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of the host _organis For .e t ai ' j
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ef fi ci arisidert @lftctiopcaghiant@n of infected cells. Persistent infections
al so cause the functional inpairnent of 25 antigen specific CD8+ T
cells, which are vital to the control and eradication of viral
infections. Al though the conpagrdroid 6f thkIevapRut i ¢ vaccines with

cyt oki ne adj uvants has been encouragi ng, the resulting i nmune
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treat, prev or alleviate persistent inf S. Summary of the
| nvent i iofections (e.g., hepatitis C virus) has been met with limited success. In contrast to viruses that

cause acute and self-limited infections, the immune response that is mounted against persistent

infection-causing microbes is often transient and insufficient to clear the infection. As a result,

the infectious microbe remains within the infected subject for extended periods of time, without
20 necessarily causing constant host damage.

A major impediment in the eradication of persistent infection-causing microbes is the
ability of such microbes to evade the immune system of the host organism. For example, certain
viruses and parasites down-regulate the expression of host molecules necessary for efficient T
cell recognition of infected cells. Persistent infections also canse the functional impairment of

25  antigen specific CD8+ T cells, which are vital to the control and eradication of viral infections.
Although the combination of therapeutic vaccines with cytokine adjuvants has been encouraging,

the resulting immune responses have not successfully eradicated the pathogen.



5The present invention provides nethods and conpositions for the
treatnment, prevention, or reduction of, or alternatively the
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30  infections may also include infections caused by a latent virus. Cancers include

lymphoproliferative disorders such as angioimummoblastic lymphoma and nodular lymphocyte
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(a) Con;g?tﬁ}oldﬂag, anti-B7-1 antibodies, anti-B7-2 antibodies, anti-B7-H3 antibodies, and anti-B7-H4

antibodies.
30 The present invention further provides a method for identifying a candidate compound

that modulates the activity or expression of a PD-1 polypeptide that includes the steps of: (a)
3



15 PD-1 polypeptide with a candi date conmpound; (b) determ ning
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Also provided herein is a method of diagnosing a subject as having or at risk of having a
25  persistent infection or cancer involving the steps of: (a) providing a sample containing immune
cells (e.g., T cell or B cell) from a subject, and (b) measuring the expression or activity of PD-1
in the sample. An increase in the expression or activity of PD-1 compared to such expression or
activity in a control sample identifies the subject as having or at risk of having a petsistent
infection or cancer. Desirably, step {b) involves identifying antigen-specific immune cells, such

30  as aviral antigen, bacterial antigen, parasitic antigen, or fingal antigen.



15 the level or activity of PD-1; and (b) a second conpound, such as
an antiviral conpound, an antibacterial conmpound, an antifungal
conpound, yan, @ntparasi tic conpound, an anti-infl ammat feyyeREEARLUAS
an anal gesic, an anti-CTLA-4 anti body, an anti-BTLA anti body, an
anti-CD28 anti body, an anti-1COS anti body, an anti-] COS-L anti hody,
an ant i - B7-A naffodbosylecting adrehimeB7on 2 aniiedh baying aretaisk pf byings %ﬁl?tﬁ%dy,
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ot ovi dedsng e PHEHeRREARTATE Sl IPD of AP Fiipsha Pl BF affceh, RRHc.
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t hefsapayt 68l ﬁtr hatvityodiPDyl tane l(tb)raj sﬂcqnﬁmm@ewp sychtan &p aptiyagl ?Pé*i‘l?é’i“?d’l an .

mtigating the synptons. 5Unl ess ot herw s L t Lcal an
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under st iﬁﬁggﬁ%{to%nﬂiouﬁd,%%ﬁlgeﬁds iah bnti-OTLAe4 antibotly, antaint BRI aniibody, an

i nvention bel origs. "Al t hough net hods and '%%]igal tﬁ?ﬁl M| At 911 antibody, an

equi val eitCP28 whibedy, deaiil6ed anhady A anti-1OSk Aoy, RN Fesy

testing t%J;_?gn@go 1@9{m%ilﬂﬁﬁ@fﬂaﬁﬂboeﬁ/%ﬂa&%ﬁ-mﬁmadﬁbmd materials are
el"ow, pu

describ I cations, "patent applicatians, tents nd
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met hods e aRtdoRNAET) egirey @nipblnistheatduses b lgveberdchvty oFHLEhd ) 256°PE

m ngémpound such as an antiviral compound, an antibacterial compound, an antifingal compound,

an antiparasitic compound, an anti-nflammatory compound, an analgesic, an anti-CTLA-4
25  antibody, an anti-BTLA antibody, an anti-CD?28 antibody, an anti-ICOS antibody, an anti-ICOS-
L antibody, an anti-B7-1 antibody, an anti-B7-2 antibody, an anti-B7-H3 antibody, or an anti-
B7-H4 antibody; and (c) instructions for delivery of the first compound and the second
compound to a subject.
The present invention provides significant advantages over standard therapies for
30  treatment, prevention, and reduction, or alternatively, the alleviation of one or more symptoms of

persistent infections. Administration of the therapeutic agent that reduces the level or activity of
5



O her features and advantages of the invention will be apparent from
the follow ng detail ed description and clains. 15Brief Description of
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wheps al | the known CD8 T ceBliebDesttiption bf tie Dataevings
Figure 1A is a bar graph showing the levels of PD-1 mRNA in DGP33-41 and/or
D’GP276-286 specific T cells from naive iransgenic mice, lymphocytic choriomeningitis virus
(LCMYV) Armstrong immune (approximately 30 days post-infection) infected mice, or CD4-
depleted LCMV-CI-13 infected mice (approximately 30 days post-infection), as measured by

20  gene array analysis.
Figure 1B is a series of images of a flow cytometry experiment showing PD-1 surface
expression on CD&+ tetramer+ T cells in LCMV Armstrong immune and CD4 depleted LCMV-
C1-13 infected mice approximately 60 days post-infection. Anergic CD8+ T cells express high
levels of PD-1 polypeptide on the cell surface approximately 60 days after chronic infection with
25  LCMV-Cl-13 virus (labeled “chronic™), but virus-specific CD8+ T cells do not express PD-1
polypeptide after clearance of an acute LCMV Armstrong infection (labeled “immune”).
Figure 1C is a series of images of a flow cytometry experiment demonstrating the
presence of PD-L1 on splenocytes from chronically infected and uninfected mice. It
demonstrates that PD-L.1 expression is the highest on the splenocytes that are infected by the

30  virus.
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20 Figure 3B is a series of images demonstrating the increased frequency of DbGP33-41 and
DbGP276-286 specific CD&+ T cells in the spleen of CD4-depleted C1-13 infected mice treated
with anti-PD-L1 (labeled “oPD-L1 Tx™) from day 46 to day 60 post-infection versus control
(labeled “untx”).

Figure 3C is a series of images demonstrating increased pfoliferation of DbGP276-286

25  specific CD8+ T cells in anti-PD-L1-treated mice, as measured by BrdU incorporation and Ki67
expression.

Figure 3D is a chart showing that mice having high levels of CD8+ T cell expansion
demonstrate an appreciable response in peripheral blood mononuclear cells (PBMC), as shown

by comparing DbGP276-286 specific CD8+ T cells in the PBMC as compared to DbGP276-286
30 specific CD8+ T cells in the spleen.
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25  p<0.0001, respectively). 120 HIV tetramer stains from 65 HIV-infected individuals and 11 HIV

seronegative controls were included in the analysis.

Figure 5C is a series of charts showing the median percentage and MFI of PD-1

expression on tetramer” cells by epitope specificity.



10 percentage and MFI of PD-1 on H'V tetraner+ cells and CD4 count
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presence of anti-PD-Li bl ocking anti body. Figure 8B is a line
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prol i f eFSRFUIBf HI V-specific CD8 T cells on an individual patient

basis. Wit eriae sDiifdsartdsof tidrd depictipphepatertagoraaddiFE of 8DHE expmessios on
presence tide_ al one, hl ack ars ndj c he fo se
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phenotypic staining of B*4201 TL9-specific CD8 T cells from subject SK222 in whom 98% of
20  B*4201 TLO-specific CD8 T cells are PD-1",

Figure 7B is a chart illustrating a summary of phenotypic data from persons in whom
>05% of HIV-specific CD8 T cells are PD- 17. 7 to 19 samples were analyzed for each of the
indicated phenotypic markers. The horizontal bar indicates median percentage of tetramer’ PD- 1+
cells that were positive for the indicated marker.

25 Figure 8A is a series of images of a flow cytometry experiment showing the
representative proliferation assay data from a B*4201 positive subject. After a 6-day stimulation
with peptide, the percentage of B*4201 TL9-specific CD8 T ceils increased from 5.7% to 12.4%
in the presence of anti-PD-L1 blocking antibody.

Figure 8B is a line graph depicting the summary proliferation assay data indicating a

30 significant increase in proliferation of HIV-specific CDR T cells in the presence of anti-PD-L1

blocking antibody (n=28, p=0.0006, paired z-test).
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The use of antibiotics and vaccines in recent decades has
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regai ne unction upon anti-PD-Li treatnent.,

. |
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The fi riffre Specificity to the i mune response,
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Costi mulatioh is neither anti gien- specj fi ﬁ nor. VHC-r estr icted and i
25  lymphocyte predominant Hodgkin lymphoma by a stering to a subject an agént that reduces
the expression or activity of PD-1. Reduction of PD-1, PD-L1 or PD-L2 expression or activity
results in an increase in cytotoxic T cell activity, increasing the specific immune response to the
infectious agent. The results provided herein show that the administration of anti-programmed
death ligand-1 (PD-L1) blocking antibodies to persistently infected mice increased the cytotoxic
30  activity of anergic T cells. Specifically, disruption of PD-1 signaling induced the expansion of

anergic CD8+ T cells, enhanced cytokine production, and increased viral clearance.
10




provi ded by one or nore distinct cell surface pol ypeptides expressed
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related fo and ( 4, is invalLved in IL- oduct i on. e
r ecept 6PIl FEPARMPTITF W?la%‘aﬁfﬁdﬁ@ﬁt Fﬁﬂr,esﬂogsefl %Q\R%[ypeﬁ!“&es U capididof

2006/ 135{3&9&5%145%{%%@%&%2 230t SendleRiifihiint bellsce proaivis bienkibitiaemootell
T-cel | PD-

. I's al so"expressed on the surface o -cel i
respon saponseanftbr-qxgmvpleawgﬁbbﬂuad b SRBHLIGFAATY JAFERIPT: & E‘ﬁﬁ Séin?ﬁ‘lngﬁ?s
cells. CE%}% gwgf 51% I'r‘uﬁpéﬁls(ofr ARl e PM1 sBS8latiBk ieh Plesdd in a soluble
aggregdtion), l'eads to the transm ssion of an inhibitory signal in an
i mpone fomh.| Wheebodrtdi ingn inhititoredaetttnoR 7 dimelasnleseas tpesgbisahibitory signal to

concom tant wt i NCr ease. i ne 18y 23 b @Hided by th
reber SUGTHTE Golb g g2 TPRLspRRpes s BRT R s repifingh by the
ant i genmAb&BEBBIINBHMEPDSL1), and B7-4 and soluble fragments or derivatives thereof. B7 family

members bind to one or more receptors on an immune cell, such as CTLA4, CD28, ICOS, PD-1

-

and/or other receptors, and, depending on the receptor, have the ability to transmit an inhibitory
25  signal or a costinmulatory signal to an immune cell. .
CD28 is a receptor that is constitutively expressed on resting T cells. After signaling
through the T cell receptor, ligation of CD28 and transduction of a costimulatory signal induces
T cells to proliferate and secrete TL-2. CTLA4 (CD152), a receptor homologous to CD28, is
absent on resting T cells but its expression is induced following T cell activation. CTLA4 plays
30  arole in negative regulation of T cell responses. ICOS, a polypeptide related to CD28 and

CTLAA4, is involved in IL-10 production. PD-1, the receptor to which PD-L1 and PD-L2 bind, is
11



PD-Li and PD-L2, both of which are human PD-1 |igand pol ypepti des,
are nmenbers of the B7 famly of pol ypeptides. Each PD-1 Iigand

contai ns Sh@ARMasnedauence, an gV domain, an | gC domapay/82006/022423
transnmenbrane domai n, and a short cytoplasmic tail. These Iigands are

expressed 10 in placenta spl een, |ynph nodes, thynus, and heart.
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(e. g. ,transmissionlofien mhlhmmy sgnabizi andmmppe 68l AaHHIng A p (5
cleared or elininated fyomthe d ﬂ%ﬁ&gﬁgcgpﬁfergyewl @g{tﬁlg}’mé}hﬁers bind to

i nductTHSP cgﬂco%faﬁl & FEsponse, Persistent infections may be chronic
i nf ectéens mdrataeqitonsmmhas BDeLl andm—biavonnmmnmsgnhﬂ&wﬂl% acut e

i nfections ar reI (Ia f f Wk
and resol vel:(’zlD %ﬁ? ﬁ%@)@ #9”91{1% f’ﬁlr&%%gm?yls %@Pé gésera]if‘e"i’n #ér
i nf ect oY ANy basdlyptidewo Habis PD20ligeed kentais a ageai sequiendeptn fgy/ dahien
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| nvol Viskiosiay adrs e, S RO TRT GEoR PR LD P LRBL e pressed
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e

i nsi deluspemidfliver, sdiile $Dok.1 LSWPKBT@SSGQI in fotAl \iv erusptiygted es!
respo nggﬁﬂﬁ 12%%,% s"a?éj rgédlﬁgi S %@%@ ﬁﬁ&@és%@ QendVilionells are

di agno aV|n a-persi st ent ect’ion according to any
st andapdsin®ioh9d known in the art and descrl bed, for exanple, in U S

Pat ent Nos. 6, 368, 832, 6,579, 854 : ;chRRd ent
Appl | cat | onABUES HeE- oy “RESSteB 53 ST g%%gr%@%ﬁg%§§@c 030166531,
gooﬁﬂ?@@@ s 85498 %0%‘%@18 ba3@ﬁ&90§££ﬁt3 m?@;@l%@ﬂlﬁéhﬁﬁﬂgu@ﬁ@@@@@mgf

0110836, 20020107363, and 200201067 0 aI of which are hereby

i ncor peliminatedifyon ﬁﬁéﬁ@ﬁé@hoqtc?ﬁ’e%@eé ‘\?ﬁo’éo b EeY sl °Be" di agnosed
as havi Tnl%ac.l nrpﬁﬁ&'tlﬁﬁseﬁﬁ%/ @é}&ﬁ%@hﬁécnbﬁi @bt iFedtoht, @0kRY ihfetislat ect i on

of Chla specl es I ol ogi cal. sanple fromthis individual 12
WO 200%&%@&%@%@@%&@@1@@6&@5&@ Pl davareaiey wilkshads need not

have not Fol h6@hgd
accordﬂ??@g’tcggto @9% @eﬁgo%@%%hf%ﬁg%tg%ﬁﬁ%%ggn éeﬂg%t cést abI ?Shl ng
a Per Siysk®ir evad gufdiamn. Mhedetinictidns usyslspeeqyr fremﬂy perd long peziod
hepatltls virus,  human i eficienc VH‘U us),
bact er i% g, BVoIvVIRgSHEes @gﬂé’gaé‘ Pfc’d&ﬁtblveéx%ﬁ ﬁwﬁlﬂa@%’éﬁé&sﬁ tes,
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i nfasct lmmgﬂiypersm@itmﬁecrtmtmwn@ns Freatiyrst mﬂ@a%hodkmwnmt ¢ art an

described, for example, in U.S. Patent Nos. 6,368,832, 6,579,854, and 6,808,710 and U.S.

Patent Application Publication Nos. 20040137577, 20030232323, 20030166531,

20030064380, 20030044768, 20030039653, 20020164600, 20020160000, 2002011 0836,

20020107363, and 20020106730, all of which are hereby incorporated by reference. For
30  example, a subject may be diagnosed as having a persistent Chlamydial infection

following the detection of Chlamydial species in a biological sample from this individual
12
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resultlng In a’redudction in PD-1 signals ng and therefore resulting in
an increase in CD8+ T cell cytotoxicity. As used herein, the term



20 as the ability to nodulate an inhibitory signal in an activated

i mune cell, e.g., by engaging a natural |igand on an antigen
presenti ng;wgéokllg,ﬁ;gch modul ati on of an inhibitory signapriyfegeigsune
cell results in nodul ation of proliferation of and/or cytokine
secretion by an immune cell. PD-1 may_ al so nodul ate a_costinul atory
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cyt oKi NEecoldii LHRRE BIVERINAS Suchaby 6L vitPisTeduchkeb Rt easl | @O%f 208413058, 18%{ O
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herl$i n, 5Q°/hé0f/cef7ﬁ%, B1er gy, 180%; ?b‘?"éﬁ&?@@f thap d PiGexslatize Foa@ﬂ’i\?ie?tﬁd gopirol.
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gener al gen-speCific and persists after exposure to the

toI eri zbdﬁlgmaeﬂucgigrﬂndnésr resdiserin aﬁ@&uobmamflfél signelingandtherefprd resilifngsn an
opposed. to unr en har I Yir " i _
or oductgassen IR e BRI APeTioEo e ettt el gerr:,
t o ant i gevhepdribbludacal wetiatywhish 1s$1ﬁ@ﬂﬁt to(the Hatmelly ol’:@m&mgﬂ'r) 1q1rot€iﬁ- 8ich
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nol ecule) results in failure to produce cytoldnes and, thus, failure
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unrel at %ﬁl 3’?} 1] %%95‘1&‘%%‘1%%‘1‘ Pééﬁl;lﬂnfgﬁcﬁ&r Qiﬁhil b?lé gé‘cﬁ% Wiid B c@sﬂhﬂﬁt&?%sc;ptor

(e.qg. exa al'so be observed
the | ackor bindiblg-02 a@’?odmlettulm rTis, the keym;j'HBel,/@@s'ltﬁ’smnbd@JEhe abibty afia[PEAl or

by prolife ) Y,
b uypegliflo i TR iRt d edf iRl o s bl o coBiitbioN e
fa| I tomh{y;tgfyagﬁ@ﬁﬁLalﬁi tﬁ@ﬁiiﬁhty][taﬁrﬁﬁulgt&thfﬂnmmmnw Acdmthﬂglgl @edousg PD-
romoter undér the control of the er. or
gul timet aﬁ“@ﬁ@l‘ﬂﬁil@éﬁﬂgﬁﬁénﬁeﬁﬁfmb%@ﬁbé gﬁg@ %r%]:ﬁ - I G éﬁﬁ‘éncer
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By "immune cell" is meant a cell of hematopoietic origin and that plays a role in the

30  immune response. Immune cells include lymphocytes (e.g., B cells and T cells), natural killer
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25 257: 1134, 1992). Anergic antigen specific T cells may have a
reduction of at |east 10% 20% 30% 40% 50% 60% 70% 80% 90%

95% or evehohfPidsn cytotoxic activity relative a cor pgspengssdizs
control antigen specific T cell. By "purified antibody” Is nmeant

anti body which is at |east 60% by weight, free from proteins_and

nat ur aklly and ouyelideslls famyronasitessitcephagesheasiiophils, mapicells bagophls, and
associ at e@.%rgqg Preferably, the preparation is at |east 75% nore

or ef erSBNOYH and nost preferably at |east 99% by weight,

anti body, e3y9"T celi" Rndant £ODIAT,T il PB-AIRsPeell.f The texmt Tisolynclydlep boilf i ed
anti body. 15 2006{ 133396PCT/ US2006/ 022423 nmay be obtai ned, for
exanpl ,15‘311%]“ iTF#tcﬁi%hromat ogr aphy usi ng reconbi nantl y- produced

pratein or BRSS! Vet IBidxicityeRichdesardiighnfine Rekpbitho et knbeiatsd bBPDS+ T
"specifically binds" is neant an antjbody that recogni z§ gtq,d-ﬁl nds
an antdeljentivlion. Hseraplppimmuperqsponsgy npkade ovtolane BogRIeE: ﬁ? 4t does
not s . i al 'J%&i]p‘g;} b brancd WThaEdcO ik tecul es in
a sa éf}ﬁgﬁ&.ﬂ’, éréu%lﬁ%fagg%ca sg?r%i“g?’_a?ﬁg? na% ural | ic_ncl udes protein.
A pr ef er r edBahtrirdspohsivehesdSincludesrefrmivity ofpamune qsils Prtiplysmnygept i des

di scl d.in U.S. Patent No. . . ' |

bub! 1 CRER R Bt Ry sEp BB Sfhesonsis EREHln OB BEShidA:
O B ot b o o Dot ey L ocor poraed b
20020107363, ] a f .. whi c re her 0 or

To r ef e Auteripr filermea) ol et Rubavi e R e PG RELRRE,
i nterf g pohidlivaD¥s Rherbilealtigeh @gdct] and Gletsittd dfR8 exgfosdre RDEhE tolerizing antigen

pol ypeptide, particularly the ability of a PD-1 pol.ypeptide to redyce
an i miaseenssdpBorexamplenangsetind ole seppesed i weslaore%ﬂong : SS ﬁf@aractenze%%y

P CAE A BORTEG Lm oal y ha Sb ot e
70% amsll mepsive pfint sipwd(a/T bsll @06ptarorGId-8 medinjedsignabldn theabsange pha second
B
antigen (even if reexposure occurs in the presence of a costimulatory molecule) results in failure
to produce cytokines and, thus, failure to proliferate. Anergic T cells can, however, mount
responses to unrelated antigens and can proliferate if cultured with cytokines (e.g., IL-2). For
20 example, T cell anergy can also be observed by the lack of IL-2 production by T lymphocytes as
measured by ELISA or by a proliferation assay using an indicator cell line. Alternatively, a
reporter gene construct can be used. For example, anergic T cells fail to initiate IL-2 gene
transeription induced by a heterologous promoter under the control of the 5 IL-2 gene enhancer
or by a multimer of the AP1 sequence that can be found within the enhancer (Kang et al. Science
25  257:1134, 1992). Anergic antigen specific T cells may have a reduction of at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or even 100% in cytotoxic activity relative a
corresponding control antigen specific T cell.
By "purified antibody" is meant antibody which is at least 60%, by weight, free from
proteins and naturally occurring organic molecules with which it is naturally associated.
30  Preferably, the preparation is at least 75%, more preferably 90%, and most preferably at least

99%, by weight, antibody, e.g., a PD-1, PD-L1, oxr PD-L2 specific antibody. A purified antibody
15



anti bodies. By "substantially identical,” when referring to a protein
or polypeptide, is neant a protein or polypeptide exhibiting at |east
75% but RiehEARLY 85% nore preferably 90% nost 20 prefSibbxi85%
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ONA OB 1605 20 BRI RG, fracrERtinEee: A SF bR teRy iRl b7

cgﬁt ag&gﬁgcé.). 5 M16 WD 2006/ 133396PCT/ US2006/ 022423 Nal | : Pah pH 7. 2,
7% SDS, 1 mM EDTA, and 1% BSA (Fraction_| at t enper at ur.e of C,
or i a buff eByd'@lmtmliﬁinggnﬁ@)%qs?ﬂsE%fiﬁlﬂ@n%ﬁ%\g@gﬁmegf.e? V@ﬁﬂys#gf bl%]ﬂg’?ala
1X Den hﬁ’}gés o, asfgé-"igo%&e t%cfg?/ﬁagﬁrﬁﬂarrgﬂhé %lﬁ@tcﬁ 2 FERG pBlypEHtbTH rediicetn

tenperaﬁ € of er conditi'ons for high stringenc h
hybr i dinzaink eesporseshetes thoryt@ORIENGT T eritsn Theperitlizing agibgdy nayrgduce the

hybri di zati gn 5 sequencin QL Qﬁ%hﬁ?@preferabl
ski | | &1 }WOE%BD%I@GPS?@? ‘g’éu"r“é"fga%?%lﬁ%?‘.%@é%@%?g‘? £ Ausubel et 4
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York, N.Y., 1998, here i ncor.por.ate refer . o

" substrasronsgs) pclydingthqse %?Fé’émd TP 1?:‘%58(?%’, as%%%ﬁ%tg%tﬁﬂg e ,@Xt}é‘)arhzgtg her
ol ecul epbfigd has been separated fromthe conponents that naturally
acconpany it. Typically, the polypeptide is 10 substantial] .
when it is By "siubstsntlasm%/féenwﬂﬁ vienseigrg iaopurotedt OTRALP® ’é@% lst}ée%{ej% §ﬁ%’%%m
free fromthe.pr . b ¥reRBEHEToh NHore heAaksly F0Yeaiskies wi t h
whi ch ?ltpc}@eﬁté‘?euér?%ﬁﬂ@%aag%@gﬁéga%oﬁ e%ggrr_pl e,. 1ali)subst anti al {% ure
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expression af a_.reconbi nant nucl e i 168hd atiddat 2009880 Bals,
nor nal p@y@pﬁﬁ@s@eﬁﬁgﬁt@%&&%ﬁ%&%&% ?%r@%gg% ag);p/ér.\tahe.si S.
preferably at least 30 amino acids, more preferably at least 40 amino acids, and most preferably

50 amino acids or the full length protein or polypeptide. Nucleic acids that encode such
"substantially identical” proteins or polypeptides constitute an example of "substantially
25  identical" nucleic acids; it is recognized that the nucleic acids include any sequence, due to the
degeneracy of the genetic code, that encodes those proteins or polypeptides. In addition, a
"substantially identical” nucleic acid sequence also includes a polynucleotide that hybridizes to a
reference nucleic acid molecule under high stringency conditions.
By "high stringency conditions" is meant any set of conditions that are characterized by
30  high temperature and low ionic strength and allow hybridization comparable with those resulting

from the use of a DNA probe of at least 40 nucleotides in length, in a buffer containing 0.5 M
16



15The term"isolated DNA" is neant DNA that is free of the genes
which, in the naturally occurring genone of the organismfrom which

the gi veny Ny k$s386 i ved, flank the DNA. Thus, the tergpri§RbdiShs
d

DNA" enconpasses, for exanple, cDNA cloned genonc DNA an
synthetic DNA. By "an effective anmount” is neant an anount of a

ﬁorrpowmmcﬁ,' $106.207% SDS} 1GAMEIIBA] @a,mnsmﬁ;abmﬂp,at 2 edpentie ofpE\ant
ypertension or to treat or prevent i.c in i a

The. et sbuliccsonmiune 45k aBemie. GaRISaroe o) uaedt fep R Ry as Rt
rout e b, ARkl AP0, DPLpeRkabbf 42T CBErialithasth high! the
subj ect! Imately, the attendi n%@phym cian or veter.i gar_l %’?ﬂ V\@H

deci destrivgencaiybuinatione sechnes far PARd Nogh s eSusasRas 1 Hijp hybudizaHamy DNG
conpound” i.s ant a ' ' A ' OlSee, ¢.g., P.
o Ot e usrife. B8 Hia el AFOERY ofEled iR bR AoinAIERNE bidigy O Seo, 0.5
exanpl gusupg et il €surepiiirgpels iles]eculyriBiotigyclobn Jéildyok e dgwesork, N.Y.,

nat ur al | gp occur.ring ot%ggn%% ol ecul es, nucl eic acid nol ecul es,
pept i d@2pulieredy dncoErPalad PEEETEYS and conponents and deri vati ves

t her eof . Fagy @yayimially puresRinbantandlstaicsd, polypeptit, et diokeguiedhatibes

present invention reduces binding of PD-1 to PD- rL1|.1 . P %, rﬁﬁ?&e%

The t dremm sqpeeatedeleen fhecempeBtE S RITIEBITLY CRERATY h 9/1_’18%1%_3 reRERtds

CO{C]} al J&ﬁst%]ﬁaagg ghfe%ﬁeng{‘ﬁ at 136 BORLTG% 00, 90%, 5%, 6dvenbh i, Brtveigkt, dgent
i or a

and is Sult mnistration to the patient.

: ,Any,. of these .
f or mul fatri diesprotains lped patepily-edousngRERLK AVIGTER w@a@%ﬁ%ﬁ “ﬁ%‘fﬁqlg'dﬁs"&’fa"ed-
t he 2006/.133396PCT/ 0] & i
Romi ngtB RS SRR P Le TR B B R B e &3 o,
(ed. ARufRNMR&:PYessivack 2 Richinbimbityclgis. acidia stceh fhapdoes nptyggmakly expaess dapd

of Treating T-cell ¢ tg{gﬁc})xlcity I's increased by contacting a T-cell
with aPebihelpYchauedl SEYeEs the expression or activity of PD-1. The

T-¢el | is arpakng iloeel DNAEE et I Althat 0y freecdfithogenes Whick ih the naturalty
Alternatively, the T-cell is an antigen spegcific . T-cell. .The tirﬂﬁ_g
Speci 1 pesuTingdenamp of e ErEISTFOR HiNShARE ET e Bived § 4 b tg%%ﬁg' ’
T-cel | 1O GLd NS & 8 for 88nipYe, BDNIA) ¢10R8S eroMmi PNIA, and synthetic
10pr ol Fh%érrgjt ﬁ%ﬁﬁg&n%l\ﬂ(%/t OP%?I%E rel ease.
DNA.
By "an effective amount" is meant an amount of a compound, alone or in a combination,

20  required to reduce or prevent hypertension or to treat or prevent a chronic infection in a mammal.
The effective amount of active compound(s) varies depending upon the route of administration,
age, body weight, and general health of the subject. Ultimately, the attending physician or
veterinarian will decide the appropriate amount and dosage regimen.

By a "candidate compound” is meant a chemical, be it naturally-occurring or artificially-

95  derived. Candidate compounds may include, for example, peptides, polypeptides, synthetic
organic molecules, naturally occmring organic molecules, nucleic acid molecules, peptide
nucleic acid molecules, and components and derivatives thereof. For example, a useful candidate

compound according to the present invention reduces binding of PD-1 to PD-L1, PD-L2, or both.
The term "pharmaceutical composition" is meant any composition, which contains at
30  least one therapeutically or biologically active agent and is suitable for administration to the

patient. Any of these formulations can be prepared by well-known and accepted methods of the
17



The nethods are useful to alleviate the synptons of a variety of

i nfections and cancers. An infection or cancer is treated, prevented
or a synpipindosaRbdeevi ated by adm nistering to a subj egtr@siibbdazes

i nhibitor. The subject is a mammal such as human, a prinmate, nouse,
rat, dog, cat, cow, horse, and pig. The subject is suffering fro qr
at ri skt Sbe, Geeriopie/Remingoot TleerScistiog SacsRBgticgtof BMEEY-7)-SHP- @‘rﬁd&%" n{e
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nycopl asm or parasitic is a persistent | nf ection. Per Si stent

i nfections, in contrast to acute infections are not effectively

cl eared by the i nduction of a host imune response. The infectious
agesnt E f’?[‘{'gﬁ'tiﬂ response reach 20 equi I i brium such that the

i nf ect | ect |ns i nfectious over % ﬁrl%{tge“ od o (i t”ﬁucesthe
Wi thout necBsgbeityxiekpisaatpsed By SANGHEE & ere OB RL FPbY
include for. exa Nty oG WnbRbBCE-LENG: activaied T-oeld
chr oni TFHFEL L onb@ﬂgﬁ?ﬁf ef]g;[elf;%égﬂgggﬁi?@g?ﬁﬂ e e?gfzt ed _in the bad
at al | AltbESel el 1stahmgegmseeaﬁmr@91hpfrbﬁsmeﬁentsn@l%ﬁ Tedises Mgpibtr

present or absent. for an f
chr oni fl§T# & e FHeqUORF ARFAT- 5£6><]§ E{,‘[S‘SQ Hf%é}glgrgd ]tj)&édr‘%\/a)nggﬁgﬁhg%%tl tis C
( cay's egroverdier)an@ BRORIME Fdldase.CYt omagal ovi rus, Epst ein-Barr virus,

herpes” sinplex virus 1, her ex _virus r

vari cel | a- z'Bkﬁ@?thwsraﬁ%useﬁl%g?ﬁ?"r‘@g%e\§W’&t§msﬁgﬁa?n#}’”gp \?ﬁ%ﬁ%‘ﬁh Cy&e@
papi | | M&ﬁdﬁ%c ei’f%‘ﬁ‘eﬁféa BoentcA@k ¥ oyBMomS alfdiatebbyaimvistcrisg 10G;
nmeasl es VI rus, la virus, human inmunodefi ci enCé Vi rus 30 £t41

human Fubjet hPDehiﬂérhl’fal vThe sibject is A eyl such asdpmap 18 BIPnd
P t 2006/ A
ar asi 'C% wvggm? agdﬁﬁ%%@%g%j H%ggg*&lxﬂg%%&%mm 6t @Ftlopink GfbdtioRSAMRY

arise §&% tion el Shmani a, Toxopl asnma

Tr ypanesiges suﬂi'érﬁlgrﬁmdl otrgt riSk bf @qv@bgm infastipniin e ppedard mebafs suitable fribe,
| atent inf ectJ he infectious agent (e.g., virus) is seenngly

i nact i Partigpigr t such that the subject does always exhibit signs
or synpt onmsThé ﬁlf&ubﬁteeg\tbaétehal vhal] fubgal} inpooplastie onparasstiaie mﬁﬁﬁ@@h

equi libriumw th the host for |on od f t|
Saai n mbeimn: PGk RE SR fotes el T e B R R e

react | akofth 0fa 1diPinthBRASHAKE UNS infBaRipLEL Bld ﬂaatrmntme mﬁr@mﬂ o
i nclude 1 nfections caused by HSV-1 (fever blisters

mifectious over alon H%l\‘ll(-)(g oét%mg \INEtﬁ ut
herges )equitibthuZveh thit ik visésd sshicpigriagins gp

necessarily expressing symptoms. Persistent infections include for example, latent, chronic and

slow infections.

In a chromic infection, the infectious agent can be detected in the body at all times.
However, the signs and symptoms of the disease may be present or absent for an
25  extended period of time. Examples of chronic infection include hepatitis B (caused by
HBV) and hepatitis C (caused by HCV) adenovirus, cytomegalovirus, Epstein-Barr virus,
herpes simplex virus 1, herpes simplex virus 2, human herpesvirus 6, varicella-zoster
virus, hepatitis B virus, hepatitis D virus, papilloma virus, parvovirus B19, polyomavirus
BK, polyomavirus JC, measles virus, rubella virus, human immunodeficiency virus

30 (HIV), human T cell levkemia virus L, and human T cell leukemia virus II. Parasitic
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In a slow infection, the infectious agents gradually increase in
nunber over a very 10 long period of time during which no significant

signs or re observed. Exanpl es of slow infecty ' e
NS R p bEPRS2bECHYUS

Al DS (cause 1 and HV-2), lentiviruses that cause tunors In
animal's, and prions. In addition, persistent infections often arise
as | apgrskeAPhieabisansy @fse acateult of infaefiecby beishmdnis, Toxepipines, subacut e

scl er osi ng panencephal itis.(SSPE) occur follow ng 15an acute
meas| d$yNaReEL %Slﬁ?dl?%ﬁ%‘éé?s\?@aeﬁg%ﬁﬁ%aﬁ{%o%lan occur as a result of
a rubel | a ipDf eedt QfectiCANEEMSectibgd 4pdet (b g, vRUSNPieemanyly Diaciieraol ast i

| ymphoma or nodul ar | ynphocyte predom nant Hodgkl n H hegl%’ra_. 1

Angi oidermantishchghat ghe sphishiciess plmayy exhabipsignsqy FEERIPTS: g&‘ yra
pragressing) .t 1~ 2006 v HRAEst Br 1B PRBRGER oTRikdea@dfday

entar d‘é%ctf t%%%g%%kaﬁﬁﬁg%%%%uﬁm%l obulti nérri EB(i ncreased anti bodi es
i Nt heyhbred)agiGahpesr;dyweranthe aetyal winswdenpt S defestad ptil reagdyatiofei ght

| oss, posit.ive Coonb._s test Qqr. ni. . - Thi ' pual |y
occur Sfithe Cfi%?ﬁ?et %c.wrﬁ’apfaéﬂ?el g %ﬁgteﬂts%%fg?@n\ég%g@eﬁ; g%ongggdrsg@ (ﬁ?reﬂégygn

ﬁr 0 utnftfe@lé) blws),@ﬂisvfﬁg(fgem‘l@ﬂ %ﬁﬁesjﬁdnd_.vm (ok(ijdke@lroagih%l 5,

epat ospl enonegal y, hempl ytjc . anem a ol yc

hyper gamragdh Glﬁ%l“ﬁ inksiiop, éws@ﬁ?’%% gfa%?élg’éjﬂ(% aslg gla]%mrﬁbo ved amy

ap@r O?‘ibﬂ?@éﬂ&ﬂ o‘fgix_é(zlot{?iﬁ%wﬁﬁzhin% Righificant sigrd@ yratomy mefubesivel. pr edoni nant
Hodgkin nmphona Is a B cell neoplasmthat ap%ﬁmﬁ e.derived from
ger m ritangdestofslos lu’?sbﬂltsm\mthlﬂen‘ﬁg‘i@ﬂ}seﬁ’abﬁmﬂ Mk FEHEEFbbul i n
genes.,Simlar to. 1O stic | ynphoma, iaeoplastic cells are
associ’ Scecéuﬁ 0%@%%??%%%% licular dendritic cells. PD1

expr essi on Inaidéiden persisTent aif¢csions oftenl ayisagslaisicampleaiophofasi§ astic 30
CD20+ cell, i n_podul ar | hocyt e pr ' 1 | Ol JERNEIBHinb N @
pat t er RISHERS. JPDI ?W&%F@'éﬁs IS’I:OS%@% ! lcgétllgs_@gga%nhas been inf

| dENt | i RYltcAS AR ITQtioNBY fegfossile gtephalizib careoviwr as argsuligda rubella

2006/ 133396PCT/ US2006/ 022423 associated T cells, along w th CXCR5,
fi ndi ngdeciBi-ch support the conclusion that the neoplastic

Cancers include for example angioimmunoblastic lymphoma or nodular lymphocyte

predominant Hodgkin lymphoma.
Angioimmunoblastic lymphoma (AIL) is an aggressive (rapidly progressing) type of T-

20  cell non-Hodgkin lymphoma marked by enlarged lymph nodes and hypergammaglobulinemia

(increased antibodies in the blood). Other symptoms may include a skin rash, fever, weight loss,

positive Coomb’s test or night sweats. This malignancy usually occurs in adults. Patients are

usually aged 40-90 years (median around 65) and are more often male. As AIL progresses,

hepatosplenomegaly, hemolytic anemia, and polyclonal hypergammaglobulinemia may develop.
25  The skin is involved in approximately 40-50% of patients.

Nodular lymphocyte predominant Hodgkin lymphoma is a B cell neoplasm that appears
to be derived from germinal center B cells with mutated, non-functional immunoglobulin genes.
Similar to angioimmunoblastic lymphoma, neoplastic cells are associated with a meshwork of
follicular dendritic cells. PD-1 expression is seen in T cells closely associated with neoplastic

30  CD20+ cell in nodular lymphocyte predominant Hodgkin lymphoma, in a pattern similar to that

seen for CD57+ T cells. CD57 has been identified as another marker of germinal center-
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cells in nodular |ynphocyte predom nant Hodgki n | ynphoma have a cl ose
association with germnal center-associated T cells. An inhibitor of
PD-1 is aRyp a@gMssdsaving the ability to reduce the exppepskgs/2hri2d
the activity of PD-1, PD-L1 or PD-2 in a cell. PD 1 expression or
activity is reduced by at |east 10% 20% 30% 40% 50% _ 60% 70% .
80% QQ¥bixed TIRAYRANPAhEKCRS,Sindinge wbicsswppmt be censlysian;thatithe geoplastic
control cell. The control cell | cell that ] ed
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any S%&Fﬁa@ﬂ@eﬁ{%m&ﬁt@rbﬁlﬁrt, i ncl udi ng those described herein.
Optionally, the PD-1 inhibitor 10 i_nh%lgi ]tgli or %fﬁlgu es b'e&?gﬂ;& of PD-1
to PD-L1, Apintgbitesrof BB his appegenf haing thgaulfior eﬁﬁleﬂ%ep I des,
pokynucl eatd desyr § lm%}}?@ﬁﬁ'hﬁa@éﬂ FgRN I8 hi®ssici or LI is reduceddyPD- 1

nhi birtor pol ypeptide includes, for exanple, an antibody or fﬁagrrent
t her eaf lead1a0%; PONCH%,POYA 56%pp&esTWn &6, 0% AT 1400 cosy gsye

anti bodi es.i ncl ude,  anti-P N4 L I i 1 theflhesed
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sequenedudesBDLT txprassiomor 4igiing. 1 Bxerpjarygiiberies inglade agf-Bigl @nfipocies, €F-
anino_acids of fhe wi 101 ghdd vl § BT bntRERE M6-
pr ot eiP%"é-graPBé?i%?Fd? 1"#—]%?1}%%21%%41%%’ %@%A\rq%h@r?ggdt ive PD-1 has ,
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negative protein may_be adm pister an..exnression vector. The 25
expr esﬁ?@r@nvaoﬁmﬁé}“}@én&%fﬂ?ﬁ & ?‘13‘?35'3‘5‘?6‘?%%&35% viral vector (e.g.,
retrovirus, Af&aarkiy)aRtprAd angries socddabiasht wegative prteiaor @Teide AUkt
adenoviral vector). Alternatively, the domnj n@{% ngig ti vet)pcgtq;ﬁ:_ilgi Jay
be di rembilingadeiminast eegativegotgin BaldnSTIRSR I i PR %sat’% CHITY ot o
the infect : ) N9, pH.90, SERD! & adthibhRnBEATE pRih GCMYiagtesacid
Smal | n%ﬁ%lggfgfs)eﬁﬁm?fgsl)ﬁ%& are not lim téldgt 0, bgﬁe%pt i des,

pept i dowlevekihasing e sequen@Chasdps dilerss 50%m0Yo 306 49% Aivirfy cXER °4 SEV63E
pol ynug] eot i des, u tide . : i e ihe \Wid 89 betein to
anal og%{en‘bqyd%ﬁﬁﬁ%asgﬁéj%ph@r’gg’r\]ieg’ ?:%Hrr%]gun 515? inc u%jdil%g het o oﬁgagi e and

WO 20063 IBOERERAMSRE06E PR2:R BoresgambsnEbt edaiiple, & dapbantRazafsf P has
nol ecul ar wei ght 1ess than abouf. granms per nole, organic or
i nor gamuéat@ﬁﬁﬁﬁﬁhﬁsﬂ%\?fl%agleg%%’@gﬁ?ﬁ&]\/\ei ght I ess than about 2,000
grams per Mg 4oRingftegative proleh Gaiyite samimistredas hnsiprgsion redterc Thar

wei ght | ess than about "1, 000, grans per _mil e, OG%gnin(_; orsi nor g ig
cofipourEression vegtoamat be & BPRiviriSicHY OF 2L VAR GFo dt BYEJYARE 5 per

ml e, a gno?r%ls)%c?%escfm,r Sra RMIRL DR LR M ABEaHE)] SRdrhitiveBs eptdeblieant or ns

of sucA“€o - . ‘
negative protein may be directly administered as a recombinant protein systemically or to the

infected area using, for example, microinjection techniques.
Small molecules includes, but are not limited to, peptides, peptidomimetics (e.g.,
30  peptoids), amino acids, amino acid analogs, polynucleotides, polynucleotide analogs,

nucleotides, nucleotide analogs, organic and inorganic compounds (including heterorganic and
20



The PD-1 inhibitor is an antisense nolecule, an RNA interference
(si RNA) nol ecule, or a small nolecul e antagoni st that targets PD-1

expr essi ORy@hoof§ishosl ty. By the term "si RNA" is neant apdewBlo8so22423
stranded RNA nol ecul e which prevents translation of a target nmRNA
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Wil i BaUEeeRRry ARTeRs SeduendPionifthe airget gyteor.gx baipni Bindjnz adhe siRNA

' 25 inthe i FTic 1o the infecti :
Doc r dbiy PDrhDrB o1 PR g e e s oy AFediEhae "%’L%@"me or
expr esﬁ%ﬂﬁgﬁa udich Itﬁé’ce%EB ﬁ%&%ﬁf@ﬁ%@ﬂg{tﬁfﬁdeis m:Sg/aamrl'méDEmp 0101 @an(y
505" 58 b0 tongrdThe BONRAIDOIGIENE TRLeP DA PrEGOLe BAMSHP b PP ERp e

control.. level s.. The QL - b o hrefitably i the biigBiOCedRlelislesssthan
masur%@%‘iﬁ%ﬁf}e ﬁs‘em[%h%%%%%%&g&ilﬁ Re art. Bf nol udli ng, for exanple,
Vst er7s, bb 025 amddoyisesin 1@Qth. nmunohi st ochemi stry, ELISA, and Northern

Bl ot analysis. Alternatjvel t he,hi j 1Vid ¥ SOPatBiNb. 6308,710
measur ed bﬁ%&%ﬁé&%ﬁﬁgﬁﬂ ngbxtarsoafe %%I?Aet(a gh’g%?_}%ﬁl&)ﬁ}higs ?)?t both. The
3120 %Q%@/%@&%@B@dﬂdﬁ@@ﬁﬁdaﬁ%%ﬁ 200403357 T 200302323281 30080168531, | s
etermned according to it ity i T

cyt ot 0&0(150@‘@435%093‘?%763’Gaoﬁaﬁegéo@%@ﬁ’?@%@% c%ﬁ@idé B nce

of thez@%f&fﬁsg%d%smmswamwm‘cﬁa@tﬁefany@icommg:bw wfeeaicki c CD8+ T
cells.“Preferabl’y, ‘the agenf t hat reduces the expressjon . act.i \{' ty
of PD-1 canThewefeasé dodselthpRd mlé@%h%%b@f%h‘?ﬁ? ECt’tVB N ‘lgﬁﬁwg ?aof@fs
agent Q%ivgtdoéee aS! 40se that will induce an increase in CD8+ T cell cytotoxic activity the increase

25  in the immune response specific to the infectious agent. Desirably, the PD-1 inhibitor has the

ability to reduce the expression or activity of PD-1 in antigen specific immune cells (e.g., T cells
such as CD8+ T cells) by at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 20%, 90%, or
more than 100% below untreated control levels. The levels or activity of PD-1 in immune cells is
measured by any method known in the art, including, for example, Western blot analysis,

30  immunohistochemistry, ELISA, and Northern Blot analysis. Alternatively, the biological

activity of PD-1 is measured by assessing binding of PD-1 to PD-L1, PD-L2, or both. The
21



5 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% or nore than 100%
above untreated control |evels. The agent of the present invention is

t her ef or eyayoaaRsYs havi ng any one or nore of these acpewiutio®$22423
Al though the agent of the invention is preferably expressed in CD8+ T
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300pt i gmalnt Fratidi 6 (RAPDECHhibSof. Wrd: BRtme] ﬂltd'm’]B-tlﬁﬂlﬁﬁltﬁt amﬁctlm aiditionaltagent
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t.i
thad cauessdniaisireaddn senaate foymalatippyvitlp t %@ééﬂm%g 64 e L}éj B rgghm’\%é
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When the additional agent is present in a different composition, different routes of administration

may be used. The agent is administered at doses known to be effective for such agent for
treating, reducing, or preventing an infection.

25 Concentrations of the PD-1 inhibitor and the additional agent depends upon different
factors, including means of administration, target site, physiological state of the mammal, and
other medication administered. Thus treatment dosages may be titrated to optimize safety and
efficacy and is within the skifl of an artisan. Determination of the proper dosage and
adwministration regime for a particular situation is within the skill of the art.

30 Optionally, the subject is further administered a vaccine that elicits a protective immune

response against the infectious agent that causes a persistent infection. For example, the subject
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25  including use of other anti-infection agents or therapeutic agents for treating, preventing or
alleviating a symptom of a particular infection or cancer. A therapeutic regimen is carried out by
identifying a mammal, e.g., 2 human patient suffering from (or at risk of developing) an infection
or cancer, using standard methods.

The pharmaceutical compound is administered to such an individual using methods
30  known in the art. Preferably, the compound is administered orally, rectally, nasally, topically or

parenterally, e.g., subcutaneously, intraperitoneally, intramuscularly, and intravenously. The
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HCV), retroviruses (see, e, 9/ 07136; Ros nber
N. Engadnginissidg it303nlAesyo 53?@11507”8’3“11 @ |"tlb€|°$1’1 g’eﬂtfef% “0%%?@"33

al ., 1993, I , i/ ame aabSe tikat At mamwl;y a
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W22 00188 38 6 BETpeaR0B GataRpgpidniracellularly and mcorporated Wi hosi cell) DNE& for
expression, by homologous recombination or remain episomal.
For local administration of DNA, standard gene therapy vectors used. Such vectors
include viral vectors, including those derived from replication-defective hep atitis viruses (e.g.,
HBV and HCV), refroviruses (see, e.g., WO 89/07136; Rosemberg et al., 1990, N. Eng. J. Med.
30 323(9):570-578), adenovirus (see, e.g., Morsey et al., 1993, J. Cell. Biochem., Supp. 17E,),

adeno-associated virus (Kotin et al., 1990, Proc. Natl. Acad. Sci. USA 87:2211.2215)),
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replication defective herpes sinplex viruses (HSV; Lu et al., 1992,
Abstract, page 66, Abstracts of the Meeting on Gene Therapy, Sept.

22- 26, Co ?ﬁ%ﬂg%l—lar bor Laboratory, Cold Spring Har beerubeeeiX) .
and any nodified versions of these vectors. The invention nmay utilize
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25  micrograms of DNA, or 100 micrograms to 200 micrograms of DNA. Alternatively,

administration of recombinant adenoviral vectors encoding the PD-1 inhibitor into a2 mammal
may be administered at a concentration of at least 10°, 10%, 107, 10°, 10°, 10", or 10! plague
forming unit (pfu).
PD-1 gene products are administered to the patient intravenously in a pharmaceutically
30  acceptable carrier such as physiological saline. Standard methods for intracellular delivery of

peptides can be used, e.g. packaged in liposomes. Such methods are well known fo those of
25
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catheter assembly (described, for example, in U.S. Patent No. 5,954,687) provides a fluid flow

path suitable for the transfer of fluids to or from selected location at, near or within the brain to

allow administration of the drug over a period of time.
For cardiac infections, the compound may be delivered, for example, to the cardiac tissue
30  (i.e., myocardium, pericardium, or endocardium) by direct intracoronary injection through the

chest wall or using standard percutancous catheter based methods under fluoroscopic guidance.
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Thus, the inhibitor may be directly injected into tissue or may be
infused froma stent or catheter which is inserted into a bodily

| umen. Anywey 8obeiagos0f coronary cat heter or perfusion cathetswsemrysbe
used to adm nister the conpound. Alternatively, the conpound is

coated or inpregnated on a stent that is placed jn coronary vessel .
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accorogiarstent that s @lacel B SOBMRAYSID have been subjected to the sange

tests to g;uggmﬁgﬂfwﬂgﬁsaﬁaxm&yedi, ok epingde, Syhjimotisteningthy corap@nE&¥n
identified,”Wthout exam nation  as one at high riske %eaé;f?%ﬁl'a&

pr es afigativ. dhecmnpmdeaneidﬁkvqfﬁilﬂdhf‘sf%’%f’g?”}a %;5’5535% O Imfectious
agent, exposur.e to infected. I18%31e 0198818hi, 6.oRMeME Sbgis by dioxide or
havi rF(‘?nEi”I’ﬁé%‘E}FH?BFeE @n%ocrc]) gf'l}%g%ugre%?sgosi ngg'E)o secondary

i nf ectiPafler. Reduction of persistent infection synptons or damage may

al so include, but areg nat |im.t t Q,: |48 SRR o SETREAHB
15di mi ni s HeRen Uy a‘%‘%’ﬁle eﬁ%mg]iﬂ%agglsﬂ é)faheslﬁga%ﬁ(éidgatgg&?lingé? “not wor I:sng}r{ﬂ ng)
SRt e, Rk veLSEBRBted B8Iha Xart tests eniliagnosé a dersietasidy infestadesyibieghor mayave

amel ioration or palliation of the diseas t RGRKI
at  hobeenidentified, @08 FFemBaEPB RS HYe %r?égebrfésgﬁ i ?‘%g‘F é’-‘r%rg‘g‘;\?ir% S ?‘? o may

oceur ci.n, & Nealdl AR bk ko, dYpldiads infecideabit smtomesdReS o e

asuring the i mune response, fol. ow {r .
accor Hivige 4 pathdlegiprl cardition predinpqsis 1 FEONEY 1%??8\%;31 %‘%fl%%l%gio?? &%lﬁtgnt
activity of T cells ; bararexaNRhieed thyaliasiatysofsaptoms,
det ec Bp&ﬂgtogllsgag% ?g%‘r?\?%zaé%;?‘ggﬁcéasuﬁri ng T cell gr_ol i f @ti on,

a§8§ay KihatmeRasekentdfdiseheastanlizeddt.c et Werseriag) sitte QoIS 45 88say s

t hat neasure CD8+ T cell cytotoxici: aRVBscaisstae SBedthet,
for e%W%?fqlﬁ?aﬁ%?gr?%{O@n%“dﬁ%?&g?%ﬁ?]‘7}%&2%3%6 S 25 Patent.

Appl i Gati an Pubbi6 ¥ ebshaser2004 b B2 hadth 2G030ude3oBmapaeIhPediraHl
20030 380,_ 20030044768, 20030039653, 20020164600, 20020160000,
200201rae888lity20020107363, and 20020106730, all of which are hereby

i ncor H\ﬂg@%ﬁ%to%eﬁsﬁfrﬁlﬁ%\aRESPonse Optionally, the ability of a PD-1

i nhi bi I'nCrease + T cell cytotoxicity isS assess says
t pat neasundethds formotastensthe drmyhe Wal'ff’@@w'é tegtrgent a%‘i%’?%]“ ?éﬁgé

(o o, e moeasey i GRAET GRE THERLEI D S o ot o (AL
5: 13655h368, by 28%)s.thdt detenie yekarpireductions @fsayReisy Has Ty Hrql@er?%m, Sddhyfs
that measure the clearance of the microbial agent, and assays that measure CD8+ T cell

cytotoxicity. These assays are described, for example, in U.S. Patent No. 6,808,710 and U.S.
25  Patent Application Publication Nos. 20040137577, 20030232323, 20030166531, 20030064380,
20030044768, 20030039653, 20020164600, 20020160000, 20020110836, 20020107363, and
20020106730, all of which are hereby incorporated by reference.
Qptionally, the ability of a PD-1 inhibitor to increase CD&+ T cell cytotoxicity is

assessed by assays that measure the proliferation of CD8+ T cells (e.g., thymidine incorporation,

30 BrdU assays, and staining with cell cycle markers (e.g., Ki67 and CFSE), described, for

example, by Dong et al (Nature 5:1365 -1369, 1999). In one example, T-cell proliferation is
27



WD 2006/ 133396PCT/ US2006/ 022423 noni tored by culturing the purified
T-cells expressing PD-1 with a PD-1 inhibitor, a primary activation

si gnal aswes@Endaeds above, and 311-thym di ne. The | evebcpisibogehi2s
proliferation is determ ned by neasuring thym di ne incorporation.
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of a HHAFIHAEES H“%g?ﬁr{’?ntéasrsgﬁuégﬁlg& eﬁtprngssi%r? or activity

P e R O e et o0 40t heos a0 T cel s acanst hen
be assayedIfsigsizasythgselicgey elke gﬁ\"/]eﬁnb} }‘té’bﬁvaé;ﬁe(sf%ﬁgl%%f-s&slgg? %‘Fﬁé%aom
9 L0854 gp bl RaDSR o msseTed by amio gorhspec 11
EL| SPElovidingpuytidd-1edlls tlzas suiyressgih ot gt %@ﬂ@%lé?ﬂ%,"g‘é%’ds@ﬁgh e Ch
O TRomprioB Bty AT LRk OGNA bl Yin sSEREG) Ah BRSO MLAGT The

es Screeni'ng nethods to identjfy unds
that gty 6fd &Hnﬁidhieﬁommmﬁmmo whdua@I’Dv]i rpraggiorppy aptvigy %‘f‘ﬁtgg%%%ou nds
i nclude any _ agent that inhiRits t i i i8AU6 Efese
t he cé’FfP‘ﬁ‘ll%‘iheI%%C\?@ﬂa%Pr ?SDQET.“B%]FY Sé%‘ga}r%%cg%s atﬁ |0(§1§%Eeé ﬂédéﬁr%lgm&suena{
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| ead conpounds, for exanple, the present slﬁr %ﬁ%@@ mit([kl\Q@SH Fso al |l ow
the ident i fA Baellassperseiiaseesesd WAPANIELLPETHF PMEbitors of’ PD-1
t hat ftg?”?%dlﬁé}s}o?n{a{aﬁai plAsB8 YGEEL PO, eaeaidhy Beselliastapthenotyging pERsslLor

vely,

altern - .
and analysis of germinal centers by immunohistochemistry.

Screening Assays B
25 The present invention provides screening methods to identify compounds that can inhibit

the expression or activity of PD-1. Useful compounds include any agent that inhibits the
biological activity or reduces the cellular level of PD-1. For example, candidate compounds may
reduce binding of PD-1 to PD-L1, PD-L2, or both. Using such agents as lead compounds, for
example, the present screening metho ds also allow the identification of further novel, specific

30 inhibitors of PD-1 that function to treat, reduce, or prevent persistent infections, or alternatively,

28



WO 2006/ 133396PCT/ US2006/ 022423 that al |l eviate one or nore synptons
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the effect of candi date conpounds may, in the alternative, be
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approach ang standard, PRI Qe sRhsutRCTRkruRSe, lyuchdad Nitthkertiot

blotting or I nmmuhoprecipitation with an antibody spegi fic.to PD-1 .Eor
exanpl malyBisAesdniital., Bra).mvins GAY SpIyeDIALS ftaEmend BEPPRGd Fopihe nyylec ac

nonitor the | |, of 1. l.yaGl .o ; I i ROSH|SrsWMThe h
are calﬁg%f“ge 8$¥§71n ianﬁlémg%—%ld gn%y&%gr%é in aﬁeﬁg %E%ﬂzlar dgm@1 °

i NPOINORSE Y shrexptestion i the febBle of thiRbandidatragpmposndrisaeupared futhe &yel s

of PD-1. PD-1 can also_be as d usin r . Al

per f orWﬁ?ﬁ&@dlmGGPW‘&HPMW%%%H%%ggﬁﬁgﬁ%ygﬁgﬁh gst%% I’bﬂgreg@rrgtorf_ ic
tec E nij@dﬁafﬁateﬁfon@@mmsnﬁéy, OftBe mgwﬂmi@fa,abeliﬂdhlsmed aat}le leskhof Pgllwé pelypenside neing
nmet hods of the invention ma e_used to .identi candi e, c

that déesaneeenerd aapr@mgqnééflan‘é%@ Wwwcgﬁf@é@ %‘%?g&s esbﬁr‘gﬁﬁﬁfgﬁggf

PD-1 t . 209 : G YPEN0GrQRR24713. PO dx2mpie; bot h by
at |ea§?£%d@je° %ﬁc"g\g&}?qg(%ﬁ%g % 60% 70% 80%12190% 13%?{0 or 1 0%3j

r eR&t i iemtuassrysimtay daved to deteetor mopRpr thy levpl of PRl cBofiPlaRR & B8
may be argu%%hleecsj wfh?crh e gap%)l'e lo!f Bi¥1ding to PD-1 may be used in any standard immunoassay

format (e.g., ELISA or RIA assay) to measure the levels of PD-1. PD-1 can also be measured

using mass spectroscopy, high performance liquid chromatography, spectrophotometric or
fluorometric techniques, or combinations thereof.
30 Alternatively, the screening methods of the invention may be used to identify candidate

compounds that decrease the biological activity of PD-1 by reducing binding of PD-1 to PD-L1,
29



to decrease PD4 activity in cells that naturally express PD-1, after
transfection with cDNA for PD-1, or in cell-free solutions containing
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that al I ow bi ndi ng and that results in a ﬁ‘? g)c d i mune. re ?S%(H;Ig&)
Accor didhgr bashi(hersbysdnpiag erbiclesiea AphgREERsL; [PRBE MR TEPLCH on

bet ween t hes I Gdnilibdnawh NGivich & aﬁdt;ttbdacreetseaile
candi ﬁ%meéﬁggﬁ\é%dg %éfgie%r%%fgglgq?%é#te btl ndi gg PDfl t(S) the se
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of the’invention may be c A or f
syst envastactediwigh @%%a@%ns{ rngIrO? e&%‘éﬁﬁd@ Buﬂs&nﬁalﬁﬁl’lénﬁcﬁlqg PD-1
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or the candi

e conpound may be jnnobilized an .a
de&fri pdgtp@bdv andsyr Cmtlm\ﬂéat alleye Pwdinggpg ﬂbﬁq Jdaatglts ina recﬁ%:c{ e ngrf& resbplonse)

or in '0” hﬁgﬁiﬁ&% a{{R%ht Sd, ¥Ry inkRactioh BeReen fiese ﬁ.d@qjiﬁemhlsch
speC|f 6??1 0 an tl% ere inhibit PD-1. The effic ?an?ngBLiCh a

candi daieeswmfoEMgnhe addition of a ca11d1date compound. A decrease in the
the second polypeptide following the addition of the candidate compound (relative to such
binding in the absence of the compound) identifies the candidate compound as having the ability
30 to inhibit the interaction between the two proteins. Ultimately, the screening assay of the

invention may be carried out, for example, in a cell-free system or using a yeast two-hybrid
30




5 dependent upon its ability to interact with PD-1. Such an
interaction can be readily assayed using any nunber of standard

bi ndi ng t gehndogasesand functional assays (e.g., those depgsidsshin
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that tvippersas despived ahexp BEAYARNKE £ 7R RIERNY®a chr omat ogr aphy- based
techni que. Aﬁﬁﬁatgpégm 18 2d@itibE CaRi R B mtands iy bbecreaned firdgbsbyvhich
standard t'echniques fromcells _engi neered to_express .Pg 1 L8 Bis

t hos espeiicelisiaind tosod dherehydnbibif PHeli Fheifiracy Of SR 2L2Rdg TP
Alternativye t.he [ 7 9 in eyt REcanmeRkidlly aedyadn a
co% u ‘.’Peﬂé{?ﬁ)f{?ﬁnilgnabgg' %a%%%gﬁgﬁgyn%o%h%?n Eﬂ; t hen passe t% ough .the
col umgsin@ae) ndter ctmmdarcbisiies tefinqfes andfinetions! 58e6(e-Bi EWSHIFS m
basis of its ability_to bind tq P 1 folodl 180 férgteraction
col unﬁuswl?tsagi% St Rer 818 Uﬁﬁ?ﬂdﬁ%ée%o aﬁn‘?d#%’csehﬂggﬁgg renove
nonspegd fin@ak imreindndmt gsililyes modultetimennne IPPUITHS BRY baesredbyiady t hen
rel eased fromthe colum and coll ected. Conpounds isolated by this
met hodtapdard assgysdeBe thosp AFSEPTLRE et hod) may, if desired, be further
Pyhi i ed. ( RofecurBle, RGNS doRiRALal biads td PLAI ammtbo leapifisd using 2
20Screening for new inhibitors and optimzation of |ead co nds may
be asshesethgiphy-besedripihoiqupy ForsexamniengyrecoRes Fn}ﬁ?'lli 3 FPHEdu At e

cyt ot oxi cell aclivi - e SAERS Ehods egribéddbdas)dnd may
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t hei r palinkicbilizé®od sadhinnn Adismativaly, fhemaglplly-oesyainesPlp-d Tgay begmmobihize
descri bed hereip).. Co un i sol i BBMmal §@ e
used, ¢ é?lu‘é%nn%)ﬁ@%g%tﬁ £ ?%géug'gs ﬁ?&ééé{}%ﬁsregg%g g?gp{g? revent
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i dent i thineabilizsd lpn i cljmaty FeselalfithecompoRd: i (UM RY BN 'egs. than or
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\ | des,
pept i devlkitadt Cospoupds isplepsilibydkis merhed 4ok 505 GHhes PRTRRTAIH TS 6“?”%3c| eic
aci d sequence .o ol i.d 20GeMesidAd BRok reby inhibit
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using standard techniques. Tn addition, these candidate compounds may be tested for their ability

to finction as anti-microbial agents (e.g., as described herein). Compounds isolated by this
approach may also be used, for exampl;:, ag therapeutics to treat, reduce, or prevent persistent

75  infections, or alternatively, to alleviate one or more symptoms associated with such infections.
Compounds which are identified as binding to PD-1 with an affinity constant less than or equal
to 10 mM are considered particularly useful in the invention.

Potential therapeutic agents include organic molecules, peptides, peptide mimetics,

polypeptides, and antibodies that bind to a nucleic acid sequence or polypeptide that encodes

30 PD-1 and thereby inhibit or extinguish their activity. Potential anti-microbial agents also include

small molecules that bind to and occupy the binding site of such polypeptides thereby preventing
31
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ant i sense wWwi®bReudses D agnostic and Prognostic Met hods pEpRSmne 022423 -
angi oi mrunobl astic T cell |ynphoma or Nodul ar Lynphocyte Predom nant

5 Hodgkin's Lynphoma are detected by exami ning the amount of a PD-1
pol YRERih R delula: BifGhg HRERlles, Guclethat mupalttieingicdectivibids seavpried. Otier
change inthe level if the Pgl ol %guegti e conpared to a control
sanplpotengial agiraisrobind aganiscBARST MUSEBR A ct . The change may be an
i ncr eﬁﬁﬁl}:ﬁsﬁic%nﬁ‘i% Bc Mriidi® PD-1 pol ypeptide relative to a control
sanple. i

e controf sanple is prepared (i.e., f ciontgﬁ%i .
simlar fasuicene.gsngivinmnuaeblastag) il 1}1@}5&%@"‘1@“&6@@9 F‘eefa‘“gi"é%td,

seru si,tes fluid ] énﬂﬁﬁ ' fdsuipael éeidaln yiesthe
sa"{wp{%o‘? ﬁ%oimaoazrre (ggt%?%deﬂex% e a??r%g(raljtﬂog?t_t he PDP?y?sﬁd.et erm ne

i Nt hQnips(.es apalient daived sapeleled. ¢hangdia t@lpveééfsth@BDJoPOftYH%Pqﬁ‘BPH@Pafe
control level. By paqorpal, coptrol .l evel.i 8 $5créide biey el
of a PEopulpl Sﬁ?@?ﬂ 1Sd’é£%i%?8§?art§erflgu}leoéu Pjr?aériglgg?e tﬁ}lagibgsagf f_eri?lg from
a CangEfeasdin tREPBASHIPepliditrelativeto 4 contibl sahmplep thieantirdspipleds BIEPBPE of
a PD-1 indicates that _tﬁe subj ec ering fromor is at risk of

IS suf
devel Gsi, figeicensted) in 4 snpgfagupn as ft%@ﬁ SE‘WB{erret hods are applied
Py @PY] 2ct gl ihofTblfiond, 818k, Sfundnicdles Hefmseriiey of éiber sy fuidst he
pati ent derived sanple of a PD-1 {)ol ypeptide indicates that the
subj eBteférsbipdie mmpleds i Aepetlopmboreli s at ri sk of devel opi ng cancer. An
increase of, the |evel ip g]ﬁji‘g t: Ly @ghysi8 aid o & IBEhelexpression
pol ypepti dih? ﬂﬂ?@g géwippa% '}f%ée{ su tf'aenc}'?Iﬁ::’_tséfsufl ering r?éagm ar i z)DgB 20
ri sk efidewehsRbitel tavel By nofmal aintret levélsnmpant theexprestion 1og¢! of 1
pol ypeptide is statistically. signifi I S§ {neftaleof the level i
si gni PP]é/QFRUdFsWH’BQ"ﬂf%l“FFg]P at%l@cg 0% P ogﬁiosﬁy ag'g('Fsattgg‘%lj{ar§3£ !tnhan \/\(/)n.at‘3 r_?iz Zrﬁ
b§ 5 ©XRRCH Bt RridaPABRHIdE (BRI gelickartsat it abjestis seferingdint priaatdsl
determ ned by nethod known in the art. For I At i SL:.6
si gni flecderiag Facee e FoRtRE VB %‘-e\?laq%ﬁ’él.s *“Fr?@l’g"'-x‘ff’g? %hgléa%%lgﬂ’éé %'lrr{élglg%ulre ‘éelc()) f
25 pr %9?% dehde¥n H@%e?m%é TR ERivBe satgRNo s RIMIpolipeptidy indicases et thent
happene y chance. (P(z>zobsen,,d)). For examle, a ggﬁil Ee ic).f th 01
means stbjatt it hetrsefferingafron pnis BOOskplA¥EoRIRG CFIEET 1 BERSE PLEDY *cRance.
The lower the p-valie 2 ' kds that tHelkabjebte swiding f@MCE is at
bet we it tc?ﬁ’ﬂg%\ﬁﬁ?lj 35533?%;9%'?%‘15%‘1@1‘?‘?&%&? Blteration is
stoat | sidkGaldbyelsigdahbazant if the p-value is at |east 0.05.

Pr ef er abl y1 the p'.VaJ U | S 0 0 J 3 i . tl&n Q .Mh r

| ess 30The ThgiakigiFbet | %%Mggme%ﬁgp?lgg%%dggss%a:s or_grre hod Cor?ﬁ erns

the abététisﬁxalﬁf si gl ah6s nca@aBaYhe me¥mn hogtedter thinswhat gnigkitbelsapartediio
tient t T . o .

patt® nhai)p ezf1 1\3/;/ &?angg arigr?er. S(%EEﬁS%.(}al rs{ g?u ca1(1)c:re 1g gé)cgne{médsnyp Iﬁéﬁﬁgd Ribwifin the art. For

example statistical significance is determined by p-value. The p-values is a measure of

25  probability that a difference between groups during an experiment happened by chance.
(P(2>Zobserved))- For example, a p-value of 0.01 means that there is a 1 in 100 chance the result
occurred by chance. The lower the p-value, the more likely it is that the difference between
groups was caused by treatment. An alteration is statistically significant if the p-value is at least
0.05. Preferably, the p-value is 0.04, 0.03, 0.02, 0.01, 0.005, 0.001 or less.

30 The "diagnostic accuracy” of a test, assay, or method concerns the ability of the test,

assay, or method to distinguish between patients having cancer or at risk for cancer is based on
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test to have PD-1 polypeptide values above the cut point and therefore to be reported as positive
30 (i.e., to have the disease, condition, or syndrome) rather than being correctly indicated by the test

to be negative. Accordingly, the specificity (true negative rate) of the test will be decreased.
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to be negative. Accordingly, the specificity (true negative rate) of
the test will be decreased. 33 WD 20061133396PCT1US2006/ 022423
Simlarlywd sbeizdghet he cut point will tend to decreaseptirgs2006/022423
sensitivity and increase the specificity. Therefore, in assessing the
accuracy and useful ness of a proposed nedical test, assay, or. nethod
for amsAss) Rasides Melcuepintsyitloadito demsase e sshrliNity aafl weyest WR &PY G-

sensitivity and specificity into co licHf :M,g@heﬁlb@
cut plorerpfore.gn agsegHy) 6?%@%&%‘#‘%%6&%6§¥§i%&§g%%§h (.:l.'fdL1 fuéat’r%gab’eivng 5

r epo%ﬁgséas;ﬁ US98 Sdrldititn} Ynemeulg RBEAYS taie bythreaysitityyand ispevi Aol anel y
over ‘the ran%e of cut points. . ,Thef]][% i.S, however Sﬁ&ﬁ&@lﬁ@%é}ﬁg
t hat abduoivendrspnindfn phrheibort peiat is ShWPich Hig Syaid s SEPFHE y of a
test, as - - PRy E atly i thp eange oF vttplintust
aeii ﬁ&?"éﬁa@ﬁﬁ%" %ﬁglp Qﬁ%%@? %?ait}?ﬂdyerﬁe fr o_mya Recej ver rating
Char act er i'Rsiecis, {OWR@S: jn indioaier fhgt alloyes repratentation githe SFSIHEIHBY i n

qgquestion, .See, e.qg., Shult " Ol cal L Qikh Ghist b aheleatatiey
10 ProeetiePed > ednipte " Tﬁté?%o‘%éilt@ze?ﬁfun érargef%'gl Sﬁg%ﬁ%f " ni caIg )
Cheni Bah YdidBtér i derinbdl s R véeQper)ting/tharastinistion{ "ROGH), copyerior 85 (5fher s
Conmpany, pages 192-199; and Zwelg. et ~al.. .+ \f LS: An

Ex anpisgayspwehgd weﬁé?nag% ﬁ@hmﬁbgltﬁngﬁﬁcﬁé?%f%bﬁd@%%ad&y

ﬁ? i P{&%&ﬁ}e‘éi“%h&ﬁ%cﬁ%rﬁl&,%ﬁd&ﬁbnkedﬁmmhﬁéah(j)hEiaistrg,rﬁlsﬁWnde@O‘fﬂ@ﬁor y
rtery

sease, " in. Chem, 1992, 38(8):.1425-1428 .15An F

is an(eds.y 4 @ditiqglf19§én\§i-$iSﬁuﬂ'@tﬁ%ﬁo‘?ﬁ@yyéag?? %5}12%%%3%2‘3’?& %Fl "zRgrB cg: ?gf(,@
one (. 8 ... 1008 bt A kg @R ipic Asd apbfipapirdtginon

t he xﬁﬁgyg?'%})ngﬁ/%ms@g%%g?gggk{%goﬁﬁ%g(i .e.g : 100%%{1 éﬁher %@st

it i SCanqehbitions Tt Kentifyire Rutisits With Cogprory dafersbiseass. (sl s 1 % e
rate fg{g t Qgé t, assay, or nethod. To construct the ROC curve for
the té ?'1 "A@ﬁor met hod in question, patients are assessed using a
pgkfect |y aaqUD@LEvets Agol gl bAsedsitivity onethh yekxish e a peglq HFI9IAGBALL of
20 the test, assay, or thod in question def. ' wele dnbe

pat i erl@@%hlaéalﬁ*lefi‘i“ﬁ@%a{{?‘?/‘émd?mﬁ%%ﬁfﬁc%y f’%?h%t %&%pggggaé co%tgtiroti on,

or s y;ﬂf‘& OB BlotifX HHRASLit iCOBIONGHINe RRgiaiivapity agansathydhlee wisiiveanta for
test fOr’ the’'presence of coronary at Eeroscr# eiloﬁel é Thgﬁ%ﬁ}o'dgﬁ'hﬁes%ﬁ
al so thes tasty assey.rog mebleods B ponsiagdie RGE Hergip Sé B&Yi%n, "and for f’
varying.cut poi.n . | Neprr dadads raeiod gha dsindépendant o
negat iR%éengst%gﬁfFéﬁ’édP%ﬂgﬁga{f%g?, éc&?éﬁ;{ %Sr nmet ﬁod._ Tr?e sensi t.i.vit
(taoue tRoORit asesy, patethol n questicrhie detsityae sialer the PRHESAHERYPREUVE ©
specificity (which val ue.equal s t j LAy ahBdor i 1d
dot or e 0 D QBTG G Sukhnd B GaRR, Loty Bgbadns is B e
as a sifgh@ R0k hOReidnes ¥ pratiangrizmvscsis) clhepaticninara alep ofdiREgdhe
points Is the ROC curve. The a under the ve (" ") ]
i ndi caedirassayar Bethedm Q‘@ﬁtioé’s%‘%{fgf VWG U pantS: the @g%%t?%; \f%%dg/-&gﬁg@emg
SPeCt T &l oPhoghtil @ordhiiB e 0, diRiyhanaticl. Thbeersitivity Grucmgiveratelt
wth ju

Fglﬁf? ; awidhg MBq?ﬂqugfm ?mg:ng%lsﬁge\%}qé%ﬁg gx?}ﬂ%ﬁ‘)éﬁ:hgau eraluapis ¢ fals€ Bgsxt{\% ) figct

determined for each out point, and each pair of x-y values is plotted as a single point on the x-y

diagram. The "curve" connecting those points is the ROC curve.
The area under the curve ("AUC") is the indicator that allows representation of the
sensitivity and specificity of a test, assay, or method over the entire range of cut points with just

30  asingle value. The maximum AUC is one (a perfect test) and the minimum area is one half, The

closer the AUC is to one, the better is the accuracy of the test.
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closer the AUCis to one, the better is the accuracy of the test. 34
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carried Expression of a PD-1 polypeptide also allows for the course of treatment of cancer to be

monitored. In this method, a biological sample is provided from a subject undergoing treatment,
e.g., surgical, chemotherapeutic or hormonal treatment, for a cancer. If desired, biological
samples are obtained from the subject at various time points before, during, or after treatment.

25  Expression of a PD-1 is then determined and compared to a reference, e.g. control whose cancer
state is known. The reference sample has been exposed to the treatment. Alternatively, the
reference sample has not been exposed to the treatment. Optionally, such monitoring is carried
out preliminary to a second look surgical surveillance procedures and subsequent surgical
surveillance procedures. For example, samples may be collected from subjects who have

30 received initial surgical treatment for cancer and subsequent treatment with anti-neoplastic

agents for that cancer to monitor the progress of the treatment.
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acts vi oot egte sreoBoSaineny rribomarear Cinat e RiE dbRg | fn
methods are well known in the art and include, e.g., immunoassays based on antibodies to
proteins encoded by the genes. Any biological material can be used for the
detection/quantification of the protein or it's activity. Alternatively, a suitable method can be

selected to determine the activity of proteins encoded by the marker genes according to the

30  activity of each protein analyzed.
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30 activity of each protein analyzed. WO
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de': _e(t:) t i%b:lrc_%t. Si"lﬁfb@émll :lﬁﬁif_@ mrtl)ﬂfe 1@&3 mm&eﬂecaa@mtyrmmdmﬁcm @.ﬁoxt) {hb @indinlg otf
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employed include free radicals, radioisotopes, fluorescent dyes, enzymes, bacteriophages, or

25  coenzymes.

In a heterogeneous assay approach, the reagents are usually the sample, the antibody, and
means for producing a detectable signal. Samples as described above may be used. The antibody
is generally immobilized on a support, such as a bead, plate or slide, and contacted with the
specimen suspected of containing the antigen in a liquid phase. The support is then separated

30  from the liguid phase and either the support phase or the liquid phase is examined for a

detectable signal employing means for producing such signal. The signal is related to the
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30 fromthe |iquid phase and either the support phase or the liquid
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pal ypept i cQn o_a solid support an a second

ant i bé’cﬁv&'ﬂ%gﬁi’ ﬁ‘g‘g“%‘}ﬁf’i‘ﬁ%ﬁ%gﬁs ot ereseent g’*lbals deEeHiBscsmy ppasgordamee with

r eagenxhswieyhi@hsa, i ncl ude ancillary agents such as buffering agents

and protein,stabilizing agents, e.g., polysaccharides and the |ike.
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megberss wals. i ens Lghdis : i isedpl they3!

det ect abl ielS gr oﬂp_li Egdgn%e%ggiéggosslxﬁtg%gﬁse&g%?%gta?lﬁ?%% & Sngs for

r educ iPAYPeriisikecsingdted to a solid support and (b) a second antibody of the invention conjugated

to a detectable group. The reagents may also include ancillary agents such as buffering agents

and protein stabilizing agents, e.g., polysaccharides and the like. The diagnostic kit may further
include, where necessary, other members of the signal-producing system of which system the
30  detectable group is a member (e.g., enzyme substrates), agents for reducing background

interference in a test, control reagents, apparatus for conducting a test, and the like.
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interference in a test, control reagents, apparatus for conducting a
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Teoridd
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expresse n exnauste

cel | s ifjeitingrse0 LAof GRULS REFB®LR daPbF ihifdsficn SMREESLRIONInE IR mchase of
CD8+ T cells in LCW C1-13 infected mce, but was .not 30 Fresent on

the sdfM¥dmgrneppce are generaiedihy WfecHIEmICti@cWEh 2K IRE. Amgsttomiggur e
1B). 39 Gene array analysis was performed on FACS-purified naive D°GP33-41 specific P14

transgenic CD8" T cells, D*GP33-41 specific memory CD8" T cells derived from LCMV

25  Armstrong immune mice, and D’GP33-41 specific or D'GP276-286 specific CD8" T cells
derived from CD4" depleted LCMV C1-13 infected mice. RNA isolation and gene array analysis
were performed as described in Kaech et al., (Cell 111:837-51, 2002). PD-1 mRNA. was highly
expressed in exhausted CD8" T cells relative to memory CD8" T cells (Figure 1A). Furthermore,
PD-1 was expressed on the surface of CD8" T cells in LOMV CI-13 infected mice, but was not

30  present on the surface of CD8" T cells after clearance of LCMV Armstrong (Figure 1B).
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One approach for boosting T cell responses during a persistent

infection is therapeutic 15 vaccination. The rationale for this
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expressing the LCMV GP33 epitope as a therapeunc vaccine (VVGP33), which resulted in a

20  modest enhancement of CD8+ T cell responses in some chronically infected mice Four out of

the nine chronically infected mice that received the therapeutic vaccine showed a positive
response while none of the control mice had a significant increase in the immune response
against GP33. When this therapeutic vaccination was combined with a PD-L1 inhibitor, LCMV
specific T cell responses were boosted to a greater level than compared to either treatment alone

25  and the effect of combined treatment was more than additive.

Example 3: Inhibition of the PD-1 Pathway in Chronically-Infected Mice Using PD-1 RNAi
RNA interference (RNAI) is capable of silencing gene expression in mammalian cells.
Long double stranded RNAS (dsRINAs) are introduced into cells and are next processed into
smaller, silencing RNAs (siRNAs) that target specific mRNA molecules or a small group of
30  mRNAs. This technology is particularly useful in situations where antibodies are not functional.
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act i Vi {if.nekedoptaste@Riithya festfcefib&ghd. The amount of anti-viral cytokines (e.g., IFN-y or

TNF-o) released from the contacted T cell is measured, for example, by ELISA or other

quantitative method, and compared to the amount, if any, of the anti-viral cytokine released from

the exhausted T cell not contacted with the test compound. An increase in the amount of anti-
25  viral cytokine released by treated cells relative to such amount in untreated cells identifies the

compound as a PD-1 inhibitor, useful to modulate T cell activity.

Example 6: In vivo Screening of Novel CD8" T Cell Rejuvenator Compounds
Exhausted CD8" T cells are derived from mice chronically infected with LCMV-CI-13.

30 A test compound is administered intravenously to the infected mice. The amount of anti-viral
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0/ 42* follicular hyperplasia, a subset of predominantly small lymphocytes in the germinal centers

exhibited cytoplasmic staining for PD-1, with infrequent PD-1-postitive cells seen in the
interfollicular T cell zones. The PD-1 staining pattern in germinal centers was virtually identical
15  to that seen with an antibody to CD3, a pan-T cell marker, whereas an antibody to CD20, a pan-
B cell marker, stained the vast majority of germinal center B cells. Similar results were seen in
histologic sections of reactive lymph node and spleen. No PD-1 staining was observed in adult
thymus.
Example 9: PD-1 Immunostaining in Paraffin Embedded Tissue Sections of B Cell
20 and T Cell Lymphoproliferative Disorders
A range of B cell and T cell lymphoproliferative disorders for PD-1 expression were
studied; the results are summarized in Table 1. Forty-two cases of B cell lymphoproliferative
disorders were examined for PD-1 expression, including representative cases of precursor B
Iymphoblastic lenkemia/lymphoblastic lymphoma, as well as a range of lymphoproliferative
25  disorders of mature B cells, including a number of B cell non-Hodgkin lymphomas of follicular
origin, including 6 cases of follicular lymphoma and 7 cases of Burkitt lymphoma. None of the B
cell lymphoproliferative disorders showed staining for PD-1. In some cases, non-neoplastic
reactive lymphoid tissue was present, and showed a PD-1 staining pattern as seen in tonsil and
other reactive Ilymphoid tissue noted above.
30 Similarly, in 25 cases of Hodgkin lymphoma, including 11 cases of classical Hodgkin

lymphoma and 14 case of lymphocyte predominant Hodgkin lymphoma, the neoplastic cells did
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B-LL/LL 0/3 CLL 0/4 MCL O/4 FL 0/6 MZL O/3 HCL 0/3 DLBCL 0/6 BL 0/7
LPL O/3
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not exhibit staining for PD-1. Interestingly, in all 14 cases of lymphocyte predominant Hodgkin

lymphoma, the T cells surrounding neoplastic CD20-positive L&H cells were immunoreactive

for PD-1, similar to the staining pattern noted for CD57+ T cells in lymphocyte predominant

Hodgkin lymphoma. These PD-1-positive cells were a subset of the total CD3+ T cell

population present.

A range of T cell lymphoproliferative disorders were studied for expression of PD-1; the

results are summarized in Table 1. Cases of precursor T cell lymphoblastic

leukemia/lymphoblastic lymphoma, a neoplasm of immature T cells of immature T cells, were

negative for PD-1, as were neoplasms of peripheral, post-thymic T cells, including cases of T

cell prolymphocytic leukemia, peripheral T cell lymphoma, unspecified, anaplastic large cell

lymphoma, and adult T cell leukemia/lymphoma. In contrast, all 19 cases of angioimmunoblastic

lymphoma contained foci of PD-1-positive cells that were also immunoreactive for pan-T cell

markers such as CD3. PD-1-positive cells were consistently found at foci of expanded CD21+

follicular dendritic cells (FDC) networks, a characteristic feature of angioimnmunoblastic

lymphoma.

TABLE 1. PD-1 immunostaining in lymphoproliferative disorders.

PD-1 immunostaining

B cell LPDs 0/42"
B-LL/LL 0/3
CLL 0/4
MCL 0/4
FL 0/6
MZL 0/3
HCL 0/3
DLBCL 0/6
BL 0/7
LPL 0/3
MM 0/3

Hodgkin lymphoma 0/25
Classical 0/11
Nodular lymphocyte 0/14"
predominant

T cell LPDs 18/55
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Al'M 0/ 3 Hodgki n | ynphoma 0/ 25 O assical 0/11 Nodul ar |ynphocyte
predom nant 0/ 14" T cell LPDs 18/55 WO

2006/ 13339%Pamsus3s06/ 022423 T-LL/LL 0/5 PCT/US2006/022423
T-LL/LL 0/5
T-PLL 0/3
ATl 19/19
PTCL, unspecified 0/14
ALCL 0/12
ATLL 0/3

10

15

20

25

30

Abbreviations: B-LL/LL — precursor B cell lymphoblastic lymphoma/lymphoblastic leukemia; CLL — chronic
lymphocytic leukermia; MCL — mantle cell lymphoma; FL — follicular lymphoma; MZL — marginal zone lymphoma;
HCL ~ hairy cell leukemia; DLBCL - diffuse large B cell lymphoma; BL ~ Burkitt lymphoma; LPL —
lymphoplasmacytic lymphoma; MM — multiple myeloma; T-LL/L — precursor T lymphoblastic
leukemia/lymphoblastic lymphoma; T-PLL- T cell prolymphocytic leukemia; AIL — angioimmunoblastic
lymphoma; PTCL — peripheral T ce]l lymphoma, unspecified; ALCL — anaplastic large cell lymphoma; ATLL- adult
T cell leukemia/lymophoma.

* numiber of immunoreactive cases/total mumber of cases

*# PD-1-positive cells form rosettes around neoplastic L&H cells in 14/14 cases

Example 10: General Methods for Studying PD-1 expression on HIV-Specific
human CD8 T Cells

The following methods were used to perform the experiments detailed inn Examles 11-
14.
Study subjects

Study participants with chronic clade C HIV-1 infection were recruited from outpatient
clinics at McCord Hospital, Durban, South Africa, and St. Mary’s Hospital, Mariannhill, South
Africa. Peripheral blood was obtained from 65 subjects in this cohort, all of whom were
antiretroviral therapy naive at the time of analysis. Subjects were selected for inclusion based on
their expressed HLA alleles matching the ten class I tetramers that were constructed (see below).
"The median viral load of the cohort was 42,800 HIV-1 RNA copies/ml plasma (range 163 —
750,000), and the median absolute CD4 count was 362 (range 129 — 1179). Information
regarding duration of infection was not available. All subjects gave written informed consent for
the study, which was approved by local institutional ;eview boards.
Construction of PD-1 and PD-L1 antibodies

Monoclonal antibodies to human PD-L1 (29E.2A3, mouse IgG2b) and PD-1 (EH12,
mouse IgG1) were prepared as previously described and have been shown to block the PD-1:PD-

1.1 interaction.
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: eutem: a/ | YerpHBHMEEE Class I/ ieposs; sypthpgiped aﬁpéeé)rpquslgr FWH@%@?@%%HC
eukemian AL - L ai RN bl At . ;
) g NRRYRBIELY (P ARBARBLSFHG!S nNpherabook cel |
I yrrphgén%‘,) WEB%%%?‘?%%;S%& : an(%pl g\gt i c@%rse c’eIEIQIE:e G;E)D?rra' A(\)TLL-
adul t KTY® élntegtaee KIQNERWTHIHSHQ ID NP:2h B0ed1 BE @ n‘@ﬂp yEQID
cages/}ofa s % & PE A 18I I f TR
Cog e A T e SERER L PR sl Al eimroesantion
SEQ ID NO:5), B*4201 TL9 (p24, TPQDLNTML; SEQ ID NO:6), B*4201 TL10 (Nef,
TPGPGVRYPL; SEQ ID NO:7), B¥4201 YL9 (RT, YPGIKVKQL; SEQ ID NO:8), B¥§101
TL9 (p24, TPQDLNTML; SEQ ID NO:9), and Cw0304 YL9 (24, YVDRFFKTL; SEQ ID
NO:10). The plasmid constructs expressing A*0205, A*3002, and Cw*0304 were kindly
10 provided by Drs. Eugene Ravkov and John Altman, NIH Tetramer Core Facility, Aflanta,
Georgia.

HLA class I tetramer staining and phenotypic analysis

Freshly isolated peripheral blood mononuclear cells (PBMC, 0.5 million) were stained
with tetramer for 20 minutes at 37°C. The cells were then washed once with phosphate buffered
15  saline (PBS), pelleted, and stained directly with fluorescein isothiosyanate (FITC)-conjugated
anti-CDg (Becton Dickinson), phycoerythrin-conjugated anti-PD-1 {clone EH12), and ViaProbe
(Becton Dickinson). Cells were incubated for 20 minutes at room temperature, washed once in
PBS, and resuspended in 200 pl PBS with 1% paraformaldehyde and acquired on a fluorescence-
activated cell sorter (FACSCalibur, Becton Dickinson). A minimum of 100,000 events were
20  acquired on the FACSCalibur.
CFSE proliferation assays

One million freshly isolated PBMC were washed twice in PBS, pelleted, and resuspended
in 1 ml of 0.5 pM carboxy-fluorescein diacetate, succinimidyl ester (CFSE, Molecular Probes)
for 7 minutes at 37°C. The cells were washed twice in PBS, resuspended in 1 ml R10 medium

25  (RPMI 1640 supplemented with glutiathione, penicillin, streptomyein, and 10% fetal calf serum
[FCS]), and plated into one well of a 24-well plate. Initial studies revealed that a final
concentration of 0.2 pg/ml peptide yielded optimal proliferative responses, therefore this was the
final peptide concentration in the well used for each assay. Negative control wells consisted of
PBMC in medium alone, or PBMC in medium with purified anti-PD-L1 (10 pg/ml), and positive

30 control wells were stimulated with 10 pg/mi of phytohemagluttinin (PHA). Following 6-day
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Exanpl e 10: General Methods for Studying PD-1 expression on
| TN- Specific 15 human CD8 T Cells The foll ow ng nmet hods were used to
perform t WEO8IeRPBHRENt s detailed inn Exanl es 11- 14. SPaaUSSUHPRE3S
Study participants with chronic clade C nV-1 infection were recruited
fromoutpatient 20 clinics at MCord Hospital, Durban, . Sout rica
and Stl;muwhpyh"fsa € dhevdbtor,Nhe ¢ebla miere Washebwith mlr‘fu’%%%ﬂdlﬁé%m%‘@ﬂh bl ood
was obt ai n 65 | : | ' e
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the ten class | tetramers tf were eonstruct e . : +
medi aRaksap- Celkdv e g?tﬁé o Efﬂ%tlr?b%g@%g'%ﬁcﬁﬁ/ﬁtgé %Eﬁ‘@%ﬁ?%%/tﬁf asma
E : ggggeﬂ%ggas ‘cal%%%té;& By I@Q«?aing ﬁ{é@eﬁcﬁ@tag@cﬁﬁ C8 abisahdrt ecllSid thequestnasad pgsile
- . Informatjon regarding duration. of .infection was
not abmitleaisicentagg of ) tetEamaerg sglls .e[ag%qng H?P?ré%sr%%‘blﬁit@ﬁt for the
st udySmgg%b%mgﬁﬁs-gppr oved by local institutional review boards.
Const 1 and PD-Li_antibodi es Mnocl onag,@anti bodies to
human PD- L3pda2as @wd]ationdden-§adinyy tesidarmmaired Elqsbanalyges ey gefoyese
wer e pr.epared.a r evi ousl! y..d ' ngd: | ock
the PEFEE BEETPRPBTRerin A0G B s s3I s PO e ¢
chas_scdms:i@tdcridagi@ﬁﬁcbamﬂen H'V NBC Class | tetramers, synthesized as
previ ously_described (A tnman JD, . e used for this
study: AroBasmpiedls B?Aﬁ@ﬁﬂ%%?ﬂ%efﬁﬁ@ﬁﬁ@%gwoz 1(119
(I ntegrasea 4hENERYXNICSHEs TR PRieR) spedli® B Homlirfant FHPV-1 cideKRvifus, CIBED
ID 5 140:3),” B*0801 FL8 (Net FLI CEKGGE., gE | D 4), B*4201.R :
(Nef , celbepiRpRPNgS SEbesizedbrssi on greysigat B a&ﬂ?‘ﬂﬁﬂ ' %gﬁr}%geééé\{?%es m
* 1
NO: 6) 153" 420 hiddr A, SNBUT (Kiepiela P, et al. 2004), allowing direct visualization of surface
15 PD-1 expression on these cells. High resolution HLA typing was performed on the entire cohort,
and a subset of 65 antiretroviral therapy naive persons was selected for study based on
expression of relevant HLA alleles. A total of 120 individual epitopes were examined, and
representative ex vivo staining of PD-1 on HIV tetramer” cells is shown in Figure 5A. PD-1
expression was readily apparent on these tetramer” cells, and was significantly higher than in the
20  total CD8 T cell population from the same individuals (p<0.0001); in turn, PD-1 expression on
both tetramer” CD8 T cells and the total CD8 T cell population was significantly higher than in
HIV-seronegative controls (Figure 5B). For eight of the ten tetramers tested at least one person
was identified in whom the level of expression on antigen-specific CD8 cells was 100% (Figure
5C). PBMC from 3 to 25 individuals were stained for each HIV tetramer response, with median
25  PD-1 expression levels ranging from 68% to 94% of tetramer” cells (Figure 5C). These findings
were further confirmed by analysis of the mean fluorescence intensity (MFI) of PD-1 on both
tetramer” cells and the total CD8 T cell population (Figure 5B,C).
Tt was next determined whether there was evidence for epitope-specific differences in
terms of PD-1 expression levels in persons with multiple detectable responses. Of the 65 persons
30  examined, 16 individuals had between 3 and 5 tetramer positive responses each. PD-1

expression was nearly identical and approaching 100% for each response analyzed for three of
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TPGPG VRYPL; SEQ ID NO 7), B*4201 YL9 (RT, YPA KVKQ.; SEQ I D NO 8),
B*8101 TL9 (p24, TPQDLNTM.; SEQ I D 140:9), and Cw0304 YL9 (p24,
YVDRFFKTL ;WEEQME39640: 10). The plasnmi d constructs expr @T{USYPOHIIT5,
A*3002, and Cw*0304 were kindly 10 provided by Drs. Eugene Ravkov and
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expression on CMV-specific CD8 T cells was tested in 5 subjects, and significantly less PD-1
was expressed on these cells compared to HIV-specific CD8 T cells (median 23% CMV
25 tetramer” PD-1*, p=0.0036, data not shown), and was not different than bulk CD8 T cells in
these same individuals, indicating that high PD-1 expression is not a uniform feature of all virus-
specific CD8 T cells. These data suggest increasing amounts of antigen in chronic HIV infection
result in increased expression of PD-1 on CD8 T cells, and are consistent with murine data in

chronic LCMV infection, in which PD-1 expression is associated with functional exhaustion of
30 CD8T cells (Barber DL, et al. 2005). Moreover, they provide the first clear association, in a
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Spearman correl ati on, Mann-Witney test, and paired t-test anal yses
were perforned using G apbPad Prism Version 4.0a. Al tests were
2-tail ed INA2P6i3B%es of p<0.05 were 10consi dered si gnPETAEHA06/022423
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capacity, proliferative capacity, and, most strikingly, reduction in viral load (Barber DL, et al.
25 2005),
Example 14: Effect of Blockading the PD-1/PD-L1 Pathway on Proliferation of HIV-

Specific CD8 T Cells
Because HIV -specific CD8 T cells also exhibit impaired proliferative capacity (Migueles
SA, et al. 2002; Lichterfeld M, et al. 2004), it was determined whether blockade of the PD-1/PD-
30 L1 could enhance this function in vitro. Representative data from a B*4201 -positive individual

are shown in Figure 8A. Incubation of freshly isolated CFSE-labeled PBMC with medium alone,
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The rel ationship was determ ned between PD-1 expression on
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p=0. 0036, data not shown), and was not different than bulk CD8 T
cells in these sane individuals, indicating that high PD-1 expression
i$5not a uniformfeature of Oﬁ*ﬂEK!ﬁﬂ\’fﬁoiﬁﬁfEﬁT CD8 T cells. These
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i ncl 3‘3?&&59%‘#?% Qrs?l%‘élt o thﬁﬁf?peﬁgﬁ“ ?ﬁ?%%g%t ween H V-specific CD8 T
cells and elther viral load or CD4 count Exanpl e 13: The

Rel ati onshi p Between PD-1 Expression and CD8 T Cell Menory Status and
Function 5PD-1 expression was next analyzed in the context of a
nunber of additional phenotypic markers associated with CD8 T cell
menory status and function, including CD27, CD28, CD45R A, CD57,
CD62L, CD127, CCR7, perforin, granzyne B, and Ki 67 (Figure 7).
Representative stainings for these markers on B*4201 TL9 tetraner+
cells fromone individual are show in Figure 7A, and aggregate data
for 13 subjects are shown in Figure 7B. These 10 studies were |imted
to those tetramer responses that were greater than 95% PD- 1 positive,
as nultiparaneter flow cytonetry of greater than 4 col ors was not
availabl e in KwaZulu Natal. The H V tetraner+ PD 1+ cells express

hi gh | evel s of CD27 and granzyne B, very |low | evels of CD28, CCR7,
and intracellular Ki 67, |lowlevels of CD45RA and perforin, and
internediate | evels of CD57 and CD62L (Figure 7B). These data
indicate that H V-specific PD-1+ T cells 15 display an

ef fector/effector nenory phenotype, and are consistent with previous
reports of skewed maturation of H V-specific CD8 T cells (Chanpagne
P, et al. 2001; Appay V. et al. 200%' Hess C, et al. 2004). In

addi tion, virus sequencing was perf $ned to determ ne whet her these
cells were driving i mune escape (Brown I A et al. 2003). O 45 of




20 consensus sequence (data not shown), indicating these cells exert
little selection pressure in vivo. Previ ous experinments in mce
using the LCW nodel showed that in vivo bl ockade of PD-1/PD L1
interaction by infusion of anti-PD LI blocking anti body results in
enhanced functionality of LCW-specific CD8 T cells as neasured by
cyt oki ne production, killing capacity, proliferative capacity,
and, nost strikingly, reduction igpaive | oad (Barber DL, et al.
252005). Exanple 14: Effect of Blockading the PD 1/PD-L1 Pat hway on
Proliferation of REV-Specific CD8 T Cells Because Hl V-specific
CD8 T cells al 5o I 3t i | frerak i E M guel es
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oot body. AEr R e ab R LS EPRTR 8P . speci 11 ¢ cells.
resulting in a 10.3-fold increase in tetramer+ cells. CFSE
proliferation assays we ?,perforned on 28 sanples in the presence and
absence of pur i% i &8 Usheh cabnkvhersi i pERRERg EhifsHEY S 3 si gni fi cant
I'ncrease 'iﬂfeEtEl% Wieh hﬁﬁﬁ@@ﬁﬂnd&%ﬁ&&'kﬁé‘yﬁ&%tﬁhﬁ CD8+ T cells was

observed in the presence of peptide plus anti-PD-Li bl ocking anti body
as conpared to the 10 anount of proliferation follow ng stinulation

wi th peptide al,0 El - 1R=0. 00 aired, t-test)..The fold
e ense of t ot Ameust SR i I omREhd Ftyten B8 B 3 cki ng
anti body \ED-iegaly(PORT vorciRD- 1dizand ¥ (RIpil2ope W thin a gi ven

i ndi vi dual (Figure 8C), again suggesting epitopespecific differences
in the degree of functional exhaustion of these responses. 150THER

EMBODI MENTS 4 ThéKisd 6r difig 1 RMRREA 9 faspRBe hotlas&rthbed in
conjunction with the detail ed description thereof, the foregoing

desci i pt i owtatexi¢ AteeHaetdvitygnissid gekigeit e and not |inmit the scope of the
invention, which is defined by the scope of the appended cl ai ns.

O her aspects, advantages, and nodifications are within the scope of
the foll ow ng & dhemse of IAMVES wherein said cytotoxic T-cell activity is

cytokine production, T cell proliferation, or infectious agent clearance.

6. The use of claim 1, wherein said persistent infection is an infection
with a human T-Iymphotrophic virus (HTLV), a herpes virus, an Epstein-Barr

virus, or a human papilloma virus.
7. The use of claim 5, wherein said cytokine is IFNy, TNFe, or [L-2,

8. The use of claim 1, wherein said anti-PD-1 antibody, an ant-

PD-L1 antibody, or an anti-PD-L2 antibody is a monoclonal antibody, a
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1. A use of a conpound that reduces the activity or expression of a
Programmed Cell Death- 1 (PD-1) polypeptide in the manufacture of a
medi canent for the treatnent of a synptom of a persistent viral
infection in a subject, wherein the conpound is an anti-PD1

anti body, an ant-PD-Li antibody, an anti-PD- L2 antibody, an anti-PD1
RNAI, an anti-PD-L1 RNAi, an anti-PDL2 RNAI, an anti-PD-1 antisense
RNA, an artuirabiZed intibatly,Ssedve@mibiNAed atibady,ioPbh [Zfusidhips@eiae RNA, a

dom nant negative PD-1 protein, a dom nant negative PD-Li protein, or
a dom nant negative PD-L2 protein. 2. The use of claiml,
wherein said pey sfgtents é{élfnai fhﬂﬂ{e?g(gﬁlﬁi%lﬁggacﬁﬂnls&hﬁgw Qi Winjdar & human
i mmunodeficiency virus (H'V). . The use of claim1, wherein
sai d conpotasdineeduces the activity of a PDl ligand (PD-L1) or a PD-1
ligand 2 (PD-L2). 4. The use of claim1, wherein said conpound
i ncreases the cytotoxic T-cell activity in said subject. 5. The
use of clai m 4,10WTée esdofsbdit & yheteaxdadd Vacciak bordpiisey bh Ydjugant yit OKi ne
production, . T cell proliferation, or infectious agent clearance.

6. The usePYBFeE‘i’OéFeﬁf}io wherein said persistent infection is an
infection with a human T-1ynphotrophic virus (HTLV), a herpes virus,
an Epstein-Barr virus, or a human papilloma virus. 7. The use
of claim5, whddeiThessgef cdajmoll, Eirther pemprisipgadninEgring o said sabject 8.
The use of ge &J@ wh rein said anti-PD- 1 anti body, an ant PD- Li

ant i body, bran anth L2 antibody is a nonocl onal antibody, a
humani zed anti body, a deinnunized anti body, or an Ig fusion protein.
9. The use of cIaHn1 rt.her % r|SIn adm ni ste to said

subj ect a vaccilde. e‘weo clgm i, wheiew sgd sgpofdifogpo ?é n sai d vaccine
conpri ses afivadi dv@dtn®r a prime booster shot. 11. The use of
claim1, further conprising adm nister ng to said subject a second
conpound. 12. The use of claim 11, wherein said second conpound

is an antivi raOll cqﬁgggy@(gfd%% w%lgre %ﬁ y1(gldcg0m 5 @f%i,anﬂ\her ein said

second conmpound’i s an antl an anti ant i body, an
anti - CD28 G’ﬂLAbbajtyibo@n aalntﬁ BCTOA ambndimdy AN TR tantibddgO: adti-ant i body,

an anti-B7- nti bod an anti ti body,
or an anti C@lsa?—lﬂlbg aﬁ&ﬂg‘i [ RS- Lanilﬁo Yrﬁ%a%féé%lr r@‘gg‘iti)fﬂa‘lanﬁgazgl n said
subj ect i SarkbB&BA anti-B7-H3 dRiboly, s @n ehti-BN-iddbedy.specific T cel |

t hat has been contacted with a corrpound t hat reduces the expression

or activity of a PD-1 pol ypeptlde |n said cell in the manufacture of
a nedi cament fory the %g @C]t!mnlt Qf, iRnRgr si stent infection
with a virus. ¥ e uge of alm%{Ba wherern the subject is
further adm ni stered an antigen fromthe Vi rus.
15. A use of an antigen-specific T cell that has been contacted with a
compound that reduces the expression or activity of a PD-1 polypeptide in said

cell in the manufacture of a medicament for the treatment of a symptom of a

persistent infection with a virus.

16. The use of claim 18, wherein the subject is further administered an

antigen from the virus.
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