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TITLE
ANTITUMOR IMMUNE CHECKPOINT REGULATOR ANTAGONISTS

[0001] This application claims priority to U.S. Provisional Patent Application Serial
No. 62/691,658, filed June 29, 2018 and U.S. Provisional Patent Application Serial No.
62/823,989, filed March 26, 2019, the contents of which are expressly incorporated herein by
reference herein.
FIELD

[0002] The present application relates generally to cancer treatment and, in particular,
to bispecific inhibitors capable of modulating pathways associated with tumorigenesis and
tumor immunity.

BACKGROUND

[0003] The inability of the host to eliminate cancer cells remains a major problem.
Although an increasing number of therapeutic monoclonal antibodies have been approved for
treatment of various cancers, emergence of resistance to these antibodies is frequently
observed, given the many different molecular pathways underlying cancer growth and
progression to metastasis. Although the immune system is the principal mechanism of cancer
prevention, cancer cells counteract immunosurveillance. Natural control mechanisms have
been identified that limit T-cell activation so as to prevent collateral damage resulting from
unrestrained T-cell activity. This process has been exploited by tumor cells to evade immune
responses. Restoring the capacity of immune effector cells, especially T cells, to recognize
and eliminate cancer is a major objective in immunotherapy.

[0004] The need exists for improved therapeutic binding antagonists or antibodies and
methods of treating cancer and chronic viral infections with such reagents.

SUMMARY

[0005] One aspect of the present application relates to bispecific antitumor
antagonists that comprise a first targeting domain that specifically binds to an immune
checkpoint regulator; a second targeting domain in the form of an scFv that specifically binds
to TIGIT; and an immunoglobulin scaffold structurally linked to the first and second
targeting domains, wherein the first targeting domain is positioned at N-terminal end of the
antagonist, and wherein the second targeting domain is positioned at a C-terminal end of the
antagonist and is linked to the immunoglobulin scaffold through a linker. In some
embodiments, linker comprises 4 or 6 copies of the amino acid sequence G4S (4x G4S and
6xG48S, respectively).

[0006] In some embodiments, the first targeting domain specifically binds to PD-1,
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PD-L1 or LAG-3.

[0007] Another aspect of the present application relates to humanized anti-LAG-3
antibodies that inhibit binding of ligands to LAG-3.

[0008] Another aspect of the present application relates to a method for treating a cell
proliferative disorder. The method comprises administering to a subject in need thereof an
effective amount of a bispecific antitumor antagonist or anti-LAG-3 antibody of the present
application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows complementarity determining region (CDR) sequences of
certain anti-TIGIT mAbs. The framework region (FR) sequences flanking the anti-TIGIT
CDR sequences are listed in FIG. 39A as SEQ ID NOS: 216-262.

[0010] FIGS. 2A-2C show several embodiments of anti-TIGIT antibody variable
domain sequences.

[0011] FIG. 3 shows CDR sequences of certain anti-PD-1 mAbs. The FR sequences
flanking the anti-PD-1 CDR sequences are listed in FIG. 39B as SEQ ID NOS: 263-292.

[0012] FIGS. 4A-4B show several embodiments of anti-PD-1 antibody variable
domain sequences.

[0013] FIG. 5 shows CDR sequences of certain anti-PD-L1 mAbs. The FR sequences
flanking the anti-PD-L1 CDR sequences are listed in FIG. 39C as SEQ ID NOS: 293-315.

[0014] FIGS. 6A-6C show several embodiments of anti-PD-L1 antibody variable
domain sequences.

[0015] FIGS. 7A-7C depict three exemplary bispecific antitumor antagonists, Bi-
TPM-93 (FIG. 7A), Bi-TPM-94A (FIG. 7B), and Bi-TPM-94B (FIG. 7C).

[0016] FIG. 8 summarizes the arrangement of functional domains in the bispecific
antagonists depicted in FIGS. 7A-7C.

[0017] FIGS. 9A-9B show the heavy chain (HC) and light chain (LC) amino acid
sequences corresponding to the bispecific antagonists depicted in FIGS. 7A-7C.

[0018] FIG. 10 depicts a blocking assay showing that Bi-TPM-94 A blocks the
interaction between PD-1 and its ligand (IC50=0.15 nM), PD-L1 better than Bi-TPM-93
(IC50=0.83 nM).

[0019] FIG. 11 shows a non-reducing PAGE analysis of Bi-TPM-94 Aand Bi-TPM-
94B transiently expressed in human embryonic kidney (HEK) 293 cells.

[0020] FIG. 12 shows a size-exclusion ultra-high performance liquid chromatography
(SE-UHPLC) analysis illustrating species heterogeneity in Bi-TPM-93 and Bi-TPM-94,
which is eliminated by linker modification in Bi-TPM-94B.
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[0021] FIG. 13A shows that the binding affinities of Bi-TPM-94A and Bi-TPM-94B
for PD-1 are stronger than the binding affinity of a benchmark anti-PD-1 antibody for PD-1.
FIG. 13B shows that the binding affinities of Bi-TPM-94A and Bi-TPM-94B for TIGIT are
stronger than the binding affinity of a benchmark anti-TIGIT antibody for TIGIT.

[0022] FIGS. 14A-14B show Bi-TPM-94A and Bi-TPM-94B potently block both
TIGIT binding to its ligand, human PVR (CD155) (FIG. 14A) and block PD-1 binding to its
ligand, PD-L1 (FIG. 14B).

[0023] FIG. 15 shows the results of an ELISA assay demonstrating simultaneous
binding of PD-1 and TIGIT by Bi-TPM-94A and Bi-TPM-94B in which huPD-1-Fc coated
96 well plates were incubated with serially diluted samples of Bi-TPM-94A and Bi-TPM-
94B, followed by His-tagged huTIGIT protein, whereby bound molecules were detected
using HRP-conjugated anti-His tag Ab and TMB substrate.

[0024] FIGS. 16A-16B show increased IFN-y secretion from human PBMCs (Donor
287, FIG. 16A; Donor 401, FIG. 16B) with Bi-TPM-94B relative to the individual or
combination of parental anti-PD-1 and anti-TIGIT antibodies, as well as the negative
controls.

[0025] FIGS. 17A-17B show that Bi-TPM-94B enhances proliferation of primary
human T cells from Donor 287 PBMCs (FIG. 17A) and Donor 401 PBMCs (FIG. 17B) to a
greater extent than the individual or combination of parental anti-PD-1 and anti-TIGIT
antibodies, as well as the negative controls.

[0026] FIG. 18 is a pharmacokinetic profile showing that Bi-TPM-94A and Bi-TPM-
94B have similar in vivo half-lives (T}») following a tail vein injection into 6-10 week old
female CD1 mice. The bispecific antagonists were recovered from serum taken at various
times post-injection and subjected to analysis by ELISA.

[0027] FIG. 19A shows the heavy chain CDR sequences corresponding to the anti-
LAG-3 mAbs 2L2A.1, 2L2A.6, 21.27B and 3L1A. FIG. 19B shows the light chain CDR
sequences corresponding to the anti-LAG-3 mAbs 2L.2A.1, 2L2A.6, 2L27B and 3L1A. The
FR sequences flanking the anti-LAG-3 CDR sequences are listed in FIG. 39C as SEQ ID
NOS: 316-337.

[0028] FIG. 20 shows the VH and VL sequences of anti-LAG-3 mAbs 2L2A.1,
21.2A.6, 2L27B and 3L1A.

[0029] FIGS. 21A-21B show the results of assays confirming the ability of the anti-
LAG-3 mAbs to block LAG-3 binding.

[0030] FIG. 22 shows the results of a cell-based blocking assay measuring the ability
of the anti-LAG-3 mAb 2L2A.1, a benchmark (BM) anti-LAG-3 mAb, and a chimeric 2L2A
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antibody (SEQ ID NOS: 203 and 204) to block the interaction between LAG-3-muFc and its
major ligand, major histocompatibility complex (MHC) antigen expressed on Raji cells. The
assay data was used to calculate IC50 values (nm) depicted.

[0031] FIGS. 23A-23B show affinity analysis of anti-LAG-3 2L2A.1 mAb for
binding human LAG-3-His (FIG. 23A) or human LAG-3-mlIgG2a (FIG. 23B) as determined
by surface plasmon resonance (SPR), along with corresponding binding affinity constants.

[0032] FIG. 24 depicts the binding of anti-LAG-3 mAb variant, 2L2A.1 or a
benchmark antibody (BM) to LAG-3, including the half maximal effective concentrations
(ECso) producing a response halfway between the baseline and the maximum.

[0033] FIG. 25 shows a non-denaturing polyacrylamide gel (PAGE) analysis of
humanized anti-LAG-3 mAb variant 2L2A.1 transiently expressed by HEK293. The positive
control is HybPL1 (1PL11 CDRg-VH:1PL25 CDRg-VL).

[0034] FIG. 26 is a FACS analysis showing co-expression of LAG-3 and PD-1 in
activated human CD3" T cells.

[0035] FIGS. 27A-27B show IFN-y production, PBMCs from two donors (Donor
0105, FIG. 27A; Donor 0817, FIG. 27B) were stimulated with Staphylococcal enterotoxin B
(SEB; lanes 2-4) or not stimulated with SEB (lane 1) in a 96 well plate. Following
stimulation, the donor PBMCs were incubated with: no antibody (lanes 1, 2), an anti-LAG-3
benchmark (BM) antibody (lane 3), or the anti-LAG-3 mAb, 2L2A.1. The results of this
assay showed that 2L.2A.1 induces more IFN-y production in both donor PBMCs than the
anti-LAG-3 benchmark antibody.

[0036] FIGS. 28A-28C show increased IFN-y production from three donor human
PBMCs (Donor 223, FIG. 28A; Donor 224, FIG. 28B; Donor 225, FIG. 28C) stimulated
with SEB (lanes 2-4) or not stimulated with SEB (lane 1). In addition, the donor PBMCs
were incubated with: no antibody (lanes 1, 2), an anti-LAG-3 benchmark (BM) antibody
(lane 3) or with the anti-LAG-3 mAb 2L2A 1.

[0037] FIGS. 29A-29C show that the anti-LAG-3 mAb 2L2A.1 enhances
proliferation of primary human T cells from Donor 223 (FIG. 29A), Donor 224 (FIG. 29B)
and Donor 225 (FIG. 29C) to a greater extent than the benchmark anti-L AG-3 antibody.

[0038] FIGS. 30A-30B depict two exemplary bispecific antitumor antagonists, Bi-
LT-1 (FIG. 30A) and Bi-LT-3 (FIG. 30B).

[0039] FIG. 31 summarizes the arrangement of functional domains in the bispecific
antagonists depicted in FIGS. 30A-30B.

[0040] FIG. 32 show the heavy chain (HC) and light chain (LC) amino acid
sequences corresponding to the bispecific antagonists depicted in FIGS. 30A-30B.
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[0041] FIGS. 33A-33B shows the results of a cell-based blocking assay measuring
the ability of the bispecific antagonists, LT-1 and LT-3, and the bispecific antagonist, Bi-
TPM-94B or an anti-LAG-3 benchmark mAb to block the interaction between LAG-3-muFc
and its major ligand, major histocompatibility complex (MHC) antigen expressed on Raji
cells (FIG. 33A) or block the interaction between TIGIT and its ligand, human PVR (CD155)
(FIG. 33B). The assay data was used to calculate IC50 values (nm) depicted.

[0042] FIG. 34 shows the results of an ELISA assay demonstrating simultaneous
binding of LAG-3 and TIGIT by Bi-LT-1, Bi-LT-3 or the parental anti-LAG-3 mAb in which
LAG-3-muFc coated 96 well plates were incubated with serially diluted samples of Bi-LT-1,
Bi-LT-3 or the parental anti-LAG-3 mAb, followed by His-tagged huTIGIT protein, whereby
bound molecules were detected using HRP-conjugated anti-His tag HRP and TMB substrate.
The assay data was used to calculate EC50 values (nm) depicted.

[0043] FIGS. 35A-35D depict pharmacokinetic profiles and in vivo half-lives (T)/)
corresponding to the parental anti-LAG-3 mAb (FIG. 35A), an anti-LAG-3 benchmark mAb
(FIG. 35B), Bi-LT-1 (FIG. 35C), or Bi-LT-3 (FIG. 35D) following a tail vein injection into
6-10 week old female CD1 mice. The antibodies and bispecific antagonists were recovered
from serum taken at various times post-injection and subjected to analysis by ELISA. The
Ty, for parental anti-LAG-3 mAb, Bi-LT-1 and Bi-LT-3 are five to six days, the Ty, for anti-
LAG-3 BM mADb is either 2 days (mouse 3) or 7 days (mouse 4).

[0044] FIG. 36A shows a size exclusion chromatography (SEC) profile of Bi-LT-1
and Bi-LT-3 showing homogeneity and good stability at 4° C after 7 days. FIG. 36B shows a
size-exclusion ultra-high performance liquid chromatography (SE-UHPLC) analysis
illustrating species homogeneity of protein A purified Bi-LT-1 and Bi-LT-3, as reflected in
low levels of high molecular weight (HMW) species at Day 0 and Day 7 (1.3%, 1.5%
respectively for Bi-LT-1 and 1.3%, 1.4%, respectively for Bi-LT-3) and low molecular
weight (LMW) species at Day 0 and Day 7 (0.2%, 0.2%, respectively for Bi-LT-1 and 0.3%,
0.5%, respectively for Bi-LT-3) in comparison to dimer species at Day 0 and Day 7 (98.4%,
98.3%, respectively for Bi-LT-1 and 98.4%, 98.1%, respectively for Bi-LT-3).

[0045] FIGS. 37A-37B show IFN-y production from human PBMCs stimulated with
Staphylococcal enterotoxin B (SEB; lanes 2-8) or not stimulated with SEB (lane 1) in the
presence of SHP-77 cells (FIG. 37A) or H358 cells (FIG. 37B), followed by incubation with:
no antibody (lanes 1, 2); human IgG (lane 3); parental anti-TIGIT B21-35 mAb (lane 4);
parental anti-LAG-3 2L2A.1 mAb (lane 5); parental mAbs, anti-TIGIT B21-35 and anti-
LAG-3 2L2A.1 mAb (lane 6); Bi-LT-1 (lane 7); and Bi-LT-3 (lane 8).

[0046] FIG. 38 shows the proliferation of CD4 T cells from human PBMCs
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stimulated with SEB in the presence of SHP-77 cells (lanes 2-8) and human IgG control (lane
3), anti-TIGIT mAb B21-35 (lane 4), anti-LAG-3 mAb (lane 5), the combination of anti-
TIGIT mAb and anti-LAG-3 mAb (lane 6), Bi-LT-1 (lane 7) or Bi-LT-3 (lane 8).

[0047] FIG. 39A shows the framework regions (FRs) corresponding to the anti-
TIGIT CDRs in FIG. 1. FIG. 39B shows the FRs corresponding to the anti-PD-1 CDRs in
FIG. 3. FIG. 39C shows the FRs corresponding to the anti-PD-L1 CDRs in FIG. § and the
FRs corresponding to the anti-LAG-3 CDR in FIGS. 19A and 19B.

DETAILED DESCRIPTION
Definitions

[0048] Unless defined otherwise, all technical and scientific terms used herein have
the same meanings as commonly understood by one of skill in the art to which the disclosed
method and compositions belong. It must be noted that as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural reference unless the context
clearly dictates otherwise. Thus, for example, reference to “a peptide” includes “one or
more” peptides or a “plurality” of such peptides. With respect to the teachings in the present
application, any issued patent or patent application publication described in this application is
expressly incorporated by reference herein.

[0049] As used herein, the term “TIGIT” refers to any form of TIGIT and variants
thereof that retain at least part of the activity of TIGIT. Unless indicated differently, such as
by specific reference to human TIGIT, TIGIT includes all mammalian species of native
sequence TIGIT, e.g., human, canine, feline, equine, and bovine.

[0050] As used herein, the term “PD-1" refers to any form of PD-1 and variants
thereof that retain at least part of the activity of PD-1. Unless indicated differently, such as
by specific reference to human PD-1, PD-1 includes all mammalian species of native
sequence PD-1, e.g., human, canine, feline, equine, and bovine.

[0051] As used herein, the term “PD-L1" refers to any form of PD-L1 and variants
thereof that retain at least part of the activity of PD-L1. Unless indicated differently, such as
by specific reference to human PD-L1, PD-L1 includes all mammalian species of native
sequence PD-L1, e.g., human, canine, feline, equine, and bovine.

[0052] The term “agonist™ refers to a substance which promotes (i.e., induces, causes,
enhances, or increases) the biological activity or effect of another molecule. The term agonist
encompasses substances which bind receptor, such as an antibody, and substances which
promote receptor function without binding thereto (e.g., by activating an associated protein).

[0053] The term “antagonist™ or “inhibitor” refers to a substance that prevents,

blocks, inhibits, neutralizes, or reduces a biological activity or effect of another molecule,
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such as a receptor or ligand. An antagonist can be a monospecific antibody or a bispecific
antibody.

[0054] As used herein, the term “antibody” refers to a polypeptide or a polypeptide
complex that specifically recognizes and binds to an antigen through one or more
immunoglobulin variable regions. An antibody can be a whole antibody, an antigen binding
fragment or a single chain thereof. The term “antibody™ encompasses various broad classes
of polypeptides that can be distinguished biochemically. Those skilled in the art will
appreciate that heavy chains are classified as alpha, delta, epsilon, gamma, and mu, or a, 0, &,
v and p) with some subclasses among them (e.g., y1-y 4). It is the nature of this chain that
determines the “class™ of the antibody as IgG, IgM, IgA IgG, or IgE, respectively. The
immunoglobulin subclasses (isotypes) e.g., [gG1, IgG2, 1gG3, IgG4, etc. are well
characterized and are known to confer functional specialization. Modified versions of each
of these classes and isotypes are readily discernable to the skilled artisan in view of the
instant disclosure and, accordingly, are within the scope of the instant disclosure. All
immunoglobulin classes are within the scope of the present disclosure, the following
discussion will generally be directed to the IgG class of immunoglobulin molecules.

[0055] Antibodies of the disclosure include, but are not limited to, polyclonal,
monoclonal, multispecific, bispecific, human, humanized, primatized, chimeric and single
chain antibodies. Antibodies disclosed herein may be from any animal origin, including birds
and mammals. Preferably, the antibodies are human, murine, rat, donkey, rabbit, goat, guinea
pig, camel, llama, horse, or chicken antibodies. In some embodiments, the variable region
may be condricthoid in origin (e.g., from sharks).

[0056] The terms “antibody fragment” and “antigen-binding fragment™ are used with
reference to a portion of an antibody, such as F(ab')2, F(ab)2, Fab', Fab, Fv, single-chain Fvs
(scFv), single-chain antibodies, disulfide-linked Fvs (sdFv), fragments comprising either a
VL or VH domain, fragments produced by a Fab expression library, and anti-idiotypic (anti-
Id) antibodies. Regardless of structure, an antibody fragment binds with the same antigen
that is recognized by the intact antibody. The term “antibody fragment” includes DARTS,
and diabodies. The term “antibody fragment™ also includes any synthetic or genetically
engineered proteins comprising immunoglobulin variable regions that act like an antibody by
binding to a specific antigen to form a complex. A “single-chain fragment variable™ or
“scFv” refers to a fusion protein of the variable regions of the heavy (VH) and light chains
(VL) of immunoglobulins. In some aspects, the regions are connected with a short linker
peptide of ten to about 25 amino acids. The linker can be rich in glycine for flexibility, as

well as serine or threonine for solubility, and can either connect the N-terminus of the VH
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with the C-terminus of the VL, or vice versa. This protein retains the specificity of the
original immunoglobulin, despite removal of the constant regions and the introduction of the
linker. With regard to IgGs, a standard immunoglobulin molecule comprises two identical
light chain polypeptides of molecular weight approximately 23,000 Daltons, and two
identical heavy chain polypeptides of molecular weight 53,000-70,000. The four chains are
typically joined by disulfide bonds in a “Y” configuration where the light chains bracket the
heavy chains starting at the mouth of the “Y” and continuing through the variable region.

[0057] Both the light and heavy chains are divided into regions of structural and
functional homology. The terms “constant” and “variable™ are used functionally. In this
regard, it will be appreciated that the variable domains of both the light (VL) and heavy (VH)
chain portions determine antigen recognition and specificity. Conversely, the constant
domains of the light chain (CL) and the heavy chain (CH1, CH2 or CH3) confer important
biological properties such as secretion, transplacental mobility, Fc receptor binding,
complement binding, and the like. By convention, the numbering of the constant region
domains in conventional antibodies increases as they become more distal from the antigen-
binding site or amino-terminus of the antibody. In conventional antibodies, the N-terminal
portion is a variable region and at the C-terminal portion is a constant region; the CH3 and
CL domains actually comprise the carboxy-terminus of the heavy and light chain,
respectively.

[0058] As indicated above, the variable region allows the antibody to selectively
recognize and specifically bind epitopes on antigens. That is, the VL. domain and VH
domain, or subset of the complementarity determining regions (CDRs), of an antibody
combine to form the variable region that defines a three dimensional antigen-binding site.
This quaternary antibody structure forms the antigen-binding site present at the end of each
arm of the Y. More specifically, the antigen-binding site is defined by three CDRs on each of
the VH and VL chains (i.e. HCDR1, HCDR2, HCDR3, LCDR1, LCDR2 and LCDR3). In
some instances, e.g., certain immunoglobulin molecules are derived from camelid species or
engineered based on camelid immunoglobulins. Alternatively, an immunoglobulin molecule
may consist of heavy chains only with no light chains or light chains only with no heavy
chains.

[0059] In naturally occurring antibodies, the six CDRs present in each antigen-
binding domain are short, non-contiguous sequences of amino acids that are specifically
positioned to form the antigen-binding domain as the antibody assumes its three dimensional
configuration in an aqueous environment. The remainder of the amino acids in the antigen-

binding domains, referred to as “framework” regions, show less inter-molecular variability.
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The framework regions largely adopt a 3-sheet conformation and the CDRs form loops which
connect, and in some cases form part of, the f-sheet structure. Thus, framework regions act
to form a scaffold that provides for positioning the CDRs in correct orientation by inter-
chain, non-covalent interactions. The antigen-binding domain formed by the positioned
CDRs defines a surface complementary to the epitope on the immunoreactive antigen. This
complementary surface promotes the non-covalent binding of the antibody to its cognate
epitope. The amino acids comprising the CDRs and the framework regions, respectively, can
be readily identified for any given heavy or light chain variable region by one of ordinary
skill in the art, since they have been precisely defined.

[0060] As used herein, the terms “VH1” and “VH2” refer to immunoglobulin heavy
chain variable domains corresponding to two different binding specificities. Likewise, the
terms “VL1” and “VL2” refer to light chain variable domains corresponding to two different
binding specificities. When used together, it is to be understood that VH1 and VL1 regions
define a common binding specificity and that VH2 and VL2 domains define a second binding
specificity.

[0061] The term “framework region (FR)” as used herein refers to variable domain
residues other than the CDR residues. Each variable domain typically has four FRs flanking
the corresponding CDRs. For example, a VH domain typically has four HFRs: HFR1,
HFR2, HFR3 and HFR4 flanking the three HCDRs in the configuration of HFR1-HCDR1-
HFR2-HCDR2-HFR3-HCDR3-HFR4. Similarly, an LH domain typically has four LFRs
flanking the three LCDRs in the configuration of: LFR1-LCDRI1-LFR2-LCDR2-LFR3-
LCDR3-LFR4. Exemplary FRs that may be utilized in the antagonists described herein are
summarized in FIGS. 39A-39C.

[0062] Light chains are classified as either kappa or lambda (K, ). Each heavy chain
class may be bound with either a kappa or lambda light chain. In general, the light and heavy
chains are covalently bonded to each other, and the “tail” portions of the two heavy chains
are bonded to each other by covalent disulfide linkages or non-covalent linkages when the
immunoglobulins are generated either by hybridomas, B cells or genetically engineered host
cells. In the heavy chain, the amino acid sequences run from an N-terminus at the forked
ends of the Y configuration to the C-terminus at the bottom of each chain.

[0063] As used herein, the terms “light chain constant region” or “CL” are used
interchangeably herein with reference to amino acid sequences derived from antibody light
chain. Preferably, the light chain constant region comprises at least one of a constant kappa
domain or constant lambda domain.

[0064] As used herein, the term “heavy chain constant region” includes amino acid
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sequences derived from an immunoglobulin heavy chain. A polypeptide comprising a heavy
chain constant region comprises at least one of: a CH1 domain, a hinge (e.g., upper, middle,
and/or lower hinge region) domain, a CH2 domain, a CH3 domain, or a variant or fragment
thereof. For example, an antigen-binding polypeptide for use in the disclosure may comprise
a polypeptide chain comprising a CH1 domain; a polypeptide chain comprising a CH1
domain, at least a portion of a hinge domain, and a CH2 domain; a polypeptide chain
comprising a CH1 domain and a CH3 domain; a polypeptide chain comprising a CH1
domain, at least a portion of a hinge domain, and a CH3 domain, or a polypeptide chain
comprising a CH1 domain, at least a portion of a hinge domain, a CH2 domain, and a CH3
domain. In some embodiments, a polypeptide of the disclosure comprises a polypeptide
chain comprising a CH3 domain. Further, an antibody for use in the disclosure may lack at
least a portion of a CH2 domain (e.g., all or part of a CH2 domain). It should be understood
that the heavy chain constant region may be modified such that they vary in amino acid
sequence from the naturally occurring immunoglobulin molecule. For example, the inventors
of the present application have found that an Fc loop in the CH3 domain can tolerate or
accommodate significant insertions (e.g., greater than 100 aa).

[0065] The heavy chain constant region of an antibody disclosed herein may be
derived from different immunoglobulin molecules. For example, a heavy chain constant
region of a polypeptide may comprise a CH1 domain derived from an IgG1 molecule and a
hinge region derived from an IgG3 molecule. In another example, a heavy chain constant
region can comprise a hinge region derived, in part, from an [gG1 molecule and, in part, from
an IgG3 molecule. In another example, a heavy chain portion can comprise a chimeric hinge
derived, in part, from an IgG1 molecule and, in part, from an IgG4 molecule.

[0066] A “light chain-heavy chain pair” refers to the collection of a light chain and
heavy chain that can form a dimer through a disulfide bond between the CL. domain of the
light chain and the CH1 domain of the heavy chain.

[0067] The subunit structures and three dimensional configurations of the constant
regions of the various immunoglobulin classes are well known. As used herein, the term
“VH domain” includes the amino terminal variable domain of an immunoglobulin heavy
chain and the term “CH1 domain™ includes the first (most amino terminal) constant region
domain of an immunoglobulin heavy chain. The CH1 domain is adjacent to the VH domain
and is amino terminal to the hinge region of an immunoglobulin heavy chain molecule.

[0068] As used herein the term “CH2 domain™ includes the portion of a heavy chain
molecule that extends, e.g., from about residue 244 to residue 360 of an antibody using

conventional numbering schemes (residues 244 to 360, Kabat numbering system; and
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residues 231-340, EU numbering system). The CH2 domain is unique in that it is not closely
paired with another domain. Rather, two N-linked branched carbohydrate chains are
interposed between the two CH2 domains of an intact native I[gG molecule. The CH3 domain
extends from the CH2 domain to the C-terminal of the IgG molecule and comprises
approximately 108 residues.

[0069] As used herein, the term “hinge region” includes the portion of a heavy chain
molecule that joins the CH1 domain to the CH2 domain. This hinge region comprises
approximately 25 residues and is flexible, thus allowing the two N-terminal antigen-binding
regions to move independently. Hinge regions can be subdivided into three distinct domains:
upper, middle, and lower hinge domains.

[0070] As used herein the term “disulfide bond™ includes a covalent bond formed
between two sulfur atoms. The amino acid cysteine comprises a thiol group that can form a
disulfide bond or bridge with a second thiol group. In most naturally occurring IgG
molecules, the CH1 and CL regions are linked by a disulfide bond and the two heavy chains
are linked by two disulfide bonds at positions corresponding to 239 and 242 using the Kabat
numbering system (position 226 or 229, EU numbering system).

[0071] As used herein, a “variant” of antibody, antibody fragment or antibody domain
refers to antibody, antibody fragment or antibody domain that (1) shares a sequence identity
of at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98% or at least 99% identity with the original antibody, antibody fragment or antibody
domain, and (2) binds specifically to the same target that the original antibody, antibody
fragment or antibody domain binds specifically. It should be understood that where a
measure of sequence identity is presented in the form of the phrase “at least x % identical” or
“at least x % identity”, such an embodiment includes any and all whole number percentages
equal to or above the lower limit. Further it should be understood that where an amino acid
sequence is presented in the present application, it should be construed as additionally
disclosing or embracing amino acid sequences having a sequence identity of at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
identity to that amino acid sequence.

[0072] As used herein, the phrase “humanized antibody” refers to an antibody derived
from a non-human antibody, typically a mouse monoclonal antibody. Alternatively, a
humanized antibody may be derived from a chimeric antibody that retains or substantially
retains the antigen binding properties of the parental, non-human, antibody but which exhibits
diminished immunogenicity as compared to the parental antibody when administered to

humans.
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[0073] As used herein, the phrase “‘chimeric antibody,” refers to an antibody where
the immunoreactive region or site is obtained or derived from a first species and the constant
region (which may be intact, partial or modified in accordance with the instant disclosure) is
obtained from a second species. In certain embodiments the target binding region or site will
be from a non-human source (e.g., mouse or primate) and the constant region is human.

[0074] Included within the scope of the multispecific antibodies of the present
application are various compositions and methodologies, including asymmetric [gG-like
antibodies (e.g., triomab/quadroma, Trion Pharma/Fresenius Biotech); knobs-into-holes
antibodies (Genentech); Cross MAbs (Roche); electrostatically matched antibodies
(AMGEN); LUZ-Y (Genentech); strand exchange engineered domain (SEED) body (EMD
Serono; biolonic, Merus); Fab-exchanged antibodies (Genmab), symmetric IgG-like
antibodies (e.g. dual targeting (DT)-Ig (GSK/Domantis); two-in-one antibody (Genentech);
crosslinked MAbs (Karmanos Cancer Center), mAb2 (F-star); Cov X-body (Cov X/Pfizer);
dual variable domain (DVD)-Ig fusions (Abbott); IgG-like bispecific antibodies (Eli Lilly);
Ts2Ab (Medimmune/AZ); BsAb (ZymoGenetics); HERCULES (Biogen Idec, TvAb, Roche);
scFv/Fc¢ fusions; SCORPION (Emergent BioSolutions/Trubion, ZymoGenetics/BMS); dual
affinity retargeting technology (Fc-DART), MacroGenics; dual (scFv)2-Fabs (National
Research Center for Antibody Medicine); F(ab)2 fusions (Medarex/AMGEN); dual-action or
Bis-Fab (Genentech); Dock-and-Lock (DNL, ImmunoMedics); Fab-Fv (UCB-Celltech);
scFv- and diabody-based antibodies (e.g., bispecific T cell engagers (BiTEs, Micromet);
tandem diabodies (Tandab, Affimed); DARTs (MacroGenics); single-chain diabodies; TCR-
like antibodies (AIT, Receptor Logics); human serum albumin scFv fusion (Merrimack);
COMBODIES (Epigen Biotech); and IgG/non-IgG fusions (e.g., immunocytokines
(EMDSerono, Philogen, ImmunGene, ImmunoMedics).

[0075] By “specifically binds™ or “has specificity to”, it is generally meant that an
antibody binds to an epitope via its antigen-binding domain, and that the binding entails some
complementarity between the antigen-binding domain and the epitope. According to this
definition, an antibody is said to “specifically bind” to an epitope when it binds to that
epitope via its antigen-binding domain more readily than it would bind to a random, unrelated
epitope. The term “specificity” is used herein to qualify the relative affinity by which a
certain antibody binds to a certain epitope. For example, antibody “A” may be deemed to
have a higher specificity for a given epitope than antibody “B,” or antibody “A” may be said
to bind to epitope “C” with a higher specificity than it has for related epitope “D.” In some
embodiments, an antibody or an antibody fragment “has specificity to” an antigen if the

antibody or antibody fragment forms a complex with the antigen with a dissociation constant
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(Kq) of 10°M or less, 107"M or less, 10®M or less, 10”M or less, or 107°M or less.

[0076] As used herein, the phrase “chimeric antibody,” refers to an antibody where
the immunoreactive region or site is obtained or derived from a first species and the constant
region (which may be intact, partial or modified in accordance with the instant disclosure) is
obtained from a second species. In certain embodiments the target binding region or site will
be from a non-human source (e.g., mouse or primate) and the constant region is human.

[0077] The term “antagonist antibody” refers to an antibody that binds to a target and
prevents or reduces the biological effect of that target. In some embodiments, the term can
denote an antibody that prevents the target, e.g., TIGIT, to which it is bound from performing
a biological function.

[0078] As used herein, an “anti-PD-1 antagonist antibody” refers to an antibody that
is able to inhibit PD-1 biological activity and/or downstream events(s) mediated by PD-1.
Anti-PD-1 antagonist antibodies encompass antibodies that block, antagonize, suppress or
reduce (to any degree including significantly) PD-1 biological activity, including downstream
events mediated by PD-1, such as PD-1 binding and downstream signaling, inhibition of T
cell proliferation, inhibition of T cell activation, inhibition of IFN secretion, inhibition of 1L-2
secretion, inhibition of TNF secretion, induction of IL-10, and inhibition of anti-tumor
immune responses. For purposes of the present invention, it will be explicitly understood that
the term “anti-PD-1 antagonist antibody” (interchangeably termed “antagonist PD-1
antibody”, “antagonist anti-PD-1 antibody” or “PD-1 antagonist antibody™) encompasses all
the previously identified terms, titles, and functional states and characteristics whereby PD-1
itself, a PD-1 biological activity, or the consequences of the biological activity, are
substantially nullified, decreased, or neutralized in any meaningful degree. In some
embodiments, an anti-PD-1 antagonist antibody binds PD-1 and upregulates an anti-tumor
immune response.

[0079] As used herein, an “anti-PD-L1 antagonist antibody” refers to an antibody that
is able to inhibit PD-L1 biological activity and/or downstream events(s) mediated by PD-L1.
Anti-PD-L1 antagonist antibodies encompass antibodies that block, antagonize, suppress or
reduce (to any degree including significantly) PD-L1 biological activity, including
downstream events mediated by PD-L1, such as PD-L1 binding and downstream signaling,
inhibition of T cell proliferation, inhibition of T cell activation, inhibition of IFN secretion,
inhibition of IL-2 secretion, inhibition of TNF secretion, induction of IL-10, and inhibition of
anti-tumor immune responses. For purposes of the present invention, it will be explicitly
understood that the term “anti-PD-L1 antagonist antibody™ (interchangeably termed

% ¢

“antagonist PD-L1 antibody”, “antagonist anti-PD-L1 antibody™ or “PD-L1 antagonist
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antibody™) encompasses all the previously identified terms, titles, and functional states and
characteristics whereby PD-L1 itself, a PD-L1 biological activity, or the consequences of the
biological activity, are substantially nullified, decreased, or neutralized in any meaningful
degree. In some embodiments, an anti-PD-L1 antagonist antibody binds PD-L1 and
upregulates an anti-tumor immune response.

[0080] The phrase “immune checkpoint regulator” refers to a functional class of
agents, which inhibit or stimulate signaling through an immune checkpoint. An “immune
checkpoint regulator” includes receptors and their associated ligands, which together provide
a means for inhibiting or stimulating signaling pathways that otherwise lead to T-cell
activation. Exemplary immune checkpoint regulators include, but are not limited to, TIGIT
and its CD155 ligand, PVR; PD-1 and its ligands, PD-L1 and PD-L2; CTLA-4 and its
ligands, B7-1 and B7-2; TIM-3 and its ligand, Galectin-9; LAG-3 and its ligands, including
liver sinusoidal endothelial cell lectin (LSECtin) and Galectin-3; CD122 and its CD122R
ligand; CD70, B7H3, B and T lymphocyte attenuator (BTLA), and VISTA.

[0081] The phrases “checkpoint regulator antagonist”, “immune checkpoint binding
antagonist” and “immune checkpoint antagonist™ are used interchangeably herein with
reference to a class of agents that interfere with (or inhibit) the activity of an immune
checkpoint regulator so that, as a result of the binding to the checkpoint regulator or its
ligand, signaling through the checkpoint regulator receptor is blocked or inhibited. By
inhibiting this signaling, immune-suppression can be reversed so that T cell immunity against
cancer cells can be re-established or enhanced. Immune checkpoint regulator antagonists
include antibody fragments, peptide inhibitors, dominant negative peptides and small
molecule drugs, either in isolated forms or as part of a fusion protein or conjugate.

[0082] The phrases “immune checkpoint binding agonist” and “immune checkpoint
agonist” are used interchangeably herein with reference to a class of agents that stimulate the
activity of an immune checkpoint regulator so that, as a result of the binding to the
checkpoint regulator or its ligand, signaling through the checkpoint regulator receptor is
stimulated. By stimulating this signaling, T cell immunity against cancer cells can be re-
established or enhanced. Exemplary immune checkpoint regulator agonists include, but are
not limited to members of the tumor necrosis factor (TNF) receptor superfamily, such as
CD27, CD40, OX40 (CD 134), glucocorticoid-induced TNFR family-related protein (GITR),
and 4-1BB (CD137) and their ligands. Additional checkpoint regulator agonists belong to the
B7-CD28 superfamily, including CD28 and ICOS.

[0083] The phrases “dominant-negative protein” or “dominant-negative peptide” refer

to a protein or peptide derived from a wild type protein that has been genetically modified by
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mutation and/or deletion so that the modified protein or peptide interferes with the function of
the endogenous wild-type protein from which it is derived.

[0084] The phrase “small molecule drug™ refers to a molecular entity, often organic
or organometallic, that is not a polymer, that has medicinal activity, and that has a molecular
weight less than about 2 kDa, less than about 1 kDa, less than about 900Da, less than about
800Da or less than about 700Da. The term encompasses most medicinal compounds termed
“drugs” other than protein or nucleic acids, although a small peptide or nucleic acid analog
can be considered a small molecule drug. Examples include chemotherapeutic anticancer
drugs and enzymatic inhibitors. Small molecules drugs can be derived synthetically, semi-
synthetically (i.e., from naturally occurring precursors), or biologically.

[0085] When describing polypeptide domain arrangements with hyphens between
individual domains (e.g., CH2-CH3), it should be understood that the order of the listed
domains is from the amino terminal end to the carboxy terminal end.

[0086] By “specifically binds™ or “has specificity to”, it is generally meant that an
antibody binds to an epitope via its antigen-binding domain, and that the binding entails some
complementarity between the antigen-binding domain and the epitope. According to this
definition, an antibody is said to “specifically bind” to an epitope when it binds to that
epitope via its antigen-binding domain more readily than it would bind to a random, unrelated
epitope. The term “specificity” is used herein to qualify the relative affinity by which a
certain antibody binds to a certain epitope. For example, antibody “A” may be deemed to
have a higher specificity for a given epitope than antibody “B,” or antibody “A” may be said
to bind to epitope “C” with a higher specificity than it has for related epitope “D.”

[0087] The term “immunoconjugate” refers to an antibody which is fused by covalent
linkage to an inhibitory peptide or small molecule drug. The peptide or small molecule drug
can be linked to the C-terminus of a constant heavy chain or to the N-terminus of a variable
light and/or heavy chain.

[0088] A “linker” may be used to link the peptide or small molecule drug, such as a
maytansinoid, to the antitumor antagonists in a stable, covalent manner. Linkers can be
susceptible to or be substantially resistant to acid-induced cleavage, light-induced cleavage,
peptidase-induced cleavage, esterase-induced cleavage, and disulfide bond cleavage, at
conditions under which the compound or the antibody remains active. Suitable linkers are
well known in the art and include, for example, disulfide groups, thioether groups, acid labile
groups, photolabile groups, peptidase labile groups and esterase labile groups. Linkers also
include charged linkers, and hydrophilic forms thereof as described herein and know in the

art. The immunoconjugate may further include a flexible 3-15 amino acid peptide (or spacer)
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between an antitumor antagonist and the peptide and/or small molecule drug.

[0089] As used herein, the term “immunoglobulin scaffold”, refers to any polymer of
amino acids that exhibits properties desired to support the function of an antagonist, including
addition of antibody specificity, enhancement of antibody function or support of antibody
structure and stability. An immunoglobulin scaffold may have one or more immunoglobulin
constant regions, including CH1, CH2, and/or CH3 regions from an immunoglobulin heavy
chain and/or a CL region from an immunoglobulin light chain. The immunoglobulin scaffold
can be grafted with binding domains of a donor polypeptide to confer the binding specificity
of the donor polypeptide onto the scaffold.

[0090] As used herein, the phrase “multispecific inhibitor” refers to a molecule
comprising at least two targeting domains with different binding specificities. In some
embodiments, the multispecific inhibitor is a polypeptide comprising a scaffold and two or
more immunoglobulin antigen binding domains targeting different antigens or epitopes. In
certain embodiments, the multispecific inhibitor is a bispecific antibody.

[0091] As used herein, the phrase “bispecific” refers to a molecule comprising at least
two targeting domains with different binding specificities. Each targeting domain is capable
of binding specifically to a target molecule and inhibiting a biological function of the target
molecule upon binding to the target molecule. In some embodiments, the bispecific
checkpoint regulator antagonist is a polymeric molecule having two or more peptides. In
some embodiments, the targeting domain comprises an antigen binding domain or a CDR of
an antibody. In some embodiments, the bispecific inhibitor is a bispecific antibody.

[0092] The terms “bispecific antibody,” and “bispecific antagonist™ are used
interchangeably herein with reference to an antibody that can specifically bind two different
antigens (or epitopes). In some embodiments, the bispecific antibody is a full-length
antibody that binds one antigen (or epitope) on one of its two binding arms (one pair of
HC/LC), and binds a different antigen (or epitope) on its second arm (a different pair of
HC/LC). In these embodiments, the bispecific antibody has two distinct antigen binding arms
(in both specificity and CDR sequences), and is monovalent for each antigen it binds to.

[0093] In other embodiments, the bispecific antibody is a full-length antibody that can
bind two different antigens (or epitopes) in each of its two binding arms (two pairs of
HC/LC) In these embodiments, the bispecific antibody has two identical antigen binding
arms, with identical specificity and identical CDR sequences, and is bivalent for each antigen
it binds to.

[0094] Exemplary bispecific antibodies may include asymmetric IgG-like antibodies

(e.g., triomab/quadroma, Trion Pharma/Fresenius Biotech); knobs-into-holes antibodies
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(Genentech); Cross MAbs (Roche); electrostatically matched antibodies (AMGEN); LUZ-Y
(Genentech); strand exchange engineered domain (SEED) body (EMD Serono; biolonic,
Merus); Fab-exchanged antibodies (Genmab), symmetric IgG-like antibodies (e.g. dual
targeting (DT)-Ig (GSK/Domantis); two-in-one antibody (Genentech); crosslinked M Abs
(Karmanos Cancer Center), mAb2 (F-star); Cov X-body (Cov X/Pfizer); dual variable
domain (DVD)-Ig fusions (Abbott); I[gG-like bispecific antibodies (Eli Lilly); Ts2Ab
(Medimmune/AZ);, BsAb (ZymoGenetics); HERCULES (Biogen Idec, TvAb, Roche);
scFv/Fc¢ fusions; SCORPION (Emergent BioSolutions/Trubion, ZymoGenetics/BMS); dual
affinity retargeting technology (Fc-DART), MacroGenics; dual (scFv)2-Fabs (National
Research Center for Antibody Medicine); F(ab)2 fusions (Medarex/AMGEN); dual-action or
Bis-Fab (Genentech); Dock-and-Lock (DNL, ImmunoMedics); Fab-Fv (UCB-Celltech);
scFv- and diabody-based antibodies (e.g., bispecific T cell engagers (BiTEs, Micromet);
tandem diabodies (Tandab, Affimed); DARTs (MacroGenics); single-chain diabodies; TCR-
like antibodies (AIT, Receptor Logics); human serum albumin scFv fusion (Merrimack);
COMBODIES (Epigen Biotech); and IgG/non-IgG fusions (e.g., immunocytokines
(EMDSerono, Philogen, ImmunGene, ImmunoMedics).

[0095] The terms “treat” and “treatment” refer to the amelioration of one or more
symptoms associated with a cell proliferative disorder; prevention or delay of the onset of one
or more symptoms of a cell proliferative disorder; and/or lessening of the severity or
frequency of one or more symptoms of cell proliferative disorder.

[0096] The phrases “to a patient in need thereof™, “to a patient in need of treatment”
or “a subject in need of treatment” includes subjects, such as mammalian subjects, that would
benefit from administration of the antitumor antagonist of the present disclosure for treatment
of a cell proliferative disorder.

[0097] The terms “therapeutically effective amount”, “pharmacologically effective
amount”, and “physiologically effective amount™ are used interchangeably to mean the
amount of an antitumor antagonist that is needed to provide a threshold level of active
antagonist agents in the bloodstream or in the target tissue. The precise amount will depend
upon numerous factors, e.g., the particular active agent, the components and physical
characteristics of the composition, intended patient population, patient considerations, and the
like, and can readily be determined by one skilled in the art, based upon the information
provided herein or otherwise available in the relevant literature.

[0098] The terms, “improve”, “increase” or “reduce”, as used in this context, indicate
values or parameters relative to a baseline measurement, such as a measurement in the same

individual prior to initiation of the treatment described herein, or a measurement in a control
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individual (or multiple control individuals) in the absence of the treatment described herein.

[0099] A “control individual™ is an individual afflicted with the same cell
proliferative disorder as the individual being treated, who is about the same age as the
individual being treated (to ensure that the stages of the disease in the treated individual and
the control individual(s) are comparable). The individual (also referred to as “patient” or
“subject”) being treated may be a fetus, infant, child, adolescent, or adult human with a cell
proliferative disorder.

[0100] The term “cell proliferative disorder” refers to a disorder characterized by
abnormal proliferation of cells. A proliferative disorder does not imply any limitation with
respect to the rate of cell growth, but merely indicates loss of normal controls that affect growth
and cell division. Thus, in some embodiments, cells of a proliferative disorder can have the
same cell division rates as normal cells but do not respond to signals that limit such growth.
Within the ambit of “cell proliferative disorder” is a neoplasm, cancer or tumor.

[0101] The term “cancer” or “tumor” refers to any one of a variety of malignant
neoplasms characterized by the proliferation of cells that have the capability to invade
surrounding tissue and/or metastasize to new colonization sites, and includes leukemia,
lymphoma, carcinoma, melanoma, sarcoma, germ cell tumor and blastoma. Exemplary cancers
for treatment with the methods of the instant disclosure include cancer of the brain, bladder,
breast, cervix, colon, head and neck, kidney, lung, non-small cell lung, mesothelioma, ovary,
prostate, stomach and uterus, leukemia, and medulloblastoma.

[0102] The term “leukemia” refers to progressive, malignant diseases of the blood-
forming organs and is generally characterized by a distorted proliferation and development of
leukocytes and their precursors in the blood and bone marrow. Exemplary leukemias include,
for example, acute nonlymphocytic leukemia, chronic lymphocytic leukemia, acute granulocytic
leukemia, chronic granulocytic leukemia, acute promyelocytic leukemia, adult T-cell leukemia,
aleukemic leukemia, a leukocythemic leukemia, basophylic leukemia, blast cell leukemia,
bovine leukemia, chronic myelocytic leukemia, leukemia cutis, embryonal leukemia,
eosinophilic leukemia, Gross' leukemia, hairy-cell leukemia, hemoblastic leukemia,
hemocytoblastic leukemia, histiocytic leukemia, stem cell leukemia, acute monocytic leukemia,
leukopenic leukemia, lymphatic leukemia, lymphoblastic leukemia, lymphocytic leukemia,
lymphogenous leukemia, lymphoid leukemia, lymphosarcoma cell leukemia, mast cell leukemia,
megakaryocytic leukemia, micromyeloblastic leukemia, monocytic leukemia, myeloblastic
leukemia, myelocytic leukemia, myeloid granulocytic leukemia, myelomonocytic leukemia,

Naegeli leukemia, plasma cell leukemia, plasmacytic leukemia, promyelocytic leukemia, Rieder
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cell leukemia, Schilling's leukemia, stem cell leukemia, subleukemic leukemia, and
undifferentiated cell leukemia.

[0103] The term 