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

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

the resulting immune responses have not successfully eradicated the pathogen.
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30 The present invention further provides a method for identifying a candidate compound

that modulates the activity or expression of a PD-1 polypeptide that includes the steps of: (a)
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25  antibody, an anti-BTLA antibody, an anti-CD28 antibody, an anti-ICOS antibody, an anti-ICOS-
L antibody, an anti-B7-1 antibody, an anti-B7-2 antibody, an anti-B7-H3 antibody, or an anti-
B7-H4 antibody; and (c) instructions for delivery of the first compound and the second
compound to a subject.

The present invention provides significant advantages over standard therapies for
30  treatment, prevention, and reduction, or alternatively, the alleviation of one or more symptoms of

persistent infections. Administration of the therapeutic agent that reduces the level or activity of
5
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Figure 1B is a series of images of a flow cytometry experiment showing PD-1 surface

expression on CD&+ tetramer+ T cells in LCMV Armmstrong immune and CD4 depleted LCMV-

Cl-13 infected mice approximately 60 days post-infection. Anergic CD8+ T cells express high

levels of PD-1 polypeptide on the cell surface approximately 60 days after chronic infection with
25  LCMV-Cl-13 virus (labeled “chronic”), but virus-specific CD8+ T cells do not express PD-1

polypeptide after clearance of an acute LCMV Armstrong infection (labeled “immune”).

Figure 1C is a series of images of a flow cytometry experiment demonstrating the
presence of PD-L1 on splenocytes from chronically infected and uninfected mice. It
demonstrates that PD-L1 expression is the highest on the splenocytes that are infected by the

30  wvirus.



DbGP276- 286 specific CD8+ T cells in the spleen of CD4-depleted Cl-13
infected mce treated with anti-PD-Li (labeled "aPD-L1 Tx") from day
46 to day 60 post-infection versus control (l|abeled "untx").
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specific CD8+ T cells in anti-PD-L1-treated mice, as measured by BrdU incorporation and Ki67
expression.

Figure 3D is a chart showing that mice having high levels of CD8+ T cell expansion
demonstrate an appreciable response in peripheral blood mononuclear cells (PBMC), as shown
by comparing DbGP276-286 specific CD8+ T cells in the PBMC as compared to DbGP276-286

30  specific CD8+ T cells in the spleen.



Figure 5C is a series of charts show ng the nedi an percentage and M-I
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the presencéigire Rtif 2 ppics pf ghage QFTH@ﬁS&ﬁE‘?&Jgth? Eqﬁeél,tagﬁ %CE%E%@ ﬁ‘%alls Ped
t-test )signiﬁcanﬂy upregulated on HIV-specific CD8 T cells compared to the total CD8 T cell
population (p<0.0001) in antiretroviral therapy naive individuals, and PD-1 is increased on the
total CD8 T cell population in HIV-infected versus HIV-seronegative controls (p=0.0033 and
25  p<0.0001, respectively). 120 HIV tetramer stains from 65 HiV-infected individuals and 11 HIV
seronegative controls were included in the analysis.

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

expression on tetramer” cells by epitope specificity.
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25 Figure 8A is a series of images of a flow cytometry experiment showing the
representative proliferation assay data from a B*4201 positive subject. After a 6-day stimulation
with peptide, the percentage of B*4201 TL9-specific CD8 T 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
30 significant increase in proliferation of HIV-specific CD8 T cells in the presence of anti-PD-L1

blocking antibody (n=28, p=0.0006, paired z-test).
9
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2006/ 133396PCT/ US2006/ 022423 - .
lymphoproliferative disorders (e.g., cancers such as angioimmunoblastic lymphoma and nodular

25  lymphocyte predominant Hodgkin lymphoma by administering to a subject an agent that reduces
the expression or activity of PD-1. Reduction of PD-1, PD-L.1 or PD-L2 expression or activity
results in an increase in cytotoxic T cell activity, increasing the specific immune response to the
infectious agent. The results provided herein show that the administration of anti-programmed
death ligand-1 (PD-L1) blocking antibodies to persistently infected mice increased the cytotoxic

30  activity of anergic T cells. Specifically, disruption of PD-1 signaling induced the expansion of

anergic CD8+ T cells, enhanced cytokine production, and increased viral clearance.
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members bind to one or more receptors on an immune cell, such as CTL.A4, CD28, ICOS, PD-1

and/or other receptors, and, depending on the receptor, have the ability to transmit an inhibitory
25  signal or a costimulatory signal to an immune cell, _
CD28 is a receptor that is constitutively expressed on resting T cells. After signaling
through the T cell receptor, ligation of CD28 and transduction of a costimulatory signal induces
T cells to proliferate and secrete 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
30  arole in negative regulation of T cell responses. ICOS, a polypeptids related to CD28 and

CTLAA4, is involved in IL-10 production. PD-1, the receptor to which PD-L1 and PD-L2 bind, is
11
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cells. The PD-1 proteins of the invention are substantially identical to the naturally occurring

30  PD-1 (see, for example, Ishida et al. EMBO J. 11:3887-3895, 1992, Shinohara et al. Genomics

23:704-706, 1994; and U.S. Patent No. 5,698,520, incorporated by reference herein). PD-1
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signal (a costinulatory signal) Under these conditions, re-exposure
of the cells to the sanme antigen (even if reexposure occurs in the
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polypeptide includes any activity which is inherent to the naturally occurring PD-1 protein, such

20 as the ability to modulate an inhibitory signal in an activated immune cell, e.g., 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 of and/or cytokine secretion by an immune
cell. PD-1 may also modulate a costimulatory signal by competing with a costimulatory receptor
for binding of a B7 molecule. Thus, the term "PD-1 activity" includes the ability of a PD-1

25  polypeptide to bind its natural ligand(s), the ability to modulate immune cell costimulatory or
inhibitory signals, and the ability to modulate the immune response. Accordingly, reducing PD-
1 activity includes reducing the interaction of PD-1 to PD-L1 or PD-L2. This canbe
accomplished for example by blocking PD-L1 or PD-L2.

By "immune cell" is meant a cell of hematopoietic origin and that plays arole in the

30  immune response. Immune cells include lymphocytes (e.g., B cells and T cells), natural killer

14



By "neutralizing antibodies"” is nmeant antibodies that interfere with
any of the biological activities of a PD-1 pol ypeptide, particularly
the ability of a PD-1 pol ypeptide to reduce an i mmune response such
as the cyt™ooesrie3ss of T cells. The neutralizing anti b8dy/UREY6/H2R¢RICe
the ability of a PD-1 pol ypeptide to reduce an i mrune response by,
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length, jn a buffer. containin . 5 . .
2058 1 4GRPEST CRESHER 65D 59 R LD e ted sigual e abpene pEgsecond,
1% BSAgigii] 38 bdstithullory 8ignsl).t EHER Middsel tenrditfon6aeExpaanreantitief dedls tcthatamai ng
48% formam de, 4.8XSSC, 0.2 M Tris-C1, /é)tH 7.6, 11X D@E%ardi' S s iw i
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responses to unrelated antigens and can proliferate if cultured with cytokines (e.g., IL-2). For

20  example, T cell anergy can also be observed by the lack of IL-2 production by T lymphocytes as
measured by ELISA or by a proliferation assay using an indicator cell line. Alternatively, a
reporter gene construct can be used. For example, anergic T cells fail to initiate [L-2 gene
transcription induced by a heterologous promoter under the control of the 5' IL-2 gene enhancer
or by a multimer of the AP1 sequence that can be found within the enhancer (Kang et al. Science

25  257:1134, 1992). Anergic antigen specific T cells may have a reduction of at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or even 100% in cytotoxic activity relative a
corresponding control antigen specific T cell.

By "purified antibody" is meant antibody which is at least 60%, by weight, free from
proteins and naturally occurring organic molecules with which it is naturally associated.

30  Preferably, the preparation is at least 75%, more preferably 90%, and most preferably at least

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



5 sequencing, etc., are well known by those skilled in the art of

nol ecul ar biology. See, e.g., F. Ausubel et al., Current Protocols in
Mol ecul ar Bi ol ogy, John Wley & Sons, New York, N. Y., 1998, hereby
i ncor por atVé@l249¢/1338%6er ence. By "substantially purePCTASIHOEIR4%G

nucl ei ¢ acid, polypeptide, or other nolecule that has been separated
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infectronin a’narma? The effective amount of active corrpound(s)

vapi esefdependi ng upon the route of administration, age, body weight,
and gener agy 'ealtralﬁzﬂlf ahibdRidPls %géa.n éﬂltﬁ)b('ﬁ@é ﬁthtePf@@ vt @iydif e biological

physi ci an vRtEr PRE T an W I he approgrl at e anount and

dosagecti#gés o PIBY palypelﬁrdd; mm@lacrbzrtb@@hihty af e PR-AReLYRSRINE IR kedice Fe | t
naturally occurrin rtifici. ng@gﬂﬁs
may i ﬁ@%‘&@re@?}?‘seég |ﬂi R S es ?ygg%?lé‘%ggz%ynt e???gor gani ¢
mol ecybasy oﬂ@mr diype@ﬁ@worredwe amgﬂmum wEponsaibye greferadly 0% Berpreferably
nolecules e nucl eic d nol ecul e d co
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accor %JO{',»% 58 %&ﬁ;})ﬁé%@ﬁes‘cﬂl}/ﬁ%ﬁﬁﬁ‘ haycheassd b stsnpotattiaRPatuttabiziog- L1,

PD- L2 term "pharmaceutical conposition” is nmeant any
corrposmubmhes whi ch contains at 30 | east one therapeutically or

bi ol ogi cal lr%y cﬂl{)%t% 219 d&htl&?dwhéll RideLiAPtRa Igfen?&rﬂo'[ﬂ})%ﬁﬁ@i isaneahba proeein

patient. or mul’ati ons can be prepared wel | - known and
acce pt&q;o@bﬂm};ﬁfblﬂﬂgmt 10D 7300 BB 8B EH /&JSQQIQ Bﬁﬁ??ﬂ? 80%gmPst gee.

f282r€g E)F;Jarﬁ lagép( 5%‘%}“ 1P t %99D Nv; @It g?&féﬁge agfngg %#1 tﬁ%‘%gg&%%g‘f 8}:\
Zlgﬁ%epudes the length of comparison sequences will generally be at least 20 amino acids,
preferably at least 30 amino acids, more preferably at least 40 amino acids, and most preferably
50 amino acids or the full length protein or polypeptide. Nucleic acids that encode such
"substantially identical” proteins or polypeptides constitute an example of "substantially
75 identical" nucleic acids; it is recognized that the nucleic acids include any sequence, due to the
degeneracy of the genetic code, that encodes those proteins or polypeptides. In addition, a
"substantially identical" nucleic acid sequence also includes a polynucleotide that hybridizes to a
reference nucleic acid molecule under high stringency conditions.
By "high siringency conditions" is meant any set of conditions that are characterized by
30  high temperature and low ionic strength and allow hybridization comparable with those resulting

from the use of a DNA probe of at least 40 nucleotides in length, in a buffer containing 0.5 M
i6



5. Methods of Treating T-cell cytotoxicity is increased by
contacting a T-cell with a conmpound that reduces the expression or

activity of PD-1. The T-cell is a naive T-cell, memory T-cell or
activat ed Wo 2@bI33% ternatively, the T-cell is an anti §ERUSPe@IR423
T-cell. The antigen specific T cells is allergic or tolerant to the

i nfectious agent. T-cell cyt xicity, | teri b '
b ISP areiont AR, s S THBGRSE 5 bl bREL RS
to alleyiaks dhGidyd iR Bmkhid, ¥8KSSTY0.0M THEEL JIONS, BX Deglandirselutitn,
infection or canceris treated, prevented or ,a synmptom,js_ al e¥li ated
by ad lmom tﬁé{éram ﬁﬁfa!:&;aad Q0% B3, b2 mperatia Pt dr-. Oéﬁngwél%}%%g’f%ﬂ’sg a
manmal  _suc S ; r.. gat i idHODBRA
and piceerty R o, Sl R RO, KRB, S i B
! nisectsb@.&ngiﬂg,ﬁc.,saﬂbmﬁﬂcgm by thiosgskiliedrin dre aat ofmhaljoudsr birdast SYPafep- I
infectjon is hy standar t ui tabl |
i nf ecthysHbel et al, G%ﬁféﬂ%?@&iﬁ? 3{:191%@% .ar,é‘Bg’ bji"i%{aﬂ‘ﬁ@i @%F?é’?ﬁﬁé‘%?f% N
{Tz?ggiliéggﬁghe%ym@rﬁ&%b%ﬁef@emﬁr si stent infection. Persistent

s, ih contras 0. acute ti. . ff '
cleared by Hshsubsrngelly Byreofs néea%"s‘lﬁlﬁ%%ec |‘grf)?)g%r%eﬁgg$r fpﬁeé%?o#fc\égeltt?{%&sas
agent QRd bfd WA Bd GHARSR: AR Restspddyti. Typisallh tlpalypbitale i

a

i nf ect bj ect remains’infectious over Qng period of tine

W Xhoubses ety akih 6ty o, e 3% Britver 9 G wffgn, e

i nclu r exa 1 oG it i bR
ehr ot £ eaBERER o5 R e e Rt b oy

g: eaI I lidrim}%hmt ?tentiallty’rwr%espo@ywp‘adﬁdn' sy bepelirisedly exactiinsEes 8 naiAl pe
sent or absent for _.an ext.ended i |
chr oni Y% BEPPETSIOR Of & HEORBRAR 1c§%ﬁ%§%ggfﬂ€;tlhﬁ%o ang hg%%? %Sts iﬁ;atC
ﬁg?g:g&g%wcﬁﬁm\ﬂﬁﬁ%myt orrpga: ovirus, Epstein-Barr virus,

ex virus 1, herp ' Y '
Vi ool | o v en Gelaisd DG Frows TR s Hi e P8 YGhoAg o etBarfy
papi | | g&ﬁnmgrsggﬁ?%ggmg%gaugm@&m W ¥ROEVET DB ABK deipaidy barkithe DA Chus,

measl es viTus rus, human i mmunodefi ci ency vi,rﬁ 30 ({HI .
human Thecet "isodatkcb BN "\ arspasses.ateNspits S NSe loneb gioem S Bt iad ppiietic
Par asi ?ys WO 2006/ 133396PCT/ US2006/ 022423 persi stent infections may
arise Péi result of infection by Leishmani a, Toxopl asna,

Tr y panosoneRy Phpsiseieinmoit'his steostomemosntbiEmsepend, lone ghin a combination,

20  required to reduce or prevent hypertension or to freat or prevent a chronic infection in a mammal.

The effective amount of active compound(s) varies depending upon the route of administration,
age, body weight, and general health of the subject. Ultimately, the attending physician or
veterinarian will decide the appropriate amount and dosage regimen.
By a "candidate compound" is meant a chemical, be it naturally-occurring or artificially-
25  derived. Candidate compounds may include, for example, peptides, polypeptides, synthetic
organic molecules, naturally ocourring organic molecules, nucleic acid molecules, peptide
nucleic acid molecules, and components and derivatives thereof. For example, a useful candidaie
compound according to the present invention reduces binding of PD-1 to PD-L1, PD-L2, or both.
The term "pharmaceutical composition” is meant any composition, which contains at
30  least one therapeutically or biologically active agent and is suitable for administration to the

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



In a latent infection, the infectious agent (e.g., virus) is

seem ngly inactive and dormant such that the subject does al ways

exhi bit signs or synptons. In a latent viral 5 infection, the virus
remai ns i wegwsii3adpsd um with the host for | ong periods &CTUSHE6AR4BI e
synptonms agai n appear; however, the actual viruses cannot be detected

until reactivatio the disease occurs. .Exa o

i nf ectdToRes if‘ﬁ'c?lxﬁfaglei FraipEiopn i3 HTss BV f?#%%ﬂg?{”l%o%éf j(Eaﬂres t,lonH e\c}l 2
(geni t alg BEMRSS MadkTbNing CHI, BERADDY; 3000Ngl es). In a slow infection,
the infectious’agents gradually increase in nunber over a very 10

| ong period of time during which no significant signs or synptons are
observed. Exanples of slow infections include AIDS (caused by H V-1
and HI V-2), lentiviruses that cause tunors in aninmals, and prions. In
addi. t i MiethodeoBTedating i nf ections often arise as |ate conplications of
acut e inf tians. ., For. X ] € : i t rednces the
panencephal f‘f’ ci?lgcy(t%%ty g%&%%g%’%f?oéﬁﬁgg% % g%f g?ﬁ%@ﬁng%nug%gﬁée s

| Nf ect éxgrescibn bEGHORS bIBD AN Crhp!Tatdllis 8 ngisn Tacimemeryal-sdben activtedal-cell

rubell a i nfectiqn. cers Lnclude. for ex | e. anai of i:

|y mphoREBRbH G gR SRS Lo Hin d PSR N AR i e ki or
Angi oi pRRR A it apherer CAMytbiexiaiy Roba@stsiive Hyrapnatase in cell
progressing) type of T- 20 cell non-Hodgkin |ynphoma marked by
enl@r gpulifopaiion apdedekianErlefsper ganr nagl obul i neni a (i ncreased

anti bodi es ”F]IEE rftngtﬁocgl 2O APt ElevEXRE SRNBRY of A Ghrikde o BinSdetithsladd bancers.
fever, weig 0SS, positive Coonb's test or night sweats., This

mal i gnAndyfeciznalr kynceris treatei prexeuted or 2 Panptentis aligviateshiaduymisisane WR 90
years dia ound 6 - afr. : R HRS&SS,
hapat oSieho RRoL PR, H el BBt i b R, L%l R4 R7 &S
hy per gasm@ey, abiskiane pid. aThwaybjdeniebudfring Fofhe askilnof develapiop indertion. A

approxi mately 40-50% of patignts. . . . Nodular ' t

T T e SR A T TR L AT s

germ ngé}_ﬁgﬁgﬁfecﬁ)ﬁel s with nutated, non-functional imunoglobulin

genes. Simlar to angi oi munobl astic | ynphopa, neopl astic cells are
b o RSl Jf

associ at ed ®he nfestimmraadrartesal, Fistl) upgalanyeoR 5 q 1§ a pppsipnt

expr essgjon: i s ' 66 LiSconhas & uBtSaRelicisak MitlitefiBep dkatddby3he
CD20+ iné?‘%hofth%g%{t}Fg@fﬁ 9Enﬁﬁoc§/te pfedg_m' nant Hodgkin | ynphoma, in a
pat t er Andsictidr affa Host iaumesespandeo rhehettiors egept apd WRRICHROBSF reach

d %Bt | feicpei\i 1br?1§m 65‘1?(%[ tﬁa%;rthenpni‘e%?erd s%j e&%xﬁliﬂ?ﬂaf&ﬁgﬁse&fer Q—ﬁ)ng period of time without

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

slow infections.

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

30 (HIV), human T cell leukemia virus I, and human T cell leukemia virus II. Parasitic

18



WO 2006/ 133396PCT/ US2006/ 022423 associated T cells, along with CXCR5,
findi ngs which support the conclusion that the neoplastic cells in
nodul ar | ynphocyte predom nant Hodgki n | ynphona have a cl ose

associ at i VO MosMm33g%r m nal center-associated T cells. ABRCTWRI06/0234230f
PD-1 is any agent having the ability to reduce the expression or 5

the activity. of PD-1, PD-Li or PD.2.i |l ion or
hoti et indatibyis e 2 B iRl o6 DESLY Ershmdpi, BRSSO O
80%  9Q9BanBfordd PRAAGIRAI Sehistesoslac indeprpestatioadoror activity in a
control”cell. The control cell is a cell that has.n t.beten t neat ed

with the Pinalateshinrotion, hiniortigusHesai®n VBFS)detaetialY pactivsaad

eterm ned by
any st s 5 BRlibielii e drl #RS & & Desht helei n.

Opt i or@pﬂ%@‘f‘@%%fuﬁ?ﬁ iefgglﬁw_afo i nhi B e diees binding of PD-1
t 0 5PD-hfbetidDiteXiruprendtstin eqblitirivon withifhadrost for kang @eTiof of Hos 62‘83,

pol ynucl eoti des. snall | ecl t [ 1O HeiSbtBNbtil reactivat®nPD- 1
i nhi biW%ﬂ?ﬂ AEARSPP UL ]%Oﬁvcrﬁd%ﬁg%c@%rvq%g%n%{ne, _an‘3 ant | body  or f r agment
t her eqff thd @tcakeshidaes ERinfleexfinenisinfmtians isilylrdhfeninns cresep baFp V-1

anti bodi es include angi-PD-1 anti ' .ant i PL ti bodi es,

anti - ﬁ@@%biﬁﬁﬁfﬁ)bggyés&,ge’&&@ﬁiﬁ@%f?%%f’%dso,a an{gle-g TLA anti bodi es,
anti- 15 CHR§ s inRREbiE She iaftbiiodsGEenta plallialyiinscasa it hurhl@OSYer a very
anti bodi es, an anti-B7-1 antibody, an.anti-B7-2 anti I%o% anti-B7-H3
ank bddngperiasrof dimeidupng hickmoiskmificaat signs or syapions R QPSE el + he pD- 1
i nhi bigor | Qi RaRs E&ﬁ&éﬁ@@ otLil By BITVa MdHIWI-T), Batidirewcodi ng a
dom na%}?mr#elgsac?isge protlenlsg that i ntgrferez with the biol ogical

act i vithyt @fiseRidnars(in agmalsi sdi pripnef PD-1 to PD-L1, PD-L2, or both). A

dom nant negat.i.v.e protein.i ' i hQgvi ng a
sequence t adﬂ’égn’ﬁemi‘sg%% I“f%éﬁ/g y%%ﬁalhgocé;&pg%}?ﬁgé%ven 99%
sequeng@diged tiok ¥xdntla subaatetsclbibsingGangBephlits (BSBE) ean qeswefollpming 150
am no acids of the wi|d type protein whi ¢ i gative
o o AL B3R BBl ESCEB P IREBITE SRR AR o B8

mut at i QR.5idgh that it no longer able to binds PD-LI. The dom nant
negative protein may be adm ni stered as T

an. expr.essi on vector. 25
expressi on CGewsewsringade f%e@WWW%@FW?BﬁP@HVI qréliog\’e/lgrcwp h?cg’.? 9.,
retrovir Hﬁmgﬁﬁw ?%ggo- associated virus, or a reconbi nant

adenovPaf™Vec atively, the dom nant negative protein Q?y
be direct!| yAagiinmnstdbiastic aphome dAHDiinantegpssive Tapiglygreses® Prs et Lo

the infected a Jsi for ] e ' j Bremi

e S

pept i dQ%ﬁbféEéeéi@ﬁﬁKoﬂi? in th3 ?1@apt(§nhasy?1pm5mm?¢lu@q a sk resh.ofeved, weiehtders,

pol ynucl eqti des, pol ynucl eotide anal ogs. nuc | v I

anal og®osiBrgaafEd éF?é%/‘?rﬁ’bgﬁéWF%S'c@Hﬁ%ﬂ%nﬂ I%%“?‘@%I’%gé Hel'? g%?g{é‘{ﬁggs and

WO ZOOQ{S%%@%@: ](, RZAddindraIpaaiet tdtd dftenasaip dsndll) progiessag a
ar I-ght

I I t bout 5, 00 I '
ATIEEAE ISR A M R ST N
\?vre?gﬁt %é@igmvg&g%a%ﬁ%gﬁﬁgl UBH0%, QRenAds having a nol ecul ar

an-a anms per ‘nole, organic or inorg%nlc
0 that appears

conpounds haMbdgardympticegtelpasdowsnaph Hoflgds mpkamaioyB csboeplasis

to be derived from germinal center B cells with mutated, non-functional immunoglobulin genes.

Similar to angioimmunoblastic lymphoma, neoplastic cells are associated with a meshwork of
follicular dendritic cells. PD-1 expression is seen in T celis closely associated with neoplastic
30  CD20+ cell in nodular lymphocyte predominant Hodgkin lymphoma, in a pattern similar to that

seen for CD57+ T cells. CD57 has been identified as another marker of germinal center-
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5 per nole, and salts, esters, and other pharnaceutically acceptable
forns of such conmpounds. The PD-1 inhibitor is an antisense nol ecul e,
an RNA interference (si RNA) nolecule, or a small nol ecul e ant agoni st
t hat targave200BE4B3wXpressi on or activity. By the term PET/RBBIN06/022423

meant a doubl e stranded RNA nol ecul e which prevents translation of a

target nmRNA. Standard techniques of introducing si ! cel e
used, assncibtad iTrmglls, lalsse With GRER P HEHSS y%yhls@me F&?@%}%@%‘% %%E%giﬁm%
si RNA | | t BYpiA §idRfatapeReIBsd iRscbiatioPwlith or
PD- LZG%EE%&%%%%%%%&%%% anti-sense Pfgi %, PD-Li or PD-L2

nucl egemsnildeisteaseoaedT cltst h. Optionally, the siRNA is constructed

such t hat single nscri pt pRREG®Nt ary
anti sense g&dﬁ%ﬂ‘@gs"tf% ﬁ(’)ﬁﬁstaﬁ a%%?gae‘{ﬁ?%@ﬁéﬁﬁgﬁg?;&ﬁlggﬂgie%pi n Bi ndi ng of
the suRNtiviey arPPD; 1D-TRDr PD-Din PERIL PD-1 arpressiqutoriaptivityds redpepsibicel |
results in a redyction i o PRLioor A5 P ( ' t he
cell . am@t|18%g?%%&049’@%|55‘56%%1 @dh Sé’é’igim’a@%e"zéﬁ&%%du@{g‘é%?i des
and may. hes 35! L6 AR alcbBtrd1abII Bhd don@eTeHlIrb BgelPiatlhas RE: teen treatRD- L2
transcr? pt. Preferably, the oligonucleoti %e is 1 nsﬁcl egtides in

) e - 25
| engt hvithvbe PDpl whibitah| BD-1eKarei Ty 7GR Y506 afém?lgqu [YRTVE

Wads 50 25

nucl eot | i A0k Dy r } inP ioh&IR1 Hetp®y-$ idfisttodescr i bed
in, f598@@%&&%%%@?@%&%%%%&%{%? , ondly, B “and U S, . Patent
Agpl i daltibienorRedicechindiog oRBR-1 12 PI4DLPIEL2, ordots ix2 sinbiiossshfg 6531,

20030064380, , 20030044768, 20030 0 , 20020160000,
20020 PPH@SRIdeS 35&161?%%%?’5 Di%g%g@?%%aégg%é Iﬁ;&?RMi ch are hereb

i ncor por at edpbyi mefo@beRteptide inchiies, fir ekenpledndoteodyfor fiagmpp-thereof that
inhibitor is_a biologically. actjive dose. .. i.0l ogi cal:lym act Lver: dose:
s & dedwes RBrl GIPRSSIPR o HENLRE; ﬁ%%@%ré’ aflﬂé\@%ln (?ea?‘F ﬁc%?g%‘%‘i‘i%_é& éﬁf
act i vVigy 1hhGibSGsLAREPBT 2 dhtibbifed, ERUIELACS peitedics patiETIoA auibolies, anti-
i nfectious agent. Desirabl é the PD-1 inhibhitor has .tg ab%il ::dty to
r educ eCDPRamiboriss,sndACOS aabadigs; gtpiCEpLAnHbodigs; k- % @rihodyy fihiite
cells o T Celd 8- . -%+ ;. Shtibdgiat | east 5% 10% 20%
30% 4‘%&29‘%6%%%@%%%@% 9 /gn-ﬁo?@_-lrl;iére th_a}m 100% bel ow_ unt reat ed
control | evetignatiely, thePBl- inhibite is adanyingft npgtive poteinp Rl pdd; s
nmeasured by a met hod _known, i h i i f.ef -%x@pﬁ,@ e,
Viest er HeB5E a%’&‘ﬂ%&‘fga@? Rr%?ﬁ%%ti@f: %%Itﬁfé%itg?{rcﬁ ME%FaSlAa??gnd Nor t ﬁieer n
Bl ot apak¥sioSPDA fo@Dal MLy, orttoh)bitodaginasnegative piotgm Efanppming apid

nmeasur ed by assessing binding of P t0, 1.~ , 2

2150 Womplsob 139588 FFPRIIRS SFB 30 Biect yBU G W VA e B o e
det er mjqagh. a6 6L 16 20035, 56, 10] bri thote i IF0 edseaciS®F thE veitd fype protein to
cytotoxicity including,. for exanpl e, cytokine rogucti on, cl eilg%ggles
of t hewhivhdit danisaggegative pre@eipEoTsspedit F%GX&F“PEEnﬁ R L S P
cells. Preferabl . - es the expression or activity
of PD- Tuéailﬁnis%‘%‘rt}e{%ts}{e%te]ﬁg&?%rlﬁtrt\(g&%lggsg%ﬁle_speci fic to the infectious
agent by at ThedshinGnt5gative pjotdoway3esimirdgsred avqn SOWSSITDYECIBOIE 909
or _nore than 100% aboyve untr . . Qiras he
prése SR RRFR YOI 8 ?1%?%?’81?%%2%3?10 g@eﬁ@ ﬁ%ﬁﬁéﬁé ﬁ%bo ne gé&nrrgﬁneahof

t hese @gdrovstdc@Sied vihish@ughcdnitinang edenodfal tvhaor).Adémdtiyalyl e dofranibl y
expressed in CD8+ T cell|s,. it is understood,that an .

TP GeomegtivRerima S dbpuatn S BB o R bRl Skihfighr 6%
anenablir%-ggtgd RS IR oS aRblel Rerbifjeeidi @ehniqids.i ncl ude, for exanple, B

cells. Optionally, the subj ect 1s adm ni st er,gd on?. or . m%{e
addi tional Shatlapdeaules n@@w@m are not limited to, peptides, pepfidomimetics (e.g.,

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

nucleotides, nucleotide analogs, organic and inorganic compounds (including heterorganic and
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Addi ti onal therapeutic agents include, for exanple, antiviral
compounds (e.g., vidarabine, acyclovir, gancyclovir, val gancyclovir,
nucl eosi de- anal og reverse transcriptase inhibitor (NRTI) (e.g., AZT
(Zi dovudi W& 2006/a#3396Di danosi ne), ddC (Zal citabi ne), d4TPCBUSMOEI23ES,
or 3TC (Larnivudine)), non-nucl eoside reverse transcri pt ase i nhi bitor

(NNRT1) (e.g., (nevirapine or 15 del avirdine nhi bi
( saqubmmwieitaltic tompounds) havingriaoelpoulg weight ﬁ?SﬁQ\?P g? ut 560§§ﬁ PSS hl%ﬁe

interferon),. antih @&aharpmﬁm;mis ams per
ant i pXEasy %”il WOEHS %8%@5 ng{&ge%m%aﬁg{rﬂ ght! ounds, ant fr (go | astic
agent y@fe, &@@ngesm@ﬁgamc compEﬂnElS.hd‘dng A oyeddou blgss thanghont 1YL

adm ni stered prior .to, concomn t o) Ris8b epdnksON
of t hperpple, ¢W%ft%?fgw%F°%€P£H§ﬁn%V¥%gn ﬁl?}%&? i nﬁggltl?sg?mg%ght he e
adgh t QMIB ags ggltSZ Q@a@ Oa@d aiuet ﬂia@h@@utldﬁhllseapwpwbb fumsnefl saelt enREpondshi n

Opt | onal | yThQHé 131§]@F|bttplb‘1ﬁ811 m&{fé‘?ﬁf’ n;(ge rrgqra %‘&?‘e’ﬂ f(‘)argeefltJ %@ iﬁo%eﬁlgc’ls)ﬁ 1

i nhi bi,tor, W eg{hfe 8&91! thkiQRBbts ?Bemxpréss@ﬁesmmy rByathel A SRNA” is
corrp03| ion, fe

nt routes of adm nistration T,
agent mesnmﬂmﬂestrem@d ﬁﬂAmglemwfﬁﬁeW%@ﬁgﬁ%tq%{]mg%& éa]fg%d

for treatin LN n tihéx8 in whichmpetigat i ons
of thée%q&%%m%q%P%?ga@%ﬁ%gggﬂ% %I?g%égf ldggltéiﬁ{gtdepg}lds upon, di ij erent
f agt OFgmplhi® Couchvhigh AR aiRN b RNadisitransstibed. | Bie, SIRMAJraludss g gense FD-1, FD

physi ol ogi cal state of the nannal Sh&y¢d.
Thus. oF BRUHTCIIE S SRSy FLer Py %ﬂ%‘{}%@z?g{é&g{’ s‘q?ﬁgd

effic %giﬁldnéuwtﬁéﬂdmfl@ c@ﬂéh'ildte@iuch thae singleran@sipthasibethy the foee iche
osag

proper e and adm nistration re for a u S
wi t hi reotriplenssiatary amfsemsqéewc%@@ao@? &Et 1 fRe %ﬂ ‘ﬁ fd é’féfé rt élﬁm

adm ni s ta:? ?ﬁdl %’P’ ‘tf%{" PB- Eﬁéﬂs@ﬂﬂt% s t@ef ool estitia almimnen mﬁbd nEE-Ll or
aga|n§P e 1’'nfec

I OUS agent at causes a pe[SISt or
exEp| BD-I2hedsetivndatihe cdl Tmlmm@mmqt@s%% fzféﬂ‘ E‘-"PJ“ %iVes a

vacci ne that elici Proferahl ,th
i nunGaRY PEISIRE AN fl? BM@?&E?JE%P@ %SI?Ig@x' lil’l%]ELlZLiﬂéﬁe nmzapt referably, the

C. Exepploffidledtis & 19835 Micteotidexinildngth, Moat pesteraply ghe P%‘B@FIE‘E%‘%%R? eéﬁt

(J. din. Invest. 114:456-462, 2004). If desired, the vaccine is

adni ni 58P ed> RrUeptidenin M oost er shot or with adjuvants. 5PD-1

i nhi bi tors g, aeabRPs-ekBbiioh A8 dasnblingf éianidnin US. Paentdde &,808,710

cell, e. CD8+T cel | totoxicit
cyeot omngiSyPﬁte@umPém@W“é%/\lbﬁ%‘P% 7 W%}Hgﬁg@ r%%fehz-éh &ng}éeguctl on
I n theg@&hﬁé@%ﬁ”ﬁoo@?é&%&& %osd@@%ﬂca@mweom@eor@sp@mmmom

nmeasur an I ncrease i n imuune cel(%mi) 5?I i feration,
e.g., Toeel07368, ﬁdwbﬁol%ﬁw,nﬂpé‘a@@hﬁﬁ @Wbéﬂ%’ilfﬁép%?* t1$8/°®and an

I ncrease | ngfle pregeln%grdggec &2 pN b 8L QURIREARNY acteCibst eAislogivally

includes th
active dose is a dose that will induce an increase in CD8+ T cell cytotoxic activity the increase

25  in the immune response specific to the infectious agent. Desirably, the PD-1 inhibitor has the
ability to reduce the expression or activity of PD-1 in antigen specific immune cells (e.g., T cells
such as CD8&+ T cells) by at least 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 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,

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

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



10 alleviation of one or nore of synptons associated with the
persistent infection. Adm nistration of the PD-1 inhibitor reduces
the persistent infection or alleviates one or nore synptons
associ at eVREH1338% persi stent infection by at | east 1893/U3D06/0236%
40‘? 50% 60% 70% 80% 90% or 100% as conpared to an untreated
subject. . - eat t is.efficacious,if th ads to
S G oghariit e Tl S b e Rk o
:O PI) eﬁtdjl ,%t _iﬁﬂﬁl ﬁﬁl 1udiﬂg,]gflfs|@e}@g@je§ EftokiMiprddiidtion] diemince o1 thephfe@ibus agent, and
phylactica , "efficacious” nmeans that the treat t retards or
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interferon), antibacterial compounds, antifungal compounds, antiparasitic compounds, anti-

inflammatory compounds, anti-neoplastic agent or analgesics.
The additional therapeutic agent is administered prior to, concomitantly, or subsequent fo
administration of the PD-1 inhibitor. For example, the PD-1 inhibitor and the additional agent

20 are administered in separate formulations within at least 1, 2, 4, 6, 10, 12, 18, or more than 24
hours apart. Optionally, the additional agent is formulated together with the PD-1 inhibitor.

_ When the additional agent is present in a different composition, different routes of administration
may be used. The agent is administered at doses known to be effective for such agent for
treating, reducing, or preventing an infection.

25 Concentrations of the PD-1 inhibitor and the additional agent depends upon different
factors, including means of administration, target site, physiolo gical 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. Determination of the proper dosage and
administration regime for a particular situation is within the skill of the art.

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

response against the infectious agent that causes a persistent infection. For example, the subject
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The pharmaceutical compound is administered to such an individual using methods

30  knownin the art. Preferably, the comp ound is administered orally, rectally, nasally, topically or

parenterally, e.g., subcutaneously, intraperitoneally, intramuscularly, and intravenously. The
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i posoites. Such et hods 2118 Hel KO, 1.0k 40P finfhisRing Wb that it become

intracellular (e.g., by use of a retroviral vector, by direct injection, by use of microparticle
bombardment, by coating with lipids or cell-surface receptors or transfecting agents, or by
administering it in linkage to a homeobox-like peptide which is known to enter the nucleus (See,
e.g., Joliot, et al., 1991. Proc Natl Acad Sci USA 88:1864-1868), and the like. Alternatively, a
25  nucleic acid therapeutic is introduced intracellularly and incorporated within host cell DNA for
expression, by homologous recombination or remain episomal.
For local administration of DNA, standard gene therapy vectors used. Such vectors
include viral vectors, including those derived from replication-defective hepatitis viruses (e.g.
HBV and HCV), retroviruses (see, e.g., WO 89/07136; Rosenberg et al., 1990, N. Eng. J. Med.
30  323(9):570-578), adenovirus (see, &.£. Morsey et al., 1993, . Cell. Biochem., Supp. 17E,),

adeno-associated virus (Kotin et al., 1990, Proc. Natl. Acad. Sci. USA 87:2211-2215,),
24
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PD-1 gene products are administered to the patient intravenously in a pharmaceutically

30  acceptable carrier such as physiological saline. Standard methods for intraceilular delivery of

peptides can be used, e.g. packaged in liposomes. Such methods are well known to those of
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compound is infused into the brain or cerebrospinal fluid using standard methods. For example,

a burr hole ring with a catheter for use as an injection port is positioned to engage the skull at a
burr hole drilled into the skull. A fluid reservoir connected to the catheter is accessed by a
25 needle or stylet inserted through a septum positioned over the top of the burr hole ring. A
catheter assembly (described, for example, in U.S. Patent No. 5,954,687) provides a fluid flow
path suitable for the transfer of fluids to or from selected location at, near or within the brain to
allow administration of the drug over a period of time.
For cardiac infections, the compound may be delivered, for example, to the cardiac tissue
30 (i.e., myocardium, pericardium, or endocardium) by direct intracoronary injection through the

chest wall or using standard percutancous catheter based methods under fluoroscopic guidance.
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WO 2006/ 133396PCT/ US2006/ 022423 t hat al i Qi 28R EnSI0hE ONB
aoci at ed MethodsorHeqsHRE (’J‘??gl.unﬁ'ﬁegpc%‘se% ﬁ)\(gla%g% tgé(%rﬁgerﬁiang ng@ i nvol ve

hi gh- tﬁ%&ﬂ&%%ﬁtioﬁ%fe‘%lﬂ!ﬁﬁﬁn in the art. The activity of T cells may be assessed, for
example, by assays that detect cytokine production, assays measuring T cell proliferation, assays

obial agent, and assays that measure CD8+ T cell

that measure the clearance of the micr

cytotoxicity. These assays are described, for example, in U.S. Patent No. 6,808,710 and U.S.

25  Patent Application Publication Nos. 20040137577, 20030232323, 20030166531, 20030064380,
20030044768, 20030039653, 20020164600, 20020160000, 20020110836, 20020107363, and
20020106730, all of which are hereby incorporated by reference.

Optionally, the ability of a PD-1 inhibitor to increase CD8+ T cell cytotoxicity is
assessed by assays that measure the proliferation of CD8+ T cells (e.g. thymidine incorporation,
30  BrdU assays, and staining with cell cycle markers (e.g., Ki67 and CFSE), described, for

example, by Dong et al (Nature 5:1365 ~1369, 1999). In one example, T-cell proliferation is
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30  inhibitors of PD-1 that function to reat, reduce, or prevent persistent infections, or alternatively,
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antibodies which are capable of binding to PD-1 may be used in any standard immunoassay

format (e.g., ELISA or RIA assay) to measure the levels of PD-1. PD-1 can also be measured
using mass spectroscopy, high performance liquid chromatography, spectrophotometric or

fluorometric techniques, or cormbinations thereof.

30 Alternatively, the screening methods of the invention may be used to identify candidate

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



10For exanple, a candi date conpound that binds to PD-1 nay be

I dentified using a chromatography-based techni que. For exanple, a
reconbi nant PD-1 may be purified by standard techniques fromcells
engi neer edW@ 00e%338Bss PD-1 (e.g., those described abovByT/Ebm0Geeg428e

i mobi lized on a colum. Alternatively, the naturally-occurring PD1
may be imobilized on a colum. A solution of capdjdat, S
{hon P Spat ot ragersh A0 % eboes 0 BB 0 o Bt R O 1
is ideptifjied o | Spfexdiise Aiahdilidte tOmPoud they HDestedfoslithability

i mmb'iera%%"é a&yn?r ﬁgetgg%‘%%%%sl:#gxﬁgﬁat a"the co Bound,@t he col unm. j f?
washeg degresise PDvE actiiyrie célfsi that nbiyrabiy expross -4 vatiss trapgferlion W@&%B% 4 of
interest is t rel.eased from the. col : | basd eane Gapognds

i sol afed- Wntcgﬁ‘greﬁﬁ?lﬁﬁ%fls(c&n%%g %t?%é% dé%b%%?ﬁ}rg{@e net hoqe)} may, if
desi r efldidh@ chrbbRAT orle bivkdeeg of Ectiyatiorbyf FID-§lapbe festefrh sastiqaptys apd non-
chr omat ogr aphy). 20Scr eeni ng .for new i.nhi bjg)t o alf’ﬁ%das&ggi m zation of

| ead trdirpeiiecbsnding aspays oROEmRCHEOR assays, JRJARASPIOT assessing their
ability to g g.%lcﬁfceexﬁﬁﬁpﬁg Qinfnaliarc @ik (@] lodbrityelty) thdh expiresmameclieiesipigns e
usi ng standarad techniques. In addition, fhese c%ﬁéj' dat e cpggounds may
be t estoeding®D-1 hwesicultaisil i thy presereg AER FaidsLe Compol ot P Sgent s
(e.g., @as described ' 108, de 89 o blatge, apgleieacid nmay
al so B%lyﬁ?g © 8 otrg&lecxgﬁ%ﬁg%ggﬁg%?gpgﬁ? ics to treat, reduce, or

pn eV enoldeelestioapbna thendod tCelin say srthailendogsagyshesrpress BDal p'diPat e one
or nore s s assogi at ed wi.th ' b+ GRITRISEewhi ch are
i dent Pﬁ?@%{y&? '3‘?8?%6{:1?’ SHWGEE%ytaﬁygﬁmﬁaa?? ?B%%u'ltﬂ gﬁi%ﬁst ant | esg_\g?han of
equal ihd@oh M kA iSRASI &r @drdarets BIM1arThy ewwressidn level pABD: g B19a5U8H.

Potential th ti ts jnclud ' I ] ' ,

popt | deibesansls CEeHA o LT B! A A PUDRREY R B o hotcl o o

act 4 SLGURNGS Mo DAl HRGRH il SodRAbal BT der 12 b8 chntandd b Greakydidathi bi t
gui sh thelr ac

?&{ﬁ&lmm _ﬁm@mﬁn@é%&b;%amﬁééﬁﬁ%l%%@%&é% b5t e breing erief
3006/ T BERr ERAD R g By B i CondliereBetul in e fmyention. | g5,
such that meonEpariiudregiople, ammipeind thesinierisres ml@cED@Pwéaﬂgﬁ%?ﬁ'ﬁﬁis gf’

anti-m crobi al

Pr ognd<% pﬁb%g{th%ggy 12 uclzqu bude g%a'l SSRES JFRDEDeGSing t AORESAsetn AN

immune response, is useful according to the present invention. Given its ability to decrease the

20  biological activity of PD-1, such a molecule may be used, for example, as a therapeutic agent to
treat, reduce, or prevent a persistent infection, or alternatively, to alleviate one or more’
symptoms associated with such infections. As a specific example, a candidate compound may be
contacted with two proteins, the first protein being a polypeptide substantially identical to PD-1
and the second protein being either PD-L1 or PD-12 (i.e., a protein that binds the PD-1

25  polypeptide under conditions that allow binding and that results in a reduced immune response).
According to this particular sereening method, the interaction between these two proteins is
measured following the addition of a candidate compound. A decrease in the binding PD-1 to
the second polypeptide following the addition of the candidate compound (relative to such
binding in the absence of the compound) identifies the candidate cormpound as having the ability

30 to inhibit the interaction between the two proteins. Ultimately, the screening assay of the

invention may be carried out, for example, in a cell-free system or using a yeast two-hybrid
30
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PD-1 pol ypepti de i BilBfiaPAeh&7L.g., as described herein). Compounds isolated by this

approach may also be used, for example, as therapeutics to treat, reduce, or prevent persistent

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

Potential therapeutic agenis include organic molecules, peptides, peptide mimetics,
polypeptides, and antibodies that bind to nucleic acid sequence or polypeptide that encodes
30 PD-1 and thereby inhibit or extinguish their activity. Potential anti-microbial agents also include

small molecules that bind to and occupy the binding site of such polypeptides thereby preventing
31
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example statistical significance is determined by p-value. The p-values is a measure of

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

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

assay, or method to distinguish between patients having cancer or at risk for cancer is based on
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25 have cancer). Thus, a higher proportion of those who have cancer will be indicated by the test to

have it. Accordingly, the sénsitivity (true positive rate) of the test will be increased. However, at
the same time, there will be more false positives because more people who do not have the
disease, condition, or syndrome (i.e., people who are truly "negative") will be indicated by the
test to have PD-1 polypeptide values above the cut point and therefore to be reported as positive
30 (i.e., to have the disease, condition, or syndrome) rather than being correctly indicated by the test

to be negative. Accordingly, the specificity (true negative rate) of the test will be decreased.
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treat n,;%sr%’t dssay, or method in question, and for varying cut points, the patients are reported as being

positive or negative according to the test, assay, or method. The sensitivity (true positive rate)

25  and the value equal fo one minus the specificity (which value equals the false positive rate) are
determined for each cut point, and each pair of x-y values js plotted as a single point on the x-y
diagram. The "curve" connecting those points is the ROC curve.

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

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

closer the AUC is to one, the better is the accuracy of the test.
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e.g., surgical, chemotherapeutic or hormonal treatment, for a cancer. If desired, biological

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

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

agents for that cancer to monitor the progress of the treatment.
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sequence of genes. Expression is also determined at the protein level, i.e., by measuring the
25  levels of peptides encoded by the gene products described herein, or activities thereof. Such
methods are well known in the art and include, e.g., immunoassays based on antibodies to
proteins encoded by the genes. Any biological material can be used for the
detection/quantification of the protein or it's activity. Alternatively, a suitable method can be
selected to determine the activity of proteins encoded by the marker genes according to the

30  activity of each protein analyzed.
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5This invention is based in part on the experinents described in the
foll owi ng exanpl es. These exanples are provided to illustrate the

i nvention and should not be construed as limting. Exanple 1:
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P ypept'id%? conjugate% toa soh& support amdS {b) a second antibody of the invention conjugated

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

and protein stabilizing agents, e.g., polysaccharides and the like. The diagnostic kit may further

include, where necessary, other members of the signal-producing system of which system the
30  detectable group is a member (e.g., enzyme subsirates), agents for reducing background

interference in a test, control reagents, apparatus for conducting a test, and the like,
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10 approximately 2.5 fold nore D1' NP396- 404 specific CD8+ T cells and
3 fold nore DbGP33-41 specific CD8+ T cells in treated mce relative
to the untreated controls (Figure 2A). The induction in proliferation
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20 | mg/ MBrdU in the drinking water duri ng treatnment and staining was
performed according to the manufacturer's protocol (BD Biosciences,
San Diego, CA). Mreover, treated mce contained a higher percentage
of CDS+ TWRPWE1B3%r essing the cel | cycl e-associ at ed pPBT’EE’r?GW%“‘??’
(60% versus 19%in untreated nice, Figure 3C). Response to treatnent
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Phi o apiroanune of FAv Bnd ASERERRLRR: ToatiEhig®iflen LT el il an
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providing antigen in the formof a vaccine may provide a nore

ef f ect wyteeated mied (ewen 2R prd 2C)s gedl{l increagmia th> Eequency eisiNGormreducing
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VI rus expressing as ‘a therapeuti c vacc
( WGP3tE virmhwedcleasdifromdhé wzm,&@leamdﬁé hvardﬁ&ea:hedmn@ d{ed@m-mfﬂ ’mﬂislwere

eSO kB Rt ML RAERY [0 P 68 97 o8 hfoR s s otowing niaton

of treatment) in treated mice. Unireated mice, however, displayed significant levels of virus in

all these tissues (Figure 2E). Viral titers in serum and tissne homogenates were determined using
25  Vero cells, as described in Ahmed et al. (J. Virol. 51:34-41, 1984). The results showing that a
PD-1 inhibitor increases CD8+ T cell proliferation and viral clearance therefore indicate that the
inhibition of PD-1 signaling restores CD8+ T cell function. Furthermore, inhibition of PD-1
signaling also enhanced B cell responses as the number of LCMV specific antibody secreting

cells in the spleen was also increased (>10-fold) following treatment.
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the nine chronically infected mce that received the therapeutic
vacci ne showed a positive response while none of the control mce had
a significant increase in the i nmune response agai nst GP33. When this
t her apeut O YMEEI3H%t | on was conmbined with a PD-LI i nhi By T/8p200¢/@RA23
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enployed . in a situation in which unigque splice yari ar_1ts E)]éqduce

sol ubl Boslisiaadedstedio. undefaefaidyionels, anpD GPE3 4 rod P RRKY hseedlsd
|0 BechERY fdsluauotd ablch mNAGMBEESSI on vector, such as

pSi | enc Xpressi on” vectors or enoviral vectors (Anbion, Austin,
TX). These GD4/ ¢k talissvens deplidiahat dertimes HCMVEOL-1 hinfetios tivbmik etrdtresdd s

i n, vivo, ivo. .S Exanpl.e 4). | e 4: ' ' i
of PR SGF e ERE oom ey At Supspteciop et FyEite "
| sol at@o4f T edlslwedd/nbtlteledtabRthitALIMad IPNOCH AdinEhe RS 438 FBAHRASE C

beads or density centrifugation. Transfected +. T cells are 10
cont actdlewig trealmenty ferated maice bask apbrsematplat foldmyere D EB2TG28GCDRDT gells

PD-1. 43 BRGRINTIC BB chte LPLALAN Bl AR Do RO B,

results in the rejuvenation of _
i s an 34 Thasember CD&us-Fperificd CRE I é4lis mathie apleameracaismindresep (Riguet3BN,

f le., Th ' + T I re i ntroduced into the
st P iea Ry ot Fagt et | RE et e HaS Bt O g A B 1
15 Exaygrpliferation,|a8 defetted bPpBrde icogotioNoysk «EDBaPT76Crd CIRe] TvgRat or

Conpounds . . . .
P U'111(3011:~0ra1ted intermediate levels of BrdU and 2% incorporated high levels of BrdU in untreated

nrice, while 50% D°GP276-286 CD8" T cells mcorporated intermediate levels of BrdU and 37%

incorporated high levels of BrdU in treated mice. BrdU analysis was performed by introducing

20 Img/ml BrdU in the 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 protein Ki67
(60% versus 19% in untreated mice, Figure 3C). Response to treatment in CD8" T cells in the
PBMC was restricted to mice having high levels of CD8" T cell expansion.

25 PD-1 inhibition also increased anti-viral cytokine production in helpless, exhausted virus-
specific CD8" T cells. Following treatment, the number of D°GP33-41 and D°GP276-286 CD§*
T cells that produce IFN~y was markedly increased (Figure 4A), though higher numbers of
D°NP396-404, K®NP205-212, D*NP166-175, and D’GP92-101 specific CD8* T cells were also
detected in treated mice (Figure 4A). 50% of D’GP276-286 specific CD8" T cells from treated

30 mice can produce IFN-y compared to the 20% of D’ GP276-286 specific CD8" T cells in control
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Compounds that nodul ate the PD-1 pathway can be identified in in vivo
and a vivo screening assays based on their ability to reverse CD8+ T
cell exhaustion resulting fromchronic viral infection. 20Exhausted
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25  and the effect of combined treatment was more than additive.

Example 3: Inhibition of the PD-1 Pathway in Chronically-Infected Mice Using PD-1 RNAi
RNA interference (RNA1) is capable of silencing gene expression in mammalian cells.
Long double stranded RNAS (dsRNAs) are introduced into cells and are next processed into
smaller, silencing RNAs (siRNAg) that target specific mRNA molecules or a small group of
30  mRNAs, This technology is particularly useful in situations where antibodies are not functional.

42



20 signaling through these nol ecul es. Persistently infected

chi npanzees are treated with humani zed aCTLA-4 anti bodi es (MDX-010,
Medarex) or aPD-1 anti bodies. The initial dose of MDX-010 is 0.3

ng/ kg f ol MENR6/83§8eks | ater by 1.0ng/ kg and then 3, 1BCT/BERONYRYS at
three week intervals. After treatnment with antibodies to

co-i anopb}Eaﬁ{pYe mﬁ%@e& erhif16ydatini A eitakion fickwkich hibilgas splivevatmisqrpdrs es
as well as th RNA 1 oad will be determ ned. Sanples are

col | e@p]@hleé@rr%éﬁ;?@-ian@CTéA—% and 8, and then at nonthly intervals.

Sanpl es i ngﬁ’figiien&r {Xé’ﬁ?e Eeral@loSdotddrofall l_f&ﬁﬁi%l@%ﬁ@m e dpressmn vector,
aut oanti bodi es, neutralizing antibodies to and cyt ol

[ esporsesss pﬁ?;lerp:ieé%“‘rmcpfasaﬂowvmls proadlgneiigl Wﬂsﬁé“x@blénuﬁs@ﬁ T%). BB/ f or
t
At T BB A OB ot o

i ntrahepatic | ynphocytes and 30 RNA, and 5) fixed (formalin/paraffin
enbedded) liver for _histol @ n i stochem cal WO

2006/ @W@W@%)WEQ@%&Q‘% @WFQ& Sonal |ynph nodes are al so
col I ected ating.sPbciBc biHABSIRDCDE ST tllsasEREBte@ FRICEEMINCD3 emmhm;bu tory

nmol ecul es and splice variants by i munohjstochem str cul ar

t echniiafsetsd piecisingpagnghi beedeor Sl@f FenEHugAtioRg %%!?Séftﬂijlﬂ S are

they a@oﬁﬁct@@%ﬁﬁ%ﬂc{_@ a?ﬁﬁtg §ts gpscr, 'P@ﬁﬂQ Beswiin A@-E@crﬂﬁﬂ%ﬂt e
i f vaccination antig ns p entlat és the therapeutic effect

of antixaoghieck inlobiBba of the E’D’fbﬁﬁh‘é@f wedtstin thetreigvenstionef hasD8]1 T cells.

i ntranmyscul.ar, i nlzatlonvm I s H
and EPCOH R AREE R 0aney Th e s e Bl G SR% MERRGSH, for)
and 5 efxaﬂnpul ahesk r‘éjukrbhaltéﬂ@]!@)i[‘ adllsweeksnttduded mmdhézm;fecae)d rivigé padruisd Udadr
i mruni zati on V\nt‘g t he vacci n«? ?sed in 1) but co-admnistered with
aCTLA- 18 SRS, ?r@gé“ﬁ%‘%%  each/ Kg body wei ght, intravenously at
s 0, 4, and 24 when vaccine is given); 3) identical to 2) except
that aPD-1 (or BTLA) antibodies are substituted for the CTLA-4
ant i bokasaple 3) In qére $@a¢n%°@T@Wb§D§ dridelbRgjuventor GAmMPIURLhi nat i on
of CTLA-4 E%ih@é dinkd £ ek Qivbhe
vacci ne. H sﬂ; 3§ ]’IIl an tBH%E? FQ?%EV% @irgosé{gftglﬂr?g#??lored at nonthly
i nt er vaatesniaf hesays basmhmz feirahilitoto raveperCIRY Declhexpaention 1eNng Som chronic
exam ned on HCV-tetrarrer+ and total T cells in this analysis include
nar ker@rag) H'Perentiation (e.g. CD45RA/ RO, CD62L, CCR7, and CD27),
acgg vat i on HKxhagstedDDST T CEEare GE238d ﬁanﬂmdb,shﬂaapcauy infected with LCMV-CJ-13

|/ [if . bcl-2 d I 7
Cor o ilatiey asaiscisach o HBPimpoin THe pTOREh i i kGt e o g o
CD127) mﬁ%@%@%@g@ Gk Lol Lams Srchshs, RELMBS] megtsyemsw&mér evel s

of the I response to PEG O\ ribavirin. 1P-10
| evel Sqlahﬁtafm@ﬁlﬂﬂ:lﬁd and obmpmsdi togihe emaummf emy, Dﬁﬂlewhwg’abawmndiéb@\@érﬁfom

negatiye requl eC|f|

1P-10 %@\%]? Ste%g ﬁ?gf ¥Va%’al"ﬂﬁ’lt ?FS”}% rlsn%]éeﬁsde ’ﬁl ga%gogﬁoﬁf%ﬁ/c
ar 5 pefiQ ccpmmbyelédse&w ytaseddly reiaioamqomh&moﬁﬁm vhiveateioellaidentifiesithe
Reactive Lynphoid T| ssue Mat erl aI S éﬁ%@ ma,terl al was obtained from
the Br PymResN& 2@ RENt Ghilyepuseh agi¥Ityccor dance with
institutional policies. Al di agnoses wer e based on the histol ogic

and i munophenot ypic features described in the Wrld Health
O gani Ezample ﬂ_ylﬂmhmﬁpr@%ms pf Nevel CDS™ JycelbReinyenater Eempayndy . 2001)

and in all ?t%a&i b%m %Sctehg m%&%e'd%oﬂ‘ﬁ?ce BYIrSRY 1t with LCMV-CL-13.

hemat opat hol ' 0gi’s I'm™ntazostainin
30 A test compound is administered intravenously to the infected mice. The amount of anti-viral

43



WD 2006/ 133396PCT/ US2006/ 022423 | nmmunostai ning for PD-1 was
performed on formalin-fixed paraffin enbedded ti ssue sections

follow ng mcrowave antigen retrieval in 10 nMcitrate buffer, pH 6.0
Wi th a pr&0o2egldp3sdescri bed anti-human PD-1 nonocl onal PE@HUPeR2423 H7 ;
5), using a standard indirect avidinbiotin horseradi sh peroxi dase

met hod d diam enzidine col or. devel.opnent. a Vi o
descri gm(eﬁ SrasTDT 8t Jl‘g']l?—.os P@g bg;relﬁgsre%i %ﬁtﬂ %ﬁ\ﬁer%? mif‘%%g #ﬁ&@egle%lc\?\ésr e
r egar deshs@sd, fEPBRGHRR 6 EYES A 6f othB-qhantitaipie theBsd, ardlermfarete ol Mifehe in
cells exhibited positive staining, PD-1 staining was conpared wth

that dhe #oeis of gdi-visdeyigking e theserupoidyireater gilearetadve teeh ggpunt in
pr ot ei prERRE R Al tfﬂaspﬁrtes@%né@ﬁeas SPpd flibitR gﬁ&ﬁatfveiy,sih@tvﬁhnaer

specificity. nocl onal anti 2H7 for PD-1 was used to stain

f oSmal (e.g- Sénwedirap titeg¥ dan he detyaddestbricy and edhiseanent tofireptgot ohrhe fefinphoi d
ti ssue, 1 hx? s, and a range of cases of B cell and T cell

I yrrphoprglo érative disorders. In specinens of tonsil exhibiting
reactive changes, including follicular hyperplasia, a subset of

predonj nant | || hocyt in the germnal..center i bit.ed
Cvt opl i g GRAmmpAFGTspate el o hmimp st ot Ber e A el
seen in theiMpaiked prociat dinolelGEHCV paEiStendd i@ hiaads. SheFbdid gl gl t er n
in germnal centers was virtually identical 15 to that seen, W(é[ﬁ?j*a?
ant® by dgadinggo bimlone ¥uns perditRase botiHarladea deficiir FEdasperdicddt, a
pan-B 1&@&- gfmraﬁelim %}eﬁ'o?gﬁerw‘@ﬁﬁ@ﬁ{eff@io? bdif Y1i9fty 9PLristaby paniied B
cells. Simlar restits were seen in histologic sections of reactive

| ynph dhixdpanaess aspirenserd witlbarpibodies againgt RgLded Pobbarasdmpbimatiouofthe Ayaus.

Exampl.e. 9:.- PD- 1 i.nj i ffi : [ ctions
of B qef%@cg%ﬁ?%@%&‘ﬁiﬁm of)or Pift?&eyfg\ésg Fé\f]negg&gor g?c:sghﬁa&?uﬁ% ange of
B cel |reesipbidart etrbicting! mphmprsahétivel HOW@ogis parderistiico sudRBritegrpeans Si on
were studied: the results are summarized in Table 1. Forty-t ases
o 1% cama hepienr TUraseuD o GBR araby PSRk s it The
expr esgdr@iin T BEI Heka ity i€ BX PSSP CVespe@isie $u frsifte @Gh&oted Bumans and

| ynphobl astic | eukem a/l grrphobl_ astic |lynphoma, as wel|_ as a range of
| yphopispanzessatihgdlong agil uerdéiecied shunpangess wepyagningdfer eigmyrgion of
number B &f). Fﬂfiﬁg i TRAP ' 18 At vinal activi

i ncl ud(lj%Ag ’ ?gsie’s 0 A 0 F ](E:tﬁ} ‘{ghrﬂ | yrrg%glﬁgj r%%%%dﬂggégggdof Bur I?'detmttmty

| ynphomay thsohe resforedhey Sliveting to whiptpress hitoarirddmonpiclonalatiboderoheidlock

st al ni ng f.or PD]-é%]E ln.s ases, non-neoplastic reactive |ynphoid
tigdsueSl aimﬁghég t,hesaer%oqg%ev\ied a PD-1 staining pattern as seen in

tonsil and PdréigEntheiacdcied @hinpanhees tretticatsd evithdine@dnabdyeTT.A06htibbdies v,
in 25 cases of Hodgkin I%“_gphorm, _incl udi _ngd 11 cases of  cl assi cal
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antibodies to co-inhibitory molecules, the humoral and cellular immune responses as well as the
25  HCV RNA load will be determined. Samples are collected at weeks 1, 2, 3,-5, and 8, and then at

monthly intervals. Samples include: 1) serum for analysis of transaminases, autoantibodies,
neutralizing antibodies to HCV, and cytokine responses, 2) plasma for viral load and genome
evolution, 3) PBMC for in vitro measures of immunity, costimulatory/inhibitory receptor
expression and function, 4) fresh (unfixed) liver for isolation of intrahepatic lymphocytes and
30 RNA, and 5) fixed (formalin/paraffin embedded) liver for histology and immunchistochemical
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to 2) except that aPD-1 (or BTLA) antibodies are substituted for the CTLA-4 antibodies; 4)
identical to Groups 2 and 3 except that a combination of CTL.A-4 and PD-1 (or BTLA)
antibodies are used in addition to the vaccine. HCV-specific T and B cell responses are
monitored at monthly intervals after immunization for a period of 1 year.
15 Markers examined on HCV-tetramer+ and total T cells in this analysis include markers of
differentiation (e.g. CD45RA/RO, CD62L, CCR7, and CD27), activation (e.g. CD25, CD69,
CD38, and HLA-DR), survival/proliferation (e.g. bel-2 and Ki67), cytotoxic potential (e.g.
granzymes and perforin), and cytokine receptors (CD122 and CD127). An interesting
correlation exists between pre-therapy levels of the chemokine IP-10 and response to PEG IFN-
20 yAhibavirin. IP-10 levels are measured to investigate a potential correlation between negative
regulatory pathways or HCV-specific T cell responses and IP-10 levels. Expression of inhibitory
receptors and ligands on PBMC are performed by flow cytometry.

Example 8: PD-1 Immuneostaining in Reactive Lymphoid Tissue
Materials

25 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 Organization Lymphoma
Classification system (Jaffe ES, et al. 2001) and in all cases diagnostic material was reviewed by

a hematopathologist.
30 Immunostaining
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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 (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
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 cases of B cell and T cell
lymphoproliferative disorders. In specimens of tonsil exhibiting reactive changes, including
follicular hyperplasia, a subset of predominantly small lymphocytes in the germinal centers
exhibited cytoplasmic staining for PD-1, with infrequent PD-1-positive cells seen in the
interfollicular T cell zones. The PD-1 staining pattern in germinal centers was virtually identical
to that seen with an antibody to CD3, a pan-T cell marker, whereas an antibody to CD20, a pan-
B cell marker, stained the vast majority of germinal center B cells. Similar results were seen in
histologic sections of reactive lymph node and spleen. No PD-1 staining was observed in adult
thymus.

Example 9: PD-1 Immunostaining in Paraffin Embedded Tissue Sections of B Cell
and T Cell Lymphoproliferative Disorders

A range of B cell and T cell lymphoproliferative disorders for PD-1 expression were
studied; the results are summarized in Table 1. Forty-two cases of B cell lymphoproliferative
disorders were examined for PD-1 expression, including representative cases of precursor B
lymphoblastic lenkemia/lymphoblastic lymphoma, as well as a range of lymphoproliferative
disorders of mature B cells, including a number of B cell non-Hodgkin lymphomas of follicular
origin, including 6 cases of follicular lymphoma and 7 cases of Burkitt lymphoma. None of the B
cell lymphoproliferative disorders showed staining for PD-1. In some cases, non-neoplastic
reactive lymphoid tissue was present, and showed a PD-1 staining pattern as seen in tonsil and
other reactive lymphoid tissue noted above,

Similarly, in 25 cases of Hodgkin lymphoma, including 11 cases of classical Hodgkin

lymphoma and 14 case of lymphocyte predominant Hodgkin lymphoma, the neoplastic cells did
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not exhibit staining for PD-1. Interestingly, in all 14 cases of Iymphocyte predominant Hodgkin
lymphoma, the T cells surrounding neoplastic CD20-positive L&H cells were immunoreactive
for PD-1, similar to the staining pattern noted for CD57+ T cells in lymphocyte predominant
Hodgkin lymphoma. These PD-1-positive cells were a subset of the total CD3+ T cell
population present.

A range of T cell lymphoproliferative disorders were studied for expression of PD-1; the
results are summarized in Table 1. Cases of precursor T cell lynmphoblastic
lenkemia/lymphoblasiic lymphoma, a neoplasm of immature T cells of immature T cells, were
negative for PD-1, as were neoplasms of peripheral, post-thymic T cells, including cases of T
cell prolymphocytic leukemia, peripheral T cell lymphoma, unspecified, anaplastic large cell
lymphoma, and aduit T cell leukemia/lymphoma. In contrast, all 19 cases of angioimmunoblastic
lymphoma contained foci of PD-1-positive cells that were also immunoreactive for pan-T cell
markers such as CD3. PD-1-positive cells were consistently found at foci of expanded CD21+
follicular dendritic cells (FDC) networks, a characteristic feature of angioimmunoblastic
lymphoma.

TABLE 1. PD-1 immunostaining in lymphoproliferative disorders.

PD-1 immunostaining

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

Hodgkin lymphoma 0/25
Classical 0/11
Nodular Iymphocyte 0/14
predominarnt

T cell LPDs 18/55
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t 0 perfuakMidhes eKReL haRnbS drlyabloerktt FRpinaingifblldie leukenia; CLL ~ chronic
lymphocytic leukermia; MCL — mantle cell lymphoma; FL — follicular lymphoma; MZL — marginal zone lymphoma;
HCL — bairy cell leukemia; DLBCL ~ diffuse large B cell lymphoma; BL — Burkitt lymphoma; LPL —

5  lymphoplasmacytic lymphoma; MM — multiple myeloma; T-LL/L — precursor T lymphoblastic
leukemia/lymphoblastic lymphoma; T-PLL- T cell prolymphocytic leukemia; ATL — angioimmunoblastic
lymphoma; PTCL — peripheral T cell lymphoma, unspecified; ALCL — anaplastic Jarge cell lymphoma; ATLL- adult
T cell lenkemia/lymphoma.

i0 * number of immunoreactive cases/total number of cases

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

Example 10: General Methods for Studying PD-1 expression on HIV-Specific
15 human CD8 T Cells
The following methods were used to perform the experiments detailed inn Examles 11~
14.
Study subjects
Study participants with chronic clade C HIV-1 infection were recruited from outpatient

20  clinics at McCord Hospital, Durban, South Africa, and St. Mary’s Hospital, Mariannhill, South
Africa. Peripheral blood was obtained from 65 subjects in this cohort, all of whom were
antiretroviral therapy naive at the time of analysis. Subjects were selected for inclusion based on
their expressed HLA alleles matching the ten class I tetramers that were constructed (see below).
The median viral load of the cohort was 42,800 HIV-1 RNA copies/ml plasma (range 163 —

25 750,000), and the median absolute CD4 count was 362 (range 129 — 1179). Information
regarding duration of infection was not available. All subjects gave written informed consent for
the study, which was approved by local institutional ;eview boards.

Construction of PD-1 and PD-L1 antibodies

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

L1 interaction.
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(Becton Dickinson). Cells were incubated for 20 minutes at room temperature, washed once in

PBS, and resuspended in 200 ul PBS with 1% paraformaldehyde and acquired on a fluorescence-
activated cell sorter (FACSCalibur, Becton Dickinson). A minimum of 100,000 events were
20  acquired on the FACSCalibur.

CFSE proliferation assays
One million freshly isolated PBMC were washed twice in PBS, pelleted, and resuspended

in 1 ml of 0.5 pM carboxy-fluorescein diacetate, succinimidyl ester (CFSE, Molecular Probes)
for 7 mimutes at 37°C. The cells were washed twice in PBS, resuspended in 1 ml R10 medium

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

30 control wells were stimulated with 10 pg/ml of phytohemagluttinin (PHA). Following 6-day
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both tetramer™ CD8 T cells and the fotal 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 fiom 3 to 25 individuals were stained for each HIV tetramer response, with median
25  PD-1 expression levels ranging from 68% to 94% of tetramer” cells (Figure 5C). These findings

were further confirmed by analysis of the mean fluorescence intensity (MFD of PD-1 on both

tetramer” cells and the total CD8 T cell population (Figure 5B,C).

Tt was next determined whether there was evidence for epitope-specific differences n

terms of PD-1 expression levels in persons with multiple detectable responses. Of the 65 persons

30 examined, 16 individuals had between 3 and 5 teframer positive responses each. PD-1

expression was nearly identical and approaching 100% for each response analyzed for three of
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whet Heganbple ¢4 fBFedtlof BARKREnE AIROPD-1/PD-L1 Pathway on Proliferation of HIV-
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Because HW-speciﬁc CD8 T cells also exhibit impaired proliferative capacity (Migueles
SA, et al. 2002; Lichterfeld M, et al. 2004), it was determined whether blockade of the PD-1/PD-
30 L1 could enhance this function in vitro. Representative data from a B*4201-positive individual

are shown in Figure 8A. Incubation of freshly isolated CESE-labeled PBMC with medium alone,
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30 Li could enhance this function in vitro. Representative data from
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claims. Ot her aspects, advantages, and nodifications are within the
scope of the following clainms. CLAINM 1. A use of a conpound
t hat reduces the activity oPTEHEREMBOPIMENTSr ogranmed Cel | Death- 1

(PD-1) pol [ ' facture of. a nedicament .fqr. the,.

t r eat ment ‘)gpﬁg{hse ?/Err‘f?%l g?ﬁ; %‘fi bggﬂggeﬁ%lg?eﬂiuﬁ OISR g’t‘,&%‘%&%{eﬁ de$PEPEdhcer

in dant_@i:mnlaﬁ, theufepbiag ﬂzﬁaﬁﬁm @r[’fmhdaﬂ tdlibldsti'a’b% andye Hﬁﬁt\/ﬁh@sd%g? gpﬂﬁe ﬁ}@gﬁ%on,
g 0 n erein t onpound i s an anti - ant 1 body,

an a&%@ %@Eﬂﬁ%@ﬁ SCRR Ogﬁpiapﬁqﬁﬁgéclgﬁqq B8, 2spavtsapdvanpges  adNA | an

ant i -iRGdificdtioRNAe wigtin BilsbopBlRf ke tRNAVing 8RIANT I - PD-1 antisense RNA, an

anti-PD-Li antisense RNA an anti -PD%Z antisense RNA, a dom nant

negative PD-1 protein, a dom nant negative PD-Li protein, or a

dom nant negative PD-L2 protein. 2. The use of claiml,

wherei n said conmpound reduces the activity of a PD-1 |igand (PD-L1)

or a PD-1 ligand 2 (PD-L2). 3. The use of claim1l, wherein

sai d conpound reduces the interaction between PD-1 and PD-Li or the

interaction between PD-1 and PD-L2. 4. The use of claim1,

wherein said conpound increases the cytotox ¢ T-cell activity in said

subj ect . 5. The use of claim4, wherein said cytotoxic T-cell

activity is cytokine production, T cell proliferation, or infectious

agent cl earance. 6. The use of claim5, wherein said T-cell is

a cancer specific T-cell.
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7. The use of claim5, wherein said cytokine is IFNy, TNFa, or |L-2.
8. The use of claim1l1l, wherein said anti-PD-1 antibody, an antPD-Li
anti body, or an anti-PD-L2 anti body is a nonocl onal antibody, a
humani zed anti body, a dei mmuni zed anti body, or an Ig fusion protein.
9. The use of claim1, further conprising adm nistering to said

subj ect a vacci ne. 10. The use of claim9, wherein said
vacci ne conprises an adjuvant or L%Mgﬁ booster shot. 11. The
use of claim1, further conpri si ng istering to said subject a

second comnpound. 12. The use of claim 11, wherein said second
conmpound is, an anti-inflammatory conpound, an antineoplastic
conpound or an lafabsgediacompound thatyeducthigic gefavityfor €kpieshonof anher ei n

sai d secor}chrgﬁﬁ%g?%Ilﬁe%%ﬁi?gwggﬂépgﬁgE&Fg{%ﬂ%{:ﬁyé Ipp of cytotoxic

T | ynphocyte”a cyte attenuator
(BTLA).  medicanibft fof e tremenmat ofd ssmmptdih of whexcer m ssmbpics ebemrdh thenpound
reduces cancer .cel| volu . 15. The use qof claim1l erein
a1 d SecordnbiDaiRd R aAas HEpLalA oL B PR AR B TR

anti body, RHgRitIymPR%Ra, 3R Whedih tha BodPdund GO ARt PHARAibEdY, ambht=  1COS-
L antibody, an anti-B7-1 antibody, an ant|-B7-2 antibody, an

ant i - B7- H¥ Rehl iapelpdy. &y ardinPad ) anBhodyy amyptj-BBgh RNAL an antifP®-LThe uyse of
claimi1, i Lo ﬁrﬁ-t IS :apTh . Ppyse of an

ant i gen-s\ggg{x’ia{gaﬁggl ]I%lt atq’ naazmgpeﬂe“rflrgggsnetr%eciﬁlgé’ \}a\%t "2 conpound t hat
reduces t hatisoape BB, om anti-PRel2 aritisgnse RINA,RRlomipolt negpive 88-I n said cel |

in the manufacture of a nedi nt for the treatnent. o ancer in a
55 ' cubj ecto AP ER o eI g SrviiBn! R Ppashona. or
nodul ar | yy¥plepcyt e predom nant Hodgkin | ynphoma. 18. The use of
claim17, wherein the subject is further adm ni stered an anti gen.

2. The use of claim 1, wherein said compound reduces the activity of a

PD-1 ligand (PD-L1) or a PD-1 ligand 2 (PD-L2).

3. The use of claim 1, wherein said compound reduces the interaction

between PD-1 and PD-L.1 or the interaction between PD-1 and PD-L2.

4. The use of claim 1, wherein said compound increases the cytotoxic

T-cell activity in said subject.

5. The use of claim 4, wherein said cytotoxic T-cell activity is

cytokine production, T cell proliferation, or infectious agent clearance.
6. The use of claim 5, wherein said T-cell is a cancer specific T-cell.
7. The use of claim 5, wherein said cytokine is IFNy, TNFe, or IL-2.

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

PD-L1 antibody, or an anti-PD-L2 antibody is a monoclonal antibody, a
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humanized antibody, a deimmunized antibody, or an Ig fusion protein.

9. The use of claim 1, further comprising administering to said subject a

vaceine.

10. The use of claim 9, wherein said vaccine comprises an adjuvant or a

prime booster shot.

11. The use of claim 1, further comprising administering to said subject

a second compound.

12. The use of claim 11, wherein said second compound is, an anti-

inflammatory compound, an antineoplastic compound or an analgesic.

13. The use of claim 11, wherein said second compound reduces the
expression or activity of cytotoxic T lymphocyte antigen 4 (CTLA-4) or B and
T lymphocyte attenuator (BTLA).

14. The use of claim 11, wherein said second compound reduces

cancer cell volume.

15. The use of claim 11, wherein said second compound is an anti-
CTLA-4 antibody, an anti-BTLA antibody, an anti-CD28 antibody, an anti-
ICOS antibody, an anti- ICOS- L antibody, an anti-B7-1 antibody, an antl-B7-2
antibody, an anti-B7-H3 antibody, or an anti-B7-H4 antibody.

16. The use of claim 1, wherein said subject is a human.

17. A use of an antigen-specific T cell that has been contacted with a
compound that reduces the expression or activity of a PD-1 polypeptide in said

cell in the manufacture of a medicament for the treatment of a cancer in a
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subject, wherein the cancer is angioimmunoblastic lymphoma or nodular

lymphocyte predominant Hodgkin lymphoma.

18. The use of claim 17, wherein the subject is further administered an

antigen.
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