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support under NM grants Al 596 1 and CA84500. The governnent has certain rights

in the invention. FIELD INFECTIANS ARBDTVHE¥Son rel ates to the use of

ant agoni sts, specifically to the use of 20PD- | antagonists for the treatnent
of persistent infections and tunors. BACKGROUND | mmunosuppressi on of a
host i mune response plays a rol e | RRERHSERAIM| nf ection and tunor

| runosuppr essi on.  PeihgisptiRBtonl i BEHE SN e . IR & nANSpbichngSt he virus is
nor cleared but remains in specific cells of infected individuals. Persistent
i nfections of t ent¥$Wel $edilesh Rrgerabes 7 1388t “aich Eripcomoengsr s iichyi [¢16/eN55f ect i on

wi thout rapidly killing or even produci ng excessi ve danage of the host cells.

There are three types of persistent virus-host interaction: latent, chronic
and sl ow infection. Latent infecREGATED APREISATEPNSed by the |ack of

denonstrabl e infecti ous duiibds «IRRELNWREN 18P ISAChES HRfuTjeeHhkent Udi sease. Chronic

infection is characterized by the continued presence | nfectious virus
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may not begin wi t &R SRS 98T Y OICUPFYFY MR SEERES BAEIIPERg persi st ent
i nfections, the viral genome can be either stably integrated into the cellul ar
DNA or mai ntai ned epi sonmal Ly, . Persi ‘ i i wWith viruses 5 such
as human T-Cell | eukem a v#%ﬁggglﬁtgéﬁeﬁ%b%gﬁﬁw&lgﬁﬁﬁfor negal ovi rus,

her pesviruses; vari cethidiaveadsitvers mode wih Urfeasleasenprapovamidr 86 g/anpr i ons,
hepatitis viruses 3engVi SRS mPRS Y AERURERAN% RER! ! BLARY) ruses,

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

20 PD-1 antagonists for the treatment of persistent infections and fumors.

BACKGROUND

Immunosuppression of a host immune response plays a role in persistent

infeclion 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
nodul ation of virus and cellul ar gene expression and nodification of the host
10i mrune res ctivation of a latent infection gered by
various stim 2%?&(()%5'?4%' ng changes in cell physiology, FE}/ ?25 n?;}s%“ on by

anot her virus, and physical stress or trauma. Host |rmunosuppreSS| on is often
associated with reactivation of a nunber of persistent virus infections. Mny
st udi es show defective i Mmune responses in2patients diagnosed with 15cancer. A
nunber of tunmor antigens have been identified that are associated with

speci fic cancer sjpc M 1%&611&%%?9%%@@1:%&%@nUQl@Ic'lBé‘rQ akdbhbdids of mul tiple
solid tunors: MACE 1, St 3, i ned by i mmunit MART- 1/ Mel an- A, gpl00,

car ci noer nbr yoni igfegtipn, gilé’ﬁ’ ipfegtiRp mappes.beg ‘“r“’rﬁ‘ﬂé‘[‘ ﬁ%”e(ﬁen%d of vyglapp!tiplication.

prost at e- speci f i GufRtHkg8RN(ASAbs, BRI R Lsdntdaf b@&Ginek: sp;l@gapteah@@ﬁm(tﬁéw) I'n
addition, viral proteins 20such as hepatitis B (HBY), Epstein-Ban (EBV), and
human papi | | o CHPYPHavempasiestinAty e TRpBIHIor s ¥ievitetel opment of
hepat ocel | ul & catcisnamBa TICEMMIRERR. viRids, EBJtdh-Bal vE@NSREmeshIBSRRCT i Vel y.
However, due to the inmmunosuppression of Fatl ents di agnosed wi.th cancer, the

i nnate i nmune sy*?tpﬁﬁ”ﬂif“t‘lﬁ‘ﬁ%eélaﬁﬁﬁ‘éﬁl‘%mS?s PP URY B EPBE HERGE 0 t he t unor

antigens. 25Bot hvipassidé@vaids, aailvbMasdsimappiiRenhapyesnas been proposed to be of
use in the treatnent of tunors. Passive Imunity supplies a conponent of the
i mmune response, suchasednatisrodi v@schopersgsyenoin@xians Ire rednt@neticart ineolgubj ect of

| nterest. Active SAH%QQ% ué‘E’xfécﬁéﬁulL (o e L1l ra%’%%h&u%‘Q rgfue pRpch as a

cytoki ne, anti boray or chem ca 0 actlvate an endogenous i mrune
response, WwWhéte irmeing mspmes. s}%nsqtemqwf@(}lmnt imfedti dngnayepe oTpzEize bY Weeiotunor  as

foreign. The i nds"('l%h 1901951npc%5%epﬁlsc§ﬂ sl%mj 8[;6'1 ¥Ectﬁomg‘gQHétp[el gﬁ‘ys alpieen

successful in the treatnent speci |c ty
general, a need Iémlsqlsthwmplraewd@sgmnmﬁml@ﬁmem0¢W@aS§¢F@t€dpﬂmt| c net hods for

to treat di seasel,eacftlggtmg)égpmng’el FYLQIIUNG; Fkgares, inflammatory disorders,
allergies, transplant rejection, cancer, 1mune deficiency, and other inmmune

systemr el at ed di sor déang stusesbmRyefective imipgnejrespelisesch pafisdts Hagrsised vifat ant | gen

specific CDSts T ggld SaheGaes &%Pédt@a@'hkx)é el ﬁ&ﬁﬂéd &ﬁ%ﬂ%%‘cﬁ@d%t&o the
i nfectious agent or a tunor antigen follow ng the induction of the Progranmed

Deat h-1 pol ypept iPeéfi¢ @prers M%ém%uaweys hapg bepp fethae inrigyme kemebiple 69k on or

activity of PD-lumaR: anlle<§§RQn§e%b%gﬁglhfﬁl'cyCMAQ{TaﬂMeﬁle@ta @4s agent or to
tunor cells can be enhanced. Subhﬁ?ts with i'nfections, such as perS| st ent

i nfections can b@YieeaPReNieaIteeE EBA. Ht-agetinstis- Mygjlefosiershedfifmor s can al so

be treated usingaBRnkpan}, mbs%ﬁﬁamé\gﬁﬂsbﬂaﬁﬁ@dpwp) m@dle&]t su;@alra)tem treated by
transpl anti ng@\a t her apeut.i cal | ve_anount activated T cells that

recogni ze 154n aWeh {ipPeitis Pﬁﬁ@glé@tpﬁi“ﬁ B@SrﬁF%}%f“ildo}H‘W PIPILEMAEPYNBNE | cal |y

ef fective anmountpef siRwRI 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 tumors. 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.



1 ant agoni st. I n several enbodi nents, nethods are disclosed for inducing
an | nmune response to an antigen of interest in a manmalian subject. The

met hod i ncludes_adm nistering to the subject a therapeutically effective
amount of actYVRIEY ™ T cell's, 20wherein in the T cells 555’8?29?7@?8% recogni ze
the antigen of interest and a therapeutically effective anmount of a Progranmed
Death (PD)-1 antagonist. The subject can be any subject of interest, including
a subject with a viral infection, such as &-persistent viral infection, or a
subject with a tunor. In additional enbodi ments, nethods are disclosed for
inducing an i mmune 25¢ eSPANS ReddQ@x M 1 AbVi @A hd ERLBTERE e BB RIIR, 1 an

reci pient. The nethods include contacting a popul ation of donor cells fromthe
same mammal i an sPdEasesarfpraxanplg aForRNIng digeasps, AfemgeRrysiesst i ng cel | s (APCs)
and a pre-sel ect gf, A0t QAGM0feiek MEERSL:, imWRRE BdeRichdie Rl Bies S RGE SNt i gen i s
presented by the APCs to the JI' cells produce a popul ation of donor activated T
cells in the presbffédiseriers PD-1. antagonist. A 30 therapeutically effective
amount of thespopul ati on of donor activated T cells is transplanted into the
recipient. The recipient is also a therapeutically effective anount of a PD-1
ant agoni st. -4- In some enbodi%’ﬁ“é,RYrret hods are disclosed for

treating a subject infiegk@heihdibln traPakiBOGBEficSUSH P&l BdcolbP@intfi@atyrent of a
persistent infection. The methods include adm nisteri n%t o.the subject a

t herapeutical |y B8t Phasisfa imbe Bfeciowp g Aifrbaomakgen 'gmitg)thant agoni st and a
therapeutical ly mbfc@6t bMee BOQMARMe®DeN | PaANsdpGENPD- INDAaGHi 1 bpm t he pat hogen.

Exenpl ary pat hogens.include viral and al pathogens. In further
embodi ment s, t@et ﬁ%‘&é“gé]?eeexa‘ieé%ﬂ“d’éé‘a”f%f’ff‘%ﬂ%&f‘i“ﬁ@‘”&e1 WBPE SR Wcthaa t umor. The
met hods i ncl ude aetdiidus S§ear orR@ubir tdie cambjetitihced. Shigéapathihfealony sedhfaect i ve

anount of a Progr a_rmed.n?eath éPDFlﬁ) gnpa ilst and a§1J her aﬁfuti cally effective
10amount of a t uRBYSERITGRI 61" B Fraief B adi 4 asvebi éjefth‘@ BROP “Uhnt i gen.

The foregoi ng andswcichetted esatglRTR S a@gbnady aAndiageady, wiljdctshee bieearabg appar ent from
the follow ng detailed descrinpti sever al odi ments, which proceeds with
Fofer ence 1 0t herdeeahBa Ay FRaEH I Be P AR R R RRRA T EI  Be e P cores
Figure | A isla baranggapliishaninrgnjiivgoh eitieh sie@peuRBM Y effRtiNAarmeunDbitaPEB- 4 and/ or

Dt 3P276- 286 specilglgtgoog'istcel | s fromnave transgenic mce, |ytnphocytic
chorionmeningitis virus (LCW) Arnstrong i mmune (approximately 30 days post-

20i nf ecti on) i nfect edn raverl, entodiGledts degphodt @d dis@hed €1 -intiBcinpdreigimede m ce

(approxi mately 3Q.davs, PORhisd VrGELEQN 2 mASIERSWIECH BY (R81E 1 2h@y analysis.

Fi gure
administering to the subject a therapeutically effective amount of activated T cells,

20 wherein in the T cells specifically recognize the antigen of interest and a
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.



1B is a series of images of a flow cytonetry experinment show ng PD-1 surface
expression on CD8+ tetraneri-T cells in LC1V1V Arnstrong i mune and CD4
depleted LA VIV-Cl-13 infected m ce approxinately 60 da ost-infection.

Aner gi ¢ 25CDSY28EBPd* express high levels of PD-1 pol yﬁé"ﬂt”?%ﬂ%”od%“[ he cell
surface approximately 60 days after chronic infection with LCW-CI-13 virus

(I abel ed "chronic"), but virus-specific CDB+ T cells do not express PD- t poi
ypepti de after clearance of an acute LCW Arnstrong infection (I|abeled
"imune"). Figure ICis a series of imges of a flow cytonetry experi nent
demonstrating the preseceRbai@Rl dndily s haneeyd tabt auGh AREEal Ly | nfect ed
and uninfected mice, It denonstrates that Li expresSion'is the hi ghest on

t he spl enocyt es whiag pathager, ﬁ'fcééﬁ@dffbyle%thlém\@fﬂB@SIS‘emBlfeCUOH The npihgds e 2A is a
series of Scattenlcﬂab@ardﬁuamwm@m&mecvmaa&lméaﬁ g@cﬁ@mum&@ are treated from
day 23 to 37 post-infection there was approxi matel fold increase in the
nunber of DWP396F9gumawerfth FLahdBeDs 31d4they preeic: Jcef@mvr:moe&wsn conpared to
t he untreat eds CORL@iSmolbdii &R he bAnSeh SEMB DRI ENRRERRe Uitk fdNCtion | FI XTty
and Titil Ka production was neasured in response to 8 different LCW epitopes.
Figure 2B is a staed &#hyseet showing that when all the ki | OAEI CD8+ T cell

specificities are nmeasun@d ehﬁb@&%e:h@ n%th%dﬁ:uf: Gikdosed ﬁ@a’iﬁoh%b Lt kn Hunber  of
LCW speC|f|c CD8+ T cells. 8ure is a series of flow ch/tomatry gr aphs

showi ng [ FN-' j awa°1'|$bpnaetfwébla B‘iqadﬁ“’llﬁﬁe”r“éé‘b‘dﬁ%‘@%“ Beppsrtically efécevt Low

10epi topes. Fi guiBoudBbflaPrdbr&hiadd BdathPDL 1) 8A193h RGant B teraiBlta M tfd&ive peci fi c CDB+
T cells in treated m ce have the abiljty to produce TINF-a. Fi gure 2E is a

series of bar! ch%i??”é“%fﬁd\}ﬁ"ﬂdmt‘gr’?alm Wclff Hlsaredye Ha B8t ed i n i ncreased
viral control in the spI een I|ver Iung and serum Figure 3Ais a graph

denonstrating the in i %C? and 15NC38)éT§ 286 specific CDS+ T
cells (Il abeled "GP33" 8 Odeg‘ot'é‘lgf mﬂfiﬁi‘ d BB R A CECYRe PR ARRAEE i ce
treated with ant florl?Drel.fo]lo“(lran&b&Jll&dd SEpREX dil séyerd E@BAdTHAYAtABhitiDpideagdH0
post-infection ver ), which denonstrates that mce

t'E‘) S contrF f(‘,l abel, edr"untx"

treated with ant " PEYTCESAPAHEPAHPT 0% Ratel y 7 fol d nore DbGP276- 286
specific splefnic CD8+ T cells and approximately 4 fold nore D aci P33-41
specific 20splenic CD8+ T c i Eihgure 33 is a series of
i mges of a flow cytout etry%é{@'éﬂﬁ%@ﬁ#p@%ﬁ??ﬁ@ Fﬁ%ugh i ncreased frequency
of DI CP33-41 and DhGH2gifie 286s slpegiapti ﬂlo@D@meTe\atelofEDilnan isPIGReA-40f

CD4-depl eted Cl- 13d/o %i’é%%%n&egﬁc [Fe?ﬁs%dom%awe tl%nsoemc mice xirlg}lto?‘gteclelegd ?‘5& )IZ";

Tx") fromday 46 fon Versus contro
Figure 3Cis a sdronlemerorivntlsnvageéLCtbflV)aAlidsmw 2oy tofaprdriypately 38 dayrppdt-

d trat I g CD8+ T cell
ant 1-PDLLL -0 cal S ay L el 0 (RS T sr R and K67

expr essi on. Fi gufep8DmaslysOchriosts hostiony 21 thessuied yegehawiaygndiygh Himwel s of CD8+
T cell expansi Onéﬂgmgﬁ o%ﬁa@s’hf@@@%‘%g}ﬂoﬁ%ﬂ pg%{?%o%n%w'irﬂ_l:’@?[ kpAeral bl ood

nmononucl ear cell PBMC), as “shown by” conpari ng
expression on CD8+ tetramer+ T cells in LCMV Armstrong immune and CD4

depleted LCMV-CI-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 intection 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.



30286 specific CD8+ T cells in the PBMC as conpared to DbGP276-286 specific
CDS+ T cells in the spleen. -6- figure 4Ais a series of charts denonstrating
the increase_in |IFN-y produci ng DoGP276-286 and DbGP33-41 specific CDS+ T
cells in ant iW‘b%SL"fi"E‘?ﬁ eated mce, as conpared to cont r SFYUS 761%8P1 frequenci es
of DbNP396- 404, KbNP205-212, DbNP166-175, and DbCP92- 101 specific CDSt+ T cells
were al so S5detected in anti-PD-Li-treated mce. Figure 4B is a chart
denonstrating that in anti-PD-Li-treated mxe, 50% of DbCP276-286 specific
CD8+ T cells produce -N- T, as conpared to 20% of DbCi P276-286 specific CDS+ T
cells in control m Cqyg b GNEE Besio s@uS PR oD e HIPORS (8113 heddQwiGyt ornetry
experiment denonstrating that anti-PD-Li-treated chronically infected mice
produce hi gher | &¢&paeddfonTagR-2Bite 3% eaninEoipithcsar ed PRRKBIC {fyldi nfected mce,
but still producgcleQwel it eueles ofahoNENbs 304 Padirid MAEPI G EspelifieebgdTwi th LOW
Arnmstrong virus. Figure 41) is a chart denonstrating that treatnent of

LCOW- Cl1- 13 i nf ectedeCHiraEdip thp ufeted poipls. Feidande €empingan peises @ctivity of the
virus-specifig Trgaloh3rNFanF PR R0 WAL WeAhRE id B 8L 8l MkE@n: Measured using
a 51Cr rel ease ass% Figure 4E is a series of charts 15 denonstrating the
reduction of virbFMY apdenss.i FigwrdBotsscaiieyales shopinsdidt nhenalleba yene of LCW- CE- 13

infected mce W ERgATRD dpedificifdshaft] mdab &S Serd RQEARRUANGRRE B%dcBLEbY o8 fold in
the spleen, 4 fold in the liver, 2 fold in the lung, and 2 fold in serumafter

2 weeks of anti-PBMY wedfictalpdreheells akigsesmials agertepo YHOSHY 126, Figure 5.4 is

a series of inmaggs .ol ANH LNV GHLQrAREIN iEXBRNITE Blbn i@ RgcPR- 201 surface
expression using 10 HIV tetrarners specific for dom nant epitopes targeted in

chroni c cl adé0 C #ivgresnFigerd Fhis aFpdeipaeteratiag/da naselyisasecciihé&N¥ericeht age of

tetramer+ cells hNRbidhseRRelhe JBhBHoBroEed filoS PlghRS0h o ChAl bialemonstrating
t hat the percentage and MR of PD- i's significantly upregul ated on

NW speci fi ¢ CD8+clutggloingdlimntrplrld dblackade ko teptligh ifONgeasqd el ¢onpelgukhat i on
(p<0.0001) in antjiLgiilQVidahg &nlerapy naive individuals. and PD-1 is
increased on the total CD8+ T cell population in LII.V-infected versus

H V- seronegat i ve conthigire3¢p=ngrab3ismarigiatnechgoosase mdayeetitvenrd). 120 HV

tetramer staigs HrEMADskNiRtes! adehndbyisuats anddphidd M gL onegat i ve
controls were included in the analysis. Figure 5Cis a series of charts

showi ng the medi dplgrelcdelitinigechnige MRtedorithppLi{PDelbilabsisd GrPlohlD éomaiaer cel |'s by
30epi t ope speci ity sH AU EAR JeSufeot DA EPIELH NG DG ALEAL AR [0 the
percentage of PD-it cellson different epitope-specific populations within
i ndi vi dual s Wi t hiicepeated with anti-PD-L1 contained approximately 7 fold more DbGP276-286
specific splenic CD8+ T cells and approximately 4 fold more DbGP33-41 specific
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 “otPD-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 chait 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.



mul ti pl e detectabl e responses. Horizontal bars indicate the nedi an percentage
of PD-1+ HIV tetraner+ cells in each individual. Figure 6A is a series
of charts denDnstratlng that there is no correlation between the nunber of

HI V- speci fi c WDB®OP1841 1 s, as neasured by tetramer 5st ACHUNIAHd pl asma vira
| oad, whereas there is a positive correlation between both the percentage and
MR of PD-1 on tetraner+ cells and plasma viral load ()=0.00 [3 and p<0. 0001,
respectively). Figure 6B is a series of charts showing that there is no
correlation between the nunber of HV tetranmer+ cells and CD4 count, whereas

th i i : . f PD-1 H V
10 et ramer+ cel Ls: and BB Rt O RO e B ARE e Vel y) . Figure
6C is a series o;ﬁrOd:LhaWtE&)CtH’éer%tananﬁﬁﬁtHaﬂpeqlﬂkeClp&lr"Eeqﬂsag@nd’erNR of PO-1 on
the total COS TyGgllyBORHLAhOnRAsLEL el GONRLALGr Wi AP:RLgST™ viral | oad

(p=0. 0021 and ps%‘l ective I's a series of charts
depi cti ng the peKbEhilage2.ardNPNed- 1ot arﬁIDUEPéiﬂﬁb@swanBWThélsmmlsom8+ T cel |

PopUl ati on | S5 1 YRLASYchIROL SLALAMN D CRA coURh £R5A,A4R.RAd_P=0. 0006,

respectively). re 7/A1s a series of 1nages o ow cytonetry
experi ment show #g- El%brlér%mlaw \ﬁé%p’rﬁ@ﬁGP%ﬁr@%P@&lfmGﬂﬁd’fCCWEMQ‘@W IFN-9- specific

CD8+ T cells ffowﬁ%mp%g 051‘0272&1!) (e E%el 98008 B £ %QAIST&&U&%@ fic CD8+ T

cells are PD ure /B is a ustrating a summary of phenotypic
data from per sonElgure 421)wh@¢nes>9ﬂ§%1gﬂ‘s oHI flow pendiyex BD8®enMegehdugtingrtbat PD- 1 t . Seven
to 19 sanples wefe 15{1%39 h‘PJmc% ﬂfe%’ ba (& '&Qéecrﬁéh%dlepehseﬁgr\bép&% jarkers. The
hori zontal bar in |ca es nedi an p cent age tetrarner+ cells that
were positiveof onnttehed cmeliicdly ediecreamie but KiilgpoéicShviesleeels@rTiNgse 0hn | mages of a

flow cytometry experinent. Srepresenta t|v prol iferation assay
data from a B14201 P53t ‘femgmgaM%ﬂgIC{:ﬁ%A%fnéng 2 67t §/ur§ ft 4fi'on with pepti de,

t he percent age OﬂerﬂddStmﬁﬁg_thTtBl-&el}nem dflLCI\/GDSJI-ls’I' méeledi mlqennmeasréﬁ Flrreomews. 7% t 0

12.4%in the presenc ED Li Jrnglsantl bod 1aur 1n§e](':§:dl s a line

graph depi cting f)hwvoqﬁt'c facfil Of s V”}’Sesrpg 1| on assa COIH%:‘I‘% t|°Hc1‘| cating a significant

increase in prol mﬁoerraetalsmﬁ m:inoHI \ﬁsqdem fssay. @E@*quGelsbla;eswﬁchtahe presence 30of

anti-PD-L1 blocki,ng a0t badYed 0538 A0 RI00,oPAIL S ol A3 LkauEligHr € SC 15 a

bar graph show ng t erenti al e on
proliferation of LEMY- @lpé’cmtfectcd 1@@8%@0@@ Ls. ‘ej'malaimsidu:driewsiedu@hoxpaztml;eat basi s.

Wi te bars indicate fold nert.cell o] nce of
pepti de al one, F T(”lﬁz Slplseenl H i cat tﬁeloeétzﬁélfj d'i %Jrné’élg%zfﬁlé]ins mrélraﬁteelr ii cells in

the presence of pegsofatigilugl aetmenPDs tdnfaledckimgatedinicbody. | ndi vi dual s i n whom
CPSE assays were pe”ﬁgﬁ%%f of bem? & rkhgngoan e&&kl%ﬁ?f)%‘égménqgﬂd) CalS%h by

asterisk, square, or tTran 'e" 'S ures I'agram and a set
of gr aphs sh@li ng suifree sypreesigi @tlvdoéﬁ‘f’mpm@fs spehidic &paomingntepiceniereeotbi ned wit h

PD-LI bl ockade of) AIAeR: BRAGHTGrDRrcheeh hueun%%@g%mmao\é fal titer in

chronically infected mce gure 9A is a schematic ramf an experi nment al
protocol . LCW clevamer &l @EL@L@I)’Dﬂnf%ewlééBm %@Hmfehamdemmt@mc\mat thewi | d-t ype

vaccinia virus ( Wée%)ge Ma WP@%@’Sl@Alﬁcant ly upregulated on HIV-specific CD8+ T

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 H1V-infected versus H1V-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-17 cells on different epitope-specific populations within individuals with



10epi t ope-expressing vaccinia virus (W/ GP33) at 4 (week) post-infection. At
the sanme tine, the mce were treated 5 tines every three days with or w thout
anti-PDEL Fiqure 9B is a series of inages of a flow cytonetr i ment

showi ng the fYRYUEHY/*of GP33- and GP276-specific cD8- FCL&rt ﬁqu PBI\/C at 1-wk
post- therapy, The nunber represents frequency of tetramer-positive cells per
CD8-T 15cells. Data are representative of three experinents. Figures 9C-99 are
graphs of the Frequency of 0OP33- and GP276-&pecific CD8-T cells (Figure 90
and viral titers (Figure 9D) in the blood post-therapy. Changes in the nunbers
of tetramner-posi Hu}{?le%ctlblg% Aoﬁse@nﬁoﬁié&ﬁtal\/ﬂarsa%dléa'tettﬁgﬁed’*ﬁrp%lcgﬂﬁue oPr ed in the

bl ood by tetrar ner staining and plague assay, respectively, at the indicated
time points. ' Th&Dnl(iiBE esramer” etsimerelh mdlz@p%im tive CD8-T cells and viral titers
are shown for indivi Owg,lre(smp@{e“t:@af thee&héosnﬁmdtﬂ%&mn% bhQuRY, panel) mice
followi ng infection w straight [ine) and treatment with
anti - PD- E1 ( shadéetyesyiteamnumbpees hEY- SPqufé?éj]?Sé @doat medspigs bystEeion limt.

Results are pgol etg,nfnnmgiasrﬁ@VIﬁxg% IWKBREsSherd s A PbESveLBA! ;&Pb%@mwoﬂphs and
digital images show ng increased antigen- 25specific CD8-T cells and enhanced

viral control inthgiPPFeYaeaend MEERIED- bin etency s Y vesme Hey E’ﬁ‘é@t:p@o}\?’acm ne
combi ned Wi t h PDyldl, Biog¢K adfectifel g Uk BuMAsB 1§a§en§§5ﬂc@§13@fm\hﬁagﬁt§h&é isdof | ow
cytometry experinent show ng the frequency P33-specific CD8-T cells in
di fferent tissuesorstatign Wéwiﬁﬂélfe ft“ﬁ@?lafgﬁuvﬂ‘fémﬁuﬁ%‘éfmq(é'g‘? e¥BhvEeFPequency of

0P33 tetrarrer-poaie;ehyﬂ] 6@ deSoR@Ltio BB wIenGRd ;Le'scem@aet@dmaofﬂpn%aenvatl ve 30of two
experinments. Figure 108 is a 3-sp ecy f numbers in

;
different ti §9ue§et‘éT‘e‘4CWa?fbg]84 8?(8‘&/(%3 abqﬁ‘é?oi |§P%“’éeé¥) gfg“b%ﬁc §r aphs
showi nﬁ viral titedss bfn:hmejemaﬁhu@zatoanhttne@sluasaoatmacm(:f¢prIDedg‘mtham>@h14 é bl ank) - wk
post -therapy. - nes represent virus detecti i n=6 mce per
group. Results a%@sggcﬂﬂiaoﬁ”,‘fﬁﬂ R3O g%ﬁ‘éﬁ%‘ﬁ’f‘bﬁabﬁ}a@ﬂ?l&mﬁ q(gbllmlﬁ gital image
of i nmmuno- st ai ni pg.@fo1 spdpeaiciyy. thiguark CIVNG Bdatits@E Bisart B@Gkkingathe Perddntpost - t her apy.
Magni fi cation, x20 [er VI A-11D are hs shovm enhanced
restoration of 5f“ﬂﬂ1]\éﬂcg ADRSGEISRE tEe @&8§§cgfag&83l§?%é§ Apetr )?c vacci ne
conmbi ned wit h5PDe¢ﬂe1dneldomhadE4 cthtgpI:E(H)OZlg.Aldp&O@O@el’dsl&Stlﬁﬂy)l mages of a flow

cytonmetry experinent Pshlévm7§qs ellesyofpr oducftatpn and gegr anul fFon by spl enocytes
it

of the vaccinated nice® MYTeR apy LpITERSEREL NSV | mul ated with

t he indicated peMpledﬁsatlwmpﬂeheypc ememgef Bf420CD1DHetific @B+ Hedisé®mand t hen

CO LAl ned for Lo Shesshonn, olelead0nr 7 agked. AR ST el s and are the
representative o1LS ep enc exper| t I1B7% a graph show ng
t he percentage oﬂ“lguFd\nyrs@lall@Wumehri@ spema@mpﬁ'enotybllcsatspemlpf:usmsflm)r each of
ot 98° VBBl ik ALe. UL RALAREhD OF. ALILRD i, N6 for each
response). Résul t's ar e rom WO experinent's I's a set of

pl ots show ng TNFnarl)tzecpfoodagbpf bainficopd @E8tTpicmbikers cﬁlpdbl@n%b@ﬁndpmmdum ng | FN-y
0 the vacci nat edheighBeclabEbe Gifhirdt 1001 SRIHIARUL Bl L OPIS- 4 OF
GP276- 286 pepti dee \/\P\IfﬁeflC praﬁ uct?tr?gﬂaéDB Y ?ast were g:f ed an en plotted by
| FN-y (x-axis) verggs TNF-a (y-axis). The upper and | ower nunbers on plots

i ndi cate frequency OfF.gNe'smLLqec.gi &sm%pmd&fwmeﬁﬁlewenﬂm sHERA, §k uor escent

intensity (M\I) of IEN s, respective data are representative of
t Wo representative proliferation assay data from a B #4201 positive subject. After a 6-day

glbat

stimulation with peptide, the percentage of B*4201 TL9-specific CD8+ T cells
increased from 5.7% to 12.4% in the presence of anti-PD-L1 blocking antibody.
Figure 8B is a line graph depicting the summary proliferation assay data indicating
a significant increase in proliferation of HIV-specific CD8+ T cells in the presence
30  ofanti-PD-L1 blocking antibody (n=28, p=0.0006, paired t-test). Figure 8C is a bar
eraph 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



20i ndependent experinents. Figure 11D is a graph show ng the percentage of
TNF-a7 cells per 1FN-yil cells for GP33-41 or GP276-286 peptide fromFig. 11C
are summari zed for nmultiple mce (ri=6 for each respon Fi gure
12A-12B are é’v%’é’f’mg?”bl ots showing the effect of a the?’g%fgfﬁo?@svgcm ne
conbined with PD-L | bl ockade changes phenotype of antigen-specific CDS-T
cells 250f chronically infected mce. Figure 124 is a set of plots show ng the
phenot ype of GP33 tenaner- specific CD8-T éells in PRIVIC at the indicated
times post-therapy. Histograns were gated on GP33+ CD8-T cells. Frequency of
popul ation expresstNgohk@had-eXa! in¥fe p@%eefpe%%elﬁacmmﬁﬁtcgetﬁey percent on
plots. The nunbers on histograns of Ganzyne B represent M-I of expression.
The data are repfolssiagieass phueiragubicelsip g Prestiepeimdatsie P et PRérdtbiockipg gure 12B is
a set of plots shewdH9 IrRiW?cﬂfany]P!uﬁonQbﬁ@lﬂ%%a;@ﬁveQ%@%o&@@ FRRRIe @Remefic CO8-T
cells in different tissues at 4- post- "-10- therapy. Hi stograns were gated
on GP33*CD8- T cefhiepe aey B¢iGueLRY aé‘ie“ﬁoﬁmlétqlﬁf?“élﬁ@rf@?& ng hi gh-l1evel of CD127 or

PD-1 is indicated by rr &NLID Are RldQfim ahH8 sO WSS sl B 9aEaRB: of G ranzyne
B and Bel -2 represent of expression. The data are re resentatlve of two

i ndependent expef feﬁ%t”?‘apgli‘icd%%Ci@%\“efﬂthaprlje%b'é’&‘ﬁ%%{ﬂ“ s drsaefil¥m plots and

graphs showi ng tessyBerelusidyan@ffLaler mfchffoh@ﬂ@nﬁ?ﬂéétécpm}é@ﬁﬁlgm 9@0gRi ned with
PD- LI bl ockade on restorati og@of function in 5% \pl ess _exhausted CD8 T cells.

Figure 134 is a SBHeAYSCIP&2di%A8T SRFoRe e opeet &AM Y vl Gbile)d&siedt ed of cD4 T
cells and then |Llﬂfce%ﬁd/aél&ﬁrfahtdb/lMdG!/@W@CClHJa \31U5$(DWWCEECW@P3B&QCi nated with

w | d-type vaccinia 10virus pe- e essi ng vaccini a

virus (W/ GP%@) S ORE W‘ebsb%ttvaf‘ﬁ‘f %:ELH 6{5%933%%(@‘?}?@‘1@ C“°t“h ce were

treated 5 tines mfemyhet e ﬁlﬁ:ed\a}e&eﬁ\ﬂed Eltlﬁhal}vhlll tRke diaty§wlt}$&{vymﬁut ahweDweeks after

initial treat rren%aﬁt §9h odi es ne sacrificed .for }?nal Figure 13B

is a series of dgUTSPBAS § YR G) O(fyrfl%ﬁ‘?‘é? Vﬁ’évxcﬁg’ﬂeﬂ?éﬁ’fpeﬁlﬁﬁ“é Bare 8‘? aph showi ng

t he frequency of friéR&3yspHERIF- |amd (lpec'ﬁccm:biél BedlR it PEEMCndi-ehped ti ssues at

4- weeks post - the{hag 'II']he nu represent s frequenc
el

tetraner-positivaoe e num d:%) e.fe ﬁquenc%oftetlam [- osnt%lve&gggel?éD

requen specific cells per
CD8 T-cells iith dedls. é}aeamre ltCPl$$U€BVCaIf t}’u‘ee\mpé(meptssﬂgui'wﬁﬁmb arg graptsof gmmar i zed.

Figure 13Cis a §er| es g&v\;ﬁﬂ%eépﬁfé o eleJlC eﬁlqﬁuF re%ﬁ?%d'vrﬁ% t show ng the

results from experqiuenc?‘t0 erein spl 33 20peptide in
the presence of d@@piO78ib t}amﬂqou(pdate@zamdchdneﬂ iic (e stiabened dtemel-Fekiye The shown

piots are gat ed o T8kl The.Deraanang ety MRuL, A, 591 | per

CD8-T cells speC| e are sunmari ze e mce. Flgure
13D is a bar gr apihquefassmheeSp@rmGemaatgemdlfcaWd e dqintg eTHeguambdree! tgtalrmul ation with

GP33 pepti dez@er p&flE BDRASIEN! M i itd P2t SRWhIGLRAVIORP et rdfbARRE aar ©

summari zed f
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 CD&-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 CD8-T cells. Data are representative
30 of two experiments. Figure 10B is a graph of GP33-specific CD8 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.



25mul tiple mce. Figure 13E is a bar graph of viral titers in the indicated
tissues at 2- wk post-therapy. Al plots are representative of two experinents
and all summarized results are pooled fromtwo experinents én:G m ce per

gr oup) . WHIIPES 14A- 1413 are a set of plots and §HHPHYEREW ng t hat

bl ockade of the PDLTPD-L1 signaling pathway increases the total nunber of
antigen-specific T cells 30followi ng adoptive transfer into congenital carrier
m ce. Wol e spi enocytes were adoptively tra&nsferred into congenital carrier
mce with or without therapy with anti PD-Li. Figure 14A is a set of

representat ive f]bglll\éocl}ﬁkplreﬁ%%}{t Hllugtiéecftigrqmnﬁpﬁgd‘ rm-cgper'gro}:p. IieiSLm?'aQ%EHE(? gat ed_ 0!1
CDS+ T cells. Figure 148 are graphs show ng the kinétics of D) GP33-specific

CD8 T cel |l expanierohvd sxppardnshidigate 18Povdigifabimagoef imryepandagef wigseri nents (n=4

ani mal s_per gr oupy, iy 8ok AU R-AL 32 hfli-BRNR, Sgowi ng that bl ockade
ce

1’?#7-&1?52 :
of the PD- 1/PDLI pathway follow ng adoptive I munot her apy enhances

cyt oki ne production Figuantlidgel mpelolsfand 2@ siovged ¢nbancpilegpiptytds wer e i sol at ed

at day 17 p0_55’t{uﬁé?i%gﬁ{exﬂﬂgte@@@%ﬂ&ﬁs £Phe SYL QK DG LRHESS LARPBRQN Stimul ati on
with antigenic peptide. Figure 154 is a set of representative flow plots are

shown for the exppdsdi dieuse 11FNRyeris seigwet oby lTpwertamery eipaimesyshekinae st ai ni ng
follow ng 5 hourl%l\%’%pr&o%@idn@dh é‘ég‘r&'ﬂla%&'ﬁ'ysﬂ%ﬁéc@%%ﬁ@va@&h}t&ﬂ%e a}nﬁ- pepti de

controls. Figure 158 and 15D are representative plots are sho or the dual
expressi on of TNRat-beamo Paleneays VERpt{yaad wanthe $1dipied agptidgser hent age, of CD8
gate). Figures 15 . f e oduci ng
cells also pr odu@%ﬁg&%ﬁlégslgﬁlagg%g§f%:tggngﬁisng{eg?%te@ggr g%ep%jg%lfg?[éur es

164- 1613 arel@ graphedamd"[A-6rdlsshbui g riproreaised tvewalkrenddnt fypeiihody Secreti ng

cells in LCW C n-é}i.nfe eﬁn%g.Teltﬂl | | 7+ WS red in
. : BN & fhe pePenie WPUG -'Eg%s-
chronic LCW i nfgl S m'scae“l?%IS oW ‘hgeggfg ?’“\fio rgaﬁrﬂ/{ren(t?] E@SEBI and CD138
st ai ni ng. Fi gur ecel§speiific for gachphLOV Vipeptades frantber 1 bf ag plrgnargeddSC, sumary of
resultsf rom thr ge. L pdenendent . xRl ISk &y OHER A T0R, 8 ey 200f Pl ot s
showi ng an increase"i'n antibody secreting cells () in the spléen can be
measur ed by t he Higuledd CGDL880f pBhoshionge Toirex pregucesreitraCDe e llotapabkSC are CD138+
and B220 | ow/ [ nt er nedi at {)( ated on | hoc Les . Flgure 17 is a, graph show ng
treat ment of l%hr %rr? OCdUEE}g\I]% '?Wfﬂéec“ta%cdnaﬁﬁ% g’lé)lc ni I ulla-“ﬁ?}o{ﬁp lEHERESHEP 1 ead to
el evated | evel s gb33b0ne Gravd-o8y pASide, IFot-aprodRind WM3Er &110HveBILeid@he@nuer at ed
fromthe spleen and bone narrow of chronic LOW infected mce 14 days post
anti (a)PD-L1 trgfentiNhy CERISpests TNMS Or 8pv e SieriPRer RO IRWE 1UEPREAR Wit hin t he
group. Figure 183 imict 2RheRNOWRG-dNalls £Qna 8N -M Shid AlibRmM fforaRR 1-1 and
aCTLA-4 leads to synergistic increases in splenic ASC. Chronic LC V1V infected
intensity (MFI) of IEN-y* cells, respectively. The data are representative of two
20  independent experiments. Figure 11D is a graph showing the percentage of TNF-¢"
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-specific 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-



30m ce were adm nistered aPD-L1, aCTLA-4, or both for 14 days and ASC in the
spl een was enunerated by ELI SPOT. Line represents geonetric nmean within

treatment gr Hi - Figures 194-19B are plots ] hanced B cel |
and CD4 T Ceﬁbo%g%qs%g%r ation and gerininal center acti\I/’fS’J[j/%giO@%s% L1 treated

mce. Figure 19A is a plot of flow cytonetric analysis of CD4 T cells and B
cells shows elevated Ki-67 levels followng ciPD-L1 treatnent. Results are
gated on either CD4 or B cells as 5 |istedl@bove each colum. Figure 19B is a
set of plots showi ng an increased frequency of B cells expressing PNA and high

level s of FAS, whl.gh . ind&ahew&PBARCRGIRST ObRA! cefe HQleRE bt pbliMidan M Cce
treated with aPD-L.1. Plots are oOne reBr esentative graph sumrari zing the
resul ts of two s&pEsateignpel phetd or FPyut sdicaterdabyxssesios Ptotide and gr aphs

showi ng PD-1 expx@ssis®n hRd &8 oA0ARL nfeland Beeh lepRs BirS of RpGWAR. 2RA 1S a
series of images of a tlow cytonmetry experinent show ng co-expression of PD-1

and various phen®taAsF EPREPRETSC 4D IHECRemEAL et Sy nphocyt es i n bl ood. Fi gure
208 is a set of pl ot FigfrestiBR- PErLLNMAGRrIOHiaY@m] PHS addDBaghk Hdmeand (D)

CD4+/ CD3+ T cel | subsets. that express PD-I. Horizontal bars indicate nean
per cent age of PD‘l‘/Te"élﬁ“CTeff?%‘lolféhe{aﬁgﬂ‘lcé{?cémf)&@]ﬁtli“??é”ng DrhbPlPSRici cl es) and
negative (solid fkibangl @nclienintiReidsndikgatiedcnarkars. Figugdria 20C is a set of

plots representing the phetnatypic data pf P expressing CD4+ T cells from
one subj ect . chem‘”fﬁ‘lcﬂ[%rg‘é‘m?%%@°é?°8ﬁd\?‘6€§’m§Rﬁ%ﬁ?‘g‘g@‘@eﬁgﬁ%‘@rt%‘i ng that PD-|
is more highly expressanLamngofel8. Somehic wvepaatdiatdivam valarigstivacdinid ect i ons.
Fepresent ati V& POE (COAT H bR EREEth e RS “Coetih T YRR B U
(CW), i nfl uenza7-amgostafedtinn. aAmhe sasre tigfeete mice weldBredted 8lilnss evégamed ri ¢ nmean
fluorescence intensit 1).of PD-1 expression anong tetraner+ cells is

i ndi cated. Fi gurgay.?ft'ﬁaf}é’\ﬁgO)bftf)’rgf’%}_heohwr? e AFEFY) ttﬁ“g‘iﬁf‘ic’flam%%‘fs’on EBV, CW,
|( nf | u)enza and vaggkRieR s¥drifBedsPLsafyiic. IGpBreddR iCoetis of mzeh@alflohy vol unt eers
n=35). Figure 22A-C are ots d graphs denon ting.that anti-PD- LI
bl ockade i nor easBOMarGRerEep et Fhreden i St BoreroRart CrEREEF o f o chr om ¢
i nfections. FbguCpP8AZAll i8 tte ishdated Sisbs dt Hagelss poft-teerdpyo Eheiyindreiepiyseesper i ment
showi ng | ynphocytes tha e labeled with ( then cul tur f.or 6 days
ander The’ 30 1 nal eI SLORT FrReroTie PbgesoEh o SEEERY Ve stai nt ng
from EBV and CMWspast tdlly eer<iils Bedls in drifgumn essdlt 2ivsela pbarthagpapnlof EBV, CW,

i nfl uenza and vacgci nia_ vidtus i.gen-specific .responses follow ng bl ockade
with ant ;- PO L | g ge PRI R a BRI CRBRRY R B EP 4 Rer ease of
tetrarner+ cel | sshomirghies iprués &orc expfimpepvhaen phlewcaestsimPBet ¥ithIGB8ki ng ant i body

compar ed {0 pept Lde,al e El0F SRRC Sufolins ARl showpgatherLel ati onship
bet ween the fol dPPrcT€asd in tetramer+ cells %onldl oW ng anti - I5 i anti body
bl ockade and PD- khoex prog&sisd @ifed(opIdDSET Eelis.CHetpdicentage of TFN-y*CD107* cells per
CD8-T cells specific for GP33 peptide are summarized for multiple mice. Figure
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



5Fi gures 23B-23C are plots and graphs showi ng hepatitis C virus (HCV) specific
CD8+ T cells express PD-1 in human chronic HCV infection. Figure 23A are
representative gl ots fromfive patients with chronic TICV infecti on show ng

t he expressi 6P 9P¥®BBY on HCV specific A+ T cells. NERBEFRTH¥Bol d identify
the frequency of PD-1 expression (x-axis) on [iCV specific CD8+ T cells
(y-axis), 10Nunbers in italics within the plots identify the frequency of
tetramer positive cells anong total CD8+ Ticells. On the y-axis, 1073 and
1406, identify the HCV epitope specificity of the tetraner. Patients are
dentified by ‘P bahl ORECDHENEARL LGN 1HTRG bR RIS a8 ed on OB+
Lynmphocytes. Plots are on a |ogarithnic scale. Figure 238 I's a conparison of
PD- | expressi onPoRPEbgecific BB Txel popmsmdh phiphagdéred fiom(teDddekeatianhy) , HCV
infected patientg,(/ (V) s R oGR8+ fICV specific T cells (HCV tet+).
Figure 23Cis a glpa{g%gg PD- | _e§< rlélggﬁon on CD8+ cells specific for influenza
virus (Hu tet+) fromfigycss IspfldEtaecpI¢tHOgraphngoealthahhlodafrrishqieal t hy)

conpar ed wi t hs PDyApeXpIiRsSiabuwifk &bfite T SRl RuRREGH] dfhadf cyilidhe( HCV tet+) . An
unpaired t test was used to conpare differences in expression of 20PD-1 within
the same pati entPetctigriapni@pwetiiic ePRS (it splenpoips ypeciotied aobg+7T cells.

Fi gures 24A- 2411, A1 @alfePind aRIMh e EARNSKISQAUMRGD Nt 36N §lnRAMERGY AfiioBlX 1 expressing
CD8+ T cells fromthe liver_is greater than in the peripheral Dblood, Figure
24A is representgPfidre Higuse 54 isaneifof r@repratdisnte” pickRecheWnioeHCV i nf ecti on
25showi ng the exphessordt @y BRysel b hubh@lidh GiRihe TamlsliSIchiRm th. oper i pher al

bl ood versus the liver. Nunbers in bold within the plots identi f¥§the

I | { ) | pl ol =
frequency of '@el ft@ulgtionwphdefingd bGP &rijoass caad AFtifotearolerasure IcBapd 191 t he
| ynphocyt e gat e. aPlepleSenaiti@e flBts arelsRGAT fot MEHE SGMsGon FFI TGS 26H8b bt @ conpari son
of PD-1 expression on %Bf T cells fromgp%ri pheral blood versus |iver in HCV
chroni cal Iy i nf ebtBEIPERMSHEAC KSR A && tga?ésq‘gﬂﬁﬁ%lsg%ﬁﬁ@ 156 PR e t he
difference in PDofkhepepyeRsgd BMFNY fridubink Bals SBOBropatinEINIS, or FIQUe324C i s a
conpari son of PD-1 a ression on the CD8+ Effector Menory (Tgivt) cells from

X
peripheral bl 0od®VEFEPE S{H®) i ver. Menory subsets were -14- identified by
di fferential 1&xpr essirguref 16ADGBLraNg 2 BRAL PALs sBoObide muehed Bvdlfoft he top pl ots

represent the fr ency of cells i h adrant .. I re gated on CD3+
yhphocyt es. - The TG asars ss S it e dy R enet ol A US RGP 1 i
shown in the hismegnatinphang i Ydwfeclddenictobli@dng eRTeLs heavsed®Dy | expressi on on
5nave CD8+ T cel ed h . nNegal ive uloat' 0 The n ers in the

hi st ogram pl ot s JF@S&’QE@H‘% él]?hgeg ; arme”(lﬁjglril%li;e 6€£(P:Séllcll?hé’§%traleréusmﬁ’ﬁlgé%b ope Conpari son
of the frequencyAS8t, sebmbryex prsesdioanthen indEi@hdent erpehdnss. fldgure 8B patétents wit h

ehrom < 7| Vo 1S540 SIS0 LU LIG L ASB AMBM P PALT o0 L
t he peri pheral bimesdred by the marker CD138. Showing one representative plot, ASC are
CD138+ and B22() low/intermediate (gated on lymphocytes).
Figure 17 is a graph showing treatment of chronic LCMV infected mice
with anti-PD-L1 does not lead to elevated levels of bone marrow ASC. Total
25  numbers of ASC were enumerated from the spleen and bone marrow of chronic
LCMV infected mice 14 days post anti («)PD-LI treatment by ELISPOT. Line
represents geometric mean within the group.
Figure 18 is a graph showing that co-administration of aPD-L1 and
aCTLA-4 leads to synergistic increases in splenic ASC. Chronic LCMV infected
30  mice were administered aPD-L1, aCTLA-4, or both for 14 days and ASC in the
spleen was enumerated by ELISPOT. Line represents geometric mean within

treatment group.



10versus the liver within the sanme patient. Figure 24D are representative
plots fromtwo patients with chronic HCV infection showing the difference in
CD: 127 expreSS| on on total CD8+ T cells fromthe peripheral blood versus the
liver. Nunbe® PH¥@ Y i dentify the frequency of CD 127CEXPELEsh on total
CD8+ T cells. Cells were gated on CD8+ | ynphocytes. Plots are on a logarithmc
scale. A 15summary of the conparison of CD127 expression on total CD8+ T cells
in the peripheral blood versus the liver ig$2shown bel ow the FACS plots A

paired t test was used for statistical analysis. Figure 25 is sets of
graphs and plots shoy Fgmes'ﬁx ﬁ)@ed@eglb@s% eIhﬁ@Ad@cenran&a@m*cmr express an
exhaust ed phenotype. Representative plots of PD1 CD127 20expressi on on

HCV speci fic CD8mollfepgdr andferiommal pratepeqtivpherdib-bl @@@damﬁ: tHigure 18%is aof  t wo
patients with Chggmfﬁow(d‘yt\fmleﬂfc?r?zﬁ}sf@%{ gﬂ?? Ehd a%g B B¢ ng%]&ws“él%%d gientifies the

[-1CY tetrarner positive popul ation oxes ers above the boxes
represent the freyieibywvios Uf@ﬂﬂapﬁ@ﬁntp&isqutwwe“@@ qnseltamﬁ& oCB3#lld s nphocyt es.

The <pi tope specifl.ahble 9 et ihhurt B 8IS of ok dRALA St he V- axl s

(1073). The secon row o | ot s shows PD-T and CD 127 expression
on HCV specific M@WOEBICFlb eﬁP‘é&ﬁﬂEﬁé’ApﬁéﬁhﬂhéﬁmF Oﬁfb%d’hl&hdldlqa\?er of two
patients wth chrani ¢ I 16\ deREEflid eLe 1}1;1 g, resgpt the frequency
of PD-1 or CD 127 e>€pr§55| oneon “82?)31[(#@ P38 QR Plots are on a

| ogarithnic scal @PlamtagaﬁtB@Phﬁnmmlnmmsulyﬁﬁh@(ﬁymw C‘BE"IYIWMS'E he FACS plots, a
sunmary of the corrparpl E‘sﬂ‘k Te- ke @Q@%M@%& Mk 0-) e A &?@D?Xpr essi on

(right) on total cel S vers CV specific T cells fromtile
peri phery (H&Y t@ﬂﬁm@)suvséﬁssﬁgml&?ﬂ@vs apreict ¢filmagecpBuilop eedmesyf rom t he |i ver

(HCV tet+ Liver) ¢ ,8ial0WdwiRable Fﬂestmoh%ﬁ’l§ 14 Garlda HleBcQ pQ&HBﬁ&?arﬁ&W essi on
W thin the sane gatlent ure is a set ‘of 3fots show ng bl ockade of
p

the PD-i/PD LI pabPhilel3t hetrbecyes lrttr%@defwhg?%lseﬁetamlpt@eﬁh@eqlwwa@t ed

HCV-specific T cglJafeus@rif/drhehethatBMep i prIt -8 aRaEQtSs PibA- A2 patients
were stinmul ated using the cognate peptide antigen for 6 days in the presence

of 1L-2 and anti Bpiopial bastingedymerapeputesiof Plorl cardtselphatpeaiRtiiiody (I ower

panel ). An hasti maligt eebi&PHamBdativS(sAldSRarzOWd: thd heicRed GeRtage:uef 20 ol i ferating
CFSE | ow and CESE hl?%h HCV-speci fic HLA-A2+ CD8+ T cells are shown in each

quadr ant. 10Fi guib@se! E\loﬁ'}’@r’é?’éméF}Etpge"é?ﬁ@‘*g?aé“pﬂﬁ) show et drat edis pD- 1
expression on si Fb@aRnd wpaodef i Ci ency Vi rus (SI V) specific CD8 T cells

foll ow ng S1V239 infection 5‘%9 4 1is pl ot shogg ntlg PD- | expression on
total CD8 T cells frdit§ueAbh w&&%ﬂphﬁpﬁ'ﬂﬂ“é““f?%thfl 5T et Bigli ng P1) -1
expressi on on toe;apllesa:adm&hA/cg&gca@egdcfﬂccfm(aa&ﬂs iffedtiods. iMgue 31 A/23%eiiddf ect ed
macaque. Anal XS' S, .was Bfgg?on 15PBMC at 12 weeks foll ow elg S1V-i nf ection.

Figure 27C i §%a §r'apes WA EYSORHEIY! BevBprepesatys U LeBiNe %n total and
Sl V-specific CDSEHBtfﬁleBJusVifulS(mBV\)OCﬂBﬂnegimduﬁl MW @fitcach maeagesvirubat a f or

SWinfected maca ue pres At et112 wee smgso Cé)wtl ng i &]? toi ., Figure 271)
(1 ast panel) is ?8%@ or 8@? deR GG SRR 5 HESA tf’l(ﬁ @ségﬁcle intensity
(MElI) of PD 1 expipessooimong tdu@mak calds SWCStandhgum 2PB GDRIOE sixsdihgsa f r om nor mal
and SIV-infected nrrlla‘rr(l:aar)go%-l 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



Figures 28A-288 are a plot and a graph, respectively, showing in vitro

bl ockade of PD-1 results in enhanced expansion of Sly-specific CD8 T cells.
PBMC from Marne A*0.1 positive macaques that were infected with SHIV89.6P were
stinul ated wH'BPE peptide (0.1tiginil) in the abseRtB'EAU fesence of

anti- 25PD-1 blocking Ab (10p.g/nl) for six days. After three days of
stinmulation, 11 ,-2 (50 units/nme was added. At the end of stinulation cells
were stained on the surface for CD3, CD8 amnd Gast-CMD tetranmer. Unstimul ated
cells (nostirn) served as negative controls. Celts were gated on |ynphocytes
based on scat t er,fhen. f. Fna0d: ARARNEELo Grapblic.AXRRSRLOR.F CD8 and
tetramer. Figure 28.4 is a representative 3 CS plots ers on the graph
represent the frreqtiderdys apfi-PDelt ) horking prydiody V@P@@Iﬂlfospea%deaﬂq%rﬁleme?éﬂ total CD8 T

cells. Figure 28@ 'hﬁe &a sﬂmmgEhQYélgfoﬁﬁup?beWeYol@ﬁnc%e@n Ieﬂ?rm:@'célsnacaques

Anal yses were perforn‘é usin | s obtal ned 'l owi ng
i nfection. Fold foHerieaaw Mas é%tlb@iiﬂ Blpckgdepgd EDrlaHXP’GSSGTn (Pll*Ré tqqﬂéfqllﬁéncy of
tetramer posijive Ce|ﬁ1g$1rés@3ﬁh3b%§&]6t%l4daeﬁzﬁ>ﬁs Gulidhesiand washicyl ated cel I's.

Figure 29 is a set of Botssowln ki netics of PD-LI and
PD- expr essi on onsPEqifi¢ ePE TC@blerplﬁbyngl igprain qhevie HEY avciioh, Flwrééfif%vere i nfect ed

with 528' 106 tof &Elegén%@e }ngls ﬁgﬂ ﬁvgggtrent?@'tla-@hlorPg)f{b&lni@aQn @E&vacﬁrK@r ession on
different type of cells was ramat the indicated tinme points

post -i nfection. MBS qﬁ@Pé’s‘E’e‘ﬁ%\é Sﬁeﬁkf‘é@ghfc(‘”s\/ll‘@@bé*fs ippeld idertify W& si on on t he
i ndicated type Oﬁeq@@JcFSfplm%ta}leonwmm@E s A3+ T cells (yIx@)nucl ei ¢ and

am no acid sequences | st In acconpanyi ng sequence listing_are shown
usi ng standafy | BYPREFs 8RS wiER 5RO KN Y, OF S694cte ohiedarer PV filee | etter
code for am no agdi§ totdT DRl RBE dMthSy-akis, EOR andl.| 8@ idekAN, Yhe GIIB &litbnd of each

nucl ei c acid sequenge i E shown, hut the g n‘g (fgg)t ,afrﬁ str ag% i S understood as
included by any PEFET® N e R g PROYHEY B8 Banyi ng
sequence |isti ngnun$EQdeDs N@ehatb@mﬁ@D@—K@ﬂiphc&lytys aAMdthe ac b hosREMRREE. Of human
PD-1. SEQ I D NO $ Zgg exeg}) al ﬁ Am no (:}Cglgld snegég ;I:r elgf ‘ lés]%] PD-1. SEQ ID NO
3 is an exenpl ar g'ér‘ﬁ PAEQL &N ' SFPRGTAR re 6@%% fOYNO 4 is an
exenpl ary amfo émbd (GlemHezmhg) Htvhmfeaéti ;Fﬂ[i)ed.ts?(CD8 HCV) aSEQﬁ\@& HCY2 are exenpl ary
am no acid sequence elpzﬁé YA anewo e IOl Pp:L ex DBB%S 35 are
exenpl ary ami no & éﬁ‘l’t? Dbgﬁf) ded pégsg 36-43 are
the am no acid s@aqumaclésfominﬂma]z@wirus (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 is a comparison of PD-| 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 (Tgm) cells from peripheral blood versus the liver. Memory subsets were



hi st oconpati bility peptides. SEQ ID NO 44 and SEQ ID NO 45 are the
am no acid sequence of T cell epitopes. SEQLD NO 46 is an exerrpl ary am no

aci d sequence of a variant human 30PD-L2. SEQ | X are
exenpl ary am? %P sequences of antigenic pepti des. PCHVSZO%@WILED
DESCRI PTI ON This disclosure relates to the use of PD-1 antagoni sts for

the i nduction of an i mmune response, such as to a tunor or a persistent viral
infection. Terns Unl ess otherw se noted, t-echnical ternms are used according to
conventional 10usage. Definitions of common terns in nol ecul ar biol ogy nmay be

found in Benjamp, ; S1 &, oubl rd n 18 ress, 1994
(I SBN 0-19- 8542@7’Ih§¥\dgyd ?Igr\?vl eF 95% d{%?%g%p&é(%%ﬁrﬁ‘c% \p{)lglg)?ag% El\/bl ecul ar

Bi ol ogy, publi shteﬂplbsslfwllfa@k‘vbélﬂteqls@it)eqf@e”m eich quaggyt. ((e8BNe9 288P0102182- 9) ; and
Robert A Neyer scbgthdondbkeoilat, Lol agy. i oh B oh#ERRL g, o DT ehensi ve

Desk Reference, 15published b i shers, Inc
1-56081-569-8) . isshownip Web#‘s@éllﬂmtwf?%ﬁ‘&w|Thatde“€tdéwéWW@thlrféﬁP\?qudlﬂs enbodi ment s

of this di scl@surca%pectdzw@l@\aedrzlgrr@w&aﬂ@gdp%@on@fm%%&kﬁnﬁeerms are provided:
Altering level of production or expression: Changin ei ther by increasing or

decreasi ng, the hgogsgm alptSp%ﬁemtthedwqeﬁm)e%ﬁléss%Pl@ﬁlrksf%bal e d sequence

or an 20am no acidnsRetSRELD(IfeQpre8%ATR D32 TROLNPERtdndtienAvidi ¥lic @ M RNA, an
mtNA a gene), as conpared to a control |evel of production or expr essi on.

Antisense, SenseHCYiechap SgupBarizeppelng dehigoat Rigar APIEE tiphupgeed e 5@ ) 3

strand, referr edcoh@mashetdh%rmcm - @mman@h @B Tgfroh the pdtphaddioonef erred to
as the mnus strand. Because RNA pol ynerase adds nucleic acids in a 5 3

direction, 2%% hevel‘ﬁ”ﬁ[h@“%ec‘ PARY tbﬁ‘sat“ﬁéatlﬁm Faaure, 84D ofe reppreenfalinpPIas °For the RNA

duri ng two patients with chronic HCV infection showing the difference in CD127

expression on total CD8+ T cells from the peripheral blood versus the liver.
Numbers in bold identify the frequency of CD127 expression on total CD8+ T cells.
Cells 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 CD 127 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+
HCV specific T cells from the periphery (HCV tet+ PBMC) versus HCV specific



transcription. Thus, an RNA transcript will have a sequence conplenentary to
the mnus strand, and identical to the plus strand (except that Uis
substituted for T). Anti sense nol ecul es are nol ecul es that are

speci fical | yMAB8 1 Zabl e or specifically conpl enent ar CYE2R70#EH RNA or t he
plus strand of DNA. Sense 30nol ecul es are nol ecul es that are specifically
hybri di zabl e or specifically conplenentary to the m nus strand of DNA.

Anti gone nol ecul es are either -18- antisemse or sense nolecules directed to a
DNA target. An antisense RNA (asRNA) is a nolecule of RNA conplenentary to a
sense (encodi ng) %[%ql I thHo in reference
to a nucleic am%ﬂyﬁ]?cs“gpg (-g-ﬁrjeshmgr ec trTchil:Q;)sl%% f} F%{c}sé%@e flﬁeg%l}nber of

copi es of a nucl®impaaeimespoh wghih geissmapasiampl e 5or speci men. An exanpl e of
anplification is the [ gi cal sanple
collected froma subjl?%ng{@g %geﬁfgggaé%ow?t%%qdé&ﬁel&MCPB ) %IEL W%tl de priners,
under conditi onsin¢rrats thd dxewsn‘oopfqnheenhybmia&diﬁl\i gpacipf Tpﬁé pFPBbdged 0 nucl ei c
aci d tenpl at & i nogie; & HIERPALIESSot o X ANAEA IR oS bl €

condi ti ons, S(}ssocl\?agte O% aﬂe tenp FEftee and trﬁje]n re- §nnecaof’ed ext ended,
10and di ssoci at ergrtids ﬂaﬁmmﬁﬂ;@ dayyein ﬁlﬁr?tﬁé?nceﬁ“éc?pqnésnto?DtLHémﬁh@éY épr acid. The
product of in vikha &Rk bDLCANLER (538 Al ENAl ACLANLELCDY d@ilﬁ%swhoresw

restriction endonucl ease cl eavagé patterns onucl eot | bridi zati on or

| i gation, and/ orTh@tP@IC@Tt%geaéi’léh%'éqfﬂ%‘ﬁ'éﬁﬁigw' ﬁ@quégéltaédﬂé‘f -Bpecidig &s. O her

exanpl es of in vipgoraiPhielh&atiheRnleshpt ques include strand di spl acement
anplification (see U S. Patent |SNo. 5,744, 311); transctiption-free isothernal

ampl i ficatiof (see UFSureZiar7DNe plgs gnirgbajhowig sy seddiByil xmesaier Pon

anplification (Sﬁﬁlam&Q{oQ&Q@%y vihuk GRS s oAt ADE g6l rembwanPdivbicat i on (see
EP- A-320 308); gap filling gase chain reaction anplification %see LE. S.

Patent No. 5, 427NSSp: F@HEFM é‘d‘bPP@&%@Wd’étPé’ck?X@WS%%PHP@FW%BCE@S °Mpat ent  No.

6,027, 889); and NAIBALKMCRNA F.@alrésm;hmpl&rshévvlﬁeplz%mlegsfoh@atdt@ano(me U. S
Pat ent No. 6,025, 134) eptide |i gand conpri sing at

A poly
| east a |ight chépﬁpf‘@ﬁ%@évve&?has%Wﬁ%ﬁ%@%’ﬁflﬁﬂw VRAYSEBPE 988Pbn’ whi ch

speci ficall y1f|f ECRRVIC 2R vadakk f’f@umﬁo 8uv- mﬁacmpmg@e g1c 1san1a§mbllogﬂ[hp aSUCh as a
tunor or vira ant en a fragnent t eo S s inta

i nt nunogl obul i ns® %%Bvb?(isé‘ﬁ?g‘ﬁéﬂ‘ato ‘dl‘%g{sgp‘iﬂ I¢ MG@F OB R} in the
art, such as FabindSragifemdsyackfuad )12y fbr&algm&mtsd m&dafgtk eepadacnit i 1B Yvepltsot ei ns
("soFv"), and disylfide Stade > (Y " A scli.v proteinis a
fusi on protein |%H%thfe§“?“i H“‘Eg@?ﬁ“@%‘}nfgﬁ 2 ‘”f(’pgﬁloéﬁj %?fa HR % unogl obul i n
and a heavy chai xmea\narumatcble:eme@smﬁ(l\mﬁl) airPD- mepsgbrotiiibianand ISEV Berdifid by a | i nker,

while in dskiSis lPeI:ans . (5 ated to introduce a disulfide bond
%% ells ?d?lﬁﬁlnfc ted 1

. . norma aca
to stabilize asSociPat°onM 8 29%He term al so i ncl udes

genetical ly engi neer @egumms Bale gsotahd mp}cleapEtcudesmu(geu grrp humani zed
mar i ne ant L bod! o)y AeS EHOCANlAALE, AN.DAULES: {9- Secis ESPREULT © antd bodi es).
See also, Pierce Catal
PBMC flom Mamu A*01 positive macaques that were infected with SHIVE9.6P
were stimulated with P11C peptide (0.1pg/ml) in the absence and presence of anti-
25  PD-1 blocking Ab (10pg/mli) 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 surface for
CD3, CD8 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



-19- 1994-1995 (Pierce Chem cal Co., Rockford, IL)uby, I., Inmunology, 31 Ed.,
W H. Freeman & Co., New York, 1997. Typi cally, an i mmunogl obulin has a
heavy and |ight chain. Each heavy and |ight chain contains a constant region
and a vari abM® 8B (the regions are al so known as PHENEHEES | n

conmbi nation, the heavy and the light chain variable regions specifically bind
the antigen. Light and heavy chain variable regions contain a "franmework"
region interrupted by three hypervariabl e negi ons, also called
"conpleme"tarity-determ ning regions” or "CDRs". The extent of the framework
regi on and CDRs . def.l e L. . Protei ns of
101 nmunol ogi cal %%%?@gng%Egﬂagé%ﬁﬁﬁﬂ%ﬁ?g%%mﬁégﬁ?ﬁg%ﬁggﬁﬁﬁ§ﬁ§@§% ices. 1991,
whi ch is hereby é¢frigamporatiedcdly irldfl€seneefd cilfies Kabastirddttebale i s now

mai ntained onl i ne. The,Seabiencas: ob NG ATRRALKNRILLDY.Of (I fibgrent |1 ght
or heavy chains are ré%atlvely conserved wthin a speci’es. fe framewor k
regi on of an ant ¢xptsdson antviaffer¢ns callippes eftdyiLadtlV fnfesnewddike vegindereedafitht he
constituent |ight, an ) i erves ;15 0S1 1 [.QF .align the CDRs in
three-dinensi%na%dgpgggs§¥ﬁbﬁggkg§éséqﬁf?ﬁé%i%@E?EE% hﬁ?ﬁgyafé&%inding to an
epi tope of an antpgerellsire siCPDRss ehisegeh at Haimliaree ting peigalpby-infefierred to as
CDRE CDR2, and Cﬁgﬁf e i arti f.r i nus, and
are also typically ”3§#$§$%ng%§9pﬁgbgﬁ%¢ﬁe?%g§hrgﬁﬁ?ﬁgﬁ%ggﬁwg%$§ngDR is

| ocat ed. Thus, ais¥#v@DR3 is |ocated in 20the variable donmain of the heavy
chain of the antibody in which it is found, whereas VL CDR I is the CDR
fromthe variable donmain of the light chain of the antibody in which it is

f ound. IReferences to "Vi.t" OEQUUNOELISEING to the variable region of an
i mrunogl ohul i n heavy 1§0ghdbic 1HGHHI PG stdidiceOfist@Nn ¥ acdmbMyindSabeRE Fab. _
25References to "VL" or "VI? refer to the variable region’of an inmunogl obulin
| i ght chain, i nclitige mgskawatusve stapfapicttes glfyjeviagipys fgnupgejide bases, angithregpnoc| onal
antibody” is an pndicbady: RriRdMsRhsRYER S at e rCl one @y Bekimahecyhes O by a
cell into which the tight and heavy chain genes of a single antibody have been
transfected.. MoRASEIGTEISCHRRGERDUPYE byt iae protiRReal by 2Rt KBS 8BRhown t o t hose

of skill in the atldedQln} RELABER tRYdidFRKENGrakty bR i addtiphgths-sEperdeng cel I's from
a fusion of nyeloma cells with immune spleen cells. Mnoclonal antibodies
i ncl ude humani zet'R&nocl onal anti bodies. - 20-

SEQ ID NO: 1 is an exemplary amino acid sequence of human PD-1.
SEQ ID NO: 2 is an exemplary amino acid sequence of mouse PD-1.
SEQ ID NO: 3 is an exemplary amino acid sequence of human PD-L1.
20 SEQ ID NO: 4 is an exemplary amino acid sequence of human PD-L2.
SEQ ID NOs: 5-12 are exemplary amino acid sequences of human
framework regions.
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 is an exemplary amino acid sequence of a variant human
30 PD-L2.
SEQ ID NOs: 47-52 are exemplary amino acid sequences of antigenic

peptides.



A "humani zed" i mmunogl obulin is an i munogl obulin including a human framework
region and one or nore CDRs froma non-human (such as a nouse, rat, or

synt heti c¢) |nnuno%lobulln The non- human i mmunogl obtili roviding the CDRs is
termed a " doNSY®EHE t he human i mmunogl obul i n prOV|d|ﬁﬁnﬁW@”§PW§nemork i's
termed an "acceptor."” in one enbodinent, all the CDRs are fromthe donor

i nununogl obulin in a humani zed innurioglobulin. Constant regi ons need not be
present, but if they are, they nust be substantially identical to human

i i nmunogl obul i n constant regions, i.e., at |east about 85-90% such as about
95% or nore identical. Hence, all parts of a humani zed i mmunogl obulin, except
possi bly 10the CDRs, are substantially identical to corresponding parts of

nat ural human i nmunogl obul i n sequences. A "humani zed anti body” is an anti body
conprising a humani zed |ight chain and a humani zed heavy chai n i nmunogl obul i n.
A humani zed anti body binds to the sane antigen as the donor antibody that
provi des the CDRs. The acceptor PEﬁﬁHW@PPE§%RQPFEHﬁn|zed i munogl obul i n or
anti body may fave a Fhlsiaitibase RIARDRIhOfse SHRSY iahddidnRRTFolde RMicAG FGhds taken
fromthe donor framework. Humani zed or other nonoclonal antibodies can have
addi tional consefWHINF FEPRHR FSh AP @ CEVBSE 7 PUHTBREIUMIeHOmay e substantially no
effect on antigen binding O other irnnaunogl obulin functions. Humani zed

i mmunogl obul ins can he constructed by neans of genetic engineering, (e.g., see
U.S. Patent No. B'8%5 089). 20A "neutralizing antibody' is an antibody that
interferes with any ohidhendwé &Q&cﬁ@bhrﬁﬁttieMilstaileﬁﬁ,ecDicc&dlﬁﬁ)ko}’d@ﬁ%ilaﬂl such as a

PD- 1 polypept de. For I a neutralizin i bod n |ntedere with the
ability of a' 1y“T*p5F§B8g§@ 8“?%m}%ﬂﬁd%m3ﬁcq%§ﬁ%éyP@ 3OS’ Wych as the

cytotoxicity of Hengelih Bewih I’G@Ml‘palbhsﬁwaﬁmxﬁﬁd [Jtnh'elsﬂﬁﬂ’éisai%Z(IBEN@fﬂt% body can

about 50%  about a0, KB B KPS haPec il de hHara AL B R ur o 1 mune

responses, incl ugliBlgkivenSaerte ser.i b3y 8icse-0TmsyY- 9hand186idntA01\/&$eess potentially

neutralizing ant ?%J co oun ion, or substance
that can sti nul aeg? Zecélfloﬁﬁcotg? 6’%’[ ?’ecg”’?ﬁ“ﬁoﬂl Z’”é“"rggﬁ I¢t%5Ponse in an
ani mal , |ncluﬂln@mnﬂm@b$VCHdemﬁethaLJa9ia$mmeé%@ﬁ5698absorbed into an ani ma
A e et o R Sl AP T by TR Rl Pl apeblyd ar | i ty,
i ncl udi ng those i nduced By Het'erof ogous 1 munogen & Ternr anti gen

i ncl udes all reIaeémoam@pgﬂmmcmspﬁ@p@ﬁqmmﬁpuumpe&ﬁ -21- or "antlgenlc
determ nant” refers t ' t B / Lls respond.
Altefing Ie&gsoggrﬁ@[}gﬂ)ﬂ h@y‘?ﬂ}eés%ny“&'hﬁl g, e Yinc! efa?ﬁ

In one enbodi nent, T ce & epit e’ep
presented in conyltsﬂn@tasmg, tind Ievel ahprodvkctHO qm*;ecssnbeof Hpickeoped sezqacncbel efnor msd bot h

from conti gugys . hORRS 5@!3%%0&01@ A0 bABMRC AT ARG AR ARARCH DY

tertiary fol oteln pi'topes rom conti guous am no aci ds
are typically reﬁa@n@domnme¥®@§gméﬂk@d@éma@wﬂWh@f%mb$@nts wher eas epitopes

formed by tertiary folginge, %Eﬁ‘set%ﬁ' foboké; 1394 1 8% slﬁga.wgt.a%wsdenat uting,
solvents. An epitope typically includés at |east nmore usually, at |east

5, about 9, or a%éumewﬁﬁCQKVEéw&@FG%m@ﬁméaénrq%é“@ﬁaﬁﬁan@@ﬁﬂ@rnat|on
Met hods of deter i Hgné%hlﬁé RWFHOWH%% AR mc]e@&)ﬂJdQ%S — 3’ direction,

25  the minus strand of the DNA serves as the template for the RNA during
transcription. Thus, an RNA transcript 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



10i ncl ude, for exanple, x-ray crystall ography and 2-di nensi onal nucl ear
magneti c resonance. An antigen can he a tissue-specific antigen, or a

di sease-specific antigen. These terns are not exclusive, as a tissue-specific
antigen can AYSYP'HEE di sease specific antigen. A tissEEVSHEIPIE! antigen is
expressed in a limted nunber of 15tissues, such as a single tissue. Specific,
non-limting exanples of a tissue specific antigen are a prostate specific
antigen, a uterine specific antigen, and/on8a testes specific antigen. A

ti ssue specific antigen may be expressed by nore than one tissue, such as, but
not limted to, ama0tdgane LBRL.LLEXR! EIIRMA LM RnGRAR L LepApduCt T ve

ti ssue, such as 1n both prostate and uterine tissue. I sease-specific

20anti gen is expkeswéduleof RZAdemplannjarnjoraserse tingedinse nypleycasgkmol@mteci f i ¢
non-limting exanpl es, s fiS GRRASREE tdidErcBRL BERIALIE, AD AL logen whose
expression correlates wth, or is predictive of, tunor formation. A

di sease- speci f i ctegmiquesethat gngreaisehampnat ¢fgericrad e sumeiz el Bylecplecisalsampde B cel | s.
Antigen-presenti ngncahd, (ARQMpIACRIpIiALdBYE isGRboRERERM AR 486N Pound to 25M i C
class I. or class'EI nolcules to T cells. APCs i'nclude, but are not limted
to, nonocytes, nHBiFbphiagesal seramelrqlierted Ean p subjept i epriasted witg@ppigofand Langer hans
cells. AT cell {hahuckdieyBRaMind@oh@8hstkit AlRELr the GRS adnReledi ng CDA+
and/or CD8+ T cells) is an antigen presenting T cell (T-APC). Binding or

st abl e bi ndi ng (Pﬂm@'bﬁ@e?'%Pﬁl@j@wzplaﬁnn&eisaﬁmgﬂks@ﬂm@é afsiengadedndst abl y bi nds
to a target nucl giigbie€dnditibhs, Sisdbibkd bR e @MMBan®@fhed RANMlegoRUGIROL | de for s
base pairs or _is hybridized to its target nucleic acid, to permt detection of

that bi ndi ngl0Bi HYidgok DMy e PBECBY! @Pteh et hpMricasld: dhe Pigiet ¢fonal
properties of thg vircamplitiadigetin0eicBONUGE08y tiet6moRbe XestBLiRdI Ng bet ween a
target and an olugonucleo i de can be detect ed q%_an% ppgcedure nown to one
skilled in the afFoMCliREGErHge BOERS fURYLFIGHSE PR B S CatoBi NdPhg. assays.
For instance, biadienthcRiaBqecitetend edditretdiqeal Oyerkyarsietsesr m uri-ng whet her

bi ndi ng has an observabl e effect on a hiogsynthetic. proces ch as

oxpr eogi on of | a JRRG BuEFuHT PO DGR Rer B b P AS 1o Gnd ¢ he
like. 15 Phiysiscak, 3met foeksipabn-fiet ieticrmg ambkfidaiisidkded) ©fPaconpd. enent ar y
strands of DNA o are wel L known in.the art ingcl ude such met hods as
B Nase 1 or chenb Ear Seal Tt e bt gkiter Mok oy SR 1B, Hefediige Tascave,
Nor t hern bIottingmmebmmHmmmmﬁgmfﬁemd20M@h@mabmogbg$©@mmgm$mﬁion pr ocedur es.
For exampl e, one, RIRAReiRl ¢ Pathdel Yoused, Begausachl ds, slamle and

reliable, involves o 55?6$ﬁg a changé™’I'n absorption of a solution
cont ai ni ng an ol {sgo§cPemt Ndeb, (28188 @nard el SEP™ RGN @anb@ipget-freeucl ei ¢ acid at 220

to 300 ””‘a326hem%ﬁﬂﬁﬁkﬁQ%E%§l§m§%9ﬁd&o&ﬁﬁﬁ?ased- If the oligonucleotide or
anal og has bound to 1ts targét, there ’is’a sudden increase in 15absorption at
a characteristic tenpenidpdy:eA aslypdpadalgagbrouplisog itdast(adrehanhaihogheaand t he
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,



target disassociate fromeach other, or nelt. The bi ndi ng between an
oligonmer and its target nucleic acid is frequently characterized by the

t emperature %3‘? at _which 50% of the oligoner is nelted fromits target. A

hi gher (T",) 845t ronger or nore stable conplex rEFUPIVE 8 a 20conpl ex
with a | ower (T,"). Cancer or Tunor: A malignant neoplasmthat has

under gone characteristic anaplasia with loss of differentiation, increase rate
of growth, invasion of surrounding tissue,-iand is capable of netastasis. A
reproductive cancer is a cancer that has its primary origin in a reproductive
Lissue, such as o408 HLEE et AT RoaGHORINeub PIORh A Biogf.BlIcapi an tube, or
penis. For exanple, prostate cancer is a malignant neopl asmthat arises in or
from prostate ti¥YdudreempdaftooNeweY¢ariCer i s a mali gnant neopl asmthat arises
nor fromuterine thgsugy, ANA-LesidGh) Ak a6BRGGH | GalFAELGNAR, A§OP! asm that
arises in the testes esi dual cancer is cancer that remains in a subj ect
after any form ofeht shermtcarnns yropemireiaied s ubjableteetn. Euesor aErddi cat e t hyroi d
cancer. 30'\/Et‘ﬁ5t1@&>bvﬁa$‘%|8ﬁ%s SnRomBRER:, B hQRLa RN TRhEchiht&Siblen t he body ot her
than the site of origin of the original (prinmary) cancer from which the

met astatic cancereiPy saerficgibbind thoglisohdriet Ret ipyy: chenemititapdpeeien agent s:  As
used herein, any,¢hgRlcat 1eaﬁﬁﬂke1ka@b§ m‘#‘ere%p@elﬂ&alnﬁbl&&%fohlsl Bes&Iea the treatment
of di seases characterized by abnor nal cell growt h. ch di seases incl ude
tunors, neopl asnECRPENEEHELHCIEBINARY PSigRs” §f ¢ esTfeﬁféfeabq &rifA88VBY hyper pl asti ¢

growt h such as pg@bh agliDORsHAs BRE JEHROALOBAbA: cul. Cbb@@%é&%fﬁ@%k'of agent is an
agent of use_ in treat| ng neopl asps_such as_soljd tunor one enbodi nent, a

chenot her apelit i c/gHaeles T Igerpsidl]-ddeappivaenysl lelih and @@”@F“@E’i 7% n the art can
readily identi fYWlﬂc}ﬁBﬁHQEyh&fo@fWédlt@naE@ﬁﬁe) OfheUSBat (gratghse S @6w Dlampatedand Kuf e,

Principles of Can her a in Harrison's Principles of Internal
Medi ci ne, 14th e?i’i ’f‘? ) e@é?&f} &heaffameweﬁ‘éﬁﬁ?%é’fgg9le“tlt§@j'f" hgayy ChiRp el of f
Clinical Oncol OQjte 2ndv@dconsdrd20Mth ChediahiThd friharongstiones, anlan@bodﬁsam zer L,
Berkery R (eds): ocket Cui de.to Chenot Loui s,
Vbsby. Year Book. * T8N O AR SIS I RHGE SR B | SUgE 15 2AE) - Fe Cancer
Chenot her apylﬁ-lanndtpo@d(qn Al hljﬁdhe @bRs Jh(ﬂﬁt@djmhﬁ.’sﬁfﬂm sh(a&ar Book, 1993). The

i rmunogeni ¢ pol ypept i i scl ose her ei a I n C un.%ti on with
15addi ti onal chenot hT#d‘%EBE ¢ PAg&nY 'eSponS‘%le%‘q’@(ﬁjﬁﬁ o?” TPEVRS ? JJI'i;‘lélcf’nevel of a
nol ecul e, such a’ﬁheaCQRxlqieq@bpbandee ofpicalliclefeired @aks CPROOTRA, lar}d ¢oRhd i n nature

under a certain condition a i fi.c _genet.i ack in certain
enbodi nents, a conq)ele Sfiqeem ﬁjy Sff?amn%cfmecﬁ:]g eteléne{?lusb%]gﬁléa’élssﬁlr?yg aﬁ’jh]% l%efl or

speci men t hat halsy thothalhéewhsbeeatiedar @R héocadd.r Bab.lav0rDRhdilaceted Iny, to a
20t r eat ment . 2¢] ?ﬁ]QUEla%éEﬁ?AS%ﬁh@he%%“gh%'ot Slbo‘af‘ﬂ %?ﬁhtlh?gpgﬁy%eﬂe a cell not

contacted wit e agent, suc antagon I'tional exanples, a
control |evel ca’an@DRIhe thee@/eR 1 flﬂndlewmbéecdommtofddr}rﬂgmcswepﬁttle trgod3D- 1
antagoni st. DNA (deoxyr:ihqpycleic acid): DNA is a |long chain polyner which

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 “V” 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.



conprises the genetic material of nobst |iving organisns (sone viruses have
genes 25conprising ribonucleic acid (RNA)). The repeating units in DNA

pol ynmers are four dlfferent - nucl eoti des, each of which cor‘rBrl ses one of the
four bases, JENP¥E4uanine, cytosine and thyni ne bouRGVFSIY 8 ETxyri bose
sugar to whi ch a phosphate group is attached. Triplets of nucleotides
(referred to as codons) code for each amno acid in a polypeptide, or for a
stop signal. The termcodon is also used fa0- the 30correspondi ng (and

conpl ementary) sequences of three nucleotides in the nMRINIA into which the DNA
sequence i s transcrihe r ference to a
DNA nol ecul e is int e%dgém%“é%?né]w&% ugk:kga\?\gp@gn&%ﬁgﬂ ellrrlr(gﬂ(%mﬁ?}y n{ﬁ

mol ecul e. Except fragtpaoek isgipgindsdapdedn €58 s frampagurihyah (Wh@h%mp‘éﬂtlﬂther ein, DNA
mol ecul es, t hougl idiitf gmooci@ofahfetnfem'oxhanéf lﬂg{uﬁoowuﬁm oy BAG QIDASS bot h
strands of a doubl e-stran | ecul e Encode: ol ynticl eotide is said
to encode a pol ypept is gameda “doppri’ned ha by @mﬂ@@ﬂhwewdmﬁlﬁpul ated by net hods
vel | known tosthpge kil leﬁqedda“aéa@pt@rtm dnt erggdmup@u Ll ARG R ANGE OF

transl ated to produce the nRNA for and/or the potypeptide or a f ragment

t hereof . The ant{orgdpsuneglebyhginadiurpazeddmpluasmibblinf Capgfen regionsescdingt aci d, and

t he encoding seq&?\&@m%nlf% dedyoedudt heqeld@my dEptefsAn: The process by
which a gene's coded |nforma ion i's converted into the structures present and

operating in theMEBIPEOEpFRSERTCHRYidS - fHetsLitte 1o tuihes BPY Bdriscri bed into

ni RNA and then tgassdeaiad Hera&@alpp@mfmm%ﬁ&m@ha&nau&ﬁ& ARseK i bed into RNA
but not trans|ated into proteln for exarrple si RNA, tran RNA and

ri bosomal RNAJ. HhUERs-@igprbeastiply igticl f%oﬁéstpo%dé%ﬁﬁ%f“a%’lj’éh“%%‘ a gene or 15 a

pr ogot ﬁr rﬁgi on ﬁ{m@ogﬁﬂﬂ? s&]ﬁéhcésessufhhmhrnzadhenmprlesiarmﬁocﬁfcga@lﬂﬂ@M ahpr ot 3' n,
or ot The express;on of the e guence. can pe I nNnliplted or ennance
fareaeanjeh cnain nd & e HRy S5 o S Ch e TES o ¢ o d

(decreased or in
sequences that reguddytbedt lfb&h@s)ﬁpxeeﬁt&le@ﬁs t0d doﬁhonhfhhedsd@ltlﬁg@ﬁ&désuﬁd @bRs. aci d sequence

to which it is operative ke 20Expr.essi on .c ntro uences are

boernt vl y 11 nioBt b e e B Sam G R bR e R PBLBTER aont ol
sequences comni r olimigdchumegul arbalrﬁthﬁs by zﬁj’l’lﬁ@ﬁdlcﬂttdk@mflalﬂdle dasordppeopki at e,

transl ati on of the nucl elc% ac i C l{l v dﬁE SI on control sequences
can include appr ‘ﬁ?a“éztegob?'ber‘rﬁlog? Hor?beéfz’é’ AR ‘8?1 pErENtefH Rat ors, a
start codon (i . eacjd sAFDjutioms vf/}rldnﬂavﬁs‘ubaarplnmrmaﬁﬁeamwdmgegbgemgpl @ipdri ci ng signal s,

25el enments for the nallggu%%?ce of .t he correct fégﬁdl n ngmqf t hat gene to

nog Nnct Human [ mmunoo Ins ¢
permt proper triansl'at i on rﬁfiﬁlA na- E erm cd’ntrol

sequences"” is |nmmdeﬁgeh@1clem@hagd@ (eat sathﬁrﬁatmmJo édﬁ@(?ﬁ%nts whose presence can
Nl Luence, expiesst on A0if. is0ut fohuit.addhlhenal, GaTRGNARL S whose

presence is advant ageous, or exa sequences and fusion partner
sequences. 30Eprlelsglpzlbncttyom pfOJIPOQeqllelncse@ tcarﬁ’Drhmlxdelda prrerotm@e, a A pronoter

is a mniml seq %pﬁﬁmglﬂ aratmt&@eu?*vrt}?ﬁ;lg aﬁlﬁf?%?&ﬁbgg'r R@e tl'é‘!: E)Qeduggl uded are

t hose pronoter e ement § are sufticient O ren ronoter -
an immune 1esponse such as the cytotoxicity of T cells. In several examples, the

neutralizing antibody can reduce the ability of a PD-1 polypeptide to reduce 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”



dependent gene expression controllable for cell-type specific,

tissue-specific, or inducible by external signals or agents; such elenments may
be located in the 5 or 3' regions of the gene. Both constitutive and

i nduci bl e pr $MP¥& 13t e included (see e.g., Bitter et AtTUWERYAHEY in

Enzynol ogy 153: 516-544, 1987). For exanple, when cloning in bacterial systens,
i nduci bl e pronoters such as pL of bacteriophage | anbda, plac, ptrp, ptac
(ptrp-lac hybrid pronmoter) and the |ike cami-be used. In one enbodi nent, when
cloning in mamualian cell systens, pronoters derived fromthe genone of

mammel [an cells {SheR.AsiddiaRt ddobaieng anmmmﬁlzrhﬁanofx&%enﬁm' | an
viruses (such as the“retrovins |ong term nal repeat e adenovirus late

10pr onot er; t he wpspeed. N anagmhedinensK cgisaerpensrty thegpitdpe wise the eptopatt er s pr oduced
by reconbi nant Neal i de for
transcription 05N§ﬁ§&%§¥Q@P§;gﬁ?%ﬁggggggggggé E%u&&“gﬁbygﬁg?ﬁggfﬁgﬁ

Ori ginating fronioséeparstmEngeiis O eonsglise®s apino spdoieeposdenéradry yoldian ant i body
that specifical |<}fat%|1d?g§ ﬁ&toﬁqu&%@'ﬂBmQBntlﬂ&nﬁ%ﬁ-@ﬁo Wb hre %?eallyi%&ﬁl% fjcally bind
to a heterol ogous protein. Host l's 1n vwhich a vector can be
propagat ed and |@@O@WMPé%@ﬂ@E%éﬁw“WN@“&@W@“&Ey“H@ﬁ6Wd%E@yBﬂ@@:%? eukaryoti c.
The cell can he @@ BA1B 1bsBbh @ HEdR: Bh GenRuAR L oRRh - AdERopEl Al $SR1sRC] udes any
progeny of the subject host cell. It is understood that all progeny may not be
i dentical to theephdent apreaatlly <f e S ther &> 2oRwY SHE ARiIeAFPDAS UK occur

during replicati@gal t&weﬁon UG IPSRPRAYInRL SpakiNGhMIRthivheplidyRs t er m " host
cell" is used. ne response; A response of a cell of the inmune

system suchlts ‘éidBjec@ll anmPlecéW C"/éia“?ﬁb%éf%dez dipgnsipnak (uRgiERasNgtis one

enbodi nent, the respRBse is specific for a particular antlgen (an

"antigen- speC|f|c response”). In one enbodi nent, an 25i mune response is a T
cel | response, such £§‘ﬁ“$fﬁ¥“?ﬁ§58ﬁ§gx8F”ﬁ“ PR A0EEHEIRE! S AR Mot her

enbodi nent; the TRsSPONSErd ot axcﬁsﬁehkaﬁﬁﬁep@a&ﬂc ardfaeh F2@S14b bsa dikeatehe producti on
of speC|f|c anti bodj es "Unrespon3| eness” wth re rd to i e cells

i ncl udes refractﬂ@?{?mW?mi U WET S8 NdE PR SEE T ”“gﬂdﬁmgnugtlnulation vi a
an act|vat|ngsrememkomdﬂnaamgﬁmym@k&ﬁaﬁcUnnesmﬂgﬁkuﬂnassaﬁaa:qeaa& for
exanpl e, because of ex osurtt %nnugosugg essan}s ar eﬁﬁzsuge to hi gh doses
of antigen. As u¥E&HEYEr ﬁ“‘ff*Pé"‘ B HEH AR PO 1 HREE ARNCR PRI udes
refractivity to @e@fwatugﬂg A%wstpamﬁcrmdgeatmd beei’pﬁessaithym,dl@.ﬂhhml.e Such

erract vty LS BSReLal Ly AN R RReE ke ANG, BRISIRlSngLheE fxposure Lo fhe
tolerizing antlgen as' dedsed. "For & e aner@ ?as opposed to
unrespon3|venesskpmsmmhamamiemhzedbmypkmmkaoiumwmﬂkuneApMEdacmmdm (such as
IL-2). T cell,an el Q-ant i and receive a
5first signa% §*8%3$?ﬁ¥%%gc Sgdmmﬁ ”ﬁa%wdl B§§§ggﬁgp§&wﬁgsﬂe‘absence of a
second signal . (amc@bspMM$ammﬁyxémgnakﬁmeUnd@mehb@equﬁdbmhmn@wsre exposur e
of the cells to a presence of a
costimul atoly rrof”@ﬁu @gﬁgggﬁ (?gnﬁng%}{lgﬁ“hé eﬁﬁﬂg&gg%gﬂ%%gﬁn(LlHrtiEegHsand t hus,
failure to proli #rélgatleco shp@r i Tecells erdd ¢edls.can, however, nount responses to

unrel ated antigens $mq,t@§ngﬂ£gﬁ.9gw%@@ hoelPibAHE Bdse dRosbald pes (such as

1-2). For exanple ner
MHC class T 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. 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 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 is hybndized to its target nucleic acid, to permit detection of that

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



al so be observed by the lack of IL-2 production by T |Iynphocytes as neasured
by ELEA or by a proliferation assay using an indicator cell I|ine.

Al ternativel a reporter gene construct can be used. For exa allergic T
cells fait t&"?%‘?f’%"]“gﬂt 1-2 gene transcription induced B(}r’gszﬂ@?gﬁﬁ?}t ogous
pronoter under the control of the 5 IL- 1.52 gene enhancer or by a nmultimer of
the APl sequence that can be found within the enhancer (Kang et al. Science
257: 1134, 1992). Anergic antigen specific -T2cells may have a reduction of at

| east 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% or even 100%in

cytot oxi ¢ activi kel 31EiR LALELSBANAL 00, &00LE Gk R IfEn SRgEL! I C T cel |-
gol nmunogeni ¢ peptl de’ pept i conpri ses an” al e-specific notif or
ot her sequence suahe tidigttedtbyenpripecdele kpgwi to Rpawdtilkga inviiCrhoiceduk dotind | nduce a
cytotoxic T |lynp 0 L g, antibody
production) agai ﬂg{i%ﬁﬁéﬁ aﬁyl%%l%%gb?négys oh lﬁs@%ﬁ#&%géﬁ%@%@%ﬁ de is derived.
I n one embodi rrenfUHCtlomﬁmdéétmn@mpEM@@e§1nél|ﬂéhilsdénbﬁef‘ﬁa@dCfL@F ¥ynsequence 25notifs
or other met h9dsblo§/h‘l¢1g&cap%c@@llﬂ@llas@?ﬁieﬁfmQfoalééﬁ'é)@bmleglﬁztaﬁgnmlm&{ Be. known in
the art. Typically, algorithms are ‘'used to determ ne the "binding threshold"
of peptides to singgionhddeliifth scores that give thema high probability of

bi nding at a certai nPﬂ%sﬁdaﬂnﬁq&t}f{od%?idé{\échhotﬂ@blhﬂﬂu&%%]eﬁlemﬂfé‘nﬁalﬂg&f]:bﬂifkms are
based either on the effects on M-1C binding of a particular amino acid at a

particul ar posi t PgRA tReel Sopverin s 5 Inshcf BB yreBPHd m'ast | A cirabed cul ar ani no

acid at a parti cib@finpRsiedl ki anditidif)@1ceffo€ &k Sys Aotk G diteh g ot alonastl cul ar
substitution in a notif-containi ng peptide. Wthin the context 0

i nmunogeni ¢ peépt dichtabsotriiea drgign P'é’é‘?ddifé"F(i‘§xac51?Pée {pfi TR 6%&r“§‘del¥ 27 in a

significantly hi gda@rbeéan@queﬁﬁwetah@mlm&Iuctob@s wgepeiﬁt gehabye ih@plom di stri bution
at a particular position in a_ conserved residue

i s one where the NP ‘tﬁ‘étﬂﬁ?}&‘ﬂ%r‘iéﬁﬁﬁg? B 8'%’08‘5?68“‘?: (ﬁ't%‘c“f‘mﬁﬁlaﬁ‘ii A{Eh the
i Munogeni ¢ pept hdeic alcmliummgem)a:nrﬁ)eqam degertan 19deay bereadenttitfel ed by neasuring

their binding to a s and by their
2bi 11ty o oti miP B EEH AT Gie bk bGP gP ESShrEd S HEh Bt o1 ¢ he
ME-I C. proteif, ab501pt10n|d1i’ﬁrbﬂ'mﬁ@&nbtfc tér@;ﬁépmse fid 81611 gAn @S bt dndlag)adpiel Si ng an
i mmunogeni ¢ poly t nucl aC|d encoding t he i rmunogeni ¢ pol ypepti de
that induces a 16”p C!éﬁl PR tg?' eaCheoé}ﬁ)ebnse agai nst cell's expressing the
pol ypepti de, or inducisbadingeasucabhelineehld isesponsdeid itk fraqiephyoduct i on of

ant i bodies that speekilsalin SARA.LE P YRSRYAAS)A0RLNSY. Ade, poLyPEPL] de For
invitro use, the'i I mmunogeni C ti on can consi’s r? f 1 SO at ed nucleic

aci d, vector incltudigeg Atmgnenacbmb@sacurchoarm rrmmltmbg:@nmglepe}bmwdEa For in vivo

use, the i og wi Il 15typically conprise the nucleic acid,
vect or mc%?nggﬂﬁexﬁﬁ@ﬁg%& rB and or inmmunogeni c pol ypepfide, in

phar maceutical | y accédpnadyios T@lmon értmlwmdme@plam therhaggraiatgsne <‘Arma¢tmrsunogen| c
conposition can ﬁBEl‘aﬁp@lt}L Wsd Jral ek %nﬁf&na}ﬂ'd%\@ﬂk £ &obht, hvAdagoni st a

costimul atory nolecule, or a nucleic acid encodifg a cost i mul atory nol ecule. A
pol ypeptide, or pureobrding tieriedand mcpkbiecpf trisastpsd. yoeprodektive erarer ke qaecdi | y

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 is 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.



20tested for its ability to induce a cn by art-recogni zed assays.

Inhibiting or treating a disease: Inhibiting a disease, such as tunor growh
or a persistent infection, refers to inhibiting the full_ devel opnent of a

di sease or | &SEBAIHY "t he physi ol ogi cal effects of the HFE’E%%/OB’?%EJ‘%SS

several exanples, inhibiting or treating a disease refers to | essening
synptons of a tunor or an 25infection with a pathogen. For exanple, cancer
treatment can prevent the devel opnment of pas-aneoplastic syndronme in a person
who is known to have a cancer, or |lessening a sign or synptomof the tunor. In
anot her enbodi nent, éﬁ&@&ﬁ@%y,@ﬁen@&hér%&%h%@% urs&‘jf}ﬁfemt Qn)JJBerniQ!lltl ng

devel opnent or Iessenl ng a synptomof the infection. "Treatment” refers to a
t her apeuti c i nt etefeintingbrrapRec vapreinpss e Scamay giflisisesdhagyriacdiy of a di sease or
pat hol ogi cal congjbinfNcd e’l(ﬁ\ttﬁdSJCQd;sgh@esthﬁﬁi@%aolJh&fpﬁ@rﬁyﬁdanﬁ@l%|%ﬁt' on refers
to adm nistration of an agent to a subject already Infected with a pathogen.
The subj ect can B&isa¥yhipraeaizce by Bypetriatc Fautherdat presiprlents the -28-

devel opnent 0§ aelﬁ%emeranhc%%triensm@@%tﬁaw&éﬁﬂd?@qeqane@lnseeorp%mmc}t he severity
of one or nore existing synptons, or reduce Eat hogen | oad. I nf ecti ous

di sease: Any di s¥ask "ﬂ‘fﬁ'ﬁéea‘ We&‘hoq”ﬁ?‘lé@t‘ihﬁﬁ%r i)"é\‘ftc agent SIPURACHIC | nf ect i ous

pat hogens i ncl udgelcQid. GHef OO mlthénaltcaﬁl etaguy MértiBSESemPBOh R iiGageMBEOPI asrna 5
and fungi. In a partl cul ar exa a di sease caused by at | east one

type of infecti otf€ pacHordk and Lﬁﬁd’ﬂ’ié‘f”%@f&?ﬁ‘r’%ﬂl‘i % §hapteyP_ase caused by at
I]gz?st t wo dlb f:;j er Hﬁlﬁsdn}éﬂ’e;%m@lﬁs ¢fr1fﬁt;§2 |Wd&1r@ﬁt4h0§[bﬁ Pdu?lfeem C?moﬂdeb@@ases can

af fect any y Sﬁe]{,rm)\ (—‘I.; %ﬁ:.u.t% ort-act |@2 %é C 0l C I stent

(1 ong- act i ng?, o@%d N pgith Chet KBGO ety e P g }H{} '5 ; and overl ap
each ot her. 10Vi Balzedi, sae&s@az @ONTDitb ) s PREUE Afideas Chermmmmpmmﬂeasiron due to
re-activation of_ vi r esent he..r G pien P cul ar exanpl es
of persistent vi {’%’I“ ‘?abﬁg(ﬂ%/ﬁ&cqrs g‘é‘:he‘t}%é] I{S'P%Hﬂ ”I“V?ﬁettrgcﬁ“@i)%

cytoneg, al ovir usC(:@AOhemnmumnH&,dbmt 4l kd. iSs Lane M@by-NedriBepk, Eps¥) el Barr vi r us
(EBV) Iyrrphoprollferatlve ox/ shin sed by varicella
Soster vitus Vo TR Pl ET A O BN &0 BRI aevi £ s
henor r hagi ¢ ¢¥yst additenalehanaltherapbitic@peanss, pneum)nl a fromrespirat ory syncyti al
virus (RSV); AIDS (caused by HV); and hepatitis A, B or C Addi ti onal
exanpl es of infecti ofntiollgreli hied lendeof dRetlewmie fuckiases poBipewidpaniuciedae (f or

exanpl e, polio Vi&§esn NRRAS b refynddr alé§1mme&tnglf gf}’én%%?ﬁ] spliBRn4ficOXsacki e

viruses, rhinoviruses, ec' novi ruses) fcirliri (such as strains that
cause gastroent echkilgl)nd Mmlmemb%{@lwfoﬂ ce@ahipyed of aepeliqe cembepbrlid i s viruses,

rubel | a viruses);, Fl.ayi HLdae (.Iu%s rﬁ%@ém's&]ec%r@tﬂé dbdySe R &G ePhal i ti s
viruses, yellow fever viruses Coronaviridae (ftor exarrpl e, coronaviruses);

Rhabdovi ri dag0 (f Bratresa nplseme Gaspleylagentel Mﬁtcill’[‘?es‘h@vlﬂ%@eﬂsce“ peflsPeiactsd r uses) :

Filoviridae (for,gxaeRt&: sRRAL ApMirHaeshs. RABRAGRYXMmblel, d@6ntof Rl exanml e,
par ai nfl uenza viruses, munps virus, measl es virus, respiratory syncyti al

virus): Ort homyx&Widethgdevelip @ pubiseapqsp@minisigrerd therPhy | itpeqaisls ) -
DNA (deoxyribonucleic acid): DNA is a Jong chain polymer which

comprises the genetic material of most living organisms {(some viruses have genes
25  comprising ribonucleic acid (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 (referred 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  corresponding {(and complementary) sequences of three nucleotides in the mRNA

into which the DNA sequence is transcribed.



Bungaviridne (for exanple, Hantaan viruses, bunga viruses, pideboviruses and
Nairo viruses); Arena viriclae (herorrhagic fever vi ruses) Reoviri dae
reoviruses, Qrbiviurses and rotaviruses); Birnaviridae; &3‘ r&aw ri dae
(Hepatitis B™WH?° {)/3,/0,8{}5 Par vovi ri dae (parvovi ni se0; PaBST/g Pi%e ( papi nona
viruses, polyoma viruses); Adenoviridae (nost adenoviruses); Herpesviridae
(herpes sinplex virus (RSV) 1 and HSV-2, varicella zoster virus,

cytonmegal ovirus (CNI'V), herpes -29- virusgs); Pardridae (variota viruses,
vaccinia viruses, pox viruses); and |ridoviridae (such as African swine fever
virus); and unclassi fj,eds ¥hdiWRESebifiQ, 18%ARKE to b BRI LIl ALY fdhaagsnt s of
Spongi f or m encephal opat hi es, the agent of delta hepatitis (thought to be a
def ecti ve sat el | ingladeghe lﬁéﬁbﬁtCPWP@mB“\?fWEQNAFWEC‘éae%CéPtO‘th'ﬁéW ; non-B

hepat itis (classglmdealds 1@?éqhi¥edtt¥ Qﬁb’itgitth&%ﬁ; DRh3SecdeR AR Sfi@h| té(dépl’c@nsm tted
(i.e., Hepatitis C; Norwalk and related viruses, and astroviruses).

Exarrpl es of fung‘aﬂy‘iﬁ*l‘%i‘:%“l“"%§“‘i°ﬁ’(§?%§(‘3%‘hlﬁ'uzt“d%?fe" degkle-FranieideNs golesdlper gi | | osi s:

thrush (causeql by Cangse) rpINrGaBsNHe HC@EIMWé?l@&ﬁ%%lyﬁep@@@iﬂﬁf?qg hyivCr ypt ococcus) ;
and hi stopl asnosis. Thus, exanples of infectious fun i ncl ude, but are not

linmited to, 10CrioRotEnSapBYRES me&tho%@{l&m%ﬁdi%% ?ﬁr“afb? #hit@cci di oi des

inmmtis, BlastonmeagascHesdmbiof irdhkSted Qvl@dmyaﬂham@mpﬂapm fhe pSlaphtigaoral bi cans.
Exanpl es of inf ecél ous bact erjia inclu i cobact er | ons, Borc?l ia
burgdorferi, Leg? oty %Fféu?rrbep"rﬂ“rs%fe S%“S}lfd WP’:S“%% Cbél‘}l&‘Hel&%‘”

t ubercul osi's, AlLabafieRcodg.sequbiideatithd deiae@iheiromkansaii, A . gor donae)

St aphyl ococc aur eu 15Ne| s eria oece eria nmeni n itidis,
Li st en() rmng@yr ogengfé‘preéﬁ'?'bp @bo(?&%g 575Béﬁ%”§ f% dﬁmﬂla%‘f”r'éb‘i”d E?gcus)
St rept ococcus agialoand inaeufetpietept Bd Sperpik OCOE €IS ExpiBistghanodeidshdsyi i dans

group), Strept ococcus f ae coccy St r ccus (anaerobic
sps.), Streptocoltd¥ ‘bﬁ“}%’*ﬁ?‘jﬁﬂ% é@’g 'g‘{tﬁ@gféaﬂ %te%&}'?ﬁﬁ/?%é ?beg}ﬁt 4Ent er ococcus
sp., Haenophil usnanskflibucEmmaH\IA Ba:mnidmnslatad)ammmtaml(m examp ¢ NeeiRias | tenhsfem

di phther (11, CORMRERACLELEUTAS: ryF ASLREH 0TI LIS ORAL A€ G oSt ri di um
pci fringers, O oStricAT Une an| et aerogenes ebsfre

pneti noni ae, 1fas4 pmombllealegmnh bfocdeda ; carBamltem tlnr:d:e;sesspn pf aﬁlmwb%.@tpmrclmrom nucI eation,

Strept obaci | | us ”'Jrﬂef&ﬁ@s‘s%no Feheligia é‘ééahgem ited T RAAE é(PCle sdue,
Lept ospira, and i nomyces |sne in i'ous or gani such as

25protists) incl mdecwaﬂdasrmdl um fal ci parom and Toxopl asma A "persi st ent

nfection i an inf aqhlanal PobliShaliesl RLAGE LAYSARENNS UGB Vi rUS.

nycopl asma, bacterium "parasi I's not eared 6r elimnated from
t he i nfected hostxpreev@mofaftierldghe nucidlg@ctlﬂ mume wrwhidmuineparatisplpfisied. Per si st ent

infections cap bg, cOGONLGHbNEGRELEORS opdiAREMinkddl &6 bt WhSacid¥eqRh@WH AT €Ct i ONS.

Lat ent
the expression control sequences control and regulate the transcription and, as

appropriate, translation of the nucleic acid sequence. Thus, expression control
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-



30infection is characterized by the | ack of denonstrable infectious virus

bet ween epi sodes of recurrent disease. Chronic infection is characterized by

t he continued presence of infectious virus following the primary infection and
can incl ude 8%?8%%@“7i30- or recum nt disease. SIOM/infgﬁgﬁ%ﬁm$%5bharacterized
by a prolonged incubation period followed by progressive di sease. Unlike

| atent and chronic infections, slowinfection my not begin with an acute
period of viral nultiplication. Wile acutes-infections are relatively brief
(lasting a few days to a few weeks) and resolved from 5t he body by the inmune
system persiste g orYears, or even
alifetine. Thesg%?kgéc%%%%Eéﬁgﬂqg&gﬁh?égﬂ?gﬁggﬁ%gﬁm;9gug§$&h§c%ng period of
time, involving seegesbiofesial deralsenecpisodete ¢t mivdetdcaind withhoat> cel | kil ling
or even produci nlgosw%felo\ése cia%mmg wdi@e bEnARBe GohbiSs 1BGRlusd QL i nfections
often invol ve stages of both silent and productive infection without rapidly
killing or 10evehspPigeiriind/edvdes v peofarbyed 16f54¢H88HoSer cxentls WheRir i ng

persi stent vigal o pf£GHLANR sykBEs, \(Mualﬂegmmue% P& reiddiepnagt ably integrated
into the cellular DNA or maintai ned epi sonal ly. Persistent infection occurs
with viruses suchmidd RAfRHP PIACEPHP-IReINbEfPRMPIE /8@ e liEpen OF HieBaFYongi r us,

cytomegal ovi r us, e RRKIRKRKY WhbtSEShin i hrlaf@lali AZRB ke RbRoteSBASLEFomPRPOVAVI I USES,
prions, hepatitis viruses, adenoviruses, 15parvoviruses and papill omaviruses.

The causative i nE@ETF BijsBERAR solinkyrchasdls BRAIRRIFEIRPTHE Hd'Fbst (such as

i nsi de specific gehhsliffviref geied tﬂen@llo\oh@lua;host)mﬁwa@rbpaﬁtt@éadtemlmmedne response
has resol ved, u5|n%ﬂstandard technl mmal s are di agnosed as having a

persi stent i nfecPPBACHSEIAS T IED / éﬂﬁ’%?%ﬂﬁﬁ?&eHﬁ?h@@mQWHWHXWﬁitHe art and
descri bed, for ZQ%mmlneD\Jml HinetiPRtRRfueNas alsObe3B8 BPovide f&79, 854, and
6,808, 710 and LI.S. Pate g g% %lcatlon Publ i cati on Nos. 20040137577,
20030232323, 2003H1EEEIO!! 5649881U°¥6030044768, 20030039653, 20020164600,
20020160000, 20020110&&6N0@ﬁ@2@&@%&@%fKﬂﬂﬂpﬂﬂ@E@&Qﬁ%Bﬁes@kbx@i whi ch are

her eby i ncorpor at.ed r ef 25" eviating a synptom.of a persistent
ot oot i one 1 5 anBF T he G Ry e bebhE b g A S BB AT w h ¢ he
persi stent i n$ectpedficalljbingraakdtar@byous polegvi ating a synptom of a persi stent

i nfection can involv d cin the .infectious mcro as vira
bacterial, fungal or%b ra!ft %Slqogahava¥%cm‘CB“@mmgda q?@gkto such | oad in
an untreated conbmukwdAEMQmﬁpayedpmkmhxamn@mmwmaiéhtcﬂhmneamede&ﬁ contro

such reduction o r ntion t st 5% 0 %.1,40% 50@6
60% 80% 90% gsq{h %gé}elgsﬁ\égeé%ugedm@d% an§/p1% én t/?hag't?o gch}%gt il RDeSI rably,
t he persi stent |nhe@mﬁﬁmtMsawpngm3meyym®banaml@ﬁmdeme@hedsmynaﬂy standard

met hod - 31- 5&°“ﬂm§g%eﬁﬁu%£hmug&Jﬁﬁh&ﬂe&%%F ol RRWBRE S %ﬂ%n plection is

consi dered to have Who 1S eln eated for a
per si st ent |nfecmpbﬁﬁuéwoﬁ@t%hbﬁaﬁﬁéﬁmcaﬁipractltloner has di agnosed as havi ng

such a condition. D ggpQsiSedyBusel r@s\go@s@xféwuto@%mqﬁmg te,Ps@m@%'BS and

nonitoring may involve, for exanple, detecting 5the m crobial load in
a bi ol ogi cal sanﬁﬂbTGﬂbpf@w@ﬁﬁPéoaaﬂmm§s@embﬁﬁﬁgymﬂbhb®ﬁﬁpé§v§H@mﬂ%nne test),
detecting the | eygh ,QficarSHideR At & ¥R KREifOfes A& 1 16 bARIodiment, 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



infection in a biological sanple, detecting synptons associated with
persistent infections, or detecting inmune cells involved in the i mune
response typical of persistent infections (for exanple, detection of antigen
speci fic cel U8t e 10anergic and/or functionally PRESOUEFSIA patient in
whom t he devel opnent of a persistent infection is being prevented may or may
not have received such a diagnosis. One in the art will understand that these
patients nay have been subjected to the sap® standard tests as described above
or may have been identified, w thout exam nation, as one at high risk due to
the presence of Q%IZIQIE)H &k Jﬁ'a%ngrﬁfog%ﬂfys‘mth%H%FEc% BB@'EQIJ As zme tory or exposure
to infectious agent). | sol a I sol a bi ol ogi cal conponent (such
as a nucl ei c aci ekpevIpp drétlnizane Jotigramed dcespd hees clemie. SirbstiacPltl 4y separated or
pi:lifted away fSﬁmegrtMesPéninggzksg%lchﬁgdmgg@w 1§clécﬂc%]bl@n&ﬁl)<!luc9£n ¢he organismin
whi ch the conponent natura occurs, i.e her chronosomal and

extra- chronnsonaﬁIDMA'EﬁﬂhﬂquOﬁﬁﬁﬂéﬁﬁgC?GaﬁwxﬁﬁghﬁéﬂmﬁgﬂmNB%W@@C aci ds and
proteins thatshayg: £&8INa TicePleBdgRst or CDC HE dAULh Q) & RCIbGS AN sRiopk ei ns puri fied
by standard purification methods. The term al so enbraces nucl ei ¢ acids and

pr ot ei ns prepareH&BV@F@%Bﬁ%W%éHEWQXb@@§§F6H”Pﬁ“@“ﬁ6§fmé@FPf%%C%bﬁ1 as

chemi cal |y synt hgsiz@dnhke &k irdagpddse oRursPihk bl cadttalb@@iladrp at | east 60%
by wei ght free fron1prote|ns and 25naturally occurring organic nolecules with

which it is natufaietye asulbdn filng o PRI RECHNa AN d8sHBISIP BfpdfetS on i s at | east

about 75% al | easdrgiabeuts BQ%owaler, h@aﬁtleb@mwtoaﬁh%ateatmdoe@sahdadaout 95% or at
| east about 9 % D-Ll or PD-L2

h ntlbody such a
specific anti od?omﬂaﬁdg?#W@ﬂ“ﬁhfWﬁﬁﬂ§(%ghwﬂb gbﬁﬁ HEH”GFSF desie, by
affinity chronmat ggf@magemalbpglen@ﬁ@nm ﬂ@Badcyorpwyomy&@docpreoﬁsehdas@éd wOconser ved
notif peptides aB ita dard éechnlq . Labﬁlg /%l %able conmpound O
conposi ti on t hat “HSACSHY Bigsk Hma??%@TPVDB?”PﬁﬁPV§ {79 A BHEOhAr ol ecul e to
facilitate detecich@ter gdnethatrudibdnaeube. FSpﬁ@hﬁEGmeﬂﬂHmhdmnhhﬂ@meﬂaﬂp|eS of
| abel s include fl uorescent ta

es nd r adi.oac e i sotopes.
Lymphocytes: A t SHEUEReeD HE 55 P EEFR e P st ORGP TRRES Iune
def enses of tihe bgﬁyemmh&r@lameanmmmﬁmmAwypeﬁemﬁﬂhyamhaﬁmb@wkmBﬂmelIs and T

cells. 5 Major |listo mem?X%ff@R|®5 (Bﬂmm%an(mgﬁgggtsc S|gnat|on

meant to enconmpafi®iRe A %% PEyaH $ ibed in

di fferent speC|esmthchumumgnbhalﬂunﬁ% ﬂé@%@%yﬂﬁbéﬁ%t@§h§0%"ﬂmtém%
o by ot ] Beh AL HAS SR TR AR A IR TRITB o giilll | 27 LY L0

term "subj ect"” i ncli'udes b erinar pl asm An
abnormal cel | ul aspepfiolicéler at i on, whi ch incl udes benlgn and mal i gnant tunors,
as well as other proliferative disorders. A i gonucl eolide: A linear
pol ynucl eoti @& sequedmeugpgapy peptidt ot PePLGOWhigle¢ aawptisetan biipdespetific metifgt h.

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 imununogenic 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



Open reading frane (ORF): A series of nucleotide triplets (codons) coding
15for am no acids without any internal term nation codons. These sequences are
usual ly transl atable into a peptide. Qperably linked: Afirst nucleic
aci d sequenc& Y ¥L%488 bl y 1inked with a second nucl ei cPQEPF Y8 iInce when the
first nucleic acid sequence is placed in a functional relationship with the
second nucl ei c acid sequence. For instance, a 20pronoter is operably linked to
a codi ng sequence if the pronoter affects-the transcription or expression of

t he codi ng sequence. Generally, operably |inked DNA sequences are contiguous
and, where ”ecesﬁ%@&n#@wﬂ?%@h&%&qﬂ%Q}ﬁhﬁw&ﬂﬁ&ﬂgp&%8%9ﬂ§dmhth@&kﬁ%ﬁe readi ng
frame. Pharmaceutically acceéptable carriers: The pharmaceutically acceptable
25carriers of usePaicelagprsiient orsalide: Repriesgbehiment PrrapitREe treidedl oSei ences, by E.
W Martin, Mack Sl s it Goure fEgSiite :Bohact B4ik i hd 9 dQ4B) . descri bes
conposi tions and fornul ations suifable for pharnaceutical delivery of the

fusi on proteins Mei®in disclosed. In general, the nature of the carrier wll

depend on thesparti cuhatnddBdepfides3th ﬁMemeﬁﬁﬁe@Wy%@QﬁEQﬁhei@HiTHHiQ%/%_Ch- For
i nstance, parenteral formnul ations usual rise i n{ ectabl e fluids that

18 . ly conprise. | .
i ncl ude phar maceWwEGEaME Peiein phy Silor 001 Carrdpydbdepiluplostintigie¢P4such as wat er,
physi ol ogi cal saliupecpbahange@nsd@intihsSdhidtiQ0s MHE pdreidqueous dextrose,
glycerol or the like_as a vehicle. For solid conpositions (such as powder,
pill, tablet, or capdBPEmPEERIGEPMPRIRREt FEIAH I MHRMPHRI €A SBIMUEOLRFr i er s can
include, for exaggpeptideldad MRERULIdGAdodghARESRAodeMaPAyfBlide thaGldasga starch, or
magnesi um st ear at e. J@ &?ELtion to.biohﬁﬁipally neutral carriers,
phar maceut i cal SMEOHRYUE T SHEOEHAB B SHN HPET LR ROYRCRUGACAIMAUSH hor anmounts of
non-toxi ¢ auxi | i aEpustl®Blcanee®nseIMCh aggoetidn dTgntdodiesmhiSpdcificaity wgent s,
preservatives, and QH bq{geringhﬁgﬁntsdang_the i ke, for exanple sodium
acetate or sorbi P& HRSREICATRAREhe Polypeptide. hordy pirp Mise (e IRV f oct | ve anount
is a quantity of compeafigash tdnGist dtheasot@ddlnutleic adhivese iacldesithedceff ect in a
subj ect being treated. For Lnstggc this caﬂ]be the 10annung or”a PD- 1
ant agoni st necesSary 18T FEUCEPAR i Phiin&° res pe AT E "=RhT B P ' UAbY 'growt h or to
measur abl y al$ er typivdlwabd pissy miptnorisic ofid avestorinaluding thenglestaeidf andnf ect i on. When
adm ni stered to %1s%b&§%tb1ae ggngmw%&nggp%k%lh% Qg,ugedwthngrmjll achi eve
target tissue cONCENtTAtirOnR8 F(for exanpre, P TyAphecyted)“that has been shown
to achi eve an i nagents.r §n efmwogenickbPpbsytivnchregtioadly infhee trezdnvpo| y/Pixd| eot i de or
nucl ei ¢ acid seq refer I .or m of C o t least 10
bases in Iength.H%%?@%Gﬁ%%#%ﬂ%&gﬁﬁgﬁh%ﬁg8??%%9?%%%ﬁ%ﬁgg%&%%f@%& | eoti de that
i s not imedi at elnylegdmtA pplypgstidsi erimudot keidéncodins beopilygpequencesdilyi t h which it

| s 1 mediat ey cQutd GUALSiLPREAL 4 BFL By o LRLLANG RAR.ON the 3¢ end) [n Lhe

natural Iy occurring genone e organi smfrom20which it is derived. The
term therefore incl udslybititgpr ratinglagliseaser ddortyizahreaseNAchwsitanoriggovthcor por at ed

into a vector, ipg,0.ARAULINRTOEEIMo MERLNE Ael MOaREBIME b MiseHlely'S; or into the
genom ¢ DNA of a prokaryote or eukaryote, "or which exists as a separate

mol ecul e (e.g., BsseDMApe Phdiejsaiseleffectod! ttiersepenserenbessveraremplisl eot i des can be
ribonucl eoti des, j,gihRAXYF RO @Ne 83 0 10se SRy Frb@hs bOX ABI0PS: oR1 t her

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



25nucl eotide. The tem includes single- and doubl e-stranded forns of DNA

Pol ypepti de: Any chain of am no acids, regardless of |ength or
post-translational modification (e.g., glycosylation or phos hor lation). A
pol ypepti de ddWBE8Hét ween 3 and 30 anmino acids in |en§ Ffﬁ é"enbodinent,
a polypeptide is fromabout 7 to about 25 am no acids in Iength. In yet

anot her enbodi nent, a 30pol ypeptide is fromabout 8 to about 10 am no acids in
| ength. I n yet another enbodinent, a peptLd@ is about 9 am no acids in |ength.
Wth regard to pol ypeptides, "conprises"” indicates that additional am no acid
sequence or ot he&evel%&?w esﬁm?t%gl qﬁe lh@l@lgéﬁqggacl:ﬂe Eatﬂe.l Bpédg&l'{héaseverﬁ)p&s' sts
essentially of" indicates tha dition am no aC|§ sequences arc not

i ncl uded in the nsloemaleexisigsynpams.or irerceagénges I¢duch as | abel s or cheni cal
conpounds) can be 'nthé%qsd@&qe "AGORRERL SuQd by aﬂmf&:@&%%cénhaﬁxaﬁgmst)f onal ami no
aci d sequences and additional agents are not included in the | ecul e.

Pr ogr amed Deat hinfepius pathogensripgledenbut g notlighieg toa VewapPasseripd eYsoPma  or PD- L2
protein and i$ | HV@hN6SdmiaPa@Bulh TRHRSe ﬁtQ$pQEb%€eca§slé@by #%eabNBe GPe st i mul ation of T
cells. Generally, PD1 protein are substantially identical to the naturally
occurring (wld Riepéous prbqeer-sle@nothes exagpdivp et dijeatsicatetly Afeastys/| BO 3.

11:3887- 3895, 19@Zeed:Oy3lat HORRERuESattRbens CRIARLRMIsGifseAds AR 4retObhy HbIP4; and U. S.
Patent No. 5,698,520, all incorporated by reference herein in their entirety).

I n sever al exanp%%@m‘PBgfe§P@ﬁ§FWﬁU”F@HU&@@S”W%ﬁ”%&%ﬁﬁ@e“”@fﬂ”ﬂ” T cell

cytoxicity by r edigdun@ver, s@ﬁde'anpia@lelcfuﬁraﬂﬂbmxnp gxhekene production, or viral

cl ear ance. 5 a PD—l tlcle can reduce D8+ T cell cytotoxic activity
by at |east %% 10% /@“’3 %%’5@%“ a{@%‘ﬁ%“”%%esséﬁ%ue@Oﬁiqac“d?“or‘i‘ore t han
1g0% bel ow cont rmvuh@velh@dﬁﬁemsmeealwt amysi s taanidmbds sfeRRdnt a1 used herein,
the term"activit '

th respect t D1 poI e t or protein includes any

activity which i@x?ﬁﬁﬁfﬁh?eig‘?%%”ﬁﬁﬁﬁf&ﬁW?“@e \s Fﬁg$¥%?ﬁu$?Tﬁeln such as
the ability to naciiiatel @imhitisBpdHid-Bay vigisQPRY) lympledpraigditvatieehsd; nmune 20cel

such as by engag n nd an_an antige , g,cell. Such
nodul ati on of andW%ﬁ?%V?hWyﬁécﬁﬁg 5”ﬁngwazﬁWhﬁrgbgF?£?§% fT@ *n nodul ation of
proliferationS anab@kitisHIM-¥ alceghligsnBKminuneneahbgiandior viey indkémae secretion by
an i mmune cell. PD- n_can i gnal by
conpeting with amgg??ynﬁ?mf%P“m?%§@C¥mqu3#ﬁ%% gFﬁgé% QH”§¥QﬁﬁW§cule Thus,

the term"PD | mﬁamhquMytflncludes the ability of a PD-I polypeptide or

protein to bind its :Lb%d# na‘Jlle %@%ﬁm}eul%@@ﬁ&m I |G|t {eenovm uI ate i mune cell

costinmulatory or inhi '6"fBdul ate the i nmune
response. " Reducéic&'hewed«pr(%)ssqammleomoha@tmm thypabfis zRDmt elterpw@fugrsshuimona decr ease

0 the Level o0r Bologlaas AGIINLLY 06 FR:: el abinaalf thul gyt or

bi ol ogi cal act|V|ty roternin contro as an untreated
subj ect or sanpl@m%ﬂﬂﬁspm@mﬁbdnganﬁkééHﬂ@méekewe¢ﬁ@ﬂm@@ﬁﬂmuﬁylv@ﬂaeduced by

at |east 10% 2094 ?%zm%%’é’& (fépe@mgl%en%@“ B0 e Yis hAQK0 Qb w GXEN Or eat er
t han 100% relatlve 0 an untreated cont ro For = - 35-
viruses); Coronaviridae (for example, comnav'uuses); 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 virus); Parvoviridae (parvoviruses); Papovaviridae (papilloma viruses, polyoma
viruses); Adenoviridae (most adenoviruses); Herpesviridae (herpes simplex virus

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



exanple, the biological activity of PD-1 protein is reduced if binding of PD-1
protein to PD-L1, PD-L2, or both is reduced, thereby resulting in a reduction
i n PD-signal erefore resulting in an increase i ceII
cytotOX|C|ty%Qg?£Q%k&¥ gene" is a nucleic acid that en58§g§gﬁm 2 protein. A
"PD-1 5fusion gene" is a PD-1 coding region operably linked to a second,

het er ol ogous nucl ei ¢ acid sequence. A PD-1 fusion gene can include a PD I
pronoter, or can include a heterol ogous pré@¥oter. |In sone enbodi ments, the
second, heterol ogous nucleic acid sequence is a reporter gent, that is, a gene
whose expressi onyiiRk); ke, 238X el aVERRE LWk igeNRSes &I iHRs); mwbh&ubuhkn1tatlon

t hose encodi ng glucuronldase 10(QUS), luciferase, chl oranpheni col
transacetyl ase (s Adiappving isopeseamnd grdrsafied (icem)for erapalci e phosphat ase,

and . bet ar gal act Qi eents ofspo@%ﬁﬁédc@phlalopﬂm@gu@geéatofd/e\rh@gﬂnlts that binds
substantlally only to a defined tar Thus a PD-1 specific binding agent is

an agent that bi ARSI AFfCEYq sptetl C%thFBE"iS %&‘l“ﬂfﬁ)é}ﬁtaloﬁés ARE-RotofAr el at ed

pol ypepti des. 5| nhepheiserhodiinRmhily tdvem SR Clatd B-plotagy igsagentiel, s a nonocl onal
or pol ycl onal anﬁé body _t hat ﬁ?ec' fically binds the PD-1, PD-L1 OR PD-L2

pol ypepti de. Pl BTN a0R E419G AP D ATGYUSFRf ers, with respect to an
antigen such as PD-| .Exahfled dT@uRtighfestRn¢ inallidexsis Q€ hatlinGid of asphg@Biis;body or ot her
i gand, in whole_or, part, wth, ell or tissue beari t hat an n and not
to cells or tissteg" E:é‘&sﬁﬁa %CT’WHJ?" “zﬁ?“f’fjeﬂypt?ctoc“é’ﬁf‘ causse Eggﬁp’é’é",“’f éc?g(gm zed t hat

a certain degr eehncxﬁplmmslspialﬁjs;feix@mblaicﬁﬁﬁaﬁlbﬂﬁur@mcma@mt absatoxvananecao rml ecul e and
a non-target cell, or tissue

i Sti ngut Shed! asCREAFEEBIECRIEBE G- aetr i PEGh GHATHA: GPhe. anti gen.

Al t hough sel eCtIBl@krymfc@ﬁzﬁzﬁmmezd&nfhlbﬁﬂﬂzeﬁacbbﬁdwaﬁbﬂgiemlbzdahf)y may do so with | ow
affinity. Specific bIE!qflmnlgs cf)nasfectlaus bai:t[ana 1nHU(;16 is-'lelrclpg(%?ef ﬁ?]s)szsogg)}ae Jon between the

25 anti body (or other earing gen an between the
anti body (or ot hergddgenttyioasits ppelnophiiadiicogictene sgrbicgen M. Specilbiic bi ndi ng

typically result ngater jthan fo d, ter than 5-fold, greater
t han 10-fol d, orﬁ[g(rwé'g’?é‘?"f’h (SH "ﬁfﬁ‘% f mlll’% 8%152)3(?? Sgag qﬁcﬁ) “df "bound ant i body or

ot her 1igand 16 peNezumzdz gcmoméqeat: d\feass«zezlrbenozrgzr&itsslsuembrearomnvggenehe PD-1 pol ypeptide
as compared L0 ashldealle HhasUEd AT 0-R0 LIS, SOLUREILIIR.SPRSLY © DN} N

to a protein under su urres an an ected for
its specificity Baétr e;aocmamts)l Sudpeacoqerotveidnns DﬂpuparS‘r'ectfgwotfHquwn!moassay formats are

appropri ate. for SelAetlnc ARt Lhodles O RIEL ] 9ADR0cc: Sy inesl [ cal Ly

i mmunoreactive wth a particu rotein. For _ -phase EL1SA
i munoassays ar qufW¢Lﬂ§F’yP)LF§7€d€’tS@ EW@CQCCWHO@WWVWHHWUB'@QF»eBSIClgpSEC| fically

| munor eact i ‘é@ Wty afls, %%ﬁ}aﬂeuﬁ?ﬁfﬁ% }aQVYoigynLL%P@muAE]ﬁ @?gﬁeﬁﬁlmxA Labor at ory

Manual , Cold Spring Harbor I'i cations, for a 5description
of imunoassay fdwm@’"@méWOé%lﬁdmeedﬁggefh§f05@ldﬁ”7ﬁémUs@d€’P@f’thet’@%ﬁ”ﬁfe specific

i mrunor eact i Vi tygiehsiella pnmeQﬁjale Py WZr&Jz&Oﬂa&&L L!es%% FhsoBcrebfmt he 1 mmune
response. T cells include, but are not limted cells and CD8  cells.

ACM T |ynphocyﬁfélfﬂgfmaﬁf'ﬁpm%ﬁ@fscm"rlv‘q'we& T'é@ﬁ"r«’%galéd%ﬂkw”@w its suiface
known as "cl ust eperRfiudrLif B8N h@hd@Pmyces 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



104" (CD4). These cells, also known as helper T cells, help orchestrate the

i nmune response, including antibody responses as well as killer T cel
responses. CQQ} | s carry the "cluster of differe (CD8)

mar ker. I n one 3%%B§?%ent a CD8+ Tis a cytotoxic T Iygé 089 %&ﬁ ™ anot her
enbodi ment, a CO8+ cell is a suppressorT cell. AT cell is "actlvated "when it
can respond to a specific antigen 150f interest presented on an antigen
presenting cells. Transduced/ Tranfecl ed: A3%ransduced cell is a cell into

whi ch has been introduced a nucleic acid nol ecul e by nol ecul ar bi ol ogy

techni ques. As u§eduhef 8iséhse. tNGw tndlcidd i ANSAKGEIIN BHRISHIBESSMEHG | t echni ques
by which a nucleic acid nol ecul e mght be introduced into such a cel

i ncl udi ng t ransfXEPT BHOMWIY T Ageshivodirate dinkke lptenfiad ot BRI LI asmi d

vectors, and |ntlhfé@tuﬁ]trh@mogfeomakﬁ@nwe;kbyio@bﬁ‘u@t&ﬁlﬁﬂ[c@ﬁdnomhllelamé ection, and
partlcle gun accel eratio tor: A nucleic acid nolecul e as |ntroduced

into a host ceIP“CFH@F@ByﬂﬁWédGEﬁHB“&DFFQﬁQ%BFﬁﬁawﬁﬁéﬁ)EQIﬁOWﬂjO@Etor may

i ncl ude nucl e ¢ BebalySQGHEEREASe ¢yha1’h feaiskant infettidn@ cdn@fp fog 8fathpieNfod host cel |,

such as an origin of licatio ctaor. may 25al so include one or nore
ncler o aci ds orbUOPNY R SErELh HEIE TaFa e GRS THUNGH e B8 et s known i n
the art. VéCtOrSbh@ﬂiﬂ@&ﬂﬁkﬁ&ﬂb@mgeﬁyﬁbﬁmbmmﬁﬁpﬂdﬂﬂv@hﬂﬁﬂhdﬁﬂ%ﬂkdﬁxpreSSIOn in
gram negati ve aqgl ramp 05|%|v% bact er ce h $: Eﬁ nP g ctors i ncl ude
those for expresSlBho HEEOQSINE A% S aWﬁﬁé?fS oYELro ?“é‘§8"W8Wude vira
vectors, such asdmbuWoaéaag@bfwmmmkadndmpmkﬁbdm&mnmsmﬂmﬁmMﬂ@pxmngaavipox,

f ow pox, capﬁép Xen mR adenoyi r al rus, gha Vfa|S, bacul ovi rus,

. . . melexcessive damag dfthe%';) alsv 'mo ClSlb t7/ua
Si ndbi s virus, vacePRia"wirus™an po Pt e 2B 3 Unl ess

ot herw se expla|mﬁﬁmmahhammb@mbma&mandummuﬁﬂymkgmwﬁeﬁwmeua@mlDMMahn have t he

same neani ng as commo % und one of ordinar he art to
Whl Ch t hl S dl SC| D(’)laslat'glléle é)llsomaﬁ SéF slsgenple tIlOI'l OC(t‘UIb \)ryrlB V,Ll’llb buCI% as ,lnuman’lt,,t he,, | nCl Ude

pl ural referent sCQlIriblé@mlaommeeo&pstcinMIl VleB myluomaga@s/umst, h@pws&es Sirigllaar |y, the
word “or" 5is '”Eo%%%t&eah%gib@ grﬂ §§m Qﬁu%Q%e%&uu‘&éq early indicates
un erst th

otherwise. It is further to ) dse sl zes or amno acid
si zes, and al} npirecutsas andepghemaopusgel ecul ar mass val ues, given for nucleic

aci ds or pol ypept'desphéga%sﬁpgrn%tmﬁems%qa@sg%eaté%vadqmenﬁsﬁgq gsgription.

Al t hough nmethods and materials simlar or “equivalent to descri bed herein
can be used in th€d$%®%ﬁq%%8@®n®@§imﬁgmiﬂﬁﬁWmWﬂ@td?@ﬁmmSU$E¥B%M$table met hods

and matetials ar ﬁs%ﬁﬂsingggnm t@(‘.’]\{niqlg.e M Ms are diagnosed as having a persistent
infection according to any standard method known in the art and described, for

20  example, in U.S. Patent Nos. 6,368,832, 6,579,854, and 6,808,710 and U.S. Patent
Application Publication Nos. 20040137577, 20030232323, 20030166531,
20030064380, 20030044768, 20030039653, 20020164600, 20020160000,
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



"conprises" neans "includes." Al publications, patent applications, patents,
and other references mentioned herein are incorporated by reference in their

entirety. In onflict, the present specificati | udi ng
“?cf‘f"oﬁsm% 17§ ga /uéz% 51

expl anati ons erns, wll control. In additi on, the materi al S, nmethods, and
exanples are illustrative only and 15not i ntended to be limting. PDI
Ant agoni st s The net hods di scl osed herein involve the use of inhibitors of

the PD-1 pathway (PD-1 antagonists). PD-1-8bl ecul es are nenbers of the
i mrunogl obul i n 20gene supeifanily. The human PD-1 has an extracellular region

cont ai ni ng i N7 ni gRAALPA Lk M SHPRELAKE botsi ARG oRis L RUSIE 8N 8cdOMRI N, and an
intracel lular region incl udi ng. an i m nunoreceptor. tyrosi ne-based inhi b| tory

motif (invi) ((i%Hfedi & patenqrhoispRjpgyreaed farp pgrsgient ‘T@@‘?ﬂ ISHENORAra et al .

Genomi cs 23: 704, md884 praddiGner Rl diaghhed B 1098 ¢ 5128 h contits € DiRAdsWIeS bah$ o define a
larger famly of nolecul es, call ed the 25i nmi naoi nhi bitory receptors, which

al s0 i ncl udes gp#9svitaplernepns: IHpnpHeAngimopEpring THY 1Pl )fo‘reét%lﬂf SFectngo12, )

(?1/ vier and mgrﬂhﬂlc‘/@élgg%%m&bimﬂﬂdaﬂ rhollblolzﬂlﬁdxﬁ%mbﬁ,(%lé))ampgyﬁh&uéblb@,y?g ]E)ouEd by
theory, it is be]ieved that the tyros sphorylated | TIM motif of these
receptors inter a{{JP%d (GibtR VI 19D {5 ?%M%gﬁ%?ﬁf)ﬁ?%ﬁb‘%@%ﬂaﬁf%é‘lc‘\%ﬂ?ch | eads to

i nhi bitory si gnainfctidh 15ubi&&iglcafsamb]e&Etei:tmgumptbmmsbcbcﬁa@ardwlmqeemem s bind to
30maj or hi stoco t| bili t co %y cul es, such as tlh{a |l Rs, and
une S invo ved n tF a}

CTI _Airi binds t t7°“i %A e%“? MRRFSPONBIYACY 8" 4 50- 55 kDa
type | transnenbpeasigent emse@rtr@r(fot mmpmteaﬁorgjfmﬂigleybpedemncéuseldn hila a T cell line

under goi ng activation-i ced opt osi.s. S, expressed cells, B
cells, and ng{{r oa%&@Cea§dBﬁiﬁlnCtionﬁ§ %8“%‘“’8} Apﬁp-ir%é Wh(fnlllg’ E?veg) Brr?lerpflﬁenbers
PD-1igand 1 (PD ﬂ.ClSlSlf;nt alfes Gorkin baimg ;aSveBtEd iy oiangy d%Dadlee(ceiIve;iauakmom as B7-DC) .

hi viva, PDA is ess t. at cel | d _nonocytes.
Experi nent al datg 1“051 |6nemn]eta’i%WllY dglrbg?: otr{!éebé{‘)a%ls‘fﬁ? yhavfﬁeﬁnts ligands in

dowi negul ati on osfubpetndl toahe same stpmiardpkmaaldescmndm@weesp@yl@es beeh idep@lfiedi cul ar ,

proliferation in Y‘%ugexta%ﬂﬁn& ? Jﬁﬁﬁ rf?&htlhggﬁe foMhe? aﬁ?qéncgggn%' FH&%LJmEe' Is is

inhibited in the" presenceé rtion Iclent mce
exhi bit an auf oi fmardsuphesfemnyplstory or expofume @)i@nqmloasrggera}n no aci d sequence of

human PD-1 is set forlg(patpcpl‘gly\z_}gﬁg%nggo%qgﬁlals@n%&wg;@a%a]é_(% 25501.1 3887, 1992;

Shi nohma et al. Ci enomcs 15ngi pgapwpv
vwavl gl gwr pgwf | ersisdror p\@ﬂl@dﬂp)f}'fapb_een substmtlally separated or punfled away from other

biological components in the cell of the organism in which the component naturally
occurs, i.e., 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 occurring 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-L2 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-



| I vvt egdna tftcsfsnts esfvi nwrm spsngt dkl a af pedrsqpg gdcrfrvtgl pngrdf hnsv
vrarrndsgt ylcgaislap kagi keslra elryterrae vptahpspsp rpaggfqgtiv vgvvggil gs

| vilvwiav ig¢sraargil 20 garrtggpl k edpsavpvfs vdygel d pvp
cypegteyat fv p@%%?g%l? sparrqgsadq prsaci Dl rpe ci ghcsmlp%%}ﬁ&% [) An

exenplary am no acid sequence of nouse PD-1 is set forth below 25mwr qvpwsf
W tvsegana afcrigi sgpv yl ngai sl hp kpegrfngnv 30ar gagskddt fwavlcifswg

tftcsisnws qdarfqgiigl kaki eespga iginsaivgs2-i keepsaapv sg4lievpng edl m nwnirl
pnrhdf hmi elvvterile pvililawal psvayeeldf pwsltfypa spsngtekga idtrrndsgi

tstrypspsp avf cstSinBee @apeksnfleR inchAcVhd e ai: oY lch £ Gasnias@rngsady i ggpr ppr he
dghcswpl (SEQ ID NO . 2). Additional am no acid sequences ne disclosed in U S
Patent No. 6, 8082%9%5!95S%P/dS-U. S. Patent Application Publication Nos.

2004/ 0137577, 2003/ 023d:3Rctyted0B3/ L6 6BiE10:2Q0B(HA06Hh380ed 17 HRINAAAA 768,
2003/ 0039653, 2002/ 0164600, 2002/0160000, 2002/0110836, 2002/0107363, and

2002/ 0106730, wHicERseaPE? fdyr phTat'e 4 HatBmeLyf Lyeaharisscl celbprd Trdlsa menber  of

t he i mmunogl obul i n ( Myjor HidBconSpatidNitbinplek (MHCGONdkNSdesiodtibg heankg V- 11 ke
domain in its extracellular.r egﬂ%on ..The PD-1 c%t ogfl_.gs({rii CE%omai n._contains two
tyrosines, with ©REHBES M SRRIBIBAHER st yFBer s PIVAGERE(¥84%am no aci ds
223-228 of SEQ likriNGhe B9 minfunn@ussteRbridehs (eicared within an I TIM

(i mmuno-receptor tyrqsine-based inhibitory notif). The 5presence of an |ITIM on
PD-1 indicates that 3%'%‘“%?386?“8 pcdes 1O %é“”faB a&‘% Toé'%\.'iﬁ‘f“é%éﬂf“ialé'en recept or

si gnal i ng by recSinilifyme woh “epjeop imtiatchbophosphaicdeesinarkgassand nmuri ne PD-1
proteins shaf about NBO%S?HM r(})ab%glimda] E:e(?l%ﬂ;[- i %P{fewi.t h sn%{'u\éati an_of, four

potential N-glycosyl af PR i T Ay T &dl uesm{l%"af*’%%gf I neestbﬁrélgllﬁj-dv domai n. The
rumin the cytophdigmnt tunegi, onwalnd othhepréliFérdtMeldiskelewot i f sun. oundi ng, the
car boxy-term nal Oligonucleotide: A linear polynucleotide sequence of up to about 100
nucleotide bases in length.
Open reading frame (ORF): A series of nucleotide triplets (codons) coding
15  for amino acids without any internal termination codons. These sequences are
usually translatable into a peptide.
Operably linked: A first nucleic acid sequence is operably linked with a
second nucleic acid sequence when the first nucleic acid sequence is placed in a
functional relationship with the second nucleic acid sequence. For 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.
Pharmaceutically acceptable carriers: The pharmaceutically acceptable
25  camiers 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,



10t yrosi ne (TEYATI (see am no acids 166-181 of SEQ ID NO 2) in human and
nouse, respectively) are also conserved between human and nurine orthol ogues.
PD-1 is a nmeghe f e CD28/ CTLA-4 fam |y of nolecule its ability
to bind to P ’;‘3?89‘?%1‘9& vo, like CTLA4. PD- | is rapi dI)f;C?ﬁ%ﬁ%@gsg%ln t he
surface, of T-cells in response to anti-CD3 (Agata et al. Int. Inmmnol. 8:765,
1996). 15In contrast to CTLA4, however, PD-i is also induced on the surface of
B-cells (in response to anti-IgM. PD-1 is3&lso expressed on a subset of
thynocytes and nyeloid cells (Agata et al. (1996) supra; N shinura et al.
(1996) Int. | mupQloys8sx(iéss) elyckrdt 6t hhe AL AYetlide CIRINCAI bAPLsithi Ru@Rsi nduction in
PD-1 expression. It is 20disclosed herein that T-cell cytoxicity can be

i ncreased by conted€eh pig- a0t Erpsulgifermsafenyensianal pemztox e sefifc@giersita expr essi on or
activity of PD linclMI R 8086l pasthdcutichitorddss Hinfiehi@s ediden@ich, d-rhat an agent that
reduces the expression or activity of PD-1 can be used to increase an inmnune
response, such aBaPE I ¥FF 2 BRfdigemio Siologicelhmsmtia surigarpharmaceuticaly t hout  bei ng

bound by theosy, cohp@iiGdnk @beQfimRRicled@XPEQESE @MoPImdGH bV hdnytoXi€audiTagy i N an
increase in cytotoxie T cell activi t%/] i.ncr easi ngerlt he specific i nmmune response

to the infecti oulPHYERt SuCk &5 Widngror PHRISHY IREASP RS PES TR NEM e PE 1 8F8In pr ot ei ns,
Itwo ﬁi gnal s rTUf]tagfbﬁs RIdaNd ld@dflobéé(aﬁl@kiﬁgcﬁmn]?d’e&%ﬂM)rﬁg?n(}ﬁﬁnbﬁm(aépcﬁ) to resting T
ynphocytes. The first,signal, Lch confers specificity to the i ne
response, is transdu@édhe\r/‘”i%ﬁmtcﬁléymgﬁeﬁtéﬂelamf’%e‘|5f‘8 anfiy SR} CPBR RN Aigh Creggggni tion of
forei gn anti geni e ad(peptdeded pfes@ntsefed: BeidreaconF@Xistaate, thivecafirsd @&

hi st oconpatibility conplex (MFIC). The second signal, termed costinulation,
Mnduces T1- b1 leBCREE e B e G e T B PO RB S REP on | s
nei t her anti gen- gpetiol toaneanoibl VrEr nresit is pheemadtd tarsor or 4dsistptt omécded by one O
nore distinct ce surface polypeptides express by APCs. .If T cells are only
stinulated thr ou{a/] e g ml““(‘:lgﬁo arbg@gcétaod‘r?)?QDWwﬁ Lﬁﬂ%l%?yet%?e%é\?il tﬁ% Wéll}lacz}ilcff(‘:'ﬁ ti onal
costinul at ory signa tissuchienceiyretions fonexutesp orighpMecytes) therigs beenolrovdite, resul ting
in downnodul atiop, of the inmune response. 5The CD80 (B7-1) and CD86 (137-2)
proteins, expressed on Af-z‘&s, are critical costinulatory potypepticles. Wiile
87-2 pl ays alpredon rahynucleltidediing tagn prlynwelegride pmmagicraeld popsies ref@ytol i s

upreg, ul ated 1 at g | . L BGLCOULGEIBE o A0 TSI NERAONSEAiRgel ong primary T
cell responses or" costinulating secondary cel'l responses. pol ypepti des are
capabl e of provi ehlyngclewisie inglybestacrolynadleoitiphihyiis it ynsédipiely sontiguduprmiime 10cel I's to

ronmote or inhibit } ~ : - b to a
p bdn 5mﬁmg§<liqh?{lc§s§@%\§}§% : EOhmEXAAD & S BB 5

costimul atory receptor, PD-LI . uces cost tion of Imune cells or
i nhibits inmmune @¢lahd esonithad’ end) Brihaurenallyroeaeiitg deporee ddlebdagisiidrom  When bound
to 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 tein 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



an inhibitory receptor, PD-L1 nolecules can transmt an inhibitory signal to
an i nmune cell. Exenplary 87 famly nenbers include 87-1, 87-2, B7-3

(recogni zed 09@ ,antibody BB-- 1), BM(PD-1.1), ang. gﬁmﬁggmsoluble
fragments or derivatives thereof. 87 fam |y nmenbers bind to one or nore
receptors on an i mune cell, such as CILA4, CD28, |1COS, PD-1 and/or other
receptors, and, depending on the receptor, have the ability to transmt an
inhibitory signal or a costinulatory signab4to an i nmune cell. CD28 is a
receptor that is constitutively expressed on resting T cells. After signaling

through the T cehbledu@septtRrincldde@atihOnoleduleCladfsiandsehliansduaditan ik a
costinul atory si i nduces T cells to rollferate and secrete |IL-2. CTLAA

nal
(CDI52), ar ecep”%ﬂ'r“o%%'I“B@%ﬁ%eqt’%‘c‘éﬁ%‘m ngludgddp He “ES’ILFCP]Esbt”f foMells but its
expression is i n@ameducﬁﬂkla@m Blg:ha-mﬁ@cbmﬁ&lnﬂélaid KNncldid, Add Poaygs @ role in

negative 25regul ation o r esponses eptide rel ated to CD28
and CTLA4, is i rf{}‘EiF‘{Ff‘édh“it ?‘fjditlf’“a]fﬁu‘}?raﬁ'(‘.ilﬁﬁ"[“?'ﬁfﬁs %d“iona‘[%)é‘e?gﬁéﬁt 'BUES whi ch

PD-Li and PD-1.2 ibittadyolécgleal so rapi dly i nduced on the surface of T-cells. PD-1

is al so expressed on_the surface B-c se to h@ and on a
subset of thymocyt es PAHRE W?@%gmﬂhg%? Ep“ﬂﬁnmgfmpﬁﬁﬁﬂﬁp$§§a%h§é§ tonconi t ant

with an increasePh-n2 promin@ddeihiolader gyimntlbe ksfoass fugh nehber smtmllalndn bfo one or

nore receptors, ti cel.ls. PO LI and
P L2 hoth of BHERCEFE TR PP T RSt Do TR SRR PESERE: s or tne

87 fan1|y of polwmepnnnﬁsd«saémahmnﬁ¢IgﬁaehmﬂnﬂmoalHgBﬂﬁsﬁbnﬂans a signa
sequence gV, domai n

, and a short
cytoplasm c %ajlsmqmmmefm?ﬂ?%ese f E)%fg égﬁﬂz oW eﬁggeagxpressed in
pl acent a, spleenmahymphﬂmOd@snaﬂhynusﬂwammnheaﬂnxwﬁﬁwugnwss£D§o expressed in

the pancreas, '“ﬂ%ajuﬁﬂgdll !—:sV r xal tel épﬁﬁkéléﬁox%é?%ﬁfeﬁ&%'f‘ jetal liver,

activated T-cel 'S and end ards ar e upregulated on
10act i vat ed nDnm@yﬁégngmdwd@ndmwmﬂnmc@wmgCkmamx TAm,eR@dﬂmammeHPMD aci d

sequence for %ddcet%ﬂ%’%‘ull(g}rtgtof\gg&%§y A N ts%ﬁq@%% @5, AYAbhRDl e Cct ober

4, 2000) is set orth below. ™nritavf |fn1tymh I'naft vtvpkdlyvv eygsnntiec

kf pvekoj di a&l i vEiie 8% dsd%. PgTovirgnesedipk §fstslawsoprej deyels akeleaginsd pnaral g

i tdvkl gdag vyrcnhﬁﬁggnnggrltykv napynki ngr il vvdpvtse hel t egaegy pkaevi wt ss
dhqgvl sgktt ttnskreekl ftnvtstlrin tttneifyct trrl dpeenh taelvipelp | ahppnerth

lvilgaillc |gvaltf'frAs'uEéﬂglEl%Tﬁdthlételﬁﬁgh&ldlttﬁ%thnggﬁwatﬁbhﬁl &EQ@:I D NO 3)

An exenplary PD-L2 precursor am no_acid sequence ( GENBANK AcceSS|on No.
AAK15370, as avai'PaBIieFludst 3y agivity gy 1%1§hegf‘@f tof“&f‘r‘taﬁl %léwww -

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-]
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



mfillmsl elqgihgiaal ftvtvpkely fiehgsnvtl 25ecnfdtgshv nl gaitaslqg kvendtsphr
eratl | eeq pl gkasfhip gvgyrdeggy qciiiygvaw dykyltl kvk asyrkinthi ikvpetdeve

| i scgat gypl ysy rtshsrtp eglyqvtsvl rlkpppgrnf Mdes£! t1asidlq
sqmeprthpt w zﬁl\r‘\gl?désle ilafifiatv 30ialrkcjicgk |ysskdt '?E?%%Q{;é 8?1§vn sal

(SEOLDNG 4) An exenplary variant PD- L2 precursor am no acid sequence ( GENBANK
Accession No. Q@B |, as avail abl e Decenber 12, 2006) is set forth bel ow
raif 111ms 1 el.glhglaal ftvtvpkely iiehgstvtl. 35 ecrildtgsitv itigait as |q
kveridtspitr eratlleeql plgkasthip qvatvrdeggy goiliyqgvan dykyltl kvk

asir ki nt h; | ky{oeiﬂapga,ttha{:isggit;?ysfﬂvitgevmvpl PYSIn Ea@sidiig}i’ilﬁ@n_g&ggl?ﬁ-l\/igt svi it
rKpppgrn Sr.ti WIT:; . asl .g sCa r I’I_‘ B4 A I . ltatitratv
40i al rkg, | ogk | y&¥8Kkd:'? Eﬁ‘%w?ﬁt‘%r%@ﬁ&é%eafgg%%l@ N’%ﬁ'ﬂ'@%‘“ argggctionin PD: pp’y

ant agoni st s i ncl udenatigemidsheidiat raseldhcia ah hereaeps €984 ORelDEyt@tidiyi ty of a PD
ligand 1 (PD-L1) or a PD ligand 2 (PD-L2) or reduces the interaction between
PD-1 and PD-L1 or the\ iRix-epaet isonudb@t wiethatehdodds afel | PduR. A B APl ary

5conpounds i ngl ude ant i bodies ¢h., anti- P ihody, anti - PD- Li
ant i body, andgangglﬁ't] F%nﬁdggfﬁaﬁq{oﬁﬁﬁéeﬁ%% o%ﬁlﬂuﬁy %&%&4 es sh%g c>{%{%O%(:lnt i-PD-1 RNA
nmol ecul es, anti - RBek, atidRMAkn@nd Fih!| antop ¢RkPciy RelRiA BD-1 anvniogerrs eamol ecul es

(such as an anti i'nElQael ‘Hﬁ%‘éléﬁgiﬁﬁ ey, lf’?g‘on%rlb-og)i%ebtis,. tmte%o%g, %rﬁ%ﬂs and an

anti-PD-L2 antisense ant negative proteins (such as “a dom nant
negative PD-1 10mrcBiceicd,sequedoni napartengggatthay e, PBNEwhgregkpemion andba dom nant

negat i ve PD- L2 PEobekNor BN Rl e RGN B Al Sine ML caLBAONT St of PO

i's any agent havin ; iTity to reduce tﬁe éxpression or the activity of
PD-1 in a cellf. B, lesifsraes shiormpkeniget fappacsiylase (FAdueesdn Byoregteent prgisin about 10%

20% 30% 40% 5%),@9{%ine7ﬁl%ph§%% angq;g?a.—ngl act 0.
Specific binding 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 polypeptide and not unrelated polypeptides. In one embodiment, the specific

15  binding agent is a monoclonal or polyclonal antibody that specifically binds the PD-1,
PD-L1 OR PD-L2 polypeptide.

The term "specifically binds" refers, with respect to an antigen such as PD-|,

to the preferential association of an antibody or other ligand, in whole or part, with a
cell or tissue bearing that antigen and not to cells or tissues Jacking that antigen. 1t

20 s, of course, recognized that a certain degree of non-specific interaction may occur
between a molecule and a non-target cell or tissue. Nevertheless, specific binding
may be distinguished as mediated through specific recognition of the antigen.
Although selectively reactive antibodies bind antigen, they may do so with low
affinity. Specific binding results in a much stronger association between the

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



15conpared to such expression or activity in a control. Exenplary reductions
in activity are at | east about 50% at |east about 60% at |east about 70% at
| east about 7t gast about 90% at |east about 959 | et e absence
of detectable %80 8?0\E}?lttly I'n one exanple, the control |sl{h/g£ezlo‘?”0§3r%g¥) has not
been treated W|th the PD-1 antagonist. In another exanple, the 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 expressi- or activity can be determ ned by
any standard nethod in the art, including those described herein. Optionally,
the PD-1 ant agongps&fldanb1nk}h&,}%le@£tlveeﬂwa%ualmqucnegnoﬁm%’&n{ptleosd?@phqhse, PD-L2, or
bot h. 25A, Anti bodi es Anti bodi es that specifically bind PDI, PD Li or
PD-L2 (or a comﬁﬁéﬁllﬁﬁu@%éﬁaéﬁf‘)loéﬁ*@lyd‘l”‘eq}géel?%mloﬁ‘é:lor?élta%‘ﬂ’gleéh scl osed herein,

Ant i bodi es i ncl UQ@Clﬂ"@ﬂ?ﬁﬁ[ﬁMlea@eW%W@pﬂﬁem heeapniged @t ihnsies,a dei mmuni zed
anti bodi es, and i nmmunogl obulin f usi on proteins. _Pol xcl onal anti-RD 1,

anti-PDLI or PD-t®ogy Mdﬂ‘f“é§°@a§?‘lﬁéH§@°bP‘@ cpligRf BgW SRE BF885K913 in the art,

such as by i mMruniezdrpgororSthtiadbRy SiBheeld dosdiGhs &t @nel Rl kdd@ieymmebj ect) with a
PD-1 ligand or PD-1_inmmunogen.. The anti- PD-1, antiPD-L1 or anti-PD L2
antibody titer iWUHeMHIINISEY subject can be monitored over -43- tine by
standard techni ques, TSCgh Ashid tisbdasll efntzyie teiimkesk 1‘cﬂiﬁiusﬂo$®élberﬂiluda,ssay (ELI SA)

using inmobilized a PD-1 |i n one exanple, the
anti body nol ecul %%mteﬁgttl”%‘ffggci %waﬁ)ﬁf Gng%ﬁgpﬁ%@f grly‘ﬁﬂo?_yée 't at

conbi nations t hememfn) cdl]ahatbﬁubmhﬁk@dnﬁts Qﬂrﬁatd’l&lo%mmsl(isﬁcdﬁffe&smitro@m serum and
further puri e own to, one of ., ski art. For exanpl e,
ant i bodi es cfl qéDEl ?lﬁle u5| nl§° o8 81 IR E ﬁ?“osrr%eﬁp Od(r:tggﬁattet SM8Fat e 120

anti bodi es. Anti nlaqxdysepmdddmg :mgbm@hl:&por(saqhsh\&ll@bklﬂblﬂéﬁdﬁlIﬁdfspcmséshé,‘IBUH?j ect and used

to prepare nmonocl, naI 4 bodi t anda ni qu ee Kohl er and
MIstein 10Natur@ é%‘@@%cpéte‘ 0?35 fen rtlg\l}\% @)82 % q“ 'ﬁ%eﬁ’]%ng‘fnemi‘h 539 46,

1981; Cole et al CDS%n@bb@nﬁthAnfnlbm@Desse dndnc@mcmbodﬁmm apn8+Aklan aR.  Li ss,

Inc., pp. 77 96 ﬁﬁggém’\‘/éceud'/@fc 1|'Yl ICt]\ﬁl?eh @Len 1&5‘3%23\)}3%?@2 eg’lﬁQFrH Genet. 3:231

36; Kennet h, nocl onai I es: *H ol ogi cal
Anal yses. PI éﬁumfpmbbstwmerm@d@ompaml ghlepvesyorrg,.celN. Y. (1980); Kozbor et al.

| mmunol . Today 4:72, ﬂﬁé?ﬁ&%g)&@&é Igm}.@d%&% %ﬁ X%lllﬁtg‘lvhl(:ﬁlhg beeEd.  54: 387

402; Yeh eta]., Proc. n one exanple, an
imortal cell [ingoquesdsi walelcycid Hn"dﬁ‘éllleh‘aynoiesul#l@Myt@hﬂllymhéwﬂe@s (typically
spl enocytes) fr OfBréhn, TR tr dnmrﬁnzeﬁg)n)/ﬂags@s dﬁ[?ééhnlqﬁ)@'b%%lhgﬁ a P’l(]ngamdand the

cul ture supernatants of e resulting gbrl orna ce are screened to
identify a hybri melﬁwlqomamhwwdaceszmw P emlainchifing badiecidmatithepek| f i caI 'y binds

to the pol ypepti denf tlin@foﬁﬁ%B with lasmlld@eé?(ﬂ@ RIRQIEIBHM of nkiQaDNOMRICE
hybi i doma, an immortal cell |ine (such as a nyeloma cell Line) i’s derlved from

the sane mammal i defisprgioas!ipaicttieandmpiniseyt asstlepten. exanpl e, nurine hybri domas

can be made by fusingyelipPREMEEScili MORLBe NOMERulATHEL BEdcan fhle®y PD-1, PD-Li or
PD-L2 peptide with an imortalized nouse cell 25line. In one exanﬁ) a nouse

nyel orna cel | | iPedyciegeiapsiomgd hesheelli & ‘selasingy ipgugegucleic acid sequences t

permit it to replicate in a host cell, such as an origin of replication. A vector may
25  also include 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 celis.
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.



cul ture nedi um cont ai ni ng hypoxant hi ne, am nopterin and thym di ne CHAT
medi un') . Any of a nunber of nyeloma cell |ines can be used as a fusion

partner acco tandard techni ques, including,

P3-NSI / 1- Ag4R}‘§8 %%éo %ég Ag8. 653 or Sp2/0-Agl4 rnyel orragﬂlﬁégm)%\ﬁfch are

avai |l abl e fromthe Anerican 30Type Culture Collection (ATCC), Rockville, !Yid.
HAT-sensitive nouse nyeiorria cells can be fused to nouse spl enocytes using
pol yet hyl ene glycol ("PEG'). Tlybridorna célls resulting fromhe fusion are

t hen sel ected using HAT nedium -44- which kills unitised (and unproductively
fused) nyeloma cel | s,y R¢bEhAQRB GRS, MQEKEl D8 RieAPRAGKRNA] Rt body of
interest can be detected, for exanple, by screening the hybridorna culture
supernat ants f or "VREE SHEINNINGAS STBHHNEYSPeRY W AtPrdpuy skippthaapr  pp- |2

nol ecul e, such ag JBYchUSE BiSc]&0rel ATIHRO TR £ ar BSRAMW, (%ychhcﬁ@h% malu@@zyrre l'i nked
i rnrnunosor bant assay‘( ELI SA) or radioirtinunoassay A) . an

alternative to pPBBHFEHYSHBRECPHREIC AR PHEK °§€B’f‘§’t| H@llahlyi thg %I?ffjn%{s nonocl onal

anti body t hats spgeidddeddb iyt ngha Bl the REd«l cloki yRR¥idates GRBWHR. ident i fied and
i sol ated by screening a reconbi nant conbi natorial inmunoglobulin library (such

as an anti body pﬁ&@%g‘d?es‘tﬁ‘fj%{iio?q BHAH Pyse fieeser spne ac‘ﬁ’E}ZfEZLa“Sr"” BIlEYat o 10i sol ate

i ntraunogl obul i nw&lbmroaﬁayle&mmgﬁvawagtuw&pmhﬁdle;;caéctox obpdigheptitrs pol ypeptide. Kits
for generating and scr eenla? ffli[’)ha e dI%E 3 raries are commercially

avai [ abl e (such #™*BLA® A Ry fEdor %{} EPRENARUNO8E PETHYBIE) . Exanpl es of
met hods and r eagemils opédulivaul taItHoye dp@Rbabhegeid ein bHSlQ:dIuﬂthgﬁll’z\Et[cabt @gingnd screeni ng

anti body di splay brary can. for Pat. No. 5223, 409;
PCT Publ i cat ! defl TS ore 6?—5‘@‘ ?5%1“ BlFsEr g‘?r%rgk'i’(‘?d b%f@” olF19871; pPCT

Publ i cati on No, mneﬂdeiaﬁaaes “1Rﬂ§]aeRJb\11|;ﬁxaﬁdaﬁdsnsvmteaedpgﬁ)czedns jReshtsPwbl i cation No.
WO 92/15679; PCT_ Publication 4 tfb E’ i’ on. V\tD 3/01288; PCT
Publ i cation No. ré"i?é‘@féb‘@ “‘@5% ‘%‘Cé”[a‘ﬂn“‘)‘?pr‘%e N& IC“CCA{E i eELEY fisa 88: 7978
7982, 1991, Hoogexneb«uf@nmﬂnettthalnesenMpedlmaoorAmcnlIslngeesplanmqn4ﬂz*&&nttlxam 1991. 20The

am no acid sequepc antibodi es that @% d PD-1 osed,, for exanple,

in US. Patent Publ ?]cé |onl°RIo l%tf)l 67021 andv\,f“n21 qeglmse llhlrlfg%trwﬁc?rngt ed herein by

reference. Anfi bodiresdedratbe bmidbePD-1 are al so disclosed in U S. Patent

Publ i cati on No. 2006/ 0034826, which is also incorporated herein by reference.
In several exanples, the antibody specifically binds PD-1 or a PD-1 O PD- 2
ligand 25with an affinity constant ofDatAlegastsis107 Nfl, such as at |east 1.08

WAt Teast 5 X 105 W hak @RSl A% Mo e use o i 9R8, AL the sequence

of the specificity determning regions of eac term ned. Residues are
out si de the SDR fatoriyl(PlgdndagurtsactPrignodictlesde meabaupyghd imuuaeklotlon exanpl e, in

any of the CHR sgqu Qﬁ&nlﬂsTh%u%ﬁPbalbtla‘?arﬁg&‘éé‘enuﬁlleﬁgm&]rﬁﬂﬁ two O three

am no aci ds can be substituted production of chineric antibodies, which
i ncl ude a franewdrRieEghwHRA S‘Fﬁeéﬁﬁntlm@“&lm R baneapEng dpaampms! A AnirAlo f f er ent

antibody, is wel | RNMRAAInG ot REn@Hotecepf tyr&XRIPALR inMIBNL AR ATIV) ((Ishida

et al.,, EMBO J. 1 1:3887, 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,



-'15- antibodies can he routinely produced. The antibody or antibody fragnent
can be a humani zed i nmurtogl obuiin having conplenentarity determ ning regions
(CDRs) from a donor nonocl onal antibody that binds PD- PD-Li or PD-L2, and

i mmunogi obul M 4K HEAVy and 1ight chain variable regi BAVFPAHRHEY ks from human

5accept or i mmunogl obul i n heavy and |ight chain frameworks. Cenerally, the
humani zed 1 mmunogl obutin specifically binds to PD-1, PD-Li or PD-L2 with an
affinity constant of at least 107 :VIE, sugh as at least 108 M| at least 5 X

108 Nil or at Vast [09 Humani zed nonocl onal
transferring donor 1camphempni akishs 461 ShaT RndE: ARGl 008y b CRIRa), f 1 om heavy and
l'ight variable chains of the donor nouse’i nmmunogl obulin (such PD-1, PD-1,1 or
PD-12) into a hUﬁEﬁmVB@PHﬁﬁé"Ubﬁﬁﬁmmeamﬁﬁwh@ﬁﬁéﬁ%ﬁtmﬁwwqﬁﬁpﬁﬂhdﬁ)#e5|dues in

the framework r %gk%se\eﬁaﬁ& c%ﬁﬂﬂ'cél?sdarh%a"c%ﬁdogs aifhfe'h@:lnhé’fol ppa MsE. gF anti body
conponents derived from humani zed nonocl onal” anti bodi es obvi at es potentlal

probl ens associ dfedy wemberg He-lig8idnrfiRddedicdireyn s B- Hé)@éﬁg)tl&"rﬁﬂls? egi ons of the
donor anti body. 'ﬂ@@ng4gug@)for produci ng humani zed nonocl onal anti bodies are

anti bodi es can be produced by

descri bed, for exanple, é Jones et al., Nature 321:522, 1986; R echnmann
etal ., Nature 332:32% VinoBB:! erHs®gengivag T celisch efllsend gonasses,  1988; Cart er
eral., Proc. Rev.

Nat £ eyﬁﬁéﬁt}l A& | plibkRA. th‘.&%teﬂl@&'—}lﬁ 092w iBaR dBANds G i t .
Bi ot ech. 12: 437, 15 and Singer et al., di 20l nnaunot. 150: 2844, 1993. The

anti body nay be‘BWmﬁﬁ%mV§df 2l g periPReraldpETIRT 'Rt E SRS fhe anti body is an

1 9G i ncludi ng hyblifB@ton ih Wil @be treelld i@Chottin P[bg@%ﬁ01ér2@céllsaﬁﬁhllbg@4n the I'n
one enbodi nent e of the humani i rmunugl obul i n heavy chain

t he se C ed
variabl e regtbn FFERHS FRqéaﬁdW€3P“V§g§fdﬁz fm§8@ﬂiﬁﬁﬁﬁF@§PnTﬁ the sequence

250f the donor ipreedi@@l ohul in heavy chain variable region framework. Thus, the

sequence of the humani zed i nmunogt obul i n hegv in variabl e region franemork
can he at | east aboug”fﬁﬁmmﬂ?an 8¢ A198Ure 8 Xmﬁpgléé§¥f'§gﬁfwé /6or at | east

about 95% i dentil@dbhidaet tihEMIEYUENGEI7019% hshickbnakt d rGaue0gh ohrldd 199heavy chain
vari abl e region Q aggﬁf E %£H$?n framewor k regions, and nutations that can be
made in 30humani 28 8 amewor k regions, are known in the art (see, for
exanple, in BS. Patentpeioowdy, 585y 08fwrwhiehld spdirnpengortdied herei n by
reference). -46 Exenplarggdrunmantastiiedeesvare rbEbbamtd21£28 CL. The
sequences of the heawfratdsdughticchaitulf pageWdmiss arerdwown in the art.

Exenpl ary |ight chai wltganelsr ksadfedhiumanll viAlyacERe hawershe f ol | owi ng

seqguences: 5FR1 Dl Vir2 T Qs RDSL AYSLGERATI NCL{V:SEQV| DeNQargt)
garrtggplk edpsavpvis vdygeldfgw rektpeppvp

cvpeqteyat ivfpsgmgts sparrgsadg prsagplrpe
dghcswpl (SEQ ID NO: 1)

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

25

30

mwvrgvpwst
wltvsegana
afcnglsgpv
ylcgaislhp
kpegrfggmv
argagskddt
tacvhteyat

twavlglswqg
tftcslsnws
gdarfgiiql
kakieespga
igimsalvgi
lkeepsaapv
iviteglgas

sgwllevpng
edlmlnwnrl
pnrhdfhmni
elvvterile
pvllllawal
psvayeeldf
amgrrgsadg

pwrsltfypa
spsngtekga
ldtrrndsgi
tstrypspsp
avfcstsmse
gqgrektpelp
lagprpprhe

dghcswpl (SEQ ID NO: 2)

Additional amino acid sequences are disclosed in U.S. Patent No. 6,808,710
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)



FR2: WYQQKPOQPPLLIY ( SEQ ID NO 6) FR3: GVPDREFGSGSGTDFTLTI SSLQAEDVAVYYO (
SEQ ID NO ) FR4: FGQ 13QTlI CLEIK SEQ ID NO 8 ) 10Exenpl ary heavy chain
framewor ks of human MAb 21/28' CL have the followi ng s ences: FR | :

QVQL VQSGAEVKMEPEES 87 KVSCKASQYTFT (SEQ ID NO 9 \/\X/RQAPE%&E@{)WWSEQ ID NO 1
0 ) 15FR3; RVTI TRDTSASTAYI vl ELSSLRSEDTAVYYCAR (SEQ ID NO 1 1 ) FR4:
11GQOTLVTI/SS ( SEQID NO 1 2 ) Antibodies, such as murine nonocl onal

anti bodi es, chineric antibodi es, and 20huns$i zed anti bodi es, include full

| engt h nol ecul es as well as fragnents thereof, such as Fab. F(ab.),), and The

whi ch include a fy ?r}'é ﬂé%&é‘onﬁ.ﬂg alsln@its GNAL QoA lrﬂ e Qha‘i"i]eo?oﬂd TR{ € capabl e of

bi ndi ng specifi c' e determ nants? ese anti ragma'f‘nts retain sone
ability to sel ecl't’WeMyplbﬂmddwaurhcomhms twcalmitosigesn wah thpe@etpnmblanfmegemﬂr agnent s

i nclude: 25(1)Fab, quﬂg) ijgen2oi ndi ng
fragnment of an a ltoig%pgv amcggsg?%goﬁégg by 3?5‘2@%%?150? whol e
antibody with t hlecaéfniz’ym fplal“p"@il A mpngasepdordyrodivettedd inlitglory optdd nfheénd a portion

of one heavy @h%r&en&%}faﬁm b Hnalgn&nﬁat% ﬁ&e&@fhmg% tmeﬁeﬂée can be
obt ai ned by 30treating whole antibody with pepsin, followed by reduction, to

yield an intact figHtreeshal mr&h@gla/rpwltm@hofcﬂ\/twhémhewyha&% AungendEab

fragments are obf,gifaeg. pﬁ%teﬁx@%ﬁa@@%ut@‘%ea%ﬁoeamd 165]‘171fy with consefvaton(dF@Rpi , the
fragnent of the antibody that can be obtaine reati ng whol e anti body W th

the enzyne pepsi H’P‘WIFI%QWC%UB%‘@ch@ﬂ%“drI%Séﬂ}ié%ﬁlﬁﬁey@ft@d&)‘édqn@f& TaEMEM of two Fab
fr agment s hel d tigg}%td9%blagiﬁc§%th§%Ehﬂ@lﬂ@%ﬁbunoundmo hédafx§ter@ingenet i cal ly

engineered T a0men e CIEVAT (e amine acide 162155 of SIb 5'NO: 2) in human and
mouse, respectively) are also conserved between human and murine orthologues.
PD-1 is a member of the CD28/CTLA-4 family of molecules based on its
ability to bind to PD-LI. In vivo, like CTLA4, PD-1 is rapidly induced on the
surface of T-cells in response to anti-CD3 (Agata et al. Int. Immunol. 8:765, 1996).
15  In contrast to CTLA4, however, PD-1 is also induced on the surface of B-cells (in
response to anti-IgM). PD-1 is also expressed on a subset of thymocytes and
myeloid cells (Agata et al. (1996) supra; Nishimura et al. (1996) Int. Immunol.
8:773).
T cell anergy is concomitant with an induction in PD-1 expression. It is
20 disclosed herein that T-cell cytoxicity can be increased by contacting a T-cell with
an agent that reduces the expression or activity of PD-1. More specifically, 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



50f the light chain and the variable region of the heavy chain expressed as
two chains; and (5) Single chain antibody (such as scFv), defined as a
genetically eq?lneered nol ecul e containing the variable reg;on of the Iight
chain, the vafT2BY%*Ytgi on of the heavy chain, Iinked BGTHEUEEY e

pol ypeptide Iinker as a genetically 10fused S|ngle chai n nol ecul e.

Met hods of making these fragnents are known in the art (see for exanple,
Harl ow and Lane, Anti bodies: A Laboratory -Manual, Cold Spring Harbor
Laboratory, New York, 1988). In several exanples, the variable region includes
the variable reg@@ﬂm%ﬁw%hgmhﬁa@ﬁm&hﬁ&ﬂsﬁ@ﬁek& EﬁkkéﬁJ&mﬁ%Q%@@soﬁT{he heavy
chain 15 expressed as individual polypeptides v antibodiés are typically
about 25 kDa andccHbife a1y sEdgppiheugh gﬁ?lcﬂbwcf’cﬂ%ml%“%m@é’l%aﬂHddc”ffﬂﬂéé CDRs per
each heavy chai nco@nﬁulga@moh]mgdﬂ&y &b@}wﬂon%o@&oﬁdu@&m& hesie, dnkinbadi es, the VH and
the VL can be expressed fromtwo individual nucleic acid conStructs in a host
cell. If the W %WW”PH@MVE°§Wé”@%ﬁ?é§§@&enon contlguously the chains of the
Fy anti body are typicall d 20 her_ by noncoval |nteract|ons

However, thes® chalnghfgﬁégﬁg Hﬁ‘igggégﬁzﬂﬁﬁﬁnﬁrT@F?% on §5CHaERBES! have been
devel oped to cr o&sdlmmktmtyrpelyg&paluas wmecmgztplgls utp&ﬁahldanydedmingbﬂmpl ecul ar

disulfides, O a peptide Ilgéﬁ 1 %p one exa the Fy can be a

di sul fi de stabi | {288 ;“Lﬁﬁé?é$ PFHE PeR E%HHWmVﬁ? #B1E Y egi on and

t he gggPt ch?in Ma%hg@hmny@gaomtheq&h@mﬁmﬁhhgq&bgqurhmoﬁmsﬁbéude bondst §5Ln
an additional exa ri se VH and chai ns connected by
a peptide I|nker”ﬂ#ﬁggﬁs@fﬁﬁ?@e8ﬁ%?ﬂm5m?”a% a%VﬁﬁFﬁ&”%ﬁ&f@fﬁ?lwgﬁﬁ%) are
prepared by ¢@ns&maaﬂmmgxamsﬂmMCmummbc@bﬂ$omﬁnp%ﬁ@hﬁngNmm&equﬂnaes encodi ng

nto an expr ess] B4 UORPaT= 2Rt ER T LB CBaReT Y P D AUBLE T RED & host cel |
30such as E. c0|hhmﬁhmnmmcoﬂhmnamﬂmhmsmaqahb&1$ynﬂMQsmme Whai nghdetopol ypept i de

chain with @ 1 i niery BERS L8 Grides gLhe 00 ASTRRS., Vahigds, for produc ng

scFvs are known i n npani on to
Met hods in -48- mEmmymﬂkdgympwbﬂﬂfﬁndpmgewﬁmndmggmJ.BﬁﬂdBéﬁahagn@aience

242:903, 1205, U EREDI0, o 845, 170 Forkslal oAl Ieghngl g0y 111271

1993; and San sup ra Anti bo ragnents can y proteolytic
hydr ol ysi s of t htéergeft |B6c5dy11>0nenhiy31 s e oxA cwmorwe@ptocsmnlan@ﬁm@lﬂmeém@dl ng the

fragment. Antibodyr 54 EBHTRAGS P“Da[‘axpj%l QE%EI%& leb%dpd;%%ﬁd&o% apai n di gestion

of whol e anti bodi es by conventional net . For exa “ant | body fragnents
can be produced Byméhd?ﬁﬁ#?@J@Védvagéﬂwfm@hﬁwbﬁéméslWW&M“%@%SﬁB“@@DprOV|de a
5S fragnent denofgd, fktakl) 2. This fragnent can be further cleaved using a

t hi ol reducing agent, and optionally a blocking group for the sulfhydryl

groups resul tpng fromlgeaviaggiodat 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. CTLA4 plays a role in negative

25  regulation of T cell responses. ICOS, a polypeptide related to CD28 and CTLA4, is

involved in 1L-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



10di sul fide linkages, to produce 3.5S Fab' nonoval ent fragnents.
Alternatively, an enzymatic cl eavage usi ng pepsin produces two nonoval ent -

Eagi L;aggfnkﬁzﬁgggg%th fragnent directly (see U.S. P§%§U#9 4,036, 945 and

647, and references contained th ?%onhoff et al.

Arch. Bloc/tern. Biophys. 89:230, 1960; Porter, Biochem J. 73:119, 1959;
Edel man etal., Methods in Bit zynol ogy, 15Vol. 1, page 422, Academ c Press,
1967; and Coligan er al. at sections 2.8.142.8.10 and 2.10.1-2.10.4).

O her nmethods of cl eaving anti bodies, such as separation of heavy chains to

f orm nonoval ent &flngmnéleawsegmbamtaaaglmtlmeafswntIhannecdeﬁaﬁfeagep@‘lfragrrents or
ot her enzymatic, chem cal, or genetic techniques nay also be used, so |ong as

the 20fragments %WHH”@@b@h@"%ﬁ%W@éH“?ﬁ&?ﬂﬁ%snéédﬁﬁpﬂéﬁnﬁﬁDﬂﬁémlntact ant i body.

One of skill W | lnis&ahdsgfint bats. ‘PDYLQ%M@EIL\erdﬂ@-M\ﬁ'ﬁéhsalé)l’;uﬂah@DalnllidaQ@m es can be
produced. Such conservative variants_enp inantib fragments, such as

ody
dsFv fragments ofCLYPAPIlEY M mEiPE o5 the {7 If%mlPYé1f QP]MPE‘(EP‘#%S .<%apb°a?h ﬁéChdjé? 8 residues

necessary fors colidag€éonfalsdisngal aaﬂerﬁéalanw dbGn, RETIESMatrD errikmanslatdhe VL
regions, and will retain he 95charge. characteristics of the resjdues in order

to preserve the $OWprdEa0T W"ﬁ%ﬂ%‘f"ﬂ VISPt RS AT glReen

“R4° & d

substitutions (saphs@sigilacEMs spledeiymph nSHéStth}erﬁ andhed®PD-LIE @18 at nost four,

or at nost five am no ac d substj

regions to |ncr63§§$§?51

> PG Ua T

tuti

B e

nmade in the VH and the VL
d° SOBSER {UERUN F abl es

provi di ng functiedaddar- sallsfh;hceerndamliaoceaclmtsh Bba liaelds alkenpwssulited @ne of ordi nary

skill in 30the art. The fo S..X groups are exanples of am no acids that
are conS|deré§ t%mﬁ@P%ﬂﬁ?ngﬁaT?5%”§U5?ﬁftut|ons for one another; -49- 1)

Al anine (A), Serine (b Qnhin T ri anlc aci d
(E): 3) ,(AS|)oar agi ne ( '(@n)e’xaqgl%lg mmoe‘lf%)gq’ugﬁczz E\A%’Bal.,l ('C{E\%‘Al\ﬂié R):CCSSI ,.

| sol eucine (1), AéG¢&wéz@hymmwaomwbmﬂném®wyxtvambﬂne (V) and 6) Phenylalanine
(F), Tyrosine (Y),

revi ew t he am no aC|

of the aninojacids in the {h oeqlts@ salabqygvki
and pr %@yﬁgl{\h@q %% SEEY,

substitution,
nol ecul ar technlques
di agnosti c,

£pTaHENEL o

1 @0 4PRYYG Afng B

Iﬁggnsslocate one or nore

REophan, mllTXEHssc v90§k<9f v%k%% st he art can readily

pkaev1w

€Ll s

or det ecttthnem@g 891688k he

thbDK

gent
A V@ Valdant nust
eGUhL 8Syre SUCRL @SS
8¢k 14,0 18ApHcBody t hat

N servati ve
i é%g% | - 10known

jherapeuti c,

specifically binds PBvihgaPOd Agor1PBdx2,) WS AEHANY cRUEIsx0of nmeans known to
those of skibh in theaptn1 B0t BEeapal@ny and noncoval ent attachment neans may
be used. The procedure for attaching an effector

An exemplary PD-L2 precursor amino acid sequence (GENBANK®
Accession No. AAK 15370, as available April §, 2002) is set forth below:

25

30

35

40

miflllmlsl
ecnfdtgshv
plgkasfhip
asyrkinthi
pantshsrtp
eltlasidlqg
ialrkglcgk

elqlhgiaal
nlgaitaslqg
qvgvrdegqy
lkvpetdeve
eglygvtsvl
sgmeprthpt
lysskdttkr

ftvtvpkely
kvendtsphr
gciiiygvaw
ltcgatgypl
rlkpppgrnt
wllhifipsc
pvtttkrevn

nmol ecul e to

iiehgsnvtl
eratlleeqgl
dykyltlkvk
aevswpnvsv
scviwnthvr
iiafifiatv

sai (SEQID NO: 4)

An exemplary variant PD-L2 precursor amino acid sequence (GENBANK®
Accession No. Q9BQ51, as available December 12, 2006) is set forth below:

miflllmlsl
ecnfdtgshv
plgkasfhip
asyrkinthi
pantshsrtp
eltlasidlg
ialrkglcgk

elglhgiaal
nlgaitaslg
qgvgvrdegqy
lkvpetdeve
eglygvtsvl
sgmeprthpt
lysskdttkr

ftvtvpkely
kvendtsphr
gciiiygvaw
ltcgatgypl
rlkpppgrnt
wllhifipfc
pvtttkrevn

iiehgsnvtl
eratlleeql
dykyltlkvk
aevVsSwWpnvsv
scviwnthvr
iiafifiatv

sai (SEQ ID NO:46)



15an anti body varies according to the chemcal structure of the effector,

Pol ypeptides typically contain a variety of functional groups; such as
carboxylic a §?CH), free amne (-NEB) or sulfttydr groups, which
are avallablgv(?%ﬁ)g“31 dttion with a suitable functional é?ygﬁg7ﬁ%ah anti body to
result in the binding of the effector nolecule. Alternatively, the antibody is
derivatized to expose or attach additional 20reactive functional groups. The
derivatization may involve attachnment of aA% of a nunber of I|inker nol ecul es
such as those available fromPierce Chem cal Conpany, Rockford, IL. The Iinker
can be any nol ecul e used to join the antibody to the effector nolecule. The
linker is capable of form ng coval ent bonds to both the anti body and to the

ef fector nol ecul e. SERh#IRgoisthslude 2gewts (a1 rducp BREXRIGSIERBSEIYEY B8skill in the
art and incl ude, pnbytxananeepnaml)&lamrm&in&@m]ﬁm)adl géahce@memtamlfaﬁget%w n carbon
| i nkers, heterocgcllc carbon’ I'i nkers, or | i nkers. \Were the anti body

and the effector Pé%EPéJé¥§wﬁBPV%@bPWEP@ [)¥HEEFih%e$§mWﬁV’be joined to the

constituent asi n&n%mdﬁ 1rtchlﬂ@b¥g1|BOdI$EE{thch§d ﬁ&ngmpﬁqtle&dym AS- Pnjnmpugh a disul fide
linkage to cysteine) or to the alpha carbon. am no and carhox roups of the

term nal amino 3@@8?&5”“&&6Wé?@[ﬁéPﬁxgéhB@ﬁb@gkﬂﬂﬁéﬂF%6”PH3 ah?gﬁbdles can be
prepared by any suietadl z@mMDDHNIAnGhdJﬂidH&PDfDIRHX@thll&nseGh(QéHul’ég(Qchh appropriate

sequences or by -50- rect ch C sis b t hods su S the
phosphotri ester HePABY ﬂ‘Wﬁ?ﬁﬁgﬂ%?é5amygégﬁa”%??%ﬁﬁEM6§V§G“§%B]i t he
phosphodi est er ngitibae RNABdoMMaRheglive plﬁfblhh(sudimzyﬂ&hlnarﬁaeg;hﬂ%%l 1979; t he
diethylphosp ramdite nethod o auca Tetra.. Lett. 22:1859-1862,
1981; the sol?d PREYe? ﬁﬁﬂgﬁﬁﬁ$ﬁﬂ*ﬁﬁ1gf 8?5@W@r(WEWH8de%§%E¢6@d by Beaucage &
Car ut hers, Ten- aprofeg,tagd sr22(r2Qyculk8mbib&62, 1981, for exanple using an

aut onmat ed syntheS|ze as_ des educn}{'anDevanter cl ot

Nucl . Acids Res. 12: 6T59“§YEs °¥Q§gd§m%ndm Wﬁg‘g@?ﬁﬁ” pofrt fret hod of U.S.
Pat ent No. 4, 458¢>@&6510r0he1m acabitysy ﬁDHesnSelermalU@qsesaorsol ngtiéty $¢ eaneled

of i gonucl eoti de. can v e u r by
10hybri di zati on vﬁ%mem ag%urtrgtﬁg/épn@%‘f’gﬂr%’ %LP 6%9 %Lﬁ 8%1;7 @wrrer]&}?tl on with a DNA
pol yner ase usﬁngamhemSmn@bmmsmﬁamdnagnaymsmphameExﬁmﬂm@hﬁs«mthmouId recogni ze

D e pohom el PHDLNES] So8lsoRNA L5 ISDBEA! L Lol hiTLL 85 Lo RegMENCES of

about 100 bases, sequen tfal he |ga Ion of shorter
sequences. Exenpﬁ@%wthm@Newtmﬁhmd@“éﬁ@ddﬁﬁg0@%@ﬂ®h@€®“@ﬂﬂﬁ@ﬂﬁ9ﬂén anti body

that 15speci ] caldyybinds. PRupe EDdnb0L s Ed-21,630: B, PLERAEGAM, ol oni g

t echni ques. Exanpl es’ of appro riate clonin sequenci ng techni ques, and
i nstructi ons antagonist. In another example, the contxol is a standard value, or a cell contacted

20 with an agent, such as a carrier, known not to affect PD-1 activity. PD-1 expression
or activity can be determined by any standard method in the art, including those
described herein. Optionally, the PD-1 antagonist inhibits or reduces binding of PD-
| to PD-LI, 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 antibedies, deimmunized antibodies, and immunoglobulin
(Ig) fusion proteins. Polyclonal anti-PD-1, anti-PDL] 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



sufficient to direct persons of skill through many cl oni ng exercises are found
i n Sanbrook era!,, supra, Berger and Kimel (eds.), supra, and Ausubel, supra.
Product info ti from manuf acturers of biological r t nd experi nent al
20equi pnent éﬁr@ 088028\71 de useful information. Such nanu?ggﬁ%lg@ogss?lncl ude the

SI GVA Chem cal Conpany (Saint Louis, M), R&D Systens (M nneapolis, M\),

Phar maci a Aner sham ( Pi scataway, NJ), CLONTECH Laboratories, Inc. (Palo Alto,
CA), Chem CGenes Corp., Aldrich Chem cal Co#pany (M | waukee, W), den
Research, Inc., G BCO BRL Life Technologies, Inc. (C aithershurg, M), Fluka
25Cheni ca- Bi ochegi kg, Aahy tdckq Elsbas CRELNLE, AGinBUGAS oSbdzetd,and) |

| nvitrogen (San D ego, CA), and Applied Biosysterns (Foster Cty, CA), as well
as many ot her co%ﬁoé‘?@iugpg%m%@édkﬁevw%@ %ﬁﬁ-bwolm@wq&. Nucl ei ¢ aci ds

can al so be prepared 1D¥heaRRhiif ineahinay MRlbneShar ApRlricilyaald 9| gt hpds i ncl ude
pol ymerase chain reaction (PCR), the Iigase chain reaction (LCR), 30the

transcri pti on- ba¥dd-ahior FFrEmfiPrsihesspdr ampy iTagyd from éhe geanimad (fa¢hes fe sequence
replication syste@mn)3RRusthé pwhifla by adchR ks Rfovel 0BG sBtNAEE:. Fpst cell's, and
invitro anplification nethodol ogies are well known to persons of skill. -51-

In one exanpl e, SAMRRtINBEANFS 680 igParijied using profedyA KHoPALERR VY sPIR%E [EPNA whi ch

encodes a vari abigbé®gi on froman anti body that specifically binds PD- 1, PD-Li

or PD-L2 into a vectaor ich conprises the ¢ eﬂéoc%nggﬁn ef fector nol ecul e
e

(EM. The insertion QUi ¥ PHeH!s FRSCRPINEHIan d$H8 EM are read in
Sframe so that opepaeOnsiobldfdlsntpoliyPBatanded teShifueduecithhlef BusMilitdie encoded

pol ypepti de ntains._.a functjonal Pv regjon an? ) t{Qnal, EMregion. In one
embodi nent, E[%NAIQ%‘(?&S??% 43)’ @@?2\%9‘%%&”‘3?@?“0 51270%1%2% !ag%lg(lr‘f%/%g is ligated
to a scFy so thavotideenaetkiesdi¢ssind Qortetheapy,the I.anDOXY ) ppt & 96, n263; of the scFv.

I n anot her exanp ] et ect abl e, marker 1.s | Qc | at th m no term nus of
the scFv. Tin a %%%ehﬁ\{lﬂ‘egt ai)éi%ﬁf%?ma@ “éﬁ eégiczﬁz)gg‘ ‘%g?%‘e?a% € marker is
tigated to a heaMygnehailmviasdiagbh&lewdyjinomianfln ivlaiihl dodyed Ratunspeci fical |y
binds PD-1 PD-1- L POL2, . sout hat f hecmarker is | ocat t the carboxyl
term nus of the uebgl‘\g/h;’/nc’c \a 'hN%\‘éFPlgb]ﬁg'Flgsggfﬁf)z eéakrﬁllar%r\n&nogﬁg?aﬁﬁvgri abl e region
can subsequenf | y1958; lamgatbed. (16818 YaleghBiot Weed o A&7 Hélh [Yeh etendyi Brnc. Ofatlt he ant i body

t hat specificall i ods, B P i LSl bbonds. In a
yet anot her exarr%fag; §Eé’%l§[&5)zean3cl(’)g%g Igogr{a?xﬁrg?l%izagqﬁn?gzgtq ‘Lél?iweodygl%?l}lygaht chain

vari abl e regi on ofelama)anfuidd odlymphaytehitypdellPiplanocyRs) ipmemaPDal 2, so that the

mar ker 15 1 0Cat e 4066 BDBONYL LepmIUBOf LNREL A0k RLE g var | abl e T egi on.

The |ight chain-variable regi on can subsequent ated to a heavy chain
vari abl e regi on wfultigaybirrdomgsels adrateedéeidfitidal hybridemelgopoinga PD-LI or PD-L2
usi ng di sul fhde RAONAR,120O0¢ fal DEMYUE) Bh& BGE U8 SRGadIMg.Lhe anti body or
functional fragnment thereof are isolated and cloned, the protein can be
expressed in a recondi areribgdienei i eedaet (deblidosiacty imsnopalcelb esuchant , yeast,

insect and mammelLafne&hliSe) NSV frdP e s%aﬁﬁﬁ&lﬁﬂ@&%i&m%ﬂ&&h@s. anti body or
functional fragnent thereof can be expressed in vitro by ransfer into a

sui t abl e host celqrexanppie. gwripe hygyidesens sroliearade Py Eusige 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-
Ag8.653 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,



25eukaryotic. The term al so i ncludes any progeny of the subject host cell. It
is understood that all progeny nmay not be identical to the parental cell since

there may be tations that occur during replication. t hods of stable
transfer, rreéi‘gﬁjzr?gmtsﬁgf the foreign DNA i s continuousl y%ﬁf?gf‘) @ in the host,
are known in the art Pol ynucl eoti de sequences encodi ng the anti body or
functional fragnment 30t hereof can be operatively linked to expression control

sequences. An expression control sequence -&peratively linked to a coding
sequence is |ip,ated such that expression of the coding sequence is achieved

under conditi ons,GOMRAL ifled Whi thptRBctiveR Zase@XNefati O, ERBLIRI S@Iuences. The
expression control sequences include, but are not limted to appropriate

pronoters, enhantefi§ineamenRdeialantibiiycentaraiatan Pe detestedt faF ¢xapplgodty (i.e., ATG in

front of a proteiRRREQEhFidB8NuluRRLpEINE sFobdRBdrodfion MEFRNRS haBhNt enance of
the correct reading frame of that gene to permt proper translation of nMRNA,

and stop codons.?fifid: Py AURP &4 riofEv e ey tien S8 &S ePdarEC P HE! 251 B8y or

functional fragnenh etdyekdatedGamulR® ofbhsatsh RELISAY Or @loFRMESSIyARIAJECT OF
including, but not Iimted to a plasmd, virus or other vehicle that can be

mani pul ated to al | ow BRI TAHHE OPISPHESI TRIPEL T IBPAYSEL HER SRR Gan be
expr;assgad i nt ei t,ﬁi@{oc]@hﬂ:éfﬁrb)é@j‘c @5t sgécif&ulkyatsl\i/bécﬁp@;h plijLHo&-tp@-ma@nibgcl ude m crobi al,
yeast, insect and m i.an organi sms. ods of expressing sequences
havi ng eti k. ar yoﬁ?’lﬁ%‘\?i‘%" ‘edégdﬂéﬁ?é‘}é’asa‘FW"}BP‘B‘P&&P%P@E‘@IW\%{BE@‘@WOM in the
art. Biological | yordryatt #nakntibiod gphagdvdlshidyasrirg WRINARDYEEDOL Sordapabloe of
Tranafor mat | B of A* FagroEeP Iy pelbhn HARE UK Ty bR EAP e Bt by
conventi onal techngdgeesngasdarreninglphadédppmy inaidhaseoskilclaggdataiiailhe art. Wiere
the host is prokaryotic ch as E. coil onpet ce|lls.which are capabl e of
DA pt ake can BaPegastPRliP Bl ohan SRS Der S EuthEr 4 g o h phase
and subsequent | yreigeaapadcudylytarenBaCGbausarit deodtatingiangscprenice duibedy dislady known i n
the art. Alternatively,lViga, or Rt be,..u , formati an can al so be
per f or med 20af el b or it ted A Sttt CAY PRnA e P TeRb LR 0r by

el ect r opor at iDn. W28t PAGsEublisitian BakEO Yot €571 skChPuniithiodooW Ot r ansf ecti on of
DA as cal ci um phospiaheGRREERLPLLALAR70 CARY BNIANAINTREIRRIEH, Procedures
such as mcroinjection, electroporation, i nsertion of a plasm d’encased in

li posonmes, or v; LT BibliettiooNo. W&\P266 047 8dT PR keatropd¥ O 0368138sPEan al so be
cotransformed w PJM@EBQNXW@'9%@)‘9566?13&%&&??9%&%8& td49s '.ﬂ%ffé‘éﬂ/d%@dy of

functional fragnent thereof and a secon oreig nol ecul e encodi ng a
sel ect abl e phenot3gpel99kiitvheasoqnnes ahdYysteic Adidsdicex 9y ld7 Né%ki nase gene.

Anot her methegl is 0 WS&,Ro BUKANMALE 6 MhtifRles YRCHA PD-F UGN @R s f3l @n Virus 40
(8Vv40) or bovine papilloma virus, to transient I%)Fl nfect or transform

eukaryotic cel | sexandlegr predateptablseaandia 20604R 19367, whienpineorr@ntekbgreint i ¢ 30Vi r al
Vectors, Cold SpgyRgHas DoibbRRAbAE ¥D-1Gd 1% HBRIGS in U982 One of skill in
Publication No. 2006/0034826, which is also incorporated herein by reference. In
several examples, the antibody specifically binds PD-1 or a PD-1 or PD-2 ligand
25  with an affinity constant of at least 10’ M, such as at least 10® M at least 5 X 10°
M orat least 10° M.
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



the art can readily use expression systens such as plasm ds and vectors of use
in producing proteins in cells including higher eukaryotic cells such as the
COS, CHO, HeLa and el oma cell [|ines. | sol ation_and purification of
reconbi nant | Y é&ﬁ%QQZed pol ypeptide can he carried out PbyV¥SHIEHRY onal neans

i ncl udi ng preparatlve chr omat ogr aphy and 5i nmunol ogi cal separations. Once
expressed, the reconbi nant anti bodies can be purified according to standard
procedures of the art, including amonium-$ulfate precipitation, affinity
colums, colum chromat ography, and the |like (see, generally, R Scopes,
Protein PurificafliOes gﬂfﬂer}&ﬁ{nelggrold@&d e, anubc;l:@%?Qn'tlbéHrtf%Lﬁgﬁt c?rl ey PUre
conpositions of at |east about 5% honogéneity are di scl osed herein, and
98 10to 99% or nPErEshBgeRedehylic bty iseonslegeTaty pramrateeediPal-PRur poses. Once
purified, parti %Ara/a @Jno£ momgﬁg%mohyma@o ﬁb‘%‘ﬂ)r £dp. Llf01t}>9 1Be,dised
therapeutlcally,_t e pol ypeptides should be substantially free of endotoxin.
Met hods for expri@gainefotyfin ajdigpe af BBt chan Yaellp egioafameyorkef o Big t o an

appropriate agtiyg f&[rﬁﬂludoB%me}Qﬂly%h@ghﬁcl%hﬁﬂlﬂne@ﬂmsb@gﬁe@ﬁly th¢ om bacteria such
as E. 15coil have been descri bed and are well-known and are applicable to the

ant i bodi es d|scl%@Eﬂ“ﬁ@ﬁ@ﬂﬁmﬂ@génﬂBﬂéﬁH@P"ﬁtméﬁ)1R&ﬂﬂOIWQB%Héhﬁi 205: 263- 270,
1992; Pl uckt hun, af3liQtceenobekaR 1943, sd@Qd ar IFSR)® 81 adleast 5 RCI0BNL'Rr 2461 1275,

[ 989 and Ward et al Nat ure 341: 544, 1989, all incorporated by reference
herein. Oten, %ﬁbﬁféﬁal het er ol ogous proteins fromE. call or other bacteria

gxe 20i sol at ed 1; r 0mblHﬂﬁllahl@édQﬁbn?aldr?e&qt@Mesrc@qw Fredused ti@high%férﬂhiﬂlihoHSi ng strong

enat urants nd subsequent refaol din rin e so n step, as is

wel | known |H?tH@”ﬁk??“&“?éﬁ&@?ﬁ&—ﬁggﬁ%&ﬁﬁ§}§ W%@@ﬁ%LE g@% Qe disul fide

bonds. An exenpl @nhe dovidrfnetusantrintunaglsied bl GuetgPBQ ErTh-Li 8: PIOLY) iMolamumapH 8, 6 M

guani dine, 2 mvl QRTA 0 3 D E édlth oerythritol Reoxkdatlon of the

di sul fi de bonds ¥EA'H Hep @g@ﬂ wmagpresyriey e HMER A SN ght t hi ol

reagents in |ndu&mﬂ1amdanmudﬁﬁemmﬁprﬁku&&ﬁde&mﬂyhﬁ@ommmSaMﬁﬂauﬁta

Bi ochem stry 9: 5015- o021, 9? 2 ncor.por ference herﬁl and
%oc na t|bo

especial |y as de%u&_ap%e dle hvia es gotentlayplob(?ems asﬁcmtefi N at I on is
typically acmbannmhaﬁnbyydﬁm¢nmmmm(&nmsaxamﬁMQzmﬁﬂﬁWf@&ﬂymmﬁfmhe denat ur ed

and reduced protel into refoldin £l Al exe ry buffer 1 30M
Tris, pH 8.0, 0.5 {WL a?ma“ﬁzeﬁglon%*go o><| i 85 %G5G at%’f %Xﬁle o%ysjé’ & gnd 2 rnM
EDTA. -54- al., A%&naﬁmﬁalﬂP&aRwdmmmoeuﬂewbmuﬁﬁhéﬁh1%Rtwbmdy@par|f|catlon

Protooal . e heayaand i ot iohalcly Leglions, iy AepAsAlELY. solabi i zed and

reduced and t hen" &0 i'n'th Idln sol ution mplary yield is
obt ai ned when thé@é5$mﬁMp€0¢émngwarblﬁﬂxbﬁwﬂnméSn@@ardrdt|o such that a 5 fold

mol ar excessZ@f %ﬁlﬂ&rlgBleﬂl 8r Tfl@:ﬁltig&i}%ay be of any isotype, but in several
embodiments the antibody is an IgG, including but not limited to, IgG, IgG2, 1gG3
and 1gG,.
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).



5 is not exceeded. It is desirable to add excess oxidi zed gl utathi one or other
oxi di zing | ow nol ecul ar wei ght conpounds to the refolding solution after the
redox-shuffling is conpl et ed. In addition to reconbi nant met hods, the
ant i bodi es aNHQW@Wﬁflbnal fragments thereof that are dFSEFEEY@*HRrein can al so
be constructed in whole or in part using 10standard peptide synthesis. Solid
phase synthesis of the pol ypeptides of |ess than about 50 am no acids in

| engt h can be acconplished by attaching thes-C-term nal am no acid of the
sequence to an insoluble support followed by sequential addition of the
remai ni ng am no aci ds:, | r synt hesi s
are descri bed by Bar%?é lkgﬁwﬁﬁﬁgg%ﬁﬁ?ﬁgq%ggkg3228Eﬂn§§§%hgw%%? @gls Bi ol ogy.
15Vai . 2: Speci abeanpindddkt chyn Papevalls sSyknowe & Be apgdixemplaryight daipg4; N eni fi eAd
et al.. ). Am ChamoS00enBRdiA B49k. dGfwiAld, Shesart eral ., Solid Phase
Peptlde Synthesis, 2nd ed., Pierce (Them ockford El ., 1984. Proteins
of greater |length may be syntheS|zed by condensatlon of the am no and car boxyl
termni of sherter f@@gmgq@ﬁQ mggﬂ;q%ngRgnyy ngepent ke bpnds by activation
of a carboxyl term nal 20end suc he use of the coupling reagent N,

- di cycyl ohexyl car bd8RnidEKraperiielY (ﬁﬁ©w#D|N@ the art B. lirhihiroty Nucleic
ACIdS I nhi bitory nucl o] /ar activity of
PD-1, 25PD-1,1 or P%? \%@E%?g%&ﬁﬁg%@%ég%ﬁﬁﬁkpﬁé gb g?ngoged herein One
enbodi ment is a snalWRHﬂthDHGLyHRN@E@suKNﬂ) feor |nterference or inhibition of
expression of a target gene. Nucleic acid sequences encoding PD-1, PD-LI and
PD-1.2 ate disclosed i n GENBANKe Accessi on Nos, NM 005018, AF344424,
| NP_079515, ahd NP_O0F486Qary30Ce nmimiringwoslisRNAsnarMAgened’ ailddvdie t he cl eavage
of relatively lo tranded RNA nol ecul es by Dicer or DCL enzynes
(Zar nor e, Smenc%g ggyg%g%g& 1269, 2002; Bernstein et al., Nature,

409: 363- 366, 2001). In aninmals and plants, -55- siRNAs are assenbled into
RI SC and guide the s e i C t Vi f Rl SC, thereby
resulting, in the c|§§€ag§ﬁb EE%E%Q&;ASQQ&%%&EQ%%&#té%ﬁ%an% ecules in the
cytoplasm 1In the nudméuﬁnm$EHN%EWW$dsgulﬂ@bheteﬁbchronatlnaSSOC|ated hi st one

Genes or 1 ar Gt chr ot doRar RS o L er R b St B 87 1y avai | abl 6. such

as from Santa CrMZ)BlotechnoIogy, I nc. The present disclosure provides

RNA suitable for int on. of _expression of a target gene,
whi ch RNA i ncl udes do <@§ﬁv9g%% %ﬁ% Ek é%012?15 to about 40 nucl eoti des

containing a 0 to 5- nucleotlde 3' and/or 5 overhang on 10each strand. The
sequence of the RNA i > SU stagglallxelden an |nRNA or

Pts QdIies, su as, mur onlg ni_liO%les CE € n (gleq nd
transcript of a targét gene,  'sUEh™as® Pt "PB L fﬁtﬁf whi‘c
i nterference2or mnmmbmtumhmmﬁ mﬁpkém$koghn@kda&umgduaﬁhmmpm&pmsaé of this

disclosure, a sequenae, of .16, BN SHRELAN haly dak 60k Blain Jifuk SPeci fi c

portion of the rri
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;



transcript of the target gene for which interference or inhibition of
expression is 25desired differs by no nore than about 30 percent, and in sone
enbodi ments no nore than about 10 percent, fromthe specific ortlon of the
mRNA or trand@ 8" the target gene. In particular efhHEH! t he
sequence of the RNA is exactly identical to a specific portion of the raRNA or
transcript of the target gene. Thus, siRNAs disclosed herein include
doubl e- stranded RNA of about 15 to 20about-440 nucl eotides in length and a 3
or 5 overhang having a length of 0 to 5- nucl eotides on each strand, wherein
the sequence of the dgubl ,st nanded. RN Sysklishankh al bk deniiaak 1o (see
above) a portion of a transcri pt of ucl el ¢ acid encodi ig PD-1,
PD-Li or PD-L2. ‘W}Fplfpﬁllfib@ddm@rth@e@(lamF@BsmWﬁ@%@@ﬁﬂqee%teﬁmﬁl@@d:(@&hﬁéséont ai ns about
19 to about 25 n&ﬁkle&tfw% frzfopr{ent's'ﬂad?cmgtﬁel%gﬁwgd-lsulﬁde b%ads25nucl eoti des
substantially identical to a nucleic acid éncoding 1, PD-L I or PD- L2. In
addi ti onal exanpl es, {Phe Doaktnsticdly amz@dleﬁﬁu@glwmoatamnadb@mlablgleg@nabout 25
hucl eoti des 190%mdanm@;@maﬁpmevmglweo@on%mdh@qudlrmg(pf’&eémRlé}chéfnsor PD-L2. It
should be not that inm this context "about” refefs to integer amounts only. In
one exanple, "ab¥dt" 20 nucl eotides refers to a nucleotide of 19 to 21

nucl eotides in 30l eng$h. sin@bchiash AQboddeReNsanty) QRrtdaas hengtihupf the overhang
on other strand. In specific exanples, the length of the 3' or 5 overhang is

0- nucl eoti de on %\@“F%ﬁ%‘f“”%‘éﬁ SPRRHG med’ﬁdaql‘?feéld?r%f thalsghschatn. the viyiahlgcl eot i de on

both strands (thusion 8fthd Aty daiR, INAEd by Dsubhepol@xaiaRlIi@Rer af h&nb@agf h of the 3
or 5 over hang] is 1-nucleotide to 5-nucl eotides on at | east one 5strand. Mre

particul arl y!0i nt&8m@eechnpresthe | ength of the 3' or 5 overhang is 2-
nucl eotides on at | eagdthoansr Hdkirankkse monzen@ucelmam mase OMsRabhexshfignds. I n

particul ar exanp).e dsRNA nol ecul e has 3 Sie) 2 nucl eoti des on
bot h strands. h@ﬁ’“’ Qgﬁ‘ée* ‘ﬁ%ﬁl’l"g’oﬁl‘qalrabffﬂﬁ’v\’ fo@’d‘“ dgﬁﬂgdfl t he
doubl e- stranded Bmélaea@ﬁmbvnfollz()%fﬁlln Welﬂzxamtpﬂﬂsaﬁéiaﬁelﬂem@mdxrfchﬂeshﬁength of the

3" overhang is 2- nuc €0 hdfsné @’ébOth str. rl1dso fgn%)odl nts of the RNAs
provi ded herei n, "Y' etfel?ﬂl & 0P SRR @B RICRHE" ABLECAW0E"8H9% adeni ne-t ur aci |

(AU) and abous G&pleé{{ae/mguanndmﬂpdlypbptmm AeartiGhies adygicpigrabouc 2l abd and i n specific
exanpl es the doubI g-stra %f "mF cont ai ns. l?%e OfV AU d about 50% GC. Al so

descri bed herei n“AF& ﬁ%‘g r“%d I SPEAAED aVey 049 ed

15ri bonucl eot i decach h)ght chgt a[f’oqeod_um thése asténgdies, ster\a]rudd ok ML hen deupksedst randed RNA.
o particular exaiRlasnal Sy TodL! Lot hlRORIE] FRLLC S YN il & yover hang of
par 1At R

at | east one stra overh “of*The sense
strand. It is pa¢>¢plesstsrﬂaod wnongdwplheaﬂlads thmetheemamdlyes tnﬁcaﬁpd@ldl ed

ri bonucl eOt ' d S {o0%h H'gfnSnCS’\%ELH%%%E%O%SSHB»U&% 'm’élg_é #%ﬁs r"&é %%‘r’s LAkl g on abel — (for
i nst ance, tioro eho such as r amne 0 Oa t I ophosphat e
nucl eoti de anal o@}lutlan deoxyrpdsdlaeoteedéevlopadsd dessbuk thodiafns édodskcause
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 Vi and Vi chains
connected by a peptide linker. These single-chain antigen binding proteins (scIv)
are prepared by constructing a structural gene comprising DNA sequences encoding
the Vy and V1, 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 scEvs are

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



the base nolecule is ribonucleic acid), a 2'-fluorouracil, a 2'-amnouracil, a

2% am nocytidine, a 4-thiouracil, a 5-bronmouracil, a 5-iodouracil, a
5- (3-am noal Iég/l - uracil, an inosine, or a TO Me-nucl eoti de anal og. Antisense
and iibozyrn PUBH78s for PD-1, PD-LI and PD-L2 are AFSYSHP7B¥d5e in the

met hod di scl osed herein. Antisense nucleic acids are DNA or RNA nol ecul es that
are conplenentary to at least a portion of a specific nRNA nol ecul e
(Weintraub, Scientific American 262:40, 1999). In the cell, the antisense
nucleic acids hybridize to the correspondi ng MRNA, fonning a doubl e-stranded

ml ecul e. The anbz?;%@lé% Wf% &laGe FCIES. B S11 esrcﬁn%'ﬂ%?%%f;;%?;h@fdton of the

MRNA, since the ¢ Bt transTate an rn e- st randed.
Ant i sense ol i gontipst. Wb, 7abdatk 45l AT edaed 'ard, proéfad Sedhusiuek they are

easily synthesized and;as& d.858q: Lkel ro SediliR0LE an. | adi ger

nmol ecul es when mtroggjéledcg' nto ?t%ea ta lge% © %r%% ¢ m;ww 9‘3 PD-1, PD- LA or
PD-L2. The use ofntiapdyseshyexpiestippdd. r@! @frﬂi‘i/biﬁrtmtﬂlh@hﬁ Fragmant cAtbeds| at i on of
genes is wel | sknﬁmnanracms‘ﬂ%ﬁnee%;esepmt,gr @xlﬁrmle@ponmwe%anﬁwq% Anal . Mechem
172: 289, 1988). An anti sense ol i gonucl eo'tjl de can be, for exanplé, about 5, 10,
15, 20, 25, 30, S5®sentigpyl medody Feoexauiple ewtipage Sragipentseigbhrrodusedivit i sense nucl ei ¢

acid can be constpygledidisl;Rar GIEREA i YAINESHieREs Bz G | gat i on
reacti ons usi ng r ocedur es knovvn in the art For exarrpl e, an anti sense nucl eic

aci d nol ecul e cafi®Be EhefreRInt (Andy ArREs|IPEd WissAgiplatdirias PsF oetur ri ng

nucl eoti des or V@ﬁtioﬁﬂ@la)bldmg Gloegrnuclsanlbdescc8sd0mednd A clehttegse the
bi ol ogi cal stabilit e nol ecules or to increase the 10 physical stability

t
of the dupl ex? fo?lﬁﬂ%dedé‘ﬂ(?ﬁééﬁo P‘ﬁ%“céﬁtsf;Eé%g’@“‘é’ﬁﬁmsfé“ﬁg‘émﬁu%I‘eé"ia(‘:“’%blaﬂs such as

phosphor ot hi oat ecdehhncaldaVRs uahdpep&ih p@&ums Mbﬁctnbwaneplabnumlﬁ%lam can be used.
Exanpl es of nodified nucleo use enerate the antisertse

nucl ei ¢ aci d i ncFutiRemsnEqi ‘tﬁ&t}ydﬁereéﬁgmpate?ﬁt%‘%é%%?%&“? Ugp. S%FIBINGU‘?’ a9/ 5-

i odour alm l, hypgxlainef‘eieﬁl@s coﬁﬁnlteurﬁ}&;euﬂmewmyt Oﬂﬁtlﬂ&ocﬁm( saphaxgoordr oxyl met hyl )
15uracil, 5-car qur | -

car boxynet hyl am EM Yﬁfaéé‘i"f di h@é’r@ﬁé flman F‘(élt/ Y l@“gi”é@fzéi’§§/f’%fueosi ne,

i nosi ne, anongst vet Inq;ra§e 420i5Rca0Emia®redd, il GONURI@OEAnCH 6], ft@esibal 1.8.1-e8nscription is
known as the tri Ed?(I $g¢f§gy since the bl ooner w nds around doubl e- hel i cal
DNA, fornming a tRAfee 20 helix. Therefore, these triplex conpounds can

be designed to recogrmtz@na:tmm' cfukashg atibodia, mhtomangemem(ﬂ\dhhemmeﬁo al .
Anti sense Res Anti.cancer Drug DeS| gn

6(6): 569) 1991apo1iﬁlmon valleglgl)otfh?geam' %‘t}a{n]ﬂaome ts, r}mthel <f1éav %ed)f%aomenfs or

oty ol 'gonticl & e 15 al'so of use in the
met hods di scl os edthhe:neyrrmnc Rhédyozaranesietiovectainues reayRINA baobedculles apossessi ng t he
ability to SEECI I"llamr%nls%md to the antigen that is recognized by the intact antibody.

One of skill will realize that conservative variants of the antibodies can be
produced. Such conservative variants employed in antibody fragments, such as dsFv
fragments or in scFv fragments, will retain critical amino acid residues necessary for
correct folding and stabilizing between the Vg and the Vi regions, and will retain the
25  charge characteristics of the residues in order to preserve the low pI 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
Vy and the V| 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:



25cl eave ot her single-stranded RNA in a manner anal ogous to DNA restriction
endonucl eases, are also of use. Through the nodification of nucleotide
sequences whi ch encode these RNAs, it is possible to engineer nol ecul es that
recogni ze sp&IP3HIt] eoti de sequences in an RNA nol eul/BSZ8HEEMeave it

(Cech, J. Amer. Med. Assn. 260:3030, 1988). A mmjor advantage of this approach
is that, because 30t hey are sequence-specific, only MRNAs with particul ar
sequences are inactivated. There are two basic types of riboz.ynes nanely, ref
raliynmeno-type (Hassel holf, Nature 334:585, 1988) and "hammer head"-type.
Tetral | yt nena-type z sequences which are four bases in
| ength, while " ham”rerlﬁﬁldamé P@ é’e’ﬁﬁ?&%i@ﬁ%@fn?@@bgm ze base sequences 11-18 bases
in length. The | ongeR) therticecd@p. Cluamisediénce, the greater the |ikelihood
that the sequence WI| Gy chisivel )i n the target mR NA species.
Consequent |y, hanmer heagéjgll irne?Né bE]oazyrre(?)are preferable to tetrahynenc-type

ri bozymes for inacti #aﬁlaﬂgnea(Ré;anefGKd raRNA speci es and 18-base recognition
sequences ar & pr ef er bl eIl diihe (Iﬁ%&ﬁﬁbﬂ hOf SAHENG £Sng Vari ous
delivery systens are known and can be used to adm nister the si RNAs and ot her
i nhibitory nucleic aélBhenghledid &3 TatsinheYapeneries (Wsuch systems 10 incl ude,

for exanple, encapsWhabt QM ih e ath%x@%}%uevﬁé@J G ORAL Ldi& L SencdBGhOCapsul es,

nanopai ticles, reconbinant cells capable of expressing the therapeutic

mol ecul e(s) (seea““éOdg of im{giesip paghte onejor nBirgf theiapg acig i theaped tablegB e,
construction of @ertulm@emwdwe mgitﬁloﬁ AGbRAIAS 1RAGAseRhtiR vaflH QM d &li-or ot her
vector, and the |ike. 15C. Smal|l Ml ecule Inhibitors PD- 1" ant agoni st's

i ncl ude ol edil EOPRAOlAY Y tFHBIEGSF i ed from large |ibraries of both natural

product or synt hetlcE(ff@&msamcu&yraletsm)a @mlt:rc@@h&u@rm 8h&mbE AbielidsRear i es
according to nethods known in the art screening nethods that detect

decreases in PD- % akeq 9pp gntipedic Hataléectﬁ’éf‘llé/&”?dthc'ePP At R)Lareng st ul for

identifying conpisdsofhiQiban Wahbsebyskaf in HRUIC BSthfcovala€iddiohdbvalddie i niti al
screens may be perfom ed usin of comnp ounds, a variety of

a diverse |jbrar
ot her conpounds %{ﬁ&r‘"&ﬁahﬁwwa??w% —§‘§ opffye f Oh%ia%hi‘lﬂaé R T HY ‘PD- 1, PD- L
or PD-L2, rmhecuixﬁmubda@tvalidamolatdﬁnottb\e]eemleﬁsthﬁmldﬁf tR[¢dctor, PByypehbtidgrd/ or PD- 12,
and nol ecul es that, inhibit the act.ivi.t PD- %’ PD-L1 and/ &K)Qfg L2 can be
i dentified. Thes®&PSHEIPIHBPER ALY f&’éfﬂ"%“é SR 1RGN IF B That ori al
| i braries, naturfde Jjpti@dUCH,) bt dnrfaydxﬁs ,SHO)moO;bshehchﬁl’B.h‘lrm]ﬁllﬂéE)(BLblaﬂlohi\\btlhari es. In
addition, PD-1 ant atg;bgn' stt. can be id té e ounds &Fogp commer ci al
sources, as wel | * 34 CoMEre a1y 03\‘}%1?[]1 Bt’e O%fﬁ ['83]% SR EFERECHTEY i nhi bi tors.
The precise sour meleﬂfle tAastnadvel y, detastitody Gompausdso éxposeai aich bddix@inalt 0 t he

?8;2??} : feldcaEb on eactwe P_nctlonerﬁt Om”lsne denvaﬁza%orgmggmxdve ]f?achmenpgf 9)9&] ast s can be

number of linker molecules such as those available from Pierce Chemical Company,
Rockford, IL. The linker can be any molecule used to join the antibody to the
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 carboxy!l 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 appropiiate sequences or by



fromvirtually any nunber of chem cal extracts or conpounds. Exanples of such
extracts or conpounds that can be PD-1 antagoni sts include, but are not
limted to, -59- plant-, fungal-, prokaryotic- or ani mal-based extracts,
fernentatlon“6¥HWW§”15nd synthetic conpounds, as wel| BSVHU&%$¥ti on of

exi sting conpounds. Nunerous nethods are al so avail able for generating random
or directed synthesis (e.g., sem-synthesis or total synthesis) of any nunber
of chem cal compounds, including, but 5nots¢-imted to, sacchatide-, lipid-,
peptide-, and nucleic acid-based conpounds. Synthetic conpound libraries are

comer cial | y avai e@tl%lh%igaﬁ?Wﬂg’g??g%@th@&%g&i a@%}%j;gé &h hl’ethyj 5 J)qfu%@d Al drich

Chem cal (M| wa ant agoni st's _ entl r6n1synthet|c
conmpound i brar i @sl.tMah Faneot 6kARPSIlATY: We@b@ﬁph@w@ fﬁl?tb@ﬂ QiBmmb@rﬂ of conpani es

| nel udi ng Vey ! i ige, Ghem G051 (et biepn OkRiRl ndRM neomenex

(Princeton, ndon "Associ at es CTosource ( New
M ford, Conn ) .et PDﬂef’arlteag?@mSé‘i é86éak‘?8béh€i WEdhphapd @GsﬁhP@mlChteﬁlmS@ cheni cal

library, suchs asmétn&jdemﬁ)@mééaé&oe&c%mel@mf% 25,9m2{¥09ﬁ35@h8éi\41bmaukee Ws.).
PD-1 antagonists can be identified braries of natural compounds in the

form of bact eri af°r eppagatsingsn ammatmneﬁ?%ms deseripesion Jorgramplpiieediemal | y

avai |l abl e from 1oapawrRet; Of NSOWEL Res. w@is'gdsn@g 1BOLC e (opdSTSHSt UK), Xenova
(Sl ough, UK), Harbor Branch Cx:eangsrgla&g cs Institute (Ft. Pierce, Ha.), and

Phar maMar, U. S. Anetreiibhs: dgent Nond N&DEPISH SURgsis PiveEret 7 ¥231¢ y pr oduced

libraries and cofyprsndBeAl8edi@@dTHiYcaBlEdv&edths aiBh seaRveptiaagal chem cal ,
physi cal , and bi ochem cal neans. 20Usef ul conpounds may. be found within

NUMEr ous cheH?cdpb6@5§@é§“hﬂﬁﬁﬁﬂﬁ“TybY83WW?3Ph@@”&W&“&F@&WﬁE dtpounds,
including smal | Mﬂ@ﬂds@uﬁm@ﬁm&snam|a| terﬂlslgan()ﬁe SFRRINAIESeddaME: BatDl ecul ar
wei ght of nore than 50 y | ess } an about 500 dal tons, .such as |ess than
about 750 or Iesglkﬁﬁﬁnﬁ%éﬂ¥m356 Q$éP%éﬁ§a%@Hm5@t%FﬂWW?§8 19t 08 et hods

di scl osed her ei npasdsxengt ahientdsassos obtﬂﬁ&(wiahéne&aedsmyﬁdlesseqaeﬁce;aept| des,

sacchari des, steroid qd th I|k e co ounds(pqy nﬁdlfled to enhance
ef fi cacy, stablllty,%ﬁﬂaﬁﬂﬁSE i & “68%’ BTt Yod %dmﬁng YR8 In several
enbodi nment s, 1$0n@aundmyBﬁduEBJhHSLaoNM)i@Emfwhﬂqmﬁﬁbﬁ&o@muammmamﬂf | ess t han
Infs. & | ess thanEI , SS th w E N% ar less than | mM
30D. PD-(pepti de” V4P "éﬁftaé’%?g““é%‘f 8‘6%71%“ ﬁ%quffﬁ‘ H%C %‘ﬁ’be&fi“firﬂﬁ C%riants of a
P1)-1 protein mhmﬁhmhumcme@pmamsmhkanhaggnmawctamobenudﬁnkw&med1by screeni ng
conbi natorial i rari q m 1.3 ? mmq(ak 6(l)“_apnd s ant s or truncati on
mutants, of a P protéfns §éh& protel St H A agOn#@? activity. In
one exanpl e, theﬁamkagamm&kmﬁ@nansmhmbhscPBmk>pabﬁeemsmmemmnmmnm

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), Filuka

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 virro

amplification methodologies are well known to persons of skill.



Thus, a library of PD-1 variants can be generated by conbinatori al

raut agenesis at the nucleic acid level and is encoded by a variegated gene
library. A 5li braré of PD-1 variants can be produced bg, For exanpl e, by
enzymati cal | YA %8t hg a mixture of synthetic ol i gonuBtBBPHELS!Int 0 gene
sequences such that a degenerate set of potential PD 1 sequences is

expressi bl e as individual polypeptides, or alternatively, as a set of |arger
fusion proteins (such as for phage displayji-containing the set of PD-1
sequences. 10There are a variety of nethods which can be used to produce

| i braries of potenti P riants. from.a f r.ate oli cl.eqtide
sequence. Chem cal s?‘ln?nﬁgé%msp\{dfnh gﬂ%gcaeoﬁggrgéggggag%;@sl%taﬁgﬁh%gggﬁ v[)hgc(%perfor med in
an aut onmati c DNAensgdet hesiczlercgicarigmt ananshody Het specififeiebindsdiv-Liklpak kak i nt o an
appropriate exprgsshon, VS Plni foosd dﬁﬁ@p ate, Se f, allows for the
provision, in onl??nhxtt%r ee, Foogv lfgagﬁqu S%thet e sg]{qcuéﬁ%esetffgﬁclc}gﬁ%gﬁt he desired set
of potential PD-EManthgositen iseelsendesthe Mekblodgiohgnd wyhMyesiezd mg degenerat e

ol i gonuct eotigi &g, are t&P%Lohtﬂu&J}%)ogFépnéé@ rodhQB. BXATRL &eod¥rang, et al .,
Tetrahedron 39:3, 1983; ltakura et . Anna Rev. Biochem ;53:323, 1984,
Itakum et al. Sciobrerside 9B AGIEUNCOBAYY repien aefh up@ienal EMbiegien-els oa¢ fragment s of
a PD-1 protein cofioBgheRCANGRECE AR - B8 ARUSEDLd QuBEREh 8E £n) iQﬂth'édafB' on of PD-1
fragments for screening and subsequent selection of varirants of a PD-1

ant agoni st. 1 n oheFeiryodlitiverarker & 1pGaise ar e gFdospdermgns egliersEe Mraaghents can be
generated by treghhhg Aelohl magtriandach ROR Fhiaesitus of nPRel. godi ng sequence
with a nucl ease under conditions wherein nicking occurs only about once per

nol ecul e, deHat uiithy ctample oM Ending A deertaiganake iiaiet! e heRw PSIPDNA to form

doubl e stranded [N IMREGR oCAMnliRGl UEspsER&R) Binbid SIENSEH-paby DL gt f f er ent
ni cked products, renpvi ng) Stl ngl e stranded portions fromreforned dupl exes by
o eda"g

treatnment with Siepakeds grercrgamt KR! fedewichyn ¥ aRESO™M i brary into
\em_ eﬁ pr essidon KFeQ{teEz_{vyB}iaiﬁ—gﬁlﬁlbl%tr@li@icaﬁ&b&?@ﬁélﬂsj%é lﬁghftddit@ﬁ ﬁé}ycl&ﬂ?vah@bl_ger i ved

ich encodes N-terminal, Cterminal and intern ragnents of various sizes
o C30Soveral t CER GBS APEYIOMRC T P RECAPD f B L6 EOTPHgnout e oduct s of
conbi natori als | :Ib{r)]a.sl’.ilﬁs ya?ﬁl@héwxwmtlamteadohmgs ket rsu@ﬁaitbngIghtanﬁnfor ]
screening cDNA libraries for gene product i a selected property. Suc
Cechn quas are V1ot isepebim BTrey BEB Pl S Py P RS TGRS ERGr ot es
gener at ed by theis cenbd naicanibatyl rihagesfels ihofhaiRDadabprediel. e lidlie nost wi del y
used techni ques, ,which t. ana

chain-vayi t@rrev'g'ngarr]lasgl & ut Ot ieQiD tt{]tr Olf]ghv- pF var él S'eivso’ of of
screening | arge YaNe TSP P RE CYBTRET NS TRRFLGE "ET S HY YRR GERE Y i brary into
repli cabl e expr edsimitodyabit opesiticiltyansk @D, RD-I1Sap PDAErisat eiscl@ld isondd. t h t he
resulting lihyary of é)‘é?&%%?deica”%s%%( oéi%osﬁlér;}%it{oﬁgo&?r@&% fl-g’arn'lea pdgges under
conditions in which detection of a desitred actrvity facilitates Isol ation of
t he vect or encodiragolhiaeagieheedhicseotpn oductexwasediet esbebinantly 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 DNA 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. It 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



Recur si ve ensenbl e mut agenesis (REM can be used in conbination with the
screeni ng assays to identify PD-1 antagonists (Arkin and Youvan, Proc. Natl.
Acad. 10Sci. USA 89:7811 7815, 1992; Del.agrave et al., Protein Eng. 6(3):327
331, 1993). WO2008/08313 one enbodi ment, cell based assay§CUHW°W@8@>‘@pl oited to
analyze a library of PD-1 variants. For exanple, a library of expression
vectors can be tra"sfected into a cell line which ordinarily synthesizes and
secretes PD-1. The transfected cells are then cultured such that PD-1. and a
particular PD- | variant are secreted. The effect 150f expression of the
mutant on PD-1 a I I n I rn n such as by any
of a functional gé’lse\ésf/%ryclglné%l%gqaglﬁﬁﬁp@%gpl%%[? Oé]?f)lesg U\?gcregg]%@l?%%nt Ye'%tel | s

wher ei n endogenousitdads dppaptinw iptoynokess. rlandsist ebsergneh teendtogiagfadgedoncl| ones
further characteyfiz I D-1 ant agoni sts.
Pepti de anal ogs g’re’égggzzgﬁlr%!n Q’Huo;@% %ﬁdlﬁ@peng zﬁcrlrrgggsé%n? F@éﬁﬁ?'ﬁdustry as

non- pepti de dr ug@awenfmcmfolpﬁeqonﬁ@seaémafl@rgmfshateerteh@sfaémcﬁfplophélat"ém@hafe pepti de.
These types of anRNP‘ mdlggﬁ S@ypounds and are usually devel oped with the aid of
conput eri zed ol ecu eling. Peptide rninetics that are struchu-ally
simlar to therapeut |T@ap¢lynl@§etfdﬁlbecplelryp4 desdiezihc ieibedyerd fingtiprldehgmentan

equival ent ther apeld G, 6 inRLOPRM ARk EssBh etk indRNET Ak LotiimdRPERL T dor ni MBt i cs
are structurally simlar to a paradi gm polypeptide (for exanple, polypeptide
that has a PD- | Plapiid|vays aartheneahicls thay pan tsumanipgiateg frealigp lwswengleptu de Ilnkages
optional I'y repl agegd,B¥id of w%ﬁ@:&"‘and cantEEpRessod ik EiliRr ABRh @RS dukaryatEOCFL, -
--Cl1-1(014)C11-12--, and --Cl-1250----1inkages. These peptide Ilnkages can be
repl aced by Bt hBe¥s RASTICE Fictthel.aetst (e andpmpeRRAPIaNsmo NbTedy of Trends
Phium Sci. pp. 462:4880NA%RencksRR e@@azly%hc ol it seJquenPe@D{ploﬁFy%tes ages. 14:177
185, 1979; Spatola, Life Sci. 38:1243 1249, 1986; Holladay, et al. Tetrahedron
Len. 24: 4401 /1498 krpggay the pgnBiojpaicp yfupdtigaal &%a’BjePlﬁP%BNéd’eCtO‘éz econoni cal ,

be stable, and capadievexpisioaasedphangrihifes ok kBBsOhPldan. Label i ng of
pept 1dor ni neti cs usual Ig%flnvol ves coval ent attachnent of one or rmre Label s,
a

directly or through a ¥pREBIIPLAMSEET B s55oRR e DO oM be FEehBHL Y nt er fer i ng

position(s) on tbwveephd dommidmed as%d\hatknawetoph@emn@dn by aqUBMEletiRt | Ve
structure-activi Hf datg and/ or 5npl ecul ar fﬁ{" Such nterfering
5 i}

O -
posi ti ons gener al'{%'s &8 BYKT 1B tfﬁléttco'ai’)eter’i‘bf F%"é{’le(‘,’gﬁbéct s with the
macr ool ecul es( syptike cmhtbecmeptahe fipgpeildanieel ifer é)dpaﬁtsmtl@q@mop}ueaamﬁ he t herapeutic
effect. Deriviti Z‘%tl on of ZiD(PDr . §1 ti o sshouod ot s lt()stantl %I ly interfere
with the desired BrGrEYY S&1°GY Phat naedl St ear” 5 @ TR 38t i doni meti c.
10A dom nant negatierueivply Gt1eCIno0kb(A camielueddc mmﬁlmomdanmg;oae pofsimant negati ve
20  after forming a protoplast 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 DNA 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 Vecrors, 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



protein that interferes wwth the biological activity of PD-.1. (i.e. binding
of PD-1 to PD-L2, or both) can al so be used in the nethods disclosed

herein. A do t ative protein is any amno acid ving a
seqguence thatW agb/og{l 19east 50% 70% 80% 90% 95% rgg%/gﬁzld&g)g}ﬁ equence
identity to at least i 0, 20, 1535, 50, 100, or nore than 1.50 am no acids of
the wild type protein to which the dom nant negative protein conesponds. For
exanpl e, a dom nant-negative PD- L1 has nut-ad%i on such that it binds PD-1 nore
tightly than native (wild-type) PD-1 but does not activate any cellular

si gnal i ng throughoRBni proldi ideuk HRRbinD 8QFEd Vi€ REiOL S BudiBY mbeRdMial st ered as
an expreSS|on vector. B The exXpr essi on vect or my be a non-viral vector or a

viral vector (e.geLaapdmyeens efd lfecombi nant adeno- associated virus, or a

recombi nant adenovi r ol MEEiRMDLrifidlibLsMebnvRhdty khessEOpIpRMIde BgORL | ve protein
may be directly admnistered as a reconbi nant protein systemcally or to the

infected area usifigd oFgY EREANAE, MHITHEFATLRERIGHVE LRI ERIMEY 2¥EPol ypept i de

ant agoni sts can RenpbRdus ehalao! Okéd spileksed, Ae r@ddkBmyRtahGhobRSEane!l | s by
expressi on of pol ynucl eotj des encodi n%j t he_am no acid sequence, frequently as

part of a |argerPPOFYHEYEIAL TIPEEIOGH S ot BF At e ammpnR pl¥e or an
ﬁ/gzKrrg) fAI t er nagredi@ladon, Sﬂﬂiﬁfﬂy &ﬂmﬁl s@SuntiedhrdaRtcayaphy) @sd tﬁednl%ehyeeCMﬁhICym rrEL hods. |
t hods or expr 1 ON er.ol o us rotein C i nant osts, C en ca
synt hesi s of 30p§ %B%eﬁ’tﬁﬁ’é’é’%‘éfﬁﬂmf’g%@i”ﬁgbg ‘?”avngl ath |9g7§ gPtét%"l W PRiSown in the
art (see Mani at i &nbsi@dns oMall@cubait 9CoOIFAGmolenkRPQE BlsAbYd Maeinahd 04989) , 2nd
Ed., Cold Sp bor, N Y.: Ber ods in _Enzynol ogy,
Voi e 152, 1 o8 B o s RoN BB SF DSORGB GO T ORI - Acadont &
Press, Inc. Sanpdafle(g(pmnﬂa,l darfio horikaesay aedesisdd, if toIeivedaaerd@diciBy/ the1989;

Merrifiel d, "Scien Rev, Biochem 57:957, 1988).

6 nn
Pepti des can be %ﬁ%ﬁ%f%ﬂ éﬁg U%bth%mﬁﬁ%l?e(@tem(}:‘oﬁoé‘rﬁ cal synthesis, and used as

5ant agoni sts of a PDMdthddnfoeemasslo)rnof\Mrtch chaih higdndles dRejpt ietbincanan be produced as
nodi fi ed peptide noppent.i de..noi et at tache i nkage to
the N-term nus a%g}'oglrl&t&act[]el Eﬁ'ﬁUsg T q(]:ne’re CE]?lH amlbo ef er g'é)%%a& 0 u(r;err]\enthjs either the
car boxyt er m hus @i tayrebeamnilasoibee and anussll- lgrowt)@tmzpe a;rpeczcblnemheahdiqodmdl fied. The

st common modi §LSAL 0%, Olo IBLELITL Bl A9, A0d,ERTROKN. O oups are

acetyl ation 10an t] on, respective erm nal ‘nodi fications such
as acyl ation (foPIUéwalmpd?lefedaeleg)ny 250 ) Iélrsearld(y&aetnml*%(lfl@i (830zamp| e,

et hyl at i on) andwaarpoder 1Al T L 6RLLORR BpRR.aRe ALghdati on, as vel] as

other termnal nodifications, incl udl ng cygﬁl zat can be incorporated into
vari ous enbodi rrents Qﬁ@ﬁtfe.qufimalrldlmolpmﬂﬁpw@llméwdvE)rfolcalrdﬂwxyasteem pienal

modi fi cati ongy and) g ﬁ‘@rmdcﬁ&o%éo‘i’é‘é%h&féﬁuﬁec&oﬂlBﬂ“uﬁ%ﬁ BsilOSBAYENGE AN Provi de
advant ageous physical, chem cal, biochem cal, and
and subsequent 1efoldmo During the solubilization step, as is well known in the art,

areducing agent must be present to separate disulfide bonds. An exemplary buffer
with a reducing 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 er al., Biochemistry 9: 5015-5021, 1970, incorporated by reference herein,
and especially as described by Buchner er 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 Tris, pH 8.0, 0.5 M L-arginine, 8 mM oxidized glutathione (GSSG), and 2 mM
EDTA.



phar macol ogi cal properties, such as: enhanced stability, increased potency
and/ or efficacy, resistance to serum proteases, desirable phmuaeokinetie
properties, and 0ot hers. 20Met hod of Treatnent: Adm ni strﬁm%(ogglmggﬂ a PDI.

Ant agoni st to & gﬁ%’fl&t Met hods are provided her &F (P8R a vaii ety
of infections and cancers. In these nethods, the infection or cancer is
treated, prevented or a synptomis alleviated by admnistering to a subject a
therapeutically effective amount of a PD 1-5&nt agoni st. the subject can be any
mammal such as human, a prinmate, nouse, rat, 25dog, cat, cow, horse, and pig.
In several exanples, Ahengulh&fito e tdo AR pufR @R ﬁot&;«smhem addi ti onal
exanpl es, the subject is a nurine subject, such as a nouse in several
embodi ment s, t heaslisfiedpin Fagion aie pepRraisty QR EEHINA GIPGeH ded hehcomRingdisf ect  at
risk, of devel OPihe gerd1ah € SRR, Aﬁe?en?p@j/ﬁ@lh id ddined Qs ML 1YW EhroRAY &et he
infection, but can be infected by the I nfectious agent of interest. In

addi ti onal 30 ex@ﬁﬁ?é’sam?lﬁé“%f*é‘éft aﬁafgldémw GreEEtof B9¢ PraEie Ve dhepthssr si st ent

infection. A subjsegtexwichidy a ip@dsahisd ©Rld éxdbL6tiboe gannbee brdert bfidigds by standard
met hods suitable by one of skill in the art, such as a EhyS|C|an -64- In

several exanpl esloVAdecs|ipjeight cpmrourdya heirepldive sPRE WA P RS "PHha gt eri a

virus, fungus, orscpapasidte. Generally, persistent infections, in contrast to
acute infections are no effectively cleared by the induction of a host immne
response. The infectil®d ”é?@é‘h'tec%{?m“aflh‘@etl‘?i{srtfﬁ"ea‘%@%ﬁﬁ%‘gg’f’ﬁé’eﬂQ‘éq‘f]?qt? bri um such
that the 5infect gdestihyertdiscierihaginicaf ﬂQilteCtUSsu@MSd’1navh|olérd>gmgﬁftlu§ldo of time

W t hout necessari | r essi . rsis i nfectigns .include for
exanpl e, | at iﬁ E%Plgj ?%“dﬁﬁﬂngf“&ﬁ g%f*f% Slsgtgg?oé}fpéﬁtfdef %Séf}]aBn Cccurs with
viruses such as husedd ahvifcedcidk inl lemglﬂemaevdcbmsle;ﬁed ypshaing -tBal-tertinkilus,

t | t h t , .
papovay ruscs.  pITBRE RapREReTe Ueh DSE LR DO T 0005 $RUPP uses and

papi | | omavi r usesof the remaining amirohrioninchd safueadel Gachnighes fonmbm:p}iamnta@snt can be

det ect ed I n the gggXQClag’ed%le 1an ”&%\?elrpmg"%e 4 rf]lged n e%’SlS d‘;l)qlf’.ﬂ.{%% Qs Of tl l e

di sease may be pr eSent or’ a or an P8y Exanpl es of
chronic infedfi okol mlamemepas intFegyidd S{ialpasis efthriyy. pipeﬁﬂa#ll\ﬂensﬁeﬂki gial.us (HBV)) and
15hepatitis C (caus embgochg“ﬁofitdbt?ll?é ‘?«f}éﬁ' Lol telolazi o), .)5‘01 (%9? Beplie
cyt onegal ovi r as, 'Iz—_l i n-'Ban virus, herpes si rrpi ex Pher pes si npl ex
virus 2, human hé\mﬁesvﬂp«agi @lelqﬁaihemer aRxgBrEl. vﬁ98®sP10ﬂqmpaftgltat@leBcl\h| rus,

hepatitis D vir Utha 9 hint SJ0 By an'&ifa{'g | P%MQ%&U% Ja?ooxfi%}{]%ﬁg%’ | C|~ency 2OVi T Us

pol yomavi rus 3C, es virus a virus, human
(HV), human T céhgmdnéuk@rwés ofifprrng peptidedorispractiVaiee| of a kabkehiemivilr us 11.

Parasitic pepgi SI’:;%’IEuch o b_?ﬁhé&@%f !?i@k‘o@hho%%ao%% NN %wy‘ioh@iyléﬁbfo&%éeﬁ’Qleby

Lei sbmani a, Toxopl asma, Trypanosonam, Plasnmodi um Schi stosomm, an
Encephal i t ozoon. wElhkpwinde BReIt] nf ect | on the infectious agent (such as a virus)
I's

B. Inhibitory Nucleic Acids
Inhibitory nucleic acids that decrease the expression and/or activity of PD-1,
25  PD-LI1 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 disclosed 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 et al., Nature, 409:363-366, 2001). In animals and plants,



75seem ngly inactive and dormant such that the subject does al ways exhi bit
signs or synptons. In a latent viral infection, the virus remains in
equilibriumw th the host for |long periods of time before s t ons agai n
appear; howeVer 228 ™act ual viruses cannot he detectedpﬁﬂyyﬁgggg%tivation or

t he di sease occurs. Exanples of latent infections include infections caused
30by herpes sinplex virus (1-1SV)-1 (fever blisters), EISV-2 (genital herpes),
and varicella roster virus VZV (chi ckenpoxsshingles). 65- In a slow
infection, the infectious agents gradually increase in nunber over a very |ong

peiiod of tine duyRga G0N SIRISE bl LR 1R sBSn QT pSHIRHONR e8I B ObSer ved.
Exanpl es of slow infections include Al DS gcaused bé 111V-1 and " 1-11N-2),
| entiviruses thatctidgrs 8I G thsredy resuldng imdliesleaggg obnRYAs or oter RN Adfaigstt i on,

persi stent infechieRs of hetyi@idsRe 12%e h@ids, SRR i G8bHiA0S(Qbchishikig- | Nf ecti ons.
For exanpl e, subacute sclerosing panencephalitis (SSPE) can occur followi ng an

acute neasles i nPEERICBRISEPS PGS Sl abife EpHERS I franseapiiopr Elinciasa result of a
rubel | a infecqi Ofdiviifal Q8Rs HARNwE LM hdRGoRXANTIER] siRNIWRjeehmeRMNPe di agnosed as
having a 10persistent Chlamyclial infection follow ng the detection of

Chl anydi al speci @813 §bidfGyrea CBaRsre R8I Ehi s i ndividual using PCR
anal ysis. Manmal s negde pedenftadt®sit@brobRERINA agnBIS e imbitdiende RaRishissent i nfection
to be treated accordlng to this dlsclosure.lM crobkaliggentz apabl e of
establishing a pEr¥PerRALt 3 RiEE TON RSN gacicr darle spanEh Ry ‘%é@PFIoina virus,
hepatitis virus, shuasit d0midREddeEdnCiiBRCy0 MisEiusleotidd 53° @it Fredvp@angvinny! s) ,
bacteria (su as Escherjchia colj a & Chl dia spp.)., parasites, (such as
Li ei shmani a @gp.?m@%ﬂp fh?éﬁﬁe§ﬁ8%¢e$ ﬁdéﬁgggﬁﬁﬁ§SBEFLT%QB%?ﬂbﬁﬁ”spp.) and
fungi . I n additi@RNAGrthectdoPouider dehatuch @adpo-asPIRD br EXpLESsivhidh or activity,
t he subj ect bein.t%req}edhgﬁx.alio b%x%kggLiiﬁ;eqra_va?ghgf: Ln_gpe exanpl e
the 20vacci ne cafelHEIGE AR ISAPLVRIFE O hisket A8 PEssrst &1 P V&dci ne can
i nclude a prinme bo@stei terRNMi'Bdtdin0nly iddnecaracaispeifcanrtie otrhhe®&NAkirl | ed
yaCCi ne, an att etrnla%gtriegof\{l?éctglioe eO’en or xg'hicstyil?l%lqj 1't nC\é%CCI’lLi%ﬁi'Ol]/S‘ECSXUPCLS?OCI]tiS al r eady
infected with a pafhggen can be treated W th a fherapeu "¢ vacci ne, such as a
PD-1 ant agoni$t dnitcdainffeantyi rgpemre thiingbosudd) pectntcan iremasyhptiogat nconorso t hat t he
treatment prevengs LA 1%%&%&?,%%“&; %Ci%ggorﬁ(y MRLOMENRS, &-R%&%P%%é ¢ vaccine can
al so reduce the Severity of one or re existing synptons, or reduce pathogen
| oad. | n sevegead. lepanpllasmbédinereatheeeuenre bhibe B NAtihexastbfagtal i s
adm ni stered a therapaytical | v, ef LGt .V, AMURt. OfocfodP- | antagoni st in
conjunction with asegrawohhtigen. ﬁbnfflﬁigﬁng gxéﬁpfgs of suitable viral
anti gens include: i nflThuesR¥Akidisclosed herein include double-stranded RNA of about 15 to
20  about 40 nucleotides in length and a 3’ or 5° overhang having a length of C 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
25  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-L1 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
30  length.
Regarding the overhang on the double-stranded RNA, the length of the

overhang is independent between the two strands, in that the length of one overhang



30NA, M NP and NS antigens; HV p24, pol, gp4l and gp 20; Metapneurnoviras
(hM\V) F and G proteins; Hepatitis Cvirus (HCV) El, E2 and core proteins;
Dengue virus (DEN 1-4)El, 2 and core proteins; Humen Papilloma Virus Li - 66-
protein: Epst'® HUEH7¢ vi rus gp220/ 350 and EBNA-3A pept FAEUSRYO8R¥gal ovi r us
(CW) ¢gB gl yeoprotein, gH gl yeoprotein, pp65, IE 1 (exon 4) and ppl50;
Varicella Zoster virus (VZV)1E62 peptide and gl ycoprol ein E epitopes; Herpes
Simpl ex Virus @ ycoprotein D epitopes, anofig nmany ot hers. The antigenic

pol ypeptides can 5 correspond to pol ypeptides of naturally occurring animal or

human viral i sol @f&%epdilicnt BmPRAGNGH NEGIHANE Gn b RGULRA! B SeMEAHnpIPDT € am no

acid substitutions as conpared to a natural” (pathogenic or non- pathogenlc)
i sol ate. Exenpl athgleagth pigtbhg o4p eoveihgngis Ovatlentide Tagilleastpne fiaadphdimpomnt | gens of

interest (targel @i @eRIdotideV b%lh sﬁeﬁds%&s%ﬁmﬁmx At%lhgleélaé guences from
theSEQ I D Antigens of 1nterestNO Y KKMEQDVK Lﬁn YLRKCK14

TFSRM KYNI CMEKCl ttslengrtoisherﬁ\%E@Em@anﬁpétné?l?pﬂsafOrS r(tEB%Wllanmez cyto eg

OVIAIS (CWPWATY L& Hite ENSQJ,Q fPh B6nkd d@nbfat lh‘é?‘éﬂzt@ oPELEEV, Elag0is hungal
Antlgen BIastornycesCIEL HEDYNMNLWFKWCE

dermati ti di sTGC- Mdeeidey PP gne +t@eﬁfs\mwﬁwdmﬁ@bwwLwnﬁmmHPYD 49 DY
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Thus m 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 moditied 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
conternplated 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’-fluorouracil, 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°’0O-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 portion 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
15 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
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synthesized using naturally occurring nucleotides or variously modified nucleotides
designed to increase the biological stability of the molecules or to increase the
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, 5-
iodouracil, hypoxanthine, xantine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl)
uracil, 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
helix. Therefore, these triplex compounds can be designed to recognize a unique site
on a chosen gene (Maher, et al., Antisense Res. 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
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 RNAs, 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
they are sequence-specific, only mRNAs with particular sequences are inactivated.

There are two basic types of ribozymes namely, fetraliymena-type

(Hasselhoff, Nature 334:585, 1988) and “hammerhead”-type. Tetrafiymena-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, molecules 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-] 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
not limited to, saccharide-, lipid-, peptide-, and nucleic acid-based compounds.
Synthetic compound libraries are commercially available from Brandon Associates
(Menimack, 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,
UK), Comgenex (Princeton, N, J.), Brandon Assoclates (Merrimack, N.H.), and
Micvosource (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
a number 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.

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,
peptides, saccharides, steroids, and the Jike. The compounds may be modified to
enhance efficacy, stability, pharmaceutical compatibility, and the like. Tn several
embodiments, compounds of use has a Kd for PD-1, PD-L1 or PD-L.2 of less than
InM, less than 10nm, less than 1 1M, less than [0uM, or less than 1mM.

D. PD-lpeptide 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

FRAME
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point mutants or truncation mutants, of a PD-1 protein to identify proteins with
antagonist activity. In one example, the antagonist is a soluble PD-1 protein.
Thus, a library of PD-1 variants 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
alteratively, 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 autornatic 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; Itakura 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
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In one embodiment, cell based assays can be exploited to analyze a library of
PD-1 variants. For example, a library of expression vectors can be transfected into a
cell line which ordinarily synthesizes and secretes PD-1. The transfected cells are
then cultured such that PD-1 and a particular PD-1 variant are secreted. The effect

15 of expression of the mutant on PD-1 activity in cell supernatants can be detected.,
such as by any of a functional assay. Plasmid DNA can then be recovered from the
cells wherein endogenous PD-1 activity is inhibited, and the individual clones
further characterized.

Peptidomimetics can also be used as PD-1 antagonists. Peptide analogs are

20  commonly used in the pharmaceutical industry as non-peptide drugs with properties
analogous to those of the template peptide. These types of non-peptide compounds
and are usually developed with the aid of computerized 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 optionally replaced by a --CH2NH--, --CH»S--, --CH2--CHs--, --CH.=.CH--
(cis and trans), --COCHa--, --CH(OH)CH>--, and --CH>SO—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
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25 Polypeptide antagonists can be produced in prokaryotic or eukaryotic host
cells by expression of polynucleotides encoding the amino acid sequence, frequently
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
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Methods are provided herein to treat a variety of infections and cancers. In
these methods, the infection or cancer Is treated, prevented or a symptom is
alleviated by administering to a subject a therapeutically effective amount of a PD-1
antagonist. The subject can be any mammal such as human, a primate, mouse, rat,

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.
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64: 5370-5276; Buchschal cher et al., 1992, J. Viral., 66:2731-2739). Bacul ovi nms
(Aut ograpl i a cal Fidrneal HarirrnlieP@aio ol §Hedivgs PEisesPils aAnAc MNPV) vectors are
al so known in thgy@palitodddd. may be 10obtai ned from commrercial sources (such as
Phar M ngen, San Diegq, Calif,; Protein Sciences Corp,, Meriden, Conn.;
Stratagene, La Jol | a,n g§ignsinjection, the infecfipps 3acat sHHlGa A YEYY 1 t he pol ynuct eot i de
encodi ng, a b§MDiee@MiygRRdt @ anddMirhlsu@ithd: @gRRubisct s hwdegkxhiica viral vector.

Sui tabl e vectors .include retrovjrus vectors, oithopox vectors, avipox vectors,
fowl pox vect ors, SEREF PYTREROY b GIE8L VIBUM AN BE Y SELCm A B4 enovi ral  vect or s,

her pes virus vectQilsiualwahaheHoktds: [RGie06d of HAE bdfod symiSonehiar s, Si ndbis virus
vectors, vaccinia virus vectors and J’Ol i ovi rus v(fct. rs. Specific exenplary
vectors are poxvifPGy: RPEEYSr'ae Elreh e varel ¥ g i A gAY EY vi rus and a

hi ghl y att enuat ethe 4aesé sricars VELausplef dMeieh)infeadeniavidelsfectbacehadi rti s and the

I ke. 30 by herpes simplex virus (HSV)-1 (fever blisters), HSV-2 (genital herpes),

and varicella zoster virus VZV (chickenpox-shingles).



Pox viruses of use include orthopox, suipox, avipox, and capri pox Virus.

20Ort hopox include vaccinia, ectronelia, and raccoon pox. One exanple of an
orchopox of use is vaccinia. Avipox includes fow pox, canary ﬁox and pi geon
pox. Capri poX'd W Heé! goat pox and sheeppox. In one exahpl’ESPVHRE8¥ui pox is

ssvi 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. OQther viral vectors 25that can-62 used include other DNA viruses
such as herpes virus and adenoviruses, and RNA viruses such as retroviruses
and polio. I nysSevsy e AODARINEM:S acBR: da@ifipgeRAsts are adninistered in
an anount sufficient to increase T cell, such as -FT cell, cytcnoxicity. An
i ncrease in Li-ceinbergrent wxy ©ng geried siineduing yhich ae fignlead: sigwone response and a
reduction in the, 3006l Sl3b&Med! BLGRIdsOPsl0 @ nt&ibRIMGIde AIDS Reafked! GN OF a synptom
of a tunor. An increased imune response can be neasured, for exanple, by an

i ncrease in i mutélldel wddpyDslertgtpshthatsaes turersiin@aipfalsgandpriens] | prol i ferati on,
an increase i cytokiNgiditiof JrersRi-AAHEL AN redRsedR 14 IASRIohdbrt he cl earance of
an infectious agent or a reduction in tunor burden. Thus, the nethod can
result in allevi BPEdHCGP I 0RE TRMAErEbGPE SYFptivmranesehelitt @R t h t he

persi stent i nfecdah@iuPlollbWiXBhn aclttoasi&dMe&tiod bof Rble@ileR@hcephtditiP@m! ant agoni st
reduces the persistent infection, inhibits the growhisize of a tunor, or

al | evi ates one OFHDf 8 SYhPtidoreIagésEP Mt ed with the persistent infection or

rumor by at |east 10% orkQ%-1i30%p c4fle, 2 00ec68% be o B0%na0@% or 100% as
conpared to an untreated subject.. . Treatnment i s effjcacious if the
treatnent | eé‘gs eGS0t ﬁi‘%ﬁ?’d‘{ié‘ﬁ%cf“f"f foélﬁ‘ffﬁg%,detﬁdfoéé?ﬁ@t‘lf”a IYFPECEN%ad of the

i nfectious agentbidibgical EREHIEHrH MhiOhditidnd bsifUPCiemaiyhis t Wamikas ubddect havdhen
treatment is appligd ro&hé%acticaLl 1.Tetfic cLou%" nmeans that the treatnent
retards or prevelt SAHFHPECYVIDHPF PO PEFIHG °° EPSIes R MY "B det er ni ned
usi ng any known deidiod. fMidrotdilagim@shpgle@f edtdabéstihongpetshveenpiafetiiciuhardei nf ecti on or
tunmor. Thus, the.netgodﬁ inchude adninn§1ering to.a sub'gcl a pharmaceuti cal
15conposi tion t RIS LEEPHOT ALY Bt eIy "EP YRV EHEUN oF a PD-1

ant agoni st. Ah efriidetesnarugrpurtia ghichans Eharedgéutoii andcOpowtidspp $,wahsigs, an

anti body, can be for exanple fr about 0.1.ng/ kg to abput 150 kg.
Ef fecti ve doses 9%???Eggnfﬁ@gaﬁﬂg%ﬁgﬁvmﬁﬁ%ggg@WPgwgdp$gﬂ¥ﬁ%mnggygepending on
route of adm ni sindditrigon, exci . pient usage, and coadm nistration with other
therapeutic reat menys, el udh0o AOUSERTRENED BN AT SeL)AD Agents or

t herapeutic agents for treating, preventing or a Tévia Ing a éynpton1of a
particul ar i nf ectubpprt boimg teataieniyAlsothe pdipeuteied aveginaem dns exanipld, thed for a hunman
pati ent suffering f. - I o] | Qping) . 0f [ r cancer,

usi ng standa?% ng¥l%%ghgghgggﬁg%ﬁgﬁtgﬁ%ﬁ%?fgﬁé&%&¥?%Fg¥§$g5m§%3guch an

i ndi vi dual usi ngprrivestvogler i2Bkenioytioni hihe Wecizgraan bonleaPPlldd antizggomi st can be
utilized, such aﬁteh&%ﬁgaggéccgqggﬂlfh@gc%fng Alsﬁbj@cqgl'ct‘léiﬂgfectgptvﬁhLE'ﬁl%gglpe PD-1

ant agoni st can be utilized.
can be treated with a therapeutic vaccine, such as a PD-1 antagonist and an antigen.

The subject can be asymptomatic, so that the treatment prevents the development of
25  asymptom. The therapeutic vaccine can also reduce the severity of one or more
existing symptoms, or reduce pathogen load.

In several examples of treatment methods, the subject is 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, gp41 and gp120; Metapneumovirus
(hMNV) F and G proteins; Hepatitis C virus (HCV) E1, E2 and core proteins;
Dengue virus (DEN1-4) E1, E2 and core proteins; Human Papilloma Virus L1



ant agoni st can be adm nistered locally or system cally. For exanple,
is adm nistered orally,
Peritoneally, i ntranuscul arly, angc¥
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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 tumeor antigen, or a nucleotide enceding the tumor antigen, i1s also administered

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 tumeor in a subject. Assessment of cancer is

made using standard clinical protocols. Efficacy is determined in association with

any known method for diagnosing or treating the particular rumor,

PD- |

[ler, and a

y, l5paste,

ions are
PD- 1

) an organ

> matri x

ti ssues of

ection, the

tally or

ely, a PD]

2ct cont act

) by

atri x.

2d by

As

ng a PD-1
expression
ate nucleic
acel [ ul ar




-75- coating with lipids or cell-surface receptors or transfecting agents, or
by adm nistering it in linkage to a honeobox-I|i ke peptide which is known to
enter the nu e.g., Joliot, et al., Proc Nai USA

88: 1864- 1868%(18’38/q(8§g4, and the like. Alternatively, a rlﬁ)ﬁc gzg%%gd&sd t herapeutic
is introduced intracellularly and 5i ncorporated within host cell DNA for
expressi on, by honol ogous reconbi nati on or remai n episordal. For | ocal
adm ni stration of DNA, standard gene therap¥ vectors can be used. Such vectors
i nclude viral vectors, including those derived fromreplication-defective
hepatitis viruses (sq@h]oaiaﬂd@e(n@n@addm ,mcmteg&nalt&rh@%doaﬁz@mmPCT 10Publ i cati on
No. WD 89/07136; Rosenberg et al 323(9):570-578, 1990,
adenovi rus (see. W@@V“@P‘Saﬂd”deﬂwse@&eﬁ in ‘BPlééﬁaé?ﬁgW@d‘ﬁﬁW“ QIMPEANtigYy3) |

ari enoassoci at edagVdclads “(lllﬁqﬁdsgcaa&elgl , Proc. Natl. Acad. Sci. USA 87:2211-2215,

1990), replicatign defective herpes sinplex viruses (HSV; Lu et al., Abstract,
page 66, Abstracmmwﬂ&@ﬂw&ﬁ—s%t—w Spring

Har bor 15Labor at or Fﬁlﬂmorl\IA\Rﬁ‘gﬁrﬂb k1992 and any modi fi ed

oMYNOrCyl d Spring Har
versions of these*VECRXIEIOAn ISTYer Walps ey lé‘f}’érﬂ)eﬁhe@&ﬁ“ﬁ@/eﬁi"ﬁs?dzecl t hat
acconpl i shes in vivo transfer’ of nucl@lﬂé"’“af’cﬁ”ﬁéa“?rﬂ%@ &M&ar ol Plé’te&f’@fel 3. For
exanpl e, the nuc may be packigeEc 6PY Yosone rationic
| i posonmes (Li pof e@’t“?“r‘f)myerl‘é‘:’é%‘b‘ﬁor- medi %t CPWF\P&WP@S?@F“@&BG'&%% viral nucleic
aci d- based vect l@kelﬂlra\/f hrocyte ghos Qthepy® i cr ospheres (such as
m croparticl es: |Qdeelodyspiastic yndgompyy oV TNFRAMEGS lymgicingses, clisisent NG .

4,925,673; U S. Patent No 3, 625 214)2UKg¥EH DNA may al so he adninistered.
Wth regard to nuequEsi rmphoplgstic ARk e o PQRAMEf herapeutically effectivelanount is
an anount which j_@l_l%{%_lgﬁpl&pcmc ek $iHV1¥mmad| cally desi rahl e result, e.g., a
25decr ease of a |PFR- HOdrSK‘ﬁé]H?RJPHWP'f i S%‘“N‘tnpaf ed anl nal Such an amount can be
det ermined by onddfiplaryelamey skill | New NarkgrgphagopsdBYFBoD) any given pati ent
depends upon manyMlgatemelanomie| udi ngl MASE MARInT yigsinise. ERAMIWGPAT f ace ar ea,
age, the particulBiaseesngsound to be adWiTAikereped  sex, tine and route of

adni ni stration, demeedtetheal th, and bWHdr drugs being adninistered
concurrent|y. Doshiesxe ¢paservary, but aPpste¢-eperisd ﬂ@@dm’&éé_m_u_m_ﬁlnous

admi ni stration ofCd&anesr appr oxi mat e Yugig@nthayorg2ptigeafred of t he \ ol ecul e.
-76- Typically, |[fRagireileuenenad@1Cni st Bbwdlattgravtintanel (HGh-An anount  of about 1

5

Exemplary tumor antigens of interest include those listed below in Table 3:

Table 3:Tumor Antigens and their |
derivative peptides

PRAME LYVDSLFFL 21

WTI1 RMFPNAPYL 22
Survivin ELTLGEFLKL 23

AFP GVALQTMKQ 24
ELEF2M 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 FLTPKKLQCV 35




nanogram to about 5000 m crograns of DNA. Desirably, conpositions contain
about 5 nanograns to 1000 m crograns of DNA, 10 nanograns to 800 m crograns of

DNA, 0.1 m'cwg{ 500 micrograns of DNA, 1 mcrog 5m crograms
093%3%%0 250 micrograns of DNA, or 1005%§2§°g7)3§8 to 200

of DNA, 25 mcrogr
m crograns of DNA. Alternatively, adm nistration of reconbi nant adenoviral
vectors encoding the PD-1 antagonist into a mammal may be adm nistered at a
concentration of at |east [05, 106, 107, [68, 109, 1010, or 1011 pl aque
formng, unit (pfu), 10l n sone enbodi ments, for the treatnent of neurol ogical
infections, the PDI s@&tf@g@mnaﬁmﬁa;aanqﬂesmnalbﬁﬁr@Jn%@lagtleﬁ}rnap\n@mwsI y or

i ntrat hecal ly (for exanple, by direct i nfusion into the cerebrospl nal fluid).
For local adnmi nl@FP]é&lV‘BPPOCéEeE’G%Wﬂ%HO?%‘r ¥ AR ARGIPERMEPPIAYE or habi e sponge
is placed in di rl@&bhmnmgtlsA/Matege@evemghly@%v&y@wbm&ﬁﬂdﬁﬁ)omlﬁsue The
compound or m xture of mpounds is slo el eased in vivo by diffusion of
the drug fromt hlémﬁH’F@rm"élffd by Eplaiseh ygph f“ﬁ%s %IWPF&“”WFPP%‘“CN% ernatively, the

compound is iqnf mcbateatamlﬂohneq B vooas. Cieéehhespi May intludy ﬂ;kmhmgfes&andard
nmet hods. For exa a burr hole r|n with a catheter for e as an injection

port is positi on‘é }tté)"b%ﬁ&%\g"é Oﬁ@bélﬁﬁi‘? night %‘("eﬁtﬁr h‘hB‘Flér“ﬂ‘?clyI“F‘@ Y PSS the skul | .
A fluid reservoiin a@m@nemea@aﬂe@saahgea«féamheo Qdard (MedieCoESRG5Pydareneeel e or styl et
i nserted 20t hrou zﬁ %{ osi_tiog ed over thef op of t he. bu[jr hole ring. A
cat heter assenbl c ‘O\g'cﬁse% ShrRIenorg e ST PR e NEM R0 5, 954, 687)
provides a flui dpofl)lccmmp@pdaomundba)bhleaefnc:nrmztyhievetlafpaﬂ&éemn Gfinvfoldei gs to or from
selected |l ocation a ?néogqqu nthe brain to all ow adm nistration of the
drug over a g‘gen%’a“’é?mf“'y ﬁoaf)(ﬂde % onal enbodiments, for cardiac infections,
the PD-1 antagoni st o&andulbey@fhodgt plwrmadqm Hodckﬂ»darmﬂ{oma it 0B tdlenecplsti ac ti ssue
(such as the myocardi um pe r I ard i ntracaronary
i njection thr ougtﬁgt FREER et&m\'%fdom elmmal Cem Hb qg.)énﬁlg%fjanr%g‘ﬁnsm%néli het er based
nmet hods under fliummwssdomnﬂnc ggeb.diimde. to Zfr’rgusmmtlhr@la@@lirnammgmnplsstnc ey be directly
injected into “qg & W&o P drw}ﬁa%eshm H%Ff%n 19"4&@% LB F&%Q@% NoWich is
inserted into a (f Tu Any variety o oronar ter " or per f usi on
cat heter maylbe iuéfedlli@osaldmsnclsrtzéwnt}u hﬁ@pbﬁnﬁm&dcelw\mwmwm@ébwe the PD-1
antagoni st is co r coronary
veseal . iqrs SRR R R OE s B kb By A ey o by

adnmi ni stering t h€DPihap bepntidegialiids atpyhei miwdkrat i @mlnaTmtecmﬁmmdléceéF e delivered
in the form of Aol ka R 5B 3 P SR R A AR Blog P Hepenser whi ch
contains a suitable€ l'ant, suc gas such as car on di oxi de or a
nebul i zer. 50ne unrmowelmfthowtq me@ﬁd@ﬂs&l%ﬂrﬁ&mtlhmhomhéavgatq%qﬁssoqaﬂ@at ed can have
been subj ect ggl tQ;f hempANENELCRIRialed TAERINOSE a persistently infected subject
or may have been idéntified, wthout exam nation, as one at high risk due to
the presence of one cEt*Plﬁt?rOé Ofil§1R“0f%{tﬁ“.%@“r%f“(t%'%ﬁa“d%edé&@b‘@é“tﬁ‘raéthﬁéloieﬂﬁ‘éct| ous
agent, exposure fRlelditRGeMLsHYRLEGLhoHEREH ifhLied S PRSIl RBhe® having a

pat hol ogi cal condition predisposing to 10 secondary i m‘pectl ons). Reduction of
persi stent inf ecHiPEAZEPAPIORE "oPS BRAGE IFagecHicalyy einerigaiene obueredfe not |imited

to, alleviation @fseSyipicendn beligdh B ERABAL ook eﬁpxéqeleﬁ Rfe thiS@ASRpresloabi | i zati on
(not wor seni ng) state of disease, delay or slow ng of disease progression, and

anel i orati on? HleFﬁ"&Fl“B‘ﬁc Werf%‘é““é‘i”é’é%{‘s@@t%@easwﬁ é‘a\‘ihr?éﬁim LSt cur at home

w th close SUpel’épleéiﬁ@f&bl blydIfﬁéEknhzﬂl@JeR;hes@aj’s%qti%h&:vdf@afes Bpresash 0aar in a health
15care facility. hods. for neas r t he |mmne response fol | ow ng

treat ment using $9REPEL ?fd‘&fsp' griad9vels g M anis e MReTE!s RhSRAIS AP art. The
activity of T ceby e gmy pheudseesserherdiQor &mmml Beredly SaSS@ytHdi fratveldet ect
cytokine product] f(nown int Sa ndqgcqus e,rflopeg(ar-gple 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.



cell proliferation, assays that neasure the cl earance of the m crobial agent,
and 20assays t hat neasure CDS+ T cell cytotoxicity. These assays are

descri bed, f , In US Patent No. 6,808,710 a t.ent

Appl i cati on %kﬁilgh i'on Nos. 20040137577, 20030232323, p%ﬂ#?@?@%@

20030064380, 20030044768, 20030039653, 20020164600, 20020160000, 20020110836,
20020107363, and 20020106730, all of which are hereby incorporated by
reference. 250ptionally, the ability of a-#Bb 1 antagonist to increase CDS+ T
cell cytotoxicity is assessed by assays that neasure the proliferation of CD8+

T cells (for exanpl en §RyRiklig enelsBIGES: RS g&noua@@;a'onc@%@)hﬁvmtaé'hQC&ta' ning wth
cell cycle markers (for exanple, K167 and descri bed, for exanpl e, by

Dong et al. (hbt@ﬁ%1§”T§§5m3@%§wsf©§©?“‘T%”%W%P@%éﬁﬁW§m fqrthesapqerpr ol i f er at i on

i's monitored by gadvel in@mdExaipes,AkY dubje& UasTirct Bleh BreOX P £&8dnAGdRD- 1 With a PD-1
antagoni st, a prjinmary activation ngnaI as described above, and 3Ht hym di ne.
The level of T- c}é‘l"'ln"ﬁlﬁcff”?cf‘er[%lf%"{?}ﬂs? & salé WA S8 de BYRREHY Phg t hyni di ne

i ncor porations 7|8cnt1ﬁcatlon ofﬁD&#oﬂ_ aC&amir@ydnOhIex L& it MayddiSbetiatudpetassessed by |
ysi s assays (such as SL IFasi assaés o&_assgys detec% g_the rel ease of
perforin or granZ2{fej"c é%aslé 8lopRY gAY BeY UeREPESe IEETFU AL FORT °BF assays t hat
nmeasure the cl ealmameeutgfnyt&eamnemdmhanhseageﬁmom]élemutnh@ehtﬂéﬁfhtaed subj ect. For

exanpl e, the vir$ t ? b bi ol Lo i cal th e fr n1§the i nfected subj ect
(e.qg., serum spi&em:" VVW? 10 SGRG OB PRE TS ST AT the virus is tropic)
may be neasured @ekpmsmﬂmdkahﬂﬂmwkﬂ&&h@ﬂmmomamlcydoMIhﬁmpmﬁdﬂﬁmmmMnof cyt oki nes

such as | FW’[(EJTNcEd 01ou1a 1L|aox01urgaé{1 andc lo% srrﬁa OXO'UblC darrpl e, purified
T-cells are cUltilFay e prese Of ‘R'R¥ prot PACARA agoni st and a

primry aCtIVatIQ@bsMgﬂahxthéphéuakld@wm&nmﬁ&ﬂmﬁﬁw@KMHés i n 10t he super nat ant
can be determ ”egy?%%p Sprhqmb pmpbzéf%ddu%lo%%cmmi%oddq oﬁrt%%memacﬁgﬁxﬁdor ot her

conventional ass ure 51365-1369,
1999). If desiremeuﬁbemehﬁwnacy of the PD—1 antagoni st is assessed by its

ability to induce CO‘L[?&&'V%'&BIJ{}I@&I 9 hel-g %Lallg’eff!::c%(/e %fa{ﬁﬁ%ﬁ otnﬂpq for in

vitro T-cell co-sti ation ves rOVI ing puri hat express
PD-1 with a ﬂirs@mnmﬁpp¢wnhyma@@|%aMnGNMQp@né&C@VaanmnDCD®nwnmm@@onal ant i body

o phorbol est er o (Gfc B 30LIcANe 0 o ARSEH ALLARIM EhRSHLL MIC, The ability

of a candi date conpound agent expression or activity and
therefore prOV|d@mvmé”@@%@ﬁ&aﬁvm@ﬁm&@<@@P%%H%W@@y signal necessary to nodul ate

 mmune function, to theseyTuek bty G8RARISEBE.ATEANT] biuBRY One of the
several conventi onal assays wel known in he art. cel response to the

PD- 1 antagoni st @gﬁpe[g@caaggfé@gwanwnq_@WD 1 antaoomst 1s adrrumsteled to the subject

20 of interest. In one example, a therapeutically effective amount of a PD-1 antagonist
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-LI,

30 PD-L2, or both. The biological activity of PD-1 is determined according to its
ability to increase CD8+ T cell cytotoxicity inctuding, for example, cytokine

production, clearance of the infectious agent, and proliferation of antigen specific



specific ELISA, plasma cell ELISPOT, nenory B-cell assay, phenotyping of B and
anal ysi s of germ nal centers by i mmunohi stochem stry. Methods of Treatnent:
Adoptive | r‘r‘mmé) ([8§le Met hods are discl osed her EM}SJO@ 08§8El1e t r eat ment

of a subject Interest, such as a subject with a persistent viral infection
or a tunor. The methods include the adninistration of a t herapeutically
effective anount of cytoxic T cells specific for an antigen of interest, such
as a vital antigen or a tunmor antigen, and’@ therapeutically 30effective

anount of a PD-1 antagoni st. Met hods are discl osed herein for
i ncreasing the iapwpe caﬁsmmmy,&fé@kbna@la@mamhmpﬁemnlmlmﬁySﬁm emin a
subject. Adm nistration of the urlf'led antig - specific T cells and

PD- |, as discl o%“éd“cﬁé?eépen‘m%“ﬂes?%éerséé‘é%c tf’ﬂE"%th‘itloPﬂpeﬁ)th‘ Deym 8¢ t o over come
pat hol ogi cal conghd 5RNR%, 0% MBS 409, $0%, ec%lhm% 80‘%3%3?61 @bre@hah U0WE , b%/ )
targeting an i mmyne response agains pat such as. a virus or fungus) or
neopl asm Ther ef H1P4° "1 b‘lﬁ"i“?‘?)q‘?l"ﬁls %Be ”g%?fé’f&? hmb"d‘r‘ PR isEWSIpatati on of

sel ect ed 5ant § gespesPRGIHE iy ohe 616hbiS ofme;ﬂhawaubj /emtougxmyhde@t iapdfeiatyr oduci ng a

t herapeutic anmount of th el I ne response of. the recipient
subject is enhan@‘é’ﬂebbe‘f’ﬁ‘egé@nfﬁ‘?uét 'é\f’?‘%fftoc? T“Hé?lg%@d:fl? PArGe Ef f ecti ve amount
of a PD- | ant agmml&]teleaiacsl@e terpblamamnﬂemlm A mdnals p ensemeahods bethe eci pi ent .

Met hods of i nduci ng r’m&u fr esponse, e(?] an antigen of interest Ma
10r eci pi ent are B'ry 'H%ngl & A B reEi i ent can be any subject of interest,

i ncluding a subj ect \@ptlbna&‘iycrhﬁ’@hjeﬁ i$ zniiremttelemone&umhleaﬁdiaomi thalapearic f ungal

i nfection, od subj e n a tunor elsg ¥nf ecti ons. are descrl bed above.
agents. g tlona h?mpeutlc 1gentsalrne e, for examr?le a mlal com

| nfecti ons |n|mﬁme iclien em i h ?ﬁograft stem
cell recipient s ezrg:i vidarapige, nraymmllgﬂncthmmlgpmyésmdumoglaﬂamaﬂ@nswlsant

| Sreci pients. nscei)#wé mh‘l%gm \Sﬁﬁlrg éed?f gz"&)cuéuﬁ‘é eo%ﬁ rﬂﬁ%oHne)tJ&%se subj ects are

usuallyfromreac on o Iru al fead presen e’recipient. For
exanpl e, once acaicitadne). rdﬂ’ﬁt(Sth@dpe)smg}T@upamvndjsfés n¢rsuclkond: ©ke EBV, VZV, HSV)

are dormant, _and. el SURREESIRNRDY I collidyEhIRKS IS REEILS 2T e

I Mmunosuppr essed ditioning reéegi Fens ormant viruses can e reactivated,
For exanpl e, L&MW/ SQ‘O’N@E}GUNWN o InaEpst e¢lﬁﬂfBa} ribaMiiiry o1 i BE% P ) @dibtdteyiat i on whi ch

causes a tumor I&n%oeﬂslﬁt.ﬁﬁﬁvc TRARPIAb f R lcabhY&indd, §rﬁfi§aﬁ%mrfl§r&‘§_ BK virus

reactivation which causes em)rr agic cystitis, can occur | owi ng
i Munosuppr essi o?PmﬁohndadkmltnP@haS“Weiﬂrﬁf}@@mh@ﬁ%!h@) eomglesricsal i nmune defici ency

are other exanpl es ofrid ufhdnal (ERREIIELH S ARG HIERP Y IdBImidg e} | ons and
reactivations can be an issue 5i mrunosuppr essed SUbj ects.
subsequent to admmlstlatlon of the PD-1 antagonist. For example, the PD-1

20  antagonist and the additional agent are administered in separate formulations within
atleast 1, 2, 4, 6, 10, 12, 18, or more than 24 hours apart. Optionally, the additional
agent is formulated together with the PD-1 antagonist. When the additional agent is
present in a different composition, different routes of administration may be used.
The agent is administered at doses known to be effective for such agent for treating,

25  reducing, or 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.



In several . enbodi nents, an immune response against a tunor is provided to the
reci pient of a bone marrow transplant. Anti-tunor imunity can be provided to

a subj ect by‘agghgk§ggation of antigen-specific T cell$cgmgﬁmﬁ£§99nize a

t unor - anti gen. adm nistration to a recipient will enhance the recipient's
i mmune 30response to the tunor by providing T cells that are targeted to,
recogni ze, and i nmunoreact with a tunor antigen of interest. -80- Tn one

exanpl e, the nethod includes isolating frorlthe donor a popul ati on of donor
cells including T cells (such as peripheral blood nononucl ear cells) and

contacting a popul at i@uodilydanak;ce8s husih&Qimnisehdag vicGRlthS it i a popul ation of
antigen presenting cells (APCs) fromthe donor that are presenting an antigen

of 5interest, opPPEAREIYTIH ERHENSAEBHER NGFUPBALIN! thakfapehy PEHTHYci ng a

popul ation of dop@rii&elHose.COPRI thsiu@casddval edcidonareli&iadh ianddcor CDS+ T cel |'s
depleted for alloreactive T cells t h_recogniz?gan antigen of interest. A

t herapeutical |y 5??@5?@@8“§WBﬂHmeWmﬁ gensg NS Yh ereys o e At ed CD4+
and/ or CD8+ cel | Bephiitts@. tdembRE/ at@itk are bR figdayfopéafigie] A BeABFskyBNNE. r esponse to

the antigen of inpterest jn th (pient. 10Adm nistrati.on of the purified
antigen-specificeﬁ“é@FVshgéﬁ6§ﬁ%?@g@eﬁgﬁﬁC%QFP??VWdT“@“@ﬂﬁf@gﬁhfo over come
pat hol ogi cal congliihé-bdtSter SidCt watd adjavdnif @a vtige inaBas€a dmoAvdctingkychby

targeting an i rMmune, r esponse ai nst a pat hogen. (such as a virus or fungus) or
ot asm Thus. St PHATRE PEe RO RLEHou R B HIREE b e Bl e isghi not Ot he
antigen of i nter éstapeuli&dlly efavies ahowandfadianiabis ptlgeprict hoblaad 8al omcl udes

adm ni stering,a therapeutically effective amount of a PD-1 antagonist to the
subj ect . Thqudn$WF%IﬁﬁngﬁggmMﬁfgLPﬁgﬁ %a%nists is described in detail above.
Any antigenic peptider (supdvtiedlyaffedtimmumagedfitic: thnagmegd) orfamoeivianciant i gen of

i nterest can be Used,! B AGNFLALE, BRORULALLAN Ofe LG8l It BRGELLLE.{ OF ¢ hat
anti gen of 20i nt er est® NUMET 0US SUCH an I genic peptidés are Known tn the art,
such as viral anechdnorcantiigePNA(ded,is honpexediplos, vedabhtesn1-2) . This
disclosure 1s NObybdolol8ehchealfl NAnRPRAkLL 6 A LAERREBNAURS prokBRSE CUI ar
exanpl es of antigenic pept d%s‘fron1ant|gens of interest, Includé, but are not
limted to, tlhoser@aktyganswhihntxigy ® asepagdte mblemdralbuchandcNiypindeaptdegfens, such as

those shown in Tablif e, d! thonake AL kgRDIGelAREPLIABR AL B 1 the art

(for exanple see Novellino et al., Cancer Inmunol. Tinhnzunother,
54(3):181-207, 2008 fiehipgnCfeithes pedleotidylhe teiaringhides dngeiang doghrofprmsydt h her ei n
i ncot porated by pgfrerence). Al t hough Tabl e 1 discloses particular

fragments of M-length antigens of interest, one skilled in the art wll
recogni ze that other 4 PHfEpt Gabyectorsdarqiepn ¢apigrisd.3oprddtegiolyoran€al so be used

in the methods dk9ed @8RGNERIEID02, | ITANS@XATDI38) 538 aRALiAeBRnl Nt erest is an
"I munogeni ¢ fra?nent" of a full-length ant%gen sequence. An "inmrunogenic

fragment” refers !t Qupbh MinoR?! E oyt dPfi 3%k Ralineptish JPefint ed by a

Techniques, 6:616-629; Gorziglia et al., 1992, J. Virol., 66:4407-4412; Quantin et
al., 1992, Proc. Nad. Acad. Sci. USA, 89:2581-2584: Rosenfeld et al., 1992, Cell,
68:143-155; Wilkinson et al., 1992, Nucl. Acids Res., 20:2233-2239; Stratford-

25  Pemicaudet 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, Curr. 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



cell in the context of a nolecule of the M-1C, can in a 1-cell activation
assay, activate a T-cell against a cell expressing the protein. Typically,
such fra_gmangﬁ)ztuj]]fnt8 lt?l nd to ME-1C class | nolecules ar ?cﬁu&?o%gss cont i guous
anmino acids of a full I ength antigen, although |onger Tragments may of course
al so be used. In sone exanples, 5the inmunogenic fragnment is one that can
specifically bind to an ME-1C nol ecul e on the surface of an APC, w thout
further processing of the epitope sequence’?In particul ar exanples, the

i mmunogeni ¢ fragnent is 8-50 contiguous am no acids froma full-length antigen
sequence, such amd822( savm ra@hamug&g(s %c}m&uaém n3acksds Brechrolanmsezagi ds, 8-10
ani no acids, or 8, O, or 20 contiguous 10am no aci ds

froma full-I eng@ﬂloéﬁtt“l' gfé)lg?6 spé%fugﬁ‘é:é‘ca‘i ﬁCISB% St hipridd”?) e yieses Atubat ed with

t he i nmunogenic Jvraagmmyopumel@ary em.nqi@gzu 21513 CS]UBfo'lC4ﬁﬂ)t75ﬁ@’enbﬂﬂﬂpllom:m096m c
fragment to specjf | C no| ecul e APC surface, w thout

cal | ind t
the need for int ng?:él Yﬁ‘%/lagé‘ﬁ}gdéggﬂé)l Reyine(Millshd? gﬁ‘ﬁi‘féjp Mt gen i ncl udes a
peptide from i helnafihbigens:oR4iMiler&st, 13&mMioh Gan Ban, a3 agirgdssequence bearing a

bi nding notif fo HL | ect e sub € are well known
inthe art. For @)@2%‘?1 &“{E 71’%%‘% Fr‘l‘?o%a ﬁ%ﬁ ém %%hﬁhé “Yopul at i on.
The bi ndi ng not i Kunfa@brigih (B er@laeclobe Ji mdludaesmpeﬁpva BachstMatcher@t A, 190Q, am no aci ds
havi ng | euci ne o lnet i e.second l.on _an ine or leucine in
the | ast positiong Egggzzﬁ %P)ershaé“govgf Alﬁ?ﬁ’%’g?f EAMEHRY “Plhckf“ude these notifs
can be prepared @Wh%yblmmhwmmectﬂlshh&lsaﬂ(hov(rsm(ﬂh: aasand@c@ibi nant |y,

chem cal Iy, % C)obtamed?l mnc(())\rlnv'm%% sounces suc%nz;'s @Rdlﬁfér{ced%eq[ﬂencgl th Paglelantl gen of

i nterest, |mmnogen| Cc fragnent sequences o ‘an IviHC can be
determ ned usi ngSqpmbdsiColpy, Mu‘uiieﬂ].aibhe; $Jra0ger&ntaJoEQrCaef<)arrpl e, an HLA bi ndi ng

nmotif program on the.|nternet. i.01 nfor i Ml ecul ar  25An IyS|s
Secti on- BFMAS) can bg:- %ngéaaib?%m%)&’etg% E%ly néjgl?(%“dgggcoglf] ° M{Jmof %Iml POt AT ”g - or
fungal - associ at ewltigantis gelndedus i mgp! vewd| ﬁeitah‘echmjsmcwm llege\nsls gdctdrnt er est (either

ful - 1ength profgl,fs RLoANJIIVIRECR il BATRNLIDSLERN (LHSNGAN be Produced

and purified using technlques or exanpl'e, epitop uII-Iength
anti gens of iht erdextvirglanctire, herpodlvive deat@s olpbi wamquzmerba@he/nua:@k:ﬂoy synt hesi zed

by standard 30meg hads, & SUPSLABI ALY\ RULS PRI S RESRASALIRN Wi Tl viel d a

singl e maj or band on a non-reéduci ng pol yacryl arni de gel ot her exanpl es,
the antigen of i#e@pleytvestipERigdesYiEs Eeotresugh FsacasEtue., fowlpsvmvs anda | n one

exanpl e, the anty; @80, QhudiddtVBEES vihs ( I@{V%?'rﬁ’aéno@%ogdcéﬁ)ﬁﬁ;sﬂmﬂhgm and the am no
aci d sequences bearing HLA binding notifs are those that encode
Pox viruses of use include orthopox, suipox, avipox, and capripox virus.

20 Orthopox include vaccinia, ectromelia, and raccoon pox. One example of an
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

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-1 antagonists are administered in an amount
sufficient to increase T cell, such as CD8+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



subdom nant or cryptic epitopes. Those epiropes can be identified by a | ower
conparative binding affinity for the ILLA nolecule with respect to ot her
epitopes in cul e or conpared with other nol ecy| hjnd to the
HLA nnlecule§$&9mgg#ﬁ?ough the study of single am no agfgﬁgﬁﬁﬁﬁﬁ?tted anti gen
anal ogs and t he sequenci ng of endogenously bound, naturally processed
peptides, critical residues that correspond to notifs required for specific

bi nding to HLA anti gen nol ecul es have been7ddentified (see, for exanple,

Sout hwood et al J. Inmunol. 160: 3363, 101998; Rarnnensee at at, |munngenetics
41:178, 1995; RapRaRNSE enddn iRdreaselin tKU @y an&dW An inkécﬂéﬂd@@ént orddeduéBon i2998;

Engel hard, Curt Opin. |Imunot 6:13, 1.994;: Serte and Grey, Carr. Op/n. |nmunot
4:79, 1992). Fur {MSF M9, TRus e method fan Pyl iy 18 ik PRRsSr €965 OTHL A- pept i de

conpl exes has reveadh@s pReKRY S itMiHe peBisiehenBeph ba@mbi. M N gd@ingfidtioakr HLA

nol ecul es whi ch ac%ﬁmmdate in an allele-specific node i dues 15bor ne by
peptide |igands; "f

2, fic node, r
SleAnfagan iy (EUCSs HPePGHSHRY BIETHORS M RIRE ti‘—ﬂ.%’&"‘ﬁﬁ%&?ﬁ capacity of
t he peptides bn whioghr iikepiease PhrREERHMptomSasociitad wiex@apdrastenvatides, orAnna, Rev.

e N R L N R e

It nnuenol . 9: 75, ccdb¥Aikd tdBmaumeddd sabjectNat ur e 364: 33, 1993.) The anti gen of
subj cot 15 i n need of HCFEASEI SRRVt &b BRET CRUSI ST KD Sone o mom
target viral or fedagahofassoed attedin&oriduges: @recdsaloaof echor Encdmph ary anti gens of
Cvitus (HOV cytREaal i meliAre hck e el iarBhs Herky P Vi v o
25vi rus, and humaetrhenrerodied pey@mcy iMeqtios frpmlfdnigndififety othiegr s. Exenpl ary

& yptococous, Bl acy st ARl PELHER A ENR AR IEH R Sent -

anot her exanpl e, infdegosariiyrest is in need of increased anti-tunor inmunity.

Exenpl ary antigens OfThLHtﬁ'F‘err{?e?ﬁodﬁ g@q&ri]é #jgﬁrfiéeljinm% Hg;%be‘!}fa: pr}lml'?rﬁ@éuti?ﬁANE- Exenpl ary

antigens 30o0f interest are liste ] s T an some exanpl es, the
antigen of i nber estpositied hetarclysiot htharapduticdlly aifitdtigemmaniota Puhoragamsti gen, both a

fungal antigen and oAWRioANS R el Bkl aMkiAghinod, Ligal; antigen, and

a tunor antigen. e treatnent _of a subject wth a tunor,
the tunor anti gepxagileifrpmerbentl. | mokhipsontbabee/konEifdstvedepisesyi ¥n of the protein

by the reci pi ent \8odnaBby hEQTski®ERRRLm, ddpeldt® In€GliPbEBMifAAScH, br east tunor, a
breast tunor antigen is selected, and if the Trecipient has a prostate tunor, a
prostate tunor aRCiREhUsIEe: 3& @atraidistryng Wi ofhei theapesedifeptsjijegdingx enpl ary

tumors and regpegleioy SnE UARinfasisRcdeal nanfdugenent Rk SRR, PeeMTed  t O generate
purified antigen-specific T cells that can be adm nistered to a subject having

that particul ar EHfHNS HOMEAET O IPRBICYRTIMEENONCAPFE ArkerdFYc [PBBHYRI ze that the
same and ot her t ufDESrHaRuRS fafi@Rt e iHsHaE (@AddidkioPBatiopHEDA iFatibYeNS. in one
exanpl e, antigen-specific T cells that recognize a tunor antigen are

10admi ni st ered i A5t HERAPRGH] ©EPPd- ef fecti ve ampunt to a subject who has had,
or will receive, a stegpreel hnt@bhi@giddmiQeBdiloagdnahtindi@duaithehashdagen vacci nat ed

W th the t um%g known in the art., Any PD-1 antagonist can be utilized, such as those disclosed
herein. In addition, more than one PD-1 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. Examples of formulations suitable for



antigen. For exanple, a therapeutic anount of antigen-specific T cells can be
adm ni stered that recogni ze one or nore tunor-associ ated antigens, for exanple
at | east onevﬁgm%ﬂﬁnqptlgens of interest listed in Tabj @ﬁmﬁmﬂkﬁgﬂ 15In
particul ar exanples where the recipient has a tunor and has or wll receive a
stern cell allograft, donor tunor antigen-specific T cells and a
therapeutically effective amount of a PD-1 antagonist are adm nistered in a
therapeutically effective anount after the’stemcell allografi to prevent,
decrease, or delay tunor recurrence, or to treat a malignant rel apse. The

purified anti gerbareagﬁlpﬁﬁliuﬁlist@an—gn melluh@aq@ms Etﬂutiom sapiea ek @a&knmmo.ﬁdwe subj ect
after debulising et ag t her exanﬁ} e reciglent i S ccinated with the
tumor antigen of”?%?&%%@%a %u*FPFé@“ P@Eﬂ'§ﬁ%@?* Emﬁm%§WF@3bur|fled fromthe
reci pi ent and the&praerelemqmaduseﬁhajdvombmlaﬂoaeaisph@mt wahcyaloaémrapeutl cally
effective anount of ant%ﬁ qlst_to hn rease é reC|p|ent S i nmune

syst em agai nst t%@t¥ FSP SHSEPRERD ?WQYPE Fﬁﬁ TYUE YRR of t urror
antigen-specific T cehé&mamﬂnaaﬂhﬁnmpeu&hmﬂmbymekﬂeﬁmﬂwahmﬂount of a PD-1

ant agoni st can be used ophyl act i revent rec the tunor in
fhe Paci pi ent. opmpaipRly bRt BFkyE Qo RisR L HER RFRHOEERT . Boci r1c T
cells can kiII eehhﬂedmnlahnﬁn@nthﬁnﬂﬂﬁbha&ﬁ@@ﬁkﬁﬁedwaMIngn or assi st other

i mune cel | s. 30In S Feckg K n@ i & repl qpt Cethltunogb%nd has or will
receive a stein E?TS R 5%%3 B AR AP TR PR T DESTPERng bone man- ow
irradiation or ardmlruilsswkatsloamnroch callutost. onﬂtsom@rhggomhatedhlas:cabzhrae edh or

ot herw se conprom se rrom“jun tiQ ast two types of donor
ant gon- speci 11 cop gapREnSeegn i RGN HAEIL B, Mol BRI LHRES v
anount; antigen- sp@cnmm@nﬂhEQWMBtEhanmgpé@MMumakhymieb@gmhzmhmom

yi 1) sassoct at ohihid e bBL AukigBkBS8RGHaLE, BITLASPAHBALAN | 08N spec i ¢
T cells that specifically reco fi'ze a tunor-associ ated ant Igen. In addition, a
t herapeutically @WﬂemnPueﬂaﬂm@nnmnﬂmmklehaaht@gnmﬂevmméaadnﬁﬁn@ﬂered to the
subject. Such adipl.gfabbAN SR Bectish 1&tgn4ﬁagu&%%ﬂnam'mg WEREy ef fect and an
anti-viral effect (such as an-anti-vira drder’'to produce a
popul ati on 015anM$©enmspe@hﬂwenﬂgeeﬁwﬁmbbﬁwmenpnhyv{éwwéwnwbnemeubject of
interest, a popq&gﬁkgnmgtn&gkh§wangkwth@egtceIIs can be contacted with
10ant|gen presenting cel (APCs), such as denthitic cells or T-APCs, to
present the antigen é@dWﬁW@Végi1mﬂﬁw§6Wﬁmeﬁﬁé@FW§W¥§H”WH@mﬁ@é%@ﬁder T cells
(such as |ynphocyt.es, 8 aPBNS de. AliRedinCalIfe) Wi fuBc@ReRt pOQNESf of PD-1 and are
added to the APCs presenting one or nore antigens of interest, and i ncubated
under cond Mbi | siesairplesiai Whigh Savlpiglaarrs tespapet ishadserheish t he APCs

presenting apji g@RodHachgtibBRedorhRCAbES. F6 RIPIUEE n@Ntteh GRAr FRBELIicGink Cel | s. The
treatnent of the responder T cells with the PD- 1 antagoni st can be

si nul t aneous! y witteRidThBe EWpROYRE Myt Derar@inigsred Syslfﬁélc’él}yé%f:” nBHEVEIRH: t he PD- |

ant agoni st can &'e&ﬂghﬁolaﬂpmll(%ﬁ]@(yopﬁil&ﬂytlﬁb ua@acﬁesné)amtel\(vmwalyt hppAPCs. Thus,
met hods are provided herein for PrOdUCIn an enriched ul ati on _of 70
ant i gen- speC|f|CMWBE%FP§Wf€Eﬁ€WﬁeFV‘e*' Wﬂﬁ%§@ﬁ¥“ﬁﬁﬁv EHRIEOVIR cel |'s and

i nduce an MHG r egkiit Giseél TIRPDONGLagbflisas GbWAS SeldasddTGvo By gierhidisy ofared cl ass ||
(0174+ T celéf res}ﬁ)}nﬂll ted f ashi on, 6%qi |caI.T eII resg @se is activation
and proliferatiofis e wafes apt Araydn e§°% Gl ey %ﬁ?mFH%‘ﬂ & T cells that
specifically recm@amm&f&mhaaulgeﬁp@mgnnmemeeynﬁ&h@ﬁm&ﬂﬁh@ﬁa@eMEMQaiIy

ef fective anount o &%g@don of .cells can be 25adm ni stered to a

subj ect to produ?‘mgﬁcT’ SA%E"MSuch as a subject with a chronic
i nfection or a tunor Where the therapeutic compound is a nucleic acid encoding a PD-1

antagonist, the nucleic acid can be administered 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



Generally, the APCs and the T cells are autologous. In specific, exanples, the
APCs and the responder T cells are fromthe sane individual. However, the APCs
and the responder T cells can be syngeneic. The APC can_be 30 u%ed to pr esent
any antigen tcf”:gogbo(%ﬂu‘l ation of autologons T cells. one PEFUERYP®¥ ' the art

wi || appreciate that antigenic peptides that bind to NTHC class | and 11

nol ecul es can be generated ex vivo (for exanple instead of being processed
froma full-length -85- protein in a cellJ3- and allowed to interact with
(such as bind) MHC | and 11 nol ecules on a cell surface. CGenerally, APCs
present antigen éoQtlﬁOhﬁthqQ%%X&ell%tlfggqaewlgopt ﬁ%otinGQMts%l bl_yn one exarrpl e, the
antigen of interest incubated with the APCs is a fUsion 5protein that includes
an amino aci d se¥fieHEE BilgMitkige @r‘t‘tlﬁo@é‘woéﬁlk? pRPEfEEIC is Rty rds eer ) cont i guous
am no acids, foryexaneteed: 1okt B3- ﬂn@c RANALAURUSS A3 Mgbaagbsgod hamu t he antigen
of interest). Thus, a séeries of MHC binding epitopes can be included in a
singl e anti geni cthipBiey faismpiaely. mpuckicicKighearchtg ihinfipgycadbintecatilyly aidi | | zed,
wherein each §iiefiphasd @mhiMde &lansa for BRHA@GH, 8y hénddedit LEQRH iYL bin, and an
anti geni c peptide of 10i nterest (see Nature 2005; vol. 436, page 578). In sone
exanpl es, only aSPRGPEhti gen is used, but in other enbodinents, nore than
one antigen is used, Fughl acsmarcsuhleasftDﬁAOUﬁ‘nﬁﬁaea{e tlﬂ’iﬁpiyg@ﬂﬁrs catbe h@ast 3

di fferent antigeps ; at Ieas(lt1 Flfferent an%1 gens, ? st-5 di fferent
antigens, at |easth1¢r4s reladeenial ShergRudinghosedgdyed ‘f?mdFR F%tfoéht anti gens, at

| east 20 diff er eqfecantieg@ins vir@kes (@Mﬁﬁls aBViaasiCVHQetehvirh Rt ged, pamt i gens. 151 n yet

ot her exanpl n.anti [ is afull-l t I m no acid
sequence (suiqi @”bﬁcaf‘ﬁ? 0{\8??986’499 g%ﬁenbﬂﬁ‘?tﬁle;ﬂ,'@%ﬁonﬂegﬁ?ﬁéesﬁfaga’ vi ral
antigen, for exampbadeovinisabee] Msatye:t alr, JfCdll Biehgh hSupat IEpRIoR), &ieho- | N

addi ti onal exanpl or aens fr iLnfect] gent can be
utilized. In son%boéé?éﬁpf%bs(,KoP?@taf ?FC FefgtRd gr‘?’[ ﬁgéﬁ%ﬁ%@?@gﬁl s expressed
by the APC. 20APfslicagen deéciveddipeedmpist vigusesgHIOdbu &nbwkbstret,pag @f skill in the
art (see Mel enbop t ot h u e . .Mel enhorst et al.

Bl ood 106: 671a. “SUBe: oy V%%P“E ep%e”p% SRk, GO0 MR 3t 52, 1995,
herei n i ncor por atadralyyy, (}efdeﬁpengﬁgubont Newrelkeiéém)dne ant mogpfi@deceniefAPCs, donor
peri pheral bl ood es_a tiv usin ntibody that
specifically bi nté’ese(‘fffgé/l% k%&heel %%%'Iﬂg)% nbe%tﬂlzted%hgz{elgongﬁs Sm”vcfa s, such as
about one to twotrameleks nuslmehc@ssntb@nka&l@wtellse%mxar@ltt@mnddysamds may |t has been

observed that | ”betﬁl&a%q‘%ﬁt%%@soﬂm Qﬁc%s‘i?&ttlo{ﬂ?h&?%g ?tpop(;ct?ngl LL% f,hat recogni ze

the antigen bind to antig presentin resentin g an antigen of
interest nore st m%gt@deﬂllfrmnssdmmT neeivirgl nutiait acad-baspbrecopeeithicy ghostshe ant i gen

(and are 30t hys paf;.Ri C;mgﬂep@uahrasmléﬂutlcg@@eépecgfs 2 ORRRES 139 0. @sparti cul ar

exanpl e, antigen- speci are sel ecte exposing APCs to a target

peptide antigen PaentNogk923.0f Hrlg&tPagntldg. 3685, wamw@@@ya Batyedso®at i gen) agai nst
whi ch desired T ggliliscaje to be

With regard to nucleic acid inhibitors, a therapeutically effective amount is
an amount which is 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 diugs 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.



-86- targeted in the presence of a PD-1 antagonist, such that the APC presents
the antigen in associ ati on with a major histoconpatability conplex (M 4Q)
class 1 and/ For exanple, APCs can be expg ?729 uf ficient
anount of a é‘ﬁ’[.@en i |nt erest to suffici ently occupy -?zhfﬂlr??)ﬁ Zlcul es on the
surface of the APC (for exanple, at least 1% of the MHC nol ecul es are

occupi ed, such at least 5% at |least 7.5%or at |least 10% and stinulate
preferential binding of target T cells in-{he presence of a PD-1 antagonist to
the APCs presenting the antigen of interest (as conpared to APCs that do not

present the antigen alpitdilyeN@ehids-arsAdR@MEat do@mna@malinG®lSunt SP@®Bu@s popul ation
that has been prined for thr%g@}erﬁl gen ofogbgt erest, is then incubated with the

10APCs, opti onal 1%°% HO {80 Eegragy B PesibygoRIPSHIoNS GBS an anti body
that specifical | gpoftisndsogiiasko 1600 nEteb@mestDIRA ) Mrﬁl&ivla\hﬁtt@SGOhﬁlcﬁellahls, t her eby
produci ng a popul of. cells en ri ched wi desired cel I's that

recogni ze t he ancﬁf%d%%c}fmf'r‘?ﬁ‘é‘i”ééot Oigagrpas OM IJRICPRgTde g?oesent ina

popul ation of5 PBMca goinsly DNAOZY &g raeam IHbeciopanbat @dA w100 one or nore

antigens of interest nally in presence of a.PD-1 antagonist to
generate a T cel T'“Pé S é%%ogﬁmf‘ﬁé?mi’ %ft@?‘f" CRGl HE Mg A ‘ﬁore anti gens of
interest. T cellsca@ihabeadpioyitddediat agodiny the®DHOh attomMmté Ambuhaiatdy. | n

parft i .CU| ar exanpll)e a%{m ?N%s taconcgrlrtn:?lt1 é/fat Szfs?[d% ({&h%}a (%dldr?cghgf gbgsence of a

purified target pepti | Oiaf e pres
antagonist. In Zlﬂgmerﬁnmmmpnltenﬁ;) the antigen of interest is a viral or tunor

filntslt ggnl’ ns$;E? Z‘Si h#ﬁ]l]esog_nr?te gar%mg S, tf01 ’the tpeatment orﬂ)l uelolgt]:lc m?ecgcr)}%s: edp]?or m I gfjgrhez.ts

a chemically synztnhagsmzedl lpelptmmiseeledl 1nt1mrheslyewamnhfesl]y (tfdwxrarmlq,gedm@f i nt erest
Is present in a DoRHd tﬁaégeq?bﬁcgﬁlmﬂ fﬁ%hF&%calnadﬁun(}%g% cﬁ?ﬁoﬁndfor exanpl e a

viral |ysate. e anount en’used s can be readily
det er m ned usi nglmmh@@isW#ﬂwswlhﬂbﬁmmwetls Pl@e¢1€lr®’p¢ty0nt@d witheengnlt i gen is used

inaptuified f Oll{emougggt.léltn («%N%)OME’&/ Tm: c hper‘rncp& 'nqg'tule%f &b%ﬁjqundmesrb\xary\“ ral lysate

i s used, about 01-100 tysa e, suc bout 75 jil, can be used. Wen
T-APCs are used, le]&b?@éltn \AVOG?YrﬁI IfllslomﬁzffhﬁAP@@Opvté%@ﬁPllan@elph@l efrikd gpbsmeof i nt er est

can be used for SMEJZYAfIQna@iQethM do%ound?fsoﬁﬁllsédsim()% bﬁa\{mh:gl%woﬁﬁna@hmﬁ’B'VCS)
In a specific exanple, ocytes are prined in vit cubating themwith

sol ubl e anti gen g \ﬁiaﬁ%l‘?/m‘;ﬁ%is Forgxamplg, a@ayé“’lﬁh‘dél”“héﬁ%ﬂheﬁql8?1315‘14’%&{1 permt

primng -87- Of jpibckflpof is pékiBbHled olenSfleltie sRAIat2@GRUEE BHHedliRb t}fé&ﬁﬂp'/ﬁ by
Fi col | - Hypaque centrl fugation, theréby generating prined T cells, if desired,

the viable pri melduidresayquscognssiep e the raisir gaiepscohes eredigsr wyleiimgsed for exanpl e

by incubati opywi tl‘hfbutlhﬁseﬂﬂhi ;ﬁ@iﬂorfe@'bv@'ﬂ@tt&edf tlﬁ:-blrld@bé%nunﬂ%ﬁthéta%ﬁ% condi tions
as those used for the first viable T célls recovere | n anot her

exanpl e, | ynphoc{gssdoegyiar ?ﬁaf“ dmIUr’IS %atfmd\‘o@ 9?4\%%?@’(‘?%@ fluid %‘l)‘blj’aé'bt with the

antigen, for exagphie fofthk iensF®6NMOEs 18 0VRGE blRted Iddaddhia n€x dMPluga t cel | s
obtained fromthe sub%ect fol | owi ng i nmuni zation are al ready prined. For

exanpl e, | ynphocY8<° BVPaMEiYRIS RAY Fieai RStB] ¥di™eare then i ncubated with

APCs in the 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 endocardium) 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.



10presence of a PD-1 antagoni st as described herein, wthout the need for
addi tional primng. The met hod can further include generating the APCs
that present th ntigen of interest. For exanple, AP n _be jncubated with
a sufficient “}é)rfﬁﬂ?zofm& one or nore different peptide a%ﬁ’ﬁ%ﬂ%fosgﬂﬁder
conditions sufficient for the target peptide(s) 15to be presented on the
surface of the APCs. This generates a popul ation of APCs that present the
antigen of interest on MHC nol ecul es on thé&/-surface of the APC. The di scl osed
met hods are not linmted to particular methods of presenting the antigen of
interest on the surfage.afy &b cafd d QRIS CAIMAL ST LRiInGNPHESS - DY the APC
either naturally or due to the 20insertion of a gené containing the DNA
sequence encodi MyERRs PArGRetiqr dheremreart el vera inlhe famef atiePsehcodi ng the
antigen of interggsl roah Resh Bl ERdHERS disPiRetdifch cof®hl Sadshioesenger RNA, or
using a vector, such as a mammal i an expression vector, or a viral vector (for
exanpl e, a adenoVFh #< $2pykl Praoon drxidepianfPylite” vect ors). The pol ynucl eoti des

encodi ng an anti gen @fheidth€se51) unbGbidana He@e@rRitRaEd caPhive2owhi ch is an
aut ononously replicati {192@ plasm d or virus, or which is incorporated into the

genoni ¢ DNA of aUBGKET Yoteeampiestitf dagneskindesisigrivanicaphuhied ohBREedfe i ndependent
of other sequencgsn idéntiiide| \aincudgiin@R6 adioRdat Alkhant higenmebreidteseat can al so be
i ntroduced using el e_ctrogor.a&i ﬁ%n, | i pof ec_tfi on, or calcium ﬁgosphat e- based
transfection. 30% HIBEAETS GPFAP XROSEBICSMAHIPES HERMXRONELP IEEEd, i ncl udi ng

pol yoma, i.e., SMEeltMrdzaloratispadition, d3ng dpatiodpital MhdiGdbn predlsposifs}31536) ,

adenovi rus (%—:‘ri cner, 1%92, ﬁ,‘u . ‘I;op. fM,cr obi (gl .. Immunol ., 158:39-6; Berliner
et al., 198810 R EONIYHINSLRINi %??8%}0”8. BB B Gy IO CbYHTR2¢ MYo2, 1.
\Tirol., 66:4407z44ddideQuantino igiitedka, allel 282, of BY kiomNathindoadah: ofSxtent USA,

89: 2581-2584: Rosenfeld etal., 1992, Cell, 68:143-155: WIkinson et al., 1992,
NodAci ds. Res. 30r5535P83ish &7 Papeamae o ket Bior B B80S Gene
Ther., 1:241- 256)rpgrvanc, and andlioraisn (Mrdkedt ofelie Gahsé sth@9 2yeatBient @a hevol ogy,

24: 495- 499), adeng-assqciated vi.rus (iMuzvczka, 1992, Cum To crobi ol .
nnanol -, 158: o1 1350 e vt it et R B 5 3 s U € alh Ui P lses

i ncl udi ng RSY; G fanidtyEBV ( Mar gol skee, 1992, Curr. Top. Mcrobiol. imunol.,
158: 67-90; Johnson et

rom Geng Ther 3 1218 bR RER e Pl e RGO R Bl ) 53775,
Fresse et al ., 1960¢dsBisdeféhereinRivaraiidoont indl: 2183 2498) of Siatldiasdbwi ruses (H.
091, 309 and 5, 3517 536 BT RAU 1 Lee L O BEfed: 45y hpeas

Bi ot echnol , 11: 18!I2mlifqratiopragtagytheitredasure thggigraree ofcthe Mgtdbial AgeadandSci . USA

93:1137! - 20  assays that measure CD8+ T cell cytotoxicity. These assays are described, for

example, in U.S. Patent No. 6,808,710 and U.S. Patent Application Publication Nos.

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 PD-1 with a PD-1 antagonist, a primary activation
signal as described above, and 3H-thymidine. The level of T-cell proliferation is

determined by measuring thymidine incorporation.



11377) and retroviruses of avian (Brandyopadhyay et al., 1984, Mdt. Cell
Biol., 154:749-754; Petropouplos et al., 1992, J. Viral., 66:3391-3397),
rumne (MII Curr. Top. Mcrobiol. |numuol., - - Mller et al.
1985, Mol . og‘{olméﬁ)g%?i 5:431-437; Sorge et al., 1984, 1%5]28% {7555 o) .
4:1730-1737; Mann et al., 1985.J. Virol., 54:401-407), and human ori g| n (Page
et al., 1990, 1. Virol., 64:5370-5276; Buchschal cher et al., 1992, J. Virol.,
66: 2731-2739) . 1- 3acul ovirus (Aui ographa 207&al i fornica rnul tinucl ear

pol yhedrosis virus; AcMNPV) vectors are also known in the art, and may be
obtai ned from comrer ¢igl Teu dﬁ%“é%@acmﬂae@% BYBLs as@?@ (Qb@eolclcal if.
Protein Sciences Corp., Meriden, Conn Stratagene, La Jolla, Calif.).

I n one enbodi nen€lease H%aﬁﬁé’l' PUIE esetting de sriedsuip g e ABtaNgER) GFS¥TibEr est i s

included in a videgkt M8fatelktifa@bn, bf ABSE Bt hidkQe ARGIea e bARE Grid&%41QES | Ncl ude
retrovirus 25vectors, orthopox vectors, avipox vectors, fow pox vectors,

capri pox vectors fromy {h ﬁé@?te\?é@fl‘éﬁ -gEor 56@??%%%‘&1\}%3&”6? wiologig! sRPIG oS vect or s,

al pha virus vect®eE sicclRasibidViclolSerBGHRES livedl 106 bisthy lidsuksto WBGh @eSiuyacci ni a
virus vectors and EQ| iovirus vectors. Specific exenplary vectors are poxvirus

vectors such as Wj ?M?aabs.ffve%ledesﬂmeﬁa%aﬁﬁlPazgmsmd a highly attenuated vaccinia

virus (MWA), adenovi KUsproaasH n¢yiokisiesaeh ds MeNBONEKE and IL-2 may @%eVi ruses of use
i ncl ude arthopax, sui and capripox virus. Othgpox include

0X,
vacci ni a, ectrorA&pire Fane&w@«:eaﬁe%we“saw%w&ﬁw tee yFsers of g gD-bor t hopox of

use is vaccinia. pL&Vﬂn@ﬁ)t)éodnﬁﬁjxdd(i%lnfagrva‘éll\QQXH s&ﬁnamé 1ReMof @Rshupt @e&kEs ROX.  Capri pox
i ncl ude goat POX and shee In one exanple, the sw(gox IS swn nepox. Exanpl es

of pox viral Q/ec‘f“b?ué’e‘?“ﬁf‘“té%‘pl?eé@@i“b‘ﬁedéﬁ/ Sﬁfejé"é“rhleﬂé)@‘efl&ke WEMIPEIP P U S, Pat ent
No. 6,165,460, WRiaghod dhel B0ERIRRALEEskiedcabdd, RY eXagipR! RMbAg c@l. NREuMI ral vectors
5t hat can be us g nclqu? % her DNA viruses such as herpes virus and

adenovi r uses, U§es such as retroviruses and pol i o. Sui tabl e
vectors are di scI osedf, defied, t&é(&ﬂﬁic@oftiaﬂPIDllSntaBaﬁsemasdékzed1@19;918111%&3 which is

i ncor porated herein . I n_one ex nt poxvirus, such
as a reconbi nantm\j/‘éffiﬁ%/ﬁ ”%\“lei}’iopﬁgjﬁfeélssf/?itehﬂ‘?%él“?ef}' firﬁdl”f Y'%n?ﬁ;}?f%sertl on of a
10chi nel i c gene ﬂnﬁmlaabminn@vas@mldMga)urnﬁguT -adliothat s@ouelriz-esvitn fiDNA sequences
functional ly equival ent. there

rjmar :Iwé 110 SIgna antl éb?%o%na iz Cglsg‘é‘ﬁ) Qte;[%' ature are not
conti guous wi t h FRE {AnKI°Ag'sVacei i uiat’or’y SEGUences °t Mat encode an

antigen of int eraeasgen lﬁ'hseocnzemomh nantll MiHa] §rheolnhta|oﬁn ergdigue borepootd meri c gene i s
effective at expessi NGB, AIIS or bl AD EnPHATRlSro 1S BESINg o1 T al vector
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 Immunotherapy
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- | antagonist.
Methods are disclosed herein for increasing the immune response, such as

enhancing the immune system in a subject. Administration of the purified antigen-



15conprises (A) a segnent conprised of (i) a first DNA sequence encodi ng an
antigen and (ii) a pox virus pronoter, wherein the poxvirus pronoter is

adj acent to and exerts transcriptional control over the DNA seguence encodi ng
an antigen pdiI%P¥HEHde: and, flanking said segnent, (BjSBRRYY gﬁ?

nonessenti al region of a poxvirus genome. The viral vector can encode a

sel ectabl e marker. I n one exanple, the 20poxvirus includes, for exanple, a

t hym di ne ki nase gene (see U. S. Patent No.-7%, 998, 252, which is incorporated
herein by reference). The popul ation of APCs that present a sufficient
density of the antigep(sh .AEhneuRALEE nikihnyifl iGfdobeind m&?o@assuhjxmbocyt es or
Pl I MCs), optionally in the presence of an effective anoun

ant agoni st, undetvecemelPathareecakepndifipisesveh esan dlfeiRnBhieadionyupet-Ween t he APCs
presenting the a&kageanaﬁquh &mGQ&nﬁtJﬁﬁ%o&ﬁﬂxﬁ&?&b&k%@hﬁMm%&““”oreaCt with
the antigen (anti gen-speci f ? . A sufficient number of APCs expressing
a sufficient der@PflysrrbfThawfql@éhPwﬁweg)ma%ﬁlinma aprficdveratien of telpgiedt e enhance
bi ndi ng of a 4 arg@tenlspbghd T EMs 1:DG 2ANGeREriMSARE intbBucRRlathEApe Al B%aNP! es, at

| east 20% of the APCs are presenting the desired antigen on 30WC nnlecules on
the APC surface, “f$tfehceds thetimmeasiesPsdg,obihe roripiapediccdi Snhaged 9% of the APCs,

at | east 50% of 4dhignidRGSn ofQlthcdpelRaB) cfROUe Aol N8r AP anthfRiPRtd Mal  anount of T
cel|'s added can vary depending on the anmpunt of APCs used. In some -90-

exanpl es, a T cefhaiapschq igipige grpogte pfdedtc@e- | s used, such as at |east 8:1, at

l east 10:1, at Ieast Meiods ofﬂﬁdukﬁaSﬁmﬂpﬁmeh%p@Eeﬂo@ﬁ-Sﬁtw@r@oflme@ltul gast 20:1, or
even at IeasL (@ Cregge t he nunber of  ant gen speqﬁflc T ceIIs
proliferatio Oofmfﬁg“ééﬂv@” 4he § WGEIPGRIEAN % WY SEISTh BB NHi¥at i on i n t he
presence of a cyigkjettevithsitdnasnibdtion 2uchlkafiralblfimd® idgtdod, lor d&bjedthe anount  of
cyt oki ne added is. suffchﬁpt.&p Sti nulatﬁ)g roduction and proliferation of T
cell's, and can b¥HEFEPhi ?W@b?ﬁﬂ?f 8 Rods. I n sone exanpl es, the
amount of IL-2, IL- 7,1ntadnoaszn mfmdeldeﬂcﬁeraﬁdn@d areSa @boioh pthbERDO allogedfirl., such as at
|l east 1 ILI/nl After a sufficient

amount of blndlnter%fel ?&?wnt SénWQBg%W)”@HT“% PW%“?%”?WQaKEEEt T cells that
speC|f|caIIyliecmgﬁmme’ﬂheamnmg@ealmﬁmmmUGMBsmnameMpfmdmaedeuﬁhnﬁ generates a

popul ation of enriche ific T ceIIs that are
specific for t het %n{eaglevr%uogfof VII sgfagle%cfy plleszznt in tle %Cl 1enioef:%1 extawgle,r D1t ng

popul ation of T @emks1h®ﬁbma$gu$pecw¢s@mﬁ@scwheantvgﬁnHﬁV)mmmemesi is at
east 0o Pure, Bl Ao SORLal O HI I Sren G ENER 1Bl RARIRAW LT € The

purity of the popul en specific assessed using
nmet hods known toxmmeomm°@@nkhsdmanQuawSamwnummaaeﬁaﬁphemmduﬁmﬁg stimul ation

of proli ferabj on.of,.Anhi gea,EGHGL EBy) GaLL Ao IRaFELLS ) G S Gaunt ed to

determ ne the ceI ired er o s I's achieved,
purity is deter rﬁEiBé’dymFlmPIOﬂliﬁl@aﬁdlb@SQiemélBﬂﬁ gl readtiyption Whlch causes

hemorrhagic cystitis, can occur following immunosuppression. In 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 embodiments, an immune response against a tumor is 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.



20exanpl e, using markers present on the surface of antigen-specific? cells
concomtant with the assessnent of cytokine production upon antigen
recognition, nterferon (I FN)y, tunor necrosis F) a,
i nterleukin ﬁ’)%&é&?”{ transform ng growmh factor FI‘F%E%B 7/058-51;\1 | L-4.
General ly, antigen- speC|f|c T cells are positive for the CD3 marker al ong
with the CD4 or CD8 marker, andlFN-y 25(which is specific for activated?'
cells). For exanple, fluorescence activate8l-cell soiling (FAGS) can be used to
identify (and sort if desired) popul ations of cells that are positive for CD3,

CD4 or CGDS. and | FN yn&%ew%;ng il hia e Ja¥s ik @dmand don&i3pop@tdn-o€D4,
anti-CD8 and anti-IFN-y. Briefly, stinmulated T antigen-specific cells are

i ncubated in the %‘P‘e@%@%‘“@f‘c Bﬁ%‘tsﬁeﬁgas PERRNEIARIPOLRPTON eSB! S 28t | - LFN-7 (each

30 having a di ff@rnaatnofalpdgnmh@f@analt&eagif&cb)usmﬁtprcela diln®opuifonei ent for the
antibody to bind to the cells. epovi ng unbound anti bod cells are

anal yzed by FAGSMIEIHRIESFBHerHE (%%'55‘8@ theagpnpigR) a@ﬁ’éeé?”f“i”%a“rﬂ“éle%/”lcg are those
that are | NF-¥ pagicki, ¥RionalQin thalﬁfiséEEBofp’@Sl ttne\/@ytpfodﬁaaﬂg PRpilbioness dbddr speci fi ¢

exanpl es, the res ltin uI at | on | at | east 30% pure
relative to the § T‘éﬂm 598 %ﬂ"i‘t 89'@& d/g‘r&E%ér b%eé’ﬁeﬁdi‘é h%’le‘fcgve such as at
| east 40% pure, atells@asichfe puirgigenadf ilta@ast A a%ppuicaly e@féctﬁveﬂﬂoﬁﬂ of east 70%
pure relative to the total. popul ati 5positive cells,
| n anot her exarrp‘lh%mp[“hgo'h% Re aftﬁ’raieﬁgpa*ﬂ'g?egg%cf%lﬁsé?tﬂf}ﬁ 'H¢'the cytotoxicity
of the anti gen- speeby predutingeh ]nﬁnunwbish@ﬂtsroftm’andﬁle)f mendsnig tieytopiaxi city are

known inthe for e a for Xa |l e .see Wl ker
etal, Nature @28"‘%‘2“3‘55“ ‘Oilggl?epﬁ‘f‘eda‘t‘“ ?Speﬁé T%ﬁ@a%.“ﬁ'é%e :gﬁl.‘y‘ﬁ( 6) : 534- 8,

2002; all her ei nsubfitne oveponaipettolbyical edrgiteng ejch as an mfect‘bhedlsmdcgjen specific T
cel I's can be subj ect d. 190! ectijon to increase the
purity of the an Imééﬁy tar etllurz;ncl%ﬁnunnglle ponseliuﬁgmstggatﬁci n&tl h asavumfl ed

ant i gen-specifi cquOLcMIIr@ongemerTabaedl abmme1@p@sagaIOduqemwbameedlewaghnsAPCs
presenting the a{%hrgggn &fmtglg% .erest in the presence of a PD-1 antagonist under
15conditions sufficiént to all ow binding between the APCs and the purified
antigen- spe¢hbfic T debdveal enbedimesigliieimeioantse gendspéninfsiecnda cel | s can be
stimul ated to prgliferal ;ggm € pM_T Dhidobiié- o ! the resulting
anti gen-specific 'I'mgcer(faZL Ve aft especﬁ?(% cap ‘hlltr‘fnﬂné? ggct lt’% t he antigen of

i nterest are noranpypteation @fé?D ém@@@séﬁs\w@ewbmhéemlbmvwth APCs than with only
one round of selectiqp, aht%eﬁ’i@%eﬁ@@{s@é@s%m irhiR&ho M@Heﬁ’[ﬁ‘ﬁ% aPMiot| ed
antigen-specific T cell's produced Is at | east 90% pure relative'to all. CO34
cell's present, sefches caiejusedste B rUToRuIBonf TICé‘éfSSPeOQ‘SW@IﬁGZﬂé““geh0%1 particul ar
exanpl e, thepopileati leerfouE)Wchfahtﬁrgm@-Béthlg&%eSlﬁ@@hfn'tﬁez];t GRhhLsviRg aguced i s at

| east 95% pure relative to all -1- cells present, such as at |east 98%
pure. | n anot her VEREMHHEES (SteﬁéC’lr%HGH’l%ttT“B‘ﬁs bP)- gusidscleerainnrdertedfeci fic T cells

25produced is atudiapdcirROe Queptded ahali¢Blat Radblks SRRt béidIRBeNt , such as at
| east 93% pure.

antigens of interest, include, but are not limited to, those antigens that are viral,
fungal, and tumor antigens, such as those shown in Table 1. Additional antigenic
25  peptides are known 1n the art (for example see Novellino et al., Cancer Immunol.
Immunother. 54(3):187-207, 2005, and Chen er al., Cytotherapy, 4:41-8, 2002, both
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. Tn one example, an antigen
of interest is an “immunogenic fragment” of a full-length antigen sequence. An

“immunogenic fragment” refers to a portion of a protein which, when presented by a



The present disclosure also provides therapeutic conpositions that include the
enriched (such as purifi ed) antigen-specific 1' cells and a PD-1 antagoni st.

In particular exanples, the resulting enriched popul ati on of antigen-specific
T cells 30(sPEA° 31? or the antigen of interest) are plaéed® A%t her apeutic
dose formfor admnistration to a subject in need of them 'The PD1
antagonist is also present in a therapeutic dose formfor admnistration to a
subject in need of treatnment. -92 - -81-n one exanpl e, the popul ation of
purified antigen-specific T cells produced is at |east 30%pure relative to
al | CD3+ cell's pcreﬁﬁletn{con@wa%&meo@@éwco%rﬂw%Lceﬁtact!vmtaség)% pure, at |east
80% pure, or even at [east % pur e n a particular exanple, the popul ation
of purified antiageyiespbedlfdzains acdl ¢xprepyinsdherdeins Tapicqllgayeh @@%estpume relative
to all ODB+ cellig it GRRALIeSHERCAS A8 0G22bn 0NN acill o BRFn %0 PUTE, 2

| east 80% pure, at |east 90% pure, at |east 95% pure, or even at |east 98%
pure. |n anot herﬂnés@anﬁi‘lhéu"htl%?éelpfb}sl]lle%{t TnéhOf(?PU'p‘mlfFOf‘iee‘éledam jogers<apRei fic T cel Is
produced is & tﬁ@ﬁmﬁg/mu&emérﬁl@an@téags@éciﬁc%ﬁdqshrlwwrﬁ&@aate,onsuch as at

| east 60% pure, at |eas 5% pure, at |least 80% pure, at |east 90% pure, or
even at |east 9396 piire. Ofifé)é%aﬁﬂ\@at fuier Biefestipeef ErpiteRsneapesei fic T cel ls can

be tested for nyaERL@SIBNpIS, @felihintYoge ROHRLQXI I8 830 do AR binie@Rkg Ol | ed for
function and purl ty E}I’I or cryopreservatl on or r| or to infusion into the

reci pi ent . from ¢ érl%&mlwwrve@rsf%e&48@@%%%%8 i geci fic T

cell's is adm ni spansh d@s 3@ SR Rk, or SPECO filCl2, MON4 51 24 ogii@xadrpl es of a
therapeutically effective anount 150f purified antigen- speC| fic T cells

i ncl ude puri 4 e g8 fowFdel f‘?“"th?mbé'i‘ Ui HlS%‘P"e‘?"éfapléi ACg8€e of about | X

185 cells pﬁr klhc]ictﬁbgécamg}o{heﬁﬂbﬂlxﬁﬁénld@aoaﬁﬁk%ddr c%dﬂ(ﬂﬂs setfidignt pRtheki | ogram ofI |

subj ect, such as from a 106, c ramto X 108cel | s
per kil ogram sdBW“&%gef“Fgﬁ?'ﬁ%fﬁbp%“f}?“ﬁb %E’e\fnélc( ?egklf”l %‘d?%&p@b‘”@%ut 75 X
106cel I s per ki | aigioaithe ﬁ?’d@h)l aﬁla&nlulab;ﬁbﬁessaﬁ X 106 ceI S per kil ogram or at
20about 50 X 106cell? per. Péeg a% ncludes lge L a(? glpteemflc T cells
can be adninistered i "SRG 8F ST PHP 88%% é% BYSH' Red™“BY' a cli ni ci an.
For exanpl e, 11 hewigtednl asnigaiidieyuashzibairsit @ baxdinatnotinfoefinvial. & mplecappfoxi mat el y two
weeks dependi ng on the res nse desired and t res tained. In sone
exanpl es, once tsr‘i@eccieglﬂese@e?éélﬁd”ﬁg}mw“ 18(‘?}feaa|'n d A El?% gﬁér anti gen-speci fic
T cell's are adnimirstoeride intewewen porvfatibh eTheedidpigentif i il rayle-une or nore

Syrpt o assocl Al Sl Nl NIl DAL LNg RUBSENGE. ATt gl 3 turer. a

t herapeutical l'y effectiveanount of "anti en- specl cells can be

adm ni stered at strat! pbditma.and heina dinfeuring tir atia@trpoe:a«msbse Exaomles avovelyst em c. The
purified ant e I istered 30 with
a pharmaceut ?(gal eég(geg:t:héll 1%% dg?egﬁ%{f}% B 261 b%?ﬁ%glggégﬂ}ﬁ%m%o E)Wf%aar?]t agoni st can
al so be foinmulat eld:lllanleanﬂmaImﬁBGMPzdlal dry). e idelpratsdee @an pinep acids descri bed
above. In some L% g0 QHIET ot NEEAREHR C:cRIBAL R RLL, AT MaRIGTEd Wi th the
antigen-specific &uzg A ‘r’ﬁ g arﬁeagoni’lsen e%‘ﬁer p?ﬁlhereapeutl c agents
can be adm ni st elngijto[gefvﬁ-}(’égan be detelmmed usmo publicly available programs. For example,

an HLA binding motif program on the Internet (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.



during, or after admnistration of the antigen-specific T cells, depending on
the desired effect. Exenplaiy therapeutic agents include, but are not limted

to, antim crg}z)i%}méogjggﬂt s, immune stinmulants such as i n%{/éﬁfgog}a§8§;1pha,

chenot her apeut’ ts or peptide vaccines of the sa I'gen used to
stinmulate T cells in vitro. In a particular exanple, conpositions containing
purified antigen-specific T cells also include one or nore therapeutic agents.
The disclosure is illustrated by the follo%-ng non-limting Exanples. 10
EXAMPLES Exanple 1: inhibition of the PD-1 Pathway in

ai roni cal ty-1nfect edMGexshiM tdRhiiseFEr kleretNt b RART RSodMiGnkig2h 86d @d Wi th
various strains of the |ynphocytic chorioneningitis virus 15(LCW) were used

to study the ef faEC fd EHepif B4 HI-AMTEEI YN Bniheodr needd | function. The
LOW Arnstrong siub@niindnpdledietbidpddt @ndshbgehbisnn bdiadnsikisd &) £@%ed W thin 8 days,
| eavi ng behind a I ong-lived popul ation of highly functional, resting nenory
CD8+ T cells. THEMPagEg befingatfanty farihe Hlp pglieyqutth regpeptdppihgifaiorss Per si st ent

i nfection in 4hendRskel£HAbAPLES \iZEsIhdYnoRecMEd BABAI DAL HLAShSecUR. t 0 3 nout hs,
The virus 20remains in some tissyes indefini t_elly and antigen specific CDS+ T
cel I's become functi ofalPPs Phifaid e dnepARBS66< M4 eantgercwriogs A dhepnysi cal |y
del eted, while Da&kPasds &knd@dyendkICbdihd GradShly GiBdssdd feplides, cRBIaSIeSiiudut | ose t he

, .such as 11Th-y and

ability to proliferate or secrete anti-viral cytokines
TN Lot Co7BL. 16U HEFe P A ASEH P CHU B B ESGEIIT RSt 1 ¢t e
25( Frederi ck, MDlave Bdeq eledwtice (debiff@akatplt, Sotitawediausl Y. krhindl vaotneEx 106 pl u of
L. CW- Cl1- 1g _%e | eti ons 1\/\@5 e perlf[or g&ﬁlﬁ)){ %nkect i n‘fqe 5010 Jj g of OK1.9 in
PBS the day Of i ﬁ?’% PERTESE T he gL 81T Ghi Ry ¢ Re P HPEET R /L v i mrune
nm ce are gener at@gn.hymindl.eldtd78,g 998, Gagdlhapd, Cwirt BpidXEdkn@faild, O, Saest rong. CGene
array anal ysis was Jper gor, d ca;n FACS- u; i£i ai ve EMGP33-41 30specific P14
t ransgeni ¢ CDS+ aﬁaggeryl’ f"'% 'fa”-”ﬁ'iog‘:sﬁp ¢ #Qig}sqgﬁgn%wledbg vatég?ﬁl?gﬁer ived from
L. . W Ar nst r onganalysiuofei -peptidachn B SRS reddalsipeclietsi vathor thGRENGRRED speci fi c
(2:([))3-871;)8;—1(;461Lgn%g%b%ﬁ%ﬁg@g‘%u.egﬂtlcq%p&%tm%gmlé% aqule]_e-lsg’ecitll{:\Qnode, residues
15  borne by peptide ligands; these residues in turn determine the HLA binding capacity
of the peptides in which they are present. (See, for example, Madden, Annu. Rev.
Immimol. 13:587, 1995; Smith er al., Immuniry 4:203, 1996; Fremont er al.,
Immunity 8:305, 1998; Stern et al., Structure 2:245, 1994; Jones, Curr. Opin.
Immunol. 9:75, 1997; Brown et al., Narure 364:33, 1993))
20 The antigen of interest is selected based on the subject to be treated. For
example, if the subject is in need of increased antiviral or antifungal immunity one
or more target viral or fungal associated antigens are selected. Exemplary antigens
of interest 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 1 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.



infected mce. RNA isolation and gene array analysis were perforned as
described in Kacch et al., (Cell 111:837-51,2002). PD-1 nRNA was highly
expressed in CD8+ T cells relative to nenory - Il's (Figure
[ A) . Further‘r@ %E}Iﬂ—?l was expressed on the surface of P(%gséowx%sgﬁql s in LCW
Cl-13 infected mce, but was not present on the surface of CD8+ T cells after
cl earance of LCW Arnstrong (Figure 1B). Chronically infected mce al so
expressed higher levels of one of the |liga®tds of PD- PD-L1, on nost

| ynphocytes and APC conpared to uninfected mice. Thus, viral antigen

persi stence and CO8- g e @e%lnkene&fb%w%&dtQ/'ﬂhaE&n&QMﬁﬁbltﬁmen\Mﬂnfblénlsl nduction in
PO-1 expression. 10To test the hypothesis that blocking the PD1/PD L1 pat hway
may restore T celPsep hied ?Ibﬁhe%ﬁ’i’éFS%!?l‘h%fﬁ}EFeP‘ UFIR QY TEATHAGE S BT ni chr oni ¢ LOW

infection, the RRALRE tihe eBipichttabh biesy Rl RWeMst\Wasor dhifck b Rts@ekdusiding chroni ¢
LCW i nfection using aPD-L1 bl ocki ng anti bodi es. .A bl ocki ng nonocl onal

anti body agai nstPPEFPFNRAS? RGTHH ME1E AP S T RYERT§e8 1SS - G“Fijpso) oHyyery third
day to mce inferbrad 14 dxBmpleNNukbrs arih5&é}5ec(t139@1lnan@ocﬁlftedraaﬁoeaﬂﬂ})hrcHﬁ)bESe PD-1,1

| g, 02b nonocl onal nt| bodi es gl one 10F,5 10F. 902)). from day 23 to day 37
post -i nfecti on. Af tﬂaﬁneé‘“’?epuf‘lfn‘ WGRSPELT bR ‘?”r‘réﬁaéTa)') bs aghipisiefd bt e DhNP396- 404
specific CD8+T csbjka hansk tBarprInduwmﬁmeﬁ%&r%e sale;emi ihe alQ8thedoghigt | s i N
treated mce relative to th untreated contr al s Lfre 2A The induction in
proliferation wag ALGSAT 1 AT EESE I LR 8 e i“ﬁ A BF"Sof CD4+ T cells
in the spleen were aﬂ]pdrla)ékdmﬂehrytw%rﬁ}ﬁ)e&aﬁﬁ cklls tb@tdaognrzaatneﬁblmmnanad unt r eat ed
mce (-6x104 Ab dition to an
i ncrease in ls elfqomf)lrtho ?pFue“rC%ll%y egtlr‘?Ctl\ieﬁrerlo?n ﬁoi %5“91?“‘ Whofhaﬁgﬁdl g gnal ing al so
resulted in an na@mazsﬁdn mﬂoxdughﬁt @mu@)fgla&l’mIlehBﬁlbeemydCOlkatétE\Slth the winfous - -

specific CDB+ T B IIS‘Fm xam Qraot elilgt C2:amounl ofant¥ﬁn spec&n\ul;cgl& W bE e+ T cells to
5ei ght di fferent™ Bs Was {ermn Mbi e response was 2.3

fol d higher in tadeaneﬂedmmeecagmwnparreclemmnqumspeatt:cemtlmrmm(da'emgpllr:es 2B and 20).
A 2-fold increa e luci ng cells was al so observed
foll ow ng treat rslrgar? &fﬁ?gﬁagt Dg%)owr& ! l];wl eg?tg%@e %was al so accelerated as the
virus was cl €ared fr dnpativelas enmples shdre tin recgprat heiswemafnd rneat eifl i ce. Reduced
viral titers wer e Lol n ol d) by day 37
post -i nfection (lgceﬁlgc?%Qﬁq C%MF‘? ‘ﬂ%g&ﬁhéuhgg%‘ﬁo% %’%gpr eglc(ll;sre%it{ in treated m ce.
Untreated nice, thowsviglly difespyepmedntsif g RPfli angagenistaeaimingtersdiings in all these
Lissues (Fioure gElocuMalidbrdlilEinfubilieSELUM AltibL SN NRADGEARLSS: wer &
determ ned using Vero cells, described In med e (1 5.1:34-41,
.1984) . The resulctay t@mm%gemﬂh@e toalemmalemnagdﬁﬁﬁesﬂhﬁ n@rfeéseee@& T cel |
proliferatiog a’k%eé{ﬁcrﬁkelﬁ'cﬁﬂfe%lﬁﬁuéeﬁ%ﬁ&f Qb EelsdL £ ate® aldRngt rﬁ? e nhi bi tion of
PD-1 signaling restores CD8+ T cell function. Furthernore, )(n bition 5of PD-I
signaling, also ARAHEYEPIB heaPtipipr dpBRIEECdAE hthevmpisegenef I”EGEM/ specific
anti body secreti ﬁ)giflg@zlnltlsen'—ﬁe&hcel"S.ems%@me\ﬁ@%lrﬁh§gc1b1@§traﬁ@§1@g1e(lﬁtl&i'u&a@l d) follow ng
treat ment. CD4+ T cells play a key role in the generation and
mai nt enance of CHBHheTedRipt “f*‘ésf‘ﬁléﬁ’r@é@‘m]iyr?fﬁeﬁl@ aF‘@@éPﬁaéQmmH"“éé‘lol s primed in

the absence of GR¥dasd ine@dclpichf SanGrls)sesh ahglheassor. CO8+ T cells) are incapable
of mounting normal inmune responses. Furthermpre, chronic LCILVIV infection is

more severe th the aB$BIEEaBe" EpAlerapeyisameunt AL PBIOERWEFSPeHES hFESENTr cel | s

generated duringa th@h@éuﬁaaﬂisffdcntmﬁdumbfdlpepﬂ ayacalst@MERE &S BoidkRiund functi onal
i npai rment than T cells generated in t resence of CD4+ T éel | s. DbNP396- 404

specific CD8+ T 'CEIVE" R Sy et BEOtB ! ﬁ SR ©2) EG8PE Of RAEMBGP33- 41 and
DbGP276- 286 CD8+Suth @flgkisspecific T cells can kill cells containing the tumor-associated antigen

or assist other immune cells.
30 [n a specific example, a recipient has a tumor and has or will receive a stem
cell allograft to reconstitute immunity. Following bone marrow irradiation orx

administration of a cytotoxic drug that has ablated or otherwise compromised bone



conpletely lose the ability to secrete WsLy and TN Flu. CD4+ T cells were
depl eted at the time of LOW-CI-13 infection and mce were treated with

anti - BD- Li (%:%39 ,treatment fromday 46 to day 60 Qg%tUFioF,fmgg;,

LCOW- speci f| o tell's were not detectabl e by intracel
20stai ning before or after treatnent. Follow ng neatnent, treated mce had
approximately 7 fold nore DbGP276-286 CD8+ T cells and 4 fold nole DbGP33- 41
CD8+ T cells in their spleen than untreated4control mice (Figure 3A). The
nunber of virus-specific CD8+ T cells in the spleen was al so i ncreased (Figure
313). This incremg@ow fundtidhUs icapees fyb&s CBB: Inticel-fpscifinTéIRAled M ce was
attributed to an 25i ncr ase in E‘Oélilii}f ratlon as detectgd,ab%/ q@c i LI
i ncnpor ati on. 43%7 ?1“58 B BCraRs eIt oF o8N HESFHWFAERLI N8t nedi ate | evel s
of BrdU and 2% i seafigak adceghidtiaghral fvelated ahitidh tirh firdalwddotieat edicti)agd whil e 50%
DbGP276- 286 CD8+ T cel | sfi_?c%& por at e? i nternedi ate | evel s of MJ and 37%

Iof cBr dBt 't

i ncor por at ed hi gf"EEVEFY PRSPl E A TR AL B TICARARY PSS Mas pet f or med
by i ntroducing I ﬁtaigiohaithaﬁpiuidany tffeeti GQaolmlof A IQDVWaineﬂbmdUﬁslaﬂgmﬁcnf&aitﬂ'ent and

t ai ni f act tocol . (BD
Bi oscl oncee, SanBrugb: G “PHDREBGRI obp BAL LI Co KON Al T 47 H gher

percent age of CD@nti- ﬂnat&fek:s(s@hps mnwgaltelffecta:el I cycl e-associated 96- protein
Ki 67 (60% versus 19%;in untr e to treatnent in

CD8+ T cells in the FL R)B glorucea o%xﬁ:ﬁié)n o{” z%ltlloen Spﬁ(.)lf-lc 'Fce%lﬁ?on 26 nlStliithnOf CDS+ |

to nrce
cel | expansion. toasubject of infBstla popviabpr of@nllsahcsmimmhce@amweamtac{ed\mlmal cyt oki ne

production inyhel pl % lls ol | owi ng
reatment. the ninsa Sr EbeRs I AT e DB b HB6 Gl o B L hat

pr oducewas mar keeﬂtggen ricrteageth spFRr gubalimed)s, the opgderlil gHeudhunber s of

DoNP396- 404, KbNR g%%’ 1) + T cells
were al so detect gﬁj%oggegmt n%)g% “geé?%‘d?}ggh a@é%%gﬁ Iﬂggﬁg?%&gé%pem fic
008+ T cel I s frofPEs prateaithgrrng er mQe amigprsed indeesk, BN eubaiep ardeticanditipise  20% of

DbOP276- 286 SpeCEth&en%hoJ t58ht Sctlod p&RBLT AP@&Z;&&%%@ amlcr%ﬁano(tﬁégure 4B) .
Levels of IFN-1e and TNF-a produced by 6 spécific CD8+ T cells from

treated m ce,l5howdyé&rprodues @tlgmﬁclfmﬁﬁelﬁuﬂwﬂqﬂumt¢deaPSPDb@D??€B%® specific

memory cells (Fi g ffolagofilPedn mhmaaéoqay @Ame caﬁgceaaﬁéi/\ﬁ@e Thytic activity of
hel pl ess, exhausted virus- 15specific CD8+ Ex vivo lytic activity of

vi rus-speci fi c Cogmept @ith fhe Py ar@r@p@&ttc@dawodwll@meﬁgtebrpéa}ttﬁﬁmcomeféNvﬁb,; a 51Cr

rel ease assay (Wigmpyset at., 2003. J. Viral. 77:4911-27). Viral titers were
reduced by approxinmately 3 fold in the spleen, 4 fold in the liver, 2 fold in
the lung, and 2 fol d Tiis &tsphos 2if prayided heeakior ppdicigan putshed RIPARTAET t o unt r eat ed

m ce (Figure24E) antisen-specific T cells. Generally, T-APCs present antigens to T cells and induce
an MHC-restricted response in a class I (CD8+ T cells) and class IT (CD4+ T cells)
restricted fashion. The typical T cell response is activation and proliferation. Thus,
a population is produced that includes T cells that specifically recognize an 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 I molecules

can be generated ex viveo (for example instead of being processed from a full-length



a() These results therefore denonstrate that bl ocking the PD-1 pathway breaks
CTlJ peripheral tolerance to a chronic viral infection, and that exhausted
CD8+ T cells_depjiyed of CD4+ T cell help are not inev jbly |nactivated.
Exampl e 2: AR %@%?gﬁion of anti-viral vaccine and Ptgéﬁgﬁgéﬁgﬁ?st
approach for boosting T cell responses during a persistent infection is

t herapeutic vaccination. The rationale for this approach is that endogenous
antigens may not be presented in an optina$S-or i mmunogeni ¢ manner during
chronic viral infection and that providing antigen in the formof a vaccine
may provide a my&eiRfif L& YR SholyBIoUSe hQRvith S 2 3PRG Mii€1 shaand . 13 cells.
Usi ng the chronic LCW nodel, 30m ce were adm ni stered a recombi nant vaccini a
virus expressi ng®?'peles emeaip3dace plensidly: ARCsPrespid paifgatr the Pateth et wWaP33)

whi ch resul ted impa edest renhancenment of CD8+ T cell responses in some
chronically infected m ce, Four out -97- of the nine chronically infected
mce that received tHeeRE M heirBlisga eSS poRue! HithBsrtrvE afwidfonse whil e

none of the contgakinMERclR aRasing Bl kgadike irbi6 FiRABReeh Bf hRR:sI (BIHAES-r esponse
agai nst OP33. Wen this therapeutic vaccinati on was conbi ned with a PD LI

i nhi bitor, LCW YFeuigepes apinodeids fyspled lnar & hogdsusys 122t ddmer 51 evel
than conpared t oneidib&r oftifi@ad)memts, akoReofanHCbhringkpiepts @h bepolidaesa t r eat ment
was nore than addiciei ve. . _ngar_rgl.e 3. 'inhibi t|?on. of tlge. PD-1 Pat hway in
Chroni cal | y-i nf eCIREANECE POSPTRYOPEE 4 SRR NG R PR PP BreNEEeit A ) is capabl e
of silencing gengmexyt &sSIHOdsNI WaBIR], b ahmoed dddulil. anpand@tigdne psptidanted RNAS

(dsRNAs) are introduced. jnto cell d are next processed into snaller,
silencing R (‘BICRNASF h}tuﬂlé‘izoﬁg’rvﬁgfl?gﬁ%‘fiﬁ%)c %?ﬁ%ﬁxwﬁ‘gc‘ﬂﬂ%ﬁ“we a smal |l group
of m RNAs. Thi s dnegdanobsed)puiis opardnibedib@fit yndis efiubneiantigeh isuatd, ars aydier e

One

anti bodi es are not ctional. For e le, RNAI : npl oyed in a
S uacton i n i ot oiinEek S8R a%bufT ARPeSsp B0k o B DB E MRS pD 1 and

CTLA-4. PD- 1 sillescediffRdfsinggeos, anssar tlediffératt ontgpecsonmestclisaliffeyenavaigérabl e si RNA

expression vect of aﬁ‘éﬁﬁiﬁ%ﬁe a%hL%Q,%%v'e%eléé%f_%’oso%%fé%?%‘ér%?gter?{S or adenoviral
vectors (Anbi on, AustTn, ) gse vectors are then <contacted with target

exhausted T 20cel | s imyeybptier eeemm@es, an anog{né etdeosanplfgl-¥ndiehroiggn anivanpl e 4: Ex
vivo Rejuvenati op. of dJ.cells . .. Virus-specifij hausted CD8 T
cells are isol at%ifosf?l%ﬁngﬁ%l%&/%(ﬂ iu}i%%‘c‘{}ﬁ%nrﬁalcaél ‘f%?’ ':urﬁl le%:nt%ée ‘&r)ﬁ\,élgl aﬁ’gfeﬁ’g magnetic
beads or densi t yfocenmpichugaltlysen or RETererisfathersedG)CDBaddTtiogdlekanmdgseorcont act ed wi t h

a monocl onal ant1@11&'9g%ig%%%%orrﬁeﬂlrﬁ%ﬂ%ﬁiogs%gﬁk%an ﬂ:t)a[a't]}l?edo'in J?)R'e%xanﬁ)?esgtﬁéﬁﬁli— ,bed In

Exanpl e 1, inhibitionof tF ) way results in the rejuvenation of the
CD8 T cells. Accloratfi agksn offifiesgseisiespragied iydhedBe in CD8 T cell proliferation and

cytokine proggiction, ARt £XRAMRGced THRS Reh&dswHERRLSe S8 if gl . are
reintroduced into the infected mce and viral |oad is neasured as
Melenhorst et al, Cytotherapy 7, supp. 1, 2005; Melenhorst et al., Blood 106: 671a,
2005; Gagliardi et al., Int. [mmunol. 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



30described in Exanple I. -98- Exanmple 5: In vitro Screening of Novel
CD8+ T Cell Rejuvenator Conpounds Compounds that nodul ate the PD-1

pat hway can Jofietfied inin vivo and a vivo screenppg @ssa¥sspased on
their abili tsﬁ)to feverse CD8+ T cell exhaustion resul tzpng %r%om Chr oni ¢ viral

i nfection. Exhausted CDS+ T cells are derived frommce chronically
infected wwth LCIVIV-Cl-13 and next contacted with a test conpound. The anpunt
of anti--viral cytokines (for exanple, 1FN8¢ or TNIT-a) rel eased fromthe
contacted T cell is measured, for exanple, by EL1SA or other quantitative
met hod, and conparedd inahd fresedaf®BDL], antabordddysuchothat tiHReA ROk semb thalant@gh OKi ne

rel eased fromthe exhausted T cell not contacted wj the test conpound. An
i ncrease in the AABGHEUG! r‘ilt”i‘a-’?}'ih?%corﬂ%ﬂgﬂlt%‘éowpg‘?lxm CG? lPpdsr €8fscel | s

relative to suchlar&urRimplé) APk eeadcedpiel tba sifdabitiafo@s of hatigompoidrektas a PD- - |

ant agoni st, useful to npdul at cell activity. 1 le 6: In vivo Screening
of Novel CDS+ T E‘él”itf‘c'ﬁ%t YLR%%WC QBI’?ﬁ'ﬂano&sfhe sutfice 6 ﬁg‘uggt(g’de’@wg?’al‘ cells are
derived from fn ceasthfo@hihe MHEY mbRéeGtaetbonipida, W M1ddstGle, 1B easi7. 5B St atconpound i S
adm ni stered intyra usly.to the.infected mce. The ampunt of anti-viral

eyt okt nes. (such GoV SRR it St e ke &R st Sk SBser um o
treated and unt r Patledaginisetotise ARGgueseding tleranggcanpinerestiys ehipSAd @r ot her

quantitative met nd conpared. An increase,in the anpunt of anti-viral
cyt oki ne found i%pe%%ﬁggrnﬁtrﬁllsﬁmt%reéig ‘%4 Ofﬁn({?lees 'ef\é)to U\}%OPSFEg% ’Sg%aﬁnt in
untreated m ce ip®nkiifi teg haheed pgheddonpoutigenad imerBD-dthanihagand with the

Al ternativel t viral .t . , um- Vi, Lt er det er m ned
prior and su%%eq%g%st’ Oétgon%lwelgﬁ{ ﬁ@gﬁ(? eng?s OtfagbZIqutn\e{as?%) mct’osﬁlr%%ﬁr%? r<l:t%gcbbt%atExarrpl e 7:
Chi npanzees as aspkbtiellybors Plparumotefraeraiply asfivaReths fedls alrtrebF Ip@vuding &ct i on.

Chi npanzees pr ngog?laﬁom&QQ!s eglfiﬁhle:(ﬁ G¥h RELSHEE BRGR thalDAUABR e AR GES TN T 3()

cell imunity leading to [ife-Tong virus persistence both include a deficit in
1-1CV-- specificnE®4t+- T helper cells and inpaired or altered CD8+ T effector

cel | activity. Persistent lynlnfheGtedes i MRAERES BRI RIS Rafnt | bodi es
agal nst CTLA—lgl, PD-1, '.99-

be incubated with one or more antigens of interest, optionally in the presence of a
PD-1 antagonist to generate a T cell population that is primed for the one or more
antigens of interest. T cells can be primed using any method known in the art. In
particular examples, PBMCs or lymphocytes are incubated in the presence of a
purified target peptide antigen, optionally in the presence of a PD-1 antagonist. In

20  some examples, the antigen of interest 1s a viral or tumor antigen, such as, but not
limited to, one or more of the antigens of interest listed in Table 1. The antigen of
interest can be in a purified form, such as a chemically synthesized peptide. In other
examples, the antigen of interest is present in a non-purified form, such as in a crude
lysate, for example a viral lysate.

25 The amount of antigen used to prime T cells can be readily determined using
methods known in the art. Generally, if the antigen is used in a purified form, about
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 iz vitro by incubating them

with soluble antigen or viral lysate for 5-7 days under conditions that peimit priming



or a conbination of the two. The efficacy of blockade of the inhibitory

pat hways, conbined with vacci nati on using reconbinant structural and

non- structur otelns and whet her such strategi nce the

f requency angkvgﬁ%%ﬁgty of virus-specific nmenory T ceI é”%?@”§ﬂ$§rnlned The
defect in T cell inmmunity is 5exclusively HCV-specific in persistently

i nfected humans and chi npanzees. The bl ood and |iver of infected chinpanzees
are exam ned for expression of CTLA-4, PD-&- BTLA and their |igands and for
the presence of Treg cells. Antiviral activity nmay then be restored by

delivering to chirmamnzessie humBalezadvarnasondle Antddadipgs.et hat bl ock
signaling through these nol ecul es. 10Persistently infected chinpanzees are

treated with hurfﬁ?ﬂJQ’éH‘%mﬂby&eaﬂEti“t&@&f“é%TG%le gred; g WehlapEsed Tor  aPD- |

anti bodi es. The dem ctah@&p.dﬁb'ﬁelom oﬂemla?@emndssmpexa Eg/bkgqcmlubpwmdrha weeks | ater
by 1.0mg/kg and then 3, 30 ny at three week intervals. After treatnent

wi th antibodi es 8 °e€c§°‘|‘"‘ﬁ1’ﬁ‘%|5f ‘WS h‘lﬁiF‘etE‘fﬂa&e copditiong pfaesg sed iR thediftul ar i mune
responses as el grindss, amlmleq/caamcbm will be 15determ ned. Sanples are
collected at weeks 1, 2 and 8, and then at. nonthl |nte val s. Sanpl es
i ncl ude: 1) serum fof® %ﬂ@?ﬁ??@P%ﬂyTWQﬁgﬁﬁﬁﬁﬁ E”’HU%@@HWF%BH?%%’ﬁﬁeutral|Z|ng
ant: bodi es t;) HGMth tﬁﬂ?htl@éﬂ, ﬂiﬁbm}lpneeismrfs.asqfaz)lccmeamalsfemmp\yd Takllsl oad and genone
evol ution, 3) PBILVIC for | nmeasur es. o

costi mulat oryt | MBIEGRY et Mo BET 6N AT PEHEPIBR. B FPESn (unt | xed)
liver 20 for i Sehgtdcges @PBMT dstaheqazﬁom:a Juyﬁ@hfb(lyénﬁﬁcuaﬂéﬂ \RINIAAP@H‘IH the) fixed
(formalin/paraffin enbed ) 1 stochem ca

anal ysi s. % oﬂé?mwﬁﬁg gﬁq' % %?%a%eggbggFﬁ@&%% o %wf ?m mrr%?pomts to
assess expreSS|qnmoﬁoco |nh|b|tory nmol ecul es and splice varlants by

i mmunohi st ochemi stry c chni . 0 uate the efficacy
and safety of these gﬁerdﬂ?&?ngm e“ng(QFfﬁb e “w orrrecTE wnﬁLé?éfﬁbed her ei n.
To determine if dQMUtmaEmonnmn¢HWQSmﬁweamngﬂnempovémanM@smmhemﬂherapeut|c
effect of antibo g

ntr amuscul ar i e e e ey ol VR Ae LAl AR and e2
(in ME59 adjUVaNDPean@n@ﬂhemepwﬁKQQMEe@H&réﬁph9$ﬂ$533wpmmummﬂABC$0|nulated

wi th | SCOVB) at ion with the
vacci ne used in @¥%@§¥§g%ag§%?ﬁﬁg$§ﬁe %AHéﬁ%ﬁﬁﬂ%ﬁﬁgﬁﬁ%ﬁ&g%gngﬁgg (30 ng of
each/ Kg body wei Gisdisciospdmzpthodpus hyt ligtiteguoegicgar methegn df @asenthigmhevacci ne i s

gi ven); 3) |denthQ%(kgmg%tgxﬁggﬁﬁuggqnAphat 02D- | (or RITA) antibodies are
substituted For the CTIA-4 antibodies; 4) identical to Goups 2 and 3 except
that a comnbi nati on ofAndFnaca ajpade P[D-‘C.'ES@@CB’B’ RIAFA) cidieritniayodly esdugrtethased in
addition to phe Ms’z‘:?&:'n%@a RV ARRE fhk HNB *BELE &@édhnoﬁﬁ‘e%&&@r%ﬁéclﬁ” e nonitored at
nmonthly intervals after rmmuni zation for a period of year . Mar ker s
exanm ned on HCV- @&te@nenivalst cigteagodme ghelaptseep At infsrest Caﬁéff ‘}‘%i’%’c‘?dri&‘lodtfe mar kers of
differentiation fg)gas GIUGRAHRQ, Fl8%l vecolORch a@-ﬁ‘ﬁta%ﬁa}nexﬁ&tﬂoﬁat ion (e.g.
CD25, CD69, CD38, and HLA-DR), survival/proliferation (e.g, bcl-2 and Ki67),
cyt ot oxi ¢ pot ent TERIO™ Pk Yial yechos (U FHaP A rARIFRAV G PH)Y INSa A EHIBKYRES-ecept o s
10(CD122 and CDIZ#)polyMitldonb& efsiiinddn 6ok Lo rakkeN iRKiuSE fchBliMBEeDNAr e- t her apy

| evel s of the chennklne 2-10 and response to PEG I |1 IN-nari bavhin, 12-10 |evels

are measured?? o VYHHESED GEEMRUPOERMAIRE PSR TP A" BREERE AKOREGSE iVe regul atory

pat hways or HC\/-tﬁ@%bifnlcQDN_AGEdéukﬁ@&@(w%ﬁ:haﬂds dsRrsdfhrdtemelksile Expressi on of
i nhibitory receptors and_li gands on are %ﬁ%orned b Iowc torretry 15

Exanpl e 8: PO-1 PHReHERAPAFNGIICHRe B‘E‘i Ueiqy R FPLE 8 interest

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



Case material was obtained fromthe Brigham 8 Wnen's Hospital, Boston, MA
in accordance with institutional policies. Al diagnoses were based on the

hi st ol ogi c a henotypi c features described in alth
0 LR DRt

200r gani zati on oma Cl assification system (Jaffe 01) and in
all cases diagnostic material was reviewed by a hemat opat hol ogi st .

| mmunostaining for PD-1 was perfornmed on formalin-fixed paraffin enbedded

ti ssue sections follow ng mcrowave antigebd-retrieval in 10 mMMcitrate buffer,
pH 6.0 with a previously described anti-human PD- | nonocl onal anti body

25(21-17; 5), uSTdBhigue§bandargl dongihect., adi. vubi, obidmohonsapadish per oxi dase
nmet hod and di ami nobenzi di ne col or, devel ngngih as previousl %0 descri bed (Jones
2L ded

D, et al. 1999; DotPrdi°Pird-éicadSel- Y503 hererfeldshdr Q-

i munor eactive fa¥r14BDs3%; Willkidbn Eﬂa319325\%cﬁfﬁ\cﬂaela&| ?stzm mb|$1a&!®ﬁhl bited posi Iti ve
staining. PD-1 stainin th t nmouse. | gG i sotype contro
anti body dilute eﬂW‘”‘P‘HEﬁﬂ Clé)ﬁ(?gg’ gf‘ °tohn 4ér?t5$aﬁ°6‘ﬁ‘af" P &Wkeét es st udi ed,
to confirm stai I"Izilng)93,®6lle<fhn6llogy 24: Mmam)l) QBailo- a@ﬁ’dt:ﬂatb@dﬁ’usZﬂdniyZzlfaOf99E’D— 1 was used
to stain fonnali fin- i T | ynphoi d
tissue, thynus, @%HLF)QP hﬁ‘ﬁ jmm“ g"%%@iggg §m§§?q ﬁﬁdgﬁggé%\é?)’

| ynphopr ol i f er atlieves dinsayidatdng H$V SPEC aneBBY Ofatkdsiet,| 192X Qiubi Tdpng reacti ve

changes, i ncl udi fol l.i cul gr l.asi a, .a b antly smal |
| ymphocytes in tlﬂ% bétlr%‘fnﬁlaflq 1%’(27?580 PIIOBI{édl lthcs)g/ as’még5§}tl9$np for PO-1,
wi th infrequent &bk, JlQ%%liumL GeneClikil. 8:15@@rBreanfitiner 41.nt%87 fabll Newdtasl., T Scel | zones.

The PD- 1 Staidi ngyBabioan L %00 Il SEnheka.deso i thal| dudilent cal, 1o that

seen with an anti 5 an antibody to
CD20, a pan- B cetituseydr kidnyeigt atimhet?%ﬁ@maﬁenerr’ﬁl}empybyl@lfll@érlﬂrﬁn%alt center B

Sim L ar results g £05000 .o liskob gl ARE! k0N 8ht 0861 hsal yPh node and

spl een. No PD- starning was observe anple 9:
PD- I | munost ai nBlngChnnl PhI &Rl rFlEprbetddel&%I' |Ps<$uléat8éead onsUdA 9BIGEId and T Cel |

Lynphoprol'i f er at IM%)Qh&%EQﬁF&es%f 5\51%9(% ﬁa&?ﬁj et?ﬂ“%?t 4, &) lcelgmmhoprol i ferative

di sorders for PD-1 expression were stu results are sunmarized in
Tabl e |. Forty- t4itchdetiopoupBReicid] 1998 ynﬁm@pﬁ@ﬁ%é‘ﬁ%&h veindi(¥gleddPe. wer e

exam ned for PD- &, £x8p 835108131 rhAGhHdi 989 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, J. 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 anfigen 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 use include orthopox, suipox, avipox, and capripox virus.

Orthopox include vaccinia, ectromelia, and raccoon pox. One example of an



representative cases of precursor B tyrnphoblastic | eukem all ynphobl astic
| ynmphonma, as well as a range of |ynphoproliferative disorders of mature B

cells, includigngespsiiyymber of B cell non-Hodgkin | ynphop@lgm%m)‘o%lsgli cul ar
origin, including 6 cases of follicular |ynphoma and 7 cases of Burkitt

| ynphoma. None of the B cell 20l ynphoproliferativci disorders showed staining

for PD-1. In sone cases, non- neoplastic reactive |ynphoid tissue was present,

and showed a PD-1 staining pattern as seen®d'n tonsil and other reactive

| ynphoi d ti ssue noted above. Simlarly, in 25 cases of Hodgkin | ynphong,

including 11 casesomk of Lessiacahia Hadgi inclliyeapdvapm, anty péx adpezeod pdxy nphocyt e

predom nant Hodgki ma 5t h neogl %fsti C ceLI di.d not .exhi bit staining
- Set &

n | ynph 2
for PD-1. InterestlAy {}'3“ CROUPI* 209 SHEEPEE: BOF GBI VBT eloHTRaNt Hodgki n
| ynphoma, the T EBehbsssfipok oundedigs foeoppasibn & EZiBeqroséxhinpledellls wer e

i nmunor eactive for h.Simlar to the staini pattern noted for CD57+ T
cells in | yrrphocl%feélﬁgé‘éﬁdg%d'épahvﬁlcilbsd&ﬁ?ipﬁl §ef?rlﬁlﬁ8:l%.lg$ﬁ%c§e%ﬁﬁ i‘lagéesﬁ?‘% ve cells
were a subsets ofthithe teotal indi@B-ottEr DEAIvipgpslcati mmpepvesent adeBOAurange of T cel |
|ymohoprof 11 rat ygych 3R 821 L85 Fhudhpalier BT popion of FDLi the results
| euker ni gl ynphobl ast Scitadbiervptiomaie daclheedploasamole, in infatPures Nb. ¢.894.%52, - 102- of
imature T cells,,. egative . . eo 15 0 i pheral,
post-thym c T calla felpaRk b 8 it AR PBLR e AR e e P o

peri pheral T celducl asppérombinaningad fiive d,syadiptlvstdddied &y geergerd ¢f al ynphoma, and

adult T cell de ) -aly o - CQpt Fas: S
angi oi mmnobfdasﬁﬁ%ﬁlfgﬁ%%ggnggggﬁﬁéégfnﬁgg”u#ﬁ%seoq?énllge[s}]oglapg‘%\si%taﬁ]e\gzeescel | s that were
al so i mmunor eact feyatiofiadly eprarplent deleto flralikePY Asepincs wiipto iPDrelupesi ti ve cel l's

were consi st ent lé()ntfié?lgﬁlaqwimthé ng’likingPa&?ﬁ%@ﬁlﬁﬂor%ﬁ&ea@né& Q}Hl @nrcodj:eaﬂdm tic cells

(FDC) networks, a characteristic feature of angi ol imunobl astic | ynphoma. TABLE
4. PD-1 i munostatiginef ingeresy mplsogspobinf v ies apetaiding syclarcBimeriPpene iy nr nunost ai ni ng

B cell LPDs O/ ffective 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 (i1) a poxviras promoter, wherein the poxvirus promoter is adjacent to and exerts
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
number 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 surface, 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-2,1L-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, 1L-12, or [L.-15 added is
about 0.1-100 TU/mL, such as at least 1 ITU/mL, at least 10 IU/mL, or at least 20
1U/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, IL-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 CD§ 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 [FN-y by using differently colored anti-CD3,
anti-CD4, anti-CD8 and anti-IFN-y. Briefly, stimulated T antigen-specitic 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
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and CD8 positive or CD4 positive. In specific examples, the resulting population of
antigenic T cells is at least 30% pure relative to the total population of CD4+ or
CD8+ positive cells, such as at least 40% pure, at least 50% pure, at least 60% pure,
or even at least 70% pure relative to the total population of CD4 positive or CD8
positive cells.

In another example, the method further includes determining the cytotoxicity
of the antigen-specific T cells. Methods for determining cytotoxicity are known in
the art, for example a *'Cr-release assay (for example see Walker er al. Nature
328:345-8, 1987; Qin er al. Acta Pharmacol. Sin. 23(6):534-8, 2002; all herein
incorporated by reference).

The antigen-specific T cells can be subjected to one or more rounds of
selection to increase the purity of the antigen-specific T cells. For example, the
purified antigen-specific T cells generated above are again incubated with APCs
presenting the antigen of interest in the presence of a PD-1 antagonist under
conditions sufficient to allow binding between the APCs and the purified antigen-
specific T cells. The resulting antigen-specific T cells can be stimulated to
proliferate, for example with IL-2. Generally, the resulting antigen-specific T cells
that specifically immunoreact with the antigen of interest are more pure after
successive stimulations with APCs than with only one round of selection. In one
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. ln 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
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
(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 treatment.
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stai ni ng and'phederyisdantgsaisysilis: T eHeappde usfedangernperdffbeeds bl ood
nmononucl ear cel | gifiiRRYEd 2tQ.d9set hibduPNX 1weﬂs§emncsmnwsme&e&rb@mrxfor 20
mnutes at 37C. The cells were then washed once W th phosphate buffered

10sal i ne (PBS), k?qu”éf’fééfﬂo%iﬁH oktulicfeticlfsieast aBputy X hO fCF‘LPo‘ieé@@élaW Psot hi osyanat e

(FITC) - conj ugat @durant i0*CEIB peBertam, Sk ki MsOMbut PRYsRENYNkildirarn) ugat ed
anti-PD-I (clone EH12), and Vi aProbe (Becton Dickinson). Cells were incubated

for 20 minutes at OPU&% ‘coeﬁeé'élp%{tkdf’%amv%@haéé“ @ﬁ&tezslxnl(b s Peiyosa8 ¥ Bended i n 200
pi PBS 20 about 50 X 10°cells per kilogram.

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-specific 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
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within 8 days, leaving behind a long-lived population of highly functional, resting
memory CD8+ T cells. The LCMV ClI-13 strain, in contrast, establishes a persistent
infection in the host, characterized by a viremia that lasts up to 3 months. The virus
20 remains in some tissues indefinitely and antigen specific CD8+ T cells become
functionally impaired. DbNP396-404 CD8+ T cells are physically deleted, while
DbGP33-41 and DbGP276-286 CD8+ T cells persist but lose the ability to
proliferate or secrete anti-viral cytokines, such as IFN-yand TNF-c.
C57BL/6 mice were purchased from the National Cancer Institute
25  (Frederick, MD). Mice were infected intravenously (i.v.) with 2x 10® pfu of LCMV-
Cl-13. CD4 depletions were performed by injecting 500 ug 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
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cells. These data suggest increasing anounts antigen in
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
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infection. LCMV-specific CD4+ T cells were not detectable by intracellular IFN-y

20  staining before or after treatiment. Following treatment, treated mice had
approximately 7 fold more DbGP276-286 CD8+ T cells and 4 fold more DbGP33-
41 CD8+ T cells in their spleen than untreated control mice (Figure 3A). The
number of virus-specific CD8+ T cells in the spleen was also increased (Figure 3B).
This increase in virus-specific CD8+ T cells in treated mice was attributed to an

25  increase in proliferation, as detected by 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



Because HI V-specific CD8+ T cells also exhibit inpaired proliferative capacity
(2004), it was determ ned whet her bl ockade of the PD-1/12D-LI coul d enhance
this functiogqi,shbtid,0- Representative data froma W 1S hdskai €

10i ndi vi dual are shown in Figure 8A. Incubation of freshly i1solated

CFSE- | abel ed PBMC wi t h nedi um al one, or nediumw th anti-PD-Li antibody,

resul ted in mai ntenance of a popul ation of B*4201-TL9-specific CD8+ T cells
(1.2% of CD8+ T cells) that remi ned CESEh{®-after six days in culture.

Si mul ati on of CFSE-|abel ed PBMC for 6 days with TL9 peptide alone resulted in
a 4.8-fol d expanpsi@n K7 (605 v&RSED® iBdRR1ted nicd, Higld aMEREspRRdelts, wher eas

ant1 PO Li bl ockIRG-HAT LBBAT oFUre Her CAraHE SR Har P AT HENE Y- speci f i ¢

cells, resultingDs Bacel@x@nii@l.d i ncrease in tetramer+ CFSE proliferation
assays were perforne e of purified

e D e e e R T R PR et B R SRR PP S W St he

proliferatiors ofexkduMedspecispdctic CDB+ Tlcells:el?oll]swvgsmimerrhe@muen tfhe presence of

BregH 19 grglt on f L[?H‘f% E‘!;a%dt‘??#zzg?g#(%%ﬂ)éﬂﬁs‘iaf i %?&%‘Bﬂ@r‘ggm pOO 0006,

pai red Vest). Thecnéa@ddd(ﬁxgmeerze@aszeo@h higatrmmers oCRbN S 06-A04, KeNp2@EsBEnce of

P s R BT s BLSE) PLooL fual, S B BB 8

in the degree Ofrruf:dJ(IFCgulem‘Aal SMI@E\DS@H’EE\ 2686 sgetifis €DR-eFpangem treated @Bee Exanpl e 15:

Synergisti cally PROPOTEL THETHE CORE PORo G TP Bt G PAT TGt on: A

Concept Study ofcofimrhhiatomil (fhes apeukids dfaEcyard Blhe pldgnedibgnal i npai r ment
of T cells includin ngﬁ oki ne roI I f ratl on, cytolysis, and proliferation of

anti gen- speci fi &P  sppdfi %%*TTF\ Jﬁ&"@ﬁﬁf‘t&%’tnécr% PR RS BHY oni ¢
infections. | naqtllllwfabcﬁﬂnﬂme}lptm zmumlfrcex&m)mﬁ@m giqbsenved during a variety of
di fferent persistent infections, inclu V HBV, HCV, and TB in
humans. T cell inact F@gt imﬂﬁ“ﬂh?l?orf@f‘%%? tﬁ? Big ?ﬂ“é'&%g‘ﬁl GRS 8PSt e with the
10magni t ude =nd spedfsd CheHCelef £t e @truacgary dﬁuﬁdsedpecaﬂ’kﬁb]bm peagtas f rom di srupt ed

proximal T cell fpece naI ) ' egi on of ,nhl bi tor rot ei ns or down
regul ation of co({sefemﬁ‘g% g?‘?ﬁ‘r"y f)“r“Bfrgﬂrsil a l(r'lrjél'e ST rqe‘éyc%é §§9£ and cyt oki ne
signal s. The def\aead. 77r9extipuyirelditers eat kludes baamd))ﬁfﬂﬁtylyﬁéaémhé glecbhe inability

of the host to e“ofn nﬁlt %V?gf r% mg]dp}afglgorg Wgekso o%lnﬁenlf 2I$Ct| on,

exhausted virus speC| el € upreg u FAY
proteins: PD1 a’ﬂldtl\(élthmt&ated\mmet(Flgme)@Ebl ockade of PDl |ncr eases the nunber

and functi OnQIIﬁf vir u%‘he%p e%ul S thedﬁ%gl)gv\gem?(guat«?thﬂ%@oc&uw HletP%) f %at}f b?e% ed viral

| oad. ere are Several current vacci dn Strat egies for
chronic viral i nfEecpaiphsal t@peck fd cdldne, vief hectidnvandbioosthamgddD8art i vi ral CDS

T-cel | 'responses. s, 20nqLe e YoM, &f Lefod DELARRULLG, Nacct nati on. I n_additi on,
e

a high viral |oa ow proliferative pot 1 al responding T cells
during chronic infection are likely to limt the effectiveness of therapeutic

vacci nati on. Thus. | b.kiolk TPRAN AL OEHRLAR L0EHARRKPDS AREHOE Strateay to

boost effectively host's P endogenous responses to control chronic
infection. 2BA wel | - Knewmprashl nb@*i'%ﬁ%@ﬂlllﬁnomlmi npRiTEent jecil@My d one- 13

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 CD8+ T cell responses in some chronically infected mice. Four out



infection was used to determi ne the effectiveness of using a PD- |l antagoni st
in conbination with a therapeutic vaccine. A vaccinia virus expressing 0P33
epi tope of LMV Was: Ysed as a therapeutic vaccine to npgj, kg dkss:

epi t ope-specific CDé T cell inmune response. A therapeutic vaccine was
conmbined with anti-PD- 1.1 30anti body for bl ocking an inhibitory pathway in
order to investigate the synergist effect regardl ng a proliferation of
antigen-specific CDS T cells and a resol utfon of persisting virus. -110- The
folio rmnethodst used in these experinents: Alice and infections:
C57B1J6 mice (4-oftie nﬁTe\bElekitﬂlydnfE@éﬂ&{nesbhaMed’eB/eEﬂ nﬁmeTatpech/&mle@mmlemor atory (Bar
Har bor, ME). Mce were mai %ﬂgl ned %h r‘p { gf-} e Vi varlurp‘ according to
NM Ani mel Care JUFHE FHEEe "5 "&t iPALRTISE TS %dfaséﬁlu‘r‘ AT REERE°ons, mice were
infected wi th 2Xi@fmnefekdon@faghiMiZPe3, oWeenliBis (HelapdiBiy vasinaesicras beabipgdevi ousl y.

Viral growh and pl assays etermine viral tit rshveben descri bed
previously. 10In ‘91381?%& é‘ﬁﬁ?télo&[ﬁ&b\}ljs@gﬂé%tceglrllceispf)ﬁ Sr‘ﬁeﬁieu?oﬂé:d%l Fhation: Two
hundred m cr dgr desl bfin ¢aatpagiitd eithousemeD-aldne aid 1@ BG)f cmb|eedackmmhst er ed

|ntraper|toneall‘¥ ever%athlrd day from 4 weeks post-infection with CL-13. At

the time point TSP 184 5ent of anti-PD-1,1, 2X106 NFU of recombi nant

vaccinia virus expressing the 0F33 41 epitope (W/ GP33) as therapeutic vaccine

or Wi | d-type vacci ni b iis, LA, SOAl Y aREHISIVRIG S ven

i ntrapedtoneal | y. SRS RS S were 1 solated fromtissues
and bl ood as pr e\dlcet[ﬂsilngP@elsRNAbed Li ver and lung were perfused with ice-cold

PBS prior t o1d enoval R&%ﬂnk%&@&@?&’&&) llsscgl!w ‘e o?@iienglgo gene expu!\j QIWmCyt ometry: M-I1C

class 1 peptide tetraners were generat ed and use Iously described. All
ant i bodi es wer e ofmilnedelsr b@n@@@hamqug@iﬁfeﬁde@m@ﬁl@nntmdawémce@s( Cal t ag),

Bol-2 (RaD Syst el ik AL (AR ASELEDEEN (AL e SRt facel | ul ar

cyt oki ne st ai ni ng was p rfornmed as descri er et
25439: 682, 2006)mRI¥H “@j%ﬁtcéle%Oldégllﬂ'éﬁk@PmPff@ﬁﬁNASpTWG@Wﬂésy l\?\eqﬂéc%ftlliynul at ed for 5 h

in the presence Qfs ppehel gkmhequn%gfepale adteh eGP 7@ E)Jamle RRd; ﬁﬁ'} be CD |
07b-FI TC. Confocal m croscopy: Spleens were renoved frommce and frozen

in OCT (TissleTeRplovrt bristiptioe ingtiodaidug erligo vitnie Ppderatuletenodis were cut and
fixed in 30i ce-cg)d.acetone for JO m nutes. For inmunofl uorescence, sections

wer e st ai ned _ ) _ _ _ ,
PD-1 silencer RNAs are inserted into a commercially available siRNA

expression vector, such as pSilencer™ expression vectors or adenoviral vectors
(Ambion, Austin, TX). These vectors are then contacted with target exhausted T

20 cells in vivo or ex vivo (see Example 4 below).

Example 4: Ex vivo Rejuvenation of Exhausted T Cells
Virus-specific exhausted CD8+ T cells are isolated from LCMV-CI-13
chronically infected mice using magnetic beads or density centrifugation.

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 Example |.



with the follow ng antibodies: ER-TR7 to detect reticular cells (Biogenesis,
Ki ngston, NH) and pol ycl onal anti-LCW gui nea-pig serum Stains were
visual i zed wotdoshbax@a Fl uor-488 goat anti-rat and Al exarid09k888098 goat
anti-guinea-pig lg (Ml ecular Probes) and anal yzed by confocal m croscopy
(Leica Mcrosystens AG Germany). |nmages were prepared using | masied (National
Institutes of Health) and Phot oshop (Adobe Systens Inc.). 5The results
denonstrated that a conbi nati on of therape ellti c vaccine and anti- PD L1
anti body di splays a synergistic effect on proliferation of antigen-specific
CD8 T cells and resoEwarmgaSoln peoscsening ofNovekCDFhE (Czp Rejuvenayacci ne coul d
boost effecti vel(%/ H@SC'[I onally restored CD8 T cell popul ati on by bl ockade of
PD- 1/ PDLi i nhi bi ory pat hway. Enhanced proliferation of antigen-specific CD8 T
cells and 10accel er aCemenndath&leﬂdtﬂla@Ithe\H@r bpBlyputyepmbd identifigd mdhiienvad by
conbi nator i al -t et Apelilihhe YAGHI ARk B Thol BTG Ry Ao OB AR GHE Sonl OA- 10D)
Combi nat ori al ther apeuti c vaccine guid a dramatic i1ncrease of
functional | y ‘actPwingbgmTheelclvgaliFegigre |1 A-D). In addition, therapeutic
vacci ne using vect or gexRLESSHAIT éé?l‘?%ﬂefdlm?veﬁ@ﬂoh%@e gy Bke%g%iﬁ of PD-1/PD-L1
pat hway enhances a Br oliferation of OD8 T cell 15specific to epitope encoded
in vector (FigurléMVand3ngnexmeataripeydasiey C@B&Eﬁ”@%s fsrnjositef aiFviEb127 seen on
anti gen-speci fi ¢ (Bel¢&ekdnid T e gwuplekss%@%ﬂ i éonm&ther eémpl natori al
vaccine reflects the generation of a long-termnenory T responses, while
decreased expr egsdagnied, &veranndt, DPEL B Az dtharanntijsree Bedod, rﬂefl W&t@étqlégol ution of
persi sting vig us,(Ghaihgs oAReinkidBhi ¢ éﬁﬂé‘?a@aséﬂafﬁon@thé)!ﬂﬁﬁs@édsﬁéeﬁ n6f fect of
ther apeutl c vaccine conbined with PD-L1 bl ockade On restoration of function in
' hel pI ess' exhausplegedcpg) tire Eal|cpypquageA FicKasean thg AnaBEPL anNfviral qikekise depl et ed of
CD4 T cells and tlgpy bkt edisWihilve kd GEvinousl @RBachRd cIRTRnHiGEEr € vacci nat ed
with wild-type vaccinia virus (VW/ W) or LC VIV 0P33-41 epitope-expressing
ve, cci ni a virus CWPER3sy PRt aplagpissostivlipmedtiateh celgctivty- t he sane tine, the
mce were treated 5 tines every three days with aPD-1,1 or its isotype. Two
weeks after initial treatnment of antibodies, nmice were sacrificed for
anal ysis. Th® resul t £xapele §h vy ﬁcrﬁl@w@%ﬂc%@“ felbBeiarEglost GP33 specific
CD8 T cells was @mgpuadam ned (Fl gure 13B). Splenocytes were stimulated with
OP33 peptide in the esenc a O7ai rb anti hodi. e and then co-stained
for 11761- 307. The E ‘E‘Bg TagDaﬁadF‘é‘éfdélﬁmc%é ol LInfgeled 8 13C). The
percent age of | AMYy,Ciae) lASesaéanfom&iius mﬂnatsﬂe@amnnatdaoﬁR&B tReftdeteniper cell's
positive for Db-restrict GP33-41 tetr la so deter nined (Figure 13D),
as was the viral mepnte ‘F}t‘g‘ﬁ‘r’b‘:y“’kﬂ[’f?(—s” S‘Efﬂ\ FRet VeeUihtids GEash et Ut e t he
synergi stic #f f eelundf 1B3atMBGRIUAGeaG KRt SRl (RRxImBE O kAt o/ JaRSE results
show t hat conbi nati ons of bl ocki ng ng gative regul at orq{ at hway and boosti ng
CD8 T cells duriNgMEHFEMEL!APLETPEY c AR NS {TdRHe ARt & BHKYR oprent  of
t her apeuti ¢ vaccdytfse tauni MhO¢anTinGRhikd MRS paFe s suth Pafuh@Ntsrealed h chroni ¢
infections or maljgnancies. Therapeytic_jnterventions ch as the use of an
ant agoni st of PDMES ‘dfﬂg‘[es %86?§&°°*T“P§‘é’gla§ ‘"‘PQQF?BHS%“ % T%‘\Xij?’ Benaali®al 1 oad
coul d i ncrease ctlefge@ésﬁnfvﬁﬂeueswawba/@kelmdd ﬁleﬁmecaﬁxesetmeamsmess;bmmfm% t he virus.
Effective thﬁsr apteutl C vagm nation could be used for chronic viral infections
and persi sti estcompoun

Example 7: Chimpanzees as a Model for Inmunotherapy 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,



10bacterial, parasitic infections. This strategy is also of use for the
treatnent of malignancies. Exanpl e 16: Enhancenent of T Cell

| mmunot her apwolhssaeghy Bl ockade of the PD1/ PDL1 Pat hwaypdbbsbd@ossgaort ant to
devel op strategies to treat and elimnate chronic viral infections such as the
Human | mmunodeficiency virus and Hepatitis C. The CDC has recently reported
that over one mllion Anerican's are livi n%with H V, exenplifying the need
for nore effective therapies. It is inportant to determ ne how i nhibitory
signaling to | ynphocytes can contribute to a pathogen's ability to

20per si stent |y evadembihaiohobthe Ivrmiite cifiegpohsleckade of the iMtiitorniprthyiayor y

| mrunor ecept or - R, nQ@wHFUR%aIBE uE E‘ele éb%%ﬁst%@tﬂ?al Yd¥bnG gﬁhu Wit ory
receptors) and its 1|gand ave been shown to be amatically

upr egul ateci durfrergins eed @Isetl@f mhsfmﬁn-ees Favfeabancothe iequandyyangp lvogayity ef

¢ nori omeni ngi ti ¥ ik (M) centeful b @Rtk GhHBESYSLD b5 O V model
have denonstrated that 25bl ocking of DI RDL1 pat hway si gni i cant | y
augnent s t he ‘endogenvlsHaMtspecifigip a‘F";lEEEB'Y'F’f%del huraseAsEmdyEEsigThhe | at e phases
of chronic i nfecliRRaR&N o8 ctld Bfhb R Sre RXDANRME L pEXIAVS AT cel | s are
functionally co rom sed and do not nount effective |rmune responses upon

anti gen encount efD-1HoWevard they ligendaded f6f the Resapes 9fPRa Ells: gt ycteppear s to

reverse exhaustl@@ tﬁéﬁq)eﬂéﬁbtl&rtﬁ'y defi@lihg folhfipapRal hdReaRa@sbhdionkat a suggests t hat
these effects persist well beyond the i mrediate period of anti-PDL1 treatnent.

-1 3- The WB'qué?wﬂﬁgblé%p‘é‘-?r“i‘ll‘f’érilﬂlsuﬂké}i‘eée pekfdned in order to (1) assess

the ability of antl-B%Lteﬁt@I@f@amgngam@eepgleheaf@r@mr%ﬁ%& gy yal anti-viral
CD8 T cells upon adoptive transfer of imune (nmenory) splenocytes into

congeni tal |y i nfastbasis (MRX-G18r Ylednador F2) 1 esibedien. (Tae aitishéost affdPonal ity of
virus-specific, mwym%ﬁmo@&?& lvSexds Dk b RYRRY RANAGS | 3%&/1&3 .gsence of

PDI / PDL1 bl ockade and (3) to determ ne the eXpression of "vari dus narkers of
differentiation thie VEFkuBtepla.c ptgrdre@mpn v iodieh gy corjpiitoaxmalaeiéad. the t he

presence of Fal/ |l Blekadgmmulh@sdofle€abeil Dehei RRALDNAY  WRS assessed in a
wel | - devel oped nodel of cyto-inmune therapy for chronic viral infection. The

model descri bed ¢s&r@ing- 1&3;31@%@16@?@%%&%@19 T2ckPiang g1 agd iheratrieonter apy f or

tunors in regar dinirep«alfshsadlgmumddegf)fgaLmt@@raml@snssoftnla@samnme& dhifdgni@pRkd cabi ity of
t hese therapies (suc as corrupted or suppressed T cell/anti-runor responses).

M ce infected neHE&INEYNBPIENOH M0 IPHMENPPECTotP 4iBa M Ve degenbus

1_, OW-speci fic dna& ofu@SRaNSERCaBdn 9o oitaduies hav@nhigh | evel s of infectious
LOW in blood and al | tissues thr oughout 15their |ives. These anl mal s are

congeni tal carri FEPHHerYAMED QELEFPICRPIPEST Y B AWty 4 fHigh (unfixed) liver
20  forisolation 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  asdescribed 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 E1 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 aCTLA-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



pat hogen. When spl enocytes froman LCW i mmune nouse are adoptively
transferred into a congenital cattier the transferred i mmune nenory cells

rapi dly undeggpofyRansi on and establish a vigorous | MmyppusBsRARSE agai nst the
virus, Approximately 2/3 of the animals receiving adoptive cyto-irnmnmune

therapy go on to 20conpl etely clear the infection when high doses of

spl enocytes are transferred. The following materials and net hods were used in
t hese experinents: Mce and infectiof8: 4-6 week ol d femal e B57BL/ 6 mice
were purchased fromthe Jackson Laboratory (Bar Harbor, Miine). Acute
infection was i nitoRDed(cbpTLA) mlb@mﬁraietsomaﬁedlmjt&o(t"rmmeﬁnbzmwﬁ) PFU LCW

Ar st rong. Congeltal rri e bred at ity (Atl anta,

G A 1 om col on eIt ORUPT B FSHAP S Py P AT e OER b e B0 B FU Lo
clone-13, intr aCEI‘[elQraahl)odleé\ﬁiﬁpﬁdd\lrﬁaddﬂﬁﬁ&ﬂtﬁé hﬁbl&@)ﬂ{@‘ﬂdpdcmc\ﬂl aa Basll i body

bl ockade. 40x 106 whol e 30s, en r’? § (OH 0-90

oSt s i ect i on) WEPE S6ran B ARG XASF TS G FREVRUBROST G PACL: 612 week ol d
LCW carrier n cear. 200 m'crograms -114- of rat-anti-nmouse P1l)-L1 (10F. 962)

were adm ni stered ev days f optive i mrunot herapy.
Fl ow cytometty and tg)@rﬁ?aeﬁeerxmg'tné} %“?%C‘]’?W@ %4 éomiwcgl g”panaé H 2Db

5conpl exed wi t h hdMé nCIrETd mdlfmeatgnemeg ﬂ]:ddRAQKCpICH%iZbuSﬂM gelsdPi7hed. Al |
o 3, "L e RULGRRRAACEO OB Fhal TIeN kAl B0 (il e pher al bl ood

nmononucl ear cell's ENoCyt €S’ Ver e 1.0 preV|oust
descri bed. Data wasﬁ@hqutoroemt m&nmi](eag EACSCab hisiupeddin)] apdic pyitiommetegror( BD) and

anal yzed usi W { ne S%?BltZ\MirA% 1gll|-£le§tﬁlogglffglat!o Gxis tAﬁglvgqu) e- tng}x%y:HQvels

Intracel lular cyto ai ni'n |ntrace Ki e tarning 106
spl enocytes wer eofcmdcnlun@nhelm-lﬂhed lpspesen@EEﬁﬂF\&b’gémum -10 heels mei cat ed peptide

( 214rm) and br ell;'lgasmecpto 1nveC}10|ar.§ aé)ateﬁ)nali §Ol Eall§7té?’, \%'elé(r:]) neoa eng Uﬁzltglplnl ng for SUI face
r ufar eytol cines

mar kers, cells were pernea and stal ne ace
using t he 15Cyt owalthwa&:ydzldﬁéf spepuﬁeﬁaplatelsmse@BWIPH@rlmgeﬁ)pleSﬂhEOﬁ ol lowing results
wer e obtai ned: inhibitory receptors and ligands on PBMC are performed by flow cytometry.

L5

Example 8: PD-1 Immunostaining in Reactive Lymphoid Tissue

Case material was obtained from the Brigham & Women’s Hospital, Boston,
MA, in accordance with institutional policies. All diagnoses were based on the
histologic and immunophenotypic features described in the World Health

20 Organization Lymphoma Classification system (Jaffe ES, et al. 2001) and in all
cases diagnostic material was reviewed by a hematopathologist.

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 immunoreactive 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



Anti-PD-LI therapy increases the nunber of virus specific CD8 T cells:

Peri pheral bl ood nononuclear cells (PBMCs) were isolated fromtreated or
20untreated gp) fRss: o0 days 7, 1., 15, 22, and 35. Cel l,g13RR6/dsiss for the Db
01) 33 epitope were assessed by tetranmer staining. In tw independent
experinments it was found that aninmals treated with and-PD-L1 therapy during
the first 15 days follow ng adoptive transfer devel oped significantly |arger
nunbers of LCIVIV specific CD8 T cells whellnormalized to the nunber of Db
CP33 positive cells per 25mllion PBMC s (Figure 14). These data support the
role of the PD- | {dE-df B cpibdivigellilymgho frioBfefati negd i soodves. de gifeeieend of paneill | f er ati ve
suppression in normal nenmory. T cells.. Moreover these results suggest that

t her apeuti ¢ i nhi Bf rE?tb%‘%qftl‘f%f]%ngﬁsa%&/gvyg%lb Ugl é{?&ﬂ?@%’tﬂ’ i SeEl%t‘\s/el opnent and

mai nt enance of t hedsdcorndanyll lynphoagesie sipeasEnd esedradx@bitéodykpwsng adopti ve
transfer into a setti f chronic i tion with high 30antigen.load. -1 15-
PD-1/PD LI bl ockadd "8 é’%éleév% e ‘ieﬂirz"i[??‘ gl e“dﬁp}eg‘,’é‘%%’t%‘:b%g‘i‘ fic e7)s T
cel |l s: Spenoc§t esclwens. Tsobatl edinfizentar egeedna nchtantasedatedy anitivalts on day 17
post - adoptive transfer .an 1al r.t. ression of i.nfl] apmatory

cyt oki nes (M\I—gaﬁﬁﬁﬁe?n‘ﬁ'ﬂﬁ‘ﬁlﬁ%gﬁaoﬁ%g%e&%jﬁgéﬂﬁggggégf“ﬁs\g% N g'}sasngg?dgt%d menbr ane
protein, 5LAMP). CBgb opsn-8lckll dekengdndDB: epihgpes of SENnigdmeraerdX@ilessi on was

found to be enhagged. i ' - VA ant i-- PD- Li bl ared to
untreat ed ani nmal g'%(?% lﬁgt}]rltgwigg‘%eﬁ “&@gﬂog%gglnﬁﬂ,olff:eggl;?%rlye gﬁgéfr}eaagg S@%}RI gama and
TNF al pha and CDY¥8P&b! wasnabsobanedénaswy tyolub.owi ng anti-PD-L1 t herapy (Figures
15B- 15E), Thegge findings indicate that adoptively transferred nmenory

spl enocyt es expandi ng 10in the presence of PD-L1 bl ockade are functionally
superior, in terns ofExampleiniitlohymenasekipgindavilic Enbedded Tisse¢ ease of

cytolytic granul ?gt Oﬁssofcgq@g}pgngqj @gl %%}lli;{g,gp&{itfggﬁ‘fermggrg&gr eated animals. Exanpl e

G
17: Murine B Cel Rlesponses Durin | ockade 1 SThe fol |l owi ng experinents
were perforned in orderngr{derhard heelMmaehverolifepive rvegai@elédhances B cel |

responses duri nge@t’eﬁsgm Gerk- W ed; &It ONe suBR AN & i Ghile ﬁnﬁbrﬂ}-t%k;lsesfﬁsponses axe
critical in controlling chronic LCOW infection, thus inproving B cell

responses i nlghr BAPIEIYDEMPIITRIEE EHORPE &eifdyamar©r O exripsian. ildulircand enhance
T cell function. 2RIMetodbQwWr fgcuiRl BNYrAhoRRdic TREKORES MBbRasused i n these
experinents: M ce and virus: Four- to _six-week-old femal e C57B116 m ce

were purchased f PEPROMREKESPAMSE 4t lgmphapdiferatyr BisPrdernal msyre Bpellor to
i nfection, chroningluliGdWVnithiee o idepioatiedyafph &M of foliRblaSoryn, adukst rati on of
gkl .5 anti body. Previqus 25data denobnstrates_that adm nistration of 50Qug, of

gkl .5 days -2 an8HeR ifglewa XAPhgna ¢a) eEn geBraidilypriopmy Ygiegdshedtitease in the
nunmber of CD40T gelphsprolderhtng dspideeBhod staining for PD-1. In some cases, non-

neoplastic reactive lymphoid tissue was present, and showed a PD-] 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 celts 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/lymphoblastic lymphoma, a neoplasm of immature T cells



| ynph node with the CD4 T cell nunbers slowy recovering over 2 to 4 weeks.

M ce received 2x106 PRI of the O one-13 strain of LCW intravenously on day O
initiate chryy fodRleetion. Titers OF virus were detergrpeshoPsds© day pl ague
assay 30on Vero cells. -1 16- Det ection of ASC by FI TSPOT: Spl een and
bone marrow single cell suspensions were depleted of red blood cells by 0.84%
NI ECE treatnent and resuspended in RPIV1l supplenented with 5% FCS. Anti body
secreting cells were detected by plating c¥Pis onto nitrocell ul ose-bottom
96-well Miltiscreen HA 5filtration plates (MIlipore). Plates were previously
coat ed wi th 100uéf imfnategheells, oferegeadtive fitr PO bsweert gésptadigdifIpgipheral, post-
(Caltag/Invitrogen). qvernight. at 4C..-Pl ate re.then washed 3x.wi.th PBS/ 0. 2%
tween fol | oned b@y%‘fé vﬁep%lxggglnaﬁzgeso?focﬁ?@ lo?yom\rl\}ﬁﬁcyﬁcéue?ge%’tpﬁ”%ﬁﬁrT 9r‘a‘iIO% FCS to
prevent non- speciyfpitonii mdpdvified Bhogéstingraveei ympiase, nepldaic&delvi t h | OV of RPM 5%
PCS and 50ul of | x107 cells/m wa | ated in.10serial three-fold dilutions
across the pl at e BrAY SIS 1 RALBECRA” Fr & TRAArE R SO R B0, cel T
wer e renoved andcoplaakeocwdP®-npshod c8lk that tvére PBS namah oBxcting tdn pRBBLOL 2% t ween.

Vel s were then coat Ll igtinyl

(Caltag/Invitr og@%?élgﬁc%se@%%6%}5?1%;6%?]&%?%% %0&?\%\%%W§®g?@gé)ﬁd i ncubat ed

over ni ght at 4C. expheles€bdhdialyulamtendodyelsdEDEC brrovetks, andratedstesdeanee e washed 3x
15with PBS/ 0. 2% N LAl - (Vector) diluted 1/1000 in

PBS/ 0. 2% ween/lciﬁé@&%@\ﬁ%)ﬂgsﬁﬁgtdgaéﬁgr one hour at RT. Plates were washed 3x
wi th PBS/ 0. 2% webfBhad P2k | wuninopBsing idly dephapedlifasiivedisordes.r i ed out by addi ng 100
m of horseradi sh peroxidase-11, 00 cl u- onpged immbsaspgtiee, The substrate was
prepared by adding 150 ul of a freshly made A. EC solution (10 ng of 3-am no-9-
et hyl carbazol e ([IBBN)lp&s ml di ssol ved in di nB#AYI f or mam de((Sigima)) to 10 nl.
of 0.1 M sodiumacedfélbuffer pH 4.8), fjltéBing it through a

0. 2-mm pore-si ze_nedbk ane, and i nmedi ately bé#ore use adding 150 m of 3%1202.
Granul ar red spots MpEpeared in 3 to 5 mnute§/4 and the reaction was tern nated
by thorough rinsingcmith tap water. Spots|wef& enunerated with a

st ereom croscope _eguiZpped 25with a vertical ohite light. Det er m nati on
of total bone marromMCrells: For calculatipn o8 the total ASC response in bone
marrow, the responseLB@s nultiplied by the mawrow cells of| two fermurs by a
coefficient of 7.9,Bsince "Fe distributionh soadi es have shown that 12. 6% 300f
total nouse bone marwiow is | ocated in both femsurs conbined. No differences
have been detectled mwng the ASC activities ofz bone marrow cells fromthe
femur, tibia, hunorous, rib, or sternum Typically, two adult fermurs yield
2.0x107 to -117-BodgkxLObnbai al bone marrow gekl's Fl ow Cytoneoy: Directly

conj ugat ed anti bodi essswer € pur chased from Phgnm ngen (anti-B220, anti-CD4,

anti - CD138 anti - [CD9Redu@i TynpKb & préRdilimh gD 0/14+*

T cell LPDs 18/55
T-LL/LL 0/5
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 —
I5  lymphoplasmacytic lymphoma; MM — multiple myeloma; T-LL/L — precursor T
lymphoblastic leukemia/lymphoblastic lymphoma; T-PLL- T cell prolymphocytic



5bi onnyl ated), or Vector |abs (PNA). Strepavidi n- APC was purchased from

Mol ecul ar Probes. AO staining was carded out at 4C in PBS supplenented with
1%-CS and 0. 1% sodi um azide. Cells were then fixed in 2% formal dehyde (in PBS)
and anal yzed on a PACS CaM ni using Cell Quest software (BD f3i osci ences).
10Statistical analysis: Tests were perfornmed using Prism4.0 (G aphPad, San

Di ego, CA). Statistics were done using twol®ailed, unpaired T test with 95%
confidence bounds. Total nunbers of antibody secretn2g cells in the spleen is
enhancedf ol | owi REkek§h;Nk ViV eRBindulvaskageiphdths @ TOnf getigrermitt &IILCNAV C one- 13

were treated W tyhpdbhh, uhdheBifed: 1aaDPL @xdplied Ehdse 801 BRYRoRAHTIINEEAt TON. M ce
wer e admi ni st er gd| 120QH%/FRbhdrla. €VEry tﬁl rd day for two weeks. At day 14 of

aPD-L1 treatnent, the m Ce were sacrificed and the nunber of anti body

secreting cekls:ihRnbdier FRhERRMER ARABHAIEHBY: FFlehsePOT and Bow cytonetric
staining. In three separate experinents, 20mce treated with etPD-L | showed

significantly i nepasediheyalSoff odil hadirnsaas£lagaeld f4/(46égs in the

spl een (p=0.011) as conpared to untreated mce (Figure 16a). ASC can be
differentiated fromB cells in the spleen by their down-regulation of the B
cell marker B220 andExymex pi:dsieoal Meth@d (@3B ulsing FOchenpressmgroadidnt with the
ELI SPOT res%t Sg écr.}tl:cr guz%nsedcﬂéf)r?q;eﬁ of B2201'1inCD138-1- cells were seen 25in

i nfected m ce tr%afeol Wth a 1151 (Fi gure 16b). Treatment of chronic
LCW i nfected m ce wilteholdPDrg methddsegernoted ltepaiforo tied expatrachtd dtedlkedinof bone
marrow ASC. |t }gtgas}?ﬁﬂest el[]m' ned whet her antibody secreting cells within the bone
marrow were al so'e %ncedl'duri ng aPD-L1 treatnent. The 30nmjority of

| ong-lived plasna cells reside within the bone manaw, and these plasna cells
are critical to long;term mai ntenance of serum apt | levels. Chronic LCNIV
infected mce were t@“&ff’édgﬁﬂ PATARINES Wltké%‘bql‘b&?lﬁcgtdeﬁg\g%dnfgﬁ% 565t i nfection.
Day 14 of alPP- Llechiite@bomuipatdl eleiicsan¥coore] dpitd MarBSCSbey alfiscavaidestmeasur ed by
ELI SPOT. Al t hough there were el evated nunbers of ASC in the sp|een two weeks
post - t r eat ment , M2Ret BosRel, W&“&‘H’élﬂgéo?th Atl%ﬁ‘éi- AGHREFY blopd Kerohiyingdfeom8ne mar r ow
at this tinme-pokubeclsih 6 @hdrf)all of whom warik &0 MR MkerHy nghe anthe ik bF 4V i nf ect ed
mce with ciPD-Li and | 20CTL4-4 results in synergistic increases in spienic
ASC | evel s: |t ®&ysBurtiess Magas'esiethioethclpiar Aesed pr Bekicryestdiiarishgeni t h of
anot her negat i V@ afcGRYhRUEA HaTRhEGHER thdehleR BnsiMRidl BcEPAARE ereheqglif ect seen
during the PD-I bl ockade. CTLA-4 binding to B7 is 10t hought to both conpete
with the podfti vealdepdof theeplaarowss Hei08EUV el ENZ8pianial) Blasnpr GAnigeléo i rect | y
antagonizing T | i i 3 e treated with
either treat edc\?\ns(? (%g’%lrﬁ(?lt_hf!}{l‘eg%%lf%oﬁ,ﬁ& ggﬁ#%@ “Jlae%@é %@?g%%eéwgind two weeks
post -t r eat ment {iemiaboretegarding dntalipoelfyinfseitonerds mgt avelldbde. wielt snbjpstagared by

ELI SPOT. Al't houg/pittgrg ﬁM@Eon\%lﬁ l?or%gétﬁyflw§i@9%§jaﬂ§90\ﬁe(ﬁr9§ﬁ)tcalqg&tiﬁ%@na{level S

review boards.

25
Construction of PD-1 and PD-L1 antibodies: Monoclonal antibodies to
human PD-L1 (29E.2A3, mouse IgG2b) and PD-] (EH12, mouse [gG1) were
prepared as previously described and have been shown to block the PD-1:PD-LI
interaction.
30

MHC class I tetramers: Ten HIV MHC Class I tetramers, synthesized as
previously described (Altman JD, et al. 1996), were used for this study: A*0205
GL9 (p24, GAFDLSFFL; SEQ ID NO:53), A*3002 KIY9 (Integrase,
KIQNFRVYY; SEQ ID NO:54), B¥0801 DI8 (p24, DIYKRWII; SEQ ID NO:55),



15co-treatment of ciPD-L1 with aCTL-4 led to a synergistic increase in ASC
above that seen with aPD- L1 treatnent alone (Figure 18). Enhanced B
cell and CDAT cell proliferation and germnal center activity in ciPD-1.1
treated mce: Flow cytonetric analysis of spleen populations in chronic 20mi ce
treated with aPD-L1 showed enhanced | evel S, of proliferation by increased Ki-
67 staining in both 04 T cells and B cel 1s'9B cells within the germ nal center
reaction can be identified in the spleen by high | evels of PNA and FAS

stai ni ng. Fol | oB08Y1 FPB(Nefl FLKBAGHENSEQ D@ sehaB*420l &nge(Neficr ease in the

25 Baampl e 17:  BOLPEREYeSERaR et ot 1R 2 TPODT RIS s oo

essential for tNeJ :339BH40b1 PL10N@RY, T@@P@vmﬁmfswtlqu 598 g ctios@d, her ei n,
t hese CD8 1 | s _become_ exhaust ed ? chronic anti genl ¢ stimulation,

whi ch is char act"@pﬂl‘i\éHQBySE‘%DN%ﬁ@t?ogr’}ob]ﬂ% WpB%QBW?MLa F®dDst ate and

30l oss of the aRid.dityant evRBedUCe (RO VvIRFAKTEY K IMe®.cxhausted T cells have
hi gh expression of programed death-1 (PD-1) and, also PD-1 is upregul ated by

T cell activation and can be triggered by the PD-1 |igands, PD-L1 and PD- L2.
It is -119- di SC'Oseﬁm%&we&msﬁab&gp&dqphmwpw&gws nﬂééﬂwﬁyolat@d an i npor t ant

medi ator of OD8 T cell exhaustion urlng a chronic viral infection in m ce.
Virus specific sohiracdpqdmensihneled adls (RPYI, P évelipnperppamedigh édgingh in

response to a chy.gphy é&%‘??’ﬁ@”fhé&% s WI2L theNwhESPORSE,i %%B_@gblhgt?fbﬁﬁérk&m that is

successfully elimnate ockin e Sinteraction of PL PD-L1 interaction
resul t ed i nlénhsatioePRSDPeletedlahd gm@td digacay wdh flugressductatioesyerfatai TC)vi r al

cytokines, and gt eauaLLOROTaYILabiaat dic ARy RYALaked hERNer D8 T cells

speC|f|cfor chromi€ rn ns I n human ether PD-1
bl ockade enhancéson€bS17), caed V&Proésplﬁmsmslmcﬂmos) s(tahldyve(eﬁ)lcwetbéfqmﬁed t he
expressi on pattern of

PD- on subset s, of eripher
mononucl ear cel IS f @f\f@fm tfffﬁeratgﬁs a%ed Orlcle in %dm}res Sgend%d bedf%Eg)
Det erm ned t he pflnem%tgapéomfaldeﬁ}meandia@DBedromaeﬂxhcﬁesbme -agkpreésal ed; (3)
det er m ned S ron| persi.sten i.gen Epstein-Barr virus
(E5 and oyt S neloi B Lapr Dadaodc i By Ls s sl Lk Gen Frar tighza and
vacci ni a) - specbi the Fe@sicaliband (4) determ ned the effect of bI ocki ng

PD-1/PD-LI interaction on 15the proliferation of antigen-specific cells. The
following materials and nethods were used in these studies: Blood sanples:

Peri pheral bl ood sanpkespwefefs@Rtislaie bt heMos GetBakdi¥d PBMC were washed
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 ug/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 ug/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+ lymphocytes.



20i ndi vi dual s who were seropositive for EBV, CW, influenza or vaccinia

viruses. These subj ects were selected based on their HLA allele expression

mat chi ng Hi Avﬁii’% sjetraners specific for EBV, CW, ppfluspza.gr vaccinia

Vi rus proteins. were isolated fromthe bl ood sanples over

| ynphocyt e- separati on nedium (Cel | gro, Herndon, VA). 25 Anti bodies, peptides

and tea-toners: Phvcoerythrin-conjugated anti - hurran PD- (ET-112, nouse 1gG 1)

and unconj ugat ed human PD-Li (29E. 2A3, noudé | gG2h) were obtained. Directly

conj ugat ed anti bodi es were obtai ned from Beckman Coul ter, San D ego, CA

é ﬁnti - CD3, Cglehe@QZYnCIe@ZB:euQD&Spelﬁ%5&%uém &\:égﬁil&abeégamog&anz?ne Bg BDOI
arm ngen, San and perforin an

R&D systens, M n&?@gp@‘?‘%e”%ﬂ& S ORI SeN IS PERYES PYABF BeFrRRtES At CREe pepti de

synthesis | ab at ey cdUoinmes Ssérige oflep@idlsBmulefon. - 120- The plasmid constructs

expressing HLA-A2, -B7 and -B8 were kindly provided by the Nal Tetranmer Core

Facility, Atlanta, GA and APC-| abeled ME-1C class f/peptide tetramers carrying

CTL epitopes »f EBV (S‘HluArc%nG[yk.zCrﬂ.pVA%n (oﬁE@tlerl\N@] V\Bﬁt)wy tHhAnBBmRAI&EKQ_L ( SEQ

ID NGO 37)and EL Y %’8 hP%ﬁB‘/@ VPIWATV SEQ I D NO

39), HLA- B7- TPRVTGES AR %?E °t5“ ST30Y P e?é"“ NSEYEVL-1 L (SEQ

ID NO 41)) and MmmnmpaalééslepAQGSGteTEédnkIWec(ﬁ@QdaD NO 42) and KVDDTFYYV ( SEQ

I D NO 43)). Immunophenotyping and CFSE proliferation.' Heparinised hunman

whol e 10bl ood sanples (200ul) were stained with anti bodies or tetraners and

t hen anal yzed (1 begblExelhlpl&lll PIJ-1[Expressi@t onlHEY -SHQER- @4 CAG05) on a FACS

Cal i bur wusi ng, Cel | Quest L 1..f ng FACSDi va

software (BD 9? nmanocy poarnré (Y‘@ sten%?pet%neé%]'—eggc meoleEnﬂﬁ{J%é a%igig 106/ m) were

washed t hor oughl ymaﬁi@%a'belﬂ epdtOWStWas Sy hvkieatt b@ewonfdlmhea;sfﬁeﬁ wlletks agket at e,

succi ni m dyl est - |e or ature in dark for

.5 mn (see, forﬁé ”é“ﬁlg% é?%éjgh/%es e %FNJID BE%S‘% m}{rfaﬁ%]w E{Sds 133:87-97,

1990). The CE- SEVIMb@InerdofPRme\R@rleexsltessinmloatﬂ@de wills.hHigh tda@nth@éﬁm deinal one

(lug/ ) or pept i t .cul tures

consi sted of ei thg%e}% it gﬁ%ﬁgf%éoh@}% AHQQQgﬁ&}?gsD “%gvn“afg]%e}wéar“%PBNC with an

i sotype cont Lol mrﬁonmweleqedzf@zwdym@ ?@/Nﬁiﬁl}m ofrgleYanuiilingy 24616 - ddgtal ncubat i on

at 37C,_the cellg M@rn%wmm%ﬁop@me@w mn&bl&a&mmwa& QRGingbt h anti - CD3

and -CD8 antibodi es extracellularly. The follow ng results were obtained:

25Expr essi on pat lEFéTlr?nélflvmpﬂmeldﬁelﬁsemosvnws@g@? SPDP% I plieB LS VEA ALY

apparent on these tetramer+ cells, and was significantly higher than in the total CD§
T cell population from the same individuals (p<0.0001); in turn, PD-1 expression on
20 both tetramer+ CD8+ T cells and the total CD8+ T cell population was significantly
higher than in HIV-seronegative controls (Figure 5B). For eight of the ten tetramers
tested at least one person was identified in whom the level of expression on antigen-
specific CD8+ cells was 100% (Figure 5C). PBMC from 3 to 25 individuals were
stained for each HIV tetramer response, with median 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;



exam ned on PBMC subsets in healthy individuals. it was observed that CDS+ T
cells, CD4+ T cells and nonocytes (CD14+) express high levels of PD-1, B cells
(CD20+) exprggSohsshevel s of PD- | and NK cells (CD56)radeh7lssfCOl 1c+) do
not express PD-1. 30 121- expression of PD-1 with various phenotypic markers
associated wth differentiation state and function (Figure 20A). In sumary,
nai ve and central nenory phenotype CDS T cells only expressed | ow | evel s of
PD- |, whereas CD8 T cells that expressed-\&rious markers associated with
effector/effector menory/ or exhausted phenotype 5al so expressed high |evels
of PD-1 (Figure m08yer tThebe 18aidaiduiggrphed diffeadnt fRABemt offas 1 prpedseivent i al |y
expressed anong effector .nmenmor ] cells., Wien the T cells were
oxan ned we. fourrerERRr P BIR (CRTy e R B bR SRR on
persi stent anti geo-besifécintinity axproey ol6@Btelhpai@hdoss epliopelPeniad Cag-+€T whlet her CDS T
cel s specific Tor ehrani. dnfeetlons i n ANIRAS show L acreased, expression of

: expr essi on on‘nenory cel'l's specific fo roni c persisten
vi ruses ( EBV anddifBivfcewasntobnidii@dy (WstrhidesClt @ alzil 9ds Y sppdlief alcl 996;cel | s
(influenza and vaceipi-a)_.in heal t hy i ndividuals by staining with EBV-,
CW-, infl uenza-eogﬁeé{g\}gbeéflmz(go@{ii rus-specific tetraners (Figures 21A-21B).
Figure 15 21A shows representative PD-1 A ME of EM, CIVIV, influenza and
vacci ni a virus-speci fi T | S to be increased
on EBV. specific 608 T4 |sztﬁ'ﬁeﬁﬁ%‘aﬁwﬁﬁﬁés‘%{:ﬁﬁ3&%@5‘*@%‘#%"?@ nia (p=0.0036)
vitus- specific UB8sqPwgrdssior Fi gures 21A-21B). Simlarly, CW-specific 6D8 T
cel | s more fequent | yuexpressiadChdnt faBloll HeRea (R500 4R .aR0 vacci nia
(p=0.01 9) (Figures 21A- 2021B). These resul fs sugg)est a corrdlation between
PD- 1 expressi on @ Betlis gehplesrpeihldprsand CD4+ cellmepits, pphiof whiklh@Rade i ncreases
proliferation of ,chrQubeHREsiShSt B es bl UssnSREGiIilh GrePR%s Thdie@s assessed
whet her PD-1 bl ockade enhances persistent 25antigen- specific CD8 T cell
responses si m | aielatignship getivea fhe Rungisseiigiames ppsitiveells UG ipHps] D%l | s were
stinulated W th glithgk fafEBMo sdMVanylsithirdEn 2o AS&Id A Byl [usasReci fic peptides
in the presence or absence of anti-PD- LI antibodies. After 6 days, the
per cent age of?d t ethprasre|sismbisEt pesdfve soukiorpgih \CRpbkad and dpthdhapsicertdstpar ed bet ween
cul tures that weg@ ntliofEbatRpleidhnPEP AR NG @NE(pctibiigrags t hat 30were
stinulated with peptide and subsequently bl ocked w ti] anti-PD-LI.
Represent ative fPOWORLIGHSHYSY: pItLA EFKB"TOWB‘FP'P%f“é?‘?%ﬁ?“’élﬁtlwtﬁﬁ“d‘ EBV- speci fic
leng cel I s are ebovsini did bb@uieterefaccAOrEyatas 1 datay fetam Gty , EBV

(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-1 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<0.0001, respectively; Figure 6C), and inverse

25  correlations were also observed between CD4+ cell count and both the percentage
and MFT 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
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determine whether these cells were driving immune escape. Of 45 of these tetramesr-
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 vivo

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
ne/ml purified anti-PD-L1 antibody, failed to increase IFN-y, TNF-q, or IL-2

production.

5 Example 14: Effect of Blockading the PD-1/PD-L.1 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-L1 could
enhance this function in vitro. Representative data from a B*4201-positive

10 individual are shown in Figure 8 A. Incubation of freshly isolated CFSE-labeled
PBMC with medium alone, or medium with anti-PD-L1 antibody, resulted in
maintenance of a population of B¥#4201-TL9-specific CD8+ T cells (1.2% of CD8+
T cells) that remained CFSEhI after six days in culture. Simulation of CESE-labeled
PBMC for 6 days with TL9 peptide alone resulted in a 4.8-fold expansion of

I5  CFSElo B*420]1 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-L1 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 8B; 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 individual (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

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
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
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
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
Jimit 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.

A well-known chronic infection model induced by LCMV 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
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.

190
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The following methods were used in these experiments:

Mice and infections: C57BL/6 mice (4- to 6-week-old females) were from
The Jackson Laboratory (Bar Harbor, ME). Mice were maintained in a pathogen-
free vivarium according to NIH Animal Care guidelines. For the initiation of
chronic infections, mice were infected with 2X 10 PFU of LCMV clone-13 (CL-13)
as described previously. Viral growth and plaque assays to determine viral titers

have been described previously.

In vivo antibody blockade and therapeutic vaccination: Two hundred
micrograms of rat anti-mouse PD-L.1 (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-PD-L1, 2X10° PFU of recombinant vaccinia virus expressing the
GP33-41 epitope (VV/GP33) as therapeutic vaccine or wild-type vaccinia virus

(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.

Flow cytometry: MHC class T peptide tetramers were generated and used as
previously described. All antibodies were obtained from BD Pharmingen except for
granzyme B (Caltag), Bcl-2 (R&D Systems), and CD127 (eBioscience). All surface
and intracellular cytokine staining was performed as described (Barber et al., Nature
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
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-LCMYV guinea-pig serum. Stains were visualized

| b4, 690, 000 25 602 HCV M48
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with Alexa Fluor-488 goat anti-rat and Alexa Fluor-568 goat anti-guinea-pig Ig
(Molecular Probes) and analyzed by confocal microscopy (Leica Microsystems AG,
Germany). Images were prepared using ImageJ (National Institutes of Health) and
Photoshop (Adobe Systems Inc.).

5 The results demonstrated that a combination of therapeutic vaccine and anti-
PD-LI antibody displays a synergistic effect on proliferation of antigen-specific
CDS8 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

10 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 CD8 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

15  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).

20 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 LCMYV 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

25  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. The results are shown in Figure 13A. The frequency of GP33 specific
CD8 T cells was also examined (Figure 13B). Splenocytes were stimulated with
GP33 peptide in the presence of aCD107a/b antibodies and then co-stained for IFN-

30 v. The shown plots are gated on CD8-T cells (Figure 13C). The percentage of IFN-
v" 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
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13E). The results demonstrate the synergistic effect of a vaccine combined with PD-
| blockade.
These results show that combinations of blocking negative regulatory
pathway and boosting CD8 T cells during chronic infection can be used in the
5  development of therapentic vaccines to tmprove T cell responses in patients with

chronic infections or malignancies. Therapeutic interventions, such as the use of an
antagonist of PD-1, that boost T-cell responses and lower the viral load could
increase disease-free survival and decrease transmission of the virus. Effective
therapeutic vaccination could be used for chronic viral infections and persisting

10  bacterial, parasitic infections. This strategy is also of use for the treatment of

malignancies.

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 HIV,
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 LCMV model have demonstrated that

25  Dblocking of the PDI/PDLI1 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-PDL1 treatment.
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corrupted or suppressed T cell/anti-tumor responses). Mice infected neonatally or in
utero with LCMYV do not mount endogenous LCMV-specific immune responses and
2o on to have high levels of infectious LCMV in blood and all tissues throughout

15  their lives, These animals are congenital carriers and are essentially tolerant to the
pathogen. When splenocytes from an LCMV immune mouse are adoptively
transferred into a congenital carrier the transferred immune memory cells rapidly
undergo expansion and establish a vigorous immune response against the virus.
Approximately 2/3 of the animals receiving adoptive cyto-immune therapy go 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 BS7BL/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 (10* PFU LCMV clone- 13, intracerebral).

Adoptive immunotherapy and in vivo antibody blockade. 40x10° whole
30  splenocytes from LCMYV immune mice (day 30-90 post-infection) weve isolated and

transferred intravenously into 6-12 week old LCMV carrier mice. 200 micrograms
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following adoptive transfer developed significantly larger numbers of LCMV
specific CD8 T cells when normalized to the number of D® GP33 positive cells per

25  million PBMC’s (Figure 14). These data support the role of the PD-1/PD-L1
pathway in conferring some degree of proliferative suppression in normal memory T
cells. Moreover these results suggest that therapeutic inhibition of this pathway
could augment the development and maintenance of the secondary immune response
generated following adoptive transfer into a setting of chronic infection with high

30  antigen load.
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(Flu) and chronic (FlgMhple7efiutRb B deSReShdnb& e PRI BRehdE! u- speci fic and
HCV-specific T cell expression of PD-1 expression was significant (Figure
23C). The pereent age 'of [tHevyingsersifrice's gpB-Peroraed ino dex frdsesning wPeEher (mean 83%
SEM 6. 4) was gregparnd-Rar bhgcnecrrkaass liRRn AR tMY thi&h&e BduesC: DB+ T
cells (49% SEM 12.3) (p=-0.048) (El‘g},l.l‘e 23(12). WO S _

2008/ 083174PCT/ USH007/ o8Bgepnsey oy critical in cpipyoflingepioais S{-4F Bffchfmiih® per i pher al

bl ood and liver inpréido BrteiinespbisbPinOEihie S MREIFPRE Fidde nidl BOE 1R vikd ver bi opsi es
were anal yzed for the expression of PD- | fromfifteen patients chronically
infected with HOY2d ®esreaaent fifvetProw cytonetric analysis fromfive patients
is shown in Bhgure 24he (BRI asdial dnbenchpey ioheskaln tdsootheirddfe. (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 2413). Hence, the liver is enriched in
cel | s expressing hi ghvkemelvsuofFoR0tolsix- Wkl gd feanie (SebllEmsbatie guekpeess hi gh

el o P, SR NS ICRAE R ST ekl MRLOL! Ly, 8, G T ool T
mice were depleted of CD4 T cells by administration of gk1.5 antibody. Previous
25  data demonstrates that administration of 500ug of gkl.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 2x 10° PFU of the Clone-13 strain of LCMV intravenously on day Q
initiate chronic infection. Titers of virus were determined by a 6 day plaque assay

30  on Verocells.



10 (Figure 24C). Analysis specifically of this nmenory population in both the
liver and the periphery showed that PD-1 expression was elevated in the |iver

conpar ed vvitl% J hesRsy] phery (Figures 24C). These data §gﬁg%w¢7/og§§ t he
t

i ncrease in e percentage of cells expressing PD-1 on't epatl cT
cells is not nerely due to the absence of the naive population in this
conpartnent. Rather, there is a preferential 15 enrichnent of PD 1+CD8+ T

ef fector menory (CD62L | ow/ CD45RA | ow) ceti'§-within the liver compared to the
peri pheral blood (Figure 23C). CD127 expression on hurn.an peripheral bl ood
and liver infiltrati mgryaiphacy beBLISRQT:Kplesn hiRiHohd @ardvdsindi@dellt enance of nenory

CD8+ T cells (Kaech et 20a and the al pha chain
of its receptor, &2 “fe’se%8%%886@%%%%%&1?%@@5&8 ‘)Caiht'?‘?né % cells in

per si st ent LOW landpegam1maPMeBm&meﬁta@wltmi%@csonsut(oegeeacleh@g cetixappl e, Fuller et
ni ecti on corr el KIEEO G PRITHTSAT Pou 65 DU RGO RTBAuLeT Sl e sed
susceptibility tﬁitnatgmmﬂ:msl(m;lmamd Blateg dEie pieoivusincdaked v2th 18M0il bf ‘Eu)g/ntﬂfof menory
virus-specific CD8+ T t 0. persi ip the host oAcc di resol ution of
acute hepatitis %’aﬁﬁnf'tﬁo”(er "9\7@@@?&@3}1%?{&6BIIQF%’?g‘fCé% P u%{t‘)’%&,}x’ul ation of CDI
27 expression an&ﬂelc‘&nﬁmnxtvafhtPESQX}SMﬂzf/eePB{lﬂ:wed(tWHS&tthBS(dB@B[obﬂeerfmet al., J
(SEN 4.8) of t ot Mg B P Pt 18 e S et B a bt i the
hepatic CD8+ T 30setjlacedvith 1 00at &RPMINYSFQRacientlageéx iohcdle/as eds ghtedinf i cant | y to
58% ( SEM 4. 4 F 24 h | |

on exhaust ed bheity e B HTGHE B Pt o TG D S o0 BG0rd nat i ng.
These data suggesid stdtdl:. [Celkevere rehdBed ahdplatet wat wWaghe CBBWitH PBEhidd3xivAthchr oni ¢ FI CV
pati ents do not y m rr.or the popul ati on.

In the setting ow%% tﬁ‘fe(gctl ﬁwﬁﬁé}}egc?%eéj \/f rtifl(gtm?']ﬁtre%e?aéa']“'”cq%tfsfi" %nd nonocyt es

i n the peri pher alCabigodirogeaniluedal 1900 PBE/0127t wagndl 7850t atcetchtadi t h f unct i onal

or nmenory T cell defects éE@ut bou

1- 56, 2 In this
study, the hepat {'¢ ¢OMpa) }hetsﬁfongzﬁi’?%%O(Mwisﬁ%movﬁ?il'gp%?:?v\ﬁehéwatsﬁ‘?d? *exhaust ed
phenot ype suggestish PHso. Z%hﬁeeﬁlh%ﬁﬁﬂiryDQJRPS(Vbdﬂbll) matel yidoded to the site of
persistent viral cati D-.1 and | 27 exp i 0 ntigen
et 11 o cose T BETPLRRRey fRroE s dr R SRR sl R, R G SN n Ehe
cohort al so had winh Pmaa%ﬁi’eabhrei Ix-WiG\PESped déteaiopepudaated om byyddied Har ner

staining in the |jv ure 2 eSS|ono P 27 was directly
2 o b
conpared on HCV rél%)oem adl% eloé(hogre Ho%s(l RV : ik o Dﬁfel sbsgﬁtetwﬁe | iver versus

t he periphery of pn’epbumle)ylamﬂns/li@umbfsn fre}slﬂynfap:eAEtfls@ut(dww g oed-drsindHom t he

eri phery we - 15positive
E)meialr[]) 84%’2; Eﬁ/l ng%g ayk\)/\EQf écﬁgéél&lﬂé\ég (}(l\ggﬁl—@/% MOE %%E%Séq%g:%lgOfmrg rr:)s!t?/y
PD-1 positive (n@ah’l 92ngn doernte buifey Pﬁeﬂr&élfyte@z 11@?OUpbsDt2invePQJm'an 13% (Figure
25). A the siteyofpYid #la ihGRhLEHHERR usl RS 13PREEF BEH 1P, BRLAR ExPaNSI on of

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 maitow 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 2.0x107 to



CDI 27 negative cells expressing high levels of PD-1. That peripheral antigen
specific CD8+ T cells differentially express CD 127 conpared with the

i ntrahepatic gRast ment could be related to the |evel,,phdlEshg of antigen
exposure needed to cause downregul ation of CDI27. In L infection of m ce,
exposure to persistent antigen load with chronic infection, CD 27 was
persistently downregul ated whereas short-1ived exposure to LCOW anti gen using
6P33 only tenporarily suppressed CD127 exprléssion and failed to induce T cell
exhaustion (Lang et al., Eur j 251 mmunol 35:738-45, 2005). Dependence on
availability of amfiobenl wndmbhioecOk. exposure was al so observed to affect the
expression of CD621 , and CD127, whereas persistent antigen |led to persistent
downregul ati cm of both CD621- and CD127 (Bachmann et al., J Mnutia]

175: 4686- 96, 2005). Wdshouwindaet mrehuntiufyedtahetonys wei pelka&d feondCV i nf ect i on,

the few HCV specific CD8+ T cells detect ion t Operj phery may not be
cont i nuousl y exp%}?gﬁ“ggq@ﬂf}ﬁs@i a@H’[Cq)éln?rl“g(g[gljtgﬁnﬁgﬁgg’é‘gﬁ'ﬁ’@mﬂ“élegﬁs of CD 127.
Thus, the T cel |sotmgiatedhet Vewe'labt tFtA)t BeepavidusAlasasheenased daned, - 129-

Bl ockade of PD-1/PD-1,1 | eads, to .increased ex i of HCV specific ten-caner
oot ive CDBs T MBI PR LT PO A At BOBAr I TR EhGGbst & ¢ hat

bl ockade of the REECIIRBDOLY jonfueraiti Ollswicidthaitided A% forasldapdd Gi°PD- | anti body
increases the proliferative ca ity .of HCV-specific T S (Figure 26).
AGGl & on_of Sbi olkVAG BhbTEsh aas Rl Sre CEREE spfrTe SR pect 11 ¢
peptide resulted in a four-fold increase in expansion of the FICV-specific T
cells as de strated by.npnitori the freguency of ¢ oxyfl.uorescein

succi ni m cl ;TF(?est er %@éﬁjq}l)“'m{yg 'r%%%?velleg%?lgﬁfﬁf%ﬁﬁmée ( éapﬁéqtde Mstinul ati on
wi t h cognat e pepbDiegle CAQr Stetistiay gere ddme usies wlotigiles hoywited At teatvith B&%si t e of

i nfection, the 'éo‘;’aﬁé odihe frequency of HCV 10specific CD8+ T cells expressing

t.h
PD-1 is high. Second, ettf“?e najority of HCV specific CD8+ T cells fromthe
peri pheral blood of patients with chronic HCV infection express high | evel s of

Studyi ng the expr sesr ok o FERS BP0 BN Lty HELREL oD R BOPLRY ool or -
function andlT cebivod¥hbbigtkadn. MiEhaieced withd CdhoWontrat weilhgreatdbwittagnor i ty of HCV
2 phenot ype. consiAtaht Toi BhPRREERILE R TR b iy EHRSERA R 0B i SFs are of
use as ther apeut akD-Agevdrgthirddayt flaetwiorveatsrentayof4 EPOL treheehi, dami@0Exanpl e 19:
PDL Bl ockade | nd%&%%acﬁé(%%gg. t(})lgmggbensgfv:fnﬁgoed?/ isgcire(%ingc%ls in the spleen was

measured by ELISPOT and flow cytometric staining. In three separate experiments,

20  rmice treated with aPD-L1 showed significantly increased levels of antibody-

secreting cells (ASC) in the spleen (p=0.011) as compared 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  ininfected mice treated with aPD-L1 (Figure 16b).

Treatment of chronic LCMYV infected mice with aPD-L1 does not lead to
elevared levels of bone marrow ASC. 1t was determined whether antibody secreting
cells within the bone marrow were also enhanced during aPD-L 1 treatment. The

30  majority of long-lived plasma cells reside within the bone marrow, and these plasma
cells are critical to long-term maintenance of serum antibody levels. Chronic

LCMYV infected mice were treated with ¢PD-L1 approximately 60 days post



Cells In Vitro Anti-viral CD8 T cells play a critical role in the control of
H V/ S1V infections. A central role for CD8 T cells has been shown by viral

re- emer gence wpsldsg, t ransient in vivo depletions in %ymgﬂf@ggsgld macaques.
Consistent with this, contenporary vaccine strategies designed to elicit high

frequencies of anti-viral CD8 T cells have contai ned pat hogenic SLAV and SIV
chal  enges in rnacaques (see, for exanple Barouch et al., Science 290, 486-92
(2000); Casimiro et al., J Virol 79, 1554785 (2005). 30Both the function and
the frequency of anti-viral CD8 T cells are crucial for the control of chronic
viral infectionsinfetedh. @ay iH M oPM-guedaesen€spledn. andNodne ntanbeliABol levd]s wWed61- 8, 2002)

and Lynphocytic chori VI gl L Effecti ve tiyiral 038 T cells
possess a number" " F%%E%Igﬁgf %F pe lgfs eIV aET AP EeRS ﬁ‘glall to -130-

produce differ enstpleeytvaaku/emESpostCtyda@rﬁanxmnep)@ts enttnaagg mmmuhnbghofpmm inftes ati ve
potential and |ow apopt osi E {lm n| o }aral infections virus-specific CD8 T

cel l s undergo exlhaus |%‘?’1att O'ﬁssbgcuiealt d with the loss of nmany of these

functions (Zajac et aI "J Exp Med 188 2205-13, 1998). Sinmlarly,
El TV-specific CDS T in Lth proge @3 se have been
nea ITH,’IITOOTC roni %Jf%ecy\%lc 1 %%gf Scycag'bqéfr?gduce

shown to be inpaired unc |on
cyl oki nes such a&sz[ltEMs?fuz@mncameedsespawpledc Ay letdhse Ipvodudter mmesofatdd - 2, a

cytol cine that i I.Gal, T [ i val ;
expressi on of pe‘r§ %Eeli %l ?%psl:é%h} hﬁfh Ofﬁ@%&%&e %ﬁ%ﬂdlg%o%ye%%é lya nol ecul e
that is critical whuadt endgmcoltheteffect fagn duiingrihe Riprd bppelodde f €Flad ¥hpindogpaBy tsy, a

property 10t hat c Re ¢ i o ol of HV
(see, for exgﬁp @%ﬂg@ggﬁh Hﬂbétf@ﬂﬁﬁ B% e (?Etﬁ[%%ﬁgl J%Oﬁi)&ggg%%}l/{/ T cells

express high | evebgdodirepy atagprizinh TER élgmheé\éllc@qucts;d dith &MY Clopopbrtional to
the level of virgm geud »@1&?&%&1%&@&9}?5}&}9%1%fCT'L'At@'Bé‘tﬁtol RR uheLweenqPD-1 and

PD-L1 in vitro restores H V-specif function. 15The expression of PD-1
on Sly-specific @D@Nekad@Ftrtseawrlqtbwew@s Qfﬁﬂfé?@th waeire $lavparksgedive S1V239 in

macaques was i nvegkbgat RnoulNRedifSk iR «EEMRASEE RIS tlgi: o3l ASReg{ fic CD8 T
cells express_high levels of PD- | and bl ockade of PD PDL-11 pat hway in vitro

resul ts in ehhanteirabngyae{siPEr-lofitt Helde a9 SsynarpigtiFipfreasnirfypGBSYA t s wer e
obt ai ned: 20 that seen with oPD-L1 treatment alone (Figure 18).

Enhanced B cell and CD4 T cell proliferation and germinal center activity in
oPD-LI rreated mice: Flow cytometric analysis of spleen populations in chronic
20 mice treated with oPD-L1 showed enhanced levels of proliferation by increased Ki-
67 staining in both CD4 T cells and B cells. B cells within the germinal center
reaction can be identified in the spleen by high levels of PNA and FAS staining.
Following aPD-L] 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
CD8 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-L1 and PD-L2. Itis



El evated PD-.1 expression on SlV-specific CDO8 T cells follow ng S1V239
infection: The level of PD-i expression on CDB T cells fromnormal heal thy and
SI V-i nf ect ed yhaagies, Was investigated to understand t'?@T/PQﬂ%/O@isslle
expression and its relationship with the control of SWinfection

significant proportion (40- 2550% of total CDS T cells from normal healthy
macaques expressed PD- | (Figure 27A). The PD-1 expression was predom nantly
restricted to nenory cells and was absent - WA naive CD8 T cells. A sinilar PDI
expression pattern was al so observed for total CD8 T cells from

SI Vrnac239-i nf ecdhaﬂbs&al@aaﬂmmt t(lﬂlgmmenlﬂtzﬁy ;am@agj)sanhﬂ@wemﬂrmedtahﬁomel'p&)ri ty (>95%
of SWGag CMB-speg Je Ean s o i§El i \“éevﬂelﬂfshé ¥ &ig0 il P B_B?Rress'on and a
si 2nificant pr opor T GAGE  RESe” EETS" R et Iup regul ated expressi on
(M-1 of 580) comtiamemltatrtadhlgh&lvelﬁmml eﬂildssox(l\ﬂ-?éspmfseﬂﬁﬂc)l ofifeiigfaeten27D) .

oL eCtivel Y L oRS Ao PR S ABRS A Qb Rystanl fepbpropor L1 on of

-131- nenory CD38 [P om hormal” and °Sf cté rraca e express PD-1
and the | evels of infRxctidn Qf)PDF EB@Ldrmtcxsctrbmresthed irednbugtdDdH celhleolshlym@pem fic COST

cells. nhanced expansi on of

Sl V-specific CDSp }fMCB?I] S: aQEFWQ% @g tbhaé'déf%%H 2 Ll&b%a " bl ockade on the
function of Sl V-specilfva QD8R VdethblsC,D$)TmlISﬁmCdmlf@Wh@sEaMsctmie conducted in
the presence andy 3 bl L NSrANLLOQGY BURE gcule that is
cross reactive toﬁ?f]gga ép%%ﬁl%?] g&%ka%rug?n I(\)/g(?lru eﬂilgﬂl posﬁ?@e&?ﬁmsus nmacaques
that were infect@ds s ledefanihegbntoresiion raterarntP Rumanulseroitodeni ci ency vhts
89. 6P (SI TIV,89. GR) MNG08 hlofMuaib £k ik fipd € @%’EéudﬁK(n‘r?@% epitope) in
t he absence and gel:%senceoo Oantul “PD 1Q & for siXx C}%/SEThe frequency
of Gag CM 9 t et rBtn@r Dpesiinedyie R’élerlolwe\ﬂégD‘éWI @F”&Ehatﬁ@l -6f3st i mul ati on.

Unstinul ated cel s 86ky ?ﬁ 13c§p1@§%%toh¥ﬁoﬁ99ér£ Qkxﬁamﬁ%n GRRDEBHE Gl EBE' QUF e
28A-28B, stimulation with C peptide resulted 1 n an about 4-80 f

increase in the ‘Fl}déq@@ﬁ@y’"ﬁ?‘s WY%W“H@%S?WW“&@“I('sﬂﬂuqnﬁa AR | n 15f our

out of six macaqyessit &sit.add (45 tbEdiRh iRRSeMot Blodkling FP- PeDLIidReiidhhg presence of
anti-PD-1 bl ock| ng Ab resulted in about 2-4 fold further enhancenent in the

frequency of 1§ et hapikfergsh of APHeEsPidicsi’ds stinul ations with P 11C peptide in
t he absence of bl ocking antibody. These results denonstrate that
PD-1 bl ockade enhances the proliferatjve 20capacity of SINspecific CD8 T
cel I's in SIV-infected fratayiesnaERaAp Beby's WRs wedat tets flies: Two PD-1

| igands differ in their expression patterns: PD-1-1 is constitutively
expressed and urn-ti R ted to_higher anounts on both hemato oietic and
25nonhei rt at opoei tic é%ﬂ?“%mp I B hera Prpad s amlesoy i O g om 3P ledessed on
dendritic cebbs (pBGB)alant Waekaphagesior BBYhouMyhingediRa stvaetimsvifegs. eval uati ng
the role that PD-. 122 plays in T c activy ave dem)ns%ra i nhibitory

| |
Funct i on for PD- (2 BPifeY “erdree TPagareist kel o rs erF cel
proliferation andmyteﬂklimesg@mﬁdEtmEchrnCMRo1rdleénzmexa\taecm1h1emrsq>hcﬂelﬁn‘ PD-L2 on T
cell imrune resp 6(39 P pression on di f.ferent cell
Cypes ox viva valbagan ey sl F BR iR R e ST G LPBR R 29) - 11
contrast to PD 1(C1:llgnﬂﬂces®mow,%).PD L2 expression was expressed limtedly on DC
during a verXSShort time (day 1-4 post-
Antibodies, peptides and tetramers: Phycoerythrin-conjugated anti-human
PD-1 (EH12, mouse IgG1) and unconjugated human PD-L1 (29E.2A3, mouse
1g¢GG2b) were obtained. Directly conjugated antibodies were obtained from Beckman
Coulter, San Diego, CA (anti-CD3, CD11a, CD27, CD28, CD38, CD45RA, CD57,
30 CDG62L 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.



-132- infection). This result suggests that PD-L2 expression is closely
related to DC reoblation and results in regulation of T cell activation

Exanpl e 21: pressed by the majority of effec CD8 5T cells
in the bl ood%gﬂﬂ%%fl?ﬁy humans PD-i expression E’ﬁ*”é%@%“é@h T cells
fromthe blood 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 expression was exam ned. CO3% CD8+ T cells were delineated into
nai ve, central nenory (Tcn), 10 effector menory (TEm, and termnally
differenti ated efiegtisoid ((o-lll-ﬁﬂiﬁt,sée)plaklb§HL$ ArasserchnanB patit eindly pefvideDdpRA and CCRY

expression. PD | by. nav , [ OXi mat ely one
third of Tem andth\"nll%éﬁie“aI”H:1 @?)'ﬁ?s‘aét%' th’ﬁ'i%gA W‘E%&éiaﬁ‘rﬂ g%@:y%?? Hiese data
denonstrate that tetlhmsmp@rngcylcebudbaﬂoﬂm @ edAt-CoaTLRaMil ¢e@ IdiNdeal t hy human

adul ts express divided into

rm:Jtl pl eXBopuI at %%Lﬁbgég%%(gkﬁ%%ﬁ%ﬁg%ggéggﬁ SQE(X% ﬁgdl yrﬂal !

rS el at :c _onslh: p MSCMUEHHAMME%TMWg\?g%i?&g%%HLAW F[RWGG«MMSSE@n : |

pect i cal 1y, el S WB e |§%R% G28L,QN contal ne
oo YOt bR 1L LG L PHE R BT 3R 75

t he hi ghest pr oport| on’o S predom nantly
expressed by TEAHIAAZ-JLEETEWEXSE@ID N@O4byndl'END|51TFYé(NdSE?QrﬂP Nghd3was not
expressed anong naive CD8 T cells. These data illustrate that a | arge
proportion of TEmCD8 T cells express PD-1 anong heal t hy human adults. To
characterize the pr o;ifemtniwéeﬂgfvptﬁﬁ)mldﬂmlmv‘ef@rid"s Happutirhsed huthdmewvlode  expr essi on

of PD-1 and @Veﬁl%d shngfel !20&1 N&%ﬁméﬂ&%n%%%mu%@e& W"B{Eh'a ffyzed N€

25maj ority o ore Tarker s assoct at ad antigen
experience and efﬂﬁeébta ol et frewrdrl THéfid-§094i 2P DroaanthAGESi GhburReing | nst ance, CD |

| a+/ CCR7-/ CD62L/ %&%sémﬁngrﬁkﬁﬁﬁo%ym@[ Bs@rw ﬁk*cs%?é Jnsgtlspwere enriched

in PD-1 expression. In contrast, naive enot g a-
| CCR7+/ CD62L+/ COABRACH MO Sy) e AFT S |a§saé9x§ M%éﬁlO/éw»Yeewszaedof PD-1. Thus,

PD-1 was prefer eﬂkloﬁliﬂlym‘é)f{breﬁé SRA 300 c%'%}ggﬁjb &W&lh(,%a&eglcgg§h%l eglls with

effector/effector nmenory qualities. D1 is expressed
by the majoridy @FSBfMe@%qa Prabao pyro@n mpegaald ig dp fey1500id (. fhieabmply, humans

PD- L expressi onyupnghdGais, %,,Jzﬁ@}(;&m@ M‘%bo? nm%lﬂs@q&b%séd Thirty percent
of CD4 T cells expressed PD-1 in the blood of healthy adults. Simlar to 5CD8

T cells, nave CDABNICoerd dimsiapreddedhdripentidealpn-(Lug/mhiof eeptdanvitosniitRP-of Tpm CD4 T

celI's expressedcg%bom@ S0 e53L.PRS AUSLELANLL Ablic SN slige among P

CD4 T cells (50 er characteri ze roperties of CD4 T cells
that expressed PBith @D4RD-CD8#ibddcelNBGwiteaniseegeadntfal @nmbbcﬂbe(lgﬁ%od of healt hy
i ndi vi dual's f28r Edqu%/n%g_lzollowing a 6-day incubation at 37°C, the cells were washed and stained

with tetramer along with anti-CD3 and -CDS§ antibodies extracellularly.
The following results were obtained:

25 Expression pattern of PD-1 on PBMC subsers: 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 CD4 T

cells: CD8 T cells from noimal healthy individuals were examined for co-



| aexpression of PD-1 and several T cell differentiation markers, Simlar to
COST cells, PD- | expression was enriched on CD4 T cells with an

ef fect or/ ef f Qef Rbs,0dBHPry phenotype, including, CD62L-, p&Sg0708845RA-, CCR7-,
and CR54- cells. 15Exanple 23: PO-1 is nore highly expressed on COST cells

specific for EBV and CW infections in humans To test whether PD-1 expression
is correlated with viral antigen persistence, PD--1 expression was conpared on
EBV, CW, influenza, and vaccinia virus spééific C8 T cells. EB V and
CW-specific CDS T cells expressed high | evels of 20PD-1. In contrast,

i nfluenza virus &p&ssiidnio(ﬁPDElmDiﬂyvaﬁﬁl& pﬁemplmﬂmemﬁddimmel'rffmﬂ'tiatoe | evel s of

PD-1 and vacci n| vVir e %)8[ | s _expr ow | ev of PD-1. Hence
menory CD8 T celi sEe %“Sg%ﬂcfg’ (%f‘%lr&g HlS‘émJimrll' 19 Vleénr]lsce(]gé\?wmoci’ expr essed

hi gher | evel s ofClE‘DTlceltsmhy eameusei léwnn‘vblueﬁE]BHa\Mlcéreﬁa@DB Mical)s thnteotssans. These

results show t hat c8 T roni ¢ ,inf ns..(EBV 25 and
Cl W) expressed itk ‘hsmm eésvaé OC'a% Be%f?d?ﬁﬁe&%cr?ftméw/ﬁ exg |£)e§ I?e(nlgﬂf’fi uenza and

vaccinia vir u‘isesc)lso eEP8ssdd loeh IIcselfsqué’@ f (FegufeoiOBY.eThescdmmo geesthe int RD-1 nf ecti ons can

express high | ev\%s rquleng?}%ﬁ%essfg amo oeffegg spec %68 T‘%@ltl' é/g@' lrllle kf”‘de

i ncreases prolifer t|on Ic for i nfections
i n humans Bl ockawés gfre thienifReDwe fDWIdlemtaongndm@ghwaQC)r esults in enhanced cl onal
expansion of H V-specific CD8 1 cells upon in vitro stinulation. As CD8 T
cells -124- specific for conmon chronic infections also express PD-i, it was

t est ed whet her bl ockd&de! ptprepidarpien pdpi el apgehwasi/icoehaly €8 dveds: The

prol i ferat] o of  0hBe InefllchrspaL itint R cfFBYe 1M oA Sgwvacci nia virus

(an acute infection resulting menor cells). Lynmphocytes were
i sol at ed from t hiecTpasesbexpissiai Orﬁ(Bth dbal @(P@ﬁmnmnm@ﬁ@mg TC?}éISP@IfEé@Cl fic for

CW, EBV, or W sk deﬁﬂ@n?ﬂm‘é\ébt(ﬁBazlﬁECﬁwwgsuéotlﬁﬁl’u%gwitf?l:lcu@ ﬁ1%¥§pelell'ﬂger various
conditions. As expected, incubation of fresh tgy i sol ated peripheral bl ood

mononucl ear cel | 5cqlPBMDend 4R v as i) i I TeHBY ishvidralgiby peiRing WV IAREY-PD- L |

anti body, did nogmivadiaendl Hoivh&iad 1ieR-sekiftididse s paehEd 0 ACHB) Triegk! s.
Stinulation of PLINIC for 6 clays with virus-derived 10peptides resulted in

di vi si on of {2t r%lr‘r’e%mwme‘ﬁ?“@é}’q@ I GO PEEBY eldtvi Bucard #rdIVATSindhYiB- PBMC i n t he
pr esence of antigpERrdEDHIreekl m@ mrpie bochyvds dhh ey veanhaneesd pbwipsiign of EBV and
CW-specific CD8 T cells, resulti ng 4.0 greater f ol d- expansi on than
CD8 T cells than influenza (p=0.0335) and vaccinia (p=0.0036) virus- specitic CDS
T cells (Figures 21A-21B). Similarly, CMV-specific CD8 T cells more frequently
expressed PD-1 than influenza (p=0.0431) and vaccinia (p=0.019) (Figures 21A-
20 21B). These results suggest a correlation between PD-1 expression and antigen

experlence.

Anti-PD-L1 blockade increases proliferation of chronic persistent virus-
specific CD8 T cells: Tt was assessed whether PD-1 blockade enhances persistent
25  antigen- specific CD8 T cell responses similar to the results observed in mice.
CESE labeled cells were stimulated with either EBV, CMV, 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



pepti de al one The enhanced division induced by anti-PD LI bl ocking anti body
varied anong individuals and even anong different epitopes within a given

15i ndi vi dual ., Mygayges. PD-1 bl ockade did not result in-enbanagsdsexpansion of
vaccinia O in It(J)enza specific CD8 T cells. The degree gf enmcgd di vi si on

i nduced by blocking PD-L1 in culture could be related to the anount of PD-I
expressed by antigen specific CD8 T cells prior to stinulation. These data
suggest that PD-1 expression on CD8 T cel F$2specific for chronic infections
inhibits their 20proliferative capacity upon antigenic stinulation.

Exanpl e 25: Sust ak=0gthfliéna W=2dnockane h+d)thepositine n@agass peedwhar ati on of CD8 T
cells specific far c nic i.nf | Upon.in vitrq stinulation, the addition
of PD-L1 bl ocki nglgﬁlﬁ ?%‘o%@C]T"éﬁﬁ'ypg)gﬁhlgggﬁtéoé]d’v %‘i C\?i"?ﬁDéI[r‘ul A ?‘ldt@' TR cel | s
specific for FEWharshe@CMWlifelritn of BV and iiMW-s puaEicatidelicedneeréd anyflubyza and
proliferation was assessed at th f the six-day culture period. In vivo
anti-PD LI treat AENECG A A &SP ‘Qicﬁ{?gt\?};glgcearsu?lp "Bl SEO\iV Hiog}éfaﬁl%}s&(% "Bl ocki ng

ant i body. Fur §heblowkie, withmntiti@sle! . rThase rexgl tsthadtities in thapresene oPpplidd plil ockade

resulted in a rapj.! r l.at f.PD-1 expression anong.CD8 T cells

Sospect Tic for o e orare aibeBuntP il R Retat HERaBTRRY T Foct og whet ner
repeat ed additi ohBVef Cartt-ipe@x CD8 Teelstadonpdred edtidulgedn| withiuhd pepeds alvoel d f urt her
enhance proliferation. it on;af -a- mah. .and 4 of

cul ture resul tedﬂW-ag%éésg;‘:aﬁ”hg%glet%ﬁQlé@é‘%‘?“e@%%&%Q éﬁ?i%g%qz%ng%{l/g\g'ﬁéci fic CDS T
cells than a si ngitePlxddintibody Wéckadkhs wtatadday the PDGj expiesiondatiizsenass.clser ved f or

CW specific S dat. i > i ol ing of PD--1
si gnal i ng car%g:ong%%%%At?%%&Eﬁ???'%%lt“tgnog#ﬂ%(rﬁ?gsFe%heégﬁﬂ%ﬁ%g#@%é 10%%}% T cells
speci fic for chranigen-smeifigeR8 T cBllst(pvl-1083&izaysparent that the precise details
of the methods or conpositions described may be varied or nodified w thout
departing fromthe spirit of the described invention. We claimall such

modi fi cations and varisamplsnd: dver Infdicpting knnphocyies ig EdhpenigHymepHGY  of t he

claims bel ow Q200800831 AARCTAMSAINEARBREGM HkA®D-Ch MG, £p1#y Met hod f or

i nduci ng an i ”Mmune responsé to an antigen of interest manmalian subject,
conpri si ng adfi nF¥REiMMg to the subject a therapeutically effective anount of

activated T cells, wWhgEekgerinBnt} 88ciibed 8 dsRRCh e &lrbic HEQQURZR t he antigen
of interest and a ther %E)&Ieutl cal effective anmount of a PD-1 antagoni st,

t her eby i nduci ngP¥RElitfufiePcrigs %%Fﬂésé’xf’réssthﬁ’é‘ l‘é‘i‘?{si"églﬁ‘lgﬂd At bpckade of ;e The net hod
of claim 1, wherebn/ihel sbicast e @an@nhinédlprd @6k cacity. Importantly,
intrahepatic HCV-specific T cells not only express high levels of PD-1 but also
20 decreased IL-7 receptor alpha (CD127), an exhausted phenotype that was HCV
antigen specific and compartmentalized to the liver, the site of viral replication.
Currently, no vaccine exists to prevent HCV infection and the only licensed
therapy, alpha interferon (IFN o), either alone or in combination with the nucleoside
analog ribavirin is expensive, associated with, at best, only a 50% clearance rate for
25  the most prevalent genotype (genotype 1) and complicated by significant side
effects. The paucity of efficacious anti-HCV therapeutic options highlights the need
for effective interventions aimed at augmenting or supplementing the natural
immune response that, alone or in concert with antiviral drug therapy, can prevent
the detrimental consequences of HCV infection.
30 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



10 3. The method of claim1l_ , wherein the subject has a persistent

viral infection. 4. The method of claim 3, wherein the antigen of

ntere. is anyjPRkdksysal antigen. 5. The met hod,gfyeh@lois4, wherein the
viral antigen is a hepatitis viral antigen. 206. The nmethod of claimS5,

wherein the hepatitis viral antigen is gp33. 7. The nmet hod of claim 3,

wherein the viral infection is a human |nnunodef|C|ency viral infection. 258.
The method of claim7, wherein the antigen'?df interest is gpl20.

9. The nmethod of claim1l. wherein the mamualian subject is human.

10. The met hod oﬁacvlirﬁédtﬁbriby mhemeionxplhelormnmhioamntsg;abjs[&elﬁci®8+Tcells

33i nr nunoconpr om wherein the

viral infection li”gmgt hvgll %H%P%}:Dlhfl lnbl?osc,i OgPl‘mien W”% Q}”ﬂmﬁv{{fﬁ ‘afle?qpé)ﬂatl tis virus, a

human i mmunodefici ency virus (Dl V) a human T-1yr nphotrophl c virus (HTLV), a

herpes virus, an Eps Bar r human Vi rus. 12.
The nethod of cl ai mhﬁe{\;\ﬂowmg l ‘éls 2rlned(:nllept)}llotf:-in “hag ! a eses o8 13. The

nmet hod of claim 12 herei n the antigen of interest is a huer anti aen

14. The nmethod of claim13,..wh t he. 0 i S PRAME,

WI'l, Survivin, cycli g %ec c en?eeﬁpglerr‘%fkétf] ghgg%c %ﬁ% g\s iongHéO tg)%gb

neut rophil el astagélC\t%@ngqsswn)z@dneM@EmIﬂ/lﬁmyantlycmswn@se wmn[cmﬁd NY- Eso- 1,
herceptin, carci r (GEAY e antigen
(PsA) 15 lﬂﬂfghﬂgh){f?p{ef‘eﬂég}e}e%m lafFC lnntPC a%%r%h%% no§% %1l°f“l‘“%{‘agon| ot Qs
an anti body thatSeggewfltliq fdtekh patibntnetsre poXitive fOlaﬁLP’aﬁtllbb@d(fStahmussﬂé@:l fically binds
Programed” Dagt hbLdathcles (D Winfi 28,20k chody that speci fircally bi nds

Programed Deat h LI gand2 , Or conbinations thereof. 16. The
met hod of cl ai m32ie Whghi&k fonbh et dgRAnPllinidAt £ELst 1s a fungal anfigel

Patient  Gender \ Age | HLA-A2 HCV | 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 BCV M 50 - Ib 591,000 18
607 HCV M 59 + 3a 343,000 31
608 HCV M 57 - Ib 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 testing, 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, 111; 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



17. The method of claimi, wherein the PD-I antagonist is an anti-PD1

anti body, an anti-PD-L | antibody, an anti-PD L2 antibody, a small inhibitory
anti PD- 1 RNA,, R,S038bL) 1 nhibitory anti-PD-LI RNA, an sgallsiphkftt ory
anti-PD-L2 RNAI, an anti-PD-1 antisense RNA, an anti-PDL f anti sense RNA, an
anti-PD-L2 am sense RNA, a dom nant negative PD-1 protein, a dom nant negative
PD-Li protein, a dom nant negative PD-L2 protein, or conbl nati ons thereof.

-138- 18, The method of claim 15, wh€fein the ant | body that specifically
binds PD-1 is (1) a nonoclonal antibody or a functional fragnent thereof, (2)
a humani zed ant i RadyneRT-BCR Wief (ApBad Dfag@ghanAbioh@a&offil) adirusing ) liah

| r nmunogl obul i n fusion i.n. 519. The_net hod .of ] 8, wherein the

anti body that bi Iﬁatéeaﬁﬁyﬁ]ﬂ%\g{%ﬁ‘%ﬂﬂﬁ%‘fiﬁIRS?%‘ICQEH?W%&SA&@’ g\F ‘a functional

fragment thereof, (2) a humani zed anti body or a functi onal fragment thereof,
or (3) an I munogl ob of claim 18,
wherein the anti bodylﬂfﬁ%{f‘"‘g%z?a‘zmgf@’i_geﬁr?l@ll):‘DEAfbdn%eﬁ?)?:'] BHETE ‘é{ﬁf(idbody or a
functional fragnmendd Ehao edfwak 2)lleatehirorarichgaicaninidisobly ued daediyhietirasal fragnent
thereof, or (3) gammo or Qloﬂil\g{glsolapon Lﬁi’l\?@s [ Oltsglated usm<7 Flcollzfl'aque I-I’E?(}#q()d of

i nduci ng an i mmune response T0 an anti gen of i an
recipient, conpr de&nmryggladlem (Ameu:mma@suo m@l\aayp)&psﬂealt\mo&mnd’fBSdM@rtheu:el s fromthe

sare_manmal i an SHERLETnSRIEL A Do T GeLd B M ABLL 98NS RLESERLING ool | (APCS)

and a pre-selected-anti wher e-selected ant i gen is
present ed by the()tamd tMedimethel blustmpdeo(éllgoe Addthp&l mulsoMbe donor activated T
cells in thelfr esence of a PD-1 antagonist; and transplanting a

t herapeutically effective anmount of the popul ation of donor activated T cells

into the recipient; a'rmd" biopsy: Ladntispiestaerbiaiged by dithe ety @ndecneedier apeut i cal |y
effective anount g t h d Y, ing an i mune
blg]% gen O%n ]ﬂ]ﬁt%%g@é orE:lc t%c maue an 1mmf:ch§£l9p t iftb ﬁg}&ﬁ

response to the an 5manunal 1 an ecl pl ent.
22. The method of64€msirmAEibgmesoatniningHa% feselicpif exmem HdwloaeJiogal Uithfosct i on.

23. The nethod Ofm.mn@fo%a%m LBinE: ARG 5 &%k Bk&Nh rhasioPRiShbstgnt viral

30i nfection. 13 24, The method of claim22, wherein the antigen of
interest is anti @‘éﬁ””lﬂ§0“a viral antigen. 25. The nmet hod of cl aim 24,
wherein the viral antigen is a hepatitis viral 5anti gen 26. The net hod
of claim 25, wherein the hepatitis viral antigen is 27. The net hod
of claim 23, whereinderane dicel ispledas bbe livgr %‘Oﬁdﬁﬁﬁpli@‘ﬁ%&iﬁ@ﬁ@w ciency viral

l nflggtl on. 280 mEhRmMetRe T 9fba8| @A PR Ain R 8 D Bif&tallcRIe st (1gRMnef | Nt er est

ap :

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 um 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.

Anribodies, HLA-A2 retramers 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



29. The nmethod of claim21, wherein the donor and the recipient are human.
30. The nethod of claim 23, wherein the donor and the recipient are the sane

human subj ect, 31l. The nmethod of claim 23, whereip-}D&i-R5dspi €Nt 1S
i rnmunoconpr or(r)izsooegéf.831 32. The nethod of claim 24, (\merglﬁn t8 e viral

infection is a viral infectionis an infection with a hepatitis virus, a human
i munodeficiency virus (H V), a human Tl ynphotrophic VIJTS (HTLV), a herpes
virus, an Epstein-Barr virus, or a human pdpilloma virus. 33. The net hod
of claim 23, wherein the recipient has a runor. 34. The nethod of claim
33, wherein the Bibiciegen, b Ik 8T L) wSe @ed: WDIFCE8drQR ind anti-TAASR AT ophi |

etastase, cathepsin , Si 100, NY-:Eso-1, herceptin,

car ci no- enbr yoni mh&l@%&ﬂ%@% Hl[l’ ranﬂ?@3?@?&5’688??%@%@?%“F@g%).

36. The nethod offultdiah,@A3 AnWPEr-ePR cdrip@ateDartibadit (AlgonESL2) Was generand adody t hat
5specifically binds.P an _antibo t hat Gl Pr.ogr.ammed Deat h

Li gand | (PD- Ll)%%SCéWadD %Drlﬁ’éff*}%a&fl'tﬁ% P'I§B‘ec€2‘f‘*f°ig’ﬁ1%9£'§Fﬁé@‘%w@&ré%d Deat h

Li gand- 2 ( PD-1.2)tetrofercwarbsprafic éomshetfblemegf CD8+ T cell epitopes: B@Y 1T1e nmet hod of claim
23, wherein the ?ﬁﬁc{mﬁﬁ i gus, ( ] i i ingal antigen.
38. The net hod of cl ai mlilséé,éE erHQi' %atﬁéogfééz%é‘%%%ﬁgggséé ngwfd;r%?)i-PD I

anti body, an antFlewbytbietantallociy,waapertonted AR HAL SihtibddddPD Bosradek, | nhi bitory
anti PD-1 RNA, || ~knhibitary anti - PD- Li an | L inhibitory

anti - PD- L2 15RNZ|SQ?‘q§Sﬁ’%%)P%mggﬁly%‘siﬁ‘?uléné%gg?b1£F¥ Sl RETHR L1 anti sense RNA
an anti-PD-L2 antisense RNA, a dom nant negative PD-I protein, a dom nant

negative P1).L1 protei ) e L ye 6 i conbi nati ons
t her eof . 16 Sgﬁ%ﬁ@emggn@fo 9,)(:@2%%%3615%\/\*%% S;u;et? %\gasgér?t’\fl ody t hat
speci fically bi ndsS 2gmpbeled wgh B G SEdMosrdardirotant iColdsdyerordjestelumbtiBonal

fragnent ther eof sui(,2) o MIBNK 85 A0 BOShYfor B2 engiiqnmlgieqguent ther eof

or (3) an inmutiog u_|nf.us_|on protein. The method of claim
36, wherein the 3R DYy mertidpi HIEMPRILA2 wese 7diiyd ¢op dapAdedt eatlatnt | body or a

functional fragngpbnstifeneetontbRlastndMHTRH Z86hs @Rt KRRMY 1RiiRs 23fHaGH i onal
fragnent thereof, or (3) an i munogl obulin fusion protein. 41. The

met hod of cl & m G&i-PRHdr &pie % WE aad ety dengt* B 13dR0PRe el (9 ye® nonocl onal

antibody or a fup@tdgral cfihrRgmenNbndhelisRbs 10{.2h1 a huimnbzegduandd. kedy or a

functional fragnent thereof, or g3) an i mmunogl obul i n fusion protein.
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-[ expression on HCV antigen 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



441 - 42. The nethod of claim 23, conmsing transfecting the APCs with
an expression vector conprising a nucleic acid encoding the antigen of
interest pri ai ning the population of cells ¢ cells with

t he APCs. Wo 5098’”%‘9} The net hod of claim 23, further gg?[%zﬁésﬁg%;adm ni stering
to the subject a therapeutically effective anount of an add| ti onal conpound.
44. The nethod of claim43, wherein said second conpound is an antiviral
conpound, an anti bacterial conpound, an antZfungal conpound, an antiparasitic
10conpound, an anti-inflammatory conpound, or an anal gesic. 45. A

nethod of treati(gus Subj 'ﬂQ:tle\Wi sfrral persiist @bl obect i:esm@npthe geripRdrhiogen,
conprising adm njsterin he subject a therﬁfpeutl cal ef fecti ve anount of

a Programmed Deat'fdp }%‘llt]}y %ﬁ?‘é&&ﬁ?"éf“’%}ﬁﬂanﬁyfi SERITEATR § ht”:%‘i’llc s ' U¢lPeddt i ve amount
of an 15anti gem@fpeﬁ;breﬁlutasiménstfm f@@vm@eﬂ pafidd@r(Bldiie LBBAL BGubdie persi stent
infection in the sub’ ¢ . qib% of clai @35 wherein the
pat hogen is a viPa& OQHCP W ersfic tﬁ%a”%(ilefsétb‘ie §TC3E)%§‘“§‘|P At %A ral infection.
47. The nethosl olﬁenqshea;umOélSwel\Mm epdmrtvhenanmf@emim 3JGDdFEgGJLHBAI) sita viral
eic acid, en ant | geni ¢ peptide

anti geni c peptide 0
25, Tho mebhod oteghant gt RGN B il ERbe it PRl ane oody “t hat
25specifically bdpﬁﬁlSOd:PEX-Fl:,meaZBBanEX;b@dyn bﬂtﬁftfels—metmnf ¢ocaluiatdry, agffakimed Deat h

Ligancl 1 (PD-1-1 r - or. conbi nati ons
thereof. The netfi dﬁgf " f\”%?ﬂ%ecuvﬁ%@n a7t er?ﬁ’gmf‘c SBE { C?les Y ihosuppr essed.

3050. The net hodinedstigidteali ﬁ’helHCVvMpemﬁm tatlarrtae pRDvE cameagmna Stmorg pegnogpd i - PD-

anti body, an @nt hw'ﬁ'?ﬁ'll n%w B%jé/ %n %ﬁ“f% %}S:{R QX‘PF‘? : r};%lb | nhi bitory

anti PD-1 RNAl |tor I'tory
anti-PD-L2 - 142mteRhH&na,te fatpleasmtuofEDRﬂ aathCDéﬁnsnzd IRMAc;velanf @pdiatoPRE Li ant i sense

RNA, an anti-PD- éf%c%f‘%u'n&%ﬁ%lan ‘B %d%%ﬁbﬂaarlﬁtelré%%%&ﬁ&e‘?l%vlne[l?z[n?et]e' n, a_dom nant

negative PD-L1 proteln, om nant® negat 51. The
met hod of claim F*gltl"V\ﬁGPléllmth? Inelpé!ﬂtli tb@dyixplhmd lyp‘eleveﬂa crfé]DIW BlAds PD-1 is (1) a

monocl onal . ant i blf%?eito?&c al{lﬁpgﬁen ty gl) HEQJhﬁ& le se ’ablg%l)legg‘lfs hc}érrt%y zed anti bOdy

or a functional gnmen an 1 nog usion protein.
52. The net hod oﬁnp@h@jrmmﬂnﬁyT\ﬂhéqhﬁmnnttahel anti body that binds PD-Lt is (1) a

10monocl onal_ant | DOdY ot LA BRLAEARIBHn & hLARLs. Lk @ rani zed

anti body or a functional (3) an 1mu in fusion
protein. setting @f nofkpdrqmeti fedioof Fle ke ifc 48 ¢llawres edaminedh @ fa/nthpdb@dy t hat bi nds

PD-1,2 is (1) a R%L%%f ang INQQ‘HX 19f][ecté’d $HNGEVORAL o $Jegtgpéec? gﬂi@%ﬁa?ot (2) a

humani zed anti bo or a unct i ona ragnent there
i mi nunogl obul i n Flygqtlgmerpyr('{‘ﬂ%”lhcells that explessed 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 specific 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).



54. The nethod of claim45, wherein the PD-1 antagonist is a small nol ecul e.
2055. The nethod of claim 21, wherein the subject is assynptcrnatic.

56. A net hod“g;zossr gﬂgj ng a subject with a tunor, corrpr;,éjnﬂgmﬂ%?gsai stering
adm nistering to {he subj ect a therapeutically effective anount of a

Programmed Death (PD-1) antagoni st and a therapeutically effective anount of a
tunor antigen 25or a nucleic acid encoding the tunor antigen, thereby treating
t he subj ect. 57. The nethod of cl ai®’56, wherein the PD-1 antagonist is
an anti body that specifically binds PD-1, an anti body that specifically

Programmed Death Li gand; dupkdbidk)imibn EJ,-%E@MM@@@M?\ZEJI;@MQ-Z (PD-L2), or
conbi nations thereof. 30 The nmet hod of claimb56 erein the subject is

58,
i Munosuppr essed?™P/oqyeg: Peripheral blged angpixer NapRgHVet anal y&sGiP5 8¢ CHRFSH¥ n t he PD- 1
antagoni st i s anof@mt ifrdilHtkeed PitieRO Bdionicdlly it diedRIXhLACY aRépidad)ive @Bwant i - PD- L2
anti body, a small inhjbi tor,%/ antiPD-1 R l\lﬁl , .a_smal |l iphibi t,o% anti - PD- LA
RNA, an smal | i nH{Be A4t fromppyq PrueaNal shogy 'nRigie pif1 WRRERJBRHSe RNA, an
anti-PD-L1 anii sgfgerdRNdod,@n%aBE-3RDof@DaNtT capnee: FRNA;, ta felgienepst negati ve
PD-1 protein, a dom nant negatjve PD- L, | ein, .or a dogjnant negative
P> L2 protei n. - SseheelZVhs BEIRG A8 cilbtor SERLRR e 4% (Bab ML et body ¢ hat
specifically bi nésli¥bislentiched In)cels dxprrasidonl lev@itof DAY Vatileaakeietik i onal f ragnent
thereof, (2) a h ni zed 10antibo (o) funct.i l. fr ent thereof, or (3)
an 1 munogh obul 1 HoNRSTEH: B erther o ol HBERLBOR 1 kE ROGHEn Aty 87, wher oi n
t he anti body t ha€Di Tidg!ls RExel(DG28 1§ DASRM inecdoasiatnt suith b hedprygphemtfpanct i onal
fragnment thereof . (2 h ni zed. i body _or a functional, fragnent thereof,
or (3) an i m“’rﬁnogll%’b%%e?i %@%ﬁpeﬁ‘r‘%@} ioﬁ%l%gemowpc’pm%?} ln[Ikﬁleh t}ﬁeelfv%roa raof cl ai m 57,
wher ei n t he ant i thopyiphdrashdsictchat FPH kfpressiof Whs devred octhoinal camtaiedody or a
functional frag Lher el ized. ' r..a functional fragment
t hereof, or (3) n@%%“ﬁ!ﬁ%@%&éﬁuﬁ%ﬁ%&%% bB‘?%ftg}%!hggg%ﬁs.%lﬁ'ﬁgpﬁﬁﬁﬁﬁ of claim
57, wherein the ®Relis capeasgeiiDst oi the mughrpitic Thaslles ubtenerely due to th@3bselidee et hod of
claim 56, whereig the.t 80T (BE o, heres LR cyclin D, cyclin
E, proteinase 3 arﬁ. |%Vs$g%|g)at“i denltl%R?c,) %gugﬁg/gﬁﬁhwleflgs%%{e%e%acat hepsin Cl,
MAGE, MART, t¥r oxiipizsat ofGR-1-0008-+NYelfesior mempra( CBpAL lnw/(EHB o) celtbr yoni ¢

antigen (CEA), O&itmﬁﬁéﬁi@ér%oﬁgﬁgdtwe @E};ﬁeﬁmo&oﬁi’ﬁgmeﬁc.epl acement Sequence
Li sting SEQUENCE LI STING 110> EI\/D?@ NI VERSI TY "PRESI DENT AND FELLOWS OF

HARVARD COLLEGE
CD1i27 expression on human peripheral blood and liver infilirating

lymphocytes: 1L-7 is required 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
cammaherpesvirus infections (see, for example, Fuller et al., J Immunol 174:5926-
30, 2005). This loss of CD127 during chronic infection coirelates 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 celis predominating. These data suggest that liver



DANA- FARBER CANCER | NSTI TUTE AhMen, Rafi Amara, Rama G Barber, Daniel G
Arl ene, Sharpe G Freeman, Gordon G <120> COWPCOSI TI ONS AND METHODS FOR THE

TREATMENT OF S AND TUMORS <130> 6975- 76374- 04 S 77.518 <151>
2006- 12- 27 1“6‘%‘5@51@7» PatentIn version 3.5 <210> 1"2%%20@8%?221» PRT

<213> Hono sapiens <400> 1 net Gn lle Pro Gn Ala Pro Trp Pro Val Val Trp Al a
val Leu G n 151015 Leu Ay Trp Arg Pro Ay Trp Phe Leu Asp Ser Pro Asp Arg Pro
Trp 202530 Asn Pro Pro Thr Phe Phe Pro Al al2eu Lev Val Val Thr Qu Ay Asp

354045 Asn Ala Thr Phe Thr Cys Ser Phe Ser Asn Thr Ser G u Ser Phe val 505560

Leu Asn Trp Tyr #igaMtCISerT 8119 inS®FonARHTGhNiediB o AS Phda¥§pk@l nfil:8r the
peripheral CD8+ T cell population. In the setting of HIV infection where the virus
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 CD127 expression on HCV anrigen 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 85%, 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 CDD127 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 PD-1. That peripheral antigen
specific CD8+ T cells differentially express CID127 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., EurJ

25  Immunol 35:738-45, 2005). Dependence on availability of antigen and time of
exposure was also observed to affect the expression of CDG62L 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.



65707580 Ala Phe Pro Qu Asp Arg Ser Gn Pro Gy Gn Asp Cys Arg Phe Arg
859095 Val Thr A n Leu Pro Asn Gy Arg Asp Phe His net Ser val val Arg

100105110 Al Asn Asp Ser Gy Thr Tyr Leu Cys g ser Leu
115120125 Algv ro%m@{/lg‘ Ala Gnlle Lys Gu Ser Leu Ary %ﬁ”%ﬁmk&gﬁ Arg Val

130135140 Thr Gu Arg Arg Ala Qu val Pro Thr Ala H's Pro ser Pro ser Pro

145150155160 Page 1 Repl acenent sequence Listing Arg Pro Ala Gy Gn Phe Gn
Thr Leu val Val Ay val val Ay Ay 165170295 Leu Leu Ay Ser Leu Val [Cu Leu
Val Trp Val Leu Ala Val Ile cys 180185190 Ser Arg Ala Ala Arg Ay Thr Ile Ay

Ala Ary Arg Thr Gy Gidakdde of AR3Z0L0RaAsedlinky 8sechtbahis JPHTVSBECiR @ val Pro Val
Phe Ser Val Asp rIX('z’megpgsmzvjé%]Bézj'zcglls: Evidence from the patient population suggests that
blockade of the PD-1/PD-L1 interaction with anti-PD-L1 or anti-PD-] 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
low

monitoring the frequency of carboxyfluorescein succinimidyl ester (CFSE)

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 CD8+ 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-] but
lack CD127, 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. Nar 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



Gu Leu Asp Phe G n Trp Arg Qu Lys Thr Pro Gu Pro Pro Val Pro 225230235240
cys Val Pro Au Gn Thr Au Tyr Ala Thr Ile Val Phe Pro Ser Ay 245250255 Met

G pro teu NEEE AD @Y 1L oye Ser Trp pro LelRERREE <0000 M

<211> 288 <212> PRT <213> Mus nusculus <400> 2 net Trp Val Ary Gn val Pro Hp
Ser Phe Thr Trp Ala val [Cu G n 151015 [Cu Ser Trp Gn Ser Ay Trp [Cu [Cu G u
Val Pro Asn Ay Pro Trp 202530 Ary Ser [Culfr Phe Tyr Pro Ala Trp [Cu Thr Val

Ser Qu Ay Ala 354045 Asn Ala Thr Phe Thr Cys Ser [Cu Ser Asn Trp Ser G u Asp

Leu met 505560 [ §didsBiticht A&RindY, BytbiCkic SREntRY, Ond38sh ASTeGiVe pbRAiFhas Lys G n Al a
low apoptosis. In chronic viral infections virus-specific CD8 T cells undergo
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 I[FN-v 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,
Haraii et al., Blood 103, 966-72, 2004)and S1V. HIV-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 én vitro restores HIV-
specific T cell function.

15 The expression of PD-1 on SIV-specific CD8 T cells following infection
with a pathogenic SIV239 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 vifro results in enhanced expansion of these cells. The
following results were obtained:

20

Elevated PD-1 expression on SIV-specific CDS 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 S[V-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 SIV 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 (MF] of 580) compared to total CD8 T cells (MFT of 220) (Figure

27D). Collectively, these results demonstrate that a significant proportion of



65707580 Ala Phe Cys Asn Ay [Cu Ser Gn Pro Val
859095 Ile Ile Gn [Cu Pro Asn Arg H's Asp Phe H's Met Asn Tie [Cu Asp

Gn Asp Ala Ary Phe G n

100105110 R t Sequence Listing Thr Arg Arg As y Ile Tyr
fbff%%gf cﬁﬁﬁo %ggs
al1e Ser S e

Leu cys Gy

Leu 115120125 His Pro Lys Ala Ly

u du Ser Pro

Ay Ala Qu Leu val val 130135140 Thr Gu Arg Ile Leu Gu Thr Ser Thr Arg Tyr
Pro 145150155160 Lys Pro Qu Gy Aro Phe Gn Ay net val Ile
Ay Ile met ser Ala 165170175 Leu Val dy-Plle Pro Val Leu Leu Leu Leu Ala Trp
180185190 Phe Cys Ser Thr Ser Met Ser u Ala Arg Gy Ala Ay

Pro Ser Pro Ser

Ala Leu Al a Val
Ser Lys Asp 1952Q020%5CASA cENY fid:R Horka¥ Ban@SWy-(Hrdbddnthc RREs
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level Of PD-1 expression 1s further elevated on the S D8 T cells.

Invitro blockade of PD-1 results in enhanced expansion of SIV-specific CD8
T cells: To study the effect of PD-1 blockade on the function of STV-specific CD8 T
cells, proliferation assays were conducted in the presence and absence of a blocking
antibody to human PD-| 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
with PL1C 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
four out of six macaques tested, stimulations with P1|C peptide in the presence of
anti-PD-1 blocking Ab resulted in about 2-4 fold turther 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

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-L1I is constitutively
expressed and upregulated to higher amounts on both hematopoietic and
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-L2,
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
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 short time (day 1-4 post-



225230235240 Thr Ala Cys Val His Thr Gu Tyr Ala Thr Ile Val Phe Thr Au Ay
245250255 Leu Ay Ala ser Ala net Ay An) Arg Ay ser Ala Asp Ay Leu Gn

260265270 d . Pro Pro Arg His Qu Asp Gy Hi's Pro Leu
275280285 2 dg"gﬂ’@%b 290 <212> PRT 213: Homp sapi e%ﬁ”%@%p’mt Arg Ile

Phe Ala Val Phe Ile Phe Met Thr Tyr Trp His Leu Leu 151015 Asn Ala Phe Thr Val
Thr Val Pro Lys Asp Leu Tyr Val Val du Tyr 202530 Ay ser Asn Met Thr Ile Qu
Cys Lys Phe Pro Val Qu Lys Gn Leu 3540453Asp Leu Ala Ala Leu Ile val Tyr Trp
Gu met Au Asp Lys Asn Il e 505560 Replacenent Sequence Listing Ile Gn 'he

Val His Ay GQu febtiohs PriiEdsuliiSe ¥t thd iD-Eb 8xpR&Eion3€ Elosely related to DC

regulation and results in regulation of T cell activation.

Example 21: PD-1 is expressed by the majority of effector memory CD8
5 T cells in the blood of healthy humans
PD-1 expression on CD3+/CD8+ T cells from the blood of healthy human
adults was investigated. In human blood 20-60% of CD8 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 (Tewm),

10 effector memory (Tgv), and terminally differentiated effector (Tgmra) 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 Tem
expressed PD-1. These data demonstrate that the majority of Tgy isolated from the
blood of healthy human adults express PD-1.

15 Based 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 CD45RA expression contained the highest proportion of PD-1+
cells. In conclusion, PD-1 was predominantly expressed by Tgu, to a lesser extent

20 by Temra and Tcy, and was not expressed among naive CD8 T cells. These data
illustrate that a large proportion of Tem CD8 T cells express PD-1 among healthy
human adults.

To 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

25  majority of PD-1+ CD8 T cells bore markers associated with antigen experience and
effector/effector memory differentiation. For instance, CD1 la+/CCR7-/CD62L-
ICD45RA-/KLRGI1+/granzyme B+/perforin+ CDS8 T cells were enriched in PD-1
expression. In contrast, naive phenotype (CD11a-
/CCR7+/CD62L+/CD45RA+/KLRG1-) CD8 T cells expressed low levels of PD-].

30  Thus, PD-1 was preferentially expressed on antigen-experienced CD8 T cells with

effector/effector memory qualities.
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PD- | 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
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 Try
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-
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.

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
PD-1. In contrast, influenza virus 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
and CMV) expressed higher levels of PD-1 than acute infections (influenza and
vaccinia viruses). CD8 T cells specific for very common chronic infections can

express high levels of PD-1.

Example 24: Anti-PD-L1 blockade increases proliferation of CD8 T cells
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



245250255 Phe Ile Phe Arg Leo Arg Lys Ay Ary Met Met Asp Val Lys Lys cys
260265270 Ay | din Asp Thr Asn Ser Lys Lys G n Ser Asp Thr H's Leu Gu
275280285 d y, T. <210> 4 <211> 273 <212> PRT <2133 Lens <400> 4

Repl acenent eoqit}gsﬁ%glgti sting 151015 Ile Ala Ala Leu Phgcﬂﬁ%v@?ﬁ r Val Pro

Lys Gu Leu Tyr Ile Ile 202530 Au Hs Gy ser Asn val Thr Leu G u Cys Asn Phe
Asp Thr Ay ser 354045 His val Asn Leu Ay Ala lle Thr Ala Ser Leu G n Lys val
d u Asn 505560 Asp Thr Ser Pro His Ary Aul3Arg Ala Thr Leu Leu u Au Gn Leu

65707580 Pro Leu Gy Lys Ala Ser Phe His Ile Pro Gn Val Grl Val Arg Asp

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-! 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 CESE and cultured for 6 days under various conditions. As expected,
incubation 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

10 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 cu]ture could be related to the amount of PD-1
expressed by antigen specific CD8 T cells prior to stimulation, These data suggest
that PD-1 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-L.1 blocking antibody led to
25  increased division among CD8 T cells specific for EBV and CMV. Anti-PD-L1
mAb was added once (day 0), and proliferation was assessed at the end of the six-
day culture period. Ir vivo anti-PD-LI 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



859095 Gu Ay Gn Tyr Gn Cys lle llelle Tyr Ay Val Ala Trp Asp Tyr
100105110 Lys Tyr Leu Thr Leu Lys Val Lys Ala Ser Tyr Ary Lys Ile Asn Thr
115120125 Hi Lys Val Pro Au Thr Asp du Val Cys Gn
130135140 AlgofhgmkﬁH'Tyr Pro [Cu Ala Qu Val Ser Trp é&Hm%éHm%Ql Ser va
145150155160 Pro Ala Asn Thr Ser His Ser Arg Thr Pro AQu Ay Leu Tyr G n Va
165170175 Thr Ser Val Leu Arg Leu Lys Pro Pro Pro Gy Arg Asn Phe Ser Cys
180185190 val Phe Trp Asn Thr His Val Arg-l&u Leu Thr Leu Ala Ser Ile Asp
195200205 Leu G n Ser Gn Met Gu Pro Arg Thr H's Pro Thr Trp Leu Leu Hi s
210215220 11 e Phgadden Bregelaeéun@a%oh b@w Q)e@}Iﬁ@-CBSeFdeilﬁh?rnﬁsu{cheeadﬁﬂu@n Thr Val

225230235240 Ile Ala Leu A%¥ Leu Tyr Ser Ser Lys Asp
245250255 Thr THY MAPSt &y fB”?\/éiFtaTﬁSrObfWe H‘rCMV§P%f€@%T%]IS TRe¥ ser Ala

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 It 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.



260265270 Tie Replacenent Sequence Listing <210> 5 <211> 23 <212> PRT <213>
Hono sapi ens <400> 5 Asp Ile val Met Thr G n Ser Pro Asp Ser Leu Al a Val Ser

Leu Ay 15103%% fadnsfrg Ala Thr Ile Asp Cys 20 <210> 6 se¥idAssal2> PRT <213>
Hono sapiens <400> 6 Trp Tyr Gn Gn Lys Pro Ay Gn Pro Pro Len Leu Ile Tyr
1510 <210> 7 <211> 32

-136-

CLAIMS
. A method for inducing an immune response to an antigen of interest in a
mammalian subject, comprising administering to the subject a therapeutically
5  effective amount of activated T cells, wherein in the T cells specifically recognize
the antigen of interest and a therapeutically effective amount of a PD-1 antagonist,

thereby inducing the immune response to the antigen of interest.
2. The method of claim 1, wherein the subject has a viral infection.
10
3. The method of claim 1, wherein the subject has a persistent viral

infection.

4. The method of claim 3, wherein the antigen of interest is antigen is a viral

15 antigen.

5. The method of claim 4, wherein the viral antigen is a hepatitis viral

antigen.

20 6. The method of claim 5, wherein the hepatitis viral antigen is gp33.

7. The method of claim 3, wherein the viral infection is a human

immunodeficiency viral infection.

25 8. The method of claim 7, wherein the antigen of interest is gp120.

9. The method of claim 1, wherein the mammalian subject is human.

10. The method of claim |, wherein the mammalian subject is

30  immunocompromised.



<212> PRT <213> Hono sapiens <400> 7 Gy Val Pro Asp Arg Pro Phe Ay Ser Ay
Ser Ay Thr Asp Phe Thr 151015 Leu Thr Ile Ser Ser Len Gn Ala Gu Asp Val Al a
Val Tyr Tyr MSoa@ddh30 <210> 8 <211> 11 212> PRT 2133cHeomadasens <400> 8
he Ay An Ay G@n Thr Lys Len Gn Ile Lys 1510 <210> 9 <211> 30 <212> PRT
<213> Honp sapiens <400> 9 An Val Gn Leu Val Gn Ser Gy Ala Qu val Lys Lys
Pro Gn Ala 151015 Ser val Lys Val Ser Cysul7ys Ala Ser Ar Tyr Thr Phe Thr

11. The method of claim 1, wherein the viral infection is a viral infection is
an infection with a hepatitis virus, a human immunodeficiency virus (HIV), a human
T-lymphotrophic virus (HTLV), a herpes virus, an Epstein-Bair virus, or a human

papilloma vizrus.
12. The method of claim |, wherein the recipient has a tumor.

13. The method of claim 12, wherein the antigen of interest is a tumor
antigen.
10
14, The method of claim 13, wherein the tumor-associated antigen is
PRAME, WTI, Survivin, cyclin D, cyclin E, proteinase 3 and its peptide PRI,
neutrophil elastase, cathepsin G, MAGE, MART, tyrosinase, GP100, NY-Eso-1,
herceptin, carcino-embryonic antigen (CEA), or prostate specific antigen (PSA).
15
15. The method ot claim 1, wherein the PD-1 antagonist is an antibody that
specifically binds PD-1, an antibody that specifically binds Programmed Death
Ligand | (PD-L1) or an antibody that specifically binds Programmed Death Ligand-
2 (PD-L2), or combinations thereof.
20
16. The method of claim 32, wherein the antigen of interest is a fungal

antigen.

7. The method of claim 1, wherein the PD-] antagonist is an anti-PD-1
25  antibody, an anti-PD-L1 antibody, an anti-PD-L2 antibody, a small inhibitory anti-
PD-1 RNAI, a small inhibitory anti-PD-L1 RNA, an small inhibitory anti-PD-L2
RNAI, an anti-PD-| 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 combinations thereof.

30



202530 Page 6 Repl acenent sequence Listing <210> 10 <211> 14 <212> PRT <213>
Hono sapi ens <400> 10 Trp Val Arg Gn Ala Pro Ay Gn Arg Leu Gu Trp Met Ay
1510 <210> 1}ysRdslmsd2 <212> PRT 213> Hono sapiens 4@P3udboAkssval Thr Ile
Thr Arg Asp Thr Ser Ala Ser Thr Ala Tyr nmet G u 151015 Leu Ser Ser Leu Arg Ser
AQu Asp Thr Ala Val Tyr Tyr Cys Ala Arg 202530 <210> 12 <211> 11 <212> PRT
<213> Hono sapiens <400> 12 Trp Ay Gn Ay Thr Leu val Thr Val Ser Ser 1510
210> 13 <211> 15 212> PRT <213> Artifici a3g‘sequence <220>
18. The method of claim 15, 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.

5 19. The method of claim 18, 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.

20. The method of claim 18, wherein the antibody that binds PD-L2 is (1) a
10 monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

functional fragment thereof, or (3) an Immunoglobulin fusion protein.

2]. A method of inducing an immune response to an antigen of interest in a
mamimalian recipient, comprising:

15 contacting a population of donor cells from the same mamimalian 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;
and

20 transplanting a therapeutically effective amount of the population of donor
activated T cells into the recipient; and

administering to the recipient a therapeutically effective amount of a PD-1
antagonist,
thereby producing an immune response to the antigen of interest in the

25  mammalian recipient.
22. The method of claim 21, wherein the recipient has a viral infection.

23. The method of claim 22, wherein the recipient has a persistent viral

30  infection.



<223> Exenpl ary antigenic peptide <400> 13 Thr Leu Tyr Lys Lys Met Au G n Asp
Val 1510 <210>14 <211>15 <212>PRT <213>Artifici al sequence <220> <223>Exenpl ary

antigeni c pepid A&5400>14 Lys Val Ala Hs Gn 15 Ay pspuBioRisy Leu nmet Arg
Lys Ala Tyr Leu Arg Lys Cys Lys 151015 <210> 15 Repl acenent Sequence Listing

<211> 15 <212> PRT <213> Artificial sequence
-139-

24. The method of claim 22, wherein the antigen of interest is antigen is a

viral antigen.

25. The method of claim 24, wherein the viral antigen is a hepatitis viral

5  antigen.

26. The method of claim 25, wherein the hepatitis viral antigen is gp33.

27. The method of claim 23, wherein the viral infection is a human

10 immunodeficiency viral infection.

28. The method of claim 27, wherein the antigen of interest is gpl120.

29. The method of claim 21, wherein the donor and the recipient are human.
15
30. The method of claim 23, wherein the donor and the recipient are the

same human subject.

31. The method of claim 23, wherein the recipient is immunocompromised.
20
32. The method of claim 24, wherein the viral infection is a viral infection is
an infection with a hepatitis virus, a human immunodeficiency virus (HIV), a human
T-lymphotrophic virus (HTLV), a herpes virus, an Epstein-Barr virus, or a human
papilloma virus.
25

33. The method of claim 23, wherein the recipient has a tumor.

34. The method of claim 33, wherein the antigen of interest is a tumor
antigen.
30
35. The method of claim 34, wherein the tumor-associated antigen is

PRAME, WT1, Survivin, cyclin D, cyclin E, proteinase 3 and its peptide PRI,



<220> <223., Exenplary antigenic peptide <400> 15 Thr Phe Ser Ary Met Lys Tyr
Asn Ile Cys nmet (fly Lys Cys Ile 1 <210> <211> <212> <213> <220> <223> <400> 5

16 9 PRT Artiyfd Shdssigauence Exenpl ary antigenic pepti decdBsd80ddrs: Ser 11e Thr
Gu Val du Cys Phe Leu 15 <210> 17 <211> 9 <212> PRT

-140-

neutrophil elastase, cathepsin G, MAGE, MART, tyrosinase, GP100, NY-Eso-1,

herceptin, carcino-embryonic antigen (CEA), or prostate specific antigen (PSA).

36. The method of claim 23, wherein the PD- | antagonist is an antibody that
5  specifically binds PD-1, an antibody that specifically Programmed Death Ligand |
(PD-L1), and antibody that specifically binds Programmed Death Ligand-2 (PD-1L2),

or combinations thereof.

37. The method of claim 23, wherein the pathogen is a fungus, and the

10 antigen is a fungal antigen.

38. The method of claim 23, wherein the PD-1 antagonist is 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-L1 RNA, an small inhibitory anti-PD-L2
15 RNAJ, 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-L|

protein, a dominant negative PD-L2 protein, or combinations thereof.

39. The method of claim 36, wherein the antibody that specifically binds
20  PD-l 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.

40. The method of claim 36, wherein the antibody that binds PD-L1 is (1) a
monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

25  functional fragment thereof, or (3) an immunoglobulin fusion protein.

41. The method of claim 36, 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.

30



<213> Artificial sequence <220> <273> Exenplary antigenic peptide <400> 17 G n
Pro Arg Ala Pro Ile Arg Pro Ile 15 <210> 18 <211> 9 <212> PRT <213> Artificia

sequence <22Qyo sigasisiexenpl ary antigenic peptide <400> 38,850,464, Val Pro Met
Val Ala Thr Val 15 <210> 19 <211> 10 <212> RRT <213> Artificial sequence <220>

<223> Exenpl ary antigenic peptide <400> 19 Tyr net Lev Asp Leu A n Pro Qu Thr
Thr 1510 Page 8 Repl acenent Sequence ListLﬂg

42. The method of claim 23, comprising transfecting the APCs 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.

S 43. The method of claim 23, further comprising administering to the subject

a therapeutically effective amount of an additional compound.

44. The method of claim 43, wherein said second compound is an antiviral
compound, an antibacterial compound, an antifungal compound, an antiparasitic

10 compound, an anti-inflammatory compound, or an analgesic.

45. A method of treating a subject with a persistent infection of a pathogen,
comprising administering to the subject a therapeutically effective amount of a
Programmed Death (PD-1) antagonist and a therapeutically effective amount of an
15  antigenic molecule from the pathogen, thereby treating the persistent infection in the

subject.

46. The method of claim 45, wherein the pathogen is a virus, and wherein
the subject has a persistent viral infection.
20
47. The method of claim 45, wherein the antigenic molecule is a viral

antigenic peptide or a nucleic acid encoding the viral antigenic peptide.

48. The method of claim 45, wherein the PD-1 antagonist is an antibody that
25  specifically binds PD-1, an antibody that specifically Programmed Death Ligand 1
(PD-L1) or Programmed Death Ligand-2 (PD-L2), or combinations thereof.

49. The method of claim 45, wherein the subject is immunosuppressed.
30 50. The method of claim 45, wherein the PD-1 antagonist is an anti-PD-|

antibody, an anti-PD-L1 antibody, an anti-PD-L.2 antibody, a small inhibitory anti-
PD-1 RNAI, a small inhibitory anti-PD-L.1 RNA, an small inhibitory anti-PD-L2



<210> 20 <211> 9 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary
antigenic peptide <400> 20 Ay Ile Leu Ay Phe Val Phe Thr [Cu 15 <210> 21

<211> 9 <¥12x%PRlsicsadd> Artificial sequence <220> <223%-Ex&iipligsy: anti genic
pepti de <400> 21 Leu Tyr Val Asp Ser Leu Phe Phe Leu 15 <210> 22 <211> 9 <212>

PRT <213> Artificial sequence <220>
-142-

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, or a dominant negative PD-L.2 protein.

5 51. The method of claim 48, wherein the antibody that specifically binds
PD-1 is (1) a monoclonal antibody or a functional fragment thereof, (2) a humanized

antibody or a functicnal fragment therecf, or (3) an immunoglobulin fusion protein.

52. The method of claim 48, wherein the antibody that binds PD-L1 is (1) a
10 monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

functional fragment thereof, or (3) an immunoglobulin fusion protein.

53. The method of claim 48, wherein the antibody that binds PD-L2 is (1) a
monoclonal antibody or a functional fragment thereof, (2) a humanized antibody ora

15  functional fragment thereof, or (3) an immunoglcbulin fusion protein.

54. The method of claim 45, wherein the PD-1 antagonist is a small

molecule.

20 55. The method of claim 21, wherein the subject is assymptomatic.

56. A method of treating a subject with a tumor, comprising administering
administering to the subject a therapeutically effective amount of a Programmed
Death (PD-1) antagonist and a therapeutically effective amount of a tumor antigen

25  oranucleic acid encoding the turnor antigen, thereby treating the subject.

57. The method of claim 56, wherein the PD-1 antagonist is an antibody that
specifically binds PD-1, an antibody that specifically Programmed Death Ligand 1
(PD-L1) or Programmed Death Ligand-2 (PD-L2), or combinations thereof.
30

58. The method of claim 56, wherein the subject is immunosuppressed.



<223> Exenpl ary antigenic peptide <400> 22 Arg net Phe Pro Asn Ala Pro Tyr [Cu
1 <210> 23 <211> 10 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary
anti geni c pepid fes/58400> 23 Gu ieu Thr Leu Ay du Phe pkeusigysosdssu 1510 <210>
24 <211> 9 <212> PRT <213> Artificial sequence <220> <223> Exenplary antigenic
peptide <400> 24 dy Val Ala La A n Thr Met Lys G n Page 9 Repl acenent
sequence Listing 15 <210> 25 143

59. The method of claim 56, wherein the PD-1 antagonist is an anti-PD-|
antibody, an anti-PD-L| antibody, an anti-PD-L2 antibody, a small inhibitory anti-
PD-1 RNAI, a small inhibitory anti-PD-L.1 RNA, an small inhibitory anti-PD-12
RNAI, an anti-PD-1 antisense RNA, an anti-PD-L | antisense RNA, an anti-PD-L2

5 antisense RNA, a dominant negative PD-1 protein, a dominant negative PD-L]

protein, or a dominant negative PD-L2 protein.

60. The method of claim 57, wherein the antibody that specifically binds
PD-1 is (1) a monoclonal antibody or a functional fragment thereof, (2) a humanized

10 antibody or a functional fragment thereof, or (3) an immunoglobulin fusion protein.

61. The method of claim 57, 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.

15
62. The method of claim 57, 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.
20 62. The method of claim 57, wherein the PD-1 antagonist is a small

molecule.

63. The method of claim 56, wherein the tumor antigen is PRAME, WTI,
Survivin, cyclin D, cyclin E, proteinase 3 and its peptide PR1, neutrophil elastase,
25  cathepsin G, MAGE, MART, tyrosinase, GP100, NY-Eso- 1, herceptin, carcino-

embryonic antigen (CEA), or prostate specific antigen (PSA).



<211> 9 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary anti genic
peptide <400> 25 Cu Thr Val ser Cu A n Ser Asn Val 5 <210> 26 <211> 9 <212>
PRT <213> Artific 1 sequence <220> <223> Exenplary antigenic peptide <400> 26

Val Leu Gn Gu Leu M Val Th,1Yaled® ssdkfide 27s5441> 9 <212> PRT <213>
Artificial sequence <220> @EéjmcE)qﬂgpimry antigenic peptide
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PRESIDENT AND FELLOWS OF HARVARD COLLEGE
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Freeman, Gordon G
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TUMORS

<130> 6975-76374-04

<150> 60/877,518
<151> 2006-12-27

<160> 62

<170> PatentIn version 3.5

<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 Arg Pro Trp
20 25 30

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 Zer Glu Ser Phe val
50 55 0

Leu Asn Trp Tyr Arg Met Ser Pro Ser Asn Gln Thr Asp Lys Leu Ala
65 70 75 80

Ala Phe Pro Glu Qsp Arg Ser Gln Pro Gly GIn Asp Cys Arg ghe Arg
5 90 5

val Thr GIn 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 Gln Ile Lys Glu Ser Leu Arg Ala Glu Leu Arg val
130 135 140

Thr Glu Arg Arg Ala Glu val Pro Thr Ala His Pro Ser Pro Ser Pro
145 150 155 160
Page 1



<400> 27 Val Leu Gdn du Leu Asn Val Thr Val <210> 28 <211> 9 <212> PRT <213>
Artificial sequence <220> <223> Exenplary anti genic peptide <400> 28 Cu Al a
Asp Pro Thr Gy H's Ser Tyr 1 <210> 29 <211> 9 <212> PRT <213> Artifici al
sequence <220> <223> Exenpl agsp1afdneGERESuREDT | k6 n5400> 29 Repl acenent
Sequence Listing Ala Ala Ay Ile Gy Ile Leo Thr val 1 <210> 30 <211> 21 <212>

PRT <21§r>g @‘Fé IAflgcd'l)?‘lG'I%elgw%egﬁeThr 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 teu Asp Phe GIn Trp Arg Glu Lys Thr Pro Glu Pro Pro val Pro
225 230 235 240

Cys val pPro Glu GIn Thr Glu Tyr Ala Thr Ile 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 Gln val Pro Trp Ser Phe Thr Trp Ala val Leu Gln
1 5 10 15

Leu Ser Trp GIn 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 pPhe 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 GIn Pro val GIn Asp Ala Arg Phe GlIn
85 90 95

Ile Ile GIn Leu Pro Asn Arg His Asp Phe His Met Asn Ile Leu ASp
100 105 110
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<220> <223> Exenpl ary antigenic peptide <400> 30 Arg H's Arg Pro Leo Gn Qu
val Tyr Pro Qu Ala Asn Ala Pro Ile 151015 (fly H's Asn Arg Au 20 <210> 31
<211> 16 <212> PRT <213> Artificial sequence <220> <223> Exenplary antigenic
peptide <400> 31 Trp Asn Ar grdoil ficek@®: T¥dueREO L Hindrp Thr Gu Ala G n Arg Leo
Asp 1 <2h10> <211> <212> _<2113> 1<220>L<22C3> G§40Aq> Iﬁ 352 19 PRT Artificial sequence
Exenpl afy’ Aff £G2AFE ASBptr devaBleryr Leu Cys Gly Ala Tle ser Leu

His Pro Lys Ala Lys ITe Glu Glu Ser Pro Gly Ala Glu Leu val val
130 135 140

Thr Glu Arg Ile Leu Glu Thr ser Thr Arg Tyr Pro Ser Pro Ser Pro
145 150 155 160

Lys Pro Glu Gly Arg Phe Gln Gly Met val Ile Gly Ile Met Ser Ala
165 170 175

Leu val Gly Ile Pro val Leu Leu Leu Leu Ala Trp Ala Leu Ala val
180 185 190

Phe Cys Ser Thr Ser Met Ser Glu Ala Arg Gly Ala Gly Ser Lys Asp
195 200 205

Asp Thr Leu Lys Glu Glu Pro Ser Ala Ala Pro val Pro Ser val Ala
210 215 220

Tyr Glu Glu Leu Asp Phe Gln Gly Arg Glu Lys Thr Pro Glu Leu Pro
225 230 235 240

Thr Ala Cys val His Thr Glu Tyr Ala Thr ITe val Phe Thr Glu Gly
245 250 255

Leu Gly Ala Ser Ala Met Gly Arg Arg Gly Ser Ala Asp Gly Leu GIn
260 265 270

Gly Pro Arg Pro Pro Arg His Glu Asp Gly His Cys Ser Trp Pro Leu

275 280 285
<210> 3
<211> 290
<212> PRT

<213> Homo sapiens
<400> 3

Met Arg Ile Phe Ala val Phe Ile Phe Met Thr Tyr Trp His Leu Leu
1 5 10 15

Asn Ala Phe Thr val Thr val Pro Lys Asp Leu Tyr val val Glu Tyr
20 25 30

Gly Ser Asn Met Thr Ile Glu Cys Lys Phe Pro val Glu Lys GIn Leu
35 40 45

Asp Leu Ala Ala Leu Ile val Tyr Trp Glu Met Glu Asp Lys Ash Ile
50 55 60

Page 3



15 Val Leo Leo Lys GQu Phe Thr Val Ser dy 1510 <210> 33 <211> 9 <212> PRT
<213> Artificial sequence <220> <223> Exenpl ary antigeni c peptide <400> 33 Lys
Ile Phe (fly Ser Leo Ala Phe Leo 15 <210> 34 <211> 9 <212> PRT <220> <223>
Exenpl ary antigenic peptide gf0Q2ndd Eigeh@Uiengdy Tyr Ser Trp Tyr Lys 15
<210> 365%e<Q1rlBheL@ak2*12:%PF6ﬂu<221113aspAt¢u' %'fcival Gequeree ggr

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 GIn Arg Ile Leu val val
130 135 140

Asp Pro val Thr Ser Glu His Glu Leu Thr Cys GIn Ala Glu Gly Tyr
145 150 155 160

Pro Lys Ala Glu val Ile Trp Thr Ser Ser Asp His GIn 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 Ser Thr Leu Arg ITe 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 ITe 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 Gln 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 ITe Phe Leu Leu Leu Met Leu Ser Leu Glu Leu Gln Leu His Gln
Page 4



<220> <223> Exenpl ary antigenic peptide <400> 35 Phe Leu Thr
1510 <210> 36 <211> 9 <212> PRT <213> Artificial
<223> Exenpl ary antigenic peptide <400> 36 Ay teu Cys Thr

A n Cys Val

Leu Val

Pro Lys Lys Leu
sequence <220>

Ala Met Leu

15 <210> 37 <211> 8 <212> PRieptddarnArskifdneé alssigguence <220> <223> Exenpl ary
antigenilc peptide <400> 37 Arg Ala Ll9s Phe Lys Cn Leu Leu 15

Ile

Glu

His

ASp

65

Pro

Glu

Lys

His

Ala

145

Pro

Thr

val

Leu

Ile

225

Ile

Thr

Ile

Ala Ala Leu

His

val

50

Thr

Leu

Gly

Tyr

Ile

130

Thr

Ala

Ser

Phe

Gln

210

Phe

Ala

Thr

Gly
35

Asn
Ser
Gly
Gln
Leu
115
Leu
Gly

AsSn

val

Ile
Leu

Lys

20

Ser

Leu

Pro

Lys

Tyr

100

Thr

Lys

Tyr

Thr

Leu

180

Asn

Gln

Pro

Arg

Arg
260

Phe Thr val Thr ¥a1 Pro Lys Glu Leu
5

ASn

Gly

His

Ala

85

GlIn

Leu

val

Pro

ser

165

Arg

Thr

Met

ser

Lys

245

Pro

val

aAla

Arg

70

Ser

Cys

Lys

Pro

Leu

150

His

Leu

His

Glu

val

Thr

Ile

55

Glu

Phe

Ile

val

Glu

135

Ala

Ser

LyS

val

Pro

215

Ile

Leu

Thr

Leu

40

Thr

Arg

His

Ile

Lys

Thr

Glu

Arg

Pro

Arg

200

Arg

Ile

Cys

Thr

Glu

Ala

Ala

Ile

Ile

105

Ala

ASp

val

Thr

Pro

185

Glu

Thr

Ala

Gln

Thr
265

Cys Asn

Ser Leu

Thr Leu

75

Pro Glin

90

Tyr Gly

ser Tyr

Glu val

Ser Trp

Pro Glu

170

Pro Gly

Leu Thr

His Pro

Phe Ile

235

Lys Leu
250

Lys Arg

Page 5

Phe

G1In

60

Leu

val

val

Arg

Glu

140

Pro

Gly

Arg

Leu

Thr

220

Phe

Tyr

Glu

Asp

45

Lys

Glu

Gln

Ala

Asn

Leu

AsSn

Ala

205

Trp

Ile

ser

val

Tyr Ile Ile
30

Thr

val

Glu

val

Trp

Ile

Thr

val

TYyr

Phe

190

ser

Leu

ser

Asn
270

Gly

Glu

G1n

Arg

95

Asp

Asn

cys

Ser

Gln

175

Ser

Ile

Leu

Thr

Lys

255

ser

ser

Asn

Leu

80

Asp

Tyr

Thr

val

160

val

Cys

Asp

His

val

240

ASp

Ala



<210> 38 <211> 9 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary
antigenic peptide <400> 38 Phe Leu Arg Ay Arg Ala Tyr Ay Leu 15 <210> 39
Repl acenent Sequence Listing <211> 9 212> ['Rl <213> Artificial sequence
<220> <223> Exenpl ary an genké&1pefehtiecqtde 13%iAgn Leu Val Pro Met Val Al a
Thr Val 15 <210> 40 <211> 10 <212> PRT <213> Artificial sequence <220> <223>
Exenpl ary antigeni c peptide

<210> 5

<211> 23

<212> PRT
<213> Homo sapiens

<400> 5

Asp ITe val Met Thr GIn Ser Pro Asp Ser Leu Ala val Ser Leu Gly
1 S 10 15

Glu Arg Ala Thr Ile Asn Cys
20

<210> 6

<211> 14

<212> PRT

<213> Homo sapiens

<400> 6

Trp Tyr GIn GIn Lys Pro Gly GIn 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 Gly Ser Gly Thr Asp pPhe Thr
1 5 10 15

Leu Thr ITe 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 GIn Gly GIn Thr Lys Leu Glu Ile Lys
1 5 10

<210> 9

<211> 30

<212> PRT

<213> Homo sapiens

<400> 9

GIn 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 GIn Tyr Thr pPhe Thr
20 25 30
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400> 40 Thr Pro Arg val Thr Ay Gy Ay Ala net 1510 <210> 41 <211> 9 <212>
PRT <213> Artificial sequence <220> <223> Exenplary antigenic pepti de <400>
41 Gy lle Leu Ay ['"he val ['"he Thr Leu 15 <210> 42 <211> 9 <212> PRT <213>
Artificial sequence <220> <22Zpradevenplsaguenantigenygc pepti de <400> 42 cys Leu
Thr Gu Tyr ile Leu Trp val 15 210> 43 211> 9 <212> PRT

<210> 10

<211> 14

<212> PRT

<213> Homo sapiens

<400> 10

Trp val Arg Gln Ala Pro Gly GIn Arg Leu Glu Trp Met Gly
1 5 10
<210> 11

<211> 32

<212> PRT

<213> Homo sapiens

<400> 11

Arg val Thr ITe 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 Cys Ala Arg
30

20 25
<210> 12
<211> 11
<212> PRT
<213> Homo sapiens
<400> 12
Trp Gly GIn 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 Gln
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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<213> Artificial sequence <220> 223> Exenplary antigenic peptide <400> 43 Lys
Val Asp Asp Thr ['he Tyr Tyr Val 15 Replacenent Sequence Listing <210> 44
<211> 9 <212> PRT <213> Artificial sequence <220> <223> Exenpl ary antigenic
pepti de <400> 44 Cys |l e AsmeplyceMadt €yqedtd LTdinyal 15 <210> 45 <211> 10
<212> ARE1x213> Artificial sequence <220> <223> Exenpl ary antigeni c peptide
12> PRT
<400> 45735

Artificial sequence

<220> )

<223> Exemplary antigenic peptide
<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

<212> 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

Page 8



Lys Leu Val Ala Leu Gy Ile Asn Ala Val 1510 <210> 46 <211> 273 <212> PET
<213> Hono sapiens <400> 46 Met Ile Phe Leu [Cu [Cu Met Leu Ser Leu G u Leu
G@n Leu Hi's An 151015 Ile Ala Ala Leu Phe Thr Val Thr Val Pro Lys GQu [Cu Tyr
Ile Ile 202530 Gu Hs Gy SefpldshmeMakeqancd est@hy cys Asn Phe Asp Thr Gy Ser
354045 H s Val Asn [Cu Ay Ala lle Thr Ala Ser [Cu Gn Lys Val du Asn 505560
Asp Thrggz)ﬁ %Do Hs Arg GQu Arg Ala Thr Leu Leu Cu Gu A n Leu 65707580 Pro
Leu dy<liys Ara Ser Phe His Ile Pro Gn Val dn Val Arg Asp 859095 Cu Ay dn
Tyr d n<@yzs Argificea) peavrgee Gy val Ala Trp Asp Tyr 100105110 Lys Tyr Leu Thr
[Cu Lys MalL Lys Ala Ser Tyr Arg Lys Ile Asn Thr 115120125 Repl acenent
Sequence23bstaxagplary antigenic peptide

<400> 20

Gly Ile Leu Gly Phe val Phe Thr Leu
1 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 Gln Thr Met Lys Gln
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Hi s
Thr

Val
Asn
Met
Cys
Gn
Thr
PRT

Ile Leu Lys Val Pro
Gy Tyr Pro Leu Ala
Asn Thr Ser Hi s Ser
Leu Arg Leu Lys Pro
ThrlHi s Val ArgXdu
GQu Pro Arg Thr H s
Il e<tloe Alsa Phe Ile

du
Au
Arg
Pro
Leu
Pro
Phe
Tyr

Thr Asp AQu Val GQu Leu Thr Cys G n 130135140 Al a
Val Ser Trp Pro Asn val Ser Val 145150155160 Pro
Thr Pro Qu Gy Leu Tyr @ n Val 165170175 Thr Ser
Rp0a@mynAkgquhste Pheisgr Cys 180185190 Val Phe Trp
Thr Leu Ala Ser Ile Asp 195200205 Leu G n Ser Gn
Thr Trp Leu Leu H's 210215220 Il e Phe Ile Pro Phe
Ile Ala Thr Val 225230235240 Ile Ala Leu Arg Lys
Ser Ser Lys Asp 245250255 Thr Thr Lys Arg Pro Val

Leu<Qys (‘g n Lys Leu
Thr STHE LS ALg.1Chbhu¥ale ASn ser Al a 260265270 |le <210> 47 <211> 24 <212>
<213> Artificial sequence <220> <223> Exenplary antigenic peptide

<220>

<223> Exemplary antigenic peptide

<400> 25

Glu Thr val Ser Glu GIn Ser Asn Vval
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

1

<210> 28
<211> 9
<212> PRT

<213> Artificial sequence

<220>

val Leu GIn Glu Leu Asn val Thr val
5

<223> Exemplary antigenic peptide

<400> 28

1

<210> 29
<211> 9
<212> PRT

<213> Artificial sequence

<220>

Glu Ala Asp Pro Thr Gly His Ser Tyr
5

<223> Exemplary antigenic peptide

<400> 29
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<400> 47 Cys G u Leu Asp ASn Ser H's Gu Asp Tyr Asn Trp Asn Leu Trp Phe
151015 Lys Trp Cys Ser Ay Hs Gy Arg 20 <210> 48 <211> 24 <212> PRT <213>
Artificial sequence <220> <223> Exenpl ary antigeni c peptide <400> 48

Repl acenent sequence LlstlngRghgc&%ytHb§K§{yLLM§n5|s Phe Tyr Asp Cys Asp Trp
Asp Pro Ser Hi s 151015 Ser Trp Tyr Leu Trp 20 <210> 49 <211> 24
<212> P éiﬁ§;yAWF|§WCT§IL%b%ﬂé%éb <220> <223> Exenpl ary anti genic peptide
<400> 49 Asp Pro ser His Ay Asp Tyr Ser Trp Tyr Leu Trp Asp Tyr Leu Cys
151015 G@y Asn Gy H's H's Pro Tyr Asp 20 <210> 50 <211> 24 <212> PRT <213>

1

Artificigselfuence <220> <223> Exenpl ary antigenic peptide
<212> PRT
<213> Artificial sequence
<220>
<223> Exemplary antigenic peptide
<400> 30

Arg His Arg Pro Leu Gln 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 GIn Arg Leu Asp
1 S 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

Lys Ile Phe Gly Ser Leu Ala Phe Leu
1 S

<210> 34
<211> 9
<212> PRT
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<400> Sc) Asp Tyr Leu Cys Gy Asn Ay H's Hs Pro Tyr Asp Cys Qu 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 4sn Cys Asp Trp Asp Pro AapiaddmenGsbqle)ise Tyérifgp Trp 151015 Asp Leu Trp Asn
Lys Trp<Dps Asni2@ixR2sepede <211> 24 <212> PRT <213> Artificial seouence <220>
Repl aceg?bg Sequence Listing <223> Exenpl ary anti aeni c peptide <400> 52 Lys
Tyr Asp<az3p Asemblady BhpigAsic bystidép Cys Asn Lys Asp Pro Tyr 151015 Asn Cys Asp
Trp Asp(dlfz)rog T%r H's 20 <210> 53 <211> 9 <212> PRT

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 Gln 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 GIn Leu Leu
1 5

<210> 38

<211> 9

<212> PRT

<213> Artificial sequence

<220> ] )
<223> Eexemplary antigenic peptide

<400> 38

Phe Leu Arg Gly Arg Ala Tyr Gly Leu
1 5

<210> 39
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<213> Artificial Sequence <220> <223> Exenplary antigenic peptide <400> 53 Gy
Al a Phe Asp Leu Ser Phe Phe Len 1 <210> 54 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> Exenpl ary antigenic peptide <400> 54 Lys Ile @ n Asn Phe
Arg val Tyr Tyr 5 <210> SS <@&blaceber?i2icPRTL&A%35 Artificial Sequence <220>
<223> EZ‘%%'E' %H( antigenic peptide <400> 55 Asp Ile Tyr Lys Arg Trp lle lle

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 39

Asn Leu val Pro Met val Ala Thr val
1 5

<210> 40

<Z211> 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

Gly ITe Leu Gly Phe val Phe Thr Leu
1 5

<210> 42

<211> ¢

<212> PRT

<213> Artificial sequence

<220>
<223> Exemplary antigenic peptide

<400> 42

Cys Leu Thr Glu Tyr Ile Leu Trp val
1 5

<210> 43

<211> 9

<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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<210> 56 <211> 8 <212> PRT <213> Artificial
antigenic peptide <400> 56 Phe Len Lys Qu Lys Ay Ay Len 15 Repl acenent
sequence Listing <210> 57 <211> 9 <212> PRT <213> Artificial Sequence <220>

<223> Exenpl ary antigeni c pegpigenskl0eyldfcALgsPre A n Va
15 <21OZH%§ j%ll> 9

<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> €xemplary antigenic peptide

<400> 45

Lys Leu val Ala Leu Gly
1 5

<210> 46
<211> 273
<212> PRT

<213> Homo
<400> 46

Met Ile Phe
1
Ile Ala Ala

Glu His Gly
35

His val Asn
50

Asp Thr ser
65

Pro Leu Gly

Glu Gly Gln

Lys Tyr Leu
115

sapiens

Leu

Leu

20

Ser

Leu

Pro

Lys

Tyr

100

Thr

Leu

Phe

Asn

Gly

His

Ala

85

GlIn

Leu

Leu

Thr

val

Ala

Arg

70

Ser

cys

Lys

Ile

Met

val

Thr

Ile

55

Glu

Phe

Ile

val

Asn

Leu

Thr

Leu

40

Thr

Arg

His

Ile

Lys

Ala

ser

val

25

Glu

Ala

Ala

Ile

Ile

105

Ala

val
10

Leu Glu
10

Pro Lys

Cys Asn

Ser Leu

Thr Leu

75

Pro Gln
90
Tyr Gly

Ser Tyr

Page 14

Leu

Glu

Phe

Gln

60

Leu

val

val

Arg

Gln

Leu

Asp

45

LysS

Glu

Gln

Ala

Lys

Leu

val

Glu

val

Trp

Ile

His

15

Ile

Gly

Glu

Gln

Arg

95

ASp

Asn

Gln

Ile

Ser

Asn

Leu

80

AsSp

Tyr

Thr

Sequence <220> <223> Exenpl ary

Pro Len Arg Pro Met



<212> PRT <213> Artificial Sequence <220> <223> Exenplary anti genic peptide
<400> 58 Thr Pro G n Asp Lou Asn Thr Met Lou 15 <210> 59 <211> 10 <212> PRT
<213> Artificial Sequence <220> <223> Exenpl ary antigeni c peptide <400> 59 Thr
Pro Ay Pro Ay Val Arg Tyr f&¥0ade@dntl3dQierdd0®si60g<211> 9 <212> PRI <213>
Artifichad IBeqaemve Va2 20 <28 Exenp any GéntuegeTmrche@h de <400> 60 Tyr Pro
Ay lle Ly% Yal Lys A n Lot?®15

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 GIn val
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 Gln Met Glu Pro Arg Thr His Pro Thr Trp Leu Leu His
210 215 220

Ile Phe Ile Pro Phe Cys Ile ITe Ala Phe Ile Phe Ile Ala Thr val
225 230 235 240

Ile ATa 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

<210> 47

<211> 24

<212> PRT

<213> Artificial sequence

<220> )
<223> Exemplary antigenic peptide

<400> 47

Cys Glu Leu AsSp Asn Ser His Glu Asp Tyr Asn Trp Asn Leu Trp Phe
1 5 10 15

Lys Trp Cys Ser Gly His Gly Arg
20

<210> 48

<211> 24

<212> PRT

<213> Artificial sequence

<220> ) ) )
<223> Exemplary antigenic peptide
<400> 48
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<210> 61 <211> 9 <212> PRT <213> Artifici al
antigeni c peptide <400> 61 Thr

Pro Gn Asp Lou Asn Thr

sequence <220> <223> Exenpl ary
Met Len 15 Page 18

Repl acenent Sequence Listing <210> 62 <211> 9 <212> PRT <213> Artificial

sequence <220> <223> Exenpl akap1atdnegeBeguepePiLi angd00> 62 Tyr Va

Asp Arg Phe

Phe LysTAhEL@ls B3y Lys His Phe Tyr Asp C)és Asp Trp Asp Pro Ser His
1 5 1 15

Gly Asp Tyr Ser Trp Tyr Leu Trp
20

<210> 49

<211> 24

<212> PRT

<213> Artificial sequence

<220> _ ]
<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

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

15

Asp Tyr Leu Cys Gly Asn Gly His His Pro Tyr Asp Cys Glu Leu Asp
1 5

10

Asn Ser His Glu Asp Tyr Ser Trp
20

<210> 51

<211> 24

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 51

15

Asp Pro Tyr Asn Cys AsSp Trp Asp Pro Tyr His Glu Lys Tyr Asp Trp
1 5 10 15

Asp Leu Trp Ash Lys Trp Cys Asn
20

<210> 52

<211> 24

<212> PRT

<213> Artificial sequence

<220>
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) _ Replacement Sequence Listing
<223> Exemplary antigenic peptide

<400> 52

Lys Tyr Asp Trp Asp Leu Trp Asn Lys Trp Cys Asn Lys Asp 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 Gln Asn Phe Arg val Tyr Tyr
1 5

<210> 55
<211> 8
<212> PRT

<213> Artificial Sequence

<220>
<223> Exemplary antigenic peptide

<400> 55

Asp Ile Tyr Lys Arg Trp Ile Ile
1 5

<210> 56
<211> 8
<212> PRT

<213> artificial Ssequence

<220>
<223> Exemplary antigenic peptide

<400> 56

Phe Leu Lys Glu Lys Gly Gly Leu
1 5
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Replacement Sequence Listing

<210> 57

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 57

Arg Pro Gln 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 Gln Asp Leu Asn Thr Met Leu
1 5

<210> 59

<211> 10

<212> PRT

<213> Artificial 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> artificial sequence

<220>

<223> Exemplary antigenic peptide
<400> 60

Tyr Pro Gly Ile Lys val Lys GIn Leu
1 5

<210> 61

211> 9

<212> PRT

<213> Artificial sequence
<220>

<223> Exemplary antigenic peptide
<400> 61

Thr Pro Gln Asp Leu Asn Thr Met Leu
1 5
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Replacement Sequence Listing

<210> 62
<211> 9
<212> PRT

<213> Artificial sequence

<220> ] )
<223> Exemplary antigenic peptide

<400> 62

Tyr val Asp Arg Phe Phe Lys Thr Leu
1 5
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