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ANTI-IDO ANTIBODY AND USES THEREOF
REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY VIA EFS-WEB

[0001] The content of the electronically submitted sequence listing in ASCII text file (Name:
191118 SEQT 13179WOPCT .txt; Size: approximately 20 KB; and Date of Creation: November 18, 2019) filed

with the application is herein incorporated by reference in its entirety.
BACKGROUND OF THE DISCLOSURE

[0002] Indoleamine 2,3-dioxygenase (IDO; also known as IDO1) is an IFN-y target gene that plays a role
in immunomodulation. IDO is an oxidoreductase and one of two enzymes that catalyze the first and rate-
limiting step in the conversion of tryptophan to N-formyl-kynurenine, leading to immune suppression in the
tumor microenvironment. It exists as a 41kD monomer that is found in several cell populations, including
immune cells, endothelial cells, and fibroblasts.
[0003] IDO plays a major role in immune regulation, and its immunosuppressive function manifests in
several manners. Importantly, IDO regulates immunity at the T cell level, and a nexus exists between IDO and
cytokine production. In addition, tumors frequently manipulate immune function by upregulation of IDO.
Thus, modulation of IDO can have a therapeutic impact on a number of diseases, disorders and conditions.
[0004] A pathophysiological link exists between IDO and cancer. Disruption of immune homeostasis is
intimately involved with tumor growth and progression, and the production of IDO in the tumor
microenvironment appears to aid in tumor growth and metastasis. Moreover, increased levels of IDO activity
are associated with a variety of different tumors (Brandacher, G. et al., Clin. Cancer Res., 12(4):1144-1151
(Feb. 15, 2006)).
[0005] Recent advances in the treatment of cancer and cancer-related discases, disorders and conditions
comprise the use of combination therapy incorporating immunotherapy with more traditional chemotherapy and
radiotherapy. Under most scenarios, immunotherapy is associated with less toxicity than traditional
chemotherapy because it utilizes the patient's own immune system to identify and eliminate tumor cells. [0001]
In addition to cancer, IDO has been implicated in, among other conditions, immunosuppression,
chronic infections, and autoimmune diseases or disorders (e.g., theumatoid arthritis). Thus, suppression of
tryptophan degradation by inhibition of IDO activity may have tremendous therapeutic value. Moreover,
inhibitors of IDO can be used to enhance T cell activation when the T cells are suppressed by pregnancy,
malignancy, or a virus (e.g., HIV). Although IDO’s roles are not as well defined, IDO inhibitors may also find
use in the treatment of patients with neurological or neuropsychiatric diseases or disorders (e.g., depression).
[0006] Small molecule inhibitors of IDO have been developed to treat or prevent IDO-associated diseases.
For example, the IDO inhibitors 1-methyl-DL-tryptophan; p-(3-benzofuranyl)-DL-alanine; p-[3-
benzo(b)thienyl]-DL-alanine; and 6-nitro-L-tryptophan have been used to modulate T cell-mediated immunity
by altering local extracellular concentrations of tryptophan and tryptophan metabolites (W01999/29310).
Compounds having IDO inhibitory activity are further reported in W02004/094409 and WO2016/073770.
[0007] The understanding of IDO expression in cancer tissues is limited. Immunohistochemical staining

of tissue sections has been shown to be a reliable method of assessing alteration of protein levels in a
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heterogencous tissue. Immunohistochemistry (IHC) techniques utilize an antibody to probe and visualize
cellular antigens in situ, generally by chromagenic or fluorescent methods. This technique excels because it
avoids the unwanted effects of disaggregation and allows for evaluation of individual cells in the context of
morphology. In addition, the target protein is not altered by the freezing process. High quality, specific
antibodies binding to IDO are needed to detect IDO expression in disease tissues using IHC. Such antibodies

may also be used to identify patients who may benefit from treatment with IDO inhibitors.

SUMMARY OF THE DISCLOSURE

[0008] One aspect of the present disclosure is directed to an antibody that specifically binds to human
Indoleamine 2,3-dioxygenase (IDO), comprising a heavy chain variable region (VH) and a light chain variable
region (VL); wherein the VH comprises the VH complementarity determining region (CDR) 1 (VH-CDR1), VH-
CDR2, and VH-CDR3 of a VH comprising the amino acid sequence of SEQ ID NO: 4, and the VL comprises the
VL-CDRI1, VL-CDR2, and VL-CDR3 of a VL comprising the amino acid sequence of SEQ ID NO: 6.

[0009] Also provided herein is an antibody that specifically binds to human IDO, comprising a heavy chain
variable region (VH) and a light chain variable region (VL); wherein the VH comprises a VH complementarity
determining region (CDR) 1 (VH-CDR1), a VH-CDR2, and a VH-CDR3 and the VL comprises a VL-CDRI1, a
VL-CDR2, and a VL-CDR3; wherein the VH-CDR1 comprises the amino acid sequence set forth in SEQ ID
NO:7, the VH-CDR2 comprises the amino acid sequence set forth in SEQ ID NO:8, the VH-CDR3 comprises the
amino acid sequence set forth in SEQ ID NO:9, the VL-CDR1 comprises the amino acid sequence set forth in
SEQ ID NO:10, the VL-CDR2 comprises the amino acid sequence set forth in SEQ ID NO:11, and the VL-CDR3
comprises the amino acid sequence set forth in SEQ ID NO:12.

[0010] Also provided herein is an antibody that specifically binds to human IDO, comprising a heavy chain
variable region (VH) and a light chain variable region (VL), wherein the VH comprises the amino acid sequence
of SEQ ID NO: 4, and the VL comprises the amino acid sequence set forth in SEQ ID NO: 6.

[0011] Also provided herein is an antibody that specifically binds to human IDO, comprising a heavy
chain comprising the amino acid sequence set forth in SEQ ID NO: 13 and a light chain comprising the amino
acid sequence set forth in SEQ ID NO: 15.

[0012] In some embodiments the antibody disclosed herein is a humanized antibody. In some
embodiments the antibody disclosed herein is a chimeric antibody, comprising a constant region of a human
source.

[0013] Also provided herein is a pharmaceutical composition comprising an antibody described herein,
and a pharmaceutically acceptable carrier.

[0014] Also provided herein is a method of detecting human IDO in a biological sample comprising
contacting the biological sample with an antibody described herein under conditions permissive for binding of the
antibody to human IDO, and detecting whether a complex is formed between the antibody and human IDO in the
biological sample.

[0015] Also provided herein is a method of detecting human IDO in a biological sample comprising
contacting the biological sample with an antibody described herein under conditions permissive for binding of the

antibody to human IDO, and detecting binding of the antibody to human IDO in the biological sample.
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[0016] Also provided herein is a method of identifying a cancer patient having an IDO-positive cancer,
comprising contacting a cancer tissue sample from the patient with an antibody described herein under
conditions permissive for binding of the anti-IDO antibody to human IDO, and detecting whether a complex is
formed between the anti-IDO antibody and human IDO in the cancer sample.

[0017] Also provided herein is a method of identifying a cancer patient having an IDO-positive cancer,
comprising contacting a cancer tissue sample from the patient with an antibody described herein under
conditions permissive for binding of the anti-IDO antibody to human IDO, and detecting binding of the anti-
IDO antibody to human IDO in the cancer sample.

[0018] Also provided herein is a method of selecting a cancer patient for treatment with an IDO inhibitor,
comprising determining the level of IDO expression in a cancer sample from the patient

using immunohistochemistry (IHC), wherein an elevated level of IDO expression indicates that the cancer
patient is more likely to benefit from treatment with an IDO inhibitor, wherein IHC is performed using an
antibody described herein.

[0019] Also provided herein is a method of selecting a cancer patient for treatment with an IDO inhibitor,
comprising contacting a cancer sample from the patient with an antibody described herein under conditions
permissive for binding of the anti-IDO antibody to human IDO, and detecting whether a complex is formed
between the anti-IDO antibody and human IDO in the cancer sample.

[0020] Also provided herein is a method of selecting a cancer patient for treatment with an IDO inhibitor,
comprising contacting a cancer sample from the patient with an antibody described herein under conditions
permissive for binding of the anti-IDO antibody to human IDO, and detecting binding of the anti-IDO antibody
to human IDO in the cancer sample.

[0021] Also provided herein is a method of treating a cancer patient with an IDO inhibitor comprising a)
determining the level of IDO expression in a cancer sample from the patient using immunohistochemistry (IHC)
using an anti-IDO antibody described herein, and b) administering to the patient a therapeutically effective
amount of the IDO inhibitor.

[0022] Also provided herein is a method of treating a cancer patient comprising administering to the
patient a therapeutically effective amount of an IDO inhibitor, wherein a cancer sample from the patient has
been determined to have an elevated level of IDO expression using immunohistochemistry (IHC), wherein IHC
is performed using an anti-IDO antibody described herein.

[0023] Also provided herein is a method of treating a cancer patient with an IDO inhibitor comprising
determining whether a cancer sample from the patient has an elevated level of IDO expression, as detected

by immunohistochemistry (IHC) using an anti-IDO antibody described herein, and administering to the patient a
therapeutically effective amount of the IDO inhibitor.

[0024] Also provided herein is a method of treating a cancer patient with an IDO inhibitor comprising a)
determining the level of IDO expression in a cancer sample from the patient using immunohistochemistry
(IHC), wherein an elevated level of IDO expression indicates that the cancer patient is more likely to benefit
from treatment with an IDO inhibitor, wherein THC is performed using an anti-IDO antibody described herein,
and b) administering to the patient a therapeutically effective amount of the IDO inhibitor.

[0025] Also provided herein is a method of treating a cancer patient with an IDO inhibitor comprising
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a) contacting a cancer sample from the patient with the anti-IDO antibody described herein under conditions
permissive for binding of the anti-IDO antibody to human IDO, b) detecting whether a complex is formed
between the anti-IDO antibody and IDO in the cancer sample, and ¢) administering to the patient a
therapeutically effective amount of the IDO inhibitor.

[0026] Also provided herein is a method of treating a cancer patient with an IDO inhibitor comprising

a) contacting a cancer sample from the patient with the anti-IDO antibody described herein under conditions
permissive for binding of the anti-IDO antibody to human IDO, b) detecting binding of the anti-IDO antibody to
IDO in the cancer sample, and ¢) administering to the patient a therapeutically effective amount of the IDO
inhibitor.

[0027] Other features and advantages of the instant disclosure will be apparent from the following detailed
description and examples which should not be construed as limiting. The contents of all cited references, including
scientific articles, newspaper reports, GenBank entrics, patents and patent applications cited throughout this

application are expressly incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0028] Figure 1 shows amino acid sequences of the heavy chain and light chain of IDO mAb 1E7.
Complementarity Determining Regions (CDRs) determined by Kabat numbering are marked by horizontal lines.
[0029] Figure 2 shows immunohistochemistry staining with anti-IDO mAb 1E7 at 0.05 ug/ml (panels A,
B, E, and F) or 0.5 ug/ml (C and D) in cells and tissues. Strong positive staining was observed in vast majority
of the HEK293 cells transfected with human IDO (A) and no staining in non-transfected HEK293 cells (B).
Strong positive staining was revealed in some H1048 cells (C) and most of the positive staining was absent in
cells whose IDO was knocked out by CRISPR (“IDO1 CRISPR Cells™) (D). In addition, the positive staining in
cervical tumor cells and tumor associated immune cells (E) was blocked by added IDO1 protein (F).

[0030] Figure 3 shows comparison of anti-IDO mAb 1E7 and commercial anti-IDO mAb D5J4E at 0.05
ug/ml in positive control cells and tissues. H1048 is a human lung cancer cell line with low/moderate expression
of IDO. The cervical squamous cell carcinoma (SCC) sample used in this test is a high IDO expression tissue
verified by RNAscope. Panels C and D are whole slide images. Panels E and F are higher power views. Panels
G and H are image analysis of IDO positive staining using HALO software. St, stroma; TE, tumor epithelial
cells.

[0031] Figure 4 shows profiling of IDO-positive tumor associated immune cells (TAIC) in 10 tumor types
with mAb 1E7. The data is presented as the proportion of samples with different degrees of IDO-positive
infiltrates by manual score. The manual score was performed according to the following semi-quantitative
scheme: Areas of the digital image corresponding approximately to a field of view on a light microscope at 20x
magnification was examined across the whole full-face section. Each sample was designated a score that
represented the majority of the tumor (or at least 1/3 of the tumor mass, where significant variability was
observed). “Negative,” no positive staining or <1 cells per 20x objective field; “mild,” 1 to <10 cells per 20x
objective field; “moderate,” 10 to <50 cells per 20x objective field; “marked,” 50 to <200 cells per 20x
objective; “intense,” >200 cells per 20x objective field.

[0032] Figure 5 shows a graphic representation of profiling of IDO-positive tumor cells in 10 tumor types
with mAb 1E7. Data is presented as the mean and SEM for cytoplasmic H-score.
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DETAILED DESCRIPTION OF DISCLOSURE

[0033] The present disclosure relates to antibodies that specifically bind Indoleamine 2,3-dioxygenase
(IDO or IDO1, interchangeably herein) ("anti-IDO antibodies"). In some embodiments, the IDO is human IDO.
Other aspects of the present disclosure relate to methods of diagnosing and/or treating a subject with IDO-
associated conditions. In some embodiments, the anti-IDO antibody may be used to detect IDO expression in
the subject. In some embodiments, the subject has a cancer, and the anti-IDO antibody may be used to determine
IDO expression level in the subject. In some embodiments, the anti-IDO antibodies are useful for

immunocytochemistry (IHC).

I Terms

[0034] In order that the present description can be more readily understood, certain terms are first defined.
Additional definitions are set forth throughout the detailed description.

[0035] It is to be noted that the term "a" or "an" entity refers to one or more of that entity; for example, "a
nucleotide sequence," is understood to represent one or more nucleotide sequences. As such, the terms "a" (or
"an"), "one or more," and "at least one" can be used interchangeably herein.

[0036] Furthermore, "and/or" where used herein is to be taken as specific disclosure of each of the two
specified features or components with or without the other. Thus, the term "and/or" as used in a phrase such as
"A and/or B" herein is intended to include "A and B.," "A or B," "A" (alone), and "B" (alone). Likewise, the term
"and/or" as used in a phrase such as "A, B, and/or C" is intended to encompass each of the following aspects: A,
B,and C; A,B,orC; AorC; AorB; BorC; Aand C; A and B; B and C; A (alone); B (alone); and C (alone).
[0037] It is understood that wherever aspects are described herein with the language "comprising,"
otherwise analogous aspects described in terms of "consisting of" and/or "consisting essentially of" are also
provided.

[0038] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure is related. For example, the
Concise Dictionary of Biomedicine and Molecular Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The
Dictionary of Cell and Molecular Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary Of
Biochemistry And Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a
general dictionary of many of the terms used in this disclosure.

[0039] Units, prefixes, and symbols are denoted in their Syst¢me International de Unites (SI) accepted
form. Numeric ranges are inclusive of the numbers defining the range. Unless otherwise indicated, nucleotide
sequences are written left to right in 5' to 3' orientation. Amino acid sequences are written left to right in amino
to carboxy orientation. The headings provided herein are not limitations of the various aspects of the disclosure,
which can be had by reference to the specification as a whole. Accordingly, the terms defined immediately
below are more fully defined by reference to the specification in its entirety.

[0040] The term "about" is used herein to mean approximately, roughly, around, or in the regions of.
When the term "about" is used in conjunction with a numerical range, it modifies that range by extending the
boundaries above and below the numerical values set forth. In general, the term "about" can modify a numerical

value above and below the stated value by a variance of, e.g., 10 percent, up or down (higher or lower).
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[0041] The term "Indoleamine 2,3-dioxygenase,” or “IDO” (also known as IDO1) as used herein includes
any variants or isoforms of IDO which are naturally expressed by cells, including but not limited to tumor cells.
Accordingly, antibodies described herein may cross-react with IDO from species other than human.
Alternatively, the antibodies may be specific for human IDO and do not exhibit any cross-reactivity with other
species. IDO or any variants and isoforms thereof, may either be isolated from cells or tissues which naturally
express them or be recombinantly produced using well-known techniques in the art and/or those described
herein. Human IDO (e.g. NP_002155.1; UniProt ID No. P14902;) consists of 403 amino acids.

[0042] The term "antibody" refers, in some embodiments, to a protein comprising at least two heavy (H)
chains and two light (L) chains inter-connected by disulfide bonds. Each heavy chain is comprised of a heavy
chain variable region (abbreviated herein as VH) and a heavy chain constant region (abbreviated herein as CH).
In some antibodies, e.g., naturally-occurring IgG antibodies, the heavy chain constant region is comprised of a
hinge and three domains, CH1, CH2 and CH3. In some antibodies, e.g., naturally-occurring IgG antibodies, cach
light chain is comprised of a light chain variable region (abbreviated herein as VL) and a light chain constant
region. The light chain constant region is comprised of one domain (abbreviated herein as CL). The VH and VL
regions can be further subdivided into regions of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions (FR). Each VH and VL is
composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the following
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4. The variable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The constant regions of the antibodies can mediate the
binding of the immunoglobulin to host tissues or factors, including various cells of the immune system (e.g.,
effector cells) and the first component (C1q) of the classical complement system. A heavy chain may have the
C-terminal lysine or not. Unless specified otherwise herein, the amino acids in the variable regions are
numbered using the Kabat numbering system and those in the constant regions are numbered using the EU
system. "Antibody" includes, by way of example, both naturally-occurring and non-naturally-occurring
antibodies; monoclonal and polyclonal antibodies; chimeric and humanized antibodies; human and nonhuman
antibodies; recombinant antibodies; isolated antibodies; and wholly synthetic antibodies. In some embodiments,
the antibodies described herein may be monoclonal antibodies. In some embodiments, the antibodies may be
recombinant antibodies. In some embodiments, the antibodies described herein may be isolated antibodies.
[0043] Antibodies typically bind specifically to their cognate antigen with high affinity, reflected by a
dissociation constant (Kp) of 10 to 10" M or less. Any Kp greater than about 10 M is generally considered to
indicate nonspecific binding. As used herein, an antibody that "binds specifically” to an antigen refers to an
antibody that binds to the antigen and substantially identical antigens with high affinity, which means having a
Kp of 107 M or less, 10 M or less, 5 x 10° M or less, or between 10¥M and 1071° M or less, but does not bind
with high affinity to unrelated antigens. An antigen is "substantially identical" to a given antigen if it exhibits a
high degree of sequence identity to the given antigen, for example, if it exhibits at least 80%, at least 90%, at
least 95%, at least 97%, or at least 99% sequence identity to the sequence of the given antigen. By way of
example, an antibody that binds specifically to human IDO can, in some embodiments, also have cross-
reactivity with IDO antigens from certain primate species (e.g., cynomolgus IDO), but cannot cross-react with

IDO antigens from other species or with an antigen other than IDO.
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[0044] An immunoglobulin can be from any of the commonly known isotypes, including but not limited
to IgA, secretory IgA, IgG and IgM. The IgG isotype is divided in subclasses in certain species: 1gG1, 1gG2,
IgG3 and IgG4 in humans, and IgGl, IgG2a, IgG2b and IgG3 in mice. In some embodiments, the anti-IDO
antibodies described herein are of the IgG1 subtype. Immunoglobulins, e.g., IgG1, exist in several allotypes,
which differ from each other in at most a few amino acids.

[0045] The term "antigen-binding portion" of an antibody, as used herein, refers to one or more fragments
of an antibody that retain the ability to specifically bind to an antigen (e.g., human IDO). It has been shown that
the antigen-binding function of an antibody can be performed by fragments of a full-length antibody. Examples
of binding fragments encompassed within the term "antigen-binding portion" of an antibody, e.g., an anti-IDO
antibody described herein, include (i) a Fab fragment (fragment from papain cleavage) or a similar monovalent
fragment consisting of the Vi, Vu, LC and CH1 domains; (ii) a F(ab")2 fragment (fragment from pepsin
cleavage) or a similar bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the hinge
region; (iii) a Fd fragment consisting of the Vyx and CH1 domains; (iv) a Fv fragment consisting of the Vi, and
Vu domains of a single arm of an antibody, (v) a dAb fragment (Ward et al., (1989) Nature 341:544-546),
which consists of a Vg domain; (vi) an isolated complementarity determining region (CDR) and (vii) a
combination of two or more isolated CDRs which can optionally be joined by a synthetic linker. Furthermore,
although the two domains of the Fv fragment, Vi and Vg, are coded for by separate genes, they can be joined,
using recombinant methods, by a synthetic linker that enables them to be made as a single protein chain in
which the Vi and Vu regions pair to form monovalent molecules (known as single chain Fv (scFv); see, e.g.,
Bird et al. (1988) Science 242:423-426; and Huston ef al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883).
Such single chain antibodies are also intended to be encompassed within the term "antigen-binding portion" of
an antibody. These antibody fragments are obtained using conventional techniques known to those with skill in
the art, and the fragments are screened for utility in the same manner as are intact antibodies. Antigen-binding
portions can be produced by recombinant DNA techniques, or by enzymatic or chemical cleavage of intact
immunoglobulins.

[0046] The term "monoclonal antibody," as used herein, refers to an antibody from a population of
substantially homogeneous antibodies, i.e., the individual antibodies comprised in the population are
substantially similar and bind the same epitope(s) (e.g., the antibodies display a single binding specificity and
affinity), except for possible variants that may arise during production of the monoclonal antibody, such variants
generally being present in minor amounts. The modifier "monoclonal" indicates the character of the antibody as
being obtained from a substantially homogencous population of antibodies, and is not to be construed as
requiring production of the antibody by any particular method.

[0047] The term "recombinant antibody," as used herein, includes all antibodies that are prepared,
expressed, created or isolated by recombinant means, such as (a) antibodies isolated from an animal (e.g., a
mouse) that is transgenic or transchromosomal for human immunoglobulin genes or a hybridoma prepared
therefrom, (b) antibodies isolated from a host cell transformed to express the antibody, e.g., from a
transfectoma, (c) antibodies isolated from a recombinant, combinatorial antibody library, and (d) antibodies
prepared, expressed, created or isolated by any other means that involve splicing of immunoglobulin gene
sequences to other DNA sequences. Such recombinant antibodies comprise variable and constant regions that

utilize particular germline immunoglobulin sequences encoded by the germline genes, but include subsequent
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rearrangements and mutations which occur, for example, during antibody maturation. As known in the art (see,
e.g., Lonberg (2005) Nature Biotech. 23(9): 1117- 1125), the variable region contains the antigen binding
domain, which is encoded by various genes that rearrange to form an antibody specific for a foreign antigen. In
addition to rearrangement, the variable region can be further modified by multiple single amino acid changes
(referred to as somatic mutation or hypermutation) to increase the affinity of the antibody to the foreign antigen.
The constant region will change in further response to an antigen (i.e., isotype switch). Therefore, the rearranged
and somatically mutated nucleic acid molecules that encode the light chain and heavy chain immunoglobulin
polypeptides in response to an antigen cannot have sequence identity with the original nucleic acid molecules,
but instead will be substantially identical or similar (i.e., have at least 80% identity).

[0048] The phrases "an antibody recognizing an antigen" and "an antibody specific for an antigen" are
used interchangeably herein with the term "an antibody which binds specifically to an antigen."

[0049] An "isolated antibody," as used herein, is intended to refer to an antibody which is substantially
free of other proteins and cellular material.

[0050] The term "epitope" or "antigenic determinant" refers to a site on an antigen (e.g., IDO) to which an
immunoglobulin or antibody specifically binds, e.g., as defined by the specific method used to identify it.
Epitopes can be formed both from contiguous amino acids (usually a lincar epitope) or noncontiguous amino
acids juxtaposed by tertiary folding of a protein (usually a conformational epitope). Epitopes formed from
contiguous amino acids are typically, but not always, retained on exposure to denaturing solvents, whereas
epitopes formed by tertiary folding are typically lost on treatment with denaturing solvents. An epitope typically
includes at least 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14 or 15 amino acids in a unique spatial conformation.
Methods for determining what epitopes are bound by a given antibody (i.e., epitope mapping) are well known in
the art and include, for example, immunoblotting and immunoprecipitation assays, wherein overlapping or
contiguous peptides from an antigen (e.g., from IDO) are tested for reactivity with a given antibody (e.g., anti
IDO antibody). Methods of determining spatial conformation of epitopes include techniques in the art and those
described herein, for example, X-ray crystallography, X-ray co-crystallography, antigen mutational analysis, 2-
dimensional nuclear magnetic resonance and HDX-MS (see, e.g., Epitope Mapping Protocols in Methods in
Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996)).

[0051] The term "binds to the same epitope" with reference to two or more antibodies means that the
antibodies bind to the same segment of amino acid residues, as determined by a given method. Techniques for
determining whether antibodies bind to the "same epitope on IDO" with the antibodies described herein include,
for example, epitope mapping methods, such as, X-ray analyses of crystals of antigen:antibody complexes
which provides atomic resolution of the epitope and hydrogen/deuterium exchange mass spectrometry (HDX-
MS). Other methods monitor the binding of the antibody to antigen fragments or mutated variations of the
antigen where loss of binding due to a modification of an amino acid residue within the antigen sequence is
often considered an indication of an epitope component. In addition, computational combinatorial methods for
epitope mapping can also be used. These methods rely on the ability of the antibody of interest to affinity isolate
specific short peptides from combinatorial phage display peptide libraries. Antibodies having the same VH and
VL or the same CDRI1, 2 and 3 sequences are expected to bind to the same epitope.

[0052] Antibodies that "compete with another antibody for binding to a target" refer to antibodies that
inhibit (partially or completely) the binding of the other antibody to the target. Whether two antibodies compete
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with each other for binding to a target, i.e., whether and to what extent one antibody inhibits the binding of the
other antibody to a target, can be determined using known competition experiments, e.g., BIACORE® surface
plasmon resonance (SPR) analysis. In some embodiments, an antibody competes with, and inhibits binding of
another antibody to a target by at least 50%, 60%, 70%, 80%, 90% or 100%. The level of inhibition or
competition can be different depending on which antibody is the "blocking antibody" (i.e., the cold antibody that
is incubated first with the target). Competition assays can be conducted as described, for example, in Ed Harlow
and David Lane, Cold Spring Harb Protoc; 2006; doi: 10.1101/pdb.prot4277 or in Chapter 11 of "Using
Antibodies" by Ed Harlow and David Lane, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
USA 1999. Two antibodies "cross-compete" if antibodies block each other both ways by at least 50%, i.e.,
regardless of whether one or the other antibody is contacted first with the antigen in the competition experiment.
[0053] Competitive binding assays for determining whether two antibodies compete or cross-compete for
binding include: competition for binding to cells expressing IDO, e.g., by flow cytometry, such as described in
the Examples. Other methods include: SPR (e.g., BIACORE®), solid phase direct or indirect radioimmunoassay
(RIA), solid phase direct or indirect enzyme immunoassay (EIA), sandwich competition assay (see Stahli er al.,
Methods in Enzymology 9:242 (1983)); solid phase direct biotin-avidin EIA (see Kirkland ef al., J. Immunol.
137:3614 (1986)); solid phase direct labeled assay, solid phase direct labeled sandwich assay (see Harlow and
Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Press (1988)); solid phase direct label RIA using
1-125 label (see Morel et al., Mol. Immunol. 25(1):7 (1988)); solid phase direct biotin-avidin EIA (Cheung et
al., Virology 176:546 (1990)); and direct labeled RIA. (Moldenhauer et al., Scand. J. Immunol. 32:77 (1990)).

[0054] As used herein, the terms "specific binding," "selective binding," "selectively binds," and
"specifically binds," refer to antibody binding to an epitope on a predetermined antigen. Typically, the antibody
(i) binds with an equilibrium dissociation constant (Kp) of approximately less than 1077 M, such as
approximately less than 10% M, 10 M or 101° M or even lower when determined by, e.g., surface plasmon
resonance (SPR) technology in a BIACORE® 2000 instrument using the predetermined antigen, e.g.,
recombinant human IDO, as the analyte and the antibody as the ligand, or Scatchard analysis of binding of the
antibody to antigen positive cells, and (ii) binds to the predetermined antigen with an affinity that is at least two-
fold greater than its affinity for binding to a non-specific antigen (e.g., BSA, cascin) other than the
predetermined antigen or a closely-related antigen.

[0055] The term "kassoc" 0T "ky", as used herein, is intended to refer to the association rate of a particular
antibody- antigen interaction, whereas the term "kgis" or "kg," as used herein, is intended to refer to the
dissociation rate of a particular antibody-antigen interaction. The term "Kp", as used herein, is intended to refer
to the dissociation constant, which is obtained from the ratio of kq to k, (i.e.,. ka/ks) and is expressed as a molar
concentration (M). Kp values for antibodies can be determined using methods well established in the art.
Available methods for determining the Kp of an antibody include surface plasmon resonance, a biosensor
system such as a BIACORE® system or flow cytometry and Scatchard analysis.

[0056] The term "ECso" in the context of an in vifro or in vivo assay using an antibody or antigen binding
fragment thereof, refers to the concentration of an antibody or an antigen-binding portion thereof that induces a
response that is 50% of the maximal response, i.e., halfway between the maximal response and the baseline.
[0057] The term "naturally-occurring" as used herein as applied to an object refers to the fact that an

object can be found in nature. For example, a polypeptide or polynucleotide sequence that is present in an
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organism (including viruses) that can be isolated from a source in nature and which has not been intentionally
modified by man in the laboratory is naturally-occurring.

[0058] A "polypeptide" refers to a chain comprising at least two consecutively linked amino acid residues,
with no upper limit on the length of the chain. One or more amino acid residues in the protein can contain a
modification such as, but not limited to, glycosylation, phosphorylation or disulfide bond formation. A "protein"
can comprise one or more polypeptides.

[0059] The term "nucleic acid molecule," as used herein, is intended to include DNA molecules and RNA
molecules. A nucleic acid molecule can be single- stranded or double- stranded, and can be cDNA.

[0060] "Conservative amino acid substitutions" refer to substitutions of an amino acid residue with an
amino acid residue having a similar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These families include amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-branched side chains (e.g., threonine,
valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). In some
embodiments, a predicted nonessential amino acid residue in an anti-IDO antibody is replaced with another
amino acid residue from the same side chain family. Methods of identifying nucleotide and amino acid
conservative substitutions which do not eliminate antigen binding are well-known in the art (see, e.g., Brummell
et al., Biochem. 32: 1180-1187 (1993); Kobayashi ef al. Protein Eng. 12(10):879-884 (1999); and Burks et al.
Proc. Natl. Acad. Sci. USA 94:412-417 (1997)).

[0061] For nucleic acids, the term "substantial homology" indicates that two nucleic acids, or designated
sequences thereof, when optimally aligned and compared, are identical, with appropriate nucleotide insertions or
deletions, in at least about 80% of the nucleotides, at least about 90% to 95%, or at least about 98% to 99.5% of
the nucleotides. Alternatively, substantial homology exists when the segments will hybridize under sclective
hybridization conditions, to the complement of the strand.

[0062] For polypeptides, the term "substantial homology" indicates that two polypeptides, or designated
sequences thereof, when optimally aligned and compared, are identical, with appropriate amino acid insertions
or deletions, in at least about 80% of the amino acids, at least about 90% to 95%, or at least about 98% to 99.5%
of the amino acids.

[0063] The percent identity between two sequences is a function of the number of identical positions
shared by the sequences (i.e., % homology = # of identical positions/total # of positions x 100), taking into
account the number of gaps, and the length of each gap, which need to be introduced for optimal alignment of
the two sequences. The comparison of sequences and determination of percent identity between two sequences
can be accomplished using a mathematical algorithm, as described in the non-limiting examples below.

[0064] The percent identity between two nucleotide sequences can be determined using the GAP program
in the GCG software package (available at worldwideweb.gcg.com), using a NWSgapdna. CMP matrix and a
gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The percent identity between two
nucleotide or amino acid sequences can also be determined using the algorithm of E. Meyers and W. Miller
(CABIOS, 4: 11-17 (1989)) which has been incorporated into the ALIGN program (version 2.0), using a
PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity
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between two amino acid sequences can be determined using the Needleman and Wunsch (J. Mol. Biol. (48):444-
453 (1970)) algorithm which has been incorporated into the GAP program in the GCG software package, using
cither a Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
weightof 1,2, 3,4, 5, or6.

[0065] The nucleic acid and protein sequences described herein can further be used as a "query sequence”
to perform a search against public databases to, for example, identify related sequences. Such searches can be
performed using the BLASTN, BLASTX and BLASTP programs (version 2.0) of Altschul, ef al. (1990) J. Mol.
Biol. 215:403-10. BLAST nucleotide searches can be performed with the BLASTN program, score = 100, word
length = 12 to obtain nucleotide sequences homologous to the nucleic acid molecules described hercin. BLAST
protein searches can be performed with the BLASTX program, score = 50, word length = 3 to obtain amino acid
sequences homologous to the protein molecules described herein. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul ef al., (1997) Nucleic Acids Res.
25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs, the default parameters of the
respective programs (e.g., BLASTX, BLASTP, and BLASTN) can be used. See www.ncbi.nlm.nih.gov.

[0066] The nucleic acids can be present in whole cells, in a cell lysate, or in a partially purified or
substantially pure form. A nucleic acid is "isolated" or "rendered substantially pure" when purified away from
other cellular components or other contaminants, e.g., other cellular nucleic acids (e.g., the other parts of the
chromosome) or proteins, by standard techniques, including alkaline/SDS treatment, CsCl banding, column
chromatography, agarose gel electrophoresis and others well known in the art. See, F. Ausubel, ef al., ed.
Current Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York (1987).

[0067] Nucleic acids, e.g., cDNA, can be mutated, in accordance with standard techniques to provide gene
sequences. For coding sequences, these mutations, can affect amino acid sequence as desired. In particular,
DNA sequences substantially homologous to or derived from native V, D, J, constant, switches and other such
sequences described herein are contemplated (where "derived" indicates that a sequence is identical or modified
from another sequence).

[0068] The term "vector," as used herein, is intended to refer to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid," which refers to a
circular double stranded DNA loop into which additional DNA segments can be ligated. Another type of vector
is a viral vector, wherein additional DNA segments can be ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which they are introduced (e.g., bacterial vectors having a
bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian
vectors) can be integrated into the genome of a host cell upon introduction into the host cell, and thereby are
replicated along with the host genome. Moreover, certain vectors are capable of directing the expression of
genes to which they are operatively linked. Such vectors are referred to herein as "recombinant expression
vectors" (or simply, "expression vectors"). In general, expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids. In the present specification, "plasmid" and "vector" can be used
interchangeably as the plasmid is the most commonly used form of vector. However, also included are other
forms of expression vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses and

adeno-associated viruses), which serve equivalent functions.
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[0069] The term "recombinant host cell" (or simply "host cell"), as used herein, is intended to refer to a
cell that comprises a nucleic acid that is not naturally present in the cell, and can be a cell into which a
recombinant expression vector has been introduced. It should be understood that such terms are intended to refer
not only to the particular subject cell but to the progeny of such a cell. Because certain modifications can occur
in succeeding generations due to either mutation or environmental influences, such progeny cannot, in fact, be
identical to the parent cell, but are still included within the scope of the term "host cell" as used herein.

[0070] As used herein, the term "linked" refers to the association of two or more molecules. The linkage
can be covalent or non-covalent. The linkage also can be genetic (i.e., recombinantly fused). Such linkages can
be achieved using a wide variety of art recognized techniques, such as chemical conjugation and recombinant
protein production.

[0071] As used herein, the term “elevated level of IDO expression” or “elevated IDO level” refers to an
increase in IDO RNA or protein level, for example, an increase in IDO protein level in a cell or a tissue sample,
such as a biological sample from a cancer patient, ¢.g., cancer tissue sample, as compared to a control tissue
sample, such as a biological sample from a subject who does not have the cancer, ¢.g., a healthy or normal
subject. The increase may be at least about 10%, at least about 20%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%o, at least about 70%, at least about 80%, at least about 90%, at least about
100%, or at least 200%. In some embodiments, the increase may range from about 10% to about 80%, from
30% to about 80%, from 40% to about 80%, from about 10% to about 60%, from 30% to about 60%, from 40%
to about 60%. In some embodiments, the IDO expression level in a subject such as a cancer patient, as
compared to a control or a normal subject, may be at least about 20% higher. In some embodiments, the IDO
expression level in a subject such as a cancer patient, as compared to a control or a normal subject, may be at
least about 30% higher. In some embodiments, the IDO expression level in a subject such as a cancer patient, as
compared to a control or a normal subject, may be at least about 40% higher. In some embodiments, the IDO
expression level in a subject such as a cancer patient, as compared to a control or a normal subject, may be at
least about 50% higher. In some embodiments, the IDO expression level in a subject such as a cancer patient, as
compared to a control or a normal subject, may be at least about 60% higher. In some embodiments, the IDO
expression level in a subject such as a cancer patient, as compared to a control or a normal subject, may be at
least about 70% higher. In some embodiments, the IDO expression level in a subject such as a cancer patient, as
compared to a control or a normal subject, may be at least about 80% higher. In some embodiments, the IDO
expression level in a subject such as a cancer patient, as compared to a control or a normal subject, may be at
least about 90% higher. The IDO expression level may be determined by an antibody-based method, for
example, [HC, or FACS, using the antibody described herein, by any other method known in the art, including
those used to detect protein or DNA expression.

[0072] As used herein, the terms "IDO inhibitor", "IDO blocker" and terms similar thereto refer to agents
capable of inhibiting the activity of IDO, thereby reversing IDO-mediated immunosuppression. An IDO
inhibitor may be a competitive, noncompetitive, or irreversible IDO inhibitor. "A competitive IDO inhibitor" is
a compound that reversibly inhibits IDO enzyme activity at the catalytic site; "a noncompetitive IDO Inhibitor"
is a compound that reversibly inhibits IDO enzyme activity at a non-catalytic site; and "an irreversible IDO
inhibitor" is a compound that irreversibly eliminates IDO enzyme activity by forming a covalent bond (or other

stable means of inhibiting enzyme function) with the enzyme. Exemplary the IDO inhibitors include 1-methyl-
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DL-tryptophan; p-(3-benzofuranyl)-DL-alanine; p-[3-benzo(b)thienyl]-DL-alanine; and 6-nitro-L-tryptophan
(WO 99/29310). Compounds having IDO inhibitory activity are further reported in WO 2004/094409. BMS-
986205 is another small molecule IDO inhibitor.

[0073] As used herein, "administering” refers to the physical introduction of a composition comprising a
therapeutic agent to a subject, using any of the various methods and delivery systems known to those skilled in
the art. Different routes of administration for the anti-IDO antibodies described herein include intravenous,
intraperitoneal, intramuscular, subcutancous, spinal or other parenteral routes of administration, for example by
injection or infusion. The phrase "parenteral administration" as used herein means modes of administration other
than enteral and topical administration, usually by injection, and includes, without limitation, intravenous,
intraperitoneal, intramuscular, intraarterial, intrathecal, intralymphatic, intralesional, intracapsular, intraorbital,
intracardiac, intradermal, transtracheal, subcutancous, subcuticular, intraarticular, subcapsular, subarachnoid,
intraspinal, epidural and intrasternal injection and infusion, as well as in vivo electroporation. Alternatively, an
antibody described herein can be administered via a non-parenteral route, such as a topical, epidermal or
mucosal route of administration, for example, intranasally, orally, vaginally, rectally, sublingually or topically.
Administering can also be performed, for example, once, a plurality of times, and/or over one or more extended
periods.

[0074] As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like that
are physiologically compatible. In some embodiments, the carrier is suitable for intravenous, intramuscular,
subcutancous, parenteral, spinal or epidermal administration (e.g., by injection or infusion).

[0075] As used herein, "cancer" refers a broad group of discases characterized by the uncontrolled growth
of abnormal cells in the body. Unregulated cell division can result in the formation of malignant tumors or cells
that invade neighboring tissues and can metastasize to distant parts of the body through the lymphatic system or
bloodstream.

[0076] The term “IDO-positive cancer” refers to a cancer comprising cells that express IDO. In some
embodiments, expression of IDO mRNA is determined by a method selected from in situ hybridization and RT-
PCR (including quantitative RT-PCR). Alternatively, expression of IDO can be determined, for example, using
antibodies that bind to IDO in a method such as immunohistochemistry, FACS, etc.

[0077] The term “IDO-positive cancer cell” refers to a cancer cell that expresses IDO.

[0078] The terms "treat," "treating," and "treatment," as used herein, refer to any type of intervention or
process performed on, or administering an active agent to, the subject with the objective of reversing,
alleviating, ameliorating, inhibiting, or slowing down or preventing the progression, development, severity or
recurrence of a symptom, complication, condition, or biochemical indicia associated with a disecase or enhancing
overall survival. Treatment can be of a subject having a discase or a subject who does not have a disease (e.g.,
for prophylaxis).

[0079] The term "effective dose" or "effective dosage" is defined as an amount sufficient to achieve or at
least partially achieve a desired effect. A "therapeutically effective amount" or "therapeutically effective
dosage" of a drug or therapeutic agent is any amount of the drug that, when used alone or in combination with
another therapeutic agent, promotes discase regression evidenced by a decrease in severity of disecase symptoms,

an increase in frequency and duration of disease symptom-free periods, an increase in overall survival (the
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fength of time from cither the date of diagnoss or the start of treatment for a disease, such as cancer, that the
patient diagnosed with the disease 15 stifl alive}, or a prevention of impairment or disability due to the disease
affliction. A therapeutically effective amount or dosage of a drug includes a "prophylactically effective amount”
or a "prophylactically effective dosage", which is any amount of the drug that, when administered alone or in
combination with another therapeutic agent to a subject at risk of developing a disease or of suffering a
recurrence of disease, inhibits the development or recurrence of the disease. The ability of a therapeutic agent to
promote discase regression or inhibit the development or recurrence of the disease can be evaluated using a
variety of methods known to the skilled practitioner, such as in human subjects during clinical trials, in animal
model systems predictive of efficacy in humans, or by assaying the activity of the agent in in vitro assays.
[0080] By way of example, an anti-cancer agent is a drug that promotes cancer regression in a subject. In
some embodiments, a therapeutically effective amount of the drug promotes cancer regression to the point of
eliminating the cancer. "Promoting cancer regression" means that administering an effective amount of the drug,
alone or in combination with an antineoplastic agent, results in a reduction in tumor growth or size, necrosis of
the tumor, a decrease in severity of at least one disease symptom, an increase in frequency and duration of
disease symptom-free periods, an increase in overall survival, a prevention of impairment or disability due to the
discase affliction, or otherwise amelioration of disease symptoms in the patient. In addition, the terms
"effective" and "effectiveness" with regard to a treatment includes both pharmacological effectiveness and
physiological safety. Pharmacological effectiveness refers to the ability of the drug to promote cancer regression
in the patient. Physiological safety refers to the level of toxicity, or other adverse physiological effects at the
cellular, organ and/or organism level (adverse effects) resulting from administration of the drug.

[0081] By way of example for the treatment of tumors, a therapeutically effective amount or dosage of the
drug inhibits cell growth or tumor growth by at least about 20%, by at least about 40%, by at least about 60%, or
by at least about 80% relative to untreated subjects. In some embodiments, a therapeutically effective amount or
dosage of the drug completely inhibits cell growth or tumor growth, i.e., inhibits cell growth or tumor growth by
100%. The ability of a compound to inhibit tumor growth can be evaluated using the assays described infra.
Alternatively, this property of a composition can be evaluated by examining the ability of the compound to
inhibit cell growth, such inhibition can be measured in vifro by assays known to the skilled practitioner. In some
embodiments described herein, tumor regression can be observed and continue for a period of at least about 20
days, at least about 40 days, or at least about 60 days.

[0082] The term "patient" includes human and other mammalian subjects that receive either prophylactic
or therapeutic treatment.

[0083] As used herein, the term "subject" includes any human or non-human animal. For example, the
methods and compositions described herein can be used to treat a subject having cancer. The term "non-human
animal" includes all vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep, dog,

cow, chickens, amphibians, reptiles, ctc.

[0084] As used herein, the terms "ug" and "uM" are used interchangeably with "ug" and "p

respectively.

[0085] Various aspects described herein are described in further detail in the following subsections.
[0086] Described herein are antibodies which are capable of specifically binding to human IDO. In some

embodiments, the antibodies specifically bind to IDO, thereby allowing determination of IDO expression level
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in a biological sample from a patient. In some embodiments the IDO expression level is determined by
immunohistochemistry (IHC).

[0087] In some embodiments, the anti-IDO antibodies described herein bind to human IDO with high
affinity, for example, with a Kp of 10° M or less, 107 M or less, 10 M or less, 10°M or less, 10° M or less,
10" M or less, 1012 M or less, 102 M to 107 M, 101 M to 107 M, 107°M to 10" M, or 10°M to 107 M, e.g.,

as determined by Surface Plasmon Resonance, e.g. using BIACORE™, or e.g., as determined by ELISA, e.g.,
an IDO ELISA kit, e.g., ABCAM ab100592. In some embodiments, the antibodies bind to human IDO with an
ECso of 100 nM or less, 10 nM or less, 1 nM or less. In some embodiments, the anti-IDO antibody specifically
binds human IDO with an association constant (k,) rate of at least about 1 x 103 ms™, at least about 5 x 10° ms!,
at least about 1 x 10*ms™, at least about 5 x 10*ms!, at least about 1 x 10° ms™, at least about 5 x 10° ms™', or at
least about 1 x 10° ms™, wherein k, is measured by surface plasmon resonance (Biacore) analysis. In some
embodiments, the anti-IDO antibody specifically binds human IDO with a dissociation constant (kq) rate of
about 0.1 s orless, 0.05 s orless, 0.01 s orless, 5 x 102 st orless, 1 x 102 s or less, 5 x 10 s or less, 1 x
10 s orless, 5 x 107 s or less, or 1 x 107 57 or less, wherein Kp is measured by surface plasmon resonance
(Biacore) analysis.

[0088] In some embodiments, the antibody that specifically binds to human IDO comprises a heavy chain
variable region (VH) and a light chain variable region (VL); wherein the VH comprises the VH complementarity
determining region (CDR) 1 (VH-CDR1), VH-CDR2, and VH-CDR3 of a VH comprising the amino acid
sequence of SEQ ID NO: 4, and the VL comprises the VL-CDR1, VL-CDR2, and VL-CDR3 of a VL comprising
the amino acid sequence of SEQ ID NO: 6.

[0089] In some embodiments, the antibody specifically binds to IDO comprises a heavy chain variable
region (VH) and a light chain variable region (VL); wherein the VH comprises a VH complementarity
determining region (CDR) 1, a VH-CDR2, and a VH-CDR3 and the VL comprises a VL-CDRI1, a VL-CDR2,
and a VL-CDR3; wherein the VH-CDRI1 comprises the amino acid sequence set forth in SEQ ID NO:7, the VH-
CDR2 comprises the amino acid sequence set forth in SEQ ID NO:8, the VH-CDR3 comprises the amino acid
sequence set forth in SEQ ID NO:9, the VL-CDR1 comprises the amino acid sequence sct forth in SEQ ID
NO:10, the VL-CDR2 comprises the amino acid sequence set forth in SEQ ID NO:11, and the VL-CDR3
comprises the amino acid sequence set forth in SEQ ID NO:12.

[0090] In some embodiments, the antibody that specifically binds to human IDO comprises a heavy chain
variable region (VH) and a light chain variable region (VL); wherein the VH comprises an amino acid sequence
having at least about 70%, at least about 80%, at lcast about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% sequence identity to the amino acid sequence set forth in
SEQ ID NO: 4. In some embodiments, the VH comprises an amino acid sequence having at least about 95%
sequence identity to the amino acid sequence set forth in SEQ ID NO: 4. In some embodiments, the VH
comprises an amino acid sequence having at least about 98% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 4. In some embodiments, the VH comprises an amino acid sequence having at least about
99% sequence identity to the amino acid sequence set forth in SEQ ID NO: 4. In some embodiments, the VH
comprises the amino acid sequence set forth in SEQ ID NO: 4.

[0091] In some embodiments, the VL comprises an amino acid sequence having at least about 70%, at

least about 80%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about
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98%, or at least about 99% sequence identity to the amino acid sequence set forth in SEQ ID NO: 6. In some
embodiments, the VL comprises an amino acid sequence having at least about 95% sequence identity to the
amino acid sequence set forth in SEQ ID NO: 6. In some embodiments, the VL comprises an amino acid
sequence having at least about 98% sequence identity to the amino acid sequence set forth in SEQ ID NO: 6. In
some embodiments, the VL comprises an amino acid sequence having at least about 99% sequence identity to
the amino acid sequence set forth in SEQ ID NO: 6. In some embodiments, the VL comprises the amino acid
sequence set forth in SEQ ID NO: 6.

[0092] In some embodiments, the antibody that specifically binds to human IDO comprises a heavy chain
variable region (VH) and a light chain variable region (VL), wherein the VH comprises the amino acid sequence
of SEQ ID NO: 4, and the VL comprises the amino acid sequence set forth in SEQ ID NO: 6.

[0093] In some embodiments, the antibody cross competes for binding to human IDO with an antibody
comprising a VH comprising the amino acid sequence set forth in SEQ ID NO: 4 and a VL comprising the
amino acid sequence set forth in SEQ ID NO: 6. In some embodiments, the antibody binds to the same epitope
as an antibody comprising a VH comprising the amino acid sequence set forth in SEQ ID NO: 4 and a VL
comprising the amino acid sequence set forth in SEQ ID NO: 6.

[0094] In some embodiments, the antibody comprises a heavy chain comprising an amino acid sequence
having at least about 70%, at least about 80%, at lcast about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 13. In some embodiments, the heavy chain comprises an amino acid
sequence having at least about 95% sequence identity to the amino acid sequence set forth in SEQ ID NO: 13. In
some embodiments, the heavy chain comprises an amino acid sequence having at least about 98% sequence
identity to the amino acid sequence set forth in SEQ ID NO: 13. In some embodiments, the heavy chain
comprises an amino acid sequence having at least about 99% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 13. In some embodiments, the heavy chain comprises the amino acid sequence set forth in
SEQ ID NO: 13.

[0095] In some embodiments, the antibody comprises a light chain comprising an amino acid sequence
having at least about 70%, at least about 80%, at lcast about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 15. In some embodiments, the light chain comprises an amino acid sequence
having at least about 95% sequence identity to the amino acid sequence set forth in SEQ ID NO: 15. In some
embodiments, the light chain comprises an amino acid sequence having at least about 98% sequence identity to
the amino acid sequence set forth in SEQ ID NO: 15. In some embodiments, the light chain comprises an amino
acid sequence having at least about 99% sequence identity to the amino acid sequence set forth in SEQ ID NO:
15. In some embodiments, the light chain comprises the amino acid sequence set forth in SEQ ID NO: 15.
[0096] In some embodiments, the antibody that specifically binds to human IDO comprises a heavy chain
comprising the amino acid sequence set forth in SEQ ID NO: 13 and a light chain comprising the amino acid
sequence set forth in SEQ ID NO: 15.

[0097] In some embodiments, the antibody cross competes for binding to human IDO with an antibody
comprising a heavy chain comprising the amino acid sequence set forth in SEQ ID NO: 13 and a light chain
comprising the amino acid sequence set forth in SEQ ID NO: 15. In some embodiments, the antibody binds the
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same epitope as an antibody comprising a heavy chain comprising the amino acid sequence set forth in SEQ ID
NO: 13 and a light chain comprising the amino acid sequence set forth in SEQ ID NO: 15.

[0098] The above exemplary amino acid sequences can further include a signal peptide. The signal
peptide can be an immunoglobulin signal peptide or a heterologous signal peptide (i.e., a signal peptide from a
non-immunoglobulin protein).

[0099] In some embodiments, heavy and light chains of anti-IDO antibodies can be expressed with the
respective signal sequence that was linked to each chain in the hybridoma from which they were cloned.

[0100] In some embodiments, the heavy and light chains of the anti-IDO antibody (e.g., 1E7) can be
engineered with signal sequences that differ from those present in the hybridomas from which they were cloned.
[0101] In some embodiments, the antibody described herein is capable of specificalby staining IDO in a
cell by immunohistochemistry (IHC). In some embodiments, the antibody described herein is capable of
specifically staining IDO in a biological sample by immunohistochemistry (IHC). In some embodiments, the
antibody is capable of specifically staining IDO in a cancer tissue sample by immunohistochemistry (IHC). In
some embodiments, the antibody is capable of specifically staining IDO in a formalin fixed cancer tissue sample
by IHC. In some embodiments, the antibody is capable of specifically staining IDO in a formalin fixed paraffin
embedded (FFPE) cancer tissue sample by IHC.

[0102] In some embodiments, the anti-IDO antibody described herein may be a humanized antibody. In
some embodiments, the anti-IDO antibody described herein may be a chimeric antibody. In some embodiments,
the anti-IDO antibody described herein may be a chimeric antibody comprising a constant region of a human
source. In some embodiments, the anti-IDO antibody described herein may be a bispecific antibody.

[0103] In some embodiments, the antibody may be an IgG1, an IgG2, an IgG3, an IgG4 or a variant
thereof. In some embodiments, the antibody may be an IgG1, an IgG2a, an IgG2b, an IgG3 or a variant thercof.
In some embodiments, the antibody may be an IgG1 antibody.

[0104] A VH domain, or one or more CDRs thereof, described herein can be linked to a constant domain
for forming a heavy chain, e.g., a full length heavy chain. Similarly, a VL. domain, or one or more CDRs
thereof, described herein can be linked to a constant domain for forming a light chain, e.g., a full length light
chain. A full length heavy chain (optionally with the exception of the C-terminal lysine (K) or with the
exception of the C-terminal glycine and lysine (GK), which can be absent) and full length light chain may
combine to form a full length antibody.

[0105] In some embodiments, an anti-IDO antibody comprises a heavy chain variable region from a
particular germline heavy chain immunoglobulin gene and/or a light chain variable region from a particular
germline light chain immunoglobulin gene.

[0106] Anti-IDO antibodies described herein can comprise a heavy chain variable region comprising
CDRI1, CDR2 and CDR3 sequences and a light chain variable region comprising CDR1, CDR2 and CDR3
sequences, wherein one or more of these CDR sequences comprise specified amino acid sequences described
herein, or conservative modifications thereof, and wherein the antibodies retain the desired functional properties
of the anti-IDO antibodies described herein.

[0107] Conservative modifications, such as amino acid substitutions, can be made in portions of the
antibodies other than, or in addition to, the CDRs. For example, conservative amino acid modifications can be

made in a framework region or in the Fc region. A variable region or a heavy or light chain can comprise 1, 2, 3,
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4,5,6,7,8,9,10, 1-2, 1-3, 1-4, 1-5, 1-10, 1-15, 1-20, 1-25, or 1-50 conservative amino acid substitutions
relative to the anti-IDO sequences provided herein. In some embodiments, an anti-IDO antibody comprises a
combination of conservative and non-conservative amino acid modification.

[0108] Also provided are engineered and modified antibodies that can be prepared using an antibody
having one or more of the VH and/or VL sequences disclosed herein as starting material to engineer a modified
antibody, which modified antibody can have altered properties from the starting antibody. An antibody can be
engineered by modifying one or more residues within one or both variable regions (i.e., VH and/or VL), for
example within one or more CDR regions and/or within one or more framework regions. Additionally or
alternatively, an antibody can be engineered by modifying residues within the constant region(s), for example to
alter the effector function(s) of the antibody.

[0109] In some embodiments, the framework sequences for use in the anti-IDO antibodies described
herein are those that are structurally similar to the framework sequences used by the anti-IDO antibodies
described herein. The VH CDR1, CDR2 and CDR3 sequences, and the VL CDR1, CDR2 and CDR3 sequences,
can be grafted onto framework regions that have the identical sequence as that found in the germline
immunoglobulin gene from which the framework sequence derive, or the CDR sequences can be grafted onto
framework regions that contain one or more mutations as compared to the germline sequences. For example, it
has been found that in certain instances it is beneficial to mutate residues within the framework regions to
maintain or enhance the antigen binding ability of the antibody (see, e.g., U.S. Patent Nos. 5,530,101;
5,585,089; 5,693,762; and 6,180,370 to Queen ef al.).

[0110] Engineered anti-IDO antibodies described herein include those in which modifications have been
made to framework residues within VH and/or VL, or to the constant regions, e.g., to improve the properties of
the antibody. For example, such modifications may be made to decrease the immunogenicity of the antibody, to
improve one or more binding propertics (e.g., affinity) of the antibody, to reduce potential chemical degradation,
increase potency of the antibody, to remove deamidation sites, to increase biological half-life, to increase
solubility, to change glycosylation, or to alter one or more functional properties of the antibody.

[0111] Generally, variable regions described herein can be linked to an Fc comprising one or more
modification, typically to alter one or more functional properties of the antibody, such as serum half-life,
complement fixation, Fc receptor binding, antigen-dependent cellular cytotoxicity, and/or antibody-dependent
cellular phagocytosis. Furthermore, an antibody described herein can be chemically modified (e.g.,, one or more
chemical moicties can be attached to the antibody) or be modified to alter its glycosylation, to alter one or more
functional properties of the antibody.

[0112] In some embodiments, the antibodies described herein have higher stability than a reference
antibody. In some embodiments, the antibodies described herein have a higher melting temperature than a
reference antibody. In some embodiments, the antibodies described herein have a lower tendency for
aggregation than a reference antibody. In some embodiments, the antibodies described herein have a higher
solubility than a reference antibody. In some embodiments, the antibodies described herein have a higher rate of
absorption, lower toxicity, higher biological activity and/or target selectivity, better manufacturability, and/or
lower immunogenicity than a reference antibody. The reference antibody can be another antibody or fragments

thereof, or conjugate thereof, that binds to IDO.
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[0113] Also provided herein are polynucleotide or a set of polynucleotides encoding the antibody
described herein.

[0114] Also provided herein are vector or a set of vectors comprising the polynucleotide or the set of
polynucleotides described herein.

[0115] Also provided herein are host cells comprising the antibody described herein, the polynucleotide or
the set of polynucleotides described herein, or the vector or the set of vectors described herein. In some
embodiments, the host cells are CHO cells. In some embodiments, the host cells are CHO cells. In some
embodiments, the host cells are HEK293 cells.

[0116] In some embodiments, the nucleic acids that encode the anti-IDO antibodies described herein can
be present in whole cells, in a cell lysate, or in a partially purified or substantially pure form. A nucleic acid is
"isolated" or "rendered substantially pure" when purified away from other cellular components or other
contaminants, e.g., other cellular nucleic acids (e.g., other chromosomal DNA, e.g., the chromosomal DNA that
is linked to the isolated DNA in nature) or proteins, by standard techniques, including alkaline/SDS treatment,
CsCl banding, column chromatography, restriction enzymes, agarose gel electrophoresis and others well known
in the art. See, F. Ausubel, ef al., ed. (1987) Current Protocols in Molecular Biology, Greene Publishing and
Wiley Interscience, New York. A nucleic acid described herein can be, for example, DNA or RNA and can or
cannot contain intronic sequences. In some embodiments, the nucleic acid is a cDNA molecule.

[0117] Nucleic acids described herein can be obtained using standard molecular biology techniques. For
antibodies expressed by hybridomas (e.g., hybridomas prepared from transgenic mice carrying human
immunoglobulin genes as described further below), cDNAs encoding the light and heavy chains of the antibody
made by the hybridoma can be obtained by standard PCR amplification or cDNA cloning techniques. For
antibodies obtained from an immunoglobulin gene library (e.g., using phage display techniques), nucleic acid
encoding the antibody can be recovered from the library.

[0118] Some nucleic acids molecules described herein are those encoding the VH and VL sequences of
the anti-IDO antibodies. Exemplary DNA sequence encoding the VH and VL sequences of 1E7 are set forth in
SEQ ID NOs: 3 and 5, respectively. Exemplary DNA sequence encoding the heavy chain and light chain
sequences of 1E7 are set forth in SEQ ID NOs: 14 and 16, respectively. The exemplary nucleic acid sequences
described herein can further include sequences encoding a signal peptide sequence. The nucleic acid molecules
described herein may be modified to delete specific sequences, e.g., restriction enzyme recognition sequences,
or to optimize codons.

[0119] Also provided herein are methods of producing an antibody comprising culturing the host cell of
described herein so that the antibody is produced. A method for making anti-IDO antibodies can comprise
expressing the heavy chain and the light chains in a cell line comprising the nucleotide sequence(s) encoding the
VH and VL sequences, ¢.g., for 1E7, of SEQ ID NOs: 3 and 5, respectively, or comprising the nucleotide
sequences encoding the heavy and light chains, e.g., for 1E7, of SEQ ID Nos: 14 and 16, respectively. A method
for making 1E7 can comprise expressing the heavy chain and the light chains in a cell line comprising the
nucleotide sequences encoding the heavy and light chains with a signal peptide.

[0120] Once DNA fragments encoding VH and VL segments are obtained, these DNA fragments can be
further manipulated by standard recombinant DNA techniques, for example to convert the variable region genes

to full-length antibody chain genes, to Fab fragment genes or to a scFv gene. In these manipulations, a VL- or
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VH-encoding DNA fragment is operatively linked to another DNA fragment encoding another protein, such as
an antibody constant region or a flexible linker. The term "operatively linked", as used in this context, is
intended to mean that the two DNA fragments are joined such that the amino acid sequences encoded by the two
DNA fragments remain in-frame.

[0121] The isolated DNA encoding the VH region can be converted to a full-length heavy chain gene by
operatively linking the VH-encoding DNA to another DNA molecule encoding heavy chain constant regions
(hinge, CH1, CH2, and/or CH3). The sequences of human and mouse heavy chain constant region genes are
known in the art (see, e.g., Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242) and DNA fragments
encompassing these regions can be obtained by standard PCR amplification. For a Fab fragment heavy chain
gene, the VH-encoding DNA can be operatively linked to another DNA molecule encoding only the heavy chain
CHI1 constant region.

[0122] The isolated DNA encoding the VL region can be converted to a full-length light chain gene (as
well as a Fab light chain gene) by operatively linking the VL-encoding DNA to another DNA molecule
encoding the light chain constant region, CL. The sequences of human and mouse light chain constant region
genes are known in the art (see, e.g., Kabat, E. A, et al. (1991) Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242) and
DNA fragments encompassing these regions can be obtained by standard PCR amplification.

[0123] To create a scFv gene, the VH- and VL-encoding DNA fragments are operatively linked to another
fragment encoding a flexible linker, e.g., encoding the amino acid sequence (Gly4-Ser)s, such that the VH and
VL sequences can be expressed as a contiguous single-chain protein, with the VL and VH regions joined by the
flexible linker (see, e.g., Bird et al., (1988) Science 242:423-426; Huston et al., (1988) Proc. Natl. Acad. Sci.
USA 85:5879-5883; McCafferty et al., (1990) Nature 348:552-554).

[0124] Also provided herein are nucleic acid molecules encoding VH and VL sequences that are
homologous to those of the anti-IDO antibodies described herein. Exemplary nucleic acid molecules encode VH
and VL sequences that are at least 70% identical, for example, at least 75%, at lcast 80%, at least 85%, at least
90%, at least 95%, or at least 99% identical, to nucleic acid molecules encoding the VH and VL sequences of
the anti-IDO antibodies. Also provided herein are nucleic acid molecules with conservative substitutions (i.e.,
substitutions that do not alter the resulting amino acid sequence upon translation of nucleic acid molecule), e.g.,
for codon optimization.

[0125] Chimeric or humanized anti-IDO antibodies described herein can be prepared based on the
sequence of a murine monoclonal antibody prepared as described above. DNA encoding the heavy and light
chain immunoglobulins can be obtained from the murine hybridoma of interest and engineered to contain non-
murine (e.g., human) immunoglobulin sequences using standard molecular biology techniques. For example, to
create a chimeric antibody, the murine variable regions can be linked to human constant regions using methods
known in the art (see, e.g., U.S. Patent No. 4,816,567 to Cabilly et al.). To create a humanized antibody, the
murine CDR regions can be inserted into a human framework using methods known in the art (see, e.g., U.S.
Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen
et al).
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[0126] Additionally or alternatively, the recombinant expression vector described herein can encode a
signal peptide that facilitates secretion of the antibody chain from a host cell. The antibody chain gene can be
cloned into the vector such that the signal peptide is linked in-frame to the amino terminus of the antibody chain
gene. The signal peptide can be an immunoglobulin signal peptide or a heterologous signal peptide (i.e., a signal
peptide from a non-immunoglobulin protein).

[0127] In some embodiments, the heavy and light chains of the anti-IDO antibody (e.g., 1E7) can be
engineered with signal sequences that differ from those present in the hybridomas from which they were cloned.
In addition to the antibody chain genes, recombinant expression vectors can carry regulatory sequences that
control the expression of the antibody chain genes in a host cell. The term "regulatory sequence" is intended to
include promoters, enhancers and other expression control elements (e.g., polyadenylation signals) that control
the transcription or translation of the antibody chain genes. Such regulatory sequences are described, for
example, in Goeddel (Gene Expression Technology. Methods in Enzymology 185, Academic Press, San Diego,
CA (1990)). It will be appreciated by those skilled in the art that the design of the expression vector, including
the selection of regulatory sequences, can depend on such factors as the choice of the host cell to be
transformed, the level of expression of protein desired, etc. Preferred regulatory sequences for mammalian host
cell expression include viral elements that direct high levels of protein expression in mammalian cells, such as
promoters and/or enhancers derived from cytomegalovirus (CMV), Simian Virus 40 (SV40), adenovirus, (e.g.,
the adenovirus major late promoter (AdMLP) and polyoma. Alternatively, nonviral regulatory sequences can be
used, such as the ubiquitin promoter or 3-globin promoter. Still further, regulatory elements composed of
sequences from different sources, such as the SRa promoter system, which contains sequences from the SV40
carly promoter and the long terminal repeat of human T cell leukemia virus type 1 (Takebe, Y. ef al. (1988)
Mol. Cell. Biol. 8:466-472).

[0128] In addition to the antibody chain genes and regulatory sequences, recombinant expression vectors
can carry additional sequences, such as sequences that regulate replication of the vector in host cells (e.g.,
origins of replication) and selectable marker genes. The selectable marker gene facilitates selection of host cells
into which the vector has been introduced (see, e.g,, U.S. Pat. Nos. 4,399,216, 4,634,665 and 5,179,017, all by
Axel et al). For example, typically the selectable marker gene confers resistance to drugs, such as G418,
hygromycin or methotrexate, on a host cell into which the vector has been introduced. Preferred selectable
marker genes include the dihydrofolate reductase (DHFR) gene (for use in dhfr- host cells with methotrexate
selection/amplification) and the neo gene (for G418 sclection).

[0129] For expression of the light and heavy chains, the expression vector(s) encoding the heavy and light
chains is transfected into a host cell by standard techniques. The various forms of the term "transfection" are
intended to encompass a wide variety of techniques commonly used for the introduction of exogenous DNA into
a prokaryotic or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation, DEAE-dextran
transfection and the like.

[0130] It is possible to express the anti-IDO antibodies described herein in either prokaryotic or
eukaryotic host cells, such as mammalian cells. Certain mammalian host cells for expressing the recombinant
anti-IDO antibodies described herein include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells,
described in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA 77:4216-4220, used with a DHFR selectable
marker, e.g., as described in R. J. Kaufman and P. A. Sharp (1982) Mol. Biol. 759:601-621), NSO myeloma
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cells, COS cells and SP2 cells. When recombinant expression vectors encoding antibody genes are introduced
into mammalian host cells, the antibodies are produced by culturing the host cells for a period of time sufficient
to allow for expression of the antibody in the host cells or, more preferably, secretion of the antibody into the
culture medium in which the host cells are grown. Antibodies can be recovered from the culture medium using
standard protein purification methods.

[0131] Also provided herein are pharmaceutical compositions comprising the antibody described herein
and a pharmaceutically acceptable carrier.

[0132] Anti-IDO antibodies described herein may be used for diagnostic purposes, including sample
testing, immunohistochemistry and in vivo imaging.

[0133] Provided herein are immunoconjugates comprising the antibody described herein and an agent. In
some embodiments, the agent may be selected from the group consisting of a label, a cytotoxic agent, an
imaging agent (¢.g. a fluorescent label), a radioisotope, a second antibody, an enzyme, and any combination
thereof. In some embodiments the moiety attached to an anti-IDO antibody is selected from the group consisting
of a binding moiety, a labeling moicty, and a biologically active moiety. In some embodiments, the agent may
be a label. In some embodiments, the agent may be an imaging agent. In some embodiments, the agent may be a
second antibody. In some embodiments, the agent may be a cytotoxic agent. In some embodiments, the agent is
selected from the group consisting of a cytotoxin, a non-cytotoxic drug, a radioactive agent, a second antibody,
an enzyme, an anti-neoplastic agent, and any combination thereof. Anti-IDO antibodies described herein can
also be conjugated to a therapeutic agent to form an immunoconjugate such as an antibody-drug conjugate
(ADC). Suitable therapeutic agents include antimetabolites, alkylating agents, DNA minor groove binders, DNA
intercalators, DNA crosslinkers, histone deacetylase inhibitors, nuclear export inhibitors, proteasome inhibitors,
topoisomerase I or II inhibitors, heat shock protein inhibitors, tyrosine kinase inhibitors, antibiotics, and anti-
mitotic agents. In the ADC, the antibody and therapeutic agent preferably are conjugated via a linker cleavable
such as a peptidyl, disulfide, or hydrazone linker. In some embodiments, the linker comprises a peptidyl linker
such as Val-Cit, Ala-Val, Val-Ala-Val, Lys-Lys, Pro-Val-Gly, Val-Gly-Val, Gly-Val-Val, Ala-Asn-Val, Val-
Leu-Lys, Ala-Ala-Asn, Cit-Cit, Val-Lys, Lys, Cit, Ser, or Glu. The ADCs can be prepared as described in U.S.
Pat. Nos. 7,087,600; 6,989,452; and 7,129,261; PCT Publications WO 02/096910; WO 07/038658; WO
07/051081; WO 07/059404; WO 08/083312; and WO 08/103693; U.S. Patent Publications 20060024317,
20060004081; and 20060247295. In some embodiments, conjugation methods result in linkages which are
substantially (or nearly) non-immunogenic, e.g., peptide- (i.e., amide-), sulfide-, (sterically hindered), disulfide-,
hydrazone-, and ether linkages. These linkages are nearly non-immunogenic and show reasonable stability
within serum (sce e.g., Senter, P. D., Curr. Opin. Chem. Biol. 13 (2009) 235-244; WO 2009/059278; WO
95/17886).

[0134] Also provided herein are methods of detecting human IDO in a biological sample comprising
contacting the biological sample with the antibody described herein under conditions permissive for binding of
the antibody to human IDO, and detecting whether a complex is formed between the antibody and human IDO
in the biological sample. Also provided herein are methods of detecting human IDO in a biological sample
comprising contacting the biological sample with the antibody described herein under conditions permissive for
binding of the antibody to human IDO, and detecting binding of the antibody to human IDO in the biological

sample.
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[0135] In some embodiments, the biological sample may be a cancer sample, such as a cancer tissue
sample. The term “tissuc sample™ refers to a collection of similar cells obtained from a tissue of a subject or
patient, ¢.g., a tissuc containing nucleated cells with chromosomal material. In some embodiments, the
biological sample may be a formaldehyde-fixed tissue sample, ¢.g., from a cancer patient. In some
embodiments, the biological sample may be Formalin Fixed Paraffin Embedded (FFPE) tissue sample, ¢.g.,
from a cancer patient.

[0136] In some embodiments, the biological sample may be a sample of diffuse large B-cell lymphoma
(DLBCL), head and neck squamous cell carcinoma (HNSCC), cervical carcinoma, melanoma, colorectal
carcinoma (CRC), non small-cell lung carcinoma (NSCLC), bladder carcinoma, pancreatic adenocarcinoma,
small cell lung cancer (SCLC), or ovarian adenocarcinoma.

[0137] In some embodiments, the biological sample may be a blood sample. In some embodiments, the
biological may be derived from a blood sample, such as plasma, serum, and/or blood cells (e.g., white blood
cells).

[0138] Also provided herein are methods of identifying a cancer patient having an IDO-positive cancer,
comprising contacting a cancer sample from the patient with the anti-IDO antibody described herein under
conditions permissive for binding of the anti-IDO antibody to human IDO, and detecting whether a complex is
formed between the anti-IDO antibody and human IDO in the cancer sample. Also provided herein are methods
of identifying a cancer patient having a IDO-positive cancer, comprising contacting a cancer sample from the
patient with the anti-IDO antibody described herein under conditions permissive for binding of the anti-

IDO antibody to human IDO, and detecting binding of the anti-IDO antibody to human IDO in the cancer
sample. In some embodiments, the methods may use IHC.

[0139] Also provided herein are methods of selecting a cancer patient for treatment with an IDO inhibitor,
comprising determining the level of IDO expression in a cancer sample from the patient

using immunohistochemistry (IHC), wherein an elevated level of IDO expression indicates that the cancer
patient is more likely to benefit from treatment with an IDO inhibitor, wherein IHC is performed using

the antibody described herein.

[0140] Also provided herein are methods of selecting a cancer patient for treatment with an IDO inhibitor,
comprising contacting a cancer sample from the patient with the anti-IDO antibody described herein under
conditions permissive for binding of the anti-IDO antibody to human IDO, and detecting whether a complex is
formed between the anti-IDO antibody and human IDO in the cancer sample. Also provided herein are methods
of selecting a cancer patient for treatment with an IDO inhibitor, comprising contacting a cancer sample from
the patient with the anti-IDO antibody described herein under conditions permissive for binding of the anti-
IDO antibody to human IDO, and detecting binding of the anti-IDO antibody to human IDO in the cancer
sample. In some embodiments, the methods may use IHC.

[0141] Also provided herein are methods of treating a cancer patient comprising administering to the
patient a therapeutically effective amount of an IDO inhibitor, wherein a cancer sample from the patient has
been determined to have an elevated level of IDO expression as detected by immunohistochemistry (IHC),
wherein IHC is performed using the antibody described herein.

[0142] Also provided herein are methods of treating a cancer patient with an IDO inhibitor comprising (a)

determining whether a cancer patient has an IDO-positive cancer as detected by immunohistochemistry (IHC)
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using the antibody described herein, and (b) administering to the patient a therapeutically effective amount of
the IDO inhibitor.

[0143] Also provided herein are methods of treating a cancer patient with an IDO inhibitor comprising
determining whether a cancer sample from the patient has an elevated level of IDO expression, as detected

by immunohistochemistry (IHC) using the antibody described herein, and administering to the patient a
therapeutically effective amount of the IDO inhibitor.

[0144] Also provided herein are methods of treating a cancer patient with an IDO inhibitor comprising: a)
determining the level of IDO expression in a cancer sample from the patient using immunohistochemistry (IHC)
using the antibody described herein, and b) administering to the patient a therapeutically effective amount of the
IDO inhibitor.

[0145] Also provided herein are methods of treating a cancer patient with an IDO inhibitor comprising: a)
determining the level of IDO expression in a cancer sample from the patient using immunohistochemistry
(IHC), wherein an elevated level of IDO expression indicates that the cancer patient is more likely to benefit
from treatment with an IDO inhibitor, wherein IHC is performed using the antibody described herein, and b)
administering to the patient a therapeutically effective amount of the IDO inhibitor.

[0140] Also provided herein are methods of treating a cancer patient with an IDO inhibitor comprising: a)
contacting a cancer sample from the patient with the anti-IDO antibody described herein under conditions
permissive for binding of the anti-IDO antibody to human IDO, b) detecting whether a complex is formed
between the anti-IDO antibody and human IDO in the cancer sample, and c) administering to the patient a
therapeutically effective amount of the IDO inhibitor. Also provided herein are methods of treating a cancer
patient with an IDO inhibitor comprising: a) contacting a cancer sample from the patient with the anti-

IDO antibody described herein under conditions permissive for binding of the anti-IDO antibody to human IDO,
b) detecting binding of the anti-IDO antibody to human IDO in the cancer sample, and ¢) administering to the
patient a therapeutically effective amount of the IDO inhibitor. In some embodiments, binding of the anti-

IDO antibody to human IDO may be detected by THC.

[0147] In some embodiments, the method increases the objective response rate of the subject. In certain
embodiments, the method induces a complete response in the subject. In some embodiments, the method
induces a partial response in the subject.

[0148] The antibodies disclosed herein may also be used as therapeutic agents for treating cancer. Also
provided herein are methods of treating cancer comprising administering the antibody to a subject in need
thereof. In some embodiments, the antibody may be a humanized antibody comprising a heavy chain variable
region (VH) and a light chain variable region (VL); wherein the VH comprises a VH complementarity
determining region (CDR) 1, a VH-CDR2, and a VH-CDR3 and the VL comprises a VL-CDR1, a VL-CDR2,
and a VL-CDR3; wherein the VH-CDRI1 comprises the amino acid sequence set forth in SEQ ID NO:7, the VH-
CDR2 comprises the amino acid sequence set forth in SEQ ID NO:8, the VH-CDR3 comprises the amino acid
sequence set forth in SEQ ID NO:9, the VL-CDR1 comprises the amino acid sequence sct forth in SEQ ID
NO:10, the VL-CDR2 comprises the amino acid sequence set forth in SEQ ID NO:11, and the VL-CDR3
comprises the amino acid sequence set forth in SEQ ID NO:12. In some embodiments, the antibody may be a

chimeric antibody. In some embodiments, the antibody may be an immunoconjugate, ¢.g., an antibody-drug

-4 -



WO 2020/117627 PCT/US2019/063910

conjugate. In some embodiments, the method of treating cancer further comprises administering another
therapeutic agent, ¢.g., a chemotherapeutic agent or another protein agent, to the subject.

[0149] Cancers whose growth can be inhibited using the methods of the disclosure include cancers
typically responsive to immunotherapy and those that are not typically responsive to immunotherapy. Cancers
that can be treated include IDO positive cancers. Cancers can be cancers with solid tumors or hematolotical
malignancies (liquid tumors). Non-limiting examples of cancers for treatment include squamous cell carcinoma,
small-cell lung cancer, non-small cell lung cancer, squamous non-small cell lung cancer (NSCLC),
nonsquamous NSCLC, glioma, gastrointestinal cancer, renal cancer (e.g., clear cell carcinoma), ovarian cancer,
liver cancer, colorectal cancer, endometrial cancer, kidney cancer (e.g., renal cell carcinoma (RCC)), prostate
cancer (e.g., hormone refractory prostate adenocarcinoma), thyroid cancer, neuroblastoma, pancreatic cancer,
glioblastoma (glioblastoma multiforme), cervical cancer, stomach cancer, bladder cancer, hepatoma, breast
cancer, colon carcinoma, and head and neck cancer (or carcinoma), gastric cancer, germ cell tumor, pediatric
sarcoma, sinonasal natural killer, melanoma (e.g., metastatic malignant melanoma, such as cutancous or
intraocular malignant melanoma), bone cancer, skin cancer, uterine cancer, cancer of the anal region, testicular
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of
the vagina, carcinoma of the vulva, cancer of the esophagus, cancer of the small intestine, cancer of the
endocrine system, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of
the urethra, cancer of the penis, rectal cancer, solid tumors of childhood, cancer of the ureter, carcinoma of the
renal pelvis, neoplasm of the central nervous system (CNS), primary CNS lymphoma, tumor angiogenesis,
spinal axis tumor, brain cancer, brain stem glioma, pituitary adenoma, Kaposi's sarcoma, epidermoid cancer,
squamous cell cancer, environmentally-induced cancers including those induced by asbestos, virus-related
cancers or cancers of viral origin (e.g., human papilloma virus (HPV-related or -originating tumors)); and any
combinations of said cancers.

[0150] Non-limiting examples of cancers for treatment include hematological malignancies derived from
either of the two major blood cell lineages, i.e., the myeloid cell line (which produces granulocytes,
erythrocytes, thrombocytes, macrophages and mast cells) or lymphoid cell line (which produces B, T, NK and
plasma cells), such as all types of leukemias, lymphomas, and myelomas, e.g., acute, chronic, lymphocytic
and/or myelogenous leukemias, such as acute leukemia (ALL), acute myelogenous leukemia (AML), chronic
Ilymphocytic leukemia (CLL), and chronic myelogenous leukemia (CML), undifferentiated AML (MO),
myeloblastic leukemia (M), myeloblastic leukemia (M2; with cell maturation), promyelocytic leukemia (M3 or
M3 variant [M3V]), myelomonocytic leukemia (M4 or M4 variant with eosinophilia [M4E]), monocytic
leukemia (M5), erythroleukemia (M6), megakaryoblastic leukemia (M7), isolated granulocytic sarcoma, and
chloroma; lymphomas, such as Hodgkin's lymphoma (HL), non-Hodgkin's lymphoma (NHL), B cell
hematologic malignancy, e.g., B-cell lymphomas, T-cell lymphomas, lymphoplasmacytoid lymphoma,
monocytoid B-cell lymphoma, mucosa-associated lymphoid tissue (MALT) lymphoma, anaplastic (e.g., Ki 1+)
large-cell lymphoma, adult T-cell lymphoma/leukemia, mantle cell lymphoma, angio immunoblastic T-cell
Ilymphoma, angiocentric lymphoma, intestinal T-cell lymphoma, primary mediastinal B-cell lymphoma,
precursor T-lymphoblastic lymphoma, T-lymphoblastic; and lymphoma/leukaemia (T-Lbly/T-ALL), peripheral
T- cell lymphoma, lymphoblastic lymphoma, post-transplantation lymphoproliferative disorder, true histiocytic

Ilymphoma, primary central nervous system lymphoma, primary effusion lymphoma, B cell lymphoma,
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Ilymphoblastic lymphoma (LBL), hematopoictic tumors of lymphoid lincage, acute lymphoblastic leukemia,
diffuse large B-cell lymphoma, Burkitt's lymphoma, follicular lymphoma, diffuse histiocytic lymphoma (DHL),
immunoblastic large cell lymphoma, precursor B -lymphoblastic lymphoma, cutancous T-cell lymphoma
(CTLC) (also called mycosis fungoides or Sezary syndrome), and lymphoplasmacytoid lymphoma (LPL) with
Waldenstrom's macroglobulinemia; myelomas, such as IgG myeloma, light chain myeloma, nonsecretory
myeloma, smoldering myeloma (also called indolent myeloma), solitary plasmocytoma, and multiple myelomas,
chronic lymphocytic leukemia (CLL), hairy cell lymphoma; hematopoictic tumors of myeloid lincage, tumors of
mesenchymal origin, including fibrosarcoma and rhabdomyoscarcoma; seminoma, teratocarcinoma, tumors of
the central and peripheral nervous, including astrocytoma, schwannomas; tumors of mesenchymal origin,
including fibrosarcoma, rhabdomyoscaroma, and osteosarcoma; and other tumors, including melanoma,
xeroderma pigmentosum, keratoacanthoma, seminoma, thyroid follicular cancer and teratocarcinoma,
hematopoietic tumors of lymphoid lincage, for example T-cell and B-cell tumors, including but not limited to T-
cell disorders such as T-prolymphocytic leukemia (T-PLL), including of the small cell and cerebriform cell
type; large granular lymphocyte leukemia (LGL) of the T-cell type; a/d T-NHL hepatosplenic lymphoma;
peripheral/post-thymic T cell lymphoma (pleomorphic and immunoblastic subtypes); angiocentric (nasal) T-cell
lymphoma; and any combinations of said cancers.

[0151] The methods described herein can also be used for treatment of metastatic cancers, unresectable,
refractory cancers (e.g., cancers refractory to previous immunotherapy, e.g., with a blocking CTLA-4 or PD-1
antibody), and/or recurrent cancers.

[0152] In some embodiments, the subject has a cancer selected from non-small cell lung cancer NSCLC),
head and neck squamous cell carcinoma (HNSCC), melanoma, bladder cancer, pancreatic cancer, gastric cancer,
colon cancer, renal cell carcinoma (RCC), small-cell lung cancer (SCLC), mesothelioma, hepatocellular
carcinoma, prostate cancer, multiple myeloma, and combinations of said cancers.

[0153] In some embodiments, the subject has a cancer selected from diffuse large B-cell lymphoma
(DLBCL), head and neck squamous cell carcinoma (HNSCC), cervical carcinoma, melanoma, colorectal
carcinoma (CRC), non small-cell lung carcinoma (NSCLC), bladder carcinoma, pancreatic adenocarcinoma,
small cell lung cancer (SCLC), or ovarian adenocarcinoma, and combinations of said cancers.

[0154] In some embodiments, the IDO inhibitor is administered to patients having a cancer that exhibited
an inadequate response to, or progressed on, a prior treatment, e.g., a prior treatment with an immuno-oncology
or immunotherapy drug, or patients having a cancer that is refractory or resistant, either intrinsically refractory
or resistant (e.g., refractory to a PD-1 pathway antagonist), or a wherein the resistance or refractory state is
acquired. For example, subjects who are not responsive or not sufficiently responsive to a first therapy or who
see disease progression following treatment, e.g., anti-PD-1 treatment, can be treated by administration of the
IDO inhibitor alone or in combination with another therapy (e.g., with an anti-PD-1 therapy).

[0155] The practice of the present disclosure will employ, unless otherwise indicated, conventional
techniques of cell biology, cell culture, molecular biology, transgenic biology, microbiology, recombinant DNA,
and immunology, which are within the skill of the art. Such techniques are explained fully in the literature. See,
for example, Sambrook e al., ed. (1989) Molecular Cloning A Laboratory Manual (2nd ed.; Cold Spring Harbor
Laboratory Press); Sambrook ef a/., ed. (1992) Molecular Cloning: A Laboratory Manual, (Cold Springs Harbor
Laboratory, NY); D. N. Glover ed., (1985) DNA Cloning, Volumes I and II; Gait, ed. (1984) Oligonucleotide
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Synthesis; Mullis ef a/. U.S. Pat. No. 4,683,195; Hames and Higgins, eds. (1984) Nucleic Acid Hybridization;
Hames and Higgins, eds. (1984) Transcription And Translation; Freshney (1987) Culture Of Animal Cells (Alan
R. Liss, Inc.); Immobilized Cells And Enzymes (IRL Press) (1986); Perbal (1984) A Practical Guide To
Molecular Cloning; the treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Miller and Calos eds.
(1987) Gene Transfer Vectors For Mammalian Cells, (Cold Spring Harbor Laboratory); Wu et al., eds.,
Methods In Enzymology, Vols. 154 and 155; Mayer and Walker, eds. (1987) Immunochemical Methods In Cell
And Molecular Biology (Academic Press, London); Weir and Blackwell, eds., (1986) Handbook Of
Experimental Immunology, Volumes I-1V; Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y ., (1986); ); Crooks, Antisense drug Technology: Principles, strategies and
applications, 2" Ed. CRC Press (2007) and in Ausubel et al. (1989) Current Protocols in Molecular Biology
(John Wiley and Sons, Baltimore, Md.).

[0156] The following examples are offered by way of illustration and not by way of limitation.
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EXAMPLES

Example 1. Antibody Generation and Screening

[0157] The lack of specific, high quality anti-IDO antibodies for Immunohistochemistry (IHC) analysis of
cancer samples prompted the antibody generation and screening effort described herein. To generate anti-IDO
antibodies, mice were immunized with denatured recombinant human IDO protein with a 6-His tag and
thrombin site linker (His-Tb-IDO) (SEQ ID NO: 2). The protein was expressed in E. coli and purified using
Ni2+ affinity and size exclusion chromatography. Purified protein was then denatured in a 0.5% SDS solution
at 80°C for 10 minutes for immunization. Four BALB/c mice were immunized with 10ug of the denatured
protein mixed 1:1 with Ribi adjuvant (Sigma S6322) at weekly intervals through intraperitoneal, subcutancous,
and footpad injections. Serum titers were determined after six injections, and then the animals received one
final intravenous and footpad boost without adjuvant three days prior to the final harvest. Both lymph nodes
and spleens were harvested for subsequent hybridoma fusions 51 days after the initial immunization.

[0158] Hybridomas were generated by electrofusion with a mouse myeloma fusion partner derived from
cell line P3X63AgU.1 (ATCC CRL1597) using a CytoPulse Hybrimmune large chamber cell fusion
electroporator (BTX/Harvard Apparatus). Single cell suspensions of lymphocytes (fusion number 5696) and
splenocytes (fusion 5697) from immunized mice were fused to an equal number of myeloma cells. Resulting
cells were plated in flat bottom 96-well cell culture plates in Medium E (STEMCELL Technologies)
supplemented with aminopterin (Sigma A5159) for selection of hybridomas.

[0159] After eleven days, hybridoma culture supernatants were collected and screened by direct ELISA
for specific binding to denatured His-Tb-IDO. Briefly, 96-well polystyrene microplates (Corning 9018) were
coated overnight at 4C with 60uL of denatured tagged antigen at 2ug/mL in PBS. The plates were blocked with
200uL/well of assay buffer containing 0.5% bovine serum albumin in PBS and washed. After the blocking step,
100uL of supernatant from individual hybridoma culture wells were added and incubated for one hour on a plate
shaker at room temperature. The plates were washed three times with PBS and 100ul of F(ab"). fragment goat
anti-mouse IgG Fcy (1:1000 dilution) (Jackson ImmunoResearch 115-036-071) was added and incubated for 1
hour at RT and washed again with PBS. The plates were then developed with 100ul/well of ABTS HRP
substrate (Surmodics ABTS-1000-01) for 5 to 10 minutes, and analyzed using a PerkinElmer EnVision
microplate reader at 405nm. The data was analyzed using TIBCO Spotfire.

[0160] After the initial screening by ELISA, select positive supernatants were screened by THC, as
described in Example 3. THC-positive clone 1E7 was subcloned twice and scaled-up in hybridoma culture.
Harvested supernatant was purified by Protein A affinity chromatography. Purified monoclonal antibody was
sterile filtered and stored at 4°C.

[0161] Total RNA was prepared from hybridoma clone 1691.5697.7G8.1E7.A1 (1E7) and heavy chain
and light chain cDNAs were prepared, cloned and sequenced (Figure 1). Antibody 1E7 comprised a heavy chain
comprising the amino acid sequence set forth in SEQ ID NO: 13 and a light chain comprising the amino acid
sequence set forth in SEQ ID NO: 15 (see Figure 1 and Table 1).
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SEQ Description Sequences
1D
MAHAMENSWTISKEYHIDEEVGFALPNPOQENLPDEFYNDWME IAKHLPDLIESG
QLRERVEKLNMLSIDHLTDHKSQRLARLVLGCITMAYVWGKGHGDVRKVLPRN
TIAVPYCQLSKKLELPPILVYADCVLANWKKKDPNKPLTYENMDVLESERDGDC
SKGFFLVSLLVETAAASATKVIPTVFKAMOMOERDTLLKALLETASCLEKALQ
1 Human IDO VEFHOIHDHVNPKAFEFSVLRIYLSGWKGNPQLSDGLVYEGEFWEDPKEFAGGSAG
QSSVEQCEFDVLLGIQOTAGGGHAAQFLODMRRYMPPAHRNEFLCSLESNPSVRE
FVLSKGDAGLREAYDACVKALVSLRSYHLQIVTKYILIPASQOQPKENKTSEDP
SKLEAKGTGGTDLMNEFLKTVRSTTEKSLLKEG
MGSSHHHHHHSSGLVPRGSHMAHAMENSWTISKEYHIDEEVGEFALPNPQENLP
DEYNDWMEFTIAKHLPDLIESGQLRERVEKLNMLSIDHLTDHKSQRLARLVLGCT
TMAYVWGKGHGDVRKVLPRNIAVPYCQLSKKLELPPILVYADCVLANWKKKDP
2 His-Tb-IDO NKPLTYENMDVLESEFRDGDCSKGEFFLVSLLVETAAASATKVIPTVEFKAMOMOE
RDTLLKALLETASCLEKALOVFHQIHDHVNPKAFFSVLRIYLSGWKGNPQLSD
GLVYEGEWEDPKEFAGGSAGOSSVEFQCEDVLLGIQOTAGGGHAAQFLODMRRY
MPPAHRNFLCSLESNPSVREFVLSKGDAGLREAYDACVKALVSLRSYHLQIVT
KYTLIPASQQPKENKTSEDPSKLEAKGTGGTDLMNEFLKTVRSTTEKSLLKEG
CAGGTCCAGCTTCAGCAGTCTGGGGCTGAACTGGCAARAACCTGGGGCCTCAGT
GAAGATGTCCTGCAAGACTTCTGGCTACACCTTTACTAGCTACTGGATGCACT
IDO _1E7 VH GGGTAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGATACATTAATCCT
3 NT ACCACTGGTTATACTGACTGCAATCAGAAGTTCAAGGACAAGGCCACATTGAC
TGCAGACAAGTCCTCCAACACAGCCTACTTGCAACTGAGCAGCCTGACATCTG
AGGACTCTGCAGTCTATTACTGTGCCAGATCGGCTATGTTTGGTAGGGGGT GG
GGCCAAGGCACCACTCTCACGGTCTCCTCA
IDO_1E7 VH QVOLOOSGAELAKPGASVKMSCKTSGYTETSYWMHWVKORPGOQGLEWIGY INP
4 AA TTGYTDCNQKEFKDKATLTADKSSNTAYLQLSSLTSEDSAVYYCARSAMEGRGW
GQGTTLTVSS
GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACCATTGGACAACC
AGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTACATAGTGATGGAAAGA
IDO _1E7 VL CATATTTGAATTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATC
5 NT TATCTGGTGTCTAAACTGGACTCTGGAGTCCCTGACAGGTTCACTGGCAGTGG
ATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCTGAGGATTTGG
GAGTTTATTATTGTTGGCAAGGTACACATTTTCCTCAGACGTTCGGTGGAGGC
TCCAAGCTGGAAATCAARA
IDO_1E7 VL DVVMTQOTPLTLSVTIGQPASISCKSSOSLLHSDGKTYLNWLLORPGQSPKRLT
6 AA YLVSKLDSGVPDRETGSGSGTDEFTLKISRVEAEDLGVYYCWQGTHEPQTFGGG
SKLEIK
] IDO_1E7 SYWMH
VH_CDRI1
" IDO_1E7 YINPTTGYTDCNQKEKD
VH_CDR2
. IDO_1E7 SAMFGRG
VH_CDR3
10 IDO_1E7 KSSQSLLHSDGKTYLN
VL CDRI1
1 IDO_1E7 LVSKLDS
VL CDR2
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SEQ Description Sequences
1D
b IDO_1E7 WOQGTHFPQT
VL CDR3

13

IDO_1E7 Heavy
Chain AA

QVOLOOSGAELAKPGASVKMSCKTSGY TFTSYWMHWVKQRPGOGLEWIGY INP
TTGYTDCNQKEKDKATLTADKSSNTAYLQLSSLTSEDSAVYYCARSAMEGRGW
GOGTTLTVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKGY FPEPVTVTWNS
GSLSSGVHTFPAVLOSDLYTLSSSVIVPSSTWPSETVTCNVAHPASSTKVDKK
IVPRDCGCKPCICTVPEVSSVEFIFPPKPKDVLTITLTPKVTCVVVDISKDDPE
VOESWEVDDVEVHTAQTQPREEQFNSTEFRSVSELPIMHODWLNGKEEFKCRVNS
AAFPAPTEKTISKTKGRPKAPQVYTIPPPKEQMAKDKVSLTCMITDEFPEDIT
VEWQWNGOPAENYKNTQPIMDTDGSYEFVY SKLNVOKSNWEAGNTEFTCSVLHEG
LHNHHTEKSLSHSPG

14

IDO_1E7 Heavy
Chain NT

CAGGTCCAGCTTCAGCAGTCTGGGGCTGAACTGGCAAAACCTGGGGCCTCAGT
GAAGATGTCCTGCAAGACTTCTGGCTACACCTTTACTAGCTACTGGATGCACT
GGGTAAAACAGAGGCCTGGACAGGGTCTGGAATGGATTGGATACATTAATCCT
ACCACTGGTTATACTGACTGCAATCAGAAGTTCAAGGACAAGGCCACATTGAC
TGCAGACAAGTCCTCCAACACAGCCTACTTGCAACTGAGCAGCCTGACATCTG
AGGACTCTGCAGTCTATTACTGTGCCAGATCGGCTATGTTTGGTAGGGGGT GG
GGCCAAGGCACCACTCTCACGGTCTCCTCAGCTAAAACGACACCCCCATCTGT
CTATCCGCTGGCCCCTGGATCCGCTGCCCAAACTAACTCCATGGTGACCCTGG
GATGCCTGGTCAAGGGCTATTTCCCTGAGCCAGTGACAGTGACCTGGAACTCT
GGCTCCCTGTCCAGCGGTGTGCACACCTTCCCAGCTGTCCTGCAGTCTGACCT
CTACACTCTGAGCAGCTCAGTGACTGTCCCCTCCAGCACCTGGCCCAGCGAGA
CCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGARAA
ATTGTGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGTACAGTCCCAGAAGT
ATCATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGATGTGCTCACCATTACTC
TGACTCCTAAGGTCACGTGTGTTGTGGTAGACATCAGCAAGGATGATCCCGAG
GTCCAGTTCAGCTGGTTTGTAGATGATGTGGAGGTGCACACAGCTCAGACGCA
ACCCCGGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGTCAGTGAACTTCCCA
TCATGCACCAGGACTGGCTCAATGGCAAGGAGTTCAAATGCAGGGTCAACAGT
GCAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGCAGACC
GAAGGCTCCACAAGTCTACACCATTCCACCTCCCAAGGAGCAGATGGCCAAGG
ATAAAGTCAGTCTGACCTGCATGATAACAGACTTCTTCCCTGAAGACATTACT
GTGGAGTGGCAGTGGAATGGGCAGCCAGCGGAGAACTACAAGAACACTCAGCC
CATCATGGACACAGATGGCTCTTACTTCGTCTACAGCAAGCTCAATGTGCAGA
AGAGCAACTGGGAGGCAGGAAATACTTTCACCTGCTCTGTGTTACATGAGGGC
CTGCACAACCACCATACTGAGAAGAGCCTCTCCCACTCTCCTGGT

15

IDO_1E7 Light
Chain AA

DVVMTQTPLTLSVITIGQPASTISCKSSQSLLHSDGKTY LNWLLORPGQSPKRLI
YLVSKLDSGVPDRFTGSGSGTDFTLKISRVEAEDLGVYYCWQGTHEPQTEFGGG
SKLEIKRADAAPTVSIFPPSSEQLTSGGASVVCEFLNNEYPKDINVKWKIDGSE
RONGVLNSWTDODSKDSTY SMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVK
SENRNEC

16

IDO_1E7 Light
Chain NT

GATGTTGTGATGACCCAGACTCCACTCACTTTGTCGGTTACCATTGGACAACC
AGCCTCCATCTCTTGCAAGTCAAGTCAGAGCCTCTTACATAGTGATGGAAAGA
CATATTTGAATTGGTTGTTACAGAGGCCAGGCCAGTCTCCAAAGCGCCTAATC
TATCTGGTGTCTARACTGGACTCTGGAGTCCCTGACAGGTTCACTGGCAGTGG
ATCAGGGACAGATTTCACACTGAAAATCAGCAGAGTGGAGGCTGAGGATTTGG
GAGTTTATTATTGTTGGCAAGGTACACATTTTCCTCAGACGTTCGGTGGAGGC
TCCAAGCTGGAAATCAAACGGGCTGATGCTGCACCAACTGTATCCATCTTCCC
ACCATCCAGTGAGCAATTGACATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGA
ACAACTTCTACCCCAAAGACATCAATGTCAAGTGGAAGATTGATGGCAGTGAA
CGACAAAATGGCGTCCTGAACAGTTGGACCGATCAGGACAGCAAAGACAGCAC
CTACAGCATGAGCAGCACCCTCACGTTGACCAAGGACGAGTATGAACGACATA
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SEQ Description Sequences
1D

ACAGCTATACCTGTGAGGCCACTCACAAGACATCAACTTCACCCATTGTCAAG
AGCTTCAACAGGAATGAGTGT

Example 2. Recombinant Antibody Production and Purification

[0162] The anti-IDO antibody described herein can be expressed using cloning and recombinant
expression techniques commonly available in the art. For example, the recombinant monoclonal antibody 1E7
was produced by transient expression in HEK-293-6F cells. Briefly, endotoxin-free mammalian expression
plasmids encoding the antibody heavy and light chain were co-transfected into log phase HEK-293-6E cells
using 293fectin transfection reagent (ThermoFisher). Transfected cells were cultured in serum-free FreeStyle
293 expression medium (ThermoFisher) in a humidified 37°C CO, shaker incubator for 5 days. Culture
supernatant was collected by centrifugation of cell suspension. Recombinant antibody present in the supernatant
was purified by standard protein A column chromatography. After binding and washing, bound antibody was
cluted by low pH citrate buffer from the column and immediately adjusted to neutral pH. The antibody solution
was then dialyzed in sterile PBS buffer, concentrated and sterile-filtered. The final purified antibody was
quantified at OD280 nm and analyzed by SDS-PAGE for purity. The antibody activity was validated by antigen

specific ELISA assay using reference antibody as standard.

Example 3. Immunohistochemistry Assay to Asses IDO Expression in Cancers

[0163] Immunohistochemistry (IHC) is a useful tool for studying IDO expression in cancer tissucs.
Formalin Fixed Paraffin Embedded (FFPE) tissue is currently the primary format of pathology tissue samples in
clinical settings. To explore which tumor types or clinical settings are more likely to respond to IDO inhibitor
therapy, an THC assay suitable for FFPE samples is required to assess IDO expression in situ.

[0164] Fifty positive supernatants derived from 3 hybridoma fusions were screened by IHC using custom-
made low density FFPE TMA (tissue micro-array) that consists of positive (human IDO transfected HEK 293
cells) and negative control cells (non-transfected HEK293 cells) and tissues (IDO mRNA low, moderate, or high
expressing tumor samples verified by in situ hybridization using RN Ascope). Through two rounds of screening
and subcloning, 6 purified clones were selected for assay development and validation. Monoclonal antibody
1E7, a mouse 1gG1, was identified as the lead antibody for IHC.

[0165] To further develop a user and clinical friendly assay, mAb 1E7 was optimized for automated IHC
using the Leica BondRX platform. The Bond Polymer Refine Detection System (Leica, catalog# DS9800) was
used for the detection of IDO1 and all incubations were carried out at room temperature. Briefly, slides were
deparaffinized and rehydrated following routine histology procedures. The slides were loaded onto the Leica
BondRX automated THC stainer and antigen retrieved with either the Bond Epitope Retrieval Solution 1 (Leica,
catalog# AR9961) or 2 (Leica, catalog# AR9640) for 20 minutes at 95°C. Peroxidase block from the Bond
Polymer Refine Detection kit (Leica, catalog# DS9800) was applied to the slides for 10 min, followed by non-
specific binding blocking using protein block (Agilent-D AKO, catalog# X0909) supplemented with 0.5%
human gamma globulins (Sigma, catalog# G-4386) for 20 min. Primary antibody 1E7 was incubated at 0.03 or
0.05 pg/ml for 60 minutes, and followed by rabbit anti-mouse linker and then anti-rabbit Poly-HRP-IgG from
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the Bond Polymer Refine Detection Kit for 30 min each step. Finally, the slides were reacted with the DAB
substrate-chromogen solution from the Bond Polymer Refine Detection Kit for 6 min. The slides were then
counterstained with hematoxylin, dehydrated, cleared, and coverslipped with Permount or DePeX following
routine histological procedure. Protein block was used as diluent for the primary antibody. Mouse monoclonal
IgG1 (Agilent-DAKO, catalog# X0931) was used as isotype control. Whole slide digital images of stained slides
were captured and viewed using Aperio AT2 ScanScope and e-Slide Manager (Leica), and then analyzed by a
pathologist for manual score or with Halo software (Indica) for quantitative image analysis.

[0166] Results: In HEK?293 cells transfected with human IDO1, strong positive staining by antibody 1E7
was observed in the vast majority of the cells and no staining in non-transfected HEK 293 cells (Figure 2, panels
A and B). Positive staining was observed in H1048 cells (Figure 2, panel C), which is an IDO1 low/moderate
endogenous-expressing cell line. However, H1048 cells whose IDO1 was knocked out by CRISPR exhibited an
about 90% reduction of the positive staining (Figure 2, panel D). In addition, positive staining was observed in
cervical cancer cells and tumor associated immune cells (Figure 2, panel E). The positive staining was displaced
by added IDO1 protein (Figure 2, panel F). These data indicated that mAb 1E7 was specific for IDO1.
Furthermore, the comparison of mAb 1E7 and commercial mAb D5J4E in H1048 cells and cervical squamous
carcinoma sample showed that 1E7 had a significantly higher sensitivity than D5J4E (Figure 3, A-H).

[0167] Ten tumor types were evaluated for presence of IDO1 positive staining in tumor cells and/or tumor
associated immune cells (TAICs), using IHC with mAb 1E7. In general, the expression of IDO1 positive
TAICs was broadly distributed across tumor types, and IDOI1 positive cells was observed in all samples
examined, with TAICs most often being predominantly within the tumor stroma. Based on morphology, the
IDO1-positive TAICs was primarily in dendritic/macrophage-like cells, with no notable staining in
Iymphocytes. Similarly, in samples with clearly visible lymphoid aggregates or tumor associated tertiary
Iymphoid structures, IDO1 positive staining was observed primarily in the dendritic/macrophage-like cells but
not lymphocytes. Among the 10 tumor types evaluated, DLBCL had the most abundant IDO1 positive TAICs.
Melanomas, cervical carcinomas and HNSCC also had high numbers of IDO1-positive TAICs, while SCLC and
ovarian carcinoma had the lowest level of IDO1-positive TAICs (Figure 4). In order of highest to lowest IDO1-
positive TAIC frequency, the tumor cohorts ranked as follows: diffuse large B-cell lymphoma (DLBCL); head
and neck squamous cell carcinoma (HNSCC); cervical carcinoma; melanoma; colorectal carcinoma (CRC); non
small-cell lung carcinoma (NSCLC); bladder carcinoma; pancreatic adenocarcinoma; small cell lung cancer
(SCLC), and ovarian adenocarcinoma (Figure 4).

[0168] In addition to expression in TAICs, IDO1 positive staining was also observed in subset of tumor
cells in most tumor types. The positive staining in tumor cells displayed a predominantly cytoplasmic pattern.
Among the 10 tumor types examined, cervical carcinoma had the highest expression of IDO1 while SCLC
showed the lowest expression, with only one sample showing weak cytoplasmic staining in a very small number
of tumor cells (Figure 5). In order of highest to lowest cytoplasmic H score, the tumor cohorts ranked as
follows: cervical carcinoma; HNSCC; NSCLC; bladder carcinoma; ovarian adenocarcinoma; CRC; melanoma;
pancreatic adenocarcinoma; DLBCL; and SCLC (Figure 5).

[0169] The foregoing description of the specific embodiments will so fully reveal the general nature of the
invention that others can, by applying knowledge within the skill of the art, readily modify and/or adapt for

various applications such specific embodiments, without undue experimentation, without departing from the
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general concept of the present invention. Therefore, such adaptations and modifications are intended to be
within the meaning and range of equivalents of the disclosed embodiments, based on the teaching and guidance
presented herein. It is to be understood that the phraseology or terminology herein is for the purpose of
description and not of limitation, such that the terminology or phraseology of the present specification is to be
interpreted by the skilled artisan in light of the teachings and guidance.

[0170] Other embodiments of the invention will be apparent to those skilled in the art from consideration
of the specification and practice of the invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the invention being indicated by the
following claims.

[0171] All publications, patents, and patent applications disclosed herein are incorporated by reference to
the same extent as if each individual publication, patent or patent application was specifically and individually

indicated to be incorporated by reference.
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What is claimed:

1. An antibody that specifically binds to human Indoleamine 2,3-dioxygenase (IDO), comprising a heavy
chain variable region (VH) and a light chain variable region (VL); wherein the VH comprises a VH
complementarity determining region (CDR) 1 (VH-CDR1), a VH-CDR2, and a VH-CDR3 and the VL
comprises a VL-CDR1, a VL-CDR2, and a VL-CDR3; wherein the VH-CDR1 comprises the amino acid
sequence set forth in SEQ ID NO:7, the VH-CDR2 comprises the amino acid sequence set forth in SEQ ID
NO:8, the VH-CDR3 comprises the amino acid sequence set forth in SEQ ID NO:9, the VL-CDR1 comprises
the amino acid sequence set forth in SEQ ID NO:10, the VL-CDR2 comprises the amino acid sequence set forth
in SEQ ID NO:11, and the VL-CDR3 comprises the amino acid sequence set forth in SEQ ID NO:12.

2. The antibody of claim 1, wherein the VH comprises an amino acid sequence having at least about 80%,
at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least
about 99% sequence identity to the amino acid sequence set forth in SEQ ID NO: 4.

3. The antibody of claim 1 or 2, wherein the VH comprises an amino acid sequence having at least about

98% sequence identity to the amino acid sequence set forth in SEQ ID NO: 4.

4, The antibody of any one of claims 1 to 3, wherein the VH comprises an amino acid sequence having at

least about 99% sequence identity to the amino acid sequence set forth in SEQ ID NO: 4.

5. The antibody of any one of claims 1 to 4, wherein the VH comprises the amino acid sequence set forth
in SEQ ID NO: 4.

6. The antibody of any one of claims 1 to 5, wherein the VL comprises an amino acid sequence having at
least about 80%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least about
98%, or at least about 99% sequence identity to the amino acid sequence set forth in SEQ ID NO: 6.

7. The antibody of any one of claims 1 to 6, wherein the VL comprises an amino acid sequence having at

least about 98% sequence identity to the amino acid sequence set forth in SEQ ID NO: 6.

8. The antibody of any one of claims 1 to 7, wherein the VL comprises an amino acid sequence having at

least about 99% sequence identity to the amino acid sequence set forth in SEQ ID NO: 6.

9. The antibody of any one of claims 1 to 8, wherein the VL comprises the amino acid sequence set forth
in SEQ ID NO: 6.

10. An antibody that specifically binds to human Indoleamine 2,3-dioxygenase (IDO), comprising a heavy
chain variable region (VH) and a light chain variable region (VL), wherein the VH comprises the amino acid
sequence of SEQ ID NO: 4, and the VL comprises the amino acid sequence set forth in SEQ ID NO: 6.

11. The antibody of any one of claims 1 to 10, wherein the antibody comprises a heavy chain comprising

an amino acid sequence having at least about 80%, at least about 90%, at least about 95%, at least about 96%, at
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least about 97%, at least about 98%, or at least about 99% sequence identity to the amino acid sequence set forth
in SEQ ID NO: 13.

12. The antibody of any one of claims 1 to 11, wherein the antibody comprises a heavy chain comprising
an amino acid sequence having at least about 98% sequence identity to the amino acid sequence set forth in SEQ
ID NO: 13.

13. The antibody of any one of claims 1 to 12, wherein the antibody comprises a heavy chain comprising
an amino acid sequence having at least about 99% sequence identity to the amino acid sequence set forth in SEQ
ID NO: 13.

14. The antibody of any one of claims 1 to 13, wherein the antibody comprises a heavy chain comprising

the amino acid sequence set forth in SEQ ID NO: 13.

15. The antibody of any one of claims 1 to 14, wherein the antibody comprises a light chain comprising an
amino acid sequence having at least about 80%, at least about 90%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% sequence identity to the amino acid sequence set forth
in SEQ ID NO: 15.

16. The antibody of any one of claims 1 to 15, wherein the antibody comprises a light chain comprising an
amino acid sequence having at least about 98% sequence identity to the amino acid sequence set forth in SEQ
ID NO: 15.

17. The antibody of any one of claims 1 to 16, wherein the antibody comprises a light chain comprising an
amino acid sequence having at least about 99% sequence identity to the amino acid sequence set forth in SEQ
ID NO: 15.

18. The antibody of any one of claims 1 to 17, wherein the antibody comprises a light chain comprising the

amino acid sequence set forth in SEQ ID NO: 15.

19. An antibody that specifically binds to human Indoleamine 2,3-dioxygenase (IDO), comprising a heavy
chain comprising the amino acid sequence set forth in SEQ ID NO: 13 and a light chain comprising the amino
acid sequence set forth in SEQ ID NO: 15.

20. The antibody of any one of claims 1 to 19, wherein the antibody is capable of specifically staining IDO
in a biological sample by immunohistochemistry (IHC).

21. The antibody of any one of claims 1 to 20, wherein the antibody is capable of specifically staining IDO

in a cancer sample by immunohistochemistry (IHC).

22. The antibody of any one of claims 1 to 21, wherein the antibody is capable of specifically staining IDO
in a FFPE (formalin fixed paraffin embedded) cancer sample by IHC.
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23. The antibody of any one of claims 1 to 22, wherein the antibody is an IgG1, an 1gG2, an IgG3, an [gG4

or a variant thereof, or wherein the antibody is an IgG1, an IgG2a, an IgG2b, an IgG3 or a variant thereof.

24, The antibody of any one of claims 1 to 23, wherein the antibody is an IgG1 antibody.

25. An antibody that binds to the same epitope on IDO as the antibody of any one of claims 1 to 24.
26. An antibody that cross-competes with the antibody of any one of claims 1 to 25 for binding to IDO.
27. A polynucleotide or a set of polynucleotides encoding the antibody of any one of claims 1 to 26.
28. A vector or a set of vectors comprising the polynucleotide or the set of polynucleotides of claim 27.
29. A host cell comprising the antibody of any one of claims 1 to 26, the polynucleotide or the set of

polynucleotides of claim 27, or the vector or the set of vectors of claim 28.

30. A method of producing an antibody comprising culturing the host cell of claim 29 so that the antibody

is produced.

31 An immunoconjugate comprising the antibody of any one of claims 1 to 26 and an agent.

32. The immunoconjugate of claim 31, wherein the agent is selected from the group consisting of a label, a

cytotoxic agent, an imaging agent, a second antibody, an enzyme, and any combination thercof.

33. A pharmaceutical composition comprising the antibody of any one of claims 1 to 26, and a

pharmaceutically acceptable carrier.

34, A method of detecting human IDO in a biological sample comprising contacting the biological sample
with the antibody of any one of claims 1to 26 under conditions permissive for binding of the antibody to human

IDO, and detecting binding between the antibody and human IDO in the biological sample.

35. The method of claim 33, wherein the biological sample is cancer sample.

36. The method of claim 34 or 35, wherein the biological sample selected from a diffuse large B-cell
Ilymphoma (DLBCL) sample; a head and neck squamous cell carcinoma (HNSCC) sample; a cervical carcinoma
sample; a melanoma sample; a colorectal carcinoma (CRC) sample; a non small-cell lung carcinoma (NSCLC)
sample; a bladder carcinoma sample; a pancreatic adenocarcinoma sample; a small cell lung cancer (SCLC)

sample; and an ovarian adenocarcinoma sample.

37. A method of identifying a cancer patient having an IDO-positive cancer, comprising contacting a
cancer sample from the patient with the anti-IDO antibody of any one of claims 1 to 26 under conditions
permissive for binding of the anti-IDO antibody to human IDO, and detecting binding between the anti-
IDO antibody and human IDO in the cancer sample.

38. A method of selecting a cancer patient for treatment with an IDO inhibitor, comprising determining the
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level of IDO expression in a cancer sample from the patient using immunohistochemistry (IHC), wherein an
clevated level of IDO expression, as compared to a healthy subject or another cancer patient, indicates that the
cancer patient is more likely to benefit from treatment with an IDO inhibitor, wherein IHC is performed using

the antibody of any one of claims 1 to 26.

39. A method of sclecting a cancer patient for treatment with an IDO inhibitor, comprising contacting a
cancer sample from the patient with the anti-IDO antibody of any one of claims 1 to 26 under conditions
permissive for binding of the anti-IDO antibody to human IDO, and detecting binding between the anti-
IDO antibody and human IDO in the cancer sample.

40. A method of treating a cancer patient comprising administering to the patient a therapeutically effective
amount of an IDO inhibitor, wherein a cancer sample from the patient has been determined to have an elevated
level of IDO expression using immunohistochemistry (IHC), wherein IHC is performed using the antibody of

any one of claims 1 to 26.

41. A method of treating a cancer patient with an IDO inhibitor comprising determining whether a cancer
sample from the patient has an elevated level of IDO expression, compared to a healthy subject or another
cancer patient, as detected by immunohistochemistry (IHC) using the antibody of any one of claims 1 to 26, and

administering to the patient a therapeutically effective amount of the IDO inhibitor.

42, A method of treating a cancer patient with an IDO inhibitor comprising determining whether a cancer
sample from the patient has an IDO-positive cancer, as detected by immunohistochemistry (IHC) using
the antibody of any one of claims 1 to 26, and administering to the patient a therapeutically effective amount of
the IDO inhibitor.

43, A method of treating a cancer patient with an IDO inhibitor comprising
a) determining the level of IDO expression in a cancer sample from the patient using immunohistochemistry (IHC)
using the antibody of any one of claims 1 to 26, and

b) administering to the patient a therapeutically effective amount of the IDO inhibitor.

44, A method of treating a cancer patient with an IDO inhibitor comprising

a) determining the level of IDO expression in a cancer sample from the patient using immunohistochemistry
(IHC), wherein an elevated level of IDO expression, as compared to a healthy subject or another cancer patient,
indicates that the cancer patient is more likely to benefit from treatment with an IDO inhibitor, wherein IHC is
performed using the antibody of any one of claims 1 to 26, and

b) administering to the patient a therapeutically effective amount of the IDO inhibitor.

45. A method of treating a cancer patient with an IDO inhibitor comprising

a) contacting a cancer sample from the patient with the anti-IDO antibody of any one of claims 1 to 26 under
conditions permissive for binding of the anti-IDO antibody to human IDO,

b) detecting binding between the anti-IDO antibody and human IDO in the cancer sample, and
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¢) administering to the patient a therapeutically effective amount of the IDO inhibitor.

46. The method of any one of claims 37 to 45, where the cancer patient has one or more cancers selected
from diffuse large B-cell lymphoma (DLBCL); head and neck squamous cell carcinoma (HNSCC); cervical
carcinoma; melanoma; colorectal carcinoma (CRC); non small-cell lung carcinoma (NSCLC); bladder carcinoma;

pancreatic adenocarcinoma; small cell lung cancer (SCLC); and ovarian adenocarcinoma.
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1E7 Heavy chain amino acid sequence (SEQ ID NO: 4)
FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

QVOLOOSGAELAKPGASVKMSCKTSGYTFTSYWMHWVKQRPGQGLEWIGYINPTTGYTDCNQKFKDK
CDR1 CDR2

ATLTADKSINTAYLQLSSLTSEDSAVYYCARSAMFGRGWGQGTTLTVSS
CDR3

1E7 Light chain amino acid sequence (SEQ ID NO: 6)
FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

DVVMTQTPLTLSVTIGQPASISCKSSQSLLHSDGKTYLNWLLOQRPGQSPKRLIYLVSKLDSGVPDRFE
CDR1 CDR2

TGSGSGTDFTLKISRVEAEDLGVYYCWQGTHFPQTFGGGSKLEIK
CDR3

Figure 1
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