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of the CD28/B7 famly. Conversely, Programred Death- 1 (PD-1 ) is a nenber
of the CD28 fam |y of receptors that delivers a negative inmune response
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BACKGROUND OF THE INVENTION

The response of T lymphocytes to disease states, such as infection and

20 chronic diseases like cancer, is complicated and involves intercellular
interactions and the production of soluble mediators (called cytokines or
lymphokines). Activation of T cells normally depends on an antigen-specific
signal following contact of the T cell receptor (TCR) with an antigenic peptide
presented via the major histocompatibility complex (MHC) while the extent of

25 this reaction is controlled by positive and negative antigen-independent
signals eminating from a variety of co-stimulatory molecules. The latter are
commonly members of the CD28/B7 family. Conversely, Programmed Death-

1 (PD-1) is a member of the CD28 family of receptors that delivers a negative
immune response when induced on T cells. Contact between PD-1 and one of

30 its ligands (B7-H1 or B7-DC) induces an inhibitory response that decreases T



1) engagenent of the TCR with antigenic peptide presented in the context of
HC (signal 1), and 2) a second antigen-independent signal delivered by
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Yoshi naga, familylof prokeing.e, 402: 827-832 (1999)), B7-H3(Chapoval, et al.
Nat ure | munol ., 2:269-274 (2001)) and B7-H4 (Choi, et al., J. | mmunol .
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stimulatory CD28 receptor 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,
stimulates differentiation and effector function, and promotes survival of T cells
20 (Lenshow, et al., Annu. Rev. Immunol., 14:233-258 (1996), Chambers and
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 proliferation,
IL-2 production, and cell cycle progression (Krummel and Allison, J. Exp. Med.,
25 183:2533-2540 (1996); and Walunas, et al., J. Exp. Med., 183:2541-2550
(1996)). Other members of the B7 family of costimulatory molecules include
B7-H1 (Dong, et al., Nature Med., 5:1365-1369 (1999); and Freeman, et al., J.
Exp. Med., 192:1-9 (2000)), B7-DC (Tseng, et al., J. Exp. Med., 193:839-846
(2001); and Latchman, et al., Nature Immunol., 2:261-268 (2001)), B7-H2
30 (Wang, et al., Blood, 96:2808-2813 (2000); Swallow, et al., Immunity, 11:423-
432 (1999); and Yoshinaga, et al., Nature, 402:827-832 (1999)), B7-H3



is a newy discovered nenber of the B7 famly. B7 famly nolecul es have a
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(Schwartz, et al., Nature, 410:604-608 (2001); Stanper, et al., Nature,
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conposed of a Y notif, with a surface on B7 formed predom nately by
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J. Exp. MedBarclk§5AhDa3REVAMIROGE) B:I8N-405 (498%) c dheddomndback 8heel) is a

o about %G Tehd gantain siandh ARG E aRE AR ol BcipRaiuntiueaes 1 n
B7- DC ot hogghss 2Jtes f5-809¢2000)), whereas the front and back sheets of the B7 IgV
domains are composed of strands AGFCC'C” and BED, respectively
(Schwartz, et al., Nature, 410:604-608 (2001); Stamper, et al., Nature,
410:608-611 (2001); and Ikemizu, et al., Immunity, 12:51-60 (2000)).
Crystallographic analysis revealed that the CTLA-4/B7 binding interface is
20 dominated by the interaction of the CDR3-analogous loop from CTLA-4,
composed of a MYPPPY motif, with a surface on B7 formed predominately
by the G, F, C, C' and C” strands (Schwartz, et al., Nature, 410:604-608
(2001); and Stamper, et al., Nature, 410:608-611 (2001)). Data from amino
acid homologies, mutation, and computer modeling provide support for the
25 concept that this motif also is a major B7-binding site for CD28 (Bajorath, et
al., J. Mol. Graph. Model., 15:135-139 (1997)). Although the MYPPPY motif
is not conserved in ICOS, the receptor for B7-H2, studies have indicated that
a related motif having the sequence FDPPPF and located at the analogous
position is a major determinant for binding of ICOS to B7-H2 (Wand, et al., J.
30 Exp. Med., 195:1033-1041 (2002)).



70% am no acid identity. Waile B7-HL and B7-DC transcripts are found in
various tissues (Dong, et al., Nature Med., 5:1365-1369 (1999); Latchman,

et al., Nsowom/2mranol ., 2:261-268 (2001); and Tamura, BCcoa$2009/0048909-1 816
(2001)), the expression profiles of the proteins are quite distinct. B7-Hl
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signal transduction via PD- 1 usuall es a sup sive tory
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causi ng i nhi ory sl transduction in T cells. The present invention
sol ves 1iohe maoitopbages. undesired T cell inhibition by providing agents that

bind to PD-1 and thus prevent inhibitory signal transduction, or else bind
to ligands of PD-1 such as B7-Hl1 , thereby preventing the ligand from

binding to PD-1 ﬂag%ke\ﬁeéhowh {natigRit B7YHSiaB7-DO behd ke PD-agEredman) |
responses, such as T cell proliferation or activation, are st rrul %tDez%
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several member of the CD28 family of receptors, is inducibly expressed on activated
T cells, B cells, natural killer (NK) cells, monocytes, DC, and macrophages
(Keir, et al Curr. Opin. Immunol. 19:309-314 (2007)).

20 The primary result of PD-1 ligation by its ligands is to inhibit signaling
downstream of the T cell Receptor (TCR). Therefore, signal transduction via
PD-1 usually provides a suppressive or inhibitory signal to the T cell that
results in decreased T cell proliferation or other reduction in T cell activation.
B7-H1 is the predominant PD-1 ligand causing inhibifory signal transduction in

25 T cells. The present invention solves the problem of undesired T cell inhibition
by providing agents that bind to PD-1 and thus prevent inhibitory signal
transduction, or else bind to ligands of PD-1 such as B7-H1, thereby
preventing the ligand from binding to PD-1 to deliver an inhibitory signal. In
either case, T cell responses, such as T cell proliferation or activation, are

30 stimulated.

B7-H1 is the predominant PD-1 ligand, likely due to its broader

distribution and higher expression levels. PD-1 inhibition occurs only when



review articles. B7-Hl is al so over expressed in many cancers (including
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15 additional cell types, such as regulatory T cells (Treg) and natural killer T

(NKT) cells.

The present invention makes use of such molecular functions by
providing treatment regimens for treating diseases through increased T cell

20 activity, especially cancer and infectious diseases.

BRIEF SUMMARY OF THE INVENTION

25 In one aspect, the present invention relates to a method of increasing T
cell responses, for example, to an antigen, in a mammal in need of such
increase, comprising administering to said mammal a compound that reduces
inhibitory signal transduction in immune cells, especially T cells, and a
potentiating agent, wherein said treatment regimen is effective to increase the

30 T cell response of said mammal.

Compounds useful in the treatment regimen of the invention include

those that bind to and block PD-1 receptors on T cells without triggering



bind to natural ligands of PD-1 include PD-1 itself, as well as active
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wi t houtiot r i gjtheriisgdmiistered mitheut thed otheansduction. In preferred

enbodi nents, B7-DC conprises the am no acid sequence of SEQID NO 1, 2, 3
or 4. Preferred such conpounds are those incorporating the soluble domain

of B7-DC (i.e., ¢ Gistiert EAboIRABABNCOMPEURIS )sefUiin ahbenfathgde rdfs thef
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antibodies, anti-sense molecules and small organics.

In a general embodiment, compounds useful in treatment regimens

and compositions of the present invention include those that bind to PD-1

20 without triggering, inducing, increasing, facilitating and/or permitting co-
ligation of PD-1 with TCR.

Preferred compounds that prevent inhibitory signal transduction

through PD-1 and thus act as PD-1 antagonists include, but are not limited to,

25 B7-DC polypeptides, especially soluble portions of these, including active
fragments of these, variants and homologs of these, as well as fusion proteins
incorporating any of the foregoing, that bind to PD-1 without triggering
inhibitory signal transduction. In preferred embodiments, B7-DC comprises

the amino acid sequence of SEQ ID NO: 1, 2, 3 or 4. Preferred such

30 compounds are those incorporating the soluble domain of B7-DC (i.e., without
transmembrane sequence). Suitable fragments of B7-DC polypeptides include
fragments containing the 1gV and/or IgC domains or fragments containing only



in US. Patent No. 6,803,192, incorporated by reference herein inits
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that bind t : t. 4 nRE B EN# - bi nd
o coes or Befesalst BERINE AEPERERabrEl e RikaBhBr Bit R IP Rodnts
Preferred coffPDunds groeentptheviatier ifram thinding teiRDel ta triggatuobibitory Bignagh

PD-1 and thus act as PD-1 antagonists include, but are not limted to,
transduction.

In another embodiment, the compositions and methods of use thereof,

include a combination of a PD-1 receptor antagonist that binds to and blocks

20 the PD-1 receptor, and a separate PD-1 receptor antagonist that binds to and

blocks PD-1 receptor ligands. Another embodiment of the present invention

provides PD-1 receptor antagonists that bind to the PD-1 receptor without

triggering inhibitory signal transduction through the PD-1 receptor and also

have the ability to bind and antagonize PD-1 receptor ligands, such as B7-H1,

25 that would otherwise trigger inhibitory signal transduction through the PD-1

receptor. Other contemplated PD-1 receptor antagonists include bi-specific
antibodies that can bind both the PD-1 receptor and PD-1 receptor ligands.

Preferred embodiments of compounds useful in the present invention
30 also include antibodies that bind to PD-1 or CTLA4, thereby reducing, or
abolishing, inhibitory signal transduction mediated by these sources.



B7- DC ant agoni sts, especially soluble portions of these, including active
fragments of these, variants and honol ogs of these, as well as fusion
protei ns wocerguarasi ng any of the foregoing, that bind POTEB2@004825 one
enbodi ment, B7-DC pol ypeptides, fragnents or variants thereof are coupled

to other polype ifh%?feé’t t%ﬁh%@nffgs%d?“ugé QBeﬂh@ﬁﬂéiﬁédérﬁfaﬂ@Pirﬁl%nlibﬁ fBo1

receptor by bin receptor wthout causing inhibitory signal
transduct i giclbde asigharBrdt limitdtetes active dragmentsoof ligandsiasrG higAdi(such asgand

bran . - drag . . !
D0 ey s 7ot B s BRal O B el it v
fusion pr O%’S’I ,&it ztﬁlgc‘ri’tc?igdﬁbe&t bmlﬁlﬁwﬁermﬁibﬂ:p&itt\ﬁéesigrﬁfélrtfhm&tisﬁwem28.0f SEQ

ID NO 9, , as we as honol'ogs thereof. In one preferred
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is B7-DC | ghroﬁzgﬂqﬁﬂ)af hid \Whes Bct 44 PRt ramagsmisissinplide, blit ardnablkimited twher ei n
two B7- DC-1g | ecul es are linked to each other, such as by a.disulfide
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activityy. ShedtpbratiiEavisofihe fotegpingntanbinditarB7-8XC.f usi on proteins for use
in the invention. In another aspect, the present invention relates to a
nmet hod of increasing T cell responses in a manmal in need thereof,

conpri si ngadmi nij§t&id iméhd BT ideS tfragPnérits riittante BigTeof
conpri sing an anlﬁi%%btggt"ﬁ%%gy a??gmgg?gﬂ?ﬁt ia\r(ijEPn agentr, whgr ein said
treat ment rargicoapleds teebthert palgpeptidesctoetases mbbmp@geinsrtbébaﬁb?@%fzesmed

T oy AL e ep B S gt ol £ FSRKBR 8B PoL BB, e
admi ni stser i {aghdaRicich throRBREPDAN iR By trbdcihg e61 imtetferirepiitenligartpbingingy an
to PD-1, particularly B7-H1 binding, and thereby interfering with inhibitory
signal transduction through the PD-1 receptor. Examples of such fusion
proteins are polypeptides comprising the amino acid sequence of SEQ ID NO:
9, 10, 12 or 13, as well as homologs thereof. In one preferred embodiment, all
20 or a portion of the extracellular domain (ECD) of B7-DC is part of a fusion
protein wherein it is linked to a second polypeptide containing an Fc portion of
"an immunoglobulin. A preferred example of this is B7-DC-Ig, especially where
this structure is part of a homodimer wherein two B7-DC-Ig molecules are
linked to each other, such as by a disulfide linkage.
25
In specific embodiments, fragments useful in the compounds of the
invention consist of at least 10, 15, 25, 50, 75, 100, 150, 200 or more
contiguous amino acids of a polypeptide having the desired antagonist
activity. Such fragments are also commonly part of fusion proteins for use in

30 the invention.

In another aspect, the present invention relates to a method of

increasing T cell responses in a mammal in need thereof, comprising
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15 that antagonize B7 family ligands (such as B7-H1, B7-DC, B7-H4) that inhibit

T cell responses; and molecules that agonize B7 family ligands (such as B7.1

and B7.2) that activate T cell responses.

In additional embodiments of any of the methods of the invention, the

20 treatment regimen of a PD-1 antagonist compound and a potentiating agent

further comprises at least one additional therapeutic agent. Additional

therapeutic agents contemplated include immunomodulatory agents.

Exemplary immunomodulating agents for such methods include anti-PD-1 and
anti-CTLA4 antibodies.

25
In one embodiment, the potentiating agent is selected from

cyclophosphamide and analogs of cyclophosphamide, Sunitinib (Sutent), anti-
TGFB and Imatinib (Gleevac), a mitosis inhibitor, such as paclitaxel, an
aromatase inhibitor, such as letrozole, an A2a adenosine receptor (A2AR)
30 antagonist, an angiogenesis inhibitor, anthracyclines, oxaliplatin, doxorubicin,
TLR4 antagonists, and IL-18 antagonists. Some of these agents reduce the
number of Tregs (i.e., regulatory T lymphocytes or T-regs) within the tumor

microenvironment.



agent in vitro, ex vivo or in vivo. Contacting T cells using PD-1 receptor
ant agoni sts and/ or conpositions thereof containing a potentiating agent can
occur befwoepiodari2zag or after activation of the T cell. pCm/us2epmcisks c
enbodi nent, a nol ecul e that prevents or reduces inhibitory signal
transduction through PD-1 and the potentiating agent are adm ni stered at
different tinmes, such as where the potentiating agent is adm ni stfered prior
t o admi ni st eri nén t meotREx lemhodiguentsttheSmethadsn and/of aWrBﬁoﬁ'H?”%eo

conjunction with an a dl onal therapeuti nts
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PD-1 anvagweicet befmrermwrtg:ouafternaccmnajtlumﬂflthmTertllh admi ni stering the PD-1

antagoni st. The increased T cell response achieved as a result of the
net hods of the invention is sufficient to treat a di sease, including one or

nmore of cancer, |¥i halgpbBffieClehfibdiRRat eld aholeBliRCithan predenisr asi teduces
i nfection. Wiere the 8| sease i scancer, such cancer is any Qne or rmre of
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the invention, in a pharmaceutically acc?& table carri etr and wherein said
PD- 1 bi ndi rrgay@pée@pgjmogéﬂw an additional therapeutic agen

In specific embodiments of any of the methods of the invention, the
treatment regimen includes administration of the potentiating agent at least 1
20 hour, or at least 2 hours, or at least 3 hours, or at least 5 hours, or at least 10
hours, or at least 15 hours, or at least 20 hours, or at least 24 hours, or at
least 30 hours or even longer before administering any or all of the PD-1
antagonist, the anti-PD-1 antibody, the anti-CTLA4 antibody, and/or additional
therapeutic agents. Administration of the potentiating agent may also occur
25  after administering any or all of the PD-1 antagonist, the anti-PD-1 antibody,
the anti-CTLA4 antibody and/or additional therapeutic agents, such as no
more than 1 hour, 2 hours, 3 hours, 5 hours, 10 hours, 15 hours, 20 hours, 24
hours, or even up to 30 hours after administering a PD-1 antagonist, or may
occur in conjunction with administering the PD-1 antagonist.
30
The increased T cell response achieved as a result of the methods of
the invention is sufficient to treat a disease, including one or more of cancer,

viral infection, bacterial infection and parasitic infection. Where the disease is

10



potentiating agent are each present in an anount effective to produce
increased T cell stimulation. In one preferred enbodi nent, the invention
i ncl udes wedbmal274eBt s conpri si ng cont ai ners hol di ng onePomT/usRe09/00f82% he
agents for use in the invention together with pharmaceutical carriers for
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m xture. T uorescence intensity (M-l) of B7-Hl-lg (yaxis) is
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15 antagonist and potentiating agent may be present as components in a single
container, in a pharmaceutically acceptable carrier, when said components

are to be administered at the same time.

20
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows that B7-DC-Ig binds to PD-1. Labeled B7-DC-Ig was
incubated at various concentrations with a CHO cell line constitutively
25 expressing PD-1 or parent CHO cells that do not express PD-1. Binding was
analyzed by flow cytometry. The median fluorescence intensity (MFI) of B7-
DC-Ig (y-axis) is shown as a function of the concentration of probe (x-axis).
B7-DC-Ig binds to CHO.PD-1 cells (solid circle) but not untransfected CHO
cells (gray triangle).
30
Figure 2 shows that B7-DC-lg competes with B7-H1 for binding to PD-
1. Unlabeled B7-DC-Ig at various concentrations was first incubated with a
CHO cell line constitutively expressing PD-1 before adding labeled B7-H1-Ig

11



with 100 ng/ kg of CTX on Day 10 while G aph B shows tunor vol ume (mmB)
versus days post tunor challenge in mce treated wth CTX on Day 10
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days later, splemgom 8shuvsttes asaltecbfeaxpepinieres whdrkirethteheombirationnef, an

days i P Yhird .
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15 Graph C shows average tumor volume.

Figure 4 shows the results of experiments wherein the combination of

CTX and dimeric murine B7-DC-Ig eradicated established CT26 tumors
(colon carcinoma) in mice and protected against re-challenge with CT26.

20 Mice that were treated with CTX and B7-DC-lg and found to be free of tumor
growth on day 44 following tumor inoculation were rechallenged with tumors.

The mice were later rechallenged again on on Day 70. None of the mice

displayed tumor growth by day 100.

25 Figure 5 shows CTX and B7-DC-Ig treatment resulted in generation of
tumor specific memory CTL. Mice eradicated established CT26 subcutenous
tumors post CTX and B7-DC-Ig treatment were re-challenged with CT26
cells. Seven days later, splenocytes were isolated and pulsed with either
ovalbumin, an irrelevant peptide, or AH1, a CT26 specific peptide. Cells were

30 stained with anti-CD8 antibody first followed by intracellular staining with anti-

IFNy antibody prior to FACS analysis.
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versus days post tunor challenge in untreated mice (i.e., mce treated with
vehicl e alone), Gaph B shows tunor volume (m8) versus days post tunor
chal | engewonomimes8reated with anti-PD-1 al one startingpom/uSagobl4sas 300Ny
per injection, 3 tinmes per week, up to 12 injections and G aph C shows

turmor vol ume ( mﬁgglfrger@%aﬁé@tr@%ﬁédwvbf ciffe g dosBs Mot eBT+@@tIgd invi t h
CTX on Day 11 an he first anti-PD-1 adm nistration on Day 12 at 300ng per

i nj ecti on, canibinatiorpwithV&EX onutheteraditatinn«fstatlished (hT26 HIMPES B4RIEEyr aph
represents one nouse. Bl ack row,stan e L0 '
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and anti - CHigys antisbasls. (o Bdyed, ivfice st dajectsd (7 wittt 4D0impég afTR8X unor s

(colon carcinoma) in mce. Here

Graph A sh t
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L O oD R W B BTy S8 00 e il nce |

i nj ection, RirhbNgowaRwaerkeasured vdtimesqeriveek. Each line in each graph

represents one nouse. Black arrow stands for anti-CTLA-4 administration.
Figure 9 shows the results of experinents wherein Balb/C mce at age of 9

to 11 weeks of Gaguuey SHOMR! MYl REUNSIT ehplritfEnié Idferer the serblationais! y.
On Day 9, mice weré 1njected with 100 ng/kg of CTX, |IP. Twenty four_hqurs

later, ion TBYX18nd rdaPo eantitmtyedesulted inceragicetioB7oDestablithed eCléPe 5
%trﬁ‘ﬂ Spgi'tﬁwﬁ‘a‘:@?%ﬂ%ﬁwﬁéﬂﬁ% BTeE o Bt Aol vhere EUE (b aC o
ey 16 (7 S B o R G e o el shove. g Doy 11, 2
days post Cmhitlajalenelosraphedd shawshisimagi \éQJH"@_f (’P'F‘ﬂe)_ ﬁ?@é’sv\ﬁqw pest tf"l"%‘}ét ment
and 1 ni ect edalEPleVBrn e e Regn it it PO DRSS SIS b OBy 1 TR 30ROt
CTX and 6 dgyisinRReibn B3 tied gelt Wweakgpto 1B7njeCtibgs and Graph C shows tumor
volume (mm?®) versus days post tumor challenge in mice treated with CTX on
Day 11 and the first anti-PD-1 administration on Day 12 at 300ug per
injection, 3 times per week, up to 12 injections. Each line in each graph
represents one mouse. Black arrow stands for anti-PD-1 administration.
20
Figure 8 shows the results of experiments wherein the combination of
CTX and anti-CTLA4 antibody resulted in eradication of established CT26
tumors (colon carcinoma) in mice. Here, Graph A shows tumor volume (mm3)
versus days post tumor challenge in mice treated with 100 mg/kg of CTX on
25 Day 11 while Graph B shows tumor volume (mm3) versus days post tumor
challenge in mice treated with CTX on Day 11 and anti-CTLA4 on Day 12 at
100ug per injection, 2 times per week, up to 8 injections. Each line in each
graph represents one mouse. Black arrow stands for anti-CTLA4
administration.
30
’ Figure 9 shows the results of experiments wherein Balb/C mice at age.
of 9 to 11 weeks of age were implanted with 1 X 10° CT26 cells
subcutaneously. On Day 9, mice were injected with 100 mg/kg of CTX, IP.
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significantly |owered the CD4+ T cells expressing high PD-1 . This was
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di scl osed i theatraining b enmgearediwita NaiveUMiGe. the fol l owi ng terms and phrases
have the foll owi ng meaning. The term "inhibitory signal transduction” is
intended to mean any signal transduction having the effect of abolishing,
or ot hersn se redpigurg.10Tshows the results of experiments wherein the combination of

CTX and B7-DC-Ig resulted in increased survival in mice with tail vein
injection of a mouse prostate tumor cell line. SP-1 cells were isolated from
mouse lungs that were metastasized from TRAMP prostate tumor cell
injection. B10.D2 mice were first injected with 3x105 SP-1 cells via tail vein
20 injection. On Day 5, 12 and 19, mice were injected with 50 mg/kg of CTX
where was indicated. On Day 6, 13 and 20, mice were administered with 5
mg/kg of B7-DC-Ig were it was indicated. Here, "NT" refers to "not treated".

Figure 11. Balb/C mice at age of 11-13 weeks were given isolated

25 hepatic metastases using a hemispleen injection technique. The spleens of
anesthetized mice were divided into two halves and the halves were clipped.
CT26 cells (1E05) were injected into one hemispleen, and after 30 seconds,

that hemispleen was resected and the splenic draining vein was clipped. On

Day 10, mice received 1 injection of CTX at 50 mg/kg, IP. Twenty four hours

30 later, on Day 11, mice were treated with recombinant Listeria carrying AH1
peptide, an immunodominant epitope of CT26, at 0.1 x LDso (1 x107 CFU),

then on Day 14 and 17. Mice were also treated with B7-DC-Ig on Day 11 and

then on Day 18. Mouse overall survival was monitored.
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cell responses against an antigen, whether by reducing T cell proliferation
or by any other inhibitory nmechani sm whereby the extent or duration of an
I mmunogernwo 20100rb423r esponse i s decreased. Such i nhi bi t oPgTAISgNRI004825
transduction may be due to PD-1 binding to a natural |igand, such as

bi nding of PD-1 by B7-Hl or sone otfhepINTFIONS of this class of |igands,
B7-DC, or may be due to binding of CTLA4 to |igands, such as B7-1 or B7-2.

I n general, compounds of the invention reduce such inhibitory signal

transduction and,incl ud ut, are no | i : L bt d
CTLA4 ant agoni st Uleﬁgeﬁgfe&&ms‘%n Iglfgﬁwsct%’?ahéasr?@ﬁgq%rﬁgg‘gkg rtkhrg?‘

at t enuat es {4y fpiet e Phédhgd BeDMIBbhYUNtEtswioedoyn®Bf Skill ihdhadrbto t he
surface of T cells, B cells, natural killer (NK) cells, E’ﬂ)nocyt eséQ%, and
macr ophdgeswhishdhe ahiselpsed dhestion g longs énrﬁ’@!@%:{ﬁ" e they £ellqyy'ng UpIa s

i nhi bitory Fﬁ{’%gé’% n\g/g%%@bqlg%ﬁhﬁ% nol ecule on a T cell. In specific

exanpl es of tion, antagonist is a nolecule that inhibits,
reduces, abolishes or otherw se reduces inhibitory signal transduction

th h the PD 1 tor. sj lin h . Sugh. d | t
wheres (i) the PG (GHnagBRIdrbe gl FAVSHIUAN bisnduefass EpMmeFey o
Wi Lhout U1 | 981 RSB RTINS UrRte o GNP, O dihestise ekCing! T

signal transduction,; the” PD-1 antagonist binds to a ligand (e.g. an
agoni stl ofcalhespbrdes agamsban antigamtvheihet by seddcing T sell @reliferationeQanypl e,

where said agonist . is B7-HL): (iii) .the PD- aQuy ' . ~r

ot herwi se i MhidWt Qt'\eﬁe'nglpﬂoh trbe%l?g,n'ammwré%%f)g%%ag Q@t p(gapr P HE%&OE‘ P ggauq atory
chain that,imigRogetici Nhi Bel edespited his r @serebsed. sSuohl abhibgoryr sighat wi se
facilitating PD-1 inhibitory signal transduction; or (‘iiﬂ\g t he -

PD- 1ant agoriransdustippiroay depiussta BR-3rbindipgte 3 patysabligand, skshasPHding gand
t hereof, es 1al | | | s hl 3 ' I e
genes encodmaLRb0Y B7-H 8 Shife SiheBRbirber oF FERIARS bf floShq e UC Rl ¢

ant agonisst mwhaytdeediud e biridimg bf CT L teclijandshauclkefabd8?-d ar Bé<x. dageneralPD- 1

i nhi bitory signal transduction, thereby increasing T.cell respopnse to, one
or nore ant$YBARUNGS ofdRE IRXRNGN reduce sugh- @,&Qﬂgﬁ{%,{[@}Sd%ﬁﬁgﬂsa%d

compound t higkiude, but are not limited to, PD-1 antagonists and CTLA4 antagonists.

The term "PD-1 antagonist’ means any molecule that attenuates

20 inhibitory signal transduction mediated by PD-1, found on the surface of T
cells, B cells, natural killer (NK) cells, monocytes, DC, and macrophages.
Such an antagonist includes a molecule that disrupts any inhibitory signal
generated by a PD-1 molecule on a T cell. In specific examples of the
invention, a PD-1 antagonist is a molecule that inhibits, reduces, abolishes or

25 otherwise reduces inhibitory signal transduction through the PD-1 receptor
signaling pathway. Such decrease may result where: (i) the PD-1 antagonist

of the invention binds to a PD-1 receptor without triggering signal
transduction, to reduce or block inhibitory signal transduction,; (ii) the PD-1
antagonist binds to a ligand (e.g. an agonist) of the PD-1 receptor, preventing

30 its binding thereto (for example, where said agonist is B7-H1); (iii) the PD-1
antagonist binds to, or otherwise inhibits the activity of, a molecule that is part

of a regulatory chain that, when not inhibited, has the result of stimulating or
otherwise facilitating PD-1 inhibitory signal transduction; or (iv) the PD-1
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reduces CTLA4-nediated inhibition of T cell reactions. For exanple, in an T
cell, CTLA4 delivers an inhibitory inpulse upon binding of B7 |igands, such
B7-1 and Ww0-2810/027423LA4 ant agoni st i s one that dirupts bipoaiusgooefossas d

| i gands to CTLA4 on activated T cells. In one enbodi ment, the antagonist is

an anti- CTlfdqahki Pptbitstdidre it of GTRBH teraptevenéxdregsivd ligandithereof, As
used herein, tHe term active fra ment" refers to a portion of a natural
pol ypept i deespeciallypbyy pehtding: ati @bolishings eyp@ssiom afoPBgy o[ fBP % @5 Se, at
| east 80% 85%,.90% 5% 98% _aor _99°¢ ' ' id ' i a
nat ur al po|%nfé)&ﬂf?gjébaic?ft%°Pem'%i°?§&%@tq%ﬂ§§g%%?§@§.PPid ? ;r?tm é%&rméto

exanpl e, byofthBdhiehtidR i mdwcli natneffécts a degease o PEBRA linhibitarypsighak r ed
enbodi ments, such a fragment woul d consist of the extracellular domain

(ECD) of5 a tBmSOUCHpb: hierehiacrensing TteeliFBspoNse IR ANG OF 8L FHAENS3
preferably am no acids 20 to 221 thereof. In the case of PD-1 pol ypepti de,
an active fragnent would be a portion of said pol ypeptide conprising a

bi ndi ng domai n thgtyskdrtseino tike tevinu ' €T LIAMgamtdgohisPDmeans gpeewpatind that

tinmulati f PD 1 di ated i nhibi.t ' | t dyct i o I d.
At ve. | agieeHEss IRV HRAGRER MR Oha) PO RAdERS: boshgetiewtdh e
ol ecul e t hay) 351 ARTdeNgEr BAMThABIOR) Hbe!bh BRdMGlof BT AbaadS! $uch For

exanpl e, ac agments w conpete with wild-type B7-DC for binding to
PD-1 . Mt hB7esprdB7+2. AICHNA4 bothgonistds oserthahdirupts bindigaertsaidigandsn

antigen bi ndi rtion,.of ant i hody th i end. ;

i mmgogl obul% ﬁ?'—ggc?f‘ PFHWﬁ'?rs C?lﬁﬁ:l Uo%"ngﬁﬁtbgﬁ%n Eﬁgﬁﬂ% m?@g%s%#gggébl e
of reactingcw aR #Him ol MHANEINES CTAP{o plewepoligarepbindéw.di scl osed herein as
bei ng receptors or ligands. These Fab and F(ab') 2 fragments |ack the

Fcportion of an intact antibody, clear nore rapidly fromthe circulation,
a0 N, Redreb PEfhs el (REHSAUUR, flomeAP, AeITE pRmdr eRe L
(Hochmars Jpatralabolypepfide, Biroahpaiypeptidd 2with 18igh1 segéen@haramology €er
T amelh, et 80 B5%, 0%, o8 a0k bt 948, LHAREAYG sB6GeRbe e
identity) to a natural polypeptide and that exhibits PD-1 antagonist activity, for
example, by binding PD-1 or by binding to a ligand of PD-1. In preferred
embodiments, such a fragment would consist of the extracellular domain
20 (ECD) of a B7-DC protein that binds to PD-1, such as SEQ ID NO: 3,
preferably amino acids 20 to 221 thereof. In the case of PD-1 polypeptide, an
active fragment would be a portion of said polypeptide comprising a binding
domain that binds to a natural ligand of PD-1 to prevent stimulation of PD-1
mediated inhibitory signal transduction by said ligand. Active fragments may
25  be identified by their ability to compete with the molecule they are derived
from for binding to a natural binding site. For example, active fragments will

compete with wild-type B7-DC for binding to PD-1.

With respect to an antibody, the term "active fragment® means an

30 antigen binding portion of an antibody that is less than an entire
immunoglobulin. Such fragments include Fab and F(aby)' fragments, capable

of reacting with and binding to any of the polypeptides disclosed herein as
being receptors or ligands. These Fab and F(ab'); fragments lack the Fc
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t echni ques such as protease cl eavage or chem cal cl eavage (see, e.g.,
Rousseaux et al., Meth. Enzynol., 121 :663-69 (1986)). As used herein, the
term "solwbl2eigqmari28on” of a PD-1 antagoni st neans that pomtusesvodbssehe ful |
| engt h pol ypeptide that does not include any part of the transnmenbrane

portion or R Y4
b gon o Lﬁﬁﬁé‘?’?'&? anhi ﬁfad?’é%'ffﬁb@y dleéhnfo?épﬁﬁ'ﬁl;lﬁoﬁ\ theCeirculation) drel pawyt i on

: the extracellul ar” portion (with or wthout t l\iter gl

si g{lal s(eqdmveel)elsbmommﬂ?@flwtiﬁshlel@ﬂm@g RN 2 'tntQﬁt amibodyyl &gﬁgn%tr gen'e
portion ) Ry t | f
. 57- DS Mrfuat 3265125 TREY ' BseiibhBel ¥ ety RoghtEn 0 2
1gC-1ike d%l”@i%)@l@cﬁmlswefmﬂ 13omhesuBhaton, el etanﬂr(‘rﬁiﬁacBldshem,tstra/zl of

the full length sequence (SEQ ID NGO 1) used herein, . - st i.mul at or
po: ypelot5| del5:189 %198 pEpesel /arions, fraamnt%@é@ar&rpgaﬁe% 't"‘ﬂnﬁ %%T\ﬁené'ap?gce y
nol ecul e o YaPf h t

response oﬁegﬂ@a#‘g e?llmg;gnsagﬁétgtﬁggf fé%%?é of ch'elﬂ%ca-l gr@dgr?'? ;ébg%eye p??dum ng
B cell) resReusssaux &dl.pMetheEpmymeI.,p12)1/668f€@ M@IS@)X or one or nore effector
(e.g., CIL or antibody-producing B cell) responses, or a suppressi ve
response. As used herein, the term"treatnment reginmen" refers to a

treatment of a dASQRSH HY¥ref, TR Rstth PS¥luBIePSHOAToRa (EDIT 8htaglyit Phernscal
change, such as increase of decreased response of the inmmune systemto an

an% i getnl00rft1hatrpudgmnof m&cfmllelengh palypeptide that dees awt dnglude Rayhathef the
activity of, one nore cells, aor cell t e, h
response, v&ﬁ%’?%?ﬁ"@é?rbe PORIRORSEIMaRt: E§g%§‘8@' ?s\é@ha H@ﬁ?ﬁﬁ%ﬂngoﬁo‘%’c

ani mal , sucép|aBlepdiBRBLouUIESREUS! the extiaveiolabgiongon dwithfdri witeout theohint  of
two or nore chem cal agents or conponents of said reginen to rLfegtg‘vely

treat a di stespéd tsigns ocﬁ?@é‘egﬁeh Bt swenkshi pal , eMerRE

chem cal i (o} g of
t he sane cgﬁgﬁémg%g?l%@%?@ | st etﬁgggéer%g%ml rh %B&ft{?ﬁeggﬁggﬂ? gmé’zs t he
same tire oheaECH offtarraah B7- B&us(sho&wn aad?rE(hﬂEtN@t Bandtorsisth aidoth the

conponent is_separ at
i gV-IlIPe gﬁd ?gCtMe domafns of the full length molecule (i.e., amino acids 20-

221 of the full length sequence (SEQ ID NO: 1).

As used herein, a “co-stimulatory polypeptide" is a polypeptide that,
20  upon interaction with a cell-surface molecule on T cells, modulates the activity
of the T cell. Thus, the response 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.
25
As used herein, the term "treatment regimen" refers to a treatment of a
disease or a method for achieving a desired physiological change, such as
increased or decreased response of the immune system to an antigen or
immunogen, such as an increase or decrease in the number or activity of one
30 or more cells, or cell types, that are involved in such response, wherein said
treatment or method comprises administering to an animal, such as a
mammal, especially a human being, a sufficient amount of two or more

chemical agents or components of said regimen to effectively treat a disease
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period of time fromone or nore of the agents agents or conponents) and
where adm ni stration of said one or nore agents or conponents achi eves a
resul t grwetzero/i2hes t hat of any of said agents or conpoREMITH2000D04825

adm ni stered alone or in isolation. As used herein the term"isolated" is

2 S Bt Aol e M it

hat I's 1n environnment “di fferent fromthat in which the
conpound nabipPnentoaEIadmnistera together stich @sinast ahther $AMAQOMRPLIRY as by

trati peptide t trati t which it i e i
nature. -1 ooaruRiete g aaarateh A mARbebipDy Aihé Satre el ol dBfed
that are S‘!Pr?ésa(atei.,aédr%irﬁ%lfétmﬁéf_ &8¢h hhencengspdneiit isrsepeeatedanda diniten

whi ch the conpound of interest is parfially or substantiall Igurifieg. As
used hebei mperibbeot time from ppe i awre raffthesagents agests O(ijCOgHg?] enfg) 8090 any

| engt h, re%{ﬁ%?ﬁ%ﬁ?ﬁ%ﬁ{ é{éé‘%ii 0{}%% %B%orep%‘eérﬂgoér% pEReRfs achieves a

gl ycosyl at i reSent1rnvention may be a reconbi nant
pol ypept i dgeggdt ng,telmal tAghy pedtt iofleany af syait hagentspodry mappenentyr whenably a
reconbi nant pol ypeptide. As used herein, a "variant" polypeptide contains
at | east oresirainisteredalangegireisotion erati on as conpared to the amino acid
sequence of the corresponding wld-type pol ypeptide. As used herein, an
"am no acid sequence alteration" can be, for exanple, a substitution, a

del etiqn, or an Asiased hereinftherierrorisotated’aisimeaakioddeseringsa $oRRAUN of he

terns "portion," "segnent," and "fra nt," e | AT tkon t
pol ypept i deBteregs dg-a&o edttr\%n?i W&I&‘Cg%&\?&n&ém%f rbroiﬁeg)l}@g}) @u%h Igsma%nno
aci d_resi dugsiroiieilt diflehemt Sforh QAP irdwhidistie BmpoliatgeaturllyuBrmss s

exanple, if a polypeptide were subjected to treatment with a‘gél %p he
common endogeparatedsffom dachatasalt miljesi sueh ashpiotengentiatingha RERt 4 des

resulting from such L rR30mERt LoLidolRf i HalirePAsbiatES" is meant to include

15 compounds that are within samples that are substantially enriched for the

compound of interest and/or in which the compound of interest is partially or

substantially purified.

As used herein, the term “polypeptide” refers to a chain of amino acids

20 of any length, regardless of modification (e.g., phosphorylation or
glycosylation). A polypeptide of the present invention may be a recombinant
polypeptide, a natural polypeptide or a synthetic polypeptide, preferably a

recombinant polypeptide.

25 As used herein, a “variant” polypeptide contains at least one amino 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
30 example, a substitution, a deletion, or an insertion of one or more amino

acids.
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segnents or fragnents of the starting polypeptide. A "fragnent"” of a
pol ypeptide thus refers to any subset of the polypeptide that is a shorter
pol ypept iwe 2foiw2he3ful | | ength protein. Generally, fragmwemtis2emwiobssbe five
or nore amno acids in length. A derivative, analog or honol og, of a

pol ypepti de (or AL AgBEMHerbRetROIRS "bERionMVERG iRt Mshd Brddthente whenuhi ch
one or nore of the amno acid residues are substituted with a conserved or

non- conser weskdaimi redatani th pelypeptidépriefer igba \coatinypes seauenss 96 rasidyes,
residue) and such substituted.am no acid | due r n b
encoded by $4¢0 g2RATINO 86§e" u?ﬁ'i\ﬂvﬁ'ghes'%ﬁéévﬂ%técﬁ onsego?aﬁ%erte% ﬁﬁ&gm no
acid resi dl?eﬁl{e!hgb.uﬁéﬁeﬂarﬁgré?ﬁfi éh peRipeptids werersubjédtid eoreiatmeht withtamey

pept | Wi

mat ure poly e Is fuse | anot her conpound, such as a con%)ou dto
i ncreasé t haf Hiag f comorofendepeptidapept isyeh(A8r I¥REIAPICE, CS&W&'?/H? Neni®

gl ycol ), OW@}#Bﬁ gihg%@incg[; {raﬁ, agQliH | OXmMeHT WG ASprasenf Usédiohs, t he

mat ure pol eader or secretory sequence or a sequence
which is engdgentst oF ﬁuﬁiri‘einwtéfonhef staringrapolypeptide/ pépt ‘fragmeanta of a
proprotei n sequence. Such derivatives and ?r}ﬁl ogs, ar equ%e?ﬁred.to bﬁg?’t\”hi n
the scope cPolypertidesthyg sefers tonamasubseb Al (tRe PRYREP At i A SRRk ed
herein, "v S gl <) el ' b gkl rasfe

nol ecul e. ?él&gééé%'rd’ a%ﬁ@%vmﬁj ? k&éﬁg%grg%g@ntggpﬁtﬂgt ?g%ﬁierﬁszv@e/?%fﬁger cent

i dentity' ocamimeacidsin leshgth.i cal ," when referring to a sequence, neans that
a sequence is conpared to a clained or described sequence after alignnent
of the sequence to be conpared (the "Conpared Sequence") with the descri bed

or clai ”Edsequenﬁ?dér‘d&ﬁvé,%a%?‘BFﬁoﬁ%&ﬁr@ﬁQ"ﬁolyﬁ@pﬁdé’%bﬁﬁﬁ@médemdre(yf) bf then
determ ned according to the foll ow ngmf ornul a: Percent _|dent irtﬁéifig?loo
c

[1-(CYR)] viherinventionirsay he (hwmedn WiTichipne oF Birie of tha amine ase AR
T brce SRR £ o A5t SR GRED Sy udaziprgsbyer |1
acid ins conserved amino acid residue) and such substituted amino acid residue may or
may not be one encoded by the genetic code, or (ii) one in which one or more of
the amino acid residues includes a substituent group, or (i) one in which the
mature polypeptide is fused with another compound, such as a compound to
increase the half-life of the polypeptide (for example, polyethylene glycol), or (iv)
20 one in which the additional amino acids are fused to the mature polypeptide,
such as a leader or secretory sequence or a sequence which is employed for
purification of the mature polypeptide or a proprotein sequence. Such
derivatives and analogs are deemed to be within the scope of those skilled in
the art from the teachings herein.
25
As used herein, “valency” refers to the number of binding sites

available per molecule.

In accordance with the present invention, the term "percent identity” or

30 "percent identical,” when referring to a sequence, means that a sequence is
compared to a claimed or described sequence after alignment of the sequence

to be compared (the "Compared Sequence") with the described or claimed
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t he Reference Sequence that does not have a corresponding aligned base or
am no acid in the Conpared Sequence and (ii) each gap in the Reference
Sequence woado{waz2r23each al i gned base or amino acid in tkreTRSR@OBMSS
Sequence that is different froman aligned base or amno acid in the

Conpar ed Sgsfbg;%ﬁée gﬁg”ﬁg’géféh@é Seqilichtenemre PereshtRdestity e thembetermainedas es

or amno a s 1n erence Sequence over the length of the alignnent

Wi th the Coaqearding Bethedotewingtfarmauwia: gap created in the Reference Sequence

al so being counted as a base or amno acid. If an alignnent exists between
t he Conpared Sequence and the Reference Sequence for which the percent

identity as cal cul at epe@BavRientityabor00 [dq@AR)]t o or greater than a specified
m ni nrum Percent ldentity then the Conpared Sequence has the specified
m ni mumdpercent identity to the Reference Sequence even though alignnments

may exi st i\Q%ﬁ@é&?%ﬁﬁ%@&@eﬁlﬁg'b‘étt\ﬁgeﬁ) %%ﬁ@fer’eﬂ@é@édﬁein%e'a?ﬁﬁ than

t he specifi used herein, the term"conservative
am no aci d thehGémpatedd8équenuss overstheskengtit bbaligiteert betweensthesReferenae ani no

idh im | t f | I cal g d." - G ryative"
ami no aci d SEHNCEANLIE GPRPRFRA SerHeUsH LRoeiR (XRarBdasr iRy 1, “or
bul k of thethé.”i@éfeirér’gtfseflgteﬂﬁﬁ& ﬁfatcﬁdeﬁ_ ﬁt%‘é\fé § W¥rlespahdingedligned base or

Non- conservati ve su ons wll differ nore significantly in their
ef fect i@ nanimoaacidnip {re) QomepareduSequenast andelip&achdaamde KbenRelerentRe ar ea

of the subsiitution L ex le, as. a o[ ; | ' (b)

t he charge ?QWO%H%&')C??@”%*Q”FHZDWI i@%ﬁ@oa C'@ﬁ*eh}%g'%{‘a%?&i% g?&g?ﬁkiec) t he
bul k of t hehat dedifbrinbfroRxamBligeed®base s amind aeid iathe Compated Bexjuence| ons

i nclude those in which the substitution is within one of the fi.cyefollowi ng

groups: 1) eonstitutes iapdifferancen@mgoRals the rymMber Pl basesor Aming REd K Peser |
Thr, Pro, : e i r q! tthel )

(Asp, Asn, C%%@re@en@@%f‘gg,%su |¥ee ﬁtc a&gée?%bggﬁbggm( Izlﬁg,coAlﬁlg],a%L@s);
| ar ge al3 phgeg@endeonitivlaay gapsirdatesl inNbe ReferenciiSequeince @Js9 bem\gobqtm’(@i

aromatic regé dae Sba(slcaeh(z';’r :I |rn’o grc%) If Eé(r? n;:”g%%weqt gggtécggtsﬁerevnattﬁé/ ecgmp%?e@d d
Sequence and the Reference Sequence for which the percent identity as
calculated above is about equal to or greater than a specified minimum Percent
Identity then the Compared Sequence has the specified minimum percent

20 identity to the Reference Sequence even though alignments may exist in which
the hereinabove calculated Percent Identity is less than the specified Percent
Identity.

As used herein, the term “conservative amino acid substitutioh" means

25 a substitution wherein the substituted amino acid has similar structural or
chemical 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) the structure of the peptide

30 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 (c) the bulk of the side chain. Examples of conservative amino acid

substitutions include those in which the substitution is within one of the five
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substitutions are those where 1) a hydrophilic residue, e.qg.
threonyl, is substituted for (or by) a hydrophobic residue,

, seryl or

e.g.,

| eucyl ,

i sol eucylwophsmpratanyl , valyl, or alanyl; 2) a cystei necoruspsoolonssesi s

substituted for (or by) any other residue; 3) a residue having an

el ect roposifbiw\ﬁm? Qﬁ)dbl%alﬂ)l sralf aliphaty, | norgragamyt shg)hitmpstardyels;dues (Ala,

substituted for

by) an el ectronegative residue, 5 8
aspartyl; obed)Thy, Ipégl @lY; \Rolar.anedativelys Fhargedaresi léeg%an p%@ﬂ%@l'é)ﬁﬁ ne,
2o, BBl A O odigs st s snete .0,

gl yci ne.

pati ent

are used

i nter Change@ltﬁhxatubern@npolaan:ésww (Met,aLeamitel Valncﬂysd; rag\d targe natomatid t ed

to, primates, for exanple human bei as vveII as_ rodents
and rats, ae8idsshePheabdrt od {P) an%ﬁ‘éﬂg"s'e

SuUC

s Afis APTREPNSELVE @ t BFHY

BBl v

amount *or %Jt{gﬁial%%%t fehb¥e SIA&E1)V§ r@@%ﬂﬁmc FEXdSe 2. gowﬂ sufhrésh@nt to

treat, inhi or a evli ate one OI’

synpt ons of’ di sease state bei ng

L LI 1 Meriamne ol o st o, e b o
|
e Sk AT o) o SRR e TSR o
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Except insofar as any conventional media or agent is inconpatible with the

active conpehdif, €@sedlY¢BEeof in the therapeutic conpositions

i scontenpl ated. Supplenentary active conpounds can al so be incorporated
into the conpositions. The term "anti body” is neant to include both intact
mol ecul B5 as wel Thastérrnasgrr‘hﬂisiduabr etwost’hatsubjratud@ndhépatientgefrai HeRhg

site. \Wol e.

in erchanggably herein, and refer to a mammal, including, but not limited to,

primates, for example, human beings, as well as rodents, such as mice and

rats, and other laboratory animals.

20 As used herein the term “effective amount” or “therapeutically effective

amount” means a dosage sufficient to treat, inhibit, or alleviate one or more

symptoms of a disease state being treated or to otherwise provide a desired

pharmacologic and/or physiologic effect, especially enhancing T cell response

to a selected antigen. The precise dosage will vary according to a variety of

25 factors such as subject-dependent variables (e.g., age, immune system

health, etc.), the disease, and the treatment being administered.

As used herein "pharmaceutically acceptable carrier" includes any and

all solvents, dispersion media, coatings, antibacterial and antifungal agents,

30 isotonic and absorption delaying agents, and the like. The use of such media

and agents for pharmaceutically active substances is well known in the art.

Except insofar as any conventional media or agent is incompatible with the

active compound, use thereof in the therapeutic compositions is
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structure is often given as H2L2 and refers to the fact that antibodies

comonly conprise 2 light (L) amno acid chains and 2 heavy (H) am no acid
chai ns. BsOhoohe7423 have regi ons capabl e of i nteractingpartus2aosv4sest ural ly
conpl ementary antigenic target. The regions interacting with the target are

referred t Occﬂﬁeﬁ%\f’efté@.bbﬁbp%méﬁféri eftioascanpoands @anar alloebezigdolporated
differences 1n amno aci d sequence from anti bodies of different antigenic

speci fi ci t yintoltne campaditiens.egi ons of either H or L chains contains the
anmno aci d sequences capabl e of specifically binding to antigenic targets.
Wthin these sequences are smaller sequences dubbed "hypervariabl e" because
of their extreneryarémpi“bhfibodietivansaninto netlidesboth mhtddtemblegulgseas fwell ty.
Such hypervariable regions are also referred to as."conpl ntari
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l'ight chains o odi es ea have regi ons, each _non-conti guous
with t he ot hfesed temstdatialle” bp V! ssgieng angiare igbpragierized by sifferences in i ght

(L) and heavy.(H) chains. The accepted,. r el ; e N b
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P regions alrgna sroo\rlc-l:fe(rf"rzdatot raesat'cr:rc?r%lerrﬁgr%tgﬁgf dce)ier(r:anrqitr)\bn?édi%s" or

"CDR" regions. These CDR regions account for the basic specificity of the

antibody for a particular antigenic determinant structure. The CDRs represent

non-contiguous stretches of amino acids within the variable regions but,

20 regardless of species, the positional locations of these critical amino acid

sequences within the variable heavy and light chain regions have been found

to have similar locations within the amino acid sequences of the variable

chains. The variable heavy and light chains of all antibodies each have 3 CDR

regions, each non-contiguous with the others (termed L1, L2, L3, H1, H2, H3)

25  for the respective light (L) and heavy (H) chains. The accepted CDR regions

have been described by Kabat et al, J. Biol. Chem. 252:6609-6616 (1977).

The antibodies disclosed according to the invention may also be wholly

synthetic, wherein the polypeptide chains of the antibodies are synthesized

and, possibly, optimized for binding to the polypeptides disclosed herein as

30 being receptors. Such antibodies may be chimeric or humanized antibodies

and may be fully tetrameric in structure, or may be dimeric and comprise only

a single heavy and a single light chain.
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t herapy, for treating disease in mamual s conprising a conpound that reduces
or abolishes inhibitory signal transduction in T cells, preferably human T
cells, adworheiered in conjunction with a potentiating &gents2a09/004325 ease an
i mmune response. The nethods of the invention also relate to the use of

broad spectrum i mnom%k?hwgoa@ésmmwenm INVENTION! general , the
i ncreased T cell response resulting fromthese nethods is greater than any

increased T cell response resulting fromadm nistering the sane dose of

ith f id PD- 1 ant | St | |2k : t inafi
G scl osed compodine BresemdveRior RS abes FEPRIMBA! By RRRL o BineliR,
| Mune r esRESRT, I fAY Olr¥atiHy WisEAdes inThmmiae dorhprisiagod tomponndnthatn are

most useful Tn'treating a disease condition that would _lben(?f it f om. an
i ncreasé i meduces loraabplishes iphibilgryr signad trapsdiclien 1 cleige 'Pes‘ﬁ‘éf‘&’@ g’s

necessary qr sufficient I L d.di t ' eis
not specifi ?@/ a?fg%d %fm@&gégﬁa%dcgwag&@dﬁgﬁ%r @?%@gfﬁ?@ﬁf’n a

preferred greredsavmtimrhtice fo4pomek. di sease to be treated or prevented is a
mal i gnant tunor or a chronic infectious disease caused by a bacterium

virus, protozoan, helmnth, or other intracellular mcrobial pathogen that

I's attacked, i.epuq Wﬁtﬁé‘&é’%ﬂéﬂ%in@e‘nﬁgﬁ*H?&Wr&éte f5trerate on bedbad spetiremusi ng

t he di scl osed conpositions | so advantageous to treat or prevent
condi ti1gns igtaumarhedilatsts bgnd wompmsitpnse o ithese. | I aereiatiaiieeingreasacthd

present invention, the T cell response can he_r t b hat
bind to rece& @sgoaﬁetrﬁgulg‘ngef[qmStﬁpﬁgd'geg}%lgnl&if%é*egstﬁ? Ra nWrgzgg%%&fﬂ;ands
of such r?%“l’lﬁ%? ndd rd SRR HBPAdMridteringhe Gahes doseof bither said (RD+ educe
its inhibitory e ?ect and/ or nol ecul es that bind one or nore PD-1 |igands

to reduce thantagabistiorpaicopetentiatimy agpatalopBeef fect of reducing the ability
of PD-1 to inhibit T cell response, thereby increasing this response and
t he i munol ogi cal effects thereof. A PD 1 RECEPTOR ANTAGONI STS

15 The disclosed compositions and regimens are useful to stimulate or

enhance immune responses involving T cells. Thus, the methods of the
invention are most useful in treating a disease condition that would benefit
from an increase in T cell activity and where the increased T cell response is
necessary or sufficient to treat said disease, even though the disease is not
20 specifically caused or aggravated by a reduced T cell response. In a preferred
embodiment, the type of disease to be treated or prevented is a malignant
tumor or a chronic infectious disease caused by a bacterium, virus, protozoan,
helminth, or other intracellular microbial pathogen that is attacked, i.e., by
cytotoxic T lymphocytes. Activation of T cells using the disclosed
25 compositions is also advantageous to treat or prevent conditions

characterized by immunosuppression.

In accordance with the present invention, the T cell response can be

regulated by molecules that bind to receptors on the T cell surface and

30 molecules that bind to ligands of such receptors. In the case of PD-1,
molecules that bind PD-1 to reduce its inhibitory effect and/or molecules that

bind one or more PD-1 ligands to reduce their ability to bind PD-1 have the
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Composi tions containing antagonists of PD-1 receptors are provided and

I ncl ude conpounds or agents that either bind to and block a |igand of PD- 1
to interfwoeow/M2er inhibit the binding of the |igand tPoTituseooPDe4B2s
receptor, or bind directly to and block the PD-1 receptor w thout inducing

inhibitory ARHY Ghé oability @99PDL haoPlRhibit & elloresponsandhéreby
enbodi nent e?{e%ga(g[)% recegt or aln{y;goni st binds directly to the PD-1

recept or wiin¢reasing thiggeespagsée andihe éngnunalegicakeffacdsithareeh and al so bi nds
to a ligand of the PD-1 receptor to reduce or inhibit the Iigand from
triggering signal transduction through the PD-1 receptor. By reducing the
nunber and/or anount of |igands that bind to PD-1 receptor and trigger the
transduction of an inhi bitorxl %icgnal fewer cells are attenuated by the

negativé siAyrRP-HREGEPEQRANPAGONIFRAI transduction and a more robust

| mmune response can be achieved. In accordance with the present invention,

PD-1 signaling requires binding to a PD-1 Iigand (such as B7-Hl or B7-DC)

in close proxi ni Cymiposhiopeptdrdainatg iaptaggnistseoft BO-byregeptars are provided

hi stoconpatibility conplex (MHC) (see or, exampl.e, Fr Prog. 1.

Acad. Sci. and @.clwel@ynmelzfré% Qb%sént@ztbag?bthe%ﬁgé? angﬁﬁ?@?@paﬁ? oA} Bhodi es

or smal l i ' it e biaainigCor P nd &nthel BB-onetéstor, oel |

menbr ane gﬂe?ﬁﬁs“etgﬁﬁwg@t?p%ﬁpgg}nﬁhgt Hél cor?t?enplea_@e%d by this i n_v_en?iﬂo_n.

Exenpl aity Rind diectpttorananblagthe (RD{Inwiceator withoutriadueing|inhibitaty signal7- pc

pol ypeptides, ipnpcl.uding h | o nd_var.i ant s e . I Gt ive

fragnents ofd CBPnthoqq(}}ngﬁ%ﬁ%% 5%%9F}t8§i| naﬁggr}tegi%ﬁb?ﬁg?é,}ﬁh&?ﬁ?gte any

of these. |@capRrehRiagedistbinds nErdctlyt e thesPDR1 preceptor withput srggering

sol ubl e portion of B7-DC coupled to the Fc portion of an aﬁghléﬁg%/ uch as

human | gG, iahibitenesignel trapsdugtinmard A1$0 §ingsata adigandeLt thgnshe or

portion of - The P i hait fassHucHoR hﬁﬁh%ﬂmé

mol ecul e am%g%(r)aﬁ'f%ét@qu ;Bgtn hieg'(%r{eo‘;ﬁﬁ ﬁ{a?rqggglhggggﬂrjéli ﬁ?er f ecr%e \C/Jtvl thPD-1

recept or5 sigDal récepiod By rextuding tiendumber anidigraardeunt obiigandsr thad bim to

el eSPERL LY MNeLE SRR nShudBrto s TR SN el bt such
are attenuated by the negative signal delivered by PD-1 signal transduction

and a more robust immune response can be achieved.

20 In accordance with the present invention, PD-1 signaling requires
binding to a PD-1 ligand (such as B7-H1 or B7-DC) in close proximity to a
peptide antigen presented by major histocompatibility complex (MHC) (see,
for example, Freeman Proc. Natl. Acad. Sci. U. S. A 105:10275-10276
(2008)). Therefore, proteins, antibodies or small molecules that prevent co-

25  ligation of PD-1 and TCR on the T cell membrane are useful PD-1 antagonists

contemplated by this invention.

Exemplary PD-1 receptor antagonists include, but are not limited to B7-

DC polypeptides, including homologs and variants of these, as well as active

30 fragments of any of the foregoing, and fusion proteins that incorporate any of
these. In a preferred embodiment, the fusion protein comprises the soluble
portion of B7-DC coupled to the Fc portion of an antibody, such as human

IgG, and does not incorporate all or part of the transmembrane portion of
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triggering inhibitory signal transduction through the PD-1 receptor.
PD-1 receptor antagoni sts provided herein are generally useful
ex vivo asoiznrumes2sesponse-stinul ating therapeutics. | nPgense@/0048he

di scl osed antagoni st conpositions are useful for treating a subject having
or being priethaPereBCl oriPIliSRATIS afabBhiles cbh bche Idialb wibiecdles

i mmune system nmount S an i nmune response. I. B7-DC Pol ypeptides In certa| n
enbodi nent sant@jertnﬁspmloaatlbmdlear’(habremm ae imerfere w@p?’&~1 Jdecapwhisigral B7- pC
is a natural and PD-.1 bi nds PD-1.wi

B7- H1 |, andracf‘éﬂg m%mmp%'i"ﬁla}eg'qé}i‘dsﬁﬁ'g[’ ﬁPEF%P [?on SU| ? EE‘aqywérEC

pol ypept i dgg.|i am%'nuer rl@omrwlﬂﬂtmRhaagém foIW IsughE birslind)etreséby caot be
obtained fromthe following full |ength human B7-DC pol ypepti des with (SEQ
I D NO 15 ortriggernguinhitsery St snna@trapwmtl%hkhw&’fbti@ BPghsgcent gh de. M FLLLM.SL
ELQLHQ AAL FTVTVPKELY | | EHGSNVTL ECNFDTGSHV NLGAI TASLQ 60 KVENDTSPHR
ERATLLEEQL PLGKASFH P QVQVRDEGQY QCI I | YGVAW DYKYLTLKVK 120 ASYRKI NTHI
LKVPETDEVE L TCQATHeY PD-AREEHPsY avitafowmisiiiovidedLdeirtste hete RillRrRGRNA
SCVFWNTHVR ELTLASI DLQ SQVEPRTHPT WLLHIFIPFC | | AF] FI ATV 240 IALRK
LYSSKDTTKR XOrang e\ GAS I "(%@@PPDSR@ iyul i‘ﬁﬂm Rﬁr% e
LECNFDTGSH =

YQa | 1 vova SRR RPN R TTROAET L‘IS%*E‘E—?@%J’E’X%%%’S
VPANTSHBRT Hefitg eddiShosdrl KPRRERNs &R@/BrEdvdasd REICHLIKS Bubj
TWLLHI FI PF CIIAFIFIAT VIALRK&%CE%KLYSSKDTTK 240 RPVTTTKREV NSAI
NO 2 ) The S¥#&MMOYNSANPINLENE EBSPANFEr udi ng B7-DC, are expressed at the
cell surface with a nmenbrane proxi mal constant | gC domain and a nenbrane
distal gV domain. Receptors for these |igands share a common extracel | ul ar

| gV-1i ke dohdBHDQ Robwpeptidess of receptor-ligand pairs are nedi at ed

The
in vivo and

254 (SEQ | D

15 In certain embodiments, B7-DC proteins can be used as PD-1 receptor
antagonists. B7-DC is a natural ligand of PD-1 and binds to PD-1 with higher
affinity than B7-H1, and can thus inhibit B7-H1:PD-1 interactions. Suitable B7-
DC polypeptides, including variants, homologs and fragments thereof, can be
obtained from the following full length human B7-DC polypeptides with (SEQ

20 1D NO:1) or without (SEQ ID NO:2) the endogenous signal peptide.

25

30

35

MIFLLLMLSL
KVENDTSPHR
ASYRKINTHI
RLKPPPGRNF
IALRKQLCQK

ELQLHQIAAL
ERATLLEEQL
LKVPETDEVE
SCVFWNTHVR
LYSSKDTTKR

(SEQ ID NO:1)

LFTVTVPKEL
LPLGKASFHI
ELTCQATGYP
RELTLASIDL
RPVTTTKREV

YIIEHGSNVT
PQVQVRDEGQ
LAEVSWPNVS
QSQMEPRTHP
NSAI

(SEQ ID NO:2)

FTVTVPKELY
PLGKASFHIP
LTCQATGYPL
ELTLASIDLQ
PVTTTKREVN

LECNFDTGSH
YQCIIIYGVA
VPANTSHSRT
TWLLHIFIPF

ITEHGSNVTL
QVQVRDEGQY
AEVSWPNVSV
SQMEPRTHPT
SAI

VNLGAITASL
WDYKYLTLKV
PEGLYQVTSV
CIIAFIFIAT

25

ECNFDTGSHV
QCIIIYGVAW
PANTSHSRTP
WLLHIFIPFC

QKVENDTSPH
KASYRKINTH
LRLKPPPGRN
VIALRKQLCQ

NLGAITASLQ 60

DYKYLTLKVK
EGLYQVTSVL
ITAFIFIATV

RERATLLEEQ
ILKVPETDEV
FSCVFWNTHV
KLYSSKDTTK

120
180
240
273

60
120
180
240
254



predom nantly through residues in the IgV domains of the |igands and
receptors. In general, 1gV domains are described as having two sheets that
each contwonsi2leger of b-strands. These b-strands arepcefuseooemodses as A,
B, C C, C, D E, Fand G The structure of such pol ypepti des has been

described in therjd B?rfamg%f(rﬁsréch{msn%l&!inglsz-D@,ﬁéfdxpséssw atr theadellt he
conpl ex between programed death-1 (PD-1) and its |igand PD-L2, PNAS, Vol.

_1?5, pp. 108Mce0wEB & 20ethbraneosyimal Bons@ntalgG desiiRiAnthe presokiane |
Its nononerj.c I conpr ehY4 . ' m?#gn
extracel | ulél?tal)?ﬂ\{mldBH"% : Iti%%%%éc@?@"%%ﬁﬁ%&@r Qﬁ%&%kgr dorra%?tr{%@%IrUIaErCD),

with the | g¥vliKee demmim beiteractiondorsi hbeeptor-lighnd e pairsi napear tmedistedPD- 1
binding as well as other functions recited in the nethogds of .the invention.
For t he Shurredpminantly, thiesghgtesidues rini theHaVasosaing (ot the hlgands r%‘égesses

a disulfide i nki e t . . i ch
appears to rﬁgggﬁé%‘agﬁ | Se:r?lc '@( %é;n?g#%%flﬁga g\%ﬁg\gégetz@ggﬁ%etgmbfar
t hr ee- di mensdgnedntainsus layes ofil-stramds.| Jhede Pastnandsf atetéfeBeditoaariABTB2 (see

Mol nar et al.(2008), supra). In one enpodinment the B7-DC '

pol ypept i dels &-‘ontcé? a vng G Callher stippivee of %‘.",an Mqﬁ[{@r@:sgﬁés RES"et i ons
or insertio A | - ' '

conbi nat  orJegerBeTh e HerBlurERSB e Mobiaf B o, B Br S R0 e b,

ani no adi d betverat progsarhimesl deathbtt(PDut) and itsdigasidi BRsLar PNAS{¢loAgY.

within the A, C_.C ' . EmaRo@f G b-strands. In a preferred enbodi nent

B7- DC vari aPR-s1Q%(§@f};9‘héﬁ)H?egD6lflyr%9rog am no acid alterati ogs in the G

b-strand. In another enbodinent, variant B7-DC pol ypeptide fragnments

i nclude the 1gC and I gV donmai ns of B7-DC. In another enpodi nent, vari ant

g; % pol ypept i dB7{RGg@etiaasmamirasetproteigyiy#famenemeastt: [REMHUFRIAPYHE nouse
- pr ot e

tr ansnnor 98 BfiaeG drBeli i riaks ikl £ SRmceIBRERAOR o B Aplecule i
cont ai N t wehé g estraBéindar adomabt,arr [EOR),makith gthe IgV-like domain being
responsible, in whole or in part, for PD-1 binding as well as other functions
recited in the methods of the invention. For the human protein, the IgV domain
is characterized in that it possesses a disulfide bond linking the B and F
strands (referred to above), which appears to be characteristic of many IgV
20 domains and possesses a similar three-dimensional structure with the 1gV

domains of both B7-1 and B7-2 (see Molnar et al.(2008), supra).

In one embodiment the B7-DC variant polypeptides contain amino acid

alterations (i.e., substitutions, deletions or insertions) within one or more of

25 these B-strands in any possible combination. In another embodiment, B7-DC

variants contain one or more amino acid alterations (i.e., substitutions,

deletions or insertions) within the A’, C, C’, C”, D, E, F or G B-strands. In a

preferred embodiment B7-DC variants contain one or more amino acid

alterations in the G B-strand. In another embodiment, variant B7-DC

30 polypeptide fragments include the IgC and IgV domains of B7-DC. In another

embodiment, variant B7-DC polypeptide fragments include the IgV domain of
B7-DC.
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domai n and a nenbrane distal gV domain. Useful fragnments of variant B7- DC
pol ypepti des include soluble fragnments. Sol uble B7-DC fragnents are

f ragnent swof20®72DQ23t hat may be shed, secreted or ot her wrse/uszamomedsesl from
the producing cells. In one enbodi ment, variant B7-DC pol ypeptide fragnents

i ncl ude the ent 'Ht‘?m%ﬁtéﬁ&%bﬁ'@»@@ﬂ@@'ﬁo@ndﬁo%m Thehekt ineeltaplasmidonai n

of B7-DC i ncl udes am no acids from about 20 to about am no acid 22 of
murine or IdoreainBa Eiogte tra@sm%nbrraagnéﬂmlrt sadean eﬂtf@CQH@?ﬁéo%’ﬂo ﬁ"ent

\égr :I)?:nt I 575%5%8*'%'5 g dgr'é'%g EWIPH@? (%%'%ngysg&eqﬂg 4'1% rrent s [ ﬂcl ude

tP B{%ll |9V dormsrﬁamfarﬁ?anﬁenﬁwaﬁea.g@allg\mwdrﬁamhmsgful ftagmentsi ofevariardiBig- to a
I gan

bresent 8d. BCaplpepidasausile IINeley raBmanis. SAEfe BiF CbriiropIants A |
Acad. Sci rmtjrjae%rﬁ? é%foézjt%%ﬁatlﬁ%&%% <fag) éecfgﬁg ?ﬁﬁemﬁéé’%&traétedaﬂbhpom es

or snall preven i'gation o on the T cell
nenbr ane artpeysodutingels amt ergositicaliment) variphtBZeDGypalypeptideieagments The

PD-1 ant agoni st f ul th t hod d f
Thel ude. £ onrRe herentie SBsElTRDAEMA G EBa e e QT dHHER 6"
Al ternativegy,ped '}?clu&@%e il ?QiEsB?drPQHo@?bUQB AUt affind RRIC22 T a¢ eddridear

dormai n that conprise dormai n, preferably am no acids
20- 221 10 noorehymah eB?aBIQ/oeaetlv,BlfragmaJts theseefuf Ini anather embediaent varantD. 1

receptor to r f r ey

si gnal tran%Jé'Ei(t? R 883’? 8R{§dn Rﬂd&@‘ﬁt thw gep#&ﬂéfrﬁse Qvlﬁ%ﬂ%nt
the B7-DC fiRatABA enfsyaneiens Wﬁdhth}ﬂﬂchly@emwewfyagmm iincladepther lgV | n
one enbodi nent, variant B7-DC pol ypepti fragnents nmay contain a region of

t he pol ypepd¢malrt¢fai371D§3| mportant for binding to PD-1 . These pol ypepti de
fragments may be useful to conpete for binding to PD-1 and toprevent native
B7-DC frombinding to PD-1 . By conpeting for binding to PD- 1, these
fragmentss may bePDstkigndlingdsthoughtao recuiraebindisgdose Pxd ligand (typically

B7-H1) in close proximity to a peptide antigen presented by major
histocompatibility complex (MHC) (Freeman Proc. Natl. Acad. Sci. U. S. A
105:10275-10276 (2008)). Therefore, proteins, antibodies or small molecules
that prevent co-ligation of PD-1 and TCR on the T cell membrane are useful

20 PD-1 antagonists comntemplated by this invention.

The PD-1 antagonist useful in the methods and compositions of the
invention include fragments of the B7-DC protein incorporating the ECD.
Alternatively, the fragments of B7-DC include part of the extracellular domain

25 that comprise the an IgV or IgV-like domain, preferably amino acids 20-221,
more preferably 20-121, that are sufficient to bind to the PD-1 receptor to
interfere with, or prevent, or otherwise reduce inhibitory signal transduction
through the PD-1 receptor. In a preferred embodiment the B7-DC fragment
competes with B7-H1 for binding to PD-1 receptors.

30

In one embodiment, variant B7-DC polypeptide fragments may contain
a region of the polypeptide that is important for binding to PD-1. These
polypeptide fragments may be useful to compete for binding to PD-1 and to
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inhibiting interactions of B7-Hl and B7-DC with PD-1 inhibits the
suppression of imune responses that would otherw se occur. A pol ypeptide
fragment wo 2nmuees28r hunman B7-DC that coul d conpetiti velPgThispehtossBD- 1 can
contain, for exanple, am no acids 101-108 or 110-1 14. The bindi ng of

wi | d-type BraDChd 0.RR A710@ i bindifigitsP1t eBy Rynietingafot bittiingte &D-, 60
percent, 7 r%ercent, 7% percent, nSOI %ercent , 9¥) pgﬁ:er?fg, 95 pe?%ent, or
nore than 95 theseefragment®mpay e tuseafule to anhianse BNnNMYNET ISRPCHSEy 3 B7- DC

to PD-1 in the. absence of a nt, TR N:-E
B7-DC frag dﬁﬂ@&%‘@?ﬂ?%% ﬂﬂ@%ﬁ@d‘f@%ﬁ%‘@%ﬁ%&i%ﬁ%ﬁ%‘%% Eg'%ilgﬁl@;\%/i on
i ncl ude, bl iRfrRund réshotRks!thai Wedlid etherizel otdurwi AgoBbeplidexftagent of ar
domai ns: Human B7-DC extracel | ul ar domai n _E,CDP: LFET KEL YI | EHGS
I\_(ESNFDTGSH oL\ T ASMarkBENRS Shef Faid o tigely e Sty ME@&T
| 11 YGVA WDYKYLTL | T,
VPANTSHSRT %@@W&ﬁ@‘#ﬂ?ﬁ%%@ﬁm Tﬁ% bﬁﬁﬁ%ﬁ%ﬁt QVEPRTH% T™W
R e oL R e e o Tt Bov e Ky vt o
LP LFH PSVi
\F/)\LE)Q_%LTVKV RETSTVRI ft@rmelfﬁﬂvpéﬁeegfﬂﬁ, TMWL@W%M%
QUTSV : TSALI P
BT TR A e B D e e orear o |

NO 4) Cyno L Yl I EHGSNVT LECNFDTGSH
VNLGAI TASL £XedghisTbiof sRIERAITd-typreOBg oD CPERRASIMY BORGyFoamenteusefulavie

PECLYOVTSY DRIKSSaRGreyPORRIONT 60 R TUANTEL HEREPARP V303 (41 Do

15) Numer ousjjfitb@to RhE 18wk § BRDTExtisesINlar dorhdigsimet hods and

Human B7-DC extracellular domain (ECD):

15
LFTVTVPKEL YIIEHGSNVT LECNFDTGSH VNLGAITASL QKVENDTSPH RERATLLEEQ 60
LPLGKASFHI PQVQVRDEGQ YQCIIIYGVA WDYKYLTLKV KASYRKINTH ILKVPETDEV 120
ELTCQATGYP LAEVSWPNVS VPANTSHSRT PEGLYQVTSV LRLKPPPGRN FSCVFWNTHV 180
RELTLASIDL QSQMEPRTHP TW 202

20 (SEQ ID NO:3)

and murine B7-DC ECD:

LFTVTAPKEV YTVDVGSSVS LECDFDRREC TELEGIRASL QKVENDTSLQ SERATLLEEQ 60

25 LPLGKALFHI PSVQVRDSGQ YRCLVICGAA WDYKYLTVKV KASYMRIDTR ILEVPGTGEV 120
QLTCQARGYP LAEVSWQNVS VPANTSHIRT PEGLYQVTSV LRLKPQPSRN FSCMFWNAHM 180
KELTSAIIDP LSRMEPKVPR TW 202
(SEQ ID NO:4)

30 Cynomolgus monkey B7-DC ECD:

LFTVTVPKEL YIIEHGSNVT LECNFDTGSH VNLGAITASL QKVENDTSPH RERATLLEEQ 60
LPLGKASFHI PQVQVRDEGQ YQCIIIYGVA WDYKYLTLKV KASYRKINTH ILKVPETDEV 120
ELTCQATGYP LAEVSWPNVS VPANTSHSRT PEGLYQVTSV LRLKPPPGRN FSCVFWNTHV 180
35 RELTLASIDL QSQMEPRTHP TW 202

(Seq ID NO: 15)
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conpositions of the invention are provided in Onl anobon et al., | mmunol ogy,
Vol . 124, pp. 277-293 (2008). A PD-1 antagoni st useful in the conpositions
and net hoate 20fo/2he3i nventi on al so includes a fusion protreruseas/odsssri bed
bel ow) t hat corrpri ses first and second pol ypepti de portions, wherein said

fusion protein, m%PodseétﬁterPhﬁwafterséhueﬁbé/@egéfudm therrheivdshaiceof ,
possesses PD-1 ant agoni st activit especi al c(ﬁ I\/\/nere sai d fusi on rote| n
R

bi nds to amrmmkmmmeonvmtmsamr@we@ﬂ ipRrlamadngelal., dmnnalogy.The

f| rst pol ypepti or h fusion protein can conprise, or consist
any of R?‘ﬁ %g g%ﬁ@@% pol ypeptides, or PD- 1 binding fragnments

thereof ot herw se reC|ted herein for use as PD-1 antagonists in the

nmet hods of the invention. In a preferred enbodi mrent of such ﬁ\?fum o]

proteinS the reohtRB-tiantagerist pesfulde e CogPqsitiqns @nfi Matheds tq{ephﬁeci ted

d I d ,
pol ypept | danEaARBCEfes # (ESiDRETRRAT (BSURELIREN beldh I Ao Sn by

an ol i gopemrgplgndj rse@ddd tgotypepidehportionsowhereals saidvfusmsomprotedn, rascattleast i r st
and second B g pepti de portions, where said |inkin Da‘P no aci di %ﬁiwﬂ?

subst anti al @ér@@'ﬁ’@emﬁe FLRrion nthesedf SQOSO%&SF@?te LURAHORIR ot ei n.
In a prefer cﬁjélﬂh&eféh%(?ﬁsﬁh%rﬁté?n bift & afd bldku!PE-1f 6pmn'fd§€tocanda| ent

bondi ng of S Tre ues 1n regions of two of the Ig heavy chains
that are t hglosksra Kgend efiPids Tﬂwleaﬁrsamlmeatlﬂmmtlon i estamfugien Protem

normal I g heavy chains. A lar nunb t are
routinely u%%'ﬂg%@pf'ﬁg’i ?)rnc‘iﬂ%?tg‘?% aBYl’? EPO ?t%@?@édagﬁc aeﬁpgﬁﬁ(g%% J}E}'B

art. Exanpl £spigliinds dfdgmensy BRiteb € oftigvisey ré@ltémerﬁérelmdbudﬁe bag l%dDeI not
limted to, green fI uorescent protein (GFP). 1 Iutath| one S- ans erage

(GST), pol yamtegomstﬁem e mehedgl of tha .rnvernmag( a PERfe['RIIBIPO

or ovi des. & St ArelhBidht h’éhﬁe@ﬁﬁérfﬁgﬁbé‘xﬁsﬁ% 14 poflR?} BOUErRRe) Bt

extraceld ul gicitd@sricon@ipotypeptideniorfidn. D6 styarate edbodiment, the recited first
polypeptide portion is linked to the recited second polypeptide portion. by an
oligopeptide in addition to the amino acids composing the recited first and
second polypeptide portions, where said linking amino acids do not

substantially decrease the PD-1 antagonist activity of said fusion protein.

20
In a preferred diméric fusion protein, the dimer results from the
covalent bonding of Cys residues in the CH regions of two of the Ig heavy
chains that are the same Cys residues that are disulfide linked in dimerized
normal Ig heavy chains.
25

A large number of polypeptide sequences that are routinely used as
fusion protein binding partners are well known in the art. Examples of useful
polypeptide binding partners include, but are not limited to, green fluorescent
protein (GFP), glutathione S-transferase (GST), polyhistidine, myc,

30 hemaglutinin, Flag™ tag (Kodak, New Haven, CT), maltose E binding protein

and protein A.
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Met hods for making tetramer constructs are known in the art (see Pertovas,
et al., J. Exp. Med., 203:2281 (2006)). Exenplary murine B7-DC fusion
prot ei ns worbavm74ai no aci ds 20-221 of nurine B7-DC fusedTius2@ioms2Rci ds
237-469 of nurine | g&a (CAA49868). In one non-limting exanple, human

B7-DC fusion pr ' ta ' ' faiBad t
ani G aci ds 245?%%9@?““%3%%Wﬂ%%iif@ﬁ";@iFgﬁiff““ggﬁf‘g%?f or B7-DC
8i

f usj[ pg p{ ﬁt?jt{cﬁraite}ﬂ@sntbtd hiee endragehvlas domgial ofpa paraat BirDénpobpgeldei gnal
pepti de at facjljtat ti f | '
anot her ent¥gthads:for ?qgsﬁg{a%%f%gs&ﬁcgia&%@:\%ﬂpmﬁfjegéﬂé%%@teﬁtg@ ?E{Iet a

domai n. Qhﬁ_r, ﬁ@%dmypfomygq:qmg e the hinge and Fc domain of an 1gG
anti body, such Ig , W th none of the variable region present. O her

enbodi m|=.'>|ntshi ncl ude use of the hinge and Fc region of Ig& or |gX4,
especi ally having an N297 I At i f -
function. In accg?‘?ﬁﬂg@y\ﬂ%ﬁﬁ? %ﬁ% m)%gﬁ gﬁ@%@n&%@?ﬁrgﬁgngf&?ﬁagpnzvzgnt I on,
t het pol ypfep@ﬂ ]El,q,\ugﬁgf LB7-t@$;_ afd%@dfl ti@ntaxg'cmj sacider 237e469 r of pulrineeplgGRa
portion of a fusion protein useful as a PD.1 ant ' ' '
aci d sequeneAAMIREHaln ang Qs lipsng &Xamp'%ei‘g*ma%g%?@rc g@g}g ;:qergt?%% ag1r e
at | east 75%ngin Midd’agls 2822 Pbr RbmahAS!-DO Hascl tPdmirRAaLidd 245-476 of

I a east I

| east 95% _ entity to amno acids 1-221 of SEQ ID NO 1,
preferafl y aoinan &G tis(A20A@Za1 4f TBEGSigDaN@eplidesrfoanBAd@clugiorpdroteingf  SEQ

ID NG 1, or anmjno acids 1-202 of S I D,NO 3 4, . r .abl '
aci ds 20- _12@0@?65% ﬁﬂqsqae.nfuars'an?ﬁ?e&@)%% qr. a%z%ﬁ%&%‘%ﬁh@&% “é?f‘iﬂ n|On
one enbodi NgRYjitatds RAYERIN bitelRRIdH pastein binla AosrgrINBtheroembbdirhémtst

pol ypeptide portion of a fusion protein useful as a PD 1 antagoni.st,

consi sts of thenfirsb patypeptide 2pauldsinsiadel enlxdhe 19VopapsQther IMEMLi ds
20-221 of SEQ ID NO. 1, or.consjst m qjl 5 O
1,or consis yo(f?rapr{'%%“é%ih&g%lgééf Com;%%@ :agaﬂléb%gaﬁﬁbigﬁlﬂkgﬁggeiﬁb%@? nent
(SEQ | DINO: nghe dftthdoefiablé regiopr pregeatri Othexcérdbodinientsfindade | useNof the
hinge and Fc region of IgG2 or IgG4, especially having an N297Q or other

mutation that reduces effector function.

In accordance with the methods and compositions of the invention, the
20 polypeptide useful as a PD-1 antagonist, or the first polypeptide portion of a
fusion protein useful as a PD-1 antagonist, comprises an amino acid
sequence that has at least 60%, or at least 65%, or at least 70%, or at least
75%, or at least 80%, or at least 85%, or at least 90%, or at least 95%, or at
least 99%, identity to amino acids 1-221 of SEQ ID NO: 1, preferably amino
25 acids 20-221 of SEQ ID NO: 1, or amino acids 26-221 of SEQ ID NO: 1, or
amino acids 1-202 of SEQ ID NO: 3 or 4, more preferably amino acids 20-121

of SEQ ID NO: 1 or amino acids 1-102 of SEQ 1D NO: 3 or 4.

In one embodiment, a polypeptide useful as a PD-1 antagonist, or the

30 first polypeptide portion of a fusion protein useful as a PD-1 antagonist,
consists of amino acids 1-221 of SEQ ID NO: 1, or consists of amino acids
20-221 of SEQ ID NO: 1, or consists of amino acids 26-221 of SEQ ID NO: 1,
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In other specific exanples, a PD-1 antagoni st pol ypeptide, or first

pol ypeptide portion of a PD-1 antagoni st fusion protein, conprises the
am no aciwoemurenze 20- 121 of SEQ ID NO 1, preferably woemns2em/ocsepri ses
the ami no acid sequence WDYKY at residues 110-1 14 thereof, or where it

conpri ses gp dhhsists &3 anihB2adilis GE5D2 Bf SEQID NO:fEball yn winer embbdooentr i ses
the am no aci d sequence WYKY at residues 91-95 the egf .Eé#@gw_r?ferred
enbodi nent ,(S&R D NOcnit dagsmaotiqoseprisecaming a¢da 1oy9 obiS T
conservative am no acid substitutions as defined el sewhere herein. In one
such enbodi nent, the PD-1 antagoni st pol ypeptide, or first pol ypeptide
portion of a PD | atHergopeciic fexaingples @t &Dv! dotagonist polypeptide,ant fostaci ds

1-1 9 of SEQID NO 1, or does not cor’rgr,i anr}/ Potrtion of . a transnenbrane
domai n, SesprAlyrgntidenpertioneofehP-4 aniag éﬁrﬁlsﬂﬂ BFOg e LOMRNSESHPFi YR NEny
portion of ' PRTl ) dg,@fe' SPEEiealt |do dshheentire
such donai n%&?gféeghég_gg *ﬂ‘;g?\ %E??Lwéﬁg)tgi ant gag%lgi st proteinPsI n a.
preferred earhindi meid ,sequehcannid¥kyYsat residuesst 1Pl pdheieod porwhere it

conprises only the extracell ul d | of. SEQ.] : | us
conpri sed &ﬂ%p%esaaW%BF'Qsﬂdi{)?&2%&'&5@?3/85%?%& ijﬁ%%i't?bg%%@se%\s?e, or
a fragnent @b SAind fG4 4BhGeMY IWOVKY! 4t rebluees UcHS5 erdredf.ment s, the PD-1

ant agoni st pol ypeptide, or first polypeptide portion of a PD-1 antagoni st

fusion Igrotein, conprises the IgV domain, or IgV-like domain, or PD-1

bi ndi ng fragnment thereof f [ , | Sk t ; in,
or IgV-like domalinn? Brre?gﬁ@ %ﬁﬂg&ﬂée rJft‘r ggﬁﬂrﬁé}{: ﬁgfggéfrﬁ&%?%arePgaTblglé%a d. In
speci fic exaNBhes . osuedhddpvdtive ganidoi ackl wubdtitufipesBés DdefimedB7elsiwheteecul e,
preferably nouse or primate, preferably human, w ld-type B7-DC or B7-H1

mol ecul e. | n"h&eHer such embodi ments, the PD-1 antagoni st pol ypeptide, or
first pol ypeptide portion of a PD-1 antagonist fusion protein, a PD-1

bi ndi ng fragnent of the IgV domain, or IgV-like domain, of a PD-1 |igand,
especi ald y In one such embodiment, the PD-1 antagonist polypeptide, or first

polypeptide portion of a PD-1 antagonist fusion protein, does not comprise
amino acids 1-19 of SEQ ID NO: 1, or does not comprise any portion of a
transmembrane domain, especially not the entire such domain, or does not
comprise any portion of the intracellular (or soluble) domain, especially not the

20 entire such domain, of a PD-1 ligand or other PD-1 antagonist protein. In a
preferred embodiment, such antagonist, or first polypeptide portion, comprises
only the extracellular domain (ECD) of SEQ ID NO:1 and is thus comprised
only of a soluble portion of the polypeptide of said sequence, or a fragment of
said soluble portion.

25

In other such embodiments, the PD-1 antagonist polypeptide, or first

polypeptide portion of a PD-1 antagonist fusion protein, comprises the IgV
domain, or IgV-like domain, or PD-1 binding fragment thereof, of a PD-1
ligand, or consists of the IgV domain, or IgV-like domain, or PD-1 binding

30 fragment thereof, of a PD-1 ligand. In specific examples, such PD-1 ligand is
a wild-type B7-DC or B7-H1 molecule, preferably mouse or primate,
preferably human, wild-type B7-DC or B7-H1 molecule.
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where 1 gV domain, or IgV-like domain, consists of am no acids 20 - 121 of
SEQID NGO 1 or amno acids 1 - 102 of SEQID NGO 3. A PD-1 antagoni st of
t he i nverwoaniozl23223i ncl udes a PD-1 binding fragnment of agrrus2@oiods220-121
of SEQID NGO 1 (human full length), or am no acids 1-102 of SEQ ID NGO 3

(extracel | ul ar darighBr QuckEhpodiheECitd PrETDATagBNE poljpepate, bhdirst

pol ypepti de or ding fragment also incorporates am ng acids WVYKY at
resi dues 1idlypeptidef pSEEN DfND PD-bramdyenistitfusiesi arrteing1a oB8Dot BRANGD NO

2 ast 10ma0raentel e SBMAT o ANEl ooty b L G GorkiEy 227

50, or at |\gase R dBmait, bERALIKS doPain! cbrsists dbanmo aicidsea8t— 8A1 afr at
| east 85, or at [east 90, or at least 95, or_ at |east 100 conti guous amn no

aci ds of5 t IBEQJPuNA:d arfaminonrcideilds102 01 SEQIDMNY $D NO 1, wherein a

preferred enbodi nent of each such PD-1 binding fragnent woul d conprise as a
sub-fragnent the am no acids WDYKY found at residues 110-1 14 of SEQ I D NO
1 or WDYKY at regidpes &itafbnist SEd Iddtich adancipdesear BB-pobipdinygt i des

e b oF . ;
"ncl ude. t heraaMapl AFUNecRRBR -0 9% S hdPabCoor 1ourean SbR Ry o
(hurman ful larjnfrﬂ%qs ﬁ?&b{%ﬁ?@ INGSY J (S@RBISal BBARM or ETDEI N, 1 n such

pol ypepti de™or _ ragment, cysteline is present at residues 42
and/or 102, with a cysteine at both positions being preferred, and/or

wherein a phenylalanine is present, at, residye 2 1, or I Q&
glutanic acid i s'lnpls&@@'ﬁfz 3[’%&09@8{}@ %ereghd)h)er Rﬁi@eﬁ}ﬂfea Otr\r,:?géﬁi ﬁ'g,amaqnd/ or
wherei n a ohabABhNSIsbSnBsPoPaesdmingsasids VBOY kgl rasidiey ¢l 0-1a1 4006USEQ ¢
acid is present at residue 101 , and/or wherein isoleucine is present at

resi due 103D A/ dronWEP¥EKY ahresidues:OilndS iof Pr@sEhiNG: 3¢ & Q108N and/ or
bresent at MHEMERluRES fln A R 3Tt HomeR pomtRes d ledONbEat |
110, angy orlewbe2@| or Asleast 80, acatdehst #0 eseat least 5@ sodakleast §0aotableasher ei n
2 70, or at least 75, or at least 80, or at least 85, or at least 90, or at least 95, or
at least 100 contiguous amino acids of the sequence of amino acids 20-121 of
SEQ ID NO: 1, wherein a preferred embodiment of each such PD-1 binding
fragment would comprise as a sub-fragment the amino acids WDYKY found
20 at residues 110-114 of SEQ ID NO: 1 or WDYKY at residues 91-95 of SEQ ID

NO: 3.

Other preferred polypeptides and PD-1 binding fragments specifically
contemplated by the invention include the polypeptide sequence of amino

25 acids 20-121 of SEQ ID NO: 1 (human full length) and PD-1 binding
fragments thereof, wherein, in such polypeptide or PD-1 binding fragment, a
cysteine is present at residues 42 and/or 102, with a cysteine at both positions
being preferred, and/or wherein a phenylalanine is present at residue 21,
and/or wherein a glutamic acid is present at residue 28, and/or wherein a

30 threonine, and/or wherein a glutamine is present at residue 60, and/or
wherein a glutamic acid is present at residue 101, and/or wherein isoleucine is
present at residue 103, and/or wherein an isoleucine is present at residue

105, and/or wherein a glycine is present at residue 107, and/or wherein valine
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tyrosine is present at residue 112, and/or wherein a lysine is present at

residue 113, and/or wherein a tyrosine is present at residue 114, provided
t hat, in wbeomzrees2sf PD-1 binding fragnents, said fragmeotr/ussodanspes enough
to include such am no acid positions. Additional preferred pol ypeptides and

PD-1 bi ndi W @eTelriTels cipac gﬁ{g ;@% i REptebepiitat aasidoel ude
t he pol ypeg ip(ﬁée seque%g?&gef ani ﬁtb)a/égi Sr?ﬂi%g of ﬁS]')I/EaQ I DpNQ 3 (human ECD)

or SEQ | D N0, 4ngdrarmivhereifCBSpanid aid 1s pressint @t residueritld , angfarovhergieaei n,

i n such polypeptide or PDx1 bindi ng a t, tei 's-pﬁg&rﬁ t
resi dues Zéé//'g’ﬁ 1S IeSEh ﬁ? 48N E?eiﬁé’ g%@étwﬁﬁg%ﬁtfdggn%ellsn pre?ea?r ed,
and/ or whergiig,d PENYhGRNREeirS aPypssing igtpresentdae résiduantidorprokiciedi n a
glutamc acid is present at residue’9, and/or wherein a_tgjeoni ne

. . - r
ar g: ni né i dhpt, és éme case b FRn1ebipdingifragmentse saichFagment is B19e £NPUIY Wher ei n
a glutamne_i,s ,present _.at resi.du 1, and/or wherein arginine is present
at residue 'B%'Pdgﬁafﬁrar‘}\ﬁéraecﬁbgg'ﬁgﬁ%i ne i s present at residue 84, and/or
wherein an isoleucine is present at residue 86, and/or wherein a glycine is

present at residue 88, and/or wherein an .al ani ne j resent at id 89,
and/ or wherein a“@d'?%@@prﬂ'ﬁ“?’éecbr@§§fﬂep§fje§esqr@ueb§)'g, ebifﬁ&!fﬁaf f&é@ﬁépﬁea

aspartic acjd . r ' I i ' '
present at §P%§ngzggy3:§si%rﬂg% (t)(%&m(ejtlrﬁ%i ﬁ\%gn ysilrﬁgu%q’g‘?e@elmé%{d@?%i%éue e94,
and/ or 1ghergfi rarainoyaosisnt-102 pf S&ERtIDaNQ e8| (umars EGRbor Rt HANNOi # t he

f PD-1 bindi , id f ' '
tich ani no GIdSEP) oABE” FP-1dineiBHa arYP nite 0 a SIRFR, o L
pol ypepti d > Ilﬁ%ptﬁ‘ieser 'ﬁlﬁ-quﬁiﬂﬂﬁfgefragh{é;cr@,né &Ystéinadgairesent at residops 3 from

1to 10 co us am no acids, drawn from the signal, transnmenbrane or
C-terninal afufai B3, withteheysigineGatopotBpasitionst heieptnraterred; @ndier whgteip@ nouse

rament s SHPSIGRTRE 5 SLamnt ot 1RguYp B aRffbr Afleflin 7 duRirif, pia s
i nventign, presefkaimesidush@r and/ehwherein a threonine or arginine is present at
residue 37, with threonine preferred, and/or wherein a glutamine is present at

residue 41, and/or wherein arginine is present at residue 82, and/or wherein a

leucine is present at residue 84, and/or wherein an isoleucine is present at

residue 86, and/or wherein a glycine is present at residue 88, and/or wherein

20 an alanine is present at residue 89, and/or wherein a tryptophan is present at

residue 91, and/or wherein a aspartic acid is present at residue 92, and/or

wherein a tyrosine is present at residue 93, and/or wherein a lysine is present

at residue 94, and/or wherein a tyrosine is present at residue 95, provided

that, in the case of PD-1 binding fragments, said fragment is large enough to

25 include such amino acid positions.

In additional embodiments, any of the above polypeptides may also
incorporate portions or fragments, for example, from 1 to 10 contiguous amino
acids, drawn from the signal, transmembrane or C-terminal domains of the

30 B7-DC or B7-H1 polypeptide, such as that of mouse or primate, preferably

human.
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pol ypeptide or PD-1 binding fragment represents the "first polypeptide" of
such fusion protein. In specific exanples, the nolecule, combined with a
pot ent i atwogomgem23f or use in a treatnment reginmen of thecCirsenwioos?s
conprises a PD-1 binding fragnment of amino acids 20-221 of SEQID NGO 1. In

one such embodi Ry, {RENEM/of PO-N W@y ragents &h alsb2ie pfess | D
NGO 1, preferably %é} fragnment cont ai gg an??]o acids 110- 1p14 of SEQ

ID NO. 1. im aoynef ethedfumn sprotmms: efhthe d'h‘éerﬁ@@h foF R¥AsARle; Whetes SHED (as

descri bed el sewhere he ).and t " 4
or nore frzRQfV@ﬁpEdﬁfor H@ﬂ oI EFaigrméerg ﬁ“}?\,\g{qgrez”t{]g'oﬁﬁ 3#@% %ifs i)arSt
of , or Comsﬁbﬁ?ruﬂéﬁfpr@t’bm am no acids 20- 221 of SEQ IDNO 1. In a preferred

embodi ment t her eof | east one said fragment is fromanino acids 20 - 121
of SEQ bD NO 1, rmre preferrably wherein at | east one said fragnent

I ncl udes am no 1 0- f SRR
(SEQ I D Na 14) 1 S?’%C# etrrw‘ggrgf’lrfegh’?ésj cohtiihe wittf 3ot g f'rhgearr%%ht\fw

g?n})reia:teslg%r h@éltSh dQ:eaer‘neat réglmén 25 therine¢nticrastorgprises aal Dl-laahmd"ﬂg or
conti guous am no acij d

pepti de haéfﬁgﬁ@eﬂtcﬂI%W%agéaﬁngg?lﬂf%ﬁ@ngsg%Lbﬁ?ﬂn X ﬁéﬁ%ﬁ%@gf' gﬂgl
represents g rﬁg'n{esrft |§9rofrfréﬁf??@%b%% 2] SIEZQ 6@5!‘5@ IDLNG:M Ciﬂéfe@abiy where

enbodi nment s, ypep ragments of B7-DC can i ncl ude 3, 4
5 6,10 , the i@agment Jo@nmnslzguuuzs agitond 18¢1 s obf SERE |@n&@eﬂod§ gpme

het I
N NG L N Lo i

It will al %r@ﬁ\)%I%rtﬁé'rﬂb%@uté"éém@r@é@bvled%?2DG moByqﬂembreiéragmentﬂ@Ifade 1,
2, 3, 4, 5, 8, 9, or 10 conti

t ransmenbr aBlkDﬂbrm¢tﬁlmfe$ECBdiy Wh@l?eofhel?fggg‘se”grg g%rta§# °r6‘?°"fa'”s8°ar§ ofor 10
conti guous am no t f hieHti hgy eof
provi ded t N8P, Tﬁg#%? %% BP% ||§EN£6?1em ggcﬁoﬁ%f&rgagﬁﬁgﬁ%m zZe t?ﬁ%o&}@ﬁ
recept g, Théaﬁf‘&f@bwﬂ%ag)ﬁeﬁ’ﬂslﬂém amive acidy i20e- d21 axftSEQi 1PN ¥, GnomeD- 1

bei ng preferrably wherein at least one said fragment includes amino acids 110-114
of SEQ ID NO: 1 (i.e., the sequence WDYKY (SEQ ID NO: 14)). In preferred
embodiments, the PD-1 binding fragment comprises at least 10, or at least 25,
or at least 50, or at least 75, or at least 100 contiguous amino acids in length.

20

The endogenous human signal peptide has the following sequence
MIFLLLMLSL ELQLHQIAA (SEQ ID NO:5) and represents the first 19 amino
acids of SEQ ID NO: 1. In certain embodiments, the polypeptide fragments of
B7-DC can include 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 contiguous amino acids of the

25 endogenous or heterologous signal peptide (which can be used to produce a
recombinant B7-DC polypeptide by expression in and secretion from a
transformed cell). It will also be appreciated that a useful B7-DC polypeptide
can include 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 contiguous amino acids of the
transmembrane domain of B7-DC, and/or 1, 2, 3, 4, 5,6, 7, 8, 9, or 10

30 contiguous amino acids of the cytoplasmic domain, or combinations thereof
provided the B7-DC fragment retains the ability to antagonize the PD-1

receptor.
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a negative regulator of inmune responses in vivo. In the absence of PD-1 ,
m ce on the C57BL/ 6 background sl owly devel op a | upus-1Iike

gl oner ul onephrore3and progressive arthritis (N shi nmurapCgtusasngoodseduni ty,
11:141-1 5 1 ( 1999)). PD-1-/- mce on the BALB/ c background rapidly

devel op a fatal @&g@&ietggeéibf pRY./CAlicE proviatiyct éVidgbneaifar, PR béing
Sci ence. 291 :319-3 2001)). However, substantial evidence indicates that
gt

B7- DC can fainegative teguiator iohimmuneicespansesTnadye. dadpspksence P
presence of suboptinmpgl T ) gral 7= ca in d Rrojf,elgbi on
and productT§f o ”c;ﬁlﬂd %ﬁ?lr(%vi ?’P8§?r‘?§§ﬂg gg)t%\ﬁ)él Gé\g‘é}é;zpr Iviéjghg l.ﬁkb
193: 839- 846y 6rBRldNeptitist %dogﬂé%rcéséﬂé, airthritis t (Nishinuatiagseti radli clruaity,
negative requlatory role for B7- in T cell resz}ggg&rs. These, s 'Ircl)%l y

cont r adisct driy14ikt B0 1t 9998 t PPnl -4y fice e ths BALE/e oMndaRidly gﬁg]?

receptors for._Br- el |. fo?ﬁ\}b Ni or&, aB7-$¥ienedt ei ns,
variants, f& afa%én?@oi'ﬂa;{*nﬁésidéﬁg&{ %rgo , rga&%a&NéJ@ﬁé&gavﬁn?abe of directly
enhanci ng et 1 9-L32P (2GEY) byHbweden Gubstantial videncer ndigates thabB7a0€i vat es
the T cell, in addition to_enhancing T | | resgonses q re r%tei {)pe
PD-1 nedi ate@ funstient ko gostirgHtate ﬁ%ﬁEEﬁJg—fFS%.reio@ﬁsHl ﬁoq?\?péget | 8§§ n

anot her e”bélfﬂo:é‘ﬁ alﬁﬁswtﬁ'ﬂp@ﬁaw& inBreuiadi pratiferation hhd predtctioni at i ng
agent in the treatnent regi men of the invention, i or co

S, rises, a
fragmen ofofacybekines iravitB7(Tseng, gt af oty Medn 94:848-846 (200/).¢ On the

referably human, wherein said fr nt. bin t I p oes
Ir[:ot resul %/ the[ Hﬁf‘gi %Y'bosﬁkjﬂ'gﬁ 'P&%ﬁ%dﬂcﬁ%ﬁ%l{ggg%gm&[@ Zor{ﬁ_g(gﬁ r‘rggment
is at | eaStcépresg'bn§és.| eRfdse28ee@ingy confratiicksly dutaadrel besttintdipretedaty | east
50, or at least 60, or at least 70, or at |east_80, or at Imé%, or at

| east 100 cexpressionsf adiitienateseptorsifengyPCian Hosds othaidhp t he
fragnment can be of variable length so long as it has the function of
binding to PD-1 but does not produce inhibitory signal transduction that
resul tsj§ n reducterkfere, |BPOY igroteins ovarightsh fidgments ranghdusional thergafnd use
as part of rtng()a/ rfa:vrest%epaoé\ya%? g}el g? d*%z)cr:t}yI gn aor];cirf\gl;J ¥ c(:)é]l responses by binding to

an unknown receptor that activates the T cell, in addition to enhancing T cell

responses by preventing the PD-1 mediated inhibitory signal transduction.

20 2. B7-H1 Polypeptides

In another embodiment, the compound for use in combination with a
potentiating agent in the treatment regimen of the invention, is, or comprises,

a fragment of a mammalian B7-H1, preferably from mouse or primate,

25  preferably human, wherein said fragment binds to and blocks PD-1 but does
not result in inhibitory signal transduction through PD-1 and said fragment is

at least 10, or at least 20, or at least 30, or at least 40, or at least 50, or at
least 60, or at least 70, or at least 80, or at least 90, or at least 100 contiguous
amino acids in length. In other embodiments, the fragment can be of variable

30 length so long as it has the function of binding to PD-1 but does not produce
inhibitory signal transduction that results in reduced T cell proliferation. Such
B7-H1 fragments also find use as part of the first polypeptide portion of fusion

proteins of the invention.
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proteins of the invention.B7-Hl sequences are as follows: Human B7-Hl

Pol ypeptide (SEQ ID NO. 16): MRl FAVFI FM TYWHLLNAFT VTVPKDLYW EYGSNMTI EC
KFPVEKQL DEOAMo/OXYAAENVE 60 DKNI | QFVHG EEDLKVQHSS YRQRARL L RDT@SS0GHERL)

| TDVKLQDAG VYRCM SYGG 120 ADYKRI TVKV NAPYNKI NQR | LWDPVTSE HELTCQAEGY

PKAEVI WI'SS DHQVLSRITg NcESAREHIoIGWYTSTLRI N TTTNEI FYCT FRRLDPEENH

TAELVI PELP LAHPPNERTH 240 LVI LGAI LLC LGVALTFI FR LRKGRMVDVK KCA QDTNSK
KQSDTHLEET 290 Murine B7-HL (SEQ ID NO 17) MRI FAG | FT ACCHLLRAFT | TAPKDLYW

EYGSNVTMEC RFPVEP%)EEl w&@%em G EEDLKPQHSN FRGRASLPKD
QLLKGNAALQ ' KV NAPYRKI NQR | SVDPATSEH

ELI CQAEGYP EAEVI.WINSD o RMNAeEANDVFYCTF
VWRSQPGQRHT %E?VF%HK%&%%%’ ELGSI LLFL | T\$/!|’_‘LFL @Rﬁ%&
KCGVEDTSSK NRRISTOISERTPLS R SREEITEL MR PR ETPVESES I'D™RO° AVFI FT
| YWHLLNAFT mewmwmm@?mﬁr\m@ﬁ%@m@smwwsm |

EEDLKVQHSN Mmmmmmmpmopmwmvmmmwwww
NAPYNKI NQR | WRMTSEch80r kL Risabfabok RISADAMT sl SGKTT TTNSKREEKL
LNVTSTLRI N 240 TTANEI FYCIT FRRLGPEENH TAELVI PELP LALPPNERTH LVI LGAI FLL 300
LGVALTHOFY LRKGRMVDMK KSG RVTNSK KQRDTQLEET 340 B7-Hl-1g proteins are
described i S bq7y. March 2001 ) and in WO 2002/ 079499
(pub. 10 @@gﬁ‘%%%@% 3. TI[%DM;)G% an% Q her Pol ypeptides O her useful

pol ypept i degrrefcrt Fe abdiv.eir 0ftabrdtiud evdshasmec Rhaeriionditovwhes | | gasds of the

PD-1 receptor. These include the PD-1 receptor roteln or _sol ubl e
fragments tPROVESVAC WRRLERRHEN FRERATYHP 00 QYHTEN fT‘F SYCEHEKChs BY? (Hl or
B7-DC, and nyﬁyﬁ'@{w RAREL AQR L RvbHEs BN E0GEARUS EEQIJ:TKS@CIQJ@{/QZFKRS\I her eby
preventing inhibitory signal transduction. B7-HlL has al so been shown to
bi ndt hel r otesRTECE7L Fv{sBurWa WNDIYCTF FRAQAGHNHY AENAFPELPA7THPRQNRTHH 1. 1230
(2007)). Such

VLLGSILLFL IVVSTVLLFL RKQVRMLDVE KCGVEDTSSK NRNDTQFEET 290

Macaca mulatta PD-L1 (SEQ ID NO: 18)

20 MRIFAVFIFT IYWHLLNAFT VTVPKDLYVV EYGSNMTIEC RFPVEKQLGL 60
TSLIVYWEME DKNIIQFVHG EEDLKVQHSN YRQRAQLLKD QLSLGNAALR 120
ITDVKLQDAG VYRCMISYGG ADYKRITVKV NAPYNKINQR ILVVDPVTSE 180
HELTCQAEGY PKAEVIWTSS DHQVLSGKTT TTNSKREEKL LNVTSTLRIN 240
TTANEIFYCI FRRLGPEENH TAELVIPELP LALPPNERTH LVILGAIFLL 300

25 LGVALTFIFY LRKGRMMDMK KSGIRVTNSK KQRDTQLEET 340

B7-H1-Ig proteins are described in W0O/2001/014557 (pub. 1 March
30 2001) and in WO/2002/079499 (pub. 10 October 2002).

3. PD-1 and Other Polypeptides

Other useful polypeptides of the invention include those that bind to the

35 ligands of the PD-1 receptor. These include the PD-1 receptor protein, or
soluble fragments thereof, which can bind to the PD-1 ligands, such as B7-H1

or B7-DC, and prevent binding to the endogenous PD-1 receptor, thereby
preventing inhibitory signal transduction. B7-H1 has also been shown to bind
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fragnents al so include the soluble ECD portion of the PD-1 protein that

i ncl udes mutations, such as the A99L nutation, that increases binding to

t he nat urwb 2biogeames (Mol nar et al., Crystal structure offCrrhus2aomnmpisex

bet ween programred death-1 (PD-1) and its ligand PD-L2, PNAS, Vol. 105, pp.

10483- 10488462%otbih 8 29QBUlte- etB3, Linghuaity Uble 27 apremntis1 201e(20017)). \Buath can
bind to the %%?Hl | i gand and prevent bi %i ng to the endothgnous I):2

( ) D-1
recfep]tor, tﬂegm?MSpaMemqlu@ ithei splubley EGLyRArtion ofs the (1dr, PEetein taat
useful . PD-.1 pepti.d f i i I S
EIE Wiy e pn Tkl oty 2o

d t &), en -
QDCRFRVTQL PNGRDFHVBV VRARRNDSGT 120 YL | SLAR RVIERRAE
VPTAHPSBSP mpgaglq;mvdv@waﬂlﬂ?%h}sénﬁvﬁic\%@ ﬂ@mg éE‘IﬂRT LRP-
EDPSAVPVFS = 240 T
PROAGPLRPE [ LSS 40" AL 20PoNs Rorkly PEoT (TS R = 30) Ney SONPVPY
\S/\F/)\g\I@%KG/\R Ao SRDRB PANMARGESEA abt L pREEDIADIMENGSKENAS  60dESINQ USRI 1
LA AFPEDRSOPG QDCRFRVTIRL . PNGRDFHVEY VRARRNDSGT 120 ,YL LAP
KAQ KESLRA TECRRIPERRREERIOTRVESHRS IHHRIRR SIgRA! EE%” 136 *i.'?ﬁ’_(l‘_}%é\t?L'Av
:\C/:EE@ARGTI GARRTGQPLK EDPSAVPVFS VDYGELDFQW REKTPEPPVP 240 CVPEQTEYAT
GMGTS SPARRGSA W P VRl a a bhh
i nventi on, becatﬁ%@ a ragr?egﬁatﬁgﬁt herg@ tHcdgjr? gﬁ%\@b%n&hﬁ?ﬂ?znd
send i nigi bifollowst.r ansducstion to T cells through B7-Hl , blocking of this
|Rteraﬁtion can al so reduce inhibitory signal transduction that occurs
t hrough B7-HlL . Conpounds for use in the invention include those nol ecul es
that bl ock HHManRe! ()?EQHPeNQéﬂi%én. Such nol ecul es have been disclosed in
Butte et al (2007), supra, and include anti-B7-Hl antibodies with
dual - speci fjgGblpub N HnRbRGK Ritildesor! BieBrrrbll 11 BAedovanthrEofrsnTs 60

120
180

ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV VGVVGGLLGS
240
288

15 LVLLVWVLAV ICSRAARGTI GARRTGQPLK EDPSAVPVFS VDYGELDFQW REKTPEPPVP
CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWPL

Cynomolgus monkey PD-1 (SEQ ID NO: 20)
20

25

30

MQIPQAPWPV
ESFVLNWYRM
YLCGAISLAP
LVLLVWVLAV

VWAVLQLGWR PGWFLESPDR PWNAPTFSPA
SPSNQTDKLA AFPEDRSQPG QDCRFRVTRL
KAQIKESLRA ELRVTERRAE VPTAHPSPSP
ICSRAARGTI GARRTGQPLK EDPSAVPVFS

LLLVTEGDNA
PNGRDFHMSV
RPAGQFQTLV
VDYGELDFQW

TFTCSFSNAS
VRARRNDSGT
VGVVGGLLGS
REKTPEPPVP

60
120
180
240

CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWPL 288

In accordance with the invention, because B7-1 and fragments thereof
can also bind to B7-H1 and send inhibitory transducstion to T cells through
B7-H1,

transduction that occurs through B7-H1. Compounds for use in the invention

blocking of this interaction can also reduce inhibitory signal
include those molecules that block this type of interaction. Such molecules
have been disclosed in Butte et al (2007), supra, and include anti-B7-H1
antibodies with dual-specificity that block either the B7-H1:B7-1 and B7-

H1:PD-1 interaction as well as antibodies exhibiting mono-specificity that
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H 1:PD-1 interaction as well as antibodi es exhibiting nono-specificity
thatbl ock the PD-L1 :B7-1 interaction. Conpounds that block this

i nt er act iwo 2by/iaheeki ng B7-1 are al so useful, and incl u#eTarseoooBissis

anti bodies. 4 . Variant pol ypeptides Pol ypeptides useful in the invention,

as_descr i b%ﬁ’o K I pieLi oes H@écﬁ’é& GBFrﬂio%d%Oth‘éPfBl@ékntmganWraaWrebym no

aci d substituti ons, deletions, I nsertions. Methods for nutagenesis are
known in t itocking BTh‘earmaIa'oweﬁul and includeentigdh iantibodias bi t or reduce

i nhibitory signal transduction through PD-1 receptors by binding to |igands
of PD-1 . Alternatively, the variants (e.g. B7-DC pol ypeptides) can bind to

the PD-1 rchﬁ%%rnt ga&gbah@@gt reduce, or block inhibitory signal
transducti 1 receptor. The variant pol ypepti des nay be of
any speb6ies of origin. In one enbodinent, the variant pol ypeptide is froma

el an Speci g5, et SLSU] FRIIAABR asl REsrRELENCIRN YRGS o | S of

muri ne or pl’l mat' e orrgrn n one enbo ment e vari ant

pol ypept i d%résmatdﬁd Be mitameohectﬁ inoaé dmimot hetdsantcstinutlmsngieiétionﬂ tor to
PD-1 as wi | dt@?e or non-vari ant B7-DC but does not Ea has t han
10% abi | i tyn$ iops.gilethedmifen Puiaoenegiaare, LdRitBR ?’ﬁr 5H“PL?§9§>

recept or %a@%h@o%e%tlﬂgg @gfb‘i’tt Sp{gg)légllﬂﬁJibK@ iﬁ;ﬂ@l tlahsalessn QH&Q@hmﬂntS

t he vari ant has 20% 0% 50% or 60% nore
bi ndi ngoaf fPDi1t sedeptdt®-tly bindingmd tigamds 87 PORC Nterfmhwetvr thgyvariagtsrE-a.

5700 pol yISbEaEPIRetaasS ConasBanE, I Py BEsbRiehE b redicdcrd™
substi tuti qfj§ek ‘ﬁ%@ﬁérzn&gﬁél krARSHLEREIS thdughnthea P D-herdd@ploramhrgearianing
activity is not substantiall ﬁ\;‘_’reduced versus the wild type. However, where

there is sumypeptidésonaphe ofany specipg qﬁ@rlgjn rla QP@r@mPﬁQH“W&tI fhe Nafiagk ¢ he
\(gﬁc!t ?vf %lseofoqlhgaéﬂ al d{’éﬁ{ a&aﬁahgﬁ e%pge?:g%ﬁ Oérggés}fedgg (?r‘gﬁ%agpehf%ter ably
at | easts BQ?érla'ﬂiDYablylpéﬁfléé #hbymakineaaPrinIakg pref@Ee%Iy mn'farabrlgerast 100% bei ng
especially preferred. Increases in such activity resulting fromsaid
In one embodiment the variant polypeptide is a B7-DC polypeptide that
has the same binding affinity to PD-1 as wildtype or non-variant B7-DC but
does not have or has less than 10% ability to trigger inhibitory signal
20 transduction through the PD-1 receptor relative to a non-mutated B7-DC
polypeptide. In other embodiments, the variant B7-DC polypeptide has 10%,
20%, 30%, 40%, 50%, or 60% more binding affinity to PD-1 than wildtype B7-
DC without triggering PD-1 inhibitory signaling transduction.

25 A variant polypeptide (e.g. a variant B7-DC polypeptide) includes those
having any combination of amino acid substitutions, deletions or insertions so
long as the PD-1 antagonizing activity is not substantially reduced versus the
wild type. However, where there is such a reduction, this should be by no
more than half that of the wild type so that said variant has at least 50% of the

30 PD-1 antagonist activity of the wild type protein, preferably at least 60%, more
preferably at least 80%, most preferably at least 90% or 95%, with at least
100% being especially preferred. Increases in such activity resulting from said

variant is even more desirable. In one embodiment, isolated B7-DC variant
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variant is even nore desirable. In one enbodi nent, isolated B7-DC

vari ant pol ypepti des have am no acid alterations such that their amno acid
sequence wbansw2ai23l east 60, 70, 80, 85, 90, 95, 97, 98pcPAIS2@9/084805 100%
identity with an ami no acid sequence of a wild type B7-DC pol ypepti de,

especi al | yptoq§;e i EEHR0 adid &iteraing suidhathiy Bfeinamineacid sequentgpe
primate, p efI rﬁ'%@rﬁr‘{an, Bl%aDCapoI tide _sequence identity

ypepti de. Pol ése sel lg
can be cal mhlaseedt leash§O0; 76, Bf 8L B00R50P79PABd8RL ﬁpﬁf 40P WentiNeMiBhove.
Am no acid substitutions in polypept. . VAt LY Eani
"non- conserdMBM/Re agky SEQHFNye |%3ﬂ|°g§?perﬁ?r§§i Ré@'ﬂ%ﬁ&é ggge%%qrg\sasted at
the cell surdAGEmrhma® prefdraBlyewnd aypemhuianst avild fyp€ prinmater praterably
menbrane distal gV domain. Receptors for these |ligands share a conmon
extracebl ull'arrnarg\BqT-iD&PQb’mpﬂde-l nteractions of receptor-ligand pairs are
medi at ed predom nantly through residues in the I1gV domains of the |igands
and receptors. In general, IgV domains are described as having two sheets
that each cont aiPelypeptideeseqiervesideatitiscart beszaltulatedausing dhe dedindioneef t o as
A, B C C, C, D E Fand Gb I n one enbodi nent the B7-DC vari ant
pol ypept i de% identityiniowded HesinaPaY&-erations (i.e., substitutions, deletions
or insertions) within one or nore of these b-strands in any possible
conmbi nation. In another enbodi nent, B7-DC variants contain one or nore
ani no doi d al t erAmimmsadid . substituitosisi irutiodypeptides efriayndeorcansSeyativensyr
wthinthe A, C CC'., D E F or Gb-strands. In one enbodi nent, B7-DC
variants cor'i‘Pal‘cf?r@ﬁéV%?’ermre amno acid alterations in the G b-strand. Wth

respect to nurine or prinmate, preferably human, B7-DC, a variant B7-DC

pol ypeptide can contain, without limtation, substitutions, deleti oné or
i nsertions at poB7tfasiy tmeleculesnoncluding B0 @re e%’éfb’@sﬁ?%d?tngh? oCEh- 1

. the reo YA SangRane iprbZmel B aRCI GRS, and Y ruRBrarie T o
anino ag d @iegll 0gv domnain. 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. In general, 1gV domains are described as having two sheets that
each contains a layer of B-strands. These B-strands are referred to as A', B,
20 C,C', C" D E,FandG. In one embodiment the B7-DC variant polypeptides
contain amino acid alterations (i.e., substitutions, deletions or insertions)
within one or more of these B-strands in any possible combination. In another
embodiment, B7-DC variants contain one or more amino acid alterations (i.e.,
substitutions, deletions or insertions) within the A, C, C', C", D, E, F or G
25  B-strands. In one embodiment, B7-DC variants contain one or more amino acid

alterations in the G B-strand.

With respect to murine or primate, preferably human, B7-DC, a variant

B7-DC polypeptide can contain, without limitation, substitutions, deletions or

30 insertions at positions that do not substantially reduce binding to PD-1 relative
to non-mutated B7-DC.
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exanpl e, the substitutions at the recited positions can be made with any of
the naturally-occurring amno acids (e.g., alanine, aspartic acid,

aspar agi neg 2arogizmizee, cysteine, glycine, glutamc acid, pgirusasmones?2s

hi stidi ne, |eucine, valine, isoleucine, |ysine, nethionine, proline,

threonine, seringis PHAOMKGSRMEKevdr! WRAtCRItutRInst At B Rsited Wiinino abid

subst!tutionspescrl ed herein are with respect to nouse and prl' mat e,
especi al | y pusitoms Bdn D& rnade susing eany [awinonacidf obramingr pcislk APAlogn "chfe art

I d di | k i val | i ons, in i i ng: i
o of nor fsommee vea S8l lbnd'sL 858051 PRshOFs 3T, BERARSL P auPpL s
cat, horse,ihpightufdN9Ibcufy amife adideTie gpr alanine) .aspaeticcacied aspataging s

include all or part”of the extracellular domin of B7- effective.to bind
to PD-15. l|argimine,cysteineralycingagluamiGacioCabspqing histidipg o shehtes VAIRe  hose

that retain_th i1ty t ' PD- 1. \i 4o . T
si gnal trarf§?i|8§?'i%%|n.fyé¥] gﬁ%&@?ﬁ&% EF&IOW:@d;Qﬁg&\‘/@H gﬂ?ﬁﬁé&?g @Bgﬂaﬂggﬂ che)ry

that is a fihaaepan dr thtsind)engt h B7-DC and typically has at |east 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 %il@%@é%@bﬁﬂi&ﬁ@ dB cﬂbé&‘h@%fﬁ}afié VAt fespl¥t &f midige and

full -1 ength variant ypeptide. Useful fragments of variant B7-DC
]E)ol ypepito desrimats, espesiallythiuendn, a370(E sit isobtas thagorecok ewtimantskithinethe

ragnments of B7-DC that, may be shed. secre r_Qt herw.se rom
Fhel p(rjodutr:]i?fé &oMIds | rqafiyngma ocﬁ%\‘ﬁﬁ?n a%F%rﬁgogg- B@ %Pyp@%ﬁ%ﬁ@&%mnt s
incl ude tl ehtRI 6 RCEINeH spEcibe@Ld, Pit, RanTdler, Jutnex bigaagrbilil rabbitpmai n
of B7-DC |ﬁ%?8%e§s am no acids ?rom a o@ut 20 to about am ﬁogig d 221 of
murine or pdogveas, hgrser pigaBhgemtrm OF BRRHUMAM PERMIRLr enbodi ment, vari ant
B7- DC pol ypepti defragnents include the IgC and 1gV domains of B7-DC. In

anot her enbodi nent, variant B7-DC pol ypeptide fragments include the I gV
domai n pf Preferred fragments include all or part of the extracellular domain o?

B7-DC effective to bind to PD-1.

In one embodiment, variant B7-DC polypeptide fragments are those
that retain the ability to bind to PD-1 without triggering PD-1 inhibitory signal
20 transduction. One embodiment provides a variant B7-DC polypeptide that is a
fragment of full-length B7-DC and 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
100 percent of the PD-1 antagonist activity of the full-length variant B7-DC

25 polypeptide.

Useful fragments of variant B7-DC polypeptides include soluble
fragments. Soluble B7-DC fragments are fragments of B7-DC that may be
shed, secreted or otherwise extracted from the producing cells. In one

30 embodiment, variant B7-DC polypeptide fragments include the entire
extracellular domain of B7-DC. The extracellular domain of B7-DC includes
amino acids from about 20 to about amino acid 221 of murine or primate,

preferably human, B7-DC. In another embodiment, variant B7-DC polypeptide
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B7-DC. In one enbodi nent, variant B7-DC pol ypeptide fragnents contain a
regi on of the polypeptide that is inportant for binding affinity for PD-1 .
These polwpeptodes2Br agnents are useful to bind to and biparhistéve/oRis24
receptor to prevent native ligands frombinding to PD-1 receptor, thereby
enhanci ng I AOMEE ihaa8eNTke Ighi Rindi NgVi ndérhaiplsi @fs BY-DGat ilme abibthér or
B7- DC V\ﬁthqﬁgl inhil |ats t he Slfggressi og of i mmune responses that woul d

ot her wi se cerobedimentovanaptB4OG palypertiderragsertsdnclyaethedgVapang y

human, B7- t binds to PD-1 contains, by way of non-limting exanple,
am no aci ds?7T01¢105, or 111-1 13. The binding of B7-HlL to PD-1 receptor
typically is inhibited by at | east 50 percent, or by at |east 60 percent,

or by at least 70 percent, or by at |east_ 75 percent, or b t |least 80
percent,5 or by an peastmbodipanieNariagy BgyDé pgb’%?“@% fb%g'ﬁéﬂé, coRtah Ao

dt | i i .B7- i e
rabment . - Rt ofHE polodht Batls iofiant forBhding iy RISEDOR Tese® ity
t han unnut maWMWgEmtmi??wmIMr$bd tal ?FWASOh Q|05h¢).P[104@>eP¢III8® .

2008)). | odi ment o .inventi , e Go und a . educe
bt bi 1 or ' RPYRRY naRehIaReds o DIAEgbHTE  FeiterfiRl RERRSEN ARG gt
PD-1 incor ﬁﬁ{rﬁ&ﬁé'geéﬂﬂr%emlﬁt% inferadfshsf bedatRel BPapt od®y-Bd withRDdes

iifg:
useful in e I nventlon, as déc?ibed, |ncludin% vari ants, honol ogs and
fragmeni®s tinbibitsfthe cauppessionliof imanusie rerpansas thal would othaiwiseagsei At ed

ith I tides.in.h I | | . i I
bhosphor o1 BoURERt STl o7 e Sprbrrteté Heaby himeR BP0 Rt
gl ycosy! at i 5ids 3¢ PDLH adneaing ey Wiy iod-irniting efarhple, poiine @ptdsdt0 5468,
pol ypeptides may al so be nodified by chem cal noieties Ehat. ﬁre aqé _
normal |y paet1 b%/-hi@l ypehindiag CanBZr"ZEFQ B! rereptos tyRIGR!lY SUBRBNEE BY 8kt i ons

can be intr | t gt b i€dted paident asd Ky at
resi dues of ggggggcﬁegéée}gt pgg%tﬁﬁggﬁegpsgm c d()jlg?Y %gtefgz?él ng gg?ent t haltgl i's
capabl el Df least 75 percent, or by at least 80 percent, or by at least 90 percent, or by at

least 95 percent, or more compared to the level of binding of B7-H1 to PD-1 in

the absence of the fragment.

Human PD-1 mutant A99L binds B7-DC and B7-H1 with highér affinity

20 than unmutated human PD-1 (Lazar Molnar et al PNAS 105 p. 10483-10488
(2008)). In one embodiment of the invention, the compound acting to reduce
inhibitory signal transduction is a soluble protein, such as the ECD of PD-1

incorporating this mutation.

25
5. Modified Polypeptides

Polypeptides useful in the invention, as decribed, including variants,

homologs and fragments thereof, can be modified by chemical moieties found

30 associated with polypeptides in the normal cellular environment, for example,
by phosphorylation, methylation, amidation, sulfation, acylation, glycosylation,

sumoylation and ubiquitylation of the polypeptide.
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reacting with selected side chains or termnal residues. Another useful

nodi fication is cyclization of the protein. Such nodifications also include
i nt roductworzonfo2ad28abel capabl e of providing a detect ablPeTaisgmalopsses t her
directly or indirectly, including, but not limted to, radioisotopes and

fl uor escent con%gwﬁggmg§ﬁ,agfa|§aw RGIfIERY by aheirecal Phoitties fmatygrept i des

i nclude |ysinyl . termnal residues derivatized with succinic or
ot her car bowtinocmatly pagrofytiypaptidebdn iavealivattemiropmeantaSegh mediteationdy | i ¢

anhydri de has the effect .0 eversin he VS Ll ' .
Qther sui t AANeDE a&&@ﬂ%dﬂak fi‘&ﬁ*\?ﬁ%ﬁ“@? %‘?& rﬁ%\%%&ﬁ%ﬁ%ﬁﬁéﬁégeddrgégﬂle%gleade
i m doest er ;S pytypgEptiae!l withcahi Brdariet derivatizingoeglenpithaphiat eapabye i efoxal ;
chl or oborohydride; ‘trinitrobenzenesul fonic acid;, Onethylisourea; 2.4

pent anedi orreactingl wittinselatieds sideatadiajne Prr daeringh r\ﬁﬂdi"l'eél y%i‘%ﬁ‘ﬁf SEfl poxy |

si de groups partyl. o . , ise [ ; hEi b- ti
wth car bocmpﬁﬁ'ggg&{ﬁs l\é@-ﬂkéj Asfug‘[?aé)srg%"iy§?gheqﬁdmda?gh%;ﬁg?}o?ﬁfwc( |4?n
Ie:L ?%/Ih)ecar bqﬁtrbﬂbdﬁ)tno?f é-lglbé]l)dap&bﬂelﬂroapmiaiﬂg,aﬂddtamatbiglqm@m' ly eitheradineetlyi mi de.
rnmore, aspartyl and gluta resi dues, ca t [
and gl ut ani@fyin 'W'Mué@dld?'“tgea'éw&ﬁtvwf‘ e‘inﬁ?mnﬁnaéj.t')‘% Cﬁ%%ggﬁﬁaeﬂg%’?%gﬁﬁegl !
i nvention c @A)ﬁ?_ﬁdg ncl ude one or nore D-ami no acids that are substituted
nor -a

for one or m no acids. In other enbodinments, the potentiating

?gﬁlml;l t%)t:;hgﬁanTXt ;rgysgﬁ it_tgﬁlf paLt of\Mtqhe cogpound that reduces _
chemical ly i ngéxqup SPBff Smi%ﬂjg ?@?a%efﬁ%fgtqten@8%|Ie§ﬂﬁég%égglégﬁgiby'otsei ns
ngﬂ'o ?insf)g' y&ﬁ)bhﬁﬁé tdyavihaOrediduidssderiviized wigh s0ecinicosr Py paridxytic @eid i on,
g all or a part of a PD-1 antagonist protejn, . 7-DC p epti de
1; IO;eg?m ?’;““Sd;‘f"g@d ivatizatign W,'thrﬂ)ﬁ’ﬁ@&g%af&ﬁdylfcr aghﬂﬂ‘ie Fﬁ%ft@%@?@fﬁgﬁd (i)
rRePS5e el Ch¥RRP o MheClysidyl | lesRRIsOBiHer stitsifie feagntd Tser
15 derivatizing amino-containing residues include imidoesters such as methyl
picolinimidate;  pyridoxal  phosphate;  pyridoxal; chloroborohydride;
trinitrobenzenesulfonic acid; O-methylisourea; 2,4 pentanedione; and
transaminase-catalyzed reaction with glyoxylate. ~Carboxyl side groups,
aspartyl or glutamyl, may be selectively modified by reaction with
20 carbodiimides (R—N=C=N--R') such as 1-cyclohexyl-3-(2-morpholinyl-(4-
ethyl)carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiimide.
Furthermore, asparty! and glutamy! residues can be converted to asparaginyl
and glutaminyl residues by reaction with ammonia. Polypeptides of the
invention can aiso include one or more D-amino acids that are substituted for

25 one or more L-amino acids.

In other embodiments, the potentiating agent, such as CTX, may be
itself part of the compound that reduces inhibitory signal transduction, such as
where the potentiating agent is chemically linked to a PD-1 antagonist of the

30 invention.
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pepti de sequence that is fused to the second pol ypeptide are al so provi ded.
The presence of the fusion partner can alter, for exanple, the solubility,
af finity wodbovozveBency of the PD-1 antagoni st pol ypept ipde/ustdve/odissz! osed

fusion proteins include any conbination of amno acid alteration (i.e.,

substitutign, toR:@r insertion), fragnent, and/or nodification of a

PD-1 ant agcg]"F R PrOgitY de as descri bed above. In one enbodi nent, B7-DC

fusion proteins include the extracellular domain of a B7-DC protein as the

first binding partner. In anpther enbodingnt, .such B7- f usi I ns

i ncl ude the |gva%‘deorl‘g@&BﬁBﬁ‘ie%fh%f'@-ﬁ(r;ﬁﬁﬁofﬁ'W a%aqrﬁeg'f#fswﬁérpgfcﬁg

partner. |f’pd%ﬂ9ﬁ,h%br6%’rb% g@inbr ¥ Pdrargf B7PDCI faragonit Pretels, an@7dde t he
P

| gV domai n of a BY- rotein as the first binding partner. Represee%at ive
first fudsi opolppentideforiexsmpie (naluding vapaetse hapigjogsiaad fragmentsitheresy) pc

ol ypeptid fr nt s, ther eaf L,apt s, ther ' eidabove.
bref or Fed THEgARra Ga Seend oA & AEBRondn BhsRE o RN 2
the ext raceéécfs4id@rs ice thait is Aededd® thelSecoid polypeptideiare aso gsovifled.
si gnal peptide, B7- transmenbhrane donmain, or both. In one errboiii nt, the
conposi t i onEheriesengs ¢ ubes fusien Rariarnerfs aﬁgert ﬁ‘é" exoEme othe,SPYBIEY pp.- 1

receptor a ni |3 | ypept] i | arq d¥ep! ogs
and Fr agmort TR sLe YBREICT b, R e PO A ool
f usi on Jr otfesioh tprateirst iagludiez @nyh eoRibidatiat epli aminy @oidii alteration- (i.€.i gand,

h B7-H1 , th I.nhi biting t | f i nter.act.i L th-BD-1 .
fﬁcangts her mwtwg‘;ﬁ@i@:&]@IWQE%%‘?'BPEH?@%%&ES?E%I"bﬁgg{f'l%gééﬁl%é\r,\é alilant s
thereof , ar@ntﬁ@HHi@FB?%@eﬁﬁﬁ@"asF@@sk&ﬂ@é’a a885el 19 ¥ BiibedlimBnt BR-BIOusidiat

ant agoni ze the"PD- 1 eptor by binding to and bl ocki ngthe PD-1 receptor
and i nhi bi tpreteingdockidentheiextriagebilghadomaianeticc B7oRG ipretgih anthe firshe

second pol ypepti de bindi n C ) [ : be

Nt orm nal " Bpatg; BarihelaF ArRRier Enpallm@ Rl B8 LS Reigh phpleine Thal, €,

preferrgd efeodvrand,igCh@osanp ot apB7yDEpbriotsinias (e Ersti bindingoparteerPDinl
another embodiment, variant B7-DC fusion proteins include the IgV domain of

a B7-DC protein as the first binding partner.

Representative first fusion partners include primate, preferably human,:

20 or murine B7-DC polypeptide, fragments thereof, and variants thereof
disclosed hereinabove. Preferred fragments include the extracellular domain

of B7-DC. As recited, the extracellular domain can include 1-10 contiguous

amino acids of a signal peptide, B7-DC transmembrane domain, or both.

25 In one embodiment, the compositions and/or products and/or methods
of the invention utilize PD-1 receptor antagonist, especially polypeptides,
including variants, homologs and fragments thereof, that are coupled to other
polypeptides to form fusion proteins that antagonize the PD-1 receptor by
binding a PD-1 ligand, such as B7-H1, thereby inhibiting the ligand from

30 interacting with PD-1. In another embodiment, PD-1 receptor antagonist
polypeptides, or variants thereof, are coupled to other polypeptides to form
fusion proteins that antagonize the PD-1 receptor by binding to and blocking
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ant agoni st pol ypeptide. In a preferred enbodi nent, the fusion protein
contenplated for use in the nethods and conpositions and/or products of the
i nvent i orwoanri2zes at | east a portion of an antibody. WCTlustéve/oesseent of
met hods of nol ecul ar bi ol ogy and reconbi nant technol ogy, it is now possible

to produce tﬂetﬁﬁﬁg%’edﬁé@c?hﬁnmwt (R GRADES HNibASYNSigRMCtra MRt AR reIght e

gene sequences or specific amno acid sequences found in the

pol ypept i dePBtt.ucture of the antibodies. Such antibodi es can be produced by
ei ther cloning the gene sequences encodi ng the pol ypepti de chains of said
anti bodies or by direct synthesis of said polypeptide chains, with in vitro

assenbly of the pyatBeshd palypeptioe birdihgpartaet, oresdoohtgratypeptidezhdtion,
structures with affinity for specjific epitopes and antigenj det ernmi,nants.
This has pemaythe -temminalafyCheatngl reative ta e Kdileantagonish POLRGENEES

characteristic of. neut WA ant 1 ' £ £ ' -

cour ces. - Relgut o eiebiePhbbinithic e SOEHEF pbhRgblus e Lo mIRAIpAne T 1

reconbi nant AntagBhist pgty?gépti@e, how t hey are synthesized, in vitro or in vivo,
S,

usi ng transgenic ani na such as cows, goats and sheep, using large cell -
cul tures of |aboratory or commercial size, in bioreactors or by direct

chem cal synthesis, Bl SmbRdimEhildng G8iBh 3ibtelh cBRterhbRiied ®r LS in

process, all anti ave a simlar overall 3 dimensional structure.
Thi s struct theemiethafst and gionepositionisoand/an groduats of the timertion: carpptises at

i no_aci o aaF PO ot ntiady: IR ORE B B GRERRs e riRIRERY ()

struct ural | i fyphREBBESMYirH: i tEEMMSIoYRT B9% nolhpossiBiets prodeseantibgdyi t h
the target are Teferred to as"variable™ or "V' regions and are

char act er | zewldnules by seeprobinant meanfoand thereby genesater grRaseAvRTassthat
different antigenic specificlty. r i . trfBute of
recept or anfedpinstPaifc Bl abis PRl (oHaTh S ARMbepude uittite of e,
vari ant g5 hgmeeantibodies. Sush antipadiesecarh bei prgdatéd dry eaithpan ¢looingathB7g9@X
protein or variant thereqf fused(i% déretlr%/ tfo a. o .
sequences encoding the polypeptide chairs of said antibodies or by direct
synthesis of said polypeptide chains, with in vitro assembly of the synthesized
chains to form active tetrameric (HiL2) structures with -affinity for specific
epitopes and antigenic determinants. This has permitted the ready production
20 of antibodies having sequences characteristic of neutralizing antibodies from

different species and sources.

Regardless of the source of the antibodies, or how they are
recombinantly constructed, or how they are synthesized, in vitro or in vivo,

25  using transgenic animals, such as cows, goats and sheep, using large cell
cultures of laboratory or commercial size, in bioreactors or by direct chemical
synthesis employing no living organisms at any stage of the process, all
antibodies have a similar overall 3 dimensional structure. This structure is
often given as H.l, and refers to the fact that antibodies commonly comprise

30 2 light (L) amino acid chains and 2 heavy (H) amino acid chains. Both chains
have regions capable of interacting with a structurally complementary

antigenic target. The regions interacting with the target are referred to as
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second pol ypeptide or, (ii) optionally, fused to a |inker peptide sequence
that is fused to the second pol ypeptide. The presence of the fusion partner
can al t erwohelosnb42Bi | ity, affinity and/ or val ency of thecBirsDopoisgpepti de.
In nore preferred enbodi nents, B7-DC pol ypeptides are fused to one or nore

domai ns of '%riéﬂlehgﬁ"w'CrB@idhsC@rﬁ‘@ta@étcrfa‘?éld:t@ﬂzedﬂblyediﬁéﬁr&fesbihyamincaabido aci d
sequence corresponding to the hinge, CH2 and CH3 regions of a human

i munogl obwdequedge frash aintibedies ©f difteranhaetigenip saeelfiey regi ons of a nurine
i mmunogl obulin Cg2a chain. In a preferred enbodi nent, the constant region
preferably includes a nutation (for exanple N297Q to elim nate or reduce
Fc receptor bi ndinngrefdrfed enitgrlimehis, ahel R rexgptorsantaganistipatypeptides,

CPPCAEL L IGER AL FRomenie IASHS 11, PO AV BDPRIE 0 M SBB BT
NAKTKPREE . |

PONYTLPPSA TR b Lo B et g (e e
LYSKLTVDKS $34QRaN\MIgce Ridd-BL(HNbp a1, Susil tKaldker peptide seguence that

hi , CH2 and CH3 i f i ne | | obul i ' h
ol Powi . dnt HesAdpdneciondepSBRegt RS BReseankt kBl il (v o
LSPI VTCVW %ﬁﬁ@%&:@i | QRN RY o VAl HR he YBB I EWD i tiddQDihore

SGKEFKCKVN PAPI ER 120 TI SKPKGSVR APQVYVLPPP EEEMIKKQVT LTCMVTDFMP
EDl YVEWINN [Bi€Tatrad kembogdnernyL BHES, polysrpirigsk artviusadsYes eRg-RGITRIC

HHTTKSFSRT PGK 233 ( SE D _NO /) .Exe i YA i i i
contain am ﬂ%maasa%f(%[azéia\é\f Cﬁ%'ﬁ%%%@%sErgor?oprgfn%r%gwa%?(?@mggacﬁ9 of
nurine | gQ2ged eiydé9868:spdhtiag tB7tHC Hinge,0CRr anei Gis3 aegiomsnohian hamaro

aci ds 20-221 of human B7-DC fused to am no a igs 24@;‘376 of hL#man | gQ

( AAA02914) . inTRenaglghtlin St chaig qrde @?—’D@?uéﬁ N btai 'R0 OThR “PWg"e

endogenous %rﬂﬂ%globulin Cy2a chain. In a preferred embodiment, the constant region
15 preferably includes a mutation (for example N297Q) to eliminate or reduce Fc

receptor binding.

The hinge, Cu2 and Cy3 regions of a human immunoglobulin Cy1 chain

has the following amino acid sequence:

20
EPKSCDKTHT CPPCPAPELL GGPSVFLFPP KPKDTLMISR TPEVTCVVVD VSHEDPEVKF 60
NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKEYKCKVSN KALPAPIEKT 120
ISKAKGQPRE PQVYTLPPSR DELTKNQVSL TCLVKGFYPS DIAVEWESNG QPENNYKTTP 180
PVLDSDGSFF LYSKLTVDKS RWQQGNVFSC SVMHEALHNH YTQKSLSLSP GK 232

25 (SEQ ID NO:6).

The hinge, Cnu2 and Cy3 regions of a murine immunoglobulin Cy2a

chain has the following amino acid sequence:

30 EPRGPTIKPC PPCKCPAPNL LGGPSVFIFP PKIKDVLMIS LSPIVTCVVV DVSEDDPDVQ 60
ISWFVNNVEV HTAQTQTHRE DYNSTLRVVS ALPIQHQDWM SGKEFKCKVN NKDLPAPIER 120
TISKPKGSVR APQVYVLPPP EEEMTKKQVT LTCMVTDFMP EDIYVEWTNN GKTELNYKNT 180
EPVLDSDGSY FMYSKLRVEK KNWVERNSYS CSVVHEGLHN HHTTKSFSRT PGK 233
(SEQ ID NO:7)

35
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peptides or any other signal peptide that facilitates secretion of the
fusion protein froma host. A representative nurine B7-DC-1g fusion protein
i s encodewohyidhresaucl ei ¢ acid sequence of SEQ I D NO 8. pCtr/usédo/obs2s
appreci ated that the disclosed nucleic acid sequences can be

codon-optim zed g EI%N?ﬁ‘ﬁ?riﬂeeB?L@COFusﬁ?ﬁobﬁﬁéin@rbdrﬂéinsamidmabidsnmﬂﬁé
fusion proteins use In the methods and conpositions of the gr S at

i nventi on. d¥etrhorise f &7-DEdoiusegt itei Aaminen agids kA3wH6S, @fhemarps iﬂg rine

e . Ve R AR BB s TR e MR S/l abiho ataogmano ac! ¢
60 KVENDTSL S, FRAT H7500.-fuReEHALdming Soi@YRASAN6 BChMnaBAE DIAAIZEIAK. 120
LEVPGIGEVQ LTCQARGYPL AEVSWONVSV . PANTSHI P E%Y%!SVL iéﬁg'

ASYMRI DTRI
ft Pégg;SENF BevsighaHREP fRigsian BPD GiuspRASRIEINEPREDR

VFI F PPKI KDVLM__SL M\de AHIBPR
EDYNSTLRW 3K \‘%ﬁdﬁ/xﬁﬂi(ﬁ&%@%ﬁ%%t%%@K@v CK’%Q\/YVLEE ﬁgg%n
PEEEMTKKQV grof&iyropir i isill YVEWIN NGKTELNYKN TEPVLDSDGS YFMYSKLRVE 420
KKNV\}(/ERNSY SCSWHEGLH NHHTTKSFSR TPGK 454 (SEQ |1 D NO: 9 ) SEQID NO 10
provi des the am no acid sequence for nurine B7-DC-1g fusion protein w thout

t he signal sequenc P ; /( SHOPPESBHCs 6r dodeBASLth@KVENDTSL
SERATLLEEQ 60 LP%&X[%%%%SE&S@K%Y E:GAA V\DYKYL'IS'VKV KASYMRI DTR o
| LEVPGIIEEV AddleidabReEyEh dceneVSRNBNEPBNTSHI RT PEGLYQVTSV LRLKPQPSRN
FSCMFWNAHM 180 KELTSAI | DP LSRMEPKVPR TWEPRGPTI K PCPPCKCPAP NLLGGPSVFI

FPPKI KDVLM 240 | SLSPI VTCV WDVSEDDPD VQ SWFVNNV EVHTAQTQTH REDYNSTLRV

VSALPI QHQD 300VWpifrins MR PRt tERUISHESEBn YRR S qRREEES/EHR (e

VTILTCWTDF 360 MPEDI YV NNGKTELNYK NTEPVLDSDG SYFMYSKLRV. EK|
YSCSWHEGL 420doiNeplimiSristRIemeass ievels of expression ¥or syntlﬁesiz%glq\rl\\éwﬁﬁi\l%

proteins useful in the methods and compositions of the present invention.

15 Methods for codon optimization are known in the art.

The murine B7-DC-Ig fusion protein encoded by SEQ ID NO:8 has the

following amino acid sequence:

20

25

30

MLLLLPILNL
KVENDTSLQS
ASYMRIDTRI
RLKPQPSRNF
LLGGPSVFIF
EDYNSTLRVV
PEEEMTKKQV
KKNWVERNSY

SLQLHPVAAL
ERATLLEEQL
LEVPGTGEVQ
SCMFWNAHMK
PPKIKDVLMI
SALPIQHQDW
TLTCMVTDFM
SCSVVHEGLH

(SEQ ID NO:9)

FTVTAPKEVY
PLGKALFHIP
LTCQARGYPL
ELTSAIIDPL
SLSPIVTCVV
MSGKEFKCKV
PEDIYVEWTN
NHHTTKSFSR

TVDVGSSVSL
SVQVRDSGQY
AEVSWQNVSV
SRMEPKVPRT
VDVSEDDPDV
NNKDLPAPIE
NGKTELNYKN
TPGK

ECDFDRRECT
RCLVICGAAW
PANTSHIRTP
WEPRGPTIKP
QISWFVNNVE
RTISKPKGSV
TEPVLDSDGS

ELEGIRASLQ
DYKYLTVKVK
EGLYQVTSVL
CPPCKCPAPN
VHTAQTQTHR
RAPQVYVLPP
YFMYSKLRVE

60
120
180
240
300
360
420
454

SEQ ID NO:10 provides the amino acid sequence for murine B7-DC-Ig

fusion protein without the signal sequence.

SERATLLEEQ 60

LFTVTAPKEV YTVDVGSSVS LECDFDRREC TELEGIRASL QKVENDTSLQ

ILEVPGTGEV 120
180
240

300

YRCLVICGAA WDYKYLTVKV KASYMRIDTR
VPANTSHIRT PEGLYQVTSV LRLKPQPSRN
TWEPRGPTIK PCPPCKCPAP NLLGGPSVFI

LPLGKALFHI
QLTCQARGYP
KELTSAIIDP

PSVQVRDSGQ

35

LAEVSWQONVS FSCMFWNAHM

LSRMEPKVPR FPPKIKDVLM

ISLSPIVTICV VVDVSEDDPD VQISWFVNNV EVHTAQTQTH REDYNSTLRV VSALPIQHQD
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(SEQ ID NO 10) In one enbodi nent human B7-DC-1g i s encoded by the nucleic
acid sequence of SEQID NO 1 1, encoding the am no acid sequence for human
B7- DC- | g:wdl2bioki2k2SL. ELQLHQ AAL FTVTVPKELY | | EHGSNVTL EENFDES®d04dRGAl TASLQ
60 KVENDTSPHR ERATLLEEQL PLGKASFHI P QVQVRDEGQY QCI | | YGVAW DYKYLTLKVK 120
ASYRKI NTHI  dnAREddRE M in kb EREA EQAYIBkprAE VEARNYSY PRINTBHBR VPL TG YEVTSVE60180
RLKPPPGRNF \SCVEWNTHWR « B Tl ARk £ SSMERIRERER WRRICHERIK el SRRRCPAPEL20240
LGGPSVFLFP PKPKD = ngVTC,\/W DVSHEDPEVK FNWYVDGVEV HNAKTKPREE 300
QYNSTYRWS VETA REKEYKCKVS NKALPAPI EK T SKAKGQPR EPQVYTLPPS 360
RDELTKNQVS (JERVKEFNP: S0} AVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK 420
SR\/\im\lgFS CSVMHEALHN HYTQKSLSLS PGK 453 (SEQ I D NG 12) The present

i nvention specifically contenplates enbodi nents where the mature fusion
protein useful ip the embddisrermitimanmBzD0-tss ehcoded iby the noaleitaaeid he
signal sequence renoved. In a preferred eq?odinent,. he sianal sgﬁuence i's
conpl et el y sasuensg. ofspEQ ) O 1H , nReding: the, @MiRP Asid SPGUERGR AL BUFE" hunan
B7-DC- 1 g V\A%}%&he si gnal sequence. LFTVTVPKEL YI | EHGSNVT LECNFDTGSH
VNLGAI TASL SPH RERATLLEEQ 60 LPLGKASFH PQVQVRDEGQ Y(QCI I | YGVA
VWDYKYLTLKV KASYRKI NTH | LKVPETDEV 120 ELTCQATGYP LAEVSWPNVS VPANTSHSRT

PEGL YQUPSV MRLKPRPCRMNLESEYF \ARTHVKELE 0T TREESFY NSE O DTESENEPRITPS RNEPK SEDKT
HTCPPCPAPE  ive(Sae N4 kin TPRIERK DT e tvls ri2dbOo O RATRRENAT QY 1S HEDREN LN VDBVE

VHNAKTKPRE EQYNSTYRISYAEVE HODW-309. ANGHFYKCIKMSNEAL RABIF i) SKAKGRP
REPQVYTLPP SRDELTK

LT 0 I PPVLDSPGS
FFLYSKLTVD %F&M%’FMI%%S%WS%%%&S%Q DN(E)) 13) . The
present i nVERPIVEH R BEEPTHEaIRTIECORTe RS HERTEES EMEIBT R AT TR e  2°°

15 QYNSTYRVVS VLTVLHQDWL NGKEYKCKVS NKALPAPIEK TISKAKGQPR EPQVYTLPPS 360
420

453

RDELTKNQVS LTCLVKGFYP SDIAVEWESN GQPENNYKTT PPVLDSDGSF FLYSKLTVDK
SRWQQGNVFS CSVMHEALHN HYTQKSLSLS PGK

(SEQ ID NO:12)
20 The present invention specifically contemplates embodiments where
the mature fusion protein useful in the methods and compositions of the
invention have the signal sequence removed. In a preferred embodiment, the
signal sequence is completely removed.
25 SEQ ID NO:13 provides the amino acid sequence for human B7-DC-Ig

without the signal sequence.

30

35

LFTVTVPKEL
LPLGKASFHI
ELTCQATGYP
RELTLASIDL
SRTPEVTCVV
LNGKEYKCKV
PSDIAVEWES

YITEHGSNVT
PQVQVRDEGQ
LAEVSWPNVS
QSQMEPRTHP
VDVSHEDPEV
SNKALPAPIE
NGQPENNYKT

NHYTQKSLSL SPGK

(SEQ ID NO:13).

LECNFDTGSH
YQCIIIYGVA
VPANTSHSRT
TWEPKSCDKT
KFNWYVDGVE
KTISKAKGQP
TPPVLDSDGS

VNLGAITASL
WDYKYLTLKV
PEGLYQVTSV
HTCPPCPAPE
VHNAKTKPRE
REPQVYTLPP
FFLYSKLTVD
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QKVENDTSPH
KASYRKINTH
LRLKPPPGRN
LLGGPSVFLF
EQYNSTYRVV
SRDELTKNQV
KSRWQQGNVF

RERATLLEEQ
ILKVPETDEV
FSCVFWNTHV
PPKPKDTLMI
SVLTVLHQDW
SLTCLVKGFY
SCSVMHEALH

60
120
180
240
300
360
420
434



the disclosed B7-DC-1g fusion proteins used in the nethods and conpositions
di scl osed herein have at | east about 80% 85% 90% 99% or 100% sequence
identity wo28fQ2r1423NO. 9 , 10, 12, or 13. In another enpouiuseow/oofs2s he

i nvention, the fusion polypeptide may have bi-specific function whereby the

first fusion parfpen Biagsifventiohi grutiically ontempiated @rdbbdiménts aherret he

second fusion partner binds to the PD-1 receptor wthout triggeri n(Tq

i nhi bitory thegtistiosedBIdDEigdiuston piogins weepin the matheds angigompesitions

pol ypeptide, useful, . in the inveniio ORRS/ &a@ 1B 6/ usi on
prot ei ns th@'ﬁﬁ'@f”?g%‘eﬁﬁ'iﬂl?é’ep?tggéﬂttéhérmﬁaéobrr@n%%r|§§/°099a}(r’1 0gl1i gél)rrgeracl‘% c‘)% m

preferably genftytor®EQ IDINERSCHDI ¢2eaibtsli ments, the fusion proteins useful
as PD-1 antagoni'sts in the nethods and conpositions of the invention may

assenbl & spont aneously into oligoneric, especially dineric, forns or may be

e e Y o | DKol hflofh&r BAHEHR SR iivenfBA e Fidiok Woetide tndy

For exanple, a fus ern usefru n practicing the in l'on may i tself
conpri se a pavd bpepetifie fTetldn whkyetepthedfirst dssidn tpartnepdrinds o of ligan at i body

and these nay be further__assenbled, into a diner. |n,one_such, exa -
pol ypept i depiso?n §yehias tWef'“m itB& ?%c‘)f”lgsbbs'%’é %?@Tq{gp@dﬁﬁ%ghg%g'1chai n

to the F j . i . . ¢
o the Fc rr‘egge?gbrofmtﬂeufi?ltl%wngu(uﬁﬁiﬁﬁoqz )si@*h%[ QrdrididtichON Sthfaiigh itise XD eSssed

froma sing conbi nan cl eot | , after which two such fusion
productK) ar eedeiptdred t o each other to form a honodi mer, such as by a

di sul fide |inkage between the respective Fc regions. Such dineric products
may be honodi mers (where both nononeric fusion proteins are identical) or

may be het er odi npyifie( whpbppepadéi ddetueim thesingentiswtreapsbarmohomesid bo each
other). The individual nononers of such dinmers may be |inked by any neans
[réglc

known in t hdingric, theifusior phgteds KieantelyesRiayeDe erepentdn & wone nd) or
) o SoanbRRmbC SRR, RERAR; L ST I BEERE boc it o ed
15 proteins useful as PD-1 antagonists in the methods and compositions of the
invention may assemble spontaneously into oligomeric, especially dimeric,
forms or may be chemically linked to form such oligomers by means well
known in the art. For example, a fusion protein useful in practicing the
invention may itself comprise a portion of a B7-DC polypeptide fused to a
20 portion of an antibody and these may be further assembled into a dimer. In
one such example, a polypeptide for use in the invention is fused as a single
amino acid chain to the Fc region of an antibody (such as where this construct
is expressed from a single recombinant polynucleotide), after which two such
fusion products are linked to each other to form a homodimer, such as by a

25 disulfide linkage between the respective Fc regions.

Such dimeric products may be homodimers (where both monomeric
fusion proteins are identical) or may be heterodimers (where two different
fusion proteins are linked to each other). The individual monomers of such

30 dimers may be linked by any means known in the art, such as by covalent
linkage (e.g., a disulfide bond) or by non-covalent linkage (such as an ionic
interaction). The B7-DC-Ig used in the examples of the invention were present
in the form of a homodimer having 2 copies of SEQ ID NO: 10 linked together
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in the formof a honodiner having 2 copies of SEQ ID NGO 10 |inked
togetherby a disulfide |inkage. In addition, the heterodi ners of the

I nvent i orworzeloudes2Bi speci fic proteins and fusi on protei RETWISRI0RI0MMSONE
nmononeric portion binds to PD-1 and the other binds to a natural |igand of

PD-1 . Such, et SLoRuERIaBeS If Adfbrbtheonsbrotimats RAIE MM Aretldaisi on
i e

proteins f escrrb I'sewhere herein. In another useful enbodinent of
t he i nvent i isispedifie pRReinsaand dosiost proteins éheseindpne rmoremrTia PatHeR DiRds
fusion proteins are |inked together but, t re fal ' -ani .no
aci d sequent®ePDrh anstﬁ‘Sc?t?‘Pf:%giéfngq a ”%‘éﬂéﬁ%ﬁﬁ&%ﬂ%ﬁ? §9§§ﬁé§§%§’ﬁ%};§
portion of Loy ddudifg dPpaRpaptides dndatmon mbteinBTulRCdeetntpapt i de
wher e theseé)r%cﬁ?veegfrggnedrﬁﬁsgarepf 'rygmgdi fferent portions of the B7-DC

pol ypept5 deelsewhbre kergin.usi on protein conprising an Fc portion of an

anti body fused to a full length native B7-DC pol ypeptide is |inked (for
exanpl e, cross-linked) to a fusion protein conprising an Fc portion of an
anti body and an gcinotRef Lg&RiEBimbodiraechtibf theangeértiontthe ®BYRMDtagdyistista de.

In each such case, the portion of the antibody used 'iE formn a?g
mononeri c fhetemdimest such agywhnrregtwe dusipp Rie Are e ?Q\BO%W%HEW he¥i ts.
Any such diperic.c ' ' L5, ~SPeG fd CQRt i ds
and conposi %T'%or@t o&rt?#gﬂfcrlalee%nrt‘lﬁ‘gn%%@n %&gjrel&)‘ég'r ?gdggiehgzr:liﬁg fgﬁasnhg%gggggl n,
the di ngr reoubheerfman thvepdse adrerfic iponibmefodn @ndibodyi lihked to tare active

regions of two of the | eavy chains that are the sa r.esidu hat
are di sul fidRIMeRk&d ?ﬁ&mr@&%e%@wmqfs &@éﬁaﬁﬁvﬁnﬁ?%mgl agengf r
enbodi nent L feomtidrRt N B Upblypaptidd 8r Bvhéres Wpsfusiine grotesd to

t he ext race@Fgréarﬁ égﬁ{aﬁ (?n?evari anat: E?-ygcﬁr;ol yprept i de. Met hods Fffror maki ng
tetramer coomnptising am & ckpationi of ahandibody fesedpde tafulk lenath fative B7BG

N o205 BN g O RS M Ao e
anti bodjes 4R Foriign I aRDaAtibYdy Atk aAsacive fRxgnenteslca @ilhiengtnhatiosl B .
DC polypeptide. In each such case, the portion of the antibody used in
forming each monomeric fusion protein may be different between the two
monomeric units. Any such dimeric combination is specifically contemplated
by the methods and compositions of the invention.
20
In a preferred dimeric fusion protein, the dimer results from the
covalent bonding of Cys residue in the CH regions of two of the Ig heavy
chains that are the same Cys residues that are disulfide linked in dimerized
normal Ig heavy chains.
25
Still another embodiment provides a tetramer construct having a BirA
substrate fused to the extracellular domain of a variant B7-DC polypeptide.
Methods for making tetramer constructs are known in the art (see Pertovas, et
al., J. Exp. Med., 203:2281 (2006)).
30
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In one aspect, the present invention relates to a nethod of increasing a T
cell response in a mammal in need thereof, conprising admnistering to said
manmal arwefzbhmai2r4ze treat ment regi men conprisi ng an ant iP€P@Sto0nbiseHAy and
a potentiating agent, wherein said treatnment reginmen is effective to

i ncrease the Argtgetj_1 LASIROhe? AMtibodigs mammal to said antigen. Anti-PD-1

ant i bodi es | nt regi nens(s) of the invention include,
but are not limted to, those described in the follow ng publications:
PCT/ 1 L0O3/ 00425 (Hardy,et, al., VWO 2003/ 0 6 n et
Vel 20061 12100188 P B Aniasetite Gaasanp ErecpY ghe Hhefidhs i 1R inkSaoR

PCT/ JP03/ 08 dEHaibedils thht bind@o2004 8PHgaHDs HADIFGHDHE abtibodieset al .,
WO 2004/ 072286) PCT/ | B2003/ 006304 (Col I'ins et al., WY 2004/056875)

PCT/ US2607/ 088851 ( Ahnmed et al ., WO 2008/ 083174) PCT/ US2006/ 026046 ( Kor man

ot B WG 5618 St e
exanpl e of pReRféspdrigelinanimabedyl inseded tHenett) eongirisingsadiinisteringtersaicn i s
MDX-1 106 (see Kosak, US 20070166281 (pub. 19 JuJY 2007% 33 qr. 4% a
human ant i -"/PBMMahanpeiEctiver HF@F’%’I‘tyrﬁmerﬁ SPRWPESING 29 BE‘ [g'f 9"”6 9. 1n
anot her asp va L 1 LAV el r ghat i | Skeng a T
cel | respon%ga ih @%@W%ﬁbﬁge%{eﬁépe%@ g’%ﬁ})@?gﬁ %gltg?n&}nﬁétééﬂrﬁg&t (t)d]sai d
mammal @n ehteesevhetT eealt response gif said tammasiongpid@ndigen- PD-1 | i gand

anti body, an anti-B7-Hl anti body for exanple, and a potentiating agent,
wherein said treatnent reginen is effective to increase the T cell response

of said mamal tAngEBL1ANNIBeRIes Udef@7 NltRN réatheift Wogilens(s) tdfe the
treatnment reginmens(s) of the )
invention include, but are not limited to, those described in the following
publications:
15
PCT/IL03/00425 (Hardy et al., WO/2003/099196)
PCT/JP2006/309606 (Korman et al.,, WO/2006/121168)
PCT/US2008/008925 (Li et al., WO/2009/014708)
PCT/JP03/08420 (Honjo et al., WO/2004/004771)
20 PCT/JP04/00549 (Honjo et al., WO/2004/072286)
PCT/IB2003/006304 (Collins et al., WO/2004/056875)
PCT/US2007/088851 (Ahmed et al., WO/2008/083174)
PCT/US2006/026046 (Korman et al., WO/2007/005874)
PCT/US2008/084923 (Terrett et al., WO/2009/073533)

25 Berger et al., Clin. Cancer Res., Vol. 14, pp. 30443051 (2008).

A specific example of an anti-PD-1 antibody useful in the methods of
the invention is MDX-1106 (see Kosak, US 20070166281 (pub. 19 July 2007)
at par. 42), a human anti-PD-1 antibody, preferably administered at a dose of

30 3 mg/kg.

In another aspect, the present invention relates to a method of

increasing a T cell response in a mammal in need thereof, comprising
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I nvention include, but are not limted to, those described in the follow ng
publications: PCT/US06/ 022423 (WJ 2006/ 1 33396, pub. 14 Decenber 2006)

PCT/ USO7/w8ea8mlo2¢4a8 2008/ 083174, pub. 10 July 2008) US PQ0OA/Sed9H0B338 (pub.
25 May 2006) A specific exanple of an anti-B7-Hl anti body useful in the

met hods of Jdfink k@ aich MdMmbl HAEefMAR00EAPRSA Trgineh| dohpdsiAg alanuary
2007)), a h%ﬁﬁﬁ‘%%@ﬁg égféﬁhléant [ boc!lgla?ﬁle:or anti - B7-DC |?r%;'t'i bodi espseleél 41

1,051 , 7,CpRi-BD4] ligash, #8iody00an0e0t@Y -Hio@mndibodwh il @xampe. @nd a

i nvention ingludes a bi-specific _ant] ! I ' hat
bi nds to tf%’qﬁﬂﬂiet'q‘ge%%%@tog’%ﬁf?'agsgdd ﬁﬂgggrﬂggﬁ&?gﬁ)rggﬁq?ﬁg% %EY%E%?'{%ég |¥hgéand of
PD-1 , suchr ag| Fsgdhse dffsaid Ridtheal edsgidizadigeant, the PD-1 binding portion
reduces or inhibits signal transduction through the PD-1 receptor. The

anti body for use in the invention need not be an anti-PD-1 or anti- PD1

| i gand anti bodynRW1b%nﬁggaiggr ngﬂ?@dgg%s%g{r?%& Bginfdndig) tdieps fects

of Tcellsina ne r eSponse. ect, e present 1'nvention

rel ates to javemidrodh@btdé houtase ngotalifited! to, r thogendesctribexh imrthe glatioiming
manmal in need thereof, conprising adm nistering to said nmanmal an

ef fective tRUEACAHORS:r egi men conprising an anti-CTLA4 antibody and a
potentiating agent, wherein said treatnent reginen is effective to increase
the T cellresponse of said marmal to said antigen. An exar?I e of an

anti - CToA4 REGTTWSAE§/028AR3 INQREA6! 33388 pub. 1Aderarbers2@I0)t he i nventi on

i ncl ud [ ' L, RCT/ US2006/ 04 Fi schkoff et al.,
v 20077 052881 S&H0eRRs L RIGIRSREOS 72, mil TOMBAZOMRA | body userul in the
net hods of YyRegosyeMaIes @ud. kBiMayoas) al so known as MDX-010 or MDX-101 ,
a human anti- CTLA4 anti body, preferably adm nistered at a dose of 10

ng/ kg, and
A specific example of an anti-B7-H1 antibody useful in the methods of

15 the invention is MDX-1105 (WO/2007/005874, published 11 January 2007)), a
human anti-B7-H1 antibody.

For anti-B7-DC antibodies see 7,411,051, 7,052,694, 7,390,888,
20060099203
20
Another embodiment of the invention includes a bi-specific antibody
that comprises an antibody that binds to the PD-1 receptor bridged to an
antibody that binds to a ligand of PD-1, such as B7-H1. In a preferred
embodiment, the PD-1 binding portion reduces or inhibits signal transduction
25  through the PD-1 receptor.

The antibody for use in the invention need not be an anti-PD-1 or anti-

PD-1 ligand antibody but may be another antibody useful in mediating the
effects of T cells in an immune response. In this aspect, the present invention

30 relates to a method of increasing a T cell response to an antigen in a mammal
in need thereof, comprising administering to said mammal an effective
treatment regimen comprising an anti-CTLA4 antibody and a potentiating

agent, wherein said treatment regimen is effective to increase the T cell

51



Tremel i rumab a human anti-CTLA4 anti body, preferably adm nistered at a dose
of 15 ng/kg. 8. Small Mol ecule PD-1 Antagonists The PD-1 receptor

ant agoni swe 20ewm2ad4230 be snal | nol ecul e ant agoni sts. The PCenuseioomadsks

nol ecul e” refers to smal |l organi c conpounds having a nol ecul ar wei ght of

mor e than gﬂsde'oﬁrsearah@%nﬂhauto %58 Griligehon dx: Sméa@rl ¥nbahtMSFLAD0 and
2000, nore prg erab bet ween about 100 and about 12 nore preferably

bet ween abaaritibbag mea‘mbaltedltmwserm ¢he maetbpds| of thet Wé/@ﬁtlaadntﬂUﬂGé 2hd
bout 750, f t t h
Srrgrl nol ec"’lﬂ re ]rteggr aﬁ‘ét{ﬂﬁi a@i?ﬁ. ?EWH%%@R%@%@ er Eg’g ?@ﬁsfﬁctalr gs

and/ or ar onplo/2007/0B658ey.omati ¢ structures substituted with one or nore
functional groups. The small nol ecul e antagonists reduce or interfere with
PD-1 redeptor signal transduction by binding to ligands of PD-1 such as

B7-H1 and n i &gt \ r by
bi ndi ng dir Bﬁgt&%aarfgggl c%gng ;egln_g% éirlt Hdayegtg%ﬁl\?mﬁ tthggrpw%ﬁrdlhgsgg még)
si gnal trangadestioroare fp’lnﬁgdmabhalsBD(riowreaeMlX.O1m00NHD)érﬂt§lidiaananamih a

smal | nol ecul e may he adm ni stered i,n.copbi natjon th other PD-1
ant agoni st GFL@?LR@“%‘%Q%‘?@@ '¥u@ﬁ"§§'s§% a lb%dé\no%%e% d] gPEf'ld or

one of its egﬁel KithaR a4l hetib&dy, Prefstadh Qaﬁ‘nmfste‘réé ati gands.
Thus, such ‘is-mal ’ﬁ%‘é’ﬁ?es O%M n| sterealg corrpgunds in one or nore
of the et hdokse of 1% heg/kgvent i on or may beadmi nistered in conbination with
ot her conpounds useful in the nmethods of the invention. For exanple, a

series of small organi c conpounds have been shown to bind to the B7-1

ligand to pgeg,eﬁ@“ MblRELRIPODO Ahtfbristee Erbe et al., J. Biol. Chem, Vol.
277, pp. uch smalT organics could be adm ni stered al one
or together with an anti-CTLA4 antibody, in combination with CTX

S mone o 1S Rob B bty ol ke al e e T An , one
the netjpdsThé tehm “emant mafedute! weferantoi sewmilserganic compounds having a
molecular weight of more than 100 and less than about 2,500 daltons,
preferably between 100 and 2000, more preferably between about 100 and
about 1250, more preferably between about 100 and about 1000, more
preferably between about 100 and about 750, more preferably between about
20 200 and about 500 daltons. The small molecules often include cyclical carbon
or heterocyclic structures and/or aromatic or polyaromatic structures
substituted with one or more functional groups. The small molecule
antagonists reduce or interfere with PD-1 receptor signal transduction by
binding to ligands of PD-1 such as B7-H1 and B7-DC and preventing the
25 ligand from interacting with PD-1 or by binding directly to and blocking the PD-
1 receptor without triggering signal transduction through the PD-1 receptor.

In one embodiment, such a small molecule may be administered in
combination with another PD-1 antagonist or CTLA4 antagonist, such as an

30 antibody specific for PD-1 or one of its ligands or an antibody specific for
CTLA4 or one of its ligands. Thus, such small molecules may be administered

as compounds in one or more of the methods of the invention or may be
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nucl ei c acids, both DNA and RNA, as well as siRNA nol ecul es. Such antisense
nol ecul es prevent expression of PD-1 on T cells as well as production of T
cel |l |igawmd2oimsueizdas B7-HL , PD-L1 and PD-L2. For exanplC&/UsSsooRiekuses or

exanpl e, of about 2 1 nucleotides in Iength, which is specific for the gene

encodi ng PDydm; &ér ﬁPéb%u?atl%‘PrJathl&tﬂedcomumwhem BOtHeC hRohbdle of can

be readily purc ased commercially) conplexed with carriers, such as
pol yet hyl ertbemnnent@meecmampb msqn%& ofsmalljorgenic compesinds hayegheen

2231- 2244 (200 re r | t wel |
as |igands %? Vﬁholg Lﬁ)y1é%6?‘@5§ %#%V%ﬁtel%h gqr%e%ggtﬂgﬁgé%@%'eq%rl\ds to
achi eve a deggigpEhem., IVUNDTY 0ppy. F3GBAB68 (2062)u Suchrsrall Ergmhdzscouldeb@by
activating T cells. B. POTENTI ATI NG AGENTS I n_accordance W th t

i nventi én, adminigierad alonss ot tegethen with: ag ANt THA4 aptigodyes 4n 'B?H‘P}"y
synergi Sti cghh om0 uahlifisRafiSs 16 Ge8lcd iMAbRSY S Uratdalttiod BF TRRAGN! | ati ng

agent acts f| cacy of receptor antagoni st,
possi bly by nore than one mechanl sm al though the precise nechani sm of

action is not esgendiedl efmdoliitfemt ORD-Pr antdgomists bheCﬂTLMrﬁntagumsts on. In
the preferred enbodi nent, the otentlatl agent is cyclo spham de.

((j,ycl ophgsph@ﬁﬁtﬁéipdmi foqbts@xlrih ynetbpd She(ipygntian é’hc'Ha bEYMRST i ne
rug and an | d exJd . f -

tr ophosphanUaEE. ddfscPEn ARA BHGIRNA S yelitds <iBRR BRAKTIES. Such gnt
salts, Hpl vedrse nmwﬂeagsramht expedssion eﬁ leerosmﬂ' qellS gsawetitasapioidiuction on

20070202077 which is incorporate enti f osf am O NA(r))
is a struct@nrglceﬁﬂ@laﬁgsow@}/ (ﬂ)ﬂb’b f#aén ea%\(i’\(ﬁ% lé EQE!%H ’oéwga‘ s
consi der ed é%rﬁge' gcgpé &flamf’d'ue&?@él?] ! irRldngtR] WhicH |§ %pbﬁﬁfc fir thedgene '

cycl ophospham roper oxycycl ophosphami de) an
tr ophosphanemm)damge P-4 ooabh9d>dmg @Pagbrhgend vimnd whigheokgaonusieptigdesycanebat ed

to cycl opho m de. For exa f.osf am te , thereb
i nhi biting Yep‘?‘frﬁ 2 é’ﬁnﬁ"ﬂﬁ%o%m p?%?@gﬁ(egyn\&k@si a_r%w Qe s
15 polyethyleneimine (see Cubillos-Ruiz et al., J. Clin. Invest. 119(8). 2231-2244
(2009), are readily taken up by cells that express PD-1 as well as ligands of
PD-1 and reduce expression of these receptors and ligands to achieve a

decrease in inhibitory signal transduction in T cells, thereby activating T cells.
20 B. POTENTIATING AGENTS

In accordance with the invention, the activity of the PD-1 antagonist is

increased, preferably synergistically, by the presence of a potentiating agent.

The potentiating agent acts to increase the efficacy of the PD-1 receptor

25 antagonist, possibly by more than one mechanism, although the precise
mechanism of action is not essential to the broad practice of the present

invention.

In the preferred embodiment, the potentiating agent is

30 cyclophosphamide. Cyclophosphamide (CTX, Cytoxan®, or Neosar®) is an
oxazahosphorine drug and analogs include ifosfamide (IFO, Ifex),
perfosfamide, trophosphamide (trofosfamide; Ixoten), and pharmaceutically
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oxazaphosphorines derivatives have been designed and evaluated wth an
attenpt to inprove the selectivity and response with reduced host toxicity
(Li ang J,wblzarg2i423Duan W Yu XQ Zhou S. Design of newpoxamsaphosskori ne
anticancer drugs. Curr Pharm Des. 2007;1 3(9):963-78. Review). These

i ncl ude ”aféb%fe?mﬂé $MRC 361986E3) . praldvi s faE dRelaBbliRB7 thereof (US patent
bet a- D- gl ucosyl | sophosphoram de nustard), S-(-)-bronofosfamde (CBM1 1),

NSC 612567 dpglidatitosHiiA20208&r whittotisiingemerateddinuds gntiretpo Ifosfamide

(al dophos ] h&ézol 1 dine). ' ' har. I

that s o ARBRCEAND LR 3 PLOR A BRGE SBidrhgRBngitee SR R iechandAT! o0
4- hydr oxy- (@fAactidnifiosésmdidereds td Rse daenticd!i ore substantially t similas ofohdisathof am de
nmustard, the alkylating nmetabolite of 1FO is glycosidically Iipked to a
bet a- D- §l um@nhﬂsﬁbarféde-AdBBEfpéfr@mldéyCQ%Wgﬁﬁa?ﬁY%C'QHBPB@%a’H )d i bed

1 US pat ero \Raiite il A UShGRRRRRRATHER AALAGEHE 1 to

anti-tunor a ch rsincor er'el n erence in |
entirety. ldycisprspaahide mefdrs,examplppt petfostamide agéyates dINAgetherebwat

reduces activit d/ yer . of | at T hocyt - T,
e et e Bk Perys! S PR TR, S eete L Neyy
The reci tedo)ga{zg?},gggﬁoﬁﬁég Eﬁ%f]véﬁﬂ)@@ a0e | bEdrH dR sRMEINBAY SdValgaten Wﬂlg%/rﬂnt :

Useful potentiating agents also include mtosisTinhibitors, such as
pacl i t aXol ,attaroptatadmprove Bhe mededtivity. andtresponsy withd redgesh st itexicity

inhibitors (VEGF inhjbitors,e.g. _Av [ \Y/ -T e . exa , Li
et al., Vasé:ﬂﬁr%% ¥nddHABg; ZYI g Wha\?}ac&ﬂ ﬁck%@‘gargju@%&gﬁtr tl?r)éo al
regul atory dxaz@bhosphérifa EticanceNairg§s ity RHartn @eSSPOOECIRO): 9§3-78.
cancer i mmunot her ap}éhea in Cancer Res. 2006 Nov 15:12(22):6808

-16.),
ant hr acycl i Rewewdx ahepe an¢lude daaf@rstmwﬁen(NSGW%ﬁf{?ag@mfgﬁf@,miaﬁd[ﬁ@ﬂ 58
ant agoni st .~ P I e/ imvie/My on
rel ates toS%et% h%'rggl‘géegl:é? Iﬁ%&@)o%bg T oon%,shyg%lrgi)’ssh' -groﬁof@gta]rgfd? hgﬁé‘g‘r @\)ént s
i nhi bi tigry N8@nab1256ns dakiopbosphamitgeh PBrhydrothiazine) and NSC 613060

(aldophosphamide thiazolidine). Mafosfamide is an oxazaphosphorine analog

that is a chemically stable 4-thioethane sulfonic acid salt of 4-hydroxy-CPA.
Glufosfamide is IFO derivative in which the isophosphoramide mustard, the
alkylating metabolite of IFO, is glycosidically linked to a beta-D-glucose

20 molecule. Additional cyclophosphamide analogs are described in US patent
5,190,929 entitled “Cyclophosphamide analogs useful as anti-tumor agents”
which is incorporated herein by reference in its entirety.

In other embodiments, the potentiating agent is an agent that reduces
25 activity and/or number of regulatory T lymphocytes (T-regs), preferably
Sunitinib (SUTENT®), anti-TGFB or Imatinib (GLEEVAC®). The recited

treatment regimen may also include administering an adjuvant.

Useful potentiating agents also include mitosis inhibitors, such as

30 paclitaxol, aromatase inhibitors (e.g. Letrozole) and angiogenesis inhibitors
(VEGF inhibitors e.g. Avastin, VEGF-Trap) (see, for example, Li et al,
Vascular endothelial growth factor blockade reduces intratumoral regulatory T

cells and enhances the efficacy of a GM-CSF-secreting cancer
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1, or a CTLA4 antagonist, and a potentiating agent in a pharmaceutically
acceptabl e carrier. The conponents of said conposition are present in an
anount efWweabiwme7426 i ncrease a T cell response in a mamealr/USkevIspses fi c
enbodi ments, the potentiating agent is cycl ophospham de or an anal og of

cycl Ophosphﬁf&ﬁiﬁoth@%ﬁj@' eglief cuabemn®ems DOOS ngNbeen16H@(22)68(H>16.), | n
ot her specific exanpl'és, the potentiating agent is an agent that r dﬂfes
activity ofantbradystines; Toxalipftsey tdoxorubigiags)I LR4 e ABtagA ePBY h'g’
activity is reduc.eF due to a decrease in the nunber of said T-regs. In
preferred rHagps ﬁ'ng enbodi nents, the agent is Sunitinib (SUTENT (r)) ,
anti- TGFb or Imatinib (GLEEVAC (r)) . The potentiating agent useful in
formul ati ng conmpositions of the invention also include mtosis inhibitors,
such as paclitaxol, aromatase inhibitors (e.g. Letrozole), agniogenesis

i nhibitors évggf\FiMEb@LtJﬁr@ !e%Mﬁ@gqj@NSVEGF- Trap), anthracyclines,
oxal i platinm= ) ists, and |IL-18 antagonists. A

t herapeutic conmposition of the invention also optionally conprises at | east
one additional agent that may, be.one. .or re o n | - 1 i , o an
anti- CTLA4 anti bBdPNea atPeesi e H_H{eﬁ‘it'PBr @Q%Sa}%%ttgggqé;ﬁcbf? gﬁoggﬁ%AZa
adenosine 1 e6aBliGhao MABCLAE I GEntsIhidRloRElgRgRRaRsdudtiohi thrdugh POy of

t he therapeuti coﬂpom tions of the invention nmay al so contain one or nore
adj uvantGs a$, deser Cheddhantaigenish RDd1a aeterfiating: ageat in aaBhameatpiicalY of a

th ti ition of-the j iQn_j el -
bt agoni ot SACRHEER HriErnThe cyBESTeElof Sid BEMpBRich ale Brglert in an,
For exanpl eamoudh dfieclivénioagneade iandl weksreappnsé inhe fmasnroal. pinospeaific

recited herein. Such antagoni st can al so be any of the polypeptides aor, PD-1
bi ndi ng f r agmbedinertsi tee prieatiating A9g8E '%§VP!?@“PPPE?'“;5C£§ ﬁge%'? iad@??%rotfi on

the 1 avent | S ORTRHhaEE SLRImBRETEH IR Al Rat Mg el ARy of
the knoywh anti-PD-1 , -B7-DC or -B7-Hl anti bodi es
In other specific examples, the potentiating agent is an agent that
reduces activity of regulatory T lymphocytes (T-regs), preferably where the
activity is reduced due to a decrease in the number of said T-regs. In
preferred non-limiting embodiments, the agent is Sunitinib (SUTENT®), anti-

20 TGFR or Imatinib (GLEEVAC®).

The potentiating agent useful in formulating compositions of the
invention also include mitosis inhibitors, such as paclitaxol, aromatase
inhibitors (e.g. Letrozole), agniogenesis inhibitors (VEGF inhibitors e.g.

25 Avastin, VEGF-Trap), anthracyclines, oxaliplatin, doxorubicin, TLR4

antagonists, and 1L-18 antagonists.

A therapeutic composition of the invention also optionally comprises at
least one additional agent that may be one or more of an anti-PD-1 antibody,
30 an anti-CTLA4 antibody, a mitosis inhibitor, an aromatase inhibitor, an A2a

adenosine receptor (A2AR) antagonist, or an angiogenesis inhibitor.

55



ment i oned her ein.

in addition to or in place of the aforenentioned PD-1 antagonist, an
ant i - CTLAOanto/aoay. Such a conposition woul d theref or e pcontsasn/os4seh an
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the invention disclosed herein. Such conposition, while intended

for use as ene acmove adiwanteas descebed SBERIB- condi tion, may also find use as

c conpositions to prevent any of the diseases recited herein.

the present invention contenplates a therapeuitc conposition
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amount of ogg fitt EBlgﬁeE’ﬁhel PRI BN ady of tAedlsidh Frotdi®ideatiived 96r asy ivr al |
ol herein as specific SEQ I D NGs.

of the full

I'engt pepti des enunerat ed

orI honﬂIOQgsaanfetld)Edp‘mjb@mﬂ%rofV\mm irm\mt'l@n. n?mh fandagairists can fuithest be .
r ot o ns.  cantiboa. SEpRsr A5 57 15X 4flowd) anfirB- e Br s e el s

pr ot ei ns,
herein, or

mehtiofed HeRSIn. and conpri sing one or nore potentiating agents,

such as cycl ophospham de al one, or cycl ophospham de plus one or nore

anal ogs thereof, of just one or nore anal ogs of cycl ophospham de, or the

potentiating ageﬂtth%eﬁﬂe%om%iﬁgﬁ o PR '%dﬁs@ri‘l.‘?ﬁlﬁ@eé(“%ﬁnéd&iﬁ@ﬁ to .

reduces T reg nunber 1'na na

recel ving the conposi

of a cyisl optvompplacedsf theaafogempentioned PD-1 antagonist, an anti-CTLA4 antibody.

20

25

30

Such a composition would therefore contain such an anti-CTLA4 antibody and

a potentiating agent of the kind already described herein.

A therapeutic composition of the invention finds use in any of the
methods of the invention disclosed herein. Such composition, while intended
for use as an active treatment of a disease condition, may also find use as
prophylactic compositions to prevent any of the diseases recited herein.

ln.one aspect, the present invention contemplates a therapeuitc
composition comprising a PD-1 antagonist and a potentiating agent in a
pharmaceutically acceptable carrier, wherein the PD-1 antagonist and the
potentiating agent are together present in an amount effective to increase a T

cell response in a mammal.

Therapeutic compositions within the scope of the invention include
compositions comprising any and all combinations of the PD-1 antagonists
and/or antibodies disclosed herein with any of the recited potentiating agents.
By way of non-limiting examples, a therapeutic composition of the invention
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an agent that reduces T reg nunber or the potentiating agent may consi st
only of one or nore agents that reduce T reg nunber or other Treg activity.
Al'l such worbiomati2ens are contenpl ated by the inventi onpsw/usesy/oas2i he
conposition conprises at | east one PD- 1 anatgonist and/or antibody

medi ating Tinefklbsaf bbitidokit@Acodthplisigt a effeBtieaimalnttg Gi#eor mofbePD-1
conposi tions of the invention may al so include additional active agents. In
preferred eatagonists, sush asng comhinatiabapary oF aH$f dhe felklengtierelypgplides

pharmaceutical or .therapeutic compogid/ h | I ne
addi ti onal %’gﬁﬁ?@%&?ﬁ'@ﬁ‘ ]a§0§ﬂe[c|r@c ;%%gbcyrpséls@r Hgmc?é%%ﬂz%r?lbf ISEQ% ef
anti body, agitR¥ne 6THie Frignhesty, ofeany bbsaidl polppeptides, iscledingsverel anyxel |
an aromatase i nhibitor, such as |etrozole, an A2AR antagoni st, an

angi ogerfesi @ alhaf theserarefused 4o ptherroteigk3ysh as Pﬁ',ngofggeig dBioeOr TR

ant agoni st s, ' R t | patin
agent may b'&nrﬁgﬁ?#llbgﬂ] E?%gé @%8%%?Ui%gg?te§%nﬁj§%§ . aﬁﬁwﬁ)‘?@ﬁ %‘gpgtn@(%?nent?
the PD-1 anpetentiatiig aaents, sueheas icgtiophospearnides ake, ror styetaphasphamideueous
solution, by parenteral injection. The for I.atLon also be in the . form

ma

of a suspenBiH8nOBE @fuMYTEN aNAOGenELROT. pRk IHEL RS c&i DO oaNeIPgSs %r e
provided in | f I ve, U iReR I d ht P eptdoi8istan&f
optionally %%%‘f}gspg‘ﬁﬁ%beu??ca ré; a@%tggyabl e dig?getnt gﬂnﬁgr eservg:t i ves,
sol ubi | iizer syclephdsphaintde , ard) @naagentthitoredeigesi Brreg rBivhet dnfo sMamor

I nclude diluents sterile water, buff d .salj f | : t
(o g i siaReIMInG L3R 5p@PORHRE, A2 CRR S # SxPlortBraRg i ahgoa s "
optional |y, aﬁldﬁewt\mét fetiltedSTURERGRIES GiNthes polehitihtiag ryenyanap domsist,
TWEEN 20, TWEEN 80, Pol ysorbate OL, antioxidants (e.g., ascorbic_ acid,
sogi gm met abhkyaffoinesyr, marriagertsdhahtgduse T eeg numperasclber Tiegastivity) Ahol )
an ul ki ng_subs . I |t . ] -

ol vents or SOdhi BT Rafs Pars, | ATHOTRIER"BY M RIFAR (oo Clondo e NS
oi l's, sph asmpbiiienoidonspribesorat dedst @eleatPD;1 aadatgopistt ahtéororaydibody

esters such as ethyl oleate. The fornul ati ons may be
mediatingyT cell activity and at least one potentlat}/ng agent.

The compositions of the invention may also include additional active

agents. In preferred embodiments of any of the compositions of the invention,

20 the pharmaceutical or therapeutic composition further comprises at least one
additional agent selected from the group consisting of an anti-PD-1 antibody,

an anti-CTLA4 antibody, a mitosis inhibitor, such as paclitaxel, an aromatase
inhibitor, such as letrozole, an A2AR antagonist, an angiogenesis inhibitor,
anthracyclines, oxaliplatin, doxorubicin, TLR4 antagonists, and IL-18

25 antagonists.

The PD-1 antagonist and/or potentiating agent may be administered by
any suitable means. In a preferred embodiment, the PD-1 antagonist and/or
potentiating agent is administered in an aqueous solution, by parenteral

30 injection. The formulation may also be in the form of a suspension or
emulsion. In general, pharmaceutical compositions are provided including
effective amounts of a peptide or polypeptide, and optionally include
pharmaceutically acceptable diluents, preservatives, solubilizers, emulsifiers,
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| yophi li zed and redi ssol ved/ resuspended i nmedi ately before use. The
formul ation may be sterilized by, for exanple, filtration through a
bact eri a wetaiwmizng3filter, by incorporating sterilizi ngpragarst@9ionsost he
conpositions, by irradiating the conpositions, or by heating the

conposi ti ongy, PHAL MHEOUE kGler§ OBRRRI LorAPSsifibné NcluBYediluehis BRrilBewater,
I i ntraperitoneal i ntravenous

adm ni stere J%\§/ parentera?ﬁ'}el nt ramuscul ar,
(1V) or sutbuffereeaatine niferions)bufferasandentnéd.o dinshd €l pagetates posphata)ng

[ t h [ | ect ti , t | , ' , tal,
or "Subl | ngdll) AnbUPBG SHeRaRY red romtionif T ARERERR, SLERTAY jasterteR; el
not precl Uds%@ﬂﬁ%ﬁ%;fs géﬁteg(é.a.q PR/RERNDBYONVEENINSD ! IPolysareatei 80),ngntigent

n | e

by separate a ent roltes (e.g. topi callﬁg The PD-1 ant agoni st and
t he pot ént i atidantsagedt asagrbie agithi sadivmr agtakisyl )s ARd pleservalive t(e.g.,

different tines ith the tiati . n | I 1} e e or
after the PETRESSR aRedt aRBhER il rififa3abstiicss, @4, Tactbsermarie)
adni ni st er eghipplesbaiforpreagueduser séiienteDal  aehiyesi ate  propylenes ugiicol,
enbodi nent, the sane potentiating agent is adm nistered before and aféer
the PD-1 arpclgethylane glmcglnaea@iabgwgﬂiwh?s OHye ;Swt?é?{f F3N 4 %"d%ﬁ » an

A St e R E oMl Rt B S tethS ol e mIGBOR Thaglbect | ve

anount" or 'y effective ano n'?" means a dosage sufficient to
treat, ionhikbphiliged abheviredissaived/oesuapeadsynimoradiatelyt heefare ovsfer bE&g
treated or to otherw se provide a,desiredpharnacel.oqi c [ 9l 0gi C
ef fect. Thefopmuiation Hl?é’agé %epﬁz%ﬂ&y, ;éf:c#g@i"?fggt 8'“53(1{%‘\' ﬂﬁgygéfg%%tgﬁs) such
as subj ect - vy dEBofRing: stefiliingl AFeNIe Y6 itheN dgapbditions,cby, the
di sease, an%??ﬁgﬂfrﬂggt’rar‘éynt .e_lﬁ?lg effected. gTher apeutically effective
anmount s of iRRdlatmecthetcompositiomiasthy keatingrthgraarpp@sitiens.oget her with a
potentiati ng agents cause an i mmune response to be activated or sustained.
The sel ected dosage depends upon the desired therapeutic effect, on the
route ofs admi ni sppairhadeutrall compdattiohsr 6t theningéntidre naye benadrinisteiade by

parenteral (intramuscular, intraperitoneal, intravenous (V) or subcutaneous
injection), transdermal (either passively or using iontophoresis  or
electroporation), or transmucosal (nasal, vaginal, rectal, or sublingual) routes
of administration. The methods of the invention do not preclude administering
20 the PD-1 antagonist and the potentiating agent by separate and different

routes (e.g. topically).

The PD-1 antagonist and the potentiating agent may be administered
at the same time, or at different times, with the potentiating agent being
25 administered before or after the PD-1 antagonist. In one embodiment, a
potentiating agent is administered both before and after the PD-1 antagonist.
In one such embodiment, the same potentiating agent is administered before
and after the PD-1 antagonist. In another embodiment, the potentiating agent
administered before the PD-1 antagonist.
30
As used herein the term “effective amount” or “therapeutically effective
amount” means a dosage sufficient to treat, inhibit, or alleviate one or more

symptoms of the disorder being treated or to otherwise provide a desired
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General |y dosage levels of 0.001 to 50 ng/ kg of body weight daily are
adm nistered to mammals. Preferrably, said dose is 1 to 50 ng/kg, nore

pr ef er ablwoRotom2423ng/ kg, or even 1 to 30 ng/ kg, w th ardoas2@b/ol4sed 20
ng/ kg being also a preferred dose. Exanples of other dosages include 2 to

15 my/ kg, ?h%ﬂ&o@i@é#&’o?{p%&oéié @ffechl/ Rhe \Wrébisé @888g@f wilbQdly 4

mg/ kg being a specific exanple.” For "treatnment reginens using a potentiating
agent and aaccandingatdya \auiety &f faotoamtsuchas suhjechdgépesdenh vanablesTiegl,

ti body, d Ly i.nt . 0.1 0 | L
ahor ter 1 arls “Grmang o SEeRy NEa: 6Ny BB iSeashigabd e, y e pt Moy
bei ng nore gxf&itedr %eré’é‘e/f%'"?péfféétﬁ/ed%ﬁﬁo&tﬂé of RDEN revgpet antagbaisteen 5
nmg/ Kg O

and 15 ng/kg, with 10 r anti body (for exanple, human anti-PD- 1
anti body, |and/onvmotibodis) tegetheprwitiera cpoteptiating: aggntaprauspan dmmune

cycl ophospham sﬁ%‘%% Béltaﬁqiég%é?g{é&tgéiﬂgdagent given up to about 24 hours

before the "SR y Wway of exanple only, dosage forns
based on body wei ght for any of the signal transduction antagonists useful
in the nethods of the invention include doses in the range of 5-30 / kg,
or 5-290 ngy/ kg, bhe selegted dospge dﬁp%m%m?gaeéﬁfe%lb% Pﬁg‘l'ﬁg%f?e&g 1250
ng/ kg, or 4 / L 5 g, or
20 10 180 npFe 18 SGaafinigogich, Bty s gdaoitor e, Westmeht UsEhe

ng/ kg, & 6GeheralOdosdde, levels 76f (00ABRoNGOkmg/kg @Obody 1@eight/dajly ere 90 to

110 / kg, 95 t 5 [ k ith_d f.3 [ kq, kg, .7 / kg, 10
T ka. 19" rRIREIStOGd? AT eIty ReiY 8BS Pk) nd0 108/ RS Bei ng
specific ex & Jgslywi _td?&@frgprk@qo%%ﬁ-1 %Jsbrrg?wgg,smmya dB&e ePLI18€20 ARy/k

repeat ed.  dose will, course, be cor ed with the identity of the
mamal recebeinggalsai a prefarredasinse. ikxamplesbol ethercosagesyingudangde ide

o mat o, AU A ARG vef oS8 BimdNGLrE Fbs Vel gtk

and abowt 1eiRg/depdrsfitaxapprei al ly preferred for treating humans.

For treatment regimens using a potentiating agent and an antibody,
such as an anti-PD-1 antibody or an anti-CTLA4 antibody, dosages are
commonly in the range of 0.1 to 100 mg/kg, with shorter ranges of 1 to 50

20 mg/kg preferred and ranges of 10 to 20 mg/kg being more preferred. An
appropriate dose for a human subject is between 5 and 15 mg/kg, with 10
mg/kg of antibody (for example, human anti-PD-1 antibody, like MDX-1106)
most preferred (plus a suitable dose of cyclophosphamide or other
potentiating agent given up to about 24 hours before the antibody).

25

In general, by way of example only, dosage forms based on body
weight for any of the signal transduction antagonists useful in the methods of
the invention include doses in the range of 5-300 mg/kg, or 5-290 mg/kg, or 5-
280 mg/kg, or 5-270 mg/kg, or 5-260 mg/kg, or 5-250 mg/kg, or 5-240 mg/kg,

30 or 5-230 mg/kg, or 5-220 mg/kg, or 5-210 mg/kg, or 20 to 180 mg/kg, or 30 to
170 mg/kg, or 40 to 160 mg/kg, or 50 to 150 mg/kg, or 60 to 140 mg/kg, or 70
to 130 mg/kg, or 80 to 120 mg/kg, or 90 to 110 mg/kg, or 95 to 105 mg/kg,
with doses of 3 mg/kg, 5 mg/kg, 7 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25
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I n accordance with the treatnent reginen of the invention, the potentiating
agent, for exanple cycl ophospham de, is adm nistered in non toxic doses

t hat var ywdepsndir42zg on the aninmal. In specific enbodi merCI;USkée/004825
potentiating agent is admnistered by any suitable neans of adm nistration,
i ncl udi ng pﬁgﬂ%%@' m%ng?redL migh€g f4HdTeIN0 meg/Mgi BEingY 8pesifia dexarnplesalof on,
such as intravenous. For exanple, a potentiating agent |ike .

cycl ophosphprefereed slosesnBuch %GSNF\@VeOéQOQFSQI, bg. repeateddhheidoseavilloff nay

be at any conveni ent dosage pgandi n @l . .

dosage in eZXH€alE WS B%%&’gt dﬁﬁénﬁc%’g‘é@/ \?/iﬁgﬁﬁ% éﬁ%rr%@];éeé%a{ %%td-(gr}'%d as a
uni t dosagepo¥¥s | %@(dtidi/@l-rfecltéd_nﬁ‘?/lcgﬂr@ngé@nfareofcolntvenlmltafmlmammatse
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targets proYVﬁ%e‘#‘gz}fz':isnglE %ﬁ%ﬁ(?;g?@gé §§°Fl{yﬂ§h§@'§€s ( Etgaﬁg?%he t poeilrt]a I C

st em cel | s) espauisiicpreféryed fov treatrigshurhansDH, and cycling cells are nost
sensitive to DNA al kyl ati on agents. Low doses of CTX (< 200 ng/kg) can have
I mmune stinmulatory effects, including stinmulation of anti-tunor inmmune
responses in hu d ARIMEEfedi deyf&tKe Of ibh ey

| munol . 28:1 Oﬁ%@%ﬁ%%%eg{fltgév?tdosesreeglgréshug)-ft ﬁteg})allggaﬁ% ‘and do
not havk) a poteatiatisgtagentnfor exarnplet gyclophesphamiske, isiagminisierecdin OPR-

CTX in pot i PEse Biataary SRR o, RO ner A upahel Shebics ETEsiahfy e’ © ©

CDA+CD25+Foybightiafing iS RRIPhihistelddy BY Qniyf stiedlleomEang, ofvdidramisteatiore
especi al l'y suppressive), (b) dePIetlon of B | ymphocytes; (c) .induction of
nitric oxid@cFud@)g peeentetal g oral. dhpfeever icluding ysters @admigisiiation. sugh

nmobi | i zatio Si =1t e ' agt:s have
o et B A AR Slacfbl, Hpflentin e el IR CoRIsTRprahE &
macr ophpgesnormasliyc admiisteréd-again dSlets adminisrati6i mapbeabt anpesomvehemt t o
i nduce type | | FN expression ﬁnd cPror_mte .
dosage, depending on the potentiating agent. The dosage in each case may

be based on body weight or may be administered as a unit dosage.

While CTX itself is nontoxic, some of its metabolites are cytotoxic

20 alkylating agents that induce DNA crosslinking and, at higher doses, strand
breaks. Many cells are resistant to CTX because they express high levels of

the detoxifying enzyme aldehyde dehydrogenase (ALDH). CTX targets
proliferating lymphocytes, as lymphocytes (but not hematopoietic stem cells)
express only low levels of ALDH, and cycling cells are most sensitive to DNA

25 alkylation agents.

Low doses of CTX (< 200 mg/kg) can have immune stimulatory effects,
including stimulation of anti-tumor immune responses in humans and mouse
models of cancer (Brode & Cooke Crit Rev. Immunol. 28:109-126 (2008)).

30 These low doses are sub-therapeutic and do not have a direct anti-tumor
activity. In contrast, high doses of CTX inhibit the anti-tumor response.
Several mechanisms may explain the role of CTX in potentiation of anti-tumor
immune response: (a) depletion of CD4+CD25+FoxP3+ Treg (and specifically
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honeostatic proliferation of |ynphocytes. Treg depletion is nost often
cited as the nechani sm by which CTX potentiates the anti-tunor inmune
response.wohnsw/@ofel usi on i s based in part by the resul PeTafS2@0dopiseye
transfer experinments. In the ABl-HA tunor nodel, CTX treatnment at Day 9
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ol T nat ed SRl oo dih ez TR, anAceyPars T oY GO TR BLaN RRSSEN
176:2722- 27ﬂ9e4e239r§)15 ry NSERRS URavi! MROm@rous cgécdrrdaayseﬁame dfomoegampled
that |ow dose CTX is a safe, well-tol erated, and effectlve@é&int for

pronot i ig detlowingndreg Mwi@lwm@@%aq%§70®%§lqr§nlﬁ:é‘f‘tﬁ s Ikitlnol .

ant - tunor ¢kl kg ik snbth, B8 idiie (PAF 1" 1 SiproqpaR it ionoRy

| oweri ng Triggmbeytetie preliferationcofipmphbeytesge but is subt herapeutic (see
Machiels et al. Cancer Res. 6 1:3689-3697 (2001)). In human clinical trials

where CTX has been used as an i mrunopotenti ati ng agent, a dose of 300 ng/nt

has usually beenrisedenfbn3 MESE SARTBISY 68 o mEEhaRRI by UhidOCTX (h 2

body surface area Is 8 nmg/ kg, or ng of total
proteinio | rpasteuﬁatelsudelemteifunwnlmunefrésmmﬁ;e hiads beBQIU§@e§hISahaSﬁ@ls|@spaféng| ng

f 15 - / k h
305 mouse (WAUH B St Ohdbrtir. EansBe SxgRiimeeys. T3 TyTh BhEriPatt 7
Cancer Res. C*Xltrféﬁ%rﬁl&mwgﬁé)vesfﬁfmk &8 qate. Reansi: rlgarifis Tréd 280) ) .

For | arger such as” a E/I‘I mat e referably human, patient, such
my/ e dosesDa’ﬁymaalme&tdC@mw'ejﬁ tinhites s resransey damder Mot ef Ak

Interval may B8 PlShiAcT dimnliHbHE). L5819888-152% PSoddim A sikfiafdeSlitands! | Y
15 observed in the HHD2 tumor model: adoptive transfer of CD4+CD25+ Treg
after CTX pretreatment eliminated therapeutic response to vaccine (Taieb,J.
J. Immunol. 176:2722-2729 (2006)).

Numerous human clinical trials have demonstrated that low dose CTX

20 is a safe, well-tolerated, and effective agent for promoting anti-tumor immune

responses (Bas, & Mastrangelo Cancer Immunol. Immunother. 47:1-12
(1998)).

The optimal dose for CTX to potentiate an anti-tumor immune

25 response, is one that lowers overall T cell counts by lowering Treg levels

below the normal range but is subtherapeutic (see Machiels et al. Cancer
Res. 61:3689-3697 (2001)).

In human clinical trials where CTX has been used as an

30 immunopotentiating agent, a dose of 300 mg/m? has usually been used. For
an average male (6 ft, 170 pound (78 kg) with a body surface area of 1.98

m?), 300 mg/m? is 8 mg/kg, or 624 mg of total protein.In mouse models of

cancer, efficacy has been seen at doses ranging from 15 — 150 mg/kg, which
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basis for a finite tinme period, such as up to 3 days, or up to 5 days, or
up to 7 days, or up to 10 days, or up to 15 days or up to 20 days or up to
25 days, woeonld27epeci fically contenpl ated by the i nventrcors2iamomsase

regi men may be applied for the other potentiating agents recited herein.

Al such adgidibsttbadiaBNs ABY nitf e rtolff MoteifTinah t30g MGUSE IMaehiels efala PD-1
bi ndi ng nol ecul e of the invention. Alternativel adm ni_strati on of one or

nor e dosgs 6aneerPBe§.d 611 rAH8936H 200D, dlengsé qtrﬁ%é@n@ﬂ@?f Rey- BA:2163p2 161 y
: I ; < S f ¥
3& a%gﬁt ﬁni mrbgﬂErgﬁ?'al%srpgé'fée«rg%én‘(’g%to(')i\/\h%gr)'gggﬁ g?\%édc}? ?rgregt dz)gesoz);n 2 Ao

potentiating agent are adm nistered, followed by one or nore doses of a
PD-1 bi ndi ng conpound, followed by one or nore doses of p tentiatiﬂé; agent,
al | accdrding t oFohiareeeMmampeas) UFR ase@eRidPtRr Pfﬁigfartﬁﬁorﬁﬂf“?%ep? Mar cher

or. cli ni i a0, Aofhe BLEL S ARbE RBAM uriUURIARRASIERS oFePatTE Hinte e

treat ment regi ner I ncludes i pl'e adm ni strations of one or nore PD-1

ant agoni st sintdrdalsoay leetprdfemsd. sSuchu chitrddsespinayabkeriaunsinisi¢iednen cf daity 1

ant agoni sts_are._in (};,o_n'éunct ion with multipl ;Tadrri ni st r?t ions of the me or
i|H5 to

di fferent PRAYHIOEA é%?gf'o%sﬁ"?h 8% tYér BYP nYUnYR 1P 43K, 05 WBHO; O,
here the po%é';{%'o?h‘prlﬂ, AP8JYs, oF Lgfﬁﬂ % g‘g% ¢ u?tto!ﬁﬁééyfslor dp to 25 daysl@re 15,

20, 24 or 3 urs prior to or ter nnistering of the PD-1 -antagonist.
The phalOmacalutspeatficalbyrmositernplated duf dihe Heventioral Be camei negimen may be

phar maceuti cal | cgeptabl e carrier, includi. any.suitabl e diluent
or exci pi ent@P dcfﬁr ﬁ?fgpfh?é?o ?PJ'%W&%%FJ@E{?%%% réedér'ﬂ that does not itself
i nduce the production of antibodies harnful to the individual receiving the

conposi tion, and which nmay be adm ni stered without undue toxicity.
Phar maceut i cal | yAhssisptagminigteationsr @ayresquiefpia opaiter adminjgtiadignt ¢f a

liquids sucpnag bY}?otirEé n?oSI?EtiJIQec%f tﬂéﬁﬁ@érﬂorﬁmteﬁg\ﬂ}é%’?cﬂﬂﬁ}ijétt:ﬁigri €one or
i ncludi ng carriers eful”in Tormng sprays for nasal and other respiratory
tract de i veoye @oskerofdal PRer wirding reolzghiehaf the isyertteon nfay ber temgdrally
di scussi on of phar macﬁuthi cal | ¥ ) ) . ,
staggered with the administration of potentiating agent to form a uniform or
non-uniform course of treatment whereby one or more doses of potentiating
agent are administered, followed by one or more doses of a PD-1 binding
compound, followed by one or more doses of potentiating agent, all according
20 to whatever schedule is selected or desired by the researcher or clinician

administering said agents.

In other specific embodiments, the treatment regimen includes multiple
administrations of one or more PD-1 antagonists. In some embodiments, such
25 multiple administrations of PD-1 antagonists are in conjunction with multiple

administrations of the same or different potentiating agents.
As in other embodiments of the invention, here the potentiating agent is
administered at least 1, 2, 3, 5, 10, 15, 20, 24 or 30 hours prior to or after

30 administering of the PD-1-antagonist.

The pharmaceutical compositions useful herein also contain a

pharmaceutically acceptable carrier, including any suitable diluent or
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acceptabl e carriers, diluents, and other excipients is presented in

REM NGTON' S PHARMACEUTI CAL SCI ENCES (Mack Pub. Co., N.J. current edition).
Vacci ne cwoponvieie2das (as di scussed bel ow) may further i RCOMSEERQN4S25

addi tional substances to stabilize pH, or to function as adjuvants, wetting
agents, or &%iéb} YiHi6h H80dSs anpiphareabesteal ageft HEIJOL Adatseiffinguéy eness
of the vaccine. Vaccines are generally formulated for parenteral

adni ni st r atthen productian i of eanthbodies hdarmiyc de atkeudndividual nfecgivisgulthe | v.

Such vaccines can.al so be forpul ated as iL.tori f al ... .
admi ni st r at FYAPORILP A ?l%cfh\ﬁ’g‘écrﬁinm ib?? t%@rﬂﬁﬁ%éqﬁ ﬁ’gpggﬁnﬁ'&q%rg)ﬁ'%p{

t hrough nasphafhadetftithllRtaticeptablé esarriérs Mcludd)utratd Nt AitddEtd, skiquted
PD-1 ant agoni st pol ypepti des, including variants, honpl ogs and fralr%mant S

t her eof |5 ei sumly agi watery paling, alyeerot@ndagthaned; and shetliendnelddia sARigrany of

examp o crimEalT b sPiad o, ReadCald it Ritpifsfiy fadt SR Ifer| ™'

r econbi nantaanv@qo@bmee aphsiimivibpstemy A thorpagh idiscussionuof pharmaceltically
cont ai ning a nucl eoti de sequence encodi ng It‘he pole(&eggr de can be used to
transform ageapieRige, CatFiets, arfliluesis.a t Ofhel|  SXCIRERS y & i PreRsdtted o

(€9, an | RERANGIGRT - PRIARTINCERICAL! SCIENCES! (Magk IR CicY ednLnat

t he nucl eoti de sequéences can be codon-optim z to increase |evels of
pr ot ei nlexpewsentaditiorg. parti cul ar kind of host cell. Methods for codon
optim zation are well known in the art. In general, nucleic acid constructs

I ncl ude a regul atory sequence operably. |inked t nucl eot i de .sequencge
encodi ng a costi VﬁF‘HP%r?O’BBP?B‘é'B? i@e. gﬁéb?ﬁ%&#&@e(ﬁﬂ%é@@?%l'@@ Pefag?r ed
to herein s§| Q! S)ort dPi i odgetfingene
product, bﬁd@ﬁﬁﬁaﬁuﬁ?gﬁg ttﬁes%gggggglﬁb)r?ro%bo?%tmclggi g Ja(\:lisﬁlcf}"sequerr\lges to
whi ch t hey agentsper emmuisifyingkagentshehishgear serpttodewproee the effectiveness of
protei ns fr%? a cell can be the endogenous signal peptides or any other
signal ept §e/A%KUE facilitates

Vaccines are generally formulated for parenteral administration and are
injected either subcutaneously or intramuscularly. Such vaccines can also be
formulated as suppositories or for oral administration, using methods known in

20 the art, or for administration through nasal or respiratory routes.

D. METHODS OF MANUFACTURE

25 Isolated PD-1 antagonist polypeptides, including variants, homologs
and fragments thereof, either wild-type or mutated, and fusion proteins
comprising any of these, all contemplated for use in the invention, can be
obtained by, for example, chemical synthesis or by recombinant production in
a host cell. To recombinantly produce a costimulatory polypeptide, a nucleic

30 acid containing a nucleotide sequence encoding the polypeptide can be used
to transform, transduce, or transfect a bacterial or eukaryotic host cell (e.g.,
an insect, yeast, or mammalian cell). It will be appreciated that the nucleotide

sequences can be codon-optimized to increase levels of protein expression in
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secretion of the fusion protein froma host. For general nolecul ar biol ogy
procedures useful in practicing the present invention, a nunber of standard
ref erencesoan®/mvasl abl e that contain procedures wel |l kromruszevotbs2:rt of

nmol ecul ar bi ol ogy and genetic engineering and whi ch procedures need not be

further desgphRrRdIdISisd Bf hbstedall. Matheds feresodorcoplitnizGtiohave kvellsknawn in
Mol ecul ar d oning: A Laboratory Manual, Second Edition, Cold Spring Harbor,

N. Y., (1983he aw. dn ganeraktnusdeici acidesrnstiuste dpelufe @ recrtaternesgqu Yor k,
NY, 1997), and ' assian P . t i
Vol ecul o Eiany- 0Red Ay F7iukreRiges' {huehetoicbaind, 3T dRimidony

t he di scl ospiigseptiderRefulatary hseqindesc (alporeferdeditor bémire rase expressiGEXASE
TREATMENT Di seases to be treated or ({))reven ed b}_/] adm ni s:perili{rb%q a

t her apedt i cCIdiabSRALPBFEDryRIcAlY doyn tr@&ﬂc%s%ﬁ@ PriVOAEFL AU iRTigad affect
mal i gnant t . ch | C A t h Qe Sséh R C '

virus, pr ottgggcéi)r@reﬁgloﬁi éfﬁ'ﬁéoﬁrdezl)(fgﬁe?aﬁi %éri%bl al gpfﬁm&q?ﬁgt%n?gﬁgﬁw

i ntracel | ullarked. Siehsidnakpeptdes eisefit tonseweteprateinshtrooygh celt aar bg the

her apes. ustdHOENG b RGREY nGeRUGRS (57 BERoRLISS. SAbP e aaC JaERRfies T ' "
activity, iMr@l?%?gft-ﬁeol‘ﬁblon%r%ltéif\%cﬂhiaot%é%ﬂd reduced T cell inhibitory
|

signals, the co nation therapies of the invention have uni que advant age
in treadthng (or even preventing) such diseases.ln one enbodi nent, because

2ct ity |5 t o SURRTRrEl O OPRY plfeifes Be Bl RERIAG MEpIERt

viral agentin{ésionan aamumberorofpistariatd pafeferioabl yaréuemailatdelbiteatt coftais, t he
di scl osed conpounds of the invention, with PD-1 receré)t or ant agoni st

activity, tRgeediiesiwelhkaowpiieibe At agmairawaniplogy Ancasnelia FRAINEEHANG he

oot ey T R locRURIE e bl MHRS! heRpek i, W rednedo, e

i munodiesf i cinelodg Sambrookl &f) al. pAfoletulan Glenigg;, AHREppradterypdanual,gSecond .
Edition, Cold Spring Harbor, N.Y., (1989), Wu et al, Methods in Gene
Biotechnology (CRC Press, New York, NY, 1997), and Recombinant Gene
Expression Protocols, in Methods in Molecular Biology, Vol. 62, (Tuan, ed.,
Humana Press, Totowa, NJ, 1997), the disclosures of which are hereby

20 incorporated by reference.

E. DISEASE TREATMENT

25 Diseases to be treated or prevented by administering a therapeutic
combination provided by the present invention include a malignant tumor or a
chronic infectious disease caused by a bacterium, virus, protozoan, helminth,
or other microbial pathogen that enters intracellularly. Such diseases are often
combatted through attack by cytotoxic T lymphocytes. Because the present

30 invention provides combination therapes useful in enhancing T cell
responses, through increased T cell activity, increased T cell proliferation and
reduced T cell inhibitory signals, the combination therapies of the invention

have unique advantage in treating (or even preventing) such diseases.
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HSV), encephalitis, influenza (e.g., human influenza virus A), hepatitis
(e.g. HCV, HBV), and common cold (e.g., human rhinovirus) viral infections.
Phar macewocalo/i2ofnaul ati ons of PD-1 receptor antagoni St #CTasp@giovisens can
al so be adm ni stered to treat system c viral diseases, including, but not

limted to, Al DSy, EHﬁi%ﬁneﬁh%e‘éﬁ[IB@'erépin‘ﬂectﬁfns%&}?@@r'édtpr&nahl@rbwﬁ al
I nfections treat ab y the corrpounds of the invention include, but are not

limted to,celis et ||mreasaume1bqelmatﬂtlmgaﬁl hesapeidioadly ngsefpliin fAhaNGiRG ed

to, Actinomyces, Anapaena S e € [
Borrelia, CARBSANGEaLt AP N 'I"Sb\é\'@Li ?ge%h ’§fﬂ/8ﬂ gmgﬁﬁﬂoérﬂo Hyté ré?QFacﬁ?%e *
A ostridi U”hurﬁ‘ahyaebjéei ETRUENthEYdisEIBsed copspourazcolithe Eﬁ/eheonpwnh PD-1
Franci sel | a, Hal obacterium Heliobacter, Haenophilus, Henophilus i rp(fl uenza

type B (H B)eceBWh@mmtuﬁPtlwwl ngather W‘é"ﬁ)t%pPP@éﬁt@t'”ﬂl gept gvor

Meni ngococcus t Nl

Wcopl asne, CapRiaSeBlE: the MEEARAP 3G IR o BT SRR IfecdmReIAREILS

gr ot eus, Psg@d@m@ﬁ@@te tP@géasw# Ithd tompoBndk aftthe anvaalomnmelucm,, bshiage Ino4,
pirillum | rochaget a a t

Sul f ol obus, |'“?'|’ﬁ%¢ f@pin@kaod '%B‘g)g(i()q?%g: r e%h@ﬁ‘@?c Wbrl EWY@?Q@%&} 9.

T ypt OCOCCUﬁg,gﬁgfeﬂgg&ga é.sH'.,ﬁr&WzaS{@gsmuneéwqm@ewal §ir @99 MR paARS (e . um) |

Candi da al bi a' tropi cal Nocardi a asteroi des, Rickettsia

ri cketsio, RCAkeHBM)a adrxphiominens lcotthi(e,g. l\/ywmmsﬂ’mqmwbrowraiemf@ﬂ%dl al

psittaci, Chla di al cho S di um.s

fal ci parum? %ﬁ%?@ orm {-ﬂ‘?”é @ﬁt@?&?%tgpapﬁ?ﬂ%ﬁggtgfgmm §3Ndi i,
Tri Cho”Dnasal‘é%%é‘éﬁl'n%|§1@¢e§€d‘tr§bp§9§fénﬁ@0ﬁ9m|sé§s@§1&nc§10§m@l penhot lifmied
present invention provides nethods and conpositions for inducing or

enhanci ng ato, ABSnénfluesgenthe cammen calds ok eregRAYtiEancer . The types of
cancer that may be treated with the provided conpositions and net hods
i nclude, but are not limted to, the follow ng: bladder, brain, breast,
cervi ca15 col o- r RRinAliral eFdettRgRAltredtallec by the' ecomponnds of the  invention

include, but are not limited to, infections cause by microoganisms including,
but not limited to, Actinomyces, Anabaena, Bacillus, Bacteroides,
Bdellovibrio, Bordetella, Borrelia, Campylobacter, Caulobacter, Chlamydia,
Chlorobium, Chromatium, Clostridium, Corynebacterium, Cytophaga, -
20 Deinococcus, Escherichia, Francisella, Halobacterium, Heliobacter,
Haemophilus, Hemophilus influenza type B (HIB), Hyphomicrobium,
Legionella, Leptspirosis, Listeria,‘ Meningococcus A, B and C,
Methanobacterium, Micrococcus, Myobacterium, Mycoplasma, Myxococcus,
Neisseria, Nitrobacter, Oscillatoria, Prochloron, Proteus, Pseudomonas,
25  Phodospirillum, Rickettsia, Salmonella, Shigella, Spirillum, Spirochaeta,
Staphylococcus, Streptococcus, Streptomyces, Sulfolobus, Thermoplasma,
Thiobacillus, Treponema, Vibrio, Yersinia, Cryptococcus neoformans,
Histoplasma sp. (such as Histoplasma capsulatum), Candida albicans,
Candida tropicalis, Nocardia asteroides, Rickettsia ricketsii, Rickettsia typhi,
30 Leishmania, Mycoplasma pneumoniae, Chlamydial psittaci, Chlamydial
trachomatis, Plasmodium sp. (such as Plasmodium falciparum), Trypanosoma
brucei, Entamoeba histolytica, Toxoplasma gondii, Trichomonas vaginalis and

Schistosoma mansoni.
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nasophar angeal , pancreatic, prostate, skin, stomach, uterine, ovarian
testicular, and hematol ogi c cancer. Mlignhant tunors which nay be treated
are cl asswbizeth/res2si n according to the enbryonic ori gi nprafi/usb@ismssie from
whi ch the tunor is derived. Carcinonmas are tunors arising from endoder nal
or ectodermal tissues such as skin or the epithelial lining of internal
organs and gl ands. Sarcomas, which arise |less frequently, are derived from
mesoder mal conndot ione emtasdimestic thexspresant inygntiomn Prewides| mathodycand

| eukem as and_| homas _ar | i r S0 t | E4Ci t he
bone narr OV&OTB%‘%EWSZZOE)I’I &'i’chgg a?g%gi\aé#ﬁgl énc{gl]l g%wﬁ%&gg‘%bl Iyn?rp o%?ra@; t end
to grow as tradtiig BESSHS THétjpeRast canecmr thatayay ihewtrepted withntireopsovideghns or
ti ssues of the body to establish a cancer. As a denonstratign qf the value
of the t5r esgarepesitiens rants reethods Ineluda.i but are Nl imiteda toy &f 3?"%’?'-"%4 g

in which t 7 - I.¢h 722 id T Ingh th
human pr ot cPACSF Ak g St reereaf e BFeER, EHRRTUE iR By, T The

syngenei ¢ nmaktpHhavaRgealpdpascreaticcoprstatencekin, nekimagh,oneterinad ova@an t unor
types incorporating a cycl orfho,spharri de (CTX) pre-treatnment as descri bed

her ei n. Theteﬁté‘élﬂﬁf@ngﬂb‘%l@atqu Canegt-ment with a single subtherapeutic dose
of CTX, which acts as an i munopotentiating agent, followed by nurine
B7-DCl G er adi cates established CT26 col on carcinoma tunors in up to 80% of
the anilfal s. FurMaégnantrtuGkae whitbmawybeitreated namlagsifiechhereim gecarding es,

no tunor re-growh s detected jn mge that ha reylously eradi d

t uror f ol | ov&ong‘wga%nr"f r@'%?fcqh% ﬁ?séﬁt m\g’?ﬁ@sgh% @ﬁ%l’%ddaqqg}gﬁs hown
to have an CAfikGHAY dreMoPefising fromt eR@BYEmhaloor Eelodlermal tissues suoh ce.

I n one enbodi nent, the present invention contenplates use of a conpaund

that reduceas Bkinidsitheepitbelialdining ghideral oFgans and-glands. Jarcgeas Wieh

el sewher e her ei [ h ) i i . ' T
cel | respongiseo&séoﬁ%{qﬁg?t%r%%ﬁ%r%? f gfgﬁs%g%?@%g%ﬁ%%?%@gga rﬁq%lug? ered
in 15 as bone, fat, and cartilage. The leukemias and lymphomas are malignant

tumors of hematopoietic cells of the bone marrow. Leukemias proliferate as
single cells, whereas lymphomas tend to grow as tumor masses. Malignant
tumors may show up at numerous organs or tissues of the body to establish a
cancer.
20
As a demonstration of the value of the treatment regimens of the
invention, the murine analog of B7-DC-Ig (in which the mouse B7-DC ECD,
which shares 72% sequence identity with the human protein, is fused to the
Fc domain of mouse 1gG,,) tested in syngeneic mouse tumor models for colon
25 cancer, mastocytoma, and other tumor types incorporating a
cyclophosphamide (CTX) pre-treatment as described herein.

The results showed that treatment with a single subtherapeutic dose of

CTX, which acts as an immunopotentiating agent, followed by murine B7-DC-

30 IG eradicates established CT26 colon carcinoma tumors in up to 80% of the
animals.Further, in CT26 colon carcinoma tumor re-challenge studies, no
tumor re-growth was detected in mice that had previously eradicated tumor
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conjunction with a potentiating agent. Further, the conpound that reduces
I nhibitory signal transduction in a T cell and said potentiating agent are
provi ded we 28spares8e nedi canents for adm nistration at ecifuseeaoisehes,
preferably where the potentiating agent is adm nistered prior to the

cormpound t h@jloWRUCTX + Hhuhé BVDY-[Eeatménts These ahicel werecdRaNowniRo t 0 24
hours prior to thHe inhibitory conmpound (or other tine intervals recited

herei n). Prhdve anincreased bimpospeciia § ThoPerHiaten rrfative fa naive M€  use in the
treatment of an infectious disease or cancer, including diseases caused by
any of the infectious agents or cancers recited el sewhere herein. In a
preferred enbodi fewhe entsutiment tsefpresent trinesdionetbotisnplates ruseowbi aant

protei n conposed of the ECD of human B7-DC fused . to.the_Fc domain of hunman
P0G . 16t or sQmPOWNt Hhati redugeBinieiiony SigRAISFANSSNGHAR i A T cellean desarped

i nvention faga\@,ﬁéré Rereiffefll tha! mghbfafc%re_a&m 'e°dié‘zi6rinBE|t Porgﬁem%mb hhAkel
reduces inhibrtory srgnal transduction in a T cell, as disclosed herein, in
conbi nat i onrespbhse hyotembirationgthegapy wheseid said aoonpournd isyad(rdisteraddmge

supnly o 2 compaund Lhal 1 stuce U rtes] ol L BRIRNCH. Bk

phar maceut i ﬁﬁldi%r@(‘é}%laﬁgﬁséé‘éﬂdn@ﬁh any cal) Hid ﬁi@dpbfé‘iﬂibﬂﬁ§i Ia%%ﬁl‘ are

adm ni stering the cofhpou In a use as described above. F.

THERAPI BS \prowidess asegeppeatet matdicaments feegshnisistiadionl iati diffeeentatinnes, cel | s

d inf d cel ' ' _ : . i
Goscr i bed. HaEsRLBARnBts i poiRtTiafdd ByBnt RadmbTasRprig I N ahboynd
W th a pot efpat pédtesdBRibiton) Qirgﬂépt\rédw@ctM$fdrmﬂampleyupitgrzal héwrs priveltd s.

Vacci nes di sclosed herein include antigens, a PD-1 receptor_antagonist and
optional |y %ejinbiitery eerapeURdder alendine iteryals recited herein). Preferably, the

compound and potentiating agent are for use in the treatment of an infectious
15 disease or cancer, including diseases caused by any of the infectious agents

or cancers recited elsewhere herein.

In a preferred embodiment, a compound useful in these methods is a
recombinant protein composed of the ECD of human B7-DC fused to the Fc

20 domain of human IgG,, referred to herein as B7-DC-Ig.

In one embodiment, the present invention relates to a medical kit for
administering a compound that reduces inhibitory signal transduction in a T
cell, as disclosed herein, in combination with a potentiating agent, said kit

25 comprising:

(a) a dosage supply of a compound that reduces inhibitory signal
transduction in a T cell,

(b) a supply of a potentiating agent;

(c) a supply of pharmaceutically acceptable carrier; and

30 (d) printed instructions for administering the compound in a use as

described above.
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The antigens agai nst which the T cell response is enhanced by the nethods
and conposition of the invention includes peptides, proteins,

pol ysacchwoidmenz7€@acchari des, |ipids, nucleic acids, or PCOrds2emai4sns

t hereof. The antigens, in the case of disease, are present due to the

di sease prgeesevBIRATION TRERAPIRS receptor antagoni sts conpositions nay
be adm ni st‘e"r'e%—r'n—cvm‘um‘f‘h prophyl acti c vacci nes, which confer
resistance in a subject to subsequent exposure to infectious agents, or in
conjunction wth,therapeuti.c vacci ' J Ini tipat r
enhance a subj ec a%mri\%%uweeg BHQgEtScS"QQ%'?@]%%%s?ﬁW%%t(lség}‘edne? ésélhlghﬁacg a

tunor anti ggfactéd delfs 6t iﬂfécti@u%*hg‘eaiwﬂ?D-’Dl‘ecﬁpvdrraﬂtagohiisg;adewrib&dshmjeéct
infected with a virus. The desired outcone of a

S. _prophyl act.i c, the.atpeutic
or de-sénsiadnzbe ddminirteressas gseomppnent of éc‘(ﬁﬁcm%gﬁ?égt"}‘ig‘ ai%%tse@? Nhsed
on principles well kn [ . , L SHORNSRi
agai nst an ?S’rﬁ’gc{(’, Bﬁ)sv a%%n@*ﬁ@'%%hﬁ@tﬂéf ?g:@'&ﬁ@%‘?'%??ﬁ? on and n
repl i cati onnefudanantijeass, i RD-Ageadeptaf Batigamist” ane raptienaitynadjoyentarand he
absence of any di sease synptons. However, a vaccine agai nst infectious
agents may BEOiRGsTMAaEf fective if it reduces the nunber, severity or
duration of synptons; if it reduces the nunber of individuals in a
popul ation with synptons; or reduces the transm ssion of an infectious
agent . 19 mi | ar| yTheé rantigens esgeinstewhinhathes (T calhagesponse és gahansed by &e i ous

agents may coqnpl etely treat a.dise ma | | evi gt y be
one facet i’ﬁegﬁ?% ! |°°m%?%ﬁ5%'_ht P@Stﬁﬁt &P@éﬁ‘f’f‘or\%@ﬁ?%%tgg‘t’t?l seagtl:aqtg@ér
exanpl e, tmﬁo@gééawa%bg,nsaécwa}ide&mibwsr, GRRNEIE Acidisi s Lombiraations thieyedfe
coupl ed with surgical, chenotherapeutic, radiologic, hornonal and other
i munol ogi cThepntigensdnithe case of diseaseecate piesgnhaue to thrdiseass REoesRs-
products of the invention do not preclude use of an adjuvant in addition to
the potentiating agent. Such adjuvant may be adm ni stered, for exanple,
along wisth the PPhd amcigsed sPD-Theecepitor aantagosisfsul composiions npusy t bens
and net hods of the invention include, but ap\e n?t . .
administered in conjunction with prophylacfic vaccines, which confer
resistance in a subject to subsequent exposure to infectious agents, or in
conjunction with therapeutic vaccines, which can be used to initiate or
enhance a subject’'s immune response to a pre-existing antigen, such as a
20 tumor antigen in a subject with cancer, or a viral antigen in a subject infected

with a virus.

The desired outcome of a prophylactic, therapeutic or de-sensitized

immune response may vary according to the disease, based on principles well

25 known in the art. For example, an immune response against an infectious
agent may completely prevent colonization and replication of an infectious
agent, affecting "sterile immunity" and the absence of any disease symptoms.
However, a vaccine against infectious agents may be considered effective if it
reduces the number, severity or duration of symptoms; if it reduces the

30 number of individuals in a population with symptoms; or reduces the
transmission of an infectious agent. 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
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limted to, one or nore of the followng: oil enulsions (e.g., Freund's
adj uvant); saponin formulations; virosones and viral-like particles;
bact er i alwandiom2e42ebi al deri vatives; inmunostimnmul atory ecirgseeoliests des;
ADP-ribosyl ating toxins and detoxified derivatives; alum BCG

m ner al - corggHindtng @l@éﬁ@él t Fenexample, the tirfllation tof, as Utmase abspomseim
salts and cal cium salts, hydroxides, phosphat es, sulfates, etc

bi oadhesi veagaamt/a)pang@bmye@ﬁ @@gpleﬁh withy sHFgical ébemqﬂb%@@ﬁﬂﬁc ra)dlologlc
| th | |
ept i dos: | MY L AR ARE: ARRYAEKEITHERESRSE H ot Y echiBariRREY e

substances (e.g. lysolecit h| n pI uroni ¢ polyols, polyanions, peptides, oil

enuIS|ons keyhol e |inpet henoc ani n, d dlnltrop eno ful uvant s

al so indl ude i mﬁ%r%gfgpgﬁ@ﬁ@ B Cﬁogi}leolﬂvﬁé@on CPR BP& @m&vsie C"@egoqj an .1,

'L 2, 1L-4, (ﬂbvasnt it Bdditibn “to ! thel é’ﬁtfat?ng Sﬁifgm ddjudhnt nidereer on-
macr ophage col ony stinulatin actor and tunor nec osis factor.

Not hi ng heradminpsterdd)des e)&mnpiesdlmsgadvlmhe rRi2<lpantagonisig orties adjuvasitsidi ng
any of the

| d t t h | d f
di scl osed h‘g'?oeé%’lln'n %ﬁ‘?’ﬁ@?ﬁ@ggg%’\%ﬁ V } ﬁﬂ}f (g)%nggﬁ 'ﬁﬁ'UHsgﬁut)ﬁé) $e| n
combi nat i onjndidd't Hhelbr ﬂﬁ%?@oﬁflﬂs fdlerg: fd‘l%rﬁ@l%lﬂdsc(e@eF?éur(d §adfidiahtien to

the potentiating agent). The additional” therapeutic agents are sel ect ed
based o t hsapominli faronlatitnsor dépsomesi sngkevital-like tnashicles: Paetedrbnne,

i ] onal Aseaver R aiatt PanCoBSuRREIEh" sRoGukbliacn° PR FBsiethg.c.

and whi ch apbgingcdid detoxffidiederivatiaes agluny,eBEGE miAeRITontdritigscampbsitiens but
are not limted to, amsacrine, bleomycin, busulfan, capecitabjn

car bopl at i n(e- QaﬂNﬁ@fﬁ'r@'tscrﬂUGha?ﬁ)@&m'”“Hﬂs‘iﬁ'E& aRd caleium salte, h%‘f@?‘ﬁ#eébi ne,
crisantasp abi calg n au g
docet axel , (?(Hértt)?gdl n S%g[?lt%bl cin, eteool?)%@?édg I uégcrj/ggl ngﬁu?tfaucgirohvreasm |,
genci t aldi nemldnwiammyersarlipasodes |pd:dtymdy|ed1ylene femlséraandepolyoxy&ihyéleaa ester
| eucovori n, BP?OW&I doxor ubj ci n go m? dauRorub cin
form ations; muramyl peptlde polyphosphazene;” 'imidazoquinolone
compounds; and surface active substances (e.g. lysolecithin, pluronic polyols,
polyanions, peptides, oil emulsions, keyhole limpet hemocyanin, and
dinitrophenol). Useful adjuvants also include immunomodulators such as
20 cytokines, interleukins (e.g., IL-1, IL-2, IL4, IL-5, IL-6, IL-7, IL-12, etc.),
interferons (e.g., interferon-y), macrophage colony stimulating factor, and

tumor necrosis factor.

Nothing herein precludes the disclosed PD-1 receptor antagonist,

25 including any of the polypeptides, fragments, variants, homologs and fusion
proteins disclosed herein, from being administered to a subject in need
thereof in combination with one or more additional therapeutic agents (in
addition to the potentiating agent). The additional therapeutic agents are
selected based on the condition, disorder or disease to be treated. For

30 example, PD-1 receptor antagonists can be co-administered with one or more
additional agents that function to enhance or promote an immune response,

and which are considered herein as active agents.
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| onusti ne, nel phal an, nercaptopurine, nmesna, nethotrexate, mtonycin,
m t oxantrone, oxaliplatin, paclitaxel, penetrexed, pentostatin,

pr ocar bazavoepiwel423t r exed, satraplatin, streptozocin, tegafuseecgnessns ,
t enozol om de, teniposide, thiotepa, tioguanine, topotecan, treosulfan,

vinbl astine, vingidsbigRats Yhadgs! Bt arenaseliRiRe. 1 amsaerhendésyéiRer eof .
Representative proapoptotic agents include, but are not limted to
f | udar abi neumuifaspocapesitabjrg, orearbaplasn, acanmusiipe n chloraabusly| eisplatinde,

15d- PGJ( 2 _conbi nat i t her egf. . ' i ded by t hod
and_ conposiGRUiENG CIPIaB B, SHiERTRRATY o ALY - de GLBFLHE R4S R Mon'
wi th ot her dypRYuBtin habaeis®l, desdrasicihadepirulsiin, r etdpoids, fudagabine, and

the like. G ASSAYS FOR ANTAGONI ST ACTI VI TY The present | ,nvent_g' op recites a
nunber $pediyareuraciuct germsitakiseul  hydisxyeaibanmiget heldasulpists offogiamide,

I nvention. . r..Go :ROS | a li aGt Vi a ' usef ul
n'the ot HONGESRRE nEtROBHRY o TPRSoRE) HoRGRIMISh, Fpotbik TeRuRENIHE e ol
known assayopiuetindurmelphalarn, demérchptopyriobenmesha stmathairesate habitdringcing o
PD-1 , CTLA4, and |igands, of an ese and that alté%ﬁgossess he ability

. It
to reduce iMRPANIEANE. sPXFHPIAL, of ?%’EQ_}]OR‘*W“PX@  IRENIGRIRHN s RERCAIDZDE: ar e
bi ndi ng assrgmcteﬁéaf ul 's%tr%f)fﬁ[?m @t%tbi%&n,sel egd uﬁU?Hil?aHeﬁfdzBﬁrﬁird%, bi nds

to receptors; ese are we nown i'n the art and need not be discussed in
det ai | liger etieniposate, thioteps dinguanire, Sopaieosn Ozgasidian, intlastheNowreristine2008)

and U. S. 7,105,328 (i.ssued 12 Septenber. 2006 each s i ng _assays faor PD-1
si gnal i ng nBAREPSr gwr@grieﬁanq, o Fas)cqrﬁéﬁﬁagepéyﬂﬁrggpof hl%mprca%eg?%h%erpégy
i ncor por at eghdhofi€f £5&His Cinlcludd, Sb@htdreehit IHRRT tas Aadaradifetagrsbpdvine,

determ ne the effect’s of agents of the invention, such as active fragnments,
to acti vat ecyClaheiximidey i achpremiyaip prll i flactasylperamifler prastB&Hdh oand

cyt oki nes. Such. a rec.also well known in the art. For exanple,
i ncreased p?%PE‘f‘éf@'??g’he%Sﬁf'cm | s can be denpnstrated by increased

3H t hynmisdi ne i ncorporation (due to increased DNA synthesis needed for
The therapies provided by the methods and compositions of the
present invention may also be used in conjunction with other types of

therapies, such as radiation treatments, surgery, and the like.

20
G. ASSAYS FOR ANTAGONIST ACTIVITY

The present invention recites a number specific structures useful in

practicing the methods of the invention. Other compounds possessing

25 antagonist activity and being useful in the methods of the invention may also
be identified by reference to well known assay procedures for identifying
chemical structures that bind to PD-1, CTLA4, and ligands of any of these and

that also possess the ability to reduce inhibitory signal transduction in T cells.
Some such assays are binding assays useful in determining if a selected

30 chemical structure binds to receptors; these are well known in the art and
need not be discussed in detail herein (see, for example, U.S. 2008/0274490,
(pub. 6 November 2008) and U.S. 7,105,328 (issued 12 September 2006),
each showing assays for PD-1 signaling modulators using T cells) the
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cellular mulitplication) or ELISA and/or RIA for detecting increased
production of cytokines by T cells in culture. In one such experinent, PD1
bi ndi ng awoi20idoz742B hunman B7-DC-1 g was assessed by ELI SRCTAB2000/0b48EE | SA

pl ates were coated with 100 uL 0.75 ug/nL reconbi nant human PD-1/Fc (R&D

Systens) di |E&|68Pie% BHRVhiCR" RN AP GrREdIPBAIted Pby Jefbrbnés an itiattirely. f or

hours and t ocked with BSA sol ution (Jackson | munoResearch) for
90- 120 ni nubter Sevayal arg dsedittecddeterminestheDeffegts of paentppel the in@ntions D

111S mut d K 113 tants, t |
SR Tk L R R e
m nut es. BopriduBtion of! %We@emﬁdsséysﬁgréMSuhNeﬂ KhoWvru @i rthe barbt Fior

conj ugat ed ant i - human DC clone MH 18 (eBioscience) fol I ovved by 1: 1000
di | ut ed SHRPeX@Mplst ancrepaed prokifesation o Cella f@nTRB clﬁme%$ Rte m&%ased

Absor bance ; @g%v}@g?ﬂlbﬁg%n&ﬁ'(ﬂgeatdﬂ|ﬁ&t‘3ea%@6d9rl\1/( I\@rﬁﬁ&l‘:l résyegeRr and

data were a using a 4-paraneter logi'stic rit. The data
showed t hat célunanmBHitph€atien)(ovi EUISA ehdlorRid foo defedtinguincteased progsctiod D
111S mutants do not bind to _PDli] In carrying out the procedures of the
present i nveheytelings byl sellciBue Wreo be understood that reference to
particul ar buffers, nedia, reagents, cells, culture conditions and the |ike
are not intended to be limting, but are to be read so as to include all

rel atediomat eri al | bhatsuoheemferm&htn&@1ﬂkmdlhglactwmé ofhumaru Bd - D@c'@gwaﬁe as

di soussi on' Peoseedchy kSR, R BN MELISA Halar PRl Shaldt W J0B R 0751

one buffer syshemdonstihbHt himdhuPHOrFaNQRBEY sv@tems)l ldiletd eie Bupi ! ar
if not identical, results. Those of skill in the art will have sufficient

know edge ofatkonatgBicarbonate pkt AdtOUHEr éBiesee)atortd hoaraang than hiagkedndue
oo BB AR LAEhRSaR 1o S0 Pl
I nventipn i gilgtedckurhad BN-DOAg @eldatypd, rag eelf as DM 1§ mateihj andi K§13S
mutants that were selected for reduced binding to PD-1) 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 anti-human B7-DC
clone MIH18 (eBioscience) followed by 1:1000 diluted HRP-Streptavidin (BD
20 Bioscience) and TMB substrate (BioFX). Absorbance at 450 nm was read
using a plate reader (Molecular Devices) and data were analyzed in SoftMax
using a 4-parameter logistic fit. The data showed that human B7-DC-Ig
(wildtype) bound to PD-1 but the K113S and D111S mutants do not bind to
PD-1.
25
In carrying out the procedures of the present invention it is of course to
be understood that reference to particular buffers, media, reagents, cells,
culture conditions and the like are not intended to be limiting, but are to be
read so as to include all related materials that one of ordinary skill in the art
30 would recognize as being of interest or value in the particular context in which
that discussion is presented. For example, it is often possible to substitute one
buffer system or culture medium for another and still achieve similar, if not
identical, results. Those of skill in the art will have sufficient knowledge of
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exanples. It is to be understood that these nethods and exanples in no way
limt the invention to the enbodi nents descri bed herein and that other
enbodi mrenwe 2arh2ae28s wi || no doubt suggest thensel ves t®crhss@osbdss ed in
the art. Exanples Exanple 1 B7-DC-1g binds to PDO1l expressing CHO cells

B7-DC- 1 g wagdhl rsystéiRs] 4ot qﬁemddgguégpbwcmyaal b ABSle, anmithbbenundwaibat ed
at various concentrations wth | i ne constitutivel y expr essi ng

PD-1 or par@mermwta@om.s te Haeke osyeh %bbﬁf'@g'@”PDai willsoptimalywasvenigited by

fl t t t IVF f
e hibosEl ithEnd iE BHERYE BBy SadBREE nEREn LY (V) o
B7-DC-1 g- APC binds to CHO PD-1 cells (sol | d circle) but not unt ransfect ed

CHO cel | t | Exanpl e 2 B7-DC- th B7-H
b1 1 0 %0 BD. 1. T TENgse Ao s e ing) oMo ORI ONRC)

Unl abel ed t. e maso Hgyég a CHO
cell line E%nstllkgt ?J%ngex%ﬁ%éggﬁaﬁgn@%?%%gore ad(cfd?ﬁ% éé? H1 ?S APCQ){O t he
probe and dlirhit thiextinventiofi gurtdan estitmydiments rdesiceibed | beredrs cand ethiaht ether t y
(MFI) of B7- H -Fc-APC is sho functlo of the concentr

unl abel ed Iﬁ’“g@d'f‘&'ﬁ%ﬁﬁgtqﬁe&w )E‘an(?létit Sé’@&@ﬁ themselyes 9 nti’gﬁ? ?"F@d“g'?e

unl abel ed B{3DC-1g is increased the amount of B7-HL -1g-APC bound to CHO
cel |l s decreases, denonstrating that B7-DC-1g conpetes with B7-HL for binding
to PD- 10 Exanple 3 CT26 Tunor Mdel Mouse col orectal tunor cell line,

CT26, was obtained from ATCC. A master cell bank at Passage 4 was generated

follow ng ATCC guidelines. Cells were tested and confirmed no nycopl asnma

and ot her
Examples

15 Example 1
B7-DC-lg binds to PD01 expressing CHO cells

B7-DC-Ig was first conjugated with allophycocyanin (APC) and then
20 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 1 shows the median fluorescence intensity
(MF1) of B7-DC-Ig-APC as a function of the concentration of probe (x-axis).
B7-DC-Ig-APC binds to CHO.PD-1 cells (solid circle) but not untransfected

25 CHO cells (gray triangle).

Example 2
B7-DC-lg competes with B7-H1 for binding to PD-1.

30 B7-H1-Ig was first conjugated with allophycocyanin (APC). Unlabeled
B7-DC-Ig at various concentrations was first incubated with a CHO cell line
constitutively expressing PD-1 before adding B7-H1-Ig-APC to the probe and
cell mixture. Figure 2 shows the median fluorescence intensity (MFI) of B7-
H1-Fc-APC is shown as a function of the concentration of unlabeled B7-DC-Ig

35 competitor (x-axis) added. As the concentration of unlabeled B7-DC-Ig is
increased the amount of B7-H1-Ig-APC bound to CHO cells decreases,
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pat hogen contam nation. One vial of tunor cells was thawed fromthe
cryopreserved stocks and grown for two passages prior to inoculation. CT26
cells werwogplo7a8 1:5 dilution with 30 ml _ conpl et e nmediraseqoRBdds2s 10%
FBS, 2 MM L-Gu and 1x P/S) for two days culture or at 1: 10 dilution with

30 m conpl REFAtHY fhat BY-0eyRy csthbetes. witi BF-19 ¢libsbinaimgy foaPRest ed by
aspirating (?rr% ?um ﬁansi ng the @I askbvm'th 5 m _ PBS, addr?ng 5m _ trypsin,

i ncubating at 37 OC for 2 mn, and then neutralizing with 10 ml _ conpl ete
medium After centrifuge at 600 x g (~1000 rpm for 5 mn, nedia was
sspirateed and the cell pellet was r suafpgn%?d by pipetting with 10 nl
plain RPM. This wash step was re 8 P % hree tinmes. Cell nunber and
viability of the inocul ated cell um Wé’(r? by trypan bl ue dye stai ning
with proper dilution (e.g. 1:5 dilution, 10 nL cells + 40 nL trypan bl ue)
and confirnmed by NOVA cell count during the |ast wash step. Cell viability
general |y was grikause ddiarectdowimor ¢elblneaCiTan, varebtained fusp ATCCuthed to

_ as _gridause cdiarectdotumr celoiveaCiTas, v .
oo, Typi cal |y cHeRaroGEL hak] AbCPtasE 1 s 5bBhered IORNA PR ooy

9, alljghe Fu”géuigéﬁfﬁésflgséﬂscﬁeV@E@s,téé 9 @riRd ndntycdplasma ape ather
randomy divided the mce to experinental groups. CTX solution was

reC(ﬁnst it lrjr;[ ed ]E)ypa__tiaogsls QO(DItamif’@‘ti@lD- \Poe viglref tumar gellsiwasn dhawed fiom ithg ect ed
ith 0.5 CTX t] ti i f . i.e.
MRCTENE T e X A

nmg/m.) resulting in 0.1 ng for a 20 gram nouse, i.e. 5 ng/kg. The sane dose

was given 2 tinecypeekid Werd dmrka, 1tDidUtI8N dVBIES30 THODEOrBp R mstiven
nonitored by neasuring the tunor tw ce weekly, starting on the day when

gi vi ng B7-DC- | g (RRMA+d1Qffet BBScaImpkk-Ghruapd WoP(mefondwo days culturé 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
20 (~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
25 trypan blue dye staining with proper dilution (e.g. 1:5 dilution, 10 uL
cells + 40 L trypan blue) and confirmed by NOVA cell count during the
last wash step. Cell viability generally was greater than 95% for

inoculation.

30 CT26 cells were diluted to 6.7x10° cells/mL for initial inoculation with
plain RPMI and stored on ice. Typically each mouse was inoculated
with 150 pL (1x10° cells).
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cal cul ated as follow ng: Tunor volume = p(Dshort)2 (D Ong)/6= -0.52 Xx
(DshOrt)2 * (D Ong) Mce were euthani zed and taken off the study if the
tunmor volwororegacizad 2000 MmB or if there were skin ul cecs/usoahionfsest i ons
at the tunor inoculation site. Exanple 4 Conbination of cycl ophospham de

and B7-DC-1g C?‘rbﬁr[%v gahe RS tARb-BE&ANgG mé&/erBEﬂrbtlgomipéa iato agat cdged to
11 weeks were inplant’ed subcutaneously with 1.0 x 105 Cr26 colorectal tunor

cel |'s as descri bl adndamlyCdivisted the pise tousxperimantahgeursn, C X SO ved
100 / k f | oph ham de. - | : ,
100 kg o "cycigergsian i opYy S8S!p AFGHTEIMAGS GELEniatonchene

weeks and total @pfafestedwhthad.5time of OTX salutivecrEsuitihg ive 201G forBa-20C- | g
treatment reginmen eradicated the established tunors by Day 44, whereas all
nice inSthe cont@@m apusgl bRel®) APKQi ed as a result of tumor growth or
wer e eut hani zed because tunors exceeded the sizes approved by | ACUC
(results shown in Figure 3). These results denonstrate the effectiveness of
the treatnent reQhriay 00, eideatvers e ihjectedrwittafd mdt o7 -dC-Ig (0.2 mg/mL)

prophyl axi s. Exanpl e 5 Conbi nation of. cycl ophospham de and RB7- DC- |

eradi cat e establﬁ%HHWQt'ﬂ%ﬂ@Sﬁar Briﬁ Qéma{ﬁgﬁ‘% t& %%ﬁh%?%g}?gﬂg% ce
eradi cated est a%&§%ﬁ2§n@%%s& abr BURBERSs,| fofal 8 kR sBBOVEURR? Wbl
experinment were rechHallenged wth 1x1 05 CT26 cells on Day 44 and Day 70.

No tunois grew owerd mumitoned ycingialserige thedymeritwice wegkhya®tadingl @ipéle | ong
t ti-t ' ity fr. | h ' .and - -
Conbi nat i on ¢ r catbheTaviRg BPREHE B oA ERRET SR Hhaonvaltne ey

tunors (results gheumtddaSiaiomang) . These results show the effectiveness of
the treatment regimen on established tunors and that_ the cyg) ophosg)harri de
Tumor VOIUme = T[(Dshort) X (D|ong)/6= ~052 x (DShOﬂ x (D|ong

15 Mice were euthanized and taken off the study if the tumor volume
reached 2000 mm?® or if there were skin ulcers and infections at the

tumor inoculation site.

Example 4
20 Combination of cyclophosphamide and B7-DC-Ig can eradicate
established tumors.

Balb/C mice at age of 9 to 11 weeks were implanted subcutaneously

with 1.0 x 10° CT26 colorectal tumor cells as described above. On day 10

25  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 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-lg treatment regimen eradicated the
established tumors by Day 44, whereas all mice in the control CTX alone

30 group died as a result of tumor growth or were euthanized because tumors
exceeded the sizes approved by IACUC (results shown in Figure 3). These
results demonstrate the effectiveness of the treatment regimen on established

tumors and not mere prophylaxis.
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and B7-DCl g conbination treatnment resulted in nenory responses to tunor
anti gens. Exanple 6 Conbi nation of cycl ophospham de and B7-DC-1g can
gener at e wormro/epesi fic, nmenory cytotoxic T | ynphocyt es Piiras2@vadisas ed
establ i shed CT26 colorectal tunors fromthe above descri bed experinment were
rechal l enged with 2.5x1 05 CT26 cells on Day 44. Seven days | ater, nouse
spl eens were isol ated. Muse splenocytes were pulsed with 5 or 50 ug/m _ of
oval bumin (OVA) or AHl peptides for 6 hours in the presence of a Gol gi

bl ocker (BD Bi oScience). Menory T ef gggh‘gﬁ!e%el | s were anal yzed by assessing
CD8+/I FNg+ T cells. Results in Figur Ow t hat there were significant

amount of CT26 geafbihatioh ¢ffdyslbphosphlamide dritkBZIRC-lguran eeadidiatat ed ni ce.
Exanple 7 Effect of B7-DC-1g dose dependent on tunor eradication Balb/C

m ce at Sage of 995@1’-1'18'1&%14&“@@é"ﬂnﬂ%ﬁ?bagéﬁ'ﬁéJPMJﬁs'?ba@?'?gle'l. 0 x 105
CT26 colorectal tunor cells. On day 9 post tunor inplantation, mce

recei ved a single dose of cycl ophospham de (100 ng/ kg) and startedtreatnent
on Day 10 with 3ficel @Paditatdd@Oesmblish&Y -CX26 goldredtss dsmess fegroktheoabaveweeks,

total 8 d . Fi 6.sh th 70%.0f _t ) di d

o <t Sesaripen Repmroney vy renaTacd iR a6, E1%5, o5 cRCORIANS

rise to 10%@&"&{)( %agu&q&ﬂn% ng%\f?leEQ‘r&nQ%%@ﬁbiléﬁgé)fsuggéém@ﬂmhﬁm de
ca | ablis | b7 C

and anti - PD- eradi cate es shed tunors. Ba mce at age of 9 to
11 weekK) wedevelbpéd torgetersuanti:tumenimsingnity fion the gyalophesphramisieoa e B+

tunor cells day, 11 post tunor al.len m | S] se of
cycl ophosphgﬁ%ec?r\éeﬁ‘aﬂgpa&%atg}?@tsgﬁm'gg '8?@&"&@%# &ngﬁ Hggﬁ'fol%pP?}g\%lgﬁ ‘lg)body
(250 ug, O gforsresiits28Rown iRtFiglre 420PRese results show the effectiveness of

the treatment regimen on established tumors and that the cyclophosphamide

and B7-DClg combination treatment resulted in memory responses to tumor

15 antigens.

Example 6

Combination of cyclophosphamide and B7-DC-lg can generate

tumor specific, memory cytotoxic T lymphocytes
20 Mice eradiated established CT26 colorectal tumors from the above
described experiment were rechallenged with 2.5x10° 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 AH1 peptides for 6 hours in
the presence of a Golgi blocker (BD BioScience). Memory T effector cells
25  were analyzed by assessing CD8*/IFNy* T cells. Results in Figure 5 show that
there were significant amount of CT26 specific T effector cells in the CT26

tumor—eradicated mice.

Example 7
30 Effect of B7-DC-lg dose dependent on tumor eradication
Balb/C mice at age of 9 to 11 weeks were implanted subcutaneously
with 1.0 x 10° CT26 colorectal tumor cells. On day 9 post tumor implantation,
mice received a single dose of cyclophosphamide (100 mg/kg) and started
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Cancer Research) which was adm nistered 3 tines per week for four weeks.
70% of the mce that received the CIX + anti-PD-1 regi nen eradi cated

est abl i shed 2@0287428nors at day 50 after tunor chal | enge pPChiusc@asosks m ce
in the control and anti-PD-1 al one groups died as a result of tunor growh

Lol . :
or were eu t@gﬁ@@ o{ﬁﬁgag% WiRD3® ﬁ)@@?@@deﬁdp%f B7ZBT-RPIT 866 Pier MAEKC.

These resul ffectiveness of th reat nent regi nen on
est abl i shedot Unweeksndotadt8 mmses piFigumgl BxsowRdbere wvetee’8¥o@h the miGture 7

. Ex le 9 Conbi ' ' I - '
st abl | shecrodiraie s RS A LR Broag8 Tbfurdor 8 adicaua enficl &7 fagpfd 2,
subcut aneous| %%% ﬁxé'rige)ioﬁ%%/aq%gr%ﬁéﬁ%ﬂal tunor cells. On day 11 post

tunor chal IHh recei ve g of cycl ophospham de. Anti-CTLA4
(an antis- nouse CTLA4 from hanster hybridoma - ATCC deposit UC10-4F10-1 1)
treatment was started 1 day later, on day,12. Mce were treated with 100 ug
of anti- CTLA4, 2 doses per week, foFXample®s 569 of the mice that

received the C-B%rﬁb?ﬁ#ié%%ﬁrk?ﬂgagglaﬁﬁefa'ﬂ@énfilﬂ?daéaﬁél‘a@i@a?éter t unor

chal | enge, whereas all mce 1 group died as a result of tunor
growt h or wereeut hani zed becauseestahlisheskttimdesl t he si zes approved by

| ACUC. Results are shown in Figure 8 . These results show the effectiveness
of the treatnent regi nen on established tunors and not nere prophyl axis.

Exampl q4l0_Combi #4ij@MnRe AYAdeBNOIBNAMINERKE WelR/cifidrgelegiimatanansty { O
Reduction of Tregs in the Tunbr M croenvironnent Figure 9 shows the results
of experi newitls Twher $0hCE2Beadoreata tamaigeelist On day 1111 peskiinedr ehllepgee

inmplanted with 1 X.105_CT26, cel | u A )
i nj ected wi TIFCLBFTUE 8'{‘9@@?5?@ %‘?ﬁ'ﬁ%ﬁaw 83186??92?9) %ﬁ&&%{/ﬁéﬁ
mce were tgeahfchtWith ah8PDY ahtiBddyP@50 ughalongcs4, Birgnoupset abyv200d ce
that did not receive any tunor cells, )

Cancer Research) which was administered 3 times per week for four weeks.

15 70% of the mice that received the CTX + anti-PD-1 regimen eradicated
established CT26 tumors at day 50 after tumor challenge, whereas all mice in
the control and anti-PD-1 alone groups died as a result of tumor growth or
were euthanized because tumors exceeded the sizes approved by IACUC.
These results show the effectiveness of the treatment regimen on established

20 tumors and not mere prophylaxis. Results are shown in Figure 7.

Example 9
Combination of cyclophosphamide and anti-CTLLA4 can eradicate
established tumors.
25
Balb/C mice at age of 9 to 11 weeks were challenged subcutaneously
with 1.0 x 105 CT26 colorectal tumor cells. On day 11 post tumor challenge,
mice received 100 mg/kg of cyclophosphamide. Anti-CTLA4 (an anti-mouse
CTLA4 from hamster hybridoma - ATCC deposit UC10-4F10-11) treatment
30 was started 1 day later, on day 12. Mice were treated with 100 ug of anti-
CTLA4, 2 doses per week, for 4 weeks. 56% of the mice that received the
CTX + anti-CTLA4 regimen were tumor free at day 50 after tumor challenge,

whereas all mice in the control group died as a result of tumor growth or were
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vehicle injected, CTX alone, CIX + B7-DC-lg or B7-DC-1g al one. Two nai ve

mce and 4 mce fromother groups were renoved fromthe study on Day 11 (2
days postwOBRXjo/ena3Day 16 (7 days post CITX) for T cell aoalussem/ioodsest panel
shows on Day 11, 2 days post CTX injection, Treg in the spleen of the mce

with CTX tr&ahiRbd R%aBSE ircheeibiedayie L85 dobroRe biyTAOUC TResuld t h
tunor inplantation and injected with vehicle. R ght panel shows that on Day

16, _7f days ?eﬁhmmimﬁwwe@aﬁdqu@smessﬂs sbowgther efiectivenesgrf tiee tggatment
significantly.|owered,t + T | | | ' PD-1 . Thi
observed i M€ 5'9ﬂr\{vl%ﬂge%&&%umoéf@frﬁtéﬂ%ﬁ@%ﬁy%l g treat -(Ia-dl ?n \(/:vgs M ce

I mplanted with tunor cells intended to have nore PD-1+/CD4+ T cells in the

drai ning LN conpared with naive mce. Exanple 11 Conbi nation of
cycl oph@sphani de and B7-DC- | g can prefamBledlise survival in a netastatic

prostate tuno . ' onel NEaddy g5t ed
i ntravenousl yéﬁﬁ[bﬂﬁ%ggnx 1&:@8@@@@?&%{ 7&3%‘%5?3?3@ l%dodnﬁ Iﬁﬁng
met ast asi s post par Redudtio® of dlregs rin ¢heiTumoi Mictdenvirepmesdei ved 3 doses

of CTX, 50 ng/kg, on Day 5, 12 and 19. The B7-DC-1g treated m ce received 3
doses of B7-DC-1g, 5 ng/kg, on Day 6, 13 and 20. On Day 100, 17% of mce in

the cont ol gr 0P, Ao iRAHEThe RG] ANBRfEMs haleANBaRCiinkRavbi e 43%

of the mice receiVved conbination of CIX and B7-DC-1g survived. Results are
shown 10 Figfur®e t90.11Eweakse df2 agenbverat iimplastted i witbr ila Xad@er CI26cicgls and

B7- DC- | h [ val : - i i
oo at agicuiansandeces Qar . skt TieerLiSh AP BAE hECIX ®.C
hem spl een TRERRL foRP hoBFd tar D g M oThiRe Kvéie tbatedANHT 1002ug ef BReBEar ch) .

On Day 10, mce received 1 injection of CIX at 50 ng/kg, |IP. Twenty four
hours’ | at erlg. drheDaywere, Snpsipsernaive daicedthat tdid ratoraseisnany tumor cells,

vehicle injected, CTX alone, CTX + B7-DC-Ig or B7-DC-Ig alone. Two naive
15 mice and 4 mice from other groups were removed from the study on Day 11
(2 days post CTX) and Day 16 (7 days post CTX) for T cell analysis. Left
panel shows on Day 11, 2 days post CTX injection, Treg in the spleen of the
mice with CTX treatment was significantly lower than the one in the mice with
tumor implantation and injected with vehicle. Right panel shows that on Day
20 16, 7 days post CTX and 6 days post B7-DC-Ig treatment, B7-DC-Ig
significantly lowered the CD4+ T cells expressing high PD-1. This was
observed in both the B7-DC-Ig treated and CTX + B7-DC-Ig treated mice.
Mice implanted with tumor cells intended to have more PD-1+/CD4+ T cells in
the draining LN compared with naive mice.
25
Example 11
Combination of cyclophosphamide and B7-DC-lg can promote mouse
survival in a metastatic prostate tumor model
B10.D2 mice at age of 9 to 11 weeks were injected intravenously with
30 3.0 x 10° SP-1 cells, which were isolated from lung metastasis post parent
TRAMP cell injection. The CTX mice received 3 doses of CTX, 50 mg/kg, on
Day 5, 12 and 19. The B7-DC-Ig treated mice received 3 doses of B7-DC-Ig,
5 mg/kg, on Day 6, 13 and 20. On Day 100, 17% of mice in the control
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Listeria carrying AHl peptide, an inmunodom nant epitope of CT26, at 0.1
LD50 (1x1 07 CFU), then on Day 14 and 17. Mce were also treated with B7-
DC-1 g on Wayoiblo2aszd t hen on Day 18. Figire 11 shows m c@Cmush@utoosny

treatment or treated with CTX and Listeria cancer vaccine all died before
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antitumor iUty of BEGE thdh rPDaY ££ and 17. Mice were also treated with B7-
15 DC-Ig on Day 11 and then on Day 18. Figire 11 shows mice without any
treatment or treated with CTX and Listeria cancer vaccine all died before

Dady 45. There were 60% of the mice received triple combination, CTX +

Listeria cancer vaccine and B7-DC-Ig survived.
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increase T cell response in said mammal . 2. The nmethod of claim 1, wherein
said conpound is a fusion protein conprising first and second peptide

porti ons,wohwermiz23ai d first peptide portion conprises &OTASRIwROFS2RgMENt

of a PD-1 antagoni st pol ypeptide and said second peptide portion conprises
a portion ojymaRid dBHREegILbulin (1g). 3. The nethod of claim2, wherein said
PD-1 antagoni st pol ypeptide is a wild type B7-DC pol ypeptide. 4 . The

met hod of claim3 , wherein said B7-DC is a human B7-DC. 5. The met hod of

claim4, wherein,sagi ctive: f i,S %ﬁﬁ,‘% I
portion of the t?'aﬁs%%ﬂaﬁﬁ'nﬁé%rﬁﬁ%o?q%;‘i %QB‘?-H%SI @Smﬁﬁe. . 'q‘ﬁe

nmet hod of chmigheztive Wheiteient s8githerst said fegirgerndompriging sedmirlistesng ubl @

Phe. Fo rogi BAMSNALA CHDPBUN 1Bek reBEes, B BIGRH S JFPSHCTRR 0 (RGP

e Fc regi n i'a

regi on of sai ' inal e wWirbmd ' , 1§ sfb&tiactkyve

f ragnent co?rhpéjiéggﬁsdt?ﬁgytg}ﬁ r?ge-ég'i d seg@eﬁgg gI:‘e%IgE%ﬁ} 6e%(?fé§ Ignd saiI d second
pol ypept i deinprgdsieoh ceth ngspase inlsaidanamgiabn of an anti body but does not

conprise any of the variable region of said antibody.8. The nmethod of claim
4, wherein said first peptide portion consists of an am no acid sequence

havi ng at | east gpﬁéq'ﬁéfﬂotdYOf BlafAl NOwRElIS sait 48mpdundlisla fusibn Fraxdi NO
1. 9 . The nethod of claim4, wherein said first peptide portion consists
of the Hhi ncomprisingdisteand secondrpaptide pastions, wherein said fipst peptide@artione 1.

10. Th hod of clai i i ndi '
oast 10 coRtMBUtES Amchvacranelt B8 ot SLAUTR soEPlerdfge” o
at | east 50s&syid Sestite PoftioA comsissesta pattidreasan ihmeueigiabudinglg)ni no aci ds,

or at least 90 contiguous am no acids, or at |east 100 conti guous am no
acids of SEQ ID NO 1.

3. The method of claim 2, wherein said PD-1 antagonist polypeptide is

15 awild type B7-DC polypeptide.
4. The method of claim 3, wherein said B7-DC is a human B7-DC.

5. The method of claim 4, wherein said active fragment does not
20 comprise any substantial portion of the transmembrane portion of said B7-DC

polypeptide.

6. The method of claim 5, wherein said active fragment comprises the
soluble portion of said B7-DC polypeptide and said second peptide portion
25 comprises the Fc region of an antibody but does not comprise any of the

variable region of said antibody.

7. The method of claim 5, wherein said active fragment comprises the
amino acid sequence of SEQ ID NO: 3 and said second polypeptide portion
30 comprises the Fc region of an antibody but does not comprise any of the

variable region of said antibody.
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11. The method of claim2 , wherein said fusion protein conprises an am no
aci d sequence having at least 80%identity to the sequence of SEQ ID NO 9
, 10, 12 wo208/02742. The nmethod of claim 2 , wherein saiPdTfu$2000/00432Ht €i n
conprises the am no acid sequence of SEQID 9, 10, 12, or 13. 13. The

met hod of clai m@ ThavestRbA cTidint #Svherdinaatd firstpeptidersurtion cohsisthef
met hod of claim?2 , wherein said fusion protein is part of a dinmer. 15. The

met hod of camamine acigrsagsiencediayving atleast 8Q7nhigdeptitnieraming, agie 2Qed4bar of

cl aim 14, L,ein i iyyer ,is a heterodiner. 17. The nethod of claim1,
wherein sa},\gﬁﬂgb@rﬁ%@ilﬂd@@gém i s cycl ophospham de or an anal og of

cycl ophospham de. 18. The nethod of claim 1, wherein said potentiating agent
is an agent that reduces activity of regulatory T |ynphocytes (T-regs). 19.
The netRod of cl % Fva methed afielaifn 4. W&‘ﬁg?iﬂisﬁ"i’ﬁ@sta‘b%ﬁpei%‘_}/rhaﬂi "§t$z$8_
before admt'ﬂ'esérﬁfn'o@cﬁ@bgu&g%@&’g inggaidg@-ﬁﬂ %?goQ‘TZP[S)PEEQlﬁD NEref ei n

said potentiating agent I's mnrstere east hour ef ore
adm ni stering said conpound, wherein Xis selected from1l1, 2, 3, 5, 10 ,

15, 20, 24 d 30, 1. Th t of cl ai 1. wh i i d,.t { t
oui non farther Randhes s tiam Al Gar 5 ArerensSagh Ediatifunar FagRRnt
sel ected f r%?h@e@a‘?‘#@aﬁ?pgi ebhiigudlis @MiABL aciBS- bradtt ed\25 dnEighbusTLA4

anti body, a mtosis Inhi r, an aromatase inhibitor, an A2AR antagoni st,
and an dngi apénesacigdsi ahableast 50XDntiphOUAERMIBE aide| of ab leastha centigyavs

7 b pol ypeiTioatiasey Higanfen el aTERRtS SEEek PRRERT 408 oRydbpls Er,

does not cogmiicsciasyvf BEQ IDMNOf 1t he transnmenbrane portion of such
pol ypeptide. 24. The nmethod of claim 22, wherein said B7-DC pol ypeptide is
human

11. The method of claim 2, wherein said fusion protein comprises an
15 amino acid sequence having at least 80% identity to the sequence of SEQ ID
NO: 9, 10, 12 or 13.

12. The method of claim 2, wherein said fusion protein comprises the

amino acid sequence of SEQ ID 9, 10, 12, or 13.

20
13. The method of claim 2, wherein said fusion protein is a monomer.
14. The method of claim 2, wherein said fusion protein is part of a
dimer.
25
15. The method of claim 14, wherein said dimer is a homodimer.
16. The method of claim 14, wherein said dimer is a heterodimer.
30 17. The method of claim 1, wherein said potentiating agent is

cyclophosphamide or an analog of cyclophosphamide.
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B7- DC pol ypeptide. 25. The nethod of claim 24, wherein said active fragnment
conprises an am no acid sequence having at |east 80% identity to am no
aci ds 20-wdhoowo22023121 O SEQ ID NGO 1. 26. The net hod etCTalsalomo@#s2s wher ei n
said active fragnment consists of the am no acid sequence of am no acids

20-221 or 20- 1214 ofrERdiRbANer clhi’1, whéreiesBrdpeenthtingragant ishan agensai d

PD-1 binding fragnment conprises at |east 10 contiguous am no acids, or at
| east 25 cchat mducesaadtivity atragylatory Atlympheoeytes ({d88Fhuous ani no acids, or
at | east 75 contiguous am no acids, or at |east 90 contiguous am no acids,
or at |least 100 contiguous amno acids of SEQID NO 1 or 19. 28. The

nmet hod of claimd{g Wi ehethodl bfcermaund hedeipolspiibppotdatiatig agentr ises an
active fragnent of a wild-type B7-Hl pol ypeptide, 29. The nmethod of claim
28, whersei radministatad before agministelt@ssaidcormidse any portion of the
transnmenbrane portion of such pol ypeptide. 30. The nmethod of claim 28,
wherein said B7-HL pol ypeptide is human B7-Hl pol ypeptide. 3 1. The nethod
of claim 28, whep@i mMheairdethoti vé¢ Elamynd8; winenein ssaid apoleadiating 0Oagemit iiguous
am no acids, or at |east 25 contiguqus am no ,acids, .or at |egst .

conti guous WMivstgegdiat legst éthqtﬁﬁglf’?‘?@ dniN'gaB0e sghqo ﬁ%mé’&uag; WB'?P%P X east

90 contiguo ] idsoy Qr leasly $Q0Psdi guous anino acids of SEQ ID
NO 16. 32_.3%%%@;]@@5 gfzb?'a?'ﬁ]{ol',ﬁ&her'ei n said conmpound is a pol ypeptide

that corgpri ses an active fragnent of a wild-type PD-1 pol ypeptide. 33. The

met hod of claim 32, erein said actiyve fragoent. mLi

portion of the p?i-n;ﬁgnﬂﬁewﬁér(f'?m.%fwgﬁﬁﬁqnp%q'ggtggitpgég{t %%m%‘hzﬁnr@tgﬁod of
claim 32, V\‘rtt%sh&es%auﬂwirlﬁ&éin@%mesﬁMkeauaitibnaaaga&sielmbmﬁmnue.graﬁp The
met hod of claim 32, wherein said active fragnment conprises at o
consisting of an anti-PD-1 antibody, an” anti-CTLA4 antibody, a mitosis
inhibitor, an aromatase inhibitor, an A2AR antagonist, and an angiogenesis

15 inhibitor.

22. The method of claim 1, wherein said compound is a polypeptide

that comprises an active fragment of a wild-type B7-DC polypeptide. |

20 23. The method of claim 22, wherein said active fragment does not

comprise any portion of the transmembrane portion of such polypeptide.

24. The method of claim 22, wherein said B7-DC polypeptide is human
B7-DC polypeptide.

25
25. The method of claim 24, wherein said active fragment comprises
an amino acid sequence having at least 80% identity to amino acids 20-221 or
20-121 of SEQ ID NO: 1.
30 26. The method of claim 24, wherein said active fragment consists of

the amino acid sequence of amino acids 20-221 or 20-121 of SEQ ID NO: 1.
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| east 10 contiguous am no acids, or at |east 25 contiguous am no acids, or
at |l east 50 contiguous am no acids, or at |least 75 contiguous am no aci ds,
or atl easwo20100nmi23guous ami no acids, or at |east 100 ceoriuso@9s04805 NO
acids of SEQID NGO 17 or 18. 36. The nethod of claim1, wherein said

cormpound i s an iT\E\Eéﬂ'le"iW&& tB:fd}flg% 88 ¥ SaROPI bIRIIRG! fraghment he

nmet hod of cl ai m 36, rern sard potentiating agent is cyclz%ﬁ ospham de or
an anal og aforaprisesplab dpastnil Gecogudlise amendcarids, of dAtnieast bhspaligueus d
potentiating agent . is admni red. before adm nister.l J 39.
The net hod FPINO| AFiAsae" at é?gkﬁ_@ﬁt'ﬂu_ﬁﬂ?@H?'Patqcr@s'aode#tq??? g%%gﬁﬁﬁ' ed at
| east X houmidded Q€ G10aY 1BhSE S0 coatigRis &9 aads, Bhat ltiast X00 Toatihestsd
from1, 2, 3, 5, 10, 15, 20, 24 and 30. 40. The method of claim 1,

wher ei n Ssaiaminonaeids of SEQUID MNP 1 0T84 anti body or an active fragment

thereof. 4 1. The nmethod of claim 40, wherein said potentiating agent is
cycl ophospham de or an anal og of cycl ophospham de. 42. The nethod of claim

40, wherein sai Q@orRatrhathoddofeRith 1 Swheréini stiercermpeind é adpolgpeptide ng
sai d compound. 43. The nethod of claim42, wherein saiog otentiating agent
i s adni ni sttabeomprisesan active fragrpentnfa widitnre Bdrifd P ﬂ?@?t@@rrpound,
wherein X is selected from1, 2, 3, 5, 10, 15, 20, 24 and 30. 44. The
met hod of claim 1, wherein said conpound consists of the extracellular
domai n 1@f B7- DC,2B7The meftiodlof cBiml28, evhemainasaidvactivenfragmendf dees/ not

t hese. 45. The nmethod of claim44, wherein said actiyve fragnent.conprises at

| east 10 cdPRMBULRIANKPORIPLET e trapsmembrang POBIONH SYARREYBERYAS aci ds, or

at | east 50 contiguous am no acids, or at |east 75 contiguous am no acids,
or at least 90 contiguous amino acids, or at |east 100 contiguous am no
aci ds. 46. The n20.hbe ofetbbdiohclaimB®rwheraiaisaic Bigdlimelypepsidesis fuman an

B7-H1 polypeptide.
15
31. The method of claim 28, wherein said active fragment comprises at
least 10 contiguous amino acids, or at least 25 contiguous amino acids, or at
least 50 contiguous amino acids, or at least 75 contiguous amino acids, or at
least 90 contiguous amino acids, or at least 100 contiguous amino acids of
20 SEQID NO: 16.

32. The method of claim 1, wherein said compound is a polypeptide

that comprises an active fragment of a wild-type PD-1 polypeptide.

25 33. The method of claim 32, wherein said active fragment does not

comprise any portion of the transmembrane portion of such polypeptide.

34. The method of claim 32, wherein said PD-1 polypeptide is human
PD-1 polypeptide.
30
35. The method of claim 32, wherein said active fragment comprises at
least 10 contiguous amino acids, or at least 25 contiguous amino acids, or at

least 50 contiguous amino acids, or at least 75 contiguous amino acids, or at
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anount sufficient to treat a di sease anendable to treatnment by an increased
T cell -nmedi ated i nmune response. 47. The nethod of claim46, wherein said
conmpound we 28sleei2ed from the group consisting of: (a) &cCuscan/opses ei n
conprising first and second peptide portions, wherein said first peptide
portion COMgLLEEH d&ihtig‘abhgearﬁrn%ga_@ia&, of a® IE4t11 G0N cannguGls BAliNOeidglef and
sai d second peptide pOrtion conprises a portion of an i munogl obulin (1g);
(b) an ant|i SEQ-ID BNQ:i100ady18.i ncl udi ng active fragnents thereof; (c) an
anti-CTLA4 anti body, including active fragments thereof; (d) a PD-1

- bi ndi ng pol ypeptide or PD-1 |igand-binding polypeptide; and (e) a

conbi nation of agy Zhermetid of cldim 1( Wherbir) sakidcémpoudAd. isTare anti-RDA1 of
claim47, wherein said potentiating agent is cycl ophospham de or an anal og
of cycl dphoapitadyder. amectivensagenbtheseot| ai m 47, wherein sai d potentiating
agent is an agent that reduces activity of regulatory T | ynphocytes
(T-regs). 50. The nethod of claim47, wherein said potentiating agent is
Sunitinib (SUTENGZI )Dhe raethodT GRFchaimr 36mawhenein (SaiEEpsentialing, agent is

ant hracycl i nes, oxaliplatin, doxqrubicin, TLR4 antagonists, and IL-18

ant agoni st sGYOPﬂhOSR’i‘@"Hﬁ?%@%"%P%i%"l&,‘)pm??@@' npri si ng admi ni stering
at | east one additional agent selected fromthe group consisting of an
anti-PD- lanti body, an anti-CTLA4 antibody, a mitosis inhibitor, an

ar omat afe i nhi bi 88r ,Then merdanf aglaimns 86, amblersin asajid opetesdiatingnBagent de. 52.
The met hod of cl.gti?m 48 wherei.n. said disease is an infectious disease. 53.
The net hod B¥MENSIEREY ?f%@ﬁé‘?'ﬂ'sz ing ﬁ?'?e‘??é‘%p?%n(f:lancer. 54. The method of
claim 53, wherein said cancer is bl adder cancer, brain cancer, breast
cancer, cervical cancer, colo-rectal cancer, esophageal cancer, ki dney
cancer, liver caB8erThd ungtheshsdr claims 38hawherpial saighpetentiating agent 15

administered at least X hours before administering said compound, wherein X
15 is selected from 1, 2, 3, 5, 10, 15, 20, 24 and 30.

40. The method of claim 1, wherein said compound is an anti-CTLA4

antibody or an active fragment thereof.

20 41. The method of claim 40, wherein said potentiating agent is

cyclophosphamide or an analog of cyclophosphamide.

42. The method of claim 40, wherein said potentiating agent is

administered before administering said compound.

25
43. The method of claim 42, wherein said potentiating agent is
administered at least X hours before administering said compound, wherein X
is selected from 1, 2, 3, 5, 10, 15, 20, 24 and 30.
30 44. The method of claim 1, wherein said compound consists of the

extracellular domain of B7-DC, B7-H1, PD-1, B7.1, or an active fragment of

any of these.

85



pancreatic cancer, prostate cancer, skin cancer, stomach cancer, uterine
cancer, ovarian cancer, testicular cancer, or hematol ogi c cancer. 55. A
t her apeutwo 20mmpoeeBt i on, conpri sing a compound that preeemus2000l00432% or y
signal transduction through Programed Cell Death-1 (PD-1) on T cells and a

potentiating ages¥ JHk mhethad BRERIIh 44l Wiereht saidaddtive fragrnent covnprisesiasai d
conpound and sai d potentiating agent are together present in an anount

ef fective tleashtd castiguous ealino asislso0s @tileast 2mAPRIIUCLS amiNo aeiFeosT 8f on of

cl ai m 55, ereLn saj.d compound is, sel f 1 (JTTeY st | of :
(a) a fusi %%&%@&PH*'%%%HI"&% aFfdrSSt%r}ggg%écébggb%@@ée&mﬁ?gﬂrﬁl bC\E(tar ei n
said first |pgetoeeonmgid@amiitoatiassorcat lsasi 160 tontiguous amiro &g

ant agoni st pol ypepti de and said second peptide portion conprises a portion

of an iMnmunogl obulin (1g); (b) an anti-PD-1 antibody, including active

fragnments thereofa L L A4 apii Yaai i reserdtrinogmnt s
thereof; (d) a P{ﬂﬁ%ﬁﬂg?ﬁ’g %Bﬁy%ﬁp%’l g@?@gﬁalngaﬁ%%ngéﬁﬁg pol ylpepti de,

a PD- 1 pol ympephi sefficient totreat a disdasagaraandalblerte dfgatment py)ananciaasedat i on

of any 2 or nore of (a), (b), (c) and (d).57. The conposition of claim 55,
wherei n sai ‘é?'b’é‘leél'ﬁt?ét"%"ﬁt}"%r@ﬁ’g’og‘§ecycl ophosphani de or an anal og of

cycl ophospham de. 58. The conposition of claimb55, wherein said
potentiating agent is Sunitinib (SUTENT(r)) , anti-TGNF b or Imatinib
(GLEEVAQ(r)) , a#ThTheyuethodsof camhidf, whereiniesisr conpprnd 18 Relagteddi@m st s,
and | L-18 ant :&oni sts.. ?9. é];E_he conposition of claim47, further conprising
at |east onBeHGHPIORSISIAGAt sel ected fromthe group consisting of an

anti-PD-1 anti b_Ofb\), adfusioh | profdifdcampribipdy first ahd osésondipeptider pogtions,
aromat ase inhibitor, an A2AR antagoni st, and an angj ogenesi s .inhi bjtor. 60.
The use of whemipaaid firatapeptide RATIPNHANRGISE INgAGIVE MTRYTERM: PbA ‘Db'é T
cel | in the, BIUhRTbYlypepliad dMal4id ¥eBbnd Peptifle poRfdM 8ompfis€§ d portion of
15 an immunoglobulin (lg);
(b) an anti-PD-1 antibody, including active fragments thereof;
(c) an anti-CTLA4 antibody, including active fragments thereof,
(d) a PD-1-binding polypeptide or PD-1 ligand-binding polypeptide; and
(e) a combination of any 2 or more of (a), (b), (c) and (d).
20
48. The method of claim 47, wherein said potentiating agent is

cyclophosphamide or an analog of cyclophosphamide.

49. The method of claim 47, wherein said potentiating agent is an

25 agent that reduces activity of regulatory T lymphocytes (T-regs).

50. The method of claim 47, wherein said potentiating agent is
Sunitinib (SUTENT®), anti-TGNFB or Imatinib (GLEEVAC®), anthracyclines,
oxaliplatin, doxorubicin, TLR4 antagonists, and IL-18 antagonists.
30
51. The method of claim 47, further comprising administering at least

one additional agent selected from the group consisting of an anti-PD-1
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response by conbi nation therapy wherein said conpound is adm nistered in
conjunction with a potentiating agent. 6 1. The use of claim®60, wherein
sai d conpwondindai2dr educes i nhibitory signal transducti eaTius2@9Do4ses | and
said potentiating agent are provided as separate nedi canments for

admi ni stratdiibody, Bhfd@-ETLAY aRtbodi?.a MiesieSiahiiioe) gh rgotataseninhilsitor,
wherein the potentiating agent is administered up to 24 hours prior to the
i nhi bi t or y aypABéEhantagenistisandan @angiegaiesim@hii® pot ent i ati ng agent of
claim60 in the treatnent of an infectious disease. 64. Use of the conpound
and potentiating agent of claim60 in the treatnment of cancer. 65. The use
of claim 64, wheszi Theam@tisedhatrclaien BiGdeheraiansad , diseasen is arcanfechoemst
cancer, cervical cancer, colo-rectal cancer, esophageal cancer, kidney
cancer, 3 i vdigeastcer, |ung cancer, nasopharangeal cancer, pancreaticcancer,
prostate cancer, skin cancer, stomach cancer, uterine cancer, ovarian
cancer, testicular cancer, or hematol ogic cancer. 66. Use of the conpound

and potenti ati ngsaopmd nithed af B1aff 46) el St sgasef isasanicef.ect i ous
di sease. 67. A nedical kit for adm nistering a conpound that reduces

I nhi bitory signal transduction in a T cell in conbination with a

Contiog] kit i . g
Phat reduces | oroti TBEyMelfis, pP B Gl psidinhs 48788 et 18 Hikager BafinlPornd
potent i@t i Ngrafti@Bhced Dreastoiider, @Eritdr darRl! tolekletts aratwieabesoptagaats |

and (d) printed instructions for adm nistering the conpound in a use
accor di ng teangedi kdney. 6ances . liveReCanaeholng C@NgEMm nas rapgealycancer,

E‘;[ﬂl)otmgf g&%g#rééti% ?(Tfaé%'%r,eétréﬁgfél l4haer, dMR! BaderBstbnach chicer, Ritedne ©F

cancer, ovarian cancer, testicular cancer, or hematologic cancer.

15 55. A therapeutic composition, comprising a compound that prevents
inhibitory signal transduction through Programmed Cell Death-1 (PD-1) on T
cells and a potentiating agent in a pharmaceutically acceptable carrier,
wherein said compound and said potentiating agent are together present in an
amount effective to increase a T cell response in a mammal.

20

56. The composition of claim 55, wherein said compound is selected
from the group consisting of:

(a) a fusion protein comprising first and second peptide portions,
wherein said first peptide portion comprises an active fragment of a PD-1

25 antagonist polypeptide and said second peptide portion comprises a portion of
an immunoglobulin (Ig);

(b) an anti-PD-1 antibody, including active fragments thereof;
(c) an anti-CTLA4 antibody, including active fragments thereof;
(d) a PD-1-binding polypeptide, PD-1 ligand-binding polypeptide, a PD-

30 1 polypeptide, or an active fragment thereof; and

(e) a combination of any 2 or more of (a), (b), (c) and (d).
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differing therefromby only conservative am no acid substitutions, and
fragnents of these.

10

15

20

25

30
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57. The composition of claim 55, wherein said potentiating agent is

cyclophosphamide or an analog of cyclophosphamide.

58. The composition of claim 55, wherein said potentiating agent is
Sunitinib (SUTENT®), anti-TGNFB or Imatinib (GLEEVAC®), anthracyclines,
oxaliplatin, doxorubicin, TLR4 antagonists, and IL-18 antagonists.

59. The composition of claim 47, further comprising at least one
additional agent selected from the group consisting of an anti-PD-1 antibody,
an anti-CTLA4 antibody, a mitosis inhibitor, an aromatase inhibitor, an A2ZAR

antagonist, and an angiogenesis inhibitor.

60. The use of a compound that reduces inhibitory signal transduction
in a T cell in the manufacture of a medicament for increasing a T cell
response by combination therapy wherein said compound is administered in

conjunction with a potentiating agent.

61. The use of claim 60, wherein said compound that reduces inhibitory
signal transduction in a T cell and said potentiating agent are provided as

separate medicaments for administration at different times.

62. The use according to claim 61, wherein the potentiating agent is
administered up to 24 hours prior to the inhibitory compound.

63. Use of the compound and potentiating agent of claim 60 in the

treatment of an infectious disease.

64. Use of the compound and potentiating agent of claim 60 in the

treatment of cancer.
65. The use of claim 64, wherein said cancer is bladder cancer, brain

cancer, breast cancer, cervical cancer, colo-rectal cancer, esophageal cancer,

kidney cancer, liver cancer, lung cancer, nasopharangeal cancer, pancreatic
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cancer, prostate cancer, skin cancer, stomach cancer, uterine cancer, ovarian

cancer, testicular cancer, or hematologic cancer.

66. Use of the compound and potentiating agent of claim 60 in the

5 treatment of an infectious disease.

67. A medical kit for administering a compound that reduces inhibitory
signal transduction in a T cell in combination with a potentiating agent, said kit
comprising:

10 (a) a dosage supply of a compound that reduces inhibitory signal
transduction in a T cell,

(b) a supply of a potentiating agent;

(c) a supply of pharmaceutically acceptable carrier; and

(d) printed instructions for administering the compound in a use

15 according to claims 59-64.

68. The method of claim 1, wherein said compounds consists of an
extracellular domain of B7-DC, B7-H1,»PD-1, or B7-1, or a polypeptide
differing therefrom by only conservative amino acid substitutions, and

20 fragments of these.
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