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METHODS OF TREATING IMMUNE DISORDERS USING PD-1 BINDING PROTEINS

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Patent Application No.
62/396,736, filed September 19, 2016, the disclosure of which is incorporated by reference
herein in its entirety.

1. FIELD

[0001] Provided herein are methods for managing, treating, or preventing immune and
inflammatory disorders, such as autoimmune diseases, using proteins that specifically bind to
Programmed Death-1 (PD-1) and modulate the expression and/or activity of PD-1.

2. SUMMARY

[0002] The present disclosure provides methods of managing, preventing, or treating an
immune disorder in a subject comprising administering to a subject a therapeutically effective
amount of 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, in certain embodiments, methods of managing,
preventing, or treating an immune disorder in a subject comprising administering to a subject a
therapeutically effective amount of binding proteins, including antibodies or fragments thereof,
that (1) bind to human PD-1, (i1) induce PD-1 ligand-like signaling, and (ii1) do not compete with
PD-L1 and/or PD-L2 for the interaction with PD-1.

[0004] In some embodiments, a binding protein (e.g., an anti-PD-1 antibody) for use in the
methods provided herein comprises six complementarity determining regions (CDRs) or fewer
than six CDRs. In other embodiments, a binding protein (e.g., an anti-PD-1 antibody) comprises
one, two, three, four, five, or six CDRs selected from heavy chain variable region (VH) CDRI,
VH CDR2, VH CDR3, light chain variable region (VL) CDR1, VL CDR2, and/or VL CDR3. In
certain embodiments, a binding protein (e.g., an anti-PD-1 antibody) comprises one, two, three,

four, five, or six CDRs selected from VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL CDR2,
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and/or VL CDR3 of a monoclonal antibody designated as PD1AB-1, PD1AB-2, PDIAB-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 anti-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.
[0005] In some embodiments of the methods, 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.
[0006] In other embodiments of the methods, 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.
[0007] In some embodiments of the methods, 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.
[0008] In other embodiments of the methods, 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.
[0009] In still other embodiments of the methods, 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
PDIAB-1, PDIAB-2, PDIAB-3, PDIAB-4, PD1AB-5, or PD1AB-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.
[0010] In certain embodiments of the methods, the VL CDR1, VL CDR2, and VL CDR3 of

the antibody or antigen-binding fragment thereof comprise amino acid sequences of SEQ ID
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NOS:1, 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, S, and 6,
respectively.

[0011] In yet another embodiment of the methods, 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, S, and 6,
respectively.

[0012] In another embodiment of the methods, 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.

[0013] In certain embodiments of the methods, 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.

[0014] In some embodiments of the methods, 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.

[0015] In certain embodiments of the methods, 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.

[0016] In other embodiments of the methods, 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.

[0017] In another embodiment of the methods, the antibody or antigen-binding fragment

thereof comprises a VH comprising an amino acid sequence of SEQ ID NO:13. In some
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embodiments, the amino acid sequence comprises one or more conservative modifications
thereof.

[0018] In certain embodiments of the methods, 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.

[0019] In some embodiments of the methods, 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.

[0020] In other embodiments of the methods, 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.

[0021] In one embodiment of the methods, 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.

[0022] In another embodiment of the methods, 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.

[0023] In certain embodiments of the methods, 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.

[0024] In some embodiments of the methods, 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:13.

[0025] In other embodiments of the methods, 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:13.

[0026] In certain embodiments of the methods, 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.

[0027] 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
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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.
[0028] In some embodiments of the methods, the antibody comprises a human IgG1 Fc
region. In other embodiments, the antibody comprises a variant human IgG1 Fc region.

[0029] In one embodiment of the methods, the antibody comprises a human IgG1-K322A Fc
region.

[0030] In some embodiments of the methods, the antibody comprises a human IgG4 Fc
region. In other embodiments, the antibody comprises a variant human IgG4 Fc region.

[0031] In another embodiment of the methods, the antibody comprises a human IgG4P Fc
region.

[0032] In still another embodiment of the methods, the antibody comprises a human IgG4PE
Fc region.

[0033] In some embodiments of the methods, the antibody or antigen-binding fragment
thereof further comprises a light chain constant region comprising an amino acid sequence of
SEQ ID NO:41.

[0034] In other embodiments of the methods, 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.

[0035] In yet another embodiment of the methods, 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.

[0036] In some embodiments of the methods, the antibody or antigen-binding fragment
thereof comprises a light chain comprising an amino acid sequence of SEQ ID NO:31.

[0037] In another embodiment of the methods, the antibody or antigen-binding fragment
thereof comprises a heavy chain comprising an amino acid sequence of SEQ ID NO:32.

[0038] In other embodiments of the methods, 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.

[0039] In certain embodiments of the methods, the antibody or antigen-binding fragment

thereof comprises a heavy chain comprising an amino acid sequence of SEQ ID NO:33.
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[0040] In other embodiments of the methods, 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.

[0041] In one embodiment of the methods, the antibody or antigen-binding fragment thereof
comprises a heavy chain comprising an amino acid sequence of SEQ ID NO:34.

[0042] In yet another embodiment of the methods, 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.

[0043] In some embodiments of the methods, the antibody or antigen-binding fragment
thereof comprises a heavy chain comprising an amino acid sequence of SEQ ID NO:35.

[0044] In other embodiments of the methods, 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.

[0045] In certain embodiments of the methods, 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.

[0046] In some embodiments of the methods, 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.

[0047] In particular embodiments of the methods, 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, L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence
of SEQ ID NO:42.

[0048] In some embodiments of the methods, 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, L100, N102, G103, R104, D105, H107, and S109 within an amino acid
sequence of SEQ ID NO:42.

[0049] In other embodiments of the methods, 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, L100, N102, G103, R104, D105, H107, and S109 within an amino acid
sequence of SEQ ID NO:42.
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[0050] In certain embodiments of the methods, 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, T51, S57, L100, N102, G103, R104, D105, H107, and S109 within an amino acid
sequence of SEQ ID NO:42.

[0051] In one embodiment of the methods, 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.

[0052] In another embodiment of the methods, 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, T51, S57, L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence
of SEQ ID NO:42.

[0053] In yet another embodiment of the methods, 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.

[0054] In still another embodiment of the methods, 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, T51, S57, L100, N102, G103, R104, D105, H107, and S109 within an amino acid
sequence of SEQ ID NO:42.

[0055] In certain embodiments of the methods, 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, T51, S57, L100, N102, G103, R104, D105, H107, and S109 within an amino acid
sequence of SEQ ID NO:42.

[0056] In other embodiments of the methods, 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.

[0057] In one embodiment of the methods, 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.
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[0058] In another embodiment of the methods, the antibody or antigen-binding fragment
thereof, when bound to PD-1, binds to TS1 within an amino acid sequence of SEQ ID NO:42.
[0059] In a particular embodiment of the methods, 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.
[0060] In one specific embodiment of the methods, 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.
[0061] In some embodiments of the methods, 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.
[0062] In other embodiments of the methods, 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.
[0063] In another embodiment of the methods, 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.
[0064] In yet another embodiment of the methods, 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.

[0065] In still another embodiment of the methods, 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.
[0066] In some embodiments of the methods, 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.
[0067] In certain embodiments of the methods, 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.
[0068] In one embodiment of the methods, the epitope of human PD-1 is distinct from the
PD-L1 binding site. In another embodiment, the epitope of human PD-1 is distinct from the PD-
L2 binding site. In a specific embodiment, the epitope of human PD-1 is distinct from both the
PD-L1 binding site and the PD-L2 binding site.

[0069] In an embodiment of the methods, 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.

[0070] In certain embodiments of the methods, 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
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dependent cytotoxicity (CDC) activity. In some embodiments, the antibody or antigen-binding
fragment thereof has attenuated ADCC and/or attenuated CDC activity.

[0071] In one aspect, provided herein is a method of managing, preventing, or treating an
immune disorder in a subject, comprising administering to a subject a therapeutically effective
amount of 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.

[0072] In one embodiment of the methods, the antibody attenuates T cell activity. In another
embodiment, the antibody downregulates PD-1 expression on the surface of T cells.

[0073] In certain embodiments, the attenuation of T cell activity is measured by a T cell
effector function.

[0074] In some embodiments of the methods, the attenuation of T cell activity is measured
by inhibition of cytokine production.

[0075] In certain embodiments of the methods, the cytokine that is inhibited by the antibody
or antigen-binding fragment thereof comprises IL-2, IL-17, and/or IFN-y. In some embodiments,
the cytokine is selected from the group consisting of IL-1, IL-2, IL-6, IL-12, IL-17, IL-22, 1L.-23,
GM-CSF, IFN-y, and TNF-a. In certain embodiments, the cytokine is IL-1. In some
embodiments, the cytokine is IL-2. In other embodiments, the cytokine is IL-6. In another
embodiment, the cytokine is IL-12. In some other embodiments, the cytokine is IL-17. In yet
other embodiments, the cytokine is IL-22. In still other embodiments, the cytokine is IL-23. In
some embodiments, the cytokine is GM-CSF. In other embodiments, the cytokine is IFN-y. In
yet other embodiments, the cytokine is TNF-o.. In certain embodiments, the cytokine is IL-2 and
IL-17. In some embodiments, the cytokine is [L-2 and IFN-y. In yet other embodiments, the
cytokine is IL-17 and IFN-y. In still other embodiments, the cytokine is IL-2, IL-17, and IFN-y.
Other combinations of two, three or more of the above-mentioned cytokines are also
contemplated.

[0076] In some embodiments of the methods, the attenuation of T cell activity is measured
by inhibition of T cell proliferation.

[0077] In certain embodiments of the methods, the attenuation of T cell activity is measured
by upregulation of expression of an inhibitory receptor on the surface of T cells, wherein the

inhibitory receptor is not PD-1. In some embodiments, the inhibitory receptor is selected from
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the group consisting of LAG-3, CTLA-4, and TIM-3. In one specific embodiment, the inhibitory
receptor is LAG-3. In another specific embodiment, the inhibitory receptor is CTLA-4. In yet
another specific embodiment, the inhibitory receptor is TIM-3.

[0078] In some embodiments of the methods, the attenuation of T cell activity is measured
by inhibition of T cell recall response.

[0079] In certain embodiments of the methods, the attenuation of T cell activity is measured
by increase of T cell exhaustion.

[0080] In some embodiments of the methods, the attenuation of T cell activity is measured
by downregulation of T cell activation markers.

[0081] In some embodiments of the methods, the attenuation of T cell activity is measured
by upregulation of regulatory T cell biomarkers.

[0082] In some embodiments of the methods, the attenuation of T cell activity is measured
by increase of regulatory T cell numbers.

[0083] In certain embodiments of the methods, 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 is with the antibody. In other embodiments, the contact is with an
antigen-binding fragment thereof.

[0084] 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.

[0085] In other embodiments, the downregulation of PD-1 expression on the surface of T
cells is 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 is 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 is 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 is 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 is 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 is 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 is 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 is 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 is 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 is 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 is 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 is concurrent with cytokine inhibition.

[0086] In yet other embodiments, the downregulation of PD-1 expression on the surface of T
cells is 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 is 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 is 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 is 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 is 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 is 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 is
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 is 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 is 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 is 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 is 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 is after cytokine inhibition.

[0087] In one embodiment of the methods, the Kp of the antibody or antigen-binding
fragment thereof for binding to purified human PD-1 is from about 1 nM to about 100 nM. In
another embodiment of the methods, the Kp, of the antibody or antigen-binding fragment thereof
for binding to human PD-1 expressed on cell surface and monkey PD-1 expressed on cell surface
is from about 100 pM to about 10 nM.

[0088] In some embodiments of the methods, the ECs, of the antibody or antigen-binding
fragment thereof for attenuating T cell activity is 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.

[0089] In other embodiments of the methods, the maximal percent attenuation of T cell
activity by the antibody or antigen-binding fragment thereof is at least about 10%, 20%, 30%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%.

[0090] In another embodiment of the methods, the maximal percent downregulation of PD-1
expression by the antibody or antigen-binding fragment thereof is at least about 10%, 20%, 30%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100%.

[0091] In certain embodiments of the methods, the antibody is a monoclonal antibody. In
some embodiments, the antibody is a humanized, human, or chimeric antibody. In another
embodiment, the humanized antibody is a deimmunized antibody or a composite human
antibody. In certain embodiments, the antibody is a humanized antibody. In specific
embodiments, the antibody 1s a humanized antibody that specifically binds human PD-1.

[0092] In certain embodiments of the methods, the antibody or antigen-binding fragment
thereof is a Fab, a Fab’, a F(ab’),, a Fv, a scFv, a dsFv, a diabody, a triabody, or a tetrabody. In
some embodiments, the antibody or antigen-binding fragment thereof is a multispecific antibody
formed from antibody fragments. In other embodiments, the antibody or antigen-binding
fragment thereof is a bispecific antibody.

[0093] In some embodiments of the methods, the antibody or antigen-binding fragment

thereof is conjugated to an agent. In one embodiment, the agent is a radioisotope, a metal
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chelator, an enzyme, a fluorescent compound, a bioluminescent compound, or a
chemiluminescent compound.

[0094] In another embodiment of the methods, the antibody or antigen-binding fragment
thereof attenuates T cell activity. In one embodiment, the maximal percent attenuation of T cell
activity is 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 is measured
by inhibition of T cell proliferation. In some embodiments, the attenuation of T cell activity is
measured by inhibition of cytokine production. In some embodiments, the cytokine is selected
from the group consisting of IL-2, IL-17, IFN-y, or any combination thereof. In certain
embodiments, the cytokine is 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 is IL-1. In
some embodiments, the cytokine is IL-2. In other embodiments, the cytokine is IL-6. In another
embodiment, the cytokine is IL-12. In some other embodiments, the cytokine is IL-17. In yet
other embodiments, the cytokine is IL-22. In still other embodiments, the cytokine is IL-23. In
some embodiments, the cytokine is GM-CSF. In other embodiments, the cytokine is IFN-y. In
yet other embodiments, the cytokine is TNF-o.. In certain embodiments, the cytokine is IL-2 and
IL-17. In some embodiments, the cytokine is [L-2 and IFN-y. In yet other embodiments, the
cytokine is IL-17 and IFN-y. In still other embodiments, the cytokine is 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 follows
downregulation of PD-1 expression on the surface of the T cell. In other 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
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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 is concurrent with 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
is concurrent with cytokine inhibition. In one embodiment, the downregulation occurs as early as
6 hours after the contact, and is concurrent with cytokine inhibition. In one embodiment, the
downregulation occurs as early as 8 hours after the contact, and is concurrent with cytokine
inhibition. In one embodiment, the downregulation occurs as early as 10 hours after the contact,
and is concurrent with cytokine inhibition. In another embodiment, the downregulation occurs
as early as 12 hours after the contact, and is concurrent with cytokine inhibition. In an
embodiment, the downregulation occurs as early as 14 hours after the contact, and is concurrent
with cytokine inhibition. In other embodiments, the downregulation occurs as early as 16 hours
after the contact, and is concurrent with cytokine inhibition. In one embodiment, the
downregulation occurs as early as 18 hours after the contact, and is concurrent with cytokine
inhibition. In another embodiment, the downregulation occurs as early as 20 hours after the
contact, and is concurrent with cytokine inhibition. In one embodiment, the downregulation
occurs as early as 22 hours after the contact, and is concurrent with cytokine inhibition. In some
embodiments, the downregulation occurs as early as 24 hours after the contact, and is concurrent
with cytokine inhibition. In some embodiments, the inhibition of cytokine production proceeds
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 is after cytokine inhibition. In
one embodiment, the downregulation occurs as early as 6 hours after the contact, and is after
cytokine inhibition. In one embodiment, the downregulation occurs as early as 8 hours after the
contact, and is after cytokine inhibition. In one embodiment, the downregulation occurs as early
as 10 hours after the contact, and is after cytokine inhibition. In another embodiment, the

downregulation occurs as early as 12 hours after the contact, and is after cytokine inhibition. In
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an embodiment, the downregulation occurs as early as 14 hours after the contact, and is after
cytokine inhibition. In other embodiments, the downregulation occurs as early as 16 hours after
the contact, and is after cytokine inhibition. In one embodiment, the downregulation occurs as
early as 18 hours after the contact, and is after cytokine inhibition. In another embodiment, the
downregulation occurs as early as 20 hours after the contact, and is after cytokine inhibition. In
one embodiment, the downregulation occurs as early as 22 hours after the contact, and is after
cytokine inhibition. In some embodiments, the downregulation occurs as early as 24 hours after
the contact, and is after cytokine inhibition.

[0095] In yet another embodiment of the methods, the antibody or antigen-binding fragment
thereof downregulates PD-1 expression on the surface of a T cell. In one embodiment, the
maximal percent downregulation of PD-1 expression by the antibody or antigen-binding
fragment thereof is 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 is concurrent with cytokine
inhibition. In one embodiment, the downregulation of PD-1 expression on the surface of the T
cell follows cytokine inhibition. In certain embodiments, the cytokine is IL-2, IL-17, IFN-y, or
any combination thereof. In certain embodiments, the cytokine is 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-o. In
certain embodiments, the cytokine is IL-1. In some embodiments, the cytokine is IL-2. In other
embodiments, the cytokine is IL-6. In another embodiment, the cytokine is IL-12. In other
embodiments, the cytokine is [L-17. In yet other embodiments, the cytokine is IL-22. In still
other embodiments, the cytokine is IL-23. In some embodiments, the cytokine is GM-CSF. In
other embodiments, the cytokine is IFN-y. In yet other embodiments, the cytokine is TNF-a. In
certain embodiments, the cytokine is IL-2 and IL-17. In some embodiments, the cytokine is IL-2
and IFN-y. In yet other embodiments, the cytokine is IL-17 and IFN-y. In still other
embodiments, the cytokine is IL-2, IL-17, and IFN-y.

[0096] In another embodiment of the methods, the antibody or antigen-binding fragment

thereof attenuates T cell activity by inhibiting cytokine production. In some embodiments, the
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cytokine that is inhibited by the antibody or antigen-binding fragment thereof is selected from
the group consisting of IL-2, IL-17, IFN-y, or any combination thereof. In certain embodiments,
the cytokine is selected from the group consisting of IL-1, IL-2, IL-6, IL-12, IL-17, IL-22, TL.-23,
GM-CSF, IFN-y, and TNF-a. In certain embodiments, the cytokine is IL-1. In some
embodiments, the cytokine is IL-2. In other embodiments, the cytokine is IL-6. In another
embodiment, the cytokine is IL-12. In other embodiments, the cytokine is IL-17. In yet other
embodiments, the cytokine is IL-22. In still other embodiments, the cytokine is IL-23. In some
embodiments, the cytokine is GM-CSF. In other embodiments, the cytokine is IFN-y. In yet
other embodiments, the cytokine is TNF-o.. In certain embodiments, the cytokine is IL-2 and IL-
17. In some embodiments, the cytokine is IL-2 and IFN-y. In yet other embodiments, the
cytokine is IL-17 and IFN-y. In still other embodiments, the cytokine is IL-2, IL-17, and IFN-y.
Other combinations of two, three or more of the above-mentioned cytokines are also
contemplated.

[0097] Also provided herein is a method of managing, preventing, or treating an immune
disorder in a subject, comprising administering to a subject a therapeutically effective amount of
a composition comprising an antibody or antigen-binding fragment thereof described herein. In
certain embodiments of the methods, the composition further comprises a pharmaceutically
acceptable carrier.

[0098] The present disclosure provides a method of managing, preventing, or treating an
immune disorder in a subject, comprising administering to a subject a therapeutically effective
amount of any antibody or antigen-binding fragment thereof described herein. In some
embodiments, the immune disorder is an inflammatory disease. In one embodiment, the
inflammatory disease is uveitis. In other embodiments, the immune disorder is a hypersensitivity
disease. In one embodiment, the hypersensitivity disease is a T cell hypersensitivity disease. In
still other embodiments, the immune disorder is an autoimmune disease.

[0099] In certain embodiments, the hypersensitivity disease is allergy, atopic dermatitis, or
hypersensitivity vasculitis. In one embodiment, the hypersensitivity disease is allergy. In other
embodiments, the hypersensitivity disease is atopic dermatitis. In still other embodiments, the
hypersensitivity disease is hypersensitivity vasculitis.

[0100] In certain embodiments, the immune disorder is an autoimmune disease. In some

embodiments, the autoimmune disease is selected from the group consisting of rheumatoid
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arthritis, Crohn’s disease, psoriasis, psoriatic arthritis, multiple sclerosis, lupus, ankylosing
spondylitis, type I diabetes, Sjogren’s syndrome, ulcerative colitis, neuromyelitis optica, celiac
disease, scleroderma, and temporal arteritis. In certain embodiments, the lupus is systemic lupus
erythematosus (SLE), cutaneous lupus erythematosus (CLE), or lupus nephritis. In one
embodiment, the autoimmune disease is rheumatoid arthritis. In another embodiment, the
autoimmune disease is Crohn’s disease. In yet another embodiment, the autoimmune disease is
psoriasis. In still another embodiment, the autoimmune disease is multiple sclerosis. In another
embodiment, the autoimmune disease is ankylosing spondylitis. In yet another embodiment, the
autoimmune disease is type I diabetes. In still another embodiment, the autoimmune disease is
Sjogren’s syndrome. In a further embodiment, the autoimmune disease is ulcerative colitis. In
another embodiment, the autoimmune disease is neuromyelitis optica. In yet another
embodiment, the autoimmune disease is celiac disease. In one embodiment, the autoimmune
disease is temporal arteritis. In another embodiment, the autoimmune disease is scleroderma. In
one embodiment, the autoimmune disease is lupus. In one embodiment, the autoimmune disease
is SLE. In another embodiment, the autoimmune disease is CLE. In still another embodiment,
the autoimmune disease is lupus nephritis.

[0101] In certain embodiments, the subject has the autoimmune disease, or is being treated
for the autoimmune disease with an anti-inflammatory therapeutic.

[0102] In certain other embodiments, the immune cells in the subject express PD-1.

3. BRIEF DESCRIPTION OF THE FIGURES

[0103] 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 DyL650) binding
to PD-1: (A) PD1AB-1, PD1AB-2, and PD1AB-6; (B) PD1AB-1, PDIAB-2, PD1AB-3,
PD1AB-4, and PD1AB-5. MDX 4H1, an antagonist antibody, blocks PD-L1 binding to PD-1.
[0104] FIG. 2 depicts that the PD-1:PD1AB-6 Fab interaction site is at a distal side of PD-1
relative to the PD-1:PD-L1 interaction site.

[0105] 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 100-105.

[0106] 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.
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[0107] FIGS. S5A-5B depict the PD1AB-6-IgG1 affinity for cyno (A) or human (B) PD-1
expressed on CHO cells.

[0108] FIG. 6 depicts the binding of PD1AB-6-IgGl1, isotype control, and human PD-L1 F¢
fusion protein (hPD-L1 Fc¢) to activated human PBMC gated on CD4+ T cells.

[0109] FIG. 7 depicts the binding of PD1AB-6-IgGl1, isotype control, and human PD-L1 F¢
fusion protein (hPD-L1 Fc¢) to activated cyno PBMC gated on CD4+ T cells.

[0110] FIGS. 8A-8D show the PD1AB-6 variants binding to FcyRI (A), FcyRIIIa (V158)
(B), or FcyRIIb (C) expressed on HEK293 cells using Cisbio Tag-lite™ detection, and (D) the
ECsg values of the PD1AB-6 variants binding to FcyRI, FcyRIIla (V158), or FcyRIIb.

[0111] FIGS. 9A-9C depict the PD1AB-6 variants binding to FcyRIIIa (V158) (A) or FcyRI
(B) expressed on CHO cells using FACS, and (C) the ECs( values of the PD-1 antibody variants
binding to FcyRI or FcyRIIla.

[0112] 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.

[0113] FIG. 11 depicts the CDC activity of the PD1AB-6 variants. Data are representative
of 3 independent experiments: (i) CDC activity of PD1AB-6-IgG1 and anti-human CD20 IgG1,
(i1) CDC activity of PD1AB-6-IgG1 and PD1AB-6-K3; (ii1) CDC activity of PD1AB-6-4P and
commercial human IgG4 isotype control antibody and human IgG1 Fc protein.

[0114] FIG. 12 depicts the potent attenuating activity of PD1AB-6 variants in human PBMC
assay, measured by IL-2 levels in culture supernatants at 24 hours post-stimulation.

[0115] 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 ECsy of [FN-y inhibition. The table
shows ECs values of IFN-y inhibition for 4 healthy donors with PD1AB-6 variants and
CTLAA4Ig.

[0116] FIGS. 14A-14C depict downregulation of PD-1 expression by PD1AB-6-IgG1 as
determined by (A) isotype vs. PD-1 staining on CD3+ T cells in human PBMC activated with
anti-CD3 + anti-CD28 for 48 hours, (B) PD-1 expression in isotype IgG1 vs. PD1AB-6-1gG1
treated PBMC (the detection anti-PD-1 antibody is 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 +

anti-CD28 and three different concentrations of either isotype IgG1 or PD1AB-6-1gGl.
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[0117]  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.

[0118] FIG. 16 shows that PD1AB-6-IgG1 inhibited CD4+ T cell tetanus recall response
with similar ICso values in PBMCs from three different donors.

[0119] FIGS. 17A-17B show that PD1AB-6-K3 blocked secretion of IFN-y (A) and IL-17
(B) in whole blood samples from autoimmune disease patients.

[0120] FIG. 18 shows that PD1AB-6-K3 reduced unexhausted IL-7R™ CD8+ T cells.

[0121] FIGS. 19A-19B show that PD1AB-6-K3 inhibited proliferation of (A) isolated CD4+
T cells and (B) isolated CD8+ T cells.

[0122] FIG. 20 shows that PD1AB-6-IgG1 increased CD25+Foxp3+ induced regulatory T
cells at various concentrations of transforming growth factor beta (TGF-3).

[0123] FIG. 21 shows strong PD-1 expression in lymphocytes in follicular formation (left
panel) and low PD-L1 expression in lymphoid aggregates (right panel) in synovium of RA
patient S.

[0124] FIG. 22 shows rare PD-1+ lymphocytes in lymphoid aggregate in connective tissue
in joint (left panel) and rare PD-L1+ antigen-presenting cells in similar location (right panel) of
RA patient 1.

[0125] FIG. 23 shows that PD-1+ cells predominate in follicles and are rare in the deep
lamina propria (left panel), and that PD-L1 are widely expressed in follicles and in macrophages
and lymphocytes in lamina propria (right panel) in the intestines of Crohn’s patient.

[0126] FIG. 24 shows rare PD-1+ lymphocytes along lamina propria near ulcerated region
(left panel) and numerous PD-L1+ macrophages in the same region (right panel) of Crohn’s
disease intestinal sample (40X).

[0127] FIGS. 25A-25C show PD-1 and PD-L1 expression scores in pilot study of (A)
Crohn’s, (B) Rheumatoid Arthritis (RA), and (C) psoriasis.

[0128] FIGS. 26A-26B show that PD1AB-6-K3, with reduced C1q binding, has similar
inibitory activity as PD1AB-6-IgG1 molecule in PBMC transfer xeno-GvHD model, as
determined by (A) hGM-CSF levels and (B) number of human CD45+ cells in the spleen.

[0129] FIGS. 27A-27B show that PD1AB-6-K3 inhibited human CD45+ lymphocyte
engraftment in blood (A) and spleen (B) in CD4+ T cell transfer xeno-GvHD model.
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[0130] FIGS. 28A-28C show that PD1AB-6-K3 inhibited secretion of GM-CSF (A), TNF-a
(B), and IL-17 (C) in CD4+ T cell transfer xeno-GvHD model.

[0131] FIGS. 29A-29B show that PD1AB-6-K3 induced downregulation of PD-1 expression
(A) precedes inhibition of cytokine GM-CSF secretion (B).

[0132] FIGS. 30A-30B show correlation between PD1AB-6 variants-induced
downregulation of PD-1 expression and inhibition of cytokine secretion, exemplified by IL-17
inhibition (A) and IFN-y inhibition (B).

[0133] FIG. 31 shows that a murine surrogate of PD1AB-6-K3 inhibited disease score in an
experimental autoimmune encephalomyelitis (EAE) model.

[0134] FIGS. 32A-32B show that a murine surrogate of PD1AB-6-K3 inhibited [FN-y
secretion (A) and IL-17 secretion (B) in a recall assay with spleens on day 23 in the EAE model.
[0135] FIG. 33 shows differentiation of CD20+CD38- activated B-lymphocytes into CD20-
CD38+ plasmablasts in in vitro T cell/B cell co-culture system using purified CD3+ T cells and
total B cells from four exemplary donors.

[0136] FIGS. 34A-34C show percentage of reduction of plasmablast numbers (A), IgG
secretion (B), and IgM surface expression (C) induced by PD1AB-6-K3 in T cell receptor
activated CD3+ T Cell/total B Cell co-cultures.

[0137] FIGS. 35A-35C show percentage of reduction of plasmablast numbers (A), IgG
secretion (B), and IgM surface expression (C) induced by PD-L1 Fc fusion protein in T cell
receptor activated CD3+ T Cell/total B Cell co-cultures.

4. DETAILED DESCRIPTION

[0138] Provided herein are methods of managing, preventing, or treating an immune disorder
in a subject, comprising administering to a subject an effective amount of binding proteins, such
as antibodies that bind to PD-1. In one embodiment, provided herein is a method of managing
an immune disorder in a subject, comprising administering to a subject an effective amount of a
PD-1 binding protein. In one embodiment, provided herein is a method of preventing an immune
disorder in a subject, comprising administering to a subject an effective amount of a PD-1
binding protein. In one embodiment, provided herein is a method of treating an immune disorder
in a subject, comprising administering to a subject an effective amount of a PD-1 binding
protein. In a specific embodiment, the PD-1 binding protein is an antibody that binds to PD-1.

Exemplary PD-1 antibodies useful in these methods are provided herein.

21



WO 2018/053405 PCT/US2017/052021

[0139] In some embodiments of the various methods provided herein, the antibodies bind to
human and/or cyno PD-1. In some embodiments, the binding proteins, such as antibodies that
bind to human and/or cyno PD-1, do not bind to rodent 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 (i) bind to human and/or cyno PD-1, (ii) do not compete for
binding with PD-1 ligand (e.g., PD-L1 and/or PD-L2), and/or (ii1) 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 cyno PD-1. In one embodiment, the PD-1 antibodies bind to both human PD-1 and cyno
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 cyno
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 is assayed in vitro,
e.g., in a cell-based assay. In other embodiments, the binding, competition, and/or signaling is
assayed ex vivo, e.g., in a T cell function assay. In other embodiments, the binding, competition,
and/or signaling is assayed using a sample from a subject (e.g., a human subject). In certain
embodiments, assays and measurements include (1) a human or cyno PBMC assay (see, e.g.,
Examples 5.2.1 and 5.2.2); (2) a human whole blood sample assay (see, e.g., Examples 5.2.1 and
5.4.2); (3) a Tetanus Toxoid Antigen (TTX) recall assay (see, e.g., Example 5.4.1); (4)
measuring expression of a T cell inhibitory receptor (see, e.g., Example 5.4.3 and 5.4.6); (5)
measuring T cell proliferation (see, e.g., Example 5.4.4); and (6) measuring numbers of
regulatory T cells (see, e.g., Example 5.4.5). 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.

[0140] In other embodiments, the binding, competition and/or signaling is assayed in vivo,
e.g., In a xeno-graft versus host disease (xeno-GvHD) model for human diseases. In specific

embodiments, the binding, competition and/or signaling is assayed using an animal disease
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model (e.g., a mouse disease model). In specific embodiments, the binding, competition and/or
signaling is assayed using a sample from a disease model subject ( e.g., a mouse disease model
subject). In certain embodiments, animal disease models and assays include (1) a xeno-GvHD
model (see, e.g., Example 5.5.1); and (2) an experimental autoimmune encephalomyelitis (EAE)
model in human PD-1 knock-in (KI) mice (see, e.g., Example 5.5.2). 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 other embodiments,
the activities are exhibited in vivo.

[0141] The discovery that such binding proteins, including anti-PD-1 antibodies, induce PD-
1 signaling make them viable therapeutics for the treatment of immune disorders. In certain
embodiments, the immune disorder is an inflammatory disease. In one embodiment, the
inflammatory disease is uveitis. In other embodiments, the immune disorder is a hypersensitivity
disease. In some embodiments, the hypersensitivity disease is a T cell hypersensitivity disease.
In certain embodiments, the hypersensitivity disease is allergy. In other embodiments, the
hypersensitivity disease is atopic dermatitis. In yet other embodiments, the hypersensitivity
disease is hypersensitivity vasculitis. In some embodiments, the immune disorders is an
autoimmune disease. In one embodiment, the autoimmune disease is rheumatoid arthritis. In
another embodiment, the autoimmune disease is Crohn’s disease. In yet another embodiment,
the autoimmune disease is psoriasis. In still another embodiment, the autoimmune disease is
multiple sclerosis. In another embodiment, the autoimmune disease is ankylosing spondylitis. In
yet another embodiment, the autoimmune disease is type I diabetes. In still another embodiment,
the autoimmune disease is Sjogren’s syndrome. In a further embodiment, the autoimmune
disease is ulcerative colitis. In another embodiment, the autoimmune disease is neuromyelitis
optica. In yet another embodiment, the autoimmune disease is celiac disease. In one
embodiment, the autoimmune disease is temporal arteritis. In another embodiment, the
autoimmune disease is scleroderma. In one embodiment, the autoimmune disease is lupus. In
one embodiment, the autoimmune disease is SLE. In another embodiment, the autoimmune
disease is CLE. In still another embodiment, the autoimmune disease is lupus nephritis. This
discovery can also make the disclosed binding proteins, including anti-PD-1 antibodies, viable
therapeutics broadly for the treatment of any disease, disorder, or condition in which it is

desirable to mimic or augment PD-1 signaling (e.g., in vivo or in vitro).
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[0142] In specific embodiments of the various methods provided herein, the binding
proteins, such as antibodies that bind to PD-1, described 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, anti-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, PD1AB-5, 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-
105; 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 is derived
from or based on PD1AB-6, including an antibody having one or more CDRs described in
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, 5.3.1, 5.4.1-4, 5.5.1-3, for an
exemplary humanized anti-PD-1 antibody, are representative of the activities and effects of the
anti-PD-1 antibodies provided herein.

[0143] In some embodiments of the various methods provided herein, the binding proteins
such as anti-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)
is achieved. Such binding proteins, including anti-PD-1 antibodies as described herein, can
induce PD-1 signaling.

4.1 General Techniques

[0144] Techniques and procedures described or referenced herein include those that are

generally well understood and/or commonly employed using conventional methodology by those
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skilled in 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 ez 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

[0145] Unless described otherwise, all technical and scientific terms used herein have the
same meaning as is 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
appropriate, terms used in 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.

[0146] 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 (cynos)), 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.

[0147] “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 in the
art will appreciate, an anti-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, in 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 isolated from a variety of sources, such as from human
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tissue types or from another source, or prepared by recombinant or synthetic methods. Orthologs
to the PD-1 polypeptide are also well known in the art.

[0148] The terms “PD1AB-6-IgG1,” “PD1AB-6 IgG1,” “PD1AB-6_IgG1,” “IgG1 PDI1AB-
6,” and “IgG1-PD1AB-6" are used interchangeably, and refer to the antibody PD1AB-6 having
an IgG1 Fcregion. In certain embodiments, the antibody PD1AB-6 comprises 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 in FIG. 4.

[0149] The terms “PD1AB-6-K3,” “PD1AB-6-IgG1-K322A,” “PD1AB-6-K322A,”

“IgG1 PDIAB-6 K322A,” “IgG1 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 in the IgG1 Fc region. In certain embodiments, the PD1AB-6 variant has a heavy
chain amino acid sequence of HC_PD1AB-6-1gG1-K322A (SEQ ID NO:33), e.g., as shown in
FIG. 4.

[0150] The terms “PD1AB-6-4P,” “IgG4P_PD1AB-6,” “IgG4P-PD1AB-6,” “PD1AB-
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 in FIG. 4.
[0151] 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 PD1AB-6-
IgG4PE (SEQ ID NO:35).

[0152] 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.

[0153] 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).

[0154] The terms “PD-1 activity,” “PD-l 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 effect induced

by the binding of PD-1 ligand, and induces a biological response that otherwise would result
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from PD-1 ligand binding to PD-1, e.g., in vivo or in vitro. In assessing the binding specificity of
anti-PD-1 antibody, for example, an antibody or fragment thereof that binds to PD-1 (e.g.,
human PD-1), the antibody is deemed to induce a biological response when the response is equal
to or greater than 5%, such as equal to or greater than 10%, 15%, 20%, 25%, 30%, 35%, 40%,
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 is 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, 0.5 nM, 0.2 nM, or 0.1 nM in, for example, (1) a human or cyno PBMC assay (see, e.g.,
Examples 5.2.1 and 5.2.2); (2) a human whole blood sample assay (see, e.g., Examples 5.2.1 and
5.4.2); (3) a TTX recall assay (see, e.g., Example 5.4.1); (4) a T cell inhibitory receptor
expression assay (see, e.g., Example 5.4.3 and 5.4.6); (5) a T cell proliferation assay (see, e.g.,
Example 5.4.4); (6) a regulatory T cells assay (see, e.g., Example 5.4.5); (7) a xeno-GvHD
model (see, e.g., Example 5.5.1); and (8) an EAE model in human PD-1 KI mice (see, e.g.,
Example 5.5.2).

[0155] The term “binding protein” refers to a protein comprising a portion (e.g., one or more
binding regions such as CDRs) that binds to PD-1, including human and/or cyno PD-1 and,
optionally, a scaffold or framework portion (e.g., one or more scaffold 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 derivatives. Such scaffolds include, but are not limited to, antibody-derived
scaffolds comprising mutations introduced to, for example, stabilize the three-dimensional
structure of the binding protein as well as wholly synthetic scaffolds comprising, for example, a

biocompatible polymer. See, e.g., Korndorfer et al., 2003, Proteins: Structure, Function, and
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Bioinformatics 53(1):121-29; and Roque et 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 is 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 107 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 is <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 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 Kp of from 0.1 x 10° M to 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 0.1 x 10” M to
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 5 x 10 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 cyno 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
cyno PD-1 expressed on cells with a Kp, of from 0.1 x 10” M to 1 x 10” M. In some
embodiments, the binding proteins (e.g., antibodies) specifically bind to cyno 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 cyno 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 5 x 10” M, about 10 x 10 M, or any range or
interval thereof.

[0156] The term “antibody,” “immunoglobulin,” or “Ig” is used interchangeably herein, and
is used in the broadest sense and specifically covers, for example, individual anti-PD-1

monoclonal antibodies (including agonist, antagonist, neutralizing antibodies, full length or
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intact 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 intact antibodies, single chain anti-PD-1 antibodies, and
fragments of anti-PD-1 antibodies, as provided 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” is intended to include a polypeptide product of B cells
within the immunoglobulin class of polypeptides that is able to bind to a specific molecular
antigen and is composed of two identical pairs of polypeptide chains, wherein each pair has one
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-idiotypic (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, efc.), 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 in, 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
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provided herein can be of any class (e.g., IgG, IgE, IgM, IgD, and IgA) or any subclass (e.g.,
IgGl, IgG2, 1gG3, IgG4, 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.

[0157] An “antigen” is 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 is a polypeptide.

I <« I«

[0158] 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 its specificity and affinity
for the antigen (e.g., the CDRs).

[0159] 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, ionic 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, is the affinity of the antibody or functional fragment for that epitope.
The ratio of dissociation rate (ko) to association rate (k,,) of an antibody to a monovalent
antigen (kog/kon) 1s the dissociation constant Kp, which is inversely related to affinity. The lower
the Kp value, the higher the affinity of the antibody. The value of Kp varies for different
complexes of antibody and antigen and depends on both k,, 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 in 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 in 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 is called the

avidity. The avidity of an antibody can be a better measure of its binding capacity than is the
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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 affinity than IgG,
but the high avidity of IgM, resulting from its multivalence, enables it to bind antigen effectively.
[0160] 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
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., cyno 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
identified, for example, by immunoassays, Biacore®, or other techniques known to those of skill
in 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 radioimmunoassays (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) is one that binds the antigen with
sufficient affinity such that the antibody is 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
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

I <«

binding of an antibody to a target molecule, the term “specific binding,” “specifically binds to,”
or “is specific for” a particular polypeptide or an epitope on a particular polypeptide target means
binding that is 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 is a molecule of similar structure that does not have binding activity.

For example, specific binding can be determined by competition with a control molecule that is
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similar to the target, for example, an excess of non-labeled target. In this case, specific binding
is indicated if the binding of the labeled target to a probe is competitively inhibited by excess
unlabeled target. The term “anti-PD-1 antibody” or “an antibody that binds to PD-1" includes an
antibody that is capable of binding PD-1 with sufficient affinity such that the antibody is useful,

I <«

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,
0.7 nM, 0.6 nM, 0.5 nM, 0.4 nM, 0.3 nM, 0.2 nM, or 0.1 nM. In certain embodiments, anti-PD-1
antibody binds to an epitope of PD-1 that is conserved among PD-1 from different species (e.g.,
between human and cyno PD-1).

[0161] The term “compete” when used in 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 in which the antibody (or binding
fragment) thereof under study prevents or inhibits the specific binding of a reference molecule
(e.g., areference 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 if 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
assay (see, e.g., Stahli et al., 1983, Methods in Enzymology 9:242-53), solid phase direct biotin-
avidin EIA (see, e.g., Kirkland et al., 1986, J. Inmunol. 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 et 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
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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 is present in excess.
Antibodies identified 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 is present in excess, it 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 is inhibited by at least 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or more.

[0162] An “isolated” antibody is substantially free of cellular material or other contaminating
proteins from the cell or tissue source and/or other contaminant components from which the
antibody is 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 in which the antibody is separated from cellular components of the
cells from which it is isolated or recombinantly produced. Thus, an antibody that is 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 is recombinantly
produced, it is 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 is produced by chemical synthesis, it is substantially free of
chemical precursors or other chemicals, for example, it is separated from chemical precursors or
other chemicals that are involved in 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-
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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 situ within recombinant cells since at
least one component of the antibody’s natural environment will not be present. Ordinarily,
however, isolated antibody will be prepared by at least one purification step. In specific
embodiments, antibodies provided herein are isolated.

[0163] A 4-chain antibody unit is a heterotetrameric glycoprotein composed of two identical
light (L) chains and two identical heavy (H) chains. In the case of IgGs, the 4-chain unit is
generally about 150,000 daltons. Each L chain is 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 isotype. 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 o and y chains and four CH domains for p and ¢ isotypes. Each L
chain has at the N-terminus, a variable domain (VL) followed by a constant domain (CL) at its
other end. The VL is aligned with the VH, and the CL is aligned with the first constant domain
of the heavy chain (CH1). 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).

I <«

[0164] 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 is 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 in 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 variable 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
in sequence among antibodies. The V region mediates antigen binding and defines specificity of
a particular antibody for its particular antigen. However, the variability is 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
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“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  sheet configuration,
connected by three hypervariable regions, which form loops connecting, and in some cases form
part of, the B 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

formation of the antigen-binding site of antibodies (see, e.g., Kabat et al., Sequences of Proteins

of Immunological Interest (S5th 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 in 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 is a human variable region.

[0165] The term “variable region residue numbering as in 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 in Kabat et
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 is generally used when referring to a residue in the variable domain (approximately
residues 1-107 of the light chain and residues 1-113 of the heavy chain) (e.g., Kabat et al.,
supra). The “EU numbering system” or “EU index” is generally used when referring to a
residue in an immunoglobulin heavy chain constant region (e.g., the EU index reported in Kabat
et al., supra). The “EU index 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.

[0166] An “intact” antibody is one comprising an antigen-binding site as well as a CL and at

least heavy chain constant regions, CH1, CH2 and CH3. The constant regions may include
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human constant regions or amino acid sequence variants thereof. In certain embodiments, an
intact antibody has one or more effector functions.

[0167] “Antibody fragments” comprise a portion of an intact antibody, such as the antigen-
binding or variable region of the intact antibody. Examples of antibody fragments include,
without limitation, Fab, Fab’, F(ab’),, and Fv fragments; diabodies and di-diabodies (see, e.g.,
Holliger ef al., 1993, Proc. Natl. Acad. Sci. 90:6444-48; Lu et al., 2005, J. Biol. Chem.
280:19665-72; Hudson ef al., 2003, Nat. Med. 9:129-34; WO 93/11161; and U.S. Pat. Nos.
5,837,242 and 6,492,123); single-chain antibody molecules (see, e.g., U.S. Pat. Nos. 4,946,778;
5,260,203; 5,482,858; and 5,476,786); dual variable domain antibodies (see, e.g., U.S. Pat. No.
7,612,181); single variable domain antibodies (sdAbs) (see, e.g., Woolven et al., 1999,
Immunogenetics 50: 98-101; and Streltsov et al., 2004, Proc Natl Acad Sci USA. 101:12444-49),
and multispecific antibodies formed from antibody fragments.

[0168] A “functional fragment,” “binding fragment,” or “antigen-binding fragment” of a
therapeutic antibody will exhibit at least one if not some or all of the biological functions
attributed to the intact antibody, the function comprising at least binding to the target antigen
(e.g., a PD-1 binding fragment or fragment that binds to PD-1).

[0169] The term “fusion protein” as used herein refers to a polypeptide that comprises an
amino acid sequence of an antibody and an amino acid sequence of a heterologous polypeptide
or protein (e.g., a polypeptide or protein not normally a part of the antibody (e.g., a non-anti-PD-
1 antigen-binding antibody)). The term “fusion” when used in relation to PD-1 or to an anti-PD-
1 antibody refers to the joining of a peptide or polypeptide, or fragment, variant, and/or
derivative thereof, with a heterologous peptide or polypeptide. In certain embodiments, the
fusion protein retains the biological activity of the PD-1 or anti-PD-1 antibody. In certain
embodiments, the fusion protein comprises a PD-1 antibody VH region, VL region, VH CDR
(one, two, or three VH CDRs), and/or VL CDR (one, two, or three VL CDRs), wherein the
fusion protein binds to a PD-1 epitope, a PD-1 fragment, and/or a PD-1 polypeptide.

[0170] The term “heavy chain” when used in 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
region. The constant region can be one of five distinct types, (e.g., isotypes) referred to as alpha

(), delta (3), epsilon (g), gamma (y), and mu (u), based on the amino acid sequence of the heavy
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chain constant region. The distinct heavy chains differ in size: o, 6, and y contain approximately
450 amino acids, while p 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.,
isotypes) of antibodies, IgA, IgD, IgE, IgG, and IgM, respectively, including four subclasses of
IgG, namely IgGl, IgG2, IgG3, and IgG4. A heavy chain can be a human heavy chain.

[0171] The term “light chain” when used in 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 is 211 to 217 amino acids. There are two
distinct types, referred to as kappa (k) or lambda () based on the amino acid sequence of the
constant domains. Light chain amino acid sequences are well known in the art. A light chain
can be a human light chain.

[0172] The term “host” as used herein refers to an animal, such as a mammal (e.g., a human).
[0173] The term “host cell” as used herein refers to a particular subject cell that may be
transfected with a nucleic acid molecule and the progeny or potential progeny of such a cell.
Progeny of such a cell may not be identical to the parent cell transfected with the nucleic acid
molecule due to mutations or environmental influences that may occur in succeeding generations
or integration of the nucleic acid molecule into the host cell genome.

[0174] 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 identical except for possible naturally occurring mutations that may be present
in minor amounts, and each monoclonal antibody will typically recognize a single epitope on the
antigen. In specific embodiments, a “monoclonal antibody,” as used herein, is 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 in the art. The term “monoclonal” is 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 ez al., 1975, Nature 256:495,
or may be made using recombinant DNA methods in bacterial or eukaryotic animal or plant cells
(see, e.g., U.S. Pat. No. 4,816,567). The “monoclonal antibodies” may also be isolated from
phage antibody libraries using the techniques described in Clackson ez al., 1991, Nature 352:624-
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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

in 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.
[0175] The term “native” when used in connection with biological materials such as nucleic
acid molecules, polypeptides, host cells, and the like, refers to those which are found in nature
and not manipulated, modified, and/or changed (e.g., isolated, purified, selected) by a human
being.

[0176] The antibodies provided herein can include “chimeric” antibodies in which a portion
of the heavy and/or light chain is identical with or homologous to corresponding sequences in
antibodies derived from a particular species or belonging to a particular antibody class or
subclass, while the remainder of the chain(s) is identical with or homologous to corresponding
sequences in antibodies derived from another species or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological
activity (see U.S. Pat. No. 4,816,567, and Morrison et al., 1984, Proc. Natl. Acad. Sci. USA
81:6851-55).

[0177] “Humanized” forms of nonhuman (e.g., murine) antibodies are chimeric antibodies
that include human immunoglobulins (e.g., recipient antibody) in which the native CDR residues
are replaced by residues from the corresponding CDR of a nonhuman species (e.g., donor
antibody) such as mouse, rat, rabbit, or nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, one or more FR region residues of the human
immunoglobulin are replaced by corresponding nonhuman residues. Furthermore, humanized
antibodies can comprise residues that are not found in the recipient antibody or in the donor
antibody. These modifications are made to further refine antibody performance. A humanized
antibody heavy or light chain can comprise substantially all of at least one or more variable
regions, in which all or substantially all of the CDRs correspond to those of a nonhuman
immunoglobulin and all or substantially all of the FRs are those of a human immunoglobulin
sequence. In certain embodiments, the humanized antibody will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further

details, see, Jones et al., 1986, Nature 321:522-25; Riechmann ef al., 1988, Nature 332:323-29;
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Presta, 1992, Curr. Op. Struct. Biol. 2:593-96; Carter et al., 1992, Proc. Natl. Acad. Sci. USA
89:4285-89: U.S. Pat. Nos: 6,800,738: 6,719,971 6,639,055; 6,407,213: and 6,054,297

[0178] A “human antibody” is one that possesses an amino acid sequence which corresponds
to that of an antibody produced by a human and/or has been made using any of the techniques for
making human antibodies as disclosed herein. This definition of a human antibody specifically
excludes a humanized antibody comprising non-human antigen-binding residues. Human
antibodies can be produced using various techniques known in the art, including phage-display
libraries (Hoogenboom and Winter, 1991, J. Mol. Biol. 227:381; Marks et al., 1991, J. Mol. Biol.
222:581) and yeast display libraries (Chao et al., 2006, Nature Protocols 1: 755-68). Also
available for the preparation of human monoclonal antibodies are methods described in Cole e?
al., Monoclonal Antibodies and Cancer Therapy 77 (1985); Boerner et al., 1991, J. Immunol.
147(1):86-95; and van Dijk and van de Winkel, 2001, Curr. Opin. Pharmacol. 5: 368-74. Human

antibodies can be prepared by administering the antigen to a transgenic animal that has been
modified to produce such antibodies in response to antigenic challenge, but whose endogenous
loci have been disabled, e.g., mice (see, e.g., Jakobovits, 1995, Curr. Opin. Biotechnol. 6(5):561-
66; Briiggemann and Taussing, 1997, Curr. Opin. Biotechnol. 8(4):455-58; and U.S. Pat. Nos.
6,075,181 and 6,150,584 regarding XENOMOUSE™ technology). See also, for example, Li et
al., 2006, Proc. Natl. Acad. Sci. USA 103:3557-62 regarding human antibodies generated via a
human B-cell hybridoma technology.

[0179] 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 in the art and have
been defined by, for example, Kabat as the regions of most hypervariability within the antibody
variable (V) domains (Kabat et 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
residues that are not part of the conserved -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 in 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
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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 in the
canonical variable region numbering scheme (Al-Lazikani et al., supra). Such nomenclature is
similarly well known to those skilled in the art.

[0180] The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable region that are hypervariable in sequence and/or form structurally
defined loops. Generally, antibodies comprise six hypervariable regions, three in the VH (H1,
H2, H3) and three in the VL (L1, L2, L3). A number of hypervariable region delineations are in
use and are encompassed herein. The Kabat Complementarity Determining Regions (CDRs) are
based on sequence variability and are the most commonly used (see, e.g., Kabat et al., supra).
Chothia refers instead to the location of the structural loops (see, e.g., Chothia and Lesk, 1987, J.
Mol. Biol. 196:901-17). The end of the Chothia CDR-H1 loop when numbered using the Kabat
numbering convention varies between H32 and H34 depending on the length of the loop (this is
because the Kabat numbering scheme places the insertions at H35A and H35B; if neither 35A
nor 35B is present, the loop ends at 32; if only 35A is present, the loop ends at 33; if both 35A
and 35B are present, the loop ends at 34). The AbM hypervariable regions represent a
compromise between the Kabat CDRs and Chothia structural loops, and are used by Oxford

Molecular’s AbM antibody modeling software (see, e.g., Antibody Engineering Vol. 2

(Kontermann and Diibel eds., 2d ed. 2010)). The “contact” hypervariable regions are based on
an analysis of the available complex crystal structures. The residues from each of these
hypervariable regions or CDRs are noted below.

[0181] Recently, a universal numbering system has been developed and widely adopted,
ImMunoGeneTics (IMGT) Information System® (Lafranc et al., 2003, Dev. Comp. Immunol.
27(1):55-77). IMGT is an integrated information system specializing in immunoglobulins (IG),
T cell receptors (TCR), and major histocompatibility complex (MHC) of human and other
vertebrates. Herein, the CDRs are referred to in terms of both the amino acid sequence and the
location within the light or heavy chain. As the “location” of the CDRs within the structure of
the immunoglobulin variable domain is conserved between species and present in structures

called loops, by using numbering systems that align variable domain sequences according to
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structural features, CDR and framework residues are readily identified. This information can be
used in grafting and replacement of CDR residues from immunoglobulins of one species into an
acceptor framework from, typically, a human antibody. An additional numbering system
(AHon) has been developed by Honegger and Pliickthun, 2001, J. Mol. Biol. 309: 657-70.
Correspondence between the numbering system, including, for example, the Kabat numbering
and the IMGT unique numbering system, is well known to one skilled in the art (see, e.g., Kabat,
supra;, Chothia and Lesk, supra; Martin, supra; Lefranc et al., supra). In some embodiments, the
CDRs are as defined by the IMGT numbering system. In other embodiments, the CDRs are as
defined by the Kabat numbering system. In certain embodiments, the CDRs are as defined by
the AbM numbering system. In other embodiments, the CDRs are as defined by the Chothia

system. In yet other embodiments, the CDRs are as defined by the Contact numbering system.

IMGT Kabat AbM Chothia Contact
Vy CDR1 27-38 31-35 26-35 26-32 30-35
Vy CDR2 56-65 50-65 50-58 53-55 47-58
Vy CDR3 105-117 95-102 95-102 96-101 93-101
VL CDRI1 27-38 24-34 24-34 26-32 30-36
VL CDR2 56-65 50-56 50-56 50-52 46-55
VL CDR3 105-117 89-97 89-97 91-96 89-96

[0182] Hypervariable regions may comprise “extended hypervariable regions” as follows:
24-36 or 24-34 (L1), 46-56 or 50-56 (L2), and 89-97 or 89-96 (L3) in the VL, and 26-35 or 26-
35A (H1), 50-65 or 49-65 (H2), and 93-102, 94-102, or 95-102 (H3) in the VH. As used herein,
the terms “HVR” and “CDR” are used interchangeably.
[0183] The term “constant region” or “constant domain” refers to a carboxy terminal portion
of the light and heavy chain which is not directly involved in binding of the antibody to antigen
but exhibits various effector function, such as interaction with the Fc receptor. The term refers to
the portion of an immunoglobulin molecule having a more conserved amino acid sequence
relative to the other portion of the immunoglobulin, the variable region, which contains the
antigen binding site. The constant region may contain the CH1, CH2, and CH3 regions of the
heavy chain and the CL region of the light chain.
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[0184] The term “framework” or “FR” refers to those variable region residues flanking the
CDRs. FR residues are present, for example, in chimeric, humanized, human, domain
antibodies, diabodies, linear antibodies, and bispecific antibodies. FR residues are those variable
domain residues other than the hypervariable region residues or CDR residues.

[0185] An “affinity matured” antibody is one with one or more alterations (e.g., amino acid
sequence variations, including changes, additions, and/or deletions) in one or more HVRs thereof
which result in an improvement in the affinity of the antibody for antigen, compared to a parent
antibody which does not possess those alteration(s). Affinity matured antibodies can have
nanomolar or even picomolar affinities for the target antigen. Affinity matured antibodies are
produced by procedures known in the art. For review, see Hudson and Souriau, 2003, Nature
Medicine 9:129-34; Hoogenboom, 2005, Nature Biotechnol. 23:1105-16; Quiroz and Sinclair,
2010, Revista Ingeneria Biomedia 4:39-51.

[0186] A “blocking” antibody or an “antagonist” antibody is one which inhibits or reduces
biological activity of the antigen it binds. For example, blocking antibodies or antagonist
antibodies may substantially or completely inhibit the biological activity of the antigen.

[0187] An “agonist” antibody is an antibody that triggers a response, e.g., one that mimics at
least one of the functional activities of a polypeptide of interest (e.g., PD-L1). An agonist
antibody includes an antibody that is a ligand mimetic, for example, wherein a ligand binds to a
cell surface receptor and the binding induces cell signaling or activities via an intercellular cell
signaling pathway and wherein the antibody induces a similar cell signaling or activation. An
“agonist” of PD-1 refers to a molecule that is capable of activating or otherwise increasing one or
more of the biological activities of PD-1, such as in a cell expressing PD-1. In some
embodiments, an agonist of PD-1 (e.g., an agonistic antibody as described herein) may, for
example, act by activating or otherwise increasing the activation and/or cell signaling pathways
of a cell expressing a PD-1 protein, thereby increasing a PD-1-mediated biological activity of the
cell relative to the PD-1-mediated biological activity in the absence of agonist. In some
embodiments the antibodies provided herein are agonistic anti-PD-1 antibodies, including
antibodies that induce PD-1 signaling.

[0188] “Binding affinity” generally refers to the strength of the sum total of noncovalent
interactions between a single binding site of a molecule (e.g., a binding protein such as an

antibody) and its binding partner (e.g., an antigen). Unless indicated otherwise, as used herein,
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“binding affinity” refers to intrinsic binding affinity which reflects a 1:1 interaction between
members of a binding pair (e.g., antibody and antigen). The affinity of a binding molecule X for
its binding partner Y can generally be represented by the dissociation constant (Kp). Affinity
can be measured by common methods known in the art, including those described herein. Low-
affinity antibodies generally bind antigen slowly and tend to dissociate readily, whereas high-
affinity antibodies generally bind antigen faster and tend to remain bound longer. A variety of
methods of measuring binding affinity are known in the art, any of which can be used for
purposes of the present disclosure. Specific illustrative embodiments include the following. In
one embodiment, the “Kp” or “Kp value” may be measured by assays known in the art, for
example by a binding assay. The Kp may be measured in a RIA, for example, performed with
the Fab version of an antibody of interest and its antigen (Chen ez al., 1999, J. Mol Biol 293:865-
81). The Kp or Kp value may also be measured by using surface plasmon resonance assays by
Biacore®, using, for example, a Biacore *TM-2000 or a Biacore®TM-3000, or by biolayer
interferometry using, for example, the Octet "QK384 system. An “on-rate” or “rate of
association” or “association rate” or “k,,” may also be determined with the same surface
plasmon resonance or biolayer interferometry techniques described above using, for example, a
Biacore ®TM-2000 or a Biacore®TM-3000, or the Octet*QK 384 system.

[0189] The phrase “substantially similar” or “substantially the same” denotes a sufficiently
high degree of similarity between two numeric values (e.g., one associated with an antibody of
the present disclosure and the other associated with a reference antibody) such that one of skill in
the art would consider the difference between the two values to be of little or no biological
and/or statistical significance within the context of the biological characteristic measured by the
values (e.g., Kp values). For example, the difference between the two values may be less than
about 50%, less than about 40%, less than about 30%, less than about 20%, less than about 10%,
or less than about 5%, as a function of the value for the reference antibody.

[0190] The phrase “substantially increased,” “substantially reduced,” or “substantially
different,” as used herein, denotes a sufficiently high degree of difference between two numeric
values (e.g., one associated with an antibody of the present disclosure and the other associated
with a reference antibody) such that one of skill in the art would consider the difference between
the two values to be of statistical significance within the context of the biological characteristic

measured by the values. For example, the difference between said two values can be greater than
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about 10%, greater than about 20%, greater than about 30%, greater than about 40%, or greater
than about 50%, as a function of the value for the reference antibody.

[0191] The term “inhibition” or “inhibit,” when used herein, refers to partial (such as, 1%,
2%, 5%, 10%, 20%, 25%, 50%, 75%, 90%, 95%, 99%) or complete (i.e., 100%) inhibition.
[0192] “Antibody effector functions” refer to the biological activities attributable to the Fc
region (e.g., a native sequence Fc region or amino acid sequence variant Fc region) of an
antibody, and vary with the antibody isotype. Examples of antibody effector functions include
but are not limited to: C1q binding; CDC; Fc receptor binding; ADCC; phagocytosis;
downregulation of cell surface receptors (e.g., B cell receptor); and B cell activation.

[0193] “T cell effector functions” refer to the biological activities attributable to various
types of T cells, including but not limited to cytotoxic T cells, T helper cells, regulatory T cells,
and memory T cells. Examples of T cell effector functions include: increasing T cell
proliferation, secreting cytokines, releasing cytotoxins, expressing membrane-associated
molecules, killing target cells, activating macrophages, and activating B cells.

[0194] “T cell exhaustion” refers to a state of T cell dysfunction that arises during chronic
infections, cancer, and other diseases, disorders, or conditions. The T cell exhaustion includes,
but is not limited to, poor T cell effector functions (e.g., reduced T cell proliferation or reduced
cytokine production), sustained expression of inhibitory receptors (e.g., PD-1), and a
transcriptional state distinct from that of functional effector or memory T cells.

[0195] The term “Fc region” herein is used to define a C-terminal region of an
immunoglobulin heavy chain, including, for example, native sequence Fc regions, recombinant
Fc regions, and variant Fc regions. Although the boundaries of the Fc region of an
immunoglobulin heavy chain might vary, the human IgG heavy chain Fc region is often defined
to stretch from an amino acid residue at position Cys226, or from Pro230, to the carboxyl-
terminus thereof. The C-terminal lysine (residue 447 according to the EU numbering system) of
the Fc region may be removed, for example, during production or purification of the antibody, or
by recombinantly engineering the nucleic acid encoding a heavy chain of the antibody.
Accordingly, a composition of intact antibodies may comprise antibody populations with all
K447 residues removed, antibody populations with no K447 residues removed, and antibody

populations having a mixture of antibodies with and without the K447 residue.
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[0196] A “functional Fc region” possesses an “effector function” of a native sequence Fc
region. Exemplary “effector functions” include C1q binding; CDC; Fc receptor binding; ADCC;
phagocytosis; downregulation of cell surface receptors (e.g., B cell receptor), ezc. Such effector
functions generally require the Fc region to be combined with a binding region or binding
domain (e.g., an antibody variable region or domain) and can be assessed using various assays as
disclosed.

[0197] A “native sequence Fc region” comprises an amino acid sequence identical to the
amino acid sequence of an Fc region found in nature, and not manipulated, modified, and/or
changed (e.g., isolated, purified, selected, including or combining with other sequences such as
variable region sequences) by a human. Native sequence human IgG1 Fc regions include a
native sequence human IgG1 Fc region (non-A and A allotypes); native sequence human IgG2
Fc region; native sequence human IgG3 Fc region; and native sequence human IgG4 Fc region
as well as naturally occurring variants thereof. For example, a native human IgG1 Fc region
amino acid sequence is provided below:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEATLHNHYT
QKSLSLSPGK (SEQ ID NO:36, K322 emphasized).

An exemplary native human IgG4 Fc region sequence is provided below:
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVELFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKS
LSLSPGK (SEQ ID NO:38, S228 and L235 emphasized).

[0198] A “variant Fc region” comprises an amino acid sequence which differs from that of a
native sequence Fc region by virtue of at least one amino acid modification (e.g., substituting,
addition, or deletion). In certain embodiments, the variant Fc region has at least one amino acid

substitution compared to a native sequence Fc region or to the Fc region of a parent polypeptide,
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for example, from about one to about ten amino acid substitutions, or from about one to about
five amino acid substitutions in a native sequence Fc region or in the Fc region of a parent
polypeptide. The variant Fc region herein can possess at least about 80% homology with a
native sequence Fc region and/or with an Fc region of a parent polypeptide, or at least about 90%
homology therewith, for example, at least about 95% homology therewith. For example, a
variant with one amino acid K change to A at 322 position in the human IgG1 Fc amino acid
sequence, [gG1-K322A Fc region, is provided below:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFEFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCAVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEATLHNHYT

QKSLSLSPGK (SEQ ID NO:37, K322A substitution emphasized).

An exemplary variant with one amino acid S change to P at 228 position in the human IgG4 Fc
amino acid sequence, IgG4P Fc region, is provided below:
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKS
LSLSPGK (SEQ ID NO:39, S228P substitution emphasized).

An exemplary variant with two amino acid changes at 228 and 235 positions in the human IgG4

Fc amino acid sequence, IgG4PE Fc region, is provided below:

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVELFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKS
LSLSPGK (SEQ ID NO:40, S228P and L235E substitutions emphasized).
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[0199] The term “variant” when used in relation to PD-1 or to an anti-PD-1 antibody may
refer to a peptide or polypeptide comprising one or more (such as, for example, about 1 to about
25, about 1 to about 20, about 1 to about 15, about 1 to about 10, or about 1 to about 5) amino
acid sequence substitutions, deletions, and/or additions as compared to a native or unmodified
sequence. For example, a PD-1 variant may result from one or more (such as, for example,
about 1 to about 25, about 1 to about 20, about 1 to about 15, about 1 to about 10, or about 1 to
about 5) changes to an amino acid sequence of a native PD-1. Also by way of example, a variant
of an anti-PD-1 antibody may result from one or more (such as, for example, about 1 to about 25,
about 1 to about 20, about 1 to about 15, about 1 to about 10, or about 1 to about 5) changes to an
amino acid sequence of a native or previously unmodified anti-PD-1 antibody. Variants may be
naturally occurring, such as allelic or splice variants, or may be artificially constructed.
Polypeptide variants may be prepared from the corresponding nucleic acid molecules encoding
the variants. In specific embodiments, the PD-1 variant or anti-PD-1 antibody variant at least
retains PD-1 or anti-PD-1 antibody functional activity, respectively. In specific embodiments, an
anti-PD-1 antibody variant binds PD-1 and/or is antagonistic to PD-1 activity. In specific
embodiments, an anti-PD-1 antibody variant binds PD-1 and/or is agonistic to PD-1 activity. In
certain embodiments, the variant is encoded by a single nucleotide polymorphism (SNP) variant
of a nucleic acid molecule that encodes PD-1 or anti-PD-1 antibody VH or VL regions or
subregions, such as one or more CDRs.

[0200] The term “vector” refers to a substance that is used to carry or include a nucleic acid
sequence, including for example, a nucleic acid sequence encoding an anti-PD-1 antibody as
described herein, in order to introduce a nucleic acid sequence into a host cell. Vectors
applicable for use include, for example, expression vectors, plasmids, phage vectors, viral
vectors, episomes, and artificial chromosomes, which can include selection sequences or markers
operable for stable integration into a host cell’s chromosome. Additionally, the vectors can
include one or more selectable marker genes and appropriate expression control sequences.
Selectable marker genes that can be included, for example, provide resistance to antibiotics or
toxins, complement auxotrophic deficiencies, or supply critical nutrients not in the culture media.
Expression control sequences can include constitutive and inducible promoters, transcription
enhancers, transcription terminators, and the like, which are well known in the art. When two or

more nucleic acid molecules are to be co-expressed (e.g., both an antibody heavy and light chain
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or an antibody VH and VL), both nucleic acid molecules can be inserted, for example, into a
single expression vector or in separate expression vectors. For single vector expression, the
encoding nucleic acids can be operationally linked to one common expression control sequence
or linked to different expression control sequences, such as one inducible promoter and one
constitutive promoter. The introduction of nucleic acid molecules into a host cell can be
confirmed using methods well known in the art. Such methods include, for example, nucleic
acid analysis such as Northern blots or polymerase chain reaction (PCR) amplification of
mRNA, immunoblotting for expression of gene products, or other suitable analytical methods to
test the expression of an introduced nucleic acid sequence or its corresponding gene product. It
is understood by those skilled in the art that the nucleic acid molecules are expressed in a
sufficient amount to produce a desired product (e.g., an anti-PD-1 antibody as described herein),
and it is further understood that expression levels can be optimized to obtain sufficient
expression using methods well known in the art.

[0201] “Antibody-dependent cell-mediated cytotoxicity” or “ADCC” refers to a form of
cytotoxicity in which secreted immunoglobulin bound onto Fc receptors (FcRs) present on
certain cytotoxic cells (e.g., Natural Killer (NK) cells, neutrophils, and macrophages) enable
these cytotoxic effector cells to bind specifically to an antigen-bearing target cell and
subsequently kill the target cell with cytotoxins. The antibodies “arm” the cytotoxic cells and are
absolutely required for such killing. NK cells, the primary cells for mediating ADCC, express
FcyRIII only, whereas monocytes express FcyRI, FcyRII, and FcyRIII. FcR expression on
hematopoietic cells is known (see, e.g., Ravetch and Kinet, 1991, Annu. Rev. Immunol. 9:457-
92). To assess ADCC activity of a molecule of interest, an in vitro ADCC assay (see, e.g., US
Pat. Nos. 5,500,362 and 5,821,337) can be performed. Useful effector cells for such assays
include peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) cells.
Alternatively or additionally, ADCC activity of the molecule of interest may be assessed in vivo,
for example, in an animal model (see, e.g., Clynes ef al., 1998, Proc. Natl. Acad. Sci. USA
95:652-56). Antibodies with little or no ADCC activity may be selected for use.

[0202] “Antibody-dependent cellular phagocytosis” or “ADCP” refers to the destruction of
target cells via monocyte or macrophage-mediated phagocytosis when immunoglobulin bound
onto Fc receptors (FcRs) present on certain phagocytotic cells (e.g., neutrophils, monocytes, and

macrophages) enable these phagocytotic cells to bind specifically to an antigen-bearing target
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cell and subsequently kill the target cell. To assess ADCP activity of a molecule of interest, an
in vitro ADCP assay (see, e.g., Bracher et al., 2007, J. Inmunol. Methods 323:160-71) can be
performed. Useful phagocytotic cells for such assays include peripheral blood mononuclear cells
(PBMC), purified monocytes from PBMC, or U937 cells differentiated to the mononuclear type.
Alternatively or additionally, ADCP activity of the molecule of interest may be assessed in vivo,
for example, in an animal model (see, e.g., Wallace et al., 2001, J. Inmunol. Methods 248:167-
82). Antibodies with little or no ADCP activity may be selected for use.

[0203] “Fc receptor” or “FcR” describes a receptor that binds to the Fc region of an antibody.
An exemplary FcR is a native sequence human FcR. Moreover, an exemplary FcR is one that
binds an IgG antibody (e.g., a gamma receptor) and includes receptors of the FcyRI, FcyRII, and
FcyRIII subclasses, including allelic variants and alternatively spliced forms of these receptors.
FcyRII receptors include FcyRIIA (an “activating receptor”) and FcyRIIB (an “inhibiting
receptor”’), which have similar amino acid sequences that differ primarily in the cytoplasmic
domains thereof (see, e.g., Daéron, 1997, Annu. Rev. Immunol. 15:203-34). Various FcRs are
known (see, e.g., Ravetch and Kinet, 1991, Annu. Rev. Immunol. 9:457-92; Capel et al., 1994,
Immunomethods 4:25-34; and de Haas ef al., 1995, J. Lab. Clin. Med. 126:330-41). Other FcRs,
including those to be identified in the future, are encompassed by the term “FcR” herein. The
term also includes the neonatal receptor, FcRn, which is responsible for the transfer of maternal
IgGs to the fetus (see, e.g., Guyer ef al., 1976, J. Immunol. 117:587-93; and Kim ez al., 1994, Eu.
J. Immunol. 24:2429-34). Antibody variants with improved or diminished binding to FcRs have
been described (see, e.g., WO 2000/42072; U.S. Pat. Nos. 7,183,387, 7,332,581; and 7.335,742;
Shields ef al. 2001, J. Biol. Chem. 9(2):6591-604).

[0204] “Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in
the presence of complement. Activation of the classical complement pathway is initiated by the
binding of the first component of the complement system (C1q) to antibodies (of the appropriate
subclass) which are bound to their cognate antigen. To assess complement activation, a CDC
assay (see, e.g., Gazzano-Santoro ef al., 1996, J. Immunol. Methods 202:163) may be performed.
Polypeptide variants with altered Fc region amino acid sequences (polypeptides with a variant Fc
region) and increased or decreased C1q binding capability have been described (see, e.g., US
Pat. No. 6,194,551; WO 1999/51642; Idusogie et al., 2000, J. Immunol. 164: 4178-84).

Antibodies with little or no CDC activity may be selected for use.
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[0205] A PD-1 polypeptide “extracellular domain” or “ECD” refers to a form of the

PD-1 polypeptide that is 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.

[0206] The term “identity” refers to a relationship between the sequences of two or more
polypeptide molecules or two or more nucleic acid molecules, as determined by aligning and
comparing the sequences. “Percent (%) amino acid sequence identity” with respect to a
reference polypeptide sequence is defined as the percentage of amino acid residues in a candidate
sequence that are identical with the amino acid residues in the reference polypeptide sequence,
after aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent
sequence identity, and not considering any conservative substitutions as part of the sequence
identity. Alignment for purposes of determining percent amino acid sequence identity can be
achieved in various ways that are within the skill in the art, for instance, using publicly available
computer software such as BLAST, BLAST-2, ALIGN, or MEGALIGN (DNAStar, Inc.)
software. Those skilled in the art can determine appropriate parameters for aligning sequences,
including any algorithms needed to achieve maximal alignment over the full length of the
sequences being compared.

[0207] A “modification” of an amino acid residue/position refers to a change of a primary
amino acid sequence as compared to a starting amino acid sequence, wherein the change results
from a sequence alteration involving said amino acid residue/position. For example, typical
modifications include substitution of the residue with another amino acid (e.g., a conservative or
non-conservative substitution), insertion of one or more (e.g., generally fewer than 5, 4, or 3)
amino acids adjacent to said residue/position, and/or deletion of said residue/position.

[0208] An “epitope” is 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, a PD-1 polypeptide fragment, that is 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 is capable of eliciting an immune response. An epitope
having immunogenic activity is a portion of a polypeptide that elicits an antibody response in an
animal. An epitope having antigenic activity is a portion of a polypeptide to which an antibody

binds as determined by any method well known in the art, including, for example, by an

50



WO 2018/053405 PCT/US2017/052021

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 in a protein. Conformational
epitopes are formed of amino acids that are discontinuous in the protein sequence, but which are
brought together upon folding of the protein into its three-dimensional structure. Induced
epitopes are formed when the three dimensional structure of the protein is in an altered
conformation, such as following activation or binding of another protein or ligand. In certain
embodiments, a PD-1 epitope is a three-dimensional surface feature of a PD-1 polypeptide. In
other embodiments, a PD-1 epitope is linear feature of a PD-1 polypeptide. Generally an antigen
has several or many different epitopes and may react with many different antibodies.

[0209] An antibody binds “an epitope,” “essentially the same epitope,” or “the same epitope”
as a reference antibody, when the two antibodies recognize identical, overlapping, or adjacent
epitopes in a three-dimensional space. The most widely used and rapid methods for determining
whether two antibodies bind to identical, 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 is 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 is measured using radioactive,
fluorescent, or enzyme labels.

[0210] “Epitope mapping” is the process of identifying the binding sites, or epitopes, of
antibodies on their target antigens. “Epitope binning” is 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.

[0211] A “PD-1-mediated disease,” “PD-1-mediated disorder,” and “PD-1-mediated
condition” are used interchangeably and refer to any disease, disorder, or condition that is

completely or partially caused by or is the result of PD-1 signaling and/or alternatively any
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disease, disorder, or condition in which it is desirable to mimic or augment PD-1 signaling (e.g.,
in vitro or in vivo effects).

[0212] An “effective amount” is generally an amount sufficient to reduce the severity and/or
frequency of symptoms, eliminate the symptoms and/or underlying cause, prevent the occurrence
of symptoms and/or their underlying cause, and/or improve or remediate the damage that results
from or is associated with a disease, disorder, or condition, including, for example, rheumatoid
arthritis, psoriasis, Crohn’s disease, multiple sclerosis, atopic dermatitis, lupus, or Sjogren’s
syndrome. In some embodiments, the effective amount is a therapeutically effective amount or a
prophylactically effective amount.

[0213] The term “therapeutically effective amount” as used herein refers to the amount of an
agent (e.g., an antibody provided herein or any other agent described herein) that is sufficient to
reduce and/or ameliorate the severity and/or duration of a given disease, disorder, or condition,
and/or a symptom related thereto (e.g., rheumatoid arthritis, psoriasis, Crohn’s disease, multiple
sclerosis, atopic dermatitis, lupus, or Sjogren’s syndrome). A “therapeutically effective amount”
of a substance/molecule/agent of the present disclosure (e.g., an anti-PD-1 antibody) may vary
according to factors such as the disease state, age, sex, and weight of the individual, and the
ability of the substance/molecule/agent to elicit a desired response in the individual. A
therapeutically effective amount encompasses an amount in which any toxic or detrimental
effects of the substance/molecule/agent are outweighed by the therapeutically beneficial effects.
In certain embodiments, the term “therapeutically effective amount” refers to an amount of an
antibody or other agent (e.g., drug) effective to “treat” a disease, disorder, or condition, in a
subject or mammal.

[0214] A “prophylactically effective amount” is an amount of a pharmaceutical composition
that, when administered to a subject, will have the intended prophylactic effect, e.g., preventing,
delaying, or reducing the likelihood of the onset (or reoccurrence) of a disease, disorder,
condition, or associated symptom(s) (e.g., rheumatoid arthritis, psoriasis, Crohn’s disease,
multiple sclerosis, lupus, or Sjogren’s syndrome). Typically, but not necessarily, since a
prophylactic dose is used in subjects prior to or at an earlier stage of a disease, disorder, or
condition, a prophylactically effective amount may be less than a therapeutically effective

amount. The full therapeutic or prophylactic effect does not necessarily occur by administration
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of one dose, and may occur only after administration of a series of doses. Thus, a therapeutically
or prophylactically effective amount may be administered in one or more administrations.

[0215] “Chronic” administration refers to administration of the agent(s) in a continuous
mode (e.g., for a period of time such as days, weeks, months, or years) as opposed to an acute
mode, so as to maintain the initial therapeutic effect (activity) for an extended period of time.
“Intermittent” administration is treatment that is not consecutively done without interruption, but
rather is cyclic in nature.

[0216] “Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers that are nontoxic to the cell or mammal being exposed thereto at the dosages and
concentrations employed. Often the physiologically acceptable carrier is an aqueous pH
buffered solution. Examples of physiologically acceptable carriers include buffers, such as
phosphate, citrate, and other organic acids; antioxidants, including ascorbic acid; low molecular
weight (e.g., fewer than about 10 amino acid residues) polypeptide; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers, such as polyvinylpyrrolidone;
amino acids, such as glycine, glutamine, asparagine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates, including glucose, mannose, or dextrins; chelating
agents, such as EDTA; sugar alcohols, such as mannitol or sorbitol; salt-forming counterions,
such as sodium; and/or nonionic surfactants, such as TWEEN™, polyethylene glycol (PEG), and
PLURONICS™, The term “carrier” can also refer to a diluent, adjuvant (e.g., Freund’s adjuvant
(complete or incomplete)), excipient, or vehicle. Such carriers, including pharmaceutical
carriers, can be sterile liquids, such as water and oils, including those of petroleum, animal,
vegetable, or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil, and the
like. Water is an exemplary carrier when a composition (e.g., a pharmaceutical composition) is
administered intravenously. Saline solutions and aqueous dextrose and glycerol solutions can
also be employed as liquid carriers, particularly for injectable solutions. Suitable excipients
(e.g., pharmaceutical excipients) include starch, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim
milk, glycerol, propylene, glycol, water, ethanol, and the like. The composition, if desired, can
also contain minor amounts of wetting or emulsifying agents, or pH buffering agents.
Compositions can take the form of solutions, suspensions, emulsion, tablets, pills, capsules,

powders, sustained-release formulations, and the like. Oral compositions, including
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formulations, can include standard carriers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, efc. Examples
of suitable pharmaceutical carriers are described in Remington and Gennaro, Remington’s

Pharmaceutical Sciences (18th ed. 1990). Compositions, including pharmaceutical compounds,

may contain an anti-PD-1 antibody, for example, in isolated or purified form, together with a
suitable amount of carriers.

[0217] The term “pharmaceutically acceptable” as used herein means being approved by a

regulatory agency of the Federal or a state government, or listed in United States Pharmacopeia,

European Pharmacopeia, or other generally recognized Pharmacopeia for use in animals, and

more particularly in humans.
[0218] “Polyclonal antibodies” as used herein refer to an antibody population generated in 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 in the art (See, e.g., Short Protocols in Molecular Biology
(Ausubel ez al. eds., 5th ed. 2002)).

[0219] An “isolated nucleic acid” is a nucleic acid, for example, an RNA, DNA, or a mixed
nucleic acids, which is substantially separated from other genome DNA sequences as well as
proteins or complexes such as ribosomes and polymerases, which naturally accompany a native
sequence. An “isolated” nucleic acid molecule is one which is separated from other nucleic acid
molecules which are present in the natural source of the nucleic acid molecule. Moreover, an
“isolated” nucleic acid molecule, such as a cDNA molecule, can be substantially free of other
cellular material, or culture medium when produced by recombinant techniques, or substantially
free of chemical precursors or other chemicals when chemically synthesized. In a specific
embodiment, one or more nucleic acid molecules encoding an antibody as described herein are
isolated or purified. The term embraces nucleic acid sequences that have been removed from
their naturally occurring environment, and includes recombinant or cloned DNA isolates and
chemically synthesized analogues or analogues biologically synthesized by heterologous
systems. A substantially pure molecule may include isolated forms of the molecule.

[0220] “Polynucleotide” or “nucleic acid,” as used interchangeably herein, refers to polymers
of nucleotides of any length and includes DNA and RNA. The nucleotides can be

deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or

54



WO 2018/053405 PCT/US2017/052021

any substrate that can be incorporated into a polymer by DNA or RNA polymerase or by a
synthetic reaction. A polynucleotide may comprise modified nucleotides, such as methylated
nucleotides and their analogs. “Oligonucleotide,” as used herein, refers to short, generally
single-stranded, synthetic polynucleotides that are generally, but not necessarily, fewer than
about 200 nucleotides in length. The terms “oligonucleotide” and “polynucleotide” are not
mutually exclusive. The description above for polynucleotides is equally and fully applicable to
oligonucleotides. A cell that produces an anti-PD-1 antibody of the present disclosure may
include a parent hybridoma cell, as well as bacterial and eukaryotic host cells into which nucleic
acids encoding the antibodies have been introduced. Suitable host cells are disclosed below.
[0221] Unless specified otherwise, the left-hand end of any single-stranded polynucleotide
sequence disclosed herein is the 5° end; the left-hand direction of double-stranded polynucleotide
sequences is referred to as the 5° direction. The direction of 5° to 3” addition of nascent RNA
transcripts is referred to as the transcription direction; sequence regions on the DNA strand
having the same sequence as the RNA transcript that are 5’ to the 5’ end of the RNA transcript
are referred to as “upstream sequences”; sequence regions on the DNA strand having the same
sequence as the RNA transcript that are 3’ to the 3’ end of the RNA transcript are referred to as
“downstream sequences.”

[0222] The terms “prevent,” “preventing,” and “prevention” refer to reducing the likelihood
of the onset (or recurrence) of a disease, disorder, condition, or associated symptom(s) (e.g.,
rheumatoid arthritis, psoriasis, Crohn’s disease, multiple sclerosis, lupus, or Sjogren’s
syndrome).

[0223] The term “prophylactic agent” refers to any agent that can totally or partially inhibit
the development, recurrence, onset, or spread of a PD-1-mediated disease and/or symptom
related thereto in a subject. In certain embodiments, the term “prophylactic agent” refers to an
anti-PD-1 antibody as described herein.

[0224] As used herein, a “prophylactically effective serum titer” is the serum titer of a PD-1
antibody, e.g., a PD-1 antibody as described herein, in a subject (e.g., a human), that totally or
partially inhibits the development, recurrence, onset, or spread of a PD-1-mediated disease,
disorder, or condition, and/or symptom related thereto in the subject.

[0225] In certain embodiments, a “therapeutically effective serum titer” is the serum titer of a

PD-1 antibody, e.g., a PD-1 antibody as described herein, in a subject (e.g., a human), that
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reduces the severity, the duration, and/or the symptoms associated with a PD-1-mediated disease,
disorder, or condition, in the subject.

[0226] The term “recombinant antibody” refers to an antibody that is prepared, expressed,
created, or isolated by recombinant means. Recombinant antibodies can be antibodies expressed
using a recombinant expression vector transfected into a host cell, antibodies isolated from a
recombinant, combinatorial antibody library, antibodies isolated from an animal (e.g., a mouse or
cow) that is transgenic and/or transchromosomal for human immunoglobulin genes (see, e.g.,
Taylor et al., 1992, Nucl. Acids Res. 20:6287-95), or antibodies prepared, expressed, created, or
isolated by any other means that involves splicing of immunoglobulin gene sequences to other
DNA sequences. Such recombinant antibodies can have variable and constant regions, including
those derived from human germline immunoglobulin sequences (See Kabat ez al., supra). In
certain embodiments, however, such recombinant antibodies may be subjected to in vitro
mutagenesis (or, when an animal transgenic for human Ig sequences is used, in vivo somatic
mutagenesis), thus the amino acid sequences of the VH and VL regions of the recombinant
antibodies are sequences that, while derived from and related to human germline VH and VL
sequences, may not naturally exist within the human antibody germline repertoire in vivo.

[0227] The term “serum titer” refers to an average serum titer in a subject from multiple
samples (e.g., at multiple time points) or in a population of at least 10, at least 20, at least 40
subjects, up to about 100, 1000, or more.

[0228] The term “side effects” encompasses unwanted and/or adverse effects of a therapy
(e.g., a prophylactic or therapeutic agent). Unwanted effects are not necessarily adverse. An
adverse effect from a therapy (e.g., a prophylactic or therapeutic agent) might be harmful,
uncomfortable, or risky. Examples of side effects include, diarrhea, cough, gastroenteritis,
wheezing, nausea, vomiting, anorexia, abdominal cramping, fever, pain, loss of body weight,
dehydration, alopecia, dyspenea, insomnia, dizziness, mucositis, nerve and muscle effects,
fatigue, dry mouth, loss of appetite, rashes or swellings at the site of administration, flu-like
symptoms such as fever, chills, and fatigue, digestive tract problems, and allergic reactions.
Additional undesired effects experienced by patients are numerous and known in the art. Many

are described in Physician’s Desk Reference (68th ed. 2014).

[0229] The terms “subject” and “patient” may be used interchangeably. As used herein, in

certain embodiments, a subject is a mammal, such as a non-primate (e.g., cow, pig, horse, cat,
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dog, rat, etc.) or a primate (e.g., monkey and human). In specific embodiments, the subject is a
human. In one embodiment, the subject is a mammal (e.g., a human) having a PD-1-mediated
disease, disorder, or condition. In another embodiment, the subject is a mammal (e.g., a human)
at risk of developing a PD-1-mediated disease, disorder, or condition.

[0230] “Substantially all” refers to at least about 60%, at least about 65%, at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
95%, at least about 98%, at least about 99%, or about 100%.

[0231] The term “therapeutic agent” refers to any agent that can be used in treating,
preventing, or alleviating a disease, disorder, or condition, including in the treatment, prevention,
or alleviation of one or more symptoms of a PD-1-mediated disease, disorder, or condition
and/or a symptom related thereto. In certain embodiments, a therapeutic agent refers to an anti-
PD-1 antibody as described herein.

[0232] The term “therapy” refers to any protocol, method, and/or agent that can be used in
the prevention, management, treatment, and/or amelioration of a PD-1-mediated disease,
disorder, or condition. In certain embodiments, the terms “therapies” and “therapy” refer to a
biological therapy, supportive therapy, and/or other therapies useful in the prevention,
management, treatment, and/or amelioration of a PD-1-mediated disease, disorder, or condition,
known to one of skill in the art such as medical personnel.

[0233] The term “detectable probe” refers to a composition that provides a detectable signal.
The term includes, without limitation, any fluorophore, chromophore, radiolabel, enzyme,
antibody or antibody fragment, and the like, that provide a detectable signal via its activity.
[0234] The term “detectable agent” refers to a substance that can be used to ascertain the
existence or presence of a desired molecule, such as an anti-PD-1 antibody as described herein,
in a sample or subject. A detectable agent can be a substance that is capable of being visualized
or a substance that is otherwise able to be determined and/or measured (e.g., by quantitation).
[0235] The term “diagnostic agent” refers to a substance administered to a subject that aids
in the diagnosis of a disease, disorder, or condition. Such substances can be used to reveal,
pinpoint, and/or define the localization of a disease causing process. In certain embodiments, a
diagnostic agent includes a substance that is conjugated to an anti-PD-1 antibody as described
herein, that when administered to a subject or contacted with a sample from a subject aids in the

diagnosis of a PD-1-mediated disease.
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[0236] The term “encoding nucleic acid” or grammatical equivalents thereof as it is used in
reference to nucleic acid molecule refers to a nucleic acid molecule in its native state or when
manipulated by methods well known to those skilled in the art that can be transcribed to produce
mRNA, which is then translated into a polypeptide and/or a fragment thereof. The antisense
strand is the complement of such a nucleic acid molecule, and the encoding sequence can be
deduced therefrom.

[0237] The term “excipient” refers to an inert substance which is commonly used as a
diluent, vehicle, preservative, binder, or stabilizing agent, and includes, but is not limited to,
proteins (e.g., serum albumin, efc.), amino acids (e.g., aspartic acid, glutamic acid, lysine,
arginine, glycine, histidine, efc.), fatty acids and phospholipids (e.g., alkyl sulfonates, caprylate,
etc.), surfactants (e.g., SDS, polysorbate, nonionic surfactant, etc.), saccharides (e.g., sucrose,
maltose, trehalose, efc.), and polyols (e.g., mannitol, sorbitol, efc.). See, also, Remington and

Gennaro, Remington’s Pharmaceutical Sciences (18th ed. 1990), which is hereby incorporated

by reference in its entirety.

[0238] 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
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
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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.

I <«

[0239] The terms “manage,” “managing,” and “management” refer to the beneficial effects
that a subject derives from a therapy (e.g., a prophylactic or therapeutic agent), which does not
result in a cure of the disease. In certain embodiments, a subject is administered one or more
therapies (e.g., prophylactic or therapeutic agents, such as an antibody provided herein) to
“manage” a PD-1-mediated disease, one or more symptoms thereof, so as to prevent the
progression or worsening of the disease.

[0240] The terms “about” and “approximately” mean within 20%, within 15%, within 10%,
within 9%, within 8%, within 7%, within 6%, within 5%, within 4%, within 3%, within 2%,
within 1%, or less of a given value or range.

[0241] “Administer” or “administration” refers to the act of injecting or otherwise
physically delivering a substance as it exists outside the body (e.g., an anti-PD-1 antibody as
described herein) into a patient, such as by mucosal, intradermal, intravenous, intramuscular
delivery, and/or any other method of physical delivery described herein or known in the art.
When a disease, disorder, condition, or a symptom thereof, is being treated, administration of the
substance typically occurs after the onset of the disease, disorder, condition, or symptoms
thereof. When a disease, disorder, condition, or symptoms thereof, are being prevented,
administration of the substance typically occurs before the onset of the disease, disorder,
condition, or symptoms thereof.

[0242] In the context of a polypeptide, the term “analog” as used herein refers to a
polypeptide that possesses a similar or identical function as a PD-1 polypeptide, a fragment of a
PD-1 polypeptide, or an anti-PD-1 antibody but does not necessarily comprise a similar or
identical amino acid sequence of a PD-1 polypeptide, a fragment of a PD-1 polypeptide, or an
anti-PD-1 antibody, or possess a similar or identical structure of a PD-1 polypeptide, a fragment
of a PD-1 polypeptide, or an anti-PD-1 antibody. A polypeptide that has a similar amino acid
sequence refers to a polypeptide that satisfies at least one of the followings: (a) a polypeptide
having an amino acid sequence that is at least 30%, at least 35%, at least 40%, at least 45%, at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at

least 85%, at least 90%, at least 95%, or at least 99% identical to the amino acid sequence of a
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PD-1 polypeptide, a fragment of a PD-1 polypeptide, or an anti-PD-1 antibody provided herein,;
(b) a polypeptide encoded by a nucleotide sequence that hybridizes under stringent conditions to
a nucleotide sequence encoding a PD-1 polypeptide, a fragment of a PD-1 polypeptide, or an
anti-PD-1 antibody (or VH or VL region thereof) described herein at least 5 amino acid residues,
at least 10 amino acid residues, at least 15 amino acid residues, at least 20 amino acid residues, at
least 25 amino acid residues, at least 30 amino acid residues, at least 40 amino acid residues, at
least 50 amino acid residues, at least 60 amino residues, at least 70 amino acid residues, at least
80 amino acid residues, at least 90 amino acid residues, at least 100 amino acid residues, at least
125 amino acid residues, or at least 150 amino acid residues (see, e.g., Sambrook et al.,

Molecular Cloning: A Laboratory Manual (2001); and Maniatis et al., Molecular Cloning: A

Laboratory Manual (1982)); or (c¢) a polypeptide encoded by a nucleotide sequence that is at least

30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least
99% identical to the nucleotide sequence encoding a PD-1 polypeptide, a fragment of a PD-1
polypeptide, or an anti-PD-1 antibody (or VH or VL region thereof) described herein. A
polypeptide with similar structure to a PD-1 polypeptide, a fragment of a PD-1 polypeptide, or
an anti-PD-1 antibody provided herein refers to a polypeptide that has a similar secondary,
tertiary, or quaternary structure of a PD-1 polypeptide, a fragment of a PD-1 polypeptide, or an
anti-PD-1 antibody provided herein. The structure of a polypeptide can be determined by
methods known to those skilled in the art, including but not limited to, X-ray crystallography,
nuclear magnetic resonance, and crystallographic electron microscopy.

[0243] In the context of a polypeptide, the term “derivative” as used herein refers to a
polypeptide that comprises an amino acid sequence of a PD-1 polypeptide, a fragment of a PD-1
polypeptide, or an antibody that binds to a PD-1 polypeptide which has been altered by the
introduction of amino acid residue substitutions, deletions, or additions. The term “derivative”
as used herein also refers to a PD-1 polypeptide, a fragment of a PD-1 polypeptide, or an
antibody that binds to a PD-1 polypeptide which has been chemically modified, e.g., by the
covalent attachment of any type of molecule to the polypeptide. For example, but not by way of
limitation, a PD-1 polypeptide, a fragment of a PD-1 polypeptide, or an anti-PD-1 antibody may
be chemically modified, e.g., by glycosylation, acetylation, pegylation, phosphorylation,

amidation, derivatization by known protecting/blocking groups, proteolytic cleavage, chemical
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cleavage, formulation, metabolic synthesis of tunicamycin, linkage to a cellular ligand or other
protein, efc. The derivatives are modified in a manner that is different from naturally occurring
or starting peptide or polypeptides, either in the type or location of the molecules attached.
Derivatives further include deletion of one or more chemical groups which are naturally present
on the peptide or polypeptide. Further, a derivative of a PD-1 polypeptide, a fragment of a PD-1
polypeptide, or an anti-PD-1 antibody may contain one or more non-classical amino acids. A
polypeptide derivative possesses a similar or identical function as a PD-1 polypeptide, a
fragment of a PD-1 polypeptide, or an anti-PD-1 antibody provided herein.

[0244] The term “composition” is intended to encompass a product containing the specified
ingredients (e.g., an antibody provided herein) in, optionally, the specified amounts.

4.3 Compositions and Methods of Making the Same

[0245] Provided herein are methods of managing, preventing, or treating an immune disorder
in a subject, comprising administering to a subject a therapeutically effective amount of an
antibody that binds to a PD-1 polypeptide, a PD-1 polypeptide fragment, a PD-1 peptide, or a
PD-1 epitope.

[0246] In certain embodiments of the methods, the antibodies provided herein bind to human
and/or cyno PD-1. In one embodiment, the PD-1 antibodies bind to human PD-1. In one
embodiment, the PD-1 antibodies bind to cyno PD-1. In one embodiment, the PD-1 antibodies
bind to both human PD-1 and cyno PD-1. In other embodiments, the antibodies provided herein
do not bind to rodent PD-1.

[0247] In some embodiments of the methods, the anti-PD-1 antibodies bind to the
extracellular domain (ECD) of PD-1. In certain embodiments, the anti-PD-1 antibodies bind to
an epitope in the ECD of PD-1, which is distinct from the PD-L1 binding site. In certain
embodiments, the anti-PD-1 antibodies bind to an epitope in the ECD of PD-1, which is distinct
from the PD-L2 biding site. In certain embodiments, the anti-PD-1 antibodies bind to an epitope
in the ECD of PD-1, which is distinct from both the PD-L1 and PD-L2-binding site.

[0248] In still other embodiments of the methods, the antibodies competitively block an anti-
PD-1 antibody provided herein from binding to a PD-1 polypeptide.

[0249] In another embodiment of the methods, the antibodies compete for binding to a PD-1

polypeptide with an anti-PD-1 antibody provided herein.
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[0250] In some embodiments, the anti-PD-1 antibodies do not block the binding of PD-L1 to
a PD-1 polypeptide. In some embodiments, the anti-PD-1 antibodies do not block the binding of
PD-L2 to a PD-1 polypeptide. In some embodiments, the anti-PD-1 antibodies do not block the
binding of PD-L1 or PD-L2 to a PD-1 polypeptide.

[0251] In some embodiments, the anti-PD-1 antibodies do not compete with PD-L1 for
binding to a PD-1 polypeptide. In some embodiments, the anti-PD-1 antibodies do not compete
with PD-L2 for binding to a PD-1 polypeptide. In some embodiments, the anti-PD-1 antibodies
do not compete with PD-L1 or PD-L2 for binding to a PD-1 polypeptide.

[0252] In certain embodiments, binding of PD-L1 to PD-1 is not inhibited by the antibody.
In other embodiments, binding of PD-L2 to PD-1 is not inhibited by the antibody. In specific
embodiments, neither binding of PD-L1 to PD-1 nor binding of PD-L2 to PD-1 is inhibited by
the antibody.

[0253] The anti-PD-1 antibodies provided herein can also be conjugated or recombinantly
fused, e.g., to a diagnostic agent or detectable agent. Further provided are compositions
comprising an anti-PD-1 antibody.

4.3.1 Anti-PD-1 antibodies

[0254] In one embodiment, the present disclosure provides anti-PD-1 antibodies that may
find use herein as therapeutic agents. In another embodiment, the present disclosure provides
anti-PD-1 antibodies that may find use herein as diagnostic agents. Exemplary antibodies
include polyclonal, monoclonal, humanized, human, bispecific, and heteroconjugate antibodies,
as well as variants thereof having improved affinity or other properties.

[0255] In some embodiments, provided herein are antibodies that bind to PD-1, including a
PD-1 polypeptide, a PD-1 polypeptide fragment, a PD-1 peptide, or a PD-1 epitope. In certain
embodiments, the antibodies provided herein bind to human and/or cyno PD-1. In other
embodiments, the antibodies provided herein do not bind to rodent PD-1 (e.g., a mouse PD-1).

In one embodiment, an antibody provided herein binds to human PD-1. In another embodiment,
an antibody provided herein binds to cyno PD-1. In another embodiment, an antibody provided
herein binds to human PD-1 and cyno PD-1. In some embodiments, an antibody provided herein
binds to human PD-1 and does not bind to a rodent PD-1 (e.g., a mouse PD-1). In some
embodiments, an antibody provided herein binds to cyno PD-1 and does not bind to a rodent PD-

1 (e.g., a mouse PD-1). In some embodiments, an antibody provided herein binds to human PD-
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1, binds to a cyno PD-1, and does not bind to a rodent PD-1 (e.g., a mouse PD-1). In some
embodiments, the anti-PD-1 antibodies do not block the binding of PD-L1 to a PD-1
polypeptide. In some embodiments, the anti-PD-1 antibodies do not block the binding of PD-L.2
to a PD-1 polypeptide. In some embodiments, the anti-PD-1 antibodies do not block the binding
of PD-L1 or PD-L2 to a PD-1 polypeptide. In other embodiments, the anti-PD-1 antibodies are
humanized antibodies (e.g., comprising human constant regions) that bind PD-1, including a PD-
1 polypeptide, a PD-1 polypeptide fragment, a PD-1 peptide, or a PD-1 epitope.
[0256] In certain embodiments, the anti-PD-1 antibody comprises a VH CDR1, VH CDR2,
VH CDR3, VL CDR1, VL CDR2, and/or VL. CDR3 of any one of the murine monoclonal
antibodies provided herein. In some embodiments, the VH CDR1, VH CDR2, VH CDR3, VL
CDR1, VL CDR2, and/or VL CDR3 is as defined by the IMGT numbering system. In other
embodiments, the VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL CDR3 is
as defined by the Kabat numbering system. In certain embodiments, the VH CDR1, VH CDR2,
VH CDR3, VL CDR1, VL CDR2, and/or VL CDR3 is as defined by the AbM numbering
system. In other embodiments, the VH CDR1, VH CDR2, VH CDR3, VL CDRI1, VL CDR2,
and/or VL CDR3 is as defined by the Chothia system. In yet other embodiments, the VH CDR1,
VH CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL CDR3 is as defined by the Contact
numbering system. Accordingly, in some embodiments, the isolated antibody or functional
fragment thereof provided herein comprises one, two, and/or three heavy chain CDRs and/or
one, two, and/or three light chain CDRs from: (a) the antibody PD1AB-1, (b) the antibody
PD1AB-2, (c) the antibody PD1AB-3, (d) the antibody PD1AB-4, (e) the antibody PD1AB-5, or
(f) the antibody PD1AB-6, as shown in Tables 1-2.

Table 1. VL CDR Amino Acid Sequences

Antibody VL CDR1 (SEQID NO:) VL CDR2 (SEQID NO:) VL CDR3 (SEQ ID NO:)
PDIAB-1 KSGQSVLYSSNQKNFLA WASTRES HQYLYSWT

(SEQ ID NO:1) (SEQ ID NO:2) (SEQ ID NO:3)
PDIAB-2 KSSQSVLYSSNNKNYLA WASTRES HQYLYSWT

(SEQ ID NO:7) (SEQ ID NO:2) (SEQ ID NO:3)
PDIAB-3 KSGQSVLYSSNQKNFLA WASTRES HQYLYSWT

(SEQ ID NO:1) (SEQ ID NO:2) (SEQ ID NO:3)
PD1AB-4 KSSQSVLYSSNNKNYLA WASTRES HQYLYSWT

(SEQ ID NO:7) (SEQ ID NO:2) (SEQ ID NO:3)
PDIAB-5 KSSQSVLYSSNNKNYLA WASTRES HQYLYSWT

(SEQ ID NO:7) SEQ ID NO:2) (SEQ ID NO:3)
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PDIAB-6 | KSGQSVLYSSNQKNFLA WASTRES HQYLYSWT
(SEQ ID NO:1) (SEQ ID NO:2) (SEQ ID NO:3)
Table 2. VH CDR Amino Acid Sequences
Antibody VH CDRI1 (SEQ ID NO:) VH CDR2 (SEQ ID NO:) VH CDR3 (SEQ ID NO:)
PD1AB-1 | GENIKDTYMH RIDPANGDRK SGPVYYYGSSYVMDY
(SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)
PDIAB-2 | GENIKDTYMH RIDPANGDRK SGPVYYYGSSYVMDY
(SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)
PDIAB-3 | GENIKDTYMH RIDPANGDRK SGPVYYYGSSYVMDY
(SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)
PD1AB-4 | GENIKDTYMH RIDPANGDRK SGPVYYYGSSYVMDY
(SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)
PDIAB-5 | GENIKDTYMH RIDPANGDRK SGPVYYYGSSYVMDY
(SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)
PD1AB-6 | GENIKDTYMH RIDPANGDRK SGPVYYYGSSYVMDY
(SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)

[0257] In some embodiments, an antibody provided herein comprises or consists of six
CDRs, for example, VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL. CDR3
identified in Tables 1-2. In some embodiments, an antibody provided herein can comprise fewer
than six CDRs. In some embodiments, the antibody comprises or consists of one, two, three,
four, or five CDRs selected from the group consisting of VH CDR1, VH CDR2, VH CDR3, VL
CDRI1, VL CDR2, and/or VL CDR3 identified in Tables 1-2. In some embodiments, the
antibody comprises or consists of one, two, three, four, or five CDRs selected from the group
consisting of VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL CDR3 of the
monoclonal antibody selected from the group consisting of: (a) the antibody PD1AB-1, (b) the
antibody PD1AB-2, (¢) the antibody PD1AB-3, (d) the antibody PD1AB-4, (e) the antibody
PD1AB-5, and (f) the antibody PD1AB-6, described herein. Accordingly, in some
embodiments, the antibody comprises or consists of one, two, three, four, or five CDRs of
anyone of the VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL CDR2, and/or VL CDR3
identified in Tables 1-2.

[0258] In some embodiments, the antibodies provided herein comprise one or more (e.g.,
one, two, or three) VH CDRs listed in Table 2. In other embodiments, the antibodies provided
herein comprise one or more (e.g., one, two, or three) VL CDRs listed in Table 1. In yet other

embodiments, the antibodies provided herein comprise one or more (e.g., one, two, or three) VH
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CDRs listed in Table 2 and one or more VL CDRs listed in Table 1. Accordingly, in some
embodiments, the antibodies comprise a VH CDR1 having an amino acid sequence of SEQ ID
NO:4. In some embodiments, the antibodies comprise a VH CDR2 having an amino acid
sequence of SEQ ID NO:5. In some embodiments, the antibodies comprise a VH CDR3 having
an amino acid sequence of SEQ ID NO:6. In some embodiments, the antibodies comprise a VH
CDRI1 and/or a VH CDR2 and/or a VH CDR3 independently selected from any one of the VH
CDRI1, VH CDR2, VH CDR3 amino acid sequence(s) as depicted in Table 2. In some
embodiments, the antibodies comprise a VL CDR1 having an amino acid sequence of any one of
SEQ ID NOS:1 and 7. In another embodiment, the antibodies comprise a VL CDR2 having an
amino acid sequence of SEQ ID NO:2. In some embodiments, the antibodies comprise a VL
CDR3 having an amino acid sequence of SEQ ID NO:3. In some embodiments, the antibodies
comprise a VL CDR1 and/or a VL CDR2 and/or a VL CDR3 independently selected from any
one of the VL CDR1, VL CDR2, VL CDR3 amino acid sequences as depicted in Table 1.
[0259] In certain embodiments, the antibodies provided herein comprise a VH region
comprising: (1) a VH CDRI1 having an amino acid sequence of SEQ ID NO:4; (2) a VH CDR2
having an amino acid sequence of SEQ ID NO:5; and (3) a VH CDR3 having an amino acid
sequence of SEQ ID NO:6; and a VL region comprising: (1) a VL CDR1 having an amino acid
sequence of SEQ ID NO:1; (2) a VL CDR2 having an amino acid sequence of SEQ ID NO:2;
and (3) a VL CDR3 having an amino acid sequence of SEQ ID NO:3.

[0260] In certain embodiments, the antibodies provided herein comprise a VH region
comprising: (1) a VH CDRI1 having an amino acid sequence of SEQ ID NO:4; (2) a VH CDR2
having an amino acid sequence of SEQ ID NO:5; and (3) a VH CDR3 having an amino acid
sequence of SEQ ID NO:6; and a VL region comprising: (1) a VL CDR1 having an amino acid
of SEQ ID NOS:7; (2) a VL CDR2 having an amino acid sequence of SEQ ID NO:2; and (3) a
VL CDR3 having an amino acid sequence of SEQ ID NO:3.

[0261] In some embodiments, the antibodies provided herein comprise a VH region
comprising: (1) a VH CDRI1 having an amino acid sequence of SEQ ID NO:4; (2) a VH CDR2
having an amino acid sequence of SEQ ID NO:5; and (3) a VH CDR3 having an amino acid
sequence of SEQ ID NO:6.

[0262] In other embodiments, the antibodies provided herein comprise a VL region

comprising: (1) a VL CDR1 having an amino acid sequence of SEQ ID NO:1; (2) a VL CDR2
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having an amino acid sequence of SEQ ID NO:2; and (3) a VL CDR3 having an amino acid
sequence of SEQ ID NO:3.

[0263] In some embodiments, the antibodies provided herein comprise a VL region
comprising: (1) a VL CDR1 having an amino acid sequence of SEQ ID NOS: 7; (2) a VL CDR2
having an amino acid sequence of SEQ ID NO:2; and (3) a VL CDR3 having an amino acid
sequence of SEQ ID NO:3.

[0264] Also described herein are antibodies comprising one or more (e.g., one, two, or three)
VH CDRs and one or more (e.g., one, two, or three) VL. CDRs listed in Tables 1-2. In
particular, provided herein is an antibody comprising a VH CDR1 (SEQ ID NO:4) and a VL
CDRI1 (SEQ ID NOS:1 or 7). In one embodiment, the antibody comprises a VH CDR1 (SEQ ID
NO:4) and a VL CDR2 (SEQ ID NO:2). In other embodiments, the antibody comprises a VH
CDRI1 (SEQ ID NO:4) and a VL CDR3 (SEQ ID NO:3). In another embodiment, the antibody
comprises a VH CDR2 (SEQ ID NO:5) and a VL CDR1 (SEQ ID NOS:1 or 7). In some
embodiments, the antibody comprises a VH CDR2 (SEQ ID NO:5) and a VL CDR2 (SEQ ID
NO:2). In one embodiment, the antibody comprises a VH CDR2 (SEQ ID NO:5) and a VL
CDR3 (SEQ ID NO:3). In another embodiment, the antibody comprises a VH CDR3 (SEQ ID
NO:6) and a VL CDR1 (SEQ ID NOS:1 or 7). In other embodiments, the antibody comprises a
VH CDR3 (SEQ ID NO:6) and a VL CDR2 (SEQ ID NO:2). In some embodiments, the
antibody comprises a VH CDR3 (SEQ ID NO:6) and a VL CDR3 (SEQ ID NO:3). In another
embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ ID NO:5),
and a VL CDR1 (SEQ ID NOS:1 or 7). In one embodiment, the antibody comprises a VH CDR1
(SEQ ID NO:4), a VH CDR2 (SEQ ID NO:5), and a VL CDR2 (SEQ ID NO:2). In other
embodiments, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ ID
NO:5), and a VL CDR3 (SEQ ID NOS:3). In another embodiment, the antibody comprises a VH
CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), and a VL CDR1 (SEQ ID NOS:1 or 7). In
some embodiments, the antibody comprises a VH CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID
NO:6), and a VL CDR2 (SEQ ID NO:2). In one embodiment, the antibody comprises a VH
CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), and 2 VL CDR3 (SEQ ID NO:3). In
another embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR3 (SEQ
ID NO:6), and a VL CDR1 (SEQ ID NOS:1 or 7). In other embodiments, the antibody
comprises a VH CDRI1 (SEQ ID NO:4), a VH CDR3 (SEQ ID NO:6), and a VL CDR2 (SEQ ID
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NO:2). In some embodiments, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH
CDR3 (SEQ ID NO:6), and a VL CDR3 (SEQ ID NO:3). In another embodiment, the antibody
comprises a VH CDR1 (SEQ ID NO:4), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR2
(SEQ ID NO:2). In one embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VL
CDRI1 (SEQ ID NOS:1 or 7), and a VL CDR3 (SEQ ID NO:3). In other embodiments, the
antibody comprises a VH CDR1 (SEQ ID NO:4), a VL CDR2 (SEQ ID NO:2), and a VL CDR3
(SEQ ID NO:3). In another embodiment, the antibody comprises a VH CDR2 (SEQ ID NO:5), a
VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR2 (SEQ ID NO:2). In some embodiments, the
antibody comprises a VH CDR2 (SEQ ID NO:5), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL
CDR3 (SEQ ID NO:3). In one embodiment, the antibody comprises a VH CDR2 (SEQ ID
NO:5), a VL CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In another embodiment,
the antibody comprises a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), and a
VL CDR2 (SEQ ID NO:2). In other embodiments, the antibody comprises a VH CDR3 (SEQ ID
NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR3 (SEQ ID NO:3). In some
embodiments, the antibody comprises a VH CDR3 (SEQ ID NO:6), a VL CDR2 (SEQ ID
NO:2), and a VL CDR3 (SEQ ID NO:3). In another embodiment, the antibody comprises a VH
CDRI (SEQ ID NO:4), a VH CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), and a VL
CDRI1 (SEQ ID NOS:1 or 7). In one embodiment, the antibody comprises a VH CDR1 (SEQ ID
NO:4), a VH CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), and a VL CDR2 (SEQ ID
NO:2). In other embodiments, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH
CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), and 2 VL CDR3 (SEQ ID NO:3). In
another embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ
ID NO:5), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR2 (SEQ ID NO:2). In some
embodiments, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ ID
NO:5), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR3 (SEQ ID NO:3). In one
embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ ID NO:5),
a VL CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In another embodiment, the
antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR3 (SEQ ID NO:6), a VL CDR1
(SEQ ID NOS:1 or 7), and a VL CDR2 (SEQ ID NO:2). In other embodiments, the antibody
comprises a VH CDRI1 (SEQ ID NO:4), a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID
NOS:1 or 7), and a VL CDR3 (SEQ ID NO:3). In some embodiments, the antibody comprises a
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VH CDRI1 (SEQ ID NO:4), a VH CDR3 (SEQ ID NO:6), a VL CDR2 (SEQ ID NO:2), and a VL
CDR3 (SEQ ID NO:3). In another embodiment, the antibody comprises a VH CDR2 (SEQ ID
NO:5), a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR2 (SEQ
ID NO:2). In one embodiment, the antibody comprises a VH CDR2 (SEQ ID NO:5), a VH
CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR3 (SEQ ID NO:3). In
other embodiments, the antibody comprises a VH CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID
NO:6), a VL CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In another embodiment,
the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ ID NO:5), a VH CDR3
(SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR2 (SEQ ID NO:2). In some
embodiments, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH CDR2 (SEQ ID
NO:5), a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), and a VL CDR3 (SEQ
ID NO:3). In one embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VH
CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), a VL CDR2 (SEQ ID NO:2), and a VL
CDR3 (SEQ ID NO:3). In another embodiment, the antibody comprises a VH CDR1 (SEQ ID
NO:4), a VH CDR2 (SEQ ID NO:5), a VL CDR1 (SEQ ID NOS:1 or 7), a VL CDR2 (SEQ ID
NO:2), and a VL CDR3 (SEQ ID NO:3). In other embodiments, the antibody comprises a VH
CDRI (SEQ ID NO:4), a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), a VL
CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In some embodiments, the antibody
comprises a VH CDR2 (SEQ ID NO:5), a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID
NOS:1or 7), a VL CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In another
embodiment, the antibody comprises a VH CDR1 (SEQ ID NO:4), a VL CDR1 (SEQ ID NOS:1
or 7), a VL CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In one embodiment, the
antibody comprises a VH CDR2 (SEQ ID NO:5), a VL CDR1 (SEQ ID NOS:1 or 7), a VL
CDR2 (SEQ ID NO:2), and a VL CDR3 (SEQ ID NO:3). In other embodiments, the antibody
comprises a VH CDR3 (SEQ ID NO:6), a VL CDR1 (SEQ ID NOS:1 or 7), a VL CDR2 (SEQ
ID NO:2), and a VL CDR3 (SEQ ID NO:3). In another embodiment, the antibody comprises
any combination thereof of the VH CDRs and VL CDRs listed in Tables 1-2.

[0265] In yet another aspect, the CDRs disclosed herein include consensus sequences derived
from groups of related antibodies (see, e.g., Tables 1-2). As described herein, a “consensus
sequence” refers to amino acid sequences having conserved amino acids common among a

number of sequences and variable amino acids that vary within a given amino acid sequences.
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In some embodiments, the isolated antibody or functional fragment thereof provided

herein further comprises one, two, three, and/or four heavy chain FRs and/or one, two, three,
and/or four light chain FRs from: (a) the antibody PD1AB-1, (b) the antibody PD1AB-2, (¢) the
antibody PD1AB-3, (d) the antibody PD1AB-4, (e) the antibody PD1AB-5, or (f) the antibody
PD1AB-6, as shown in Tables 3-4.

Table 3. VL FR Amino Acid Sequences

Antibody VL FR1 VL FR2 VL FR3 VL FR4
(SEQID NO?) (SEQ ID NO?) (SEQID NO?) (SEQ ID NO?)
PDIAB-1 | DIVMTQSPDSLAVS | WYQQKPGQPPKLLIY | GVPDRFSGSGSGTDFT | FGOGTKLEIKR
LGERATINC (SEQ ID NO:15) LTISSLOAEDVAVYYC | (SEQ ID NO:17)
(SEQ ID NO:14) (SEQ ID NO:16)
PDIAB-2 | DIVMTQSPDSLAVS | WYQQKPGQPPKLLIY | GVPDRFSGSGSGTDFT | FGOGTKLEIKR
LGERATINC (SEQ ID NO:15) LTISSLOAEDVAVYYC | (SEQ ID NO:17)
(SEQ ID NO:14) (SEQ ID NO:16)
PDIAB-3 | DIVMTQSPDSLAVS | WYQQKPGQPPKLLIY | GVPDRFSGSGSGTDFT | FGQGTKLEIKR
LGERATINC (SEQ ID NO:15) LTISNLQAEDVAVYYC | (SEQ ID NO:17)
(SEQ ID NO:14) (SEQ ID NO:18)
PDIAB-4 | DIVMTQSPDSLAVS | WYQQKPGQPPKLLIY | GVPDRFSGSGSGTDFT | FGOGTKLEIKR
LGERATINC (SEQ ID NO:15) LTISSLOAEDVAVYYC | (SEQ ID NO:17)
(SEQ ID NO:14) (SEQ ID NO:16)
PDIAB-5 | DIVMTQSPDSLAVS | WYQQKPGQPPKLLIY | GVPDRFSGSGSGTDFT | FGOGTKLEIKR
LGERATINC (SEQ ID NO:15) LTISSLOAEDVAVYYC | (SEQ ID NO:17)
(SEQ ID NO:14) (SEQ ID NO:16)
PDIAB-6 | DIVMTQSPDSLAVS | WYQQKPGQPPKLLIY | GVPDRFSGSGSGTDFT | FGOGTKLEIKR
LGERATINC (SEQ ID NO:15) LTISSLOAEDVAVYYC | (SEQ ID NO:17)
(SEQ ID NO:14) (SEQ ID NO:16)
Table 4. VH FR Amino Acid Sequences
Antibody VH FR1 VH FR2 VH FR3 VH FR4
(SEQID NO?) (SEQ ID NO?) (SEQID NO?) (SEQ ID NO?)
PDIAB-1 | EVOLVQSGAEVKKP | WWQQAPGKGLEWMG YDPKFQGRVTITADTS | WGQGTTVTVSS
GATVKISCKVS (SEQ ID NO:20) TDTAYMELSSLRSEDT | (SEQ ID NO:22)
(SEQ ID NO:19) AVYYCAR (SEQ ID
NO:21)
PDIAB-2 | EVOLVQSGAEVKKP | WWQQAPGKGLEWMG YDPKFQGRVTITADTS | WGQGTTVTVSS
GATVKISCKVS (SEQ ID NO:20) TDTAYMELSSLRSEDT | (SEQ ID NO:22)
(SEQ ID NO:19) AVYYCAR

(SEQ ID NO:21)
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Antibody VH FR1 VH FR2 VH FR3 VH FR4
(SEQID NO?) (SEQ ID NO?) (SEQID NO?) (SEQ ID NO?)
PDIAB-3 | EVQLVQSGAEVKKP | WWQQAPGKGLEWMG YDPKFQGRVTITADTS | WGQGTTVTVSS
GATVKISCKVS (SEQ ID NO:20) TNTAYMELSSLRSEDT (SEQ ID NO:22)
(SEQ ID NO:19) AVYYCAR
(SEQ ID NO:23)
PDIAB4 | EVQLVQSGAEVKKP | WWQQAPGKGLEWMG YDPKFQGRVTITADTS | WGQGTTVTVSS
GATVKISCKVS (SEQ ID NO:20) TNTAYMELSSLRSEDT (SEQ ID NO:22)
(SEQ ID NO:19) AVYYCAR
(SEQ ID NO:23)
PD1AB-5 | EVQLVQSGAEVKKP | WWQQAPGKGLEWMG YDPKFQGRVTITADTS | WGQGTTVTVSS
GATVKISCKAS (SEQ ID NO:20) TDTAYMELSSLRSEDT (SEQ ID NO:22)
(SEQ ID NO:24) AVYYCAR
(SEQ ID NO:21)
PD1AB-6 | EVQLVQSGAEVKKP | WWQQAPGKGLEWMG YDPKFQGRVTITADTS | WGQGTTVTVSS
GATVKISCKAS (SEQ ID NO:20) TDTAYMELSSLRSEDT (SEQ ID NO:22)
(SEQ ID NO:24) AVYYCAR
(SEQ ID NO:21)
[0267] In certain embodiments, the isolated antibody or functional fragment thereof provided

herein further comprises one, two, three, and/or four heavy chain FRs from: (a) the antibody
PD1AB-1, (b) the antibody PD1AB-2, (c) the antibody PD1AB-3, (d) the antibody PD1AB-4, (e)
the antibody PD1AB-5, or (f) the antibody PD1AB-6, as shown in Table 4. In some
embodiments, the antibody heavy chain FR(s) is from the antibody PD1AB-1. In some
embodiments, the antibody heavy chain FR(s) is from the antibody PD1AB-2. In other
embodiments, the antibody heavy chain FR(s) is from the antibody PD1AB-3. In certain
embodiments, the antibody heavy chain FR(s) is from the antibody PD1AB-4. In other
embodiments, the antibody heavy chain FR(s) is from the antibody PD1AB-5. In another
embodiment, the antibody heavy chain FR(s) is from the antibody PD1AB-6.

[0268] In some embodiments, the isolated antibody or functional fragment thereof provided
herein further comprises one, two, three, and/or four light chain FRs from: (a) the antibody
PD1AB-1, (b) the antibody PD1AB-2, (c) the antibody PD1AB-3, (d) the antibody PD1AB-4, (e)
the antibody PD1AB-5, or (f) the antibody PD1AB-6, as shown in Table 3. In some
embodiments, the antibody light chain FR(s) is from the antibody PD1AB-1. In some
embodiments, the antibody light chain FR(s) is from the antibody PD1AB-2. In other
embodiments, the antibody light chain FR(s) is from the antibody PD1AB-3. In certain

embodiments, the antibody light chain FR(s) is from the antibody PD1AB-4. In other
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embodiments, the antibody light chain FR(s) is from the antibody PD1AB-5. In another
embodiment, the antibody light chain FR(s) is from the antibody PD1AB-6.

[0269] In certain embodiments, an antibody of fragment thereof described herein comprises a
VH region that comprises: (1) a VH FR1 having an amino acid sequence selected from the group
consisting of SEQ ID NOS:19 and 24; (2) a VH FR2 having an amino acid sequence of SEQ ID
NO:20; (3) a VH FR3 having an amino acid sequence selected from the group consisting of SEQ
ID NOS:21 and 23; and/or (4) a VH FR4 having an amino acid sequence of SEQ ID NO:22. In
certain embodiments, an antibody of fragment thereof described herein comprises a VH region
that comprises: (1) a VH FR1 having an amino acid of SEQ ID NO:19; (2) a VH FR2 having an
amino acid sequence of SEQ ID NO:20; (3) a VH FR3 having an amino acid sequence of SEQ
ID NO:21; and/or (4) a VH FR4 having an amino acid sequence of SEQ ID NO:22. In certain
embodiments, an antibody of fragment thereof described herein comprises a VH region that
comprises: (1) a VH FR1 having an amino acid sequence of SEQ ID NO:19; (2) a VH FR2
having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3 having an amino acid sequence
of SEQ ID NO: 23; and/or (4) a VH FR4 having an amino acid sequence of SEQ ID NO:22. In
certain embodiments, an antibody of fragment thereof described herein comprises a VH region
that comprises: (1) a VH FR1 having an amino acid sequence of SEQ ID NO: 24; (2) a VH FR2
having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3 having an amino acid sequence
of SEQ ID NO:21; and/or (4) a VH FR4 having an amino acid sequence of SEQ ID NO:22. In
certain embodiments, an antibody of fragment thereof described herein comprises a VH region
that comprises: (1) a VH FR1 having an amino acid sequence of SEQ ID NO:24; (2) a VH FR2
having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3 having an amino acid sequence
of SEQ ID NO: 23; and/or (4) a VH FR4 having an amino acid sequence of SEQ ID NO:22. In
specific embodiments, the antibody comprises a VH region comprising all four of the above-
referenced VH FR1, VH FR2, VH FR3, and VH FR4.

[0270] Accordingly, in some embodiments, the humanized antibody comprises a VH region
that includes a VH FR1 having an amino acid sequence selected from the group consisting of
SEQ ID NOS:19 and 24. In one embodiment, the humanized antibody comprises a VH region
that includes a VH FR1 having an amino acid sequence of SEQ ID NO:19. In one embodiment,
the humanized antibody comprises a VH region that includes a VH FR1 having an amino acid

sequence of SEQ ID NO:24. In some embodiments, the humanized antibody comprises a VH
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region that includes a VH FR2 having an amino acid sequence of SEQ ID NO: 20. In some
embodiments, the humanized antibody comprises a VH region that includes a VH FR3 having an
amino acid sequence selected from the group consisting of SEQ ID NOS:21 and 23. In one
embodiment, the humanized antibody comprises a VH region that includes a VH FR3 having an
amino acid sequence of SEQ ID NO:21. In one embodiment, the humanized antibody comprises
a VH region that includes a VH FR3 having an amino acid sequence of SEQ ID NO:23. In other
embodiments, the humanized antibody comprises a VH region that includes a VH FR4 having an
amino acid sequence of SEQ ID NO:22.

[0271] In certain embodiments, an antibody of fragment thereof described herein comprises a
VL region that comprises: (1) a VL FR1 having an amino acid sequence of SEQ ID NO:14; (2) a
VL FR2 having an amino acid sequence of SEQ ID NO:15; (3) a VL FR3 having an amino acid
sequence selected from the group consisting of SEQ ID NOS:16 and 18; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the VL region
comprises: (1) a VL FR1 having an amino acid sequence of SEQ ID NO:14; (2) a VL FR2
having an amino acid sequence of SEQ ID NO:15; (3) a VL FR3 having an amino acid sequence
of SEQ ID NOS:16; and/or (4) a VL FR4 having an amino acid sequence of SEQ ID NO:17. In
other embodiments, the VL region that comprises: (1) a VL FR1 having an amino acid sequence
of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ ID NO:15; (3) a VL
FR3 having an amino acid sequence of SEQ ID NO: 18; and/or (4) a VL FR4 having an amino
acid sequence of SEQ ID NO:17.

[0272] Accordingly, in some embodiments, the humanized antibody comprises a VL region
that includes a VL FR1 having an amino acid sequence of SEQ ID NO:14. In certain
embodiments, the humanized antibody comprises a VL region that includes a VL FR2 having an
amino acid sequence of SEQ ID NO:15. In other embodiments, the humanized antibody
comprises a VL region that includes a VL FR3 having an amino acid sequence selected from the
group consisting of SEQ ID NOS:16 and 18. In one embodiment, the humanized antibody
comprises a VL region that includes a VL FR3 having an amino acid sequence of SEQ ID
NOS:16. In other embodiments, the humanized antibody comprises a VL region that includes a
VL FR3 having an amino acid sequence of SEQ ID NO: 18. In yet other embodiments, the
humanized antibody comprises a VL region that includes a VL FR4 having an amino acid

sequence of SEQ ID NO:17.
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[0273] In certain embodiments, an antibody of fragment thereof described herein comprises a
VH region and a VL region, wherein the VH region comprises: (1) a VH FR1 having an amino
acid sequence selected from the group consisting of SEQ ID NOS:19 and 24; (2) a VH FR2
having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3 having an amino acid sequence
selected from the group consisting of SEQ ID NOS:21 and 23; and/or (4) a VH FR4 having an
amino acid sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1
having an amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence
of SEQ ID NO:15; (3) a VL FR3 having an amino acid sequence selected from the group
consisting of SEQ ID NOS:16 and 18; and/or (4) a VL FR4 having an amino acid sequence of
SEQ ID NO:17. In some embodiments, the antibody comprises a VH region comprising all four
of the above-referenced VH FR1, VH FR2, VH FR3, and VH FR4. In other embodiments, the
antibody comprises a VL region comprising all four of the above-referenced VL FR1, VL FR2,
VL FR3, and VL FR4. In yet other embodiments, the antibody comprises a VH region
comprising all four of the above-referenced VH FR1, VH FR2, VH FR3, and VH FR4, and a VL
region comprising all four of the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4.
[0274] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:19; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:21; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:16; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0275] In some embodiments, an antibody of fragment thereof comprises a VH region and a

VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
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SEQ ID NO:19; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:21; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:18; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0276] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:19; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:23; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:16; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0277] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:19; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:23; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
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amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:18; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0278] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:24; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:21; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:16; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0279] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:24; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:21; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:18; and/or (4) a VL FR4

having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
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comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3 and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0280] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:24; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:23; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:16; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of
the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0281] In some embodiments, an antibody of fragment thereof comprises a VH region and a
VL region, wherein the VH region comprises: (1) a VH FR1 having an amino acid sequence of
SEQ ID NO:24; (2) a VH FR2 having an amino acid sequence of SEQ ID NO:20; (3) a VH FR3
having an amino acid sequence of SEQ ID NO:23; and/or (4) a VH FR4 having an amino acid
sequence of SEQ ID NO:22; and wherein the VL region comprises: (1) a VL FR1 having an
amino acid sequence of SEQ ID NO:14; (2) a VL FR2 having an amino acid sequence of SEQ
ID NO:15; (3) a VL FR3 having an amino acid sequence of SEQ ID NO:18; and/or (4) a VL FR4
having an amino acid sequence of SEQ ID NO:17. In some embodiments, the antibody
comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2, VH FR3,
and VH FR4. In other embodiments, the antibody comprises a VL region comprising all four of

the above-referenced VL FR1, VL FR2, VL FR3, and VL FR4. In yet other embodiments, the
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antibody comprises a VH region comprising all four of the above-referenced VH FR1, VH FR2,
VH FR3, and VH FR4, and a VL region comprising all four of the above-referenced VL FR1,
VL FR2, VL FR3, and VL FR4.

[0282] Also described herein are antibodies comprising one or more (e.g., one, two, three, or
four) VH FRs and one or more (e.g., one, two, three, or four) VL FRs listed in Tables 3-4. In
particular, provided herein is an antibody comprising a VH FR1 (SEQ ID NOS:19 or 24) and a
VL FR1 (SEQ ID NO:14). In one embodiment, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24) and a VL FR2 (SEQ ID NO:15). In some embodiments, the antibody comprises
a VH FR1 (SEQ ID NOS:19 or 24) and a VL FR3 (SEQ ID NOS:16 or 18). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24) and a VL FR4 (SEQ ID
NO:17). In other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20) and a VL
FR1 (SEQ ID NO:14). In one embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20)
and a VL FR2 (SEQ ID NO:15). In some embodiments, the antibody comprises a VH FR2 (SEQ
ID NO:20) and a VL FR3 (SEQ ID NOS:16 or 18). In another embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20) and a VL FR4 (SEQ ID NO:17). In one embodiment, the
antibody comprises a VH FR3 (SEQ ID NO:21) and a VL FR1 (SEQ ID NO:14). In other
embodiments, the antibody comprises a VH FR3 (SEQ ID NO:21) and a VL FR2 (SEQ ID
NO:15). In another embodiment, the antibody comprises a VH FR3 (SEQ ID NO:21) and a VL
FR3 (SEQ ID NOS:16 or 18). In some embodiments, the antibody comprises a VH FR3 (SEQ
ID NO:21) and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH
FR4 (SEQ ID NO:22) and a VL FR1 (SEQ ID NO:14). In another embodiment, the antibody
comprises a VH FR4 (SEQ ID NO:22) and a VL FR2 (SEQ ID NO:15). In one embodiment, the
antibody comprises a VH FR4 (SEQ ID NO:22) and a VL FR3 (SEQ ID NOS:16 or 18). In
some embodiments, the antibody comprises a VH FR4 (SEQ ID NO:22) and a VL FR4 (SEQ ID
NO:17). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR2 (SEQ ID NO:20), and a VL FR1 (SEQ ID NO:14). In other embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), and a VL FR2 (SEQ
ID NO:15). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR2 (SEQ ID NO:20), and a VL FR3 (SEQ ID NOS:16 or 18). In another embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), and a VL
FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH FR2 (SEQ ID
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NO:20), a VH FR3 (SEQ ID NOS:21 or 23), and a VL FR1 (SEQ ID NO:14). In one
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21
or 23), and a VL FR2 (SEQ ID NO:15). In another embodiment, the antibody comprises a VH
FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), and a VL FR3 (SEQ ID NOS:16 or
18). In other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NOS:21 or 23), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ
ID NO:15). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24),
a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR1 (SEQ ID NO:14), and a VL
FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19
or 24), a VL FR2 (SEQ ID NO:15) and a VL FR3 (SEQ ID NOS:16 or 18). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR2 (SEQ ID
NO:15) and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH
FR1 (SEQ ID NO:19 or 24), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID
NO:17). In other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VL FR1
(SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In another embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ ID
NOS:16 or 18). In one embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VL
FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VL FR2 (SEQ ID NO:15) and a VL FR3 (SEQ ID
NOS:16 or 18). In another embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a
VL FR2 (SEQ ID NO:15) and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ
ID NO:17). In another embodiment, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23),
a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In other embodiments, the
antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), and a VL
FR3 (SEQ ID NOS:16 or 18). In some embodiments, the antibody comprises a VH FR3 (SEQ
ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VL FR2 (SEQ ID
NO:15) and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody comprises a
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VH FR3 (SEQ ID NOS:21 or 23), a VL FR2 (SEQ ID NO:15) and a VL FR4 (SEQ ID NO:17).
In one embodiment, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VL FR3 (SEQ
ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody
comprises a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID
NO:15). In some embodiments, the antibody comprises a VH FR4 (SEQ ID NO:22), a VL FR1
(SEQ ID NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In other embodiments, the antibody
comprises a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID
NO:17). In another embodiment, the antibody comprises a VH FR4 (SEQ ID NO:22), a VL FR2
(SEQ ID NO:15) and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody
comprises a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15) and a VL FR4 (SEQ ID
NO:17). In some embodiments, the antibody comprises a VH FR4 (SEQ ID NO:22), a VL FR3
(SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NO:21), and a VL FR1 (SEQ ID NO:14). In one embodiment, the antibody comprises a VH FR1
(SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), and a VL
FR2 (SEQ ID NO:15). In other embodiments, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), and a VL FR3 (SEQ
ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19
or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), and a VL FR4 (SEQ ID
NO:17). In some embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), and 2 VL FR1 (SEQ ID NO:14). In one
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID
NO:20), a VH FR4 (SEQ ID NO:22), and a VL FR2 (SEQ ID NO:15). In another embodiment,
the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH
FR4 (SEQ ID NO:22), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID
NO:22), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22),
and a VL FR1 (SEQ ID NO:14). In another embodiment, the antibody comprises a VH FR1
(SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a
VL FR2 (SEQ ID NO:15). In other embodiments, the antibody comprises a VH FR1 (SEQ ID
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NOS:19 or 24), VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a VL FR3
(SEQ ID NOS:16 or 18). In one embodiment, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a VL FR4
(SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20),
a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a VL FR1 (SEQ ID
NO:14). In some embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a VL FR2 (SEQ ID NO:15). In one
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), VH FR3 (SEQ ID NOS:21 or
23), a VH FR4 (SEQ ID NO:22), and a VL FR3 (SEQ ID NOS:16 or 18). In another
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21
or 23), a VH FR4 (SEQ ID NO:22), and a VL FR4 (SEQ ID NO:17). In other embodiments, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR1
(SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In some embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID
NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In another embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID
NO:14), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1
(SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR2 (SEQ ID NO:15), and a VL
FR3 (SEQ ID NOS: 16 or 18). In one embodiment, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ
ID NO:17). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24),
a VH FR2 (SEQ ID NO:20), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID
NO:17). In some embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR3 (SEQ ID NO:21), a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In
other embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ
ID NO:21),a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID
NO:21),a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID NO:17). In one embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NO:21), a VL FR2
(SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In some embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NO:21), a VL FR2 (SEQ ID
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NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NO:21), a VL FR3 (SEQ ID NOS:16 or 18),
and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ
ID NOS:19 or 24), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR2
(SEQ ID NO:15). In other embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or
24), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ ID NOS:16
or 18). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID NO:17). In
some embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR4 (SEQ
ID NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR4 (SEQ ID
NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment,
the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR4 (SEQ ID NO:22), a VL
FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), a VL FR1 (SEQ ID
NO:14), and a VL FR2 (SEQ ID NO:15). In some embodiments, the antibody comprises a VH
FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), a VL FR1 (SEQ ID NO:14), and a VL FR3
(SEQ ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR2 (SEQ ID
NO:20), a VH FR3 (SEQ ID NO:21), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID
NO:17). In other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NO:21), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), a
VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment, the
antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NO:21), a VL FR3 (SEQ
ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), and a VL FR2 (SEQ ID NO:15). In one embodiment, the antibody comprises a VH FR2
(SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ
ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20),
a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID NO:17). In
other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID
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NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In some
embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22),
a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment, the
antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR3 (SEQ
ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises
a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO: 14),
and a VL FR2 (SEQ ID NO:15). In one embodiment, the antibody comprises a VH FR3 (SEQ
ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR3
(SEQ ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ
ID NO:17). In some embodiments, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a
VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18).
In other embodiments, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4
(SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID
NO:22), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR1 (SEQ ID
NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In some
embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR1 (SEQ ID
NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment,
the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR1 (SEQ ID NO:14), a VL
FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In other embodiments, the antibody comprises
a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL
FR3 (SEQ ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR2 (SEQ
ID NO:20), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID
NO:17). In some embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VL FR1
(SEQ ID NO:14), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VL FR2 (SEQ ID NO:15), a
VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the
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antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2
(SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody
comprises a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH
FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID NOS:16 or 18),
and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR3
(SEQ ID NOS:21 or 23), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a
VL FR4 (SEQ ID NO:17). In other embodiments, the antibody comprises a VH FR4 (SEQ ID
NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID
NOS:16 or 18). In one embodiment, the antibody comprises a VH FR4 (SEQ ID NO:22), a VL
FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a
VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the
antibody comprises a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ
ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises
a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or
23), a VH FR4 (SEQ ID NO:22), and a VL FR1 (SEQ ID NO:14). In another embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a VL FR2 (SEQ ID NO:15). In other
embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID
NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), and a VL FR3 (SEQ
ID NOS:16 or 18). In some embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19
or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID
NO:22), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a
VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In one embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21or 23), a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In one
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID
NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ
ID NO:17). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24),
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a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR2 (SEQ ID NO:15),
and a VL FR3 (SEQ ID NOS:16 or 18). In some embodiments, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a
VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In other embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID
NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID
NO:15). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH
FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR3
(SEQ ID NOS:16 or 18). In some embodiments, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL
FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID
NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In other embodiments,
the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH
FR4 (SEQ ID NO:22), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In
another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3
(SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL
FR2 (SEQ ID NO:15). In some embodiments, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1
(SEQ ID NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4
(SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ
ID NOS:16 or 18). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or
24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID
NO:15), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH
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FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a
VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the
antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4
(SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In other
embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21
or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR3 (SEQ ID
NOS:16 or 18). In one embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH
FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a
VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR2 (SEQ ID
NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID
NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In some embodiments, the antibody comprises
a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a
VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID
NO:22), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID
NO:20), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID
NOS:16 or 18). In other embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or
24), a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a
VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR2 (SEQ ID
NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID
NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ
ID NOS:16 or 18). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or
24), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a
VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the
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antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a
VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17).
In other embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR4
(SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ
ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19
or 24), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15),
and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ
ID NOS:19 or 24), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises
a VH FR1 (SEQ ID NOS:19 or 24), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), a
VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the
antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1
(SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21
or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID
NO:17). In other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID NOS:16 or 18), and a
VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR2 (SEQ ID
NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises
a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2
(SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment,
the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1
(SEQ ID NO:14), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one
embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a
VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17).
In some embodiments, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4
(SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ
ID NOS:16 or 18). In another embodiment, the antibody comprises a VH FR3 (SEQ ID NOS:21
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or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15),
and a VL FR4 (SEQ ID NO:17). In other embodiments, the antibody comprises a VH FR3 (SEQ
ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a
VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), a
VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VL FR1 (SEQ ID NO:14), a VL FR2
(SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some
embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID NO:14),
a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID
NO:17). In one embodiment, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a VL
FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a
VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR4 (SEQ ID
NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16
or 18), and a VL FR4 (SEQ ID NO:17). In other embodiments, the antibody comprises a VH
FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a
VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR2 (SEQ ID NO:15). In
some embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ
ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), and a VL FR3 (SEQ ID NOS:16 or 18). In another embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), and a VL FR4 (SEQ
ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a
VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In one embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), and a VL
FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4
(SEQ ID NO:22), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some
embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID
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NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In other embodiments, the antibody comprises
a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or
23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ ID NO:17).
In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2
(SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR3
(SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4
(SEQ ID NO:17). In some embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or
24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL
FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In another embodiment, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4
(SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR4 (SEQ
ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR3
(SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In other embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID
NO:22), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ
ID NO:17). In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24),
a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO: 14), a
VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In some embodiments, the
antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID NOS:21 or 23), a
VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL
FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19
or 24), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another
embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a
VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a
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VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), and a VL FR3 (SEQ ID NOS:16 or 18).
In some embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH
FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL
FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In
other embodiments, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID
NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a
VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VL FR1 (SEQ ID NO:14), a
VL FR2 (SEQ ID NO:15), 2 VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17).
In another embodiment, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR3
(SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3
(SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ
ID NO:17). In one embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3
(SEQ ID NOS:21 or 23), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3
(SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In another embodiment, the antibody
comprises a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ
ID NO:17). In other embodiments, the antibody comprises a VH FR3 (SEQ ID NOS:21 or 23), a
VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3
(SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some embodiments, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), and a VL FR3 (SEQ ID NOS:16 or 18). In another embodiment, the antibody
comprises a VH FR1 (SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), and a VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1
(SEQ ID NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH
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FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR3 (SEQ ID NOS:16 or 18), and a
VL FR4 (SEQ ID NO:17). In one embodiment, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VH FR4
(SEQ ID NO:22), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL
FR4 (SEQ ID NO:17). In another embodiment, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID NOS:21 or 23), a VL FR1
(SEQ ID NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL
FR4 (SEQ ID NO:17). In some embodiments, the antibody comprises a VH FR1 (SEQ ID
NOS:19 or 24), a VH FR2 (SEQ ID NO:20), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID
NO:14), a VL FR2 (SEQ ID NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ
ID NO:17). In other embodiments, the antibody comprises a VH FR1 (SEQ ID NOS:19 or 24), a
VH FR3 (SEQ ID NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a
VL FR2 (SEQ ID NO:15), 2 VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17).
In one embodiment, the antibody comprises a VH FR2 (SEQ ID NO:20), a VH FR3 (SEQ ID
NOS:21 or 23), a VH FR4 (SEQ ID NO:22), a VL FR1 (SEQ ID NO:14), a VL FR2 (SEQ ID
NO:15), a VL FR3 (SEQ ID NOS:16 or 18), and a VL FR4 (SEQ ID NO:17). In some
embodiments, the antibody comprises any combination thereof of the VH FRs (SEQ ID NOS:19-
24) and the VL FRs (SEQ ID NOS:14-18) listed in Tables 3-4.

[0283] In some embodiments, the antibodies provided herein comprise a VH region or VH
domain. In other embodiments, the antibodies provided herein comprise a VL region or VL
domain. In certain embodiments, the antibodies provided herein have a combination of (i) a VH
domain or VH region; and/or (i1) a VL domain or VL region. In yet other embodiments, the
antibodies provided herein have a combination of (i) a VH domain or VH region; and/or (i1) a
VL domain or VL region selected from the group consisting of SEQ ID NOS: 8-13 as set forth in
Tables 5-6. In still other embodiments, the antibodies provided herein have a combination of (i)
a VH domain or VH region; and/or (ii) a VL domain or VL region of any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6, as set forth in Tables 5-6.
[0284] In certain embodiments, the antibodies provided herein comprise a VH region
comprising: (1) a VH CDRI1 having an amino acid sequence of SEQ ID NO:4; (2) a VH CDR2
having an amino acid sequence of SEQ ID NO:5; and (3) a VH CDR3 having an amino acid
sequence of SEQ ID NO:6; and a VL region selected from the group consisting of SEQ ID
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NOS:8-10 as set forth in Table 5. In some embodiments, the VL region has an amino acid
sequence of SEQ ID NO:8. In other embodiments, the VL region has an amino acid sequence of
SEQ ID NO:9. In some embodiments, the VL region has an amino acid sequence of SEQ ID
NO:10.

[0285] In other embodiments, the antibodies provided herein comprise a VH region selected
from the group consisting of SEQ ID NOS:11-13 as set forth in Table 6; and a VL region
comprising: (1) a VL CDR1 having an amino acid sequence selected from the group consisting
of SEQ ID NOS:1 and 7; (2) a VL CDR2 having an amino acid sequence of SEQ ID NO:2; and
(3) a VL CDR3 having an amino acid sequence of SEQ ID NO:3. In yet some embodiments, the
antibodies provided herein comprise a VH region selected from the group consisting of SEQ ID
NOS:11-13 as set forth in Table 6; and a VL region comprising: (1) a VL CDR1 having an
amino acid sequence of SEQ ID NO:1; (2) a VL CDR2 having an amino acid sequence of SEQ
ID NO:2; and (3) a VL CDR3 having an amino acid sequence of SEQ ID NO:3. In still other
embodiments, the antibodies provided herein comprise a VH region selected from the group
consisting of SEQ ID NOS:11-13 as set forth in Table 6; and a VL region comprising: (1) a VL
CDRI1 having an amino acid sequence of SEQ ID NO:7; (2) a VL CDR2 having an amino acid
sequence of SEQ ID NO:2; and (3) a VL CDR3 having an amino acid sequence of SEQ ID
NO:3. In some embodiments, the VH region has an amino acid sequence of SEQ ID NO:11. In
some embodiments, the VH region has an amino acid sequence of SEQ ID NO:12. In some

embodiments, the VH region has an amino acid sequence of SEQ ID NO:13.

Table 5. VL Domain Amino Acid Sequences

Antibody VL (SEQID NO:)

PD1AB-1 | DIVMTQSPDSLAVSLGERATINCKSGQSVLYSSNQKNFLAWYQQKPGQPPKLLIYWASTRESGVPDRF
SGSGSGTDFTLTISSLOAEDVAVYYCHQYLYSWTFGQGTKLEIKR
(SEQ ID NO:8)

PD1AB-2 | DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQPPKLLIYWASTRESGVPDRF
SGSGSGTDFTLTISSLOAEDVAVYYCHQYLYSWTFGQGTKLEIKR
(SEQ ID NO:9)

PD1AB-3 | DIVMTQSPDSLAVSLGERATINCKSGQSVLYSSNQKNFLAWYQQKPGQPPKLLIYWASTRESGVPDRF
SGSGSGTDFTLTISNLOQAEDVAVYYCHQYLYSWTFGQGTKLEIKR
(SEQ ID NO:10)

PD1AB-4 | DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQOKPGQPPKLLIYWASTRESGVPDRF
SGSGSGTDFTLTISSLOAEDVAVYYCHQYLYSWTFGQGTKLEIKR
(SEQ ID NO:9)

PD1AB-5 | DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQOKPGQPPKLLIYWASTRESGVPDRF
SGSGSGTDFTLTISSLOAEDVAVYYCHQYLYSWTFGQGTKLEIKR
(SEQ ID NO:9)
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PD1AB-6 | DIVMTQSPDSLAVSLGERATINCKSGQSVLYSSNQKNFLAWYQQKPGQPPKLLIYWASTRESGVPDRF
SGSGSGTDFTLTISSLOAEDVAVYYCHQYLYSWTFGQGTKLEIKR
(SEQ ID NO:8)

Table 6. VH Domain Amino Acid Sequences

Antibody VH (SEQ ID NO:)

PDI1AB-1 | EVOLVQSGAEVKKPGATVKISCKVSGENIKDTYMHWVQQOAPGKGLEWMGRIDPANGDRKYDPKFQGRV
TITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSS
(SEQ ID NO:11)

PDIAB-2 | EVOLVQSGAEVKKPGATVKISCKVSGENIKDTYMHWVQQOAPGKGLEWMGRIDPANGDRKYDPKFQGRV
TITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSS
(SEQ ID NO:11)

PDIAB-3 | EVOLVQSGAEVKKPGATVKISCKVSGENIKDTYMHWVQQOAPGKGLEWMGRIDPANGDRKYDPKFQGRV
TITADTSTNTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSS
(SEQ ID NO:12)

PD1AB-4 | EVOLVQSGAEVKKPGATVKISCKVSGENIKDTYMHWVQQOAPGKGLEWMGRIDPANGDRKYDPKEFQGRV
TITADTSTNTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSS
(SEQ ID NO:12)

PD1AB-5 | EVQLVQSGAEVKKPGATVKISCKASGEFNIKDTYMHWVQQAPGKGLEWMGRIDPANGDRKYDPKFQGRV
TITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSS
(SEQ ID NO:13)

PD1AB-6 | EVQLVQSGAEVKKPGATVKISCKASGEFNIKDTYMHWVQQAPGKGLEWMGRIDPANGDRKYDPKFQGRV
TITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSS
(SEQ ID NO:13)

[0286] Also provided herein are isolated nucleic acid molecules encoding an
immunoglobulin heavy chain, light chain, VH region, VL region, VH CDR1, VH CDR2, VH
CDR3, VL CDRI1, VL CDR2, and/or VL CDR3 of anti-PD-1 antibodies that bind to a PD-1
polypeptide, a PD-1 polypeptide fragment, a PD-1 peptide, or a PD-1 epitope. The exemplary
nucleic acid sequences for the VL region and the VH region of any one of antibodies PD1AB-1,

PD1AB-2, PDIAB-3, PD1AB-4, PD1AB-5, and PD1AB-6 are shown in Tables 7-8.

Table 7. VL Nucleic Acid Sequences

Antibody Nucleotide sequences

PDIAB-1 GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCAA

CTGCAAGTCCGGTCAAAGTGTTTTATACAGTTCAAATCAGAAGAACTTCTTGGCCTGGTACCAGC
AGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCCACTAGGGAATCTGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAAGCTGA
AGATGTGGCAGTTTATTACTGTCATCAATACCTCTACTCGTGGACGTTTGGCCAGGGGACCAAGC
TGGAGATCAAACGGAC (SEQ ID NO:25)
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Antibody

Nucleotide sequences

PD1AB-2

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCAA
CTGCAAGTCCAGCCAGAGTGTTTTATACAGCTCCAACAATAAGAACTACTTAGCTTGGTACCAGC
AGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCTACCCGGGAATCCGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAAGCTGA
AGATGTGGCAGTTTATTACTGTCATCAATACCTCTACTCGTGGACGTTTGGCCAGGGGACCAAGC
TGGAGATCAAACGGAC

(SEQ ID NO:26)

PD1AB-3

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCAA
CTGCAAGTCCGGTCAAAGTGTTTTATACAGTTCAAATCAGAAGAACTTCTTGGCCTGGTACCAGC
AGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCCACTAGGGAATCTGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAACCTGCAAGCTGA
AGATGTGGCAGTTTATTACTGTCATCAATACCTCTACTCGTGGACGTTTGGCCAGGGGACCAAGC
TGGAGATCAAACGGAC

(SEQ ID NO:27)

PD1AB-4

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCAA
CTGCAAGTCCAGCCAGAGTGTTTTATACAGCTCCAACAATAAGAACTACTTAGCTTGGTACCAGC
AGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCTACCCGGGAATCCGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAAGCTGA
AGATGTGGCAGTTTATTACTGTCATCAATACCTCTACTCGTGGACGTTTGGCCAGGGGACCAAGC
TGGAGATCAAACGGAC

(SEQ ID NO:26)

PD1AB-5

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCAA
CTGCAAGTCCAGCCAGAGTGTTTTATACAGCTCCAACAATAAGAACTACTTAGCTTGGTACCAGC
AGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCTACCCGGGAATCCGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAAGCTGA
AGATGTGGCAGTTTATTACTGTCATCAATACCTCTACTCGTGGACGTTTGGCCAGGGGACCAAGC
TGGAGATCAAACGGAC

(SEQ ID NO:26)

PD1AB-6

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACCATCAA
CTGCAAGTCCGGTCAAAGTGTTTTATACAGTTCAAATCAGAAGAACTTCTTGGCCTGGTACCAGC
AGAAACCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCATCCACTAGGGAATCTGGGGTCCCT
GACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAAGCTGA
AGATGTGGCAGTTTATTACTGTCATCAATACCTCTACTCGTGGACGTTTGGCCAGGGGACCAAGC
TGGAGATCAAACGGAC

(SEQ ID NO:25)

Table 8. VH Nucleic Acid Sequences

Antibody

Nucleotide sequences

PD1AB-1

GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTGAAAATCTCCTG
CAAGGTTTCTGGATTCAACATTAAAGACACGTATATGCACTGGGTGCAACAGGCCCCTGGAAAAG
GGCTTGAGTGGATGGGAAGGATTGATCCTGCGAATGGTGATAGGAAATATGACCCGAAGTTCCAG
GGCAGAGTCACCATAACCGCGGACACGTCTACAGACACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCCGTGTATTACTGTGCTAGATCAGGCCCTGTTTATTACTACGGTAGTAGCT
ACGTTATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA

(SEQ ID NO:28)

PD1AB-2

GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTGAAAATCTCCTG
CAAGGTTTCTGGATTCAACATTAAAGACACGTATATGCACTGGGTGCAACAGGCCCCTGGAAAAG
GGCTTGAGTGGATGGGAAGGATTGATCCTGCGAATGGTGATAGGAAATATGACCCGAAGTTCCAG
GGCAGAGTCACCATAACCGCGGACACGTCTACAGACACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCCGTGTATTACTGTGCTAGATCAGGCCCTGTTTATTACTACGGTAGTAGCT
ACGTTATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA

(SEQ ID NO:28)
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Antibody Nucleotide sequences

PDIAB-3 GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTGAAAATCTCCTG
CAAGGTTTCTGGATTCAACATTAAAGACACGTATATGCACTGGGTGCAACAGGCCCCTGGAAAAG
GGCTTGAGTGGATGGGAAGGATTGATCCTGCGAATGGTGATAGGAAATATGACCCGAAGTTCCAG
GGCAGAGTCACCATAACCGCGGACACGTCTACAAACACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCCGTGTATTACTGTGCTAGATCAGGCCCTGTTTATTACTACGGTAGTAGCT
ACGTTATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA

(SEQ ID NO:29)

PD1AB-4 GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTGAAAATCTCCTG
CAAGGTTTCTGGATTCAACATTAAAGACACGTATATGCACTGGGTGCAACAGGCCCCTGGAAAAG
GGCTTGAGTGGATGGGAAGGATTGATCCTGCGAATGGTGATAGGAAATATGACCCGAAGTTCCAG
GGCAGAGTCACCATAACCGCGGACACGTCTACAAACACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCCGTGTATTACTGTGCTAGATCAGGCCCTGTTTATTACTACGGTAGTAGCT
ACGTTATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA

(SEQ ID NO:29)

PDIAB-5 GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTGAAAATCTCCTG
CAAGGCTTCTGGATTCAACATTAAAGACACGTATATGCACTGGGTGCAACAGGCCCCTGGAAAAG
GGCTTGAGTGGATGGGAAGGATTGATCCTGCGAATGGTGATAGGAAATATGACCCGAAGTTCCAG
GGCAGAGTCACCATAACCGCGGACACGTCTACAGACACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCCGTGTATTACTGTGCTAGATCAGGCCCTGTTTATTACTACGGTAGTAGCT
ACGTTATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA

(SEQ ID NO:30)

PD1AB-6 GAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCTACAGTGAAAATCTCCTG
CAAGGCTTCTGGATTCAACATTAAAGACACGTATATGCACTGGGTGCAACAGGCCCCTGGAAAAG
GGCTTGAGTGGATGGGAAGGATTGATCCTGCGAATGGTGATAGGAAATATGACCCGAAGTTCCAG
GGCAGAGTCACCATAACCGCGGACACGTCTACAGACACAGCCTACATGGAGCTGAGCAGCCTGAG
ATCTGAGGACACGGCCGTGTATTACTGTGCTAGATCAGGCCCTGTTTATTACTACGGTAGTAGCT
ACGTTATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA

(SEQ ID NO:30)

[0287] In some embodiments, an antibody provided herein has a VH and a VL amino acid
sequence of PD1AB-1. In some embodiments, an antibody comprises a VH amino acid
sequence of SEQ ID NO:11, and a VL amino acid sequence of SEQ ID NO:8.

[0288] In other embodiments, an antibody provided herein has a VH and a VL amino acid
sequence of PD1AB-2. In some embodiments, an antibody comprises a VH amino acid
sequence of SEQ ID NO:11, and a VL amino acid sequence of SEQ ID NO:9.

[0289] In some embodiments, an antibody provided herein has a VH and a VL amino acid
sequence of PD1AB-3. In some embodiments, an antibody comprises a VH amino acid
sequence of SEQ ID NO:12, and a VL amino acid sequence of SEQ ID NO:10.

[0290] In other embodiments, an antibody provided herein has a VH and a VL amino acid
sequence of PD1AB-4. In some embodiments, an antibody comprises a VH amino acid

sequence of SEQ ID NO:12, and a VL amino acid sequence of SEQ ID NO:9.
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[0291] In some embodiments, an antibody provided herein has a VH and a VL amino acid
sequence of PD1AB-5. In some embodiments, an antibody comprises a VH amino acid
sequence of SEQ ID NO:13, and a VL amino acid sequence of SEQ ID NO:9.

[0292] In other embodiments, an antibody provided herein has a VH and a VL amino acid
sequence of PD1AB-6. In some embodiments, an antibody comprises a VH amino acid
sequence of SEQ ID NO:13, and a VL amino acid sequence of SEQ ID NO:8.

[0293] In certain embodiments, an antibody or antigen-binding fragment thereof described
herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example
human PD-1), comprises a light chain and a heavy chain, wherein the light chain comprises a
constant region having an amino acid sequence of"
TVAAPSVFIFPPSDEQLKSGTASVVCLLNNEFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDST
YSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:41).

[0294] In other embodiments, an antibody or antigen-binding fragment thereof described
herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example
human PD-1), comprises a light chain and a heavy chain, wherein the heavy chain comprises a
human IgG1 Fc region having an amino acid sequence of:
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFEFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEATLHNHYT
QKSLSLSPGK (SEQ ID NO:36, K322 emphasized).

In some embodiments, an antibody or antigen-binding fragment thereof described herein, which
specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1),
comprises a light chain and a heavy chain, wherein the heavy chain does not comprise a human
IgG1 Fc region having an amino acid sequence of SEQ ID NO:36.

[0295] In certain embodiments, an antibody or antigen-binding fragment thereof described
herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example
human PD-1), comprises a light chain and a heavy chain, wherein the heavy chain comprises a
human IgG1-K322A Fc region having an amino acid sequence of’

ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSSGLYS
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LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFEFLEFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCAVSNKALPAPIEKT ISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEATLHNHYT
QKSLSLSPGK (SEQ ID NO:37, K322A substitution emphasized).

[0296] In some embodiments, an antibody or antigen-binding fragment thereof described
herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example
human PD-1), comprises a light chain and a heavy chain, wherein the heavy chain comprises a
human IgG4 Fc region having an amino acid sequence of:
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVELFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKS
LSLSPGK (SEQ ID NO:38, S228 and L235 emphasized).

[0297] In another embodiment, an antibody or antigen-binding fragment thereof described
herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example
human PD-1), comprises a light chain and a heavy chain, wherein the heavy chain comprises a
human IgG4P Fc region having an amino acid sequence of:
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKS
LSLSPGK (SEQ ID NO:39, S228P substitution emphasized).

[0298] In yet another embodiment, an antibody or antigen-binding fragment thereof
described herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for
example human PD-1), comprises a light chain and a heavy chain, wherein the heavy chain
comprises a human IgG4PE Fc region having an amino acid sequence of:
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVFLFPPKPK
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DTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSD
TAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKS
LSLSPGK (SEQ ID NO:40, S228P and L235E substitutions emphasized).

In some embodiments, an antibody or antigen-binding fragment thereof described herein, which
specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1),
comprises a light chain and a heavy chain, wherein the heavy chain does not comprise a human
IgG4PE Fc region having an amino acid sequence of SEQ ID NO:40.

[0299] In still another embodiment, an antibody or antigen-binding fragment thereof
described herein, which specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for
example human PD-1), comprises a light chain and a heavy chain, wherein the light chain
comprises a constant region having an amino acid sequence of SEQ ID NO:41; and the heavy
chain comprises an Fc region having an amino acid sequence selected from the group consisting
of SEQ ID NOS:36-40.

[0300] In certain embodiments, an antibody provided herein, which specifically binds to a
PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light chain and
a heavy chain, wherein the light chain comprises an amino acid sequence as follows:
DIVMTQSPDSLAVSLGERATINCKSGQSVLYSSNQKNFLAWYQQKPGQPPKLLIYWASTRESGV
PDRFSGSGSGTDFTLTISSLQAEDVAVYYCHQYLYSWTFGQGTKLEIKRTVAAPSVFIFPPSDE
QLKSGTASVVCLLNNEFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE

KHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:31, LC_PD1AB-6-IgG1).

[0301] In some embodiments, an antibody provided herein, which specifically binds to a PD-
1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light chain and a
heavy chain, wherein the heavy chain comprises an amino acid sequence as follows:
EVOLVQSGAEVKKPGATVKISCKASGEFNIKDTYMHWVQQAPGKGLEWMGRIDPANGDRKYDPKFE
QGRVTITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSV
VTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKD
TIMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKALPAPIEKT ISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDI
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AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSL
SLSPGK (SEQ ID NO:32, HC PD1AB-6-IgG1, K322 emphasized).

[0302] In other embodiments, an antibody provided herein, which specifically binds to a PD-
1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light chain and a
heavy chain, wherein the heavy chain comprises an amino acid sequence as follows:
EVOLVQSGAEVKKPGATVKISCKASGEFNIKDTYMHWVQQAPGKGLEWMGRIDPANGDRKYDPKFE
QGRVTITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSV
VTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDW
LNGKEYKCAVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQKSL
SLSPGK (SEQ ID NO:33, HC_PD1AB-6-IgG1-K322A, K322A substitution emphasized).

[0303] In another embodiment, an antibody provided herein, which specifically binds to a
PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light chain and
a heavy chain, wherein the heavy chain comprises an amino acid sequence as follows:
EVQLVQOSGAEVKKPGATVKISCKASGFNIKDTYMHWVQQAPGKGLEWMGRIDPANGDRKYDPKF
QGRVTITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSV

VTIVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLM

ISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNG

KEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVE

WESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOEGNVEFSCSVMHEALHNHYTQKSLSLS
PGK (SEQ ID NO:34, HC_PD1AB-6-IgG4P, IgG4P Fc backbone italicized and underlined).

[0304] In yet another embodiment, an antibody provided herein, which specifically binds to a
PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light chain and
a heavy chain, wherein the heavy chain comprises an amino acid sequence as follows:
EVQLVQSGAEVKKPGATVKISCKASGFNIKDTYMHWVQQAPGKGLEWMGRIDPANGDRKYDPKF
QGRVTITADTSTDTAYMELSSLRSEDTAVYYCARSGPVYYYGSSYVMDYWGQGTTVTVSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSV

VTIVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFEGGPSVEFLFPPKPKDTLM
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ISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNG

KEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVE

WESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWOEGNVEFSCSVMHEALHNHYTQKSLSLS
PGK (SEQ ID NO:35, HC_PD1AB-6-IgG4PE, IgG4PE Fc backbone italicized and underlined).

[0305] In one particular embodiment, an antibody provided herein, which specifically binds
to a PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light chain
and a heavy chain, wherein (1) the light chain comprises an amino acid sequence of SEQ ID
NO:31; and (i1) the heavy chain comprises an amino acid sequence of SEQ ID NO:32.

[0306] In another particular embodiment, an antibody provided herein, which specifically
binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light
chain and a heavy chain, wherein (i) the light chain comprises an amino acid sequence of SEQ
ID NO:31; and (i1) the heavy chain comprises an amino acid sequence of SEQ ID NO:33.

[0307] In yet another particular embodiment, an antibody provided herein, which specifically
binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1), comprises a light
chain and a heavy chain, wherein (1) the light chain comprises an amino acid sequence of SEQ
ID NO:31; and (i1) the heavy chain comprises an amino acid sequence of SEQ ID NO:34.

[0308] In still another particular embodiment, an antibody provided herein, which
specifically binds to a PD-1 polypeptide (e.g., an ECD of PD-1, for example human PD-1),
comprises a light chain and a heavy chain, wherein (i) the light chain comprises an amino acid
sequence of SEQ ID NO:31; and (i1) the heavy chain comprises an amino acid sequence of SEQ
ID NO:35.

[0309] In yet another aspect, antibodies are provided that compete with one of the
exemplified antibodies or functional fragments for binding to PD-1. Such antibodies may also
bind to the same epitope as one of the herein exemplified antibodies, or an overlapping epitope.
Antibodies and fragments that compete with or bind to the same epitope as the exemplified
antibodies are expected to show similar functional properties. The exemplified antigen-binding
proteins and fragments include those with the VH and VL regions, and CDRs provided herein,
including those in Tables 1-6. Thus, as a specific example, the antibodies that are provided
include those that compete with an antibody comprising: (a) 1, 2, 3, 4, 5, or all 6 of the CDRs
listed for an antibody listed in Tables 1-2; (b) a VH and a VL selected from the VH and the VL

regions listed for an antibody listed in Tables 5-6; or (c) two light chains and two heavy chains
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comprising a VH and a VL as specified for an antibody listed in Tables 5-6. In some
embodiments, the antibody is PD1AB-1. In some embodiments, the antibody is PD1AB-2. In
some embodiments, the antibody is PD1AB-3. In some embodiments, the antibody is PD1AB-4.
In some embodiments, the antibody is PD1AB-5. In some embodiments, the antibody is
PD1AB-6.

[0310] In another aspect, antibodies or antigen-binding fragments thereof provided herein
bind to a region, including an epitope, of human PD-1 or cyno PD-1. For example, in some
embodiments, an antibody provided herein binds to a region of human PD-1 (SEQ ID NO:42)
comprising amino acid residues 33 to 109 of human PD-1. In still another aspect, antibodies
provided herein bind to a specific epitope of human PD-1.

[0311] In certain embodiments, the antibody or antigen-binding fragment thereof, when
bound to PD-1, binds to at least one of residues 100-109 (SEQ ID NO:43) within an amino acid
sequence of SEQ ID NO:42. In some embodiments, the antibody or antigen-binding fragment
thereof, when bound to PD-1, binds to at least one of residues 100-105 (SEQ ID NO:44) within
an amino acid sequence of SEQ ID NO:42.

[0312] 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, TS51, S57,
L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID
NO:42. In some 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 L100, N102, G103,
R104, D105, H107, and S109 within an amino acid sequence of SEQ ID NO:42.

[0313] 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, TS51, S57,
L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID
NO:42.

[0314] 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, TS1, S57,
L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID
NO:42.

[0315] 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, TS1,
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S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0316] 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, TS1, S57, L100,
N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ ID NO:42.
[0317] 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, TS1,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0318] 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, TS1,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0319] 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, TS1,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0320] 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, TS1,
S57,L100, N102, G103, R104, D105, H107, and S109 within an amino acid sequence of SEQ
ID NO:42.

[0321] 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.

[0322] In another 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. 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. 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. 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
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NO:42. 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. 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. 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. 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.
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. 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. 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. Any combination of two, three, four, five, six, seven, eight, nine, ten or more of
the above-referenced amino acid PD-1 binding sites is also contemplated.

[0323] In one aspect, described herein are antibodies that specifically bind to PD-1 and can
modulate PD-1 activity and/or expression (e.g., activate PD-1 signaling and/or inhibit PD-1
expression). In certain embodiments, a PD-1 agonist is provided herein that is an antibody
provided herein that specifically binds to an ECD of human PD-1, and activates (e.g., partially
activates) at least one PD-1 activity (e.g., inhibiting cytokine production). In certain
embodiments, a PD-1 agonist provided herein is an antibody provided herein that specifically
binds to an ECD of human PD-1, and downregulates PD-1 expression. In certain embodiments,
described herein are antibodies that specifically bind to PD-1 and that (a) attenuate T cell
activity, e.g., as determined by inhibition of cytokine production; and/or (b) downregulate PD-1
expression in a cell. In certain embodiments, described herein are antibodies that specifically
bind to PD-1 and that (a) attenuate T cell activity, e.g., as determined by inhibition of cytokine
production; (b) downregulate PD-1 expression in a cell; and/or (¢) do not inhibit PD-L1 and/or
PD-L2 binding to PD-1. In certain embodiments, the antibodies that specifically bind to PD-1
bind to an ECD of human PD-1, or an epitope of an ECD of human PD-1 thereof. In certain
embodiments, the antibodies specifically bind to an epitope of an ECD of human PD-1 that is
distinct from the PD-L1 binding site. In certain embodiments, the antibodies specifically bind to

an epitope of an ECD of human PD-1 that is distinct from the PD-L2 binding site. In certain
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embodiments, the antibodies specifically bind to an epitope of an ECD of human PD-1 that is
distinct from both the PD-L1 and PD-L2 binding sites. In certain embodiments, binding of PD-
L1 to PD-1 is not inhibited by the antibody. In other embodiments, binding of PD-L2 to PD-1 is
not inhibited by the antibody. In specific embodiments, neither binding of PD-L1 to PD-1 nor
binding of PD-L2 to PD-1 is inhibited by the antibody.

[0324] PD-1 activity can relate to any activity of PD-1 such as those known or described in
the art. PD-1 activity and PD-1 signaling are used interchangeably herein. In certain aspects,
PD-1 activity is induced by PD-1 ligand (e.g., PD-L1) binding to PD-1. Expression levels of
PD-1 can be assessed by methods described herein or known to one of skill in the art (e.g.,
Western blotting, ELISA, immunohistochemistry, or flow cytometry). In certain embodiments,
described herein are antibodies that specifically bind to PD-1 and decrease PD-1 expression. In
certain embodiments, described herein are antibodies that specifically bind to PD-1 and attenuate
T cell activity. In certain embodiments, described herein are antibodies that specifically bind to
PD-1 and inhibit cytokine production. In certain embodiments, described herein are antibodies
that specifically bind to PD-1 and activate (e.g., partially activate) PD-1 signaling. In certain
embodiments, the antibodies that specifically bind to PD-1 bind to an ECD of human PD-1, or an
epitope of an ECD of human PD-1 thereof. In certain embodiments, the antibodies specifically
bind to an epitope of an ECD of human PD-1 that is distinct from the PD-L1 binding site. In
certain embodiments, the antibodies specifically bind to an epitope of an ECD of human PD-1
that is distinct from the PD-L2 binding site. In certain embodiments, the antibodies specifically
bind to an epitope of an ECD of human PD-1 that is distinct from both the PD-L1 and PD-L2
binding sites. In certain embodiments, binding of PD-L1 to PD-1 is not inhibited by the antibody.
In other embodiments, binding of PD-L2 to PD-1 is not inhibited by the antibody. In specific
embodiments, neither binding of PD-L1 to PD-1 nor binding of PD-L2 to PD-1 is inhibited by
the antibody.

[0325] In certain embodiments, an anti-PD-1 antibody provided herein attenuates (e.g.,
partially attenuate) T cell activity. In some embodiments, an anti-PD-1 antibody provided herein
attenuates T cell activity by at least about 10%. In some embodiments, an anti-PD-1 antibody
provided herein attenuates T cell activity by at least about 15%. In some embodiments, an anti-
PD-1 antibody provided herein attenuates T cell activity by at least about 20%. In some

embodiments, an anti-PD-1 antibody provided herein attenuates T cell activity by at least about
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25%. In some embodiments, an anti-PD-1 antibody provided herein attenuates T cell activity by
at least about 30%. In some embodiments, an anti-PD-1 antibody provided herein attenuates T
cell activity by at least about 35%. In some embodiments, an anti-PD-1 antibody provided
herein attenuates T cell activity by at least about 40%. In some embodiments, an anti-PD-1
antibody provided herein attenuates T cell activity by at least about 45%. In some embodiments,
an anti-PD-1 antibody provided herein attenuates T cell activity by at least about 50%. In some
embodiments, an anti-PD-1 antibody provided herein attenuates T cell activity by at least about
55%. In some embodiments, an anti-PD-1 antibody provided herein attenuates T cell activity by
at least about 60%. In some embodiments, an anti-PD-1 antibody provided herein attenuates T
cell activity by at least about 65%. In some embodiments, an anti-PD-1 antibody provided
herein attenuates T cell activity by at least about 70%. In some embodiments, an anti-PD-1
antibody provided herein attenuates T cell activity by at least about 75%. In some embodiments,
an anti-PD-1 antibody provided herein attenuates T cell activity by at least about 80%. In some
embodiments, an anti-PD-1 antibody provided herein attenuates T cell activity by at least about
85%. In some embodiments, an anti-PD-1 antibody provided herein attenuates T cell activity by
at least about 90%. In some embodiments, an anti-PD-1 antibody provided herein attenuates T
cell activity by at least about 95%. In some embodiments, an anti-PD-1 antibody provided
herein attenuates T cell activity by at least about 98%. In some embodiments, an anti-PD-1
antibody provided herein attenuates T cell activity by at least about 99%. In some embodiments,
an anti-PD-1 antibody provided herein attenuates T cell activity by at least about 100%. In
certain embodiments, an anti-PD-1 antibody provided herein can attenuate (e.g., partially
attenuate) T cell activity by at least about 25% to about 65%. In specific embodiments, the T
cell activity attenuation is assessed by methods described herein. In some embodiments, the T
cell activity attenuation is assessed by methods known to one of skill in the art. In certain
embodiments, the T cell activity attenuation is relative to T cell activity in the presence of
stimulation without any anti-PD-1 antibody. In certain embodiments, the T cell activity
attenuation is relative to T cell activity in the presence of stimulation with an unrelated antibody
(e.g., an antibody that does not specifically bind to PD-1).

[0326] In one embodiment, attenuation of T cell activity is indicated by inhibition of T cell
proliferation. In specific embodiments, the T cell proliferation is CD4+ T cell proliferation. In

certain embodiments, the T cell proliferation is CD8+ T cell proliferation. In some
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embodiments, an anti-PD-1 antibody provided herein inhibits T cell proliferation by at least
about 10%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell
proliferation by at least about 15%. In some embodiments, an anti-PD-1 antibody provided
herein inhibits T cell proliferation by at least about 20%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell proliferation by at least about 25%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell proliferation by at least
about 30%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell
proliferation by at least about 35%. In some embodiments, an anti-PD-1 antibody provided
herein inhibits T cell proliferation by at least about 40%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell proliferation by at least about 45%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell proliferation by at least
about 50%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell
proliferation by at least about 55%. In some embodiments, an anti-PD-1 antibody provided
herein inhibits T cell proliferation by at least about 60%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell proliferation by at least about 65%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell proliferation by at least
about 70%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell
proliferation by at least about 75%. In some embodiments, an anti-PD-1 antibody provided
herein inhibits T cell proliferation by at least about 80%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell proliferation by at least about 85%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell proliferation by at least
about 90%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell
proliferation by at least about 95%. In some embodiments, an anti-PD-1 antibody provided
herein inhibits T cell proliferation by at least about 98%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell proliferation by at least about 99%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell proliferation by at least
about 100%. In certain embodiments, an anti-PD-1 antibody provided herein can inhibit (e.g.,
partially inhibit) T cell proliferation by at least about 25% to about 65%. In specific
embodiments, the T cell proliferation is assessed by methods described herein. In some
embodiments, the T cell proliferation is assessed by methods known to one of skill in the art. In

certain embodiments, the T cell proliferation is relative to T cell proliferation in the presence of
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stimulation without any anti-PD-1 antibody. In certain embodiments, the T cell proliferation is
relative to T cell proliferation in the presence of stimulation with an unrelated antibody (e.g., an
antibody that does not specifically bind to PD-1).

[0327] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and inhibit CD4+ T
cell proliferation. In one embodiment, an antibody provided herein specifically binds to PD-1
and inhibits CD4+ T cell proliferation by at least about 5%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 10%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 25%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 45%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 50%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 55%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 60%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 65%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 70%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 75%. In one embodiment, an antibody

provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
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about 80%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 85%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 90%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 95%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD4+ T cell proliferation by at least
about 98%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD4+ T cell proliferation by at least about 99%. In specific embodiments, antibodies
provided herein specifically bind to PD-1 and inhibits CD4+ T cell proliferation by at least about
25% or 35%, optionally to about 75%. In some embodiments, the inhibition of CD4+ T cell
proliferation is assessed by methods described herein. In other embodiments, the inhibition of
CD4+ T cell proliferation is assessed by methods known to one of skill in the art (e.g., thymidine
incorporation assay, MTT assay, or cell proliferation biomarker assay). In a specific
embodiment, the inhibition of CD4+ T cell proliferation is assessed by thymidine incorporation
assay. In another embodiment, the inhibition of CD4+ T cell proliferation is assessed by MTT
assay. In yet another embodiment, the inhibition of CD4+ T cell proliferation is assessed by cell
proliferation biomarker assay. In a specific embodiment, CD4+ T cell proliferation is inhibited
relative to CD4+ T cell proliferation in the presence of stimulation without any anti-PD-1
antibody. In other embodiments, the CD4+ T cell proliferation is inhibited relative to CD4+ T
cell proliferation in the presence of stimulation with an unrelated antibody (e.g., an antibody that
does not specifically bind to PD-1).

[0328] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) inhibits CD4+ T cell proliferation. In
one embodiment, an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with
an ECs of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
inhibits CD4+ T cell proliferation with an ECs, of at most about 40 nM. In another embodiment,
an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an ECs of at most
about 30 nM. In some embodiments, an anti-PD-1 antibody provided herein inhibits CD4+ T

cell proliferation with an ECsg of at most about 20 nM. In one embodiment, an anti-PD-1
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antibody provided herein inhibits CD4+ T cell proliferation with an ECs of at most about 10
nM. In another embodiment, an anti-PD-1 antibody provided herein inhibits CD4+ T cell
proliferation with an ECs, of at most about S nM. In one embodiment, an anti-PD-1 antibody
provided herein inhibits CD4+ T cell proliferation with an ECs, of at most about 1 nM. In some
embodiments, an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an
ECso of at most about 0.75 nM. In another embodiment, an anti-PD-1 antibody provided herein
inhibits CD4+ T cell proliferation with an ECs, of at most about 0.5 nM. In other embodiments,
an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an ECs, of at most
about 0.1 nM. In one embodiment, an anti-PD-1 antibody provided herein inhibits CD4+ T cell
proliferation with an ECsg of at most about 0.05 nM. In another embodiment, an anti-PD-1
antibody provided herein inhibits CD4+ T cell proliferation with an ECs of at most about 0.01
nM. In some embodiments, an anti-PD-1 antibody provided herein inhibits CD4+ T cell
proliferation with an ECs, of at most about 0.005 nM. In one embodiment, an anti-PD-1
antibody provided herein inhibits CD4+ T cell proliferation with an ECs, of at most about 0.001
nM. In another embodiment, an anti-PD-1 antibody provided herein inhibits CD4+ T cell
proliferation with an ECs, of at least about SO nM. In other embodiments, an anti-PD-1 antibody
provided herein inhibits CD4+ T cell proliferation with an ECs of at least about 40 nM. In some
embodiments, an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an
ECs of at least about 30 nM. In another embodiment, an anti-PD-1 antibody provided herein
inhibits CD4+ T cell proliferation with an ECs, of at least about 20 nM. In one embodiment, an
anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an ECs, of at least
about 10 nM. In one embodiment, an anti-PD-1 antibody provided herein inhibits CD4+ T cell
proliferation with an ECs, of at least about S nM. In another embodiment, an anti-PD-1 antibody
provided herein inhibits CD4+ T cell proliferation with an ECs of at least about 1 nM. In some
embodiments, an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an
ECs of at least about 0.75 nM. In other embodiments, an anti-PD-1 antibody provided herein
inhibits CD4+ T cell proliferation with an ECsg of at least about 0.5 nM. In another
embodiment, an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an
ECs of at least about 0.1 nM. In one embodiment, an anti-PD-1 antibody provided herein
inhibits CD4+ T cell proliferation with an ECs, of at least about 0.05 nM. In some

embodiments, an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an
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ECsp of at least about 0.01 nM. In another embodiment, an anti-PD-1 antibody provided herein
inhibits CD4+ T cell proliferation with an ECs, of at least about 0.005 nM. In one embodiment,
an anti-PD-1 antibody provided herein inhibits CD4+ T cell proliferation with an ECs, of at least
about 0.001 nM. In specific embodiments, the ECs is assessed by methods described herein. In
other embodiments, the ECs is assessed by other methods known to one of skill in the art (e.g.,
thymidine incorporation assay, MTT assay, or cell proliferation biomarker assay). In a specific
embodiment, the ECs 1s assessed by thymidine incorporation assay. In another embodiment, the
ECsg is assessed by MTT assay. In yet another embodiment, the ECs is assessed by cell
proliferation biomarker assay.

[0329] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and inhibit CD8+ T
cell proliferation. In one embodiment, an antibody provided herein specifically binds to PD-1
and inhibits CD8+ T cell proliferation by at least about 5%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 10%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 25%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 45%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 50%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 55%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
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about 60%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 65%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 70%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 75%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 80%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 85%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 90%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 95%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and inhibits CD8+ T cell proliferation by at least
about 98%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
inhibits CD8+ T cell proliferation by at least about 99%. In specific embodiments, antibodies
provided herein specifically bind to PD-1 and inhibits CD8+ T cell proliferation by at least about
25% or 35%, optionally to about 75%. In some embodiments, the inhibition of CD8+ T cell
proliferation is assessed by methods described herein. In other embodiments, the inhibition of
CD8+ T cell proliferation is assessed by methods known to one of skill in the art (e.g., thymidine
incorporation assay, MTT assay, or cell proliferation biomarker assay). In a specific
embodiment, the inhibition of CD8+ T cell proliferation is assessed by thymidine incorporation
assay. In another embodiment, the inhibition of CD8+ T cell proliferation is assessed by MTT
assay. In yet another embodiment, the inhibition of CD8+ T cell proliferation is assessed by cell
proliferation biomarker assay. In a specific embodiment, CD8+ T cell proliferation is inhibited
relative to CD8+ T cell proliferation in the presence of stimulation without any anti-PD-1
antibody. In other embodiments, the CD8+ T cell proliferation is inhibited relative to CD8+ T
cell proliferation in the presence of stimulation with an unrelated antibody (e.g., an antibody that
does not specifically bind to PD-1).

[0330] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) inhibits CD8+ T cell proliferation. In
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one embodiment, an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with
an ECs of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
inhibits CD8+ T cell proliferation with an ECs, of at most about 40 nM. In another embodiment,
an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an ECs, of at most
about 30 nM. In some embodiments, an anti-PD-1 antibody provided herein inhibits CD8+ T
cell proliferation with an ECs, of at most about 20 nM. In one embodiment, an anti-PD-1
antibody provided herein inhibits CD8+ T cell proliferation with an ECs, of at most about 10
nM. In another embodiment, an anti-PD-1 antibody provided herein inhibits CD8+ T cell
proliferation with an ECs of at most about S nM. In one embodiment, an anti-PD-1 antibody
provided herein inhibits CD8+ T cell proliferation with an ECs, of at most about 1 nM. In some
embodiments, an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an
ECso of at most about 0.75 nM. In another embodiment, an anti-PD-1 antibody provided herein
inhibits CD8+ T cell proliferation with an ECsj of at most about 0.5 nM. In other embodiments,
an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an ECs of at most
about 0.1 nM. In one embodiment, an anti-PD-1 antibody provided herein inhibits CD8+ T cell
proliferation with an ECs, of at most about 0.05 nM. In another embodiment, an anti-PD-1
antibody provided herein inhibits CD8+ T cell proliferation with an ECs of at most about 0.01
nM. In some embodiments, an anti-PD-1 antibody provided herein inhibits CD8+ T cell
proliferation with an ECs, of at most about 0.005 nM. In one embodiment, an anti-PD-1
antibody provided herein inhibits CD8+ T cell proliferation with an ECs, of at most about 0.001
nM. In another embodiment, an anti-PD-1 antibody provided herein inhibits CD8+ T cell
proliferation with an ECs of at least about 50 nM. In other embodiments, an anti-PD-1 antibody
provided herein inhibits CD8+ T cell proliferation with an ECs, of at least about 40 nM. In some
embodiments, an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an
ECs of at least about 30 nM. In another embodiment, an anti-PD-1 antibody provided herein
inhibits CD8+ T cell proliferation with an ECs of at least about 20 nM. In one embodiment, an
anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an ECs, of at least
about 10 nM. In one embodiment, an anti-PD-1 antibody provided herein inhibits CD8+ T cell
proliferation with an ECsg of at least about 5 nM. In another embodiment, an anti-PD-1 antibody
provided herein inhibits CD8+ T cell proliferation with an ECs of at least about 1 nM. In some

embodiments, an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an
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ECs of at least about 0.75 nM. In other embodiments, an anti-PD-1 antibody provided herein
inhibits CD8+ T cell proliferation with an ECs of at least about 0.5 nM. In another
embodiment, an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an
ECs of at least about 0.1 nM. In one embodiment, an anti-PD-1 antibody provided herein
inhibits CD8+ T cell proliferation with an ECs, of at least about 0.05 nM. In some
embodiments, an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an
ECs of at least about 0.01 nM. In another embodiment, an anti-PD-1 antibody provided herein
inhibits CD8+ T cell proliferation with an ECs, of at least about 0.005 nM. In one embodiment,
an anti-PD-1 antibody provided herein inhibits CD8+ T cell proliferation with an ECs, of at least
about 0.001 nM. In specific embodiments, the ECs is assessed by methods described herein. In
other embodiments, the ECs is assessed by other methods known to one of skill in the art (e.g.,
thymidine incorporation assay, MTT assay, or cell proliferation biomarker assay). In a specific
embodiment, the ECs 1s assessed by thymidine incorporation assay. In another embodiment, the
ECsp is assessed by MTT assay. In yet another embodiment, the ECs is assessed by cell
proliferation biomarker assay.

[0331] In one embodiment, attenuation of T cell activity is indicated by upregulation of
expression of an inhibitory receptor on the surface of T cells that is not the PD-1 receptor (e.g.,
LAG-3, CTLA-4, or TIM-3). In some embodiments, the inhibitory receptor is selected from the
group consisting of LAG-3, CTLA-4, or TIM-3, or any combination thereof. In one
embodiment, the inhibitory receptor is LAG-3. In another embodiment, the inhibitory receptor is
CTLA-4. In yet another embodiment, the inhibitory receptor is TIM-3. In certain embodiments,
the inhibitory receptor is LAG-3 and CTLA-4. In some embodiments, the inhibitory receptor is
LAG-3 and TIM-3. In yet other embodiments, the inhibitory receptor is CTLA-4 and TIM-3. In
still other embodiments, the inhibitory receptor is LAG-3, CTLA-4, or TIM-3.

[0332] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and upregulate the
expression of the LAG-3 receptor. In one embodiment, an antibody provided herein specifically
binds to PD-1 and upregulates LAG-3 expression by at least about 5%. In one embodiment, an

antibody provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at
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least about 10%. In another embodiment, an antibody provided herein specifically binds to PD-1
and upregulates LAG-3 expression by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about
20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
upregulates LAG-3 expression by at least about 25%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about
30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates LAG-3 expression by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about
40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates LAG-3 expression by at least about 45%. In one embodiment, an antibody provided
herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about 50%. In
other embodiments, an antibody provided herein specifically binds to PD-1 and upregulates
LAG-3 expression by at least about 55%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates LAG-3 expression by at least about 60%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and upregulates LAG-3
expression by at least about 65%. In one embodiment, an antibody provided herein specifically
binds to PD-1 and upregulates LAG-3 expression by at least about 70%. In another embodiment,
an antibody provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at
least about 75%. In one embodiment, an antibody provided herein specifically binds to PD-1
and upregulates LAG-3 expression by at least about 80%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about
85%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates LAG-3 expression by at least about 90%. In other embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about
95%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates LAG-3 expression by at least about 98%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates LAG-3 expression by at least about
99%. In specific embodiments, antibodies provided herein specifically bind to PD-1 and
upregulate LAG-3 expression by at least about 25% or 35%, optionally to about 75%. In some

embodiments, the upregulation of LAG-3 expression is assessed by methods described herein.
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In other embodiments, the upregulation of LAG-3 expression is assessed by methods known to
one of skill in the art (e.g., flow cytometry, Western blotting, Northern blotting, or RT-PCR). In
a specific embodiment, the upregulation of LAG-3 expression is assessed by flow cytometry. In
another embodiment, the upregulation of LAG-3 expression is assessed by Western blotting. In
yet another embodiment, the upregulation of LAG-3 expression is assessed by Northern blotting.
In still another embodiment, the upregulation of LAG-3 expression is assessed by RT-PCR. In a
specific embodiment, LAG-3 expression is upregulated relative to LAG-3 expression in the
presence of stimulation without any anti-PD-1 antibody. In other embodiments, the LAG-3
expression is upregulated relative to LAG-3 expression in the presence of stimulation with an
unrelated antibody (e.g., an antibody that does not specifically bind to PD-1).

[0333] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) upregulates LAG-3 expression. In
one embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3 expression with an
ECsg of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
upregulates LAG-3 expression with an ECsy of at most about 40 nM. In another embodiment, an
anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs, of at most about
30 nM. In some embodiments, an anti-PD-1 antibody provided herein upregulates LAG-3
expression with an ECs of at most about 20 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates LAG-3 expression with an ECsg of at most about 10 nM. In another
embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs
of at most about 5 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates
LAG-3 expression with an ECs of at most about 1 nM. In some embodiments, an anti-PD-1
antibody provided herein upregulates LAG-3 expression with an ECsg of at most about 0.75 nM.
In another embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3 expression
with an ECs, of at most about 0.5 nM. In other embodiments, an anti-PD-1 antibody provided
herein upregulates LAG-3 expression with an ECs, of at most about 0.1 nM. In one
embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs
of at most about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided herein

upregulates LAG-3 expression with an ECs, of at most about 0.01 nM. In some embodiments,
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an anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs of at most
about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3
expression with an ECs of at most about 0.001 nM. In another embodiment, an anti-PD-1
antibody provided herein upregulates LAG-3 expression with an ECs of at least about SO nM.

In other embodiments, an anti-PD-1 antibody provided herein upregulates LAG-3 expression
with an ECs of at least about 40 nM. In some embodiments, an anti-PD-1 antibody provided
herein upregulates LAG-3 expression with an ECs, of at least about 30 nM. In another
embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs
of at least about 20 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates
LAG-3 expression with an ECs of at least about 10 nM. In one embodiment, an anti-PD-1
antibody provided herein upregulates LAG-3 expression with an ECs, of at least about 5 nM. In
another embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3 expression with
an ECs of at least about 1 nM. In some embodiments, an anti-PD-1 antibody provided herein
upregulates LAG-3 expression with an ECs of at least about 0.75 nM. In other embodiments, an
anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs of at least about
0.5 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates LAG-3
expression with an ECsp of at least about 0.1 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates LAG-3 expression with an ECs, of at least about 0.05 nM. In some
embodiments, an anti-PD-1 antibody provided herein upregulates LAG-3 expression with an
ECs of at least about 0.01 nM. In another embodiment, an anti-PD-1 antibody provided herein
upregulates LAG-3 expression with an ECs of at least about 0.005 nM. In one embodiment, an
anti-PD-1 antibody provided herein upregulates LAG-3 expression with an ECs of at least about
0.001 nM. In specific embodiments, the ECs is assessed by methods described herein. In other
embodiments, the ECs is assessed by other methods known to one of skill in the art (e.g., flow
cytometry, Western blotting, Northern blotting, or RT-PCR). In a specific embodiment, the ECsg
is assessed by flow cytometry. In another embodiment, the ECs is assessed by Western blotting,
In yet another embodiment, the ECs is assessed by Northern blotting. In still another
embodiment, the ECs is assessed by RT-PCR.

[0334] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
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2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and upregulate the
expression of the CTLA-4 receptor. In one embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 5%. In one
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 10%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 15%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 20%. In other embodiments, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 25%. In another
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 30%. In one embodiment, an antibody provided herein specifically
binds to PD-1 and upregulates CTLA-4 expression by at least about 35%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 40%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 45%. In one
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 50%. In other embodiments, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 55%. In another
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 60%. In some embodiments, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 65%. In one
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 70%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 75%. In one
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 80%. In some embodiments, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 85%. In another
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
expression by at least about 90%. In other embodiments, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 95%. In one
embodiment, an antibody provided herein specifically binds to PD-1 and upregulates CTLA-4
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expression by at least about 98%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates CTLA-4 expression by at least about 99%. In specific
embodiments, antibodies provided herein specifically bind to PD-1 and upregulates CTLA-4
expression by at least about 25% or 35%, optionally to about 75%. In some embodiments, the
upregulation of CTLA-4 expression is assessed by methods described herein. In other
embodiments, the upregulation of CTLA-4 expression is assessed by methods known to one of
skill in the art (e.g., flow cytometry, Western blotting, Northern blotting, or RT-PCR). In a
specific embodiment, the upregulation of CTLA-4 expression is assessed by flow cytometry. In
another embodiment, the upregulation of CTLA-4 expression is assessed by Western blotting. In
yet another embodiment, the upregulation of CTLA-4 expression is assessed by Northern
blotting. In still another embodiment, the upregulation of CTLA-4 expression is assessed by RT-
PCR. In a specific embodiment, CTLA-4 expression is upregulated relative to CTLA-4
expression in the presence of stimulation without any anti-PD-1 antibody. In other
embodiments, the CTLA-4 expression is upregulated relative to CTLA-4 expression in the
presence of stimulation with an unrelated antibody (e.g., an antibody that does not specifically
bind to PD-1).

[0335] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) upregulates CTLA-4 expression. In
one embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an
ECso of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
upregulates CTLA-4 expression with an ECs of at most about 40 nM. In another embodiment,
an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an ECs, of at most
about 30 nM. In some embodiments, an anti-PD-1 antibody provided herein upregulates CTLA-
4 expression with an ECsg of at most about 20 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates CTLA-4 expression with an ECs of at most about 10 nM. In
another embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression
with an ECsg of at most about 5 nM. In one embodiment, an anti-PD-1 antibody provided herein
upregulates CTLA-4 expression with an ECs of at most about 1 nM. In some embodiments, an

anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an ECs, of at most
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about 0.75 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates
CTLA-4 expression with an ECsg of at most about 0.5 nM. In other embodiments, an anti-PD-1
antibody provided herein upregulates CTLA-4 expression with an ECs, of at most about 0.1 nM.
In one embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with
an ECs of at most about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided
herein upregulates CTLA-4 expression with an ECsg of at most about 0.01 nM. In some
embodiments, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an
ECs5o of at most about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein
upregulates CTLA-4 expression with an ECsy of at most about 0.001 nM. In another
embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an
ECs of at least about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
upregulates CTLA-4 expression with an ECs, of at least about 40 nM. In some embodiments, an
anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an ECs of at least
about 30 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates
CTLA-4 expression with an ECsg of at least about 20 nM. In one embodiment, an anti-PD-1
antibody provided herein upregulates CTLA-4 expression with an ECs, of at least about 10 nM.
In one embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with
an ECs of at least about S nM. In another embodiment, an anti-PD-1 antibody provided herein
upregulates CTLA-4 expression with an ECs, of at least about 1 nM. In some embodiments, an
anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an ECs of at least
about 0.75 nM. In other embodiments, an anti-PD-1 antibody provided herein upregulates
CTLA-4 expression with an ECsg of at least about 0.5 nM. In another embodiment, an anti-PD-1
antibody provided herein upregulates CTLA-4 expression with an ECs, of at least about 0.1 nM.
In one embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with
an ECs of at least about 0.05 nM. In some embodiments, an anti-PD-1 antibody provided herein
upregulates CTLA-4 expression with an ECs of at least about 0.01 nM. In another embodiment,
an anti-PD-1 antibody provided herein upregulates CTLA-4 expression with an ECs of at least
about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates CTLA-
4 expression with an ECsg of at least about 0.001 nM. In specific embodiments, the ECs is
assessed by methods described herein. In other embodiments, the ECs is assessed by other

methods known to one of skill in the art (e.g., flow cytometry, Western blotting, Northern
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blotting, or RT-PCR). In a specific embodiment, the ECs is assessed by flow cytometry. In
another embodiment, the ECs is assessed by Western blotting. In yet another embodiment, the
ECsg is assessed by Northern blotting. In still another embodiment, the ECs is assessed by RT-
PCR.

[0336] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and upregulate the
expression of the TIM-3 receptor. In one embodiment, an antibody provided herein specifically
binds to PD-1 and upregulates TIM-3 expression by at least about 5%. In one embodiment, an
antibody provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at
least about 10%. In another embodiment, an antibody provided herein specifically binds to PD-1
and upregulates TIM-3 expression by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about
20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
upregulates TIM-3 expression by at least about 25%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about
30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates TIM-3 expression by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about
40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates TIM-3 expression by at least about 45%. In one embodiment, an antibody provided
herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about 50%. In
other embodiments, an antibody provided herein specifically binds to PD-1 and upregulates
TIM-3 expression by at least about 55%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates TIM-3 expression by at least about 60%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and upregulates TIM-3
expression by at least about 65%. In one embodiment, an antibody provided herein specifically
binds to PD-1 and upregulates TIM-3 expression by at least about 70%. In another embodiment,
an antibody provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at

least about 75%. In one embodiment, an antibody provided herein specifically binds to PD-1
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and upregulates TIM-3 expression by at least about 80%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about
85%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates TIM-3 expression by at least about 90%. In other embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about
95%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates TIM-3 expression by at least about 98%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates TIM-3 expression by at least about
99%. In specific embodiments, antibodies provided herein specifically bind to PD-1 and
upregulate TIM-3 expression by at least about 25% or 35%, optionally to about 75%. In some
embodiments, the upregulation of TIM-3 expression is assessed by methods described herein. In
other embodiments, the upregulation of TIM-3 expression is assessed by methods known to one
of skill in the art (e.g., flow cytometry, Western blotting, Northern blotting, or RT-PCR). In a
specific embodiment, the upregulation of TIM-3 expression is assessed by flow cytometry. In
another embodiment, the upregulation of TIM-3 expression is assessed by Western blotting. In
yet another embodiment, the upregulation of TIM-3 expression is assessed by Northern blotting.
In still another embodiment, the upregulation of TIM-3 expression is assessed by RT-PCR. Ina
specific embodiment, TIM-3 expression is upregulated relative to TIM-3 expression in the
presence of stimulation without any anti-PD-1 antibody. In other embodiments, the TIM-3
expression is upregulated relative to TIM-3 expression in the presence of stimulation with an
unrelated antibody (e.g., an antibody that does not specifically bind to PD-1).

[0337] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) upregulates TIM-3 expression. In one
embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECsg
of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
upregulates TIM-3 expression with an ECsj of at most about 40 nM. In another embodiment, an
anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECs of at most about
30 nM. In some embodiments, an anti-PD-1 antibody provided herein upregulates TIM-3

expression with an ECs of at most about 20 nM. In one embodiment, an anti-PD-1 antibody
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provided herein upregulates TIM-3 expression with an ECs of at most about 10 nM. In another
embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECsg
of at most about 5 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates
TIM-3 expression with an ECs, of at most about 1 nM. In some embodiments, an anti-PD-1
antibody provided herein upregulates TIM-3 expression with an ECs, of at most about 0.75 nM.
In another embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3 expression
with an ECs, of at most about 0.5 nM. In other embodiments, an anti-PD-1 antibody provided
herein upregulates TIM-3 expression with an ECs of at most about 0.1 nM. In one embodiment,
an anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECs of at most
about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates
TIM-3 expression with an ECs, of at most about 0.01 nM. In some embodiments, an anti-PD-1
antibody provided herein upregulates TIM-3 expression with an ECsq of at most about 0.005 nM.
In one embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3 expression with
an ECsg of at most about 0.001 nM. In another embodiment, an anti-PD-1 antibody provided
herein upregulates TIM-3 expression with an ECsj of at least about 50 nM. In other
embodiments, an anti-PD-1 antibody provided herein upregulates TIM-3 expression with an
ECs of at least about 40 nM. In some embodiments, an anti-PD-1 antibody provided herein
upregulates TIM-3 expression with an ECsg of at least about 30 nM. In another embodiment, an
anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECs, of at least about
20 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3
expression with an ECsp of at least about 10 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates TIM-3 expression with an ECsg of at least about S nM. In another
embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECsg
of at least about 1 nM. In some embodiments, an anti-PD-1 antibody provided herein
upregulates TIM-3 expression with an ECs of at least about 0.75 nM. In other embodiments, an
anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECsj of at least about
0.5 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates TIM-3
expression with an ECsj of at least about 0.1 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates TIM-3 expression with an ECsg of at least about 0.05 nM. In some
embodiments, an anti-PD-1 antibody provided herein upregulates TIM-3 expression with an

ECs of at least about 0.01 nM. In another embodiment, an anti-PD-1 antibody provided herein
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upregulates TIM-3 expression with an ECsg of at least about 0.005 nM. In one embodiment, an
anti-PD-1 antibody provided herein upregulates TIM-3 expression with an ECsj of at least about
0.001 nM. In specific embodiments, the ECs is assessed by methods described herein. In other
embodiments, the ECs is assessed by other methods known to one of skill in the art (e.g., flow
cytometry, Western blotting, Northern blotting, or RT-PCR). In a specific embodiment, the ECsg
is assessed by flow cytometry. In another embodiment, the ECs is assessed by Western blotting.
In yet another embodiment, the ECs is assessed by Northern blotting. In still another
embodiment, the ECs is assessed by RT-PCR.

[0338] In one embodiment, attenuation of T cell activity is indicated by inhibition of T cell
recall response. In some embodiments, the T cell recall response is measured by CD4+ T cell
proliferation. In other embodiments, the T cell recall response is measured by CD25
upregulation. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall
response by at least about 10%. In some embodiments, an anti-PD-1 antibody provided herein
inhibits T cell recall response by at least about 15%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell recall response by at least about 20%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall response by at least
about 25%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall
response by at least about 30%. In some embodiments, an anti-PD-1 antibody provided herein
inhibits T cell recall response by at least about 35%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell recall response by at least about 40%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall response by at least
about 45%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall
response by at least about 50%. In some embodiments, an anti-PD-1 antibody provided herein
inhibits T cell recall response by at least about 55%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell recall response by at least about 60%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall response by at least
about 65%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall
response by at least about 70%. In some embodiments, an anti-PD-1 antibody provided herein
inhibits T cell recall response by at least about 75%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell recall response by at least about 80%. In some

embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall response by at least

122



WO 2018/053405 PCT/US2017/052021

about 85%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall
response by at least about 90%. In some embodiments, an anti-PD-1 antibody provided herein
inhibits T cell recall response by at least about 95%. In some embodiments, an anti-PD-1
antibody provided herein inhibits T cell recall response by at least about 98%. In some
embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall response by at least
about 99%. In some embodiments, an anti-PD-1 antibody provided herein inhibits T cell recall
response by at least about 100%. In certain embodiments, an anti-PD-1 antibody provided herein
can inhibit (e.g., partially inhibit) T cell recall response by at least about 25% to about 65%. In
specific embodiments, the T cell recall response is assessed by methods described herein. In
some embodiments, the T cell recall response is assessed by methods known to one of skill in the
art (e.g., CD4+ T cell proliferation assay or CD25 upregulation assay). In certain embodiments,
the T cell recall response is relative to T cell recall response in the presence of stimulation
without any anti-PD-1 antibody. In certain embodiments, the T cell recall response is relative to
T cell recall response in the presence of stimulation with an unrelated antibody (e.g., an antibody
that does not specifically bind to PD-1).

[0339] In some embodiments, attenuation of T cell activity is indicated by downregulation of
T cell activation biomarkers. In one embodiment, the T cell activation biomarker is CD25. In
another embodiment, the T cell activation biomarker is CD69.

[0340] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and downregulate
the expression of CD25. In one embodiment, an antibody provided herein specifically binds to
PD-1 and downregulates CD25 expression by at least about 5%. In one embodiment, an
antibody provided herein specifically binds to PD-1 and downregulates CD25 expression by at
least about 10%. In another embodiment, an antibody provided herein specifically binds to PD-1
and downregulates CD25 expression by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 25%. In another embodiment, an antibody

provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
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30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 45%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
50%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 55%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
60%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 65%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
70%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 75%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
80%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 85%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
90%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 95%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD25 expression by at least about
98%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD25 expression by at least about 99%. In specific embodiments, antibodies
provided herein specifically bind to PD-1 and downregulate CD25 expression by at least about
25% or 35%, optionally to about 75%. In some embodiments, the downregulation of CD25
expression is assessed by methods described herein. In other embodiments, the downregulation
of CD25 expression is assessed by methods known to one of skill in the art (e.g., flow cytometry,
Western blotting, Northern blotting, or RT-PCR). In a specific embodiment, the downregulation
of CD25 expression is assessed by flow cytometry. In another embodiment, the downregulation
of CD25 expression is assessed by Western blotting. In yet another embodiment, the

downregulation of CD25 expression is assessed by Northern blotting. In still another
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embodiment, the downregulation of CD25 expression is assessed by RT-PCR. In a specific
embodiment, CD25 expression is downregulated relative to CD25 expression in the presence of
stimulation without any anti-PD-1 antibody. In other embodiments, the CD25 expression is
downregulated relative to CD25 expression in the presence of stimulation with an unrelated
antibody (e.g., an antibody that does not specifically bind to PD-1).

[0341] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) downregulates CD25 expression. In
one embodiment, an anti-PD-1 antibody provided herein downregulates CD25 expression with
an ECs of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
downregulates CD25 expression with an ECs of at most about 40 nM. In another embodiment,
an anti-PD-1 antibody provided herein downregulates CD25 expression with an ECs of at most
about 30 nM. In some embodiments, an anti-PD-1 antibody provided herein downregulates
CD25 expression with an ECsy of at most about 20 nM. In one embodiment, an anti-PD-1
antibody provided herein downregulates CD25 expression with an ECs, of at most about 10 nM.
In another embodiment, an anti-PD-1 antibody provided herein downregulates CD25 expression
with an ECsj of at most about 5 nM. In one embodiment, an anti-PD-1 antibody provided herein
downregulates CD25 expression with an ECsj of at most about 1 nM. In some embodiments, an
anti-PD-1 antibody provided herein downregulates CD25 expression with an ECsj of at most
about 0.75 nM. In another embodiment, an anti-PD-1 antibody provided herein downregulates
CD25 expression with an ECs of at most about 0.5 nM. In other embodiments, an anti-PD-1
antibody provided herein downregulates CD25 expression with an ECs, of at most about 0.1 nM.
In one embodiment, an anti-PD-1 antibody provided herein downregulates CD25 expression with
an ECs of at most about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided
herein downregulates CD25 expression with an ECsy of at most about 0.01 nM. In some
embodiments, an anti-PD-1 antibody provided herein downregulates CD25 expression with an
ECs of at most about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein
downregulates CD25 expression with an ECsg of at most about 0.001 nM. In another
embodiment, an anti-PD-1 antibody provided herein downregulates CD25 expression with an

ECs of at least about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein

125



WO 2018/053405 PCT/US2017/052021

downregulates CD25 expression with an ECs of at least about 40 nM. In some embodiments, an
anti-PD-1 antibody provided herein downregulates CD25 expression with an ECs of at least
about 30 nM. In another embodiment, an anti-PD-1 antibody provided herein downregulates
CD25 expression with an ECs of at least about 20 nM. In one embodiment, an anti-PD-1
antibody provided herein downregulates CD25 expression with an ECs of at least about 10 nM.
In one embodiment, an anti-PD-1 antibody provided herein downregulates CD25 expression with
an ECs of at least about S nM. In another embodiment, an anti-PD-1 antibody provided herein
downregulates CD25 expression with an ECsg of at least about 1 nM. In some embodiments, an
anti-PD-1 antibody provided herein downregulates CD25 expression with an ECs of at least
about 0.75 nM. In other embodiments, an anti-PD-1 antibody provided herein downregulates
CD25 expression with an ECs of at least about 0.5 nM. In another embodiment, an anti-PD-1
antibody provided herein downregulates CD25 expression with an ECs of at least about 0.1 nM.
In one embodiment, an anti-PD-1 antibody provided herein downregulates CD25 expression with
an ECs of at least about 0.05 nM. In some embodiments, an anti-PD-1 antibody provided herein
downregulates CD25 expression with an ECs, of at least about 0.01 nM. In another embodiment,
an anti-PD-1 antibody provided herein downregulates CD25 expression with an ECsg of at least
about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein downregulates
CD2S5 expression with an ECsg of at least about 0.001 nM. In specific embodiments, the ECsg is
assessed by methods described herein. In other embodiments, the ECs is assessed by other
methods known to one of skill in the art (e.g., flow cytometry, Western blotting, Northern
blotting, or RT-PCR). In a specific embodiment, the ECs is assessed by flow cytometry. In
another embodiment, the ECs is assessed by Western blotting. In yet another embodiment, the
ECsg is assessed by Northern blotting. In still another embodiment, the ECs is assessed by RT-
PCR.

[0342] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and downregulate
the expression of CD69. In one embodiment, an antibody provided herein specifically binds to
PD-1 and downregulates CD69 expression by at least about 5%. In one embodiment, an

antibody provided herein specifically binds to PD-1 and downregulates CD69 expression by at
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least about 10%. In another embodiment, an antibody provided herein specifically binds to PD-1
and downregulates CD69 expression by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 25%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 45%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
50%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 55%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
60%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 65%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
70%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 75%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
80%. In some embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 85%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
90%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 95%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and downregulates CD69 expression by at least about
98%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
downregulates CD69 expression by at least about 99%. In specific embodiments, antibodies
provided herein specifically bind to PD-1 and downregulate CD69 expression by at least about
25% or 35%, optionally to about 75%. In some embodiments, the downregulation of CD69
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expression is assessed by methods described herein. In other embodiments, the downregulation
of CD69 expression is assessed by methods known to one of skill in the art (e.g., flow cytometry,
Western blotting, Northern blotting, or RT-PCR). In a specific embodiment, the downregulation
of CD69 expression is assessed by flow cytometry. In another embodiment, the downregulation
of CD69 expression is assessed by Western blotting. In yet another embodiment, the
downregulation of CD69 expression is assessed by Northern blotting. In still another
embodiment, the downregulation of CD69 expression is assessed by RT-PCR. In a specific
embodiment, CD69 expression is downregulated relative to CD69 expression in the presence of
stimulation without any anti-PD-1 antibody. In other embodiments, the CD69 expression is
downregulated relative to CD69 expression in the presence of stimulation with an unrelated
antibody (e.g., an antibody that does not specifically bind to PD-1).

[0343] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) downregulates CD69 expression. In
one embodiment, an anti-PD-1 antibody provided herein downregulates CD69 expression with
an ECs of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
downregulates CD69 expression with an ECsg of at most about 40 nM. In another embodiment,
an anti-PD-1 antibody provided herein downregulates CD69 expression with an ECs, of at most
about 30 nM. In some embodiments, an anti-PD-1 antibody provided herein downregulates
CD69 expression with an ECsy of at most about 20 nM. In one embodiment, an anti-PD-1
antibody provided herein downregulates CD69 expression with an ECs of at most about 10 nM.
In another embodiment, an anti-PD-1 antibody provided herein downregulates CD69 expression
with an ECs, of at most about 5 nM. In one embodiment, an anti-PD-1 antibody provided herein
downregulates CD69 expression with an ECsg of at most about 1 nM. In some embodiments, an
anti-PD-1 antibody provided herein downregulates CD69 expression with an ECs of at most
about 0.75 nM. In another embodiment, an anti-PD-1 antibody provided herein downregulates
CD69 expression with an ECsy of at most about 0.5 nM. In other embodiments, an anti-PD-1
antibody provided herein downregulates CD69 expression with an ECsy of at most about 0.1 nM.
In one embodiment, an anti-PD-1 antibody provided herein downregulates CD69 expression with

an ECs of at most about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided
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herein downregulates CD69 expression with an ECsy of at most about 0.01 nM. In some
embodiments, an anti-PD-1 antibody provided herein downregulates CD69 expression with an
ECs of at most about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein
downregulates CD69 expression with an ECsj of at most about 0.001 nM. In another
embodiment, an anti-PD-1 antibody provided herein downregulates CD69 expression with an
ECs of at least about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
downregulates CD69 expression with an ECs, of at least about 40 nM. In some embodiments, an
anti-PD-1 antibody provided herein downregulates CD69 expression with an ECs, of at least
about 30 nM. In another embodiment, an anti-PD-1 antibody provided herein downregulates
CD69 expression with an ECs of at least about 20 nM. In one embodiment, an anti-PD-1
antibody provided herein downregulates CD69 expression with an ECs of at least about 10 nM.
In one embodiment, an anti-PD-1 antibody provided herein downregulates CD69 expression with
an ECs of at least about S nM. In another embodiment, an anti-PD-1 antibody provided herein
downregulates CD69 expression with an ECsg of at least about 1 nM. In some embodiments, an
anti-PD-1 antibody provided herein downregulates CD69 expression with an ECs, of at least
about 0.75 nM. In other embodiments, an anti-PD-1 antibody provided herein downregulates
CD69 expression with an ECs of at least about 0.5 nM. In another embodiment, an anti-PD-1
antibody provided herein downregulates CD69 expression with an ECs of at least about 0.1 nM.
In one embodiment, an anti-PD-1 antibody provided herein downregulates CD69 expression with
an ECs of at least about 0.05 nM. In some embodiments, an anti-PD-1 antibody provided herein
downregulates CD69 expression with an ECsg of at least about 0.01 nM. In another embodiment,
an anti-PD-1 antibody provided herein downregulates CD69 expression with an ECs of at least
about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein downregulates
CD69 expression with an ECs of at least about 0.001 nM. In specific embodiments, the ECs is
assessed by methods described herein. In other embodiments, the ECs is assessed by other
methods known to one of skill in the art (e.g., flow cytometry, Western blotting, Northern
blotting, or RT-PCR). In a specific embodiment, the ECs is assessed by flow cytometry. In
another embodiment, the ECs is assessed by Western blotting. In yet another embodiment, the
ECsp is assessed by Northern blotting. In still another embodiment, the ECs is assessed by RT-
PCR.
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[0344] In some embodiments, attenuation of T cell activity is indicated by upregulation of
regulatory T cell biomarkers. In one embodiment, the regulatory T cell biomarker is Foxp3.
[0345] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-S, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and upregulate the
expression of Foxp3. In one embodiment, an antibody provided herein specifically binds to PD-
1 and upregulates Foxp3 expression by at least about 5%. In one embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
10%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates Foxp3 expression by at least about 15%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
20%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
upregulates Foxp3 expression by at least about 25%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
30%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates Foxp3 expression by at least about 35%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates Foxp3 expression by at least about 45%. In one embodiment, an antibody provided
herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about 50%. In
other embodiments, an antibody provided herein specifically binds to PD-1 and upregulates
Foxp3 expression by at least about 55%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and upregulates Foxp3 expression by at least about 60%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and upregulates Foxp3
expression by at least about 65%. In one embodiment, an antibody provided herein specifically
binds to PD-1 and upregulates Foxp3 expression by at least about 70%. In another embodiment,
an antibody provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at
least about 75%. In one embodiment, an antibody provided herein specifically binds to PD-1
and upregulates Foxp3 expression by at least about 80%. In some embodiments, an antibody

provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
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85%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates Foxp3 expression by at least about 90%. In other embodiments, an antibody
provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
95%. In one embodiment, an antibody provided herein specifically binds to PD-1 and
upregulates Foxp3 expression by at least about 98%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and upregulates Foxp3 expression by at least about
99%. In specific embodiments, antibodies provided herein specifically bind to PD-1 and
upregulate Foxp3 expression by at least about 25% or 35%, optionally to about 75%. In some
embodiments, the upregulation of Foxp3 expression is assessed by methods described herein. In
other embodiments, the upregulation of Foxp3 expression is assessed by methods known to one
of skill in the art (e.g., flow cytometry, Western blotting, Northern blotting, or RT-PCR). In a
specific embodiment, the upregulation of Foxp3 expression is assessed by flow cytometry. In
another embodiment, the upregulation of Foxp3 expression is assessed by Western blotting. In
yet another embodiment, the upregulation of Foxp3 expression is assessed by Northern blotting.
In still another embodiment, the upregulation of Foxp3 expression is assessed by RT-PCR. Ina
specific embodiment, Foxp3 expression is upregulated relative to Foxp3 expression in the
presence of stimulation without any anti-PD-1 antibody. In other embodiments, the Foxp3
expression is upregulated relative to FOXP3 expression in the presence of stimulation with an
unrelated antibody (e.g., an antibody that does not specifically bind to PD-1).

[0346] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) upregulates Foxp3 expression. In one
embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs
of at most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein
upregulates Foxp3 expression with an ECsg of at most about 40 nM. In another embodiment, an
anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs, of at most about
30 nM. In some embodiments, an anti-PD-1 antibody provided herein upregulates Foxp3
expression with an ECsp of at most about 20 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates Foxp3 expression with an ECs of at most about 10 nM. In another

embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs
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of at most about 5 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates
Foxp3 expression with an ECs, of at most about 1 nM. In some embodiments, an anti-PD-1
antibody provided herein upregulates Foxp3 expression with an ECs, of at most about 0.75 nM.
In another embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3 expression
with an ECs, of at most about 0.5 nM. In other embodiments, an anti-PD-1 antibody provided
herein upregulates Foxp3 expression with an ECs, of at most about 0.1 nM. In one embodiment,
an anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs, of at most
about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates
Foxp3 expression with an ECs, of at most about 0.01 nM. In some embodiments, an anti-PD-1
antibody provided herein upregulates Foxp3 expression with an ECs, of at most about 0.005 nM.
In one embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3 expression with
an ECs of at most about 0.001 nM. In another embodiment, an anti-PD-1 antibody provided
herein upregulates Foxp3 expression with an ECsg of at least about 50 nM. In other
embodiments, an anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs
of at least about 40 nM. In some embodiments, an anti-PD-1 antibody provided herein
upregulates Foxp3 expression with an ECs of at least about 30 nM. In another embodiment, an
anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECsj of at least about
20 nM. In one embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3
expression with an ECs, of at least about 10 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates Foxp3 expression with an ECs, of at least about S nM. In another
embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs
of at least about 1 nM. In some embodiments, an anti-PD-1 antibody provided herein
upregulates Foxp3 expression with an ECs of at least about 0.75 nM. In other embodiments, an
anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs, of at least about
0.5 nM. In another embodiment, an anti-PD-1 antibody provided herein upregulates Foxp3
expression with an ECsp of at least about 0.1 nM. In one embodiment, an anti-PD-1 antibody
provided herein upregulates Foxp3 expression with an ECs, of at least about 0.05 nM. In some
embodiments, an anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs
of at least about 0.01 nM. In another embodiment, an anti-PD-1 antibody provided herein
upregulates Foxp3 expression with an ECs of at least about 0.005 nM. In one embodiment, an

anti-PD-1 antibody provided herein upregulates Foxp3 expression with an ECs, of at least about
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0.001 nM. In specific embodiments, the ECs is assessed by methods described herein. In other
embodiments, the ECs is assessed by other methods known to one of skill in the art (e.g., flow
cytometry, Western blotting, Northern blotting, or RT-PCR). In a specific embodiment, the ECsg
is assessed by flow cytometry. In another embodiment, the ECs is assessed by Western blotting.
In yet another embodiment, the ECs is assessed by Northern blotting. In still another
embodiment, the ECs is assessed by RT-PCR.

[0347] In one embodiment, attenuation of T cell activity is indicated by increase of T cell
exhaustion. In certain embodiments, the increase of T cell exhaustion is measured by reduction
of IL-7R"™ T cells. In some embodiments, the increase of T cell exhaustion is measured by
increase of IL-7R" T cells. In other embodiments, the increase of T cell exhaustion is measured
by increase of LAG-3 expression. In yet other embodiments, the increase of T cell exhaustion is
measured by increase of CTLA-4 expression. In still other embodiments, the increase of T cell
exhaustion is measured by increase of TIM-3 expression. In some embodiments, an anti-PD-1
antibody provided herein increases T cell exhaustion by at least about 10%. In some
embodiments, an anti-PD-1 antibody provided herein increases T cell exhaustion by at least
about 15%. In some embodiments, an anti-PD-1 antibody provided herein increases T cell
exhaustion by at least about 20%. In some embodiments, an anti-PD-1 antibody provided herein
increases T cell exhaustion by at least about 25%. In some embodiments, an anti-PD-1 antibody
provided herein increases T cell exhaustion by at least about 30%. In some embodiments, an
anti-PD-1 antibody provided herein increases T cell exhaustion by at least about 35%. In some
embodiments, an anti-PD-1 antibody provided herein increases T cell exhaustion by at least
about 40%. In some embodiments, an anti-PD-1 antibody provided herein increases T cell
exhaustion by at least about 45%. In some embodiments, an anti-PD-1 antibody provided herein
increases T cell exhaustion by at least about 50%. In some embodiments, an anti-PD-1 antibody
provided herein increases T cell exhaustion by at least about 55%. In some embodiments, an
anti-PD-1 antibody provided herein increases T cell exhaustion by at least about 60%. In some
embodiments, an anti-PD-1 antibody provided herein increases T cell exhaustion by at least
about 65%. In some embodiments, an anti-PD-1 antibody provided herein increases T cell
exhaustion by at least about 70%. In some embodiments, an anti-PD-1 antibody provided herein
increases T cell exhaustion by at least about 75%. In some embodiments, an anti-PD-1 antibody

provided herein increases T cell exhaustion by at least about 80%. In some embodiments, an
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anti-PD-1 antibody provided herein increases T cell exhaustion by at least about 85%. In some
embodiments, an anti-PD-1 antibody provided herein increases T cell exhaustion by at least
about 90%. In some embodiments, an anti-PD-1 antibody provided herein increases T cell
exhaustion by at least about 95%. In some embodiments, an anti-PD-1 antibody provided herein
increases T cell exhaustion by at least about 98%. In some embodiments, an anti-PD-1 antibody
provided herein increases T cell exhaustion by at least about 99%. In some embodiments, an
anti-PD-1 antibody provided herein increases T cell exhaustion by at least about 100%. In
certain embodiments, an anti-PD-1 antibody provided herein can inhibit (e.g., partially inhibit) T
cell recall response by at least about 25% to about 65%. In specific embodiments, the T cell
exhaustion is assessed by methods described herein. In some embodiments, the T cell
exhaustion is assessed by methods known to one of skill in the art (e.g., IL-7R™ T cell flow
cytometry; IL-7R" T cell flow cytometry; LAG-3 expression flow cytometry, western blot,
northern blot, RT-PCR; CTLA-4 expression flow cytometry, western blot, northern blot, RT-
PCR; or TIM-3 expression flow cytometry, western blot, northern blot, RT-PCR). In certain
embodiments, the T cell exhaustion is relative to T cell exhaustion in the presence of stimulation
without any anti-PD-1 antibody. In certain embodiments, the T cell exhaustion is relative to T
cell exhaustion in the presence of stimulation with an unrelated antibody (e.g., an antibody that
does not specifically bind to PD-1). In some embodiments, the T cells are CD4+ T cells. In
other embodiments, the T cells are CD8+ T cells. In yet other embodiments, the T cells are
CD4+ T cells and CD8+ T cells.

[0348] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and reduces IL-7RM
T cells. In one embodiment, an antibody provided herein specifically binds to PD-1 and reduces
IL-7R"™ T cells by at least about 5%. In one embodiment, an antibody provided herein
specifically binds to PD-1 and reduces IL-7R™ T cells by at least about 10%. In another
embodiment, an antibody provided herein specifically binds to PD-1 and reduces IL-7R™ T cells
by at least about 15%. In some embodiments, an antibody provided herein specifically binds to
PD-1 and reduces IL-7R™ T cells by at least about 20%. In other embodiments, an antibody
provided herein specifically binds to PD-1 and reduces IL-7R™ T cells by at least about 25%. In
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another embodiment, an antibody provided herein specifically binds to PD-1 and reduces IL-7R™
T cells by at least about 30%. In one embodiment, an antibody provided herein specifically
binds to PD-1 and reduces IL-7R"™ T cells by at least about 35%. In some embodiments, an
antibody provided herein specifically binds to PD-1 and reduces IL-7R™ T cells by at least about
40%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
reduces IL-7R™ T cells by at least about 45%. In one embodiment, an antibody provided herein
specifically binds to PD-1 and reduces IL-7R™ T cells by at least about 50%. In other
embodiments, an antibody provided herein specifically binds to PD-1 and reduces IL-7R" T cells
by at least about 55%. In another embodiment, an antibody provided herein specifically binds to
PD-1 and reduces IL-7R™ T cells by at least about 60%. In some embodiments, an antibody
provided herein specifically binds to PD-1 and reduces IL-7R™ T cells by at least about 65%. In
one embodiment, an antibody provided herein specifically binds to PD-1 and reduces IL-7R" T
cells by at least about 70%. In another embodiment, an antibody provided herein specifically
binds to PD-1 and reduces IL-7R" T cells by at least about 75%. In one embodiment, an
antibody provided herein specifically binds to PD-1 and reduces IL-7R™ T cells by at least about
80%. In some embodiments, an antibody provided herein specifically binds to PD-1 and reduces
IL-7R"™ T cells by at least about 85%. In another embodiment, an antibody provided herein
specifically binds to PD-1 and reduces IL-7R™ T cells by at least about 90%. In other
embodiments, an antibody provided herein specifically binds to PD-1 and reduces IL-7R" T cells
by at least about 95%. In one embodiment, an antibody provided herein specifically binds to
PD-1 and reduces IL-7R™ T cells by at least about 98%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and reduces IL-7R™ T cells by at least about 99%. In
specific embodiments, antibodies provided herein specifically bind to PD-1 and reduce IL-7R™ T
cells by at least about 25% or 35%, optionally to about 75%. In some embodiments, the
reduction of IL-7R™ T cells is assessed by methods described herein. In other embodiments, the
reduction of IL-7R™ T cells is assessed by methods known to one of skill in the art (e.g., flow
cytometry, Western blotting, Northern blotting, or RT-PCR). In a specific embodiment, the
reduction of IL-7R™ T cells is assessed by flow cytometry. In another embodiment, the reduction
of IL-7R™ T cells is assessed by Western blotting. In yet another embodiment, the reduction of
IL-7R™ T cells is assessed by Northern blotting. In still another embodiment, the reduction of

IL-7R™ T cells is assessed by RT-PCR. In a specific embodiment, IL-7R™ T cells are reduced
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relative to IL-7R™ T cells in the presence of stimulation without any anti-PD-1 antibody. In
other embodiments, IL-7R™ T cells are reduced relative to IL-7R™ T cells in the presence of
stimulation with an unrelated antibody (e.g., an antibody that does not specifically bind to PD-1).
In some embodiments, the T cells are CD4+ T cells. In other embodiments, the T cells are CD8+
T cells. In yet other embodiments, the T cells are CD4+ T cells and CD8+ T cells.

[0349] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) reduces IL-7R"™ T cells. In one
embodiment, an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an ECs of at
most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein reduces IL-
7RYT cells with an EC 5o of at most about 40 nM. In another embodiment, an anti-PD-1
antibody provided herein reduces IL-7R™ T cells with an ECsp of at most about 30 nM. In some
embodiments, an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an ECs of at
most about 20 nM. In one embodiment, an anti-PD-1 antibody provided herein reduces IL-7R™
T cells with an ECs, of at most about 10 nM. In another embodiment, an anti-PD-1 antibody
provided herein reduces IL-7R™ T cells with an ECso of at most about 5 nM. In one embodiment,
an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an ECs of at most about 1
nM. In some embodiments, an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with
an ECs, of at most about 0.75 nM. In another embodiment, an anti-PD-1 antibody provided
herein reduces IL-7R™ T cells with an ECs, of at most about 0.5 nM. In other embodiments, an
anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an ECso of at most about 0.1
nM. In one embodiment, an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an
ECso of at most about 0.05 nM. In another embodiment, an anti-PD-1 antibody provided herein
reduces IL-7R™ T cells with an ECs of at most about 0.01 nM. In some embodiments, an anti-
PD-1 antibody provided herein reduces IL-7R" T cells with an ECs of at most about 0.005 nM.
In one embodiment, an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an ECs
of at most about 0.001 nM. In another embodiment, an anti-PD-1 antibody provided herein
reduces IL-7R" T cells with an ECso of at least about 50 nM. In other embodiments, an anti-PD-
1 antibody provided herein reduces IL-7R™ T cells with an ECs of at least about 40 nM. In

some embodiments, an anti-PD-1 antibody provided herein reduces IL-7R™ T cells with an ECs,
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of at least about 30 nM. In another embodiment, an anti-PD-1 antibody provided herein reduces
IL-7R"™ T cells with an ECs of at least about 20 nM. In one embodiment, an anti-PD-1 antibody
provided herein reduces IL-7R™ T cells with an EC 5o of at least about 10 nM. In one
embodiment, an anti-PD-1 antibody provided herein reduces IL-7RM T cells with an ECs of at
least about S nM. In another embodiment, an anti-PD-1 antibody provided herein reduces IL-
7R™T cells with an ECs of at least about 1 nM. In some embodiments, an anti-PD-1 antibody
provided herein reduces IL-7R™ T cells with an EC 5o of at least about 0.75 nM. In other
embodiments, an anti-PD-1 antibody provided herein reduces IL-7RM T cells with an ECs of at
least about 0.5 nM. In another embodiment, an anti-PD-1 antibody provided herein reduces IL-
7R™ T cells with an ECs of at least about 0.1 nM. In one embodiment, an anti-PD-1 antibody
provided herein reduces IL-7R™ T cells with an EC 5o of at least about 0.05 nM. In some
embodiments, an anti-PD-1 antibody provided herein reduces IL-7RM T cells with an ECs of at
least about 0.01 nM. In another embodiment, an anti-PD-1 antibody provided herein reduces IL-
7RM T cells with an ECs of at least about 0.005 nM. In one embodiment, an anti-PD-1 antibody
provided herein reduces IL-7R™ T cells with an EC so of at least about 0.001 nM. In specific
embodiments, the ECs is assessed by methods described herein. In other embodiments, the
ECs is assessed by other methods known to one of skill in the art (e.g., flow cytometry, Western
blotting, Northern blotting, or RT-PCR). In a specific embodiment, the ECs is assessed by flow
cytometry. In another embodiment, the ECs is assessed by Western blotting. In yet another
embodiment, the ECs is assessed by Northern blotting. In still another embodiment, the ECs is
assessed by RT-PCR. In some embodiments, the T cells are CD4+ T cells. In other
embodiments, the T cells are CD8+ T cells. In yet other embodiments, the T cells are CD4+ T
cells and CD8+ T cells.

[0350] In certain embodiments, antibodies provided herein (e.g., any one of antibodies
PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-S, or PD1AB-6 or an antigen-binding
fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1, PD1AB-
2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) specifically bind to PD-1 and increase IL-7RY
T cells. In one embodiment, an antibody provided herein specifically binds to PD-1 and
increases IL-7R" T cells by at least about 5%. In one embodiment, an antibody provided herein
specifically binds to PD-1 and increases IL-7R" T cells by at least about 10%. In another

embodiment, an antibody provided herein specifically binds to PD-1 and increases IL-7R" T
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cells by at least about 15%. In some embodiments, an antibody provided herein specifically
binds to PD-1 and increases IL-7R™ T cells by at least about 20%. In other embodiments, an
antibody provided herein specifically binds to PD-1 and increases IL-7R" T cells by at least
about 25%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
increases IL-7R" T cells by at least about 30%. In one embodiment, an antibody provided herein
specifically binds to PD-1 and increases IL-7R" T cells by at least about 35%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and increases IL-7R T
cells by at least about 40%. In another embodiment, an antibody provided herein specifically
binds to PD-1 and increases IL-7R" T cells by at least about 45%. In one embodiment, an
antibody provided herein specifically binds to PD-1 and increases IL-7R" T cells by at least
about 50%. In other embodiments, an antibody provided herein specifically binds to PD-1 and
increases IL-7R" T cells by at least about 55%. In another embodiment, an antibody provided
herein specifically binds to PD-1 and increases IL-7R" T cells by at least about 60%. In some
embodiments, an antibody provided herein specifically binds to PD-1 and increases IL-7R™ T
cells by at least about 65%. In one embodiment, an antibody provided herein specifically binds
to PD-1 and increases IL-7R" T cells by at least about 70%. In another embodiment, an antibody
provided herein specifically binds to PD-1 and increases IL-7R" T cells by at least about 75%.
In one embodiment, an antibody provided herein specifically binds to PD-1 and increases IL-
7R T cells by at least about 80%. In some embodiments, an antibody provided herein
specifically binds to PD-1 and increases IL-7R" T cells by at least about 85%. In another
embodiment, an antibody provided herein specifically binds to PD-1 and increases IL-7R" T
cells by at least about 90%. In other embodiments, an antibody provided herein specifically
binds to PD-1 and increases IL-7R" T cells by at least about 95%. In one embodiment, an
antibody provided herein specifically binds to PD-1 and increases IL-7R" T cells by at least
about 98%. In another embodiment, an antibody provided herein specifically binds to PD-1 and
increases IL-7R" T cells by at least about 99%. In specific embodiments, antibodies provided
herein specifically bind to PD-1 and increase IL-7R" T cells by at least about 25% or 35%,
optionally to about 75%. In some embodiments, the increase of IL-7R" T cells is assessed by
methods described herein. In other embodiments, the increase of IL-7R"° T cells is assessed by
methods known to one of skill in the art (e.g., flow cytometry, Western blotting, Northern

blotting, or RT-PCR). In a specific embodiment, the increase of IL-7R" T cells is assessed by
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flow cytometry. In another embodiment, the increase of IL-7R" T cells is assessed by Western
blotting. In yet another embodiment, the increase of IL-7R"° T cells is assessed by Northern
blotting. In still another embodiment, the increase of IL-7R" T cells is assessed by RT-PCR. In
a specific embodiment, IL-7R" T cells are increased relative to IL-7R" T cells in the presence of
stimulation without any anti-PD-1 antibody. In other embodiments, IL-7R"° T cells are increased
relative to IL-7R" T cells in the presence of stimulation with an unrelated antibody (e.g., an
antibody that does not specifically bind to PD-1). In some embodiments, the T cells are CD4+ T
cells. In other embodiments, the T cells are CD8+ T cells. In yet other embodiments, the T cells
are CD4+ T cells and CD8+ T cells.

[0351] In certain embodiments, an anti-PD-1 antibody provided herein (e.g., any one of
antibodies PD1AB-1, PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6 or an antigen-
binding fragment thereof, or an antibody comprising CDRs of any one of antibodies PD1AB-1,
PD1AB-2, PD1AB-3, PD1AB-4, PD1AB-5, or PD1AB-6) increases IL-7R T cells. In one
embodiment, an anti-PD-1 antibody provided herein increases IL-7R" T cells with an ECs of at
most about 50 nM. In other embodiments, an anti-PD-1 antibody provided herein increases IL-
7R T cells with an EC 5o of at most about 40 nM. In another embodiment, an anti-PD-1
antibody provided herein increases IL-7R" T cells with an ECso of at most about 30 nM. In
some embodiments, an anti-PD-1 antibody provided herein increases IL-7R" T cells with an
ECs of at most about 20 nM. In one embodiment, an anti-PD-1 antibody provided herein
increases IL-7R" T cells with an EC 50 of at most about 10 nM. In another embodiment, an anti-
PD-1 antibody provided herein increases IL-7R™ T cells with an ECso of at most about 5 nM. In
one embodiment, an anti-PD-1 antibody provided herein increases IL-7R™ T cells with an ECsg
of at most about 1 nM. In some embodiments, an anti-PD-1 antibody provided herein increases
IL-7R™ T cells with an EC 50 of at most about 0.75 nM. In another embodiment, an anti-PD-1
antibody provided herein increases IL-7R" T cells with an ECso of at most about 0.5 nM. In
other embodiments, an anti-PD-1 antibody provided herein increases IL-7R" T cells with an
ECsg of at most about 0.1 nM. In one embodiment, an anti-PD-1 antibody provided herein
increases IL-7R"° T cells with an EC 50 of at most about 0.05 nM. In another embodiment, an
anti-PD-1 antibody provided herein increases IL-7R"® T cells with an ECs of at most about 0.01
nM. In some embodiments, an anti-PD-1 antibody provided herein increases IL-7R" T cells with

an ECs of at most about 0.005 nM. In one embodiment, an anti-PD-1 antibody provided herein

139



WO 2018/053405 PCT/US2017/052021

increases IL-7R" T cells with an ECs, of at most about 0.001 nM. In another embodiment, an
anti-PD-1 antibody provided herein increases IL-7R"° T cells with an ECs of at least about 50
nM. In other emb<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>