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METHODS FOR TREATING HEMATOLOGIC
CANCERS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a divisional of U.S. application
Ser. No. 16/724,759, filed Dec. 23, 2019, which 1s a divi-
sional of U.S. application Ser. No. 15/024,396, filed Mar. 24,
2016, now U.S. Pat. No. 10,570,204, which 1s a U.S.
National Stage Application under 35 U.S.C. § 371 of Inter-
national Application No. PCT/US2014/057491, filed Sep.
25, 2014, which claims the benefit of U.S. Provisional
Application No. 61/882,702, filed Sep. 26, 2013 and U.S.

Provisional Application No. 62/017,192, filed Jun. 25, 2014.
The contents of the aforesaid applications are hereby incor-
porated by reference in their entirety.

STATEMENT OF RIGHTS

[0002] This invention was made with government support
under Grant NCATS S8ULI1TRO00055 awarded by the
National Institutes of Health. The U.S. government has

certain rights 1n the mvention. This statement 1s 1ncluded
solely to comply with 37 C.F.R. § 401.14(a)(1)(4) and should

not be taken as an assertion or admission that the application
discloses and/or claims only one invention.

SEQUENCE LISTING

[0003] The instant application contains a Sequence Listing
which has been submitted electronically in XML format and
1s hereby 1incorporated by reference 1n 1ts entirety. Said XML
copy, created on May 31, 2023, 1s named C2160-
700441FSR_SL.txt and 1s 26,820 bytes 1n size.

BACKGROUND OF THE INVENTION

[0004] Hematologic malignancies encompass cancers
aflecting blood, bone marrow, and lymph nodes and are
particularly affected by modulation of the immune system
since 1mmune system cells are derived from hematologic
lineages. Although hematologic cancers have traditionally
been treated with conventional drug therapies, such as
alkylating and other DNA damaging compounds, 1t 1is
increasingly becoming recognized that immune checkpoint
regulators play critical roles 1n determining whether hema-

tologic cancer cells are tolerated or attacked by the immune
system (Wu et al. (2012) Int. J. Biol. Sci. 8:1420-1430;

Nirschl and Drake (2013) Clin. Cancer Res., electronically
published July 18; Ceeraz et al. (2013) Trends Immunol.,
clectronically published August 13). However, immune
checkpoint regulators, such as CTLA-4, PD-1, VISTA,
B7-H2, B7-H3, PD-L1, B7-H4, B7-H6, 2B4, ICOS, HVEM,
PD-L2, CD160, gp49B, PIR-B, KIR family receptors, TIM-
1, TIM-3, TIM-4, LAG-3, BTLA, SIRPalpha (CD47),
CD48, 2B4 (CD244), B7.1, B7.2, ILT-2, ILT-4, TIGIT,
LAG-3, BTLA, A2aR and many more, negatively regulate
immune response progression based on complex and com-
binatorial interactions between numerous inputs. While
some progress has been made to determine which interven-
tions at which particular nodes of the immune checkpoint
regulatory system can be targeted for benefiting the treat-
ment of hematologic cancers (Kearl et al. (2013) J. Immunol.
190:5620-5628; Hallett et al. (2011) Biol. Blood Marrow
Transplant. 17:1133-11435; Pardoll et al. (2012) Nat. Rev.
Cancer 12:252-264; Brahmer et al. (2012) N. Engl. J Med.

Feb. &, 2024

366:2455-2465; Mocellin et al. (2013) Biochim. Biophys.
Acta 1836:187-196; Topahian et al. (2012) N. Engl. J. Med.
366:2443-2454; and Wolchok et al. (2013) N. Engl. J. Med.
369:122-133), 1t 1s not currently possible to 1dentily specific
interactions having synergistic anti-cancer therapeutic etl-
cacy. Accordingly, there 1s a great need in the art to define
specific and synergistic combinations of immune checkpoint
regulators usetul for treating hematologic cancers.

SUMMARY OF THE INVENTION

[0005] The present invention 1s based, at least in part, on
the discovery that inhibiting or blocking Programmed Death
1 (PD-1) or Programmed Death-1 Ligand (PD-L1) in com-
bination with inhibition of an immune checkpoint 1nhibitor
(e.g., one or more of TIM-3, LAG-3 or CILA4) results 1n a
synergistic therapeutic benefit for treating a hematologic
cancer, €.g., amyeloma. This finding 1s unexpected given the
lack of such benefit observed for inhibiting or blocking other
combinations of immune checkpoint regulators.

[0006] Accordingly, in one aspect, the invention features a
method of treating a subject afilicted with a hematologic
cancer comprising administering to the subject an inhibitor
of PD-1 or PD-L.1, and an inhibitor of an immune check-

point regulator (e.g., an inhibitor of one or more of TIM-3,
LAG-3 or CTLA4). In one embodiment, an inhibitor of

PD-1 or PD-L1 1s administered in combination with an
inhibitor of TIM-3. In another embodiment, an inhibitor of
PD-1 or PD-L1 1s administered in combination with an
inhibitor of LAG-3. In yet another embodiment, an inhibitor
of PD-1 or PD-L1 1s administered in combination with an
inhibitor of CTLA-4. Inhibition as described herein can be
performed by inhibition at the DNA, RNA or protein level.
In embodiments, an mhibitory nucleic acid (e.g., a dsRNA,
siIRNNA or shRNA), can be used to inhibit expression of an
inhibitory molecule. In other embodiments, the 1nhibitor 1s
a polypeptide, e.g., a soluble ligand, or an antibody or
antigen-binding fragment thereof, that binds to PD-1 or
PD-L1, or other immune checkpoint regulator. Examples of
cach of the aforesaid inhibitors are provided 1n more detail
below. The term “inhibition™ or “inhibitor” includes a reduc-
tion 1n a certain parameter, e.g., an activity, of a given
molecule, e.g., an mmmune checkpoint regulator. For
example, inhibition of an activity, e.g., a PD-1 activity, of at
least 5%, 10%, 20%, 30%, 40% or more 1s included by this
term. Thus, inhibition need not be 100%. Activities for the
immune checkpoint regulators can be determined as
described herein or assays known in the art.

[0007] In one embodiment, the inhibitor 1s a bispecific or
multispecific antibody selective for PD-1 or PD-L1 and
TIM-3, LAG-3 or CTLA4. In another embodiment, a com-
bination of inhibitors comprising a first inhibitor that selec-
tively inhibits or blocks PD-1 or PD-L1 and a second
inhibitor that selectively inhibits or blocks TIM-3, LAG-3 or
CTLA4 1s provided. In one embodiment, the inhibitor 1s a
soluble ligand, e.g., a soluble ligand of PD-1, PD-L1I,
TIM-3, LAG-3 or CTLA-4 (e.g., a CI1LA-4-Ig). In still
another embodiment, the first inhibitor and/or second 1nhibi-
tor 1s an antibody or an antigen binding fragment thereof,
which specifically binds to PD-1 or PD-L1 and/or TIM-3,
LAG-3 or CTLAA4. In yet another embodiment, the antibody,
or antigen binding fragment thereolf, 1s murine, chimeric,
humanized, composite, or human. In another embodiment,
the antibody, or antigen fragment thereof, 1s detectably
labeled, comprises an effector domain, comprises an Fc
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domain, and/or 1s selected from the group consisting of Fv,
Fav, F(ab")2), Fab', dsFv, scFv, sc(Fv)2, and diabodies
fragments. In still another embodiment, the antibody, or
antigen binding fragment thereotf, 1s conjugated to a cyto-
toxic agent (e.g., a chemotherapeutic agent, a biologic agent,
a toxin, a radioactive 1sotope, and the like).

[0008] For example, an anti-PD-1 or PD-L1 antibody, or

antigen binding fragment thereof, can be administered in
combination with an anti-LAG-3 antibody or an antigen-
binding fragment thereof. In another embodiment, an anti-
PD-1 or PD-L1 antibody, or antigen binding fragment
thereof, 1s administered 1n combination with an anti-TIM-3
antibody or antigen-binding fragment thereotf. In yet other
embodiments, an anti1-PD-1 or PD-L1 antibody, or antigen
binding fragment thereof, 1s administered 1n combination
with an anti-LAG-3 antibody and an anti-TIM-3 antibody, or
antigen-binding fragments thereof. In yet other embodi-
ments, an anti-PD-1 or PD-L1 antibody, or antigen binding
fragment thereod, 1s administered 1n combination with an
ant1-CTLA-4 antibody, or antigen binding fragment thereof
(e.g., ipilimumab). Any combination of the aforesaid anti-
bodies can be used in the methods described herein. The
combination of antibodies recited herein can be adminis-
tered separately, e.g., as separate antibodies, or linked, e.g.,
as a bispecific or trispecific antibody molecule. In one
embodiment, a bispecific antibody that includes an anti-
PD-1 or PD-L1 antibody, or antigen binding fragment
thereof, and an anti-TIM-3, anti-LAG-3 antibody or anti-
CTLA4 antibody, or antigen-binding fragment thereof, is
administered.

[0009] In addition to, or in place of antibodies and antigen
binding fragments thereof, numerous other agents are con-
templated. For example, in one embodiment, the agent
comprises an RNA interfering agent which inhibits expres-
sion of PD-1 or PD-L1 and/or TIM-3, LAG-3 or CTLA4
(c.g., a small interfering RNA (s1RNA), small hairpin RNA
(shRNA), or a microRNA (miRNA)). In another embodi-
ment, the agent comprises an antisense oligonucleotide
complementary to PD-1 or PD-L1 and/or TIM-3, LAG-3 or
CTLAA4. In st1ll another embodiment, the agent comprises a
peptide or peptidomimetic that inhibits or blocks PD-1 or
PD-L1 and/or TIM-3, LAG-3 or CTLA4. In yet another
embodiment, the agent comprises a small molecule that
inhibits or blocks PD-1 or PD-LL1 and/or TIM-3, LAG-3 or
CTLA4 (e.g., a small molecule that inhibits a protein-protein
interaction between PD-L1 and a PD-L1 receptor and/or
TIM-3 and a TIM-3 receptor). In another embodiment, the
agent comprises an aptamer that inhibits or blocks PD-1 or

PD-L1 and/or TIM-3, LAG-3 or CTLA4.

[0010] Numerous adaptations to the methods described
herein are contemplated. For example, 1n one embodiment,
that at least one agent 1s administered 1n a pharmaceutically
acceptable formulation. In another embodiment, the method
turther comprises administering to the subject a therapeutic
agent for treating the hematologic cancer. In still another
embodiment, the method further comprises a step of tran-
sient or complete lymphodepletion (e.g., sublethal whole
body irradiation used for transient lymphodepletion or lethal
whole body 1rradiation used for complete lymphodepletion).
In yet another embodiment, the step of lymphodepletion
occurs before, concurrently with, or after the step of agent
administration. In another embodiment, the hematologic
cancer 1s selected from the group consisting of multiple
myeloma, acute lymphocytic leukemia, acute myeloid leu-
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kemia, chronic lymphocytic leukemia, small lymphocytic
lymphoma, non-Hodgkin’s lymphoma, Hodgkin’s lym-
phoma, mantle cell lymphoma, follicular lymphoma,
Waldenstrom’s macroglobulinemia, B-cell lymphoma and
diffuse large B-cell lymphoma, precursor B-lvmphoblastic
leukemia/lymphoma, B-cell chronic lymphocytic leukemia/
small lymphocytic lymphoma, B-cell prolymphocytic leu-
kemia, lymphoplasmacytic lymphoma, splenic marginal
zone B-cell lymphoma (with or without villous lympho-
cytes), hairy cell leukemia, plasma cell myeloma/plasmacy-
toma, extranodal marginal zone B-cell lymphoma of the
MALT type, nodal marginal zone B-cell lymphoma (with or
without monocytoid B cells), Burkitt’s lymphoma; precursor
T-lymphoblastic lymphoma/leukemia, T-cell prolympho-
cytic leukemia, T-cell granular lymphocytic leukemia,
aggressive NK cell leukemia, adult T-cell lymphoma/leuke-
mia (HTLV 1-positive), nasal-type extranodal NK/T-cell
lymphoma, enteropathy-type T-cell lymphoma, hepa-
tosplenic y-0 T-cell lymphoma, subcutaneous panniculitis-
like T-cell lymphoma, mycosis fungoides/Sezary syndrome,
anaplastic large cell lymphoma (T/null cell, primary cuta-
neous type), anaplastic large cell lymphoma (T-/null-cell,
primary systemic type), peripheral T-cell lymphoma not
otherwise characterized, angioimmunoblastic T-cell lym-
phoma, polycythemia vera (PV), myelodysplastic syndrome
(MDS), indolent Non-Hodgkin’s Lymphoma (iNHL) and
aggressive Non-Hodgkin’s Lymphoma (aNHL). In some
embodiments, the hematologic cancer is selected from the
group consisting of B-cell lymphoma, myeloid leukemia and
multiple myeloma or can be multiple myeloma alone. In
another embodiment, the subject 1s a mammal, optionally
wherein the mammal 1s a human.

[0011] In another aspect, a kit for treating a subject
afllicted with a hematologic cancer comprising an inhibitor
of PD-1 or PD-L1, and an inhibitor of an immune check-

point regulator (e.g., an inhibitor of one or more of TIM-3,
LAG-3 or CTLA4), 1s provided. In one embodiment, the
inhibitor 1s a bispecific or multispecific antibody, or antigen
binding fragment thereot, selective for both PD-1 or PD-L1
and TIM-3, LAG-3 or CTLA4. Smmilarly, a kit for treating
a subject afllicted with a hematologic cancer comprising a
first agent that selectively 1nhibits or blocks PD-1 or PD-L1
and a second agent that selectively inhibits or blocks TIM-3,
LAG-3 or CTLA4, 1s provided. In one embodiment, the first
agent and/or second agent 1s an antibody, or an antigen
binding fragment thereof, which specifically binds to PD-1
or PD-L1 protein and/or TIM-3, LAG-3 or CTLA4 protein.
Any antibody, or antigen binding fragment thereof, provided
in a kit can be murine, chimeric, humanized, composite, or
human. In another embodiment, the antibody, or antigen
binding fragment thereot, 1s detectably labeled, comprises
an eflector domain, comprises an Fe domain, and/or 1is
selected from the group consisting of Fv, Fav, F(ab')2), Fab',
dsFv, scFv, sc(Fv)2, and diabodies fragments. In still another
embodiment, the antibody, or antigen binding fragment
thereol, 1s conjugated to a cytotoxic agent (e.g., a chemo-
therapeutic agent, a biologic agent, a toxin, and a radioactive
1sotope). In vet another embodiment, the agent 1s selected

from the group consisting of a) an RNA interfering agent
which 1nhibits expression of PD-1 or PD-L1 and/or TIM-3,

LAG-3 or CTLAA4, optionally wherein said RNA 1nterfering
agent 1s an small interfering RNA (siRNA), small hairpin
RNA (shRNA), or a microRNA (miRNA); b) an antisense

oligonucleotide complementary to PD-1 or PD-L1 and/or
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TIM-3, LAG-3 or CTLA4; ¢) a peptide or peptidomimetics
that inhibits or blocks PD-1 or PD-L.1 and/or TIM-3, LAG-3
or CTLA4; d) a small molecule that inhibits or blocks PD-1
or PD-L1 and/or TIM-3, LAG-3 or CILA4, optionally
wherein said small molecule inhibits a protein-protein inter-
action between PD-L1 and a PD-L1 receptor and/or other
immune checkpoint regulator (e.g., TIM-3 and a TIM-3

receptor); and ¢) an aptamer that inhibits or blocks PD-1 or
PD-L1 and/or TIM-3, LAG-3 or CTLA4.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A shows representative flow cytometry dot
plots depicting accumulation of tumor cells 1n myeloma
bearing mice over time.

[0013] FIG. 1B shows percentages of CD4" and CD8™ T
cells expressing indicated immune checkpoint proteins 1n
myeloma bearing mice over time. Data shown are represen-
tative of more than four independent analyses. *p<0.05,
*¥p<0.01, ***p<0.001 as compared to T cells from naive
non-myeloma bearing mice.

[0014] FIG. 1C shows expression of Tim-3 and PD-1,
Lag-3 and PD-1, or 2B4 and PD-1 on gated CD8™ or CD4"
T cells from bone marrow of moribund mice.

[0015] FIG. 2 shows representative tlow cytometry dot
plots depicting expression of indicated immune checkpoint
proteins on CD4™ Treg cells in myeloma bearing mice and
control mice.

[0016] FIG. 3A shows expression of Tim-3 and PD-1,
Lag-3 and PD-1, or 2B4 and PD-1 on gated CD8" T cells
from myeloma bearing mice treated with sublethal whole
body irradiation and anti-PD-L1 antibody. Data shown are
representative of more than four independent analyses.

[0017] FIG. 3B shows frequency of CD8 Tim-3"%, CDS8”
Lag-3" and CD872B4" cells in spleens of anti-PD-L1 anti-

body treated myeloma bearing mice compared with spleens
of control antibody treated. ***p<0.001.

[0018] FIG. 4 shows a schematic diagram of the experi-
mental treatment protocol used to establish and treat myelo-
mas 1n mice in Example 1.

[0019] FIG. 5 shows survival data of myeloma bearing
mice treated with inter alia a blocking anti-PD-L1 antibody,
a blocking anti-TIM-3 antibody, or combinations thereof.

[0020] FIG. 6 shows survival data of myeloma bearing
mice treated with inter alia a blocking anti-PD-L.1 antibody,
a blocking anti-LAG-3 antibody, or combinations thereof.

[0021] FIG. 7 shows survival data of myeloma bearing
mice treated with inter alia a blocking anti1-TIM-3 antibody,
a blocking anti-L AG-3 antibody, or combinations thereof.

[0022] FIG. 8 shows survival data of myeloma bearing
mice treated with inter alia a blocking anti-PD-L1 antibody
and a blocking anti-PD-1 antibody.

[0023] FIG. 9A shows a schematic diagram of the experi-
mental treatment protocol used to establish and treat myelo-
mas 1n mice in Example 2.

[0024] FIG. 9B shows survival curves of myeloma bearing
mice treated with a blocking anti-Tim-3 antibody only, a
blocking anti-Lag-3 antibody only, or in combination with a
blocking anti1-PD-L1 antibody. Survival was compared with
control antibody treated mice or mice treated with anti-PD-
L1 antibody only. A combination of anti-Lag-3 and anti-
Tim-3 antibodies was also tested. Survival curves represent
combined data from three independent experiments; n=10-
15 mice per experimental group.
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[0025] FIG. 9C shows survival curves of myeloma bearing
mice treated with a blocking anti-CTLA4 antibody only, or
in combination with a blocking anti-PD-L1 antibody. Sur-
vival was compared with control antibody treated mice or
mice treated with ant1-PD-L1 antibody only. Survival curves
represent combined data from three independent experi-
ments; n=10-15 mice per experimental group.

[0026] FIG. 9D shows survival curves of myeloma bear-
ing mice treated with a blocking anti-CD48 antibody only,
or 1n combination with a blocking anti-PD-LL1 antibody.
Survival was compared with control antibody treated mice
or mice treated with anti-PD-L1 antibody only. Survival
curves represent combined data from two independent
experiments; n=10-15 mice per experimental group.
[0027] FIG. 9FE shows survival curves of some of the
survivors from FIGS. 9B-9C re-challenged with 37133
myeloma cells on day 110. P values were determined by the
log-rank test.

[0028] FIG. 10A shows frequencies ol tumor-reactive
CD8" and CD4™ T cells in the spleens and bone marrow of
mice treated with combinations of immune checkpoint pro-
tein blockade. The graphs are representative of three inde-
pendent experiments 1n which the CD8™ or CD4™ T cells for
cach group were pooled from 5-7 mdividual mice.

[0029] FIG. 10B shows levels of cytokine production by
CD8" T cells purified from the spleens of mice treated with
combinations of immune checkpoint protein blockade. The
graphs are representative of two independent experiments 1n

which the CD8" T cells for each group were pooled from 5
individual mice. *p<0.03, **p<0.01 as compared with T
cells from mice treated with anti-PD-L1 alone.

[0030] FIG. 11 A shows expression of PD-1 on gated CD8™
T cells from spleen and bone marrow of mice treated with
different blocking antibodies or control IgG.

[0031] FIG. 11B shows tumor-reactive IFN-7-secreting
cell frequencies 1n the presence of anti-PD-L1 or control IgG
(10 ng/ml). The graphs are representative of two indepen-
dent experiments in which the CD8" T cells for each group
were pooled from five to seven individual mice. P values
were determined by the Student t test. *p<t0.05, **p<0.01,
3k n<(0.001.

[0032] FIG. 12 shows levels of cytokine production by
CD4™ T cells isolated from spleens of myeloma bearing
mice treated with combinations of immune checkpoint pro-
tein blockade. The graphs are representative of two inde-
pendent experiments 1 which the CD4™ T cells for each
group were pooled from 5 individual mice. *p<0.05, **p<0.
01 as compared with T cells from mice treated with anti-
PD-L1 alone.

[0033] FIG. 13 shows expression of immune checkpoint
proteins PD-1, Tim-3, Lag-3 and 2B4 on CD4" and CD8* T
cells 1n mice with other hematologic cancers.

[0034] FIG. 14 shows a working model of combined
checkpoint blockade and lymphodepleting whole body irra-
diation.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

[0035] Methods are provided for treating a hematologic
cancer, for example, 1n vitro, €x vivo, or 1n vivo 1n a subject,
comprising contacting a cancerous cell or administering to a

subject a therapeutically eflective amount of at least one
agent that selectively inhibits or blocks PD-1 or PD-L1 and
TIM-3, LAG-3 or CTLA4. In some embodiments, the meth-
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ods 1nvolve a combination of an mhibitor of PD-1 or PD-L1
and an mhibitor of an immune checkpoint inhibitor (e.g., an
inhibitor of one or more of TIM-3, LAG-3 or CILA4). In
one embodiment, an inhibitor of PD-1 or PD-L.1 1s admin-
istered 1n combination with an inhibitor of TIM-3. In another
embodiment, an inhibitor of PD-1 or PD-L.1 1s administered
in combination with an inhibitor of LAG-3. In yet another
embodiment, an inhibitor of PD-1 or PD-L.1 1s administered
in combination with an inhibitor of CTLA-4. Exemplary
inhibitors include a bispecific antibody, multispecific anti-
body, or combination of individual antibodies that inhibit or
block an activity of PD-1 or PD-L1 and another immune
checkpoint inhibitor. Such combinations can provide thera-
peutic benefit for treating hematologic cancers. Such dis-
coveries are especially surprising and unexpected given
reports regarding the lack of activities reported for immune
checkpoint regulators, such as TIM-3, in human T cell
activation (see, for example, Leitner et al. (2013) PLoS

Pathog. 9:¢1003253).

[0036] It will be appreciated that the methods and com-
positions described herein may be combined with other
treatment regimens and/or other predictive biomarkers and
methods of using same. It will also be appreciated that the
present nvention 1s not limited to the particular embodi-
ments described herein, but can be carried out 1n variations
well known to the skilled artisan.

I. Definitions

[0037] The articles “a” and “an” are used herein to refer to
one or to more than one (1.e. to at least one) of the
grammatical object of the article. By way of example, “an
celement” means one element or more than one element.

[0038] The “amount™ of a marker, €.g., expression or copy
number of a marker, or protein level of a marker, 1n a subject
1s “significantly’ higher or lower than the normal amount of
a marker, 1f the amount of the marker 1s greater or less,
respectively, than the normal level by an amount greater than
the standard error of the assay employed to assess amount,
and preferably at least twice, and more preferably three,
four, five, ten or more times that amount. Alternately, the
amount of the marker in the subject can be considered
“significantly” higher or lower than the normal amount if the
amount 1s at least about two, and preferably at least about
three, four, or five times, higher or lower, respectively, than
the normal amount of the marker.

[0039] The term “altered level of expression” of a marker
refers to an expression level or copy number of a marker in
a test sample e.g., a sample derived from a subject sullering
from cancer, that 1s greater or less than the standard error of
the assay employed to assess expression or copy number,
and 1s preferably at least twice, and more preferably three,
four, five or ten or more times the expression level or copy
number of the marker or chromosomal region in a control
sample (e.g., sample from a healthy subject not having the
associated disease) and preferably, the average expression
level or copy number of the marker or chromosomal region
in several control samples. The altered level of expression 1s
greater or less than the standard error of the assay employed
to assess expression or copy number, and 1s preferably at
least twice, and more preferably three, four, five or ten or
more times the expression level or copy number of the
marker 1mn a control sample (e.g., sample from a healthy
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subject not having the associated disease) and preferably, the
average expression level or copy number of the marker 1n
several control samples.

[0040] The term “altered activity” of a marker refers to an
activity ol a marker which 1s increased or decreased in a
disease state, €.g., 1n a cancer sample, as compared to the
activity of the marker 1n a normal, control sample. Altered
activity of a marker may be the result of, for example,
altered expression of the marker, altered protein level of the
marker, altered structure of the marker, or, e.g., an altered
interaction with other proteins involved in the same or
different pathway as the marker, or altered interaction with
transcriptional activators or inhibitors.

[0041] Unless otherwise specified herein, the terms “anti-
body” and “antibodies™ broadly encompass naturally-occur-
ring forms of antibodies (e.g. IgG, IgA, IgM, IgE) and
recombinant antibodies such as single-chain antibodies,
chimeric and humanized antibodies and multi-specific anti-
bodies, as well as fragments and derivatives of all of the
foregoing, which fragments and derivatives have at least an
antigenic binding site. Antibody derivatives may comprise a
protein or chemical moiety conjugated to an antibody.

[0042] The term “antibody™ as used herein also includes
an “antigen-binding portion” of an antibody (or simply
“antibody portion™). The term “antigen-binding portion™, as
used herein, refers to one or more fragments of an antibody
that retain the ability to specifically bind to an antigen (e.g.,

polypeptide or fragment thereof of PD-1, PD-L1, LAG-3,
CTLA-4 and/or TIM-3). It has been shown that the antigen-
binding function of an antibody can be performed by frag-
ments of a full-length antibody. Examples of binding frag-
ments encompassed within the term “antigen-binding
portion” of an antibody include (1) a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and
CHI1 domains; (1) a F(ab'), fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge
at the hinge region; (111) a Fd fragment consisting of the VH
and CHI1 domains; (1v) a Fv fragment consisting of the VL
and VH domains of a single arm of an antibody, (v) a dAb
fragment (Ward et al., (1989) Nature 341:544-546), which
consists of a VH domaln and (v1) an 1solated complemen-
tarity determining region (CDR). Furthermore, although the
two domains of the Fv fragment, VL and VH, are coded for
by separate genes, they can be joined, using recombinant
methods, by a synthetic linker that enables them to be made
as a single protein chain in which the VL. and VH regions
pair to form monovalent polypeptides (known as single
chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:
423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci.
USA 85:5879-5883; and Osbourn et al. 1998, Nature Bio-
technology 16: 778). Such single chain antibodies are also
intended to be encompassed within the term “‘antigen-
binding portion™ of an antibody. Any VH and VL sequences
of specific scFv can be linked to human immunoglobulin
constant region cDNA or genomic sequences, in order to
generate expression vectors encoding complete IgG poly-
peptides or other 1sotypes. VH and VL can also be used in
the generation of Fab, Fv or other fragments of immuno-
globulins using either protein chemistry or recombinant
DNA technology. Other forms of single chain antibodies,
such as diabodies are also encompassed. Diabodies are
bivalent, bispecific antibodies 1n which VH and VL domains
are expressed on a single polypeptide chain, but using a
linker that 1s too short to allow for pairing between the two




US 2024/0043541 Al

domains on the same chain, thereby forcing the domains to
pair with complementary domains of another chain and

creating two antigen binding sites (see e.g., Holliger, P., et
al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak,

R. 1., et al. (1994) Structure 2:1121-1123).

[0043] Still further, an antibody or antigen-binding portion
thereof may be part of larger immunoadhesion polypeptides,
formed by covalent or noncovalent association of the anti-
body or antibody portion with one or more other proteins or
peptides. Examples of such immunoadhesion polypeptides
include use of the streptavidin core region to make a
tetrameric scFv polypeptide (Kiprivanov, S. M., etal. (1995)
Human Antibodies and Hybridomas 6:93-101) and use of a
cysteine residue, a marker peptide and a C-terminal polyhis-
tidine tag to make bivalent and biotinylated scFv polypep-
tides (Kipriyvanov, S. M., et al. (1994) Mol. Immunol.
31:1047-1058). Antibody portions, such as Fab and F(ab'),
fragments, can be prepared from whole antibodies using
conventional techniques, such as papain or pepsin digestion,
respectively, of whole antibodies. Moreover, antibodies,
antibody portions and immunoadhesion polypeptides can be
obtained using standard recombinant DNA techniques, as
described herein.

[0044] Antibodies may be polyclonal or monoclonal;
xenogeneic, allogeneic, or syngeneic; or modified forms
thereol (e.g., humanized, chimeric, etc.). Antibodies may
also be fully human. Preferably, antibodies of the invention
bind specifically or substantially specifically to PD-1,
PD-L1, LAG-3, CILA-4 and/or TIM-3 polypeptides or
fragments thereof. They may also be selective for such
antigens such that they can distinguish such antigens from
closely related antigens, such as other B7 family members.
The terms “monoclonal antibodies” and “monoclonal anti-
body composition”, as used herein, refer to a population of
antibody polypeptides that contain only one species of an
antigen binding site capable of immunoreacting with a
particular epitope ol an antigen, whereas the term “poly-
clonal antibodies” and “polyclonal antibody composition™
refer to a population of antibody polypeptides that contain
multiple species of antigen binding sites capable of inter-
acting with a particular antigen. A monoclonal antibody
composition typically displays a single binding aflinity for a
particular antigen with which 1t immunoreacts.

[0045] As used herein, a “blocking” antibody or an anti-
body “antagonist” or “inhibitor” 1s one which inhibits or
reduces at least one biological activity of the antigen(s) it

binds. For example, an anti-PD-L1 or anti-TIM-3 antibody
binds PD-L1 or TIM-3, respectively, and inhibits the ability

of PD-L1 to, for example, bind PD-1, and inhibits the ability
of TIM-3 to, for example, bind galectin-9 or phosphatidyl-
serine. In certain embodiments, the blocking antibodies or
antagonist antibodies or fragments thereof described herein
substantially or completely inhibit a given biological activity
of the antigen(s).

[0046] The term “body fluid” refers to fluids that are
excreted or secreted from the body as well as fluid that are
normally not (e.g. amniotic tluid, aqueous humor, bile, blood
and blood plasma, cerebrospinal fluid, cerumen and earwax,
cowper’s tluid or pre-ejaculatory fluid, chyle, chyme, stool,
temale ejaculate, interstitial fluid, intracellular fluid, lymph,
menses, breast milk, mucus, pleural fluid, pus, saliva,
sebum, semen, serum, sweat, synovial tluid, tears, urine,
vaginal lubrication, vitreous humor, vomit).
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[0047] The term “bispecific antibody™ or “multispeciific
antibody” refers to an antibody that recognized more than
one epitope. Such antibodies are usetul for targeting difler-
ent proteins using the same agent. Methods of making such

antibodies are well known 1n art (see, at least U.S. Pat. Nos.
5,798,229; 5,989.830; and Holliger et al. (2005) Nat. Bio-
tech. 23:1126-1136).

[0048] The terms “cancer” or “tumor” or “hyperprolifera-
tive disorder” refer to the presence of cells possessing
characteristics typical of cancer-causing cells, such as
uncontrolled proliferation, immortality, metastatic potential,
rapid growth and proliferation rate, and certain characteristic
morphological features. Cancer cells are often 1n the form of
a tumor, but such cells may exist alone within an animal, or
may be a non-tumorigenic cancer cell, such as a leukemia
cell. Cancers include, but are not limited to, B cell cancer,
¢.g., multiple myeloma, Waldenstrom’s macroglobulinemia,
the heavy chain diseases, such as, for example, alpha chain
disease, gamma chain disease, and mu chain disease, benign
monoclonal gammopathy, and immunocytic amyloidosis,
melanomas, breast cancer, lung cancer, bronchus cancer,
colorectal cancer, prostate cancer, pancreatic cancer, stom-
ach cancer, ovarian cancer, urinary bladder cancer, brain or
central nervous system cancer, peripheral nervous system
cancer, esophageal cancer, cervical cancer, uterine or endo-
metrial cancer, cancer of the oral cavity or pharynx, liver
cancer, kidney cancer, testicular cancer, biliary tract cancer,
small bowel or appendix cancer, salivary gland cancer,
thyroid gland cancer, adrenal gland cancer, osteosarcoma,
chondrosarcoma, cancer of hematologic tissues, and the like.
Other non-limiting examples of types of cancers applicable
to the methods encompassed by the present invention
include human sarcomas and carcinomas, e.g., fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma, syn-
ovioma, mesothelioma, Ewing’s tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, colorectal cancer,
pancreatic cancer, breast cancer, ovarian cancer, prostate
cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papillary adenocarcinomas,
cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carci-
noma, liver cancer, choriocarcinoma, seminoma, embryonal
carcinoma, Wilms’ tumor, cervical cancer, bone cancer,
brain tumor, testicular cancer, lung carcinoma, small cell
lung carcinoma, bladder carcinoma, epithelial carcinoma,
glioma, astrocytoma, medulloblastoma, cramopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neu-
roma, oligodendroglioma, meningioma, melanoma, neuro-
blastoma, retinoblastoma; leukemias, e.g., acute lympho-
cytic leukemia and acute myelocytic leukemia
(myeloblastic, promyelocytic, myelomonocytic, monocytic
and erythroleukemia); chronic leukemia (chronic myelo-
cytic (granulocytic) leukemia and chronic lymphocytic leu-
kemia); and polycythemia vera, lymphoma (Hodgkin’s dis-
case and non-Hodgkin’s disease), multiple myeloma,
Waldenstrom’s macroglobulinemia, and heavy chain dis-
case. In some embodiments, cancers are epithlelial 1n nature
and include but are not limited to, bladder cancer, breast
cancer, cervical cancer, colon cancer, gynecologic cancers,
renal cancer, laryngeal cancer, lung cancer, oral cancer, head
and neck cancer, ovarian cancer, pancreatic cancer, prostate
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cancer, or skin cancer. In other embodiments, the cancer 1s
breast cancer, prostate cancer, lung cancer, or colon cancer.
In still other embodiments, the epithelial cancer 1s non-
small-cell lung cancer, nonpapillary renal cell carcinoma,
cervical carcinoma, ovarian carcinoma (e.g., serous ovarian
carcinoma), or breast carcinoma. The epithelial cancers may
be characterized 1n various other ways including, but not

limited to, serous, endometrioid, mucinous, clear cell,
Brenner, or undifferentiated.

[0049] The term “control” refers to any reference standard
suitable to provide a comparison to the expression products
in the test sample. In one embodiment, the control comprises
obtaining a “control sample” from which expression product
levels are detected and compared to the expression product
levels from the test sample. Such a control sample may
comprise any suitable sample, including but not limited to a
sample from a control cancer patient (can be stored sample
or previous sample measurement) with a known outcome;
normal tissue or cells i1solated from a subject, such as a
normal patient or the cancer patient, cultured primary cells/
tissues 1solated from a subject such as a normal subject or
the cancer patient, adjacent normal cells/tissues obtained
from the same organ or body location of the cancer patient,
a tissue or cell sample 1solated from a normal subject, or a
primary cells/tissues obtained from a depository. In another
preferred embodiment, the control may comprise a reference
standard expression product level from any suitable source,
including but not limited to housekeeping genes, an expres-
sion product level range from normal tissue (or other pre-
viously analyzed control sample), a previously determined
expression product level range within a test sample from a
group of patients, or a set of patients with a certain outcome
(for example, survival for one, two, three, four years, etc.) or
receiving a certain treatment (for example, standard of care
cancer therapy). It will be understood by those of skill 1n the
art that such control samples and reference standard expres-
sion product levels can be used 1n combination as controls
in the methods of the present invention. In one embodiment,
the control may comprise normal or non-cancerous cell/
tissue sample. In another preferred embodiment, the control
may comprise an expression level for a set of patients, such
as a set ol cancer patients, or for a set of cancer patients
receiving a certain treatment, or for a set of patients with one
outcome versus another outcome. In the former case, the
specific expression product level of each patient can be
assigned to a percentile level of expression, or expressed as
either higher or lower than the mean or average of the
reference standard expression level. In another preferred
embodiment, the control may comprise normal cells, cells
from patients treated with combination chemotherapy, and
cells from patients having benign cancer. In another embodi-
ment, the control may also comprise a measured value for
example, average level of expression of a particular gene 1n
a population compared to the level of expression of a
housekeeping gene in the same population. Such a popula-
tion may comprise normal subjects, cancer patients who
have not undergone any treatment (i.e., treatment naive),
cancer patients undergoing standard of care therapy, or
patients having benign cancer. In another preferred embodi-
ment, the control comprises a ratio transformation of expres-
s1on product levels, including but not limited to determining
a ratio of expression product levels of two genes 1n the test
sample and comparing it to any suitable ratio of the same
two genes 1n a reference standard; determining expression
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product levels of the two or more genes 1n the test sample
and determining a diflerence 1n expression product levels 1n
any suitable control; and determining expression product
levels of the two or more genes 1n the test sample, normal-
1zing their expression to expression ol housekeeping genes
in the test sample, and comparing to any suitable control. In
particularly preferred embodiments, the control comprises a
control sample which 1s of the same linecage and/or type as
the test sample. In another embodiment, the control may
comprise expression product levels grouped as percentiles
within or based on a set of patient samples, such as all
patients with cancer. In one embodiment a control expres-
sion product level 1s established wherein higher or lower
levels of expression product relative to, for instance, a
particular percentile, are used as the basis for predicting
outcome. In another preferred embodiment, a control
expression product level 1s established using expression
product levels from cancer control patients with a known
outcome, and the expression product levels from the test
sample are compared to the control expression product level
as the basis for predicting outcome. As demonstrated by the
data below, the methods of the invention are not limited to
use of a specific cut-point in comparing the level of expres-
sion product in the test sample to the control.

[0050] The term “hematologic cancer” refers to cancers of
cells dernived from the blood. In some embodiments, the
hematologic cancer 1s selected from the group consisting of
acute lymphocytic leukemia, myeloid leukemia including
acute myeloid leukemia and chronic myelogenous leukemia,
chronic lymphocytic leukemia, small lymphocytic lym-
phoma, multiple myeloma, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, mantle cell lymphoma, follicular
lymphoma, Waldenstrom’s macroglobulinemia, B-cell lym-
phoma and including diffuse large B-cell lymphoma (1nclud-
ing primary mediastinal B-cell lymphoma and intravascular
large B-cell lymphoma), follicular lymphoma, chronic lym-
phocytic leukemia, small lymphocytic lymphoma, mantle
cell lymphoma, mucosa-associated lymphoid tissue (MALT)
lymphomas 9 e.g., extranodal marginal zone B-cell lym-
phoma of the MALT type, nodal marginal zone B-cell
lymphoma (with or without monocytoid B cells)), marginal
zone B-cell lymphomas (e.g., nodal marginal zone B-cell
lymphoma and splenic marginal zone B-cell lymphoma
(with or without villous lymphocytes)), Burkitt lymphoma,

lymphoplasmacytic lymphoma (Waldenstrom macroglobu-
linemia), mediastinal large B cell lymphoma, precursor
B-lymphoblastic leukemia/lymphoma and, B-cell chronic
lymphocytic leukemia/small lvmphocytic lymphoma, B-cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma,
splenic marginal zone B-cell lymphoma (with or without
villous lymphocytes), hairy cell leukemia, plasma cell
myeloma/plasmacytoma, extranodal marginal zone B-cell
lymphoma of the MALT type, nodal marginal zone B-cell
lymphoma (with or without monocytoid B cells), Burkatt’s
lymphoma; precursor T-lymphoblastic lymphoma/leukemia,
T-cell prolymphocytic leukemia, T-cell granular lympho-
cytic leukemia, aggressive NK cell leukemia, adult T-cell
lymphoma/leukemia (HTLV 1-positive), nasal-type extrano-

dal NK/T-cell lymphoma, enteropathy-type T-cell lym-
phoma, hepatosplenic v-6 T-cell lymphoma, subcutaneous
panniculitis-like T-cell lymphoma, mycosis fungoides/
Sezary syndrome, anaplastic large cell lymphoma (T/null
cell, primary cutaneous type), anaplastic large cell lym-
phoma (T-/null-cell, primary systemic type), peripheral
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T-cell lymphoma not otherwise characterized, angioimmu-
noblastic T-cell lymphoma, polycythemia vera (PV), myelo-
dysplastic syndrome (MDS). NHL may include indolent
Non-Hodgkin’s Lymphoma (NHL) or aggressive Non-
Hodgkin’s Lymphoma (aNHL).

[0051] As used herein, the term “coding region” refers to
regions ol a nucleotide sequence comprising codons which
are translated into amino acid residues, whereas the term
“noncoding region” refers to regions of a nucleotide
sequence that are not translated 1into amino acids (e.g., 5' and
3" untranslated regions).

[0052] As used herein, the term “complementary” refers to
the broad concept of sequence complementarity between
regions of two nucleic acid strands or between two regions
ol the same nucleic acid strand. It 1s known that an adenine
residue of a first nucleic acid region 1s capable of forming
specific hydrogen bonds (“base pairing™) with a residue of a
second nucleic acid region which 1s antiparallel to the first
region 1f the residue 1s thymine or uracil. Similarly, it 1s
known that a cytosine residue of a first nucleic acid strand
1s capable of base pairing with a residue of a second nucleic
acid strand which 1s antiparallel to the first strand 11 the
residue 1s guanine. A first region of a nucleic acid 1s
complementary to a second region of the same or a different
nucleic acid if, when the two regions are arranged 1n an
antiparallel fashion, at least one nucleotide residue of the
first region 1s capable of base pairing with a residue of the
second region. Preferably, the first region comprises a first
portion and the second region comprises a second portion,
whereby, when the first and second portions are arranged in
an antiparallel fashion, at least about 50%, and preferably at
least about 75%, at least about 90%, or at least about 95%
of the nucleotide residues of the first portion are capable of
base pairing with nucleotide residues 1n the second portion.
More preferably, all nucleotide residues of the first portion
are capable of base pairing with nucleotide residues in the
second portion.

[0053] As used herein, the term “determining a suitable
treatment regimen for the subject” 1s taken to mean the
determination of a treatment regimen (i.e., a single therapy
or a combination of different therapies that are used for the
prevention and/or treatment of the cancer 1n the subject) for
a subject that 1s started, modified and/or ended based or
essentially based or at least partially based on the results of
the analysis according to the present invention. One example
1s starting an adjuvant therapy after surgery whose purpose
1s to decrease the risk of recurrence, another would be to
modily the dosage of a particular chemotherapy. The deter-
mination can, i addition to the results of the analysis
according to the present invention, be based on personal
characteristics of the subject to be treated. In most cases, the
actual determination of the suitable treatment regimen for
the subject will be performed by the attending physician or
doctor.

[0054] “Homologous™ as used herein, refers to nucleotide
sequence similarity between two regions of the same nucleic
acid strand or between regions of two diflerent nucleic acid
strands. When a nucleotide residue position in both regions
1s occupied by the same nucleotide residue, then the regions
are homologous at that position. A first region 1s homologous
to a second region 1if at least one nucleotide residue position
of each region 1s occupied by the same residue. Homology
between two regions 1s expressed in terms of the proportion
of nucleotide residue positions of the two regions that are
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occupied by the same nucleotide residue. By way of
example, a region having the nucleotide sequence 5'-AT-
TGCC-3'" and a region having the nucleotide sequence
STATGGC-3' share 50% homology. Preferably, the first
region comprises a first portion and the second region
comprises a second portion, whereby, at least about 50%,
and preferably at least about 75%, at least about 90%, or at
least about 95% of the nucleotide residue positions of each
of the portions are occupied by the same nucleotide residue.
More preferably, all nucleotide residue positions of each of
the portions are occupied by the same nucleotide residue.

[0055] As used herein, the term “host cell” 1s 1intended to
refer to a cell into which a nucleic acid of the invention, such
as a recombinant expression vector ol the invention, has
been introduced. The terms “host cell” and “recombinant
host cell” are used interchangeably herein. It should be
understood that such terms refer not only to the particular
subject cell but to the progeny or potential progeny of such
a cell. Because certain modifications may occur 1n succeed-
ing generations due to either mutation or environmental
influences, such progeny may not, in fact, be 1dentical to the
parent cell, but are still included within the scope of the term
as used herein.

[0056] The term “humanized antibody,” as used herein, 1s
intended to include antibodies made by a non-human cell
having variable and constant regions which have been
altered to more closely resemble antibodies that would be
made by a human cell. For example, by altering the non-
human antibody amino acid sequence to incorporate amino
acids found 1n human germline immunoglobulin sequences.
Humanized antibodies may include amino acid residues not
encoded by human germline immunoglobulin sequences
(e.g., mutations introduced by random or site-specific muta-
genesis 1n vitro or by somatic mutation in vivo), for example
in the CDRs. The term “humanized antibody”, as used
herein, also includes antibodies mm which CDR sequences
derived from the germline of another mammalian species,
such as a mouse, have been grafted onto human framework
sequences.

[0057] As used herein, the term “immune cell” refers to
cells that play a role 1n the immune response. Immune cells
are of hematopoietic origin, and include lymphocytes, such
as B cells and T cells; natural killer cells; myeloid cells, such
as monocytes, macrophages, eosinophils, mast cells, baso-
phils, and granulocytes.

[0058] As used herein, the term “1immune checkpoints™ or
“immune checkpoint regulators” means a group ol mol-
ecules on the cell surface of CD4+ and CD8+ T cells. These
molecules fine-tune immune responses by down-modulating
or inhibiting an i1mmune response, €.g., an anti-tumor
immune response. Immune checkpoint proteins are known
in the art and include, without limitation, CTLA-4, PD-1,
VISTA, B7-H2, B7-H3, PD-L1, B7-H4, B7-H6, 2B4, ICOS,
HVEM, PD-L2, CD160, gp49B, PIR-B, KIR family recep-
tors, TIM-1, TIM-3, TIM-4, LAG-3, BTLA, SIRPalpha
(CD47), CD48, 2B4 (CD244), B7.1, B7.2, ILT-2, ILT-4,
TIGIT, LAG-3, BTLA, and A2aR (see, for example, WO
2012/177624). Immunotherapeutic agents that can act as
immune checkpoint inhibitors useful 1n the methods of the
present invention, include, but are not limited to, imnhibitors
of PD-1, PD-L1, TIM-3, LAG-3 and CTLA-4 (e.g., soluble
peptide mhibitors or antibodies, e.g., anti-PD-1 antibodies,
ant1-PD-L.1 antibodies, anti-CTLA-4 antibodies, anti-TIM-3
antibodies, and anti-LAG-3 antibodies).
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[0059] As used heremn, the term “immune response”
includes T cell mediated and/or B cell mediated immune
responses. Exemplary immune responses include T cell
responses, €.g., cytokine production and cellular cytotoxic-
ity. In addition, the term 1immune response includes immune
responses that are indirectly effected by T cell activation,
e.g., antibody production (humoral responses) and activation
ol cytokine responsive cells, e.g., macrophages.

[0060] As used heremn, the term “immunotherapeutic
agent” can include any molecule, peptide, antibody or other
agent which can stimulate a host immune system to generate
an 1mmune response to a tumor or cancer in the subject.
Various immunotherapeutic agents are useful in the compo-
sitions and methods described herein.

[0061] An “inducible” promoter 1s a nucleotide sequence
which, when operably linked with a polynucleotide which
encodes or specifies a gene product, causes the gene product
to be produced 1n a living human cell substantially only
when an inducer which corresponds to the promoter i1s
present 1n the cell.

[0062] As used herein, the term “inhibit” refers to any
decrease 1n, for example a particular action, function, or
interaction. For example, cancer 1s “inhibited” 11 at least one
symptom of the cancer 1s reduced, slowed, or delayed. As
used herein, cancer 1s also “inhibited” if recurrence or
metastasis of the cancer 1s reduced, slowed, or delayed.

[0063] As used herein, the term “interaction,” when refer-
ring to an interaction between two molecules, refers to the
physical contact (e.g., binding) of the molecules with one
another. Generally, such an interaction results 1n an activity
(which produces a biological effect) of one or both of said
molecules.

[0064] An “isolated antibody” 1s intended to refer to an
antibody that 1s substantially free of other antibodies having
different antigenic specificities (e.g., an 1solated antibody
that specifically binds PD-L1 polypeptide or a fragment
thereol, or TIM-3 polypeptide or a fragment thereof, 1s
substantially free of antibodies that specifically bind anti-
gens other than said polypeptide or a fragment thereof).
Moreover, an 1solated antibody may be substantially free of
other cellular material and/or chemicals.

[0065] As used herein, an “isolated protein” refers to a
protein that i1s substantially free of other proteins, cellular
material, separation medium, and culture medium when
1solated from cells or produced by recombinant DNA tech-
niques, or chemical precursors or other chemicals when
chemically synthesized. An “isolated” or “purified” protein
or biologically active portion thereof 1s substantially free of
cellular material or other contaminating proteins from the
cell or tissue source from which the antibody, polypeptide,
peptide or fusion protein 1s derived, or substantially free
from chemical precursors or other chemicals when chemi-
cally synthesized. The language “substantially free of cel-
lular material” includes preparations, 1n which compositions
of the invention are separated from cellular components of
the cells from which they are 1solated or recombinantly
produced. In one embodiment, the language “substantially
free of cellular material” includes preparations of having
less than about 30%, 20%, 10%, or 3% (by dry weight) of
cellular material. When an antibody, polypeptide, peptide or
fusion protein or fragment thereot, e.g., a biologically active
fragment thereof, i1s recombinantly produced, it 1s also
preferably substantially free of culture medium, 1.e., culture
medium represents less than about 20%, more preferably
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less than about 10%, and most preferably less than about 5%
of the volume of the protein preparation.

[0066] A “kit” 1s any manufacture (e.g. a package or
container) comprising at least one reagent, e.g. a probe or
small molecule, for specifically detecting and/or affecting
the expression of a marker of the invention. The kit may be
promoted, distributed, or sold as a unit for performing the
methods of the present invention. The kit may comprise one
Or more reagents necessary to express a composition useful
in the methods of the present invention. In certain embodi-
ments, the kit may further comprise a reference standard,
¢.g., a nucleic acid encoding a protein that does not atiect or
regulate signaling pathways controlling cell growth, divi-
s10n, migration, survival or apoptosis. One skilled in the art
can envision many such control proteins, including, but not
limited to, common molecular tags (e.g., green fluorescent
protein and beta-galactosidase), proteins not classified in
any ol pathway encompassing cell growth, division, migra-
tion, survival or apoptosis by GeneOntology reference, or
ubiquitous housekeeping proteins. Reagents in the kit may
be provided in 1individual containers or as mixtures of two or
more reagents 1n a single container. In addition, instructional
materials which describe the use of the compositions within
the kit can be included.

[0067] A “marker” is a gene whose altered level of expres-
s10n 1n a tissue or cell from 1ts expression level 1n normal or
healthy tissue or cell 1s associated with a disease state, such
as cancer. A “marker nucleic acid” 1s a nucleic acid (e.g.,
mRNA, cDNA) encoded by or corresponding to a marker of
the invention. Such marker nucleic acids include DNA (e.g.,
cDNA) comprising the entire or a partial sequence of any of
the nucleic acid sequences set forth 1n the Sequence Listing
or the complement of such a sequence. The marker nucleic
acids also include RNA comprising the entire or a partial
sequence of any of the nucleic acid sequences set forth 1n the
Sequence Listing or the complement of such a sequence,
wherein all thymidine residues are replaced with urnidine
residues. A “marker protein” i1s a protein encoded by or
corresponding to a marker of the invention. A marker protein
comprises the entire or a partial sequence of any of the
sequences set forth in the Sequence Listing. The terms
“protein” and “polypeptide” are used interchangeably.

[0068] The “normal” level of expression of a marker 1s the
level of expression of the marker in cells of a subject, e.g.,
a human patient, not afflicted with a cancer. An “over-
expression” or “significantly higher level of expression” of
a marker refers to an expression level 1n a test sample that
1s greater than the standard error of the assay employed to

assess expression, and 1s preferably at least twice, and more
preferably 2.1, 2.2, 2.3,2.4,2.5,2.6,2.7,2.8,2.9, 3,35, 4,

4.5,5,5.5,6,6.5,7,7.5,8,8.5,9, 9.5, 10, 10.5, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20 times or more higher than the
expression activity or level of the marker 1n a control sample
(e.g., sample from a healthy subject not having the marker
associated disease) and preferably, the average expression
level of the marker in several control samples. A “signifi-
cantly lower level of expression” of a marker refers to an

expression level 1n a test sample that 1s at least twice, and
more preferably 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3,

3.5,4,4.5,5,55,6,65,7,7.5,8,85,9,9.5, 10, 10.5, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20 times or more lower than
the expression level of the marker 1n a control sample (e.g.,
sample from a healthy subject not having the marker asso-
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ciated disease) and preferably, the average expression level
of the marker 1n several control samples.

[0069] An “over-expression” or “significantly higher level
of expression” of a marker refers to an expression level 1n a
test sample that 1s greater than the standard error of the assay

employed to assess expression, and 1s preferably at least
twice, and more preferably 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7,

2.8,2.9,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,85,9,9.5, 10,
10.5, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 times or more
higher than the expression activity or level of the marker in
a control sample (e.g., sample from a healthy subject not
having the marker associated disease) and preferably, the
average expression level of the marker 1n several control
samples. A “significantly lower level of expression” of a
marker refers to an expression level 1n a test sample that 1s
at least twice, and more preferably 2.1, 2.2, 2.3, 2.4, 2.5, 2.6,
2.7,2.8,29,3,3.5,4,45,5,55,6,6.5,7,7.5,8,85,9,9.5,
10, 10.5, 11, 12, 13, 14, 15,16, 17, 18, 19, 20 times or more
lower than the expression level of the marker 1n a control
sample (e.g., sample from a healthy subject not having the
marker associated disease) and preferably, the average
expression level of the marker 1n several control samples.

[0070] The term “peripheral blood cell subtypes” refers to
cell types normally found in the peripheral blood including,
but 1s not limited to, eosinophils, neutrophils, T cells,
monocytes, NK cells, granulocytes, and B cells.

[0071] The term “probe” refers to any molecule which 1s
capable of selectively binding to a specifically intended
target molecule, for example, a nucleotide transcript or
protein encoded by or corresponding to a marker. Probes can
be either synthesized by one skilled 1n the art, or derived
from approprate biological preparations. For purposes of
detection of the target molecule, probes may be specifically
designed to be labeled, as described herein. Examples of
molecules that can be utilized as probes include, but are not
limited to, RNA, DNA, proteins, antibodies, and organic
molecules.

[0072] The term “prognosis™ includes a prediction of the
probable course and outcome of cancer or the likelihood of
recovery from the disease. In some embodiments, the use of
statistical algorithms provides a prognosis of cancer in an
individual. For example, the prognosis can be surgery,
development of a clinical subtype of cancer (e.g., hemato-
logic cancers, such as multiple myeloma), development of
one or more clinical factors, development of intestinal
cancer, or recovery Irom the disease.

[0073] The term “response to cancer therapy” or “outcome
ol cancer therapy” relates to any response of the hyperpro-
liferative disorder (e.g., cancer) to a cancer therapy, prefer-
ably to a change 1n tumor mass and/or volume aiter imitiation
of neoadjuvant or adjuvant chemotherapy. Hyperprolifera-
tive disorder response may be assessed, for example for
ellicacy or 1n a neoadjuvant or adjuvant situation, where the
s1Zze of a tumor after systemic intervention can be compared
to the mitial size and dimensions as measured by CT, PET,
mammogram, ultrasound or palpation. Response may also
be assessed by caliper measurement or pathological exami-
nation of the tumor after biopsy or surgical resection for
solid cancers. Responses may be recorded 1n a quantitative
fashion like percentage change in tumor volume or 1n a
qualitative fashion like “pathological complete response™
(pCR), “climical complete remission” (cCR), “clinical partial
remission” (CPR), “clinical stable disease” (¢cSD), “climical
progressive disease” (cPD) or other qualitative critena.
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Assessment of hyperproliferative disorder response may be
done early after the onset of neoadjuvant or adjuvant
therapy, e.g., after a few hours, days, weeks or preferably
alter a few months. A typical endpoint for response assess-
ment 1s upon termination of neoadjuvant chemotherapy or
upon surgical removal of residual tumor cells and/or the
tumor bed. This 1s typically three months after initiation of
neoadjuvant therapy. In some embodiments, clinical eflicacy
of the therapeutic treatments described herein may be deter-
mined by measuring the clinical benefit rate (CBR). The
clinical benefit rate 1s measured by determining the sum of
the percentage of patients who are 1n complete remission
(CR), the number of patients who are in partial remission
(PR) and the number of patients having stable disease (SD)
at a time point at least 6 months out from the end of therapy.
The shorthand for this formula 1s CBR=CR+PR+5D over 6
months. In some embodiments, the CBR for a particular
cancer therapeutic regimen 1s at least 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or more.
In other embodiments, the percentage of patients who are 1n
either CR, PR, and/or SD 1n any combination at least 30
days, 2 months, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, 10 months, 11 months, 12
months, 18 months, 24 months, 30 months, 36 months, 60
months, or longer 1s at least 25%, 30%, 35%, 40%, 45%,
50%, 53%, 60%, 65%, 70%, 75%, 80%, 85%, or more. In
some embodiments, the percentage 1s 100% over such a time
period. Additional criteria for evaluating the response to
cancer therapies are related to “survival,” which includes all
of the following: survival until mortality, also known as
overall survival (wherein said mortality may be either irre-
spective of cause or tumor related); “recurrence-iree sur-
vival” (wherein the term recurrence shall include both
localized and distant recurrence); metastasis free survival;
disease free survival (wherein the term disease shall include
cancer and diseases associated therewith). The length of said
survival may be calculated by reference to a defined start
point (e.g., time of diagnosis or start of treatment) and end
point (e.g., death, recurrence or metastasis). In addition,
criteria for eflicacy of treatment can be expanded to include
response to chemotherapy, probability of survival, probabil-
ity ol metastasis within a given time period, and probability
of tumor recurrence. For example, in order to determine
approprate threshold values, a particular cancer therapeutic
regimen can be administered to a population of subjects and
the outcome can be correlated to copy number, level of
expression, level of activity, etc. of a marker determined
prior to administration of any cancer therapy. The outcome
measurement may be pathologic response to therapy given
in the neoadjuvant setting. Alternatively, outcome measures,
such as overall survival and disease-free survival can be
monitored over a period of time for subjects following
cancer therapy for whom the measurement values are
known. In certain embodiments, the same doses of cancer
therapeutic agents are administered to each subject. In
related embodiments, the doses administered are standard
doses known 1n the art for cancer therapeutic agents. The
period of time for which subjects are monitored can vary.
For example, subjects may be monitored for at least 2, 4, 6,
8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 50, 55, or 60
months. Biomarker threshold values that correlate to out-
come of a cancer therapy can be determined using methods
such as those described 1n the Examples section. Outcomes
can also be measured 1n terms of a “hazard rati0” (the ratio
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of death rates for one patient group to another; provides
likelithood of death at a certain time point), “overall sur-
vival” (OS), and/or “progression iree survival.” In certain
embodiments, the prognosis comprises likelihood of overall
survival rate at 1 year, 2 years, 3 years, 4 years, or any other
suitable time point. The significance associated with the
prognosis ol poor outcome 1n all aspects of the present
invention 1s measured by techniques known 1n the art. For
example, significance may be measured with calculation of
odds ratio. In a further embodiment, the significance 1is
measured by a percentage. In one embodiment, a significant
risk of poor outcome 1s measured as odds ratio of 0.8 or less

or at least about 1.2, including by not limited to: 0.1, 0.2, 0.3,
04,05,06,07,08,1.2,13,14,1.5,1.6,1.7,1.8,1.9, 2.0,

2.5,3.0,4.0,5.0,10.0, 15.0, 20.0, 25.0, 30.0 and 40.0. In a
turther embodiment, a significant increase or reduction 1n
risk 1s at least about 20%, including but not limited to about
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%., 80%, 85%, 90%, 95% and 98%. In a further embodi-
ment, a significant 1ncrease in risk 1s at least about 50%.
Thus, the present invention further provides methods for
making a treatment decision for a cancer patient, comprising,
carrying out the methods for prognosing a cancer patient
according to the diflerent aspects and embodiments of the
present invention, and then weighing the results 1n light of
other known clinical and pathological risk factors, 1n deter-
mimng a course of treatment for the cancer patient. For
example, a cancer patient that 1s shown by the methods of
the mvention to have an increased risk of poor outcome by
combination chemotherapy treatment can be treated with
more aggressive therapies, including but not limited to
radiation therapy, peripheral blood stem cell transplant, bone
marrow transplant, or novel or experimental therapies under
clinical investigation.

[0074] The term “‘resistance” refers to an acquired or
natural resistance of a cancer sample or a mammal to a
cancer therapy (i.e., being nonresponsive to or having
reduced or limited response to the therapeutic treatment),
such as having a reduced response to a therapeutic treatment
by 25% or more, for example, 30%, 40%, 50%, 60%, 70%,
80%, or more, to 2-fold, 3-fold, 4-fold, 5-fold, 10-fold,
15-1old, 20-fold or more. The reduction 1n response can be
measured by comparing with the same cancer sample or
mamimal before the resistance 1s acquired, or by comparing,
with a diflerent cancer sample or a mammal who 1s known
to have no resistance to the therapeutic treatment. A typical
acquired resistance to chemotherapy 1s called “multidrug
resistance.” The multidrug resistance can be mediated by
P-glycoprotein or can be mediated by other mechanisms, or
it can occur when a mammal 1s nfected with a multi
drug-resistant microorganism or a combination ol microor-
ganisms. The determination of resistance to a therapeutic
treatment 1s routine in the art and within the skill of an
ordinarily skilled clinician, for example, can be measured by
cell proliferative assays and cell death assays as described
herein as “sensitizing.” In some embodiments, the term
“reverses resistance” means that the use of a second agent 1n
combination with a primary cancer therapy (e.g., chemo-

therapeutic or radiation therapy) i1s able to produce a sig-
nificant decrease in tumor volume at a level of statistical
significance (e.g., p<0.03) when compared to tumor volume
of untreated tumor 1n the circumstance where the primary
cancer therapy (e.g., chemotherapeutic or radiation therapy)
alone 1s unable to produce a statistically significant decrease
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in tumor volume compared to tumor volume of untreated
tumor. This generally applies to tumor volume measure-
ments made at a time when the untreated tumor 1s growing
log rhythmically.

[0075] An “RNA mterfering agent” as used herein, is
defined as any agent which interferes with or inhibits
expression of a target gene, e.g., a marker of the invention,
by RNA interference (RINA1). Such RNA interfering agents
include, but are not limited to, nucleic acid molecules
including RNA molecules which are homologous to the
target gene, €.g., a marker of the invention, or a fragment
thereof, short interfering RNA (siRNA), and small mol-

ecules which interfere with or inhibit expression of a target
gene by RNA interference (RINA1).

[0076] “RNA interference (RNA1)” 1s an evolutionally
conserved process whereby the expression or introduction of
RNA of a sequence that 1s 1dentical or highly similar to a
target gene results 1n the sequence specific degradation or
specific post-transcriptional gene silencing (PTGS) of mes-
senger RNA (mRNA) transcribed from that targeted gene
(see Coburn and Cullen (2002) J. Virol. 76(18):9223),
thereby 1nhibiting expression of the target gene. In one
embodiment, the RNA i1s double stranded RNA (dsRNA).
This process has been described 1n plants, invertebrates, and
mammalian cells. In nature, RNA1 1s mitiated by the
dsRINA-specific endonuclease Dicer, which promotes pro-
cessive cleavage of long dsRNA 1nto double-stranded frag-
ments termed siRNAs. siRNAs are incorporated mnto a
protein complex that recognizes and cleaves target mRNAs.
RNA1 can also be mitiated by introducing nucleic acid
molecules, e.g., synthetic siRNAs or RNA interfering
agents, to 1hibit or silence the expression of target genes. As
used herein, “inhibition of target gene expression” or “inhi-
bition of marker gene expression” mcludes any decrease in
expression or protein activity or level of the target gene (e.g.,
a marker gene of the mvention) or protein encoded by the
target gene, e.g., a marker protein of the mvention. The
decrease may be of at least 30%, 40%, 50%, 60%, 70%.,
80%, 90%, 95% or 99% or more as compared to the
expression ol a target gene or the activity or level of the
protein encoded by a target gene which has not been targeted
by an RNA interfering agent.

[0077] The term “sample” used for detecting or determin-
ing the presence or level of at least one biomarker 1is
typically whole blood, plasma, serum, saliva, urine, stool
(e.g., feces), tears, and any other bodily flmd (e.g., as
described above under the defimition of “body flumids™), or a
tissue sample (e.g., biopsy) such as a small intestine, colon
sample, or surgical resection tissue. In certain instances, the
method of the present invention further comprises obtaining
the sample from the individual prior to detecting or deter-
mining the presence or level of at least one marker in the
sample.

[0078] The term “sensitize” means to alter cancer cells or
tumor cells 1n a way that allows for more effective treatment
of the associated cancer with a cancer therapy (e.g., chemo-
therapeutic or radiation therapy. In some embodiments,
normal cells are not affected to an extent that causes the
normal cells to be unduly injured by the cancer therapy (e.g.,
chemotherapy or radiation therapy). An increased sensitivity
or a reduced sensitivity to a therapeutic treatment 1s mea-
sured according to a known method 1n the art for the
particular treatment and methods described herein below,
including, but not limited to, cell proliferative assays (Tani-
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gawa N, Kern D H, Kikasa Y, Morton D L, Cancer Res 1982;
42: 2159-2164), cell death assays (Weisenthal L. M, Shoe-
maker R H, Marsden J A, Dill P L, Baker J A, Moran E M,
Cancer Res 1984; 94: 161-173; Weisenthal L M, Lippman M
E, Cancer Treat Rep 1983; 69: 6135-632; Weisenthal L M, In:
Kaspers G I L, Pieters R, Twentyman P R, Weisenthal L M,
Veerman A ] P, eds. Drug Resistance i Leukemia and
Lymphoma. Langhorne, P A: Harwood Academic Publish-
ers, 1993: 415-432; Weisenthal L. M, Contrib Gynecol
Obstet 1994; 19: 82-90). The sensitivity or resistance may
also be measured 1n animal by measuring the tumor size
reduction over a period of time, for example, 6 month for
human and 4-6 weeks for mouse. A composition or a method
sensitizes response to a therapeutic treatment 11 the increase
in treatment sensitivity or the reduction in resistance 1s 25%
or more, for example, 30%, 40%, 50%, 60%, 70%, 80%, or
more, to 2-fold, 3-fold, 4-fold, 5-fold, 10-fold, 15-fold,
20-1fold or more, compared to treatment sensitivity or resis-
tance 1n the absence of such composition or method. The
determination of sensitivity or resistance to a therapeutic
treatment 1s routine in the art and within the skill of an
ordinarily skilled clinician. It 1s to be understood that any
method described herein for enhancing the eflicacy of a
cancer therapy can be equally applied to methods for sen-
sitizing hyperproliferative or otherwise cancerous cells (e.g.,
resistant cells) to the cancer therapy.

[0079] ““Short interfering RNA” (s1RNA), also referred to

herein as “small iterfering RNA™ 1s defined as an agent
which functions to mnhibit expression of a target gene, e.g.,
by RNA1. An siRNA may be chemically synthesized, may be
produced by in vitro transcription, or may be produced
within a host cell. In one embodiment, siRNA 1s a double
stranded RNA (dsRNA) molecule of about 15 to about 40
nucleotides 1 length, preferably about 15 to about 28
nucleotides, more preferably about 19 to about 25 nucleo-
tides 1n length, and more preferably about 19, 20, 21, or 22
nucleotides 1n length, and may contain a 3' and/or 3' over-
hang on each strand having a length of about 0, 1, 2, 3, 4,
or 5 nucleotides. The length of the overhang 1s independent
between the two strands, 1.¢., the length of the over hang on
one strand 1s not dependent on the length of the overhang on
the second strand. Preferably the siRNA 1s capable of
promoting RNA interference through degradation or specific
post-transcriptional gene silencing (PTGS) of the target
messenger RNA (mRNA). In another embodiment, an
siRNA 1s a small hairpin (also called stem loop) RNA
(shRNA). In one embodiment, these shRNAs are composed
of a short (e.g., 19-25 nucleotide) antisense strand, followed
by a 5-9 nucleotide loop, and the analogous sense strand.
Alternatively, the sense strand may precede the nucleotide
loop structure and the antisense strand may follow. These
shRNAs may be contained 1n plasmids, retroviruses, and
lentiviruses and expressed from, for example, the pol III U6
promoter, or another promoter (see, e.g., Stewart, et al.
(2003) RNA April; 9(4):493-501 incorporated by reference
herein). RNA interfering agents, ¢.g., siRNA molecules, may
be administered to a subject having or at risk for having
cancer, to inhibit expression of a marker gene of the mnven-
tion, e.g., a marker gene which 1s overexpressed 1n cancer
(such as the markers listed 1n Table 3) and thereby treat,
prevent, or inhibit cancer in the subject.

[0080] As used herein, “subject” refers to any healthy
amimal, mammal or human, or any animal, mammal or
human afflicted with a cancer, e.g., lung, ovarian, pancreatic,
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liver, breast, prostate, and colon carcinomas, as well as
melanoma and multiple myeloma. The term “subject” 1s
interchangeable with “subject”.

[0081] The language “substantially free of chemical pre-
cursors or other chemicals™ includes preparations of anti-
body, polypeptide, peptide or fusion protein in which the
protein 1s separated from chemical precursors or other
chemicals which are involved 1n the synthesis of the protein.
In one embodiment, the language “substantially free of
chemical precursors or other chemicals™ includes prepara-
tions of antibody, polypeptide, peptide or fusion protein
having less than about 30% (by dry weight) of chemical
precursors or non-antibody, polypeptide, peptide or fusion
protein chemicals, more preferably less than about 20%
chemical precursors or non-antibody, polypeptide, peptide
or fusion protein chemicals, still more preferably less than
about 10% chemical precursors or non-antibody, polypep-
tide, peptide or fusion protein chemicals, and most prefer-
ably less than about 5% chemaical precursors or non-anti-
body, polypeptide, peptide or fusion protein chemicals.

[0082] As used herein, the term “‘survival” includes all of
the following: survival until mortality, also known as overall
survival (wherein said mortality may be either irrespective
of cause or tumor related); “recurrence-iree survival”
(wherein the term recurrence shall include both localized
and distant recurrence); metastasis free survival; disease free
survival (wherein the term disease shall include cancer and
diseases associated therewith). The length of said survival
may be calculated by reference to a defined start point (e.g.
time of diagnosis or start of treatment) and end point (e.g.
death, recurrence or metastasis). In addition, criteria for
cllicacy of treatment can be expanded to include response to
chemotherapy, probability of survival, probability of metas-
tasis within a given time period, and probability of tumor
recurrence.

[0083] The term “‘synergistic eflect” refers to the com-
bined eflect of two or more anticancer agents can be greater
than the sum of the separate eflects of the anticancer agents
or alone. In some embodiments, 1n can provide for similar
cilicacy of monotherapy but with other unexpected improve-
ments relative to monotherapy, such as reducing unwanted
side ellects.

[0084] A ““tissue-specific” promoter 1s a nucleotide
sequence which, when operably linked with a polynucle-
otide which encodes or specifies a gene product, causes the
gene product to be produced 1n a living human cell substan-
tially only 1f the cell 1s a cell of the tissue type corresponding
to the promoter.

[0085] A ““transcribed polynucleotide” or “nucleotide tran-
script” 1s a polynucleotide (e.g. an mRNA, hnRNA, a
cDNA, or an analog of such RNA or ¢cDNA) which is
complementary to or homologous with all or a portion of a
mature mRNA made by transcription of a marker of the
invention and normal post-transcriptional processing (e.g.
splicing), 1f any, of the RNA transcript, and reverse tran-
scription of the RNA transcript.

[0086] An “underexpression” or “significantly lower level
of expression or copy number” of a marker refers to an
expression level or copy number 1n a test sample that 1s
greater than the standard error of the assay employed to
assess expression or copy number, but i1s preferably at least
twice, and more preferably three, four, five or ten or more
times less than the expression level or copy number of the
marker 1n a control sample (e.g., sample from a healthy
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subject not afllicted with cancer) and preferably, the average
expression level or copy number of the marker 1n several
control samples.

[0087] As used herein, the term “vector” refers to a nucleic
acid capable of transporting another nucleic acid to which 1t
has been linked. One type of vector 1s a “plasmid”, which
refers to a circular double stranded DNA loop into which
additional DNA segments may be ligated. Another type of
vector 1s a viral vector, wheremn additional DNA segments
may be ligated into the viral genome. Certain vectors are
capable of autonomous replication 1n a host cell into which
they are introduced (e.g., bacterial vectors having a bactenal
origin of replication and episomal mammalian vectors).
Other vectors (e.g., non-episomal mammalian vectors) are
integrated 1nto the genome of a host cell upon introduction
into the host cell, and thereby are replicated along with the
host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are opera-
tively linked. Such vectors are referred to herein as “recom-
binant expression vectors” or simply “expression vectors™.
In general, expression vectors of utility in recombinant DNA
techniques are often 1n the form of plasmids. In the present
specification, “plasmid” and “vector” may be used inter-
changeably as the plasmid 1s the most commonly used form
of vector. However, the invention 1s intended to include such
other forms of expression vectors, such as viral vectors (e.g.,
replication defective retroviruses, adenoviruses and adeno-
associated viruses), which serve equivalent functions.
[0088] There 1s a known and definite correspondence
between the amino acid sequence of a particular protein and
the nucleotide sequences that can code for the protein, as
defined by the genetic code (shown below). Likewise, there
1s a known and definite correspondence between the nucleo-
tide sequence of a particular nucleic acid and the amino acid
sequence encoded by that nucleic acid, as defined by the
genetic code.

GENETIC CODE

Alanine (Ala, A) GCA, GCC, GCG, GCT

Arginine (Arg, R) AGA, ACG, CGA, (CGC, (CGG,
CGT

Agparagine (Asn, N) AAC, AAT

Agpartic acid (Asp, D) GAC, GAT

Cysteine (Cys, C) TGC, TGT

Glutamic acid (Glu, E) GAA, GAG

Glutamine (Gln, Q) CAn, CAG

Glycine (Gly, G) GGA, GGC, GGG, GGT

Histidine (His, H) cCAC, CAT

Isoleucine (Ile, 1) ATA, ATC, ATT

Leucine {(Leu, L) CTa, CTC, CTG, CTT, TTA,
TTG

Lysine (Lys, K) ARARA, AAG

Methionine (Met, M) ATG

Phenylalanine (Phe, F) TTC, TTT
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-continued
GENETIC CODE
Proline (Pro, P) cca, CCC, CCca, cCcT
Serine (Ser, S) AGC, AGT, TCA, TCC, TCG,
TCT
Threonine (Thr, T) ACA, ACC, ACG, ACT
Tryptophan (Trp, W) TGG
Tyrosine (Tyr, Y) TAC, TAT
Valine (Val, V) GTA, GTC, GTG, GTT

Termination signal {(end) TAD, TAG, TGA

[0089] Animportant and well known feature of the genetic
code 1s 1ts redundancy, whereby, for most of the amino acids
used to make proteins, more than one coding nucleotide
triplet may be employed (illustrated above). Therefore, a
number of different nucleotide sequences may code for a
grven amino acid sequence. Such nucleotide sequences are
considered functionally equivalent since they result 1n the
production of the same amino acid sequence 1n all organisms
(although certain organisms may translate some sequences
more eiliciently than they do others). Moreover, occasion-
ally, a methylated variant of a purine or pyrimidine may be
found 1n a given nucleotide sequence. Such methylations do
not atfect the coding relationship between the trinucleotide
codon and the corresponding amino acid.

[0090] In view of the foregoing, the nucleotide sequence
of a DNA or RNA coding for a fusion protein or polypeptide
of the mvention (or any portion thereol) can be used to
derive the fusion protein or polypeptide amino acid
sequence, using the genetic code to translate the DNA or
RNA mto an amino acid sequence. Likewise, for fusion
protein or polypeptide amino acid sequence, corresponding
nucleotide sequences that can encode the fusion protein or
polypeptide can be deduced from the genetic code (which,
because of 1ts redundancy, will produce multiple nucleic
acid sequences for any given amino acid sequence). Thus,
description and/or disclosure herein of a nucleotide
sequence which encodes a fusion protein or polypeptide
should be considered to also include description and/or
disclosure of the amino acid sequence encoded by the
nucleotide sequence. Similarly, description and/or disclo-
sure ol a fusion protein or polypeptide amino acid sequence
herein should be considered to also include description
and/or disclosure of all possible nucleotide sequences that
can encode the amino acid sequence.

[0091] Finally, nucleic acid and amino acid sequence
information for the loci and biomarkers of the present
invention (e.g., biomarkers listed in Table 1) are well known
in the art and readily available on publicly available data-
bases, such as the National Center for Biotechnology Infor-
mation (NCBI). For example, exemplary nucleic acid and
amino acid sequences derived from publicly available
sequence databases are provided below.

[0092] For example, the term “PD-1"" refers to a member
of the immunoglobulin gene superfamily that functions as a
coinhibitory receptor having PD-L.1 and PD-L2 as known
ligands. PD-1 was previously 1dentified using a subtraction
cloning based approach to select for proteins mvolved 1n
apoptotic cell death. PD-1 1s a member of the CD28/
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CTLA-4 family of molecules based on 1ts ability to bind to
PD-L1. Like CTLA-4, PD-1 1s rapidly induced on the
surtace of T-cells 1 response to anti-CD3 (Agata et al. 25
(1996) Int. Immunol. 8:7635). In contrast to CTLA-4, how-
ever, PD-1 1s also induced on the surface of B-cells (in
response to anti-IgM). PD-1 1s also expressed on a subset of

thymocytes and myeloid cells (Agata et al. (1996) supra;
Nishimura et al. (1996) Int. Immunol. 8:773).

[0093] The nucleic acid and amino acid sequences of a

representative human PD-1 biomarker 1s available to the
public at the GenBank database under NM_0035018.2 and

NP_005009.2 and 1s shown 1n Table 1 (see also Ishida et al.
(1992) 20 EMBQO J 11:38877; Shinohara et al. (1994) Genom-
ics 23:704; U.S. Pat. No. 5,698,520). PD-1 has an extracel-
lular region containing i1mmunoglobulin superfamily
domain, a transmembrane domain, and an intracellular
region including an immunoreceptor tyrosine-based inhibi-
tory motif (ITIM) (Ishida et al. (1992) EMBO J. 11:3887;
Shinohara et al. (1994) Genomics 23:704; and U.S. Pat. No.
5,698,520). These features also define a larger family of
polypeptides, called the immunoinhibitory receptors, which
also includes gp49B, PIR-B, and the killer inhibitory recep-
tors (KIRs) (Vivier and Daeron (1997) Immunol Today
18:286). It 1s often assumed that the tyrosyl phosphorylated
I'TIM motif of these receptors interacts with SH2-domain
contaiming phosphatases, which leads to ihibitory signals.
A subset of these immunoinhibitory receptors bind to NMC
polypeptides, for example the KIRs, and CTLA4 binds to
B7-1 and B7-2. It has been proposed that there 1s a phylo-
genetic relationship between the MHC and B7 genes (Henry
et al. (1999) Immunol. Today 20(6):285-8).

[0094] Nucleic acid and polypeptide sequences of PD-1
orthologs 1n orgamisms other than humans are well known
and include, for example, mouse PD-1 (NM_008798.2 and

NP_032824.1), rat PD-1 (NM_001106927.1 and
NP_001100397.1), dog PD-1 (XM_543338.3 and
XP_543338.3), cow PD-1 (NM_001083506.1 and

NP_001076975.1), and chicken PD-1 (XM_422723.3 and
XP_422723.2).

[0095] PD-1 polypeptides are mnhibitory receptors capable
of transmitting an inhibitory signal to an immune cell to
thereby 1nhibit immune cell effector function, or are capable
of promoting costimulation (e.g., by competitive ihibition)
of immune cells, e.g., when present 1n soluble, monomeric
form. Preferred PD-1 family members share sequence 1den-
tity with PD-1 and bind to one or more B7 family members,
e.g., B7-1, B7-2, PD-1 ligand, and/or other polypeptides on
antigen presenting cells.

[0096] The term “PD-1 activity,” includes the ability of a
PD-1 polypeptide to modulate an inhibitory signal in an
activated immune cell, e.g., by engaging a natural PD-1
ligand on an antigen presenting cell. PD-1 transmits an
inhibitory signal to an immune cell 1n a manner similar to
CTLA4. Modulation of an mhibitory signal in an immune
cell results in modulation of proliferation of, and/or cytokine
secretion by, an immune cell. Thus, the term “PD-1 activity”
includes the ability of a PD-1 polypeptide to bind its natural
ligand(s), the ability to modulate immune cell costimulatory
or inhibitory signals, and the ability to modulate the immune
response.

[0097] The term “PD-1 ligand” refers to binding partners
of the PD-1 receptor and includes both PD-L1 (Freeman et
al. (2000) J. Exp. Med. 192:1027) and PD-L2 (Latchman et
al. (2001) Nat. Immunol. 2:261). At least two types of human
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PD-1 ligand polypeptides exist. PD-1 ligand proteins com-
prise a signal sequence, and an IgV domain, an IgC domain,

a transmembrane domain, and a short cytoplasmic tail. Both
PD-L1 (See Freeman et al. (2000) J. Exp. Med. 192:1027 for

sequence data) and PD-L2 (See Latchman et al. (2001) Nat.
Immunol. 2:261 for sequence data) are members of the B7
family of polypeptides. Both PD-L1 and PD-L2 are
expressed 1n placenta, spleen, lymph nodes, thymus, and
heart. Only PD-L2 1s expressed in pancreas, lung and liver,
while only PD-L1 1s expressed in fetal liver. Both PD-1
ligands are upregulated on activated monocytes and den-
dritic cells, although PD-L1 expression 1s broader. For
example, PD-L1 1s known to be constitutively expressed and
upregulated to higher levels on murine hematopoietic cells
(e.g., T cells, B cells, macrophages, dendritic cells (DCs),
and bone marrow-derived mast cells) and non-hematopoi-
ctic cells (e.g., endothelial, epithelial, and muscle cells),
whereas PD-L2 1s inducibly expressed on DCs, macro-

phages, and bone marrow-derived mast cells (see, Butte et
al. (2007) Immunity 27:111).

[0098] PD-1 ligands comprise a family of polypeptides
having certain conserved structural and functional features.
The term “family” when used to refer to proteins or nucleic
acid molecules, 1s intended to mean two or more proteins or
nucleic acid molecules having a common structural domain
or motif and having suflicient amino acid or nucleotide
sequence homology, as defined herein. Such family mem-
bers can be naturally or non-naturally occurring and can be
from either the same or different species. For example, a
family can contain a {irst protein of human origin, as well as
other, distinct proteins of human origin or alternatively, can
contain homologues of non-human origin. Members of a
family may also have common functional characteristics.
PD-1 ligands are members of the B7 family of polypeptides.
The term “B7 family” or “B7 polypeptides™ as used herein
includes costimulatory polypeptides that share sequence
homology with B7 polypeptides, e.g., with B7-1 (CDRS80),
B7-2 (CD86), inducible costimulatory ligand (ICOS-L),
B7-H3, B7-H4, VISTA, B7-H6, B7h (Swallow et al. (1999)
Immunity 11:423), and/or PD-1 ligands (e.g., PD-L1 or
PD-L2). For example, human B7-1 and B7-2 share approxi-
mately 26% amino acid sequence 1dentity when compared
using the BLAST program at NCBI with the default param-
cters (Blosum62 matrix with gap penalties set at existence
11 and extension 1 (see the NCBI website). The term B7
family also includes variants of these polypeptides which are
capable of modulating immune cell function. The B7 family
of molecules share a number of conserved regions, including
signal domains, IgV domains and the IgC domains. IgV
domains and the IgC domains are art-recognized Ig super-
family member domains. These domains correspond to
structural units that have distinct folding patterns called Ig
folds. Ig folds are comprised of a sandwich of two R sheets,
cach consisting of anti-parallel R strands of 5-10 amino
acids with a conserved disulfide bond between the two
sheets 1n most, but not all, IgC domains of Ig, TCR, and
MHC molecules share the same types of sequence patterns
and are called the Cl-set within the Ig superfamily. Other
IgC domains fall within other sets. IgV domains also share
sequence patterns and are called V set domains. IgV
domains are longer than IgC domains and contain an addi-
tional pair of R strands.

[0099] The term “PD-L1" refers to a specific PD-1 ligand.
Two forms of human PD-1.1 molecules have been identified.
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One form 1s a naturally occurring PD-L1 soluble polypep-
tide, 1.e., having a short hydrophilic domain at the COOH-
terminal end and no transmembrane domain, and 1s referred
to herein as PD-L1S (shown in Table 1 as SEQ 1D NO: 4).
The second form 1s a cell-associated polypeptide, 1.e., hav-
ing a transmembrane and cytoplasmic domain, referred to
herein as PD-L1IM (shown 1in SEQ ID NO: 6). The nucleic
acid and amino acid sequences of representative human
PD-L1 biomarkers regarding PD-LIM are also available to
the public at the GenBank database under NM_014143.3
and NP_054862.1. PD-L1 proteins comprise a signal
sequence, and an IgV domain and an IgC domain. The signal
sequence of SEQ ID NO: 4 1s shown from about amino acid
1 to about amino acid 18. The signal sequence of SEQ ID
NO: 6 1s shown: from about amino acid 1 to about amino
acid 18. The IgV domain of SEQ ID NO: 4 1s shown from
about amino acid 19 to about amino acid 134 and the IgV
domain of SEQ ID NO: 6 1s shown from about amino acid
19 to about amino acid 134. The IgC domain of SEQ ID NO:
4 1s shown from about amino acid 135 to about amino acid
227 and the IgC domain of SEQ ID NO: 6 1s shown from
about amino acid 135 to about amino acid 227. The hydro-
philic tail of the PD-L1 exemplified in SEQ ID NO: 4
comprises a hydrophilic tail shown from about amino acid
228 to about amino acid 245. The PD-L1 polypeptide
exemplified in SEQ ID NO: 6 comprises a transmembrane
domain shown from about amino acids 239 to about amino
acid 259 of SEQ ID NO: 6 and a cytoplasmic domain shown
of about 30 amino acids from 260 to about amino acid 290
of SEQ ID NO: 6. In addition, nucleic acid and polypeptide
sequences of PD-L1 orthologs i organisms other than

humans are well known and include, for example, mouse
PD-L1 (NM_021893.3 and NP_068693.1), rat PD-L1 (NM

001191954.1 and NP_001178883.1), dog PD-LI (XV:
541302.3 and XP_541302.3), cow PD-L1 (NM_
001163412.1 and NP_001156884.1), and chicken PD-L1

(XM_424811.3 and XP_424811.3).

[0100] The term “TIM-3” refers to a type I cell-surface
glycoprotein that comprises an N-terminal immunoglobulin
(Ig)-like domain, a mucin domain with O-linked glycosy-
lations and with N-linked glycosylations close to the mem-
brane, a single transmembrane domain, and a cytoplasmic
region with tyrosine phosphorylation motif(s) (see, for
example, U.S. Pat. Publ. 2013/0156774). TIM-3 1s a mem-
ber of the T cell/transmembrane, immunoglobulin, and
mucin (ITIM) gene family. Nucleic acid and polypeptide
sequences of human TIM-3 are well known 1n the art and are
publicly available, for example, as described in
NM 032782.4 and NP _116171.3. The term, as described
above for useful markers such as PD-L.1 and PD-1, encom-
passes any naturally occurring allelic, splice variants, and
processed forms thereof. Typically, TIM-3 refers to human
TIM-3 and can include truncated forms or fragments of the
TIM-3 polypeptide. In addition, nucleic acid and polypep-
tide sequences of TIM-3 orthologs in organisms other than
humans are well known and include, for example, mouse
TIM-3 (NM_134250.2 and NP_599011.2), chimpanzee
TIM-3 (XM_3518059.4 and XP_518059.3), dog TIM-3
(NM_001254715.1 and NP_001241644.1), cow TIM-3
(NM_001077105.2 and NP_001070573.1), and rat TIM-3
(NM_001100762.1 and NP_001094232.1). In addition, neu-
tralizing anti-TIM-3 antibodies are well known 1n the art
(see, at least U.S. Pat. Publ. 2013/0183688, Ngiow et al.
(2011) Cancer Res. 71:3540-3551; and antibody 344823
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from R&D Biosystems, as well as clones 2C23, 5D12, 2E2,
4A4, and 1G5, which are all published and thus publicly

available).

[0101] TIM-3 was oniginally identified as a mouse Thl-
specific cell surface protein that was expressed after several
rounds of 1n vitro Thl differentiation, and was later shown
to also be expressed on Thl7 cells. In humans, TIM-3 1s
expressed on a subset of activated CD4+ T cells, on difler-

entiated Thl cells, on some CD8+ T cells, and at lower
levels on Th17 cells (Hastings et al. (2009) Fur. J. Immunol.

39:2492-2501). TIM-3 1s also expressed on cells of the
innate immune system including mouse mast cells, subpopu-
lations of macrophages and dendritic cells (DCs), NK and
NKT cells, human monocytes, human dendritic cells, and on
murine primary bronchial epithelial cell lines. TIM-3
expression 1s regulated by the transcription factor T-bet.
TIM-3 can generate an inhibitory signal resulting in apop-
tosis of Thl and Tc1 cells, and can mediate phagocytosis of
apoptotic cells and cross-presentation of antigen. Polymor-
phisms 1n TIM-1 and TIM-3 can reciprocally regulate the
direction of T-cell responses (Freeman et al. (2010) fmmu-

nol. Rev. 235:172-89).

[0102] TIM-3 has several known ligands, including galec-
tin-9, phosphatidylserine, and HMGBI1. For example, galec-
tin-9 1s an S-type lectin with two distinct carbohydrate
recognition domains joined by a long flexible linker, and has
an enhanced athnmity for larger poly-N-acetyllactosamine-
containing structures. Galectin-9 does not have a signal
sequence and 1s localized 1n the cytoplasm. However, 1t can
be secreted and exerts its function by binding to glycopro-
teins on the target cell surtace via their carbohydrate chains

(Freeman et al. (2010) Immunol. Rev. 235:172-89). Engage-
ment of TIM-3 by galectin-9 leads to Thl cell death and a
consequent decline 1n IFN-gamma. productlon When glven
in vivo, galectin-9 had beneficial eflects 1n several murine
disease models, including an EAE model, a mouse model of
arthritis, in cardiac and skin allograft transplant models, and
contact hypersensitivity and psornatic models (Freeman et al.

(2010) Immunol. Rev. 235:172-89). Residues important for
TIM-3 binding to galectin-9 include TIM-3(44), TIM-3(74),
and TIM-3(100), which undergo N- and/or O-glycosylation.
It 1s also known that TIM-3 mediates T-cell dysfunction
associated with chronic viral infections (Golden-Mason et
al. (2009) J. Virol 83:9122-9130; Jones et al. (2008) J. Exp.
Med. 205:2763-2779) and increases HIV-1-specific T cell
responses when blocked ex vivo (Golden-Mason et al.
(2009) J. Virol. 83:9122-9130). In addition, in chronic HCV
infection, TIM-3 expression was increased on CD4+ and
CD8+ T cells, specifically HCV-specific CD8+ cytotoxic T
cells (CTLs) in chronic HCV infection and treatment with a
blocking monoclonal antibody to TIM-3 reversed HCV-
specific T cell exhaustion (Jones et al. (2008) J. Exp. Med.
205:27763-2779).

[0103] The term “LAG-3,” also known as CD223, refers
to a member of the immunoglobulin supergene family and 1s
structurally and genetically related to CD4 (see, U.S. Pat.
Publ. 2011/0150892). LAG-3 1s generally known as a mem-
brane protein encoded by a gene located on the distal part of
the short arm of chromosome 12, near the CD4 gene,
suggesting that the LAG-3 gene may have evolved through
gene duplication (Iriebel et al. (1990) J. Exp. Med. 171:
1393-14035). However, secreted forms of the protein are
known (e.g., for human and mouse TIM-3). Nucleic acid and
polypeptide sequences of human LAG-3 are well known 1n
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the art and are publicly available, for example, as described
in NM_002286.5 and NP_002277 4.

[0104] The term encompasses any naturally occurring
allelic, splice variants, and processed forms thereof. Typi-
cally, LAG-3 refers to human LAG-3 and can include
truncated forms or fragments of the LAG-3 polypeptide. In
addition, nucleic acid and polypeptide sequences of LAG-3

orthologs 1n organmisms other than humans are well known
and 1nclude, for example, mouse LAG-3 (NM_008479.2 and

NP_032505.1), chimpanzee LAG-3 (XM_508966.4 and
XP_508966.2), monkey LAG-3 (XM_001108923.2 and
XP_001108923.1), cow LAG-3 (NM_00124949.1 and
NP_001232878.1), rat LAG-3 (NM_212513.2 and
P_997678.2), and chicken LAG-3 (XM_416510.3,
XP_416510.2, XM_004938117.1, and XP_004938174.1).
In addition, neutralizing anti-LAG-3 antibodies are well
known 1n the art (see, at least U.S. Pat. Publs. 2011/0150892
and 2010/0233183; Macon-Lemaitre and Triebel (2005)
Immunology 113:170-178; Drake et al. (2006) J. Clin.
Oncol. 24:2573; Richter et al. (2010) Int. Immunol. 22:13-
23).
[0105] LAG-31snotexpressed on resting peripheral blood
lymphocytes but 1s expressed on activated T cells and NK
cells and has a number of functions (see, U.S. Pat. Publ.
2011/0150892). Similar to CD4, LAG-3 has been demon-
strated to interact with MHC Class II molecules but, unlike
CD4, LAG-3 does not interact with the human immunode-
ficiency virus gpl20 protein (Baixeras et al. (1992) J. Exp.
Med. 176:327-337). Studies using a soluble LAG-3 immu-
noglobulin fusion protein (sLAG-31g) demonstrated direct
and specific binding of LAG-3 to MHC class II on the cell
surface (Huard et al. (1996) Eur. J. Immunol. 26:1180-1186).
In 1n vitro studies of antigen-specific T cell responses, the
addition of anti-LAG-3 antibodies led to increased T cell
proliferation and higher expression of activation antigens
such as CD25, supporting a role for the LAG-/MHC class II
interaction in down-regulating antigen-dependent stimula-
tion of CD4+T lymphocytes (Huard et al. (1994) Eur. J.
Immunol. 24:3216-3221). The intra-cytoplasmic region of
[LAG-3 has been demonstrated to interact with a protein
termed LAP, which 1s thought to be a signal transduction
molecule mvolved 1n the downregulation of the CD3/TCR
activation pathway (Iouzalen et al. (2001) Eur. J. Immunol.
31:2885-2891). Furthermore, CD4+CD25+ regulatory T

cells (T, ) have been shown to express LAG-3 upon acti-

re g)

SEQ ID NO:
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vation and antibodies to LAG-3 inhibit suppression by
induced regulatory T cells, both mn vitro and 1 wvivo,
suggesting that LAG-3 contributes to the suppressor activity
of regulatory T cells (Huang et al. (2004) Immunity 21:503-
513). Still further, LAG-3 has been shown to negatively
regulate T cell homeostasis by regulatory T cells in both T
cell-dependent and independent mechamisms (Workman and
Vignali1 (2005) J. Immunol. 174:688-695).

[0106] In certain circumstances, LAG-3 also has been
shown to have immunostimulatory eflects. For example,
LAG-3 transfected tumor cells transplanted 1nto syngeneic
mice showed marked growth reduction or complete regres-
sion as compared to untransfected tumor cells, suggesting
that LAG-3 expression on the tumor cells stimulated an

anti-tumor response by triggering antigen presenting cells
via MHC class II molecules (Prigent et al. (1999) Eur J.

Immunol. 29:3867-3876). Additionally, soluble LAG-3 Ig
fusion protein has been shown to stimulate both humoral and
cellular 1mmune responses when administered to mice
together with an antigen, indicating that soluble LAG-31g
can function as a vaccine adjuvant (El Mir and Triebel
(2000) J. Immunol. 164:5583-5589). Furthermore, soluble
human LAG-31g has been shown to amplify the i vitro

generation of type I tumor-specific immunity (Casati et al.
(2006) Cancer Res. 66:4450-4460). The functional activity

of LAG-3 1s reviewed further in Triebel (2003) Trends
Immunol. 24:619-622.

[0107] CTLA-4 1s a T cell surface molecule that was
originally identified by differential screening of a murine
cytolytic T cell cDNA library, Brunet et al. (1987) Nature
328:267-2770. The role of CTLA-4 as a second receptor for
B7 1s discussed i Linsley et al. (1991) J. Exp. Med.
174:561-569. Freeman et al. (1993) Science 262:907-909
discusses CTLA-4 1 B7 deficient mice. Ligands {for
CTLA-4 are described 1in Lenschow et al. (1993) PN.A.S.
90:11034-11058. Linsley et al. (1992) Science 257:792-7935
describes immunosuppression in vivo by a soluble form of
CTLA-4. Lenschow et al. (1992) Science 257:789-792 dis-
cusses long term survival of pancreatic 1slet grafts induced
by CTLA-41g. It 1s suggested in Walunas et al. (1994)
Immunity 1:405-413, that CTLA-4 can function as a nega-
tive regulator of T cell activation. The amino acid and
nucleotide sequence of C1LA-4 (e.g., human CTLA-4) are
known 1n the art (e.g., as described in U.S. Pat. Nos.
5,811,097 and 5,434,131, incorporated herein by reference).

TABLE 1

1 Human PD-1 c¢DNA Sequence

cactctggtg gggctgcectcece aggce atg cag atc cca cag gcg ccc tgg cca 51

Met Gln Ile Pro Gln Ala Pro Trp Pro
1 5

gtc
Val

10
gac
ASDP

ctce
Leu

aac
Agn

aac
Asn

gtc
Val

tcc
Ser

gtg
Val

aca
Thxr

cag
Gln
75

tgg
Trp

cCa
Pro

gtg
Val

tcg
sSer

60
acg
Thr

gCd
Ala

gac
Asp

acgc
Thr
45

gag
Glu

gac
Asp

gtg
Val

ag9y
ATy

20
gaa
Glu

agc
Ser

aag
Lys

cta
Leu

15
cCccC
Pro

999
Gly

| e
Phe

ctg
Leu

caa
Gln

tgg
Trp

gac
ASpP

gtg
Val

gcc
2la
80

ctyg
Leu

aac
ASn

aac
ASn

cta
Leu

65
gcc
Ala

ggc
Gly

cCcC
Pro

gcc
Ala

50
aac
Asn

CtcC
Phe

tgg
Trp

ofele
Pro

35
acce
Thr

tgg
Trp

cCC
Pro

“9Y
ATg

20
acc
Thr

CtcC
Phe

tac
Tyr

gagy
Glu

cca gga tgg
Pro Gly Trp

CLCcC
Phe

acc
Thr

cgc
ATJg

gac
ASDP
85

tcc
Serxr

tgc
Cys

atg
Met

70
cgc
Arg

cca
Pro

agc
sSer

55
agc
sSer

agc
Ser

ct¢e
Phe

gcc
Ala

40
ttc
Phe

cCcC
Pro

cag
Gln

tta
Leu

25
ctg
Leu

tcc
sSer

agc
Ser

‘lels
Pro

99

147

195

243

291
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ggc
Gly

90
Ctc
Phe

ctce
Leu

ctyg
Leu

gcce
Ala

gtg
Val
170
tgg
Trp

gcce
Ala

gtg
Val

acgc
Thr

aCcC

Thr
250

ggc
Gly

gga
Gly

SEQ
Met
Leu
AsSn
AsSn
Leu
65

Ala
Val
Ala
Ala
Thr
145
Arg
Leu

Ser

Leu

Glu
225

Met

Ser

cag
Gln

cac
His

tgt
Cys

c99Y
ATy

cac
His
155
gtt
Val

gtc
Val

agy
ATrg

| e
Phe

ccyg
Pro
235
att
Ile

tca
Ser

cac
His

gac
ASP

atg
Met

999
Gly

gca
Ala
140
ccc
Pro

ggt
Gly

ctg
Leu

cgc
ATrg

tct

Ser
220

gay
Glu

gtc
Val

gct
Ala

tgc
Cys

ID NO:
Gln Ile Pro Gln Ala

Gly
Pro
ala

50
Agn
Phe
Thr
ATrg
Pro
130
Glu
Ser
Leu
Arg
Lys
210
Leu
Val

Gly

2la

Trp
Pro

35
Thr
Trp
Pro
Gln
ATrg
115
Arg
Ala
Gly
Ala
195
Glu
ASP
Pro

Thr

Gln
275

tgc
Cys

agc
Ser

gcc
Ala
125

gay
Glu

agc
Ser

gtc
Val

gcc
Ala

acc
Thr
205

gtg
Val

cCc
Pro

CCLC
Phe

gac
ASP

tct

Ser
285

ATy

20
Thr
Phe
Tyr
Glu
Leu
100
Agn
Ala
ATrg
Gly
Ser

180
Ala

ASP
Phe
Glu
sSer

260
Pro

cgc
ATy

gtg
Val
110
atc

Tle

ctce
Leu

o ele
Pro

gtg
Val

gtc
Val
190

ggc<
Gly

gac
Asp

o ele
Pro

cct
Pro

ggc
Gly

270

tgg
Trp

5
Pro

Phe
Thr
Arg
Asp

85
Pro
AsSp
Gln
Ala
Gln

165
Leu

Pro
Gln
Gln
245

Ser

Leu

CtcC
Phe

o5
gtc
vVal

tcc
Ser

ayy
ATg

tCca
Ser

ggc
Gly

175

atc
Tle

cag
Gln

tat
Tyr

gtg
Val

agc
sSer
255
cCt
Pro

CCcC
Pro

2 Human PD-1

Gly

Ser

Met

70
ATg
Agn
Ser
Tle
Glu
150
Phe
Val
Gly
Ser
Trp
230
Thr

Pro

ATrg

TABLI

|

cgt
Arg

agd
Arg

ctyg
Leu

gtg
Val

CCC

Pro
160

ggc
Gly

tgc

cCcC
Pro

99Y
Gly

cCCC

Pro
240

gga
Gly

CYyY
Arg

ctce
Leu

gtc
Val

gcc
Ala

gcc
2la

aca
Thr
145

ady
Arg

ctyg
Leu

tcc
Ser

ctyg
Leu

gay
Glu
225
tgt
Cys

atg
Met

agt
Ser

tgaccggctt ccttggccac cagtgttctg cag

1-continued

aca
Thr

<99
Arg

cCc
Pro
130

gay
Glu

tca
Ser

ctg
Leu

<99
ATy

aag
Lys
210
ctg
Leu

gtc
Val

gyc
Gly

gcc
Ala

caa
Gln

cgc
Arg
115
aag
Lys

aga
Arg

gcc
Ala

gyc
Gly

gcc
Ala
195

gag
Glu

gat
ASpP

cct
Pro

acc
Thr

cag
Gln
275

ctyg
Leu
100
aat
Asn

gcd
Ala

agy
AYg

ggc
Gly

agc
sSer
180
gca
Ala

gac
ASpP

CtcC
Phe

gay
Glu

tca
sSer
260
cca
Pro

Amino Acid Sequence

Pro
Trp
Pro
Ser

55
Ser
Ser
Gly
Gly
Lys
135
Val
Gln
Leu
Thr
Ala
215
Arg
Glu

Ala

Pro

Trp
Phe
Ala

40
Phe
Pro
Gln
ATrg
Thr
120
Glu
Pro
Thr
Leu
Tle
200

Val

Glu

ATy

Glu
280

Pro
Leu

25
Leu
Ser
Ser
Pro
ASP
105
Tyr
Ser
Thr
Leu
Val
185

Gly

Pro

Ala

ATrg
265
ASP

Val

10
ASp
Leu
Agn
Agn
Gly

S0
Phe
Leu
Leu
2la
Val
170
Trp
Ala
Val
Thr
Thr
250

Gly

Gly

Val
Ser
Val
Thr
Gln

75
Gln
His
Cys
ATrg
His
155
Val
Val
Arg
Phe
Pro
235
Ile

Ser

His

cCC
Pro

gac
ASDP

cag
Gln

gca
Ala

cag
Gln
leb
ctyg
Leu

cga
AT

cCcC
Pro

cag
Gln

cag
Gln
245
tcc

Ser

ctyg
Leu

Trp
Pro
Val
Ser

60
Thr
ASDP
Met
Gly
Ala
140
Pro
Gly
Leu
ATrg
Ser
220
Glu

Val

Ala

aac
Agn

agc
Ser

atc
Tle

gaa
Glu
150
ttcC
Phe

gtg
Val

999
Gly

tCcCca

Ser

Trp
230
acyg
Thr

coC
Pro

ayy
Arg

Ala
Asp
Thr

45
Glu

Asp

Ser
Ala
125
Glu
Ser
val
Ala
Thr
205
Val
Pro
Phe

Asp

Ser
285

16

949
Gly

gyc
Gly

aaa
Lys
135

gtg
Val

caa
Gln

ctg
Leu

aca
Thr

gcc
Ala
215
cga
ATg

gay
Glu

gcc
Ala

cct
Pro

Val
Arg

20
Glu

Ser

ATg
Val
110
Tle
Leu
Pro
Val
Val
190
Gly
ASP
Pro
Pro
Gly

270
Trp

cgt
ATy

acg
Thr
120

gay
Glu

coc
Pro

acg
Thr

cta
Leu

ata
Tle
200

gtg
Val

gay
Glu

tat
Tyr

cgc
Arg

gayd
Glu
280

Leu
15
Pro

Gly
Phe
Leu
Phe

o5
Val
Ser
Arg
Ser
Gly
175

Tle

Gln

Val
Ser
255

Pro

Pro

gac
ASpP
105
tac

agc
Ser

aca
Thr

ctyg
Leu

gtc
Val
135
gga
Gly

cct
Pro

aag
Lys

gcc
2la

ag9y
ATrg

265
gat
ASpP

Gln
Trp
ASpP
Val
Ala

80
ATrg
ATrg
Leu
Val
Pro

160
Gly

Pro
Gly
Pro
240
Gly

ATrg

Leu

339

387

435

483

531

579

627

675

723

771

819

867

021

Feb. &, 2024
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SEQ ID NO: 3 Human PD-L1S ¢DNA Acid Sequence
gecttececcecgag gcectecegecace agcececgegcett ctgtcecgect gcagggcatt ccagaaag 58
atg agg ata ttt gct gtc ttt ata ttc atg acc tac tgg cat ttg ctg 106
Met Arg Ile Phe Ala Val Phe Ile Phe Met Thr Tyr Trp His Leu Leu
1 5 10 15
aac gca ttt act gtc acg gtt ccc aag gac cta tat gtg gta gag tat 154
Asn Ala Phe Thr Val Thr Val Pro Lys Asp Leu Tyr Val Val Glu Tvyr
20 25 30
ggt agc aat atg aca att gaa tgc aaa ttc cca gta gaa aaa caa tta 202
Gly Ser Asn Met Thr Ile Glu Cys Lys Phe Pro Val Glu Lys Gln Leu
35 40 45
gac ctg gct gca cta att gtc tat tgg gaa atg gag gat aag aac att 250
Asp Leu Ala Ala Leu Ile Val Tyr Trp Glu Met Glu Asp Lys Asn Ile
50 55 60
att caa ttt gtg cat gga gag gaa gac ctg aag gtt cag cat agt agc 298
Ile Gln Phe Val His Gly Glu Glu Asp Leu Lys Val Gln His Ser Ser
65 70 75 80
tac aga cag agg gcc cgg ctg ttg aag gac cag cte tee ctg gga aat 346
Tyr Arg Gln Arg Ala Arg Leu Leu Lys Asp Gln Leu Ser Leu Gly Asn
85 S50 55
gct gca ctt cag atc aca gat gtg aaa ttg cag gat gca ggg gtg tac 394
Ala Ala Leu Gln Ile Thr Asp Val Lys Leu Gln Asp Ala Gly Val Tyr
100 105 110
cgc tgce atg atc agce tat ggt ggt gcce gac tac aag cga att act gtg 442
Arg Cys Met Ile Ser Tyr Gly Gly Ala Asp Tyr Lys Arg Ile Thr Val
115 120 125
aaa dtc aat gcc cca tac aac aaa atc aac caa aga att ttg gtt gtg 490
Lys Val Asn Ala Pro Tyr Asn Lys Ile Asn Gln Arg Ile Leu Val Val
130 135 140
gat cca gtc acc tcect gaa cat gaa ctg aca tgt cag gct gag ggc tac 538
Asp Pro Val Thr Ser Glu His Glu Leu Thr Cys Gln Ala Glu Gly Tyr
145 150 155 160
CCC aag gcc gaa gtc atc tgg aca agce agt gac cat caa gtce ctg agt 586
Pro Lys Ala Glu Val Ile Trp Thr Ser Ser Asp His Gln Val Leu Ser
165 170 175
ggt aag acc acc acc acc aat tcce aag aga gag gag aag ctt ttce aat 634
Gly Lys Thr Thr Thr Thr Asn Ser Lys Arg Glu Glu Lys Leu Phe Asn
180 185 150
gtg acc agc aca c¢ctg aga atc aac aca aca act aat gag att ttc tac 682
Val Thr Ser Thr Leu Arg Ile Asn Thr Thr Thr Asn Glu Ile Phe Tyr
195 200 205
tgc act ttt agg aga tta gat cct gag gaa aac cat aca gct gaa ttg 730
Cys Thr Phe Arg Arg Leu Asp Pro Glu Glu Asn His Thr Ala Glu Leu
210 215 220
gtc atc cca ggt aat att ctg aat gtg tcce att aaa ata tgt cta aca 778
Val Ile Pro Gly Asn Ile Leu Asn Val Ser Ile Lys Ile Cys Leu Thr
225 230 235 240
ctg tcec cct agce acce tagcatgatg tcectgectatce atagtcattce agtgattgtt 833
Leu Ser Pro Ser Thr
245
gaataaatga atgaatgaat aacactatgt ttacaaaata tatcctaatt cctcacctcce 893
attcatccaa accatattgt tacttaataa acattcagca gatatttatg gaataaaaaa 953
aaaaaaaaaa aaaaa 068

SEQ ID NO: 4 Human PD-LIS Amino Acid Sequence

Met
1
Agn

Gly
ASp
ITle

65
Ala

ATg

ASP
145
Pro

ATrg
2la
Ser
Leu

50
Gln

Arg

ala

Val
130
Pro

Tle
Phe
Agn

35
Ala
Phe
Gln
Leu
Met
115

Agn

Val

Ala

Phe
Thr

20
Met
Ala
Val
ATy
Gln
100
Ile

Ala

Thr

Glu

Ala
5
Vval
Thr
Leu
His
Ala
85
Ile
Ser

Pro

Ser

Vval
165

Val
Thr
Tle
Tle
Gly

70
ATrg

Thr

Tvyr

Glu
150

Tle

Phe
Val
Glu
Val

55
Glu
Leu
Asp
Gly
Asn

135
His

Trp

Ile
Pro
Cys

40
Tyr
Glu
Leu
Val
Gly

120

Glu

Thr

Phe
Lys

25
Lys
Trp
ASP
Lys
Lys
105
Ala

Ile

Leu

Ser

Met

10
ASp
Phe
Glu
Leu
ASp

S0
Leu
ASpP

Agn

Thr

Ser
170

Thr
Leu
Pro
Met
Liys

75

Gln

Gln

Gln

Cys
155
ASp

Tvr
Tvr
Val
Glu

60

Val

Leu

ASP

AYg
140
Gln

Hig

Trp
Val
Glu

45
Asp
Gln
sSer
Ala
Arg
125

Ile

Ala

Gln

His

His
Leu
Gly
110
Ile

Leu

Glu

Val

Leu

15
Glu
Gln
Agn
Ser
Gly

of
Val
Thr
Val

Gly

Leu
175

Leu

Leu
Tle
Ser

80
ASn

Val
Val
Tyr

160
Ser
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Gly

Val

Val
225
Leu

Lys
Thr
Thr
210
Tle

Sexr

Thr
Ser
195
Phe

Pro

Pro

SEQ ID NO:
cgaggctceceg caccagcecge gcettetgtee gectgcaggyg cattcecagaa agatgagg

ata
Ile

ctt
Phe

aat
Asn

35
gct
Ala

Ctt
Phe

cag
Gln

ctt
Leu

atg
Met
115
aat
Asn

gtc
Val

gcce
Ala

acc
Thr

agc
sSer
195
ttt
Phe

cCa
Pro

att
Tle

CtcC
Phe

caa
Gln
275

CCt
Phe

act
Thr

20
atg
Met

gca
2la

gtg
Val

ag9gy
Arg

cag
Gln
100
atc
Ile

gcc
2la

acgc
Thr

gaa
Glu

acc
Thr
180
aca
Thr

ag9gy
ATrg

gaa
Glu

ctg
Leu

cgt
Arg
260
gat
ASpP

gct
Ala

5
gtc
Val

aca
Thr

cta
Leu

cat
His

gcc
Ala

85
atc
Ile

agc
Ser

cca
Pro

tct
Ser

gtc
Val
165
acc
Thr

ctg
Leu

aga
ATrg

cta
Leu

gga
Gly

245
tta
Leu

aca
Thr

Thr
180
Thr

ATy
Gly

Ser

gtc
Val

acg
Thr

atct
Tle

atct
Ile

gga
Gly

70

c99Y
ATg

aca
Thr

gaa
Glu
150
atc
Ile

acc
Thr

aga
ATy

tta
Leu

cct
Pro
230
gcc
Ala

aga
ATg

aac
ASn

Thr
Leu
Arg
Asn

Thr
245

Ctt
Phe

gtt
Val

gaa
Glu

gtc
Val
55

gay
Glu

ctyg
Leu

gat
Asp

ggt
Gly

aac
Asn
135
cat
His

tgg
Trp

aat
ASn

atc
ITle

gat
AsSp
215
ctyg
Leu

atc
Tle

aaa
Lys

tca
Ser

Thr
ATrg
Leu

Tle
230

ata
ITle

cCc
Pro

tgc
Cys

40
tat

gaa
Glu

ttyg
Leu

gtg
Val

ggt
Gly

120
aaa

gaa
Glu

aca
Thr

tcc
Ser

aac
Asn
200
cCt
Pro

gca
Ala

tta
Leu

999
Gly

aag
Lys
280

TABLE

Asn
Tle

Asp
215
Leu

Ctc
Phe

aag

gac
Asp

aag

aaa
Lys
105
gcc
Ala

atc
Tle

ctyg
Leu

agc
Ser

aag
Lys
185
aca
Thr

gagd
Glu

cat
Hisg

tta
Leu

aga
Arg
265
aag
Lys

Ser

ASn
200
Pro

Agh

atg
Met

10
gac
ASpP

CL¢
Phe

gaa
Glu

ctg
Leu

gac
ASP

S0
ttyg
Leu

gac
ASDP

aac
Agsn

aca
Thr

agt
ser
170
aga
ATy

aca
Thr

gaa
Glu

cct
Pro

tgc
Cys
250
atg
Met

caa
Gln

1-continued

Lys
185
Thr

Glu

Val

acc
Thr

cta
Leu

cca
Pro

atg
Met

aag
Lys

75
cag
Gln

cag
Gln

tac

caa
Gln

tgt
Cys
155
gac
ASDP

gay
Glu

act
Thr

aac
Asn

cca
Pro
235
ctt
Leu

atg
Met

agt
Ser

Arg
Thr

Glu

Sexr

gta
Val

gag
Glu

60
gtt
Val

ctce
Leu

gat
ASpP

aag
Lys

aga
Arg
140
cag
Gln

cat
His

gay
Glu

aat
AgSh

cat
His
220
aat
Asn

ggt
Gly

gat
ASp

gat
ASpP

Glu

Thr

AgSn

Tle
235

5 Human PD-L1M c¢DNA Acid Sequence

tgg
Trp

gtg
Val

gaa
Glu

45
gat
ASDP

cag
Gln

tcc
Ser

gca
Ala

cga
Arg
125
att
Ile

gct
Ala

caa
Gln

aag

gay
Glu
205
aca

Thr

gaa
Glu

gta
Val

gtg
Val

aca
Thr
285

Glu
AsSh

His
220
Lys

cat
His

cat
His

ctyg
Leu

99Y
Gly

110
att
Tle

ttyg
Leu

gay
Glu

gtc
Val

ctt
Leu
190
att
Ile

gct
Ala

ayy
ATYJ

gca
Ala

aaa
Lys
270
cat
His

Lys

Glu
205
Thr

Tle

ttyg
Leu
15

gay
Glu

caa
Gln

aac
Agn

Ser

ggda
Gly

o5

gtg
Val

act
Thr

gtt
Val

ggc
Gly

ctyg
Leu
175
ttc
Phe

Ctce
Phe

gaa
Glu

act
Thr

ctyg
Leu
255
aaa
Lys

ttyg
Leu

18

Leu
190
Tle

Ala

ctg
Leu

tat
Tyzr

tta
Leu

att
Ile

agc
sSer

80
aat
Agsn

tac

gtg
val

gtg
Val

tac
Tyr
160
agt
ser

aat
ASn

tac
Tyr

ttg
Leu

cac
His
240
aca
Thr

tgt
Cys

gay
Glu

Phe
Phe
Glu

Leu

Met

aac
Agn

ggt
Gly

gac
ASP

att
Ile

65
tac

gct
2la

cgc
ATrg

dadad

gat
ASpP
145
CCC
Pro

ggt
Gly

gtg
Val

gtc
Val
225
ttg
Leu

|l e
Phe

gyc
Gly

gay
Glu

Agn

Leu

Thr
240

ATrg

1
gca
Ala

agc
Ser

ctg
Leu

50
caa
Gln

aga
Arg

gca
b2la

tgc
Cys

gtc
Val
1320
cca
Pro

aag
Lys

aag
Lys

acc
Thr

act
Thr
210
atc
Ile

gta
Val

atc
Tle

atc
Tle

acg
Thr
290

58

106

154

202

250

298

3406

394

442

490

538

586

634

682

730

778

826

874

922

taatccagca

tcatcgggygc
acttaaaagyg

aagatggagt
ctcatcgacy
catccattgc

cagaagtgcc
cagtgttgga

ttggaacttc
tgagcgtgac
cccaagcact
caaacaggga
cctgtgacag
tcatcctagy
ctttgcctcec

acgggacagt

tgatcttcaa
aagaggaady
gaaaatggaa
gcectggaggy
ggagaaagga
aagacgggtt
actcaatgcc

atttatgtat

gcagggattc

aatgggcccy
cctggcgaaa

agaccttgat
tacttctgaa
gagaatccct

tcaatttgtt
gagtttttec

tcaacctgty
tgggatgcag
gcagaggagy
actttcaaat
caaggagcct
aatttgaggyg
ttctgcatga
tatttatttt

gtttaggggt
gcaatgtggyg
agaatgaaga
gcctgagggy
ccaagcaaat
tcagttcctyg
ctgagagtct
gagtctgtga

082
1042
1102
1162
1222
1282

1342
1402

Feb. &, 2024
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TABLE

1-continued

19

ggtcttcttyg tcatgtgagt gtggttgtga atgatttctt ttgaagatat attgtagtag 1462
atgttacaat tttgtcgcca aactaaactt gctgcttaat gatttgctca catctagtaa 1522
aacatggagt atttgtaaaa aaaaaaaaaa a

SEQ
Met

1
Asn

Gly
ASp
Tle

65
Tyr

Ala

ATy

ASP
145
Pro

Gly

Val

Val
225
Leu
Phe
Gly

Glu

ID NO:

ATy
2la
Ser
Leu

50
Gln

Arg

Ala

Val
130
Pro

Thr
Thr
210
Tle
Val
Tle

Tle

Thr
290

Tle

Phe

Agn

35

Ala

Phe

Gln

Leu

Met

115

Agn

Val

Ala

Thr

Ser

195

Phe

Pro

Tle

Phe

Gln
275

Phe
Thr

20
Met
Ala
Val
ATy
Gln
100
Tle
Ala
Thr
Glu
Thr
180
Thr
ATg
Glu
Leu
ATrg

260
ASDP

Ala
5
Val
Thr
Leu
His
Ala
85
Tle
Ser
Pro
Ser
Val
165
Thr
Leu
Arg
Leu
Gly
245

Leu

Thr

Val
Thr
Ile
Ile
Gly

70

ATrg

Thr

Glu
150
ITle
Thr
ATrg
Leu
Pro
230
Ala

ATrg

Agn

Phe
Val
Glu
Val

55
Glu
Leu
Asp
Gly
Asn
135
Hig
Trp
Asn
Tle
AsSp
215

Leu

Tle

Ser

6 Human PD-L1M Amino

Tle
Pro
Cys

40
Tyr
Glu
Leu
Val
Gly
120
Glu
Thr
Ser
Agn
200
Pro
2la
Leu

Gly

Lys
280

Acid Sequence

Phe
Lys

25
Lys
Trp
ASP
Lys
Lys
105
Ala
Ile
Leu
Ser
Lys
185
Thr
Glu
His
Leu

Arg
265

Met

10
ASDP
Phe
Glu
Leu
ASp

S0
Leu
ASp
Agn
Thr
Ser
170
Arg
Thr
Glu
Pro
Cys
250

Met

Gln

Thr
Leu
Pro
Met
Liys

75

Gln

Gln

Gln
Cys
155
ASDP
Glu
Thr
Agn
Pro
235
Leu

Met

Ser

Tvr
Tvr
Val
Glu

60
Val

Leu

ASDP

ATYJ
140
Gln
Hig
Glu
AsSn
Hig
220
ASn
Gly

ASD

ASD

Trp
Val
Glu

45
Asp
Gln
Ser
Ala
Arg
125
Ile

Ala

Gln

Glu
205
Thr
Glu
Vval

val

Thr
285

His

His
Leu
Gly
110
Tle
Leu
Glu
Val
Leu
190
Tle
Ala
ATrg
Ala
Lys

270
His

Leu

15
Glu
Gln
Agn
Ser
Gly

o5
Val
Thr
Val
Gly
Leu
175
Phe
Phe
Glu
Thr
Leu

255

Leu

1553

Leu

Leu
Tle
Ser

80
ASn

Val
Val
Tyr
160

Ser

Agn

Leu
His

240
Thr

Glu

Feb. &, 2024

SEQ ID NO: 7 Mouse PD-L1 c¢DNA Seguence

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

SEQ ID NO:

1
61
121
181
241

SEQ ID NO:

1
61
121
181
241
301

301
421

atgaggatat
atcacggctc
agattccctyg
gatgagcaag
ttcaggggga
atcacagacyg
gcggactaca
atttccgtgyg
gaagctgagyg
accacttccc
acagcgaatyg
gcggagcetga
gtgcttctgg
agaaaacaag
aaccgaaatyg

mrifagiift
degvigfvag
adykritlkv
ttsrtegmll
vlilgsillfl

atgttttcac
tcctcagaag
accccagcecyg
tttgaatgtyg
agatactggc
actctagcag
gaaaaattta

cagagagact

ttgctggcat
caaaggactt
tagaacggga
tgattcagtt
gagcctcgcet
tcaagctgca
agcgaatcac
atccagccac
taatctggac
gdgacagagdgd
atgttttcta
tcatcccaga
gatccatcct
tgagaatgct
atacacaatt

acchllraft
eedlkpghsn
napyrkingr
nvtsslrvna
i1vvstvllfl

atcttccecett
tggaatacag
ccccagggaa

gcaacgtggt
taaatgggga

acagtgggat
acctgaagtt

tcactgcagc

tatattcaca
gtacgtggtg
gctggacctyg
tgtggcagga
gccaaaggac
ggacygcadgc
gctgaaagtc
ttctgagcat
aaacagtgac
gatgcttctc
ctgtacgttt
actgcctgca
gttgttccte
agatgtggag
cgaggagacg

itapkdlyvv
frgraslpkd
isvdpatseh
tandvfyctt
rkgvrmldve

9 Human TIM-3 c¢DNA Sedguence

tgactgtgtc
agcggaggtc
cctegtgcecc
gctcaggact
tttccgcaaa
ctactgctgc

ggtcatcaaa
ctttccaagg

gcectgcetgtce
gagtatggca
cttgcgttag
gaggaggacc
cagcttttga
gtttactgct
aatgccccat
gaactaatat
caccaacccg
aatgtgacca
tggagatcac
acacatcctce
attgtagtgt
aaatgtggcyg
taa

8 Mouse PD-L1 Amino Acid Sequence

eygsnvtmec
gl lkgnaalqg
elicgaegyp
wI spggnht
kcgvedtassk

ctgctgcectygce
ggtcagaatyg
gtctgctggyg
gatgaaaggg
ggagatgtgt
cggatccaaa
ccagccaagg

atgcttacca

acttgctacg
gcaacgtcac
tggtgtactg
ttaagcctca
agggaaatgc
gcataatcag
accgcaaaat
gtcaggccga
tgagtgggaa
gcagtctgag
agccagggca
cacagaacag
ccacggtcct
ttgaagatac

rfpvereldl
itdvklgdag
eaeviwtnsd
aeliipelpa
nrndtgfeet

tgctgctact
cctatctgec
gcaaaggagc
atgtgaatta
ccctgaccat
toccaggcat

tcaccccetgce
ccaggggaca

ggcgtttact
gatggagtgc
ggaaaaggaa
gcacagcaac
tgcccttcag
ctacggtggt
caaccagaga
gggttatcca
gagaagtgtc
ggtcaacgcc
aaaccacaca
gactcactgyg
cctettettyg
aagctcaaaa

lalvvyweke
vy Cccllsygyg
hgpvsgkrsv
thppgnrthw

acttacaagg
ctgcttctac
ctgtcctgtg
ttggacatcc
agagaatgtg
aatgaatgat
accgactcgg

tggcccagca
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481
541
601
661
721
781
841
901

SEQ ID NO:

gagacacaga
aatgagttac
ataggcatct
gctttaattt
tctttggcca
gaagaaaaca
tattgctatyg
ccatag

TABLE 1-continued

cactggggag

gggactctag
acatcggagc

tcaaatggta
acctccctec
tctataccat
tcagcagcag

1 mfshlpfdev 11111111trx

61
121
181
241
301

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

SEQ ID NO:

1
61
121
181
241

SEQ ID NO:

1

61
121
181
241
301
301
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

SEQ ID NO:

1
61
121
181
241
301

fecgnvvlrt
ekfnlklvik
nelrdsrlan
slanlggsgl

P

atgttttcag
tcattggaaa
actctatcta
tcacagtgta
agcagatacc

gtgactctygyg
gataaaaaat

gcccatgggyg
gagacacaga
gatgaaatta
tctgctgggt
aagaaaaaga
ttggcaaatg
aacgtatatg
tcctga

mfsgltlncv
sgctnellrt
dkklelkldi
deikdsgeti
lanagavrir

atgtgggagyg
aagcctctcc
cagctcccect
gtcacttggc
gcccceccggcec
gtgctgagcyg
cagctggatyg
cgcgoeggacyg
cgcctecgtc
gcctccgact
cattggttcc
ttagcggaaa
tgcatcctca
ggtctggagce
cecectgecgec
cctgggggag
gaggatgtga
cagctcaatyg
cctggatccc
gtgtggagct
caggaggccc
cttggagcag
gccccaggtyg
ctgctccttt
agacgatttt
gagctggagc
gagccggagc

mweagflgll
vtwghgpdsg
Jqldergrgrg
asdwvilncs
ciltyrdgfn
pgggpdllvt

derdvnywts
pakvtpaptr
dlrdsgatir
anavaegirs

gtcttaccct
atgcttatgt

cacctggggc
ccaacgagtt

agctaaaggyg
atgaccatgg
tagaactgaa
actctactac
cactggtgac
aggactctygg
tgaccctggce
agttatcgag
caggagcagt
aagtggagaa

llllglllar
dernvtygks
kaakvtpaqgt
rtaihigvgv
seeniytiee

ctcagttcct
agccaggdgc
gcagccccac
agcatcagcc
ctcacccggc

tgggtccegy
agcgcggcocyg
ccggcgagta
tgcgectggy
gggtcatttt
gdgaaccgggd
gcttectett
cctacagaga
ccccaactcc
tgcctgetgy
gccctgacct
gccaggcecca
ccactgtcac
tggggaagct
ctctggacac
agctcctttc
cagtgtactt
ccecteccagce
tggtgactgyg
ctgccttaga
aagaaccgga
agctctga

flgplwvapv
ppaaapghpl
dfslwlrpar
fsrpdrpasv
veimynltvl
gdngdftlrl

ccteectgat
attggccaat
agggatctgt
ttctcatagc
ctcaggattg
tgaagagaac
gcagcaaccc

sgeveyraev
rywlngdfrk
gqrdftaafpr
igiyigagilic
eeniytieen

caactgtgtc
gtttgaggtt
acttgtgcct
gctcagaact
cgatctcaac
gacctactgc
attagacatc
agcttctcca
cctccataat
agaaacgatc
acttatcattct
tttgagccett
caggattcgc
ttcaaatgag

slenayvfev
sryqglkgdln
ahgdsttasp
sagltlalii
nvyevensne

gggcttgcetyg
tgaggtcccg
aatcccecctce
agacagtggc
ggcgccctcc
aggcctgegce
gcagcgcyggyd
ccgecgecgog
ccaggcctcg
gaactgctcc
ccagggccga
cctgccccaa
tggcttcaac
cttgacagtg
tgtggggacc
cctggtgact
ggctgggacc
attggcaatc
gctttgtgag
cccatcccag
ccagccttgg
cacagagctg
aggccacctc
agcctttggce

gcaagggatt
gccggagcecg

kplgpgaevp
apgphpaaps
radageyraa
hwfrnrgggr
glepptpltv
edvsgagagt

ataaatctaa

gacttacggyg
gctgggcetgyg
aaagagaaga
gcaaatgcag
gtatatgaag
tcacaacctt

10 Human TIM-3 Amino Acid Sequence

gagnaylpcty
gdvsltienv
mlttrghgpa

aglalalifg
vyeveepney

11 Mouse TIM-3 c¢DNA Segquence

ctgctgcectgc
ggtaagaatg
atgtgctggyg
gatgaaagaa
aaaggagacg
tgcaggatac
aaagcagcca
agaaccctaa
aacaatggaa
agaactgcta
ggtgtcttaa
attacactgg
tctgaggaaa
tactactgct

12 Mouse TIM-232 Amino Acid Sequence

gknaylpcsy
kgdvsliikn
rtltterngs
gvlilkwysc

vy oyvnsqqp

13 Human LAG-3 c¢DNA Sequence

tttctgcagce
gtggtgtggyg
caggatctca
ccgeecgcety
tcetgggggc
agcgggaggc
gacttctcgc
gtgcacctca
atgactgcca
ttcagccgcec
gtccctgtcc
gtcagcccca
gtctccatca
tacgctggag
cggtetttec
ggagacaatyg
tacacctgcce
atcacagtga
gtgactccag
aggagtttct
caatgccagc
tctagcccag
ctgctgtttc
tttcaccttct
caccctecge

gagccggaac

14 Human LAG-3 Amino Acid Sequence

vvwagegapa
swgprprryt
vhlrdralsc
vpvresphhh
vagagsrvgl
yvtchihlgeq

20

cacaaatatc
actctggagc
ctctggctet
tacagaattt
tagcagaggyg
tggaggagcc
tgggttgtceg

tpaapgnlvp
tladsgiycc
etgtlgslpd
alifkwyshs
YVCYVSSsSrJdp

tgcaactact
cctatctgec
gcaagggatt
atgtgacata
tgtctectgat
agttcccectygyg
aggtcactcc
ccacggagag
caaaaatttc
tccacattgg
tccttaaatg
ccaacttgcc
atatctacac
acgtcaacag

tlstpgalvp
vt lddhgtyc
etgtlvtlhn

kkkklsslsl
=

cgctttgggt
cccaggagydy
gccttcectgeg
ccgeocceccygy
ccaggccoccg
tgccectgea
tatggctgcg
ggyggaccgcgc
gcccocccagyg
ctgaccgccc

gggagtcccc

tggactctgg
tgtataacct

caggttccag
tcactgccaa
gogactttac
atatccatct
ctcccaaatc
tatctggaca
caggaccttg
tgtaccaggg
gtgcccaacyg
tcatccttgg
ggagaagaca
aggctcagag
cggagcccga

Jglpcsptipl
vlisvgpgglr
rlrlrlggas
laesflflpqg
pcrlpagvgt
dglnatvtlail

cacattggcc
aaccatcaga
tatcttcggc
aagcctcatc
aattcgctca
caatgagtat
ctttgcaatg

vewgkgacpv
rigipgimnd
inltgistla
kekignlsli
sgplgcrfam

acttgcaagg
ctgcagttac
ctgtccttgg
tcagaaatcc
cataaagaat
tcttatgaat
agctcagact
aaatggttca
cacatgggct
agtgggagtc
gtattcctgt
tccaggaggy
catcgaggag
ccagcagcca

mcwgkgfcpw
crigfpglmn
nngtkistwa
itlanlppgg

ggctccagtyg
ggctcctgcec
aagaygcagyy
ccatcccectyg
ccgctacacg
gcececgegtc
cccagcccgg
cctctectgce
atctctcaga
agcctctgtyg
ccatcaccac

gccecctgggygc
cactgttctg

ggtggggcetyg
gtggactcct
ccttcgacta
gcaggaacag
ctttgggtca
agaacgcttt
gctggaggca
ggagaggctt
ctctgggaga
tgtcctttet
gtggcgacca
caagatagag
gcecgagecc

gqdlsllrrag
sgrlplgprv
mtasppgslr
vspmdsgpwg
rsfltakwtp
itvtpksfgs
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TABLE 1-continued

361 pgslgkllce vtpvsggerf vwssldtpsg rsfsgpwlea
421 lgaavyftel sspgadqrsgr apgalpaghl 11flilgvls
481 rrfsaleqgil hppgagskie elegepepep epepepepep

SEQ ID NO:

1 atgagggagg acctgctcct

61
121
181
241
301
301
421
481
541
601
661
721
781
841
501
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

SEQ ID NO:

1
61
121
181
241
301
361
421
481

[0108]

gtgtcttcayg
catcttccect
gttatctggc

caccagggga
gctccaggag
cgcggcectcc
ggcgagtacc
cgcgtcoggcc
gtccttttga
ggccagaacc
ttactgcccc
gatggcttca
cctctgacag
ggagtgggga
ctcecececgtgy
caggctggga
acgttggcgyg
ctgttgtgtyg
aatctgtcca
gagcgatggc
gcagagtcta
catctcgttc
tttggctttc

gggattcagc
gagatgggac
ctctga

mredlllgfl
viwghgpdsg
rglgrgdfsl
vlilncsfsrp
dgfnvsityn
lpvagksgnt
llcevtpasg
aesssgahsa
gigpfpaqgrk

ggcctgggaa
gcagcctcaa

aacatcaacc
tgccctcegec
gcctgcegceag
agcgegggygga
acgccaccgt
aggcctcgat
actgctcctt
gagtgcctgt
aagtcagccc
atgtctccat
tgtacgctgc
CCCCtTtcCcttt
ctggaaagag
cctacacctyg
tcatcacagt
aggtaacccc
ggagttgccc
agtgtcagct
gctcaggcgc
tcgttctcat
actggtggag
catttccggc

adgadgccdda

llgllweapv
dgptpipaldl
wlrpalrtda
drpvsvhwig
lkvlglepva
tlhleavgla
kerfvwrpln
rrisgdlkgg
ieelerelet

tggctttttyg
agagctcccc
atcccccaac
agacagtggc
tagacaaccc
cgggaggcay
cttectctetg
gcgectecocy
gattgctagt
cagccgtcect
ctacaactca
cctggactcet
cacgtacaac
tgaaggttct
gctcattgcc
tggcaatttt
tagcatccat
gactcccaaa

ggcatctgga
gggccctgtyg
gtacgagggc
ccacagtgct
ccttggtgcec
aaaacagttg
tcagaggaag
gcccgagcocyg

vssgpgkelp
hggmpsprdp
geyvhatvrlyp
ganrvpvyns
pltvvaaegs
gagtytcesih
nlsrscpgpv
hlvlvlilga

cmnmydepepep

15 Mouse LAG-3 c¢DNA Sequence

cttctgggac
gtggtgtggyg
ctggatccta
caacccactc
gcacccggtc
ccectgeatce
tggttgcgcc
aaccgcegecc
ccctcaggag
gaccgcccag
ccgcgtcatt
gggacctggyg
ctcaaggttc
agggtggagc
aagtggactc
acccttcacc
ctgcagggac
tccttcecgggt
aaggaaagat
ctggagattc
cagaggcttc
aggagaatct
ctctceccctgt
ctactgagaa
atagaggagc
gagccacagc

16 Mouse LAG-3 Amino Acid Sequence

vvwadgegapv
apgrvytvlisv
nralscslrl

prhflaetfl

rvelpchlpp
lgggglnatv

leigearlla
lslfllvaga

epglepeprg

Inhibitors of immune checkpoint modulators are

21

geaqllsgpw
llllvtgafg

epeql

tgctttggga
cccadggagydy
actttctacg
ccatccecggce
gctacacggt
cccacgtgca
cagctctgcg
tctectygeag
tcctcaaget
tctctgtgca
ttttagctga
gctgtgtcct
tgggtctgga
tgcccectgtca
ctcctggagyg
ttgaggctgt
agcagctcaa
tacctggctc
ttgtgtggcg
aggaggccag
ttggagcgac
caggtgacct
tccttttggt
gattttctgce
tggagcgaga
tggagccaga

hlpcslkspn
apgglrsgrqg
rvggasmiasgs
llpgvsplds
gvgtpsllia
tlavitvtpk
erwgcqglyeg
fgfhwwrkqgl
1

qcglyvggerl
fhlwrrgwrp

agctccagtt
agctccegtce
aagayggagyy
ccttgacctt
gctgagcegtg
gctggaggad
caccgatgcg
tctecocgecty
gtctgattgg
ctggttccag
aactttcctg
cacctacaga
gcccecgtagec
tttgccccca
aggtcctgag
gggtctggca
tgccactgtce
ccyggygggaay
tccectgaac
gctecttgcet
agtgtacgcc
taaaggaggc
gygccggggcec
cttagaacat
actggagacg
gcccaggcag

ldpnflrrgg
plhphvglee
psgvlklsdw
gtwgcvltyr
kwtppgggpe
sfglpgsrgk

grllgatvvya
llrrfsaleh

Feb. &, 2024

immunoadhesin comprising an extracellular or PD-1 bind-

known 1n the art, and can be used 1 any of the methods
described heremn. For example, anti-PD-1 antibodies or
soluble polypeptide inhibitors can be used. In some embodi-
ments, the anti-PD-1 antibody 1s chosen from MDX-1106,
Merck 3475 or CT-011. MDX-1106, also known as MDX-
1106-04, ONO-4538, BMS-936558 or Nivolumab. In some
embodiments, the anti-PD-1 antibody 1s Nivolumab (CAS
Registry Number: 946414-94-4). Nivolumab (also referred
to as BMS-936558 or MDX1106; Bristol-Myers Squibb) 1s
a fully human IgG4 monoclonal antibody which specifically
blocks PD1. Nivolumab (clone 5C4) and other human
monoclonal antibodies that specifically bind to PDI1 are
disclosed 1n U.S. Pat. No. 8,008,449 and W0O2006/121168.
Lambrolizumab (also referred to as MK03475; Merck) 1s a
humanized IgG4 monoclonal antibody that binds to PDI.

[Lambrolizumab and other humanized anti-PDD1 antibodies
are disclosed in U.S. Pat. No. 8,354,509 and WQO2009/

114335, Pidilizumab (CT-011; Cure Tech) 1s a humanized
IgG1k monoclonal antibody that binds to PD1. Pidilizumab
and other humanized anti-PD1 monoclonal antibodies are
disclosed 1n W0O2009/101611. Other anti-PD1 antibodies
include AMP 514 (Amplimmune), among others, e.g., anti-
PD1 antibodies disclosed in U.S. Pat. No. 8,609,089, US
2010028330, and/or US 20120114649. In some embodi-

ments, the PD-1 inhibitor 1s an immunoadhesin (e.g., an

ing portion of PD-L1 or PD-L2 fused to a constant region

(e.g., an Fc region of an immunoglobulin sequence). In some
embodiments, the PD-1 inhibitor 1s AMP-224. AMP-224

(B7-DClg; Amplimmune; e.g., disclosed mn WQO2010/
027827 and W0O2011/066342), 1s a PD-L2 Fc fusion soluble

receptor that blocks the interaction between PDI1 and
B7-HI.

[0109] In other embodiments, anti-PD-L1 antibodies or
soluble polypeptide inhibitors can be used. In some embodi-
ments, the PD-L1 mhibitor 1s anti-PD-L1 antibody. In other
embodiments, the anti-PD-L1 binding antagonist 1s chosen
from YW243.55.570, MPDL3280A or MDX-1105. MDX-
1105, also known as BMS-936559, 1s an anti-PD-L.1 anti-
body described in W0O2007/005874. MDPL3280A (Genen-
tech/Roche) 1s a human Fc optimized IgGl monoclonal
antibody that binds to PD-L1. MDPL3280A and other
human monoclonal antibodies to PD-L1 are disclosed in
U.S. Pat. No. 7,943,743 and U.S Publication No.:
20120039906. Antibody YW243.55.570 (heavy and light
chain varnable region sequences shown 1 SEQ ID Nos. 20
and 21, respectively) 1s an anti-PD-L1 described in WO
2010/077634.

[0110] Exemplary anti-CTL A4 antibodies that can be used
in the methods disclosed herein include, but are not limited
to, Tremelimumab (IgG2 monoclonal antibody available
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from Pfizer, formerly known as ticilimumab, CP-6735,206);
and Ipilimumab (CTLA-4 antibody, also known as MDX-
010, CAS No. 477202-00-9). Antibodies to T cell costimu-
latory molecules such as CTLA-4 (e.g., U.S. Pat. No.
5,811,097), CTLA-4 inhibitor (e.g., CP-675,206, 1pilim-
umab)

II. Methods of Treating Hematologic Cancers

[0111] a. Agents Usetul for Treating Hematologic Cancers

[0112] Itis demonstrated herein that inhibiting or blocking
a function of PD-1 or PD-L.1 and TIM-3, LAG-3 or CTLA-4
synergistically and significantly blocks the establishment
and progression of malignancies (e.g., hematologic cancers
such as multiple myeloma) 1n all subjects analyzed. Inhibi-
tion or blockade of PD-1 or PD-L.1 and TIM-3, LAG-3 or
CTLA-4 function can block the establishment and progres-
sion of similar malignancies. Thus, the agents of the present
invention described herein that modulate the interaction
between, for example, PD-1 or PD-L1 and TIM-3, LAG-3 or
CTLA-4, whether directly or indirectly, can upregulate or
downregulate the immune system and, thereby, upregulate
or downregulate an 1mmune response.

[0113] PD-1, PD-L1 and TIM-3, LAG-3 and CTLA-4 are

immune checkpoint regulators that deliver co-inhibitory
immune signals. Thus, 1n one embodiment, agents that
neutralize an activity of PD-1 or PD-L1 and TIM-3, LAG-3
or CI'LA-4 can prevent inhibitory signaling and upregulate
an immune response. In another embodiment, agents which
directly block the interaction between PD-1 or PD-L1 and 1ts
natural receptor(s), and TIM-3, LAG-3 or CTLA-4 and 1its
natural receptor(s) (e.g., blocklng antlbodles) can prevent
inhibitory signaling and upregulate an immune response.
Alternatively, agents that indirectly block the interaction
between PD-1 or PD-L1 and 1ts natural receptor(s), and
TIM-3, LAG-3 or CTLA-4 and 1ts natural receptor(s) can
prevent inhibitory signaling and upregulate an immune
response. For example, soluble B7-1 or soluble PD-1, by
binding to a PD-L1 polypeptide indirectly reduces the
cllective concentration of PD-L1 polypeptide available to
bind to the immunoinhibitor receptor, PD-1. Exemplary
agents for upregulating an immune response include anti-
bodies against PD-1, PD-L1, LAG-3, CTLA-4 and/or TIM-3
that block the interaction between the immune checkpoint
regulator and 1ts natural receptor(s); a non-activating form of
PD-1, PD-L1, LAG-3, CILA-4 and/or TIM-3 (e.g., a domi-
nant negative polypeptide), small molecules or peptides that
block the interaction between the immune checkpoint regu-
lator and 1ts natural receptor(s); fusion proteins (e.g. the
extracellular portion of -1, PD-L1, LAG-3, CTLA-4 or
TIM-3 fused to the Fc portion of an antibody or immuno-
globulin) that bind to their natural receptor(s); nucleic acid
molecules that block PD-1, PD-LL1, LAG-3, CTLA-4 and/or
TIM-3 gene expression, €.g., transcription or translation; and

the like.

[0114] Additional agents useful in the methods of the
present invention include antibodies, small molecules, pep-
tides, peptidomimetics, natural ligands, and dernivatives of
natural ligands, that can either bind and/or inactivate or
inhibit protein biomarkers of the mvention, including the
biomarkers listed 1n Table 1, or fragments thereof; as well as
RNA interference, antisense, nucleic acid aptamers, etc. that
can downregulate the expression and/or activity of the
biomarkers of the invention, including the biomarkers listed
in Table 1, or fragments thereof.
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[0115] In one embodiment, i1solated nucleic acid mol-
ecules that specifically hybridize with or encode one or more
biomarkers of the invention, listed in Table 1 for example,
or biologically active portions thereol. As used herein, the
term “nucleic acid molecule” 1s intended to include DNA
molecules (1.e., cDNA or genomic DNA) and RNA mol-
ecules (1.e., mRNA) and analogs of the DNA or RNA
generated using nucleotide analogs. The nucleic acid mol-
ecule can be single-stranded or double-stranded, but pret-
erably 1s double-stranded DNA. An *“1solated” nucleic acid
molecule 1s one which 1s separated from other nucleic acid
molecules which are present in the natural source of the
nucleic acid. Preferably, an “isolated” nucleic acid 1s free of
sequences which naturally flank the nucleic acid (i.e.,
sequences located at the 5' and 3' ends of the nucleic acid)
in the genomic DNA of the organism from which the nucleic
acid 1s derived. For example, 1n various embodiments, the
1solated nucleic acid molecules corresponding to the one or
more biomarkers listed 1n Table 1 or described herein can
contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb
or 0.1 kb of nucleotide sequences which naturally flank the
nucleic acid molecule 1n genomic DNA of the cell from
which the nucleic acid 1s denived (1.e., a lymphoma cell).
Moreover, an “i1solated” nucleic acid molecule, such as a
cDNA molecule, can be substantially free of other cellular
material, or culture medium when produced by recombinant
techniques, or chemical precursors or other chemicals when
chemically synthesized.

[0116] A nucleic acid molecule of the present invention,
¢.g., a nucleic acid molecule having the nucleotide sequence
ol one or more biomarkers listed 1n Table 1 or a nucleotide
sequence which 1s at least about 50%, preferably at least
about 60%, more preferably at least about 70%, yet more
preferably at least about 80%, still more preferably at least
about 90%, and most preferably at least about 95% or more
(e.g., about 98%) homologous to the nucleotide sequence of
one or more biomarkers listed 1n Table 1 or a portion thereof
(1.e., 100, 200, 300, 400, 450, 500, or more nucleotides), can
be 1solated using standard molecular biology techniques and
the sequence mformation provided herein. For example, a
human cDNA can be 1solated from a human cell line using
all or portion of the nucleic acid molecule, or fragment
thereol, as a hybridization probe and standard hybrldlzatlon
techniques (1.e., as described in Sambrook, J., Fritsh, E. F.,

and Maniatis, T Molecular Cloning.: A Labomtory M(IHH(IZ
2nd, ed., Cold Spring Harbor Laboratory, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N Y, 1989).
Moreover, a nucleic acid molecule encompassing all or a
portion of the nucleotide sequence of one or more biomark-
ers listed 1n Table 1 or a nucleotide sequence which 1s at least
about 50%, preferably at least about 60%, more preferably
at least about 70%, yet more preferably at least about 80%,
still more preferably at least about 90%, and most preferably
at least about 95% or more homologous to the nucleotide
sequence, or fragment thereol, can be i1solated by the poly-
merase chain reaction using oligonucleotide primers
designed based upon the sequence of the one or more
biomarkers listed 1 Table 1, or fragment thereotf, or the
homologous nucleotide sequence. For example, mRNA can
be 1solated from muscle cells (i.e., by the guamidinium-
thiocyanate extraction procedure of Chirgwin et al. (1979)
Biochemistry 18: 5294-5299) and cDNA can be prepared
using reverse transcriptase (1.e., Moloney MLV reverse
transcriptase, available from Gibco/BRL, Bethesda, MD; or
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AMYV reverse ftranscriptase, available from Seikagaku
America, Inc., St. Petersburg, FL). Synthetic oligonucle-
otide primers for PCR amplification can be designed accord-
ing to well-known methods 1n the art. A nucleic acid of the
invention can be amplified using cDNA or, alternatively,
genomic DNA, as a template and appropriate oligonucle-
otide primers according to standard PCR amplification tech-
niques. The nucleic acid so amplified can be cloned into an
appropriate vector and characterized by DNA sequence
analysis. Furthermore, oligonucleotides corresponding to
the nucleotide sequence of one or more biomarkers listed in
Table 1 can be prepared by standard synthetic techniques,
1.€., using an automated DNA synthesizer.

[0117] Probes based on the nucleotide sequences of one or
more biomarkers listed 1n Table 1 can be used to detect or
confirm the desired transcripts or genomic sequences encod-
ing the same or homologous proteins. In preferred embodi-
ments, the probe further comprises a label group attached
thereto, 1.e., the label group can be a radioisotope, a tluo-
rescent compound, an enzyme, or an enzyme co-factor. Such
probes can be used as a part of a diagnostic test kit for
identifying cells or tissue which express one or more bio-
markers listed 1n Table 1, such as by measuring a level of one
or more biomarkers nucleic acid 1n a sample of cells from a
subject, 1.¢., detecting mRINA levels of one or more bio-
markers listed 1n Table 1.

[0118] Nucleic acid molecules encoding proteins corre-
sponding to one or more biomarkers listed i Table 1, or
portions thereof, from diflerent species are also contem-
plated. For example, rat or monkey cDNA can be 1dentified
based on the nucleotide sequence of a human and/or mouse
sequence and such sequences are well known 1n the art. In
one embodiment, the nucleic acid molecule(s) of the inven-
tion encodes a protein or portion thereol which includes an
amino acid sequence which 1s sutliciently homologous to an
amino acid sequence of one or more biomarkers listed 1n
Table 1, such that the protein or portion thereof modulates
(e.g., enhance), one or more of the following biological
activities: a) binding to the biomarker; b) modulating the
copy number of the biomarker; ¢) modulating the expression
level of the biomarker; and d) modulating the activity level
of the biomarker.

[0119] As used herein, the language “sufliciently homolo-
gous” refers to proteins or portions thereof which have
amino acid sequences which include a minimum number of
identical or equivalent (e.g., an amino acid residue which
has a similar side chain as an amino acid residue 1n one or
more biomarkers listed in Table 1, or fragment thereof)
amino acid residues to an amino acid sequence of the
biomarker, or fragment thereof, such that the protein or
portion thereol modulates (e.g., enhance) one or more of the
following biological activities: a) binding to the biomarker;
b) modulating the copy number of the biomarker; ¢) modu-
lating the expression level of the biomarker; and d) modu-
lating the activity level of the biomarker.

[0120] In another embodiment, the protein 1s at least about
50%, preferably at least about 60%, more preferably at least
about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or more homologous to the
entire amino acid sequence of the biomarker, or a fragment
thereof.

[0121] Portions of proteins encoded by nucleic acid mol-
ecules of the one or more biomarkers listed 1n Table 1 are
preferably biologically active portions of the protein. As
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used herein, the term “biologically active portion” of one or
more biomarkers listed 1n Table 1 1s mtended to include a
portion, e.g., a domain/motif, that has one or more of the
biological activities of the full-length protein.

[0122] Standard binding assays, e.g., immunoprecipita-
tions and yeast two-hybrid assays, as described herein, or
functional assays, e.g., RNA1 or overexpression experi-
ments, can be performed to determine the ability of the
protein or a biologically active fragment thereof to maintain
a biological activity of the full-length protein.

[0123] The invention further encompasses nucleic acid
molecules that differ from the nucleotide sequence of the one
or more biomarkers listed in Table 1, or fragment thereof due
to degeneracy of the genetic code and thus encode the same
protein as that encoded by the nucleotide sequence, or
fragment therecof. In another embodiment, an 1solated
nucleic acid molecule of the invention has a nucleotide
sequence encoding a protein having an amino acid sequence
of one or more biomarkers listed 1n Table 1, or fragment
thereol, or a protein having an amino acid sequence which
1s at least about 70%, 75%, 80%, 85%, 90%, 91%, 92%.,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more homologous
to the amino acid sequence of the one or more biomarkers
listed 1n Table 1, or fragment thereof. In another embodi-
ment, a nucleic acid encoding a polypeptide consists of
nucleic acid sequence encoding a portion of a full-length

fragment of interest that 1s less than 195, 190, 185, 180, 175,
170, 165, 160, 155, 150, 145, 140, 135, 130, 125, 120, 115,
110, 105, 100, 93, 90, 85, 80, 75, or 70 amino acids 1n length.

[0124] It will be appreciated by those skilled 1n the art that
DNA sequence polymorphisms that lead to changes in the
amino acid sequences of the one or more biomarkers listed
in Table 1 may exist withun a population (e.g., a mammalian
and/or human population). Such genetic polymorphisms
may exist among individuals within a population due to
natural allelic varniation. As used herein, the terms “gene”
and “recombinant gene” refer to nucleic acid molecules
comprising an open reading frame encoding one or more
biomarkers listed 1n Table 1, preferably a mammalian, e.g.,
human, protein. Such natural allelic vanations can typically
result in 1-5% variance 1n the nucleotide sequence of the one
or more biomarkers listed in Table 1. Any and all such
nucleotide variations and resulting amino acid polymor-
phisms in the one or more biomarkers listed in Table 1 that
are the result of natural allelic variation and that do not alter
the Tfunctional activity of the one or more biomarkers listed
in Table 1 are mtended to be within the scope of the
invention. Moreover, nucleic acid molecules encoding one
or more biomarkers listed 1n Table 1 from other species.

[0125] Inaddition to naturally-occurring allelic variants of
the one or more biomarkers listed 1n Table 1 that may exist
in the population, the skilled artisan will further appreciate
that changes can be introduced by mutation into the nucleo-
tide sequence, or fragment thercof, thereby leading to
changes 1n the amino acid sequence of the encoded one or
more biomarkers listed in Table 1, without altering the
functional ability of the one or more biomarkers listed 1n
Table 1. For example, nucleotide substitutions leading to
amino acid substitutions at “non-essential” amino acid resi-
dues can be made 1n the sequence, or fragment thereof. A
“non-essential” amino acid residue 1s a residue that can be
altered from the wild-type sequence of the one or more
biomarkers listed in Table 1 without altering the activity of
the one or more biomarkers listed in Table 1, whereas an
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“essential” amino acid residue 1s required for the activity of
the one or more biomarkers listed in Table 1. Other amino
acid residues, however, (e.g., those that are not conserved or
only semi-conserved between mouse and human) may not
be essential for activity and thus are likely to be amenable
to alteration without altering the activity of the one or more
biomarkers listed 1n Table 1.

[0126] The comparison of sequences and determination of
percent homology between two sequences can be accom-
plished using a mathematical algorithm. Preferably, the
alignment can be performed using the Clustal Method.
Multiple alignment parameters include GAP Penalty=10,
Gap Length Penalty=10. For DNA alignments, the pairwise
alignment parameters can be Htuple=2, Gap penalty=3,
Window=4, and Diagonal saved=4. For protein alignments,
the pairrwise alignment parameters can be Ktuple=1, Gap
penalty=3, Window=>5, and Diagonals Saved=3.

[0127] In a preferred embodiment, the percent identity
between two amino acid sequences 1s determined using the
Needleman and Wunsch (J. Mol. Biol. (48):444-433 (1970))
algorithm which has been incorporated into the GAP pro-
gram 1n the GCG software package (available online), using
cither a Blossom 62 matrix or a PAM230 matrix, and a gap
weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1,
2,3, 4,5, or 6. In yet another preferred embodiment, the
percent 1dentity between two nucleotide sequences 1s deter-
mined using the GAP program in the GCG software package
(available online), using a NWSgapdna.CMP matrix and a
gap weight of 40, 50, 60, 70, or 80 and a length weight of
1, 2, 3, 4, 5, or 6. In another embodiment, the percent
identity between two amino acid or nucleotide sequences 1s
determined using the algorithm of E. Meyers and W. Miller
(CABIOS, 4:11-17 (1989)) which has been incorporated into
the ALIGN program (version 2.0) (available online), using
a PAM120 weight residue table, a gap length penalty of 12
and a gap penalty of 4.

[0128] An 1solated nucleic acid molecule encoding a pro-
tein homologous to one or more biomarkers listed 1n Table
1, or fragment thereol, can be created by introducing one or
more nucleotide substitutions, additions or deletions into the
nucleotide sequence, or fragment thereol, or a homologous
nucleotide sequence such that one or more amino acid
substitutions, additions or deletions are introduced into the
encoded protein. Mutations can be introduced by standard
techniques, such as site-directed mutagenesis and PCR-
mediated mutagenesis. Preferably, conservative amino acid
substitutions are made at one or more predicted non-essen-
tial amino acid residues. A “conservative amino acid sub-
stitution” 1s one 1n which the amino acid residue 1s replaced
with an amino acid residue having a similar side chain.
Families of amino acid residues having similar side chains
have been defined 1n the art. These families include amino
acids with basic side chains (e.g., lysine, arginine, histidine),
acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine, asparagine, glu-
tamine, serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan), branched side
chains (e.g., threonine, valine, 1soleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
Thus, a predicted nonessential amino acid residue 1n one or
more biomarkers listed in Table 1 1s preferably replaced with
another amino acid residue from the same side chain family.
Alternatively, in another embodiment, mutations can be
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introduced randomly along all or part of the coding sequence
of the one or more biomarkers listed 1n Table 1, such as by
saturation mutagenesis, and the resultant mutants can be
screened for an activity described herein to identity mutants
that retain desired activity. Following mutagenesis, the
encoded protein can be expressed recombinantly according
to well-known methods in the art and the activity of the
protein can be determined using, for example, assays
described herein.

[0129] The levels of one or more biomarkers listed 1n
Table 1 may be assessed by any of a wide variety of
well-known methods for detecting expression of a tran-
scribed molecule or protein. Non-limiting examples of such
methods include immunological methods for detection of
proteins, protein purification methods, protein function or
activity assays, nucleic acid hybridization methods, nucleic
acid reverse transcription methods, and nucleic acid ampli-
fication methods.

[0130] In preferred embodiments, the levels of one or
more biomarkers listed in Table 1 are ascertained by mea-
suring gene transcript (e.g., mRNA), by a measure of the
quantity of translated protein, or by a measure of gene
product activity. Expression levels can be monitored 1in a
variety of ways, including by detecting mRINA levels, pro-
tein levels, or protein activity, any of which can be measured
using standard techniques. Detection can involve quantifi-
cation of the level of gene expression (e.g., genomic DNA,
cDNA, mRNA, protein, or enzyme activity), or, alterna-
tively, can be a qualitative assessment of the level of gene
expression, 1 particular in comparison with a control level.
The type of level being detected will be clear from the
context.

[0131] In a particular embodiment, the mRINA expression
level can be determined both by in situ and by in vitro
formats 1n a biological sample using methods known 1n the
art. The term “biological sample” 1s intended to include
tissues, cells, biological fluids and 1solates thereof, 1solated
from a subject, as well as tissues, cells and fluids present
within a subject. Many expression detection methods use
1solated RNA. For in vitro methods, any RNA 1solation
technique that does not select against the 1solation of mRNA
can be utilized for the purification of RNA from cells (see,
e.g., Ausubel et al., ed., Current Protocols in Molecular
Biology, John Wiley & Sons, New York 1987-1999). Addi-
tionally, large numbers of tissue samples can readily be
processed using techniques well known to those of skill in

the art, such as, for example, the single-step RNA 1solation
process of Chomczynski: (1989, U.S. Pat. No. 4,843,155).

[0132] The1solated mRINA can be used 1n hybridization or
amplification assays that include, but are not limited to,
Southern or Northern analyses, polymerase chain reaction
analyses and probe arrays. One preferred diagnostic method
for the detection of mRNA levels mvolves contacting the
1solated mRNA with a nucleic acid molecule (probe) that
can hybridize to the mRNA encoded by the gene being
detected. The nucleic acid probe can be, for example, a
tull-length ¢cDNA, or a portion thereof, such as an oligo-
nucleotide of at least 7, 15, 30, 50, 100, 250 or 500
nucleotides 1n length and suflicient to specifically hybridize
under stringent conditions to a mRNA or genomic DNA
encoding one or more biomarkers listed 1n Table 1. Other
suitable probes for use 1n the diagnostic assays of the
invention are described herein. Hybridization of an mRNA
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with the probe indicates that one or more biomarkers listed

in Table 1 1s being expressed.

[0133] In one format, the mRNA 1s immobilized on a solid
surface and contacted with a probe, for example by running
the 1solated mRINA on an agarose gel and transierring the
mRNA from the gel to a membrane, such as nitrocellulose.
In an alternative format, the probe(s) are immobilized on a
solid surface and the mRNA 1s contacted with the probe(s),
for example, 1n a gene chip array, e.g., an Aflymetrix™ gene
chup array. A skilled artisan can readily adapt known mRNA
detection methods for use 1n detecting the level of the one or
more biomarkers listed 1n Table 1.

[0134] An alternative method for determining mRINA
expression level in a sample involves the process of nucleic
acid amplification, e.g., by RI-PCR (the experimental
embodiment set forth in Mullis, 1987, U.S. Pat. No. 4,683,
202), ligase chain reaction (Barany, 1991, Proc. Natl. Acad.
Sci. USA, 88:189-193), seli-sustained sequence replication
(Guatell1 et al., 1990, Proc. Natl. Acad. Sci. USA 87:1874-
1878), transcriptional amplification system (Kwoh et al.,
1989, Proc. Natl. Acad. Sci. USA 86:1173-1177), Q-Beta
Replicase (Lizardi et al., 1988, Bio/lechnology 6:1197),
rolling circle replication (Lizardi et al., U.S. Pat. No. 35,854,
033) or any other nucleic acid amplification method, fol-
lowed by the detection of the amplified molecules using
techniques well-known to those of skill in the art. These
detection schemes are especially usetul for the detection of
nucleic acid molecules 1f such molecules are present 1n very
low numbers. As used herein, amplification primers are
defined as being a pair of nucleic acid molecules that can
anneal to 5' or 3' regions of a gene (plus and minus strands,
respectively, or vice-versa) and contain a short region in
between. In general, amplification primers are from about 10
to 30 nucleotides 1n length and flank a region from about 50
to 200 nucleotides 1n length. Under appropriate conditions
and with appropriate reagents, such primers permit the
amplification of a nucleic acid molecule comprising the
nucleotide sequence tlanked by the primers.

[0135] For in situ methods, mRNA does not need to be
isolated from the cells prior to detection. In such methods,
a cell or tissue sample 1s prepared/processed using known
histological methods. The sample 1s then immobilized on a
support, typically a glass slide, and then contacted with a

probe that can hybridize to the one or more biomarkers listed
in Table 1.

[0136] As an alternative to making determinations based
on the absolute expression level, determinations may be
based on the normalized expression level of one or more
biomarkers listed 1n Table 1. Expression levels are normal-
1zed by correcting the absolute expression level by compar-
ing 1ts expression to the expression of a non-biomarker gene,
¢.g., a housekeeping gene that 1s constitutively expressed.
Suitable genes for normalization include housekeeping
genes such as the actin gene, or epithelial cell-specific genes.
This normalization allows the comparison of the expression
level in one sample, e.g., a subject sample, to another
sample, e.g., a normal sample, or between samples from
different sources.

[0137] The level or activity of a protein corresponding to
one or more biomarkers listed in Table 1 can also be detected
and/or quantified by detecting or quantitying the expressed
polypeptide. The polypeptide can be detected and quantified
by any of a number of means well known to those of skall
in the art. These may include analytic biochemical methods
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such as electrophoresis, capillary electrophoresis, high per-
formance liquid chromatography (HPLC), thin layer chro-
matography (TLC), hyperdiffusion chromatography, and the
like, or various immunological methods such as fluid or gel
precipitin reactions, immunodiflusion (single or double),
immunoelectrophoresis, radioimmunoassay (RIA), enzyme-
linked immunosorbent assays (ELISAs), immunofluorescent
assays, Western blotting, and the like. A skilled artisan can
readily adapt known protein/antibody detection methods for
use 1n determining whether cells express the biomarker of
interest.

[0138] The present invention further provides soluble,
purified and/or 1solated polypeptide forms of one or more
biomarkers listed 1n Table 1, or fragments thereof. In addi-
tion, 1t 1s to be understood that any and all attributes of the
polypeptides described herein, such as percentage 1dentities,
polypeptide lengths, polypeptide {ragments, biological
activities, antibodies, etc. can be combined in any order or
combination with respect to any biomarker listed in Table 1
and combinations thereof.

[0139] In one aspect, a polypeptide may comprise a full-
length amino acid sequence corresponding to one or more
biomarkers listed in Table 1 or a full-length amino acid
sequence with 1 to about 20 conservative amino acid sub-

stitutions. An amino acid sequence of any described herein
can also be at least 50, 55, 60, 65, 70, 75, 80, 83, 90, 91, 92,

93, 94, 95, 96, 97, 98, 99, or 99.5% identical to the
tull-length sequence of one or more biomarkers listed 1n
Table 1, which 1s either described herein, well known 1n the
art, or a fragment thereof. In another aspect, the present
invention contemplates a composition comprising an 1s0-
lated polypeptide corresponding to one or more biomarkers
listed 1n Table 1 and less than about 25%, or alternatively
15%, or alternatively 5%, contaminating biological macro-
molecules or polypeptides.

[0140] The present mvention further provides composi-
tions related to producing, detecting, or characterizing such
polypeptides, or fragment thereof, such as nucleic acids,
vectors, host cells, and the like. Such compositions may
serve as compounds that modulate the expression and/or
activity of one or more biomarkers described herein or, for
example, listed 1n Table 1.

[0141] An isolated polypeptide or a fragment thereof (or a
nucleic acid encoding such a polypeptide) corresponding to
one or more biomarkers of the invention, including the
biomarkers listed in Table 1 or fragments thereof, can be
used as an immunogen to generate antibodies that bind to
said immunogen, using standard techniques for polyclonal
and monoclonal antibody preparation according to well-
known methods 1n the art. An antigenic peptide comprises at
least 8 amino acid residues and encompasses an epitope
present 1n the respective full length molecule such that an
antibody raised against the peptide forms a specific immune
complex with the respective full length molecule. Prefer-
ably, the antigenic peptide comprises at least 10 amino acid
residues. In one embodiment such epitopes can be specific
for a given polypeptide molecule from one species, such as
mouse or human (1.¢., an antigenic peptide that spans a
region of the polypeptide molecule that 1s not conserved
across species 1s used as immunogen; such non conserved
residues can be determined using an alignment such as that
provided herein).

[0142] In one embodiment, an antibody binds substan-
tially specifically to PD-L1 and inhibits or blocks 1ts immu-
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noinhibitory function, such as by interrupting its interaction
with an 1nhibitory receptor like PD-1. In another embodi-
ment, an antibody binds substantially specifically to TIM-3
and 1nhibits or blocks 1ts immunoinhibitory function, such as
by interrupting 1ts interaction with galectin-9 or phosphati-
dylserine.

[0143] Forexample, a polypeptide immunogen typically 1s
used to prepare antibodies by immunizing a suitable subject
(e.g., rabbit, goat, mouse or other mammal) with the immu-
nogen. An appropriate immunogenic preparation can con-
tain, for example, a recombinantly expressed or chemically
synthesized molecule or fragment thereof to which the
immune response 1s to be generated. The preparation can
turther include an adjuvant, such as Freund’s complete or
incomplete adjuvant, or similar immunostimulatory agent.
Immunization of a suitable subject with an 1mmunogenic
preparation induces a polyclonal antibody response to the
antigenic peptide contained therein.

[0144] Polyclonal antibodies can be prepared as described
above by immunizing a suitable subject with a polypeptide
immunogen. The polypeptide antibody ftiter in the 1mmu-
nized subject can be momtored over time by standard
techniques, such as with an enzyme linked immunosorbent
assay (ELISA) using immobilized polypeptide. If desired,
the antibody directed against the antigen can be isolated
from the mammal (e.g., from the blood) and further purified
by well-known techniques, such as protein A chromatogra-
phy, to obtain the IgG fraction. At an appropriate time after
immunization, e.g., when the antibody ftiters are highest,
antibody-producing cells can be obtained from the subject
and used to prepare monoclonal antibodies by standard
techniques, such as the hybridoma techmique (originally
described by Kohler and Milstein (1975) Nature 256:495-
497) (see also Brown et al. (1981) J. Immunol. 127:539-46;
Brown et al. (1980) J. Biol. Chem. 255:4980-83; Yeh et al.
(1976) Proc. Natl. Acad. Sci. 76:29277-31; Yeh et al. (1982)
Int. J. Cancer 29:269-73), the more recent human B cell
hybridoma techmque (Kozbor et al. (1983) Immunol. Today
4:72), the EBV-hybridoma techmque (Cole et al. (1985)
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss,
Inc., pp. 77-96) or trioma techniques. The technology for
producing monoclonal antibody hybridomas 1s well known
(see generally Kenneth, R. H. 1n Monoclonal Antibodies: A
New Dimension In Biological Analyses, Plenum Publishing
Corp., New York, New York (1980); Lerner, E. A. (1981)
Yale J. Biol. Med. 54:387-402; Getter, M. L. et al. (1977)
Somatic Cell Genet. 3:231-36). Brietly, an immortal cell line
(typically a myeloma) 1s fused to lymphocytes (typically
splenocytes) from a mammal immunized with an 1mmuno-
gen as described above, and the culture supernatants of the
resulting hybridoma cells are screened to identily a
hybridoma producing a monoclonal antibody that binds to
the polypeptide antigen, preferably specifically.

[0145] Any of the many well-known protocols used for
fusing lymphocytes and immortalized cell lines can be
applied for the purpose of generating a monoclonal antibody
against one or more biomarkers of the mvention, including
the biomarkers listed 1n Table 1, or a fragment thereot (see,
¢.g., Gallre, G. et al. (1977) Nature 266:55052; Geflter et al.
(19°77) supra; Lemer (1981) supra; Kenneth (1980) supra).
Moreover, the ordinary skilled worker will appreciate that
there are many variations of such methods which also would
be usetul. Typically, the immortal cell line (e.g., a myeloma
cell line) 1s derived from the same mammalian species as the
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lymphocytes. For example, murine hybridomas can be made
by fusing lymphocytes from a mouse immunized with an
immunogenic preparation ol the present invention with an
immortalized mouse cell line. Preferred immortal cell lines
are mouse myeloma cell lines that are sensitive to culture
medium containing hypoxanthine, aminopterin and thymi-
dine (“HAT medium™). Any of a number of myeloma cell
lines can be used as a fusion partner according to standard
techniques, e.g., the P3-NS1/1-Ag4-1, P3-x63-Ag8.653 or
Sp2/0O-Agl4 myeloma lines. These myeloma lines are avail-
able from the American Type Culture Collection (ATCC),
Rockville, MD. Typically, HAT-sensitive mouse myeloma
cells are fused to mouse splenocytes using polyethylene
glycol (“PEG”). Hybridoma cells resulting from the fusion
are then selected using HAT medium, which kills unfused
and unproductively fused myeloma cells (unfused spleno-
cytes die after several days because they are not trans-
tformed). Hybridoma cells producing a monoclonal antibody
of the mvention are detected by screening the hybridoma
culture supernatants for antibodies that bind a given poly-
peptide, e.g., using a standard ELISA assay.

[0146] As an alternative to preparing monoclonal anti-
body-secreting hybridomas, a monoclonal specific for one of
the above described polypeptides can be identified and
1solated by screening a recombinant combinatorial 1mmu-
noglobulin library (e.g., an antibody phage display library)
with the appropriate polypeptide to thereby isolate 1mmu-
noglobulin library members that bind the polypeptide. Kits
for generating and screening phage display libraries are

commercially available (e.g., the Pharmacia Recombinant
Phage Antibody System, Catalog No. 27-9400-01; and the

Stratagene SurfZAP™ Phage Display Kit, Catalog No.
240612). Additionally, examples of methods and reagents
particularly amenable for use 1n generating and screening an

antibody display library can be found in, for example,
Ladner et al. U.S. Pat. No. 5,223,409, Kang et al. Interna-

tional Publication No. WO 92/18619; Dower et al. Interna-
tional Publication No. WO 91/17271; Winter et al. Interna-
tional Publication WO 92/20791; Markland et al.
International Publication No. WO 92/15679; Breitling et al.
International Publication WO 93/01288; McCaflerty et al.
International Publication No. WO 92/01047; Garrard et al.
International Publication No. WO 92/09690; Ladner et al.
International Publication No. WO 90/02809 Fuchs et al.
(1991) Biotechnology (INY) 9:1369-13772; Hay et al. (1992)
Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989)
Science 246:1275-1281; Gnfiliths et al. (1993) EMBO J.
12:725-734; Hawkins et al. (1992) J. Mol. Biol. 226:889-
896; Clarkson et al. (1991) Nature 352:624-628; Gram et al.
(1992) Proc. Natl. Acad. Sci. USA 89:3576-3580; Garrard et
al. (1991) Biotechnology (NY) 9:1373-1377; Hoogenboom
et al. (1991) Nucleic Acids Res. 19:4133-4137; Barbas et al.
(1991) Proc. Natl. Acad. Sci. USA 88:7978-7982; and
McCaflerty et al. (1990) Nature 348:552-554.

[0147] Since 1t 1s well known 1n the art that antibody heavy
and light chain CDR3 domains play a particularly important
role 1n the binding specificity/athinity of an antibody for an
antigen, the recombinant monoclonal antibodies of the pres-
ent ivention prepared as set forth above preferably com-
prise the heavy and light chain CDR3s of vaniable regions of
the antibodies described herein and well known 1n the art.
Similarly, the antibodies can further comprise the CDR2s of
variable regions of said antibodies. The antibodies can
further comprise the CDRI1s of variable regions of said
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antibodies. In other embodiments, the antibodies can com-
prise any combinations of the CDRs.

[0148] The CDRI1, 2, and/or 3 regions of the engineered
antibodies described above can comprise the exact amino
acid sequence(s) as those of varniable regions of the present
invention disclosed herein. However, the ordinanly skilled
artisan will appreciate that some deviation from the exact
CDR sequences may be possible while still retaining the
ability of the antibody to bind a desired target, such as
PD-L1, TIM-3, or LAG-3 eflectively (e.g., conservative
sequence modifications). Accordingly, in another embodi-
ment, the engineered antibody may be composed of one or
more CDRs that are, for example, 50%, 60%, 70%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 99.5% i1dentical to one or more CDRs of the present
invention described herein or otherwise publicly available.
[0149] The structural features of non-human or human
antibodies (e.g., a rat anti-mouse/anti-human PD-L1 anti-
body) can be used to create structurally related human
antibodies that retain at least one functional property of the
antibodies of the present invention, such as binding to
PD-L1, TIM-3, or LAG-3. Another functional property
includes inhibiting binding of the original known, non-
human or human antibodies 1n a competition ELISA assay.

[0150] In some embodiments, monoclonal antibodies
capable of binding and inhibiting/blocking PD-L1, TIM-3,
and/or LAG-3 are provided, comprising a heavy chain
wherein the variable domain comprises at least a CDR
having a sequence that 1s at least 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or
100% 1dentical from the group of heavy chain variable
domain CDRs presented herein or otherwise publicly avail-

able.

[0151] Similarly, monoclonal antibodies binding and
inhibiting/blocking PD-L1, TIM-3, and/or LAG-3, compris-
ing a light chain wherein the variable domain comprises at
least a CDR having a sequence that 1s at least 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.5% or 100% i1dentical from the group of light chain
variable domain CDRs presented herein or otherwise pub-
licly available, are also provided.

[0152] Monoclonal antibodies capable of binding and
inhibiting/blocking PD-L1, TIM-3, and/or LAG-3, compris-
ing a heavy chain wherein the variable domain comprises at
least a CDR having a sequence that 1s at least 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.5% or 100% identical from the group of heavy chain
variable domam CDRs presented herein or otherwise pub-
licly available; and comprising a light chain wherein the
variable domain comprises at least a CDR having a sequence
that 1s at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, 99.5% or 100% identical from the
group of light chain variable domain CDRs presented herein
or otherwise publicly available, are also provided.

[0153] A skilled artisan will note that such percentage
homology 1s equivalent to and can be achieved by introduc-
mg 1, 2,3,4,5,6,7, 8,9, 10, or more conservative amino
acid substitutions within a given CDR.

[0154] The monoclonal antibodies of the present invention
can comprise a heavy chain, wherein the variable domain
comprises at least a CDR having a sequence selected from
the group consisting of the heavy chain variable domain
CDRs presented herein or otherwise publicly available and
a light chain, wherein the variable domain comprises at least
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a CDR having a sequence selected from the group consisting
of the light chain variable domain CDRs presented herein or
otherwise publicly available.

[0155] Such monoclonal antibodies can comprise a light
chain, wherein the variable domain comprises at least a CDR
having a sequence selected from the group consisting of
CDR-L1, CDR-L2, and CDR-L3, as described herein; and/
or a heavy chain, wherein the variable domain comprises at
least a CDR having a sequence selected from the group
consisting of CDR-H1, CDR-H2, and CDR-H3, as described
herein. In some embodiments, the monoclonal antibodies
capable of binding human Gall comprises or consists of
CDR-L1, CDR-L2, CDR-L3, CDR-HI1, CDR-H2, and CDR-
H3, as described herein.

[0156] The heavy chain variable domain of the monoclo-
nal antibodies of the present invention can comprise or
consist of the vH amino acid sequence set forth herein or
otherwise publicly available and/or the light chain varnable
domain of the monoclonal antibodies of the present inven-
tion can comprise or consist of the vk amino acid sequence
set forth herein or otherwise publicly available.

[0157] The present invention further provides fragments
of said monoclonal antibodies which include, but are not
limited to, Fv, Fab, F(ab')2, Fab', dsFv, scFv, sc(Fv)2 and
diabodies; and multispecific antibodies formed from anti-
body fragments.

[0158] Other fragments of the monoclonal antibodies of
the present invention are also contemplated. For example,
individual immunoglobulin heavy and/or light chains are
provided, wherein the variable domains thereof comprise at
least a CDR presented herein or otherwise publicly avail-
able. In one embodiment, the immunoglobulin heavy chain
comprises at least a CDR having a sequence that 1s at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, 99.5% or 100% identical from the group of
heavy chain or light chain variable domain CDRs presented
herein or otherwise publicly available. In another embodi-
ment, an immunoglobulin light chain comprises at least a
CDR having a sequence that 1s at least 80%, 85%, 90%.,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%
or 100% 1identical from the group of light chain or heavy
chain variable domain CDRs presented herein or otherwise
publicly available, are also provided.

[0159] In some embodiments, the immunoglobulin heavy
and/or light chain comprises a variable domain comprising
at least one of CDR-L1, CDR-L2, CDR-L3, CDR-HI,
CDR-H2, or CDR-H3 described herein. Such immuno-
globulin heavy chains can comprise or consist of at least one
of CDR-H1, CDR-H2, and CDR-H3. Such immunoglobulin

light chains can comprise or consist of at least one of
CDR-L1, CDR-L2, and CDR-L3.

[0160] In other embodiments, an immunoglobulin heavy
and/or light chain according to the present mvention com-
prises or consists of a vH or vk vaniable domain sequence,

respectively, provided herein or otherwise publicly avail-
able.

[0161] The present invention further provides polypep-
tides which have a sequence selected from the group con-
sisting of vH variable domain, vk variable domain, CDR-L1,
CDR-L2, CDR-L3, CDR-H1, CDR-H2, and CDR-H3

sequences described herein.
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[0162] Antibodies, immunoglobulins, and polypeptides of
the invention can be used 1n an 1solated (e.g., purified) form
or contained 1n a vector, such as a membrane or lipid vesicle
(e.g. a liposome).

[0163] Amino acid sequence modification(s) of the anti-
bodies described herein are contemplated. For example, it
may be desirable to improve the binding aflinity and/or other
biological properties of the antibody. It 1s known that when
a humanized antibody 1s produced by simply grafting only
CDRs m VH and VL of an antibody derived from a
non-human animal i FRs of the VH and VL of a human
antibody, the antigen binding activity 1s reduced 1n com-
parison with that of the original antibody derived from a
non-human animal. It 1s considered that several amino acid
residues of the VH and VL of the non-human antibody, not
only mm CDRs but also 1n FRs, are directly or indirectly
associated with the antigen binding activity. Hence, substi-
tution of these amino acid residues with different amino acid
residues derived from FRs of the VH and VL of the human
antibody would reduce binding activity and can be corrected
by replacing the amino acids with amino acid residues of the
original antibody dernived from a non-human animal.

[0164] Modifications and changes may be made in the
structure of the antibodies described herein, and in the DNA
sequences encoding them, and still obtain a functional
molecule that encodes an antibody and polypeptide with
desirable characteristics. For example, certain amino acids
may be substituted by other amino acids in a protein
structure without appreciable loss of activity. Since the
interactive capacity and nature of a protein define the
protein’s biological functional activity, certain amino acid
substitutions can be made 1n a protein sequence, and, of
course, 1 1ts DNA encoding sequence, while nevertheless
obtaining a protein with like properties. It 1s thus contem-
plated that various changes may be made 1n the antibodies
sequences of the invention, or corresponding DNA
sequences which encode said polypeptides, without appre-
ciable loss of their biological activity.

[0165] In making the changes 1n the amino sequences of
polypeptide, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid
index 1n conferring interactive biologic function on a protein
1s generally understood 1n the art. It 1s accepted that the
relative hydropathic character of the amino acid contributes
to the secondary structure of the resultant protein, which in
turn defines the interaction of the protein with other mol-
ecules, for example, enzymes, substrates, receptors, DNA,
antibodies, antigens, and the like. Each amino acid has been
assigned a hydropathic index on the basis of their hydro-
phobicity and charge characteristics these are: isoleucine
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8);
cystemne/cystine (+2.5); methiomne (+1.9); alanine (+1.8);
glycine (—0.4); threonine (-0.7); serine (-0.8); tryptophane
(=0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2);
glutamate (-3.5); glutamine (-3.3); aspartate (<RTT 3.3);
asparagine (-3.5); lysine (-3.9); and argimine (-4.5).
[0166] It i1s known in the art that certain amino acids may
be substituted by other amino acids having a similar hydro-
pathic index or score and still result 1n a protein with similar
biological activity, 1.e. still obtain a biological functionally
equivalent protein.

[0167] As outlined above, amino acid substitutions are
generally therefore based on the relative similarity of the
amino acid side-chain substituents, for example, their hydro-
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phobicity, hydrophilicity, charge, size, and the like. Exem-
plary substitutions which take various of the foregoing
characteristics into consideration are well known to those of
skill 1n the art and include: arginine and lysine; glutamate
and aspartate; serine and threonine; glutamine and aspara-
gine; and valine, leucine and 1soleucine.

[0168] Another type of amino acid modification of the
antibody of the invention may be useful for altering the
original glycosylation pattern of the antibody to, fo

example, increase stability. By “altering” 1s meant deleting
one or more carbohydrate moieties found in the antibody,
and/or adding one or more glycosylation sites that are not
present 1n the antibody. Glycosylation of antibodies 1s typi-
cally N-linked. “N-linked” refers to the attachment of the
carbohydrate moiety to the side chain of an asparagine
residue. The tripeptide sequences asparagine-X-serine and
asparagines-X-threonine, where X 1s any amino acid except
proline, are the recognition sequences for enzymatic attach-
ment of the carbohydrate moiety to the asparagine side
chain. Thus, the presence of either of these tripeptide
sequences 1n a polypeptide creates a potential glycosylation
site. Addition of glycosylation sites to the antibody 1s
conveniently accomplished by altering the amino acid
sequence such that 1t contains one or more of the above-
described tripeptide sequences (for N-linked glycosylation
sites). Another type of covalent modification 1nvolves
chemically or enzymatically coupling glycosides to the
antibody. These procedures are advantageous in that they do
not require production of the antibody 1n a host cell that has
glycosylation capabilities for N- or O-linked glycosylation.
Depending on the coupling mode used, the sugar(s) may be
attached to (a) arginine and histidine, (b) free carboxyl
groups, (¢) Iree sulthydryl groups such as those of cysteine,
(d) free hydroxyl groups such as those of serine, threonine,
orhydroxyproline, (¢) aromatic residues such as those of
phenylalanine, tyrosine, or tryptophan, or (1) the amide

group ol glutamine. For example, such methods are
described 1n WOR87/035330.

[0169] Similarly, removal of any carbohydrate moieties
present on the antibody may be accomplished chemically or
enzymatically. Chemical deglycosylation requires exposure
of the antibody to the compound trifluoromethanesulfonic
acid, or an equivalent compound. This treatment results 1n
the cleavage of most or all sugars except the linking sugar
(N-acetylglucosamine or N-acetylgalactosamine), while
leaving the antibody intact. Chemical deglycosylation 1is
described by Sojahr et al. (1987) and by Edge et al. (1981).
Enzymatic cleavage of carbohydrate moieties on antibodies
can be achieved by the use of a variety of endo- and
exo-glycosidases as described by Thotakura et al. (1987).

[0170] Other modifications can involve the formation of
immunoconjugates. For example, in one type of covalent
modification, antibodies or proteins are covalently linked to
one of a variety ol non proteinaceous polymers, €.g., poly-
cthylene glycol, polypropylene glycol, or polyoxyalkylenes,
in the manner set forth 1n U.S. Pat. Nos. 4,640,835; 4,496,
689; 4,301,144, 4,670,417, 4,791,192 or 4,179,337.

[0171] Conjugation of antibodies or other proteins of the
present mvention with heterologous agents can be made
using a variety of bifunctional protein coupling agents
including but not limited to N-succinimidyl (2-pyridyldi-
thio) propionate (SPDP), succinimidyl (N-maleimidom-
cthyl)cyclohexane-1-carboxylate,  i1minothiolane  (IT),
bitunctional derivatives of imidoesters (such as dimethyl
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adipimidate HCL), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutaraldehyde), bis-azido
compounds (such as bis (p-azidobenzoyl) hexanediamine),
bis-diazontum derivatives (such as bis-(p-diazontumben-
zoyl)-ethylenediamine), diisocyanates (such as toluene
2,6di1socyanate), and bis-active fluorine compounds (such
as 1,5-difluoro-2,4-dinitrobenzene). For example, carbon
labeled 1-1sothiocyanatobenzyl methyldiethylene triamine-
pentaacetic acid (MX-DTPA) 1s an exemplary chelating

agent for conjugation of radionucleotide to the antibody
(WO 94/11026).

[0172] In another aspect, the present invention features
antibodies conjugated to a therapeutic moiety, such as a
cytotoxin, a drug, and/or a radioisotope. When conjugated to
a cytotoxin, these antibody conjugates are referred to as
“immunotoxins.” A cytotoxin or cytotoxic agent includes
any agent that 1s detrimental to (e.g., kills) cells. Examples
include taxol, cytochalasin B, gramicidin D, ethidium bro-
mide, emetine, mitomycin, etoposide, tenoposide, vincris-
tine, vinblastine, colchicin, doxorubicin, daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin,
actinomycin D, 1-dehydrotestosterone, glucocorticoids, pro-
caine, tetracaine, lidocaine, propranolol, and puromycin and
analogs or homologs thereof. Therapeutic agents include,
but are not limited to, antimetabolites (e.g., methotrexate,
6-mercaptopurine, 6-thioguanine, cytarabine, S-fluorouracil
decarbazine), alkylating agents (e.g., mechlorethamine,
thioepa chlorambucil, melphalan, carmustine (BSNU) and
lomustine (CCNU), cyclothosphamide, busulfan, dibromo-
mannitol, streptozotocin, mitomycin C, and cis-dichlorodi-
amine platinum (II) (DDP) cisplatin), anthracyclines (e.g.,
daunorubicin (formerly daunomycin) and doxorubicin),
antibiotics (e.g., dactinomycin (formerly actinomycin),
bleomycin, mithramycin, and anthramycin (AMC)), and
anti-mitotic agents (e.g., vincristine and vinblastine). An
antibody of the present invention can be conjugated to a
radioisotope, e€.g., radioactive 1odine, to generate cytotoxic
radiopharmaceuticals for treating a related disorder, such as
a cancer.

[0173] Conjugated antibodies, in addition to therapeutic
utility, can be useful for diagnostically or prognostically to
monitor polypeptide levels 1n tissue as part of a climical
testing procedure, e.g., to determine the eflicacy of a given
treatment regimen. Detection can be facilitated by coupling,
(1 ., physically linking) the antibody to a detectable sub-
stance. Examples of detectable substances include various
enzymes, prosthetic groups, fluorescent materials, lumines-
cent materials, bioluminescent materials, and radioactive
materials. Examples of suitable enzymes include horserad-
ish peroxidase, alkaline phosphatase, [3-galactosidase, or
acetylcholinesterase; examples of suitable prosthetic group
complexes include streptavidin/biotin and avidin/biotin;
examples of suitable fluorescent materials include umbellid-
erone, fluorescein, fluorescein 1sothiocyanate (FI'TC), rhod-
amine, dichlorotriazinylamine fluorescein, dansyl chloride
or phycoerythrin (PE); an example of a luminescent material
includes luminol; examples of bioluminescent materials
include luciferase, luciferin, and aequorin, and examples of
suitable radioactive material include *=°1, *°'1, °°S, or °H.
[0134] As used herein, the term “labeled”, with regard to the
antibody, 1s intended to encompass direct labeling of the
antibody by coupling (i.e., physically linking) a detectable
substance, such as a radioactive agent or a fluorophore (e.g.
fluorescein 1sothiocyanate (FITC) or phycoerythrin (PE) or
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Indocyanine (Cy5)) to the antibody, as well as indirect
labeling of the antibody by reactivity with a detectable
substance.

[0174] The antibody conjugates of the present mmvention
can be used to modily a given biological response. The
therapeutic moiety 1s not to be construed as limited to
classical chemical therapeutic agents. For example, the drug
moiety may be a protein or polypeptide possessing a desired
biological activity. Such proteins may include, for example,
an enzymatically active toxin, or active fragment thereof,
such as abrin, ricin A, Pseudomonas exotoxin, or diphtheria
toxin; a protein such as tumor necrosis factor or interferon-.
gamma.; or, biological response modifiers such as, for
example, lymphokines, interleukin-1 (*“IL-17"), interleukin-2
(“IL-27), interleukin-6 (“IL-6"), granulocyte macrophage
colony stimulating factor (“GM-CSF”), granulocyte colony
stimulating factor (“G-CSF”), or other cytokines or growth
factors.

[0175] Techniques for conjugating such therapeutic moi-
ety to antibodies are well known, see, e.g., Arnon et al.,
“Monoclonal Antibodies For Immunotargeting Of Drugs In
Cancer Therapy”, in Monoclonal Antibodies And Cancer
Therapy, Reisteld et al. (eds.), pp. 243 56 (Alan R. Liss, Inc.
1985); Hellstrom et al., “Antibodies For Drug Delivery”, 1n
Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.),
pp. 623 53 (Marcel Dekker, Inc. 1987); Thorpe, “Antibody
Carriers Of Cytotoxic Agents In Cancer Therapy: A
Review”, 1n Monoclonal Antibodies ’84: Biological And
Climical Applications, Pinchera et al. (eds.), pp. 475 306
(1983); “Analysis, Results, And Future Prospective Of The
Therapeutic Use Of Radiolabeled Antibody In Cancer
Therapy”, in Monoclonal Antibodies For Cancer Detection
And Therapy, Baldwin et al. (eds.), pp. 303 16 (Academic
Press 1985), and Thorpe et al., “The Preparation And

Cytotoxic Properties Of Antibody-Toxin Conjugates”,
Immunol. Rev., 62:119 38 (1982).

[0176] In some embodiments, conjugations can be made
using a “cleavable linker” facilitating release of the cyto-
toxic agent or growth 1nhibitory agent 1n a cell. For example,
an acid-labile linker, peptidase-sensitive linker, photolabile
linker, dimethyl linker or disulfide-containing linker (See
c.g. U.S. Pat. No. 5,208,020) may be used. Alternatively, a
fusion protein comprising the antibody and cytotoxic agent
or growth inhibitory agent may be made, by recombinant
techniques or peptide synthesis. The length of DNA may
comprise respective regions encoding the two portions of the
conjugate eirther adjacent one another or separated by a
region encoding a linker peptide which does not destroy the
desired properties of the conjugate.

[0177] Additionally, recombinant polypeptide antibodies,
such as chimeric and humanized monoclonal antibodies,
comprising both human and non-human portions, which can
be made using standard recombinant DNA techniques, are
within the scope of the invention. Such chimeric and human-
1zed monoclonal antibodies can be produced by recombinant
DNA techniques known 1n the art, for example using meth-
ods described in Robinson et al. International Patent Publi-
cation PCT/US86/02269; Akira et al. European Patent
Application 184,187; Tamguchi, M. European Patent Appli-
cation 171,496; Morrison et al. European Patent Application

173,494; Neuberger et al. PCT Application WO 86/01533;
Cabilly et al. U.S. Pat. No. 4,816,567; Cabilly et al. Euro-
pean Patent Application 125,023; Better et al. (1988) Sci-
ence 240:1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci.
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USA 84:3439-3443; Liu et al. (1987) J. Immunol. 139:3521-
3526; Sun et al. (1987) Proc. Natl. Acad. Sci. 84:214-218,;
Nishimura et al. (1987) Cancer Res. 47:999-10035; Wood et
al. (1985) Nature 314:446-449; Shaw et al. (1988) J. Natl.
Cancer Inst. 80:1553-1559); Morrison, S. L. (1983) Science
229:1202-1207; O1 et al. (1986) Biotechnigues 4:214; Win-
ter U.S. Pat. No. 5,225,539; Jones et al. (1986) Nature
321:552-5235; Verhoeyan et al. (1988) Science 239:1534; and
Beidler et al. (1988) J. Immunol. 141:4053-4060.

[0178] In addition, humanized antibodies can be made
according to standard protocols such as those disclosed 1n
U.S. Pat. No. 5,565,332. In another embodiment, antibody
chains or specific binding pair members can be produced by
recombination between vectors comprising nucleic acid
molecules encoding a fusion of a polypeptide chain of a
specific binding pair member and a component of a repli-
cable generic display package and vectors containing
nucleic acid molecules encoding a second polypeptide chain
of a single binding pair member using techniques known 1n
the art, e.g., as described mm U.S. Pat. Nos. 35,563,332,
5,871,907, or 5,733,743. The use of intracellular antibodies
to inhibit protein function in a cell 1s also known 1n the art
(see e.g., Carlson, J. R. (1988) Mol. Cell. Biol. 8:2638-2646;
Biocca, S. et al. (1990) EMBO J. 9:101-108; Werge, T. M.
et al. (1990) FEBS Lett. 274:193-198; Carlson, J. R. (1993)
Proc. Natl. Acad Sci. USA 90:7427-7428; Marasco, W. A. et
al. (1993) Proc. Natl. Acad Sci. USA 90:7889-7893; Biocca,
S. et al. (1994) Biotechnology (NY) 12:396-399; Chen, S-Y.
et al. (1994) Hum. Gene Ther. 5:595-601; Duan, L et al.
(1994) Proc. Natl. Acad Sci. USA 91:5075-5079; Chen, S-Y.
et al. (1994) Proc. Natl. Acad Sci. USA 91:5932-5936;
Beerli, R. R. et al. (1994) J. Biol. Chem. 269:23931-23936;
Beerli, R. R. et al. (1994) Biochem. Biophys. Res. Commun.
204:666-672; Mhashilkar, A. M. et al. (1993) EMBO J.
14:1542-1531; Richardson, J. H. et al. (1995) Proc. Natl.
Acad Sci. USA 92:3137-3141; PCT Publication No. WO
94/02610 by Marasco et al.; and PCT Publication No. WO
95/03832 by Duan et al.).

[0179] Additionally, fully human antibodies could be
made against biomarkers of the invention, including the
biomarkers listed 1n Table 1, or fragments thereof. Fully
human antibodies can be made 1n mice that are transgenic
for human immunoglobulin genes, e.g. according to Hogan,
et al., “Manipulating the Mouse Embryo: A Laboratory
Manuel,” Cold Spring Harbor Laboratory. Brietly, trans-
genic mice are immumzed with purified immunogen. Spleen
cells are harvested and fused to myeloma cells to produce
hybridomas. Hybridomas are selected based on their ability
to produce antibodies which bind to the immunogen. Fully
human antibodies would reduce the immunogenicity of such
antibodies 1n a human.

[0180] In one embodiment, an antibody for use in the
instant invention 1s a bispecific or multispecific antibody. A
bispecific antibody has binding sites for two different anti-
gens within a single antibody polypeptide. Antigen binding
may be simultaneous or sequential. Triomas and hybrid
hybridomas are two examples of cell lines that can secrete
bispecific antibodies. Examples of bispecific antibodies pro-
duced by a hybrid hybridoma or a trioma are disclosed 1n
U.S. Pat. No. 4,474,893, Bispecific antibodies have been
constructed by chemical means (Staerz et al. (1985) Nature
314:628, and Perez et al. (1985) Nature 316:334) and
hybridoma technology (Staerz and Bevan (1986) Proc. Natl.
Acad Sci. USA, 83:1453, and Staerz and Bevan (1986)
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Immunol. Today 7:241). Bispecific antibodies are also
described 1 U.S. Pat. No. 5,959,084. Fragments of bispe-

cific antibodies are described 1n U.S. Pat. No. 5,798,229.

[0181] Bispecific agents can also be generated by making
heterohybridomas by fusing hybridomas or other cells mak-
ing different antibodies, followed by identification of clones
producing and co-assembling both antibodies. They can also
be generated by chemical or genetic conjugation of complete
immunoglobulin chains or portions thereof such as Fab and
Fv sequences. The antibody component can bind to a
polypeptide or a fragment thereof of one or more biomarkers
of the invention, including one or more biomarkers listed 1n
Table 1, or a fragment thereof. In one embodiment, the
bispecific antibody could specifically bind to both a poly-
peptide or a fragment thereof and 1ts natural binding partner
(s) or a fragment(s) thereof.

[0182] In another aspect of this invention, peptides or
peptide mimetics can be used to antagonize the activity of
one or more biomarkers of the invention, including one or
more biomarkers listed 1n Table 1, or a fragment(s) thereof.
In one embodiment, variants of one or more biomarkers
listed 1n Table 1 which function as a modulating agent for the
respective full length protein, can be identified by screeming
combinatorial libraries of mutants, e.g., truncation mutants,
for antagonist activity. In one embodiment, a variegated
library of variants 1s generated by combinatorial mutagen-
es1s at the nucleic acid level and 1s encoded by a variegated
gene library. A variegated library of variants can be pro-
duced, for instance, by enzymatically ligating a mixture of
synthetic oligonucleotides into gene sequences such that a
degenerate set of potential polypeptide sequences 1s express-
ible as individual polypeptides containing the set of poly-
peptide sequences therein. There are a variety of methods
which can be used to produce libraries of polypeptide
variants from a degenerate oligonucleotide sequence.
Chemical synthesis of a degenerate gene sequence can be
performed 1n an automatic DNA synthesizer, and the syn-
thetic gene then ligated into an appropriate expression
vector. Use of a degenerate set of genes allows for the
provision, 1in one mixture, of all of the sequences encoding
the desired set of potential polypeptide sequences. Methods

for synthesizing degenerate oligonucleotides are known 1n
the art (see, e.g., Narang, S. A. (1983) Tetrahedron 39:3;

Itakura et al. (1984) Annu. Rev. Biochem. 53:323; Itakura et
al. (1984) Science 198:1056; Ike et al. (1983) Nucleic Acid
Res. 11:477.

[0183] In addition, libraries of fragments of a polypeptide
coding sequence can be used to generate a variegated
population of polypeptide fragments for screening and sub-
sequent selection of vaniants of a given polypeptide. In one
embodiment, a library of coding sequence fragments can be
generated by treating a double stranded PCR fragment of a
polypeptide coding sequence with a nuclease under condi-
tions wherein nicking occurs only about once per polypep-
tide, denaturing the double stranded DNA, renaturing the
DNA to form double stranded DNA which can include
sense/antisense pairs from different nicked products, remov-
ing single stranded portions from reformed duplexes by
treatment with S1 nuclease, and ligating the resulting frag-
ment library into an expression vector. By this method, an
expression library can be derived which encodes N-terminal,
C-terminal and internal fragments of various sizes of the
polypeptide.
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[0184] Several techniques are known 1n the art for screen-
ing gene products of combinatorial libraries made by point
mutations or truncation, and for screening cDNA libraries
for gene products having a selected property. Such tech-
niques are adaptable for rapid screening of the gene libraries
generated by the combinatorial mutagenesis of polypeptides.
The most widely used techniques, which are amenable to
high through-put analysis, for screening large gene libraries
typically include cloning the gene library into replicable
expression vectors, transforming approprate cells with the
resulting library of vectors, and expressing the combinato-
rial genes under conditions 1n which detection of a desired
activity facilitates 1solation of the vector encoding the gene
whose product was detected. Recursive ensemble mutagen-
esis (REM), a technmique which enhances the frequency of
functional mutants in the libraries, can be used 1n combina-

tion with the screening assays to identily variants of interest
(Arkin and Youvan (1992) Proc. Natl. Acad. Sci. USA

89:7811-7815; Delagrave et al. (1993) Protein Eng. 6(3):
327-331). In one embodiment, cell based assays can be
exploited to analyze a variegated polypeptide library. For
example, a library of expression vectors can be transiected
into a cell line which ordinarily synthesizes one or more
biomarkers of the invention, including one or more bio-
markers listed 1n Table 1, or a fragment thereof. The trans-
fected cells are then cultured such that the full length
polypeptide and a particular mutant polypeptide are pro-
duced and the eflect of expression of the mutant on the full
length polypeptide activity in cell supernatants can be
detected, e.g., by any of a number of functional assays.
Plasmid DNA can then be recovered from the cells which
score for inhibition, or alternatively, potentiation of full
length polypeptide activity, and the individual clones further
characterized.

[0185] Systematic substitution of one or more amino acids
ol a polypeptide amino acid sequence with a D-amino acid
of the same type (e.g., D-lysine 1n place of L-lysine) can be
used to generate more stable peptides. In addition, con-
strained peptides comprising a polypeptide amino acid
sequence ol interest or a substantially identical sequence
variation can be generated by methods known 1n the art
(Rizo and Gierasch (1992) Annu. Rev. Biochem. 61:387,
incorporated herein by reference); for example, by adding
internal cysteine residues capable of forming intramolecular
disulfide bridges which cyclize the peptide.

[0186] The amino acid sequences disclosed herein will
cnable those of skill in the art to produce polypeptides
corresponding peptide sequences and sequence variants
thereol. Such polypeptides can be produced 1n prokaryotic
or eukaryotic host cells by expression of polynucleotides
encoding the peptide sequence, frequently as part of a larger
polypeptide. Alternatively, such peptides can be synthesized
by chemical methods. Methods for expression of heterolo-
gous proteins 1n recombinant hosts, chemical synthesis of
polypeptides, and 1n vitro translation are well known 1n the
art and are described further in Mamiatis et al. Molecular
Cloning: A Laboratory Manual (1989), 2nd Ed., Cold
Spring Harbor, N.Y.; Berger and Kimmel, Methods 1n Enzy-
mology, Volume 132, Guide to Molecular Cloning Tech-
niques (1987), Academic Press, Inc., San Diego, Calif.;
Merrifield, J. (1969) J. Am. Chem. Soc. 91:501; Chaiken I.
M. (1981) CRC Crit. Rev. Biochem. 11: 255; Kaiser et al.
(1989) Science 243:187; Merrifield, B. (1986) Science 232:
342; Kent, S. B. H. (1988) Annu. Rev. Biochem. 57:957; and
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Offord, R. E. (1980) Semisynthetic Proteins, Wiley Publish-
ing, which are incorporated herein by reference).

[0187] Peptides can be produced, typically by direct
chemical synthesis. Peptides can be produced as modified
peptides, with nonpeptide moieties attached by covalent
linkage to the N-terminus and/or C-terminus. In certain
preferred embodiments, either the carboxy-terminus or the
amino-terminus, or both, are chemically modified. The most
common modifications of the terminal amino and carboxyl
groups are acetylation and amidation, respectively. Amino-
terminal modifications such as acylation (e.g., acetylation)
or alkylation (e.g., methylation) and carboxy-terminal-
modifications such as amidation, as well as other terminal
modifications, including cyclization, can be incorporated
into various embodiments of the invention. Certain amino-
terminal and/or carboxy-terminal modifications and/or pep-
tide extensions to the core sequence can provide advanta-
geous physical, chemical, biochemical, and
pharmacological properties, such as: enhanced stability,
increased potency and/or eflicacy, resistance to serum pro-
teases, desirable pharmacokinetic properties, and others.
Peptides disclosed herein can be used therapeutically to treat
disease, e.g., by altering costimulation 1n a patient.

[0188] Peptidomimetics (Fauchere (1986) Adv. Drug Res.
15:29; Veber and Freidinger (1985) TINS p.392; and Evans
et al. (1987)J. Med. Chem. 30:1229, which are incorporated
herein by reference) are usually developed with the aid of
computerized molecular modeling. Peptide mimetics that
are structurally similar to therapeutically usetul peptides can
be used to produce an equivalent therapeutic or prophylactic
cllect. Generally, peptidomimetics are structurally similar to
a paradigm polypeptide (i.e., a polypeptide that has a bio-
logical or pharmacological activity), but have one or more

peptide linkages optionally replaced by a linkage selected
from the group consisting of: —CH2NH—, —CH,S—,

—CH2-CH2-, —CH=—CH— (c1s and trans), —COCH2-
—CZ{(OH)CH2- and —CH2SO—, by methods known 1n
the art and further described in the following references:
Spatola, A. F. mn “Chemistry and Biochemistry of Amino
Acids, Peptides, and Proteins” Weinstein, B., ed., Marcel
Dekker, New York, p. 267 (1983); Spatola, A. F., Vega Data
(March 1983), Vol. 1, Issue 3, “Peptide Backbone Modifi-
cations” (general review), Morley, J. S. (1980) Trends
Pharm. Sci. pp. 463-468 (general review); Hudson, D. et al.
(1979) Int. J. Pept. Prot. Res. 14:177-185 (—CH2NH—,
CH2CH2-); Spatola, A. F. et al. (1986) Life Sci. 38:1243-
1249 (—CH2-5); Hann, M. M. (1982) J. Chem. Soc. Perkin
Tvans. 1. 307-314 (—CH—CH—, cis and trans); Almquust,
R. G. et al. (190) J Med Chem. 23:1392-1398
(—COCH2-); Jennings-White, C. et al. (1982) Ietrahedron
Lett. 23:2533 (—COCH2-); Szelke, M. et al. European
Appln. EP 45665 (1982) CA: 97:39405 (1982)(—CH(OH)
CH2-); Holladay, M. W. et al. (1983) Tetrahedron Lett.
(1983) 24:4401-4404 (—C(OH)CH2-); and Hruby, V. .
(1982) Life Sci. (1982) 31:189-199 (—CH2-S
which 1s incorporated herein by reference. A particularly
preferred non-peptide linkage 1s —CH2NH-—. Such peptide
mimetics may have significant advantages over polypeptide
embodiments, including, for example: more economical
production, greater chemical stability, enhanced pharmaco-
logical properties (hali-life, absorption, potency, eflicacy,
etc.), altered specificity (e.g., a broad-spectrum of biological
activities), reduced antigenicity, and others. Labeling of
peptidomimetics usually 1mvolves covalent attachment of
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one or more labels, directly or through a spacer (e.g., an
amide group), to non-interfering position(s) on the peptido-
mimetic that are predicted by quantitative structure-activity
data and/or molecular modeling. Such non-interfering posi-
tions generally are positions that do not form direct contacts
with the macropolypeptides(s) to which the peptidomimetic
binds to produce the therapeutic effect. Dertvatization (e.g.,
labeling) of peptidomimetics should not substantially inter-
tere with the desired biological or pharmacological activity
of the peptidomimetic.

[0189] Also encompassed by the present mvention are
small molecules which can modulate (either enhance or
inhibit) interactions, e.g., between biomarkers described
herein or listed in Table 1 and their natural binding partners.
The small molecules of the present invention can be
obtained using any of the numerous approaches in combi-
natorial library methods known 1n the art, including: spa-
tially addressable parallel solid phase or solution phase
libraries; synthetic library methods requiring deconvolution;
the ‘one-bead one-compound’ library method; and synthetic

library methods using aflinity chromatography selection.
(Lam, K. S. (1997) Anticancer Drug Des. 12:145).

[0190] Examples of methods for the synthesis of molecu-
lar libraries can be found 1n the art, for example 1n: DeWitt
et al. (1993) Proc. Natl. Acad Sci. USA 90:6909; Erb et al.
(1994) Proc. Natl. Acad Sci. USA 91:11422; Zuckermann et
al. (1994) J. Med Chem. 37:2678; Cho et al. (1993) Science
261:1303; Carrell et al. (1994) Angew. Chem. Int. Ed Engl.
33:2059; Carell et al. (1994) Angew. Chem. Int. Ed Engl.
33:2061; and 1n Gallop et al. (1994) J. Med Chem. 37:1233.

[0191] Libraries of compounds can be presented 1n solu-
tion (e.g., Houghten (1992) Biotechniques 13:412-421), or

on beads (Lam (1991) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner U.S. Pat. No.
5,223,409), spores (Ladner USP "409), plasmids (Cull et al.
(1992) Proc. Natl. Acad Sci. USA 89:1865-1869) or on
phage (Scott and Smith (1990) Science 249:386-390); (Dev-
lin (1990) Science 249:404-406); (Cwirla et al. (1990) Proc.
Natl. Acad Sci. USA 87:6378-6382); (Felic1 (1991) J. Mol
Biol. 222:301-310); (Ladner supra.). Compounds can be
screened 1n cell based or non-cell based assays. Compounds
can be screened 1n pools (e.g. multiple compounds 1n each
testing sample) or as individual compounds.

[0192] The 1nvention also relates to chimeric or fusion
proteins ol the biomarkers of the mvention, including the
biomarkers listed in Table 1, or fragments thereol. As used
herein, a “chimeric protein™ or “fusion protein” comprises
one or more biomarkers of the invention, including one or
more biomarkers listed in Table 1, or a fragment thereotf,
operatively linked to another polypeptide having an amino
acid sequence corresponding to a protein which 1s not
substantially homologous to the respective biomarker. In a
preferred embodiment, the fusion protein comprises at least
one biologically active portion of one or more biomarkers of
the mvention, including one or more biomarkers listed in
Table 1, or fragments thereol. Within the fusion protein, the
term “‘operatively linked” i1s intended to indicate that the
biomarker sequences and the non-biomarker sequences are
fused 1n-frame to each other in such a way as to preserve
functions exhibited when expressed independently of the
tusion. The “another” sequences can be fused to the N-ter-
minus or C-terminus of the biomarker sequences, respec-
tively.
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[0193] Such a fusion protein can be produced by recoms-
binant expression of a nucleotide sequence encoding the first
peptide and a nucleotide sequence encoding the second
peptide. The second peptide may optionally correspond to a
moiety that alters the solubility, athinity, stability or valency
of the first peptide, for example, an 1immunoglobulin con-
stant region. In another preferred embodiment, the first
peptide consists of a portion of a biologically active mol-
ecule (e.g. the extracellular portion of the polypeptide or the
ligand binding portion). The second peptide can include an
immunoglobulin constant region, for example, a human Cyl
domain or Cy 4 domain (e.g., the hinge, CH2 and CH3
regions of human IgCy1, or human IgCv4, see e.g., Capon et
al. U.S. Pat. Nos. 5,116,964; 5,580,756; 5,844,095 and the
like, incorporated hereimn by reference). Such constant
regions may retain regions which mediate effector function
(e.g. Fc receptor binding) or may be altered to reduce
ellector function. A resulting fusion protein may have altered
solubility, binding athinity, stability and/or valency (1.e., the
number of binding sites available per polypeptide) as com-
pared to the independently expressed first peptide, and may
increase the efliciency of protein purification. Fusion pro-
teins and peptides produced by recombinant techniques can
be secreted and 1solated from a mixture of cells and medium
containing the protein or peptide. Alternatively, the protein
or peptide can be retained cytoplasmically and the cells
harvested, lysed and the protein 1solated. A cell culture
typically includes host cells, media and other byproducts.
Suitable media for cell culture are well known 1n the art.
Protein and peptides can be 1solated from cell culture media,
host cells, or both using techniques known in the art for
purifying proteins and peptides. Techniques for transfecting
host cells and puritying proteins and peptides are known in
the art.

[0194] Preferably, a fusion protein of the invention 1is
produced by standard recombinant DNA techniques. For
example, DNA fragments coding for the different polypep-
tide sequences are ligated together in-frame 1n accordance
with conventional techniques, for example employing blunt-
ended or stagger-ended termini for ligation, restriction
enzyme digestion to provide for appropriate termini, filling-
in of cohesive ends as appropniate, alkaline phosphatase
treatment to avoid undesirable joining, and enzymatic liga-
tion. In another embodiment, the fusion gene can be syn-
thesized by conventional techniques including automated
DNA synthesizers. Alternatively, PCR amplification of gene
fragments can be carried out using anchor primers which
give rise to complementary overhangs between two con-
secutive gene Ifragments which can subsequently be
annealed and reamplified to generate a chimeric gene

sequence (see, for example, Current Protocols in Molecular
Biology, eds. Ausubel et al. John Wiley & Sons: 1992).

[0195] Particularly preferred Ig fusion proteins include the
extracellular domain portion or variable region-like domain
of PD-L.1, TIM-3, LAG-3, or other biomarker listed 1n Table
1, coupled to an immunoglobulin constant region (e.g., the
Fc region). The immunoglobulin constant region may con-
tain genetic modifications which reduce or eliminate eflector
activity 1nherent 1 the mmmunoglobulin structure. For
example, DNA encoding the extracellular portion of a poly-
peptide of interest can be joined to DNA encoding the hinge,
CH2 and CH3 regions of human IgGyl and/or 1gGy4 modi-
fied by site directed mutagenesis, e.g., as taught in WO
07/28267.
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[0196] In another embodiment, the fusion protein contains
a heterologous signal sequence at 1ts N-terminus. In certain
host cells (e.g., mammalian host cells), expression and/or
secretion of a polypeptide can be increased through use of a
heterologous signal sequence.

[0197] The fusion proteins of the invention can be used as
immunogens to produce antibodies 1n a subject. Such anti-
bodies may be used to purity the respective natural poly-
peptides from which the fusion proteins were generated, or
in screening assays to i1dentily polypeptides which inhibit
the mteractions between one or more biomarkers polypep-
tide or a fragment thereot and 1ts natural binding partner(s)
or a fragment(s) thereof.

[0198] Also provided herein are compositions comprising
one or more nucleic acids comprising or capable of express-
ing at least 1, 2, 3, 4, 5, 10, 20 or more small nucleic acids
or antisense oligonucleotides or dertvatives thereof, wherein
said small nucleic acids or antisense oligonucleotides or
derivatives thereotf 1n a cell specifically hybridize (e.g., bind)
under cellular conditions, with cellular nucleic acids (e.g.,
small non-coding RNAS such as miRNAs, pre-miRNAs,
pri-miRNAs, miRNA*, anti-miRNA, a miRNA binding site,
a varlant and/or functional variant thereof, cellular mRNAs
or a fragments thereof). In one embodiment, expression of
the small nucleic acids or antisense oligonucleotides or
derivatives thereof 1n a cell can inhibit expression or bio-
logical activity of cellular nucleic acids and/or proteins, e.g.,
by inhibiting transcription, translation and/or small nucleic
acid processing of, for example, one or more biomarkers of
the mvention, icluding one or more biomarkers listed in
Table 1, or fragment(s) thereof. In one embodiment, the
small nucleic acids or antisense oligonucleotides or deriva-
tives thereof are small RNAs (e.g., microRNAs) or comple-
ments of small RNAs. In another embodiment, the small
nucleic acids or antisense oligonucleotides or derivatives
thereot can be single or double stranded and are at least six
nucleotides 1n length and are less than about 1000, 900, 800,
700, 600, 500, 400, 300, 200, 100, 50, 40, 30, 25, 24, 23, 22,
21, 20, 19, 18, 17, 16, 15, or 10 nucleotides 1n length. In
another embodiment, a composition may comprise a library
of nucleic acids comprising or capable of expressing small
nucleic acids or antisense oligonucleotides or derivatives
thereol, or pools of said small nucleic acids or antisense
oligonucleotides or dernivatives thereol. A pool of nucleic
acids may comprise about 2-5, 5-10, 10-20, 10-30 or more
nucleic acids comprising or capable of expressing small

nucleic acids or antisense oligonucleotides or derivatives
thereof.

[0199] In one embodiment, binding may be by conven-
tional base pair complementarity, or, for example, in the case
of binding to DNA duplexes, through specific interactions 1n
the major groove of the double helix. In general, “antisense”
refers to the range of techniques generally employed 1n the
art, and includes any process that relies on specific binding
to oligonucleotide sequences.

[0200] It 1s well known 1n the art that modifications can be
made to the sequence of a miRNA or a pre-miRNA without
disrupting miRNA activity. As used herein, the term “func-
tional variant” of a miRNA sequence refers to an oligo-
nucleotide sequence that varies from the natural miRNA
sequence, but retains one or more functional characteristics
of the miRNA (e.g. cancer cell proliferation inhibition,
induction of cancer cell apoptosis, enhancement of cancer
cell susceptibility to chemotherapeutic agents, specific

Feb. &, 2024

miRNA target inhibition). In some embodiments, a func-
tional variant of a miRNA sequence retains all of the
functional characteristics of the miRNA. In certain embodi-

ments, a functional variant of a miRNA has a nucleobase
sequence that 1s a least about 60%, 65%, 70%, 75%, 80%,

85%, 90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98% or
99% 1dentical to the miRNA or precursor thereof over a
region of about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100 or more nucleobases, or that the

functional variant hybnidizes to the complement of the
miRNA or precursor thereof under stringent hybridization
conditions. Accordingly, 1n certain embodiments the nucle-
obase sequence of a functional variant 1s capable of hybrid-
1zing to one or more target sequences ol the miRNA.

[0201] muRNAs and their corresponding stem-loop
sequences described herein may be found in miRBase, an
online searchable database of miRNA sequences and anno-
tation, found on the world wide web at microrna.sanger.ac.
uk. Entries 1n the miRBase Sequence database represent a
predicted hairpin portion of a miRNA transcript (the stem-
loop), with information on the location and sequence of the
mature miRNA sequence. The miRNA stem-loop sequences
in the database are not strictly precursor miRNAs (pre-
miRNAs), and may in some 1instances include the pre-
miRNA and some flanking sequence from the presumed
primary transcript. The miRNA nucleobase sequences
described herein encompass any version of the miRNA,
including the sequences described in Release 10.0 of the
miRBase sequence database and sequences described 1n any
carlier Release of the miRBase sequence database. A
sequence database release may result 1n the re-naming of
certain miRINAs. A sequence database release may result 1n
a variation of a mature miRNA sequence.

[0202] In some embodiments, miIRNA sequences of the
invention may be associated with a second RNA sequence
that may be located on the same RNA molecule or on a
separate RNA molecule as the miRNA sequence. In such
cases, the miRNA sequence may be referred to as the active
strand, while the second RNA sequence, which 1s at least
partially complementary to the miRNA sequence, may be
referred to as the complementary strand. The active and
complementary strands are hybridized to create a double-
stranded RN A that 1s similar to a naturally occurring miRNA
precursor. The activity of a miRNA may be optimized by
maximizing uptake of the active strand and minimizing
uptake of the complementary strand by the miRNA protein
complex that regulates gene translation. This can be done
through modification and/or design of the complementary
strand.

[0203] Insome embodiments, the complementary strand is
modified so that a chemical group other than a phosphate or
hydroxyl at 1ts 3' terminus. The presence of the 5' modifi-
cation apparently eliminates uptake of the complementary
strand and subsequently favors uptake of the active strand by
the miRNA protein complex. The 5" modification can be any
ol a varniety of molecules known 1n the art, including NH.,,

NHCOCH,, and biotin.

[0204] In another embodiment, the uptake of the comple-
mentary strand by the miRNA pathway 1s reduced by
incorporating nucleotides with sugar modifications in the
first 2-6 nucleotides of the complementary strand. It should
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be noted that such sugar modifications can be combined with
the 5' terminal modifications described above to further
enhance miRNA activities.

[0205] Insome embodiments, the complementary strand is
designed so that nucleotides 1n the 3' end of the comple-
mentary strand are not complementary to the active strand.
This results in double-strand hybrid RN As that are stable at
the 3' end of the active strand but relatively unstable at the
S' end of the active strand. This difference in stability
enhances the uptake of the active strand by the miRNA
pathway, while reducing uptake of the complementary
strand, thereby enhancing miRNA activity.

[0206] Small nucleic acid and/or antisense constructs of
the methods and compositions presented herein can be
delivered, for example, as an expression plasmid which,
when transcribed in the cell, produces RNA which 1s
complementary to at least a umque portion of cellular
nucleic acids (e.g., small RNAs, mRNA, and/or genomic
DNA). Alternatively, the small nucleic acid molecules can

produce RNA which encodes mRNA, miRNA, pre-miRNA,
pri-miRNA, miRNA*, anti-miRNA, or a miRNA binding
site, or a variant thereof. For example, selection of plasmids
suitable for expressing the miRNAs, methods for inserting
nucleic acid sequences mto the plasmid, and methods of
delivering the recombinant plasmid to the cells of interest
are within the skill 1n the art. See, for example, Zeng et al.

(2002) Mol. Cell 9:13277-1333; Tuschl (2002), Nat. Biotech-
nol. 20:446-448; Brummelkamp et al. (2002) Science 296:
550-333; Miyagishi et al. (2002) Nat. Biotechnol. 20:497-
500; Paddison et al. (2002) Genes Dev. 16:948-938; Lee et
al. (2002) Nat. Biotechnol. 20:500-505; and Paul et al.
(2002) Nat. Biotechnol. 20:505-308, the entire disclosures of
which are herein incorporated by reference.

[0207] Alternatively, small nucleic acids and/or antisense
constructs are oligonucleotide probes that are generated ex
vivo and which, when introduced into the cell, results 1n
hybridization with cellular nucleic acids. Such oligonucle-
otide probes are preferably modified oligonucleotides that
are resistant to endogenous nucleases, e.g., exonucleases
and/or endonucleases, and are therefore stable in vivo.
Exemplary nucleic acid molecules for use as small nucleic
acids and/or antisense oligonucleotides are phosphorami-
date, phosphothioate and methylphosphonate analogs of
DNA (see also U.S. Pat. Nos. 35,176,996; 5,264,564; and
5,256,775). Additionally, general approaches to constructing
oligomers useful in antisense therapy have been reviewed,
for example, by Van der Krol et al. (1988) BioTechniques
6:958-976; and Stemn et al. (1988) Cancer Res 48:2659-
2668.

[0208] Antisense approaches may involve the design of
oligonucleotides (either DNA or RNA) that are complemen-
tary to cellular nucleic acids (e.g., complementary to bio-
markers listed in Table 1). Absolute complementarity 1s not
required. In the case of double-stranded antisense nucleic
acids, a single strand of the duplex DNA may thus be tested,
or triplex formation may be assayed. The ability to hybridize
will depend on both the degree of complementarity and the
length of the antisense nucleic acid. Generally, the longer the
hybridizing nucleic acid, the more base mismatches with a
nucleic acid (e.g., RNA) it may contain and still form a
stable duplex (or triplex, as the case may be). One skilled 1n
the art can ascertain a tolerable degree of mismatch by use
of standard procedures to determine the melting point of the
hybridized complex.
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[0209] Oligonucleotides that are complementary to the 5'
end of the mRNA, e.g., the 5' untranslated sequence up to
and including the AUG imitiation codon, should work most
ciliciently at inhibiting translation. However, sequences
complementary to the 3' untranslated sequences of mRNAs
have recently been shown to be eflective at inhibiting
translation of mRINAs as well (Wagner (1994) Nature 372:
333). Therelore, oligonucleotides complementary to either
the 5' or 3' untranslated, non-coding regions of genes could
be used 1n an antisense approach to inhibit translation of
endogenous mRINAs. Oligonucleotides complementary to
the 5' untranslated region of the mRNA may include the
complement of the AUG start codon. Antisense oligonucle-
otides complementary to mRNA coding regions are less
elflicient inhibitors of translation but could also be used 1n
accordance with the methods and compositions presented
herein. Whether designed to hybridize to the 3', 3' or coding
region of cellular mRNAs, small nucleic acids and/or anti-
sense nucleic acids should be at least six nucleotides 1n
length, and can be less than about 1000, 900, 800, 700, 600,
500, 400, 300, 200, 100, 50, 40, 30, 25, 24, 23, 22, 21, 20,
19, 18, 17, 16, 15, or 10 nucleotides in length.

[0210] Regardless of the choice of target sequence, 1t 1s
preferred that 1in vitro studies are first performed to quanti-
tate the ability of the antisense oligonucleotide to inhibit
gene expression. In one embodiment these studies utilize
controls that distinguish between antisense gene inhibition
and nonspecific biological eflects of oligonucleotides. In
another embodiment these studies compare levels of the
target nucleic acid or protein with that of an internal control
nucleic acid or protein. Additionally, 1t 1s envisioned that
results obtained using the antisense oligonucleotide are
compared with those obtained using a control oligonucle-
otide. It 1s preferred that the control oligonucleotide 1s of
approximately the same length as the test oligonucleotide
and that the nucleotide sequence of the oligonucleotide
differs from the antisense sequence no more than 1s neces-
sary to prevent specific hybridization to the target sequence.

[0211] Small nucleic acids and/or antisense oligonucle-
otides can be DNA or RNA or chimeric mixtures or deriva-
tives or modified versions thereol, single-stranded or
double-stranded. Small nucleic acids and/or antisense oli-
gonucleotides can be modified at the base moiety, sugar
moiety, or phosphate backbone, for example, to 1mprove
stability of the molecule, hybridization, etc., and may
include other appended groups such as peptides (e.g., for
targeting host cell receptors), or agents facilitating transport
across the cell membrane (see, e.g., Letsinger et al. (1989)
Proc. Natl. Acad. Sci. U.S.4. 86:6553-6556; Lemaitre et al.
(1987) Proc. Natl. Acad. Sci. US.A. 84:648-652; PCT
Publication No. WOR88/09810) or the blood-brain barrier
(see, e.g., PCT Publication No. WO89/10134), hybridiza-
tion-triggered cleavage agents. (See, e.g., Krol et al. (1988)
BioTech. 6:958-976) or intercalating agents. (See, ¢.g., Zon
(1988) Pharm. Res. 5:539-549). To this end, small nucleic
acids and/or antisense oligonucleotides may be conjugated
to another molecule, e.g., a peptide, hybridization triggered
cross-linking agent, transport agent, hybridization-triggered
cleavage agent, eftc.

[0212] Small nucleic acids and/or antisense oligonucle-
otides may comprise at least one modified base moiety
which 1s selected from the group including but not limited to
S-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-1odouracil,
hypoxanthine, xantine, 4-acetylcytosine, 5-(carboxyhy-
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droxytiethyl) uracil, 5-carboxymethylaminomethyl-2-thiou-
ridine, S-carboxymethylaminomethyluracil, dihydrouracil,
beta-D-galactosylqueosine, inosine, N6-1sopentenyladenine,
1-methylguanine, 1-methylinosine, 2,2-dimethylguanine,
2-methyladenine, 2-methylguamine, 3-methylcytosine,
S-methylcytosine, N6-adenine, 7-methylguanine, S-methyl-
aminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil,
S-methoxyuracil, 2-methylthio-N6-1sopentenyladenine, ura-
cil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queo-
sine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid meth-
ylester, uracil-3-oxyacetic acid (v), 5-methyl-2-thiouracil,
3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-
diaminopurine. Small nucleic acids and/or antisense oligo-
nucleotides may also comprise at least one modified sugar
moiety selected from the group including but not limited to
arabinose, 2-fluoroarabinose, xylulose, and hexose.

[0213] In certain embodiments, a compound comprises an
oligonucleotide (e.g., a miRNA or miRNA encoding oligo-
nucleotide) conjugated to one or more moieties which
enhance the activity, cellular distribution or cellular uptake
of the resulting oligonucleotide. In certain such embodi-
ments, the moiety 1s a cholesterol moiety (e.g., antagomirs)
or a lipid moiety or liposome conjugate. Additional moieties
for conjugation include carbohydrates, phospholipids, bio-
tin, phenazine, folate, phenanthridine, anthragquinone, acri-
dine, fluoresceins, rhodamines, coumarins, and dyes. In
certain embodiments, a conjugate group 1s attached directly
to the oligonucleotide. In certain embodiments, a conjugate
group 1s attached to the oligonucleotide by a linking moiety
selected from amino, hydroxyl, carboxylic acid, thiol,
unsaturations (e.g., double or triple bonds), 8-amino-3,6-
dioxaoctanoic acid (ADO), succinimidyl 4-(N-maleimidom-
cthyl) cyclohexane-1-carboxylate (SMCC), 6-amino-
hexanoic acid (AHEX or AHA), substituted C1-C10 alkyl,
substituted or unsubstituted C2-C10 alkenyl, and substituted
or unsubstituted C2-C10 alkynyl. In certain such embodi-
ments, a substituent group 1s selected from hydroxyl, amino,
alkoxy, carboxy, benzyl, phenyl, nitro, thiol, thioalkoxy,
halogen, alkyl, aryl, alkenyl and alkynyl.

[0214] In certain such embodiments, the compound com-
prises the oligonucleotide having one or more stabilizing
groups that are attached to one or both termini of the
oligonucleotide to enhance properties such as, for example,
nuclease stability. Included in stabilizing groups are cap
structures. These terminal modifications protect the oligo-
nucleotide from exonuclease degradation, and can help in
delivery and/or localization within a cell. The cap can be
present at the 3'-terminus (5'-cap), or at the 3'-terminus
(3'-cap), or can be present on both termini. Cap structures
include, for example, mverted deoxy abasic caps.

[0215] Suitable cap structures include a 4'.5'-methylene
nucleotide, a 1-(beta-D-erythrofuranosyl) nucleotide, a
4'-thio nucleotide, a carbocyclic nucleotide, a 1,5-anhydro-
hexitol nucleotide, an L-nucleotide, an alpha-nucleotide, a
modified base nucleotide, a phosphorodithioate linkage, a
threo-pentofuranosyl nucleotide, an acyclic 3'.4'-seco
nucleotide, an acyclic 3,4-dihydroxybutyl nucleotide, an
acyclic 3,5-dihydroxypentyl nucleotide, a 3'-3'-inverted
nucleotide moiety, a 3'-3'-mnverted abasic moiety, a 3'-2'-
inverted nucleotide moiety, a 3'-2'-1inverted abasic moiety, a
1,4-butanediol phosphate, a 3'-phosphoramidate, a hex-
ylphosphate, an aminohexyl phosphate, a 3'-phosphate, a
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3'-phosphorothioate, a phosphorodithioate, a bridging meth-
ylphosphonate moiety, and a non-bridging methylphospho-
nate moiety 5'-amino-alkyl phosphate, a 1,3-diamino-2-
propyl  phosphate, 3-aminopropyl  phosphate, a
6-aminohexyl phosphate, a 1,2-aminododecyl phosphate, a
hydroxypropyl phosphate, a 5'-5-inverted nucleotide moi-
ety, a 5'-5"-1mverted abasic moiety, a 5'-phosphoramidate, a
S'-phosphorothioate, a 5'-amino, a bridging and/or non-
bridging 5'-phosphoramidate, a phosphorothioate, and a
S'-mercapto moiety.

[0216] Small nucleic acids and/or antisense oligonucle-
otides can also contain a neutral peptide-like backbone.
Such molecules are termed peptide nucleic acid (PNA)-
oligomers and are described, e.g., 1n Perry-O’Keelfe et al.
(1996) Proc. Natl. Acad. Sci. U.S.A. 93:14670 and 1n Eglom
et al. (1993) Nature 365:566. One advantage of PNA oli-
gomers 15 their capability to bind to complementary DNA
essentially independently from the ionic strength of the
medium due to the neutral backbone of the DNA. In yet
another embodiment, small nucleic acids and/or antisense
oligonucleotides comprises at least one modified phosphate
backbone selected from the group consisting of a phospho-
rothioate, a phosphorodithioate, a phosphoramidothioate, a
phosphoramidate, a phosphordiamidate, a methylphospho-
nate, an alkyl phosphotriester, and a formacetal or analog
thereof.

[0217] In afurther embodiment, small nucleic acids and/or
antisense oligonucleotides are a-anomeric oligonucleotides.
An ca-anomeric oligonucleotide forms specific double-
stranded hybrids with complementary RNA 1n which, con-
trary to the usual b-units, the strands run parallel to each
other (Gautier et al. (1987) Nucl. Acids Res. 15:6625-6641).
The oligonucleotide 1s a 2'-O-methylribonucleotide (Inoue
et al. (1987) Nucl. Acids Res. 15:6131-6148), or a chimeric
RNA-DNA analogue (Inoue et al. (1987) FEBS Lett. 213:
327-330).

[0218] Small nucleic acids and/or antisense oligonucle-
otides of the methods and compositions presented herein
may be synthesized by standard methods known 1n the art,
¢.g., by use of an automated DNA synthesizer (such as are
commercially available from Biosearch, Applied Biosys-
tems, etc.). As examples, phosphorothioate oligonucleotides
may be synthesized by the method of Stein et al. (1988)
Nucl. Acids Res. 16:3209, methylphosphonate oligonucle-
otides can be prepared by use of controlled pore glass
polymer supports (Sarin et al. (1988) Proc. Natl. Acad. Sci.
U.S.A. 85:7448-7451), etc. For example, an 1isolated
miRNA can be chemically synthesized or recombinantly
produced using methods known 1n the art. In some instances,
miRNA are chemically synthesized using appropriately pro-
tected ribonucleoside phosphoramidites and a conventional
DNA/RNA synthesizer. Commercial suppliers of synthetic
RNA molecules or synthesis reagents include, e.g., Proligo

(Hamburg, Germany), Dharmacon Research (Lafayette,
Colo., USA), Pierce Chemical (part of Perbio Science,

Rockiord, Ill., USA), Glen Research (Sterling, Va., USA),
ChemGenes (Ashland, Mass., USA), Cruachem (Glasgow,
UK), and Exigon (Vedbaek, Denmark).

[0219] Small nucleic acids and/or antisense oligonucle-
otides can be delivered to cells 1n vivo. A number of methods
have been developed for delivering small nucleic acids
and/or antisense oligonucleotides DNA or RNA to cells;
¢.g., antisense molecules can be injected directly into the
tissue site, or modified antisense molecules, designed to
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target the desired cells (e.g., antisense linked to peptides or
antibodies that specifically bind receptors or antigens
expressed on the target cell surface) can be administered
systematically.

[0220] In one embodiment, small nucleic acids and/or
antisense oligonucleotides may comprise or be generated
from double stranded small interfering RNAs (siRNAs), 1n
which sequences fully complementary to cellular nucleic
acids (e.g. mRNAs) sequences mediate degradation or in
which sequences mcompletely complementary to cellular
nucleic acids (e.g., mRNAs) mediate translational repression
when expressed within cells. In another embodiment, double
stranded siRNAs can be processed imto single stranded
antisense RNAs that bind single stranded cellular RNAs
(e.g., microRNAs) and inhibit their expression. RNA inter-
terence (RNA1) 1s the process of sequence-specific, post-
transcriptional gene silencing in animals and plants, initiated
by double-stranded RNA (dsRNA) that 1s homologous in
sequence to the silenced gene. 1 vivo, long dsRNA 1s
cleaved by ribonuclease III to generate 21- and 22-nucleo-
tide siRNAs. It has been shown that 21-nucleotide siRNA
duplexes specifically suppress expression of endogenous
and heterologous genes in diflerent mammalian cell lines,
including human embryonic kidney (293) and Hela cells
(Elbashir et al. (2001) Nature 411:494-498). Accordingly,
translation of a gene 1n a cell can be 1inhibited by contacting,
the cell with short double stranded RN As having a length of
about 15 to 30 nucleotides or of about 18 to 21 nucleotides
or of about 19 to 21 nucleotides. Alternatively, a vector
encoding for such siRNAs or short hairpin RNAs (shRNAs)
that are metabolized into siRNAs can be introduced into a
target cell (see, e.g., McManus et al. (2002) RNA 8:842; Xia
et al. (2002) Nature Biotechnology 20:1006; and Brum-
melkamp et al. (2002) Science 296:550). Vectors that can be
used are commercially available, e.g., from OligoEngine
under the name pSuper RNA1 System™

[0221] Ribozyme molecules designed to catalytically
cleave cellular mRNA transcripts can also be used to prevent
translation of cellular mRNAs and expression of cellular

polypeptides, or both (See, e.g., PCT International Publica-
tion W0O90/11364, published Oct. 4, 1990; Sarver et al.

(1990) Science 247:1222-1225 and U.S. Pat. No. 5,093,
246). While ribozymes that cleave mRNA at site specific
recognition sequences can be used to destroy cellular
mRNAs, the use of hammerhead ribozymes i1s preferred.
Hammerhead ribozymes cleave mRINAs at locations dic-
tated by flanking regions that form complementary base
pairs with the target mRNA. The sole requirement 1s that the
target mRINA have the following sequence of two bases:
3'-UG-3". The construction and production of hammerhead
ribozymes 1s well known 1n the art and 1s described more
tully 1n Haseloil and Gerlach (1988) Nature 334:585-391.
The ribozyme may be engineered so that the cleavage
recognition site 1s located near the 5' end of cellular mRINAs;
1.e., to increase efliciency and minimize the intracellular
accumulation ol non-functional mRNA transcripts.

[0222] The ribozymes of the methods presented herein
also 1nclude RNA endoribonucleases (heremaiter “Cech-
type ribozymes”™) such as the one which occurs naturally in
letrahymena thermophila (known as the IVS, or L-19 IVS
RNA) and which has been extensively described by Thomas
Cech and collaborators (Zaug et al. (1984 ) Science 224:574-
578; Zaug et al. (1986) Science 231:470-4°75; Zaug et al.
(1986) Nature 324:429-433; WO 88/04300; and Been et al.
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(1986) Cell 47:207-216). The Cech-type ribozymes have an
eight base pair active site which hybridizes to a target RNA
sequence whereafter cleavage of the target RN A takes place.
The methods and compositions presented herein encom-
passes those Cech-type ribozymes which target eight base-
pair active site sequences that are present in cellular genes.

[0223] As in the antisense approach, the nbozymes can be
composed of modified oligonucleotides (e.g., for improved
stability, targeting, etc.). A preferred method of delivery
involves using a DNA construct “encoding” the ribozyme
under the control of a strong constitutive pol 1II or pol 11
promoter, so that transfected cells will produce suflicient
quantities ol the ribozyme to destroy endogenous cellular
messages and 1nhibit translation. Because ribozymes unlike
antisense molecules, are catalytic, a lower intracellular con-
centration 1s required for efliciency.

[0224] Nucleic acid molecules to be used in triple helix
formation for the inhibition of transcription of cellular genes
are preferably single stranded and composed of deoxyribo-
nucleotides. The base composition of these oligonucleotides
should promote triple helix formation via Hoogsteen base
pairing rules, which generally require sizable stretches of
either purines or pyrimidines to be present on one strand of
a duplex. Nucleotide sequences may be pyrimidine-based,
which will result 1n TAT and CGC triplets across the three
associated strands of the resulting triple helix. The pyrimi-
dine-rich molecules provide base complementarity to a
purine-rich region of a single strand of the duplex in a
parallel onientation to that strand. In addition, nucleic acid
molecules may be chosen that are purine-rich, for example,
containing a stretch of G residues. These molecules will
form a triple helix with a DNA duplex that 1s rich in GC
pairs, 1n which the majority of the purine residues are
located on a single strand of the targeted duplex, resulting 1n
CGC trniplets across the three strands in the triplex.

[0225] Altematively, the potential sequences that can be
targeted for triple helix formation may be increased by
creating a so called “switchback™ nucleic acid molecule.
Switchback molecules are synthesized 1n an alternating 5'-3',
3'-3' manner, such that they base pair with {irst one strand of
a duplex and then the other, eliminating the necessity for a
s1zable stretch of either purines or pyrimidines to be present
on one strand of a duplex.

[0226] Small nucleic acids (e.g., miRNAs, pre-miRNAs,
pri-miRNAs, miRNA*, anti-miRNA, or a miRNA binding
site, or a variant thereol), antisense oligonucleotides,
ribozymes, and triple helix molecules of the methods and
compositions presented herein may be prepared by any
method known 1n the art for the synthesis of DNA and RNA
molecules. These include techniques for chemically synthe-
s1zing oligodeoxyribonucleotides and oligoribonucleotides
well known 1n the art such as for example solid phase
phosphoramidite chemical synthesis. Alternatively, RNA
molecules may be generated by in vitro and 1n vivo tran-
scription of DNA sequences encoding the antisense RNA
molecule. Such DNA sequences may be incorporated into a
wide variety of vectors which incorporate suitable RNA
polymerase promoters such as the 17 or SP6 polymerase
promoters. Alternatively, antisense ¢DNA constructs that
synthesize antisense RNA constitutively or 1inducibly,
depending on the promoter used, can be introduced stably
into cell lines.

[0227] Moreover, various well-known modifications to
nucleic acid molecules may be introduced as a means of
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increasing intracellular stability and halt-life. Possible modi-
fications include but are not limited to the addition of
flanking sequences of ribonucleotides or deoxyribonucle-
otides to the 5' and/or 3' ends of the molecule or the use of
phosphorothioate or 2' O-methyl rather than phosphodies-
terase linkages within the oligodeoxyribonucleotide back-
bone. One of skill i the art will readily understand that
polypeptides, small nucleic acids, and antisense oligonucle-
otides can be further linked to another peptide or polypep-
tide (e.g., a heterologous peptide), e.g., that serves as a
means of protein detection. Non-limiting examples of label
peptide or polypeptide moieties usetul for detection in the
invention include, without limitation, suitable enzymes such
as horseradish peroxidase, alkaline phosphatase, beta-galac-
tosidase, or acetylcholinesterase; epitope tags, such as
FLAG, MYC, HA, or HIS tags; fluorophores such as green
fluorescent protein; dyes; radioisotopes; digoxygenin; bio-
tin; antibodies; polymers; as well as others known 1n the art,

for example, 1n Principles of Fluorescence Spectroscopy,
Joseph R. Lakowicz (Editor), Plenum Pub Corp, 2nd edition
(July 1999).

[0228] The modulatory agents described herein (e.g., anti-
bodies, small molecules, peptides, fusion proteins, or small
nucleic acids) can be incorporated 1into pharmaceutical com-
positions and administered to a subject in vivo. The com-
positions may contain a single such molecule or agent or any
combination of agents described herein. “Single active
agents” described herein can be combined with other phar-
macologically active compounds (“second active agents™)
known 1n the art according to the methods and compositions
provided hereimn. It 1s believed that certain combinations
work synergistically in the treatment of conditions that
would benefit from the modulation of 1mmune responses.
Second active agents can be large molecules (e.g., proteins)
or small molecules (e.g., synthetic inorganic, organometal-
lic, or organic molecules). For example, anti-PD-LL1 and
ant1-TIM-3 antibodies can be further combined with anti-
LAG-3, anti-PD-1, ant1-PD-1.2, anti-CTL A4, etc. antibodies
or combinations thereof.

[0229] Examples of large molecule active agents include,
but are not limited to, hematopoietic growth factors, cyto-
kines, and monoclonal and polyclonal antibodies. Typical
large molecule active agents are biological molecules, such
as naturally occurring or artificially made proteins. Proteins
that are particularly usetul in this mnvention include proteins
that stimulate the survival and/or proliferation of hematopoi-
etic precursor cells and immunologically active poietic cells
in vitro or in vivo. Others stimulate the division and difler-
entiation of committed erythroid progenitors in cells 1n vitro
or 1n vivo. Particular proteins include, but are not limited to:
interleukins, such as IL-2 (ncluding recombinant IL-2
(“rIL2”) and canarypox IL-2), IL-10, IL-12, and IL-18;
interferons, such as interferon alfa-2a, intertferon alfa-2b,

interferon alpha-nl, interferon alpha-n3, interferon beta-Ia,
and interferon gamma-Ib; GM-CF and GM-CSF; and EPO.

[0230] Particular proteins that can be used 1n the methods
and compositions provided hereimn include, but are not lim-
ited to: filgrastim, which 1s sold 1n the United States under
the trade name Neupogen® (Amgen, Thousand Oaks,
Calif.); sargramostim, which 1s sold in the United States
under the trade name Leukine® (Immunex, Seattle, Wash.);
and recombinant EPO, which i1s sold in the United States
under the trade name Epogen® (Amgen, Thousand Oaks,
Calif.). Recombinant and mutated forms of GM-CSF can be
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prepared as described i U.S. Pat. Nos. 5,391,485; 5,393,
870; and 5,229,496, all of which are incorporated herein by
reference. Recombinant and mutated forms of G-CSF can be
prepared as described 1n U.S. Pat. Nos. 4,810,643; 4,999,

291; 5,528,823; and 5,580,755; all of which are incorporated
herein by reference.

[0231] Similarly, chemotherapeutic agents are well known
in the art. For example, chemotherapeutic agents include
alkylating agents such as thiotepa and cyclophosphamide
(Cytoxan™); alkyl sulfonates such as busulfan, improsulian
and piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; emylerumines and memylamela-
mines including alifretamine, triemylenemelamine, triethyl-
enephosphoramide, triethylenethiophosphoramide, and
trimemylolomelamine; acetogenins (especially bullatacin
and bullatacinone); a camptothecin (including synthetic ana-
logue topotecan); bryostatin; callystatin, CC-1065 (includ-
ing 1ts adozelesin, carzelesin and bizelesin synthetic ana-
logues); cryptophycins (articularly cryptophycin 1 and
cryptophycin 8); dolastatin; duocarmycin (including the
synthetic analogues, KW-2189 and CBI-TMI); eleutherobin;
pancratistatin; a sarcodictyin; spongistatin; nitrogen mus-
tards such as chlorambucil, chlornaphazine, cholophosph-
amide, estramustine, 1fosfamide, mechlorethamine, mechlo-
rethamine oxide hydrochlonide, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard;
nitrosoureas such as carmustine, chlorozotocin, foremustine,
lomustine, nimustine, ranimustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially cali-
cheamicin gammall and calicheamicin phil1); dynemicin,
including dynemicin A; bisphosphonates, such as clodro-
nate; an esperamicin; as well as neocarzinostatin chro-
mophore and related chromoprotein enediyne antibiotic
chromomophores), aclacinomysins, actinomycin, authramy-
cin, azaserine, bleomycins, cactinomycin, carabicin, carrni-
nomycin, carzinophilin, chromomycins, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-0xo-L-norleucine,
doxorubicin (Adramycin™) (including morpholino-doxoru-
bicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubi-
cin and deoxydoxorubicin), epirubicin, esorubicin, 1darubi-
cin, marcellomycin, mitomycins such as mitomycin C,
mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, strep-
tonigrin, streptozocin, tubercidin, ubenimex, zinostatin,
zorubicin; anti-metabolites such as methotrexate and 5-fluo-
rouracil (5-FU); folic acid analogues such as demopterin,
methotrexate, pteropterin, trimetrexate; purine analogs such
as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine;
pyrimidine analogues such as ancitabine, azacitidine,
6-azauridine, carmofur, cytarabine, dideoxyuridine, doxiflu-
ridine, enocitabine, floxuridine; androgens such as caluster-
one, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoglutethimide, mito-
tane, trilostane; folic acid replinisher such as frolinic acid;
aceglatone; aldophosphamide glycoside; aminolevulinic
acid; eniluracil; amsacrine; hestrabucil; bisantrene; edatrax-
ate; defofamine; demecolcine; diaziquone; elformthine;
clliptintum acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidamine; maytansinoids such as
maytansine and ansamitocins; mitoguazone; mitoxantrone;
mopidamol; nitracrine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide; procar-
bazine; PSK™: razoxane; rhizoxin; sizofiran; spirogerma-
nium; tenuazonic acid; triaziquone; 2,2'.2"-tricUorotriem-
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ylamine; trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethane; vindesine; dacarbazine;
mannomustine; mitobromtol; mitolactol; pipobroman; gacy-
tosine; arabinoside (“Ara-C”); cyclophosphamide; thiopeta;
taxoids, e.g., paclitaxel (Taxol™, Bristol Meyers Squibb
Oncology, Princeton, N.J.) and docetaxel (Taxoteret™,
Rhone-Poulenc Rorer, Antony, France); chlorambucil;
gemcitabine (Gemzar™); 6-thioguanine; mercaptopurine;
methotrexate; platinum analogs such as cisplatin and carbo-
platin; vinblastine; platinum; etoposide (VP-16); ifostamide;
mitroxantrone; vancristine; vinorelbine (Navelbine™);
novantrone; teniposide; edatrexate; daunomycin; aminop-
terin; xeoloda; ibandronate; CPT-11; topoisomerase inhibi-
tor RFS 2000; difluoromethylornithine (DMFO); retinoids
such as retinoic acid; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above.
Also included 1n the definition of “chemotherapeutic agent™
are anfi-hormonal agents that act to regulate or inhibit
hormone action on tumors such as anti-estrogens and selec-
tive estrogen receptor modulators (SERMs), including, for
example, tamoxifen (including Nolvadex™), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene,
LY117018, onapristone, and toremifene (Fareston™);
inhibitors of the enzyme aromatase, which regulates estro-
gen production 1n the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, megestrol acetate
(Megace™), exemestane, formestane, fadrozole, vorozole
(Rivisor™), letrozole (Femara™), and anastrozole (Arimi-
dex™); and anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprohde, and goserelin; and pharmaceuti-
cally acceptable salts, acids or derivatives of any of the
above. In some embodiments, the inhibitor downregulates
Racl output. Additional examples of chemotherapeutic and

other anti-cancer agents are described in US Pat. Publs.
2013/0239239 and 2009/0053224.

[0232] b. Pharmaceutical Compositions

[0233] Agents that modulate (e.g., inhibit or block) the
function of PD-1 or PD-L.1 and LAG-3, CTLA-4 or TIM-3,
including, e.g., blocking antibodies, peptides, fusion pro-
teins, or small molecules, can be incorporated 1nto pharma-
ceutical compositions suitable for administration to a sub-
ject. Such compositions typically comprise the antibody,
peptide, fusion protein or small molecule and a pharmaceu-
tically acceptable carrier. As used herein, “pharmaceutically
acceptable carrier” 1s mntended to include any and all sol-
vents, dispersion media, coatings, antibacterial and antifun-
gal agents, 1sotonic and absorption delaying agents, and the
like, compatible with pharmaceutical administration. The
use of such media and agents for pharmaceutically active
substances 1s well known 1n the art. Except insofar as any
conventional media or agent 1s incompatible with the active
compound, use thereof in the compositions 1s contemplated.
Supplementary active compounds can also be incorporated
into the compositions.

[0234] A pharmaceutical composition of the imnvention 1s
formulated to be compatible with its intended route of
administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (topical), transmucosal, and
rectal administration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can
include the following components: a sterile diluent such as
water for injection, saline solution, fixed oils, polyethylene
glycols, glycerin, propylene glycol or other synthetic sol-
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vents; antibacterial agents such as benzyl alcohol or methyl
parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetet-
raacetic acid; bullers such as acetates, citrates or phosphates
and agents for the adjustment of tonicity such as sodium
chloride or dextrose. pH can be adjusted with acids or bases,
such as hydrochloric acid or sodium hydroxide. The paren-
teral preparation can be enclosed in ampules, disposable
syringes or multiple dose vials made of glass or plastic.

[0235] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
persion. For mtravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremo-
phor EL™ (BASF, Parsippany, NJ) or phosphate buffered
saline (PBS). In all cases, the composition should be sterile
and should be fluid to the extent that easy syringeability
exists. It must be stable under the conditions of manufacture
and storage and should be preserved against the contami-
nating action of microorgamisms such as bacteria and fungi.
The carrier can be a solvent or dispersion medium contain-
ing, for example, water, ethanol, polyol (for example, glyc-
erol, propylene glycol, and liquid polyethylene glycol, and
the like), and suitable mixtures thereof. The proper fluidity
can be maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required particle size
in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved
by various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. In many cases, 1t 1s preferable to include
1sotonic agents, for example, sugars, polyalcohols such as
mamnitol, sorbitol, sodium chloride 1n the composition. Pro-
longed absorption of the injectable compositions can be
brought about by including in the composition an agent
which delays absorption, for example, aluminum monoste-
arate and gelatin.

[0236] Stenile injectable solutions can be prepared by
incorporating the active compound 1n the required amount 1n
an appropriate solvent with one or a combination of 1ngre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle which
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, the preterred methods of preparation are vacuum
drying and freeze-drying which yields a powder of the active
ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

[0237] Oral compositions generally include an 1nert
diluent or an edible carrier. They can be enclosed 1n gelatin
capsules or compressed 1nto tablets. For the purpose of oral
therapeutic administration, the active compound can be
incorporated with excipients and used 1n the form of tablets,
troches, or capsules. Oral compositions can also be prepared
using a fluid carrier for use as a mouthwash, wherein the
compound 1n the fluid carrier 1s applied orally and swished
and expectorated or swallowed. Pharmaceutically compat-
ible binding agents, and/or adjuvant materials can be
included as part of the composition. The tablets, pills,
capsules, troches and the like can contain any of the fol-
lowing ingredients, or compounds of a similar nature: a
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binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrat-
ing agent such as alginic acid, Primogel, or corn starch; a
lubricant such as magnesium stearate or Sterotes; a glidant
such as colloidal silicon dioxide; a sweetening agent such as
sucrose or saccharin; or a tflavoring agent such as pepper-
mint, methyl salicylate, or orange tlavoring.

[0238] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from pressured
container or dispenser which contains a suitable propellant,
¢.g2., a gas such as carbon dioxide, or a nebulizer.

[0239] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal adminmistration, penetrants appropriate to the barrier to
be permeated are used in the formulation. Such penetrants
are generally known 1n the art, and include, for example, for
transmucosal admimstration, detergents, bile salts, and
tusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as
generally known 1n the art.

[0240] The compounds can also be prepared 1n the form of
suppositories (e.g., with conventional suppository bases
such as cocoa butter and other glycerides) or retention
enemas for rectal delivery.

[0241] In one embodiment, modulatory agents are pre-
pared with carriers that will protect the compound against
rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Methods for preparation of such formulations should
be apparent to those skilled 1n the art. The materials can also
be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal anti-
bodies to viral antigens) can also be used as pharmaceuti-
cally acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for example, as

described 1n U.S. Pat. No. 4,522.811.

[0242] It 1s especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form
as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated; each umit
contaiming a predetermined quantity of active compound
calculated to produce the desired therapeutic effect 1n asso-
ciation with the required pharmaceutical carrier. The speci-
fication for the dosage umit forms of the imvention are
dictated by, and directly dependent on, the unique charac-
teristics of the active compound, the particular therapeutic
eflect to be achieved, and the limitations inherent in the art
of compounding such an active compound for the treatment
ol individuals.

[0243] Toxicity and therapeutic eflicacy of such com-
pounds can be determined by standard pharmaceutical pro-
cedures 1n cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective
in 50% of the population). The dose ratio between toxic and
therapeutic eflects 1s the therapeutic index and 1t can be
expressed as the ratio LD50/ED30. Compounds which
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exhibit large therapeutic indices are preferred. While com-
pounds that exhibit toxic side eflects can be used, care
should be taken to design a delivery system that targets such
compounds to the site of aflected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce
side eflects.

[0244] The data obtained from the cell culture assays and
amimal studies can be used 1n formulating a range of dosage
for use 1 humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that
include the ED30 with little or no toxicity. The dosage may
vary within this range depending upon the dosage form
employed and the route of administration utilized. For any
compound used in the method of the invention, the thera-
peutically effective dose can be estimated 1nitially from cell
culture assays. A dose can be formulated 1n animal models
to achieve a circulating plasma concentration range that
includes the IC50 (1.e., the concentration of the test com-
pound which achieves a half-maximal inhibition of symp-
toms) as determined in cell culture. Such information can be
used to more accurately determine useful doses 1n humans.
Levels 1n plasma can be measured, for example, by high
performance liquid chromatography.

[0245] The above described modulating agents may be
administered it the form of expressible nucleic acids which
encode said agents. Such nucleic acids and compositions 1n
which they are contained, are also encompassed by the
present mvention. For instance, the nucleic acid molecules
of the invention can be 1nserted into vectors and used as gene
therapy vectors. Gene therapy vectors can be delivered to a
subject by, for example, intravenous injection, local admin-
istration (see U.S. Pat. No. 5,328,470) or by stereotactic
injection (see e.g., Chen et al. (1994) Proc. Natl. Acad. Sci.
USA 91:3054-3057). The pharmaceutical preparation of the
gene therapy vector can include the gene therapy vector 1n
an acceptable diluent, or can comprise a slow release matrix
in which the gene delivery vehicle 1s imbedded. Alterna-
tively, where the complete gene delivery vector can be
produced intact from recombinant cells, e.g., retroviral vec-
tors, the pharmaceutical preparation can include one or more
cells which produce the gene delivery system.

[0246] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

[02477] c. Prophylactic Methods

[0248] In one aspect, the present invention provides a
method for preventing in a subject, a cancer, such as a
hematologic cancer like multiple myeloma, associated with
a less than desirable immune response. Subjects at risk for
such a disease can be i1dentified, for example, by any or a
combination of diagnostic or prognostic assays known 1n the
art. Admimstration of a prophylactic agent(s) can occur prior
to the mamifestation of symptoms associated with an
unwanted or less than desirable immune response. The
appropriate agent(s) used for treatment (e.g. antibodies,
peptides, fusion proteins or small molecules) can be deter-
mined based on clinical indications and can be i1dentified
using diagnostic assays well known in the art, as well as
those described herein.

[0249] d. Therapeutic Methods

[0250] Another aspect of the invention pertains to thera-

peutic methods of modulating an 1immune response, €.g., by
inhibiting or blocking the function of PD-1 or PD-L1 and

LAG-3, CILA-4 or TIM-3.
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[0251] Modulatory methods of the present invention
involve contacting a cell with an agent that inhibits or blocks
the function of PD-1 or PD-LL1 and LAG-3, CTLA-4 or
TIM-3. Exemplary agents useful in such methods are
described above. Such agents can be administered 1n vitro or
ex vivo (e.g., by contacting the cell with the agent) or,
alternatively, in vivo (e.g., by administering the agent to a
subject). As such, the present invention provides methods
uselul for treating an 1ndividual afilicted with a cancer, such
as a hematologic cancer like multiple myeloma.

[0252] Agents that upregulate immune responses can be 1n
the form of enhancing an existing immune response or
cliciting an 1nitial 1mmune response. Thus, enhancing an
immune response using the subject compositions and meth-
ods 1s usetul for treating cancer, but can also be usetul for
treating an 1infectious disease (e.g., bacteria, viruses, or
parasites), a parasitic infection, and an immunosuppressive
disease.

[0253] Immune responses can also be enhanced in an
infected patient through an ex vivo approach, for instance,
by removing immune cells from the patient, contacting
immune cells 1 vitro with an agent described herein and
reintroducing the in vitro stimulated immune cells into the
patient.

[0254] In certain instances, 1t may be desirable to further
administer other agents that upregulate immune responses,
for example, forms of other B7 family members that trans-
duce signals via costimulatory receptors, in order to further
augment the immune response.

[0255] Agents that upregulate an immune response can be
used prophylactically in vaccines against various polypep-
tides (e.g., polypeptides derived from pathogens). Immunity
against a pathogen (e.g., a virus) can be induced by vacci-
nating with a viral protein along with an agent that upregu-
lates an 1immune response, 1 an appropriate adjuvant.

[0256] In another embodiment, upregulation or enhance-
ment of an immune response function, as described herein,
1s usetul in the induction of tumor 1mmunity.

[0257] In another embodiment, the immune response can
be stimulated by the methods described herein, such that
preexisting tolerance, clonal deletion, and/or exhaustion
(e.g., T cell exhaustion) 1s overcome. For example, immune
responses against antigens to which a subject cannot mount
a significant immune response, €.g., to an autologous anti-
gen, such as a tumor specific antigens can be induced by
administering appropriate agents described herein that
upregulate the immune response. In one embodiment, an
autologous antigen, such as a tumor-specific antigen, can be
coadministered. In another embodiment, the subject agents
can be used as adjuvants to boost responses to foreign
antigens 1n the process of active immunization.

[0258] In one embodiment, immune cells are obtained
from a subject and cultured ex vivo in the presence of an
agent as described herein, to expand the population of
immune cells and/or to enhance immune cell activation. In
a further embodiment the immune cells are then adminis-
tered to a subject. Immune cells can be stimulated 1 vitro
by, for example, providing to the immune cells a primary
activation signal and a costimulatory signal, as 1s known 1n
the art. Various agents can also be used to costimulate
proliferation of immune cells. In one embodiment immune
cells are cultured ex vivo according to the method described

in PCT Application No. WO 94/29436. The costimulatory
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polypeptide can be soluble, attached to a cell membrane, or
attached to a solid surface, such as a bead.

[0259] In still another embodiment, agents described
herein useful for upregulating immune responses can further
be linked, or operatively attached, to toxins using techniques
that are known 1n the art, e.g., crosslinking or via recombi-
nant DNA techniques. Such agents can result 1 cellular
destruction of desired cells. In one embodiment, a toxin can
be conjugated to an antibody, such as a bispecific antibody.
Such antibodies are useful for targeting a specific cell
population, e.g., using a marker found only on a certain type
of cell. The preparation of immunotoxins 1s, 1n general, well
known 1n the art (see, e.g., U.S. Pat. No. 4,340,535, and EP
44167). Numerous types of disulfide-bond containing link-
ers are known which can successiully be employed to
conjugate the toxin moiety with a polypeptide. In one
embodiment, linkers that contain a disulfide bond that 1s
sterically “hindered” are preferred, due to their greater
stability in vivo, thus preventing release of the toxin moiety
prior to binding at the site of action. A wide variety of toxins
are known that may be conjugated to polypeptides or
antibodies of the mvention. Examples include: numerous
useiul plant-, fungus- or even bacteria-derived toxins,
which, by way of example, include various A chain toxins,
particularly ricin A chain, ribosome 1nactivating proteins
such as saporin or gelonin, a.-sarcin, aspergillin, restrictocin,
ribonucleases, such as placental ribonuclease, angiogenic,
diphtheria toxin, and Pseudomonas exotoxin, etc. A pre-
ferred toxin moiety for use 1n connection with the invention
1s toxin A chain which has been treated to modily or remove
carbohydrate residues, deglycosylated A chain. (U.S. Pat.
No. 5,776,427). Infusion of one or a combination of such
cytotoxic agents, (e.g., ricin fusions) mnto a patient may
result i the death of immune cells.

[0260] In yet another embodiment, the eflicacy of the
treatment methods described herein can be enhanced by
incorporating a step of lymphodepletion prior to, concur-
rently with, or after the administration of agents the inhibit
or block PD-1, PD-LL1, CTLA-4, TIM-3, and/or LAG-3
function. For example, therapeutic benelits of administering
the described anti-cancer agents can be synergistically
enhanced by performing such administration after or 1n
conjunction with lymphodepletion. Methods for achieving
lymphodepletion 1n various forms and at various levels are
well known 1n the art (see, for example, U.S. Pat. No.
7,138,144). For example, the term “transient lymphodeple-
tion” refers to destruction of lymphocytes and T cells,
usually prior to immunotherapy. This can be accomplished
in a number of ways, including “sublethal 1rradiation,”
which refers to administration of one or more doses of
radiation that 1s generally non-lethal to all members of a
population of subjects to which the administration 1s
applied. Transient lymphodepletion 1s generally not
myeloablative, as would be the case 1 complete lym-
phodepletion, such that the subjects hematopoietic or immu-
nological capacity remains suiliciently intact to regenerate
the destroyed lymphocyte and T cell populations. By con-
trast, “lethal 1rradiation” occurs when the administration 1s
generally lethal to some but not all members of the popu-
lation of subjects and “supralethal irradiation” occurs when
the administration 1s generally lethal to all members of the
population of subjects.

[0261] Depending on the application and purpose, tran-
sient lymphodepletion or complete lymphodepletion may be
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cllected, for example, by any combination of irradiation,
treatment with a myeloablative agent, and/or treatment with
an 1mmunosuppressive agent, according to standard proto-
cols. For example, biological methods include, for example,
administration of 1mmunity-suppressing cells or by admin-
istration of biological molecules capable of inhibiting 1immu-
noreactivity, such as, for example, Fas-ligand and CTLAA4-
Ig. Examples of myeloablative agents include busulfan,
dimethyl mileran, melphalan and thiotepa. Examples of
immunosuppressive agents include prednisone, methyl
prednisolone, azathioprine, cyclosporine A, cyclophosph-
amide, fludarabin, CTLA4-Ig, anti-T cell antibodies, efc.

[0262] Regarding irradiation, a sublethal dose of 1rradia-
tion 1s generally within the range of 1 to 7.5 Gy whole body
irradiation, a lethal dose 1s generally within the range of 7.5
to 9.5 Gy whole body 1rradiation, and a supralethal dose 1s
within the range of 9.5 to 16.5 Gy whole body 1rradiation.

[0263] Depending on the purpose and application, the
dose of 1irradiation may be administered as a single dose or
as a fractionated dose. Similarly, administering one or more
doses of 1rradiation can be accomplished essentially exclu-
sively to the body part or to a portion thereot, so as to induce
myeloreduction or myeloablation essentially exclusively in
the body part or the portion thereot. As 1s widely recognized
in the art, a subject can tolerate as sublethal conditioning
ultra-high levels of selective 1rradiation to a body part such
as a limb, which levels constituting lethal or supralethal
conditioning when used for whole body 1rradiation (see, for
example, Breitz (2002) Cancer Biother Radiopharm.
17:119; Limat (1997) J. Nucl. Med. 38:13774; and Drnitschilo
and Sherman (1981) Environ. Health Perspect. 39:59). Such
selective 1rradiation of the body part, or portion thereof, can
be advantageously used to target particular blood compart-

ments, such as specific lymph nodes, 1n treating hematopoi-
etic cancers.

[0264] ¢. Administration of Agents

[0265] The immune modulating agents of the imvention
are administered to subjects 1 a biologically compatible
form suitable for pharmaceutical administration 1n vivo, to
enhance immune cell mediated immune responses. By “bio-
logically compatible form suitable for administration 1n
vivo” 1s meant a form to be administered 1n which any toxic
ellects are outweighed by the therapeutic effects. The term
“subject™ 1s intended to include living organisms 1n which an
immune response can be elicited, e.g., mammals. Examples
of subjects include humans, dogs, cats, mice, rats, and
transgenic species thereof. Administration of an agent as
described herein can be 1n any pharmacological form 1nclud-
ing a therapeutically active amount of an agent alone or 1n
combination with a pharmaceutically acceptable carrier.

[0266] Administration of a therapeutically active amount
of the therapeutic composition of the present invention is
defined as an amount eflective, at dosages and for periods of
time necessary, to achueve the desired result. For example, a
therapeutically active amount of an agent may vary accord-
ing to factors such as the disease state, age, sex, and weight
of the individual, and the ability of peptide to elicit a desired
response 1n the individual. Dosage regimens can be adjusted
to provide the optimum therapeutic response. For example,
several divided doses can be administered daily or the dose
can be proportionally reduced as indicated by the exigencies
of the therapeutic situation.

[0267] Inhibiting or blocking the function of PD-1 or
PD-L.1 and LAG-3, CTLA-4 or TIM-3, or in some embodi-
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ments, mhibiting or blocking a combination of these agents,
can be accomplished by combination therapy with the

modulatory agents described herein. Combination therapy
describes a therapy in which PD-1 or PD-L1 and LAG-3,

CTLA-4 or TIM-3, are inhibited or blocked simultaneously.
Simultaneous inhibition or blockade may be achieved by
administration of the modulatory agents described herein
simultaneously (e.g., 1n a combination dosage form or by
simultaneous administration of single agents) or by admin-
istration of single agents according to a schedule that results
in effective amounts of each modulatory agent present 1n the
patient at the same time.

[0268] The therapeutic agents described herein can be
administered 1n a convenient manner such as by injection
(subcutaneous, mtravenous, etc.), oral administration, inha-
lation, transdermal application, or rectal administration.
Depending on the route of administration, the active com-
pound can be coated 1n a matenal to protect the compound
from the action of enzymes, acids and other natural condi-
tions which may 1nactivate the compound. For example, for
administration of agents, by other than parenteral adminis-
tration, 1t may be desirable to coat the agent with, or
co-administer the agent with, a material to prevent its
inactivation.

[0269] An agent can be administered to an individual 1n an
appropriate carrier, diluent or adjuvant, co-administered
with enzyme inhibitors or 1n an appropriate carrier such as
liposomes. Pharmaceutically acceptable diluents include
saline and aqueous buller solutions. Adjuvant 1s used 1n 1ts
broadest sense and includes any immune stimulating com-
pound such as interferon. Adjuvants contemplated herein
include resorcinols, non-1onic surfactants such as polyoxy-
cthylene oleyl ether and n-hexadecyl polyethylene ether.
Enzyme inhibitors include pancreatic trypsin inhibitor,
dusopropylfluorophosphate (DEEP) and trasylol. Lipo-
somes include water-in-oil-in-water emulsions as well as

conventional liposomes (Sterna et al. (1984) J. Neuroimmu-
nol. 7:277).

[0270] The agent may also be administered parenterally or
intraperitoneally. Dispersions can also be prepared 1n glyc-
erol, liquid polyethylene glycols, and mixtures thereof, and
in o1ls. Under ordinary conditions of storage and use, these
preparations may contain a preservative to prevent the
growth ol microorganisms.

[0271] Pharmaceutical compositions of agents suitable for
injectable use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
persion. In all cases the composition will preferably be
sterile and must be fluid to the extent that easy syringeability
exists. It will preferably be stable under the conditions of
manufacture and storage and preserved against the contami-
nating action of microorganisms such as bacteria and fungi.
The carrier can be a solvent or dispersion medium contain-
ing, for example, water, ethanol, polyol (for example, glyc-
erol, propylene glycol, and liquid polyethylene glycol, and
the like), and suitable mixtures thereof. The proper fluidity
can be maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required particle size
in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved
by various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. In many cases, 1t 1s preferable to include
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1sotonic agents, for example, sugars, polyalcohols such as
manitol, sorbitol, sodium chloride 1n the composition. Pro-
longed absorption of the injectable compositions can be
brought about by including i1n the composition an agent
which delays absorption, for example, aluminum monoste-
arate and gelatin.

[0272] Sterile imjectable solutions can be prepared by
incorporating an agent of the mvention (e.g., an antibody,
peptide, fusion protein or small molecule) 1in the required
amount 1n an appropriate solvent with one or a combination
of ingredients enumerated above, as required, followed by
filtered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle
which contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the case
of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum
drying and freeze-drying which yields a powder of the agent
plus any additional desired ingredient from a previously
sterile-filtered solution thereof.

[0273] When the agent 1s suitably protected, as described
above, the protein can be orally administered, for example,
with an 1nert diluent or an assimilable edible carrier. As used
herein “pharmaceutically acceptable carrier” includes any
and all solvents, dispersion media, coatings, antibacterial
and anftifungal agents, i1sotonic and absorption delaying
agents, and the like. The use of such media and agents for
pharmaceutically active substances 1s well known 1n the art.
Except insofar as any conventional media or agent 1s incom-
patible with the active compound, use thereof 1n the thera-
peutic compositions 1s contemplated. Supplementary active
compounds can also be mncorporated into the compositions.

[0274] It 15 especially advantageous to formulate paren-
teral compositions 1n dosage unit form for ease of admin-
istration and umiformity of dosage. “Dosage unit form”, as
used herein, refers to physically discrete units suited as
unitary dosages for the mammalian subjects to be treated;
cach unit contamning a predetermined quantity of active
compound calculated to produce the desired therapeutic
ellect 1n association with the required pharmaceutical car-
rier. The specification for the dosage unmit forms of the
invention are dictated by, and directly dependent on, (a) the
unique characteristics of the active compound and the par-
ticular therapeutic eflect to be achieved, and (b) the limita-
tions inherent 1n the art of compounding such an active
compound for the treatment of sensitivity in individuals.

[0275] In one embodiment, an agent of the invention 1s an
antibody. As defined herein, a therapeutically eflective
amount of antibody (i.e., an eflective dosage) ranges from
about 0.001 to 30 mg/kg body weight, preferably about 0.01
to 25 mg/kg body weight, more pretferably about 0.1 to 20
mg/kg body weight, and even more preferably about 1 to 10
mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or S to 6
mg/kg body weight. The skilled artisan will appreciate that
certain factors may influence the dosage required to effec-
tively treat a subject, including but not limited to the severity
of the disease or disorder, previous treatments, the general
health and/or age of the subject, and other diseases present.
Moreover, treatment ol a subject with a therapeutically
ellective amount of an antibody can include a single treat-
ment or, preferably, can include a series of treatments. In a
preferred example, a subject 1s treated with antibody in the
range ol between about 0.1 to 20 mg/kg body weight, one
time per week for between about 1 to 10 weeks, preferably

Feb. &, 2024

between 2 to 8 weeks, more preferably between about 3 to
7 weeks, and even more preferably for about 4, 5, or 6
weeks. It will also be appreciated that the effective dosage of
antibody used for treatment may increase or decrease over
the course of a particular treatment. Changes 1n dosage may
result from the results of diagnostic assays.

[0276] This invention 1s further illustrated by the follow-
ing examples which should not be construed as limiting. The
contents of all references, patents and published patent
applications cited throughout this application, as well as the
Figures, are incorporated herein by reference.

III. Kits

[0277] The present mvention also encompasses kits for
treating cancers, such as hematologic cancers like multiple
myeloma, using agents that inhibit or block PD-1 or PD-L1
and LAG-3, CTLA-4 or TIM-3 function. For example, the
kit can comprise an antibody as described herein, e.g., an
antibody agamst PD-1, PD-L1, LAG-3, CTLA-4 and/or
TIM-3, packaged 1n a suitable container and can further
comprise instructions for using such antibodies to treat
cancers 1n a patient 1n need thereot. The kit may also contain
other components, such as administration tools like pack-
aged 1n a separate container.

EXAMPLES

Example 1: Combined PD-L1 and TIM-3 Blockade
as Immunotherapy for Hematologic Cancers

[0278] a. Materials and Methods
[0279] Mice
[0280] All mice were housed in the Medical College of

Wisconsin Biomedical Resource Center, an AAAL AC-ac-
credited facility. C47BL6/KalLwRi mice were used 1n the
experiments. All animal work was reviewed and approved
by the Medical College of Wisconsin Institutional Animal
Care and Use Committee.

10281]

[0282] The 5133 murine multiple myeloma (MM) cell line
was dernived from myeloma that spontaneously arose in a
C57B1/KalLLwRi1 mouse (Radl et al. (1988) Am. J. Pathol.
132:593-597; and Manning et al. (1992) Br. J. Cancer
66:1088-1093). For experiments, 5133 cells were thawed
from a large frozen stock and cultured in RPMI 1640+10%
fetal bovine serum for no longer than 2 weeks prior to
inoculation of mice. Mice were inoculated with tumor as
follows: 2x10° 5T33 cells intravenously (i.v.). 5T33-bearing
mice were considered moribund and euthanized when they
developed paraparesis or paraplegia. Occasionally, 5T33-
inoculated mice developed tumor masses or lesions and
were euthamized when the size of the mass or lesion
exceeded 250 mm?; other symptoms of advanced 5T33

Tumor Cells

included splenomegaly, hepatomegaly, or neurologic
impairment.

[0283] Anftibodies

[0284] The clone designations for the antibodies used are

as follows: anti-PD-L1 (clone 10F.9G2; Paterson et al.
(2011) J. Immunol. 187:1097-1105; Maier et al. (2007) J.
Immunol. 178:2714-27720), ant1-PD-1 (clone 332.8H3), anti-
Lag-3 (clone COB7W,; available from eBioscience as catalog
number eB1oCI9B7W and other manufacturers), anti-Tim-3

(clone 5D12; available from EMD Millipore as catalog
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number MABF73). Isotype control antibodies included
Armenian hamster I1gG and rat IgG2a kappa.

[0285] Irradiation

[0286] In general, myeloma-bearing recipient mice were
given total body 1rradiation as a single sublethal (500 cGy)
dose seven days after myeloma inoculation. Radiation was
administered by a Shepherd Mark I Cestum Irradiator 1n
accordance with established guidelines.

[0287] Statistics

[0288] Survival curves were compared using the log rank
(Mantel Cox) test based on n=5-6 mice per group. P-values
ol <0.05 were considered significant. Statistical analysis was
done using Prism version 35.0a software (GraphPad Soft-
ware, La Jolla, CA).

[0289] Other materials and methods are described 1n the
“Results” section below.

[0290] b. Results

[0291] Multiple myeloma 1s characterized by the presence
of transformed neoplastic plasma cells 1n the bone marrow
and 1s generally considered to be an incurable disease.
Successiul treatments will likely require multi-faceted
approaches 1ncorporating conventional drug therapies,
immunotherapy and other novel treatments. It has previ-
ously been determined that a combination of transient lym-
phodepletion (sublethal whole body irradiation) and PD-1
blockade generated anti-myeloma T cell reactivity capable
of eliminating established disease (Kearl et al. (2013) J.
Immunol. 190:5620-5628; Hallett et al. (2011) Biol. Blood
Marrow Transplant. 17:1133-1145). Besides expression of
the immune checkpoint protein PD-1, T cells within tumor
environment may develop a dysfunctional phenotype
accompanied by the increased expression of other check-
point proteins.

[0292] It was hypothesized that the anti-myeloma eflect of
transient lymphodepletion and PD-1 blockade would be
increased by blocking other immune checkpoint protein
interactions.

Expression of Immune Checkpoint Proteins on T Cells 1n
Bone Marrow of Myeloma Bearing Mice Over Time

[0293] Accordingly, an extensive phenotypic analysis
(flow cytometry) of bone marrow and splenic tissues from
myeloma-bearing mice was performed to temporally exam-
ine T cells for expression of immune checkpoint proteins
and assess the tissues for presence of immune regulatory T
(Treg) cells. KaLwRij mice were inoculated with 2x10°
5T33-GFP cells intravenously. Myeloma bearing mice were
cuthanized between days 7 and 28 after inoculation or when
moribund (day 29-40), and femoral bone marrow cells were
harvested. Tumor cell accumulation was monitored by flow
cytometry (GFP+ tumor cells) (FIG. 1A), and CD4™ (top)
and CD8" (bottom) T cells were analyzed by flow cytometry
for expression of various immune checkpoint proteins over
time (FIG. 1B). Naive non-myeloma bearing mice were
analyzed as controls. Immune checkpoint protein percent-
ages were based on 1sotype controls.

[0294] As shown in FIG. 1B, PD-1, 2B4, LAG3, and
TIM-3 were the most prominent immune checkpoint pro-
teins present on T cells in myeloma bearing mice. As shown
in FIG. 1C, a relatively large percentage of PD-17 T cells
co-expressed other mhibitory checkpoint proteins such as
Tim-3, Lag-3 and 2B4. It was also determined that Treg cells
in the tumor microenvironment also had increased expres-
sion of PD-1 and other inhibitory receptors (such as Tim-3,
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Lag-3 and 2B4 shown in FIG. 2) compared to Tregs cells
from non-myeloma bearing mice, which 1s believed to be
related with enhanced suppressive function by these cells.

Increased Expression of Immune Checkpoint Proteins on T
Cells in Mice Treated with Sublethal Whole Body Irradia-

tion and Anti-PD-L1 Antibody

[0295] Myeloma bearing Kal.wR1] mice were treated with
500 c¢Gy whole body irradiation 7 days after tumor cell
inoculation. Treatment with anti-PD-L1 antibody or control
IeG (200 ug 1.p.) was mitiated 5 days later and specifically
grven 12, 14, and 19 days after tumor 1noculation. Mice were
cuthanized at day 21, splenocytes were harvested, and the
CDR8 T cells were analyzed by flow cytometry for immune
checkpoint protein expression. As shown i FIGS. 3A-3B,
the frequencies ol CD8 Tim-3%, CD8 Lag-3" and CDS8”
2B4™ cells in spleens of anti-PD-L1 antibody treated mice
were higher compared with spleens of control antibody
treated.

Blocking PD-L1 1 Combination with Tim-3 after Lym-

phodepleting Whole Body Irradiation Synergistically
Improved Survival
[0296] It was then examined whether blocking various

immune checkpoint proteins could provide additive or syn-
ergistic anti-myeloma effects when combined with PD-L1
blockade (FIG. 4). In this Example, the combined blockade
of PD-1 and TIM-3 was most eflective and proved to be
synergistic, as myeloma was surprisingly rejected i 100%
of these mice (FIG. 5). Inhibition of certain other immune

checkpoint proteins, either alone or 1n combinations, did not
produce such robust therapeutic benefits (FIGS. 6-8).

[0297] Thus, the data indicate that dual blockade of PD-L1

and TIM-3 represents a surprisingly and unexpectedly
potent immunotherapeutic intervention for treating hemato-
logic cancers, such as multiple myeloma.

Example 2: Combined Immune Checkpoint Protein
Blockade and Lymphodepletion as Immunotherapy
for Hematologic Cancers

[0298] a. Materials and methods are essentially the
same as described in Example 1 unless specifically
indicated below 1n the “Results™ section below.

[0299] b. Results

[0300] As shown in this Example, combined immune
checkpoint protein blockade and lymphodepletion provide
an effective immunotherapy for hematologic cancers such as
myeloma.

Blocking of PD-L1 in Combination with Tim-3, Lag-3 or

CTLA-4 after Lymphodepleting Whole Body Irradiation
Synergistically Improved Survival

[0301] FIG. 9A depicts the experimental design. KalLwRi;
mice received 500 c¢Gy 1rradiation 7 days after tumor cell
inoculation. The treatment with blocking antibody or control
IgeG (200 ug 1.p.) was mitiated 5 days later and specifically
given 12, 14,19, 21, 26, and 28 days after tumor inoculation.

[0302] As shown in FIGS. 9B-9D, blocking PD-L1 1n
combination with Tim-3 (FIG. 9B), Lag-3 (FIG. 9B), or
CTLA-4 (FIG. 9C) after lymphodepleting whole body irra-
diation synergistically improved survival of myeloma bear-
ing mice, whereas blocking PD-LL1 i combination with
CDA48 (FIG. 9D) did not have synergistic effect on survival.
As shown 1n FIG. 9E, 100% of re-challenged mice that had

received anti-PD-L1 antibody alone, or the combination of
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ant1-PD-L.1 antibody with anti-Tim-3 antibody, anti-Lag-3
antibody, or anti-CTLA-4 antibody, survived to day 110,
compared to control mice.

Combined Checkpoint Blockade after Lymphodepleting
Whole Body Irradiation Increased Frequencies of Tumor-
Reactive T Cells

[0303] The experimental design shown in FIG. 9A was
used. CD4™ or CD8™ T cells were 1solated from spleens and
bone marrow 21 days after tumor cell moculation (1.e., 14
days after irradiation) in mice treated with control IgG,
ant1-PD-L 1 antibody only, or the combination of anti1-PD-L1
antibody with anti-Tim-3 antibody, anti-Lag-3 antibody, or
ant1-CTLA-4 antibody. The CD8" or CD4™ T cells were
tested in IFN-y ELISPOT assays using 5133 or MHC class
[1+5133 tumor cells as stimulators, respectively, to deter-
mine tumor-reactive IFN-vy-secreting cell frequencies.

[0304] As shown in FIG. 10A, the frequencies of tumor-
reactive CD8" and CD4% T cells were increased in the
spleens (top row) and bone marrow (bottom row) of mice
treated with combinations of 1mmune checkpoint protein
blockade. Combined checkpoint blockade, such as the com-
bination of anti-PD-L1 antibody with anti-Tim-3 antibody,
anti-Lag-3 antibody, or anti-CTLA-4 antibody, increased
frequencies of tumor-reactive T cells.

Combined Checkpoint Blockade after Lymphodepleting
Whole Body Irradiation Increased Cytokine Production by
CD8" T Cells

[0305] CDS8™ T cells purified from the spleens of myeloma
bearing mice treated with anti-PD-L1 antibody only, or the
combination of anti-PD-L1 antibody with anti-Tim-3 anti-
body, anti-Lag-3 antibody or anti-CTLA4 antibody, were
stimulated with 5133 for 48 hours. Supernatants were col-
lected and cytokine levels from were determined using a
multiplex cytokine assay. As shown in FIG. 10B, combined
checkpoint blockade, such as the combination of anti-PD-L1
antibody with anti-Tim-3 antibody, anti-Lag-3 antibody, or
anti-CTLA-4 antibody, increased the production of cytok-
ines (e.g., IL-2, IFN-y and GM-CSF) by CD8" T cells.

Combined Blockade of Immune Checkpoint Proteins
Increased PD-1 Expression on CD8" T Cells as Well as
Increased Frequency of Tumor Specific Cytotoxic T
Lymphocytes

[0306] The experimental design in FIG. 9A was used.
CDR8™ T cells were 1solated from spleens and bone marrow
21 days after tumor cell moculation in mice treated with
control IgG, anti-PD-L1 antibody only, or the combination
of anti-PD-L1 antibody with anti-Tim-3 antibody, anti-
Lag-3 antibody, or anti-CTL A4 antibody.

[0307] FIG. 11A shows increased expression of PD-1 on
gated CD8™ T cells from spleens and bone marrow (BM) of

mice treated with different blocking antibodies or control
1.

[0308] The CDR8™ T cells were assayed 1in IFN-y ELISPOT
assays with tumor cell stimulators to determine tumor-
reactive IFN-y-secreting cell frequencies in the presence of
ant1-PD-L1 antibody or control IgG (10 ug/ml). As shown 1n
FIG. 11B, 1 the presence of blocking anti-PD-L1 antibody
in vitro, all combinations of blocking antibodies 1 vivo

resulted 1n significantly increased cytotoxic T lymphocyte
(C'1L) frequencies versus blockade of PD-L1 only (p<O.

001).
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Combined Blockade of Immune Checkpoint Proteins
Enhanced Thl and Th2 Cytokine Secretion

[0309] The experimental design shown i FIG. 9A was
used. CD4™ T cells were isolated from spleens 21 days after
tumor cell mmoculation (1.e., 14 days after irradiation) in
myeloma bearing mice treated with control anti-PD-L1, or
the combination of anti-PD-L1 antibody with anti-Tim-3
antibody, anti-Lag-3 antibody, or anti-CTLA4 antibody.
CD4™ T cells purified from the spleen were stimulated with
MHC class II negative 5133-W'T, or MHC class Il positive
ST33-CIITA, or no stimulation for 48 hours. Supernatants
were collected and cytokine (IFN-v, 1L-4 and IL-3) levels

from were determined using a multiplex cytokine assay.

[0310] As shown in FIG. 12, combined blockade of
immune checkpoint proteins such as anti-PD-L1 and anti-
CTLA-4 antibodies enhanced Thl and Th2 cytokine secre-

tion.

Expression of Immune Checkpoints on T Cells 1n Mice with
Other Hematologic Cancers

[0311] Murnne hematologic cancers other than myeloma

express PD-L1 and respond to whole body 1rradiation plus
PD-L1 blockade (Kearl et al. (2013) J. Immunol. 190:5620-

5628).

[0312] To examine the expression of immune checkpoint
proteins on T cells 1n mice with other hematologic cancers,
mice were mjected 1.v. with A20 B cell lymphoma cells,
C1498 acute myeloid leukemia cells, or EL4 lymphoma
cells (x-axis 1n FIG. 13). Bone marrow was collected from
moribund ammals. CD4" (top row 1 FIG. 13) and CDS8”
(bottom row 1n FIG. 13) T cells in the bone marrow were
analyzed for expression of checkpoint proteins PD-1, Tim-3,
Lag-3 and 2B4 by flow cytometry (n=4-5 mice for each).
Naive non-cancer-bearing mice were used as controls. FIG.
13 shows expression of PD-1, Tim-3, Lag-3 and 2B4 on T
cells in mice bearing the indicated hematologic cancer cells.
A correlation can exist between the T cell expression profile
of these checkpoint proteins and increased anti-tumor
response after co-blockade of the respective pathway(s) in
hematologic malignancy models other than myeloma.

A Model of Combined Immune Checkpoint Blockade and
Lymphodepleting Whole Body Irradiation for Treating
Hematologic Cancers

[0313] A working model of combined immune checkpoint
blockade and lymphodepleting whole body irradiation 1s
illustrated 1n FI1G. 14. In hematologic cancers, dysiunctional
antigen-activated T cells (e.g., CD4™ and CD8™ T cells) are
unable to kill cancer cells. Lymphopenia-induced T cell
proliferation allows for reactivation of those T cells. For
reactivated T cells to remain functional and kill cancer cells,
immune checkpoint proteins must be blocked. Lymphopenic
environment can be achieved by low-dose whole body
irradiation (WBI). Lymphodepleting chemotherapy or low
doses of T cell-depleting antibodies can also be used 1nstead
of whole body 1rradiation.

INCORPORAITION BY REFERENC.

(L]

[0314] All publications, patents, and patent applications
mentioned herein are hereby incorporated by reference in
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their entirety as 1f each individual publication, patent or
patent application was specifically and individually 1ndi-
cated to be incorporated by reference. In case of conflict, the
present application, including any definitions herein, waill
control.

[0315] Also mcorporated by reference 1n their entirety are
any polynucleotide and polypeptide sequences which refer-
ence an accession number correlating to an entry 1n a public
database, such as those maintained by The Institute for
Genomic Research (TIGR) on the world wide web at tigr.org

Feb. &, 2024

and/or the National Center for Biotechnology Information
(NCBI) on the World Wide Web at ncbi.nlm.nih.gov.

EQUIVALENTS

[0316] Those skilled 1n the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the imvention
described herein. Such equivalents are intended to be
encompassed by the following claims.

SEQUENCE LISTING

Sequence total quantity: 16
SEQ ID NO: 1 moltype = DNA length = 921
FEATURE Location/Qualifiers
source 1..921

mol type = other DNA

organism = Homo saplens
CDS 25..888
SEQUENCE :
cactctggtg gggctgctcecce aggcatgcag atcccacagg cgccctggcece agtcecgtcectgg 60
gcggtgctac aactgggctg gcggccagga tggttcttag actccccaga caggccecctgg 120
aaccccecccecca ccttetcecee agceccecctgcete gtggtgaceg aaggggacaa cgccacctte 180
acctgcagct tctccaacac atcggagagc ttcgtgctaa actggtaccg catgagcccce 240
agcaaccaga cggacaagct ggccgceccttce cccgaggacce gcagccagcece cggccaggac 300
tgccgcttcecce gtgtcacaca actgcccaac gggcgtgact tccacatgag cgtggtcagg 360
gccecggegea atgacagcecgg cacctacctce tgtggggcecca tcectceccecctgge ccccaaggceyg 420
cagatcaaag agagcctgcg ggcagagctc agggtgacag agagaagggc agaagtgccce 480
acagcccacc ccagcccecctce acccaggtca gccggccagt tccaaaccct ggtggttggt 540
gtcgtgggcyg gcctgcectggg cagcectggtg ctgctagtcet gggtecctgge cgtcatctge 600
tccecgggecg cacgagggac aataggagcc aggcgcaccg gccagcecccect gaaggaggac 660
ccctcageceg tgcctgtgtt ctcetgtggac tatggggagce tggatttcca gtggcgagag 720
aagaccccgg agccccceccecgt gccecctgtgte cctgagcaga cggagtatgce caccattgte 780
tttecctageg gaatgggcac ctcatcccecce gcccecgcaggg gctcagctga cggcecctegg 840
agtgcccagc cactgaggcc tgaggatgga cactgctctt ggcccctcectg accggcttcece 900
ttggccacca gtgttctgeca g 921
SEQ ID NO: 2 moltype = AA length = 288
FEATURE Location/Qualifiers
source 1..288

mol type = proteiln

organism = Homo saplens
SEQUENCE. :
MOIPQAPWPV VWAVLQLGWR PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TETCSESNTS 60
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT 120
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RSAGQFQTLV VGVVGGLLGS 180
LVLLVWVLAYV ICSRAARGTI GARRTGQPLK EDPSAVPVES VDYGELDFOW REKTPEPPVP 240
CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWPL 288
SEQ ID NO: 3 moltype = DNA length = 9568
FEATURE Location/Qualifiers
gource 1..968

mol type = other DNA

organism = Homo sapilens
CDS 59..793
SEQUENCE. :
gcttccececgag gctcececgcace agceccecgcegcett ctgtceccecgect gecagggcatt ccagaaagat 60
gaggatattt gctgtcttta tattcatgac ctactggcat ttgctgaacg catttactgt 120
cacggttccc aaggacctat atgtggtaga gtatggtagc aatatgacaa ttgaatgcaa 180
attcccagta gaaaaacaat tagacctggc tgcactaatt gtctattggg aaatggagga 240
taagaacatt attcaatttg tgcatggaga ggaagacctg aaggttcagc atagtagcta 300
cagacagagg gcccggctgt tgaaggacca gctctccectg ggaaatgctg cacttcagat 360
cacagatgtg aaattgcagg atgcaggggt gtaccgctgc atgatcagct atggtggtge 420
cgactacaag cgaattactg tgaaagtcaa tgccccatac aacaaaatca accaaagaat 480
tttggttgtg gatccagtca cctctgaaca tgaactgaca tgtcaggctg agggctaccce 540
caaggccgaa gtcatctgga caagcagtga ccatcaagtc ctgagtggta agaccaccac 600
caccaattcc aagagagagg agaagctttt caatgtgacc agcacactga gaatcaacac 660
aacaactaat gagattttct actgcacttt taggagatta gatcctgagg aaaaccatac 720
agctgaattg gtcatcccag gtaatattct gaatgtgtcc attaaaatat gtctaacact 780
gtccecctage acctagcatg atgtctgcect atcatagtca ttcagtgatt gttgaataaa 840
tgaatgaatg aataacacta tgtttacaaa atatatccta attcctcacc tccattcatc 900
caaaccatat tgttacttaa taaacattca gcagatattt atggaataaa aaaaaaaaaa 960
aaaaaaaa 68
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SskEQ ID NO:
FEATURE
source

SEQUENCE :

4

MRIFAVFIFM TYWHLLNAFT
DKNIIQFVHG EEDLKVQHSS
ADYKRITVEKYV NAPYNKINOR

TTNSKREEKL
LSPST

SEQ ID NO:
FEATURE
source

CDS
SEQUENCE :
cgaggctccg
atttgectgtc
tcccaaggac
agtagaaaaa
cattattcaa

gagggcccyy
tgtgaaattyg
caagcgaatt
tgtggatcca
cgaagtcatc
ttccaagaga
taatgagatt

attggtcatc

tctgggagcc
agggagaatg
tgatacacat
tctcaacctyg
cgtgggatgc
aagcagagga
atactttcaa

aacaaggagc
ctaatttgag
ttttctgeat
cctatttatt

ttttgaagat
atgatttgct

SEQ ID NO:
FEATURE
source

SEQUENCE :

MRIFAVFIFM
DKNIIQFVHG
ADYKRITVEKV
TTNSKREEKL
LVILGAILLC

SEQ ID NO:
FEATURE
source

SEQUENCE :

atgaggatat
atcacggctc
agattccctg
gatgagcaag
ttcaggggga
atcacagacg
gcggactaca
atttccgtygg
gJaagctgagg
accacttccc
acagcgaatg
gcggagctga

FNVTSTLRIN

5

caccagccgc
tttatattca
ctatatgtgg
caattagacc
tttgtgcatyg
ctgttgaagg
caggatgcag
actgtgaaag
gtcacctctyg
tggacaagca
gaggagaagc
ttctactgca
ccagaactac
atcttattat
atggatgtga
ttggaggaga
tggtttaggg
aggcaatgtg
ggagaatgaa
atgcctgagg
ctccaagcaa
ggtcagttcc
gactgagagt
ttgagtctgt
atattgtagt
cacatctagt

6

TYWHLLNAET
EEDLKVQOHSS

NAPYNKINOR
FNVTSTLRIN
LGVALTFIFR

7

ttgctggcat
caaaggactt
tagaacggga
tgattcagtt
gagcctcgcet
tcaagctgca
agcgaatcac
atccagccac
taatctggac
gygacagagygdyyd
atgttttcta
tcatcccaga

moltype =

AZA  length

Location/Qualifiers

1..245
mol type
organism

protein

46

-continued

= 245

Homo sapilens

VIVPKDLYVV EYGSNMTIEC KEFPVEKOQLDL
YRORARLLKD QLSLGNAALQ ITDVKLQDAG
ILVVDPVTSE HELTCQAEGY PKAEVIWTSS
TTTNEIFYCT FRRLDPEENH TAELVIPGNI

moltype =

DNA

Location/Qualifiers

1..1553
mol type
organism
53..922

gcttctgtcc
tgacctactg
tagagtatgg
tggctgcact
gagaggaaga
accagctctce
gggtgtaccg
tcaatgcccce
aacatgaact
gtgaccatca
ttttcaatgt
cttttaggag
ctctggcaca
gccttggtgt
aaaaatgtygg
cgtaatccag
gttcatcggy
ggacttaaaa
gaaagatgga
ggctcatcga
atcatccatt
tgcagaagtg
ctcagtgttg
gaggtcttct
agatgttaca
aaaacatgga

moltype =

othexr DNA

length

= 1553

Homo sapiens

gcctgcaggy
gcatttgctg

tagcaatatg
aattgtctat
cctgaaggtt
cctgggaaat
ctgcatgatc
atacaacaaa
gacatgtcag
agtcctgagt
gaccagcaca
attagatcct
tcctceccaaat
agcactgaca
catccaagat
cattggaact
gctgagegtyg
ggcccaagca
gtcaaacagyg
cgcctgtgac
gctcatccta
ccetttgect
gaacgggaca
tgtcatgtga
attttgtcgce
gtatttgtaa

AA  length

Location/Qualifiers

1..290
mol type
organism

VIVPKDLYVV
YRORARLLEKD
ILVVDPVTSE
TTTNEIFYCT
LEKGRMMDVEK

moltype =

protein

cattccagaa
aacgcattta
acaattgaat
tgggaaatgg
cagcatagta
gctgcacttc
agctatggtyg
atcaaccaaa
gctgagggcet
ggtaagacca
ctgagaatca
gaggaaaacc
gaaaggactc
ttcatcttcc
acaaactcaa
tctgatcette
acaagaggaa
ctgaaaatgyg
gagcctggag
agygagaaag
ggaagacygdd
ccactcaatg
gtatttatgt
gtgtggttgt
caaactaaac
aaaaaaaaaa

= 290

Homo sapilens

EYGSNMTIEC
QLSLGNAALQ
HELTCQAEGY
FRRLDPEENH
KCGIQDTNSK

DNA

Location/Qualifiers

1..8723
mol type
organism

tatattcaca
gtacgtggtyg
gctggaccty
tgtggcagga
gccaaaggac
ggacgcaggc
gctgaaagtce
ttctgagcat
aaacagtgac
gatgcttctc
ctgtacgttt
actgcctgca

other DNA
Mus sp.

gcctgcetgtce
gagtatggca
cttgcgttag
gaggaggacc
cagcttttga
gtttactgcet
aatgccccat
gaactaatat
caccaacccg
aatgtgacca
tggagatcac
acacatcctc

length

KEPVEKQLDL
ITDVKLODAG
PKAEVIWTSS
TAELVIPELP
KOSDTHLEET

= 873

acttgctacg
gcaacgtcac
tggtgtactg
ttaagcctca
agggaaatgc
gcataatcag
accgcaaaat
gtcaggccga
tgagtgggaa
gcagtctgag
agccagggca
cacagaacag

AALIVYWEME
VYRCMISYGG
DHOVLSGKTT
LNVSIKICLT

agatgaggat
ctgtcacggt
gcaaattccc
aggataagaa
gctacagaca
agatcacaga
gtgccgacta
gaattttggt
accccaaggc
ccaccaccaa
acacaacaac
atacagctga
acttggtaat
gtttaagaaa
agaagcaaag
aagcagggat

ggaatgggcc
aacctggcga

ggagaccttyg
gatacttctg

ttgagaatcc
cctcaatttg
atgagttttt
gaatgatttc

ttgctgetta
add

AALIVYWEME
VYRCMISYGG

DHOVLSGKTT
LAHPPNERTH

ggcgtttact
gatggagtgc
ggaaaaggaa
gcacagcaac
tgcccecttcag
ctacggtggt
caaccagaga
gggttatcca
gagaagtgtc
ggtcaacgcc
aaaccacaca
gactcactgg

60

120
180
240
245

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1553

60

120
180
240
290

60

120
180
240
300
360
420
480
540
600
660
720
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gtgcttctgg gatccatcct gttgttceccte attgtagtgt
agaaaacaag tgagaatgct agatgtggag aaatgtggcg
aaccgaaatg atacacaatt cgaggagacg taa

SEQ ID NO:
FEATURE
source

SEQUENCE :

MRIFAGIIFT
DEQVIQFVAG
ADYKRITLKV
TTSRTEGMLL
VLLGSILLFEFL

SEQ ID NO:
FEATURE
source

SEQUENCE :
atgttttcac
tcctcagaag
accccagecyg
tttgaatgtyg
agatactggc
actctagcag
gaaaaattta
cagagagact
gagacacaga
aatgagttac
ataggcatct
gctttaattt
tctttggcca
gaagaaaaca
tattgctatyg
ccatag

SEQ ID NO:
FEATURE
source

SEQUENCE :
MESHLPEFDCV
FECGNVVLRT

8

ACCHLLRAFT
EEDLKPOHSHN
NAPYRKINOQR
NVTSSLRVNA
IVVSTVLLFEL

5

atcttccctt
tggaatacag
cccoccagggaa
gcaacgtggt
taaatgggga

acagtgggat
acctgaagtt

tcactgcagc

cactggggag

gggactctag
acatcggagc

tcaaatggta
acctcccetcec
tctataccat
tcagcagcag

10

10

LLLLLLLLTR
DERDVNYWTS

EKFNLKLVIK PAKVTPAPTR

NELRDSRLAN
SLANLPPSGL
P

SEQ ID NO:
FEATURE

SOUrce

SEQUENCE :
atgttttcag
tcattggaaa
actctatcta
tcacagtgta
agcagatacc
gtgactctgy
gataaaaaat
gceccatgggy
gagacacaga
gatgaaatta
tctgctgggt
aagaaaaaga
ttggcaaatg
aacgtatatg
tcctga

SEQ ID NO:
FEATURE

DLRDSGATIR
ANAVAERGIRS

11

11

gtcttaccct
atgcttatgt

cacctggggc
ccaacgagtt

agctaaaggg
atgaccatgg
tagaactgaa
actctactac
cactggtgac
aggactctgg
tgaccctggc
agttatcgag
caggagcagt
aagtggagaa

12

moltype =

AA  length

Location/Qualifiers

1..290
mol type
organism

ITAPKDLYVV
FRGRASLPKD
ISVDPATSEH
TANDVEYCTE
RKOVRMLDVE

moltype =

protein
Mus sp.

EYGSNVTMEC
QLLKGNAALQ
ELICQAEGYP
WRSQPGONHT
KCGVEDTSSK

DNA

Location/Qualifiers

1..9006
mol type
organism

tgactgtgtc
agcggaggtc
cctegtgecc
gctcaggact
tttccgcaaa
ctactgctgc
ggtcatcaaa
ctttccaagy
cctceccecctgat
attggccaat
agggatctgt
ttctcatagc
ctcaggattyg
tgaagagaac
gcagcaaccc

moltype =

othexr DNA

length =

47

-continued

ccacggtcect
ttgaagatac

= 290

REFPVERELDL
ITDVKLODAG
EAEVIWTNSD
AELITPELPA
NRNDTQFEET

506

Homo sapiens

ctgctgcetygce
ggtcagaatyg
gtctgetggy
gatgaaaggg
ggagatgtgt
cggatccaaa
ccagccaagyg
atgcttacca
ataaatctaa

gacttacggyg
gctgggcetgyg
aaagagaaga
gcaaatgcag
gtatatgaag
tcacaacctt

AZA  length

Location/Qualifiers

1..301
mol type
organism

protein

tgctgctact
cctatctgec
gcaaaggagc
atgtgaatta
ccctgaccat
tcccaggceat
tcacccctygce
ccaggggaca
cacaaatatc
actctggagc
ctctggctcet
tacagaattt
tagcagagdyg
tggaggagcc
tgggttgtcy

301

Homo sapilens

SSEVEYRAEV GONAYLPCEFY TPAAPGNLVP
RYWLNGDFRK GDVSLTIENV TLADSGIYCC
QRDFTAAFPR MLTTRGHGPA ETQTLGSLPD
IGIYIGAGIC AGLALALIFG ALIFKWYSHS
EENIYTIEEN VYEVEEPNEY YCYVSSRQQP

moltype =

DNA

Location/Qualifiers

1..84¢6
mol type
organism

caactgtgtc
gtttgaggtt
acttgtgcct
gctcagaact
cgatctcaac
gacctactgc
attagacatc
agcttctccea
cctccataat
agaaacgatc
acttatcatt
tttgagcctt
caggattcgc
ttcaaatgag

moltype =

other DNA
Mus sp.

ctgctgctgce
ggtaagaatyg
atgtgctggg
gatgaaagaa
aaaggagacg
tgcaggatac
aaagcagcca
agaaccctaa
aacaatggaa
agaactgcta
ggtgtcttaa
attacactgg
tctgaggaaa
tactactgct

AA  length

Location/Qualifiers

length

= 846

tgcaactact
cctatctgcc

gcaagggatt
atgtgacata

tgtctctgat
agttccctgy
aggtcactcc
ccacggagag
caaaaatttc
tccacattgyg
tccttaaatyg
ccaacttgcc
atatctacac
acgtcaacag

281

cctettettg
aagctcaaaa

LALVVYWEKE
VYCCIISYGG
HOPVSGKRSVY
THPPONRTHW

acttacaagg
ctgcttctac
ctgtcctgtyg
ttggacatcc
agagaatgtg
aatgaatgat
accgactcgyg
tggcccagca
cacattggcc
aaccatcaga
tatcttcggce
aagcctcatc
aattcgctca
caatgagtat
ctttgcaatg

VCOWGKGACPV
RIQIPGIMND
INLTQISTLA
KEKIQONLSLI
SQPLGCRFAM

acttgcaagyg
ctgcagttac
ctgtccttgy
tcagaaatcc

cataaagaat
tcttatgaat
agctcagact
aaatggttca
cacatgggct
agtgggagtc
gtattcctgt
tccaggagdy
catcgaggag
ccagcagcca

780
840
873

60

120
180
240
290

60

120
180
240
300
360
420
480
540
600
660
720
780
840
500
006

60

120
180
240
300
301

60

120
180
240

300
360
420
480
540
600
660
720
780
840
846
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sOouUurce

SEQUENCE :

MESGLTLNCV
SQCTNELLRT
DKKLELKLDI
DEIKDSGETI
LANAGAVRIR

SEQ ID NO:
FEATURE
source

SEQUENCE :

atgtgggagg
aagcctctcc
cagctcccct
gtcacttggc
gcceeecggcec
gtgctgagcy
cagctggatg
cgcgceggacyg
cgccteegte
gcctccecgact
cattggttcc
ttagcggaaa
tgcatcctca
ggtctggage
cccectgeccegcec
cctgggggag
gaggatgtga
cagctcaatg
cctggatccc
gtgtggagct
caggaggccc
cttggagcag
gccccaggty
ctgctecttt
agacgatttt
gagctggagc
gagccggagc

SEQ ID NO:
FEATURE
source

SEQUENCE :

MWEAQELGLL
VIWQHOPDSG
QLDERGRORG
ASDWVILNCS
CILTYRDGFEN
PGGGPDLLVT
PGSLGKLLCE
LGAAVYFTEL

RRESALEQGI

SEQ ID NO:
FEATURE

sOource

SEQUENCE :

atgagggadgyg
gtgtcttcag
catcttccct
gttatctggc

caccagggga
gctceccaggayg
cgcggcctcec
ggcgagtacc
cgcgtcggcc
gtccttttga

12

LLLLOLLLAR
DERNVTYQKS
KAAKVTPAQT
RTATHIGVGY
SEENIYTIEERE

13

13

ctcagttcct
agccagyggygc
gcagccccac
agcatcagcc
ctcaccecgygce

tgggtcecgg
agcgceggecg
ccggcegagta
tgcgectggy
gggtcatttt
ggaaccgygyy
gcttectett
cctacagaga
ccccaactcec
tgcctgetygg
gccctgacct
gccaggccca
ccactgtcac
tggggaagct
ctctggacac
agctcecctttce
cagtgtactt
cccteccage
tggtgactgg
ctgccttaga
aagaaccgga
agctctga

14

14

FLOPLWVAPV
PPAAAPGHPL
DEFSLWLRPAR
FSRPDRPASVY
VSIMYNLTVL
GDNGDFTLRL
VIPVSGQERFE
SSPGAQRSGR
HPPOQAQSKIE

15

15

acctgctcct
ggcctgggaa
gcagcctcaa
aacatcaacc
tgccectegece
gcctgcegeag
agcgcgdggda
acgccaccgt
aggcctcgat
actgctcctt

1..281
mol type
organism

SLENAYVEFEV
SRYQLKGDLN
AHGDSTTASP
SAGLTLALIT
NVYEVENSNE

moltype =

protein
Mus sp.

GKNAYLPCSY
KGDVSLIIKN
RTLTTERNGS
GVLILKWYSC

YYCYVNSQQP

DNA

Location/Qualifiers

1..1578
mol type
organism

gggcttgcetg
tgaggtcccg
aatccccectce
agacagtggc
ggcgccactcec
aggcctgcgce
gcagcgcdgyd
ccgegecgog
ccaggcecteg
gaactgctcc
ccagggccga
cctgcocccaa
tggcttcaac
cttgacagtg
tgtggggacc
cctggtgact
ggctgggacc
attggcaatc
gctttgtgag
cccatceccag
ccagccttygg
cacagagctg
aggccacctc
agcctttggce

gcaagggatt
gccggagcecy

moltype =

othexr DNA

length =

48

-continued

TLSTPGALVP
VTLDDHGTYC
ETOTLVTLHN
KKKKLSSLSL
)

1578

Homo sapiens

tttctgcagce
gtggtgtggyg
caggatctca
ccgcecocgcetyg
tcetgggggc
agceggyggagyc
gacttctcgc
gtgcacctca
atgactgcca
ttcagccgcec
gtccctgtcec
gtcagcccca
gtctccatca
tacgctggag
cggtctttcec
ggagacaatyg
tacacctgcc
atcacagtga
gtgactccag
aggagtttct
caatgccagc
tctagcccag
ctgetgtttc
CLtcaccttt
caccctecge

gagccggaac

AA  length

Location/Qualifiers

1..525
mol type
organism

KPLOQPGAEVP
APGPHPAAPS
RADAGEYRAA
HWEFRNRGOGR
GLEPPTPLTV
EDVSQAQAGT
VWSSLDTPSOQ
APGALPAGHL
ELEQEPEPEP

moltype =

protein

cgctttgggt
cccagygaygygy
gccttctgeg
ccgeocccgy
ccaggcecccy
tgcccectgea
tatggctgcy
gyggaccgygcyc
gcccoceccagy
ctgaccgcecc
gggagtcccc
tggactctgyg
tgtataacct
caggttccag
tcactgccaa
gcgactttac
atatccatct
ctcccaaatc
tatctggaca
caggaccttyg
tgtaccaggyg
gtgcccaacy
tcatccttgy
ggagaagaca
aggctcagag
cggagcccga

525

Homo sgapiens

VVIWAQEGAPA
SWGPRPRRYT
VHLRDRALSC
VPVRESPHHH
YAGAGSRVGL
YTCHIHLQEQ
RSESGPWLEA
LLFLILGVLS
EPEPEPEPEP

DNA

Location/Qualifiers

1..1566
mol type
organism

tggcttttty
agagctcccc
atcccccaac
agacagtggc
tagacaaccc
cgggagygcay
cttctetetyg
gcgcctecocy
gattgctagt
cagccgtcct

other DNA
Mus sp.

cttctgggac
gtggtgtggyg
ctggatccta
caacccactc
gcacceggte
ccectgeatc
tggttgcgcec
aaccgagecc
ccctcaggag
gaccgccocag

length =

QLPCSPTIPL
VLSVGPGGLR
RLRLRLGOAS
LAESFLEFLPQ
PCRLPAGVGT
QLNATVTLAT
QEAQLLSQPW
LLLLVTGAFG
EPEQL

1566

tgctttggga
cccagygagygygy
actttctacyg
ccatcccecggce
gctacacggt
cccacgtgca
cagctctgcy
tctcecctgcag
tcctcaaget
tctctgtgca

MCWGKGECPW
CRIQFPGLMN
NNGTKISTWA
ITLANLPPGG

ggctccagtyg
ggctcctgcec
aagagcagyggygy
ccatcccectyg
ccgctacacy
gccceccecgegtce
cccageccgyg
cctetectyge
atctctcaga
agcctctgtyg
ccatcaccac

gcccectggggc
cactgttctg

ggtggggctg
gtggactcct
ccttcecgacta
gcaggaacag
ctttgggtca
agaacgcttt
gctggaggcea
ggagaggctt
ctctgggaga
tgtcctttet
gtggcgacca
caagatagag
gcccgagcecc

QDLSLLRRAG
SGRLPLOPRV
MTASPPGSLR
VSPMDSGPWG
RSFLTAKWTP
ITVTPKSFGS
QCOQLYQGERL
FHLWRROWRP

agctccagtt
agctcccegtce
aagaygygagygygy
ccttgacctt
gctgagegtyg
gctggaggag
caccgatgcyg
tctcececgecty
gtctgattgg
ctggttccag

60

120
180
240
281

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1578

60

120
180
240
300
360
420
480
525

60

120
180
240
300
360
420
480
540
600
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49
-continued
ggccagaacce gagtgcctgt ctacaactca ccecgcgtcecatt ttttagectga aactttcectyg 660
ttactgcccee aagtcagcecce cctggactcet gggacctggg getgtgtect cacctacaga 720
gatggcttca atgtctccat cacgtacaac ctcaaggttc tgggtctgga gcccecgtagecec 780
cctetgacag tgtacgctge tgaaggttcet agggtggage tgccctgtca tttgccceccecca 840
ggagtgggga ccccttecttt gctcattgece aagtggactce ctcecctggagg aggtcecctgag 900
ctcececegtgyg ctggaaagag tggcaatttt acccecttcace ttgaggetgt gggtcectggca 9560
caggctggga cctacacctg tagcatccat ctgcagggac agcagctcaa tgccactgtce 1020
acgttggcgg tcatcacagt gactcccaaa tececttegggt tacctggcectce cecgggggaag 1080
ctgttgtgtg aggtaacccc ggcatctgga aaggaaagat ttgtgtggceg tcecceccectgaac 1140
aatctgtcca ggagttgceccecce gggcececctgtg ctggagattce aggaggceccag gcectecttget 1200
gagcgatggce agtgtcagcet gtacgagggce cagaggcttce ttggagcgac agtgtacgcce 1260
gcagagtcta gctcaggcgce ccacadgtgcect aggagaatct caggtgacct taaaggagge 1320
catctcgtte tcegttctcat ccttggtgcece ctecteccectgt tecttttggt ggeccecggggece 1380
tttggcttte actggtggag aaaacagttg ctactgagaa gattttctgce cttagaacat 1440
gggattcagce catttccecggce tcagaggaag atagaggagce tggagcgaga actggagacyg 1500
gagatgggac aggagccgga gcccgagcecg gagccacagce tggagccaga gcecccaggcag 1560
ctctga 1566
SEQ ID NO: 16 moltype = AA length = 521
FEATURE Location/Qualifiers
source 1..521
mol type = proteiln
organism = Mus sp.
SEQUENCE: 16
MREDLLLGFL LLGLLWEAPV VSSGPGKELP VVWAQEGAPYV HLPCSLKSPN LDPNFLRRGG 60
VIWQHOQPDSG QPTPIPALDL HQGMPSPRQP APGRYTVLSV APGGLRSGRQ PLHPHVQLEE 120
RGLORGDFSL WLRPALRTDA GEYHATVRLP NRALSCSLRL RVGQASMIAS PSGVLKLSDW 180
VLLNCSEFSRP DRPVSVHWEFQ GOQNRVPVYNS PRHFLAETEFL LLPQVSPLDS GTWGCVLTYR 240
DGEFNVSITYN LKVLGLEPVA PLTVYAAEGS RVELPCHLPP GVGTPSLLIA KWTPPGGGPE 300
LPVAGKSGNEF TLHLEAVGLA QAGTYTCSIH LOQGQQLNATY TLAVITVTPK SEFGLPGSRGK 360
LLCEVTPASG KERFVWRPLN NLSRSCPGPV LEIQEARLLA ERWQCQLYEG QRLLGATVYA 420
ABESSSGAHSA RRISGDLKGG HLVLVLILGA LSLELLVAGA FGFHWWRKQL LLRRESALEH 480
GIQPFPAQRK IEELERELET EMGQEPEPEP EPQLEPEPRQ L 521

1. A method of treating a subject afllicted with a hema-
tologic cancer comprising administering to the subject a
therapeutically eflective amount of an inhibitor of PD-L1 or

PD-1 and an inhibitor of TIM-3, LAG-3, or CTLAA4.

2. The method of claim 1 wherein an inhibitor of PD-1.1
1s administered 1n combination with:

(a) an 1nhibitor of TIM-3;
(b) an inhibitor of LAG-3; or
(c) an 1nhibitor of CTLAA4.

3. The method of claim 1 wherein an inhibitor of PD-1 1s
administered 1n combination:

(a) an 1nhibitor of TIM-3;

(b) an inhibitor of LAG-3; or

(c) an 1nhibitor of CTLAA4.

4.-7. (canceled)

8. The method of claim 1, wherein the inhibitor:

(a) 1s chosen from an inhibitory nucleic acid, a soluble
ligand, or an antibody or antigen-binding fragment
thereof, that binds to one or more of PD-1, PD-L1,
TIM-3, LAG-3, or CTLA-4;

(b) 1s a bispecific or multispecific antibody, or antigen
binding fragment thereof, selective for PD-1 or PD-L1

and TIM-3, LAG-3, or CTLA4; or
(c) 1s a soluble ligand of PD-1, PD-L1, TIM-3, LAG-3, or
CTLA-4.

9. (canceled)

10. The method of claim 1, wherein a combination of
inhibitors comprising a first inhibitor that selectively inhibits
or blocks PD-1 or PD-LL1 and a second inhibitor that
selectively mhibits or blocks TIM-3, LAG-3, or CILA4 are
administered.

11. (canceled)

12. The method of claim 10, wherein the first inhibitor,

second inhibitor, or both inhibitors, 1s an antibody or an
antigen binding fragment thereof, which specifically binds
to PD-1 or PD-L1 and/or TIM-3, LAG-3, or CTLAA4.

13. The method of claim 12, wherein:

(a) said antibody, or antigen binding fragment thereot, 1s
murine, chimeric, humanized, composite, or human;

(b) said antibody, or antigen binding fragment thereof, 1s
detectably labeled, comprises an effector domain, com-
prises an Fc domain, and/or 1s selected from the group
consisting of Fv, Fav, F(ab")2), Fab', dsFv, scFv, sc(Fv)
2, and diabodies fragments; or

(¢) said antibody, or antigen binding fragment thereot, 1s
conjugated to a cytotoxic agent.

14.-15. (canceled)

16. The method of claim 13, wherein said cytotoxic agent
1s selected from the group consisting of a chemotherapeutic
agent, a biologic agent, a toxin, and a radioactive i1sotope.

17. The method of claim 8, wherein said inhibitory
nucleic acid comprises:

(a) an RNA interfering agent which inhibits expression of
PD-1, PD-L1, TIM-3, LAG-3, or CILA-4; or

(b) an antisense oligonucleotide complementary to PD-1,
PD-L1, TIM-3, LAG-3, or CTLA-4.

18. The method of claim 17, wherein said RNA interfering

agent 1s a small mterfering RNA (s1iRNA), small hairpin
RNA (shRNA), or a microRNA (miRNA).

19. (canceled)
20. The method of claim 1, wherein said inhibitor com-
Prises:

(a) a peptide or peptidomimetic that inhibits or blocks
PD-1, PD-L1, TIM-3, LAG-3, or CTLA-4;
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(b) a small molecule that inhibits or blocks PD-1, PD-L1,
TIM-3, LAG-3, or CILA-4; or
(c) an aptamer that inhibits or blocks PD-1, PD-L1,
TIM-3, LAG-3, or CTLA-4.
21.-22. (canceled)
23. The method of claim 1, wherein said inhibitor 1s
administered 1n a pharmaceutically acceptable formulation.
24. The method of claim 1, further comprising adminis-
tering to the subject a therapeutic agent for treating the
hematologic cancer.
25. The method of claim 1, further comprising a step of
transient or complete lymphodepletion, wherein:
(a) sublethal whole body 1rradiation 1s used for transient
lymphodepletion; or
(b) the step of lymphodepletion occurs before, concur-
rently with, or after the step of agent administration.

26.-28. (canceled)

29. The method of claim 1, wherein the hematologic
cancer 1s selected from the group consisting of:

(a) multiple myeloma, acute lymphocytic leukemia, acute
myeloid leukemia, chronic lymphocytic leukemia,
small lymphocytic lymphoma, non-Hodgkin’s lym-
phoma, Hodgkin’s lymphoma, mantle cell lymphoma,
follicular lymphoma, Waldenstrom’s macroglobuline-
mia, B-cell lymphoma and diffuse large B-cell lym-
phoma, precursor B-lymphoblastic leukemia/lym-

phoma, B-cell chronic lymphocytic leukemia/small

lymphocytlc lymphoma, B-cell prolymphocytic leuke-
mia, lymphoplasmacytic lymphoma, splenic marginal
zone B-cell lymphoma (with or without villous lym-
phocytes), hairy cell leukemia, plasma cell myeloma/
plasmacytoma, extranodal marginal zone B-cell lym-
phoma of the MALT type, nodal marginal zone B-cell
lymphoma (with or without monocytoid B cells), Bur-
kitt’s lymphoma; precursor T-lymphoblastic lym-
phoma/leukemia, T-cell prolymphocytic leukemia,
T-cell granular lymphocytic leukemia, aggressive NK
cell leukemia, adult T-cell lymphoma/leukemia (HTLV
1-positive), nasal-type extranodal NK/T-cell lym-
phoma, enteropathy-type T-cell lymphoma, hepa-
tosplenic y-0 T-cell lymphoma, subcutaneous pannicu-
litis-like T-cell lymphoma, mycosis fungoides/Sezary
syndrome, anaplastic large cell lymphoma (1/null cell,
primary cutaneous type), anaplastic large cell lym-
phoma (T-/null-cell, primary systemic type), peripheral

T-cell lymphoma not otherwise characterized, angio-

immunoblastic T-cell lymphoma, polycythemia vera

(PV), myelodysplastic syndrome (MDS), indolent
Non-Hodgkin’s Lymphoma (1NHL), and aggressive
Non-Hodgkin’s Lymphoma (aNHL); or

50
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(b) B-cell lymphoma, myeloid leukemia, and multiple
myeloma.
30.-31. (canceled)
32. The method of claim 1, wherein the subject 1s a
human.
33. A kit for treating a subject afllicted with a hematologic

cancer comprising one or more agents, wherein at least one
agent selectively inhlibits or blocks PD-1 or PD-LL1 and

TIM-3, LAG-3, or CTLA4.
34. The kit of claim 33, wherein the agent 1s a bispecific

or multispecific antibody, or antigen binding fragment
thereol, selective for PD-1 or PD-L.1 and TIM-3, LAG-3, or

CTLAA4.

35. A kit for treating a subject afilicted with a hematologic
cancer comprising a first agent that selectively inhibits or
blocks PD-1 or PD-L1 and a second agent that selectively
inhibits or blocks TIM-3, LAG-3, or CTLA4.

36. The kit of claim 35, wherein:

(a) said first agent and/or second agent 1s an antibody, or
an antigen binding fragment thereof, which specifically
binds to PD-1 or PD-L1 protein and/or TIM-3, LAG-3,
or CTLA4 protein; or

(b) said agent 1s selected from the group consisting of a)
an RNA interfering agent which inhibits expression of
PD-L1 or PD-1 and TIM-3, LAG-3, or CTLAA4, option-
ally wherein said RNA interfering agent 1s an small
interfering RINA (siRNA), small hairpin RNA
(shRNA), or a microRNA (miRNA); b) an antisense
oligonucleotide complementary to PD-1 or PD-L1 and/
or TIM-3, LAG-3, or CTLA4; ¢) a peptide or peptido-
mimetics that inhibits or blocks PD-1 or PD-L1 and/or
TIM-3, LAG-3, or CTLA4; d) a small molecule that
inhibits or blocks PD-1 or PD-L1 and/or TIM-3, LAG-
3, or CTLAA4, optionally wherein said small molecule
inhibits a protein-protein interaction between PD-1 or
PD-L1 and/or TIM-3, LAG-3 or CTLA4 and a recep-
tor; and €) an aptamer that ihibits or blocks PD-1 or
PD-L1 and/or TIM-3, LAG-3, or CTLAA4.

37. The kit of claim 35, wherein said antibody, or antigen

binding fragment thereof:

(a) 1s murine, chimeric, humanized, composite, or human;

(b) 1s detectably labeled, comprises an et

ector domain,
comprises an Fe domain, and/or 1s selected from the
group consisting of Fv, Fav, F(ab")2), Fab', dsFv, scFv,
sc(Fv)2, and diabodies fragments; or

(c) 1s conjugated to a cytotoxic agent, wherein said
cytotoxic agent 1s selected from the group consisting of
a chemotherapeutic agent, a biologic agent, a toxin, and
a radioactive 1sotope.

38.-41. (canceled)
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