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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of priority from U.S. Provisional Application Serial No. 61/885,218, filed on
October 1, 2013.

TECHNICAL FIELD

[0002] This document relates to materials and methods for treating cancer, and more particularly to materials and
methods for treating cancer in patients identified as having elevated levels of Bim.

BACKGROUND

[0003] The metastatic spread of tumor cells is the primary cause of cancer related mortality, indicating a need for
therapeutic approaches capable of controlling or preventing metastasis (Gibbons et al. (2012) Oncolmmunology
1(7):1061-1073; and Grivennikov et al. (2010) Cell 140:883-899). The presence of tumor-infiltrating effector and memory
T cells is correlated with decreased metastatic spread, consistent with a role for T cells in preventing metastasis of
primary tumors.

[0004] B7-H1 (also referred to as PD-L1) is a polypeptide expressed by a variety of tumor cells. It also is constitutively
expressed by macrophages and dendritic cells, and its expression is up-regulated upon cell activation. PD-1 is expressed
on the surface of activated T cells, B cells, and macrophages, and is a receptor for B7-H1. CD80 is found on activated
B cells and monocytes, and provides a costimulatory signal necessary for T cell activation and survival; CD80 also binds
B7-H1.

SUMMARY

[0005] This document provides, inter alia, a method for determining whether PD-1 on T cells has engaged its ligand,
B7-H1. The method is based in part on the discovery that engagement of PD-1 by B7-H1 results in up-regulation of Bim,
a pro-apoptotic molecule, and is correlated with B7-H1-mediated T cell death. This discovery suggests that intracellular
levels of Bim among PD-1 positive cells is a barometer of the extent to which PD-1 has been triggered by B7-H1, with
lower levels of Bim identifying activated PD-1 positive T cells whose PD-1 molecules have not yet been extensively
engaged, and higher levels of Bim reflecting chronic engagement of PD-1 with B7-H1. Stratifying Bim levels among PD-
1 positive CD8 T cells may be a biomarker for gauging (1) whether PD-1 molecules on CD8 T cells have been engaged
by B7-H1 tumor associated ligands; and (2) the efficacy of an anti-PD-1 or anti-B7-H1 blockade regimen in reducing
PD-1 engagement. Thus, using Bim as a signaling biomarker for PD-1 function, it may be possible to select patients
more likely to benefit from checkpoint blockade therapy and to identify optimal therapeutic timing and dosing schedules.
[0006] In one aspect, this document features a method for treating a mammal having cancer, wherein said method
comprises: (a) identifying said mammal as containing an elevated level of Bim, and (b) administering to said mammal
an anti-B7-H1 antibody, an anti-PD-1 antibody, an anti-CD80 antibody, a fusion protein comprising a portion of PD-1
linked to an immunoglobulin Fc sequence, or a fusion protein comprising a portion of CD80 linked to an Ig Fc sequence,
under conditions wherein the interaction of naturally-occurring B7-H1 with PD-1 or CD80 in said mammal is reduced
after said administering. The mammal can be a human. The elevated level of Bim can be based on Bim protein levels,
oron Bcl211 mRNA levels. The cancer can be a melanoma cancer, a breast cancer, a lung cancer, a renal cell carcinoma
cancer, a pancreas cancer, a prostate cancer, a colon cancer, a brain cancer, a liver cancer, or an ovarian cancer.
[0007] In another aspect, this document features a method for treating cancer, wherein said method comprises ad-
ministering an anti-B7-H1 antibody, an anti-PD-1 antibody, an anti-CD80 antibody, a fusion protein comprising a portion
of PD-1 linked to an immunoglobulin Fc sequence, or a fusion protein comprising a portion of CD80 linked to an immu-
noglobulin Fc sequence to a mammal identified as containing an elevated level of Bim, wherein said antibody or fusion
protein is administered under conditions wherein the interaction of naturally-occurring B7-H1 with PD-1 or CD80 in said
mammal is reduced after said administering. The mammal can be a human. The elevated level of Bim can be based on
Bim protein levels, or on Bc/211 mRNA levels. The cancer can be a melanoma cancer, a breast cancer, a lung cancer,
a renal cell carcinoma cancer, a pancreas cancer, a prostate cancer, a colon cancer, a brain cancer, a liver cancer, or
an ovarian cancer.

[0008] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention pertains. Although methods and materials similar or
equivalent to those described herein can be used to practice the invention, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned herein are incorporated by reference
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in their entirety. In case of conflict, the present specification, including definitions, will control. In addition, the materials,
methods, and examples are illustrative only and not intended to be limiting.

[0009] The details of one or more embodiments of the invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the invention will be apparent from the description and
drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0010]

FIG. 1 contains a pair of graphs plotting the kinetics of CD8+ T-cell responses to antigen stimulation. Wild type (WT)
and B7-H1-deficient (KO) mice were immunized (i.p.) with OVA plus poly I:C, and KP/OVA tetramer was used to
identify antigen-specific CD8+ T cells in spleen (top panel) and liver (bottom panel) at the indicated times after
immunization. Data show the percentage of tetramer+ CD8+ T cells (mean = SD of three mice per time point). One
of two independent experiments is shown. *p < 0.05 compared with WT mice.

FIGS. 2A-2D contain a series of FACS scans and graphs showing enhanced memory CD8+ T-cell population in the
absence of B7-H1. Mice were immunized with OVA plus poly I:C, and were re-stimulated with OVA on day 40 after
immunization. On day 4 after re-stimulation, spleen cells were isolated from naive or immunized WT and B7-H1-
deficient mice for analysis. FIG. 2A, FACS scans showing the percentage of OVA- specific tetramer+ CD8+ T cells;
*p < 0.05 compared with WT mice. FIG. 2B graph plotting the absolute number of OVA- specific tetramer+ CD8+ T
cells (mean = SD, n = 3). FIG. 2C, FACS analysis of intracellular production of cytokines in CD8+ T cells from
immunized mice (mean * SD, n = 3). FIG. 2D, graphs plotting in vivo cytolytic activity in immunized mice. OVA-
peptide or control-peptide pulsed target cells (syngeneic splenocytes) were labeled with high or low dose CFSE (5
wM for OVA-peptide pulsed cells; 0.5 wM for control-peptide pulsed cells) and mixed (1:1, 2.5 X 106 of each) and
injected i.v. into WT or B7-H1-deficient mice. Histogram plots (left) show the percentage of remaining target cells
in the spleen 4 hours after target cell transfer. Bar graph (right) shows percentage of specific lysis in the spleen
(mean = SD, n = 3).

FIGS. 3A and 3B contain FACS scans and graphs showing enhanced memory CD8+ T-cell recall responses and
improved antitumor immunity in the lung in the absence of B7-H1. On day 35 after immunization, immunized or
naive WT and B7-H1-deficient mice were injected (i.v.) with 5 X 105 B16-OVA tumor cells. FIG. 3A, percentage and
absolute numbers of IFNy+ CD8+ T cells in the lung of immunized mice (mean = SD, n = 3) on day 4 after tumor
injection. *p < 0.01 compared with WT mice. FIG. 3B, metastatic tumor foci in the lung tissue were identified and
counted on day 20 after tumor injection (mean = SD, n = 5). N.S.: not significant.

FIGS. 4A-4D contain a series of FACS scans and a graph showing that CD11ahigh CD8+ T cells represent antigen-
primed effector T cells. Spleen cells from naive or immunized WT and B7-H1-deficient mice were analyzed by co-
staining with anti-C D11a and KP/OVA tetramer or functional markers. FIG. 4A, FACS scans showing the percentage
of CD11ahigh CD8+ T cells from WT and B7-H 1-deficientimmunized mice. FIG. 4B, graph plotting average percentage
of CD11ahigh CD8+ T cells from WT and B7-H1-deficient immunized mice (mean + SD, n = 4). FIG. 4C, FACS
scans showing the percentage of antigen-specific tetramer+ (Kb/OVA-tet) cells in CD11ahigh and CD11alow CD8+
T-cell population. FIG. 4D, FACS scans showing CTL functional assay of CD11ahigh and CD11alow CD8+ T cells
after a brief re-stimulation in vitro. Degranulation of CTLs was analyzed by CD107a mobilization, followed by intra-
cellular staining for IFNy. Numbers indicate percentages of gated areas.

FIGS. 5A-5D contain a series of FACS scans and a graph showing fewer apoptotic antigen-primed CD8+ T cells in
B7-H1-deficient mice. On day 7 afterimmunization, spleen cells were analyzed for proliferation and apoptosis. FIGS.
5A and 5B, FACS scans showing Ki67 expression and BrdU incorporation, respectively, analyzed in CD11ahigh or
CD11alow CD8+ T cells. Numbers are percentages of gated area in total CD8+ T cells. FIG. 5C, FACS scans of
TMRE'°W Annexin V+ apoptotic cells measured in CD11ahigh and CD 11alow CD8+ T cells. FIG. 5D, graph plotting
the percentage of apoptotic cells (TMRE!®W Annexin V+) in CD11ahigh CD8+ T cells (mean + SD, n = 4).

FIGS. 6A-6D contain a series of histograms and a graph showing lower Bim levels in antigen-primed CD8+ T cells
in B7-H1-deficient mice. FIG. 6A, flow cytometry assay of the intracellular expression of Bim, Bcl-2 and Bcl-xL in
gated CD11aMigh CD8+ T cells in the spleen of WT (red) and B7-H1-deficient (blue) mice on day 7 after immunization.
Numbers are mean fluorescence intensity (MFI) of Bim expression. FIG. 6B, graph showing average MFI of Bim
expressed by CD11ahigh CD8+ T cells (mean = SD, n = 9). FIG. 6C, intracellular expression of Bim in CD11ahigh
CD8+ T cells in the liver of immunized mice. Numbers are MFI. FIG. 6D, Bim expression in total CD8+ T cells in the
spleen of naive WT (red) and B7-H1-deficient (blue) mice.

FIG. 7 contains a series of histograms showing the extrinsic role of B7-H1 in regulation of Bim. WT OT-1 CD8+ T
cells (Thy1.1+) were transferred in WT (red) or B7-H1-deficient (blue) host mice one day before immunization with
OVA plus poly I:C. On day 7 after immunization, the OT-1 CD8+ T cells in the spleen and liver were identified by
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the Thy1.1 marker and analyzed for intracellular expression of Bim. Numbers are MFI.

FIGS. 8A-8F show that B7-H1 co-stimulation induces upregulation of Bim protein levels in activated T cells. Pre-
activated CD8+ T cells were incubated with platebound B7-H1 or control fusion protein (Fc) for 48 hours in the
presence of anti-CD3. FIG. 8A, Western blot showing Bim isoform expression in CD8+ T cells. FIG. 8B, histogram
showing expression of total Bim in CD8+ T cells co-stimulated with B7-H1 (blue) or control protein (red). Numbers
are MFI. FIG. 8C, graph plotting average MFI of Bim expressed by activated CD8+ T cells (mean = SD, n = 5). FIG.
8D, graph plotting the percentage of live (trypan blue exclusive) CD8+ T cells in culture (mean = SD, n = 5). FIG.
8E, FACS scans indicating apoptosis of CD8+ T cells isolated from WT, Bim-deficient, and Bcl-2 transgenic (Tg)
mice. Numbers show percentage of TMRE!®W Annexin V+ apoptotic T cells in total CD8+ T cells. FIG. 8F, graph
plotting average MFI of Bim expressed by CD8+ T cells in culture with anti-B7-H1 Ab (10B5, blocking B7-H1 binding
to both PD-1 and CD80; 43H12, blocking B7-H1 binding to CD80 only), anti-PD-1 Ab (G4), or control Ab (10 ng/mL
of each) (mean = SD, n = 3).

FIGS. 9A-9C contain a series of plots showing that B7-H1 co-stimulation inhibits activation of Akt. Pre-activated
CD8+ T cells were stimulated with plate-bound B7-H1 or control fusion protein (Fc). After 24 hours of stimulation,
CD8+ T cells were harvested and used for analysis. FIG. 9A, graph plotting analysis of Bc/2/11 transcript levels by
real-time qPCR using the comparative CT method. GAPDH served as the internal control gene. Graph shows fold
change (mean = SD, n =4). FIG. 9B, histograms plotting phosphorylation of Akt (left) and mTOR (right), analyzed
by intracellular staining of CD8+ T cells with anti-phospho-Akt and anti-phospho-mTOR Abs. Numbers show per-
centage of positive stained cells. FIG. 9C, bar graph plotting average MFI of phospho-Akt and phospho-mTOR
expression (mean = SD, n = 3). N.S.: not significant.

FIG. 10 contains representative nucleic acid (top) and amino acid (bottom) sequences for human B7-H1 (SEQ ID
NOS:1 and 2, respectively).

FIG. 11 contains representative nucleic acid (top) and amino acid (bottom) sequences for human PD-1 (SEQ ID
NOS:3 and 4, respectively).

FIGS. 12A and 12B contain representative nucleic acid (12A) and amino acid (12B) sequences for human CD80
(SEQ ID NOS:5 and 6, respectively).

FIG. 13 contains a plot (left) showing the identification of CD8+ T cells based on their expression of CD11aMigh and
PD-1+(left panel). Lymphocytes were stained with CD8, CD11a and PD-1, followed by intracellular staining for Bim.
FIG. 13 also contains a histogram plotting expression of Bim by subsets of CD8+ T cells (Tn: T naive cells; PD-1-,
PD-1 negative primed cells; PD-1 +, PD-1 positive primed cells). Only the PD-1+ primed cells CD8+ T cells expressed
high levels of Bim.

FIG. 14 is a pair of graphs plotting the level of Bim expression in tumor-reactive PD-1+ CD11ahigh CD8+ T cells in
the peripheral blood of 26 melanoma patients as compared to 11 normal, healthy controls (left panel, P=0.007 by
unpaired Student T test), and in tumor-reactive PD-1+ CD11ahigh CD8+ T cells in the peripheral blood of 11 prostate
cancer patients as compared to 11 normal, healthy controls (right panel, P=0.001 by unpaired Student T test).
FIG. 15 is a pair of graphs plotting Bim expression in PD-1 negative (PD-1-) and PD-1 positive (PD-1+) CD11ahigh
CD8+ T cells from melanoma patients (left) and healthy controls (right). Bim was significantly increased in the PD-
1+ populations (p=0.0081) in melanoma patients.

FIG. 16 is a pair of graphs plotting the level of Bim expression in tumor-reactive PD-1+ CD11ahigh CD8+ T cells in
the peripheral blood of 26 melanoma patients as compared to 11 normal, healthy controls (left panel, indicating "Bim
low" and "Bim high" samples), and plotting the survival rate for "Bim low" vs. "Bim high" patients (right panel).
FIG. 17A is a pair of graphs showing that B7-H1 protein induced expression of Bim in human pre-activated CD8+
T cells. FIG. 17B is a picture of a Western blot showing Bim levels in the cells.

FIG. 18 is a pair of graphs showing that an anti-PD-1 antibody significantly blocked B7-H1-induced Bim up-regulation
in a dose dependent fashion (left panel), and that the blocking effects of the anti-PD-1 antibody were inversely
correlated with the higher levels of Bim induced by B7-H1 (right panel).

FIG. 19 is a pair of graphs showing that the frequency of Bim+PD-1+CD8 T cells was significantly higher in the
peripheral blood of melanoma patients before treatment than in a healthy control group (left panel), and that after
anti-PD-1 antibody therapy, about 67% of the melanoma patients demonstrated a significant reduction in the fre-
quency of Bim+PD-1+CD8 T cells (right panel).

FIG. 20 is a pair of graphs showing that B7-H1 expressed by tumor cells induced Bim up-regulation in human pre-
activated CD8 T cells.

FIG. 21 is a pair of photographs (left) and a graph (right) showing that Bim expression was associated with B7-H1
expression in human renal cell carcinoma (RCC). In particular, the graph in the right panel shows that Bim+ tumor
infiltrating lymphocytes (TILs) were increased in B7-H1 positive tumor tissues. Bim reactivity scores: 0, absence; 1,
focal; 2, moderate; 3, marked. Contingency analysis using Fisher’s exact test (p<0.01).

FIG. 22 is a pair of graphs showing that Bim expression was correlated with Granzyme B and T-bet (a transcription
factor of effector T cells) expressed by cancer-related PD-1+CD11ahigh CD8+ T cells, suggesting that Bim expression
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is associated with effector CD8+ T cell differentiation.
FIG. 23 is a pair of graphs showing that Bim expression declined in PD-1+ CD11ahigh CD8 T cells following radio-
therapy in some melanoma (left panel) and prostate (right panel) cancer patients.

DETAILED DESCRIPTION

[0011] This document provides materials and methods for identifying patients as being more likely to benefit from
checkpoint blockade therapy, materials and methods for determining optimal therapeutic timing and dosing schedules,
and methods and materials for treating cancer. For example, this document provides methods and materials for identifying
amammal (e.g., a human) as having an elevated level of Bim, and treating the mammal with a molecule that can interfere
with the interaction between B7-H1 and PD-1, and/or the interaction between B7-H1 and CD80 (e.g., an antibody against
B7-H1,PD-1, or CD80, or with afusion protein containing a portion of PD-1 or a portion of CD80 fused to animmunoglobulin
(Ig) Fc domain). As described herein, elevated levels of Bim can be related to increased apoptosis of antigen-primed
CD8+ T cells, but inhibiting the interaction of B7-H1 with PD-1 or CD80 can lead to reduced levels of Bim and reduced
T cell apoptosis.

[0012] The term "elevated level" as used herein with respect to a level of Bim refers to a level that is greater (e.g.,
50% greater, 2-fold greater, 3-fold greater, or more than 3-fold greater) than a reference level of Bim. The term "reference
level" as used herein with respect to Bim refers to the level of Bim typically observed in healthy mammals without cancer.
For example, a reference level of Bim can be the average level of Bim present in samples obtained from a random
sampling of 50 humans free of cancer.

[0013] The presence of an elevated level of Bim can be determined by measuring, for example, protein levels or
nucleic acid levels. For example, the level of Bim protein can be measured in a sample of blood (e.g., a peripheral blood
sample) or another bodily fluid from a mammal with cancer or from a control mammal, using cell staining, western blotting,
or other immunological techniques. The level of Bim expression also can be measured at the nucleic acid level, using
Northern blotting, or any other method suitable for determining mRNA levels of Bc/211, which encodes the Bim protein.
In some cases, Bim protein or nucleic acid levels can be measured in tumor tissue samples, ascites samples, or lymphoid
organ samples. It will be appreciated that levels from comparable samples are used when determining whether or not
a particular level is an elevated level.

[0014] A representative example of a human B7-H1 nucleic acid has the sequence set forth in GENBANK® Accession
No. AF177937 (Gl No. 6708118) (SEQ ID NO:1;

[0015] Figure 10), and arepresentative human B7-H1 polypeptide has the sequence setforthin GENBANK® Accession
No. AAF25807 (Gl No. 6708119) (SEQ ID NO:2; Figure 10).

[0016] A representative example of a human PD-1 nucleic acid can have the sequence set forth in GENBANK®
Accession No. BC074740.2 (Gl No. 50960296) (SEQ ID NO:3; Figure 11), and representative example of a human PD-
1 polypeptide has the sequence set forth in GENBANK® Accession No. AAH74740.1 (Gl No. 49902307) (SEQ ID NO:4;
Figure 11).

[0017] A representative example of a human CD80 nucleic acid has the sequence set forth in NCBI Reference No.
NM_005191.3 (Gl No. 113722122) (SEQ ID NO:5; Figure 12A), and a representative example of a human CD80 polypep-
tide has the sequence set forth in NCBI Reference No. NP_005182.1 (Gl No. 4885123) (SEQ ID NO:6; Figure 12B).
[0018] Once the level of Bim within a sample from a mammal is determined, the level can be compared to a reference
level and used to classify the mammal as having or lacking an elevated level of Bim.

[0019] Once a mammal has been identified as having an elevated level of Bim as described herein, the mammal can
be administered a molecule that inhibits the interaction between B7-H1 and PD-1 and/or the interaction between B7-H1
and CD80. Examples of such molecules include, without limitation, antibodies (e.g., anti-B7-H1 antibodies, anti-PD-1
antibodies, or anti-CD80 antibodies), and fusion proteins (e.g., PD-1 fusion proteins or CD80 fusion proteins). Such
fusion proteins can contain, for example, the extracellular domain of PD-1 fused to an IgG Fc domain, or the extracellular
domain of CD80 fused to an IgG Fc domain. After administration, the antibody/ies or fusion protein(s) can bind B7-H1,
thus reducing or blocking B7-H1’s action in inducing Bim up regulation.

[0020] Theterm"antibody" includes monoclonal antibodies, polyclonal antibodies, recombinant antibodies, humanized
antibodies (Jones et al. (1986) Nature 321:522-525; Riechmann et al. (1988) Nature 332:323-329; and Presta (1992)
Curr. Op. Struct. Biol. 2:593-596), chimeric antibodies (Morrison et al. (1984) Proc. Natl. Acad. Sci. USA 81:6851-6855),
multispecific antibodies (e.g., bispecific antibodies) formed from at least two antibodies, and antibody fragments. The
term "antibody fragment" comprises any portion of the afore-mentioned antibodies, such as their antigen binding or
variable regions. Examples of antibody fragments include Fab fragments, Fab’ fragments, F(ab’)2 fragments, Fv frag-
ments, diabodies (Hollinger et al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448), single chain antibody molecules
(Plickthun in: The Pharmacology of Monoclonal Antibodies 113, Rosenburg and Moore, eds., Springer Verlag, N.Y.
(1994), 269-315) and other fragments as long as they exhibit the desired capability of binding to B7-H1, PD-1, or CD80.
[0021] Examples of anti-human B7-H1 antibodies include, without limitation, anti-human B7-H1 antibodies commer-
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cially available from Biolegend (e.g., Catalog No. 329701 or 329702; San Diego, CA) or eBioscience (e.g., Catalog No.
14-5983-80 or 14-5983-82).

[0022] Examples of anti-human PD-1 antibodies include, without limitation, anti-human PD-1 antibodies commercially
available from Biolegend (e.g., Catalog No. 329904 or 329905) or eBioscience (Catalog No. 12-2799-42; San Diego, CA).
[0023] Examples of anti-human CD80 antibodies include, without limitation, anti-human CD8 antibodies commercially
available from Biolegend (e.g., Catalog No. 305201 or 305202) or eBioscience (e.g., Catalog No. 14-0809-80 or
14-0809-82).

[0024] Theterm"antibody," as used herein, also includes antibody-like molecules that contain engineered sub-domains
of antibodies or naturally occurring antibody variants. These antibody-like molecules may be single-domain antibodies
such as Vy-only or V| -only domains derived either from natural sources such as camelids (Muyldermans et al. (2001)
Rev. Mol. Biotechnol. 74:277-302) or through in vitro display of libraries from humans, camelids or other species (Holt
et al. (2003) Trends Biotechnol. 21:484-90). In certain embodiments, the polypeptide structure of the antigen binding
proteins can be based on antibodies, including, but not limited to, minibodies, synthetic antibodies (sometimes referred
to as "antibody mimetics"), human antibodies, antibody fusions (sometimes referred to as "antibody conjugates"), and
fragments thereof, respectively.

[0025] An "Fvfragment" is the minimum antibody fragment that contains a complete antigen-recognition and -binding
site. This region consists of a dimer of one heavy chain variable domain and one light chain variable domain in tight,
non-covalent association. It is in this configuration that the three CDR’s of each variable domain interact to define an
antigen-binding site on the surface of the VH-VL dimer. Collectively, the six CDR’s confer antigen-binding specificity to
the antibody. However, even a single variable domain (or half of an Fv comprising only three CDR’s specific for an
antigen) has the ability to recognize and bind the antigen, although usually at a lower affinity than the entire binding site.
The "Fab fragment" also contains the constant domain of the light chain and the first constant domain (Cy1) of the heavy
chain. The "Fab fragment" differs from the "Fab’ fragment" by the addition of a few residues at the carboxy terminus of
the heavy chain C,;1 domain, including one or more cysteines from the antibody hinge region. The "F(ab’)2 fragment"
originally is produced as a pair of "Fab’ fragments" which have hinge cysteines between them. Methods of preparing
such antibody fragments, such as papain or pepsin digestion, are known to those skilled in the art.

[0026] An antibody can be of the IgA-, IgD-, IgE, 19G- or IgM-type, including 1gG- or IgM-types such as, without
limitation, 1I9G1-, IgG2-, IgG3-, 1IgG4-, IgM1- and IgM2-types. For example, in some cases, the antibody is of the IgG1-,
IgG2- or IgG4- type.

[0027] In some embodiments, antibodies as used in the methods described herein can be fully human or humanized
antibodies. Human antibodies can avoid certain problems associated with xenogeneic antibodies, such as antibodies
that possess murine or rat variable and/or constant regions. First, because the effector portion is human, it can interact
better with other parts of the human immune system, e.g., to destroy target cells more efficiently by complement-
dependent cytotoxicity or antibody-dependent cellular cytotoxicity. Second, the human immune system should not rec-
ognize the antibody as foreign. Third, half-life in human circulation will be similar to naturally occurring human antibodies,
allowing smaller and less frequent doses to be given. Methods for preparing human antibodies are known in the art.
[0028] In addition to human antibodies, "humanized" antibodies can have many advantages. Humanized antibodies
generally are chimeric or mutant monoclonal antibodies from mouse, rat, hamster, rabbit or other species, bearing human
constant and/or variable region domains or specific changes. Techniques for generating humanized antibodies are well
known to those of skill in the art. For example, controlled rearrangement of antibody domains joined through protein
disulfide bonds to form new, artificial protein molecules or "chimeric" antibodies can be utilized (Konieczny et al. (1981)
Haematologia (Budap.) 14:95). Recombinant DNA technology can be used to construct gene fusions between DNA
sequences encoding mouse antibody variable light and heavy chain domains and human antibody light and heavy chain
constant domains (Morrison et al. (1984) Proc. Natl. Acad. Sci. USA 81:6851).

[0029] DNA sequences encoding antigen binding portions or complementarity determining regions (CDR’s) of murine
monoclonal antibodies can be grafted by molecular means into DNA sequences encoding frameworks of human antibody
heavy and light chains (Jones et al. (1986) Nature 321:522; Riechmann et al. (1988) Nature 332:323). Expressed
recombinant products are called "reshaped" or humanized antibodies, and comprise the framework of a human antibody
light or heavy chain and antigen recognition portions, CDR’s, of a murine monoclonal antibody.

[0030] Other methods for designing heavy and light chains and for producing humanized antibodies are described in,
for example, U.S. Patent Nos. 5,530,101; 5,565,332; 5,585,089; 5,639,641; 5,693,761; 5,693,762; and 5,733,743. Yet
additional methods for humanizing antibodies are described in U.S. Patent Nos. 4,816,567; 4,935,496; 5,502,167;
5,558,864; 5,693,493; 5,698,417; 5,705,154; 5,750,078; and 5,770,403, for example.

[0031] Molecules that interfere with the interaction between B7-H1 and PD-1, and/or the interaction between B7-H1
and CD80, as described herein (e.g., antibodies against B7-H1, PD-1, and CD80, as well as fusion proteins containing
portions of PD-1 or CD80 linked to an Ig Fc domain), can be incorporated into pharmaceutical compositions for treatment
of cancer. Thus, this document also provides the use of such molecules in the manufacture of medicaments for treating
cancer. The compositions can further include one or more pharmaceutically acceptable carriers, diluents and/or adju-
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vants. The potency of the pharmaceutical compositions provided herein typically is based on the binding of the antibody
or fusion protein to B7-H1.

[0032] A "pharmaceutically acceptable carrier" (also referred to as an "excipient" or a "carrier") is a pharmaceutically
acceptable solvent, suspending agent, stabilizing agent, or any other pharmacologically inert vehicle for delivering one
or more therapeutic compounds to a subject, which is nontoxic to the cell or mammal being exposed thereto at the
dosages and concentrations employed. Pharmaceutically acceptable carriers can be liquid or solid, and can be selected
with the planned manner of administration in mind so as to provide for the desired bulk, consistency, and other pertinent
transport and chemical properties, when combined with one or more of therapeutic compounds and any other components
of a given pharmaceutical composition. Typical pharmaceutically acceptable carriers that do not deleteriously react with
amino acids include, by way of example and notlimitation: water, saline solution, binding agents (e.g., polyvinylpyrrolidone
or hydroxypropyl methylcellulose), fillers (e.g., lactose and other sugars, gelatin, or calcium sulfate), lubricants (e.g.,
starch, polyethylene glycol, or sodium acetate), disintegrates (e.g., starch or sodium starch glycolate), and wetting agents
(e.g., sodium lauryl sulfate). Pharmaceutically acceptable carriers also include aqueous pH buffered solutions or lipo-
somes (small vesicles composed of various types of lipids, phospholipids and/or surfactants which are useful for delivery
of a drug to a mammal). Further examples of pharmaceutically acceptable carriers include buffers such as phosphate,
citrate, and other organic acids, antioxidants such as ascorbic acid, low molecular weight (less than about 10 residues)
polypeptides, proteins such as serum albumin, gelatin, or immunoglobulins, hydrophilic polymers such as polyvinylpyr-
rolidone, amino acids such as glycine, glutamine, asparagine, arginine or lysine, monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose or dextrins, chelating agents such as EDTA, sugar alcohols such as
mannitol or sorbitol, salt-forming counterions such as sodium, and/or nonionic surfactants such as TWEEN™, polyeth-
ylene glycol (PEG), and PLURONICS™.

[0033] Pharmaceutical compositions can be formulated by mixing one or more active agents with one or more phys-
iologically acceptable carriers, diluents, and/or adjuvants, and optionally other agents that are usually incorporated into
formulations to provide improved transfer, delivery, tolerance, and the like. A pharmaceutical composition can be for-
mulated, e.g., in lyophilized formulations, aqueous solutions, dispersions, or solid preparations, such as tablets, dragees
or capsules. A multitude of appropriate formulations can be found in the formulary known to all pharmaceutical chemists:
Remington’s Pharmaceutical Sciences (18th ed, Mack Publishing Company, Easton, PA (1990)), particularly Chapter
87 by Block, Lawrence, therein. These formulations include, for example, powders, pastes, ointments, jellies, waxes,
oils, lipids, lipid (cationic or anionic) containing vesicles (such as LIPOFECTIN™), DNA conjugates, anhydrous absorption
pastes, oil-in-water and water-in-oil emulsions, emulsions carbowax (polyethylene glycols of various molecular weights),
semi-solid gels, and semi-solid mixtures containing carbowax. Any of the foregoing mixtures may be appropriate in
treatments and therapies as described herein, provided that the active agent in the formulation is not inactivated by the
formulation and the formulation is physiologically compatible and tolerable with the route of administration. See, also,
Baldrick (2000) Regul. Toxicol. Pharmacol. 32:210-218; Wang (2000) Int. J. Pharm. 203:1-60; Charman (2000) J. Pharm.
Sci. 89:967-978; and Powell et al. (1998) PDA J. Pharm. Sci. Technol. 52:238-311), and the citations therein for additional
information related to formulations, excipients and carriers well known to pharmaceutical chemists.

[0034] Pharmaceutical compositions include, without limitation, solutions, emulsions, aqueous suspensions, and lipo-
some-containing formulations. These compositions can be generated from a variety of components that include, for
example, preformed liquids, self-emulsifying solids and self-emulsifying semisolids. Emulsions are often biphasic systems
comprising of two immiscible liquid phases intimately mixed and dispersed with each other; in general, emulsions are
either of the water-in-oil (w/0) or oil-in-water (o/w) variety. Emulsion formulations have been widely used for oral delivery
of therapeutics due to their ease of formulation and efficacy of solubilization, absorption, and bioavailability.

[0035] Compositions and formulations can include sterile aqueous solutions, which also can contain buffers, diluents
and other suitable additives (e.g., penetration enhancers, carrier compounds and other pharmaceutically acceptable
carriers). Compositions additionally can contain other adjunct components conventionally found in pharmaceutical com-
positions. Thus, the compositions also can include compatible, pharmaceutically active materials such as, for example,
antipruritics, astringents, local anesthetics or anti-inflammatory agents, or additional materials useful in physically for-
mulating various dosage forms of the compositions provided herein, such as dyes, flavoring agents, preservatives,
antioxidants, opacifiers, thickening agents and stabilizers. Furthermore, the composition can be mixed with auxiliary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure,
buffers, colorings, flavorings, and aromatic substances. When added, however, such materials should not unduly interfere
with the biological activities of the polypeptide components within the compositions provided herein. The formulations
can be sterilized if desired.

[0036] Insome embodiments, a composition containing an antibody or fusion protein as provided herein (e.g., an anti-
B7-H7, anti-PD-1, or anti-CD80 antibody, or a PD-1 FC or CD80 Fc fusion protein) can be in the form of a solution or
powder with or without a diluent to make an injectable suspension. The composition may contain additional ingredients
including, without limitation, pharmaceutically acceptable vehicles, such as saline, water, lactic acid, mannitol, or com-
binations thereof, for example.
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[0037] Any appropriate method can be used to administer a molecule as described herein to a mammal. Administration
can be, for example, parenteral (e.g., by subcutaneous, intrathecal, intraventricular, intramuscular, or intraperitoneal
injection, or by intravenous drip). Administration can be rapid (e.g., by injection) or can occur over a period of time (e.g.,
by slow infusion or administration of slow release formulations). In some embodiments, administration can be topical
(e.g., transdermal, sublingual, ophthalmic, or intranasal), pulmonary (e.g., by inhalation or insufflation of powders or
aerosols), or oral. In addition, a composition containing an antibody or fusion protein as described herein can be admin-
istered prior to, after, or in lieu of surgical resection of a tumor.

[0038] A composition containing an antibody (e.g., an anti-B7-H1 antibody, anti-PD-1 antibody, or anti-CD80 antibody)
or a fusion protein (e.g., a PD-1 Fc fusion or a CD80 Fc fusion) can be administered to a mammal in any appropriate
amount, at any appropriate frequency, and for any appropriate duration effective to achieve a desired outcome (e.g., to
increase progression-free survival). In some cases, a composition containing an antibody or fusion protein as described
herein can be administered to a mammal having cancer to reduce the progression rate of the cancer by 5, 10, 25, 50,
75, 100, or more percent. For example, the progression rate can be reduced such that no additional cancer progression
is detected. Any appropriate method can be used to determine whether or not the progression rate of cancer is reduced.
For skin cancer (e.g., melanoma), for example, the progression rate can be assessed by imaging tissue at different time
points and determining the amount of cancer cells present. The amounts of cancer cells determined within tissue at
different times can be compared to determine the progression rate. After treatment as described herein, the progression
rate can be determined again over another time interval. In some cases, the stage of cancer after treatment can be
determined and compared to the stage before treatment to determine whether or not the progression rate has been
reduced.

[0039] Insome cases, acomposition containing an antibody or a fusion protein as described herein can be administered
to a mammal having cancer under conditions where progression-free survival is increased (e.g., by 5, 10, 25, 50, 75,
100, or more percent) as compared to the median progression-free survival of corresponding mammals having untreated
cancer or the median progression-free survival of corresponding mammals having cancer and treated with other therapies
(e.g., chemotherapeutic agents). Progression-free survival can be measured over any length of time (e.g., one month,
two months, three months, four months, five months, six months, or longer).

[0040] Administration to a mammal of a molecule as set forth herein can result in increased numbers of naturally-
occurring tumor-reactive CD8+ T cells, which can exert anti-cancer effects against cancer cells present within the mam-
mal.

[0041] An effective amount of a composition containing a molecule as provided herein can be any amount that reduces
the progression rate of cancer, increases the progression-free survival rate, or increases the median time to progression
without producing significant toxicity to the mammal. Optimum dosages can vary depending on the relative potency of
individual polypeptides (e.g., antibodies and fusion proteins), and can generally be estimated based on EC5, found to
be effective in in vitro and in vivo animal models. Typically, dosage is from 0.01 pg to 100 g per kg of body weight. For
example, an effective amount of an antibody or fusion protein can be from about 1 mg/kg to about 100 mg/kg (e.g., about
5 mg/kg, about 10 mg/kg, about 20 mg/kg, about 50 mg/kg, or about 75 mg/kg). If a particular mammal fails to respond
to a particular amount, then the amount of the antibody or fusion protein can be increased by, for example, two fold.
After receiving this higher concentration, the mammal can be monitored for both responsiveness to the treatment and
toxicity symptoms, and adjustments made accordingly. The effective amount can remain constant or can be adjusted
as a sliding scale or variable dose depending on the mammal’s response to treatment. Various factors can influence
the actual effective amount used for a particular application. For example, the frequency of administration, duration of
treatment, use of multiple treatment agents, route of administration, and severity of the cancer may require an increase
or decrease in the actual effective amount administered.

[0042] The frequency of administration can be any frequency that reduces the progression rate of cancer, increases
the progression-free survival rate, or increases the median time to progression without producing significant toxicity to
the mammal. For example, the frequency of administration can be once or more daily, biweekly, weekly, monthly, or
even less. The frequency of administration can remain constant or can be variable during the duration of treatment. A
course of treatment can include rest periods. For example, a composition containing an antibody or fusion protein as
provided herein can be administered over a two week period followed by a two week rest period, and such a regimen
can be repeated multiple times. As with the effective amount, various factors can influence the actual frequency of
administration used for a particular application. For example, the effective amount, duration of treatment, use of multiple
treatment agents, route of administration, and severity of the cancer may require an increase or decrease in administration
frequency.

[0043] An effective duration for administering a composition provided herein can be any duration that reduces the
progression rate of cancer, increases the progression-free survival rate, or increases the median time to progression
without producing significant toxicity to the mammal. Thus, the effective duration can vary from several days to several
weeks, months, or years. In general, the effective duration for the treatment of cancer can range in duration from several
weeks to several months. In some cases, an effective duration can be for as long as an individual mammal is alive.



10

15

20

25

30

35

40

45

50

55

EP 3 470 081 A1

Multiple factors can influence the actual effective duration used for a particular treatment. For example, an effective
duration can vary with the frequency of administration, effective amount, use of multiple treatment agents, route of
administration, and severity of the cancer.

[0044] After administering a composition provided herein to a mammal, the mammal can be monitored to determine
whether or not the cancer was treated. For example, a mammal can be assessed after treatment to determine whether
or not the progression rate of the cancer has been reduced (e.g., stopped). Any method, including those that are standard
in the art, can be used to assess progression and survival rates.

[0045] The invention will be further described in the following examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES

Example 1 - Materials and Methods

[0046] Mice, celllines and reagents: Female CD45.2+ C57BL/6 mice were purchased from Taconic Farms and CD45.1+
congenic C57BL/6-Ly5.1 mice were purchased from National Cancer Institute. OT-1 TCR (Thy 1.1+) transgenic mice
were provided by T. Tian (Harvard University, Boston, MA). B7-H1-deficient C57BL/6 mice were provided by L. Chen
(Yale University, New Haven, CT; Dong et al., Immunity 20:327-336, 2004). Bc/211-/- mice and Cd80-/- mice were
purchased from Jackson Laboratory. Cd80-/- mice were crossbred into WT OT-1 mice and produced Cd80-/- OT-1 mice.
Bcl-2 transgenic mice were provided by V. Shapiro (Mayo Clinic, Rochester). Mice were maintained under pathogen-
free conditions and used at 8-12 weeks of age. B16-OVA murine melanoma cells were provided by R. Vile (Mayo Clinic,
Rochester, MN), and were cultured in RPMI 1640 medium (Cellgro) with 10% FBS (Life Technologies), 1 U/mL penicillin,
1 pg/mL streptomycin and 20 mM HEPES buffer (all from Mediatech). Hamster anti-mouse B7-H1 mAb (10B5) and PD-
1 (G4) was obtained from hybridoma cells provided by L. Chen. Hamster anti-mouse B7-H1 mAb (43H12) was provided
by K. Tamada (John Hopkins University).

[0047] Flow cytometry analysis: Class | MHC (KPOVA peptide SIINFEKL; SEQ ID NO:1) tetramer and negative control
tetramer were purchased from Beckman Coulter. Fluorochrome-conjugated Abs against CD8, CD11a, Fas (CD95), Fas
ligand, CD90.1 (Thy 1.1), CD90.2 (Thy 1.2), CD107a, IFNy, IL-2 and TNFo were purchased from BD Biosciences,
BioLegend, or eBiosciences. To detect intracellular cytokine levels, cells were incubated with GolgiPlug (BD Biosciences)
for 4 hours prior to analysis. Cells were stained for surface antigens, and then incubated in Fixation Buffer (BioLegend)
for 20 minutes at room temperature, followed by permeabilization in Permeabilization Wash Buffer (BioLegend). Fixed
and permeabilized cells were then stained with Abs for 20 minutes at room temperature. Abs to Akt, Bcl-xL, Bcl-2, Bim
and mTOR and fluorochrome-conjugated secondary Abs were purchased from Cell Signaling (Danvers, MA). To detect
intracellular levels of Akt, Bcl-xL, Bcl-2, Bim and mTOR, T cells were first stained for surface antigens, then fixed with
2% paraformaldehyde for 10 minutes at 37°C, followed by permeabilization with ice-cold methanol for 30 minutes. After
blocking with 15% rat serum for 15 minutes, cells were stained with Abs for 1 hour at room temperature. After staining,
cells were washed three times with incubation buffer before analysis. At least 100,000 viable cells were live gated on
FACScan or FACSCailbur (BD Biosciences) instrumentation. Flow cytometry analysis was performed using FlowJo
software (Tree Star).

[0048] T-cellimmunization, activation, apoptosis assay and proliferation assay: Mice were immunized by i.p. injection
of 0.5 mg ovalbumin (OVA, from Sigma-Aldrich) and 50 p.g poly (I:C) (Sigma Aldrich). For in vitro T-cell activation and
apoptosis assay, purified CD8+ T cells were labeled with CFSE (Invitrogen-Molecular Probes) and incubated with OVA
peptidess7_064 (Mayo Clinic Core Facilities) at 0.2 pg/mL for 72 hours. Apoptosis of CD8+ T cells was analyzed by staining
using Annexin V (BD Biosciences) and TMRE (tetramethylrhodamine ethyl ester, Invitrogen/Molecular Probes T-669).
Proliferation was also measured by detection of BrdU incorporation and Ki67 staining. Immunized mice were injected
i.p. with 0.8 mg/mL BrdU (BD Biosciences) on days 4 through 6 following immunization. On day 7 after immunization
BrdU incorporation was determined by intra-nuclear staining with anti-BrdU (B9285, Sigma-Aldrich) and anti-Ki67
(556027, BD Biosciences).

[0049] Invivo CTL assay. For the in vivo CTL assay, OVA,57.564 peptide-pulsed or control peptide-pulsed spleen cells
(as target cells) from syngeneic mice were labeled with a high dose of CFSE (5 wM) or low dose of CFSE (0.5 pM),
mixed at 1:1 (2.5 X 108 of each) before injection. Target cells were i.v. injected into immunized mice on day 4 after re-
challenge with cognate antigen protein. The CTL activity was determined 4 hours after target cell transfer. Specific lysis
is calculated using the following formulas: ratio = (% CFSEhigh/% CFSElow), % specific lysis = [1 - (ratio primed/ratio
unprimed)] X 100%.

[0050] Tumor studies: Mice were inoculated i.v. with 5 X 105 B16-OVA tumor cells on day 25 after immunization. On
day 21-post tumor injection, mice were sacrificed and the lung tissue was perfused with PBS. The number of tumor foci
on the lung tissue was counted.

[0051] T-cell transfer experiments: Purified CD8+ T cells (1 X 108) from Thy1.1+OT-1 transgenic mice were i.v. injected
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into Thy 1.2+ WT or B7-H1-deficient recipient mice, followed by immunization with OVA plus poly I:C. On day 7 after
immunization, transferred CD8+ T cells were identified by their expression of Thy1.1 and used for detection of intracellular
expression of Bim, Bcl-2 and Bcl-xL. Equal numbers of Cd80-/- (CD45.2+) and WT OT-1 (Thy1.1+, CD45.2+) CD8+ T
cells (108 of each) were i.v. injected into CD45.1+ mice followed with immunization of OVA and poly I:C. The transferred
OT-1 CD8+ T cells in the spleen were identified by flow cytometry.

[0052] In vitro T-cell activation and culturing with fusion proteins: Spleen cells were harvested from naive mice and
pre-activated with ConA (5 pg/mL, L7647, Sigma-Aldrich) for 48 hours. Following activation, CD8+ T cells were purified
(EasySep CD8+ T-cell negative selection kit, Stem Cell Technologies) and incubated with plate-bound anti-CD3 (BD
Biosciences) and B7-H1 Fc fusion protein or control Fc protein (R&D Systems). Cultures were maintained for indicated
time periods, and then cells were harvested for analysis.

[0053] Western blotting: Cells were lysed with NETN buffer (0.5% NP40, 150 mM NaCl, 50 mM Tris and 1 mM EDTA).
Cell lysates were boiled and run on SDS-PAGE gels (BioRad), transferred to nitrocellulose membrane (Millipore), and
blotted using standard procedures.

[0054] Quantitative RT-PCR: Total RNA was isolated from purified CD8+ T cells (RNeasy Kit, Qiagen), and reverse
transcribed (iScriptcDNA synthesis kit, BioRad). Samples were analyzed for Bim transcript levels using Bcl211 primers
(Qiagen) and QuantiFast SYBR Green PCR Master Mix (Qiagen) on an iCycler (BioRad). GAPDH levels were used to
normalize data by the comparative CT method.

[0055] Statistical analysis: A two-sided, unpaired or paired Student’s t-test was used to assess statistical differences
in experimental groups. A p value < 0.05 was considered statistically significant.

Example 2 - More memory T cells are generated in the absence of B7-H1

[0056] The kinetics of CD8+ T-cell responses in the spleen and liver of WT and B7-H1-deficient C57BL/6 mice were
compared following immunization with ovalbumin (OVA) protein and polyinosinic:polycytidylic acid (poly (I:C)) as adju-
vant. An increased number of CD8+ T cells was observed at the peak of the immune response (day 7-post immunization)
in the spleen and liver of B7-H1-deficient mice as compared with WT mice. During the contraction phase (days 7 to 14
post-immunization), there was a significant delay in the reduction of antigen-specific CD8+ T cells in the spleen and liver
of B7-H1-deficient mice as compared with WT mice. On day 40 following immunization, more antigen-specific memory
CD8+ T cells were detected in B7-H1-deficient mice as compared with WT mice (FIG. 1). These data suggested that
host B7-H1 may regulate the extent of expansion and contraction of effector CD8+ T cells, thus influencing the size of
the memory CD8+ T-cell pool in both lymphoid and non-lymphoid tissues.

[0057] Studies were conducted to examine the extent to which B7-H1 regulates the generation of memory CD8+ T
cells in immunized mice, using KPOVA,57 564 tetramer (KPOVA-tet) to detect antigen-primed memory CD8+ T cells in
the spleen on day 4 after in vivo restimulation (OVA protein, administered on day 40 after primary immunization). Day
4 was selected for analysis because at this time point it is possible to distinguish a recall response from the primary
response (which takes 7 days to establish). Thus, naive mice did not show a significant increase of antigen-specific
CD8+ T cells on day 4 after immunization (FIG. 2A). The frequency of KPOVA-tet+ CD8+ T cells increased more than
2-fold in immunized B7-H1-deficient mice (0.38%) as compared with WT mice (0.16%; p < 0.05; FIG. 2A). This increase
was reflected in the absolute cell numbers (p = 0.001; FIG. 2B). In addition to having increased numbers of memory
CD8+ T cells, an increased percentage of memory CD8+ T cells capable of producing multiple cytokines was detected
in the spleens of B7-H1-deficient mice (0.73% IFNy+/TNFa+, 0.17% IFNy+/IL-2+) as compared with WT mice (0.24%
IFNy+/TNFo+, 0.07% IFNy+/IL-2+; p < 0.05; FIG. 2C). An in vivo CTL assay to measure cytolytic activity of the memory
CD8+ T cells also was performed. On day 4 after in vivo re-stimulation, OVA peptide- or control peptide-pulsed target
cells (syngeneic splenocytes labeled with either high or low CFSE) were injected into immunized WT and B7-H1-deficient
mice. Four hours following cell injection, the remaining CFSE positive cells in the spleen were analyzed. Memory CD8+
T cells in the B7-H1-deficient mice lysed more OVA-peptide pulsed target cells (33.5%) than those in WT mice (9.3%,
p < 0.01; FIG. 2D). Collectively, these data suggest that B7-H1 negatively regulates the generation of memory CD8+ T
cells in immunized mice.

[0058] Ahallmark of memory CD8+ T cells is their rapid recall response to cognate antigens, so studies were conducted
to determine whether the increased memory poolin B7-H1-deficient mice would lead to a more protective recall response.
B16-OVA melanoma tumor cells (engineered to express OVA) were injected into immunized WT and B7-H1-deficient
mice. Intravenously injected B16-OVA tumor cells form metastases in the lung, and antitumor immunity can be monitored
by counting the number of tumor foci. On day 4 following intravenous injection of 5 X 105 B16-OVA tumor cells, the
frequency of functional memory CD8+ T cells in the lungs of WT and B7-H1-deficient mice was determined by intracellular
staining for IFNy. About 4 to 5-fold more IFNy+ CD8+ T cells were detected in the lungs of B7-H1-deficient mice as
compared with WT mice (p < 0.01; FIG. 3A). On day 21-post tumor injection, the number of tumor metastases in the
lungs of naive B7-H1-deficient mice was comparable to that of naive WT mice (p = 0.43; FIG. 3B). Fewer tumor metastases
formed in the lungs of immunized WT mice as compared with naive WT mice (p = 0.001). Significantly, tumor metastases
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were completely rejected in the lungs of immunized B7-H1-deficient mice (FIG. 3B), suggesting that a more efficient
CD8+ T-cell memory population is established in the absence of B7-H1.

Example 3 - Bim expression is reduced in antigen-primed CD8+ T cells in the absence of B7-H1

[0059] Studies were conducted to determine which mechanisms could be responsible for the increased population of
memory CD8+ T cells in B7-H1-deficient mice by examining the proliferation and apoptosis of antigen-primed CD8+ T
cells following immunization. CD11a was used as a surrogate activation marker. An advantage of this method is that
CD11ahigh CD8+ T cells represent antigen-primed CD8+ T cells that are responsive to undefined antigen epitopes not
recognized by tetramers. CD11ahigh CD8+ T cells were detected at low levels in the spleens of naive WT and B7-H1-
deficient mice (FIG. 4A). On day 7 after immunization, the percentage of CD11ahigh CD8+ T cells increased more than
2-fold in the spleens of B7-H1-deficient mice (41.5%) as compared with immunized WT mice (17.2%; p < 0.01; FIGS.
4A and 4B), consistent with the results obtained by tetramer staining (FIG. 1). Seven to 15% of CD11ahigh CD8+ T cells
from WT and B7-H1-deficient mice were specific for the known H-2KP-restricted OVA,57.64 €pitope based on tetramer
staining, and CD11a!°% CD8+ T cells did not contain tetramer+ cells (FIG. 4C), suggesting that all antigen-specific CD8+
T cells are found in the CD11ahigh CD8+ T-cell population. In addition, the CD11ahigh CD8+ population from both WT
and B7-H1-deficient mice, but not the CD11alow CD8+ T-cell population, produced IFNy and underwent degranulation
(indicated by CD107a surface expression) following ex vivo restimulation (FIG. 4D). As T-cell responses against diverse
epitopes are coordinately regulated, these data further support the concept that the CD11aMigh CD8+ T-cell population
represents true OVA-specific CD8+ T cells. Nearly 80-90% of OVA-induced CD11ahigh CD8+ T cells were reactive
against undefined antigen epitopes of the OVA protein (FIG. 4C). Therefore, the CD11aMigh CD8+ T-cell population could
be used to represent a majority of the antigen-primed CD8+ T cells during primary T-cell responses. In the following
studies, CD11ahigh was used as a marker to track antigen-specific CD8+ T cells.

[0060] The proliferation of effector CD8+ T cells following immunization was examined by staining cells for Ki67, a
nuclear protein associated with cell proliferation (Gerdes et al. (1984) J. Immunol. 133:1710-1715). The percent of Ki67+
cells increased in CD1 1ahigh CD8+ T cells from B7-H1-deficient mice (9.32%) as compared with WT mice (7.5%), but
thisincrease was not statistically significant (FIG. 5A). Proliferation also was monitored by performing a BrdU incorporation
assay to measure the ongoing proliferation of CD8+ T cells following immunization. In this assay, the percentage of
BrdU+ CD11ahigh CD8+ T cells also was similar between WT (6.05%) and B7-H1-deficient mice (5.59%; FIG. 5B). Ki67+
or BrdU+ cells were mainly detected in the CD1 1ahigh CD8+ T cells but not in CD11alow CD8+ T cells, suggesting that
CD11ahigh CD8+ T cells are proliferating following antigen-stimulation (FIGS. 5A and 5B). These results suggested that
the observed increased population of antigen-primed CD8+ T cells in B7-H1-deficient mice is not due to an increased
proliferation of this cell compartment, as compared with WT mice.

[0061] Studies were then conducted to evaluate whether decreased apoptosis of antigen-primed CD8+ T cells could
contribute to the observed increased population of antigen-primed CD8+ T cells in immunized B7-H1-deficient mice. As
discussed above, the Fas/Fas ligand death receptor pathway is implicated in regulation of T-cell contraction, so the
surface expression levels of Fas and Fas ligand on effector CD8+ T cells were measured on day 7 after immunization.
Expression of Fas and Fas ligand was detected at similar levels in WT and B7-H1-deficient mice. These results suggest
that the observed increased population of effector CD8+ T cells is not due to a change in Fas-induced apoptosis in B7-
H1-deficient mice. The mitochondrial pathway for apoptosis was investigated by analyzing levels of Annexin V and
tetramethylrhodamine ethyl ester (TMRE) staining. TMRE is a fluorescent marker that is incorporated into intact mito-
chondria, and cells undergoing apoptosis show reduced TMRE staining as compared with live cells (Jayaraman, J.
Immunol. Methods 306:68-79, 2005). These studies revealed that fewer antigen-primed CD11ahigh CD8+ T cells were
undergoing apoptosis (TMRE'®% Annexin V+) in B7-H1-deficient mice (3.4%) as compared with WT mice (6.7%, p <
0.05; FIGS. 5C and 5D). These results suggested that decreased levels of mitochondrial apoptosis may contribute to
the observed increased population of antigen-primed CD8+ T cells in B7-H1-deficient mice.

[0062] Experiments were conducted to look for alterations in the expression of apoptosis-regulating molecules in
effector CD8+ T cells. Intracellular levels of the pro-apoptotic molecule Bim and the anti-apoptotic molecules Bcl-2 and
Bcl-x, were measured in CD11ahigh CD8+ T cells freshly isolated from the spleen on day 7 after immunization of naive
mice. Lower intracellular expression levels of Bim were observed in CD11ahigh CD8+ T cells from B7-H1-deficient mice
than in the same cells obtained from WT mice (p < 0.001; FIGS. 6A and 6B), while the expression levels of Bcl-2 and
Bcl-x, were comparable in WT and B7-H1-deficient mice (FIG. 6A). The expression of Bim, Bcl-2 and Bcl-x, were
comparable in CD11alow CD8+ T cells from B7-H1-deficient and WT mice (FIG. 6A). Intracellular expression levels of
Bim also were analyzed in CD11ahish CD8+ T cells isolated from the liver on day 7 after immunization of naive mice.
Again, lower intracellular expression levels of Bim were observed in CD11ahigh CD8+ T cells from B7-H1-deficient mice
as compared with WT mice (FIG. 6C). Finally, intracellular expression levels of these proteins were examined in CD11ahigh
CD8+ T cells isolated from the spleen of naive mice, and no significant differences were observed in B7-H1-deficient
vs. WT mice in the expression levels of Bim (FIG. 6D), Bcl-2 or Bel-x . These data suggested that the downregulation
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of the pro-apoptotic molecule Bim may contribute to the observed increased population of antigen-primed effector CD8+
T cells in B7-H1-deficient mice.

[0063] To exclude the possibility that the downregulation of Bim in B7-H1-deficient mice would be due to an intrinsic
change in B7-H1-deficient T cells, transfer experiments were performed in which naive OT-1 CD8+ T cells (Thy1.1+)
were injected into WT or B7-H1-deficient mice (Thy1.2+). Following transfer of the OT-1 CD8+ T cells, host mice were
immunized with OVA plus poly I:C. On day 7 after immunization, the intracellular levels of Bim, Bcl-2, and Bcl-x; were
measured in transferred OT-1 CD8+ T cells freshly isolated from spleen and liver. OT-1 CD8+ T cells transferred into
B7-H1-deficient hosts expressed lower levels of Bim in both the spleen and liver as compared with the OT-1 CD8+ T
cells transferred into WT hosts (FIG. 7). The expression of Bcl-2 and Bcl-x_ in OT-1 CD8+ T cells transferred into WT
or B7-H1-deficient mice was comparable (FIG. 7). These data suggested that the downregulation of Bim in B7-H1-
deficient mice is not due to an intrinsic change in B7-H1-deficient T cells, but rather to host B7-H1 interacting with one
of its binding partners on CD8+ T cells.

[0064] Next, antibodies that block the interaction between B7-H1 and PD-1 or between B7-H1 and CD80 were used
to examine if blocking either of these pathways would impact Bim expression levels. On days 1 and 3 afterimmunization
of WT mice with OVA plus poly I:C, an anti-PD-1 antibody (G4) that only blocks PD-1 binding to B7-H1 (Hirano et al.
(2005) Cancer Res. 65:1089-1096) or an anti-B7-H1 antibody (43H12) that only blocks B7-H1 binding to CD80 (Park et
al. (2010) Blood 116:1291-1298) was injected. On day 7 after immunization, Bim expression levels in CD11ahigh CD8+
T cells were compared between groups with or without antibody blockade. Antibodies blocking the interaction between
B7-H1 and PD-1 or between B7-H1 and CD80 both reduced the expression of Bim in primed CD8+ T cells as compared
with control antibodies, whereas the expression of Bcl-2 and Bcl-x remained unaffected. These results suggested that
the downregulation of Bim in B7-H1-deficient mice might be due to a lack of interaction between B7-H1 and its binding
partners, PD-1 and CD80.

[0065] After an acute viral infection, more central memory T cells accumulate in the lymphoid organs of PD-1-deficient
mice as compared with WT mice, indicating that PD-1 signaling negatively regulates memory T-cell generation (Allie et
al. (2011) J. Immunol. 186:6280-6286). The relevance of CD80 signaling in the regulation of memory generation was
addressed by transferring equal numbers of CD80-deficient OT-1 and WT OT-1 naive CD8+ T cells into CD45.1+ mice.
One day after T-cell transfer, host mice were immunized with OVA plus poly I:C. On day 21 after immunization, the
frequency and phenotype of the transferred CD80-deficient and WT OT-1 CD8+ T cells was analyzed. On day 21 after
immunization, a 2-fold increased percentage of CD80-deficient OT-1 CD8+ T cells as compared with WT OT-1 CD8+
T cells was detected in the spleen, indicating that the transferred CD80-deficient OT-1 CD8+ T cells generated more
memory T cells as compared with WT OT-1 CD8+ T cells. Surface staining confirmed that these cells had a central
memory phenotype (CD44hi CD62LN). The recall response of the memory population generated from transferred cells
was investigated by injecting the hosts with OVA plus poly I:C on day 30 after the initial immunization, and 3 days later
the frequency and phenotype of the transferred cells was analyzed. An increased percentage of CD80-deficient OT-1
CD8+ T cells as compared with WT OT-1 CD8+ T cells was detected in the spleen (p = 0.013). Surface staining confirmed
that these cells had an effector memory phenotype (CD44hi CD620'°). Taken together, these data demonstrated that
Cd80-/- OT-1 CD8+ T cells generated more memory T cells as compared their WT counterparts, indicating that CD80
expressed by CD8+ T cells may negatively regulate memory T-cell generation.

Example 4 - B7-H1 enhances Bim expression in activated CD8+ T cells

[0066] Studies were conducted to investigate how B7-H1 might regulate Bim levels in activated CD8+ T cells. Pre-
activated WT CD8+ T cells were incubated with platebound B7-H1 fusion protein for 48 hours in the presence of TCR
stimulation (anti-CD3 antibody). Bim expression was analyzed by western blotting, and increased expression levels
were observed in CD8+ T cells cultured in the presence of B7-H1 fusion protein, as compared with a control fusion
protein (FIG. 8A). Bim expression also was analyzed by intracellular flow cytometry, revealing that the B7-H1 fusion
protein dramatically increased the levels of Bim protein in CD8+ T cells compared with a control fusion protein (p < 0.02;
FIGS. 8B and 8C). In the absence of anti-CD3 antibodies, Bim levels did not increase upon incubation with B7-H1 fusion
protein, suggesting that B7-H1 provides a co-stimulatory signal for Bim upregulation. Accordingly, the absolute number
of live cells was also reduced in CD8+ T cells cultured in the presence of B7-H1 fusion protein compared with a control
protein (p < 0.01; FIG. 8D). Increased levels of cells undergoing apoptosis (TMRE!'®W Annexin V+) were observed in
cultures of activated CD8+ T cells exposed to the B7-H1 fusion protein and anti-CD3 (12.4%) as compared with cells
cultured with control fusion protein and anti-CD3 (4.1%, FIG. 8E). The induction of apoptosis by B7-H1 fusion protein
was lostin CD8+ T cells isolated from Bim-deficient and Bcl-2 transgenic mice (FIG. 8E), suggesting that B7-H1-induced
T-cell apoptosis may be dependent on the Bim-mediated mitochondrial pathway of apoptosis.

[0067] To examine which receptor of B7-H1 is involved in mediating Bim upregulation, pre-activated WT CD8+ T cells
were incubated with plate-bound B7-H1 fusion protein pre-blocked with anti-B7-H1 (10B5 or 43H12) or anti-PDI (G4)
antibodies. The 10B5 antibody blocks the interaction of B7-H1 with both PD-1 and CD80. Both 10B5 and G4 antibodies
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completely blocked Bim upregulation induced by B7-H1 fusion protein, while 43H12 only partially, but significantly, did
so (FIG. 8F). None of the antibodies used in this experiment had effects on Bim expression levels in cells cultured with
control fusion protein, indicating that their effect on Bim expression levels is due to blocking the interaction between B7-
H1/PD-1 or B7-H1/CD80, and not due to a non-specific effect. These results suggest that B7-H1 may use PD-1 or CD80
on CD8+ T cells to deliver co-stimulatory signals for the upregulation of Bim.

[0068] The mechanism by which B7-H1 regulates Bim expression levels was then examined. mRNA levels of Bcl211,
which encodes the Bim protein, were examined by quantitative real-time PCR analysis using mRNA isolated from pre-
activated CD8+ T cells that were exposed to B7-H1 fusion protein or to a control fusion protein and anti-CD3 for 24
hours. Incubation of pre-activated CD8+ T cells with B7-H1 fusion protein did not increase the levels of Bcl211 (FIG.
9A), indicating that the B7-H1-mediated upregulation of Bim does not result from transcriptional regulation. The degra-
dation of Bim is tightly regulated, at least in part via the activation of Akt followed by Akt-mediated Bim phosphorylation
and degradation (Qi et al. (2006) J. Biol. Chem. 281:813-823). The level of Akt activation in CD8+ T cells after B7-H1
engagement was measured by intracellular flow cytometry for phosphorylated-Akt (Ser473). CD8+ T cells cultured with
B7-H1 fusion protein exhibited decreased levels of phosphorylated Akt as compared with CD8+ T cells cultured with a
control fusion protein (p < 0.01; FIGS. 9B and 9C). As phosphorylation of Akt at Ser473 is regulated by activation of
mTOR (Sarbassov et al. (2005) Science 307:1098-1101; and Jacinto et al. (2006) Cell 127:125-137), studies were
conducted to examine whether B7-H1 regulates phosphorylation of mTOR in vitro. Unexpectedly, there was no difference
in levels of phospho-mTOR in CD8+ T cells cultured with B7-H1 fusion protein and cells cultured with control fusion
protein (FIGS. 9B and 9C). These results suggested that CD8+ T-cell engagement with B7-H1 inhibits the activation of
Akt, resulting in decreased degradation of Bim.

Example 5-Bimisincreased in tumor-reactive CD8+ T cells in peripheral blood of melanoma and prostate cancer patients

[0069] Peripheral blood lymphocytes were isolated from 26 patients with stage IV (advanced) melanoma, and from
11 healthy blood donors. Lymphocytes were stained with CD8, CD11a and PD-1 followed with intracellular staining for
Bim. High expression of CD11a by CD8 T cells was used to identify antigen-primed T cells. Tumor-reactive CD8+ T
cells were defined by their expression of CD11ahigh and PD-1+ (FIG. 13, left panel). The histograms shown in the right
panel of FIG. 13 indicate expression of Bim by subsets of CD8+ T cells (Tn: T naive cells; PD-1-, PD-1 negative primed
cells; PD-1 +, PD-1 positive primed cells). Of note, only PD-1+ primed cells (tumor-reactive) CD8+ T cells expressed
high levels of Bim. Bim expression was increased in tumor-reactive CD8+ T cells in peripheral blood of melanoma
patients as compared to the healthy controls, and also was increased in tumor-reactive CD8+ T cells in peripheral blood
of prostate cancer patients as compared to healthy controls (FIG. 14). The Bim upregulation in melanoma patients was
PD-1 dependent, as depicted in FIG. 15. When levels of Bim were compared between PD-1 negative (PD-1-) and PD-
1 positive (PD-1+) CD11ahigh CD8+ T cells, Bim was found to be significantly increased in the PD-1+ populations
(p=0.0081) in melanoma patients. In contrast, Bim expression was not increased in PD-1+ T cells in healthy donors,
suggesting that Bim upregulation is dependent on PD-1 expression and is cancer-related.

[0070] Further, when melanoma patients were broken into "Bim low" vs. "Bim high" categories based on the level of
Bim expression in tumor-reactive PD-1+CD11aMgh CD8+ T cells in the peripheral blood (FIG. 16, left panel), the survival
rate for patients with Bimnigh PD-1+CD8+ T cells was reduced as compared to the survival rate for patients with. Bim'ow
PD-1+CD8+ T cells (FIG. 16, right panel).

Example 6 - B7-H1 protein induces high expression of Bim in human pre-activated CD8+ T cells

[0071] Since Bim up-regulationis a consequence of interaction between B7-H1 and PD-1, experiments were conducted
to test whether an anti-PD-1 blocking antibody can reduce B7-H1-induced Bim up-regulationin T cells. An in vitro system
was established in which pre-activated human primary CD8+ T cells were incubated with a B7-H1/PD-L1 fusion protein
to induce Bim up-regulation. As shown in FIG. 17A (right panel), a significant up-regulation of Bim (presented as MFI)
was induced the B7-H1/PD-L1 fusion (P<0.05, n=6). The increased Bim expression is further demonstrated by a flow
cytometry histogram (FIG. 17A, left panel) and a Western blotting assay (FIG. 17B).

[0072] Using this system, several commercially available anti-human PD-1 antibodies were screened for their blocking
effects, and one anti-PD-1 antibody (clone MIH4) was identified that significantly blocked B7-H1-induced Bim up-regu-
lation in a dose dependent fashion (FIG. 18, left panel). Since B7-H1 induced different degrees of Bim up-regulation in
individual healthy donors, experiments were conducted to examine whether different degrees of Bim up-regulation would
affect the blocking effects of the anti-PD-1 antibody. Interestingly, it was observed that higher levels of Bim induced by
B7-H1 had a negative correlation with Bim reduction by anti-PD-1 blocking antibody (FIG. 18, right panel; Pearson R =
-0.71,n =12, P < 0.05). These results suggested that pre-existing Bim levels in CD8+ T cells might affect the efficiency
of anti-PD-1 blockade. Thus, measuring Bim levels before treatment could help to determine the degree to which an
anti-PD-1 antibody might block the impact of PD-1 signals on antitumor T cell responses.
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Example 7 - Anti-PD-1 treatment reduced the frequency of Bim+ PD-1+tumor-reactive CD8 T cells

[0073] Next, studies were conducted to evaluate the impact of the anti-PD-1 antibody on Bim expression by tumor-
reactive CD8 T cells in cancer patients. Peripheral blood lymphocytes were collected from patients with advanced
melanoma (Stage V) before and 12 weeks post anti-PD-1 treatment. Tumor-reactive CD8 T cells were identified by
their high expression of CD11a and expression of PD-1. Bim expression was analyzed by intracellular staining. The
percentage of Bim+PD-1+in CD11ahigh CD8+ T cells was compared between healthy people and melanoma patients,
and between melanoma patients before and after treatment with anti-PD-1 antibody. As shown in FIG. 19, the frequency
of Bim+PD-1+CD8 T cells in the peripheral blood of melanoma patients (before treatment, n = 29) was significantly
higher than in the healthy control group (p = 0.0012, n = 14), suggesting that more PD-1+CD8 T cells are under the
influence of the PD-1/B7-H1 interaction that leads to up-regulation of Bim. Importantly, twelve weeks after anti-PD-1
antibody therapy (2 mg/kg, one cycle), about 67% (6/9) of the melanoma patients demonstrated a significant reduction
in the frequency of Bim+PD-1+CD8 T cells (p = 0.023, n=6). These results indicated that measurement of Bim expressed
by PD-1+CD8 T cells could be used to monitor the responses of cancer patients to anti-PD-1 therapy, which may block
B7-H1-induced Bim up-regulation. A reduced frequency or level of Bim expressed by PD-1+ CD8 T cells in cancer
patients after anti-PD-1 therapy may be used to assess which patients are responsive to the therapy.

Example 8 - B7-H1 expressed by tumor cells induces Bim up-regulation in human pre-activated CD8 T cells

[0074] Since most human solid tumor cells express elevated levels of B7-H1, the function of tumor cell-expressed B7-
H1 in T cell Bim expression was examined. Pre-activated human primary CD8 T cells were incubated with cells from a
human melanoma line (624mel) that were transfected with B7-H1 cDNA or with control mock cDNA, for 24 hours. As
shown in FIG. 20, intracellular expression of Bim was dramatically increased in CD8 T cells cultured with B7-H1/624mel
cells, as compared to mock/624mel cells (p < 0.01). This result suggested that B7-H1 expressed by human tumor cells
has the potential to up-regulate Bim in pre-activated CD8 T cells.

Example 9 - Bim expression is associated with B7-H1 expression in human RCC

[0075] The ability of B7-H1 to up-regulate Bim in pre-activated, but not newly activated, CD8+ T cells, implied that
reactivation of tumor-reactive CD8+ T cells at tumor sites could be dampened through this mechanism by B7-H1 positive
tumor cells. To test this possibility, human cancer tissues stained for B7-H1 and Bim were evaluated. The hypothesis
was that B7-H1 positive human cancer tissues would be associated with more Bim positive tumor-infiltrating lymphocytes
(TILs). As shown in FIG. 21 (left panel), human renal cell carcinoma tissues were stained with anti-B7-H1 and anti-Bim
antibodies in immunohistochemistry assays. B7-H1 reactivity was identified on the surface of cancer cells, while Bim
positive staining was identified on cancer cells and also on TILs (FIG. 21, left panel). Bim reactivity was determined by
an arbitrary scoring system: 0 (absence), 1(focal), 2 (moderate), and 3 (marked). The association between B7-H1 positive
or negative tumors and the frequency of Bim reactivity at different levels is demonstrated in the right panel of FIG. 21,
and was analyzed using Fisher’s exact test. B7-H1 positive tumors were found in general to have a higher degree (2-3
scores) of Bim positive TlLs than B7-H1 negative tumors (Fisher’s exact test, p<0.01). These results suggest that B7-
H1 positive tumors can induce more death in tumor-reactive T cells at tumor sites via up-regulation of Bim when these
T cells are re-activated with tumor antigen stimulation.

Example 10 - Bim expression is correlated with Granzyme B and T-bet expressed by cancer-related PD-1+ CD11ahigh
CD8+ T cells

[0076] To examine whether up-regulation of Bim is associated with effector T cells, the levels of Granzyme B (an
executive molecule of cytotoxic T lymphocytes, CTL) and T-bet (a transcription factor of CTL) were measured in PD-1+
CD11ahigh CD8 T cells from the blood of melanoma patients, and their correlation to Bim levels was analyzed. As shown
in FIG. 22, positive correlations between levels of Bim and Granzyme B (left panel; r = 0.51, p < 0.05) and between
levels of Bim and T-bet (right panel; r = 0.62, p < 0.01) were observed. These results suggested that higher levels of
Bim expression are associated with effector T cell differentiation or function. These data also imply that up-regulation
of Bim may be used by B7-H1 positive tumor cells to induce apoptosis of tumor-reactive CD8 T cells, especially of CD8
T cells with effector function.

Example 11 - Bim expression declines in PD-1+ CD11ahigh CD8 T cells following radiotherapy in some cancer patients

[0077] To observe how the levels of Bim in tumor-reactive CD8 T cells respond to therapy, Bim levels were measured
in PD-1+ CD11ahigh CD8 T cells from the peripheral blood of patients with melanoma and prostate cancers before and
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post radiotherapy. As shown in FIG. 23 (left panel), decreased levels of Bim were observed in melanoma patients post
radiotherapy. In contrast, increased levels of Bim were observed in prostate cancer patients post radiotherapy (right
panel). Due to the limited numbers of patients in this study, these changes did not reach statistical significance. However,
these changes in Bim levels after tumor cytotoxic therapy suggested that destruction of tumor tissues could alter the
antigen stimulation and B7-H1 expression that would result in alterations in Bim expression, which is dependent on both
antigen stimulation and B7-H1 engagement with PD-1 on CD8 T cells. Taken together, these studies indicate that
measurement of Bim levels in tumor-reactive PD-1 + CD8 T cells could be used as a biomarker to monitor T cell responses
to antigens and PD-1 ligands (e.g., B7-H1) expressed by human tumor cells.

Embodiments

[0078] Although the present invention is defined in the attached claims, it should be understood that the present
invention can also (alternatively) be defined in accordance with the following embodiments:

1. A method for treating a mammal having cancer, wherein said method comprises:

(a) identifying said mammal as containing an elevated level of Bim, and

(b) administering to said mammal an anti-B7-H1 antibody, an anti-PD-1 antibody, an anti-CD80 antibody, a
fusion protein comprising a portion of PD-1 linked to an immunoglobulin Fc sequence, or a fusion protein
comprising a portion of CD80 linked to an Ig Fc sequence, under conditions wherein the interaction of naturally-
occurring B7-H1 with PD-1 or CD80 in said mammal is reduced after said administering.

2. The method of embodiment 1, wherein said mammal is a human.

3. The method of embodiment 1, wherein said elevated level of Bim is based on Bim protein levels.

4. The method of embodiment 1, wherein said elevated level of Bim is based on Bc/l271 mRNA levels.

5. The method of embodiment 1, wherein said cancer is a melanoma cancer, a breast cancer, a lung cancer, a renal
cell carcinoma cancer, a pancreas cancer, a prostate cancer, a colon cancer, a brain cancer, a liver cancer, or an
ovarian cancer.

6. A method for treating cancer, wherein said method comprises administering an anti-B7-H1 antibody, an anti-PD-
1 antibody, an anti-CD80 antibody, a fusion protein comprising a portion of PD-1 linked to an immunoglobulin Fc
sequence, or a fusion protein comprising a portion of CD80 linked to an immunoglobulin Fc sequence to a mammal
identified as containing an elevated level of Bim, wherein said antibody or fusion protein is administered under
conditions wherein the interaction of naturally-occurring B7-H1 with PD-1 or CD80 in said mammal is reduced after
said administering.

7. The method of embodiment 6, wherein said mammal is a human.

8. The method of embodiment 6, wherein said elevated level of Bim is based on Bim protein levels.

9. The method of embodiment 6, wherein said elevated level of Bim is based on Bc/l2711 mRNA levels.

10. The method of embodiment 6, wherein said cancer is a melanoma cancer, a breast cancer, a lung cancer, a

renal cell carcinoma cancer, a pancreas cancer, a prostate cancer, a colon cancer, a brain cancer, a liver cancer,
or an ovarian cancer
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SEQUENCE LISTING

<110> Mayo Foundation for Medical Education and Research

<120> METHODS FOR TREATING CANCER IN PATIENTS
WITH ELEVATED LEVELS OF BIM

<130> 07039

<150>
<151>

Us 61
2013-

<160> 6
<170>

<210> 1
<211> 873
<212> DNA
<213> Homo

<400> 1

atgaggatat
gtcacggttce
aaattcccag
gataagaaca
tacagacaga
atcacagatg
gccgactaca
attttggttg
cccaaggecg
accaccaatt
acaacaacta
acagctgaat
ttggtaattc
ttaagaaaag
aagcaaagtg

<210> 2
<211> 290
<212> PRT
<213> Homo

<400> 2

Met Arg Ile
1

Asn

Ala Phe

Gly Asn
35
Ala

Ser

Leu
50
Gln

Asp

Ile
65
Tyr

Phe

Arg Gln

Ala Ala Leu
Met
115

Asn

Arg Cys

Lys Val

-1283EP2

/885,218
10-01

sapiens

ttgctgtcett
ccaaggacct
tagaaaaaca
ttattcaatt
gggcccggcet
tgaaattgca
agcgaattac
tggatccagt
aagtcatctg
ccaagagaga
atgagatttt
tggtcatcce
tgggagccat
ggagaatgat
atacacattt

sapiens

Phe Ala
5
Thr Vval
20
Met Thr

Ala Leu

Val His
Arg Ala
85
Gln Ile
100
Ile Ser

Ala Pro

Val
Thr
Ile
Ile
Gly
70

Arg
Thr
Tyr

Tyr

FastSEQ for Windows Version 4.0

tatattcatg
atatgtggta
attagacctg
tgtgcatgga
gttgaaggac
ggatgcaggg
tgtgaaagtc
cacctctgaa
gacaagcagt
ggagaagctt
ctactgcact
agaactacct
cttattatgc
ggatgtgaaa
ggaggagacg

acctactggce
gagtatggta
gctgcactaa
gaggaagacc
cagctctcce
gtgtaccgcet
aatgccccat
catgaactga
gaccatcaag
ttcaatgtga
tttaggagat
ctggcacatc
cttggtgtag
aaatgtggca
taa

Phe Ile Phe Met Thr

10

Val Pro Lys Asp Leu

25
Glu Cys Lys Phe Pro
40
Val Tyr
55

Glu

Trp Glu Met

Glu Asp Leu Lys

75

Leu Leu Lys Asp Gln

Asp Val Lys Leu Gln

105
Gly Gly Ala
120

Lys

Asp Tyr

Asn Ile Asn Gln

16

atttgctgaa
gcaatatgac
ttgtctattg
tgaaggttca
tgggaaatgc
gcatgatcag
acaacaaaat
catgtcaggc
tcctgagtgg
ccagcacact
tagatcctga
ctccaaatga
cactgacatt
tccaagatac

Tyr Trp His
Val
30

Lys

Tyr Val

Val Glu
45
Glu Asp
60

Val

Lys

Gln His

Leu Ser Leu

Ala Gly
110
Ile

Asp
Lys Arg
125
Ile

Arg Leu

cgcatttact
aattgaatgc
ggaaatggag
gcatagtagce
tgcacttcag
ctatggtggt
caaccaaaga
tgagggctac
taagaccacc
gagaatcaac
ggaaaaccat
aaggactcac
catcttcegt
aaactcaaag

Leu Leu
15
Glu Tyr

Gln Leu

Asn Ile

Ser
80
Asn

Ser
Gly
Val Tyr
Thr Val

val val

60

120
180
240
300
360
420
480
540
600
660
720
780
840
873
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Asp
145
Pro
Gly
Val
Cys
val
225
Leu

Phe

Gly

130
Pro

Lys
Lys
Thr
Thr
210
Ile
Val

Ile

Ile

Val
Ala
Thr
Ser
195
Phe
Pro
Ile

Phe

Gln
275

Thr
Glu
Thr
180
Thr
Arg
Glu
Leu
Arg

260
Asp

Ser
val
165
Thr
Leu
Arg
Leu
Gly
245

Leu

Thr

Glu
150
Ile
Thr
Arg
Leu
Pro
230
Ala
Arg

Asn

135
His

Trp
Asn
Ile
Asp
215
Leu
Ile
Lys

Ser

EP 3 470 081 A1

Glu
Thr
Ser
Asn
200
Pro
Ala
Leu

Gly

Lys
280

Leu
Ser
Lys
185
Thr
Glu
His
Leu
Arg

265
Lys

Thr
Ser
170
Arg
Thr
Glu
Pro
Cys
250
Met

Gln

Cys
155
Asp
Glu
Thr
Asn
Pro
235
Leu

Met

Ser

140
Gln

His
Glu
Asn
His
220
Asn
Gly

Asp

Asp

Ala
Gln
Lys
Glu
205
Thr
Glu
Val

Val

Thr
285

Glu
Val
Leu
190
Ile
Ala
Arg
Ala
Lys

270
His

Gly
Leu
175
Phe
Phe
Glu
Thr
Leu
255
Lys

Leu

Tyr
160
Ser
Asn
Tyr
Leu
His
240
Thr
Cys

Glu

Glu Thr

290

<210> 3
<211> 948
<212> DNA
<213> Homo

<400> 3

gcctgageag
ggcgeectgyg
agactcccca
cgaaggggac
aaactggtac
ccgcagccag
cttccacatg
catctcectg
agagagaagg
gttccaaacce
ctgggtectg
cggccagccce
gctggatttc
gacggagtat
gggctcagece
ttggecececte

<210> 4
<211> 288
<212> PRT
<213> Homo

<400> 4

sapiens

tggagaaggce
ccagtegtcet
gacaggccct
aacgccacct
cgcatgagcc
cccggccagg
agcgtggtca
gcccccaagg
gcagaagtgce
ctggtggttyg
gcegtcecatcet
ctgaaggagg
cagtggcgag
gccaccattg
gacggcccte
tgaccggcett

sapiens

ggcactctgg
gggcggtget
ggaacccccce
tcacctgcag
ccagcaacca
actgccgett
gggcccggceg
cgcagatcaa
ccacagccca
gtgtcgtggg
gcteceecggge
acccctcage
agaagacccce
tctttectag
ggagtgccca
ccttggecac

tggggetget
acaactgggce

caccttctece
cttcteccaac
gacggacaag
ccgtgtcaca
caatgacagc
agagagcctg
ccccageccece
cggeetgetg
cgcacgaggg
cgtgectgtg
ggagcccccce
cggaatgggc
gccactgagg
cagtgttctg

ccaggcatge
tggcggecag
ccagcccetge
acatcggaga
ctggccgett
caactgccca
ggcacctacce
cgggcagagce
tcacccagge
ggcagcctgg
acaataggag
ttectetgtgg
gtgcecctgtg
acctcatccc
cctgaggatg
cagaccct

agatcccaca
gatggttctt
tegtggtgac
gcttegtget
tcccecgagga
acgggcgtga
tctgtgggge
tcagggtgac
cagccggeca
tgctgetagt
ccaggcgcac
actatgggga
tcecctgagea
ccgcccgeag
gacactgctc

Met
1
Leu

Asn
Asn
Leu

65
Ala

Gln
Gly
Pro
Ala
50

Asn

Phe

Ile
Trp
Pro
35

Thr
Trp

Pro

Pro
Arg
20

Thr
Phe
Tyr

Glu

Gln
5
Pro
Phe
Thr
Arg

Asp

Ala
Gly
Ser
Cys
Met

70
Arg

Pro
Trp
Pro
Ser
55

Ser

Ser

Trp
Phe
Ala
40

Phe

Pro

Gln

Pro
Leu
25

Leu
Ser

Ser

Pro

17

Val
10

Asp
Leu
Asn

Asn

Gly

vVal
Ser
vVal
Thr
Gln

75
Gln

Trp
Pro
Val
Ser
60

Thr

Asp

Ala
Asp
Thr
45

Glu
Asp

Cys

Val
Arg
Glu
Ser
Lys

Arg

Leu
15

Pro
Gly
Phe

Leu

Phe

Gln
Trp
Asp
Val
Ala

80
Arg

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
948
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Val Thr

Ala
Ala Pro
130
Thr Glu
145
Arg Pro

Leu Leu

Ser
Leu Lys
210
Glu Leu
225
Cys Val

Met Gly

Ser Ala

<210> 5

<211> 2757
<212> DNA
<213> Homo

<400> 5

gacaagtact
cgcctctetg
agagaacatc
atttttette
ccaatctcetg
tcatcagccece
ttggctttca
catcaccatc
ctcacttctg
cctgtggtca
agaagaaaat
accggaccat
ctgacgaggg
aacacctgge
actttgaaat
cagagcctca
tttceccaaga
caaccaacca
tcaactggaa
ttaccttaat
caagatgcag
aacagtgtcc
tgacctcttce
ctgctettag
gggcacagaa
ttctggaagg
gaggtgaccc
ttccetttat
agtgectgetg
ctaatgtcag

Gln
Arg Arg
115
Lys
Arg
Ala
Gly
Arg Ala
195
Glu
Asp
Pro

Thr

Gln
275

85
Leu Pro
100
Asn Asp

Ala Gln

Arg Ala

Asn

Ser

Ile

Glu Vval

EP 3

Thr
120
Glu

Gly

Lys
135
Pro

150

Gln
165
Leu

Gly

Ser
180
Ala Arg

Asp Pro

Phe Gln

Phe
Val
Gly
Ser Ala

Trp Arg

Gln Thr

Leu Leu

Thr TIle
200
val
215

Glu

230

Glu Gln
245
Ser Ser
260

Pro Leu

sapiens

gagtgaactc
aagattaccc
tcagaagtgg
agcaagctgt
tgtgttttgt
tgecectgtttt
cttttgacce
caagtgtcca
ttcaggtgtt
caatgtttct
ggtgctgact
ctttgatatc
cacatacgag
tgaagtgacg
tccaacttct
cctcetectgg
tcctgaaact
cagcttcatg
tacaaccaag
ctcagtaaat
agagagaagg
gcagaagcaa
tgggaacttc
gtgcttctte
gtagctctgg
gactttagag
gaattataaa
cagtttgact
gaagtagaat
agtagaagat

Thr
Pro

Arg

Glu Tyr
Ala

Glu
280

Pro

aaaccctctg
aaagaaaaag
agtcttaccce
gaaactaaat
aaacatcact
gcacctggga
taagcatctg
tacctcaatt
atccacgtga
gttgaagagc
atgatgtctg
actaataacc
tgtgttgtte
ttatcagtca
aatattagaa
ttggaaaatg
gagctctatg
tgtctcatca
caagagcatt
ggaatttttg
aggaatgaga
ggggctgaaa
ctcagatgga
acttcagttg
tgaccttgat
aataccagtg
ggccagcgec
gtggcectgtt
ttgtccaata
tttatgctge

Gly Arg Asp

Tyr

Thr
Leu
Val
Gly
Pro
Lys
Ala
Arg Arg

265
Asp

470 081 A1

90
Phe His
105

Leu Cys

Ser Leu Arg

Ala His
155
Val val
170

Trp Val
185

Ala Arg

Val Phe

Thr Pro
235
Thr Ile
250
Gly Ser

Gly His

taaagtaaca
tgatttgtca
tgaaatcaaa
ccacaacctt
ggagggtctt
agtgccetgg
aagccatggg
tctttecaget
ccaaggaagt
tggcacaaac
gggacatgaa
tctcecattgt
tgaagtatga
aagctgactt
ggataatttg
gagaagaatt
ctgttagcag
agtatggaca
ttcctgataa
tgatatgctg
gattgagaag
agatctgaag
caagattacc
ctttgcagga
caaggtgttt
ttattaatga
agaacccaga
aactggtata
acaggtcaac
tgtttacaaa

18

Met Ser
Ala
125
Glu

Gly

Ala
140
Pro Ser

Gly Val

Leu Ala

Thr
205
Vval

Arg

Ser
220
Glu Pro

Val Phe

Ala Asp

Ser
285

Cys

gaagttagaa
ttgctttata
ggatttaaag
tggagaccca
ctacgtgage
tcttacttgg
ccacacacgg
cttggtgctg
gaaagaagtg
tcgcatctac
tatatggcce
gatcctgget
aaaagacgct
ccctacacct
ctcaacctct
aaatgccatc
caaactggat
tttaagagtg
cctgetecea
cctgacctac
ggaaagtgta
gtecccaccte
ccaccttgece
agtgtctaga
tgaaatgcag
caaaggcact
tttcctaact
tacatatata
ttcagagact
agcccaatgt

Val
110
Ile
Leu
Pro
vVal
val
190
Gly
Asp
Pro
Pro
Gly

270
Trp

95
vVal

Ser Leu
Arg Val
Pro

160
Gly

Ser

Gly
175
Ile Cys

Gln Pro

Tyr Gly

Val Pro
240
Ser Gly
255
Pro Arg

Pro Leu

ggggaaatgt
gactgtaaga
aaaaagtgga
ggaacaccct
aattggattg
gtccaaattg
aggcagggaa
gctggtcettt
gcaacgctgt
tggcaaaagg
gagtacaaga
ctgcgeccat
ttcaagecggg
agtatatctg
ggaggttttce
aacacaacag
ttcaatatga
aatcagacct
tecectgggeca
tgctttgece
cgccctgtat
catttgcaat
ctttacgtat
ggaatatggt
aattcttgag
gaggcccagg
ctggtgectct
tgtcaggcaa
atctgattte
aatgcatagg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
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aagtatggca
tccatttttt
aaaggagaac
caaagcagta
gataatctct
agttctcatt
caaatgtcta
tcecttggtat
ctgttcatgt
aagtggacgc
gcaaaagaag
atttaaagcc
cttgctectg
ggtactagca
catttagtaa
agatactttg

<210> 6
<211> 288
<212> PRT
<213> Homo

<400> 6
Met Gly
1
Leu

His

Asn Phe
Val
35

Gly

Ser Gly

Ser Cys

50
Tyr Trp Gln
65
Met

Asn Ile

Asn Asn Leu

Thr Glu
115

Leu

Tyr
Glu His
130
Pro Ser Ile
145
Ile

Cys Ser

Glu Asn Gly

Glu Thr
195
Asn

Pro
Thr Thr
210
Val Asn
225

Asp

Gln

Asn Leu

Ile Phe Val

Glu Arg Arg

275

tgaacatctt
tcattgtgtt
tatccaaaac
gtcaaggagg
ttaaatggct
taaaatgaga
aggtagtaac
ttctgggtcect
tactcatgac
aacttaagct
acaacatttc
tttagagcca
tgtaaaacta
gtgtttceccg
cagttgtgat
tcagcaatac

sapiens

Thr Arg
5
Phe Gln
20
Ile His

His Asn

Lys Glu

70
Pro Gl
85

Ile

Trp

Ser
100
Cys Val

Ala Glu

Ser Asp
15
Thr Ser Gl
165
Glu Glu
180
Glu Leu

His Ser

Thr Phe As
23
Pro
245

Cys

Leu

Ile
260
Arg

Asn Gl

Arg
Leu
Val
Val

Lys

Val
Val
Val

Phe

Leu
Tyr

Phe

Ser

Cys

taggagacta
ctctattget
taatttccte
aaagggatag
ttatgctagt
tcgttgttta
tttccatagg
ttctgacatc
tcetttetet
gggataatca
tcaaatgcac
gcccatggcet
tattctcagt
tattgacagg
gactatgttt
taagggaaga

Gln
Leu
Thr
Ser
55

Lys
u Tyr
Ile
Leu
Thr
135

Glu
0

y Gly
Asn
Ala
Met
215
n Trp
0

Trp

Leu

u Arg

EP 3 470 081 A1

Gly
Val
Lys
40

Val
Met
Lys
Leu
Lys
120
Leu
Ile
Phe
Ala
Val
200
Cys
Asn
Ala

Thr

Leu
280

atggaaatat
gctctctcac
tgacatgtaa

tccaaagact

ttgacctcat
cagtgtatgt

gcctecttag

agcagagaac
aaaactgcct
cattatcatc
atctcatggc
ttagctacct
gtagggcaga

aatacttaac

ctattctaag
aacaaagttg

Thr
Leu
25

Glu
Glu
Val
Asn
Ala
105
Tyr
Ser
Pro
Pro
Ile
185
Ser
Leu
Thr
Ile
Tyr

265
Arg

19

Ser
10

Ala
Val
Glu
Leu
Arg
Leu
Glu
Val
Thr
Glu
170
Asn
Ser
Ile
Thr
Thr
250
Cys

Arg

Pro
Gly
Lys
Leu
Thr
75

Thr
Arg
Lys
Lys
Ser
155
Pro
Thr
Lys
Lys
Lys
235
Leu

Phe

Glu

tattggtgtt
tcceccatga
gacgaatgat
taactggttc
ttgtaaaata
actaagcagt
atccctaaga
tggaaagaca
tccacaattce
tgaaaatctg
agctaagcca
cactatgctg
gaggtctaac
tcaataattc
taattcctgt
aaccgtttct

Ser Lys Cys
His
30

Ala

Leu Ser

Glu Vval
45
Gln

Ala Thr

60
Met

Met Ser

Ile Phe Asp

Pro Ser Asp
110
Ala Phe
125

Asp

Asp

Ala
140
Asn

Phe

Ile Arg

His Leu Ser

Thr Val Ser

190

Leu Asp Phe

205
Gly

Tyr His

220

Gln Glu His

Ile Ser Val

Ala Pro Arg
270
Val Arg

285

Ser

tacccagtat
ggtacagcag
ttaggtacgt
atattggact
tttatgagaa
aagctatctt
tggecttttte
tagccaactg
actagaccag
gagttgaaca
catggctggg
cttcacaaac
accaacataa
ttttetttte
attctacagce
ttaataa

Pro
15
Phe

Tyr
Cys

Thr Leu

Arg Tle

Gly Asp
80
Ile Thr
95
Glu Gly

Lys Arg

Pro Thr

Ile
160
Leu

Arg

Trp
175
Gln Asp

Asn Met

Leu Arg

Phe Pro
240
Asn Gly
255
Cys Arg

Pro Val

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2757
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EP 3 470 081 A1

Claims

A composition comprising an anti-PD-1 antibody for use in a method of treating cancer, wherein said method
comprises:

administering said composition to a mammal identified as containing an elevated level of Bim and as having a tumor
that expresses B7-H1, and thus identified as likely to benefit from checkpoint blockade therapy, under conditions
wherein the interaction of naturally-occurring B7-H1 with PD-1 in said mammal is reduced after administering said
composition to said mammal.

The composition for the use according to claim 1, wherein said mammal is a human.

The composition for the use according to claim 1, wherein said cancer is a melanoma cancer, a breast cancer, a
lung cancer, a renal cell carcinoma cancer, a pancreas cancer, a prostate cancer, a colon cancer, a brain cancer,
a liver cancer, or an ovarian cancer.

The composition for the use according to claim 1, wherein said elevated level of Bim is based on Bim protein levels.

The composition for the use according to claim 1, wherein said elevated level of Bim is based on the level of mMRNA
encoding Bim.

The composition for the use according to claim 1, further comprising identifying said mammal as containing an
elevated level of Bim.

The composition for the use according to claim 1, wherein said elevated level of Bim refers to a level that is at least
50% greater than a reference level of Bim, wherein said reference level of Bim refers to the level of Bim typically

observed in healthy corresponding mammals without cancer

The composition for the use according to claim 1, further comprising determining the level of Bim in a peripheral
blood sample from said mammal.

20
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FIGURE 21
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