embodiment, tumor or tumor-associated neovasculature
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CCL21. CXCR4 is mainly involved in the netastatic spread of a wide variety
of tunors. Ml ecul ar classes of targeting domains Ligands and receptors In
one enbodw@ento/02r8280r or tunor-associ at ed neovascul at ur @CTAISg@ViofMP7donai ns
are ligands that bind to cell surface antigens or receptors that are

specifically expressed on tunor cells or tunor-associ ated neovascul ature or

are overexpressed. on tunor cell,s oy tu -assqaci at ed neovascul ature as
conpar ed o norRAPeCoLels aringr oolypee s BodSs Ml trerlargt | gands
into the tunmdhydBehs SERVEHORARA brd PHatifiedlleSlprdssdPin SnRMBLadueN el oprent .
Receptors that bind to I'i gands secreted by tunors, including, but not

limted to grewafedocovasculaiyreoii avegvaeprediehok funng cellner tuthony t he

chenoki nes prgvi ded .above re suitable . for use in tdhe,di,sclosed fusion
proteins. Li gAnds salrotserpyr Bisraegio 88”’%33?‘5% e UT Y& ubl e
fragnents of eeitediens: ddatibddiadvé aithhespsaas ebidBibitogaresptorSol ubl e recept or
fragnents are fragnents pol ypeptides that may be shed, secreted or

ot her wi se ext PRiag@dstideB®inche producing cells and include the entire
extracel lular domain, og.fragpgents thereof. Single polypeptide antibodies
I n anot her enbodi ment, tunor or tunor-associ ated neovascul at uretargeting
domai ns are si ngl elmpaioyipe ptibdéinant, itradi @umbahssbeia@dtnecestdlaty f ace

antigens or receptors that are specifically pressed an. tupor, cells or
unor associ at SIS REE A GF e debais of Brerisel bl der PN s or
cidtbgsue. Single donmain

t unor assogh at GAFNRAYASS Yk AWl ATumBFBALsRY oh Pl
h Ibitory receptor

anti bodi es are descri bed above with respect to coin
ant agoni st domedvasculdtored dimiFiegeginn anotekderesmbobides the, polywpeptidasr

t unor - associ at ed neovascul ature.targeti omaj ns e .Fc donmi ns of
imunogl obul | FOHEUE BRGTHETE FEUTTHd PUORE PELERMEPE TE5 sPeN8bd on ¢ unor
cells or ont 11 RSN RN HIeaMas CHhABferstBehd st 18O BRytAs used herein
i ncl udes the pol ypeptides containing the constant region of an anti body

excl udi ng t he r¥giosimmemelehvindegiants afdednied). elilgGh and theilast thikes Fc refers
to the lagg t Wonst %ég?&t immunoglobulin domains of IgE and IgM. In a preferred

embodiment, the Fc domain is derived from a human or murine
immunoglobulin. In a more preferred embodiment, the Fc domain is derived
from human IgG1l or murine IgG2a including the Cy2 and Cy3 regions.

In one embodiment, the hinge, Cy2 and Cy3 regions of a human

20 immunoglobulin Cyl chain are encoded by a nucleic acid having at least
80%, 85%, 90%, 95%, 99% or 100% sequence identity to:
gagectaagt catgtgacaa gacccatacg tgeccaccet gtocogotcoe agaactgeig 60
ggaggaccta gegttttett gttcocccocca aagcocecaagg acacccteat gatctcacgg 120
actcccgaag taacatgogt agtagtcgac gtgagecacqg aggatoctga agtgaagttt 180

25 aattggtacyg tggacggagt cgaggtgcat aatgccaaaza ctaaacctcyg ggaggageag 240
tataacagta cctaccgegt ggtatcecgte ttgacagtygce tccaccagga chtggetgaat 300
ggtaaggagt atasatgcaa ggicagcaac aaagctctte ccgecccaat tgaaaagact 360
atcagceaagyg ccaagggaca accccgegag ccoccaggttt acacccttcee accticacga 420
gacgagctga ccaagaacca ggtgtcteotg acttgtetgg teaaaggttt ctatccttec 480

30 gacatcgeag tggagtyggga gtcaaacggg cagectgaga ataactacaa ¢gacCacacoe 540
ccagtgettyg atagegatgg gagetttite ctetacagta agetgactgt ggacaaatoc 600
cgetggeage agggaaacgt ttteotettgt agegtcatge atgaggeccet ccacaaccat 660
tatactcaga aaagcectgag tetgagtoce ggcaaa 696
(SEQ ID NO:44)

35 The hinge, Cy2 and Cy3 regions of a human immunoglobulin Cy1

chain encoded by SEQ ID NO:44 has the following amino acid sequence:
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regi on i mmunogl obul in domai ns of I1gA, 1gD, and 1gG and the |ast three
constant regi on i nmunogl obulin domains of IgE and IgM In a preferred
enbodi merwQ 20tpe2Fg28donai n i s derived froma human or nuPCRaASReNTsI@! obul i n.
In a nore preferred enbodi nent, the Fc domain is derived fromhuman Igd or
murine 1g&a including the CH2 and CH3 regions. |In one enbodi nent, the

hi nge, CH2 an e f ai n_are encoded
by a nucleic g{g%&ﬁ%v%ﬁ%ﬁ%ﬁ GG@S\Q%%F% 5 Eﬁgjpw &85 g%{.‘ 8% seqguence
dentity to: GEJCTEalt CAVGt GACAL Gd L@%W‘é%@ﬁ%%%&% §ccobit co

agaact gct g 60 *YGtrGHEc e A GeYtL Tt “&PY‘@E@@%&VE%S@E@E%%T%MC %t cat

gat ct cacgg 126ViagtcetcyadyvraatiateRjt “AgtEagte garsyiglagscasg aggaticct ga

agt gaagttt518gg@@quq9agg t ggacggagt cgaggt gcat aat gccaaaa ctaaacctcg
ggaggagcag 240 tataacagta cctaccgcgt ggtatccgtc ttgacagtgc tccaccagga

ct ggct gaat 300 ggt &agepalar catbadinnaptdhe ggg@a@@am (ééarggto@s @f:a weujoe ccaat

t gaaaagact 360 _atca aca_agc £eeeh C cccttcc
accttcacga 42%&8%%8%’?8‘%% g‘g%acc%m&é?&&g %em fnégat eaglaaggttt
ctatccttcc 4880UR88%:¢YTAIII%WIRDYL ggg@o%tss@@ae@ggnmgzg@ct gaga ataactacaa

gaccacaccc 540acccag cttg ata c ja %%ctttttcccgacé %cca?&gtat agct gact gt
ggacaaat cg 600°€CHT &'g% 8’%‘? FTEteE g ag et €At gé at gaggccect
ccacaacca 666’5%‘?5?‘35%% 6%?@%9*: a@é&ftt@%c@ Tergugt éé%?cgfgé*aa%i:ge 655 ST D NO 44)
The hi nge, CH2t@&ad<CHSCIEGhoNTteftIgrs hapEntdemrasrogicobakicataCey | é¥ai n encoded
by SEQ I D NO 44cabaset hetfakdowitigoam Roscagitd sseguenc ecdeRKRSCDKTED CPPCPAPELL

GGPSVFLFPP KPI&EIEE.M&%%BM&;\M&M&%E@E&%&@QCHWVEXN&V&M(TKE’REEQ

YNSTYRWSV LTVL ML EXKCKV: XN KALPAPLEKT . 120..1 S KAKGRPRE, POVYdL PPSR
s R B R
enbodi ment, t H&%RTHGe I EHD  Un B3 T egr SRS B ° % *AUr T Ctttla ccanoglgo"jbul in Cg2a

chain are enc@ﬁ@ﬁtaﬁﬁt ACHUEFE E2o5T %f‘chg&ﬁaﬁbca&tagftéé%tfa S8 9% 95% 99%
or 100% sequeneEctdentiryctey: ‘gayceaagatyIgict craefar? caageeet ge Secgecttgta
aat gsccagc t scamattotqr6lubggglggattcgtcagietthcdtadset ccoecgaecaaadat aa

aggacgt ct Qogatc@ﬁﬁ&'aagi cdad@roctt cagoogaacg cocgggaaa 699

(SEQ ID NO:46)
The hinge, Cy2 and Cyu3 regions of a murine immunoglobulin Cy2a

chain encoded by SEQ ID NO:46 has the following amino acid sequence:

EPRGPTIKPC PPCKCPAPNL LGGPSVFIFP PKIKDVLMIS LSPIVTCVYVV DVSEDDPDV(Q 60
25 ISWEVNNVEV HTAQTQTHRE DYNSTLRVVS ALPIQHQDWM SGKEFKCHKVN NKDLPAPIER 120
TISKPKGSVR APQVYVLPPP EEEMTEROVT LTCMVTDFMP EDIYVEWINN GKTELNYKNT 180
EPVLDSDGSY FMYSKLRVEK KNWVERNSYS CSVVHEGLHN HHTTKSFSRT PGK 233

(SEQ ID NO:47)
In one embodiment, the Fc domain may contain one or more amino
30  acid insertions, deletions or substitutions that enhance binding to specific Fc
receptors that specifically expressed on tumors or tumor-associated
neovasculature or are overexpressed on tumors or tumor-associated
neovasculature relative to normal tissue. Suitable amino acid substitutions
include conservative and non-conservative substitutions, as described above,
35 The therapeutic outcome in patients treated with rituximab (a
chimeric mouse/human [gG1 monoclonal antibody against CD20} for non-
Hodgkin’s lymphoma or Waldenstrom’s macroglobulinemia correlated with

the individual’s expression of allelic variants of Fcy receptors with distinct
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ctgagcccca tcgtgacatg cgttgtggtg gatgtttcag aggat gaccc cgacgtgcaa 180
atcagttggt tcgttaacaa cgtggaggtg cataccgctc aaacccagac ccacagagag 240
gat t at aacwOgorRz82§cyg ggt agt gt cc gccctgeccga tccagcat ca GEAUSQYPAOHIZO0
agcgggaaag agttcaagtg taaggtaaac aacaaagatc tgccagcgcc gattgaa sga 360
accattagca agccgaaagg gagsgtgcgc gcacctcagg tttacgtcct tcctccacca 420

Gaagarartt acOraoRal e G 5E A bR Ja0 ¢ DT B BeAhe 540
gagcctgttc t ggahiediOaihlgaRA6S @ahd IRl Bhas beGranadrt 9aepR9 (Taaaaag 600

aagaat t ggg t cgagagaaa cagttatagt tgctcagtgg tgcatgaggg cctccataat 660
cat cacacca ca&agR%J;M shoagd highec tpsposg ggenands 90the SE@s bDndicHeE)kiTse hi nge,

CH2 and CH3 regigns of a nuyine inmunogl obul | 2a chaj n..encoded by SEQ I D
NG 46 has. + he DRUTOBU HE AR RO g oL DR bal CEREP B BECREP KL

LGGPSVFI FRs PKEKEMiMnSndsSRINGHOWY oM SERBRRY Q18 n sy NNYEOns HAQT QTHRE
DYNSTLRWS ALPI SGKEFKCKVN NKDLPAPI ER 120 Tl SKPKGSVR APQVYVLPPP

EEEMTKKQVT LT INPs el redERAHR o REh KR8y iERbYitoSIES vedditr SKL RVEK
KNWERKSYS C, N TKSFSRT PGK . 23 EQ.I.D.NO.47) | n one enbodi nent,
the Fc domai mg%ﬁﬁf@% %ﬁéegprl wﬁ%ﬁéyq Y%eis %l?lﬂdl?lﬁé%?%?n@ﬂ%?e del etions or
substi tuti onspifs 18MRARGEAARIAAS fiRe ?P%Eétbiicﬁ%k EERLRNS. That

Specl ficall y expr essed on tunors or tunpr-associ ate neovascul ature or are

over expr essedpsiertadnmnimdonerttytiro Fe desnni anédnsmomascidliatenieamsy el ative to
normal tissue. ,Suitable amno acid . subsiitutio i ncl ude conservative and
non- copsef@at fi?}gu‘é’l?ﬂgfﬁ}?ﬁﬁ‘f‘ftt?%?haégm@é‘%% ?S%_*am-ﬁgafﬁ%wa Butic outcone
in patients tpeafRGuibhdinthé BXHORMN O hEMABEG L HIPHRRLNMIFRAnEYE monocl onal
ant i body agai gﬁléggé?ﬁ for non- Hodgkin's |ynphoma or Wal denstrom s

macr ogl obul i n redupedmding to CHE2B acgi knosah e arkprdeass deseribéd al | el i ¢

variants of F¢g.receptors, w di st i nctj.nt LLHOS| inLties for the Fc
domai n of hu Stﬁ& <S5 eb%‘r’iclt&gﬁﬁrﬁﬁs"gZ{li%éfﬁPgigﬁ @Oﬁﬁgﬁ?‘%@?ﬁ% ty alleles of
the [ ow af fi nivhiyardetf MatdnTgGhT Fcrddetmisoritiiddubal HilgigaRtd CHB2Bhawed hi gher
response rates and, in the cases of non- HOd%I@ﬂ' S I(ﬁ/{g‘phorra i mproved

progr essi bh- f iseeased hingime to CR18AGoREIN B3 divPRAP, YIHL., 8308be/i n may contai n

one or nore aphi AfsHnkiBier il ﬁmhg)e::{c?& él%@ﬁtuaan may be presentin a
human IgG1 Fc domain in any combination. In one embodiment, the human
IgG1 Fe domain variant contains a F243L, R929P and Y300L substitution.
In another embodiment, the human IgG1 Fc domain variant contains a
20 F243L, R929P, Y300L, V3051 and P296L substitution.
Glycophosphatidylinositol anchor domain

In another embodiment, tumor or tumor-associated neovasculature
targeting domains are polypeptides that provide a signal for the
posttranslational addition of a glycosylphosphatidylinositol (GPI) anchor.

25  GPI anchors are glycolipid structures that are added posttransiationally to the
C-terminus of many eukaryotic proteins. This modification anchors the
attached protein in the outer leaflet of cell membranes. GPI anchors can be
used to attach T cell receptor binding domains to the surface of cells for
presentation to T cells. In this embodiment, the GPI anchor domain is C-

30 terminal to the T cell receptor binding domain.

In one embodiment, the GPI anchor domain is a polypeptide that

signals for the posttranslational addition addition of a GPI anchor when the
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substitutions that reduce binding to the low affinity inhibitory Fc
receptor CD32B (FcgRIIB) and retain wild-type levels of binding to or
enhance bwoaadorg2rg2s8t he | ow affinity activating Fc recepPOl/USRDEAS4971
(FcgRITTA). In a preferred enbodi ment, the Fc domain contains am no acid
insertions, deletions or substitutions that enhance binding to CD16A. A

| ar ge nunber of_ substitutions_ |n the Fc donmain of human 1gd that increase

bi ndi ng to CDPOWRCRIKYE if BeRiesehins g abic crgon. Ameharfditionds the art and are

described i SLRXRAIABTT 6P Blhor SNSEERS, wiRTIRLE8PE80:( 2007,

Exenpl ary variants of human | mal ns W t ng to CD32B

and/ or i ncr easedllbimmh agds 2 IEBIGAf @octica ddifed Ghe « BBAIB lowdDBa V305! or
P296L substituytions.. These am no aci ubstjtutio may resent in a
human 190 Fo TGRSRy LR e AT RO Sa CR U AEE Ve hunan ©ga
Fc domei n yar 3a@oocriusail o8)p @%g%ige gfﬁggﬁgﬁmm&ﬁé‘éﬂ&uﬁ%&ﬁwwn- In

anot her enbodi nent, the hunan c _domain variant contains a F243L,
RO29P, Y300L, beRosiheadditiproban sudhet mithichrservediopatoa lvomphagntefllawosi t ol

anchor donmi n th e i unor _or..t umr-associ .at ed

neovascul atur5‘4{&%3{?%0052%&?@9@%5gu%g}r{gﬁgb?bii%%%” ’ﬁ%?%\??de a signal for
t he posttransiHbinanadt s d¥hAF€Q133006a-12y¢ 083 Thasphatiighs dfasptol (GPl)
anchor. GPI anchors_ are gl ycolifi d structures that are added

post t ransl at i GRghorsd preteithis lioked fupwiisa piosphenjhanglegrigobnideegp thei ns. This
nodi ficatijgn protein in the outer |leaflet of cell
menbr anes .1 0 GPI%@#IDE F}%}Sg@%%ﬁ&%?fﬁ%ﬂ

used to attach T cell receptor binding
domai ns to then®ubidicke-phacelst@ 1 F-0)mphostnl-af)glatosamine(€etd)gyod n this

enbodi ment, the GP] anchor daomaip is Germpal to the T cell receptor

bi ndi ng donai r\l.msFtHi' ﬁ@ﬁ%ﬁi’gwlﬁﬂ&mﬁ%? @BPE%W tBeeth megbiagse| ypept i de
that signals f t i addi t:hon [ a GPl -anchor
when t hepol ype],lgt%igqjeb%?g&gxc%{lggzgﬁqsﬁ;@bgﬁggwgﬁoﬁg%@gggséﬂ]ﬂh%ghor addition is
det er mi ned by phhgphGRhazmahue gsown alanseguegaiorosewsinlochaddnsiotites sefara set  of

ol ot 12 20hde, ) e R R aNEh S AR LR Ll 0 O @
3:1600- 1608 ( 1983bde. (@iBF¥AGHe Chaihd)isScISAsARAN-REHUBMERSEHLS 1N the ER
before the addition of an anchor with conserved central conponents (Low,
containing polysaccharides attached to the third mannose of the glycan core,
are found in mammalian anchor structures. The core glucosamine is rarely
modified. Depending on the protein and species of origin, the lipid anchor of
20  the phosphoinositol ring is a diacylglycerol, an alkylacylglycerol, or a
ceramide. The lipid species vary in length, ranging from 14 to 28 carbons,
and can be either saturated or unsaturated. Many GPI anchors also contain
an additional fatty acid, such as palmitic acid, on the 2-hydroxyl of the
inositol ring. This extra fatty acid renders the GPI anchor resistant to
25  cleavage by PI-PL.C.
GPI anchor attachment can be achieved by expression of a fusion
protein containing a GPI anchor domain in a eukaryotic system capable of
carrying out GP1 posttransl.ational modifications. GPI anchor domains can
be used as the tumor or tumor vasculature targeting domain, or can be

30  additionally added to fusion proteins already containing separate tumor or

tumor vasculature targeting domains.

47



FASEBJ., 3:1600-1608 (1989)) but with variable peripheral noieties (Homans
et al, Nature, 333:269-272 (1988)). The C-term nus of a GPlanchored protein
i s |inkedwOhlowughs2a phosphoet hanol am ne bridge to the hipghlus2@00547ved core
gl ycan, mannose(al-2)nmannose( al-6)mannose( al-4)gl ucosanm ne(

al~6) myoi nositol. A phospholipid tail attaches the GPI anchor to the cell

menbrane. The glycan cqre can, be varjously mpdified w th, side chains, such
as a phosphoet hanol"##P r@’?’gﬂ‘ﬁ,meﬁhﬁ%é‘é?h‘ﬁé?%@%%‘?a‘j\i‘\ﬂeﬁgﬂﬁﬂ c®d, or ot her

sugars. The Ma§fxoMBaresH6r GAGNE dBhhAfl MedusiPad Devikb bStynRRNpSE residue is
anot her mannose. Conpl ex side chains, such as the

i V- acet yl gal acheosaatipnasentlaithis egpbpdinyebdéMaanchias cat baatiedté o the third
mannose of the (gl n core, .are found .i.n | i an,anchor. structures. The
core gl _ucosanpﬂg?‘%lp_i%%?@ﬁ?/m&@%T@Pgﬁperﬁéﬁreﬁ%%ﬂr fl%mﬁr _(r]“thBT” nd speci es
of origin,s5thgndhbPindictiBs b bedddde @ RRRARNGELRQAbicPbed h&8in vthga T

di acyl gl ycerol, an al kyl acyl gl ycerol, or a ceram de. The lipid species vary

in length, raflsgertedhnding demam andrajomer onfyenos yasculatwse targetingat ur at ed or
unsat ur at ed. ne ot s ntain . ap itional fatty acid, such
éh/&g%fmb rzi&l‘%eﬁga%ﬁc?lﬁygﬁ gl?ﬁh%g ca 1%)8 adfed: cg?egfly ?? ?’ é:_eﬁ Fecept

as palmtic a f OXY I"NoSsi 0(Iéxtrafatty

aci d renders bindingRlonafe psiypegiRles vthbuttiBe fersage fByfuBbonBefner&Pl anchor
attachnment can be, achi eved by expression of a fusion protein containing a

GPI anchor doRfoHINg{UROBRKIEMPS VATCUME EHeISLMEinst carryi ng out GPI
posttransfiati onal nodificati . I be used as the
tunor or %(Sm)r vascul at %’re tggg%?ﬁ%pﬂgﬁgﬁﬁqu}?&ggﬁn%@addi tionally added
to fusion protei nsFaisrepdiencodisdoset hgrefrepatiombidy toitmin agreptideror vascul at ure
targeti ng domains. | not her emhodi nent | anchor noieties are added

e 2oty t o' BobBimute FnReA JomB AR SPGB A TORTSHRRE an i n vi £ o
enzymatic or ﬁ&%ﬁiin%’dm%e%ﬁé&z—binﬂiﬁg%@eﬁﬁ@@&hﬁﬁm1 GPl anchors can be added
to pol ypeptides without the requirenent for a GPl anchor domain. Thus, GPI

anchor noi eties can be added/&rgenagioprn/ pridhashiass descri bed herein having a T
PR R AL T TR AERT T S RS S
bi ndi ng domai inpehyseRilindds aWréBaed ehbediiREL KHeaiBR rebh if 8§iwA partners
from a human immunoglobulin. Suitable human immunoglobulins that the
hinge can be derived from include IgG, IgD and IgA. In a preferred
embodiment, the hinge region is derived from human IgG.
20 In another embodiment, the linker domain contains a hinge region of
an immunoglobulin as described above, and further includes one or more
additional immunoglobulin domains. In one embodiment, the additional
domain includes the Fc domain of an immunoglobulin. The Fc region as
used herein includes the polypeptides containing the constant region of an
25  antibody excluding the first constant region immunoglobulin domain. Thus
Fc refers to the last two constant region immunoglobulin domains of IgA,
IgD, and IgG, and the last three constant region immunoglobulin domains of
IgE and IgM. In a preferred embodiment, the Fc domain is derived from a
human immunoglobulin. In a more preferred embodiment, the Fe domain is
30 derived from human IgG including the Cy2 and Cy3 regions.
In another embodiment, the linker domain contains a hinge region of

an immunoglobulin and either the Cyl domain of an immunoglobulin heavy
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encodi ng tunor or tunor vascul ature targeting domains. 2. Peptide or

pol ypeptide |inker domain Fusion proteins disclosed herein optionally
cont ai n awpepto/ates28r pol ypepti de |inker domai n that sepRCAUSI000/084971
costimul atory pol ypepti de domain fromthe antigen-binding targeting domain.
H nge region of antibodies In one enbodi nent, the |inker domain contains

ogi on 15 dor FURROT MR R FHRBARA e ST b R

i mrunogl obul i eﬁbbmieni%@ﬁp&ecg@anaﬁléﬂ@éﬂv\és%&ﬁgmmaﬁl ude 1gG 1gD and
lgA. In a preferred enbodi ment region 1s derived fromhuman | gG

I n anot her enﬁn@un@@bulﬁhéfhelfﬁxk@xn&lmmw?bechnv‘ai fifsmaézthemgzehglaglham of an

i mmunogl obul in_a rib above, and,further des qne or, nore

addi tional i nﬂﬁ%gdﬁggﬁfchai"h Py reﬁpe‘é}ﬁ’@i’g H* Eﬁ%@ﬁle?%@' g‘%ﬂi@?l‘%nal donai n
includes tfie Reri AR h@haffpGMUNOgl obulin. The Fc region as used herein

i ncl udes the pol ypeptides contai ning the constant region of an anti body
excluding the fi rsﬁrrtiwsttiémqueegiswﬁimmtmngigbrdbu}kihg\e dhgitais and Fthes Fc refers
to the | ast t\fﬁo const ant, {5191 1h nogl obul i n domai ns of 1gA, 1gD, and
1gG and the PRBFTP ARSI gr% on i munogl obul i n domai ns of |gE and

IgM In a preferred enberhdr ?mdg/ﬂﬂ Heptid@RkdR domaggr i ved froma human
i mmunogl obulin. In_a nore erre enbodlnent the Fc domain is derived

from human 1 gG i ncPOr sgita pm&ée/@ﬂhfp@@erié@ﬁmnamwmh@p maturakybodi ment ,

the CH abr RCuprife0) Rt dalll B RELOAR o PRI ATHRCE, P IRET o her

i munogl obul i Bedwegd‘lzfs aﬁdﬁﬁilmst:klnﬂlqwoedsanﬁ@@tmnm@mrmthe ﬁebﬂdeﬂrﬂ or CL domain
is derived fro hmn i nogl obulin. The CL dommin ma be derived from
either a K |i§hbp f—m ogaing re flpghle Replides or pRlyRepfisks. Pr dlesrtled enbodi ment

| mmunogl obul | Ry naeer S e B BB o R e e vt

O her pepti dehpmtw@a;brasnﬁees jomedrbydepadabord(d) ehat puoidds|iecrpespd i de/ pol ypepti de

i nker dorlT?I n%ot!dt?(?na ong .’fjorr%\lrvlo %oiypeptides linked thereby than the two linked

polypeptides would have in the absence of the flexible linker. Such
rotational freedom allows two or more antigen binding sites joined by the
flexible linker to each access target antigen(s) more efficiently. Exemplary
flexible peptides/polypeptides include, but are not limited to, the amino acid

20 sequences Gly-Ser, Gly-Ser-Gly-Ser (SEQ ID NO:48), Ala-Ser, Gly-Gly-
Gly-Ser (SEQ ID NO:49), (Glys-Ser); (SEQ ID NO:50), and (Gly4-Ser)s
(SEQ ID NO:51). Additional flexible peptide/polypeptide sequences are
well known in the art.

3. Dimerization and multimerization domains

25 The fusion proteins disclosed herein optionally contain a dimerization
or multimerization domain that functions to dimerize or multimerize two or
more fusion proteins. The domain that functions to dimerize or multimerize
the fusion proteins can either be a separate domain, or alternatively can be
contained within one of the other domains (T cell costimulatory/coinhibitory

30 receptor binding domain, tumor/tumor neovasculature antigen-binding
domain, or peptide/polypeptide linker domain) of the fusion protein.

Dimerization domains
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occurring or non-naturally occurring peptides or polypeptides. Peptide

| i nker sequences are at least 2 amno acids in length. Preferably the
pepti de owvopolwgpessi de domains are flexi ble peptides or POOIUSR@PF4dEE. A
"flexible linker" herein refers to a peptide or polypeptide containing two
or nore am no acid residues joined by peptide bond(s) that provides

i ncreased rotational, freedomfor two pol g(gﬁgti des li,nke(g therebé t han the
two |inked pol ypepfi dEBTaHPRdmYE" is IoHBCEBYS HiFassastation oL #1835 VR | i nker .

Such rot ati onghifREOQEIA HWE af W85t vo FRERIABE ggg?%@ideétmcﬁhfa?_s J oi ned by

the flexible I'inker to each access target anti nore efficiently.
Exenpl ary f| ekavs|the graypd, iod diffepmityapaipt nddsequeotesde Thopeptisleromot |inited to,

th i id dy-Ser., dy-Ser-dy-S S D NO 48), Al a- Ser,
Gly- Gy oty Bl RAERT Ty efiash with 63 e o Vel RIS ot
(A y4-Ser)st (&RQdnPadNCERdIn(s dbfeheddlmdrlatbbiomBpaptiHghRolMpepbi de

sequences are well known in the art. 3. Dinerization and nultinmerization

domai ns The f csiane habissrprdlaiviorovwadnheteaneleopa Gsfidgbasivith a a

i rer zat] on or il b DETLERL B0RRLA WhRLLUNGLLLNS AR o BfLge O

. . Vs
mul timerize tv% nor e “Tusi on ns e aomnal n nctrons to

dimerize or nuhd dormbiezs st rédidicoRudh BhedindfidaboRi(§han flren Betgegar at e
dormain, or alternatively can be contained w thin one of_ the other domains
(T cel | costi MgrRgraeylusign prteing omponecadodirent; HECHGtHB AN uror / t unor
neovascul gt ur i = hi Ny | J p .de |inker

domai n) o?d t hg"‘%&?i‘%ﬁn&g o({}gflnjr%gt%%r%? %%acg %tg%@@%éﬁd&%%sﬁl %lglﬁgée#egzati on donmai n"
is formed by tiabodissatitit diowriedticatdonedsis thewbingerepdoractizah r esi dues or of at
| east two peptides qr, pol ypepti des (whi ch .may have the sane, or. different,
am o achd semenaedyb Nt B pr eyt R b, B HE ORI Wit h each
ot her t hr ough Gauabe M e BhkAPRERIFHAPbeRaE B HRUHAM §l>qteiﬁr eferred

di meri zati on domai ns contain at ‘| east” ohe cysteine that is capable of

form ng an inter noAdditioanl atesiplay dendsizatiomilerhaia cely be einkncyrm itbe par t ner
resi dues. Ttchaiat sty PHGR! bRt B Shl Pl Bl P Crep& o mer 7 usi on
proteins. In eagiuehad h,@@%l,-_cq ipeR drZ ShefMcat O AberpMiteAldkase; two or three
to about ten cysteine residues. In a preferred
and/or “protruberance” as described in U.S. Pat. No. 5,821,333, leucine
zippers (e.g., from jun and/or fos) (U.S. Pat. No. 5,932,448), SH2 (src
homology 2), SH3 (src Homology 3) (Vidal, et al., Biochemistry, 43, 7336-
20 44 ((2004)), phosphotyrosine binding (PTB) (Zhou, et al., Nature, 378:584-
592 (1995)), WW (Sudol, Prog. Biochys. Mol. Bio., 65:113-132 (1996)),
PDZ (Kim, et al., Nature, 378: 85-88 (1995); Komau, et al., Science,
269:1737-1740 (1995)) 14-3-3, WD40 (Hu, et al., J Biol Chem., 273, 33489-
33494 (1998)) EH, Lim, an isoleucine zipper, a receptor dimer pair (e.g.,
25  interleukin-8 receptor (IL-8R); and integrin heterodimers such as LFA-1 and
GPIIb/IIIa), or the dimerization region(s) thereof, dimeric ligand
polypeptides (e.g. nerve growth factor (NGF), neurotrophin-3 (NT-3),
interleukin-8 (1L.-8), vascular endothelial growth factor (VEGF), VEGF-C,
VEGF-D, PDGF members, and brain-derived neurotrophic factor (BDNF)
30  (Arakawa, et al., J Biol. Chem., 269(45): 27833-27839 (1994) and
Radziejewski, et al., Biochem., 32(48): 1350 (1993)) and can also be variants
of these domains in which the affinity is altered. The polypeptide pairs can
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enbodi nent, the dinerization domain is the hinge region of an

i munogl obulin. In this particular enbodi nent, the dinerization domain is
cont ai nedwwi20tw/n27828e | i nker pepti de/ pol ypepti de of the PAFIUSR009/084921 Nn.
Addi tional exenplary dinmerization domain can be any known in the art and
i nclude, but not limted to, coiled coils, acid patches, zinc fingers,

cal ci um hands, a, CHL- pai.r, an "interface" wth an engi neered "knob"

and/ or "protrh%édreéﬂbj%d%%@eﬁ@% P e@igncﬁyﬁlqgmggitgg%@%@w, | euci ne

zi ppers (€. 9. gerb&RMybad 20BN dfhs bld dscrfiRl in NOS. Far 385, 4483 17PH2 (src
honol ogy 2), SH3 (src Honology 3) (Vidal, et aL, Biochemstry, 43, 7336- 44

((2004)), phosphb5§2.6%6,hettbeitdhink axeREB)n (iKlomorated bareferehizt inrthgir 378: 584- 592
1995)), WW (Sudo|., P .. Bi hys. Mol .Bio.,. 651 13-13 1996. PDZ ( Ki

oo )t o 8hs RiBuaThIuass pap R iing ofmali R Be e BREIRG 37 1 740

(1995)) 145 3- Fsin¥Rhddslitno®h itthe art) inBludingde¥soritd 3n KIRARY et 3B494 (1998))

EH, Lim an isol eucine zipper, a receptor dinmer pair (e.ﬂg. , interleukin-8
receptor (I L- &R Cém,i??]l,@gﬂz-ﬂl“rfe&?@%ﬁi Aetesnativielti, abbreprefipeaide GPI 1 1 b/ 111 a)

or the dinmerization region ereof . dineric l.igan ol ypeptides (e.qg.
nerve growth FRLERRSCREES Sretmel S URRha RIS, R ARLpROMIRERE (T 67
vascul ar endohighddeldegiided h War 0 00§ MEEReful G ds, foMeGliPprdteE menber s,
and brai n-derived neurotrophic factor (BDNF) (Arakawa, et al., J Biol Chem

, 269(45): 27959’32%@%@@9@9%%@%&%58%&%@ J9G824) . Biochem, 32(48):

1350 (1993)) and can al i t hese domains in which the
affinity ?éé al tered. Thmlg cHBl Aol s canbe identified by nethods
known in the art, Arfchuidinegzateastoniavngy’ i phiohdisthaeanses teast niond hybri d
screens are descrjbed in Uéﬂ Pat. Nos., 5, 2%?3 173 and 6,562,576, both of
whi ch are her 8FPHGSH OBPRSPERLEES I eatct MahEach AhenBIquel sOy3leRta8d/o Af £ i niti es
between a pai hoﬁfcoifﬁéxﬁra@&)tciaﬁgn&g”@ki&%l&ﬂﬁlt%r&%ﬁ{&Bdi‘aﬁﬁ's #3iung, yiRt hods known
inthe art, including as described in Katahira, et al., J Biol. Chem, 277,
9242- 9246 (2002 nat lisitedrtoatoiledigil dombinbr drgpiled-cpid e 4 peptidegemieoes can be

S e 1St R SRR e 0 OB Sk g T gt decer bed
described in esRiuebapart,Mualf: i AQeRbce MitdvbiBinirmARTheQsBipsatfor
"mul timerization domain" is a domain that causes three or nore
eleven amino acids (undecad repeat), which assembles (folds) to form a
multimeric bundle of helices. Coiled-coils with sequences including some
irregular distribution of the 3 and 4 residues spacing are also contemplated.
20 Hydrophobic residues are in particular the hydrophobic amino acids Val, lle,
Leu, Met, Tyr, Phe and Trp. Mainly hydrophobic means that at least 50% of
the residues must be selected from the mentioned hydrophobic amino acids.
The coiled coil domain may be derived from laminin. In the
extracellular space, the heterotrimeric coiled coil protein laminin plays an
25  important role in the formation of basement membranes. Apparently, the
multifunctional oligomeric structure is required for laminin function. Coiled
coil domains may also be derived from the thrombospondins in which three
(TSP-1 and TSP-2) or five (TSP-3, TSP-4 and TSP-5) chains are connected,
or from COMP (COMPcc) (Guo, et at., EMBO J., 1998, 17: 5265-5272)
30 which folds into a parallel five-stranded coiled coil (Malashkevich ,et al.,

Science, 2'74: 761-765 (1996)).

51



pepti des or pol ypeptides to interact with each other through coval ent

and/ or non-coval ent associations). Suitable nmultinerization domains

i ncl ude, Wot0ewe27828t |imted to, coiled-coil domains. APCOIUSe@IO6i1i S a
pepti de sequence with a contiguous pattern of mainly hydrophobic residues
spaced 3 and 4 residues apart, usually in a sequence of seven am no acids
(heptad repeat) or ids (undecad repeat), which assenbl es
(folds) to forma ‘ﬁgq&iflPﬁ{iPPg]cEEﬁiﬁg@n%‘fw Aekied dom exder pigtede, pad gjhen sequences
i ncludi ng so paci ng are
al so cont enpng?megghg%gﬁ%dﬁ{%& E&@i&lggfn%%rg%}m;‘n %Ia%(ri{tnlé‘géﬁg'rt&tbﬁ? aJﬁlydr ophobi c
am no aci ds Vaie, suiﬂéale ﬁ:&unse I‘mha disybse@ﬁmmar}moté‘mp. Mai nl'y hydr ophobi ¢ neans
that at |east 50% E resl ues nust be selected fromthe nentioned

hydr ophobi ¢ ami no CI ds xegmplary fysion PEoteingongi n may be derived from |anmmn.
In the extgacellul gr.ppace, the heterotrineric coiled coil protein |ammn

plays an inportant role in the formati on of basenent nenbranes. Apparently,
the nul tifunctionah r@Pﬂeg@MWﬁ@mm@&ﬂ@an p’éﬁmmwcf)@dbmm nin function.

Coiled coil d i.NS b 4 spondi ns in which
oo S | BRI Bp 3|08 104G bR el St BB RARES |
connect ed, or;deh@mt@(JVP (CO\/PCC) (Guo, et at, EMBQJ., 1998, 17: 5265-5272)
Whl ch fol ds |nto a arallel five-stranded coil ed COI| Mal ashkevi ch |, et

. Sci epé: 6L FEET N PG0EY S AJAT T F AR T o T 8 ¥ 87 “Fonai Hs deri ved
f r om ot he pr B’icé‘fcﬁ%ga AT Bt AT HOHEF TS B WEUrWCe pOrysest i d&’

mul timerizati ervteaseskiomsetas wheowct jarmicare ssirtvall eadftivcarse 149 t he

di scl osed f uskontgprot sivhascotd. tcbocenpl apyscbarst ortpetotebngcdd=gDC Ao
represent at i vecdathgbfaCadgBrkd o f diSia0fcpraot Lkdrab S9RBLOEdshy:-s8acnuckei ¢ aci d

havi ng at l ea@(}tt@.@%g \%L/th%go/@gc%%c@gg%%c@a@gagg-ggc{%&gwgﬂ:g&cggent béoy to:
atgctgctcest 98&9&‘%9@ tg%SgtaQ%% %E&g&%tc‘éég%%‘%c cégg%cag& 9l.c@9cagct {1a 60
ttcaccgtga cagccce agaagt gt sc agca tgt agcctg 120
suotpedats pieciecditti R e 1
aaggt agaaa at Q%P%Fé‘@‘faccct"‘%"c‘”@ a‘ﬁ‘@?ﬁcgﬁéé’@éﬁéﬁé" é&%ﬁﬁéf@@%&%ﬁﬁ‘@cagé@ 240
cccctgggaa ag@eErtweglt clcewmemicretaagr grelvatgt treagagat teceggysagt@c 300
gagotgactt cagocatcat tgacccetcoty agtoggatgy aacccaaagt coocagaacy 660
20 tgggagccaa dgaggtectac gatcaagecee tgeccgectt gtaaatgecce agetccaaat 720
ttgctgggty gaccgteagt crttatctte cegecaaaga taaaggacgh cttgatgatt T8¢
agtctgagee ceategtgac atgegtitgtyg gtggatgttt cagaggatga ccccgacgtg 840
caaatcagtt ggttegttaa caacgtygag gtgcataceyg ctcaaaccca gacccacaga 00
gaggattata acagcaccct gegagtagtyg tecgeccotge cgatcecagca tcaggattgg 960
25 atgageggga aagagtltcaa gtgtaaggta aacaacaaag atctgccage gccgatitgaa 1020
cgaaccatta gcaagoecgaa agggagegtyg cgegeaccte aggtttacgt ccttectcecea 1080
ccagaagagyg agatgacgaa aaageaggltyg accctgacat geatggtaac tgactttatg 1140
ceagaagata tttacgigga atggactaat aacggaaaga cagagcicaa ttacaagaac 1200
actgageetyg ttetggattc tgatggcage tactttatgt actccaaatt gagggtcgag 1260
30 aagaagaatt gggtegagag aaacagttat agttgctcag tggtgeatga gggectccat 1320
aatcatcaca ccacaaagtc ctitcagecga acgoccggga aatga 1365
(SEQ ID NO:52)
The murine PD-L2 fusion protein encoded by SEQ ID NO:52 has the
following amino acid sequence:
35 MLLLLPILNL SLOLHPVAAL FTVTAPEEVY TVDVGSSVSIL ECDFDRRECT ELEGIRASLO 60
KVENDTSLOS ERATLLEEQL PLGKALFHIP SVQVRDSGQY RCILVICGAAW DYKYLTVKVK 120
ASYMRIDTRI LEVPGTGEVQ LTCOARGYPL AEVSWQONVSV PANTSHIRTP REGLYQVISVL 180
RLEKPOQPSRNF SCMFWNABMK ELTSAIIDPL SRMEPKVPRT WEPRGPTIKP CPPCKCPAPN 240
LLGGPSVELF PPRIKDVIMI SLSPIVTCVV VIDVSEDDPDV QISWFVNNVE VHTAQTOTHR 300
40 EDYNSTLRVV SALPIQHODW MSGKEFKCKV NNRDLPAPIE RTISKPKGSV RAPQVYVLPP 380
PEEEMTRRQV TLTCMVIDFM PEDIYVEWRTN NGKTELNYKN TEPVLDSDGS YFMYSKLRVE 420
KENWVERNSY SCSVVHEGLH NHHTTKSFSR TPGK 454
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cgttgcctgg tcatctgecgg ggccgect gg
gcttcttaca tgaggataga cactaggatc

ctt acct gowoagyaraspagg ttat ccccta
cctgccaaca ccagccacat caggaccccce
cgcct caage ctcagcctag cagaaacttc
gagctgactt ca (giﬁii ;g ccctctg agtcggat gg aacccaaagt ccccagaacg 660
t gggagccaa ga§§§ Ogal caagcee tgcccgectt gtaaatgeccc agetccaaat 720
ttgctgggtg gaccgt cagt amidd AiEidhesedFIRAA0AE PRAYDRLIN (£EbBAIGHS 780
agt ct gagcc ccatc tgac‘atgc ttgt'g gtggatgttt cagaggatga ccccgacgty 840
caaat cagtt ggﬂ@@gﬁ-éawﬁaat gtgagl sstgome atcg ct caaaccca gacccacaga 900
gaggattata acageaGril v96898laakgokGEIGEEEAG, CHALLGAYCA IGRA0al tgg 960

t tt 1020
ggggggg??gs g%%gg%ap%%%g&%ﬁn@&% %9}@% %&%?@9@9@9&8@@ 9aa 1080

aa ag agcgt C%P cacc ag}g{tP acg ccticctcca
ccagaagagg ag Ha 'y %% g§?§$g Cctgdear’ gearygiaad " f'gatt t t &%y 1140
ccagaagat a tt fHEH GFal At Gact ARTRCEEE JGARATAT CaFabTt e AR P ehagatc
act gagcct g t t GHGEEECVITYEPBRICEHGSFVETE t VI ROTTH ZEv0eRaa VA gEygyt cgwy 1260
aagaagaatt gggtcgagayvaascsgt trat skags tigetoeagyr trggrgeat gargggect ceat 1320
aat cat cacal cCasaaaghCekiSrECEER1800CSeag8ay aahgrri365s(aER | D4NO 52) The
murine PD-L2 fusiQurPEakei n encoded by SEQ I D NO 52 has the follow ng am no
aci d Sequencekﬁ%é ! SLQLHPVAAL FTVTAPKEVY TVDVGSSVSL ECDFDRRECT ELBG
RASLQ 60 KVEK 'LEEQL PLGKALFHI P SVQVRDSGQY RCLVI CGAAW DYKYLTVKVK

120 ASYNR DTRI _LEVRGLGRMQu FEMBAMID ASVSUENSY PANESHIETIR, FhQUTSVL 180

gact acaagt
ctggaggttc
gcagaagt gt
gaaggcct ct
agct gcat gt

acct gasggt
caggt acagg
cct ggcaaaa
accaggt cac
t ct ggaat gc

gaaagt caaa 360
ggaggt gcag 420
PETABYU0Y0549480
cagtgttctg 540
t cacat gaag 600

1200

RLKPQPSRNF SCMFVWNAHMK™ EI TSA | | DPL  SRVEPKVPRT ™ VEPRGPTI KP

LLGGPSVFI F PPK¢RDUIiNE ableBR S0TR\REVDISEDDFTY 9Y-SNBUNMENHTAEQER 300

EDYNSTL AL
PEEEMI'K?N1

Pl QGHQDW MSCKEFKCKV NNKDLPAPI E RT GSKPKGSV RAPQVYVLPP 360

DFM PEDI YVEWIN NGKTELNYKN TEPVLDSDGS YFMYSKLRVE 420

TLISWT

KKNKVERNSY SCSWHEGEH NHEFRTKSFSRTEPES 4bAoSEQ) thBNG:63)csftrecam ne aci d
sequence of thecaptiNecdidckz: §daSdtgiueplof@idyc 0k BEQ:4 BoNGEH3: W thout t he

si gnal sequengg.tsacd ELYTARKEM. .Y IVRVGRSVS,J FCOEDRREC  TELEG, RASL , KVENDTSLQ

SERATLLEEQ 60

aaagttgaaa acgacacttc accteaccqgg gagagggeaa ccctecttgga ggagcaactg 240
20 cecattgggga aggcectectt teatatcecct caggtgcagg ttcgggatoga gggacagtac 300
cagtgcatta ttatctacyg cgtggettgg gattacaagt atctgacccet gaaggtgaaa 360
gogtectatc ggaaaattaa cactcécatt cttaaggltge cagagacgga cgaggtggaa 420
ctgacatgoe aagecaccegy ctacecegttg gcagaggtca getggeccaa cgtgagegta 480
cetgetaaca cttetceatte taggacacce gagggectet accaggttac atoogtgetoe 540
25 cgectcaaac ¢gececcagyg ccggaatttt agttgogtgt tttggaatac ccacgtgega 600
gagetgactc ttgcatctat tgatcotgeag tceccagatgy agocacggac tcatecaact 660
tgggaaccta aatctigoega taaaacteat acctgtcccce ctitgcccage cocogagett T20
ctgggaggtc ccagtgtgtt teotgtticece ccaaaaccta aggacacact tatgatateco 780
cgaacgeogyg aagtgacatg cgtggttgty gacgicicac acgaagaccee ggaggtgaaa 840
30 ttcaactggt acgttgacgg agtigaggtt cataacgcta agaccaagecs cagagaggay 800
caatacaatt ccacctatcyg agtggttagt gtactgacceg ttttgceacca agactggotg 860
aatggaaaag aatacaagtg caaagtatca aacaaggett tgectgcace catcgagaag 1020
acaatttcta aagcecaaagg goagcccagyg gaaccgeagg tgtacacact cccaccatece 10890
cgcgacgage tgacaaagaa tcaagtatcece cigacctgee tggtgaaagg cttttaccca 1149
35 tctgacatty ccgtggaatyg ggaatcaaat ggacaacctg agaacaacta caaaaccact 1z00
ccacctgtge ttgacagcega cgggteettt ttcoctgtaca gtaagctcac tgtcgataag 1260
totegetgge ageagggeaa cgtettttea tgtagtgtga tgcacgaage tctgcacaac 1320
cattacacce agaagtcetcect gtcactgage ccaggtaaat ga 1382
(SEQ ID NO:55)
40 The human PD-L2 fusion protein encoded by SEQ ID NO:55 has the

following amino acid sequence:

MIFLLIMLST BLQLHQIAAL FIVIVPKELY IIEKGSHNVTL ECHNFDTGSHV NLGAITASLO
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LPLGKALFH PSVQVRDSGQ YRCLVI CGAA WDYKYLTVKV KASYMRI DTR | LEVPGTGEV 120
QLTCQARGYP LAEVSWNVS VPAMISHI RT PEGLYQVTSV LRLKPQPSRN FSCVFWNAHM 180
KSLTSAI | DPORSRNVERKYPR TWEPRGPTI K PCPPCKCPAP NLLGGPSVFI  PRPHISKIDYI0549240

| SLSPI VTCV WDVSEDDPD VQ SWFVNNV EVHTAQTQIH REDYNSTLRV VSALPI QHQD 300
WWEGKEFKCK VNNKDLPAPI ERTI SKPKGS VRAPQVYVLP PPEEEMIKKQ VTLTCWTDE 360
MPEDI YVEWT - NNGKTELNYK: -NEERVE DRLG: 2 YEMYGRELRY, ERKNAYERNS EM%MHE% 420
PNHHTTKSES RIS A3 (kD DEpdk, A LERELIELALLYE, DUIBR PDL2 fusion
protein is encode a nucleic acid having at Ieast %6/0 §5% 0% 95%
59% or  100% SEAUHRE TUERTTEy 85 048 GRUEETE T LA BRFCYRgt c1t g

gaatt gcaac tt EHETERAL PICHEHHE CCTVTOUY Y1 aRtEgt eyt gteatardgaatgt at

at cat t gage® acgyglEtEayFHEgAD S XD Nysat Pt R ACKARCL A TR O EPsc agedacgt t
aacct ggggg cceiscatbgcLrecagett goaasd8l sasagixi-gaaaracgacastireokaccizeaccgg
gagagggcaa ccsiweidiagacggagonantds249 secat t gggga aggcctcctt tcajatccct

caggtgcagg tt iléﬁo acagtac 300 cagtgcatta ttatctacgg cgtggcttgg
gat t acaagt at@%g g ggt gaaa 360 gcgtcctatc ggaaaattaa cactcacatt

cttaaggtgc cagagacypeamaageidagaertddf teaanaindas-1 290662 6F8&8n 6F SEQCIt T g
gcagaggt ca gcégg{cézcaa_cgt gagcgta 480 cctgctaaca cttctcattc taggacaccc

gagggcect ci0 ac Pasvithpulcye send ssa@negiset caaac cgcccccagg ccggaatttt

agttgcgtgt ttiggaakacyGeacdtocaanrfll wagehgackenitacakalatt gatet gcag

bt ccan or panrdunt-bERbERMELEIR dHROARS SR RS LebEdfy SERD oo
PR e ey

ccaaaaccta ag ttgtg

cgaacqgcc
gacgt ct cac_ ac gb“éé%cmﬁﬁgigﬁ?dﬁﬁ%s@ﬁ@“? @8‘3‘%‘? @gﬁ%ﬁ’%& PgatgY lagt tGaggt t
cat aacgct}ﬁ5 agateadgtcV aFaya guHy Y oub EHETgERant s BREC St At g Yagt &t t agt
gt act gaccg tt pieyeactasEgast§gotFrge0 raalvyganasgLaatacaagkegricaasgt at ca
aacaaggctt tgeatgeacciategagaag iz racaatt ketnaohageocaaagy gcagcccagy
gaaccgcagg t ghaeageast seecaccatcc 1080 cgcgacgagc tgacaaagaa tcgagtatcc

ctgacctgcc tg%@}@%&_gzgttaccca 1140 tctgacattg ccgtggaatg ggaat caaat
ggacaacctg ag Cadaaccact 1200 ccacctgtgc ttgacagcga cgggtccttt

ttcctgtacap gt aaget ¢ac t @otsled Aa@lelRBid Molecules Encoding PD-1 Receptor
Antagonists
Isolated nucleic acid sequences encoding PD-1 antagonist
polypeptides, variants thereof and fusion proteins thereof are disclosed. As
used herein, “isolated nucleic acid” refers to a nucleic acid that is separated
25  from other nucleic acid molecules that are present in a mammalian genome,
including nucleic acids that normally flank one or both sides of the nucleic
acid in a mammalian genome.
An isolated nucleic acid can be, for example, a DNA molecule,
provided one of the nucleic acid sequences normally found immediately
30 flanking that DNA molecule in a naturally-occurring genome is removed or
absent. Thus, an isolated nucleic acid includes, without limitation, a DNA
molecule that exists as a separate molecule independent of other sequences
(e.g., a chemically synthesized nucleic acid, or a cDNA or genomic DNA
fragment produced by PCR or restriction endonuclease treatment), as well as
35  recombinant DNA that is incorporated into a vector, an autonomously
replicating plasmid, a virus (e.g., a retrovirus, lentivirus, adenovirus, or

herpes virus), or into the genomic DNA of a prokaryote or eukaryote. In
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tctcgctggc agcagggcaa cgtcttttca tgtagtgtga tgcacgaagc tctgcacaac 1320
cattacaccc agaagtctct gtcactgagc ccaggtaaat ga 1362 (SEQ I D NO 55) The
human PD-W@ 2b1#20828pr ot ei n encoded by SEQ I D NO 55 has ®Ph&/USeddoo94ony am no
acid sequence: M FLLLM.SL ELQLHQ AAL FTVTVPKELY || EHGSNVTL ECNFDTGSHV
NLGAI TASLQ 60KVENDTSPHR ERATLLEEQL PLGKASFHI P QVQVRDEGQY Cl | I YGVAW

DYKYLTLKVK 120 ASYRKI NTH | KVPETDEVE LTCOATGYPL AEVS\\WPNVSV PANTSHXRTP
EGLYQUTSVL 186‘3‘%_ er‘%m%ﬁaﬂl 12PIeEeiy %W@Fﬂ@@ﬂH
TCPPCPAPEL 240, &@%’ﬁ‘t{ﬁaﬁﬁ)ﬁlﬁpﬂﬁ%kﬁk%ﬂg@q SO RYSREREM G Y VDGVEV
HNAKTKPREE 300 QYKSTYRWS VLTVL KCKVS "NKALPAPI EK T SKAKGOPR

EPQVYTLPPS 36 mlmDHJWW@I@?ﬂEWNQIMIM&E@NlWK@ rmuelRW. DSDGSF

FLYSKLTVDK 420 SLSLS P 53 NO. 56) Th
i o actd SedtianBETDY N RS an ORRA BRI BBt DS B G ge

Wi thout the Sigfani Bffc DA ieEtTw MEK stYisIot¥aHE\bn bR BAGSH VNLGAI TASL
QKVENDTSPH RERATLLEEQ 60 LPLGKASFH RDEGQ YQCI | | YGVA WDYKYLTLKV

KASYRKI NTH | LWMEVIQQ@IELTCQATGYP LAEVSV\PNVS VPANTSHSRT PEGLYQVTSV
LRLKPPPGRN FSCVF o480, AS| DL PRTHP REW TCPPCPAPE
LLGGPSVFLE PPKPKDT ?ﬁl‘gﬁ?ﬁéﬁtﬁ‘\&%ﬁﬁﬁ KTKPRE
EQYNSTYRW SVL EdapldAéh GO0 1ol INERIMIKEY NKA LRSI aT7T-BICARGP1 RBPQGYTL PP
SRDELTKNQV SLTCLVKGFY 360 PSDI AVEVES N ENNYKT TPPVLDSDGS FFLYSKLTVD

KSRWQQGNVF - SCEVNHEA g pHde oNpvipokesiol. sRedkreanga sqageeyes rolides iy, G 1 sol at ed
Nucl ei ¢ Agyd gQ%ﬁ@Hdrﬁénﬁzg%&_lfde Oqded ofGEAT BY TR QBH'P% $.1l5fluigd nucleic

acid sequence agonl st pol ypept’i variants thereof and
fusi on protei - Lhan@mfuraae €DdL b ehihente kﬁSwmmﬂﬁe Iaﬂraed ti;scdss&bhlamed nucl ei c

acid" refers to a eic, C|dt epar ated fr.om.other nucleic acid
mol ecul es that ar e%&é% %ﬁ&@ﬁﬁﬁﬁa Oﬁgﬁ‘g?fﬁ acif aaplggs- ﬁﬁuﬂﬁlﬁl eic acids
Bgﬁgmgor mal 1y aflianklo88 e 048 higs bRl thRNNHEhdidE i phbsphafdBMTRl i an

backbone. Such modification can improve, for example, stability,

15 hybridization, or solubility of the nucleic acid. Modifications at the base
moiety can include deoxyuridine for deoxythymidine, and 5-methyl-2°’-
deoxycytidine or 5-bromo-2’-deoxycytidine for deoxycytidine.
Modifications of the sugar moiety can include modification of the 2’
hydroxyl of the ribose sugar to form 2°-O-methyl or 2’-O-allyl sugars. The

20 deoxyribose phosphate backbone can be modified to produce morpholino
nucleic acids, in which each base moiety is linked to a six membered,
morpholino ring, or peptide nucleic acids, in which the deoxyphosphate
backbone is replaced by a pseudopeptide backbone and the four bases are
retained. See, for example, Summerton and Weller (1997) Antisense Nucleic

25  Acid Drug Dev. T:187-195; and Hyrup ef al. (1996) Bioorgan. Med. Chem.
4:5-23. In addition, the deoxyphosphate backbone can be replaced with, for
example, a phosphorothioate or phosphorodithioate backbone, a
phosphoroamidite, or an alky! phosphotriester backbone.

H. Vectors and Host Cells Expressing PD-1 Receptor
30 Antagonists
Nucleic acids, such as those described above, can be inserted into

vectors for expression in cells. As used herein, a “vector” is a replicon, such
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An isol ated nucleic acid can be, for exanple, a DNA nol ecule, provided one
of the nucleic acid sequences normally found i medi ately flanking that DNA
nol ecul e WO 2a10mer&Bal | y- occurri ng genone is renoved or ROFTAISL009TH431T an

i solated nucleic acid includes, without Iimtation, a DNA nol ecul e that

exi sts as a separate nol ecul e i ndependent of other sequences (e.g., a

chem cally synthesi ze ucleic acid, or,.a c r..genom ¢ DNA fragnent
produced by PER®B S%‘gpﬁ?%ﬁ %?PS@%%@%&%&&@%%M@ﬁ?sf{wraén%::el as
reconbi nant  DhRekditdo dstio bRIAL BRAE MELplichion Bf MRGARE ted 3opiAlHk ORREBHS! Y

replicating plasmd, a virus (e.g., aretrovirus, lentivirus, adenovirus,
or herpes viro®)be eprésaion vettersgeAroirixprddNon otctarps akertyothet iocludeskar yot e.
| naddi tion, an _isolated nucleic .acid can igﬁ ude an engi ed nucleic acid

such as a 1 ecSMbITERE SRIASHEN SERIT STHELCSSARLAY CIPeS B or {usi on

nucl ei ¢ acsd. séyuBkieh et £ DATA GeRibhdel thAtLoAFBR Anid WidI£ckShé Bambchiplies of ot her
nucleic acids wthin, for exanple, a cDNA |ibrary or a genomc |ibrary, or

a gel slice condaimntptiangéaerthe INA seegsmes-cti on digest, is not to be
consi dered an i sol %ggicn%%s% ng}sd"%:ﬁgﬁ)lg%?@ﬁﬁ’?‘géEOC&% Ok%gnérg sense or

anti sense orientation, or can c¢o reference sequence

encodi ng a B7ek¥essRia-dontroPiglieries. BAs hisqddieygigplobe@bigrlinkadt meinst her eof .
Ref erence sequences include, for exanple, the nucleotide sequence of human
B7-DC, hurman BOmorged e p gengbio copstgishsmiiiat $rorespion conkpl saaueneesknown in t he

art and di§CusFed;3R0%Rro é‘ésfbn%‘%ia‘iédgg??cg%n%\ﬁﬁﬁgﬁ-ﬁt.%x%%‘;fiése&ic aci d

anal ogs. Nucl el ¢ aci'd anal ogs can be m)1 ase ety, sugar
noi ety, or phesphaie datkbsgeencss olthripgirdinatatsi enhaoemns,iangitausription exanpl e,
stability, hybridization, o of the nucleic acid. Mdifications

r solubil.it
at the base nﬁ‘?r@f‘%ﬁﬂé‘&ﬁeglﬁ%ﬁ‘u%@f%‘?ﬁ%fﬁﬁr"‘gaﬁf@ssf%’rco&% YRV HFdi ne, and

S-met hyl - 2" - deaxyeulordirf8o0bf ® DN MRic2uled 840y Wil fod Alcidg@axycyt i di ne.
Modi fi cations of the sugar noiety can i ncl ude nodification of the 2
hydr oxylof t hapstidaose theigeint stovifids frascripiorestinyd (goverally @aalheyl sugars. The

nucl o1 ¢ adr do TR SO AR BAGgowS: Wy T iFE pBHRE S UGB Ber od.
nor phol i no 1 REatrdllof RYRdthéter, e hededsaae tdigositidh Mbtratkldthe idganypiigsphat e
backbone is repl aced by a pseudopepti de backbone and the four bases are
of the transia%genai reading frame of the polypeptide between one and about
fifty nucleotides downstream of the promoter. Enhancers provide expression
specificity in terms of time, location, and level. Unlike promoters, enhancers
20 can function when located at various distances from the transcription site.
An enhancer also can be located downstream from the transcription initiation
site. A coding sequence is “operably linked” and “under the control” of
expression control sequences in a cell when RNA polymerase is able to
transcribe the coding sequence into mRINA, which then can be translated into
25  the protein encoded by the coding sequence.
Suitable expression vectors include, without limitation, plasmids and
viral vectors derived from, for example, bacteriophage, baculoviruses,
tobacco mosaic virus, herpes viruses, cytomegalo virus, retroviruses,
vaccinia viruses, adenoviruses, and adeno-associated viruses. Numerous
30 vectors and expression systems are commercially available from such
corporations as Novagen (Madison, WI), Clontech (Palo Alto, CA),
Stratagene (La Jolla, CA), and Invitrogen Life Technologies (Carlsbad, CA).
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retai ned. See, for exanple, Summerton and Weller (1997) Antisense Nucleic
Acid Drug Dev. 7:187-195; and Hyrup et al. (1996) Bioorgan. Med. Chem
4:5-23. Iwoaddvrs2a, the deoxyphosphate backbone can bePceflsaaemst h, for
exanpl e, a phosphorot hi oate or phosphorodithi oate backbone, a

phosphoroam dite, or an al kyl phosphotriester backbone. H Vectors and Host
Cells Expressing PD- I Recegtor Ant agoqi ts Nucl ei c acids, such as those
descri bed above, caf BESHERVELY Rt \?%c%‘@%e‘i"tﬁmeex 47 ONCY-Al%cel I s. As

used herein, %idéﬁ?t&%géséea a8a TERO GRA thedehas Sl%ﬂe?ﬁ&é.%udﬂh@@%anor cosm d,

into which andther segnent may be inserte s to bring about the
replicati on obe insertédmomthert widlméing polVeptide srchaimgde egkprtbs sirboxwiect ors. An

"expression vector" .is.a vector.th i udes, on r _nore_expression
control sequeRtyBIPOAHFUARS %@&?é%ssq%l&ﬁefg‘g ?gﬂ‘:h@gglg}gﬁ{?emtﬁgngam sequence
that control sgapf flueaktat pRotdih €GFPRBRRAthBhE SOrARRRE (GRANS! ation of anot her
DNA sequence. Nucleic acids in vectors can be operably linked to one or

nore expressi polybishdingl c-Bwghemagsluting, Glad” rer(&iodak, NgyeHamtny (f)nked” neans
i ncorporated | i NSty uct.s h expression contr.ol sequences
effectively cg{ﬁl@t?%an g)iﬁ%;ﬁ{ SP%?\I} 0 parggc‘:%nd‘iga 'nth;n g}éeq% ﬁ%@mg?t’ @ﬁtvg%‘%tt . Exanpl es

of expressi onPDeN? FBlonSgateanis @Seskmth wdeckdr ormiiaing nueRivat®tbat and
transcription termnating regiqns. A pronoter is an expression control
sequence conp&a¥desne ar MEE dinaips ¢f hewyseehaieconsiant realopypigfershln 100

nucl eoti de§s URSHLSHLS L Lt LARSGEL RE on rts (generally
near the ?ni tlﬂg‘%llﬁ%n SI Eneot%gir cho%)g/r nglgklt(?@qqﬁo&bpgﬁ%ﬂaé?odi ng sequence
under the contegidnsafl adupraamonempglobulilsCpecledisary to position the

translation initiatjon site. of thel Ira IaEi onal (E(gadi ng frame of the
pol ypept i de bet weer *5¥WES SORPILIBS BEClpicrcis io e eatrryed cHRM&s of the

pronot er. Enhangabs BNOViKieen PR&S 8410 s SREhS i YudeDrdi@kiRicOhat | e,
| ocation, and level. Unlike pronoters, enhancers can frunctl on when | ocat ed

at various di stkampes detlomte whidhrenesembipaitonpsistion véstorsahdecer al so can be
Locat o0 deunshiSBLL O (05 LTS RO LD BLISR Pl Bl e
sequences in ant&Rlubtinhem RPN ilas (es. abltdrPintd ARELH) &R dfhe codi ng
sequence into nRNA, which then can be translated into
number of techniques. Although not limited fo a particular technique, a
number of these techniques are well established within the art. Prokaryotic
cells can be transformed with nucleic acids by, for example, electroporation
20 or calcium chloride mediated transformation. Nucleic acids can be
transfected into mammalian cells by techniques including, for example,
calcium phosphate co-precipitation, DEAE-dextran-mediated transfection,
lipofection, electroporation, or microinjection, Host cells (e.g., a prokaryotic
cell or a eukaryotic cell such as a CHO cell) can be used to, for example,
25  produce the PD-1 antagonist polypeptides described herein.
I Antibody PD-1 antagonists
Monoclonal and polyclonal antibodies that are reactive with epitopes
of the PD-1 antagonists, or PD-1, are disclosed. Monoclonal antibodies
(mAbs) and methods for their production and use are described in Kohler
30 and Milstein, Nature 256:495-497 (1975); U.S. Pat. No. 4,376,110; Hartlow,
E. et al., Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., 1988); Monoclonal Antibodies and
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the protein encoded by the codi ng sequence. Suitable expression vectors
include, without limtation, plasmds and viral vectors derived from for
exanpl e, Wwacvwva2e§2Bage, bacul ovi ruses, tobacco npsai ¢ VIPCHAIS2008/0p4931
viruses, cytonegalo virus, retroviruses, vaccinia viruses, adenoviruses,
and adeno-associ ated viruses. Nunerous vectors and expression systens are
comercially i.l.abl e fromsuch .cotpgrations as No en (Madj son, W),
Cl ontech (Pal %ET‘@%@E‘SCQ&B 13’?888?18{) %9 CEAl P Py@ﬁgf )g?e_%ﬁ’éil TRYP #IPWgen Life
Technol ogi es  (Gar e Rad,osGAH. AL ERVBRoM&E oy bAddn AGkiGEea tag
sequence. Tag_sequences, are typi cafl¥) expressed as a fusion with the

r

encoded pol ypdpelindgues Su¢ A prhepsicoaRie Prass,di9B2)). anywhere within the

| ypept i de i ncl udi . ejther th | ing terni Exanpl es of
ot ui "t ags i ncl uadoupiieEpal b PR itk Gl FefRub et ool °
(GFP), gl us at RDonem@-itieisdveaasee Bk fahyiss blemB: intseidowhigrmaggl uti nin,

Flag(tm tag (Kodak, New Haven, CT), naltose E binding protein and protein
A. In one enb8iartihedy orlisspgipied in a periedof lasy then restepnihs, dwpmeandhst in a

vect or _cont af )0 L 80C, IRl CIRAIELON, BT, ARKSGOMI 1S of an 1g

heavy chain constant’reqgion, preferably havihg an am’no acid sequence

cor r espondi ngadmiridimtibhge prefitrealtor GHance@gindnmgafenatiby oBRinhEmiWOgl obul i n Cg
| chain. Vectors containing nucleic acids to be expressed can be
transferred i AT & HERENGCEFPESC-The term "host cel | is intended to include

prokar yot y¢ and_eukgablacebhsal A QeWieR i RCLAEAMPINANL. AP essi on vect or

can be introduced. As use erein, "transforne rarisf ect ed"
enconpass t he GQunenidfutcbonn dhmanology.eWdendntersomhes New Yakd 991 éorvector) into

a cell by one of nber, of ni gyes.. ALt hough not limted to a
particul ar tegﬂ%‘?rgﬁgﬁmﬁirﬁ}ﬁ%g\%ﬁﬁge#ﬂg?ﬁu‘faﬁlﬂmuagﬁayar é‘_"@éart? Og@f’_abl i shed
Wi thin the ariay, Prepkal Xov] ¢988HisHieANCREAL ERNHIAbBELI U dibolide bl ¢ aci ds by,

for exanple, electroporation or calciumchloride nediated transformation.
Nucl ei ¢ aci ds NeanTisads indnstunsrssdys, Flssvieatial.i E84cBille, by tHdBAI ques

i ncl udi ng,<for 1.Cal ch um-phasphat -precipitatign
DEAE- dext ’rI%n- ﬁ%@%ﬁg@gitipa%&c(g%ﬁ bri ,e% *’38$Sé’§‘?rf’§‘ﬁ}°“h$’f8‘éﬁ%@8“r°s'ti on, or
i croi nj ect i oMekkasIncG MNIvs YO£k, §994, ppPp7 35kl Bhitler, gk | (e@), a eukaryotic cell

such as a CHO cell) can be used to, for exanple roduce the PD-I
ant agoni st polypRPPFheaEstEEalYqlideRhage framynoassay, CRC Press, Boca Raton,

1991; Weintraub, B., Principles of Radioimmunoassays, Seventh Training
Course on Radioligand Assay Techniques, The Endocrine Society, March,
20 1986; Work, T. S. et al.,, Laboratory Techniques and Biochemistry in
Molecular Biology, North Holland Publishing Company, NY, (1978)
(Chapter by Chard, T., "An Introduction to Radioimmune Assay and Related
Techniques™).
Anti-idiotypic antibodies are described, for example, in Idiotypy in
25  Biology and Medicine, Academic Press, New York, 1984; Immunological
Reviews Volume 79, 1984; Immunological Reviews Volume 90, 1986; Curr.
Top. Microbiol., Immunol. Volume 119, 1985; Bona, C. et al.,, CRC Crit.
Rev. Immunol., pp. 33-81 (1981); Jerme, N K, Ann. Immunol. 125C:373-389
(1974); Jerne, N K, In: Idiotypes--Antigens on the Inside, Westen-Schnurr,
30 1., ed., Editiones Roche, Basel, 1982, Urbain, J. et al., dnn. Immunol.
133D:179-(1982); Rajewsky, K. et al., Ann. Rev. Immunol. 1:569-607
(1983).
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| . Antibody PD-1 antagonists Mnocl onal and pol ycl onal antibodies that are
reactive with epitopes of the PD-I antagonists, or PD-I, are disclosed.
Monocl onavoanti@ektBes ( mAbs) and net hods for their prodRCTiuspooos4oase are
described in Kohler and MIstein, Nature 256:495-497 (1975); U. S. Pat. No.
4,376,1 10; Hartlow, E. et al., Antibodies: A Laboratory Mnual, Cold

Spri ng Harbor Labo;:[gtor Press Col d Sprjng, Harhor, NY,, 1988); Monocl onal
Ant i bodi es andHybr i 8pARDod ﬁSWhﬁ’iﬁ"Bﬂ%@SW? %P@F@P%%ewﬁ\ﬁél yses, Plenum
Press, New Yoﬁl‘&dzﬂ@d\fonﬁsjﬁgx%f sﬁ'!th %%ﬁla%zealor chﬁﬂ%nwﬂf?ﬁd Hybri doma

Ant i bod| es: Techni ques and Applicati ons, Press, 198 Ant i bodi es t hat
bind to PD-I Amdldwt@plk agfiilppibds stpecaﬁscﬂmﬁhe: mhowpﬁr mﬁagspeéilﬁclantihcudy ¥hi ch have a

| ower affinit n those.c n the |,bodyto
di ssoci at ed i 35“ &A% B gP #%@’%t‘ narfﬁ éﬁ‘ilr‘l')‘i‘?fihi\fl ’g Sone nont h,
three weeks, eBntwe Sktudetdth MERK moRicuRes b Well AY fraghb@k t}ﬁs‘i’éﬂf@hai”at' on, are
preferred for_ enhancenment, augnentation or stinulation of an inmune

r esponse. Innﬂﬁb&k}é@wmh@d@@@ed@é@rﬁ @@éblﬁ@fbmdil‘gatﬂ&?ﬂl E. et al.

eds., Current als. in ~JNi.ersci en w,York 1991
(or current eant? é)é)n%t p%OLRe 111\%0“ fu?'gaF3b qggﬁ%b)&gxiagﬁn éstélg ﬂ“‘Iehe State of
the Art, Dekkget fragkn&’nt,ofbaaﬂtactamﬁad)dygmeaﬁﬁore% Ypldgdfmml‘em@eduma;h Antl bodi es
and New Trends in | nmunoassays, El sevier 1984; Butler E., ELISA

(Chapter 29), amdwmavanvedggs HO@'SP\?ClﬁCéIﬁS‘&Ibmle%H@Paﬂlﬂﬁﬁ‘ﬂrﬁ@@ @Ya@ Mar cel
Dekker, |pg W rY; 0
I mmnochem st ry 6 @%Mf]"gzﬁéé@ %%25%13@ I%Q%fﬁlgr %I‘slzsFV ilIgacﬁ:aé?%aton, 1991;

Vi ntraub, B. (Hétlintemi pleesl. 0FO7RaBicohemanpald4aye-] 1 Be\Bhatdna, Xreai ni ng Cour se on
Radi ol i gand As echnj que e Soci et March, 1986; Work, T.
S. et al., Bﬁaﬁ?gﬁ% %ﬁi’i‘q%g%&nﬂ%éoiﬁ%v%?% Fie MBIl ar B ol ogy,
Nor t h Holland Pda*abécﬁmniggco%@amwe% lﬁe%%ﬁél) dS(Tec eYedHard, T-, "An

| ntroduction to Radi oi mmune Assay an Re ate | ques Anti -i d| otypl C
anti bodi es ar eheteicelrdléredge (sor, eex.dhpisegauk nt aldilétrh BrzymoBi ldlicﬁ@ -@nd Medi ci ne,
Academi c F%es w Yor k, 1984; | nmunol ogi cal Reviews Vol unme 79, 1984;

| mmunol ogf f‘'ews Vol unme 90, 1986; Curr.

Polyclonal antibodies are obtained as sera from immunized animals

such as rabbits, goats, rodents, etc. and may be used directly without further
treatment or may be subjected to conventional enrichment or purification
methods such as ammonium sulfate precipitation, ion exchange

20 chromatography, and affinity chromatography.

The immunogen may include the complete PD-1 antagonist, PD-1, or
fragments or derivatives thereof. Preferred immunogens include all or a part
of the extracellular domain (ECD) of PD-1 antagonist or PD-1, where these
residues contain the post-translation modifications, such as glycosylation.

25  Immunogens including the extracellular domain are produced in a variety of
ways known in the art, e.g., expression of cloned genes using conventional
recombinant methods or isolation from cells of origin.

Monoclonal antibodies may be produced using conventional
hybridoma technology, such as the procedures introduced by Kohler and

30 Milstein, Nature, 256:495-97 (1975), and modifications thereof (see above
references). An animal, preferably a mouse is primed by immunization with

an immunogen as above to elicit the desired antibody response in the primed
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Top. Mcrobiol., Imunol. Volune 119, 1985; Bona, C. et al., CRC Crit. Rev.
| mmunol , pp. 33-81 (1981); Jerne, N K, Ann. Inmunol. 125C:373-389 (1974);
Jepi e, NWO2br/02r8t8ot ypes- Antigens on the |Inside, West @aTSsheng0s497L ed. ,
Editi ones Roche, Basel, 1982, Urbain, J. et al, Ann. |nmunol.

133D: 179-(1982); Rajewsky, K et . Ann. Rev. Inmunol. 1:569-607 (1983). The

her oot | - such a8 oy ARNBR 55 186 (TP EPA ARd ot Ees SAPRINBRSPWSAT ant | bodi es

specific for h'ﬂ)ﬁrﬂeﬂ'Qﬁﬁ‘lﬁpar@ffus%d%ﬁ@ﬁh§élﬁm§@éiﬂsbgg¥eraifyqﬁ1 (R BrERiRee B ant i - PD- L2
anti body, are also included. The term"antib iS meant to include both

i ntact nol eculfétonggometing agent sq@trmnppbfethyéam@ﬂycphaiﬂ(ﬁhoﬁmd@ & he

ant i gen- bi ndi n and are,capa of bi agoni st

oot oo O BR 4R A RRRBRL B pRRBR e s n e P TP ke
fragment of amSint-agl-1aR8ixBOANA8l6a3I SEMNO-A gl anrdiv1-b5DPMykbenadidesul at i on,
and may have | ess non-specific tissue binding than an intact anti body (V\ahl

et al., J Nuc (aveieble framathe A TG, Rockyidle) Md. )AlSs}bsqqﬁ@w&‘@a inpledery fr agrrent s
Ho h :
( ?13?2) Bi oghgﬁhhs g&gciﬁé {‘%&?ﬁﬁ]gﬁﬁf‘ﬁ {"ﬁl ega\r/%nr%elﬁo%?ejr? raa(éefre 1gnar e pr oduced

u5| ng convent dmllympl@duyleqmtels esmimlb,mwwmleaﬁlg th¢ BgbiR@Mmaadellshem cal
cl eavage (see, Rousseaux et _al th. EnzynolL, 121:663-69 (1986)).
Pol ycl onal antSWHB@r dbes aze glongd ﬁ@hgr&&r@@ééh@fﬂr Wm%m seeegnethiofdies such as

rabbits, ggat res&gzg%@ta%mbo%?%gtﬁé"@esﬁ@d e&t%}ﬂc‘)&r%]t% glgﬁﬁ%ﬁ%{}%gapout further

treatnent or subj ec to conven nent of purification
met hods such aachammsmg Riotf2atrePIpd d dupot atatans. I?amue)cd:dmlgm
chr omat ogr aph

conpl ot o PO I SUhedatsdri-& B Bk SoRCHRERY woppSguRRERGR her et -

Preferred i myupegens i nclude all or a part of the extracellular domain
(ECD) of PD-1 antagonist or PD-1, where these residues contain the
post-transl ation btidemas preducesiachordmgdd fhess yietoido nan bewpnopagpads i ncl udi ng

(e ext1 28 |0, 9IRS B e EL Kt R TR 11, 180
[ SO| ation fromgesehlisFiak ebsll,ghbg. Clin. Pathol., 9:121-33 (1984)). Generally, the

individual cell line is propagated in culture and the culture medium

containing high concentrations of a single monoclonal antibody can be

harvested by decantation, filtration, or centrifugation.

20 The antibody may be produced as a single chain antibody or scFv
instead of the normal multimeric structure. Single chain antibodies include
the hypervariable regions from an Ig of interest and recreate the antigen
binding site of the native Ig while being a fraction of the size of the intact Ig
(Skerra, A. et al. Science, 240: 1038-1041 (1988); Pluckthun, A. et al.

25 Methods Enzymol. 178: 497-515 (1989); Winter, G. et al. Nature, 349: 293-
299 (1991)). In a preferred embodiment, the antibody is produced using
conventional molecular biology techniques.

III.  Methods of Manufacture
A. Methods for Producing PD-1 antagonist
30 Polypeptides and Variants Thereof
Isolated PD-1 antagonist polypeptides, variants thereof, and fusion

proteins thereof can be obtained by, for example, chemical synthesis or by
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Monocl onal anti bodi es may be produced using conventional hybridom

t echnol ogy, such as the procedures introduced by Kohler and M| stein,

Nat ure, 2860:24072%28(1975), and nodifications thereof (s®ETalS0M00/054971
references). An aninal, preferably a nouse is prined by inmnization with
an i mmunogen as above to elicit the desired antibody response in the

primedani mal. B | ynphocytes, fromthe ] ynpph nodes, spl eens eri pheral
bl ood of a prreﬁ%_?maﬂwfaéuféﬁomgéeﬁ it ﬁgmﬂ%%nélm@cséﬁi}*& ly in the
presence of ay s gergy@g@wew nIER beRURRafTnPRhUALMdcpGuby COl (PEQ). Any

of a nunber of rin oma cel ines are available for such use: the
P3- NSI /| - Ag4encoRBptBe RGPp&tiEls 3an Bpded-td\ghusiomn, trdndd@sortpabieot | i nes

ilable f the AT Rockvi | Md. ). Sub t st i ncl ud wt h
0 sel act v TR PEO R R AT sarb st Heh SriboE Rt B MR donor ©
| ynphocyt es celd en@M@HudRlid dcidlbhsihiith Snchitlela &?@a@yﬁbgéqd@m opelabE SUr Vi ve.

a

These are cl oned and grown and their supernatants screened for the presence
of anti body olinkdddodenicleetidssauerice shegdinga §D-bgntheanisi palypestideechni ques
using PD-L2 o, PD-LI fusion protekns.,.Pasitive. clon r.e,subcl oned, e.g.,
I R AR L AR s S < L W]

Hybri domas pr eduestspgpiRaly 89 nbercbésegaRiprodint tanilkeapaiipages ed in vitro
or invivo (in ascites fluid) using techniqgues known in the art (see
general |y Fi nRxiessign of thy ppléiepsid scqugpegsto whchthenare oposhiy)linkedneral 1y, the
i ndi vi duakpcell 1i i ]hga].};% : e medi um

cont ai ni nghgO hi gh CO%%%‘?P%E(?@%%@%@% Si n&lctgy%t)&ﬁgc gngll%ssgfrx\% %ﬂg{)dy can be
harvest ed by gechrimtpobypepfiddstaratveid knowin dentrrintludatfoosxamphe anti body may

be produced as,a single.chain anti or scFv instead,,of e nor nal

il £ ar o st Piickaib GRS ng: i Dot el rae Aol ser ar al e
regions from agdfpefnd nterest and recreate the antigen binding site of the
native Ig while being a fraction of the size of the intact Ig (Skerra, A
et al. Science, 240 culaa®tit(uwst qellgg8)umtek of kirdthasedrexpatssimh sysemnhods Enzynol

Lre, o715 (LoRBN Ik e Corth o e RA8: 200y 200 (1551)), In'a
bi ol ogy t echniegpi@ssiot#ystelRtan®as!l RhoWh Mihe &N include, but are not limited
to, baculoviral, SV40, retroviral, or vaccinia based viral vectors.
Mammalian cell lines that stably express variant costimulatory
polypeptides can be produced using expression vectors with appropriate
20 control elements and a selectable marker. For example, the eukaryotic
expression vectors pCR3.1 (Invifrogen Life Technologies) and p91023(B)
(see Wong et al. (1985) Science 228:810-815) are suitable for expression of
variant costimulatory polypeptides in, for example, Chinese hamster ovary
(CHO) cells, COS-1 cells, human embryonic kidney 293 cells, NIH3T3 cells,
25  BHK21 cells, MDCK cells, and human vascular endothelial cells (HUVEC).
Following introduction of an expression vector by electroporation,
lipofection, calcium phosphate, or calcium chloride co-precipitation, DEAE
dextran, or other suitable transfection method, stable cell lines can be
selected (e.g., by antibiotic resistance to G418, kanamycin, or hygromycin).
30  The transfected cells can be cultured such that the polypeptide of interest is
expressed, and the polypeptide can be recovered from, for example, the cell

culture supernatant or from lysed cells. Alternatively, a PD-1 antagonist
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A. Methods for Producing PD- I antagoni st Pol ypeptides and Vari ants Ther eof
| sol ated PD-1 antagoni st pol ypepti des, variants thereof, and fusion

pr ot ei ns Whep®waR782an be obt ai ned by, for exanple, chen ear/tsgmiose®’s or
byreconbi nant production in a host cell. To recon binantly produce a PD- I
ant agoni st pol ypeptide, a nucleic acid containing a nucl eotide sequence

encodi ng the po eptide.can be used t.o transf transduce, or transfect
a bacteri al oBOl]é’éE@E{‘?&f“? be REdpcedhy 8‘@ L;g@tgn,g %?Plﬁj}?g]éﬁ‘ﬂ‘fen%dgﬁo,a or manmal i an

cel I'). I'n gengfalmal i GCkplcSsiGe v &bt QNSH hUSIINAD ¢V 8y L figul at ory sequence
operably linked to a nucleotide sequence encoding a PD-1 antagoni st

pol ypepti de. Regulokginsy, and qbiraneeritiing sud wafskatingdn vigrohsing wheas gexpr essi on
cont rol sequegcteasc)m%y%ﬁaltl él do rfot encode a gene product, but instead
affect the expreasPolfPBF T NYE S aci d sequences to which they are
operably |§nked. U?Ef—ubnt@é&ﬁs’%ﬁ)hﬁ%h?ﬁ@@@m@bléﬁﬁmé%cﬂd%i@}’ﬁir%ﬁ&nf)l%r expressi ng
and produci ngéﬁrol ypeptides are well know in the art 1 nclude, for exanpl e,
Escheri chi a célomaiegsmic madndagichias DEAR i cxghangeege! fitravieni and cel |'s such

as CHO cel I s. i | I er . .of viral- d,_expression
systens can blél[%}tol ﬂ?@%ﬁ@%r%g@%%ﬁa gl?Pl‘[;-gT e}%}#bgg%nqogt?mglgtoﬁg%lgﬁgpggd_e Viral
based expressimacdysilemsspemangt br kogeplasmicteReadrchn bo tholaked wiles a but are not

limted to, bacul.ovi re}I , SV40, retroyiral, or vaccinia based viral vectors.
Marmal i an cel PrAFTRESCHHAD 5t smscraRpsiEsntsy wrianRosEBAGR| at ory pol ypept i des
can be pr ?@chggﬁ%{ﬂﬂs &PhE S ﬁ@er‘é?‘:{o@o&ta‘ﬁﬁ Exf:axﬁﬂﬁragf?f deBhéncE QR rol el ements
and a sel ect abl rker. For exanple, the eukaryotic exXxpression vectors
pCR3. 1 (I nvi t rbgentheipotyptpitdes dd bgcagsyred ndtopMORBE BN afre & oV\brgnglt, al (1985)
Sci ence 228:810-815) are sujtable for expressi on of j costimul atory
ol ypept | des FPe Tk ERaMG BermegAHuLE MRLRER o 0at et Bl AELFAPDE Co6 |
cell's, human esdbrasQm Solkpdaay pe9fctish! SuciNaEBI3, &ehbsedBRf@lercel | s, MDOK
cells, and human vascul ar “endot hel i al cell s (HUVEC). Follow ng introduction
of an expr essvoin/depolypoptidsl metudippoataitherthe tirpofd ot rwimo teakiviium phosphat e,

or ol 1 Ul gL 568 BRSSO BEAE (R A SUpCaEtil Pl e
resi stance t ot{Adlfeptiad) 30NCishlkddine pYOErdEWSE. Mimmunoaffinity
chromatography also can be used to purify costimulatory polypeptides.
Methods for introducing random mutations to produce variant
polypeptides are known in the art. Random peptide display libraries can be
20 used to screen for peptides which interact with a PD-1 receptors or ligands.
Techniques for creating and screening such random peptide display libraries
are known in the art (Ladner et al., U.S. Pat. No. 5,223,409; Ladner et al.,
U.S. Pat. No. 4,946,778; Ladner et al., U.S. Pat. No. 5,403,484 and Ladner et
al., U.S. Pat. No. 5,571,698) and random peptide display libraries and kits for
25  screening such libraries are available commercially.
B. Methods for Producing Isolated Nucleic Acid Molecules
Encoding PD-1 antagonist Polypeptides
Isolated nucleic acid molecules encoding PD-1 antagonist
polypeptides can be produced by standard techniques, including, without
30 limitation, common molecular cloning and chemical nucleic acid synthesis
techniques. For example, polymerase chain reaction (PCR) techniques can

be used to obtain an isolated nucleic acid encoding a variant costimulatory
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The transfected cells can be cultured such that the pol ypeptide of interest
is expressed, and the pol ypeptide can be recovered from for exanple, the
cel | cul twpeonupes2aat ant or fromlysed cells. Alternati PETUS2@9IBENINT1

ant agoni st pol ypepti de can be produced by (a) ligating anplified sequences
into a manmal i an expressi on vector such as pcDNA3 (Invitrogen Life

Technol ogi es), and (b) anscribjng . and translating in vitro using wheat
germ ext ract B‘Plyi’%gf"t P&g‘t‘? EHFERIAE in Vg‘@éﬁ.‘rgm‘ﬁde&‘nﬁ%‘&ﬂw st pol ypepti des
can be | sol at ghyisiindly &filiRu Mol CNVOMRLOHBAD N FIDANTUGH as DEAR

i on exchange, ggl fli I tyra@iglon, ;(%) hygl’rg ylapatite cﬁromat ogrnap y. For
exanpl e, a coBriregibabbinfergsd by peypinid den bacapbabd tcddstgnradigeoppdeataieant or a
cytoplasm c extract, can he isolated using a protein colum, In some
erbodi ment s, DAPESP BB EE R GFS HUE Jp O He ST Edn O e teHBRisdEr ed t o
contai n ans anbogmpkiish. PERUSAGR dsbifito z@ﬁﬂiﬁ?@péc‘fﬁc RALyRePHLASSNKGPEe captured
onto an affi nltﬁ matri x. For exanple, a tag such as c-nyc, henmaggl utinin,
pol yhi sti di neweBss RNAy (nelydipKeetarices dronptvtal genornis IANY op sdtglespulade

purification. C n i rt.ed an er i,.t hin the pol ypepti de,

i ncluding at el thg’ﬁ@%@%ﬁgg%ﬁ ﬂ‘z‘ﬁ 4?&“3%#@%&?%?@@’%‘%&1 rfl?éel ons that can

be useful i nchuge! (enzjurdded hatmaieds bfmidi@tided Ratimn @dhetd@cmol ypepti de,

such as al kal i ne phosphat ase . nr nunoaf f ni_t chron%:ggggphy al so can be used
A Qs

to purify costechuinagscrsdeseribesk e cxamplavat 1i 20i Mgnuaindom

mut ationsid o BEAGUSEIYMLR R BOLREPELERS AL AN MALLRLDP,AL! . Random

pepti de display aries can be used to“screen ftor pep es Which interact
with a PD-1 rée®ptWhen osing RYEnatsa sobechofiteuplate] oavense @ahsonigtaaa darsbs eeni ng

such random pept.ji de djsplay lihQraries ar own in e art_(Ladner et al.,
U.S. Pat. Nol.ouge,dﬂé},’rﬁb@,?zﬁ el@?m%t‘]y.&\]&@sl‘llﬂéts?m‘?\‘iz. 19ps0 4N 78; Ladner et
al, U'S. Pat. MNetomp sﬁ%ﬁli (ﬁgﬁa&ﬂﬁn{—ﬁﬁgﬁf&?a??s)n,?églrﬂsgst%ine&) quele S, 571, 698) and

random peptide di spl I braries an screening such libraries are
avai | abl e commapticitainl of nugeicMesidsederfcorbaRrdotudifivgtidsabatecbdNset ¢6 ¢ Aci d

ol ecul oal Enc BN sHRet nilERgSRE < seh Py BE RSP b et uced by
standar d t ech@hgesind Mehsurhi: NAGuMéItiROUL (1900) PRSI BB £QMTRE. mRlecul ar

cloning and chem cal nucleic acid synthesis
87:1874-1878; and Weiss (1991) Science 254:1292-1293.

Isolated nucleic acids can be chemically synthesized, either as a

single nucleic acid molecule or as a series of oligonucleotides (e.g., using

20 phosphoramidite technology for automated DNA synthesis in the 3’ to 5°
direction). For example, one or more pairs of long oligonucleotides (e.g.,
>100 nucleotides) can be synthesized that contain the desired sequence, with
each pair containing a short segment of complementarity (e.g., about 15
nucleotides) such that a duplex is formed when the oligonucleotide pair is

25  annealed. DNA polymerase can be used to extend the oligonucleotides,
resulting in a single, double-stranded nucleic acid molecule per
oligonucleotide pair, which then can be ligated into a vector, Isolated
nucleic acids can also obtained by mutagenesis. PD-1 antagonist encoding
nucleic acids can be mutated using standard techniques, including

30 oligonucleotide-directed mutagenesis and/or site-directed mutagenesis

through PCR. See, Short Protocols in Molecular Biology. Chapter 8, Green

Publishing Associates and John Wiley & Sons, edited by Ausubel et al,
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techni ques. For exanple, polynerase chain reaction (PCR) techni ques can be
used to obtain an isolated nucleic acid encoding a vari ant

costi nmul avorypal2yg28pt i de. PCR is a technique in which tR®CHaS200900587L aci ds
are enzymatically anplified. Typically, sequence information fromthe ends
of the region of interest or beyond can be enpl oyed to design

ol i gonucl eotide priners that are  identical in sequence to Qpposite strands
of the tenpl a?%ngoé"l?@ qiaml%@%ejﬂsm%m th%t cagﬁa n%qshigﬁ%pﬂflg}e @lﬁéf‘ci fic
sequences from.ONAeAsrwR! | as RNA, including sequences fromtotal genomc

DNA or total cellular RNA. Primers typically are 14 to 40 nucleotides in
| engt h, but cEW. r aRgenfilationd0 nucl eotides to hundreds of nucleotides in

| engt h. General PCR techpi gues are scribed, for exanple in PCR Priner: A
Laborat ory Manual ,ed. E@Wﬁ%‘ﬂb‘égﬁ“&ﬂ@qug er, Cold Spring Harbor

Labor at orys Prass, pf95Anienist FoRguidngs a source of tenplate, reverse
transcri ptase can be used to synthesize a cogl enentary DNA (cDNA) strand.

Li gase chai n react Pismaegutigploipepitiaaeinshudi 1lfantagenists,arsel f - sust ai ned
sequence repl | i Qner. nuclei ¢ aci d.sequence:based . anplification also can
be ised t o obPa e ERamBEH Tl a P AT SRR AR R sl PUdeRT (1552)

Geneti ¢ Engi ngayibsgoMNeMEnikation eltttablin@dmusc@P GhtrdPetitoneMai | Acad. Scl
USA 87:1874-1878; and Wi ss (1991) Science 254:1292-1293. |solated nucleic

aci ds can be BW@Newoxs (WY )<y stlbrakaneaes ingctions trapsdermal fither paseivelycoraci d

nol ecul e as.: i |4 i i phoram dite
t echnol og;f/)é f oraszg%fb gﬁﬁgﬁgmeiggﬁ%é@gﬁi %ettﬁafﬁléﬁg&s? loﬂﬁ%a'ﬂgxia%g]% ’fon). For
exanpl e, one oxtalpreulpaigual) obutbomtrdalinigemiel diicicdepotidoss maPilko

nucl eoti des) can,be.synthesized that. contain the sired sequence, wth
each pair conf’%l?%w&t%e Hojhe bioetdale insprie M%gémefe@dc@? Y ©03hout 15

nucl eot i des) : ; ¥Se f d i L Lfde pair is
anneal ed. DNA§%§PI§/1?T%€!8.}?ZP Hg%ﬁ{ 1%%&6 Ei%a%léﬁé%@ﬁﬂ]({dﬁ’:mo ?cgjgﬂ%%%g%t%cges,

resul ting in ymsphoyl gssueloubliredy toeardedamerctugioc. abé compdsesuks eapbe

ol i gonucl ept i de i.r,.which then can b igated jnto.a.vector. |sol ated
nucl ei ¢ ag) ds?{ggﬁﬁé}é&f%}g‘%@g& fIﬂ’(‘atas Wf?ﬁftagf‘g@ﬁggﬁou%ﬁf@d@m%%WPS_t encodi ng
nucl ei ¢ aci ds CegipoBiionkiAainy Shidgossta 0ERD f86BIsANA Sre hdtPepiicdy

ol i gonucl eoti de-directed nutagenesis and/or site-directed nutagenesis

t hrough PCR Sepclysitides mnaddamnslly be fsmaladdlior sitelebgdmintyiraesr 8, Green
As used herein the term “effective amount” or “therapeutically
effective amount” means a dosage sufficient to treat, inhibit, or alleviate one
20 or more symptoms of the disorder being treated or to otherwise provide a
desired pharmacologic and/or physiologic effect. The precise dosage will
vary according to a variety of factors such as subject-dependent variables
(e.g., age, immune system health, etc.), the disease, and the treatment being
effected. Therapeutically effective amounts of PD-1 antagonist cause an
25  immune response to be activated, enhanced, augmented, or sustained, and/or
overcome or alleviate T cell exhaustion and/or T cell anergy, and/or activate
monocytes, macrophages, dendritic cells and other antigen presenting cells
(“APCs”).
In a preferred embodiment, the PD-1 antagonist is administered in a
30 range of 0.1 - 20 mg/kg based on extrapolation from tumor modeling and

bioavailability. A most preferred range is 5-20 mg of PD-1 antagonist/kg.
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Publ i shi ng Associ ates and John Wley & Sons, edited by Ausubel et al, 1992.
Exanpl es of am no acid positions that can be nodified include those

descri bedwbepwi/n7828V. Fornul ati ons A PD-1 Antagoni st FeCEUIS200097A. PD- |
Ant agoni st Fornul ati ons Pharmaceutical conpositions including PDI

ant agoni sts are provi ded. Pharnmaceutical conpositions containing peptides

or pol ypepti des e for adm pistration by parenteral (intranuscul ar
i ntraper i { oneGrIeThi SRBHBYRROBT Ryecypn of By élﬁﬁ?@i’?ﬂygﬁllg)Wﬁ‘)t?‘a?ransdermal

(ei ther passi %ﬁglya(gﬁing@ragb' ot RRhgkeShseOr el ectroporation), or

transmucosal (nasal, vaginal, rectal, or sublingual) routes of
adm ni stration. The conposi t Formuintipnsfad drenteaal Admimsteatiorsi ng bi oer odi bl e

i t d be. del i d directiy. ta. iate. ynphoid ti
(o g Sspreen 1y Nkt sthaiBi g SisBBr PSRy EhS fREE e or - °
directly tD amo9¢ 8taifingtpepies ahB oS R&?s,@r@él&nﬁﬁd?er@@irf@fﬁf;&b@ﬁsed in dosage

forns appropriate for each route of adm nistration. Conpositions containing
ant agoni st s ofolpiipn, by gewpteml dnjeetian. arhe fampulpiégsn marslse be polhyderm pPHes can

additional ly forpul at ed f.or enteral Lniskration, .As used herein the
term"effecti \“b}gus %%SE%% 8}%11?1115%8 'e?%%eélﬁﬁall’cpg\%%acg ﬁlceagtc PI\%gosétr?r%ﬁn%g means a

dosage suffi cbheideddndlidiag effedivieBhiounBrof alpepiidedrpodyiepide, ad € synpt ons of
the disorder being treated or to otherw se provide a desired pharnacol ogic
and/ or physi oPpgrelizEfncde phpracspieqly acerpiaredilipants, PSS valdesr ding to a
variety ofsfa : o bj - varg.abl : age, i nmmune
system hecii t h?&g{é@.z?,g’ %@ﬁgggé%ﬁgan%ﬁ@%g%}%ﬁtgn‘%ﬁt{)g@glgﬁtglg%s% f ect ed.

Ther apeut i cal inchekfsecilé wetearbndiiates! safinde-d., Brit-Hb ricsittec plussphae), pHmune

response to be activated, enhanced, auygnented, or, sustai ned, and/or
over cone or RGP Werelentd ClIoRAL PN SRR T dEETEen B gy, and/ or

activate m)nog?(ﬁl 'zin%%%é&@[’@@;??wmﬁ@@@ irviaat ks, pd]?go%ﬁ@g(gagﬁﬂ-gen ,
presenting ceils ("APCS"). 'In a preferred enbodi ment, the PD-1 antagoni st
i s admi ni st er edidants &e.gangerbié a@id,jsodivpometpbleylfie)s et prsarxativaptd.@t i on from

N R ¥ AR
may be | ower ERamphennadaiRoss &i1eshtdyr @RicMstes pabiéae ERUbLE.
polyethylene glycol, vegetable oils, such as olive oil and corn oil, gelatin,
and injectable organic esters such as ethyl oleate. The formulations may be
lyophilized and redissolved/resuspended immediately before use. The
20 formulation may be sterilized by, for example, filtration through a bacteria
retaining filter, by incorporating sterilizing agents into the compositions, by
irradiating the compositions, or by heating the compositions.
2. Controlled Delivery Polymeric Matrices
Compositions containing one or more PD-1 antagonist or nucleic
25  acids encoding the PD-1 antagonist can be administered in controlled release
formulations. Controlled release polymeric devices can be made for long
term release systemically following implantation of a polymeric device (rod,
cylinder, film, disk) or injection (microparticles). The matrix can be in the
form of microparticles such as microspheres, where peptides are dispersed
30  within a solid polymeric matrix or microcapsules, where the core is of a
different material than the polymeric shell, and the peptide is dispersed or

suspended in the core, which may be liquid or solid in nature. Unless
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1. Formul ations for Parenteral Adm nistration In a preferred enbodi nent,
t he di scl osed conpositions, including those containing peptides and

pol ypept iwO2p10428828dm ni stered i n an aqueous sol ution, BPETAS2@0EHA]
injection. The fornulation nmay also be in the formof a suspension or
enmul sion. In general, pharmaceutical conpositions are provided including
ef fective anDunts of aipe ptide or, polypeptide, and optiagnally include
phar maceut i catRegifigalege &Wélemlmaﬁ%lﬁ’f(@aﬂﬁkés@w(éﬁﬁh%§ ané@memcwsz@s

enul sifiers, jugé/ Qé;c géefMy CARTkrh ‘%1},,% 1 Q8P & hal; de sterile
e’ Tnd B osp & ef‘

water, buffere acet and ionic
strengt h; andsla!pbr ﬁh;alrhggin@ﬂdnnnameme&mﬂo fagr @aum@ma$owﬂd soI ubi i zi ng

agents (e. TVEEN( 20 TV\EN80 Pal ysor bat e 80 ti ,oxidants (e.
o bi < POl b e iRy st 8 e & T e s

benzyl al cphohygr lIHl: k’ﬂaﬁ%( Mi@%&%mﬁa@ra@e@ mioacﬁ*to%ﬁﬁa miRBRA Jeck- Exanpl es
of non-aqueous solvents or vehicles are propyl ene glycol, polyethylene

gl ycol , veget wohedditesn imnwie mspohseyvte wevenapdeationnn e | | gel atin, and
injectable organi c_esters. such. as,eth e. The f r t' ns may be
| yophi 11264 ala PEoRar st PRIBeEHEb RN Brarymodigt a dihd% e
fornul ation nhys Heen siserted bzepkeliituré Olild R 0P4iE in hédlingdd 0 rﬂhet hkouph a
bacteria retaining filter, by incorporating sterilizi ng agents into the

conposi t i ons, MY wsed & Bciliige hpalingsriperssyre sares. dseubliis Wisamsi ¢ig t he
conp05|t| s. 2. € [ i ons

cont ai ni ng one or Cﬁgfr]éer%hqﬁ a dd\églr?l%étgg%gﬁ% e?@hﬁaé&gg%n %@%ﬁ?&r’% the PD- 1
ant agoni st cadelberadfitDilsinergedist or meidic adideehcodingalsen fabthowdiat i ons.

Controll ed re| egse |l ymerjc devices can be made for |ong {ermrel ease
syst eni cal | y Lﬂwﬁ ﬁ%},@/ MapicaheatrgRred- Bhgse .r@na%lﬂrém@ cyl i nder,

fiim disk) OpolyHeRehimuohShith RAIHGLESNe prtlEreihE it ARbe in the form of

m croparticle as mcrosp , ere peptides are dispersed within a
solid pol yrrer tloaraaenidaxion of dégradatiap sud edsaseherges Neheqohendrds sflecedi f f er ent

mat eri al an thg ggféé/rrerldc shel | alnd thgegrgt de is di ersed or
suspended #r&° 061, PN °h ICBéeF?S&d? *gFs ot 999§

Unl essspeci f i ﬁeaédsy nfh§fbenesht DIral Bich ﬁEIQ@@iEis'aCﬂlﬁsiz re!éh@r&sgmr es, and

m crocapsul es are used int er changeab y. Alternatively, the polyrrer may be

cast as a t hi reledselbmey pravids mergregientve teotisn aerpotyenes may Hednrthecent i neters, a

powder form of a hydrogel (typically in absorbing up to about 90% by weight of

water), and can optionally be crosslinked with multivalent ions or polymers.

20 The matrices can be formed by solvent evaporation, spray drying,
solvent extraction and other methods known to those skilled in the art.
Bioerodible microspheres can be prepared using any of the methods
developed for making microspheres for drug delivery, for example, as
described by Mathiowitz and Langer, J. Controlled Release, 5:13-22 (1987);

25  Mathiowitz, et al., Reactive Polymers, 6:275-283 (1987); and Mathiowitz, et
al., J Appl. Polymer Sci., 35:755-774 (1988).

Controlled release oral formulations may be desirable. Antagonists
of PD-1 inhibitory signaling can be incorporated into an inert matrix which
permits release by either diffusion or leaching mechanisms, e.g., films or

30 gums. Slowly disintegrating matrices may also be incorporated into the
formulation. Another form of a controlled release is one in which the drug is

enclosed in a semipermeable membrane which allows water to enter and
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produced by grinding or other standard techniques, or even a gel such as a
hydrogel . The matrix can al so be incorporated into or onto a nedical device
t o nodul ave 2ar/i2me8ne response, to prevent infection i nPEM/US2009/054971

i mrunoconprom sed patient (such as an elderly person in which a catheter
has been inserted or a premature child) or to aid in healing, as in the
case of a matrix used to facilitate healing of pressure sores, decubitis

ul cers, etc. Enfufbpg awihioushaginglrasmall epenbiesiedy asaefiectfasts k%8s can be used
for delivery ! i Sl Or [ ' [ m al t hough

bi odegr adabl e&fr?}afdr?lfn(l%azlgg%g}?%f? g%%@r%ﬁ&%%éﬁ%@‘% gg)ﬁ%a ’t}?gf%%& synt hetic

pol ynmers, al t mewgine Sifiatiheichamptkeydanan aorehpilainey, pethe darge iraedtine. bet t er

characterization of degragdatiqp and release praofiles.. The | ymer is

sel ected based" ‘?fa?lﬁe&‘géﬁ??%"ﬁ @Voéﬁﬁ%ﬂ‘g?t@’f"_é‘g%‘g%@ éléqsrt%‘?}igc n sone cases
l'inear rel gase, MR\nRG: BRGL: H#?’*‘rfn‘élcti&ﬁ SRH G0V BINEF erfvalli)SR tiel ease or
"bul k rel ease” may provide re effective results. The pol'ynef may be in

the form of ardigade oyt attiygageat beyond tedanibragvirpnentabshias 80%eby wei ght  of
wat er), and can opti onall crossli.nked with multjval.ent ions or
pol ymers. The''Ht ‘?‘F'cggeﬁ%%e B’Zi 335&}?&831 ICHANBIR SR éte'ron, _spray drying,
sol vent extr aghp@heald t@hthedst Eﬁtsh@% eGP, Eﬁeéem@mﬁlgfﬁkhéﬂ eudel at he art.

e prepared using any of the nmethods devel oped

Bi oer odi bl e m crospheres can _
for making m @mwb&@vsegaﬁ@apsa@gu@eaﬁtb@aeﬁvalﬂ ¢ Bmrfrnacr Bargeeapsi bed by

Mat hi ow t z. and Langegr , ntraoll R e 1 13:22 987). thiowtz,
et at, Reg(():ti ve Polqglﬁngsli?escgﬁ%’g?%@qgfm%g{gﬁﬁs’?&l geg%ijs%&otﬁ?agv%l\}etazr’a% al., J Appl
Pol ymer ScL, #hplébfatidn ér nfeRf8) andepicanll Hetiver aldosge thtad mhol M dashons may be
desirabl e. Antagonists of PD-I inhihitory signaling can be incorporated

into an inert thesdaspae fanireaimsat of anenig e 1B devicperandilsorigsi on or | eachi ng
hani | ? _ RN roor : | b
Mechani sis, €y Sﬁ%hde fB? gfgterﬁfér@hvéjy%]ﬁg%é%eddaﬁ'b@ﬁﬁlg{)a?&e'd'?ﬂ 1ﬂt§¢té+ ces may also be

i ncorporated in mul at 1 on. er for a co ol led rel ease is
one in which stheuttmegustys encl osed in a sem perneabl e nenbrane which al |l ows

Somoti o effects. For ordt TR AEPUAGHS 1of Rl SLARBH50PS] ease mmy be t he
Fromch. 11e, 2T | AR NerpBIRp i okl B | Lour. o
ef fects of theolid demaghforms are known to those skilled in the art. Solid dosage forms
include tablets, capsules, pills, troches or lozenges, cachets, pellets, powders,
or granules or incorporation of the material into particulate preparations of
20  polymeric compounds such as polylactic acid, polyglycolic acid, efc. or into
liposomes. Such compositions may influence the physical state, stability,
rate of in vivo release, and rate of in vivo clearance of the present proteins
and derjvatives. See, e.g., Remington's Pharmaceutical Sciences, 21st Ed.
(2005, Lippincott, Williams & Wilins, Baltimore, Md. 21201) pages 889-
25  964. The compositions may be prepared in liquid form, or may be in dried
powder (e.g., lyophilized) form. Liposomal or polymeric encapsulation may
be used to formulate the compositions. See also Marshall, K. In: Modern
Pharmaceutics Edited by G. S. Banker and C. T. Rhodes Chapter 10, 1979.
In general, the formulation will include the active agent and inert ingredients
30  which protect the PD-1 antagonist in the stomach environment, and release

of the biologically active material in the intestine.
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environment, either by protection of the active agent (or derivative) or by
rel ease of the active agent beyond the stonach environnent, such as in the
i nt esti newoOTo10an2g828e full gastric resistance an enteri c PCOAISRINY/0§497E,

i nperneable to at least pH 5.0) is essential. These coatings may be used as
m xed filns or as capsul es such as those avail abl e from Banner Pharmacaps.

The devices can be_forpmul ated for, local release to treat the area of

i npl antation or i nj-&EEd @Rﬁa%@r?‘?&réﬁﬁll%dﬁa@ﬁwg’% @Chﬁié%’ge that is much | ess

than the dosagfhfokan IRBnak Aol Wuhadiudlisideviaesnean al so be

formul ated fo stem c “del ese’ can ant e ] ect ed
subcut aneousl may@ontﬁfmrcrth&ra:bmnaexﬁmmc&tdirgaaéﬂ Admnm sd}uaamtssuohmsagonl sts of

PD-1 can al so _be. formul ate or delivery. O solid dosage fornms are
own to t hosBeEE LB s Fd SSPT MHAAS: FEr e G ¢ abl ot 5

capsul es, il hgvortrfgo&{}p&rﬁfmlhggws cachets, pellets, powders, or
granul es or incorporation of thé material into parti cuI ate preparations of

pol ymeric corrpoundB sucNaa@nm)llycllahngBﬂadepemotyxglggwists: acid, etc. or
into |iposones. i cal .state,

Lani 1 DY oy o RGeS0 TR e SRS IR RIS 2ot (he

present prot epps] @ﬁt di8dté Y@kt Y@PherS8Qan Be BdminRedrbM 8¢ ©BorEpdileat slceut i cal
Sci ences, 21st Ed. 005, Lippincott, Wlliam & WIins, BaI timore, M.

21201) pages swme%@revmfewc ot signed tavhyelire Yacsings discioped hegeind form or
may be '”%6’“ ﬁ%ldﬁ%‘%lﬁ%esn(gaa gso r‘tﬁ# 1&'131?&\%%)11512}85 n@eghg@s%% 0851 ol ymeri ¢

encapsul ati on may be I ons so Mar shal |,

K. In: Nbdernaﬂahagmﬁmigeangmoﬁmﬂeby SGurcss oiﬂa:mkeamt@nﬂzstoiyfpepﬁbaﬁes Chapt er
10, 1979. In ge rmul ation will include the active agent and

the f
i nert ingredi ét?%%{%ﬁ? éw@a&f B&PeHE b PPAheagdni selypeptidse fuvgiach
envi ronment, 3 lgﬂﬁelﬁ@ HeARE @h@@%&é&' a&n&gt s ¢ ARblne mRb ﬁB!y?lF%t}d%st he

i ntestine. I qui d dosdge forns ora nistratio udi ng
phar maceut i cahhd fasiceptoédits oenaraitohsrcobal hatst calls costaspemsicans thaind syr ups,

Wt ting. abbnt SRS ATHG S BISUARY ng agents. and oweet eni ng.
flavoring, and perfum ng, agenigens

Antigens can be peptides, proteins, polysaccharides, saccharides,
lipids, nucleic acids, or combinations thereof. The antigen can be derived
from a transformed cell such as a cancer or leukemic cell and can be a whole

20 cell or immunogenic component thereof. Suitable antigens are known in the
art and are available from commercial government and scientific sources.
The antigens can be purified or partially purified polypeptides derived from
tumors or can can be recombinant polypeptides produced by expressing
DNA encoding the polypeptide antigen in a heterologous expression system.

25  The antigens can be DNA encoding all or part of an antigenic protein. The
DNA may be in the form of vector DNA such as plasmid DNA.

Antigens may be provided as single antigens or may be provided in
combination. Antigens may also be provided as complex mixtures of
polypeptides or nucleic acids.

30 The antigen can be a tumor antigen, including a tumor-associated or
tumor-specific antigen, such as, but not limited to, alpha-actinin-4, Ber-Abl

fusion protein, Casp-8, beta-catenin, cdc27, cdk4, cdkn2a, coa-1, dek-can
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B. Vaccines Including PB-1 Receptor Antagonists Vaccines require strong T
cell responses to elimnate cancer cells. PD 1 antagoni sts described herein
can be adwDrosxergd as a conponent of a vaccine to preve@qT/Esr009M05YNI t ory
signal to T cells. Vaccines disclosed herein include antigens, a source of
PD-1 antagoni st pol ypeptides and optionally adjuvants and targeting

nol ecul es. Sources of_ PD-1 antagaoni st pol ypeptides include any discl osed
B7-DC, PD- LI, fusionprotgin, ﬁfzalmb%‘ﬁ\%é\é{ai ifiggien pretea.d kot ei ns thereof, variants

ther eof . nucl giec. gl 5, £aedudd bhRSR APhYREA] Aok ARdfgusi on proteins, or

variants ther€o ost cel ntalning vectors that" express PD- |

ant agoni st poKyfapeDalagartd,. Mmmt] @em:sd AntebgXiy mmirbféaqsépﬁ)swegm}-pr ot ei ns,
pol ysacchari des, sacchari des i nucl ei ¢, aci ds, conbi nati ons
ther eof . The RAROGRIEIOAIROEE, EEPRﬁeE R RN Efria?@bamm i34 uch as a

cancer oréueuig%&ei: &5l @@% ﬁ@ﬁﬁp}{a&r‘y\/ﬁo}{ﬁi i%%é IOM grrrunogenl c conponent

t her eof . ita géns’ ar néwn I n tand are avail able from
conmmer ci al goﬁéﬂﬁx@ﬁ;l()alrﬁ?dhz%em NA-88 oYrises]/Lddec?, H1i7g8¥R-2camd be purified

Fecombi nant” polbsdpt: M GRORD AP aR Faet! Rhisueen dgh-fol RIS
pol ypept i de_affAGEN, MAGERSERIOLAIRLE- LORERS), rsoMstcm, hepant i gens can

be DNA encoding a part of an antigenic protein. The DNA may be in the
form of vect ONYDE&OS(M%)SSQPdshiOd}/M‘dA%ARRAU%s’SMRm BEBW/weed as singl e

antigens b t | sa_be provided
as conpl eﬁdm h%’gg gﬁéﬁf@h&%@ﬁk‘gﬁtﬂ#ﬁ@%@@ %g?dépgg%ﬁ%YWen can be a
tumor anti gengntigeat USHNA, @Jrhwpﬁﬁﬁﬁmm@mywanﬁgmﬁsaﬁ@gnfTSPantI gen, such
as, but not linted to, al pha-actinin-4, Bcr-Abl fusion protein, Casr-8,

bet a- cat eni n, 1%@M$G&6MA%§%G%6$1§566@& ph¥ienia-dnc-prestedn, EF2,

ETV6- AML1 fus Lr f rgtein,, HLA-A2,
HLA- Al 1, hsr?gﬁk’pﬁ%w@%%ﬁgvmi ‘;‘Kg/ﬁﬁg NWSO%&% myosi n cl ass

I, G5-9, pnl- ChARa, ttnﬁ{@M@hqt gn@ TAGERKS MK PREA, WT7aRlontérhRsgphosphat e

i soneras, Bage-1 , Cage 3, , GnTV Herv-K-nel, Lage-1 , Mage- A, 2, 3,4

s, 10, 12, MageSEXTANAS BBgPNYQEb@prdt@agb&Iﬂ;GSP@A2ZS§3@&A, aid 25, CA
15-3 (CA 27.290BCAA), CA 195, CA 242, CA-50, CAM43, CD68\KP1,
C0-029, FGF-5, G250, Ga733 (EpCAM), HTgp-175, M344, MA-50, MG7-
Ag, MOV18, NBV70K, NY-CO-1, RCAS1, SDCCAGI16, TA-90 (Mac-2
binding protein\cyclophilin C-associated protein), TAALG6, TAG72, TLP,

20  and TPS.

2. Adjuvants
Optionally, the vaccines described herein may include adjuvants.

The adjuvant can be, but is not limited to, one or more of the following: oil
emulsions (e.g., Freund's adjuvant); saponin formulations; virosomes and

25  viral-like particles; bacterial and microbial derivatives; immunostimulatory
oligonucleotides; ADP-ribosylating toxins and detoxified derivatives; alum;
BCG; mineral-containing compositions (e.g., mineral salts, such as
aluminium salts and calcium salts, hydroxides, phosphates, sulfates, etc.);
bioadhesives and/or mucoadhesives; microparticles; liposomes;

30  polyoxyethylene ether and polyoxyethylene ester formulations;

polyphosphazene; muramyl peptides; imidazoquinolone compounds; and
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TRP2-1nt2, MelanA (MART-1), gpl OO (Pnel 17), tyrosinase, TRP-I, TRP-2,
MAGE- |, MAGE-3, BAGE, GAGE-1, GAGE-2, pl5(58), CEA, RAGE, NY-ESO (LAGE),
SCP- 1, HoNDNB10/20828 FRAMVE, p53, H Ras, HER- 2/ neu, BCR- ABRCTHB200PRBE497H4- RET,
| GH 1 &K, MYL-RAR, Epstein Ban virus antigens, EBNA, human papil | omavirus
(HPV) anti gens E6 and E7, TSP— 180, IVAGE—4 MAGE- 5, MAGE-6, pl 85erbB2,

pl 80erbB-3, c-net, nm 2g PSA TA 4 CA 10- 9 CA 72-4, CAM 17.1,
NuMa, K—ras Waéﬁ?‘éthver?u W&S m@p Wpo DWSS CT7,

tel onerase, 43:y{AFs. off thuld &%TH%%M 1%{)&%‘69{09&&1115‘ an&%hﬁ% IBG6B25, BTAA, CA
125, CA 15- 3 & 5% %50\ BCAA 105, CANAS 8\ KPL,

CO- 029, FGF-5, CBZSﬁﬂjlﬁaﬂtS&l?(}'EmAmlpdwgpumiﬁodem sumsa@tom Ag, MDV18,

NB\ 70K, NY-CQ | n i n\cyclophilin
C- associ at ed Bl Ir?)s(é %mgé%zﬁﬁ?ﬂﬁ%ﬂ?%@ %G%Aﬁflﬁ‘?/rg FPes >éotl gnal ly,
the vacci nf:s éae%ﬁ%té%@brb%a@h& )nﬁx\ﬁcﬂoﬁﬁég&l%lcﬁﬂd sdviaMthg 86y, a8d tivdiit can be,
but is not linmted to, one or nmore of the follow ng: oil “enul si ons (e.q.

Freund's adj uvesnesis fastapo ki additinnrta PRl eptagonibts oxberes-siimilatpival - | i ke

o1 1 gonuct eot s e RpARNT e AT bRl PRl BT b B PRI s et ves: al um

BCG mi ner al - gdininditdteMgSERORidabens aliRwants nilyenadvidal dsshe Alch as
alum niumsalts and_cal cium salts, hydroxides phosphat es suI fates, etc.);

bi oadhesi ves Haihaiolysetideipre apgye frﬁg@?@tﬂb@r@% pei the f
pol yoxyet Ltyl e&fch%%%ﬂsnﬁ&‘?ﬂ\ﬂ?' yoxy ethylene ester formil at| ons
a

pol yphosphazene; uranyl peptides; im dazoqui nol one corrpounds andsurface
active subst ab€es Maetgodsy(ﬁd[mm thin, pluronic polyols, polyanions,

pepti des, oil emnulsions, keyhole linpet henocyanin, and di ni t rophenol ).

Adj uvants may al so“¥ncl é&@v ‘iﬁ‘?ﬂl?ﬁfo*rﬁ% ators such as cytokines, interleukins

(e.g., IL-1, IL-2, phly ﬁnta%d-més péi!y‘peq:tzdleé-m?d sohdtt m%l%cul% Qra?lantb ﬂfe?éoffer ons

(e.qg., interferpn- gamma.), nacrophage col ony stinulating factor, and tunor
necrosis fact ﬁrsmnl momlthetrwf pecl@bDatida ntcaaging the $P-battegones- st i mul at ory

oL el o el 0 SL P RELYBERL oL LR 7 Byl O
fulllength polypeptldes and fusions proteins can be used to prevent inactivation and/or
prolong activation of T cells (i.e., increase antigen-specific proliferation of T
cells, enhance cytokine production by T cells, stimulate differentiation ad
effector functions of T cells and/or promote T cell survival) or overcome T
20 cell exhaustion and/or anergy.

Preferred PD-1 antagonists include polypeptides that bind to
endogenous PD-L1 or PD-1.2 and reduce or inhibit PD-L1 and PD-1.2 from
interacting with the PD-1 receptor, such as PD-1 or B7-1 polypeptides. By
reducing the interaction these ligands with PD-1, the negative signal

25 transmitted by PD-1 is prevented or reduced. In the presence of suboptimal
TCR signals, exogenous PD-L2 or PD-1.1 polypeptides can stimulate
increased proliferation and production of cytokines in vitro. Thus, PD-1.2
and PD-L.1 appear to also bind to T cell receptors other than PD-1. PD-1
antagonists that bind to and block the PD-1 receptor without transmitting the

30 negative signal through PD-1 are also preferred. Examples of these
antagonists include recombinant ligands of PD-1 such as PD-L2 and PD-L1
that do not trigger signal transduction with they bind to PD-1.
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pol ypeptide or an active fragnment thereof, or in the formof DNAS such as
plasmd DNA. V. Methods of Use A Activation of T cells PD 1 antagonists
pol ypept ivox0mvit7e28al | nol ecul es, variants thereof, fusiPOR/USe@V®b4931

t hereof, nucleic acids encoding the PD-1 antagonist pol ypeptides and fusion
proteins, or cells expressing the PD-1 antagoni st pol ypeptides and fusions
proteins can be used to prevent inactivation and/or, pralong activation of T

cells (i.e., increNsthodsiorgismestad;antagopisbpe mp&fifswcwe@ 84t 2 enhance
cyt oki ne prOd‘F%]} 1hb<¥Pﬁ l%ﬁal&%ms%bl%#;ﬁfd% ot 5&5&&%&“1%%@10%@%?“ or
functions of T ce s and survival) or overcone T cell
exhaust i on andidoce Birer ggnal Baasfchph@ﬁmﬁﬂelfwﬂt a‘g@nmsa(ﬂmgmahlbdm poloypept i des

that bind to endogenqus, P or PD-L2 and reduce o Qlt PD- LI and
b L2 11 om | nEer Gt i b HEh BT SR OG- AS I SPREr - 1

pol ypepti des. %yn&gg%mn?mtngﬁ bm%&;)l on these ligands with PD-1 5the
negative signal transmt is prevented or reduced, In the

presence of subopti Thapomnglcgnac@r befcogahtng, pftepacsivaiim of thed| ypept i des

Thus, PD-L2 ahtlpB Rty T s R ¥ R SR ey " han
PD-1 . PD- | apidgoftisabgarttiadl th fhd tinafdadiivatidn. t RaivdBoh ciebg@éror Wi t hout

transmtting the negative mml t hrough PD-1 are al so preferred. Exanpl es
of these ant ag&melesdy #orsias theek setbiorrarmntibpdathasbiads oshe T§al4,h as PD-L2 and

PD- LI thatydo @@E
PD- | . Met h?)%s &%ﬁ(ﬁ.? ﬁ@egﬁﬁgg%&%ﬂ 6%@%?? gg}r{bn%% %tg cont acting a T
cell with a Pliahjrsumﬁ@ralgmiesdd \pﬂhﬁmem]kde\luemaanelg,rm’ﬂmbll edif ‘ea:éxpoeed o inhibit

or reduce PD-I sjgnal k5(?ansdu t| on eTc The cont ac bgg can be in
apgepR (e 35% fpragamp é

vitro, ex viv® elg}er?%a rat, rabbit,
dog, cow, pi 9 HBeih n% iti@lce 1‘3 Bko heidf £ 8 g1y occur
before, duri n efrél aét vat |noln o?( ﬁ:mT %e%- Tygegallt Iy, ontacting of

the T cell w mtaca)plh@d aamiragpri ¢ta Poklpapni miﬁg@“anpqmdamr@imsd bntially the
same e 85 Sel ALl o Aell VELLOR D PR 0 SHER e DS EPREI "0 1O T
T cell by MHC molecules on the surface of the APC. The Tcell canbe a
CD4" Tcell oraCD8" T cell.
In some embodiments, the PD-1 antagonist polypeptide can be
administered directly to a T cell. Alternatively, an APC such as a
20  macrophage, monocyte, interdigitating dendritic cell (referred to herein as a
dendritic cell), or B cell can be transformed, transduced, or transfected with a
nucleic acid containing a nucleotide sequence that encodes a PD-1 antagonist
polypeptide, and the T cell can be contacted by the transformed, transduced,
or transfected APC. The transformed, fransduced, or transfected cell can be
25  acell, or a progeny of a cell that, prior to being transformed, transduced, or
transfected, can be obtained from the subject to which it is administered, or
from another subject (e.g., another subject of the same species).
The PD-1 antagonist polypeptide can be any PD-1 antagonist
polypeptide described herein, including any of the disclosed amino acid

30  alterations, polypeptide fragments, fusion proteins and combinations thereof.
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receptor (TCR) or one of the polypeptides of the CD3 conplex that is
physically associated with the TCR Alternatively, a T cell can be exposed
to ei t herwaroald2ee2Rt i gen (e.g., a MHC al |l oanti gen) on, POI/US2eF471 an APC
[e.g., an interdigitating dendritic cell (referred to herein as a dendritic
cell), a macrophage, a nonocyte, or a B cell] or an antigenic peptide
produced by processjing of a pratein antigen by any qf the above APC and
presented to the TIféfo petypqHe Ml theddDd ntdgenistpglweptige came APC. The T

cell can be a | the P
b&ddo The@ddr 0@% raeg%@ Sulfur€ Sbdsel, l:)f‘bé“aﬁlrlig oBfEP 961&%??@

ant agoni st pol ypeptide can be adm nistered direct toa T
Al t er nat i vel y¢.gamwAlPGL s pktiami@otiecplephage, nonocyte, interdigitating

dendritic cell (referred too herej dendr.itic cel.l r B cell can be
t ransf or med, trans%h"d@ﬂ,apBlr‘capP‘&ﬂtﬁ‘gmg Afaepniyt i e@hég %O@%Sﬁ‘?’ai ning a
nucl eot i des seflRREBPNAILaSRGERESHAstRBeS oPRIAGRNThSthaRRINkRe R, de, and the T
cell can be contacted by the transformed, transduced, or transfected APC

The transf or npwpdueticamddgieated bieelly ton sseiotstuliesatl|T edinfupetion wefok, or a
progeny of a |l ;that . prior to bei r ansf ed, transduced, or
Dranstected ot vt il orBhaulisadie P N 'S “aani ni st er ed,
or from anot hgslygeftidestan(ie flded &NBLLS aSEl RAL, DEell holifaonsReskps) . The
PD-1 ant agoni st _pol ypeptide can be any PD-I antagoni st _pol ypepti de

descri bed her 8¢signef e faghion greapithto amantiges ef béeestant febie@ i@l t er ati ons,

POl YPeDti e { (AGAEAL T ool RERILARALET Ay ANt PRH DRl AP hBLERL, | T (e

activationis in vitro, ant.agoni st ‘pol yp ound to the
floor of a retewehbsayd tvould beespealdted Rrrebdait aanoetpoent, satl illerauEport, e.g. a

well of a plastic mcrotiter plate. In vit appl i cati on of the PD-I
ant agoni st poWﬁ%ﬁ’?ﬁi‘g&égﬁﬁﬁa & (B IBFUICSPYISE- éﬁ% F%,P%'&} APREPUStsci entific

studies of i %@Eﬁfﬁ%h@ﬁn%ﬁc@ﬁanifgﬁn&i%hﬁ%%t&ﬂ oPlrafGlubdtPiRMaT Ccells for use

in studies of T'C _Tunct_l on or, for exanple, passive | munot herapy.
Furt hernore, PEléicandagondisg synblapdmeptids, cenhe beedaied atpositime vi t r o assays

(e.g., T cell proliferation as ). designed to .test for i nity to an
ant i gen ofgi n &F’é@fﬂ Whaﬁé%&oﬁegigy?%ﬁ\e Swgtaﬁféwif-"e%ye‘l’t;“%r %gg?ﬂ%to i ned.

Addi tion of Pylinafteagfnhshy PRl YREPS IS Ssdil HUSNbARE YsoshRulatioRe expect ed
toresult in a nore potent, and therefore nore readily detectable, in vitro

response. Mor &sg-etompmmngs pefeniighy useul for treating autoimmune diseases or
organ graft rejection).
B. Therapeutic Uses of PD-1 antagonists
20 1. Treatment of Cancer
The PD-1 antagonists provided herein are generally useful in vive and
ex vivo as immune response-stimulating therapeutics. In general, the
disclosed antagonist compositions are useful for treating a subject having or
being predisposed to any disease or disorder to which the subject’s immune
25  system mounts an immune response. The ability of PD-1 antagonists to
inhibit or reduce PD-1 signal transaction enables a more robust immune
response to be possible. The disclosed compositions are useful to stimulate
or enhance immune responses involving T cells.
The disclosed PD-1 antagonists are useful for stimulating or
30  enhancing an immune response in host for treating cancer by administering
to subject an amount of a PD-1 antagonist effective to costimulate T cells in

the subject. The types of cancer that may be treated with the provided
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pol ypeptide, or an APC transforned, transfected, or transduced with a
nucl ei ¢ acid encodi ng such a pol ypeptide, can be used: (a) as a positive
control iwoOane3eg to test for T cell enhancing acti vi PEThB2@0/084971

nol ecul es; or (b) in screening assays for conpounds useful in inhibiting T
costinuiation (e.g., conpounds potentially useful for treating autoi mune
di seases or organ graft rejection). B. Therapeutic Uses of PD-|I antagonists

1. Treatnent SFmpesHioss anhgebpds nghidegbiiass sotdpisddedtha &lawingre general |y

useful in viv -V aSaclsi I 0 ' ' peutics. In
general , the %@@#’o@éﬁl’ gl\r%tg %tg%err\}“sggy g@%ﬁ@@f ?%ﬁg ?@L@g#”gﬁle&g?ﬁ ‘reating a
subj ect havi ngasophdreigeg!, pamdeasicopestatep slanystahadasterioe, cdadgar,der to which the
subj ect's i mune St nmounts an i mMmune response. The ability of PD-I

ant agoni st s ﬁ?ﬁlﬁﬁ%ﬂﬁ%wa@%ﬁﬁ% PD-1 signal transaction enables a nore

robust inmmine respRRSieni lhRoRRTiPhSy bd Reatl 86! @ReGicaPERASI tions are
useful to stinmulate or enhance inmune responses involving T cells. The

di scl osed PD- hccardingtorihe embayosiasédivbf thertissud fmerh athisiythe tureerianci ng an

i Mune responge. i t&ost. for treatin .cancer bff/dﬁﬁdm ii stgrﬁ&‘:ﬁ?_gk ‘to subj ect an
anmount of a PEETYAnt-AGONTET® BF HELYP I8 "B TIRtF A O T°CIFE% n the

subj ect. The tfiypessieh a6 Gk HDithel IRt dfeatam] ¥iehhs dfieglands.

provi dedconposi ti ons and net hods include, but are not limted to, the

fol I owing: bl 8agemas.priagharissdessdrequenthy peealerivedfrommaetodetmasophageal
kidney, 1jyer qolilfdve a3 %@1‘1%&%&%‘ fat P bl rBﬁaﬁJeﬁﬁ%es’anak' n, stomach .,
ar-an enmgt ol ogi ¢c.© Ma

uterine, ovarran, testrcu I"ghan nors which may be

treated are chasgiohagdrd@nkimnanenrdofignimopdiaicartls yhihe bost ingtrowof t he
tissue fromwhich the tunor is derived. Carcinomas are tunors arising from
endoder mal or LeeearatT palieiis an siaeis sells. gdhersas fyraphonmas te (OHEIV A 1 i ni ng of

| nter nal_or 2R @t BLaNSiorfl MRS mafhED uBL AEnlBESobERGMeNt |y, are

derived from nmesodermal conhective tissues such as bone, and

cartil age. Thésdves ket dsdntidestaphiphevasear e mal i gnant tunors of

hemat opoi #ic cells of éhe bone i)r w. Leukeni proliferate as single
cells, whereas |ynphoma$’ten SFSFE oWARBEPIIFH D ASEIES  \h| i gnant tunors may

show up at nunmer ouSheHGARSe®PPD-1 antagonists or nucleic acids encoding the same
may be administered alone or in combination with any other suitable
treatment. In one embodiment the PD-1 antagonists can be administered in
conjunction with, or as a component of, a vaccine composition. Suitable
20 components of vaccine compositions are described above. The disclosed
PD-1 antagonists can be administered prior to, concurrently with, or after the
administration of a vaccine. In one embodiment the PD-1 antagonist
composition is administered at the same time as administration of a vaccine.
The disclosed PD-1 antagonists compositions may be administered in
25  conjunction with prophylactic vaccines, or therapeutic vaccines, which can
be used to initiate or enhance a subject’s immune response to a pre-existing
antigen, such as a tumor antigen in a subject with cancer.
The desired outcome of a prophylactic, therapeutic or de-sensitized
immune response may vary according to the disease, according to principles
30 well known in the art. Similarly, immune responses against cancer, allergens
or infectious agents may completely treat a disease, may alleviate symptoms,

or may be one facet in an overall therapeutic intervention against a disease.
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ti ssues of the body to establish a cancer. 2. Use of PD- I antagonists in
Vacci nes The di scl osed PD-I antagoni sts or nucleic acids encodi ng the sane
may be adwDrzosxers2d al one or in conbination with any ot RET/USad0ABIYEL
treatment. In one enbodiment the PD-1 antagonists can be adm nistered in
conjunction with, or as a conponent of, a vaccine conposition. Suitable
conponents of_vacci ne conpositjons are descri bed above. The discl osed PD- I
ant agoni sts cBeF FemRifaile SSrBlaEwnp aB impRine seSReRFCAEANIYA GHEH My be&after t he

admi ni st rat i o, Ao MRGGLE: cAdhARGaBIRRIRME HErRihd AATbAGON St

conposition is m ni ste at 't egrre’tlrre S mnistration of a

vacci ne. The phsohasgd apRobclenimgdar otaffecomgmbsetti ons may be admi nistered in
conjunction with prophy|actic¢ yaccipes, or therapeutic vaccines, which can
be used to initiate or €nhan J*&@&@?@&Pys i mrune response to a

pre-existing anti %di%éiﬁ&d@)@_ahté@@ﬁis@% h8&BiciaBidd cAHALRChe Whé cancer. The
desired outconme of a prophylactic, 'therapeutic or de-sensitized inmrmne

response may waypeastworalicrmgntegolehancel icarigens, and Sregibygrepbegseemci pl es wel |
known in the art. Sim.larl I Mmune . respenses agal nst_cancer | I ergens or
i nf ecti ous aggﬁ?@%ﬁ{;@@ﬁ%&%‘f%@f@%’&g pg magﬁﬁgg@a%yac It SHE t@ synpt ons,
or may be onecdIRGRH ovBrcame®ylefantd tolthi@bapaitchs ORé enbedieatpragidenst a

di sease. For exanple, the stinulation of an inmmne response agai nst a cancer

may be coupl eadministeringragi ffctive oot ot pZpbl antegomisdpbhwdsie acidr ronal  and

ot her imrﬁ@ol 1.G: S : t L2 : j uvant
Therapy The dlglgd(?‘fEj g%ggé g%?‘?%aorﬂegké%{r’??aﬁlg&g%&%uc%éihg:ﬁlg@ﬁ%g‘saméeﬁigg%?lﬁgﬂ t he sane
may be use toPDvVEhERIiRe bighslirpnea also aanilifg@ns]l respdndchandbyerhll eat cancer.
Appropriate target] ngﬂ of ,coédslggnal i.ng ga%h ys can |lead to activation of T
cel I's and oveHBEWHBItY llopdpg almigisiigHen obh sy EiEPeHiA8RhOHR 1P8RRSHr ovi des

adm ni steri ngt@@ﬂg@(ﬁf%ﬂéﬁl@)&@%%ﬁﬁ%ﬂs&hg akmﬁélla@%%ﬁﬁltﬁén.n@%ei c acids

encodi ng the sa me antigen tol erance. | Ition or reduction of
PD- 1 negati veesibgdialdnhprovales phsiveadpliniftyatibnadIPD-i esipoorssts oametlgver al |

i {0l Qg SO St al L an oL 8L Sl e SRR 20e R 2
gpt inggln-ei (C:he B RALIB N anbOW-Sie&iaRASS N Chafdth&ap} bAfalRRoRbr B | antagoni sts
combination thereof). The PD-1 antagonists are believed to enhance/boost
the primary response resulting in a robust and long-lasting protective
response to the tumor.
20 Treatment that is administered in addition to a first therapeutic agent
to eradicate tumors is referred to as adjuvant therapy. Adjuvant treatment is
given to augment the primary treatment, such as surgery or radiation, to
decrease the chance that the cancer will recur. This additional treatment can
result in an amplification of the primary response as evidenced by a more
25  potent and/or prolonged response.

There are five main types of adjuvant therapy (note that some of these
are also used as primary/monotherapy as well): 1.) Chemotherapy that uses
drugs to kill cancer cells, either by preventing them from multiplying or by |
causing the cells to self-destruct., 2.) Hormone therapy

30  to reduce hormone production and prevent the cancer from growing, 3.)
Radiation therapy that uses high-powered rays to kill cancer cells, 4.)

Immunotherapy that attempts to influence the body's own immune system to
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aci ds encoding the sane followng primary treatnent, vaccination, or
killing of the tunor (antibody-nedi ated, with chenotherapy or radiation or
any conbiweatowm2rsrereof ). The PD-1 antagoni sts are bel i @&@Se@9/054971
enhance/ boost the primary response resulting in a robust and |ong-1lasting
protective response to the tunor. Treatnent that is admnistered in
addition to a first therapeutic agent to eradicate tunors is, referred to as

adj uvant t her aifFk andeTagdissic a0y SEDABIIS Ga8CicBh InguaglReany cameithsri mary
treatnment, su : i at i e that the
cancer wl|l r%@ﬂ?i.ﬁteiiﬂl gﬁﬁdﬁ? gﬁg{@% K%gg%kﬁfagﬁgggﬁg}%nghggpanpl ification
of the pri mar {parsspahsiaisastiayofienibodichyr mmumecediol, end.) dadgetd pr ol onged

[ heeare 1 helnnd S Fah b BB s b Shat £ AR her apy ot
uses drugss t oplginldl, IRAAKLEI GANdiR: F&Y etxlaﬂ{pletgmagy)%x%gbm@agtgﬁmet pRM mul ti plying

or by causing the cells to self-destruct., 2.) Hornone erapy to reduce
hor none pr oducatsehbyahungs dé ptodupetooamesdroffamsptercalleh ER2. ) Radi ati on

h h hi_gh- . Kill 1S, I h
nat i tenpt s TBUPHPROEREEC RS oy < Sk RERS Lo Re R ack and

eradi cat e anyppgid fihit@s.cancer cells. | nmmnot herapy can either stinulate
the body's own defenses (cancer vaccines) or supplenent them (passive

admi ni stration of Anpicebtadievast rpdments acetd-admingtergl 9r giignyidt ed t her apy t hat
targets spgcif] es.. 1.5 i . : i ng normal,
heal t hy cgﬁl ch Jgﬁgi(ﬁéﬂlﬁh Izrf(rg%ﬁge?{nﬁ%ﬂ%%/gclgg’g%q%@%%z}éés@ a%glﬁgéllrﬁ]ar e caused by
tunors that phoitee tieabataes bf efadRatrothe tnmera! lhesundBRZapy ] srabtatzinenb
(Herceptin) is used as %dj vant therapy that targets HE% positive tunors.
Typi cal |y adj SvBHECH e qtiRehe snigue advnkisss Al wHusag 2 systyneatittmehnj unct i on

with primary GReatamntsl e sARuas BihE GoIBHRA SBnRRH dangase the

chances of eradicat’ing . “I'mmunot her apy, vacci nes

particul ar, ofihennt kderanceqUeh@mdbeantingesral thandblaimgadjwast therapy” ant i t unor
effect w exquisite_specificity and with the apility.to circument

exi sting 1 IBfZET BT CEPORie WInPEERS Hesbarres ate Mﬁ%mﬁqg "adj uvant

: Brenr) ?gy " maxi m zes 14 Qref@RINHD RN PO EATSIniRGhaRkesiRf eradicating
encoding the same, as described herein, are administered following
administration of a first therapeutic agent such as a cancer therapeutic agent.
The timing of the administration of the adjuvant can range from day 0 to day

20 14 after the primary treatment and can include single or multiple treatments.
In certain embodiments, the PD-1 antagonist is administered 1, 2, 3,4, 5, 6,
7,8,9,10, 11,12, 13, or 14 days after administration of the primary
treatment. The adjuvant is preferably administered systemically to the
patient (IV, IM or SQ).

25 The choice of PD-1 antagonist for use to enhance the immune
response may depend on the original mode of primary treatment. For
example, the same PD-1 antagonist used in conjunction with chemotherapy
may not work well with radiation treatment. Therefore specific combinations
of therapeutics and PD-1 antagonist molecules may be required for optimum

30 efficacy. The PD-1 antagonists may be optimized for the type of cancer, for

example solid versus liquid tumor for example using affinity maturation.
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In a preferred enbodi ment, PD-1 antagonists or nucleic acids encoding the
sane, as described herein, are adm nistered followi ng adm nistration of a
first thewepeuwizes2agent such as a cancer therapeutic ag®eT/USTe/0849m ng of
the adm nistration of the adjuvant can range fromday O to day 14 after the
primary treatnment and can include single or multiple treatnents. In certain
enbodi nents, the PD-I.  antagoni st is. admnistered 2 3, 4 5, 7, 8, 9,
10, 11, 12, 13, or PRl aHgeonkys ad nietRIGREs aep ﬁgé}ff@%aﬁ?@rw‘?ﬁawﬁﬁreat ment .

The adj uvant LnsthP'ixﬁlfu ﬁ}b&yermgﬁeemeﬁwmﬁnﬁme%ap%a&é%ta@ofsh%patI ent (1V, IM

or SQ. The choice o ant agoni st for use to enhance the imune
response may danaﬂdc&ﬂb cahée@ngigemadtcrmm aofucii¢ amd yndodgwta@intl.  For exanpl e,
t he same PD- | n u in co nction.w th chenot hera may not work
wbt1 Snith 1 adPRRFOREs BB hetncrir BPEARBistint ol R AT BsS:

t herapeutigs ﬁﬂl%rpsgeélﬁéfﬁléﬁ% Iﬁtthé’@ib%‘c%”}&ﬁam,)’ech%:d egdsiRd of®7-ppti mum

efficacy. The PD-1"antagonists may be optimzed for the type of cancer for
exanpl e sol i dinVBY segative @uﬁnﬁeﬂwceﬂém% aphewn & ingues Ficall mpediated

mat ur ati on. DI, ant aqq0list s and, Uel ol BSLOSRNER0G, J 0% SaE.TY _be

useful in thesl?er‘f AT mun unors. For

exanpl e cell St&@ﬁlﬁb@hﬁﬂﬁ%@ﬁﬂhﬁﬁ cel g@fel’therapj‘\ué‘dt@leﬁtsal&h@ngImoiféla&gi a PD-1
ant agoni st as descri bed herein, and then_adm ni stered to a subject to

traverse tunpfackeriayibe mesieled ameaima FREIBEN be K- BOEBTY, ect opi c
expr essi ofy of I%g&g&ﬁcﬁ afley ed}éz?r TR, bHch?rlsP?ﬂd-»% §9 egn shown to

i nduce T-cel I specific 1munity acconpani ed Aor rejection and
prol onged proftEeishbat dlgGeuaﬁ"hercﬁﬁDB&ﬂ@% (I998); e K. @éﬂﬁlngeme Jt her apy

treatnments ut|I|2| I b ed ni.mal
experi nents { Lagupol. fii’%rﬁéé gé’f?’cﬁé&% @L?%‘ép%?t t’godg’ #9@’ W%ldrgwllierratol Oncol .
19: 356- 340 118???;1 350(2@6)?'&@1‘11111%5 pﬂhse I@ﬁéﬁ%xé&%hent@&igﬁ&{&ﬁﬁﬁn(:ﬂ%% B. K
Martin et al. " 1 munol “162:6663-6670 (19 er t Adv. Exp.

Med. Biol. 4651 zﬂmmem@o)l)l 1065~ lﬁ&i’réaﬁ)()@hawbmh use Bat! @@k?.ufmmg (H L.
Kauf man eﬁ ?Lfm Gene Ther. 11:1065-1082 (2000)), which use B7-1 or B7-2
for gene ?an%rlaﬁ i EPRYY. Adninistration is not linited to the treatnent

of an existing tumxdn@histBi@LkinotEmdbs fame thiincatrf 4 &@sthe tiaetort 0 prevent
or lower the risk of
infectious disease but can also be used to prevent or lower the risk of
developing such diseases in an individual, i.e., for prophylactic use.
Potential candidates for prophylactic vaccination include individuals with a
20  high risk of developing cancer, i.e., with a personal or familial history of
certain types of cancer.

Another embodiment provides a method for increasing the population
of tumor infiltrating leukocytes in a subject by administering to the subject
an effective amount of PD-1 antagonists or nucleic acids encoding the same

25 to enhance activation of the subject’s T cells.

C. Combination Therapies

The disclosed PD-1 antagonist compositions can be administered to a
subject in need thereof alone or in combination with one or more additional
therapeutic agents or combinations of the recited PD-1 antagonists. The

30  additional therapeutic agents are selected based on the condition, disorder or

disease to be treated. For example, PD-1 antagonists can be co-administered
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devel opi ng such diseases in an individual, i.e., for prophylactic use.
Potenti al candi dates for prophylactic vaccination include individuals with
a hi gh riwR 20fo/des28l opi ng cancer, i.e., wth a personal PeI/USamolos471 hi st ory
of certain types of cancer. Another enbodi ment provides a nethod for

i ncreasing the population of tunor infiltrating | eukocytes in a subject by
adm nistering to the subject an effective apount of PD-1 antagonists or

nucl ei ¢ aci dsWER©BEPhEOrhalditione! agsnbsrihalfuectioadp ¢aRaneH OHPIOPVE ubj ect's T
cells. C Conpjnahd rapi es The di scl osed PD-1 antagoni st conpositions
can be adniniste?%%gggiggsubject in need thereof alone or in conbination

Wi th one or nore additidnal tUhemapeuwhpentiagegdids or conbi nations of the

recited PD-1 antagoni sts. The additional therapeutic agents are sel ected
based on the condifIopD LieRuet cat el Seeubing! Bibihe BRI ror “exanp! e,
PD-1 ant agoni 4§60 tRBaRn/8EntY. Rbpl8HMEE 1R3EpcRtic BB RS %@Hﬂg&,‘%‘ﬂm agent s

that function to enhance or pronote an i mune response. 1. enot her apeuti c
Agents The PDate rehiiagtedits thepanthaxbprotip egothdidiad-apppintioagents: nore addi ti onal

t herapeutic agents. Representative.therapeutic ent s, ,nclude, but are not
limited to chgﬁB&eﬁ%?%B%&EFIEO@S@RF@wa%nﬁSﬁ%‘ﬂ‘é‘%%sﬁg‘?? Bma%ﬁgﬁ?dst.o Representati ve
chenot her apeukingaci@ieBlSothh UdRulfi) CatRaIfY, chibdplagf ch@matBgcrine,

bl eonmyci n, busul fan, capecitabine, carboplatin,carnustine, chloranbucil,

cisplatin, claelerasbysil, aspiatn, sladribinecolptrabings passataspdsel ophosphani de,

cytarabin d j . i I n i.CLD: ,

doxor ubi ci?(?] g%?é%léfé&ﬁnldg’t% &Eagésb?@yé%E%B%ﬁéagé&ngowpﬁbg%ﬁ@g@ﬁh gencti t abi ne,
hydr oxycar bandde:taxdardeRbmibltin, iehsticin etoposidd, Aodaakine, fleweoxd),i n, |iposonal
doxorubi cin, |iposonal daunorubicin |onustine, nelphal an, nercaptopurine,
mesna, met hot BEREHDMEDYRy¥GaRLanle.ddak 1&%593%%4% BINRESCAD: pacl i t axel

pemet r exed, p?éHcQ&%rﬁat iligoso%ﬁ‘i’%&&ﬁﬁiicﬂll‘?liﬁﬁis?h{ail Hé&f&ﬁﬂaicig?w Liatl n,
streptozocin, tegafur-tracil, tenozol om de, teniposidé, thiotepa,
ti oguani ne, t opdttetanmetsappulifigmesua, mpdthstdxate, nitomycins tiitesgntsinadesi ne,

e e O RO R b e es] popBresenLaL e, prigaoopt ot agents
satraplatin, streptozocin, tegafur-uracil, temozolomide, teniposide, thiotepa,
tioguanine, topotecan, treosulfan, vinblastine, vincristine, vindesine,
vinorelbine, or a combination thereof. Representative pro-apoptotic agents
include, but are not limited to fludarabinetaurosporine, cycloheximide,

20  actinomycin D, lactosylceramide, 15d-PGJ(2) and combinations thereof.
In certain embodiments, more than one PD-1 antagonist can be used
in combination to increase or enhance an immune response in a subject.
2. Fusion Proteins that enhance immune responses
In other embodiments, the PD-1 antagonist may be co-administered
25  with compositions containing other B7 family costimulatory molecules that
enhance an immune response. The other B7 costimulatory polypeptide may
be of any species of origin. In one embodiment, the costimulatory
polypeptide is from a mammalian species. In a preferred embodiment, the
costimulatory polypeptide is of murine or human origin. In one
30  embodiment, the polypeptide is B7.1. Useful additional human B7
polypeptides have at least about 80, 85, 90, 95 or 100% sequence identity to
the B7-2 polypeptide encoded by the nucleic acid having GenBank
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actinonycin D, |actosylceram de, 15d-PGJ(2) and conbinations thereof. In
certain enbodi nents, nore than one PD-I antagoni st can be used in

conbi nat iwWA 20W/a2M28ease or enhance an i mmune response i RCA/GS09MO84971 2.
Fusion Proteins that enhance i mune responses In other enbodi nents, the
PD-1 antagoni st may be co-adninistered with conpositions containing other
B7 famly costimulatory nolecul es that enhance an immne response. The

ot her B7 costiﬁ\ﬁiﬂsﬁf)BNmBEF 19813 oe theely7-He nofypshijdseneedekbnteorigin. I1n one
enbodi ment, H\%&I&E,’%&BWLQE@%BM ?&ag&gz'oﬂ?ﬂn%efr W@"?‘Iéﬂ%m@ﬂﬂ@”s Jgpgcies. 1n a

preferred enb the“costinulatory po e I's of nmurine or human
origin. In onézseinmddnri’é}ﬁ?uhlhetxcpnNpr@2@%/0@2@ 1. Useful additional

human B7 pol ypeptl es have .at ast about .80, 90, 95 or 100% sequence
donti ty Lo ther g7l BOYpdaTtaE e ot E Bk et v ng
GenBankAccess R&Q}dﬂﬁ @9@61&5@%&1 ﬁxrotelﬁﬁ% ﬁ?crm%d@l@}e\lzp e@&i{ﬂ% f@s"'&rpd ed by the
nucl ei ¢ aci d havi ng GenBank Accession . - is al so

di scl osed i n PORIRUH] B’bamie@nlemdlat M%Imm@ﬂmer&ﬁnd }W@ﬂv@rabéuy enbodi nent ,

t he additiona cuI es ar s sol ubl.e fusion proteins

as descri bed e‘f'rg?sﬁfnpgb% ? CEEBY ?’“&%?rﬁé}’ ﬁanC P ROERIPEEORR form

dimers or nul timer g @ienittydemediethaBirdtifidlod Parble@&d fridmdrdiel & Byognat e

receptors and thereby function as receptor agonists. In one enbodi nent, the
ee

first fusion FaRithae @lealnfzhuégl@ebntn@thanmtff fill B7roPeBAtHS. Ancl udi ng, but
not limt t A Y/ ragment of BY

nol ecul e ?(gf egSsﬁl?ithoeg‘eanrlfE‘)1 fr%?bnéeg{[ Ogg,?lf;%ele%z ‘;%’3% Ohag{gesluﬁget 8f{shea shorter

pol ypepti de Obokyb@ﬁdﬂltﬂl&t|1f€mgidﬂter)pd§f§¢p11deUﬁéfelﬂlllﬁﬂfl‘%@mﬂtﬁn aUseftthose t hat
retain the ablllty to bind to thm@é&kural ypeptide that

is a fragnment TgemERs pra thatthatseta 18’%51 §f‘r H%@gmﬂg% st* 20 percent,
30 percent, 4%7@%r])ﬁ)%ﬂﬁde 0k RE"EMent @@uﬂ%ﬁgﬂ?h? i8Rl ﬁ?ﬁra%%r 80 percent, 90

percent, 95 per percent,” 99 percent; percent, even nore than
100 percent ofeasthi) ecdni,t3) iieocebt ﬁﬁ pnetcsmn ap pembntl ﬁ@aﬂd@ﬁ,) Tlasercamigpar ed t o
fuII-Ieng nol ecu ti i ncl de sol ubl e

[ r agnent S15 SoPABPECET BB BECH RS B ea TR PE el By

pol ypepti des bhat maﬁwmﬁmh}%herﬁ @f:th%tagi:lnp{o Ohd 8k Whisel ﬁé&ﬁ:ﬁ@ta@d f romthe
produci ng cells. Soluble fragnents
compared to full-length B7 molecules.
Fragments of B7 polypeptides include soluble fragments. Soluble B7
polypeptide fragments are fragments of B7 polypeptides that may be shed,
20 secreted or otherwise extracted from the producing cells. Soluble fragments
of B7 polypeptides include some or all of the extracellular domain of the
receptor polypeptide, and lack some or all of the intracellular and/or
transmembrane domains. In one embodiment, B7 polypeptide fragments
include the entire extracellular domain of the B7 polypeptide. In other
25  embodiments, the soluble fragments of B7 polypeptides include fragments of
the extracellular domain that retain B7 biological activity. It will be
appreciated that the extracellular domain can include 1, 2, 3, 4, or 5 amino
acids from the transmembrane domain. Alternatively, the extracetlular
domain can have 1, 2, 3, 4, or 5 amino acids removed from the C-terminus,
30  N-terminus, or both.
Generally, the B7 polypeptides or fragments thereof are expressed

from nucleic acids that include sequences that encode a signal sequence. The
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of B7 pol ypeptides include sone or all of the extracellular domain of the
recept or pol ypeptide, and | ack sone or all of the intracellular and/or

t ransmenbweaneldengsns. | n one enbodi nent, B7 pol ypepti deCrisgomemas47i ncl ude
the entire extracellular domain of the B7 polypeptide. In other

enbodi nents, the soluble fragments of B7 pol ypeptides include fragnents of

the extracel lul ar, domain that retain B7 biological activity. It wll be
appreci at ed t HEPAlsREIEGE isecapplly sleatiserm t@dﬂ’m%eqem@pfpﬂ% ©3, 4, or 5

am no aci ds fgfb‘ﬁh&@ﬁe%ﬁﬂ%%%%&%_ IR fhe sfnb P g%dc}éﬁhywmtﬂ&e extracel | ul ar

donmain can have 1, 2, 3 4, 'or'5 am no acids teno romthe C-ternl nus,
N-t er mi nus, ospietibted Gahtheaigng] saghendd i B pohgepiidessanbe fepdapedys t her eof

are expressed,_ from pucl ei ¢ aci that include sequences that .encode a

2l gnal " sequents LSRR Bt e i Sk FEUL TR R e | et ur e
pol ypepti de t @cRAIQHGS aFB& (HREHIEssRA ¥ REDkbdidedublitt Beodksnal sequence.
It will be appreciated that the signal sequence of B7 pol ypeptides can be

repl aced by t heopsityahthepeljpepiide. ofhesigrhsaquptrieyiba ps ege tosdpiage sheandar d

nol ecul e bi ol techni ques, to affect. t,he expression |evels, secretion,
solubility, o(gl%}é%lhsg “%"P‘%gaéﬂr eya‘ngﬁmtoﬁé H|5ol?eya éptide. The signal sequence that

i's used to repl aceB7hgoletdaalsichamlerpadadnclide amankpslvpeptided thet aet . B7
nol ecul e fusion pol é%ept iides include variant pol ypeptides that are nutated
to contain a &Bi&ed Brtontaima deletion, SRostityfingy PRFHOLGE IPEHPEHRGEMEALS of one or

nor e am nepaci [RYA=1 RE ' u Usef ul
variant B 0f ul(s)?%lr?gegérlg%lg?églgg g?%@feﬁgﬁst%éj}wHg'?ﬁ)regjt&a%%ﬁ?%agggéﬁqt $j§ f[é gﬁ bind to
recept or pol yperdnt @dSusivapraeihs 8é thess itien rgaihthegiliggs bindtoeedeptorhave at
| east 20 percent, 30 percent, 40 percent, 50 percent, 6 ercent, 70
porcent, B0 pabBERRIeDoVARMIH o5 ppBPeies Baciataknel 68 far cent . 100
percent, or eyeR-fiDsEpioan, dP0kBGk S erQnt, 606 eRRh1, b YelcBndpHd tO B7
receptor pol ypepti des as conpared to full-length B7 fol ecll es. Vari ant

B7-H5 fusi on peicyme? petesntcinpdreant, WnercohtiiVnetdeon 169 panvintooanied
substi t ut

one or o s e §0 BeRbed S8 MBS pitk i alr bR REe G oM
rearrangenent gof hidH fo gjnut@ggthcg7 @bj_ec@%s,t he f | rst fusion partner, the second
POLYPeRtLde, andl O nt B7.HS falon polypeptides ban have any sombination of
amino acid substitutions, deletions or insertions. Variant polypeptides may
contain one or more amino acid deletions, substitutions, insertions, or
20  rearrangements within either or all of the first fusion partner, the second
polypeptide, and/or the optional linker peptide sequence.
D. Combination Therapies
The PD-1 antagonist compositions can be administered to a subject in
need thereof alone or in combination with one or more additional therapeutic
25  agents. The additional therapeutic agents are selected based on the
condition, disorder or disease to be treated. For example, aPD-1 antagonist
can be co-administered with one or more additional agents that function to
enhance or promote an immune response.
K. Adoptive Transfer
30 Adoptive T-cell therapy is a promising strategy for the treatment of

patients with established tumors but is often limited to specific cancers where

tumor-infiltrating lymphocytes, the source of T cells for ex vivo culture, can
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D. Conbi nation Therapi es The PD-1 antagoni st conpositions can be

adm nistered to a subject in need thereof alone or in conbination wth one
or nore MMOi20i00n2828t her apeuti ¢ agents. The additional tREeTASewI0s49ayent s
are sel ected based on the condition, disorder or disease to be treated. For
exanpl e, aPD-1 antagoni st can be co-adm nistered with one or nore

addi tional agents that functign to enhance or pronote an i ne response.
E. Adoptive Tp%ﬁ@f‘*’é‘ﬁd-A@%f’m\%?@gme%l’*lovf‘i‘?%?&E}hqufroétfﬁt%"gp?ﬁnggt rategy for

the treatment a&lﬁm&%i@%sefmkﬁ% %@Rb’fﬁﬁ&ﬁa SRSy I h$nigbitp 1imited to
wher e t I

speci fic cancers unor-1n trating |'ynphocytes, the source of T
cells for ex widuce B}t wreptorcaadiated bigaaltenhsdu@nion @b ooherest! ipr ovi des a net hod

for treating cancer.b m, ni steri an effective a t of .an antagoni st
for POT Lot Fmpret R aeea -t gBRT bt Sissh seeurel §h [Randuction i n
a tumor cefl by RREILAA kLB AbAMRIhisWRed ARt buti&te baBYoQr antigen
specific T cells. The adoptive T-cell transfer can be admnistered to the

subj ect pri or fallpvang sdshindsliehion abithe ahteeeist bl or Addedrie Hiyowsilsex of PD- 1 or
added to the cells ex vivo. Antigen-specific T-cell |lines can be generated
by in vitro stifulation with antigen followed by nonspecific expansion on

CD3/ CD28 beads. Thanafdd-édeyificOr-eXPaMe canbt gemerap@ by 4 Girrd stiglulB8ioaan be
assessed using | FN-gamm and_ granzyme B enzynme-|inked inmmunosorbent spot.
The phenot ype Vot apkiger ©dlgved iy nyngpepific|cxpasioagy Qa8 heedy Thy 1 ow

cytonmetry,aingl wdi NCe: E - 1 4NQ: + ells.

Ampl i fi cag {i} on%%#&wa{r%%xggﬁis%%@?f?ﬁw{% |°$3g;‘%83’fé%'té ge%%g qglrnglr:%ﬂ gé%al%ﬁgr al Bl ood

Ui Ul At on it heopti ol 1 engt &t Gent c.popt [ des T h the aresence of IL-2
l . I ptldes | res -2.

Low doses of F%ﬂbéﬁtﬁré%?sfg“ g?\ﬁvag‘ﬁgﬁﬁ’ﬁ ?gWﬂ@nﬁé%’nmﬁé’galﬁ%ﬁdi tionally to

avoi d the act LVALIQNreXPaSLGedin '(Yﬂitii{h?ha il Rs aghipygtadnkdfhtecel 1 s, as

reveal ed in chromumrel ease assays were commonly enployed to nonitor
speci fic T celspecifiqpinsil populGoms drory Beripesal Bloahogemicteap€plls des can be

OO T L RS RSB0t TR0 ShR0EL B BhLR g gons user
optimal length antigenic peptides in the presence of IL-2. Low doses of IL-2
(between 10 and 50 U/ml) have been used traditionally to avoid the
activation/expansion of lymphokine-activated killer cells, as revealed in
chromium release assays that were commonly employed to monitor specific

20 T cell expansion. Concentrations of antigenic peptides can be 0.1-10 uM.
1. Tumor-specific and Tumor-associated Antigens
Antigens useful for expanding T cells can be obtained from biopsies
of tumors from the subject to be treated. The antigens can be biochemically
purified from the tumor biopsy. Alternatively, the antigens can be
25  recombinant polypeptides. The antigen expressed by the tumor may be
specific to the tumor, or may be expressed at a higher level on the tumor
cells as compared to non-tumor cells. Antigenic markers such as
serologically defined markers known as tumor associated antigens, which are
either uniquely expressed by cancer cells or are present at markedly higher
30 levels (e.g., elevated in a statistically significant manner) in subjects having a
malignant condition relative to appropriate controls, are contemplated for use

in certain embodiments.
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of tunors fromthe subject to be treated. The antigens can be biochemcally
purified fromthe tunor biopsy. Alternatively, the antigens can be

reconbi nawo 2pwiogpeept i des. The anti gen expressed by the POFAIS20009549¢1
specific to the tunor, or may be expressed at a higher |evel on the tunor
cells as conpared to non-tunor cells. Antigenic markers such as

serol ogically defiped markers known as tunor associ ated tigens, which are
ei ther uni quely expFESEadOHged FRLEMS Ty 13%?e,g?reex6wleeﬁ?i?@%r mar kedl y hi gher

level s (e. ., oflB¥AL &olIE Frodh@l bBitet@hily efireRbd hodlbndBRRRSENCcOBd SUbj ect s
having a malignant condition relative to appropriate controls, are

cont enpl at ed proxduets ée.g.nprodntisicncodad by thearusiatuno rnd s genesd.ed anti gens may
i ncl ude, for ex cel.lul ar .oncogene-encoded odycts.or aberrantly
expr 6ssed pr ot uRLbyER e ke B eRNE ARy B FRAg- PP KRR Coded by ¢ he
neu, ras, 3rkmohRdlekid gganery redéFto%ﬁcﬂﬁE&ibff @icBerbB géeM DiHeaeirdr- r ecept or
or receptor-like cell surface nol ecul es surface receptor encoded by

. Sur f a (e.g., s .
the c-erb B gasweyiatedapigens inphidesnolerdeshatmey beakeqlydnydeedidl ecul es t hat
may be direct .WQ' in. tr i Vi . . es that may
not be direct Rf{nglfnvokléggvéﬁs’gﬁ%%éec%%%e{rtg%gﬁl c())(r?rgr%lta %m(?)ér%llrye}\ggéllt9 (gdjitr)lut are
expressed by bhaenicelahsfofrtatipn, events bunge riprygaset by anhogeifls (€4; 125, mel onoma
associ ated anti gens, _etc, )ﬁé,see, e, g .S. Pat. No. 6,699, 475; Jager, et
al, Int. J. ChMEBPembyenigpaligen. (Fbda),meewaygssodriedpntisngeeic-Rey. | mmunol .,

22: 14172, 2003} SCBN 1 1 6395375 Shacl TR, Jury EckiR00N51f8pES  hat
ul ar tunor d [T al

encode ce assocl ated antigéns include cellular oncogenes and
pr ot 0- oncogené 0B enaedy, abalr, TanRey lewpressBdl41FTR GOARY, &kanloslet all ar

oncogenes encqde products re directly relevant to the transformation
of the cell, gﬁﬁc‘%«gg’gﬁ’%‘}o};&?hﬁﬁ; these antigens are particularly preferred

targets for i MUNO(RBEPBY: erdBd XA BurhSr BRI R @B8NINC1UAB YeltigRe t hat
encodes a cell surface nol ecul e involved in oncogenic transformation. O her

exanpl es i ncl wdedgenes andprotkiancogangs thak aigehemantiyreapssesdude gersial,
s i M R s
can be rel at egrahgossdtionl Atthd delinsd Dbt e thid hisse abligerRhedpeticgatpded by
proto- oncogen%?efgggd tgggegsafro? g;[n%idmotlslgrggy.o/«r{rcl %}%aerngig is the tumorigenic neu
gene that encodes a cell surface molecule involved in oncogenic
transformation. Other examples include the ras, kit, and trk genes. The
20 products of proto-oncogenes (the normal genes which are mutated to form
oncogenes) may be aberrantly expressed (e.g., overexpressed), and this
aberrant expression can be related to cellular transformation. Thus, the
product encoded by proto-oncogenes can be targeted. Some oncogenes
encode growth factor receptor molecules or growth factor receptor-like
25  molecules that are expressed on the tumor cell surface. An example is the
cell surface receptor encoded by the c-erbB gene. Other tumor-associated
antigens may or may not be directly involved in malignant transformation.
These antigens, however, are expressed by certain tumor cells and may
therefore provide effective targets. Some examples are carcinoembryonic

30  antigen (CEA), CA 125 (associated with ovarian carcinoma), and melanoma

specific antigens.
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encode growth factor receptor nolecules or gromh factor receptor-1like
nol ecul es that are expressed on the tunor cell surface. An exanple is the
cel | surfwoeorieegBor encoded by the c-erbB gene. O her PCUAS2O0Q9S49¢C1 at ed
antigens may or nmay not be directly involved in malignant transformation.
These antigens, however, are expr essed by certain tunor cells and may

t herefore provi de ffectlve targets. So exarrpgs are carci oenbryonl C
antigen (CEA), a(“é%%‘ép BRI RAD ‘érr"fxéﬁlp F‘BFW&?E)CW d mel anona

specific anti Qﬁgﬁné Bre QAR zﬁ@&im o 8 re%@tﬁ)fbﬁgﬁ@@ bidl 10&@&%@'33@ t unor

associ ated antigens are detectable in sanples of readily obtalned
bi ol ogi cal f| ai sksurswe muassad egcuetions. Chmmnshlm@wneﬂﬁdaé a @nansugh marker is

CAl125, ti h t.] | ed to th
bl codst ream ARBFASH ?ﬁﬁéén%?té&?ﬁ%kﬁ%{‘ﬁmﬁ?hh%é 3 SRR et ol IV, Eng,
). Med . 309: G898kl @UIBSL cal, N e oS (1507) A 25

level s in serum and ot her bi ol ogical fl ui ds have been neasured al ong with

| evel s of ot hbtoydaetieds &7 £ Sianexahfh (19941 CCAbeisvylein ecramtand ethef CEA)

squanous cel | [ Gl Jonm ntigen (SCC Lde ec fic antigen
(Trey s abyt DRl AR 2y SRk el RSY REBBROSHIEREY' (otam T
efforts to pr@)fdrﬁliﬂeCbaﬂgﬁ&%ibr?oiﬁﬂdﬁt(yenmc,@@),%]haﬁow@filldaﬁﬁmﬁﬁa MRehan and

ot her carci nonas g., Sarandakou, et al Acta Oncol ., 36 755 (1997);

Sar andakou, e{ %@) tlSE@rPOIYJJGP@}Brﬁ’éﬁﬁp a@iﬁ&@l(‘r?slgi#ﬂ 1N ovgin SidDer, et al.
Ant i , t t.
pnt | canceg gy yEAIDIEMS 5L 0N il o p SnESRle st
neur obl ast onaa(lch’ogprpghibstlolp&vﬁies @ftovatian aidlsther éﬁmiﬁgmas?@ o3 Mrdnli9R8),, whil e
I ted CEA t al
(Gobauer, ot 411 A4 Qe SO HeS (1901 Catyrdo6ms o A9gH ), Criectobmor assoc at ed
anti gen, mesoihehj no. 199§u1\/fé¥err@caa?t{4%izéa%c¥)‘ﬁé} rmlflﬁi)lﬁﬁﬁl (1999, body K-1, is

present on a ngyj ority o amous cell carci nomas ["udi ng "epi t hel i al
ovari an, cer vikedbh, canb, @wphh@éaﬂer ool 37 Rr(d99M).nBlewtthé k¢romas ( Chang, et

21002 o Crak2s iy g feconhiz R audhafe - HyBbiva ef@neia, "o o proc.
Nat] Acad Sol . 2934051 306 OB ind SO kmon s, ol - Acad Scl

USA, 95:669 (1998)). Usin
accompany coiorectal cancer (Gebauer, et al., Anticancer Res., 17(4B):2939

(1997)).

The tumor associated antigen, mesothelin, defined by reactivity with

D

20 monoclonal antibody K-1, is present on a majority of squamous cell
carcinomas including epithelial ovarian, cervical, and esophageal tumors,
and on mesotheliomas (Chang, et al., Cancer Res., 52:181 (1992); Chang, et
al., Int. J. Cancer, 50:373 (1992); Chang, et al., Int. J. Cancer, 51:548
(1992); Chang, et al., Proc. Natl, Acad. Sci. US4, 93:136 (1996);

25  Chowdhury, et al., Proc. Natl. Acad. Sci. USA, 95:669 (1998)). Using MADb
K-1, mesothelin is detectable only as a cell-associated tumor marker and has
not been found in soluble form in serum from ovarian cancer patients, or in
medium conditioned by OVCAR-3 cells (Chang, et al., Int. J Cancer,
50:373 (1992)). Structurally related human mesothelin polypeptides,

30 however, also include tumor-associated antigen polypeptides such as the

distinct mesothelin related antigen (MRA) polypeptide, which is detectable
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K-1, nmesothelin is detectable only as a cell-associated tunor marker and
has not been found in soluble formin serumfrom ovarian cancer patients,
or in nmedvorooon@2Bi oned by OVCAR-3 cell s (Chang, et al PCTIUsR009®549CaNCer
50: 373 (1992)). Structurally related human nesot helin pol ypepti des,

however, al so include turnor-associated anti gen pol ypeptides such as the

distinct nmesothelin related antigen (MRA) |y, Lde, which is
det ect abl eas & haadtwrdy ogeBEpEFHPMg 28 %P@?(gﬂ%ﬁ‘?%gﬁn%ﬁ‘ﬂp@%ﬁ}t%al fluids
from pati ent sphayi paipRlbgpanci es. A tunor antigen may include a cell

surface nol ecul e.” Tundbr antigens of known structure and having a known or
descri bed functi onA(tsmer atigee mayanclidt & gghsurfkss owilecubd Tmodr Tunor

Neovascul ature Protejn therapeutics can be ineffective din treating tunors
because t hey Q?tbgep?@# ko WEL‘% © ﬂfﬁharml?e%g%vﬁ ?rocﬁe.scrﬁlifﬁbdr’{l%%ogiﬁ‘?eat ed
neovascul af ur ghRkpvi des a readily accessible route through which protein
t herapeutics can access the tunor. In another enbodi nent the fusion

proteins contain a donmain t hamtigpecassockaked, Withhumos Neavasenlagere t hat i s
oxp ssea, by noouapeyl i BISEEL SeSLATS  SUOE oTh l08, T b

specific to tunor heov ure or | evel in

t unor neovasc wledheffieienh@nueonpaeedidn Nensedssodaedhatvasalatieenpl ary
antigens that are over-expressed by tunorassoci ated neovascul ature as
conpar ed to n@Faridespdertily aceqssiblereitgdhrough whighagratsin thepPedgs €8 VEGH KDR,

Ti 2. vasgy! age el thoddhes 0nmbeai R 0UAM £ sRAPGEIR BiAsDS

i ntegrin/vitronectin. her anti1 gens that are overexpresse
t unor - associ atlestaimebatapedifiedllyrtdndssto @ompagedhitds aopresked bascul at ure are known

to those of skill i‘g the art a d.Ere suitable for targeting by the
di scl osed fusPeNst ?tETer?sS?Oc%?%ﬂ’mt &R present invention may be further

under st 00d by r ef e1eDGR;dA hdleod Glligthd niiiebiatbilhilge GxAEPbEs. Exanpl e 1.
- inding to PD-1 PD-1 bi'nding activity of human B7-DC-1g was assessed
by ELI SA. 96- weptessetl hSAhighert levelve tumaowteascvlatuke when eampargdtoug/ i
reconbi na% normal vasculature. Exemplary antigens that are over-expressed by tumor-
associated neovasculature as compared to normal vasculature include, but are
not limited to, VEGF/KDR, Tie2, vascular cell adhesion molecule (VCAM),
endoglin and osf; integrin/vitronectin. Other antigens that are over-
expressed by tumor-associated neovasculature as compared to normal
20  vasculature are known to those of skill in the art and are suitable for targeting
by the disclosed fusion proteins.
Examples
The present invention may be further understood by reference to the
following non-limiting examples.
25  Example 1: B7-DC binding to PD-1
PD-1 binding activity of human B7-DC-Ig was assessed by ELISA.
96-well ELISA plates were coated with 100 pL 0.75 ug/mL recombinant
human PD-1/F¢ (R&D Systems) diluted in BupH Carbonate/Bicarbonate pH
9.4 buffer (Pierce) for 2 hours and then blocked with BSA solution (Jackson
30 ImmunoResearch) for 90-120 minutes. Serially diluted human B7-DC-Ig as

well as human IgG1 isotype control were allowed to bind for 90 minutes.

Bound B7-DC-Ig was detected using 100 ul. of 0.5 ug/mL biotin conjugated
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human PD-I /Fc (R&D Systens) diluted in BupH Carbonat e/ Bi carbonate pH 9.4
buffer (Pierce) for 2 hours and then bl ocked with BSA sol ution (Jackson

| nmunoResw@arety02fg28 90- 120 m nutes. Serially dil uted humram/uBZeodas49g1 as wel |
as human 1gd isotype control were allowed to bind for 90 m nutes. Bound
B7-DC-1g was detected using 100 uL of 0 5 ug/ mL biotin conjugatedanti-human

E7RPI-Dgt (r: leg'? gv :VI mkuhh‘(sl@é?egj( gi(i If’]gﬁ% QIH&% E%% %qlét“?g@%: LM%HR%O rbance at

450 nm was r eadpUsikRenAliR (BDBIHRAIRE) mﬁgtguagtra%m@?% and data were
anal yzed in SoftMax using a 4-paraneter logistic fit bi nding activity

of murine B7-Babams abddbwn ks bsadBisirga plag-reasiet (MplesflapDatiess) wer e coat ed
with 100 nL O, [ L reconbi nouse PD-1 [/ Fc (;R&D. tems) diluted in
Bupt Car bonar WAL EE RSP e § Brbrblert B M o and. ¢ hen

bl ocked wig h BSA SPDUItlbiﬁﬂ‘m @a@ﬂgrofrﬁumwl WeY a96ss8d PEERISA Serial |y
diluted nurine B7-DC I g § V Id type, as well as D111S and K113S nutants that

wer e sel ect ed?§-vielldddy @ﬁwa:iewgaﬂeémﬂ}wp }éso\?(élugh@s repaiibiEnt gG2a i sot ype
control were det ect ed
usi ng 100 uL %Ph%vgg 19Ig;)cl(%ﬁﬁg S&?Le ng%lmtggae@% %HQZ]?;P&@!} I"'one 112

(eBi osci ence) 9ﬁ¢iuﬁem&dezb@') for 20060rsdnd tﬁeﬁdaldtﬂREd Stxmaﬂ/w@}dum (®BRdBi-osci ence)
and TMB substrate (BiQFX). Absorbance at mwas read using a plate

reader (bl ecHiospichEs) iy mwfsa&ﬁai%ﬁh@%@w%a719@@:%{W%Wp&s%g a
4- par anet gy '%y%%?ms bnd ﬁ?gsg; %%t% Radyd E@Sa Qvy tdr@@dtgé@gﬁﬁzr%ftOM5o

versus anount o InaP bl ndi n Frrgure 4A I A
shows bi ndi ngPBf»l)fasurrelichsfnlitemdg(}ﬁmtsgty@f: cbnﬂtdnvd%é’&m@ié(bto Hndyfor 804B | B shows

bi nding of wild t mur,i 7- DC- | circle),. the tant, (B7-DC-1g with
Che DLL18 subBERIEE ] F R decyesdhereied Hinae oot bes Ve i ne 1 135

substitution; &?ﬁ&?ant%@u@lﬂ@@élgﬁﬁiz (%B'Sdé@i%n@é%célhﬂifec( Wl popgd) . Exanpl e
2: B7-DC bi ndi ng to PD-1 expressing CHO cel first conjugated

wi th al | ophycdidytasthHRP wa\adm (Bﬁeﬁiosm@mb@@ﬂf biB Wﬁf@géBwﬁﬁdent rations
that do mot - eRbrebERedt o0 s R VP LRER SR eIt ES TRy, R qure 2
shows the nmedighddth wefeaaBRE@id SEEVISL L3ing Wlﬁarzﬁfiet&ﬂo@@mt gt.APC (y-axis) as a
function of the concentration
Figures 1A and 1B show line graphs of OD450 versus amount of B7-
DC-Ig (ug/ml) in a PD-1 binding ELISA. Figure 4A 1A shows binding of
four different lots of human B7-DC-Ig. Figure 4B 1B shows binding of wild
20 type murine B7-DC-Ig (circle), the DS mutant (B7-DC-Ig with the D111S
substitution; triangle) and KS mutant (B7-DC-Ig with the K1138
substitution; square), and murine [gG2a isotype control (diamond).
Example 2: B7-DC binding to PD-1 expressing CHO cells
B7-DC-Ig was first conjugated with allophycocyanin (APC) and then
25  incubated at various concentrations with a CHO cell line constitutively
expressing PD-1 or parent CHO cells that do not express PD-1. Binding was
analyzed by flow cytometry. Figure 2 shows the median fluorescence
intensity (MFI) of B7-DC-Ig-APC (y-axis) as a function of the concentration
of probe (x-axis). B7-DC-Ig-APC binds to CHO.PD-1 cells (solid circle) but
30  not untransfected CHO cells (gray triangle).

Example 3: B7-DC-Ig competes with B7-H1 for binding to PD-1
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of probe (x-axis). B7-DC-1g-APC binds to CHO PD-1 cells (solid circle) but
not untransfected CHO cells (gray triangle). Exanple 3: B7-DC-1g conpetes
wi t h B7- Hrof2oro/darsedi ng to PD-1B7-H -1 g was first conjug&CEWSa00i054971

al | ophycocyanin (APC). Unl abel ed B7-DC-1g at various concentrations was
first incubated with a CHO cell line constitutively expressing PD-1 before

addi ng B7-H1-1g- AP he obe and cel ). mixture. Figyre. .3 shows the

medi an fl uorescenp§7m“iﬂ1‘§?$§rsf W')‘gaé‘?de‘ﬁffh gii"pfhp’ QC{XI@@“%;A‘-P@S) as a function
of the conceniyahirg FDUNLAPShEs Bk GoRamRal it Rbuthisddniis) added. As
the concentration of unlabéeled B7-DC-1g is increased the amount of B7-H1

-1 g- APC boundCH® Giibireedonstitdéee p axmessingeitdrishefeeadding et HB1g BT g conpet es
with B7-H1 fo i ndi,n o .PD-1.. anpl . P815 stocytona Mbdel The in
vivo acti vi ty{oo em%e%ﬂaéﬁfﬁefﬂl&wfi%g@e tﬁﬁnfeganlgg?ge_sﬁ%%cytom t unor
nodel . P81H npsémfy (0Fe) et l-H1vigrerdey-hyie asld ARt ERAZhdtGiRedtttRn

met hyl chol ant hr ene treatnent. Injection of 5 x 104 cells SC can

MCA
resul t in norebimlele %@b%%@@-im@@ngﬁt@@ (i) pddad. Agihsrcanaeiigtian obn. DBA/ 2

mce (6 - 10 1. .8 J ghall anged. w 5 c 104 live
P815 cells in}@%@%@g%%ﬁ-% hseimleg%é.tﬂ%g X" éﬂghﬁg?g#é,gthe rlﬁ\ﬁngggv\ere treated
Wi th nmurine BCHUCedl détadels, deamp@etratiny. thdiie7-asIdeniegisveith Biowori n Fi gure

4, was 100 ng of nurine B7-DC-1g per injection (approximately 5 ng/kg), 2
times per weekindifgtd5ldoses. Control groups were treated with vehicle

only or M%hdﬂ%ﬁ"xﬁ izgﬁsis-'-m{ocﬁ%ﬁa Jeasured with digital calipers

every 2 - ays ce were euthani zed and defined as dead when their tunor
si ze reached or exdtededvd 88N iymd mateddDAggwastestdmahs PAppr oved by t he

L NG K
wer e 1 e chal | giged it B %y ARERRhL VR BRirhd. Afedfta sbn Table 1 and

Figure 4, all of the mce treated with vehicle or confrol nouse |1gG

requi red eut hafagslls S6ycabaysidgn mewtalieanpnestimatelnd? daysipeseymoeached t he | ACUC

limt. Fo&lg of 5 rine B7-DC-1g treated mce
inoculation.

DBA/2 mice (6 — 10 weeks of age, females) were first challenged
with 5 x 10* live P815 cells injected SC in the flank. Six days later, the mice
were treated with murine B7-DC-Ig via IP injection. The dosing regimen,
shown in Figure 4, was 100 pg of murine B7-DC-Ig per injection

20 (approximately 5 mg/kg), 2 times per week, up to 6 doses. Control groups
were treated with vehicle only or with murine IgG. Tumor size was measured
with digital calipers every 2 — 3 days. Mice were euthanized and defined as
dead when their tumor size reached or exceeded 1000 mm’, according to
protocols approved by the Institutional Animal Care and Use Committee

25  (JACUC) of the American Red Cross (ARC; the site of Amplimmune’s
vivarium). Surviving tumor free mice were re-challenged with P815 tumor
cells on Day 52.

As shown in Table 1 and Figure 4, all of the mice treated with vehicle
or control mouse IgG required euthanasia by Day 38 because their tumor

30 volumes reached the IACUC limit. Four of 5 murine B7-DC-Ig treated mice
responded to treatment: tumor was eradicated in two mice and two additional

mice showed delayed tumor growth during murine B7-DC-Ig treatment.
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responded to treatnent:

tunor was eradicated in two mce and two addi ti onal

m ce showed del ayed tunmor growh during nmurine B7-DC-1g treatnent. Table 1.

P815 t unowOrotal27§28sul t s.

Fi gures 5A-C show tunor eradi @aATIUSA000/05497Ce uSi ng

murine B7-DClg. The tunor-free mce were then re-challenged with 5 x 104
P815 cells adm nistered to the flank opposite the primary inoculation site

on Day 52. Th
i nocul ati on,
Thi s

tunors.
muri ne B7-

1 ce i ned tunor free through 74 days after the primary
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8f CTX cdn

t ment
safely
Doses of

uman or

100 - 300 ng/nR 1In 20-200 ng/kg 1n nouse are typically used. These
doses are sub-therapeutic and do not have direct anti-tunor activity. In
cancer patients andiiguiesidy-Cridowiingenetadicaieh ganise beingoueing BFDE€ancer, | ow

doses of CTX peafhd duaphectie. dent el Lo AL Jnsdy, Jusgiae (shat | vel

eaﬁht
. . £ .
abundant in t?% unor m croenvi ron n suppressing

anti -t unors i magakidiesd ahe $lanlt\dppdtits tiadrinay thokbionkit®bn Daytspeat nent wi th
an antigenic stimulus, vaccine, or _cytokine, pronotes a norefunctional
anti-tunor i nibhauseepsed iyt redntdare aiterihoprimprydpectlation, A nunber

of el nical ol ol k098G UV SLaEeh a8, Bhagl myAgent or in

conbi nati on cancer vacci nes-or extrenely well tolerated
and showed evkdgese tlef niicnmnenl end suihdifd ftcchsanetrdateaiswith hnirigal37ef f i cacy.

cased on the S ISLYR SXper snce and.cat SLyplng Lo dose CTX 15
10 Rationale of the CTX + B7-DC-Ig Regimen
Murine B7-DC-Ig alone is effective in the P815 model, which is
considered relatively immunogenic, but shows minimal activity against more
aggressive, less immunogenic tumor types. We expect that it will also be
difficult to promote an effective anti-tumor immune response in human
15 cancer patients.

To improve the activity of B7-DC-Ig and its murine analog, CTX was
incorporated in the treatment regimen based on studies demonstrating that a
low dose of CTX can safely and effectively augment the activity of cancer
immunotherapies. Doses of 100 — 300 mg/m? in human or 20-200 mg/kg in
20 mouse are typically used. These doses are sub-therapeutic and do not have
direct anti-tumor activity.

In cancer patients and in murine syngeneic and genetic models of
cancer, low doses of CTX lead to selective depletion of Treg. Treg are
relatively abundant in the tumor microenvironment and play a major role in
25  suppressing anti-tumor immune responses. Administration of CTX prior to

treatment with an antigenic stimulus, vaccine, or cytokine, promotes a more
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Anpl i mrune, B7-DC-1g should be adm nistered in a standard regi nen
consisting of CITX adm nistration followed by B7-DC- g adm nistration. A
dose of MO 2nwdegs28as used in aninmal studies. CIX is delPCrarse@ods4onpur s
before B7-DC-1g or nmurine B7-DC-1g treatnent is initiated. Alternate dosing
regi mens such as netronom c CTX can be used. Exanple 6: CT26 Tunor Mbdel

Mbuse col orecédgll tupor.cell line, CT26, \A@ﬁpom ained from ATCC. A nmaster
cel | bank at PRSUNEDH-FEROTIBWUISTEPORER A eJUv8eT i nes. Cells were

tested and coghitamsh POMIHGERY 8EHBa13A4ks OF RRY-dRRITPY8BEARERRE L | on. One
vial of tunor cells was thawed fromthe cryopreserved stocks and grown for

two passages gnglorgtrd or frocuhiEtitom widT egicerydcsimpppecydeiings were1: 5 di | uti on
with 30 nL conplete nmedium (RPM., + 10% EBS, 2.nmM L-Qd and 1x P/'S) for two
fiays cul tur o SRty WG iifieled & ot Shiiee e MbrbpE AheaP iRl Bt 3 iay <
culture. GI26wephs slivesierhacyested by aspirating medium rinsing the flask
with 5 nL PBS, adding 5 nL trypsin, incubating at 37 OC for 2 mn, and then

neutral i zi ng with Besefiondbaptiensvaearusmce and selewaming lpwgtosaC1800 x g (- 1000

rpm for 5 m -8 i I I esuspended by
pi petting w tﬁs ilgj?gﬁt@t&\gg?%giguﬁ%ﬁ‘?ogjo\?\e&gﬁ&gﬁ (Sa’g&%aass %?l{ea%%?%%%faér t hree
times. Cell namtimanck, B7EDCHE showdd bt béminiaeul i estacdidrd scpdee anal yzed by
trypan bl ue dye staini n& with proper dilution (e, glga%i 5 dilution, 10 nL

I

cei |'s + 40 nicensiphag obld &) admigisanin fokawed by BvACdgladmdysiiatiotudt ng t he | ast

wash step;nCe VicaBhll -]y t . < 9RO

i nocul ati %)91 C!?‘ésg dgglei) ?%% gﬁglﬁfegtnléém%q? %@gggogf%g{@}v%%@ g?{()luf]% tial

i nocul at i on wbéfhrepBADC-RPM marice BY-dr@dg ovatinest is Tyipated] Wiematth nouse was
i nocul ated with.150 DL

1x105 cell s).. 9, all the tunor-bearing mce
were first gré%%rqgﬁ?‘ifl(sa?‘;‘? ?S’@S‘ﬁ%“%‘ﬁﬂg%iﬁ%m%“sﬂflvi ded the mice to
experimental groWpde 6:( 106 TudrNod@s reconstituted by Ix PBS to 4 ng/ni.
Mce were intraperitoneally (IP) injected with 0.5 niL of CTX solution

resul ting in Mawge tapregtad Omgranl hivasEel26, vas ob@eddidoy ATOC. Bayad®r i ce were
| P injected Wi 008 'il“%sl‘sagg 4845 ggﬁelragteé le%wqgé e guidelines. Cells were
tested and confirmed no mycoplasma and other pathogen contamination.
One vial of tumor cells was thawed from the cryopreserved stocks and grown
for two passages prior to inoculation.
CT126 cells were split at 1:5 dilution with 30 mL complete medium (RPMI +
20 10%FBS, 2 mM L-Glu, and 1x P/S) for two days culture or at 1:10 dilution
with 30 ml complete medium for 3 days culture.
CT26 cells were harvested by aspirating medium, rinsing the flask with 5 mL
PBS, adding 5 mL trypsin, incubating at 37 °C for 2 min, and then
neutralizing with 10 mL complete medium. After centrifuge at 600 x g
25  (~1000 rpm) for 5 min, media was sspirateed and the cell pellet was
resuspended by pipetting with 10 ml plain RPMI. This wash step was
repeated for three times.
Cell number and viability of the inoculated cells were analyzed by trypan
blue dye staining with proper dilution {e.g. 1:5 dilution, 10 pL cells + 40 pL.
30 trypan blue) and confirmed by NOVA cell count during the last wash step.

Cell viability generally was greater than 95% for inoculation.

87



resulting in 0.1 ng for a 20 gram nouse, i.e. 5 ng/kg. The sane dose was
given 2 tinme a week for 4 weeks, total 8 doses. Tunor growth were nonitored
by neasurwogotdiers2@nor tw ce weekly, starting on the dapCRsa009i0549mny
B7-DC-1g via a digital caliper. Tunor volune was cal cul ated as foll ow ng;
Turmor volunme = p(Dshort)2 x (Dlong)/6 = -0.52 x (Dshort)2 x (Dl ong) Mce

wer e eut hani z take of f, t he I r vol une ched 2000
m8 or if the d2Rerls Sreitiea s 87aT08 Feltet remta Mord it pRgeal at 1 on
site. EX&”D' eRﬁMI%H@ta@@& 6:9ﬁeofy;ﬁd’a¢ily%ﬁtﬁ)ﬁﬁh§&%v9§1na&ﬁat@3 wir1lsg gan eradi cate

established tunors Bal b mce at age of 9 to 11 weeks were inplanted
subcut aneousl QI&MJﬁhellS)O x 105 CT26 col orectal tunor cells as descrl bed

above. On day 1 t | ant at i on Lved

cyel ophosphan B es e Tho il Bletlore B R MFRAGRTRL 10 M ce
were treat®d windbmhOvidgd He Bitce BCetkrign @8 @Fouper CTRRKIutibRfvad weeks and
total 8 doses. 75% of the mce that received the CTX + B7-DC-g treatnent

regi men er adi B&pRitHtRG bpdk ARS i Heng/mimdiise mergairaneritongelly €83 al | mice in
the control CIX r lcqg: f wer e

eut hani zed bet ucgé ﬁrrgrs(s)ﬁ{g)?ge %ﬁ‘tngoer{%?lge&slgglpzpr g\/q&[ gﬁg% l’esults
shown in Figuie ®).mghgse results denpnstrate the effectl veness of the

treatment reginmen on establi shed tupor,s and not_ nere pro hyl axi s. Exanpl e 6:
Conbi nati on oY BhRYSHNSIFi Bénié?fﬁd S Y- ¥/ -BiCals Oat BEERLMDI i shed

Lurors any pr plfiine 2981INAL G4 phf | E0gn Mg eI Al Rled,gst abl i shed
CT26 col orectal m t he escri be xperinent were

rechal | enged gavbhzltxnﬁweﬁw&rée&w&sdmamylosm a“mmobg;ovﬁtﬁwem tunors grew out
fromthe rechall en u estln had de ed | on rmanti-tunor
runi Uy 1 on IO Y SRS A G 65/ B SRR SHL G G Eht ment . Al |

mce in the veRigd B7M§%9§aa§ﬁ§i‘ﬂd¥c |’P«Hﬁ&‘r¢d¥ﬁfﬁé$va§l’:aﬁéﬁlhﬁe§a§h0m in Figure
7). These results show the efféctiveness of the treatnment regi men on

establ i shed t feHovgngind t hat the cycl ophospham de and B7-DCl g conbi nation
treatment 15 es‘ilu}n%g vé)lr{';mrée rrxDvE(}bsﬁ rls.ﬁqpaﬁong) LUnpss ¢ ?]E)sl%%f % (Dlong)
Mice were euthanized and taken off the study if the tumor volume reached
2000 mm3 or if there were skin ulcers and infections at the tumor inoculation
site.
Example 5: Combination of cyclophosphamide and B7-DC-Ig can
20 eradicate established tumors
Balb/C mice at age of 9 to 11 weeks were implanted subcutaneously
with 1.0 x 105 CT26 colorectal tumor cells as described above. On day 10
post tumor implantation, mice received 100 mg/kg of cyclophosphamide.
B7-DC-Ig treatment started 1 day later, on day 11. Mice were treated with
25 100 ug of B7-DC-Ig, 2 doses per week, for 4 weeks and total 8 doses. 75%
of the mice that received the CTX + B7-DC-Ig treatment regimen eradicated
the established tumors by Day 44, whereas all mice in the control CTX alone
group died as a result of tumor growth or were euthanized because tumors
exceeded the sizes approved by IACUC (results shown in Figure 6). These
30  results demonstrate the effectiveness of the treatment regimen on established

tumors and not mere prophylaxis.
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Exanpl e 7: Conbi nati on of cycl ophospham de and B7-DC-1g can generate tunor
specific, nmenory cytotoxic T |ynphocytes M ce eradi ated established CT26
col or ect avotomargs2Br om t he above descri bed experi ment wece/Use@ak4sgnged
with 2.5x105 CT26 cells on Day 44. Seven days | ater, nouse spleens were
i sol ated. Muse splenocytes were pulsed with 5 or 50 ug/nmL of oval bum n

OVA) or AH peptide or. 6 hours in the presence | gi bl ocker (BD
bi oSk ence). NERBPYF & CpbiBalpt ok ry donpebamifs B GG 688 ng o+ | g+
T cells. Resubtsdidate EtbNished t2ROYY iﬁr‘]tgfng_lt_gkgra aiRt ﬁnﬁélgfk'-éﬂ'ﬂﬁﬂge anount of

CT26 specific T effector cells in t unor - er adi cated m ce. Unl ess

defi ned ot herwi se, Mitd eradictind estbblshed €dPRe nelordctal tumars fwsedietbee n have t he

sane neani ngs ;as..£o nl. nder st ood_ by .one of, ski it art to which
t he di scl os edd‘"f’S {/léehii Rl ﬁrl%lgﬁoﬁ%rg .reé)f]ﬁg% eg Iﬁlﬁ fe)xc} 0i ﬁ&?hgelggr?nh@\ﬂ 15'5' recogni ze,
or be abl &5t 0agbDey V& Notehog gi®v B0t RothiBhretRillehfespspainoBHL Rdd on, nany

equi valents tq the specific enbodi nents of_ the invention described herein.
Such equi val ef¢slaned long: terp apfi-{ungranapedideys &y wglophesphamidedindg cl ai ns. Ve

claim 1. A f -at | i . ISl
adm ni steri ngg Z'n@g?lg gg@%&h&%&%ﬁ%@ﬁt. é@pﬁ{&gﬁé g%ﬁ%?%fe %gl@%%ggg augnent, or
enhance an i miewedoped snos reagitd shotvndn Figuee 7). ThegeakbsultsBkowdse of the

nol ecul e, the {imng of _.adm nistration of the, ecul e apd/or the affinity
of the nol ecuPeCVEERRS of Hie teataatiqeinmp 0%8%@555% tumqry 2ti§et he PD- |

receptor. y@. @t@oﬂf’ﬂ%& d%i@éa&iﬁ?-’ﬂ ﬁ%ﬁ&ti%ﬂ%ggt%_lght ARG IAGARINmdPhi bi ts or

reduces binding o ogenous PD-LI' to PD-1. 3. The nethod of cfaiml
wher ei n t he P@spomsas tifomiostntigehé.bi ts or reduces bi ndi ng of endogenous PD-L2

to PD-1. 4. T h f_ clai in.the, PD i st binds t
P(II)H. 5. The ﬁgf‘ﬂ‘g‘g"‘ &%%ng%%f?ﬁéﬁgﬁgéﬁga@q a%?iﬁ%‘ﬁgggaﬁs slelneit eg from
the group congksdrhtGuforRPedific, MEmbry cytoldxdT IBhphdoyt@nd fragments thereof.

6. The nethod of claiml1l wherein the nol ecul e binds 'to PD-I or
Mice eradiated established CT26 colorectal tumors from the above

15  described experiment were rechallenged with 2.5x105 CT26 cells on Day 44.
Seven days later, mouse spleens were isolated. Mouse splenocytes were
pulsed with 5 or 50 ug/mL of ovalbumin (OVA) or AHI peptides for 6 hours
in the presence of a Golgi blocker (BD BioScience). Memory T effector cells
were analyzed by assessing CD8+/IFNy+ T cells. Results in Figure 8 show

20 that there were significant amount of CT26 specific T effector cells in the
CT26 tumor—eradicated mice.

Unless defined otherwise, all technical and scientific terms used herein
have the same meanings as commonly understood by one of skill in the art to
which the disclosed invention belongs.

25 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.

30
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a ligand thereof for three nonths or less after in vivo admnistration. 7.
The nmethod of claim1l wherein nore than one PD- 1 antagonist is

adm ni st eaveatn1032782Re et hod of claim 1, wherein the tumpPCTIGS2000/847f r om a
cancer sleected fromthe group consisting of: bladder, brain, breast,
cervical, colo-rectal, esophageal, kidney, liver, |lung, nasopharangeal,
pancreatic, p&&)state', skin, stomach, uterine, ovarian, testicular and
hemat ol ogi c. /¢ W8 net hod of claim 1 further conprising administering a
tunor antigen in conbination with the PD-1 antagoni st to enhance an inmune
response against the tunor. 10. The nethod of claim11, wherein the PDI
antagoni st is a fusi on prweibpdobmodulpting an ingamnek responsd hempsingd of cl ai m

10, wherein the fusion proteji.n conpri the extracellul ar domain of PD-L2
or a fragmont SRE Lo AT Rk Ve RIS 1l 5Nk MeneRI%r 0 01 fim 11
wherein thg fBﬂia@ﬂeﬁlﬁﬁﬁlﬁhﬁbfb@ﬁoxﬁeagﬁhﬁ@t@@bﬂvﬂﬁ%@ﬂ@ﬁw@ﬁm@ ng to SEQ ID

NG 57. 13. The nethod of claim21 further conprising admnistering with the
PD- | ant agoni 8wolesyleathyitimips af adminisiation ehthegerleclethd prdhe elmiyrodup

consi sting of 4 r Hnhi bl he function
of Tregs, andﬂ%:eornsq?gIl ??rl[ur?g#%%%rrrg tee%%ﬁé@%&%%ﬁ'%g&nﬁtﬁé %Pnlc eg%ﬂr%ntl?, wherein
the additional actRve aghaimeilmdat chganit whiérain thepDel asagumidt diiibikd s t he
function of CD4+CD25+ Tregs, 15. The_pethod_of claim 17, wherein the agent
that depl et es ObFedperfithidiag phendogsnaus 8R-bi tdlepos+ Tregs is

cycl ophosppam de. 36. Thee MehinpchQaifl PhlkrlinlRE POODARGEHEst 3HibGEN .
presenting cell function conprising contacting APCs wth a PD-I antagoni st
in an anmpount ef fedotdsending bhitndogenous #4E2 fo BD-bl ock PD-1 si gnal

transduction in the APCs,or enh .cl earance, of _dj seased. ,17. A

conposi tion conpri §ing r‘i‘eé‘?e%é%d??r}&zm%‘ﬁh?reﬁ’fthﬁ%&i ARG 0t agoni st to
bind to a |igapdiof a PD-1 receptor in vivo and reduce or inhibit PD-I
receptor signal transduction. 18. The conposition of claim17 wherein the

PD-1 antagoni st 5. The method of claim 1 wherein the PD-1 antagonist is
15  selected from the group consisting of PD-1, PD-L1, PD-1.2, B7.1, and
fragments thereof.
6. The method of claim 1 wherein the molecule binds to PD-1 or

a ligand thereof for three months or less after in vivo administration.

7. The method of claim 1 wherein more than one PD-1

20 antagonist is administered.

8. The method of claim 1, wherein the tumor is fomed from a
cancer sleected from the group consisting of: bladder, brain, breast, cervical,
colo-rectal, esophageal, kidney, liver, lung, nasopharangeal, pancreatié,
prostate, skin, stomach, uterine, ovarian, testicular and hematologic.

25 9. The method of claim 1 farther comprising administering a
tumor antigen in combination with the PD-1 antagonist to enhance an
immune response égainst the tumor.

10.  The method of claim 1, wherein the PD-1 antagonistis a
fusion protein of a PD-1 ligand.

30 11.  The method of claim 10, wherein the fusion protein comprises
the extracellular domain of PD-L.2 or a fragment thereof capable of binding
to PD-1.
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conprises a B7-DC pol ypeptide or fragnent thereof that binds B7-HL

pol ypeptide and inhibits or reduces binding of the B7-HLl pol ypeptide to the
PD-1 recewbdan10/@%28The conposition of claim 18 wherei n PRE/USR@YOB4IT1
conprises the extracellul ar domain of B7-DC or fragment thereof that binds
B7-HL or the extracellular domain of B7-HL or fragnent thereof that binds

B7-DC. 20. The co sitikon o | ai m. 17 erein the PD- | antagoni st
conprises a fusi orr??%‘r ot Lefﬁ%?mg@.% O?ﬁggugolr]rp% elreflflglﬁe @'Tgloglpé?tﬁﬂngﬁsaﬂerei n the
fusion protei agidd feitssdghendRBctortidgePBEQ M Noosit, triggering signal
transduction through the PD-1 receptor. 22. The caonposition of claim17

wherein the PD-1 rétept ke msthagariciaimde fiptics semprigne pAmisditgrgepvitie t hat

do
bi nds to B7- ' 'm}iﬁ'. -hi Nl f the B7-DC
pol ypepti de 'E)oﬁt1 e&%ﬂ%@?@gﬁ%@@%@ %&ﬁfg%%rgggggt%&g{‘ah@ﬂg%% 2 wherein the
PD- I recepi or canistiggnf fhmoosmodidesrsaagansd that depbtieomninhidd. theAfumoti@osi ti on
conpri sing an fective apount of pol ypeptide to bind PD-1 in vivo
Wit hout tri gg@ﬁr S=s%“8ﬁ8?“‘?&%’§¥lﬁ'@ﬁ?"8}%st hrough PD-1. 25. The conposition of

claim 24 wherein thg pog}SﬁE’%ﬂdéi%f%Pdmfﬂﬁ%er%hﬁile%di%nﬁ%ég?e frhyRept i de

nmodified so that it binds to PD-1 wthoQt triggering signal ttansduction.
26. The conposi tgon thet deplaliesrp2idbhibine the functre gdlYypepDrdeTegapri ses a vari ant

extracel | ul ar domaip of .B7- r - H ified so that .the polypeptide
b1 nds to PD1 wht ottt DB SHRaY . PRt R AReH e AORE P | 27 A
fusi on polypepiHisies 0 BRIctish BECDAICREHITSEgsf i et QBpHRAFRAGHe, and b) a second

fusion partner, wherein the first fusion parther conprises a variant
extracel | ul ar donmilf. or Hhe aepthast ofichramelofor ephancinggatigeroprebting peldli fi ed to

D0 POLL % g EDSRA 0 SRR R SORJHEHS DA o e Car oL "
optional l'y, i sffective to inhibit, reduce, or block PD-1 signal transduction in the APCs or
enhance clearance of diseased.

15 17. A composition comprising an effective amount of a
PD-1 receptor antagonist to bind to a ligand of a PD-1 receptor in vivo and
reduce or inhibit PD-1 receptor signal transduction.

18.  The composition of claim 17 wherein the PD-1 antagonist
comprises a B7-DC polypeptide or fragment thereof that binds B7-H1

20 polypeptide and inhibits or reduces binding of the B7-HI polypeptide to the
PD-1 receptor.

19.  The composition of claim 18 wherein the fragment comprises
the extracellular domain of B7-DC or fragment thereof that binds B7-H1 or
the extracellular domain of B7-H1 or fragment thereof that binds B7-DC.

25 20.  The composition of claim 17 wherein the PD-1 antagonist
comprises a fusion protein.'

21.  The composition of claim 20 wherein the fusion proteins
binds the PD-1 receptor without triggering signal transduction through the
PD-1 receptor.

30 22.  The composition of claim 17 wherein the PD-1 receptor
antagonist comprises a B7-H1 polypeptide that binds to B7-DC polypeptide
and inhibits or reduces binding of the B7-DC polypeptide to PD-1 receptors.
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fused to a |linker sequence that is fused to the second fusion partner. 28.
The fusion pol ypeptide of claim27 wherein the second fusion partner

conpri sesworneiogr7sz8r e dormai ns of an | g heavy chai n consPtamuse@giosty71 29. The
fusi on pol ypeptide of claim28 wherein the second pol ypeptide conprises an
am no acid sequence corresponding to the hinge, CH2 and CH3 regions of a

human i mmunogl obul in Cg chain. .30.. The fusion, pol ypeptide of claim 27,
wherein the first Bgl ypajfi? F‘Ef@p?:sé%}‘i’fs%%m’ci?ew %PW&@%%BG‘DWCH8ﬁai n of B7-DC
or B7-Hl nodi bh@gordiet cBhpeis&R fudioipthiemt triggering signal transduction

t hrough PD-1.

24, A composition comprising an effective amount of a

polypeptide to bind PD-1 in vivo without triggering signal transduction
5  through PD-1.

25.  The composition of claim 24 wherein the polypeptide
comprises a B7-DC or B7-H1 polypeptide modified so that it binds to PD-1
without triggering signal transduction.

26.  The composition of claim 24 wherein the polypeptide

10 comprises a variant extracellular domain of B7-DC or B7-H1 modified so
that the polypeptide binds to PD-1 without triggering signal transduction
through PD-1.

27. A fusion polypeptide comprising:

a) a first fusion partner, and

15 b) a second fusion partner,

wherein the first fusion partner comprises a variant extracellular
domain or fragment thereof of a ligand of PD-1 modified to bind PD-1
without triggering signal transduction through PD-1 and wherein the first
fusion partner is fused directly to the second fusion partner, or optionally, is

20 fused to a linker sequence that is fused to the second fusion partner.

28.  The fusion polypeptide of claim 27 wherein the second fusion
partner comprises one or more domains of an Ig heavy chain constant region.

29. The fusion polypeptide of claim 28 wherein the second
polypeptide comprises an amiﬁo acid sequence corresponding to the hinge,

25  Cy2 and Cy3 regions of a human immunoglobulin Cy1 chain.

30.  The fusion polypeptide of claim 27, wherein the first
polypeptide comprises the extracellular domain of B7-DC or B7-H1
modified to bind PD-1 without triggering signal transduction through PD-1.
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