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PD-1 BINDING PROTEINS AND METHODS OF USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Patent Application No.
62/234,5335, filed September 29, 2015, the disclosure of which 1s incorporated by reference

herein 1n 1ts entirety.

1. FIELD

[0001] Provided herein are compositions, methods, and uses involving antibodies that
specifically bind to human Programmed Death-1 (PD-1) and modulate the expression and/or
activity of PD-1.

2. SUMMARY

[0002] The present disclosure provides proteins that bind to PD-1 (e.g., human PD-1, SEQ
ID NO:43), including binding proteins such as antibodies that bind to PD-1. Such binding
proteins, including antibodies, can bind to a PD-1 polypeptide, a PD-1 fragment, and/or a PD-1
epitope. Such binding proteins, including antibodies, can be agonists (e.g., induce PD-1
ligand-like signaling). In some embodiments, the binding proteins do not compete with PD-1
ligand (e.g., PD-L1 and PD-L2) for the interaction with PD-1 (e.g., a non-blocking antibody).
[0003] The present disclosure also provides, 1in certain embodiments, binding proteins,
including antibodies or fragments thereof, that (1) bind to human PD-1, (11) induce PD-1
ligand-like signaling, and (111) do not compete with PD-L1 and/or PD-L2 for the interaction with
PD-1.

[0004] Also provided herein are polynucleotides and vectors comprising sequences encoding
such antibodies, cells (e.g., host cells) comprising such polynucleotides or vectors, and
compositions, reagents, and kits comprising such antibodies. In another aspect, provided herein
are methods for modulating PD-1 activity (e.g., activating PD-1 signaling) or PD-1 expression
levels, diagnostic methods and uses of such anti-PD-1 antibodies.

[0005] In some embodiments, a binding protein (e.g., an anti-PD-1 antibody) comprises six
complementarity determining regions (CDRs) or fewer than six CDRs. In other embodiments, a

binding protein (e.g., an ant1-PD-1 antibody) comprises one, two, three, four, five, or six CDRs

selected from heavy chain variable region (VH) CDR1, VH CDR2, VH CDR3, light chain

21 -
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variable region (VL) CDR1, VL CDR2, and/or VL CDR3. In certain embodiments, a binding

protein (e.g., an ant1-PD-1 antibody) comprises one, two, three, four, five, or six CDRs selected

from VH CDR1, VH CDR2, VH CDR3, VL CDRI1, VL CDR2, and/or VL CDR3 of a

monoclonal antibody designated as PD1AB-1, PD1IAB-2, PD1AB-3, PD1AB-4, PD1AB-5, or

PD1AB-6 as described herein, or a humanized variant thereof. In some embodiments, a binding

protein (e.g., an ant1-PD-1 antibody) further comprises a scaffold region or framework region

(FR), including a VH FR1, VH FR2, VH FR3, VH FR4, VL FR1, VL FR2, VL FR3, and/or VL

FR4 of a human immunoglobulin amino acid sequence or a variant thereof.

[0006] In some embodiments, the antibody or antigen-binding fragment thereof binds to an

epitope of human PD-1 recognized by an antibody comprising a light chain variable region

having an amino acid sequence of SEQ ID NO:8 and a heavy chain variable region having an

amino acid sequence of SEQ ID NO:13.

[0007] In other embodiments, the antibody or antibody fragment thereof competes for the

binding to human PD-1 with an antibody comprising a light chain variable region having an

amino acid sequence of SEQ ID NO:8 and a heavy chain variable region having an amino acid

sequence of SEQ ID NO:13.

[0008] In some embodiments, the antibody or antigen-binding fragment thereof comprises a

VL comprising VL CDR1, VL CDR2, and VL CDR3 of any one of antibodies PD1AB-1,

PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 as set forth in Table 1.

[0009] In other embodiments, the antibody or antigen-binding fragment thereof comprises a

VH comprising VH CDR1, VH CDR2, and VH CDR3 of any one of antibodies PD1AB-1,

PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 as set forth in Table 2.

[0010] In other embodiments, the antibody or antigen-binding fragment thereof comprises:

(a) a VL comprising VL FR1, VL FR2, VL FR3, and VL FR4 of any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PDIAB-6
as set forth in Table 3; and
(b) a VH comprising VH FR1, VH FR2, VH FR3, and VH FR4 of any one of

antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6
as set forth in Table 4.

[0011] In certain embodiments, the VL CDR1, VL CDR2, and VL CDR3 of the antibody or

antigen-binding fragment thereof comprise amino acid sequences of SEQ ID NOS:1, 2, and 3,

_0
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respectively, and the VH CDR1, VH CDR2, and VH CDR3 of the antibody or antigen-binding
fragment thereof comprise amino acid sequences of SEQ ID NOS:4, 5, and 6, respectively.
[0012] In yet another embodiment, the VL CDR1, VL CDR2, and VL CDR3 of the antibody
or antigen-binding fragment thereof comprise amino acid sequences of SEQ ID NOS:7, 2, and 3,
respectively, and the VH CDR1, VH CDR2, and VH CDR3 of the antibody or antigen-binding
fragment thereof comprise amino acid sequences of SEQ ID NOS:4, 5, and 6, respectively.
[0013] In another embodiment, the antibody or antigen-binding fragment thereof comprises a
VL comprising an amino acid sequence of SEQ ID NO:8. In some embodiments, the amino acid
sequence comprises one or more conservative modifications thereof.

[0014] In certain embodiments, the antibody or antigen-binding fragment thereof comprises
a VL comprising an amino acid sequence of SEQ ID NO:9. In some embodiments, the amino
acid sequence comprises one or more conservative modifications thereof.

[0015] In some embodiments, the antibody or antigen-binding fragment thereof comprises a
VL comprising an amino acid sequence of SEQ ID NO:10. In some embodiments, the amino
acid sequence comprises one or more conservative modifications thereof.

[0016] In certain embodiments, the antibody or antigen-binding fragment thereof comprises
a VH comprising an amino acid sequence of SEQ ID NO:11. In some embodiments, the amino
acid sequence comprises one or more conservative modifications thereof.

[0017] In other embodiments, the antibody or antigen-binding fragment thereof comprises a
VH comprising an amino acid sequence of SEQ ID NO:12. In some embodiments, the amino
acid sequence comprises one or more conservative modifications thereof.

[0018] In another embodiment, the antibody or antigen-binding fragment thereof comprises a
VH comprising an amino acid sequence of SEQ ID NO:13. In some embodiments, the amino
acid sequence comprises one or more conservative modifications thereof.

[0019] In certain embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:8; and (b) a VH comprising an
amino acid sequence of SEQ ID NO:11.

[0020] In some embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:9; and (b) a VH comprising an
amino acid sequence of SEQ ID NO:11.
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[0021] In other embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:10; and (b) a VH comprising an
amino acid sequence of SEQ ID NO:11.

[0022] In one embodiment, the antibody or antigen-binding fragment thereof comprises: (a) a
VL comprising an amino acid sequence of SEQ ID NO:8; and (b) a VH comprising an amino
acid sequence of SEQ ID NO:12.

[0023] In another embodiment, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:9; and (b) a VH comprising an
amino acid sequence of SEQ ID NO:12.

[0024] In certain embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:10; and (b) a VH comprising an
amino acid sequence of SEQ ID NO:12.

[0025] In some embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:8; and (b) a VH comprising an
am1ino acid sequence of SEQ ID NO:13.

[0026] In other embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:9; and (b) a VH comprising an
am1ino acid sequence of SEQ ID NO:13.

[0027] In certain embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a VL comprising an amino acid sequence of SEQ ID NO:10; and (b) a VH comprising an
amino acid sequence of SEQ ID NO:13.

[0028] In some embodiments, the amino acid sequence of the VL comprises one or more
conservative modifications thereof. In some embodiments, the amino acid sequence of the VH
comprises one or more conservative modifications thereof. In some embodiments, the amino acid
sequence of the VL and the VH comprises one or more conservative modifications thereof.
[0029] In some embodiments, the antibody comprises a human IgG1 Fc region. In other
embodiments, the antibody comprises a variant human IgG1 Fc region.

[0030] In one embodiment, the antibody comprises a human IgG1-K322A Fc region.

[0031] In some embodiments, the antibody comprises a human IgG4 Fc region. In other
embodiments, the antibody comprises a variant human IgG4 Fc region.

[0032] In another embodiment, the antibody comprises a human IgG4P Fc region.

_4 -
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[0033] In still another embodiment, the antibody comprises a human IgG4PE Fc region.
[0034] In some embodiments, the antibody or antigen-binding fragment thereof further
comprises a light chain constant region comprising an amino acid sequence of SEQ ID NO:41.
[0035] In other embodiments, the antibody or antigen-binding fragment thereof further
comprises a heavy chain Fc region comprising an amino acid sequence selected from the group
consisting of SEQ ID NOS:36-40.

[0036] In yet another embodiment, the antibody or antigen-binding fragment thereof further
comprises a light chain constant region comprising an amino acid sequence of SEQ ID NO:41;
and a heavy chain Fc¢ region comprising an amino acid sequence selected from the group
consisting of SEQ ID NOS:36-40.

[0037] In some embodiments, the antibody or antigen-binding fragment thereof comprises a
light chain comprising an amino acid sequence of SEQ ID NO:31.

[0038] In another embodiment, the antibody or antigen-binding fragment thereof comprises a
heavy chain comprising an amino acid sequence of SEQ ID NO:32.

[0039] In other embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a light chain comprising an amino acid sequence of SEQ ID NO:31; and (b) a heavy chain
comprising an amino acid sequence of SEQ ID NO:32.

[0040] In certain embodiments, the antibody or antigen-binding fragment thereof comprises
a heavy chain comprising an amino acid sequence of SEQ ID NO:33.

[0041] In other embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a light chain comprising an amino acid sequence of SEQ ID NO:31; and (b) a heavy chain
comprising an amino acid sequence of SEQ ID NO:33.

[0042] In one embodiment, the antibody or antigen-binding fragment thereof comprises a
heavy chain comprising an amino acid sequence of SEQ ID NO:34.

[0043] In yet another embodiment, the antibody or antigen-binding fragment thereof
comprises: (a) a light chain comprising an amino acid sequence of SEQ ID NO:31; and (b) a
heavy chain comprising an amino acid sequence of SEQ ID NO:34.

[0044] In some embodiments, the antibody or antigen-binding fragment thereof comprises a

heavy chain comprising an amino acid sequence of SEQ ID NO:35.
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[0045] In other embodiments, the antibody or antigen-binding fragment thereof comprises:
(a) a light chain comprising an amino acid sequence of SEQ ID NO:31; and (b) a heavy chain
comprising an amino acid sequence of SEQ ID NO:35.

[0046] In certain embodiments, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to at least one of residues 100-109 within an amino acid sequence of SEQ
ID NO:42.

[0047] In some embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to at least one of residues 100-105 within an amino acid sequence of SEQ ID
NO:42.

[0048] In particular embodiments, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to at least one residue selected from the group consisting of N33, T51, S57,
[.100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID
NO:42.

[0049] In some embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to two or more residues selected from the group consisting of N33, T51, S57,
L.100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID
NO:42.

[0050] In other embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to three or more residues selected from the group consisting of N33, T51, S57,
[.100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID
NO:42.

[0051] In certain embodiments, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to four or more residues selected from the group consisting of N33, T31,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0052] In one embodiment, the antibody or antigen-binding fragment thereof, when bound to
PD-1, binds to five or more residues selected from the group consisting of N33, T51, S57, L100,
N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID NO:42.
[0053] In another embodiment, the antibody or antigen-binding fragment thereof, when

bound to PD-1, binds to six or more residues selected from the group consisting of N33, T31,



CA 02997963 2018-03-07

WO 2017/058859 PCT/US2016/054089

S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0054] In yet another embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to seven or more residues selected from the group consisting of N33, T51,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0055] In still another embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to eight or more residues selected from the group consisting of N33, T31,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0056] In certain embodiments, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to nine or more residues selected from the group consisting of N33, T31,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0057] In other embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to all ten residues from the group consisting of N33, TS1, S57, L100, N102,
G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID NO:42.

[0058] In one embodiment, the antibody or antigen-binding fragment thereof, when bound to
PD-1, binds to N33 within an amino acid sequence of SEQ ID NO:42.

[0059] In another embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to T51 within an amino acid sequence of SEQ ID NO:42.

[0060] In a particular embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to S57 within an amino acid sequence of SEQ ID NO:42.

[0061] In one specific embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to L100 within an amino acid sequence of SEQ ID NO:42.

[0062] In some embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to N102 within an amino acid sequence of SEQ ID NO:42.

[0063] In other embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to G103 within an amino acid sequence of SEQ ID NO:42.

[0064] In another embodiment, the antibody or antigen-binding fragment thereof, when

bound to PD-1, binds to R104 within an amino acid sequence of SEQ ID NO:42.

_7 -
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[0065] In yet another embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to G103 and R104 within an amino acid sequence of SEQ ID NO:42.
[0066] In still another embodiment, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to D105 within an amino acid sequence of SEQ ID NO:42.

[0067] In some embodiments, the antibody or antigen-binding fragment thereof, when bound
to PD-1, binds to H107 within an amino acid sequence of SEQ ID NO:42.

[0068] In certain embodiments, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to S109 within an amino acid sequence of SEQ ID NO:42.

[0069] In one embodiment, the epitope of human PD-1 1s distinct from the PD-L1 binding
site. In another embodiment, the epitope of human PD-1 1s distinct from the PD-L2 binding site.
In a specific embodiment, the epitope of human PD-1 1s distinct from both the PD-L1 binding
site and the PD-L2 binding site.

[0070] In an embodiment, the antibody or antigen-binding fragment thereof specifically
binds to human PD-1 and/or monkey PD-1 (for example, cynomolgus monkey), but not rodent
PD-1.

[0071] In certain embodiments, the antibody or antigen-binding fragment thereof has
attenuated antibody dependent cellular cytotoxicity (ADCC) activity. In other embodiments, the
antibody or antigen-binding fragment thereof has attenuated complement dependent cytotoxicity
(CDC) activity. In some embodiments, the antibody or antigen-binding fragment thereof has
attenuated ADCC and/or attenuated CDC activity.

[0072] In one aspect, provided herein 1s an antibody or antigen-binding fragment thereof that
binds to an epitope of human PD-1, wherein the antibody or antigen-binding fragment thereof:
(a) attenuates T cell activity; and/or (b) downregulates PD-1 expression on the surface of T cells.
[0073] In one embodiment, the antibody attenuates T cell activity. In another embodiment,
the antibody downregulates PD-1 expression on the surface of T cells.

[0074] In some embodiments, the attenuation of T cell activity 1s measured by a T cell
effector function.

[0075] In certain embodiments, the attenuation of T cell activity by the antibody or
antigen-binding fragment thereof occurs in human PBMC or whole blood samples.

[0076] In some embodiments, the attenuation of T cell activity 1s measured by inhibition of

cytokine production.
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[0077] In other embodiments, the cytokine that 1s inhibited by the antibody or

antigen-binding fragment thereof comprises IL-2, IL-17, and/or IFN-y. In certain embodiments,
the cytokine 1s selected from the group consisting of IL-1, IL-2, IL-6, IL-12, IL-17, IL.-22, IL-23,
GM-CSF, IFN-y, and TNF-a. In certain embodiments, the cytokine 1s IL-1. In some
embodiments, the cytokine 1s IL-2. In other embodiments, the cytokine 1s IL-6. In another
embodiment, the cytokine 1s IL-12. In some other embodiments, the cytokine 1s IL-17. In yet

other embodiments, the cytokine 1s IL-22. In still other embodiments, the cytokine 1s IL-23. In
some embodiments, the cytokine 1s GM-CSF. In other embodiments, the cytokine 1s IFN-y. In

yet other embodiments, the cytokine 1s TNF-o.. In certain embodiments, the cytokine 1s IL-2 and
IL-17. In some embodiments, the cytokine 1s IL-2 and IFN-y. In yet other embodiments, the
cytokine 1s IL-17 and IFN-y. In still other embodiments, the cytokine 1s IL-2, IL-17, and IFN-y.
Other combinations of two, three or more of the above-mentioned cytokines are also
contemplated.

[0078] In certain embodiments, the downregulation of PD-1 expression on the surface of T
cells occurs as early as 4 hours after the contact with the antibody or antigen-binding fragment
thereof. In another embodiment, the downregulation occurs as early as 6 hours after the contact.
In yet another embodiment, the downregulation occurs as early as 8 hours after the contact. In
still another embodiment, the downregulation occurs as early as 10 hours after the contact. In
one embodiment, the downregulation occurs as early as 12 hours after the contact. In another
embodiment, the downregulation occurs as early as 14 hours after the contact. In yet another
embodiment, the downregulation occurs as early as 16 hours after the contact. In still another
embodiment, the downregulation occurs as early as 18 hours after the contact. In one
embodiment, the downregulation occurs as early as 20 hours after the contact. In another
embodiment, the downregulation occurs as early as 22 hours after the contact. In yet another
embodiment, the downregulation occurs as early as 24 hours after the contact. In some
embodiments, the contact 1s with the antibody. In other embodiments, the contact 1s with an
antigen-binding fragment thereof.

[0079] In some embodiments, the downregulation of PD-1 expression on the surface of T
cells precedes cytokine inhibition. In one embodiment, the downregulation of PD-1 expression
on the surface of T cells occurs as early as 4 hours after the contact with the antibody or

antigen-binding fragment thereof, and precedes cytokine inhibition. In another embodiment, the
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downregulation occurs as early as 6 hours after the contact with the antibody or antigen-binding
fragment thereof, and precedes cytokine inhibition. In yet another embodiment, the
downregulation occurs as early as 8 hours after the contact with the antibody or antigen-binding
fragment thereof, and precedes cytokine inhibition. In still another embodiment, the
downregulation occurs as early as 10 hours after the contact with the antibody or antigen-binding
fragment thereof, and precedes cytokine inhibition. In one embodiment, the downregulation
occurs as early as 12 hours after the contact with the antibody or antigen-binding fragment
thereof, and precedes cytokine inhibition. In another embodiment, the downregulation occurs as
early as 14 hours after the contact with the antibody or antigen-binding fragment thereof, and
precedes cytokine inhibition. In yet another embodiment, the downregulation occurs as early as
16 hours after the contact with the antibody or antigen-binding fragment thereof, and precedes
cytokine inhibition. In still another embodiment, the downregulation occurs as early as 18 hours
after the contact with the antibody or antigen-binding fragment thereof, and precedes cytokine
inhibition. In one embodiment, the downregulation occurs as early as 20 hours after the contact
with the antibody or antigen-binding fragment thereof, and precedes cytokine inhibition. In
another embodiment, the downregulation occurs as early as 22 hours after the contact with the
antibody or antigen-binding fragment thereof, and precedes cytokine inhibition. In yet another
embodiment, the downregulation occurs as early as 24 hours after the contact with the antibody
or antigen-binding fragment thereof, and precedes cytokine inhibition.

[0080] In other embodiments, the downregulation of PD-1 expression on the surface of T
cells 1s concurrent with cytokine inhibition. In one embodiment, the downregulation of PD-1
expression on the surface of T cells occurs as early as 4 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In another
embodiment, the downregulation occurs as early as 6 hours after the contact with the antibody or
antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In yet another
embodiment, the downregulation occurs as early as 8 hours after the contact with the antibody or
antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In still another
embodiment, the downregulation occurs as early as 10 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In one
embodiment, the downregulation occurs as early as 12 hours after the contact with the antibody

or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In another
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embodiment, the downregulation occurs as early as 14 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In yet another
embodiment, the downregulation occurs as early as 16 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In still another
embodiment, the downregulation occurs as early as 18 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In one
embodiment, the downregulation occurs as early as 20 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In another
embodiment, the downregulation occurs as early as 22 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition. In yet another
embodiment, the downregulation occurs as early as 24 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s concurrent with cytokine inhibition.

[0081] In yet other embodiments, the downregulation of PD-1 expression on the surface of T
cells 1s after cytokine inhibition. In one embodiment, the downregulation of PD-1 expression on
the surface of T cells occurs as early as 4 hours after the contact with the antibody or
antigen-binding fragment thereof, and 1s after cytokine inhibition. In another embodiment, the
downregulation occurs as early as 6 hours after the contact with the antibody or antigen-binding
fragment thereof, and 1s after cytokine inhibition. In yet another embodiment, the
downregulation occurs as early as 8 hours after the contact with the antibody or antigen-binding
fragment thereof, and 1s after cytokine inhibition. In still another embodiment, the
downregulation occurs as early as 10 hours after the contact with the antibody or antigen-binding
fragment thereof, and 1s after cytokine inhibition. In one embodiment, the downregulation
occurs as early as 12 hours after the contact with the antibody or antigen-binding fragment
thereof, and 1s after cytokine inhibition. In another embodiment, the downregulation occurs as
early as 14 hours after the contact with the antibody or antigen-binding fragment thereof, and 1s
after cytokine inhibition. In yet another embodiment, the downregulation occurs as early as 16
hours after the contact with the antibody or antigen-binding fragment thereof, and 1s after
cytokine inhibition. In still another embodiment, the downregulation occurs as early as 18 hours
after the contact with the antibody or antigen-binding fragment thereof, and 1s after cytokine
inhibition. In one embodiment, the downregulation occurs as early as 20 hours after the contact

with the antibody or antigen-binding fragment thereof, and 1s after cytokine inhibition. In
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another embodiment, the downregulation occurs as early as 22 hours after the contact with the
antibody or antigen-binding fragment thereof, and 1s after cytokine inhibition. In yet another
embodiment, the downregulation occurs as early as 24 hours after the contact with the antibody
or antigen-binding fragment thereof, and 1s after cytokine inhibition.

[0082] In one embodiment, the Kp of the antibody or antigen-binding fragment thereof for
binding to purified human PD-1 1s from about 1 nM to about 100 nM. In another embodiment,
the Kp of the antibody or antigen-binding fragment thereof for binding to human PD-1 expressed
on a cell surface 1s from about 100 pM to about 10 nM. In another embodiment, the Ky of the
antibody or antigen-binding fragment thereof for binding to monkey PD-1 expressed on a cell
surface 1s from about 100 pM to about 10 nM.

[0083] In some embodiments, the ECsg of the antibody or antigen-binding fragment thereof
for attenuating T cell activity 1s from about 1 pM to about 10 pM, from about 10 pM to about
100 pM, from about 100 pM to about 1 nM, from about 1 nM to about 10 nM, or from about

10 nM to about 100 nM.

[0084] In other embodiments, the maximal percent attenuation of T cell activity by the
antibody or antigen-binding fragment thereof 1s at least about 10%, 20%, 30%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%.

[0085] In another embodiment, the maximal percent downregulation of PD-1 expression by
the antibody or antigen-binding fragment thereof 1s at least about 10%, 20%, 30%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%.

[0086] In certain embodiments, the antibody 1s a monoclonal antibody. In some
embodiments, the antibody 1s a humanized, human, or chimeric antibody. In another
embodiment, the humanized antibody 1s a detmmunized antibody or a composite human
antibody. In certain embodiments, the antibody 1s a humanized antibody. In specific
embodiments, the antibody 1s a humanized antibody that specifically binds human PD-1.

[0087] In certain embodiments, the antibody or antigen-binding fragment thereof 1s a Fab, a
Fab’, aF(ab’),, a Fv, a scFv, a dsFv, a diabody, a triabody, or a tetrabody. In some
embodiments, the antibody or antigen-binding fragment thereof 1s a multispecific antibody
formed from antibody fragments. In other embodiments, the antibody or antigen-binding

fragment thereof 1s a bispecific antibody.

_12 -



CA 02997963 2018-03-07

WO 2017/058859 PCT/US2016/054089

[0088] In some embodiments, the antibody or antigen-binding fragment thereof 1s conjugated
to an agent. In one embodiment, the agent 1s a radioisotope, a metal chelator, an enzyme, a
fluorescent compound, a bioluminescent compound, or a chemiluminescent compound.

[0089] Also provided herein 1s a composition comprising an antibody or antigen-binding
fragment thereof provided herein. In certain embodiments, the composition further comprises a
pharmaceutically acceptable carrier.

[0090] Also provided herein 1s a polynucleotide comprising nucleotide sequences encoding a
VH, a VL, or both a VH and a VL of an antibody provided herein.

[0091] The present disclosure also provides, in certain embodiments, a polynucleotide
comprising nucleotide sequences encoding a heavy chain, a light chain, or both a heavy chain
and a light chain of an antibody provided herein.

[0092] In certain embodiments, the polynucleotide 1s operably linked to a promoter.

[0093] Also provided herein 1s a population of polynucleotides comprising: (a) a first
polynucleotide comprising nucleotide sequences encoding a VH or a heavy chain of an antibody
provided herein, and (b) a second polynucleotide comprising nucleotide sequences encoding a
VL or a light chain of an antibody provided herein. In certain embodiments, the first
polynucleotide 1s operably linked to a first promoter, and the second polynucleotide 1s operably
linked to a second promoter.

[0094] Also provided herein 1s a vector comprising a polynucleotide provided herein.

[0095] The present disclosure also provides, 1n certain embodiments, a population of vectors
comprising: (a) a first vector comprising nucleotide sequences encoding a VH or a heavy chain
of an antibody provided herein, and (b) a second vector comprising nucleotide sequences
encoding a VL or a light chain of an antibody provided herein.

[0096] The present disclosure further provides, in certain embodiments, a population of
vectors comprising: (a) a first vector comprising nucleotide sequences encoding a VH or a heavy
chain of an antibody provided herein operably linked to a first promoter, and (b) a second vector
comprising nucleotide sequences encoding a VL or a light chain of an antibody provided herein
operably linked to a second promoter.

[0097] The present disclosure provides, 1n certain embodiments, a cell comprising a

polynucleotide or a population of polynucleotides provided herein.

_13 -



CA 02997963 2018-03-07

WO 2017/058859 PCT/US2016/054089

[0098] The present disclosure also provides, 1n certain embodiments, a cell comprising a
vector or a population of vectors provided herein.

[0099] The present disclosure further provides, 1in certain embodiments, an 1solated cell
producing an antibody or antigen-binding fragment thereof provided herein.

[0100] Also provided herein 1s a population of cells comprising: (a) a first host cell
comprising a polynucleotide comprising nucleotide sequences encoding a VH or a heavy chain
of an antibody provided herein, and (b) a second host cell comprising a polynucleotide
comprising nucleotide sequences encoding a VL or a light chain of an antibody provided herein.
[0101] Further provided herein 1s a population of cells comprising: (a) a first host cell
comprising a polynucleotide comprising nucleotide sequences encoding a VH or a heavy chain
of an antibody provided herein operably linked to a first promoter, and (b) a second host cell
comprising a polynucleotide comprising nucleotide sequences encoding a VL or a light chain of
an antibody provided herein operably linked to a second promoter.

[0102] Also provided herein 1s a kit comprising an antibody or antigen-binding fragment
thereof provided herein.

[0103] Also provided herein 1s a method of making an antibody or antigen-binding fragment
thereof that specifically binds to an epitope of human PD-1. In certain embodiments, the method
comprises culturing a cell provided herein to express the antibody or antigen-binding fragment
thereof. In other embodiments, the method comprises expressing a polynucleotide provided
herein. In one embodiment, the epitope of human PD-1 1s distinct from the PD-L1 binding site.
In another embodiment, the epitope of human PD-1 1s distinct from the PD-L2 binding site. In a
specific embodiment, the epitope of human PD-1 1s distinct from both the PD-L1 binding site
and the PD-L2 binding site.

[0104] In another aspect, provided herein 1s a method of attenuating activity of a T cell,
comprising contacting the T cell with an effective amount of an antibody or antigen-binding
fragment thereof provided herein. In one embodiment, the cell 1s contacted with an antibody
provided herein. In another embodiment, the cell 1s contacted with an antigen-binding fragment
of an antibody provided herein. In one embodiment, the maximal percent attenuation of T cell
activity 1s at least about 10%, 20%, 30%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100%. In some embodiments, the attenuation of T cell activity 1s measured

by inhibition of cytokine production. In some embodiments, the cytokine 1s selected from the
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group consisting of IL-2, IL-17, IFN-y, or any combination thereof. In certain embodiments, the
cytokine 1s selected from the group consisting of 1L-1, IL-2, IL-6, IL-12, IL-17, IL-22, IL-23,
GM-CSF, IFN-y, and TNF-a. In certain embodiments, the cytokine 1s IL-1. In some
embodiments, the cytokine 1s IL-2. In other embodiments, the cytokine 1s IL-6. In another
embodiment, the cytokine 1s IL-12. In some other embodiments, the cytokine 1s IL-17. In yet

other embodiments, the cytokine 1s IL-22. In still other embodiments, the cytokine 1s IL-23. In

some embodiments, the cytokine 1s GM-CSF. In other embodiments, the cytokine 1s IFN-y. In

yet other embodiments, the cytokine 1s TNF-o.. In certain embodiments, the cytokine 1s IL-2 and
IL-17. In some embodiments, the cytokine 1s IL-2 and IFN-y. In yet other embodiments, the
cytokine 1s IL-17 and IFN-y. In still other embodiments, the cytokine 1s IL-2, IL-17, and IFN-y.
Other combinations of two, three or more of the above-mentioned cytokines are also
contemplated. In certain embodiments, the inhibition of cytokine production 1s preceded by
downregulation of PD-1 expression on the surface of the T cell. In some embodiments, the
downregulation of PD-1 expression on the surface of T cells occurs as early as 4 hours, 6 hours,
8 hours, 10 hours, 12 hours, 14 hours, 16 hours, 18 hours, 20 hours, 22 hours, or 24 hours after
the contact with the antibody or antigen-binding fragment thereof. In one embodiment, the
downregulation occurs as early as 4 hours after the contact, and precedes cytokine inhibition. In
one embodiment, the downregulation occurs as early as 6 hours after the contact, and precedes
cytokine inhibition. In one embodiment, the downregulation occurs as early as 8 hours after the
contact, and precedes cytokine inhibition. In one embodiment, the downregulation occurs as
early as 10 hours after the contact, and precedes cytokine inhibition. In another embodiment, the
downregulation occurs as early as 12 hours after the contact, and precedes cytokine inhibition.

In an embodiment, the downregulation occurs as early as 14 hours after the contact, and precedes
cytokine inhibition. In other embodiments, the downregulation occurs as early as 16 hours after
the contact, and precedes cytokine inhibition. In one embodiment, the downregulation occurs as
early as 18 hours after the contact, and precedes cytokine inhibition. In another embodiment, the
downregulation occurs as early as 20 hours after the contact, and precedes cytokine inhibition.

In one embodiment, the downregulation occurs as early as 22 hours after the contact, and
precedes cytokine inhibition. In some embodiments, the downregulation occurs as early as 24
hours after the contact, and precedes cytokine inhibition. In some embodiments, the inhibition of

cytokine production 1s concurrent with downregulation of PD-1 expression on the surface of the
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T cell. In one embodiment, the downregulation occurs as early as 4 hours after the contact, and
1s concurrent with cytokine inhibition. In one embodiment, the downregulation occurs as early as
6 hours after the contact, and 1s concurrent with cytokine inhibition. In one embodiment, the
downregulation occurs as early as 8 hours after the contact, and 1s concurrent with cytokine
inhibition. In one embodiment, the downregulation occurs as early as 10 hours after the contact,
and 1s concurrent with cytokine inhibition. In another embodiment, the downregulation occurs
as early as 12 hours after the contact, and 1s concurrent with cytokine inhibition. In an
embodiment, the downregulation occurs as early as 14 hours after the contact, and 1s concurrent
with cytokine inhibition. In other embodiments, the downregulation occurs as early as 16 hours
after the contact, and 1s concurrent with cytokine inhibition. In one embodiment, the
downregulation occurs as early as 18 hours after the contact, and 1s concurrent with cytokine
inhibition. In another embodiment, the downregulation occurs as early as 20 hours after the
contact, and 1s concurrent with cytokine inhibition. In one embodiment, the downregulation
occurs as early as 22 hours after the contact, and 1s concurrent with cytokine inhibition. In some
embodiments, the downregulation occurs as early as 24 hours after the contact, and 1s concurrent
with cytokine inhibition. In some embodiments, the inhibition of cytokine production procedes
downregulation of PD-1 expression on the surface of the T cell. In one embodiment, the
downregulation occurs as early as 4 hours after the contact, and 1s preceded by cytokine
inhibition. In one embodiment, the downregulation occurs as early as 6 hours after the contact,
and 1s preceded by cytokine inhibition. In one embodiment, the downregulation occurs as early
as 8 hours after the contact, and 1s preceded by cytokine inhibition. In one embodiment, the
downregulation occurs as early as 10 hours after the contact, and 1s preceded by cytokine
inhibition. In another embodiment, the downregulation occurs as early as 12 hours after the
contact, and 1s preceded by cytokine inhibition. In an embodiment, the downregulation occurs as
early as 14 hours after the contact, and 1s preceded by cytokine inhibition. In other
embodiments, the downregulation occurs as early as 16 hours after the contact, and 1s preceded
by cytokine inhibition. In one embodiment, the downregulation occurs as early as 18 hours after
the contact, and 1s preceded by cytokine inhibition. In another embodiment, the downregulation
occurs as early as 20 hours after the contact, and 1s preceded by cytokine inhibition. In one

embodiment, the downregulation occurs as early as 22 hours after the contact, and 1s preceded by
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cytokine inhibition. In some embodiments, the downregulation occurs as early as 24 hours after
the contact, and 1s preceded by cytokine inhibition.

[0105] In yet another aspect, provided herein 1s a method of downregulating PD-1 expression
on the surface of a T cell, comprising contacting the T cell with an effective amount of an
antibody or antigen-binding fragment thereof provided herein. In one embodiment, the cell 1s
contacted with an antibody provided herein. In another embodiment, the cell 1s contacted with
an antigen-binding fragment of an antibody provided herein. In one embodiment, the maximal
percent downregulation of PD-1 expression by the antibody or antigen-binding fragment thereof
1s at least about 10%, 20%, 30%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or 100%. In another embodiment, the downregulation of PD-1 expression on the surface of
the T cell occurs as early as 4 hours after the contact with the antibody or antigen-binding
fragment thereof. In one embodiment, the downregulation of PD-1 expression on the surface of
the T cell precedes cytokine inhibition. In one embodiment, the downregulation of PD-1
expression on the surface of the T cell 1s concurrent with cytokine inhibition. In one
embodiment, the downregulation of PD-1 expression on the surface of the T cell 1s preceded by
cytokine inhibition. In certain embodiments, the cytokine 1s IL-2, IL-17, IFN-y, or any
combination thereof. In certain embodiments, the cytokine 1s selected from the group consisting
of IL-1, IL-2, IL-6, IL-12, IL-17, IL-22, IL-23, GM-CSF, IFN-y, and TNF-a. In certain
embodiments, the cytokine 1s IL-1. In some embodiments, the cytokine 1s IL-2. In other
embodiments, the cytokine 1s IL-6. In another embodiment, the cytokine 1s IL-12. In other
embodiments, the cytokine 1s IL-17. In yet other embodiments, the cytokine 1s IL-22. In still
other embodiments, the cytokine 1s IL-23. In some embodiments, the cytokine 1s GM-CSF. In

other embodiments, the cytokine 1s IFN-y. In yet other embodiments, the cytokine 1s TNF-o.. In
certain embodiments, the cytokine 1s IL-2 and IL-17. In some embodiments, the cytokine 1s IL-2
and IFN-y. In yet other embodiments, the cytokine 1s IL-17 and IFN-y. In still other
embodiments, the cytokine 1s IL-2, IL.-17, and IFN-y. Other combinations of two, three or more
of the above-mentioned cytokines are also contemplated.

[0106] In another aspect, provided herein 1s a method of inhibiting cytokine production by a
T cell, comprising contacting the T cell with an effective amount of an antibody or
antigen-binding fragment thereof described herein. In one embodiment, the cell 1s contacted

with an antibody provided herein. In another embodiment, the cell 1s contacted with an antigen
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binding fragment of an antibody provided herein. In some embodiments, the cytokine 1s selected
from the group consisting of IL-2, IL-17, IFN-y, or any combination thereof. In certain
embodiments, the cytokine 1s selected from the group consisting of IL-1, IL-2, IL-6, IL-12,
IL-17, IL-22, IL-23, GM-CSF, IFN-y, and TNF-a. In certain embodiments, the cytokine 1s IL-1.
In some embodiments, the cytokine 1s IL-2. In other embodiments, the cytokine 1s IL-6. In
another embodiment, the cytokine 1s IL-12. In other embodiments, the cytokine 1s IL-17. In yet
other embodiments, the cytokine 1s IL-22. In still other embodiments, the cytokine 1s IL-23. In

some embodiments, the cytokine 1s GM-CSF. In other embodiments, the cytokine 1s IFN-y. In

yet other embodiments, the cytokine 1s TNF-o.. In certain embodiments, the cytokine 1s IL-2 and
IL-17. In some embodiments, the cytokine 1s IL-2 and IFN-y. In yet other embodiments, the
cytokine 1s IL-17 and IFN-y. In still other embodiments, the cytokine 1s IL-2, IL-17, and IFN-y.
Other combinations of two, three or more of the above-mentioned cytokines are also

contemplated.

3. BRIEF DESCRIPTION OF THE FIGURES

[0107] FIGS. 1A-1B show that the T cell attenuating anti-PD-1 antibodies (PD1AB) do not
compete with PD-L1 (PD-L1-DyL650 denotes PD-L1 conjugated with the dye DyLL650) binding
to PD-1: (A) PD1AB-1, PD1AB-2, and PD1AB-6; (B) PD1AB-1, PD1AB-2, PD1AB-3,
PD1AB-4, and PD1AB-5. MDX 4HI1, an antagonist antibody, blocks PD-L1 binding to PD-1.
[0108] FIG. 2 depicts that the PD-1:PD1AB-6 Fab interaction site 1s at a distal side of PD-1
relative to the PD-1:PD-L1 interaction site.

[0109] FIG. 3 depicts that PD1AB-6 Fab binds against a PD-1 3 sheet, with substantial
interactions formed with a PD-1 loop composed of residues 100-1035.

[0110] FIG. 4 shows the amino acid sequences of heavy chain (HC) and light chain (LC) of
PD1AB-6-IgG1 and HC of its variants PD1AB-6-K3 and PD1AB-6-4P.

[0111] FIGS. SA-SB depict the PD1AB-6-I1gG1 affinity for cynomolgus (A) or human (B)
PD-1 expressed on CHO cells.

[0112] FIG. 6 depicts the binding of PD1AB-6-1gG1, 1sotype control, and human PD-L1 F¢
fusion protein (hPD-L1 Fc¢) to activated human PBMC gated on CD4+ T cells.

[0113] FIG. 7 depicts the binding of PD1AB-6-1gG1, 1sotype control, and human PD-L1 F¢
fusion protein (hPD-L1 Fc¢) to activated cynomolgus PBMC gated on CD4+ T cells.
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[0114] FIGS. 8A-8D show the PD1AB-6 variants binding to FcyRI (A), FcyRIIIa (V1358)
(B), or FcyRIIb (C) expressed on HEK293 cells using Cisbio Tag-lite™ detection, and (D) the
ECso values of the PD1AB-6 variants binding to FcyRI, FcyRIIIa (V158), or FcyRIIb.

[0115] FIGS. 9A-9C depict the PD1AB-6 variants binding to FcyRIIla (V158) (A) or FcyRI
(B) expressed on CHO cells using FACS, and (C) the ECsg values of the PD-1 antibody variants

binding to FcyRI or FcyRlIlla.
[0116] FIGS. 10A-10B depict the ADCC activity of the PD1AB-6 variants and a control
human IgG1 Fc among two representatives of four individual healthy donors: (A) Donor 7 and
(B) Donor 8.
[0117] FIG. 11 depicts the CDC activity of the PD1AB-6 variants. Data are representative
of 3 independent experiments: (1) CDC activity of PD1AB-6-IgG1 and anti-human CD20 IgG1;
(1) CDC activity of PD1AB-6-IgG1 and PD1AB-6-K3; (111) CDC activity of PD1AB-6-4P and
commercial human IgG4 1sotype control antibody and human IgG1 Fc protein.
[0118] FIG. 12 depicts the potent attenuating activity of PD1AB-6 variants in human PBMC
assay, measured by IL-2 levels 1n culture supernatants at 24 hours post-stimulation.
[0119] FIG. 13 depicts the activity of PD1AB-6-K3 in human whole blood assay. The graph
shows a representative curve from donor 4 used to calculate ECso of IFN-y inhibition. The table
shows ECs, values of IFN-y inhibition for 4 healthy donors with PD1AB-6 variants and
CTLAA4Ig.
[0120] FIGS. 14A-14C depict downregulation of PD-1 expression by PD1AB-6-IgG1 as
determined by (A) 1sotype vs. PD-1 staining on CD3+ T cells in human PBMC activated with
ant1-CD3 + ant1-CD28 for 48 hours, (B) PD-1 expression 1n 1sotype IgG1 vs. PD1AB-6-1gG1
treated PBMC (the detection anti-PD-1 antibody 1s not blocked by PD1AB-6), and (C) PD-1
expression on CD3+ T cells in human PBMC from 3 different donors, activated with anti-CD3 +
ant1-CD28 and three different concentrations of either 1sotype IgG1 or PD1AB-6-1gGl.
[0121] FIGS. 15A-15C show (A) PD1AB-6-IgG1, (B) PD1AB-6-4P, and (C) PD1AB-6-K3
binding to PD-1 antigen on Biacore®” T200.

4, DETAILED DESCRIPTION

[0122] Binding proteins, such as antibodies that bind to PD-1, including human and/or
cynomolgus PD-1, are provided herein. In some embodiments, the binding proteins provided

herein, such as antibodies that bind to human and/or cynomolgus PD-1, do not bind to rodent
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PD-1. In certain embodiments, the PD-1 binding proteins, including antibodies disclosed herein,
are agonists (e.g., can mimic the effect of PD-1 ligand and induce PD-1 signaling). In some
embodiments, the binding proteins such as antibodies to PD-1 provided herein (1) bind to human
and/or cynomolgus PD-1, (11) do not compete for binding with PD-1 ligand (e.g., PD-L1 and/or
PD-L2), and/or (111) induce PD-1 signaling. In one embodiment, the PD-1 antibodies bind to
human PD-1. In one embodiment, the PD-1 antibodies bind to cynomolgus PD-1. In one
embodiment, the PD-1 antibodies bind to both human PD-1 and cynomolgus PD-1. In some
embodiments, the PD-1 antibodies do not compete with PD-L1 for binding to PD-1. In other
embodiments, the PD-1 antibodies do not compete with PD-L2 for binding to PD-1. In yet other
embodiments, the PD-1 antibodies do not compete with either PD-L1 or PD-L2 for binding to
PD-1. In other embodiments, the PD-1 antibodies induce PD-1 signaling. In specific
embodiments, the PD-1 antibodies provided herein bind to both human PD-1 and cynomolgus
PD-1, do not compete for binding to PD-1 with either PD-L1 or PD-L2, and induce PD-1
signaling. In some embodiments, the binding, competition, and/or signaling 1s assayed in vitro,
e.g., 1n a cell-based assay. In other embodiments, the binding, competition, and/or signaling 1s
assayed ex vivo, e.g., 1n a T cell function assay. In other embodiments, the binding, competition,
and/or signaling 1s assayed using a sample from a subject (e.g., a human subject). In certain
embodiments, assays include (1) a human or cynomolgus PBMC assay (see, e.g., Examples 5.2.1
and 5.2.2); (2) a human whole blood sample assay (see, e.g., Example 5.2.1). In certain
embodiments, binding proteins, such as anti-PD-1 antibodies, as described herein, exhibit
activities that are consistent with the natural biological function of PD-L1 and/or PD-L2. In
some embodiments, the activities are exhibited in vitro. In other embodiments, the activities are
exhibited ex vivo.

[0123] In specific embodiments, the binding proteins, such as antibodies that bind to PD-1,
provided herein share the common feature of competing with each other for the binding of PD-1.
This competitive inhibition can indicate that each antibody binds to the same region of PD-1
(e.g., the same epitope), thereby asserting similar effects. In certain embodiments, ant1-PD-1
antibodies provided herein include humanized anti-PD-1 antibodies, such as those derived from
or based on antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, and/or PD1AB-6.
In other embodiments, anti-PD-1 antibodies provided herein compete for binding with an

antibody derived from or based on PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PDIAB-5,
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and/or PD1AB-6. In some embodiments, the anti-PD-1 antibodies have CDR sequences as
described in Tables 1-2. In certain embodiments, the anti-PD-1 antibodies bind to a specific
domain or epitope of human PD-1 (e.g., residues 100-103; see Example 5.1.4). Moreover, such
binding can be largely attributed to particular amino acid residues within the region (e.g., G103
and R104; see Example 5.1.4), which comprise the epitope recognized by the anti-PD-1
antibodies provided herein. Taken together, the results described herein demonstrate that the
effects observed for an anti-PD-1 antibody that 1s derived from or based on PD1AB-6, including
an antibody having one or more CDRs described 1n Tables 1-2, can be extrapolated to other anti-
PD-1 antibodies provided herein having the same or similar epitope specificity (e.g., the same or
similar CDRs). For example, the activities of antibodies as shown in Examples 5.1.2-3, 5.1.7-10,
5.2.1-3, and 5.3.1, for an exemplary humanized anti-PD-1 antibody, are representative of the
activities and eftects of the anti-PD-1 antibodies provided herein.

[0124] In some embodiments of the present disclosure, the binding proteins such as
ant1-PD-1 antibodies may comprise immunoglobulin variable regions which comprise one or
more CDRs as described in Tables 1-2. In such binding proteins (e.g., anti-PD-1 antibodies), the
CDRs may be joined with one or more scaffold regions or framework regions (FRs), which
orient(s) the CDR(s) such that the proper antigen binding properties of the CDR(s) 1s achieved.

Such binding proteins, including anti-PD-1 antibodies as described herein, can induce PD-1

signaling.
4.1 General Techniques
[0125] Techniques and procedures described or referenced herein include those that are

generally well understood and/or commonly employed using conventional methodology by those
skilled 1n the art, such as, for example, the widely utilized methodologies described in Sambrook

et al., Molecular Cloning: A Laboratory Manual (3d ed. 2001); Current Protocols in Molecular

Biology (Ausubel ef al. eds., 2003); Therapeutic Monoclonal Antibodies: From Bench to Clinic
(An ed. 2009), Monoclonal Antibodies: Methods and Protocols (Albitar ed. 2010); and Antibody

Engineering Vols 1 and 2 (Kontermann and Diibel eds., 2d ed. 2010).

4.2 Terminology

[0126] Unless described otherwise, all technical and scientific terms used herein have the
same meaning as 1s commonly understood by one of ordinary skill in the art. For purposes of

interpreting this specification, the following description of terms will apply and whenever
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appropriate, terms used 1n the singular will also include the plural and vice versa. All patents,
applications, published applications, and other publications are incorporated by reference in their
entirety. In the event that any description of terms set forth conflicts with any document
incorporated herein by reference, the description of term set forth below shall control.

[0127] The terms “Programmed Death 1,” “Programmed Cell Death 1,” “Protein PD-1,”
“PD-1,” “PD-1 polypeptide,” or “PD1” encompasses a polypeptide (“polypeptide” and “protein”
are used interchangeably herein), including any native polypeptide, from any vertebrate source,
including mammals such as primates (e.g., humans and cynomolgus monkeys (cynomolgus)),
dogs, and rodents (e.g., mice and rats), unless otherwise indicated. In certain embodiments, the
terms include “related PD-1 polypeptides,” including SNP variants thereof. The term “PD-1"
also encompasses “full-length,” unprocessed PD-1 as well as any form of PD-1 that results from
processing in the cell. In some embodiments, the PD1 has an amino acid sequence of SEQ ID
NO:43. GenBank™ accession number U64863 provides another exemplary human PD-1 nucleic
acid sequence.

[0128] “Related PD-1 polypeptides” include allelic variants (e.g., SNP variants); splice
variants; fragments; derivatives; substitution, deletion, and insertion variants; fusion
polypeptides; and interspecies homologs, which can retain PD-1 activity. As those skilled 1in the
art will appreciate, an ant1-PD-1 antibody provided herein can bind to a PD-1 polypeptide, a
PD-1 polypeptide fragment, a PD-1 antigen, and/or a PD-1 epitope. An “epitope” may be part of
a larger PD-1 antigen, which may be part of a larger PD-1 polypeptide fragment, which, 1n turn,
may be part of a larger PD-1 polypeptide. PD-1 may exist in a native or denatured form. PD-1
polypeptides described herein may be 1solated from a variety of sources, such as from human
tissue types or from another source, or prepared by recombinant or synthetic methods. Orthologs
to the PD-1 polypeptide are also well known 1n the art.

[0129] A PD-1 polypeptide “extracellular domain” or “ECD” refers to a form of the

PD-1 polypeptide that 1s essentially free of the transmembrane and cytoplasmic domains. For
example, a PD-1 polypeptide ECD may have less than 1% of such transmembrane and/or
cytoplasmic domains and can have less than 0.5% of such domains.

[0130] The terms “PD1AB-6-IgG1,” “PD1AB-6 IgG1,” “PD1AB-6 IgGl,”

“IgG1 PD1AB-6,” and “IgG1-PD1AB-6" are used interchangeably, and refer to the antibody
PD1AB-6 having an IgG1 Fc region. In certain embodiments, the antibody PD1AB-6 comprises
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a light chain amino acid sequence of LC PD1AB-6-IgG1 (SEQ ID NO:31) and a heavy chain
amino acid sequence of HC PD1AB-6-IgG1 (SEQ ID NO:32), e.g., as shown 1n FIG. 4.

[0131] The terms “PD1AB-6-K3,” “PD1AB-6-1gG1-K322A,” “PD1AB-6-K322A,”

“IgG1 PD1AB-6 K322A)” “IgG1l PD1AB-6 K3,” “IgG1-PD1AB-6-K322A,” and
“IgG1-PD1AB-6-K3” are used interchangeably and refer to the PD1AB-6 variant having a
K322A substitution 1n the IgG1 Fc region. In certain embodiments, the PD1AB-6 variant has a
heavy chain amino acid sequence of HC PD1AB-6-IgG1-K322A (SEQ ID NO:33), e.g., as
shown 1n FIG. 4.

[0132] The terms “PD1AB-6-4P,” “IgG4P PD1AB-6,” “IgG4P-PD1AB-6,”

“PDI1AB-6 IgG4P,” and “PD1AB-6-IgG4P” are used interchangeably and refer to the PD1AB-6
variant having an IgG4P Fc region. In certain embodiments, the PD-1 antibody variant has a
heavy chain amino acid sequence of HC PD1AB-6-IgG4P (SEQ ID NO:34), e.g., as shown 1n
FIG. 4.

[0133] The terms “PD1AB-6-4PE,” “IgG4PE PDI1AB-6,” “IgG4PE-PD1AB-6,” and
“PD1AB-6 IgG4PE,” and “PD1AB-6-IgG4PE” are used interchangeably and refer to the
PD1AB-6 variant having an IgG4PE heavy chain amino acid sequence as

HC PDI1AB-6-I1gG4PE (SEQ ID NO:35).

[0134] The term “PD-1 ligand” refers to a molecule that binds to PD-1, e.g., in vivo or in
vitro. Non-limiting examples of PD-1 ligand include naturally occurring ligands, e.g., PD-1
ligand 1 (PD-L1, also known as B7-H1 or CD274) and PD-1 ligand 2 (PD-L2, also known as
B7-DC or CD273), and artificially generated ligands.

[0135] The terms “PD-L1” and “PDL-1" are used interchangeably herein and refer to PD-1
ligand 1 (also known as B7-H1 or CD274).

[0136] The terms “PD-1 activity,” “PD-I signaling,” and “PD-1 ligand-like signaling” when
applied to a binding protein such as an antibody that binds to PD-1 of the present disclosure,
means that the binding protein (e.g., antibody) mimics or modulates a biological etfect induced
by the binding of PD-1 ligand, and induces a biological response that otherwise would result
from PD-1 ligand binding to PD-1, e.g., in vivo or in vifro. In assessing the binding specificity of
ant1-PD-1 antibody, for example, an antibody or fragment thereof that binds to PD-1 (e.g.,

human PD-1), the antibody 1s deemed to induce a biological response when the response 1s equal

to or greater than 5%, such as equal to or greater than 10%, 15%, 20%, 25%, 30%, 35%, 40%,
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45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 125%, 150%, 175%, or
200% of the activity of a wild type PD-1 ligand standard. In one embodiment, the anti-PD-1
antibody or the PD-1 ligand 1s immobilized (for example, on a plastic surface or bead). In
certain embodiments, the antibody has the following properties: exhibits an efficacy level of
equal to or more than 5% of a PD-1 ligand standard, with an ECs of equal to or less than

100 nM, e.g., 90 nM, 80 nM, 70 nM, 60 nM, 50 nM, 40 nM, 30 nM, 20 nM, 10 nM, 5 nM, 2 nM,
1 nM, 0.5nM, 0.2 nM, or 0.1 nM 1n (1) human or cynomolgus PBMC assay (see, e.g., Examples
4.2.1 and 4.2.2); or (2) human whole blood sample assay (see, e.g., Example 4.2.1).

[0137] The term “binding protein” refers to a protein comprising a portion (e.g., one or more
binding regions such as CDRSs) that binds to PD-1, including human and/or cynomolgus PD-1
and, optionally, a scaftold or framework portion (e.g., one or more scatfold or framework
regions) that allows the binding portion to adopt a conformation that promotes binding of the
binding protein to a PD-1 polypeptide, fragment, or epitope. Examples of such binding proteins
include antibodies, such as a human antibody, a humanized antibody, a chimeric antibody, a
recombinant antibody, a single chain antibody, a diabody, a triabody, a tetrabody, a Fab
fragment, a F(ab’), fragment, an IgD antibody, an IgE antibody, an IgM antibody, an IgG1
antibody, an IgG2 antibody, an IgG3 antibody, or an IgG4 antibody, and fragments thereof. The
binding protein can comprise, for example, an alternative protein scaffold or artificial scaffold
with grafted CDRs or CDR denivatives. Such scaffolds include, but are not limited to,
antibody-derived scatfolds comprising mutations introduced to, for example, stabilize the
three-dimensional structure of the binding protein as well as wholly synthetic scatfolds
comprising, for example, a biocompatible polymer. See, e.g., Korndorter ef al., 2003, Proteins:
Structure, Function, and Bioinformatics 53(1):121-29; and Roque ef al., 2004, Biotechnol. Prog.
20:639-54. In addition, peptide antibody mimetics (“PAMSs”) can be used, as well as scaffolds
based on antibody mimetics utilizing fibronectin components as a scaffold. In the context of the
present disclosure, a binding protein 1s said to specifically bind or selectively bind to PD-1, for
example, when the dissociation constant (Kp) is <107 M. In some embodiments, the binding
proteins (e.g., antibodies) may specifically bind to PD-1 with a Kp of from about 10" M to about
10" M. In certain embodiments, the binding protein (e.g., antibody) may specifically bind to
PD-1 with high affinity when the Kp 1s <10° M or Kp is <10” M. In one embodiment, the
binding proteins (e.g., antibodies) may specifically bind to purified human PD-1 with a Kp of
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from 1 x 10” M to 10 x 10” M as measured by Biacore”. In another embodiment, the binding
proteins (e.g., antibodies) may specifically bind to purified human PD-1 with a K of from
0.1x 10°Mto 1 x 10” M as measured by KinExA™ (Sapidyne, Boise, ID). In yet another
embodiment, the binding proteins (e.g., antibodies) specifically bind to human PD-1 expressed
on cells with a Kp of from 0.1 x 10° M to 10 x 10” M. In certain embodiments, the binding
proteins (e.g., antibodies) specifically bind to human PD-1 expressed on cells with a Kp of from
0.1x 10" Mto 1 x 10” M. In some embodiments, the binding proteins (e.g., antibodies)
specifically bind to human PD-1 expressed on cells with a Kp of 1 x 10° M to 10 x 10” M. In
certain embodiments, the binding proteins (e.g., antibodies) specifically bind to human PD-1
expressed on cells with a Kp of about 0.1 x 10 M , about 0.5 x 10 M, about 1 x 10” M, about
5x 107 M, about 10 x 10” M, or any range or interval thereof. In still another embodiment, the
binding proteins (e.g., antibodies) may specifically bind to cynomolgus PD-1 expressed on cells
with a Kp of 0.1 x 10° M to 10 x 10 M. In certain embodiments, the binding proteins (e.g.,
antibodies) specifically bind to cynomolgus PD-1 expressed on cells with a Kp of from

0.1x 10" Mto 1 x 10” M. In some embodiments, the binding proteins (e.g., antibodies)
specifically bind to cynomolgus PD-1 expressed on cells with a Kp of 1 x 10° M to 10 x 10” M.
In certain embodiments, the binding proteins (e.g., antibodies) specifically bind to cynomolgus
PD-1 expressed on cells with a Kp of about 0.1 x 107 M , about 0.5 x 10” M, about 1 x 10” M.,
about 5 x 10” M, about 10 x 10” M, or any range or interval thereof.

[0138] The term “antibody,” “tmmunoglobulin,” or “Ig” 1s used interchangeably herein, and
1s used 1n the broadest sense and specifically encompasses, for example, individual anti-PD-1
monoclonal antibodies (1including agonist, antagonist, neutralizing antibodies, full length or
1intact monoclonal antibodies), anti-PD-1 antibody compositions with polyepitopic or
monoepitopic specificity, polyclonal or monovalent antibodies, multivalent antibodies,
multispecific antibodies (e.g., bispecific antibodies so long as they exhibit the desired biological
activity), formed from at least two 1ntact antibodies, single chain anti-PD-1 antibodies, and
fragments of anti-PD-1 antibodies, as described below. An antibody can be human, humanized,
chimeric and/or affinity matured, as well as an antibody from other species, for example, mouse
and rabbit, efc. The term “antibody” 1s intended to include a polypeptide product of B cells

within the immunoglobulin class of polypeptides that 1s able to bind to a specific molecular

antigen and 1s composed of two 1dentical pairs of polypeptide chains, wherein each pair has one
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heavy chain (about 50-70 kDa) and one light chain (about 25 kDa), each amino-terminal portion
of each chain includes a variable region of about 100 to about 130 or more amino acids, and each

carboxy-terminal portion of each chain includes a constant region. See, e.g., Antibody

Engineering (Borrebaeck ed., 2d ed. 1995); and Kuby, Immunology (3d ed. 1997). In specific

embodiments, the specific molecular antigen can be bound by an antibody provided herein,
including a PD-1 polypeptide, a PD-1 fragment, or a PD-1 epitope. Antibodies also include, but
are not limited to, synthetic antibodies, recombinantly produced antibodies, camelized
antibodies, intrabodies, anti-1diotypic (anti-Id) antibodies, and functional fragments (e.g.,
antigen-binding fragments such as PD-1-binding fragments) of any of the above, which refers to
a portion of an antibody heavy or light chain polypeptide that retains some or all of the binding
activity of the antibody from which the fragment was derived. Non-limiting examples of
functional fragments (e.g., antigen-binding fragments such as PD-1-binding fragments) include
single-chain Fvs (scFv) (e.g., including monospecific, bispecific, eic.), Fab fragments, F(ab’)
fragments, F(ab), fragments, F(ab’), fragments, disulfide-linked Fvs (dsFv), Fd fragments, Fv
fragments, diabody, triabody, tetrabody, and minibody. In particular, antibodies provided herein
include immunoglobulin molecules and immunologically active portions of immunoglobulin
molecules, for example, antigen-binding domains or molecules that contain an antigen-binding
site that binds to a PD-1 antigen (e.g., one or more CDRs of an anti-PD-1 antibody). Such
antibody fragments can be found 1n, for example, Harlow and Lane, Antibodies: A Laboratory
Manual (1989); Mol. Biology and Biotechnology: A Comprehensive Desk Reference (Myers ed.,
1995); Huston et al., 1993, Cell Biophysics 22:189-224; Pliickthun and Skerra, 1989, Meth.

Enzymol. 178:497-515; and Day, Advanced Immunochemistry (2d ed. 1990). The antibodies
provided herein can be of any class (e.g., IgG, IgE, IgM, IgD, and IgA) or any subclass (e.g.,
IeGl, IgG2, I1gG3, 1gG4, IgA1, and IgA2) of immunoglobulin molecule. Anti-PD-1 antibodies
may be agonistic antibodies or antagonistic antibodies. Provided herein are agonistic antibodies
to PD-1, including antibodies that induce PD-1 signaling. In specific embodiments, agonistic
antibodies to PD-1 do not compete for the binding of PD-L1 and/or PD-L2 to PD-1.

[0139] The term “monoclonal antibody” as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, e.g., the individual antibodies comprising
the population are 1dentical except for possible naturally occurring mutations that may be present

1n minor amounts, and each monoclonal antibody will typically recognize a single epitope on the
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antigen. In specific embodiments, a “monoclonal antibody,” as used herein, 1s an antibody
produced by a single hybridoma or other cell, wherein the antibody binds to only a PD-1 epitope
as determined, for example, by ELISA or other antigen-binding or competitive binding assay
known 1n the art. The term “monoclonal” 1s not limited to any particular method for making the
antibody. For example, the monoclonal antibodies useful in the present disclosure may be
prepared by the hybridoma methodology first described by Kohler ef al., 1975, Nature 256:495,
or may be made using recombinant DNA methods 1n bacterial or eukaryotic animal or plant cells
(see, e.g., U.S. Pat. No. 4,816,567). The “monoclonal antibodies” may also be 1solated from
phage antibody libraries using the techniques described 1n Clackson ef al., 1991, Nature
352:624-28 and Marks ef al., 1991, J. Mol. Biol. 222:581-97, for example. Other methods for
the preparation of clonal cell lines and of monoclonal antibodies expressed thereby are well

known 1n the art. See, e.g., Short Protocols in Molecular Biology (Ausubel ef al. eds., 5th ed.

2002). Exemplary methods of producing monoclonal antibodies are provided in the Examples
herein.

[0140] “Polyclonal antibodies” as used herein refer to an antibody population generated 1n an
Immunogenic response to a protein having many epitopes and thus includes a variety of different
antibodies directed to the same or different epitopes within the protein. Methods for producing
polyclonal antibodies are known 1n the art (See, e.g., Short Protocols in Molecular Biology
(Ausubel ef al. eds., 5th ed. 2002)).

[0141] In the context of a peptide or polypeptide, the term “fragment” as used herein refers
to a peptide or polypeptide that comprises less than the full length amino acid sequence. Such a
fragment may arise, for example, from a truncation at the amino terminus, a truncation at the
carboxy terminus, and/or an internal deletion of a residue(s) from the amino acid sequence.
Fragments may, for example, result from alternative RNA splicing or from in vivo protease
activity. In certain embodiments, PD-1 fragments or anti-PD-1 antibody fragments include
polypeptides comprising an amino acid sequence of at least 5 contiguous amino acid residues, at
least 10 contiguous amino acid residues, at least 15 contiguous amino acid residues, at least 20
contiguous amino acid residues, at least 25 contiguous amino acid residues, at least 30
contiguous amino acid residues, at least 40 contiguous amino acid residues, at least 50
contiguous amino acid residues, at least 60 contiguous amino residues, at least 70 contiguous

amino acid residues, at least 80 contiguous amino acid residues, at least 90 contiguous amino
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acid residues, at least contiguous 100 amino acid residues, at least 125 contiguous amino acid
residues, at least 150 contiguous amino acid residues, at least 175 contiguous amino acid
residues, at least 200 contiguous amino acid residues, at least 250, at least 300, at least 350, at
least 400, at least 450, at least 500, at least 550, at least 600, at least 650, at least 700, at least
750, at least 800, at least 850, at least 900, or at least 950 contiguous amino acid residues of the
amino acid sequence of a PD-1 polypeptide or an anti-PD-1 antibody. In a specific embodiment,
a fragment of a PD-1 polypeptide or an anti-PD-1 antibody retains at least 1, at least 2, at least 3,
or more functions of the polypeptide or antibody.

[0142] An “antigen” 1s a predetermined antigen to which an antibody can selectively bind. A
target antigen may be a polypeptide, carbohydrate, nucleic acid, lipid, hapten, or other naturally

occurring or synthetic compound. In some embodiments, the target antigen 1s a polypeptide.

27 ¢¢ 2% ¢

[0143] The terms “antigen-binding fragment,” “antigen-binding domain,” “antigen-binding
region,” and similar terms refer to that portion of an antibody, which comprises the amino acid
residues that interact with an antigen and confer on the binding agent 1ts specificity and affinity
for the antigen (e.g., the CDRSs).

[0144] An “epitope” 1s the site on the surface of an antigen molecule to which a single
antibody molecule binds, such as a localized region on the surface of an antigen, such as a PD-1
polypeptide or a PD-1 polypeptide fragment, that 1s capable of being bound to one or more
antigen binding regions of an antibody, and that has antigenic or immunogenic activity in an
animal, such as a mammal (e.g., a human), that 1s capable of eliciting an immune response. An
epitope having immunogenic activity 1s a portion of a polypeptide that elicits an antibody
response 1n an animal. An epitope having antigenic activity 1s a portion of a polypeptide to
which an antibody binds as determined by any method well known 1n the art, including, for
example, by an immunoassay. Antigenic epitopes need not necessarily be immunogenic.
Epitopes often consist of chemically active surface groupings of molecules such as amino acids
or sugar side chains and have specific three dimensional structural characteristics as well as
specific charge characteristics. Antibody epitopes may be linear epitopes or conformational
epitopes. Linear epitopes are formed by a continuous sequence of amino acids 1n a protein.
Conformational epitopes are formed of amino acids that are discontinuous 1n the protein

sequence, but which are brought together upon folding of the protein into 1ts three-dimensional

structure. Induced epitopes are formed when the three dimensional structure of the protein 1s 1n
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an altered conformation, such as following activation or binding of another protein or ligand. In
certain embodiments, a PD-1 epitope 1s a three-dimensional surface feature of a PD-1
polypeptide. In other embodiments, a PD-1 epitope 1s linear feature of a PD-1 polypeptide.
Generally an antigen has several or many different epitopes and may react with many different
antibodies.

[0145] An antibody binds “an epitope,” “essentially the same epitope,” or “the same epitope”
as a reference antibody, when the two antibodies recognize 1dentical, overlapping, or adjacent
epitopes 1n a three-dimensional space. The most widely used and rapid methods for determining
whether two antibodies bind to 1dentical, overlapping, or adjacent epitopes in a
three-dimensional space are competition assays, which can be configured in a number of
different formats, for example, using either labeled antigen or labeled antibody. In some assays,
the antigen 1s immobilized on a 96-well plate, or expressed on a cell surface, and the ability of
unlabeled antibodies to block the binding of labeled antibodies 1s measured using radioactive,
fluorescent, or enzyme labels.

[0146] “Epitope mapping’ 1s the process of identifying the binding sites, or epitopes, of
antibodies on their target antigens. “Epitope binning” 1s the process of grouping antibodies
based on the epitopes they recognize. More particularly, epitope binning comprises methods and
systems for discriminating the epitope recognition properties of different antibodies, using
competition assays combined with computational processes for clustering antibodies based on
their epitope recognition properties and identifying antibodies having distinct binding
specificities.

[0147] The terms “binds” or “binding” refer to an interaction between molecules including,
for example, to form a complex. Interactions can be, for example, non-covalent interactions
including hydrogen bonds, 1onic bonds, hydrophobic interactions, and/or van der Waals
interactions. A complex can also include the binding of two or more molecules held together by
covalent or non-covalent bonds, interactions, or forces. The strength of the total non-covalent
interactions between a single antigen-binding site on an antibody and a single epitope of a target
molecule, such as PD-1, 1s the affinity of the antibody or functional fragment for that epitope.

The ratio of dissociation rate (kofr) to association rate (ko) of an antibody to a monovalent

antigen (kor'kon) 18 the dissociation constant Kp, which 1s inversely related to atfinity. The lower

the Kp value, the higher the affinity of the antibody. The value of Ky varies for different
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complexes of antibody and antigen and depends on both ko, and ko, The dissociation constant

Kp for an antibody provided herein can be determined using any method provided herein or any
other method well known to those skilled 1n the art. The affinity at one binding site does not
always reflect the true strength of the interaction between an antibody and an antigen. When
complex antigens containing multiple, repeating antigenic determinants, such as a polyvalent
PD-1, come 1n contact with antibodies containing multiple binding sites, the interaction of
antibody with antigen at one site will increase the probability of a reaction at a second site. The
strength of such multiple interactions between a multivalent antibody and antigen 1s called the
avidity. The avidity of an antibody can be a better measure of 1ts binding capacity than 1s the
affinity of its individual binding sites. For example, high avidity can compensate for low affinity
as 1s sometimes found for pentameric IgM antibodies, which can have a lower atfinity than IgG,
but the high avidity of IgM, resulting from 1ts multivalence, enables 1t to bind antigen effectively.
[0148] The terms “antibodies that specifically bind to PD-1,” “antibodies that specifically
bind to a PD-1 epitope,” and analogous terms are also used interchangeably herein and refer to
antibodies that specifically bind to a PD-1 polypeptide, such as a PD-1 antigen, or fragment, or
epitope (e.g., human PD-1 such as a human PD-1 polypeptide, antigen, or epitope). An antibody
that specifically binds to PD-1 (e.g., human PD-1) may bind to the extracellular domain or a
peptide derived from the extracellular domain of PD-1. An antibody that specifically binds to a
PD-1 antigen (e.g., human PD-1) may be cross-reactive with related antigens (e.g., cynomolgus
PD-1). In certain embodiments, an antibody that specifically binds to a PD-1 antigen does not
cross-react with other antigens. An antibody that specifically binds to a PD-1 antigen can be

“_or other techniques known to those of skill

1dentified, for example, by immunoassays, Biacore
1n the art. An antibody binds specifically to a PD-1 antigen when it binds to a PD-1 antigen with
higher affinity than to any cross-reactive antigen as determined using experimental techniques,
such as radioommunoassays (RIA) and enzyme linked immunosorbent assays (ELISAS).
Typically a specific or selective reaction will be at least twice background signal or noise and
may be more than 10 times background. See, e.g., Fundamental Immunology 332-36 (Paul ed.,
2d ed. 1989) for a discussion regarding antibody specificity. An antibody which “binds an
antigen of interest” (e.g., a target antigen such as PD-1) 1s one that binds the antigen with

sufficient affinity such that the antibody 1s useful as a therapeutic agent in targeting a cell or

tissue expressing the antigen, and does not significantly cross-react with other proteins. In such
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embodiments, the extent of binding of the antibody to a “non-target” protein will be less than
about 10% of the binding of the antibody to its particular target protein, for example, as
determined by fluorescence activated cell sorting (FACS) analysis or RIA. With regard to the

27 ¢¢

binding of an antibody to a target molecule, the term “specific binding,” “specifically binds to,”
or “1s specific for” a particular polypeptide or an epitope on a particular polypeptide target means
binding that 1s measurably different from a non-specific interaction. Specific binding can be
measured, for example, by determining binding of a molecule compared to binding of a control
molecule, which generally 1s a molecule of sitmilar structure that does not have binding activity.
For example, specific binding can be determined by competition with a control molecule that 1s
similar to the target, for example, an excess of non-labeled target. In this case, specific binding
1s indicated 1f the binding of the labeled target to a probe 1s competitively inhibited by excess
unlabeled target. The term “anti-PD-1 antibody” or “an antibody that binds to PD-1" includes an
antibody that 1s capable of binding PD-1 with sufficient affinity such that the antibody 1s useful,

2% ¢¢

for example, as a diagnostic agent in targeting PD-1. The term “specific binding,” “specifically
binds to,” or “is specific for” a particular polypeptide or an epitope on a particular polypeptide
target as used herein refers to binding where a molecule binds to a particular polypeptide or
epitope on a particular polypeptide without substantially binding to any other polypeptide or
polypeptide epitope. In certain embodiments, an antibody that binds to PD-1 has a dissociation
constant (Kp) of less than or equal to 10 nM, 5 nM, 4 nM, 3 nM, 2 nM, 1 nM, 0.9 nM, 0.8 nM,
0.7nM, 0.6 nM, 0.5 nM, 0.4 nM, 0.3 nM, 0.2 nM, or 0.1 nM. In certain embodiments, ant1-PD-1
antibody binds to an epitope of PD-1 that 1s conserved among PD-1 from different species (e.g.,
between human and cynomolgus PD-1).

[0149] The term “compete” when used 1n the context of anti-PD-1 antibodies (e.g., agonistic
antibodies and binding proteins that bind to PD-1 and compete for the same epitope or binding
site on a target) means competition as determined by an assay 1n which the antibody (or binding
fragment) thereof under study prevents or inhibits the specific binding of a reference molecule
(e.g., a reference ligand or reference antigen-binding protein, such as a reference antibody) to a
common antigen (e.g., PD-1 or a fragment thereof). Numerous types of competitive binding
assays can be used to determine 1f a test antibody competes with a reference antibody for binding

to PD-1 (e.g., human PD-1). Examples of assays that can be employed include solid phase direct

or indirect RIA, solid phase direct or indirect enzyme immunoassay (EIA), sandwich competition
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assay (see, e.g., Stahli ef al., 1983, Methods 1n Enzymology 9:242-53), solid phase direct
biotin-avidin EIA (see, e.g., Kirkland et al., 1986, J. Immunol. 137:3614-19), solid phase direct
labeled assay, solid phase direct labeled sandwich assay (see, e.g., Harlow and Lane, Antibodies,
A Laboratory Manual (1988)), solid phase direct label RIA using I-125 label (see, e.g., Morel ef
al., 1988, Mol. Immunol. 25:7-15), and direct labeled RIA (Moldenhauer ef al., 1990, Scand. J.

Immunol. 32:77-82). Typically, such an assay involves the use of a purified antigen (e.g., PD-1
such as human PD-1) bound to a solid surface, or cells bearing either of an unlabelled test
antigen-binding protein (e.g., test anti-PD-1 antibody) or a labeled reference antigen-binding
protein (e.g., reference anti-PD-1 antibody). Competitive inhibition may be measured by
determining the amount of label bound to the solid surface or cells in the presence of the test
antigen-binding protein. Usually the test antigen-binding protein 1s present 1n excess.
Antibodies 1dentified by competition assay (competing antibodies) include antibodies binding to
the same epitope as the reference antibody and/or antibodies binding to an adjacent epitope
sufficiently proximal to the epitope bound by the reference for antibodies steric hindrance to
occur. Additional details regarding methods for determining competitive binding are described
herein. Usually, when a competing antibody protein 1s present in excess, 1t will inhibit specific
binding of a reference antibody to a common antigen by at least 30%, for example 40%, 45%,
50%, 55%, 60%, 65%, 70%, or 75%. In some instance, binding 1s inhibited by at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or more.

[0150] An “1solated” antibody 1s substantially free of cellular material or other contaminating
proteins from the cell or tissue source and/or other contaminant components from which the
antibody 1s derived, or substantially free of chemical precursors or other chemicals when
chemically synthesized. The language “substantially free of cellular material” includes
preparations of an antibody 1n which the antibody 1s separated from cellular components of the
cells from which 1t 1s 1solated or recombinantly produced. Thus, an antibody that 1s substantially
free of cellular material includes preparations of antibody having less than about 30%, 25%,
20%, 15%,10%, 5%, or 1% (by dry weight) of heterologous protein (also referred to herein as a
“contaminating protein”). In certain embodiments, when the antibody 1s recombinantly
produced, 1t 1s substantially free of culture medium, e.g., culture medium represents less than
about 20%, 15%, 10%, 5%, or 1% of the volume of the protein preparation. In certain

embodiments, when the antibody 1s produced by chemical synthesis, 1t 1s substantially free of
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chemical precursors or other chemicals, for example, 1t 1s separated from chemical precursors or
other chemicals that are involved 1n the synthesis of the protein. Accordingly such preparations
of the antibody have less than about 30%, 25%, 20%, 15%, 10%, 5%, or 1% (by dry weight) of
chemical precursors or compounds other than the antibody of interest. Contaminant components
can also include, but are not limited to, materials that would interfere with therapeutic uses for
the antibody, and may include enzymes, hormones, and other proteinaceous or nonproteinaceous
solutes. In certain embodiments, the antibody will be purified (1) to greater than 95% by weight
of antibody as determined by the Lowry method (Lowry ef al., 1951, J. Bio. Chem. 193: 265-75),
such as 96%, 97%, 98%, or 99%, (2) to a degree sufficient to obtain at least 15 residues of
N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (3) to
homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue or
silver stain. Isolated antibody includes the antibody in sifu within recombinant cells since at
least one component of the antibody’s natural environment will not be present. Ordinarily,
however, 1solated antibody will be prepared by at least one purification step. In specific
embodiments, antibodies provided herein are 1solated.

[0151] A 4-chain antibody unit 1s a heterotetrameric glycoprotein composed of two 1dentical
light (L) chains and two 1dentical heavy (H) chains. In the case of IgGs, the 4-chain unit 1s
generally about 150,000 daltons. Each L chain 1s linked to an H chain by one covalent disulfide
bond, while the two H chains are linked to each other by one or more disulfide bonds depending
on the H chain 1sotype. Each H and L chain also has regularly spaced intrachain disulfide
bridges. Each H chain has at the N-terminus, a variable domain (VH) followed by three constant
domains (CH) for each of the a and y chains and four CH domains for u and € 1sotypes. Each L
chain has at the N-terminus, a variable domain (VL) followed by a constant domain (CL) at its
other end. The VL 1s aligned with the VH, and the CL 1s aligned with the first constant domain
of the heavy chain (CHI1). Particular amino acid residues are believed to form an interface
between the light chain and heavy chain variable domains. The pairing of a VH and VL together
forms a single antigen-binding site. For the structure and properties of the different classes of

antibodies, see, for example, Basic and Clinical Immunology 71 (Stites ef al. eds., 8th ed. 1994).

[0152] The term “heavy chain” when used 1n reference to an antibody refers to a polypeptide
chain of about 50-70 kDa, wherein the amino-terminal portion includes a variable region of

about 120 to 130 or more amino acids, and a carboxy-terminal portion includes a constant
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region. The constant region can be one of five distinct types, (e.g., 1sotypes) referred to as alpha
(o), delta (0), epsilon (g), gamma (y), and mu (u), based on the amino acid sequence of the heavy
chain constant region. The distinct heavy chains differ in size: a, 0, and y contain approximately
450 amino acids, while u and € contain approximately 550 amino acids. When combined with a
light chain, these distinct types of heavy chains give rise to five well known classes (e.g.,
1sotypes) of antibodies, IgA, IgD, IgE, IgG, and IgM, respectively, including four subclasses of
IgG, namely IgG1, IgG2, IgG3, and IgG4. A heavy chain can be a human heavy chain.

[0153] The term “light chain” when used 1n reference to an antibody refers to a polypeptide
chain of about 25 kDa, wherein the amino-terminal portion includes a variable region of about
100 to about 110 or more amino acids, and a carboxy-terminal portion includes a constant
region. The approximate length of a light chain 1s 211 to 217 amino acids. There are two
distinct types, referred to as kappa (k) or lambda (A) based on the amino acid sequence of the
constant domains. Light chain amino acid sequences are well known 1n the art. A light chain
can be a human light chain.

2% ¢¢

[0154] The term “variable region,” “variable domain,” “V region,” or “V domain” refers to a
portion of the light or heavy chains of an antibody that 1s generally located at the amino-terminal
of the light or heavy chain and has a length of about 120 to 130 amino acids in the heavy chain
and about 100 to 110 amino acids 1n the light chain, and are used in the binding and specificity of
each particular antibody for its particular antigen. The variable region of the heavy chain may be
referred to as “VH.” The varnable region of the light chain may be referred to as “VL.” The
term “variable” refers to the fact that certain segments of the variable regions differ extensively
1n sequence among antibodies. The V region mediates antigen binding and defines specificity of
a particular antibody for 1ts particular antigen. However, the variability 1s not evenly distributed
across the 110-amino acid span of the variable regions. Instead, the V regions consist of less
variable (e.g., relatively invariant) stretches called framework regions (FRs) of about 15-30
amino acids separated by shorter regions of greater variability (e.g., extreme variability) called
“hypervariable regions” that are each about 9-12 amino acids long. The variable regions of
heavy and light chains each comprise four FRs, largely adopting a B sheet configuration,
connected by three hypervariable regions, which form loops connecting, and 1n some cases form

part of, the 3 sheet structure. The hypervariable regions in each chain are held together in close

proximity by the FRs and, with the hypervariable regions from the other chain, contribute to the
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formation of the antigen-binding site of antibodies (see, e.g., Kabat ef al., Sequences of Proteins
of Immunological Interest (5th ed. 1991)). The constant regions are not involved directly in
binding an antibody to an antigen, but exhibit various effector functions, such as participation of
the antibody 1n antibody dependent cellular cytotoxicity (ADCC) and complement dependent
cytotoxicity (CDC). The variable regions differ extensively in sequence between different
antibodies. In specific embodiments, the variable region 1s a human variable region.

[0155] The term “variable region residue numbering as 1n Kabat” or “amino acid position
numbering as in Kabat”, and variations thereof, refer to the numbering system used for heavy
chain variable regions or light chain variable regions of the compilation of antibodies 1n Kabat ef
al., supra. Using this numbering system, the actual linear amino acid sequence may contain
fewer or additional amino acids corresponding to a shortening of, or insertion into, an FR or
CDR of the variable domain. For example, a heavy chain variable domain may include a single
amino acid insert (residue 52a according to Kabat) after residue 52 and three inserted residues
(e.g., residues 82a, 82b, and 82c¢, efc. according to Kabat) after residue 82. The Kabat numbering
of residues may be determined for a given antibody by alignment at regions of homology of the
sequence of the antibody with a “standard” Kabat numbered sequence. The Kabat numbering
system 1s generally used when referring to a residue 1n the variable domain (approximately
residues 1-107 of the light chain and residues 1-113 of the heavy chain) (e.g., Kabat ef al.,
supra). The “EU numbering system” or “EU index” 1s generally used when referring to a
residue 1n an immunoglobulin heavy chain constant region (e.g., the EU index reported 1n Kabat
et al., supra). The “EU 1ndex as in Kabat” refers to the residue numbering of the human IgG 1
EU antibody. Other numbering systems have been described, for example, by AbM, Chothia,
Contact, IMGT, and AHon.

[0156] A “CDR” refers to one of three hypervariable regions (H1, H2 or H3) within the non-
framework region of the immunoglobulin (Ig or antibody) VH B-sheet framework, or one of
three hypervariable regions (L1, L2 or L3) within the non-framework region of the antibody VL
B-sheet framework. Accordingly, CDRs are variable region sequences interspersed within the
framework region sequences. CDR regions are well known to those skilled 1n the art and have
been defined by, for example, Kabat as the regions of most hypervariability within the antibody
variable (V) domains (Kabat e al., 1997, J. Biol. Chem. 252:6609-16; Kabat, 1978, Adv. Prot.
Chem. 32:1-75). CDR region sequences also have been defined structurally by Chothia as those
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residues that are not part of the conserved [3-sheet framework, and thus are able to adapt different
conformations (Chothia and Lesk, 1987, J. Mol. Biol. 196:901-17). Both terminologies are well
recognized 1n the art. CDR region sequences have also been defined by AbM, Contact, and
IMGT. The positions of CDRs within a canonical antibody variable region have been
determined by comparison of numerous structures (Al-Lazikani ef al., 1997, J. Mol. Biol.
273:927-48; Morea et al., 2000, Methods 20:267-79). Because the number of residues within a
hypervariable region varies in different antibodies, additional residues relative to the canonical
positions are conventionally numbered with a, b, ¢ and so forth next to the residue number 1n the
canonical variable region numbering scheme (Al-Lazikani ef al., supra). Such nomenclature 1s
similarly well known to those skilled 1n the art.

[0157] The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable region that are hyp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>