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METHODS AND COWMPCOSI TI ONS FOR THE TREATMENT OF

PERSI STENT | NFECTI ONS St atenent As To Federally
wepwssies®ad Research This invention was nade w POTAUS306/022423

governnment support under NIH grants Al 39671 and

CA84500. The government has certain rights in the

invention. Field of the Invention In general, the

BT AT SRR PR TR R RSO oo

Background of the | nveniNEECHIONSuUgh t he devel opnent
of preventative vaccines has significantly reduced the
nortality rate of viral infections, the use of such

vacci nes aggj_nst vi ~ REd t

i nfections *@tﬂnenﬁfgﬁ&%ﬁ {ig%&y\‘;si)rldﬁ%&ﬁgésgégﬁ met with

Hihfe ih@&htiouGeRSBadel WitlcUIE. [pasdminentsuppee snddraf [Fegrasts AI39671 and

acute and self-limted infectiqns, the inmune response
CA8450.aThe govasnimerichas GantHR rights i thet BYROUORS ect i on- causi ng

m crobes is often transient and insufficient to clear

the infection. As a result, the infectious m crobe

remai ns within the i Hiddtofthesknyertionf or ext ended

periods of tine,. wthout necessari.l ausj ng. const
%g@r}eagln%)ﬁé):resl&n%yg}tmpﬁf}é § ?%WF%OHS %(%cgf:ogp%oci;%&o ;%gor r}:ﬁg %reatment of
persist%]?ﬁr?fb&ﬁ&@?an&@&%%.' on-causing mcrobes is the ability

such m crobes to evade the i mmune system of the

host organi sm For exanple, certain viruses and

parasites down-regylgte th r ' of host

nol ecul es necessar a‘%ﬁro'é‘f‘ﬁ’ﬁi‘%r{?%ﬂtg&eh | recognition

A tHonER ehectbveRIphient blgrevent£int vhsigsthassigniflcantly sadseed the

the functional 'inpairment of antigen specific CD8+ T .
mortalitetateof ikl difeetiansythe 45 elsuelnEaGeHI PERINHNAMNEFHBRISIT DRFrsIStent
nfectils (Vo Fep 0% 16itE@BRIBAL IR Bo@fast to viruses that
1nfect1?r}§éf;.§p%ﬁ??tgfs\eggigﬁﬁglgs %e%ﬁﬁ%% gﬁfﬁﬁ‘g ag%pd tvant s (r)]asasb.é)evrﬁmsés
cause RAGeHdagifMBnitddiafocasnsy, therimnmunmpuesponssthatns ewuntedeigaiost persistent
_ successfully eradjcated, the patug.gggn. Thrs, bet)&.e{i As a result
infectionseansing MicEOtss drielien tEnpieRANd TRREUEIRRL fogfeab fiediegpen- ’
the infE&Hond ﬁ‘{i&%{)e L £6L WRRR- tho MR YsuBfect 188 ckRUEEH pRTbdd BEtime, without

present 1 nvention provides nmethods and conpositions
necesshfly catiging c@atamehost dgmegenti on, or reduction of, or

alternatively the_ alleviatiop of. one or .nore :
OBt £ (1R BT O PRSAER PRy Ao is he
ability%@ﬁ‘?ﬁll BRSNS 18 bviR RS ¥nrhiat systein &fRhHe B Gk dantsnCDBor ekample, certain
cell's becone functionally tolerant ('exhausted') to .
viruses &l pandsites lows-regaie tesxpraasion of hest Mpderadgsageessary ey efficient T
cell recognition of infected cells. Persistent infections also cause the functional impairment of
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.
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Progranmed Deat h-1 pol ypeptide (PD-1). Accordingly, by

reduci ng the expression or activity of PD-1, PD LI or
woeDRLw/13839e proliferation of functionally tol er 2aT/USB®6/022423

T cells, the production of cytokines, and the rate of

an infectious agent (e.g., viral, bacterial, fungal,

parasite, nycoplasmor cancer) clearance is increased

SHERR, b&RE nfchfyds FRURRAEERRRAS Hr&REE '0fr hlevifle t1)91‘.%15‘[<3nt infections.

i nffecti ous agent is enhanced. Accordingly, the

i nvention provides a nethod of alleviating or

preventing a synptogof a_p tent. infection (e.g.,

a viral infection, g]“’B‘é'&%ré( ?gﬁ? flhvfeggﬂlon a fungal

| Theesitéedn mv@ntiﬁfﬁ}ﬁl@bi@%ﬂiﬂeﬂfoﬁ@ bh DEorapuhitiond &6ethe treStment, prevention,
i nfection) or cancer by admnistering to a subject in

or redygdien of.ins aliematively the allewighampl encyrpergsamplomms ofpapewsistent infection

or can%%z ) ‘Q IﬁlLV\eéh@%n n%(glrbag Jneﬁl§ 'd%%_ ?er @lﬁ?%%%%‘ilég% Aﬁ@ %&)8+ T cells become

functidratig tolevaad (¢ éxiﬂgs‘r&ﬁb to:)fhe\natiactmﬁs agélﬁrfeldxmeg th&dnd8eti dnkeef the

Prograpigecb bl PPt 2 Br dutoGineRy (g S R I Do pr activity
of PD qr Pﬁ ]913!&11 P]f)ﬂ@tthgﬁﬁ)h@&%&&ﬂhﬁ&fcﬁ%l%&lgaﬁﬂbﬁgﬁﬁo&ﬂg the production

uces the expression or activity of
of cytcpmhe,spmnltthd eate nf ammfemeus ag?mt (cexavipil hacteniel, imgagepa,rasne

cific T.cell or. B cel fic to a vi
mycor R pesticeth Semapd s Tpesed aioh G el FobtAeg ppecific o the
infectiotd DeARYEhSRE4.Ce or is derived from anot her subject
of the sane or different species as the subject being
tAeczﬂr@dglyl thedaicintipn provides aimetbed ploalleviading o8 srey enfibeymptom of a
persist, nt 1nfé%{1§ A é %gac E/ufaei 11({%%&%0)2(1'.]3%0’(%{ iglll fée%:/’é{%rgfzﬁ fﬁl&gal ‘fl%le%non a mycoplasm

1nfectlb@ laﬁd @p@ﬁsﬁl@ ifeétiog® 08 garyr WoMingiaistarmhgtiba sibjeed in n‘Abd fheﬁaof (e.g.,a
conmpound that reduces the activity or_ expression

humarpp compergd gt feduces hapqtivity oe gaRE A acnsmber qfffae &haR-rike family
(e.g., PI@-}ﬂgCtTL%nfl WP & a5l ﬁ%?]\ffoﬁgl frdg%e%f bt Yt ﬁ)%ﬂalog) 5 @FY8-like family

fions such as a hepatit VI I us,
hgands (mgl NPl i e RIE)2) VAﬂUﬂmaﬁHtly,) the mmmmadfnlh;smhd)am agitigen-specific T

stein-Barr virus,

cell oré} eﬁfﬁé%q\é)ﬁgbyqqt S v }t¥ Ialr% %grpg?lg}dstgétﬁpd%ep e expression or activity of
a PD- 1| gélggétﬁtﬁe%l fiR¥ef! FOr &G end zﬁfti%@ﬁ k}?é%?ﬁcc? WS®8r BYeefl is specific to a

virus. Cancers 1 nclude |ynphoproliferative
viral adfiganr déhesT salicdr Biselhisgievivedfinmiznasitalegdug rspumnur griprived from

anotb Sl od TR AR Py B S RORR L

sredftion, tmnbﬁ FRONSEa MetHodGT eRTéAathgtthe cpstoxidadtiity of a T cell
T-cel | activit ., an increase in cytotoxic

(e-g- angrak i well pr Ed:@ﬁﬁlamgsmwsa@ tolgrpace tcrmragens} by porgactipg the T cell with
a comb@u%d%ﬁst?edlﬁes th%%l 1V1 ‘%l éxfg c{)gi%h 9)? Pff 1 ? q :ase in

ral” clearance) ] ect Bei ng For

eediPloéegoipeasp em)@ﬂﬂhé imedties @efsh@erﬁ Xfﬁﬁﬁ&fdcﬁﬁn@fesult from infections
activity of a PDligand 1 éPDLI or a PDligand. 2
such ag plepatitis yirus.cifiprean HRUGYEHpiseay WRISKEL Vb érhupin T-hppphotrophic

virus @}m}r g?lglrpg§vfrﬁ§, &h BpLABAS WHEE B BRutnaf B8pillBidavirus. Persistent viral

infections may also include infections caused by a latent virus. Cancers include

lymphoproliferative disorders such as angioimmunoblastic lymphoma and nodular lymphocyte
2
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conpounds include antibodies (e.g., an anti-PD-1

anti body, an anti-PD- LI antibody, and an anti- PD-L2
wanbvichiospy, RNAI nol ecul es (e.g., anti-PD 1 RNACT/US2006/022423

nol ecul es, anti-PD-LI RNAi, and an anti-PD-L2 RNAi ),

antisense nolecules (e.g., an anti-PD 1 anti sense.RNA,
Hodglﬂarlyraphcrm@DD_eslr&l\nth%?@ﬁpthl of thefnxentipgRripcrpgse 30 antigen SPGClﬁC

ant | L sens, | tei ASnéd @i t
e e
cytokm@@réducﬁbﬁ)hﬁ:lhras TEIN ’l?:NlEthrrIBrE an@gaddsy in Poell prgdiferatiom oy an

and smal | nol ecul € inhibitors. Antibodies include
increaserimvied] shearana@itin Basiubiect beinaHesied Bon TEBRIce e compound reduces the

e ST 75 P 00208 g B0 e

interactdéttibdtivesh PI-1t did RID-i) qoat ik inkmhctroadmbmnm l apst Eﬂ?bgl dixemplary

compo gl Eody (bt HuAtiaD- ey o et DSty qnd an ant-
PD-1.2 %H%Wc@?tm@& oRCLiEE g@goa{tﬁPDSPmAl%lbaﬂ@d bitti-PDAE] RNAI, and an

m ni st d a second conpound, such as an
antl-PIBmZIRNAQJ antleerpse umliec(uksq;i £ \andati - ﬁ@ntlsﬁljly@w @an anti-PD-L1

an’asen‘x_sc;;jl C llag 2y glétl-?b%ﬁgc tbsrenfm& 4 O{?il}o}gtlég’l @i}% p?gte{n%\(g ';gs %@ dominant
negatn%%’ﬁj ‘T\L‘{Jg&bﬁel dofﬁ?ﬂan{ RAAaROPDIE) protslh; dndal dontiahitmegativaPD-12

I nej am vudi ne), non-nucl egsi de
protein), andmmllnndﬂ@d¢ mﬂ)ﬁa@es |Mﬁﬂlﬂdﬂf€§rm‘(1wmp§1°‘§% agfibodies, humanized

antlbocﬂ% hl%ﬁﬁ‘g A eze%qn? Eﬂ(g%% :aglh T% gus?c{n Vérgj%ﬁ%r ' 3 e\%)%hﬁ)%r?'%ﬂﬁ bg1 antibody

includdsidiéhe BH1R. and interferon), an anti bacterial conpound,
an antifungal conpound, an antiparasitic co

ou
dnwidition tahespeipgurbivg thabigances Sl SKRIGHTISp5 %€ H%ptgﬁ ﬁ@@ ect being
T
ey U S TED8 5P Tt o o
boosteﬁsﬁo@t Optienally] thephigeyttie admimgemdd s¢ond Aodipound, Budn@s an antiviral

nphocyt e attenuat or (BT
compouban s, FEGIOBE: SR PEE YAUGE S DG Ly Hdp-aggige roverse
! i ddC (Zalcitab
e e —
d4T (sammdmey;@mmcdmnmwnm),, ncaﬂmucl@mdle rgwseﬁmsg@tase inhibitor (NNRTI)

o230 PGS B WG, PRy i o

nelﬁneRl'ilo Yib&ASn %@ﬁt@ﬁgrofn? Fanl AAEBAdtErAL ﬁgmﬁoﬁhih g ehai fan gad mpmpndnd an
hat nodul ates the activity or expression of a PD- |

antlpalpsﬂtly sempouel, eh anti-infianunatort ernpquadsanskneoplastie fempeYg or an

analge%ct ﬁlhg sgc‘éwﬁr Ieglillpgg% oIrr‘rlE a na%@ ?%)oﬁlﬁte)gnd thlgjr}eliuﬁéﬁh@&ﬁ&@ﬁﬁl or

activit§¥P PSRk Yfmptlitéianiigaf 4 RDFLAM) ofr iwmlé]‘ lynfpéhogyte aktgnuator
nmeasuring the expressjon of

(BTLt%b)O@@ms@mnl@vm@pe%&Sé%W ltﬁadél%}m%ﬁf?‘{/‘ocﬁg iﬂ%ﬁl('pt? Ahii-cTLA-4
antibol{es. S8 ]!’,Tf%ﬂ'mﬁf) ed, Onf?! 'ﬂﬁj‘%&eﬁhﬁ%g&éi %tlQCo@ﬁéﬂtfﬁb%)nés I AtACOS-L

contro cont acte e compound
antibodies, anti-B7-1 antibodies, anti-B7-2 antibodies, anti-B7-H3 antibodies, and anti-B7-H4

antibodies.
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
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i ncrease or decrease in the expression or activity of

PD-1 indicates the candi date conpound as bei ng usef ul
wobanoenmshebat i ng the activity or expressi on of BCPIDS006/022423

pol ypeptide. Alternatively, the screening mat hod may

i.nvolve the steps_of: (a) contacting a
contacjg p &5 pERISEINGR PBr- || g he swilhl éusé%&‘fn&)af"étﬁ @3&*& compound;

t oV
(b) meds] n%k{%l gfﬂggéﬁ%ﬂgﬁr%gtﬁlﬁgoﬁc%? gtlg@&cc%| 2 Ib{y uﬁﬁ?th-g expression of
PD-1 mBNA oepratdinjeand(c3 vahpaitg the eypressian am:autmxbj' oﬁBIDH imdhe cell
tacted with the c ound ease d ease
compae S 0H G P Preae AR PironRb bt eatae St bR AtHround. An
1ncrea§edr'?ﬂc1‘é§ﬁ lthd Sfpro®Rdy okt SYPEtihdicitys B cB¥RESE 8bBPound as
of a PD-1 pol ypept| de. Cytotoxic activity includes

being espfprimodulatng the @eLivily aredxprassion of @ PEx-1 pﬁlyp@muievu r al

ara The L nvent i furt.her | des

R G ofo o Rl LA B DR AP A TR T coll tha
overe)@eésy@%pplbqegemetvhﬂﬁa m&ﬂlafbadoﬁlﬁﬂﬁ'@%ﬂctb) ﬂélémﬁﬁin@rtm dﬂytﬁt@xw

whet her the candi date conpound interacts with.the
activity of {hsebesllide) comparing thegatatpriy iapdvity ethel T est éelefévﬁpwﬁeh activity in

I t

s con Moo g PO GTEL P HRFESSLOR ML Wi
identifidstthe tdmdid2id conpmiuyip apbeidg usstdl foe mmlakitmg sheaartivity byexpression of a

e candi date conmpound identified by.the s
PD-1 palyargdde b gt el FPIIRRAS LR gLt ation, and vira

cleara@t ween PD-1 and PD-LI or the i nteraction between PD-I
and PD-L2. The cell enployed in any of the screening _
rr”ﬁhmmdsntctesﬁlrtherqﬂohdma screendig ethod immeoll viag theestdps ofi(@hcontacting a

PD-1 lgojmep E %éaid%atgg:]%%g 5 (‘P}J‘%-It?}'?m{gﬁlglv‘glpiﬁﬁ}e?ﬂlfzi didGte compound
mtera@@iw&tﬁ@]@é Poel It%ﬁg&phﬂe S fo)SigeRERin %gl dmRtiaeeopoand b@esul for

: HSol ypep Al'so provided herein is a nethod of
modulaﬁn@@ sk epressionisr aetivitys Drsirebly, te idantified kanstidaie gompownd interacts

. i:s f k i nvol ving the steps of:
Wlthﬂf)e]gﬁ 1%0%&16&18 Sg&lleau(feg 1tgo§{1xgln%{“ ng i mune cells (e.g

TTE@J:dndQTat@ccﬁﬁ;iduhd ﬁdeﬁttﬁad By ﬂieﬁ%teenﬁigdnétb()dmaﬁﬂfddﬂ@rem may
t he expressjon or aCtIVIPd%- of PD-] in the sanp
reduc; the indgetiphbetiecnehidrleddi o Idrordg mwr@%ﬁloafbebﬁep FD>-1'and PD-L2.

The cegf;én}q‘ggﬁfﬁéjd ?';6? bhe% 5 %n%fh@c{s RELADE i iR IR '?ﬁ%%lgfthan cells

es t bj ect as having or at risk
such ahk mdengcails[m hsman ecit. Tllnf @il is an immune neldg rsucl%a T &b]l.yDesirably, the

PD-1 GRlFRetdl B PSR O BB PANEBEE

pR[s%ﬁirB‘hﬁe@Hérbﬁqga rrfé'i:thLHfgﬁ’égn@Elhlg Q%ﬁby@ct'@thlﬂ%g Q)? at risk of having a
selecting a treatment for a subjéct Having or at risk

persistght infacting oncpwess inyobiing th@fséﬂps or(approvilings San@lab@réalmng Immune

ot 5351t 0 e AT PR B AR g i B vy ot

in the §8hple O AnBnERhde)in tiePdRpeessivhjoe Bétivigd P compared itd gudhfﬁpressmn or
expr essi on
activity ll’l? a control sample identifies the subject as having or at risk of having a persistent

infection or cancer. Desirably, step (b) involves identifying antigen-specific immune cells, such

as a viral antigen, bacterial antigen, parasitic antigen, or fungal antigen.
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or activity of PD-I in the immune cells, such that an
i ncrease in expression or activity of PD-1 conpared to

weuels/183396 essi on or activity in a control sanpPeT/US2006/022423
identifies the subject as having or at risk of having

emShob ot et SABGR e’ R AR R plisen
infectio% 'rog g?lﬁ:gfn) graﬁosc?e% ibdd" 86 1h 0@ invoRRE Be stSYIE: ﬁz ptovidiz a sample

I'ncludes a conpound that reduces t ) .
containBXffmaasieesllo(e.acT icell byBetlPeh.a sDbpict; apd {h) measpriggthe expression

_invalves.identifying. anti -specific i C . _
or actlng@!q PRx1 gl{fnierl%lpl € ﬁgl(;h%ﬁ%ta&lpcgpasgﬁ{l F?é%rﬁ?s?%na(r%]adscﬁqt}é of PD-1
comparB id QA exPlesdisi 8RActR 108 BontA RRhFI® idk@itifies thefsubject as having or at

subj ects Tnclude bl ood sanples, tissue biopsie and_,

risk of havive arpersistons Mfgsition or Fuiceh endm sclepiing ¢ Bratment O the subisct
. deriyed from a.subject t.hat..do r j :
ool 5 b3k R R P55, RSy st s

compotrdf thAGedies YR8 réssion 3P acivityd PDRaL Desindbdy,rssep (bajnvalves
conpound that reduces the |evel _.or activi

. ty of PD-1; .
identifyimglanttgensspecifio B epelisnenchas afyital ma}seanlf%%ﬂﬁgﬁmgena parasitic
. _conmpound, ..an_anti bacterial conmpound, an antifungal
antlgencBﬂE'ggala@ugﬁn'anti parasitic conpound, an _
&ipldifdeanpmiromysubropdnuiade Hoodsmhes; tissuednopsics, and bone marrow
anti - CTLA-4 antibody, an anti-BTLA antibo an .
samplegnFprtimmpgre §OREISFL d gy gﬁ gFI‘_lY 1 35U 8&,t?1¥t’adﬁ)es not have or at risk

. I - ff‘(@ [ pbody, an anti-B7-1 antibody, an
ofhav1§g%1ip_e% - tg}]tladggy, an anti-B7-H3 anti body, or an
aMeiinbatibd fiantiier poskides Brnoniposision it cgmtgmspém cerapoyndidhat reduces

the leveldisgRvy o ipn: Ad Ba St rappgetBRLEF S MiimERpiha, an
antibadtd}5a1 SOMPOYRT ah Qn@fuﬁgmjcﬁﬁlbourﬁi, b aiaddrasitio/ corpsimldj 4n anti-

contarns (a) a first conpound that reduces the | evel

inflammitoay tompeyndofn P gesic, anynta CIEah anbbefye At antsidi-aantdhedy, an
anti-CE3% el STAREHIS afhoddl PR REOSH, ARBBAND andB7-1 antibody, an

P I'parasitic conpound,
anti-BARtaintib&\y, anaR B7YHE afiudydor anamiABY-gebardibodn
anti - CTLA-4 anti body, an anti -,BT%A anti bodc\{ an level
ahhd ingppRnplgo m'gw’es kit thet pontang aaﬁtqogg)gyx’l H}ﬁl reduces the level or
- anthal € ' QU b6 a @fbject. Alternatively,
act1v1t¥lﬂﬂ>]_38170%&£®?1 %E}g%‘{ji?én%ﬁ)? g%?‘l} ér}égfﬂl—% cgn [ b-oqu,a or Jezgn Y
the kit@Bhiains BTy d-Brs@odrapaid; thatmelluces thiedsitet acadtivity of 8P-1; (b) 2 second

delivery of the first ¢ oun nd.the second ¢
compatipd BV B R PTESB AT U BT BB o dn 2nHRgH SBmmpound
an ant:?;'mqlgfttifc'c%%()uﬁg \éﬁ%ﬂgﬁﬁaﬁ’{ﬁﬂbrﬁéﬁﬂ?&h@, e aAgdsRs ar @iti-CTLA-4
reat ment, d

prévention, and reduction, or _ )
antibody taeransitB VB Ayantibbidy, ah ketiHCRZ8ANtibedn A8 aBH-IFESAnshaAdY, Spanti-ICOS-

.Oof persistent infections. m pi stration of - e
L antigoq) S B0H-P- nUEE e eaupie: i paf g dticadyyor an an
B7-HPLBolly; al?ﬁ%@ﬁﬁ@ﬁuéﬁaﬁé £0F deBVdry @Y tt R @inipouni and thersecond
I ncreaSi ng the i nmmune response to the
compound to a subject.
The present invention provides significant advantages over standard therapies for
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
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i nfectious agent having the ability to establish a
persistent infection. In addition, the candi date

woanpaasade scr eeni ng nmet hods provi ded by this i RCEAS2MA/022423
allow for the identification of novel therapeutics

that nodify the injury process, rat h&\ﬁn t han rrerelg/
PD-1 lmmasgapmg T ped ﬁ{@f‘m ndRmdaerepsipe I mme rrspanse tgjthe
1nfect1!)1?s m%@htclﬁkll fle il efs aD1ibIEL s1§t%ﬁfjmg&ﬁﬁh nhh?d’cﬁtl&h he candidate
neani g as c nnDn y und tood by one of ordi’nary
compoiilhd kdreéring Mmethads ptovidedibytthis hmmnumw elivw dor the idengj§ication of novel
Al t hough

1 thods.and materials simlar ar U|valen
therapguics FgLBogHE A1 BEHY REFGEr, 1aLaet la,aéﬂagfgﬁy i %aﬁﬂ i s-
I&IE%S&thé}gzlé%fdeEH@d RS SHical Qf{cﬁih‘iér@l@ic t&tistuabdl ﬁeﬂéﬁi lhﬁfg%e same
materials are ‘descri bed bel ow. AUpublicati ons,

meammassmtmmtmiy ugdarstond by pat ehordinagyskibimie arttpayhiele ﬁgs invention

vloalEBHpRBFEREAE) B GohdS BORBEH il R BGRL8 R}t erincn

used B BRPrictied bt REtind Gt Biddentd@fentibd,isafishle mdtﬁod@ @nd hokerialstare
addition, the materials, nethods, and exanples are

descandl helaw. aAll peblisationsa natepiopplipationadtants, pad pihes refergnces mentioned
s f e
T
specifichttdnYnclidinedefldgtiens| Wlilll contol. Ihhddiboayhe gridiajy netholsj sd
a bar ]%Aaph showi ng the | veli glngDl MRNA i n
exampigsraBlugiatiiepnby prisn FEEIRE T cells from

NEYe f%aﬁ%k%ﬂﬂcﬁ/aﬂﬂa @s of tM@HR’@EtYJn' Vgllp&oa[ﬁpgﬁf‘frﬂﬂl' thé following

VI Tus ng i nmune (approximately 30 days
detailqdafeteriptiba@bd olyjms.nf ect ed mice, or CD4- depl et ed

LCW-C -13 infec tely 30 days

post -i nf ecti on), tl%f'éelwé U&’SEE i/)t g‘ﬁ’éa“é'}/'g%\y anal ysi s.
Firgiifeel A B d $ar @rafl dh8 it thi 1RGRPD-2 fIOW i6 \D°@PBBIAL and/or
experiment show ng PD-I" surface expression on CD8+

DbGPZ"éﬁt 28nweaifiv Toeills sﬁqnm nyignArameesic ming Lymperytiashompyeningitis virus

| d LCW(C]
YT e Y
depletb& eV @fl- 1BEnfecrdlnyiee Pippesximately 0 daisipostinfeedeon), as measured by

approxi mately 60 days a ter chroni c infection with
gene@@bwn@b’ﬂis virus (labeled "chronic"), but

P B A SR e
expreSsﬂfneﬂltC]Dm {(dtabeled cellsinbeMV Afingwore itfire @ddeD4 deplatd LCMV-
oG ot T LB TET, CEMRORAI o LI
levels Igg??cf gglg?%gld% B he Eél Shrff€ Qpprbfu @@ Hﬁfst Sterlchhic infection with

sion 1s t e hi ghest on e spl enocytes
LCM V4Gt 1 3avimsi(fabeled Echrbyict hbut 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-L1 expression is the highest on the splenocytes that are infected by the

virus.
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virus.Figure 2A is a series of scatter plots show ng
that when C-13 infected mce are treated fromday 23

WOoaoB73pst - i nfection there was approxinately acs/uSelod/022423
|ncrease in the nunber of DbNP396-404 specific and

ﬁgl;rg gﬁm f sgat%:D%l @g)lrv&lggﬁ&n‘grg }1@9 rﬁ]fh gte% gﬁﬁe are treated
from db23 Wei p&&hﬂt%&énﬂl tB6d waha rd%ﬁrﬁﬁ’ﬂe!l@rtd DipldafremRaihe uinber of
response to 8 different L itopes. Figure 2B is a

DbNP3¢edQdespegifiotand mmg 4lhepecifils ?amceklm@m%toebeumreated controls.

i ora SR BB AR LB o e o

responEéﬁ%&ff%ﬁntECW%f)ﬂt sof flow cytonetry graphs show ng
N-g and TNF-a ctlonlnresponsetoegre

oﬁlgm@ﬂ@ms alsCMier @ tsbcpﬁ@g thatgftheg afithe knows B8t eeelpspseificities are

messi IR 22 e SRR G PR RApon st
AEah® 2T BASkASs ¢ ﬂdif@éyt@ﬁﬁfr&%reﬁih@‘éhdiﬁng e -y ReRd LITNF -0 production in
bl ockade al so resulted in increased viral control in

responsdito @ﬁlteieﬁﬁerbmt\lefﬁl\/ﬂVumtoaﬁsj serum Figure 3A is a graph

% ;gd 1%%1!69@ :ﬁ?t s %ﬂeﬂ% 1 rgoerllgﬁlggg ‘%;f agﬂﬁi aa%péls in traated mice

havetheq%gg@tg fdaug)ﬁNp‘apl eted CI 13 infected mce treated
antl-PDLI (|l abel ed "aPD-LI") fromday 46 to da
Glﬁgpms&E iis nfsac@s Q:frbavelnag*twhewmgrtbat D-&Bé@ll@c&ad@ﬁlﬁ& rgsulted in increased

tha m.ce treated with anti-PD- LI
Vlfalc@%ﬁ‘%clé?ﬂr@osp 18?5 £819SFU| 4 nore DbGP276- 286
SPigGref I 15%%1‘@;51‘1 @erﬁ@&ﬂraffngiﬂiehﬁcraz[sé 11@%(1?88m&t@ld)DHGPZﬂ 6286
nmore DbGP33-41 specific sple cells

specifig (DT eallsilaheledEiGRARS 98 0E240 368 (DY dpIatorGbal3 Infected mice

oo SRIIHATEIN HFCTEoL LA PR s cone

(labele@%ngg &Qd@orﬂs&ate@ teghaee m:aﬁ@i Witk aﬁt@-@DALl lBontained approx1mately

anti-P 1glabeled 'aPD-LI Tx") fromday 46 to
7 fold prsse Dbﬁﬁ)aaﬁ 86 spastliqspleBa CRS T P%lb@méépp@mma‘fﬂy 4Fjia gﬂhlin@fe

DbGP§§4h%P&1f?e£ﬂleexﬁ% PhaROISR fERNIRALME | ncreased

roliTeéeration peC| cCD8+TceIIS|n
aI*'thurd:ﬂfB Isla setieeaf iathgos dﬁnmmraﬁﬁgﬂlerlmdedsyd Bredtgncy of DbGP33-41 and

DbGPgﬂé%g g&%{,ﬁ% a0 o LR b fof 'oﬂagﬁ'fi A CP1b Sactod mice treated
it i, FXRRRRLE BSTED Lo 08, PR 66 BE e BB conv
(labeled “untx”).

Figure 3C is a series of images demonstrating increased proliferation of DbGP276-286
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
specific CD8+ T cells in the spleen.
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by conparing DoGP276-286 specific CD8+ T cells in the

PBMC as conpared to DbGP276- 286 specific CD8+ T cells
woOnodehie3m®pl een. Figure 4A is a series of chart sPCT/US2006/022423

dermonstrating the increase in IFN-g producing DbGPZ76-

286 and DbGP33-41 specific CD8+ T cells in anti- b

Fﬂgnma&tAeds aeries ofsharts dparobsiratio g demineispse mmEbThy@producmg bGP276-

286 andem u el i,gf;’ ic %g—g if‘gc?aélg' &f&q’_{ﬁ?ﬂplg? %ea%%g ;nég%; lNE %&ﬁ@r@é to controls.

Higher ﬁ@%&%ﬁg of DbRIPBDG-RBYU, LI bNP 2oL 1Y) DBINE 66 Hi7g Lurel BBGPS2-301 specific
denonstrating that in anti-PD-LI -treated nice,
CD8+ TaMsoferDblepaz@cted 86 B 1 -Hedpdmige.ce| | s produce

iy 1 SRRt R Wah ORI A8R a3ReE J0bf ofDRGE276-

286 spebﬁﬁ@&ﬂ §eNs bfo@hb@IFN Dads oaﬁtplarea@o DY ¢ ATHEHERIV 6-286 specific CD8+
ronically infected mce produce higher |evels of
T cells ilNfengrot mage. unt reat ed chronically infected nice, but

P55 e P P e
1nfectecPﬁﬁ?Jetprg§1§Uérlﬁ§He§ldv€E off TP -burtkad mwatedfchtdﬁwmﬂmfb@ted mice, but still

Infected mce with anti-PD-LI renews ex vivo lytic
producelotwey ldvelsaff mwhmmmp@@queanfﬁc@é Wit L@M\ééﬁﬁaﬁr@w .

untreated i ted mce
Figuge 40 1%1§§ ltrgtua%tqngfa %aL’ég'lg @W %gfected mice with
antl—PlijWé}ﬁWs%tx'\nQo fyﬂ@ abiBAYcdf t%v@ﬁs—mﬁic T ¢4l & dompaded toustreated
organs follow ng treatment of G -13 infected mce
infectedvirtide, meRElrkd using/nr Qr releassrassayecr eased approxi mately 3
t he spl ee 4. f ol
IF%e 4§ﬁ§ja sery ‘%Pg Fzﬁts de K rrﬁg% t}lgrtﬂgréd'u&sgn %%1%2 'ttlfgré h \;aﬁ‘l%us organs

followih GRAMERDE of BEMPRINABEHcER Wilké GRth@UPDHCE. Vﬁ'algueﬁ (Eéreassd
a series of inmages of a flow cytomstry experi

approxahaivlyrigfoRDin the splées 4 feldin dsliven, 2ifildig the Rt f‘&ﬁé‘? gerum after
dom pant e e in chronic
2 weekg Iogﬁlén'éh—i‘?/mﬁtf%e i) ﬁomﬁﬁr%&)l)e]?%t{é%egg{éggl ndi cate the
Flgure BRHQ AREAGCOMAMab &l dfaiw cgehletry tehpdrimsme s]EtDvﬂng -PD FFisgrface expression
is a series of charts denpnstratin fh! ‘f IV infecti

using wdﬁ%m@g@r%qumﬁp[fordiormgam epgogqségﬁgpqeg e 9n1c clade C HIV infection.
ul at.e I ared to

e peHBEB0H) R0 LR o (BB

Hife S8 19\l seibs dﬂbhaﬂp&emms&aﬁmgﬂtmt ﬂhﬂ@b@enfagfd aRDMFILjof PD-1 is

st o IR o B it s
popula%181t1 ?%&9&?01 %t%al thefa?ﬁl%ﬁﬁe' 1H&i|viﬂhals1§{21 M is increased on the

mer s alns from65 H V-nfected indi vidual s and
total CDBHT VelSpmmﬂﬁgmtm\I‘HVemfﬁtcthI \eersmrHsIV seEonegative gongls (p=0.0033 and

p<0. 00%3 gl,lf%slécglgp]érg %?g 3—@%@ er I 65 ﬁf\? nlifécté@ Niteud1BEnd 11 HIV

seronegative controls were included in the analys1s

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

expression on tetramer" cells by epitope specificity.
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expression on tetranmer+ cells by epitope
specificity.Figure 5D is a chart depicting the
woanicatsdn i n the percentage of PD-1 + cells ORCT/US2006/022423
di fferent epitope-specific populations within
i ndividuals with nmultiple detectable responses
iHoguire 6Ptisk cbarrt slelplntzung:@lf: ariafionria dheperpeiage i £a L opellspn different

epitopes spgglﬁcté)gotpg ftﬁjn di?idltvﬂi Q{ltﬂ g tl?ﬁ)'letd&%:t% ctatlt geléf)&ls@sa‘ Hotizontal

enons ere 1s no

bars ingiQ#te EBhenk@in lpe:*.c‘éﬁ@ge bRD0 mrteﬁziméﬂ' \zfeBsmeEaf:]n ndBHi8ual.
cells, as neasured by tetraner staining, an

: pl.
Higur 6|Ad§@ Sopresicbart denensiating Peoierass e GPRERYS Bigween the
numbeF 8{ : arre Qc?ﬁ? FHSGT gaf SN BRG Y I}ﬁ, %’:1189{ Slit)g @‘n b%d%i %lﬁsama viral load,

fasma vira
whereds €6kr Mposﬂm\&rmteilatﬁhy))atwdén hathethé Bericentags ard MEI of PD-1 on

g R T G B RO A

"‘Pﬁ 3B {5h]Ehed §f (ﬂiﬁrté RS HaPIHER] 18 hb @BrrbREYEBEWEBE the number of
centage and of PD-1"on HV tetraner+ cells and

HIV teﬁﬁldwr: “wets afid e@%mﬁt afrlnareatmemxsen invesysecorelaioy petween the

percengg? }\/ﬁ‘g(é)f;’r]%l I-hglste n%rh?ﬁ de(?B faﬁ@tgb‘!@obiﬁn&ﬁﬁ)mso,

respec@&%ﬂ’%)' ation positively correlate wt h pI asrm viral | oad

0021 and pO OOA, resp ect|vel gure

sFeglllfé§Colﬁ ageies of chaps é@mwhﬁ%g B@F ’éF@BtaSﬁ anfl[v)MF Tgg PD-1 on the

total Cﬁg\;t?eggﬁ z%uro?l&o%{lwgﬂl %r%fa@dxf@gba-é?%%ﬂa%ﬁgg%ﬁé%@ dndl p<0.0001,

respecﬁver)OOOGf refspect ively). Figure 7Ais a series of
pesuh bt prhok ot SRRt BUERT > exprsion on

the tota-;lL($§ ﬁ‘ec%ll?gggf;ﬁ?ﬁ%}— 1ﬁ€ér§ t:éﬁ’élht%& Wlﬁ’l@D&é@%ﬁ lg%_ﬂ(l)m_?_@"&nd p=0.0006,

speC| I's are
respectivgdyy.e 7B is a chart |IIustrat| ng a sumTary of

phenot_ ypi c data rom S wh >
v o toripal TEel PLs PR SHRRenY Spopeqhoyipg ggresentative
pheno%fcestﬂﬂﬁkﬁ%dﬂﬁgf TE@-%Becﬁ’fic toe T BdlisGrde lgbﬁmllﬁ whom 98% of
kers. “The hori zont al g i ndi cates nedi an

B*42q1e’lFIc9e$11eag'E> Qb8 tTetellapter PD + cells that were

%’g}sfqo?r%e@uﬁa 1'85 ]%ltsg%rrmr kﬁél%encﬁfygxﬁr (gart§ éofn[spe?sons in whom
>95% %hﬂ\W%eélh@ OBPTRSBNIBPDLE". pIto |19fsahplels Mr@a&mzed ddreeach of the
froma B*4201 positive sub ect. After
mdwa@dupﬂmmcéypl@ iagkerR. B@&tqn@@nta g 1 %@Wﬁ@éﬂ pfckpagaf tetramer’ PD-1*
RORS reased from5.7%to 12. 4%
ththa t#¥5%$%é%%be ogd %%hﬁfkg% bl ocki ng anti body.
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 cells 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
significant increase in proliferation of HIV-specific CD8 T cells in the presence of anti-PD-L1

blocking antibody (n=28, p=0.0006, paired #-test).
9
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Figure 8B is a line graph depicting the summary
proliferation assay data indicating a significant

wonereaas®ei n proliferation of H V-specific CD8PTTMSRINS/022423
in the presence of anti-PD-LI blocking antibody (n=28,

Biania Soarior arapahentisie et ot PR blockade on
prohfer%ho &%ﬁﬁf d?pgal gL g(:lbge[réetlls 31 aﬁ%&"bﬂfuﬁ%ﬁbﬁt'%s@%ﬂe%ﬁfs' ifidicate fold

atrent basis. White bars indicate
1ncreasé &t etririe eelieindhe pﬁisemrf pepmielak)nenbltadebzps ingiepte theffold increase

epti de al one, bIa s .indic e f.ol d j.ncye
of tetraBet cgly infhe PreseIe oL PAPL R BieiRe G Sekife ph ;Btfviduats n
whom @I@E af %\sléxlveljél Q&Fhﬁ@d ﬁﬁ”n'l&@fﬁén ohB epivdpduné ﬁldhdhteﬂm ISk, square,
says ormed for nore than one epitope are
ortnanglledymhbled by asterisk, square, or triangle synbols.
Det ai | ed Descri ption The use of antibiotics and
vaccines in recent decades has significantly reduced
the nortality rate dugethilediDedceiptiah i nf ecti ons. The
success of antimcrobial treatnent nodalit.i
ﬂ“hmseetvf anhhs»tlbeend Vaqgines i tegent Hecagdss has %}glaﬁcac@rytfa@%ed the
Cl Q43 a a dalities,
mortatiftaft Y G4 R ERBI FrbeicB T EFe L Eers DU Y BT Bl odali
howevdrMBWetPRmittd by lefamh@ oftobrtaih imfuctious egem seevakathd i 1mmune system

nount ed agai nst viruses such, as .h titis and HI
of the hest orgufism &nd it turp estabhsh %H@SIFWP@B?‘%O ﬁ g&re‘?ﬁam% nmune

responsre {‘m 0% olftell anlh& C%gfs%drsuéﬂ bi ﬁéﬂatltlé BnSHEV id AStQG RS to clear the

en speci beconme functionally
infectidug |agérﬁm/h1bb rtlhalns [If ‘életlmfmlsd s@&mt I Wch u@.ﬁeam@smﬁmn gRecific
' exh

CD8+ Ef?]é? lg‘)gp]a:le afglgqtl\ppfl y qlerént to lﬁ%elin?e g%lllﬁ argten ?n ligf?ige O Gl as ‘anergy’

or exh%ﬁ(gtﬁh' nﬁﬁergf?;r"? Eéliﬁf)% Beir dP@ioiCtivith .. theie tbiditssto produce
e“present invention is based upon the

cytoklm,rmoh'&ra'ug addstﬂavéreynfehmus'ag@@l I aner gy is conconitant
tion. in PD|

s e SR einar b ot A SRR e e @Rty AT Bt dnergy i

concorhiYdR Aol ihdwtphii @Dl syresioh an&@l@ﬂlﬂ) i @kpnesslhle correlates with
Invention provides nethods of i ncrfmasn n,

certalnaypamféymghowolefsmlaemsagieas :f\%@ﬂm e ﬁelg@émwiﬂﬂa% methods of

1ncreaqlri1%)£ L etcft?%&ec%aggﬁngl g an v§2'1'thE ) é’%n? Hat redﬁ)&slthe expression or

activitP BﬁBIDfll PE 1 Yigardd@D-Dt pot P+ [{gaod 2dBD- h%)t I*Md@ sgpf:mﬁcally, the
treating or_ preventing ersi stent .i.nfection or

inventiop prpigtsanthedsafi tiealing §5P1'g§‘?r§m§@ Ryrsisteniin Ftéoré Peh as

lymph%}gg%%%ﬁakbl{%gg Ld;% i‘la{f%glﬁ gﬁcé%?n;m@ Wﬁ%%?%ﬁ‘@%&@ma and nodular

a
lymph6esh¢ pretiominaagEotgkihdympleouchkssa ststingde 8i sgh] eglyan agent that reduces

the ex%;%s;%gé*yaaﬁzf%y ogfé]p ﬁe@%ﬁ{chon FiDPb Lf@f H) 1% e)%?éés?on or activity

i'n an~increase
resultsq}itaﬁh%ééée in @ﬁbﬂotxﬁzc%“ Eé’ll hotivith Nigt@ash@ thetspecifip (imtrfulne response to the
I Mmune response to
infectious agent. Thepresults provided herein show that the administration of anti-programmed

death ligand-1 (PD-L1) blocking antibodies to persistently infected mice increased the cytotoxic
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
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i nfectious agent. The results provided herein show

that the adm nistration of anti-progranmed death
woOi2gwrnd3zbe (PD- LI ) bl ocki ng anti bodi es to persi BCemiSkop6/022423

i nf ected nice i ncreased the cytotoxic activity of

aner cells. Specifically, disruption of PD:l .
Furthersiog At $ToT Felénacaera q@&wsa%sa%wt et e ot cPiagsploped mice
prohfergt%h aﬁd rSARE %ﬁl@ it tahfl rPD-irl Qréaﬁﬁérﬁas ed

rare Eearance. er nor e, + T cell's generated

Husidegfop @rczlls tcenet;pondfte cfbne(ngprolfenmmgﬂaé& wystrieqovided by

prol|ferated and re t unct.i o

antigen iesenting (qIsd ARG WOTEEn brdocs Tt SEY PRicHaRArers

spemﬁctnﬁ £ ReSh By %p%!ngbc' is ttréﬁﬁdﬁéeﬂr@i fheMU&l @@ep%lqw(ﬁ@@on&wmg
gen-presenting cell Cs) toresting T

recogmnynpﬁﬁwge sntigknie faptide pmsgltadl in thacentexionites major histocompatibility

to th
I ERTRE A R
becomé ﬁh@ﬂl(ﬂﬁl aQbdtBaN Ao REiteke aﬁflgﬂﬁﬁ‘ﬁe&(ﬁcl HortMEGrestrixdd dd is

he maj or hi stoconpati bili npl ex The secon
provxdesh tgyreae, O ﬁmfmq ns)ryhypepﬁmﬁreﬁse@ém APty If Tcells are

only stlﬁgﬁ?’cﬁiﬁn ggi’ cgﬁ %fg : tor %ﬁﬂ&&? E/%&Img@%{r édgllﬂé%fa'l Q%tﬁﬁllatory signal,
they beB6AY hSﬁGsﬂbYls@B eanefgi T 6161 té?stﬂtmgtm dewhmsdulbtiareof the immune

pol ypepti des expressed by APCs. IfT cells are only
responsgt | mul ated through the T cell receptor, wthout

‘[%%%ﬂéd‘@rﬁ a%g%ﬁg@aﬂ 2f Eélﬁ@é}?g;ré’srs&{d §h APes, arbl@ifical

econe sponsi ve, resul ti ng in

costimlatonypelypaptides While B - 2 piwme pr@sxmmméroﬁ' ﬁenmom@emmune

d CD86 (B7-2 t d
respongsp, BT-0ap “iBETIAg q%g’b‘%ﬂ%%ﬂ"ﬁ?p %@3@?‘“%@%?%?811%02“%‘10% grimary T
cell resgc}lﬁ)sreg gpgﬂsﬂﬁﬁtlath@s@cdﬂdﬁim cBlf tIponses. Wﬁ@ly?@ﬁmél SftScapable of

I's upregul ated lat'er in the course an i nmune
providing spsiims@atogy ptrmhﬂmtgr;pmgmﬁs ‘50 1mrmme|ce}1@’g>g§ﬁg]@ge @yinhibit immune cell

coS |nulat|n on res S
Tesponsgs; %B‘éﬁf%% (9 i@l ac 6@(963)‘?0?01§P%,1 Ba’% 61 1nduces
costimiARbPbE Rrturid @NAbS inthibitsTHAe Q:@ll k&stintulftici®hen prl'esent in a soluble
inhibit inmune cell responses. For exanple, en %
form. Whea bovsd toranl inhibitpryiseagiero B - hDOqulerrdmt}ar}Sﬁa‘ifBb@gl itory signal to
an 1@%@%&% Fg%llflg %}&%7 %Mﬁleﬁ}%le{ssina{ldé ?5‘ 10BYS W@lﬁc&ﬁfﬂed by the

en present I'n a solublfe fdérm

antibodPBBA ) B7R(PD-IL1),kind B4 aed egitiele fraBerts oD kiamzdtn'ss thereof. B7 family
transmt an inhibitory signal to

membazs bipg ta pye mmp@?rﬁepgpt% ABRITPHER G B & CBoAd: CRISICOS, D
and/or &f}%ﬁ? ﬁﬁ’%l ﬂfgg‘relp@l@)feéﬁf&)havgﬁﬁ e{b'ﬁﬁ?r% Yran@hiel an inhibitory

nts or derivatives fhereof
mgndfmwmdgmnﬁﬁﬂmymgmﬂtuhnmnan£mﬂlnnre receptors on an

o@]ﬁ%:fa 1q,aet@%tiﬂtgrtﬁat 15 ﬁ%‘ls%ﬁ’gh’qﬁxﬁ?&sﬁﬁl qnnrg'st}r&[)l; 6?%" %fﬁ T 51§na11ng

through A& ’?Qéﬁ tdc¥pth litgﬁt%ﬁ@? ¢DaY ahd rhkdidh&fon ¢Flalidelim@latéy signal induces
costinulatory signal to an i mune cel

T cells to proliferate and secrete IL-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

a role in negative regulation of T cell responses. ICOS, a polypeptide related to CD28 and

CTLA4, is involved in IL-10 production. PD-1, the receptor to which PD-L1 and PD-L2 bind, is
11
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CD28 is a receptor that is constitutively expressed on

resting T cells. After signaling through the T cell
woeomtsave | i gati on of CD28 and transducti on oPC&US2006/022423

costinmulatory signal induces T cells to proliferate

and secrete IL-2. CTLA4 (CD152), a receptor hOﬂD|q%l¥% 1
also rapilly NG drsthaludine OM ¢eél§t PRyl T adeq gxprassed on e surface of B-cells

d |
(in respc@p Ma%} ggj\é «g} aggl,} Ige’c twéﬁ? eaélgl‘ill elcggtcg safl_' gnl |
Ecr%%&ﬁ&%sof PICOPor axdraply BeRidseinking ot l@daggbegﬁﬁﬁﬁ) deads to the

is involved in IL-10 producti.on,
transmissipnepstaorinibitouyi seﬂmama@ 1Werﬁ§-lﬂ§s‘ﬂf% n 3 "sﬂ&}‘%"bonr Ojfd’fnaﬁ“i}‘e
nd d; € €IS DI (0]
responseésxce%lé(grgg%ﬂ B{ rlsﬁﬁlfe &n}-{m%%lelll ??ergg' PDLISfa%hEDm mbers bind t

e Sur ace n response to
one or n@dtt irede@idrs, 3tich Ay PIR14 wind @D-bP omraymg@ypresenang celjel oi d

élsgsl:mdrl? ﬂ%ggg&lt@ghécggq}lg Bé{ngg R;)x ?ﬁrg %gpelpﬂges are members of
the B7 t‘aﬁ?l?%'f?%%@??&fs 80cH Pl lbl'léa%ﬁ)éoﬁﬂaﬁﬁaﬂ sigral Sddubiias, Be gV domain, an

ng rn a reducti on of i nmmune responses
IgC dongain, @omItsamnbnMerdomam, nod esbert cxtoplasmiretail T hesa figangls are expressed

in placeg{?;: Igplg@ m,l-g& i{% %Bﬁ BS?-FF e[éﬁ r;ug? %1%8 K ?%Qge?ir ﬁ the pancreas,

lung, an[a[ﬁdei' W piilids e?&%ﬁe@ﬁn R ¢ived aeumamncau} :indl ergathﬂhal cells.
epti des, are menbers of the B7 famly

Both PIde lygaafis angapregBlatad PROACLivVRied AHPOEYAT adengtitic @ﬁ‘éﬁ
uence, an IgV domain, an | gC domain, a
nsmenbr ane domai n, and a short cytopl asmc tail.

AQes&l hérgianss “@Tﬁstemﬁﬁ&ﬁﬁ@d’ i nephtareinfeatios il whith they rrp h
nodes, thynus, and heart. PD-L2 is als e ress d1 N4
infectiof egqmﬁ@geagus RGBT RETAS G SRYCORITE OP 1§ not cleared or

el1m1na§ﬁ1§§ n}f&:& élquoﬂ g %feﬁbl?&hh &fo%%fﬁh%}ﬂu%e a&ghonse.

I't gands are upregul at ed
Persisteénf 1Iﬂ’édtio\ﬁ§fneﬁ temheomyd méectinos, deentrinferidonsedy dow infections.
Definitions As use rsist

h
While 303teBlestioBAIF PSSO AL RN (RGP dany U EgRH; ™

resolvegi ?ro%t Moy By é’s@steﬁﬁ aiistedt inTHEioRk las®for months,
15 IS not ¢l eared or e |mnated fromthe infecte
years, damen a &ifetimaf Tlese irtfections nayiabne regur SieqperyRYoF adpREREL0

Persjstent infection bec 1
of tlme} myvalying ﬂil%pétolf 813 (f p@éwve rﬂaﬁac 1% ﬁ/éthgl%‘;c%f k‘ﬁﬁﬁ% or even
produciﬂ%feﬁ‘(@éés%ﬁiaﬁfage fcﬁt'h@hbét%)eus bTheedaugdiBetinfoticusfagentd ayy dlw
few weeks) and resol ved fromthe body. by S&rﬁ‘ ne
be detesgcgmme Ipst Gistivside speciictqelnef Wé@ﬁttrdalél@wf@ﬂal ﬁ%g‘yf the
r eve
1mmun¥ é%saphsfeq'éa %slgpxiea ddid efét&{q%{)cllq &Qﬁﬁguéos 3 l\g Qﬁ%ré@ﬁégﬁés%@ as

me, i nvol ving
havmgSltp%ﬁﬁﬁelﬁfmﬁ:bﬂl@miccafdﬁhg)troczdly(stamdardl méthod kaWIV\m.‘ thoartt agé| |

killing or even producing
describgg o5 SRRl GRILSL PR NRCERP SR tealin Oy QS TR AREU s
Patent %ﬁ%ﬁ&%&g Bubl &Eilf‘o { §6@40€1 37577'1 QO@ﬁ)zsmy hog3meks31,of
i ntecte I'vidua even after
20030064380, 20030044768, 20030039653, 20020164600 20020160000 20020110836,
20020107363, and 20020106730, all of which are hereby incorporated by reference. For

example, a subject may be diagnosed as having a persistent Chlamydial infection

Defimtl(oIn

following the detection of Chlamydial species in a biological sample from this individual
12
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I mmune response has resol ved, using standard
techni ques. Manmal s are di agnosed as having a

woenwi1ssmnt i nfection according to any standar éCmeiSkwe 022423
known in the art and described, for exanple, in US.

Pat ent Nos. 6, 368,832, 6,579, 854,, and 8, 710 ,and
using PR, Shalyis, Svfemagalt pesd bbbl b iafoRpb B apsbtdl s,

infecton 03 4535330800 12 R F0 (4120500 30050110836,

establlshﬁ{égazﬁérﬁl‘&ﬁﬁglf?mdn &?ﬂﬂﬁ]&@lﬁl@’&{p galplapBlometiinss, bfﬂl@tlﬁéﬁ’@%
i ncor por.at e ref erence

hman iEge AgHOSGEY Hevn S RGPS U PET BNt (el g R colf B
Chlamydlgfgg% g)gfhsftgg é@%‘r Pﬁsﬁlgﬁuﬁe L@féﬁl&l@ﬂa@fxp CBbIﬁmzi@brﬁi spp.,

ogi cal sanple fromthis
TrypanoS@tdavppjqumlasglaFSﬁR)amhﬁylgls Manmmal s need not have

t di .
B e a e SRR ol b RE b rPhEERbATabE, B of i
condmoﬁé‘ 1815 @sdorfatdasiite peRttct ifedtion ef@e or efier 1hhasu:t¢eurred

(e.qg., papillom virus, hepatltls |rua gla fectious
Altematmim raﬁevieﬁmg:a emlytom qf@@er%ﬁ@p’fﬁléﬁeﬁfé%n PRy 459 Vg ‘E%‘i‘% © mntectio

h o 1 "
mlcroblé]gf: %S Vlll‘gg %aftgn% h]%ﬁ?la %Mr?ﬁ%ﬁitﬁ%n ;ﬁ)‘a%nﬁ Sl% E)he’ subject relative to
such loadGh laf uA§e4r8d 6@frol. Ak wmpmd mithsqmmq,ulvm pnm@ eppprol, such

B I t " aco
reductlonlrﬂré@gﬁrég ot precreRie ﬁéﬁét@%w Jo7aBingod sy 8 B B 5% o
100% a%lr%]{:‘% Iy ory )?sztgﬁili%@% é PddiabReiteipet@itént iinfeetfdn i Bompletely

cur red. Alternati vely
cleared a4 d&@vdted by gnystaydapd nnftlmﬂ kaopens ﬂ@taéhlm Wh#“@é’laﬁ‘bﬁhe ﬁﬁVlStent

_involve reducing the infecgti
sy LT o ) TLF A A B pesisen
1nfect10£ ?%&é Whd Bkl ?&Etlﬁ(ﬁieﬁhdtsV(ﬁagﬂbs@@Jhdv@r@sﬂch aaondition. Diagnosis
eated contro conpared with an ealw val ent

may be bytang aticable owbno| Dlaglmsh; aném;mlﬁogﬁg @?aydgm xg fgy example, detecting
V ent

the levegg 1@9%a{1%§m apl as%/al g—:ge/ ‘g . gs{%: , 834 te@p %{9 urine test),

> standard
detectn%ecﬁg MvAHSF 2 ReRdghrhatkert df@hmﬁcﬁblﬁhﬁmfecnnﬁ @ca bmogical sample
letely cleared as detected by any standard net H Ived in
detectmgmmpwms asseciated wiflypesgistent pEpgonsyar fRipEingapygyune celis Invo

the 1@@{@%&%0%&%@%}? n@e?ﬁgt o 151?(313@1’}5% ReeRicbfiGifbihtighn specific T cells

rea or a persi st ent
that arel SHeBGE) A phtter® Etewlilblﬁ the atm:élopaienpmmparsmtan@qu@ggn is being prevented
d

may or Lr;llyaaygrg %Sgﬁ ?ezgl:;]/gv %@%ﬁ;ﬁg%o%g g Iértl g%&%ﬂ?%b 3 g’ndrEﬁXt tﬂgse patients
may ha]ve %géﬁ/ &bégc?gd t‘lca)){ stQﬁEﬁCtEétE‘ 8s &eﬁ@rﬂn&yﬁiovebr fﬂa@l‘h@b& Bden

sanple (e.g., tissue biagpsy,
identifiedl,00idhdue :ekammatmmt |as en¢ eidtigh ndedlm;ﬂoﬁh@pteﬁ@cp &% ene gy mgre risk

surraqgat e, marker m.cr.obi al fection in a

factors¢-gi» @P’é&lﬂ%‘gﬁﬁ Sgpod%rtez%{r}fﬁcém%‘@ﬁ% associated with

PEY e hEFYin 'b@/f SF)- | 'O $neaflf a HEIHGIIAB ghdt Moruize eehplex with PD-L1 or
i'nvol ved 1 the i mune response typical of

p$¢3|s eniit £T
PD- L2Im6ten18|and$s {herefore intolvedtin SRR EITPPRFER Syplay the co-plimulation o

cells. ’fhe i’B—l proteins of the invention are substantially identical to the naturally occurring
PD-1 (see, for example, Ishida et al. EMBO J. 11:3887-3895, 1992, Shinohara et al. Genomics

23:704-706, 1994; and U.S. Patent No. 5,698,520, incorporated by reference herein). PD-1
13
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that are anergic) A patient in whomthe devel opnent of

a persistent infection is being prevented may or nay
waaboshasmer ecei ved such a diagnosis. One in thecams2006/022423

wi || understand that these patients nay have been

subj ected to the rd test

signaling may, reéi,ucem@r Wiﬁ@ﬁ?ﬁ ’i} @cﬁj]? F}(tp@&lty trﬁcBﬁ:ll i C’{“ cgl? proliferation,

cytokm%’iﬁ&hféﬁbh QU virdP cl@ﬂ%né’é A’dcgmlﬁg ﬁ)kthﬁlelﬁvér@loh h@ie PR 968}96pt1de
one or nore risk factors (e. g@ hi st or

reducese&]a8$11"r®llt M¢t911@@pt1wtbsb3a§é¢ﬁ83 8] %Aio%s%‘b%h %i #0%b %, 60%, 70%,

s, e e TR B s D 305 PR e

IBY 4 TP Q:eh €S MRS a nBelED adidl thzh%n@d&es iR girbtetn. of T
cells. The PD-I proteins of the inventiqn are

S DA dsien gened dyvmeant|a Ry 1 premergt @nde{m a1 grRagt ofi 3 RP-1 coding

o SR L SRRt 0505l e BRI ot

embod2igents) 4he/d36ond] A8krolagmwhs hdu&mcl%ﬂid&%tmé\he iba 6POrte2gkne, that is, a gene
i ncorporated by reference herei PD- | si ng

whose pEgession may b%g(sgﬁ_fﬁde reNeFgL ey, g’crudgnggqlgllgl}xtagi?n thoses encoding
glucurcf/n?c?a‘aéﬁ '(GQJST 166 6dradR! %lbfaﬁfpﬂ&ﬁle& tra?ﬁs’a{c@{‘}}léfb% (enag Ugﬂeéﬁ)ﬂuor@icent

cledrance. According t hi's i"nventi on,
proteinp(GFy’mahkalme pheshhetise, @D8 beta. {gelabtosydtam oxi c acti VI t y by

/ql’rg t %g nfg(gg)a 381 %2 ﬁfsrlg;/gqt oo/dglcc?a e lgv%?%r biological
activity SRS lef@laﬁye B Mhe 3R 8ABid1oBRhadivitwf 8D~ PR dn @ﬁ?@fedl @ntrol
meant a nucleic acid that encodes a PD-I prote

Accordipto| thfsuevqmogeemeh lgvsl weaa:ﬁmt}alSFr@duceérbdmﬁi@Ft Hiey 7c9rﬂ),a3|0% 40%,
0 di I
50%, 6@ é% Qﬁg 8ﬁ Ly gp {}J oorlneu i g?e%{egg}llagqg)g@g ré‘la 1{/ ea‘i’l drfrefted control.

For exdhifit oheé bibleAbNALHvwnt 6L PID-hds seeoeermlfbhﬁﬁmg@ﬂmgaus PD-L1, PD-L2, or
nucl ei c_acid sequence is a reporter gene

both 1sg@}p@e%b@r§ )é;@ﬁp]é@gp% A reﬁéxytl%mabé%-éma 1ng 38 H@ge#@@ﬁggﬂtmg in an
increasde 2 bﬁ%@r gﬁ%t@ tA&tds IherbRORE tf‘rﬁ? %‘tﬁﬂ " w1th respect to a PD-1

Iucuronl uci erase anph eni col
polypepﬁ@fmamdéyé@s&tl@ﬁﬁmdgm dréderenk t(I)tlhe setnd]lypoceneaing RIGERrotein, such

o S BRSO & STLAELEL sy i
naturaltl%aﬁg dHos ahh%# eﬁ%&lntlﬁg cBll. 04 \RBI e éHul Al df'ah}inlﬁf)ltg@'sl al in an

ative to I'evel “or biological activity of
immuriercel mesulis irembdelatiomof prholiferivorod m@ot oytoking seqrgtéon 11’30@11 immune

cell. P;O (I}ﬁna%gx r&a&iylg‘t%t v %%&fa?g{a%%ﬁ%&% & 1n|§_§18 Ly g‘o%g{%\?latory receptor

for b1n8fn%%tf QrB1 ﬂ@l&cﬁl@o%hué Qh@iehﬂe'PDOl adtivityt iredddRe tl@‘dlﬂilli@bf aPD-1
For exa bi ol ogi cal activity of PD-1 is

polypepBdiiodyn n%?fts natmnl tigaust(s)Pthe abilidy epmpdulateimppunegell sgstpnylatory or
1nlnb1té¥eygs%%?s am{] a?ﬁletr ?Sh{m&{ﬂgg th{]{n%n{u?éjl%g &RE. '&cc%ghh%lx reducing PD-

ore resu n I ncreas

1 activi#p@riciides @éducﬁtgttﬁé @téraction of AD- lIIS@GUfIEI ei BD-LheThiercan be
‘activity" with respect to a PD-I_ pol ypeptide includes

accompligned &qr WIW blackigg iPRhkt ehfPrle?-t he natural |y
O ¢ Uik d3hr bs MERHS! Rl of HGHatopoietic origin and that plays a role in the

immune response. Immune cells include lymphocytes (e.g., B cells and T cells), natural killer
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as the ability to nodulate an inhibitory signal in an
activated imune cell, e.g., by engaging a natura
woOigwnd3®n an antigen presenting cell. Such no#dralszme/022423
of an inhibitory signal in an imune cell results in
nodul ation of proliferation of and/.or .cytokine )
cells, and apyelei SAIITAP EarmpRARIFS: TAFPPLASES ICONAYPHSsBARSAlP dpsonils, and
i mul atory signal by conpeting with a costinulatory
gﬂmﬂoé@%ﬁbtor for binding of a B7 nolecule. Thus, the term
BT keliitis mdaniya CDAd Licdkortah@D&biTl delly T ternpB-cpll includes both
I , , . , .
Tﬂlceﬁgﬂ%@ﬁﬁéé% to bind its natural ligand(s), the ability

“inmune cell costinmulatory or inhibitory

BhIRah T cal dytoRRit§Pirchidgs by Hmfuhteepdnle thabimnediated by CD8+ T
response. Accordingly, reducing PD- 1 activi

t
cell actiivatisinu dlemplady Simgne FRSPORACE ?r@&ltde@ﬁfogianluqtlen}é@?ﬁﬁ Togell
T

B¢ "imeéponsiFaiegdnelutes efiagivityaoTdmihme cpllatpstimulation, e.g.,
) t he i mmune response. | nmune cells include I&y?glphoc tesb
stimulafien yia,an BCigeating regqator of a ryiokine n LngFsRPNRY gCE (3B qeEUT Giq decause

of expog}ofg .L‘Ogié%}%‘.&‘?‘lé!ﬁpﬁ%%?g% o l@g(?&g%étstg %%@EQM%% As used herein, the

and granul ocytes).
term "amrgy TorC'edlbranded inetadds refr&iidity To egiviating reze@iDBmetiatel stimulation.
The term T ce|l includes.both TH, cells and T Ll.s. .
Such 1oAY GHmEoTErB] G BRLTS 4 PR BT SRR RS 1etiAing antigen
has ceagl_:eg?’ %F S8 lank gy TR a1 @18 Castippbdd o TnfeBpdnsiehbssdis dMaracterized by
enplary 1 mmuné responses include cytokine .
lack of pytokine prasinctic@De-g., TLek (T coblrapiergyeacgrisarhengl esllsyarpexposed to antigen

erfarin. pr ti.on nd ran f. -1 pf '
e B 8 RO LS AR I B U5 scond
signal (h B83RENSBH Sgriad). SUdBH kiRsk 66hdittor@, re-cpbsuit af tereells to thn same
activating receptor or a cytokine. Unresponsjveness . . _.
antigendeveng€ ngkposerepccutsde gmemc%gg@gqﬁlgm@@ory molecule) results in failure

to prod%%{%uygo Sl%ij s%rgl SR tf%lhf”ré toﬁ%&%@ﬁegﬁt?ek%e@(g’? cHRSER, Rbwever, mount

used her el rm =anergy”  of
responseé & lﬂ{rélﬁféﬂ'b.gt:ig@is gﬂ& 8ail pllfolliﬁ;rhﬁe\if ¢uttuteal \a?h cytakineg (e.g., IL-2). For
receptor-nedi ated stinul ati on. uc r ract L. vi I.S
examplgeh eelhineyeiasan Aorhespseived %Yéhﬁdlagé?gﬂs—f araieion by Foiigplooytes a
measurb® bi RedR lox?_f)ﬂf 4 :kagl lib988%al ﬁﬁng §R HREcatdiUel1 @B MA IR matively, a
anetgy 1n T ctefls (as opposed To unresponsiveness) is

reportet fateachstrict exh ipused.c Konéxamplgkiergicpl oelischil éminitiatg IL-2 gene
I1L-2, T cell aner occurs when T.cells .are e to

transcrigHen ﬁﬂélﬁc%flnl&y 3 Bt -ogtlggo&s p{qrgqters ré’ihe csgnt*olcoéﬁe ?‘ggggeglre enhancer

or by a%ulf;ngl'eg’oﬁﬁg indh &g Ein8O flat cdbd REn@BSBALHe @hhahcSC@NG et al. Science
si g

(a costinulatory signal). Under these . .
257:113418P2). oAsergicansigpo spaceict cellemarhivs aigdudtiongdpbleast 10%, 20%,

ti.gen % [ e._accu )k e .
s, 0, ST LT SRR Su Oy LB RLRORS ol
correspBﬁ&’iﬂg_‘éSnt?Mtaﬁ{iFé’iﬁ@eaiﬂﬁd,T &s, failure to proliferate.
Anergic T cells can, however, mount )
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.
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, or PD-L2 specific antibody. A purified antibody
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responses to unrelated antigens and can proliferate if

cultured wth cytokines (e.g., IL-2). For exanple, T
woebde/1asms gy can al so be observed by the | ack 8CTHEIS2M6/022423

production by T | ynphocytes as neasured by ELISA or by

a proliferation assay using an indicator cell

i ne, .
may be oblatrednfot iewahple, by afbpidy P@PW@W@%W&?OI’&QHW{Q"WQ dypeed protemn
For ex e, anerai €. i, . fail toinitiate IL-2
or conser&%‘L@ofl?g%@Ff ﬁ?qe%%d%%ddtgc@{dh %" a het erol ogous pr onot er
BYMEScifidafly 6RiakT Blm@ht ihantibody tha? rgepeizenimsineds ayanbigen such as

hul'tinier” of the APl sequence that can.be found w.thi
2 PD-1, RI LehRinddh polRpentdesbutiat ooep @W@@{)%W%aﬂifﬁ%ﬂg“ﬁéﬁfwﬂ other
denel LG ant RAY: | 1iiaelueds rdtein. A
non-ancigiiSitofu A A REBE, i el et B paygig ot
preferred¥#bo@phindoto thy ED-1LFWMALL norriE/]Ddﬂmmyp@tjdeaﬁhgg}oseépg{j S-Patent

No. 6508 20 e 0 B SR PR SRR s,

20030165885 L0oEN6648%, WBH L4769, 26056030653, 20020154800] 20a204GHODY,
occurring organic nolecules with which it is nat uraéjby

200201168360 20a2Ed736%, ahd 2O0R0L06THk al oé picht 4re herely HiCOTRORLE
75% nore preferably 90% and nost preferably at | east
referencggoqn py wei ght, antibody, e.g., a PD-1, PD-Ll, or

B?D’nlcatreﬁ%&% ftboat B eshint Atodics ited imeatirbodthrey dfhe biological
btal ned, Tor exanple, by affini té chr ong%r.agg% g

activitieuis aIBD leparptidnmastioplasty fhe abifitoelet FD oy PRIBRFPEAY reduce an
. nmotif peptidgs a . e i o tibod duce the
immune .rgsyglﬁe?ﬁuglifnf 66’?’%9 Sx.%lgg &ﬁfé gerﬁs. 2121% g%#l?%})z dl)%/%nhla t0 y may redu
ability of @Pmﬂké@ﬁeﬁmﬁ thkaddse aninmmtngeespanse by ageterabity F0%pmorg preferably

or PD-L2 pol ypeptide but that doe EﬂOt subst anteli%Im}1 R
by 70%,rand segrst peeternaRly by 98 oRmHasren d’ﬁwasﬁ%f}dé ASTRY O BES

sa i ) |8 QBT BhaySEHICE to hdisd Ay hyutralizing
reSponsﬁsh{g]Fidl?%ensge%?Sgtdé:'?%rmeghg%lé ’er%yZd ar?t i%ody Sk?iaﬁjs t% t he
antibodiB)- 1, PD-LI, or PD-L2 pol ypeptides disclosed in U S.

e A0, 05 L RO st i

4 /B8 96%3most
or polyp e 23 1 R0000 500201 10835, 20020107363
preferabdn@l5 20626069 B0idertity tof refpicope ANBOREIIHUSTIE oF PR AFR OF
hy reference. By "neutralizi ' Les! i .
o S SRS 8 R i
preferabg% :éu; ¥hdt38SnBho AiRDnlorpleyqatlyiat Rastpdranino heids,yantl meost preferably

Ity of a PD-1 polypeptide to redluce aqriw ' mmune . h

50 aminoesisrs theslublHersth proteir 9t elyrertidey Noiclere 3y qti}gt epfjade suc

" eutral i zig nt i : abinid Qhb@adtiAl

substarliy Btea o LR B e LR Rk Bkt bt d

identical" RicBsiahbivs: 30 reosRhigedtirf theatnkleidncidsiagludnanynisgpence, due to the
preferably by 90% or nore.. An t.andard. as U, addition. a

degenergeyefithe gehsiisrrode.dB¥ SRS ,SﬂF‘?’TE%EFgFlﬂﬁ Ot é’%epg@s%r i be ’

"Substall&%[lﬁj AentiBY REIHSREA {RuaReetD RALEE 4 Fdlluoneide dat hirgdizes to a

reference nucleic acid molecule under high stringency conditions.

By "high stringency conditions" is meant any set of conditions that are characterized by
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
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anti bodies. By "substantially identical," when

referring to a protein or polypeptide, is neant a
wonraica3sser pol ypepti de exhibiting at | east 759€ThS2006/022423

preferably 85% nore preferably 90% nost preferably

95% or even 99% identity to a reference am no acid

NaHPO4$pHU7€21cS7% SES; 1petED S, and 196 Bieffracion V), pea feamgraturgof 65 °C,
or abu ffgw ag%%%g@%&%@?%&%bw?%gt&fg 1?1l @%s—é p%fo7 g gﬁgbe%ﬂardt's solution,

10% dexrafisGIAR) 4000, 198, aftd tcaifefmawfdg, "Car@themsinditions for high
preferably 50 amno_acids or the full |le tﬂ‘gﬁr.gtei.n DNA

stringenay hximdwélpm i e P NREEE SABH o8 £ et dzatich,

sequenc%lgh%{g’lt, ?‘IB: Lk éir(xgﬁégfhogéélqu&f ﬁé&%o?ﬁaoﬂ’é%hl»ﬁ?ﬁﬁ)tld)g%ref&e e.g., F.

stantially identical’
Ausubelrigl. e@rét Pastocdls in MoleevlagBictegy, Totat Wiley &nonsNewa¥odsN.Y.,

i ncl ude any sequence due to the degeneracy of the
1998, heg@ﬁféflp?fp@’@éf‘éi by iefrehcodes t hose proteins or

I%E %ﬁB&Qﬁﬁﬁﬁz}mé s afldhid ﬂfblel@ a01§ %Wlﬂé' drivtiieg @lécndd that has

el c acl'd sequence al so i ncludes a polynucleotlde

been sepfakaéd ﬁyimﬁhel lcmaponantsﬁhatefaanelﬂm%accnmlaéy t. htieplhyp fheqolbweptide is
under h strl h d/n

s et b SSRGSty i Mooy B, e

fir th%l%{&&é S1d 78 a kY. oftudiin %ﬂb aidlecul@nddith W\Mdhomsmaturally associated.
om rength and alh)%ﬁow hybgr i zation corrpar able with those 1
For exampkyh smhs@mmﬂmm@ou@@p@de laamolpﬁawé yfexgpct] m ggatura

source, ue) er%%ipd e%# gc% gg}ﬁgﬁgﬁ caan%]\" gﬂ?éellctﬂ J@f%@t%ko@mgﬂy express that
protein, OF b§ChémtaMs t}ﬂaklsa terrperature of 65 0C, or a buffer

confainin @6fornan1de 8XSS M Tr
Thdtenn SO HA 4 SSPIDNA. haigs e oF s genen Vaifk in Higpaturally
occumr*gogle%oﬁgg%f t %aﬁeln &y i tﬁé 147gn PANA B 081ved OMhkithODNA. Thus,

Irgh stri ybri |za|on such as for PCR
the ternNasd1ired MN S eridoarpasserfor examiptle) CBN)‘?&,I Qiolz@tgebﬂmlquNA and synthetic
sequencing, etc., are well known by those skilled in
DNA. the art of nolecular biol ogy. See, e.g., F. Ausubel et
%}r "an QEEJ erétarrPdilﬁf"qg: RlegntiaR aMHuﬁ%lf @Eorﬁp&inﬁgaﬂone] &hin a combination,
ons New York, N.Y., 1998, hereby
requlrecl fw@dw@ar catpedvdnyhyp@ﬁenmer toggeat LISy ﬁlchl'qniP infetion jrxa mammal.

e G e BLELS 6ol VTP SR ik s nsin,

age, boldiveloht, land ﬁ&ﬂﬂfé‘ﬁl{h bf the FupjeciaUltymatelye tmczittxtmipg phigsi¢ian or
substanti al pure when it is at |east 60% 70% 80%
vetennmwmld@rt IYWOH TG ANGUILENG HPSAZE F-ETFRom t he

r ot i nd _nat l. | 8 artﬁ 1Iv-
T
deriveds Wsiiiatd @nhpoupds ap alcypiepfor deamplye, beptidbs, polyp n&es synthetlc
extraction froma natural sou ce br{ E“tlg i 0?] P fide
organicrraelsaHEh élﬁturﬁb{:<|wép@'m£cqf8afil%m§ ccules, g o pepti
nuclelcrll%{cf;ﬁk eXul%@f D8 S8 mb Ot detiDatiRs thofeSNBS &dnple, a useful candidate
compound accordlng 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
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
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The term "isolated DNA" is neant DNA that is free of
the genes which, in the naturally occurring genone of
woheosasspni sm from whi ch the gi ven DNA i s deri Ped/US2006/022423
flank the DNA. Thus, the term"isol ated DNA"
enconpasses, for exanpl.e, cDNA, c¢lon enom "
art. See, dprexayiplc Repnghn, Ths Soigice and BE?@P%O%%W“Y’ i2§-SDNﬁh?dm°n’ (ed.
an . a8 0 oRBo®’ in a conbination,
ARGG%@%@&P@BI}%WMEE%?%?SM %ypertensi on or to treat
or prevent a chronic infection in a manmal. The
ef fective anount of active conpound(s) varies
dependi ng upon the route of adm nistration, age, body
[ .and general health of the subject. Utimtely,
Metho#ﬁgqgﬁ%%i ng physician or veterinarian will decide
Thoell apiptoajuiiyds ercasasedhby eandactiog adecelbyithapomppund that reduces the
'candi dat e oynd’. i s .meant & ' o)X ivated T-cell.
expressRQL R GSLTRr TG ToroTd AFIVe, O eier iy Tl fregtyaged T-ce
AlternaeRRP 18y arl ﬂﬁigﬁﬂ Specifid TR¥ANIR, anfiggt speeific T cells is anergic or
pol ypeptides, synthetic organic nol ec,ul&g, naturallgy 1
tolerantde therinientiousragani T-aell exdefosisity gerrcterzes @y #BIREeasedd c©
.._peptide ¢l el cid nol ecul es, and conponents and
pmhfer% 'a\?tcP’g’ netrﬁgeﬁ%éf. For exanple, a useful candidate
TRERethods acaeefil fgallevidtdihe pympients dfawanictyoef infediienssind cancers.
. binding of PD-1 to PD-LI, PD-L2, or bhoth, The term_.
An infectisegrieaBesds #eated RpEaIe oA syrBloRb i AlewPd by ASBETFIERE ©© @
subjecté’@ﬁ:fpirﬁl%F i A% dhbib&ash nRAEnd REsIRREMIA G2 b pYinfite, mouse, rat, dog,
i 0l 0gl ca yactlvle agent and is suitable for .
cat, covgtotse] midrysgi Ghe bubjedtas peferiag fromperataiskiof degeloping infection. A

. formulations can b repar ed wel | - kn .
subject SUEBREEPEY AU DrOPRBBE oiggion F gy SR fflflods suitable or the
. i n: The Science and Practice of Pharnmacy,
particul ﬁqg%g&?h edition, (ed. A R Gennaro), Mack Publi shi n{ge
CThe inf&aionong., Pacterialpvieal, fupgH onycaplasy, &4 Ppisgitip 13 2 persistent
. .cytotoxicity IS increas C ' '
infetiog’ CGrAN PILHIATS B RER (e e REhe 8 Bt TRyl dafod by the

inducti®Pof a host BBmIné Rlshorise. ahe@ifv@iols agdrt andriredmynihegedpongy reach
activated T-cell. Alternatively, the T-

, cell is. . .
equilibawnisyeinthepideiitfeeted sghpgt renpas g}ﬁ@qt]@gﬁ ogcﬁé]glpypg Berqfoadg%fl time without
i S anergic or r . ; ! i Terft &hkonic and
sy S5 A S PRt ol SO G0l i
slow inféc@ibhd.er ati on and cyt oki ne rel ease. The nethods are

useful to alleviate the synptons of a variety of
i @ Blon R iR fR 060, GRA Gt Gioudigdnb tarbd dstecded mathe body & all times.
treated, prevented or a synptomis all evi teo](#b
Howeved thesignsemidsympeonas of b dispasg npiyhe BIRSEHPE %’r".en ﬂ%an
subject 4.s a : . i .
B O PR U ey s
HBV) st AepatitigClearedby BICY) alknofirud goptdropgabeyifusf Bpst¢inmaryyirus,

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

(HIV), human T cell leukemia virus I, and human T cell leukemia virus II. Parasitic
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subj ect suffering fromor at risk of devel oping
infection is by standard nethods suitable for the
weoaondeiiesdar i nfection. The infection, e.g., baeCemiSa06/022423
viral, fungal, nycoplasm or parasitic is a persistent
infection. Persistent_infectjons, in contrast to acute
persistent frffeciions may aFiee pod respit e nfediop by|Leishapngsy Toxeplasma,
L nduck i LIANER The infectious
Twmoi%%tﬁ)&%ﬁg)dﬁﬁ%eslc@&ﬁg résponlgcgﬁgéeig%ﬁmgqm li bri um such
Th haitehthefettidre dieddfestibjeagent @rmi visis) isfseeninglysingeive and

| ong period of tinme wthqut. necessarily expressing.
dormantsyeApGinie ¥ AOPLHI A POLPH DG PhoPIRIT™S off S RAgiY el
infectior, ?l#eeﬂ S r&ﬁﬁiﬁﬁ ifecﬁﬁ‘l%rﬁirﬂ Withthe Rt @Songtperods If GiRiecbefore

rnfection, the infectious agent can be detected in the
symptonhogbairedppaitt, howeees, thelevimelerituseheanspigresd edgetedsyiid geaskivgion

the di b t.or . .
of the dijhes 6EFIER TR SO SO PR e fespionf Paftel B A1
(fever bl%@}, igfdsi\ﬁz BodnsialSR ed)yarkdBYV q8dcibmpat-kliingled). (caused by

enovi rus, cytonegal ovirus, Epstein-Barr virus,

Tnershes indectiohethe vhfieptious aghets geadualiisceeass nnyEnber OFen YTy
h ' 6., .varicel a- ' idiS B
ons LA SRR ST BB i mteoeblet

par vovirus
Exampl&L§E sidwe lnfestius fresndBIA IDSocyased by HIY -1 Ghd HE¥s) elentivirusss

rubel l a virus, human i nmunodeficiency virus (H V),
that causg rmersTingaimals, AR ®FCES-vi rus |, and human T cel |

fgfa‘&%ﬁf&%é@iétﬁﬁt iHe’ctiE&r (ﬁ?ént drEP S BhSIRMlichRbRCIf RAE MBY
I'Se as " a resu of infection by Leishmania, )
infectioﬂé)mﬂl?ﬂiﬁﬁﬂﬁ, shibgqeae stﬂemilai,ng I?Iaa@nq?had,lm (@ﬂﬁ)ﬁ:{ag §g?§ foleing
Encephal j tozoon. In.a latent.infection, t [ [QuUS
an acuteGEMICS BIeG oD YATFERTEL S CREBMTIIGICY PPALET b e Aoy v
infectionuch that the subject does al ways exhibit signs or
synptoms. In a latent viral infection, the virus
€emersiaclide fekanpiei agionnuneblastisdympherpa ppagdulaslypglocyte
of t] bef ore synptons agai n appear; however, the
predomg’@fl‘jé‘g&}?“?f}?gg‘o not be detected until reactivation
Rh AREmIh SRR 19GENEEa (AR TPhes0bssivat(@ptdly pfasessimgy type of T-
m%l ude i nfections caused by HSV-Iﬁéfevgr bllstersg i .
cell nor-Budgkiy fmmhonia maked by enlarged\Vyyrkh apdes g E,Q;R@rgmg ?y_memla
. In a.slow.inf i an ' t . ﬁglfé’slelr,yw'htl ,
s B OB O g ot B REE Al e o o

positivélOboig s Wt 6hnight ssvets. fTdambligiapog uanlly pepire isadulis. Patients are
observed. Exanp

usually et 0 Bgart {oedianuRl GO e AR P RTBaet AR L Qg eses
hepatoplBlrpelf BRI nAlg ALEPIRLra AR RAEN ey develop
The skin is involved in approximately 40-50% of patients.

Nodular lymphocyte predominant Hodgkin Iymphoma 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
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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i nfections. For exanple, subacute sclerosing

panencephalitis (SSPE) can occur follow ng an acute
woResi183395 nf ect i on or regressive encephalitis eamusewan22423

as a result of a rubella infection. Cancers include

for exanpl e angi oi munobl astic | ynphoma or_ nodu

associatellyhprilscaloeg wite @R findirgsgrish ﬁwgﬁéhqiconclusmn t{'lgt the neoplastic

cells in n(aaglﬁ{ b?r%’%? la%i ?éﬁﬁ@%@ﬁ%lﬁg#ﬁ#k}@*f‘ h n : %%ﬁdc‘{ﬁlon with

germinall 4ARAAER cARKIKEEEIRY enl arged | ynph nodes and
hyper gammagl obul i nem a (| ncrea%ed ant i

Agi lobﬂv)tor ok Plarl ig gmprasib ) ey todr@k?%t F§§Pffes$%%fr
the act1v1.% gpb 1 ¥F21.1RPPDLI }ﬁe apH g x??ésm@ﬁ oPh@RtityS¥RIued by

|gnancy usua y occurs n adults. Patients are
at least 10%4)20%%4 369 40%05(,% §@4r H% N 0% 08Y6Bmpsres tgrsach

e e 5 e PR ST o g
with the !?’bo ?F 9pPRYEL o[g@éﬁc?h Mtldﬁ% & RBsrmida bSKing stahdard

ved I n appr oxi mat el 0% of patients, Naodul ar
method mym@mmcladmgelmfrdmﬂoe@bd@m rOPt}QmHE,rfhe PB-himbibior|

e SR AT RAE L

polypepti %MMBS GRAR $nolsiuld hrdtigdnist€ g BlRIlemJnobI astic
ynp neoplastic cells are associ at tf]r h
AEER mﬂkbxwr pbfynopptcdﬂ inpludiesn fariekpEpP et @tﬁ’péy pr fragment thereof that

reduces EE)D{J g}iglﬁo gonld%éi’@gﬂg nE}Ien%ﬁLllazsa[ng ?’1@ ﬂﬁ%@}%{ Q{éﬁ-@’qﬁ@ awibdties, anti-

PD-L1 aﬁﬁ%’&i% aanfﬂ@%%sku%wbd%qsmftlom&m-n aatllpmh%seamtl-BTﬁqA antibodies, anti-
t hat seen for + T ce een..i

CD28 anfthodinst #i-IGRY k@rboé?fesyém@ Tafipefiss JEanipeaT pibs, an ani-

B7-2 anfi gJ)c{afs a%t??grﬁ%%tﬁ%d% LB AGINGRibBlegh suppor t the

con the heoplastic cells in nodul ar
Antembipesy, ehan]Bdamﬁnbant 1sHoi:bg1kmamt| negphismaoivnve anusicie acid

encodlngzsq%%hg%}lt 1lolgga\£c\d18tp|;3 uétﬁ%'e né%&@%ﬁ%&c o&uieag a&l\ﬁ@ clt‘i’D 1(i.e.
binding ég_PPefj 't’B:FDtLI'le PEXPS Qﬁ%’oﬁﬂ o ddrﬁﬁiaﬁtQ{egm\terrOlfeer@-ahy ammo acid
inacell. PD 1 expression or activit

moleculeélavmgucseqhdnye that hasaad ﬂeaioﬁ,(@%,z’&%; 8§)@/,4)9O&/@<ﬁ§°/5 @W/&V%b% % sequence

70% . 80 0 0% {
i 3R, A0, S OGRS ) BoEEPRESA ESpefo
which tﬁ@&’&mﬁﬁﬁt RehtiRARBtetd &RfcSfonds! Fot b;emﬁﬂb la dondihimttre@gative PD-1 has

expression or act|V|t% IS determ ned by any
mutatlostsadd@atjltn@imdr abje torfeinds ¥D-lilhc| udi ng t hose descri bed

ﬁlg% gérggla}%g I}Iegg{]\ae! %%éteaf}&?y %Q’a n ISI-I T ]E}E&Htag 'én 'e%}’eéé‘lérﬁv&for The

or both
expressionhiediok eay be&&iotcld&&raﬂ) &bqtpleqnt 4 ved Veqztot gerg,l,cﬂeggvlmﬁe gecombmant

smal | ol ecul e ant agonj st s,
adeno-associated virus, or a recom 1%1ant a enov1ral vector) Altematlvely, the dominant

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.,
peptoids), amino acids, amino acid analogs, polynucleotides, polynucleotide analogs,

nucleotides, nucleotide analogs, organic and inorganic compounds (including heterorganic and
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A PD-I inhibitor polypeptide includes, for exanple, an
anti body or fragnent thereof that reduces PD- I

wexmieassivon or signaling. Exenpl ary anti bodi esPCnaiSebe/022423
anti-PD-1 anti bodies, anti- PD- LI antibodies,

anti-PD-L2 antibodi es, anti-CTLA-4 anti bodi es,
organoméiillic &hipdbuads) }hemgeﬂno]amlar welphglessthibaive §,008gramy psgnole,

orgaic og%gﬁg}% c(:eosrgppant '{5 ilf!wcl:%agn hag g%;l,g ngerﬁs nhaggﬁo tBZ 0do grams per
mole, org%: oE%c}rg ﬁ‘a%m o lds ﬁZvﬂig add1bhesh wightAbdsehapdbouel YOO grams

X I's a dom nant negative prot elag
per mole mrgiuﬁc or A ghnimaoaiongdshaling mmeleckiag steight 1958 Hag; Oltltrﬁé?@ grams

e G o e AL R i

nant
TREEPL] URRFRLShartBeB Ynsleduld) aa®INIA ﬁmbﬂemhcm @zmﬂﬁgmlecule or
sequence that has at |east 50% 70% 800/ 958% " ig

a small nenlerul OQ¥e gedgi drat éargaie RPr 9an®ssmn qrélﬁ%‘t’ltbi Yt e"%‘s S

han MR&A. Standard
B
techniquéLo iBEHANRHS: siRBIA m}&ﬁm&)élEare aseth mcﬂllahng thegain weicPDNA ksg

mplateThogn %&%}Qﬁ%&g Besern ha PO AT SR &g PRt PD-L1
or PD- L% 8?1& ﬁsgegﬂ?n\ég %%tl-s-gﬁﬁ ﬁﬁzﬁf PBSLP Br PBALDRudREY a&i& sequence or

or- or Vira VeCtOT e.g., retr0V|rus
both. Oﬁtﬁﬁl@lﬁal the SR NA mmnatsmm sich dhat arsugle wanseripidies pthrihe sense and

d I t t I
e S L A ERBLLEL g B P e srova

to an PDLEGRIINGHD-PH F %ﬁgd&hp%M@ marset del révulth n 4 heluttdremtRId 1, PD-L1 or
ar’ea usi ng or exanple, m Croi nj ecti on t echni

PD-L2pidattiomntny ‘éleur,bﬁs The t;alng’duecsf theyehigonpelepide isahdeastd Oqaélclséotldes and

pepti de dom ne (8p, bly, th
may be g5lppgas filﬁ]nﬁ?ﬁ%& ReR N z‘igo}éﬁ 3 poI ynu ot|gép)smfj]tmP?'Qfera ¥, He

ohgonud?éﬂt?ﬁ@lié: | €05 int8leatidds 98 fengthy Vet tpirefermblyn tird @igbhudeotide is less than
organi ¢ and inorganic conpounds (including
75, 50, hénwlomtgbmll@l@ag@or ganonettal | i ¢ conpounds) having a

%ec “{?%[9 5! r}g e |¢855rd DAB-BROM! £ <QQRH1B 181 SPRAteATN® 6,808,710

gani ¢ compounds having a nol ecul ar
and U. S\/\mtellittAlb;ﬂﬁ}aubxbaﬁblaham NBs. CZID04@13§6§7 p?éx03ﬁ232é23 A093A1 o531,

20030064386, 2HBO04476B0 Q08 R4S a¥6(fg§|1§4§6§,, g@ﬂo@%% JB%, 9842k 86836,

rnorgani c

200201@%8%%&9?0&6‘(6@7%0%11‘@% whikh afc MBiE hcdBssmtddbynenbae.

ygrans per nole, and salts, esters, and ot her
Dfﬂélpﬂé&cmddtdo@abf fhe R0 & ptbubitas i§ o bivdogitallyrchive depo uhdiclogically
active dpf;ﬁe ésfpzf[}g(lps(g:{gglvgillt %{@Qf%ﬁ%%é%%% Iénsag)égélncgér%lg %%tgmlc aa@tl he increase
in the 11‘@91 ﬁ%t)éﬁse sB@&ﬁ& & 86 iiFedtidub ageddr BRSirably,akie BDt-] mihi‘tytor has the

erm“si RNA" is nmeant a doubl e stranded R T cell
ability trmbchmﬁ Ithee WprcSSIOpI’OQ‘aeﬂtﬂl‘gl affPihd limeniégenspeciiic Jpgupe e.g., 1 cells

such as iﬁ[gf&d’g 11st)eb|;(2qr‘g E%Ftr% ,?{TOJS erg(llr /?f %,C ¢ W@% 90%, 86%! 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,
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
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tenplate fromwhich an si RNA RNA is transcribed. The
Si RNA includes a sense PD-I, PD-LI or PD-L2 nucleic
weachw/1s8ysence, an anti-sense PD-1, PD-LI or PBeLAS2006/022423
nucl ei ¢ acid sequence or both. Optionally, the si RNA
~is constructed such that a_single transcript @ bgt h11
biologicaltretivigne&PRrldis detpmined aeenrding i s dhilily tedparered P e
.L.ne. tar,get . . i i i i . . i t and
evotoniplgh RS 5B oy [RIABAE Lupbor BF iABIGL TN o
proliferatigh lof kgtfdentspedific €DS&dDc¢liso Prefarably, the d2ni thaieduces the expression
PD- L2production by the cell.

The |, th of .t he
or activif ¢l CRB AT 81 e BTWEISIOREF SHGEN Bt PHOBRG Agbly o least
5%, 100/3,30@ %t@fx?%o‘/.h 800akHEAOY:; 80%U6G% NG htelthaPdd% abéve untreated

rdnscript. Preferably, the oligonucleotide is
control 1&9el@ 5TIntiagemoof the présant invegtion isvbstefoye afe pgdilt flaving @ny one or more

e S BB H BRSSP, UL s o
it is und98RBERE An Bell fHAE cAxAMBERe thdinkhihe BaioRBE td\eersistent infections is

6, 808, 710 and U.S. Patent Q%&l i cation Publication Nos.
also am@0bl00 ¥REMPthodnoBbe 3paaton apbBcldeHsn cxapriedh 4S80,

0030044768,, .200 -

e L A O T i A A
Additiodd) itl@éi‘aﬁlgc ggérﬁ@mfc'lutalﬁpfog g_x%ﬁﬁdhdnﬁyitrdfoemua%s. (‘Elt@ Yldar?bme,

referred dose o e dnhibitor is a biological.
scycloviRcingEel s & A RIBY P D me Py R BSE SRR STRL ONRTD

L . : T ocal .
o 1116, 56605 PR b avam
(Lamivﬂti]diné)? ﬁlohnfg_efe_bhidel se\&mgtansdm)ﬁalse aniilyitort(NSVRT) (e.g-nhiiewiregne or

a r, Lt . : .
delavir@me%mp‘%a?#ngﬁq%ﬁé%qg%@%ﬁ%t@lai% e zréneagfij; ﬁ())rgne?fir_laglfl:rf),l 1:\||‘Batv¥‘m, or
interfer«%@%rﬁiﬁ%&@ﬁala&n%ﬁdg aﬁﬁfﬁlhgal c@ﬁlgaﬁnds,e&ﬁipafé’éitic]&%poﬂﬂ%, anti-

% 50% 60% 70% 80% 90% or nore t han 100%
inflamniredrywonnpbreds;, eati-noonlastic agenier gnalgescs| evel s or activity

PD-I i [ | | .S .1 1
b A B Ry TSR S AR o peaent
adminis%lréﬁl)ﬂ[ St e PDTMIRADBItS T exdrspleythe BDH Shitsdted ahbb theelditional agent

ot analysis. Alternatively, the biological_ activit
are adnihiskbed ini ssparetesiormulatignsauishis ot legstdi Adt iy 1B+ 12F’If‘)—g’l orter)é than 24

hours a}iF; eg-t laéft)té?%%{lllp‘é@e %ﬁdl%%éﬁnaéyggg %o%ﬁgaiéﬂaﬂlo g@tﬁ&rj \)Htﬁ Yhed DX hhibitor.

accordi Its a y to Increase

~ When thORditlorae ber® ¥ sreeont & 4 different cathpasitidm diféorentpbees of administration

cyt oki ne production, cl egr ance of t eﬁiggf ectio

may beagecht Thes##8N b GRITHBIFIgESGH ABTES AOPGR BS SEEF T YeclopFiEp apent for
treatingg%dlugiggip% U AR an ilectiR@ENt that reduces the

Xpr or activity of PD-I can increase the imune
Coapanatospeithé PD-1 mitibitoriand dretaddiionalgmant depends ypoagiifferent
5%. 10% 20% .30% .40% 50% 60%, 70% .80% . 90%

Fctors o AE D OSBRSSO R0 gt Ot i larmmal, and

other nﬁgﬁﬁﬁor%dlhﬁ?st&e&mﬁ{s tichiRt HORAgtSmEYIBS Bratce taoptiraigesifety and
aving any one or nore of these activities. Although

efficacy hied meititin te skiild of mvantisano Péternpinaticarefiths proppr desagsiandy
adminisctr%%itm-gegclgllel ot a particular situation is within the skill of the art.

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
22



it 1s understood that any cell that can influence the
i mmune response to persistent infections is also
wanewablmet o t he net hods of the invention and paciuse®e/022423
for exanple, B cells. Optionally, the subject is
adm ni stered one or nore additional ther aﬁ%i C. .
receives @RS thahdhiditsi amnaimurteaesnonss 2geinstbHRE oY ficiegpy virus
exanpl.e, antiviral c upds v AR Bed, for example, in
(HIV), tubgrgpeio: ipMepzh s AeBTH Cv i %%élca?cﬁ aS%‘?“ng,j% oG TS Z .
SERE TRRaL 00 41486163620 04N Blekipédy e Vachinbiis administered wit
BerZOfSkfh%he? ?e. 9., AZT (Zidovudine), ddi (Didanosine), ddC
a prime-bo@stbicshibali wigh adjggants.St avudi ne), or 3TC (Lami vudi ne)),
non- nucl eosi de rever i t [dHRERRSOT cEINNFT] CD8+T
PPel ’é’?“fé’ltf’ﬁeax??? }nﬁsetgrgﬁ?%éllr‘ %@l&%{ isﬁg?,%&pr_ot ease i nhi ﬁor
cell, cytof @Gyl N@Vintreasd fnonaall cytolontbityavsutts iroan metepsedapimyne response and
ribavirin, or interferon), aatl bacterial Go egé{ﬂ-gé'forexample
a reductiemin theipeyaisteabimfistinls AndAPIeRseH ZLMPNE TEBRNE IR IS ’ ’
. antiinf LA Yo SRARGBHNIS . TaRilior BERR! Aincfead@RidyteKine
byanmcé??g?ﬁlelgﬂcis. iﬁé%%l ]irgt&:agha ’thergpeuti c agent is . .
producticﬂg Bhdins inefeask mrth? cleﬁmcmmrinﬁepgmsl agenfprSugh 6%(8-@:9@% fncjysles the
adm ni stration of the PD-I i.nhi.bitor,. . | ;
alleviatiqaTIOnF RS O SYRRIOTR &Rl Ol Rpsieeal AR, Sarkifftration
Llges &fbel th §taht@nfeti sRibradlleGiates \int bt moad syraptems
ofthePI??'Hét,ﬂbljc?rer%, 10, ?23 18, or nore than %4%%@)&9%%5} 0%, 80%
associate@pittotha ipkssistant énfectatinttiyoat dsash H¥t 20%, J0Gp-AN 880, 0070, 7070, 8U70,

together with the PD-1 Jnhihitor. When the additi onal

90%, or é%@gtas F@B?S&%@Weg{eélisflpjg?ﬂént conposi tion, different
TrOHbEs: 19 EFrRaBbLIE Bkt amenEiyadaao ulidal bEhefitayehes,iagreduction of
adm ni stered at doses known to be effective, for

h
the load _ag‘élatini_feciliom ragentiin ghe sfu@mgb i Wél’en gpatmegvé ﬁpplheél %rﬁph}‘?lgccucally,
“efﬁcaciloﬂ%’erg%%ﬁ%? tlhgtﬁg{e] %%Qtlrr[e?{ fda%}ﬁs gﬁ SprE%tf A infdcBibh BloPformik, Efficacy

agen epen upon different factors, )
may be ddiGhiisid\BinERaySaoiviadethnd firdignosing batrgasingghe particular infection.
hysi ol ogi cal state of the nmanmal, and ot her
Therapengit AdmiistratioR ni st ered. Thus treat ment dosages may be
| Lratedg LA sSAhE Y, aMfeceh tompeltiathat Echidehan
'{A}heéng(?(n?’gptngcfh?cgﬁ Bartisan. gDe% erm nat i og&gf_ the proper . .
compoud@SRagedace: ROt axpsdssiah opactivilyi(regerfegito defeap 8§ @y -1 inhibitor™ or
) situation js within the skill of the art. Optionally,
“therapquiie CQI@BP‘@& )i's further administered a vaccine that

ﬁhipﬁ%%tﬁe%rr%ﬂ{ 6€4 {h\éﬁatp%aﬁwmnﬂma aysrefepahay fiot atvat 0.1 mg/kg to
i nfectious agent that causes a persi st _nf? i.nf ec?}& Q. dine on
about 15®metueaBifestive fieses ubyees leeemiizrddydhesgskilied i fhf art, depending o

elicgits an inmune respaon ' : th fic freatments
s S e
includif usB ©P 8tulet irfti-fafedmoarmphats vr tharapeutisagants foeweatingeprevegmg or

anple, in Berzofsky et al. (J. C |€. I r]%est .. is carried out by

alleviatibg4: s¥5ptans of a paidigylar lrffeq}@giqr@at}cef.hét ETARSULIS Tpgimen

aoeeadm ni stered w L IR s R0 RGFons (lat Bk WE 8éveloping) an infection
identi %{Pﬁﬁ]ﬂaﬁ’ GF%E\A%I B‘F‘H%‘ E%tjti%i?g ar etgadorri Wsat ered in an
or canc&TRRE stabddrd eleftiddst 0 i ncrease T cell, e.g., CD8+T

The pharmaceutical compound is administered to such an individual using methods
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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cell, cytotoxicity. An increase in T-cell cytotoxicity
results in an increased i mune response and a
woesasn i n the persistent infection. An i ncPeasisen06/022423

i mmune response is nmeasured, for exanple, by an

I ncrease in i mune cell prollferatlon e.g., Tcelhor d
compoun®icadrhiniséed mpha;dscﬂlclaﬂy,@taﬁkt e dpﬁ@@l%?f ayinfeghgn.q he compoun:

i ncrease i.n the clearan S9aRdat inPhEid
is optiongllydgrpylgtsd; aﬁe|°alal8gn%8 %F? tal? |1'Jgglfa &%ﬁ%& & nore of
Exampless%f%hﬁﬂﬁn@ﬁsséﬁﬁhﬁE o6k pﬂréxﬂemhﬁhmms&aﬁ@remblude fagueous solutions of the

mnistration of the PD-1 inhi bltor reducgl%ﬁr p dard
active aggreris as isetunid saline solaiom @ 3k BBIFPSR W4UTIRe OTFNORFT Standar

oci at ed t
pharmaceélzf n‘gllségctceﬁt@ € eﬁwents 8&;3&%8 lggﬂ/ﬁin% 8 %@ﬁts gxgg}ﬁ&ogfm 818 ?%
cyclodexﬁ{ns]a%) a’fé@ﬁuma?ﬁﬁ’tﬁaweﬁib all a;td‘qﬁamte (ﬂorglﬁ;h]vg'(ytof they thatapepiic

Is efficacious if the treatnent | eads to clinical
compounldeneflt such as, a reduction of the |oad of the

Thﬁ B}elcr:z}é%ﬁf"g’ d's ﬁe&Pﬁe@ HQJeﬁqCére fofhathtdd @es eempositfons for other

t| ca ficacious" neans that the
routes oﬂaﬁﬁﬂﬁlﬁﬁ‘zﬁtonrmﬂﬁfrxg&onVemIOBHlenefho@1 HonfesernplenPPrlowhibitor is

e Ly

phannacéﬁ{ c]?lﬁg L0 t bREhAREMS 's&ch“ﬁrge[utﬁltdr @ElﬂuﬂﬁseThIexbﬂewﬂmy ibe formulated in

mmstenngtoasubject ac ition.that d
accordaric® ®\}1ﬂdﬂmventma1;m0¢ﬂﬂiurdséb’ qoemeﬁémgmxrur@%&o ghagputisycompoun:

with a so?ﬁ%%éa% pj&%ﬁgtd 3 h?r e'f%o?& ﬁ’?er& elggh%éuﬁgﬂcﬁ'ah@ Sugd'

bentonitd. h’fﬁ@&ﬁﬂﬁdtﬁd@Qm}ﬁM{k@erb@ 1n0ﬂhe ffafabf yhdrd sielbfablet o0a Q_apsule
to about 150 ng/Kk Ef f ect.i v 1Soses VZ?{%[ ¢ Other

containinga bgndmz eg..0ycteses énaéll'@ltP] agonyeniifgal 4 dp ?tﬁ‘}f B

formulat&@gaﬁqlmfies%arf cg] Pﬁ%%ttwﬁ%’#’] Ff ?Sﬁétﬁ es?F‘aB/eHﬁé‘lg, QreadilGel, resorbable

utic treatnents
sponge, bPfdatli IhysEmOhticak hﬁpradimedl usﬁganwthwdsag@hh@vm in the art.

t herapeutic agents for, treat rev ntln
thl@\tf thefg@eglcsm%nﬂfl of aéluﬁ 15 a[cbdzﬁ:nézp é)gﬁe the Therapeutlc
nucleic ?0&2 f,;ste;{dfm@is{epe%r i Q}ﬁ}c')ttP f)r(;rﬁ&‘e %ﬁﬁrebsz%rgﬁf ﬁpda?l:égﬁ& %?%eflré rblyncons‘cructmg

it as parf 6100 z(p@fop&iatd leiofcid e)qpib@mm@ctcg and admpnsteingit so that gt becomes
cancer, using. standard net

Th
1ntracellg@m§q3g}ngy pse etrpwral Veeior, yscﬁ%eﬁt 13%0891?% gl& hﬁaJoRartwle

usl

bombar(ﬂg Ofls c el 1tH’hﬁ1!i‘§013de‘ll-suHa8$ ficaibi, ortﬂaﬁsfeﬁnrgngedts; o by
mhistered orally, rectally, nasally, t opi Ca”ﬁgﬂ 1 g
adminisfeaihgrit irlalkhge toe }g)meobglg-dlkp@ﬁ@tylﬁswlyc isknoxEde Iy eus (See,

e.g., Jol%:ﬁrt%?ufi‘)ﬁ %r%?]g%tzafz%d F{El r(ﬁﬁ‘fff@@‘f%éﬂl 6%2%9'79@}1@ ABernatively, a

r the detection
nucleic 9&id FerhptuBi6 id iAfodudea nﬁitﬁdmnwlﬁﬂy insd mpoiporeaéd yithiorhmst el BlgNA for

as a conponent of a cocktail therapeutic drugs to
expressiomghy homblogousigcOrERIARMIERT 1§ MI ons suitable for

?arl%gatdearclfanl1nlgt%ﬂoﬂ' oFTNGA T Qihdan€ batenaabieeittors abdd. | Sieh vabtors
include viral vectors, including those derived from replication-defective hepatitis viruses (e.g.,
HBYV and HCV), retroviruses (see, €.g., WO 89/07136; Rosenberg et al., 1990, N. Eng. J. Med.
323(9):570-578), adenovirus (see, €.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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active agent in an isotonic saline solution, a 5%
gl ucose sol ution, or another standard pharmaceutically
weacowptadsb e exci pi ent. Standard sol ubilizi ng agents2006/022423
such as PVP or cyclodextrins are also utilized as
pharmaceuti cal excipients for deli veré of the
replicatiohliRfcfee hempes simpbaxndsisesTiEs ;Har etpbul 92, Abaipenipge 66, Abstracts
descri bed herein ar 0 d.into.c Lt .
ot the Mg e STt o) b R R TR RS Spring
Harbor, N&¥ %‘ij@ afi@hnyEriBaTEk8 wersiank of tHebdidofirs.l Thé hiventiat mdy utilize any
"a capsufe or "a tablet for oral adm nistratjon. i cell
other deli@apsyyistesn whicheoeemplishaniy vévoarensfal of Ruslagasids itg epgaryotic cells.
acceptable materials sych s OF & CEJH oMt X s
ror s s Bl TR e e Bl LSl ome
(Lipofectud)) YR BhtoRARIdi REPER I iyaystams Crompvies siuclgicracid-based vedtors,
t Herapeutic conmpound with a solid carri

erytbrocytaghostaror miEsesphsresse &f, NHBTOPAKtiCIEsT $o8r S8+ Bl Hterd g, 4,780,734

ol L PP g Gt

Biology SRIMRIYiig pF. 1708 (Aced@nic Piressf) oNakedrDNArmaY also baadministered.
conventi ona ent

filler, and a tableti a het
DA ol B dhap e e daHRIsiere e ﬁ’?{le‘gg%g‘%“ie{%lﬁ %‘g'p gy enously,
LY i inB8beritb R0V BN £ of ROREEcing agéram
Subcutan%u% ’f%?%ﬁ%ullagwgaglg g}lr)ecglducedypsi n _Orret_hods \%el l. :
administsfedin aiphatrheseatically \bespiabldeartiere - ape hiolegieadlysonmatipls vghicle

. nucleic¢ acid encoding a protein, f. Utal :
i Gt B P BB 5 oy PSR ferpentica
effectiveathount t%é aRburt behi €16 @8RM1 s [reduvingy medivally desitahly result, e.g.,

par

as pa of an appropriate nucleic acid expression ed b

an decrewsodfor PRicgead provust i tregtadtanimal Hichiap apiopRfkad be determimned by
iptracellular (e, g. . LT flsa MERk By oR¥n patient

one of opfpis SRRt oyl S3R b BN Ral Gy ghenp

dependsbl\f)oﬁ Oty Tacteist theludpigdie pitienes kizs bddyserfaecapt, ags, the particular

compnsb s i S e
g HE R o S By Sy M 8t o

intravenbli§ £dmiistiagby of DNAIG| approxavatelyt ]ng teap@licppics ef ‘Fhe DNA molecule.

TypicallioBlasiiisiaroRgRm G res r el T3P FOMON SR G 1 atbam to sbout
GONRL Ay bR 0B j @bkt RN to 1000

5000 mig:golﬁ%ﬁag pt;"fg;[\?g rl}f’e{)s*rﬁ%&%o%&@itﬁﬁ%ntalﬁ%bo ograms to

standard gene therapy vectors
microgriSie 6f DUk (earbgramsito 80 ducropramts afdA by 4.1 MikFeiEm§ 200

micro g‘rt@m% s@g Qg\? A{A,Ief/ gl_lc’:ro é{%{g trgﬁgb I'[%?Atol’g%n% <§1{) I@lﬁ%ﬂﬂ gg gﬁﬁggfeaglﬁéet.é g,250
i ' ®1208! mi 905 ofNDNBN ch Itednatively,
mlcrogréyzag ?)8%%8@&93??@&%@&68 microk?&as o hltedna

enovirus (see, e.g. gbrs. y et al., 1

administi@€a8n of recombinanBidsoparal v e@QﬁﬁﬁchﬁEg fhe ERx H@lgﬁglblﬂoa? ggmma
vi,rus (Katin et al. .. ; . 7, . [ 1

may begdiugBitplediat d ofhodibaion b 1o RF; 10TL0 16586% 16 or 18¥plaque

fonning/ﬁﬁiyﬁﬁ).( HSV; Lu et al., 1992, Abstract, page 66,
Abstracts ) . .
PD-1 gene products are administered to the patient intravenously in a pharmaceutically

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 to those of
25
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of the Meeting on Gene Therapy, Sept. 22-26, Cold
Spring Harbor Laboratory, Cold Spring Harbor, New
woande)133amand any nodi fied versions of these vecPOTAIS200h022423
invention may utilize any other delivery system which
lish
acconplishes in vivo_transfer of nucl ei c_aci ds W%}w 100

ordinarypekalh iy eiat. dbls|expegtes thé&wrrévemﬁ% R8¢ ef erpIeY e
moles O?ﬁ} 8%?}5%?' h bPg 1111\}699519% d He- aQ é}édoé}:‘r elof BQ&?%&ht per day.

receptor - I at ed Ivery systens,
The conymsitions alftheunirmtmnam ubeﬁ;dsfmpavmtd:rak Flmiarsyration csy@heas intravenous,
ghost.s ros her es, m croparticles; see,
subeutageqys, infgamusqulaTefid RGP el 734 U S Patent o,

ﬂDglzﬁjhﬁ)Zt%rs afe %’ffeaﬁteq{ﬂm Hﬁect%oﬁt%@b c?f]tﬂe céhpaald \ﬁf@h the affected

1979, Drug Carriers in Biology and Medi ci ne,
tissue. ASGoréldhgl}(, ﬂmm@m@e)amkbwdmcﬂb}y élt%a%‘éel}’: PD-1

ibibitof sl pf affp B arPR avuraienyy: abGROR PR e datlfiered by
implantfigeih R IRRHSY ihto hﬁbfg@ﬂ'l@@@ Ulnddstide ofliver) or subcutaneously) a solid or

i ntraperitoneal|y. DNA or an induci ng@é gent is
resorbalple maitis wbieboslowilyarelshses theceommopad 1o a€iseeht ape sueinding tissues of

the subJ Secl:th thE) ?XQ @lr o%é %%Lt}'%ﬁ{rﬁ&[{%?%ﬁsiygﬁg%s@lglhﬁhaﬁcmh e | tSmpound may be
adminigkiys byatagicslay (5@ mﬁevenéuﬁlh,&eapléja or mallyyoﬂbéaélyt (m@ directly into

anount is ap anouy i.ch i.s capabl.e $)rodu

gastric {§sHe)e a/}‘lpesyn%;g@ % &B:f]% 14 ‘mtqr- n@r%gnategﬁvag‘grc rrgsqrbahl g%ponge is placed
in direct Q)'r}t%cg %g r e | gsg %nl“l?e B5-88hGditenk @R)‘Wl{ FIE4 @ ﬁ%’ H{l‘ Wiffusion of

y one of ordinary skKi in the art
the dmgAﬁomsthmalferlandmsncm afitlee padpiineamatiizt sAs aimlwg@xmwleamﬁecuon of the

ven nt fact i ncl.udi
iver i bBHT e Gesied DHaynb PS4 e oo o aisBlp ePainilf the PD-
1 inhibigg¥hpound to be admi ni stered, sex, time and route of
adm ni stration, general heal t h, and ot her dr ugs bei ng
Kointhn irsttanead of oevrologisak llnf,ech@nﬁs ﬁge@ﬂayhlbﬁwmab be agministered

eSS AERNNT Lk B SRR TS0 AP

admmlsfﬁ%hSﬁ LH &)m@ﬁﬁdﬁﬁipi‘égnaﬁﬂ K2 S réxbebadlEpohgd Brpdatetl dn direct contact
i n an anount of about 1 nanogramto lz;negout 500(2{)y

with C§ élﬁ%'gr e compprpd oaityrg BF OmpIHES & Yo whisreleasfddr yivo
d1fﬁ1s1o%1ao%tt;%er %ﬁgﬁbgﬁ’ @%g@aﬁepargdoqusﬁﬂ S‘J;tﬂ%mfﬁbe? %nzﬂ}!é Aitgmatlvely, the

m crograns o , m crograns t
compmﬁﬂlﬁs iifasedgnnthe bfaibbiAcerébrodparad fuahosting éi&ﬁiand met}@da nEor example,

of DNA, .25 m.crograns to 250 m crograns
a burr holepgMifhe qa@%% OseAp gt TRESHGR PORGAS pgzgltgg}qqg? |e(}%qg§ B skull at a

burr ho?eddﬂlgﬁslﬁﬂ'oat ¢ %lpf A RHE %&b%ﬁtcoﬁg&'%avtb R céfﬁ@céloirs Qccessed by a

encodi ng t Inhibirtor into a manmal g
needle aiktylat msat@dhnugh aceptomtasiionehovdr thx topedshe lwwsholepme. A

cthetep e He PR Op st &5 T bl Kot ap e iftphies a fluid flow

path suR@81é €dtthé BhhFHESTAURIV0l0R fdmPIRAICEaIAB 0B, Inéar 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
(i.e., myocardium, pericardium, or endocardium) by direct intracoronary injection through the

chest wall or using standard percutaneous catheter based methods under fluoroscopic guidance.
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acceptabl e carrier such as physiol ogi cal saline.
St andard nethods for intracellular delivery of

woepiciide®e can be used, e.g. packaged in |i posoRres/USBW6/22423
nmet hods are well known to those ofordinary skill in

the art. It is expected that an intrayvenoys. dosage, of
Thus, the @AbiOKinaRbe Idj/ﬁedﬂ}tbimjergﬂ in@ tisgueydr m%ébebgﬁygég{qna a s%flt Eﬁ:&theter
... .invention e adm ni fBh @htheter
which is ipsgrtedjyo a ?ﬁ&?}éﬁ:%egs ?}Iry o%%l%ﬁ’?&fﬁ%&?f% &b Lty e

ention are useful

may be usk® lo RANERIR TR coMiHuRES WiRtratinelystie hompount is #oaid g5 impregnated
subcut aneous, intramuscular, and intraperitoneal. PD-I

on a stent it isplacsddn acerasprEYesssle upon direct contact of the

onpoun ith t t j AGHRIsriE the cbpound by
P"‘i‘&ﬁ%{% Hgfe#b?;?s Bréalg'go %;é;]al?egl t gogggéltﬁ%%%:yal I yl. Alr?gr nat i veIu%/,d
inhalationPBrhe coBpotihdsairs detiserditinabierfonngtfen @dros9lsipassi e aprossute

Addi tionally, conpounds be .admi ni ..
container PITSBETORTAD b CORBIS AEHBERE JTOPRG e e Sl i carbon dioxide or

buli intestine or liver) or subcutaneously) a solid or
anebullzdasor pabl e matri x which slowy rel eases_th

g .Lthe co rrgo und
OhdtoGhadit adR nhdasting that therpdtiengs trrajed aecopting fruihe Y pfipn may
For _exanpl e,

have been #ioiactsddn ’thq qgfg?e:;tsé{.g gqjé.liraglfptgggn%rsgﬁ 1T ?ﬁﬁfe@éeﬁ%ﬁﬁi‘é&t"@'may have

e mnistere )
been iderf¥RALSPHARL le%’atﬁﬁaﬂon ok Bhé AMBEPHSE Jue toaint lessncerof onapt mpre risk
or T'ocally

e.g., directly into gastric tissue). . ..
factors (Al texpoaitre toeinfgctiquapent, KPS '(ermigeﬁ'(ﬁa Sisttede Bredjgposition, or

having a GHGRIPPa SR LTl R 1 R B R aepe

r is slowy rel eased
infectionls ‘Ilg{OYI% dMafiabé ﬁ&?r@ﬁsodﬁclhdim bdt arg nbt lomitedito, aHedptigef symptoms,
ero

ion of the po trix.

As X Le.
diminishinehieiextant of disgpse,| s%/a.‘ﬁgze(li 1., 1ot H@ﬁ%@?rfgb g%{el ef.x cfl%%g%, éiglag >§)r
slowing %%’%’F‘%ﬁgﬁgﬁgﬁ,gﬁglaﬁf}/e;ﬁﬁﬁa‘:ﬁgﬁ oHpatibtich & the dlsbaserstate. Treatment

itor. For the_ treatnent of health
may occltel hemegitadlodesupetvisiorshy thidesith dare PIRIVESIOr.GH Thay,0qsur I a fiea

adm nistered intravenously or intrathecally (i.e., by
care faciliiyr ect i nfusion into the cerebrospinal fluid). For

| Qﬂ-’g" | ' compound- i npr egnat ed waf er or
Meth0d§ g)g@lre%a éﬂgg%%‘ggb%ngﬁaced in direct contact vvi(éh
MiétBSdiefor Teesutmgpbeingmore respange SloWipgs HRHTEaqC8T 1]1%%6
rel eased in_vivo by.diffusiaon,.
e o GRS, Rl 4l b for
exampleA‘{)§7 SR ¥l eYect ERBLER ?P&i-mﬁﬁoﬂ, ssdayf neeshringtocelhprobifaatipn, assays
us

or- cerebrospinal” fluid using standard net hods I
that mezewit elearandsurfithovstiesobiphgens €Rd asS8% fatBresits CRE et

an injection port i [t n Bes,sb81710 @1d US.
eytotox gt LherARN B S TR kBB S e e
Patent A@?Pﬁ%%bli@aﬁdiﬁ\w@tzbmmmsﬁ , 4083123232 % P03 GH66aB b 20p30064380,

o1 W TRy
200201 {EETCHLEREeh Ao AP orpbiidd 5 RRigl No. S, 954, 687)

h suitable for the transfer .
Obtiéralliyde tabiliny of 4 BB 5 eihéttoe tb ingrsasd GR8ALL, cefletotgyicity 1s
assessegVI b;/ Qslsgyst trﬂgt n%z?slmpe t gproliferation of CD8+ T cells (e.g., thymidine incorporation,

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
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all ow adm ni stration of the drug over a period of
time. For cardiac infections, the conpound may be
wdebioviasma, for exanple, to the cardiac ti ssuePCiT/U82006/022423
myocar di um pericardi um or endocardi unm by direct
I ntracoronary injection through the chest wal|  or _
monitored sy &ltuging AskaetifledrToodlsrexpressiog Phet wiithizal¥lad inBibHEH S primary

d fl [ [ .Ih t.he .i nhi bit.0L1: .
ot e SEcer e s Thven ey O ity
determineﬁﬂaeﬁ/gr%l.eﬁkﬁ{fg@-grﬁfﬁhe Webfdorathon. Nserted into a bodily

ety of ‘coronary catheter or perfusion
CO8+ Matetircytonyxitiey is aisd assessadriynlysis essayhe- & (JRtgase assays or
Al ternatively, the.conmpound is t ' -ad:
assays detggting @Féﬂ?’f‘steﬁ’gtpeﬁ Qriny Plggréazwe)aas% gﬁgtr&y%fe\cl:'g g%glgé}rh%ﬁ%jcmn, or
assays thet gﬁéﬁ?ﬁi‘% e &184r8i5dei 075 MiBRYOBIG] dgeapfrad thd infectodosvblest. By example,
adm ni stering the conpound by inhal ?tl on. The liver. lung. or
the viral loadrjioaibidio gigabsatenle fromeieinfostd syiFsh(o8- SiTuEe FRIEgH liver, lung,
. r froma pre r i.nar ' BSES iich
veriss B T RIGERITR SO e st
Tﬁ@%}%ﬁﬂc‘cmn@fic kHes SudeRUFNZ ETNF@)and il 2heaypalso b njeasured. For
unde

fand that the patients treated ding tot _
example,ipuviﬁraﬁ Egellmawau@%ﬁg aélitﬁl }grgtqsﬁé@ ;g@lel%p-? Cﬁé‘nolglgqfégl N ’Pt@g} an eaoprlmary
.. di, i stent ' - .
activationggipl don TP B Rt RaglcSs BhE Sprribhu ca bo HBrALE by

sandwicl drkn@Ufkk® ithien ¥ogisenn asaps orastkeraonvational askays slescaibed, for
(e

e.Q., exposure to infect] gs agent, exposure to
example,i1nﬂ3§3¢1g@¢lals@b1t@ét5513ééﬁ§§?’cl9§ &di sposition, or having a

thol ogi cal., condid pBN Rh&Rios ROaIsBaed By H6 @Bilidptd/induce co-
Iﬁ%ﬁ’éﬁ#’?%n@?“&e%% 1:%21 %? per si_stsente i hi ection .
stimulatiS) GPTQREs. OFordaample, mapettaldsior imdiradecelknotstipdatigs involves

providingrefed Biocls QekEEes P FYCHI Sgr el B indf by ant-CD3

monoclo%lalaatn‘ab&gy i ﬁﬁ‘@xﬁgl estlf] @byRintighiOM Reoddtioni wiglaslass II MHC. The
progressi on, and anelioration or palliation of t(ﬁtﬁ
ability ofls seriidtstatpund agett ie rdupaDok eXpresston s Retiviey ndthgrefore
. supervision by .the health,c V| W0h, to th
R

T-cells c?ﬁ RSB 9? $nf Bhic HBME Yeveng coineenitiomlresaye syediigewn in the art.
ollomng trea

ment according to, th resent | i, 0N
A Becellat$poksroigmssepset vy aaram.tlgqrh@eak,ﬁciﬁirlgﬁ%g-’ %d@@%f@%y
tuberculg§§,ga§f 7 ?:%S{)Q}%sglﬁa SAADISPO Vo dRGH 1S cdilbay] Bhadtyping of B cell,

I on, assays neasuring

and anal?ﬁi@ e Eahahil @enteRBANENIvhistovhamisty. t he cl earance of
he mcrobial agent, and assays that nmeasure CD8+ T
Screening [Assay$t ot oxi city. These assays are described, for

SRS o b PRl A58 ot i
the expré@@Dd6RE3ity oZPD3006£E@Gompounds include any agent that infubits 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 methods also allow the identification of further novel, specific

inhibitors of PD-1 that function to treat, reduce, or prevent persistent infections, or alternatively,
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20030044768, 20030039653, 20020164600, 20020160000,
20020110836, 20020107363, and 20020106730, all of
woehbwh3zve hereby incorporated by reference. PCT/US2006/022423
Optionally, the ability of a PD-1 inhibitor to
increase CD8+ T cell cytotoxicity is assessed by
that alleviwis aysot inate syempsomeasstaatpd slifhfsehinfestions. Wgnethod ef fgeening
di ne, i ncorporat| on, BrdU assays, and
maym"og‘f%l%ﬁhﬁ]@ro&ﬁ% tESPRIARSFe | e narkers (e.g., Ki67 and

BgFS*é)mdléﬁé ¢binl ?@ﬂld”fi@ﬁleﬁﬁ&mbﬂ‘xlcab}be@oﬁt@uﬁﬂy@lccdrﬁag or ertificially-
65- 1369, In one exanple, T-

derived. @ammdfaammndmmmcbxd@dfonsyxamplmqme% ﬁ@lwal?ti%e%m“heﬂc
organic IB?]IeWHF%i n, ﬁ]?{iﬂ S %ﬁmgl g%an;m Bie léf;gr Iuglegg‘é%% Wecu%s peptide

nucleic agi‘d'ﬂ‘lbhéﬂi!ﬂ@% ad caihﬁoﬁeﬁvseindofﬁn%tgeb lthqpeafl Féreaxamipten augeful candidate

et erm ne measuring thyni di ne_ i ncorpor at
compouri as:eolrdms/@dh@meé‘mt yvietion wguersiading O%Br]y@u @92}&3 §§8L2 or both.
A|§ Hurber o thcgcﬁ ?@ac‘veaﬂgﬁ\? RS all ISR KRcHR &aidgN@sdyR€According to

ease 0 or granzyne assays that detect
one appro&shp dseliddie bmapmmds a@raddsd atyxearylhgpoma‘gm@stth ¢he culture medium

cl earance of th robi,al agent fromthe infe
of cells exppssaing PD=4y Byeq ll}ﬁ ggeqen s me&%aqu&i\eac (Hdgh o?e:seggp 1 protein.

By "PD- ?eﬂﬁﬂ)l’? g%;ﬂe") 13 ﬁl@ﬁnt'arﬁ]ﬁ@ trnStePhieRér d1Pertpart RS Rmm cfbldh%eﬁgmn
ng, or the tissue to which the virus is

operablyt llnkred ¢) ameqpnichateralogoesnistfioneid seahcase. & Prefardpnfodiments, the
second, ]pqicerg?r Odls'I g]tllglglgﬁglfdﬁ% ; %E%%easr é éﬁ%l ths aTégEe @véloé@gxpressmn
may be aﬂés%hl fepBFter Scakd McRde, Withdug hﬁﬁﬁﬁem,d:ho@fenbdsthng’@ulcuromdase (GUS),

Hi bi t or protein and a 8“ mary activation sugg(g# %utlel
1uc1feraseedaoraufphemppldcpglswt>é%ierﬁ §T|)fgrﬁﬁéﬂ%<erﬁ¥reﬂfaﬁfaﬁﬂ )pikaline
eter ch enzyne-|inked i munosor bent
phospha zﬁ??bc? - a?%et(?&%g%ﬁventl onal assays described, for
G4RMNXpeossion oPPDYI Bithal médNatads forexaBpH; HB s@ndard dwytheynfblot
desired, the efficacy of the PD.l1 inhibitor f_r . leic acid
analysis&dgauheb gt Ay STATA), HHNE FRY ARRBOPHRIE) saspgURATed figm B e
IhifiPa at Th
e 5 bpe 1 PP UATPA BB el POKftExritide primen. Th
level ofgb@d eXDEESANSN Hapresmntmoﬁhe castidate cqmpormdyis a@npara«ﬂ t(bfhe level

ghal by anti - C a t.i bod
measudtarcongt &g 1t o8 e ARl PUEE R et o
candlda% nﬁ}%luhﬂé Yaffin tLaRfiatet HechsROEA: 8@aBtel bOPDellpelgpeptide using
expression or act|V|ty and therefore provide the
the same gelmnaiaapprqaph ound steidard Wpwnolegigrldechndquss sHFY a3 g\lestem blottmg or
at £ [ ne f n tion be
immunqgedyGiony Vg witody Recd PO L s TERabgRy
1mmund/h%éaiys M&%r\'ld% sBd iof&tévt br mAnforcb ﬂevbb@ﬁiﬂh—ée Boﬂ;ycﬂxmé ssmgdnoclonal
by an antigen specific ELISA(e %ﬁ 4
antibodies b\én@uaregagablwf bieding [u5D- lpllnax u%fé‘| in agy P@W@j‘f THBHGPEAsaY

format geg, %}'ﬁgﬁé SERIA r 35 YilaBe ﬂ%&: Bvés Iof PDANPTRANRLY §is§ beimeasured

I'm nunohi stochem stry.
using mass spectroscopy, high performance liquid chromatography, spectrophotometric or

fluorometric techniques, or combinations thereof.
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,
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Screeni ng Assays The present invention provides
screening nethods to identify conpounds that can
woOonhiechizs396 he expression or activity of PD- 1. UBermiS2006/022423
conmpounds include any agent that inhibits the
bi ol ogi cal activity or reduces the cellular Ioevelo of o
PD-1.2, oFb¥th byRoleastXi¥R| 2%, Badkd #a%: 80%0 APEURNS, 8P Q%4 220, or 100%
_ binding of PD o PD-LI, PD.L2. or ' : i
rolative tQUESHIEd Q0B sEaITe: O Gl M SR it abiity

to decreafecﬁlﬁ-qfﬂcﬁgit DI $hA hsQrAly @PrdsBDL Hefier fringsdiddtion woth cDNA for
urther novel, specific inhibitors of PD-I th h ffect of
PD-1, or frumetit freersolwicns santainingRed, apies @ﬂe{?ﬁ‘fthﬁlél?eé?\gti fotiectota
... infections, or. alternat]j at ..al ' RF d non-
cnsand L bRl F EHEH DLl e By ot and v
radiaoctivEESin@idg @bsa§ 6 [aipeigonEyaysnatal reeehiigtignaling agiapsit
techni ques. By a "candi date conpound" Bffh {Teant 2 ucleic acid
Asheptife sxiseplbmARmahEl 195 6 Gartdeets) tat Siptess & mucleic aci
ing P-4 b S b Ab LY AR d | pels @By, d pptie,
enmdmg?lﬁé_lea{%ﬂgk%w%e%g?g%%r,g@%gFs%ggg%ggg@ iElsy_nt eti leﬁgrl @;l_ni C.
polypeptite] SaitHedis orgimidimalebyle amturally pepuorigmerigenigoneele aucleic acid
nucl eic acid nol ecul es, peptide nuclejc [ :
moleculenpy epppaasnt BREFODo ﬁ%gﬁ BRY §1tﬁ%en§8 g‘?r\?ggliyveé( E{:ets %}é]r)elo?r. PEor
altemativgewg%eti@algﬁﬁfgﬂ{ee%w A Rnafaneshdreondiin the at ol

ese I'nvention reduceS binding of PD-1 to Pg?lél . d
transfectioB-ahd viral interttion) 1 averdseresoPDriet Hisgaxpasssiogeyel g -l igmeasure

i carrying ou uch screenin S '

R TR R

expressiGiPOERO AR bRASH 1P cddh@] Ballstthisthamedotbacnicontetted by the candidate
e

e g B o oloer 2 TS Pyl S o
reducing% nsgngjlgglis ﬁg%ﬂ)io &}%arFI:Q%té)vé alg P%Sﬂeﬁ%\%/etﬁg ilzltﬂse gggerﬁ?ﬁl of a
5t Gt LU e 0 1. >
L2, or besh {ihereba redicing tp SrlemcH aHEVIN it L leddlie, ke in an
immune\%%(ﬁhg ue? §s1 | %Hﬁgg&?diﬁg ?(ﬁ%lg ireséﬁﬂg{férﬁfong €Ne&n ithadiligao decrease the

I on, encodi ng gl ucur oni dase )
biologichl@dByity bOBDE Elsastea moldcoleangyhesised] for exaplecasyd the@peutic agent to
CA

treat, re%wggc%ﬁpg@géglgg pgllisfé?q%ngs eecgltgpg{;?agtgi’tﬁg&gf a1 B dd3%r more

ne expressi on
ym Lol Svili 6 eSS d As h@pe@ i BRaple ay caidfattatothpound may be
S ptorﬁé?gtgﬁgétﬁhg‘flf)t anal ysi s (Ausugel

C 5 et al,, supr%@,.gsit.ng“o PD-1
contactednyitlatwy miptding, éhef firsiopretetn prinphapekypeptides sthgapidlyddeutic
acid_nol ecyl e of P S rj di j 1
and the peegpd pyofgn 5&&%@#@%‘&?&6 Py (%?'f 4 Bl gt 9?@3_ e
polypepB8E @ RbAGEbAS Haallbebipdiag and ehad fesuhie ircarediictal igimune response).
conpound is conpared to the |evel neasured bnsﬁg}” teins is
Accordinghé thos particuler @rmm&m@th%ﬁh%@t?fﬁféloé’iﬁamﬁ&tt SOV "
| f.desire t f i e ACQIROHE dStheBIhdindPD-1 to
measm‘?dt@ﬂ%{wnegrtﬁ‘g?f@gl?g BEE SRl CARBARNS AL AEROUD ST L gv
the secd@|poRRblidefolidivigs the addition of the candidate compound (relative to such

binding in the absence of the compound) identifies the candidate compound as having the ability

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
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the sane general approach and standard i mrunol ogi ca
t echni ques, such as Western blotting or
wOnmsnoepaveci pitation with an anti body speci fi cPCO/URBENL/022423
for exanple. For exanple, imunoassays nay be used to
detect or nonitor the level of PD-1 . Polyclonal. .or
system. Ifdesiedpors ofihe piotadnsesr thk paididatecappampdandt beo‘inﬁ(a?lﬂgzetdoon a

PD-|_nay be used | t i f or mat
support f gesgrEaoe Ry G sgy A0S Sk Ur o Che T vl < o

ARRnbtivdtP o i€ 80iAb:S @ah@die a6mpethdsshaypemsened for those which
spect roscop

y, high performance liquid chro ogr aph .
specificalipbintl to pirbtherabyinlabis P .u She pbicRs ok Weh ﬁicﬁﬁé?tg 891%pgund 18
dependerf, ghan ALt RO ARl A §a§%ﬁe¥ﬁ‘g‘§éa‘{dg Ry W assayed
using anyFAREAJT Qtag@dfﬂ ‘bit{dkii)ﬁg teb%ﬁqm canﬁ ;ﬁag,tibhai a?sacyls oy ¢ Hiose described in
activity of PD-1 by reducin i ndi,n PD- 1.t . :

Ausubel giraly, puppp). |Epr eggmpls %ca(%ild;fe qmpound 6%&%65/8%%6&8“2 6% interaction

i LinlHye % 2 BauBRAnmineeSPmES iy Veadsayediby any
and bmd%%t‘%ﬂehg@g/c} %%r#sr%ﬁa@&%%égggnpl e, ae cgfr)]di dat e}b corrpg}:md
standard BBydDE. 4. ahvedlesaibedtterai) | ity to decrease PD- |

L o et S X ST el s

| GeRtiahdli Pe RBnplcba asofdamnt P fuaybheurified by
chromat@g%zﬂgxx&_@r e ef flgct of a cgndi dat e conpo

nd on the
standard iéchdiqugs omanetls vaginesiedto empress BRnl (el ¢ éQ?eegeSB‘S}ged above) and may
) di oacti ve and, nponr.adi ' i.ndj 3 . tized
be immb i o £icg e cAJERAA A Aakfralt BELREARBPERY Suay be impmobilize

L Cef ng assays.
ona cohﬁm?. FR%bfu'ti@n@f a4t @ate bRAPRINIALs thel pass¢dthgoyghrtbelegipmn, and a
ce

s) that express, a nucleic, acid odi nhg,P re
compouipeoliedor HD{HG GREiSen e8 teToais S iai G LB SURE- T be
: (e.q...a peptidge,. e Gs Yagaadite -
1mm°blliﬁ§figgﬁ]?ee?oq%lgn'u ﬁgﬂf@&%g}%ﬁﬁ@gn%’ﬁggwgfnﬁof ecul e, remove nom
specificAlyWoRhe nastédlld¥phehib eompountiorfinterst is threrrelshyed foum e column and
may either end%genous ress PD-1 or

collectedy| Ceppenndy éqo},at bij gﬁ%{q%@gﬁ Rg,r aéllg(gaiﬂ?% é’lpgla)pg%éé é%?/l[hOd) may, if
desired, BE [ %utlﬁgchgn%}‘%{%ﬁ ﬁ‘ﬁ_@rf&ﬁleﬁﬁ@li@ﬁiﬁ chforfatography).

transtection infection) to overexpress PD-I.
Sheennenioe asi arhibiturs knd pptimizatiosolead eanappungs mpydg assessed, for

cells by ans, qf st er,.n, bl anal ysi_s.: .
examples b §§s&§§éqgn‘$»§1r Bﬁ:&a}/oﬁ O&Igat[eﬁg%ttoe)%l% I% %ﬁ agg%giﬁg%rstihg }]mrél]yne rc?spz:.lls.e
o stilBr SR RIRL Bi duditihns 8Rtd @hdiiatd ®nigoanddmup ba tisteddentheir ability
umngﬁconfggteé@%y_the caﬁaidate conpound.. A conggfndlépggh .
to functipnawehtsnierobisd pgeme(s &, asilesqrihgd hersin)poompauRqs selgied BY fhis
ol s He (RUSE Bed liSs QB trd loCHH t persistent
sprsch S5t o GSELRL PR BURFIFRI Gl abambc sty
infectio%%_%lif %Eéfgé’e{ve@% %T'glgi/ﬁté\ o%&ﬂﬁ;ﬁmwygipﬁ]mé mﬁeq:iﬁfd @gthm'uph infections.
I nding to s or er eby . reducj.n
Compouvis Whiieh yrgildantifigd e hindingde PBpl P")‘t% ane@(a‘[é?ﬁ@ C?%gtaé’ﬁ ?ess tH38 or equal
\ncrease .| i ; Bweniorusef ul according to
t°101npﬂ?EﬁP§§%%'d?%@ﬁﬁ?ﬁgﬁsé @gﬁ§i?gh§%ility_to decr ease
Phienti shergiecudt apaits irictude of gahid-tholesules) paptidsisceeptide mifpetics,
polypepk‘)ci%esu, Sa(relg hntfil?c{die:es)gcﬁgc%lir?d toaasnu%letich Soid Igeeqlfltelrlge S %rll}gpe&)ﬁde that encodes

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
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treat, reduce, or prevent a persistent infection, or
alternatively, to alleviate one or nore synptons
wagswaBzed with such infections. As a specifi CT/US2006/022423
exanpl e, a candi date conpound may be contacted with
two proteins, the first protein being a polypeptide
binding tcedlalanbiridilg moledles, isuch thatndmal biskapieehactselydhargyewedi Rther

~ _being either PD-Ll or PD-L2 (i.e., a protein that
potential gtipricrobigl g8ents 1%‘%?%%’6??‘658 ! é}acéﬁeSCondi tions that allow
. ele" : a@®sults in a reduced inmune
Dlagno“iyeds}gio%g) Eaﬁ:l?gﬁhd({ ntg tEI 0 eFIH Si S g&;ti c& %;1 Wz ree i?ﬁgl’r @ominant
Careeh) e, angieimmurmblastic drecldymkems fe iﬁf“é‘?@
. neasur ed f ol | t he addj td.0 dj tide in a test
Hodgkin'E raRtg 2R B0V TR RE s g BLRPPF] ptyReptide fn e

sample (iRQ|RABBI dBvEPLdnIEING. dHargeiitthe lavel ifthet BI2-1c pokybepiide compared
conpound (relative to such bindi n%&‘;aq’@}‘he abf?ence of cora
to a controhsampierpoindiptivelefraneeras thagibjesh ol REEENEHIEY (TG 4Le
hayi he, abi.lj i0e 1o ditlol bPkpib MRS 86t Rapleve ed
decrease Phtg‘e?’%éi Bi%é? eeﬁ)dndg&glﬁfl?? J[r(r)g?é‘é Y, 1% @lgc?geni ng assgy O?ﬂ’@par
(i.e., fractibifatdd) e bindhr Mayidnesthe tebtedimple., for exanple, in a

Il - t ' . .t wo- hybri
Ssmolads ts wvawpI, Moy sstdrot ik Bk o SR ol
Preferablﬁ¥e %gn\}iémbf-lcéﬁgp Pncéﬂ support as described above or

a detectable group. Alternatively, or in )
The dinbingirof tiealPid 1d &t deterovmaiindie Wét)ﬁaﬁl@les@fdé@ﬁ&ﬁ’rﬁf‘fotf’ the expression

those which specificall ind . i nhitbi i
oo et PSP B el it -1
polypeptgﬁgﬁ'ﬂgs%ﬁ§ £3HRA N b s8bjedi dot biffdrihgl fidre b@aticeni AhinéiBade of the level in
u

an interaction can be readily assayed usin anI)(/lt <k of
the patientuddnieed sfmysle aha BPd1 bidieatesghatdbesbifra s np%ﬁr@p‘?%rr}g nsk o
.assays (£.4. h ' | i&ly, a similar level
developigg sy, 5P, HEHERR S %P?E‘?%%S’hﬁﬁﬁ%%ﬂ%%?“‘ arieveter
an decreh@Sh @b 1evel Yh tHe@atient defived samiplo of aRD- bpelgperidsi ndicpios that the
and its ability to nodul ate immune regli)onses ng%el?%elinthe
subject innstepdiaring ramords aifinkrof derelapins canggr- A HGEESHRSEF i ved
) her ej n).. e : Lgat RERMOA id fudferifs ficdsn or is at
patient dpgv%a%npégéjfabgﬁ?lg@%%?@gg ?13{81?%% tgatghr omat oér ap h{/1 - %ased
risk of db@AbpIh@tacef-or exanpl e, a recombi nant PD-1 may be

urified by standard.techni s from . i
Ths asepsiendh wpamvat ¢ 1 prigh B SRuui R Sl Ro 0y HRERAEC By
" ; k1 A sresieethial efhyit mighe be expected to

staistio e oot || & o
happen Bpthumge aldns oftatistonl sgnideaiicdsdecusnpbimastiod knqup in the art. For

passed t hrough the col um, an C ] £
cxampl ER S e BB vyt PRI ROt
probabiltit% thlPal dif8En gedhring dnhepethenhapianed byl cherce.

the conpound, the colum is washed to renpve

(P(z>zonoRdp tirekaapleya boahe ofoHdaneans thah fere e LBl shanes e result
occurre(i glty Sﬁe&sétg.d {Tﬁég{gpgeg Hep-GRE qh% Bgﬁ%{/lﬁtq% _?tCiL WaPtRNBfference between

i I'sol ate I's method (or any |
groups Whi@fus@DFf O@nakte Arehlbeatiominatistically 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.

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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desired, be further purified (e.g., by high

performance |iquid chromatography). Screening for new
wonhichizsss and optim zati on of | ead conpoundsPOBSE®6/022423

assessed, for exanple, by assessing their ability to

nodul ate cytotoxic T cell act|V|t¥ or the immu

whether the pptemssehavs iarlglisicalhoe gl fices presquess of ﬁﬂi’Dab@P]t}’PGWdet B¥se

n cllnlcaﬂ; g‘&gi cghte ggs? r‘rﬁ? “12 ?}feé?n%fitk{ﬁ g?%%lfc% %%e 15]9 S| %ol%hﬂé h the patient
(typlcallﬂﬁraeéaﬂ)éﬂe M%Mﬁnt)i@h@&%ﬂﬁw&%ﬁn &mmredmémnmd cait-sxﬁf point

for exanple, as therapeutics to

(or threslroddi walug) for thet BDelnmoln@p@déﬁ%fherqu@d?@eﬁgs {ngfthe pationt has cancer
for Whlchaélg ﬂg{l Ié%le lh\‘I’g}H%rgs 41: 8}’ ]?‘ro&n? <Y miREL synpt ons

suc i ons npounds whi ch are
The @thisMhipll d@grebiofl diaggosttm aEéhrhcle anki "aerydfigh q]:ﬁgrg;e of diagnostic
const ant | ess than or e

| to
accuracyp aefet t@@h@‘;@p@pr@g@ylfpr that qlﬁgl pq%mpprlg Wlt%lf,ﬁ? a?tgpnlng cut-off
point cor}e'l?l&?gc a{téi@algﬁfg{ﬁtﬁ}% e tpi”é%@n&r S3ABE&ncBBE BeWaksor. A perfect test would

I CS ypepti des, and
have per&ﬂt ad@aﬂalcsa smdsaffor bidinddeads whn dnev@dxab@tes, @%@ﬁu@%é inglicate only

positive éﬁttreg}g ta|§1 vs( ﬁotzgﬁq%e%fyyo%b%ﬁeéﬂ&vg$ 1%% %em hh%%a'ﬁV?r (there
would b%lgcgz%%e tﬁh%e@wbi‘@ | Iﬁ%ﬁle‘ﬁ RRrdls, B 'Renkit@dtyt” Mthet’tbﬁqmemmsnwe rate)

bi ndi ite of such pol ypeptides th
would bqot(m%n@n thybyithti for mém@naésf who dish e havn dakates ! ehests%ﬁ" ould

indicate é]ﬁgi?tr %ﬁjilr?suh‘f gxa %II%C olt ¥éﬁ{o¥t a!n g Fﬁg)\ég oS dudit QselBemg

age e antisense
"pos1t1vé“(]ch%?é*1xz§§1d b@'n@g‘m%pdélt%d )Fl’n(rgnﬁ@tmrds Vet 'Tsp ek Gyl o@re, true

. g. bl l]
negatlveuwwbwggf’dltél b St OPBIGRER A, DYFRBHOHE My Lo e e T
Predlctl\feyg% ?@3} B%é%gs?lcaﬂegy RowPTo Pr&fen! MRGLAREPOH @Snfuﬁl % Results,"

atient derived sanple). ange
Clin. Ped.n 9oBe31(8) @B5i4D1 twhidicPBisbugsed meﬁtcttgi,@en@may @adpg&gve and

control sanple is indicati.ve of cancer, in the subject.
negauvem@dlgi}l,@(@éuwakg@t & ?lglll %\‘géh glc&g%r ease in the

81%’1 i Qr ikl Gath©oPa f dsaparEnhiey cﬁﬁilges the
e is prepared (i.e., fTractionated) %1
sen51t1V1$y md @recrfﬁaﬁjn bmhnasluah’etwégnn@me@tmms}% Aer éxqrgplpollf e cut point

is lowergcg gqlnc.l?rlﬁ (131? IUFIH S 1@%11)8@8? aWé%pqcalfyﬂaggtesp elsﬂgs?&ger the cut

point or %n‘éﬁ{dld 06 AR nﬁ’cfwidlﬁﬁls B@fo' hav8 tébetestiln dbote Ithe dnjtl point are
sanpl e and conpared to _the expreSS|on of
reportedmsrhmingdbmdllscﬂse,l conditiongyr syseseae fobwhich the stis bﬁglgr’fﬁ%ﬂf’wenng

the cut R%Wn ﬁp%es}sllgg% in 1V1dﬁl8 fiq %P F%; Ll g% ?fo A %béjs‘?tlxte)/&blﬂﬁl (k.¥., that they

I ng cance

have caﬂd’ég TREE alfigteR Brdpeitiin dﬂth(ﬁd&ezvlﬁﬁlhave rtnabemill bd 1r3b¢ﬂ§¢deb30ﬂ16 test to
indicates that the subject_ is suff 12@ rh% c{T}Egowever at

have it. w@ceudmglzskh@sena@w Gﬁierigosaafﬁééﬁe) of the tesh¥hRe ! 6&&&%

the sam T B Hr &l f1 BPRbISH1sE HBRAYL AR nord pedpIt Wb dodiot ha the

disease, condition, or syndrome (i.e., people who are truly "negative") will be indicated by the

test to have PD-1 polypeptide values above the cut point and therefore to be reported as positive
(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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an decrease in the level in the patient derived sanple
of a PD-1 polypeptide indicates that the subject is
waaboesiasPderi ng fromor is at risk of devel opi ngCTAISL®E/022423

An increase of the level in the patient derived sanple

of a PD-I polypeptide indicates that the subject
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TR:E RaBbivkver, diatticatod itfat e]ll@m:ﬁ*pi‘mem qﬁth@l pansilivityrsgdan

experi ment happened by chance. (P rve
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¢l ini cal
33(8): 14§5gr4Q§| cant presence” of a PD-I poI ypepti de. By
clinically significant presence" is neant F % t hte e,
ATROErmIEVEI anfiey POt pL wﬁlyﬁébpn the Y-AXISHD DiFRIeZeme 1O one
i cal I 1 oF
100%), a&g&gtra Yol eqt}%f%pc}ngg}? nq ﬁt Smfigé L %gfgl) nliﬁ: 8 (séoHr dbeier®to one
(i.e. 100‘%)r BShRbCy ik Ue)s o slot dﬂ’tﬂé trﬁHDpcbsﬂm\mI xytmmg‘etha fialse positive rate for
herefore indicates that s, ganc r
that test, wiastoTThEhed  Tq eanstpgtyh théE %‘?\é“‘s@ﬁ@é@ G540 S Insftda in question,
" 1868ded" HbMeads! isindependent of
parents i aFhe g Bl GIEAS FRuclt 81 SROSEROD bBen g isindep
the test, @4@@34 o qzxyethddelfnequestmmth detemame ovhethss e abients e trppppsitive or
ept ide w h t he redet t
vt B SRy sl B D B PG i Ay s o o
tandardqgﬁ ?&Ctﬁe gfes&lft% JFRBfoRbry hdi6dci6dis) Thé patentschrb alee tested using the
ect accuracy. Thus, for individuals who have b
test, assay abeictimd it heesions anddat wrmguczétap@n@n‘lhy PRdents FrgacRosted as being
positive rgg ?1%%&1?{6 %Qgpéélgg ltql’gle c%?s[t i g?aglr 1%?%1 EET%%&ﬁStWW (WlepRltive rate)
and the Gﬁﬁé‘é WAE R dnethindb BRSspeéificisy (vtrli’ieh Ysleasitals/the yalsepositive rate) are

test (the true p05|t|verate woul d 00%
determinsdtfer cavhirettt péist, andharchiRgrAtX-KUEs 1 Pﬁ%&e ﬁ‘aeéﬂ’gﬁea%"é?" Q the x-y

dlagramwiﬁf taceu%{s%"\’\c%g%)xgct %ocsggﬁm s Yhdeeet duree.t est results and

any ose i1 ndividuals as being
TROSeh hii@er thé bave ("\WilC'Y mﬁlenmdlbéitai that glbmvstrepresenyation; of the

ot her words, the “"specifici true . sp
sensitivity and spec1ﬁc1ty of a test, ars)say, or met&x%d ogferhtﬁe entire range of cut points with just

a single 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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negative rate) would be 100% See, e.g., O Marcaigh
AS, Jacobson RM "Estimating The Predictive Value OA
wOoRegnesvsc Test, How To Prevent M sl eadi ng O PCT/US2006/022423
Confusing Results,” din. Ped. 1993, 32(8): 485-491,
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I e cut point or
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ecrea raising cut
in detail RSYvRL andl thé sfepod detectilecthe a@emblhproﬂmtsnay e Qa]ng:h@lut w1th any

el moueaseyn b shosle 8 SO S TEBERT [ Bseribed
above, alb(f]lél g RgﬂF ﬁe@%ﬂlgfléﬁg‘k}ﬂ %gﬁﬁl‘ Mgd asdBbicBAduct tli‘@rﬁétlhbdl @escribed

sensitivity and
above. specificity into account and be mndful of what the
cut poi nt is at
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momtorémyh\ﬂﬁg ﬁleﬁL i SNh biASREA BB RS {)fb@ldedl’fgﬁn ekulgjeét yndembimg treatment

rei1s wever, an i1 ndicator that allows
e.g., surgieqly dsentlarapFutiobr htrmaehseatingit; {por asanegse & LFgesized: pigdpsigal

t est t Qver
samples g5 qht%m%f ﬁﬁm] th Plggj {1 Ex@ ous é?ﬁ%m%ﬁl% b%i% éﬁgﬂﬂg cogrr al?tglt treatment.
Expressﬁi»ﬁ 'f‘é?’@b i i OMMeA dBRERINE andpafipdredp Ledsractese igstantol whose cancer
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state is lqlowt |T¢1|q refeesnce gagple hgq‘pﬁepzexposefllt% thedreafpend, &l@p}ﬁtwslﬁ the
referencgﬁ?{aﬁlﬁi‘nﬁ tg{))trﬁlegg ¢ %9(%@& tShe &ﬁ&@@eﬁﬁ eb?&é‘hzﬂ?’ Q{‘R:htrﬁomtonng is carried

Burtis and Ashwood
out preli(nﬁﬂﬁ{)to a4tdonddbdlt Qﬂgﬂ:ﬂ%rve‘!ﬂaﬁice ﬁamedi&essar@m@wentﬁa@gal

and_Zwei g et al,
surveillgnea fsIce dwrsH W qrgexwf sanaplesmay Pﬁgolxﬁ%qﬁgﬁgé eité";]vhg have
recewedA'n nﬂla'f‘glﬁjgioqpﬁéﬁﬁq%htnfor cancer and subsequent treatment with anti-neoplastic

agents for that cancer to monitor the progress of the treatment.
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cancer.

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

activity of each protein analyzed.
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determi ned as further indication of whether or not the
subject is carrying a cancer. For exanple, CD O

wOoeho6B333820, CD57 or CXCR5 is detected. The PPeT/US2006/022423
pol ypeptide and the additional biomarkers are detected
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cyclophasphareidelveiticgacfitaxel diox @nbiidfoliutysé yy EMF ,Sorngyodqihosphamlde,

surveill ance ocedures. For exanmpl e,
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npl e
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ot QELAPER R RANSL SR BRNR, PR Sy o
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Coenzyn“p?éi ypepti de, or a decrease in size, prevalence, or

s ess?%e’n@o&%gdy %@koa‘afl e ga{ts hid L@?ﬁﬁaﬂgrg gg%Plleh?hg éifltibody, and

e usi ng
means fprpoodeoiga ddedtaldasignals Satﬁp]es as al&sdnbeﬁl 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
from the liquid 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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of ways. | IE?\%:% 1%@2’19%1 G nf, B¢ diagnpstin kifl compaisesc(al an amtibodyk(efgorPDx 1
polypeptﬁi%? &ﬁiglﬁga@éct ﬂtagarsgﬁ‘id%ﬁ'@b ésﬂ‘@eﬂovfg aééc@g g%tlﬂpnogd%/ ttﬁli Ielir,nvgt\ll)[/n fon conjugated

toa deteetallde essPps Thsreagtilts apgdlsodasiody anc[lmjé agd’nﬂs mh%@ Badferdidthgents

nmedi cal histaor Q her facto
and protem staLPflzmg agents, e.g., poly acchandes and t?le like. The dlagnostlc kit may further

include, where necessary, other members of the signal-producing system of which system the
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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are largely related to |lifestyle choices, while

certain infections, occupational exposures and sone
wenvieriesayent al factors can al so be related to PCT/US2006/022423

devel opi ng cancer. Diagnosis of cancer is typically

At BE o8 BB 1S ST 3 BB o

antibodyS¢talugdedao hatétdet M ?@hp.q[hﬂﬂl'lﬁ?ﬁ bSenths dHsEHRRICUIBRYe may likewise be
Treatment is typically through Cytoreductive surgefy,

includedk gfhedog dityest bepadkegad injany seifmblamamicasypicathgwith silsimhents in a

. . i i i t abi . i t abi
single oAU FUn » A BE SR B e g R e e
TBriglinf enttomoil basddl in pat oh G @Pehi@ehd@esdibed in'feGbMowing Ramples.

fl uorouracil ; doxorubicin and, cycl ophospham de; o
These e’@Bng‘?SlﬁS? erayidaddo é@‘éﬁtfélé?ﬁb% PR ERE Qicang Szﬁuléa@lt be eoastrued as limiting.
doxorubicin foll owed by CMF;, or Cycl ophosphani de,
epi rubicin and fluorouracil. In addition, many
Examplp at IdvibBioni dfithe Pips1 Pathvesi int CloronidadlydnfectédVicOUSsing Snti-PD-
LlAnﬁﬁaygied out in accordance wth the present invention
be honmpgeneous assays or heterogeneous assays. In

Mich aegedn msvaﬁ%ﬁ@ytreﬁl%eoﬁtﬂa}yg}f/ﬂh?gﬁgaéhoggﬁflémn%ﬁimﬂﬁ'(L&MV)

i nvol ves the specific antibo N
were usaddp yivdp thedeffect af thabeic evitabiméictive on &8t Theelsfmptien. 6fhe LCMV

' . The. si.gnal .arising.fromthe bel i s. .
Armstcol PR Shscs A sl P e it e VN R IRl hghiat a one-
lived poigticandfidgdy fliretiohs), teahied @emenatPRET BRS.NTAEECMV CI-13 strain, in

i mmunol ogi cal reaction and detection of the extent

contrast,iegfaplishes 3 perssient infgetinmin ithe hpsh shogetadoukbsoviteminthat lasts up to 3
I ; i. . i | oved. d

i, PSR ETLTtn R Sl U8 SR RURGAIEDR S o
become ﬁmz’gidmlﬂy ilmpaired. i DM&OM]?}SJUE EWS phidically deleted, \nlfhlile

ter s _assay. approach, the reagents are usually
SR AT TN 1o ) AT LN T A

ol b ' | mﬁpﬁﬁ#- as descri bed above may be
andl Vlraﬁi}gﬂsﬁ%ﬁg&gﬁﬁgg{d{/ 'S ge(r?%?e'r ally imobilized on a
CSGBR4T hicesuerh paschasddefasin (i Mitinal Caddettstiane (Feeddrrk! B).

. Wi t e speci men. suspected of containing the antigen
Mice Welfedngechﬂdm gl%r?gﬁ@f P Wfrk 13- CPA éﬁp@g%ﬁ\a@ré @etioned by
ST | i CH ' 2 r ase qgr .the..
ietng 06 o 0 YR 2B S0 B PO 08 BGTGp e h hon
LCMV immine yiog aneeensratedrbyin feotics meeSye Witi2anef pfullheMsi Afaktrong.

s related to thepresence of the analyte |n the _
i By SR VPP B ORGSRt B ey SDYP B specific P14
i e )f4 1 r.a0k: t] e
e LY B AGPa 9 A RCEIR, LISk el SRR v
Armstronginteuntanivet zuil DUGHR-Ak sprefiecn MY GPRAG28G spédific CBI™ T cells

v ) B 0 30 ok

were perfo2@ed h9feseAbsd inOadRBle041E (EBE 15LRET-31 | Y25t BP- ,
g resence of the daet egt abl(e group on ’tlﬁg) Zoﬁgdl %ﬁ%%masmghly

expresseg Hoexhanged CRS” g eodls neetiveto memarmGE T cells (Figure 1A). Furthermore,
PD-1 was expressed on the surface of CD8" T cells in LCMV Cl-13 infected mice, but was not
present on the surface of CD8" T cells after clearance of LCMV Armstrong (Figure 1B).
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the test sanple. Exanples of suitable i nmunoassays are
radi oi nmunoassays, i munofl| uorescence nethods, or

wenaosnm3dos nked | nMmunoassays. Those skilled in PO®uUad06/022423
will be famliar with nunerous specific i nmmunoassay

3 T B S PR ERERE, 2011,
most 1y1@plit&fy&is| and &P%@ﬁpﬂed Eaiiflctedmif0 aBimaY virdl L288dn ﬁe@ﬁ&ence and

ss, |nc. Boca Raton Fla ; see also U S. Pat.
CD§" T&eH sxhaysion aregenpeiant Hith anjindusgion pePRok gxpreysion.

1;’6’%% i alth?igotjhbg%ﬂ%’f ﬁg&?ﬂé e e P t@fggiéf%ﬂf\x@g% #que% dre T cell function

and enhalhce viital t@drol ldoring ORSﬁR)L@MVAnfchemﬁhe PD-BPDFAL co-hthibitory
4,376,110 to David et al titled "l mmunonetri¢c Assays
pathway J§as¢isptrgd dustg chygnis %Qm\églfect@nslsmeﬁPDﬂd blqclg%arztwgdws A

ocin B e S BPLBTRL S50 B 50 DTGPl i

infected4widBBCHOV (IIQ 3l\<agg Lg oftat ahtl-mdulsé PBdLl E,Q&Z]ﬂﬁbﬁocﬁﬁﬁhl antibodies
Channeling," and U.S. Pat.

Met hod E
(clone 197 563, cr6 PPIE A3 ot GSidn tedp potineation (b Enoyb fsseiyas
approxhiﬁ?:f}té g:‘f(éls%' rg?fée' tg’c oNnk%@u @-glpggp%cgﬁ'% 6%8? &%ﬁg Qﬁ'g (?1%1 nlrcf‘rg ﬁbGP33 41
specificiGD8 dl' déllgnashicd naiss m}at(ve t@the unerastsd cDﬂnﬁtle GElgﬁﬂelms The
wells formed from t ch as | atex

inductiofdp pEalifPiaay vias see Tupale sieihe aEbRTiOf IR+ Taells in the

spleen v@e'ie %ﬁ@kiﬁﬁétél&'tﬁ’é‘sax&'lh'bgﬂld&&%d%lcg %ﬁ& ﬁh@@aqecbﬁﬁc‘;‘e' q‘%dgﬁ)‘ IA°GP61-
kew se be conjugated to detectable groups such as

80 ofCDéﬂTde&bgb@N@n@ 35S, 1251, 131 1), enzyrre | abel s

e. d. orser adi sh r.oxi dase, ..al kal i hat e
i s i PR S P B BB ignting
also res@l€eGh dARE@cWed Prddieidh éRAARIMAYEPokiRedENARILHekiit THPTT cells.
carrying out the methods described herein are pr oduced

The proflectignrod i ry asfd M@n byt @D8N &’ it taleigbidiffetdne C(Iiiamtop@sn was

cctomifih TR TRBRS! e Shosb ATk e 50 b %m% b1
unueatearﬂﬁlb@gqgmeé 2B e Al - ld RO B feuendsd § rP%dumng

rou he reagents may al so i nclude ancillary ag
cells was alsh obserlwf foéiomngg aepembist (Aiptir2Io}. eViralstledvanideavasglso accelerated as

U e e T .
observe@ i@ 1 Sy (tJT@ TSI PB\AdayP3 pﬁd&@-ﬁﬁi@ctﬁ%ﬁ@lﬂ e pd foBlvedY initiation

systemt detectable group is a nenb (e.g., enzyne
of treatrg@m;mrtmategi)mlcgg éhmgaﬂe@ mi¢ee HOWEYRY, cbgp;lkgq@gm cant levels of virus in

all theseftr%s&écso %@2 S]%L n\én‘%l {T ggts iré%egﬁlrﬂagld t%ﬁ%%oéﬁﬂ%?? Wg{e)ﬁje%émmed using
Vero ceﬂ@&% ddcribe@ it AhRed €8l @NVasL lsmdml,, 19&9 (1 résuBt 88dwing that a
ndi ng partner for the antibody conjugated to a

PD-1 mbll@ﬁ@%tﬂﬁ{ﬂaw&la&bT oeH eroliferation gadhyizal steagpase thepelareipdigate that the
1nh1b1t1({ﬁﬁ(§f$r]]jy lfgmnt%ggg ?es'tdilgg @B§-g T c-gh ?@ﬁ%ﬁwﬁlhhéworgﬁgﬁ%ﬁtﬁs %%D 1

e mannér, typi I'n
signaling also enhanced B cell responses as the number of LCMV specific antibody secreting

cells in the spleen was also increased (>10-fold) following treatment.
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single container along wwth a sheet of printed
instructions for carrying out the test. This invention
wo0asedei n part on the experinments descri bedPCHuSkme6/022423
foll owi ng exanpl es. These exanples are provided to
le uﬁ,trﬁte t he i nvention and should not be construed
4 1eets Rigy a@sexspiedn the seppration arshmamiensaoe s GDPATgHY

responsdf‘h 109 el | DOt %Eﬁ@ﬂil%cfﬁhth@ LEGnE0b BRI cell (sc%-ﬁaelled

ti bodies M ce i nfected wth various strains of
“helplessy FBI¥ICY télts) etednéapableiof giounting homsal (thEvid} respoxses.s Bakthieomore,

. the.effect of chraonic viral_.inf i an Qn + T
ehwonic FENY b v Sevcea Ry Rkt GB#Eref, Sgeordipely. helpless
cells geiReate@ dhﬁﬁ%ewmv-dlh@tin'fesﬁ@ﬂ gidp1agl allel &l Mol Sl8¥tnd lfeRYibRSA
. . behind a longlived popul ation of hi hlé functi onal , _ N
impairmeptihend GellFgeRerapdin the pesspnce ot A e - NRI96eA M, spesific CDS

oot FEBART O IR, RIS RISE S RO A cn

complet8lgtlbdesthe Abidityior d4brefelFM-PNand TNEQfE tissues indefinitely
and, antigen specific CD8+ T cells becone functionally
ClRpal celds WWNE?BM@@EB@ off LEMVY lal3dnfietisi atzd injoe were treated

w421 PO S BOGEES20 POEER AR, Bt i

CD4" Taslls wuierrk dengétakle b9 SutrRlilafEN-F Nathifd Be i orfteCR ket
m ce were purchased fromthe National Cancer Institute

Followigg-freateent keatpbmicavhadeappeaxémptehyet foddimorg D GPET6-28G. 008 T cells

+ epl etions..were rfor b .
and 4 foR o DIGPAEE bt 1y SPRLfF L RRR T WS B POy alts @igure
3A). Thenminttiee ofieiyud glebidioi CTOR Theelisrh @ dpditn wdsMikd iRBRARATFRAre 3B).
. . are generated _by infecting mce Lp. with_2x1 05 pfu .
This inceegg MArRStPEHGCc (Ehe ealls iy tregied pisswonairfuiadde vadoagepse in

: . £ . -41 eCdf r '
e e e
incorpordtediintetnédiatml&vEMOfBribtand 2o intorpoeated high lawnis A EEB3n4ihtreated
i, RS oL 2 RSt SR b A a 370
i rafe@hadt ROc18RE BIEN S B alptay i i i
HeoTPo deséltr?%H bedei n Kaech et t?@?&( gglélljsdill %g@a‘% ff%z %hzlé.ﬁmtmducmg
Img/m] BplW imfagalripkéngivetn duringgreetsed and steiiagiwheper@aied Bccording to

cells relativ nenor +..T ce iqure | .
the manififer (s halooU g RS, SRRt A h Mot ekt e
containedl adgghes pefteheMd ofLD8LT demd %%@sﬁm@ tRE celPEcldBRo8ifed protein Ki67
present. on the surface of + T cells after clearance

(60% vegsus |1 Bfpinamirseted mycq, Figye 3C). BResphnssrio degatngent irf @Etsga cells in the

' e j I f .one of. the
PEMC HGEAL R0 SRR {ILPNSLs BYBS Dlafibeliod d apc
Riv/ipaltibitiohalsoninodeset agti-viraBoytdkins produti@dn iarHel &R, exhausted virus-
. rsilst?nce nd, CD8+ T cel |l exhaustion are concom tant N
specific (%) el dalevioe treatopt, theRypberfdh GP33-41 and DGP276-286 CD8

T cells that produce IFN-y was markedly increased (Figure 4A), though higher numbers of

D°NP396-404, K"NP205-212, D’NP166-175, and D’GP92-101 specific CD8* T cells were also
detected in treated mice (Figure 4A). 50% of D°GP276-286 specific CD8" T cells from treated
mice can produce IFN-y compared to the 20% of D’GP276-286 specific CD8" T cells in control
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To test the hypothesis that bl ocking the PD 1/ PD- LI

pat hway may restore T cell function and enhance viral
woamieriadzvaduri ng chronic LCOW infection, the PDPaTRB240k/022423

co-inhibitory pathway was disrupted during chronic

untreatef % | (AEHOABL DRLAIS GhFNSG1 BRI ABTopEsA by HEP276-286 specific
cor T A S Y B ATk
specific mmEnooy oelld. @idurd4ad).es (cI one 10F.5C5 or 10F. 962)) from

day 37 - 37,
Iﬂfgﬁ g IQC@E%%}%G' ﬁég%vﬁ@@ﬁA M@ﬁg‘sﬁp@@@w Yinissppcific
CDS8" T &8ild. St i—)}lticcqalch1f9)618v11q§§?§éﬁétﬁgjeleééclls%a%f'éctgdqgllléﬁmg

in treafed ‘mce relative to the untreated controls
treatmer(tﬂilsgtg@ QTA)relea%h@ssancﬂ%ﬁrwt aln, 20081 J. fVerodt 77049 Mey). Viral titers

wer e BEF Y i RSB 2RI BH558 BHE L BEhons, oa

fold in sb@ihaftdroak esksHf €@ataiRdt tentivedd eatrdicBm{ce6 gt 4F)pGP61-
80 of CD4+ T cells per spleen). hi addition to an

Theee eeaulés therefyng demopsirate Wabblpekina thed?D-litaehwayrhrpaksi GAL
u ase .
procf oS 3B SRR LAY QoD TS popivc o
CD4" TGﬂtBhelﬂ)' aO@hdtSrrerﬁﬁb]ynﬂﬂm&hﬂedn of IFN-g and TNF-a by
CD8+ T cells to eight different CTL epitopes was
determ ned. The conbi ned response was 2.3 fold higher

Examplb B. hﬁ%ﬁhfs@rdﬂoﬁ%f%tm%@agang And tl{} ?ﬁﬁiﬂnﬂ} ce (Figures

B and 2C). A 2-fold increase In requency of
O‘ndFamrcpach dochaovgtioeT Icsll waspomdes duidins & persidtehbintfention gs therapeutic

sinss 3oL AP e GHGEEBUE BSe A Qe

an optinfaP be@imuddinid MBmePfuridedr&tlc MirGEinflady ﬁﬁflth\ét IBI%lVIdln% antigen in
titers were observed in the lung and kidney (-1

the formiyf agpgeiay npygrovidé e staroaff¢ctiye gtigpalsdbt ﬁwsmyecllﬁlcﬂi ad B nells

f tr.eat ed
Using s by EPE CRR ol GG hlRocer ARG GG Gcipiy i
expressih) #RE.CMISGS3 efitdidrag aZ@rapevitit ahcdihd @MBGPH3)S fhibN radidked in a
enates were determ ned using Vero cells,

modest eégla@f@gxtqqt er %D,Sﬁ TrgrMagsnomses| in sprpe chfonisally sufeciad mice Four out of
the nine lﬁl%ﬂ}callg Iﬁﬁ'&%gé H#Eeztg &41{3%1 #1@ e %)eﬁt?é IVa cﬂpa' sJﬂHVg& a positive

I ncreases &ration an
responsecWhide aormeoftthe cafiroit mléa’hhdcz?dlgnﬁbaﬁt idieast ﬁhﬁhb lifnirune désponse

against G SR R raRRTeR YAcomABn WEs FombigrARTg P4 inhibitor, LCMV
specific €Hef rﬂ&%@nﬁs Q@ré bbSsdAAB 2 A IE‘RQ tﬁh&'ﬁ%ﬂ#a@d th gWer treatment alone

specific antibody secreting cells in e spleen
and the effesbof emgnsdteqtmedt-Wwas ryrefthdrd additng. t r eat ment . CD4+ T
cells play a key role in the generation and
Example@: hildbitioneofathe ED8Y Patlvedy inr Esypmicdly-InifectédVEce UgingPD-1 RNAi

ells primed in th bsence of CD4+ T, cell
Pg@ lttﬁtfg@&% %Dé% cawaple@f stoncang ge srpressiem pappEmstian cells.
Long doliBldRrhAtebdTOUAB! (d4RNNE rE SRRANSRSinto 4Hilk BRI FR HRext processed into
smaller, silencing RNAs (siRNAs) that target specific mRNA molecules or a small group of

mRNAs. This technology is particularly useful in situations where antibodies are not functional.
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chronic LCOW infection is nore severe in the absence
of CD4+ T cells. Accordingly, helpless T cells

wqgemsriasmad during LCW-C -13 infection displ ayPanmusmn/022423
nore profound functional inpairnent than T cells

d i h f CD4+. |1s. ,.DbNP396- 4
por exaeRCKRIE el FuBieRRT A0 lon TP S SR NRERe e
soluble fofMebEPDaNghdWEPR34.41 and DbGP276-286 CD8+ T cells

conpletely lose the ability to secrete | FN-g_and .
Pmﬂ:sden@oﬁl\lﬁs yelinssrtglinge yepmeerdallt avaable iS%é%fexpresswn vector,

i in i i r dx Wit h
s e (RSO OGRS o
vectors 420 flieni dohectadonith lafdd/exdtpeasted & €4 i Eve et dxsvive (SeenBrample 4).

detectable by intracellular IFN-g staining before or
after treatnent. Followng treatnent, treated m ce had

P P O S TR o5 0 T o1 o

VinawspenificeaheutalodD8 0T celicare (laged FoBACMVREL-h chenicaily

. vi.rus-.specific + T.cells in.the spleen

inected fyj¢ G588 Gragr ey debnty Sontrueait 1 o0rt g0 SpRar ol e

contacte@Rith dmeRbISnd1 AntibRBIRS tAiz6R PIRS, 1 AT OHTEOL 1t QA Pdbscribed in
increase in proliferation, as detected by Brd

U
Exampl¢ havhipiiaatdfdhe PRI0pashwnmerarsn 1asrepngeationethe CDS” T cells.

. ncor por.ated inter ' vel f 0 .
Accordif gl SRR EEE ook o LT ERSP 1 s AP rlon e PRl BRangtion, or
exampleMTHege BHHRREPLTR 28611608 rdinteeddcsd 6 eHefifedteddnice and viral load
) internmedi ate | evels of BrdU and 37% i ncor porated high
is measured; @y deseiibagy igfxapInle bat ed i ce. BrdU anal ysis was

performed by introducing Ing/m BrdU in the drinking
wat er during treatnment and staining was perforned
Exampla&e dndiitrg Screeniieg ofd¥aehCDS dF Cell Repdvenator(@inpounds

SR8 e g e Bk b REthiey G Db g0 ahd ex vivo
screenin’6Bda58 B dnhBeif Shilityt¥ ¢bRrRISOET 26l eRhREGITrekhIfAg E@APBhronic

versus 19%in untreated mce, Figure 3C). Response to
viral infeat®at nent in CD8+ T cells in the PBMC was restricted

T o BB -0
and nextgcfeo?@ié@édi With hReshBlB) &R, TRY RARHESE MbLHES f@%&gi‘é‘gﬁ ge%??ﬂFN[y or

I'l's. Follow ng treatnent, the nunber o
TNF-o) aeiclasti Gy the286tativB T cEllde hessuréd tfopexaripds by BILI§ Awarother

quantitag}% %%ﬂnlgégi@?d%pil?ps ed gﬁ%&%&ﬁﬁ 1}5’8\1]}5%8&2@21'—‘%%3 (rgyt%llilnr%arglséased from

et TS O G138 58Sk v

viral cytGkie rdlezseli by tfeathctlemtatie to shearoupt mdudmatef elgs identifies the

C ared tq.t.he 20%, of 76- 286 specific CD8+ T
compouggg;r)gi)f)ﬁl &‘gﬂli.’lf%i W@E%Pga‘%cﬁ?éfﬁt Ye 4B). Level s of
| FN-g and TNF-a produced by DbGP276-286 specific CD8+

T cells fromtreated mce, , however, were |ower than
Example @ | 4 fivSeneoning @Mgh@D@é@‘ Cell Rejuvenator Compounds

Exhausted CD8" T cells are derived from mice chronically infected with LCMV-CI-13.

A test compound is administered intravenously to the infected mice. The amount of anti-viral
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specific menory cells. (Figure 4C). PD-1 inhibition
al so increased the |ytic activity of hel pless,

weoexhmustmd virus-specific CD8+ T cells. Ex viveCcrys2me/022423
activity of virus-specific CD8+ T cells was detected

) foIIovleg treatnment, using a 5 1Cr rel ease assay
cytoklnqs\m &, L Nex o1aTNF-29) it 1syele@§qddpto the seqgm af tpepjed awiﬂ@treated mice is

measure ffeRant ey oy BEASEPr Qe YRR IR M el B dpgease n

the amoﬁﬁlﬂ of anti-ded Bytokiht %una ingeksenoh id freatdBide reRlia to/eich@mount in
untreated _m ce. % gure 4E). These results therefore

untreated spigp identifies tha s %ﬂwﬁgwﬁ’@ pinhibiten Hwégmasiveli Sheariral titer
' d
(e, <o RANE) LR oy Bt ) ol SAL b 0

compouhél p are not irreversibly inactivated. Exanple 2 :
Adm ni stration of anti-viral vaccine and PD-I
i nhi bi tor One approach for boosting T cell responses
Exampld¥: 'Clﬂnﬁ‘)aﬂ%ée%'a§ta%¥)dél'ff)1eﬁhiﬂﬁﬁo'tl§er5§§ bR PEMbst t HCV Infection.
vacci nation. The rationale for th approac t hat
Enitpgeress prandd @mnéelrﬁﬁm‘épeﬂsstqmpegemmm rDeécptsmntT ndl

i d R STV Y s O e GArE mbCAE R Coar 1

helper cOlyardrigipafted ar ARE&1 @Dggqt éf‘.ﬂé%to‘itcbmzﬂ:‘fwkﬁt}f 0Pers1stent1y infected
virus-specific T and B cells. glglat he chroni ¢ LCW

|
chimpanggepeare tiepied wikraatihedipnagsainst 6d Ld\-# B pPhia pembinetomefithe two.

T NI E Y w——
recombinatiegtictardland aomstrucdiralB8V proteid, afiewhehsiesich Btraeges can

|| f F f th
entancegie SRpciey yog Gt Bc s oAt MEcary 8 peln e determined. The

defect id PEER fty Ysa&‘éldgfz We HSp cﬂi@sﬂl Eﬁé te'hﬁ?@ﬂ@ét@d Witinhes and

none of the contro a si Pl Cant 1 ner ease 1 n
chimparnizhes. i Thmirdeod aslowrs ef m@@jtedsﬂu@&&eem rexahimed for expression of

i C ccinati,on sconblned th PD-LJ . ..
crLA-4, B EREHE A it B Thd B2 s osBes ot Ll L Afivizel asgivity
may theh Qe @e%r@é‘b? "deﬁ@fﬁ td Blﬁﬁlp%ﬁi&@ hﬁﬁﬁaﬁi‘%e@hfoﬁ@éloﬁd] QatiB&dALs that block

al one and the effect of "conbi ned treat nent was nore

signaling Hunugltithiesd melecHganpl e 3 : Inhibition of the PD |

at hﬁ\éﬁ‘ﬁ%ﬁ%ﬁ% ni caI I 35?%%€%g%%leﬁ:e USI@H&HE%-"@@@%[’QMWS

(MDX- %ﬁ@g&%@ﬁ%’bb@l@s Ce! dﬁrﬂai—&’&% o??vﬂ? ik @@dl’ﬁg/kg followed

arelntroduc Into ce are ne
2 weeks r}a’rel:bzﬁ $ Schg/kg andstired 3,610, 38 mgﬂ:gamgreamk @meﬁm.s )Aftdnaeatment with

antibodl get %31‘32 1'@8 n@e% d@ﬂj an uI (Eﬂllgl q%;rl%{]’)lélgg %q%%gpp%fs as well as the
HCV RNAUB&H Wﬂ[‘ﬁe &&&Eﬁn@f‘@h&ﬁf@s% @lfect%@tat fMaGt ongls BAA 8, and then at
exanpl e, RNAi be employed in a situation in which

monthly jpiegads. sprnipes i ma deinlt) seqynoton enalysik obiranshorinmses AuteBatibodies,
neu’l:lrallZ‘G}Hf:%i an%o%ws ‘to HCV, and cytokine responses, 2) plasma for viral load and genome
evolution, 3) PBMC for in vitro measures of immunity, costimulatory/inhibitory receptor
expression and function, 4) fresh (unfixed) liver for isolation of intrahepatic lymphocytes and
RNA, and 5) fixed (formalin/paraffin embedded) liver for histology and immunohistochemical
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PD-1 silencer RNAs are inserted into a commercially
avai | abl e si RNA expression vector, such as

WO Sdearaz3s (t m expr eSSI on vectors or adenoviraPCYa&SLmnH22423
(Arrbl on, Austin, These vectors are then contacted

analysis \% az li}%:f th %)%au St o : l/s %28f %l}\éﬁé}%rugg %(ooe\f/sisgs% eg(t?'l%gsion of

co- 1nlubﬁé$1@6ﬂd§1fe@lﬂes-r arﬁQJphSe %r[ah&* BP@ahhnchigsdhrEsit8bndR8sledular techniques.
cells are isolated fromLCW-C -13 chronically

Assays tp gvalvtedhasffisaqysind galiehigeidhese therapiss @arfefdeﬁéluhe;perfomed as
fugation. Transfected CD8 T cells are contacted
descnbe&%?%n%\ nonocl onal antibody that targets PD-LI , PD L2
T ddtbniine Asactgsationtyeith HO VEXaigehepdtentiandsithé therapeutic t he
PD-] pathway results in the rejuvenation of the CD3

effect of agfip 16%@&;3/ di ﬁ

| Shmpazech BredTsaled s IPHRYE 43 AP Fomunization
with recfibinafl At BE BhiGHORAE £ AR ES AP L R0 drdlothor proteins (core

plus NS Be# rendddiocedlatedtvatit BEOMS et wekksiOs &, and@4y Y mirainvsehlirs

immunizgFipR 551%3#1% 3#1%0%% Rodfot Epadmitietsiod vig] d ShAcb pitibodies (30 me
of each/]gg %Bg y nt %ﬂg@sl}; haled® guh ald Rehdn Qf'at:mﬁ@isl%gcﬁ'ﬂdemlcal

|n InVvivo and eX Vivo Screening ass
to 2) exdepsthdt @PDt ]h(@lr BTalN)lantipodies are¢ebssitutedDibr tHe CELA-4 antlbodles 4)

exhaustion resulting fromchroni¢ viral infect

identicalRi{s#QUpe:A sl $XCEPE R & CRIPRINAWRT Y it 101 (oPBrLa)
antibodi&d %8 %&ﬁgl a\%d{tﬁhgg fed a0tihE. H@Wsﬁgchﬂcsl‘ %H@Brb%lgtresponses are

cont act test conpound e anount
momtorahawmmthbrl inteymatskifiee Bpenigation foagenrd dNFyedr. r el eased

NEPRER DR GR P Rar AR HED e SGREAP BEPepise Hharkers of

d1fferenﬁeﬁﬁ>n3(€%uﬂb45RA/ﬁ0)’CD@§Lt berankiid @Dw a@Wabh (L. CD25, CD6Y,
rel eased fromthe exhausted T c not contacted with

CD38, ané &l IR)e malﬁmohmatmdﬁ@abel 2 anct Kkis Thretatexiepotential (e.g.
st bR RS SRS @lrbasphgines] Mg

correlati6f mmruétﬁ&nq)ré’@:etapynbvm bOthe chéBbidhe I:mwraﬂdﬂeap@lﬁ to PEG IFN-
cell activity. Exanple 6: In vivo Screening of Novel

y/ribavirgDgP- 10 ewtls aRaheasuredtto invesigaiea getemi ageletotbgweyn negative

regulatoic_ycwﬂﬁ%?{/si%%@{/-sgg?ﬁg g‘r%g]d%%o?lgers%ﬁhﬁﬁ 1@%‘(—(:3\@23(3 xtp?e(:j331vc\)'I tol}’mhlbltory
receptork Bhd BY£{HQ WS PBMO atdiserfothre b§dlow efomdirg amount of
anti-viralcytokines (e.g., IFNNg or TNF-a) that is

Example 8: P3¢ Iminiifbstdifing §h q(@aeﬁvé Lgﬁ.ﬁyﬁ@h@mswt reated mce
i's nmeasured, for exanple, SA or ot her

aterzal;uantltatlve met hod, and conpared An increase in the

mount, of anti-vir t m.i n .
B e T e AT L RV
accordandésiith fisgutibha polsies. Cﬁﬂmgﬁdsc’%swéie BiXel onfihé Ristoddgic and
Al ternatively, the viral
immunophenotypic features described in the World Health Organization Lymphoma
Classification system (Jaffe ES, et al. 2001) and in all cases diagnostic material was reviewed by
a hematopathologist.

Immunostaining
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(e.g., serumviral titer) can be determ ned prior and

subsequent to treatnent of the test conpound. Exanple
w@2006hBsPanzees as a Model for | nmunot herapy oPCT/US2006/022423

Persi stent HCV Infection. Chinpanzees provide a nodel

of HCV persistence in humans. Defects in T cel

Topprmestaning & R%h%asmef@nrl%gn {armakindixed patagiie @mbﬁfidﬁ%d tissue
sec’uonsI fggb\wﬁ% a{ﬁrcgoggdgr%'aé Qég‘}éé%gﬁc fljn_?jr cgg?tg rb-ltigig @I:lé t()ﬁ‘\‘rjlkﬂ §prev1ously

describddeansitiatneant PIY-1i Iﬁifn&mlc&ﬂl arftibod g (2&S) ansing & ﬁandidd mdllhact av1d1n—
I nat |

ant i Qodi es agai ns
biotin hiHierafRh popeige mie@'ag?n% sy pheid AT HPBRD R pypreviously
describ 8@&5{@% et §OTIN e 4DNAGE alngb(m nCAst flrd I%gsvaea pant

. uctural and ron-structural HCV'proteins, and
immunontestive lforsHIM 1éattrlaatse%5%S)fmaqplestmﬂeexlhbltefdmumcsyalmna PD-1

stainingg%atsg:lo q%e }ﬁ\églr E 5 Jsé IIfﬁbC s%@ém?ﬁ ;y {Ifited to identical

protein Eotfckhisdtionl Hr M%s%@ﬁﬁdl%ﬂ ColcBnf@h Stami@¥peyificifect ed
hunmans and ch |gﬁ§nzees The bl ood and |iver of

Monedpadl aptibedyaittetos PAt-b vesgasediodtdin formabné"@@rlowr@ﬂin-embedded
spemme%;r 8@ ree;égtéveo h?l-lc_il'l‘.’%m?%1 %)MA]LESI 51\1/4 irlg\}"ﬁ@ | 25 % I)PE c%p gﬂd T Cgll

lymphopmﬁiféiﬁt&!@ disordes.| I\A%pbdi@eh@oﬂbhﬁb@ﬂﬂ@ﬁﬁg fuamam dlﬁdges including
nonocl onal anti bodi es that_ bl ock signaling through
follicular hygerpinsioe kst ofmapdonainaty smal hlfya@%@wtw aReEH geaters

exhibiteld'd ??o&)?ﬂgﬂ% %’[nggj@p g%)te? g@?ﬁ@eﬁﬁfg ﬁ’l o ‘?bﬁ Vé%@é s@%@m the

1nterfollﬂ\@)1@r0]16)ell Bonos. Eh&g’lﬂe@ staihgpetter? impeksnadl abmiersb)yas virtually identical

to that sy WD il anpgddp i diHark Sl TAEKE oY st 88 aigbody to CD20, a pan-

B cell nfa@kérNéthiBbd fHeWaEFi‘h%Snyecﬁ gehﬁﬁahé’éﬁ?ér@i cARISieflar ¥sdlts were seen in
i nrune responses as wel HCV RNA [ oad will be

histologiiesestiphsefdeactaaimagsh m@ %mdl spb@n o BD-Iefeingnglwapobsgrveg in adult
and 8, and then at nonthly intervals. Sanples include:

1) serumfor analysis of transam nases,

EH&lﬁEI&@ kP]ﬁJIGI%lmﬁﬁwtﬁlﬂhig[Zianalﬂfﬁﬂ Baflieaded Tissay Sedtishs of B Cell
cyt oki ne responses asma for viral |oad and

and T %hbmpéomq}tfer@ﬁweglsqrsm for in vitro neasures of

AT S TP AR BB P e
studied;ahe temtll’tﬁiﬁe rSﬁlhmnlzydmﬁDalﬂé esk c&t}dmlﬁl%sesadf@ B9ll Tymgpdhdproliferative

(fo mal i n/ paraffin enbedded) |iver for histology_and
disorders yRiR GHIBIEE ngrﬁ%|e§ar§ﬁ§;%m»§nc Irdige srpapseRipn CHERILPIEPwSor B

lymphoBlaS Eﬁf(én@iﬁhfﬂgl%blgsug lﬁ%ﬁdﬁ 3 Weﬂta@ atrQng'%StﬁQ?ﬁg}éoprohferatwe

expression o I nhi'b ry nD ecul es and spli
disordessanfinzattrs Bogelisnimotud mgst mphiearios Broell anod-Hied goulyarphomas of follicular

C t o eval uat he effic saf et
oriin, e et B ELloG SRR 410 bopar o ey R hoti: Rote of the B
cell lynPBSFroliRestieedi®&rflers 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

thymus.

other reactive lymphoid tissue noted above.
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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To determne if vaccination wth HCV antigens

potentiates the therapeutic effect of antibodies to
wODede/138496 npazees are treated as follows: 1) PCT/US2006/022423

i ntramuscul ar i muni zation with reconbi nant envel ope

not extith YGERAELF REF L ThiefSnelS ot ol 1 e S tnighRfip oy et Hodglin
lymphorha&MPkeRd sd{‘ﬁ)%h&ng neéplaﬁﬁ@l?ﬂ@—p%tﬂél&ﬂ%&ﬁ WWeRé immunoreactive

i mmuni zation with the vacci ne used in
for PD-1g sinzithritmfhststaimng pittam aged AorCRATT B‘a@llem l(yamhﬁgyte predominant

.each/Kg b ' intr venousl
Hodgkind§ghiha, e Tpogitb@r S5 cnule ot s i gt P
populaubllpgfes@fﬁl}l (or BTLA) antibodies are substituted for
t he CTLA-4 anti bodies; 4) identical to Goups 2 an
fexesgpof Tivall Tymphapse liakatiz e disprdem viers studiedHpr quréwmfxﬁD ; the
E?§!98 e e.
results ! eC| 11‘?&“ Eﬁ éée@o ?@Féfgggﬁégl%i}gﬁ%%@fagflgor od at
leukemlﬂmmtﬂﬂo}blalsm E/lmtﬁbmaaﬁ hecrplasmrufmmamumr telts af mm'[atmrd Todelld, were
negatlvecfg{a ]erQ 1[\/%2 l{qeq;ezneg)é m negp H% tq%tg]r;}}%lge}:lé+(ﬁ%ﬂs inc u&ng cases of T
t ﬂ?ﬁlﬁ@ 1l
cell prol%%%ﬁ?éﬁgé%%fgt@%‘ ﬁ?&raqu@é om! c1§&R7‘m %lec large ce
lymphorsayrantiaditlt Fros!lilévkestia/ ympbhomg, hbcﬂnhastaaid 19(9&?} of anglmmmunoblastic
ot OXI ot ¢ nanzyme and erforl n
tymphoriy pGieE KL b SPose s AR S5 RS For T ol
markers S86H & @3 PDAX¥icktiveRENyRER dhSisfeR@y AidlaB BRI 6f &fpahli&l CD21+
chenoki ne | P-1'0O and response to PEG | FN- g/ ri bavirin.
follicular gendpiticegds AP )naiwerkareeharastirisiie Seatuya 08 argipuaprebisstic
vmoho correl ati on between negative regul atory pat hways or
ymp nfllr(‘:\/-speci fic T cell responses and | P-10 | evels.
TABLE ExpDeb htindtaihinp iblyn@hypratidantivy disedeks! | gands on PBMC
are performed by flow cytonmetry. Exanple 8: PD-I

rrronostar i Ngph; REAGESY mphoi d Ti ssue Materials
CasemateriaTwas o0 Lg?lﬁ:‘%nfﬁém t he Bri gham & Wnen's

sptal—Bes 71 ~MAk—R—aceordance with institutional

Beell LERF{ ¢j o5 ALK d on the histologic and
B-L} /qunnhpnntv i C &34t ures descri bed in the Wrld

CLLHeal th Organi rati¥h Lynphoma Olassification system

MCL Jaffe ES, et|al.0/2001) and in jall cases diagnostic

FL material was f[evigged by a henat opat hol ogi st .

Mzl mmunostai ningTrmygostaining for PD-1 was perfornmed on

HCT! or rral -1 Xet paggf fTn enbedded tissue sections

H-owW gt ow ,/E—am-rgerl—ret-ri eval in 10 mMcitrate
]]gi‘ G FHer—pH-6—0—wi /?. a pr“v: edsHy descri bed anti-hunan
Dn-l nonocl on ;{‘i hnri\] ( H7; )’ usi ng a st andard
LPLj ndi rect avi dinhi¥2in
MM 0/3
Hodgkin lymphoma 0/25
Classical 0/11
Nodular lymphocyte 0/14~
predominant
T cell LPDs 18/55
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hor ser adi sh peroxi dase net hod and di am nobenzi di ne

col or devel opnent, as previously described (Jones D,
wenowl13338899; Dorfrman DM et al. 2003). Cases RETAIS2006/022423

regarded as i munoreactive for PD-1 if at |east 25% of

neoplastic cells exhibited positive staining. PDI

T-LISLRi ni ng was iconP&red with that| of nouse |1gG isotype

T-PIgontrol antibjody i | uted to idgntical protein

AIL concentration forlgﬂlgl cases stydied, to confirm

PTCE‘ﬂisBécnﬁe specl T gyfy. Monocrongl antibody 2H7 for PD-I

ALCEES used—to—stai |(|)/]|2m matT=fix|gd, paraffin-enbedded

ATL peetrens—ef ea:‘o/ ve—yrphotdaiti ssue, thynus, and a
nge of ¢ B—eell—and—Tcel |

| ynphopr ol i feE ative disorders_lhi specimens of tonsil

exhlbltlng reactive changes, including follicular
Abbreviatieys Bﬂérlé&papcursprwkiklémp@blagﬁ e hanpAyreghgblasipykemia; CLL — chronic

l}}IIglEhocyp —mqﬁltlfppél ite g@ﬁ?}\ %]’.e— argmalI[zgne lymphoma;
lymphoplas 6@?‘% i‘:)r?\ %@;ﬂ 1 T- LLCI\?@%@TI %stlcl E’
leukemia/l 10 as % g rft))ﬁ:%\ Hangi mﬁﬁ!n!)blasnc

L— e

lympho jlga 'Pée'll ﬂﬁ& @\L@Ll—rﬁnaﬂaﬁgﬂg‘l:ﬁ‘@ cel@@ﬂlﬁ&ﬁﬁ ATLL- adult
T cell leudb@sy/Yhdnbial [y 1 etlca fo that seen with an ant | body

, a pan-T cell marker, whereas an antibody to
*number%ano&haﬁ&ﬂcase@t&a&hﬁm%ﬁdfk&és stained the vast majority
of germnal center B cells. Simlar results were seen
** PD-1-iosititvicells firogisgtes@ennil oreslagic L&Bgelsiy &/ I4g#ph node and
spleen. No PD-1 staining was observed in adult thynus.

%@Eﬁg?gg@pﬁg Ll\’t&‘gﬁu%&]@r@tg%g%b@eﬂexp osdibn gﬂqfﬁgggemfic

human ED®wherng! i ferative D sorders A range of B ceI | and T

'_(I

cel|l lynphoproliferative disorders faor PD| essi on
Thsrfollovingineathodsiierp ast 1oeHPED SafmaenmEnts dstarish i Bramles 11-
14 Forty-two cases of B cell |ynphoproliferative

di sorders were exam ned for PD-1 expression, including
Study subgRlsesent ative cases of precursor B Iynphobl astic

FRBROEFBRIF DA BTG aY TS i R eere TP Hm obipatien
clinics a;\t Nﬁdﬁ% Flgs;ﬁtalp mﬁﬁn %‘fouﬁﬂ %ﬁiéa ARNstHodglky P{ols?{ (e OB enHill, South

rorig i nc Iing 6 cases of follicular
Africa. ]Pgtmhhmﬂr’aloaﬁ ovag ob‘aa&d fofm BG rskbjtectts inytishootrart, Abelewhémyrse

sntivetraL esapy THY EbE e NG LRSS Eia pyeliaiin based on

their expréSRAHIM hiliSURaeAmeRRSRA R ass RitehamRAVBSL WerbBohstructed (see below).
staining pattern as seen in tonsil and other reactive

The medigmpiral 1dad ofthe eolrmst wais %S%HI‘GT 1InRNArqopiesinpl plasmpa@aigeokos —

ud| C
7s0con AR AR AU e 55 B, L5 i matn
regardirddigitioh dfiieEIBwad g ammbllasml ulsjedts gavihi wititén @fdrintwidtconsent for
staining for PD-1. Interestingty, in all 14 cases of

the studyyy/yibigh a¥as éP}]!fP‘é%fb‘?H losak 1nqu|gg’@qg} réview 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-

L1 interaction.
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| ynphoma, the T cells surroundi ng neopl astic

CD20- positive L&H cells were i munoreactive for PD 1,
Wei2mi6l1as396 0 t he staining pattern noted for CD5PET/TS2006/022423

cells in I'ynmphocyte predon nant Hodgkin | ynphoma

These PD-1 -positive cells were a subset of the tota
MHC cl@pdtetramers popul ation present. A range of T cell

| ynphoproliferative disorders were studied for
Tex HI¢ M OrClads IRBramersheynthesiaed &s previouslyrdascribed (4 iman ID, et al.

1996, v onits pRsck S BS pa TRATDLSRATE AR s, Avsooe
v RTINS S B s pebean 0D
NO:3), BT08@l Fis§ (wacFLHEK@(&bs%EQJTD NO{ |B*4§Pém%ﬂ§_e§_ﬁﬁl’ M;
s SR o % BbplrsPhin PRI TE PRI et

TPGPGVRYE Emmlmﬂm.mt L *z}zonmh (mstyl;camVKQchsE@slIbf NO:EI%), B*8101
angi ol mmunobl asti c onmg, cont aj_ne

TLO (024 SRV EVI IS HNO g aed BGa0f 82 oty PRFFRAL: SEQ ID

. n-.T. ¢ e, RS %6@3 +Bidl aRPEKt08e4 GRtd leindl
NO.lO).@ﬁ?gla %ﬁdséos??@%%’?%%%n §t0 ot g(gbzéxpanded CD21+ e
provided ) biscBhgohe Ranllov tdJobal Alsmirs DT Testantsr Kiore Bacility, Atlanta,

_ characteristic feature of angi oi munobl astic | ynphona.

Georgla.TABLE 1. PD-1 inmunostaining in | ynphoproliferative

i eyiati onBidkhdhsiy precursor B cel
HLA cldls §908hsr GORiGY A ) leaneySis. 0 auken ar CLL -

cht oni hocytj.c | euken a; - | .
T SR oSO il B ORI 5y s
with tetr&RBEfok YO RIRIBS at¥9C: Thakdll vt theh eulshed anceBriBChhosphate buffered

diffuse large B cel|l |ynphoma; BL - Burkitt | onma;.
saline (PBS), pelletedpandsitainehdivactly WIM%%?IHWt- ’ﬁ’ﬁyalniafﬂ éﬂ) 8)-corijugated

i | OBy, e bt -cdni _psti EH12), and ViaProb
B
(Becton DiEHiNITRN @ellk everelikcabatad fokl20 minatey bojionm amipErasurecwashed once in

| ynphoma; PTCL - peripheral T cell |ynmphoma, .
PBS, andiesperensci 208G PRS Witk eRUFETF G E R A GHsHg: uorescence-

. TLL- ad | ' .k rooof
v B A EP AR DL OB 0Bl o e
acquired GPGE HACSCtibus form rosettes around neopl astic L&H

cells in 14/ 14 cases Exanple 10: General Methods for
CFSE prplifaxat expressi on on H V-Specific hunman CD8 T
i W i86li dileted) dfiFresuspended
Gl Rl RERBRICAES Bhe et g P
in 1 ml S&05 @M Garboxy-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
(RPMI 1640 supplemented with glutiathione, penicillin, streptomycin, 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

control wells were stimulated with 10 pg/ml of phytohemagluttinin (PHA). Following 6-day
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Study participants with chronic clade C H V-I
infection were recruited fromoutpatient clinics at
wobk@sridsdespi tal , Durban, South Africa, and St PCRAISY008/022423
Hospital, Mariannhill, South Africa. Peripheral blood
™ Was obtained from65 subjects in this cohort, all of
incubatioMROAB YT Brcaltor, dteroells nate wishedpythriaint BBStant istningdrwitipPE-

) anal ysi s. Subj ect I d f. ' L
confugategM G essiFUREB Y AL B8 LR B E R T RO aT K6

il Syl by oA s gy el gy ec

Dickinsos)o QeBstvate gateaisomeV {aPeaotpeCDE 3 lymptwoytes Jhe faldgnersasea dstegmer
SN TR YT
by the pe %?fa%ﬁ@f €D gAdirafith] @l $n fR\Bseice bf septidestimubxdiononsent

S e st udy, which was approved by | ocal
Statistical As@lysigt i onal revi ew boards. Construction of PD- |l and

PD- LI anti.bodi ' i
SR 0 LSOO b P 5 e
using Gr¥iPed PrisRar£6oad.0ar allitessstyredetied aetip saldehafe<h@ewere

" shown to block the PD-I :PDLI interaction. MHC cl ass |
consideradetigrafiesnd Ten HW VHC Class | tetramers, synthesized as

revi ousl ' '
ERAEICH Wt IBGlreqith o I TEShettfic CD8 Gl o - "o
Al PG £1)0, MAG0DEs Kickamets specjfia e, dokiomeRUVY1 ckeded virus CD8 T
el e e B Rep B Pyt BB Bhopcs n

. . ) 5 « .
o BT SRR A D g e i

PD-1 exphietsTn orha@0ce1ly] HigResolviig RURQypingmes/norinemey on fegpgie cohort,
TLO (p24,. TP M.: SEQ I D

and a suligbof CXappgteTel ey T o) Hes sy Ay Vadka on

expressiﬁr?ﬁ%{efe’#%ﬁi]?}ﬁ RIESS] Adolf 820, indiyAN@Pepipds WatedS@rhingl and

[ y provided by Drs. Eugene vkov and Johp. Al

representdliiwb (>3 Firvan?%im@g oé ¥13a1: PR ﬂly?tetpamgﬁ eells isshavgp HPPII%E%%%D'l
.class_| .tetraner ' i e - .

cxres S35 ATEl ol R SN Bl ghor ban i o

total CDEREMT, pddufatith Hlonothe sue éndividiiale (h<ia001);60 tamePDf expeesion on
mnytes at 37C. The cells vvehe t hen washed

both tetrpmag5H38 & o8 Fic e () SRR T SHSPPUGEPE Dea g EntG L Hieigefban in
HIV—ser%Hgﬁei%;% ééo&l\ref]o#ég{i%\gé’ 585 CRobi 1R OF HicQey Rft@hRrs 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
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
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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anti-CD8 (Becton Di ckinson), phycoerythrin-conjugated
anti-PD-1 (clone EH12), and Vi aProbe (Becton
woizeleiazdn) . Cells were incubated for 20 m nut 6TAIS2006/022423
room tenperature, washed once in PBS, and resuspended
PBS w,th 1% ga%[gformal dehy and acquired_on

L 00
the s1xtelng Flf%ﬁw&egﬁ‘é‘ga@? jother dd Tediyiduals disglay QK@@E@T‘ iPBtiprns of PD-1
expressiGe8éRAdiR: %h't%é}ﬁ?gg CgF it ST REse HAE: 19?& RUERIED Wekbression may

acqui red on the Cal i bur’. CFSE proli erat| on as ays
be differepizally; prTeewdfqne@meynposmeausacplt%BN@pmﬁe Cixgsheells frvme smgle

prson. {5gs 5 B GAUSRFRAEE b s n v

efficacy (ﬁ%ﬁ&desl\?ml ecall P994PYahe®) of 41 1906ML BETRIS Jat et3a]CZOO-55‘e
cells were washed tw ce in PBS, resuspended in 1m

Ef@mmm#m Relationship g esyreen BB-LWExpregsion and bV @lsease
CI [1in, streptomycin, and 10% fetal calf serum

and plated into one well of a 24-well plate.
Tlhﬂlréla‘mbnshipudase&tdrﬁﬂmi wawédnRD-d dxipfeabiofi OACEM-§sci iR CIOE T cells

s B e b L B S SERR e
Conswteﬁ%ﬁﬁ Bidviius ‘%ﬂldﬁég {h@‘i" Mﬁ‘&ﬂsh%g& déﬁtpgg &5ctF¥étramer positive cells
nsi st G i

tive control F'$7co in e
and Vlralalbaﬁm Cht célﬁmﬁlileui trmstiow rmyvstghlﬁ:wnu o‘omihtmnt(Frgl&Eb GA, B)l([n

conast [Tkt ARRR ot SORLAS o b o B B bgpoge and
MFI of F f-ﬂ%xpﬂ%éi&%ﬁ PV ithtran e H86itil e Eémgb% 00131511&:%6 §O()'!e[‘e%R/e|:_cl:élvely,

washed w th m PBS and staine ugat éd
Figure 6.4).gldsrq W@r@tailsarquse sarechetivne betBeen 6D 4Dianiai msbgth thepkrcentage

st 3 BRI 52 ol bR ML el L e e

6B). Slnc(diﬁe tednnlrClektos tRly rgﬁbéeﬁt vy @ BRtieH oPthe IBRERREICEBS T cell
nphocytes. The fold increase in tetramer+ cells was

POPulatl%lmémSﬁtS@a el the Lalationghiphetwren PEhi gyerestioropm #ll CDS cells and these
{
prsth ASRTRS BB, | e N ROER O P i e v b
and bothphyppércntageiand MFI @i PD-3tepicasion ah tlﬁgta’[ay S]IIBd'Blaelapﬁiﬁﬂation
I Mann- Wi t ney t and paired, -test
(@=0. Ooé?f‘r&h% §é’O@rfsspﬁéw%%r?éaméécﬁganélamﬁﬁa@rmﬁatwv&r%alé%observed

between € Pcouft! dnd tth ﬁ’l g n| ?a L ahd RFF Qﬁ@’]ﬁl \é%ﬂé?%ﬁé){m Bi903PCDS T cell

wer e consi der ed sant . anrp e
populati@x(pre H8#9 andp-HD PGS pepedtivelyCBRuTe €R). [Is thAs m@ gmuf) HD-1
for. dom

expressiqlt M St DB Tre N Gt izl i Wty less PD-1
was expro@e€ dn @ibsp E&l’s&ioﬁﬁiaréﬂ%ﬁ}ﬁv §Jc8Ficanoy ’fl“rc%ﬂél E’:ﬁ&h)(n Q?‘%Q%Wd

itopes in Ga Nef, Integrase, and Kiepiela P,
tetfamefe]? D[, ¥R, diﬁﬁ notyhey masmpswer@athambuﬁ{ CBST eadls in

these same individuals, indicating that high PD-1 expression is not a uniform feature of all virus-

Progres

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 LCMYV infection, in which PD-1 expression is associated with functional exhaustion of

CD8 T cells (Barber DL, et al. 2005). Moreover, they provide the first clear association, in a
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PD-1 expression on these cells. H gh resolution HLA

typing was perforned on the entire cohort, and a
weurbsat3wét 65 antiretroviral therapy nai ve per BOMASHASE/022423

sel ected for study based on expression of relevant HLA

al 0_i.ndi vj dual topes were

targe stofly iehEng b 0553&1%18% tpipoRs. hefoem B sabcain &GI8t T pellq and either
viral loador €DY coeiitr aner + cel ls is shown in Figure 5A. PD-I

expression was readily apparent on these tetraner+

B} %Er;Elh‘i/\BglaQ‘PBwIPi)ii%W§¢15/PH+1gEEpressiam and QD& Tt GélhMemory
Status aﬁ@%uﬁcﬁ&“ popul ation fromthe sane individuals
0.0001); in turn, PD- I expression on both tetraner+
PDDB eprossidrswanbxt healyzetiah tHelBnlexeef 4 nﬂﬁ@&'cﬁtaﬂ@lﬁoﬁﬁsphenotypw

ni ficant er than in H V-seronegative controls
markers "tség“dﬁ'iﬁ@ i) éﬂ %gJ C%Q iTyHROyrstatpeandeinetiony inetnding G@tzé,dcaﬂs

CD45RA, €137, wmznecmmv@@mgfe?c' : Sl d O R Bire 9]

expressi on on ant’i gen
Represenativgstainiagy) for pRMOmErIens @1 B&42ZH TIlievtachesl] 211960 one individual

h HV ¢t th
are showL PGS 18 ool 3 Brokg cofi P T S FROP SO &1 BigwsaoTB. These
studies wert lirah®&t % tﬁ@de'tétraﬁﬁér&éé';f%n@e@that%@?ﬁaﬁep ﬁiaﬂ@?%bel ositive, as

further confirmed by anal ysis of e mean fluoresBence”
multipargmgter{lqvy GYtomEiry of grepior tha@r11 dydors Wae nptaweilable éh Ksvadth Natal. The

HIV ’cetra.ttrn‘:?+ Pt ﬁlcef@xgges% % eé}hg glg lﬂgbe')%% i g fJ)SIE.y llogv l\é\\@eﬁs of

next determn
CD28, CERV} mdsnsmﬁurar Ki6l, idve 1aRBaT GIYSREN ARd ﬁérchrE} bind intermediate

es velsm persons with nultiple detec
levels of ¢§§B Zkaf(Fta%e é8). thas‘,@ datadndipdte tut HIG-spacificPiual § cells
displ alh@g e@%; siti.ve responses each
PRy e&%ﬁ’(ég};eggbé |§% ? hnea lirl%gl%tc%séftelgn %EB?P’B%‘E FieRpyts of

skewed HIB@G%CFIDMHH& hperca‘ixpfﬁbﬁd“ mal(gﬁadpégﬁe P ?ﬂé A/ ezcgﬁt F\?pa V, et al.

t C owever, the other i ndi vi dua
2002; He% Cé, ei% {]1 ggbjégj fnfaéﬁigmn BUrs SEAHSNGRS WS performed @d@grmme whether
these cellﬂ%ﬁﬂﬁimﬁg PRttt Md @R6wh TAILI £ 2@8@) S5t tH?Sea?tr%;ner-posmve

i ndj cate that PD-1 ‘expression may I'fferen
responseseeyghlg@et@e @’ﬁahmippmom&beﬁ) wreeduﬂhmnﬁfrem&he BoathGBican clade C

consensuscs%lghecl% 3&’% ﬁ?t sgang/gf ’ﬁ(g[’%ﬁ\%t%%@ lgg%e&olgtfc’lla gé g%:@vr\}%t@gsuxqin vivo.

Pranbusvex Hmehfsiie atye dsh
p?996 S Eof £ ree dsoﬁg\]ﬂ_llj!qu?\/[z%o@él s%wedlt%gflm vY‘@cpgloa(ade of

pD-1/PDfp 4 éntﬂech?m Bhivisiomef swteRDADL blogkipg estshsiy resultskih vhhanced

rel ationshi s determ nge
Rncons ST TBREBERII0T IO, 5,84 TR0, 088 Ll B
capacity, protifqpitamapadityaind, aast arilingBY raRuiésin Bl badf (BMYE DL, et al.

2005). are predictors of HV di sease progression. ConS| st ent
with previous studies, the relationship between the

Example M“Eﬁ‘éct(?ff Hl l{aﬁﬁ thRQ.! tlyP’ﬁ-LClei’itﬁrv%? %gmrogterrlaﬁpg to? %“V-

count 0 show any sign
SPeClﬁCC(IW@’LEdl%A B). In contrast, there were significant

col thvral |.oad and both the
Beggfsgw?gcﬁggﬁﬁé g\ ceﬁs also exhlint mpaired proliferative capacity (Migueles
SA, et al. 2002; Lichterfeld M, et al. 2004), it was determined whether blockade of the PD-1/PD-

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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15

MFI of PD-1 expression on HJV tetraner positive cells
(p=0. 0013 and p<0.0001, respectively; Figure 6A).

wOohetea133®6e al so i nverse correl ati ons between €D#/US2MAN22423
and both the percentage and MFI of PD-I on HIV

. : it =0. 0046 d p=0. 0150,
M e A Tt ——
specific CDRA! gelisepresentDE T oells) thitretianRd WFIH e i Vi SREE bf difture.
S 1t.CDSQ':Fgﬁll odglgéatlon in these subjects, the _
imulatigig ot (PSR pheledIBHELRT BERYS wilp b aicpideaons fesTDsl nei 4.8 fold
. ' ...1h
expans1o§ :3)@ r(]ZitFiijE@%’Q@b@ AR 10QLFanES cé?ss thgf%%g]gcgr{el %ﬁn gf ¢]§¥\E{I§J§&Ed PBMC

_ 1 f1cant positive correlations
with TL%ILﬂptldg ul‘nfhe Ipeespmeoceflrahﬁgé)-élli d)lcbdﬂing)zintig@gjé glﬁ“lﬁéf gﬂﬂg@éﬂ liferation
ft he.t ot T.ce popul ati on ( p=0. 1 an . OO,
of TL-spetfic Gy ryting st 10 360K infisine i Verasrcesloct B8 Eoneiteation
assays w¥Rperfolhied SP3ek DRtHeERs &4 %Hé ta
. per??ent age and Ml eof _F’D-&I%S exprag(ggﬁggﬁe%%fﬁ e fingThu%‘ PD-L1
blocking ntikady. popgnibeans inctgas®in0he pradiferation) oOHDG-specific CD8* T cells was

. i . Fi. 6D is. , , PD-1
observed i BRIFHCAEL ¥t pobkifl bl Ak DB lorkin irg biesd seuvanied 9 the
amount of phyjlifetation SIbwih@RirhIEASY With pBFEd e T@ §§F ﬁi@.@é’oé} Baired #-

tth se cells conpared to H V-Specific
test). The givaseohteiiamere eelksria the pEsance of gtBPDEABBblodking antibody varied

indivi ’ : i ff.erent n_b CO8 T cells in
vy indioi B oy S5SeAFR oe  f CREHLE D eBSihS hloe
specific deffgrerssiinthe dgreetof furttibhallerhiigdby betHREe REponses.
virusspecific CD8 T cells. These data suggest
i ncreasi ng amounts of antigen in chronic H 'V infection
result in increas ' | on CD8 T cells,
and are consi sten?q‘wtgk%uﬁépﬁgl‘g%wg%n chronic LCW
Wihile at ingenticnrhashearhdeB@iieden porjanétivn wish arstetdiRl @dsatiptibn
thereof. i UAGLI onal  ex austl?n of T cells (Barber DL, et | _
> tig foregama desgpption g nternded o Hlusaig and Ret it dhe soopapf the invention,
which is &$i56€ b héddtopé B . . b §e0
_ mul tiple epi ?opfetgfe Q%@ﬁ%%ﬁ%@%gg?%%@%wa%& 1f{msd
modificatipng aeq witkin the segpe pHthd follovdDg ckamst . Exanpl e 13: The
Rel ati onshi p Between PD-1 Expression and CD8 T Cell
Menory Status and Function PD- 1 expression was next
anal yzed in the context of a nunber of additional
phenot ypi ¢ markers associated with CD8 T cell nenory
status and function, including CD27, CD28, CD45RA,
Cbh57, CD62L, CD127, CCR7, perforin, granzyme B,
andKi 67 (Figure 7). Representative stainings for these
markers on B*4201 TL9 tetranmer+ cells from one
i ndi vidual are shown in Figure 7A, and aggregate data
for 13 subjects are shown in Figure 7B. These studies
were limted to those tetraner responses that were
greater than 95% PD-1 positive, as multiparanmeter flow
cytonmetry of greater than 4 colors was not avail able
in KwaZul u Natal. The
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H'V tetraner 1 PD-1 + cells express high I evels of
CD27 and granzyne B, very low |l evels of CD28, CCR7,
wandeinsvacel | ul ar Ki 67, |ow | evel s of CDA5RA aa@/US2006/022423
perforin, and internediate |evels of CD57 and CD62L
(Figure 7B). These data ieg]iicate that H V-specific
PD-I + T cells display an Mictor/effector menory
phenot ype, and are consistent with previous reports of
lsléﬁwe turatjon of H V-specific CD8 T cells
( aflevigting pr propenting Aspyaptom o persistenpdd:tionos sancer
comprisi@re aBini ; : [ [ enci S ..
P TR L o ot RER e oo SOt BN Fe B activiey or
expressielt pi4 Repgrammné Cell dxath- | @MW pdhpertidedh said@AGket. F 45
of these tetramer-positive responses eval uated, the
viral epitopes in only 5 were different fromthe South
2AThie@¢théd aflélafm ¢ i ; 1519 - :
. . indicating these ’g‘giﬁeﬁgﬁgég}t% |%}§I‘§%&§€t}1€lg? %rﬁf{)h?%@%iﬁ’raebamnal
nfection, p fyngabinfeytion; »urycenipme infestion, oma parestivi difegionhe LCOW
nodel showed that in vivo bl ockade of PD- 1/ PD- LI
interaction by infusion of anti-PD LI blocking
3aThi hodlyod @Bdlhins2, wheesth 3118 Seaf MRstibe Rk i it
. LCW-specific CD8 T cells as neasur e%ﬁ%??g iwﬁglahepatltls
virus, a hymag jrmgie defieipngyidug AHRE), 8 jnmen d-lyimhatropkic vapa GHTLY), a
herpes vi - Sshri ki ngl i.gn_in.viral | oad (Barber
P SVI%ELE,(J&%FB%IEI.H %%grgg’gg%ﬁg}fﬁ%lﬂ@?&?&of Bl ockadi ng the
PD- 1/ PD- LI Pathway on Proliferation of H VSpecific CD8
T Cells Because Hl V-specific CD8 T cells also exhibit
4 rrpa!rs;“é aw@w&“ ?tfcéarﬂalt% ereibsrad pgrasifip gfestion ismalasia. al |
2002; LichterfeldM et al. 2004), it was determn ned
whet her bl ockade of the PD-1/PDLI coul d enhance this
5§ uncThemethodwftclaim Reherssesdidibacteial aifact srogtebeRidaisl
-positive individual are shown in Figure 8A
I ncubation of freshly isolated CFSE-|abeled PBMC with
6.medi The aleeHdd, oTcldmmdi hif $hiPBrce i | i
| WM ﬁl@@&tﬂceﬁ@'ahglgﬁ{g#hgé’%g%lf_lﬁgl}oma or

resulted in nai ntenance of a popul ati

nodular lygphqoytepreggmmnapeipdgkin lypgthomaCDs T cel |'s) t hat
remai ned CFSEhi after six days in culture. Sinulation
of CFSE-|abeled PBMC for 6 days with TL9 peptide al one

7.1 Ebetnetodiof chid. 18 wheteth @&p@iﬁp&ﬁd&éd&%%%xﬁe‘éég& o %]:?ivity ofa
PD-11; atﬁ%k;%ﬁ‘ r+ cells,.  whereas stinulation of CFS:_—I abele
18 PrreitP-ddigendid ®P-Ii2de presence of anti - PD-LI
bl ocki ng anti body further enhanced proliferation of
TLO9-specific cells, resulting in a 10.3-fold increase
8. T]he]tc mt:thag@f elaxi:rgl 1, Whellﬁﬁﬁﬁ_i(bcfdmlrl]ﬂcfuﬁﬂ agdueBs ﬂ}‘éfilgiéfagﬁ@ﬁ Eetwe?n PD-1
erf.or. n saml.es in_the presence and absence o
andPD'Lgl?Fiﬂ?‘% ey Cﬁlto,‘ﬂ_%ﬁ[ﬂm%ﬁj@pd BPok%ki ng anti body. A
significant increase in the proliferation of

H V-specific CD8+ T cells was observed in the ‘pr esence
9. ofheyapthpd ef plaims lawhereidBald conipookd dgrests he dytodskic T-cell activity

in said suffj8&Par ed to the

10. The method of claim 9, wherein said cytotoxic T-cell activity is cytokine production,

T cell proliferation, or infectious agent clearance.
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amount of proliferation follow ng stinulation with

pepti de al one (Figure 8B; p=0.0006, paired ttest). The
woabw/ 135895 ease of tetraner+ cells in the preseRCe®US2006/022423

anti-PD-LI bl ocking anti body varied by individual and

by epitope within a given individual (Figure 8C),

agai n suggesting epitopespecific differences in the

1degr dcatethothef digingl 0,axleadis ki@ thfeétidul 88&nt'i€8 RANS Gbacterium, a

OTHER _EMBODI MENTS Wil e the invention has been

fungus, ymyeenlay oF 4 PAEASItENCti on with the detail ed description

thereof, the foregoing description is intended to

illustrate and not limt the scope of the invention,

1%hi c Ahe snedledd ofadaiby9,twiesrein efi@ Todell b @ cange RPQIAE rajells -

O her aspects, advantages, and nodifications are

within the scope of the following clains.Clains 1. A

1 ; : . y m o
L P theBlodRircPetd, Wchin BASYABLLER, MR FRAPIL
adm nistering to a subject in need thereof a conpound

sy She BFHAG 1Am o IR DO O BENYp B ETG@T)-A aysibady, an anti-
PD-L1 atiid§Can anti-PHIE ARINIAY, & anlih.] Ii&}]lé}gggraﬁﬁ{b]%igggﬁ an anti-PD-

persistent infection i's a viral ion erial
L2 RNA{, gr efiPBh] aatifensgBNA, af eti-POARL1 antiseaopRBAR ah AhBPD-0D antisense

. rasitig.infection. 3. The net of claim2, .

RNA, 2 Bl Re831vG i1 B Sielnk &omiin wiafive BB L prsfcins g dominant
negative RBPBR pidt&inVi rus, a human i nmunodeficiency virus (H V)
a human T-|ynphotrophic virus (HTLV), a herpes virus,
an Epstein-Barr virus, or a human papillom virus. 4.

h f..€l ai wherein.,sai d parasiti .

19 PSRl o tafin 32 Rens Sl LApB R R0RRIp A sutivody, o
humanizedwentibbdy, saletintmaaized aalibddyf &Cdni IgHudisn proagncul osis 6.

The nethod of claim1, erein said cancer is

angi oi mmunobl asti c | ynphonma or nodul ar | ynphocyte

I eRlom: [ h d.of .claim
O el or Al 1, W nound 160 BT BRRAE o1
activity of a PD-1 ligand (PD-LI) or a PD-1 ligand 2

PR L2 . ~The hod of claim 1, wherein said_ . _
ST R L TR S N
PD-LI or the interaction between PD-1 and PD-L2. 9.
The method of claim 1, wherein said conpound increases
1§. hEheomethpd wf elaim d @) Whereinisaidtwacéine sarnplriswshinedjuvador alftne
jEthod of claim9, wherein said cytotoxic T-cel
activity is cytokine production,

booster s

19. The method of claim 1, further comprising administering to said subject a second

compound.

20. The method of claim 19, wherein said second compound is an antiviral compound,

an antibacterial compound, an antifungal compound, an antiparasitic compound, an anti-

inflammatory compound, an antineoplastic compound or an analgesic.
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T cell proliferation, or infectious agent

cl earance. 11. The nethod of claim 10, wherein said
wonimaBsmes agent is a virus, a bacterium a fBROGWS2008/022423

mycopl asm or a parasite 12. The method of cl ai m 9

[ a cancer specific T-cell

Z#h e “%hﬁ"gi ‘gffCTa& N fel%aéa S5ond SPEPRYRdenResitae W»ﬂ@esmn or
activity aiNysotoxic Tl lmPhodiAe antipen ARUTOA -9 o/ dhd'T
BTLA conpound | gmgn <;’al'»:ﬂel:tllfg%l} 1 anti bfody, an 2%1%1}94?863% %Itéﬂht@r
( )antl body, an anti-PD-L2 anti body, an anti-PD- 1 RNAi,

an anti-PD-LI RNAi, an anti-PDL2 RNAI, an anti-PD1

antisense RNA, an anti-PD-LI antisense RNA an

23nt i ThDniethaaindfickeamsld, Ribreidsd sicoad tompaaid fé&ud:i’ﬁh tancer cell
volume. P otein, a dom nant negative PD-LI protein, or

dom nant negative PD-L2 protein. 15. The met hod of

28! ThhibthodWIelHhn ﬁ%éreﬁﬂéa%&’géwnd SorflpdRAGS Lﬁ’gﬁ% CTLA-4

anti bod a hunani zed anti
antibodygan filﬁbB LAcﬁntlhﬂdy,gnfaumCﬂhzaomﬂaedyg an®bnti-ITOGS artibodg, 2f anti-ICOS-
nol ecul e.

L antlboc‘él_? ’B7 ﬁlgg) gys ald t]ﬁﬁ?&ou ng? Zlag egwn%% -5 Ia}@’ﬂbody, or an anti-

B7-H4 an‘tdmdyj sterl ng to said subject a vaccine. 18. The
met hod of claim 17, wherein said vaccine conprises an
adj uvant or a prinme booster shot. 19. The nethod of
2£| oD dmi.nistering to said
%}e%%h%&g{%%}ﬁglconpéaﬁ%ﬂ%ﬂgl ocHiRa od of claim 19,
mhereln said second conpound is an antiviral conpound,
n,ant C i al. conpound, an antifungal conpound, an
gn‘ﬁl n&%ﬂl%‘g?‘{ aﬁ{ev%ﬁg GEPFE?VCI&WWM@mMW%tCTE amfgetiondqr cancer
comprisi a(ﬂﬁ!ihi ReRRIas i RLS
P 1?g1 hod of g | al m@gaqg}qgé&;ﬂﬁl%ég?gmggcon %tor Lbcﬁﬁgje activity or
express1on@(ﬁ aaasmbdnef Eberﬁl@%&hkm fommilyg oxthiexdint yai® CDRBL Bk e0paE]y Imember is

ocyte anti. ( ) or B and T | ynphocyte
et tyTRRORY oA B CTHY Al Biu o nd bt o
variant thegbd second conpound reduci ng cancer cell volune. 23.
The nmethod of claim 19, wherein said second conpound
is an anti-CTLA-4 anti body, an anti - BTLA anti body, an

2621 Rfllﬁerﬁ %{ 8@%1%‘%91’32%9’"&2?}%2‘\%@ pegsistent ﬂ#&% aavglial infection.

anti-B7-2 antibody, an anti-B7-H3 antibody, or an

7anf B7- H4 anti bod
2 he method of claim 26, wherein said viral infection is an infection with a hepatitis
virus, a human immunodeficiency virus (HIV), a human T-lymphotrophic virus (HTLV), a

herpes virus, an Epstein-Barr virus, or a human papilloma virus.

28. The method of claim 25, wherein said compound increases the cytotoxic T cell

activity in said subject.

29. The method of claim 28, wherein said cytotoxic T cell activity is cytokine

production, T cell proliferation, or infectious agent clearance.
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24. The nethod of claim 1, wherein said subject is a
human. 25. A nethod of alleviating or preventing a

weynptiosef a persistent infection or cancer ceapriSsi0n/g22423
adm nistering to a subject in need thereof a conpound

4 LR 2 Y U R TSR
PD-L1 antibdily ai sntbBDEL? eatifddgad R8i-QTOUPL GANSIGS! él{‘&tflfsTEt% dntibody, an

. GILA-4, BTLA, and a functional fragment or varian
anti-CD2§,antibgly, apgntified Shettivedy.omn anlialGQLE antibadye an asGiRY-1 antibody, an

 B7- | Sit.e L ReGtd 0Nl viral. d cti.pn, 27. The
anti-B7 %e%{lt?}ﬁoogl&b%f aé#ﬂ??n G%H%gy’chrnansaghiﬁ@?@ﬂl{lﬁﬂc}yect ion is an
infection with a hepatitis virus, a human
[ nodeficiency virus (H V), a human T-1ynphotrophic
3 ;‘rﬂfg n"(‘ﬁaﬂd\ﬁf,crfaé%f?év futhey comprising a@p%%@mn%arsmdﬁubfm a vacoine.
or a human papilloma virus. 28. The nethod of claim
25, wherein said conpound increases the cytotoxic T
3@ e Mhe msthiodi afyeldim 25 ifutten bpaptising Sdmibiwerirey t0Gdidrubfectd §8cond
com m%S wherein said cytotoxic T cell activity is cytokine
pound, . : . . .
pfoduction, T cell proliferation, or infectious agent
cl earance. 30. The nethod of claim 25, wherein said

conpound is an _anti-PD-1 antibody, an anti- PD-LI
3adnd Bethyd oballeyiatingPDprevenimg deyhyptomrofaersiGFhtAnection or cancer

. . ' nt.i - BTLA antibody, an anti - 8
o S5 e S T RSBt R et s e
contactedawith lan dympaumdathi refilcds tidnépksivn o Retdityl ofR P13-1 7po|l_ﬁ)eptide in said

1 anti body, an anti-B7-H3 anti body, or an anti-B
¢l antibody. 31. The nethod of claim25, further

0 i Si it eF | . SA bj.ect _.a vacci ne. .
ST REIRG AURAS, Pk A G RelG5t e i
B cell thatdias bicstoentanigd twittsatansabid el redusesctn dxseBRenactid Ry of\a PD-1
olvpent thod of alleviating or preventing a synptomof a
polyp p@gr‘%faé‘?‘éﬂ]r infection or cancer in a subject conprising
adm nistering to said subject an antigen-specific T
cell that has been contacted with an conmpound t hat
3}-eHhcasthpd ef elejm 83 swhereinrsaalcT iceli isyfraaf an aBBldgous source.
pol ypeptide in said cell. 34. The nethod of claim 33,
wherein subject is further adm ni stered an antigen

3G PEiR thbthoBof €lalm BBakhdes AREN cAPRIRAV&PFYN D iect 01; the same
. conpound that reduces the expression or actlvdy of a
SpecCics apgy SUﬂPdﬂcypepti de in said cell. 35. The nethod of claim

33, wherein said T cell is froman autol ogous source.

37. The method of claim 33, wherein said T cell is derived from a subject of a different

species than said subject being treated.

38. The method of claim 33, wherein said antigen-specific T cell is specific for a viral

antigen, bacterial antigen, a fungal antigen or a parasitic antigen or a cancer antigen.
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36. The nethod of claim 33, wherein said T cell is
derived froma subject of the sane species as said
weumjeasszse 37. The met hod of claim 33, wherein earasin06/022423

cell is derived froma subject of a di fferent speci es
treated, 38. The
o0 Abe St YN SO Sk SRR Lantiden AT Righh of & hepatits virus,

a humanspmmufodeﬁdmcy&uﬂﬂs (HIVH rathuﬁfaﬁ T- @%ﬁﬂl@frbﬂhc b QHTLV? a herpes
n anti.gen or_ a par aS| tic antigen or a cance
virus, ana#ﬁ? Raggitusr alptpaupapillomayimsss, wherein sai d vi ral
antigen is an antigen of a hepatitis virus, a human
i mmunodeficiency virus (HTV), a human T-| yrrphot ropliic
40i rﬁume(hleldt lQ‘f/)n,crasmgrthe sytuiokitsactiaity 6Ps Teiell cBaiptisiklcUfitacting said

virus. 40. A nethod _of increasing
T celt il bR ioRS Pae it s orroipur 0B SR B mglbpepide.
contacting said T cell with a conpound that reduces
the activity or expression of a PD-1 polypeptide. 4 1.
“rhdhermethnd dtclaimedGrvdereimkeid biotogieil dethiityl isgédi@bd by reducing the

cxnesi@ER Ay bepEHER Bt RTINS DSRS0 o

(PD- 2L) 42 The mst hod of claim40, wherein said

é}Dn‘Eound reduces the interaction between PD-1 and
4ppl e msthodipd clasmedOx pibersin snad oprapoumDredumesi thentepactid between
PD-1 and BB-1"ELNA r d cytotoxic
atnact |]Tr/T|3ty ?érﬁérf}?ﬁ %gﬁg?no%ﬁgtﬁlg%ﬁibCel | proliferation,
or infectious agent clearance. 44. The nmethod of cl ai m

go whe e| n S%Iﬂd co ound s an anti-PD-1 anti body,
4anipe ms °E|°f& lFlkf‘cS’dV CEEHN SRt FYLPIOXICACH LY Md@olﬂmroducuon T

cell proli®e#htion]bY thiddN6hs agdht BRAfangD- LI RNAI, an anti-PDL2 RNAI,
an anti-PD-1 antisense RNA, an antl -PD-LI antisense

RNA, an anti - PD L2 ant i sense RNA, a dom nant negat i ve
rotein, . a ant negative PD-LlI protein,
4B T B o8 sty OB e Grmpocnd = el Bbrbatiibpdy, n anc-

PD-L1 agibaiy a‘h(hntlfPlDlﬂleintl%QHP rah%hﬂ@]ﬁ@m&f bR Qnt? 1T § G AME Anti-PD-
an anti-PD-1 anti body, an anti - ant | body, an

L2 RNAip gp pntpPDrbantisenssdRiy A, am amnPD-UTam}s&nmRNAodly anw-ﬂ?l)ahl hntisense

RNA, a cﬁﬁrﬁ%ﬁlg yéak&g/%)f)'gn rpgcﬁntl gDrgﬁltap e@u d%]?.IDg[Elt ﬁ%gg;ﬁ |I or a dominant
negative ADtLLbp@yein.an anti - B7-2 anti body, an anti-B7-H3
anti body, or an anti-B7-H4 anti body. 46. A nethod of

di agnosi ng a subject as having or at risk of having a

4PetRd lﬁEt‘ﬁBH of Q:fla‘?ﬁjlt AP ?L}l@{er CoH 51%11&% 20 %ct1n§ gglél gﬁgr}%llﬂéan anti-PD-1

provi ding a sanpl e m sai t
antibody,coraptitRd-hg antihodye an@htiPD-ap dﬁbl)ocmeas briti-0F A8 antibody, an anti-

essi on ctJvt of in said sample from
BTLA anf§Bdy o gfﬁz iibody, AnAntiICOS antibody, an aENCOS-1 antibody, an

anti-B7-1 antlbody, an anti-B7-2 antibody, an anti-B7-H3 antibody, or an anti-B7-H4 antibody.

46. A method of diagnosing a subject as having or at risk of having a persistent infection
Or cancer comprising;:

(a) providing a sample from said subject, said sample comprising immune cells; and
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wherein an increase in expression or activity of PD-I

conpared to such expression or activity in a control
weanplia3ivdent i fi es sai d subject as havi ng or aPCTiUsko06/022423

havi ng a persistent infection or cancer. 47. A nethod

O R b B PR PR o ol dimdpaid Sbiect,

wherein e irpréasé ingextphssioh @p actbfity dfPD-p rc@ﬂl:pﬁlieagcz %&%@gﬁﬁlﬁﬁ gﬁctivity in
S,

[ ' conprising i nmune ce
a Conuof%%gﬁgéggséﬁidg‘gbjﬁﬁtt as\iayipget aprsl of havag ajpérsimtentinfection or
cancer. C€lls, wherein an increase in expression or activity
of PD-1 conpared to such expression or activity in a
control sanple identifies said subject as having or at

i sk_of hayi a persjistent infectjon or cancer.; (c)
4Z‘e ?‘e@?‘{hﬂ% °§S¥$°é‘&t% ﬁé‘fﬁaﬁ?‘?ﬂt ?%S@iﬂﬁjft batingipngniskod hawing a
i i i : [ . infection or cancer,
pers1stenaﬁ1‘§d21i@ﬁ@g g?%e{ ?%Iﬁ% n ﬂ%g%r@ ieges a compound t hat

(3) auavidngraramplpfremsaishsubjechodmprising infmie dells#8. The

.of .claimd46 or 47 erejn sajd step (b) )
BRI R sPPRh Gasifiey PhEDN Sl imepuns aol. whrainan
increase edxpsessioher adtivityaif PDADChb@BArel $o ychickPlesd bggaivity in a control

.pacterial antigen, parasitic antigen, or ungal
sample i P%lﬁ%ﬁ‘.ld st ect pehayingercat afsk of hivingl 6 persisteht infbxioniar cancer.:

' ' J tissue bigpsy, or a
G EoRAT P ket tntd OGO Mofiosf ot BiVie o Sk agiersigiont
infection wheareen) vamidin said tredineneLdBpades a@6mb¥@el fhhOMiFes Yl %?tression or

.. E t. does not have or at risk of having a persiste
act1v1tyo& ﬁé]cti on or cancer.

48. The method of claim 46 or 47, wherein said step (b) further comprises identifying
antigen-specific immune cells, wherein said antigen is a viral antigen, bacterial antigen, parasitic

antigen, or fungal antigen.

49. The method of claim 46 or 47, wherein said sample is a blood sample, a tissue

biopsy, or a bone marrow sample.

50. The method of claim 46 or 47, wherein said control cells are derived from a subject

that does not have or at risk of having a persistent infection or cancer.
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