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DESCRIPTION

1. FIELD

[0001] The instant disclosure relates to antibodies that specifically bind to human CTLA-4 and
methods of using the same.

2. BACKGROUND

[0002] T-lymphocytes are central to the adaptive immune response to antigen. At least two signals
are required for full activation of naive T-cells (Bretscher 1999, Proc Natl Acad Sci USA 96:185-90).
A first, antigen-specific signal is provided by interaction of the T-cell receptor (TCR) with
MHC/peptide complex on an antigen-presenting cell (APC). A second, co-stimulatory signal is
provided by the interactions between receptors on the T-cell and their ligands on an antigen
presenting cell (APC). Engagement of both TCR/MHC and co-stimulatory interactions leads to T-
cell activation via a number of intracellular pathways, including calcium-calcineurin and RAS
mitogen-activated protein kinase, and subsequent activation of transcription factors for a number
of effector compounds, including cytokines such as IL-2. These events lead to T-cell proliferation,

generation of a CD4* helper T-cell (TH) pool, and expansion of activated CD8* cytotoxic T-cells.
Not only is co-stimulation critical for full T-cell activation, its absence during TCR/MHC engagement
results in anergy and/or apoptosis.

[0003] Multiple positive and negative co-stimulatory pathways are involved in T-cell regulation,
however, the most critical are between CD28 on T-cells and B7-1 (CD80) and B7-2 (CD86) on
APCs. CD28 promotes T-cell differentiation into TH1 phenotype cells and enhances antibody
production by B cells and activation of T-cells. B7-1 and B7-2, expressed on APCs such as
dendritic cells (DC) and B cells, have overlapping but distinct functions. B7-2 is constitutively
expressed and is rapidly upregulated on APCs coincident with TCR/MHC engagement (signal 1).
B7-1 expression is very low on the resting cell, but is typically induced after prolonged T-cell
stimulation. These differences suggest that while B7-2 may be important in initialization of T-cell
activation, B7-1 may play a greater role in perpetuating the immune response.

[0004] After T-cell activation, a negative regulatory receptor Cytotoxic T-Lymphocyte Antigen 4
(CTLA-4) is upregulated on T-cells (Alegre et al.,, 2001, Nat Rev Immunol 1:220-8). CTLA-4 is
structurally homologous to CD28 but binds more tightly to both B7-1 and B7-2 ligands. CTLA-4
inhibits the immune response in several ways: it competes with CD28 for the B7 ligands and thus
blocks co-stimulation; it negatively signals to inhibit T-cell activation; and it can capture CD80 and
CD86 from opposing cells by trans-endocytosis, resulting in impaired costimulation via CD28
(Krummel and Allison, 1995, J Exp Med 182:459-465; Walunas et al., 1994, Immunity 1:405-413;
Qureshi et al., 2011, Science 332:600-603). WO 2009/100140 A1 discloses monoclonal antibodies
that bind to CTLA-4.

[0005] Given the critical role of the B7 co-stimulatory pathway in promoting and maintaining an
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immune response, therapeutic agents designed to antagonize this pathway are promising for the
treatment of autoimmune diseases and disorders.

3. SUMMARY

[0006] The instant disclosure provides antibodies that specifically bind to human CTLA-4 and
antagonize CTLA-4 function, e.g., CTLA-4-mediated immune suppression. Also provided, are
pharmaceutical compositions comprising these antibodies, nucleic acids encoding these
antibodies, expression vectors and host cells for making these antibodies, and methods of treating
a subject using these antibodies. The antibodies disclosed herein are particularly useful for
increasing T-cell activation in response to an antigen (e.g., a tumor antigen) and/or decreasing
Treg-mediated immune suppression, and hence for treating cancer in a subject. The present
invention relates to an isolated antibody that specifically binds to human CTLA-4 protein,
comprising a heavy chain variable region and a light chain variable region, wherein the heavy
chain variable region comprises the amino acid sequence of SEQ ID NO: 7 and the light chain
variable region comprises the amino acid sequence of SEQ ID NO: 8.

[0007] In one aspect the instant disclosure provides an isolated antibody comprising a heavy chain
variable region comprising complementarity determining regions CDRH1, CDRH2 and CDRH3 and
a light chain variable region comprising complementarity determining regions CDRL1, CDRL2 and
CDRL3, wherein:

1. (a) CDRH1 comprises the amino acid sequence of SYX{MX5 (SEQ ID NO: 22), wherein X; is
SorA;and XsisNor S;

2. (b) CDRH2 comprises the amino acid sequence of SISSSSSYIYYADSVKG (SEQ ID NO: 2);

3. (c) CDRH3 comprises the amino acid sequence of VGLMGPFXI(SEQ ID NO: 23), wherein X
is D or N;

4. (d) CDRL1 comprises the amino acid sequence of RASQSVX1XoYLX3 (SEQ ID NO: 24),
wherein X1is Sor G; Xois R, S, or T; and X3 is G or A;

5. () CDRL2 comprises the amino acid sequence of X{X2SX3RAT (SEQ ID NO: 25), wherein
XqpisGorA; XpisAorT,and X3is T, S, R, or N; and

6. (f) CDRL3 comprises the amino acid sequence of QQYGX41SPX,T (SEQ ID NO: 26), wherein
XqisSorT, and Xy is Wor F.

[0008] In certain aspects, the CDRH1 comprises an amino acid sequence selected from the group
consisting of SEQ ID NOs: 1 and 27. In certain aspects, the CDRH3 comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 3 and 28. In certain aspects, the
CDRL1 comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 4,
29, and 30. In certain aspects, the CDRL2 comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 5 and 31-35. In certain aspects, the CDRL3 comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 6, 36, and 37. In certain
aspects, CDRH1, CDRH2 and CDRH3 comprise the CDRH1, CDRH2 and CDRH3 amino acid
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sequences, respectively, set forth in SEQ ID NOs: 1, 2, and 3; 27, 2, and 3, or, 27, 2, and 28. In
certain aspects, CDRL1, CDRL2 and CDRL3 comprise the CDRL1, CDRL2 and CDRL3 amino acid
sequences, respectively, set forth in SEQ ID NOs: 4, 5, and 6; 29, 32, and 36; 29, 33, and 37, 30,
31, and 6; 29, 34, and 6; or, 29, 35, and 37. In the antibody of the invention, CDRH1, CDRH2,
CDRH3, CDRL1, CDRL2, and CDRL3 comprise the amino acid sequences set forth in SEQ ID
NOs: 1, 2, 3, 4, 5, and 6, respectively.

[0009] In another aspect, the instant disclosure provides an isolated antibody that specifically binds
to human CTLA-4 protein, comprising a heavy chain variable region comprising complementarity
determining regions CDRH1, CDRH2 and CDRH3 and a light chain variable region comprising
complementarity determining regions CDRL1, CDRL2 and CDRL3, wherein:

1. (a) CDRH1 comprises the amino acid sequence of SYX{MX5 (SEQ ID NO: 22), wherein X; is
SorA;and XsisNorS;

2. (b) CDRH2 comprises the amino acid sequence of SISSSSSYIYYADSVKG (SEQ ID NO: 2);

3. (c) CDRH3 comprises the amino acid sequence of VGLMGPFXI(SEQ ID NO: 23), wherein X
is D or N;

4. (d) CDRL1 comprises the amino acid sequence of RASQSVX1XoYLX3 (SEQ ID NO: 24),
wherein X1is Sor G; Xois R, S, or T; and X3 is G or A;

5. () CDRL2 comprises the amino acid sequence of X{X>SX3RAT (SEQ ID NO: 25), wherein
XqisGorA; XsisAorT,and X3is T, S, R, or N; and

6. (f) CDRL3 comprises the amino acid sequence of QQYGX41SPX,T (SEQ ID NO: 26), wherein
XqisSorT, and Xy is Wor F.

[0010] In certain aspects, the CDRH1 comprises an amino acid sequence selected from the group
consisting of SEQ ID NOs: 1 and 27. In certain aspects, the CDRH3 comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs: 3 and 28. In certain aspects, the
CDRL1 comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 4,
29, and 30. In certain aspects, the CDRL2 comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 5 and 31-35. In certain aspects, the CDRL3 comprises an amino
acid sequence selected from the group consisting of SEQ ID NOs: 6, 36, and 37. In certain
aspects, CDRH1, CDRH2 and CDRH3 comprise the CDRH1, CDRH2 and CDRH3 amino acid
sequences, respectively, set forth in SEQ ID NOs: 1, 2, and 3; 27, 2, and 3, or, 27, 2, and 28. In
certain aspects, CDRL1, CDRL2 and CDRL3 comprise the CDRL1, CDRL2 and CDRL3 amino acid
sequences, respectively, set forth in SEQ ID NOs: 4, 5, and 6; 29, 32, and 36; 29, 33, and 37, 30,
31, and 6; 29, 34, and 6; or, 29, 35, and 37.

[0011] In another aspect, the instant disclosure provides an isolated antibody that specifically binds
to human CTLA-4 protein, comprising a heavy chain variable region comprising complementarity
determining regions CDRH1, CDRH2 and CDRH3, and a light chain variable region comprising
complementarity determining regions CDRL1, CDRL2 and CDRL3, wherein CDRH1, CDRHZ2,
CDRH3, CDRL1, CDRL2, and CDRL3 comprise the amino acid sequences set forth in SEQ ID
NOs: 1, 2, 3, 4, 5, and 6, respectively.
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[0012] In certain aspects, the antibody comprises a heavy chain variable region comprising the
amino acid sequence of SEQ ID NO: 72. In certain aspects, the antibody comprises a heavy chain
variable region comprising an amino acid sequence which is at least 75%, 80%, 85%, 90%, 95%,
or 100% identical to an amino acid sequence selected from the group consisting of SEQ ID NOs: 7
and 38-42. In certain aspects, the heavy chain variable region comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 7 and 38-42. The heavy chain variable region
of the antibody of the invention comprises the amino acid sequence of SEQ ID NO: 7. In certain
embodiments, the antibody comprises a heavy chain comprising the amino acid sequence of SEQ
ID NO: 12. In certain aspects, the antibody comprises a heavy chain comprising the amino acid
sequence of SEQ ID NO: 93. In certain embodiments, the antibody comprises a heavy chain
comprising the amino acid sequence of SEQ ID NO: 14. In certain embodiments, the antibody
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 94. In certain
embodiments, the antibody comprises a heavy chain comprising the amino acid sequence of SEQ
ID NO: 76. In certain embodiments, the antibody comprises a heavy chain comprising the amino
acid sequence of SEQ ID NO: 97. In certain embodiments, the antibody comprises a heavy chain
variable region having an amino acid sequence derived from a human IGHV3-21 germline
sequence (e.g., IGHV3-21*01, e.g., having amino acid sequence of SEQ ID NO: 9).

[0013] In certain aspects, the antibody comprises a light chain variable region comprising the
amino acid sequence of SEQ ID NO: 73. In certain aspects, the antibody comprises a light chain
variable region comprising an amino acid sequence which is at least 75%, 80%, 85%, 90%, 95%,
or 100% identical to an amino acid sequence selected from the group consisting of SEQ ID NOs: 8
and 43-47. In certain aspects, the antibody comprises a light chain variable region comprising an
amino acid sequence selected from the group consisting of SEQ ID NOs: 8 and 43-47. The
antibody of the invention comprises a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 8. In certain embodiments, the antibody comprises a light chain
comprising the amino acid sequence of SEQ ID NO: 13. In certain embodiments, the antibody
comprises a light chain comprising the amino acid sequence of SEQ ID NO: 15. In certain
embodiments, the antibody comprises a light chain variable region having an amino acid sequence
derived from a human IGKV3-20 germline sequence (e.g., IGKV3-20*01, e.g., having amino acid
sequence of SEQ ID NO: 10) or a human IGKV3-11 germline sequence (e.g., IGKV3-11*01, e.g.,
having amino acid sequence of SEQ ID NO: 11).

[0014] In another aspect, the instant disclosure provides an isolated antibody that specifically binds
to human CTLA-4 protein, comprising a heavy chain variable region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 7 and 38-42.

[0015] In another aspect, the instant disclosure provides an isolated antibody that specifically binds
to human CTLA-4 protein, comprising a light chain variable region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 8 and 43-47.

[0016] In another aspect, the instant disclosure provides an isolated antibody that specifically binds
to human CTLA-4 protein, comprising a heavy chain variable region and a light chain variable
region, wherein the heavy chain variable region and the light chain variable region, respectively,
comprise the amino acid sequences set forth in SEQ ID NOs: 7 and 8; 7 and 44; 7 and 45; 38 and
8; 38 and 45; 39 and 43; 39 and 45; 39 and 46; 39 and 47; 40 and 43; 40 and 8; 40 and 44; 40
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and 45; 41 and 8; 41 and 44; 41 and 45; 41 and 47; 42 and 43; or, 42 and 45. The antibody of the
invention comprises a heavy chain variable region comprising the amino acid sequence of SEQ ID
NO: 7; and a light chain variable region comprising the amino acid sequence of SEQ ID NO: 8. In
certain embodiments, the antibody comprises a heavy chain comprising the amino acid sequence
of SEQ ID NO: 12; and a light chain comprising the amino acid sequence of SEQ ID NO: 13. In
certain embodiments, the antibody comprises a heavy chain comprising the amino acid sequence
of SEQ ID NO: 93; and a light chain comprising the amino acid sequence of SEQ ID NO: 13. In
certain embodiments, the antibody comprises a heavy chain comprising the amino acid sequence
of SEQ ID NO: 14; and a light chain comprising the amino acid sequence of SEQ ID NO: 13. In
certain embodiments, the antibody comprises a heavy chain comprising the amino acid sequence
of SEQ ID NO: 94; and a light chain comprising the amino acid sequence of SEQ ID NO: 13. In
certain embodiments, the antibody comprises a heavy chain comprising the amino acid sequence
of SEQ ID NO: 76; and a light chain comprising the amino acid sequence of SEQ ID NO: 13. In
certain embodiments, the antibody comprises a heavy chain comprising the amino acid sequence
of SEQ ID NO: 97; and a light chain comprising the amino acid sequence of SEQ ID NO: 13.

[0017] In another aspect, the instant disclosure provides an isolated antibody that specifically binds
to human CTLA-4 protein, comprising a heavy chain variable region having an amino acid
sequence derived from a human IGHV3-21 germline sequence; and a light chain variable region
having an amino acid sequence derived from a human IGKV3-20 germline sequence or a human
IGKV3-11 germline sequence.

[0018] In another aspect, the instant disclosure provides an isolated antibody that cross-competes
for binding to human CTLA-4 protein with an antibody comprising the heavy and light chain
variable region amino acid sequences set forth in SEQ ID NOs: 7 and 8, respectively.

[0019] In another aspect, the instant disclosure provides an isolated antibody that binds to the
same epitope on human CTLA-4 protein as an antibody comprising the heavy and light chain
variable region amino acid sequences set forth in SEQ ID NOs: 7 and 8, respectively.

[0020] In another aspect, the instant disclosure provides an antibody that binds to an epitope of
human CTLA-4. In certain aspects, the antibody binds to an epitope of human CTLA-4 comprising,
consisting essentially of, or consisting of residues 140-141 of SEQ ID NO: 77. In certain aspects,
the antibody binds to an epitope of human CTLA-4 consisting of residues 140-141 of SEQ ID NO:
77. In certain aspects, the antibody binds to at least one residue of human CTLA-4 selected from
the group consisting of residues 140 and 141 of SEQ ID NO: 77. In certain aspects, the antibody
binds to an epitope of human CTLA-4 comprising, consisting essentially of, or consisting of
residues 140-143 of SEQ ID NO: 77. In certain aspects, the antibody binds to an epitope of human
CTLA-4 consisting of residues 140-143 of SEQ ID NO: 77. In certain aspects, the antibody binds to
an epitope of human CTLA-4 comprising, consisting essentially of, or consisting of residues 135-
143 of SEQ ID NO: 77. In certain aspects, the antibody binds to an epitope of human CTLA-4
consisting of residues 135-143 of SEQ ID NO: 77. In certain aspects, the antibody binds to an
epitope of human CTLA-4 comprising, consisting essentially of, or consisting of residues 140-149
of SEQ ID NO: 77. In certain aspects, the antibody binds to an epitope of human CTLA-4
consisting of residues 140-149 of SEQ ID NO: 77. In certain aspects, the antibody binds to an
epitope of human CTLA-4 comprising, consisting essentially of, or consisting of residues 135-149
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of SEQ ID NO: 77. In certain aspects, the antibody binds to an epitope of human CTLA-4
consisting of residues 135-149 of SEQ ID NO: 77. In certain aspects, the antibody binds to an
epitope of human CTLA-4 comprising, consisting essentially of, or consisting of residues 80-82 of
SEQ ID NO: 77. In certain aspects, the antibody binds to an epitope of human CTLA-4 consisting
of residues 80-82 of SEQ ID NO: 77.

[0021] In another aspect, the instant disclosure provides an antibody for which, upon binding of the
antibody to human CTLA-4 protein followed by addition of deuterium, the exchange of hydrogen in
the human CTLA-4 protein with deuterium in a region comprising residues 140-141 of SEQ ID NO:
77 is substantially reduced relative to the exchange of hydrogen in the human CTLA-4 protein with
deuterium in the same region in the absence of the antibody, as determined by
hydrogen/deuterium exchange. In certain aspects, the region of human CTLA-4 comprises
residues 140-143 of SEQ ID NO: 77. In certain aspects, the region of human CTLA-4 comprises
residues 135-143 of SEQ ID NO: 77. In certain aspects, the region of human CTLA-4 comprises
residues 140-149 of SEQ ID NO: 77. In certain aspects, the region of human CTLA-4 comprises
residues 135-149 of SEQ ID NO: 77. In certain aspects, upon binding of the antibody to human
CTLA-4 protein followed by addition of deuterium, the exchange of hydrogen in the human CTLA-4
protein with deuterium in a region comprising residues 80-82 of SEQ ID NO: 77 is substantially
reduced relative to the exchange of hydrogen in the human CTLA-4 protein with deuterium in the
same region in the absence of the antibody, as determined by hydrogen/deuterium exchange.

[0022] In certain embodiments, the antibody comprises a heavy chain constant region selected
from the group consisting of human I1gGq, 1gGy, 19G3, 1gG4, IgA1, and IgAs. In certain
embodiments, the heavy chain constant region is IgG4. In certain embodiments, the heavy chain
constant region is 1gG,. In certain embodiments, the antibody comprises a light chain constant

region selected from the group consisting of human IgGk and IgGA.

[0023] In certain embodiments, the antibody comprises a human IgG heavy chain constant region
that is a variant of a wild type human IgG heavy chain constant region, wherein the variant human
IgG heavy chain constant region binds to human Fc gamma receptors selected from the group
consisting of FcyRIIB and FcyRIIA with higher affinity than the wild type human IgG heavy chain
constant region binds to the human Fc gamma receptors. In certain embodiments, the antibody
comprises a human IgG heavy chain constant region that is a variant of a wild type human IgG
heavy chain constant region, wherein the variant human IgG heavy chain constant region binds to
human FcyRIIB with higher affinity than the wild type human IgG heavy chain constant region binds
to human FcyRIIB. In certain embodiments, the variant human IgG heavy chain constant region is
a variant human 1gG4, a variant human IgG,, or a variant human 1gG4 heavy chain constant

region. In certain embodiments, the variant human IgG heavy chain constant region comprises one
or more of the following amino acid mutations, according to the EU numbering system: G236D,
P238D, S239D, S267E, L328F, and L328E. In certain embodiments, the variant human IgG heavy
chain constant region comprises a set of amino acid mutations selected from the group consisting
of: S267E and L328F; P238D and L328E; P238D and one or more substitutions selected from the
group consisting of E233D, G237D, H268D, P271G, and A330R; P238D, E233D, G237D, H268D,
P271G, and A330R; G236D and S267E; S239D and S267E; V262E, S267E, and L328F; and
VV264E, S267E, and L328F, according to the EU numbering system. In certain embodiments, the
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variant human IgG heavy chain constant region further comprises one or more amino acid
mutations that reduce the affinity of the IgG for human FcyRIIIA, human FcyRIIA, or human FcyRI.
In certain embodiments, the FcyRIIB is expressed on a cell selected from the group consisting of
macrophages, monocytes, B cells, dendritic cells, endothelial cells, and activated T cells.

[0024] In certain embodiments, the antibody comprises a human IgG heavy chain constant region
that is a variant of a wild type human IgG heavy chain constant region, wherein the variant human
IgG heavy chain constant region binds to human Fc gamma receptors with higher affinity than the
wild type human IgG heavy chain constant region binds to the human Fc gamma receptors. In
certain embodiments, the human Fc gamma receptor comprises immunoreceptor tyrosine-based
activation motif (IT AM). In certain embodiments, the human Fc gamma receptor is selected from
the group consisting of FcyRIIIA, FcyRIIA, and FcyRIl. In certain embodiments, the human Fc
gamma receptor is FcyRIIIA. In certain embodiments, the variant human IgG heavy chain constant
region comprises one or more of the following amino acid mutations, according to the EU
numbering system: G236A, S239D, F243L, T256A, K290A, R292P, S298A, Y300L, V305I, A330L,
1332E, E333A, K334A, A339T, and P396L. In certain embodiments, the variant human IgG heavy
chain constant region comprises a set of amino acid mutations selected from the group consisting
of: S239D; T256A; K290A; S298A; I332E; E333A; K334A; A339T, S239D and I332E; S239D,
A330L, and I332E; S298A, E333A, and K334A; G236A, S239D, and I332E; and F243L, R292P,
Y300L, V305I, and P396L, according to the EU numbering system. In certain embodiments, the
variant human IgG heavy chain constant region comprises the following amino acid mutations,
according to the EU numbering system: S239D, A330L, and I332E. In certain embodiments, the
variant human IgG heavy chain constant region comprises the following amino acid mutations,
according to the EU numbering system: S239D and I332E. In certain embodiments, the variant
human IgG heavy chain constant region is a variant human IgG4 heavy chain constant region

comprising the following amino acid mutations, according to the EU numbering system: S239D and
I332E. In certain embodiments, the antibody comprises an afucosylated Fc region. In certain
embodiments, the antibody is formulated for intratumoral delivery. In certain embodiments, the
antibody or pharmaceutical composition is administered intratumorally. In certain embodiments, the
antibody is formulated for delivery into a tumor draining lymph node. In certain embodiments, the
antibody or pharmaceutical composition is delivered to a tumor draining lymph node. In certain
embodiments, the antibody is formulated for subcutaneous delivery. In certain embodiments, the
antibody or pharmaceutical composition is delivered subcutaneously.

[0025] In certain aspects, the human Fc gamma receptor is FcyRIIc. In certain aspects, the human
Fc gamma receptor is expressed on a cell selected from the group consisting of macrophages,
monocytes, B cells, and dendritic cells. In certain embodiments, the antibody is a human antibody.
In certain embodiments, the antibody is antagonistic to CTLA-4. In certain embodiments, the
antibody inhibits binding of the human CTLA-4 protein to human CD80 or to human CD86.

[0026] In certain aspects, the antibody is conjugated to a cytotoxic agent, cytostatic agent, toxin,
radionuclide, or detectable label.

[0027] In one embodiment, the present invention relates to an antibody of the present invention for
use as a medicament.
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[0028] Disclosed is the use of an antibody of the present invention for preparing pharmaceutical
compositions or medicaments for immunotherapy. Preferably, the immunotherapy is for increasing
T-cell activation in response to an antigen in a subject, optionally for treating cancer, or treating or
preventing infectious diseases.

[0029] In one aspect, the present disclosure relates to an antibody of the present invention for use
as a diagnostic.

[0030] In one aspect, the present disclosure relates to the use of an antibody of the present
invention for in vitro detection of human CTLA-4 in a biological sample.

[0031] In another aspect, the instant disclosure provides a pharmaceutical composition comprising
an anti-CTLA-4 antibody disclosed herein and a pharmaceutically acceptable carrier or excipient.

[0032] In another aspect, the instant disclosure provides an isolated polynucleotide encoding a
heavy and/or light chain of an antibody disclosed herein. In another aspect, the instant disclosure
provides a vector comprising the polynucleotide. In another aspect, the instant disclosure provides
a recombinant host cell comprising the polynucleotide or the vector. In another aspect, the instant
disclosure provides a method of producing an antibody that binds to human CTLA-4, the method
comprising culturing the host cell so that the polynucleotide is expressed and the antibody is
produced.

[0033] In another aspect, the instant disclosure provides a method of increasing T-cell activation in
response to an antigen in a subject, the method comprising administering to the subject an
effective amount of an anti-CTLA-4 antibody or pharmaceutical composition disclosed herein. In
another aspect, the instant disclosure provides a method of treating cancer in a subject, the
method comprising administering to the subject an effective amount of an anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein. The present invention relates to an isolated antibody
of the invention or a pharmaceutical composition of the invention for use in a method for: (a) the
treatment of cancer; and/or (b) the treatment of an infectious disease. In certain embodiments, the
anti-CTLA-4 antibody or pharmaceutical composition disclosed herein is administered
subcutaneously or intravenously. In certain embodiments, the anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein is administered intravenously at 0.1 mg/kg, 0.3
mg/kg, 1 mg/kg, 3 mg/kg, 6 mg/kg, or 10 mg/kg, optionally at an interval of once every three
weeks. In certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition disclosed
herein is administered intratumorally. In certain embodiments, the anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein is administered intratumorally at 0.01 mg/kg, 0.03
mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1 mg/kg, or 3 mg/kg, optionally at an interval of once every three
weeks. In certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition disclosed
herein is administered intratumorally at 0.03 mg/kg, 0.1 mg/kg, or 0.3 mg/kg, optionally at an
interval of once every three weeks. In certain embodiments, the anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein is administered intratumorally at a dose that is up to
5-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, or 200-
fold lower than a dose given by systemic administration. In certain embodiments, the anti-CTLA-4
antibody or pharmaceutical composition disclosed herein is administered intratumorally at a dose
that is up to 10-fold lower than a dose given by systemic administration. In certain embodiments,
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the anti-CTLA-4 antibody or pharmaceutical composition disclosed herein is administered
intratumorally at a dose that is up to 100-fold lower than a dose given by systemic administration.
In certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition disclosed herein
is administered intratumorally and the method further comprises administering an additional
therapeutic agent to the subject. In certain embodiments, the additional therapeutic agent is
administered systemically. In certain embodiments, the subject has a solid tumor and the additional
therapeutic agent is an anti-PD-1 antibody. In certain embodiments, the anti-PD-1 antibody is
pembrolizumab or nivolumab. In certain embodiments, the subject has head and neck squamous
cell carcinoma and the additional therapeutic agent is an anti-EGFR antibody. In certain
embodiments, the anti-EGFR antibody is cetuximab. In certain embodiments, the subject has
HER2+ breast cancer and the additional therapeutic agent is an anti-HER2 antibody. In certain
embodiments, the anti-HER2 antibody is trastuzumab. In certain embodiments, these methods
further comprise administering a chemotherapeutic agent to the subject. In certain embodiments,
the chemotherapeutic agent is administered systemically. In certain embodiments, the
chemotherapeutic agent is gemcitabine. In certain embodiments, the anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein is administered intratumorally and the subject has an
advanced or metastatic solid tumor. In certain embodiments, the anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein is administered intratumorally and the subject has
head and neck cancer (e.g., relapsed/refractory head and neck squamous cell carcinoma). In
certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition disclosed herein is
administered intratumorally and the subject has breast cancer (e.g., relapsed/refractory HER2+
breast cancer). In certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition
disclosed herein is delivered to a tumor draining lymph node. In certain embodiments, the anti-
CTLA-4 antibody or pharmaceutical composition disclosed herein is delivered via a localized
administration (e.g., subcutaneous administration). In certain embodiments, the anti-CTLA-4
antibody or pharmaceutical composition disclosed herein is delivered via a localized administration
(e.g., subcutaneous administration) at 0.01 mg/kg, 0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1 mg/kg, or
3 mg/kg. In certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition
disclosed herein is delivered via a localized administration (e.g., subcutaneous administration) at a
dose that is up to 5-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold,
100-fold, or 200-fold lower than a dose given by systemic administration. In certain embodiments,
the anti-CTLA-4 antibody or pharmaceutical composition disclosed herein is delivered via a
localized administration (e.g., subcutaneous administration) at a dose that is up to 10-fold lower
than a dose given by systemic administration. In certain embodiments, the anti-CTLA-4 antibody or
pharmaceutical composition disclosed herein is delivered via a localized administration (e.g.,
subcutaneous administration) at a dose that is up to 100-fold lower than a dose given by systemic
administration. In certain embodiments, the anti-CTLA-4 antibody or pharmaceutical composition
disclosed herein is delivered via a localized administration (e.g., subcutaneous administration) and
the method further comprises administering an additional therapeutic agent to the subject. In
certain embodiments, the additional therapeutic agent is a vaccine. In certain embodiments, the
vaccine comprises a heat shock protein peptide complex (HSPPC) comprising a heat shock protein
complexed with an antigenic peptide. In one embodiment, the heat shock protein is gp96 protein
and is complexed with a tumor-associated antigenic peptide, wherein the HSPPC is derived from a
tumor obtained from a subject. In certain embodiments, the heat shock protein is selected from the
group consisting of hsc70, hsp70, hsp90, hsp110, grp170, gp96, calreticulin, a mutant thereof, and
combinations of two or more thereof. In certain embodiments, the heat shock protein is hsc70. In
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certain embodiments, the heat shock protein is hsp70. In certain embodiments, the antigenic
peptide is synthetic. In certain embodiments, the subject has cancer. In certain embodiments, the
subject has an infectious disease. In certain embodiments, these methods further comprise
administering an additional therapeutic agent to the subject. In certain embodiments, the additional
therapeutic agent is a chemotherapeutic or a checkpoint targeting agent. In certain embodiments,
the checkpoint targeting agent is selected from the group consisting of an antagonist anti-PD-1
antibody, an antagonist anti-PD-LI antibody, an antagonist anti-PD-L2 antibody, an antagonist anti-
CTLA-4 antibody, an antagonist anti-TIM-3 antibody, an antagonist anti-LAG-3 antibody, an
antagonist anti-CEACAM1 antibody, an agonist anti-GITR antibody, an agonist anti-OX40 antibody,
and an agonist anti-CD137 antibody, an agonist anti-DR3 antibody, an agonist anti-TNFSF14
antibody, and an agonist anti-CD27 antibody. In certain embodiments, the additional therapeutic
agent is radiotherapy. In certain embodiments, the additional therapeutic agent is an inhibitor of
indoleamine-2,3-dioxygenase (IDO). Suitable IDO inhibitors include, without limitation,
epacadostat, F001287, indoximod, and NLG919. In certain embodiments, the additional
therapeutic agent is a vaccine. In certain embodiments, the vaccine comprises a heat shock
protein peptide complex (HSPPC) comprising a heat shock protein complexed with an antigenic
peptide. In one embodiment, the heat shock protein is gp96 protein and is complexed with a
tumor-associated antigenic peptide, wherein the HSPPC is derived from a tumor obtained from a
subject.

[0034] In one aspect, the present disclosure relates to an antibody of the present invention, a
polynucleotide of the invention, a vector of the invention, and/or a recombinant host cell of the
invention, for use as a medicament.

[0035] In one aspect, the present disclosure
relates to an antibody of the present invention, a polynucleotide of the invention, a vector of the
invention, and/or a recombinant host cell of the invention, for use as a diagnostic.

[0036] In one aspect, the present disclosure relates to the use of an antibody of the present
invention, a polynucleotide of the invention, a vector of the invention, and/or a recombinant host
cell of the invention, for the in vitro detection of human CTLA-4 in a biological sample.

[0037] In one aspect, provided herein is a pharmaceutical composition comprising an anti-CTLA-4
antibody disclosed herein and a pharmaceutically acceptable carrier or excipient, for use as a
medicament.

[0038] In one aspect, provided herein is a pharmaceutical composition comprising an anti-CTLA-4
antibody disclosed herein and a pharmaceutically acceptable carrier or excipient, for use as a
diagnostic.

[0039] In one aspect, provided herein is a pharmaceutical composition comprising an anti-CTLA-4
antibody disclosed herein, a polynucleotide of the invention, a vector of the invention, and/or a
recombinant host cell of the invention, and a pharmaceutically acceptable carrier or excipient. In
one aspect, the pharmaceutical composition is for use as a medicament and/or diagnostic.

[0040] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
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recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for increasing T-cell activation in response to an antigen.

[0041] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for increasing T-cell activation in response to an antigen in a subject.

[0042] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for increasing T-cell activation in response to an antigen in a subject comprising
administering to the subject an effective amount of an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the invention.

[0043] In one aspect, the present invention relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for the treatment of cancer.

[0044] In one aspect, the present invention relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for the treatment of cancer in a subject.

[0045] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for the treatment of cancer in a subject comprising administering to the subject an effective
amount of an antibody, polynucleotide, vector, recombinant host cell, and/or pharmaceutical
composition of the invention.

[0046] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an
additional therapeutic agent, preferably an anti-PD-1 antibody, for use as a medicament.

[0047] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an
additional therapeutic agent, preferably an anti-PD-1 antibody, for use in a method for the
treatment of cancer. In a preferred embodiment, the cancer is a solid tumor. In another preferred
aspect, the antibody, polynucleotide, vector, recombinant host cell, and/or pharmaceutical
composition of the present invention is administered intratumorally to the subject, preferably
administered intratumorally to the subject at 0.01 mg/kg, 0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1
mg/kg, or 3 mg/kg, optionally at an interval of once every three weeks.

[0048] In one aspect, the present disclosure relates to a pharmaceutical composition, kit or kit-of-
parts comprising (a) an antibody, polynucleotide, vector, recombinant host cell, and/or
pharmaceutical composition of the present invention and (b) an additional therapeutic agent,
preferably an anti-PD-1 antibody.

[0049] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
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recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an anti-
EGFR antibody, and optionally (c) a chemotherapeutic agent, for use as a medicament.

[0050] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an anti-
EGFR antibody, and optionally (c) a chemotherapeutic agent, for use in a method for the treatment
of cancer. In a preferred embodiment, the cancer is head and neck squamous cell carcinoma. In
another preferred embodiment, the antibody, polynucleotide, vector, recombinant host cell, and/or
pharmaceutical composition of the present invention is administered intratumorally to the subject,
preferably administered intratumorally to the subject at 0.01 mg/kg, 0.03 mg/kg, 0.1 mg/kg, 0.3
mg/kg, 1 mg/kg, or 3 mg/kg, optionally at an interval of once every three weeks.

[0051] In one aspect, the present disclosure relates to a pharmaceutical composition, kit or kit-of-
parts comprising (a) an antibody, polynucleotide, vector, recombinant host cell, and/or
pharmaceutical composition of the present invention and (b) an anti-EGFR antibody, and optionally
(c) a chemotherapeutic agent.

[0052] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an anti-
HER2 antibody, and optionally (c) a chemotherapeutic agent, for use as a medicament.

[0053] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an anti-
HER2 antibody, and optionally (c) a chemotherapeutic agent, for use in a method for the treatment
of HER2+ breast cancer. In another preferred aspect the antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention is administered
intratumorally to the subject, preferably administered intratumorally to the subject at 0.01 mg/kg,
0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1 mg/kg, or 3 mg/kg, optionally at an interval of once every
three weeks.

[0054] In one aspect, the present disclosure relates to a pharmaceutical composition, kit or kit-of-
parts comprising (a) an antibody, polynucleotide, vector, recombinant host cell, and/or
pharmaceutical composition of the present invention and (b) an anti-HER2 antibody, and optionally
(c) a chemotherapeutic agent.

[0055] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for the treatment of cancer, wherein the antibody, polynucleotide, vector, recombinant host
cell, and/or pharmaceutical composition of the present invention is administered intratumorally to
the subject, preferably administered intratumorally to the subject at 0.01 mg/kg, 0.03 mg/kg, 0.1
mg/kg, 0.3 mg/kg, 1 mg/kg, or 3 mg/kg, optionally at an interval of once every three weeks.

[0056] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for the treatment of cancer, wherein the antibody, polynucleotide, vector, recombinant host
cell, and/or pharmaceutical composition of the present invention is administered subcutaneously or
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intravenously to the subject, preferably administered intravenously to the subject at 0.1 mg/kg, 0.3
mg/kg, 1 mg/kg, 3 mg/kg, 6 mg/kg, or 10 mg/kg, optionally at an interval of once every three
weeks.

[0057] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an
additional therapeutic agent, for use as a medicament. In a preferred embodiment, the additional
therapeutic agent is a chemotherapeutic agent or a checkpoint targeting agent or an inhibitor of
indoleamine-2,3-dioxygenase (IDO) or a vaccine.

[0058] In one aspect, the present disclosure relates to (a) an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention and (b) an
additional therapeutic agent, for use in a method for the treatment of cancer. In a preferred
embodiment, the additional therapeutic agent is a chemotherapeutic agent or a checkpoint
targeting agent or an inhibitor of indoleamine-2,3-dioxygenase (IDO) or a vaccine.

[0059] In one aspect, the present disclosure relates to a pharmaceutical composition, kit or kit-of-
parts comprising (a) an antibody, polynucleotide, vector, recombinant host cell, and/or
pharmaceutical composition of the present invention and (b) an additional therapeutic agent. In a
preferred embodiment, the additional therapeutic agent is a chemotherapeutic agent or a
checkpoint targeting agent or an inhibitor of indoleamine-2,3-dioxygenase (IDO) or a vaccine.

[0060] In one aspect, the present disclosure relates to an antibody, polynucleotide, vector,
recombinant host cell, and/or pharmaceutical composition of the present invention, for use in a
method for the treatment of cancer, wherein the antibody, polynucleotide, vector, recombinant host
cell, and/or pharmaceutical composition of the present invention is delivered to a tumor draining
lymph node.

[0061] In one aspect, the present disclosure relates to the use of an antibody, polynucleotide,
vector, recombinant host cell, and/or pharmaceutical composition of the present invention in a
method for the treatment of cancer, and/or in a method for increasing T-cell activation in response
to an antigen in a subject, wherein the antibody, polynucleotide, vector, recombinant host cell,
and/or pharmaceutical composition of the present invention is delivered to a tumor draining lymph
node.

[0062] In one aspect, the present disclosure relates to the use of an antibody, polynucleotide,
vector, recombinant host cell, and/or pharmaceutical composition of the present invention, for
preparing medicaments for immunotherapy, for example, for increasing T-cell activation in
response to an antigen in a subject, treating cancer, or treating or preventing infectious diseases.

[0063] In one aspect, the present disclosure relates to the use of an antibody, polynucleotide,
vector, recombinant host cell, and/or pharmaceutical composition of the present invention, for
preparing medicaments for immunotherapy, for example, for increasing T-cell activation in
response to an antigen in a subject, treating cancer, or treating or preventing infectious diseases,
wherein the antibody, polynucleotide, vector, recombinant host cell, and/or pharmaceutical
composition of the present invention is delivered to a tumor draining lymph node.
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[0064] In one aspect, the present disclosure relates to the use of (a) an antibody, polynucleotide,
vector, recombinant host cell, and/or pharmaceutical composition of the present invention and (b)
an anti-HER2 antibody, and optionally (c) a chemotherapeutic agent, to prepare a medicament for
immunotherapy, for example, for increasing T-cell activation in response to an antigen in a subject,
treating cancer, or treating or preventing infectious diseases.

[0065] In one aspect, the present disclosure relates to the use of (a) an antibody, polynucleotide,
vector, recombinant host cell, and/or pharmaceutical composition of the present invention and (b)
an anti-HER2 antibody, and optionally (c) a chemotherapeutic agent, to prepare a medicament for
immunotherapy, for example, for increasing T-cell activation in response to an antigen in a subject,
treating cancer, or treating or preventing infectious diseases, wherein the antibody, polynucleotide,
vector, recombinant host cell, and/or pharmaceutical composition of the present invention is
delivered to a tumor draining lymph node.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0066]

Figure 1A is a table showing the binding affinities (Kp) of the anti-CTLA-4 antibody AGEN1884 and
a reference anti-CTLA-4 1gG4q antibody to dimeric and monomeric recombinant human,

cynomolgus, mouse, and rat CTLA-4 as measured by surface plasmon resonance. Figure 1B is a
graph showing the binding of AGEN1884w, a reference anti-CTLA-4 1gG4 antibody, and an 1gG4

isotype control to CTLA-4-expressing cells, as measured by flow cytometry. The mean
fluorescence intensity (MFI) was calculated and plotted against a range of antibody concentrations.
Figures 1C and 1D show the selectivity of AGEN1884 and a reference anti-CTLA-4 IgG1 antibody
binding to recombinant human (rh) and cynomolgus (rc) CTLA-4, as compared with related family
members (recombinant human CD28, ICOS, BTLA, and PD-1, and recombinant cynomolgus PD-
1), shown relative to an isotype control IgG4 antibody. The binding was measured by suspension

array technology and the mean fluorescence intensity (MFI) at three different antibody
concentrations (10, 100, and 1000 ng/ml) is shown in Figure 1C. Figure 1D is a summary table of
relative binding affinity based on the data shown in Figure 1C.

Figure 2A shows binding of AGEN1884w, an anti-CTLA-4 reference antibody, and an 1gG isotype

control antibody to activated primary human CD4+ T cells. Briefly, freshly isolated CD4+ T cells
were stimulated using plate-bound anti-CD3 and anti-CD28 antibodies for five days prior to
antibody binding analysis by flow cytometry. The mean fluorescence intensity (MFI) was calculated
across a range of antibody concentrations. Figure 2B shows intracellular binding of AGEN1884
and an anti-CTLA-4 reference antibody as compared with an 19G4 isotype control antibody across
a concentration titration using activated (anti-CD3 and anti-CD28 with recombinant IL-2 for three
days) primary cynomolgus CD8+ T cells. Data were generated by flow cytometry and are shown as
the percent of CTLA-4+ T cells as a proportion of the total CD8+ T cell population. Figure 2C
shows results from a flow cytometry analysis testing the binding of AGEN1884w and an 1gG4

isotype control antibody to phytohemagglutinin-stimulated CD4+ human, cynomolgus, rat, or
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mouse T cells.

Figure 3A is a schematic of the ligand blocking assay using suspension array technology. Figures
3B and 3C show the percent of recombinant CD80-Fc (Figure 3B) and CD86-Fc proteins (Figure
3C) binding to CTLA-4 conjugated beads in the absence (100%) or presence of a dose titration of
AGEN1884, a reference anti-CTLA-4 1G4 antibody, or an isotype control (IgG4) antibody. Figure

3D shows the percent of recombinant CD80-Fc and CD86-Fc binding to CTLA-4 expressing T cells
(Jurkat) in the presence of increasing concentrations of AGEN1884w, a reference anti-CTLA-4
IgG1 antibody, or an isotype control (IgG1) antibody. Figure 3E shows results of an assay in which

CTLA-4 expressing T cells (Jurkat) were incubated with a titrated dose of CD80-Fc or CD86-Fc
before a fixed concentration of directly fluorochrome-conjugated AGEN1884w or a reference anti-
CTLA-4 1gG¢ antibody was added. The mean fluorescence intensity (MFI) was calculated and

plotted against a range of CD80-Fc or CD86-Fc concentrations.

Figure 4A depicts the functional activity of anti-CTLA-4 antibodies on cultures of primary human
PBMCs upon Staphylococcus Enterotoxin A (SEA) stimulation. Specifically, Figure 4A shows the
fold change in IL-2 production in response to a dose-response of AGEN1884w and a reference
anti-CTLA-4 IgG4 antibody, as compared with an 1gG4 isotype control. Error bars represent the

standard deviation from triplicate wells. Figures 4B and 4C are results from an IL-2-luciferase
reporter assay showing that blockade of CTLA-4 leads to T cell activation. A CD3 and CD28 co-
expressing human T cell line (Jurkat), engineered to constitutively express cell surface CTLA-4 in
addition to a luciferase reporter gene under the control of an IL-2 promoter, was co-cultured with
an antigen presenting cell line (Raji) that expressed CD80 and CD86. Figure 4B is a pair of
histograms showing the expression of CD80 and CD86 on Raji cells as measured by flow
cytometry. TCR signaling was triggered using an anti-CD3 antibody in the presence of increasing
concentrations of AGEN1884w or an IgG4 isotype control antibody. Figure 4C shows fold-increase

of luciferase expression, a surrogate marker for IL-2 gene activation, in response to increasing
concentrations of AGEN1884w relative to the isotype control antibody. Figures 4D and 4E are
results from an assay testing the ability of the anti-CTLA-4 antibody AGEN1884w to decrease IFNy
production from primary CD8+ T cells in the presence of high concentrations of anti-CD3 antibody.
Primary human T cells were stimulated with an anti-CD3 antibody (10 ug/ml) in the presence of
increasing concentrations of either soluble (Figure 4D) or plate-bound (Figure 4E) AGEN1884w or
an IgGq isotype control antibody. The percentage of CD8+ IFNy+ T cells is plotted against antibody
concentrations tested. The dotted line depicts the frequency of CD8+ IFNy+ T cells in the absence
of anti-CD3 antibody stimulation. Figure 4F is a graph showing the functional activity of the anti-
CTLA-4 antibody AGEN1884w, either alone or in combination with an anti-LAG-3 antibody
AGEN1746, an anti-PD-1 antibody Nivolumab, or an anti-PD-1 antibody Pembrolizumab, on
cultures of primary human PBMCs upon Staphylococcus Enterotoxin A (SEA) stimulation. Mean
and standard deviation of IL-2 concentration are shown. IC stands for isotype control.

Figure 5A shows the binding affinities (Kp) of AGEN2041w, a reference anti-CTLA-4 1gG4
antibody, and a reference anti-CTLA-4 1gG, antibody to dimeric and monomeric recombinant
human and cynomolgus CTLA-4 as measured by surface plasmon resonance. Figure 5B is a
graph showing the binding of AGEN2041w, a reference anti-CTLA-4 1gG5 antibody, and an 1gG»
isotype control to CTLA-4-expressing cells as measured in a flow cytometry analysis. The mean
fluorescence intensity (MFI) was calculated and plotted against different antibody concentrations
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tested. Figure 5C is a graph showing the percentage of CD80 and CD86 binding to CTLA-4 in the
presence of increasing concentrations of AGEN2041w or a reference anti-CTLA-4 1gG5, antibody
(12, 37, 111, 333, 1000, 3000, and 9000 ng/ml before adding beads) as measured by suspension
array technology. Figures 5D and 5E are similar tables to those shown in Figures 1C and 1D,
respectively, where the selectivity of AGEN2041w and a reference anti-CTLA-4 I1gG, antibody
binding to recombinant human (rh) and cynomolgus (rc) CTLA-4, as compared with related family
members (recombinant human CD28, ICOS, BTLA, and PD-1; and recombinant cynomolgus PD-
1), was tested relative to an isotype control IgG, antibody. Figure 5D shows MFI| values as
measured by suspension array technology and Figure 5E is a summary table based on the data
shown in Figure 5D.

Figure 6A depicts the functional activity of anti-CTLA-4 antibodies on cultures of primary human
PBMCs upon Staphylococcus Enterotoxin A (SEA) stimulation. Figure 6A shows the fold change in
IL-2 production in response to a dose-response of AGEN1884w and AGEN2041w, as compared
with IgG¢ and 1gG» isotype control antibodies. Error bars represent the standard deviation from
triplicate wells. Figure 6B is a graph showing results from an IL-2-luciferase reporter assay testing
AGEN2041w and an IgG, isotype control antibody. Fold-increase of luciferase expression, a
surrogate marker for IL-2 gene activation, is shown for increasing doses of AGEN2041w and the
isotype control antibody.

Figure 7A is a graph showing the binding of AGEN1884w-105 (AGEN1884w produced by a stable
clone 105), a reference anti-CTLA-4 1gG4 antibody, and an 1gG4 isotype control to CTLA-4-

expressing cells as measured in a flow cytometry analysis. The mean fluorescence intensity (MFI)
was calculated and plotted against an antibody titration. Figure 7B is the result of an assay
examining IL-2 production enhanced by AGEN1884w-105, a reference anti-CTLA-4 IgG4 antibody,
and an 1gG isotype control following Staphylococcus Enterotoxin A (SEA) stimulation. In Figure

7B, six biological replicates and mean values (bar) of fold change of IL-2 are shown.

Figures 8A, 8B, and 8C are binding curves of a dose titration of antibodies to CHO cells

expressing FcyRIAH13! (Figure 8A), FcyRIIB (Figure 8B), and FcyRIIIAV138 (Figure 8C),
respectively. The mean fluorescence intensity (MFI) of the secondary detection antibody is plotted.
Error bars represent the standard deviation from triplicates. The antibodies tested were
AGEN1884w-FortiCHO, AGEN1884w-PowerCHO, AGEN2041w, a reference anti-CTLA-4 IgG1

antibody, and an IgG, isotype control antibody.

Figures 9A and 9B are graphs showing the mean response (response units, RU) of triplicate
samples at a range of antibody concentrations of AGEN1884w-FortiCHO, AGEN1884w-
PowerCHO, AGEN2041w, and a reference anti-CTLA-4 1gG4 antibody bound to human FcyRIIA

(Figure 9A) or human FcyRIIIA (Figure 9B) as determined by surface plasmon resonance.

Figure 10A is a schematic of an Fc gamma receptor IlIA (FcyRIIIA) gene reporter assay. Figures
10B-10G are results from a reporter assay where the ability of AGEN1884w-105 or AGEN1884w
(AGEN1884w-105 in Figures 10B, 10C, 10F, and 10G; AGEN1884w in Figures 10D and 10E) to
activate a reporter cell line expressing either the FcyRIIIA V158 variant or the FcyRIIIA F158
variant was compared with that of a reference anti-CTLA-4 IgG4 antibody (Figures 10B and 10C),



DK/EP 3303394 T3

AGEN2041w (Figures 10D and 10E), and an AGEN1884w N297A variant (Figures 10F and 10G).
The relative light units (RLU) are plotted against a range of antibody concentrations.

Figure 11 is the result of a reporter assay where AGEN2041w, a reference anti-CTLA-4 1gG>

antibody, and an IgG; isotype control antibody were tested for their ability to activate a reporter cell

line expressing the FcyRIIAH13! variant when the antibodies were bound to CTLA-4-expressing
target cells. The relative light units (RLU) are plotted against a range of antibody concentrations.

Figure 12A is a graph showing the binding of AGEN1884w-105, an AGEN1884w-N297A variant,
and an IgG1 isotype control to CTLA-4-expressing cells as measured in a flow cytometry analysis.

The mean fluorescence intensity (MFI) was calculated and plotted against different antibody
concentrations tested. Figure 12B is the result of an assay examining IL-2 production induced by
AGEN1884w-105, AGEN1884w-N297A, and an IgGq isotype control following Staphylococcus

Enterotoxin A (SEA) stimulation. In Figure 12B, six biological replicates and mean values (bar) of
fold change of IL-2 are shown.

Figures 13A and 13B are results from an assay examining the impact of blocking FcR
engagement on the antagonistic activity of anti-CTLA-4 antibodies. In Figure 13A, seven biological
replicates and mean values (bar) of fold change of IL-2 are shown. In Figure 13B, seven biological
replicates of IL-2 production (pg/ml) are shown.

Figure 14 is a graph showing IL-2 production of human PBMCs upon Staphylococcus Enterotoxin
A (SEA) stimulation in response to 10 ug/ml of AGEN1884w, AGEN1884w-N297A, AGEN1884w-
S267E/L328F, AGEN1884w-S239D/A330L/I332E, AGEN2041w, an IgG 4 isotype control antibody,

or an IgG» isotype control antibody. The mean values (bar) of IL-2 production are shown for each

antibody tested.

Figure 15 is a graph showing percent of target cell lysis in the presence of effector cells together
with a dose titration of AGEN1884w, a reference anti-CTLA-4 IgG4 antibody, or an isotype control

antibody. Jurkat cells engineered to constitutively express CTLA-4 on the cell surface were used as
target cells and NK92-FcyRIIIA cells were used as effector cells.

Figure 16 compares the binding affinities (Kp) of CD80-Fc-His, CD86-Fc-His, a reference anti-
CTLA-4 1gG4 antibody, and AGEN1884 for CTLA-4. Walker and Sansom Nat. Rev. Immunology

2011 refers to Walker and Sansom Nat. Rev. Immunol. (2011) 11(12):852-63. Xu et al., JI 2012
refers to Xu et al., J Immunol. (2012) 189(9):4470-7.

Figure 17A is a sequence alignment for human CTLA-4 (SEQ ID NO: 77), cynomolgus monkey
CTLA-4 (SEQ ID NO: 84), mouse CTLA-4 (SEQ ID NO: 85), and rat CTLA-4 (SEQ ID NO: 86). Dots
represent residues identical to corresponding human residues. An * (asterisk) indicates positions
which have a single, fully conserved residue. A : (colon) indicates conservation between groups of
strongly similar properties. A . (period) indicates conservation between groups of weakly similar
properties. Figures 17B and 17C are sequence alignments for human CTLA-4 (SEQ ID NO: 77),
cynomolgus monkey CTLA-4 (SEQ ID NO: 84), human CD28 (SEQ ID NO: 87), human ICOS (SEQ
ID NO: 88), human BTLA (SEQ ID NO: 89), and human PD-1 (SEQ ID NO: 90). The two regions
showing strong decrease in deuterium uptake when human CTLA-4 was bound to AGEN1884w-
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Fab were underlined in Figures 17A-C: Q80T82 and Y135PPPYYLGIGNGTQI'®. Figure 17D is a
composite assembly of the X-ray coordinates in the Protein Data Bank files 3osk and 1i81. This
composite structural analysis indicates a daisy-chain clustering of CTLA-4 and B7-1 clusters. This
provides a model of the human B7-1 dimer along with the human CTLA-4 dimer which is believed
to be the simplest oligomeric form of the signaling competent immune complex. The site of contact

between CTLA-4 and B7-1 includes the M134YPPPYY140 region but not limited to this particular
motif. Figure 17E is a model of the binding of AGEN1884w-Fab to human CTLA-4. All the residues
of CTLA-4 recited in the preceding description of Figures 17A-17E are numbered according to
SEQ ID NO: 77.

Figures 18A and 18B are results from a T cell dependent antigen response (TDAR) study in
cynomolgus monkeys. AGEN1884w (10 mg/kg), a reference anti-CTLA-4 IgG4 antibody (3 mg/kg)

(Figure 18A), AGEN2041w (10 mg/kg) (Figure 18B), or control article (Figures 18A and 18B) was
given via intravenous administration (slo