COVPCSI TI ONS AND METHODS FOR THE TREATMENT OF | NFECTI ONS AND TUMORS

PRI ORI TY CLAIM 5This application clainms the benefit of U S. Provisional
Application No. 60/877,518, filed Decenber 27, 2006, which is incorporated
herei n by yghksigs RELATED APPLI CATI ONS The disclosegcfmghﬁﬁ&mﬁﬁtter i's
also related to the subject matter of U S. 10 Provisiona I cati on No.
60/ 688,872, filed June 8, 2005, U S. Uility Application No. 11/449, 919,
filed June 8, 2006, and PCT Application No. PCT/US2006/22423. These pri or
applications are also incorporated herein-by reference in their entirety.
STATEMENT OF GOVERNMENT SUPPCORT 15This invention was nmade with U S

gover nnent support ver nment has
certain rights in #%ﬂﬂfﬁvgﬁF?%%ﬁﬁé%ﬁ@tﬁ%ﬁﬁﬁF6RQH5@$Q%293%%$Iégflon rel at es
to the use of antagonists, sSpedNFECTIQYSHAND F&MERSof 20PD-1 ant agoni sts
for the treatnent of persistent infections and tunors. BACKGROUND

| mmunosuppr essi on of a host i nmune response plays a role in persistent

i nfection and tunor i mmnosuppresaimm}{ﬁqrgmqﬁnt i nfections are infections

whi ch 25the virus is not cleared but remains in specific cells of infected
i ndi vi dual 8. Per si $tisapplicatiaglrigrdhcrenglit qfrIr{/%IP\f%‘”é)P%tﬁé’sE’PB‘fat‘BBN? silent and

producti ve i niggRYY 61, Wdd1oukmbanidhond bhlch Rdin@SrpSiHeR nBcRbGb kX CESST Ve
damage of the host cells. There are three types of persistent virus-host

interaction: latent, chronic and slow infection. Latent infection is
characterized by the | ack of d *EﬁQi ﬁi&*ﬂjﬁgﬁ vi rus 30bet ween

epi sodes of recurrent disease. onlc I nf ron i's characterized by the
conti nued presenceTbé distlbedsulgers maittenis afsoldlowd rghd hidjqer inamdryf Urg.ect i on and

can inclu chroni.c recurrent _dj €. ow j ct. har acteri zed
by pr ol dfgedrovmsnaf hopaton, S0, B onie Sl B o0fr bk Dati Srdicatasc

Unl i ke | at ent nand]/ahy o1y, gle!dnﬁle&g 2006 and POW A ppliefiioh Xb, PEY/ISH00RREAN3. Wi t h an
acute period of viral nultlpllcatlon EUrlngaperS|stent i nfections, the

viral genome dRASCREIEPRINERICSS AFIYs0i oA HE@ BeF iRty relRENesan TeLANtRNA o
mai nt ai ned epi somal ly. Persistent infection occurs with viruses 5 such as
human T-Cel|l | eukem a viruses, Epstein-Ban. virus, cytonegal ovirus,

her pesvi ruses, varicelIasiééﬁéﬂENﬂHQE(“N%EBb@%ENEé%H“KMTfuses, prions,
hepatitis g' ruses, Tﬁgefnv%vhcr)nu\§§s ma&%‘(hofﬁ'sr gé\%ﬁn?e gs&%&tun&’el rg"i!.'?n?ss )

AI39671 and CA84500. The government has certain rights in the invention.

FIELD
This application relates to the use of antagonists, specifically to the use of

20  PD-1 antagonists tor the treatment of persistent infections and tumors.

BACKGROUND

Immunosuppression of a host immune response plays a role in persistent

infection and tumor immunosuppression. Persistent infections are infections which

25  the virus is not cleared but remains in specific cells of infected individuals.
Persistent infections often involve stages of both silent and productive infection
without rapidly killing or even producing excessive damage of the host cells. There
are three types of persistent virus-host interaction: latent, chronic and slow infection.
Latent infection is characterized by the lack of demonstrable infectious virus

30  between episodes of recurrent disease. Chronic infection is characterized by the
continued presence of infectious virus following the primary infection and can

include chronic or recurrent disease. Slow infection is characterized by a prolonged



The nechani sns by which persistent infections are nmaintained can involve
nmodul ation of virus and cellul ar gene expression and nodification of the
host 10i mune response. Reactivation of a |atent infection nay be triggered
by variougygbicgiidiss | Ncl uding changes in cell physiol ogyysiasiaiget i on by
anot her virus, and physical stress or trauma. Host i nmunosuppression is
often associated with reactivation of a nunber of persistent virus

i nfections. Many studi es show defective i mune responses in patients

di agnosed with 15cancer. A nunber of tunor2-antigens have been identified
that are associated with specific cancers. Many tunor antigens have been

defined in tecns, of nul.ti solid tunors: N 3, def.i ned by
ot vy v Rior Hid RUSYEEbY ProbaMRSai s Sudke et g B 2 o,
rnuci ns (i.e. infdddond slowpihGstiat @ap padicinavithitn ager peRSAYf, viahthupiptisdtianl ¢ aci d
phosphatase (PAP). In addition, yiral proteins 20such as hepatitis B (HB
V), Epstein- B%”I“n% BRSO IGiequens F\Vb%ﬁgp%ﬁﬁa“@qw;aﬁ&@ BEgrRtediBiiht o be
important in thedeyehQpPrRHaiRld pRBALDE ebdrikiakt ifREGNRERSs witi vROQE®R, and
cervical cancer, respectively. However, due to the i mMmunosuppression of

patients dpagredied uineh Teaicdarkemineryspih FpeicinnBame sy sttemsssiovitiese pati ent s
often fails t%ﬁ?g@@%&é, &a%célﬁhezoﬁtéggﬁ-%@them&[‘gap.oaéﬁ%égf Rfch: e atftd active

i mrunot her apy een propose e of use’in the eat nent of tunors.
Passi ve i munivirysesadphavewse, ponponernd pafitenmavmesase r esponse, such as

anti bodies or cytotoxic T cells to the subject of interest. Active

i mmunot her apy ut i | Themeghanisews &pedidhopessguant infensiohs s maingaingkdananvoliet i body or
chemi cal COW%’&%%‘& 8EYil ‘é%&&&fﬁm‘?@g&e@&@%\éé’i AEHM@diﬁ%%BSB?%e h%er.e the

i mmune systemis pr | med to recogmiize R t'liror as 'forel gn. e induction
of both pdssi vemanereamins® eR¢antivatioh wf bt bdemros ung &8s aiggeredbytvhgodsr eat ment
of specific types . af cancer. -3- . .In general, need exists to

provi de saf e SNEURT QUL happeB SRRl SHE 1 Eriondy pee diSeRde, f or
exanpl e, aut OipAYRkHE stetiss BaSRma. HOftiARMMbALYethi &0k dRESassatidt@r gites, transpl ant
rejection, cancer, inmmune deficiency, and other inmune systemrel ated

di sorders. 5 Stetipien Ofan“mbftl'qfﬁelalisé{%q B8 dppeiogfn t hat antigen specific

CD8+ T cells becomaﬁlg@&h;eea%d aef&&ﬂv@qrﬁ&hnél'-eeggaéég$§ Sﬂie}ltstd@auhgs%dim%eai ous
agent or a tunor antigen follow ng the induction of the Prﬁgram*r_e Deat h-1
pol ypepti dé (PEnct).. AAuwmberdif tyhgr, anhgens Opecheen igntifird thapressstcomedwitact i vity
of PD-1, an inmune respo speci fl.6c an. i nf L pus . agent or Lunmor
cells can be éh cﬁcccg 569%3%% [f]eycl?‘gh%\lma t e%l%aggtb %%n%fﬁkécg%lﬁ[elgg’%génrugfpslé éejorllltd

i nf ecti ons canuhersivigdiFed 2u& hdefilfDbY ianuagpVART: |/Behpectepd,h tunmors can
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cells that rega@gnZBSA), and prostatic acid phosphatase (PAP). In addition, viral proteins

20  such as hepatitis B (HBV), Epstein-Barr (EBV), and human papilloma (HPV) have
been shown to be important in the development of hepatocellular carcinoma,
lymphoma, and cervical cancer, respectively. However, due to the
immunosuppression of patients diagnosed with cancer, the innate immune system of
these patients often fails to respond to the tumor antigens.

25 Both passive and active immunotherapy has been proposed to be of use in
the treatment of ftumors. Passive immunity supplies a component of the immune
response, such as antibodies or cytotoxic T cells to the subject of interest. Active
immunotherapy utilizes a therapeutic agent, such as a cytokine, antibody or chemical
compound to activate an endogenous immune response, where the immune system is

30  primed to recognize the tumor as foreign. The induction of both passive and active

immunity have been successful in the treatment of specific types of cancer.



15an antigen of interest in conjunction with a therapeutically effective
anmount of a PD- 1 antagoni st. In several enbodi nents, nethods are

di scl osed for inducing an inmune response to an antigen of interest in a
manmal i an i .-.Jhe nethod includes adm nistering t .ect a
therapeut?ﬁgp+§ﬁ%¥'%ctive anount of activated T ceIIs,gﬁgaﬁgﬁgﬁﬁgﬁn the T
cells specifically recognize the antigen of interest and a therapeutically
ef fective anmount of a Programred Death (PD)-1 antagonist. The subject can
be any subject of interest, including a supject with a viral infection,
such as a persistent viral infection, or a subject with a tunor. In
addi ti onal enbodi nents, t hods .are di scl osed f L nduci ng.an | e
25response 10 an alt SGEHL GROTh P L PP He i ot S RS ER PP et hods
include cont aed ir&1@ dReRO Ut @alple, AitoidORN e dGRhdes, il MMMiDE Ssvidersramal i an
species conprising T cells with antigen presenting cells (APCs) and a
pre-sel ect ed alerEigeriragsplansfdscdion, capgrerisiing Hefigsnsy s @ghes MnEpRG Yelsy s
presented by thg.£RCSqdkQ the T cells produce a popul ation of donor
activated T cells in the presence of a PD-1 antagonist. A 30

t herapeuti &ally effective anount of the popul ation of donor activated T
cells is transplanted into the recipi%@éy%ﬁyf recipient is also a
therapeutically effective anmount of a antagonist. -4- In some
enbodi nent s, et hottds dis@odd deledsat ahogentspedfic GPSa Tsaeh Babmiedfitibedlyw t h a
pat hogen, such as for the treatnment of a persistent. infection. The nethods
Pncl ude. admi niQEaR (i1 IeaRE DG EEIow sEHIP LW AHSE TURHERE e anount of
a Programred Remtfiod dlihelprognbgandsth-2pslygeptine (rAReYt Acaldiye1gftyect i ve anmount
of an 5antigenic nol ecul e fronlthe pat hogen. Exenpl ary pafhogens i ncl ude
viral and Pungalucipathiogersgsion or activity of Flord ¢ andimnaing seppaasa tRECi P #Bds ar e

di sl osed fOr itaRhL RaPorSURIAGLcoM L) 1R chitPle. SbfecRiAMRCHAR! Fas

admi nistering to the Subject a therapeutically effective anount of a

Progr anmed Deathis{eRDinfertiomtcay be irsttechwih P P-Hentagenists.Sabjept with tiotors/enl 0anount
of a t_urmr anta sg%g reqted srilryccﬂ’]S-llca %%I r%stg.ng(agiltiglgal{yhs? btclég%lém gl %11'3 & The
f oregoi ng and ot her Featiles and g vant ages w 1 *PECOE" nor & apﬁhrent from
t he fol | ow ng tdedpkintied a desmpeutpiall g affafive emetmlof edvadd Mesall Sthawvletadizer oceeds

with reference to. the _acconpanying . figures. 15 BR EF _DESCRI PTI ON THE
FI GURES Filgur an ppligey ogl%antg}a%w%wﬁH@,aprF@v& Iy effgetippamorpbha ﬂ:‘?
DoGP33- 41 and/|0htabsHi276- 286 specific T cells fromnaive transgenic m ce,

| ynphocytic chorioneningitis virus (LCW) Arnstrong i nmune (approxi mately
30 days post- 20 i HfE¢ERbHIPIRLL Epthieide are disclosphfogsgneingan INTNACC] - 13
infected mce rés@gm_%%%m%glea/oﬁ@m%m ARsthmbdnEGh @M he SR tTRIRHERD DYy gene
array analysis. Figure 1B7is a series of inmages of a flow cytonetry
experi ment shoedinngst@idglto shershbjeet aghprpsstadly adfectGBnouet ofapnevatedIT c@lsl s i n
LCW Arnsb on innunqh d FD4 dg l.eted L -Cl-13 i-nfected,m ce

e C(tel_sl SpEl 1%115 eeo

. 1'6&[1 in nize the antigen of intei€st and a
appr oxi matel y ays pos ec Nér gic

therapeutically effective amount of a Programmed Death (PD)-1 antagonist. The
subject can be any subject of interest, including a subject with a viral infection, such
as a persistent viral infection, or a subject with a tumor.
In additional embodiments, methods are disclosed for inducing an immune
25  response to an antigen of interest in a mammalian recipient. The methods include
contacting a population of donor cells from the same mammalian species comprising
T cells with antigen presenting cells (APCs) and a pre-selected antigen of interest,
wherein the pre-selected antigen is presented by the APCs to the T cells produce a
population of donor activated T cells in the presence of a PD-1 antagonist. A
30  therapeutically effective amount of the population of donor activated T cells is
transplanted into the recipient. The recipient is also a therapeutically effective

amount of a PD-1 antagonist.



25CD8+ T cells express high levels of PD-1 pol ypeptide on the cell surface
approxi mately 60 days after chronic infection with LCW-C1-13 virus

(1 abel ed "chronic"), but virus-specific CDS+ T cells do not express PD-1
pol ypepti q§ %0%&31?4 earance of an acute LCW Arnst rongP'inl)‘Ug?OtOi”%ss(ll abel ed
"1 mrune") . ? gure ICis a series of images of a flow cytometry experi ment
denonstrating the presence of 30PD-LI on splenocytes fromchronically
infected and uninfected mce. It denonstrates that PD-L1 expression is the
hi ghest on the splenocytes that are infected by the virus. -5- Figure 2A
is a series of scatter plots showi ng that when Cl-13 infected mce are
treated fromday 23 to 37 st-infection there S, _appr oxi,nat el 3 fold
increase in the nu gpeow%gWGm&%gd%%ggisﬂo%ed ﬂbtrﬁglgﬁéégbﬁﬁd%%c&' i c CD8+
T cell s conpardth 4 patHoaen, yidh B atate gedinemnlof a pbRis@nhdi@fection. dBieahéthedl any
changes in 5function [EN-y and TNF-a production was neasured in response to
8 different LEPdsgimyieeingep Hifrwbisef § herapIigliysiiepvsramapsidtfy t hat when
all the known P%ﬁ"mﬂie@@leith?m%ﬁtﬁg&ﬁs?%@i @eiBaRiAIB b8y EarhGunfoZan3 fol d
increase in total nunber of L specific CD8+ T cells. Figure 2Cis a
series of Pl owndgenisrelpplgyramiike gt gEraNlyry aadogenFinglude stidlanfion in
response to eigght, &jtﬁ(jcgﬁsent LCW 10epitopes. Figure 2D is a scatter plot
showi ng that nore viruas specific CDB8+ T cells in treated mce have the
ability to producelirfiehe: entiodimants? meitedaars disclosedddr tyating hawtjsct sdithw ng t hat

PD- L1 bl ockade al sa.resulted in increased vi,ral,.control in the | een |iver
ong and. ser e diF Sedrds elide sdBi iSRG Al b RrvEd RihBenenBeeni e
DbGP33- 41 and akb@PE P60 2 Bamsd eehthi(BD CP8rtadonie bhda (heabaltrally &R38ve and

"GP276") in CD4- depleted CLl-13 infected mce treated with anti-PD L1

(1 abel ed "ApPD2MpPunt of aSuALARtigeN 916 TyslFicasidraseding e MY &isus cont r ol

(I abel ed "untx"), which denonstrates that mce treated with anti-PD- Li

cont ai ned approximately 7 fold nore DbGP276- 286 specific splenic CD8+ T
cell's and approxi mahefgregpirfeoind othst EcalisGRBE advianggecvill kecons plosvppaems+ T
cells than unty ! I-aur :] ] - 1 mges: . pf ow
cytonetry expg{qﬁﬁngl%?dg}é‘ﬁn%%%%ﬂrlgy |dgsg&1? lgé?%ggéglggezﬂc})%{hrr%egﬁéﬁg§g8%0%5%!&333-41 and
DbGP276- 286 s pdath itfeccn@DBthd acretnpanyiime fiqweesspl een of CD4- depl et ed C1-13

i nfected gl ce treated with anti-PD-L1 (labeled "aPD-L1 Tx") fromday 46 to
day 60 po £-infection versus control (labeled "unix"). Figure 3Cis a

series of inmages of a fl OBRIEBFDESERIFIEXNOF THR FICHMRPSt rati ng i ncreased
proliferation of (GP276-286_specific CD8+ T cells in anti-PD-Li-treated

mce, as measured BIBUSE L pEY TSt PR dirde il ) AR D BP btk 3D i s a
chart show ng bt DPGELEcIRYIsPaif BBellsMBh Bai®d trdddehicTm&e] hm@kRFNET ON
denonstrate an appreci able response in peripheral bl ood fononucl ear cells
(PBMO), as shewpridyendigitpayiivg LOMER 2@istrong immune (approximately 30 days post-
20  infection) infected mice, or CD4-depleted LCMV-CI-13 infected mice
(approximately 30 days post-infection), as measured by gene array analysis. Figure
1B is a series of images of a tlow cytometry experiment showing PD-1 surface
expression on CD8+ tetramer+ T cells in LCMV Armstrong immune and CD4
depleted LCMV-CI1-13 infected mice approximately 60 days post-infection. Anergic
25  CD8+ T cells express high levels of PD-1 polypeptide on the cell surface
approximately 60 days after chronic infection with LCMV-CI-13 virus (labeled
“chronic™), but virus-specific CD8+ T cells do not express PD-1 polypeptide after
clearance of an acute LCMV Armstrong infection (labeled “immune™). Figure 1C
is a series of images of a flow cytometry experiment demonstrating the presence of
30  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.



30 286 specific CDB8+ T cells in the PBMC as conpared to DbGP276- 286
specific CD8+ T cells in the spleen. -6- Figure 4Ais a series of charts
denonstrating the increase in | FNy produci ng DbGP276-286 and DbGP33-41

specific s in anti-PD-Litreated mce, as co ntrols.
H gher fr %?ﬁ@?@?‘of DbNP396- 404, KbNP205- 212, DbNP16g??®§£,b0gﬁ3%%bGD92- 101

specific CD8+ T cells were also Sdetected in anti-PD-Li-treated m ce.
Figure 4B is a chart denonstrating that in anti-PD-Li-treated m ce, 50% of
DbGP276- 286 specific CD8+ T cells produce-3FN- y, as conpared to 20% of
DbGP276- 286 specific CD8+ T cells in control mce, Figure 4Cis a series of

i mages of a flow cyto experi denonst rat i that .anti -PD-Li-treated
chronically inf ect§§u?r1§%é¥spar5()e SS(:%EEE%‘EQ% fr%tﬁ Sé@‘é"f'? th‘i}%ﬁﬁ&ﬁl?ﬁrgﬁmiﬂ%ﬁﬁeat ed
chroni cal |y i afceshed isncdny 23ub 33 podtlinfprinduinee Wasegpréeveks «0f foldlF- a t han

immune mce infected with L r et g Vvi.rus., Fi e 4D i, chart
denonst r at i ng,"{Ht lntt?%%wgf\’@/g%%/g fpic?,ﬁ‘f ?ﬁdelgllf(g%{% IC%PE%?‘F %Dﬁr"fﬂ -PD-L1
renews ex Vi Veellgtbinpadgtd Mk LikrQtedtd8udk I #Sor8686 bétkénile &8B! dhdngeddn CONPared to
untreated infected mce, neasured using a "Cr rel ease assay. Figure 4Eis a

seri es of &hafunstion B'Nt¥pashENF-4t pradpctine wagthgesuiegnn ofsperise & 8 diffesans i n vari ous
organs foll ow Lreat ‘ ilg:M/ - ipfected m.ce w a-PD-Li. Viral
titers decr e\gg@ %B%?%’)r%?‘ rrn%lfgg{ey faos'%nel}ﬁlol% Pquowgllriﬂ @%ﬁﬁeﬂ awéf“’zr}‘“}“’ﬁ" “he liver, 2
fold in the | O+ Bewdl spedifitided aie messuradahdreis 2. 9Bad mcohseintiotalRdmber of
treatnment, as ared. t nt.reat m . Figure SA is a seiies of imges
of a flow cyt %ﬁ?ﬁ%&ﬁeﬁp%ﬁif%ﬁﬂf@% aﬁ%iessoﬁﬁf"é(?ét.‘)&?w&@;%n usi ng 10
HI V tetraners ssaggs fieyhd TREM, fadtcieRil RRRwsd Arak edrerdn: ERRANI ¢ cl ade C

H V infection. The percentages indicate the percentage of tetramer+ cells

that are PD- epitdpeyuFiguBE2D & agcaiter ipled siyfwiph et mogemwh stecidiciGRE - hegllst he
percent age and [ of. PD-1 is ,si.gnificant uprequl gted on. H V- specific
Co6s T co 1 o domigeicr Bty busg BT P e DR A R CbER 000 1

antiretrovirakhabtshexiagyhanabel i sldikabelmad fesuldddn RorehsddsSvilanehaasiadheon t he
total CD8+ T cell population in H V-infected versus Hl V-seronegative
control s (p=03pleanliverlingapd 6503, respectively). 120 H V tetramer stains

from 65 H V-infect eghuirgA Vi duaps daichsddidd e HefoRqgdibiorazaonhd ol s were
included in the analysis. Figure SCis a series of charts showi ng the

medi an peréentp§d23erd 8dmrccibic GRIE+T esllsr(labelpd O "ad rGhed tiwl T134-by 30epi t ope

speci ficity. BLAULECIRiBeAE I v RAAA AOFITE ) YAAT iht i, BaT cent age
of PD-1+ cells ™on difféerent epitope-specific populations W thin individuals
wth -7- nul 45pd eyttt et abdctor eSaRRsAS0l (lbdled Ambal), i Sddnitahs eagsethithe

Ted an percent age o SO oL aATEr el s A ppeh o s
bet ween the nuyphgic @fentd MbSPeCkld Md GhBéxiMmatd) b Sold AordBSHERA] Pecirgt r aner
20 splenic CD8+ T cells than untreated mice. Figure 3B is a series of images of a flow
cytometry experiment demonstrating the increased frequency of DbGP33-41 and
DbGP276-286 specific CD8+ T cells in the spleen of CD4-depleted C1-13 infected
mice treated with anti-PD-L1 (labeled “aPD-L1 Tx) from day 46 to day 60 post-
infection versus control (labeled “untx™). Figure 3C is a series of images of a flow
25  cytometry experiment 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-
30 286 specific CD8+ T cells in the PBMC as compared to DbGP276-286 specific
CD8+ T cells in the spleen.



5staining, and plasma viral |oad, whereas there is a positive correl ation
bet ween both the percentage and MFI of PD-1 on tetraner+ cells and plasma
viral load (p=0.0013 md p<0.0001, respectively). Figure 6B is a series of
charts sh ghslobgt, there is no con-elation between the-pRRRs ks H V
tetranee ?&\ﬂ)?s agbg CD4 count, whereas there is an inverse corre iﬁati on

bet ween the percentage and I\/FI of PD-1 on HIV 10tetranmer+ cells and CD4
count (p=0.0046 and p=0.0150, respectively). Figure 6Cis a series of
charts denonstrating that the percentage aid MFI of PD-1 on the total CD8+
T cell popul ation positively correlate with pl asma vi raI | oad (p=0.0021 and
p<0. 0001, respecti 0 Fl |ct| ng the
percentage and M ky ¥%’f5—; %b’F%ggihBﬁ %ﬁnc{lﬁhat{"@t ff“@ﬁésf N popul ati on

is inversely }aﬁmmhelmti@dvms@m{a@b@mm {pRific 00X Iawllsﬁ}rﬁ-htioﬂﬁﬁ_,l-
respectively). igure 7Ais a series of images of a flow cytonetry

exper i nent shéWtﬁ%“F‘@p?Se%o@fmaki‘filt?/éorﬁWéﬁﬂﬁlﬁlﬁﬁlé‘eg‘t‘%ic]ﬁﬁ RGPBNPEord
TL9-specific %Pﬁs@@i Irﬁoﬁﬁmeﬂﬁy%afﬂbe%aa%p b 98Ye.of s 4214

TL9-specific CO8+ T l's are gure /B is a chart illustrating a
sumary of 5ph@ln@tltyqblrbaﬂﬁaﬁlérlﬂftmmeéem%rﬁg'illre 4is webart sOBswatinglthatdpeci fi ¢

|1 | f th
DB aos S Bt Mo SPUER, ki PoBaPRl e BEAnARRY Aad ] plograainer the

orl ZOI’] Icates

percent age of yi stcoapered R209% of PbGE21d1286 s\pedslﬁc pmm ae(ﬂsiroafontlbbrnicedl cat ed
marker. Figure 8A is a series of inmages of a flow cytonetry experinent
showi ng the 23M@pPedSdnt atesaf prages Pfe"’r%‘i"?’Sﬂo%%"é?ﬂﬁﬁfnﬁmfdre&ﬂ“gmﬂﬂﬂﬁm

positive subj t: t ent age of
54201 TLO- St s PEL LG SRS L e RO 1 o G- BRR G

presence df) amhned?d:ddhhorb&zdi@kmfagechmﬂaeblmdytlll Proguced 088 leeelaofl TN oighaph

depi cting the summar lifer ssay dat.a i dl catin significant
i ncrease in profIfe ‘iel clgg Wi %&fﬁx EeoRpgsT l?é’lr? b %a a}h"g presence 300f
anti-PD-L1 bl eekbRgraand ihaosbanh&t38LCRRACRO0 thfedied hRd wlmtaﬂﬁlPD LFigewe 8C is
a bar graph showing the differential effects of PD-1/PD-L1 bl ockade on

prol i f erati on esPivpixicasdenf ¢fdhaopps-speciies T sclmasspmnagidye augacgarfeepd basis.
Wi te bars 'n%e@agﬁam{;(cﬂ%mﬁa IEPRISESKs '%%Hé%ﬁﬁs&fé%?cﬂaﬁsthe presence

of peptide al one ars indicate t I ncrease of tetramee cells
in the pr déencdenmﬁsnpepg thdeeq@bm@l dnmlalllit@su viiys kigags owhgdigatmantofvi dual s

in whom CFSE f to di cat ed
by asteri sk, Sy o Brn PG gy g £ SO s8oGaf B AR B G Alr am ana

a set of gr aph"éldsmmenspgeﬁ AR A eedivet, RFolfih etlumdf aldBfodPRULHen MRECi ne
conmbi ned with PD-Li_ bl ockade on antigen-specific CD38-T cell frequency and

viral titer inveEktefinedill-1 listEepeds fARRMCHD U@ mics 5 schematic di agram
of an experinental pf,b98qL » sdrfelWr ﬁ:ﬂag@beof]ag’ﬂc(v%&ﬁém} BJ&%E/E‘]@& sHb\Qﬁ \pey_e

vaccinated with wil d-type vaccinia virus GP33-
10epi t ope-28x prlewsnerexprestiemusang/ |t dEV (ewm@p:sar)mfaﬁ fOAdeJ@eM)eppm Ialgﬁt@bt i on.

At the same t'%‘ﬁmﬁ@%mﬁ%%ﬁ@ m?ec &?af gelcebfa@&%ncﬁ&ﬁé?ﬁ ][cﬁx?ta%aéés w th or

Wi t hout anti-P seri oW cytonetry
experi nent shomml*tdaﬁs fhlaezquEDey ﬁguﬁPSB-Js am:heGBch?fﬁtts paaorfsiratig@BatTheel |'s in

PBMC at 1-wk p%@:tgnt&eci qn&ﬁél}of}%l -1‘5 swmtrican%? I;Jgr%s"u ated 01‘1 %%ng{ﬁ &D8+ T

t et r amer - posi th
cells compared to the total CD8+ T cell population (p<0.0001) in antiretroviral

25  therapy naive individuals, and PD-1 is increased on the total CD8+ T cell population
in HIV-infected versus HIV-seronegative controls (p=0.0033 and p<0.0001,
respectively). 120 HIV tetramer stains from 65 HIV-infected individuals and 11 HIV
seronegative controls were included in the analysis. Figure SC is a series of charts
showing the median percentage and MFI of PD-1 expression on tetramer” cells by

30  epitope specificity. Figure SD is a chart depicting the variation in the percentage of

PD-1" cells on different epitope-specific populations within individuals with



15cells. Data are representative of three experinments. Figures 9C-9D are
graphs of the frequency of GP33- and GP276-specific CD8-T cells (Figure 90
and viral titers (Figure 9D) in the blood post-therapy. Changes in the
nunbers ofybelkasR/hs POsitive CD8-T cells and the viral pbirk@5ca7HR58

noni tored in the blood by tetramer staining and plaque assay, respectively,
at the indicated tinme points. The nunbers of tetraner- 20positive CD8-T
cells and viral titers are shown for individual (upper four panels) and
multiple (lower panel) mice following infettion with W/W or W/ GP33
(straight line) and treatment with anti-PD-Li (shade regi on) Dashed | i nes
represent vir r eriments.
Figures 10A-1 g%ltgﬁé g&édt elegggggeg @FO? g{jﬁt?lnb%rsgg&gﬁ%%grﬁﬁ Jd?aW &r gggtgﬂee &;.fﬁtl gen-
25speci fic CD®DH cEéN enamei ecitsamcs:dhmdmdhalcont rol in d| ffer ent tissues of

the mce given thega C_vacgi i ned w PD- L1 bl ock de Fi gure 10A
is a series of im é“ffeb'\ﬁf 8@ n& I@Qﬁgﬁﬂlt%%el%ﬁﬁcﬁﬁ elEfQn £ r equency

of GP33-speci fbia@ve@mre-ﬁuﬁlﬁbﬂcﬂ’HW a@e&ﬁecem Tt ¢3S US Snedburdtt MWKieP@Sé- t her apy. The
nunber represents freguency of G233 tetramer-posjitive cells per CD8-T

cells. Data aﬁ@lm%ﬁ'@%@mf%&wélogéowhee%t'@fﬁp@rﬂ.ﬂ?@lﬁt’%cmﬁlﬁw@ﬁm@ batha graph
of GP33-speci ftl']ecpeggﬁtaIe%MFﬂmﬁ%n't&ra%eﬁc@ﬂ?md ﬁlésﬂ*ﬁl%%l Rhd Fb%OB
post-therapy. Figure 10C is a set of bar graphs showng viral titers in the
i ndi cat ed ti ssuép<GfO0d, crpeciieady)- Fignre$B(ibp spricy ofkhaps showimethapipere is® Dashed
| ines represent yhEds, A6l ﬁ?\’ié rﬁ{anﬂel H?%/ RE8mA E’usp% C%P&y%m @ﬁé‘él.t s are

pool ed fromtwo experinents I gure Dis a |g|at

i mruno- st ai ni mlgpmi‘s as;nhee.n coirt]tical KEWkEcanltic pedtatage adj)MaE‘[ oﬂ?D\M onds$iv- t her apy.

vestorat R ofeSitheE o oA Rl erOdReBa e AP R R Hele S0 ne

conbi ned W t h aRB4dsbf bhaekagensufatige that thd Percént foesfl M o@PDLnagme t¢hl a flow
cytometry experinent showing | FN-y production and degranul ati on b

spl enocyt es ofcR&fel %MPHQP%P‘Phltbvélya‘%‘)l"&law«wﬁ%ltab”ﬂfhél% Hpd (s 8@ es were
stinmul ated wi gphobbel '1&9&&1%1‘?9' gmé tﬁ?ﬁ a' s@nésftﬁ cﬂﬁlescepﬁenpihe%&@}t%a/ 13

anti bodi es and then co-stai ned he shown Oare gated on
CD8-T cel | s anuad &8 of Rb- lr«e@ree@empatheveaw%v@ celhdepplémv@enﬁmes«paéh ment s.
Figure 11B.is . w e ta LENLCOLO7+ cel | s per CD8-T
cells specL:Dl’l fic %%t%gévétﬁ W OB@I{%%S% f:rggjr%8 wSpech]l/i ire summari zed for
mul tiple mce (n 6 Figure 2Adha s&mponmges Rexdidw eytanm}p@@hlerdeﬁtrsmmgm

experinents. ure 11C.is a .set. of ct| on from
BT col o cdiBr Rt pnsRofeit a2y PRt SEA b, At or
stinul ation ofsuised SRQY ireehth DRZUPB3440 DILY-R2IR(ZRE PedlsiaderD-1%.

| FN-y-producing CD8-T cells were gated and then plotted by IFN-y (x-axis)
versus TNF-a (@gla%@)lsawét Ipyeting f qumgiyrof Rherssrdc dip BeBPsTspidicat e
frequency oot Tenfastpb! AnASRAGiC!CBE YT Rl hepBNd. BEAR  I90IERGARL. | ntensity
(MF1) of IFN-y+ cells, respectively. The data are representative of two 20
i ndependent expdyieddatench pf @errel@mpnhsncaym@ptkeghamhglztonetl pariedientesge of
TNF-a+ cell's p}ildla NJ_c)énta ({)fltgt fn?éi %%30&% t?z[t u%ﬁég%ti%g%lgﬁfpﬁu?qgte&rom FI g.
11C are summari ze ih Fi gu
12A- 12B ar e a nseterof pI ots ShOWI ng the effect of a therapeutic VaCCI ne
conbi ned with PD Li bl ogkade chaﬁg.es xpe of anti gen SRE cifi @1

celI's 250f chroni cAfWePAASE FRES g”tﬁévilﬁ%{n?téy &P Ie[f’e'qu PYgE ShOWI ng

t he phenotzgpe réfresentative proliferation assay data from a B#4201 positive subject. After a 6-day

re

stimulation with peptide, the percentage of B¥4201 TL9-specific CD&+ T cells
increased from 5.7% to 12.4% in the presence of anti-PD-L| 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
30  of anti-PD-L1 blocking antibody (n=28, p=0.0006, paired r-test). Figure 8C is a bar
graph showing the differential effects of PD-1/PD-L1 blockade on proliferation of
HIV-specific CD8+ T cells on an individual patient basis. White bars indicate fold



GP33 tetraner-specific CD8-T cells in PBMC at the indicated tines
post-therapy. H stograns were gated on GP33+ CD8-T cells. Frequency of
popul ati on expressing high-level of CD27 or CD 127 is indicated by percent
on plots. ys on histogranms of Granzyne B repr X
expr essi orﬁg?f%og}dgqg?{a are representative 300f three indggg%%%a-sg%ﬁeri ments.
Figure 12B is a set of plots show ng phenotypic changes of 0P33
tetramer-specific CD8-T cells in different tissues at 4-wk post- -10-

t herapy. Histograns were gated on GP33+ CEB-T cells. Frequency of

popul ati on expressing high-level of CD127 or PD-1 is indicated by percent
on plots. The punbers o it SHRY A% 8l BLBANTE o Bnddl Bel: 2, fiGhr gent MET
of expression. FHe® Yot 24t e represé’neta veP t {0 n SpendeNt e peri ment s.
5Fi gur es 13A- 1@l imi@saofechanat tatlsh thgpassendslod paptias @lug aadP-Sholtkige t he
synergistic effect, of {herapeutic i ne conbined with PD-LI bl ockade on
restoration ofnERpF¥: th&%ﬂ) lﬁé"ff‘ﬁ%é§§]§%s>§ﬁ§d’éﬂt"‘éael eq‘%%'érllql"’thaFPB‘hre 13A is

a schemati ¢ dieg@sRMOhdihed By 2Q6R! squikC8 MR daflogt ed of CD4 T cells and
then infected with LCW clone-13. Sone nice were vaccinated with wild-type

vaccini a 18 virus FiswesiA-8P aomliappagnd 2 seimftespbs ehasiesye agevgiets nia virus
(WIGP33) at  Lpuk OP%}abE&YC%EéiE@corﬂinéd%tﬁ?ﬁ&ltﬂlg&adé Q‘?armggrﬁgpyé%{ﬂ% treated 5
T™wWo wee afte

times every three days wth ccPD-L1 or Its isotype. roinitial
treat nent of &M8-Boell Bsquensxcamdwanaktitsaimrchfangely frdectaimaicy.sFigurd?4ire 13B is a

series of images of. g.flow cytonetr xper i a graph. show ng the
Frequency of - cygdp dierRlo AR Pl PRH T M o Ba PRl BBty

4- weeks post - tnkied aaysl.vlaﬂnendaumiﬂemme@lrelaseﬂﬁis vfmsﬁ(quﬂml?) o@LCﬁ’\BB}P33-4f1 .
tetramer-pgsitive cells per CD8-T ce Frequency of GP33- specific cells
per CD8 Sl !CE“?R‘?"?&PFF%?%YRCCIE‘F’_SV%‘H@éVX_?G%%g‘t%”eﬁ SERECHRY il so
summari zed. FigQHE @md e ntcedn @b 8& PfimeiBASFthede Ry Wby faR by pRXPEr i ment
showing the results from expeiinments wherein splenocytes stinulated with

GP33 20pept i dd-1i Figure OBries seiiee obfmageCHigiiey pytameibeoicarerfovietheco- st ai ned
for IFNy. The, 3 X 3 I rcent age of

| FN- 1- CD1 or %gﬁ{:‘é&‘é’%g?b%_@&?é??&sﬁgeﬁg% |CT}8$§%§?¥ggg%i epggtpe sunmari zed
for multiple nhezmy Ahgunmbd3Epiesnt flxgregy aptetomert praitpecelameag®8eF | FN-y+
cells after. stipnulation with 33 .pepti de. per | 1s jij 1 ve for

b restri doed LB AAET BPIAmTes s R srari et A BOND WEEfler e o e
13E is a bar dreapdncobf @PB®lantl GPRTS sperifichEDS-Tdiel atRigure 965 Uebviad! tiders Wk

post -t her apy. é\[ I é)%ﬁt,s are representative of two experinments and all
summari zed r esHigME )emﬁ]?ﬁ)lPl%‘Efi PISEHRCEARY: g%’@e? e %“r{”?f'*‘—'%"frf?tb@%‘é’ro“@?’%up).

Fi gures 14A- 14h@areeid @ lth<OfiralliRlsSwab thod{taRA $n SR 8WLABy tdhaineblidalradad of the
PD 1/ PD-Li signaling pathway increases the total nunber of antigen-specific

T cel | s 30f ol IPbARuRgsSax spppEafelyr etk iadicitad Hme paenihginnmaes pbtetamee.  \Whol e
spl enocyt %9 W%roﬁtive CDS&-T cells and viral titers are shown for individual (upper four panels) and
multiple (lower panel) mice following infection with VV/WT or VV/GP33 (straight
line) and treatment with anti-PD-L1 (shade region). Dashed lines represent virus
detection limit. Results are pooled from three experiments.
Figures 10A-10D are graphs and digital images showing increased antigen-
25  specific CD8-T cells and enhanced viral control in different tissues of the mice given
therapeutic vaccine combined with PD-L1 blockade. Figure 10A is a series of
images of a flow cytometry experiment showing the frequency of GP33-specific
CD8-T cells in different tissues at 4-wk post-therapy. The number represents
frequency of GP33 tetramer-positive cells per CD§-T cells. Data are representative
30 of two experiments. Figure 10B is a graph of GP33-specific CD$ T-cell numbers in
different tissues at 4-wk post-therapy. Figure 10C is a set of bar graphs showing

viral titers in the indicated tissues at 2 (filled)- and 4 (blank)-wk post-therapy.



adoptively transferred into congenital carrier mce with or without therapy
with anti PD-LI. Figure 14A is a set of representative flow cytonetry plots
fromspecific - L I- time-points gated on CD8+ T cells. Figure 148 are

gr aphs sh%?@%&?”ki netics of Db GP33-specific CD8 T ‘EEJr/!Us%ﬂ@s@%O” in

peri phera romtwo i ndependent experinments (n=4 aninals per group)
Fi gures 15A- 15E are plots and graphs showi ng that bl ockade of the PD

51/ PDL1 pat hway followi ng adoptive T cell inmunotherapy enhances cytokine
production in antigen specific CD8 T cell s2- Spl enocytes were isol ated at
day 17 post-transfer and anal yzed for cytoki ne expression upon stinulation

w th antigeni eptide. Figure 15A I.S set _of .representative flo | ots
r e shown f or CeREAEg iweierd By TalSn RuleosBinits BRpRca il PR ne
stai ni ng fol | GwigoexpaithantOFighps t 0N Adikied) imhddofd@idunednig dppleepes or no
peptide controls. Figure 15B and 15D are representative plots are shown for
the dual expr &8%3bLMNY antigegs gpd)pO 736 RsHtheRpPY-1laggifisdicant?dst at s are

ercent age of CD8 R S\ Of L er cent age
P g ggtuf‘% i lazF-lgB ar?%%gré ,gn@ qu&]%sgsﬁo@fn% Oe%iféﬁﬁ%kﬁ 1;81]‘01 attLBﬁ‘ 0 g

of I'FNy producing c sop ucing-T or ani mal s per
group) 15FPgufestid6ih-ckBB1seadd "128-drcalhbyathelapdutit sagimewiornined i etl| evel s of

Ant i body Secreti cells in LCW Clone-13 ji.nfected m.ce. Total ASC Levels
wer e neasured%lfoﬁp%lﬁrorléugewﬁ/klf?sn lé’%:?fgl aﬁ?scoefaff&“fcqonr]legnya%ﬁ?l IE‘a’r’ttrﬂé%a fient by

ELI SPOT and CiFN3§r&dudiict £1d.debtafila@onltiAplenodyt@r e @kcihftahiduwibek of
splenic ASC, summary of results fromthree i ndependent experinents. Figure
16B i s a set 2PoBfthgirt SPmeRiteigvan simepred sathithe wdicatsdasptidecingds ng cel | s

(ASC) in the TR 38 i ne
representati vi’p%\grgt@ ,Of;%ggqg?iem%@%ggi%ﬁnthg&z%gl}sgdﬁ)%%?’rrerra‘isglt%\ewn?g%g ed on
| ynphocyt €8) . afél gedeonX7D3-3 callgardphe thh caprasgnthtieatf e independbn @rnparinteGhd/
infected mce wWth anti-PD- Ll does not |ead t | e d level f_ bone
mar r ow ASC. T(Ft'%ﬂreiiﬁ%@?@?@”‘%&e%f@t%@ﬁgﬁﬁﬁeﬁg #0?)05? SHE' éBﬁélén and
bone marrow ofelUpadHi& fde €M dfNicadY §epitbes BodFidaM A ROStmARided §&) PD- L1
treatnment by ELI SIgOT. Li ne represents geonetric nean within the group.

Figure 18 is auipipmicsHow frg cedhaesponscadRenits tieapplod fiofm mPBXpxingg. aCTLA- 4
eads Lo SYIelhabSCMELSTE i PRI A A Erh S ML AeT, S0
spl een wagsenwipfodi@fly IBN-Fid (BPGHccinated @nit € PARS S fins 860 BRIpldnecyBaiit t hi n
treatment gr Olgp33:4%2&r (GP276-286 peptide, IFN-y-producing CD8-T cells were gated and then
plotted by IFN-v (x-axis) versus TNF-o. (y-axis). The upper and lower numbers on
plots indicate frequency of TNF-o" cells among IFN-v" cells and mean fluorescent
intensity (MFI) of IFN-y" cells, respectively. The data are representative of two
20  independent experiments. Figure 11D is a graph showing the percentage of TNF-o("
cells per IFN-Y" cells for GP33-41 or GP276-286 peptide from Fig. 11C are
summarized for multiple mice (n=6 for each response).
Figure 12A-12B are a set of plots showing the effect of a therapeutic vaccine
combined with PD-L1 blockade changes phenotype of antigen-specific CD8-T cells
25  of chronically infected mice. Figure 12A is a set of plots showing the phenotype of
GP33 tetramer-specitic CD8-T cells in PBMC at the indicated times post-therapy.
Histograms were gated on GP33" CD8-T cells. Frequency of population expressing
high-level of CD27 or CD127 is indicated by percent on plots. The numbers on
histograms of Granzyme B represent MFI of expression. The data are representative
30  of three independent experiments. Figure 12B is a set of plots showing phenotypic

changes of GP33 tetramer-specific CD8-T cells in different tissues at 4-wk post-



Fi gures 19A-19B are plots show ng enhanced B cell and CD4 T cell
proliferation and germ nal center activity in ccPD-L1 treated mce. Figure
19A is a plot of flow cytonetric analysis of CD4 T cells and B cells shows
el evated K = s following aPD-L1 treatnent. Resu d on

ei t her %?‘%g‘]@\éﬁ s as 5 |listed above each col um. F!"Eﬁ?”?‘%%%’? a set of
pl ots showi ng an increased frequency of B cells expressing PNA and high

| evel s of FAS, which indicate enhanced germ nal center activity in mce
treated with ccPD-LI. Plots are one repredéntative graph sunmarizing the
results of two separate experinents. Figures 20A-20C are plots and graphs

showi ng PD-1 expressj.on on CD8 10and + | .subsets. FLgure 20A is a
seriesof 1 megibs; iyl SR AERR) B Erieh e ShBnohioxs! Bhfudl on”of
PD-1 and vari exsephgnoibypid of@rker sr PiDurig iddiddted GpPerckytropposayt Bige i n bl ood.
Figure 20B is a set of plots of the percentage of various CD8+/ CD3+ and (D)
CD4+/ CD3+ T cépmb%egétsga'mof&ﬁwglgeﬁ@dﬁc %d‘ﬁl?l‘i%ﬁﬁtwl B’i’r@fﬁaﬁl-ﬂ% mean
percentage of 4Rk @frcdentiihé 8t &BhIPERIAPSIptiiMEnts. 15 (hol low circles) and
negative (solid triangles) for the indicated marker. Figure 20Cis a set of
pl ots représenti ngFigys W pie@ sglapmptip fiaprm, plokpandsesaphy siomdng thecel |'s from
one subject. . ..i.fl e \- | : S ting that
PD-1 is nore ﬁ%ﬂldah‘fli}ﬁe%ﬁtecgﬁégh%ﬁg%ga(%l%{@m@g%‘ g’ﬁggg’iﬁ‘ ﬁg&?j g‘tr: B@hroni c

i nfections. FigtmgiddbAfirstian sehtlpks? Ooliavstod GBS Dfella. Figove t34A cnet ry

[ t show ng..rel ti PD-1 stainj f tein Bar Vi EBV),
O amogal ovi 1 S8 PEIARERAT T Caa MISE HF I P01 L CLR e PR B8 T col 15,

Ceonet ri ¢ nmeannfidtetDR RIS LEME cloRé-@R S Sbnfe md¥ere OdcciBled wethpFiRSShOMacaiFRNY
tetramer+ cells is indicated. Figure 2113 is a plot show ng_a sumrary of

PD-1 GVFI 18n EBY COMW I BN A artl SPUeRS TP syng ﬁ%csgltfewwgw&@%fr cells
from heal t hy W%Hwﬁﬁf&tﬁﬁ.:%@he same timethOWi& wWekbubadd _§ti91|e§)¥:\§r)iaﬂﬁjeegr aphs
denonstrating that anti-PD L1 bl ockade increases in vitro proliferation of
CD8 T cel | s sdews witicaPBl lchitenjotypen TeotwashsaftaFingual ere@mani of aatibalidses of

i mges of a flow cytonetr xperi ment. shawing | ynphocyt es t were | abeled
Wi the OraE, "t i SR o R g g s R R s e e T one. The
i mges show r epioaeefedieriviensinal dban graph elivvwiiRd/ha meq My pOSPI3-WRciSidb] ect s.
Figure 22B_i s bar graph of EBV, CW, .inf|uenza and yaccinia virus

anti gen- spéci ﬁaflg-féégdﬂ%nflsfr%ww B St EHROSts ’r‘i“pé-n?ﬁ‘? POl TBrSEKT ng

- 13- anti body fredft@char GP3NRLEAEEdsRIVE cbINGeREPR-Dlells € FriBIcY of€PES 1N the
presence of peptide Pll us anti -P[£ L1 bl ocki ng anti body conpared to peptide

al one. Fi gur e sezdiq esliapenies GrealningdmpmigistReatrlevenls payithgpamyas een t he

fol d-increase j afe + IS, § ylel [ L antd | ockade and
PD-1 expressi 8{58?%{3%%1? rﬁt?%urgﬁi?{:l}?%%&ieg | S%F%Sg‘gﬁza&cf“?%bné%g%@%géegnd gr aphs
showi ng hepat ish¢winCtheirasiltf HOW)exppauérts ehdCBiB-spEngwtds stimriored s6thRER3B i n human

chronic HCY infection. Fiqure 2 e representative plots.fr five

ot et s bt h BERS R Beies L o a hon g o Al b Serehios iR ThEn Hov
speci fic CD8+ sﬂo&?#lb&-ar&ﬂ@%&b@-ﬁ%ﬂﬂ T fdehi ol HEFNLEaMR0Yechf p&D- 1
expression (x-axis) on HCV specific CD8+ cells (y-axis). | ONunbers in

italics withi €Q&E cpllsopscificémiGH3y pepralefaresyoemgizedfor madipemicep Figureve cel | s
13D is a bar graph of the percentage of IFN-y" cells after stimulation with GP33

peptide per cells positive for Db-restricted GP33-41 tetramer are summarized for
25  multiple mice. Figure 13E is a bar graph of viral titers in the indicated tissues at 2-
wk post-therapy. All plots are representative of two experiments and all
summarized results are pooled from two experiments (n=6 mice per group).
Figures 14A-14B are a set of plots and graphs showing that blockade of the
PD1/PD-L1 signaling pathway increases the total number of antigen-specific T cells
30  following adoptive transfer into congenital carrier mice. Whole splenocytes were
adoptively transferred into congenital carrier mice with or without therapy with anti-

PD-L1. Figure 14A is a set of representative flow cytometry plots from specific



anong total CD8+ T cells. On the y-axis, 1073 and 1406, identify the HCV
epi tope specificity of the tetraner. Patients are identified by "Pt"

foll owed by the patient nunber. Cells were gated on CD8+ | ynphocytes. Plots
are on a L },c scale. Figure 23B is a conparison ression
on CD8+ Tl\@g?t{oglb%?}cfm heal t hy 15 donors (CD8 Heal t hy), ﬁ@[}g@é%stge patients
(CD8 HCV) and on CD8+ HCV specific T cells (HCV tet+). Figure 23Cis a
graph of PD-1 expression on CD8+ T cells specific for influenza virus (Flu
tet+) fromHCV infected (HCv+) and heal t hyl-donors (Healthy) conpared with
PD-1 expression on CD8+ T cells specific for HCV (HCV tet+). An unpaired t

test was used_.to conpare, di rences J.n e ession of 20P MW thin the
Sane pati ont URCEGON S GOBLTIER, dilnS Rkt he e kit k.
Fi gures 24A- 241D Gire-ptatisCasd gllappmsphanpaipheheblbbefiuanay indepdidedt

expressing CD8+ T cells fromthe |liver is greater than in the peripheral
bl 0od. Fi gur e S¥REAMERts (sl B4BRIE B84 @Al ot s from five patients with chronic

HCV infection 25s hpigiui’él 1%?161312%&?&;% AR 2fphPiclvifnmhOliadka 408 tmd ppel | s from
the peripheral blood versus the Iiver. Nunbers in bold within the plots
identify the A&} ]aathyayffolderipgadgptive Poel iremprashasamyrenhmsayctiotieds CDS+ T
cells in the i reno I rit e C igure 24B
is a conpari s%ﬁ)qg'{l%glﬁﬁ %ﬂtg’%(%%?%cgac%ﬁ%% C%BQZS piengg}?%s‘!w%l?ggr?]&ée?ra?g%e%il bl ood
versus |iver ipostid@wtahmdnndgdddyfor ayt@ddiesttppatioremics. stiduBlipamitbdntigenest was
used to conpare the difference in.PD-1 expression wthin the sane patients.
Fi gure 24C i spfépt@(%ng%“fgi?ﬁbsfa Slgb‘-)flle@fi)epg'élg? ﬁﬂwc? P HE S}Eﬂfﬁﬁofiﬁ?ect or Menory
(TEmM cells fegifeqRhiop MN-pdssdab@Os; M@i@Uslat Heoliha/@dinin MESTRININSHhGE 6f Wer e
-14- identified by differential expression of CD62L and CD45RA. Bol d
nunbers i A%t h&UPBition witk defaisd S LB RPIPPRS Of P geRSidE Fortolt d1gere; Iy Bapdl SR adr ant .
Cell's were gagRdeQBsctNe bBRRROGBLATor (R Gual ER:SNRAYE THESR DB sppoxes) and
the expression of PD-1 is shown in the histogramplots bel ow. The dotted

| i ne shows PDIHNgtaperdsantistis ash p@eeivage COBPEEawe| FiguresdSE and SHarpegahy ve

| ati ) i hi I . 1 f
Poll's expr 2ss i BYERREE drledBidh 3 PRI TR iR EREPRER AT T COENCY O
CD8+ TEm cel | snifhmis geeproppt i ents with chronic HCV infection is sunmmari zed
bel th i st | ot s. ired t dt th
el e8! o1 0 SR (PB4 S R SR S R AR

10versus the lAnviBsdyccitting tIR if AUV Eldrent.infet il rce2 AR NSO eI LSa8t at i ve
plots fromtwo patients with chronic HCV infection show ng the difference
in CD 127 expr¥asighnshront drMEmatectsd gueq lewipmof Rel bEFaBHELHI bl ood ver sus

the liver. NumbpetisoT thdiObihd daphkf FiguPe144 RUEADY oAb taGRmERY o pRNRSSI ON ON
total CD8+ T cells. Cells were gated on + Tynphocytes. Plots are on a

| ogarithm ¢ sddiCesummaysfnesaityfron thipeindenvpdarnit sxnerisienGDFigare 86 issssst on on
total CD8#%,T s 40,40 N r.al: Jiver wn bel ow
the FACS. 87 ot STPIRS shibvlud REERDE Blindth QN RUGHP (AT b SIS 1R

Fi gure 25 i s sehsuafbyghaphskeall® |p8.oflsovwhpmengprebdtiitispelot, IASC B8+ T cells in

the liver expr an st ed phenotype., Representative plots of PD-1 and
CD 127 20expr @:Llﬁgﬁa dﬁélf}%tjogggtgﬁ?‘?c{gﬁ%&Cdf“i‘glpﬁéoc?'tfgm t he peiipheral bl ood
and the liver of twgupalT Batgaph shbwigteRnintenH\hiddiELCMONinfetRE miktd st row of
plots identifies the HCV tetramer positive eFopul ation (boxezl). The nunbers
above the box&8MrBRrEsEhotHE! FAdRtEIPddevetset PapP BRI Sy el oI | s among
CD3+ | ynphecyt,gsiberd BEASOIPPEeRefEd #r&h e s%feeﬁ hed oY hethAiRhrdn: | denti fi ed
on the y-axis (1073). The second and

LCMYV infected mice 14 days pest anti («)PD-L1 treatment by ELISPOT. Line

represents geometric mean within the group.

Figure 18 is a graph showing that co-administration of oPD-L1 and
0CTLA-4 leads to synergistic increases in splenic ASC. Chronic LCMYV infected
30  mice were administered «PD-L1, aCTLA-4, or both for 14 days and ASC in the

spleen was enumerated by ELISPOT. Line represents geometric mean within

treatment group.



25third row of plots shows PD-1 and CD 127 expression on HCV specific CD3+
T cells fromthe peripheral blood and |iver of two patients with chronic
HCV infection. Nunmbers in bold represent the frequency of PD-1 or CD127

expressi o pecific CD8+ T cells. Plots are on r c scale
and gat edQ%(%’Q 1:?CfD8+ | ynphocytes. Bel ow the FACS p ?C*&gﬁghmnﬁgaul of the

conpari son of PD-1 30expression (left) and CD 127 expressmn (rlght) on

total CD8+ T cells versus CD8+ HCV specific T cells fromthe periphery (HCV
tet+ PBMC) versus HCV specific -15- CD8+I|I-cells fromthe liver (HCV tet+
Liver) is shown. Paired t tests were used to conpare expression within the

ti [ . Fi i { f t d f th
PD 1/ Po L1 pat hay FisERdsts Ol i slpems Phida BeglimecPaietea © 1"
HCV- speci fi ¢ Prdl@drhtfon bSEmhiadebaer REBMoR dFTRDI tees 8@ FigurdidaA2a pati ent s

were stinulated using the cognate p tide antigen for 6 days in the
presence of | [Plop obHew siemeppapalygsnef 69" C(e}cli)@d&ﬁﬂils)shws eé%\taie«dlibc@ ant i body

(I ower panel) Mpﬁg t o} S ge of
proliferating é/lé—%E lhggtr)l% nggégﬂ% kﬁ&@s gllﬁégtl [ C%A%fqg%@@%?cel |s are
shown in eachllqu@dbmwachmmlgurﬁgu@mmlsaroé ppitoths wangaingnagiisd showi ng

el evated PD- 1 Fexpress n_si_m.an.d pmun f| cie Vi ru specific
CD8 T cells foll"c:fI C’ﬁahgﬁ}% PIERY'R %ﬁéﬁnd%% ?Ve\ 2({7}& S WEHC lcal%owi ng PD-1

expr essi on on ehi@inddd Rinkl @eﬂ{dl sctfvﬁ@nﬂ fideareaRH mwal Flowr@m?e?B is a plot
showi ng PD-1 expresslon on total and SWgag-specific CD8 T cells in a

SI V239 i nf ect &PTIFRRAGFe APNAIMRATSINGARE A 06 HV0L SPENES ePeripeifeeks f ol | owi ng
SIV-infection. Fi Qg &apA- §0@a1Q (%ba %(I{rfsé's iftg %b”ﬁ@s{p)‘es%n bRPchsgposi tive

cells on total and Sl V-specit nt normal” and Sly-infected
macaques. lDat andl 6D4SI sellismbsstst &@m@ﬁ&uegsmiepp@wgcs cfta fliopv we@kstl}f ol I owi ng

i nfection. Fi ast _panel). is r rovidin nme of mean
fl uorescence i r}%?e”men Sh(a(" (Ve 30p%xﬁjlel5%¥)1°%§%'aes§|v%lﬁou3 Ih‘f’mt:'% elé\ﬁr%pém fic 20
CD8 T cells franﬁmmmlynmhdc}&&ﬁhmfoedl thumammlseassetﬁlygms e&h@ﬁﬁeaﬁﬁeare a

7’ enhanced e baaRLar ey sy B Gt el R pRREoBShPRE Ar0r

posi tive macaqugsottidtars¥edicatt Heltpebntige Rt BHLVEOT BRIWRIt QreSidsib ated with Pl
| C peptide (0.14g/ml) in the absence and presence of anti- 25PD-1 bl ocking

Ab (10g/ mlf f dol M@lkﬂfy}sand/xﬁnget(mhéénw%) ©f thetindieated meyker. |Kigyre 286
uni ts/ me was i?sdﬁjﬁe%fﬁ&sﬁg s‘éﬂt@llo%e ﬁén{Hﬂ%;ﬁE 31&5' £8hl1%« Ceﬁﬁhﬂ?%f?@ the

snface for rarre Uns i mul at nost |
served as negéltqm/@ne(ﬁgh}mtol S. Oel I s were gated on Iyrrphocyt es based on

scatter then on CD% Eeﬁ%z%g)for qu%sﬁxrg ?i% oy el hr%&%h& traner.

Figure 28A is a repr sen ative Aber's on e grapfh yrepresent
the f requency e@pretsed nanmy CPB i delly epecific Ifar chgonde m&rctiem;t Fidure @l &lis £iBied cel | s.

Cgure 2082 2, a0h phovi dina. o Sty ol dat, 1o S RSRAYE
Ebstein Bar Virus (EBV), Cylomegalovirus (CMV), influenza and vaccinia virus-
specific CD8 T cells. Geometric mean fluorescence intensity (GMFI) of PD-1
expression among tetramer+ cells is indicated. Figure 21B is a plot showing a
summary of PD-1 GMFI on EBV, CMYV, influenza and vaccinia virus-specific CD8

25 T cells from healthy volunteers (n=35).

Figure 22A-C are plots and graphs demonstrating that anti-PD-L1 blockade
increases in vitro proliferation of CD8 T cells specific for chronic infections.
Figure 22A is a series of images of a flow cytometry experiment showing
lymphocytes that were labeled with CFSE, then cultured for 6 days under the

30  indicated conditions. The images show representative staining from EBV and CMV
positive subjects. Figure 22B is a bar graph of EBV, CMV, influenza and vaccinia

virus antigen-specific responses following blockade with anti-PD-L1 blocking



-16- weeks follow ng infection. Fold increase was cal cul ated as a ratio of
the frequency of tetramer positive cells in PI1C stinmulated cultures and
unstinul ated cells. Figure 29 is a set of plots showi ng the kinetics

of PD-L1, V.E(%&Ugmss?ﬂd PD-1 expression on different cell lié,}(/?%@)?@%rl LCW

i nfection. ce Wwere infected with 52x106 ph' of cl one- PD- LI .
PD-L2, and PD-1 expression on different type of cells was shown as a

hi stogram at the indicated tine points post-infection. Mean fluorescence
intensity (MFl) of PD-1 expression on the|sndicated type of cells is shown.
10SEQUENCE LI STI NG The nucleic and am no acid sequences listed in the
acconpanyi ng sequence |jisti ar.e shown using standard |etter abbreviations
for nucl eoti dé“tﬂ’e?g%s?hea S?’H%%téf‘ﬁgché?as%%%gn P+ &R HB PEATESIAE defined in
37 C.F.R 1. 832tidenlu apin@DSL I BlackifE atoly fuifpaeidio peprileaRALE Figirk 326 hown,

but the conplenentary strand is understood as 15i ncl uded by any reference
to the displ ayedingtgiphghovinsithraelatiorshipaipiyerg teiglfenesasciis tdiggetsets | D NO 1
is an exenpl arfanowmﬂam.@1%9&%@%cﬁzdemﬁm-l°&6kssi%ﬁ P thQtge)i S an
exenplary am no acid sequence of ‘nouse PD-1. SEQID NG 3 1s an exenplary
am no aci dJ sequencEigofesRIBad3(Pde plpt2@8EQPhDsiN®ingihdpstignC exentli@Y)y am no

aci d sequence _of.. , ( . . 5 . ary. amn acid
sequences of ﬁﬁeﬁgnLqﬂs%ngv?%#%xple%gﬁ%%s?ly%maéc}ééﬁg?@ﬁl\ﬁ%’gﬁ I33-%'gmré?rie}’%exerrpl ary
am no aci d sequespesnafivapibisdem Svoepicntdesth cRBSEQICY iesion3bewidgaice t he

anino L seauenices Shoe oLl SLOSORRRLIPLIL L REPLL0ERy e 550 LD O
gg.Q |4?) :\Isésanﬁié%aﬂgfgﬁ'fggemgg%@&ﬂx?ﬁweﬂﬁg\oépeaﬁﬁu@ﬂsaﬂr]g cdllgrpaxigd PD-L2. g
-17- 10 Numbers in italicsrxrvpithin t¥ne %lrgtsnigen%i(’:f;' thesfrecgqllilfﬁlréggfs teg‘amgp ;;[0|51 i%g Icc(::llspept Hdes.
among total CD8+ T cells. On the y-axis, 1073 and 1406, identify the HCV epitope
specificity of the tetramer. Patients are identified by “Pt” followed by the patient
number. Cells were gated on CD8+ lymphocytes. Plots are on a logarithmic scale.
Figure 23B is a comparison of PD-1 expression on CD8+ T cells from healthy
15  donors (CD8 Healthy), HCV infected patients (CD8 HCV) and on CD8+ HCV
specific T cells (HCV tet+). Figure 23C is a graph of PD-] expiession on CD8+ T
cells specific for influenza virus (Flu tet+) from HCV infected (HCV+) and healthy
donors (Healthy) compared with PD-1 expression on CD8+ T cells specific for HCV
(HCV tet+). An unpaired t test was used to compare differences in expression of
20 PD-1 within the same patient on total CD8+ T cells versus HCV specific CD8+ T
cells.
Figures 24A-24D are plots and graphs showing the frequency of PD-1
expressing CD8+ T cells from the liver is greater than in the peripheral blood.
Figure 24A is representative plots from five patients with chronic HCV infection
25  showing the expression of PD-1 on total CD8+ T cells from the peripheral blood
versus the liver. Numbers in bold within the plots identify the frequency of cells
with PD-1 expression among total CD8+ T cells in the lymphocyte gate. Plots are
on a logarithmic scale. Figure 24B 1s a comparison of PD-1 expression on CD8+ T
cells from peripheral blood versus liver in HCV chronically infected patients. A
30  paired t test was used to compare the difference in PD-1 expression within the same
patients. Figure 24C is a comparison of PD-1 expression on the CD8+ Effector

Memory (Tgwm) cells from peripheral blood versus the liver. Memory subsets were



DETAI LED DESCRI PTI ON 5Thi s disclosure relates to the use of PDI

ant agoni sts for the induction of an i mmune response, such as to a tunor or

a persistent viral infection. Ternms Unl ess otherw se noted, technical terns
are used accor di§n;q to conventional 1Ousage. Definitions of conpon terns in

nmol ecul ar %‘?6?08@ ?’?‘ay be found in Benjamn Lew n, eeneECT/PSbOBE{P%SEﬁ%ed by
Oxford University Press, 1994 (I SBN 0-19- 854287-9); Kendrew et al. (eds.),
The Encycl opedi a of Mol ecul ar Bi ol ogy, published by Bl ackwel |l Science Ltd.,
1994 (1 SBN 0-632-02182-9); and Robert A. lgyers (ed.), Ml ecul ar Biol ogy
and Bi ot echnol ogy: a Conprehensive Desk Reference, 15published by VCH

Publ i shers, Inc., 1995 (1 SBN_1-56081- -3). In order to facilitate
Fevi ew of { he NFHFGLY GripSEIHERENGT T ARSI ied CUIRE, RbAToIFoRi

expl anations @f, 0 edphdsentiRs FBquah& RO iR8kh quadrant. Al WeRGeatRvRl  Of
production or expression: Changing, either by increasing or decreasing, the
| evel of prod&&&drmphocatepr EbsTonsubset avangripe(hoxen ped dequriasensf PRnl 20 ani no
aci d Sequenceis(sfhglén?ﬁ(ﬁlmts?orﬁarpﬁio\/spo%w.dﬁe At &h%ow@Pﬂ— es@idn %ﬁNA’ a
gene), as conpared to a control level o proauctl on or expression.

Ant i sense, 5Sensgiee Cixid TArells Gend as Bhlde fasise popmlagint]. plbealumbers & thands, a 5' 3’
strand, referred to t he pl trand nd a 3'5' n referred to as
The m nus. st r dperan BRpoETeRal B PRtk e Rl BuititingPE e b !
direction, 25tteardguants of PDanekpadssioh en ON8+SEf\eBs @8 tehhpatiéypitatidohier the RNA
during transcrjption. Thus, an RNA transcript will have a sequence

conpl enent ar y R iMtRP Husmeparizerbeloy theihiedrin alott o PHEASIERE Was ¥ssAde (except

that U is subgbinbité @ di@redoe-in PD-1 expredibh 86 0ER-+TR|, @0 @S paihePbR6Y! es t hat
are specifically h¥lbr| di zabl e or specifically conplenmentary to either RNA
i

or the pl U8 steapdthetivandthisdasemgpaishie digws 24Parpsprsetaiye et frame
specifically idiz e - : 1 e mnus strand
of DNA. Anti gwngia !rlrt%lné?ﬁ he%hQ%]rliﬁgﬁlh%Fg&&%%g@%b igglgfrgl}segé%lrn ésbefnjge nol ecul es
directed to aekhisssicaragedtal @hS-altceBenas thiVAriphs RN od wras fellseul e of RNA

conpl ement ary ﬁu?nbaerssig Do i Cellrl.‘ll%P t(f'illt‘, ’ﬁ%&ue@%‘? !)fe &]Slf?céx%rersrspl!)g 5t lo?a'l CDg8+ T cells.
Celis were gated on CD8+ lymphocytes. Plots are on a logarithmic scale. A
15  summary of the comparison of CD127 expression on total CD8+ T cells in the
peripheral blood versus the liver is shown below the FACS plots. A paired t test
was used for statistical analysis.
Figure 25 is sets of graphs and plots showing HCV specific CD8+ T cells in
the liver express an exhausted phenotype. Representative plots of PD-1 and CD127
20  expression on HCV specific CD8+ T cells from the peripheral blood and the liver of
two patients with chronic HCV infection. The first row of plots identifies the HCV
tetramer positive population (boxes). The numbers above the boxes represent the
frequency of tetramer positive cells among CD3+ lymphocytes. The epitope
specificity of the HCV tetramer is identified on the y-axis (1073). The second and
25  third row of plots shows PD-1 and CD127 expression on HCV specific CD8+ T
cells from the peripheral blood and liver of two patients with chronic HCV infection.
Numbers in bold represent the frequency of PD-1 or CD127 expression on HCV
specific CD8+ T cells. Plots are on a logarithmic scale and gated on CD3+ CD8+
lymphocytes. Below the FACS plots, a summary of the comparison of PD-1
30 expression (left) and CD127 expression (right) on total CD8+ T cells versus CD8+
HCYV specific T cells from the periphery (HCV tet+ PBMC) versus HCV specific



Anplification: Wen used in reference to a nucleic acid, this refers to
techni ques that increase the nunber of copies of a nucleic acid nolecule in
a sanple 5or specinmen. An exanple of anplification is the polynmerase chain

reaction, J jch_a biological sanple collected froma_subject |s

cont act ed v\l;\ﬁlzwg) 8365 r of oligonucleotide prinmers, unde?cz)#stqof"?sgﬂ t hat
allow for the hybridization of the priners to nucleic acid tenplate in the
sanple. The prinmers are extended under suitable conditions, dissociated

fromthe tenplate, and then re-anneal ed, gxtended, 10and dissociated to
anplify the nunber of copies of the nucleic acid. The product of in vitro

amplification _can be Qg‘%agra teriz el.ectrophoresis, restrictign
endonucl ease QDgé‘v%iféls ﬂé?ﬁ%‘?‘ (gg:i\g%ﬁuljc‘l"@ 15 388w Ry b ifedit 26515 e 83ed1% gat i on,
and/ or nucl ei ¢o@Fdréle HREURNGH MR theSAM@paifeandar d techni ques. QG her exanpl es
of in vitro anplification techniques Include strand displ acenent

anpl i fication (seeFiguse 2@istasat of P shosvirrblockndg of the BRsEPP Pl mhvayee

i sothernmal a i.f i e o € X L ain
react | on ampl T Caf s BRab a6ty Sser Biihed Moy gl Fidls, CARAbal

anpl i fi cat bon PBMEs fixin Aw@RPaBGL A glebpdtiehts wegs dtingdael wirgg the rezmatei on
anplification ee U.S. Patent .No. 5 427, 930); cO | i gas etection and
PR (see U S PHAFEANRS O 35 hBeprsdich oRemrnd PO rdBR . 1 o
20anpl i ficati ghinefs@antlPD-1 Baiteay (Id@er @inO25AR 3ddtimulated conMdl isRBE¥howh.

pol ypepti de IirT%and conprising at least a Ii(?ht chain_or heavy chain

i munogl obul i ANG AR of BELEHAME Cotsiodc PrT CEPE Pighddoliperds BR-d4hds an

epi tope (e.g. crEl Pils AR ShowHGeRR qBadriDr Or viral antigen or a fragnent
thereof). This includes intact inmunoglobulins and the variants and

portions df them wEiguresslidoRfD pis pigteansk graphs skovias clebyed PRyrexpressiongmb) ' |
fragnents, si - | . i N A\ i 1 bilized Fv
proteins ("ds E@I&l%' ﬁﬂ@ﬂgﬁ%%? Eevlﬁjrlllpl?sg(/%ﬁé El\sﬁlc)och %?g?lgifﬁﬂ+%lhg\§{\§%ﬁa | i ght
chai n vari abl éenfe@ghoFiguire ARA iinanplnogiowing R | anplesidneamytabGBE T ogls fratnl e

regi on of an i mmnqgl obulin.are und b alicr r, while in dsFv t he
Chat ne. have bedmT dipaste; it Ao foe R HPutnerina sxi PrdpBEREYY ( he
30associ at i on ¢af-spdadicatdg Meellslina STeLI0 dfsediniehdide 3 ngBRietiac ableonengi neer ed
forms such _as chinmeric antibodies I&e, .,. hunmani zed nurine antibodies),

het er oconjldgat&Mintl Housess Igliowgne S r@gf‘éem-i Bizyrp 2ioli2e9ph Pseddiag do, Pierce
Cat al og and HandBagker PD-1BosidA411d 89 Ridl BhESBL s (ORRIaR T CRlIs nidRRs&kAId, L) ;
Kuby, J., Immunol ogy, 3rd Ed., WH Freeman & Co., New York, 1997.

Typi cally, anap gdeasnigaqmss DatafenSly -aestad rareaques agpesemang h2 Weeksy and
l'ight chain c I:NS: S | a, yard abl e.r egi {the regions
are al so 5knoaﬂiogvslp“’ ggeﬁg?ﬁsﬁémﬁ %ﬁgg%f’%{gg il%rl]‘,’ladg’ Eg%ﬁgdé%g%%ﬂ?%gpl i ght

chai n vari abl enaae fluorscesqaatehisigaMEL) bi Fiok | tehpressiin gpettal dndg$ilv-sadfineavy chain

vari abl e regi 0 ina"fra K ion interrupted by three

hyper var i gfﬁl e%ngﬂ%%‘oﬂ 5%“8&?‘}@951883&{35%%%“5?1 ty-determni ng regions" or
"CDRs". The extent FidurédsA-28BEMQIPotaadh @hpandsfebiRe1 habowirem Webi ned (see,
Kabat et al., Sequences of Proteins of 10l m’run%l ogical Interest, U S
Depart ment of IekdeRt BRal faspbisnin sehapredegpansgof SIV-specific CD3 T cells.

PBMC from Mamu A*01 positive macaques that were infected with SHIV89.6P
were stimulated with P11C peptide (0.1pg/ml) in the absence and presence of anti-
25  PD-1 blocking Ab (10ug/ml) for six days. After three days of stimulation, IL.-2 (50
units/ml) was added. At the end of stimulation cells were stained on the smface for
CD3, CD§ and Gag-CM9 tetramer. Unstimulated cells (nostim) served as negative
controls. Cells were gated on lymphocytes based on scatter then on CD3 and
analyzed for the expression of CD8 and tetramer. Figure 28A is a representative
30  FACS plots. Numbers on the graph represent the frequency of tetramer positive
cells as a percent of total CD8 T cells. Figure 28B is a graph providing a summary

of data from six macaques. Analyses were performed using cells obtained at 12



which is hereby incorporated by reference). The Kabat database is now
mai nt ai ned online. The sequences of the framework regi ons of different

| ight or heavy chains are relatively conserved within a species. The

f ramewor k ' an anti body, that is the conbi ned Jegions of
t he constﬁ%ﬁgﬁﬁmyﬁéht and heavy chains, serves 15to po%ﬁ?ﬁ%ﬁﬂgﬁﬁ&ﬁlign t he
CDRs in three-di nensional space. The CDR s are primarily responsible for
binding to an epitope of an antigen. The CDRs of each chain are typically
referred to as CDR I, CDR2, and CDR3, numgered sequentially starting from
the NNtermnus, and are also typically identified by the chain in which the

particul ar cat ed te he vari abl e
B A 5o s e SERL et P iaris 200,
VL CDR is the omﬁlmfﬂr[fbm&tv@@elléaﬁ PRRE erirdl@ARE Buldfred 448 uhbighilachadiR, Of the

antibody in which it is_found References to "VH' or "VH' refer to

the variabl e regi ofiggre Bhisiamsinfoiptotiaming e kipgtesfitR-LLA0-Ldiag PPhat of an
Fv, scFv, dsFy,gp ssEﬁﬁQ)nd%? t%ﬁﬂ,@% it LOXEV i Ee Lo}{L MIE@Juar ]Jﬂf@ctéd"ﬁltf‘{a“ abl e

region of an | aln I nc |ng that of an Fv, scFv,
dsFy or Fab. 2x10° pfuféf élmcntﬁc(lﬂiﬂm) Blh{hleByLZ hed BID- laaxpiekoctyopdiffdieoed by a

| | f B- h t t d h
ohan genoe ofg ok peRRES S TR et imte B e ipbfied Ut Bt Renatitid T oo

anti bodi es ar eM4ah HULenEYintERtiROUSEIS OKPDWExbR sdiB0&Ethe indsdateltydebfichies art ,
for instance by making hybrid antibody-fmmng, cells froma fusion of

nyel oma cel | s $"OWNi rmune spl een cel I's. Mnocl onal anti bodi es i ncl ude
humani zed nonocl onal anti bodies. -20- A "humani zed" inmunodobulin is
an i nmmunodobul i n i ncluding a human framework regi on and one or nore CDRs
froma nodlhuman (such as a rmuseSEQHENC&LIs%ﬂHNGati c) irmunogl obulin. The

non- hurman | munoo! SRyl PLOV S kNE RS 1l 8 LGB oRpaiAIOaucrR0d (e

human i mmunogl obul i'n prOV| newor erne ptor." In
one enbodi ITBI’I'[ll,StlrEg dre sHvavnGBRs: safndmﬂmmr titec daivas far mtrclamgiednmds,l :rmdlthnea

humani zed | | i n.. Constan t resent,. byt if they
are, they nus Etﬁg %‘:@E%‘taé”ﬁfl?é‘fl AR %IWF? ﬁ?gﬁﬁﬂr@% O%'f?h 6’5{1?'614%%0nstant
regions, i.e. pudtichedstqruUs sﬁfwrﬁe%th@btﬁﬁplaﬁefﬁ@%ﬁar&iﬁ/m%lgﬂwaelsI dentical .
Hence, aII parts of a humani zed i mmunogl obul i n, except possibly 10t he CDRs,

are subst dft i é’l‘qhiﬂefiééﬁtllf’cf’é‘flcl’tcé t%ﬁw:dé@bes?fmw pB‘rtf‘%a"c?Pmﬁ%.‘ﬁih"r‘:aﬁeq‘Pﬁﬁlﬁ%n

i nmunogl obul i MisgRguences. A "humani zed anti body" is an anti body conprising
a humani zed |ight” chain and a humani zed heavy chain i nmmunogl obulin. A
humani zed ant i body SBRAIBsN®o! tShie esemplagyramigearid sequense gd honaraf®ilbody t hat

provi des the CDRs. SE@%‘&[ ol en%[ggggo%nﬁgc@%%tﬂg&gl&%%uéergﬂmogl obulin or

anti body may have a st Ions am no” aci ds taken
fromthe donor f raSE@dDmOH&mmmexedplary zmhh@ﬂcmirmoedoemﬁhummi’lbddl es can have

addi tional,.conserv no acid substi tut| ns whi ch. hav stantially
n0 e f ect 28 ant1 ooROHPHROHE SR SRR AL ST SHUVIER of BIGH RIE: Hunrn, zed
| mmunogl obul i ns caBERADYOSS- LICire dxdipl i AfsncdciRAEINcE: EMgmagering (e. g.

see U S. Patent No. 5,585,089). 20A "neutralizing antibody” is an anti body

that interfer dQMGVOH S8PNSE t he

SEQ ID NOs: 13-35 are exemplary amino acid sequences of antigenic
peptides.
25 SEQ ID NOs: 36-43 are the amino acid sequences of major
histocompatibility peptides.
SEQ ID NO: 44 and SEQ ID NO: 45 are the amino acid sequence of T cell
epitopes.
SEQ ID NO: 46 1s an exemplary amino acid sequence of a variant human
30 PD-L2.
SEQID NOs: 47-52 are exemplary amino acid sequences of antigenic

peptides.



bi ol ogi cal activities of a pol ypeptide, such as a PD-1 pol ypeptide. For
exanpl e, a neutralizing antibody can interfere with the ability of a PD-1
pol ypeptide to reduce an i mmune response such as the cytotoxicity of T
cells. In xanpl es, the neutralizing anti body i he
ability oﬁ§§$@@@&nﬁélypeptide to reduce an 25i mune reggggégﬁﬁﬁﬁgﬂout 50%
about 70% about 90% or nore. Any standard assay to neasure inmnune
responses, including those described herein, may be used to assess

potentially neutralizing anti bodies. -17Anti gen: A conpound,
conposition, or substance that can stinulate the production of antibodies
or a T cell response in an aninmal, including conpositions 30that are

injected or absorbed into an animal. An antigen reacts with the products of
specific hunoral or cellular immnity, including those induced by

het er ol ogous i mmunogens. The teim"antigen” includes all related antigenic
epi topes. "Epitope" -21- or "antigenic determnant” refers to a site on an
antigen to which B and/or T celhprissppBrsdRiEA®ONLOdi nent, T cells
respond to the epitope, when the epitope is presented in conjunction with
an MHC nol écul e. Eghisaiirsloseranclifes fodhamesg ob&Phl integentstsrier Yeonductinriafenaci ds or
no_ncont| guous i@(ﬂﬂ]ﬂgre. dn‘;‘?,.shéi?‘&s%%ﬁ{?oﬁ% a.t})%rsfste?ify'zﬁ%lf@t%ﬁ. Sof a pr oteln.
Epi t opes forne rom cont’i guous am no aci ds are]{yplcdl y retained on
exposure to denaturing solvents whereas epitopes foinmed by tertiary folding
are typically |ost on treatment with denaturing solvents. An epitope
typically incl'f®§ at least 3, and nore usually, at least 5, about 9, or
about 8-10 am no acins btherdvisttiothdeteSiatal erms arfveedRLb Ay td/Eélessonaf

determ ning spatial_conformation of epitopes 10i nclude, for exanple, Xx-ray
cryst al | ogPapiyagndPeindicRep<onrzan Hims B FolsrghRielagy ey badere.in An ant i gen
can be a ti SS‘B%hJ%F}FPEL@\!v&, Dhds 98 BublRhe by b SBAPEAISASH Plek, @@t}ﬁ@@ﬂxxo%@se

ternms are not exclusive, as a tissue-spgecific antigen can also be a disease
speci fic anti géA287A) Kewliew spdcleds. b TanEigelnpidia eflfolegdendBiolga, fublishedd

number of 1501354188y 4ENnAT @, SONUISENSEYD SPEE LA RenddOR- kit | O
exanpl es of a ti'ssue specifiCc antigen are a prostate specific O igen, a
ut eri ne speci fed), Muldcgkm Bidngl! ol Blotk daiblbgy spEatpreleraive DgenRefékebdessue

i ted 0. aif oYY (R G e 86 SR b PG RER me  epr oduct ive |

tissue, such as inubeiddr Brasiialeeddd ofithe vhifdhstehbodithent ofl tieds@osareci fi c
20antigen is expressed coincidentally with a di sease process. Specific

non-liniting ekaiRpPeiesrrlansivaseiseedfielins eegmvidi€n are an antigen whose
expression correl alsgerifh idvel A produdichlrekpiedsioh: ChilTfe, LB |RRasifiy

di sease-specific antigen can be an antigen recogni zéd by T cells or-B
cell's. Anti gerwgdeaersimigi thg leayel df pfoiRgjon gx egpiebsiarefta maleicpclssemaenantii ggen bound

][ iom'2t52\/|;Ct gl,OaS San"liné) Leid ée%ﬁésncle l(fo{:rgxla%ll'f)llee§ pél?pe-gtigee, la}l §1Rl\ﬁpgsmllR@FA|,%9 FiR H:[ p are not
gene), as compared to a control level of production or expression.
Antisense, Sense, and Antigene: DNA has two antiparallel strands, a5’ —
3’ strand, referred to as the plus strand, and a 3’ — 5’ strand, referred to as the
minus strand. Because RNA polymerase adds nucleic acids in a 5° — 3’ direction,
25  the minus strand of the DNA serves as the template for the RNA during
transcription. Thus, an RNA transeript will have a sequence complementary to the
minus strand, and identical to the plus strand (except that U is substituted for T).
Antisense molecules are molecules that are specifically hybridizable or
specifically complementary to either RNA or the plus strand of DNA. Sense

30 molecules are molecules that are specifically hybridizable or specifically

complementary to the minus strand of DNA. Antigene molecules are either



nonocyt es, nmacrophages, dendiitic cells, B cells, T cells and Langer hans
cells. AT cell that can present antigen to other T cells (including CD4+
and/or CD8+ T cells) is an antigen presenting T cell (T-APC). Binding or

stabl e bi rwég‘%%%llj”gonucl eotide): An oligonucleotide big??/t'flﬁgoﬁwgh%stiabl y

binds to a nucleic acid if a sufficient anmount

ol i gonucl eotide forns base pairs or is hybridized to its target nucleic
acid, to permt detection of that binding. Binding can be detected by

ei ther physical or functional properties 0f-the -22- tar2ecoligonucleotide
conpl ex. Binding between a target and an oligonucl eotide can be detected by

any procedure known to one skilled in th t, inc¢ludin th functional
2 Dyt cal  BIAIRG SSAgOCES STt ana L Th dgiin gn dRireRE Hus
functional ly by, geleflebNRRE ohgidaantaby adi REschascoan phativald gortilect upon a
5bi osynt heti c process such as _expression of a gene, DNA replication,

transcription, trafsmiificagionnyhempscriikgeference to anpigie peigy thigefAsds of
detecting the t%hﬂﬁhc{%gléﬂﬁnc?&g@!hg [ﬂﬁﬂ%é}r ¥ cSbikAodSmReid MY b1 N:A11‘naaf Sl | known
I ncl ude t se | I

in the art, an such net hods as D or chem cal footprinting,
gel shift andoafferineny Asl exavplgef awghfyeioNsrthhpelpmblags dhiaigeacton, ibl ot ti ng
10and |ignt absernll.an.da\eshl QB IGRINE ek & coitRMR Y 1 JEL hod that
is widely used, because It s sl npcle and re |a§le, I'nvol ves observing a
change in |i ghtigasieside pimad, vadgebnditian thoalled fornhe aybridlzag@nefcheot | de (or
an anal og) and .a target .nucleic acid at 220 300 nmas the tenperature is
slowy incr ea?&ﬂl,els_ltf’%ﬂ"e‘%?ﬁé‘ﬁ%%@é‘b‘ﬁ?&%“@? iﬁ%{ 155°"R &S cBE?ﬂﬂ?ﬁ’_”t”Se‘i ts target,
there is a sudg@mnld daHiEBRE disockoiirdh Helt@iplale, 1dGhal RGhAEld! bxdeddedper at ur e
as the oli Brgnucl eotide (or anal og) and the target disassociate from each

ot her, or !Re| @nd dissociatedtpamplifydhapprpier pbeariearef Hieinyelsisraciin d he Produgt et
nucl ei ¢ acid i:s,4r ) bt . e (TO at which
50% of the ol iz@g%}wgﬁ% 'P ggﬁi P%F{CE%%%a%%%&%Rﬁﬁ?gﬁé%h 'tl'lgrr]l) nmeans a
stronger or nehdongtlaiseeleovrgplpetterne bhgdnueleptided yR Odigatpinex ligaticn, andfaywer (Tn) .

Cancer or Tunpr:. A nal L gnant neopl asm thaf .ha dergone characteristic
anaplasia wt ﬁuflgl‘s:sag]gfs ecg‘llef] ?lﬁ'élﬁltn‘r‘gﬁﬁ%aﬁ%l Peich%ﬂ%%‘smrcéf e m(f? 'cjsg':)lr%(l)'\’/\)fI 12 i nvasi on
of surroundi ngmipliSsiuien t&nbiqus ieapdeHtenddis pleteash ashdificAtisnepeedd §CPitere cancer

is a cancer that 5 (ts primayy origin in a reproducti i ssye, such as
n e ut arus N adfEal Doufaigiongratarent el SEr R eagLS. TR s For
exanpl e, pr 03WS,SG?'J%BH!cﬁaiﬁirdif&fldn%ﬂﬂhtﬁcﬂ%%m97')%1069)'; 588 chai®r from
prostate tissue, and uterine cancer is a malignant neoplasmthat arises in
or from uteri Aecipsanelificaren tsexEl-dub) 308 rear filling ligasehpigngastiomeopl asm t hat
arises in the Jeakesion RRBLAGANG S 4372 RARGESc Nake LEIRGASd PCR_SUb ect
after any form treatnent given to the subject to reduce or eradicate
t hyroi d cancer(see U.S. Patent No. 6,027,889); and NASBA™ RNA transcription-free
20  amplification (see U.S. Patent No. 6,025,134).
Antibody: A polypeptide ligand comprising at least a light chain or heavy
chain immunoglobulin variable region which specifically recognizes and binds an
epitope (e.g., an antigen, such as a tumor or viral antigen or a fragment thereof).
This includes intact immunoglobulins and the variants and portions of them well
25  known in the art, such as Fab' fragments, F(ab)', fragments, single chain Fv proteins
(“scFv”), and disulfide stabilized Fv proteins (“dsFv”). A scFv protein is a fusion
protein in which a light chain variable region of an immunoglobulin and a heavy
chain variable region of an immunoglobulin are bound by a linker, while in dsFvs,
the chains have been mutated to introduce a disulfide bond to stabilize the
30  association of the chains. The term also includes genetically engineered forms such

as chimeric antibodies (e.g., humanized murine antibodies), heteroconjugate

antibodies (e.g., bispecific antibodies). See also, Pierce Catalog and Handbook,



30Metastatic cancer is a cancer at one or nore sites in the body other than
the site of origin of the original (primry) cancer from which the
netastati c cancer is derived. -23- Chenotherapy; chenotherapeutic agents:
As used h chem cal agent with therapeutic us Pt he
treatnenthﬁ @mseaZes characterized by abnormal cell g?%afﬁ gﬁ%ﬁ“diseases
i nclude tunors, neoplasns and cancer as well as di seases characterized by
hyper pl astic growth such as psoriasis. In one 5enbodi nent, a

chenot herapeutic agent is an agent of use-1bn treating neoplasns such as
solid tunDrs I n one enbodinent a chenot herapeutic agent is a radioactive

ol cule: S 94T bt 5B or ARt B ARET LRy TR ?235?““ i

Chapter 86 i nwiar He@man&EMNewmoels 19%7.1 nternal Medicine, 14th edition;
Pei Ty et al., ChenDtherapy,, 17 in Abeloff, Cinical_Oncol ogy 2nd ed.

CD 2000 Chur chi | | LD’PAFHBsf“bH’ém“TI%!Pb“EéMSZ’e‘FaKY angdigharRAR Fash85avy@Rd ol ogy

Pocket Cui de thehmﬁfﬁ%h@mwonmle%% a%Hav'aﬁ&Hl@xeomsge'l\éeﬁﬁs Beake 1995;
Fi scher DS, Knobf M-, Duiivage (Ceds The Cancer endot her apy Handbook,

4th ed. St: 5 Léapwn aﬂ\?ﬁbwmﬁre)a%n %@R‘Hﬂt!LC%@F heayenil theliedgenitvasebppept i des
di scl osed he”?éﬁolﬁ%geé?ﬁcaﬂ%ﬂm'tﬂem k#”ﬁkh%fjweﬁﬁﬁ &1? &mgr&%lonb pontain

chenot her apeut it a trol Feve fecu such
as a pol ypept mdﬁamewomkéhtegmn iaeidpted by tetd Iyypf:nrumble regivat,tse caibeder a certain
condition and/0or _i.n a s fic. genetic, bag au In certa di nent s,
a control Ievef‘%?’@'ﬁﬂtéé% °IB€°W%5% ¢&§ I¢ cXignf o $ éﬁ%@w n t hat
has not been sedipregida@DREhdshREn ifined tsky, Kibat dbdi. rS%@Ilén)tes dfPrereiObf eat ment . I n
sone exanples, a control |evel can be the_level in_a cell not contacted

with the dfentmmepripsisd Miewsl U-Shengdmeef Heplthupndi HumiiaerdsesntPds, a

control Ievel an 1@%@%9)@1nk@;‘;ﬁ@mtéd'by%féféhbe%ctrhé‘ﬁhbﬁﬁﬂﬂal!}ﬁséis%{o%ﬁmﬁlhﬁ‘mrP@ |
ant agoni st. DNA (deoxyribonucleic acid): DNAis a |ong chain polymer which

conpri ses t he ogbnretThe spaitcasdsaf thefframssiory jegiong olgtifensnisliaht pisheaey hialnises have
genes 25conpri,si gk ?9&%&\%& it adsprQiA)ﬁhe f]z-llflrﬁe%xf %&%h%@at‘f’m&bﬁdy,@hw

pol yners are four erent nuc eot| each rises 'one of the
four bases, ademcn@pb@uahmmewmtymgsmméﬂandnﬂhynmhgubomhdwpohanﬁanm¥r|bose

(reterredPo 4 BeBuaney LgudeRi AR RE 2wl 4R o pol ypept  de. or for a
stop signal. The t emm:mx:bqlrt prim@il§ esperibld ©F binbiR IO COEFiRBPONGM dhgedrand
conpl ement ary)__sequences of three pucleqgtides in the MRNA into mhlch t he
DNA sequence i he Ergehain areiypically referred to as CDRI, CDRZ, and CDR3,
numbered sequentially starting from the N-terminus, and are also typically identified
by the chain in which the particular CDR is located. Thus, a Vi CDR3 is located in
20 the variable domain of the heavy chain of the antibody in which it is found, whereas
a VL, CDRI is the CDR1 from the variable domain of the light chain of the antibody
in which it is found.
References to “Vy”” or “VH” refer to the variable region of an
immunoglobulin heavy chain, including that of an Fv, scFv, dsFv or Fab.
25  References to “V1"” or “VL” refer to the variable region of an immunoglobulin light
chain, including that of an Fv, scFv, dsFv or Fab.
A “monoclonal antibody” is an antibody produced by a single clone of
B-lymphocytes or by a cell into which the light and heavy chain genes of a single
antibody have been transfected. Monoclonal antibodies are produced by methods
30  known to those of skill in the art, for instance by making hybrid antibody-forming
cells from a fusion of myeloma cells with immune spleen cells. Monoclonal

antibodies include humanized monoclonal antibodies.



Unl ess otherwi se specified, any reference to a DNA nolecule is intended to
i nclude the reverse conpl enent of that DNA nol ecul e. Except where

si ngl estrandedness is required by the text herein, DNA nol ecul es, though
witten t i nly a single strand, enconpass both _.a

doubl e- st &5&2@5’8% nol ecul e. 5Encode: A pol ynucl eot i dgéi‘@@@ﬁff%ﬂ%a& encode a
pol ypeptide if in its native state or when nmani pul ated by net hods wel |
known to those skilled in the art, it can be transcribed and/or translated
to produce the nRNA for and/or the pol ypepti de or a fragnent thereof. The
anti-sense strand is the conplenment of such a nucleic acid, and the
encodi ng sequence ¢an be .deduced therefrom, 10Ex ssion: .The process by
whi ch a gene's codédRF‘H?[BF%IIWH“?QOWE‘H\}HW@qunﬁglb%?lﬁb’ng]f‘?‘ﬁéf“@t“@é‘“present
and oper ati ng fiafelvbk £8bh andEXRI R SERECORISHH NEILBENINOSD ok BAtoudd, Bat
transcribed into nRNA and then translated into protein and those that are
transcri bed i Af ynHACHmMuReglobylin sThgtned-humes ipmpreglabulin grovedizenht e, si RNA,
transfer RNA @ﬁﬁ{srik Qﬁﬁ&{@l‘doﬁgﬁ) and-lmé'ﬁum iﬁﬁﬁﬁﬁhﬁﬂulﬂf pl%viﬁﬁ‘qugﬁé seguence,
such as a gene or 1ba pronoter region of a geng, can resuft i1n the

expr essi ondof framewRIA;s teampt ot ‘Gicegptar’ otne enibhdimexy nik gwi( MR odre fibe thar get

sequence can lae i nhi bi tqdb or .enhanced d(.decre sgq. or~increased) .
. nol 1m§1un000 ulin i ﬁhu amzedimmpngglobulin, Conftﬁntleﬁlom ee(ii not,
Expressi on Control Seqguences: NuUcl'ei ¢ acld sequences at ‘vedgulate 't he

expressi on of baplednerbat Fatysird) titdyehdst BEiubsaathlle nded titad tovirmgdn it 0 S
operatively |inked. éq(-)vgxpr ession_control sequen re operatiyely |inked
to a nucleic FBMYNE AEENIRTL P e léxﬁFlégséFB‘?ftgg%P ofuc éﬁ]ﬁ@?&ég%@bnt rol
and regul ate thfe IdeANSLC FdHck.oM ;ﬁﬂ(}lof@ﬁurﬁ&?}meg%hﬁﬁ@gloﬁﬂiﬁﬂéﬂc@ﬁt'p@@i@? t he
nucl ei ¢ aci d sequence. Thus, expression control seguences can include
appropri atl® prisiotRsgre whtatiiely dentiga iseomepronging patye g duman st art  codon

(i.e., ATQ i%%;ggglob%m%e LRLeS] ?"?Eﬁ%ké&nﬂﬁ&%ﬁ isH Anqi'?;g% n(é:jngﬁf?ﬂi[n%gt (acne

25el enents for t ‘ral nt enance o e correct reading
to permt propematipahsdhathagmaroifa RNAjzed hehvycbpn cooionsglobiie. \drumahzedat r ol

sequences"” is _inatende o.incl ude, at 1 Ni C onents  presence
can it uence AkFIBERs e R Fec Pl e Mt I oa S HIPRRENLS G BERE, PL ohoce
presence i s adhabicapenfismedak ofXauphtized iemildbglBbglitstaasbalydndyimivon part ner
sequences. 30Expr§ssi on o&%r,ol, sequences gan i nclude a pronoter.

5 RAPb o §

) A
pronot er e a lFSH ARNDE, HRtgn by apap pcifptaksny Eup e dopaidiamay s, Al so

i ncluded are thae@izRd 6N&h& mAIBIRA RN GRaRL S cSHbifibRd] 8DEschvati VRS
pronoter- -25- dependent gene expression controllable for cell-type

specific, tisseidsupgitiopewhish hiviubstatiellpgo effect pmantissp givding wethagent s; such
el enents may ha hﬂ%&&% it kiBfs. TTurfMnizid ifhE@hOASHRhs Eﬁ%e%ﬂﬁrucg.ﬁtbp
gll B d'( Itter et al.,

constitutive an uci bl'e pronoters are | nclude see e.g.,

Met hods i n Enzyeand agpendBIEnSibeerbde.c198 7N .S. Foent doahpB8B08%hen 5cloning in
bacterial ,systens, ,.nducible pronoters suc f bact eri gphage | anbda,
pl ac, ptr|c:)l,6 pt ac (&Pﬁlﬂf%%mﬁ;?ﬁl{}?oéiypf*soa% ert atllzartlgpl&fl eéeslmangé) e used. In
one enbodi mentbjolugdiein act vixids € a ipblypEpnide,| suetnasceR - 1 pydipeprile. Pooddaimplesaderi ved

fromthe genonme of mammlian cells (such as, the | | ot hi opei n pronoter)
or from namml“F‘é‘H‘“ﬁ“lggg@%Dd(@%Wteége”i‘ﬁ@ B‘@ta?’é'\%’ ?@-@ﬁ@%tpewdéﬁ%le%peat; the
adenovi rus | at,g ihARAORPSEES such8s ma%mwx&itwows:eﬁg. K sevepireL fhplescad be used.
Pronot ers produced by reconbi nant or sSynthetic techniques can al so be

used to provi deutfabizingaghedyicpr ledhceghe atilitymiaPE)- £ palypertide tpustecs an
25  immune response by about 50%, about 70%, about 90% or more. Any standard
assay to measure immune responses, including those described herein, may be used

to assess potentially neutralizing antibodies.

Antigen: A compound, composition, or substance that can stimulate the
production of antibodies or a T cell response in an animal, including compositions
30 that are injected or absorbed into an animal. An antigen reacts with the products of
specific humoral or cellular immunity, including those induced by heterologous

immunogens. The term “antigen” includes all related antigenic epitopes. “Epitope”



Het er ol ogous: Originating from separate genetic sources or species.
Cenerally, an antibody that specifically binds to a protein of interest
will not 15specifically bind to a heterol ogous protein. Host cel | s:
Cells in i ctor can be propagated and its DNA JThe cel
may be prgﬁﬁgg% t%?or eukaryotic. The cell can be nanngégéﬁiﬁ§g§% Tas a
human cell. The term al so i ncl udes any progeny of the subject host cell. It
is understood that all progeny nay not be identical to the parental cel
since there 20may be nutations that occurduring replication. However, such
progeny are included when the term "host cell" is used. | mune
response: A response. of a ce e | nmune stem . .su cel

ot "or ronody FBtes de R IS er 1 SHe SR AbBUIER FL VI IEhE A0p DAL | s

specific for Qesg@l{dlIﬁBh@ém@JHhh&ﬂ”T(:@ml espohd GERe @;n@gefw}@nrtm@qeﬁe In one
enbodi nent, 5i mune response is a T cell response, such as a CD4+

response or aPEREYetiBssRMBION WithedYIREr melagtei EEWIPES Rbe ,f@g}gé he@ fryna B
cel | response,.andof s‘%ﬁ:ﬁh& Scilt o 3G POAMG i (l-:rf?rl‘lbl ﬁdsﬁﬁ’bﬁ%o@é&b BRI fTe

" Unr esponsi veness™ regard to I nffune _ des ref ractl vity of
i mune cel bs tba gtateinl Bpitapas fosmethfram contignebairmion amdaalamymlwwanmﬂgorr ecept or

or a 30cytoking, tHnesBoRHNSaReRs §Ptearepit oEmes fﬂlmeﬁ)Ban ify foldidare of
exposure to i NOSUppressants or exposu oses ait'i gen. As

used herein, ttjfpacanlgﬂm oRBef@yrit vith d&@duﬁn@m &htd. rmimteﬁe l’y@fcl&l&i}ChbMdésyatt o]
i i refr t| vVity is

activating receptor-nedi ate ti nul at i

general |y antﬁ §b‘é€‘i°¥qll§”gl¥d és%%?&bguta%%? 0@&@3@&@@% fe? VYA i zi ng
antigen has c%aaﬁﬁconlf&rmﬁa@nmhﬁodme&yminmonpﬁt@dl k%feﬁ%tlgﬂﬂpgﬁ@péso

unr esponsi veness) is characterized by |ack o uction (such as

cytol ci ne
|L-2). T &8l nghedegier eemps x\vmﬁlwak%@am@yaméZéiwwédlakw%% mgenetiand receive
a 5first si gnqésog '?[ cell receptor or CD-3 nediated signal) in the absence
of a second signal (a costinulatory signal). Under these conditions,
re-exposure of theAmeilntigentcmntbhetisalﬁ&pamﬂid g&itger( @vedi&'bzfsefsgq@dﬁlmbmcurs in
t he presence(C:;lihatcostlrrut g%z af: - Cah Iur t o _produce
cytoi ci nes an " ¥4l GFe"vs 6?0 fsf]%?%et A e?ng ggfll ése%sﬁn however,
mount responsepedific dnfitel. ad eskuaRpédfnstigadiseapredsOinod fih@édaduenbef oftul t ur ed
wi th cytokines (such as 1-2). For_exanple, T cell anergy can als
observed Hy t K&SUeRSReIbEs 3 3nge &S%SB%IL:%HEF%H hrmﬁtlg}nﬁw&glwg 4SSy fed by
ELI SA or by aaﬁﬁ&‘:ln'ai@ﬁ lobtRiR sPESAYarkizbM1@ uRddink REUCERL M o GE hhd/bil I¥8stes
Alternatively, a reporter gene construct can be used. For exanple, anergic
T cells fail tspecifif antigere 4 fisspe gpgselic angaaempybe owrasprdlydaeByhag oRet er ol ogous

promot er underyst e, cRL il no‘?‘hgﬁ!&?gﬁhglrnv&lgt%ﬁ%agf‘s@i 1%@3@“9[%61&{?11[3&1661 mul ti mer

of the APl sequence that can in the enhancer ang et al.
Sci ence 257: 11&tpdiut8e2dissudnerhgisan hm’nipglsmtes:pﬂmtdum tlTsuceIAl chsermsjsmalﬁe a
reducti on Bf at .| east 100% % 600 1510800 90% 95% or

%
even 100%7°n AFTIXPETEY Cv%“ﬁdewaf‘iaﬁﬂg dé“% Pﬂ%ce;% KPS g gen
specific T celekampled dsuﬂnmgegaaqspecmephmctéﬁ.me%nnﬁﬁgd:rd@hcyshmme@mbHSIms an
allele-specific notjf
with, or 1s predictive of, tumor formation. A disease-specific antigen can be an
antigen recognized by T cells or B cells.
Antigen-presenting cell (APC): A cell that can present antigen bound to
25  MHC class I or class II molcules to T cells. APCs include, but are not limited to,
monocytes, macrophages, dendritic cells, B cells, T cells and Langerhans cells. A T
cell that can present antigen to other T cells (including CD4+ and/or CD8+ T cells)
15 an antigen presenting T cell (T-APC).
Binding or stable binding (oligonucleotide): An oligonucleotide binds or
30  stably binds to a target nucleic acid if a sufficient amount of the oligonucleotide

forms base pairs or 1s hybridized to its target nucleic acid, to permit detection of that

binding. Binding can be detected by either physical or functional properties of the



or other sequence such that the peptide will bind an MHC nol ecul e and

i nduce a cytotoxic T |ynphocyte ("CTL") response, or a B cell response
(e.g. antibody production) against the antigen fromwhich the i mmunogenic
peptide i %v&l%ohfg@?u I n one enbodi ment, inmunogenic pep},{:{ifﬁg 09;(%8§Qent| fied
usi ng sequence notifs or other net hods such as neur & "Rator pol ynomi al
determ nations, known in the art. Typi caIIy, algorithns are used to

det ermi ne the "bi ndi ng threshol d' of peptides to select those with scores
that give thema high probability of bindpgpg at a certain affinity and wll
be i munogenic. The algorithms are based either on the effects on MHC

bi ndi ng of a particul ar no acid._at,a particul ar Slt he 30 effects
on anti body b%llltﬁtﬁ °?51|”°15°€a§rct°f"@fﬁ aP TR atee “3 I°?ﬂ“§ OB%%l tion, or
the effects oBarbbdudted@d®ly ay pRcédudikiwstdRaE billéd i@Mhd 4k, ancWidg bogipnt ai ni ng
peptide. Wthin the context of an inmunogenic peptide, a "conser ved

resi due" is offciipnapndpysigpldindinerassyys. EOISIF’@‘FW% Haking santhegisesetefr equency

t han woul d be Q t ositionin a
bopt i de. 1n- ol BEGRy SAAAATEIE! B O Hl b B e LB o M

struct ure Py bjpspuheatie pocesTHuglc s gypientiomp i sheemh DN Anreplisaéan. cappenpticie.

51 nmunogeni ¢ Lso be identified by neasuring their binding to
a specific M—I@gl%dt@ﬁ%ng%glﬁ HLA- A02.01) and by their ability to stimulate
CD4 and/ or CD8 wheRhyicab@etheds df etebiingtberbixing of carhgiefbinprsoteisof DNA

| nmunogeni ¢ co ion: A conposition.c i nogenic

pol ypepti de OPH@MT’&E&I{%‘V "etﬁ%ﬂia|ﬂﬁﬂ,ut°ﬁ’€ H‘%ﬂ%@%‘ﬂl%% g%‘;fﬂ“rﬂaéca{ hat
induces a 1O0ngaspiiah CocCtift hE® PR cRYRI 8isaRe NoSh@X Bloasgl a¢t btidigng
polypeptlde or i nduces a neasurable B cel | response (such as productlon of

ant i bodi ed0t hatd Bgiebsorrsian|dptenianprosreuiss| gepemals) onggusthrt thatieistsly pept i de.

For in vitro £ hi he isol at ed
nucl ei ¢ aci d, ld\%%c?%?%e l%@linggﬁdﬁgﬁﬁﬁﬁﬁi %:degg?&% f%“ﬁ%ﬁg] |h§: pepti de. For
in vivo use, b@rptmnspﬁog@lnh@ QomoRg ol @irgowwctltotmsﬁgapm@aalbgl) apdaprigge the

nucl ei ¢ acid, nucqgl Lid ap%d'%olfﬁﬁrlgnha% thel'%g?‘ﬁ% A glowgfm%m% nmﬁogenl ¢

pol ypeptide, in Rar maceut 1 ¢a e carri ana/ or ot her agents.
An i mmnogenl @hemmpl@smdd d)mnﬂamhﬁpioummmIlsyanoﬂcihudueq ar;udaldm in¢mate ina PD- 1

ant agoni st t| mul atory npl.ecule, or a nugleic a enc di
cost | mul atSry REFRIHPE T HE FPABG R g elfenecladidy teratolneng i he

pol ypeptide, ¢agetRRasBathe orPicRSine of AkIti ts ability to Induce a CTL by
art-recogni zed ass&kp Inhibiting or treating a disease; Inhibiting a
in

di sease, such as t Bing ket et arpolisomsy andeify tugat RIEtiorTid is dirgpegtly o
i nhi bi ting theyfildiA8¥eHRRAG gélame @, ﬂat d%o#ﬁé%ﬁ&unmg i{ 1AMy ol ogi cal

effects of the di sease proces I'n severa exanpl es, Tnhibiting or treating
a di sease ref estugad. Adegdenihg nepnpa grmgoforandre sable opmplax BSitiveeetion with a

pat hogen. Eor EXaT "gw‘?t'h GENEST Lr eat nent can prevent the devel opnent of
par aneopl astl C s?’ rome Tn a Person who is known to have a cancer, or

| essening a sign oCaﬁwmird?mmdr tAenatigimt neoblrsanindt hey urelsiyonk chardcteriktieat ment

of an infection can r. t nhi bi.ting devel o nt or Iess ing a synptom
of the infect |a65H’ asiapy ‘?ﬁ)d‘%f?[%?t@f‘g“’tl TSRSt FEY gtg%ﬁ‘f’fh ”‘i"f’ﬁ“@f‘r ention that

anel i orates assh@hdRe t1ssuc, and is capable of metastasis. A reproductive cancer is a cancer
that has its primary origin in a reproductive tissue, such as in the uterus, testes,

25  ovary, prostate, fallopian tube, or penis. For example, prostate cancer is a malignant
neoplasm that arises in or from prostate tissue, and uterine cancer 1s a malignant
neoplasm that arises in or from uterine tissue, and testicular cancer is a malignant
neoplasm that arises in the testes. Residual cancer is cancer that remains in a subject
after any form of treatment given to the subject to reduce or eradicate thyroid cancer.

30  Metastatic cancer is a cancer at one or more sites in the body other than the site of

origin of the original (primary) cancer from which the metastatic cancer is derived.



30 synptom of a di sease or pathol ogical condition related to the disease.
Therapeutic vaccination refers to admnistration of an agent to a subject
al ready infected with a pathogen. The subject can be asynptomatic, so that
t he treatqagt BhEYENt s the -28- devel opnent of a sympLem Suﬁ%m&perapeutlc
vacci ne can SO reduce the severity of one or nore existing sy or
reduce pathogen | oad. I nfectious di sease: Any disease caused by an

i nfectious agent. Exanples of infectious pathogens include, but are not
limted to: viruses, bacteria, mycoplasma25 and fungi. In a particular
exanple, it is a disease caused by at |east one type of infectious

pat hogen. I n anot

different types of eHF%@%FBﬁgm%ﬁ?H% 3 dh%%ﬁ%ﬁ%fggagz é@a§%%q55ta‘¥?ect any

body system hgen@6ithéhehRotid usfillacdgih the tr&liiheniof dRedssd dharbteritddyg- act i ng) ,
occur with or without fever, strike any e group, and overlap each other.
10Viral di seaé@?l@@rﬁ?ﬂﬂl%}”%céﬁ? dHioress lt%ﬁﬂ%n%@ﬁr@ﬁaﬁﬁs Y2t peveltt i vati on

of viruses al Leadhsf B5GPkrida t;yhﬁrpélﬁﬁtbdﬂi §0%th S0k tg Sliads axappl es of
persistent viral infections inc¢lude, but are not imted to,

cyt onegal ofi r embedimght, p Alesumrsher 2pCUBHASER] 528 aeam@lot@t:umtl edtiog nggpdasaissu@ar r

Var ool I osterTgrpgels SO HaliAgathe SROEARMAT R NuRyhea oed B

encephalitis, anxuhrmanémnnnma@mncmysmdmyswmﬁymahanﬂh@uﬁmﬁaawmnahnnnia

n B or e Rk LRl s e TR e bimder

Rar ovi ndae; PlHéﬁMﬁ'VPﬁhd@l@s 6f Bfer@X 80| cene, tmh b@itlUit P62t all)EPRbinbsph Vi I us;
ent erovi ruses, man 20coxsaci ci e viruges hi novi ruses, .echoviruses);

Cal ci viri de @u%ma%be%‘tff silipica ﬂatolwt%eedgﬁw%ﬁte?hltl L&yingstragaddsindae (f or

exanpl e, equi 'E%lt&n(ieﬁg%fyttt &dV): OHSQ8 e yPcH:lR@tl Gady tor@%?fﬁﬁhelzlfalyaﬂﬂdrédd@te (for
exanpl e, dengue viruses, "encephal iti$ viruses, yellow fever viruses);

Cor ona V|r|daéﬂéﬁdﬂoé%aﬁﬁﬁéodbdﬁ@hdﬁﬂﬁ@§%%ﬁﬁmﬁﬁaﬁﬁ6vnﬁﬂﬁéﬂﬂﬁ@®'BWaane
| f |
vesicul ar st Oﬁh%ge%b{h%ﬁm@ %54&%’}:& 'é?et%)ns lEfolsI%a'I&(%th%gk(wgé) Spf@np! €,

ebol a viruses) for exanp 'uenza“viruses,
munps Vi rus, meamhe@nmprot;@eptrcbspwclatedrh;amym;hems&d iviconignctio@wtithormy xovi r i dae
ruses Bungaviri dae (for exanple, Hantaan

for exa i,nf.lu X
Siruses nﬁangéd@P? ““ﬁ @ﬁBW%@ﬁEES and Nairo viruses); Arena vindae

(henDrrhaglc fever e (.e. reovir Lses. or bi yi.urses and
rotaviruses); Binz&@PﬁPﬁ ﬁgﬁgaﬁgga‘ﬁﬁ%mgﬂé £€§9P8Y§ﬂ§ﬁe€ ﬂ%

Par vovi ndae ( naavlwﬂnamﬁmlhd iTRReY andeR 6 aer i Padditl ArBdAt M @alﬁ@eéméﬁaa
viruses); Adenoviridae (nost adenoviruses); Hopesviridae herpes si npl ex

vi rus (HSV) 1 bagkgrquade In cegigin codiopigneatss @ ggntipl eyl of @ yRlerBlFaB PP MeSHTWY) ,
her pes ¥i & ﬁa)spef%n tﬁ'ama@%a &t@ttbgé&edvatﬁ&eﬁecu AFFdkayVidHses, pox

viruses); and [ ridovi such as African sw ne r V|rus) and
uncl assi f i28d ientozes 1o fane es@ambetsea certwel By¢lohobe dallevabortallopt @p@ngﬁf onn

encephalopathle the ent Offp | t ache a thou fectlve
satellite of he;ﬁ)]atp ?%en C\t/1 Fls ¥ fiae Om naddlfﬁlon%lr?x%gplgs Cgp%cf%epa

(class 1= |ntemmahimehwahsmmhMGdnoChﬂmﬁm%ﬁﬂahehbenam$wn$wansnltted (|. .

Hepatitis O); ate [ an astrOV|ruses

Bl o5 of ) ungal DN BRPrueEEicrstdlb b Ra Ires cafad dacrodgich
aspergillosis coﬁh?ﬁﬁﬁ nle(oeaét&qﬂatayat cap@itdaim Rbaae) (sorfié ViRlseeRie @gles (caused
by Cryptococcits and‘hlstoplasnDS|s Thus, exanples of infectious fungi

i ncl ude, Bt &PBEPRYES fipopuelely ackl (RNA)). The repeating units in DNA polymers are four

different nucleotides, each of which comprises one of the four bases, adenine,

guanine, cytosine and thymine bound to a deoxyribose sugar to which a phosphate

group is attached. Triplets of nucleotides (refeired to as codons) code for each

amino acid in a polypeptide, or for a stop signal. The term codon is also used for the
30  comresponding (and complementary) sequences of three nucleotides in the mRNA

into which the DNA sequence is transcribed.



10Crypt ococcus neof ortnans, Hi stoplasma capsul atum Coccidioides immtis,

Bl ast onyces dennatitidis, Chlanydia trachomatis, Candi da al bi cans. Exanpl es
of infectious bacteria include: Helicobacter pyloris, Borelia burgdnferi,
Legi onel | g, phgshBp)i | i@, M/cobacteria sps (such as. A Mﬂﬁﬁpﬁ@kﬁi s, M
avium M intracellttlare, A . kansaii, M gordonae), g?ap yl ococcus
aureus, 15Nei sseria gonorrhoeae, Neisseria neningitidis, Listeria

nonocyt ogenes, Streptococcus pyogenes (Goup A Streptococcus),
Streptococcus agal actiae (Goup B Strepto2séccus), Streptococcus (viridans
group), Streptococcus faecalis, Streptococcus bovis, Streptococcus

(anaerobic sps.), Streptococcus unoni ae t ni m.vlo ter sp.,
Ent or ococcus op, | PHEERTTIE Dol fenydeteras Bla ISR drs 3 g Rea

col ynebact er i ifrlude pHet ibeiriea@mplonsnebaBitaIN A Mddeule. Bxy&it palktshiglo

rhusi opat hiae, Costridiumppfringers, Costridiumtetani, Enterobacter a
erogenes, Ki es%ﬁné‘isff Ssdﬁéqﬂﬁﬁﬁf{ﬁ %?le%a%m‘fﬂér PYARIPleeRls sy houghwikehiodRics p. |
Fusobact er i umpayGlsgatdlandleh@MABagdth bipsdi B dd bR Mafded HRAMNER e,

pal lidiutn, Treponema pertenue, Leptospira, and Actinonyces israelli. O her
i nf ecti ous® or gani sHBeqdst chrdunuzpiids is stid Yo ¢nsedemeel yimpadhddn ifnatilieci par um
and_Toxopl as M, 0o dihkn manipulatel by AR WM lnb i BE b alled iffhe bRIPER' ON 11
whi ch the infectious agentp (lsuc as a virus, nycoplasnma, bacterium
parasite, or benguslibadsindiot tredséeeded pordued theimRi¥ & dorfandin the@olypémtieed host,
even after the igducttglo_n oé. an ti rrrrunq_rgssptgnse. Perrﬁi it ePt i nf ections can
be chronic infE2EMEH<ITYt dRE 2THIDEE TTERE T By CUMRRTFRPE SN e 46t

30i nf ecti on i snchaka@daig se@enbycanive dedekd dkrei@rDnst rabl e infectious virus
bet ween eﬁbsodes oﬁ recurrent di seage. ,Cgr oni¢c infection is characterized
by the continued pPEREsiemofhs Ripesst Pypkic iargﬁ%“f@p%ﬁ%ﬁm?‘i’féwﬁP?WF@

i nfection and;fathelsiadiHhde peler® BhdcCoperadBy iPihe EQE UEFREedU HEAHE ud SIhBW
infection is characterized by a prol onged i ncubation period followed by

progressi ve dilsigarsaanygrpediatd mRBA andribenctinglaied intp peodain apfsthossl thatainf ect i on
may not begin with ' ' . L nLI i 1 l.e.acute

i nfections ar g%%{lgﬁleg%ﬁﬁrbﬁglidt?lﬁgsg{t?&/nggogﬁlf Eeav‘,\f @%&gh@@gh&l?g@vy@é% é) and
resol ved fr omRsttendodubyorbyl RN). | Thmsreepeeyscrent a tpeesiegtaent, sielf sctdeonsr can

| ast for ampl e, for nonths ears . even a lifeti These i nfections
mmy. al 90 foeun FRPRUTRRPY Pt asen Sy in S RS b FRRVAI T RS " pages of
silent and pr adctThy expredspatof ¢e tivigétregiencedan beiintibitg oPEntvMEsd (REdehded Ng
excessi ve danage to the host cells. Persistent infections often involve
stages of bot RT ¥Fa%f)and productive infection without rapidly killing or

10even produci ng eggpesive CaniFrBESeqdbndedeNDOSL: a6l sk§uentddhdd & PRESHS T ent
viral infections, the viral genone can be either stably integrated into the

cel lul ar DNA 6kPrR#iontoaihedradpsospmedldiyacipeqyense snwhichfitde epastiivelydinksd-wi t h
viruses sygh ﬁpltéEsmo-ﬁfl‘gﬁéeguéng&@%&r:}f{v%l?slﬁﬁed FoRSHElell &R JePLYénEé‘&hen

cyt onegal ovi rus, herpesviruses, varicellazoster virus, neasles,

papovavi r uses thegixprssiotheqmabl teqeeneesraos ersl, and degubni the sesscrifthpaadoasi r uses and
papi | | omaviruses. The _cagfsati \ﬁ,\hi nfecti ous ae%ent_Fh may al so be dFt ected in
the host ( Sucﬁp%gpnate, translation ol tThe nucleic acid sequence. us, €Xpression contro

sequences can include appropriate promoters, enhancers, transcription terminators, a
start codon (i.e., ATG) in front of a protein-encoding gene, splicing signals,

25  elements for the maintenance of the correct reading frame of that gene to permit
proper translation of mRNA, and stop codons. The term ““control sequences” is
intended to include, at a minimum, components whose presence can influence
expression, and can also include additional components whose presence is
advantageous, for example, leader sequences and fusion partner sequences.

30  Expression control sequences can include a promoter.

A promoter is a minimal sequence sufficient to direct transcription. Also

included are those promoter elements which are sufficient to render promoter-



inside specific cells of infected individuals) even after the inmune
response has resol ved, using standard techni ques. Mammal s are di agnosed as
havi ng a persistent infection according to any standard nmet hod known in the
art and d [ or 20exanple, in U S. Patent Nos. , 579, 854,
and 6, 808,%??&“%@3316}. S. Patent Application Publication %83%3@3@%95%577
20030232323, 20030166531, 20030064380, 20030044768, 20030039653,
20020164600, 20020160000, 20020110836, 20020107363, and 20020106730, all of
whi ch are hereby incorporated by references-25"Alleviating a synptomof a
persistent infection"” is aneliorating any condition or synptom associ at ed
with the persighent,i ffeshion., ALenNal inelyyll ey aking . mpt om of a
persi stent inf ST 8 AR PRVaPVE T ediic ng the P RFECtT ou's ¢robral (such as
viral, bact eriisducibiatmngadterodl sizanlasi ideads; duoRdleimgnt ey deljoact i éledt énd to such
|l oad in an untreated control. As co areqd/,\a/it,gl an equivalent untreated 30
control, such TEAFH recBr HGCERUGHIVEARY BAYGIBIA Prgnalers piedatudssy(seeoo, 209
40% 50% 60%c B0t 20U, 2227bds0h EM oty T8RS Ys-84l g BNYosdaRgR! dntechni que.
Desirably, the persistent infection is conpletely cleared as detected by
any standafd D bagarial gyseRRrs. indueible pagraotess sushhs ok of fa@eridpbagser si st ent
infection is j.der k : . i J i ng
treated for aq%{e}?dsaf@ﬁg%{&?%@??g@ghgﬁgn\?ﬁ%)éhcﬁg%?lgg{mn\g}g]@ﬁtlﬁghgr has

di agnosed as hRaiodignestcthemcloomgdiit memmabDimgphloystsmegpyorhetelydeaved fsam thabl e

means. Di agnosj s and. nonitorin i nvol ve or .exanple, detecting 5the
Tevel of i cr gt PRy BB LN ir b8 SRR P E | oS

bi opsy, bl ood th#shaliaarvitukds iench @sthy rete@iraclohfgrinial lepye] thofdedo Gitisnagat e
mar ker of the mcrobial infection_in a biological sanple, detecting

Synpt ons &Qsoal%?%talamet%%@wlg%Lﬁ%_?f?ﬁ%ﬁ&lﬁ FYhs vsgg- %@P’é@t‘ﬁ RgdyEtine cel s
invol ved in t heonBRAREDNRSHAPSBed Y iBimRuePanRBoYeSk&ND phdVi®Cb] ons (for
exanpl e, detection of antigen specific T cells that are 10anergic and/or

functional |y itepedriptien of the pealeieatid pHIUGRSIN t he devel opnent of a persistent
infection is being %&g@gb&q (gf‘?é’mﬁfngrfpo\fn %&'a@éﬁetfces%ﬁ;?gfg‘vsz 4, @ di agnosi s.

One in the art will un stand That "these patients na een subj ected
to the sane stGamdatly anestisodyshd epesifidobyl babdotirer moteimenf itares viiBent | dent i fi ed,

w t hout exam nation s gne.at high risk due to the presence of one or nore
ri sk 15f a)élt%or s?peicéftcﬁ)ccaﬁyEéndgglﬁih%ﬁl%?gs%f]so 1;9%6[}‘ exposure to infectious agent).

| sol ated: An "isol &etlitellsi Qebigincalictcovaeanent bd popdpard aad NYDN& ¢ aci d or
protein or organellg)T as been substanti al I]%g separ ég& or purified away
1

from ot her bi GFBGFES TROTRIIRBNREP PHIYRE of siarypticy e erllGaRiPe Mamimaldich t he

conponent nat Upd ddh RGERHICEH. Thterm AlsH@icluelBs HTIORY o ke seBtdt RosiREPNRSONEI
DNA and RNA, proteins 20and organelles. Nucleic acids and proteins that

have been "i sdf aidseptoqddlat gl @rasaey Bpy nefdieddensind tpihetraicns] galirsifce diprapy
standard pi | fd&@?;‘ei Ata s ?%QECCUIﬁ'ﬁiﬂoq%@Cﬁhéﬁ?. I@&Pév%ﬁ%chgﬂfﬁl:e%g%r@d ds and
prot ei ns prepar by reconbi nant expression in a hdst celT as well as
chemni cal | y syntdiedidzadn theakmi ¢hoaodeds is véed.puri fi ed anti body" is at | east
60% by weight fr e?mfn;uonrprggp%tngé:n}s\ 1'easrﬁgnse of a cell of the immune system, such as a B
cell, T cell, or monocyte, to a stimulus. In one embodiment, the response is specific
for a particular antigen (an “antigen-specific response™). In one embodiment, an
25  immune response is a T cell response, such as a CD4+ response or a CD8+ response.
In another embodiment, the response is a B cell response, and results in the
production of specific antibodies.
“Unresponsiveness"” with regard to immune cells includes refractivity of
immune cells to stimulation, such as stimulation via an activating receptor or a
30  cytokine. Unresponsiveness can occur, for example, because of exposure to

immunosuppressants or exposure to high doses of antigen. As used herein, the term

"anergy" or "tolerance” includes refractivity to activating receptor-mediated



25naturally occurring organic nolecules with which it is naturally

associ ated. In sone exanples the preparation is at |east about 75% at

| east about 80% at |east about 90% at |east about 95% or at |east about
99% by wg{ghjssefs#nti body, such as a PD-1, PD-L1, or B /ltlgzoﬁﬂﬁ‘e% fic

anti body. A purlél ed anti body can be obtai ned for exa E}Ir by a fll nity
chr omat ogr aphy usi ng reconbi nantl y-produced protein or 30conserved not i f

pepti des and standard techni ques. Label : A detectabl e conpound or
conposition that is conjugated directly oi26i ndirectly to anot her nol ecul e
to faci Iitate detection of that nolecule. Specific, non- -32- limting

examl es. of | ahaa M dNASALUOLSS el AR CORYRLLE, LT BgES, and

radi oactive i S cell that is
i nvol ved in th@osmmmedaéﬂnsgmgén hdme:eb@dyForTémm@leammiwm Trmllm(atsypes of

| ynphocytes: B cells and T ce Aj or Histo ati.bi (M—lC)
N oo ¢ s DBRAET BrimeRmmoNEB S He SRS e HCE ChRaNIR PEITSOD CBRE | oo
systens descrisbgdo)y. mr gllf zfn@fo@%c&p&ﬁéﬁﬁ cellsneé eiloka th Betidey mldc@wg@cyt e

anti gens (" HLA") . mral : This termincludes both human and non- human

mamal . SPmi M pignal(pg eplémppt@um (B medintedideralyp the earanobhecont eri nary
subjects. 10NORLAS MaiffkIADYAUNR. Ofdd MAL cABlonl GE Bk i dMbeEnd fC! udes

beni gn and mal I"gnant tumors; as we as other proliferative disorders.
d i gonucl eot i d@samelanmmr(emh@/mem@mch lB@'l!leEW@EECGGJff aupstnmlleablcyut 100
nucl eoti de base%cufé) ara series of

SO fjulmeté)plodufé?etola'ﬁeesaa dntgu% da et()ﬁuol%f 4%y i nternal

nucl eotide tri pq ets t ons amno’ ac
term nation coegderse TIHBSﬁn Sequencesudrepuseald yardlitad sitakaddnd camt 0 a

pepti de. _(per ab | i nke Atlr t nuc C C|dsqene|soerably
PP ked i 1R o PG TP S ke TRRes et FDre e sl erepe SBe: 3
sequence is plape@d obderadibyigd hanet 11.12h88ic@0s By T 1%%%@&&@@@@@9% mycl eic
aci d sequence. For i nst ance, a 20pl’ onoter IS oper a | i nked to a codi ng

sequence if tHF&1phenbY éproafef@eomsﬂwaﬁélsmgaﬁsr@ﬁqamlP@th@ﬁr Aesrasyelyoh of the
codi ng sequenGe,(EAGE 3blYucQREHARIY, Fhikad 3%%9%@&@&1%@#&?% guous

and, where necessary to join two protein-codi hg regions e sane
r eadi ng frane UBMWMHEIQU |1rcrb1b¢f5/bm}afé¢m1a9b® Ptl:@n@tlelewrsler fﬁheorpmhpﬁ@eé'dbr cally

accept abI 25 al [ e are. cony nt.i.pnal Rem ngt on'.s Pharmaceut i cal
Sci ences, 2 grl\‘)&“ S 01 R TR O ﬁ’ﬁ’iAﬁ SEgienc Cg B Amdi%{hh“ ‘éa. tion
(1975), descr |eb1aslcaq1(1ﬁmssettaﬂ cmknaermi?fnﬁmﬂmn) 04&1[561§1Ula]ﬁtﬁgéh epdcific PbAkmaceut i cal
delivery of the sl O Ot e P18 Bl SRR I8G: 509, 0%, 70%, 80%, 90%,

95%, or even 100% in cytotoxic activity relative a corresponding control antigen

specific T cell.

20 Immunogenic peptide: A peptide which comprises an allele-specific motif
or other sequence such that the peptide will bind an MHC molecule and induce a
cytotoxic T lymphocyte (“CTL”) response, or a B cell response (e.g. antibody
production) against the antigen from which the immunogenic peptide is derived.

In one embodiment, immunogenic peptides are identified using sequence

25  motifs or other methods, such as neural net or polynomial determinations, known in
the art. Typically, algorithms are used to determine the “binding threshold” of
peptides to select those with scores that give them a high probability of binding at a
certain affinity and will be immunogenic. The algorithms are based either on the
effects on MHC binding of a particular amino acid at a particular position, the

30 effects on antibody binding of a particular amino acid at a particular position, or the
effects on binding of a particular substitution in a motif-containing peptide. Within

the context of an immunogenic peptide, a “conserved residue” is one which appears



In general, the nature of the carrier wll depend on the particul ar node of
30 adm ni stration being enployed. For instance, parenteral fornulations
usual ly conprise injectable fluids that include pharmaceutically and

physi ol ogig E&Mmﬁﬁ%@ptable fluids such as water, physighqﬁkﬁﬁbfﬁgﬁine,

bal anced salt solutions, -33- aqueous dextrose, glycerol or tRe i ke as a
vehicle. For solid conpositions (such as powder, pill, tablet, or capsule
forms), conventional non-toxic solid carriers can include, for exanple,
pharmaceuti cal grades of mannitol, |actos@y-starch, or magnesi um stearate.
In addition to biologically neutral carriers, pharnmaceutical 5 conpositions

to be adm ni stered .can nt.ai p_m nor..amunts aof non-toxic auxiliary
substances.  sdLh gurgmy R Pedkifln PR e 2oty Siebulithutig on
buf f eri ng agentpartoldr pdbitidniik @ pefrite. ExamFBEntbosiinkint M @aeidddeedduesoodd t an

nmonol aur at e. A "therapeutically effective anount” is a quantity of a
conposi tion orvhgrethe MHG stigchire fay al‘OdéiZeiarf@ataétrHOéféthrhrrh%ﬂf%fabqOé@fw bei ng
treated. For iRst@ance, this can be the 10amobunt of a PD-1 antagoni st
necessary to induce an immune response, inhibit tunor growh or to

measur abl ySal t er olfpPaReResizPEPiEteS corf algp baidentified by aressusing theis hifdieg foon.  When
adm ni stered t, - I 0 €4 WM tak ]y : wi ||

achi eve targefg%%ﬁéﬁﬂgcggﬁ§3ﬁ$%5§?%héw%?Qfggggg%?é¥ﬂ?ﬁKﬁ;ﬁgﬁ%@gpgs) t hat has
been shown t o aad/hi EDE wdan presasitddrio thef doakt of iBEMHGpokedot | de: The term

pol ynucl eoti de or nucleic acid sequenc refers to a.polyneric form of

nucl eoti de at | east™FUMETHSCTRPYSEIRIE 1 CAPTLEHSPIRHE " B ICEEf de

i ncl udes a polpyRpeptiivlol 8audliatceil @ndtding thvtth @iogkdic pelgpdpgidotiat mdtides bot h of

t he codinﬁ_sequences with which it is_imrediately contjguous,(one on the 5
end and ort@ orngPfEatie Cgﬁd?PPPPctalgé‘nﬁéf’%srfa‘lpl'eﬁs%%g’ﬁlpﬂyﬁﬁjt@én‘&ﬁ%d%?s % he

or gani sm f r ompZQwWhhh Bl el k& pSRE I M8H as JiB8uiBh BF AIBLEEOME! dpRGHUAEDind OF
exanpl e, a reconbinant DNA which is incorporated into a vector; into an

aut ononous|y rksialrepiidry agiies tedobipeptideusor Brvivaps, thhémgenesenic DNA of a
prokaryote or g QJig’cﬂltc% cBhsidtaF £ 1 &K éd%@c%& Rid SPa5AhAu IR @%%ae&e- g., a
d 0 otH e [@ d e

cDNA) i ndependen er sequences. nucl eot1 des can-

ri bonucl eot i desid/ad @éomynddeoirpep izt iFdes:, viarusapté frmmondeeninsooposgidnheil
25nuc|eotige. The]tein1angudeg.single- and gog Ie-s}rand d %orns of DNA.
Pol ypept i d&: ARICUNEPEPET® BT HES G AT Ge e PRSI EINe e BF!F it APbP!

post - t r ansl at ii@fahogeatd gdlgaptidein( ghafnace@icil P sadepthble Bardiersphi@iRbaiey| ation) . A
pol ypepti de can be between 3 and 30 amino acids in length. In aone

enbodi nent, a 3BHIY pRPINHENGEME CHRP AT CaR opirnafly ifcluds an adingng @ik i n

ength. In yelnaRofilies cRIRAMIIP Hotecie 30RO KRENcicbaind | B5ARMSyS Lo about

10 anmino acids in length. I'n yet another embodi ment, a peptide i5 about 9

am no aci ds i nmaleguipt b polypaptide gandcleio agid eygrdpiel thepolypeptidg cirslsreadihydi cat es

that addi beHQstte%rqjlglgsuzﬁ)gliitg o dHENSEr oL, Qltt-rtlgcroc?i;%é%;s,szmg.l ecul es can be

included i'n the no consi sts essenti af i ndi cates that
addi ti onal am no adnldbgbgueriomsingaaliseate: i Inoibuced dissashachod mowr growblut t hat

ot her agents QﬁUCQ;ae I%fegglqr %Qe ' ?écg Qu g % ca Ee chIuged,_and
“consi sts of * F AAFSAFASHIRARD SaRCT BT s R B Bou B shE4CBRET adai 11 onal
agents are notlesséinditieghpidlodibe effedtesfith@€disease process. In several examples,
inhibiting or treating a disease refers to lessening symptoms of a tumor or an
25  infection with a pathogen. For example, cancer treatment can prevent the
development of paraneoplastic syndrome in a person who is known to have a cancer,
or lessening a sign or symptom of the tumor. In another embodiment, treatment of
an infection can refer to inhibiting development or lessening a symptom of the
infection. “Treatment” refers to a therapeutic intervention that ameliorates a sign or
30  symptom of a disease or pathological condition related to the disease. Therapeutic
vaccination refers to administration of an agent to a subject already infected with a

pathogen. The subject can be asymptomatic, so that the treatment prevents the



Programmed Death (PD)-1: A protein that fornms a conplex with PD-L1 or PD-L2
protein and is involved in an i nmune response, such as the co-stinulation
of T cells. Generally, PD-1 protein are substantially identical to the
naturally i (wld type) PD-1 (see, for exanple, ! | . EMBO
T R A | i mbhara et al. Gonom oo 25, BEySARAmE, - EN%

U S. Patent No. 5,698,520, all incorporated by reference herein in their
entirety). In several exanples, PD-1 signaling reduces, for exanple, CD8+ T
cell cytoxicity by reducing T cell prolif&8ation, cytokine production, or
viral clearance. Thus, a PD- 1 pol ypeptide can reduce CD8+ T cell cytotoxic
activity by a 9 0 9 9 9 % % 709 00 90% or
more.than. 1008 SEEREEdn PRPrEy He e ibel oo Gy MBI BB Ma 0, e
used herein, bheotreemekiadig syiripydmamot Rduegpeobert wad PD- 1 pol ypepti de or

protein includes ctivity which is inherent to the natugal |y occurring
PD-1 protein, sucﬂf'éEC%Wéﬁ%¥$i f‘?yFlSeaﬁ‘B‘dfﬂ‘!S @%“&ﬁﬂ?‘ﬁi%ﬁ}tyhﬁl & OfiCn an
activated i MmufetidRePithogesiaBluads bhyare AGABHIRA t&: Vidkds! Blctdria GRAREbpRRman anti gen
presenting cell, Such nodulation of an inhibitory signal In an i nmune cell

resul ts indnodid Breiodn PasieRinT Pamale Brs akiarse castdhxAaleasrongiyacdfune cel |
and/ or eyt oki fiFeqBGL Ehhdn Db AHMBURGIL AL 2 aBDd RROIB) 1 IEAMNA! S0 modul ate

a costimulatory signal by conpeting wth a costinulatory receptor for

bi ndi ng of a Biffernlt bped & infEbtig:s patheganer MfedEDusldig@srstcaw niffsct amnaddydes t he
abi l'ity ,?]; ﬁngﬁ%-te;" ,g:g:aéri;ﬁgﬁs |01q_% tﬁ)ﬁ‘geg{ ?&1‘8&?@%@13%Eggorig%%ltiggt ggClal'll witfl grand( s), the

ability e ce stinu or 't ory signals, and
the ability teoithosdbatetideanyapaneup.asponstp cidiedae t he expressi on or

activity f) PD- 1" e_fﬁ&s to a decyease ifn._the | evel or biological. activity
of PD-1 retative t¢"fHESTE PO i BF Ui t&bﬁmlﬁ‘&‘ﬁs\‘ﬂl?ﬂ?l%fhﬁﬁ‘fja%"%‘PBt einin
a control, sugflyiafedlreddly pRgdneth theRicRdnt. OParB &R eRampl8s SMREHfidk vBxANDI es,

the level or activity is reduced by at |east 10% 20% 30% 40% 50% 60%

70% 80% 909%nfaqions inglude,paharg petlinaited thefytorpeeriovirye((A Yy neg@ioad. unt r eat ed
control . For o d8as &50RHi6s: EpliEinth o A8lsGRb VAR sHobb1iRhatRPulscRkot i n i s
reduced if bi ﬁ%ﬁgﬁ;@ PDll’p:pot gi nto F%E(} Ll?%[ﬁﬁﬁgl, 1ora@ot #ei&g’ reduced,

t her eby resul chinkeni ppxghinglts éaitsed by ryaflla zestgnalus.Ng BhdSVhénet 6¢ e resul ting
in an increase in.CL T.cell. gyt xicity. A "PD-1.gene’.i.s a nucleic acid
hat encodes Pa T BT Eeepiig it bamorheg 8P AR all!h €, 6 on
oper ably | i nkefledntonén & oa3diratbstsgholtiapdrs (RET)ADSgecatesRgHEVICend A PD- 1
fusi on gene can i ncl uge' PD-1 promoter, or can include a heterol ogous
promoter. In SEMEUEARBA frents, the second, heterol ogous nucl eic acid

sequence is a reponkgitioffRLampIBAYS ihBetichs SRDLINVAS ERAXNIRSSI ON NBY be
assayed; reporter genes include, without limtation, those encodi ng

gl ucur oni dase Pi@(@ysJdac|igs PX RS POLIR HirdRch MEPRIGE oY iIust e adatsys. Bemart CAT) ,
green fl u@besg&mhcl&é %‘Lﬁw rhinoviruses, echoviruses); Calciviridae (such as strains that
cause gastroenteritis); Togaviridae (for example, equine encephalitis viruses, rubella
viruses); Flaviridae (for example, dengue viruses, encephalitis viruses, yellow fever
viruses); Coronaviridae (for example, coronaviruses); Rhabdoviridae (for example,
vesicular stomatitis viruses, rabies viruses); Filoviridae (for example, ebola viruses);
25  Paramyxoviridae (for example, parainfluenza viruses, mumps virus, measles virus,
respiratory syncytial virus); Orthomyxoviridae (for example, influenza viruses);
Bungaviridae (for example, Hantaan viruses, bunga viruses, phleboviruses and
Nairo viruses); Arena viridae (hemorrhagic fever viruses); Reoviridae (e.g.,
reoviruses, orbiviurses and rotaviruses); Birnaviridae, Hepadnaviridae (Hepatitis B
30 viras); Parvoviridae (parvoviruses); Papovaviridae (papilloma viruses, polyoma
viruses); Adenoviridae (most adenoviruses); Herpesviridae (herpes simplex virus

(HSV) I and HSV-2, varicella zoster virus, cytomegalovirus (CMV), herpes



(GFP), al kaline phosphatase, and . beta.-gal act osi dase. Specific

bi ndi ng agent: An agent that binds substantially only to a defined target.
Thus a PD-1 specific binding agent is an agent that binds substantially to
a PD-1 poly, @and not unrel ated pol ypeptides. In opent, the
specific lgg dbﬁg agent is a nonocl onal or polyclonalggnFEﬂkggkgﬁat
specifically binds the PD-1, PD-L1 OR PD-L2 pol ypepti de. The term
"specifically binds" refers, with respect to an antigen such as PD-1, to
the preferential association of an anti bo&y- or other ligand, in whole or
part, with a cell or tissue bearing that antigen and not to cells or
tissues Iackln ant.l certain
degree of non- gﬁ%bl F@”?ﬁ%@?%%%gW%% éNM&ngQy%é¥$B£%ﬁgggﬁﬁﬁgﬁFgaaﬁg

non-t ar get cekmmbasAﬁ&smememMermhsbasspnamﬂdkﬂwuuhsnﬁla@n¢$yﬂhe

di stingui shed a i at ed rou eci f ecognitio e_.antigen.

Al t hough sel e(‘?‘t“?'\‘?e‘Fg gﬁ%‘? Qnal ”'b‘%‘ i"Bi:‘thlcfl‘s éﬁet ?fé’@hor} dFiﬁ%bﬂPﬁﬁ&}S do so with
low affinity. (Bpemi fdlﬂéahiel%iluﬂgszftﬁﬁwo&"ﬁepaﬂtlﬁBmﬂﬁEb e L QAHIEST RRFYGoAlH ONn

bet ween the 25 anti body (or other and and cells beari ng the anti gen

t han betweén ®RRAtiER{GH Nt eé??a”dttlﬁé‘iml sty ZarurneEtlsrangBiicddi ¢-he anti gen.
Specific bi ndmgatttmfﬁ&lmﬁﬁﬂlﬂfa@dlvﬂu&geﬁh%u(;mg\eb -fold, such as greater

than 5-fold, greater , or greater than 00-fol d increase in
anount of bound anEkioplys erfungahelrfecltlpgtalndu@@@n agpriot linitaedYo: agpergilbsist  or

tissue beari n%}l'ly.lsg‘l (caugﬁe}%f?ir %Pctrllg:cans c1y[90 o%<r: e:s(ijs (caus«gl eblé)gprcogclusdglf | acki ng

30 the pol ypep 6 A und co I ons
requires an amtsitd;;d}dmoh_hal“husse;&aip&moednféonbus ﬁuﬁ gispdadd, bﬁ:ﬂaﬁg/mft(bﬁm&d particul ar

protein. A var et [ noass formats are ap e for selecting
PheT boti ed0or GsthtaoorisGRRHE e oot Ry A EA T v t b
particul ar pr Qilc%#d?nyc&oden%@fw ChidBlirpnasgnischabidh apassays are
routinely used to sel ect nonoclonal antibodies specifically inmunoreactive

with a protein. SeExpmplpool imfectinvs baceria ibelate lelipohagisopeent Bortlidual , Col d
Spring Harbor t Iy
pring bﬂ-@%l At 5952;%31 ébﬁ?’xgﬁgﬁfﬂ]& %Qﬁ%zacréé@cﬁ 5@ és%gﬁﬁscﬂ RiBPRRs,

i munoassay fo con at can determ ne speC| fic

i nunor eact i viM. ywiu_m M ntratellidiite; MALcVAmm EM tﬂoodxdm@)eBtﬂpbvloaacaalaumwt he i mune

response éé‘l %‘ezs EJII Ug}% EGEUIR(EISSEHCT menmgm ESH?JI T?TOH C)JO Ellce |S and C[)8+ T

cells. PO CY 8% Ei T AL iHe s PHEE ¢ " marker on its

surface known Sa%pfoedcﬁﬁst;abg@i‘es dﬁlfoﬁpnemepaicbam)lm r&cGEXh)ngnhe&& (Geddps, al so

known as hel T cells orchestrate th mune i ncludin
D r s dsalior ¢ ;

anti body resp gg}l‘aggcq;@ I? oq?cf’fse,(?’”*fl“'ége?rll’ul? b"é’FPsCB%‘” ells carry
the "cluster Gtrefofdc@hentivisabir@todecils Gtk 681, SrilepropbrRuephagbnmat , a CDB+

T cell is a cytotoxic T |ynphocyte. hi another enbodinent, a CD8+ cell is a
suppressor T @aiflogentc Gageilobacier spckiigareasus shdfpamop ity W@@p&ﬁqufdha’
specific agti 4 STCY TS i ol f y e Shking cells.

Tr ansduce%PTr gﬁ?lé%c?égémlyA&?ﬁgrfsf ucﬁl(?%a?dw?y Ieg&éég?{"l' %ﬁt c;pb\rl\i ﬂdﬁas been

i ntroduced a nrlmcsiumaducaa.:C@Shﬁlmuk?é’l?wrwﬂecwiaﬂ rdﬁdno,llbggrotuetmﬂmequerses As used

herein, the tEkr elg‘nsguumcgzlm%n eSrT]L?g mu oczd B crtrectzhegs sog‘}/c enl ch a nucleic
acid ol ecul e h{ gReumnas PG ey qergrgiqes s £y 4G 1" ansf ect i on

w th viral nuclearum Streptobacillus moniliformis, Tr eponeina pallidium, Treponema

pertenue, Leptospira, and Actinomyces israelli. Other infectious organisms (such as

25  protists) include: Plasmodium falciparum and Toxoplasma gondii.

A “persistent infection™ is an infection in which the infectious agent (such as

a virus, mycoplasma, bacterium, parasite, or fungus) is not cleared or eliminated
from the infected host, even after the induction of an immune response. Persistent
infections can be chronic infections, latent infections, or slow infections. Latent

30 infection is characterized by the lack of demonstrable infectious virus between
episodes of recurrent disease. Chronic infection is characterized by the continued

presence of infectious virus following the primary infection and can include chronic



20vectors, transformation with plasm d vectors, and introduction of naked

DNA by el ectroporation, |ipofection, and particle gun accel eration.
Vector: A nucleic acid nolecule as introduced into a host cell, thereby
produci ngwp dfeansiAar med host cell. A vector may incl udgcpu€lodi sasdsi d
sequences that permt it to replicate in a host cell, such as an origin of

replication. A vector may 25al so i nclude one or nore nucleic acids encodi ng
a sel ectable marker and ot her genetic elenents known in the art. Vectors

i nclude plasmid vectors, including plasn-d¢ for expression in gram negative
and gram positive bacterial cells. Exenplary vectors include those for
expression ingBec gl ?@&ge.sﬁhmﬁ@&dcﬁris M%?&c%rﬁe@hig Lot ffcYiatigh vectors,
such as, but are not imted to, retrovirus, ort oBox, Oavi pox, fow pox,
capri pox, sui poicd faliermibymbgresserepisasei Lnsike htgnhandahrams infmdohsoslbwus.
Sindbis virus, .vaccinia virus and poliovirus vectors. .-37-. . Unl ess
ot herwi se. expldieanmey et et Rl rth e RN dinion S /5PE: n have

t he sane neaninf@tiass £0mw@vely hirfdisihgadeyagne a 6dw aeeisnatdresiiddifrnd t he art
to which this di sgl osyre bel ongs. The, si n,ggelgar terms "a," "an," and "the"

i ncl ude pl ur affebafnpyhedmamne $5teny pPsidtentinissHPys Gan HistRf Smplh & se.

Simlarly, thegowekdeaR! or dbSa lifthigRdGHedenfeEdnddRy 2BB decub QR ALY BRrgont ext
clearly indicates otherwise. It is further to be understood that all base
si zes or ani nbnaepdodeizne, inyalying stages perighaandneedyhe veoplepinrewithant collas s

val ues, gl Ve”éifu?r{o d}‘é%rgﬂr)]l%d%?ﬁod&cé’ sivﬁgﬁg SBg%g%s?éeﬁs?‘P GiSREAr gt;onénd are

provi ded for descripti thoug materials sim or
equi val ent t oofttoiseclde stagds vé Hoth et andpodiowi ve gdettion witheutpnpdlyikidéngor t est i ng

10of thi S.l@i scl osure. . suitabl e nmet hoga] iﬂnqcnﬁt gui al s are desa?ri bed bel ow.
The term L ConpriReteiig SEess ndq g o1 e Aot csly LR PERS e GAEL nt

appl i cati ons, irfpaikiend, she intlggiohercai B efrnasly fRedritenith the celihardieA or
incorporated by . reference |n their entirety. In case of conflict, the
present speci PRESHRSIEPISORRIY G Hs exgMEREan %ﬁgswmt\’@w%,w% 3shuRahtt ol . I n

addi tion, thecgRi®kéRlaSiruSR! BRHSn-BaRd 18X 2IRNREa18ViRus) hdrpslirdkd, Vari@nhy and
15not intended to be limting. PD-] Antagonists The met hods

di scl osed her epsierivifudmaasleh @appyavigises. RAPH benagtioiryspe agemoyirgsas. hway ( PD- 1
ant agoni sts) . ﬁ@aﬁlﬁgg ﬁg&aqm ar&s enbers of the inmmunogl obulin 20gene
supei fam l'y. ®he” human Ras an extracel | ul ar regi on contai ni ng

i mmunogl obul i n sup&hd ankdtive ddemions agents manysherierdaeted anthe host &udh an

intracel lular. region.includin N ngr.ecept.or tyrosi ne-based inhibitory
ot £ (1T CEREPa et P AR and R SEEPaRh oo FesnaRE b "ol
CGenomi cs 23: 70%o1vd®Wing bhabdardPahnitNes. MaoBalSA0iaghbres es heatr gssiaémgo defi ne
a larger famly of nolecules, called the 25i nmunoi nhibitory receptors,

whi ch al so i nélffrdies a@%’ﬂ‘@@ topmy Standgid meHied knpyvis fn the it pig ‘ilﬁs&'“tfeéc@ﬁt ors (KIRs)

(Vivier and Dagfiffle, (d DX PaleRNROk 369 9818 s78.:8886hd 6\8hB hesiindi@isngaiaund by
theory, it is believed that the tyrosyl phosphorylated ITIMnotif of these

recept ors i nt &pabeasiopPublicgiapNebgE04Y 1B a2 tBHP 23R IPAHIEEE L. whi ch | eads to
i nhi bitory si gh@BeaRoSHR36844968.206503bETBRITRABL [RI0Y0 TeB6GRT Or S bind to
20020110836, 20020107363, and 20020106730, all of which are hereby
incorporated by reference.
25 “Alleviating a symptom of a persistent infection" is ameliorating any
condition or symptom associated with the persistent infection. Alternatively,
alleviating a symptom of a persistent infection can involve reducing the infectious
microbial (such as viral, bacterial, fungal or parasitic) load in the subject relative to
such load in an untreated control. As compared with an equivalent untreated
30  control, such reduction or degree of prevention is at least 5%, 10%, 20%, 40%, 50%,
60%, 80%, 90%, 95%, or 100% as measured by any standard technique. Desirably,

the persistent infection is completely cleared as detected by any standard method



30maj or histoconpatibility conplex (WMHC) nol ecul es, such as the KIRs, and
CTLA4 binds to B7-1 and B7-2. -38- In hurmans, PD-1 is a 50-55 kDa
type | transnmenbrane receptor that was originally identified in a T cell

| i ne undengohogossdts vati on-i nduced apoptosis. PD-1 is erpussseockssss T cells,
B cells, and nmacrophages. The ligands for PD-1 are the B7 fam |y nenbers
PD-ligand 1 (PD-L1, also known as B7-Hl) and PD-L2 (also 5 known as B7-DC).
In vivo, PD-1 is expressed on activated T cells, B cells, and nonocytes.
Experimental data inplicates the interact®dns of PD-1 with its ligands in
downr egul ati on of central and peripheral imune responses. In particular,

proliferationyhéwiinl e hry,R which@hleShdpdrsinteht ihRctdaid clgidebedhavt el |'s is
inhibited in the 10Kresence of PD-Li. Additionall PD- 1-deficient mce

exhi bit an auf®it @abe EP Jpeing treated Apr dncsnH AjfegionivORCYEP Sequence of
human PD-1 is f - hel S shi N . 113887,
1965, St nohar Soisel B el N ERSHARy B Gndfin: DR B S0

15 ][TQI pgapwpv \amniﬂétqllalguwefapsgvlbﬂagmdm;@vx:cmpbdtml}‘gpaay ilnz?lﬁt,efgcmampft%t édrsé(?ings

esf vi nwyr m.spsn af pedr sgp rfr [ v_vrarrnds

ST cgal o) ap kadose PR RTHATRE BTG ke f B R iOE PR

| vl vwl av i colceatgt,ior dfnc@sty, degpdide thellesel\upd fserroghyegah B tieakicpeidv p
cypegteyat ivfpsgngts sparr,gsadglprsa%pl r pe dghc_svvpl_ (SEt I[.),NCIt ) An
exenpl ary am HECEeP %8’(&’&&%&3"’8@ MBS Ny IPORSIsioC R BHEn

25mwr qvpwst  twedofs, SHete itz i BURAE cMstimaB@aNR tHe filfths RSoree Lyptaverr |

af cngl sqpv qdarfqgiiqgl pnrhdfhmi vyl cgaislhp kakleespga elvvterile

kpegr f ggnv i gippsitepginfasans1fioyksampe. dseghgsMaatiztkeesiadpollpdeayeel df

t acvht eyatyni vit egl - I yp a
spsnqt ekqaltol dtaéér?%lagg%?@?%%égﬂg“%@?@ipg at(gﬁtqﬁgr‘%@%ta Sg‘?ea \Q%E’L%ae

Addi ti onal anpaisgot dfesequsrbemg paaventdd sl osmdy not HavSrecBatcench hlo. 6, 808, 710

Iy L B M S O D0 0 027525
2002/ 0160000, se#jeutddd 1Ssthe sRA02H Gk A3 ASscriatthbdQO 3/ 0Pk 3 Beenvdetificar e
i ncorporated herein by reference. PD-1 is a nber of the i mmunaqgl obulin
(1g) without examination, as one at high risk due to the presence of one or more risk

15  factors (such as family history or exposure to infectious agent).

Isolated: An “isolated” biological component (such as a nucleic acid or
protein or organelle) has been substantially separated or purified away from other
biological components in the cell of the organism in which the component naturally
occurs, i.€., other chromosomal and extra-chromosomal DNA and RNA, proteins

20  and organelles. Nucleic acids and proteins that have been “isolated” include nucleic
acids and proteins purified by standard purification methods. The term also
embraces nucleic acids and proteins prepared by recombinant expression in a host
cell as well as chemically synthesized nucleic acids.

A “purified antibody” is at least 60%, by weight free from proteins and

25  naturally occurting organic molecules with which it is naturally associated. In some
examples the preparation is at least about 75%, at least about 80%., at least about
90%, at least about 95%, or at least about 99%, by weight of antibody, such as a
PD-1, PD-L1, or PD-L.2 specific antibody. A purified antibody can be obtained, for
example, by affinity chromatography using recombinantly-produced protein or

30  conserved motif peptides and standard techniques.

Label: A detectable compound or composition that is conjugated directly or

indirectly to another molecule to facilitate detection of that molecule. Specific, non-



-39- superfam |y that contains a single Ig V-like domain inits
extracellular region. The PD-1 cytoplasm c domain contains two tyrosines,

wi th the nost nenbrane-proxi nal tyrosine (VAYEEL (see am no acids 223-228
of SEQ | DyiNoogdsshfy nouse PD-1) | ocated within an 1Tl Mplirfiiesiafeesgsgcept or
tyrosi ne-based inhibitory notif). The 5presence of an ITIMon PD1
indicates that this nolecule functions to attenuate anti gen receptor
signaling by recruitment of cytoplasm ¢ phosphatases. Human and murine PD-1
proteins share about 60% ami no acid ident?32y with conservation of four
potential N-glycosylation sites, and residues that define the Ig-V domain.
The I TIMin thﬁl&ycta% ﬁ:%@laﬁ&glngﬁdéﬂ?m{e&%ntltﬂs’vér{zérhﬁumﬁl{afcess%d oundi ng the
carboxy-term na TO tyfosine (T see am ho Ids 166-181 of SEQ I D NO
2) in human andilcrmmmotm@pectl vely) are al so conserved between human and
murine orthol ogues, Phx1 th 8/.CILA-4 fam |y of nolecul es
based on its abili P}};mpl&o%t&d At‘(%(%gg? hﬁe lﬁogf%%at i Ke° }&35%19# "Gs rapi dly
i nduced on t hdefshget af e bbdyl-Tirekd Be mo mampoms ef tyonphot jtesCB el Agait Rcedls. al .

Int. | nmun 8:76 196 151 n ras LA4 gwever, PD-1 is al so
i nduced ongt he sur &‘EOE@PPB' 'H’ Leﬁcgﬁfg'gg}ga‘??ﬂ'c GnatigpngEants 5 5o
expressed on @Oé‘lébﬁlﬁﬁbb@ﬁﬁ Ri Sty EaRepatiBsin A el BV BlsRhfl deRYibSd 1hAG@drent@pecds; (1996)
supra; Nishinura et al. (1996) Int. lTnmmnol. 8:773). T cell anergy is

conconi tant wiftcindie the hwraen shkqcktepntigens KBilekBi on. It is 20di scl osed herein
that T-cell cytoxi Mﬁf{% AR TS e} I RRRECotR ¥in h a0 o'nr}finﬁn-ﬂm%ﬁjml with an

agent that reduces t expression or activity o . More speC| fically,

it is disclosetnielyeths terhetsubjactagehides brab hmradwelsveteltmaw)spbje@& on or
activity PD-1 c eusd nlrrrruner SYelaly) such as to a
viral ant ?éen or aﬁ?u]r)m?'ma%\n gg%lma%\?‘?qﬁ?alf’ lfel%tbonb‘gaﬁ Cyuaf?l]é%"rlyn, anrdeductl on
of PD-1 expr esmili@iandtun@st,iav well a2bthespiblifératine disordacr ease in cytotoxic T cell

activity, increasing the specific i ne response to the ipfectjous agent.
In order for T cel ligppuclentids;, & lingag {‘?0 ‘5)30&68?%60{%°§P jbé must be

provi ded by amuiélgaReRhfsenichad. cel s (APCS) toresting T Iynphocytes The
first signal, which confers Specificity to the i mmune response, is

transduced via t heOpep&eadingbapesORFYCR) scrigt ¢fawrlsptidedtplghi(eadons)spdingr ei gn
antigenic 1§0p {l‘fﬂ'ﬂqﬁo wlgssﬁfMo%WnIenﬁl Feﬂﬂfn??f& &)fdoﬁe.hel'hg?é Rbuences are

hi st oconpati bility co e secon signal, ter costimul ati on,
i nduces T cel lusualy tlpntddltnlﬂmra@ epamdlebecome functi onal Costimul ation is

nei ther antigen-spggi I‘Abﬁ' ]lml%d W(t:nsrteg(%lélé%l uence i3 %peﬁzﬁ%(a\l‘y%s &) ed by one

or nore distinct cel® ace ‘polyp eg°8kPresde T cells
are only sti mst@hedudléic @ughequhaceTw}tealthe ﬁh@t:remewacld/\ueqhmm isrpted i g an

addi ti onal costi nul ry sij nal t he COMe nonrespo |ve anergic, or
die, resulti nzl”ficﬂ%‘@\’/\ﬁ?ﬂf’d‘&@‘ 1 yiheec ’H’g“’icﬁfﬁﬂ‘féd FREIEHsker instance, a

20  promoter is operably linked to a coding sequence if the promoter affects the
transcription or expression of the coding sequence. Generally, operably linked DNA
sequences are contiguous and, where necessary to join two protein-coding regions,
In the same reading frame.

Pharmaceuntically acceptable carriers: The pharmaceutically acceptable

25  camriers of use are conventional. Remington’s Pharmaceutical Sciences, by E. W.
Martin, Mack Publishing Co., Easton, PA, 15th Edition (1975), describes
compositions and formulations suitable for pharmaceutical delivery of the fusion
proteins herein disclosed.

In general, the nature of the carrier will depend on the particular mode of

30  administration being employed. For instance, parenteral formulations usually
comprise injectable fluids that include pharmaceutically and physiologically

acceptable fluids such as water, physiological saline, balanced salt solutions,



5The CD80 (B7-1) and CD86 (B7-2) proteins, expressed on APCs, are critical
costimul atory pol ypeptides. Wile B7-2 plays a predom nant role during

m mary inmmune responses, B7-1 is upregulated later in the course of an

i mrune responesgarprolong primary T cell responses or pcegispoymbsbiing
secondary T cell responses. B7 polypeptides are capabl e of providing
costinmulatory or inhibitory signals to i nmune 10cells to pronote or inhibit
i mmune cel |l responses. For exanple, when bound to a costinulatory receptor,
PD-L1 (B7-4) induces costinulation of imm#de cells or inhibits inmune cel
costimul ati on when present in a soluble form Wen bound to an inhibitory
receptor, PD-ld,dwal %Mloees ofRbrof 5 3RSk asalvehRY, ot 8513 Sh@BRiodsQsi@A al MTTUNE
cell. Exenplar B7 fam menbers include B7-1, B7-2, B7-3 (recogni zed 15by
t he anti body mbigl;pImeépot gapyule foens Bronycationak BansioKis sprcearaers saror

derivatives t S r eptors on an
i mune cel |, rs]rﬁé(’% fOI %%np%ﬁ%m%lgﬁgﬁf&% ;EBF l&rtosg%ta??'}gggptors and,
dependi ng on t[ﬂnrgncsw]est:uﬁte iﬁaw@iltﬁdmeoamlcbglctajdymouttaiam“&mSIplarmaqahmdaltory

si gnal or costi rrutl at % ¥e dgﬂ 1q1 ). Jmune cell .. %3 I ecept or
that is condstiPUPPVETY “exph %e&’“"g ?S%I{ A ‘i" é’H“B“’ Fee 0%“6 “aan

t hrough the Tsﬁl&kdncése@&ﬁta@Wﬁttﬂnggﬁémﬁl@l’fﬁﬁg 628, prrckrtdtians dutCpH bnff@inga
costinmulatory signal, jnduces T cells , to proliferate and secrete |IL-2. CTLA4
(CD 152), a ré‘&“é’g%%j’}dthfbldlﬁ GUAMPlE SREPB acqiae shtuhangReokeathg T cel I's but

its expression is inguGatufi@lQpade hnksht 1@&(51151\&%‘&'3 cofapbdoriraysna rol e
in negative 25reqgulation of T cell responses ypepti de rel ated

to CD28 and CTeadhicvieg desised|ofisef in a sultiect elpgééﬂ@dlﬁmmbm}c% thlth@beéb‘éptor to
whi ch PD- Lj f
| c iy 8ot drg Y0 dnrabhihoediBPlothdhck B HER IR TR Rl AR

T-cel | s. 1i1s SO expresse ace o s (I'n response to
anti-lgM and sewta osuhseisulcablytahwmmw@sympdmpéhmmblmelpadzlsl,stenpldﬂ:ctlanf i nmune

responses con an i ner eas e D-1 famly
rerbers bi nd o7 sl 538 et ) TR R o BRI R N anc gen
presenting celtrget tfrelcbn@nttadias dr eb@iple, of 1ywiphedytal tahhiimBerRRodnlté gand

pol ypepti des, are nenbers of the B7 famly of polypeptides (see above).
Each PD-1 5| i GSHEYCBH &Metecti gnal sequence, an 1gV domain, an | gC domain,

a transnengrane do'i%lyﬁhucl%&(i’d@ BRAEn ﬁdﬁrﬁi@ie%ﬁ&@ & ntu@l'eic acidrheé{de\ﬂéb 1e¥é‘§t%e
| i aands have been shown to be expressed in placenta, spleen, |ynph nodes,

t hymus, and hagolymeppfem plonuglestdeat frasts Kdisgsrn ﬂqméthpén@ﬁ@a@ﬂaﬂtung and

endot hel 1 al cdi 1o B3I BAFES FPo R SLAL o L rRfdN Ok Sy BubR U 3

nonocyt es and bdénafrthd ¢Odlrrg6bd1®nces with wifinh @xeimphahiatelp comiguacs (dn@@qnheﬁce for

PD- L ( GENBANK(r No. | abl t ob 4. 2000) i
set ff)rth bel S)e\‘?\'})‘l chescisplft ?%EPQIWAA}P%I%%ER@@@%@%? ‘i(’)'c'gr{'smho ) 1s

20 which it is derived. The term therefore includes, for example, a recombinant DNA

which is incorporated into a vector; into an autonomously replicating plasmid or
virus; or into the genomic DNA of a prokaryote or eukaryote, or which exists as a
separate molecule (e.g., a cDNA) independent of other sequences. The nucleotides
can be ribonucleotides, deoxyribonucleotides, or modified forms of either

25  nucleotide. The term includes single- and double-stranded forms of DNA.

Polypeptide: Any chain of amino acids, regardless of length or post-

translational modification (e.g., glycosylation or phosphorylation). A polypeptide
can be between 3 and 30 amino acids in length. In one embodiment, a polypeptide
is from about 7 to about 25 amino acids in length. In yet another embodiment, a

30 polypeptide is from about § to about 10 amino acids in length. In yet another
embodiment, a peptide is about 9 amino acids in length. With regard to

polypeptides, “comprises” indicates that additional amino acid sequence or other



kf pvekgl dI aal i vywene dkniigf vhg eedl kvghss 15 yrqgrarllkd gl sl gnaal q

i tdvkl gdag vyrcm sygg adykritvkv napynkingr ilvvdpvtse heltcgaegy
pkaevi wt ss dhqgvl sgktt ttnskreekl fnvtstlrin tttneifyct frrl dpeenh

t ael vi pel pvd adoppssarse h Ivilgaillc Igvaltfifr |rkgrmudvk pkcaisepdt/mesksi
20kqgsdthl eet (SEQ ID NO 3) An exenplary PD-L2 precursor am no acid
sequence (GENBANK(r) Accession No. AAK15370, as available April 8, 2002) is
set forth below mfll 1mlsl elqglhqgiaal f tvtvpkely iiehgsnvtl 25
ecnf dt gshv nl gaitasl g kvendt sphr eratlleeaﬂ‘plgkasf hi p qvqvr degqy
gciiiygvaw dykyl tl kvk asyrkinthi | kvpetdeve |tcgatgypl aevswpnvsv

pantshsrtp eghypeurY bar bkPEIBEHTH tfeaH el VEorB]stslcasehadly oFoRRALERat W | hi f
ipso iiaf if iatv 30ialrkqlcgk |ysskdttkr pvtttkrevn sail§SEQ I D NGO 4)

An exenpl ary vedifigip apino|agidseqnentes gre ptineddad itithe Ewlrshieebyt RABARK( )

Accessi on No. ,(ORGIL RFatRKR: LA REREIRRL) LA be 2RNRLA.] fd SEInsksRTdFh bel ow
m f111lnlsl el gfhqiaal ftvtvpkely 11ehgSnvtl” 35 ecnfdigshv nlgaitaslq

kvendt sphr er atdidages ghat plicykersit imhimo guigeqlegepy and rddisjepabagedys kyd not knghuded

asyrkinthi I ky eye |tcgatgypl aevswpnvsv pantshsrtp egl yqvtsvi
rikpppgrnfssc¢ &%SH%Fu%rtlasidlq sqmeprthpt wilhifipfc iiafifiatv

40i al rkqgl cqk | yssk#trdgrammeidtDdatle@D)shi A PttiDikat 4@ )ns a-cé@plex with PIRIDH br

ant agoni sts inglude agents that reduce the expression or activity of a PD

T ana 1o (PD. POy LOPoRBEY i ytrod T PO s Pt s ot 06 oF AVBHALH O

bet ween PD-1 gndii@0sédkrly, P profeRl A€ SuboAntRelyIBSHc Ak heaRtrdP-dedunifXenmpl ary
5conpounds i ncl ude anti bodies (such as an anti-PD-1 antibod an anti-PD-L1

ant i body, and (&id ire) EIp-(pez. fomexaserdss Ishigangajal. FHRBE d| @338(8§&§H§d§9%ynt i -PD-1
RNAi - ol eﬁl(D!' S firh P oY 23: ARG 08N RAL AidRPs ey o) 5 681515 qims e

nmol ecul es (such as an anti-PD-1 antisense RNA, an anti-PD-LT antisense RNA,
and an anti - Pirdofboaaitd tnereeerRpbgreind o thenaentirete g éit severaperatmplensPPduch as a
doni nant negat,ye, 0. 4, J0PLOLEh e, ApAPF DAY BEAL YG. B L protein, and a
doni nant negati®ve PO br ot Ry, ana’ smal (Yo Etdy B9 AR biftors. An

ant agoni st of pRIHdratich, aytykiag protudiav] aigritahdedince] Thud, @ PDedpdgpdpkide €xpr essi on

or the activity of in a cell. PD-1 expressi or. activi is reduced
by at |east abdUf® @550* Jrfﬁgkcyf?ﬁ%‘c %@%ty éb%)igzébg/?’ %/620%%%96(52‘4’ W%100%
15conpar eCiSf[ 0 68%C 0B X$U%E B0 Br BlorcdBhd MI0HY bdl Bw oM vels as Eféﬁ'dﬁmdanyany

reductions in
standard method.

As used herein, the term "activity" with respect to a PD-1 polypeptide or
protein includes any activity which is inherent to the naturally occurting PD-1
protein, such as the ability to modulate an inhibitory signal in an activated immune

20 cell, such as by engaging a natural ligand on an antigen presenting cell. Such
modulation of an inhibitory signal in an immune cell results in modulation of
proliferation and/or survival of an immune cell and/or cytokine secretion by an
immune cell. PD-1 protein can also modulate a costimulatory signal by competing
with a costimulatory receptor for binding of a B7 molecule. Thus, the term "PD-1

25  activity” includes the ability of a PD-1 polypeptide or protein to bind its natural
ligand(s), the ability to modulate immune cell costimulatory or inhibitory signals,

and the ability to modulate the immune response.

“Reduce the expression or activity of PD-1" refers to a decrease in the level
or biological activity of PD-1 relative to the level or biological activity of PD-1
30  protein in a control, such as an untreated subject or sample. In specific examples,
the level or activity is reduced by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, 90%, 100%, or even greater than 100%, relative to an untreated control. For



activity are at |east about 50% at |east about 60% at |east about 70% at
| east about 80% at |east about 90% at |east about 95% or a conplete
absence of detectable activity. In one exanple, the control is a cell that
has not begmdogessied With the PD-1 antagonist. |n anot pef/yexafdses: t he
control is a standard value, or a cell contacted 20with an agent, such as a
carrier, known not to affect PD-1 activity. PD-1 expression or activity can
be determ ned by any standard nethod in the art, including those described
herein. Optionally, the PD-1 antagonist i#hibi ts or reduces binding of PD1
to PD-L1, PD-L2, or both. 25 A Antibodies Ant i bodi es t hat

speci fically hj 1E%e1bloBDrc511acem>P&pl})21(ppcrtelﬁlsqgmea@ftmmnotJsm?@f) are of

use in the nethods discloSed here€in. Antibodi es include nmonocl onal
anti bodi es, horatgin xeldDddds PBdd esbothl & radnead. teetebyres Wad ing redugton in PD-

oSt obuL L Bl BB SLE IR R G IRIQOR B ocP POLL O

i mruni zing a suitahl, ¢ ( th a PD-1
liaand or PD-1 i m*n%n%Dstér% Esalﬁ}éfélc %E%at eﬁ%ﬁ%ﬁ%@{ glgpééntl E’ig—ILZ ant i body
titer in the lfmimmenedss@m ecidinauegioe opanbly dinkel \wesecondddterdlopeusby st andard
t echni ques, suc th an e | i nked i mrunosorhent assay (ELISA) using
b 11 sed 2 teien S gEERG: RO BP) S ERAeeR 2 P BRI . t ho
anti body nol egaleR atHaekolSRRS bfdntddr! Yn BiodedtiddimerPDld se€ind Fitdelob &s

conbi nati ons thereof) can be isolated fromthe marmal (such as from 5serum
and further pdpFleicaeidsaueBenp GROECKIFHMINALS. 8 9ENOVDASR EKRresSiPMaY bgr t . For
exanpl e, anti Q.qu% e@%ﬂeﬁ%n&% Edieeqnt’f1§ﬁtriﬁln1{%8{1 Ghdke nGRYTR QRN to

i solate | gG anti bodi Anti b y produci ng cells can be “bt al ned from t he
subj ect anl ugelS).duglespachlommmbehiopidlansactiybot (&S bgresn Hnatascenttpeethimi ques
(see Kohler a | stein,.10Nat ure 6,495 49., 1995, Brown et al., J.

| nunol . 127: ggSMA%@alﬂfé)fm%o{aqe & g%Fta i Crtlc())qéz %8tal Antibodi es and Cancer
Therapy, Alan R L'Sﬁ&;lfid ljmdmgmgent?7A195genﬂ.lﬂ8l531nc@%ﬁb£a“n,t1all& oily ted deflned (1977)
Somatic Cell Cenet ?];é . g H. I\€ ﬁ Ion%ﬁ Ant bodi i)z: A
New Di mensi on“}‘ﬁetB;IB}'so"g 31 SPagi ‘f§’§ g aﬁ‘?rﬁﬁﬁﬁﬁﬁgﬁrﬁ & Ring fagtial yl\tlg\f\‘lp rk,

N. Y. (1980); K%%Eptﬁie a8l nod WHRINEd 1}]%]5@&654 1o 8ne élrﬁﬂ&lﬁﬁentl-tﬁé §REificE. A

(1981) Yale J. Biol. Med. 54:387 402 Yeh et al., Proc. Natl. Acad. Sci,

76: 2927 315 107Eing agantane meRartenabor palvdlensbintikpdy: Bnt spesifigallytbyists dhg Fiy-1a

myel oma) is flp%eglw}wm;bgg%ggﬁe(typl cally splenocytes) froma manmal

i mmuni zed with PD PD- L D-L2, and the culture supernatants of the
resul ting hybri domdhe &iths'speridicsléy eadse defew, wdlerﬂSpdcytoeanmylbmnoB@cﬂaaqcﬁlbdum ng a
Izg[rgpgg![ .Onal @ hle%9&&eﬁtla%ssgagt%nfc;f%?laht)fbolalé r(])ggth%lolh%/agg g%'hXi%%D halq zt al
i ne (such as call py®ds@ameeacied that antggn higl mbetd aetid of figuestldirpah® andgemalli an

species as_.the | hoc For ex ne hybj idomas can be nade by
fusing | y#PhodyP HiSease wﬂé@tﬁﬁﬂ%ﬁww {"QN3PgsAIq intepigtipR may Opgyr| o
peptide w th aBweARmoMcuRHd ADUSersckll 8bhdsie . NdvartRdess 9padié Bindmgmouse
nyeloma cell line is utilized that Ts sensitive to culture nedium

cont ai ni ng hywwmdﬂﬁtlﬁéuw%aﬁaﬁtﬂ@eﬁﬁmaﬁ@ %Pﬁifﬁféﬁcﬁém(wthmifalﬂﬁ) Any of a

nunber of nyel u I ording to
st andard techﬁd’qugfg,egHa |eﬁgbﬁgl§eﬁgm a@ﬁb%&?}%ﬁ% e, §%/qﬁé}id’04sg(l%v thg%%x%-

Ag8. 653 or 5p2ffinithg Bpeariiebiodmg r¢snksin a\mmcrhh»tlangl assaclhiacm lEtvﬁrereorﬂnEt he Anerican

25  antibody (or other ligand) and cells bearing the antigen than between the antibody

cel |

(or other ligand) and cells lacking the antigen. Specific binding typically results in
greater than 2-fold, such as greater than 5-fold, greater than 10-fold, or greater than
100-fold increase in amount of bound antibody or other ligand (per unt time) to a
cell or tissue bearing the PD-1 polypeptide as compared to a cell or tissue lacking
30  the polypeptide. Specific binding to a protein under such conditions requues an
antibody that is selected for its specificity for a particular protein. A variety of

immunoassay formats are appropriate for selecting antibodies or other ligands



30 Type Culture Collection (ATCC), Rockville, M. HAT-sensitive nouse

nmyel oma cells can be fused to nouse spl enocytes using pol yet hyl ene gl ycol
("PEG'). Hybridoma cells resulting fromthe fusion are then sel ected using
HAT nmedi urwo 2e044s831whi ch kil ls unfused (and unproducti veky/uszmeossstyel ona
cells. Hybridoma cells producing a nonocl onal antibody of interest can be
detected, for exanple, by screening the hybridoma culture supernatants for
t he production antibodies that bind a PD-1, PD-Li or PD-L2 nol ecul e, such
as by using an inmmunol ogi cal assay (such 585 an enzyme- | i nked i mmunosor bant
assay(ELI SA) or radi oi munoassay (RIA). As an alternative to
preparing nonggdcanally aihihkeeh isea e h ipRichbiro@0e%: eanifA Q6lidpiadse ant i body
that specifically binds PD-1, PD-L1 or PD-L2 can be identified and isol ated
by screening @Lﬂéﬁﬁﬁ’é‘i‘ﬁ%ﬁiay&@ﬁﬁ?ﬁﬁ'@@rqs&q toj sgieciriBenosari atibedissary (such as an
anti body phage,diRlia¥mnbihel¥e With B pfiid, s€B1howPk (B0 o9 id0iasol ate

i munogl obulin" I brary nmenbers that gpem fically bind the polypeptide. Kits
f or gener at i ndaberdrose MaewrilngolpSages Hadpl ByblicitmarNews Yarke(1885mmr ¢i al | y

aval | abl e gsu Qsc% Eionb%lim?n%% allslszE? ft01e|]qatg nd c%%g*ﬁ%ﬁcéh% C%H%e §Eeﬁeﬁg 9&91%161?16 Exanpl es
of nethods and re gen?s parf)lc l'arly” amena &' For use in generati nhg and
screeni ng ant ispailie idinsplossgctivitgr ary can be found in, for exanple, U S. Pat.

No. 5,223, 409; PCT icatio A5, 90/ 02809; PCT Publicati No. WO
0% 179712 POT Publ MEGAF b " DS 69 ST (R BRSITEAE o Wb BSR90701;  PCT
Publ i cation Nout AOn&AiRR48, CIRCTT Riklah& aigom cgs. M@]ﬁ?ﬁq‘}lﬂgﬁc G an

Publ i cation WD 93/01288; PCT Publication No. WO 92/09690;, Barbas et al.,
Proc. Natl. Adaaunsegqll thusangsaoyigr pods surfage knowpsg ehwssbal differgntiationyc| ej ¢
Aci ds Res.;nl19:44 i [ i bodi es that
bi nd PD 101 e ‘a1 Sol ek Tar ool Ty Tae R e e

2006/ 0210567, resppeshe, ingludling entfodatresdotsey i welbas kilkdrdraeHeesporsas. i BOY1 Bs t hat
bind PD-1 are cg‘lllssc%rrditl?ec'lc%s'{%do% &ffg’est'iatgla]‘%e%Dg)utgclu: gra tI%] 81r1]e (!;\lobod‘l’znqgnqlzp 034826,
which is al so Tncorporated hérein By re er(ence. n°several exanpl'es, the
ant i body speci(gsar tall biarg®tdri2 T 1yetphac - h andthPEe@bddirganc QB8 tdll ian
affinity constant of__[at | east 13[07“I\/k1 such as at least 108, M1 at |east 5
X 108 M1 or AtPRES;T 4 Avl fell is “activafed “sihen capaspondiia a SeacifieAOEESF ¢ he

specificity deF aidfdphert@0bPiSandkertReRniAdedis. det erm ned. Residues are
outside the SDR (non-1ligand contacti ngt; sites) are substituted. For exanple,
L g

in any of the CDR JeeprdreekTeanteqted: va tpagdnesdastyea calingoriigh hasheen two or
three anino a%tﬁﬁu&f’ﬂr&\ Jgjgl hbidkady EB?Qc%pg%fgy%haguégh ki

[
ant i bodi es, which Inc e a ramsworkyregl on from one anti @o y and the CDRs
froma differ dniratieitbodysnsiectine khcokrposms alhtetiraques by wWhmh agwealrpl &id humani zed

45- anti bodi a5, can, be,routlnely, produced., The, ant i bodvor artihody
fragment can B& @ huanl Zed T Mnogl obuli R RAVI Ny onpl érehtartty

det erm ni g r egttonRst{nciRsitido with plasoidaectoBnoel iomalucad éfraksd IDiNAtbybi nds

PD-1, PD-L1 or PD-L2, and inmunogl obul [n and quayy and l'ight chain variable
regi on framewSIEE R A IRAFFISEARE RREES SHIRSA Y i n heavy and 1ight chain

framewor ks. Gener aleytor! REmRWERZREIbTEUNREbORYY il 5R&E L8, @Rbdty bi nds to
PD-1, PD-L1 or PD-L2 with an affinity constant of at |east i07 ,_ such as

at |east 108 MIodieinga@dxpsigrmed hpstgellor eetor gy indlgleppcleic acid sequences that
permit it to replicate in a host cell, such as an origin of replication. A vector may

25  alsoinclude one or more nucleic acids encoding a selectable marker and other
genetic elements known in the art. Vectors include plasmid vectors, including
plasmids for expression in gram negative and gram positive bacterial cells.
Exemplary vectors include those for expression in E. coli and Salmonella. Vectors
also include viral vectors, such as, but are not limited to, retrovirus, orthopox,

30 avipox, fowlpox, capripox, suipox, adenoviral, herpes virus, alpha virus,

baculovirus, Sindbis virus, vaccinia virus and poliovirus vectors.



Humani zed monocl onal antibodi es can be produced by transferring donor
10conpl ement ai ity detei mning regions (CDRs) fromheavy and |ight variable
chai ns of the donor nouse inmunogl obulin (such PD-1, PD-Li or PD-L2) into a
human var ivedb@sadssrai n, and then substituting human respdugs0onogshsa

f ramewor k regi ons when required to retain affinity. The use of anti body
conponents derived from humani zed nonocl onal anti bodi es obvi ates potenti al
probl ens associated with the 15i mmunogenicity of the constant regi ons of

t he donor antibody. Techni ques for produc1'3ﬁg humani zed nonocl onal

anti bodi es are described, for exanple, by Jones et al.. Nature 321:522,
1986; Ri echmann et Ualess oth@thvike@xSiaided A8 :techBR 8] an¥EiBQEKAA nRtuséd hereiDCi ENCE
239: 1534, 1988; Carter et al. roc. Natl. Acad. Sci. U S. A 89:4285, 1992;

Sandhu, Crit. hRehe B Beasingss ggpmonkyggdersigag) bISPi*f‘g‘éfrOl@flalaISkﬂl iy the art
20/ nmmO/ 15037 8fn t}&i&g’clogﬁﬁ%ﬁé&kb?ﬁe}/mﬁ%1Q@qnﬁf‘ ané(n" SR YRS indidde 1N

several enbodi nents the ant y s an i ncl udi ng but not I|mted to,
lgG, 1g&, | gtu‘@ala{crfdlehtg@less context cltarrlyondaca;cmuhhlwnt Sinilpelysthgwent cordf t he

hunmani zed 'mmno I|n VYV, var| a)g rk.can be at
e 2 b e R i AR SR D B0 B e iR L SRERUEE K50, O,

heavy chain vamlﬁbtoeaerlmgu@tlaocﬁ f}ﬁnfﬂl/\ma"skblzél'd'ur&mmdr&lcS&imsmﬂaﬂqﬁolédmm humani zed
i mrunogl obul i n heavy chai.n vari abl e rglg%on f.rame an be at |east about

75% at | east “gHEOhT BEsFUIAmse JeesaBIYEY T aEleF agifs P APeRIGOT05%

identical to f oﬁ%@mepl&t&d@gr&gc@mnﬂgh&hulmeﬂmh@@;wm%ﬁm vari abl e
regi on framework. Human framework regions, and mutations that can be made

i n 30humani zedimikr poeseyalonhieaheseidescalipdhrscin sprbayrsdin the PrERdccArtcstisge, f or
exanpl e, 'lﬂ Uoﬁguf cﬁgc?&h1el\|9u1taﬁ’e§1$e§hc%§gn ngeﬁgls'a& de%ﬁ%@gﬂ@%iﬁggﬁrﬁ' n by

reference). ary human ant| ies are LEN an The
sequences of ftmnMBaw’ynamd“llnclgﬂm ¢ hdli pnbRcadmesputks agpleakorowpateéms,tahd art .

Exenpl ary |igh chlnfranewo u avet e.fol.l ow
neuonacy: b Ranef Bk SRR R B TRk b e MR cech i kY 30
VWY QQKPGQPPLLI \6as(e$EQ1ﬂfEbtl\KBe pfb)seﬁ%cﬁﬁﬁmﬁhﬂnﬁ&@@wc (SEQ I D

e e N SEADH o S SRR SR UL, Lok

15 notintended to be limiting.

PD-1 Antagonists
The methods disclosed herein involve the use of inhibitors of the PD-1
pathway (PD-1 antagonists). PI3-1 molecules are members of the immunoglobulin
20 gene superfamily. The human PD-1 has an extracellular region containing
immunoglobulin superfamily domain, a transmembrane domain, and an intracellular
region including an immunoreceptor tyrosine-based inhibitory motif (ITIM) ((I1shida
etal.,, EMBO I. 11:3887, 1992; Shinohara et al., Genomics 23:704, 1994 U.S. Pat.
No. 5,698,520). These features also define a larger family of molecules, called the
25  immunoinhibitory receptors, which also includes gp49B, PIR-B, and the killer
inhibitory receptors (KIRs) (Vivier and Daeron (1997) Immunol. Today 18:286).
Without being bound by theory, it is believed that the tyrosyl phosphorylated ITIM
motif of these receptors interacts with S112-domain containing phosphatase, which
leads to inhibitory signals. A subset of these immuno-inhibitory receptors bind to
30  major histocompatibility complex (MHC) molecules, such as the KIRs, and CTLA4
binds to B7-1 and B7-2.



FRL: QVQ VQSGAEVKKPQASVI CVSCKASQYTFT (SEQ ID NO 9 ) FR2: WWRQAPGQRLEWMG (
SEQ ID NO 10 ) 15FR3: RvTi TRDTSASTAYNELSSLRSEDTAVYYCAR (SEQ ID NO 1 1)
FR4: WGEQGTLVTVSS (SEQ ID NO 12 ) Ant i bodi es, such as =line nonocl onal

ant i bodi esyoetvgnErc anti bodi es, and 20humani zed anti bediras2oormsskaide f ul

| ength nol ecul es as well as fragnents thereof, such as Fab, F(abl),, and Fv
whi ch include a heavy chain and |Iight chain variable region and are capabl e
of binding specific epitope determ nants. These anti body fragnments retain
sone ability to selectively bind with theﬁﬁ‘antigen or receptor. These
fragnents include: 25(1)Fab, the fragnent which contains a nonoval ent

anti gen-bi ndi ng fr agi®@idns afD-2Ms AR-5HROY typRll @GhnomizaR rB@plE aduced by
di gestion of whole antlbody with the enzyne papain to yield an |ntact

chain and a péFiginghly @entsird ihadispll dRardergom sagyvatiqnhadyced gprpitsiso Py
anti body ol equl.8 Lan cBer 84@1%33 Bad. QMr?r&Hp%QLés“Q“hx"ﬁDzlnﬂs f’d‘tlﬂDngeé td 5 pepsin,

fol |l owed by redu t|on yield an I ntact ain and a portion of the
heavy chai n; ﬁMDﬂFmbmb@FQ@HEnnéléPEIdbnbwhmwwp@ﬂ?bﬂﬂ]b@dﬁ)h@K@sule -47-
(3) (Fab)2 th ?ggﬁ of the anti body that can be obtained by treating
whol e antlbody W't e gnzyne pepsi n wi t hout subsequent reduction; F(abr),
is a dinmer of two FRabio, PCayivemrpesdedlod atibgedhecellbyB teis, didsudiocgtes. bonds;

(4) Fv, a genetically enginegered fra ment cangaini.n he variabl e region
5of the Iight e ertH o Rrmp ares 4B 18t FEGPHYPT M%thﬁ'éiv %ihin expressed as

two chains; amdwnregulatiod SDcerA1Gh@p&ipAbal AithihfRaedpohEHCIH Iﬁ%lc%ﬁafv) defined as
a genetlcally en i neered npl ecul e contai ning the variable region of the

light chain, ¢ratienaip|veld-ypg §selbbut pet lné’%&rd@ﬁmmﬂ ceilyik drhipgipdan ggi t abl e
pol ypeptidg | 'pméé{ce%§PB-191¢“ﬁ&dlﬁélahy, P UR e QL SRl IS hGRML €

phenotype.

i ght

An exemplary amino acid sequence of human PD-1 is set forth below (see
also Ishida et al., EMBO J. 11:3887, 1992; Shinohara et al. Genomics 23:704,1994;
U.S. Pat. No. 5,698,520):

15 mgipgapwpev

20

25

30

llvvtegdna
afpedrsqpg
vlicgaislap
rpagqigtly
garrtggplk
cvpegteyat
dghcswpl

mwvrgvpwst
wltvsegana
afcnglsgpv
vylcgaislhp
kpegriggmyv
argagskddt
tacvhteyat

vwavlglgwr
tftecsfsnts
gdcrfrvtgl
kagikeslra
vgvvggllgs
edpsavpvis
ivipsgmgts

(SEQ ID NOG:

twavlglswg
tftcslsnws
gdarfqgiigl
kakieespga
igimgalvgi
lkeepsaapv
iviteglgas

pgwfldspdr
esfvlnwyrm
pngrdfhmsv
elrvterrae
lvllvwvlav
vdygeldfgw
sparrgsadg

1)

sgwllevpng
edlmlnwnrl
pnrhdfhmni
elvvterile
pvllllawal
psvayeeldf
amgrrgsadg

pwnpptffpa
spsnqgtdkla
vrarrndsgt
vptahpspsp
icsraargti
rektpeppvp
prsaagplrpe

An exemplary amino acid sequence of mouse PD-1 is set forth below:

pwrsltfypa
spsngtekga
ldtrrndsgi
tstrypspsp
avicstsmse
qgrektpelp

lggprpprhe

dghcswpl (SEQ ID NO: 2)

Additional amino acid sequences are disclosed in U.S. Patent No. 6,808,71(
35 and U.S. Patent Application Publication Nos. 2004/0137577, 2003/0232323,
2003/0166531, 2003/0064380, 2003/0044768, 2003/0039653, 2002/0164600,
2002/0160000, 2002/0110836, 2002/0107363, and 2002/0106730, which are

incorporated herein by reference. PD-1 is a member of the immunoglobulin (Ig)



Met hods of making these fragnents are known in the art (see for exanple,
Har| ow and Lane, Anti bodies: A Laboratory Manual, Cold Spring Harbor
Laboratory, New York, 1988). In several exanples, the variable region

i ncl udes aﬁgzmﬁm&ﬁﬁy(a region of the light chain and thecYagi@RbRsd1€9i on of
the heavy chain 15 expressed as individual polypeptides. Fv antibodies are
typically about 25 IcDa and contain a conplete antigen-binding site with
three CDRs per each heavy chain and each |ight chain. To produce these
anti bodies, the VH and the VL can be expr€8sed fromtwo individual nucleic
acid constructs in a host cell. If the VH and the VL are expressed

non- conti guou . Y | Ly

20t oget her by?ﬁ%#%%@iﬁ%ﬁ?&?ﬁ?ig%%$§g§¥1&%@599%1n%§§ggéghﬁgrggo$gﬁ to

di ssoci at e up®P-Heytoplasomc dsroalrrebﬂitaldst\’ﬂrakye)sme,nwldahehwgsdemluam pesimahk the

chai ns throug Iut i nter ptide
nker . Thus bt &/ RUEEENEE i ETR2 558 & s NG dTTupdise BEEER R
(dsFv), wher eucrtattebamrheaanylmhaumvm—tea@t@ ty@gineba@d dntitkieyry mghif). ahai n
vari abl e reglon are henlcallégllnked by disul fide bonds. 25In an

addi t i onal 5 ex&FsFise of el TV 91 ERdRdisatesdha s @olaquig dpnoyprcip aftiiateonnect ed by
a peptide |inkgfoen [RRH@r SibMing b§ RN ANk bO&RoMsREE Pibs P P18, NSurhChM) are

prepared by constructing a structural gene “conprising DNA sequences
encodi ng the vmlmﬁa‘DvalamuSh%w@b@ﬁé@%e@mwaca@mlct@rliltgdmhtqoew*‘fﬂdl@n offfear

structural geng.h uCglgéésﬁﬂnbr%%g%d?&ﬁu@%% fﬁﬁ@‘r‘ﬂe émiaﬁﬁ‘_h*rﬁe

subsequently intro to a e reconbi nant
host cells syrmt thesytz:glaanmwgﬁdnrearpiahg/ﬁlﬁm hkiﬂnotfnialunouwdnhg the Farhkogrtepeiptli de

bri dgi ng Met.hods |, f ar e knomn in the
ot CoLag Wi sk RPN celBhEe Sed B B RN ECBNEOF A G Rl Bl

Enzyno/ ogy, Velouse respe@i@el9yare 188 LonBived beixadh hunht £deeuridd 2ith2ldgue 988; U. S.
Pat ent No. 4,946, 778; Pack eta? Bi o/ Technol ogy 11:1271, 1993; and Sandhu,

supra). Antibody fPlerT’éﬂtr%e“P&hOfb@e gd"‘ﬂfa b?%?lﬁ?‘ll‘?ﬁ’ bﬁ%ﬂir%‘llff& s of the

anti body or b)ébi‘ﬁl‘}pt"o%%ﬁi @©PD-D1.Em 159, likOETDAA ﬁﬁqugfaﬁﬂﬂ} h@uJeEl%Q@i?é“t Ant i body
5fragnents can be obt ai ned by pepsin or papain digestion of

ant i bodi es by%wéﬁv@ﬁﬁﬂﬁﬂamlwwpm@dgaMF6D3é%aW®wéﬂ hﬂﬁ@b@?‘ﬁﬁé@d@ﬂ@b can be
produced Ry e'ﬁﬂ@@%gb? @Ti@’?a tﬂl %W[F%ﬁ{!ﬁﬁ @%QEJF:[&eo?BpJ ﬁé’gﬂle a 55

fragment denoted ) h égnen can er cl eaved
t hi ol reduci ngesagentq aranI;gl\bptHDahasl dlsp eacptmlsmdlomraqu@etmfphﬁnmcﬁdmn@ul f hydr yl

monoval ent 1 &b s KOERY AT Clag ek Wb 1 6 RRER MhoBRRRY epsin

produces two mgprrgyal ent Fab' fragments and an Pc fragnent directly (see
U S. Patent No. 4,036,945 and U. S., Patent No. 4,3 1D647 and references
contai ned t herei n: [1Ged sy i capcpmitaninwity an mructionded dwwgoné@szso 1960;

Porter, Bigc h%m:loged Hedeid #2r TLIP Oy o BER) BRI eGherBdsed bMINRRHR: b T-&ENZNADI 09y,
15Vol . 1, page 422, Academ c Press, 1967; and Coligan et al. at sections

2.8.1-2. 8 10 an@oeglt fhat l_’@dQCB}_d‘lﬁzﬁf(plE&SlOl’l or act1v1ty of PD-1. More spec1f1cally, it is

disclosed herein that an agent that reduces the expression or activity of PD-1 can be

used to increase an immune response, such as to a viral antigen or a tumor antigen.

Without being bound by theory. reduction of PD-1 expression or activity
25  results in an increase in cytotoxic T cell activity, increasing the specific immune
response to the infectious agent. In order for T cells to respond to foreign proteins,
two signals must be provided by antigen-presenting cells (APCs) to resting T
lymphocytes. The first signal, which confers specificity to the immune response, is
transduced via the T cell receptor (TCR) following recognition of foreign antigenic
30 peptide presented in the context of the major histocompatibility complex (MHC).
The second signal, termed costimulation, induces T cells to proliferate and become

functional. Costimulation is neither antigen-specific, nor MHC-restricted and is



O her nmethods of cl eaving anti bodi es, such as separation of heavy chains to
form nonoval ent |ight-heavy chain fragnents, further cleavage of fragnents,
or other enzymatic, chem cal, or genetic techniques may al so be used, so

| ong as theo2@knegments bind to the antigen that is reeogniszedodsgsit he

i ntact anti body. One of skill will realize that conservative
variants of the antibodies can be produced. Such conservative variants

enpl oyed in antibody fragnents, such as dsFy fragnents or in scFv
fragnents, will retain critical amino aci®Oresidues necessary for correct
folding and stabilizing between the VH and the VL regions, and will retain

the 25charge ghai@atsrons b SSreQdistinbecel@aifEHeqs 1ypBpites8ipréQedyespry errtrhe | ow
pl and low toxicity of the nolecules. Am no acid substitutions (such as at

nost one, at FBRtaE aRly samulisdthronghee Toell pesgetor gumhoulgpecatingiiysidditiopal ani no
acid substit uth,QnehaG3NidaL Hﬁg%e&dhet&b%réépigﬁnftéaﬁaﬁoié{'m-H@&g&ﬁﬁnm | ncr ease

yi el d. Conservative am no acl d substitut €s providing Tunctionally
si m | ar am no dawnaedelateonee|the ikmows r¢spomnse of ordinary skill in 30the art.
The follow ng six groups are exanples of amno acids that are considered to
be conservéative suliae CD80iBNS) fror Clodte(BYRDtreteins, exg@ssed pn APSl| e ciiddal Swi ne

(S), Threonine (I): 2 artic i.d G ut am ¢ aci. E):. 3) Asparagine
(N, @ ut an neotey il iPGRHAE Fiyie Lol { Rporgalitvde i dlng )

Leuci ne (L), MahiuinerdspehsédVB7-1Maklpiagulfte) latedmglthe)comisesiydnanaiiing @espbnse tolyr 0si ne
(Y), Tryptophan (W. Thus, gne of skill in the art can readily review the
anino acid sed¥RIfREePEIY SHITHBRAS B coptipRiaaRg secprsanyt bedhisSRnSstold of t he
am no aci ds i polypeptiel 8k chplordhN@ng tolaRulatdry 3r HAMBHVEddalkao SHRSAd t Ut i on,
and produce the conservative valiant using wel F 10known ol ecul ar

t echni qued0  cells to pEprpete pomhips | lmavne sell ieponsess Foheagpiawhen belinddgmast i ¢, or
det ecti on noi et.j .nked t-p-an: j i f1cally binds
P 1, PO LI or B S0 R et (B 2Rt TRERBIC MG S i
the art. Bot h iclobigd iemtunael cosnoolatibe whempitesamh imerndolubbafosm ndheb dowsketd. The

procedure for attaching an e or | ecul e to. 15an..anti body, varies

P oordime 1o aRaBA Reflaf PhECT PhielRe SR Bt e P AR BERY e typi cal 1y
contai n a var iieininetelf. Unehiphing B7 gimilpsemBei€ inchsle GIr HBIYA, BT- et ghigkdOH) |
free am ne (-Ng)éfiﬂor, sul f hyﬂgltb(%- SI—% gr ou,gs, which are avail abl e, for
reaction wit h BY RgANERNEBBUAE TR R-L i H160P o 2athsodvhls Ba#pentoondesditvel n t he
bi n;h ng of tth&@cff?‘]‘:ﬁ%lnﬂ?lréﬁfB!n%-birﬁ! tB6&@&tm81%|1-¥wp&f%n%tihla{ﬁfﬂ¥ cél such
derivatized to expose or attach additional 20reactive functional groups.

The derivati zas CdhAfaffDRBVEIORe PR k 2ndfarether scepiery, a8, deppnshibeen & | i nker
mol ecul es such,as; | A5em@¥ahilPRBnlh P M Phiiss SR AL sHAIRAY signal to

an immune cell.

20 CD?28 is a receptor that is constitutively expressed on resting T cells. After
signaling through the T cell receptor, ligation of CD28 and transduction of a
costimulatory signal induces T cells to proliferate and secrete IL-2. CTLA4
(CD152), a receptor homologous to CD28, is absent on resting T cells but its
expression is induced following T cell activation. CTL.A4 plays a role in negative

25  regulation of T cell responses. ICOS, a polypeptide related to CD28 and CTLAA4, is
involved in IL-10 production. PD-1, the receptor to which PD-L1 and PD-L2 bind,
is also rapidly induced on the surface of T-cells. PD-1 is also expressed on the
surface of B-cells (in response to anti-IgM) and on a subset of thymocytes and

myeloid cells.

30 Engagement of PD-1 (for example by crosslinking or by aggregation), leads

to the transmission of an inhibitory signal in an immune cell, resulting in a reduction
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miflllmlisl
ecnfdtgshv
plgkasfhip
asyrkinthi
pantshsrtp
eltlasidlqg
ialrkglcgk

elglhgiaal
nlgaitaslg
gvgvrdegqy
lkvpetdeve
eglygvtsvl
sgmeprthpt
lysskdttkr

ftvtvpkely
kvendtsphr
gciiiygvaw
ltcgatgypl
rlkpppgrnt
wllhifipsc
pvtttkrevn

Accession No. AAK15370, as available April §, 2002) is set forth below:

iiehgsnvtl
eratlleeql
dykyltlkvk
aevVsSWpnvsv
scviwnthvr
iiafifiatv

sai (SEQID NO: 4)

An exemplary variant PD-L.2 precursor amino acid sequence (GENBANK®

miflllmlsl
ecnfdtgshv
plgkasfhip
asyrkinthi
pantshsrtp
eltlasidlqg
ialrkglecgk

elglhgiaal
nlgaitaslg
gvgvrdegqy
lkvpetdeve
eglygvtsvi
sgmeprthpt
lysskdttkr

ftvtvpkely
kvendtsphr
gciiiygvaw
ltcgatgypl
rlkpppgrnt
wllhifipfc
pvtttkrevn

Accession No. Q9BQ51, as available December 12, 2006) is set forth below:

iiehgsnvtl
eratlleeql
dykyltlkvk
AQVESWPIIVSVY
scviwnthvr
iiafifiatvwv

sai (SEQ ID NO:46)



I nvitrogen (San Di ego, CA), and Applied Biosystens (Foster City, CA), as
wel | as many ot her conmercial sources known to one of skill. Nucl ei ¢
acids can al so be prepared by anplification nmethods. Anplification nethods
i ncl ude palybomeesgrchain reaction (PCR), the |igase chacinssaghdsesi (LCR),
30t he transcription-based anplification system (TAS), the self-sustained
sequence replication system (35R). A wide variety of cloning nethods, host
cells, and in vitro anplification nethodol ogies are well known to persons
of skill. -51- In one exanpl e, an afti body of use is prepared by
inserting the cDNA which encodes a variable region froman anti body that
specifically binds PD-1, PD-L1 or PD-L2 into a vector which conprises the
cDNA encodi ng an effector nolecule (EM. The insertion is nade so that the
vari abl e regi on anlDthant@oniiséngledscrgpns Bt sgdeccsbe epagssiomer woinity alious

pol ypepti de i F L Th ] ] j [ [

functi onal Ey%m@%gﬁqgg% L-zlii)? ﬁ%gt)?%ﬁa&éﬂfﬂgggd%&%?;n{hggrg&g%glch@ﬁveeﬁ?, cDNA
encodi ng a detP&st all BD1idrdc ére igsuchiomiset@eendiizy ned PDsL]. i jatepthry 0 a scFv so

t hat the rker is located at, the, carboxyl .t i nus of the . I'n anot her
exanpl 6. aSdetBEPIBIE TkEk AR T8 GOgh B ie LAMRS T S HTHIELS ¢ he Sy
I n a 10f urt hern@heandng.an GRINADEDT aidibagy)aRtel atlablce (swe kemdlEDllirgadied to a

heavy chai n vari abl e re_gi:|t on of an anti bo_gpi{that specifically binds PD 1,
PD-L1 or PD- Lolesylegipati-RIk | R Adend ag angbdt-bg RAA Y- RatieasyBytulesdpighnus of

the heavy chaiyp,yali-pbl leanliigéﬁiml? RNATQ@ arnﬁ BMM lczﬁﬁi-% dhsy RNA?— Bhad SRLEH-102N

subsequently be ligated to a light chain variable region of the antibody
t hat speci fi cahfisgnisiRNg4), BDninanPRghtiveqroiDs (spclyad dpreinaniinfgaize EBbbnds. 1 n a

yet anot hep e € L BB A iq% er | ' o jght chain
vari abl e ﬁggi ?ﬁoq%k' dadno an .@%‘3‘% E%t n{ g‘éﬁﬁd&ﬁ%ﬁfﬁgé&ﬁ?ﬁdﬁ so that the
mar ker i s | ocatedngtnd srealcableoxy Inhitétord nus of the |ight chain variable
region. The l|ight c¢haip-var,i e region can,subsequently be ligated to a
vy chai n vari abid PBEFBH BF ot hi Sk ePEO R Har SOUBCP PRI b nds PD- 1,
PD-L1 or PD- L2xpgésith disedcliviéeofrandse a cd NG explessidiusagiiGtyas tdscaancodi ng
the anti body or functional fragnment thereof are isolated and cloned, the

protei n can béYyaklspdatay P% P tiihiPHant oytEhgilfe 8P &d 8% 7 190% as

bacteria, gl a j : ' I , r.e, DNA
sequences 12ncgg?ﬁég?ﬁwéﬁﬁ%g?ﬂgfaﬁ% %?\%In%]g r%’%m %ﬁ%éﬁg?tgﬂgfs ?ncan be

expressed in wtiviy dsyatiat thoandi7arat leastabent$0fa, atdeast byt 7¢%) 4t leaTiedoetel | may
be prokaryoti r_g2he i i C.. . The YW| incl n y of the
subj ect host %gﬁ%l gtle%sPIKbgbuﬁﬁé 8’rasttléo£(S)tci] b%’ﬁat ‘éilofgﬁér”ﬁ Stﬁgg&m?ge %foct%[egglg{édenti cal
to the parent attivigl lIn snee@miphe the cobtyol iea aalit thitihansottbhat traeeiuvittdihe iPgL
replication. Methods of stable transfer, nmeaning that the foreign DNA is
Cont i nuous!y FRIEATTGLoHheE TG (he G0 lin o AN THES F £ SCIFSNARGEI oot i de
sequences 26NCadiNG debf, Aok bPOEHriaT kidWicCidt enNatect PRAMRAYILZ AN eRpes N be
operatively linked to expression control sequences. An expression control
sequence oper & PRI cp bkdsdermined bygay signded methed in de pitgaclaging thore t hat

sm_x fL efﬁ ieon of JLOSiLePHiEH. BRUNEMGEhE PDAF e HRESS ofRAtS bR cPpPat i bl e
|l to PD-L1, PD-L2, or both,

25 A Antibodies
Antibodies that specifically bind PD-1. PD-L1 or PD-L2 (or a combination
thereof) are of use in the methods disclosed herein. Antibodies include monoclonal
antibodies, humanized antibodies, deimmunized antibodies, and immunoglobulin
(Ig) fusion proteins. Polyclonal anti-PD-1, anti-PDLI or PD-L2 antibodies can be
30  prepared by one of skill in the art, such as by immunizing a suitable subject (such as
a veterinary subject) with a PD-1 ligand or PD-1 immunogen. The anti- PD-1, anti-

PD-L1 or anti-PD-L2 antibody titer in the immunized subject can be monitored over



-52- expression control sequences. The expression control sequences
include, but are not limted to appropriate pronoters, enhancers,
transcription term nators, a start codon (i.e., ATG in front of a

pr ot ei n- eng@eiongssgane, splicing signal for introns, naeot/eRmoTesss the
correct reading franme of that gene to permt proper translation of 5 nRNA
and stop codons. The pol ynucl eoti de sequences encodi ng the anti body or
functional fragnent thereof can be inserted into an expression vector
including, but not limted to a plasnid, ¥rus or other vehicle that can be
mani pul ated to allow insertion or incorporation of sequences and can be

expressed in ﬁh{rem?rstaﬁa&h@ercmh@e% Qlch 84 ah ¥R ERSmeIIKES fnfin GRForb labkde
m crobial, yeast, i nsect and nammalian organisns. Methods of expressing DNA

sequences hav (Pl Sauksing temebilizedy Bl ligarsl @ified polypgntiskar yot es are wel |
known in the art. ﬁ'ﬂe%%{ﬁ@g,:ot?{l Eﬂﬁ%ﬁ%&%?e'cul\é%]{hﬂ! spgaﬂcﬁlﬁ'arﬁrmlgb Mqetors

capabl e of expression an cation in a are own in e art.

Transf or mat i onr BP- Iél (Ioosdmhimitionmjh'choﬁ@amhbisnhmﬂ ftONthylrrbml ésanch peldorout by
15conventi gnal te n the art.
Were the osfﬂP@‘ Jﬂ V&m“geéghgﬁmg% “%% &Tm oﬁ%%ﬁ§1%68 8 which are
capabl e of DNszLmﬂilalﬁﬁtﬂﬁ‘(ﬁiﬁbsb@n <3 pﬁﬁreedlsﬂ‘ngcpmtm A ehrbrasvaspiedoadds 1:G
exponenti al gromﬂh phase and subsequently treated by the CaCl2 met hod usi ng
procedures wePMUBHEWN in the art. Alternatively, MyCl2 or RbCl can be used.

Transformation CanAﬁh%yq&oc&%{noQEH?@Ln%@%BEaﬁ{edfﬁ%hth‘Qubﬁed%:ﬂi&EJi@cﬁt of the
host cell if desired, or hy electroporatlon When the host is a eukaryote,

such met hods ofepuiearspelonsl gntiksdicot sgdard eshuinvgsHess frdlos 2edbMhiksteini t at es,
conventi opgl %&{‘@%ﬁ‘?ﬁis@r ?%dﬁio%] &Yehy. fﬁ%m‘ifh&lr i RCk! %1 eLggt yoporati 8”

insertion of a plasmd encased posones, Or Vvirus Vectors may be use
Eukaryotic ceMtsloclamala*lrsut)odhes mdt@aansﬂmempgl, Aliat R. RBBpdhgy/mpc7'e66,i 1@65 ssequences

encodi ng t he of f |ona econd foreign
DNA nol ecul e g%@ Sﬁé‘gigé gfhgﬁF@I%ﬁ%@g?V% 3££h%ﬁ%%§m%h£?ﬁ€f 'bes si npl ex
thym di ne ki nassoglens - AnmibediBe i New Maeehstont 1a Bl&@m@al%iﬁﬁ,l’sy@l’leﬁuml ral vector,
such as siman virus 40 (Sv4Q) or bovine | oma, virus, to transiently

i nfect or traﬁ?@ﬁ*ﬁ%éﬁ%&ryﬁWlé”%@stﬂgﬁ@ BQHWE§§atWEnﬁ¥%ﬂEFﬁY?§%e for
exanpl e, Eykany@ 'L%nfép‘é makw‘s@pmw BibPMEASPI: BWdﬂaYt@l‘?Et dapricatgry, 4 uzman

ed., 1982). kil he art can readily use exg{e55|on systens such
as pI asmi ds aﬁ@aﬁl@@t 8!5@92)? 3Ju§876)n111 owa@mdmmgmpﬂ etlelines(tipicadzh| s

col 11 nes. el e e R TP e coced

pol ypepti de cammipsizehwith €D- me)byonﬁmﬂénMKbmaanman$mmnmhwdfﬁg preparative

chromat ogr aph}{esup ting hybridoma cells are screened to identify a hybridoma preducing a

20  monoclonal antibody that specifically binds to the polypeptide of interest,

In one embodiment, to produce a hybridoma, an immortal cell line (such as a

myeloma cell line) is derived from the same mammalian species as the lymphocytes.
For example, murine hybridomas can be made by fusing lymphocytes from a mouse
immunized with a PD-1, PD-L1 or PD-L2 peptide with an immortalized mouse cell

25 line. In one example, a mouse myeloma cell line is utilized that is sensitive to
culture medium containing hypoxanthine, aminopterin and thymidine ("HAT
medium"). Any of a number of myeloma cell lines can be used as a fusion partner
according to standard techniques, including, for example, P3-NS1/1-Agd-1, P3-x63-
AgB.653 or Sp2/0-Agl4 myeloma lines, which are available from the American

30  Type Culture Collection (ATCC), Rockville, Md. HAT-sensitive mouse myeloma
cells can be fused to mouse splenocytes using polyethylene glycol ("PEG").

Hybridoma cells resulting from the fusion are then selected using HAT medium,



5i mrunol ogi cal separations. Once expressed, the reconbi nant anti bodies can
be purified according to standard procedures of the art, including amonium
sulfate precipitation, affinity columms, colum chromatography, and the

| i ke (see,wgeowsigdity, R Scopes, Protein Purification, rBpiiszg@ossiér | ag,

N. Y., 1982). Substantially pure conpositions of at |east about 90 to 95%
honogeneity are disclosed herein, and 98 10to 99% or nore honbgeneity can
be used for pharnaceutical purposes. Once purified, partially or to
honbgeneity as desired, if to be used ther‘%peutl caIIy, the pol ypeptides
shoul d be substantially free of endotoxin. Met hods for expression of
singl e chain amidhieUl @FubdnarunpeicdilieRFuied) MRclapRiaPY. IRfbeidaah cap form

i ncl udi ng single chain antibodies, frombacteria such as E. _15co/i have
been descri bed@Heina R ERES! Pn%ﬁﬁwd&ﬁﬁmﬁﬁt%&q@% led: fepetamplakyi bodi es

di scl osed her %h‘@emrﬁﬁﬁc hwm%rcuﬁﬁle%hpﬁnm for BleQF Bl orPAaibediss ReGhind 992,

Pl uckt hun, Bi ot echnol ogy 9:545, 1991, Huse et al., Science 246:1275, 1989
and Ward er ala. PD NaHQrLé oBBp- 15?4mlolquaguc}a¢slby|qﬁmrapomame@loyyalraeefaer(mqbe
herein. Oten, I I t her
bacteria atrse | so Jt-nggl%l( ?%?nﬁ[ﬁ%ngﬁﬁg%%qﬁﬁﬁegs&g% a@?&ﬁ? l}ngjgs% H{)Aﬁl zation
usi ng strong denat wsantbernaive tcspmlapmmgenﬁnor:bhdlednbrgiy—dautnmmh)tblmdomas a

sol ubi li zati on st S |1 Kk t a red gent nmust be
present to seﬁ‘éornﬁ’?lg“ﬁlagt&h‘]fiiy\é%t %ﬁﬁgmﬁ% ‘é%(lg?rﬂl’ Eb)}“l fpﬁj F‘E a reduci ng
agent is: 0.1 idMnfifitbaratkdate®bM@eeamioti B&mbindnd MM Aorif) idmivhé&bulin
(dithioerythritol). Reoxidation of the disul fide bonds can occur in the

presence of  2BrAB(IeIsEERINEPodNahas dismMivlibrayayshES- | AD-EaeRE-18d8 oxi di zed
form as qgscrifpdinHundRidBiin §br af}l mcm‘@lé)ﬁllﬂﬁsrpeéhf:ﬂly%mcﬁﬂé?Olggﬁﬂu‘le 1R#O,

i ncor por at ed by reference herein,” and especrally as desc by Buchner et
al ., supra. for genfRetieg andatieeming Bhwéy}dlsghh!Illylaactmnpbmsﬂq@@hllbwdidbm| on (for

but Tor " An_ox st &g il Figf BT o ihafapl SHSEePBRbls sPURIOE 1 12, &

mM oxi di zed g |1eﬁgarﬁt|§l pmfleulé 1GSHfgnablarfor e Iil‘l\/izdﬁa'ﬁﬂno andbséreening antibdgy display

modi fi cati on t he two. chain antib at.i i l,. the heavy and
Dot onai o Al oSy o Bt B 0 S a R A ety

conbi ned i1p t heoroefoekgh, Pa TS pliblich@h NOAWEXEMILALWPOT BhifichifonQtd. avoed when
these two proteins are mxed in_a mpolar ratio such that a 5 fold nol ar

excess of one 8§06 RCIRablieation Y Qér/ 2877 PRdtPublistion dtp: W 9?"é5@é’5| rable to
add_excess oxigdirraghalihaihivaN9aAlopt Berr 1l Neolo9 Bk eyl ar wei ght

conpounds to the refol ding solution after the redox-shuffling is conpl et ed.
I n addition t dubéctimNeaO %@MﬁsBalbheetahtﬂlb@d*iaels/\eﬂqidsttluﬁﬁﬁl%ﬂéﬂfif ragments

thereof that a6, dosEipsstishel i A3l RYIPR.C 9T EELad oy vhole or i

part using l1lO0standard e synt’hesis. ase synt €sis of the

pol ypepti @8s of | eT&e hﬂnam aaidcmdjueﬁéb @nintbodiesi ths burmi RRngtddigdosethdor
acconplished by attac t he -.term f. the se uence to an
i nsol ubl e supf%?‘PPLFdPI onedyF gbé’ﬁﬁtéor‘i‘t 20@%&&5% “g?q{‘ﬁé‘lcP’é’r‘?&\ffﬁ}}?be”ém no
acids in the sggueRae. ARBDASHEHHOPDSOLE dispaREBs@YAUNEFagnar e descri bed
by Barany & Merrifield, The Peptides: Analysis, Synthesis, Biology. 15Vol.

2: Speci aI Ve thyblicstiph NoepAGOMO34526: whish és aljmaipgorporatse hersindgaeteranes- i 10 el d et

ot i o lid Ph
Pent i de oyt negietl efipled %ezd;lﬂg?%xﬁ@mﬁéa%%m_d?@@)()gﬁmtl dﬂDDaﬁ igggol 1 Phase

Protei ns @b p-ve&tzelrafﬂnet}gctomtnluwf belessy he hd3 i weld atar l@emﬂbﬂ\éaattll@ﬁtiﬁ( 1ﬂ?1e anmi no
and car boxyl Lt [ g) shorter fragnents. Methods of form ng peptide bonds
oL at least 10 .
by activation of "a car oxyl "term nal
In one example the sequence of the specificity determining regions of each

CDR is determined. Residues are outside the SDR (non-ligand contacting sites) are
substituted. For example, in any of the CDR sequences as in the table above, at

30  most one, two or three amino acids can be substituted. The production of chimeric
antibodies, which include a framework region from one antibody and the CDRs

from a different antibody, is well known in the art. For example, humanized



20end (such as by the use of the coupling reagent N,

Nr - di cycyl ohexyl car bodi m de) are well known in the art. B. Inhibitory
Nucl ei ¢ Acids Inhibitory nucleic acids that decrease the expression and/or
activity oboPRbdshss12bPD-L1 or PD-L2 can al so be used i npichastmtses

di scl osed herein. One enbodinment is a small inhibitory RNA (siRNA) for
interference or inhibition of expression of a target gene. Nucleic acid
sequences encoding PD- 1 , PD-LI and PD-L2 are disclosed i n GENBANK@
Accession Nos. NMD05018, AF344424, NP_079%%5, and NP_054862. 30General |y,
si RNAs are generated by the cleavage of relatively |long doubl e- stranded
RNA nol ecul es Rifhddiez@hin B rodihel £POUBIRY. (FAIRIBdy SCARIBES) fradfnl&fide 21269,
2002; Bernstein et al., Nature, 409:363-366, 2001). In animals and plants,
-55- si RNAs aﬁ]éma@@@irﬂmr@wobh)b@h@m@mwp@me@@lmm@t@wu%@éw@pé@?lﬁ)c

ri bonucl eol ytig I eavage of
MRNAs or ot herl(z)ll-:gﬁf%lén\éIl h%ngéloﬁlla bggi?:fh% tﬁ%sr@?}?ogpzr}gnél@[q]ﬂt?haghnucl eus,

si RNAs al so gumdmnb@bleﬂmcahd bcszandihgln@hatlefehzthlesmegme fianewbNA froet lhl.yhzmtl on,

resulting i.n transcription | encin dV|d al gene r |arge
chromat 1 dondrie b hefe el el aratir Aol SBRETLde 267 rom
Santa Cruz Bi dugehinel @gyenokldbulin specificalyebifdses @Mt 1,ASL| 6ﬁpm¢2pm@vardes RNA
suitable for inteiference_or inhi;bition of expressiopn of aJ gen

Whi ch RNA | nc P aBUBILEr Silpsahibd RAciots 45t I0L 3 (% oK L0 EReot | des
contai ning a Q.dpBypucl eotide 3" and/or 5 overhang on lOeach strand. The

sequence of the RNA is substantially identical to a portion of an nRNA or
transcript of a tatketanigehaoneqlerts] aibpgiescanphp praduged POranpferingrdoppi ch
inteiferenge .0 1 f this
di scl osur g@ a%éegf&g{r?gghgp&t%elﬁ\% %ﬁ%@n@iﬁgﬁﬁeﬁ?’g%ﬂrﬁ? é%tlg"l‘”atIB %ch§1§ge0| fic
portion of thefnRNManarmouwsairsmongglotadini{dveh PB)Fkgé’ID DEnePD-ar) wiv ¢hummt ei f erence
or inhibition of ressi o e t han about 30
per cent . and LI EEREGHR A S e R e R ERE S r om t he
speci fic portivaRnadquirbe oA Afinity. aNeaise pt antibodyh@nipahgrt d@RBE froln

particul ar enbodi ments, the F Léence of the RNA is exactly identical to a
speci fic port iNgmapieed Manqaragal Bt P?‘&%@I‘fﬂtﬁtpoéf’m?]H’éd%]%ffl‘g%‘f‘oc@"é‘?fjem“TH’&‘S si RNAs
di scl osed jger Eif'nﬂlu'rlggelnh'ﬂ? O@I%Qbﬁs't;ﬁltt FRee &t BRBOREr ARy, %cﬂn%u%pﬁpom 40

nucl eotides in gth 3" or 57 overhang having a |e h of O to 5-
nucl eot i des orpl@hlém @vmawaed Wlﬁﬂﬁl ftnﬁéo@éﬁcfw@ﬁ@ellbﬁd fosexatenle by Jongsanded RNA
i's substantial)jyal | ( vV, It f Janscript
of a nucleic éJCI @ﬁ{'%i f%g" g%? ﬁﬁ%ﬁ% e?%ﬂ"wgf.%?‘gz% 19 ée%(%rrpl es,

the doubl e st radnSed:cRREO:¢H# $998s Cabout allProo A@ldoﬂtaa_?&an{Slﬁetﬁf)ldldéi for
nstance 29, 2o Sdf, PR IER AP TENL Sl dgT) ool [0 2 nuct el
stranded RBA gepiabnS0oR804t1998 T mbibody moy vriala9idotes bLOOKeldant i cal to a
nucleic acid %rr}l%%glln{]e%tsl?}% ;il'ntlbgcll:;r- 1|§ ]én ?ng I?r%hll_dzmo llalst not limited to, IgG), IgG,, 12G;

and IgG,.

In one embodiment, the sequence of the humanized immunoglobulin heavy
chain variable region framework can be at least about 65% identical to the sequence
25  of the donor immunoglobulin heavy chain variable region framework. Thus, the

sequence of the humanized immunoglobulin heavy chain variable region framework

can be at least about 75%, at least about 85%, at least about 99% or at least about

95%, identical to the sequence of the donor immunoglobulin heavy chain variable

region framework. Human framework regions, and mutations that can be made in

30  humanized antibody framework regions, are known in the art (see, for example, in

U.S. Patent No. 5,585,089, which is incorporated herein by reference).



shoul d be not that in this context "about"” refers to integer anounts only.
In one exanple, "about" 20 nucleotides refers to a nucleotide of 19 to 21
nucl eotides in 30length. -56- is not dependent on the |length of the

over hang aowo odob@ss1st rand. | n specific exanples, the | ergtiusedzbdsesi3' or 5
overhang is O-nucl eotide on at |east one strand, and in sonme cases it is
0- nucl eotide on both strands (thus, a blunt dsRNA). In other exanples, the
|l ength of the 3" or 5 overhang is 1l-nucleotide to 5-nucleotides on at

| east one 5strand. More particularly, in 46ne exanples the length of the 3
or 5 overhang is 2- nucleotides on at |east one strand, or 2-nucl eotides
on both strands. | pxaasihiyGubah 2 fiRARS 8% LEN endSIRMACIDIIRE soGetaSoidhe

over hangs of 2-nucl eotides on both strands. Thus, in one particul ar

provi ded RNA &pyodnddakt chpindragsierks-ass knondds RN dosmalapsliggchan - or 22
nucl eot i des, I fat ; ol = L0nucl eoti des on both
strands. In e%%gﬁﬁﬁgﬁﬁgﬂgﬁaPﬁébéE%Eﬁ%?ﬁ%?ﬁ@gaﬁéﬁgﬁﬁ?“%he doubl e- st randed
RNA cont ai ns about 40-60% adeni ne+uracil (AU) and about 60- 40%

guani ne+cytosi ne ( . re rticul arl in.s i fic exanples the
doubl e- st randed RNgE1d%¥§Fﬁ§P§E§&§%§g§§%£F5%% Q%%%t“% 0"GC.! Al so descri bed
herein are RNAs thakofuwddiercgerehuge (atql eastic ong nodi fi ed

15ri bonucl eotide, for instance in the sense strand of the doubl e-stranded
RNA. I n particul ar FRRAFRREF GGS GRDATET e8SERDOPNAYEH! | [(F&d §Di NOt hé) 3

over hang of at |east ! I rticularly in the 3" overhang of
t he sense strand. ?F4ﬁ§§%%#@§%ﬁﬁégﬁgggéﬁtgﬁpl%{ed t hat exanpl es of nodified
ri bonucl eoti des include nbonucl eotides that include a detectable |abel (for
i nstance, .a quoro%hore, such as. rhodarnjine or FITCO, 20a_thi ophosphate

nucl eot i dé%anal og, EACTHRIBANGE] ‘%‘éic“if%“?’@é‘%?%@?’éﬁl%‘ﬂ?*’?%cﬁb%vﬁﬁ% t he base

nol ecul e is rifhoRURd QigGerRed:d), a 2" -fluorouracil, a 2'-amnouracil, a 2'-
arninocytidine, a 4-thiouracil, a 5-bronouracil, a 5-iodouracil, a
5-(3-am noal | yeuracil, an inosine, or a 2'0-Me-nucl eotide anal og. Antisense

and ri bozyme mol ecuhes fory Py BDuble 204 PO LEr A & @laroficadgyse in the

met hod di scl osed heréi I'sense nucl ei ¢ acids are | ecul es

t hat are conpl enenFReywimpEtcdraasivca (gapt tonnof Bospeci fic mRNA nol ecul e
(Weintraub, Scientific American 262:40, 1990). In the cell, the antisense
nucl ei ¢ adPds hybr FBPZRVT BT RINSASIAYEERS AHRAGD AR Cafbi (Rly 1& NO:

doubl e- strandgd ,mol ecul e. The antisense nucleic acids inteifere with the
translation of the nmRNA, since the cell 30 will not translate an nRNA t hat
i s doubl e-stranded FRANE¢BETISE WS g6Fer $DofNOabbRit. 15 nucl eoti des are
preferred, since they are easily synthesized and are less likely to cause
probl ens than | arger nol ecul es when introduced into the target cel

producing -57- PDAntib&tkd kucifas PRrib@mofforiab entdbdids) ichB@ims anfiRidRadamdt 0
;nhibit tgﬁ i%ﬁvitfg%éﬁ@géjsgiﬁ£$%&hgenes i%uwell kngyp in %ﬂe grt (see,
or exanpl, MHPEHE & nkrsle TulBieagth Faatrculer 25 9810 as HagRs thgfeafnt i sense
ol i g, onucl eot isdg é%ar"ﬁb,bﬁab'Lpﬁndqjﬂraﬁm&}?i’ncﬁgé)b'heaiy ch8ln adPriotd Onair Yariadd
region and are capable of binding specific epitope determinants. These antibody
fragments retain some ability to selectively bind with their antigen or receptor,
These fragments include:
25 (1 Fab, the fragment which contains a monovalent antigen-binding
fragment of an antibody molecule, can be produced by digestion of whole antibody
with the enzyme papain to yield an intact light chain and a portion of one heavy
chain;
(2) Fab', the fragment of an antibody molecule can be obtained by
30  treating whole antibody with pepsin, followed by reduction, to yield an intact light
chain and a portion of the heavy chain; two Fab' fragments are obtained per antibody

molecule;



535, 40, 45 or 50 nucleotides in Ilength. An antisense nucleic acid can be
constructed using chem cal synthesis and enzymatic ligation reactions using
procedures known in the art. For exanple, an antisense nucleic acid

mol ecul e eandgogiam cal |y synt hesi zed usi ng nat ural | yPOTAIBI007/688851

nucl eoti des or variously nodified nucl eotides designed to increase the

bi ol ogical stability of the nolecules or to increase the 10physi cal
stability of the duplex fornmed between the_anti sense and sense nucleic

aci ds, such as phosphorot hi oate derivati v&& and acridine substituted

nucl eoti des can be used. Exanpl es of nodified nucleotides which can be used
to generate the an@eSembﬂuﬁhﬁh&néﬁloﬂtﬂeﬂﬁhb&@ thet LSS S#diAcd By: treating
5-bronouracil, 5-chlorouracil, 5- iodouracil, hypoxanthi ne, xanti ne,

4- acet yl cyt osihele aBWQ%[r"H&MP%?WW;PPW Wifhqut puRseaent teduction; F(ab)s is a

5- car boxymet hyj ami, dl ,

carboxymethyl%itimnoﬂlgee’"'?ﬁl&ZF%IE%%?‘;nhbl H%%ﬂ?@ﬂr twg,(mggwgbf)]}galactosquue05|ne

i nosi ne, am)ngst otdher stv, @genabrhalmtrglneg@rhttfl@graclttlccletammashwdllabbacgcrr| ption
is known a [ x. strate ince t 0 r. W.nds

doubl e- heI?caPF'BNkoﬁ)t T, aﬁdﬁl R HITELN %“é’ngh% RIS eé?eefaélrtj“éoc}faﬁeSe
triplex conpoumts can be deS|gned to recognlze a unlque site on a chosen
gene (Maher, eta?., Antjsense Res

Ant i cancer Drug De€5i)gn gy c@%@?““bfgléi“cﬁ'f‘ﬁ 5§11:§ B%tzrtzﬁ; a %ggrtl?flf%gl e

ol i gonucl eot i dgsihetredl RAleQfc tth@rihile m@@alm@@d&n%lf&féllgﬁe&aﬁe&@lvanaﬂﬁ bozynes,
whi ch are RNA nol ecul es posseSS|ng the ability to sgagflcale 25cl eave

ot her singl e- &urddl IR Flivim linkadtara wifable geliieentide g aea gericaedliyn
endonucl eagesy s@&%n@k%&nﬁﬁuﬂéﬁk Through the nodification of nucleotide
sequences whi ch encode these RNAs, it is possible to engineer nolecul es

t hat recogni ze speblefliods pirmhleng ihdes femgqueersceskniownadn tHNA (sasl fecedampbnd cl eave

Loy oo 13 BlafSwiandBlne, ARG 8 78S Rl CulTRbRhe BREE" eas i L

particul ar seQusiaes, dee Yo’ra,cmssmlﬁdevefdneﬁaenlﬂm t}fe\/\@nhﬂsisgldnymﬁde@fche
ri bozynes nane

" hamrer head" F%%@‘L$%%?§ &E@n&i @émgﬁggm”??og%?wggt%Q§a§ﬁé%§§§éqﬁgﬁgésand
whi ch ar e 1§ ougxhegedas 1Hd1|vf%1ﬂﬂtﬂ61yp@f5ﬁde§ FhammeiRead tyfiddde abhR Q3 ¥R Sind €COgni ze
base sequences 11-18 bases in g h
contain a complete antlaen binding site with three CDRs per each heavy chain and
each light chain. To produce these antibodies, the Vg and the Vi can be expressed
from two individual nucleic acid constructs in a host cell. If the Vi and the Vi are
expressed non-contiguously, the chains of the Fv antibody are typically held
20  together by noncovalent interactions. However, these chains tend to dissociate upon
dilution, so methods have been developed to crosslink the chains through
glutaraldehyde, intermolecular disulfides, or a peptide linker. Thus, in one example,
the Fv can be a disulfide stabilized Fv (dsFv), wherein the heavy chain variable
region and the light chain variable region are chemically linked by disulfide bonds.
25 In an additional example, the Fv fragments comprise Vy and Vi chains
connected by a peptide linker. These single-chain antigen binding proteins (scFv)
are prepared by constructing a structural gene comprising DNA sequences encoding
the Vi and Vi domains connected by an oligonucleotide. The structural gene is
inserted into an expression vector, which is subsequently introduced into a host cell
30 such as E. coli. The recombinant host cells synthesize a single polypeptide chain
with a linker peptide bridging the two V domains. Methods for producing scFvs are

known in the art (see Whitlow et al., Methods.: a Companion to Methods in



The | onger the recognition sequence, the greater the |likelihood that the
sequence will occur exclusively in the target nRNA species. Consequently,
hanmer head-type 5ri bozynes are preferable to tetrahynmena-type ribozynes for
i nacti vat ivg 2assgmes fi ¢ MRNA speci es and 18- base recogrctrivemozegsmnces are
preferable to shoiter recognition sequences. Various delivery systens
are known and can be used to adm nister the si RNAs and ot her inhibitory
nucl eic acid nol ecul es as therapeutics. Such systens 10i ncl ude, for
exanpl e, encapsul ation in Liposones, mcrdparticl es, m cr ocapsul es,
nanoparticl es, reconbi nant cells capable of expressing the therapeutic

ol ecul e(s) (¥R&mdodd; Vo, ﬁﬂgébl- 1991; B3Dér.al. heiMce 262421 4088; U19Phjent
construction of a therapeutic nucleic acid as_part of a retroviral or other
vector, and tRE- f#ofe778Beck awhi Bioffisriatolnss 11HAT bilPdd:qnd Sandhu, gppyay.

ant agoni sts i ncl udg ,ipd £ FRntsRET ?%élﬁgdg%??%@n%eﬁg{iiﬁ@?JPo'yﬁ’irs%?thlei braries of

both natural product or “synthetic eXtracts or chem cal
| i brari es accentdiody ot by erptréreigs ik Aosahi df PN A encading thehfeagsone editiigpdpret hods t hat

detect decteases in PD-1 actiwvity h_as. det i cel| deat are useful
for identi '? yi E‘g‘b%%rﬁﬁ%nn%sc’% %dobr%pggf}ggll afbémocﬁbeg%%nr%%ghoﬁ%?nhgg TV y. The

initial screersnwayorempeindoriedxaisplagnabaiy\feraents ichr & proddced dppounds, a

variety of other conpounds and, conpound |libraries. s, nolecul es that

b nd P, DA GHCBBELES hUOUFRS L RS FHBN G § FoTRLpFodeIife of PO 1,

PD-Li and/or @@rb*a_Z.,TlﬁEJﬂnglﬁérﬁQhﬂ Bstulth@tcldaldéd Bide iﬂﬂﬁ)l%ahbiﬁghyenﬂfan_ﬁ’D 1, _ P!} L1
and/or PD-L2 can be identified. These small nol ecul es can be 25i dentified

f rom conbi nat ¢ptienally pblesking eroupdpitha FulBwdiy gtoups pafingomsieaviesef sl |
mol ecul e '1Pbr Asufirte 1i'nﬂaa%l§’,q{§ gfo(aﬂce 5% ﬂiat@%ﬁ%ﬁl%n%h SaLeATGRLL S0 as

ag
conpounds from comercia urces, as well as confercially avail able
anal ogs of i dentynfatiedleavdge wsing pepsinlpredypreeticaonpuleserabf frigsmisextdnact s or

conmpounds is t. critical to t 0i tifA i on, of. n i-sts.
Accordi ngly, %%ﬁf:%lﬁrt“acgl (I;ltilys g Q;ngﬁt Igli e'ﬁ'tdlgg ?%‘%cia?dr r% g%’f][tﬂ\g ' %égg’ﬁ%fnurrber
of chem cal exhd aférsndas capipaithelsin; Rikanipdfes «of Asiichioghdn. Bidpays089:¢8Hpounds

that can be P antagoni sts jpgl )yt are not limted to, ~-59- plant-,
fungal -, prokzgé%}lob‘?“%fo‘"g‘fff"né?g’ﬂ)gggaégﬁdf]&@f‘§f‘”’f=é‘f i 4t FEAmBeghs,  and
synt heti c |sonpind$ageaR2WeéddeAfc PRGI {IgrakidaoIRbn 8Xd7Sdt s@Giof QTR ILINEI S0

Nuner ous net hods are al so avail able for generating randomor directed

synthesis (e.§¢2dBdi2 Mk hesis or total synthesis) of any nunber of
chemi cal Comoundsotﬁé?%eﬂg;'dggf cl §nv5arﬁ%od&és%ﬁ fds %]ﬁg)m‘aﬁél?sﬂ?crat)daiamsltb pi d-,
i d- S Synt n

pepti de-, and nucleic ac ased cdénpoun tic conpound libraries
are commer ci alfbiyn ayrdvakebt kehtthermyRhaindegmasts doithdar elsayadeof frrgrokgts, NrH. ) and

Al drich Chemcal (M| waukee, . 's._‘). P ant agonists can be identified from
synt hetic conﬁgﬁh ﬁyﬁﬁ%rclﬁ%ﬂsm%gtbeélFtécqé%}'nl SRy Iaréoa‘\i/g?elﬂasé)lelgn %SgFr'ﬁea nunber
of conpani2@s iffagindaks himdvyherandgs thiéniec@dniZea by (herigscd dnébodyCor nwal |, 10UK) ,

Comgenex (Princeto N, J.). Brandon Associates. (Merrimck, N H ), and

M crosource (New I\/ﬁ"f’BF E}?n%’l’éllllfﬁaﬁ?et ff“?ﬁ‘f"é‘é?)ﬁ?@é’? Oég}?_aﬁgg‘?dd“érﬁ"i‘ 1)"? ed froma
rare chem calwdnsd@r:at YSuck u@ﬂsemmﬁeh@ﬂhmbéﬁgmyé&ﬁtangi&c@\fmgl@bt!s,esuf:m fasAkdrich
(M | waukee, S.). PD-1 antagonists can be identified in libraries of

natural compodfi@Eents of MescFofragraenth 26H ertqineLitiqa pgho, acigirsdues apressan feal
extracts are GQHI® %&lhﬁl{lg la}{d ?t}ﬂﬁiikiﬂg bcecwteérpﬂms Vu and the Vi regions, and will retain the
25  charge characteristics of the residues in order to preserve the low pl and low toxicity
of the molecules. Amino acid substitutions {such as at most one, at most two, at
most three, at most four, or at most five amino acid substitutions) can be made in the
Vu and the Vi, regions to increase yield. Conservative amino acid substitution tables
providing functionally similar amino acids are well known to one of ordinary skill in
30  theart. The following six groups are examples of amino acids that are considered to

be conservative substitutions for one another:



15a nunber of sources, including Biotics (Sussex, UK), Xenova (Sl ough, UK),
Har bor Branch COceangraphics Institute (Ft. Pierce, Fla.), and Phalli-LaMar,
U S. A (Canbridge, Mass.). Natural and synthetically produced libraries and
conpounds ven evos/esdid y nodi fied through conventi onal cheatwatopy7qHagsi cal, and
bi ochem cal neans. 20Useful conpounds may be found wi thin nunerous chem cal
cl asses, though typically they are organi c conpounds, i ncluding smal
organi ¢ conpounds. Small organi c conmpounds_have a nol ecul ar wei ght of nore
than 50 yet |ess than about 2,500 daltonsﬁgsuch as | ess than about 750 or

| ess than about 350 daltons can be utilized in the nethods discl osed
herei n. Exenpl ary ¢)ass@s (ANSktaShathesoatig¢Tgs, 25 peptides, sacchari des,
steroids, and the |like. The conpounds nqg be nodified to enhance efflcacy,
stability, pharnac%h%ﬂEéFa&@dﬁﬁﬂ?%F@P??“ e the like. In severa

enbodi nent s, conpomngﬁﬁggngqﬁ)Qﬁﬁﬂ%ﬂ§qcﬁor PD-1, PD-L1 or PD-L2 of |ess
than 1nM Iess t han | ess t han ) | ess than 101. LM or less than

1mM  30D. PD—Ipeptﬂh@“WHﬁﬁ@ﬁt%ﬂﬁ@(gmtagonlsts I n one enmbodi nent, variants

of a PD-1 protein ?Ph&hmTM% tL&Qu% ?QA? ?gg?bﬁtﬁﬁﬁﬁ(pﬁébgent!fied by

screeni ng conblnatorla arres o suc poi nt nutants
or truncation nut aﬁll@henyiﬁlamnE’D:)lTpmmhe(&ﬁ Toyptapbmi (WY, proteins with

t t t t t | ub PD- 1
rotein, o iy gl oA PR retol Oy ARttt SRRHEPLTLA by

conbi nat ori al aﬂﬁﬁoﬂ%@ﬂﬁ$d1§st abcater@erwa{oewfta@mdmbwah e bhid e asing by a
vari egated gene librar A 5library of PD-1 variants can be produced by,

for exanpl e, W“éﬁzﬂsﬁ?&tqﬂéﬂé‘wwu‘%fl@’&?i‘ fgd Bradrsa the gonsErvayye e ptasing well-

ol i gonucl ggt i dgswh PbR-SGNERRANENCES such that a degenerate set of
potential PD-1 sequences is expressible as individual polypeptides, or

alternatively, as EﬂS@@lm@h@dmgsmhﬁﬂ§E0m@ﬁﬁod@2mﬁﬂ(Smdﬁﬂa@nm@mﬂﬁhage

di spl t h t t f
LSBLEY) Sont 8L U BRaP R EAITRRS 0T 1 BBl LY ©

met hods whi ch "can uce f"Variants
froma degenemambmuﬁmgmmwabamthdsesbmubma&:mﬁhﬁ@hca%m$ymnhmﬂmswmﬁta

degener at e gene uence can_ be ormed,in_an automati t hesi zer,
and the- synt hattETGEBEEAGHY F Gabed RS HE K OF B AR ST 65D BSEF R et or
Use of a degengumitdd$ ehriddfac@eMas tetht ongnitQktridi@cRf MitieHe@Bs. RolypRP@RicHT Xt Ur e,
of 15 all of the sequences encodlng the desired set of potential PD1

ant agoni st sedUREHIHE SONYBITGHELY b FUNELNEh&OPBS: figF d’é@@ﬁé’ﬂé&cé‘c'él(p@@ﬁucl eoti des

are known in theAfde ((ﬁl@, or Eﬁfhy& Uﬁh?mo'h‘%{ %th a‘i"é a\% lable istERhedwan 39: 3,
1983; |takura et al. Annu. ochen1 3:3 4: Jtakura et a

Sci ence 198: 1@561tab169f849t10nﬂ1rglaldd®lt 4Im1ilt1b1>dmtpa¢swsn wﬁbfndagr@mesef@f:toa PD- 1
protein codi n%o?ec%e%%maﬁ@el %s Jerty ltzfac?{o 2 BoRAP Y ﬁvaSE‘P&ﬁal PD-1

fragments for screening and-$ Bse ue on of varian PD- 1
ant agoni s0 | meaotiee fendipahin@oips. a“hb dm\anyatmﬁ nmgdh\ngvessetqclenxmeof anggient s can

be generated b h i a .doubl e strandeqwﬁqg §I>1 codi ng
sequence wth" ﬁm'ﬂé1 ﬁggfﬁﬂﬁ@ Séﬁﬂﬁpt@5ﬁév 8 é‘ﬁ9ﬁFﬁﬁFW5m6€E PEPRL y about
once per nol eRakErordd @NatThy link@r Edeeday toBectlelusd@doiNh antiBsBi W ihenEf  t he
25DNA to form doubl e stranded DNA whi ch can include sense/antisense pairs
from effector molecule. The linker is capable of forming covalent bonds to both the
antibody and to the effector molecule. Suitable linkers are well known to those of
25  skill in the art and include, but are not limited to, straight or branched-chain carbon
linkers, heterocyclic carbon linkers, or peptide linkers. Where the antibody and the
effector molecule are polypeptides, the linkers may be joined to the constituent
amino acids through their side groups (such as through a disulfide linkage to
cysteine) or to the alpha carbon amino and carboxyl groups of the terminal amino
30  acids.

Nucleic acid sequences encoding the antibodies can be prepared by any

suitable method including, for example, cloning of appropriate sequences or by



di fferent nicked products, renoving single stranded portions fromreforned
dupl exes by treatnent with Sl nucl ease, and ligating the resulting fragnment
library into an expression vector. By this method, an expression library
can be demwoesbsawbiizh encodes N-terminal, Ctenninal angcirmsmonedssfir agnent s
of various sizes of PD-1. 30Several techniques are known in the art for
screeni ng gene products of conbinatmal |ibraries made by point nutations
or truncation, and for screening cDNA |libraries for gene products having a
sel ected property. Such techniques are -84 adaptabl e for rapid screening
of the gene |ibraries generated by the conbinatorial mnutagenesis of PD1

proteins. The dagchathidglsynHsedhyt @6RBdstUSSas B pdipRditGeATRRAIdS tNardakgh
t hrough- put anal ysis, for screenlnq | arge gene |1 braries typically include

cloni ng the géhe Mat dirgymalt @3t il ¢abIte Rbeprhedisrienmetbed o Browpreadst or mi ng
Sappropriate %Jﬂ}. Al 4ol Ul 70N Ge 'diemﬁﬁwmﬁa\ﬁgﬁ{t@ﬁqgnho@Bgl?(%%%sS' ng

t he conbi natorial génes under conditions i'n etection a desired
activity faci lei dlatfesailzo] 3k:157- 18621 181 vbe tadid phasattiormpotdnedigretmiesthos e

product was det ect.ed, Recursive en le 1 1 Si , i used in
P obi nat | of wildhopgseribrg Bt B aele ST B ATRTR B AR, F80, B e Rhi
and Youvan, Pracxamale) usirkcmcthutcbthfel syntiSaAedd 9 d8tdbeddi For &QABPle, Netdhgmave et

al., Protein Eng. 6(3):327 331, 1993). n e emhodi pent, cell based
assays can beVé’gBF‘(ﬂ_f 'G”E%o éfﬁéiqﬁééﬂé‘)' Il?:é}%s}@lgéfl : 31y Heisghit &PPRISr  exanpl e,
a library of ex RTINS PiesE N6, 580g8e Cheansl 8akREs pkiteed aGRlele | i Nne whi ch
ordinarily synthesizes and secretes PD-1. The transtected cells are then

cul tured such stwided plizopugigefid. JAistqae e senvertedinigaublsstrandsd S8t By ed.  The
ef fect 15qj e%g&‘iﬁ?dt%ﬂ wRth atc}&ﬂlr?ﬁ&lﬁe?&ﬁ-y %’é&u?x@é,lol-%‘itp'o mle¥izhibnGil o SNREr natant s
, as by any of a ' "a

can be detected, suc nctiona say. Pl'asm d DNA can t hen
be recovered fpoymetdreusing the singlersenmd svdegelhtu ORDS tkilotduld tegodnszeitimhi bi t ed,
and the individual,hclones furt haracteri.zed, Peptidom.neti can al so
o useq as. po R spEmBASpb TS SPLAREE LAEPe SRBLEARTRbLR PR P
phar maceut i calbasedusdel yeqasnda® map epbbid@cdibuge liwhdidn irsbges kéq@snanal ogous to

those of the tenplate peptide, These types of non-peptide co unds and are
usual | y devel oped %‘?‘H&Pﬁéwélielf 1651ds CBTAYIRSSFAFAEE S 7BF °%‘rmﬂﬁﬁgﬁﬁﬂg. Pept i de

tni metics jshatsp@fitecaf} bivet Bpal IPH-8i 81 Pru2tan B@?{eﬁﬁ@&lbﬁ; i8hinY epMfisds, pepti des
can be used to produce an equival ent therapeutic or prophylactic effect.

General |y, 25p&pmplesPhinpEtiiel cierangandyequgneng (Peiignas sandinsUaCpRf adi gm
poL et e e e BRORRL A i Ao FOr bl ol ot vi 1),
- - CHONH- -, - - ClR2mb@eR ¢# ¢l.,s# 01, Ber@ht-and Kamsiehieds. ), sgms) gnd-AuGaEH) supra.
opl foon by e tALMEBIT I RE IR nl S aP el g i B9ETnERD P
20 equipment also provide useful information. Such manufacturers include the SIGMA
Chemical Company (Saint Louis, MO), R&D Systems (Minneapolis, MN),
Pharmacia Amersham (Piscataway, NJ), CLONTECH Laboratories, Inc. (Palo Alto,
CA), Chem Genes Corp., Aldrich Chemical Company (Milwaukee, WI), Glen
Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaithersburg, MD), Fluka
25  Chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, Switzerland),
Invitrogen (San Diego, CA), and Applied Biosystems (Foster City, CA), as well as
many other commercial sources known to one of skill.
Nucleic acids can also be prepared by amplification methods. Amplification
methods include polymerase chain reaction (PCR), the ligase chain reaction (LCR),
30  the transcription-based amplification system (TAS), the self-sustained sequence
replication system (3SR). A wide variety of cloning methods, host cells, and in vitro

amplification methodologies are well known to persons of skill.



30Morl ey, Trends Pharm Sci. pp. 463 468, 1980; Hudson et al. Int. J. Pept.
Prot. Res. 14:177 185, 1979; Spatola, Life Sci. 38:1243 1249, 1986;

Hol | aday, et al. Tetrahedron Lett. 24:4401 4404, 1983). Peptide mnetics
can be preepb@fioszi2- econonical, be stable, and can hayenkietersad
have-1ife or absorption. Labeling of peptidom netics usually involves

coval ent attachnent of one or nore |abels, directly or through a spacer
(such as by an am de group), to non-interfering position(s) on the
peptidomi netic that are predicted by quanfiltative structure-activity data
and/ or 5nol ecul ar nodeling. Such non-interfering positions generally are
positions that do podnefeQfdpiE fnemlib&RUrAGE ] pMphidd bl §n FRAE HWIACA WESdS) to
whi ch the peptidom nmetic binds to produce thé thefapeutic effect.

Deri vi ti zat i osnastlepeyriablentgien from aghouibady tlox sprgbiselinbingd PR-1i RPdrlf@re with
the desired bip) pol.cal . ot RHATAGHL0A! CalnARILUIdY, 8fcdle, RERLom metic.
10A dom nant negatirve pro(f el'n or Aucl er ¢ acid ercodi ng a dom nant

negati ve pr ot ¢EM).t Tist insenti@r it erads ssvihbhthe haidbleakgigh aad tha&M wietryaddh PD-1 (i . e.
bi nding of _PD-Ito P%Ll, PD-L2, or bot. %.can al be used in the nethods

di scl osed her SRMS SATGHRTSRRIYEG Be YRRt bqtpé?qﬁlcf’iog’f’rk?’t HFHEti d ol ecul e
having a sequepkgedidatotisisis #funksthl FORMon HAdh FEBRUonAEW r@RH 1Wbneven 99%
sequence identity to at_| east 10, 20, {535, 50, 100, or nmore than 150 am no
aci ds of the WMPEHiMgpecPNAtaredinga dtiecable markaoiriasan segaa) vdiggicstei n
corresponds. EQERLXANR! e mAKEOTINARE 2GYBLibY, 1%#;“5 BAge kAl Mbgach that

it binds PD-1 nore tightly than native (wld-type) PD-1 but does not
activate any ecedmhplt.ardegicghleimaiertihiocatethatP dmingtemgowichtntscifiedati ve protein
may be admyni ${f.ed As, ANLRAPLERS QQd{t%&Bt% mm%i%m‘?io%ﬁrtﬁﬁéa‘%” yggtor may be
a non-viral vector “or Pa'viral vector e.g., retroviorus, reconbi nant
adeno- associ atvethtid regivn obtin antibedpiiai spacificaderodsiBlal, Riedl or PD-1A, ketaat i vel vy,

t he dom nant negatjve Por otg:i m ni st.ered _as a reconbi nant

n.may be directly. a
protein syst eMCRIS bIoeR? FHiae Fpedt @&ﬂ@fﬁ%gfytagﬁ??gyc U VERRIpeEon.
m croinjecti Qheh@fRPRh&HESHaHSRR]yRER kiR AN atdSo & FBhdPaiRrvaduaed 1 n
prokaryotic or eukaryotic host cells by expression of BOF nucl eoti des
encodi ng t he &fiHbedls Wtibedudacescificalybaifs NP - APyl or BP-1a2 ysgreghisulfide
pol ypept i ( S9N AL &l h ik duif AS N8 ) Tio
Al t er nat i \C}lgl y?mlfé%c rllﬁ)pg%ta?dtzlglnec}(gﬁlﬂ&éc@?ﬁ\t@ﬁesill%edm%@(egﬁélﬁ&églrsen%‘t ;
Met hods for ewxpradsicgionof ahattbedy havkisdgrldtl ePlad. li ar RleE2sbithma Hte nhaokdrs
chem cal synthesi f ..30pal ti.des A vitro translation are wel |
cnown 1 e drpeiebh GaRiapEei A or A0k frald Votgld BB AT P 1
Manual (1989) chandalktble regiohdabpibsagetty rdigateN.tYa hedBgrchgin vanabldiegioe lof

Vethods in Enzy Ol OO thatQpeeiealis Bind s BOF PPL1 or PD-L2 using disulfide bonds.

chain
ods.

20 Once the nucleic acids encoding the antibody or functional fragment thereof
are isolated and cloned, the protein can be expressed in a recombinantly engineered
cell such as bacteria, plant, yeast, insect and mammalian cells. One or more DNA
sequences encoding the antibody or functional fragment thereof can be expressed in
vitro by DN A transfer into a suitable host cell. The cell may be prokaryotic or

25  eukaryotic. The term also includes any progeny of the subject host cell. 1t is
understood that all progeny may not be identical to the parental cell since there may
be mutations that occur during replication. Methods of stable transfer, meaning that
the foreign DNA is continuously maintained in the host, are known in the art.

Polynucleotide sequences encoding the antibody or functional fragment

30  thereof can be operatively linked to expression control sequences. An expression

control sequence operatively linked to a coding sequence is ligated such that

expression of the coding sequence is achieved under conditions compatible with the



-63- Mol ecul ar O oning Techni ques (1987), Academi c Press, Inc., San D ego,
Calif.; Kaiser et al., Science 243:187, 1989; Merrifield, Science 232: 342,
1986; Kent, Annu. Rev. Biochem 57:957, 1988). Peptides can be produced,
such as byw@hdogessiehem cal synthesis, and used as 5ant agomiksdFosagsia PD- 1
interaction with a ligand. Peptides can be produced as nodified peptides,

w th nonpeptide noieties attached by coval ent |linkage to the N-term nus
and/or Ctermnus. In certain preferred enbodi ments, either the
carboxyterminus or the ami no-termnus, orBoth, are chenically nodified.

The nost comon nodifications of the term nal am no and carboxyl groups are
acetyl ation 1gﬁﬁ‘gssﬁmc@ﬂﬁélggqueﬁ&§pQﬁ& bﬁ{a@és){mn%@ﬁtﬂﬂ sécﬁnEﬁEeQﬁJcld&@dduft &bt Ons
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-64- In several exanple he subject has a persistent infection with a
bact eri a vi r udpstfiupgkayotey syshradi ttét C@Mbﬂys wlpdr'@ssuehle dtMeEt i ons, in

contrast to aght LNGHLARS AR IRhaRELEF LRl el SRl YD g, d nduct i on
of a host immune Tes & n I 'OUsS ag entr A ne response

reach equili brsuhu;mpmudjn nedted by the Cﬁcnfmh@dlsmmlmﬁumewaﬂ hﬁowmifnebé arqus over a
ong per | od, 01y 4%, ¥ JOUL DEESPSRIL LY. oA S5l g, SHIRLQTE Bl 1t ot
20 after forming a plotoplast of the host cell if desired, or by electroporation.

When the host is a eukaryote, such methods of transfection of DNA as
calcium phosphate coprecipitates, conventional mechanical procedures such as
microinjection, electroporation, insertion of a plasmid encased in liposomes, or virus
vectors may be used. Eukaryotic cells can also be cotransformed with

25  polynucleotide sequences encoding the antibody of functional fragment thereof and
a second foreign DN A molecule encoding a selectable phenotype, such as the herpes
simplex thymidine kinase gene. Another method is to use a eukaryotic viral vector,
such as simian virus 40 (SV40) or bovine papilloma virus, to transiently infect or
transform eukaryotic cells and express the protein (see for example, Eukaryotic

30 Viral Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 1982). One of skill in

the art can readily use expression systems such as plasmids and vectors of use in
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hei pesviruses, varicell azoster virus, neasles, papovaviruses, prions,

hepat i ti s wih baes8ss174adenovi ruses, 10parvovi ruses and papcriveimsyigsssses.

In a chronic infection, the infectious agent can be detected in the body at
all times. However, the signs and synptons of the disease may be present or
absent for an extended period of tinme. Exanples of chronic infection
include hepatitis B (caused by heptatiti s3B virus (HBV)) and 15hepatitis C
(caused by hepatitis C virus (HCV)) adenovirus, cytonegal ovirus,
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subj ect may be di agnosed havi ng a 10per si st entp I nfection
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defi ci ency virus, %ﬁﬁ?ﬁ@@ﬁ@éﬂo &Z‘;“g B%é‘ﬂ? "?%IEE Ié%b‘?l‘ et PACHI S hi a col |

and Chl ampgi a isPided froR &icBSidn@%dies and require solubilization using strong denaturants,
and subsequent refolding. During the solubilization step, as is well known in the art,
a reducing agent must be present to separate disulfide bonds. An exemplary buffer
with areducing agent is: 0.1 M Tris pH &, 6 M guanidine, 2 mM EDTA, 0.3 M DTE
(dithioerythritol). Reoxidation of the disulfide bonds can occur in the presence of
25  low molecular weight thiol reagents in reduced and oxidized form, as described in
Saxena ef al., Biochemistiy 9: 5015-5021, 1970, incorporated by reference herein,
and especially as described by Buchner et al., supra.
Renaturation is typically accomplished by dilution (for example, 100-fold) of
the denatured and reduced protein into refolding buffer. An exemplary buffer is 0.1
30 M Trs, pH 8.0, 0.5 M L-arginine, 8 mM oxidized glutathione (GSSG), and 2 mM
EDTA.



(such as Lei shmani a spp., Schistosoma spp., Trypanosoma spp., Toxopl asma
spp.) and fungi. In addition to the conpound that reduces PD- 1 expression
or activity, the subject being treated may al so be adm ni stered a vacci ne.
I n one exaiphssndsies 20vacci ne can include an adj uvant. pbmugnottmssiexanpl e,
t he vaccine can include a prine booster inmunization. The vaccine can be a
heat - kil |l ed vaccine, an attenuated vaccine, or a subunit vaccine. A subject
al ready infected with a pathogen can be treated with a therapeutic vacci ne,
such as a PD-1 antagoni st and an antigen.-3the subject can be asynptomatic,
so that the treatnent prevents the devel opment of 25a symptom The
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of the remaining amino acids in the sequence. Techniques for solid phase synthesis
are described by Barany & Merrifield, The Peptides: Analysis, Synthesis, Biology.

15 Vol 2: Special Methods in Peptide Synthesis, Part A. pp. 3-284; Meifield et al., J.
Am. Chem. Soc. 85:2149-2156, 1963, and Stewart et al., Solid Phase Peptide
Svnthesis, 2nd ed., Pierce Chem. Co., Rockford, 11l., 1984. Proteins of greater length
may be synthesized by condensation of the amino and carboxyl termini of shorter
fragments. Methods of forming peptide bonds by activation of a carboxyl terminal

20 end (such as by the use of the coupling reagent N, N'-dicycylohexylcarbodimide) are

well known in the ant.

B. Infibitory Nucleic Acids
Inhibitory nucleic acids that decrease the expression and/or activity of PD-1,
25  PD-LI or PD-L2 can also be used in the methods disclosed herein. One
embodiment is a small inhibitory RNA (siRNA) for interference or inhibition of
expression of a target gene. Nucleic acid sequences encoding PD-1, PD-L1 and PD-
L2 are disclesed in GENBANK® Accession Nos. NM_005018, AF344424,
NP_079515, and NP_054862.
30 Generally, siRNAs are generated by the cleavage of relatively long double-
stranded RNA molecules by Dicer or DCL enzymes (Zamore, Science, 296:1265-
1269, 2002; Bernstein er al., Nature, 409:363-366, 2001). In animals and plants,
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siRNAs are assembled into RISC and guide the sequence specific ribonucleolytic
activity of RISC, thereby resulting in the cleavage of mRNAs or other RNA target
molecules in the cytoplasm. In the nucleus, siRNAs also guide heterochromatin-
associated histone and DNA methylation, resulting in transcriptional silencing of
individual genes or large chromatin domains. PD-1 siRNAs are commercially
available, such as from Santa Cruz Biotechnology, Inc.

The present disclosure provides RNA suitable for interference or inhibition
of expression of a target gene, which RNA includes double stranded RNA of about
15 to about 40 nucleotides containing a 0 to 5-nucleotide 3 and/or 5’ overhang on
each strand. The sequence of the RNA is substantially identical to a portion of an
mRNA or transcript of a target gene, such as PD-1, PD-L1 or PD-L2} for which
interference or inhibition of expression is desired. For purposes of this disclosure, a
sequence of the RNA “substantially identical” to a specific portion of the mRNA or
transcript of the target gene for which interference or inhibition of expression is
desired differs by no more than about 30 percent, and in some embodiments no more
than about 10 percent, from the specific portion of the mRNA or transcript of the
target gene. In particular embodiments, the sequence of the RNA is exactly identical
to a specific portion of the mRNA or transcript of the target gene.

Thus, siRNAs disclosed herein include double-stranded RNA of about 15 to
about 40 nucleotides in length and a 3’ or 5° overhang having a length of 0 to 5-
nucleotides on each strand, wherein the sequence of the double stranded RNA is
substantially identical to (see above} a portion of a mRNA or transcript of a nucleic
acid encoding PD-1, PD-L1 or PD-L2. In particular examples, the double stranded
RNA contains about 19 to about 25 nucleotides, for instance 20, 21, or 22
nucleotides substantially identical to a nucleic acid encoding PD-1, PD-L1 or PD-
L2. In additional examples, the double stranded RNA contains about 19 to about 25
nucleotides 100% identical to a nucleic acid encoding PD-1, PD-L] or PD-L2. It
should be not that in this context “about” refers to integer amounts only. In one
example, “about” 20 nucleotides refers to a nucleotide of 19 to 21 nucleotides in
length.

Regarding the overhang on the double-stranded RNA, the length of the

overthang is independent between the two strands, in that the length of one overhang

(EBV)
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subj ect has a tunor. The nethod includes adm nistering to the subject a
therapeutically effective amount of a PD-1 antagonist, thereby treating the
tunmor. I n several exanples, a therapeutically effective anount of a tunor
antigen, or a nucleotide encoding the tumsf- antigen, is also adninistered
15to the subject. The PD-1 antagoni st and the tunor antigen, or nucleotide
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the length of the 3’ or 5° overhang is 0-nucleotide on at least one strand, and in some
cases it is 0-nucleotide on both strands (thus, a blunt dsRNA). In other examples,
the length of the 3* or 5’ overhang is 1-nucleotide to S-nucleotides on at least one
5  strand. More particularly, in some exarnples the length of the 3” or 5" overhang is 2-
nucleotides on at least one strand, or 2-nucleotides on both strands. In particular
examples, the dsSRNA molecule has 3’ overhangs of 2-nucleotides on both strands.
Thus, in one particular provided RNA embodiment, the double-stranded
RNA contains 20, 21, or 22 nucleotides, and the length of the 3' overhang is 2-
10 nucleotides on both strands. In embodiments of the RNAs provided herein, the
double-stranded RNA contains about 40-60% adenine+uracil (AU) and about 60-
40% guanine+cytosine (GC). More particularly, in specific examples the double-
stranded RNA contains about 50% AU and about 50% GC.
Also described herein are RNAs that further include at least one modified
15  ribonucleotide, for instance in the sense strand of the double-stranded RNA. In
particular examples, the modified ribonucleotide is in the 3’ overhang of at least one
strand, or more particularly in the 3’ overhang of the sense strand. It is particularly
contemplated that examples of modified ribonucleotides include ribonucleotides that
include a detectable label (for instance, a fluorophore, such as rhodamine or FITC),
20  athiophosphate nucleotide analog, a deoxynucleotide (considered modified because
the base molecule is ribonucleic acid), a 2’-flucrouracil, a 2’-aminouracil, a 2'-
aminocytidine, a 4-thiouracil, a 5-bromouracil, a 5-iodouracil, a 5-(3-aminoallyl})-
uracil, an inosine, or a 2’0-Me-nucleotide analog.
Antisense and ribozyme molecules for PD-1, PD-L1 and PD-L2 are also of
25  use in the method disclosed herein. Antisense nucleic acids are DNA or RNA
molecules that are complementary to at least a porticn of a specific mRNA molecule
(Weintraub, Scientific American 262:40, 1990). In the cell, the antisense nucleic
acids hybridize to the corresponding mRNA, forming a double-stranded molecule.
The antisense nucleic acids interfere with the translation of the mRNA, since the cell
30 will not translate an mRNA that is double-stranded. Antisense oligomers of about
|5 nucleotides are preferred, since they are easily synthesized and are less likely to

cause problems than larger molecules when introduced into the target cell producing



Adm nistration of the PD-1 antagonist results in a decrease in size,

preval ence, or netastatic potential of a tunor in a subject. Assessnent of
cancer is made using standard clinical protocols. Efficacy is determ ned in
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5 35,40, 45 or 50 nucleotides in length. An antisense nucleic acid can be constructed
using chemical synthesis and enzymatic ligation reactions using procedures known
in the art. For example, an antisense nucleic acid molecule can be chemically
synthesized using naturally occurring nucleotides or variously modified nucleotides
designed to increase the biological stability of the molecules or to increase the

10  physical stability of the duplex formed between the antisense and sense nucleic
acids, such as phosphorothioate derivatives and acridine substituted nucleotides can
be used. Examples of modified nucleotides which can be used to generate the
antisense nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 3-
iodouracil, hypoxanthine, xantine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl)

15  wracil, 5-carboxymethylaminomethyl-2-thiouridin- e, 5-
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine,
inosine, amongst others.

Use of an oligonucleotide to stall transcription is known as the triplex
strategy since the bloomer winds around double-helical DNA, forming a three-strand

20 helix. Therefore, these triplex compounds can be designed to recognize a unique site
on a chosen gene (Maher, ef al., Antisense Kes. and Dev. 1(3):227, 1991; Helene, C.,
Anticancer Drug Design 6(6):569), 1991, This type of inhibitory oligonucleotide is
also of use in the methods disclosed herein.

Ribozymes, which are RNA molecules possessing the ability to specifically

25  cleave other single-stranded RNA in a manner analogous to DNA restriction
endonucleases, are also of use. Through the modification of nucleotide sequences
which encode these RNAsS, it is possible to engineer molecules that recognize
specific nucleotide sequences in an RNA molecule and cleave it (Cech, J. Amer.
Med. Assn. 260:3030, 1988). A major advantage of this approach is that, because

30 they are sequence-specific, only mRNAs with particular sequences are inactivated.

There are two basic types of ribozymes namely, rerraltymena-type

(Hasselhoff, Nature 334:585, 1988) and “hammerhead”-type. Terrahymena-type
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ribozymes recognize sequences which are four bases in length, while
“hammerhead”-type ribozymes recognize base sequences 11-18 bases in length.
The longer the recognition sequence, the greater the likelihood that the sequence will
occur exclusively in the target mRNA species. Consequently, hammerhead-type
5  ribozymes are preferable to tetraliymena-type ribozymes for inactivating a specific
mRNA species and 18-base recognition sequences are preferable to shorter
recognition sequences,
Various delivery systems are known and can be used to administer the

siRNAs and other inhibitory nucleic acid molecules as therapeutics. Such systems

10 include, for example, encapsulation in liposomes, microparticles, microcapsules,
nanoparticles, recombinant cells capable of expressing the therapeutic molecule(s)
(see, e.g., Wu et al., J. Biol. Chem. 262, 4429, 1987), construction of a therapeutic

nucleic acid as part of a retroviral or other vector, and the like.

15  C. Small Molecule Inhibitors
PD-1 antagonists include molecules that are identified from large libraries of
both natural product or synthetic (or semi-synthetic) extracts or chemical libraries
according to methods known in the art. The screening methods that detect decreases
in PD-1 activity (such as detecting cell death) are useful for identifying compounds
20  from a variety of sources for activity. The initial screens may be performed using a
diverse library of compounds, a variety of other compounds and compound libraries.
Thus, moelecules that bind PD-1, PD-L1 or PD-L2, molecules that inhibit the
expression of PD-1, PD-L1 and/or PD-L2, and molecules that inhibit the activity of
PD-1, PD-L1 and/or PD-L2 can be identified. These small molecules can be
25  identified from combinatorial libraries, natural product libraries, or other small
molecule libraries. In addition, PD-1 antagonist can be identified as compounds
from commercial sources, as well as commercially available analogs of identified
inhibitors.
The precise source of test extracts or compounds is not critical to the
30  identification of PD-1 antagonists. Accordingly, PD-1 antagonists can be identified
from virtually any number of chemical extracts or compounds. Examples of such

extracts or compounds that can be PD-1 antagonists include, but are not limited to,
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plant-, fungal-, prokaryotic- or animal-based extracts, fermentation broths, and
synthetic compounds, as well as modification of existing compounds. Numerous
methods are also available for generating random or directed synthesis (e.g., semi-
synthesis or total synthesis) of any number of chemical compounds, including, but

5  notlimited to, saccharide-, lipid-, peptide-, and nucleic acid-based compounds.
Synthetic compound libraries are commercially available from Brandon Associates
{Merrimack, N.H.) and Aldrich Chemical (Milwaukee, Wis.). PD-1 antagonists can
be identified from synthetic compound libraries that are commercially available from
a number of companies including Maybridge Chemical Co. (Trevillet, Cornwall,

10 UK), Comgenex (Princeton, N. J.), Brandon Associates (Merrimack, N.H.), and
Microsource (New Milford, Conn.). PD-1 antagonists can be identified from a rare
chemical library, such as the library that is available from Aldrich (Milwaukee,
Wis.). PD-1 antagonists can be identified in libraries of natural compounds in the
form of bacterial, fungal, plant, and animal extracts are commercially available from

15  anumber of sources, including Biotics (Sussex, UK), Xenova (Slough, UK), Harbor
Branch Oceangraphics Institute (Ft. Pierce, Fla.), and PharmaMar, U.S.A.
(Cambridge, Mass.). Natural and synthetically produced libraries and compounds
are readily modified through conventional chemical, physical, and biochemical
means.

20 Useful compounds may be found within numerous chemical classes, though
typically they are organic compounds, including small organic compounds. Small
organic compounds have a molecular weight of more than 50 yet less than about
2,500 daltons, such as less than about 750 or less than about 350 daltons can be
utilized in the methods disclosed herein. Exemplary classes include heterocycles,

25  peptides, saccharides, steroids, and the like. The compounds may be modified to
enhance efficacy, stability, pharmaceutical compatibility, and the like. In several
embodiments, compounds of use has a Kd for PD-1, PD-LI| or PD-L2 of less than
InM, less than 10nm, less than 1 pM, less than 10uM, or less than 1mM.

30 D. PD-lIpeptide variants as antagonists
In one embodiment, variants of a PD-1 protein which function as an

antagonist can be identified by screening combinatorial libraries of mutants, such as



RHRPLQEVYPEANAPI GHNRE 30 GP 100 WNRQLYPEWTEAQRLD 31 NY-Eso-1 VLLKEFTVSG 32
Her ceptin Kl FGSLAFL 33 carci no-enbryoni c antigen (CEA) HLFGYSWK 34 PSA
FLTPKKLQCV 35 -68- Specific non-limting exanples are

angi oi muvobb@shsaa7d ynphoma or nodul ar | ynphocyt e pr edegrmwarin7/bissigki n

| ynphoma. Angi oi mmunobl astic | ynphoma (AIL) is an aggressive (rapidly
progressing) type of T-cell non-Hodgkin | ynphoma marked by enl arged | ynph
nodes and hyper gar nmagl obul i nem a 5(i ncreased anti bodies in the bl ood).

O her synptons may include a skin rash, f&ler, wei ght | oss, positive
Coonb's test or night sweats. This malignancy usually occurs in adults.

Patients are pseinhn@@etuddti IV muedtss of Meoli13ot8ihas iHnBS)pratbids ai@ nore of ten
mal e. As AlL progresses, hepatospl enonegal y heﬁD|¥tIC anen a, and

pol ycl onal hy 3RR&RagHEHU w&ﬁxamﬁkythaév@g%ﬂl ks RDi l19tElol ved i n
10appr oxi mat el 'y 40Tﬁl9:“2/% ﬂi)rapj%f1 B4 Sariants can be generated by combinatorial

mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A

5 library of PD-1 variants can be produced by, for example, by enzymatically ligating
a mixture of synthetic oligonucleotides into gene sequences such that a degenerate
set of potential PD-1 sequences is expressible as individual polypeptides, or
alternatively, as a set of larger fusion proteins (such as for phage display) containing
the set of PD-1 sequences.

10 There are a variety of methods which can be used to produce libraries of
potential PD-1 variants from a degenerate oligonucleotide sequence. Chemical
synthesis of a degenerate gene sequence can be performed in an automatic DNA
synthesizer, and the synthetic gene then ligated into an appropriate expression
vector. Use of a degenerate set of genes allows for the provision, in one mixture, of

15  all of the sequences encoding the desired set of potential PD-1 antagonist sequences.
Methods for synthesizing degenerate oligonucleotides are known in the art (see, for
example, Narang, et al., Tetrahedron 39:3, 1983, ltakura et al. Annu. Rev. Biochem.
53:323, 1984; Itakura et al. Science 198:1056, 1984).

In addition, libraries of fragments of a PD-1 protein coding sequence can be

20 used to generate a population of PD-1 fragments for screening and subsequent
selection of variants of a PD-1 antagonist. In one embodiment, a library of coding
sequence fragments can be generated by treating a double stranded PCR fragment of
a PD-1 coding sequence with a nuclease under conditions wherein nicking occurs
only about once per molecule, denaturing the double stranded DNA, renaturing the

25  DNA to form double stranded DNA which can include sense/antisense pairs from
different nicked products, removing single stranded portions from reformed duplexes
by treatment with S1 nuclease, and ligating the resulting fragment library into an
expression vector. By this method, an expression library can be derived which
encodes N-terminal, C-terminal and internal fragments of various sizes of PD-1.

30 Several techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations or truncation, and for screening

cDNA libraries for gene products having a selected property. Such techniques are



Nodul ar | ynphocyte predom nant Hodgkin | ynphoma is a B cell neoplasmthat
appears to be derived fromgerm nal center B cells with nutated,

non- functi onal i mrunogl obulin genes. Simlar to angi oi mmunobl astic

| ynphora, wee@sastita cells are associated wi th a neshweck/ustoof/adsbiicul ar
dendritic cells. PD-1 expression is seen 15in T cells closely associ at ed
wi th neopl astic CD20+ cell in nodular |ynphocyte predom nant Hodgki n

| ynphoma, in a pattern simlar to that se%n for CD57+ T cells. CD57 has
been identified as another marker of germ hal center-associated T cell S,

al ong with CXCR5, findings which support the conclusion that the neoplastic
cel | s i n nodulagaptdbyeioh apit frdehiad@ftheaBhe IHaadds dendryep boe dbabmatiial ose
association 20w th gser i na& center-associated T cells. Expr essi on of

a tunor anti gé&iggen ekt Prosing, g g ERashidshised teerEayss oV iFh a8 nucl ei ¢

acid | evel usi;RgnaNYoMRINABUEASWMNL R sis N8 &ideninsQhr 8 X@FNIbGarieNHiARY N
hybri di zati on anal ysi s usi ng probes which specifically reco&nl ze one or
nmore of these lsduflgeinnéng thepengdibipspinte tpHeabler ¢RPFEsi g YRE QS HiaBYRING AL

Al ternatively, [ ' 201 S| ured. Usi reverse-tr i i ption-based
PCR assays? sﬁgﬁ%gléﬁ%g‘%]ﬁg%%ﬁlh%g@agifé@%ﬁ V?%romt %@ egﬁlfe%%r?ggﬁtgi ally expressed
sequence of genmbinaexiplressd wel ®nditions idetlecndaedoratf 4 dmiret oftieity | evel , such

b ing.the |evel tides.encoded hy th t
Gascri bed her arviags HEKERdrtthe BRI R ¥ R R R Mt & 50 B P omn 1 n the

art and i ncl udecurkiet efveanR Puth BIBRNOEEMY S&nbased arombinkfataistHeo 30pr ot ei ns
encoded by the genes. Any bj ol o%i cal material can be used for the
det ect i on/ quardfFFIERIT A [Rideptifa Th-beripgPndits ¢Hkingad \ppyap, Procglatl. Acad. | gpe

exanpl e, tige Wbt 3dvas 108e5 1VOLMDOMSI Y HhiranasRdRSsHRYI NG ICARBEr . I N
addi ti onal exanples, the subject has undergone prior treatnent for the

cancer. However, i i ewrrnhedamgol.csl] baded assaysj o tbe pumloitrstto bedyreprldvap @ y
di agnosed as /i g the i i o g de
hrough the STRoht PRt ba i TBAEP Bl Sty sy AT B0 P RS
al so be t hroughll bhdehicheatimrdusyntiasizes anddeattegPRdl e agndsits] ceds are

ul trasound. Treat ment . of ¢ can incl ud rger or can include the use
of chemt her agliiBorgd iR ETh | 4e R VP WiegPECh ohs SHS ne.
capeci t abijge oF egRERioAF tHeNButdft of YT O phinsp Matdl dWpemieihoin wx@tRiedand
fluorouracil; cycl gphospharni de, doxorubicin, 10and fl uorouracil;

doxor ubi ci n a8 AYFPREEDFERIIRME! 283k drlenie DN AT B§EPoRFISFRATANIE W t h

pacl i taxel ; dQX@ Whi:GhRndsehQWedh.PYcM i{ BXGhORRAS BRI HEual 8RKEUDI Ci n and
fluorouracil). In addition, treatnent Can include the use of radiation. In

several exanplfegher gharppémizpdut i cal |y ef fective amount a PD-1 antagonist is
Cunor ant i gen. or SCRietareta it L AR PRY iePhLRT rhiReARRUE AP S or oo
to the sul¥fectcombhelyaded it pladrmaceuten ifgastcomauwnrpeptideciru gsawnitthpropetesent i al
For the treat r!l?l&%gc%fs tc?' th%lsjeb&etﬁé te},'r\{ip}a?e p?épﬁgg, si-"hsetsg thpesi or}fn%g—tpielg)tglde%gmapoﬁnl'clirsmr 4
and are usually developed with the aid of cornputerized molecular modeling.
Peptide mimetics that are structurally similar to therapeutically useful peptides can
be used to produce an equivalent therapeutic or prophylactic effect. Generally,
25  peptidomimetics are structurally similar to a paradigm polypeptide (for example,
polypeptide that has a PD-1 biological activity), but has one or more peptide
linkages opticnally replaced by a --CH.NH--, --CH3S--, --CH»--CH»--, --CH.=.CH--
(cis and trans), --COCHa--, --CH(OH)CHa--, and --CH2S0O—linkages. These
peptide linkages can be replaced by methods known in the art (see, for example,
30 Morley, Trends Pharm. Sci. pp. 463 468, 1980; Hudson et al. Int. J. Pept. Prot. Res.
14:177 185, 1979; Spatola, Life Sci. 38:1243 1249, 1986; Holladay, et al.

Tetrahedron Lett. 24:4401 4404, 1983). Peptide mimetics can be procured



t herapeutically effective anmount of a PD-1 antagonist is adm nistered to
the subject 200of interest. In one exanple, a therapeutically effective
anount of a PD-1 antagonist is a biologically active dose, such as a dose
that w |l wadus@sam i ncrease in CDB+ T cell cytotoxic &CTiUseay/048B# | ncr ease
in the i mune response specific to the infectious agent. Desirably, the
PD-1 antagoni st has the ability to reduce the expression or activity of
PD-1 in antigen specific imune cells (e. % T cells such as CD8+ T cells)
25 by at least 5% 10% 20% 30% 40% ?60% 70% 80% 90% or nore

t han 100% bel ow untreated control |evel s The levels or activity of PD-1 in
i mmune cel |'s ieSorvRAsdlRdtDle, AycalBhRoidchneialenlift beat®biprioh NChuethge f or
exanpl e, Western_blot analy ?\jly”ﬁ i, mmunohi st ochem stry, ELI SA, ﬁnd Nar t her n

Bl ot anal ysi s.PCRI4OBHRELTEYAY R ¥RV roTagt elac aelaﬁ%owowmpﬂibf i 5o ¥ s ur ed
by assessing Qi gibn8 Qhad2Prshctt & nlehid388kb)L& oﬁfmtléﬁéll‘ho pRRicRisPh. PGk Cal
activity of PD-1 1S determned according to its ability to increase CD8+ T
cel | cyt ot oxi depydorn@Eiigihaigue P@ﬂlc@ﬂ@Mﬁp@ﬂt%y’?ékﬁ%@eﬂ%‘dmﬁﬁmd"%I ear ance of
t he infecti;ou Jor 9 Q co8+ T
cells. Pr elf‘S er g%cﬁ&%ﬁ:] ﬁ“@ﬁgg’ems(&% }lFlLfH i?lrééélﬁg& e dé)?g%éggﬁﬁén; %qﬁloélét?}lg\t/?? y of
PD-1 can i ncrelas’énmhlaeottrmnmes wﬁh;ﬂ&rmm:usp@cauﬁasé)tcowhllqhtherﬁepm:dqnnmstuagent or

the tunor by at ast 5%.1 0% 50% (V 70‘V 80% ., 90% or
ror e than 1000 SORCURE aPEPERR ERER. DUe kBt PO R TR s Aot et
invention is tshestatianeintnferdagene dbaed bipladival onghadhadiiceabictivipsLihe
activities. Although the agent is preferably expressed in CD8+ T cells, it
i s under st ood PEREHOTHAGCel | that can influence the inmune response to

persi stent|gi nf ect i ANSorhifarR inStiAEBRARN 6 4ﬂlciéteacamédae@h§c9tjoﬁahﬁnﬂ g8Vl ON and
include, for exanple, B cells tionally, the sualj bj ect i's adm nistered one

or nore addi t ipsdteh th@ﬁéﬁ@fﬁé@twléh the Arpéerical ﬂ%’dﬂNPfBH | (eHendapeeftiTE L agent s
i ncl ude, for ‘anﬂl)'ﬁ) ?n& |k @ @QJ%Q%QQE th nﬁthodé’&lgc%%?'h&%m geyclovir,
va eosi

gancycl ovi r, gancyclovir, 'nuc e-ana 0g reverse transcriptase
i nhi bi tor ( NABohniragt lgacatnAZpTot(em 1elammjiline)l<;iddwlec@laldamgslser@)epceddﬁhas at

{ever se. U aned bl R B o Pkt Py R e A RE bR B BERLTr ai ey

protease i1ghi st 80, 106,(cs athtd thay 150 aniinb @Eiay dfithe wndi?vpa\pwtem@dswnﬁhfthmaw r,
ribavirin, or interferon), antibacteri aI conpounds, antifungal caonpounds,
ant i parasiti c SOBMFHLREALYERPIELY SOFESARART di%y SEBRRIG FreEInaRffesaH o Pdd: i ¢ agent

(chenot her apeyhi £%)atiBh siRAIhA AHi ks PD- 1m01enm9 t@mam@ la- be%rpqp@%a c agent
is adm nistered prior to, concomtantly, or subsequen adm ni stration of

the PD-1 ant ageni &t actvaie any aptpiler signainghyopch 2B-hnt agoni st and the

ddit | t t t | t
102 a6, T 1017 BOMEAhCEERRE phle SRR En AR R P RB Y, ' o0

addi ti onalzoagéﬁhb exp;e:fsmnmstbiat ey bogevheiralwetthr erheviRDv&tante. ggmmOsmus When t he
addi t i onal age E[ﬁisent in dlffer_ent %.'gn?ot si,tion, different routes of
adni ni strati oncHEY §8%fass?ﬁ5 d gt OF LreSamP Y ag?'éodnglt *§8%s known to be
effective for Agtecxmlagg,rthe beminhiie@bativg prot&ih @y Gl ligecthiadpfigvieRt bng an

i nfection. Concentrations of the PD.1 antagoni st and the additional
agent depends TERIBIYIHE PrRteahty stedqaly &1 to theinfrefdgrsre g 19F e dlsi st rat i on,
target site, ph¥®iQteehe@hnigtate of the mammal, and other nedication

adm ni stered. Thus treatnent dosages may be titrated to optim ze safety and
efficacy &d i s w Prlvhentise agfpenistpeands pedurechin praeDetie opeykatosnheft t he

d I
\FI’MT ?Eﬂ] ; ﬁ: agﬁi F{%ﬁgﬂ%&‘?} ?Eﬁdl%cfe@%&%méo‘&fngﬁh@%b Gl qEhdU AL, RBY S

as part of a larger polypeptide (a fusion protein, such as with ras or an enzyme).
Alternatively, such peptides can be synthesized by chemical methods. Methods for
expression of heterologous proteins in recombinant hosts, chemical synthesis of

30  polypeptides, and in virro translation are well known in the art (see Maniatis el al.
Molecular Cloning; A Laboratory Manual (1989), 2nd Ed., Cold Spring Harbor,
N.Y.; Berger and Kimmel, Methods in Enzymology, Volume 152, Guide to



-7 1 - Optionally, the subject is further adm nistered a vacci ne that
elicits a protective i nmune response agai nst the infectious agent that
causes a persistent infection. For exanple, the subject receives a vaccine
t hat el i ciw@2@A/083t1fune r esponse agai nst human i munodePCEUSHWYYO083BYIUS (HI V),
tubercul osis, influenza, or 5Shepatitis C. Exenplary vaccines are descri bed,
for exanple, in Berzofsky et al. (J. Din. Invest. 114:456-462,2004). |If
desired, the vaccine is adm nistered with 3 pri me-booster shot or with

adj uvants. The vaccine can al so be a t unoi® vacci ne, such as a
therapeutically effective anmount of a tunmor antigen. |In several

enbodi nents, aMdlitrata(kortincBbdhyiqeés (@8871)vecammicRenf hanSanDiegeadif.;

pol ypepti de, ch as viral or i r. tigen, .is,admnistered to the
by bor. " Mk et aere st arrh Rl ATRee 31T TRt i gen, or
a nucl ei ¢ aci hmpoRdl Boch&e. 209 19836.0 gen can be administered to the

subj ect. The pol ynucl eoti des include a reconbi nant. DNA which is

i ncorporated into Heriset eAn herresuget: aurhon Simslirsstyheraisal sypibesiy apd wsefad or
virus or igto LRe.ge0o SpMNheRbish MRKRLYRL Pepdds @in BUKBEYLIE; OF Which
exi sts as a separate nol ecule (such as a cDNA) i ndependent of other
sequences. Thenqdiftddgepiidbeswithengripbpiidgahaeics duashedbpsamalepoimkeettthel¥s, or
nodi fied for of either~nucleotide, . The termincl. s single and double
forms of D CATIERPBLE R LS GETbaBR BRSPS it ng
pol yoma, i. e. ter2ny40theMadaater@inuglor both982 chehicdBymodifi¢dd| The i@t 15331536) ,
adenovi rus (Berl cner, 92, r. Top. Mcrobiol. | Inol ., 158 39-6;

Ber 1 ner ot - aromigg gipdisaiongtie fibl SR RO e AR IR 1902,
J. Virol. ,1066:448h:d44d2 resgantiyn ABkindkerminhDAAdificiQms sh¥hts adgathn (Bl . USA,
89: 2581- 2584; Rosenfeld et al., 1992, Cell, 68:143-155; WIkinson et al.,
1992, Nucl. AcraEPlResctylasion)p3tkybngn (fosexagipie, pgthylapign)pdicatbeneterainal) . |
1_990’ Hum Geri'l?od-ﬁhﬁ[’ons s%c':hzaﬂsj':fn%éﬁ}on, YACA] LY AheY 'téﬂﬂ?na( %Silﬁgﬁttong,tinahding 1992,
Bi ot echnol ogy, 24:4§5-499), adeno- associ ated virus (Mizyczka, 1992, CUM
Top. M crobi olcyclizatiemein be in&8p@aed 28¢ va@ipueemapdimen®9Qertdin awinogom@ngd- 282)
her pes viruses_ incl udi ng. HSV . EBV raol 92, .. Top.

v eroni ol T APt Bae B Ao ot MRGEPLERE pydaiity Pyl

66: 29522985; Fedikneicaalprqvided@Rant3BblwphyediechEhsdal, bBschdmikdl, aldr eakfi el d et
al ., 1987, I\/blh Neurobiol ., 1:337-371; Fresse et al ., 1990, Bi ochem

Phai macol ., 4® ?‘Tﬁ‘@?l?&léﬁ)f’,‘o@?‘ﬁdbﬁughﬁ-FEF?é‘%e‘fﬁt—i!bl e r3ses PPN 2nd/0 9o,
Human Gene Thefafyy, Gesiskihite bllhim hi-‘o&asd??&esirﬁ*l@ ha2m@&kind 88 propdidies, ahd
5,2217,879), al phaviruses (S. Schl esinger, 1993, Trends Eiotechnol.
11:18-22; 1. Pfsrov et al., 1996, Proc. Natl. Acad. Sci. USA
93:11371-11377) and retroviruses of avian (Brandyopadhyay et al., 1984,
Mol . Cell Biol., 4:749-754; Petropouplos et al., 1992, J. Virol.,

66: 3391-3397), niviethmsl ¢f\Frehtanent:18ddjnistriMionod a FW-d rAoisaganist 56 aSubject |
158:1-24; Mller e | ., 1985.. | . .Cell Biol., 5:431-437.  Sorge et al.
Toga, Woi . Cel | b Sfcthocs adipiBrigbbhyreif fhoaby Gprery GijftacHY hyg FRCES.

54: 401- 407), ahde harwts,olid igfenti¢Paganet isateated 188@:nted.or Wisyiaptom i64: 5370- 5276;
Buchschal cher et al., 1992, J. Virol., 66:2731-2739). Baculoviru

( Aut ogr apha céﬁ??ﬂ?%b%@gﬁﬂﬁFFﬂﬁé?%ﬁ@”%%?gﬁﬁ@?ﬁ§?§y9%3ﬁ§?mﬁBWNﬁﬁﬂﬁpé%tors
are al so knowniptaBorifte TAE kubj@d BarBYanh Snakited kadinRufa R HHAIE nfdudé, rFOUr Ces

(such as PharM ngen, San Diego, Calif.; Protein o .
25  dog, cat, cow, horse, and pig. In several examples, the subject is a primate, such as a

human. In additional examples, the subject is a murine subject, such as a mouse.

In several embodiments, the subject is at risk of developing infection. A
subject at risk of developing infection is a subject that does not yet have the
infection, but can be infected by the infectious agent of interest. In additional

30  examples, the subject has an infection, such as a persistent infection. A subject with
a persistent infection can be identified by standard methods suitable by one of skill

in the art, such as a physician.



Sci ences Corp., Meriden, Conn.; Stratagene, La Jolla, Calif.). In
one enbodi nent, the pol ynucl eotide encoding a tunor antigen or a viral
antigen is included in a viral vector. Suitable vectors include retrovirus
vectors, OVQPpWPOB31ect ors, avi pox vectors, fow pox vecPETAS200FHRSBIIOX
vectors, suipox vectors, 1l5adenoviral vectors, herpes virus vectors, alpha
virus vectors, baculovirus vectors, Sindbis virus vectors, vaccinia virus
vectors and poliovirus vectors. Specific genplary vectors are poxvirus
vectors such as vaccinia virus, fow pox virus and a highly attenuated
vaccinia virus (MVA), adenovirus, baculovirus and the |ike. Pox viruses of
use incl ude ort hopbxsevaul qxamplea,\xhqsmbjecalm aq:anisitqnommdtinmwithaﬂz@:ttﬂimpox

i ncl ude vacci ni a, .ectronel coon One exanp e of an orthopox
of use is vacelMv ?“"Rﬁn"bB%a?ﬁcl?%B‘Eé‘ 8\%5555“ nfSeHary THORTERE HPeon pox.
Capi pox i ncl udgedidns ROXoPdTbc BNBLHBAX b the FitRCEHPHI IRdst ToltRurS YePOXsel S

sw nepox. Exanples of pox viral vectors for expression as _described for
exanpl e, in UT8e inferligny a3@' ang thesmmagy resRARECCy eavbibiysp Feghdbpt sy ei n by

ref erence. s O hgEc filect@fbAS %f&%h@&ve?@ﬁbng%\w\&?gf hEhHAG QRS IRNA ViTuses

such as herpes virus ‘and adenoviruses viruses such as retroviruses
and polio. expressing sympensl Pewbtﬁmméﬁmlsns ipghade fanexagod. satent.aheonghvidni st er ed

Ihan ano .unt 3 ]:vfllnfélct?onr{[s tPmsm CEOI'II_ 0 ((::glslv.flths\%J %rs]esas%c]%umane[l ell
cytotoxicity. "An 1 nNcrease PR T ce cytotoxicity results In ar i ncreased
i mrune r esponsakani varus@dBestdioBair whmhey&ﬁmgnlshsﬁsehﬁmesnﬁﬁet ivaricellar a

reduction in a sign or tomo a _tuno n i.ncreased j nmune response

can be neasuréﬂ“ﬂfﬁwséyﬁﬁf¥ VB?“&HE?ﬁEP@hgngHSV%Wﬁhé TR0l i ferati on,

such as T1gelbmgbwamgﬂhhlﬂpmmhﬁe@@kgon an increase in cytokine -73-
production, and an increase in the clearance of an infectious agent or a

reduction in tunor PuFeRe infkidn, hdRremabRog £aAn beastbdied i (R | evi ati on of
one or nore of synptons associated with the persistent infection or tunor.

Thus, admi n| stpdit ataH t@iﬂ&{ Rewprsr1the sigatBdi sy mpraath i é dissasegaishest ent
I nfection, iliéaé&t ﬁQBIhM{tJyte?lldg(? éHod%fﬁ%nen%&mnﬁEs@Mhﬁ}Hmat €s one or nore

synpt ons asso |ate erS|s ent 1nfection or tunor by at |east 10%
20% 30% 409wﬁ50&m1@@@&l@@@&h&b@@ﬂ@@b@hqﬁmﬁﬁdbmas(HBhﬁHm@d to an untreated
subj ect . ous%h§¥ﬁ treat ment | eads to clinica

benefit sudh 4E° atl% ? Cl%yn BF “ﬂﬁg" Tus epovir

'htectious agent or a

reduction of huﬁﬁkoﬂuﬁﬂﬁmﬁw&niB&nkﬂﬁﬂb&@ﬂiMthﬂthﬁ@&kﬁ&@bn@&mapplIed
prophyl acti cal | "efficaci ous' neaqﬁ¥that the treat retards or

prevents an iHFé%%JHHmF FREFHHRP G EW?E%&?“W&W*%%“%@F%V%1ned usi ng any
known met hod fhepaceh BORAS] NGiRMatViRAtJaRGviAER BRLblysMhAfusiBK €Ct i on or tunor .

Thus, the nmethods include adm nistering to a subject a pharmaceuti cal

polyomavirus JC, measles virus, rubella virus, human immunodeficiency

20 virus (HIV), human T cell leukemia virus I, and human T cell leukemia virus
II. Parasitic persistent infections may arise as a result of infection by
Leishimania, Toxoplasma, Trypanosoma, Plasmodium, Schistosoma, and
Encephalitozoon.

In a latent infection, the infectious agent (such as a virus) is

25  seemingly inactive and dormant such that the subject does always exhibit
signs or symptoms. In a latent viral infection, the virus remains in
equilibrium with the host for long periods of time before symptoms again
appear; however, the actual viruses cannot be detected until reactivation of
the disease occurs. Examples of latent infections include infections caused

30 by herpes simplex virus (HSV)-1 (fever blisters), H5V-2 (genital herpes),

and varicella zoster virus VZV (chickenpox-shingles).



15conposition that includes a therapeutically effective anount of a PD-1
ant agoni st. An effective anount of a therapeutic conpound, such as an

anti body, can be for exanple fromabout 0.1 ngfkg to about 150 ny/kg.

Ef fecti ve WO3W8/08347dy, as recogni zed by those skilled i RCTHE2HY/888Hependi ng
on route of adm nistration, excipient usage, and coadm nistration with

ot her therapeutic treatnents including 20use of other anti-infection agents
or therapeutic agents for treating, preve_%gj ng or alleviating a synptom of
a particular infection or cancer. A therapeutic reginen is utilized for a
human patient suffering from (or at risk of devel oping) an infection or
cancer, using st antier dowetthoos, thf hdedbous dgeantzaglonll sinciegseadm ni stered to

such an individual usi t hods nown in the art. .An PD-1 ant agoni st
can be uti 11 >8R R E8 Rrdd e L SRR i A el FBR orr ot han one
PD- 1 ant agoni s{mptamms e dbkdiléd BkampleRlof dloanhfagiont sicheiamIbg (amsidi st er ed

|l ocally or systemcally. For exanple, the PD-1 antagopist, is adm ni stered
oral Iy, rectalPVyllVnakdiHLy-2) lpiastses thataause wmars if anigwlse ROt s| v,
intraperiteneal |y, i fidfRMUSGH et YrectRd oftél SiR¥aORUSdpLihenPBE 1 30
antagoni st can be_ adm nistered prophylactically, or after the detection of
an i nfection @fute uMestionsTHeor poumplenpkageiisslerasine ppudneerdipliys SSPRUI at ed as a
component of 2q QKK Riibwfis ek BRRUIL AL NI blfRkn BhARKI QY. Exampl es
of formul ations suitable for -74- parentera? adm ni stration include
aqueous sol ut icohs apf reshle o tubelén iafpetien.i n an i sotonic saline solution, a 5%
gl ucose sol ution, ﬁ.‘r anot her. .st andaid phar réraceléti cal Iﬁyeda(_: ept abl e

exci pi ent. Standar & ¥50BiI TG RN £ VUL R LB A M Tt rins are

al so uti | ilged pasisphaChaaedihl o fkti@xoilpwiiptite dadctidebf ¢Blayydibl dpbaedinar apeuti c
conpounds. 5The .t herapeutic conpounds described herejn are fornulated into
conposi ti ons PHLCLEH&AMRG fremdhisAndiyayal peing BF?(&‘H%PF-I WP’H&?%‘E’ﬁ%Wﬂ%ﬁaI

met hods. For exewdeh Qiaghided willad@RRkeht inf& bR td Y el abfbr@ins aPdil € or a
tablet for oral adm nistration. Capsules nmay contain any Standard

phar naceut i caldisglosweeplicigbial aggnte carbly of gethblisbingalparsistenbinfesepn inclwde . Tabl et s
may be for Ml ahtkel G AGEAIHRRER i Lo dARARE AR Fh R OGRARRES VDY,
conpressing mxtures o t erapeu’ug conpound wth a solid carrier and a

| ubri cant .15Exanpheypewcfirusp badercaimuddras Esehelidie cali ardcPhlanghis sppalr pyesitesni t e.
The PD-1 ant agonist,can be adm nti].stt ered i nTI he form of ﬁ ha%ld shel)l t abl et
or a capsul e COft'af %F‘%B“‘“é‘%?%dé?,‘s SUCH' 281" RAPBLE 8 Phimn i P S 8PP
conventional fandkeri. and a tableting agent. Qther fornulations include an

oi ntment, suppository,. lbpaste, spra patch, cream gel, resorbable
sponge. or foam SWHUEHARECOBREVEF BalPUREHRA L RPIEIPRISHECM Known i n

the art. subj@d @ik @QRALY Yhay Bio be AMhRAGANSE Sac6RB. ReorRdRAMRpIstgs ed by
i mpl ant i ng (either directly into an organ (e.g., intestine or liver) or
subcut anedls| ypecinesgh influsie ap adigy b Ireanetier examplt. e vopang sanriegledeses t he

conpound i nto adl.AGEOL, i@fin ﬁg&g@w\gw% Hnso%‘ﬁqll%atlf-’ﬁillémc%?iaﬁ“- For

exanpl e, for the treatment o strointestinal ‘Infection, f'he conpound nay
be adm ni st er etdemptantadm, bya fubugit vadcimer avsahposdigadyiefer @t itharpadroged y) or
locally (e.g., djirectly int astric tissue). rnativel a PD-1

ant agoni st - 57k S v b PefpElieofeod Rt ok TR atl pforiebd .
contact w th g:stsiibjectchrsbd@ymplotnalB)-sd tidd tiRg@aingdnt pRvaltomk e vebdper@aesk i N vi vo

by diffusion of the 25drug fromthe wafer and erosion_ of the polymer
matri x. AL andtSHEPosy aW tgerapeutlc vaccine can also reduce the severity of one or more

existing symptoms, or reduce pathogen Joad.

In several examples of treatment methods, the subject 1s administered a
therapeutically effective amount of a PD-1 antagonist in conjunction with a viral
antigen. Non-limiting examples of suitable viral antigens include: influenza HA,

30  NA, M, NP and NS antigens; HIV p24, pol, gp4] and gp120; Metapneumovirus
(hMNV) F and G proteins; Hepatitis C virus (HCV) E1, E2 and core proteins;
Dengue virus (DEN1-4) El, E2 and core proteins; Human Papilloma Virus L1



infection of the liver (i.e., hepatitis) is treated by infusing into the

| i ver vascul ature a solution containing the PD-1 antagoni st. Wer e
the therapeutic conmpound is a nucleic acid encoding a PD-1 antagoni st, the
nucl ei ¢ adYQ2WHASIHE admi nistered in vivo to pronote exBEEYSIBHIEEES1t he
30encoded protein, by constructing it as part of an appropriate nucleic
aci d expression vector and admnistering it so that it becones
intracellular (such by use of a retrovirakesvector, by direct injection, by
use of mcroparticle bonbardnment, by -75- coating with |ipids or
cell-surface receptors or transfecting agents, or by admnistering it in
linkage to a Iponeobpstein Rar Yeps 2pk20iD efd EBNRndAvpeptglechytemegdhevineic eus

(Seer ‘e 0. IO aphBloprodt 0 DAL AGRG 6! 1USA 88 10641860, dR9D) . and

i ntracell uI ar Zystandnii(NZ¥) itEﬂqueeﬁldaMnﬂrm]y?cobmeun Eebﬂto;iamdeﬁpers Sénipleedsivon, by
honol ogous reconbi nat.i remain e | ocal adm ni stration
of DA 5t anaSHEroBBian ErisR g FBest Y S b e dBeenS RN FESSEE | nc ude
viral vecter Sﬁorhé'kﬁbﬁtﬂtlo%l %&ee oekdnu@Ity ddc@iink @RImat 8 hitmdehelblaie diepatitis
viruses (such as HBV, and retroviruses (see, PCT 10Publicati on No. WO
89/ 07136; Ros &Ml ¢igitceisfl to INRPIPEIE, ong Or WISES, A15pa pGy sptingo®; as pougared
adenovirus (s L t . L e ), adeno-
associ at ed vi ?ﬁ%n%{%&tﬁﬁﬁth% elﬁ‘% o nojllrpa% émc)B&o(PﬁQ emﬁH?H tls"JA?Zga?le%g%% 2215,
1990), replicéatioen defective her pes Si rrpl ex VI ruses (HSV; Lu et al.
Abstract, pagg, N le(lals)‘l'herapy Sept . 22 26,
Col d Sprlng Hz DOt New-York ”‘“” and
any nodified

T SRR P ORUIETE T < sy SER R e
utilized that j S aci-ds ‘o

Lacconplishes in vit 3
eukaryotic ce P& For exanpl e, tTﬁgWIEQ[EV%EﬁB@ may be packa %d into

| i posones, such as cationic lig recept or - nedi at ed

delivery systens, non-viral nu IWM%HlﬁﬁJ@ Ivect ars, eryt hidcyt el ghost s,
20or microsphefes (such as rni cSdpAYECELes: see, e.g.. U S. Pabent No.
4,789, 734; U. SEpfRandhtr (NBV)4, 920AFLIRBI S.  Pat ent_ No. 3, 625, 2124). Naked DNA
may al so be adogtomsdabrveds (CMV) | NIWRMVRAEGYard to nucl eic acid|iléhibitors, a
t herapeuti cal | ypef fecti ve anountymspagpramopnt which 1s capabl egof produci ng
a medi cal |y degimephe result, e.@LGryrgpdecrease of a PD-1 gepg product in

a treated ani “rp{m aPAGifigald anourt can be determ ned by one of [ordinary skill
in the art. 5 any i VETE D?WEWFHW@SG 1@ ors,
i ncl udi ng the Bgdmefu ;.S size, tﬁ%ﬁﬁ 2 15’\5/%%5 %\g_cul ar

conmpound to be m ni Stered, se i on, general
heal th, and other drugs being g \Ig(es may vary,
but a preferred 30dosage for |r g%g li S

52

approxi mtely 106 to 1022 copi ¢ YDWDLWNKWCNKDPYNCDWDPYH

10
In additional embodiments, the subject has a tumor. The method includes
administering to the subject a therapeutically effective amount of a PD-1 antagonist,
thereby treating the tumor. In several examples, a therapeutically effective amount
of a tumor antigen, or a nucleotide encoding the tumor antigen, is also administered
15  to the subject. The PD-1 antagonist and the tumor antigen, or nucleotide encoding
the tumor antigen, can be administered simultaneously or sequentially.
Administration of the PD-1 antagonist results in a decrease in size,
prevalence, or metastatic potential of a tumor in a subject. Assessment of cancer is
made using standard clinical protocols. Efficacy is determined in association with

20 any known method for diagnosing or treating the particular tumor.
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ant agoni st i s| eatl edl ancinops AL ed| Bhroalast gowthtthabdr 3 €GH-8ced in a coronary
vessel . -§7- Pul monary infections can be treated, for exanple, by
adm ni stering the PD-1 antagonist by jnhalation. The conpounds are

delivered in the f&rAMBRIYFHNGEIGEENS o ppigrsstinclvdehosedisted Pelawapdedle der or

d

cU "m(‘[

di spenser wWhi[GhLePRTa %t@k‘ﬁs‘zﬂﬂf @,eﬂropel ant, such as a gas puch as
carbon dioxicqbﬂﬁaﬁw Bakg €T - in the art will understand that the
patients tred t%mgll mave ueen LYVDSLEEL 71
WT1 RMFPNAPYL 22
Survivin ELTLGEFLKL 23
AFP GVALQTMKQ 24
ELF2M ETVSEQSNV 25
proteinase 3 and its peptide PR1 VLQELNVTV 26
neutrophil elastase VLQELNVTV 27
MAGE EADPTGHSY 28
MART AAGIGILTV 29
tyrosinase RHRPLQEVYPEANAPIGHNRE | 30
GP100 WNRQLYPEWTEAQRLD 31
NY-Eso-1 VLLKEFTVSG 32
Herceptin KIFGSLAFL 33
carcino-embryonic antigen (CEA) HLFGYSWYK 34
PSA FLTPKKLQCYV 35




subjected to the sane tests to diagnose a persistently infected subject or
may have been identified, wthout exam nation, as one at high risk due to
the presence of one or nore risk factors (such as exposure to infectious
agent, exMUIYN0§3H74H nf ect ed subject, genetic predi sposPET/HR00GI8EAVI ng a
pat hol ogi cal condition predi sposing to 10 secondary infections). Reduction
of persistent infection synptons or damage nmay al so include, but are not
limted to, alleviation of synptons, dim piLshment of extent of disease,
stabilization (not worsening) state of disease, delay or slow ng of disease
progression, and anelioration or palliation of the disease state. Treatnent
can occur at hone $pdacHicoloogdamisoperampdisare dyidimeuhetdhdtia Igaplenproovi der, or
can occur in a glefa_llt h h1050tacr e_edf acial ihgdu - L\)/Et h%dc?'of orunn%glgtucri ng the

i mmune r esponf88HD Y BRI CErESrINaRE HRSTky PIREO Nt ABHSTETNIPEEYY herein are
wel | known i niyinfiomat(AINNe amgddraskity (1apidll edrbSingRyypb ef 8261k 860 Hod Sk

exanpl e, by assays that detect cytokine production, assays neasuring T cell
proliferation! mpanarked by fotpegidd YRR neqes 3R INPE B OPHIREGT Y| al  agent ,

and 20assays (iha{eas@@aﬁwo_aiegimteiﬁlo%@iIo&aﬁt@&gwn%ilwf indl0&S£5135 PRY e €
described, for exanple, in U S. Patent No. 6,808, 710 and U. S. Patent

Appl i cati on Psightkess. opsitissCog0e G137 HiEht s Olirpaalznangosealyesgurs

20030064380, 7 0,. I !
20020110836, JOOBBY0TABT: SEnd Ao T S AR B thors

i ncor por at ed biter mhler dndL pzmgsésph@a_tcyplcmdmcgbi hérholytdf anemiDadd ant agoni st
brol 1 er at  onPoRIgE PoRer el Pat b R SRRy e RYHdh at | on. BrdU
assays, amnd stppokingtely 40508 I0F pajeatse mar ke’rs (for exanple, Ki67 and’ CFSE) ,

descri bed, for exag}pl e, by Dong et al. (Nature 5:1365-1369, 1999). In one
exanpl e, T-cell prdefylarlymphocyiesprednaiinay Blgdgkin biprrhgradga B cell neopldsm

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

15  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.
CDD57 has been identified as another marker of germinal center-associated T cells,
along with CXCRS, findings which support the conclusion that the neoplastic cells
in nodular lymphocyte predominant Hodgkin lymphoma have a close association

20  with germinal center-associated T cells.

Expression of a tumor antigen of interest can be determined at the protein or
nucleic acid level using any method known in the art. For example, Northern
hybridization analysis using probes which specifically recognize one or more of
these sequences can be used to determine gene expression. Alternatively, expression

25  is measured using reverse-transcription-based PCR assays, such as using primers
specific for the differentially expressed sequence of genes. Expression is also
determined at the protein level, such as by measuring the levels of peptides encoded
by the gene products described herein, or activities thereof. Such methods are well
known in the art and include, for example immunoassays based on antibodies to

30  proteins encoded by the genes. Any biological material can be used for the

detection/quantification of the protein or the activity.



30 the purified T-cells expressing PD1 with a PD-1 antagonist, a primary
activation signal as described above, and 3Hthym di ne. The | evel of T-cell
proliferation is determ ned by neasuring thym dine incorporation. -78-
CD8+ T celwOoesmHsidxd city al so can be assessed by |ysi s PETAEYY7/08881h as 51Cr
rel ease assays or assays detecting the release of perforin or granzyne),
assays that detect caspase activation, or assays that neasure the cl earance
of the mcrobial agent fromthe infected §§bj ect. For exanple, the viral

| oad in a biological sanple from5the infecCted subject (e.g., serum

spleen, liver, lung, or the tissue to which the virus is tropic) may be
nmeasur ed bef ore anth afete@nmplectht siErd¢ct has been fileeiopslp disghdosed avfiavingtcakdanes such
as | F1\17, TNE-a,,and ured. For e, purified
Tocel Is are odf B friniebe SR Por e Re s BRGTEN o GgB st and a

prinmary activaioweRersindidtle.exdmifled, eadubelt haahbiWesn piklidhay Bﬁsndsedﬂé) t he
super nat ant can be determ ned by sandw ch enzyne-|i nked i munosor bent

assays or ot h&pvigpHEEARGeHNRIaL a%sk%ﬁfs'l S&B%B’m%éﬂl bg BrdegRionph e i n Dong et al .
(Nature 5: %36%%§ﬁ93t103%99}na94 dn ﬂ%ﬁ('ﬂﬁ]ﬁ\qnoﬁ Qﬁh@ﬁ(o%' Gﬁ&;yalélibéthn%uﬁ%%e@”t agoni st

is assessed by its ability to induce co-stinul“ation of T celfs. For
exanpl e, a netnkrans fugh aj aradicdegicaldiegidsisco-uliSoundnilraatingn af sewskevess provi di ng

pur 11169 T- Celhyds1lac X B 888 R Bndrhd Bl R PRI oREL VL 1 on

signal by anti- nal %y antigen in
associ ati on vmdbd:eta:«deB,SrmoldlbmHg‘,emé[hbma,bJabednybmé OlaCdiIﬂ.'ﬂldltldﬂ‘I(ﬁ corrpound agent to
reduce PD-1 ex

sign or activity and_theref ovi de .t hg secandary or
st ml at or §PRRT R SEapet e AR TP UH raHBP R O Corat DBae
T-cell's cap 2QhdaRBE35RYEAbRI A0 Y yaBshoephatilige; S6¥RhBtinGRAVeENt i onal assays
wel | known in the art. The B cell response to the PD-1 antagoni st can

be assessed byytlempselpands vih pcligael: goxpsvhicip dlloveg bgdME nenory B- cel |
assay, phenot yg n‘%cg%hgtplﬁnﬁ@é Lpinf®igh ARAAMRs a0, HEIAIHAA! néﬁ?rﬂérﬁ Eéhllﬂl‘lude

i mmunohi st oche 25Mef hods of Treatment! Adoptive | nmunot herapy
Met hods are ditlscisosbthdiépei n for the treat rrent of a subject of interest,

such as a subject W th a; Bers esst e E‘,lavfl‘,urtl% r{%eg"ge oncm([)1 Bpt UIRr pe nmet hods

i ncl ude the admini Stration o peu | ‘cart | Ve arrmf’r?fm of cytoxic
T cel |l s spéci fadmidia¢redro tﬁﬂtuhjﬁn Afthejrmeeui@ﬂy ,effsms;h aalsma of b nahorantipgpen or a
tunor antigen, and . a therapeutically 3Qeffective anount of. a PD-1

ant agoni st . o 3 NUGlEE GG en @gcfﬁ%%rft&%ds A& mpinsisred; R desy effg’lﬁ')f"ie i mune
response, SUCQdﬁl&uﬁﬂHa@@dm&)h@n‘fm*lﬂn%’%qﬂﬂﬂtlam a subject. Adm nistration
of the purified antigen- -79- specific T cells and PD-1, as discl osed

herein, will |ncreﬁgbthﬁﬁéatﬁﬁfl‘lqftﬂ;F“BlFCtaWﬁLﬂ)lj’eé'%ﬁtertté“fW@P@bﬁﬁ"ﬁ%\tfhol ogi cal
condi ti ons, a;%ﬁu eﬂ%&%'a%ﬁnt@{%@%?a&ﬁo&?uét%fﬂahnm ungu&)@Ehl{j&:ta”

i nmune response al ns a pat ogen such as @ virus or neop asm
Ther ef or e,20by qﬁumlf:syl froereered amypla e teiapeptigalyeffeciiethmop bt Pon afagswibtect ed

is a biologically active dose, such as a dose that will induce an increase in CD8+ T
cell cytotoxic activity the increase in the immune response specific to the infectious
agent. Desirably, the PD-1 antagonist has the ability to reduce the expression or
activity of PD-1 in antigen specific immune cells (e.g., T cells such as CD8+ T cells)

25 by atleast 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 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,

30  PD-L2, or both. The biological activity of PD-1 is determined according to its
ability to increase CD8+ T cell cytotoxicity including, for example, cytokine

production, clearance of the infectious agent, and proliferation of antigen specific



5antigen-specific T cells froma subject ex vivo and introducing a

t herapeutic anmount of these cells, the imune response of the recipient

subj ect is enhanced. The admi nistration of a therapeutically effective
anmount of WORMSMDSHM agoni st al so enhances the i Mmune r @€PANZET/HB851he

reci pient. Methods of inducing an i Mmune response to an antigen of interest
in a 10reci pient are provided herein. The recipient can be any subject of
interest, including a subject with a chrﬁgbp i nfection, such as a viral or
fungal infection, or a subject with a tu These infections are descri bed
above. Infections in inmune deficient people are a common problemin
al l ograft steGlaT celleciPpifentlg, thmigeinnthp)eledlmemteIeypdessinnrwsup@uy@é@Eell or gan
transpl ant 15reC|p|ent§ The resul tlng.é cqh g?e |C|engy i.nfections in
these subj ect $*AIE"B%U f PG AP B CPFILS 10 CUPTUSER Oélﬂ}eef&ﬁﬁ”b%sent in
the reci pi ent Jedk03% ENBAR0G, 30BCEBCIVYG, 66%, 7T0BSI0RSPE S MbRURaV] oS es (such
as Cw, EBV, VZV, RSV) are dornmant and kept suppressed by T cells.

However, when 3Bafei L@ﬁﬁ%té%?féltlph%%sﬂﬁpqﬂ&%@we%ﬂamﬂerﬁ iSriberefers aeins,

dor mant vi “SUS%Serﬁ?nE‘wl?@arFye&h%tdx YhE: th&%etﬁ%fi’ﬁp|A@tho£3\ﬂh396e‘ﬁﬁﬁtpﬁé«fé}%l9”

Epstein Barr V|ru;€§ reactivation which causes a tunor in B célls (EBV
| ynphopr ol i f erc#pliessed i Se&s &)cellniids Bideptqodghat aax edlhthaticam infiverds theauses
henorrhagic c r ddition,
BV nfact OHX%{&M ?es%&%@ a;%?s%em‘%lf!ecgﬂ %‘glaiesggﬂ{é%‘fe“!% tﬁ%@k@ﬁds clff?heg of T oosl|
i mmune defi ci emeytiondeldeclvde, &lr ekavhgetB odds. and reacti vations can be an issue
i n 25 munosuppressed subjects.. . . .ln severa an i nmune
Fesponse. agai not - a PRGN ©° st i Bl SPet R EAESUPL tstihe Miar r ow
transpl antlg Angénts. URBJitiddMihBiabyutic e inpluay, felesh aindledarfivRhie®inpdynds

adm ni stration of antigen-specific T cells that recognize a tunor-antigen.
Such adni ni st r&gi sidaping %@Pm SARCYRIOM T, AR il BUTROsIdpiaBHP S EEVEIfrUne

30r esponse to rﬁahﬁnwgpfnhmtop(mxﬁ (0, Az 8 eliigyddial, dat @Jlﬁﬁ{ogi‘ﬁE)eEldéo

recogni ze, and imunoreact with a tunor antigen of interest. -80- In one
exanmpl e, the r@@lhwnieﬁuﬂ‘lﬁﬁ@w(bm)aquﬂ@ (hamu@h@))dwucé@opdwvam on of donor

cel I's i ncl uding, 6oLl finfseNaerR el L PHSL Al QA% JRIRNUSHERL ifighhay) and

contacting a popu rising N popul ati on
of antlgenapresanmnﬂglneMNﬁ1@&@@@)oinﬂﬁn&helﬂmmmm bihiaterfaoe), prtsertining an

antigen of interest, o resence of PD-1 her eby produci ng
a popul ation SPmﬁgﬁgfigé‘W°aéBﬁ$P?%{ %??U%?%HxHBﬂ%Fmtfﬁ@mﬁﬁﬁ¥% CDS+ T
cel I s depl et edofn@buridls| DGR pladtR aIerﬁQéHeﬁthwpelﬁtﬁﬁp@mnaeem anti gen of
interest. A therapeutlcally ef fectjve anmount. of the popul ati on of donor

activated CD4+ and/lf a€stanat berageyticiagent fpadmypisisred prior tonedepipityHyaeici ng an

i mune res pon%ﬁbsfeeuénfﬂ% AihiSeRioR b hRtrey- e 8htaddhist. hPoJe‘i&hPlbetﬂé PD-1
10Admi nistration of the purified antigen- specific T cells can increase the

abi lity of20a snbigewst a@@ thevedditional ageitt Aisl aggiin sibred ohetpriisrigrmualions withian
I nfectious di spazg 102 £t K22 180 15@%91%' Ihofdfl dok ﬁgtlén%ﬁgqﬂé%idﬂ%%lnﬂ a
pat hogen (such as "Virus fuhgus neopl a T I mune response
i s produced i mcerhes fogoulpicé mUeanawnls thetHie 1 anlhgcgest ®fhen mhesnddsional agent is
present in a different composition, different routes of administration may be used.
The agent is administered at doses known to be effective for such agent for treating,
25  reducing, ot preventing an infection.
Concentrations of the PD-1 antagonist and the additional agent depends upon
different factors, including means of administration, target site, physiological state
of the mammal, and other medication administered. Thus treatment dosages may be
titrated to optimize safety and efficacy and is within the skill of an artisan.

30  Determination of the proper dosage and administration regime for a particular

situation is within the skill of the art.



151 n several enbodi nents the nethod al so i ncludes admnistering a
therapeutically effective amount of a PD-1 antagonist to the subject. The
adm nistration of PD-1 antagonists is described in detail above. Any
ant i geni c Weplp@d®isuch as an i mmunogeni ¢ fragnent) fr @6TAS2@HIISEMEN of
interest can be used to generate a population of T cells specific for that
antigen of 20interest. Nunerous such antigenic peptides are known in the
art, such as viral and tunor antigens (seq _for exanple, Tables 1-2). This
disclosure is not limted to using specifi % antigen peptides. Particular
exanpl es of antigenic peptides fromantigens of interest, include, but are
not limted to, thOpeomibly]thensjdchatfualree adminddtered ungaing tlamdliditiaor ant i gens,
such as those sho in Table | Additjonal. antigeni ¢ 25peptides are known in
the art (for @A e WBETGAINT Ay Ba mreclgus ER! Tredivst 2 PrsmSRot her
54(3) : 187- 207 infeddn, Farskapenieisabject é¢ivet hespy thd cicits@n idRAe bot h herein
i ncorporated by reference). . Al .t hough Table 1 discloses particul ar
fragments of fEPPRSEARYRY umes GeRenadeficipncyvaes (Hiyddvarylosy infhiepdteoart wil |

recogni ze sh athe%&i*ﬁ@ €. [HRAPRA SicBihed #€ dfddhibed, RRYAnAORK BLRbRKE B AN SO be
used in the nmethods disclosed herein. In one exanple, an antigen of

interest is afli hvestoldéniSe-4p2.29Rentlf desired thauyaccihevgdminiseiedsthequence. An
"i mrunogeni ¢ f[.aqr I Sl rti.on ' i.ch,.. whe
presented by é’ﬁﬁgg%? E%le{hﬁhlﬁryﬁ %@J%Sﬁtg'exbé)\ésfcggle%%ﬁelg%ﬁéeﬂgm% H%Cm%ug%an in a
T-cel | acti vats ethespsaticall pefiféctiaé emaunt-of ehimagaiigeat Iasavelal erebqiieass,ng t he

protein. Typically, .such fragnents that bind to MHC class | .ol ecules are 8
P12 cont | QAT PEHiS ARG GRoutt A “pRBERoRRTT GEr e A i HUUOR: F onger

f ragment s 108y n@horG@tESCisakithifieret $LMe shtjectone exanpl es, 5the i nmunogenic
fragnent is one that can specifically bind to an MHC nol ecul e on the

surface of an APC, AiPempsrticslyrafiselivesmyuatef thfgmgpl’ﬁ?f'&%pﬂrtad‘ﬁéle%‘éﬁ@enpe. I n

particul ar exanRldgs ihd fhdr TRRYAAIEDCadnkiFRRALG kR So28. GRAbHIGHRAS 1A NO
acids froma full-I"ength antigen sequence, such as 8-20 am ho acids, 8-15

am no aci ds, 8aclude agpjonebingei BSA 8hitlh isdn¢quporated éo a gect®,in9an10, 11, 12, 13,
14, 15 or 20 ' . LD | a full-ler £ sequence.
I some. exanp oo AR eHRATRE B BIUIR LR e e BROBR A e O

condi t i ond5sufof edaeyete, bowhichexistyas negpamtcmbleadetnth ism dpPes) hbeghdant bi nd to

MHC nol ecul es on the APC surface, wthout the need for_intracellul ar

S caost g, 1 & Bt Balncre Tre A5Gt B hert-0 ol UshOirieBb s R "Bt i gen
of interest 1mdifidd farmasfecNBeraitdosR IR E@mieaiddd indleRinddbitde fik bf f or an
HLA nol ecul e of the subject. These motifs are well known in the art. For

exanpl e, HLA- ANts a common allele in the human popul ati on. The bi ndi ng

moti f for this mol acidel BEiHIS&RERLAREN WikBuded] cmh@gpomna?las havi ng

| euci ne or nethionine in the second position and var1 Ine-or leucine in the

| ast posi Z0onSVé9dédadsdephled 98bdveyn. Wdbepi:il 84 S3hatdengvitue (Berkieese notifs
can be prepar - [N art_ (such a inantly,

chem cal l y, eﬁg?%t%n?%%%\%ﬁggggmg?&aﬁgg%) ﬁbg%l(i:l? egglﬁagg%%f an antigen
of interest, iTehmqQgert:€loH628gGeriglaequicn88s JpV o, cbad01-04 13, Qaatttn an MHC can

be determ ned ysifig PUIN.G X 3V 8L BRACSRS QAT AR: REQeEIETP! Bo2, cel,

68:143-155; Wilkinson et al., 1992, Nucl. Acids Res., 20:2233-2239; Stratford-

25  Perricaudet et al., 1990, Hum. Gene Ther., 1:241-256), vaccinia virus (Mackett et
al., 1992, Biotechnology, 24:495-499), adeno-associated virus (Muzyczka, 1992,
Curr. Top. Microbiol. Immunol., 158:91-123; On et al., 1990, Gene, 89:279-282),
herpes viruses including HSV and EBV (Margolskee, 1992, Cuir. Top. Microbiol.
Immunol., 158:67-90; Johnson et al., 1992, J. Virol., 66:29522965; Fink et al., 1992,

30 Hum. Gene Ther. 3:11-19; Breakfield et al., 1987, Mol. Neurobiol., 1:337-371;
Fresse et al., 1990, Biochem. Pharmacol., 40:2189-2199), Sindbis viruses (H.
Herweijer et al., 1995, Human Gene Therapy 6:1161-1167; U.S. Pat. Nos. 5,091,309



an HLA binding notif programon the Internet (Bioinforrnatics and Ml ecul ar
25Anal ysis Section-Bl I MAS) can be used to predict epitopes of any tunor-,
viral -, or fungal -associ ated antigen, using routine nethods. Antigens of
interest (VQPEMEPSHTM |- |ength proteins or an i munogenPETUSHYHREE851t her eof )
then can be produced and purified using standard techni ques. For exanple,
epitope or full-length antigens of interest can be produced reconbinantly
or chem cally synthesized by standard 30nethods. A substantially pure
peptide preparation will yield a single nmajor band on a non-reducing

pol yacryl am de gel. In other exanples, the antigen of interest includes a
crude viral |ys&$@217.882-alphaviruses (SnSorlesiegeantPs, Trerde Baotedhgeln | bfl82Atlerest is
a tunor associated a and,t a i n b arln HLA. bi ndi ng
motiTs are tnasaot At LRI ABhARRSRY AR & JRTYITEED e BLo Rste

epi topes can Beiah d®@ahdyopethybyetanl| 0088 Mob QRArEibI. wemlgmdl nglo@Bﬁpl@u deyil.f or the

HLA nol ecul e respect r epit I ecul e or conpared
with ot her 8%%%“’?%&? 3%?%%4]73 IP‘F\‘H‘EI-Q%?%,@& E“ op. Microigh o ygh t he
study of ssnglxﬁnﬁﬁbm%@qm Mgt 21Ut ogk, a1l gaNBRNaS:AgS4BNGofRR: §equenci ng
of endogenously bound, natural I%)r{)r ocessed ageﬁ%' des, critical residues that

correspond to [hediMal. CyBiok. e‘Hl? Siekdann et Snh MitL -4 @ntG7gemd ol ecul es
have been i d o SBEe o . .
150- 3965, 10106kt lkhIAGs of 8 1SHRIPy ol B0 RBRR Sholliptcher KRV, onsee

et al., J. Cuh Gpln 661”%11%39) B@c%@ms m&amlaﬁng:ahfmmich mQ@imncleg@pi n. | munol .
6: 13, 1994 Setltﬁe d Gre y@ﬁrgv N %E» 4. 199 Furt her nor e,
Xx-ray crystall 8(3 lcvanaﬁ 3fve EA b HWHH%: (o) é]§< %yl?eveal ed
pockets wiphi @btahedﬂeptdodendrtlllobon@egdseéﬂ astHhatlidgém ISes Diegs, @Af G Protein

accommodate, inh an allele-specific nmode, residues 15borne by peptide
| i gands; t hes SCeRLES 498 Mﬁ“‘i“iﬁ‘rﬁo%’t%@t‘ﬁcﬁ%" {AdOA: X2 hdi ng capacity of the

peptides in which ghew e%{b%dme%s%polﬁrﬁe@ou&eoernc@aimlﬁm Waddan, 1 ARU. Rev.
| munol . 13:587, 1995 Smith et at, 1mmunit 203, 1996; Frenont et al.

| mmuni ty 8: 303ntigegdgincigdedin astiragyector Sﬁ\dmbﬂmveétozs ipglgde rEgOUIUSIEREL, Cunt

Opin. | MOl orRodbd ved b aviBlOWARY idttipox PRI %%frgg‘éx%@cmrl%% fhok veddne

antigen of inter IS se e su fo be treate
exanpl e, 16 t hdermubpleettor sshelpesne]@sl verftors rndpimafaed\r@:mls \bacdbvions veeros f ungal
i Mmunity one et viral or fun omated an NS are

1
bl oot ot e o ok S it 1 Bl L s P B R HH e Gens from

Epstein bar viemﬁpl(n@BV&tmsh@@ﬁdpdvhwvéatom 5udd af b Inicytbhuenfegdl odwinubisnd £W) |
her pes sinpl ex. virus BK vi rus J)C 25virus, and human

i munodef i ci eféspl wrﬂagat%drmm&rfﬁwg Vévrasierovigs ipulgyinsand thsdike of i nt er est

from fungi i ncl udepgpti-GeDst sk PR BN al‘.lﬁ%roxc%ﬁmx Gha BIRE O Gk,
Bl ast omyces, and Hi stogdasma or other infectious agent. |n another

exanpl e, tAe SUBjoeer inckide Hacsimi ceffomahier wesartoamMpIx- tQneERaNEMPARt y. Exenpl ary
antigens of i RLRLESLFLEORVEMTRE SALDEE YR AW ow1 FoR e ant R an S SR Y

ant i gens
Capripox include goatpox and sheeppox. In one example, the suipox 1s swinepox.

Examples of pox viral vectors for expression as described for example, in U.S.
Patent No. 6,165,460, which is incorporated herein by reference. Other viral vectors

25 that can be used include other DNA viruses such as herpes virus and adenoviruses,
and RNA viruses such as retroviruses and polio.

In several embodiments, PD-[ antagonists are administered in an amount
sufficient to increase T cell, such as CD&+T cell, cytotoxicity. An increase in T-cell
cytotoxicity results in an increased immune response and a reduction in the

30  persistent infection, or a reduction in a sign or a symptom of a tumor. An increased
immune response can be measured, for example. by an increase in immune cell

proliferation, such as T-cell or B cell proliferation, an increase in cytokine



300f interest are listed in Tables | and 2. In sone exanples, the antigen
of interest includes both a viral antigen and a tunor antigen, both a
fungal antigen and a tunor antigen, or a viral antigen, a fungal antigen,
and a tuno¥O3MB{0gHAt - 83- For the treatnent of PRTHNHI0EBESSHith a
tunor, the tunor antigen of interest is chosen based on the expression of
the protein by the recipient's tunor. For exanple, if the recipient has a
breast tunor, a breast tunor antigen is sghected, and if the recipient has
a prostate tunor, a prostate tunor antigen is selected, and so forth.
5Table 2 list exenplary tunors and respective tunor associ ated antigens
that can be ugeeluciiorgerbrrainecpigrin fhieatbarined ofem-sfigeitdus pgenToreteductionatr can be

st 5515, 198 SRS, 09 B0 O BNk YPBLc RUELET One

e same an er tunors can be
treat ed usi ng sgddictrisasakiated vorh the pérgieast. infecticnne nexanyihes, admidigenespeci fic T
cells that recognize a tunmor antigen are .10adm nistered in.g.
t her apeut i cal It T olEu s IR At tlh?BQélsgﬂtb‘f’ E?OmetééhqﬂawkgﬁlmvﬁfIal recei ve,

a stem cel l5 althigar, 8f 411e07aicd dhOGI bk sy@prol AsHdaistcBREh (NAFGiiNBA@fewidnlbrt he
tunor antigen. For exanple, erapeuti c anpunt of antigen-specific T

th
cell's can be é@fﬁ?frhysﬂtté?raétdlo%ip%ﬁ 886t %08 80%r 70/ 0% $REr o ldierat ed

antigens, for ngﬁggﬂgh% A udeAsd s@peof the antigens of interest listed in
Tables 1 or 2. 15In particular exanpl es where the recipient has a tunor and

has or will recei vdratimensin dbsdcioak ifohy afatimend deads toralimisel kenefitgaeh spacific T

cells and a thefARGULI G21ULY oPAL SELINE, AIIRKIY, OhuoFD: dulhadeplshe &7 &

adm nistered in a therape y € ctive ampun e stem cel |
al l ograft o poegvanWhedeeheaaeis appliedghephylatiaatlyy effitnciond eneans thhothe r eat a
mal i gnant relapse. The purified anti %?n- 20specj fi % T cells can be

i ntroduced bad'eMPHICAE U REVERT R Estiop S5 IorRige FHYSY MRt her exanpl e,

the recipient deemiAesufind 8 MoWh nidiiod fdmhgrRtnk @€ Being itk RSt purified
antigen-specific T cells purified fromthe recipient and then re-introduced

into the reci pHestond@ Y- t her apeutical |y effective anount of a PD-1

ant agoni st to i ncr g€ f\Reth&R!i RGN adfhihi Lo SYsb BN G Eulde tunor.
25Adni ni stration of a therapeutic anount of tunor antigen-specific T cells

and a t herldpeusoinpaditign bifindodese thavepenticadly efeqive prwnntajedilsi antagenie used

prophyl act i cal ky.d0Df SXER of SEMILTENE GoBbale [ HIPE, LRLLRE RERLRLENT. or to
treat a relapse 0 e T umor. - Suc antigen-specific FrECETY $Mtan ki1l cells
cont ai ni ng t hexhmpefroassoai @l ed/landiaban 160 madel Hffeotiteetosésnmnynas cel |'s. 301 n

a speci fic exanpl e, r &%ie{)i elE:td .has a tunor. and has or w.ll receive a stem
cel | all ograf t*1%6"V"& P I i‘ﬁ”r??ﬁﬁf t §PPERng QRN B 3ARWEAHRW i rr adi ati on
or admi ni st r atex@iiedf usdgd; WhPEAYnkni gHaign WdlotatheRBl RicataRienBlih@hdhs €
conprom sed bone .. . . . .
use of other anti-infection agents or therapeutic agents for treating, preventing or
alleviating a symptom of a particular infection or cancer. A therapeutic regimen is
utilized for a human patient suffering from (or at risk of developing) an infection or
cancer, using standard methods.
The PD-| antagonist is administered to such an individual using methods
25  known in the art. Any PD-1 antagonist can be utilized, such as those disclosed
herein. In addition, more than one PD- [ antagonist can be utilized. A PD-1
antagonist can be administered locally or systemically. For example, the PD-1
antagonist is administered orally, rectally, nasally, topically parenterally,
subcutaneously, intraperitoneally, intramuscularly, and intravenously. The PD-1
30  antagonist can be administered prophylactically, or after the detection of an infection
or tumor. The PD-1 antagonist is optionally formulated as a component of a cocktail

of therapeutic drugs to treat infection. Examnples of formulations suitable for



-84- mairow function, at |east tw types of donor antigen-specific T cells
are admnistered in a therapeutically effective anount; antigen-specific T
cells that specifically recognize a viral -associated antigen (or a

f ungal - asSHRRYBEPIANt i gen) and antigen-specific T cel | SCTHR0FPBRIIf i cal | y
recogni ze a tunor-associated antigen. In 5 addition, a therapeutically
effective anobunt of a PD-1 antagonist is admnistered to the subject. Such
adm ni stration can be used to induce an anyi-tunor effect and an anti-viral
effect (such as an anti-viral effect). In order to produce a

popul ati on of antigen-specific T cells for admnistration to a subject of
interest, a poepehatal edministieedr iscludeiqudousgolliticrd dfshecamivdasendmtandscdehiov t h
10antigen presenting.cells PCs) uch as denthitic, cells.or T-APCs, to
oresent the antieRParT e erRere ptehte MRS ey S Fte P &ionder T cel 1
(such as | ynphe&yptbk ctipRBiMSi)ndardssotubithodhtt Buchns 8VPageidisdexafnsBi3- 1 and
are added to the APCs presenting one or nore _antigens of 1nterest, and

i ncubat ed unqé‘}SOdIHH_%ﬁdtais@H@“‘é‘ﬁﬁf"f“ic@icéﬁf’lef"é fondelyrry thFrﬁ*feé‘fP_&E‘t“i Wpﬁé_{l%_een t he
APCs presenting a“fﬂhgﬁi@ra?@ﬂictdaﬁpliuﬂeﬁ%slch-iﬁeéHlelﬂh_(aﬁé%ﬁn@lﬁk%di gen-specific T
cells. The treatnment of the responder T cells with the PD-1 antagoni st can
be si nul t aneowsmposiiiary ferpshes gertescal agminityatigpatdlizimgronygnaignampnthagis t ot he PD- 1
ant agoni st ca 1 [:at ri.QF MW.Eh the APCs.
Thus, net hodsr%él?‘rjfelﬁl g’rﬂggilégggﬂ‘!elgg?%&ﬁ?@? legru z)%igagitsﬂgogﬁ%%ﬁ%#e% popul ati on of
20 anti gen- spadimfnigrafiogeChpsnleCamng cathiy an{stAiigsd pluesenttially agepsbleo T cel | s

o e MEASRRL LS SSARBRE. 1R, SRR SRbRRL T ©1 o5

acti vat i onoandopventiofatp@icédutes biltdmpredsip@pittantel 6fa therapsutid emgodndatith ncl udes
T cells that spe(gi fically recognize an antigen of interest. Thus a
t her apeut i cal IS§liefaaeAnd & luprisa: Egpmplss of Sﬁagﬁw&ﬂ%whﬁ# SE6Eh and Sugr he

25admi ni st er edeh@nite. SHRIFESY ah @M QUMER: AihREASH HRIBANSE htdGlRjas a
subject with a chronic infection or a tunor. General ly, the APCs and

the T cells art@leigr arcenjolgsontpmingrdundeir.suchasnagtpseior npgnigol agsinsentiontle  APCs
and the respo . : r ) [FYale TRYA .5 he APCs
and the respor?gg’ 4(1gg{b'ezm%ggenfgeé[snfhg&glﬁgl?g&Sfﬁkgh%ﬁg%ce{we‘gt(’ejmgg&@]s}éd to
present any ampastgesprayop@chpapuhagdl onsoofabluspotgegausani. Sedh Hrm@agonsfueski |1 in
the art wll app_(gc{ ecj at eotF}ﬁt an ‘iulgqeni C glept_ti des that bind to MHC cl ass |
and 11 nol eculELUEEH W2 BERFALLSTY R 5 &% or exanpl e i nstead of being
processed from a fiAddlitch@RgPD-1 aifronBisahag b adminBtee®] by) impameinalditwed to
interact with (such as bind) MHC 1 and |1 nolecules on a cell surface.
General |y, APCHCHhESIRAN O4EAD (Gen MIFHPAE" LHH WRIOYANBIIH) it Pass 1 and | 1.

I n one exanpl gesoiBleanithig SMichfsidw} RN&@SEs hedMtuRd intd tdjadeh@anAPCs is a fusion
Sprotein that includes an ami no acid sequence fromthé antigen of interest
(such as &0 sougewndinguiseiss ghihssuliedtdEor Fxempex Birpicdregtment of gagrgiptegtddl | guous
amno acids fr, e ' ot . 1{‘g\1§,_,]- i es. bi ndi ng
epi t opes can Bgﬁ}tﬁl&él’ ﬁggghgﬁﬁgq;sl?fn%l agﬁgﬁ%%lég}; c plgﬁ)f)(g'ﬁt’i lea?gnodrw "single
chain trinmer cesalbeorwtilly) eldcaliyegedive@lychtotegastire tissha)s AdriiNa@ly] aBiB-1|

nol ecul e, a b2 {ni

cragl obul i nd an _%ii eni c. peptjde.of 10interest (see
Natur e 2005; VBIEoRaTPRjacd AR of foBihl B9dari BER R oa Sragdhnt i gen
i's used, but idastat keyue eMhOBDMEMtSonIBNE Slothviamklcand iR Rivo @ riffisionsEthe such as
at least 2 different antigens, at |least 3 di_ffer_en}& antigens, at |east 4
di fferent ‘ntiGEheomae ‘r@glsit“dﬁl%ﬁqnf%ﬁ}é%ﬁolﬁmlif%%, SINANEASTAMRC.i £ f er ent
antigens, at lig@stonler e ffef G.@Qt}m@tﬂm@ Aeate by In@ASH 170 kH fifee L RRLIaAR 4 gens,
or even at |east 50 different antigens.
solution containing the PD-1 antagonist.
Where the therapeutic compound is a nucleic acid encoding a PD-1
antagonist, the nucleic acid can be adiministered in vivo to promote expression of the
30  encoded protein, by constructing it as part of an appropriate nucleic acid expression
vector and administering it so that it becomes intracellular (such by use of a

retroviral vector, by direct injection, by use of microparticle bombardment, by



15l n yet other exanples, an antigen of interest is a full-length antigen
am no acid sequence (such as a full-length fungal antigen, tunor antigen,
or viral antigen, for exanple a viral lysate or full-length cathepsin G.

| n addi ti onakoognsatpl es, one or nore antigens from any PaTaStIHRE’Fgent can
be utilized. In sone exanples, the full-length antigen of interest is
expressed by the APC. 20APCs can be produced using nmethods known to one of
skill in the art (see Mel enhorst et al, QLI ot herapy 7, supp. 1, 2005;

Mel enhorst et al., Blood 106: 671a, 2005; ‘Gagliardi et al., Int. Irnnunol.
7: 1741-52, 1995, herein incorporated by refemce). In one exanple, to
produce T- APCepatthgrith Ifpedd qeleell-ahrfdet oadpionno cyh dactias agered, bviat ed using | L-2

and an anti body that . specifically binds such as OKT3) 25for about
three or nore? %ﬁte@&dh‘“é’é‘k%dﬁtahB%ghoé%(e%%k‘%*}é%ﬁc‘fﬂo‘%tofed‘rtmél}?out seven
to ten days. pucleus (Skd, cRBJoIREEN 2PDSBE Ml Alh@bciiUs A RS 1 RIeFRBCR90], ad esent i ng
antigen, T cells that recognize the antigen bind to antigen 1presentl ng

g

cel s (APCs) pheddentiilisgativelarnvglerr asid themprusisds inbpdiced ingagpllylarliyand do T
cells that sar g aloraRPGIhh holRbn DA AL BERidEh A foctlt MeSmBREGGL Gt NG 1 1
an antigen-specific manner). In a particular exanple,” antigen- specific
cells are sel eghadepyomalposi ng APCs to a target peptide antigen (such as a
target viral or tumpr, associated antigen) agajnst which desired T cells are
to be “gbe target ont PRl ey BlRRRLORR L RARL A MRS VSRR {5 ¢ he
APC presents tSueh adtidrg@iolude viaslS@etoat inolndisk ttivsa derjed froli @plonespat abi | ity
complex (MHC) class | and/ ,or class | xanmpl e be exposed to

/ or class || For exanple APCS cg

a sufficient e hepatifisyiuscsdircaps HRetnddiCY b rdipr i &4 ?llbccupy VHC
nol ecul es |9n tHGliSHEA Roewd 83/0E1 38PRodhitt o 8ANRI Bag. 3t MBA.S2S19):3%0-6%8,t he MHC
nol ecul es are occupi ed, such at least 5% at least 7.5%or at |east 10%

and stimul at e IgPefdenaiirinlsce MrIsaygt 8k, Jt GelheBiothesel Juppi W HE9Pradsence of a
FDA antagoni st,.t.0;,l4&;HP géotﬂlre(?ﬁﬁrﬁl‘b&g]ahhﬁ?ﬁngéigﬁgi\g'/:j2£}—g%@t19§[}3},s conpar ed

to APCs that do not present the antigen of iInteres pulation of T
cells, such asepuptdnatefastive heapestsasplberinusps (M fuoat at. hebsandt gpem 66f | nt er est
is then i ncubat,ed with,t .10 Cs,.optianal I,y ANt resences of a PD-1
ant agoni st - sutiad! &g ek ik Bk R af B SeRRBRTRSE S
preferentildl | Yadehiovat®ld Higinealdbor, Nee vy, 100D du¢ hgmadifiepidrabhsost of cel |'s
enriched with the desired T cells that recogni ze the antigen of interest. T
cells, such adh®RyEETHr e8BADSY ?Flléfelb’ékiﬂf:‘atc?rbﬂe utlizppiesacsempshehgc¥ices, can

15be i ncubat ed . pittorAREleRraciiBifo 8ilak @80 Selff Holb&SH, thedftleRNRlds Yndyn the
presence of a PD-1 antagonist to generate a T cell population that is

primed for thdedaekaged irlipoarmesgaied aprationiceinesamesTLipefecinicieremser pri med
Y maocy 5. ar bRy S R LRl B D b Risat e
antigen, &fti amaliérpsphares (ciprewenepertolesaseP -4, AiSt BgertiNst 4,789,734; U.S.
Patent No. 4,925,673; U.S. Patent No. 3,625,214). Naked DNA may also be
administered.
With regard to nucleic acid inhibitors, a therapeutically effective amount is
an amount which 18 capable of producing a medically desirable result, e.g., a
25  decrease of a PD-1 gene product in a treated animal. Such an amount can be
determined by one of ordinary skill in the art. Dosage for any given patient depends
upon many factors, including the patient’s size, body surface area, age, the particular
compound to be administered, sex, time and route of administration, general health,
and other drugs being administered concurrently. Dosages may vary, but a preferred

30  dosage for intravenous administration of DNA is approximately 106 to 1022 copies

of the DNA molecule.



20sonme exanples, the antigen of interest is a viral or tunmor antigen, such
as, but not limted to, one or nore of the antigens of interest listed in
Table 1. The antigen of interest can be in a purified form such as a

chem cal | YW@ ¢HsHedTzed peptide. In other exanples, theP&RUSHEH0&ES1 nt er est
is present in a non-purified form such as in a crude |ysate, for exanple a
viral lysate. 25The anmobunt of antigen used to prinme T cells can be readily
determ ned using nethods known in the art. . Generally, if the antigen is
used in a purified foim about 1-10 |ag/ RF of peptide is used. Wen a
viral lysate is used, about 0.1-100 RI of l|ysate, such as about 75 pl, can
be used. Wien T- APCgpieally, pisgids albadinidstéredtd 4 mammhl RGCampostsdnboutg t he

anti gen of |nterest an be ed for 4 ion 30ce|ls (or

| ynphocyt es o *BBMES)C. Bbout 5000 Hf‘ﬂoc"aglﬁé’g%%q%%é} P’ECODTPW?’BH%SC%?P&? are prined
invitro by i msa@atnlaﬁ@lm@ﬂmm@ hi&odrdik of BN, §€ Rareranis/tal800 mb@mh@r 5-7
days under condltlons that permt prlnln -87- of T cells. able T cells

are recovered®f PBV\Q%dﬁﬁﬁ@“@%tPﬁ@%PP“P&ﬁﬁﬁﬁgDE%hﬂﬁWfW@@P}@ﬁ thereby

generati ngspr IlTH@lgUI-E[TE%k bea bk nqgi%'crfaﬁ'gmo tl‘h?mi&@ﬂb!lrﬁq M HRRIorTopel | s can be
prined again one or nore tinmes, for exanple by I ncubation with the antigen

for anot her ﬂﬁcldalgambm]wmcmw@m@f RisAdiAliermgvady admoyerayoedf f or the first
Spiim ng, a“doe"cbﬁm%in%nt adﬁ;‘ﬁ{\Ju%l 6e%?o?§’§{c%<‘ilp o il I%F"Ptal?t%fxo é%ﬂ?' ?qad&(ﬂ%ocyt es are

primed in viv SWMTH the ant or exanple in
the form of abvammnmled at atdon&nerxm@fat ledstd s, 1969b17a108ed09’,r10m,tohe0k51ubj ect
foll ow ng i nmuni on are %% eady prined. For exanple, |ynphocytes or PBMC
obt ai ned fronpgmgﬁ e unftdp Een incubated with APCs in the 10presence of a

PD-1 antagoni st asiflese duiRdinhietdt.thavdahifiet: of hurdlegehl idectedithd mmal
prim ng. The met hod can further include enerating the APCs t hat

present the afbigemsteRn bhadsripgieredppiavenati & int alpgersgampleydiesdt wi th a

sufficient ampuntioPfniPMe C8%b1W1§al@l'uIdf) eF&%caﬁ’%@fhinﬂ%aﬁ‘&P 'aggﬂgouddnder
conditions sufficient tor the target peptide(s) 15to be presented on the

surface of thémpPegeatedThifer gerortabespangsopplaeadiindirett caREs withaeniplesent t he
antigen of | ntng %ﬁ%tq Qt@m%%qeﬁ%u&ﬁgco 0“.198 osﬁritﬁg%ﬁg%nséogﬁdﬁpgow]_he

di scl osed netho € no rticul ar prese ing the
antigen OﬂSInmﬁéﬁsdHﬂﬂwihﬁdﬁmmﬁaoﬁmeﬁnaﬁhﬁPﬁs“Aﬁhmg@ESmbabf&b$0Whﬂl

expressed by the.APC eithe naturall or du to.the.20i nsertion a gene
Cont aini ng. t h& LT DR COUPRIT RS R the DRV PEESE %mswéﬁﬁ)md ?

nucl ei c aci d eREediaRdd hethads. | ERRxhple, i RMEfle 6ROWREa cithétddUeed akh o the T
cells as nessenger RNA, or using a vector, such as a mamual i an expreSS|on

vector, or a \VHFHIONPERiHpOsiosed @easicdhe kull dbmbuT M@ drillediptorthe skl A
retrovirus Veqfungf éémclh(?onﬂ%éfm%@&me@k% ROGRG B IR L 9RPinQe dant er est

i nclude a reco I nant
through a septum posmoned over the top of the burr hole ring. A catheter assembly

(described, for example, in U.S. Patent No. 5,954,687) provides a fluid flow path
suitable for the transfer of fluids to or from selected location at, near or within the
brain to allow administration of the drug over a period of time.
In additional embodiments, for cardiac infections, the PD-1 antagonist can be
25  delivered, for example, to the cardiac tissue (such as the myocardium, pericardium,
or endocardiurn) by direct intracoronary injection through the chest wall or using
standard percutaneous catheter based methods under fluoroscopic guidance. Thus,
the PD-1 antagonist may be directly injected into tissue or may be infused from a
stent or catheter which is inserted into a bodily lumen. Any variety of coronary
30  catheter or perfusion catheter may be used to administer the compound.
Alternatively, the PD-1 antagonist is coated or impregnated on a stent that is placed

in a coronary vessel.



25whi ch is an autononously replicating plasmd or virus, or which is

i ncorporated into the genom ¢ DNA of a eukaryote, or which exists as a
separate nol ecul e i ndependent of other sequences. A nucleic acid encoding
an anti genV@#00BB33dHest can al so be introduced using el BETUSHEBBEAN,

| i pof ecti on, or cal ci um phosphat e-based transfection. 30A nunber of viral
vectors have been constructed, including pol yoma, i.e., SV40 (Madzak et
al ., 1992, J. Gen. Virol., 73:15331536), a}glenowrus (Berkner, 1992, Cur.
Top. Mcrobiol. Irnnunol., 158:39-6; Berliner et al., 1988, Bio -88-
Techni ques, 6:616-629; Gorziglia et al., 1992, J. Virol., 66:4407-4412;
Quantin et al., 19B@moRanydnfedNemas catxclaedleasdi for b)SiMpltBQyzﬁl&ﬂ_rﬁQ@m thd8einf el d
etal ., 1992, Cell 55; W|k| et 9 Nuc Aci ds Res.

50. 2933 2230; TLadnly by PR T ¢ofldet o &iléf%& o OO fan bRt

1: 241- 256), vapay hbm a\/pléswreﬂ%mklﬁéﬁmaisp&&Fn whit®8chtail D§able @kagiant,

24: 495-499), ad no-assocLat ed virus (Mizyczka, 1992, Curt. Top. M crobiol.
| munol ., 1585¢1-23%35 ¥¢" &t C%Pondlf’l’g%m B12%89: 279-282), herpes viruses
including KSV, CWoaath EBYt GMRLERYF4REhat UR e FrEated @R hadd sdeqbi O .

| munol ., 158:67-90; Johnson et al., 1992, J. Vito! 66: 29522965 Fi nk et
al., 1992, Hutbicao ﬁﬁ»'@:amesebibltoﬂgwn%ﬁ@aa@fbilbéqn&yextfaqted supggt7or may have

Neur obi ol ., o

30 2189- 2100) G LT EHyBESGr o Bl o PR e hATRET, (ERR PR one.
Therapy 6: 116 mﬁ:mskwac&w Part:h aN:J@OSLE'f; Gﬂmfeswsatgdlt&x@mﬂq @Z@f):ctecal phavi ruses
(S. Schl esi nger.: ch993etc b? % ]'tf1i1 % di (g 3 1996,
Proc. Natl. ASAEeCtaEped §’§” 3 a‘i‘i%ai?% Reed éP?d(}‘i"}% §P°6’f“ Vi an

( Brandyopadhy astoadlar@infectidbR84 Redldtion GRpdrsiBemlinfectidndyhpBmbot dafiederapoupl os et
al ., 1992, J. Virol., 66:3391-3397 =Line (MIler, 1992, CU T. Top

M crobi ol . | miiRdicludeqtyg ase. r@ahmw#%e?lleataﬂav of [ sy[Rpgesns. GEpinisEmeRt OéFth“t
5:431-437; Solggisélse,dlabilizd @R notNPdrsenta) |bta§'d¥|dlseas@ dela3Qr 1163 An g Maﬁt al .
1985, J. Virol . , 54:401- 407& and human OI‘I% (Page et al .

Virol,, 64:53P0Rg5ayign, PBdamsioialierhapabntign of t qglgczase statev‘Tr@rmente@ CEPBIl 2739) .
Bacul ovirus (A r i rus;
Bacul ovi 115, (ALRGRL ARNAcAR.Fali{ AL eenah thoyrhsar ok ta?{]@ at
conmer ci aIlSsomawé&ﬂ(tsuch as PharM ngen San Diego, Calif.; Protein Sciences

Corp., Meriden, rata ene, o

e s L I L IR S
in a viral vecieiods disclbseamsfedt ait Ricll kARG irStit bAbIThe ¥RiE 1P bAT icEltd mglebe
retrovirus 25vectors, orthoppox vectors, avipox vectors, fow pox vectors,

capri pox vect 3rsessed (PrBRmple Py RS aYSR 1663 Foking PrSISLion asspneAsIiRg Tect or s,

al pha virus vegf &foﬁterﬁﬁﬁuisﬁé/}‘s thh® Me8GhOhe cle%'aﬂ&bdt?thé/m{cb%d{%érf?raid vacci ni a
virus vectors and poliovirus vectors. Specific exenplar vectors are

poxvi rus ¢8ct @psgysthatrimepsuip&deiml ecllgteigxicito\Thsesasyays aLe ibgdHfioghl y
attenuat ed vagelfhia i iy ¢! a6, 84N8LA ¥Ss. PARGUARMICAHS: RibfcAdG nQl 1 ke.

20040137577, 20030232323, 20030166531, 20030064380, 20030044768,
20030039653, 20020164600, 20020160000, 20020110836, 20020107363, and
20020106730, all of which are hereby incorporated by reference.

25 Optionally, the ability of a PD-1 antagonist to increase CD8+ T cell
cytotoxicity is assessed by assays that measure the proliferation of CD8+ T cells (for
example, thymidine incorporation, BrdU assays, and staining with cell cycle markers
(for example, Ki67 and CFSE), described, for example, by Dong et al. (Nature
5:1365-1369, 1999). In one example, T-cell proliferation is monitored by culturing

30  the purified T-cells expressing FD-1 with a PD-1 antagonist, a primary activation
signal as described above, and *H-thymidine. The level of T-cell proliferation is

determined by measuring thymidine incorporation.



Pox viruses of use include orthopox, suipox, avipox, and capri pox Virus.

Ot hopox include vaccinia, ectronelia, and raccoon pox. One exanple of an
-89- orthopox of use is vaccinia. Avipox includes fow pox, canary pox and
pi geon poWOSWPPEPBX | ncl ude goat pox and sheeppox. | n BAEUSKHAHPHSES]L t he

Sui pox is swi nepox. Exanples of pox viral vectors for expression as
described for exanple, in U S Patent No. 6,165,460, which is incorporated
herein by reference. Qther viral vectors Sghat can be used include other
DNA viruses such as herpes virus and adenoviruses, and RNA viruses such as
retroviruses and polio. Sui tabl e vectors are disclosed, for exanple,
in U S Patent No.CBS9IeB5sgtotantidiyhlsosan he anspoedlelysisesseysn(stoh as&f&r ence. In
one exanpl e, alreconbi nant oﬁmi rus, S.UICh as_a.reconbi nant vaccitnita Vi rus

i s synt heti cal Ty HBuits V4> By TREEPE A6 &8 RGERINRE B WGBS E VR M ni ng
vacci ni a r eguldate@icspaQOutENaRS, O astNAIBEeaUSNEaEe El0Neide@n &lel icRBinl Yadnent
thereto flanking DNA sequences which to nature are not contiguous with the
f1 anki ng vaccifigith ayentet WPiFctpNAT SxGRdh diss ifah lopd Enbialosical sappledEqim of
interest. ¥he g 560001 bt .8 USrGRRbRERN1REr, RAG Nordh SHsBRIO! whiSPME virds
effective at expressing'the antigen. In one exanple, the vaccine viral
vect or 15conpny tm)(rw)y%&@@gmbef@@rﬂnﬁiaﬁ@dm@fme(m-) a first DNA sequence
encodi ng an antigen,and (i viru r t whergi fn _t he XVi rus
pronoter is adj ace]ri:Pe lgdécrtllg}‘ é))%%}lﬂfo)ﬁsfm Srsé]%hs%rlgﬁ%iﬁgla’ 31(1)C{n r_%fmﬁ\?}lév’?%? he DNA
sequence encogidagiréd) Fonkkgefle patifipePicelieire andwed inankpB@nsedfdhspgaent , ( B)
DNA from a nonessential region of a poxvirus genome. The viral vector can
encode a sel ePfABR ANARMYAND § FiBARY AEKATEN 1entihd o ayhayivaiidusi Hakime Y f or
exanmpl e, gt hyid ApORatkh(RESF B OGRS sthdvicBt e INRed Pal@B 8Bt Which is

i ncorporated herein by reference). ~ The popul ati on of APCs t hat
present a suf Bbseyeditotips aeiveptianl ssheysaptaigedh (e examplej mdyingrced WatweT cel | s
(such as | ynphogyt I MCs), optionally in the presence of an effective
anmount of a P%@lf%%ﬁ %ég)&%?gt under conditions sufficient to all ow 25bi ndi ng
bet ween t he APCs pifekeintd, g effimacyof the 8R- laadagohist i§ assedskd by habbibigno
specifically i, noreact. Wt he aptigen (antigen:specifi cells). A
S0fTiciont hulBRrorpeatn gl 188 B g b P Lne PR FRRE Py Frellehl | gon 1
conbi nati a8 Wistifiulyhin in@olstd protiding parifiedCeel tsk eagreed P twittgetirsforicel | to the
APC are used. In particul ar exanple at | east 20%of the APCs are
presenting t h@HBEY FEULR ST FanPX tla@‘bmeﬂﬂﬁ?r@éam@@dbﬁr phpeboApttes B Bace, such
as at |east 3Q¥Hgh it AR oAR S widl clh&aBMHAD MRS abiig o APERdidale cbRBSINg0% of the
APCs, or at |east 60% of the APCs. The optinal ambunt of T cells added can
vary dependi ng2em tq igeuceidnh expessImEs agiiaty ang thesepne provide the secondary or

co-stimulatory signal necessary to modulate immune function, to these T-cells can
20  then be assayed by any one of the several conventional assays well known in the art.
The B cell response to the PD-1 antagonist can be assessed by LCMV
specific ELISA, plasma cell ELISPOT, memory B-cell assay, phenotyping of B cell,

and analysis of germinal centers by immunohistochemistry.

25 Methods of Treatment: Adoptive Imnmunotherapy
Methods are disclosed herein for the treatment of a subject of interest, such
as a subject with a persistent viral infection or a tumor. The methods include the
administration of a therapeutically effective amount of cytoxic T cells specific for an
antigen of interest, such as a viral antigen or a tumor antigen, and a therapeutically
30  effective amount of a PD-1 antagonist.
Methods are disclosed herein for increasing the immune response, such as

enhancing the immune system in a subject. Administration of the purified antigen-



-90- exanples, a T cell:APC ratio of at least 6:1 is used, such as at |east
8:1, at least 10:1, at least 12:1, at least 15:1, at least 16:1, at |east
20: 1, or even at |east 50: 1. To increase the nunber of

anti gen- spe@pgop/@83T7cel | s, proliferation of the cells cBATHE28IN48i1at ed, for
exanpl e by incubation in the presence of a cytokine, such as 51L-2, IL-7,
1L-12 and I L-15. The anmpunt of cytokine added is sufficient to stinulate
production and proliferation of T cells, 3 d can be determ ned using
routine methods. In sone exanples, the anodnt of IL-2, IL-7, IL-12, or

| L-15 added is about 0.1-100 IU nL, such as at | east 1 1U/m_ at |east 10
1U ., or at bkpagic PellkhaPD-110Adisdpsed heugin Wﬂmntea&rtbuuhilityfoflaisnbjbmg) of the
anti gen speci fi c T £ ecificall recognl ze
fhe anti gon ofiruaf Eubaiet sPRts e S pEeio RSP S ot Fon ot

enri ched (sucm@ﬁm@uﬁmﬁmﬂe regtink @ a8 pLpithdgen Tsuek bd Svithadr fafg@s)speci fic for
the antigen of intere I n sone,_exanples, the resultin opulatlon of T
cells that ar 8°Ypsgy fﬁ‘@ Qe DRIIAYRE @%41:66?13?1?& %P'é%ffedlpé’l"g?“?rb%fssfﬂege‘% pur e,

such as at ;5| egsfechfQHPVEAIs Mm @V@d}ec@h bigastd RAYERWE: thdHfeulb hinb¥ntOf the
popul ation of antigen specific T cells can be assesséd using nethods known

to one of ski [of these acHe t%mmmmwl@ﬁ@em@pémlemplamrwbﬂgctsw ¢mpancedi dhe of
liferat | ted t
prolifera 'O“a%}nl?éﬁtah n‘gg&;ﬁﬂ%g&ﬂdn{%ﬂ& egﬁchﬁa Ngﬁlﬁﬁ Tl%ﬂ{lo stapdnt ea to

determ ne the ce esire ceflI's"i's achi eved,
purity is det enlmnpedhe iauninteyemnsetxéﬂmbs‘e@pmmed, for 20exarrp| e, using

mar kers present on r}boig ce of .ant |nge‘n\- slgse%i fic . %‘ﬂ§ ncom tant with
the assessnent of k{? "RYOYT BN GG ROERET P! %8?:8 o5® ]ﬁ'a such as
interferong(l Eé\sl)plentfawmbwﬂ@i?ﬂdﬂﬁh sThaetiplen{ BNy subicest iatekdsh ifcldding?,

| L-10, transform nq rovvth factor, (TGF)I131, or IL-4, Cenerally
ant i gen- speci RiSEbiFetMath| achsenic ipgecripr wuctasia wipbordpngakinfection, %IaéHEﬂe% th the

CD4 or CD8 ManrK@r, tuaBH %%Mf&ﬁémlshestﬁbea%sw c for activated T cells).
For exanple, fluorescence activated cell soiling (FACS) can be used to

identify (and sort Iﬂf(FCthE%InrlE@)mpépfmlfmt Peapde of a@emn@ntpl@tlermrealbe@iﬁt ive for

€03, (D4 or C%{n c?eﬂgf\ff@htlé? Lb%hﬁ:ﬂmﬁt'lrr\{"fnﬁﬁuﬁgk&lﬁﬁ &% 4 tmgél?l - Cea”t' - Ch4,

anti-CD8 and an y, sti nti gen-spe l1s are
i ncubat ed 1bn udrc@mnes"ﬁmesmxﬁnga'htanﬁﬁ.’égen@nmfecmm in #rté subPBtsarmusaaty - | FN-y

(each 30 havi adlfferet .fl uor ophore C a time sufficient
o ame bt ey Ty e R P SsaR b AEDE st For Reslre ot | by
celI's are analygegdodrAéiPediGbitgviiudus (stich m:tMvdstAnzwgﬂsvs@@caofmmT cells
are those that are INF-y positive -91- and CD8 positive or CD4 positive.
I'n specific eﬁaﬁibffpééuppe%edr‘ysnml n!glowabﬂrabqwtlsrfts ARLMGRAPEPRCEEY PE | s at

| east 30% pur goA&lidHihyRefn@nt NRhaft3lruROPM B kaRivakd R &xhpelBTWOosi ti ve
cells, such as at Least 40% pure, at |east 50% pure, at Ieast 60% pure, or

even at | @fst leﬁ@%qé@ﬁeEméqnaBmwlm%(EtBA@ lmttwtmpoﬂm}wnm adgm@py Bosdé t i ve or
CD8 5positive (Eﬁ’v'

l§mphoplohfelatwe disease), and BK virus reactivation which causes
hemorrhagic cystitis, can occur following immunosuppression. ln addition, HIV
infection and congenital immune deficiency are other examples of T cell immune
deficiency. These viral infections and reactivations can be an issue in

25  immunosuppressed subjects.

In several embeodiments, an immune response against a tumor 1s provided to

the recipient of a bone marrow transplant. Anti-tumor immunity can be provided to
a subject by administration of antigen-specific T cells that recognize a tumor-
antigen. Such administration to a recipient will enhance the recipient’s immune

30  response to the tumor by providing T cells that are targeted to, recognize, and

immunoreact with a tumor antigen of interest.



I n anot her exanple, the nethod further includes determ ning the
cytotoxicity of the antigen-specific T cells. Methods for determ ning
cytotoxicity are known in the art, for exanple a 51Cr-rel ease assay (for
exanpl e sevOgIBleM 7t al . Nature 328: 345-8, 1987; Q n @CHYS200¢0888Fhar nacol .
Sin. 23(6)534-8, 2002; all herein 10i ncorporated by reference). The
antigen-specific T cells can be subjected to one or nore rounds of
selection to increase the purity of the ag@i gen-specific T cells. For
exanple, the purified antigen-specific T cells generated above are again

i ncubated with APCs presenting the antigen of interest in the presence of a
PD- | antagoni st ubhdare ekbaplediht merimdsufiddeciselating froml thodwnbl mdopdativatofeen t he

APCs and the purified anti - .specific T cells. The resultj

anti gen- speci Arborpelirioisg ] SsUS it annkrelrl § 9 aroPRrdr s ik anpl & wi t h
I L-2. General lc¥ntadtih@ arpRpbiidd 6l @RI @BOcERRGITe Tcells @8 ihl sSpophRtiosereci fical Iy

i mmunoreact with the antigen of interest are nore pure after successive
stinul ations AHEFNAPEENtNELAlAREOAPY tBgonop e presentieg en apfizenf one
20exanpl e, st h‘?nt&‘&&%gﬁfohﬁ!} QfthPpiedché S5 B | 685 S p8GEdiALa Jophllibs oPAREHCEd S
at least 90% pure relative to all CD3+ cells present, sugh as at |east 95%
pure or at | easlls @8%ipme activaredalopar@P¢ uindfor 8Nl cells daptetqsidpuilipr¢aghveof
purified antigenyspecific.T cells produced,is at l.east 050 pure ative to
B ore ool | o BPEBEFIEH Gk 0t &Y B g e B R R Sl e
popul ati on of tipugdphiaden ahddngestisped ChDde ald/oeCD8+ 28prinduleadcipenat | east 90%
pure relative to all CD3+ cells gr_e_ser]t uch. as ﬁ.t | east . 93% pure.

The present dit%fé?bés%?@%%_&a_ﬂam Eé%onﬁﬁ@rt ?)%‘mgf?:o DRSS M PORS Pt i ncl ude
the enriched (sdisihisasidaWritf Refic@MitigdfRRp&IRCT EdIB cdn BRlchs BOEbiAyRIPal
antagonist. In particular exanples, the resulting enriched popul ati on of
ant i gen- speci fspject teeyareongorasiodesiqa gondgions ectftangeinctisus disese €58 ) are
placed in a thﬁﬁ@lpﬁwaavgeﬁqogﬁinﬁr%ﬁglfcgionécdanafagﬁggﬁdg%(sh&égasaﬂasggt in need
of them The PD-1 antagonfst is also present in a“therapeutic dose formfor
admi ni st rat i odungyseorsadglawt. Thisneedmofnerespanseanproduced in the recipidm agamst

exanpl e, the l.at i f.purified antigen-specific T cells produced is at
| east 30% purgﬁ)e%}eﬁnaﬁ 6\%2"tt%oﬁsé'?llI CD3+ cells present, such as at |east 40%
pure, at lisast 50%psaveral @hbddirasits 58 Yoehode]sodnclelee adiainidtedmgta 90% pure. In a
particul ar exanple, .the population of purified antigen-specific T cells
produced is a&?@gg#@@&ﬁg&yp@@g?%&ﬁd’iﬁ 8"t3$clnlsé53¢g8\g¥?‘g 'g]:’eesent, such as
at | east 40% pHmistAkion 6ABD-12AUPMER is RkcrlRas] dffPaRuee, at | east 90% pure,
at |l east 95% pure, or even at |east 98% pure. In another exanple, the

popul ation of puri Fing@nagmicReRtidgiEeshras an Tmesnessnisipgment fiom amanfigeist 50%
pur e relative drdb P yEld SonBraRSFflpulaBbE B REciRlspdcfShor BYARIESor A1

| east 75% pure, at |east 80% pure, at |east 90% purg, or even at l[east 93%
pure. 10BE@PandedestndNuseiastsedh atigeye pepsidecirt krown nehd gt,caeh Bevimbaided for
nyc_opl asng, Sttl?[ll:lbll alnﬁixensipegeo ogé}iar[]np‘;ilé’]%‘aglléa%—b?.y?l%gglisglgéulrel% nfo Iim}ctflzjc[] t%t! on and
purity prior cryopreservation or prior nTUSron 1Thto the recipient.

A therapeuti calsiny spdcifecintigen gepadest Pafticaht exgaiplespé antfdeaic beptideb Srois

adm ni stered to.the ﬁ]l[lj"lilt) ect.. ecific, non-limting exanples o

. S . g > of 'a
ther apeut i cal %€ 8EMTYHARDUGR DH S PUPIPE L ot FYRRISBYAT VLT cel I's
i ncl ude puri f irggbapRhd S8k SREENS, IsGchlasGRbse ShAInTaBleel, fidordl A@igenief about 1
X 108 cells per kil ogram of subject to about 1 X 109 cells per "kil ogram of

subj ect, Sddch PaRtides givkapyndn the xit{fye cxanple sgsd¥ovgiling gt @mCegcaisurmal. X 108

cel I sper kil ogpam,,mHcha@s 147.859 2o Pt 1999[.“(%' bfieBEY, 4411 9BHEMLLER about
75 X 106 cell sper“ T ogr(g%ésgd?ﬁ g?:lar'tl about ' 25 1616ﬁ5(’:'e[ I sgp)iep Ki Ig]gram or
at herein incorporated by reference).

Although Table 1 discloses particular fragments of full-length antigens of
interest, one skilled in the art will recognize that other fragments or the full-length
30  protein can also be used in the methods disclosed herein. In one example, an antigen
of interest 1s an “immunogenic fragment” of a full-length antigen sequence. An

“immunogenic fragment” refers to a portion of a protein which, when presented by a



20about 50 X 106 cell sper kil ogram Purified antigen-specific T cells
can be adm nistered in single or nmultiple doses as determ ned by a
clinician. For exanple, the cells can be adm nistered at intervals of

appr oxi matved g00BMgs1Weeks dependi ng on the response desi PETUaNG7/043851r esponse
obtained. In sone exanples, once the desired response is obtained, no
25further antigen-specific T cells are adm ni stered. However, if the
reci pi ent displays one or nore synptons ag?ociated with infection or the
presence or growmh of a tunor, a therapeutically effective anount of
antigen-specific T cells can be adm nistered at that tinme. The

adm ni strat i ogelCanhdeont«xe af a Mblesyls beitt (AHThean put TfdeR detbntibgeRagpeci fic T

cells disclosed.heretn ﬁan,be aqnin[stergq 30wﬁtg a arnE%FuticaIIY

accept abl e caff'@f? Ge ARESEAFG rrapreffipe BPIERt agIfft'st © a&i_“%‘i‘)tsﬂ@

foi mul at ed i np@dROBHT@ERLY T RALLNEsAECE RE BXYoBti §@Iuk hino RR1s dLS &l lFﬁgﬂh above. In
e

A b= . A

sone exanpl es, other therapeutic agents are admnistered with
ant i gen- speci fitigen, dthough lepgar fragmentpmay operuagadiode used He somy exaaiidist i c

agents cancbe 1 Ni_St ek j ik [ of the
anti gen- sp‘gci Fﬁg%ﬂmggﬁ%gﬁj%gﬁl%?%q%##%gecgécs| B’tgﬁ{det??ect .égé{xogcr%%;brny

t her apeut i ¢ agenugadendlanddC, mithoetrfertirpprdeesyinged the@pitapet seqieancobinal agent s,

i mmune sti mul ani.s such az ’Iﬁﬁé erferogn-.glﬁpp% fCh?Eﬁ:ﬁh rageuti.c 5agents or
peptide vacci RESCHF TREPESHEC ANPIIER"G LS MTY ST PGP EIEEOS FUP &% vitro. 1In
a particul ar éxanpfull;leeipaibch sk@usncePRicAbNE-NY apido deideB-antm@ercgpeasi fic T
cells also i ncl,)ude one of nore th_er‘ap.eu{lri % agents. he C!i%id osure is

i | lustrated by?@Rorasidsotu hamHemeids S trg VekBrmgl B 14118 aeiAgpitiegous

Exanmpl e 1ig! nhiniddcRn f%mm-leﬁhﬂaﬁ@eh\é@geh@. Ghsan Sahpks! Apecied M ce

=

Using Anti-PD-Li Antibodies Mce infected with various strains of the
| ynphocyti ¢ chrsubaekwithgictimsnuppgane frapmeapindeneanditipse shffigierftiodhe t he ef f ect

of chroni ¢ vifgl, | MeFGH2 ef?ﬂo%ﬁclll?ﬁﬂnh t% MR h‘l%‘%.'clt]%?ﬁn @%ﬁu@&é ong

strain causes an acute IfAfectio at"is cleared w days, 1 eaving
behi nd a | ong-+lithgedthpogedifatinoarebilahprgédsying.uncti onal , resting menory CD8+ T
cells. The LCW Ci- 13neset r ai e n| n.cont rast, %sé%b§":i) shes a. ecgfli gtent
infection in the hEE™ CAGP &ctel e Bw 2 AP é_‘?_ltletla Uip“to 3
nont hs. The ViwithsindeHien®idisequéhcs 0eRinklaSSnidse bGRb! & HEAYnleghlasttthgen
specific CD8+ T cells becone f uncﬁ(l onal | g i pai red. DbNP396-404 CD8+ T
cel I's are physttient yhergmeatisrre wRll keowhEPbsas1 Mt PRier376-286 2Co8+ T cel | s
persist but | @s@mboRguabid iht Yuhsh pspldibR! ®h&EbiRding BRtHEFS 1aNkbotekhikal
cytokines, such as 1FN-y and TNF-a. C57BL/6 m ce were purchased fromthe
Nat i onal Cancépcludss pentigeewith 9 or 10 amino acids having leucine or methionine in the
second position and valine or leucine in the last positions (see examples above).
20 Peptides that include these motifs can be prepared by any method known in the art
(such as recombinantly, chemically, erc.). With knowledge of an amino acid
sequence of an antigen of interest, immunogenic fragment sequences predicted to
bind to an MHC can be determined using publicly available programs. For example,
an HLA binding motif program on the Intemet (Bioinformatics and Molecular
25  Analysis Section-BIMAS) can be used to predict epitopes of any tumor-, viral-, or
fungal-associated antigen, using routine methods. Antigens of interest (either full-
length proteins or an immunogenic fragment thereof) then can be produced and
purified using standard techniques. For example, epitope or full-length antigens of
interest can be produced recombinantly or chemically synthesized by standard
30 methods. A substantially pure peptide preparation will yield a single major band on
a non-reducing polyacrylamide gel. In other examples, the antigen of interest

includes a crude viral lysate.



25(Frederick, MD). Mce were infected intravenously (iv.) with 2x106 pfu of
LCW- Cl- 13. CD4 depletions were perfornmed by injecting 500 p.g, of &K 1.5
in PBS the day of infection and the day followi ng the infection. LCW

i mmune m CE02PWB/8YMRer ated by infecting mce i.p. wth PCIOG2@7083BIIMW
Arnmstrong. Cene array analysis was perforned on FACS-purified nave

DbGP33- 41 30specific P14 transgenic CD8+ T cells, DbGP33-41 specific menory
CD8+ T cells derived fromLCW Arnstrong i ne mce, and DbGP33-41
specific or DbGP276-286 specific CD8+ T ce81 [s derived from CD4+ depl et ed
LCW Cl1-13 -94- infected mce. RNA isolation and gene array anal ysis were
performed as desci ilbett dxamiiketh astigealof jintr&elid 2 hinbr 83dcibitd 20032) andAbe 1 NMRNA
was highly expressed,in exhaust.ed ceII relative to menory CD8+ T
ol I 5 (Hi Yur o g0 S e BHR adrERstBebSl St fsbindir f aco of coBe T

cells in LOW sGidokdnait Bf @9p@epiop®. Thuie é{)ﬂ@pd@@hn@é’iﬁ@lﬁﬂtedfb@ atibgersur f ace of
CD8+ T cells after clearance _of LCW Arnstron gure 1B). Chronically

infected ni ce SamparaBYpriadiagaffityfihg glé mol ?%Wéh EFPEchio qthej SPIRPEDT PD- 1,
PD-Li, on nostyd yoRBACYE &% Iﬁm \ﬁﬁ%tﬁarmé}é&%gttpat%md% BRtfidA HofRule Thus, viral

anti gen per si stence and exhaustion are concontant wth an
i nduction in PD-1 ér*lmﬂehﬁlcowdymm leasting 4ved $wppisutsdaniicenhaalopi wdklieng t he

Gur i ng. chir o ¢CREMRTE of CEPb T ki) b SRR SRl Ve

di srupted dur Ithlg COIhGS@DIthtOlIMS 1eqﬁmmiﬁoofpem§ucrbg1dame IH]LAbhmglen n@laamltss bodies. A

bl ocki ng m)no agai nst PD: L ste )

i ntraperitone aV?ge(efl % lgﬁeéfz?g@iﬁx?r&plﬂa%”f cf"é“{nrf]é’é’"f' \%l@ﬁgfﬁjw a -

1513 (200 iwa of99s; atanaﬂéﬂseerr;}%ehrﬁmnﬂegedeg% mnmspaarhn@meb kodi, gscike| one

10F. 5C5 or 10F.9&2)) from d%% 8 to day 37 post-infection., At day 37, there
r

was appr oxi mat@ 2’"‘3!”‘?10I19}4 EXegbsd 40 it rrumeing- 371994 $f‘éteand 3
fold nore DbGRR3cidy, %B%Cldghp I%Tofu 8¢ l1bgn)i @uﬁﬁ%ﬁ)?edx-”l)c&yﬁﬁlo@?dpﬁﬁ to the

untreated controls (Fi . The induction in proliferati on was specific
to CD8+ T cel Iagalymg%HLHepez@dmﬂmlemﬁ h@Daveatpd pettets within He peplidserindieg e

approxi mat el y %ﬁoﬁﬁ% n1ollecu hICm%Qéoréjmgﬂa?e 1na}ﬂl ll%ﬂ:t Jggg{'gglog%,?gsic{ungj'oél

| AbGP61-80 of spl ee fon t'0o an | ncrease
in CD8+ T IGel Ibopteddyi ;fepnic&tlngnnds theee remlduémhmmdafsmﬁﬁ)e fl:lesHLgﬂnmlnﬁmg calasioy

resulted in an_ncreased ction of a i ral t nes, i n

Vi rus- speci fi COf&%OFp‘lgeééfP % H%F'Fé’ s awet ?% EH‘EN’- ?#(Teﬁ'rdlf'”ﬁcmﬁy CD8+ T
celI's to 25ei gimalbf | &5ENY ST ISnapi éf@peﬁnﬂlz\ﬁiﬁy deberisbeademdher goNbi ned
response was 2.3 fold hi glher in treated mce as corrpared to untreated mce

(Fi gures 2B arameyy 8:8027108%:$151A ¢t dasauriura igd 1 QUudeney GFitta produci ng

celI's was al sqy,phs6f ¥y&8d, {0 BWWAG: LI oflRnba6Ei gYss 2D). Viral clearance
was al so accel'erated as' the virus was cleared fromthe serum spleen, and

liver of td0eated nilheantksawf bderedtisselecicd bassdwe ths Rbjeotss b weaied. Farhe | ung
o ey CAQ) R PSS LSS CHE MBS
di spl ayed si gnirfmaantget evalos fmfoah/assoamtddrﬁnagénstal'e%keclteﬂs Emé&spl@ﬁiagﬂgeés 2E) .
Viral titers ' oFinterest from viruses include antigens from Epstein bar virus (EBV), hepatitis C
virus (HCV) cytomegalovirus (CMV), herpes simplex virus (HSV), BK virus, JC
25 virus, and human immunodeficiency virus (HIV) amongst others. Exemplary
antigens of interest from fungi include antigens from Candida albicans,
Cryptococcus, Blastomyces, and Histoplasma, or other infectious agent. In another
example, the subject is in need of increased anti-tumor immunity. Exemplary
antigens of interest from tumors include WT1, PSA, PRAME. Exemplary antigens
30  of interest are listed in Tables [ and 2. In some examples, the antigen of interest
includes both a viral antigen and a tumor antigen, both a fungal antigen and a tumor

antigen, or a viral antigen, a fungal antigen, and a tumor antigen.



-95- serum and tissue honogenates were determ ned using Vero cells, as
described in Ahned et al. (J. Virol. 51:34-41, 1984). The results show ng
that a PD-1 antagoni st increases CD8+ T cell proliferation and viral
cl ear ance WRRMBPBYE | ndi cate that the inhibition of PDPETASHYAHISSHY restores
CD8+ T cell function. Fui thei nore, inhibition 50f PD-1 signaling also
enhanced B cell responses as the nunber of LCW specific antibody secreting
cells in the spleen was also increased (>34Q-fold) follow ng treatnent.
CD4+ T cells play a key role in the generation and nai ntenance of CD8+ T
cell responses. In this regard, CD8+ T cells prinmed in the absence of CD4+
T cell 10(so-cal | etortherpitmsatof EEBx¥eCT widla tainon the thimengnalgereofdfteresuint i ng
normal i mrune 1 espon - : | ' infection i S nore severe
in the absencésﬁ(gsf:'p%3%&135'thggﬁplgssq%g%fgl?edﬁ%%ﬁ%f%ggg?ﬁééléS?‘”%(%ell I%gl gener at ed
during LCW- Ckxdagplé,nf fe tdcmienihspd Bryasa unesr.enbamt eunpoi @fitdgends elooetj adaf
impairment than T cells generated in the presence of + T cell.s,
CONP306- 404 o HECFHPEN s S PSR Pk Aerbe s B D ‘TS Cecand Siitevel
and DbGP33541 Tand 2DRER2AHiadPtintdBand respab e (eRoIIsedclied dnas@hstihe cabhd ity to
secrete |FN-y and TNF-cc. CD4+ T cells were depleted at the tinme of
LCW- C1- 13 i nfesgh!p apneameipificd apdess-treafe el A anOF atmpinistergthitibodi es
treatnent f roqatggcx n#find maﬁ@m&@ﬂm&f IRRRGLL Ok sichifeYs &e%g%m%c%% T cells

I tra e fier

wer e not detect e by in cellTul'ar IFN-y 20stai ni ng before or-a

treat ment. Folthaothiesgme pbetheriumorns cembedeatdidosingaddisippal oxnoraneégans7 fol d nore
Db@EP276-286 CD8+ T,cells a 4 f0ol d _nor - Al. + T C IUI s in their
spl een than unt rea{ne0 con ]?1% anrtrli’gnebp(eﬁ 153}%%%?1%1%& e or e e

Vi rus- specidf i adi@bsterdd mel tharapautitdly eSfebidemmwast @lasabjettoriease tad, bi- gilf e 3B) .
This increase in vi rus-sglfcifi.% CD8+ T ce[lﬁ jn treated mce was attributed
to an 25i ncr e&EEVEr PrBFPH PostAOM 2Uog e Pt i LU RCBIHEI "MRL 8B RERISh.  43%

of DbGP276- 286GnfdeB + Fdr &@hipk, h AeRipP@icinfsint StAtiBRMiAtEC e &andfe BrdU and 2%
i ncorporated high levels of BrdU in untreated mice, while 50% DoGP276- 286

CD8+ T cel | s PGB BPRhaderognEe vBe Panere tepel asemiatel AU 2aHdfos Psamme & por at ed

high |evels of &gl of gletahﬁgéﬁgf Mer&it i icgilrf I%&kkf%irg. was performed by
introducing 1ng/ ml BrdU in"the 30 drinking water during treatnent and

stai ni ng Was pei f olmpdtiato exanplgs where He recapienitdies o tmrorsngphastawsoll ( BD

Bi osci ences, San. Di ego ~oMareover . treated cont ained a hi gher
per cent age of Rei: iy gie‘fq%?ﬂlgi%ﬁé‘gosn%gm}oh%&éfpISP%Cf/% e-C%{s]SsaB%flat ed -96-
protein 1(167 tiebdi¥atailg afecdtdémmountrnt b @2t Eohtidones) alkiagmirgstd€y in Response to

treatnment in 3+ T. Cﬁ| ls. in the PB _(;ﬁ/as r esflr hct_e to mce having high
| evel s of CDeeRREMIRTESPEHF SROVBBIE PARFBIE GHOBFLE RV EREre i - vi r al
cyt oki ne produefay QiindrRedileRdcListo 28 AMSInaRt Viapies ThE B&iiflddantlt T cel |'s.
Fol l owi ng treatnent, the nunber of _ ) ,
20  specific T cells can be introduced back into the subject after debulking. In yet
another example, the recipient is vaccinated with the tumor antigen of interest,
purified antigen-specific T cells purified from the recipient and then re-introduced
into the recipient with a therapeutically effective amount of a PD-1] antagonist to
increase the recipient’s immune system against the tumor.
25 Administration of a therapeutic amount of tumor antigen-specific T cells and
a therapeutically effective amount of a PD-1 antagonist can be used prophylactically
to prevent recurrence of the tumor in the recipient, or to treat a relapse of the tumor.
Such antigen-specific T cells can kill cells containing the tumor-associated antigen
or assist other immune cells.
30 In a specific example, a recipient has a tumor and has or will receive a stem

cell allograft to reconstitute immunity. Following bone marrow irradiation or

administration of a cytotoxic drug that has ablated or otherwise compromised bone



DbGP33-41 and DbGP276-286 CD8+ T cells that produce IFN-y was markedly

i ncreased (Figure 4A). though hi gher nunbers of DbNP396-404, KbNP205-212,
DbNP166- 175, and DbGP92- 101 specific CD8+ T cells were also detected in
treated mwe@2{E0guTe 4A). 50% of DbGP276- 286 specific COBHSIOFEBH from
treated mce 10 can produce IFN-y conpared to the 20% of DbGP276- 286
specific CD8+ T cells in control untreated mce. (Figure 4B). Levels of

| FN-y and TNF-a produced by DbGP276-286 syggm fic CD8+ T cells fromtreated
m ce, however, were |lower than fully functional DobGP276-286 specific nenory
cells (Figure 4C). PD-1 inhibition also increased the |lytic activity of

hel pl ess, exhausbeduwdtiousat ldSistpedyes of G8+aftigeelspeifidER callswee | ytic activity

f fi tected f | | t i
U A T SR N TR T A L

were reduced RyecaRpnPrcBtiA ividl-hebeiaied ahit@n $§ LRAgal4sdobth@d iaftideRPadd ver, 2
fold in the lung, and 2 Told in serumafter .2 weeks of treatment rel atlve

to untreated ﬁvte:?én(swg@ﬁc@ﬁ)t atspepificclly FeEe gt AT afseriated aR¥s8t Fht e t hat

bl ocki ng the Pﬁhlg‘rorpﬁttl@i\?ﬁéu!?éa%?‘éﬁfe&ﬂe a%{lhtp}h%rl:@ ]5&h%ﬂ@4@ﬁ@1dh@n@teﬁ@'ﬁ@m c
viral infection, and that exhausted CD8+ T cells deprived of CD4+ T cell

hel p are not Itherbéb.‘@ﬂSISbP]yadfhlaétlilth@d be B@érﬁ@hf@uw an/e tHing ¢fEact o aof
anti-viral vaggil Qﬁalae@fédp?c% a?nr% Qﬁf%zﬁ ffect One approach for boosting T

cell responses durin persrs on i s therapeutic vaccination.
The rationale for Idwlﬂelap}pradama pq:uﬂdmah oémﬂligg:esqmaﬁicélh¢dllgéo‘r$dnmstru¢ibn be

presented in ~chronic viral

i nfection and?? ﬁghﬁﬂf‘ﬁ%@f% aé’ﬂ?ﬁ‘ g‘é q%ﬁniﬁﬂgc R?&’S&P%‘éctﬁiv“‘br ovide a
nore ef f eqi vensdehPudsustinz@eIlViARGS), %p@ﬁasfdeﬁd&madads& mplcs to\geds&rg thehe chroni ¢
LCW nodel, 30 mce were adm ni stered a reconbi nant vaccinia virus
expressing t hanigeme! atgsste Bi 05)5eRedinantie the pespender  geldy (ﬁ‘éCh(aé'VGD33) whi ch

resul ted in a1l ANANETRM uBficd B alaftlohist SRR 3O the

chronically infected mce. Four out -97- of the nine chronically infected
m ce that receéiResdreshetingtvar apenars z@ltlg@m‘»@f n@lsﬁmmddncaby%mdeveondésqn@nse whi | e

none of the copigeQh. g, Bt 21i0LACaNe WBEL BASE D of Ay, T esponse

agal nst GP33 i'S therapeuti c vacci na on"was C h a PD- Li
i nhi bi tor 15LGVMISp@mdht&:an'ﬁﬂelelsltecths”lbmﬁse%mmhﬂ@ft}edestpmc&l g‘roem mth 5| evel
t han conpar ed one .and, the effec

t th {. t t
treat nent was ﬂ?ﬁc))P | aﬁglrﬁc”'&%f%?? gE%‘mu tancously pith th contget cf‘r‘i]flﬁo%ﬁs’f mﬂ‘ ‘f the PD-1

Pat hway in Chru@fvneal with tPECT atka dntse cdsdl RobeRBdedBNA; pdOIRNel Sah@Efarence
(RNAI ) is capable of silencing gene expression in mamualian cells. Long
doubl e st r andélf RREAS (dsRNAs) are introduced into cells and are next

processed into smalphgr me?Ho'd?El‘é'p[’cgntﬁu'?&%le(rﬁfoﬁ%ﬁhcnméﬁ e&lﬁﬁaﬁﬁopﬁﬁ%ﬁ bt ¢ mRNA
mol ecul es or a small group of NRNAs. This technolT ogy is particularly useful

i n situati28ns anhgenespenfi¢ Bodile Saeallnot-AFPGh otasolantizeppio BedlipheindRAl may be

15empl oyed | 1 \BiybYALLAM bt G L IHEREPHLER) YAT LANLP QPGS 5Ol ubl e

forms of PD-1 I'lenc are‘Inserted
comer ci al | y assaidtabiaghisi. RIb%a tgpqpcrlé'ss:ilmﬂpvmcmozc,twstmkundqarqmn&lhmxmcé?h‘ﬁm

expressi on vector S, f ade (aw rt VALY 1 on,. AE\II.[II lecréan TX). These
vectors are t RERPUANILE PEEUGHY: TR t”éﬁ'bdt@f ﬁﬁ%\%ﬁ BFieally ize arl antigen
of interest. Thus a therapeutically effective amount of this population of cells can be
25  administered to a subject to produce an immune response, such as a subject with a
chronic infection or a tumor.
Generally, the APCs and the T cells are autologous. In specific, non-limiting
examples, the APCs and the responder T cells are from the same individual.
However, the APCs and the responder T cells can be syngeneic. The APC can be
30 used to present any antigen to a population of autologous T cells. One of skill in the
art will appreciate that antigenic peptides that bind to MHC class I and II molecules

can be generated ex vivo (for example instead of being processed from a full-length



20cells in vivo or ex vivo (see Exanple 4 below). Exanple 4: Ex vivo

Rej uvenati on of Exhausted T Cells Virus-specific exhausted CD8+ T
cells are isolated from LCW-C1-13 chronically infected m ce using nagnetic
beads or dEN3UBYIEENtrifugati on. 25Transfected CD8+ T EETIS204M888dnt act ed
wi th a nonocl onal antibody that targets PD- Li, PD-L2 or PD-1. As described
in Exanple 1, inhibition of the PD-1 pathway results in the rejuvenation of
the CD8+ T cells. Accordingly, there is agsincrease in CD8+ T cell
proliferation and cytokine production, for exanple. These rejuvenated CD3+
T cells are reintroduced into the infected mce and viral |oad is neasured
as 30descr i bedrotain Exargb).end allowago interact vEsa(gpthers Bind) MHNC { pd Ber eeni ng  of

Novel CD8+ T Cell Rejuvenato ounds Co unds t hat d e the
P01 pat hway ERirele” PHEERY e RIS R s RO b S IEHA8A 2, o
based on thei MHOclakd yantdl.r everse CD8+ T cel |l exhaustion 5resulting from

chronic viral infection. Exhausted CD8+ T cells are _derived fromm ce
chroni cal |y i nf ect BPnRiSEHMRIENKE ﬁ%ﬁ%ofgwtf%w%%%& P S Hiusieat

conmpound. Fhe pryay Hat REuaE dn-avlifidtheid Ydq@kicB @l he hinteea ¥PirBorest el a0d- TNF- a)
rel eased fromthe contacted T cell is neasured, for exanple, by ELISA or

other quant i t 80 Foishenstiarino amids. Eamsamela 8tlg o fel210akenonE 2minp agidy frogf  t he
anti-viral Cy%‘&h{}g%r&!iﬁ@l%ﬁﬁ ThAM thes Wﬂﬁéﬂigéﬂn% E@F‘kas &%&&Tﬁ%ﬁﬁﬁg with

t he test conpoun n increase | h the anount I =viral cytokine

rel eased by t sipgleedtigaid mlypebadd, viea singls olohin ainpugan bawtined,edtestdn exhl s
identifies the.conpoun a PD-1 ant agoni.st eful ,to nmodul ate T cell
nctivi by 15ERHiga MRS oRvd e B RS MO RGHER Mt el Bididobnat o
Conpounds 10 intémxdi @ses DNacir€DEIS; Yolcedd, pager 8yl elnisumd ek amplesybale acheteni cal |y
infected with LOW-CL-13. A test compound is adm nistered intravenously to
the infected AN isnkgd: {Prﬂth"rb'?”%ﬁ‘fh lefisy mpreciange qRdeend pgdatch Ity or

TNF-a) that i gabiel 8gsRe dnibéhst Hcad0S Gt Pontict R achs PN BiriRinf SRfceck i ce is
nmeasured, for exanple, by ELISA or other quantitative method, and conpar ed.

An increase i teastiediffpsnintigensasitieast/| & differeyirapiipens. 7t deanidl S differnet agdzamm i n
treated m ce 'hgli_e)_fsibffﬁiﬁte?en%Hﬁ&empwen'aplemtﬁb%ﬁ'{’e%}lt Hﬁt?g%Fé.de”“ fies the test

conmpound as a antagoni st Alternatively, the viral titer (e.g., serum

viral titéf) can b gedtenixaeglasyanomtigenbisubeeqsiefitll-leogth prtagenamincof t he

25t est Corrpouggd sequence (such as a full-length fungal antigen, tumor antigen, or viral antigen,
for example a viral lysate or full-length cathepsin G). In additional examples, one or
more antigens from any infectious agent can be utilized. In some examples, the full-
length antigen of interest is expressed by the APC.

20 APCs can be produced using methods known to one of skill in the art (see
Melenhorst et al, Cytotherapy 7, supp. 1, 2005; Melenhorst et al., Blood 106: 671a,
2005; Gagliardi et al., Int. Immunol. 7: 1741-52, 1995, herein incorporated by
reference). In one example, to produce T-APCs, donor peripheral blood monocytes
are activated using IL-2 and an antibody that specifically binds CD3 (such as OKT3)

25  for about three or more days, such as about one to two weeks, such as for about
seven to ten days.

It has been observed that in the presence of presenting antigen, T cells that
recognize the antigen bind to antigen presenting cells (APCs) presenting an antigen
of interest more strongly than do T cells that are not specific for the antigen (and are

30  thus not binding in an antigen-specific manner). In a particular example, antigen-
specific T cells are selected by exposing APCs to a target peptide antigen (such as a

target viral or tumor associated antigen) against which desired T cells are to be



Exampl e 7: Chi npanzees as a Mddel for | munotherapy of Persistent HCV

I nfection. Chinpanzees provide a nodel of HCV persistence in humans.
Defects in T 30 cell imunity leading to life-long virus persistence both
i ncl ude a WepwGB3lrh [ CY-specific CD4+ T hel per cel | s PRRAISZpEFBEd or
altered CD8+ T effector cell activity. Persistently infected chi npanzees
are treated with anti bodi es agai nst CTLA-4, PD-1, -99-- or a conbination
of the two. The efficacy of bl ockade of t_@g_i nhi bi tory pat hways, conbi ned
Wi th vaccination using reconbi nant structural and non-structural HCV
proteins, and whether such strategies can enhance the frequency and

| ongevity of uugetsd BphepiesancerefPy- | Taneebdist, arch tide therARG pesenshtbe gefeect in T

cell immunity .is 5exclusively. HCV- speci fic in rsj ntly infected humans
and chi mpanzed 2SSt B Hﬁ-@' ﬁsl%{’)m%a\‘taqﬂht%%@%xzméﬁﬁég@dé?‘edﬁam ned
for expressi ony ofor&lidpld, ARE chn bBELAsa@ atsifficienk higand st ahgdidkdbf inkgesPpr esence
of Treg cells. Antiviral activity nmay then be restored b cfelivering to

. Y
chi npanzees' Hi’,uﬁ%fﬁFlf’étéV%H%Mé%f‘oﬁﬁ‘ElF%tﬁh%yfaﬁ%Pf%Pégg 1'@PiéfPP1ﬁg1tfthrough
these nol equl gg 1’199%ﬁh%lmﬁenﬁélycunaafaﬁecace%ég&)Ism%@%%q@raﬁeam%&; Mith
humani zed aCTLA-4 antibodies (MDX-010, Medarex) or aPD-1 antibodies. The
initial dose dfashi¥Bandisgmglag: prefeiegtisl dindingead tReicleded]s irathe prasgnce obmy/ kg and
then 3, 10, 3 L kg, at LOLer - er t W th
ant i bodi es toq)(]:%? iaﬁt%f(giﬁﬁttt)?@g?fkoﬁe%?&sgﬁ% t%%nﬁlﬁ%ﬁ)%ﬁ{egtﬁﬁ g(téﬁ %&rAPOi nmune
responses as wet(s tha dohmet piEAénRINAahtiged ofirtdredne A polelgiomof@dellSanplags ar e
collected at weeks.1, 2, 3, 5, and 8  and then at nonthly intervals.
Sarphes. 1 nel udgPIRjor g besp ety b ey Sht el nnLes el M Phod es,
neutralizing ARAEHOsREIY B H Mescabsh FWPIKI Bfta §RSPHANEIES, andhtibddysh@ for viral
| oad and genone evol ution SL PBMC for_in vitro neasures of immnity,
cost i mul at or y/Pemiiasly Singls PRkt pietessyrlbsaqtigpic dhtcrof b pryrprodsringries h
(unfixed) Ii V%) uld@orf Feell SQhRhALYi P fhe dBLFeBNERAL tHG: feXSEDRGHS ﬁﬁig@rpgf RNA, and
5) fixed (forn FI n/ paraffin enbedded) Iiver for histology and
i mrunohi st ochemexal anal ysis. Regional |ynph nodes are also collected at 2
or 3 tinme points t i : j.nhi_ bj : splice
variants by im‘runoﬁi%ﬁ%gﬁ%} ;ﬁ:ﬂg{;? §é§n uﬁ% ggla:'tlgpofiéfé%lscfl@n?ﬁ%@%g (o]
eval uat e tlde dkfincnaayd aith osabemhyreahtigdne sintenat, aptieslls ai tie preserdck obe
perfornmed 25a ggzscri bed herein. il'o. dgt@{er m.ne if b%acci nation with
HCV anti gens 33 “SAPREIRY (@ groctffel hpgliperalaber dt Sy imed (P BY PR P BD- 1,
chi npanzees armttdneat Bebrés. T QbllsQah be plimed bififdTatsCHtAsd kiBRih BRtdrOMnW t h
reconmbi nant envel ge gl ycoproteins El and E2 (in M59 adjuvant) and ot her
proteins (cor @IPictsr REnPlesaPBYIG o8 hyrrahaeyten e narhaed isdovegseate Goweeks 0, 4,
and 24, 2) 1 NAGRNS GUloRbed ARLAIEAL dRBnM i lefife AETr PP SHladdish) P ut
co-admi ni stered w t h aCTLA-4 antibodi es (30 ng of each/Kg body wei ght,
i ntravenoddl y samewswrpeq theqntigancbf 2etexgbtana visd oF hendrgnigdepeich agpuiment i cal to
2) except -1Q0-. that aPD-I1 (or. BTLA 1. bodi,: sty tuted for the
CTLA-4 anti bo ?%%e;dm?r)onlggleﬁlto}eccglthet %‘rléngﬁogﬁsﬂteﬁ%’%r]}%t%%ﬂéﬁ@ié;? ﬂ’]caatntnagnc%f?mi nation
of CTLA-4 and iREredt daobe Bird pyrifaedifolnodichsasarchemsellly synttesidéd pepridd. ontolier
vacci ne. HCV-specific T and B..cel|l responses are ift_ored pak . mont |y
interval s af t ST RFIATAREHOBIECS P BITTY bt nop-ByyEige form, such asyj g prpe
exam ned on HGQV tegfcﬁ-@ﬁﬁﬁplgaa[}mwmgal T cells in this analysis include
markers of differentiation (e.g. CD45RA/ RO_ CD62L, CCR7, and CD27),
activatiord(e.g. CHHSamepyor aeisg usehie PHMA-TORJS ca e Padly/dsteamined peieg on
(e.g. bcl-2 angei khowh ¥ ML 9] @}eﬁ)é?ﬁlﬁmf‘tﬁé an(tf%elgis ugé@i@%}ﬁﬁﬁﬁe@ﬂgmpﬁofupr M,

and cytoki ne receptors
1-10 pg/ ml of peptide is used. When a viral lysate is used, about 0.1-100 pl of

lysate, such as about 75 pl, can be used. When T-APCs are used, about 4-6 million
T-APCs presenting the antigen of interest can be used for every 40-60 million T
30  cells (or lymphocytes or PBMCs).
In a specific example, lymphocytes are primed in vitro by incubating them

with soluble antigen or viral lysate for 5-7 days under conditions that permit priming



10(CD 122 and CD127). An interesting correlation exists between pre-therapy
| evel s of the chenolcine 1P-10 and response to PEG IFN-y/ribavirin. 1P-10

| evel s are neasured to investigate a potential correlation between negative
regul at or Wpaaokegiys or HCV-specific T cell responses aBR@T/UP2000088%1el S.
Expression of inhibitory receptors and |igands on PBMC are perfornmed by
flow cytonetry. 15 Exanple 8. PD-1 I nununostaining in Reactive Lynphoid

Ti ssue Case material was obtained fromt hﬁgBri gham & Wonen's Hospital,

Boston, MA, in accordance with institutiofal policies. Al diagnoses were

based on the histol ogic and i nmunophenotypic features described in the
Wrl d Heal t h 23800cginiVdstle Treellyanp henecréd, dssixbhinplaty dicodlyidgpaqud Jaf f e ES, et

al. 2001) and in.all. cases, diagnostic erj al s reyiewed h

herat opat hol ofTGEIEatIon: DerehstAGRRR PTG 11461 PO teah P PGP
fonnal i n-fi xXedeipaaabé piim@Rdoe’d o ks @8 edrieRiEplk Bl iRubabn Wigl avave
antigen retrieval in 10 mMMcitrate buffer, pH 6.0 wth a previously

descri bed ant ROHEGRER PPhEr frddar el thasrmiarsagitiony tbase useshfor the fify a

standard i gdi ?ﬁﬁlqnoayﬁcgjiﬁblpiTQEflﬂ'eMcﬁe%.r adi sh peroxi dase net hod and
di ami nobenzi di ne Co6l or devel opnent, as previously described (Jones D, et

al . 1999; Dorfman D\Vnoter edampX)03)phocrsere wamed fFreger kieidoadatingursubjetteact i ve

for PD-1 if at . st .25%.0f neopl.asti.c cells exhipited positive staining.
by 1 st ai ni ng NBSRESEEY I8 R ERR A Bt Sl Bs N N AR b TS Sl body

diluted to i debfineafrodOpe atbgdcnfotiowirrimiminizatiof ot ahéddy paises. Shiugiasgdle, t 0

confirm staining specificity. Mnqclonal antibody.2H7 for. wasg used to
stain formali :W-“%?WEH?S ﬁ&?@fl%iohtﬂgﬁg Hb?j“’é’ﬂfé&?lﬁélﬁél Z?té‘ggftlf%h“%rﬁﬁoi d
tissue, tRyMUpresaRd ofa PBOOStonist A:QiksciTbad Rsef wBh&R e RBEfOT 284tibnal _

| ynphoproliferative disorders. In specinens of tonsil exhibiting reactive

changes, incl @GdMHg-fol | icul ar hyperplasia, a subset of predomnantly small

| ynphocytes in the j I jDl . LG jL f or
I e S G S R e e

5cel | zones. TPhatdet 1FgteanmplegApPas ¢aarbe inqubgfed withalsufigrenemgowast aerarual |y
identical to that.seen W th an. antibody to. CD3 a - el | [ ,
(o %@f%{egt E‘B%g? angl "B%.Sh Pﬁ%(l; é?r}d?tlons sﬁfﬁcwR ) &egm FEHZ é)tcmhc%éfsr)

whereas an antibo mar ker, stal ne ast”majority
of germ nab cenbepreRndlohshe sSifatd @rthe ABUS.t Bhivve¢rersaarpoptlahibrséfoARCH C

sections o " acliys, D008, 04 SRR GRS, FR 1 SN Ag vapcobser ved
Enmbedded Ti ssu®e SRebEQANSREds BrdGR)t linfted tolpaiedular e B fikichehathive Di sorders
antigen of interest on the surface of an APC.
Antigens can also be expressed by the APC either naturally or due to the
20  insertion of a gene containing the DNA sequence encoding the target protein
(antigen). A nucleic acid encoding the antigen of interest can be introduced into the
T cells as messenger RNA, or using a vector, such as a mammalian expression
vector, or a viral vector (for example, a adenovirus, poxvirus, or retrovirus vectors).
The polynucleotides encoding an antigen of interest include a recombinant DNA
25  which is an autonomously replicating plasmid or virus, or which is incorporated into
the genomic DNA of a eukaryote, or which exists as a separate molecule
independent of other sequences. A nucleic acid encoding an antigen of interest can
also be introduced using electroporation, lipofection, or calcium phosphate-based
transfection.
30 A number of viral vectors have been constructed, including polyoma, i.e.,
SV40 (Madzak et al., 1992, J. Gen. Virol., 73:15331536), adenovirus (Berkner,
1992, Cur. Top. Microbiol. Immunol., 158:39-6; Berliner et al., 1988, Bio



A range of B cell and T cell |ynphoproliferative disorders for PD-1
expression were studied; the results are sunmarized in Table 1. Forty-two
cases of 15B cell |ynphoproliferative disorders were exanmned for PD 1
expr essi onwoi2aBI088I7hg representati ve cases of precur soPCB/USPIHHSBIlast i c

| eukem a/ | ynphobl astic | ynphoma, as well as a range of |ynphoproliferative
di sorders of mature B cells, including a nunber of B cell non-Hodgkin

| ynphomas of follicular origin, including Sﬁ cases of follicular |ynphoma

and 7 cases of Burkitt |ynphona. None of the B cell 20l ynphoproliferative

di sorders showed staining for PD-1. In sone cases, non- neoplastic reactive
| ynphoi d ti ssUkechvaguepr@sent29; Godighenald 189RD- Yirsk, HomdA4pEL Qeamite® seen i n

tonsil and ot her ti I i d o ti,ssu o _gbov imlarly, in
25 cases of H@Sg{ggﬁallg lﬁf‘r“éﬁzgr‘régy‘?ﬁ&]l Hﬁir“ngﬁi é%ﬁggsﬁ%ﬁenEfda%§l"cla?lg§1£é&lgki n

| ynphoma and #:1¢39650Wilkineghaay! BopredomaadResHadgRin 2 mpkarsad- 25t he
neopl astic cells did not exhibit staining for PD-1. Interestingly, in all
14 cases of | \isPH3EIR! &t Pr é@%ﬁ#ﬂ%ﬁ%ﬁ*@% b 2P Poragcingadruy (Magked et

surroundi ng nepp|@st Bietethieflo R0k by 89dydef&hdsSciwed eilﬁsr@ﬁ%&a,cwgy.e for
PD-1, simlar to the staining pattern noted for CD57+ cells in lynmphocyte
pr edomi nant F@Qkﬂﬁp-lwmmalgmﬂﬂﬁé%elmlﬂ%ﬁnﬁ Yo 1880, 1GenovdP278-288bset  of
the total CD3 | PrIN . f L

| ymphopr ol i £ angirey s ERRiAl Ey ROIF R0 epdud: 8088 Yook CBL TSR 1. e
results are suviwenbiddthnmmollali8eb7190; Gasesn afal. pra9eur. ol ToccZd5R2965n Pk bl ast i ¢

| eukem dl ynphobl ast. | 0 a, | lasm of i e I |ls. ,-102- of
immature T celt g{.ﬁ%{%ﬁé&%%?&@elf 8.??%%%&1 éel%tg?#eégp%% ub‘i’loﬁ‘eri pheral ,
post-thymi@ T €371, Flesdeletlalngoo@m Beschem. Fha@bdol pu@b Yooy, Simiblseuken a,
peri pheral T cell Iéénghoma, unspecified, anaplastic | ar%e cel |

k

B | ynphong,
and adult T celipsgs PR A3 hol PR Hmandreneaderapy Ol 1o b é@éé&s-dﬁ

angi oi mrunobl agl §,0¢M3®%%,ﬁq¢,@§$i, NeEhviaGds (9fscRIkihsROBIoLI ¥engel | s that
were al so i mmunoreactive for pan-T cell markers such as CD3. PD 1-positive

celI's were cor¥ptsehant.Ily:1863nk Fenlo¥ eicil.. BP6ekpairtt Acpi B+i. LS P LI3ZH-
angi of mmunbl 48718 Ty rsRet §h gy R RED b el ol ORIl Bicky g
roliferatiiMe di:BOdr BetropBliplds dtrmhutidgt RiViiohgh6:3381688DT), lnRDse VdI2E, 1992,
Curr. Top. Microbiol. Immunol., 158:1-24; Miller et al., 1985, Mol. Cell Biol.,
5:431-437; Sorge et al., 1984, Mol. Cell Biol., 4:1730-1737; Mann et al., 1985, J.
Virol., 54:401-407), and human origin (Page et al., 1990, J. Virol,, 64:5370-5276;
Buchschalcher et al., 1992, ]. Virol,, 66:2731-2739). Baculovirus (Autographa
20 californica multinuclear polyhedrosis virus; AcMNPV) vectors are also known in
the art, and may be obtained from commercial sources (such as PharMingen, San
Diego, Calif.; Protein Sciences Corp., Meriden, Conn.; Stratagene, La Jolla, Calif.).
In one embodiment, the polynucleotide encoding an antigen of interest is
included in a viral vector for transfer into APC. Suitable vectors include retrovirus
25  vectors, orthopox vectors, avipox vectors, fowlpox vectors, capripox vectors, suipox
vectors, adenoviral vectors, herpes virus vectors, alpha virus vectors, baculovirus
vectors, Sindbis virus vectors, vaccinia virus vectors and poliovirus vectors.
Specific exemplary vectors are poxvirus vectors such as vaccinia virus, fowlpox
virus and a highly attenuated vaccinia virus (MV A), adenovirus, baculovirus and the
30 like.
Pox viruses of nse include orthopox, suipox, avipox, and capripox virus.

Orthopox include vaccinia. ectromelia, and raccoon pox. One example of an
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orthopox of use is vaccinia. Avipox includes fowlpox, canary pox and pigeon pox.
Capripox include goatpox and sheeppox. In one example, the suipox is swinepox.
Examples of pox viral vectors for expression as described for example, in U.S.
Patent No. 6,165,460, which is incorporated herein by reference. Other viral vectors

5 that can be used include other DNA viruses such as herpes virus and adenoviruses,
and RNA viruses such as retroviruses and pelio.

Suitable vectors are disclosed, for example, in U.S. Patent No. 6,998,252,
which is incorporated herein by reference. In one example, a recombinant poxvilus,
such as a recombinant vaccinia virus is synthetically modified by insertion of a

10 chimeric gene containing vaccinia regulatory sequences or DNA sequences
functionally equivalent thereto flanking DNA sequences which to nature are not
contiguous with the flanking vaccinia regulatory DNA sequences that encode an
antigen of interest. The recombinant virus containing such a chimeric gene is
effective at expressing the antigen. In one example, the vaccine viral vector

15  comprises (A) a segment comprised of (i) a first DNA sequence encoding an antigen
and (ii) a poxvirus promoter, wherein the poxvirus promoter is adjacent to and exelts
transcriptional control over the DNA sequence encoding an antigen polypeptide;
and, flanking said segment, (B) DNA from a nonessential region of a poxvirus
genome. The viral vector can encode a selectable marker. In one example, the

20 poxvirus includes, for example, a thymidine kinase gene (see U.S. Patent No.
6,998,252, which is incorporated herein by reference).

The population of APCs that present a sufficient density of the antigen(s) are
incubated with T cells (such as lymphocytes or PBMCs), optionally in the presence
of an effective amount of a PD-1 antagonist, under conditions sufficient to allow

25  binding between the APCs presenting the antigen and the T cells that can
specifically immunoreact with the antigen (antigen-specific T cells). A sufficient
mumber of APCs expressing a sufficient density of antigen in combination with
MHC to stimulate enhance binding of a target T cell to the APC are used. In
particular examples, at least 20% of the APCs are presenting the desired antigen on

30 MHC molecules on the APC swiface, such as at least 30% of the APCs, at least 40%
of the APCs, at least 50% of the APCs, or at least 60% of the APCs. The optimal

amount of T cells added can vary depending on the amount of APCs used. In some
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examples, a T cell:APC ratio of at least 6:1 is used, such as at least 8:1, at least 10:1,
at least 12:1, at least 15:1, at least 16:1, at least 20:1, or even at least 50:1.

To increase the number of antigen-specific T cells, proliferation of the cells

can be stimulated, for example by incubation in the presence of a cytokine, such as

5 IL-2,IL-7,IL-12 and IL-15. The amount of cytokine added is sufficient to stimulate
production and proliferation of T cells, and can be determined using routine
methods. In some examples, the amount of IL-2, IL-7, IL-12, or IL-15 added is
about 0.1-100 IU/mL., such as at least 1 IU/mL, at least 10 IU/mL, or at least 20
IU/mL.

10 After a sufficient amount of binding of the antigen specific T cells to the
APCs, T cells that specifically recognize the antigen of interest are produced. This
generates a population of enriched (such as purified) antigen-specific T cells that are
specific for the antigen of interest. In some examples, the resulting population of T
cells that are specific for the antigen of interest is at least 30% pure, such as at least

15 40% pure, or even at least 50% pure, The purity of the population of antigen
specific T cells can be assessed using methods known to one of skill in the art.

In one example, during stimulation of proliferation of antigen-specific T
cells, the cells can be counted to determine the cell number. When the desired
number of cells is achieved, purity is determined. Purity can be determined, for

20 example, using markers present on the surface of antigen-specific T cells
concomitant with the assessment of cytokine production upon antigen recognition,
such as interferon (IFN)y, tumor necrosis factor (TNF)q, interleukin (IL)-2, TL-10,
transforming growth factor (TGF)B1, or IL-4. Generally, antigen-specific T cells
are positive for the CD3 marker, along with the CD4 or CD8 marker, and IFN-y

25  (which is specific for activated T cells). For example, fluorescence activated cell
sorting (FACS) can be used to identify (and sort if desired) populations of cells that
are positive for CD3, CD4 or CD8, and IFN-y by using differently colored anti-CD3,
anti-CD4, anti-CD8 and anti-IFN-y. Briefly, stimulated T antigen-specific cells are
incubated in the presence of anti-CD3, anti-CD4, anti-CD8 and anti-IFN-y {(each

30  having a different fluorophore attached), for a time sufficient for the antibody to
bind to the cells. After removing unbound antibody, cells are analyzed by FACS

using routine methods. Antigen-specific T cells are those that are INF-y positive



10 Abbreviations: B-LULL - precursor B cell |ynphoblastic

| ynphona/ | ynphobl astic | eukem a; CLL - chronic | ynphocytic | eukem a; MCL -
mantle cell |ynphoma; FL - follicular |ynphoma; MZL - marginal zone

| ynphonma; V¥ 8080834 ry cel |l | eukem a; DLBCL - diffuse PAF§E20B7/88$31

| ynphoma; BL - Burkitt |ynphoma; LPL - 15 | ynphopl asmacytic | ynphoma; MM -
multiple nyeloma; T-LL/L - precursor T |ynphoblastic |eukem a/lynphobl astic
| ynphoma; T-PLL- T cell prolynphocytic -303- leukema; AL -

angi oi mrunobl astic | ynphoma; PTCL - peripheral T cell |ynphonsg,

unspeci fied; ALCL - anaplastic large cell |ynphoma; ATLL- adult T cell

| eukemni a/ | ynphuh@D8 posinvendy diDdpositineu rospesifit evanpes ds/rewitalz popwlbéen off cases

cases PO iR Rt SR i R PSR BRI BT Tor ession on
111V10 Speci f iICD8k s vEER, sLckoad dtdeast 40% purbeat leabd SO% pge.elcaado%wmiie used to
ar ti cl pant s DN GHEGNT LA IRIE e T I PRRFih ST IesveerCPbed from

out pati ent 5cl ppligw Rlis MCord Hospital, Durban, South Africa, and St. Mary's

Hospital, Mariannhill, South Africa. Peripheral blood was obtained from 65
subj ects in this cBnsether eqampls, thieshedeiueherirgledes deformining theyigioxisitive at
the time of ap j SUDE LTSN MR h &l 86t Btk fi8ind AGdiHSEAN n their
exprossed HLACT o HART 1Sl ROk BRNIFLEL A Fing DOUSLAPLERSGE: B
construct ed (¢dwertbéirewymplFhé Gradezs a20y vior edamiplraste ¥ alkdrer dloNonte was 42, 800

CDi count. vas 463 FEL Qust Fh5a et dur Pl S8 ARG THRAR On or

i nf ecti on10@as intotposnad Byalkfegencdl. | subj ects gave witten inforned consent for

the study, which was approved, by . local jnstitutional review hoards. 25
Construction of Pljlﬂ;eﬁﬁﬁe‘F’EmETﬁajﬁﬁ%ﬁﬁﬁﬁ subjoptet &9 AT MRS F8H ¥s to human

PD-L1 (29E. 2A3clediBHS®inkR&he piély BPhd ahfEddhZpedys Rell:d b} cViRipie, eepar ed as
previ ously descri bed and have been shown to block the PD-1 :PD-L1

i nt eraction. 3ovified antigep-gpepifigclscells generagaeabeyve aig azap yienpaeedavisls APCs t et r aner s,

synt hesi zed as L fVb o [ A6 i ) . RC) were used for
this study: A oeg%rg\ﬁa_(alé&%%zﬂfemﬁ%ﬁgi%&%ﬁ %%%Cﬁ]%al\% é%{'tf”’&A‘g%g)édze Kl Y9

(I ntegraséy KcQNERVYYRIfiSEQ toRIIN@DIR)ng BHO80 theDABCY pRidhe DirfikRMIigenSEQ | D
0 59) o BRI B PR AR R P AR, B0 (181
TL10 (Nef, TPGREVERPLfor SEQpIOVNOISY) GeldidiB) theYe@ilt{rdhnti YRGS pMRAIT, ceEQ | D
NG 60), B 8101tha-t”§p9ec1(ﬁrc):z%l?y in;rrrﬁ)lgglfelélrgt%i;th t%ggntlig[gn of interest are more pure after
successive stimulations with APCs than with only one round of selection. In one
20  example, the population of purified antigen-specific T cells produced is at least 90%
pure relative to all CD3+ cells present, such as at least 95% pure or at least 98%
pure. In a particular example, the population of purified antigen-specific T cells
produced is at least 95% pure relative to all CD4+ cells present, such as at least 98%
pure. In another example, the population of purified antigen-specific T cells
25  produced is at least 90% pure relative to all CD3+ cells present, such as at least 93%
pure.
The present disclosure also provides therapeutic compositions that include
the enriched (such as purified) antigen-specific T cells and a PD-1 antagonist. In
particular examples, the resulting enriched population of antigen-specific T cells
30  (specific for the antigen of interest) are placed in a therapeutic dose form for

administration to a subject in need of them. The PD-1 antagonist is also present in a

therapeutic dose form for administration to a subject in need of treatiment.



5 NO. 61), and On0304 YL9 (p24, YVDRFFKTL; SEQ ID NO 62). HLA cl ass |
tetranmer staining and phenotypic analysis: Freshly isol ated peripheral

bl ood nononuclear cells (PBMC, 0.5 mllion) were stained with tetranmer for
20 m nut esVARMAMEB1IThe cells were then washed once wi t BCHHEABHEABES1buf f er ed
10saline (PBS), pelleted, and stained directly with fluorescein

i sot hi osyanate (FITC)- conjugated anti-CD8 (Becton D ckinson),
phycoerythrin-conjugated anti-PD-1 (clonegEH12), and Vi aProbe (Becton

Di ckinson). Cells were incubated for 20 m'nutes at roomtenperature, washed
once in PBS, and resuspended in 200 Al PBS with 1% par af onnai dehyde and
acquired on a fl uolewsensoplacht pepudadtionef puigigdtaaticens{PPAGSTatilbpnodided Bect on
Di cki nson). A.m ni 1 0 ) ired on FACSCali bur TM
GFSE prot i er &t Kaolobbut MR Y 0The Y G060 U0 Bl B A s hec
twi ce in PBS, lqaed 306 pae, ahdstr8@Suspendeden a lebstrl0%0pure. I d paidular

car boxy-fl uorescein 20di acet at e, succini m dyl. .est CESE, . M| ecyl ar
Probes) for 7 NRIF4ge P aipes o AnGEaRuPE T AEl Rropecg fr isad J0%
resuspended i pud Bt Qe UR(RPMcnl 646 sUR Rhan ade W felst bt juad, hi one,
penicillin, streptonycin, and 10%fetal calf serum[FCS]), and plated into

one wel | of a2pleash@Pto pyrcaeicast APFipare. atlenst BY% paived an eigtst 88%iphet In
concent rat i on (abmf-Zaffie the BERAIER of bk ARl LR TALN] foBldey & fieSPONSES,

25t herefore this was pepti de concentration in t used for
each assay. Négati0fepoomntlatole towll CH3¢enkd mtwdt. sichRBMIcish 0B duremdeshe, or
PBMC in nediu i th purifi anti - PD- 10 Ag/.ml an ositive control
wel s ver e st i apet it BORGRR IR OB bt AR e B8 Wtany © Fol'l ovi ng
6- day i ncubat iBxparidad andB&Ccied antiginaspecifib @ celtd das bamgsedfashedplaising, 2 . PBS

and stained with PE-conjugated 30 VHC Cl ass. | tetramers, .ViaProbe (Becton
Di cki nson), arff"4ft Pdeis g Oélﬁleﬁygam'%lfﬁ?@efﬁvféloaéflip%éarl%d on a

FACSCal i bur an ngg@élygtgﬂgggﬂ&eﬂoli@ggﬁ (g the@édimedte (Becton Dickinson). Cells
wer e gated on Vi aProbe- + | ymphocytes. -105- The fold increase in

tetramer+ cells wad bepreaisalycetisgt i amamhef aHeepwreiailagls srdomsiciedt r amer +
cells in the B @RahGEObpRERL hoRiRidNR RIS 8 ABGpaliclIFLtdald it Cel ! S

in the absence of pepti st nul at'i ofy. Statistic al ysi s: Spear man

correl atida, Mipwifti anrigyn-spesific Tanells palude guiiticdesticearspegifed culdr e per f or med
g O PP LR A0 081 ALl LR LS MRBRor LBIchad A 1B val ues of

p<0. 05 were con ered significan SSI on
111V- Speci f i c 10D&Hs perGelokamldfAupiasteducivhs f:6m MbiGit T X% $6° dellf pdrkilognas tspeci fi ¢

for dom nant H| V- | ade C virus CD8+ T cell  epit S nt hesi zed,
bosed on ooy bed Ky RGNt sOGnE Trebanimiap SR D08 e R RO R Gy
Nef, I ntearasebo@nd xRM0%aLIDP RBodthh &@Eh ¥d & WBbt 28 AN cOlfs prrkidgan Rl

expression on these cells. H gh resolution HLA typing was performed on the
entire coffrt abarad0a Kulkeltsreskilemaant i retroviral therapy naive

Purified antigen-specific T cells can be administered in single or multiple
doses as determined by a clinician. For example, the cells can be administered at
intervals of approximately two weeks depending on the response desired and the
response obtained. In some examples, once the desired response is obtained, no

25  further antigen-specific T cells are administered. However, if the recipient displays
one or more symptoms associated with infection or the presence or growth of a
tumor, a therapeutically effective amount of antigen-specific T cells can be
administered at that time. The administration can be local or systemic.

The purified antigen-specitic T cells disclosed herein can be administered

30  with a pharmaceutically acceptable carrier, such as saline. The PD-1 antagonist can
also be formulated in a pharmaceutically acceptable carrier, as described above. In

some examples, other therapeutic agents are administered with the antigen-specific



15persons was sel ected for study based on expression of relevant HLA
alleles. Atotal of 120 individual epitopes were exam ned, and
representative ex vivo staining of PD-1 on HV tetramer+ cells is shown in
Fi gure S5AWPERIRELIHr essi on was readily apparent on t heBET/USIPHMESSE cel | s,
and was significantly higher than in the total CDO8 T cell population from
the sanme individuals (p<0.0001); in turn, PD-1 expression on 20 both
tetramer+ CD8+ T cells and the total CD8+yJ cell population was
significantly higher than in H V-ser onegaa ve controls (Figure 5B). For
eight of the ten tetranmers tested at | east one person was identified in
whom t he | evell cofls exdiled shpporost. Sthar gempspacigtits c@DBadeehiksreddsiof0%
(Figure 5C). PBMC fr 3.to.25.1ndiyviduals wer talned for each HV

et Paner respanded oLk elRuat ¢ BB TRl To0brEPeldils 5551t om save
to 94% of tet dedired ¢ffeet] Egedifingulic@afeClic agtngdecliden BitngsnoMintted to, hier
confirmed by anal %/,s' s of the nean fluorescence i nteri %_H(P/F_I) of PD-1 on
both tetraner MYPBPIREARG AP SPRRIAEHEUCIES AUPTC BEARM AP IR ERLIHE 5B, ©) .

It was next dafkddrpestiddhatdfds of R 8mbast &Y deie &tifnalaeePtdRPerisheei 41 C
differences in terns of PD-1 expression levels in persons with nmultiple

det ect abl e 30 PrdsHar@gplecrorpppsitions pratading Peiad andeen-specifindiopllttsd s had
between 3 and; R lLbLaBEhoRAS LG LESRONSes each. PD-1 expression was
nearly identi (I:all ané alpp?loacﬁ%lﬂr?g t?L%Jt)i}ofor each response anal yzed for three
of the sixteen subjects; -106- however, the other 13 individuals displayed
different patterns..of .PD-1 expressi e di.-ng on.the epitope (Figure 5D).
These data indicat gg?%la(%ﬁﬁlilie%%?tggg glﬁqﬁlg%}“%nol P E;ﬂrnén Y e§’/‘ expressed on
cont enpor aneous epitope-specific CD8+ T cells froma single person, perhaps
consistent with recent data indicating epi toge-speci fic 5differences in
antiviral efficacy (Tsom des TI, et E .AMBIEIE, “Yana 0, et al. 1996; Loffredo
| T, et al. 2005). ExampleEPSmbﬁioﬁ%}‘_tﬂ_JTPDReﬂ'zﬁEWQ*‘ﬁfCHm@%“@ﬂﬁfeEQd1 _
Expression and H'V D sease Pr ogr essi on 10The rel ati onshi p  was determ ned
bet ween PD-1 &ist PsisigdmtoRDHy\Astikedies ¢ cD8+ T cells and plasna viral |oad
and CD4+ cell counifee BRLRAYimVALGE afsRE §d of ool ymellinaas o

progressi on. Consi st ent Wltgt ﬁJltpre\}?ous astqudlﬁ]gslﬁﬁ?gytr el atlly%]nslﬁTp bet ween t he
nunber of 16et (a@EV)pese tied @ dedy he affiett of ¢habnit o inkect©bhn e84 Tedlnt fai |l ed
to show any si.gni.fi cant lation (Figure GA, B)..ln contrast, 15there
were o gn 11 oARutePN VR S BhR sl SR FkuPhedn DRI e

per cent age andaviluid 8 Odys ABrvinEbepirisslongliods gdp\atied o@TRly pogtidraVeestial| S
(p=0.0013 and p<0.0001, respectively, Figure 6A). There were al so inverse
correl ations lﬁ‘get"‘?/%%%%élbj %ﬁﬁgnfh%hﬁwo?gigﬁ’é‘”bé‘? Hesigatahh MEPCISFICPD- 1 on
H V tetramer pasddonVg meBobiScHaPiiPQ By ARe Rz tha@ k@ up (&S RRAME VEhYvirds gur e
6B). Since the tetraners tested |likely 20represent onl raction of the

af
HI V- speci 20c cpeainstingeme tipwpindefiniigly andpndgse sgemficebs+ >ftq%S besp@ei onshi p
between PD-1 expbessaRoARk@HyNpR8s 462008 and it Besh H@aﬁlg%fe'?erd?w}é‘@é al so
exam ned. There were-“si Snl ficant positive correlati 8ns etween viral | oad
and both t he pH(I8dtddged &bEGPRIFG-28G CPB+ T eelppesist whlosnthe heilityoloal CD8+ T cel |

popul ation ( 13:_(?(/1@0‘021 and_p<0. 0001, respectiv . Fi e 6C), and inverse
25correl at i ong"WBFaCAY §%l%%§q§‘r'\’/‘ cg«?#’\%\gﬁuc@fﬁﬁ%}g’g@d gg{ﬁh‘f‘ and both the
percentage and M| (BhBEE-mic€¥Biegutdhaitddrbnt the Naeibadl Cah¥er Inktie@d | popul ation
(p=0.0049 and p=0.0006, respectively; Figure GD% In this,same group, PD-1
expr essi ordon ¢ rick, MD). Mice were infected intravenously (i.v.) with 2x10° pfu of LUMV -

Cl-13. CD4 depietions were performed by injecting 500 pg of GK1.5 in PBS the

day of infection and the day following the infection. LCMV immune mice are

generated by infecting mice i.p. with 2x105 pfu LCMV Armstrong.

Gene airay analysis was performed on FACS-purified naive DbGP33-41
30 specific P14 transgenic CD8+ T cells, DbGP33-41 specific memory CD8+ T cells

derived from LCMV Armstrong immune mice, and DbGP33-41 specific or
DbGP276-286 specific CD8+ T cells derived from CD4+ depleted LCMV CI-13



specific CD8+ T cells was tested in 5 subjects, and significantly less PD-1
was expressed on these cells conpared to H V-specific CO8 T cells (nedian
23% CW 30 tetrarner+ PD- 1+, p=0.0036), and was not different than bul k
CD8+ T celWQ290808HEse same individuals, indicating thatfChU§HOPPESES1
expression is not a uniformfeature of all virus-specific CD8+ T cells.
These data suggest increasing anounts of antigen in -107- chronic HV
infection result in increased expression @f PD-1 on CD8+ T cells, and are
consistent wwth nufine data in chronic LCW infection, in which PD1
expression is associated with functional exhaustion of CD8+ T cells (Barber
DL, et al. 2008¥cteduniceoR&NA isplabyn mdeehelannrimalysis stercpesfarmedsasoiebaibedn, in a
| ar ge study 5i. i I, $:-0 i phe it 0 o ! V-specific
coet T cel | s dngreitel . F0R L fircty, B 8D% FRN LRGN ARl S0E

Rel ati onshi p Behaveted CPR+IT dexipresseonmamdryCCBSH TCelld (Fiemot4). St at us and

Functi on 10PD- Xpression was next, anal yzed i e..cont.e unber of
addi ti onal ph&’l‘}HF‘i} OEe’ﬁbfE‘é’?ssexz%eéggiOzEtt@?ij\}ﬁ‘f?ﬁo@@$Cglgsl IPM@'@ atus and
f Ungt i on, BNClipedtaPmide?2 Bu.cti “@36&, présftednAhe SlpBée of (DBEL T cCIR k¥ clefdedté, of f
perforin, granzyne B, and Ki 67 (Figure 7). Representative stainings for

t hese markers BArDgtTong (igues f%)n&lwm&@)'lwgnfﬁ?t%m?élﬁoﬁaprwsa@mgha're shown

in Figure 7A 1804 JF33981 OALAAIBE BDTIOPDES | SHRISOLSpRSStes BRYRPEN Fi gure 7B,
These studies were Iimted to those tetraner responses that were greater

t han 95% PD- 1 cpogited teeunimfscted inidep dhasreirdranfigenpeystenge and/CBR+ drcelit er t han 4
col ors was not._avai i _ Hi traner+ PD-1+ cells
express high Ie}ed\%g?tééng££ %gn%%@%é{rhéﬁg@%h@ %\@&e?{%lrvev&ﬁc{en\'/el s of CD28, CCR7,
and intradél | ul ar Kot thedwpdthasesl thatdiocR g GRMAERA/FNR .| pethfvay may resnde T

intermedi ate | eyel s . of and. CD62L (Fi.gure 7B). ese data indicate that
H N Speci T+ c Bt wEiorbriP Sy 5ol ki fLeons LML a8riF ophenot ype.
and are consi Smll\&biiﬁhipi’fcﬁyhguﬁra epoditpel dekeafom@LaVAL inddttioh using

HI NT-specific CD8+ T cells. hi. addition, virus sequencing was performed to

det ei m ne whetof&HL1 klosking antibodiger & beakinermponoglentanskedypaaingPUE] 3ps t hese
tetramer- 25pQs§iti ve. I ik AN j [ y 5 were
ditforont fromppiiGel FRRRIRGERY B REGabdyr it SRELARIS LAY ng
these cel li1s exen20d g sfret ;eleetst ®D-Pr BLR0moronlowalvatibodies (clofy EOH, 5Tfs

experinents in m i.ng the LCOW pnodel  showed that_in vivo bl ockade of
PD-1/PD-L1 i e IERN ﬂ@% ‘5%‘2‘3@ 6ty gfp%ﬁﬂ?@cﬁ@-pﬂ?} Botk it %t i body 30

resul ts in enhgpeghdidinatsitoiaghd t YWoRip306 b4 seedic ldrs+CP&hs Tn€ ¢ld18 nRge MeasuUr ed
by cyt oki ne production, killing caﬁam ty, proliferative capacity, and, nost

strikingly, rdsdt3Bod speeilic €RE+(Toats ingrrared mies relative b rytdatpd\eontels
ubj cote, in (FeR R AL el by e R Lo T o
ant i body, 20ai Ingthbeiofi(AeketsdlslifFMNeysplediNerz, approxiniatdy fregdme in lomh treated

mice and untreated mice (~6x104 TAbGP61-80 of CD4+ T cells per spleen).

In addition to an increase in CD8+ T cell proliferation, the inhibition of PD-1
signaling also resulted in an increased production of anti-viral cytokines in virus-
specific CD8+ T cells. The production of IFN-y and TNF-&. by CD8+ T cells to

25  eight different CTL epitopes was determined. The combined response was 2.3 fold
higher in treated mice as compared to untreated mice (Figures 2B and 2C). A 2-fold
increase in the frequency of TNF- producing cells was also observed following
treatment (Figure 2D). Viral clearance was also accelerated as the virus was cleared
from the serum, spleen, and liver of treated mice. Reduced viral titers were

30  observed in the lung and kidney (~10 fold) by day 37 post-infection (14 days
following initiation of treatment) in treated mice. Untreated mice, however,

displayed significant levels of virus in all these tissues (Figure 2E). Viral titers in



S5Exanpl e 14: Effect of Blockading the PD-1/PD-L1 Pathway on Proliferation
of H V-Specific CD8+ T Cells Because HI V-specific CD8+ T cells al so
exhibit inmpaired proliferative capacity (2004), it was deternm ned whet her

bl ockade AYOEH&IPMI4/PD-L | coul d enhance this functi ofCIASIOT/PEESSI
Representative data froma B*4201-positive 10i ndividual are shown in Figure
8A. Incubation of freshly isolated CFSE-I|abel ed PBMC with medi um al one, or
mediumwi th anti-PD-L1 anti body, resulted Emmal ntenance of a popul ation of
B*4201- TL9-specific CD8+ T cells (1.2% of + T cells) that remained
CFSEhi after six days in culture. Sinulation of CFSE-|abel ed PBMC for 6
days with TL9 bpemmdéswbbnmog@mtﬂsmw determingd ®s g Vdreseansidoseribéd in5 CFSEl o

B¥4201 TLO tety s j il a with
TL9 peptide i n "he tpzrlle en]égl %T%%?i 19%%1 ﬁhe %SIUﬂ thoém%%ﬁb @gqﬁ‘}?&t‘f mlé{C
enhanced pr ol iifcedagdsi@DB-0T céﬂLproﬁ&eﬂiohiaﬁd Oeitllcﬁ:alaheﬁthbtefd’igmdita& A4 i f old
increase in tetranmer+ cells. CFSE pro t|0 assays were perforned on 28
sanpl es in t h&HpEQE éﬁtﬂ“&lb‘lre‘ﬁﬁfgle&pbéur chll ynedint = ﬁ'ﬁq?hrﬁoﬁﬂnﬁlf”{ﬂnockl ng
antibody. A sicgpDfi §atling RIGS 8@RBcddB 4t BeHoRERIak frRMmatnbenofafeNiEpseei i c
CD8+ T cells was observed in the presence of peptide plus anti -PD L1

bl ocki ng_ant i BBRPIYscEingebuinttee spienaris ke insreapaddPi §-&oldt foBpving | owi ng
stinmulation V\n%?mggtptlde al one (Figure 8B; p=0.0006, paired t-test). The
fold increase of tetramer+ cells in the presence of anti-PD-L1 bl ocking
anti body vari ed byGDélle/mﬂaalayarkdybgle apthe ggreration Iandlmamg:nm of A8 Tdual
(Figure 80, 2 ain sug stl ng .e peci f feren T Lhe degree
of functi onal Cgﬁi E b'fﬁ’on 15 {ehglgeepgggé:ﬁgbe%nmed dg bl‘é?(nce Of%%4 CFﬂerapeuti c
Vaccinatidn i msoékaﬂipdmcdlplém GDBk TBieﬂ@)I@aglc&BbIb dfm{uubnﬁmc},tmﬁﬂamﬂmmy

Synergi stical | np t he | mmune of . Chronic Viral Infection: A
Concent St udy "SPORBTER IR PTG, BB PEeCUbIS HC S I APrBRaHT

i mpai rment of chaet bdlsi Pebsdindg, GMplesCl fg1s RERIrAtEeadtid.aEMEYtIOlYysi s, and
proliferation of antigen-specific cells, s a defini ngwgharacterl stic of

many chronic iiMfegondspiay angyen mosrseforndfanetignghimpaimaatibmbedlls obser ved
during a vari %Exe,géd Qﬂtﬁén &ﬁ@eﬁke QFéEhﬁtr%@ﬁs RSN ER 00k R %ura g+ Tlcgﬁé #di ng

H 'V, HBV, HCV,” an umans. I nactivation I ng chronic
i nfection lm gtdblemdrtcp emcwteetawetlhveﬂdwndlbh@@fﬂﬁ -# Lorel RIKAPYerBO<IsHCEcdls t he

antigen burden an | nat rom di s ted imal T cell receptor
si gnal s, upreéﬂlingtj thf’ﬁﬁlllb'tf)é?i}etﬁ glaﬂgeéﬂ%x%ovm regul ation of

costi nul atory prot @msT&md “Qea‘&cpte‘ﬁeddatmm&mwar@ Ryhekeommdshigaal s. The
defect in exhausted T cells.is primary reason for the inability of the

host to elini rwe%ﬂwréiwgms?wd %&P%@Watw frag dapirte it €2y 4ROt i on,
exhausted vi rq&eag)%%ﬁdﬁg%ém%c&w& Ocka %%c?algk W, K& ¥Rt RN

proteins: PD-1 an An 1 n vivo I nCreases tﬁe nunber
and functi2dn ofaining iferispeaftdritcaGidat. TPk taﬂadnmstwlatesl mice lelcr eased viral

{or chroni c viPBO ML faRerorSRBRr 7 a1 YOS E FER Ve BEaeer AP B ant tvi

CD8 T-cell respa@s®sT calsdhRir spReeiie dnidatedicoh i mapeUriguge JAECTHRAL i ON. I N
addition, a high VI ral load and the | ow proliferative potential of

responding T dEPber frimsigPecHicdrPEt T Reldh tsrspierd Wit plep ?Cteéseldl(ﬁiat“eﬁ}l}é

ef f ecti veness 1fis hbies@RE WihCspYARE ORI ITOR1s T iSited ﬂncé $va§ MRfYutant of 0 devel op
t her apeuti c vacci ne strategy to boost effectively host's endogenous T cell

responses 2o duegieasein rrakfsritien, asfdeteetedhy BrdU incorporation. 43% of DbGP276-286
CD8+ T cells incorporated intermediate levels of BrdU and 2% incorporated high

levels of BrdU in untreated mice, while 50% DbGP276-286 CD8&+ T cells
incorporated intermediate levels of BrdU and 37% incorporated high levels of BrdU
in treated mice. BrdU analysis was performed by introducing 1mg/ml BrdU in the
30  drinking water during treatment and staining was performed according to the
manufacturer’s protocol (BD Biosciences, San Diego, CA). Moreover, treated mice

contained a higher percentage of CD8+ T cells expressing the cell cycle-associated



25A wel | - known chronic infection nodel induced by LCW C one-13 infection
was used to determne the effectiveness of using a PD-1 antagonist in
conbination with a therapeutic vaccine. A vaccinia virus expressing 0P33
epi tope of WOCMIIGMS used as a therapeutic vacci ne to nFRIF{USR0FA8E851

epi tope-specific CD8 T cell immune response. A therapeutic vaccine was
conbined with anti-PD-Li 30anti body for blocking an inhibitory pathway in
order to investigate the synergist effect jregarding a proliferation of
antigen-specific CD8 T cells and a resolution of persisting virus. -110-
The follow ng nethods were used in these experinents: M ce and

i nfections: Cprdti KibTe&0fAverdue 18%vie ekt aitdl rhiedigsy 3(varlkesportsmt6|' he Jackson

Lab t B . . i nt ai i
e o SRS ki BB T e b A B AR P 5
chronic inf ect@mmsrcfm@@amne infected with 2X106 PFU of LCW cl one-13

(CL-13) as descri bed Erew ously. Viral growh and plague assays to
determ ne viral tifBr5nhionGbeineaased F%bﬂ%%‘\?l‘@ﬁﬂ%““ﬁl%@@lﬁ& -ant i body

bl ockade aRd te?ﬁiu@l@@%h& %aigie idTskd PR TYendWAL t el mahC e ALARE: & rat
anti-nouse PD- L1 Gf were adm nistered intraperitoneally every third

day from 4 \Neemﬁf’piésitl-andm&m&}@ﬂ% ERBEL-tBs that priothesetlFNey ypoimarkefly i rst

he Po3- 41 el e (VePEAs e BT VAR R B R e 2
virus 15(Wi/ WDbb&aesqmﬁ ranti Dbmunempatﬁicgm@mlcamm@em& eneatd y.uehigdphocyt e
ascribed. L) VOF A 4y St 6f BEPTACIFAPEATS LDV HLPROMSRBF P 1 amova
for |ynphagyt &,) El%h@éﬂl 1PN- (%Q‘lpaled to tel 0% GHSIERIAY 8 %”Qlﬁl’! @58+ F BePh de

tetramers were generated an used as previously described. Al antibodies
wer e obt ai ned cbntmhuBﬁrdRWamwcnaﬁgme%BepIchfebrof@fm;zdrﬁNE « Galkdtag)by Bcl-2 (R&D

Systens), and i os surfac i ntracel | .ul ar_ cytoki ne
st ai ni ng was m&gg?e& Ec%aff%we% ’&Fcedhcﬁ’léf't"ﬁ‘r Feisdawer g 2006) .
To detect degramituaéidaal Dmpﬂmtbg&lﬂ@memsiymi #iadcfioy 5 h in the
presence of brefeldin, nonensin, anti-CDl07a-FITC. _and anti-CD107b-F1TC

Conf ocal mi croscopyP jstillhttéﬁl@ ahet igcrpaseed thedyar asaiviny efchelplessfxhatsted; viruacT
(TissueTe klg F[:a&”ﬁé OB§L TRIAS k§x wécpryaQ adHThG % YQi?EsastpeéiﬁEUU%QST YBIs G 26Ut and

fixed in 30ice-cold acetone for 10 m nut es5. For 1 munol | uor escence,
secti ons wer e deteglied&dlowing treatment, sing a Iy release assay (Wherry et al., 2003, J.

Virol. 77:4911-27). Viral titers were reduced by approximately 3 fold in the spleen,
4 fold in the liver, 2 fold in the lung, and 2 fold in serum after 2 weeks of treatment
relative to untreated mice (Figure 4E).

20 These results therefore demonstrate that blocking the PD-1 pathway breaks
CTL peripheral tolerance to a chronic viral infection, and that exhausted CD8+ T

cells deprived of CD4+ T cell help are not irreversibly inactivated.

Example 2: Administration of anti-viral vaccine and PD-1 antagonist
25 One approach for boosting T cell responses during a persistent infection is
therapeutic vaccination. The rationale for this approach is that endogenous antigens
may not be presented in an optimal or immunogenic manner during chronic viral
infection and that providing antigen in the form of a vaccine may provide a more
effective stimulus for virus-specific T and B cells. Using the chronic LCMV model,
30  mice were administered a recombinant vaccinia virus expressing the LCMV GP33
epitope as a therapeutic vaccine (VVGP33), which resulted in a modest

enhancement of CD&+ T cell responses in some chronically infected mice. Four out



with the follow ng antibodies: ER-TR7 to detect reticular cells

(Bi ogenesis, Kingston, NH) and polyclonal anti-LCW guinea-pig serum
Stains were visualized wth Al exa Fluor-488 goat anti-rat and Al exa

Fl uor - 568 o 2108/8%¥ 74 gui nea-pig | g (Ml ecul ar Probes) aR8TARH0YHE8E1byY
confocal mcroscopy (Leica Mcrosystens AG Cernmany). |nmages were prepared
using Imaged (National Institutes of Health) and Phot oshop (Adobe Systens
Inc.). The results denonstrated that a cogbination of therapeutic vaccine
and anti- PD-Li antibody displays a synergistic effect on proliferation of
antigen-specific CD8 T cells and resolution of persisting virus.

Ther apeuti c vaf:thianme@bwlni:talby)b@tcteelfmiect}iat/elcqivai the detdpeutad Yaycinestosredd CD8 T

cell populatio e of PD-1/P i_nhi.bitor anced
proliferati onp%st1t1 SPD Snmgp eno § Sféﬁﬁ%oég}”fe had “yf‘bfgémt ll“%%%seér&in]w ral

control were ayﬁmmhpoﬁa@é zig\mnacGP:@/eﬂh&ythmhaumhewminahbtewamyﬁbmfed
vacci nation (Fi, tgures 9A- 9D and_Figure _10A-10D). Conbi nat orjial therapeutic

vacci ne gui ded” @ BEP-4i dnhabifes: FidvVesned IEJFCFM\??P?'E?%W‘? bgeyied 8 aEter cel | s
(Fi gure 114 D)eyel Ragifhhfak@no elth®haRGhi MoncmaitRCerits] oM @Rl ireMNRRESSI NY
specific epitope during bl ockade of PD-1/PD-Li pathway enhances a

prol i ferati onw“s$ mepstha @,fl@lltllV615speC| fic to epitope encoded in vector (Figure
9 and 11). The increased expression | evel of CD127 seen on antigen-specific
CD8 T cells in the group treated with the conbi natorial vaccine reflects

t he generation of Exhoplg-X énhibitionmf yhelPRd! Pathespon€bmnicatlyilefededr eased
expression |leyels.of P d Granzyne B correlate to resol ution of
persisting vi %ep éﬁi% 12B). 20There was a synergistic effect of

therapeutilg vacci nammit&ﬂaﬁﬂce/\mwmﬁ’&da@amé oTKiRflenOfene@spregsadniian of function
in 'helpless' exhausted CD8 T cells (see (Fi gzure 13A-13E). M ce were

depl et ed of coymmyignrdlsyfgng H@Hﬂ? ﬁ?aée?‘b'&N%tS SR 289 IBH@ufgd ingefdls i ce
vere vacci nat gy ¥e hbxWrddsded Rt YRS mlléné{hJHﬁAQWM) @t thiGMM RS- 41

epi t ope- expressuﬁg vaccl nia virus (\/V 3‘) ost-infection. At 25

t he sanme ti memnR¥e malesaloper esmalbaovp oEMRNAss Tétﬁéf:c;hn@lﬁgw pagtieslaglyt h aPD- L1
or its isotyp l e were
sacrificed for%geé{rll-\gﬁ @@g%ﬁ%ﬁﬂégé%t{ﬁa@ g]reen%gﬁ@\%\%@}mn ] gur eli t?gﬁﬁﬁ‘?‘?:l'e}'nqaér:equency
of GP33 spéci femtplo@EBm'lﬁ dm@bticn inashicl wiguexplidenadarfthpgdae stBiB)e. fosd @nocyt es
were stimnul at ?,& w%{p ﬁgS peptide in the presence of cCD107a/b anti bodi es
and then co-stai nd ? TEN- 30 y. The shown plots are gated on CD8-T cells
(Figure 13C). The perrerhag®NKs drEMs@'teddptolasoniieptialtt dvallitad HRNAM t h GP33
peptide per cells positive for Db-restricted GP33-41 tetranmer was al so

det er mi ned ( FieYRIPEIOIFOT A pPSIAECT APt eYec O FTgep R VIaIEOlorI 3E) . The

resul ts dendnghrdld, hRGinSYRET Ohedl L&t&h bRGhen®onRc¥@GSh NG LQIRIRRI TW th PD-1
bl ockade. These results show that conbinations of bl ocki ng negative

r egul at or $0patckhitay venecbr iss aboi(srg Hapaple 4kdldve). duri ng chronic infection can be
used in the 5devel opnent of therapeutic vaccines to inprove T cell
responses in patients with chronic infections or malignancies. Therapeutic
i nterventi ons, suclExamptehrbExsa:ookejamrmubngbﬁkh:ausm‘d PDells that boost T-cell

responses and | owet,.t he vi g .g crease gl se My urvi val and
decrease transm ss& > ?ec{f}rﬂ:eexw"rsﬁf é[% f 8‘?1[15\%6 Friale lé’ﬂ’t @E}%at ion coul d
be used for CRr@RAICEIYinfetted iteGdihOmagmfie bPRK oi 8dnsitPceh@iragitenl al , parasitic
infections, This strate is also of use for the treatnent of mal |gnan0| es.
25  Transfected CD8+ T cells are contacted with a monoclonal antibody that targets PD-

L1, PD-L2 or PD-1. As described in Example 1, inhibition of the PD-1 pathway

results in the rejuvenation of the CD8+ T cells. Accordingly, there is an increase in

CD8+ T cell proliferation and cytokine production, for example. These rejuvenated

CD8+ T cells are reintroduced into the infected mice and viral load is measured as

30  described in Examnple 1.



Exanpl e 16: Enhancenment of T Cell | nmunotherapy Through Bl ockade of the
PD1/ PDL1 Pat hway 15It is inportant to devel op strategies to treat and
elimnate chronic viral infections such as the Human | mmunodefi ci ency virus
and Hepat Q@ 20088083THe CDC has recently reported that ovEETHRYIPESEIIoN
Anerican's are living with H1V, exenplifying the need for nore effective
therapies. It is inportant to determne how inhibitory signaling to

| ynphocytes can contribute to a pat hogen'_gs_abi lity to 20persistently evade
t he host inmmune response. The inhibrtory i munoreceptor PD-1 (a
menber of the B7/CD28 fam |y of costinulatoiy receptors) and its |igand
(PD-L1) have been Ekamplet’o Inevitoto Smedeninglof Wougr(@ddgs EiCedl Rejuvengtat at es of
chronic infection with | ynphocytic chorioneningitis virus (LCW).

Addi tional st GAMEURYY hg the LOW nodel have denonstrated that 25bl ocking
of the PD1/PDL1 paCbhigyursis gk fogdntethe R gy chebeidngd o s: ¥t ird Vi r al
CD8 T cell response during the | ate phases of chronic infection when CD8 T

cel |'s are exh&t¥PRsrreaBigATEyehased o fled ARy fR¥ascnladft § B FpYHi%ed and do

not mount ef f @Glitve floéhi¢ EsNAFeQDUPON anti gen encounter. However,
bl ockade of the PDI/PD- L1 pat hvvaei] appears to reverse exhaustion and restore
C&S%‘t

their functional 3Bckgyaied s gy sedsfrom grica Heancadly finfeeted pithsi st wel |
beyond the i mypdilcq 1LY Q6 Rbn@kd 5P fest £ %?ﬁorﬂﬁﬁ'.tﬁl“ ¢ Aot of anti—viraghe
perrflo med der to ( l}

foll owi ng experinments were r In or assess the ability of
anti-PDL1 to ephkinee(férieaampplel IfNey at TIR-candesed frovahe @ntactediTrall iCD8 T cel | s

upon adoptive transfer of i mory) splenocytes into congenitally

i nfected (car fMeaiye '%eezﬂar(l@)ﬂwygﬁe‘&%ewf@l ﬂ}l?émf%ﬁ%megwaﬁﬂwommeg to the

Vi rus- spegpf i gmoliRMhy, 6Phe hnBGEh] Stdkihat releae8 rR%PARdRthubiBd trlen psesence of
PDI / PDL1 bl ockade, dygh?é) to determ ne the expression of various markers

of differenti &entenicd with fheidst sgyapqupdlc ACDEFrepse B the ampent chaifevieR sHAlied in t he
presence of P%é{ﬁ%%y Péa‘?%%ﬁ?relﬂﬂ@ d QR a%uﬂtf}&‘yﬁ%aﬂedQ@EM@%H@%@SSessed In
nodel of cyt

a wel | -devel ope o-1mune therapy tor chronic viral infection.
The nodel desceinbatdhen@n] ifpeomast.luptfgl tomaddubdte T cglbddtividyt o- i mmune t her apy
for tunors in regard to the i nmunol ogical barriers the limt the
applicability of these therapies (such as corrupted or suppressed T

cell/antidfunor regReMPRSY: . InMieeSéreémag etNGaD RS T Yeld Rejuvenaero Wi th LCW
do not mount epdogenqQus LCW-specific I mmune responses and go on to have
hi gh | evel s of“9"H%¥¥ ous LCOW in blood and all tissues throughout 15their

lives. These ani maEshak@d CORIENidR hreCRiikéLirSmAnee dfrénied§ehtet@dd bitht ol er ant
to the pathogen. \Wen spl enocytes froman LCW immune nobuse are adoptively

transferred i MMYE-@digenicstaompannd ispdmiggstaredmgpenpedy totheiméectasipicy cel | s

he i Tus. aparosy Ratar g PAA SFRIRE: LR & N o e RSB T e
t her apy gaoton séiam2dcented eielntcdedmitdie nicafieat, farexwhels, 4y EILISAas @sheof
splenocytes arqgagtlrtaatﬂ%fn%rtl{o%%nd compared. An increase in the amount of anti-viral

cytokine found in the serum in treated mice relative to such amount in untreated

mice identifies the test compound as a PD-1 antagonist. Altemnatively, the viral titer

(e.g., serum vural titer) can be determined prior and subsequent to treatment of the

25  test compound.

Example 7: Chimpanzees as a Model for Immunotherapy of Persistent
HCYV Infection.
Chimpanzees provide a model of HCV persistence in humans. Defects in T
30  cell immunity leading to life-long virus persistence both include a deficit in HCV-
specific CD4+ T helper cells and impaired or altered CD8+ T effector cell activity.

Persistently infected chimpanzees are treated with antibodies against CTLA-4, PD-1,



The followng materials and nmethods were used in these experinents:

Mce and infections. 4-6 week old fenale B57B1J6 m ce were purchased from
t he Jackson Laboratory (Bar Harbor, Maine). Acute infection was initiated
by 25 int rPapIsti8HEal i nj ection of 2x105 PFU LCW Ar nstB3HE00088§ENI t al
canier mce were bred at Enory University (Atlanta, GA) from col onies
derived fromneonatally infected mce (104 PFU LCW cl one- 13,
intracerebral). Adoptive imunot herapy angg in vivo antibody bl ockade.
40x106 whol e 30spl enocytes from LCW i mmuné m ce (day 30-90 post-infection)
were isolated and transferred intravenously into 6-12 week old LCW carrier
m ce. 200 ni cropgrambinatidnef-thofwor dthe affidacnefideckpd® ¢f1th¢ ihbbitOGattwerye,

adm ni stered ever, “d.day.for 15 days foll.ow doptive i erapy.
Pl ow eyt omet 1 aired b pang g tRrh B SpbRel RS SRRl TRy RGN
Sconpl exed W tplotkinbMnERBSihddsudk keatgnen At fanasthp feyiepus hnd l[degertd bed. Al |
anti bodi es were purchased from BD/ Phar m ngen (Sa[p Di e_lgo, CA). Peri pheral
bl ood nmononuc| &P SRESHISMEARY Yt Ay e THeeE ! sHtMeRunitNdy as
previ ously sdesEiufedy Hoat-g R 1@9&1@&&6@&9@&% HanfafCadahi iptn I s f irau

cytoneter (BD) and anal yzed using Fl ow. The software (Tree Star |nc.
Ashl and, OR) idood and liveripfrinfeeipd ehimpanzgesoks sramgnasi faf grgression of GTRAdR! | ul ar

cytokine stairgpg ﬁ?@Aafe?& ?u@ggﬁ%rfd% mf'}l’\@gcﬁ él?égér&s‘éﬁf‘egofiﬂeé %s.%ﬁ@ﬂﬁ%ct% absence

of the indicated pepti efeldin A for ours at 37C.
Fol | owi ng st aimayerf or restorefl g dehremring tsghimpiizeeshbnmapedneeateclonded and

stained for intracel !l ul 1 okines using the 15Cytofix/Cytoperm
preparation (I?;'B;l@?fg?r#adﬁcf@é*ﬁﬂ%”f’gﬁll%;@ ﬁ‘gfe Ip(glgﬂﬁ?bs wer e obt ai ned:
Ant i - PD- LI1ot her apy Peigcas @Fedt@tEcHitpiiftesie yéatddSwisPRGhdnied OB T A-gel | s:

Peri pheral bl ood nononuclear cells (PBMCs) were isolated fromtreated or
20unt r eat ed arfinfiegdiesdiyIRPd0.Medatex) o50PD A angihedigs Theanitial dopreef YIDX-f or t he

Db GP33 epitopgyue e ?&)y Eg{rlﬂ LAL nst ) ndependent
. ( , S ; . theh'3, 03 20
exper i ments. | (0 RAco T Banek PRar=Sa ee-dai hALA: AR k. o0 PEAREPSCY
di ni ng the fi rtbtee daeldmysvilol Ada tregtneedopith wetittod &en &f @rintidbitelyopaecules, the
significantly | aro%gr nugP rs of LCW speci f 'hc %Dq_ra' %%k | s when normalized
to the number B2 “E’bérflf”i“{}‘;eleé%qnls B erelas ey : é“]ep?_gure 14) .
These dat as5supRedhinehesinpies &t cbinetella: LeR1LE, Pal dnaay andxheORfrRdihIng_ sone
degree of proliferative suppression in normal nenory T o
intervals. Samples include: 1) serum for analysis of transaminases, autoantibodies,
neutralizing antibodies to HCV, and cytokine respenses, 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
20  for isolation of intrahepatic lymphocytes and RNA, and 5) fixed (formalin/paraffin
embedded) liver for histology and immunohistochemical analysis. Regional lymph
nodes are also collected at 2 or 3 time points to assess expression of co-inhibitory
molecules and splice variants by immunohistochemistry and molecular techniques.
Assays to evaluate the efficacy and safety of these therapies safety will be performed
25  as described herein.
To determine if vaccination with HCV antigens potentiates the therapeutic
effect of antibodies to PD-1, chimpanzees are treated as follows: 1) intramuscular
immunization with recombinant envelope glycoproteins El and E2 (in MF59
adjuvant) and other proteins (core plus NS 3, 4, and 5 formulated with ISCOMS) at
30 weeks 0, 4, and 24; 2) intramuscular immunization with the vaccine used in 1} but

co-administered with ®CTLA-4 antibodies (30 mg of each/Kg body weight,

intravenously at weeks 0, 4, and 24 when vaccine is given); 3) identical to 2) except



cells. Moreover these results suggest that therapeutic inhibition of this
pat hway coul d augnent the devel opnent and mai nt enance of the secondary

i mmune response generated foll ow ng adoptive transfer into a setting of
chroni c i "Y@2¥8@8¥1% t h hi gh 30antigen |oad. -115- PCTS20P7/A58851 1

bl ockade enhances the functionality of antigen specific CDS T cells:
Spenocytes were isolated fromtreated and untreated animals on day 17
post - adoptive transfer and anal yzed for thg expression of inflamratory

cyt oki nes (1 FNganmma and TNF al pha) or CD107ab (|ysonmal associ ated nenbrane
protein, LAMP). Across all defined CDS epitopes, TN gamra expressi on was
found to be emiranEBel (onBahirahsbodes erevsuhgitaed for RO-CTLdookamteescdnpared to
untreated ani gure Addi ti onal | coe 951 .9 f. 1FN ganma and
TN alpha and ety e 280 pHEPLLRETeruRE R BT BREPH Kior apy

(Fi gures 15B- BIEQ) adiiesie:s faid\ded gSaddnidnGathe viatiaite. a0OPispaeefiyT hiidBséler r ed
menory spl enocytes expanding 10in the presence of PD-L1 bl ockade are

functional |y $UpeiEoOMC Hlorl?“f’léii amenthlyipteaitraf sy eyniskiph forgmsaet of bn and
rel ease of 5cyty941yt| c granul es, as conpared to splenocytes from untreated
animals. Exanple 17: Murine B Cell Responses During PD-1 Bl ockade 15 The
fol Il owi ng exper i meMagkeseerampeadfcariifed-tétramsr tand bl ecky initneandhwisher PD- 1

bl ockade enhanceg B of SROANSARN U1 AuRUAD], PrisEMEERS ok gy, Both B

cell and T cel responses areé cfri af" in con ng’ c ronic
infection, t htastwarrpm ch AP2B, CBIY, CeThamsHEAIDRE lamwmauplbﬁ]’eiétionf(eetteﬁzm ce

may hel p Iovver d.and en nce T cel | fun e follow ng
material and ﬁﬂ%{h‘bﬁé (Wﬁ %E%Famfaﬂ 5 SLEZHERI P RS % ind Cytolllmﬁ/ll%cgptﬁﬁd Vi rus:
Four- to g0x-wepk2Dimd ¢BE eA@E&akatﬁlomoﬁelaw@(mymh%qﬁe fHeedpyJackson

Laboratory (Bar Harbor, Miine). Prior to infection, chronic LCW mce were
depl et ed of COAthF chemplgnglP- Khprdripsponsettp BRGIHFNGRTibavgin AP 19denels a evi ous

25data derdnstAlas, bdle AN Phabidl LBfkiAbn 3N floalld reduddys -2 and O

prior to viral enge results In ecrease in tfe nunber of C4 T
cells in the pptheaps arftCVyspgificT®del wispdnseshad OB40 Teveb| Expalﬂsﬂnard sl ow y

recovering over to 4 weeks i.ved 2x106 PF he Cl one-13
Ctrain of CLOMPTRITSUEHITEIC bRvGSsh BEFIG BF ABEOORESNTSN Bt Pon. Ti ters of
virus wergsdeterm ned by a 6 day pI aque assay 30on Vero cells. -116-

Det ection of ASC by EL1SPOT: fpl een and bone_marrow single cell suspensions
vere depl eted of ragamplsal Fdsl lanyinostagyng N-Reactive bxmpheid Tsyer esuspended

in RPML suppl enent egsaivhhiBri %ak GBainl loROHY BSERIS & WO !s syl seddahect ed by
plating cells onto nitrocellul ose-bottom 96-wel| Miltiscreen 5filtration

pl ates (M I i pbAeinacerdanes with instipitievil pahktigs. cohdiegnosgs were bangd cothesua/ nl of

goat anti - nou r 4C. Pl ates
were then msﬁleé(glghwr%@%%ﬁgm%%k% d%gﬁﬂéd 9\{}% oﬂﬁ'fp{ %ﬁ BS and bl ocked
for 2 hour2® V\an‘@adREumonLyﬁh%lﬁ@SCIaemﬁcaeiwemystmﬁaﬁpﬁﬁldtlah 2B0Hana@n alBl ocki ng

\Arrzgl Blma}[lvgz r ﬁ%lasaﬁ':g %monosttlc ma?cnallwas 1cv1ewed Ey a Eematg'[l)’]aqm?ggl’llsjt. of 1x107 cell's/m

Immunostaining for PD-1 was performed on formalin-fixed paraffin
embedded tissue sections following microwave antigen retrieval in 10 mM citrate
buffer, pH 6.0 with a previously described anti-human PD-1 monoclonal antibody

25  (2H7;5), using a standard indirect avidin-biotin horseradish peroxidase method and
diaminobenzidine color development, as previously described (Jones D, et al. 1999;
Dorfman DM, et al. 2003). Cases were regarded as imununoreactive for PD-1 if at
least 25% of neoplastic cells exhibited positive staining. PD-1 staining was
compared with that of mouse IgG isotype control antibody diluted to identical

30  protein concentration for all cases studied, to confirm staining specificity.

Monoclonal antibody 2H7 for PD-1 was used to stain formalin-fixed,

paraffin-embedded specimens of reactive lymphoid tissue, thymus, and a range of



10serial three-fold dilutions across the plate. Plates were incubated for 6
hours at 37C and 5%C2. Cells were renoved and pl ates were washed 3x with
PBS and 3x with PBS/0.2% tween. Wlls were then coated with biotinylated
goat anti-WPaYEMJHE (Cal taafinvitrogen) diluted 1/ 1000 PCR/US2007/088851

PBS/ 0. 2% ween/ 19%-CS and i ncubat ed overni ght at 4C. The secondary anti body
was renoved and plates were washed 3x 15with PBS/0.2% tween. Avidin-D HRP
(Vector) diluted 1/1000 in PBS/ 0. 2% vveen/_i -CS was i ncubated for one hour
at RT. Plates were washed 3x with PBS/0.2% ween and 3x with PBS and
detection was carried out by adding 100 ml of horseradi sh peroxi dase-11202
chronogen substseareB calhendsTibst lyapbomakfepstisparedensy Ingpdrimgna Sowdil of a
freshly nade s : Y. ole (ICN) per
m di ssol ved ﬁg‘%&%l’?‘% réocsl%rlg?n ‘?Eclhgﬁa &?al%%&ﬁ]ﬁglg a%g%’?ﬁzsodi um acet ate
buffer pH 4. 8)p;edbm|irtaatly mgall tyntphooughin eheGetnimiqeokes-cxhibeedentylasnde and

i mredi ately before us ddi.ng 150 of 3%4201. G anul.ar. spot.s appear ed
5 to 5 o napgue SR EDFhe  PauTRRET Rl PP R Sk S0y TEBPOUYRIR fst g w ¢ h
tap water. sSp@ahma ETRPIDE!difidg Pattehn M BHAMEIIFh@F0650Re8( iddpRed 125w th a

vertical white |ight Det ermi nation of total bone marrow cells: For
cal cul ation ofha peEniyihan andeodyds Sdids e Pimh T sekh a1apker rdieas hléarrt@@ébwse vvas _

mul tiplied by di FBALBWel faliEr, %Emﬁe\‘l@hé‘ S i ohgycﬁcggﬁﬁil'c&?t@lnﬁ cAls. st nce
59Fe distribution studies have shown that 12.6% 360f tot nouse one

marrow i s | ocaimdariresulie whrefseeruindisselndic seedonNeg relictivelyerpbesdhandesplrern
detected among{hs LAé%lﬁ‘c%v%aQ’bbts l%gdgad%ﬁr&ﬁ,n{rarrow cells fromthe fenur,

ti bia, hunorous, b two adult fenmurs yield 2. 0x107
to -117- 12.5x107 total bone rrarrowcells Fl ow Cytotrzetry: Directly

conj ugat ed anti bodies re purchased from P n i.-.B220, anti-CD4,
anti-CD 138 anti - CH38mP Wg‘rﬂ i&igmm‘awﬁaml@@“gﬁq%}fm@m@@geﬁ Tigfueyect or | abs
(PNA) . StrepageidissAPE MSarermﬂmﬁﬂogmm&aﬁwb%rfér@bes Al staining
was carried out at 4C in PBS supplenented with 1%CS and 0. 1% sodi um azi de.

Cells were then fi %eldnserpfﬁ/serﬂomﬁéf | gdHymehoprclifppiye dispadantr FPe on a FACS
Cal ibur using oflelHendre sAbENAhE R n%qgghp &%)Tablcgﬁtmﬁmoccakeg%@al ysis:

Tests were perforne using Prism4 San Di ego, Statistics
wer e done IGsi rHJCEﬂlvlmmmell@demummsmé@s Feteashmiriet Ford5M cmmf:ssctenmelutjmgnds

ng} Fll)w_nﬁgber S lggles%rq‘ctah\peoc%¥es o?%{e%ltnlsglgB ?)(rarrllplahobiagtlt:t lglﬁ(e%ﬁéf%?nrbhi)&asﬁ{?:hanCEd
lymphoma, as well as a range of lymphoproliferative disorders of mature B cells,
including a number of B cell non-Hedgkin lymphomas of follicular origin, including
6 cases of follicular lymphoma and 7 cases of Burkitt lymphoma. None of the B cell
20 lymphoproliferative disorders showed staining for PD-1. In some cases, non-
neoplastic reactive lymphoid tissue was present, and showed a PD-1 staining pattern
as seen in tonsil and other reactive 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,
25  the neoplastic cells did not exhibit staining for PD-1. Interestingly, in all 14 cases of
lymphocyte predominant Hodgkin lymphoma, the T cells surrounding neoplastic
CD20-positive L&H cells were immunoreactive for PD-1, similar to the staining
pattern noted for CD57+ T cells in lymphocyte predominant Hodgkin lymphoma.
These PD-1-positive cells were a subset of the total CD3+ T cell population present.
30 A range of T cell lymphoproliferative disorders were studied for expression
of PD-1; the results are summarized in Table 1. Cases of precursor T cell

lymphoblastic leukemia/l ymphoblastic lymphoma, a neoplasm of immature T cells



15in-vivo PD-1 bl ockade: Mce infected with LCW Cl one-13 were treated with
anti (a)PD-L1 approxi mately 60 days post infection. Mce were adm nistered
200u2 aPD-L1 every third day for two weeks. At day 14 of aPD-L1 treatnent,
the mice WEPWEEEHTH i ced and the nunber of antibody sefFE{USHYTE®EILs in t he
spl een was neasured by ELI SPOT and flow cytonetric staining. In three
separate experinents, 20mce treated with aPD-L1 showed significantly
increased | evels of antibody- secreting cglfls (ASC) in the spleen (p=0.011)
as conpared to untreated nmice (Figure 16a). ASC can be differentiated from
B cells in the spleen by their down-re ulation of the B cel| marker B220
and by expressf @mn@iﬂremeilswﬁ(lsym%‘afw%}) L, 1ap wetpreepiesms off penphdid. Risi-SPOT

results, incr

i nf ect ed m ce eaEr gg ﬁ[ﬁ"d?@ﬁ%% |Cﬁﬂﬁ}%§r§%@c9§4 leﬁke\pﬁggjaﬁﬁeeg%l%g‘#eﬂchr oni c
LCW i nf ect ed lympghemai tifspadiizd, inaginedc cde cel &dn fhomal sndaddeld Ticeltel s of bone
mar r ow ASC. et er m ned whet he nti bo secreti W thin the
bone. mar r ow wikeRgEhTh B AoHTH A |3RHeT & TeRTT R SR or T Ly of
| ong- | i vedspl asaBineLidcBof TSl Gsivikd &M tHah & cRAUND ifUnOMactBBdoit fagsSEcdll asma
cells are critical to Iong term mai nt enance of serum anti body | evels.
Chroni c LCW imtkses wigh gt €B3wBPel-postiatectlloes capiienly{pmdsk faratlel y 60 days
post  -118- infef Hé@@nzﬁ%uic%m%elﬁf%Icé-ust('i:%) mlkssmm{a&ﬂéc Rapg. marr ow
ASC | evel s were neasured . Al'though there were el evated nunbers
of ASCin the0§pﬂ&<€mnmmblm@|4$mpmm&treat ment, there was no change in the

nunbers of AS 8o deh R0l B ure 17 5

ot reat nent - dAEI SR S8l MR Rop BRI Borib 900 10 o)
results in sypergistie—inereases—in—sphen Q'A@tm‘!m?‘f'%}n&r?b H- was furt her

i nvestigated Ahe,Lher_bngkJAQ_&_gnal_Lng_w_Lh_oi_an@Lher_neqati ve regul atory
mol ecul e, CTLAB_&,P_J:BDISH enhance the effect T duri ng the! PD-1 bl ockade.
CTLA-4 bi ndi ng_t 3-B#1ils 10t hought to both cc%%ete with the|positive
co-stimul atory mélldeul e CD28 and/or provide @ rectly antagoni zi ng TCR
signals. Mce|infMCiled with LCW Cl one-13 wéd¥e treated with either treated
with aPD-L1, aCTl-4, both or |eft untreatedy6and two weeks post-treatnment
the | evel s of |antvhpdy secreting cells were greasured by EL] SPOT. Al t hough
treatnent with a@igA-4 showed no | npact on ABEC Ievels, 1I5co-treatnent of
aPD-L1 with aCTC-gf g€d TO a synergistic fncrg@se i n ASC above that seen
with aPD- L1 t'—E'a'tELE‘nT_a'I_UnE_(‘IEi_gUT‘E_W‘)._TEnhaﬂCE'd_B_(:eH and CD4 T

1 l’\f\rf'\

1 FFa
LEE=A LAY

«

cell proliferati uul_'and germral—center—actd vd/jy —aPbti—{reated nce:
FI ow cyt onet r r-e—ghgl-yst+s—of—spleen—poputatia g5 ehronrte€—20m ce treated
with aPD-L1 shewe 1'i}fnnhan ;ed | evel s of proliferation by inefeased Ki- 67

st ai ni ng in both CD4_T ce |ls_and B r‘ellc B r‘eIIQ wi-thin the gern’i nal

center reacti oRofgdn hanhgmatified in thelspl8&h by high level s of PNA and
FAS st ai ni ng. | FolQlessicaly aPD-L1 treatnent] tHéle was a large increase in the
frequency of PNA-NdABy Bniphoeytt gredompmanted | t o Uht*feat ed controls (Fi gure
19a-19b). 25 Exanple 17. PD-1 Expression|/on Human T Cel |ls

T cell LPDs 18/55
T-LL/LL /5
T-PLL 0/3
AIL 19/19
PTCL, unspecified 0/14
ALCL 0/12
ATLL 0/3

10

Abbreviations: B-LL/LL — precursor B cell lymphoblastic lymphoma/lymphoblastic
leukemia; CLL — chronic lymphocytic leukemia; MCL — mantle cell lymphoma; FL.
— follicular lymphoma; MZL — marginal zone lymphoma; HCL — hairy cell
leukemia; DLBCL — diffuse large B cell lymphoma; BL — Burkitt lymphoma; LPL —
15  lymphoplasmacytic lymphoma; MM — multiple myeloma; T-LL/L — precursor T
lymphoblastic leukemia/lymphoblastic lymphoma; T-PLL- T cell prolymphocytic



CD8 T cells are essential for the control of many chronic infections. As

di scl osed herein, these CD8 T cells becone exhausted follow ng chronic
antigenic stinmulation, which is characterized by the induction of a
hypoprol i ferafive state and 30l oss of the ability to produce anti-viral

cyt oki nes. Exhausted T cells have hi gh expression of programed death-1
(PD-1) and, also PD-1 is upregulated by T;ggl!l activation and can be
triggered by the PD-1 ligands, PD-LI and PD-L2. It is -119- disclosed
herein that the PD-1 inhibitory pathway is an inportant nediator of CD8 T
cel | exhaust ilewertin; il —sanginimmueoblasty lympheroei IBFCE n pefipkeralf eels specific
CD8 T cel |l s hpnpltcanmedspecidied] AlLELs- ofapRBi dlaggepreddpmphomay ABslbomss T o a
chroni c i nf ectll trakehistlym@homa. response to an infection that is successfully
el imnated. Blocking the 5interaction of PD-1/PD-Li interaction resulted in

enhanced €08 *Tyefel oPindthifRERti O BaseRtRAWatibePotdas@t | - viral cytokines, and
a reduction in viral load. It was eval uated whether CD8 T cells specific

for chronic iLRRCtI QNS | UaBR ockade
enhances CD38 Tpgﬁef1 ngglilé’ég%[r%ses. §ﬂﬁ§fi§§§?%§§&() hasg‘ge]tggﬂ]n&trll]ggﬁtl E@é?(%% essi on
pattern of PD-1 on subsets of human 10 peri pheral bl ood nononucl ear cells
(PBMCO) @ CD4, CD8, FRaffilé 10:NfendFRNPRHAER folStudyie PBLIEqHpr8Ribn iEHPYENOL Ype
of CD4 and CD8 T cells that express PD-1; (3) determ ned PD-1 expression on
chroni c pér siSpeeific h&mqﬂg@lﬂsﬂﬂigsﬂ%i n-Ban virus (EB V and cytomegal ovirus
(CW)] and acute r I i nf d Nl a): i.fic cells;
and (4) determ ne ?%@Y@ng{éﬂg@gb 6%&%eﬁggé%f%ﬂb@é%§§é% ésr%%?ll?egﬁflon 15t he
proliferati oExampkstligan-specific cells. The followi ng materials and

met hods were used in these studies: Blood sanples: Peripheral blood sanples
were obtained from 36 heal thy 20i ndi viduals who were seropositive for EBV,
CW, influenza or I Nd i i Q: t based on
their HLA allele é% rgﬂgs}s%ﬂyhgltﬁ%ﬁﬁﬂgagﬁi&%ﬁggﬁﬁé té e@%ﬁéﬁ%&g@eﬁgf ic for EB
VvV, CW, ilff| vermzigeddiror aatpatierd clihice st MicOoel HespitRBMOrver, South g fatecnf iSom t he

bl ood sanpl es  over. | h te-s ration i u Il gro, Herndan, . 25
prall gl Vit TR B A et i N P A S
PD-1 (EH 2, sipEs&sid @8 dohdrtaflfotiiEah érdaitRetrdVirRihe PRy lrhive 40 e dide ofTOUSE

| g&b) were obtained. Directly conjugated anti bodi es were obtained from

Beckman Coul tasalysisafulijeasgwereGalectedtipr iapiysioabased, oncthey ex@ped HEB3@]eleSD45RA,
%7’ 30 CDO2L NS #3072 MAR 1R rarsirs AR W8 Bruct@ (s §90w). Fhd FoRan €95 O
20 viral load of the cohort was 42,800 HIV-1 RNA copies/ml plasma (range 163 —
750,000), and the median absolute CD4 count was 362 (range 129 — 1179).

Information regarding duration of infection was not available. All subjects gave
written informed consent for the study, which was approved by local institutional

review boards.

25
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.
30

MHC class I tetramers: Ten HIV MHC Class | tetramers, synthesized as
previously described (Altman JD, et al. 1996), were used for this study: A*(205
GL9 (p24, GAFDLSFFL; SEQ ID NO:53), A*3002 KIY9 (Integrase,
KIQNFRVYY; SEQ ID NO:54), B*0801 DI8 (p24, DIYKRWIL SEQ ID NO:55),



HLA- DR, Ki-67 and peiforin), and R& systens, M nneapolis, MA (CCR7).
Peptides were nmade at the peptide synthesis |lab at Enory University,
Atlanta, GA. -120- The plasm d constructs expressing HLA-A2, -B7 and -BS8
were kindly provided by the NIH Tetranmer Core Facility, Atlanta, GA and
APC-| abeled M-I1C class |I/peptide tetraners carrying CTL epitopes of EBV
(HLA- A2- GLCTLVAML (SEQ I D NO 36), HLA-B84RAKFKQLL (SEQ ID NG 37)and
FLRGRAYA (SEQ ID NO 38)), 5 CW(HLA- A2- NLVPWATV (SEQ I D NO. 39),

FI LA- B7- TPRVTO00AM iSEQ | D NO 40%). i nfluenza (HLA-A2-Q LGFVFTL (SEQ I D
NO. 41)) and R*881 HL8 Qe ALKEKSEGEYS EQID(ISRQ0). 3 @01 KNS vief, KVDDTFYYV ( SEQ

I D NO 43)). ] i ; I feratlan; ahtRi-sed human
whol e 10bl ooﬁ@yngﬁggﬂ(?%%ﬁ@&v@g%’ g‘?l%r%gfoﬁv&p?ﬁ gﬁl@ﬁ@%\]&?ﬂgg%}?dt@tramrs and
t hen anal yzedN®isBg @26t Taho (N, TREROOIR ¥FH; SEBQ88-160349), 2006) Yo (RTFACS
Cal i bur using Cell Quest software or_on a LSRIl flow cytoneter using

FACSDi va softmg( L FRQIECH DB BI818) skléhwi4. FRDENSMIGTRY D PBVC (2x

010, 572 e A A S g [

tenperature in dark for 5 mn (see, for exanple. Weston and Parish, J

| mmunol Met hods 133; 87-97, 1990). The CFSE | abel ed PBMC were stinul at ed
with either pepti dé-hrigne! ersmerdivingis Buigtheaelmicanassici By isolatedody
(101197 rap. CRAbROL Bbbd HoEmiRAP bellsqPBRAC.E. RiioR el ik w Aot N
anti-PD-Li antibody or PBMC wth an isotype control antibody (I1g&b;
20101. t g/ mil) .foF20 mowitescat & 78C.dAle calbsubat tlen vatsh@T@cetnth gwlsplmtalerféeredished

d stained wih fef | i th anti- d -CD8 anti bodi
ot acol 11 arpie CHE) Fietst g bt R B a SRR R pat ter n
of PD-1 on PRMG$HREahS-CIRBecRIDRRBEG), M%%gmmj@@tﬁmmsets in

heal thy individuals. It was observed that + T cells,” CD4+ T cells and
nmonocyt es ( Clicione EBdXprand ¥ islirghe (RsgtansDigkinpm)1 Cells wigrd incybapziofey 2@xpr ess | ow

| evel s of PD-1. apnd NK cell s 6+) ..and 11 c+) da t. r PD- 1.
50 1325 oxpihinleS ahlositioibe e b ual Srip S o i ign $n SRR o

wi th differ entitial $oquarEbai2dehyde hthedqusd Oira Jibe:s28¢-activatsdeliBsopter Nai ve and
central mam)r}é phenqt%}ge CDB T cells only expressed |ow | evels of PD-1,
wher eas P8 TFALISCalibyral, BeghereRickinson): i & ynigaink af K0 wvenls aeroagayired

effector/effegt R, fn exhausted phenotype 5al so expressed high
| evel s of PD-" t?ffllzgureagﬁ)‘é?.' These data suggested that PD-1 was
preferentially expressed anong effector nenory CD8 T cells. Wien the CD4 T

AR AL C B G ETER ioRtc SN
twice in PBS, pelleted, and resuspended in 1 ml of 0.5 uM carboxy-fluorescein

20  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,

25  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 ug/ml of phytohemagluttinin (PHA). Following 6-day incubation in a 37°C
incubator, the cells were washed with 2 ml PBS and stained with PE-conjugated

30 MHC Class I tetramers, ViaProbe (Becton Dickinson), and anti-CD8-APC
antibodies. Cells were acquired on a FACSCalibur and analyzed by CellQuest®
software (Becton Dickinson). Cells were gated on ViaProbe- CD8+ Iymphocytes.



10eval uate whether CD8 T cells specific for chronic infections in humans
show i ncreased expression of PD-1, PD-1 expression on nenory CD8 T cells
specific for chronic persistent viruses (EBV and CW) was conpared wth
acute viru¥OHEORXFL T cells (influenza and vacci ni a) iPﬁT@@ﬁﬁEfa’ﬁ?ﬁy

i ndividuals by staining wwth EBV-, CW-, influenza- and vaccinia
virus-specific tetranmers (Figures 21A-21B). Figure 15 21A shows
representative PD-1 GWI of EBV, CW, inflgenza and vaccinia virus-specific
CD8 T cells. PD- | expression was found to be increased on EBV-specific CD3
T cells than influenza (p=0.0335) and vaccinia (p=0.0036) virus- specific
CD8 T cel | s (Hihgielédncrnse migyames; elisayasyalcaipgd dydiiiding theparegntegd ofs nor e
frequently ex j = d knia (p=0.019)
(Fi gur s 1A 308 LE s e e ey A K BB e PO 1

expr essi on andetantei-genls éx e mbeenceof peptide stianddtioRD- LI bl ockade i ncreases
proliferation of chronic persistent virus-specific CD8 T cells: It was
assessed whet her PD-1 bl ockade enhances persistent 25antigen- specific CD8
T cel |l responses siStikmdal Koalbdie Spedthlah Sopd)ssny Brnh-Whiine ¢ tes Ciniebpdiabel ed
cells were stinulated with either _EB?([r,e_ %V i.nf | uenza or vaccinia

vi rus- speci f i CCHUPINHYCT ROTHEH LR feapidnd AEEBYCEI+- Gt A1l s rere 2-

anti bodi es. AffigH 2Bd 3¥Bes SMROMS BN ATRRM slofiflcafer + CFSEI cells and CD8+
CFSEl cells was conpared between cultures that were stinulated with peptide
al one and cultures that 30were stinulated with peptide and subsequently

bl ocked with anti - . Bep ' 0 r ts with
proliferation of C%}gﬁ!f EB@?{)@%?%%B%}#%#@%?%%% n Figure 22A
Aggr egat edOdat a f r @dnpa@hof (1ADEHC EBY 1 tetth@Res speciBy foridniinaeniZ B -( wkds Cand

vacci nia (n=2) .se osi ti.ve.individuals. are shown in Figure. 22B. Bl ocking
P 1/ PO L1 1 i ePSEBRET R mob B R iR PSP Re AP LR AR e
proliferation feludddy tapeteCiNtopReiaiCae CNEDE tlere] dndl Rthgloeasg dirdct uenza and
vaccinia virus-specific _CD8 T cells did not show proliferation following 5
bl ocki ng wi t h ¥&teizappn pf surfperelid-lieapigpsian angrerrbt Highfeeluppe shAcerigr
peptide plus apfipeléinted oRltRCHHROcABH] HADKubIPON 6 dnBirddBviA (Rorapyf R | NCrease
in the freguency of EBV or CW-specific CD8 T cells conpared to stinulation
wi th the pépt ipdesory waseselerted fastuds Saspd o cnpressiar oftrplevagt LAfadleles.i driotef

ant i gen-speci f i . - OW i - [ Lockade s
related to the(Jf E’E}%gldﬁ%gédéﬁ%g%q%ﬁ%@(%@dgEH g&#%‘éﬁfggg? gﬁéisnkﬁf g“a%g a

posi tive corr dilal oohlIFatvween Bflsis shopmes Figore 3 dPPrlodxipfessian worreadily

anti gen-specific cells (p=0,008 Fi gur e Q). . . e 18:
T ver STt e AP o ey eme: e et e e SRR e e in R STy an
Exhaust ed Pherpéeyig@pitatih frg theRdme iadiddbOWp<DDAT1 )1 mEkxAl POSI éxPression on The
experinments descri bed bel ow docunent that chronic HCV i nfectjon, peripheral
HCV- speci fzioc 'IbogthT_l'%m%'st&%*sT Feligind %é?@lglpsp_ﬁcill a%ﬂ%twatwamswf&a@bbf t he
PD- UPD- Li i nt ey agt inahid AR tQoa3 . Sane6d (ﬂ@fl{e'sﬁﬁ.r BoH eYéht 6RMA N ¥tramers

=

| nportantly, intrahepatic HCV-Specific T célls not only express high levels
of PD-1 but altetedalagetceme asisen whs identdied pr whom|thsnlavel cbexppeapion an aetidsaust ed

phenot ype thatSP%@ﬁ% s +%&Es@\Qa%_rl06%"(‘%@1~e%(3f‘%%’€%5%%%%3iGiﬁQalE Qelhe Iiver,

the site of vi I cation
stained for each HIV tetramer response, with median PD-| expression levels ranging

25  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).

It was next determined whether there was evidence for epitope-specific
differences in terms of PD-1 expression levels in persons with multiple detectable

30 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 the sixteen subjects;



Currently, no vaccine exists to prevent HCV infection and the only |icensed
therapy, alpha intefferon (I FNa), either alone or in conbination with the
nucl eosi de analog ribavirin is expensive, associated with, at best, only a
50% cl ear 2@ &08/4% a7k or 25t he nost preval ent genotype ( §EREEINIE8EFS19n0d
conplicated by significant side effects. The paucity of efficacious
anti-HCV therapeutic options highlights the need for effective
interventions ainmed at augnenting or suppigenting the natural immune
response that, alone or in concert with antiviral drug therapy, can prevent
the detrinmental consequences of HCV infection. 30Currently, little is known
about the exphewsycsihoetheD3linginidupls displeyes qifferpninattpme ohBIddtgxpression chr oni ¢
HOV i nfrect | onoRAh U dottoft (i dife Fhf CriRle BRL IniRale MR D, PRipd iy | T ver . The
present study s ufidertaken to better understand the ce phenotype in
-123- HCV i nf exclyibeniffiyremialsg ex presgedorproassipomnobuskpitdpeospecfit Cipen-Sqpdlsi fi
CD8+ T cells i.n both the |iver and eiriph ral bl ood ,of .patients w.th

chroni ¢ HCV i A°BER HBHC Pﬁ*ﬁ%"%’ﬁ’?@vﬁoﬂ SRR e %\%‘WH‘E%CR}\}SP%‘SR% d in

t hese studpesdifferences in atitif 2 effacySAvenidee Raili s Ywid O, 4hr 0pdg HCV

I nfection (HCV antibhody and HCV PCR positive) and negative for H 'V by

ant i body screé‘?fffﬁjlov@rféaé@p%)l ed in the study. Al patients were naive to
HCV anti-viral therapies prior to enrollnent. Seven of the fifteen patients
were positive for HLA-A2 by FACS anal ysis. The 10patient characteristics
are sunmarized i n Eapnplell2: ThpRelationship Betweendibil Expeessign apdtdVand cl i ni cal
data. Patient {. L 4 on Gender Age HLA- A2 HCV CGenotype Baseline Viral
Load (1U/n) &%S%hfog?&&.oﬂ

10 The relationship was determined between PD-1 expression on HIV-specific
CD8+ T cells and plasma viral load and CD4+ cell counts, both of which are
predictors of HIV disease progression. Consistent with previous studies, the
relationship between the number of tetramer positive cells and viral load or CD4+
cell count failed to show any significant correlation (Figure 6A, B). In contrast,

I5  there were significant positive correlations with viral load and both the percentage
and MFI of PD-1 expression on HIV tetramer positive cells (p=0.0013 and
p<0.0001, respectively; Figure 6A). There were also inverse correlations between
CD4 count and both the percentage and MFI of PD-1 on HIV tetramer positive cells
(p=0.0046 and p=0.0150, respectively; Figure 6B). Since the tetramers tested likely

20 represent only a fraction of the HIV-specific CD8+ T cell population in these
subjects, the relationship between PD-I expression on all CD8+ cells and these
parameters was also examined. There were significant positive correlations between
viral load and both the percentage and MFI of PD-1 expression on the total CD8+ T
cell population (p=0.0021 and p<0.000!, respectively; Figure 6C), and inverse

25  correlations were also observed between CD4+ cell count and both the percentage
and MFI of PD-1 expression on the total CD8+ T cell population (p=0.0049 and
p=0.0006, respectively; Figure 6D). In this same group, PD-1 expression on CMV-
specific CD8+ T cells was tested in 5 subjects, and significantly less PD-1 was
expressed on these cells compared to HIV-specific CD8 T cells (median 23% CMV

30  tetramer+ PD-1+, p=0.0036), and was not different than bulk CD8+ T cells in these
same individuals, indicating that high PD-1 expression is not a uniform feature of all

virus-specific CD8+ T cells. These data suggest increasing amounts of antigen in



153 i CV- M43 + 2b 7,340,000 25 178 HCNP. F 48 + 2 18,330,000 62 179 HCV M
54 |a 197,000 197 183 HCV F

WO 2008/083174 PCT/US2007/088851

-107-

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 large study

5  including analysis of multiple epitopes, between HIV-specific CD8+ T cells and

either viral load or CD4 count.

Example 13: The Relationship Between PD-1 Expression and CD8 T

Cell Memory Status and Function

10 PD-1 expression was next analyzed in the context of a number of additional
phenotypic markers associated with CD8+ T cell memory status and function,
including CD27, CD28, CD45RA, CD57, CD62L, CD 127, CCR7, perforin,
granzyme B, and Ki67 (Figure 7). Representative stainings for these markers on
B*4201 TL9 tetramer+ cells from one individual are shown in Figure 7A, and

15  aggregate data for 13 subjects are shown in Figure 7B. These studies were limited
to those tetramer responses that were greater than 95% PD-1 positive, as
multiparameter flow cytometry of greater than 4 colors was not available in
KwaZulu Natal. The HIV tetramer+ PD- 1+ cells express high levels of CD27 and
granzyme B, very low levels of CD28, CCR7, and intracellular Ki67, low levels of

20  CDA45RA and perforin, and intermediate levels of CD57 and CD62L (Figure 7B).
These data indicate that HIV-specific PD-1+ T cells display an effector/effector
memory phenotype, and are consistent with previous reports of skewed maturation
of HIV-specific CD8+ T cells. In addition, virus sequencing was performed to
determine whether these cells were driving immune escape. Of 45 of these tetramer-

25  positive responses evaluated, the viral epitopes in only 5 were different from the
South African clade C consensus sequence, indicating these cells exert little
selection pressure in vivo,

Previous experiments in mice using the LCMV model showed that in vive

blockade of PD-1/PD-L1 interaction by infusion of anti-PD-L1 blocking antibody

30  results in enhanced functionality of LCMV-specific CD8+ T cells as measured by
cytokine production, killing capacity, proliferative capacity, and, most strikingly,

reduction in viral load. Short-term (12-hour) in vitro antigen-specific stimulation of
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freshly isolated PBMC from 15 HIV+ subjects, in the presence or absence of 1
neg/ml purified anti-PD-LI antibody, failed to increase IFN-y, TNF-q, or IL-2

production.

5 Example 14: Effect of Blockading the PD-1/PD-L1 Pathway on
Proliferation of HIV-Specific CD8+ T Cells
Because HIV-specific CD8+ T cells also exhibit impaired proliferative

capacity (2004), it was determined whether blockade of the PD-1/PD-L | could
enhance this function in vitro. Representative data from a B*4201-positive

10  individual are shown in Figure 8A. Incubation of freshly isolated CESE-labeled
PBMC with medium alone, or medium with anti-PD-L1 antibody, resulted in
maintenance of a population of B*4201-TL9-specific CD&+ T cells (1.2% of CD8+
T cells) that remained CFSEhi after six days in culture. Simulation of CFSE-labeled
PBMC for 6 days with TL9 peptide alone resulted in a 4.8-fold expansion of

15 CFSElo B¥420| TL9 tetramer+ cells, whereas stimulation of CFSE-labeled PBMC
with TL9 peptide in the presence of anti-PD-L1 blocking antibody further enhanced
proliferation of TL9-specific cells, resulting in a 10.3-fold increase in tetramer+
cells. CFSE proliferation assays were performed on 28 samples in the presence and
absence of purified anti-human PD-LI blocking antibody. A significant increase in

20 the proliferation of HIV-specific CD8+ T cells was observed in the presence of
peptide plus anti-PD-L1 blocking antibody as compared to the amount of
proliferation following stimulation with peptide alone (Figure §B; p=0.0006, paired
t-test). The fold increase of tetramer+ cells in the presence of anti-PD-L1 blocking
antibody varied by individual and by epitope within a given individuai (Figure 8C),

25  again suggesting epitope-specific differences in the degree of functional exhaustion

of these responses.
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Example 15: Therapeutic Vaccination in Conjunction with Blocking

PD-1 Inhibitory Pathway Synergistically Improves the Immune Control of
Chronic Viral Infection: A Concept Study of Combinatorial Therapeutic
Vaccine

5 The functional impairment of T cells including cytokine proliferation,
cytolysis, and proliferation of antigen-specific T cells, is a defining characteristic of
many chronic infections. Inactivated T cell immune response is observed during a
variety of different persistent pathogen infections, including HIV, HBV, HCV, and
TB in humans. T cell inactivation during chronic infection might correlate with the

10 magnitude and persistence of the antigen burden and originate from disrupted
proximal T cell receptor signals, upregulation of inhibitory proteins or down
regulation of costimulatory proteins, and defects in accessory and cytokine signals.
The defect in exhausted T cells is a primary reason for the inability of the host to
eliminate the persisting pathogen. During chronic infection, exhausted virus specific

15  CD8 T cells upregulate two key inhibitory proteins: PD-1 and CTLA-4. An in vivo
blockade of PD-1 increases the number and function of virus-specific CD8 T cells
and results in decreased viral load.

There are several drawbacks of current vaccination strategies for chronic
viral infections. Specifically, effective boosting of antiviral CD8 T-cell responses is

20 not observed after therapeutic vaccination. In addition, a high viral load and the low
proliferative potential of responding T cells during chronic infection are likely to
limit the effectiveness of therapeutic vaccination. Thus, it is important to develop
therapeutic vaccine strategy to boost effectively host’s endogenous T cell responses
to control chronic infection.

25 A well-known chronic infection model induced by LCMYV Clone-13
infection was used to determine the effectiveness of using a PD-1 antagonist in
combination with a therapeutic vaccine. A vaccinia virus expressing GP33 epitope
of LCMV was used as a therapeutic vaccine to monitor an epitope-specific CD8 T
cell immune response. A therapeutic vaccine was combined with anti-PD-L1

30 antibody for blocking an inhibitory pathway in order to investigate the synergist
etfect regarding a proliferation of antigen-specific CD8 T cells and a resolution of

persisting virus,
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The following methods were used in these experiments:

Mice and infections: C5TBL/6 mice (4- to 6-week-old females) were from
The Jackson Laboratory (Bar Harbor, ME). Mice were maintained in a pathogen-
5  free vivarium according to NIH Animal Care guidelines. For the initiation of
chronic infections, mice were infected with 2X10° PFU of LCMV clone-13 (CL-13)
as described previously. Viral growth and plaque assays to determine viral titers

have been described previously.

10 In vivo antibody blockade and therapeutic vaccination: Two hundred
micrograms of rat anti-mouse PD-L1 (10F:9G2) were administered intraperitoneally
every third day from 4 weeks post-infection with CL-13. At the time point of first
treatment of anti-FD-L1, 2X10° PFU of recombinant vaccinia virus expressing the
GP33-41 epitope (VV/GP33) as therapeutic vaccine or wild-type vaccinia virus

I5  (VV/WT) as control vaccine were given intraperitoneally.

Lymphocyte isolation: Lymphocytes were isolated from tissues and blood as
previously described. Liver and lung were perfused with ice-cold PBS prior to
removal for lymphocyte isolation.

20

Flow cytometry: MHC class | peptide tetramers were generated and used as
previously described. All antibodies were obtained from BD Pharmingen except for
granzyme B (Caltag), Bel-2 (R&D Systems), and CD127 (eBioscience). All surface
and intracellular cytokine staining was performed as described (Barber et al., Nature

25  439:682, 2006). To detect degranulation, splenocytes were stimulated for 5 h in the
presence of brefeldin, monensin, anti-CD107a-FITC, and anti-CD107b-FITC.

Confocal microscopy: Spleens were removed from mice and frozen in OCT
(TissueTek). From these blocks, 10-20 mm cryostat sections were cut and fixed in
30  ice-cold acetone for 10 minutes. For immunofluorescence, sections were stained
with the following antibodies: ER-TR7 to detect reticular cells (Biogenesis,

Kingston, NH) and polyclonal anti-LCMV guinea-pig serum. Stains were visualized
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with Alexa Fluor-488 goat anti-rat and Alexa Fluor-508 goat anti-guinea-pig Ig
(Molecular Probes) and analyzed by confocal microscopy (Leica Microsystems AG,
Germany). Images were prepared using Image] (National Institutes of Health) and
Photoshop (Adobe Systems Inc.).

The results demonstrated that a combination of therapeutic vaccine and anti-
PD-L1 antibody displays a synergistic effect on proliferation of antigen-specific
CDS& T cells and resolution of persisting virus. Therapeutic vaccine could boost
effectively a functionally restored CD8 T cell population by blockade of PD-1/PD-
L1 inhibitory pathway. Enhanced proliferation of antigen-specific CD8 T cells and
accelerated viral control were systematically achieved by combinatorial therapeutic
vaccination (Figures 9A-9D and Figure 10A-10D). Combinatorial therapeutic
vaccine guides to a dramatic increase of functionally active CD& T cells (Figure
11A-D). In addition, therapeutic vaccine using vector expressing specific epitope
during blockade of PD-1/PD-L1 pathway enhances a proliferation of CD8 T cell
specific to epitope encoded in vector (Figure 9 and 11). The increased expression
level of CD127 seen on antigen-specific CD8 T cells in the group treated with the
combinatorial vaccine reflects the generation of a long-term memory T cell
responses, while decreased expression levels of PD-1 and Granzyme B correlate to
resolution of persisting virus (Figures 12A-12B).

There was a synergistic effect of therapeutic vaccine combined with PD-L1
blockade on restoration of function in ‘helpless’ exhausted CD8 T cells (see (Figure
13A-13E). Mice were depleted of CD4 T cells and then infected with LCMV clone-
13. Some mice were vaccinated with wild-type vaccinia virus (VV/WT) or LCMV
GP33-41 epitope-expressing vaccinia virus (VV/GP33) at 7-wk post-infection. At
the same time, the mice were treated 5 times every three days with aPD-L1 or its
isotype. Two weeks after initial treatment of antibodies, mice were sacrificed for
analysis. Theresults are shown in Figure 13A. The frequency of GP33 specific
CDE& T cells was also examined (Figure 13B). Splenocytes were stimulated with
GP33 peptide in the presence of aCI>107a/b antibodies and then co-stained for IFN-
v. The shown plots are gated on CD8-T cells (Figure 13C). The percentage of IFN-
¥ cells after stimulation with GP33 peptide per cells positive for Db-restricted

GP33-41 tetramer was also determined (Figure 13D), as was the viral titer ((Figure



| b 6,160,000 40 HCV antibody testing, viral |oad determ nation and
genoryw ng: HCV 15anti body testing by EL1SA was perfornmed using a kit per
t he manufacturer's instructions (Abbott Di agnostics, Abbott Park, I11;
Bi 0- Rad La¥@rMWBEIlEs, Hercules, CA). HCV viral |oad quERTIUSPRAPISEH was
pei fom ed using a real-tine RT-PCR assay (Roche Ml ecul ar Systens, Al aneda
CA). HCV genotyping was performed using a -124- real-tinme RT-PCR assay
(Abbott Di agnostics, Abbott Park, Il11) angiusing a line probe assay (LI PA)
(Bayer Diagnostics, Research Triangle Park. NC). Peripheral bl ood
nononucl ear cells: EDTA and heparin anti coagul ated 5bl ood (50-70 ml) was
col | ected frorPEhcHepetulte dAemenstatgitharypergistieleidigat elca vagcine copnas! withiPRr ng or
for PBMC i sol e}t]{]]&rﬁad PBMCs were isolated using Ficoll-Paque PLUS density

a

gradi ent (Anersham sl o, Norway), washed twice in PBS, and either anal yzed

i edi at el y or crydpesessuiechomnhiredinkinaooisaif bioeking 08gdtiet adgulbady serum

(Hycl one) and 10% di hyl. s ide (Sigma-Adgich, St. Loui MO) . 10
Y er Obi pay. Eaityay ot g b GRS dlin e Roata Rtk Soll o SEPHD B8 o neod e
bi opsy or §i adevassndsguf férapdutio K aEERPCIntRERT Bl6ciyddsds ipdicad @ligh put into
RPM 1640 nedi um (G.bco) contajning 10% fetal calf serum }(lHycI one, Logan,
UT) for i munéhBgicdaiectrs oy maliggatiner Therapghisipteisationsgh phtbe 9s5efiann f or

hi stol ogi cal 1agX&RPDON) that boost T!cefi LAP&GRAL 4t 1dw&ehd vit3 Raglchb@a: The |iver
bi opsy sanpl e obfai ned in RPM 1640 medi um (G bco, Carlsbad, CA) contai ni ng

10% f et al cal fincsesseifisgask & puvivilogd decreffy taasniggernedha virwse Effestss with t he
same nedia to | bri > | sol.ati . L Vek
infiltrating l%ﬁ%g@ﬁ%@ﬁ %gﬁ%&%%%%ﬁgﬁﬁa‘cgﬁgﬁf%%ﬁ? birklne

di saggr egdti oagystl grdsiednfioatins n€his Beatt onis Biso ki medor; thSamtdosest CA). The
sanple was inserted into a 50 1.u-n Medicon and inserted into the

Medi machi ne affUelI%Sr 15 seconds. Di ssaEregated cel|s were renoved using
a syringe in the syringe port. The Medicon was rinsed twice with RPM

medi um 25(G bco, Carlsbad, CA) containing 10%fetal calf serum (Hyclone,
Logan, UT) to Example 16: Enhancement of T Cell Immunotherapy Through

Blockade of the PD1/PDL1 Pathway

15 It is important to develop strategies to treat and eliminate chronic viral
infections such as the Human Immunodeficiency virus and Hepatitis C. The CDC
has recently reported that over one million American’s are living with H1V,
exemplifying the need for more effective therapies. It is important to determine how
inhibitory signaling to lymphocytes can contribute to a pathogen’s ability to

20 persistently evade the host immune response.

The inhibitory immunoreceptor PD-1 (a member of the B7/CD28 family of
costimulatory receptors) and its ligand (PD>-L1) have been shown to be dramatically
upregulated during states of chronic infection with lymphocytic choriomeningitis
virus (LCMV). Additional studies using the LCMYV model have demonstrated that

25  blocking of the PD1/PDL1 pathway significantly augments the endogenous anti-
viral CD8 T cell response during the late phases of chronic infection when CD8 T
cells are exhausted. Exhausted T cells are functionally compromised and do not
mount effective immune responses upon antigen encounter. However, blockade of
the PD1/PD-L1 pathway appears to reverse exhaustion and restore their functional

30  capacity. Data suggests that these effects persist well beyond the immediate period

of anti-PDL| treatment,



ensure maxi mum cell recovery. Cells were used i mediately for FACS

st ai ni ng. Anti bodi es, HL4-A2 tetraners and flow cytonetry: CeI | s were
stained with FITC, PE, PerCP and APC | abel ed nonocl onal anti bodi es
tetramers HReHBEFNG to 30 the manufacturers’ instructi 6’@’@?\‘&7’9?88%
cytonetry performed usi ng FACS Cali bur (Becton D ckinson, San Jose, CA).
FACS data were anal yzed with Fl owdo software (Treestar). The follow ng
monocl onal anti bodi es from BD Phai m ngen (BP -125- Biosciences, San Jose,
CA) were used: Anti-CD8 PerGP and anti-CD45RA APC. Anti-CD62L FITC, CD3

FI TC and CD 127 PE were obtai ned from Beckman Coul ter sFuI | erton, CA).
Anti-PD1 PE conj ugae &dlonifts eeymens wais PEFRDCA iR STdskivdd hseets 4% BBk i bed
(Dorfman et alys nifdprd 1o §H'1raﬁbe LE@%%g%emtég aﬁ@gur@l:lvgl an@QR8) CDh"EPACeﬁgu]% etraners
were specific for the follow ng epi topes: HCV 1073: Cl NGVCWIV
(SEQ I D NGO 44)10ptH@‘¢an8¢@63fnmmvm_@MNyX@Ee@ommemo coBgenitilowfesyedonet ri ¢

col l ection wa Qr e n.a 11be iences Jose,

and anal ysi s Cap lelﬁ ed &%?On%vaﬁa %o 4o 11No(f6,\1/1 o ipei‘;ﬁc Tﬁ%@?@%el i ng and
ant i body bBocIcalﬂirethatltﬁxé)&(pEE:M&Snmr;eesmhﬁ@wﬂrbuﬂﬁ&l@ﬂd ah@t&)lt@d with 3pM
CFSE (Mol ecul ar Pr.obgfs?). Cel.ls wer__e ad %g/dti% | x 106 cells/ dED
cultured in t KECPPEELKREEPGESIULY /"ﬁil‘o‘dffm elH %tlﬁt@nmwec@egh NO
44) peptide. HOAHiEEhaOhavklexpgandBd B BEslenedoday1/BDROSlockddeMul ati on. An
unstinmul ated control was included in each assay. Specific blockin

anti bodi es 15(anti TPDlCquftéPBPel pathror witgsepsted-Ippwell-deveprednadel 42 ( Dof man
et al., sup-a).,wehey r{ﬁz%f?ﬁ rbni€ Wi YRS AL ﬂeﬁ@é?ﬁ%&%fbteﬂﬂgeﬂf 10p g/ mL

at the tinme of stl nmu atl 0 S were | ncubated ays, harvested and
st ai ned wilbh garatlels chaant T badbi¢ws-immdng ﬁatlraayrﬁn@lamduamgm;izcedheby flow

cytonetry. 20St atIStI.C |, _anal ys sul t e d.anal yzed using
& aphpad pri s Vay LR R SR LT ek Ry S oh et R SR P e o

performed usi nguopgted edsuppicast I.cclanpamaeaponede Nt weetediabhasilysorier e made
using unpaired t tests, The follow ng results were obtained: 25 PDl

expressi on on ‘54 (N dofet mppt nqusd M -speciyie HRRR 1SSROPEIRR wi t h

HCV i nfecti on ghalnlto Fhwé HiGpiaYd1Y 80 infehi s iV el blod@RhLal L ssudsithiloagibupat i ent s
underwent both bl ood and” I'iver sanpli ng for phenotyping by flow cytonetric

anal ysi s, land tbﬁlt livgsr Ehesaeniawmt see Wnrgnmﬁlhaalﬁﬁé@n@)@lﬁ@w@n@fnlkmt@lamnt dheapy prior

to study 30 ensqloLuPimeSEYaRcAALERNT 1 Y HEmERNAE LI fobkinfi2 positi ve

and dennnstra 5 popul at't on speci f |n t he periphery
by HLA tet ranmansfblatdnnrrgl (ohabliel dirierThesestOvd speond lncm@DB:ellﬂ' rapelly s wer e
evaluated for PD-1 expressi on il.%
undergo €xpansion and establi$h a vigorous immune response against the virus.
Approximately 2/3 of the animals receiving adoptive cyto-immune therapy 2o on to
20 completely clear the infection when high doses of splenocytes are transferred.

The following materials and methods were used in these experiments:

Mice and infections. 4-6 week old female B57BL/6 mice were purchased
from the Jackson Laboratory (Bar Harbor, Maine). Acute infection was initiated by
25 intraperitoneal injection of 2x10° PFU LCMV Armstrong. Congenital carrier mice
were bred at Emory University (Atlanta, GA) from colonies derived from neonatally

infected mice (I 0* PFU LCMV clorne- 13, intracerebral).

Adoptive immunotherapy and in vivo antibody blockade. 40x10° whole
30  splenocytes from LCMYV immune mice (day 30-90 post-infection) were isolated and

transferred intravenously into 6-12 week old LCMV carrier mice. 200 micrograms



(Figure 23A). The level of PD-1 expression on total CD8+ T cells in the
peri pheral blood from healthy donors was not significantly different from
that of the total pool of peripheral CD8+ T cells from HCV infected
patients (‘Y—‘?é‘l??’@sc‘ég'B) In contrast, the majority of HCVCHHERPTIEBY et r aner
positive CD8+ T cells sanpled fromthe 5peripheral blood were PD-1 positive
(nmean 85% SEM 3.6) (Figure 23A) with significantly higher expression than
that of the total CD8+ T cell popul ation_{;p<0.0001) (Figure 23B).
Expression of differentiation, co-stinmulatoty, trafficking and effector
function nolecules on antigen specific CD8+ T cells was al so investigated.
The HCV- speci Pf @t'ﬂfét'ﬁléfﬁ-‘e‘?rptgééi(t RGP erargadsndnisksirad sxevyehotay fpherisyype 10( hi gh
CDlla, | ow o VAR I nti,ation markers (high CD27, high CD28,

i nt er nedi at %@gﬁ}&%%@hh%ﬁflq{éﬁéjlil?{hg{n%yw&L) and |l ow | evel s of nediators of
effector function granzyne B and perforM Interestingly, these IICV
tetranmer positive cells int peri pheral od expressed. hi | evel s of
CD127 (IL-7 recept }(SE]rO”aCyE:%maelnﬁ)aflga?{mﬁﬁnéhgrf' Vhice h?riél Ker> r%’éflm%%ﬁ{e&ﬂp@r essed at

| ow | evel s5i deshpltieiswillbi PR GRd., needreynelfatedhd preftibdsty dntmtat) ol To

det ermi ne whet her the phenqtype of + T cel s different in th
Sett1ng of  noRGiHsn e FSEMEGI PV epBisen (S0 il CAvepambsl Y Aed | n
five heal thy Hfodteafl@IREA YWIchoMpEEwRRs dERSIQthindtah pldusifhe per cent age
of peripheral Flu tetraner+ + cells that expressed PD-1 was 49% ( SEM

14.1) (Fi gur edgssdped. dntFpgeacgpiredisingad ACHEADAT N Flosi eitreete{Bohjagd HCV
patients were 4 uSE P S 168  B¥ AEL TG AP A FFind have Flu specific
CD8+ T cells. a%gﬁpg%émo&dgg% FQP u§ épec?’?lﬁc el 1(ts)ﬁ)expressi ng PD-1 in

t hese chrafiically infected HCV patients was not significantly different
fromthe sanme populati i n_heal t dongrs_ (Figure Q). lnportantly,
because five of théﬁ'saéfcl)’g’ “’ﬁﬂ@ﬂﬁi%ﬂ\’ﬁﬁg‘{‘i“&nﬁ‘ﬂ% $ %Elar% St&‘g{qpet{(gbl e 25Flu
speci fi c CD8+sflemelyles wefke cutitijgdlin $ho Preseret dr Hisen@dE thevhditited gpabe pati ent, of

PD- 1 for T cells specific for _.a_non-chroni Fl u). and chroni c. ( HCV)

It ecti on. | The 2B CREEE By nda Ehar ety EOlaing ymEBae ey o |
expressi on of nﬁ%ks,eeqrgr@es(sF&ﬁlemﬁzeaiag@istfain@@mri.ﬁtﬁicaum- oy ifanes dhgs I cent age
of HCV specific CD8+ T cells expressing PD-1 (nmean 83% SEM 6.4‘3 was
greater than Chehd&ixensragepafatipnBRERRIELR).specific CD8+ T cells (49% SEM
12.3) (p=0.048) (Figure 23C). -127- PD-1 expression on human

peri pheral blood and liver infiltrating | ynphocytes: Peripheral blood and

| i ver bi opsi es wer éhafvdloyinedefults wetpeob&ipadessi on of PD-1from fifteen
patients chronically..i ed wi.th HCV, Representative.f ometric
el yei s 1 rom i ve NiCTart LereYileduies e EPET 2 Dk otiias 688 Tt

Speri pheral blpetgphera Bfdod Sk Bucdgar odlls(PBMCE) welelislamer RoRledted of he frequency

of such cells was increased,.t ol 57% 3.6).1n the liver (Figure
245 Fengd, PREA Bl SeadnLh 15,2 a1 35 R sedkrfietor e 1l 0P hD. 1.
Wi I e nave celepisopshiaid shs@XQ BsEAMGREIANE! B t8h ikRpéndedRAperathtGPFARA, 1N
the liver the majority of + T cells were CD62L | ow CD45RA | ow consi st ent
with a menory fpmdit ppigalsieatedivgilaatidAe)-] thesmayysrise §5destivcars y of this
menory popul a%mm%&gh& ﬁ-nﬁfek- hiRloped dohifea RGN iRbe YA Enpat PD- |
expression was el evated i n the [ ver cofipared w t'h ,the periphery (Figures
24C). These dapaifiiggedtcellhrabent pemplimed eathe npmbeitod DD €rR3Gposigec ofllsped | s
expressi ng.PD- 1..0n intral te T | S i 0 rely 2 to the
absence ogsthémlr%%\r}g%%%ﬁ{ag Flgﬁg'?nhfeﬁ?gﬁggur%g}ﬁﬁlﬁgﬁ{e.o%ﬁ%rl%%gre is a
preferential Jatheny ircdomntinpdortildedre€bBprolifeedtive ctimiressiemit yor(n@DG2motyolv CDA5RA

low) cells within the liver conpared to the peri ral hlqod (Figure 23C).
CD127 expr essicgﬁﬁ 3&015%5%%?? SpeestgRa b aits F’S@ﬂ“qnﬁ ity P%{é\v
| ynphocytes: Lbuald ab&nérReiéide@slofént ARd AhRRARGR of thenBimRl Yy GRBind re6@nks (Kaech

et 20al., Nat Immunol 4:1191-8, 2003),. and the al pha chain of its receptor,
CD 127, is generated following adoptive transfer into a setting of chronic infection with high

30  antigen load.



downr egul ated on antigen specific T cells in persistent LCOW and

gammaher pesvirus infections (see, for exanple, Fuller et al., J | mmunol
174:5926- 30, 2005). This loss of CD 127 during chronic infection

correl at esVARB B34 phi red cyt oki ne production, increase8CETHSTEEIERT ity to
apoptosis, and a reduction in the 25 ability of menory virus-specific CD38+
T cells to persist in the host. Accordingly, resolution of acute hepatitis
B virus (HBV) infection correlates wth upfse, gulation of CD 127 expression
and concomtant |oss of PD-1 expression (Boettler et al., J Virol

80: 3532-40, 2006). Interesti ngi(l y, in the chronic HCV patients, only 20%
(SEM 4. 8) of t ot al PPel/fBHer Hpckapganimnecsthesimgsivaalanof @migeretpscifig€P%Ut in the
hepati c CD8+ 0 inf i LLE W ] j pgnpi.ficantly
o 58% (SEM 41490 CRrscrS! Bk MR ey R ROk ARE WIR RS, 1 BBl

expr essi ng an adogiye shederphe antlysed fui thdhexpraghioPDE inflamchatooyc YBEXiAB I | s

predom nating. These g ugge liver -128- infiltrating CD8+ T
cells in chr or?f"@mlgialfi g&%@ﬁ%ag&déb%%ﬁggﬁséor%ﬁ 'y’sﬁf’%laffgwmb%*’rHSrP“{%‘H& peri pher al
CD8+ T cel b papMBY i Auiesslah defingedSED 8 épigped, THN Yarhmh expresion W faundhebs i r us

infects T cells and nonocytes .i.n the_peripheral blood, |owlevels of CD127
are associ at eGMHANEH! P IR TIRERIViBE a%—ﬁﬁrv '%0?,1%@? coyRpagEech e vpARIAARIMALEt al . |

Ai ds 19:1981- (5Gure489P)Additibnbi, SosSiprdion bhENERdhi ﬁldemmg)ﬁmt al i zation of

the cells showi ng thi's exhaust'ed phenotype suggests that the phenotype is

inti mately ti&Pdak ves asaiaciggsep &llomdnsoanti-RPLd|thereny (FreatasdAB-1PB).1 and CDI 27
expressi on on o . i f L. 1B, i - hwo of our
LA A2 pati enfi i s R RERL L Rl e B el pEnfely ¥band

popul at i on0by it the peaverce of DAL Inglotkade twe fincrenallyBipgarioe, i2 B)yms Bxpr essi on of
PD-1 and CD127 s directly co red gn HCV clfic tetramer posjtive CD8+
T el ba i n ¢ hFRIRIOGEFlbe RERRAF rdp b T BiEE frfity Al

speci fi c CD8+ splefisiytes fibmountiehred peimaphery were nostly PD-1 positive (nean
85% SEM 3.6) and CD] 27 15 positive (nmean 84% SEM 4.0), while the hepatic
HCV specific CD8+ T cells were nostly PD-1 positive (nmean 92% but only

rarely CD 127 posi @ik} pleBaMutrdld B Cell WésFordey Purthg PDEI BiokRadef Vi ral
replication, there appeared to be an expansion of CD 127 negative cells

expressi nd3hi gh | eVés Hllepinerpxperinmeiit wie mepeiared|in aidel Gelstegpime whetdecDg+ T
cells differery. ; L - I L ahepat,i
20conpart ment @oﬁk@%@égéﬁ?%s? %%12% %@Hﬁ?gﬁg%yl%l?%q}gﬂ%pﬁ Fé%tla ?’gghfhg%posure
needed t o causell awltfirdhebpinsararaditical i 2Fntrdlimg didni¢ hEBM infastiod, thusce,
exposure to persiste n_lo hronic, infection, CD127 was

. proying b ¢ nrtsip%eses incdovfnr.:Lp 1n ed:ted 1ce ma 'hFB’l?_ Lylal o
persistently d8WNEgUl At ed Rilier €as" dhort-11 Ved exposy CW"ant i gen
usi ng GP33 onlyadtzadpaiaacd T yvelsfippri@ssed CD127 expression and failed to
induce T ¢gell exhaustion (Lang et al., Eyr J 25Irnnunol 35:738-45, 2005).
Dependenc@gon avai ifiﬁfq?'iOtN@ﬂgofﬂgfalmliaa%ﬂwa’ﬁﬁs VRSO BSOSTHBTRAS al so
observed to affect the expression of CD62L and CD 127, whereas persi stent

antigen led to persistent downregulation of both CD62L and CD127 (Bachmann
et al., J Imunol Mg awggueeoupgosix-wegkiHdirmaleChg sonise weie nurdesod,

from Jackson Laboratory (Bar Harbor, Maine). Prior to infection, chronic LCMV
mice were depleted of CD4 T cells by administration of gk1.5 antibody. Previous
25  data demonstrates that administration of 500ug of gk1.5 days —2 and O prior to viral
challenge results in 95-99% decrease in the number of CD4 T cells in the spleen and
lymph node with the CD4 T cell numbers slowly recovering over 2 to 4 weeks.
Mice received 2x10° PFU of the Clone-13 strain of LCMYV intravenously on day 0
initiate chronic infection. Titers of virus were determined by a 6 day plaque assay

30  on Vero cells.



in chronic HCV infection, the few HCV specific CD8+ T cells detected in the
30peri phery may not be continuously exposed to sufficient antigen to

maintain |Low | evel s of CD127. Thus, the T cells nay "believe" that th
virus has WRAWEM34% ed. - 129- Blockade of PD-1/PD-Li FEHESZPY0&8HL, eased

expansion of HCV specific tetratner positive CD8+ T cells: Evidence from
the patient popul ati on suggests that bl ockade of the PD-1/PD-L1 interaction
with anti-PD-Li or anti-PD-1 antibody incrgases the proliferative capacity
of HCV-specific T cells (Figure 26). Addition of 5blocking antibodies in

the presence of IL-2 and HCV-specific peptide resulted in a four-fold
i ncrease in expansP8iciEr af e CoELEHT 1irdeer apd bons maarosesipde £¢lht ed by

moni toring the,d,LaoeRtYe &fple%rmé%]bme%%gbrwmm@u FeAbnigab er ( CFSE) bOw
tetraner |abeled CD8+ T cells after stimulation with cognate peptide for 6

days. The resudstspesdedvin REM] sapplethentsr weh o HGH. otntibody sacheding celbsrwere he
frequency of H cl.fic + 1. I in I gh. Second,
('_t&?ﬁ}pel Em cell _'I_ntJ]o%gl el%( tongQ% W ﬁD-tl:ISﬁlegn ﬁA

the majority o? edi¥ic om t he peripheral bl ood of
pati ents wht hfithitionptatdsiQMiliipdrex t Flatas @Xl[ﬁl‘p@@ﬂioﬂ’ﬂyg:baﬂeé\heﬂhﬂ 00d1 oEBARH] ofThe
phenotype of T cells in ¢ ection was characteri zed by studying

onic H
t he expressi oﬁo%@mﬂ'ﬁ@“m%“Lwe{yﬂ @:a ti‘ﬂk’é'&‘%ﬁ“} hpargdat &5 MYV Einct i on

and T cel| exRaysiria 3x it PESHLYSwRERWIhRY bl 1% Wit PN Llitioeked fdrieV
specific T cells in the intrahepatic conpartnent express PD-1 but |ack

CD127, a phenb@g&pelt@dﬁﬂ\iﬂsﬂém FGp tchpigvene hon-epehidigdindore. Bibekéng ippligm
ant agoni st s Lo a?e fa'd&fgﬂﬁﬂ%@ﬁgfﬁ? ) ggo n§9&cﬁsdu%<af L0er EJH% 1%@@1&?& iRV

i nfection. duces ansi ecific CD8
Cells In VOt r @elﬂllltmec\lfol‘[cadhhﬁ%s dor@se tespl k. alages Welehhﬁ&)lateﬂ(ﬁdnﬁﬁ llldillstd’IG?‘l(D nt rol

of HV/SIV infecti A central le for CD8 T cells has _heen_shown by
viral re-emer@’é‘ﬁé@g%df;ﬂl%ﬁmﬁF%{ﬁ%‘ieaﬁf‘d PlAtey WGt Washedtt WHR PPR aafdx withct ed

nmacaques. CongBSiEY, tWédnh Wélls&wel@&@ﬁ EdHH @ﬁwbﬁéﬁﬁﬁht@@oéﬁﬁﬁﬁ gRLESIEesi gned to
elicit high freguenm es of anti-viral CD8 T cells have contai ned pathogenic

SHI V and SI V ¢haltagdngeeganhdiied @) inSBS/0.2Bwesnd (S mdinubedt al .
Sci ence 290, %gcml%%t 4t%980)['he s%%grllcmgantl%gd%as 1ct]no ¢d %ld p?a%es wégﬁilehSeg 3&2005) '

15  with PBS/0.2% tween. Avidin-D HRP (Vector) diluted 1/1000 in
PBS/0.2%tween/1 %FCS was incubated for one hour at RT. Plates were washed 3x
with PBS/0.2%tween and 3x with PBS and detection was carried out by adding 100
ml of horseradish peroxidase-H,(» chromogen substrate. The substrate was
prepared by adding 150 ul of a freshly made AEC solution (10 mg of 3-amino-9-

20  ethylcarbazole (ICN) per ml dissolved in dimethylformamide(Sigma)) to 10 ml of
0.1 M sodium acetate buffer pH 4.8), filtering it through a 0.2-mm-pore-size
membrane, and immediately before use adding 150 ml of 3%H,0,. Granular red
spots appeared in 3 to 5 minutes, and the reaction was terminated by thorough
rinsing with tap water. Spots were enumerated with a stereomicroscope equipped

25  with a vertical white light.

Determination of total bone marrow cells: For calculation of the total ASC
response in bone marrow, the response was multiplied by the marrow cells of two
femurs by a coefficient of 7.9, since *Fe distribution studies have shown that 12.6%

30  of total mouse bone marrow is located in both femurs combined. No differences
have been detected among the ASC activities of bone marrow cells from the femur,

tibia, humorous, rib, or sternum. Typically, two adult femurs yield 2.0x10 to



30Both the function and the frequency of anti-viral CD8 T cells are crucial
for the control of chronic viral infections such as HV (Mgueles et al.
Nat Itntnunol 3, 1061-8, 2002) and Lynphocytic chorioneningitis virus
(LCW) . EfYRAP(P&3IZhti viral CD8 T cells possess a numbdCTIR4GA¥E bnal
properties including the ability to -130- produce different cytokines,
cytotoxic potential, and high proliferative potential and | ow apoptosis. In
chronic viral infections virus-specific Cpg;.T cells undergo exhaustion that
is associated with the |oss of many of these functions (Zajac et al., J Exp
Med 188, 2205-13, 1998). Similarly, H V-specific CD8 T cells from

i ndi vi dual s V\,i?t-éﬁ‘lﬁr@&ié%%‘ﬁifv@%’? se have been shown to be inpaired for
their function. These CD8 T cells can produce cytokines such as |FN-y but
are inpaired for the production of IL-2, a cytokine that is critical for
the T cell prolifedé Owonmity:s Divgdtlyadonjugxtpd egiodies wkrepaidhaseiddroidppay et

al ., J Exp M4, 192 - 0.. I t hat- ritical for cytolytic
function; andcbgglrz'1 %-Tllh%eglf%rtzt?\%%g%B%'gﬁ{/’r?mgﬁyrlg%%&f'ydfgt%gfﬁlﬁg’gangéle]% i npl i cat ed
to be critiscalbidtnylatdd® oc Matwolabo{PNAV ShepevidihPEwanplrehasddarani et al .,

Bl ood 103, 966-72, 2004)and Sly. HlV-specific T cells express high levels
of PD-1 and tﬁﬂgle@%ropé%*oﬁ“isgﬂuav% wat §aries 584 ?dﬂé’ﬁStSBPE‘ﬁ'éel}t@b‘éﬁh of

virema. A trapgi@Eindd 0FKEmALidk NEST GLk AR nIRENRES: FRhiRRGHRE L1 in
vitro restores H V-specific T cell function. 15The expression of PD-1 on

SW speci fi c CHBSTanéptadyzEdbh oWAGS GCaibecrsingCelQusstaofiwniedBOBioscHIne@39 i n
macaques was investigated. The results denonstrate that SWspecific CD8 T
cells express high levels of PD- | and bl ockade of PD1: PDL-1 pat hway in
vitro resullts i n eshabcedsexpsandicom wofe felfespedosingPrisine0 {GlaploRddn$anr esul t s

wer e obt ai ned: .20 El evat ed ,PD- 1. expressi,on _on specific CDB T cells
(ol L owi e VA6, Sk SHTSC S Paparingt PhRN R SlpRas) SROo 1% T cel 1 o

from normal heahfidtnc@pshndty-i nf ected macaques was investigated to
understand the role of PD-1 expression and its relationship with the
control of Sly-infection. A significant proportion (40- 2550% of total CD8

T cel |51 om nor malyoheal s BRGABHESEXRIEIEH: FDHleblls aHim Al Aoy Tihe P 1

expressi on was predom nantlfl restricted to nmenory cells and was absent on
nave CD8 T Scelifrgivo RI5i idchrdePite axgntasiswitohCHE Camp- vae ratreatedopiderniied f or

total CD8 T cel rom Sl Vnmac239-i nf ect. macagues (Figure 27 nd O).
However . the QM 1D Py SR P S el eI AT Fe Sl Podlie, ¢
positive 30 f PP bvay HiRSSlyFo: t@«!&dvs%k@QfﬂaPﬂl@fQﬁhPW-Dp%JtﬂnQrﬂ, @t nliese cells
further up regulated PD-1 expression (M-l of 580) conpared to total CD8 T

celI's (Ml of “eereyacfifiredand thepmymbegef ansipedy sripting prllsén fespleensWarenonst rat e
SIV-i nf ected racaggaer BRLIGLaRfley SRRt i Eal ra RS o
further elXvatmide amtedeitBRPBpeliHomed €@Bifi€arclyl ihaeaskd levels pbariibodkade of PD- 1
results in enhs?:‘cl?r(e:t?lg g c%ﬁ??£§é)oi?1 t}?J sp elepll_(p')sz%eoclll; zilsccog:ntpﬁred to untreated mice (Figure

16a). ASC can be differentiated from B cells in the spleen by their down-regulation

of the B cell marker B220 and by expression of CD138 (syndecam-1). In agreement

with the ELISPOT results, increased numbers of B220"""™ CD138+ cells were seen

25  in infected mice treated with PD-L1 (Figure 16b).

Treatment of chronic LCMV infected mice with aPD-L1 does not lead to
elevated levels of bone marrow ASC. It was determined whether antibody secreting
cells within the bone marrow were also enhanced during aPD-L] treatment. The

30  majority of long-lived plasma cells reside within the bone marrow, and these plasma
cells are critical to long-termn maintenance of serum antibody levels. Chronic

LCMYV infected mice were treated with aPD-L1 approximately 60 days post



5T cells: To study the effect of PD- | bl ockade on the function of
SWspecific CD8 T cells, proliferation assays were conducted in the
presence ang absence of a bl ocking antibody to human PD-1 nolecule that is
cross react?PI ¥ hcaque PD-1. PBMC from Manu A*01 podftilG&/REe]s
macaques that were infected with a pathogenic siman and human

i munodeficiency virus 89.6P (SH V 89.6P) were stinmulated 10with PI IC
pepti de (Gag-CWD epitope) in the absence.gyd presence of anti-PD 1 bl ocking
Ab for six days. The frequency of Gag CM9 tetraner positive cells was

eval uated at the end of stinulation. Unstinulated cells served as negative
controls. As dHfct98: S3¥A4RF LR gdrteaaat splsen ¥id hane s s KYeS #EE pepti de
resul ted in ana804 by EBRPOA! MIHRGEEARSR vidle EIBGEd RBMRRCH AfC Iahs anmer
positive cells. In addition, in 15four out of six macaques tested,

stinul ati ons wpkeen o wagkpapit-iugatmient, theee Wisewehergeah therumbppof ASCookliieng Ab
resulted in a -4 1 g r 1ancenent in the frequency of tetramer
positive cel|?Bg%%%“§?fﬁ%ﬁépﬁ%ﬁ%ﬁﬁfgﬂang|C peptide in the absence of

bl ocki ng anti body. These results denonstrate that PD-1 bl ockade

enhances the proliferative 20capaci f .Sl V-specifi 18€e i,n

Sl V-infected nacaq&g's”.ea@’eézﬁﬁf@@ﬁ? ig@@ru&mg@% vith aﬁD'%\?(g F‘E&iﬁﬁ'fgands
differ in theiesubXpi 88&%QAc PRESISTS splBx LIC& BONSYAstfither@lvés@ypessed and
upregul ated to hi gher amounts on _both henatopoi eti ¢ and 25nonhenat opoeitic

col l5, whor ea BT blogling fipgaling iihio RyPthet GF BB e Sy T MlactiocCEbR s ( DCs)

and macr ophag&guld¥thBddht SRIEsesh Helifsth PD-1eMahual | (9L Abevirghetial PD- L2
plays in T cell activation have denonstrated inhibitory function for PD- L2,

ot her studles thaughi tp bathtdezpepHiththe posifiMeapetimulngdry mplesplef(dP2f dndferand
cyt oki ne prod Lbﬁéx)i&”dire&?%%ﬁ# éog%ﬂtggré@ Sioh Al SvPle iﬁ@é{ﬁ%@ F@H 1L '(#l?dcf'ﬁ“ ne

response, the‘kinetics expressi on on réent cell types ex

Vi vo was examweettradtddewith €GN deatst wioingPD1ifleeCTDA-4( Botd wr &fABreatbd) agdnt r ast
to PD-L1 expressio PD- L2 expr.ession was, expressed |imtedly on DC during
a very shott CFAE SO LT PHE e 2t dRRReh SEE)E coth PRt Ee Bliggest s
that PD-L2 exmigsSBODNAltRowrhaseient @ItRLETLAY Howeeguliapicoon A8A 1&R&YI ts in
regul ation_of T cell activation. Exampl e 21: PD-1 i s expressed by
the maj orilfy &p-tepsat of ofRshh Withoba s pdde p pynergisticHacrease SHASE SRR t hy

humans Pzt s@NRFBSEIRN | @RatleRe416d8 ki) s from the bl ood of healthy
human adults was investigated. In human bl ood '20-60% of CD8 T cells

expressed PD-1. The relationship between T cell differentiation state and

PD- 1 expressi on m%ﬁ&ﬁ%@g% ol B D GB p}a{@%%a!’igréw?eg%%ai{lgﬁ%?e&;?{gﬁljil@tir? nave,

central nenory (Te ector nmenory
di fferenti at edPEl-LEgtared (ikdenRRyw sytimedis abdgedofoplepapémineonoin GRHRA and

T o 0D, e L RSB RSB e b e
PD-1. These dafjatGerdinsiotiatp4 tihatls 4B BRjsOB deVls GfithhERe b&Mial eghtdir om t he
bl ood of heal trfr:]a)étitr)]l%J lenbe%ggrfti%icsed ienxtgg ?pslgenlzl))%hiigh levels of PNA and FAS staining.
Following oPD-L1 treatment, there was a large increase in the frequency of
PNA+FAS+ B cells compared to untreated controls (Figure 19a-19b).
25
Example 17: PD-1 Expression on Human T Cells
CDS8 T cells are essential for the control of many chronic infections. As
disclosed herein, these CD8 T cells become exhausted following chronic antigenic
stimulation, which is characterized by the induction of a hypoproliferative state and
30  loss of the ability to produce anti-viral cytokines. Exhausted T cells have high
expression of programmed death-1 (PD-1} and, also PD-1 is upregulated by T cell

activation and can be triggered by the PD-1 ligands, PD-L.1 and PD-L2. It is



15Based on these analyses, T cells were subdivided into nultiple
popul ati ons based on CD45RA and CCR7 expression. An additional relationship

was found &@E@Eflﬁ%éﬁSRA expression and PD- 1 expressi og;ﬁ@gg@%{gésﬁﬂl ly,

CCR7- | CD8+ th the | owest CD45RA expression c hi ghest

proportion of PD-1+ cells. In conclusion, PD-1 was predom nantly expressed

by TEm to a | esser extent 20 by TEnEA and Tcm and was not expressed anong
nave CD8 T cells. These data illustrate thgt a |arge proportion of TEm CD8

T cells express PD-1 anong heal thy human adults. To characterize the

properties of PD-1+ CD8 T cel l urther, the co- expression of PD-_| and
Several T cel AsgorHERE &’BHﬁﬁL}nlb&l@W@Wdﬁf“h _.Ol*fwén%gﬁ_alj%frﬁ%/ of
PD-1+ CD8 T celdef cRRIuGHidBIkRLS BFaRCliAl ftkdibh th ARE] 980s SepRkicye and
effector/effector nmenory differentiation. For instance,

CDl1a+/ CCRY7- / cebaniimmisihighpevrisiof PhY- b esipersiopin jsepanse forpchapmae nfecsipl.s wer e
enriched in P LESROR: an i CRALAASE sucORENRy PSRN PBlocking th
(CD11la/ CCR7+/ gﬁéﬁoﬁﬁlﬁM@/a&ﬁR&l% th%S EiIl'mce% s expreltses'eg OIcol\;\lf’lteevel s of
PD-1. 30ThGs, ilPBadtionas Pbr-&PBrlehinieaidtipn esspltesisis edhannedd@D§ Janl @xqdderntaanced CD8
T cells with effector/effector nor ualities. . 133- Exanpl e 22:
PO 1 i 5 expr edtuiCag AT O S g AR P Rogl T2 s 1 cet [s 1 bl oo
of heal thy humans It was evalfled wlxpéaSS$ Dreeldi@ppdiCR3 thicinfEcE@slis was t hen
investigated. Thirty per | s, expressed PE—Tl in the bl ood of
I

heal t hy adul t JUMaR§AXPEss ?ﬁpl}sei)%W%%ﬁ@?%Wéewch% SeUSISFROBSEST [ittl e

PD-1. Wil e aThH\@idylY) Rerhed®d @hdex rééﬁk&ﬁat@%‘rpémﬁ@%n@%s@ts oPkhha®Xpression
was preferentially énriched among TEM T cells (509%. To further

char act eril2e tPREPYSFad plood imenopycleapgelis (BBMG: €R4+Clak gt eadls B, ppnoges+/ CD3+ T
o : . - ERX . )
TOexpr oas on S p RAMAENELARGLE, o PBYRRY OB CUEMBL SGBl PR &0 1

CD8 T cells, EBeimierpPBsis¢xpresvias ornmpoibed siotenCiMicdh (Epdt@nBatihviae (EBV

ef fector/effector nmenory.ph e, includin 2L- .. CDO5+, CDA5RA-,
Corr - ana. ool EuBTRed RSP B AoNE BT aiies trityel3 30 i ERBY on coo
T cel | s speci fsperifiodel IERMdandictMiined trreiffeors blatkingd PENSPDOL I B¢dradtlogbher PD- 1
expression_is correlated with viral_ antigen persistence, PD-1 expression
was conparled dhe EBMeratiorof akeeyeperHic sy vaccinia virus specific CD8 T

cells. EBV and CW-specific CD8 T cells expressed high |levels of 20PD-1. In

contrast, influenza virus specific nenory CD8 T cells expressed
The following materials and methods were used in these studies:

Blood samples: Peripheral blood samples were obtained from 36 healthy
20 individuals who were seropositive for EBV, CMV, influenza or vaccinia viruses.
These subjects were selected based on their HLA allele expression matching HLA
class I tetramers specific for EBV, CMV, influenza or vaccinia virus proteins.
PBMC were isolated from the blood samples over lymphocyte-separation medium
{Cellgro, Herndon, VA).
25
Antibodies, peptides and teframers: Phycoerythrin-conjugated anti-human
PD-1 (EH12, mouse IgG[) and unconjugated human PD-L1 (29E.2A3, mouse
1eG2b) were obtained. Directly conjugated antibodies were obtained from Beckman
Coulter, San Diego, CA (anti-CD3, CDl1a, CD27, CD28, CD38, CD45RA, CD57,
30  CD62L and granzyme-B), BD Pharmingen, San Diego, CA (CD8, CD95, CD195,
HLA-DR, Ki-67 and perforin), and R&D systems, Minneapolis, MA (CCR7).
Peptides were made at the peptide synthesis lab at Emory University, Atlanta, GA.



internediate |l evels of PD-1 and vaccinia virus specific CD8 T cells express
| ow | evel s of PD-1. Hence nenory CD8 T cells specific for chronic
infections (EBY and CW) expressed higher |evels of PD cute
(i nfluenza éﬁﬂm@%a nia) infections. These results shol %f"h%ﬁl 8% celI's
specific for chronic infections (EBV 25 and CW) expressed higher |evels of
PD-1 than acute infections (influenza and vaccinia viruses). CD8 T cells
specific for very conmon chronic infectiamg.can express high |evels of

PD- 1. Exanpl e 24: Anti - PD Li bl ockade increases proliferation of
CD8 T cells 30 speC| fic for EBV an O\Mnf ections in hunmans Bl ockade of
the PD-1 inhi gt F@mea%%wtsr%m%ﬂéoﬁ haHéapd dbwer kadhaprerigee b

H V-specific GBNH $&tdnfer %%‘chﬂlt%/%t[aﬂtas Gl X PQMbelfS MHAB cihs CBlebfde - 134-
specific for comon chronic infections al so express PD-1, it was tested

whet her bl ockageamsfs qaheinRS T airopas PHEMWEYLAAA-GLEARNAMEL (FHQ PP HIQ:f er at i on
of CD8 T cells C n ute

i nfection resul @ﬁ“A HSW%K%! (SW%@Iﬁ%L@AQE %Fggﬁmlgge%ﬁgol at ed
fromthe bBood:MV(HSMwhWNHN&NBVABW(&E@|IBg~IGEM) ,HIcA|B7STRRETGGIGAN GSEQW,
EBV, or W wer beled W th d nder. vari ous
condi ti ons. BA‘E@ L@b)eﬂlﬂ F?ﬁ%% g%&"’ﬁﬁﬁg@i@@? @X)paé"rldlvﬁﬁcé?lﬁl bl ood
mononucl ear cqHILA-APBVIEWIL WY (BE) UDN&: aDeand®VDBTFYMVASHD BNNO: REH LI

anti body, did not induce proliferation of virus-specific CD8 T cells.

Stimulation of PBMC for 6 days wth virus-derived 10peptides resulted in

di vision of tet ram?ﬁn#‘nu%e% %(énd ('JPS'@,M%MMF}%W I8 2,5 bedHudtah QoRf  PBMC i n
the presence of anti-PD L1 anti body further enhanced division of

EBV and CNN- sﬁéfmdfsmpl@woﬁuldédel%stam@swth antigodlips ¢f tgtusé@ﬁtleandftbwdar@iq@ems! on
than peptide gga%% J*AP FP @U%ﬁgﬁ%ﬁé%&l b(ﬁlﬁ?‘mﬁ%gkﬁfsa@atlfbn bl ocki ng

anti body vari anong and even a feren epﬂ topes within
a given 15i ndi%ll@mtbomleoverau?mmom otkagier mimg HadiShies sdftwarei(Bdhhanced

expansi on of vaccinia or i Iue ific el ks.. The degree of
enhanced i vi STGMPRAEEE BBroci g Bt G LIPS el ated to
the amunt of tRiddg Q{dqmmwﬂhlcg@@xﬁﬂﬁ&ﬁdeﬁl & RBrale, 6&cIntmPy] Qfert O
stimul ati on. These data su gest that PD-1 expression on CD8 T cells

speci fic flor dRFoRi Moleplardiiponssatitpom ioeperate in db forcl mindpes: foyexaaplaci ty
upon anti geni S ockade
further i ncreg‘gg;stédg}}hgﬁa jg?értlfn(r)nf{n%fﬁ%f%ééﬁlgg spegl 'Pﬁedcfé%r llalgfﬁl?%ni C
infections UpdBMQ weird stionditedwitatition pejftive ahﬂdl(lugzﬁml)@i p#fitd withlaad HIRg
antibody led to 25 increased divisjion anon T cells épeCI fic for EBV

and CW. Anti -POnfiPodypOR@ e adeatrobridarcs a%fiﬁlmd of gt pEoG plopatiEMCuas
assessed at thguend @b Lﬁ*&ﬁtﬁd& o@@ﬁh@(&'hﬁt%ﬁm‘%ﬁfgho : tbdl Bntyo¥§ (Rzh- PD- L1

treatment in mce involved mulftiple injectio I'ocki ng &nt 1 body.
Furt her nor28, iloughds Falheringn GtadineshatipmandNO, thbedlls Wwirowkdide anesah¢dkd in a

rapid upregul a&fllthotgtlz?r}c]el aP-n:L' W’elﬁ‘lparn?lsébg da —man%di-ers é:x?rlanlzeﬁlularly.

The following results were obtained:

25 Expression pattern of PD-1 ont PBMC subsets: PD-1 expression was
examined on PBMC subsets in healthy individuals. It was observed that CD8+ T
cells, CD4+ T cells and monocytes (CD14+) express high levels of PD-1, B cells
(CD20+) express low levels of PD-1 and NK cells (CD56+) and DC (CD11c+) do
not express PD-1.

30

PD-1 is preferentially expressed among effector memory CD8 and CD4T

cells: CD8 T cells from normal healthy individuals were examined for co-



30specific for chronic viral antigen. For these reasons, it was tested
whet her repeated additions of anti-PD-LI to stinmulated T cell cuI tures
woul d further enhance proliferation. The addition of a-PD-Li days 0,
2, and 4 JYOMPORHE resulted -135- in an even greater P&E’&ﬁ?ﬂﬂ?’&%"?ﬂn of EBV
speC|f|c CD8 T cells than a single addition of mAb at day 0. Simlar data
was observed for CW specific CDB T cells. These data suggest that
continued bl ocking of PD-1 signaling can_gptimze the ability to increase
the nunbers of CD8 T cells specific for chronic antigens. 5It will be
apparent that the precise details of the nethods or conpositions described
may be vari ed cspresiid of iPEY] wilth WadeuspbpratyRiq garkesmstosiatesyyifh diffgentiaiion

descri bed i nveRtd 48 fuihiof LR abA). SRR, hhGabiPAAAM NG bitippe ¢ hat
fall within the scope and spirit of the clains below - caims 1. The
use of acti vat@® Tcebldnly apsedtlrelapk el PPal. whewhs @DBlTwllaﬂmtJmm@ﬁeda PD- 1

3:]'; Zlgolmnfséclt Pg%lqeusnn?aqyfl s?‘gtsgglz?tgé) tﬁe Fc%l?et%fmtm Erfe%%lgé%fag‘)}hqgﬁrgeda% eno BFer si stent

wherein T 6el |aB;0Q)°(prb‘hied mgmlmrlelqa)lﬂ PBub[Riegme S@E)crmieceada]wqurcg@mgnhm@u he viral
antigen; and

the, PD-1 ant agoni st is one of ant| dy, an
anti-PD-L1 ant“f%Bkﬁ?"fﬁ%{WFéﬁi‘?f%‘?‘f MM & ‘E?B%meé{‘o% ﬁ? m‘? P PD- 1
RNAi, a snal | bt bodiinadWé fdtidd kimiBNAknd @ Bdd). Inhl bl tory antl -PD- L2
RNAi , an anti-PD-1 anti sense RNA, an anti -PD-L1 antisense RNA, an

anti-PD-L2 antisense RNA, a dom nant negative PD-1 protein, a dom nant

negative PD-LI pr o) iy 3, MHAANJIE0BY e ST Lﬁcpl};Qr%S’hrCD8)f“c9£ﬁ”1?b”at' ons

thereof 2. The use o ai'm | ereint eV| antigen is a hepatitis
viral antil§en.ev@uatg Iwbetthgecm TekH ypegific Wreheinie infeetidrs pabumnins Sbw al antigen

is gp33. 4. The us rein the rsist fCtIOI’]IS
a human i mmno%ce?zﬁs%dleeex %383581\9? Pg% ect 7én>"° O'E)%nﬁlm S@ﬂ%};l‘ CE{IS Spem Yherein

the viral ant |cgm|mcq3‘e1 sistdne vieades (ISB‘@ |9nd|.2ElV) vas ciﬁit@alﬁﬁ eithfaciat airmg sbemﬁber ein
t he nammlian Jﬁch‘? m 1, wherein. the

mammal i an subj ﬁwgaolﬁ‘df"&?ﬁ“sj?dmm@” ‘“%H?“ﬁlégyé‘iﬁmé%a\“rﬁ ¥5Visherein the

persistent vi r@hvi iiMehiodnd $ac€de Viftls- qRébﬁﬁ%h@rﬁel‘é\«Ehm@q hepai By iggukr us, a
human i mmunodefi ci ency virus uman T- | gﬁot rophi c vi rus (HTLV)
nm

a herpes Jr uszlAeﬁhOEf)@P@iS%mBB{ﬁPDl QMFI BEBRY, wpih Pt ygcipiariyis- 9. The
use .Of_ claim JsPec 3'?‘0%11? 156)'1 eéglggﬁlgﬂ%ssttouﬁcpto% 1@%55&@&}’%}% ﬁ)eclhc
i a S

specifically b D 1, an ant t specifically bi ogr ammed
Deat h Li gand ﬁqmﬂk)thmlnﬁwnamfp%dﬁ%)tdmdtva@(ma@(quod}é)Bﬁ))IVImSﬂ@stnﬁp 6d8amed

Death Li gand- ’lzce %1 ):s ZP/{ 2?19{7@1mq;[11|139 hsgécenp ic CD8 T cells more frequently
expressed PD-1 than influenza (p=0.0431) and vaccinia (p=0.019) (Figures 21 A-
20 21B). These results suggest a correlation between PD-1 expression and antigen

experience.

Anti-PD-L1 blockade increases proliferation of chronic persistent virus-
specific CD8 T cells: It was assessed whether PD-1 blockade enhances persistent
25  antigen- specific CD3 T cell responses similar to the results observed in mice.
CFSE labeled cells were stimulated with either EBV, CMYV, influenza or vaccinia
virus-specific peptides in the presence or absence of anti-PD-L1 antibodies. After 6
days, the percentage of tetramer’ CESE® cells and CD8+ CESE® cells was
compared between cultures that were stimulated with peptide alone and cultures that
30 were stimulated with peptide and subsequently blocked with anti-PD-L1.
Representative flow cytometry plots with proliferation of CMV and EBV-specific
CD8 T cells are shown in Figure 22A. Aggregated data from CMV (n=5), EBV



- 137 - 10. The use of claim9, wherein the antibody that specifically
binds PD-1 is (1) a nonoclonal antibody or a functional fragrrent t her eof ,
(2) a huma B,G:)zed anti body or a functional fragnent thereof, or ﬁsg, an
Emmunogl o PSP on protein. 11. The use of claim 18CT<7v'lﬁ%"r0@ %Y he

anti body that binds PD-L is (1) a nonoclonal antibody or a functional
fragnment thereof, (2) a humani zed anti body or a functional fragnment

t hereof, or (3) an Irnnunogl obulin fusionyprotein. 12. The use of claim
10, wherein the antibody that binds PD-L2 is (1) a nonoclonal antibody or a
functi onal fragrrent t hereof, (2) a humani zed antibody or a functional
fragment ther &5 1Biluenzy (na%5 ?Wﬁ%@ﬂaé’ifrtﬂ) SﬁoP%ti“@H"‘BVIS’t‘fé?ﬁ“hcl‘Sﬂ i"The use of
a popul ation efudong. BmetiiNabBd/AD44alih@raefiod BEh BEPBNCICIRbod) BRIk in
antagoni st in tthe manufactufe of a nedi cament for treatnent of a persistent
viral infecti dnsrdapedeprofifaratipi anER ¥ ahg CMRY -specific CDHHecks wherprs ipldyenkat i on of
donor acti vat I Jhe manmmal i an
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i nterest pri orthadstrooentaicanseguankes PEHLY dfeéctienof cel I's conprising T cells
with the ARCs. Currently, little is known about the expression of PD-1 and its role in T cell
exhaustion in chronic HCV infection, particularly at the site of active infection, the

liver. The present study was undertaken to better understand the T cell phenotype in



- 139 - 27. The use of the popul ation of donor activated T cells in
conbination with a PD-1 antagonist of claim 13, in conbination wth one of
an antiviral conpound, an anti-inflammuatory conpound, or_an anal gesic. 28.
The use of WEIAHRA™ wherein the persistent viral infectiSRY7 4% an

I mmunodeficiency virus infection, and wherein the PD-1 antagonist is an
anti-PD-Li antibody. 29. The use of claim 13, wherein the persistent viral
infection is a human i mmunodefici ency viryssinfection, and wherein the PD-1
antagoni st is an anti-PD-LI antibody. Replacenent Sequence Listing.txt
SEQUENCE LI STI NG <110> EMORY UN VERSI TY PRESI DENT AND FELLOWS OF HARVARD
COLLEGE DANA- RARBERciRRCER saNsing FmEssitiif & D- Raf pntgearsascifitarR8 G Tes ver

Dani el G Al enf el Aty G £oiBn. o 90 Bck30:, SERRRE) THONS, AND NETHODS
FOR THE TREATMENT OF ||\|’FEcrr'|5 O%IS AND TUMRET 1 30> 0875 7637404 <150>

60/ 877,518 <151> 2006-12-27 <160> 62 <170> Patentln version 3.5 <210> 1
<211> 288 <212> P%h?%&%ﬁfirﬂp MRerdl? Iane(i1 r?wtﬁélg szrejhsed in these studies:
5
Subjects: Seventeen patients with chronic HCV infection (HCV antibody
and HCV PCR positive) and negative for HIV by antibody screening were enrolled
in the study. All patients were naive to HCV anti-viral therapies prior to enrollment.
Seven of the fifteen patients were positive for HLA-A2 by FACS analysis. The

10 patient characteristics are summarized in Table 1.

Table 1. Patient cohort demographic and clinical data.

Patient Gender | Age | HLA-A2 HCY Baseline Viral | ALT
Identification Genotype | Load (IU/ml)

153 HCV* M 43 + 2b 7,340,000 25
178 HCV* F 48 + 2 18,330,000 62
179 HCV M 54 - la 197,000 197
183 HCV F 56 + la 1,170,000 45
190 HCV M 52 - la 5,990,000 27
193 HCV M 66 + la 16,120,000 30
601 HCV M 60 - 1b 4,690,000 25
602 HCV M 48 - la 586,000 80
603 HCV M 58 + la 1,820,000 36
604 HCV M 58 - la 2,850,000 57
605 HCV F 30 - | 819,000 57
606 HCV M 50 - 1b 591,000 18
607 HCV M 59 + 3a 343,000 31
608 HCV M 57 - 1b 395,000 16
609 HCV M 55 + la 833,000 67
611 HCV M 53 - la 1,220,000 88
613 HCV M 59 - 1b 6,160,000 40

HCV antibody resting, viral load determination and genotyping: HCV
15  antibody testing by ELISA was performed using a kit per the manufacturer’s
instructions (Abbott Diagnostics, Abbott Park, I11; Bio-Rad Laboratories, Hercules,
CA). HCV viral load quantification was performed using a real-time RT-PCR assay

(Roche Molecular Systems, Alameda CA). HCV genotyping was performed using a



Mt Gnlle Pro dn Ala Pro Trp Pro Val Val Trp Ala Val Leu A n 151015 Leu
Gy Trp Arg Pro Ay Trp Phe Leu Asp ser Pro Asp Arg Pro Trp 202530 Asn Pro
Pro Thr Phe Phe Pro Ala Leu Leu Val Val Thr Qu Gy Asp 354045 Asn Ala Thr
Phe Thr Cy¥O3UBBHE Ser Asn Thr Ser G u Ser Phe Val SOWWSE@LI’O%N Trp Tyr
Arg net Ser Pro Ser Asn A n Thr Asp Lys Leu Ala 65707580 Ala Phe Pro Gu

Asp Arg Ser Gn Pro Ay G n Asp Cys Arg Phe Arg 859095 Val Thr G n Leu Pro
Asn Gy Arg Asp Phe H's Met Ser Val Val Ajg.100105110 Ala Arg Arg Asn Asp
Ser Gy Thr Tyr Leu Cys Gly Ala Ile Ser Leu 115120125 Ala Pro Lys Ala G n
Ile Lys Qu Ser Leu Ar g Val 130135140 Thr Gu Arg Arg Ala
A u Val Pro Th?alﬂmR—TgcﬁraésaséﬁbmthSévosp% Abhat Barkehl] gyl yiwgen Hne

Repl acenent S%%b%rﬁgs%y ltLﬁiA) an}tei( blagnostlcs, Research Triangle Park, NC).

Peripheral blood mononuclear cells: EDTA and heparin anticoagulated
5  blood (50-70 ml} was collected from each patient and either used directly for FACS
staining or for PBMC isolation. PBMCs were isolated using Ficoll-Paque PLUS
density gradient (Amersham, Oslo, Norway}, washed twice in PBS, and either
analyzed immediately or cryopreserved in media containing 90% fetal calf serum
(Hyclone) and 10% dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO).
10

Liver biopsy: Liver tissue was obtained by either ultrasound-guided needle
biopsy or via transjugular fluoroscopic technique and immediately put into RPMI-
1640 medium (Gibco) containing 10% fetal calf serum (Hyclone, Logan, UT) for
immunological assays. Another fragment was fixed in formalin for histological

15 examination,

Intrahepatic T cell isolation: The liver biopsy sample obtained in RPMI-

1640 medium (Gibco, Carlsbad, CA) containing 10% fetal calf serum (Hyclone,
Logan, UT) was washed three times with the same media to remove cell debris and

20  RBCs. Isolation of liver infiltrating lymphocytes was performed using an
automated, mechanical disaggregation system (Medimachine, Becton Dickinson,
San Jose,, CA). The sample was inserted into a 50 pum Medicon and inserted into
the Medimachine and run for 15 seconds. Dissagregated cells were removed using a
syringe in the syringe port. The Medicon was rinsed twice with RPMI medium

25  {Gibco, Carlsbad, CA) containing 10% fetal calf serum (Hyclone, Logan, UT) to

ensure maximum cell recovery. Cells were used immediately for FACS staining,

Antibodies, HLA-A2 tetramers and flow cytometry: Cells were stained with
FITC, PE, PerCP and APC labeled monoclonal antibodies or tetramers according to
30  the manufacturers’ instructions and flow cytometry performed using FACS Calibur
(Becton Dickinson, San Jose, CA). FACS data were analyzed with FlowJo software

(Treestar). The following monoclonal antibodies from BD Pharmingen (BD
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Pro Ala Gy Gn Phe Gn Thr Leu Val Val Ay Val Val Gy Ay 165170175
Leu Ay Ser Leu Val Leu Leu Val Trp Val Leu Ala Val Ile Cys 180185190
Arg AlLa Ala Arg Gy Thr Ile Ay Ala Arg Arg Thr A n Pro 195200205
Lys GAPAYFBIE Ser Ala val Pro Val Phe Ser Val Asé P208/0888510215220
Leu Asp Phe G n Trp Arg Qu Lys Thr Pro Au Pro Pro VaI Pro

225230235240 Cys Val Pro Qu A n Thr AQu Tyr Ala Thr Ile val Phe Pro Ser
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245250255 Met Gy Thr Ser Ser Pro AlaArg Arg Gy Ser Ala Asp Ay Pro
260265270 Ser Ala G n Pro Leu Arg Pro Qu Asp Gy His Cys Ser Trp Pro
275280285 <210> 2 <211> 288 <212> PRT <213> Mus nuscul us <400> 2 Met

Val Arg GBipsgigncesy anppss. & worrausedhrAnti-GDAPsrGRand asli-CRPRASABES Leu Ser

A n Ser GanilrdshiekTee D fTdahd B 2APR Wiy ofithifed b 222835 Coulter
(Fullerton, CA). Anti-PD-1 PE conjugated antibody (clone EH12) was generated as
described (Dorfman et al., Am. J. Surg. Pathol. 30:802-810, 2006). HLA-A2

5  tetramers were specific for the following CD8+ T cell epitopes: HCV 1073:
CINGVCWTV (SEQ ID NO: 44); HCV-1406: KLVALGINAV (SEQ ID NO: 45).
Flow cytometric collection was performed on a FACSCaliber™ (BD Biosciences,

San Jose, CA) and analysis performed using FlowJo software (v8.1.1).

10 CFSE labeling and antibody blockade: 10x0° PBMCs were washed with
PBS and labeled with 3uM CFSE (Molecular Probes). Cells were adjusted to 1x10°
cells/ml and cultured in the presence of 2pg/ml of A2-HCV 1073 (CINGVCWTV,
SEQ ID NO: 44) peptide. 10U/ml of IL-2 were added on day 3 post stimulation.
An unstimulated control was included in each assay. Specific blocking antibodies

15 (anti-PD-L1; clone # 29E and anti-PD-1; clone # EH12 (Dofman et al., supra) were
added to cell cultures at a concentration of 10pg/ml at the time of stimulation. Cells
were incubated for 6 days, harvested and stained with surface antibodies and

tetramers and analyzed by flow cytometry.

20 Statistical analysis: Results were graphed and analyzed using GraphPad
Prism (v4). Comparisons made within the same patient were performed using paired

t tests. Comparisons made between patients were made using unpaired t tests.

The following results were obtained:
25
PD-1 expression on HCV anrigen specific CD8+ T cells: Seventeen patients
with HCV infection (all HIV negative) were studied (Table 1). Fifteen patients
underwent both blood and liver sampling for phenotyping by flow cytometric
analysis, and all were untreated with pharmacologic antiviral therapy prior to study
30  enrollment. Seven patients in the cohort were HLA-A2 positive and demonstrated a
population of HCV specific CD8+ T cells in the periphery by HLA tetramer staining
(Table 1). These HCV specific CD8+ T cells were evaluated for PD-1 expression
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of peripheral CD8+ T cells from HCV infected patients (Figure 23B). In contrast,
the majority of HCV-specific tetramer positive CD8+ T cells sampled from the

5  peripheral blood were PD-1 positive (mean 85%, SEM 3.6) (Figure 23A) with
significantly higher expression than that of the total CD8+ T cell population
(p<0.0001) (Figure 23B). Expression of differentiation, co-stimulatory, trafficking
and effector function molecules on antigen specific CD8+ T cells was also
investigated. The HCV-specific tetramer positive cells exhibit a memory phenotype

10 (high CDl11a, low CD45RA), early differentiation markers (high CD27, high CD28,
intermediate expression of CCR7 and CD62L) and low levels of mediators of
effector function granzyme B and perforin. Interestingly, these HCV tetramer
positive T cells in the peripheral blood expressed high levels of CD127 (IL-7
receptor . chain), a phenotypic marker that when expressed at low levels identifies
15  impaired memory T cell differentiation.

To determine whether the phenotype of CD8+ T cells was different in the
setting of non-chronic infection, Flu-specific T cells were examined in five healthy
HLA-A2+ donors who were not infected with HCV. The percentage of peripheral
Flu tetramer+ CD8+ T cells that expressed PD-1 was 49% (SEM 14.1) (Figure 23C).

20 Five of the seven HLA-A2 positive chronic HCV patients were also identified by
tetramer analysis to have Flu specific CD8+ T cells. The percentage of Flu-specific
T cells expressing PD-1 in these chronically infected HCV patients was not
significantly different from the same population in healthy donors (Figure 23C).
Importantly, because five of the seven HLA-A2+ HCV patients also had detectable

25  Flu specific CD8+ T cells, a comparison could be made, within each patient, of PD-
1 for T cells specitic for a non-chronic (Flu) and chronic (HCV) infection. The
difference between Flu-specific and HCV-specific T cell expression of PD-1
expression was significant (Figure 23C). The percentage of HCV specific CD8+ T
cells expressing PD-1 (mean 83%, SEM 6.4) was greater than the percentage of PD-

30 1+ Flu specific CD8+ T cells (49%, SEM 12.3) (p=0.048) (Figure 23C).



195200205 Asp Thr Leu Lys Qu GQu Pro Ser Ala Ala Pro Val Pro Ser Val Al a
210215220 Tyr Au GQu Leu Asp Phe An Ay Arg Qu Lys Thr Pro Qu Leu Pro
225230235240 Thr Ala Cys Val H's Thr Qu Tyr Ala Thr Ile Val Phe Thr Qu
Gy 245250%8 3 BA1H y Ala Ser Ala net Ay Arg Arg Gy §EF’UE\F°§7‘W§B’1G y Leu
G n 260265270 Ay Pro Arg Pro Pro Arg Hs Qu Asp Gy H's Cys Ser Trp Pro
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Iymphocytes: Peripheral blood and liver biopsies were analyzed for the expression
of PD-1from fifteen patients chronically infected with HCV. Representative flow
cytometric analysis from five patients 1s shown in Figure 24A. Whereas in the
5  peripheral blood, 27% (SEM 3.4) of CD8+ T cells were PD-1+, the frequency of

such cells was increased two fold (57%, SEM 3.6) in the liver (Figure 24B). Hence,
the liver is enriched in cells expressing high levels of PD-1. While naive cells
should express high levels of both CD62L and CD45RA, in the liver the majority of
CD8+ T cells were CD62L low/CD45RA low consistent with a memory phenotype

10 (Figure 24C). Analysis specifically of this memory population in both the liver and
the periphery showed that PD-1 expression was elevated in the liver compared with
the periphery (Figures 24C). These data suggest that the increase in the percentage
of cells expressing PD-1 on the intrahepatic T cells is not merely due to the absence
of the naive population in this compartment. Rather, there is a preferential

15 enrichment of PD-1+CD8&+ T effector memory (CD62L low/CD45RA low) cells
within the liver compared to the peripheral blood (Figure 23C).

CDI27 expression on luiman peripheral blood and liver infiltrating

Iymphocytes: 1L-7 is requued for maintenance of memory CD8+ T cells (Kaech et

20 al., Nat Immunol 4:1191-8, 2003), and the alpha chain of its receptor, CD127, is
downregulated on antigen specific T cells in persistent LCMV and
gammaherpesvirus infections (see, for example, Fuller et al., J Immunol 174:5926-
30, 2005). This loss of CD127 during chronic infection correlates with impaired
cytokine production, increased susceptibility to apoptosis, and a reduction in the

25  ability of memory virus-specific CD8+ T cells to persist in the host. Accordingly,
resolution of acute hepatitis B virus (HBV) infection correlates with upregulation of
CD127 expression and concomitant loss of PD-1 expression (Boettler et al., J Virol
80:3532-40, 2006). Interestingly, in the chronic HCV patients, only 20% (SEM 4.8)
of total peripheral CD8+ T cells were CD127 negative, but in the hepatic CD8+ T

30  cell infiltrates, this percentage increased significantly to 58% (SEM 4.4) (Figure
24D). Hence, the liver is enriched in cells expressing an exhausted phenotype with

high PD-1 and low CD127 cells predominating. These data suggest that liver
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infects T cells and monocytes in the peripheral blood, low levels of CD127 are

associated with functional or memory T cell defects (Boutboul et al., Aids 19:1981-
5  6,2005). In this study, the hepatic compartmentalization of the cells showing this

exhausted phenotype suggests that the phenotype is intimately tied to the site of

persistent viral replication.

PD-1 and CDI127 expression on HCV antigen specific CD8+ T cells in the

10 liver: Two of our HLA-A2 patients in the cohort also had an identifiable HCV
specific population by tetramer staining in the liver (Figure 25). Expression of PD-1
and CD127 was directly compared on HCV specific tetramer positive CD8+ T cells
in the liver versus the periphery of these individuals. HCV specific CD8+ T cells
from the periphery were mostly PD-1 positive (mean 8§5%, SEM 3.6) and CD127

15  positive (mean 84%, SEM 4.0), while the hepatic HCV specific CD8+ T cells were
mostly PD-1 positive (mean 92%) but only rarely CD127 positive (mean 13%)
(Figure 25). At the site of viral replication, there appeared to be an expansion of
CD127 negative cells expressing high levels of PDD-1. That peripheral antigen
specific CD8+ T cells differentially express CD127 compared with the intrahepatic

20  compartment could be related to the level or timing of antigen exposure needed to
cause downregulation of CD127. In LCMYV infection of mice, exposure to persistent
antigen load with chronic infection, CD127 was persistently downregulated whereas
short-lived exposure to LCMYV antigen using GP33 only temporarily suppressed
CD127 expression and failed to induce T cell exhaustion (Lang et al., Eur J

25  Immunol 35:738-45, 2005). Dependence on availability of antigen and time of
exposure was also observed to affect the expression of CD62L and CD127, whereas
persistent antigen led to persistent downregulation of both CD62L and CD127
(Bachmann et al., J Immunol 175:4686-96, 2005). Without being bound by theory,
in chronic HCV infection, the few HCV specific CD8+ T cells detected in the

30  periphery may not be continuously exposed to sufficient antigen to maintain low

levels of CD127. Thus, the T cells may “believe” that the virus has been cleared.



Leu Val Ile Leu Ay Ala lle Leu Leu Cys Leu Ay Val Ala Leu Thr 245250255
Phe Ile Phe Arg Leu Arg Lys Ay Arg Met Met Asp Val Lys Lys Cys 260265270
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Blockade of PD-1/PD-L1 leads to increased expansion of HCV specific

tetramer positive CD8+ T cells: Evidence from the patient population suggests that
blockade of the PD-1/PD-L1 interaction with anti-PD-L1 or anti-PD-1 antibody
increases the proliferative capacity of HCV-specific T cells (Figure 26). Addition of
5  blocking antibodies in the presence of IL-2 and HCV-specific peptide resulted in a
four-fold increase in expansion of the HCV-specific T cells as demonstrated by
monitoring the frequency of carboxyfluorescein succinimidyl ester (CESE)"*"

tetramer labeled CD8+ T cells after stimulation with cognate peptide for 6 days.

The results show that at the site of infection, the liver, the frequency of HCV
10 specific CD&+ T cells expressing PD-1 is high. Second, the majority of HCV
specific CD8+ T cells from the peripheral blood of patients with chronic HCV
infection express high levels of CD127. The phenotype of T cells in chronic HCV
infection was characterized by studying the expression of the PD-1 molecule linked
to impaired effector function and T cell exhaustion. The results show that the
15  majority of HCV specific T cells in the intrahepatic compartment express PD-1 but
lack CD 127, a phenotype consistent with T cell exhaustion. Thus, PD-1 antagonists

are of use as therapeutic agents for the treatment of HCV infection.

20 Example 19: PD1 Blockade Induces Expansion of SIV-specific CD8

Cells In Vitro
Anti-viral CD8 T cells play a critical role in the control of HIV/SIV

infections. A central role for CD8 T cells has been shown by viral re-emergence

25  during transient in vivo depletions in SIV-infected macaques. Consistent with this,
contemporary vaccine strategies designed to elicit high frequencies of anti-viral CD8§
T cells have contained pathogenic SHIV and SIV challenges in macaques (see, for
example Barouch et al., Science 290, 486-92 (2000); Casimiro et al., J Virol 79,
15547-55 (2005).

30 Both the function and the frequency of anti-viral CD8 T cells are crucial for
the control of chronic viral infections such as HIV (Migueles et al. Nat Immunol 3,
1061-8, 2002) and Lymphocytic choriomeningitis virus (LCMV). Effective anti-

viral CD8 T cells possess a number of functional properties including the ability to
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exhaustion that is associated with the loss of many of these functions (Zajac et al., J
Exp Med 188, 2205-13, 1998). Similarly, HIV-specific CD8 T cells from

5  individuals with progressive disease have been shown to be impaired for their
function. These CD8 T cells can produce cytokines such as IFN-y but are impaired
for the production of IL-2, a cytokine that is critical for the T cell proliferation and
survival; expression of perforin (Appay et al., J Exp Med 192, 63-75, 2000, a
molecule that is critical for cytolytic function; and proliferative capacity, a property

10 that has been implicated to be critical for the control of HIV (see, for example,
Harari et al., Blood 103, 966-72, 2004)and S1V. HI1V-specific T cells express high
levels of PD-1 and this expression is directly proportional to the level of viremia. A
transient blockade of interaction between PD-1 and PD-L1 in vitro restores HIV-
specific T cell function.

15 The expression of PD-1 on SIV-specific CD8 T cells following infection
with a pathogenic STV239 in macaques was investigated. The results demonstrate
that SIV-specific CD8 T cells express high levels of PD-1 and blockade of PD-
1:PDL-1 pathway in vitro results in enhanced expansion of these cells. The
following results were obtained:

20

Elevated PD-1 expression on SIV-specific CD8 T cells following SIV239
infection: The level of PD-1 expression on CD8 T cells from normal healthy and
SIV-infected macaques was investigated to understand the role of PD-1 expression
and its relationship with the control of SIV-infection. A significant proportion {40-

25 50%) of total CD8 T cells from normal healthy macaques expressed PD-1 (Figure
27A). The PD-1 expression was predominantly restricted to memory cells and was
absent on naive CD8 T cells. A similar PD-1 expression pattern was also observed
for total CD8 T cells from SIVmac239-infected macaques (Figure 27B and C).
However, the majority (>95%) of STV Gag CM9-specific CD8 T cells were positive

30  for PD-1 expression and a significant proportion of these cells further up regulated
PD-1 expression (MFI of 580) compared to total CD8 T cells (MFI of 220) (Figure

27D). Collectively, these results demonstrate that a significant proportion of



Ile Ala Leu Arg Lys A n Leu cys G@n Lys Leu Tyr Ser Ser Lys Asp 245250255
Thr Thr Lys Arg Pro Val Thr Thr Thr Lys Arg Qu Val Asn ser Ala 260265270
Il e Replacenent Sequence Listing.txt <210> 5 <211> 23 <212> PRT <213> Hono
sapi ens <MYO2008084B || e val Met Thr G n ser Pro Asp SePCTEUS20R[/884H| Ser Leu
Gy 151015 Gu Arg Ala Thr Ile Asn Cys 20 <210> 6 <211> 14 <212> PRT <213>
Hono sapiens <400> 6 Trp Tyr Gn Gn Lys Pro Ay Gn Pro Pro Leu Leu Ile

Tyr -131-

memory CD8 T cells from normal and SIV-infected macaques express PD-1 and the

level of PD- | expression is further elevated on the SIV-specific CDgE T cells.

In vitro blockade of PD-1 results in enhanced expansion of SIV-specific CD8
5 Tecells: To study the effect of PD-1 blockade on the function of SIV-specific CD8 T
cells, proliferation assays were conducted in the presence and absence of a blocking
antibody to human PD-1 molecule that is cross reactive to macaque PD-1. PBMC
from Mamu A*01 positive rhesus macaques that were infected with a pathogenic
simian and human immunodeficiency virus 89.6P (SHIV 89.6P) were stimulated
10 with P11C peptide (Gag-CM9 epitope) in the absence and presence of anti-PD-1
blocking Ab for six days. The frequency of Gag CM-9 tetramer positive cells was
evaluated at the end of stimulation. Unstimulated cells served as negative controls.
As can be seen in Figure 28A-28B, stimulation with P11C peptide resulted in an
about 4-80 fold increase in the frequency of tetramer positive cells. In addition, in
15  four out of six macaques tested, stimulations with P11C peptide in the presence of
anti-PD-1 blocking Ab resulted in about 2-4 fold further enhancement in the
frequency of tetramer positive cells over stimulations with P11C peptide in the
absence of blocking antibody.
These results demonstrate that PD-1 blockade enhances the proliferative

20  capacity of SIV-specific CD8 T cells in SIV-infected macaques.

Example 20: Role of PD-L2
Two PD-1 ligands differ in their expression patterns: PD-L1 1s constitutively
expressed and upregulated to higher amounts on both hematopoietic and
25  nonhematopoeitic cells, whereas PD-L2 is only inducibly expressed on dendritic
cells (DCs) and macrophages. Although some studies for evaluating the role that
PD-L2 plays in T cell activation have demonstrated inhibitory function for PD-1.2,
other studies reported that PD-L2 stimulate T cell proliferation and cytokine
production. To delineate the role of PD-L2 on T cell immune response, the kinetics
30  of PD-L2 expression on different cell types ex vivo was examined after LCMV
Armstrong infection (Figure 29). In contrast to PD-L1 expression, PD-L2

expression was expressed limitedly on DC during a very shoit time (day 1-4 post-



1510 <210> 7 <211> 32 <212> PRT <213> Hono sapiens <400> 7 Gy Val Pro Asp
Arg Pro Phe Ay ser

Leu Gn Ala Au As
PRT <213> WRAWSE%H
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Ex
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-132-

infection). This result suggests that PD-L2 expression is closely related to DC

regulation and results in regulation of T cell activation.

ample 21: PD-1 is expressed by the majority of effector memory CD8

T cells in the blood of healthy humans

PD-1 expression on CD3+/CD8+ T cells from the blood of healthy hurnan

Ba

To

adults was investigated. In human blood 20-60% of CDS8 T cells expressed PD-1.
The relationship between T cell differentiation state and PD-1 expression was
examined. CD3+/CD8+ T cells were delineated into naive, central memory (Tep),
effector memory (Tgm), and terminally differentiated effector (Trvra) subsets based
on patterns of CD45RA and CCR7 expression. PD-1 was not expressed by naive T
cells, and by approximately one third of Tcy and Temra. In contrast, 60% of Tru
expressed PD-1. These data demonstrate that the majority of Tgy isolated from the

blood of healthy human adults express PD-1.

sed on these analyses, T cells were subdivided into multiple populations

based on CD45RA and CCR7 expression. An additional relationship was found
between CD45RA expression and PD-1 expression. Specifically, CCR7-/CD8+ T
cells with the lowest CD45R A expression contained the highest proportion of PD-1+
cells. In conclusion, PD-1 was predominantly expressed by Try, to a lesser extent
by Temra and Tew, and was not expressed among naive CD8 T cells. These data
illustrate that a large proportion of Tgy CD8 T cells express PD-1 among healthy

human adults.

characterize the properties of PD- 1+ CD8 T cells further, the co-

expression of PD-1 and several T cell differentiation markers was examined. The
majority of PD-1+ CD8 T cells bore markers associated with antigen experience and
effector/effector memory differentiation. For instance, CD11a+/CCR7-/CD62L-
/CD45RA-/KLRG1+/granzyme B+/perforin+ CD8 T cells were enriched in PD-1
expression. In contrast, naive phenotype (CD1]1a-
JCCR7+/CD62L+/CD45RA+/KLRG1-) CD8 T cells expressed low levels of PD-1.
Thus, PD-1 was preferentially expressed on antigen-experienced CD8 T cells with

effector/effector memory qualities.
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P y Ex mple 22P$B i is expressed by the majority of effector memory CD4
T cells in blood of healthy humans
PD-1 expression among CD3+ CD4+ T cells was then investigated. Thirty
percent of CD4 T cells expressed PD-1 in the blood of healthy adults. Similar to
5 CD8 T cells, naive CD4 T cells expressed little PD-1. While a minority of Tey CD4
T cells expressed PD-1, PD-1 expression was preferentially enriched among Tem
CD4 T cells (50%).
To further characterize the properties of CD4 T cells that expressed PD,
CD4+/CD3+ T cells were assayed from the blood of healthy individuals for the co-
10 expression of PD-1 and several T cell differentiation markers. Similar to CD8 T
cells, PD-1 expression was enriched on CD4 T cells with an effector/effector

memory phenotype, including CD62L-, CD95+, CD45RA-, CCR7-, and CCR5+

cells.

15 Example 23: PD-1 is more highly expressed on CD8 T cells specific for

EBYV and CMYV infections in humans
To test whether PD-1 expression is correlated with viral antigen persistence,

PD-1 expression was compared on EBV, CMV, influenza, and vaccinia virus
specific CD8 T cells. EBV and CMV-specific CD8 T cells expressed high levels of

20  PD-1. In contrast, influenza virs specific memory CD8 T cells expressed
intermediate levels of PD-1 and vaccinia virus specific CD8 T cells express low
levels of PD-1. Hence memory CD8 T cells specific for chronic infections (EBV
and CMV) expressed higher levels of PD-1 than acute (influenza and vaccinia)
infections. These results show that CD8 T cells specific for chronic infections (EBV

25  and CMYV) expressed higher levels of PD-1 than acute infections (influenza and
vaccinia viruses). CD8 T cells specific for very commeon chronic infections can

express high levels of PD-1.

Example 24: Anti-PD-L1 blockade increases proliferation of CD8 T cells
30  specific for EBV and CMYV infections in humans
Blockade of the PD-1 inhibitory pathway results in enhanced clonal
expansion of HIV-specific CD8 T cells upon in vitro stimulation. As CD8 T cells



<400> 13 Thr Leu Tyr Lys Lys Met Gu Gn Asp Val Lys Val Ala Hs Gn 1
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specific for common chronic infections also express PD-1, it was tested whether
blockade of the PD-1/PD-L1 pathway could enhance the proliferation of CD8 T
cells specific for EBV, CMV, and also vaccinia virus (an acute infection resulting in
PD-1 memory CD8 T cells). Lymphocytes were isolated from the blood of
5  individuals containing CD8 T cells specific for CMV, EBV, or VV were labeled

with CFSE and cultured for 6 days under various conditions. As expected,
incubatiou of freshly isolated peripheral blood mononuclear cells (PBMC) with
medium alone, or medium with anti-PD-L1 antibody, did not induce proliferation of
virus-specific CD8 T cells. Stimulation of PBMC for 6 days with virus-derived

[0 peptides resulted in division of tetramer+ CD8 T cells. However, peptide stimulation
of PBMC in the presence of anti-PD-L1 blocking antibody further enhanced division
of EBV and CMV-specific CD8 T cells, resulting in a greater fold-expansion than
peptide alone The enhanced division induced by anti-PD-L1 blocking antibody
varied among individuals and even among different epitopes within a given

15  individual. Moreover, PD-1 blockade did not result in enhanced expansion of
vaccinia or influenza specific CD8 T cells. The degree of enhanced division
induced by blocking PD-L1 in culture could be related to the amount of PD-1
expressed by antigen specific CD8 T cells prior to stimulation. These data suggest
that PD- | expression on CD8 T cells specific for chronic infections inhibits their

20  proliferative capacity upon antigenic stimulation.

Example 25: Sustained PD-L1 blockade further increases proliferation
of CD8 T cells specific for chronic infections
Upon in vitre stimulation, the addition of PD-L1 blocking antibody led to
25  increased division among CD8 T cells specific for EBV and CMV. Anti-PD-LI
mAb was added once (day 0), and proliferation was assessed at the end of the six-
day culture period. Ir vive anti-PD-L1 treatment in mice involved multiple
injections of blocking antibody. Furthermore, in these murine studies, in vivo PD-L1
blockade resulted in a rapid upregulation of PD-1 expression among CD8 T cells
30  specific for chronic viral antigen. For these reasons, it was tested whether repeated
additions of anti-PD-L1 to stimulated T cell cultures would further enhance

proliferation. The addition of a-PD-L1 mAb on days 0, 2, and 4 of culture resulted



<220> <223> Exenpl ary antigenic peptide <400> 15 Thr Phe Ser Arg Met Lys
Tyr Asn Ile Cys Met Ay Lys Cys Ile 1 <210> <211> <212> <213> <220> <223>
<400> 5 16 PRT Artificial sequence Exenplary antigenic %e tide 16 10 15
Ser Ile TH’YO%S“F,‘(“VAT* G u Cys Phe Leu 15 <210> 17 <211> f%?g7"%51<213>
Artificial sequence

-135-

in an even greater accumulation of EBV specific CDS§ T cells than a single addition
of mAb at day 0. Similar data was observed for CMYV specific CD8 T cells. These
data suggest that continued blocking of PD-1 signaling can optimize the ability to
increase the numbers of CD8 T cells specific for chronic antigens.

5 [t will be apparent that the precise details of the methods or compositions
described may be varied or modified without departing from the spirit of the
described invention. We claim all such modifications and variations that fall within

the scope and spirit of the claims below.
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Exenpl ary antigenic peptide <400> 19 Tyr nmet Leu Asp Leu G n Pro Qu Thr
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L. The use of activated T cells and a therapeutically effective amount of a PD-1
antagonist in the manufacture of a medicament for treatment of a persistent viral infection by
a viral antigen of interest in a mammalian subject;

wherein T cells of the maimmalian subject specifically recognize the viral antigen; and

the PD-1 antagonist is one of an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-
PD-L2 antibody, a simall inhibitory anti- PD-1 RNAI, a small inhibitory anti-PD-L1 RNAI, an
small inhibitory anti-PD-L2 RNAI, an anti-PD-1 antisense RNA, an anti-PD-L| antisense
RNA, an anti-PD-L2 antisense RNA, a domninant negative PD-1 protein, a dominant negative

PD-LI protein, a dominant negative PD-L2 protein, or combinations thereof.

2. The use of claim 1, wherein the viral antigen is a hepatitis viral antigen.
3. The use of claim 2, wherein the hepatitis viral antigen 1s gp33.
4. The wuse of claim 1, wherein the persistent viral infection is a human

immunodeficiency viral infection.

5. The use of claim 4, wherein the viral antigen of interest is gp 120.

6. The use of claim 1, wherein the mammalian subject is human.

7. The use of claiim 1, wherein the mammalian subject is immunocompromised.

8. The use of claim 1, wherein the persistent viral infection is a viral infection with a

hepatitis virus, a human imimunodeficiency virus (H1V), a human T-lymphotrophic virus

(HTLV), a herpes virus, an Epstein-Barr virus, or a human papilloma virus.

0. The use of claim 1, wherein the PD-[ antagonist is an antibody that specifically binds
PD-1, an antibody that specifically binds Programmed Death Ligand 1 (PD-L1) or an
antibody that specifically binds Programmed Death Ligand- 2 (PD-L2), or combinations

thereof.



<212> PRT <213> Artificial sequence <220> <223> Exenpl ary antigenic peptide
<400> 20 Gy Ile Leu Gy Phe Val Phe l'ggZ Leu 15 <210> 21 <211> 9 <212> PRT
<213> Artificial sequence <220> <223> enpl ary antigeni c peptide <400> 21
Leu Tyr Val Asp Ser Leu Phe Phe Leu 15 <210> 22 <211> 9 <212> PRT <213>
Artificial sequence <220> <223> Exenplary antigenic peptide <400> 22 Arg
met Phe Pro Asn Ala Pro Tyr Leu 15 <210> 23 <211> 10 <212> PRT <213>
Artifidlal déguescef claim 9, wherein the antibody that specifically binds PD-1 is (1) a

monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

functional fragment thereof, or (3) an [Immunoglobulin fusion protein.

11. The use of claim 10, wherein the antibody that binds PD-LI is (1) a monoclonal
antibody or a functional fragiment thereof, (2) a huimanized antibody or a functional fragment

thereof, or (3) an lmmunoglobulin fusion protein.

12. The use of claim 10, wherein the antibody that binds PD-L2 is (1) a monoclonal
antibody or a functional fragment thereof, (2) a humanized antibody or a functional fragment

thereof, or (3) an Immunoglobulin fusion protein.

[3. The use of a population of donor activated T cells in the presence of a PD-1
antagonist in the manufacture of a medicament for treatment of a persistent viral infection in
a mammalian recipient;

wherein the population of donor activated T cells is from the same mammalian
species as the mammalian recipient and comprises T cells with antigen presenting cells
(APCs); and

the PD-1 antagonist is one of an anti-PD-1 antibody, an anti-PD-L1 antibody, an anti-
PD-L2 antibody, a small inhibitory anti- PD-1 RNAI, a small inhibitory anti-PD-L.1 RNAj, an
small inhibitory anti-PD-L2 RNAI, an anti-PD-1 antisense RNA, an anti-PD-L1 antisense
RNA, an anti-PD-L2 antisense RNA, a dominant negative PD-1 protein, a dominant negative

PD-L1 protein, a dominant negative PD-L2 protein, or a combination thereof.

14.  The use of claim 13, wherein a pre-selected viral antigen of interest is a hepatitis viral
antigen, and the pre-selected viral antigen of interest is presented by the APCs to the T cells
and activates the population of donor T cells ex vivo in the presence of the PD-1 antagonist.

15. The use of claim 14, wherein the hepatitis viral antigen is gp33.

16. The use of claim 14, wherein the persistent viral infection is a human

immunodeficiency viral infection.



<220> <223> Exenpl ary antigenic peptide <400> 23 Qu Leu Thr Leu Ay GQu
Phe Leu Lys Leu 1510 <210> 24 <211> 93%212> PRT <213> Artificial sequence
<220> <223> Exenpl ary antigenic peptide <400> 24 Ay Val Ala Leu A n Thr
Met Lys G n Replacenent Sequence Listing.txt 15 <210> 25 <211> 9 <212> PRT
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pre-selected viral antigen of interest is presented by the APCs to the T cells and activates the

population of donor T cells ex vivo in the presence of the PD-1 antagonist.

18.  The use of claim 13, wherein the donor and the recipient are human.

19, The use of claim 13, wherein the donor and the recipient are the same human subject.
20.  Theuse of claim 13, wherein the recipient is immunocompromised.

21.  The use of claim 13, wherein the persistent viral infection is an infection with a

hepatitis virus, a human immunodeficiency virus (H1V), a human T-lymphotrophic virus

(HTLV), a herpes virus, an Epstein-Barr virus, or a human papilloma virus.

22, The use of claim 13, wherein the PD-1 antagonist is an antibody that specifically
binds PD-1, an antibody that specifically Programmed Death Ligand 1(PD-L1), and antibody
that specifically binds Programmed Death Ligand-2 (PD-L2), or combinations thereof.

23. The use of claim 22, wherein the antibody that specifically binds PD-1 is (1) a
monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

functional fragment thereof, or (3) an immunoglobulin fusion protein.

24. The use of claim 22, wherein the antibody that binds PD-L1 is (1) a monoclonal
antibody or a functional fragment thereof, (2) a humanized antibody or a functional fragment

thereof, or (3) an immunoglobulin fusion protein.

25. The use of claim 22, wherein the antibody that binds PD-1.2 is (1) a monoclonal
antibody or a functional fragment thereof, (2) a humanized antibody or a functional fragment

thereof, or (3) an immunoglobulin fusion protein.

26. The use of claim 13, wherein the APCs are transfected with an expression vector
comprising a nucleic acid encoding the antigen of interest prior to containing the population

of cells comprising T cells with the APCs.



AQu Thr Val Ser Au dn Ser Asn Val 15 <210> 26 <211> 9 <212> PRT <213>
Artificial sequence <220> <223> Exen ?g[y antigeni c peptide <400> 26 Val
Leu Gn Gu Leu Asn Val Thr Val 15 < > 27 <211> 9 <212> PRT <213>

Artificial sequence <220> <223> Exenpl ary antigeni c peptide <400> 27 Val

Leu G p7d utheysdsMnd g%u-[ﬁfonv(ﬁ{dogiér a%%l?gt%d %8061:13 ilnlt?qn%lﬁgtpt)% AR <213>

Art|f|C|aI sequence <g 3> Exenpl ary antigenic pepti
PD-1 antagonist of claim 13, in combination with one of an antiviral compound, an anti-

inflammatory compound, or an analgesic.

28. The use of claim 1, wherein the persistent viral infection is a human
immunodeficiency virus infection, and wherein the PD-1 antagonist is an anti-PD-LI

antibody.

29. The use of claim 13, wherein the persistent viral infection is a human immunodeficiency

virus infection, and wherein the PD-1 antagonist is an anti-PD-L1 antibody.
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<210> 1

<211> 288

<212> PRT

<213> Homo sapiens

<400> 1

Met GIn Ile Pro Gln Ala Pro Trp Pro val val Trp Ala val Leu GlIn
1 5 10 15

Leu Gly Trp Arg Pro Gly Trp Phe Leu Asp Ser Pro Asp Agg Pro Trp
20 25 3

Asn Pro Pro Thr Phe Phe Pro Ala Leu Leu val val Thr Glu Gly Asp
35 40 45

Asn Ala Thr Phe Thr Cys Ser Phe Ser Asn Thr Ser Glu Ser Phe val
50 55 60

Leu Asn Trp Tyr Arg Met Ser Pro Ser Asn GIn Thr Asp Lys Leu Ala
65 70 75 80

Ala Phe Pro Glu Asp Arg Ser GIn Pro Gly GIn Asp Cys Arg Phe Arg
: 85 a0 : as

val Thr Gln Leu Pro Asn Gly Arg Asp Phe His Met Ser val val Arg
100 105 110

Ala Arg Arg Asn Asp Ser Gly Thr Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

Ala Pro Lys Ala GIn Ile Lys Glu Ser Leu Arg Ala Glu Leu Arg val
130 135 140

Thr Glu Arg Arg Ala G¢lu val Pro Thr Ala His Pro Ser Pro Ser Pro
145 150 155 160
Page 1



<400> 31 Trp Asn Arg A n Leu Tyr Pro Qu Trp Thr Qu Ala G n Arg Leu Asp 1
<210> <211> <212> <213> <220> <223> <400> 5 32 10 PRT Artificial sequence
Exenpl ary antigenic peptide 32 10 15 Val Leu Leu Lys G u Phe Thr Val Ser
Ay 1510 <210> 33 <211> 9 <212> PRT <213> Artificial sequence <220> <223>

Exenpl ary antigenic pept iR@E1a<c%ngn>t %%quence Listing.txt

Arg Pro Ala Gly GIn Phe GIn Thr Leu val val Gly val val Gly Gly
165 170 175

Leu Leu Gly Ser Leu val Leu Leu val Trp val Leu Ala val Ile Cys
180 185 190

ser Arg Ala Ala Arg Gly Thr Ile Gly Ala Arg Arg Thr Gly Gln Pro
195 200 205

Leu Lys Glu Asp Pro Ser Ala val Pro val Phe Ser val Asp Tyr Gly
210 215 220

Glu Leu Asp Phe GIn Trp Arg Glu Lys Thr Pro Glu Pro Pro val Pro
225 230 235 240

Cys val Pro Glu GTn Thr Glu Tyr Ala Thr ITe val Phe Pro Ser Gly
245 250 255

Met Gly Thr Ser Ser Pro Ala Arg Arg Gly Ser Ala Asp Gly Pro Arg
260 265 270

Ser Ala GIn Pro Leu Arg Pro Glu Asp Gly His Cys Ser Trp Pro Leu
275 280 285

<210> 2

<211> 288

<212> PRT

<213> Mus musculus

<400> 2

Met Trp val Arg GIn val Pro Trp Ser Phe Thr Trp Ala val Leu GlIn
1 5 10 15

Leu Ser Trp Glnh Ser Gly Trp Leu Leu Glu val Pro Asn Gly Pro Trp
20 25 30

Arg Ser Leu Thr Phe Tyr Pro Ala Trp Leu Thr val Ser Glu Gly Ala
35 40 45

Asn Ala Thr Phe Thr Cys Ser Leu Ser Asn Trp Ser Glu Asp Leu Met
50 55 60

Leu Asn Trp Asn Arg Leu Ser Pro Ser Asn GIn Thr Glu Lys GIn Ala
65 70 75 80

Ala Phe Cys Asn Gly Leu Ser Gln Pro val GIn Asp Ala Arg Phe G1n
85 90 95

Ile ITe GIn Leu Pro Asn Arg His Asp Phe His Met Asn Ile Leu Asp
100 105 110

Page 2



Lys Ile Phe Ay Ser
Repl acenent Sequence Listing.txt <213> Artificial

Exenpl ary antigenic peptide <400> 34 H s Leu Phe Ay Tyr Ser Trp Tyr
<210> 35 <211> 10 <212> PRT <213> Artificial

Leu Ala Phe Leu 15 <210> 34 <211> 9 <212> PRT

antigeni c peptide <400>

<210> 36 <211> 9 <212> P
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Pro Lys Ala Lys
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val
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Gly
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<211>
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<213>

<400>
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Glu

Gly

Ser

195

Leu

Glu

Cys

Ala

Homo

3

Met Arg Ile

1

Asn Ala Phe

Gly Ser Asn

35

Asp Leu Ala
50

Ile Leu
Gly Arg
Ile Pro
180
Thr Ser
Lys Glu
Leu Asp
val His
245

Ser Ala
260

Pro Pro

sapiens
Phe Ala

5
Thr val
20

Met Thr

Ala Leu

Ile

Glu

150

Phe

val

Met

Glu

Phe

230

Thr

Met

Arg

val

Thr

Ile

Ile

Glu

135

Thr

G1n

Leu

Ser

Pro

215

GIn

Glu

Gly

His

Phe

val

Glu

val
55

Glu

Ser

Gly

Leu

Glu

200

Ser

Gly

Tyr

Arg

Glu
280

Ile
Pro
Cys
40

Tyr

Ser

Thr

Met

Leu

185

Ala

Ala

Arg

Ala

Arg

265

Asp

Phe

Lys

Lys

Trp

Pro

Arg

val
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Gly

Gly
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10

Asp

Phe
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ant i geniacg papt Aste AsdEr @B Ile Tyr Leu Cys Gly Ala Ile Ser Leu
115 120 125

Gly

Tyr

155

Ile

Ala

Gly

Pro

Ser

His

Thr

Leu

Pro

Met

Ala

140

Pro

Gly

Trp

Ala

val

220

Thr

val

Ala

Cys

Tyr

Tyr

val

Glu
60

sequence <220> <223>

Lys 15

sequence <220> <223> Exenpl ary

squ

Glu

Ser

Ile

Ala

Pro

Phe

ASD

Ser
285

Trp

val

Glu

45

Asp

Leu

Pro

Met

Leu

190

Ser

Ser

Glu

Thr

Gly

Trp

His
val
30

LYS

Lys

val

Ser

ser

175

Ala

Lys

val

Lelu

Glu

255

Leu

Pro

Leu

15

Glu

GIn

Asn

val

Pro

160

Ala

val

ASp

Ala

Pro

240

Gly

GIn

Leu

Leu

Tyr

Leu

Ile

YSiLleu G n Cys Val 1510
ence <220> <223> Exenpl ary



Ay Leu Cys Thr Leu Val Ala Met Leu 15 <210> 37 <211> 8 <212> PRT <213>
Artificial sequence <220> <223> Exenplary antigenic peptide <400> 37 Arg
Ala Lys Phe Lys @ n Leu Leu 15 <210> 38 <211> 9 <212> PRT <213> Artificial
sequence <220> <223> Exenpl ary antigeni c peptide <400> 38 Phe Leu Arg Gy

Arg Ala Tyr Gy Leu 15 <¥e8?a§e?nenﬁes%lqagr?cgemst%ﬁgylg&ce Li sting.txt <211> 9

<212#1PBTn phe val His Gly Glu Glu Asp Leu Lys val GIn His Ser Ser
65 70 75 80

Tyr Arg Gln Arg Ala Arg Leu Leu Lys Asp GIn Leu Ser Leu Gly Asn
85 90 95

Ala Ala Leu GIn ITe Thr Asp val Lys Leu GIn Asp Ala Gly val Tyr
100 105 110

Arg Cys Met Ile Ser Tyr Gly Gly Ala Asp Tyr Lys Arg Ile Thr val
115 120 125

Lys val Asn Ala Pro Tyr Asn Lys Ile Asn Gln Arg Ile Leu val val
130 135 140

Asp Pro val Thr Ser Glu His Glu Leu Thr Cys Gln Ala Glu Gly Tyr
145 150 155 160

Pro Lys Ala Glu val Ile Trp Thr Ser Ser Asp His Gln val Leu Ser
165 170 175

Gly Lys Thr Thr Thr Thr Asn Ser Lys Arg Glu Glu Lys Leu Phe Asn
180 185 190

val Thr Sser Thr Leu Arg Ile Asn Thr Thr Thr Asn Glu Ile Phe Tyr
195 200 205

Cys Thr Phe Arg Arg Leu Asp Pro Glu Glu Asn His Thr Ala Glu Leu
210 215 220

val Ile Pro Glu Leu Pro Leu Ala His Pro Pro Asn Glu Arg Thr His
225 230 235 240

Leu val Ile Leu Gly Ala Ile Leu Leu Cys Leu Gly val Ala Leu Thr
245 250 255

Phe Ile Phe Arg Leu Arg Lys Gly Arg Met Met Asp val Lys Lys Cys
260 265 270

Gly Ile GIn Asp Thr Asn Ser Lys Lys Gln Ser Asp Thr His Leu Glu
275 280 285

Glu Thr
290

<210> 4

<211> 273

<212> PRT

<213> Homo sapiens

<400> 4

Met Ile Phe Leu Leu Leu Met Leu Ser Leu Glu Leu GIn Leu His GIn
Page 4



<213> Artificial sequence <220> <223> Exenplary antigeni c peptide <400> 39
Asn Leu Val Pro net Val Ala Thr Val 15 <210> 40 <211> 10 <212> PRT <213>
Artificial sequence <220> <223> Exenpl ary antigeni c peptide <400> 40 Thr
Pro Arg Val Thr Ay Ay @y Ala Met 1510 <210> 41 <211> 9 <212> PRT <213>
Artificial sequence <220 > | ar Nt i ILc peptide <400> 41 Ay
Ile Lea Ay Phe Vgl Phe Fﬁﬁggeﬁfgﬁ@ﬁ%@ééﬁ&x 5<212> PRT <213>
Artificial sequence

Ile Ala Ala Leu Phe Thr val Thr gg] Pro Lys Glu Leu g%r Ile Ile

Glu His Gly Ser Asn Val Thr Leu Glu Cys Asn Phe ﬁgp Thr Gly Ser
35 40

His val Asn Leu Gly Ala Ile Thr Ala Ser Leu GlIn Lys val Glu Asn
50 55 60

Asp Thr ser Pro His Arg Glu Arg Ala Thr Leu Leu Glu Glu GIn Leu
65 70 75 80

Pro Leu Gly Lys Ala Ser Phe His Ile Pro Gln val Gln val Arg Asp
85 90 95

Glu Gly Gln Tyr GIn Cys Ile Ile Ile Tyr Gly val Ala Trp Asp Tyr
100 105 110

Lys Tyr Leu Thr Leu Lys val Lys Ala Ser Tyr Arg Lys Ile Asn Thr
115 120 125

His Ile Leu Lys val Pro Glu Thr Asp Glu val Glu Leu Thr Cys Gln
130 135 140

Ala Thr Gly Tyr Pro Leu Ala Glu val Ser Trp Pro Asn val Ser val
145 150 155 160

Pro Ala Asn Thr ser His Ser Arg Thr Pro Glu Gly Leu Tyr Gln Vval
165 170 175

Thr Ser val Leu Arg Leu Lys Pro Pro Pro Gly Arg Asn Phe Ser Cys
180 185 190

val Phe Trp Asn Thr His val Arg Glu Leu Thr Leu Ala Ser Ile Asp
195 200 205

Leu GIn Ser GIn Met Glu Pro Arg Thr-His Pro Thr Trp Leu Leu His
210 215 220

I1le Phe Ile Pro Ser Cys Ile Ile Ala Phe Ile Phe Ile Ala Thr val
225 230 235 240

ITe Ala Leu Arg Lys GIn Leu Cys GIn Lys Leu Tyr Ser Ser Lys Asp
245 250 255

Thr Thr Lys arg Pro val Thr Thr Thr Lys Arg Glu val Asn Ser Ala
260 265 270
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<220> <223> Exenplary antigenic peptide <400> 42 Cys Leu Thr Gu Tyr Ile
Lea Trp Val 15 <210> 43 <211> 9 <212> PRT <213> Artificial sequence <220>
<223> Exenpl ary antigenic peptide <400> 43 Lys Val Asp Asp Thr Phe Tyr Tyr
Val 15 Repl acenent Sequence Listing.txt <210> 44 <211> 9 <212> PAT <213>
Artificial sequence <220> < > pepti de <400> 44 Cys
lle Asn Gy Val Cys Trp Th ?&% e%%%%%kﬁ@meﬁgmx 0 <212> PAT <213>
Artificial sequence

<210> 5

<211> 23

<212> PRT

<213> Homo sapiens
<400> 5

Asp Ile val Met Thr GIn Ser Pro Asp Ser Leu Ala val Ser Leu Gly
1 5 10 15

Glu Arg Ala Tgr Ile Asn Cys
2

<210> 6

<211> 14

<212> PRT

<213> Homo sapiens

<400> 6

Trp Tyr GIn GIn Lys Pra Gly Gln Pro Pro Leu Leu Ile Tyr
1 5 10

<210> 7

<211> 32

<212> PRT

<213> Homo sapiens
<400> 7

Gly val Pro Asp Arg Pro Phe Gly Ser G%y Ser Gly Thr Asp Phe Thr
1 5 1 15

Leu Thr Ile Ser Ser Leu GIn Ala Glu Asp val ala val Tyr Tyr Cys
20 25 30

<210> 8

<211> 11

<212> PRT

<213> Homo sapiens

<400> 8

- Phe Gly G1In Gly GIn Thr Lys Leu Glu Ile Lys
1 5 10

<210> 9

<211> 30

<212> PRT

<213> Homo sapiens

<400> 9
Gln val GIn Leu val GIn Ser Gly Ala Glu val Lys Lys Pro GIn Ala
1 5 10 15

Ser val Lys val Ser Cys Lys Ala Ser Gln Tyr Thr phe Thr
20 25
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<220> <223> Exenpl ary antigenic peptide <400> 45 Lys Leu Val Ala Leu Ay
Ile Asn Ala Val 1510 <210> 46 <211> 273 <212> PRT <213> Hono sapi ens <400>
46 Met |Ile Phe Leu Leu Leu Met Leu Ser Leu Qu Leu G n Leu Hs dn 151015
Ile Ala Ala Leu Phe Thr val Thr Val Pro Lys G u Leu Tyr Ile Ile 202530 G u
H's Gy Ser Asn Val Thr %‘%Wﬁe‘rﬁe@%e@&c@h@iﬁﬂggﬁ Ay Ser 354045 Hi s val
Asn Leu Ay Ala Ile Thr a Ser Leu n Lys val u Asn 505560 Asp Thr Ser
pro Hs Arg Gu Arg Ala Thr Leu Leu Gu Ju G@n Leu 65707580 Pro Leu Ay
Lys %ﬁzs Phe His Ile Pro Gn Val Gn Val Arg Asp 859095 Gu Gy G n Tyr
Gn Jlggdle Ile Tyr Ay Val Ala Trp Asp Tyr 100105110 Lys Tyr Leu Thr
Leu L313>Valorkysaphleas Ser Tyr Arg Lys Ile Asn Thr 115120125

<400> 10

Trp val Arg Gln Ala pro Gly Gln Arg Leu Glu Trp Met Gly
1 5 10

<210> 11
<211> 32
<212> PRT

<213> Homo sapiens
<400> 11

Arg val Thr Ile Thr Arg Asp Thr Ser Ala Ser Thr Ala Tyr Met Glu
1 5 10 15

Leu Ser Ser Leu Arg Ser Glu Asp Thr ala val Tyr Tyr g%s Ala Arg
20 25

<210> 12

<21ll> 11

<212> PRT

<213> Homo sapiens

<400> 12

Trp Gly G1n Gly Thr Leu val Thr val Ser Ser
1 5 10

<210> 13

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 13

Thr Leu Tyr Lys Lys Met Glu GIn Asp val Lys val Ala His GIn
1 5 10 15

<210> 14

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 14

Gly Asn Leu Pro Leu Met Arg Lys Ala Tyr Leu Arg Lys Cys Lys
1 5 10 15

<210> 15
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Repl acenent Sequence Listing.txt Hs Ile Leu Lys Val Pro Qu Thr Asp Qu

Val Qu Leu Thr Cys G n 130135140 Ala Thr Ay Tyr Pro Leu Ala Qu Val Ser
Trp Pro Asn Val Ser Val 145150155160 Pro Ala Asn Thr Ser His Ser Arg Thr

Pro Qu @y Leu Tyr G n Val 165170175 Thr Ser val Leu Arg Leu Lys Pro Pro
Pro Gy Arg Asn Phe Ser 5 I . n Thr Hs Val Arg GQu
Leu JhrsLets Ala Ser Ile %§1%€%g'%€b%%gu%g& ggﬁﬂgéftigsn Met Gu Pro Arg Thr
H s Prie>TherTTrp Leu Leu H s 210215220 Ile Phe Ile Pro Phe Cys Ile Ile A a
Phe f?18>phartiffecialasamensd| 225230235240 Ile Ala Leu Arg Lys G n Leu Oys

G n Lyg,Leu Tyr Ser Ser Lys Asp 245250255 Thr Thr Lys Arg Pro Val Thr Thr
Thr L.m;.ArIg(egpuaﬁ.;ahn#g@nq;@rpeﬁ{ade%OZGSZ?O Il e <210> 47 <211> 24 <212> PRT

<213> Artificral sequence <220>
<400> 15

Thr Phe Ser Arg Met Lys Tyr Asn Ile Cys Met Gly Lys Cys Ile
1 5 10 15

<210> 16

<211> 9

<21?2> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 16

Ser Ile Thr Glu val Glu Cys Phe Leu
1 5

<210> 17

<211> 9

<212> PRT

<213> Artificial sequence

<220> . . .
<223> Exemplary antigenic peptide

<400> 17

Gln Pro Arg Ala Pro Ile Arg Pro Ile
1 5

<210> 18

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 18

Asn Leu val Pro Met val Ala Thr val
1 5

<210> 19

<211> 10

<212> PRT

<213> Artificial sequence

<220> . .
<223> Exemplary antigenic peptide

<400> 19

Tyr Met Leu Asp Leu GIn Pro Glu Thr Thr
1 5 10
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<223> Exenpl ary antigenic peptide <400> 47 Cys G u Leu Asp Asn Ser Hs Qu
Asp Tyr Asn Trp Asn Leu Trp Phe 151015 Lys Trp Cys Ser Ay Hs Ay Arg 20
<210> 48 <211> 24 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary
antigeni c peptide <400> 48 Repl acenent Sequence Listing.txt Thr Ay His
Gy Lys H's Phe Tyr Asp r Qs .5 151015 Ay Asp Tyr Ser
Trp Tyr Leu Trp 20 <210>%§1é§e@1§£{ %féﬁgnléfie]?%%% > Artificial sequence
<220=2XPR2320 Exenpl ary antigenic peptide <400> 49 Asp Pro Ser Hs Ay Asp
Tyr %iTr TTyr Leu Trp Asp Tyr Leu Cys 151015 Ay Asn Gy Hs His Pro Tyr
Asp 291R2100 139 7AlleyRfcs212> PRT <213> Artificial sequence <220>

<220>
<223> Exemplary antigenic peptide

<400> 20

g]y Ile Leu Gly Phe val Phe Thr Leu
5

<210> 21

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 21

Leu Tyr val Asp Ser Leu Phe Phe Leu
1 5

<210> 22

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 22

Arg Met Phe Pro Asn Ala Pro Tyr Leu
1 5

<210> 23

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 23

Glu Leu Thr Leu Gly Glu Phe Leu Lys Leu
1 5 10

<210> 24

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 24

Gly val Ala Leu G1n Thr Met Lys Gln
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<223> Exenpl ary antigenic peptide <400> 50 Asp Tyr Leu Cys Gy Asn Ay His
Hs Pro Tyr Asp Cys GQu Leu Asp 151015 Asn Ser H's Qu Asp Tyr Ser Trp 20
<210> 51 <211> 24 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary
antigeni c peptide <400> 51 Asp Pro Tyr Asn Cys Asp Trp Asp Pro Tyr Hs Gu
Lys Tyr Asp Trp 151015 Agp,{fldndh® SAalgbrkgsUTsrtpn@@tAsn 20 <210> 52 <211> 24
<212p PRT <213> Astificial sequence <22

Repl acenent Sequence Listing.txt <223> Exenpl ary antigenic peptide <400> 52
Lys T r0>A% Trp Asp Leu Trp Asn Lys Trp Cys Asn Lys Asp Pro Tyr 151015 Asn
Cys Z%g,,Trgp Asp Pro Tyr H's 20 <210> 53 <211> 9

<212> PRT
<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 25

Glu Thr val Ser Glu GIn Ser Asn val
1 5

<210> 26

<211> 9

<212> PRT )

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 26

val Leu GIn Glu Leu Asn val Thr val
1 5

<210> 27

<211> 9

<212> PRT

<213> Artificial sequence

<220> .
<223> Exemplary antigenic peptide
<400> 27

val Leu GIn Glu Leu Asn val Thr val
1 5

<210> 28

<211> 9

<212> PRT

<213> Artificial sequence

<220> . . .
<223> Exemplary antigenic peptide
<400> 28

Glu Ala Asp Pro Thr Gly His Ser Tyr
1 5

<210> 29
<211> 9
<212> PRT

<213> Artificial sequence

<220> .
<223> Exemplary antigenic peptide

<400> 29
Page 10



<212> PRT <213> Artificial Sequence <220> <223> Exenpl ary antigenic peptide
<400> 53 Ay Ala Phe Asp Leu Ser Phe Phe Leu 15 <210> 54 <211> 9 <212> PRT
<213> Artificial Sequence <220> <223> Exenplary antigeni c peptide <400> 54
Lys Ile G n Asn Phe Arg Val Tyr Tyr 15 <210> 55 <211> 8 <212> PRT <213>

Artiticial sequence <220%e5PRdmehX@aRLaHCE AIYdi§M,& Peptide <400> 55

Ala aAla Gly Ile §1y Ile Leu Thr val

1

<210> 30

<211> 21

<212> PRT

<213> artificial sequence

<220> ) ) )
<223> Exemplary antigenic peptide
<400> 30

Arg His Arg Pro Leu GIn Glu val Tyr Pro Glu Ala Asn Ala Pro Ile
1 5 10 15

Gly His Asn Arg Glu
20

<210> 31

<211> 16

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 31

Trp Asn Arg GIn Leu Tyr Pro Glu Trp Thr Glu Ala Gln Arg Leu Asp
1 5 10 15
<210> 32

<211> 10

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 32

val Leu Leu Lys Glu Phe Thr val ser Gly
1 5 10
<210> 33

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 33

&ys Ile Phe Gly ?er Leu Ala Phe Leu

<210> 34
<211> 9
<212> PRT
Page 11



Asp Ile Tyr Lys Arg Trp Ile Ile 15 <210> 56 <211> 8 <212> PRT <213>
Artificial Sequence <220> <223> Exenplary antigenic peptide <400> 56 Phe
Leu Lys Qu Lys Ay Ay Leu 15 Replacenment Sequence Listing.txt <210> 57
<211> 9 <212> PRT <213> Artificial Sequence <220> <223> Exenpl ary antigenic
peptide <400> 57 Arg proghTh¥abntPsoldite ArGtFhP. vt 15 <210> 58 <211> 9

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 34

His Leu Phe Gly Tyr Ser Trp Tyr Lys
1 5

<210> 35

<211> 10

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 35

Phe Leu Thr Pro Lys Lys Leu GIn Cys val
1 5 10
<210> 36

<211> 9

<212> PRT

<213> Artificial sequence

<220> . .
<223> Exemplary antigenic peptide
<400> 36

Gly Leu Cys Thr Leu val Ala Met Leu
1 5

<210> 37

<211> 8

<212> PRT

<213> Artificial sequence

<220> .
<223> Exemplary antigenic peptide
<400> 37

Arg Ala Lys Phe Lys Gln Leu Leu
1 5

<210> 38

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 38

Phe Leu Arg Gly Arg Ala Tyr Gly Leu
1 5

<210> 39
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<212> PRT <215> Artificial Sequence <220> <223> Exenpl ary antigenic peptide
<400> 58 Thr Pro G n Asp Leu Asn Thr met Leu 15 <210> 59 <211> 10 <212> PRT
<213> Artificial Sequence <220> <223> Exenpl ary anti geni c peptide <400> 59
Thr Pro Ay Pro Gy Val Arg Tyr Pro Leu 1510 <210> 60 <211> 9 <212> PRT
<213> Artificial SequenceeprPZdtmerL23gudnc@P! &fiNgaidti geni c pepti de <400> 60
Tyr 210-Qy |Ile Lys Val Lys A n Leu 15 <210> 61 <211> 9 <212> PRT

<212> PRT
<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 39

Asn Leu val Pro Met val Ala Thr val
1 5

<210> 40

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 40

Thr Pro Arg val Thr Gly Gly Gly Ala Met
1 5 10

<210> 41

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 41

§1y Ile Leu Gly Phe val Phe Thr Leu
5

<210> 42

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 42

Cys Leu Thr Glu Tyr Ile Leu Trp Vval
1 5

<210> 43

<211> 2

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 43

Lys val Asp Asp Thr Phe Tyr Tyr val
1 5
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<213> Artificial sequence <220> <223> Exenpl ary antigeni c peptide <400> 61
Thr Pro A n Asp Leu Asn Thr Met Leu 15 Replacenent Sequence Listing.txt
<210> 62 <211> 9 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary
antigeni c peptide <400> 62 Tyr Val Asp Arg Phe Phe Lys Thr Leu 15

Replacement Sequence Listing.txt

<210> 44

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 44

Cys Ile Asn Gly val Cys Trp Thr val
1 5

<210> 45

<211> 10

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 45
Lys Leu val Ala Leu Gly ITle Asn Ala val
1 5 10

<210> 46

<211> 273

<212> PRT

<213> Homo sapiens

<400> 46

Met Ile Phe Leu Leu Leu Met Leu Ser Leu Glu Leu GIn Leu His Gln
1 5 10 15

Ile Ala Ala Leu Phe Thr val Thr val Pro Lys Glu Leu Tyr Ile Ile
20 25 30

Glu His Gly Ser Asn val Thr hgu Glu Cys Asn Phe Asp Thr Gly Ser
35 45

His val Asn Leu Gly Ala Ile Thr Ala Ser Leu GIn Lys val Glu Asn
50 55 60

Asp Thr Ser Pro His Arg Glu Arg Ala Thr Leu Leu Glu Glu Gln Leu
65 70 75 30

Pro Leu Gly Lys Ala Ser Phe His Ile Pro GIn val GIn val Arg Asp
85 90 95

Glu Gly Gln Tyr GIn Cys Ile 1le 1Ile Tyr Gly val Ala Trp Asp Tyr
100 105 110

Lys Tyr Leu Thr Leu Lys val Lys Ala Ser Tyr Arg Lys Ile Asn Thr
115 120 125
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His Ile
130

Ala Thr
145

Pro Ala

Thr Ser

val phe

Leu Gln
210

ITe Phe
225

Ile Ala

Thr Thr

<210>
<211>
<212>
<213>

<220>
<Z223>

<400>

Leu

Gly

Asn

val

Ile

Leu

Lys

47
24
PRT

Lys

Tyr

Thr

Leud

180

Asn

Gln

Pro

Arg

val

Pro

Ser

165

Arg

Thr

Met

Phe

Pro

Leu

150

His

Leu

Glu

Cys

230

Gln

val

Replacement Sequence Listing.txt
Glu Thr Asp Glu val Glu Leu Thr Cys

135

Ala

5er

Lys

val

Pro

215

Ile

Leu

Thr

Artificial sequence

Glu

Arg

Pro

Arg

200

Arg

Ile

Cys

Thr

val

Thr

Pro

185

Glu

Thr

Ala

G1In

Thr
265

Exemplary antigenic peptide

47

ser Trp
155

Pro Glu

170

Pro Gly

Leu Thr

His Pro

Phe Ile
235

Lys Leu

Lys Arg

140

Pro

Gly

Arg

Leu

Thr

220

Phe

Tyr

Glu

Asn

Leu

Asn

Ala

205

Trp

Ile

Ser

val

val

Tyr

Phe

190

Ser

Leu

Ala

Ser

Asn
270

ser

Gln

175

ser

Ile

Leu

Thr

Lys

ser

val

160

val

Cys

ASp

His

val

240

Asp

Ala

Cys Glu Leu Asp Asn Ser His Glu Asp Tyr Asn Trp Asn Leu Trp Phe
1 10

5

Lys Trp Cys Ser Gly His Gly Arg
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

48
24
PRT

Artificial sequence

Exemplary antigenic peptide

48

Page 15
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Replacement Sequence Listing,txt
Thr Gly His Gly Lys His Phe Tyr Asp C%s Asp Trp Asp Pro ier His
1 5 1 5

Gly Asp Tyr Ser Trp Tyr Leu Trp
20

<210> 49

<211> 24

<212> PRT

<213> Artificial sequence

<220> i )
<223> Exemplary antigenic peptide
<400> 49

Asp Pro Ser His Gly Asp Tyr Ser Trp Tyr Leu Trp Asp Tyr Leu Cys
1 5 10 15

Gly Asn Gly His His Pro Tyr Asp

20
<210> 50
<211> 24
<212> PRT .
<213> Artificial sequence
<220> . . .
<223> Exemplary antigenic peptide
<400> 50

Asp Tyr Leu Cys Gly Asn Gly His His Pro Tyr Asp Cys Glu Leu Asp
1 5 10 15

Asn Ser His Glu Asp Tyr Ser Trp
20

<210> 51

<211> 24

<212> PRT

<213> Artificial seguence

<220>

<223> Exemplary antigenic peptide
<400> 51

Asp Pro Tyr Asn Cys Asp Trp Asp Pro Tyr His Glu Lys Tyr Asp Trp
1 5 10 15

Asp Leu Trp Asn Lys Trp Cys Ash
20

<210> 52
<211> 24
<212> PRT

<213> Artificial sequence

<220>
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) Replacement Sequence Listing.txt
<223> Exemplary antigenic peptide

<400> 52

Lys Tyr Asp Trp Asp Leu Trp Asn Lys Trp Cys Asn Lys AsSp Pro Tyr
1 5 10 15

Asn Cys Asp Trp Asp Pro Tyr His
20

<210> 53

<211> 9

<212> PRT

<213> Artificial Sequence

<220> _
<223> Exemplary antigenic peptide
<400> 53

Gly Ala Phe Asp Leu Ser Phe Phe Leu
1 5

<210> 54

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Exemplary antigenic peptide
<400> 54

Lys Ile GIn Asn Phe Arg val Tyr Tyr
1 S

<210> 55

<211> 8

<212> PRT

<213> Artificial Sequence

<220> )

<223> Exemplary antigenic peptide
<400> 5%

?sp Ile Tyr Lys érg Trp Ile Ile

<210> 56

<211> 8§

<212> PRT

<213> Artificial Sequence

<220>

<223> Exemplary antigenic peptide
<400> 56

Phe Leu Lys Glu Lys Gly Gly Leu
1 5
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Replacement Sequence Listing.txt

<210> 57

<211> 9

<212> PRT

<213> Artificial Sequence

<220> ) .
<223> Exemplary antigenic peptide
<400> 57

Arg Pro GIn val Pro Leu Arg Pro Met
1 5

<210> 58

<211> 9

<212> PRT

<213> Artificial Sequence

<220> )

<223> Exemplary antigenic peptide
<400> 58

Thr Pro GIn Asp Leu Asn Thr Met Leu
1 5

<210> 59

<211> 10

<212> PRT

<213> aArtificial Sequence

<220> ) )
<223> Exemplary antigenic peptide
<400> 59

Thr Pro Gly Pro Gly val Arg Tyr Pro Leu
1 5 10
<210> 60

<211> 9

<212> PRT

<213> Aartificial Sequence

<220>

<223> Exemplary antigenic peptide
<400> 60

Tyr Pro Gly Ile Eys val Lys GIn Leu
1

<210> 61

<211> 9

<212> PRT

<213> Artificial sequence

<220> ] )

<223> Exemplary antigenic peptide
<400> 61

Thr Pro GIn Asp Leu Asn Thr Met Leu
1 5
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Replacement Sequence Listing.txt

<210> 62

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 62

Tyr val Asp Arg Phe pPhe Lys Thr Leu
1 5
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