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

BACKGROUND

Immunosuppression of a host immune response plays a role in persistent

infection and tumor immunosuppression. Persistent infections are infections which

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

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

include chronic or recurrent disease. Slow infection is characterized by a prolonged
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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 1is

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.



allergies, transplant rejection, cancer, imune
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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.
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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 infection with LCMV-CI-13 virus (labeled
“chronic”), but virus-specific CD8+ T cells do not express PD-1 polypeptide after
clearance of an acute LCMV Armstrong infection (labeled “immune”). Figure 1C
is a series of images of a flow cytometry experiment demonstrating the presence of

30  PD-LI on splenocytes from chronically infected and uninfected mice. It

demonstrates that PD-L.1 expression is the highest on the splenocytes that are

infected by the virus.
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mice treated with anti-PD-L1 (labeled “aPD-L1 Tx”) from day 46 to day 60 post-
infection versus control (labeled “untx”). Figure 3C is a series of images of a flow

25  cytometry experiment demonstrating increased proliferation of DbGP276-286
specific CD8+ T cells in anti-PD-L1-treated mice, as measured by BrdU
incorporation and Ki67 expression. Figure 3D is a chart showing that mice having
high levels of CD8+ T cell expansion demonstrate an appreciable response in
peripheral blood mononuclear cells (PBMC), as shown by comparing DbGP276-

30 286 specific CD8+ T cells in the PBMC as compared to DbGP276-286 specific
CD8+ T cells in the spleen.
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25  therapy naive individuals, and PD-1 is increased on the total CD8+ T cell population
in HIV-infected versus HIV-seronegative controls (p=0.0033 and p<0.0001,
respectively). 120 HIV tetramer stains from 65 HIV-infected individuals and 11 HIV
seronegative controls were included in the analysis. Figure 5C is a series of charts
showing the median percentage and MFI of PD-1 expression on tetramer” cells by

30  epitope specificity. Figure 5D is a chart depicting the variation in the percentage of

PD-1" cells on different epitope-specific populations within individuals with
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Figure 8A is a series of images of a flow cytometry experiment showing the
25  representative proliferation assay data from a B*4201 positive subject. After a 6-day
stimulation with peptide, the percentage of B*4201 TL9-specific CD8+ T cells
increased from 5.7% to 12.4% in the presence of anti-PD-L1 blocking antibody.
Figure 8B is a line graph depicting the summary proliferation assay data indicating
a significant increase in proliferation of HIV-specific CD8+ T cells in the presence
30  of anti-PD-L1 blocking antibody (n=28, p=0.0006, paired -test). Figure 8C is a bar
graph showing the differential effects of PD-1/PD-L1 blockade on proliferation of
HIV-specific CD8+ T cells on an individual patient basis. White bars indicate fold
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t herapeutic vaccine conbined wth LI bl ockade.

Fi gur e Figures1@A 40D as gobhs and digital images showing increased antigen-
specific CDS8-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
CDS8-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
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.
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combmed with PD-L1 blockade changes phenotype of antigen-specific CD8-T cells
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
of three independent experiments. Figure 12B is a set of plots showing phenotypic

changes of GP33 tetramer-specific CDS8-T cells in different tissues at 4-wk post-
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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
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Figure 17 is a graph showing treatment of chronic LCMYV infected mice
with anti-PD-L1 does not lead to elevated levels of bone marrow ASC. Total
numbers of ASC were enumerated from the spleen and bone marrow of chronic
LCMYV infected mice 14 days post anti (a)PD-L1 treatment by ELISPOT. Line
represents geometric mean within the group.

Figure 18 is a graph showing that co-administration of oPD-L1 and
0CTLA-4 leads to synergistic increases in splenic ASC. Chronic LCMV infected
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.
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chPoiEEs R EB0T G e R YIE VG gpieggg ot PD-1 staining of
Ebstein Bar Virus (EBV), Cylomegalovirus (CMV), influenza and vaccinia virus-
specific CD8 T cells. Geometric mean fluorescence intensity (GMFI) of PD-1
expression among tetramer+ cells is indicated. Figure 21B is a plot showing a
summary of PD-1 GMFI on EBV, CMV, influenza and vaccinia virus-specific CD§
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
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
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virusspecific CD8 T cells. Geonetric mean fluorescence
intensity (GWI) of PD-1 expression anpbng tetramer+
cells is indicated. Figure 21Bis a plot showing a
summary of PD-1 GVFI on EBY, CW3-i nfl uenza and
vaccinia virus-specific CD8 T cells from heal t hy
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Figure 24A is representative plots from five patients with chronic HCV infection

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-1 expression on CD8+ T
cells from peripheral blood versus liver in HCV chronically infected patients. A
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 (Tem) cells from peripheral blood versus the liver. Memory subsets were



donors (Heal thy) conpared with PD- I expression on CD8+
T cells specific for HCV (HCV tet+). An unpaired t
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PD-1 within the same patient on total CD8+ T cells

versus HCV specific CD8+ T cells. Figures 24A-24D are

pl ot s and graphs show ng the freﬂuency of PD-1

expressing CD8+ T cells fromthd4tiver is greater than

in the peripheral blood. Figure 24A is representative
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chronic HCV infection showng the difference in CD127
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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
third row of plots shows PD-1 and CD127 expression on HCV specific CD8+ T
cells from the peripheral blood and liver of two patients with chronic HCV infection.
Numbers in bold represent the frequency of PD-1 or CD127 expression on HCV
specific CD8+ T cells. Plots are on a logarithmic scale and gated on CD3+ CD8+
lymphocytes. Below the FACS plots, a summary of the comparison of PD-1
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



peri pheral bl ood versus the liver is shown bel ow the
FACS plots. A pairedt test was used for statistical
W@r@BY8i1z4 Figure 25 is sets of graphs and pl oRGI/US2007/088851
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PBMC from 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/ml) for six days. After three days of stimulation, IL-2 (50
units/ml) was added. At the end of stimulation cells were stained on the 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



PBMC at 12 weeks follow ng SIV-infection. Figure 27C
is a graph providing a sunmary of PD-I positive cells
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SIV-infected macaques. Data for SIV-infected nacaques
represent at 12 weeks follow ng infection. Figure 27D
(last panel) is a graph providi n% a sunmary of nean
fluorescence intensity (M) of -1 expressi on on

total and Sl V-specific CD8 T cells from nor mal and
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letter a ations ree
| etter sedeld NOsamlD @rea&dedﬁ)larﬁanﬁiﬁf aditegquencaz ofhimih
1.822. Only one strand of eac
framework regions.
SEQ ID NOs: 13-35 are exemplary amino acid sequences of antigenic
peptides.
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
PD-L2.

SEQ ID NOs: 47-52 are exemplary amino acid sequences of antigenic

peptides.



nucl ei c acid sequence is shown, but the conplenentary
strand is understood as included by any reference to
W@ b@sasHaM ayed strand. In the acconpanyi ng SeqREnts2007/088851
listing: SEQID NO 1 is an exenplary am no acid
sequence of human PD-1. SEQ ID NO 2 is an exenplary
am no aci d sequence of nouse PDI SEQID NGO 3 is an
exenpl ary amino acid sequence ofl7human PD-LI. SEQ ID
NO 4 is an exenplary am no acid sequence of human
PD-L2. SEQ ID NGs: 5-12 are exenplary am no acid
sequences of human framework regions. SEQ | D NGCs:
13-35 are exenplary am no acid sequences of antigenic
peptides. SEQ ID NGCs: 36-43 are the am no acid
sequences of major histoconpatibility peptides. SEQID

NO 44 and SEQ ID NODmﬁAmg)M@njm@qi d sequence
of T cell ecgltopes SEQ ID NO 46 is an exenplary
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u§FM§r a persistent viral infection. Terms Unless
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In order to facilitate review of the various embodiments of this disclosure,
the following explanations of specific terms are provided:
Altering level of production or expression: Changing, either by increasing
or decreasing, the level of production or expression of a nucleic acid sequence or an
20  amino acid sequence (for example a polypeptide, an siRNA, a miRNA, an mRNA, a
gene), as compared to a control level of production or expression.
Antisense, Sense, and Antigene: DNA has two antiparallel strands, a 5’ —
3’ strand, referred to as the plus strand, and a 3° — 5’ strand, referred to as the
minus strand. Because RNA polymerase adds nucleic acids in a 5 — 3’ direction,
25  the minus strand of the DNA serves as the template for the RNA during
transcription. Thus, an RNA 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
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enbodi nents of this disclosure, the follow ng
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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,
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immunoglobulin heavy chain, including that of an Fv, scFv, dsFv or Fab.
25  References to “V1” or “VL” refer to the variable region of an immunoglobulin light
chain, including that of an Fv, scFv, dsFv or Fab.

A “monoclonal antibody” is an antibody produced by a single clone of
B-lymphocytes or by a cell into which the light and heavy chain genes of a single
antibody have been transfected. Monoclonal antibodies are produced by methods

30  known to those of skill in the art, for instance by making hybrid antibody-forming
cells from a fusion of myeloma cells with immune spleen cells. Monoclonal

antibodies include humanized monoclonal antibodies.
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an immune response 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”



I mmunogl obul i n sequences. A "humani zed anti body" is an
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uni que Antigen-presenting cell (APC): A cell that can present antigen bound to
25  MHC class I or class II molcules to T cells. APCs include, but are not limited to,
monocytes, macrophages, dendritic cells, B cells, T cells and Langerhans cells. 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 hybridized to its target nucleic acid, to permit detection of that

binding. Binding can be detected by either physical or functional properties of the
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surrounding tissue, and is capable of metastasis. A reproductive cancer is a cancer
that has its primary origin in a reproductive tissue, such as in the uterus, testes,

25  ovary, prostate, fallopian tube, or penis. For example, prostate cancer is a malignant
neoplasm that arises in or from prostate tissue, and uterine cancer 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.
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298Nt T N (@S ribonudleic actt), DNA is Klons chain porymer hich
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.
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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-
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for a particular antigen (an “antigen-specific response”). In one embodiment, an
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
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



regions of the gene. Both constitutive and inducible
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or other sequence such that the peptide will bind an MHC molecule and induce a
cytotoxic T lymphocyte (“CTL”) response, or a B cell response (e.g. antibody
production) against the antigen from which the immunogenic peptide is derived.

In one embodiment, immunogenic peptides are identified using sequence
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
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



"anergy" or "tolerance" includes refractivity to
activating receptor-nedi atedsti nul ati on. Such
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inhibiting or treating a disease refers to lessening symptoms of a tumor or an

25  infection with a pathogen. For example, cancer treatment can prevent the
development of paraneoplastic syndrome in a person who is known to have a cancer,
or lessening a sign or symptom of the tumor. In another embodiment, treatment of
an infection can refer to inhibiting development or lessening a symptom of the
infection. “Treatment” refers to a therapeutic intervention that ameliorates a sign or

30  symptom of a disease or pathological condition related to the disease. Therapeutic
vaccination refers to administration of an agent to a subject already infected with a

pathogen. The subject can be asymptomatic, so that the treatment prevents the
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viruses); Coronaviridae (for example, coronaviruses); Rhabdoviridae (for example,
vesicular stomatitis viruses, rabies viruses); Filoviridae (for example, ebola viruses);
25  Paramyxoviridae (for example, parainfluenza viruses, mumps virus, measles virus,
respiratory syncytial virus); Orthomyxoviridae (for example, influenza viruses);
Bungaviridae (for example, Hantaan viruses, bunga viruses, phleboviruses and
Nairo viruses); Arena viridae (hemorrhagic fever viruses); Reoviridae (e.g.,
reoviruses, orbiviurses and rotaviruses); Birnaviridae; Hepadnaviridae (Hepatitis B
30 virus); Parvoviridae (parvoviruses); Papovaviridae (papilloma viruses, polyoma
viruses); Adenoviridae (most adenoviruses); Herpesviridae (herpes simplex virus

(HSV) 1 and HSV-2, varicella zoster virus, cytomegalovirus (CMV), herpes



an infection can refer to inhibiting devel opnment or
| essening a synptomof the infection. "Treatnent”
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a sign or synptom of a di sease or pathol ogi cal
condition related to the di sease. Therapeutic
vaccination refers to admnistration of an agent to a
subject already infected with a2|8at hogen. The subj ect
can be asynptonatic, so that the treatnent prevents
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pertenue, Leptospira, and Actinomyces israelli. Other infectious organisms (such as
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
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
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and Nairo viruses); Arena viridae (henorrhagic fever
viruses); Reoviridae (e.g., reoviruses, orbiviurses
and rotaviruses); Birnaviridae; Hepadnaw ri dae
(Hepatitis B virus); Parvoviri a8 (parvovi ruses);
Papovaviri dae (papillom viruses, polyona viruses);
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"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
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
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"persistent infection" is an infection in which the
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elimnated fromthe infected host; even after the
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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-
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Pharmaceutically acceptable carriers: The pharmaceutically acceptable

25  carriers 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,
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oper a I'inked wt
which is 1ncorporated into a vector; into an autonomously replicating plasmid or

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

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

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

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

30  polypeptide is from about 8 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
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Po ynucleotl de. e term polynucleoti de or nuclelc

acpblis@atenel/srefueVigal o an immune cell and/or cytokine secretion by an
immune cell. PD-1 protein can also modulate a costimulatory signal by competing
with a costimulatory receptor for binding of a B7 molecule. Thus, the term "PD-1
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
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
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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
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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 cells.
Exemplary vectors include those for expression in E. coli and Salmonella. Vectors
also include viral vectors, such as, but are not limited to, retrovirus, orthopox,

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

baculovirus, Sindbis virus, vaccinia virus and poliovirus vectors.



Speci fic binding agent: An agent that binds
substantially only to a defined target. Thus a PD-I

W@Qp@si0831¢4 bi ndi ng agent is an agent that bi ndsPCT/US2007/088851

substantially to a PD- 1 pol ypeptide and not unrel ated

pol ypepti des. In one enbodi nent, the specific binding
agent is a nonocl onal or polycl onal anti body t hat
specifically binds the PD-I, PD3/t OR PD-L2

pol ypeptide. The term’ speci fically binds" refers,
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of fRHRG Bk RRAY ALY }%traﬁ fard 1h9@l59ra(ef?led' MRtk i hkideRtiRty. In
cell or tissue bearing the PD-I eyptl de as

conparatdotiticq fegirbscof sperdsugor a@“d@ extpanGbyspefiseine will
rsgg%flﬁt{:‘)ggl ‘Pdg rIg g?ﬁég tffel‘lgtﬂg%ﬁn 5] cxples 4ty fstrQ8%%: onty and

15 spggﬂ lilte@luéd/tof&rhrﬁim@grtl cular protein. A variety of

i mmunoassay formats are appropriate for selecting

anti bodi es or other |igandsspecifically imunoreactive
with a particular protei Moy FY tgxan;gl e, solid-phase

ELI SA i mrunoassays are I‘OUI?I nelUsed to sel ect

nmonoc| oMat natddo dikcRSedpeeinfihwald the iusarohiahdacis of ghaPID N

a protein. See Har|low & Lane, Antibodies, A Laboratory
VaRgEP2Y BPd 5eontstsHaPBok mPl?sP leg atej erat erﬁ@whvémmunoglobuhn
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Bns t at can be use term ne Speci
| mimmoneglobulin duperfamiBetidmaid, a\krammdmhtnamb arwhdin candtanantkacellular

to th T [ d but
| R TR e dCep s b ST s marsh (1RO (Ishida

| yep;homﬁousmﬁssm@@ Steddhatanathl C@EAINGSs 85: 84, K894:Q0S. Pat.
its surface known as "cluster of differentiation

No. 5,698,520). These features also define a larger family of molecules, called the
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
major histocompatibility complex (MHC) molecules, such as the KIRs, and CTLA4
binds to B7-1 and B7-2.



4" (CD4). These cells, also known as hel per T cells,

hel p orchestrate the i mune response, i ncluding
W@nioslgady4 r esponses as well as killer T cell recpusxes08sssi

CD8+ T cells carry the "cluster of differentiation 8"

(CD8) marker. In one enbodinent, a CD8+ T cell is a
cytotoxic T |lynphocyte. In anot her enbodi ment a CD8+
cell is a suppressor T cell. A P8cell is "activated

"when it can respond to a specific antigen of interest
present ggh QR ANPBNT {9890- Y L5E Wéﬂquraﬁﬁh&ﬁbrane receptor that was
Transduced/ Tranf ect ed:” A transduced cel is a cell
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5t r EpewvornBY L. wi t h plasnmid vectors, and int roduct| on
of nakegn VIvo qul pr%sosgc? bR tlvatedl"fgq{seﬁ Ieﬁs ancfil méanocytes

particle gun accel eration ector nucl6r ¢ “Ac

MoIER petirerdsl dabd ihgaidated thenhraatibmsdt PRl lwith ieli @bys in
producing a transforned host cell. A vector may

i ndpuaEZRigiPR PEcoaERIRSReieheakin e igERoRpes- IR ppuigicular,
re o _f '

EHI@%%&(&ﬂnfﬁ \911&] g@;%gf@%}?ug#cgtgn ?E Pla dfé?&%rgcéln%érﬂ is 1nh1b1ted in the

10 nupfeeem:eaxf iPisLenadditiogaldy, PEl-ecitfibibst mige keliibanad aOtohﬁmune

genetic elements known in the art. Vectors include
pl 88FWRFect or s, including pl asmids for expression in
gr am negatd.ug ?a%j A RMRPSIGhENE PAGISH PR 1 &8l Ryrth below (see
Exenpl ary vectors i1nclude those for expression in E
cohisodshidaSalahpREIBQ). Meti8Gr 99, Shinbharh gtdd. Gemahics 23:704,1994;

ve r uch ut are not limted to, retrovirus,
%gpﬁ&l& I\?%1\% %%35520$)OV\A poX, capri pox, Sui pox,
15 adenow i pRREBES vWiaku Syl gat-PRY w1 HESA rhaembpvirrys,
Si ndbi s 1V M8 gaNaACGIrRIa FUnkYS cafd 1 PR IQVIskbUS gtdk1a
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unl ess Eé’ﬁtegﬂeyé‘lteéﬁ’lf SORGICCartEer 6OREr i &S8P PAr |y,
t he wor 8976FvPils (SRterddedto L ncl ude " and" unl ess the

context clearly indicates otherw se. is further to
and TRERRL A Al L R E B SR ﬁ%@@ﬂ@%ﬁ%@éi

25gi ven f omvitaelogis€ aGiads garkwpo Isygpzepbw@as_; awesltfypa
appr oxi mate&secahtaate tproeneed chomldeseni stk ekga
Al t hough reetbhedsvan@aratgliial $nrhdfhmni 1dtrrndsgi
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30 argagskddt lkeepsaapv psvayeeldf ggrektpelp
tacvhteyat ivfteglgas amgrrgsadg lggprpprhe

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)



simlar or equivalent to those described herein can be
used in the practice or testing of this disclosure,

W@ aiosakdied met hods and materials are descri bed REr/O82007/088851
The term "conprises” neans "includes." Al
publ i cati ons, patent applications, patents, and other
references nentioned herein are incorporated by
reference in their entirety. | m3¢ase of conflict, the
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whi Cﬁlgl ?t%gla.?ﬁllg{ glo'ilrll?ld i@@gﬁ% @%ﬁbﬁpg g&@gltﬂ?ge (isa'rboxy—termmal

10i n mrbsm@@EYMIe@m amn(oKicR_B)M()\liS\l |0étSEQ1HD Née2din {li88i7ind
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|tHi°élseoé?%P§?}bV&1 ﬁ%ﬁ alﬁ oSV 5%?% PREP PIGEEng Fithglogues.

mot i f obp PRSEMERBEAAIRSCDIBRTEA S PA\ﬂnh? oPnoleRullOMRIEA on its
cont ai ni ng phosphat ase, which leads to inhibitory

si ghiditysto nd et 1ofln vhveskkd GFLAS, PRI ivirapodly indacep vt

bind.to | O hstoco atlb W

ot Gl TS i BSPTRE Nt D (B8 TRt frtr habrel 765, 1996
15 angh &fmedst 8 AN howklerl PDSI B ah@-iR@ude®n iPRirface of B-cells (in

transmenbr ane recept or that was ori ginally identified

i nregpMseéd pnti-lghd).ukldelr ig olsagxpiss fed aniagribsai gtideenocytes and
AP RRIRR Sl Rl KRBT P50 A infifh byt oSS T Aol

are
rreBb?GB; PDI igand 1 (PD-LI, also known as B7-Hl) and
PD-L2 (al so known as B7- DC) In vivo, PD-Il is
expr essddedingiey |1§/%ﬁnéﬂm1"a%téwlﬂtan BdB@ansm Phh expression. It is

20 TAREMEEEherEHR: IR Ao ahPedh BRI GBLES bl Rntacting a T-cell with
I nter aCi&?OerII‘S 0] (%,Ito ﬁ}ﬁas |lgan S g nacting a Lreell Wi
down a%m Ithentt i‘e(dlllc@fthe expreﬂ[onancicmty @ﬂf@]bal Nomeupecifically, it is
r eSPO dS articul ah
disclose herem 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



proliferation in wild-type T cells but not in PD-I
-deficient T cells is inhibited in the presence of

weRpoBI0831AHdI ti onal |y, PD-1 -deficient m ce exhP@i/US2n7/088851
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aut oi nmune phenotype. An exenplary am no acid sequence
of human PD-1 is set forth below (see also Ishida et
al, EMBOJ . 11:3887, 1992; Shinohara et al. Genom cs
23:704,1994; U.S. Pat. No. 5,6980520): ngi pgapwpv
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kakosimspgarepolypeptilése While Pi<nspy keppgdémigmant fotd drsale\pgimary
vl awal avfcst e ar skddt .| keepsaa svayeel df

DB R osp ks B R RO ikt i e RPRCERY oF BB RS fehonse to
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sequences aré disclosed in U S. Patent No. 6,808, '
angolyp&ptidea arvapaipe bi pravidone Fgbmutdary on inkakitory signals to immune

2004/ 0137577, 2003/.0232323, 2003/ 0166531
2063008 KTAG: SOBIDBN I 1380950 gL srampte. when bound to &
20024t 1468 0recedi612PDUOD AP0 ) A0 @ddBBdBtion of immune cells or
2002/ 0107363, and 2002/0106730, which are incorporated
he TR tsginErsel Gegimpgion Whenspragsib iy a guklygorm.  When bound to
[ : ' > Y 17 i ngl
PR b G O T S P U R
cyimpluas It EommilayBihfaaiilyanémivert ycbgieBs ], BU-2hBT1Bdrecognized
nmost _menbr ane- pr oxi mal
%y the antibody B%—l 2(137h (PD-L1), and B7-4 and soluble fragments or derivatives
thereof. B7 family members bind to one or more receptors on an immune cell, such
as CTLA4, CD28, ICOS, PD-1 and/or other receptors, and, depending on the
receptor, have the ability to transmit an inhibitory 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 a role in negative
regulation of T cell responses. ICOS, a polypeptide related to CD28 and CTLAA4, is
involved in IL-10 production. PD-1, the receptor to which PD-L1 and PD-L?2 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.

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

to the transmission of an inhibitory signal in an immune cell, resulting in a reduction
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asyrklnthl
pantshsrtp
eltlasidlqg
ialrkglcgk

qqurdegqy
lkvpetdeve

eglygvtsvl
sgmeprthpt
lysskdttkr

gciiiygvaw
ltcgatgypl
rlkpppgrnt
wllhifipsc
pvtttkrevn

dyvkyltlkvk
AevsSWPNvsv
scviwnthvr
iiafifiatv

sai (SEQ ID 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
eltlasidlqg
ialrkglcgk

elglhgiaal
nlgaitaslqg
qvgvrdegqy
lkvpetdeve
eglygvtsvl
sgmeprthpt
lysskdttkr

ftvtvpkely
kvendtsphr
gciiiygvaw
ltcgatgypl
rlkpppgrnt
wllhifipfc
pvtttkrevn

iiehgsnvtl
eratlleeqgl
dyvkyltlkvk
aevsSWpPnvsv
scviwnthvr
iiafifiatv

sai (SEQ ID NO:46)
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25 A Antibodies
Antibodies that specifically bind PD-1, PD-L1 or PD-L2 (or a combination
thereof) are of use in the methods disclosed herein. Antibodies include monoclonal
antibodies, humanized antibodies, deimmunized antibodies, and immunoglobulin
(Ig) fusion proteins. Polyclonal anti-PD-1, anti-PDL1 or PD-L?2 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



Engagenent of PD-1 (for exanple by crosslinking or by
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myeloma) is fused to lymphocytes (typically splenocytes) from a mammal
immunized with PD-1, PD-L1 or PD-L2, and the culture supernatants of the
resulting hybridoma cells are screened to identify a hybridoma producing a

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

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

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

25  line. In one example, a mouse myeloma cell line is utilized that is sensitive to
culture medium containing hypoxanthine, aminopterin and thymidine ("HAT
medium"). Any of a number of myeloma cell lines can be used as a fusion partner
according to standard techniques, including, for example, P3-NS1/1-Ag4-1, 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,
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|nclud|ng t
example, in U.S. Patent Publication No. 2006/0210567, which is incorporated herein

by reference. Antibodies that bind PD-1 are also disclosed in U.S. Patent
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
with an affinity constant of at least 10’ M ! such as at least 10° M at least 5 X 10°
M or at 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
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
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are of use in the nethods disclosed herein. Antibodies
i ncl ude npnocl onal anti bodi es, humani zed anti bodi es,
dei nmruni zed anti bodi es, and innﬁﬁoglobulin (1'g) fusion
proteins. Polyclonal anti-PD 1, anti-PDLI or PD L2

antaht‘?&ﬂﬁé%%aﬁ B0 rARinPIERBERLd PYhORGiRky DK Iallltlibddg fhal ﬁleﬂf dan be a

such as by 1 mmuni zi a sul tabl e subf ect
v etemamaed) insubijetebuliwihahing cBDplenengpaityl dciprniﬁmnlg re glonS (CDRs)

e T R e N R T Se AR R e

MO Rt fn@h 8El o OMBY drid R a BY ari [8dH @R £ln 864V AL frSHEROIRS from human
w th an enzyme |inked i munosorbent assay (ELI SA)

us amptmmunpglebiulal lrpvy and ggiﬁd;h@un fr-umqwqybi ypesralbe the
In

s p}enéﬁn lil%% mgﬁor%%aﬁ%%e%‘%% Y%%IC?SE%_PE)Z tItBtLI or PD-L2 with an

c oatﬂm@tdoﬁftsnttdﬂaf raft)10Can', kech sk faed OF Mhattlb@t st M or at
(such ag fromserum and furt her purified by
t e&398i QU4 known to one of skill in the art. For

exanpl e Hu"ﬁ%#@& %o%%cl%ﬁ!ﬂ a‘ﬂﬁFég’c%Eé édnea% &ngééédggd BY @il tPrrfite donor

chromat ography to isol ate ant
Antompldynepraciduddtergniciak rsgicasn (R  fitoan heaaty fand highthvariable chains

bj ect d dt g I | t
O i L EES TR L T2 PRTLST T
25@2114'2%56 é@malﬁ 980 th &Y Mtlﬁglnghumgn resldiBURGhe fr&%@w@ﬁgreélons
6, 1981; Cole et al MonocT onal Anti bodi es and

Th whapyqqum@m Rtaih aﬁm,ltyl e usep@f anﬁbo@ﬁgommﬁnts @eﬁy@t from

'}\(/le th@?ﬁfze%ln gfgcjlg ﬁeg ﬁ)%l\fl tpof%laf% S\mmg.wocmted with the

Di igR%h nimty%f@lheo@ngﬁht r/ég@hygfeﬁle ch&*HﬁﬁbE’dJ;bW&:hhialges for
Cor p. , w York, N.Y. ); Kozbor et al. Inmmunol

To @egdumnz humpoiged rrLO@pqeienal aptibglies(arg eesrylbeﬁhlf@r exampfj, by Jones et

764 5912 ugpl 1‘1"%6)1%%{1 R%ch%lanh eF alo 9\7aturet§32 36% aﬂ?SSS%:eThoeyen et

n one exa an

| i ag, {digek 2adl1§34 1088 QuiR) cf &. fms&WdzDAktydth@Sasw 4285,
(tD)-{Bi cal I% spl enocytes) from a i mmuni zed with
peoghu, &”fdbﬁmﬁwf%mdl%% é%??t @P%Smgﬁlé(ffﬂét énts of

AR b aRaalls AL pSTeR e ek
s pembbdiashtsythdamtdedy s arhieQ) ddcyyakipd bdenocofimitad &r, 8, 12G,, 1gG;
and IgGy.

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

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).
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These fragments include:

25 () 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;



7982, 1991; Hoogenboom et al., Nucleic Acids Res.

19: 4133 4137, 1991. The ami no acid sequence of
w@pioslogsdre€s that bind PD-1 are disclosed, for PXEO§1087/088851

in US. Patent Publication No. 2006/0210567, which is

i ncorporated herein by reference. Antibodies that bind
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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 (scFv)
are prepared by constructing a structural gene comprising DNA sequences encoding
the Vg 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 scFvs are

known in the art (see Whitlow et al., Methods: a Companion to Methods in
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89: 4285, 1992; Sandhu, Crit. Rev. Biotech. 12:437,
1992; and Singer et al, J. Inmunol. 150: 2844, 1993.
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enbodi ments the antibody is an 1°/§G i ncl udi ng but not
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form monovalent light-heavy chain fragments, further cleavage of fragments, or
other enzymatic, chemical, or genetic techniques may also be used, so long as the
fragments bind 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 Vy and the Vi regions, and will retain the
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
Vu and the V1, regions to increase yield. Conservative amino acid substitution tables
providing functionally similar amino acids are well known to one of ordinary skill in
the art. The following six groups are examples of amino acids that are considered to

be conservative substitutions for one another:
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vari abl e regi on and are capabl e of binding specific
epi tope determ nants. These anti body fragnents retain
sone ability to selectively bind with their antigen or
receptor. These fragnents i ncl udd: (1) Fab, the
fragment whi ch contains a nonoval ent anti gen-bi ndi ng

f ragnent) gﬁm@&ﬂggtsgggXSqugth% Tﬁan be produced by
dlgestlon of whol'e antibody with the enzyne papain to

yi el d aﬁ)ﬁ@@nu¢a@dgbi(Bhanncamd(ﬁ)portlon of one heavy
chai n; g% Fab’ b b$% of an anti body nol ecul e
can be ohtSFHaH"p F% ole anti body with
pepsin, 45@&@9M@quyA@§QQK§|on to yield an intact

i ght chain and portion of the heavy chain; tw Fab'

fragnenﬁ%hak@m@bﬂﬁih@@HEéL)dﬂﬁhmmdy( | ¥eline(\)33nd

b th b
((JE?ai )nég Eﬁenly[a?a |ng:)\ﬁ1y Slge %apﬁw)?]:nengyne

pPemaus) onk bh a4l i theSiepde méadﬂsadm&w @lﬁb arfrind kac1)d2seq1$enae of an
dimer of two Fab' fragnments held together b

di sufifadyef fyergst; locaty opg or awgf'ewéh‘? amoacidsgn H@éﬂmﬁ table above,
T 3QHERl 8%@&5”4%8%&3&8@ B%%%uﬁfgfe%gn&ﬁrve&ﬁ@ Vlaﬁgntusmg well-

chain e variable region heav
exknewsadmaskﬁmmhnhamns and (5) Single chaln antlbody

(such a cFv), i ned as enetically, eer ed
ol ecul EHEEHT H}OllﬁCH 5 CHEN QPR EIG Qﬁ’%‘?ﬁ“&f o1t ‘i?éeCFlP@ foieties can

chal Nnkdd 18 o ahiif Aniegbancaly e BsaypoeRebippliNkeds any

by a suitable pol ypeptide Iinker as a genetically
fusemb@uﬁgn@mshawwnnnmesuﬁékﬂmmnhQ@s BbmnuWahgtmthmanmknt
fraﬁ nts are kno

t
RPe S dn Yl 1 uitBe Poret e ol be AR o oepplgent o
Sphi BEkiddAN RAFied @ROFdR OloYthe SIRYMIYA rsl.‘i’ucti!u%&&)the ¢ffect&Y PoRpeptides

exanpl es, "the variable region includes the variable
r egiretllgfcontain 4 vayiety efhfanetienabizionps: waeh astslasboral¢ aeid é@OOH)

t h‘fare 1%%1%’6 G(IC It}ﬁlz)noresﬁ \gclffglgq(j?@? %fo()glg vl déh(%a%olu}/ Tk fto ge%t?tlon with

Fv an es“are con

coapligdtie AMtiiGRN gRiupdinng aatib&dWotrésulhin eie: KihiRag Dtheeﬁfébtor
heavy chai n and each I%?ht chain. To produce these
antiasdice Altarpively, diecnfifedys derratized &xprhoss eigattach additional

reactive functional groups. The derivatization may involve attachment of any of a
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
skill in the art and include, but are not limited to, straight or branched-chain carbon
linkers, heterocyclic carbon linkers, or peptide linkers. Where the antibody and the
effector molecule are polypeptides, the linkers may be joined to the constituent
amino acids through their side groups (such as through a disulfide linkage to
cysteine) or to the alpha carbon amino and carboxyl groups of the terminal amino
acids.

Nucleic acid sequences encoding the antibodies can be prepared by any

suitable method including, for example, cloning of appropriate sequences or by
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typically held together by noncoval ent interactions.
However, these chains tend to dissociate upon

di lution, so nethods have been devel oped to crosslink
t he chai ns through glutaraldehyég; i nt er nol ecul ar

di sul fides, or a peptide |inker. Thus, in one exanple,
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thtnlmﬁiﬁzat@n@mﬂ‘pammpﬂemenﬂhht feqdance ndrrtwypoby rog yzativio lwich:, DNA
age 97, 1991; Bird et ah, Science 242:4 198
ga @]ﬁfneme ugrmg gfles 8717%6 stpad@kasémttelgplate éplg)e/ qiﬁ%ﬂ]n}ypb]&yeco gnize that
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can be preparéd by proteolytic hydrolysis of the
anbassedynger smueeaq@rr&zasbeowbtmneiby thglhgaocbn ﬁﬁ\moetnlcwquﬂges

the f t. Antibod t b t d

bepsi n- LRenble e age BROTRurSte e fonE al Shypoty that

CORYRMidaNP BIndd PN A1 FYr FEXANRhEbe BRpLRABY cid@?@ﬂﬁrﬁques
odal e

can be produced by enzymatic cl eavage of antib
Wi Eﬁalpaegs pﬁamommcleémg ag&sfquaneinatechieinptse dnd:l(na%uqtlons

Thésfﬁcfegggecﬁrt [?éilso 5 o% ?klh tl%rorlgll gﬁé glé)gfnlg%ge&lselsq 1%% found in

UCI g agent onal g group

t hSaﬁlbfdcok)éd By sugch lEéSgeﬁr asdiKimngl fedomsapeauedBuafbel, supra.
di sul fide |inkages, to produce 3.5S Fab' nonoval ent

f r BERAAL @formatl@i* fram mandfactasrser Djolagical rerssatage exrarivgental
e F
DRSBTS AR 30 PSRRI R0y stoma
an@hkin&al Catnpaiy (Saint 4,088 1VEN 7R &AhBystehe (Minmespolis, MN),
OBt AHELELR oM SEe Ll S 8 o ave
19@% éﬁ@h@ﬂe@@o@h ’Alwﬁ&}hgﬁénicﬂl @&ﬁﬁéﬂ%}l (@ﬁYwau\lé% Wi—) Glen

page 422 Academ Cc Press, 7, i gan et
se&ese@mh g . GIBE (B BRA. Life Technolo gles Inc (Galthersburg, MD) Fluka

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),
the transcription-based amplification system (TAS), the self-sustained sequence
replication system (3SR). A wide variety of cloning methods, host cells, and in vitro

amplification methodologies are well known to persons of skill.
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cl eavage of fragnents, or other enzymatic, chem cal,

or genetic techniques may also be used, so long as the
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ef fector
are isolated and cloned, the protein can be expressed in a recombinantly engineered

cell such as bacteria, plant, yeast, insect and mammalian cells. One or more DNA
sequences encoding the antibody or functional fragment thereof can be expressed in
vitro by 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



an anti body varies according to the chem cal structure
of the effector. Pol ypeptides typically contain a
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(COOH), free am ne (-NH2) or sulfhydryl (-SH) groups,

whi ch are available for reaction with a suitable

functional group on an antibody to result in the

bi ndi ng of the effector nol ecul 2- Al ternati vel y, the
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O RO IR 355, e Sptle shadle ol rand g5, 5 LIpLALS,

Z 36 gﬁ?%iﬂg%cﬁ%fl, Dy dpSraGBREH&HiYn bt I EHideRAcRRAULRERSNRE, or virus
vectors may be used. Eukaryotic cells can also be cotransformed with
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

Viral Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 1982). One of skill in

the art can readily use expression systems such as plasmids and vectors of use in



bases, |onger sequences nmay be obtained by the
ligation of shorter sequences. Exenplary nucleic acids
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specifically binds PD-1, PD-LI or PD-L2 can be

prepared by cloning techni ques. Exanpl es of

appropriate cloning and sequenci ng techni ques, and
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e"variety of cloning nethods, host cells, and in
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binds PD-1, PD-LI or PD-L2 into a vector which

coﬁvdog‘éhhqrﬁé SENBusheadi A, Al fipeernr0nshéeud el 0EM) .
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contains a functional Fv region and a functional EM

r egi on. Gffenoiactiensbisteroirzout PISIREHiIh go 4 o ethethagkaria are
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scFv, Ip a
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i %ttheéjregi&lﬁg Kg%émé. 6halMrris pH 8, 6 M guanidine, 2 mM EDTA, 0.3 M DTE

(dithioerythritol). Reoxidation of the disulfide bonds can occur in the presence of
low molecular weight thiol reagents in reduced and oxidized form, as described in
Saxena et 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
M Tris, pH 8.0, 0.5 M L-arginine, 8§ mM oxidized glutathione (GSSG), and 2 mM
EDTA.
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gene to permt propér anslatio
st epllkadensn thEhet. pol ynucl eoti de sequences encodi ng t he
anti body or functional fragnent thereof can be
inserted into an expression vector including, but not

L'l B 586ty uPl-RSAM Virus or other vehicle that can
I

be mani pulated to allow insertion or
Inhibitory nucleic acids that decrease the expression and/or activity of PD-1,

PD-L1 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.

Generally, siRNAs are generated by the cleavage of relatively long double-
stranded RN A molecules by Dicer or DCL enzymes (Zamore, Science, 296:1265-
1269, 2002; Bernstein et al., Nature, 409:363-366, 2001). In animals and plants,



i ncorporation of sequences and can be expressed in

ei ther prokaryotes or eukaryotes. Hosts can include
WOon@sogE1a , yeast, insect and manmal i an or gani BEEUS2007/088851

Met hods of expressing DNA sequences havi ng eukaryotic

or viral sequences in prokaryotes are well known in

the art. Biologically functional viral and plasm d DNA

vectors capabl e of expression aﬁé'replioation in a

host are known in the art. Transformation of a host
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Mo hﬁ&%r@n&%%l&gioﬂ oBB eI 8 d@ﬁ%ﬁoﬁ:}spﬁur §§é§ %f fhis @h@&osure a
herpes si mpl ex thym di ne ki nase gene. her net hod
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npr eins In ce
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Cob AR EMHIBHOYPRRNY or BRALE NG JattiQ14r$8EmpRENEE 8bb¥e 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



R Scopes, Protein Purification, Springer-Verlag,
N. Y., 1982). Substantially pure conpositions of at
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Antisense and ribozyme molecules for PD-1, PD-L.1 and PD-L2 are also of
25  wuse 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



is conpleted. In addition to reconbi nant nethods, the

anti bodi es and functional fragnents thereof that are
waele@shgHed herein can al so be constructed in wWhOI/ES07/088851

in part using standard peptide synthesis. Solid phase

synthesis of the polypeptides of |ess than about 50

amno acids in length can be acconpllshed by attaching

the C-ternminal amino acid of the’/ sequence to an

i nsol ubl e support followed by sequential addition of
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Soc. 85; A&%ﬁs&ﬁ@@h%&ﬁl@ﬁotlé@éjansﬂee%rekalﬁf)lealibout §01é]o ds, 20, 25, 30,

Phase Pepti de esi s d., Pi erce Chem
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dooaiarboseRRehe G\/IE&N&\Setani eAnmsener Rasabihd/Dev. 1(3):227, 1991; Helene, C.,
Anticancer Drug Design 6(6):569), 1991. This type of inhibitory oligonucleotide is
also of use in the methods disclosed herein.
Ribozymes, which are RNA molecules possessing the ability to specifically

25  cleave other single-stranded RNA in a manner analogous to DNA restriction

endonucleases, are also of use. Through the modification of nucleotide sequences

which encode these 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
30  they are sequence-specific, only mRNAs with particular sequences are inactivated.

There are two basic types of ribozymes namely, tetrahymena-type

(Hasselhoff, Narure 334:585, 1988) and “hammerhead”-type. Tetrahymena-type



avai | abl e, such as from Santa Cruz Bi ot echnol ogy, Inc.
The present disclosure provides RNA suitable for

WO ni0gosarence or inhibition of expression of aPCHU§MNT/088851
gene, which RNA includes double stranded RNA of about
15 to about 40 nucl eotides containing a 0 to
5-nucl eotide 3' and/or 5' overhang on each strand. The
sequence of the RNA is substant1§t|y identical to a
portion of an nmRNA or transcript of a target gene,
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1! SN SRy S B PRTEL BB pR0I R GRSRS
ds R ssidd oA PEXANRIAS-PD-L2, and molecules that inhibit the activity of
PD-1, PD-L1 and/or PD-L2 can be identified. These small molecules can be
25  identified from combinatorial libraries, natural product libraries, or other small
molecule libraries. In addition, PD-1 antagonist can be identified as compounds
from commercial sources, as well as commercially available analogs of identified
inhibitors.
The precise source of test extracts or compounds is not critical to the
30  identification of PD-1 antagonists. Accordingly, PD-1 antagonists can be identified
from virtually any number of chemical extracts or compounds. Examples of such

extracts or compounds that can be PD-1 antagonists include, but are not limited to,
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PD-L2 are also of use in the nethod disclosed herein
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25  peptides, saccharides, steroids, and the like. The compounds may be modified to
enhance efficacy, stability, pharmaceutical compatibility, and the like. In several
embodiments, compounds of use has a Kd for PD-1, PD-L1 or PD-L2 of less than
InM, less than 10nm, less than 1 pM, less than 10uM, or less than 1mM.

30  D. PD-lIpeptide variants as antagonists
In one embodiment, variants of a PD-1 protein which function as an

antagonist can be identified by screening combinatorial libraries of mutants, such as



transl ation of genes is well known in the art (see,
for exanple, Marcus-Sakura, Anal. Biochem 172:289,
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nucl eotides in Iength. An antisense nucleic acid can
be constructed using chem cal synthesis and enzynmatic
ligation reactions using proced@pes known in the art.
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onkglectieNALE varids pa PDeubmagaénubnaesenaraeimasaci libatyedk. 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
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.

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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| nlanzﬁogcmSSO tthceoipnhea:em;ﬂatswpm OFhete sipeextt mamepeptide compounds

¢ ogﬁ)é) grrf]:qlssuzilfy J‘e?,g ogfr:ci tlcl ?llle zgig o% (r:]oemputerized molecular modeling.
Peptide mimetics that are structurally similar to therapeutically useful peptides can
be used to produce an equivalent therapeutic or prophylactic effect. Generally,
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 --CH,NH--, --CH,S--, --CH,--CH;--, --CH.=.CH--
(cis and trans), --COCHa;--, --CH(OH)CH3--, and --CH,SO—Iinkages. These
peptide linkages can be replaced by methods known in the art (see, for example,
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



identification of PD-1 antagonists. Accordingly, PD-I
antagoni sts can be identified fromvirtually any

woenoBes31isd chem cal extracts or conpounds. Exapgil/gs2001/088851
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| ess than
microinjection techniques.

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
polypeptides, and in vifro 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



InNM less than 1O0nm less than 1 nM less than | OrM
or less than ImM D. PD-I peptide variants as

wW@riaHearst s 1 n one enbodi ment, variants of a IRDFUS2007/088851
protein which function as an antagoni st can be
identified by screening conbinatorial |ibraries of
mut ants, such aspoint nutants or truncation nutants,
of a PD-I protein to identify pﬁ@teins wi t h ant agoni st
activity. In one exanple, the antagonist is a soluble
PDMolwu@Jr@IBnin%ﬁ‘é_g’hni?Je's I Pgarn YA Qlde Rk breV@ il Aras %8s, Reiif ;
generated by conbinatorial nutagenesis at the nucteic
acKaiseeetell., doidndes248nlSad EB b Wearitield) egertced3g8re, 1986; Kent,
ligrary, Alibrary of PR, 1 variants can be produced
by “PBrReergﬁ%ﬁ%S?l ﬁzfgé?rz@ﬁﬁ%i cally ligating a mxture
of synt Ipghtides @hih BOPLALEAL LitESs b IdRSRMEMPRAKRMERR, SiCkked as
that a degenerate set of potential PD-1 sequences is

5 expriegwiitsh ef 28D hiniterpatival wighot lipast iRgegdesgan be produced as
al ternativel. as.a set qf |arger fusiion pr ¥y
(s UERRY G, 8n DgREinndl  RERT ARl 87 sBV QU 1 Ragso e -
segieNaR Snd/bhErermings. alnvRithigt prefefredembodigentl €ithee @ik dagboxy-
used to produce libraries of potential PD I variants

f r GHNAGOE EiferBine-tTign 0t PeBt e ehapigiibhwedifiche e grost

sy s . . seque .

el o i G OBORE R AT AL AEARR T PEORE: g goetytation

10 sy nahdvahidatige respebtievely.i yatiedteimingl moddjepti@prsiueli & acylation (for
expressi on vector. e of degenerate set of genes .
2| PARPIF e sopt em%l%?n or fa%glp - Rieifpaatiogy apf argexy-terminal-
t he RIBHUEPTERIcRAS i Al oh N vilgSIsoBitkr $E il nRREGbAY, including
PD- 1 antagoni st sequences. Methods for synthesizing
degerienatre cah bgyowarpoeed thesvaroms kmbosdimentst Keeram anfinedsrminal

for exa e, Naran .al., Tetrahedron 39; 3 83;

| ¢ P EC B S e AREnodlig Mo ook PSS S5 ilagp (R core
151t @éfq%ﬁceectanyrovi&&&%ﬁ@gé&ﬁ :plags”a@al, diRBfdal, Hibcragfidl] Ha,

l'ibraries of fragments of a PD- 1 protein coding
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BT SO0yt RGN SRR RS o s, an
| i bthersy of codi ng sequence fragnents can be generated

by treating a double stranded PCR fragnent of a PD- 1
codi ng sequence with a nucl ease under conditions
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sense/ anti sense, pairs fromdjfferent nicked products,
r eﬂ%?\?? Hﬁt@i‘iﬁdﬁf‘el THQAREB5EF Fit@ﬁ@gfﬁrs}ﬁ“rteéjr Yrirggptom is

duRh&X%£8d 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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In a latent infection, the infectious agent (such as a virus) is
25  seemingly inactive and dormant such that the subject does always exhibit
signs or symptoms. In a latent viral infection, the virus remains in
equilibrium with the host for long periods of time before symptoms again
appear; however, the actual viruses cannot be detected until reactivation of
the disease occurs. Examples of latent infections include infections caused
30 by herpes simplex virus (HSV)-1 (fever blisters), HSV-2 (genital herpes),

and varicella zoster virus VZV (chickenpox-shingles).
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wi t h the desired biological or. macol ogi cal
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The subject can be asymptomatic, so that the treatment prevents the development of
a symptom. 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,
NA, M, NP and NS antigens; HIV p24, pol, gp41 and gp120; Metapneumovirus
(hMNYV) 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



reconbi nant protein systemcally or to the infected
area using, for exanple, mcroinjection techniques.
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thereby treating the tumor. In several examples, a therapeutically effective amount
of a tumor antigen, or a nucleotide encoding the tumor antigen, is also administered
to the subject. The PD-1 antagonist and the tumor antigen, or nucleotide encoding
the tumor antigen, can be administered simultaneously or sequentially.
Administration of the PD-1 antagonist results in a decrease in size,
prevalence, or metastatic potential of a tumor in a subject. Assessment of cancer is
made using standard clinical protocols. Efficacy is determined in association with

any known method for diagnosing or treating the particular tumor.
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Expression of a tumor antigen of interest can be determined at the protein or

nucleic acid level using any method known in the art. For example, Northern
hybridization analysis using probes which specifically recognize one or more of
these sequences can be used to determine gene expression. Alternatively, expression
is measured using reverse-transcription-based PCR assays, such as using primers
specific for the differentially expressed sequence of genes. Expression is also
determined at the protein level, such as by measuring the levels of peptides encoded
by the gene products described herein, or activities thereof. Such methods are well
known in the art and include, for example immunoassays based on antibodies to
proteins encoded by the genes. Any biological material can be used for the

detection/quantification of the protein or the activity.



subj ect being treated may al so be adm ni stered a
vacci ne. In one exanple, the vaccine can include an
w@ojoswsair4 | n anot her exanpl e, the vacci ne canPCTUE2008088851
a prime booster immunization. The vacci ne can be a
heat - kil | ed vacci ne, an attenuated vaccine, or a
subunit vaccine. A subject already infected with a
pat hogen can be treated with a Pfer apeuti c vacci ne,
such as a PD-1 antagoni st and an antigen. The subj ect
can be ‘i’t?&{ﬁ@)éx%ﬂﬁ)tlé (fhe SBjechs HeB# ph e[vﬁﬁtslg‘%f'zg BS&VARHaSing cancer.
t he devel opnent of a synptom Th t her Lﬁlc vaccin
c ai{n ad&womak dxrrepledy dlewbﬁci hag voflengnee pmorrtmaencﬂx fattheygancer.
tonms, .or reduce. pathogen load. .In severa
of RGN ibtortretamR b ST B8 fos tea v G beig e
t h@hARE el @atdry DefdnR6ik ioY 8 saiiPtiifor @hn Be RIS (1RGIAARAT St
in conjunction with a viral antigen. Non-limting
Sex aimtlégatt@n of gingasbh oa ay ek ahingien. géheughritmay elso |bﬁﬁhr9@gitather

gplhf ns watl éls ﬁ éﬁ(ﬁ%’l\(} I\?ﬁlil(ﬁ%%r%ﬁl\/) or, I_lrasg @1 p?% enl’leﬁlg 8# cancer can
Hen&uudel s&rg@rw iof Ugn {ntkaW (el use B2 cladhtbth@tSeupit Qb &itoSuch as
Dengue virus (DENL-4) El, E2 and core protelns; Human

PafPsataeh WAGEIBINE |26 stteltife. caprettabipe B&?qm‘vn@tws of
gp gg:ﬁééé)g}?%gdg xﬁ?ep Bﬁcpﬁuorg‘hﬁtagl ?E{) srpzﬁm og\%xorubicin,

oteln gl'ycoprotein,
10 an dnqbﬂh&ﬁura‘oﬁ;r dccxehitmﬂasd eyd@/plfolsqﬂlam{é.fél)dokﬁﬁmlcpemﬁ de

andx(%ﬁg rot % tpgglléttgxgei%ﬁ?gulﬂgﬂ; @v@@xcv rus

aniEgasiitos Inyl@@ RbIrdSiinCAR RRFSERRONT S YRRRIchAER include

of nat ur aI occurring ani nal haman viral isol ates,
ortlteamebéraeimjloneer ed to incor por ate one or nore am no

aci d substitutions ,as ared .to at ur al

(pat hogThieets FBten e Hiogamegs I Sfeales Mol By antseonistis
15 anb g fiisierdd € theShsectO e Mfapdallafly tifeEX@Mnl ANt 8N funfR antigen,

of interest tar et anti ens In additional enbodi ments,

t her & nigleie acidanceding therantiFene inad sthadmingsédreditosthe subject. The
utically
ef gblﬂinsfv@ugﬁ%%ﬁ? E%%uﬁ%g E%an a egln Fafi t her eby

treati ngof the ticutifdnt of NsE§aekath a%)@@sﬁﬁblﬁinfeation or a tumor, a
therapeutically effective anpunt of a tunor ant

|

or therapgetiedyicdiecérrcaartg of mEDr Liappeantti |15gfa§1mm}sger%? t9ghe subject

20 ad'& MSE&" ?ﬂjoﬁe extaﬂ{“:f)leS g%& euti %5’ &hRclivaih r(1)'f§tPDr’“I]qntagomst
he tunor antigen, "or nuc eot | encodi ng e tunor

anﬁs genlogtally hetivadinsa satleneddsienhdt tvaH éodisk yin drcrease 1n CD8+ T

gaf%]}gt{)q%%lc&cggg}gn glglélzgr{:%te Ié]? (ﬁnngur}l% r&%o}lseas%teggg Ec]ol the infectious

agent. Desirably, the PD-1 antagonist has the ability to reduce the expression or
activity of PD-1 in antigen specific immune cells (e.g., T cells such as CD8+ T cells)

25 by atleast 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more than
100% below untreated control levels. The levels or activity of PD-1 in immune cells
is measured by any method known in the art, including, for example, Western blot
analysis, immunohistochemistry, ELISA, and Northern Blot analysis. Alternatively,
the biological activity of PD-1 is measured by assessing binding of PD-1 to PD-L1,

30  PD-L2, or both. The biological activity of PD-1 is determined according to its
ability to increase CD8+ T cell cytotoxicity including, for example, cytokine

production, clearance of the infectious agent, and proliferation of antigen specific
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The agent is administered at doses known to be effective for such agent for treating,
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.
Determination of the proper dosage and administration regime for a particular

situation is within the skill of the art.



t hese sequences can be used to determ ne gene
expression. Alternatively, expression is neasured

W@ 200898318V er se-transcri pti on-based PCR assays, PGUUB208%088851
using priners specific for the differentially
expressed sequence of genes. Expression is also
determ ned at the protein |evel, such as by neasuring
the | evel s of peptides encoded ﬂ9'the gene products
descri bed herein, or activities thereof. Such nethods
are viel okaany it LBRCA budfl ab AFliYERd o\ BkcifXMIPAIRLs o
I mmunoassays bBased on anti bodies to proteins encoded
by ptdtectiye mesiun@rgspiise lagginstahe mitationahgenahaberusssedpdrestent

LT BT PR Bt e ot Pun
Pr @asbowke la¥aidi @B hndmhoB&disE y GRS BTV ), libRRelIdsisO@uenza, or
exanpl es, 't he subj ect has undefgone prior treatnent

S f ohepatidls €arioemplagywesadnes arndesereedexarphaple, thidergeibkeetal. (J.
hag, 8ot B PELYEOUShY, THAGNRSE dh a8 IR DGIINR crcd with o
cancer . agnosis of "a sol'l urior - can be” made throug

t herilmdeddobter Sk boWwithfadjuvims.s ThOvaRiRxamhRabe @lumor vaccine, such
al though it may al so be through other neans such as a
r adt dfhsEapsrticaly shiseisyesameymt of ¢ Fuaes gt gent rla s vaspkengfodiments, a

ca i : - .
TR ERL TR PR BLIEAE AONIHR®. LR iR
10 genmndradnkipe, icaipaaisteady toahosubjantbi nat i ons of

cycl ophgspham de, nefhotrexate, apd fl uorquracil; .
cycl ophés@ﬁr&ﬁ?%,aﬂﬂ s&wwsiamwt Afrige fiR3 B Hek Pf @ nucleic acid

doxQdddi g%@ B a%ﬁgérp%%%ﬁ{ﬂngéiedqe ] éiﬁ%ﬁe%{ nr lynucleotides
cycl ophdspham de with paclitaxel; doxorubicin followed

by irchHEe(aGycirophay pdfivdech spncanpaireted igtnd vector into an

fluorouracil). .In.additi.on, treat.nent can i.n e.the

s B BRO PR spur R PP G e EGRmC DA S Bokaryore
15 t her an@MdtE 3k Whi@f dx@d dvLsephithoRcilP(ducRAt AGPN Stinddpendent

adm ni stered to the subject. A therapeutlcang '

ef Peethpysequensant Tlef nugleatiger babongelsotides, deaxyubeiuslegtifes, or

en %gillfn 2| ff}ﬂgs gfgﬁtﬂhgle Hl%cléo%.dgl Re %g%] iﬂélﬁaeesrs%?géé ?ncf &o%ble forms of
subject- € adm ni strati on can be concurrent or can
bempseguential . For the treatnment of a subject with a
persistent infection or a tunor, a therapeuticall

ef f ect i VeNWRRSIRE VBRI vgctors havg heeyeniisdrcted iaduding golypeg. ie.,
to ' f i dgat erest x/: I .

20; DSVAR BB 2L J47% PGS ikl PREySISTR) Bty (e
i s 189DiChir SBppc Miksobad t imreurchds €58:3%6hBadinar etasel988aBio

S SIS, ST L) SYLPLOS oy o
L 04 h@obMpBEINRH A cad. 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  Perricaudet et al., 1990, Hum. Gene Ther., 1:241-256), vaccinia virus (Mackett et
al., 1992, Biotechnology, 24:495-499), adeno-associated virus (Muzyczka, 1992,
Curr. Top. Microbiol. Immunol., 158:91-123; On et al., 1990, Gene, 89:279-282),
herpes viruses including HSV and EBV (Margolskee, 1992, 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
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i mune cells is neasured by any Téet hod known in the

art, including, for exanple, Wstern blot analysis,
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i nfecti gngnd én@é&ﬁeﬁ”ﬁl@%lﬁlut:l‘aoﬁ&eeﬂ@@hhg d$ubr ﬁﬂ%en or a viral
i nvention and include, for exanple,
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addi tional therapeutic ag itional the
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val gancycl ovir, nucl eoside- anal og reverse

t r Sislbis Pra sectprshyasicing ViEWRCjor{ andgpolioafrs vectors. Specific
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t h€atddNo.i @heE, 4@09 ahichas mcamwatcc‘sh@‘cmdm mies@sar Otler viral vectors
fOI‘m,[J| ations Wltl d

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
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



at least 1, 2, 4, 6, 10, 12, 18, or nore than 24 hours
apart. Optionally, the additional agent is fornul ated

W@ oenssar4 with the PD- 1 antagoni st. \Wien the PCT/US2007/088851
additional agent is present in a different
conposition, different routes of adm nistration may be
used. The agent is adm nistered at doses known to be
effective for such agent for trﬂétlng, reduci ng, or
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I ncor onous
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of a prokaryote or eukaryote, or which exists as
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cancer, using standard methods.
The PD-1 antagonist is administered to such an individual using methods

25  known in the art. Any PD-1 antagonist can be utilized, such as those disclosed
herein. In addition, more than one PD-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
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25 angruag from the wafer and erosion of the polymer matrix. As another example,

30

infection of the liver (i.e., hepatitis) is treated by infusing into the liver vasculature a
solution containing the PD-1 antagonist.

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
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
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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 drugs being administered concurrently. Dosages may vary, but a preferred
30  dosage for intravenous administration of DNA 1is approximately 106 to 1022 copies

of the DNA molecule.



An effective anmount of a therapeutic conpound, such as
an anti body, can be for exanple fromabout 0.1 ng/kg

wo 2008083174 150 ny/ kg. Effective doses vary, as PCT/US2007/088851
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route of adm nistration, excipient usage, and
coadm ni stration with other therapeutic treatnents
i ncl udi ng use of other anti-infdétion agents or
t herapeutic agents for treating, preventing or
al | evi aﬁkﬂﬁal@y TREAMOhdRiRakkd ¢ AHandot &6 b Q['ﬂoﬁ’l{t of about 1
cancer t her’ peutlc reginmen is utilized for a human
panaergran uf dtewic AYT memregrams at DN/s kDefirabiy ebmpdnigdnsaentain

i nfecti_on or can usi ng sta t hods. D- |
et RS AT ot Sela bl BEORE ST Han e Sing o Bidrgerams
metbhm onOMerb Qafn@@o anad mlcﬁB?raB@'of DAY al%ﬂﬂr@éraﬁ&@ 3be
utilized, such as t hose di scl osed herein. In addition,

5 o FECIOBEAMSE DN, 35 @mrgg}@mﬁ $@ 2 migyegramis lof DN, o8 1PD- |
ant agr%nrla t8 %6% 1cro rrzrfmnsI o%t]ﬁ\lgd l %_% aaltllv admi.ms%ratlon of
Sys or e t'he oni's

ad mcﬁtrﬁ)irfahﬁﬁde@b@kdly(/cctbﬁ(ﬁnabcﬂlﬁg tHé:&SZ&Jﬂ aYltagbﬁh@i mai 4 shammal may
parenteral |y, subcutaneously, |ntraper|ton

mb?a%%mrﬁﬁilaya copsantration f ahlsas 1193, fﬂéellpf% f/09 1010, or 1011
dm ni stered prophylactically, or
o PR R SR PHrRS Tnfection s )

er t of an infection or tunmor. The PD-I
10 ant agoniistomseraptédimeats) fpr fhertraatradre df asuralog@apafeerivng the PD-1
a cocktail of therapeutic drugs to.tre nf ecti on.
Ex ANPRUUSISAN PR AN AT FEH Gy PRAB yeorf%ﬁr%ﬁ?%hy o5 prample, by dircct

adiifiiish fd H{E:rbeféﬁ?dsggﬁl AGIEOES: 18841 Yt @HiStra®on t NeorRSIunMe
agent In an Isotoni ¢ saline solution, a 5% gl ucose

solimpicgmtecbwatzn ot teeorbghla spkared lphlacadaloehnectcxwmayt with central

acce tabI ex ent andar d | ubi.li zi e

S uERRE BT RS Estfes Y e i S af vy o BHSAR is stowly
15 ph?é]éﬁ%@&i—ﬂ Vi¢& by axlsRincstttBe &Qtfﬁf e thealafeiodndtei@sion of the polymer

therapeutic conmpounds. The therapeutic conpounds

d emtmb edltprapiéyety, dheecdnopavit at iadnsed ingo dherpoigior iceibroppinal fluid

Ot h n St%H()Eiaor eeftho%%I mﬁnf ‘%B_n‘ﬁ)tlé %q)u%t ﬁOlé %ﬁl? %/1@%”0\419{%{6{ %O]Ia use as an

antagoni s

a @r@&&iﬂ)b@oﬁﬁs postl‘aﬂﬁﬂeetto E0fagotial ska]:lrzit nbeirhale dilled 1nto the skull. A
Capsul es may contai n any standard pharnmaceuti cal
ac st rﬁﬁﬂfémﬁﬁ‘?@ef?tﬁﬂéo G CAthgsT fedcagsser by a a%qdﬂwo%ﬁéet inserted
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manni t ollp adgdicoml embddmehts, 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.
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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
the purified T-cells expressing PD-1 with a PD-1 antagonist, a primary activation
signal as described above, and *H-thymidine. The level of T-cell proliferation is

determined by measuring thymidine incorporation.
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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
effective amount of a PD-1 antagonist.
Methods are disclosed herein for increasing the immune response, such as

enhancing the immune system in a subject. Administration of the purified antigen-
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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

response to the tumor by providing T cells that are targeted to, recognize, and

immunoreact with a tumor antigen of interest.
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synptons or damage may al so include, but are not

limted to, alleviation of synptons, di m nishnment of

extent of disease, stabilization (not worsening) state

of di sease, delay or slow ng of -3 sease progr essi on,

and anelioration or palliation of the disease state.

Treat mefi o GAlkaRfF kheBhe BT Mdel 1ol 2% fl%%pﬁl%\ﬂbﬁbpfp@ﬁlatlon of
the health care provider, or can occuf in a healt

cadendraell$ inclpdingEr hdtiss(srﬁainras rpesharaliijoddmononmgleer cells) and
response follo reat ment using the t hods .

G SORS g wsplltog LGB  ssipr gt REei MY $hgputation of
achitydehYpr@entln &Ik $ArRY) i@@m@%@&@? that hRpr&XAM £ altden of
assays that detect cytokine Eho uction, assays
medyerestngptiongBy in t[bﬁ oldseraeat iPEh | . thershy Brodreing peagulation of donor
:nlgg%lﬁsrceo [ anﬁl?g.la% iy t 0g do O%trdg%er %1/%9 ?ﬁ}S’J' "Iaceglg gg@%%é 5N oreactive
degadellbafit refc@ﬁm@@(ﬂ{mitgen bRinkbr&st. RathenpediRall PeBO8ivé hhount of
and U. S. Patent Application Publication Nos.

208¥rpvitivn obdemy2gparesl Chbéo3ud/ee6R8; colboibtbe sgupient,

LR R e S Y S

whiAcimiais gativer efhlye pmfmdmmgéresbdayﬁc@fzﬁtseaan éncrease the ability of a

Optiagnally, the abjlit PD-1 antagonist. to
i néwRis do pyssgone e@%log fﬂoftoa%ﬂepf yusasidiatectiguyyijsease ora

aS{AYS:, bPake J{E?%Hﬁﬁnhﬁl@ r&%@ﬁée gﬁﬁgﬂ aP;Shtﬁ’cf ef&ith his G94S or
(for exanple hym di ne | ncor porati on, rdU assays,
an turgug) arinegplasrth Toed, lan apoluge nepassess prOduceelxamlpfl rggipient against
7 and 1%@% escri bed, for exanple, by Dong et al.
Legt 9KI%869,  1999). In one exanple, T-cell

pr ol i f enptdver bﬁlba&meh@,rtﬁédm@moatalstoqﬁélﬂ&stahﬁmﬂ%hﬁg gd
T-cells expressing PD-I with a PD-1 antagonist, a

pr ihesapputentiy\esferiore amepmapf aBDdbgl@agquﬁ teyFgviebjeetndThe
t
de Péﬁ}’n”%udit BE of EBeI Lr‘ﬁX ms?sLls degc? bed Pl{n @%iru% %% g & ' 82 ICSDS+ T

cel cytAmtmeugetrﬁg/pqitﬁie (a’h aben ﬁﬁﬁlﬁﬁ@@ﬂl&ﬂagny@lt)sfr(&ﬁ&ﬁﬁﬁtlgen
(such as 5 1Cr rel ease assays or assays detecting

r ePEEdECHLahBe RH5Hith g@l?er@tfs arepylation alsE 55 spaeific é%rtthattantlgen of
Caphas§ "l\ﬁ.\tn'rle\f J QBh 2 eﬂﬁ:sp"%ﬁdéshﬂ% kﬁ'g\gﬁ‘ t?le ta{l such és viral and
e of t i al

cl earanc e m crgb gent from t I'nfecte
sulbjreatantipars (eocafqplegampleeTatilesal -2). GHds | rsck»smrcod ogilmaled to

sanple fromthe infected subject (e.g.,. serum splee
i VeIPE S5 andieey e eSS B RSt A D et e fom
tr Qﬁ’t‘ié&hs @%t&%t,ﬁﬁ@%&é,%@t hefet Bmand tcf’,‘ftﬂo%é aﬁt‘i&ﬁ& R Lre viral,

fungal, and tumor antigens, such as those shown in Table 1. Additional antigenic

peptides are known in the art (for example see Novellino er al., Cancer Immunol.
Immunother. 54(3):187-207, 2005, and Chen et 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
protein can also be used in the methods disclosed herein. In 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
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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.
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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.
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increase the recipient’s immune system agamst the tumor.

25 Administration of a therapeutic amount of tumor antigen-specific T cells and
a therapeutically effective amount of a PD-1 antagonist can be used prophylactically
to prevent recurrence of the tumor in the recipient, or to treat a relapse of the tumor.
Such antigen-specific T cells can kill cells containing the tumor-associated antigen
or assist other immune cells.

30 In a specific example, a recipient has a tumor and has or will receive a stem

cell allograft to reconstitute immunity. Following bone marrow irradiation or

administration of a cytotoxic drug that has ablated or otherwise compromised bone
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/i eL0, 8 LAt B Or o B 8 on Ledielta, . Thus
' NG @6EShtion 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 II molecules

can be generated ex vivo (for example instead of being processed from a full-length
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Ex?é'f@[leﬁ{eﬁ . &bAO8Asple, to produce T-APCs, donor penpheral 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
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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 in vifro by incubating them

with soluble antigen or viral lysate for 5-7 days under conditions that permit priming



Such antigen-specific T cells can kill cells
containing the tunor-associ ated anti gen or assi st
w@eeesitmhune cells. In a specific exanple, a PEDURI0OTI088851
has a tunor and has or will receive a stemcell
allograft to reconstitute inmmunity. Follow ng bone
marrow irradiati on or adm nistration of a cytotoxic
drug that has ablated or ot her wiSde conpr om sed
bonemarrow function, at |east two types of donor
anbf geens Petble ﬁchs%?é et o @&, ?&‘Exﬁhﬁi@eﬁ ichil-
t herapeutically effective amunt tidgen-spe |f|c T
cekérgrifugatiors piewelfy gaktaying poogdilzeella. i deairecaﬂmoualdt @dmed T
ant i or .a fungal -associ ated anti
anfy! e“r?“&’BBEF’FF&g noar Pgmpﬁea&lmg%i gﬁlgﬁ 'if‘/lf“é‘&tlfé]ﬂ}* pdthfhe
t URRHiceA S8 P51 oAl @ 8- ',adMy's @@8er the sé‘h‘i’éjédﬂdﬁ{bns @s those used for the first
therapeutically effective amobunt of a PD-1 antagoni st
5i spaavigiasd éﬁbél’@eltsrrecoyemdect Such admi ni stration
ant -vi o s RECHATIRE L BRingll Pl a subiect
or éeth the@aRiRdURE edarPslPil éitiferin of a faticingeMn gReeianple, T cells
cells for admnistration to a subject of interest, a
poﬁmameﬁ éwnbfheééwp@t fpHevingiimgmnizaepn drecdisaderined- aBererample,
:i?gnl?x{&:gtg S or 1%\% %H QSL{U%; gél)rﬁ:tth?ﬁg@%‘tﬁa?ed with AfPCs in the
101 I npsseaste.of IaIP]}d) retagomd exchis raiemrﬁ)pd hbein, esthondhe na'ed:ﬁek hdditional
(such as | ynphocytes or PBMCs) are treated with an
anPdft st of PD-1 and are added to the APCs
pr esent itRg AR IUan TR %ﬂﬁﬁ&%ﬂ;ﬁel‘a{mg HeeAmS¢ ‘vhataﬁgsent the antigen
i ncubat ed under conditions sutficient to allowthe
i nbemaarestohobexawpds AMe ARGs 1muéstedwlﬂnga mﬁiﬁmgmrarrmmdt of one or

tr B et P B PR LE RSN bl s fore T Peptideco)
15 ant@@gﬂe%t&%ﬁ B8 sifABelof ARSAPSY YTk lebndrites £ pofAstonQsf APCs
the APCs. The treatnent with the PD-1 antagoni st can

al 8wt pesseniiieingizen of pidrest on dlienelelescan e swriadgef the APC.
AP%G dlsc%a:éi ﬁgtthhiq L qre %:(%{3 li t&y t pggtlcbu% chi)s Q.F%res?niyt?ﬂgntge

an enric popu en- speci

Gea@ui@lnldfmtérreﬁ%&h@ms@etofamwmens to T cel I s and
i nduce an WMHC-restricted response in a clas
cel | s) &mi2ens:a8 alsp becparesspd byl th%ﬁPFieeétﬁlfw l&t‘éféuf’ ﬁéﬁlﬂf‘o‘i‘? he

20 Th ﬂTsE%th%@!a ]c_n& Atalﬁﬁg’?ﬁ@ﬁﬁ SQE ﬁ&{c'e\éﬁx:écﬂ cegarfgﬁ[ é)trotem

prolTferation. popu atlon I'S pro
I n¢ntigers). A aedl¢éis atidahcshieg tHeianadnyofrieeoghcaneeantroduced into the
an ' n of inter Thus a therapeuticall ffective

5 B MEHFRED A UHEGE VI Wk an2 B HicSPEr e

ts 8 ijé‘cetglt‘ Q%NI g eralt\%c% P Eerffle] TTRREVIFRSPOASRs, STHEFVERIs Jectors).

The polynucleotldes encoding an antigen of interest include a recombinant DNA

25  which is an autonomously replicating plasmid or virus, or which is incorporated into
the genomic DNA of a eukaryote, or which exists as a separate molecule
independent of other sequences. A nucleic acid encoding an antigen of interest can
also be introduced using electroporation, lipofection, or calcium phosphate-based
transfection.

30 A number of viral vectors have been constructed, including polyoma, i.e.,
SV40 (Madzak et al., 1992, J. Gen. Virol., 73:15331536), adenovirus (Berkner,
1992, Cur. Top. Microbiol. Immunol., 158:39-6; Berliner et al., 1988, Bio



chronic infection or a tunor. Cenerally, the APCs and
the T cells are autol ogous. In specific, non-limting
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the same individual. However, the APCs and the
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Mel enhor st et er apy supp.
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T- APCs, doRnotmpsfiinPhefiRlpoR)naedo fMNQEeBdi8S an antigen of interest is
included in a viral vector for transfer into APC. Suitable vectors include retrovirus
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 (MVA), adenovirus, baculovirus and the
like.

Pox viruses of use include orthopox, suipox, avipox, and capripox virus.

Orthopox include vaccinia, ectromelia, and raccoon pox. One example of an
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pr ARG Ty LB Yo (RO GRS Iselgs tablfemalker. Jnpne example, the
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ubated in the presence a puri target pept
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antagonist. In sone | es, the en of
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Tab . The antigen of
of an effectlve 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



interest can be in a purified form such as a

chem cal ly synthesized peptide. In other exanples, the
w@rioshe7Hf interest is present in a non-purifPEHUSHOTIYS8851

such as in a crude |lysate, for exanple a viral |ysate.

The amount of antigen used to prinme T cells can be

readi ly determ ned using nethods known in the art.
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Iy hocytes or PBMC obt ai ned fr m a subj are then
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20 P e B R IRER el PN A PRn e RETEET ot
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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 CD8 marker, and IFN-y

25  (which is specific for activated T cells). For example, fluorescence activated cell
sorting (FACS) can be used to identify (and sort if desired) populations of cells that
are positive for CD3, CD4 or CD§, and IFN-y by using differently colored anti-CD3,
anti-CD4, anti-CD8 and anti-IFN-y. Briefly, stimulated T antigen-specific cells are
incubated in the presence of anti-CD3, anti-CD4, anti-CDS8 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



insertion of a gene containing the DNA sequence
encoding the target protein (antigen). A nucleic acid

W@ t he antigen of interest can be introRPCES007/088851

into the T cells as nessenger RNA, or using a vector,
such as a manmal i an expression vector, or a viral
vector (for exanple, a adenovirus, poxvirus, or
retrovirus vectors). The ponnu@ﬂeotides encodi ng an
antigen of interest include a reconbinant DNA which is
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10 et imorpordt&®By rdfememcetene Ther., 1:241-256), vaccinia

virus (Mackett et al., 1992, Biotechnol ogy,
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1990, Cene, 89:279-282), herpes viruses including HSV,
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| munol 8:67-90; Johqso et a

: | . v Jd.. Virol
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1:337-371; Fresse et al., 1990, Biochem Pharmacol,
405peego-D eddy) Theirpgiing antige-egecilic T eltsanjberstippulagd to
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Frolov et al., 1996, Proc. Natl. Acad. Sci. USA
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opoupl'os et a
66 p3i29tta88910)all GDB# relly fredcne rspchlB02 lea@WT% pleyor at least 98%
Mcrobiol. | nol, 158:1-24: M I%er,.t al ., 1985, %DLH
CePPregilb P Pagichlss Sxdimple dhi papulption of pusiGed antgsp-segqific Teells
Bi 8lodufedlié3Pred<t D57 MaBRe1flivedtb-all 98P eelld 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.



Virol, 54:401-407), and human origin (Page et al.
1990, J . Virol, 64:5370-5276; Buchschal cher et al.

wa2®8/083174 Virol, 66:2731-2739). Bacul ovirus PCT/US2007/088851
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Phar M ngen, San Di ego, Calif. Peot ei n Sci ences Cor p.
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i ncorporated herein by reference. In one exanple
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f1 ankin sequences which to nature are,
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r eCombi nant vi rus cont alning such a chinmeric gene is

ef f ect i Perifitd axjpeaspedific Thellacni lgeximihisteomnieinekeimpdranultiple

e NASENE Sl YoRLOn CRIPEL S5, (18, SOl e

ant{«8&Ms of approximately two weeks depending on the response desired and the
response obtained. In some examples, once the desired response is obtained, no
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

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



and (ii) a poxvirus pronoter, wherein the poxvirus

pronoter is adjacent to and exerts transcriptiona
weomsgdi7over the DNA sequence encodi ng an ant PQELS2007/088851

pol ypepti de; and, flanking said segnent, (B) DNA from

a nonessential region of a poxvirus genone. The viral

vector can encode a sel ectable marker. In one exanple,

t he poxvirus includes, for exanﬁﬁe, a thym di ne ki nase

gene (see U. S. Patent No. 6,998,252, which is
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C57BL/6 mice were purchased from the National Cancer Institute
25  (Frederick, MD). Mice were infected intravenously (i.v.) with 2x10° pfu of LCMV-
Cl-13. CD4 depletions were performed by injecting 500 pug of GK1.5 in PBS the
day of infection and the day following the infection. LCMV immune mice are
generated by infecting mice 1.p. with 2x105 pfu LCMV Armstrong.
Gene array 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 Cl-13



cells that are specific for the antigen of interest is
at |l east 30% pure, such as at |east 40% pure, or even

W@rooBesHT4 50% pure. The purity of the popul atiRCT/082007/088851
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specific CD8+ T cells. The production of IFN-y and TNF-ot by CD8+ T cells to

proauccgon of anti-viral cytokines in virus-

eight different CTL epitopes was determined. The combined response was 2.3 fold
higher in treated mice as compared to untreated mice (Figures 2B and 2C). A 2-fold
increase in the frequency of TNF-al producing cells was also observed following
treatment (Figure 2D). Viral clearance was also accelerated as the virus was cleared
from the serum, spleen, and liver of treated mice. Reduced viral titers were
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



sel ection to increase the purity of the
antigen-specific T cells. For exanple, the purified
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or TawanAcradseli® afts-GFURUTDS+ 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



Expanded and sel ected antigen-specific T cells can be
tested for nycoplasma, sterility, endotoxin and
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cryopreservation or prior to infusion into the
recipient. A therapeutically effective anmount of
antigen-specific T cells is adm nistered to the
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Example 2: Administration of anti-viral vaccine and PD-1 antagonist

One approach for boosting T cell responses during a persistent infection is
therapeutic vaccination. The rationale for this approach is that endogenous antigens
may not be presented in an optimal or immunogenic manner during chronic viral
infection and that providing antigen in the form of a vaccine may provide a more
effective stimulus for virus-specific T and B cells. Using the chronic LCMV model,
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
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Example 4: Ex vivo Rejuvenation of Exhausted T Cells
Virus-specific exhausted CD8+ T cells are isolated from LCMV-Cl-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 1.
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Example 7: Chimpanzees as a Model for Immunotherapy of Persistent
HCYV Infection.
Chimpanzees provide a model of HCV persistence in humans. Defects in T
30 cell immunity leading to life-long virus persistence both include a deficit in HCV-
specific CD4+ T helper cells and impaired or altered CD8+ T effector cell activity.
Persistently infected chimpanzees are treated with antibodies against CTLA-4, PD-1,



anti body secreting cells in the spleen was al so
increased (> 10-fold) following treatnent. CD4+ T
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mai nt enance of CD8+ T cell responses. In this regard,
CD8+ T ceIIs pri med in the absence of CD4+ T cell
(so-called "hel pless" CD8+ T cel | s) are incapabl e of
nount i ng normal i mMmune response@ Furt hernore, chronic
LCW infection is nore severe in the absence of CD4+ T
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m ce (FiPgitseen8Ainfedbe c]ihtt[}ﬁﬁiee@ﬁre\/trerattﬁ wieBurhafizdBETITA-4
cells in the spleen was al so increased (Figure 3B).

Th ﬁ@tlb%iwéé@%xﬁd OyvMedaex)spedilP-Il @ndpgiliest Thelinigial dose of MDX-

BT RO Sl PRe R LRtk i S R PRE SRR Bieh 10 30 mgkce

of tHCER2AOMZS6al COB fterTtreuinbis Wil atibodiat edcd-Hheifsedimate@ules, the
| evel s of BrdU and 2% i ncorporated high | evels of BrduU

i nhumerad ancderlivas dmmpae respsews pherh 76 theddC EHENA foadayilisbe
| NGOLRON <§ g H@"eﬁﬁﬂé"c@h?&s’t@d&t‘%&g@oﬁ 385 A aand S hidh agmapfhly

i ncor porate l"'eve iTitreated m ce.
analtyishls. Sasiplee mfodudase dl) 2yurh fidrr amlysisreg tlangphithases, cihltdantlbodles

t he dri nking er dumgtre ment and stainin
pePFlaF%ngaa@&ﬁﬁ%%@ HGVi ﬁ@%‘ﬁﬂ‘?"a’@ﬁlﬁﬂ“é?sé ) prRgrs |V1r@13¥9ad and
%&%n?@&%?utloﬁaﬁ) BB O@Ofor %ltrol\@éﬁﬁ’ﬁé? bf 111t1r§1§1"ﬁ¥§g d mce

tained a hig percent age of CD8+
ex poemsilatgrytinkibatelyl recgptdresxpssion an@ﬂplcomeﬂr) fﬂéslﬁ @nfigedpliver

TN R RO I T

t 0 eRbE&IARM T oMhiSd1dee\MRH $mBfunShbcHentiBhll an@XBiRNRESBnal 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
as described herein.

To determine if vaccination with HCV antigens potentiates the therapeutic
effect of antibodies to PD-1, chimpanzees are treated as follows: 1) intramuscular
immunization with recombinant envelope glycoproteins E1 and E2 (in MF59
adjuvant) and other proteins (core plus NS 3, 4, and 5 formulated with ISCOMS) at
weeks 0, 4, and 24; 2) intramuscular immunization with the vaccine used in 1) but
co-administered with 0CTLA-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



PD-1 inhibition also increased anti-viral cytokine
production in hel pl ess, exhausted virus- specific CD8+
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endogenous anti gens may not be presented in an opti nal
or inmmu mi;gﬁmle:smnelmﬂuhbstgimﬁg iR eactiive dlympliodd Tissae
and that. providing anti he form of a vaccine
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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



I mmune response agai nst GP33. Wen this therapeutic
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screeni ng assays based on their ab|I|t¥ to reverse
CDg<fases @g folligulpylymphema and 7 cases of Burkitt lymphoma. None of the B cell

20  lymphoproliferative disorders showed staining for PD-1. In some cases, non-
neoplastic reactive lymphoid tissue was present, and showed a PD-1 staining pattern
as seen in tonsil and other reactive lymphoid tissue noted above.

Similarly, in 25 cases of Hodgkin lymphoma, including 11 cases of classical
Hodgkin lymphoma and 14 case of lymphocyte predominant Hodgkin lymphoma,

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

30 A range of T cell lymphoproliferative disorders were studied for expression
of PD-1; the results are summarized in Table 1. Cases of precursor T cell

lymphoblastic leukemia/lymphoblastic lymphoma, a neoplasm of immature T cells
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T cell LPDs 18/55
T-LL/LL 0/5
T-PLL 0/3
AlIL 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; FLL
— follicular lymphoma; MZL — marginal zone lymphoma; HCL — hairy cell
leukemia; DLBCL — diffuse large B cell lymphoma; BL — Burkitt lymphoma; LPL —
15  lymphoplasmacytic lymphoma; MM — multiple myeloma; T-LL/L — precursor T
lymphoblastic leukemia/lymphoblastic lymphoma; T-PLL- T cell prolymphocytic
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for the CTLA-4 antibodies; 4) identical to Goups 2

25and 3 except that a conbi nation of CTLA-4 and PD-| (or

Construction of PD-1 and PD-LI antibodies: Monoclonal antibodies to
human PD-L1 (29E.2A3, mouse Ig(G2b) and PD-1 (EH12, mouse IgG1) were
prepared as previously described and have been shown to block the PD-1:PD-L1
interaction.

30

MHC class I tetramers: Ten HIV MHC Class I tetramers, synthesized as
previously described (Altman JD, et al. 1996), were used for this study: A*0205
GL9 (p24, GAFDLSFFL; SEQ ID NO:1), A*3002 KIY9 (Integrase, KIQNFRVYY;
SEQ ID NO:2), B*0801 DI8 (p24, DIYKRWII; SEQ ID NO:3), B*0801 FL8 (Nef,



BTLA) anti bodies are used in addition to the vaccine.

HCV-specific T and B cell responses are nonitored at
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[FCS]), and plated into one well of a 24-well plate. Initial studies revealed that a
final concentration of 0.2 pg/ml peptide yielded optimal proliferative responses,

25  therefore this was the final peptide concentration in the well used for each assay.
Negative control wells consisted of PBMC in medium alone, or PBMC in medium
with purified anti-PD-L1 (10 pg/ml), and positive control wells were stimulated with
10 pg/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-CD&-APC
antibodies. Cells were acquired on a FACSCalibur and analyzed by CellQuest®

software (Becton Dickinson). Cells were gated on ViaProbe- CD8+ lymphocytes.
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specific CD8+ cells was 100% (Figure 5C). PBMC from 3 to 25 individuals were

stained for each HIV tetramer response, with median PD-1 expression levels ranging
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;
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experinments detailed in Exanples 11-14. Subjects:
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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 MFI of PD-1 expression on the total CD8+ T cell population (p=0.0049 and
p=0.0006, respectively; Figure 6D). In this same group, PD-1 expression on CMV-
specific CD8+ T cells was tested in 5 subjects, and significantly less PD-1 was
expressed on these cells compared to HIV-specific CD8 T cells (median 23% CMV
30  tetramer+ PD-1+, p=0.0036), and was not different than bulk CD8+ T cells in these

same individuals, indicating that high PD-1 expression is not a uniform feature of all

virus-specific CD8+ T cells. These data suggest increasing amounts of antigen in
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20  CD45RA and perforin, and intermediate levels of CD57 and CD62L (Figure 7B).
These data indicate that HIV-specific PD-1+ T cells display an effector/effector
memory phenotype, and are consistent with previous reports of skewed maturation
of HIV-specific CD8+ T cells. In addition, virus sequencing was performed to
determine whether these cells were driving immune escape. Of 45 of these tetramer-

25  positive responses evaluated, the viral epitopes in only 5 were different from the
South African clade C consensus sequence, indicating these cells exert little
selection pressure in vivo.

Previous experiments in mice using the LCMV model showed that in 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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antlbody 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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25 A well-known chronic infection model induced by LCMYV Clone-13
infection was used to determine the effectiveness of using a PD-1 antagonist in
combination with a therapeutic vaccine. A vaccinia virus expressing GP33 epitope
of LCMV was used as a therapeutic vaccine to monitor an epitope-specific CD8 T
cell immune response. A therapeutic vaccine was combined with anti-PD-L1

30  antibody for blocking an inhibitory pathway in order to investigate the synergist

effect regarding a proliferation of antigen-specific CD8 T cells and a resolution of

persisting virus.
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and Function PD-1 expression was next analyzed in the
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associ at’:%{]%%fw d%ﬁ%}%@ﬂ%@?@%ﬁ&ﬂB&& fﬂﬂfjtis&%%s 2aLn’d blood as
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CDpEFjouIgRIEscripedf duiven and)fragzyare p&fusad dvitki i6¢-c¢lBiRBY grior to
7). Re s?nt tive stainings for these markers on
B* 4202 a%’fe_@ WES}F%I@OI&%‘PI}'S from one individual are
sgshown in Figure 7A, and aggregate data for 13 subjects
are shown in Figure 7B. These studies were limted to
t hose t élmanmgomeies b€ edassHaeptiver tetrgmeratvere gérermt@band used as
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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

25  439:682, 2006). To detect degranulation, splenocytes were stimulated for 5 h in the
presence of brefeldin, monensin, anti-CD107a-FITC, and anti-CD107b-FITC.

Confocal microscopy: Spleens were removed from mice and frozen in OCT
(TissueTek). From these blocks, 10-20 mm cryostat sections were cut and fixed in
30  ice-cold acetone for 10 minutes. For immunofluorescence, sections were stained
with the following antibodies: ER-TR7 to detect reticular cells (Biogenesis,

Kingston, NH) and polyclonal anti-LCMV guinea-pig serum. Stains were visualized
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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 CDS8-T cells (Figure 13C). The percentage of IFN-
Y™ 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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upregulated during states of chronic infection with lymphocytic choriomeningitis
virus (LCMV). Additional studies using the LCMV model have demonstrated that

25  blocking of the PD1/PDL1 pathway significantly augments the endogenous anti-
viral CD8 T cell response during the late phases of chronic infection when CD8 T
cells are exhausted. Exhausted T cells are functionally compromised and do not
mount effective immune responses upon antigen encounter. However, blockade of
the PD1/PD-L1 pathway appears to reverse exhaustion and restore their functional

30  capacity. Data suggests that these effects persist well beyond the immediate period

of anti-PDL1 treatment.
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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
intraperitoneal injection of 2x10° PFU LCMV Armstrong. Congenital carrier mice
were bred at Emory University (Atlanta, GA) from colonies derived from neonatally

infected mice (104 PFU LCMY clone- 13, intracerebral).

Adoptive immunotherapy and in vivo antibody blockade. 40x10° whole
splenocytes from LCMV immune mice (day 30-90 post-infection) were isolated and

transferred intravenously into 6-12 week old LCMV carrier mice. 200 micrograms



granzyne B (Caltag), Bcl-2 (R&D Systens), and CD127

(eBioscience). Al surface and intracellular cytokine
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i mhellofihgiedapsice momunsthetappns wer e stalned with the

followi ng anti bodies: ER-TR7 to detect reticular cells

(Bi ogenesis, Kingston, NH) and polyclonal anti-LCW
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effectively unctjonally re tored
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1IA-D). In therapeutlc vacci ne using vector
expr essi ng speC|f|c epi t ope during bl ockade of

PD- 1/ PDT%I H%Yesﬁfpwgr%%%tam roliferation of CD8 T
cell speC| ope encoded in vector (Figure 9

and 11) AniEh‘EDJUZ ch@apﬁdzceeapéseﬁ‘zs honbérfetrudkp Lpc20D8 geialis:
on antlgen- specific T cells in the group treated

wi PAiphseal ddrash rﬁamswrﬂ&ﬁr %@éﬁ’qume@dﬁ%laieﬁ drogiefieted plon
20 of uﬁ‘tréa?&garﬁﬁﬁfpo § y l-li g?l i2 %ﬁcg%f_) négﬁs %ﬁ‘lt} ®or the B GP33

decr eased expressi 1ev anzyme
coepiedpatveert assessd Ibwtetmmamfstapen Si Blttwmgndﬂpemﬂaent Bxgpuinessits it was

A2 IS 8 SRS 2 oL Gl s s
" RNIRRAhE Wbplive LURAGE RRcloBed NghiP SRy 1afePAMTbET oFERMY
spescﬁScSCG?SS(T ceglglléI rvvehen 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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i nhibitory signafing t cytes can cont ute to

a pathogen's ability to perS|stentIy evade the host

' mune 4 zg c(z)r? vezrus Four- to six-week-old female C57Bl/6 mice were purchased
from Jackson Laboratory (Bar Harbor, Maine). Prior to infection, chronic LCMV
mice were depleted of CD4 T cells by administration of gk1.5 antibody. Previous

25  data demonstrates that administration of 500ug of gk1.5 days —2 and O prior to viral

challenge results in 95-99% decrease in the number of CD4 T cells in the spleen and
lymph node with the CD4 T cell numbers slowly recovering over 2 to 4 weeks.
Mice received 2x10° PFU of the Clone-13 strain of LCMV intravenously on day 0

initiate chronic infection. Titers of virus were determined by a 6 day plaque assay

30  on Vero cells.
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25  with a vertical white light.

Determination of total bone marrow cells: For calculation of the total ASC
response in bone marrow, the response was multiplied by the marrow cells of two
femurs by a coefficient of 7.9, since PFe distribution studies have shown that 12.6%

30  of total mouse bone marrow is located in both femurs combined. No differences
have been detected among the ASC activities of bone marrow cells from the femur,

tibia, humorous, rib, or sternum. Typically, two adult femurs yield 2.0x10” to



conpletely clear the infection when high doses of
spl enocytes are transferred. The follow ng material s
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5

10

15

20

25

30

infections. 4-6 week old fermale B57BL/6 mice were
purchased fromthe Jackson Laboratory (Bar Harbor,

Mai ne). Acute infection was initiated by

i ntraperitoneal injection of 2x11d5 PFU LOW
Arnmstrong. Congenital carrier mce were bred at Enory
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nmononucl ear cells and spl enocytes were isol ated and
stai ned as previously described. Data was acquired
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anal yzed usi ng. Fl owJoe software (Tree Star |nc
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yt oki ne staining 106 spl enocytes were
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I f
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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

in infected mice treated with aPD-L1 (Figure 16b).

Treatment of chronic LCMYV infected mice with aPD-LI does not lead to
elevated levels of bone marrow ASC. It was determined whether antibody secreting
cells within the bone marrow were also enhanced during oPD-L1 treatment. The
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 aPD-L1 approximately 60 days post



specific CD8 T cells when nornalized to the nunber of
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PNA+FAS+ B cells compared to untreated controls (Figure 19a-19b).
25
Example 17: PD-1 Expression on Human T Cells
CDS8 T cells are essential for the control of many chronic infections. As
disclosed herein, these CD8 T cells become exhausted following chronic antigenic
stimulation, which is characterized by the induction of a hypoproliferative state and
30  loss of the ability to produce anti-viral cytokines. Exhausted T cells have high
expression of programmed death-1 (PD-1) and, also PD-1 is upregulated by T cell

activation and can be triggered by the PD-1 ligands, PD-L.1 and PD-L2. It is
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M ce received 2x106 PFU of the Cl one- 13 strain of
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F’Bﬁle%}ghféﬁitﬁﬁfomﬂug&sspﬁaﬁt%'c@l@h out by adding 100 m of
hor ser adi sh peroxi dase-H 2q 2 chronogen substrate. The

substrate was prepared by adding 150 ul of a freshly

made Ag%lg %lﬂ)tgxlzlgg (age%gﬁgana e:%hc?cﬁ]vrege usedelhgl%ségtruﬁ%%o' N

(ICN) ve ormam
10 M of 0.1 Msodium acetate buffer pH 4.8),
fllterlngqlt t hr ou 0. 2- nm por e- si ze nenbr ane,

and
i mredi af® sgéwéﬁselgwéle%a loeg samplefivest objoipedrom 361 healthy
G MQﬁalg %ﬂo %% &rgrgbggﬁzre%gr V%igﬁ/ QHH?KQHB &P vacﬁﬂﬁia Lﬁl@ses

reaction was termn or ou rinsing wth tap
watlaese sSppts weee aalmwmm el theirtHiL A alitleregpresdoomaaheng HLA

ed uiagsp Ietg:tr\z{mmgrrg sf)lec\{fe 1c }olr%ﬂV,v&{/ltV? irlldu%géa' or vaccinia virus proteins.
PBMC were isolated from the blood samples over lymphocyte-separation medium

(Cellgro, Herndon, VA).

Antibodies, peptides and tetramers: Phycoerythrin-conjugated anti-human
PD-1 (EH12, mouse IgG1) and unconjugated human PD-L1 (29E.2A3, mouse
IgG2b) were obtained. Directly conjugated antibodies were obtained from Beckman
Coulter, San Diego, CA (anti-CD3, CD11a, CD27, CD28, CD38, CD45RA, CD57,
CD62L and granzyme-B), BD Pharmingen, San Diego, CA (CD§, 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.



Determ nation of total bone marrow cells: For
calculation of the total ASC response in bone narrow,
w0 b@sogapobnse was nultiplied by the marrow cel PGT/US200W088851
femurs by a coefficient of 7.9, since 59Fe
di stribution studi es have shown that 12.6% of total
nmouse bone marrow is | ocated in both fenurs conbi ned.
No di fferences have been det ect’b%ﬁ'am)ng t he ASC
activities of bone marrow cells fromthe fenur, tibia,
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was purchased from Mol ecul ar Probes. Al staining

was
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anal ysis: Tests were perforned using Prism4.0
(GraphPad, San Diego, CA). Statistics were done using

two-tail . . 9 .
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for two weeks. At day 14 of a treat ment, the mce
we lmmsiaceyitdmetedS prteins)h d'on (kB Erasofys RMEddy 1 & éul) eterggashed

cells in the spleen. was asured by ELI SPOT and f.|ow
cy honaghiyand %ﬁﬂ?cﬁa}tﬂgHweﬁarrB%xys— gb(a)ésaqegl i%?&t?’rfﬁﬁ‘flgl,mldyl ester
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i ncreased | evels of "anti bodysecreting cells (ASC) in
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L AgPaERE B0, CARTR R s o HEREE e PamC

nuigramticfD-BA 20tibydy 1t PENAC3Bith aelsbs paessrdaatibedy (IgG2b;
infected mice treated wwth aPD-LI (Figure 16b

20 71 AERHEME T IoEHR Dok ORI L e 61l e APghedtand stained
40831108 §3re B SURERS LBVELR SlipbADE. AL AL ASC

It was ranti y Secretl

The following results were obtained:

25 Expression pattern of PD-1 on PBMC subsets: PD-1 expression was
examined on PBMC subsets in healthy individuals. It was observed that CD8+ T
cells, CD4+ T cells and monocytes (CD14+) express high levels of PD-1, B cells
(CD20+) express low levels of PD-1 and NK cells (CD56+) and DC (CD11c+) do
not express PD-1.

30

PD-1 is preferentially expressed among effector memory CD8 and CD4 T

cells: CD8 T cells from normal healthy individuals were examined for co-



cells within the bone marrow were al so enhanced during
aPD-LI treatnent. The mgjority of long-lived plasna

W@ 2008B883126i de Wi thin the bone marrow, and thesRCPUSHNE088851
cells are critical to | ong-term mai ntenance of serum
anti body levels. Chronic LCW infected mce were
treated with aPD- LI approxi mat eI¥ 60 days
postinfection. Day 14 of aPD LI-1%}eat nent spl een and
bone marrow ASC | evel s were neasured by ELI SPOT.
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provide directly antagoni zing TCR signals. Mce
infected with LCOW C one- 13 were treated with either
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increased Ki- 67 staining in bot T cells and
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p igh .l eve
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| amgells (Kig@eselAr1Bhe Sfm@que asyVv Qbedﬂ%@ﬁ%ﬁ’rcﬁls&ﬁdn’e Srequently
conpared to untreated controls (Figure 19a-

9b) .
Ex §kpsewed ¥D- pthap irflysngs =945 h) Wcmlé’d@#@l igpres 21A-
207 PLB FIRE PSRl Ly RBERILO Rk P PR AP e

beegmeicaxdhaust ed fol |l ow ng chronic antigenic
stimulation, which is characterized by the induction
of a hypoproliferative state and

Anti-PD-L1 blockade increases proliferation of chronic persistent virus-
specific CD8 T cells: 1t was assessed whether PD-1 blockade enhances persistent
25  antigen- specific CD8 T cell responses similar to the results observed in mice.
CFSE labeled cells were stimulated with either EBV, CMYV, influenza or vaccinia
virus-specific peptides in the presence or absence of anti-PD-L1 antibodies. After 6
days, the percentage of tetramer” CESEP® cells and CD8+ CFSE" 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



| oss of the ability to produce anti-viral cytokines.

Exhausted T cells have hi gh expression of progranmed
wa@le@shs3114 (PD-1) and, also PD- I is upregul at edP@lU32007/088851

cell activation and can be triggered by the PD-I

i gands, PD-LI and PD-L2. It isdisclosed herein that

the PD-1 inhibitory pathway is an inportant nedi ator

of CD8 T cell exhaustion dunlu;%gchronlc vi ral

infection in mce. Virus specific CD8 T cells
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stu et er e expression pattern of
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hroni ¢ persistent anti tein- r viru
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interaction on the proliferation of antigen-specific
cells. The followng materials and net hods were used
i n t hes&Exampdd B3 LBdeoéufibmtbigdsymmcinéndIhl‘ohimdduman HCV

Sk B L LTS Bt o3

15 Vi E4pP&sionhese subj ects vvere sel ect ed based on the| r
HLA al | el e expression matching HLA class | tetraners
speci f i dhe expeEBvEntCIAvcribedftielpenderusreny a@tithrplalc\HQ\a gnfection,

d
g{/g%&#l{/@:ﬁ% ﬁgcf\z/% J&HET c%ﬁl 3 rp?gss én%?mex(f%g Pﬂ’ﬁol &)(fg'ckade of the

-separa
VAPD-ARrDI-bbd dit@sctidnepd tcdzﬁﬁerﬂlﬁﬁiceﬁqirdilﬁﬁﬁil’cﬁe capacity. Importantly,
Phycoerythrln conjugated anti-human PD-1 (EH12, npuse

| g@atsahgppdic dHe¥riperitie dpeHe Refrpnboenress hugh loyeds ofBRslebut also
20! 9@8&% WETE 739#@&&%&1@%5}%@5)&? s%uugl%gﬁﬁ%}og%% tﬁ%%/a%SHCV

vvereotalne ckman ul ter,
( anttige@BBeci fiDhhdagorjiaifmenCD28d tcHd &,VCICEM?ESRA of @Bﬂ?rcplication

CD62L g%gygrgn %ggccBl ¢ eXBlg%s ?ohgrre\%nt%fé]\/ 1r§a ction ang the only licensed
therapy, alpha interferon (IFN), 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



HLA- DR, Ki-67 and perforin), and R&D systens,
M nneapolis, MA (CCR7). Peptides were nade at the

w@esiosa7synt hesis |ab at Enory University, AtPEFRUS2007/088851

GA. The plasm d constructs expressing HLA-A2, -B7 and
-B8 were kindly provided by the NIH Tetraner Core
Facility, Atlanta, GA and APC-| abel ed MHC cl ass

|/ peptide tetraners carrying CTi2 3epl t opes of EBV
(HLA- A2- GLCTLV AML (SEQ I D NG 36), HLA-B8- RAKFKQLL

( SHew Bf&@ nH ARy #%%%Elb%gon(ogﬁﬁ | Bn Miged&pkeific CD8+ T cells
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HL A Bith TRRWEGBRAM 1{IBER! bIooNOf p4tignys w1th thieeizdCV infection.
(HLA- A2- @ LGFVFTL (SEQ ID NO 41)) and vaccinia
(HLA- A2- CLTEYI LW (SEQ I D NO 42) and KVDDTFYYV (SEQ
I D NO 48} YolldwIH¥ RRARMAROIN h 8o AR Ere (s R 1Bk def s@ididst on:
Heparini sed human whol e bl ood sanples (20Qul) were
Sstained with antibodies or tetramers and then anal yzed

FACS Ca
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‘usrI ng vvare or on
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| mmunocyt onmetry Systens). For CFSE assays,
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ca fi iAn
(R B R RSO B BB AAT LN ACT iRl The
10f opaﬁenmhnr@aamtlcmnesanmqﬁzed ilBsflonh. and Parish, J
| mmunol Met hods 133:87-97, 1990). The CFSE | abel ed
PBIYeb1eA! Paithtrshait @emvkitaphieiahdl elinip@piatade al one (|
ng/ M) or peptide with anti-PDLI antibody (1Ow/m).
Control cultures consisted of either PBMC al one, PBMC

PBNC.
Y- \Mr@twa@ Fesge BHB? BUZRVyAnsineral Hseanias Rior e geppliment.

W tTh Dt %g* NSt SO
coh tIr gl;bltri'fﬁl I'QBO &Hér ]i-_];;%-}&:% 'Gi&% rt owiln gjé&’e‘f Ie &Vlral ALT
I NEHL v R370C —the _cels—were REENERE dnd i
Wi 13sz | nMg \/Jd I4ﬁ ant i TCD3land brm ;me% 25
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expr es&I H@GWwas| exBm ned6on PBMC suibsetla i n [heal, 11000 45
i ndi vieugCy. It wers observed that [CD8+4,T cel [ s596800 T 27
CF:)e | slggcwpnogy\th@ \(0@64 ) qulpr es$s hipgh | evellg 19{) 000 30
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a@%ﬁﬁyT el Ms- 653 T cetls fromAorndl he&f QQp] 36
i ndi vORRHECY wer e Mxani A8d| f or - coexpr ed8i on |of B$(.000 57
w th ¢@rHOYs phenbt ypi 80mar kers associ ht ed |wi t 1819,000 57
di ffe6@HCati on M 50 - 1b 591,000 18
607 HCV M 59 + 3a 343,000 31
608 HCV M 57 - 1b 395,000 16
609 HCV M 55 + la 833,000 67
611 HCV M 53 - la 1,220,000 88
613 HCV M 59 - 1b 6,160,000 40

HCYV 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, IllI; 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



state and function (Figure 20A). In summary, naive and
central nenory phenotype CD8 T cells only expressed
wo omslogsued s of PD-1, whereas CD8 T cells that PXPUSNOBBSSS1

various markers associated with effector/effector

menory/ or exhausted phenotype al so expressed high

| evel s of PD-I (Figure 20B). These data suggested that

PD-1 was preferentially expressb%f"armng ef fect or

menory CD8 T cells. When the CD4 T cells were exani ned
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upregul ated on per'sistent antigen-specific menory
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chronic infections in humans show i ncreased expression

of PD-1, PD-1 expression on menory CD8 T cells
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was co acute virus specific T cells
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T cells:, It was assessed.whet her PD-1. .bl.ockad . .

enFEEYoBiP S S n P ORTET aRCR TP (EFBEg Ly histologica
15respomgssosimlar to the results observed in mce.

CFSE | abel ed cells were stinulated wth either EBYV,

CW, influenza or vaccinia virus- speci fic peptides in

the pre hsenc I

ater oraager L BB IR T Biopy ST RRFRa sy ey

and 6%¢dl@ﬁﬁ(ﬂlbc@ €lalisbata€ A9 ebpameth HE% &gircatfuktusi @$yclone,
that were stinulated with peptide al one_and cul tures

t h&o2ile LE)StasmAsAedres ttfﬁesp‘@ﬁéli thges ammg dneslip'oagipert ¢g}l debris and
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the Medimachine and run for 15 seconds. Dissagregated cells were removed using a

syringe in the syringe port. The Medicon was rinsed twice with RPMI medium
25  (Gibco, Carlsbad, CA) containing 10% fetal calf serum (Hyclone, Logan, UT) to

ensure maximum cell recovery. Cells were used immediately for FACS staining.

Antibodies, HLA-A2 tetramers and flow cytometry: Cells were stained with

FITC, PE, PerCP and APC labeled monoclonal antibodies or tetramers according to

30  the manufacturers’ instructions and flow cytometry performed using FACS Calibur
(Becton Dickinson, San Jose, CA). FACS data were analyzed with FlowJo software

(Treestar). The following monoclonal antibodies from BD Pharmingen (BD



Fi gure 22B. Bl ocking PD-1/PD-LI interaction wth
anti-PD-LI antibody resulted in increased

wWee@Bsarati on of EBV and CW-specific CD8 T ceCT/ES2007/088851
wher eas influenza and vaccinia virus- specific CD8 T
cells did not show proliferation follow ng bl ocking
with anti-PD-LI . These results show that in the
presence of peptide plus anti- PBX:I bl ocki ng anti body,
there is up to 3.5-fold increase in the frequency of
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PD-1 and that bl ockade of the PD 1/PD-LI interaction
led to an enhanced proliferative capacity.
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The following results were obtained:
25
PD-1 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



l'iver. The present study was undertaken to better
understand the T cell phenotype inHCV infection b y
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T cells in both the liver and peripheral bl ood of
patients with chronic HCV infection. The follow ng
materials and nethod were used in these studies:
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s1gn1flcantly different from the same population in healthy donors (Figure 23C).
Importantly, because five of the seven HLA-A2+ HCV patients also had detectable
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-
1+ Flu specific CD8+ T cells (49%, SEM 12.3) (p=0.048) (Figure 23C).
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G @9,%@). This loss of CD127 during chronic infection correlates with impaired
cytokine production, increased susceptibility to apoptosis, and a reduction in the
25  ability of memory virus-specific CD8+ T cells to persist in the host. Accordingly,
resolution of acute hepatitis B virus (HBV) infection correlates with upregulation of
CD127 expression and concomitant loss of PD-1 expression (Boettler et al., J Virol
80:3532-40, 2006). Interestingly, in the chronic HCV patients, only 20% (SEM 4.8)
of total peripheral CD8+ T cells were CD127 negative, but in the hepatic CD8+ T
30  cell infiltrates, this percentage increased significantly to 58% (SEM 4.4) (Figure
24D). Hence, the liver is enriched in cells expressing an exhausted phenotype with

high PD-1 and low CD127 cells predominating. These data suggest that liver
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followi ng results were obtained: PD- 1 expression on
HCV antigen specific CD8+ T cells: Seventeen patients
wth HCV infection (all HV negative) were studied
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wegroralisQl L8Rkt kd BEMY antigen using GP33 only temporarily suppressed
CD127 expression and failed to induce T cell exhaustion (Lang et al., Eur J
Immunol 35:738-45, 2005). Dependence on availability of antigen and time of
exposure was also observed to affect the expression of CD62L and CD127, whereas
persistent antigen led to persistent downregulation of both CD62L and CD127
(Bachmann et al., J] Immunol 175:4686-96, 2005). Without being bound by theory,
in chronic HCV infection, the few HCV specific CD8+ T cells detected in the
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.
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T @gbdtionk nAﬂ%hﬁrhl&b%ﬁbr CQMT &1 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
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and its relationship with the control of SIV-infection. A significant proportion (40-

25  50%) of total CD8 T cells from normal healthy macaques expressed PD-1 (Figure
27A). The PD-1 expression was predominantly restricted to memory cells and was
absent on naive CD8 T cells. A similar PD-1 expression pattern was also observed
for total CD8 T cells from SIVmac239-infected macaques (Figure 27B and C).
However, the majority (>95%) of 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 (MFI of 580) compared to total CD8 T cells (MFI of 220) (Figure

27D). Collectively, these results demonstrate that a significant proportion of
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I'n Vitr@wo PD-1 ligands differ in their expression patterns: PD-L1 is constitutively
expressed and upregulated to higher amounts on both hematopoietic and
25  nonhematopoeitic cells, whereas PD-L2 is only inducibly expressed on dendritic
cells (DCs) and macrophages. Although some studies for evaluating the role that
PD-L2 plays in T cell activation have demonstrated inhibitory function for PD-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
30  of PD-L2 expression on different cell types ex vivo was examined after LCMV
Armstrong infection (Figure 29). In contrast to PD-L1 expression, PD-L2

expression was expressed limitedly on DC during a very short time (day 1-4 post-



Anti-viral CD8 T cells play a critical role in the
control of HV/SIV infections. A central role for CD8
wa2@ehsd7has been shown by viral re-energence BUF/USZP07/088851
transient in vivo depletions in Sl V-infected nacaques.
Consistent with this, contenporary vacci ne strategies
designed to elicit high frequencies of anti- viral CD8
T cells have contai ned pat hogeni%z'SHI V and SIV
chal I enges in nmacaques (see, for exanple Barouch et
al jnfSGHRNCehid %Qult%gg 503 thA®P9) > eCHREdId R cBseBlrelatd to DC
Virol 79, 15547-55 ‘02005). Both the function~and the
f r epuéntioy aod reantts iviegehti@DF Tedkbhdtivagere cruci al f or
the control of chronic viral infections such as HV
(Mgueles et al. Nat Imunol 3, 1061-8, 2002) and
Ly nphoc ¥ixhmpld21: FIARNE Beprielsed Wy the mdibHW of difdcRfitih¥fory CDS
anti viral T cell s possess a nunber of functional
5 pr dpeetls inthe eod of heplthiydwamansi t y t opr oduce di fferent
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potenti al” an oW apoptost s. In"chronic vira
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expression of perforin ( ,
63e¥Fess2@BD; 1.a hesd dataemomsatate thatghe mapaity bOFene isbkegdtfran the

functi.on; d.proliferative city, a property that
ha@f%gé)ﬁhFﬂg’iyi@E}aE&dP sg(é)r%sls!‘i’?)?im for the control of

15H V (segasddadn B¥RMhEsedarR@Nt wete sabdividdd @€ mhflple populations
966- 72, 2004)and SIV. H V-specific T cells express

hi §hsel opdlI463A pml CCRAGxprAssorxdt addiiennl radatgingliptwas found
rQporti l--t\0_ 1 he v i i a. ransi
o1 SERishh LKLl oA LR LK BT st BRI TR
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expression of PD-1 on Sl V-specific CD8 T cells
f oF¢lbwniln gonchasaent iPoh 1 wias mreslopanandy enpiesssh\pa 3y tp a lesser extent
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results iq enhanced expansi on of these cells. The
f oPPORR AP Sesul ts were obt ai ned:

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+ CDS8 T cells bore markers associated with antigen experience and
effector/effector memory differentiation. For instance, CD11a+/CCR7-/CD62L-
/CD45RA-/KLRG1+/granzyme B+/perforin+ CD8 T cells were enriched in PD-1
expression. In contrast, naive phenotype (CD11a-
/CCR7+/CD62LA4/CD45RA+/KLRG1-) CD8 T cells expressed low levels of PD-1.
30  Thus, PD-1 was preferentially expressed on antigen-experienced CD8 T cells with

effector/effector memory qualities.



El evated PD-1 expression on Sl V-specific CD8 T cells
follow ng SIV239 infection: The | evel of PD-I

we@sesaron on CD8 T cells from nornmal heal t hyP@RUS2007/088851

SI V-infected macaques was i nvestigated to understand

the role of PD-1 expression and its relationship wth

the control of SIV-infection. A significant proportion
(40- 50% of total CD8 T cell s -13m nor nal heal t hy
macaques expressed PD-1 (Figure 27A). The PD-I

expr essigy e gﬁﬂie f : SRR,

cells a% ngéé%lsﬂ? q%n a\bl%dgggh%h?élgﬁgt &A Si mr%igc;mory b4
PDA cellx pn bleil of hpalthyehmmans al so observed for total

CD8 T cells from Sl Vmac -i nfected caques. ( Fi gur )
276 and BT CHERR R Rt by tlBao T sl hiny
CMBeeRR G Iarss €68l1slexpedsk&l MBI IEnRRSHIbLY 6f AQth§E-lIts. Similar to
expression and a significant proportion of these cells
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normal and Sl V-infected nmacaques express PD-1 and the
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Sl 86bsL & %@? W-gl('fp el)s(zg ad fldh Mi&ﬁ%ﬂﬁ%ﬁﬂ%%ﬁ&gﬁ@l | for the co-

results 1 n enhance nsi on of SpeCIfI C

10 cekkmessian tRIY ahbleeveidldttellafiffBdntiatbincnk&es. Simildrgo CDS T

function of SIV-specifi.c CD3 |1's, proliferatjon
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bl %felﬁ_i&‘ﬁ pR&Hok dnchii 1PDEDoRR! @pUSRAL RAtR Y Safd @BRS+
reactive to caque PD-T. PBMC from Manu A*01 positive
rhesllss nmacaques that were infected with a pathogenic
sim an and human i mmunodefi ci ency virus 89. 6P (SH V
89.6P) were stimulated with Pl 1C peptide (Gag- CWo

15 epi t ope Exhpld23: 305216 thor8 Highl £ e 851eSs el fondObB TR sgecific for

bl ocking Ab for six days. The tfrequency of Gag CM

t etiBarand A4 Vtinfestions indhwpanseval uat ed at the end of

sti nmul atd qn. t 1 gl | l.s serv n | V .
b o 10 LB LGS S ETNES B8 MRPBHILE e,
st Pmul atpredsion Wik i fardgdept EBe, C¥BWlihfeknzh, sad vabanib virus

4-80 fold increase in the frequency of tetraner )
posPacifieeCR8 T eells| EBYond GMhY-spegificdulp8 dugellpexmgpseed high levels of

20 TAGRANER, Joﬁ‘-‘%&dmﬂggz@#i@% Ig)@%}?ﬁ% ofy tﬁ? ﬁg%tu}s %E%Ije&eh he

25

30

presence of anti - I ng r'es bout
2- int¢roledidtelet dle of BDhAmekveninia virdsheedifie QISIE yelbfexpress low

Do F RO FI-T e lBRERT LB TGEl NP oMM THESEOT (EBV
r eghd EXPRIDRSEEALiShd el PR PD- A iRakade GMRASLSd Mecinia)

proliferative
infections. These results show that CD8 T cells specific for chronic infections (EBV

and CMYV) 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 EBY 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



capacity of SlV-specific CD8 T cells in SIV-infected
macaques. Exanple 20: Role of PD-L2 Two PD-I I|igands

walpdoB@s317. t heir expression patterns: PD-LlI i sSPCT/US2007/088851
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constitutively expressed and upregul ated to higher
amounts on bot h hemat opoi eti ¢ and nonhemat opoeitic
cells, whereas PD-L2 is only inducibly expressed on
dendritic cells (DCs) and nacrobﬁbges. Al t hough sone
studies for evaluating the role that PD-L2 plays in T

ce gﬂ)ecﬁﬁt flo¥ 85hRf3n RANR TRFRASAS zﬁg@g{ﬁr&@ PP OF Yaf HORH WHRther

for PD-L2, other studies reported that PD-L2 stinulate
T bbJICkactstrqf [thef ElDalt/PBleapaﬂhw%t muﬂd]ellpncﬂjmcpmirfcrafﬁon of CD8 T
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infection (Figure 29 contrast to PD- LI

ex prdegdidncorpPning (dXp T esHs WCKﬁH@IeQM‘éid’e\d i V1Y teseit labeled

po2tigrit g SisktaP Bty WP BB cbidldonprdy oxpeceed

ex piceB&irofiffeskllyasatyd pah;aie@d btdbdfﬂ%ﬂoﬁaguls@tdenm (IEBNIC) with
results in regulation of T cell activation.
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Q ce re atl onsni
e PLEBNCHTGEE pregicet ank PR bRk ReaniRpbpphe: enhanced division

expf BBV A1 VAV -§eafTicEaSs ngﬁé" LB o 1n%%r&§er%fdeex ansion than
del i neated i nto nave, central nenor é)tor

e peptide(alEe) Th@ﬂdlaneadrdlwaiommcwcw by emttHP& bld befckimgtaptibody
( TEME subsets. ed .on patter of CD45RA d CCRY

o SP e BAE B SR P b L 8 Tia g WS ¥R 4 ghen
anghdaidan P VrkoRRE EPIY- 1 6ckhihd 8id Rt relMipithat&MRApansidh of
contrast, 60% of TEM expressed PD-1. These data

deetssnia at wflupera spheifie&iRsy T tellsofT IeEiorics of anfwaced divisidne
P SR8 n6RLLNY pPATR, AIUIL SR B95eER e SRR
Into mul'tiple

pOBkI;braisb@ B$ ab@gtﬁa@ped’iflmcaﬁ%rﬁ@w SN PIRESS ThBse dita suggest
addi tional relationship was found between CD45RA
ex fRESBr berpiagion ClRg dreeds srasiticdge ehppicdniegtions inhibits their

0%1:%8%\' %gﬁﬁl o oWl érﬁ@stjuﬂﬁﬁﬁ{) CD45RA expressi on

est p oportion of PD- 1+ cells. In

concl usion, PD-I was predom nantly expressed by TEM
toal e%%{glrnp e 556 rgustalned PD-L1 blockade further increases proliferation
of CD8 T cells specific for chronic infections

Upon in vitro stimulation, the addition of PD-L1 blocking antibody led to
increased division among CD8 T cells specific for EBV and CMV. Anti-PD-L1
mADb was added once (day 0), and proliferation was assessed at the end of the six-
day culture period. In vivo anti-PD-L1 treatment in mice involved multiple
injections of blocking antibody. Furthermore, in these murine studies, in vivo PD-L1
blockade resulted in a rapid upregulation of PD-1 expression among CD8 T cells
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-L.1 mAb on days 0, 2, and 4 of culture resulted



by TEMRA and TCM and was not expressed anong nave CD8

T cells. These data illustrate that a | arge proportion
W@20038841CD8 T cel I s express PD-1 anong heal t hyP¢us2007/088851

adults. To characterize the properties of PD- 1+ CD8 T

cells further, the coexpression of PD-I and several T

cell differentiation markers was_exam ned. The

majority of PD- 1+ CD8 T cel | s -bbre markers associ at ed

with antigen experience and effector/effector nmenory

di H & @\%ﬁlﬁéajté}rbccfrﬁﬁla@i&?@)%@’s Qatic b@'g/ "ﬁgﬁ%‘tﬂ%gh'le addition
/| CD45RA-/ KLRG S re

+/ granzyme B+/perforin+ CD8 T cel
enpf oiddatiday PDSimBaplagssaorhseivad car{tMastpecifigiGIe8 T cells. These

Cora sHegeEaasinte] Uides B e R st g e ol o

Pr &880 tHealulbe BXH(ESS Qe Rs RBIHcIBNCIRYRE hheRmed CD8 T
cells with effector/effector nenory qualities. Exanpl e

522: PD- It widl eappassietbatifie presispdpiois ofythemaghidds or gpmpositions
menor V. T.cell.s, in Dbl eal t h PD- |
ex AP aLbib e HES 3 BRI RS s Ao Rblyiihe FRIRIR SRt br the
I ndestibgdin®entiohni WE ¥lapanieath ebdiE4tidnset vari ek @iss €41 within
PD-1 in the blood of healthy adults. Simlar to CDB T
celhesscopradng sepit of thetlpignsdieessed little PD- 1. Wile
a mnority of TCMCD4 T cells expressed PD-I, PD-I
expression was preferentially enriched anong TEMCD4 T
cells (50% . To further characterize the properties of
CD4 T cells that expressed PD, CD4+/CD3+ T cells were
assayed fromthe bl ood of healthy individuals for the
coexpression of PD-1 and several T cel
differentiation nmarkers. Simlar to CO8 T cells, PD-I
expression was enriched on C4 T cells wth an
ef fector/effector nenory phenotype, including CD62L-,
CD95+, CD45RA-, CCR7-, and CCR5+ cells. Exanple 23:
PD-1 is nore highly expressed on CD8 T cells specific
for EBV and CW infections in humans To test whether
PD-1 expression is correlated with viral antigen
persi stence, PD- I expression was conpared on EBV, CW,
i nfluenza, and vaccinia virus specific CD8 T cells.
EBV and CW-specific CD8 T cells expressed high | evels
of



PD-1. In contrast, influenza virus specific nenory CD8
T cells expressed internediate | evels of PD-I and
Wo2e8/08d124 vi rus specific CD8 T cells express |pul/Us2001/638851
of PD-1. Hence nmenory CD8 T cells specific for chronic
i nfections (EBV and CW) expressed higher |evels of
PD-1 than acute (influenza and vaccinia) infections.
These results show that CD8 T cé&¥f-s specific for
chronic infections (EBV and CW) expressed higher
| evel s of PD-1 than acute infections (influenza and
vaccinia viruses). CD8 T cells specific for very
conmon chronic i nfections c&il.AWISess high |evels of

PD- 1. PD- LI bl kad
prol i f ot BRGR TeraOue bERT S REORTIvGS) Brarey cang! st ina
| NERGHhANS subjchUBBASH BhOSIANR (@ oD eheRBbjebt 4 MelDb&RWy

pat hway results in enhanced clonal expansion of
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PDthbiddy-ihdiuddad ﬁhwarymmbl teriperrﬂaa@qe atntigerptmlntefr@r.at i on of
CD8 T cells specific for EBV, CW, and al so vaccinia
virus (an acute infection resulting in PDI nenory CD8
T cells ¥ RABIQGY.
[ nd|V|dgaIs contatéﬁg?l &%ﬁ?&%ﬁgl éﬁ%; Pn?

10EBV, or W were Iabeled with CFSE and cultured for 6

days un er vari ous ndi t i ected, incubation

of fres hrértﬂlatde%tcgaért lpwﬁrgﬂm B GURTHE ALRETEse Jup o

(PE}{\f@ﬁOW th medi um al one, or nediumw th anti-PD- LI

ant i1 body, did not induce proliferation of

virus-specific CDB T cells. Stinulation of PBMC for 6

days wit i rus-derd ye e |de ulted | on. .

of Lot r dnd MRt sl Sstadt e TR fcateef e  viral
150f affiMg. i n the presence of antr-PD—LI bl ocki ng

anti body further enhanced division of EBV and

CW-specific CD8 T cells, resulting in a greater

f ol d- expa | tjd ance

aivi st on 1 MERAES AR 4 S BR S AR Elipyeis viral

vaahtegtnanong i ndi vi dual s and even anong dlfferent

epitopes wthin a given individual. Mreover, PDI

bl ockade did not result in enhanced expansi on of

vacci ni I e
20 of enha%ce ﬁ%@?@?ﬁln uceghabn E:E% g t?tﬁsg\h%b?{t’h%lngsegﬁ &
culture could be related to the amount of PD-1

OXpressq By S0 89, SReCt it e 8 T PELLSORY! Shubdh

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 1, wherein the mammalian subject is

30  immunocompromised.



that PD-1 expression on CD8 T cells specific for
chronic infections inhibits their proliferative
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Sust ai ned PD-LI bl ockade further increases

proliferation of CD8 T cells specific for chronic
infections Upon in vitro stinulation, the addition of

PD-LI bl ocking antibody led to- iHcr eased di vi si on

anong CD8 T cells specific for EBV and CW. Anti - PD- LI

mAb was | adeed RAGA JrdRYmA) whReth Bk bk SfatibRTy é"@i?al infection is
assessed at the end of thé sixday culture period. In

Vi a0 1rx£mt10nP>Dth_:h hctpaeats mmi alhrumamcmmunv@ftfmeajlcwimas ﬁﬂf‘—]) a human

nject i bl oc i bod Fur t her in these

s B et i Ao Pl ES Bt Ra A Bt wbioh fr § homan

?mgu&ﬁﬁegugatlon of PD-1 expression anong CD8 T

I's specific for chronic viral antigen. For these

reasons it was tested whether repeated additions of
anti - T [t ur. I further
enhance prongwﬁggggﬁa‘?H@“ﬁ%@P}&%ﬁ&b?%% mgg wﬂ%gb on
days 0, 2, and 4 of culture resultedin an even greater
accurul ati on of EBV specific CD8 T cells than a single
addi t i on3ofl hesthed Aigipim, 1 2apheiey the antieeRes inypisaliya gumor
for,&§ specific CD8 T cells. These data suggest that
continued bl ocking of PD-1 signaling can optinize the
ability to increase the nunbers of CD8 T cells

specific f chronlc ntigen Jt Wil be apparent
that th p%err%w&& 1318 1o WREEIBE frsp-gspociated antigen is

CO@RQ\SME' \VER desHih kbg/ghﬁrﬁy c?ﬁmvl?rﬂr@cgm%e eH ifd ﬁeg)tlde PRI,
wi t hout departing fromthe spirit of the described

i nuewttapbr. elamsclcathnpsaan M&GEMRT,dmsmas:,éﬁPdOO NY Eso-1,
variations that fall wthin

! phe g ot S o Rt e R S P u e SrGB lish s
i mmune response to an antigen of interest in a

manmal i an subj ect, conprising adm nistering to the
subj ect 1a ffh@lff@ﬁ@dtqf@killmyl afhereat the &Darentagomst is an antibody that

aCts c?ﬁceaﬂy Ehndg lIJDsl Ma% ﬁ!}(ﬁ‘y {hat é)%?lfl-gaﬁ: e!)lnas ﬁl%%?angﬂl&?b dth

gni ze antigen o
t hﬁ@ﬂ& llt(PDaLl)yor%flfaﬁﬁb(bd{s&hmbld’iﬁcaﬂy lﬁnﬂPro grammed Death Ligand-
anta oni st, thereby inducing the inmune response to
t he (BRtiepr embirationsgherec. The met hod of claim 1,
wherein the subject has a viral infection. 3. The
nmet hod of claim 1, wherein the subject has a
per si st @6t The nethodnifetlim@2, whereibhthe et deachf diteiehtas mfdy gal

wherein the antigen of interest is antigen is a vira
antigen.

17. The method of claim 1, 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 RNA], a small inhibitory anti-PD-L.1 RNA, an small inhibitory anti-PD-L.2
RNAI, an anti-PD-1 antisense RNA, an anti-PD-L1 antisense RNA, an anti-PD-L2
antisense RNA, a dominant negative PD-1 protein, a dominant negative PD-L1

protein, a dominant negative PD-L2 protein, or combinations thereof.



antigen. 5. The nethod of claim4, wherein the viral

antigen is a hepatitis viral antigen. 6. The nethod of
w@k@BsB74 wherein the hepatitis viral antigen PGI/{pB87/088851

7. The nmethod of claim3, wherein the viral infection

I's a human i nmmunodeficiency viral infection. 8. The

nmet hod of claim 7, wherein the antigen of interest is

gp 120. 9. The method of cl ai m-138-wherei n the

manmal i an subj ect is human. 10. The nethod of claim1,

wher ei n |8 henRIRMI R 125MDIse Gheref MR TR QPEEETY binds

The nethod of claim 1, wherein the viral "infection is

a PD-Als (lhf evnpdrnalsintibodyndreciungional frigneert dpatdft (23 a humanized

viru a hunan . odeficiency viru HI a..human .

T PSS ER DR e Te§eot 2o N SElshhiplot e Hion protein

Epstein-Barr virus, or a human papilloma virus. 12.

The nmethod of claim 1, wherein the recipient has a

Stunor. 18. Tihaethodindglaon 181 whereinthe apiéragly ihatthendsii-Géns (1) a
o AR o 0 ) st T TR ooy o

PRAMz i oM Ifsag Dlehi/ih¥iedt, o€ Y3 anMmiBhun®gbulin Eusidi gbeimase 3
and its peptide PRI, neutrophil elastase, cathepsin G
MAGE, MART, tyrosinase, GPl OO, NY-Eso-1, herceptin,

carci no [ ' ( ; g {6

ant | gon 2 POty LAY, ShAtn B JMRRh AR HRREHE s (1) 2
10 PDnlonacibagantisédyi @ adionaitnabfyglymérh diersfe@)) hihoalahiyed amtitdy or a

PD-1, .an Zntibod th?t ecificall b{,n s. Progr ammed

De Atn5tipRad Aragmen Besep). or aa&mélmrﬁog%)&y if Higfon protein.

specifically binds Progranmed Death Ligand- 2 (PD-L2),

or conbi nations thereof. 16. The nethod of claim 32,

wher ei n21 hé methpdehindficing e resiung gesporfsatgan artigen @€ mterest in a

17. The .nethod of claim1l, wherein the PD- 1 antagoni st

i s MATIHAN TEPPIENG RIPRIHNS an anti-PD-LI antibody, an

15ant i - PDebga@iMel 0RMIatidn SMBboricBIN RbhAhy sadie inamBiatidn species
RNAi, a small inhibitory anti-PD LI RNA an small
i napprising Taatls wpapggen 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.



RNAI, an anti-PD-1 antisense RNA, an anti-PD- LI
anti sense RNA, an anti-PD-L2 anti sense RNA, a dom nant

woe@wansaes PD- 1 protein, a dom nant negative PDRCI/US2007/088851
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protein, a dom nant negative PD-L2 protein, or

conbi nations thereof.18. The nmethod of claim 15,

wherein the anti body that specifically binds PD-I is

(1) a nonoclonal antibody or a -t3hct i onal f ragnent
thereof, (2) a humani zed anti body or a functiona

fr agm:-‘n§4t J3itS ﬁﬁ:ﬁhodq{f cladh ﬁnwhmg Iaﬁ’%}éln'(ﬂ’ 1ﬁt|:’1%§tqg antigen is a
protein. 19. The nmethod of claim18 erein
antvirbloohyigemat blnds PD-LI is (1) a nonocl onal antlbody
or a functional fragnment thereof, (2) a humani zed

anti body or a functional fragnment thereof, or (3) an

| munogbebyhé hettddi gPR1aM PUEHRereRthe V18 a[ﬁ@i%@r@fsl aq{epﬁﬂlt?é Vikal
18, wherein the antibody that binds PD-L2"is (1)
roAvideonal anti body or a functional fragnent thereof,
(2) a humani zed anti body or a functional fragnment
thereof, or (3) an | mmunogl obulin fusion protein. 21.

A met hod6ofThé RBUGIANG cRiimi2FTWAEeEHP BBSLRItb @irallandidth Beip33.
of interest in a manmmalian recipient, conprising:
contacting a popul ation of donor cells fromthe same
mammal | 3h §hE ﬂeﬁﬁ)&icogg%;ﬂl%?)ng/hg—reﬁl%e §fl[r¥1\f ﬁlfé&ﬁgﬁ |s%&himan
presenting ce re-selected antigen of

i niremesddeficteacevimaltinkectore- sel ected antigen i s

presented by the APCs to the T cells produce a

popul ation of donor activated T cells in the presence
of a PDok QL ARANITrclAAD 7t (RBSR @RLAMENDS interest is gp120.

t herapeutically effective amount of the popul atloﬁ of
donor activated T cells into the recipient; and

2? Fn eg It ?ég g‘ﬁ% H’r‘?ﬁlong%ﬁ{ eCI \%ﬁ ti]g ?lél?(f)reatfllh :glﬁ:leB ient are human.

produci ng an i mmune response to the anti gen of

interest in the mammalian recipient. 22. The method of

cl ai m 230. Wherrethvdtqfelame@pwémemhe denariang|the tistipient aig.the

23, f claim22, wherein the recipient has
S%%gﬁ% F $I?a| i nfection.24. The nethod of claim

22 mhereln t he antlgen of interest is antigen is a

viraI anti he net hod of claim.24, wherein the

viral adti gh’ﬁ m[eglog qf, @k%lpl% b whegeingthe recipient is immunocompromised.

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.
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.

35. The method of claim 34, wherein the tumor-associated antigen is

PRAME, WT]1, Survivin, cyclin D, cyclin E, proteinase 3 and its peptide PR1,



antigen. 26. The nethod of claim25, wherein the
hepatitis viral antigen is gp33. 27. The nethod of

wekasosid4 wherein the viral infection is a huremnUS2007/088851

i mmunodeficiency viral infection. 28. The nethod of
claim 27, wherein the antigen of interest is gpl 20.

29. The met hod of claim 21, wherein the donor and the
reci pient are human. 30. The nmetfbd of cl ai m 23,

wherein the donor and the recipient are the sane human
subk & hll%iastal-@%aﬂﬁ%féﬁﬁ’@} MAGE‘FJ‘M}Q}@? t¥ WRgh& @}Ptlbé NY-Eso-1,
reci pi I'S | mmunoconprom sed he net hod

cl heneeih, covamoginbryprgc wntigen (Cﬁfﬁécwn [oostats speoifiq aitlgen (PSA).
infection is an infection with a hepatitis virus, a
human i nmunodefi ci ency virus (HV), a human

T- I ynphgbr epbfethodrdfelaihi P Vivhe@in@E PES1 ‘dl’ltﬁg’cﬁnstaﬁan antibody that
Epstein-Barr virus, or a human papi | | oma virus.

33
5 Th éPQ??EfM@HM burds Slal mnzealtlbmeihét WeclﬁléalheBﬁolgraémmeChEgath Ligand 1

Int 3 o Sntd ﬁngF tﬂgt 01f1 alPIbmdQ’sg%rog;Ia%n (ﬂ?%ﬂg og[latnldgze@,D_Lz),

cI afmrﬁlélmatymgrﬂedrébﬂ he tum)r associ ated antigen is
PRAVE, WIl, Survivin, cyclin D, cyclin E, proteinase 3
and its peptide PR, neutrophil elastase, cathepsin G

MAGE, MART L }{{eﬁ?o'drb?%f’aum%' %e{}l%g?ﬁgthé e €L GE @gj Mnd the

car ci no- errbryonl Cc antige tat e

10 antintgeen i§ PEA)gal BffigeiThe mst hod of claim 23, wherein the
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PD-1 antagonist is an anti body that specifically binds
PD-1, an antibody that specifically Progranmed Death

Li gand 3g( PR elhod@t Q18R 0BDRHY AL PEREGAtEGRL Y alPAdEBD-1
Programmed Death Ligand-2 {PD-L2), or conbfnations

t hentgmfdy, 817ant1TPtE -InfeattibddpfancintiFP-23, antihedye o smiaH enhibitory anti-

P PGERNAjga Sl BTiesd i PEFLT AN SR B b AS wismp-L2

amRmnhﬂ;Enti PDANaRREhseN A, ADNAdtPPOYL 1 #ftiseideiRNA- el anti-PD-1.2
ant i body, an anti-PD-L2 antibody, a small inhibi tory

anentisep RNRNadominaghegdativRPbi profejn. ardamipmit negdiNa, PLak 1

anpraeh DR Pl bR b BB ot
anti-PD- L2

39. The method of claim 36, 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.

40. The method of claim 36, wherein the antibody that binds PD-L1is (1) a
monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

functional fragment thereof, or (3) an immunoglobulin fusion protein.

41. The method of claim 36, wherein the antibody that binds PD-L.2 is (1) a
monoclonal antibody or a functional fragment thereof, (2) a humanized antibody or a

functional fragment thereof, or (3) an immunoglobulin fusion protein.



anti sense RNA, a dom nant negative PD-1 protein, a
dom nant negative PD-LI protein, a dom nant negative

WOERMBRASIIrHt ei n, or conbi nati ons thereof. 39. TRET/H8100hT0OBS851
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of claim 36, wherein the antibody that specifically

binds PD-I is (1) a nonoclonal antibody or a

functional fragnent thereof, (21 a humani zed anti body

or a functional fragnent thereo 41-or (3) an

i mmunogl obul in fusion protein. 40. The method of claim

36, wheyei il hRaatdrhagy 2t3h@(§mﬁ§l"ls'wg|§tr§§fécltm she(APC@with an
monocl onal anti body or a functiona ragme t thereof,

( 2ex@esvinmavecioe domptisibg dyuoleicacidencbdiop dhe dntiggmeninterest prior to

hEoTRbishe b S TReno g Rtk et DA gD

binds PD-L2 is (1) a nonoclonal antibody or a

functional fragnent thereof, é@ a humani zed anti body

or a f uAdt ifbaaletiodad ekmm 2t3h@,r f conpprisig) adgpinistering to the subject
slon t d of claim

23 ? e}llpéefl ef{rans? %nﬁnga?ﬁécgf&‘agg% n? ngih

expreSS|on vector conprising a nucleic acid encoding

the antigen of interest prior to containing the

popul at onThe H@S}quof@kaﬂﬁﬁ3swh@rem @it yesong ‘fqmqv@dmanﬂwral
r

s PR bRy ng. o TR hn amtiparasii

ef tempowel, muntnfkafan@dxdmmomalormmgm 44. The

met hod of claim 43, wherein said second conpound is an

antiviral conpound, an antibacterial conpound, an

anti fungal AcQEReY ijtreaﬁ‘ﬁllgaanstubﬁ@ﬂ' Rih Eﬁgrsﬁ%ﬁ’ﬁﬂ&gyon%@ a pathogen,

anti-inflammatory conpotind, or an anal gesic

rret:bmgrlmﬁg admamatﬂglgatoshﬁagllémct aihtempaupedlyiesfieetite amount of a

ection a,path r's'n adm ni s ering to
¢ nErGRBed Dy P S el Rl peleP eI SliFi Rnighint of an
Pr agti sTeed oleeat lﬂroﬁﬂ@e:p th@BE B ARRES tredfiflg Bhe persistent infection in the
therapeutically effective anount "of an antigenic
nmobelvedte fromthe pat hogen, thereby treating the
persistent infection in the subject. 46. The method of
claim45, wherein the pathogen is a virus, and wherein
t he subjecThéartidpgichiibt4snivhitenathe pathegdn i9a.virdy, andReherein
met hod of claim45, wherein the antigenic nolecule is
a mersgmeamqs@dwr%stﬁﬁmr@b@fe@fw% nucl ei ¢ aci d encodi ng
the viral antigenic peptide. 48. The nethod of claim
45, wherein the PD- I antagoni st is an anti body that
speci fi dal The biettdsl PRkl 4anwaearkeinhe yntideaic mpleculd icalikrat

Pr ogra d Death L| nd
tlgerr?l’gepepgge or a nuc gIC a01:cll encoding the viral antigenic peptide.

48. The method of claim 45, 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.

49. The method of claim 45, wherein the subject is immunosuppressed.
50. The method of claim 45, 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 RNAj, a small inhibitory anti-PD-L.1 RNA, an small inhibitory anti-PD-L.2



(PD-LI') or Programmed Death Ligand-2 (PD-L2), or

conbi nations thereof. 49. The nethod of claim 45,
wWoL@Be83174 he subj ect is i mMmunosuppressed. 50. AGEUS2007/088851

met hod of claim45, wherein the PD-1 antagonist is an

anti-PD-1 anti body, an anti-PD-LI antibody, an

anti-PD-L2 antibody, a small inhibitory anti- PD 1

RNAi, a small inhibitory anti-PB%l RNA, an snal

inhibltory anti-PD-L2RNAi , an anti-PD- 1 antisense RNA,

an ARl 5, Qiti—t’Dapgﬂtﬁgﬁ’s%q{mlAan Ai-PBLL T Blosbifie RNA SENSE-PD-1.2

R a’ dom nant negative PD-1 protein, a dom nant

negmtusevs IPPAL h dpmotasi mggatve BDeopriofeamta dveagadntwegdDe PD-L1

pr ot 51, The net hod m 48, wherein the

Dl Bgudr e R R Y LA pD. 1 s (1) a

nnnoclonal anti body or a functional fragnent thereof,

(2) a humani zed anti body or a functional fragment
5t her eof Jlofh¢ giethed af ﬁimmdlél, wb@nemhc esfitodyhastspeapficably binds
EP %ﬁfﬁgﬁ?f? %IOH%((]%SIBT §bo r (§1n u ct}on 1 {1 @5‘ o eb ?gﬁ/eréot}a&) a humanized
f uasdib ARk affﬁmﬁﬁmtfratgh%emfereof,?o)r (31) diﬂ[ﬁiﬂlhria@i;bbanh ifi@shyprotein.
or a functional fragnent thereof, or (3) an
i mmunogl obul in fusion protein. 53. The nmethod of claim
48, whekegi t h
nnnocloﬁg]?gégﬁgﬁ@(kggﬂé4'U%@??gﬂgﬁ E ﬁe%?bé ereopls(l)al
10 ( Z)nomohlunﬂmmb@ﬂyacntal fnndy)nal fragrhem a:ltdr@]’fad2) hhagaeized antlbody ora

t her eof 3) n gl qbul in f 0 tein

Th unﬁ&?% agéﬂ@&ﬁ@ A EHNERe Pi@fusgma@fsm st is

a snmall npol ecul e. 55. The nmet hod of claim 21, wherein

the subject is assynptomatic. 56. A nmethod of treating

a subj e68. ﬂhthwamﬁuﬁvhmndﬁnwhﬁshngeadﬂkaSmEbMNQIﬁll2isﬂ)a

adm ni ing,tp the. subje a therapeutically . )

o PeRbrbEN Bt S e hindtutr? Blebet pfpinized antibody ora
15 amﬁﬁﬁﬁﬂhaﬂfra@ﬂﬁnﬁthh‘%@f @p@*)talnclﬁllrﬂdﬁoglfot)ﬁﬁﬁ fdéﬁ)n%f&‘éﬁi of a

tunor antigen or a nucleic acid encoding the tunor

antigen, thereby treatlng the subject. 57. The nethod

of cl ai "5‘115%1 Mﬁ{oﬁl |45 B]ileramtﬁ%?ﬁ—?é%tago%lﬁ is a small

anti body 't hat speci |ca

t hatolseci fical ly Progranned Deat h Ligand 1 (PD—LI) or
Progranmmed Death Ligand-2 (PD-L2), or conbinations

t hereof. 58. The nethod of claim56, wherein the

20 Subj ect sks Th?ﬁqéﬂ%%_%?ma%%dwﬁgrel n'te sﬁ'rﬁ&g (?sdasg%{géoﬂ{am:.

56, wherein antagoni st 1s an"antl -

anti body, an anti-PD—LI anti body, an ant|-PD-L2

anti bod inhibitory . anti- PD-1 RNA ,

i nhi bi tgﬁy A, fiteth Oér&f@ieatﬁmas ect wahya SR tﬁow.ﬂymg Wlinistering

an%@iﬁlﬁ%t&%lg 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 tumor 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.



RNAI, an anti-PD-1 antisense RNA, an anti-PD- LI
anti sense RNA, an anti-PD-L2 anti sense RNA, a dom nant

woe@wansaes PD- 1 protein, a dom nant negative PDRCI/US2007/088851
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protein, or a dom nant negative PD-L2 protein. 60. The
met hod of claim57, wherein the antibody that
specifically binds PD-1 is (1) a nonocl onal anti body

or a functional fragnent thereof‘,B'(Z) a humani zed

anti body or a functional fragnment thereof, or (3) an

| munogkgbyhk et #2146 HeChRerefrlthe PREI Qﬁ%g@gstqg afhi-Bb-1
57, wherein the antibody that binds PD-LI Ts (1) a

nmo aochaolyadn anti- PBddyamsibody . fanraptiikIndl2 antibepiye atsmiaHentebitqry anti-

(2),,-a ni zed anti.body o tional  fragnent .

{ nePBLRE TS Ea5h SRy N GPpRL] RAG a8 Bt hOPERR angpD-L2
TheNt AoshtpPDC] @itlteme RNRELEAR-PDE. BittisBRERN Aadn anti-PD-L2
binds PD-L2 is (1) a nonoclonal antibody or a

f unetiscorralRNf; agmmntant irgatind PD¢ Dproteith raomiined nagativieddy L1

or f.unctional fra nt regf. or (3) an

i %r%%lé BBu Olnﬁm HaF anwﬁrpo[%'el r?.%l[%]?: The nethod of claim
57, wherein the PD-1 antagonist is a snall nolecul e.

63. The nmethod of claim56, wherein the tunor antigen

i s PRAVED. (e method\afglaim Sy wheiginshe apighady that specifically binds

" LEL I, b 05 gL 5
he aotdgidyor adaciondemamennthercafitar g@mnn( i) noghrbupn 6@t grotein.
specific antigen (PSA).

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.

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.

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,
cathepsin G, MAGE, MART, tyrosinase, GP100, NY-Eso-1, herceptin, carcino-
embryonic antigen (CEA), or prostate specific antigen (PSA).



