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(57) ABSTRACT

The disclosure provides antibody agents that bind to a T Cell
Immunoglobulin and Mucin Protein-3 (TIM-3) protein. Par-
ticular immunoglobulin heavy chain polypeptide and immu-
noglobulin light chain polypeptide sequences are explicitly
provided. Also provided are related nucleic acids, vectors,
compositions, and methods of using the anti-TIM-3 anti-
body agent to treat a disorder or disease that is responsive to
TIM-3 inhibition, such as cancer, an infectious disease, or an
autoimmune disease.
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ANTIBODIES DIRECTED AGAINST T CELL
IMMUNOGLOBULIN AND MUCIN PROTEIN
3 (TIM-3)

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 62/416,131 filed Nov. 1, 2016,
2016 and 62/427,775 filed Nov. 29, 2016, the contents of
both of which are hereby incorporated by reference in their
entirety.

BACKGROUND

[0002] Cancer is a serious public health problem, with
about 595,690 people in the United States of America
expected to die of cancer in 2016 alone according to the
American Cancer Society, Cancer Facts & Figures 2016
(http://www.cancer.org/acs/groups/content/@research/
documents/document/acspc-047079.pdf).

BRIEF SUMMARY OF THE INVENTION

[0003] The protein T Cell Immunoglobulin and Mucin
Domain-3 (TIM-3), also known as Hepatitis A Virus Cellular
Receptor 2 (HAVCR2), is a Thl-specific cell surface protein
that regulates macrophage activation and enhances the
severity of experimental autoimmune encephalomyelitis in
mice. TIM-3 is highly expressed on the surface of multiple
immune cell types, including, for example, Thl IFN-y+
cells, Th17 cells, natural killer (NK) cells, monocytes, and
tumor-associated dendritic cells (DCs) (see, e.g., Clayton et
al., J. Immunol., 192(2): 782-791 (2014); Jones et al., J. Exp.
Med., 205: 2763-2779 (2008); Monney et al., Nature, 415:
536-541 (2002); Hastings et al., Fur. J. Immunol, 39:
2492-2501 (2009); Seki et al., Clin. Immunol., 127: 78-88
(2008); Ju et al., B. J. Hepatol., 52: 322-329 (2010); Ander-
son et al., Science, 318: 1141-1143 (2007); Baitsch et al.,
PLoS ONE, 7: €30852 (2012); Ndhlovu et al., Blood, 119:
3734-3743 (2012). TIM-3 also is highly expressed on
“exhausted” or impaired CD8+ T-cells in a variety of chronic
viral infections (e.g., HIV, HCV, and HBV) and in certain
cancers (see, e.g., McMahan et al., J. Clin. Invest., 120(12):
4546-4557 (2010); Jin et al., Proc Natl Acad Sci USA,
107(33): 14733-14738 (2010); Golden-Mason et al., J.
Virol., 83(18): 9122-9130 (2009); Jones et al., supra; Four-
cade et al., J Exp. Med., 207(10). 2175-2186 (2010,
Sakuishi et al., J. Exp. Med., 207(10):2187-2194 (2010);
Zhou et al., Blood, 117(17): 4501-4510 (2011); Ngiow et al.,
Cancer Res., 71(10): 3540-3551 (2011)).

[0004] Putative ligands for TIM-3 include phosphatidyl-
serine (Nakayama et al., Blood, 113: 3821-3830 (2009)),
galectin-9 (Zhu et al., Nat. Immunol., 6: 1245-1252 (2005)),
high-mobility group protein 1 (HMGB1) (Chiba et al.,
Nature Immunology, 13: 832-842 (2012)), and carcinoem-
bryonic antigen cell adhesion molecule 1 (CEACAMI)
(Huang et al., Nature, 517(7534): 386-90 (2015)).

[0005] TIM-3 functions to regulate various aspects of the
immune response. The interaction of TIM-3 and galectin-9
(Gal-9) induces cell death and in vivo blockade of this
interaction exacerbates autoimmunity and abrogates toler-
ance in experimental models, strongly suggesting that
TIM-3 is a negative regulatory molecule. In contrast to its
effect on T-cells, the TIM-3-Gal-9 interaction exhibits anti-
microbial effects by promoting macrophage clearance of
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intracellular pathogens (see, e.g., Sakuishi et al., Trends in
Immunology, 32(8): 345-349 (2011)). In vivo, suppression of
TIM-3 has been shown to enhance the pathological severity
of experimental autoimmune encephalomyelitis (Monney et
al., supra; and Anderson, A. C. and Anderson, D. E., Curr.
Opin. Immunol., 18: 665-669 (2006)). Studies also suggest
that dysregulation of the TIM-3-galectin-9 pathway could
play a role in chronic autoimmune diseases, such as multiple
sclerosis (Anderson and Anderson, supra). TIM-3 promotes
clearance of apoptotic cells by binding phosphatidyl serine
through its unique binding cleft (see, e.g., DeKruyft et al., J.
Immunol., 184(4):1918-1930 (2010)).

[0006] Inhibition of TIM-3 activity, such as through use of
monoclonal antibodies, is currently under investigation as an
immunotherapy for tumors based on preclinical studies (see,
e.g., Ngiow et al., Cancer Res., 71(21): 1-5 (2011); Guo et
al., Journal of Translational Medicine, 11: 215 (2013); and
Ngiow et al., Cancer Res., 71(21): 6567-6571 (2011)).
[0007] There is a need for additional antagonists of TIM-3
(e.g., an antibody) that binds TIM-3 with high affinity and
effectively neutralizes TIM-3 activity.

[0008] The present disclosure provides antibody agents
and various compositions and methods relating thereto
including, for example, polypeptides, nucleic acids, cells,
and various methodologies, etc.

[0009] The present invention provides novel antibodies
that bind to TIM-3. In some embodiments, antibodies of the
present invention bind to TIM-3 with high affinity and
effectively neutralize TIM-3 activity. In some embodiments,
antibody heavy chain polypeptide (SEQ ID NO:1) and light
chain polypeptide (SEQ ID NO:2) sequences are explicitly
provided.

[0010] The present disclosure provides a polypeptide or an
isolated immunoglobulin heavy chain polypeptide having an
amino acid sequence as set forth in SEQ ID NO:1. The
present disclosure further provides a polypeptide or an
isolated immunoglobulin heavy chain polypeptide having an
amino acid sequence that shares at least about 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% overall
identity with that set forth in SEQ ID NO:1. In some
embodiments, sequence differences relative to the sequence
set forth in SEQ ID NO:1 are not within the CDRs. In some
embodiments, a polypeptide or an isolated immunoglobulin
heavy chain polypeptide includes all three CDRs of SEQ ID
NO:1. In some embodiments, a polypeptide or an immuno-
globulin heavy chain polypeptide includes a signal peptide.
In some embodiments, a polypeptide or an immunoglobulin
heavy chain polypeptide which includes a signal peptide has
an amino acid sequence as set forth in SEQ ID NO:5.
[0011] In some embodiments, a provided polypeptide or
immunoglobulin heavy chain polypeptide is or comprises an
1gG4 polypeptide. In some embodiments, a provided poly-
peptide or immunoglobulin heavy chain polypeptide com-
prises a human IGHG4*01 polypeptide. In some embodi-
ments, a provided polypeptide or immunoglobulin heavy
chain polypeptide comprises one or more mutations within
the IgG heavy chain region. In some embodiments, a pro-
vided polypeptide or immunoglobulin heavy chain polypep-
tide comprises an 1gG4 heavy chain constant region having
one or more mutations in the heavy chain constant region. In
some embodiments, a provided polypeptide or immuno-
globulin heavy chain polypeptide comprises an 1gG4 heavy
chain constant region having one or more mutations in hinge
region. It is envisioned that in some embodiments, a muta-
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tion in the IgGG4 hinge region may prevent half molecule
exchange with other 1gG4 molecules. In some embodiments,
the one or more mutations in hinge region of IgG4 may
include a serine to proline stabilizing mutation that prevents
half molecule exchange with other IgG4 molecules. In some
embodiments, the one or more mutations in hinge region of
IgG4 may include an S228P mutation. See, e.g., J. Biol.
Chem. 2015; 290(9):5462-5469.

[0012] The present disclosure provides a polypeptide or an
isolated immunoglobulin light chain polypeptide having an
amino acid sequence as set forth in SEQ ID NO:2. The
present disclosure further provides a polypeptide or an
isolated immunoglobulin light chain polypeptide having an
amino acid sequence that shares at least about 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% overall
identity with that set forth in SEQ ID NO:2. In some
embodiments, sequence differences relative to the sequence
set forth in SEQ ID NO:2 are not within the CDRs. In some
embodiments, a polypeptide or an isolated immunoglobulin
light chain polypeptide includes all three CDRs of SEQ ID
NO:2. In some embodiments, a provided polypeptide or
immunoglobulin light chain polypeptide is a kappa light
chain. In some embodiments, a provided polypeptide or
immunoglobulin light chain polypeptide comprises a human
IGKC*01 polypeptide. In some embodiments, a polypeptide
or an immunoglobulin light chain polypeptide includes a
signal peptide. In some embodiments, a polypeptide or an
immunoglobulin light chain polypeptide includes a signal
peptide has an amino acid sequence as set forth in SEQ ID
NO:6.

[0013] In some embodiments, the present disclosure pro-
vides an anti-TIM-3 antibody agent comprising at least one
immunoglobulin heavy chain having an amino acid
sequence as set forth in SEQ ID NO:1 and at least one
immunoglobulin light chain having an amino acid sequence
as set forth in SEQ ID NO:2. In some embodiments an
anti-TIM-3 antibody agent comprises two immunoglobulin
heavy chains, each having an amino acid sequence as set
forth in SEQ ID NO:1. Alternatively or additionally, in some
embodiments an anti-TIM-3 antibody agent comprises two
immunoglobulin light chains, each having an amino acid
sequence as set forth in SEQ ID NO:2. In some embodi-
ments, an anti-TIM-3 antibody agent has a canonical anti-
body format.

[0014] In some embodiments, a provided heavy chain,
light chain and/or antibody agent is glycosylated and one or
more sites. In some embodiments, a glycan is N-linked to an
Fc region. In some embodiments, an antibody agent is
glycosylated at Asn297 (Kabat numbering).

[0015] In some embodiments, present disclosure provides
a composition comprising one or more glycoforms of a
heavy chain, light chain, and/or antibody agent as described
herein. In some embodiments, a provided composition com-
prises plurality of such glycoforms, present in specified
absolute and/or relative amounts. In some embodiments, the
present disclosure provides compositions that may be sub-
stantially free of one or more particular glycoforms of a
heavy chain, light chain, and/or antibody agent as described
herein.

[0016] In some embodiments, a provided heavy chain,
light chain and/or antibody agent has a structure that
includes one or more disulfide bonds. In some embodiments,
the one or more disulfide bonds are or include a disulfide
bond at the expected position for an IgG4 immunoglobulin.
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[0017] In some embodiments, an anti-TIM-3 antibody
agent is administered concurrently with another antibody
agent, such as one specific for lymphocyte-activation gene 3
(LAG-3) or Programmed Death 1 (PD-1).

[0018] In some embodiments, an antibody agent binds to
TIM-3 and another antigen, resulting in a “dual reactive”
antibody agent (e.g., a bispecific antibody). For example, an
antibody agent can bind to TIM-3 and to another negative
regulator of the immune system such as, for example,
programmed death 1 (PD-1) or Lymphocyte Activation
Gene 3 protein (LAG-3).

[0019] In addition, the present disclosure provides isolated
or purified nucleic acid sequences encoding the foregoing
immunoglobulin polypeptides, vectors comprising such
nucleic acid sequences, anti-TIM-3 antibody agents com-
prising the foregoing immunoglobulin polypeptides, nucleic
acid sequences encoding such anti-TIM-3 antibody agents,
vectors comprising such nucleic acid sequences, isolated
cells comprising such vectors, compositions comprising
such anti-TIM-3 antibody agents or such vectors with a
pharmaceutically acceptable carrier, and methods of treating
cancer, infectious diseases, or autoimmune diseases in mam-
mals by administering effective amounts of such composi-
tions to mammals.

BRIEF DESCRIPTION OF THE DRAWING

[0020] The Drawing included herein, which is composed
of'the following Figures, is for illustration purposes only and
not for limitation.

[0021] FIG. 1 depicts a schematic illustration, not to scale,
of TIM-3 regulation of T cell activation.

[0022] FIG. 2 depicts results from an exemplary in vitro T
cell exhaustion model. (A) Target expression of PD-1 and
TIM-3 in responsive (pre-stimulated) cells and exhausted
(post-stimulated) cells. (B) Quantification of IFN-y produc-
tion in exhausted (post-stimulated) cells treated with an
anti-TIM-3 antibody agent (black bars) and isotype control
(clear bars).

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

[0023] The present disclosure provides antibody agents
and various compositions and methods relating thereto
including, for example, polypeptides, nucleic acids, cells,
and various methodologies, etc. Antigen-binding proteins of
the present invention bind to TIM-3 with high affinity and
effectively neutralize TIM-3 activity. Immunoglobulin
heavy chain polypeptide (SEQ ID NO:1 and 5) and immu-
noglobulin light chain polypeptide (SEQ ID NO:2 and 6)
sequences are explicitly provided. In some embodiments, an
immunoglobulin heavy chain polypeptide and/or an immu-
noglobulin light chain polypeptide is isolated. The term
“immunoglobulin” or “antibody,” as used herein, refers to a
protein that is found in blood or other bodily fluids of
vertebrates, which is used by the immune system to identify
and neutralize foreign objects, such as bacteria and viruses.
A whole immunoglobulin typically consists of four poly-
peptides: two identical copies of a heavy (H) chain poly-
peptide and two identical copies of a light (L) chain poly-
peptide. Each of the heavy chains contains one N-terminal
variable (V) region and three C-terminal constant (C,l,
C;2, and Cz3) regions, and each light chain contains one
N-terminal variable (V) region and one C-terminal constant
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(C,) region. Immunoglobulin light chains can be assigned to
one of two distinct types, either kappa (k) or lambda (A),
based upon the amino acid sequences of their constant
domains. In a typical immunoglobulin, each light chain is
linked to a heavy chain by disulphide bonds, and the two
heavy chains are linked to each other by disulphide bonds.
The light chain variable region is aligned with the variable
region of the heavy chain, and the light chain constant region
is aligned with the first constant region of the heavy chain.
The remaining constant regions of the heavy chains are
aligned with each other.

[0024] The variable regions of each pair of light and heavy
chains form the antigen binding site of an antibody. V and
V, regions have the same general structure, with each region
comprising four framework (FW or FR) regions, connected
by three complementarity determining regions (CDRs). The
term “framework region,” as used herein, refers to the
relatively conserved amino acid sequences within the vari-
able region which are located between the hypervariable or
complementary determining regions (CDRs). In a typical
immunoglobulin, there are four framework regions in each
variable domain, which are designated FR1, FR2, FR3, and
FR4. The framework regions form 3 sheets that provide the
structural framework of a variable region (see, e.g., C. A.
Janeway et al. (eds.), Immunobiology, Sth Ed., Garland
Publishing, New York, N.Y. (2001)).

[0025] In a typical immunoglobulin, there are three
complementary determining regions (CDRs) in each vari-
able domain, which are designated CDR1, CDR2, and
CDR3. The CDRs form the “hypervariable region” of an
antibody, which is responsible for antigen binding. The
CDRs form loops connecting, and in some cases comprising
part of, the fB-sheet structure formed by the framework
regions. While the constant regions of the light and heavy
chains are not directly involved in binding of the antibody to
an antigen, the constant regions can influence the orientation
of the variable regions. The constant regions also exhibit
various effector functions, such as participation in antibody-
dependent complement-mediated lysis or antibody-depen-
dent cellular toxicity via interactions with effector molecules
and cells.

[0026] The disclosure provides, at least in part, antibody
agents that bind to T Cell Immunoglobulin and Mucin
Protein 3 (TIM-3). As used herein, the term “antibody
agent” refers to an agent that specifically binds to a particu-
lar antigen. In some embodiments, the term encompasses
any polypeptide or polypeptide complex that includes
immunoglobulin structural elements sufficient to confer spe-
cific binding. Exemplary antibody agents include, but are
not limited to monoclonal antibodies or polyclonal antibod-
ies. In some embodiments, an antibody agent may include
one or more constant region sequences that are characteristic
of mouse, rabbit, primate, or human antibodies. In some
embodiments, an antibody agent may include one or more
sequence elements are humanized, primatized, chimeric, etc,
as is known in the art. In many embodiments, the term
“antibody agent” is used to refer to one or more of the
art-known or developed constructs or formats for utilizing
antibody structural and functional features in alternative
presentation. For example, embodiments, an antibody agent
utilized in accordance with the present invention is in a
format selected from, but not limited to, intact IgA, IgG, IgE
or IgM antibodies; bi- or multi-specific antibodies (e.g.,
Zybodies®, etc); antibody fragments such as Fab fragments,
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Fab' fragments, F(ab'), fragments, Fd' fragments, Fd frag-
ments, and isolated CDRs or sets thereof; single chain Fvs;
polypeptide-Fc fusions; single domain antibodies (e.g.,
shark single domain antibodies such as IgNAR or fragments
thereof); cameloid antibodies; masked antibodies (e.g., Pro-
bodies®); Small Modular ImmunoPharmaceuticals
(“SMIPs™”);  single chain or Tandem diabodies
(TandAb®); VHHs; Anticalins®; Nanobodies® minibodies;
BiTE®s; ankyrin repeat proteins or DARPINs®, Avimers®,
DARTs; TCR-like antibodies;, Adnectins®; Affilins®;
Trans-bodies®; Affibodies®; TrimerX®; MicroProteins;
Fynomers®, Centyrins®; and KALBITOR®s. In some
embodiments, an antibody may lack a covalent modification
(e.g., attachment of a glycan) that it would have if produced
naturally. In some embodiments, an antibody may contain a
covalent modification (e.g., attachment of a glycan, a pay-
load [e.g., a detectable moiety, a therapeutic moiety, a
catalytic moiety, etc], or other pendant group [e.g., poly-
ethylene glycol, etc.]). In many embodiments, an antibody
agent is or comprises a polypeptide whose amino acid
sequence includes one or more structural elements recog-
nized by those skilled in the art as a complementarity
determining region (CDR); in some embodiments, an anti-
body agent is or comprises a polypeptide whose amino acid
sequence includes at least one CDR (e.g., at least one heavy
chain CDR and/or at least one light chain CDR) that is
substantially identical to one found in a reference antibody.
In some embodiments, an included CDR is substantially
identical to a reference CDR in that it is either identical in
sequence or contains between 1-5 amino acid substitutions
as compared with the reference CDR. In some embodiments,
an included CDR is substantially identical to a reference
CDR in that it shows at least 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity with the reference CDR. In some
embodiments, an included CDR is substantially identical to
a reference CDR in that it shows at least 96%, 96%, 97%,
98%, 99%, or 100% sequence identity with the reference
CDR. In some embodiments, an included CDR is substan-
tially identical to a reference CDR in that at least one amino
acid within the included CDR is deleted, added, or substi-
tuted as compared with the reference CDR but the included
CDR has an amino acid sequence that is otherwise identical
with that of the reference CDR. In some embodiments, an
included CDR is substantially identical to a reference CDR
in that 1-5 amino acids within the included CDR are deleted,
added, or substituted as compared with the reference CDR
but the included CDR has an amino acid sequence that is
otherwise identical to the reference CDR. In some embodi-
ments, an included CDR is substantially identical to a
reference CDR in that at least one amino acid within the
included CDR is substituted as compared with the reference
CDR but the included CDR has an amino acid sequence that
is otherwise identical with that of the reference CDR. In
some embodiments, an included CDR is substantially iden-
tical to a reference CDR in that 1-5 amino acids within the
included CDR are deleted, added, or substituted as com-
pared with the reference CDR but the included CDR has an
amino acid sequence that is otherwise identical to the
reference CDR. In some embodiments, an antibody agent is
or comprises a polypeptide whose amino acid sequence
includes structural elements recognized by those skilled in
the art as an immunoglobulin variable domain. In some
embodiments, an antibody agent is a polypeptide protein
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having a binding domain which is homologous or largely
homologous to an immunoglobulin-binding domain.

[0027] In some embodiments, an anti-TIM-3 antibody
agent comprises an immunoglobulin heavy chain polypep-
tide and/or immunoglobulin light chain polypeptide. TIM-3
is a 60 kDa type 1 transmembrane protein comprised of three
domains: an N-terminal Ig variable (IgV)-like domain, a
central Ser/Thr-rich mucin domain, and a transmembrane
domain with a short intracellular tail (see, e.g., Kane, L. P.,
Journal of Immunology, 184(6): 2743-2749 (2010)). TIM-3
was initially identified on terminally differentiated Th1 cells,
and negatively regulates the T-cell response by inducing
T-cell apoptosis (see, e.g., Hastings et al., Fur. J Immunol.,
39(9): 2492-2501 (2009)). TIM-3 also is expressed on
activated Th17 and Tcl cells, and dysregulation of Tim-3
expression on CD4+ T-cells and CD8+ T-cells is associated
with several autoimmune diseases, viral infections, and
cancer (see, e.g., Liberal et al., Hepatology, 56(2): 677-686
(2012); Wu et al., Eur. J. Immunol., 42(5): 1180-1191
(2012); Anderson, A. C., Curr. Opin. Immunol., 24(2):
213-216 (2012); and Han et al., Frontiers in Immunology, 4:
449 (2013)).

[0028] Certain other antibodies which bind to TIM-3, and
components thereof, are known in the art (see, e.g., U.S. Pat.
Nos. 8,101,176; 8,552,156; and 8,841,418). Certain anti-
TIM-3 antibodies also are commercially available from
sources such as, for example, Abcam (Cambridge, Mass.),
and R&D Systems, Inc. (Minneapolis, Minn.).

[0029] In some embodiments, a provided heavy chain,
light chain and/or antibody agent is glycosylated and one or
more sites. As used herein, “glycan” is a sugar polymer
(moiety) component of a glycoprotein. The term “glycan”
encompasses free glycans, including glycans that have been
cleaved or otherwise released from a glycoprotein. In some
embodiments, a glycan is N-linked to an Fc region. In some
embodiments, an antibody agent is glycosylated at Asn297
(Kabat numbering).

[0030] In some embodiments, present disclosure provides
a composition comprising one or more glycoforms of a
heavy chain, light chain, and/or antibody agent as described
herein. The term “glycoform” is used herein to refer to a
particular form of a glycoprotein. That is, when a glycopro-
tein includes a particular polypeptide that has the potential
to be linked to different glycans or sets of glycans, then each
different version of the glycoprotein (i.e., where the poly-
peptide is linked to a particular glycan or set of glycans) is
referred to as a “glycoform.” In some embodiments, a
provided composition comprises a plurality of glycoforms of
one or more of a heavy chain, light chain, and/or antibody
agent as described herein. In some embodiments, a provided
composition comprises plurality of such glycoforms, present
in specified absolute and/or relative amounts. In some
embodiments, the present disclosure provides compositions
that may be substantially free of one or more particular
glycoforms of a heavy chain, light chain, and/or antibody
agent as described herein.

[0031] Insomeembodiments, an amount of a glycoform is
expressed as a “percent.” For any given parameter, “percent”
refers to the number of moles of a particular glycan (glycan
X) relative to total moles of glycans of a preparation. In
some embodiments, “percent” refers to the number of moles
of PNGase F-released Fc glycan X relative to total moles of
PNGase F-released Fc glycans detected.
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[0032] In some embodiments, a provided heavy chain,
light chain and/or antibody agent has a structure that
includes one or more disulfide bonds. In some embodiments,
the one or more disulfide bonds are or include a disulfide
bond at the expected position for an IgG4 immunglobulin. In
some embodiments, a disulfide bond is present at one or
more residues corresponding to positions selected from
residue 22, 96, 127, 140, 196, 219, 222, 254, 314, 360 and
418 of SEQ ID NO: 1. In some embodiments, a disulfide
bond is present at one or more residues corresponding to
positions selected from residue 23, 88, 134, 194 and 214 of
SEQ ID NO: 2. In some embodiments, a provided TIM-3
antibody agent comprises one or more disulfide bonds,
wherein the first cysteine is selected from residue 22, 96,
127, 140, 196, 219, 222, 254, 314, 360 and 418 of SEQ ID
NO: 1, and the second cysteine is selected from residue 23,
88, 134, 194, and 214 of SEQ ID NO: 2. In some embodi-
ments, a provided TIM-3 antibody agent comprises one or
more disulfide bonds, wherein the first cysteine is selected
from residue 22, 96, 127, 140, 196, 219, 222, 254, 314, 360
and 418 of SEQ ID NO: 1, and the second cysteine is
selected from 22, 96, 127, 140, 196, 219, 222, 254, 314, 360
and 418 of SEQ ID NO: 1. In some embodiments, a provided
TIM-3 antibody agent comprises one or more disulfide
bonds, wherein the first cysteine is selected from residue 23,
88, 134, 194, and 214 of SEQ ID NO: 2, and the second
cysteine is selected from residue 23, 88, 134, 194, and 214
of SEQ ID NO: 2.

[0033] Insome embodiments, a provided TIM-3 antibody
agent comprises one or more disulfide bonds formed by a
first cysteine and a second cysteine, wherein the one or more
disulfide bond is selected from: (a) the first residue is residue
23 of SEQ ID NO: 2, and the second residue is residue 88
of SEQ ID NO: 2; (b) the first residue is residue 134 of SEQ
ID NO: 2, and the second residue is residue 194 of SEQ ID
NO: 2; () the first residue is residue 214 of SEQ ID NO: 2,
and the second residue is residue 127 of SEQ ID NO: 1; (d)
the first residue is residue 22 of SEQ ID NO: 1, and the
second residue is residue 97 of SEQ ID NO: 1; (e) the first
residue is residue 140 of SEQ ID NO: 1, and the second
residue is residue 196 of SEQ ID NO: 1; (f) the first residue
is residue 219 of SEQ ID NO: 1, and the second residue is
residue 222 of SEQ ID NO: 1; (g) the first residue is residue
254 of SEQ ID NO: 1, and the second residue is residue 314
of SEQ ID NO: 1; and (h) the first residue is residue 360 of
SEQ ID NO: 1, and the second residue is residue 418 of SEQ
ID NO: 1. In some embodiments, a provided TIM-3 anti-
body agent comprises disulfide bonds formed by a first
cysteine and a second cysteine, wherein the antibody agent
includes disulfide bonds at each of: (a) the first residue is
residue 23 of SEQ ID NO: 2, and the second residue is
residue 88 of SEQ ID NO: 2; (b) the first residue is residue
134 of SEQ ID NO: 2, and the second residue is residue 194
of SEQ ID NO: 2; (c) the first residue is residue 214 of SEQ
ID NO: 2, and the second residue is residue 127 of SEQ ID
NO: 1; (d) the first residue is residue 22 of SEQ ID NO: 1,
and the second residue is residue 97 of SEQ ID NO: 1; (e)
the first residue is residue 140 of SEQ ID NO: 1, and the
second residue is residue 196 of SEQ ID NO: 1; (f) the first
residue is residue 219 of SEQ ID NO: 1, and the second
residue is residue 222 of SEQ ID NO: 1; (g) the first residue
is residue 254 of SEQ ID NO: 1, and the second residue is
residue 314 of SEQ ID NO: 1; and (h) the first residue is
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residue 360 of SEQ ID NO: 1, and the second residue is
residue 418 of SEQ ID NO: 1.

[0034] Insome embodiments, an isolated immunoglobulin
heavy chain polypeptide which comprises an amino acid
sequence that is at least 90% identical (e.g., at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
identical) to SEQ ID NO: 1 or 5.

[0035] Insomeembodiments, an isolated immunoglobulin
light chain polypeptide which comprises an amino acid
sequence that is at least 90% identical (e.g., at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
identical) to SEQ ID NO: 2 or 6.

[0036] Nucleic acid or amino acid sequence “identity,” as
described herein, can be determined by comparing a nucleic
acid or amino acid sequence of interest to a reference nucleic
acid or amino acid sequence. The percent identity is the
number of nucleotides or amino acid residues that are the
same (i.e., that are identical) as between the sequence of
interest and the reference sequence divided by the length of
the longest sequence (i.e., the length of either the sequence
of interest or the reference sequence, whichever is longer).
A number of mathematical algorithms for obtaining the
optimal alignment and calculating identity between two or
more sequences are known and incorporated into a number
of available software programs. Examples of such programs
include CLUSTAL-W, T-Coffee, and ALIGN (for alignment
of nucleic acid and amino acid sequences), BLAST pro-
grams (e.g., BLAST 2.1, BL2SEQ, and later versions
thereof) and FASTA programs (e.g., FASTA3x, FASTM, and
SSEARCH) (for sequence alignment and sequence similar-
ity searches). Sequence alignment algorithms also are dis-
closed in, for example, Altschul et al., J. Molecular Biol.,
215(3): 403-410 (1990), Beigert et al., Proc. Natl. Acad. Sci.
USA, 106(10): 3770-3775 (2009), Durbin et al., eds., Bio-
logical Sequence Analysis: Probalistic Models of Proteins
and Nucleic Acids, Cambridge University Press, Cambridge,
UK (2009), Soding, Bioinformatics, 21(7): 951-960 (2005),
Altschul et al., Nucleic Acids Res., 25(17): 3389-3402
(1997), and Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, Cambridge UK
(1997)).

[0037] One or more amino acids of the aforementioned
immunoglobulin heavy chain polypeptides and/or light
chain polypeptides can be replaced or substituted with a
different amino acid. An amino acid “replacement™ or “sub-
stitution” refers to the replacement of one amino acid at a
given position or residue by another amino acid at the same
position or residue within a polypeptide sequence.

[0038] Amino acids are broadly grouped as “aromatic” or
“aliphatic.” An aromatic amino acid includes an aromatic
ring. Examples of “aromatic” amino acids include histidine
(H or His), phenylalanine (F or Phe), tyrosine (Y or Tyr), and
tryptophan (W or Trp). Non-aromatic amino acids are
broadly grouped as “aliphatic.” Examples of “aliphatic”
amino acids include glycine (G or Gly), alanine (A or Ala),
valine (V or Val), leucine (L or Leu), isoleucine (I or He),
methionine (M or Met), serine (S or Ser), threonine (T or
Thr), cysteine (C or Cys), proline (P or Pro), glutamic acid
(E or Glu), aspartic acid (A or Asp), asparagine (N or Asn),
glutamine (Q or Gin), lysine (K or Lys), and arginine (R or
Arg).
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[0039] Aliphatic amino acids may be sub-divided into four
sub-groups. The “large aliphatic non-polar sub-group” con-
sists of valine, leucine, and isoleucine. The “aliphatic
slightly-polar sub-group” consists of methionine, serine,
threonine, and cysteine. The “aliphatic polar/charged sub-
group” consists of glutamic acid, aspartic acid, asparagine,
glutamine, lysine, and arginine. The “small-residue sub-
group” consists of glycine and alanine. The group of
charged/polar amino acids may be sub-divided into three
sub-groups: the “positively-charged sub-group” consisting
of lysine and arginine, the “negatively-charged sub-group”
consisting of glutamic acid and aspartic acid, and the “polar
sub-group” consisting of asparagine and glutamine.

[0040] Aromatic amino acids may be sub-divided into two
sub-groups: the “nitrogen ring sub-group” consisting of
histidine and tryptophan and the “phenyl sub-group” con-
sisting of phenylalanine and tyrosine.

[0041] An amino acid replacement or substitution can be
conservative, semi-conservative, or non-conservative. The
phrase “conservative amino acid substitution” or “conser-
vative mutation” refers to the replacement of one amino acid
by another amino acid with a common property. A functional
way to define common properties between individual amino
acids is to analyze the normalized frequencies of amino acid
changes between corresponding proteins of homologous
organisms (Schulz and Schirmer, Principles of Protein
Structure, Springer-Verlag, New York (1979)). According to
such analyses, groups of amino acids may be defined where
amino acids within a group exchange preferentially with
each other, and therefore resemble each other most in their
impact on the overall protein structure (Schulz and
Schirmer, supra).

[0042] Examples of conservative amino acid substitutions
include substitutions of amino acids within the sub-groups
described above, for example, lysine for arginine and vice
versa such that a positive charge may be maintained, glu-
tamic acid for aspartic acid and vice versa such that a
negative charge may be maintained, serine for threonine
such that a free —OH can be maintained, and glutamine for
asparagine such that a free —NH, can be maintained.
[0043] “Semi-conservative mutations” include amino acid
substitutions of amino acids within the same groups listed
above, but not within the same sub-group. For example, the
substitution of aspartic acid for asparagine, or asparagine for
lysine, involves amino acids within the same group, but
different sub-groups. “Non-conservative mutations” involve
amino acid substitutions between different groups, for
example, lysine for tryptophan, or phenylalanine for serine,
etc.

[0044] The present disclosure provides, at least in part, an
isolated anti-TIM-3 antibody agent comprising, consisting
essentially of, or consisting of an inventive isolated amino
acid sequences described herein. As used herein, the term
“isolated” (or “purified”) refers to a nucleic acid sequence
(e.g., a polynucleotide) or an amino acid sequence (e.g., a
polypeptide) that is removed or separated from other com-
ponents present in its natural environment. For example, an
isolated polypeptide is one that is separated from other
components of a cell in which it was produced (e.g., the
endoplasmic reticulum or cytoplasmic proteins and RNA).
An isolated polynucleotide is one that is separated from
other nuclear components (e.g., histones) and/or from
upstream or downstream nucleic acid sequences. An isolated
nucleic acid sequence or amino acid sequence can be at least
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60% free, or at least 75% free, or at least 90% free, or at least
95% free, or at least 98% free, or at least 99% free from
other components present in natural environment of the
indicated nucleic acid sequence or amino acid sequence.
[0045] By “anti-TIM-3 antibody agent” is meant a mol-
ecule, preferably a proteinaceous molecule, that binds spe-
cifically to a TIM-3 protein. In some embodiments, a TIM-3
binding agent is an anti-TIM-3 antibody agent. In some
embodiments, an isolated anti-TIM-3 antibody agent com-
prises, consists essentially of, or consists of an immuno-
globulin heavy chain polypeptide (e.g., SEQ ID NO:1)
and/or an immunoglobulin light chain polypeptide (e.g.,
SEQ ID NO:2). In some embodiments, an isolated anti-
TIM-3 antibody agent comprises, consists essentially of, or
consists of an immunoglobulin heavy chain polypeptide
whose sequence comprises SEQ ID NO:1 and an immuno-
globulin light chain polypeptide whose sequence comprises
SEQ ID NO:2.

[0046] In some embodiments, a provided polypeptide or
heavy chain polypeptide consists essentially of an amino
acid sequence of SEQ ID NO: 1 or SEQ ID NO: 5, and may
further comprise additional components that do not materi-
ally affect the polypeptide, e.g., by influencing affinity of an
inventive heavy chain polypeptide to TIM-3. Examples of
such components include, for example, protein moieties
such as biotin that facilitate purification or isolation, pas-
senger mutations, sequences free of problematic sites
including free cysteines, additional glycosylation sites, and
high-likelihood deamidation or isomerization sites.

[0047] In some embodiments, a provided polypeptide or
immunoglobulin heavy chain polypeptide consists of an
amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 5 and
does not comprise any additional components (i.e., compo-
nents that are not endogenous to an inventive immunoglobu-
lin heavy chain polypeptide).

[0048] In some embodiments, anti-TIM-3 antibody agents
include variants where one or more amino acids in the
immunoglobulin heavy chain polypeptide and/or the immu-
noglobulin light chain polypeptide replaced, in any combi-
nation, with a different amino acid residue, or can be deleted
or inserted, so long as the biological activity of an anti-
TIM-3 antibody agent is not materially diminished (e.g.,
enhanced or improved) as a result of the amino acid replace-
ments, insertions, and/or deletions. The “biological activity”
of an TIM-3-binding agent refers to, for example, binding
affinity for a particular TIM-3 epitope, neutralization or
inhibition of TIM-3 binding to its receptor(s), neutralization
or inhibition of TIM-3 activity in vivo (e.g., ICs,), pharma-
cokinetics, and cross-reactivity (e.g., with non-human
homologs or orthologs of the TIM-3 protein, or with other
proteins or tissues). Other biological properties or charac-
teristics of an antigen-binding agent recognized in the art
include, for example, avidity, selectivity, solubility, folding,
immunotoxicity, expression, and formulation. The afore-
mentioned properties or characteristics can be observed,
measured, and/or assessed using standard techniques includ-
ing, but not limited to, ELISA, competitive ELISA, surface
plasmon resonance analysis (BIACORE™), or Kinetic
Exclusion Assay (KINEXAT™)_ in vitro or in vivo neutral-
ization assays, receptor-ligand binding assays, cytokine or
growth factor production and/or secretion assays, and signal
transduction and immunohistochemistry assays.

[0049] The terms “inhibit” or “neutralize,” as used herein
with respect to the activity of an anti-TIM-3 antibody agent,
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refer to the ability to substantially antagonize, prohibit,
prevent, restrain, slow, disrupt, alter, eliminate, stop, or
reverse the progression or severity of, for example, the
biological activity of TIM-3, or a disease or condition
associated with TIM-3. In some embodiments, an anti-
TIM-3 antibody agent inhibits or neutralizes the activity of
TIM-3 by at least about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about
95%, about 98%, about 99%, about 100%, or a range defined
by any two of the foregoing values (e.g., 20% to 100%, 40%
to 100% or 60% to 95%, etc.)

[0050] In some embodiments, an anti-TIM-3 antibody
agent is a whole antibody or a fragment thereof (e.g., an
antibody fragment). In some embodiments, the antibody or
antibody fragment comprises a heavy chain constant region
that is based upon wild-type IgG1, 1gG2, or IgG4 antibodies,
or variants thereof. It will be appreciated that each antibody
class, or isotype, engages a distinct set of effector mecha-
nisms for disposing of or neutralizing antigen once recog-
nized. As such, in some embodiments, when an anti-TIM-3
antibody agent is an antibody, it can exhibit one or more
effector functions, such as participation in antibody-depen-
dent complement-mediated lysis or antibody-dependent cel-
Iular toxicity via interactions with effector molecules and
cells (e.g., activation of the complement system).

[0051] In some embodiments, an anti-TIM-3 antibody
agent comprises an IgG4 heavy chain constant region. In
some embodiments, an anti-TIM-3 antibody agent com-
prises one or more mutations within the IgG heavy chain
region. In some embodiments, an anti-TIM-3 antibody agent
comprises an IgG4 heavy chain constant region having one
or more mutations in the heavy chain constant region. In
some embodiments, an anti-TIM-3 antibody agent com-
prises an 1gG4 heavy chain constant region having one or
more mutations in hinge region. It is envisioned that in some
embodiments, a mutation in the IgG4 hinge region may
prevent half molecule exchange with other IgG4 molecules.
In some embodiments, the one or more mutations in hinge
region of Ig(G4 may include an S228P mutation or a serine
to proline stabilizing mutation that prevents half molecule
exchange with other IgG4 molecules. See, e.g., J. Biol.
Chem. 2015; 290(9):5462-5469.

[0052] An anti-TIM-3 antibody agent also can be an
antibody conjugate. In this respect, an anti-TIM-3 antibody
agent can be a conjugate of (1) an anti-TIM-3 antibody and
(2) a protein or non-protein moiety. For example, an anti-
TIM-3 antibody agent can be an antibody conjugated to a
peptide, a fluorescent molecule, or a chemotherapeutic
agent.

[0053] An anti-TIM-3 antibody agent can be, or can be
obtained from, a human antibody, a non-human antibody, or
a chimeric antibody. By “chimeric” is meant an antibody or
fragment thereof comprising both human and non-human
regions. In some embodiments, an anti-TIM-3 antibody
agent is a humanized antibody. A “humanized” antibody is
a monoclonal antibody comprising a human antibody scat-
fold and at least one CDR obtained or derived from a
non-human antibody. Non-human antibodies include anti-
bodies isolated from any non-human animal, such as, for
example, a rodent (e.g., a mouse or rat). A humanized
antibody can comprise, one, two, or three CDRs obtained or
derived from a non-human antibody. In some embodiments,
CDRHS3 of an inventive TIM-3-binding agent is obtained or
derived from a mouse monoclonal antibody, while the
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remaining variable regions and constant region of an anti-
TIM-3 antibody agent are obtained or derived from a human
monoclonal antibody.

[0054] A human antibody, a non-human antibody, a chi-
meric antibody, or a humanized antibody can be obtained by
any means, including via in vitro sources (e.g., a hybridoma
or a cell line producing an antibody recombinantly) and in
vivo sources (e.g., rodents). Methods for generating anti-
bodies are known in the art and are described in, for
example, Kdhler and Milstein, Eur. J. Immunol., 5: 511-519
(1976); Harlow and Lane (eds.), Antibodies: A Laboratory
Manual, CSH Press (1988); and Janeway et al. (eds.),
Immunobiology, S5th Ed., Garland Publishing, New York,
N.Y. (2001)). In certain embodiments, a human antibody or
a chimeric antibody can be generated using a transgenic
animal (e.g., a mouse) wherein one or more endogenous
immunoglobulin genes are replaced with one or more human
immunoglobulin genes. Examples of transgenic mice
wherein endogenous antibody genes are effectively replaced
with human antibody genes include, but are not limited to,
the Medarex HUMAB-MOUSE™, the Kirin TC
MOUSE™, and the Kyowa Kirin KM-MOUSE™ (see, e.g.,
Lonberg, Nat. Biotechnol., 23(9): 1117-25 (2005), and Lon-
berg, Handb. Exp. Pharmacol., 181: 69-97 (2008)). A
humanized antibody can be generated using any suitable
method known in the art (see, e.g., An, Z. (ed.), Therapeutic
Monoclonal Antibodies: From Bench to Clinic, John Wiley
& Sons, Inc., Hoboken, N.J. (2009)), including, e.g., graft-
ing of non-human CDRs onto a human antibody scaffold
(see, e.g., Kashmiri et al., Methods, 36(1): 25-34 (2005); and
Hou et al., J. Biochem., 144(1): 115-120 (2008)). In some
embodiments, a humanized antibody can be produced using
the methods described in, e.g., U.S. Patent Application
Publication 2011/0287485 Al.

[0055] In some embodiments, an anti-TIM-3 antibody
agent binds an epitope of TIM-3 which blocks the binding
of TIM-3 to any of its putative ligands (e.g., phosphatidyl-
serine, galectin-9, high-mobility group protein 1 (HMGBI1),
and carcinoembryonic antigen cell adhesion molecule 1
(CEACAM1)) and inhibits TIM-3-mediated signaling. The
disclosure also provides an isolated or purified epitope of
TIM-3 which blocks the binding of TIM-3 to any of its
putative ligands in an indirect or allosteric manner. In some
embodiments, an anti-TIM-3 antibody agent binds an
epitope of TIM-3 which blocks the binding of TIM-3 to one,
two or more of its putative ligands.

[0056] The disclosure also provides one or more isolated
or purified nucleic acid sequences that encode an inventive
immunoglobulin heavy chain polypeptide, an inventive
immunoglobulin light chain polypeptide, and/or an inven-
tive anti-TIM-3 antibody agent.

[0057] The term “nucleic acid sequence” is intended to
encompass a polymer of DNA or RNA, i.e., a polynucle-
otide, which can be single-stranded or double-stranded and
which can contain non-natural or altered nucleotides. The
terms ‘“nucleic acid” and “polynucleotide” as used herein
refer to a polymeric form of nucleotides of any length, either
ribonucleotides (RNA) or deoxyribonucleotides (DNA).
These terms refer to the primary structure of the molecule,
and thus include double- and single-stranded DNA, and
double- and single-stranded RNA. The terms include, as
equivalents, analogs of either RNA or DNA made from
nucleotide analogs and modified polynucleotides such as,
though not limited to, methylated and/or capped polynucle-
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otides. Nucleic acids are typically linked via phosphate
bonds to form nucleic acid sequences or polynucleotides,
though many other linkages are known in the art (e.g.,
phosphorothioates, boranophosphates, and the like). Nucleic
acid sequences encoding an inventive immunoglobulin
heavy chain polypeptides include, for example, SEQ ID NO:
3. Nucleic acid sequences encoding an inventive immuno-
globulin light chain polypeptides include, for example, SEQ
ID NO: 4.

[0058] The disclosure further provides a vector compris-
ing one or more nucleic acid sequences encoding an inven-
tive immunoglobulin heavy chain polypeptide, an inventive
immunoglobulin light chain polypeptide, and/or an inven-
tive anti-TIM-3 antibody agent. The vector can be, for
example, a plasmid, episome, cosmid, viral vector (e.g.,
retroviral or adenoviral), or phage. Suitable vectors and
methods of vector preparation are well known in the art (see,
e.g., Sambrook et al., Molecular Cloning, a Laboratory
Manual, 3rd edition, Cold Spring Harbor Press, Cold Spring
Harbor, N.Y. (2001), and Ausubel et al., Current Protocols
in Molecular Biology, Greene Publishing Associates and
John Wiley & Sons, New York, N.Y. (1994)).

[0059] In addition to the nucleic acid sequence encoding
an inventive polypeptide, an inventive immunoglobulin
heavy polypeptide, an inventive immunoglobulin light chain
polypeptide, and/or an inventive anti-TIM-3 antibody agent,
the vector can comprise expression control sequences, such
as promoters, enhancers, polyadenylation signals, transcrip-
tion terminators, signal peptides (e.g., the osteonectin signal
peptide), internal ribosome entry sites (IRES), and the like,
that provide for the expression of the coding sequence in a
host cell. Exemplary expression control sequences are
known in the art and described in, for example, Goeddel,
Gene Expression Technology: Methods in Enzymology, Vol.
185, Academic Press, San Diego, Calif. (1990).

[0060] A large number of promoters, including constitu-
tive, inducible, and repressible promoters, from a variety of
different sources are well known in the art. Representative
sources of promoters include for example, virus, mammal,
insect, plant, yeast, and bacteria, and suitable promoters
from these sources are readily available, or can be made
synthetically, based on sequences publicly available, for
example, from depositories such as the ATCC as well as
other commercial or individual sources. Promoters can be
unidirectional (i.e., initiate transcription in one direction) or
bi-directional (i.e., initiate transcription in either a 3' or '
direction). Non-limiting examples of promoters include, for
example, the T7 bacterial expression system, pBAD (araA)
bacterial expression system, the cytomegalovirus (CMV)
promoter, the SV40 promoter, the RSV promoter. Inducible
promoters include, for example, the Tet system (U.S. Pat.
Nos. 5,464,758 and 5,814,618), the Ecdysone inducible
system (No et al., Proc. Natl. Acad. Sci., 93: 3346-3351
(1996)), the T-REX™ gystem (Invitrogen, Carlsbad, Calif.),
LACSWITCH™ system (Stratagene, San Diego, Calif.),
and the Cre-ERT tamoxifen inducible recombinase system
(Indra et al., Nuc. Acid. Res., 27: 4324-4327 (1999); Nuc.
Acid. Res., 28: €99 (2000); U.S. Pat. No. 7,112,715; and
Kramer & Fussenegger, Methods Mol. Biol., 308: 123-144
(2005)).

[0061] The term “enhancer” as used herein, refers to a
DNA sequence that increases transcription of, for example,
a nucleic acid sequence to which it is operably linked.
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[0062] Enhancers can be located many kilobases away
from the coding region of the nucleic acid sequence and can
mediate the binding of regulatory factors, patterns of DNA
methylation, or changes in DNA structure. A large number
of enhancers from a variety of different sources are well
known in the art and are available as or within cloned
polynucleotides (from, e.g., depositories such as the ATCC
as well as other commercial or individual sources). A
number of polynucleotides comprising promoters (such as
the commonly-used CMV promoter) also comprise
enhancer sequences. Enhancers can be located upstream,
within, or downstream of coding sequences.

[0063] The vector also can comprise a “selectable marker
gene.” The term “selectable marker gene,” as used herein,
refers to a nucleic acid sequence that allow cells expressing
the nucleic acid sequence to be specifically selected for or
against, in the presence of a corresponding selective agent.
Suitable selectable marker genes are known in the art and
described in, e.g., International Patent Application Publica-
tions WO 1992/008796 and WO 1994/028143; Wigler et al.,
Proc. Natl. Acad. Sci. USA, 77: 3567-3570 (1980); O’Hare
et al., Proc. Natl. Acad. Sci. USA, 78: 1527-1531 (1981);
Mulligan & Berg, Proc. Natl. Acad. Sci. USA, 78: 2072-2076
(1981); Colberre-Garapin et al., J. Mol. Biol., 150: 1-14
(1981); Santerre et al., Gene, 30: 147-156 (1984); Kent et
al., Science, 237: 901-903 (1987); Wigler et al., Cell, 11:
223-232 (1977); Szybalska & Szybalski, Proc. Natl. Acad.
Sci. USA, 48: 2026-2034 (1962); Lowy et al., Cell, 22:
817-823 (1980); and U.S. Pat. Nos. 5,122,464 and 5,770,
359.

[0064] In some embodiments, the vector is an “episomal
expression vector” or “episome,” which is able to replicate
in a host cell, and persists as an extrachromosomal segment
of DNA within the host cell in the presence of appropriate
selective pressure (see, e.g., Conese et al., Gene Therapy, 11:
1735-1742 (2004)). Representative commercially available
episomal expression vectors include, but are not limited to,
episomal plasmids that utilize Epstein Barr Nuclear Antigen
1 (EBNA1) and the Epstein Barr Virus (EBV) origin of
replication (oriP). The vectors pREP4, pCEP4, pREP7, and
pcDNA3.1 from Invitrogen (Carlsbad, Calif.) and pBK-
CMV from Stratagene (La Jolla, Calif.) represent non-
limiting examples of an episomal vector that uses T-antigen
and the SV40 origin of replication in lieu of EBNA1 and
oriP.

[0065] Other suitable vectors include integrating expres-
sion vectors, which may randomly integrate into the host
cell’s DNA, or may include a recombination site to enable
the specific recombination between the expression vector
and the host cell’s chromosome. Such integrating expression
vectors may utilize the endogenous expression control
sequences of the host cell’s chromosomes to effect expres-
sion of the desired protein. Examples of vectors that inte-
grate in a site specific manner include, for example, com-
ponents of the flp-in system from Invitrogen (Carlsbad,
Calif.) (e.g., pcDNA™ 5/FRT), or the cre-lox system, such
as can be found in the pExchange-6 Core Vectors from
Stratagene (La Jolla, Calif.). Examples of vectors that ran-
domly integrate into host cell chromosomes include, for
example, pcDNA3.1 (when introduced in the absence of
T-antigen) from Life Technologies (Carlsbad, Calif.), UCOE
from Millipore (Billerica, Mass.), and pCI or pFN10A
(ACT) FLEXI™ from Promega (Madison, Wis.).
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[0066] Viral vectors also can be used. Representative
commercially available viral expression vectors include, but
are not limited to, the adenovirus-based Per.C6 system
available from Crucell, Inc. (Leiden, The Netherlands), the
lentiviral-based pLP1 from Invitrogen (Carlsbad, Calif.),
and the retroviral vectors pFB-ERV plus pCFB-EGSH from
Stratagene (La Jolla, Calif.).

[0067] Nucleic acid sequences encoding inventive amino
acid sequences can be provided to a cell on the same vector
(i.e., in cis). A unidirectional promoter can be used to control
expression of each nucleic acid sequence. In some embodi-
ments, a combination of bidirectional and unidirectional
promoters can be used to control expression of multiple
nucleic acid sequences. Nucleic acid sequences encoding
inventive amino acid sequences alternatively can be pro-
vided to the population of cells on separate vectors (i.e., in
trans). Each of the nucleic acid sequences in each of the
separate vectors can comprise the same or different expres-
sion control sequences. The separate vectors can be provided
to cells simultaneously or sequentially.

[0068] The wvector(s) comprising the nucleic acid(s)
encoding inventive amino acid sequences can be introduced
into a host cell that is capable of expressing the polypeptides
encoded thereby, including any suitable prokaryotic or
eukaryotic cell. As such, the present disclosure provides an
isolated cell comprising an inventive vector. Host cells
include cells that can be easily and reliably grown, have
reasonably fast growth rates, have well-characterized
expression systems, and can be transformed or transfected
easily and efficiently.

[0069] Examples of suitable prokaryotic cells include, but
are not limited to, cells from the genera Bacillus (such as
Bacillus subtilis and Bacillus brevis), Escherichia (such as
E. coli), Pseudomonas, Streptomyces, Salmonella, and
Erwinia. Useful prokaryotic cells include, for example, the
various strains of Escherichia coli (e.g., K12, HB101
(ATCC No. 33694), DHS5c., DH10, MC1061 (ATCC No.
53338), and CC102).

[0070] Insome embodiments, an inventive vector is intro-
duced into a eukaryotic cell. Suitable eukaryotic cells are
known in the art and include, for example, yeast cells, insect
cells, and mammalian cells. Examples of suitable yeast cells
include those from the genera Kluyveromyces, Pichia,
Rhino-sporidium, Saccharomyces, and Schizosaccharomy-
ces . Yeast cells include, for example, Saccharomyces cerivi-
sae and Pichia pastoris.

[0071] Suitable insect cells are described in, for example,
Kitts et al., Biotechniques, 14: 810-817 (1993); Lucklow,
Curr. Opin. Biotechnol., 4: 564-572 (1993); and Lucklow et
al., J. Virol., 67: 4566-4579 (1993). Insect cells include, for
example, Sf-9 and HIS (Invitrogen, Carlsbad, Calif.).
[0072] In some embodiments, mammalian cells are uti-
lized. A number of suitable mammalian host cells are known
in the art, and many are available from the American Type
Culture Collection (ATCC, Manassas, Va.). Examples of
suitable mammalian cells include, but are not limited to,
Chinese hamster ovary cells (CHO) (ATCC No. CCL61),
CHO DHFR-cells (Urlaub et al., Proc. Natl. Acad. Sci. USA4,
97: 4216-4220 (1980)), human embryonic kidney (HEK)
293 or 293T cells (ATCC No. CRL1573), and 3T3 cells
(ATCC No. CCL92). Other suitable mammalian cell lines
are the monkey COS-1 (ATCC No. CRL1650) and COS-7
cell lines (ATCC No. CRL1651), as well as the CV-1 cell
line (ATCC No. CCL70). Further exemplary mammalian
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host cells include primate cell lines and rodent cell lines,
including transformed cell lines. Normal diploid cells, cell
strains derived from in vitro culture of primary tissue, as
well as primary explants, are also suitable. Other suitable
mammalian cell lines include, but are not limited to, mouse
neuroblastoma N2A cells, HelLa, mouse L-929 cells, and
BHK or HaK hamster cell lines, all of which are available
from the ATCC. Methods for selecting suitable mammalian
host cells and methods for transformation, culture, amplifi-
cation, screening, and purification of cells are known in the
art.

[0073] In some embodiments, the mammalian cell is a
human cell. For example, the mammalian cell can be a
human lymphoid or lymphoid derived cell line, such as a cell
line of pre-B lymphocyte origin. Examples of human lym-
phoid cells lines include, without limitation, RAMOS (CRL-
1596), Daudi (CCL-213), EB-3 (CCL-85), DT40 (CRL-
2111), 18-81 (Jack et al., Proc. Natl. Acad. Sci. USA, 85:
1581-1585 (1988)), Raji cells (CCL-86), PER.C6 cells (Cru-
cell Holland B.V., Leiden, The Netherlands), and derivatives
thereof.

[0074] A nucleic acid sequence encoding an inventive
amino acid sequence may be introduced into a cell by
“transfection,” “transformation,” or “transduction.” “Trans-
fection,” “transformation,” or “transduction,” as used
herein, refer to the introduction of one or more exogenous
polynucleotides into a host cell by using physical or chemi-
cal methods. Many transfection techniques are known in the
art and include, for example, calcium phosphate DNA
co-precipitation (see, e.g., Murray E. J. (ed.), Methods in
Molecular Biology, Vol. 7, Gene Transfer and Expression
Protocols, Humana Press (1991)); DEAE-dextran; elec-
troporation; cationic liposome-mediated transfection; tung-
sten particle-facilitated microparticle bombardment (John-
ston, Nature, 346: 776-777 (1990)); and strontium
phosphate DNA co-precipitation (Brash et al., Mol. Cell
Biol., 7: 2031-2034 (1987)). Phage or viral vectors can be
introduced into host cells, after growth of infectious par-
ticles in suitable packaging cells, many of which are com-
mercially available.

[0075] The disclosure provides a composition comprising
an effective amount of an inventive immunoglobulin heavy
chain polypeptide, an inventive immunoglobulin light chain
polypeptide, an inventive TIM-3-binding agent, an inventive
nucleic acid sequence encoding any of the foregoing, or an
inventive vector comprising an inventive nucleic acid
sequence. In some embodiments, the composition is a phar-
maceutically acceptable (e.g., physiologically acceptable)
composition, which comprises a carrier, preferably a phar-
maceutically acceptable (e.g., physiologically acceptable)
carrier, and inventive amino acid sequences, antigen-binding
agent, or vector. Any suitable carrier can be used within the
context of the invention, and such carriers are well known in
the art. The choice of carrier will be determined, in part, by
the particular site to which the composition may be admin-
istered and the particular method used to administer the
composition. The composition optionally can be sterile. The
composition can be frozen or lyophilized for storage and
reconstituted in a suitable sterile carrier prior to use. The
compositions can be generated in accordance with conven-
tional techniques described in, e.g., Remington: 7he Science
and Practice of Pharmacy, 21st Edition, Lippincott Williams
& Wilkins, Philadelphia, Pa. (2001).
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[0076] The disclosure further provides methods of treating
any disease or disorder in which expression, improper
expression (e.g., overexpression) or increased activity of a
TIM-3 protein causes or contributes to the pathological
effects of the disease, or a decrease in TIM-3 protein levels
or activity has a therapeutic benefit in mammals, such as
humans. Mammals include, e.g., mice, rats, rabbits, dogs,
cats, cows, horses, non-human primates, and humans.

[0077] TIM-3 is a negative regulator of the immune
response and is therefore a target for therapy (FIG. 1).
Accordingly, the disclosure further provides methods of
treating a disorder in a mammal that is responsive to TIM-3
inhibition or neutralization. The method comprises admin-
istering the aforementioned composition to a mammal hav-
ing a disorder that is responsive to TIM-3 inhibition or
neutralization, whereupon the disorder is treated in the
mammal. A disorder that is “responsive to TIM-3 inhibition”
or “responsive to TIM-3 neutralization” refers to any disease
or disorder in which a decrease in TIM-3 levels or activity
has a therapeutic benefit in mammals, for example humans,
or the improper expression (e.g., overexpression) or
increased activity of TIM-3 causes or contributes to the
pathological effects of the disease or disorder. Disorders that
are responsive to TIM-3 inhibition include, for example,
cancer, infectious diseases, and autoimmune diseases.

[0078] The disclosure further provides methods of
enhancing an immune response or increasing the activity of
an immune cell in a mammal having a disorder that is
responsive to TIM-3 inhibition. In some embodiments, such
methods include administering an effective amount of any
TIM-3 binding agent or antibody agent described herein. In
some embodiments, administration of a TIM-3 binding
agent enhances or increases an immune response or immune
cell activity in a mammal or tissue thereof. In some embodi-
ments, an immune response is a humoral or cell mediated
immune response. In some embodiments, an immune
response is a CD4 or CDS8 T cell response. In some embodi-
ments, an immune response is a B cell response.

[0079] The inventive methods can be used to treat any
type of cancer known in the art, such as, for example,
melanoma, renal cell carcinoma, lung cancer, bladder can-
cer, breast cancer, cervical cancer, colon cancer, gall bladder
cancer, laryngeal cancer, liver cancer, thyroid cancer, stom-
ach cancer, salivary gland cancer, prostate cancer, pancreatic
cancer, adenocarcinoma (e.g., adenocarcinoma of the lung),
or Merkel cell carcinoma (see, e.g., Bhatia et al., Curr
Oncol. Rep., 13(6): 488-497 (2011)). In some embodiments,
a cancer is endometrial cancer, breast cancer, ovarian cancer,
cervical cancer, fallopian tube cancer, testicular cancer,
primary peritoneal cancer, colon cancer, colorectal cancer,
stomach cancer, small intestine cancer, squamous cell car-
cinoma of the anogenital region, melanoma, renal cell
carcinoma, lung cancer, non-small cell lung cancer,
squamous cell carcinoma of the lung, stomach cancer,
bladder cancer, gall bladder cancer, liver cancer, thyroid
cancer, laryngeal cancer, salivary gland cancer, esophageal
cancer, head and neck cancer, squamous cell carcinoma of
the head and neck, adenocarcinoma, adenocarcinoma of the
lung, prostate cancer, pancreatic cancer, mesothelioma,
Merkel cell carcinoma, sarcoma, glioblastoma, or hemato-
logical cancer (e.g., multiple myeloma, B-cell lymphoma,
T-cell lymphoma, Hodgkin’s lymphoma/primary mediasti-
nal B-cell lymphoma, or chronic myelogenous leukemia). In
some embodiments, a cancer to be treated with the inventive
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methods and/or compositions described herein is character-
ized by microsatellite instability or lack thereof. Microsat-
ellite instability (“MSI”) is or comprises a change that in the
DNA of certain cells (such as tumor cells) in which the
number of repeats of microsatellites (short, repeated
sequences of DNA) is different than the number of repeats
that was contained in the DNA from which it was inherited.
Microsatellite instability arises from a failure to repair
replication-associated errors due to a defective DNA mis-
match repair (MMR) system. This failure allows persistence
of mismatch mutations all over the genome, but especially
in regions of repetitive DNA known as microsatellites,
leading to increased mutational load. It has been demon-
strated that at least some tumors characterized by MSI-H
have improved responses to certain anti-PD-1 agents (Le et
al., (2015) N. Engl. J. Med. 372(26):2509-2520; Westdorp et
al.,, (2016) Cancer Immunol. Immunother. 65(10):1249-
1259).

[0080] Insomeembodiments, a cancer has a microsatellite
instability status of high microsatellite instability (e.g.,
MSI-H status). In some embodiments, a cancer has a micro-
satellite instability status of low microsatellite instability
(e.g., MSI-L status). In some embodiments, a cancer has a
microsatellite instability status of microsatellite stable (e.g.,
MSS status). In some embodiments microsatellite instability
status is assessed by a next generation sequencing (NGS)-
based assay, an immunohistochemistry (IHC)-based assay,
and/or a PCR-based assay. In some embodiments, microsat-
ellite instability is detected by NGS. In some embodiments,
microsatellite instability is detected by IHC. In some
embodiments, microsatellite instability is detected by PCR.
[0081] In embodiments, the cancer is associated with a
high tumor mutation burden (TMB). In some embodiments,
the cancer is associated with high TMB and MSI-H. In some
embodiments, the cancer is associated with high TMB and
MSI-L or MSS. In some embodiments, the cancer is endo-
metrial cancer associated with high TMB. In some related
embodiments, the endometrial cancer is associated with high
TMB and MSI-H. In some related embodiments, the endo-
metrial cancer is associated with high TMB and MSI-L or
MSS.

[0082] In some embodiments, a cancer is a mismatch
repair deficient cancer. Microsatellite instability may arise
from a failure to repair replication-associated errors due to
a defective DNA mismatch repair (MMR) system. This
failure allows persistence of mismatch mutations all over the
genome, but especially in regions of repetitive DNA known
as microsatellites, leading to increased mutational load that
may improve responses to certain anti-PD-1 agents. Id. In
some embodiments, a cancer is a hypermutated cancer. In
some embodiments, a cancer harbors a mutation in poly-
merase epsilon (POLE).

[0083] The inventive methods can be used to treat any
type of infectious disease (i.e., a disease or disorder caused
by a bacterium, a virus, a fungus, or a parasite). Examples
of infectious diseases that can be treated by the inventive
method include, but are not limited to, diseases caused by a
human immunodeficiency virus (HIV), a respiratory syncy-
tial virus (RSV), an influenza virus, a dengue virus, a
hepatitis B virus (HBV, or a hepatitis C virus (HCV)).
[0084] The inventive methods can be used to treat any
type of autoimmune disease (i.e., as disease or disorder
caused by immune system over-activity in which the body
attacks and damages its own tissues), such as those
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described in, for example, MacKay I. R. and Rose N. R.,
eds., The Autoimmune Diseases, Fifth Edition, Academic
Press, Waltham, Mass. (2014). Examples of autoimmune
diseases that can be treated by the inventive method include,
but are not limited to, multiple sclerosis, type 1 diabetes
mellitus, rheumatoid arthritis, scleroderma, Crohn’s disease,
psoriasis, systemic lupus erythematosus (SLE), and ulcer-
ative colitis.

[0085] Administration of a composition comprising an
inventive immunoglobulin heavy chain polypeptide, an
inventive immunoglobulin light chain polypeptide, an
inventive TIM-3-binding agent, an inventive nucleic acid
sequence encoding any of the foregoing, or an inventive
vector comprising an inventive nucleic acid sequence
induces an immune response against a cancer or infectious
disease in a mammal. Mammals include, e.g., mice, rats,
rabbits, dogs, cats, cows, horses, non-human primates, and
humans. An “immune response” can entail, for example,
antibody production and/or the activation of immune effec-
tor cells (e.g., T-cells).

[0086] As used herein, the terms “treatment,” “treating,”
and the like refer to obtaining a desired pharmacologic
and/or physiologic effect. In some embodiments, the effect
is therapeutic, i.e., the effect partially or completely cures a
disease and/or adverse symptom attributable to the disease.
To this end, the inventive method comprises administering
a “therapeutically effective amount” of an anti-TIM-3 anti-
body agent. A “therapeutically effective amount” refers to an
amount effective, at dosages and for periods of time neces-
sary, to achieve a desired therapeutic result. The therapeu-
tically effective amount may vary according to factors such
as the disease state, age, sex, and weight of the individual,
and the ability of an anti-TIM-3 antibody agent to elicit a
desired response in the individual. For example, a therapeu-
tically effective amount of an anti-TIM-3 antibody agent is
an amount which decreases TIM-3 bioactivity in a human.
[0087] Additionally or alternatively, the pharmacologic
and/or physiologic effect may be prophylactic, i.e., the effect
completely or partially prevents a disease or symptom
thereof. In this respect, the inventive method comprises
administering a “prophylactically effective amount” of an
anti-TIM-3 antibody agent. A “prophylactically effective
amount” refers to an amount effective, at dosages and for
periods of time necessary, to achieve a desired prophylactic
result (e.g., prevention of disease onset).

[0088] A typical dose can be, for example, in the range of
1 pg/kg to 20 mg/kg of animal or human body weight;
however, doses below or above this exemplary range are
within the scope of the invention. The daily parenteral dose
can be about 0.00001 ng/kg to about 20 mg/kg of total body
weight (e.g., about 0.001 pg/kg, about 0.1 pg/kg, about 1
ng/kg, about 5 pug/kg, about 10 png/kg, about 100 pg/kg, about
500 pg/kg, about 1 mg/kg, about 5 mg/kg, about 10 mg/kg,
or a range defined by any two of the foregoing values). In
some embodiments, from about 0.1 pg/kg to about 10 mg/kg
of total body weight (e.g., about 0.5 pug/kg, about 1 pg/kg,
about 50 pg/kg, about 150 ng/kg, about 300 pg/kg, about 750
ng/kg, about 1.5 mg/kg, about 5 mg/kg, or a range defined
by any two of the foregoing values). In some embodiments,
from about 1 pg/kg to 5 mg/kg of total body weight (e.g.,
about 3 pg/kg, about 15 pg/kg, about 75 pg/kg, about 300
ng/kg, about 900 pg/kg, about 2 mg/kg, about 4 mg/kg, or a
range defined by any two of the foregoing values). In some
embodiments, from about 0.5 to 15 mg/kg body weight per
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day (e.g., about 1 mg/kg, about 2.5 mg/kg, about 3 mg/kg,
about 6 mg/kg, about 9 mg/kg, about 11 mg/kg, about 13
mg/kg, or a range defined by any two of the foregoing
values). Therapeutic or prophylactic efficacy can be moni-
tored by periodic assessment of treated patients. For
repeated administrations over several days or longer,
depending on the condition, the treatment can be repeated
until a desired suppression of disease symptoms occurs, or
alternatively, the treatment can be continued for the lifetime
of the patient. However, other dosage regimens may be
useful and are within the scope of the invention. The desired
dosage can be delivered by a single bolus administration of
the composition, by multiple bolus administrations of the
composition, or by continuous infusion administration of the
composition.

[0089] Composition(s) comprising an effective amount of
an inventive immunoglobulin heavy chain polypeptide, an
inventive immunoglobulin light chain polypeptide, an
inventive TIM-3-binding agent, an inventive nucleic acid
sequence encoding any of the foregoing, or an inventive
vector comprising an inventive nucleic acid sequence can be
administered to a mammal using standard administration
techniques, including oral, ocular, parenteral, intravenous,
intraperitoneal, subcutaneous, pulmonary, bronchial, buccal,
intradermal, interdermal, transdermal, topical, intramuscu-
lar, intranasal, buccal, sublingual, enteral, intra-arterial,
intragastric, within a specific organ (e.g., intrahepatic), rec-
tally, subcutaneously, sublingual, tracheal, vaginal, vitreal,
intramedullar, intrathecal, intraventricular, mucosal or sup-
pository administration. In some embodiments, the compo-
sition is suitable for parenteral administration. The term
“parenteral,” as used herein, includes intravenous, intramus-
cular, subcutaneous, rectal, vaginal, and intraperitoneal
administration. In some embodiments, the composition is
administered to a mammal using peripheral systemic deliv-
ery by intravenous, intraperitoneal, or subcutaneous injec-
tion. Mammals include, e.g., mice, rats, rabbits, dogs, cats,
cows, horses, non-human primates, and humans.

[0090] Once administered to a mammal (e.g., a human),
the biological activity of an anti-TIM-3 antibody agent can
be measured by any suitable method known in the art. For
example, the biological activity can be assessed by deter-
mining the stability of a particular TIM-3-binding agent. In
some embodiments, an anti-TIM-3 antibody agent (e.g., an
antibody) has an in vivo half-life between about 30 minutes
and 45 days (e.g., about 30 minutes, about 45 minutes, about
1 hour, about 2 hours, about 4 hours, about 6 hours, about
10 hours, about 12 hours, about 1 day, about 5 days, about
10 days, about 15 days, about 25 days, about 35 days, about
40 days, about 45 days, or a range defined by any two of the
foregoing values). In some embodiments, an anti-TIM-3
antibody agent has an in vivo half life between about 2 hours
and 20 days (e.g., about 5 hours, about 10 hours, about 15
hours, about 20 hours, about 2 days, about 3 days, about 7
days, about 12 days, about 14 days, about 17 days, about 19
days, or a range defined by any two of the foregoing values).
In some embodiments, an anti-TIM-3 antibody agent has an
in vivo half-life between about 10 days and about 40 days
(e.g., about 10 days, about 13 days, about 16 days, about 18
days, about 20 days, about 23 days, about 26 days, about 29
days, about 30 days, about 33 days, about 37 days, about 38
days, about 39 days, about 40 days, or a range defined by any
two of the foregoing values).
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[0091] The stability of an anti-TIM-3 antibody agent can
be measured using any other suitable assay known in the art,
such as, for example, measuring serum half-life, differential
scanning calorimetry (DSC), thermal shift assays, and pulse-
chase assays. Other methods of measuring protein stability
in vivo and in vitro that can be used in the context of the
invention are described in, for example, Protein Stability
and Folding, B. A. Shirley (ed.), Human Press, Totowa, N.J.
(1995); Protein Structure, Stability, and Interactions (Meth-
ods in Molecular Biology), Shiver J. W. (ed.), Humana
Press, New York, N.Y. (2010); and Ignatova, Microb. Cell
Fact., 4: 23 (2005).

[0092] The stability of an anti-TIM-3 antibody agent can
be measured in terms of the transition mid-point value (T,,),
which is the temperature where 50% of the amino acid
sequence is in its native confirmation, and the other 50% is
denatured. In general, the higher the T,,, the more stable the
protein. In some embodiments, an inventive TIM-3 binding
agent comprises a transition mid-point value (T,,) in vitro of
about 60-100° C. For example, an anti-TIM-3 antibody
agent can comprise a T, in vitro of about 65-80° C. (e.g., 66°
C., 68°C.,70°C., 71° C., 75° C., or 79° C.), about 80-90°
C. (e.g., about 81° C., 85° C., or 89° C.), or about 90-100°
C. (e.g., about 91° C., about 95° C., or about 99° C.).

[0093] The biological activity of a particular TIM-3-bind-
ing antibody agent also can be assessed by determining its
binding affinity to TIM-3 or an epitope thereof. The term
“affinity” refers to the equilibrium constant for the reversible
binding of two agents and is expressed as the dissociation
constant (K,,). Affinity of a binding agent to a ligand, such
as affinity of an antibody for an epitope, can be, for example,
from about 1 picomolar (pM) to about 100 micromolar (LM)
(e.g., from about 1 picomolar (pM) to about 1 nanomolar
(nM), from about 1 nM to about 1 micromolar (uM), or from
about 1 uM to about 100 uM). In some embodiments, an
anti-TIM-3 antibody agent can bind to an TIM-3 protein
with a K, less than or equal to 1 nanomolar (e.g., 0.9 nM,
0.8 nM, 0.7 nM, 0.6 nM, 0.5 nM, 0.4 nM, 0.3 nM, 0.2 nM,
0.1 nM, 0.05 nM, 0.025 nM, 0.01 nM, 0.001 nM, or a range
defined by any two of the foregoing values). In some
embodiments, an anti-TIM-3 antibody agent can bind to
TIM-3 with a K, less than or equal to 200 pM (e.g., 190 pM,
175 pM, 150 pM, 125 pM, 110 pM, 100 pM, 90 pM, 80 pM,
75 pM, 60 pM, 50 pM, 40 pM, 30 pM, 25 pM, 20 pM, 15
rM, 10 pM, 5 pM, 1 pM, or a range defined by any two of
the foregoing values). Immunoglobulin affinity for an anti-
gen or epitope of interest can be measured using any
art-recognized assay. Such methods include, for example,
fluorescence activated cell sorting (FACS), separable beads
(e.g., magnetic beads), surface plasmon resonance (SPR),
solution phase competition (KINEXA™), antigen panning,
competitive binding assays, and/or ELISA (see, e.g.,
Janeway et al. (eds.), Immunobiology, 5th ed., Garland
Publishing, New York, N.Y., 2001).

[0094] An anti-TIM-3 antibody agent may be adminis-
tered alone or in combination with other drugs. For example,
an anti-TIM-3 antibody agent can be administered in com-
bination with other agents for the treatment or prevention of
the diseases disclosed herein, such as agents that are cyto-
toxic to cancer cells, modulate the immunogenicity of can-
cer cells, or promote immune responses to cancer cells. In
this respect, for example, an anti-TIM-3 antibody agent can
be used in combination with at least one other anticancer
agent including, for example, any chemotherapeutic agent
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known in the art, ionization radiation, small molecule anti-
cancer agents, cancer vaccines, biological therapies (e.g.,
other monoclonal antibodies, cancer-killing viruses, gene
therapy, and adoptive T-cell transfer), and/or surgery. In
some embodiments, a subject (e.g., a mammal, e.g., a
human) for treatment with an anti-TIM-3 antibody agent has
been treated or will be treated with chemotherapy (e.g.,
platinum-based chemotherapy). In some embodiments, a
chemotherapeutic agent is actinomycin, all-trans retinoic
acid, azacitidine, azathioprine, bleomycin, bortezomib, car-
boplatin, capecitabine, cisplatin, chlorambucil, cyclophos-
phamide, cytarabine, daunorubicin, docetaxel, doxifluridine,
doxorubicin, epirubicin, epothilone, etoposide, fluorouracil,
gemcitabine, hydroxyurea, idarubicin, imatinib, irinotecan,
mechlorethamine, mercaptopurine, methotrexate, mitoxan-
trone, oxaliplatin, paclitaxel, pemetrexed, teniposide,
tioguanine, topotecan, valrubicin, vemurafenib, vinblastine,
vincristine, vindesine, or vinorelbine. In some such embodi-
ments, a chemotherapeutic agent is a platinum-based che-
motherapeutic agent, such as cisplatin, carboplatin, oxali-
platin, nedaplatin, triplatin tetranitrate, phenanthriplatin,
picoplatin, or satraplatin. In some such embodiments, a
chemotherapeutic agent is a folate antimetabolite such as
pemetrexed. In some embodiments, a subject (e.g., a mam-
mal, e.g. a human) for treatment with an anti-TIM-3 anti-
body agent has been treated or will be treated with an
anti-angiogenic agent, for example, bevacizumab, itracon-
azole, carboxyamidotriazole, TNP-470, fumagillin, CM101,
1L-12, platelet factor-4, suramin, SU5416, thrombospondin,
angiostatic steroids, heparin, cartilage-derived angiogenesis
inhibitory factor (e.g. peptide troponin I and chondromodu-
lin I), matrix metalloproteinase inhibitor, angiostatin,
endostatin, 2-methoxyestradiol, tecogalan, tetrathiomolyb-
date, thrombospondin, thalidomide, prolactin, a V33 inhibi-
tor, lenalidomide, linomide, ramucirumab, tasquinimod,
ranibizumab, sorafenib, sunitinib, pazopanib, everolimus,
tissue inhibitors of metalloproteases (TIMP1 and TIMP2),
bFGF soluble receptor, transforming growth factor beta,
interferon alpha, interferon beta, soluble KDR and FLT-1
receptors, placental proliferin-related protein, pazopanib,
sunitinib, sorafenib, axitinib, ponatinib, cabozantinib, rego-
rafenib, vandetanib, lenvatinib, semaxanib, SU6668, vata-
lanib, tivozanib, cediranib, protamine, heparin, steroids,
ascorbic acid ethers, sulfated polysaccharide DS 4152, fum-
agillin, AGM 12470, neovastat, R0O4929097, MRK-003,
MK-0752, PF03084014, MEDI0639, curcumin, 3,3'-diindo-
lylmethane (DIM), resveratrol, 3,5-bis(2,4-difluoroben-
zylidene)-4-piperidone (DiFiD) and epigallocatechin-3-gal-
late (EGCG), honokiol, Flt2-11, CBO-P11, Je-11, V1, and
any combination thereof. In some embodiments, an anti-
TIM-3 antibody agent can be used in combination with an
anti-inflammatory agent including, for example, corticoster-
oids (e.g., prednisone and fluticasone) and non-steroidal
anti-inflammatory drugs (NSAIDs) (e.g., aspirin, ibuprofen,
and naproxen).

[0095] In some embodiments, an anti-TIM-3 antibody
agent is used to treat an infectious disease. When the
inventive method treats an infectious disease, an anti-TIM-3
antibody agent can be administered in combination with at
least one anti-bacterial agent or at least one anti-viral agent.
In this respect, the anti-bacterial agent can be any suitable
antibiotic known in the art. The anti-viral agent can be any
vaccine of any suitable type that specifically targets a
particular virus (e.g., live-attenuated vaccines, subunit vac-
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cines, recombinant vector vaccines, and small molecule
anti-viral therapies (e.g., viral replication inhibitors and
nucleoside analogs).

[0096] In some embodiments, an anti-TIM-3 antibody
agent is used to treat an autoimmune disease. When the
inventive method treats an autoimmune disease, an anti-
TIM-3 antibody agent can be used in combination with an
anti-inflammatory agent including, for example, corticoster-
oids (e.g., prednisone and fluticasone) and non-steroidal
anti-inflammatory drugs (NSAIDs) (e.g., aspirin, ibuprofen,
and naproxen).

[0097] In some embodiments, when an anti-TIM-3 anti-
body agent is used to treat cancer or an infectious disease,
the TIM-3 binding agent can be administered in combination
with other agents that inhibit immune checkpoint pathways.
For example, an anti-TIM-3 antibody agent can be admin-
istered in combination with agents that inhibit or antagonize
the programmed death 1 protein (PD-1), lymphocyte acti-
vation gene-3 protein (LAG-3), and/or cytotoxic T-lympho-
cyte-associated protein 4 (CTLA-4) pathways. Combination
treatments that simultaneously target two or more of these
immune checkpoint pathways have demonstrated improved
and potentially synergistic antitumor activity (see, e.g.,
Sakuishi et al., J. Exp. Med., 207: 2187-2194 (2010); Ngiow
et al., Cancer Res., 71: 3540-3551 (2011); and Woo et al.,
Cancer Res., 72: 917-927 (2012)). In some embodiments, an
inventive TIM-3 binding agent is administered in combina-
tion with an agent that inhibits LAG-3 signaling and/or an
agent that inhibits PD-1 signaling. In some embodiments, an
inventive TIM-3 binding agent is administered to a subject
that has been administered or will be administered an agent
that inhibits [LAG-3 signaling, such that the subject receives
treatment with both. In some embodiments, an inventive
TIM-3 binding agent is administered to a subject that has
been administered or will be administered an agent that
inhibits PD-1 signaling, such that the subject receives treat-
ment with both. In some embodiments, a mammal that
receives treatment an inventive TIM-3 agent has been or will
receive treatment with an agent that inhibits PD-1 and an
agent that inhibits LAG-3, such that the mammal receives all
three.

[0098] Insome embodiments, an inventive TIM-3 binding
agent is administered in combination with an antibody that
binds to LAG-3 and/or an antibody that binds to PD-1. In
some embodiments, anti-PD-1 antibody is an antibody
selected from the group consisting of: BGB-A317, BI
754091, IBI308, INCSHR-1210, JNJ-63723283, JS-001,
MEDI-0680, MGA-012, nivolumab, PDR001, pembroli-
zumab, PF-06801591, REGN-2810, TSR-042, and deriva-
tives thereof. In some embodiments, an agent that inhibits
PD-1 is an anti-PD-L.1/L.2 agent. In some embodiments, an
anti-PD-L.1/L.2 agent is an anti-PD-L.1 antibody. In some
embodiments, an anti-PD-L.1 antibody agent is atezoli-
zumab, avelumab, CX-072, durvalumab, FAZ053,
LY3300054, PD-L1 millamolecule, or derivatives thereof.

[0099] Insomeembodiments, a subject is receiving or will
receive one or more additional therapies in combination with
a TIM-3-binding agent. In some embodiments, an additional
therapy is a PARP inhibitor. In some embodiments, a PARP
inhibitor is ABT-767, AZD 2461, BGB-290, BGP 15, CEP
8983, CEP 9722, DR 2313, E7016, E7449, fluzoparib (SHR
3162), IMP 4297, INO1001, JPI 289, JPI 547, monoclonal
antibody B3-LysPE40 conjugate, MP 124, niraparib (ZE-
JULA) (MK-4827), NU 1025, NU 1064, NU 1076,
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NU1085, olaparib (AZD2281), ONO2231, PD 128763, R
503, R554, rucaparib (RUBRACA) (AG-014699,
PF-01367338), SBP 101, SC 101914, Simmiparib, tala-
zoparib (BMN-673), veliparib (ABT-888), WW 46, 2-(4-
(Trifluoromethyl)phenyl)-7,8-dihydro-5H-thiopyrano[4,3-
d]pyrimidin-4-ol, and salts or derivatives thereof. In some
embodiments, a PARP inhibitor is niraparib, olaparib, ruca-
parib, talazoparib, and veliparib. In some embodiments,
additional therapies include treatment with a composition
that delivers an agent that inhibits PD-1 and treatment with
a PARP inhibitor such that the subject receives treatment
with all three. In some embodiments, additional therapies
include treatment with a composition that delivers an agent
that inhibits PD-1, treatment with a composition that deliv-
ers an agent that inhibits LAG-3, and treatment with a PARP
inhibitor such that the subject receives treatment with all
four.

[0100] In this respect, a method of treating a disorder that
is responsive to TIM-3 inhibition (e.g., cancer or an infec-
tious disease) in a mammal can further comprise adminis-
tering to the mammal a composition comprising (i) an
antibody that binds to a TIM-3 protein and (ii) a pharma-
ceutically acceptable carrier or a composition comprising (i)
an antibody that binds to a PD-1 protein and (ii) a pharma-
ceutically acceptable carrier. Mammals include, e.g., mice,
rats, rabbits, dogs, cats, cows, horses, non-human primates,
and humans.

[0101] In addition to therapeutic uses, an anti-TIM-3 anti-
body agent described herein can be used in diagnostic or
research applications. In this respect, an anti-TIM-3 anti-
body agent can be used in a method to diagnose a disorder
or disease in which the improper expression (e.g., overex-
pression) or increased activity of TIM-3 causes or contrib-
utes to the pathological effects of the disease or disorder. In
a similar manner, an anti-TIM-3 antibody agent can be used
in an assay to monitor TIM-3 protein levels in a subject
being tested for a disease or disorder that is responsive to
TIM-3 inhibition. Research applications include, for
example, methods that utilize an anti-TIM-3 antibody agent
and a label to detect a TIM-3 protein in a sample, e.g., in a
human body fluid or in a cell or tissue extract. An anti-TIM-3
antibody agent t can be used with or without modification,
such as covalent or non-covalent labeling with a detectable
moiety. For example, the detectable moiety can be a radio-
isotope (e.g., °H, *C, 2P, *°S, or '*I), a fluorescent or
chemiluminescent compound (e.g., fluorescein isothiocya-
nate, rhodamine, or luciferin), an enzyme (e.g., alkaline
phosphatase, beta-galactosidase, or horseradish peroxidase),
or prosthetic groups. Any method known in the art for
separately conjugating an antigen-binding agent (e.g., an
antibody) to a detectable moiety may be employed in the
context of the invention (see, e.g., Hunter et al., Nature, 194:
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495-496 (1962); David et al., Biochemistry, 13: 1014-1021
(1974); Pain et al., J. Immunol. Meth., 40: 219-230 (1981);
and Nygren, J. Histochem. and Cytochem., 30: 407-412
(1982)).

[0102] TIM-3 protein levels can be measured using an
inventive TIM-3-binding agent by any suitable method
known in the art. Such methods include, for example,
radioimmunoassay (RIA), and FACS. Normal or standard
expression values of TIM-3 can be established using any
suitable technique, e.g., by combining a sample comprising,
or suspected of comprising, TIM-3 with a TIM-3-specific
antibody under conditions suitable to form an antigen-
antibody complex. The antibody is directly or indirectly
labeled with a detectable substance to facilitate detection of
the bound or unbound antibody. Suitable detectable sub-
stances include various enzymes, prosthetic groups, fluores-
cent materials, luminescent materials, and radioactive mate-
rials (see, e.g., Zola, Monoclonal Antibodies: A Manual of
Techniques, CRC Press, Inc. (1987)). The amount of TIM-3
polypeptide expressed in a sample is then compared with a
standard value.

[0103] An anti-TIM-3 antibody agent can be provided in
a kit, e.g., a packaged combination of reagents in predeter-
mined amounts with instructions for performing a diagnostic
assay. If an anti-TIM-3 antibody agent is labeled with an
enzyme, the kit desirably includes substrates and cofactors
required by the enzyme (e.g., a substrate precursor which
provides a detectable chromophore or fluorophore). In addi-
tion, other additives may be included in the kit, such as
stabilizers, buffers (e.g., a blocking buffer or lysis buffer),
and the like. The relative amounts of the various reagents
can be varied to provide for concentrations in solution of the
reagents which substantially optimize the sensitivity of the
assay. The reagents may be provided as dry powders (typi-
cally lyophilized), including excipients which on dissolution
will provide a reagent solution having the appropriate con-
centration.

[0104] Other features of the invention will become appar-
ent in the course of the following descriptions of exemplary
embodiments, which are given for illustration of the inven-
tion and are not intended to be limiting thereof.

EXEMPLIFICATION
Example 1

Description of Certain Exemplary Anti-TIM-3
Antibodies

[0105] This example describes particular anti-TIM-3 anti-
body heavy chain polypeptide and light chain polypeptide
sequences and nucleic acids encoding the same.

An anti-TIM-3 antibody heavy chain polypeptide

(SEQ ID NO: 1)

EVQLLESGGGLVQPGGSLRLSCAAASGFTFSSYDMSWVRQAPGKGLDW

VSTISGGGTYTYYQDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYC

ASMDYWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFP

EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCN

VDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISR
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-continued
TPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNS TYRVV

SVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPP
SQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

An anti-TIM-3 antibody light chain polypeptide

(SEQ ID NO:

DIQMTQSPSSLSASVGDRVTITCRASQSIRRYLNWYHQKPGKAPKLLIYGA
STLQSGVPSRFSGSGSGTDFTLTISSLQPEDFAVYYCQQSHSAPLTFGGGT
KVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDN
ALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS
SPVTKSFNRGEC

An anti-TIM-3 antibody heavy chain polypeptide with a signal
sequence

(SEQ ID NO:

MEFGLSWLFLVAILKGVQCEVQLLESGGGLVQPGGSLRLSCAAASGEFTFS

SYDMSWVRQAPGKGLDWVSTISGGGTYTYYQDSVKGRFTISRDNSKNTL
YLOMNSLRAEDTAVYYCASMDYWGQGTTVTVSSASTKGPSVFPLAPCSR
STSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS
VVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHN
AKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTI
SKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNH
YTQKSLSLSLGK

An anti-TIM-3 antibody light chain polypeptide with a signal
sequence

(SEQ ID NO:

MDMRVPAQLLGLLLLWLRGARCDIQMTQSPSSLSASVGDRVTITCRASQS

IRRYLNWYHQKPGKAPKLLIYGASTLQSGVPSRFSGSGSGTDFTLTISSLQ
PEDFAVYYCQQSHSAPLTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTA
SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTL
TLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Nucleotide sequence encoding anti-TIM-3 antibody heavy chain
polypeptide

(SEQ ID NO:

GAG GTG CAG CTG TTG GAG TCT GGG GGA GGC TTG GTA CAG CCT

GGG GGG TCC CTG AGA CTC TCC TGT GCA GCA GCC TCT GGA TTC

ACT TTC AGT AGC TAT GAC ATG TCT TGG GTC CGC CAG GCT CCA

GGG AAG GGG CTG GAC TGG GTC TCA ACC ATT AGT GGT GGT GGT

ACT TAC ACC TAC TAT CAA GAC AGT GTG AAG GGG CGG TTC ACC

ATC TCC AGA GAC AAT TCC AAG AAC ACG CTG TAT CTG CAA ATG

AAC AGC CTG AGA GCC GAG GAC ACG GCC GTA TAT TAC TGT GCG

TCC ATG GAC TAC TGG GGG CAA GGG ACC ACG GTC ACC GTC TCC

TCA GCA TCC ACC AAG GGC CCA TCG GTC TTC CCG CTA GCA CCC

TGC TCC AGG AGC ACC TCC GAG AGC ACA GCC GCC CTG GGC TGC

6)

3)
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CTG

AAC

GTC

ACC

AAC

GTT

CCT

ACG

CAG

ARG

GTG

GGC

TCC

CGA

ATG

TTC

CAG

TCC

ARG

ATG

TCC

GTC

TCA

CTA

GTG

GTA

GAG

GAG

cce

TGC

TTC

ACA

GTC

AAG

TCC

GAG

ACC

TAC

CcCG

GAC

AGC

CAT

CTG

AAG

GGC

CAG

cce

GAT

TCC

TTC

AAG

GTG

AAC

AAG

AGC

GAG

ATC

cca

AAG

cce

GAG

GGC

AGG

GAG

TCT

GAC

GCC

TCC

TCC

CAC

CTG

GAC

GTG

TGG

CcCG

GTC

TAC

GAG

CAG

AAC

AGC

AAC

TCC

TGG

GCT

CTG

TAC

CTG

TCA

AGC

ARG

TAT

GGG

ACT

GTG

TAC

CGG

CTC

ARG

GTG

CAG

GAC

AAC

TTC

CAG

CTG

GGT

Nucleotide sequence
polypeptide

GAC

GTA

ATT

GCC

GGG

TTC

GTG

GGC

cca

TCT

cce

CAA

ARG

ATC

GGA

AGG

CCT

GTC

ACT

TAT

GGA

TCT

GGA

AGA

TCG

GAC

CAG

GAC

AGG

AAG

cca

CTC

TAC

GGG

GTC

ACT

GAG

GGT

AGC

ATG

AGA

TAT

CTC

TCA

ACC

TGT

ACC

TTC

GCC

GCC

AAC

ACC

ACC

GTC

TTA

CTG

AGG

ATC

CAA

ARG

ATC

TCT

TCC

TAC

TTC

ACC

GGA

AGC

cce

GGT

GGA

CTC

GAC

GTG

GAG

ACC

TGC

ACC

TAC

GTC

ATC

TAC

TTC

GAG

CAC

ARA

-continued

CCC GAA CCA GTG

AGC

CTC

TTG

AGC

cce

cca

ATG

GTG

GAT

GAG

GTC

ARG

ATC

ACC

AGC

GCC

ARG

CTC

GGG

AAC

GGC

TAC

GGC

AAC

cca

TCA

ATC

AGC

GGC

CAG

CTG

GTC

TCC

CTG

CTG

GTG

ACC

TAC

AAT

CAC

encoding an

CAG

ACC

AAT

ATC

TTC

AGC

CAG

GTG

TTC

GTT

GTA

CAG

AGC

TCT

ATC

TGG

TAT

AGT

AGT

AGT

GAG

CCG

GTG

CAG

GAG

CTC

cca

ACT

TAT

GGT

GGT

CTG

CAC

ATC

cca

TGC

TGG

AGT

AGC

GTG

TCC

ACG

ACC

TGC

GTC

TCC

CAG

GTG

TTC

CAC

TCC

AARL

cce

ACC

GAG

ACG

AGC

GTC

TAC

anti-TIM-3 antibody light chain

TCC

TGC

CAC

GCA

AGT

CAA

AGT

TCT

CTG

AAG

GTC

AGC

CAC

CTC

AAG

AAG

cca

TTC

CGG

GAA

GAG

AAC

CAG

AAC

GCC

cca

TGC

TGG

CCT

AGG

TTC

ACA

TCC

CGG

CAG

TCC

GGA

CCT

GCC

CGA

GAT

CTG

GTG

ACA

ACC

ACG

ACC

AGC

ACC

GTG

CcCA

CTG

ACC

GAC

GTG

AGC

GAC

TCC

CTG

GAG

ccce

CTA

TCA

CAG

CTG

GCA

ACC

TCT

GAA

ccce

ACT

GAG

AAT

GAT

GAG

CTG

GTG

TTC

AGC

TAC

GAC

TGC

TTC

CCT

cce

CAT

ACG

TGG

GGC

GGG

CAG

GTC

AGC

GTG

ACC

TGC

ARG

TCT

AGT

cca

TTG

GGG

GAT

CTC

GTG

CAA

AAC

AAC

CAG

ACG

TCG

CCG

GTG

ACC

ARG

cca

cce

GAG

GAG

AAT

TAC

CTG

CTC

CAG

GAG

AAT

CTG

GTG

TCC

AGC

GCA

CAG

GGG

CAA

ACA

TTT

ACT

GCT

TTG

TTC

GCC

GAC

CTG

15

TGG
GCT
GTG
TGC
AGA
GCA
cca
GTC
GTC
GCC
CGT
AAC
CcCG
cce
GAG
GGC
GGG
GAC
GAC
GTG

CTC

(SEQ ID NO:

TCT

AGC

AARL

AGT

GAT

GCA

TTC

GCA

TAT

CTC

AGC

AGC
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-continued
AAA GCA GAC TAC GAG AAA CAC AAA GTC TAC GCC TGC GAA GTC
ACC CAT CAG GGC CTC AGC TCG CCC GTC ACA AAG AGC TTC AAC

AGG GGA GAG TGT

[0106]. The sequences abpve describ.e an e).(e?n}plary TABLE 1-continued

humanized monoclonal anti-TIM-3 antibody utilizing a

human IGHG4%*01 heavy chain gene, and a human Expected residues involved in disulfide linkages of an exemplary
IGKC*01 kappa light chain gene, as scaffolds. There is a anti-TIM-3 antibody agent heaV}f chain having an amino acid
single Ser to Pro point mutation in the hinge region of the sequence as set forth in SEQ ID NO: 1.

IgG.4. heavy chain. "[.'his mutat.ion is at t.he canonical S228 Anti-TIM-3 mAb HC
position, corresponding to residue 240 in SEQ ID NO: 5, Cysteine residue Residue (position in
which includes the signal sequence. Without wishing to be D SEQ ID NO: 1)

bound by theory, it is envisioned that this point mutation

serves to stabilize the hinge of the antibody heavy chain. g 14213
[0107] The example further describes biophysical and v 196
biochemical characterization of this exemplary humanized VI 219
monoclonal anti-TIM-3 antibody. Lys-C and trypsin VI 222
digested peptides were well separated and detected by Vil 254
on-line LC-MS analysis. The disulfide bond linkages were ])); ; ég
confirmed by comparison of total ion chromatograms in the X 218

non-reduced (NR) condition with the reduced condition.

Disulfide linkages are consistent with the expected disulfide
linkage pattern for an IgG4 molecule. The residues involved
in the expected inter- and intrachain disulfide linkages are TABLE 2

tabulated below (Tables 1, 2 and 3).

Expected residues involved in disulfide linkages of an exemplary
anti-TIM-3 antibody agent light chain having an amino acid

TABLE 1 sequence as set forth in SEQ ID NO: 2.
Expected residues involved in disulfide linkages of an exemplary anti-TIM-3 mAb LC
anti-TIM-3 antibody agent heavy chain having an amino acid Cysteine residue Residue (position in
sequence as set forth in SEQ ID NO: 1. D SEQ ID NO: 2)

anti-TIM-3 mAb HC I 23

Cysteine residue Residue (position in I 88

D SEQ ID NO: 1) I 134

v 194

I 22 A% 214

I 96
TABLE 3

Exemplary disulfide bond assignments for an anti-TIM-3 antibod

Linkage site on Linkage site on

Disulfide HC (position in LC (position in
bond NO. Disulfide-containing peptides SEQ ID NO: 1) SEQ ID NO: 2)
DS1 VTITCR=FSGSGSGTDFTLTISSLQPEDF 23
AVYYCQQSHSAPLTFGGGTK 88
DS2 SGTASVVCLLNNFYPR=VYACEVTHQGLS 134
SPVTK 194
DS3 SFNRGEC=GPSVFPLAPCSR 127 214

GEC=GPSVFPLAPCSR

DS4 LSCAAASGFTFSSYDMSWVR=AEDTA 22
VYYCASMDYWGQGTTVTVSSASTK 97

DS5 STSESTAALGCLVK=TYTCNVDHK 140
STSESTAALGCLVK=TYTCNVDHKPSNTK 196

DSé YGPPCPPCPAPEFLGGPSVFLFPPK=YGPPC 219
PPCPAPEFLGGPSVFLFPPK
YGPPCPPCPAPEFLGGPSVFLFPPK=YGPPC 222

PPCPAPEFLGGPSVFLFPPKPK



US 2019/0284280 Al

TABLE 3-continued
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Exemplary disulfide bond asgignments for an anti-TIM-3 antibod:
Linkage site on Linkage site on
Disulfide HC (position in LC (position in
bond NO. Disulfide-containing peptides SEQ ID NO: 1) SEQ ID NO: 2)
Ds7 TPEVTCVVVDVSQEDPEVQFNWYVDGVE 254
VHNAK=CK 314
Ds8 NQVSLTCLVK=WQEGNVFSCSVMHEALH 360
NHYTQK 418

LC: light chain; HC: heavy chain

[0108] This exemplary anti-TIM-3 antibody exhibits an
occupied N-glycosylation site at asparagine residue 290 in
the CH2 domain of each heavy chain in the mature protein
sequence (SEQ ID NO:1). The expressed N-glycosylation at
this site is a mixture of oligosaccharide species typically
observed on IgGs expressed in mammalian cell culture, for
example, shown below is the relative abundance of glycan
species from a preparation of this exemplary anti-TIM-3
antibody cultured in Chinese Hamster Ovary (CHO) cells
(Table 4).

TABLE 4

Glycan Analysis of an anti-TIM-3 antibody binding agent

Abundance
(% of total

Species  oligosaccharide) Description of Glycan

GOF 20.1% Core fucosylated agalactobiantennary
complex-type oligosaccharide

G1F 41.9% Core fucosylated monogalactosylated
biantennary complex type oligosaccharide

G2F 29.0% Core-fucosylated galactosylated biantennary
complex type oligosaccharide

G2FS1 3.2% Monosialylated core fucosylated
galactosylated biantennary complex type
oligosaccharide

G2FS2 1.2% Disialylated core fucosylated galactosylated
biantennary complex type oligosaccharide

M5 0.4% Oligomannosidic N-linked oligosaccharide,
Man;GleNAc,

Example 2

Binding of an Exemplary Anti-TIM-3 Antibody to
Recombinant TIM-3

[0109] This example describes binding of an exemplary
anti-TIM-3 antibody (having heavy and light chains as set
forth in SEQ ID NOs: 1 & 2, respectively) to recombinant
TIM-3 polypeptides. Specifically, this example demon-
strates high affinity binding of an exemplary antibody to
soluble TIM-3 fusions and cell-expressed recombinant
TIM-3 as determined using surface plasmon resonance
(SPR) and flow cytometry, respectively.

[0110] SPR analyses were carried out using a Biacore
T200, and kinetic constants were determined using Biacore
T200 Evaluation software. Experimental parameters were
chosen such that saturation was reached at the highest
antigen concentrations and Rmax values were kept under 50
response units (RU). GE anti-mouse 1gG (Fc-specific) was
immobilized on a Biacore CMS5 chip using EDC-activated
amine coupling chemistry. Dimeric soluble human TIM-3
mlgG2a Fc was then captured onto this surface to a target

capture level of ~70 RU or less. Next an exemplary anti-
TIM-3 antibody (having heavy and light chains as set forth
in SEQ ID NOs: 1 & 2, respectively) was flowed over the
surface with captured antigen (TIM-3 fusion). Capture and
analyte binding were performed in HBS-EP+ buffer. The
captured antigen and antibodies were removed between each
cycle to ensure a fresh binding surface for each concentra-
tion of antigen. The resulting sensorgrams were fitted glob-
ally using a 1:1 binding model to calculate on- and off-rates
(K,ss0e and k.. respectively), and dissociation constants
as a measure of overall affinity (K,). SPR measurements
demonstrated that an exemplary anti-TIM-3 antibody bound
to both human and cynomolgus monkey TIM-3 with high
affinity with K, estimates of 7 and 17 pM, respectively
(Table 4). Further binding analyses determined that the
exemplary anti-TIM-3 antibody did not substantially bind to
human TIM-1 polypeptide or human PD-1 polypeptide (data
not shown).

[0111] Flow cytometry studies were performed with CHO-
K1 cell line clones in which native human or cynomolgus
monkey TIM-3 was stably transfected. An exemplary anti-
TIM-3 antibody (having heavy and light chains as set forth
in SEQ ID NOs: 1 & 2, respectively) was diluted in 3-fold
dilutions. Dilutions of exemplary antibody were added to
human or cynomolgus monkey TIM-3 expressing CHO-K1
cells (1ES cells) and incubated on ice. Cells were washed
twice and incubated on ice with PE-conjugated goat anti-
human IgG4 to detect antibody binding. Cells were washed
and resuspended in the presence of propidium iodide to
exclude dead cells and fixed before fluorescence was ana-
lyzed on a BD FACSArray (BD Biosciences). Data were
analyzed for median fluorescence intensity, graphed, and
curves fitted for EC5, value calculation in GraphPad Prism
(GraphPad Software, Inc.) using a non-linear (sigmoidal)
regression analysis. This exemplary anti-TIM-3 antibody
was found to bind to cell-surface human and cynomolgus
monkey TIM-3 with an ECs, of 0.17 and 0.27 nM, respec-
tively (Table 5).

TABLE 5

Binding of exemplary anti-TIM-3 antibody to TIM-3 by Surface Plasma
Resonance (SPR) and TIM-3 Expressing CHO-K1 cells

TIM-3 expressing

Kinetic Parameters (SPR) CHO-K1 cells
Species Kassoe M) Koo 571 Kp (PM) ECso @M)
Human 1.5x 107  11x107™* 7 0.17
Cynomolgus 1.1x107  1.9x10™ 17 0.27
monkey

Kassoe = association rate constant;
Kgissoe = dissociation rate constant;
Kp = dissociation constant.
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[0112] This example demonstrates that anti-TIM-3 anti-
bodies within the scope of the present invention can spe-
cifically bind to TIM-3 polypeptides with high affinity.

Example 3

TIM-3 Blockade Enhances T Cell Activation in
Exhausted Immune Cells

[0113] This example describes characterization of an
exemplary anti-TIM-3 antibody agent in an in vitro T-cell
exhaustion model characterized by increased expression of
PD-1 and TIM-3 (FIG. 2A). Specifically, spleen was
removed from MBP-Tracker mice and processed to generate
single cell suspension of splenocytes. Cells were resus-
pended at 3x10°/mL and stimulated with WT-MBP or APL-
MBP for 72 hours. Following stimulation, T cells were
purified by ficoll density gradient and subsequently re-plated
at 2x10%mL in 20 U/mL IL-2 for four days. After 4 days,
cells were collected, resuspended (4x10°/mL, final 2x10*
per well) and restimulated using irradiated APC (from
B10PLxC57BL/6 mice, 4x10%mL, final 2x10° per well) a
single dose of APL-MBP peptide, together with test or
reference substance or appropriate controls for 72 hours.
Culture supernatants were collected and stored frozen for
subsequent assessments.

[0114] Assessment of cytokine production by ELISA indi-
cated that TIM-3 blockade significantly enhanced IFN-y
production in this system (FIG. 2B). Accordingly, this
example demonstrates that anti-TIM-3 antibodies can acti-
vate exhausted immune cells.

[0115] Having thus described at least several aspects and
embodiments of this invention, it is to be appreciated that
various alterations, modifications, and improvements will
readily be apparent to those skilled in the art. Such altera-
tions, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit

and scope of the invention. Accordingly, the foregoing
description are by way of example only and the invention is
described in detail by the claims that follow.

[0116] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein. The use of
the terms “a” and “an” and “the” and “at least one” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The use of the term “at least one” followed by a list of
one or more items (for example, “at least one of A and B”)
is to be construed to mean one item selected from the listed
items (A or B) or any combination of two or more of the
listed items (A and B), unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,”
“having,” “including,” and “containing” are to be construed
as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein,
and each separate value is incorporated into the specification
as if it were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as
essential to the practice of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1

<211> LENGTH: 440

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 1

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ala Ser Gly Phe Thr Phe Ser Ser

20 25 30
Tyr Asp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Asp Trp
35 40 45
Val Ser Thr Ile Ser Gly Gly Gly Thr Tyr Thr Tyr Tyr Gln Asp Ser
50 55 60

Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu

65 70 75 80

Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr

85 90 95
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-continued

Cys Ala Ser Met Asp Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser
100 105 110

Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser
115 120 125

Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp
130 135 140

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr
145 150 155 160

Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr
165 170 175

Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys
180 185 190

Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp
195 200 205

Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala
210 215 220

Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro
225 230 235 240

Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val
245 250 255

Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val
260 265 270

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
275 280 285

Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln
290 295 300

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly
305 310 315 320

Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro
325 330 335

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr
340 345 350

Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
355 360 365

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
370 375 380

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
385 390 395 400

Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe
405 410 415

Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
420 425 430

Ser Leu Ser Leu Ser Leu Gly Lys
435 440

<210> SEQ ID NO 2

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide
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-continued

<400> SEQUENCE: 2

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Arg Arg Tyr
20 25 30

Leu Asn Trp Tyr His Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile

Tyr Gly Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ser His Ser Ala Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> SEQ ID NO 3

<211> LENGTH: 1320

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 3

gaggtgcage tgttggagtc tgggggagge ttggtacage ctggggggtce cctgagactce 60
tcctgtgeag cagectetgg attcacttte agtagetatg acatgtettg ggtcegecag 120
getccaggga aggggctgga ctgggtctca accattagtg gtggtggtac ttacacctac 180
tatcaagaca gtgtgaaggg gcggttcace atcteccagag acaattccaa gaacacgcetg 240
tatctgcaaa tgaacagect gagagccgag gacacggeceg tatattactg tgegtccatg 300
gactactggg ggcaagggac cacggtcacc gtctectcag catccaccaa gggeccateg 360
gtcttecege tagcaccctg ctccaggage acctecgaga gcacagecge cctgggetge 420
ctggtcaagg actacttecee cgaaccagtg acggtgtegt ggaactcagg cgecctgacce 480
agcggegtge acaccttece ggetgtecta cagtectcag gactctacte cctcagcage 540
gtggtgaccyg tgccctecag cagettggge acgaagacct acacctgcaa cgtagatcac 600

aagcccagca acaccaaggt ggacaagaga gttgagtcca aatatggtce cccatgecca 660
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-continued
ccatgecccag cacctgagtt cctgggggga ccatcagtct tcectgttcce cccaaaaccce 720
aaggacactc tcatgatctc ccggacccct gaggtcacgt gegtggtggt ggacgtgagce 780
caggaagacc ccgaggtcca gttcaactgg tacgtggatg gcecgtggaggt gcataatgcec 840
aagacaaagc cgcgggagga gcagttcaac agcacgtacc gtgtggtcag cgtcctcacc 900
gtcctgcace aggactggct gaacggcaag gagtacaagt gcaaggtctc caacaaaggc 960

ctecegtect ccatcgagaa aaccatctcec aaagccaaag ggcagcccceyg agagcecacag 1020
gtgtacacce tgcccccate ccaggaggag atgaccaaga accaggtcag cctgacctge 1080
ctggtcaaag gcttctacce cagcgacatce gecgtggagt gggagagcaa tgggcagccg 1140
gagaacaact acaagaccac gcctccegtg ctggactceg acggctectt cttectcectac 1200
agcaggctaa ccgtggacaa gagcaggtgg caggagggga atgtcttcte atgctcececgtg 1260
atgcatgagg ctctgcacaa ccactacaca cagaagagcc tctcecctgte tetgggtaaa 1320
<210> SEQ ID NO 4

<211> LENGTH: 642

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 4

gacatccaga tgacccagtce tccatcctcee ctgtctgcat ctgtaggaga cagagtcacce 60
atcacttgce gggcaagtca gagcattagg aggtatttaa attggtatca ccagaaacca 120
gggaaagccee ctaagctcct gatctatggt gcatccacct tgcaaagtgg ggtcccatca 180
aggttcagtg gtagtggatc tgggacagat ttcactctca ccatcagcag tctgcaacct 240
gaagattttyg cagtgtatta ctgtcaacag agtcacagtg cccccctcac ttteggegga 300
gggaccaagyg tggagatcaa acgaactgtg gctgcaccat ctgtcttcat cttecccgeca 360
tctgatgage aattgaaatc tggaactgece tetgttgtgt gectgctgaa taacttctat 420
cccagagagg ccaaagtaca gtggaaggtg gataacgccce tccaatcggyg taactcccag 480
gagagtgtca cagagcagga cagcaaggac agcacctaca gcctcagcag caccctgacyg 540
ctgagcaaag cagactacga gaaacacaaa gtctacgect gcgaagtcac ccatcaggge 600
ctcagctecge cecgtcacaaa gagcttcaac aggggagagt gt 642

<210> SEQ ID NO 5

<211> LENGTH: 459

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 5

Met Glu Phe Gly Leu Ser Trp Leu Phe Leu Val Ala Ile Leu Lys Gly
1 5 10 15

Val Gln Cys Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln
20 25 30

Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ala Ser Gly Phe Thr
35 40 45
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-continued

Phe Ser Ser Tyr Asp Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly
50 55 60

Leu Asp Trp Val Ser Thr Ile Ser Gly Gly Gly Thr Tyr Thr Tyr Tyr
65 70 75 80

Gln Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys
85 90 95

Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala
100 105 110

Val Tyr Tyr Cys Ala Ser Met Asp Tyr Trp Gly Gln Gly Thr Thr Val
115 120 125

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
130 135 140

Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu
145 150 155 160

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
165 170 175

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
180 185 190

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
195 200 205

Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr
210 215 220

Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro
225 230 235 240

Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro
245 250 255

Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr
260 265 270

Cys Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn
275 280 285

Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg
290 295 300

Glu Glu Gln Phe Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val
305 310 315 320

Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser
325 330 335

Asn Lys Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys
340 345 350

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu
355 360 365

Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
370 375 380

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
385 390 395 400

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
405 410 415

Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly
420 425 430

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
435 440 445

Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys
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-continued

450 455

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 6
LENGTH: 236
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
polypeptide

<400> SEQUENCE: 6
Val
5

Met Asp Met Arg Ala Gln

1

Leu Leu Leu

10

Pro Leu Gly

Ala
20

Ile Gln

25

Leu Arg Gly Arg Cys Asp Met Thr Gln Ser

Ala
35

Leu Ser Ser Val Gly Asp Arg Val Thr Ile Thr

40

Cys
45
Gln

Ile Gln

60

Leu Asn His

55

Ser
50

Arg Arg Tyr Trp Tyr Lys

Ala
65

Ile
70

Ala Thr

75

Pro Lys Leu Leu Tyr Gly Ser Leu Gln

Phe Ser Ser Ser Thr Phe

85

Pro Ser Arg Gly Gly Gly

90

Asp

Ile Gln Glu Phe

105

Leu Pro Ala Val

100

Ser Ser Asp Tyr Tyr

Ala Thr Phe

120

Ser Pro Leu Thr

115

Ser His Gly Gly Gly Lys

125

Thr Val Ala Ala Val Phe Ile Phe

140

Pro Ser Pro

135

Lys Arg

130

Glu
145

Gln Thr Ala Val Val

155

Leu Lys Ser Gly Ser Leu

150

Cys

Phe Glu

165

Tyr Pro Arg Ala Lys Val Gln Trp Val

170

Lys Asp

Gln Gln Glu Val

185

Asn Ser Ser Thr Glu Gln

180

Ser Gly Asp

Thr Thr

200

Ser Tyr Ser Leu Ser Ser Leu Thr Leu Ser

195

Lys
205
Glu

Val Ala

215

Glu Val Thr His Gln

220

Lys His

210

Lys Tyr Cys

Val Thr Phe Glu

235

Ser Asn

230

Ser Pro

225

Lys Arg Gly Cys

Artificial Sequence:

Leu

Pro

30

Arg

Pro

Ser

Thr

Cys

110

Val

Pro

Leu

Asn

Ser

190

Ala

Gly

Synthetic

Leu
15

Trp
Ser Ser
Ala Ser
Gly Lys

Val
80

Gly

Leu Thr

95

Gln Gln

Glu Ile
Ser

Asp

Asn
160

Asn

Ala
175

Leu
Lys Asp
Asp Tyr

Leu Ser

1. A polypeptide that is capable of binding T Cell Immu-
noglobulin and Mucin Protein 3 (TIM-3), wherein the poly-
peptide comprises an amino acid sequence having at least
80%, 85%, 90%, 95%, 96% 97%, 98%, or 99% sequence
identity to SEQ ID NO: 1.

2. A heavy chain polypeptide comprising an amino acid
sequence having at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% sequence identity to SEQ ID NO: 1.

3. The heavy chain polypeptide of claim 2, wherein the
polypeptide binds T Cell Immunoglobulin and Mucin Pro-
tein 3 (TIM-3).

4. A polypeptide that is capable of binding T Cell Immu-
noglobulin and Mucin Protein 3 (TIM-3), wherein the poly-

peptide comprises an amino acid sequence having at least
80%, 85%, 90%, 95%, 98%, or 99% sequence identity to
SEQ ID NO: 2.

5. A light chain polypeptide comprising an amino acid
sequence having at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% sequence identity to SEQ ID NO: 2.

6. The heavy chain polypeptide of claim 5, wherein the
polypeptide binds T Cell Immunoglobulin and Mucin Pro-
tein 3 (TIM-3).

7. A polypeptide comprising a polypeptide of anyone of
claims 1-3 and/or a polypeptide of any one of claims 4-6,
wherein the polypeptide comprises at least one disulfide
bond formed by a first cysteine and a second cysteine, and
wherein:
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1) the first cysteine is selected from residue 22, 96, 127,
140, 196, 219, 222, 254, 314, 360 and 418 of SEQ ID
NO: 1, and the second cysteine is selected from residue
23, 88, 134, 194, and 214 of SEQ ID NO: 2;

i1) the first cysteine is selected from residue 22, 96, 127,
140, 196, 219, 222, 254, 314, 360 and 418 of SEQ ID
NO: 1, and the second cysteine is selected from 22, 96,
127, 140, 196, 219, 222, 254, 314, 360 and 418 of SEQ
ID NO: 1;

iii) the first cysteine is selected from residue 23, 88, 134,
194, and 214 of SEQ ID NO: 2, and the second cysteine
is selected from residue 23, 88, 134, 194, and 214 of
SEQ ID NO: 2;

iv) the first residue is residue 23 of SEQ ID NO: 2, and
the second residue is residue 88 of SEQ ID NO: 2;

v) the first residue is residue 134 of SEQ ID NO: 2, and
the second residue is residue 194 of SEQ ID NO: 2;

vi) the first residue is residue 214 of SEQ ID NO: 2, and
the second residue is residue 127 of SEQ ID NO: 1;

vii) the first residue is residue 22 of SEQ ID NO: 1, and
the second residue is residue 97 of SEQ ID NO: 1;

viii) the first residue is residue 140 of SEQ ID NO: 1, and
the second residue is residue 196 of SEQ ID NO: 1;

ix) the first residue is residue 219 of SEQ ID NO: 1, and
the second residue is residue 222 of SEQ ID NO: 1;

x) the first residue is residue 254 of SEQ ID NO: 1, and
the second residue is residue 314 of SEQ ID NO: 1; or

xi) the first residue is residue 360 of SEQ ID NO: 1, and
the second residue is residue 418 of SEQ ID NO: 1.

8. The polypeptide of any one of claims 1-7, wherein the

polypeptide contains at least one asparagine that is glyco-
sylated.
9. An isolated nucleic acid sequence encoding a polypep-
tide comprising an amino acid sequence of SEQ ID NO: 1.

10. An isolated nucleic acid sequence encoding a poly-
peptide comprising an amino acid sequence of SEQ ID NO:
2.

11. An isolated nucleic acid whose sequence comprises
SEQ ID NO:3.

12. An isolated nucleic acid whose sequence comprises
SEQ ID NO:4.

13. A vector comprising the isolated nucleic acid
sequence of any one of claims 9-12.

14. An isolated cell comprising the vector of claim 13.

15. An antibody agent comprising the polypeptide of any
one of claims 1-8.

16. The antibody agent of claim 15, wherein the antibody
agent comprises a polypeptide whose amino acid sequence
comprises SEQ ID NO: 1 and a polypeptide whose amino
acid sequence comprises SEQ 1D NO: 2.

17. The antibody agent of claim 15 or 16, wherein the
antibody agent binds TIM-3.

18. The antibody agent of any one of claims 15-17,
wherein the antibody agent binds to TIM-3 with a K,
between about 1 picomolar (pM) and about 100 micromolar
(uUM).

19. A composition comprising (a) the polypeptide of any
one of claims 1-8, (b) the isolated nucleic acid of any one of
claims 9-12, (c¢) the vector of claim 13, (d) the isolated cell
of claim 14, or (e) the antibody agent of any one of claims
15-18.

20. The composition of claim 19, wherein the composi-
tion further comprises a pharmaceutically acceptable carrier.
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21. A method of treating a disorder in a mammal that is
responsive to TIM-3 inhibition, which method comprises
administering an effective amount of the polypeptide of any
one of claims 1-8, the isolated nucleic acid of any one of
claims 9-12, the vector of claim 13, the isolated cell of claim
14, the antibody agent of any one of claims 15-18, or the
composition of claim 19 or 20 to a mammal having a
disorder that is responsive to TIM-3 inhibition, whereupon
the disorder is treated in the mammal.

22. A method of inducing an immune response in a
mammal having a disorder that is responsive to TIM-3
inhibition, comprising administering to said mammal an
effective amount of a TIM-3 agent selected from the group
consisting of: the polypeptide of any one of claims 1-8, the
isolated nucleic acid of any one of claims 9-12, the vector of
claim 13, the isolated cell of claim 14, the antibody agent of
any one of claims 15-18, or the composition of claim 19 or
20, whereupon an immune response is induced in the
mammal.

23. A method of enhancing an immune response or
increasing the activity of an immune cell in a mammal
having a disorder that is responsive to TIM-3 inhibition,
comprising administering to said mammal an effective
amount of a TIM-3 agent selected from the group consisting
of: the polypeptide of any one of claims 1-8, the isolated
nucleic acid of any one of claims 9-12, the vector of claim
13, the isolated cell of claim 14, the antibody agent of any
one of claims 15-18, or the composition of claim 19 or 20,
whereupon an immune response or immune cell activity is
enhanced or increased in the mammal.

24. The method of claim 22 or 23, wherein the immune
response is a humoral or cell mediated immune response.

25. The method of claim 24, wherein the immune
response is a CD4 or CD8 T cell response.

26. The method of claim 24, wherein the immune
response is a B cell response.

27. The method of any one of claims 21-26, wherein the
disorder is cancer.

28. The method of claim 27, wherein the cancer is:

1) a cancer associated with a high tumor mutation burden

(TMB);

ii) a cancer that is microsatellite stable (MSS),

iii) a cancer that is characterized by microsatellite insta-
bility,

iv) a cancer that has a high microsatellite instability status
(MSI-H),

v) a cancer that has a low microsatellite instability status
(MSI-L),

vi) a cancer associated with high TMB and MSI-H,

vii) a cancer associated with high TMB and MSI-L or
MSS,

viii) a cancer that has a defective DNA mismatch repair
system,

ix) a cancer that has a defect in a DNA mismatch repair
gene,

x) a hypermutated cancer,

Xi) a cancer comprising a mutation in polymerase epsilon
(POLE),

xii) adenocarcinoma, endometrial cancer, breast cancer,
ovarian cancet, cervical cancer, fallopian tube cancer,
testicular cancer, primary peritoneal cancer, colon can-
cer, colorectal cancer, stomach cancer, small intestine
cancer, squamous cell carcinoma of the anogenital
region, melanoma, renal cell carcinoma, lung cancer,
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non-small cell lung cancer, adenocarcinoma of the
lung, squamous cell carcinoma of the lung, stomach
cancer, bladder cancer, gall bladder cancer, liver cancer,
thyroid cancer, laryngeal cancer, salivary gland cancer,
esophageal cancer, head and neck cancer, squamous
cell carcinoma of the head and neck, prostate cancer,
pancreatic cancer, mesothelioma, Merkel cell carci-
noma, sarcoma, glioblastoma, a hematological cancer,
multiple myeloma, B-cell lymphoma, T-cell lym-
phoma, Hodgkin’s lymphoma/primary mediastinal
B-cell lymphoma, or chronic myelogenous leukemia,
or

xiii) a cancer of xii), wherein the cancer is MSS or MSI-L,,

is characterized by microsatellite instability, is MSI-H,
has high TMB, has high TMB and is MSS or MSI-L,
has high TMB and is MSI-H, has a defective DNA
mismatch repair system, has a defect in a DNA mis-
match repair gene, is a hypermutated cancer, or com-
prises a mutation in polymerase epsilon (POLE).

29. The method of any one of claims 21-26, wherein the
disorder is an infectious disease.

30. The method of claim 29, wherein the infectious
disease is caused by a virus or a bacterium.

31. The method of claim 30, wherein the virus is human
immunodeficiency virus (HIV), respiratory syncytial virus
(RSV), influenza virus, dengue virus, or hepatitis B virus
(HBV).

32. The method of any one of claims 21-26, wherein the
disorder is an autoimmune disease.

33. The method of claim 32, wherein the autoimmune
disease is multiple sclerosis, type 1 diabetes mellitus, rheu-
matoid arthritis, scleroderma, Crohn’s disease, psoriasis,
systemic lupus erythematosus (SLE), or ulcerative colitis.

34. The method of any one of claims 21-33, wherein the
mammal has been administered or will be administered an
agent that inhibits PD-1, such that the mammal receives
both.

35. The method of claim 34, wherein the agent that
inhibits PD-1 is a PD-1-binding agent.

36. The method of claim 35, wherein the PD-1-binding
agent is an antibody, an antibody conjugate, or an antigen-
binding fragment thereof.

37. The method of claim 36, wherein the anti-PD-1
antibody is an antibody selected from the group consisting
of: BGB-A317, BI 754091, IBI308, INCSHR-1210, JNIJ-
63723283, JS-001, MEDI-0680, MGA-012, nivolumab,
PDRO01, pembrolizumab, PF-06801591, REGN-2810,
TSR-042, and derivatives thereof.

38. The method of claim 34, wherein the agent that
inhibits PD-1 is an anti-PD-L.1/[.2 agent.

39. The method of claim 38, wherein the anti-PD-1.1/1.2
agent is an anti-PD-L1 antibody.

40. The method of claim 39, wherein the anti-PD-L1
antibody agent is atezolizumab, avelumab, CX-072, dur-
valumab, FAZ053, LY3300054, PD-L1 millamolecule, or
derivatives thereof.

41. The method of any one of claims 21-40, wherein the
mammal has been administered or will be administered an
agent that inhibits LAG-3, such that the mammal receives
both.

42. The method of claim 41, wherein the agent that
inhibits LAG-3 is a LAG-3-binding agent.
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43. The method of claim 42, wherein the LAG-3-binding
agent is an antibody, an antibody conjugate, or an antigen-
binding fragment thereof.

44. The method of any one of claim 41-43, wherein the
mammal has received or will receive treatment with each of
an agent that inhibits TIM-3, an agent that inhibits PD-1 and
an agent that inhibits LAG-3, such that the mammal receives
all three.

45. The method of any one of claims 21-44, wherein the
mammal has been administered or will be administered an
agent that inhibits PARP, such that the mammal receives
both.

46. The method of claim 45, wherein the agent that
inhibits PARP is a small molecule, a nucleic acid, a poly-
peptide (e.g., an antibody), a carbohydrate, a lipid, a metal,
or a toxin.

47. The method of claim 45 or 46, wherein the agent that
inhibits PARP is selected from the group consisting of:
ABT-767, AZD 2461, BGB-290, BGP 15, CEP 8983, CEP
9722, DR 2313, E7016, E7449, fluzoparib (SHR 3162), IMP
4297, INO1001, JPI 289, JPI 547, monoclonal antibody
B3-LysPE40 conjugate, MP 124, niraparib (ZEJULA) (MK-
4827), NU 1025, NU 1064, NU 1076, NU1085, olaparib
(AZD2281), ONO2231, PD 128763, R 503, R554, rucaparib
(RUBRACA) (AG-014699, PF-01367338), SBP 101, SC
101914, Simmiparib, talazoparib (BMN-673), veliparib
(ABT-888), WW 46, 2-(4-(Trifluoromethyl)phenyl)-7,8-di-
hydro-5H-thiopyrano[4,3-d]pyrimidin-4-ol, and salts or
derivatives thereof.

48. The method of any one of claims 45-47, wherein the
mammal receives treatment with each of the TIM-3 agent,
an agent that inhibits PD-1, and an agent that inhibits PARP,
such that the mammal receives all three.

49. The method of claim 48, wherein the method further
comprises the mammal receiving treatment with an agent
that inhibits LAG-3, such that the mammal receives all four.

50. The method of any one of claims 21-49, wherein the
mammal is resistant to treatment with an agent that inhibits
PD-1.

51. The method of any one of claims 21-50, wherein the
mammal is refractory to treatment with an agent that inhibits
PD-1.

52. The method of any one of claims 21-51, wherein the
method sensitizes the mammal to treatment with an agent
that inhibits PD-1.

53. The method of any one of claims 50-52, wherein the
mammal comprises an exhausted immune cell.

54. The method of claim 53, wherein the exhausted
immune cell is an exhausted T cell.

55. The method of any one of claims 21-54, wherein the
mammal is human.

56. The method of any one of claims 21-55, wherein the
mammal has previously been treated with one or more
different cancer treatment modalities.

57. The method of claim 56, wherein the mammal has
previously been treated with one or more of surgery, radio-
therapy, chemotherapy, or immunotherapy.

58. The method of claim 56 or 57, wherein the mammal
has previously been treated with a cytotoxic therapy.

59. The method of any one of claims 21-58, wherein the
method further comprises administering another therapeutic
agent or treatment.

60. The method of claim 59, wherein the method further
comprises administering one or more of surgery, a radio-
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therapy, a chemotherapy, an immunotherapy, an anti-angio-
genic agent, or an anti-inflammatory.

61. A method of manufacturing the polypeptide of any one
of claims 1-8 by expressing a nucleic acid encoding the
polypeptide in a host cell culture.

62. A method of manufacturing the antibody agent of any
one of claims 15-18 by expressing a nucleic acid encoding
the antibody agent in a host cell culture.

63. A method of manufacturing the composition of claim
19 or 20 by combining the polypeptide of any one of claims
1-8, the isolated nucleic acid of any one of claims 9-12, the
vector of claim 13, the isolated cell of claim 14, or the
antibody agent of any one of claims 15-18 with a pharma-
ceutically acceptable carrier and formulating for adminis-
tration to a subject.

64. The method of claim 63, wherein the step of formu-
lating for administration comprises formulating for parent-
eral delivery.

65. A method of manufacturing the polypeptide of any one
of claims 1-8, the isolated nucleic acid of any one of claims
9-12, the vector of claim 13, the isolated cell of claim 14, the
antibody agent of any one of claims 15-18, or the compo-
sition of claim 19 or 20 for use in one of the methods of
anyone of claims 21-60.
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