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MULTISPECIFIC BINDING CONSTRUCTS AGAINST CHECKPOINT
MOLECULES AND USES THEREQF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of prionty of U.S. Provisional Application No.
62/760,801, filed on November 13, 2018; U.S. Provisional Application No. 62/855,580, filed
on May 31, 2019; U.S. Application No. 62/898,991, filed on September 11, 2019; and U.S.
Apphication No. 62/931,478, filed on November 6, 2019, The foregoing applications are

mcorporated herein by reference in their entireties.

BACKGROUND

Cancer is one of the leading causes of death 1n both the United States and worldwide.
While common treatments such as surgery, radiation, chemotherapy, hormone therapy,
targeted therapies, and mwununoctherapy have decreased the rates of cancer-related deaths
during the 20 century, there were 14.1 million new cancer cases diagnosed and 8.2 million
cancer deaths worldwide as of 2012, Even with improved overall cancer survival rates
during the 20" century, cancer is still responsible for one in seven deaths worldwide. See
American Cancer Society, Global Cancer Facts & Figures 3™ Edition, Atlanta: American
Cancer Society; 2015,

In recent vears, an increasing body of evidence suggests that the immune system
opecrates as a significant barrier to tumor formation and progression. The principle that
naturally-occurring T cells with anti-tumor potential or activity exist in a patient with cancer
has rationalized the development of immunotherapeutic approaches in oncology. Inmune
cells, such as T cells, macrophages, and natural killer cells, can exhibit anti-tumor activity
and effectively control the occurrence and growth of malignant tumors. Tumor-specific or -
associated antigens can induce tmmune cells to recognize and eliminate malignancies (Chen
& Mellman, (2013} Immmunity 39(1):1-10). In spite of the existence of tumor-specific immune
responscs, malignant tumors often evade or avoid immune attack through a variety of
immunomodulatory mechanisms resulting in the failure to control tumor occurrence and
progression {Motz & Coukos, (2013) Immunity 39(1):61-730). Indeed, an emerging halimark
of cancer is the exploitation of these immunomodulatory mechanisms and the disablement of
anti-tumor mmune responscs, resulting in tumor cvasion and escape from mmunological

killing (Hanahan and Wemberg (201 1) Ce/l 144(5):646-674).
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Novel approaches in the immunotherapy of cancer involve coonteracting these
immune evasion and escape mechanisms and inducing the endogenous immune system to
reject tumors.  However, there remains a need for novel therapeutics that effectively

counteract immune evasion, particularly in cancer therapeutics.

SUMMARY OF THE DISCLOSURE
The present disclosure is based, in part, on novel multispecific and multivalent

constructs targeting both PD-1 and PD-L1, such as a bispecific and tetravalent construct. As
demonstrated herein, these multispecific constructs have improved in vifro and in vivo

10 potency as compared to combinations of mdividual antibodies, as well as compared to
chnical checkpoint blockade agents. Also provided heren are novel monoclonal anti-PD-1
antibodies and antigen-binding fragments thereof, and novel monoclonal anti-PD-L 1
antibodies and antigen-binding fragments thereof, for use in such multispecific and
multivalent constructs. Some of these novel monoclonal anti-PD-1 antibodics and novel

15 monoclonal anti-PD-L 1 antibodies share a common light chain, thereby allowing for the
generation of multispecific and multivalent constructs having surprising excellent drug-like
propertics (BLPs) and case of manufacturability, as well as affinities similar to their parental
anttbodies. The present disclosure is also based, in part, on the discovery that blocking the
mnteraction between PD-1 expressed by an immune cell and its ligand {e.g., PD-L1 or PD-L2)

20 expressed on a scoond cell, while bridging the immune coll and the second cell (e.g., another
immune cell, or a tumor cell that expresses a PD-1 higand) strongly enhance, for example, T
cell proliferation, IFNy production and secretion, and the cvtolvtic activity of T cells. Thus,
provided herein are compositions that block the interaction between PD-1 and its ligand
while promoting the wnteraction of {bridging} the cells on which PD-1 and its ligand (PD-L1

25 or PD-L2) arc expressed. As exemplified herein, such compositions of the present disclosure
with the capacity to “block and bridge”™ provide superior anti-tumor efficacy (as measored,
e.g.. by IFNy production and secretion and in vive activity} as compared to, e. g., a cocktail
having a stoichiometric amount of agents that separately bind the receptor and ligand; or a
single agent that binds either the receptor or the ligand. It was also found that the

36 multispecific and muldtivalent constructs targeting both PD-1 and PD-L1 described herein
cause loss of expression of PD-1 on the cell surface, in a valency-dependent fashion. This
loss of PD-1 cxpression was not observed when a combination of the parental antibodies
were used in stoichiometrically equivalent amounts. Accordingly, the multispecific and
multivalent constracts targeting both PD-1 and PD-L1 described herein provide novel
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immunotherapeutic agents with mcreased potency and efficacy for use in the treatment of
cancer.

in some cmbodiments, any of the multispecific antigen-binding constructs disclosed
herein binds to at least two different receptors or epitopes {e.g., PD-1 and PD-L1), wherein
the two different receptors or epitopes bound by the multispecific antigen-binding construct
are expressed on the surface of the same cell. For example, in some embodiments, the
multispecific antigen-binding construct simultancousty binds to PD-1 and PD-L1, wherein
the PD-1 and PD-LI are expressed on the surface of the same cell. In some embodiments,
any of the multispecific antigen-binding constructs disclosed herein binds to at least two
different receptors or epitopes {e.g., PD-1 and PD-L 1), wherein the two different receptors or
epitopes bound by the multispecific antigen-binding construct are expressed on the surface of
two different cells. For example, in some embodiments, the multispecific antigen-binding
construct simuhlancously binds to PD-1 expressed on the surface of a first cell and to a PD-1
ligand, e.g., PD-L1 or PD-L2, expressed on the surface of a sccond cell.

In some embodiments, the disclosure provides for a multispecific antigen-binding
construct comprising at least two antigen-binding arms, wherein a first arm binds PD-1
expressed by an immune cell, and a second arm binds a PD-1 ligand which is expressed by a
second cell, wherein the multispecific antigen-binding construct blocks the interaction of PD-
{ and PD-1 hgand. In some embodiments, the PD-1 ligand is PD-L2. In some embodiments,
the PD-1 ligand is PD-L1. In some embodiments, the immune cell is a T cell. In some
embodiments, the T cell 1s a CD8+ T cell. In some embodiments, the immune cell s a
natuaral killer (NK) cell. In some embodiments, the mmumune cell is a macrophage. In some
embodiments, the second cell is a second immune cell. In some embodiments, the second
mmune cell is any one or more of a'T cell, a B cell, a macrophage, a myeloid-derived
suppressor cell, a dendritic cell, or a mesenchvmal stromal cell. In some embodiments, the
second immune cell is a regulatory T cell. In some embodiments, the second cell 13 a tumor
cell. In some embodiments, the tumor cell s selected from the group consisting of a
hematological cancer, a lymphoma, a myeloma, a lcukemia, a neurological cancer,
melanoma, breast cancer, a prostate cancer, a colorectal cancer, tung cancer, head and neck
cancer, a gastrointestinal cancer, liver cancer, pancreatic cancer, a genitourinary caneer, a
bone cancer, renal cancer, and a vascular cancer. In some embodiments, both arms have a Kp
ofatiecast 1 x 107 M, atleast 1 x 10 M, at least | x 10° M, orat least 1 x 107" M. In some
embodiments, the binding of one arm to its target does not block the binding of the other arm

to its target. In some embodiments, the first arm and second arm bind to their respective
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targets and both arms remain bound concurrently. In sonie embodiments, binding of the first
arm and the second arm to their respective targets can bridge the immune cell and the second
cell together. In some embodiments, the bridging of the immunc cell and the second cell is
determined by flow cytometry. In some embodiments, the first arm 1s an antagonist of PD-1.

In some embodiments of the multispecific antigen-binding constracts, the first arm
binds to PD-1 and comprises: (a) a heavy chain variable region comprising (i} a CDRH1
comprising SEQ ID NO: 70 (FTFX1XoY AXsXs, wherein Xi=8, R, G, or N; X2=D, S, N, A,
Roor G, Xs=MorL; Xs=8, L, or N}; (i) a CDRH?2 comprising SEQ ID NG: 71
{(SAISNSGTYTYYA); and (111} a CDRH3 comprising SEQ 1D NO: 72
{(ARGLDFIVGXsTGNDY, wherein X5=4A, Y, or R); and (b) a light chain varniable region
comprising: (1) a CDRLI comprising SEQ ID NGO: 9 (RASQSISSYLN): (1) a CDRLZ
comprising SEQ ID NO: 5 {AASSLQS); and i1ty a CDRL3 comprising SEQ ID NO: 10
(QQSYSTPLT).

in some emboduments, the CDRHI of the first arm comprises SEQ 1D NG: 73
(FTFSDYAMS), CDRH2 of the first arm comprises SEQ ID NG: 71 (SAISNSGTYTYYA)
and CDRH3 of the first arm comprises SEQ ID NG: 74 (ARGLDFIVGATGNDY). In some
embodiments, the CDRH1 of the first arm comprises SEQ 1D NO: 73 (FTFSDY AMS),
CDRH2 of the first arm comprises SEQ 1D NG: 71 (SAISNSGTYTYYA) and CDRH3 of the
first arm comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY). In some embodiments, the
CDRH1 of the first arm comprises SEQ ID NG: 76 (FTFSSY AMS), CBRH2 of the first arm
comprises SEQ ID NO: 71 (SAISNSGTYTYYA) and CDRH3 of the first arm comprises
SEQ ID NO: 75 (ARGLDFIVGYTGNDY). In some embodiments, the CDRH1 of the first
arm comprises SEQ ID NO: 77 (FTFSSYAML), CDRH2 of the first arm comprises SEQ 1D
NG: 71 (SAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ D NO: 75
(ARGLDFIVGYTGNDY). In some embodiments, the CDRHI of the first arm comprises
SEQ IDNO: 78 (FTFSNYALS), CDRH2 of the first arm comprigses SEQ ID NG: 71
(SAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ 1D NO: 75
(ARGLDFIVGYTGNDY). In some embodiments, the CDRHI of the first arm comprises
SEQ ID NG: 79 (FTFSAY AMN), CDRH2 of the first arm comprises SEQ ID NG: 71
{(SAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ ID NG: 75
{ARGLDFIVGYTGNDY). In some embodiments, the CDRH1 of the first arm comprises
SEQ 1D NO: 80 (FTFRSY AMS), CDRH?2 of the first arm comprises SEQ 1D NO: 71
(SAISNSGTYTYYA) and CDRHS3 of the first arm comprises SEQ 1D NO: 75
(ARGLDFIVGYTGNDY). In some embodiments, the CDRHI of the first arm comprises
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SEQ ID NQO: 81 {(FTFGRYAMS), CDRH?2 of the first arm comprises SEQ IR NG: 71
{(SAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ ID NG 75
{(ARGLDFIVGYTGNDY). In some cmbodiments, the CDRHI of the first arm comprises
SEQ ID NO: 82 (FTFNSYAMS), CDRH2 of the first arm comprises SEQ 1D NG: 71
(SAISNSGTYTY YA} and CDRH3 of the first arm comprises SEQ ID NQO: 75
(ARGLDFIVGYTGNDY). In some embodiments, the CDRH1 of the first arm comprises
SEQ D NO: 83 (FTFSNYAMS), CDRH?2 of the first arm comprises SEQ 1D NG: 71
{(SAISNSGTYTYYA) and CDRH3 of the first anm comprises SEQ 1D NGO: 74
{(ARGLDFIVGATGNDY). In some embodiments, the CBRHI of the first arm comprises
SEQ ID NO: 84 (FTFSGYAMS), CDRH2 of the first arm comprises SEQ 1D NO: 71
(SAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ 1D NO: 85
{(ARGLDFIVGRTGNDY). In some embodiments, the CDRH1 of the first arm comprnises
SEG 1D NO: 86 (FIFSSYAMN), CDRH?2 of the first arm comprises SEQ 1D NO: 71
(SAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ [D NO: 85
(ARGLDFIVGRTGNDY). In some embodiments, the CDRHI of the first arm comprises
SEQ ID NQO: 80 (FTFRSY AMS), CDRH?2 of the first arm comprises SEQ D NO: 71
{(SAISNSGTYTYYA) and CDRH3 of the first arm comprses SEQ 1D NQ: 85
{(ARGLDFIVGRTGNDY).

In some embodiments, the CDRL1 of the first arm comprises SEQ ID NG: ¢
(RASQSISSYLN), CDRL2 of the first arm comprises SEQ 1D NO: 5 (AASSLQS) and
CDRL3 of the first arm comprises SEQ 1D NG: 10 (QQSYSTPLT).

In some embodiments, the heavy chain variable region of the first arm comprises an
aming acid sequence that is at least 90% identical to SEQ ID NG: 87, In some embodiments,
the heavy chain vanable region of the first arm comprises an amino acid sequence that is at
least 90% identical to SEQ 1D NO: 88. In some embodiments, the heavy chain variable
region of the first arm comprises an amino acid sequence that s at least 90% identical to SEQ
1D NO: 89, In some embodiments, the heavy chain variable region of the first arm comprises
an anuno acid sequence that is at least 90% identical to SEQ 1D NO: 90, In some
embodiments, the heavy chain variable region of the first arm comprises an anuno acid
sequence that 1s at least 90% wdentical to SEQ ID NG: 91, In some embodiments, the heavy
chain variable region of the first arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 92, In some embodiments, the heavy chain variable region of the
first arm comprises an amino acid sequence that is at least 90% identical to SEQ D NO: 93,
In some embodiments, the heavy chain variable region of the first arm comprises an amino
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acid sequence that is at least 90% identical to SEQ ID NG: 94, In some embodiments, the
heavy chain variable region of the first arm comprises an amino acid sequence that is at least
90% identical to SEQ 1D NG 95, In some embodiments, the heavy chain variable region of
the first anm comprises an amino acid sequence that is at least 90% identical to SEQ ID NG:
96. In some embodiments, the heavy chain variable region of the first anm comprises an
amino acid sequence that s at least 90% identical to SEQ 1D NO: 97, In some embodiments,
the heavy chain variable region of the first arm comprises an amino acid sequence that is at
least 90% identical to SEQ ID NG: 98. In some embodiments, the heavy chain variable
region of the first arm comprises an amino acid sequence that 1s at least 90% identical to SEQ
1D NO: 99, In some embodiments, the light chain variable region of the first aom comprises
an amino acid sequence that is at least 90% identical to SEQ ID NG: 59,

In some embodiments, the second arm is an antagonist of the PD-1 ligand. In some
embodiments, the second arm is an antagonist of PD-L2. In some embodiments, the second
arm is an antagonist of PD-L1. In some embodiments, the second arm binds to PD-L1 and
comprises: a. a heavy chain variable region comprising (1) a CDRHI comprising SEQ ID
NG 1 (GTFSSYAIN); (i1} a CDRH2 comprising SEQ ID NO: 2 (GGIHPX XOG3GATYA,
wherein Xiis Vork; XoisF, L, or V; and Xs is T or A); and {(iit) a CORH3 comprising SEQ
D NO: 3 (ARLKXIELKDAFDI, wherein X 18 G, F, or N} and b. a light chain varable
region comprising: {i) a CDRLI comprising SEQ ID NO: 4 (RASQXISSYLN, wherein X1 is
S, W, or 3); (i1} a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (i) a CDRL3
comprising SEQ ID NO: 6 (XiQSYSTPLT, wherein X is Q or F).

In some embodiments, the CDRHI of the second arm comprises SEQ ID NO: 1
{(GTFSSYAIN), CDRH2 of the second arm comprises SEQ ID NO: 7 (GGUPILGAATYA)
and CORH3 of the second arm comprises SEQ ID NG: 8 {ARLKGELKDAFDE. In some
embodiments, the CDRH1 of the second arm comprises SEQ 1D NO: 1 (GTFSSYAIN),
CDRH2 of the second arm comprises SEQ 1D NGO 7 (GGHPILGAATYA), CDRH3 of the
second arm comprises SEQ ID NO: 8 (ARLKGELKDAFDE; CDRLI of the second arm
comprises SEQ ID NO: 9 (RASOSISSYLN); CDRL2 of the second arm comprises SEQ 1D
NO: 5 (AASSLGS); and CDRL3 of the second arm comprises SEQ ID NG: 10
{QQSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ IDNQO: 1
{(GTFSSYAIN), CDRH2 of the second arm comprises SEQ 1D NGO: 11 (GGIPVFGTATYA),
CDRHS3 of the second arm comprises SEQ 1D NO: 8§ (ARLKGELKDAFDI); CDRLI of the
second arm comprises SEQ ID NO: 9 (RASQSISSYLN); CDRLZ of the second arm
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comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 of the second arm comprises SEQ 1D
NG: 10 (QOSYSTPLT). In some embodiments, the CDRH]1 of the second arm comprises
SEQ D NO: 1 (GTFSSYAIN), CDRHZ of the second arm comprises SEQ ID NO: 11
(GGIIPVFGTATYA) and CDRH3 of the second arm comprises SEQ 1D NO: §
(ARLKGELKDAFDI. In some embodiments, the CDRH]1 of the second arm comprises
SEQ ID NO: 1 (GTFSSYAIN), CDRH? of the second arm comprises SEQ ID NO: 11
(GGUPVFGTATY A}, CDRH3 of the sccond amm comprises SEQ ID NG: 8
{ARLKGELKDAFDI);, CDRLI of the second anm comprnises SEQ IDNQ: 12
(RASQWISSYLN); CDRLZ of the second arm comprises SEQ ID NO: 5 (AASSLQS): and
CDRL3 of the second arm comprises SEQ 1D NG: 10 (QQSYSTPLT). In some
embodiments, the CDRHI of the second arm comprnises SEQ ID NG: 1 (GTFSSYAIN),
CDRH?Z of the second arm comprises SEQ ID NO: 11 (GGHPVFGTATYA), CDRHS3 of the
second arm comprises SEQ ID NO: 8 (ARLKGELKDAFDE; CDRLI of the second arm
comprises SEQ 1D NO: 13 (RASQOQISSYLN); CDRL2 of the second arm comprises SEQ 1D
NO: 5 (AASSLGS); and CDRLS of the second arm comprises SEQ ID NG: 10
{(QOSYSTPLT). In some embodiments, the CDRHI of the second arm comprises SEQ 1D
NG: F{GTFSSYAIN), CORH? of the second arm comprises SEQ ID NO: 11
(GGHPVFGTATY A), CORH3 of the second arm comprises SEQ ID NO: 8
{(ARLKGELKDAFDI;, CDRLI of the second arm comprises SEQ ID NG: ¢
(RASQSISSYLN}, CDRL2 of the second arm comprises SEQ 1D NO: 5 (AASSLOS): and
CDRL3 of the second arm comprises SEQ 1D NG, 10 (QOSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ ID NO: 1
{(GTFSSYAIN), CDRH2 of the second arm comprises SEQ 1D NO: 15 (GGHPIFGIANYA)
and CORH3 of the second arm comprises SEQ ID NG: 8 {ARLKGELKDAFDE. In some
embodiments, the CDRH1 of the second arm comprises SEQ 1D NO: 1 (GTFSSYAIN),
CDRH2 of the second arm comprises SEQ 1D NO: 15 (GGHPIFGIANYA), CDRHS of the
second arm comprises SEQ ID NO: 8 (ARLKGELKDAFDE; CDRLI of the second arm
comprises SEQ ID NO: 9 (RASOSISSYLN); CDRL2 of the second arm comprises SEQ 1D
NO: 5 (AASSLGS); and CDRL3 of the second arm comprises SEQ ID NG: 10
{QQSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ IDNQO: 1
{GTFSSYAIN), CDRH2 of the second arm comprises SEQ 1D NO: 16 (GGIPNFGTATYA)
and CDRH3 of the second arm comprises SEQ ID NO: 17 (ARLKGELKGAGDT). In some
embodiments, the CORH1 of the second arm comprises SEQ ID NO: 1 (GTFSSYAIN),

7



10

15

20

WO 2020/102387

CDRH2 of the second arm comprises SEQ ID NG: 16 (GGHPNFGTATYA), CDRH3 of the
second arm comprises SEQ 1D NO: 17 (ARLKGELKGAGD): CDRL1 of the second arm
comprises SEQ ID NO: 9 (RASQSISSYLN); CDRLZ of the second arm comprises SEQ 1D
NG: 5 (AASSLQS): and CDRL3 of the second arm comprises SEQ 1D NO: 10
{(QOSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ IDNO: 1
(GTFSSYAIN), CDRHZ of the second arm comprises SEQ ID NO: 11 (GGIIPVFGTATYA),
and CDRHS3 of the second arm comprises SEQ ID NG: 18 (ARLKFELEDAFDI). In some
embodiments, the CDRH1 of the second arm comprises SEQ ID NO: 1 (GTFSSYAINS,
CDRH?2 of the second arm comprises SEQ D NO: 11 (GGIHPVFGTATYA), CDRHS3 ofthe
second arm comprises SEQ ID NG: 18 (ARLKFELEDAFDI), CDRLI of the second arm
comprises SEQ ID NO: ¢ (RASQSISSYLN); CDRL2 of the second arm comprises SEQ ID
NG 5 {(AASSL(S); and CDRL3 of the second arm comprises SEQ 1D NG 10
(QOSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ ID NO: 1
(GTFSSYAIN), CDRH?2 of the second arm comprises SEQ 1D NO: 11 (GGIIPVFGTATYA),
and CDRH3 of the second arm comprises SEQ ID NQO: 19 (ARLKGELKDAFDE). In some
cmbodiments, the CDRH1 of the sccond arm comprises SEQ 1D NO: 1 ({GTFSSYAIN),
CDRH?2 of the second arm comprises SEQ [D NO: 11 (GGHPVFGTATYA), CDRHS3 of the
second arm comprises SEQ ID NO: 19 (ARLKGELKDAFDE), CBRL1 of the second arm
comprises SEQ ID NO: 9 (RASQSISSYLN); CDRL2 of'the second arm comprises SEQ 1D
NO: 5 (AASSLAQS); and CDRL3 of the second arm comprises SEQ ID NG: 10
{QQSYSTPLT).

in some embodiments, the CDRHI of the second arm comprises SEQ D NQO: 1
(GTFSSYAIN), CDRH2 of the second arm comprises SEQ 1D NO: 1 {GGIIPVFGTATYA),
and CDRH3 of the second arm comprises SEQ 1D NG: 20 (ARLKNELKDAFD]). In some
embodiments, the CDRH1 of the second arm comprises SEQ 1D NO: 1 (GTFSSY AIN),
CDRHZ of the second arm comprises SEQ 1D NO: 11 (GGHPVFGTATYA), CDRH3 of the
second arm comprises SEQ D NO: 20 (ARLKNELKDAFDI), CDRL1 of the second am
comprises SEQ ID NO: 9 (RASQSISSYLN); CDREL2 of the second arm comprises SEQ 1D
NG: 5 (AASSLQS); and CDRLS of the second arm comprises SEQ 1D NG: 10
{(QOQSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ ID NGO 1
(GTFSSYAIN)}, CDRHZ of the second arm comprises SEQ ID NO: 21
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{GOGVIPFLGTANYA), and CDRH3 of the second arm comprises SEQ ID NG 22
{ARLKGILKDALDI). In some embodiments, the CORHI of the second arm comprises SEQ
D NO: 1 (GTFSSYAIN), CDRH2 of the second arm comprises SEQ D NO: 21
(GGVIPFLGTANYA), CDRH3 of the second arm comprises SEQ 1D NO: 22
(ARLKGILKDALDI), CDRL1 of the second arm comprises SEQ ID NO: §
(RASQSISSYLN);, CDRL?2 of the second arm comprises SEQ 1D NO: 5 (AASSLOS): and
CDRL3 of the second arm comprises SEQ 1D NG, 10 (QOQSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ ID NG: 1
{(GTFSSYAIN), CDRH2 of the second arm comprises SEQ 1D NO: 29 (GRIIPIFGTADYA),
and CDRH3 of the second arm compriscs SEQ D NG: 8 (ARLKGELKDAFDI). In some
embodiments, the CDRHI of the second arm comprnises SEQ ID NG: 1 (GTFSSYAIN),
CDRH?Z of the second arm comprises SEQ 1D NO: 29 (GRITPIFGTADYA), CDRH3 of the
second arm comprises SEQ ID NOG: 8 (ARLKGELKDAFDI), CORLI of the second arm
comprises SEQ 1D NO: 9 (RASQSISSYLN); CDRL2 of the sccond arm comprises SEQ [D
NO: 5 (AASSLGS); and CDRLS of the second arm comprises SEQ ID NG: 10
{QOSYSTPLT).

in some embodiments, the CDRHI of the second arm comprises SEQ IDNO: 1
{(GTFSSYAIN), CDRH? of the second arm comprises SEQ 1D NO: 31 (GGIIPILGTATYA),
and CDRH3 of the second arm comprises SEQ ID NO: 32 (ARRKGELKDAFDI. In some
embodiments, the CORH1 of the second arm compnses SEQ 1D NG: 1 (GTFSSY AIN),
CDRHZ of the second arm comprises SEQ 1D NGO 31 (GGHPILGTATYA), CDRH3 of the
second arm comprises SEQ D NO: 32 (ARRKGELKDAFDE, CDRL1 of the second arm
comprises SEQ ID NO: § (RASQSISSYLN); CDRL2 of the second arm comprises SEQ 1D
NG: 5 (AASSLOS), and CDRLS of the second arm comprises SEQ 1D NG: 10
{(QQSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ IDNO: 1
(GTFSSYAIN), CDRH? of the second arm comprises SEQ ID NO: 33 (GGIIPIVATANYA),
and CDYRH3 of the sccond arm comprises SEQ 1D NO: 32 (ARRKGELKDAFDY). To some
embodiments, the CDRH1 of the second arm comprises SEQ ID NG: 1 (GTFSSYAIN),
CDRHE?2 of the second arm comprises SEQ ID NG: 33 (GGHPIVATANYA), CDRH3 of the
second arm comprises SEQ 1D NO: 32 (ARRKGELKDAFDI), CDRLI of the second arm
comprises SEQ ID NO: 9 (RASQSISSYLN); CDRLZ of the second arm comprises SEQ 1D
NG: 5 (AASSLQS): and CDRL3 of the second arm comprises SEQ 1D NO: 10
(QOSYSTPLT).
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In some embodiments, the CDRHI of the second arm comprises SEQ ID NQ: 1
{GTFSSYAIN), CDRH?2 of the second arm comprises SEQ 1D NO: 34 (GGIIPIFGKATYA),
and CDRH3 of the second arm comprises SEQ ID NG: 32 (ARRKGELKDAFDI). In some
embodiments, the CDRHI of the second amm comprnises SEQ ID NG: 1 {GTFSSYAIN),
CDRH2 of the second arm comprises SEQ 1D NO: 34 (GGHPIFGKATYA), CDRH3 of the
second arm comprises SEQ ID NO: 32 (ARRKGELKDAFDEH, CDRLI of the second arm
comprises SEQ ID NO: 9 (RASOSISSYLN); CDRL2 of the second arm comprises SEQ 1D
NO: 3 (AASSLGS); and CDRL3 of the second arm comprises SEQ ID NG: 10
{QQSYSTPLT).

in some embodiments, the CDRHI of the second arm comprises SEQ D NO: 1
(GTFSSYAIN}, CDRH2 of the second arm comprises SEQ ID NG: H (GGIIPVFGTATYA),
CDRH3 of the second arm comprises SEQQ {D NO: 8 (ARLKGELKDAFDI); CBDRL1 of the
second arm comprises SEQ ID NO: 9 (RASQSISSYLN); CDRL2 of the second arm
comprises SEQ 1D NO: 5 (AASSLOS); and CDRL3 of the second arm comprises SEQ 1D
NGO 38 (FQSYSTPLT).

In some embodiments, the CDRHI of the second arm comprises SEQ ID NQO: 1
{GTFSSYAIN), CDRH?2 of the second arm comprises SEQ 1D NO: 11 (GGIHPVFGTATYA),
CDRH3 of the second arm comprises SEQ D NO: 8 (ARLKGELKDAFDI); CDRLI1 of the
second arm comprises SEQ ID NG: 9 (RASQSISSYLN); CDRL2 of the second arm
comprises SEQ 1D NO: 5 (AASSLOS); and CDRL3 of the second arm comprises SEQ ID
NG 39 (QQSYSTILT).

In some embodiments, the second arm comprises: a. a heavy chain vanable region
compnsing (1) a CORHI comprising SEQ 1D NG: 14 (GTFSSYAFS), (1) a CDRH2
compnsing SEQ 1D NG: 11 (GGHPVFGTATYA) and (1) a CDRH3 comprising SEQ [D
NO: 2 (ARLKGELKDAFDI): and b. a hght cham varniable region comprising: (i} a CDRL1
comprising SEQ ID NG 9 (RASQSISSYLN): (1) a CBRL2 comprising SEQ IDNO: 5
{AASSLQS); and (1) a CDRL3 comprising SEQ 1D NO: 10 (QQSYSTPLT).

in some embodiments, the second arm coraprises a heavy chain variable region
compnsing (1) a CDRHI comprising SEQ 1D NG: 23 (GTFSSYAIS), (1) a CDRH2
comprising SEQ 1D NO: 24 (GGHPIVGIANYA), and (111} a CDRH3 comprising SEQ ID
NG: & (ARLKGELKDAFDI. In some embodiments, the second arm comprises a light chain
variable region comprising: (1) a CDRLI comprising SEQ 1D NO: 9 (RASQSISSYLN): (i a
CDREZ comprising SEQ ID NO: 5 (AASSLQS); and (111} a CDRL3 comprnising SEQ ID NG:
10 (QQSYSTPLT).
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In some embodiments, the second amm comprises a heavy chain variable region
comprsing (1) a CORHI comprising SEQ 1D NG: 23 (GTFSSYAIS), (1) a CORH2
compnsing SEQ ID NO: 11 (GGHPVFGTATY A), and (111} a CDRH3 comprising SEQ 1D
NG: 25 {ARLKGEFKDAFDI). In some embodiments, the second arm comprises a hight
chain vanable region comprising: (1} a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN),
(it} a CORL2 comprising SEQ ID NO: 5 (AASSLQS); and (111} a CDRL3 comprising SEQ
D NG: 10 (QOQSYSTPLT).

In some embodiments, the second anm comprises a heavy chain variable region
comprising (1) a CORHI comprising SEQ ID NO: 23 (GTFSSYAIS), (1) 2 CDRH2
comprsing SEQ ID NO: 26 (GROPLFGTAHYA), and (it} a CDRH3 comprising SEQ ID
NGO: 8 {ARLKGELKDAFDI). In some embodiments, the second arm comprises a light chain
variable region comprising: (i) a CBRL1I comprising SEQ ID NO: 9 (RASQSISSYLN): (i) a
CDRL?2 comprising SEQ 1D NG: 5 (AASSLOS); and (111} a CDRL3 comprising SEQ 1D NO:
10 (QQSYSTPLT).

In some embodiments, the second arm comprises a heavy chain variable region
comprnsing (1) a CBRHI comprising SEQ ID NO: 23 (GTFSSYAIS), (i) a CDRH2
compnsing SEQ 1D NO: 27 (GRINPILGTANY A}, and (it} a CDRH3 comprising SEQ 1D
NG: 28 (ARLKGELKDAFSY). In some embodiments, the second arm comprises a light
chain vanable region comprising: {1} a CDRLI1 comprising SEQ ID NO: 9 (RASQSISSYLN),
(it} a CDRL2 comprising SEQ ID NGO 5 (AASSLQS); and (i1i) a CORL3 comprising SEQ
IDNG: 10 (QQSYSTPLT).

In some embodiments, the second arm comprises a heavy chain variable region
compnsing (1) a CORHI comprising SEQ 1D NG: 23 (GTFSSYAIS), (1) a CDRH2
comprising SEQ ID NO: 11 (GGHPVFGTATYA), and (211} a CDRH3 comprising SEQ D
NO: 30 (ARLKGELKCAFD]). In some emboduments, the second arm comprises a light
cham variable region comprising: (1} a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN),
(it) a CORL2 comprising SEQ 1D NO: 5 (AASSLQS); and (111} a CDRL3 comprising SEQ
D NG: 10 (QOSYSTPLT).

In some embodiments, the second anm comprises a heavy chain variable region
comprising (1) a CORHI comprising SEQ ID NO: 122 (GTKSSYAIS), (11} CDRH?2
comprsing SEQ 1D NO: 11 (GGHPVFGTATYA), and (1i1) a CDRH3 comprising SEQ 1D
NOG: 30 (ARLKGELKCAFDI). In some embodiments, the sccond arm further comprises a
tight chain vanable region comprising: (i) a CDRLT comprising SEQ IDNO: 9
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(RASQSISSYLN): (i) a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (i) a CDRL3
comprsing SEQ ID NO: 10 (QUSYSTPLT).

in some emabodiments, the second amm comprises a heavy chain variable region
comprising (i) a CDRHI comprising SEQ ID NO: 36 (GPFRSHAVS), (1) a CDRH2
comprising SEQ ID NG 11 (GGHPVFGTATYA), and (111} a CDRH3 comprising SEQ 1D
NG: 37 {ARLKSELKDAFDH. In some embodiments, the second arm comprises a light
chain variable region comprising: (1} a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYLN),
(it} a CDRLZ2 comprising SEQ ID NO: 5 (AASSLQS); and (111} a CDRL3 comprising SEQ
ID NO: 10 (QQSYSTPLT).

in some emabodiments, the sccond amm that binds PD-L1 comprises a heavy chain
variable region comprising an amino acid sequence that is at least 90% identical to any one of
SEQ ID NOs: 35,40,41, 42,43, 44, 45, 46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, or 58
and a light chain variable region comprising an amino acid sequence that is at least 90%
identical to anv one of SEQ ID NOs: 59, 60, 61, 62, or 63.

In some embodiments, the heavy chain variable region of the second arm comiprises
an amino acid sequence that is at least 90% identical to SEQ ID NO: 35
{QVOLVQSGAEVKKPGESSVKVSCKASGGTEFSSY AINWVRQAPGOGLEWMGGHPVFG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWG(Q
OTMVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NG: 40
(OVQLVOSGAEVKKPGSSVRKVSCKASGGTFSSY AFSWVROQAPGOGLEWMGGIIPVF
GTATYAQKFQGRVTITADESTSTAYMELSSLERSEDTAVYYCARLKGELKDAFDIWG
GGTLVTVSS). In some embodiments, the heavy chain vanable region of the second arm
comprises an amino acid sequence that is at least 90% wdentical to SEQ 1D NO: 41
(QVOLVQSGAEVEKPGSSVKVSCKASGGTESSY AINWVRQAPGOGLEWMGGHPIFGE
ANYAQGKFOQGRVTITABESTSTAYMELSSERSEDTAVYYCARLKGELKDAFDIWGQRG
TLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NO: 42
(QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY AINWVRQAPGQGLEWMGGHPNFG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKGAGDIWG(
GTLYTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 13 NO: 43
(QVOLVQSGAEVKKPGSSVKVSCKASGGTESSY AINWVRQAPGQGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVY YCARLKFELKDAFDIWGOG
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TLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NO: 44
{QVOLVQSGAEVEKPGSSVKVSCKASGGTESSY AINWVRQAPGOGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDEWGQ
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that s at least 90% identical to SEQ 1D NO: 45
(OVOQLVOSGAEVKKPGSSVRVSCKASGGTFSSY AINWVROAPGQGLEWMGGHPVFG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWGE)
GTLVTAST). In some embodiments, the heavy chain vanable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ D NO: 46
(QVOLVQSGAEVKKPGSSVKVSCKASGGTESSY AINWVRQAPGQGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKNELKDAFDIWG(
GTLVTYSS). In some embodiments, the heavy chain variable region of the second arm
compriscs an amino acid sequence that s at least 90% identical to SEQ ID NG: 47
(QVQLVQOSGAEVKKPGSSVKVSCEASGGTFSSY AINWVRQAPGQGLEWMGGVIPFL
GTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGILKDALDIWG
GGTLYTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an anino acid sequence that is at least 90% wdentical to SEQ 1D NO: 48
(QVOQLVOSGAEVKKPGSSVKVSCKASGGTEFSSY AISWVRQAPGODLEWMGGIPIVGE
ANYAQKFOGRVTITADESTSTAYMELSSERSEDTAVYYCARLKGELKDAFDIWGQG
TLYVTVSS). In some embodiments, the heavy chain variable region of the second am
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NO: 49
(QVRQLVQSGAEVKKPGSSVKVSCKASGGTFSSY AISWVRQAPGQGLEWMGGHPVFG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGEFKDAFDIWGG
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that s at least 90% identical to SEQ 1D NG: 50
(QVOQLVOSGAEVKKPGSSVKVSCKASGGTFSSY AISWVROAPGQGLEWMGRUPLFG
TAHYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWGQ
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NO: 51
{QVOLVQSGAEVEKKPGSSVKVSCKASGGTFSSY AISWVRQAPGOGLEWMGRINPILG
TANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFSIWG(
GTLVTVSS). In some embodiments, the heavy chain variable region of the second armm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NG: 52
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{(QVOQLVQSGAEVEKKPGSSVKVSCKASGGTFSSY AINWVRQAPGQGLEWMGRIPIFG
TADYAQKFQGRVTITADESTSTAYMELSSERSEDTAVYYCARLKGELKDAFDIWGO
GTLVTVSS). In some cmbodiments, the heavy chain variable region of the second arm
comprises an anino acid sequence that s at least 90% i1dentical to SEQ ID NGO: 53
(QVQLVOSGAEVKKPGSSVKVSCKASGGKFSSYAISWVROQAPGQGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVY YCARLKGELKCAFDIWG(Q
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NO: 54
(QVOQLVQSGAEVKKPGSSVEVSCKASGGTFSSY AINWVRQAPGQGLEWMGGHPILG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVY Y CARRKGELKDAFDIWGQ
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ ID NO: 55
(QVOQLVOSGAEVKKPGSSVKVSCKASGGTFSSY AINWVROAPGQGLEWMGGHPILG
AATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWGQ
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an anino acid sequence that is at least 90% identical to SEQ ID NG: 56
{QVOLVQSGAEVKKPGSSVKVSCKASGGTFSSY AINWVRQAPGQGLEWMGGHPIVA
TANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARRKGELKDAFDIWGQ
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NG: 57
(QVQLVOSGAEVKKPGSSVRKVSCKASGGTFSSY AINWVROAPGQGLEWMGGHPIFG
KATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARRKGELKDAFDIWGQ
GTLVTVSS). In some embodiments, the heavy chain variable region of the second arm
comprses an amino acid sequence that is at least 90% 1dentical to SEQ 1D NO: 38
(QVOLVQSGAEVEKKPGSSVKYVSCKASGGPFRSHAVSWVROAPGQGLEWMGGIIPVF
GTATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKSELKDAFDIWG()
GTLVTVSS). In some embodiments, the light chain variable region of the second arm
comprises an amino acid sequence that is at least 90% identical to SEQ 1D NO: 59
(DIOMTQSPSSLSASVGDRVTITCRASGSISSYLNWY QOKPGRKAPKLLIYAASSLQSGY
PSRFSGSGSGTDEFTLTISSLOPEDFATYYCQQSYSTPLTRFGGGTRVEIK). In some
embodiments, the light chain variable region of the second arm comprises an amino acid
sequence that is at least 90% wdentical to SEQ D NO: 60
(DIQMTOSPSSLSASVGDRVTITCRASQWISSYLNWY QOQEPGKAPKLLIYAASSLQSG
YVESREFSGSGSGTDFTLTISSLOQPEDFATYYCQQSYSTPLTFGGGTKVEIK). In some
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embodiments, the light chain variable region of the second arm comprises an amino acid
sequence that is at least 90% wdentical to SEQ ID NQ: 61
(DIQMTQSPSSLSASVGDRVTITCRASQQISSYLNWYQOKPGKAPKLLIYAASSLQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGGTKVEIK). In some
embodiments, the light chain vanable region of the second ann comprises an amino acid
sequence that is at least 909% identical to SEQ 1D NG 62
(DIOMTOSPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLOSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCFQSYSTPLTFGGGTKVEIK). Tnsome
embodiments, the light chain variable region of the second arm comprises an amino acid
sequence that is at least 90% wdentical to SEQ 1D NO: 63
(DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLQSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTILTFGGGTKVEIR).

In some embodiments of any of the aspects described herein, the constructis a
bispecitic antibody. In some embodiments, the bispecific antibody is an antagonist of both
PD-i and PD-1 ligand. In some embodiments, the construct comprises a common light
chain. In some embodiments, one or both of the arms is an aptamer. In some embodiments,
one or both of the arms is a protein other than an antibody. In some embodiments, the
construct comprises at least two bispecitic antibodies. In some embodinients, one of the at
least two bispecific antibodics ismonovalent for PD-1. In some embodiments, one of the at
feast two bispecific antibodies tsmonovalent for PD-1 ligand. In some embodiments, at least
one of the arms is a bivalent antibody specific for PD-1. In some embodiments, at least one
of the arms is a bivalent antibody specitfic for PD-L1. In some embodiments, at least one of
the arms is a bivalent antibody specific for PD-1, and at least one of the arms 1s a bivalent
antibody specific for PD-L1. In some embodiments, at least one of the arms is bivalent for
PD-1. Insome embodiments, at least one of the arms 1s bivalent for PD-L1. In some
embodiments, at feast one of the arms 1s bivalent for PD-1, and at least one of the arms 1
brvalent for PD-L1. In some embodiments, the bispecific antibody binds two different
epitopes on PD-1. In some embodiments, the bispecific antibody binds two different epitopes
on the PD-1 ligand.

In some embodiments, any of the multispecific antigen-binding constructs disclosed
herein comprises at least two monospecific antibodies. In some embodiments, at least one of
the monospecific antibodics 1s an anti-PD-1 antibody. In some embodiments, the anti-PD-1
antibody 1s a bivalent anti-PD-1 antibody. In some embodiments, at least one of the
monospecific antibodies is an anti-PD-L1 antibody. In some embodiments, the anti-PD-1
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antibody 1s a bivalent anti-PD-L1 antibody. In some embodiments, the construct comprises a
bivalent anti-PD-1 antibody and a bivalent anti-PD-L1 antibody. In some embodiments, the
construct is a fusion construct in which a polypeptide comprising the variable heavy chain of
the anti-PD-1 antibody 1s fused to a polypeptide comprising the variable heavy chain of the
anti-PD-L1 antibody. In some embodiments, the polvpeptide comprising the variable heavy
chain of the anti-PD-1 antibody is fused to the polypeptide comprising the variable heavy
chain of the anti-PD-L 1 antibody by means of a linker. In some embodiments, the fusion
construct comprises a common light chain. In some embodiments, the N-terminal vanable
heavy chain of the fusion construct binds to PD-1 in the presence of the common light chain,
and the C-terminal vanable heavy chamn of the fusion construct binds to PD-L1 i the
presence of the common hght chain. In some embodiments, the N-terminal variable heavy
chain of the fusion construct binds to PD-L1 in the presence of the common light chain, and
the C-termunal variable heavy chain of the fusion construct binds to PD-1 in the presence of
the common light chain.

In some aspects and embodiments, the disclosure provides for a multispecific antigen-
binding construct comprising at least two units of antigen-binding, wherein a first unit of
antigen-binding binds PD-1, and a second unit of antigen-binding binds a PD-1 ligand. In
some embodiments, the first unit of antigen-~binding binds PD-1 expressed by an immune
cell. In some embodiments, the second unit of antigen-binding binds PD-1 expressed by a
second cell. In some embodiments, the multispecific antigen-binding construct blocks the
interaction of PD-1 and a PD-1 ligand, such as PD-L.1 or PD-L2Z. In some embodiments, the
multispecific antigen-binding construct blocks the interaction of PD-1 and a PD-1 higand,
such as PD-L1 or PD-L2. In some embodiments, the multispecific antigen-binding construct
comprses at least two units of antigen-binding that bind PD-1. In some embodiments, the
multispecific antigen-binding construct comprises two units of antigen-binding that bind PD-
1. In some embodiments, the multispecific antigen-binding construct comprises at least two
units of antigen-binding that bind a PD-1 ligand, such as PD-L1 or PD-L2. In some
embodiments, the multispecific antigen-binding construct comprises two units of antigen-
binding that bind a PD-1 hgand, such as PD-L1 or PD-L2. In some embodiments, the
multispecific antigen-binding construct comprises at least four units of antigen-binding,
wherein two units of antigen-binding bind PD-1 and two units of antigen-binding bind a PD-1
ligand, such as PD-L1 or PD-L2. In some embodiments, the multispecific antigen-binding
construct comprises four units of antigen-binding, wherein two units of antigen-binding bind
PD-1 and two units of antigen-binding bind a PD-1 ligand, such as PD-L1 or PD-L2. In some
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embodiments, each unit of antigen-binding is capable of binding independentily to its cognate
antigen, i.e., PD-1 or a PD-1 ligand, such as PD-L1 or PD-L2. In some embodiments, the
multispecific antigen-binding construct promotes loss of PD-1 expression from a cell. In
some embodiments, the loss of PD-1 expression is due to PD-1 shedding. In some
embodiments, the moliispecific antigen-binding construct blocks interaction of PD-1 and the
PD-1 ligand, such as PD-L1 or PD-L2. In some embodiments, the multispecific antigen-
binding construct comprises a common light chain. For example, at least two units of antigen-
binding comprise a common light chain.
In some embodiments, the first unit of antigen-binding binds PD-1 and comprises:
{a) a heavy chain variable region comprising (1) a CDRHI comprising SEQ 1D NG:
70 FTFXiXeY AN Xy, wherein Xa=5, R, G, or N; Xo=D, S, N, A, R, or G Xs=Mor
L; Xa= §, L, or N); (1) a CORH2 comprising SEQ ID NO: 71 (SAISNSGTYTYYA);
and (i1} a CDRH3 comprising SEQ ID NO: 72 (ARGLBFIVGXSTGNDY, wheren
Xs=A, Y, orR); and
(b} a light chain variabie region comprising: (1) a CDRLI comprising SEQID NG ¢
(RASQSISSYLNY; (i) a CDRL2 comprising SEQ ID NO: 5 (AASSLGQS); and Gii) a
CDRL3 comprising SEQ ID NG: 10 (QQSYSTPLT).
In some such embodiments, the first unit of antigen-binding binds PD-1 and
Comprises:
(z) a CDRH1 comprising SEQ 1D NO: 73 (FIFSDY AMS), a CDRH2 comprising
SEQ ID NG: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NOG:
74 {ARGLDFIVGATGNDY ),
(b} a CDRH! comprising SEQ ID NO: 73 (FTFSDY AMS), a CBRH2 comprising
SEQID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NO:
75 (ARGLDFIVGYTGNDY),
{(c} a CDRHI comprising SEQ [D NO: 76 (FTFSSYAMS), a CDRH?2 comprising
SEQ ID NG: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY ),
(d} a CDRHI comprising SEQ ID NG: 77 (FTFSSYAML), a CDRH2 comprising
SEQ ID NQO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NOG:
75 (ARGLDFIVGYTGNDY),
(¢} a CDRHI comprising SEQ [D NO: 78 (FTFSNYALS), a CDRH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY ),
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() a CDRHI comprising SEQ ID NG: 79 (FTFSAYAMN), a CDRH2 comprising
SEQID NQO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY ).

{g} a CDRHI comprising SEQ 1D NO: 80 (FTFRSYAMS), a CDRH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY )

(hy a CDRHI comprising SEQ D NO: 81 (FTFGRYAMS), a CDRHZ comprising
SEQID NG: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NG:
75 {ARGLDFIVGYTGNDY ),

(1) a CDRHI comprising SEQ [D NO: 82 (FTFNSYAMS), a CDRHZ comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY ),

(1) a CDRHI comprising SEQ [D NGO: 83 (FTFSNYAMS), a CDRH2 comprising
SEQ ID NG: 71 (SAISNSGTYTY YA}, and a CDRH3 comprising SEQ 1D NOG:
74 (ARGLDFIVGATGNDY ),

(k} a CODRHI1 comprising SEQ ID NG: 84 (FTFSGYAMS), a CDRHZ comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NO:
85 (ARGLDFIVGRTGNDY):

(1) a CDRHI comprising SEQ [D NO: 86 (FTFSSYAMN), a CDRH2 comprising
SEQ ID NG: 71 (SAISNSGTYTYYA) and a CORH3 comprising SEQ 1D NO: 85
(ARGLDFIVGRTGNDY); or

(m) a CDRH1 comprising SEQ 1D NO: 80 (FTFRSYAMS), a comprising SEQ ID
NO: 71 (SAISNSGTYTY YA}, and a CDRH3 comprising SEQ ID NG: 85
{ARGLDFIVGRTGNDY).

in some embodiments, the first unit of antigen-binding binds PD-1 and comprises:

(a} aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ 1D NO: 87,

(b} a heavy chain variable region comprising an amino acid sequence that is at least
90% dentical to SEQ ID NO: 88;

{c} a heavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 89,

{(d} a heavy chain variable region comprising an anino acid sequence that is at least

90% identical to SEQ TD NO: 90,
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(¢} a heavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 61,
(f} aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ 1D NO: 92;
5 (g} a heavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ 1D NO: 93;
(h}) a heavy cham variable region comprising an amino acid sequence that is at least
90% 1dentical to SEQ 1D NO: 94,
(i) aheavy chain variable region comprising an amino acid sequence that is at least

10 90% dentical to SEQ ID NO: 95,

() aheavy chain vanable region comprising an amino acid sequence that is at least

90% identical to SEQ ID NO: 96,
(k} a heavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 97,
15 () ahbeavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 98; or
{m} a heavy chain variable region comprising aming acid sequence that is at least
90% identical to SEQ 1D NO: 99,

In some embodiments, the first unit of antigen-binding binds PD-1 and comprises a

20 light chain vanable region comprising an amino acid sequence that is af least 90% identical to

SEQ ID NG 59,

In some embodiments, the second unit of antigen-binding binds PD-L2. Tn some
embodiments, the second unit of antigen-binding binds PD-L1. In some embodiments, the
second unit of antigen-binding binds PD-L1 and comprises:

25 a. aheavy chain variable region comprising (i) a CDRHI comprising SEQ ID NOG:
F{GTESSY AIN); (1) a CDRH2 comprising SEQ ID NG: 2 (GGHPXXOGXEATYA,
wherein Xpis Vorl; Xais F, L, or V. and Xs51is T or A); and (i11) a CDRH3
comprising SEQ 1D NO: 3 (ARLKX ELKDAFDE wherein X115 G, F. or N}; and
b, ahght chain variable region comprising: (1) a CDRLI comprising SEQ ID NG:

30 4 (RASQXGISSYLN, wherein X: 18 S, W, or Q); (11) a CORL2 comprising SEQ ID
NO: 5 (AASSLQS); and (1i1) a CDRL3 comprising SEQ 1D NG: 6 (XiQSYSTPLT,
wherein X1 is Q or F).

In some such embodiments, the second unit of antigen-binding binds PD-L1 and

COMpIises:
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{a} a CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
1D NO: 7 (GGIIPILGAATYA), and a CORH3 comprising SEQ IDNO: 8
(ARLKGELKDAFDI);

(b} a CDRHI compnising SEQ ID NG: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
ID NG: 7(GGHPILGAATYA}, a CDRH3 comprising SEGID NG: §
(ARLKGELKDAFD): a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN), a
CDRL2 comprising SEQ 1D NOG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLT),

(¢} a CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
IDNG: 11 (GGHPVFGTATYA), a CDRH3 comprising SEQ 1D NO: 8
(ARLKGELKDAFDI): a CDRL1 comprising SEQ ID NG: 9 (RASQSISSYLN) a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 {QQSYSTPLT):

(d) a CDRHI comprising SEQ 1D NGO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NO: 11 (GGHPVFGTATYA) and a CDRH3 comprising SEQ ID NG: 8
{ARLKGELKDAFDI},

{c} a CORHI comprising SEQ ID NG 1 (GTFSSYAIN), a CDRHZ comprising SEQ
D NO: 11 (GGUPVFGTATYA), a CDRH3 conprising SEQ ID NO: 8
{ARLKGELKDAFD); a CDRL1 comprising SEQ ID NO: 12
(RASQWISSYLN); a CORL2 comprising SEQ 1D NO: 5 (AASSLQS), and a
CDRL3 comprising SEQ 1D NG: 10 {(QQSYSTPLT),

(f)y a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CDRH?2 comprising SEQ
D NGO: 11 (GGHPVEGTATYA), a CDRH3 comprising SEQ ID NQO: §
{ARLKGELKDAFDI), a CORL1 comprising SEQ 1D NO: 13 (RASQQISSYLN);
a CDRL2 comprising SEQ ID NG: 5 (AASSLQS); and a CDRL3 comprising
SEQ D NG: 10 (QOSYSTPLT),

(g} a CDRHI comprising SEQ ID NG 1 (GTFSSYAIN), a CORH2 comprising SEQ
D NO: 1 (GGHPYFGTATYA), a CDRH3 comprising SEQ D NO: 8
{ARLKGELKDAFDI); a CDRL1 comprising SEQ 1D NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNG: 10 (QQSYSTPLT),

(b} a CORHI comprising SEQ D NO: 1 (GTFSSYAIN), a CDRHZ comprising SEQ
D NGO: 1S (GGHPIFGIANY A), and a CDRH3 comprising SEQ [D NGO: 8
(ARLKGELKDAFDI);
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(1} a CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
D NO: 15 (GGHPIFGIANYA), a CDRH3 comprising SEG 1D NQO: &
(ARLKGELKDAFDI); a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS): and a CDRL3 comprising SEQ
IDNO: 10 (CQQSYSTPLTF)

(1) a CDRHI comprising SEQ ID NGO 1 (GTFSSYAIN), a CORH2 comprising SEQ
I3 NO: 16 (GGHPNFGTATY A), and a CDRH3 comprising SEQ 1D NO: 17
{ARLKGELKGAGDI);

(k} a CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
D NO: 16 (GGUHPNFGTATYA), a CDRH3 comprising SEQ 1D NG: 17
(ARLKGELKGAGDT): a CDRLI comprising SEQ ID NG: 9 (RASQSISSYLN),
a CDRL2 comprising SEQ ID NG: 5 (AASSLQS); and a CDRL3 comprising
SEQ ID NG: 10 (QUSYSTPLT),

() a CDRHI comprising SEQ 1D NGO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NO: 11 (GGHPVFGTATYA), and a CDRH3 comprising SEQ ID NO: {8
{ARLKFELKDAFDI);

{m} a CDRHI comprising SEGQ 1D NO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NO: 11 (GGUHPVFGTATYA), a CDRH3 comprising SEQ ID NGO: 18
{ARLKFELKDAFDI), a CDRL1 comprising SEQ ID NG: 9 (RASQSISSYLN); a
CDRLZ comprising SEQ 1D NO: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLT),

(n} a CORHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NO: 11 (GGHPVEFGTATYA), and a CBRH3 comprising SEQ ID NO: 19
{(ARLKGELKDAFDE),

{0} a CORHI comprising SEQ ID NO: 1 {GTFSSYAIN), a CDRHZ comprising SEQ
ID NO: 11 (GGHPVFGTATYA), a CDRH3 comprising SEQ 1D NO: 19
(ARLKGELKDAFDE), a CORL1 comprising SEQ ID NGO 9 (RASQSISSYLN),
a CDRLZ comprising SEQ D NG 5 (AASSLQS); and a CDRL3 comprising
SEQID NG: 10 (QQSYSTPLT);

(p} a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CBRH2 comprising SEQ
IDNO: 11 (GGHPVFGTATYA), and a CDRH3 comprising SEQ 1D NG: 20
(ARLKNELKDAFDI);

{q) a CDRHI comprising SEQ ID NO: 1 {(GTFSSYAIN), a CDRHZ comprising SEQ
D NO: 11 (GGHPVFGTATYA), a CORH3 comprising SEQ 1B NO: 20
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()

{s)

(t)

{ARLKNELKDAFDI), a CDRLI comprising SEQ 1D NO: 9 (RASQSISSYLN}); a
CDRL2 comprising SEGQ 1D NO: 5 (AASSLQS); and a CORL3 comprising SEQ
ID NGO 10 (QQSYSTPLT),

a CDRHI comprising SEQ 1D NO: 1 (GTFSSYAIN), a CORH2 comprising SEQ
IDNG: 21 (GGVIPFLGTANYA), and a CDRH3 comprising SEQ ID NG: 22
(ARLKGILKDALDI);

a CDRHI comprising SEQ ID NGO 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NG 21 (GGVIPFLGTANYA), a CDRHS comprising SEQ ID NG: 22
{ARLKGILKDALDI), a CDRLI comprising SEQ ID NG: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ 1D NG: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNO: 10 (QQSYSTPLT);

a UDRHI1 comprising SEQ ID NO: 1 (GTFSSYAIN), a CORH2 compnsing EQ
1D NO: 29 (GRIIPIFGTADYA), and a CDRH3 comprising SEQ ID NG: 8
(ARLKGELKDAFDI);

(u) a CORHI comprising SEQ ID NGO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ

1D NO: 29 (GRUPIFGTADYA), a CDRH3 comprising SEQ ID NG: 8
{ARLKGELKDAFDI), a CORL1 comprising SEQ 1D NO: 9 (RASQSISSYLN), a
CDRL?2 comprising SEQ 1D NG: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNQ: 10 (RQSYSTPLT),

(v) a CDRHI comprising SEQ [D NO: 1 {GTFSSYAIN), a CDRH2 comprising SEQ

D NGO 31 (GGHPILGTATYA), and a CDRH3 comprising SEQ D NO: 32
{ARREGELKDAFDI);

(w)ya CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}), a CDRH2 comprising SEQ

D NO: 31 (GGHPILGTATYA), a CDRH3 comprising SEQ ID NO: 32
(ARRKGELKDAFDI), a CDRL1 comprising SEQ 1D NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NG: 10 (QQSYSTPLT),

(x} a CDRHI comprising SEQ 1D NO: 1 {GTFSSYAIN), a CORH2 comprising SEQ

D NG 33 (GGHPIVATANY A}, and a CDRH3 comprising SEQ ID NG: 32
{ARRKGELKDAFDI);

(v} a CDRHI comprising SEQ 1D NO: 1 (GTFSSYAIN), a CBRH2 comprising SEQ

1D NO: 33 (GGHPIVATANYA), a CDRH3 comprising SEQ {3 NO: 32
{(ARRKGELKDAFDI), a CDRLI compnsing SEQ ID NO: 9 (RASQSISSYIN) a
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CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NGO 10 (QQSYSTPLT)

(z} a CDORHI comprising SEQ D NO: 1 (GTFSSYAIN), a CDRHZ comprising SEQ
D NG: 34 (GGHPIFGKATYA), and a CDRH3 comprising SEQ ID NG: 32
(ARRKGELKDAFDI),

(aa) a CDRHI compnsing SEQ ID NO: 1 (GTFSSYAIN), a CDRHZ comprising
SEQ 1D NO: 34 (GGUPIFGKATYA), a CDRH3 comprnising SEQ ID NO: 32
{ARRKGELKDAFDI), a CDRLI comprsing SEQ ID NO: 9 {(RASQSISSYLN): a
CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNO: 10 (QQSYSTPLT);

(bb) a CDRHI compnsing SEQ ID NO: 1 (GTFSSYAIN), a CDRH2 comprising
SEQ ID NO: 11 (GGIIPVFGTATYA), a CDRH3 comprising SEG 1D NG: &
{ARLKGELKDAFD); a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN): a
CDRL2Z comprising SEQ 1D NO: 5 (AASSLOS): and a CDRL3 comprising SEQ
0 NO: 38 (FOSYSTPLT),

{cc) a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CORH2 comprising
SEQ ID NO: 11 (GGIIPVFGTATYA), a CORH3 comprising SEQ ID NG: 8
(ARLKGELKDAFDI); a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 39 (QOSYSTILTY,

(ddy a CDRHI compnsing SEQ ID NO: 14 (GTFSSYAFS), a CDRH2 comprising
SEQID NG: 11 {GGUPVFGTATYA) and a CDRH3 comprising SEQ D NO: &
{ARLKGELKDAFDI); a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ 1D NG: 5 (AASSLQS); and a CORL3 comprising SEQ
IDNG: 10 (QQSYSTPLT),

(e}  a CDRHI comprising SEQ ID NO: 23 (GTFSSYAIS), a CDRHZ comprising
SEQ 1D NO: 24 (GGUPIVGIANYA), and a CDRH3 comprising SEQ 1D NG: 8
(ARLKGELKDAFDI);

(fh a CDRHI comprising SEQ ID NG: 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NQO: 24 (GGUPIVGIANYA)Y, and a CDRHS comprising SEQ ID NO: 8
(ARLKGELKDAFDI); a CORL1 comprising SEQ ID NO: 9 (RASQSISSYLN): a
CDRL2 comprising SEQ 1D NOG: 5 (AASSLOS); and a CDRL3 comprising SEQ
D NO: 10 (QQSYSTPLT):
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(gg} a CDRHI comprising SEQ ID NG 23 (GTFSSYAIS), a CDRH2 comprising
SEQID NQO: 11 (GGIIPVFGTATY A}, and a CDRH3 comprising SEQ 1D NO: 25
(ARLKGEFKDAFDI);

(bh) a CDRHI comprising SEQ ID NG: 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NO: 11 (GGUPVFGTATYA), and a CDRH3 comprising SEQ 1D NQO: 25
(ARLKGEFKDAFDI); a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYIN); a
CDRL2 comprising SEQ 1D NOG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLT),

(i1} a CDRHI comprising SEQ ID NO: 23 (GTFSSYAIS), a CBRH2 comprising
SEQ ID NO: 26 (GRIPLFGTAHY A), and a CORH3 comprising SEQ ID NG: 8
{ARLKGELKDAFDI};

G a CDRH1 comprising SEQ 1D NG: 23 (GTFSSYAIS), a CORH2 comprising
SEQ 1D NOG: 26 (GRIPLFGTAHYA), and a CDRH3 comprising SEQ ID NOG: 8
(ARLKGELKDAFDI); a CDRLI comprising SEQ 1D NO: 9 (RASQSISSYLN): a
CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNO: 10 (QOQSYSTPLT),

{kk} a CDRHI comprising SEQ ID NG: 23 (GTFSSYAIS), a CORH2 comprising
SEQ ID NO: 27 (GRINPILGTANYA), and a CORH3 comprising SEQ 1D NG: 28
(ARLKGELKDAFSI),

(i) a CORHI comprising SEQ 1D NO: 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NG: 27 (GRINPILGTANYA), and a CDRH3 comprising SEQ ID NO: 28
{ARLKGELKDAFSI); a CDRL1 comprising SEQ ID NG: 9 (RASQGSISSYLN); a
CDRL2 comprising SEG 1D NO: 5 (AASSLQS); and a CDRLS comprising SEQ
[DNO: 10 (QQSYSTPLTY,

{(mm} a CDRHI comprising SEQ ID NO: 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NO: 11 (GGUPVFGTATYA), and a CDRH3 comprising SEQ 1D NG: 30
(ARLKGELKCAFDI);

()  a CORHI compnsing SEQ ID NO: 23 (GTFSSYAIS), a CBRH2 comprising
SEQ ID NG: 1 {(GGUPVFGTATYA), and a comprising SEQ 1D NO: 30
{ARLKGELKCAFDI); a CDRLI comprising SEQ 1D NO: 9 (RASQSISSYLNY a
CDRL2 comprising SEGQ 1D NG: 5 (AASSLQS); and a CORL3 comprising SEQ
D NO: 10 (QQSYSTPLT)
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(oo} a CDRHI comprising SEQ ID NG: 36 (GPFRSHAVS), a CDRH2 comprising
SEQID NQO: 11 (GGIIPVFGTATYA), and a CDRH3 comprising SEQ 1D NO: 37
(ARLKSELKDAFDI); or

{(pp) a CDRHI compnising SEQ ID NG: 36 (GPFRSHAVS), a CDRHZ2 comprising
SEQ ID NO: 11 (GGUPVFGTATYA), and a CDRH3 comprising SEQ 1D NG: 37
(ARLKSELKDAFDI), a CDRLI comprising SEQ 1D NG: 9 (RASQSISSYLN). a
CDRL2 comprising SEQ 1D NOG: 5 (AASSLQS): and a CDRL3 comprising SEQ
IDNO: 10 (QQSYSTPLT).

In some sach embodiments, the second unit of antigen-binding binds PD-L1 and
comprises and comprises a heavy chain varniable region comprising an amino acid sequence
that s at least 90% identical to any one of SEQ 1D NQOs: 35, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49,50, 51,52, 53, 34, 55, 56, 57, or 38, and a hight chain variable region comprising an
amino acid sequence that s at least 90% identical to any one of SEQ ID NQOs: 539, 60, 61, 62,
o1 63,

In some embodiments, the second unit of antigen-binding binds PD-L1 and comprises
a heavy chain variable region comprising:

{a} an amino acid sequence that is at least 90% identical to SEQ 1D NG: 35;

(b} an amino acid sequence that is at least 90% identical to SEQ ID NO: 40;

(¢} an amino acid sequence that is at least 90% identical to SEQ ID NG: 41;

(d) an amino acid sequence that is at least 90% identical to SEQ ID NO: 42

(¢} an amino acid sequence that is at least 90% identical to SEQ 1D NO: 43;

(f) an amino acid sequence that is at least 90% identical to SEQ ID NO: 44;

(g} an annno acid sequence that 1s at least 90% identical to SEQ 1D NO: 43;

(b} an amino acid sequence that is at least 90% identical to SEQ 1D NG: 46;

(1) an amino acid sequence that is at least 90% 1dentical to SEQ ID NG: 47;

(1) an amino acid sequence that is at least 90% identical to SEQ ID NO: 48;

(k} an amino acid sequence that is at least 90% identical to SEQ ID NG: 49;

4

(D) an amino acid sequence that is at least 90% 1dentical to SEQ 1D NO: 50;

{m) an amino acid sequence that is at least 90% identical to SEQ ID NO: 51,

{(n} an amino acid sequence that 1s at least 90% identical to SEQ ID NO: 52;
{0} an amino acid sequence that is at least 90% identical to SEQ 1D NG: 53;

{p)} an amino acid sequence that is at least 90% identical to SEQ 1D NO: 54,

{g) an amino acid sequence that is at least 90% 1dentical to SEQ ID NG: 55;

(r} an amino acid sequence that is at least 90% identical to SEQ ID NG: 56;
25
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(s} an amino acid sequence that is at least 90% identical to SEQ ID NO: 57; or
{t} an amino acid sequence that is at least 90% identical to SEQ 1D NO: 38;
in some emabodiments, the second unit of antigen-binding binds PD-L 1 and comprises
a light chain vanable region comprising:
5 {a} an amino acid sequence that is at least 90% identical to SEQ ID NQG: 59,
(b} an amino acid sequence that is at least 90% identical to SEQ 1D NG: 60
{c) an amino acid sequence that is at least 90% identical to SEQ 1D NO: 61,
{d} an anmuino acid sequence that is at least 90% identical to SEQ ID NO: 62; or
(¢} an amino actd sequence that is at least 90% identical to SEQ ID NQ: 63.

10 Also provided herein, in some aspects and embodiments, is a multispecific antigen-
binding construct comprising four umits of antigen-binding, wherem two units of antigen-
binding bind PB-1 and two units of antigen-binding bind PD-L1, and wherein the construct
comprises a heavy chaim amino acid sequence that is at least 85%, identical to the amino acid
sequence of SEQ 1D NO: 100 or 102, and a light cham amino acid sequence that is at least

15 85%, identical to the anuno acid sequence of SEQ ID NG: 101 or 103,

Also provided herein, in some aspects and embodiments, is a nudtispecific antigen-
binding construct comprising four units of antigen-binding, wherein two units of antigen-
bindmg bind PD-1 and two units of antigen-binding bind PD-L1, and whercin the construct
comprises a heavy chain amino acid sequence that is at least 85%, identical to the amino acid

20 sequence of SEQ ID NO: 100 and a light chain amino acid sequence that is at least 5%,
identical to the amino acid sequence of SEQ 1D NGO: 101

Also provided herein, in some aspects and embodiments, is a multispecific antigen-
binding construct comprising four units of antigen-binding, wherein two units of antigen-
binding bind PD-1 and two units of antigen-binding bind PD-L1, and wherein the construct

25  comprises a heavy chain amino acid sequence that is at feast 85%. 1dentical to the amino acid
sequence of SEQ 1D NO: 102 and a light chamn amino acid sequence that is at least 85%,
identical to the amino acid sequence of SEQ 1D NO: 103,

In some embodiments, the construct does not comprise an Fe domain. In some
embodiments, the first arm or second arm, or both, comprises a heavy chain comprising one

3¢ or more immunoglobulin Fe modifications. In some embodiments, the immunoglobulin Fo
domain of the heavy chain comprises one or more amino acid mutations that promote
beterodimerization of the first and second arms. In some cmbodiments, the mutation is
present in a CH3 domain of the heavy chamn. In some embodiments, the multispecific
antigen-binding construct is produced in a guadroma cell. In some embodiments, the
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constract comprises one or more immunoglobulin constant region modifications. In some
embodiments, the immunoglobulin constant region comprises one or more amino acid
mutations that promote heterodimerization of antibodies. In some embodiments, one or more
mutations 1s present i the hight chain constant region of one arm and one or more mutations

5 ispresent in the heavy chain constant region of another arm. In some embodiments, the

bispecific antibody is of a format selected from the group consisting of a bispecific IgG,
bispecific antibody fragment, bispecific fusion protein, appended IgG, and bispecific
antibody conjugate. In some embodiments, the Fe region has reduced effector function. In
some embodiments, the Fe region enhances half-hife of the construct.

10 in some embodiments, the construct comprises a heavy chain amino acid sequence
that is at least 85%, identical to the amino acid sequence of SEQ 1D NO: 100 or 102, In some
embodiments, the construct comprises a light chain amino acid sequence that is at least 85%,
identical to the amino acid sequence of SEQ 1D NGO: 101 or 103, In some embodiments, the
construct compriscs a heavy chain anmino acid sequence that is at least 85% identical to the

15 amino acid sequence of SEQ ID NOG: 100, and wherein the construct comprises a light chain
amino acid sequence that is at least 85% identical to the amino acid sequence of SEQ 1D NO:
101, In some embodiments, the construct comprises a heavy chain amino acid sequence that
is at least 85% identical to the amino acid sequence of SEQ 1D NG: 162, and wherein the
construct comprises a light chain amine actd sequence that is at least 85% identical to the

26 amino acid sequence of SEQ ID NO: 103,

In some embodiments, any of the multispecific antigen-binding constructs disclosed
herein are aglycosylated. In some embodiments, the multispecific antigen-binding construct
is capable of binding human PD-1. In some embodiments, the multispecific antigen-binding
constract is capable of binding murine PB-1. In some embodiments, the multispecific

25  antigen-binding construct is capable of binding cynomolgus monkey PD-1. In some
embodiments, the moltispecific antigen-binding construct is capable of binding human,
murine and cynomolgus monkey PD-1 with simlar affinity.

In some embodiments, any of the multispecific antigen-binding constructs disclosed

herein 1s capable of reducing PD-1 levels on acell. In some embodiments, the multispecific

3
P

antigen-binding construct is capable of inducing PD-1 degradation. In some embodiments,

the multispecific antigen-binding construct is capable of reducing PD-1 expression. In some

cmbodiments, the multispecific antigen-binding construct is capable of reducing PD-1 ccll

surface expression. In some embodiments, the multispecific antigen-binding construct is

capable of reducing PB-1 cell surface expression by inducing shedding of PD-1 from the cell
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surface. In some embodiments, the multispecific antigen-binding construct is capable of
binding both PD-1 and PD-L1 and reducimg PD-1 levels on a cell. In some embodiments, the
multispecific antigen-binding construct is capable of binding both PD-1 and PD-L1 and
mducing PD-1 degradation. In some embodiments, the multispecific antigen-binding
5 construct is capable of binding both PD-1 and PD-L1 and reducing PD-1 expression. In some
embodiments, the multispecific antigen-binding construct is capable of inducing shedding of
PD-1 from an imuvnune cell. Tn some embodiments, the multispecific antigen-binding
construct is capable of binding both PD-1 and PD-L1 and inducing PD-1 shedding from an
immune cell. In some embodiments, the multispecific antigen-binding construct is capable of
10 sequestering PD-L 1, such that PD-L1 cannot bind CD80. In some embodiments, the
multispecific antigen-binding construct is capable of sequestering PD-L1, such that PD-L1
cannot bind CD80, and wherein CD80 is free to bind CD28. In some embodiments, the cell
is an immune cell, such as a T cell. In some embodiments, the immune cell {e.g., T cell)isa
tumor infiltrating lvmphocyte (TIL). In some embodiments, engagement of a multispecific
15 antigen-binding molecule described herein to PD-1 expressed by an imnune cell in the tumor
microenvironment results in the downregulation of PD-1 by the immune cell. In some
embodiments, the immune cell is a T cell. In some embodiments, the immune cell{eg.. T
cell) is a tumor mfiltrating lymphocyte (T1L).
In some embodiments, any of the multispecific antigen-binding constructs disclosed
20 herein is capable of inducing at least 5%, 10%, 15%., 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 55%., 70%, 75%, 80%., 85%, 90%, 95% or 99% greater interforon-gamoma levels
{e.g., as measured in a Staphylococcus aureus Enterotoxin A (“SEA”) assay) as compared to
areference antigen-binding construct {e.g., pembrolizumab or atezolizumab) or to a reference
combination of antigen-binding constructs {e.g., a composition comprising the PD-1 and PD-
25 L1 arms of the multispecific antigen-binding construct, wherein the PD-1 and PD-L1 arms 1n
the composition are not conjugated to one another). In some embodiments, the multispecific
antigen-binding construct is capable of inducing at least 5%, 10%, 15%, 20%, 25%. 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95% or 99% greater

mterleukin-2 levels {e.g., as measured in a SEA assay} as compared to a reference antigen-

3
P

binding construct (e.g., pembrolizumab or atczolizumab) or to a reference combination of
antigen-binding constructs {e.g., a composition comprising the PD-1 and PD-L1 arms of the
multispecific antigen-binding construct, wherein the PD-1 and PD-L1 arms m the

composition are not conjugated to one another).
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In some embodiments, the multispecific antigen-binding construct induces at least
5%, 10%, 15%, 20%. 25%, 30%, 35%. 40%, 45%, 50%. 55%, 60%, 63%., 70%, 75%, 80%,

85%, 90%, 95%, 99%, 200%, 300%, 400%, or 500% more killing of tumor cells (e g

9,

feukemia cells, lymphoma cells, melanoma, or breast cancer cells), as comparedto a
reference antigen-binding construct {e.g., pembrolizumab or atezolizvumab) or to a reference
combination of antigen-binding constructs {e.g., a composition comprising the PD-1 and PD-
L1 arms of the multispecific antigen-binding construct, wherein the PD-1 and PD-L1 arms in
the composition are not conjugated to one another).

In some embodiments, the multispecific antigen-binding construct is capable of
extending the survival of a subject suffering from a cancer {e.g., leukemia, lymphoma,
melanoma, and/or breast cancer) bv at least 3%, 10%, 15%, 20%, 25%, 30%, 35%, 40%
45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 99%, 100%, 200%, 300%
400%, or 500% longer than a subject administered a reference antigen-binding construct
{e.g.. pembrolizuwmab or atezolizumab) or a reference combination of antigen-binding
constructs {e.g., a composition comprising the PD-1 and PD-L1 arms of the multispecific
antigen-binding construct, wherein the PD-1 and PD-L1 arms in the composition are not
conjugated to one another). In some embodiments, the multispecific antigen-binding
construct is capable of inducing at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 53%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 99%, 100%, 200%, 300%, 400%,
or 500% more shedding of PD-1 from an immune cell as compared to an untreated imumune
cell or as compared to an imumune cell treated with reference antigen-binding construct (e.g
pembrolizumab or atezolizumab) or a reference combination of antigen-binding constructs
{e.g., a composition comprising the PD-1 and PD-L1 arms of the multispecific antigen-
binding constract, wherein the PB-1 and PD-L1 arms in the composition are not conjugated

to one another). In some embodiments, the multispecific antigen—binding construct is capable

of redocing PD-1 levels at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%., T0%, 75%, 80%. 85%, 90%, 95%. 99%, 100%, 200%, 300%., 400%, or

500% (e.g., by causing PD-1 sh,cdding from the cclf surface and/or inducing PD-1
degradation and/or reducing PD-1 expression} as compared to an unireated immune cell or to
an immuone cell treated with a reference antigen-binding construct {(e. g., pembrolizamab or
atezolizumaby} or a reference combination of antigen-binding constructs {e.g., a composition
comprising the PD-1 and PD-L1 amms of the nultispecitic antigen-binding construct, wherein

the PD-1 and PD-L1 arms i the composition are not conjugated to one another).
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In some embodiments, engagement of a maltispecific antigen-binding molecule
described herein to PD-1 expressed by a cell results in the downregulation and/or loss of cell-
surface expression of PD3-1 by the cell. Such down-regulation or loss of cell-surface
expression can be due to, i part, for example, shedding of extracellular PD-1 from the

5 surface of the immune cell. In some embodiments, the cell is an immune cell, suchasa T

cell. In some embodiments, the immaune cell (e.g.. T cell) is a tamor infiltrating lvmphocyte
(TIL). In some cmbodiments, engagement of a multispecific antigen-binding molecule
described herein to PD-1 expressed by an vunume cell in the tumor microenvironment results
in the downregulation of PD-1 by the immune cell. In some embodiments, the immune cell is

10 aTcell. In some embodiments, the immune cell {e.g., T cell) is a tumor infilirating
tymphocyte (TIL).

In some aspects, the disclosure provides for a method for treating a proliferative
disorder in a subject in need thereof, comprising administering to the subject a therapeutically
effective amount of any of the multispecific antigen-binding constructs disclosed herem,

15 thereby treating the proliferative disorder 1n the subject. In some embodiments, the
proliferative disorder is cancer. In some embodiments, the cancer is selected from the group
consisting of a hematological cancer, a neurological cancer, melanoma, breast cancer, lung
cancer, head and neck cancer, a gastrointestinal cancer, liver cancer, pancreatic cancer, a
genitourinary cancer, a bone cancer, and a vascular cancer. In some embodiments, the

20 disclosure provides for a method of enhancing an immune response in a subject in need
thercof, comprising administering to the subject a therapeutically effective amount of any of
the multispecific antigen-binding constructs disclosed hercin, thereby enhancing the mmune
response i the subject. In some embodiments, the enhanced immune response includes any
one or more of enhanced T cell function, enhanced NK cell function, or enhanced

25 macrophage function. In some embodiments, the enhancement of T cell function is greater
upon administration of the multispecific antigen-binding construct, as compared {0 an agent
that binds either PD-1 or a PD-1 ligand, or a cocktail comprising an agent that binds PD-1
and an agent that binds a PD-1 ligand. In some embodiments, the T cell function is any one
or more of mereased IFNy production from T cells, enhanced T cell sarvival, mereased T cell

30 proliferation, or rescue from an exhausted T cell phenotype. Tn some embodiments, the
enhanced T cell function is greater upon administration of the multispecific antigen-binding
construct, as compared to an agent that binds either PD-1 ora PD-1 ligand, or a cocktail

comprising an agent that binds PD-1 and an agent that binds a PD-1 ligand. In some
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embodiments, the nudtispecific antigen-binding constract is administered subcotancously,
mtravenously, mtradermally, intraperitoneally, orally, intramuscularly or intracranially. In
some embodiments, the multispecific antigen-binding construct binds to PD-1 and to PD-L1
expressed on the surface of the same cell in the subject. In some embodiments, the
multispecific antigen-binding construct binds to PD-1 expressed on the surface of a first cell
in the subject, and wherein the multispecific antigen-binding construct binds to PD-L1
expressed on the surface of a second cell n the subject.

In some embodiments, the disclosure provides for an anti-PD 1 antibody or antigen-
binding fragment thercof, wherein the anti-PD-1 antibody or antigen-binding fragment
comprises: (a) a heavy chain vartable region comprising (1) a CDRH1 comprising SEQ 1D
NO: 70 (FIFXiXoYAXGX, wherein Xi=8, R, G, or N; X0=D, S, N, A, R, or G Xs=Mor L;
Xe= 8, L, or N}, (i1} a UDRH2 comprising SEQ ID NO: 71 (SAISNSGTYTYYA}), and (1) a
CDRH3 comprising SEQ ID NO: 72 (ARGLDFIVGXSTGNDY, wherein Xs5=A, Y, or R},
and (b) a light chain variable region comprising: (i) a CDRL1 comprising SEQ D NG: 9
(RASQSISSYLN): (1) a CDRL2 comprising SEQ TD NO: 5 (AASSLQS); and (i11) a CDRL3
comprising SEQ 1D NO: 10 (QOSYSTPLT). In some embodiments, the anti-PD-1 antibody
or antigen-binding fragment comprises: {a) a heavy chain variable region comprising (i) a
CDRHI comprising the amino acid sequence of any one of SEQ ID NOs: 73, 76, 77, 78, 79,
80, 81, 82, 83, 84, or 86; (i1} a CDRH?2 comprising the amino acid sequence of SEQ ID NG:
71; and (it} a CORH3 comprising the amino acid sequence of any one of SEQ 1D NOUs: 74,
75, or 85; and (b} a light chain variable region comprising: (1} a CDRL1 comprising SEQ 1D
NO: 9 (RASQSISSYLN); (31 a CDRL2 comprising SEQ ID NO: 5 (AASSLQS) and (i) a
CDRL3 comprising SEQ ID NO: 10 (QQSYSTPLT). In some embodiments, the heavy chain
variable region comprises an amino acid sequence that is at least 85% identical to the amino
acid sequence of any one of SEQ D NQs: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99.
In some embodiments, the light chan variable region comprises an amino acid sequence that
is at least 85% identical to the amino acid sequence of SEQ ID NO: 59,

in some embodiments, the disclosure provides for an anti-PD-L1 antibody or antigen-
binding fragment thereof, wherein the anti-PD-L 1 antibody or antigen-binding fragment
comprises: a. a heavy chain variable region comprising (i} a CDRHI comprising SEQ ID
NG: 1 (GTFSSYAIN); (i1} a CDRH2 comprising SEQ 1D NO: 2 (GGHPX1 XoGX3ATY A,
wherein X1is Vork Xo1s F, L, or V; and Xs 1s T or A); and (uit) a CORH3 comprising SEQ
D NG 3 (ARLEKXGELKDAFDI, wherein X1 18 G, F, or N} and b. a light cham varable
region comprising: (1) a CDRLI comprising SEQ ID NO: 4 (RASGXGISSYLN, wherein X1 is
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S, W, or Q); (11) a CORL2 comprising SEQ 1D NG: 5 (AASSLQS); and (111} a CDRL3
comprsing SEQ ID NO: 6 (XLGQSYSTPLT, wherein X is @ or F). In some embodiments,
the anti-PD-L1 antibody or antigen-binding fragment comprises: {a} a heavy chain variable
region comprising (i) a CDRHI comprising the amino acid sequence of any one of SEQ ID

5 NQGs: 1, 14,23, 36, 0r 122; (11} a CDRH2 comprising the amino acid sequence of any one of

SEGQGIDNOs: 11, 15,16, 21,24, 26,2729, 31, 33, or 34; and (i1} a CDRH3 comprising the
amino acid sequence of any one of SEQ 1D NOs: 8, 17, 18, 19, 290, 22, 25, 28, 30, 32, or 37,
and {(b) a light chamn variable region comprising: (1} a CDRL1 comprising the amino acid
sequence of any one of SEQ ID NQOs: 9, 12, or 13; (31} a CDRL2 comprising the amino acid

10 sequence of SEQ ID NO: 3; and (i1} a CDRL3 comprising the amino acid sequence of any
one of SEQ TD NOs: 10, 38 or 39. In some embodiments, the heavy chain variable region
comprises an amino acid sequence that is at least 85% 1dentical to the amino acid sequence of
any one of SEQ 1D NOs: 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, or 35, In some cmbodiments, the light chain variable region comprises an amino acid

15 sequence that is at least 85% identical to the amino acid sequence of any one of SEQ 1D NOs:
39,60, 61,62, or 63.

in some embodiments, the disclosure provides for a method for treating a proliferative
disorder i a subject in need thereof, comprising administering to the subject a therapeutically
effective amount of any of the antibodies or antigen-binding constructs disclosed herein,

20 thereby treating the proliferative disorder in the subject. In some embodiments, the
proliferative disorder is cancer. In some embodiments, the cancer is selected from the group
consisting of a hematological cancer, a neurological cancer, melanoma, breast cancer, lung
cancer, head and neck cancer, a gastrointestinal cancer, Hver cancer, pancreatic cancer, a
genitourinary cancer, a bone cancer, and a vascular cancer.

25 in some embodiments, the disclosure provides for a method of enhancing an immune
response in a subject in need thereof, comprising administering to the subject a
therapeutically effective amount of any of the antibodies or antigen-binding constructs
disclosed herein, thereby enhancing the immune response in the subject.

In some embodunents, any of the methods described herein can involve detecting the

30 presence or absence of PD-1 expression by one or more cells {or a population of cells, such as
Tils) before and/or after contact with a multispecific antigen-binding molecule described
berein. For example. any of the methods described herein can mvolve detecting the presence
or absence of PD-1 expression by one or more cells {or a population of cells, such as TILs)
before and/or after administration of a multispecific antigen-binding molecule described
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herein to a subject {e.2., a cancer patient}. Such methods are useful, ¢.g., determining a
therapeutically effective amount of the molecule for use in treatment of a given patient or
patient population. Methods of detecting the presence, reduction in ¢xpression, and/or
absence of PD-1 expression are known to those of skill in the art, for example, using flow
5 cytometry, Western blotting, ELISA elc.
In another aspect, the disclosure features a method comprising measuring the level of
PD-1 expression by one or more cells (or a population of cells, such as TILs) before and/or
after contact with a multispecific antigen-binding molecule described herein. In some
embodiments, the method comprises measuring the level of PD-1 expression by one or more
10 cells {or a population of cells, such as TILs) before and/or after administration of a
multispecific antigen-binding molecule described herein to a subject (e.g., a cancer patient).
In vet another aspect, the disclosure featires a method comprising measuring the level
of PD-1 expression by one or more cells {or a population of cells, such as TILs) before and/or
after contact with a nmwltispecific antigen-binding molecule described herein. For example,
15 any of the methods described herein can involve measuring the level of PD-1 expression by
one or more cells {or a population of cells, such as TILs) before and/or after administration of
a multispecific antigen-binding molecule described herein to a subject (e.g., a cancer patient).
Such methods are usetul for, among other things, detecting or measuring a biological etfect
of a molecule described herein on the subject. In some embodiments, a reduction 1o the level
26 of PD-1 expression by an immune cell {e.g., TlLs isolated from a patient) following treatment
with a multispecific antigen-binding molecule described herein mndicates that the molecule
has had a biological effect in the subject. In some embodiments, a reduction i the level of
PD-1 expression by an immune cell (e.g., TILs isolated from a patient) following treatment
with a multispecific antigen-binding molecule described herein indicates that the patient
25 should receive one or more doses of the molecule, or otherwise continue on a therapy
comprising the molecule.
In yet ancther aspect, the disclosure features methods for determining whether a
biological effect has occurred inn a patient or population of patients treated with a

multispecific antigen-binding molecule described herein. The method comprises detecting

3
P

the presence or amount of PD-1 expression by one or more test immune cells {e.g., effector

immune cells, such as those in the tumor microenviromment) obtained from a patient or

patients who have been administered a multispecific antigen-binding molecule described

herein, wherein a reduced level of PD-1 expression {e.g., cell surface expression) of PD-1 by

the one or more immune cells relative to a control expression level {e.g., the expression level
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of PD-1 by immune cells of the same histological type as the test immune cells prior to
administration of the molecule) indicates that a biological effect has occurred in the patient or
population of patients. In some embodiments, the method comprises administering the
multispecific antigen-binding molecule prior to the detecting. In some embodiments, the
method comprises administering a multispecific antigen-binding molecule to the patient or
population of patients in whom the occurrence of a biological effect has been determined. In
some cmbodiments, control PD-1 expression level is approximately the median or average
expression level of PD-1 by immune cells of the same histological type in a population of
subjects who have not been diagnosed as having a cancer. In some embodiments, control
PD-1 expression level is approximately the median or average expression level of PD-1 by
mmmune cells of the same histological tvpe 1 a population of subjects who have not been
administered a multispecific antigen-binding molecule described herein and/or an agent that
binds to and/or inlibits PD-1.

In yet another aspect, the disclosure features a method for reducing the expression of
PD-1 by one or more immune cells in a subject {e.g., a cancer patient), the method
compnsing admmistering a multispecific antigen-binding molecule described herein to a
subject to thereby reduce the expression of PD-1 by one or more immune cells in the subject.
In some embodiments, the method comprises determining whether a reduction i PD-1
gxpression by one or more immuone cells in the patient has occurred. In some embodiments,
the method comprises obtaining from the subject a biological sample (e.g., a tumor biopsy)
comprising one or more immune cells (e g, after administration of the molecule to the
subject). In some embodiments, the method comprises measuring the level of PD-1
expression by one or more imnuume cells i the biological sample.

in yet another aspect, the disclosure features a method for inhibiting binding between
PD-L1 and CD80 1 a subject {e.g., a cancer patient), the method comprising admiunistering a
multispecific antigen-binding molecule described herein to a subject to thereby inhibit

binding between PD-L1 and CD8O in the subject.

BRIEF DESCRIPTION OF THE DRAWINGS
The patent or application file contains at least one drawing executed n color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the
Office upon request and payment of the nocessary fee.
Figure 1 shows the induction of interferon-gamma (IFNv) in a mixed lymphocyie
reaction (MLR) assavireated with various antibody cocktails or bispecific antibodics
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inchiding a PembrolizumabxAtezolizumab bispecific, a NivolumabxAtezolizumab bispecific,
a cocktail of KEYTRUDA and Atezolizumab, and a cocktail of Nivolumab and
Atezolizumab, as compared to KEYTRUDA alone. The results show the concentration of
TFNy as pg/mL at the final concentrations of antibodies tested, as mdicated.

Figure 2 shows the induction of mterferon-gamma (IFNv) in mixed lymphocyte
reaction {MLR} assavireated with various monoclonal and bispecific antibodies including a
PembrolizomabxNivolumab bispecific, AtezolizomabxAtezolizumab tetravalent fusion,
Nivolumab, and Atezolizumab, as compared to KEYTRUDA alone. The results show the
concentration of IFNy as pg/mL at the final concentrations of antibodies tested, as indicated.

Figure 3 shows a schematic and amino acid sequence fora
PembrolizamabxAtezolizumab bispecific. Separate sequences are given for the
Pembrolizumab_aglveo-IgG1-(G4S)s heavy chain (H chain; SEQ 1D NO: 104) and hight
chain (L chain; SEQ ID NO: 105) and for the Atezolizumab FabH-(G48)s heavy chain (H
chain; SEQ 1D NO: 106) and hght chain (L chain; SEG 1D NG: 107).

Figure 4 shows a schematic and anuno acid sequence for a NivolumabxAtezolizumab
bispecific. Separate sequences are given for the Nivolumab aglyco-1gG1-(GaS)s heavy chain
{H chain; SEQ ID NG: 108) and light chain (L chain; SEG 1D NO: 109) and for the
Atezolizumab FabH-(GaS ) heavy chain (H chaing SEQ ID NO: 106) and light chain (L
chain; SEQ ID NG: 107).

Figure 5 shows a schematic and anune acid sequence for a 949 aglyeo-
leGixAtezolizumab bispecific. Separate scquences are given for the 949 aglveo-IgGl-
{G4S)s heavy chain (H chain; SEQ 1D NGO: 110) and hight cham (L cham; SEQIDNO: 11D
and for the Atezolizumab  FabH -(G48)s heavy chain (H chain; SEQ ID NO: 106) and light
chain (L chain; SEQ 2 NO: 107).

Figure 6 shows a schematic and amino acid sequence for an Atezolizumab
xNivolumab bispecific. Separate sequences are given for the Atezolizuomab_aglyeo-IgGl-
{G48)s heavy chain (H chain; SEQ 1D NO: 112) and hight chain (L chain; SEQ ID NO: 107}
and Nivolumab HC Fab-(G45)s heavy chain (H chain; SEQ 1D NO: 113) and light chain (L.
chain; SEQ 1D NO: 109).

Figure 7 shows IFN-y release, in pg/ml, in a mixed ymphocyte reaction (MLR)
assay as a function of antibodies tested at varicus concentrations {right panel}. These resulis
mndicate that bispecific antibodies PD-1xPD-L1 (Pembrolizumabx Atezolizumab) or
(NivolumabxAtezolizumab) in multispecific format induce a greater IFN-y response at
femtomolar concentrations, as compared to a cocktail of Pembrolizumab and Atezolizumab
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or Nivolumab and Atezolizumab. Size exclusion chromatography of the bispecific formats
against mAb precursors is shown (left panel).

Figure 8 shows an example of a workflow for identifying multispecific {e.g,
bispecific) antibodies that demonstrate synergy. The process includes an unbiased screen of

5 checkpoint blocker combinations in a mixed lymphocyte reaction (MLR) assay, which

measures IFN-y release, in pg/ml, at various concentrations. In the second step of the
iHustrated workflow, common light chain bispecifics were generated to further test their
efficacy; here, various bispecific formats are depicted. The identified bispecific formats
outperform known PD-1 blockers in a T-cell activation assay.

10 Figures 9A-98 show that Bispecific 3 mduced higher killing of K562-CD32-PDL1
target cells (Figure 3A) and increased IFNy production (Figure 9B) by CD3/CD28 expanded
T-cells in an antigen non-specific T cell assay, as compared to both an isotype control
antibody and KEYTRUDA. This increased killing by Bispecific 3 was scen even at low
concentrations of 0.01 oM.

15 Figures 16A-10B show an effect of Bispecific 3 on tumor cell killing. Figure 18A
shows that Bispecific 3 increased the specific killing of K562-A2-CMV-PDL1 tumor antigen
target cells by CMYV specific T-cells at low concentrations of 0.001 through 0.01 nM, as
corpared to both KEYTRUDA and the combination of mAb1 and mAb28, indicating that
Bispecific 3 can be used to mediate antigen-specific killing of target cells at lower doses.

20 Figure 10B shows that Bispecific 3 was more cffective than cither KEYTRUDA or the
combination of mAbl and mAb2ZR in the specitic killing of Raji-AZ-CMV-PDLI cell tumor
antigen target cells by CMV specific T-cells at low concentrations of 0.001 nM, again
mdicating that Bispecific 3 can be used to mediate antigen-specific killing of target cells at
lower doses.

25 Figure 11 shows that Bispecific 3 induced more 1L-2 than KEYTRUDA at all tested
doses in an SEA stimulation assay. Importantly, Bispecific 3 induced increased IL-2
production starting at lower concentrations of antibody as compared to both KEYTRUDA
and mAb1 and mAb2S.

Figures 12A-12G demonstrate that Bispecific 3 has a unique ability to cause the

30 mternalization and subsequent degradation or loss of expression of PD-1, and that this
property is dependent on engagement of both the PD-1 and PD-L1 targeting arms of the
molecule. Figures 12A-12B demonstrate that only Bispecific 3 results in iternalization and
subsequent degradation or loss of expression of PD-1, when compared to isotype control,
KEYTRUDA, mAbl and mAb2R, Atezolizumab, or Atezolizumab and KEYTRUDA.
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Additionally, as shown in Figure 12C, when the anti-PD-L1 antibody, mAbl, was added at
50 aM to wells 5 minutes before adding Bispecific 3, the ability of Bispecific 3 to drive PD-1
internalization was lost. This suggests that both arms of Bispecific 3 should be engaged to
drive PD-1 loss of expression and/or intemalization and/or degradation. Figure 12D shows
that treatment with Bispecific 3 inereases the amount of PD-1 in the supematant when both
binding arms of the bispecific are engaged concurrently. This effect is lost when the PD-L1
targeting arm is blocked by mAb1. This suggests that Bispecific 3 mncreases shedding of PD-
1 into the supernatant. Figure 12E demonstrates that the valency of the binding arms
imfluences the degree of the loss of PD-1 expression. Bispecific 5 was made having a first N-
terminal Fab binding PD-L 1 based on the VH and VL sequences of mAb1 and having a
second N-terminal Fab binding PD-1 based on the VH and VL sequences of mAb28. In other
words, Bispecific 5 has one monovalent arm binding PB-L1 and one monovalent arm binding
PD-1, as compared to Bispecific 3, which has bivalent arms binding PD-L1 and bivalent arms
binding PD-1. As shown, loss of PD-1 expression starts to occur at higher doses of Bispecific
5 (bivalent) versus Bispecific 3 (tetravalent), suggesting that the increased valency of
Bispecific 3 is responsible for this difference. Figure 12F demonstrates that pretreatment
with Batimastat, a broad-spectrum inhibitor of multiple MMPs and ADAMs, sheddases or
proteases responsible for cleaving proteins oft the plasma membrane of cells, greatly reduces
the amount of cell-associated PD-1 loss, suggesting that PD-1 loss or shedding s due to
cleavage by an MMP or ADAM protease. Figure 126 suggests that Bispecific 3 drives loss
of cell-surface PD-1 expression primarily when it binds to PD-1 and PD-L1 that are in the
trans configuration, 7.e., are being expressed by different cells.

Figures 13A-13B shows in vivo results using Bispecific 3. Figure 13A depicts a
schematic of the experimental protocol. Figure 13B demonstrates that both Bispecific 3 and
the combination mAbl and mAb2E groups had significant delays in tumor growth as
compared to both the isotype and KEYTRUDA groups. In addition, at day 24, there was a
significant divergence between the Bispecific 3 group and the group treated with a
combination of mAbl and mAb2Z8, with Bispecific 3 causing a greater delay in tumor growth
as compared to the combination. The No T cell transfer group had tumors that grew more
aggressively than any group containing T cells. In this model, KEYTRUDA gave no benefit
in delaving KACP tumor growth as compared to the isotype control.

Figures 14A-148 shows iz vive results using Bispecific 3 in a K562-A2-CMV-PD-
L1 tumor mouse model. Figures 14A and 14B are graphs illustrating that, while each of the
different treatment groups resulted in a delay in average tumor growth as compared to
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untreated mice, treatment with T cells and Bispecific 3 resulted in the greatest delay n
average tumor growth over time. The No T cell transfer group had tumors that grew more
aggressively than any group containing T cells. In this model, KEYTRUDA gave no benefut
m delaying K362-A2-CMV-PD-L1 tumor growth as compared to the isotype control.

Figures 15A-13B illustrate in vivo resolts using Bispecifie 3 in several syngeneic
tumor models. Figure 15A is a graph showing that treatment of an EMT-6 syngeneic tumor
model with Bispecific 3 resulted in a greater delay in tumor growth as compared to the
control treatment. Figure 15B is a graph showing that treatment of an MB49 syngeneic
tumor model with Bispecific 3 resulted in a greater delay in tumor growth as compared to the
control treatment.

Figures 16A-16B show in vivo results using Bispecific | in an MC38-hPD-L1 model
i humanized PD-1/PD-L1 transgenic mice. Figure 16A shows that both KEYTRUDA and
Bispecific 1 treatment effectively controlled tumor growth in the MC38-hPD-L1 tumor mice
as compared to control~treated mice. Figure 16B is a survival graph and illustrates that
Bispecific | increased the survival of MC38-PD-L1 tumor mice as compared to control-
treated mice.

Figures 17A-17F illustrate in vivo results using Bispecific 3 ina BI6F10-hPD-L1
madel. Figure 174 is a scries of graphs cach showing the cffect of different treatments on
tamor growth measured at a 15-day cutoff in B16F10-HuPD-L1 mice. Dnfferent groups of
mice {8=8) were treated with Bispecific 3, KEYTRUDA, Avelumab, KEYTRUDA +
Avelumab combination, or isotype control antibodies. Figure 17A shows individual tumor
volume traces for each group. Metastases were wdentified in multiple mice that died prior to
the tumor-sizing cutoff. Figure 17B shows differences in mean tumor volume across
treatment groups, demonstrating that by 15 days after tumor cell inoculation, Bispecific 3
treatment delaved average tumor growth significantly longer than any of the other treatments

ested in BI6F10-HuPD-L1 mice. *#¥¥ P<(0.0001; ¥* P<0.01, *, P<0.05, Two-way
ANOVA and Tukey's multiple comparisons test. Figure 178 is a graph comparing the effect
of different treatments on tumor volume measured at a 15-day cutoff in BI6F10-HuPD-1.1
mice. Metastases were identified o multiple muce that died prior to the tumor-sizing cutoff.
Ag shown in Figare 17B, Bispecific 3 treatment delayved average tumor growth significantly
longer than any of the ther treatments tested in B16F10-bPD-L1 mice. Figure 17Cisa
survival graph and illustrates that treatment with Bispecific 3 increased the survival of
BI6FI0-hPD-L1 tumor mice as compared to survival with any of the other treatments tested.
Figure 17D shows that by 21 days after tumor cell moculation, Bispecific 3 treatment

38



WO 2020/102387 PCT/US2019/061226

continued to delay average tumor growth significantly better than treatment with
KEYTRUDA in BI6F10-hPD-L1 mice. Figure 17K is a survival graph and illustrates that
treatment with Bispecific 3 increased the survival of BI6F10-HuPD-L 1 tumor mice as
compared to survival with any of the other treatments tested. Figure 17F provides a Table
5 showing the number of tumor-free mice for each of the different treatment groups. The group
treated with Bispecific 3 had 3 mice that were tumor-free, while the combination of
KEYTRUDA and avelumab had 1 mouse that was tumor-free.
Figures 18A-18D demonstrate that Bispecific 3 has drug-like properties {(DLP s}
similar {o a well-behaved monoclonal antibody and maintaing parental PD-1 and PD-L1
10 bindmng. Figure 18A shows that Bispecific 3 shows sumilar binding to CHO cells expressing
human PD-1 as parental clone mAb2R (top) and to CHO cells expressing human PD-L1 as
parental clone mAbl (bottom). Figure 18B shows that Bispecific 3 shows similar binding to
CHO cells expressing cynomolgus PD-1 as parental clone mAb28 {top) and to CHO cells
expressing cvnomolgus PD-L1 as parental clone mAb1 (bottom). Figure 18C shows that
15 Bispecific 3 shows similar binding to CHO cells expressing mouse PD-1 as parental clone
mAb2E (top) and to CHO cells expressing mouse PD-L1 as parental clone mAb1 (bottom).
Figure 18D shows a size-exclusion chromatography trace of Bispecific 3 after Protein A
chromatography (top) demonstrating a single peak with greater than 98% purity and a
differential scanning fluorimetry (DSF) trace of Bispecific 3 (bottom} demonstrating that the

20 molecule has high thermal stability.

DETAILED DESCRIPTION
Uniess otherwise defined, all terms of art, notations and other scientific terminology
used herein arc intended to have the meanimgs commonly understood by those of skill in the
25  artto which this disclosure pertains. In some cases, terms with commonly understood
meanings are defined herein for clarity and/or for ready reference, and the inchision of sach
definitions herein should not necessarily be construed to represent a difference over what is
generally understood n the art. The techniques and procedures described or referenced
herein are generally well understood and commonly emploved using conventional
3¢ methodologics by those skilled in the art, such as, for example, the widely utilized molecular
cloning methodologies described in Sambrook et al., Molecular Cloning: A Laboratory
Moanuad 2nd ed. (1989} Cold Sprng Harbor Laboratory Press, Cold Spring Harbor, NY. As

appropriate, procedures involving the use of commercially available kits and reagents are
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generally carried out in accordance with manufacturer defined protocols and/or parameters
unless otherwise noted.

23 &,

As used herein, the singular forms “a,” “an,” and “the” include the plural referents
unless the context clearly indicates otherwise.

In the specification and claims, the term “about” 18 used to modify, for example, the
quantity of an ingredient in a composition, concentration, vohume, process temperature,
process time, vield, flow rate, pressure, and like values, and ranges thereof, employed in
describing the embodiments of the disclosure. The term “about” refers to vanation in the
numerical quantity that can occur, for example, through typical measuring and handling
procedures used for making compounds, composttions, concentrates or use formulations;
through nadvertent error in these procedures; through differences in the manufacture, source,
or purity of starting matenals or ingredients used to carry out the methods, and like proximate
considerations. The term “about™ also encompasses amounts that differ due to aging of a
formulation with a particular wnitial concentration or mixture, and amounts that differ due to
mixing or processing a formulation with a particular mitial concentration or mixture. Where
modified by the term “about™ the claims appended hereto mclode equivalents (o these
quantities. If there are uses of the term which are not clear to persons of ordinary skill given
the context in which 1t 1s used, "about” will mean up to plus or minus 10% of the particular
value.

With regard to the binding of an antigen-binding protein/region/arn: to a target
molecule, the terms “specific binding,” “specifically binds to,” “specitic for,” “selectively
binds,” and “selective for” a particular antigen (e.g., a polypeptide target) or an epitope on a
particular antigen mean binding that is measurably different from a non-specific or non-
selective interaction. Specific binding can be measured, for example, by determining binding
of a molecule compared to binding of a control molecule. Specific binding can also be
determined by competition with a control molecule that is similar to the target, such as an
gxcess of non-labeled target. In that case, specific binding is indicated if the binding of the
labeled target to a probe is competitivelv inhibited by the excess non-labeled target.

The term “epitope” means a component of an antigen capable of specific binding to
an antigen-binding protein. Epitopes frequently consist of surface-accessible amino acid
residues and/or sugar side chains and can have specific three-dimensional structural
characteristics, as well as specific charge characteristics. Conformational and non-
conformational epitopes are distinguished n that the binding to the former but not the latter is
lost in the presence of denaturing solvents. An epitope can comprise amino acid residues that
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are directly involved in the binding, and other amino acid residoes, which are not directly
mvolved in the binding. The epitope to which an antigen-binding protein binds can be
determined using known techniques for epitope determination such as, for cxample, testing
for antigen-binding protein binding to antigen variants with different point-mutations.

Percent “identity” between a polypeptide sequence and a reference sequence, is
defined as the percentage of amino acid residues in the polypeptide sequence that are
identical to the amino acid residues in the reference sequence, after aligning the sequences
and mtroducing gaps, if necessary, to achieve the maximum percent sequence identity.
Algnment for purposes of determining percent amino acid sequence identity can be achieved
in various ways that are within the skill in the art, tor instance, using publicly available
computer software such as BLAST, BLAST-2, ALIGN, MEGALIGN (DNASTAR),
CLUSTALW, or CLUSTAL OMEGA software. In some embodiments, alignment is
performed using the CLUSTAL OMEGA software. Thase skilled in the art can determine
appropriate parameters for aligning sequences, including any algorithms needed to achicve
maximal alignment over the full length of the sequences being compared.

The term “capable of” as used hercin means that an agent or method (e.g., any of the
multispecific antigen-binding constructs or methods disclosed herein) has the ability to
achieve a specified property n the appropriate context (as would be understood by the skilled
worker), but is not required to be associated with that property at any particular moment in
time. For example, any of the multispecific antigen-binding constructs disclosed herein may
be capable of binding PD-1 and/or PD-L1 when adnunistered to cells expressing PD-1 and/or
PD-L1, but the constructs would not be expected to bind PD-1 and/or PD-L1 when the
constructs are in a composition devoid of PD-1 or PD-L1 protein.

A “conservative substitution” or a “conservative amino acid substitution,” refers to
the substitution of one or more amino acids with one or more chemically or functionally
similar amino acids. Conservative substitation tables providing similar amino acids are well
known 1 the art. Polypeptide sequences having such substitutions are known as
“conservatively modificd vanants,” or “vanants.” Such conservatively modified variants are
in addition to and do not exclude polymorphic vanants, interspecies homologs, and alleles.
Some examples of conservative substitutions can be found, for example, in Creighton,
Profeins: Structures and Molecular Properties 2nd ed. (1993) W. H. Freeman & Co., New
York, NY.

A polypeptide disclosed herein can comprise an anuno acid sequence wiuch is not
naturally occurring. Such variants necessarily have less than 100% sequence identity or
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similarity with the starting molecale. In certain embodiments, the variant will have an amino
acid sequence from about 75% to less than 100% amino acid sequence identity or similarity
with the amino acid scquence of the starting (e.g., naturally-occurring or wild-type)
polypeptide, more preferably from about 80% to less than 100%, more preferably from about

5 85%to less than 100%, more preferably from about 90% to less than 100% (e.g., 91%, 929%,

93%, 94%, 95%, 96%, 97%, 98%., 99%) and most preferably from about 95% to less than
100%. e.g., over the length of the variant molecule.

An “antibody,” as used herein, can refer to an intact antibody {e.g., an intact
immunoglobulin} and antibody portion, for example, an antigen-binding portion. Antigen-

10 binding portions comprise at least one antigen-binding domain. One cxample of an antigen~
binding domain is an antigen-bimding domain formed by a Vu-VL dimer. Antibodies and
antigen-binding portions can be described by the antigen to which they specifically bind. For
gxample, a PD-L1 antibody, or anti-PD-L.1 antibody, is an antibody that specifically binds to
PD-L1.

15 The Vu and VL regions can be further subdivided into regions of hypervanability
{hypervariable regions {(HVRs), also called complementarity determining regions (CDRs))
mterspersed with regions that are more conserved. The more conserved regions are called
framework regions (FRs). Each Vi and Vi generally comprises three CDRs and four FRs,
arranged in the following order (from N-terminus to C-terminus): FRI - CDR1 - FR2 - CDR2

20 ~FR3-CDR3 -FR4. The CDRs are involved in antigen-binding, and confer antigen
specificity and binding affinity to the antibody. (See Kabat ot al. (1991} Sequences of
Proteins of Immunological Interest Sth ed., Public Health Service, National Institutes of
Health, Bethesda, MD )

{CDRs are involved in antigen binding and confer antigen specificity and binding

25 affinity to the antibody. There are three CDRs in each of the variable domains of the heavy
chain and the light chain, which are designated CDR1, CDR2 and CDR3, for cach of the
variable domains. The term “CDR set” as used herein refers to a group of three CDRs that
ocecur in a single heavy or light chain variable domain capable of binding a target antigen.
The exact boundaries of these CDRs have been defined differently according to different

30 systems. The three heavy cham CDRs can be referred to as CDRHI, CDRH2Z, and CDRH3,
and the three light chain CDRs can be referred to as CORLL, CDRL2, and CDRE3.

The system described by Kabat, also referred to as “numbered according to Kabat,”
“Kabat numbernng,” “Kabat definitions,” and “Kabat labeling,” provides an unambiguous
residue numbering system applicable to any variable domain of an antibody, and provides
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precise residue boundaries defining the three CDRs of each chain. (Kabat et al,, Sequences of
Proteins of Immunological Interest, National Institutes of Health, Bethesda, Md. (1987) and
{1991), the countents of which are incorporated by reference in their entirety. These CDRs are
referred to as Kabat CDRs and comprise about residues 24-34 (CDR 1), 50-56 (CDR2) and
89-97 (CDR3) in the light chain variable domain, and 31-35 (CDR1), 50-65 (CDR2} and 95-
102 (CDR3) in the heavy chain variable domain. When the CDRs are defined according to
Kabat, the light chain FR residues are posttioned at about residucs 1-23 (LCFR1), 35-49
{(LCFR2}, 57-88 (LLCFR3), and 98-107 (LLCFR4) and the heavy chain FR residues are
positioned about at restdoes 1-30 (HCFR1), 36-49 (HCFR2), 66-94 (HCFR3), and 103-113
(HCFR4) in the heavy chain residues. The “EU index as in Kabat” refers to the residue
numbering of the human IgG1 EU antibody.

Other CDR numbering systems are also used in the art {see, for example, Table A).
Chothia and coworkers found that certain sub-portions within Kabat CDRs adopt nearly
identical peptide backbone conformations, despite having great diversity at the level of amino
acid sequence. {Chothia et al. (1987} J. Mol. Biol. 196: 901-917; and Chothia et al. (1989)
Nature 342: 877-8833. These sub-portions were designated as L1, L2, and L3 or HI, H2, and
H3 where the "L" and the "H" designates the light chain and the heavy chains regions,
respectively. These CDRs can be referred to as “Chothia CDRs,” “Chothia numbering,” or
“numbered according to Chothia,” and comprise about residues 24-34 (CDR1), 50-56
(CBR2) and 89-97 (CDR3) in the light chain variable domain, and 26-32 (CDR1), 32-36
{CDR2) and 95-102 (CDR3) 1o the heavy chain variable domain. Mol Biol. 196:901-917
{1987).

The system deseribed by MacCallum, also reforred to as “mumbered according to
MacCallum,” or “MacCallum numbering” comprises about residues 30-36 (CDR1), 46-55
{CDR2} and 89-96 {CDR3) m the hight chain variable domain, and 30-35 {CDR1), 47-58
(CPR2) and 93-101 (CDR3) 1n the heavy chain variable domain. MacCallam ¢t al. (1996} 1.
Mol. Biol. 262(5):732-745).

The system described by AbM, also reterred to as “numbering according to AbM,” or
“AbM numbering” comprises about residues 24-34 (CDR1), 50-56¢ (CDR2} and 89-97
{CDR3) in the Hght cham variable domain, and 26-35 (CDR1}, 50-58 (CDR2} and 95-102
{CDR3} in the heavy chain variable domain.

The IMGT (INTERNATIONAL IMMUNOGENETICS INFORMATION SYSTEM)
numbering of variable regions can also be used, which 1s the numbering of the residucs in an
immunoglobulin variable heavy or light chain according to the methods of the HMGT, as
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described in Lefrane, M.-P., "The IMGT unique numbering for immunoglobualing, T cell
Receptors and Ig-like domains”, The Immunologist, 7, 132-136 (1999), and is expressly
mcorporated herein in its entirety by reference. As used hercin, "IMGT sequence mumbering”
or “numbered according to IMTG,” refers to numbering of the sequence encoding a vanable
5 region according to the IMGT. For the heavy chain variable domain, when numbered
according to IMGT, the hypervaniable region ranges from amino acid positions 27 to 38 for
CDR1, amino acid positions 56 to 65 for CDR2, and amino acid positions 105 to 117 for
CDR3. For the light chain varniable domam, when numbered according to IMGT, the
hypervariable region ranges from amino acid positions 27 to 38 for CDRI, amino acid
10 positions 36 to 65 for CDR2, and amino acid posttions 105 to 117 for CDR3.
In some embodiments of the constructs and antigen-binding arms described herein,
the CDRs recited herein comprise about residues 24-34 (CDR1}), 49-56 (CDR2) and 89-97
{(CBR3) in the light chain variable domain, and 27-35 (CDR1), 49-60 (CDRZ) and 93-102
{CDR3) in the heavy chain variable domain, when numbered according to Chothia
15 numberning. In some embodiments, CDR2 in the light chain vanable domain can comprise

aming acids 49-56, when numbered according to Chothia numbering.

Table A: CDR Definitions

{CDRHI CDRH2 {CBRH3 {BRILA {BRIL2 {BRL3
Kabat 31-35 50-65 05-102 24-34 30-56 89-97
27-35 49-60 G3-102 24-34 50-56 89-97
Alternative
CDRs
numbered
according
to Chothia
Chothia 26-32 52-56 or 95-102 24-34 30-56 49-97
50-56
MacCallum 30-33 47-58 93-101 30-36 46-55 89-96
AbM 26-33 50-3% 95-102 24-34 50-56 89-97
IMGT 277-38 56-63 105-117 27-38 36-65 103-117
20 Preferred methods and materials are described herein, although methods and matenals

similar or equivalent to those described herein can also be used in the practice or testing of
the presently disclosed mcethods and compositions. All publications, patent applications,

patents, and other references mentioned herein are incorporated by reference i their entirety.
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Various aspects of the invention are deseribed in further detail below. Additional
definitions are set out throughout the specification.

The immune system has the capability of recognizing and eliminating tumor cells;
however, tumors can use multiple strategies to evade immunity. Recent studies bave shown

5 that inhibitory immune checkpoint molecules promote cancer progression through varicus

antitumor inhibitory mechanisms. Blockade of immune checkpoints is one of the approaches
1o activating or reactivating therapeutic antitumor immunity. Various ligands have been
described for a number of cognate inhibitory immune checkpoint receptors. Reviewed in,
e.g., Nair & Elkord, Immunology & Cell Biology (2018), 96:21-33; and Jenking et al., British

10 1 of Cancer (2017), 118:9-16.

The Programmed Death 1 (PD-1) protein is an inhibitory member of the extended
CD28/CTLA-4 family of T cell regulators (Okazaki et al. (2002) Cury Opin Immunol 14.
391779-82; Bennett et al. {2003} J. Immuncl. 170:711-8}. Other members of the CD28 family
include CD28, CTLA-4, ICOS and BTLA. PD-1 is suggested to exist as a monomer, lacking

15 the unpaired cysteine residue characteristic of other CD28 family members. PD-1 13
expressed on activated B cells, T cells, and monocyies.

The PD-1 gene encodes a 55 kDa type 1 transmembrane protein {Agata et al. (1996}
Ing Immunol. 8:765-72). Although structurally similar to CTLA-4, PD-~1 lacks the MYPPY
motif that is important for B7-1 and B7-2 binding. Two higands for PD-1 have been

20 identified, PD-L1 (B7-H1}) and PD-L2 {(B7-DC), that have been shown to downregulate T cell
activation upon binding to PD-1 (Freeman et al. (2000} .J. Exp. Med. 192:1027-34; Carter ¢t
al. (2002) Ly, J. Immunol. 32:634-43). Both PD-L1 and PD-L2 are B7 homologs that bind
to PD-1, but do not bind to other CD28 family members. PD-L1 is abundant in a vanety of
buman cancers (Dong ¢t al. {2002) Nar. Med. 8:787-9}.

25 PD-1 is known as an immunotnhibitory protein that negatively regulates TCR signals
(Ishida, Y. et al. (1992) EMBO J. 11:3887-3895; Blank, C. et al. {Epub 2006 Dec. 29}
Immunol. Immunother. 56(5).739-745). The interaction between PD-1 and PD-L1 can act as
an imuaune checkpoint, which can lead to, . g.. a decrease in tumor mfiltrating lvmphocyies,
adecrease in T-cell receptor mediated proliferation, and/or immune evasion by cancerous

30 celis (Bong et al. (2003} J Mol Med. 81:281-7; Blank et al. {2005} Cancer Immunol.
Immunother. 54:307-314; Konishi et al. (2004} Clin. Cancer Res. 10:3094-100). Immune
suppression can be reversed by mbibiting the local interaction of PD-1 with PD-L1 or PD-L2;

the effect 1s additive when the interaction of PD-1 with PD-L2 is blocked as well (Twat et al.
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2002} Proc. Nat'l. Acad. Sci. USA 99:12293-7; Brown et al. (2003) J. Immunol. 170:1257-
66).
PD-L1, also known as cluster of differentiation 274 (CD274) or BY homaolog 1 {B7-
1), 1s a 40kDa type 1 transmembrane protein that plays a role in suppressing the vmmune
5 system during particular events such as pregnancy, tissue allografts, autoimmune discase and
other disease states such as hepatitis. By way of example, human PD-L1 comprises the
amino acid sequence of SEQ 1D NOG: 115 (UniProt QINZQ7). Normally the immune system
reacts to foreign antigens that are associated with exogenous or endogenous danger signals,
which triggers a proliferation of antigen-specific CD8+ T cells and/or CD4+ helper cells. In
10 cancer, PD-L1 expressed on cancer cells binds to its ligand PD-1 on immune effector cells,
for example, T cells. The binding of PD-L1 to PD-1 transnuts an inhibitory signal that
reduces the proliferation of antigen-specific T-cells in lymph nodes, while simultaneously
reducing apoptosis in regulatory T cells (anti-inflammatory, suppressive T cells). The PD-
1/PD-L1 mteraction also induces apoptosis of tumor-specific T cells, promotes the
15 differentiation of CD47 T cells mio Foxp3™ regulatory T cells, and promotes resistance of
tumor cells to cvtotoxic T Ivmphocyte {CTL) attack, thus allowing tumors to evade the host
mmune system.
The present disclosure relates to composttions and methods for inhibiting tumor
evasion by reducing immune checkpoint suppression that results from the interaction between
26 PD-1and its ligand {e.g., PD-L1 and/or PD-12}). In particular, provided herein are
compositions comprising novel multispectfic and multivalent constructs, such as a bispecific
and tetravalent construct, that block the mteraction between PD-1 and its higand {e.g., PD-1
and/or PD-L2} while promoting the interaction of (bridging) the cells on which PD-1 and its
ligand are cxpressed. Such compositions of the present disclosure with the capacity to “block
25  and bridge” have increased potency in vitro and in vivo and strongly enhance, for example, T
cell proliferation, IFNy production and/or secretion, the cytolvtic activity of T cells, and/or
rescue T cells from functional exhaustion, to provide superior anti-tumor efficacy (a
biological effect which can be manifested by various means, including, but not limited to,
2.g., adecrease in tumor volume, a decrease in the number of tumor cells, a decrease in tumor
30 cell proliferation, and/or a decrease in tumor cell survival),as compared to combinations of
mdividual antibodies, as well as compared to chnical checkpoint blockade agents. Also
provided herein arc novel monoclonal anti-P13-1 antibodies and antigen-binding fragments
thereof, and novel monoclonal anti-PD-L1 antibodies and antigen-binding fragments thereof,
for use in such multispecific and multivalent constructs. Some of these novel monocional
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anti-PD-1 antibodies and novel monoclonal anti-PD-L1 antibodies share a common light
chain, thereby allowing for the generation of multispecific and multivalent constructs having
exeellent drug-like properties and manufacturability, as well as affinitics similar to their
parental antibodics.

5 Accordingly, the disclosure provides a multispecific antigen-binding constract
comprising at least two antigen-binding arms or units of antigen-binding, wherein a first arm
or unit of antigen-binding binds PD-1 expressed by an immune cell, and a second arm or unit
of antigen-binding binds one or more PD-1 ligands (e.g., PD-L1 and/or PD-L.2) which 1s
expressed by a second cell. In some embodiments, the multispecific antigen-binding

10 construct blocks the interaction of PD-1 and its ligand. In some embodiments, the

multispecific antigen-binding construct bridges the cells on which PD-1 and its higand are
expressed to promote the interaction and/or efficacy of the immane cell that expresses PD-1.
In some embodiments, at feast one of the antigen-binding arms is bivalent for PD-1. In some
embodiments, at least one of the antigen-binding arms is bivalent for PD-L1. In some

15 embodiments, at least one of the antigen-binding arms is bivalent for PD-1, and at least one

of the antigen-binding arms is bivalent for PD-L1. In some embodiments, the pudtispecific
antigen-binding construct comprises at least two units of antigen-binding that bind PD-1. In
some embodiments, the multispecific antigen-binding construct comprises two units of
antigen-binding that bind PD-1. In some embodiments, the multispecific antigen-binding

20 construct comprises at least two units of antigen-binding that bind a PD-1 ligand, such as PD-

L1 or PD-L2. In some embodiments, the multispecific antigen-bmding construct comprises
two units of antigen-binding that bind a PD-1 ligand, such as PD-L1 or PD-L2. In some
embodiments, the multispecific antigen-binding construct comprises at least four units of
antigen-binding, wherein two units of antigen-binding bind PD-1 and two units of antigen-

25  binding bind a PD-1 ligand, such as PD-L1 or PD-L2. In some embodiments, the

multispecific antigen-binding construct comprises four units of antigen-binding, wherein two
units of antigen-binding bind PD-1 and two units of antigen-binding bind a PD-1 ligand, such
as PD-L1 or PD-L.2. In some embodiments of any of the aspects described herein, the

construct 1s a bispecific antibody. In some embodiments, the bispecific antibody 1s an

3
P

antagonist of both PD-1 and PD-1 ligand. In some embodiments, the construct comprises a

common light chain. In some embodiments, one or both of the antigen-binding arms s an

aptamer. In some embodiments, one or both of the antigen-binding arms is g protein other

than an antibody. In some embodiments, the construct comprises at least two antibodies. In

some embodiments, at least one of the antigen-binding arms is a bivalent antibody specific
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for PD-1. In some embodiments, at least one of the antigen-binding arms is a bivalent
antibody specific for PD-L1. In some embodiments, at feast one of the antigen-binding arms
is a bivalent antibody specific for PD-1, and at least one of the antigen-binding armsis a
bivalent antibody specific for PD-L 1, such that the construct is tetravalent. In some
embodiments, the bispecific antibody binds two different epitopes on PD-1. In some
embodiments, the bispecific antibody binds two different epitopes on the PD-1 ligand. Also
provided herein, in some aspects, are novel 1solated antibodies and antigen-binding portions
thereof that specifically bind PD-L1 or PD-1. Tn some embodiments, these novel isolated
antibodies and antigen-binding portions thereof, such as CDRg, vanable heavy chains, and/or
variable light chains,that specifically bind PD-L1 or PD-~1 can be used in one or more arms or
units of antigen-binding of the multispecific antigen-binding constructs described herein.

Accordingly, as described herein, the disclosed multispecific antigen-binding
constructs include bispecific, trispecific, tetraspecific, or multispecific antibodies or antigen-
binding portions thercof. The described multispecific constructs are preferably bivalent for at
least one, preferably both, antigen-binding arm(s), i.e., are bispecific and tnivalent, or
bispecific and tetravalent molecules. The mudtispecific constructs described herein can, in
various aspects and embodiments, comprise one or more antitbodies and/or antigen-binding
portions thereof. For example, an antigen-binding arn can comprise a varable heavy and/or
variable light chain, or complementarity determining regions (CDRs} thereof, of a given
antibody to PD-1 and/or a given antibody to PD-L1. Accordingly, in some embodiments of
any of the aspects described herein, the first antigen-binding arm, second antigen-binding
arm, first unit of antigen-binding, second unit of binding, or any combmation thereof, can
comprise an antibody or an antigen-binding portion thereof. In some embodiments of any of
the aspects described herein, the first antigen-binding arm, second antigen-binding arm, first
unit of antigen-binding, second unit of binding, or any combination thereof, is an antibody or
an antigen-binding portion thereof.

A, PD-L1 Antagonists

in some aspects and embodiments, the disclosure provides for anti-PD-1.1 antagonists.
In some embodiments, the anti-PD-L.1 antagonist is any of the anti-PD-L1 antibodies or
antigen-binding molecules disclosed herein. In some embodiments, the anti-PD-L1 antibody
or antigen-binding molecule is not a part of a meltispecific antigen-binding construct, e, the
anti-PD-L1 antibedy or antigen-binding molecule is not a part of a protein construct that
binds to multiple epitopes. In some embodiments, the anti-PD-L1 antibody or antigen-
binding portion can be combined with a different antibody or antigen-binding portion to form
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a multispecific antigen-binding construct. In some embodiments, the multispecific antigen-
binding construct is capable of binding an epitope on PD-L1 and an epitope on another
protein. In some embodiments, the epitope on the other protein is on PD-1.

Accordingly, in some aspects, provided herein are antibodies or antigen-binding
portions thereof that specifically bind PD-L1. In some aspects, the antibody or antigen-
binding portion thereof that specifically binds PD-L1 comprises {(a} a heavy chain variable
region comprising (1) a CDORHI comprising SEQ 1D NO: 1 (GTFSSYAIN); (1) a CORHZ
comprising SEQ ID NGO: 2 (GGHPXIXoGXGATYA, wheremn XnisVor E Xo s F, L or V;
and X318 T or A}; and (111} a CDRH3 comprising SEQ ID NG 3 (ARLKXGELKDAFDI,
wherein X1 1s G, F, or N); and (b) a light chain varnable region comprising: (1) a CDRL1
comprising SEQ ID NGO 4 (RASQXISSYLN, wherein X1 1s 8, W, or @), (1) a CDRLZ
comprising SEQ ID NO: 5 (AASSLGS); and (iii) a CDRL3 comprising SEQ ID NO: 6
(X1QSYSTPLT, wherein Xy is Q@ or F).

In some embodiments of these aspects and all such aspects descnibed herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRHZ comprises SEQ ID NG 7
(GGHPILGAATYA) and CDRH3 comprises SEQ D NO: 8 (ARLKGELKDAFDI). In some
embodiments of these aspects and all such aspects described herein, CDRH1 comprises SEQ
D NGO | {(GTFSSYAIN}, CDRH2 comprises SEQ D NO: 7 (GGUHPILGAATYA), CDRH3
comprises SEQ ID NO: 8 (ARLKGELKDAFD); CDRL1T compnses SEQ ID NG: 9
(RASQSISSYLN}, CDRL2 comprises SEQ 1D NO: 5 (AASSLGS); and CDRL3 compriscs
SEQ ID NG: 10 (QQSYSTPLT). A representative antibody baving such beavy and light
chain variable CDR regions is mAbl.

In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NO: 1 {GTFSSYAIN), CDRH2 comprises SEQ ID NO: 11
(GGIIPVFGTATYA) and CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDI). In some
embodiments of these aspects and all such aspects deseribed herein, CDRHI comprises SEQ
1D NG: 1 (GTFSSYAIN), CDRHZ comprises SEQ ID NG: 11 (GGUPVFGTATYA),
CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDI); CDREA comprises SEQ 1D NO:
12 (RASQWISSYLN); CDRLZ comprises SEQ ID NG: 5 {AASSLQS); and CDRL3
comprises SEQ ID NO: 10 (QQSYSTPLT). A representative antibody having such heavy and
light chain vartable CDR regions is mAb2. In some embodiments of these aspects and all
such aspects described herein, CDRHI comprises SEQ D NO: 1 (GTFSSYAIN), CDRHZ
comprises SEQ ID NO: 11 (GGIIPVFGTATYA), CDRH3 comprises SEQ ID NG: 8
(ARLKGELKDAFDI; CORLI comprises SEQ ID NO: 13 (RASQQISSYLN); CDRL2
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comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises SEQ ID NG 10
{QQSYSTPLT). A representative antibody having such heavy and light chain variable CDR
regions is mAb3,

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ IDNO: 11
(GGUPVFGTATYA), CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDI), CDRL1
comprises SEQ ID NO: 9 (RASQSISSYLN): CDRL2 comprises SEQ IDNO: 5
{AASSLQS); and CDRL3 comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb4. Another
representative antibody having such heavy and light chain variable CDR regions is mAbZ4.

In some embodiments of these aspects and all such aspects descnibed herein, CDRH1
comprises SEQ ID NO: 14 (GTFSSYAFS), CDRH2Z comprises SEQ ID NO: 11
(GGUPVFGTATY A} and CDRH3 comprises SEQ 1D NG: 8 (ARLKGELKDAFDI). In some
embodiments of these aspects and all such aspects described herein, CDRHI comprises SEQ
ID NG: 14 (GTFSSYAFS), CDRH2 comprises SEQ 1D NO: 11 (GGHPVFGTATYA),
CDRHS3 comprises SEQ ID NOG: 8 (ARLKGELKDAFDE; CDRLI comprises SEQ ID NO: 9
{RASQSISSYLN}): CDRL2 comprises SEQ ID NO: 5 (AASSLGS); and CDRL3 comprises
SEQ ID NO: 10 (QOSYSTPLT). A representative antibody having such heavy and hght
chain variable CDR regions is mAbS.

In some embodiments of these aspects and all sach aspects described herein, CDRH1
comprises SEQ ID NO: 1 {GTFSSYAIN), CDRHZ comprises SEQ ID NO: 15
(GGUPIFGIANY A} and CDRH3 comprises SEQ D NO: 8 (ARLKGELEDAFDI). In some
embodiments of these aspects and all such aspects described herein, CDRHI comprises SE(Q
ID NG: | {GTFSSYAIN), CDRH2 comprises SEQ 1D NO: 15 (GGUHPIFGIANYA), CDRH3
comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1 comprises SEQ ) NG: 9
(RASQSISSYLN), CDRL2 comprises SEQ ID NQG: S (AASSL(S); and CDRL3 comprises
SEQ D NGO: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions is mAbS.

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH?2 comprises SEQ ID NO: 16
{GGIPNFGTATYA) and CDRH3 comprises SEQ ID NO: 17 (ARLKGELKGAGDI). In
some embodiments of these aspects and all such aspects described herein SEQ D NG: |
(GTFSSYAIN}, CDRH2 comprises SEQ ID NO: 16 (GGIIPNFGTATYA), CDRH3
comprises SEQ ID NO: 17 (ARLKGELKGAGDI); CDRLI comprises SEQG IDNO: 9
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{(RASQSISSYLN): CDRL2 comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises
SEQ D NO: 10 {(QOSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions 1s mAb7.

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ IDNO: 11
(GGUPVFGTATYA), and CDRH3 comprises SEQ ID NO: 18 (ARLKFELKDAFDI). In
some cmbodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ ID NG: 1 (GTFSSYAIN), CDRH2 comprises SEQ ID NO: 11 (GGIIPVFGTATYA),
CDRH3 comprises SEQ 1D NQ: 18 (ARLKFELKDAYTDI), CDRL1 comprises SEQ ID NQG: 9
(RASQSISSYLN); CDRL2 comprises SEQ 1D NO: 5 (AASSLQS); and CDRL3 compriscs
SEQ D NO: 10 (QUSYSTPLT). A representative antibody having such heavy and hght
chain vanable CDR regions is mAb8.

In some embodiments of these aspects and all sach aspects described herein, CDRH1
comprises SEQ 1D NO: 1 (GTFSSYAIN), CDRHZ comprises SEQ 1D NO: 11
(GGUPVFGTATYA), and CDRH3 comprises SEQ ID NG: 19 (ARLKGELKDAFDE). In
some embodiments of these aspects and all sach aspects described herein, CDRH1 comprises
SEQ ID NO: 1 ({GTFSSYAIN), CDRHZ comprises SEQ 1D NO: 11 (GGUPVFGTATYA),
CDRH3 comprises SEQ 1D NO: 19 (ARLKGELKDAFDE), CDRLI comprises SEQ 1D NO:
9 (RASQSISSYLN); CDRL2 comprises SEQ 1D NO: 5 (AASSL(S); and CDRL3 comprises
SEQ ID NO: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain vaniable CDR regions 1s mAb9.

In some embodiments of these aspects and all such aspects described herein, CDRHI
compnses SEQ ID NO: 1 (GTFSSYAIN), CDRHZ comprises SEQ ID NG: 11
{GGHPVFGTATYA), and CDRH3 comprises SEQ 1D NG: 20 (ARLKNELKDAFDI). In
some embodiments of these aspects and all such aspects described herein, CDRH1 comprises
SEQ D NO: 1 {GTFSSYAIN), CDRH2 conmprises SEQ ID NO: 11 (GGIPVFGTATYA),
CDRH3 comprises SEQ ID NO: 20 (ARLKNELKDAFDD, CDRL1 comprises SEQ ID NO:
9 (RASQSISSYLN); CDRLZ comprises SEQ 1D NO: 5 (AASSLQS); and CDRL3 comprises
SEQ ID NG: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions is mAblIO.

In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ 1D NO: 21
(GGVIPFLGTANY A}, and CDRH3 comprises SEQ ID NG: 22 (ARLKGILKDALDL. In
some cmbodiments of these aspects and all such aspects described herein, CORHI comprises
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SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ ID NO: 21 (GGVIPFLGTANYA),
CDRH3 comprises SEQ ID NO: 22 (ARLKGILKDALDD, CORLIT comprises SEQ ID NG: 9
(RASQSISSYLN); CDRL2 comprises SEQ 1D NO: 5 (AASSLQS); and CDRL3 comprises
SEQ IDNO: 10 (QOQSYSTPLT). A representative antibody having such heavy and hght
chain variable CDR regions 1s mAbl 1.

In some embodiments of these aspects and all sach aspects described herein, CDRH1
comprises SEQ ID NO: 23 (GTFSSYAIS), CDRHZ comprises SEQ 1D NO: 24
{GGHPIVGIANY A), and CDRH3 comprises SEQ ID NO: 8 (ARLKGELKDAFDI). In some
embodiments of these aspects and all such aspects described herein, CDRHI comprises SEQQ
D NO: 23 (GTFSSYAIS), CDRH2 comprises SEQ 1D NO: 24 (GGHPIVGIANYA),
CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDL, CDRL1T comprises SEQ ID NG: 9
(RASQSISSYLN), CDRL2 comprises SEQ ID NG: 5 (AASSLQS): and CDRL3 comprises
SEQ D NGO: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain vaniable CDR regions is mAbL2.

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 23 (GTFSSYAIS), CORH2 comprises SEQ ID NO: 11
{(GGIPVFGTATYA), and CDRH3 comprises SEQ 1D NO: 25 (ARLKGEFKDAFDI). In
some embodiments of these aspects and all such aspects described herein, CDRH1 comprises
SEQ D NO: 23 (GTFSSYAIS), CDRH2 comprises SEQ ID NO: 11 (GGHPVFGTATY A},
CDRH3 comprises SEQ 1D NO: 25 (ARLKGEFKDAFDI), CDRLI comprises SEQ 1D NO:
9 (RASQSISSYLN); CDRL2 comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises
SEQ ID NO: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions is mAbl3,

in some embodiments of these aspects and all such aspects described herein, CORH1
comprises SEQ ID NO: 23 (GTFSSY AIS), CDRH2 comprises SEQ ID NO: 26
(GRIFPLFGTAHYA), and CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDI). In
some embodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ D NO: 23 (GTFSSYAIS), CDRH2 comprises SEQ ID NO: 26 (GRUPLFGTAHY A),
CDRH3 comprises SEQ 1D NO: 8 (ARLEGELKDAFDYE, CDRLI comprises SEQ ID NG: 9
{(RASQSISSYLN): CDRL2 comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises
SEQ B NO: 10 {QOSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions 1s mAbl4.

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 23 (GTFSSYAIS), CDRHZ comprises SEQ 1D NG: 27
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{GRINPILGTANYA), and CDRHS3 comprises SEQ ID NO: 28 (ARLEKGELKDAFSH. In
some embodiments of these aspects and all such aspects described herein, CDRH1 comprises
SEQ D NO: 23 (GTFSSYAIS), CDRHZ comprises SEQ 1 NO: 27 (GRINPILGTANYA),
CDRH3 comprises SEQ 1D NO: 28 (ARLKGELKDAFSE, CDRL1T comprises SEQ D NG: 9
(RASQSISSYLN), CDRL2 comprises SEQ ID NQG: S (AASSL(S); and CDRL3 comprises
SEQ D NO: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions is mAblIS,

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRHZ comprises SEQ 1D NG: 29
(GRIIPIFGTADYA), and CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDY). In some
embodiments of these aspects and all such aspects deseribed herein, CDRHI comprises SEQ
ID NO: 1 (GTFSSYAIN), CORH2 comprises SEQ 1D NO: 29 (GRIIPIFGTADYA), CDRH3
comprises SEQ ID NO: 8 (ARLKGELKDAFD), CDRL1 comprises SEGQ 1D NO: ¢
(RASQSISSYLN); CDRL2 comprises SEQ 1D NO: 5 (AASSLQS); and CDRL3 comprises
SEQ ID NG: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions is mAbl6.

In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NO: 23 (GTFSSYAIS), CDRH2 comprises SEQ ID NGO: 11
(GGUPVFGTATYA), and CDRH3 comprises SEQ ID NO: 30 (ARLKGELKCAFDI). In
some embodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ ID NG: 23 (GTFSSYAIS), CDRH2 comprises SEQ ID NO: 11 (GGHPVFGTATYA),
CDRH3 comprises SEQ ID NO: 30 (ARLKGELECATFDI), CDRL1T comprises SEQ ID NO:
9 (RASQSISSYLN), CDRL2 comprises SEQ ID NG: 5 (AASSLQS); and CDRL3 comprises
SEQ D NO: 10 (QQSYSTPLT).

in some embodiments of these aspects and ali such aspects described herein, CDRHI
comprises SEQ ID NO: 122 (GTKSSYAIS), CDRH2 comprises SEQ ID NO: 11
(GGHPVFGTATY A}, and CDRH3 comprises SEQ ID NO: 30 (ARLKGELKCAFDD. In
some cmbodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ ID NG: 122 (GTKSSYAIS), CDRHZ comprises SEQ ID NG: 11 (GGHPVFGTATYA),
CDRHS3 comprises SEQ ID NO: 30 (ARLKGELKCAFDI), CDRL1T comprises SEQ ID NO:
O (RASQSISSYLN), CDRL2 comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises
SEQ D NO: 10 (QOSYSTPLT). A representative antibody having such heavy and light

chain vanable CDR regions 1s mAb17.
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In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ 1D NG: 31
(GGHPILGTATYA), and CDRH3 comprises SEQ 1D NO: 32 (ARRKGELKDAFDI) In
some embodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ D NGO: 1 (GTFSSYAIN), CDRH?2 conmprises SEQ ID NO: 31 (GGIPILGTATYA),
CDRH3 comprises SEQ 1D NO: 32 (ARRKGELKDAFDI), CDRLI comprises SEQ ID NG:
9 (RASQSISSYLN); CDRLZ comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises
SEQ ID NG: 10 (QQSYSTPLT). A representative antibody having such heavy and light
chaim variable CDR regions is mAbl1 8.

in some erabodiments of these aspects and all such aspecets described herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ 1D NO: 33
(GGUPIVATANYA), and CDRH3 comprises SEQ ID NO: 32 (ARRKGELKDAFDI). In
some cmbodiments of these aspects and all such aspects described herein, CORHI comprises
SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ 1D NO: 33 (GGIIPIVATANY A),
CDRH3 comprises SEQ 1D NO: 32 (ARRKGELKDAFDT), CDRLI comprises SEQ D NO:
9 (RASQSISSYLN); CDRL2 comprises SEQ ID NG: 5 {AASSLQS); and CDRL3 compriscs
SEQ 1D NO: 10 (QOQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions 1s mAbI9,

In some embodiments of these aspects and alf such aspects described herein, CDRH1
comprises SEQ 1D NO: 1 (GTFSSYAIN), CDRHZ comprises SEQ 1D NO: 34
(GGUPIFGKATY A), and CDRH3 comprises SEQ ID NO: 32 (ARRKGELKDAFDI). In
some embodiments of these aspects and all such aspects deseribed herein, CDRHI comprises
SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprises SEQ ID NO: 34 (GGHPIFGKATYA),
CDRH3 comprises SEQ ID NO: 32 {ARRKGELKDAFD, CDRL1 comprises SEQ 1D NG:
O (RASQSISSYLN); CDRL2 comprises SEQ ID NO: 5 (AASSLQS); and CDRL3 comprises
SEQ ID NGO: 10 (QQSYSTPLT). A representative antibody having such heavy and hight
chain vaniable CDR regions is mAB20.

In some embodiments of these aspects and all such aspects described herein, CDRHI1
comprises SEQ ID NO: 36 (GPFRSHAVS), CDRH2 comprises SEQ D NG: 11
{(GGUPVFGTATY A}, and CDRH3 comprises SEQ ID NO: 37 (ARLKSELKDAFDE. In
some embodiments of these aspects and all such aspects described herein, CDRH1 comprises
SEQ D NO: 36 (GPFRSHAVS), CDRH2 comprises SEQ ID NO: 11 (GGIIPVFGTATYA),
CDRH3 comprises SEQ 1D NO: 37 (ARLKSELKDAFDI), CDRLI comprises SEQ D NO: 9
(RASQSISSYLN), CDRL2 comprises SEQ ID NO: 5 (AASSLGS); and CDRL3 comprises
4
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SEQ IB NO: 10 (QOQSYSTPLT). A representative antibody having such heavy and light
chain variable CDR regions is mAb21.

in some emabodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NG: 1 (GTFSSYAIN), CDRH2 comprises SEQ 1D NG: 11
(GGUPVFGTATYA), CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDI), CDRL1
comprises SEQ 1D NO: 9 (RASQSISSYLN)Y, CDRL2 comprises SEQ ID NG: 5
{AASSLQS); and CDRL3 comprises SEQ 1D NO: 38 (FQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb22.

In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NO: 1 (GTFSSYAIN), CDRH2 comprses SEQ ID NG {1
(GGIPVFGTATYA), CDRH3 comprises SEQ 1D NO: 8 (ARLKGELKDAFDT), CDRLI
comprises SEQ ID NO: 9 (RASQSISSYLN), CDRL2 comprises SEQ ID NO: §
{AASSLQS); and CDRL3 comprises SEQ ID NO: 39 (QQSYSTILT). A representative
antibody bhaving such heavy and light chain variabie CDR regions is mAbZ3.

In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 1 (GTFSSY AIN), CDRHZ comprises SEQ ID NO: 11
{(GGHPVFGTATYA), CORH3 comprises SEQ D NO: 8 (ARLKGELKDAFDI); CDRUL
comprises SEQ ID NO: 9 (RASQSISSYLN); CDRLZ comprises SEQ 1D NO: 3
(AASSL(QSY; and CDRLA comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb24.

in each case, where specific sequences are recited, embodiments comprising a
sequence having at least 90% (e.g., at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
dentity to the recited sequence {e.g., SEQ ID NG: 1-34 and 36-39) are also provided.

The disclosure also provides, in some aspects, an antibody or antigen-binding portion
thereof that specifically binds PD-L1, wherein the antibody or antigen-binding portion
thereof comprises a heavy chain variable region comprising an amino acid sequence that is at
least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 9539, at least 96%, at least 97%, at least 98%, or at least 99% 1dentical) to SEQ ID
NO: 35,40, 41,42, 43, 44, 45, 46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, or 58, and a light
chain variable region comprising an amino acid sequence that is at least 90% identical {e.z.,
at least 90%, at least 91%, at least 929, at least 93%, at least 94%, at least 95%, at lcast 96%,

at least 97%, at least 98%, or at least 99% identical) to SEQ ID NGO: 539, 60, 61, 62, or 63,
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The disclosure also provides, in some aspects, an antibody or antigen-binding portion
thereof that specifically binds PD-L1, wherein the antibody or antigen-binding portion
thereof comprises a heavy chain variable region comprising an amino acid sequence that is at
least 90% identical {e.g., at least 90%, at least 91%, at least 929, at least 93%, at least 94%,

5 atleast 95%, at least 96%, at least 979, at least 98%, or at least 99% identical} to SEQ D

NG: 40, 41,4243 4445 46,47, 48,49, 50,51, 52, 33, 54, 55,56, 57, or 5% and a light
chain variable region comprising an amino acid soquence that is at least 90% identical {e.g.,
at least 909%, at least 91%, at least 92%, at least 93%, at Teast 949, at least 95%, at least 96%,
at least 979, at least 98%, or at least 99% identical) to SEQ 1D NG: 39,

10 The disclosure also provides, in some aspects, an antibodv or antigen-binding portion
thereof that specifically binds PD-L 1, wherein the antibody or antigen-binding portion
thereof comprises a heavy chain variable region comprising an amino acid sequence that is at
least 90% identical {e.g.. at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 93%, at least 96%, at least 97%, at least 98%, or at feast 99% identical) to SEQ ID

15 NO: 35 and a hight chain variable region comprising an anuno acid sequence that is at least
0% identical {e.g., at least 90%, at least 91%, at least 92%, at least 3%, at least 94%, at
least 95%, at least 96%, at least Y7%, at least 98%. or at least 99% identical} to SEQ 1D NO:
39,60, 61, 62, o1 63.

Antibodies mAbl-mAb23 are affinity matured antibodies derived from parent

20 antibody mAb24, as described in the Examples. An affinity matured antibody or antigen-
binding portion thercof is an anttbody or antigen-binding fragment with one or more
alterations {e.g., in one or more CDRs or FRs) that result mn an improvement i the affinity of
an antibody for its antigen, compared to a parent antibody lacking the alteration(s). In some
embodiments, an affinity matured anttbody has nanomolar or picomolar atfinity for PD-L1.

25 1o some embodiments, the PD-L1 antibody or antigen-binding portion thereof has a Ko of at
feast 1 x 107 M, at least 1 = 108 M, atleast 1 x 10° M, at least 1 x 10°1% M, at least 1 x 10°1!
M, atleast 1 x 1012 M. or at least 1 x 10" M.

Table 1 shows the binding affinitics (Ko) of mAbl, mAb2, mAb3, mAb4, mAbS,
mAbS, mAb7, mAbS, mADbY, mADbIO, mAbTL, mADbI2, mAbI3, mAbI4, mADbIS, mAblG,

30 mAbl7, mAbIE, mAblY9, mAb20, mAb2l, mAb22, and mAb23 (ie., affinity matured
variants of mAb24} to human PD-L1. The term Kb, as used herein, refers to the dissociation
cquilibrium constant of a particular antibody-antigen interaction. Ko=ka/ka. The torm kd
{(sec™}, as used herein, refers to the dissociation rate constant of a particular antibody-antigen

interaction. The value is also referred to as the korvalue. The term ks (M x sech), as used
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herein, refers to the association rate constant of a particular antibody-antigen interaction. The

value is also referred to as the kow value.

Table 1. Binding affinities of mAbI — mAb23 to human PD-L1

1 4.16

2 2.2

3 8.9

4 4.9

5 271 0.2
6 359 8.1
7 - -

8 3.7 1.2
9 5.4 0.8
i9 6.3 7
i1 156 -

i2 358 =

i3 223 8.1
i4 - -

15 -~ -~

i6 - -

17 -~ -~

i8 327 -~

19 817 -~

20 53.9 0.1
21 91.5 8.1
22 2.5 1.8
23 369 -~

Table 2 provides cell binding data for mAbl, mAb2Z mAb3, mAb4, mAbS, mAbS,
mAb7, mAbS, mAbY, mAbI0, mAbll, mAbI2Z, mAb13, mAbl4, mAb1S, mAbl6, mAbl7,
mAbiS, mAbl1Y, mADb20, mAb2L, mAb22, and mAb23 (i.e., affinity matured varianis of

mAb24) to humao PD-L1 ("huPDL1"), cyno PD-L1, or murine PD-L1 ("maPDL1"). Human

or cyno PD-L1 was expressed on HEK cells; murnine PD-L1 was expressed on A20 cells.
Binding is cxpressed as an ECse value, which can be estimated from titrating different
concentrations of mAb on cells that exogenously express the antigen of interest. Fluorescent
tagged secondaries can be used to detect and quantify the mAb binding. The data shown in
Table 2 was fit to a 1.1 binding mode! using built-in functions in GRAPHPAD, which

vielded the ECso value.
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Table 2. Cell binding of mAbI ~ mAb23 to human, cyno, and murine PD-L1 expressed

on cells
i 0.04 33 0.09 3.21 0.74 526
2 0.06 2.2 0.08 3.76 2.00 1.96
3 0.11 13 ND - 127 3.08
4 0.04 3, 0.07 4.10 NB -
5 0.09 1.5 0.39 0.74 NB --
6 0.13 11 0.47 0.61 NB -~
7 ND - NB -~ NB -~
8 ND - 0.08 342 NB -
9 0.06 2.5 0.07 4.15 NB -
16 0.04 32 0.09 3.05 NB -
11 1.37 0.1 NB -~ NB -~
i2 1.23 0.1 NB -- NBE -~
i3 1.43 1.0 ND - NB -
14 1.54 0.1 NB -~ NB -~
13 ND - NB - NB --
16 NB -~ NB -~ NB -
17 0.76 0.2 NB - NB -~
18 0.38 0.4 0.06 4.96 (.84 4.67
19 1.20 0.1 0.26 1.08 2.84 1.38
20 0.13 1.0 0.12 2.31 2.66 1.47
21 0.14 1.0 NB - NB --
22 0.18 0.8 0.32 0.89 NB -~
23 0.83 0.2 NB - NB -
5 *NB = no binding; ND = not determined; luman and cvno PDL1T expressed on HEXK cells; munne

PDL1 expressed on A26 cells

The disclosure also provides an antibody or antigen-binding portion thereof that
specifically binds PD-L1, wherein the antibody or antigen-binding portion thereof comprises
16 aheavy chain variable region comprising an amino acid scquence that is at least 90%
identical {(for example, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 989% or at least 99% identical) to any one of
SEQ 1D NOs: 35,40, 41, 42,43, 44_ 45,46, 47,48, 49 50,51, 52, 53, 54, 55, 56. 57, or 58,
and a light chaiv variable region comprising an anuno acid scquence that is at least 90%
15 dentical (for example, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at least 97%, at least 98% or at least 99% identical} to anv one of
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SEQ ID NQ: 59, 60, 61, 62, or 63. In some embodiments, the heavy chain varnable region
comprises an amino acid sequence that differs by 15 amino acids or less, 14 amino acids or
less, 13 amino acids or less, 12 amuno acids or less, 11 amino acids or less, 10 amino acids or
less, 9 amino acids or less, 8 amino acids or less, 7 anmino acids or less, 6 anuno acids or less,
5 amino acids or less, 4 anuno acids or less, 3 amino acids or less, 2 aming acids or less, or 1
amino acid from any one of SEQ 1D NOs: 35, 40, 41,42, 43, 44, 45 46,47, 48,49, 50, 51,
52,53, 54, 55, 56, 57, or 38. In some embodiments, the light chain vanable region oomprises
an anuno acid sequence that differs by 15 amino acids or less, 14 amino acids or less, 13
aming acids or less, 12 amino acids or less, 11 amino acids or less, 10 amino acids or less, 9
amino acids or less, 8 amino acids or less, 7 amino acids or less, 5 amino acids or fess, 5
amno acids or less, 4 amino acids or less, 3 amino acids or less, 2 amino acids or less, or 1
amino acid from any one of SEQ ID NO: 39, 60, 61, 62, or 63. Tables 3 and 4 provide the
sequences for heavy chain variable sequences SEQ ID Nos: 35 and 40-38, and Hght chain

variable sequences SEQ 1D Nos: 59-63, respectively.

Table 3. Heavy chain anti-PD-L1 variable sequences

INWVROAPGOG
VYYCARLKGELKDAK

QVOLVQSGAER
BOKFQGRVTI

40 ””QTmeCAFV<VPGSSV' 5 YAF SWVRQAPG
AQRHQCRJIIIAJLSTGIAYM’ SLRSEDTAVYYCARLK
41 QVQLVQESGAE SSVEVECKASGGTE

AQKEQGRVY .ﬂTAYMmmobTR,
42 QVOLVQSGAEVKRKEPGSSVRVSCKASG
ACKFQGRVTITADESTST
43 f”OLVQ“GALVVKPG°°VKVrChAuuClL
AQRFQGRVTITADESTSTAYMELSSLR

.PACJTWUQ LVIVSES
SSYAINWVROQAPGOGLEWMGGITIPVEGTATY
DTAVYYCARLKFELRDAFD IWGQGTLVIVSS

44 QVQLVOSGAEVERKPGS SVEVSCKASGGTE SSYAINWVROAPGOGLEWMGG T IEVEC
AQKFQGRVIITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDEWGQGTLVIVSES
45 QVOLVQSGAEVKEPGS SVKVSCRASGGTESSYAINWVROAPGOGLEWMGGIIPVEGTATY
AQKFQGRVIITADESTSTAYMETL SEDTAVYYCARLKGELEDAFDIWGQGTLVTAST
46 QVQLVOSGAEVEKPGS SVEVECKE 'uTFQQYALNW”PQAPHPPL WM

AQKFCGRVY DEST
47 OVOLVQSGAEVKKE
AQKFQGRVIITAD
48 f”gLVQ@GALVKKkG°°vAvQQRAQLC1FSOYA SWVRQAPGQDLEWMGGIIP IVGIANY
AQKFOGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFD IWGOGTLYTVSS
49 OVQLVOSGAEVKKPESSVKVSCKASGGTFSSYAISWVROAPGOGLEWMGG I TPVEGTATY
AQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGEFKDAFD INGQGTLVTVSS
50 QVOLVQSGAEVKKPGS SVKVSCKASG EWMGRIIPLFGTAH

[FSSYALSWVRQAPGQOGL
SEDTAVYYCARLKGELRKDAFD IWGQGTLVIV So

e

AQRFQGRVTITADESTSTAYMELSSLRS

¥
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'“A’RWVR AP“QbLEW
AQK FPPVTT LF KDAFET TWGQG LVIVSES

53 f”OLVQ“GALVVKPGQS'K SCRASGGKEFSSYAISWVROAPG GGIIPVEGTATY
AQRFQGRVTITADESTSTAYMELSSIRSEDTAVYYCARLKGELRCAFD IWGQGTLVIVSS

54 VOL&QSGAFJKKPGSSVKVSLYASCVTFSSYAINWVRQAPuQGLEWML
AQKFQGRVIITADESTSTAYMELSSLRSEDTAVYYCARRKGELKDAFDIWGQGTL

55 QVOLVQSGAEVKKEPGS SVKVSCRASGGTESSYAINWVROAPGOGLEWMGGI TP ILGAATY
AQKFQGRVIITADESTSTAY SEDTAVYYCARLKG

56 QVQLVOSGAEVKKPGS SVKVECKA PQSYA_hﬂ”RDAkuQ~'
AQKFQGRVIITADESTSTAYI DTAVYYCARR

57 QVOLVQSGAEVKRPGSSVRKVSCKASGS
AQKFQGRVIITADESTSTAYMELSSLRSEDTAVYYCA R&&QEAKUAFDLWGQG¢L%L'”‘

58 QVQLVQOSGAEVKKPGS SVKVSCRASGGPFRSHAVSWVROAPGOGLEWMGGIIPVEGTATY

AQREQGRVIITADESTSTAYMELSSLRSEDTAVYYCARLKSELRDAE

DIWGQGTLVIVSES

Table 4. Light chain variable sequences

60 VLDWVQOKL
b TYYCQQSYSTP
61 GDRVT IS8YLNWYQOQRPGKAPRKLLIYAASSL
Q“G”ESPLFGcs C"DIILI SSLOPEDFATYYCQOSYSTPLIFGGGTKVE IK
62 DIOQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQOKPGRKAPKLLIYAASST
JSGVPSRESGSGSGTIDETLTISSLOPEDFATYYCFQSYSTRPLTFGGGTRVE IK
63 DIOMTQOSPSSLESASVGDRVTITCRASOSISSYLNWYQOKPGRKAPKLLIYAASST

DETLT TFGGGTRKVEIK

QSGVPSRESGSGES SLOPEDFATYYCQQSYSTI

The disclosure also provides, in some embodiments, an antibody or antigen-binding

portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding

portion thercof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ D NOs: 35,40, 41,42, 43,44, 45, 46, 47, 48,49, 50, 31, 52, 33, 54, 55, 36, 57, or 38,
and hight chain CDRs of any of the light cham variable regions of SEQ ID NGOs: 39, 60, 61,

62, or 63.

The disclosure also provides, in some embodiments, an antibody or antigen-binding

portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding

portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ ID NOs: 35,40, 41,42, 43,44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, or 38,
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and light chain CDRs of any of the light cham variable regions of SEQ 1D NOs: 59, 60, 61,

62, or 63, wherein the heavy and light chain CDR residues are numbered according to Kabat.
The disclosure also provides, in some embodiments, an antibody or antigen-binding

portion thereof that specifically binds PD-L 1, wherein the antibody or antigen-binding

5 portion thereof comprises heavy chain CDRs of any of the heavy chamn variable regions of

SEQ ID NOs: 35,40, 41, 42,43, 44, 45, 46, 47, 48,49, 50, 51, 532, 83, 534, 55, 56, 57, or 58,
and light chain CDRs of any of the light chain variable regions of SEQ ID NQOs: 59, 60, 61,
62, or 63, wherein the heavy and light chain CDR residues are numbered according to
Chothia.

10 The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ ID NOs: 35, 40,41, 42, 4344, 45. 46, 47, 48, 49, 50,51, 52, 53, 54, 55. 56, 57. or 58,
and light chain CDRs of anv of the light chain variable regions of SEQ 1D NOs: 39, 60, 61,

15 62, or 63, wherein the heavy and light chain CDR residues are numbered according to
MacCallum.

The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L 1, whercin the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of

20 SEQIDNOs: 35,40,41, 42,43, 44, 45,46, 47,48, 49, 50,51, 32, 53, 54, 55,56, 57, or 58,
and light chain CDRs of any of the light chain variable regions of SEQ ID NOs: 539, 60, 61,
62, or 63, wherein the heavy and light chain CDR residues are mumbered according to AbM.

The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding

25 portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ 1D NOs: 35, 40, 41, 42, 43, 44, 45, 46,47, 48_ 49, 50, 51, 52, 53, 54, 55, 56, 57, or 58,
and light chain CDRs of any of the light chain variable regions of SEQ ID NOs: 539, 60, 61,
62, or 63, wherein the heavy and light chainn CDR residues are numbered according to IMGT.

B. PD-1 Antagonisis

30 In some aspects and embodiments, the disclosure provides for anti-PD-1 antagonists.
In some embodiments, the anti-PD-1 antagonist is any of the anti-PD-1 antibodies or antigen-
binding molecules disclosed herein. In some embodiments, the anti-PD-1 antibedy or
antigen-binding molecule 1s not a part of a multispecific antigen-binding construct, i.e., the
anti-PD-1 antibody or antigen-binding molecule is not a part of a protein construct that binds
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to multiple epitopes. In some embodiments, the anti-PD-1 antibody or antigen-binding

portion can be combined with a different antibody or antigen-binding portion to form a

multispecific antigen-binding construct. In some embodiments, the multispecific antigen-

binding construct is capable of binding an epitope on PD-1 and an epitope on another protein.
5 Insome embodiments, the epitope on the other protein is on PD-L 1.

In some embodiments, any of the multispecific antigen-binding constructs disclosed
herein comprises a PD-1 antagonist. In some embodiments, the PD-1 antagonistis an
“inhibitory receptor.” As used herein, an “inhubitory receptor” refers generally to an immune
checkpomt molecule that, when bound by a cognate ligand, causes suppression or inhibition

10 of an immune response, such as those known to enhance tumor evasion. However, i sone
mstances as used herein, “mhibitory receptor” refers specifically to PD-1.

PD-1 is an immune checkpoint inhibitory receptor that contains an “Tmmunoreceptor
Tyrosine-based Inhibition Motif” or “FTIM”, comprising a conserved sequence of amino
acids (S/A/V/LxYxx(I/V/L) where x is any amino acid. Methods for assaying whether PD-1

15 activity has been inhibited are known in the art and can be readily designed by those of skill
in the art. Such assays include, for example, testing the effects of any downstream signaling
pathway{(s) of PD-1 in vitro or in vivo. After PD-1 interacts with its ligand, the ITIM motif
becomes phosphorylated by enzymes of, e.g., the Src kinase family, allowing them to recruit
other enzvmes, e.g., the phosphotyrosine phosphatases SHP-1 and SHP-2, or the nositol-

20 phosphatase called SHIP. These phosphatases have been shown to decrease the activation of
molecules involved in cell signaling. See, e.g., Barrow & Trowsdale (2006} Eur J Immunol.
36 (7). 1646-53. Thus, the phosphorylation state of the ITIM motif within PD-1 can be
assessed using known methods in the art. Also, the presence of downstream factors, such as
phosphotyrosine phosphatases can also be examined. Moreover, various cell-based assays

25 and kits that detect the presence of downstream factors {(e.g., nuclear factor of activated T-
cells — NFAT - ag a measure of PD-1 inhibition} as a proxy for PD-1 activity state are known
in the art. In other examples, simple binding assays can be used to determine whether the
construct of the present disclosure can block binding PD-1 and its ligand, as discussed above.

Accordingly, i some aspects, provided herein are antibodies or antigen-binding

30 portions thereof that specifically bind PD-1. In some aspects, the antibody or antigen-binding
portion thereof that specifically binds PD-1 comprises (a) a heavy chan varnable region
comprising (1) a CORHI comprising SEQ ID NG: 70 (FTFX0 X0 Y AXX,, wherein Xu=8, R,
G,orN; Xo=D, S, NLA R, or G; Xs=Mor L; X4= 8, L, or N): (1) a CDRH? comprising
SEG ID NQ: 71 (SAISNSGTYTY YA}, and (it1) a CBRH3 comprising SEQ ID NG: 72
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{ARGLDFIVGXSTGNDY, wherein Xs=A, Y, or R); and (b} a light chain varnable region
comprsing: (1) a CORLI comprising SEQ 1D NO: 9 (RASQSISSYLN), (i1} a CDRL2
comprsing SEQ ID NO: 5 (AASSLOS); and (i) a CDRL3 comprising SEQ D NO: 10
{(QOQSYSTPLT).

In some embodiments of these aspects and alf such aspects described herein, CDRH1
comprises SEQ 1D NO: 73 (FTFSDYAMS), CDRHZ comprises SEQ ID NG: 71
(SAISNSGTYTYYA) and CDRH3 compriscs SEQ ID NG: 74 (ARGLDFIVGATGNDY).
In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NQO: 73 (FTFSDYAMS): CDRH2 comprizes SEQ ID NG: 71
{(SAISNSGTYTYY A); CDRH3 comprises SEQ 1D NO: 74 (ARGLDFIVGATGNDY);
CDRL1 comprises SEQ ID NO: 9 (RASQSISSYLN): CDRL2 comprises SEQ D NG: 5
{AASSLQS); and CDRL3 comprises SEQ ID NO: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable DR regions is mAb25.

In some embodiments of these aspects and all such aspects descnibed herein, CDRHI
comprises SEQ ID NO: 73 (FTFSDY AMS), CDRH2 comprises SEQ ID NG: 71
(SAISNSGTYTYYA) and CDRH3 comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY).
In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 73 (FIFSDYAMS), CDRH2 comprises SEQ 1D NG: 71
(SAISNSGTYTYYA)Y; CDRH3 comprises SEQ ID NGO: 75 (ARGLDFIVGYTGNDY),
CDRET comprises SEQ ID NO: 9 (RASQSISSYLN); CDRLZ comprises SEGQ D NG: 5
{AASSLQS); and CDRL3 comprises SEQ ID NO: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb26.

In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NG 76 (FIFSSYAMS), CDRH?2 compriscs SEQ ID NO: 71
{(SAISNSGTYTYYA) and CDRH3 comprises SEQ 1D NQO: 75 (ARGLDFIVGYTGNDY).
In some embodiments of these aspects and all such aspects described heremn, CDRHI
comprises SEQ ID NO: 76 (FTFSSYAMS), CDRH2 comprises SEQ ID NG: 71
(SAISNSGTYTYYA), CDRH3 comprises SEQ 1D NGO: 75 (ARGLDFIVGYTGNDY);
CDRLI comprises SEQ ID NO: 9 (RASQSISSYLN), CDRL?2 comprises SEQG ID NG: 5
{AASSLQS); and CDRL3 comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb27.

in some crabodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NG: 77 (FTFSSYAML), CDRH2 comprises SEQ 1D NG: 71
(SAISNSGTYTY YA} and CDRH3 comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY).
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In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 77 (FTFSSYAML), CDRHZ comprises SEQ 1D NG: 71
(SAISNSGTYTYYA); CDRH3 comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY);
CDRL1 comprises SEQ ID NO: 9 (RASQSISSYLN): CDRL?2 comprises SEQ D NG: 5
(AASSLQSY; and CDRL3 comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb28.

In some embodiments of these aspects and all such aspects descrbed herein, CDRHI1
comprises SEQ ID NG: 78 (FTFSNYALS), CDRH2 comprises SEQ ID NO: 71
(SAISNSGTYTYYA) and CDRH3 comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY).
In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 78 (FTFSNYALS); CDRH2 comprises SEQ ID NO: 71
(SAISNSGTYTYY Ay, CDRH3 comprises SEQ IR NO: 75 (ARGLDFIVGYTGNDY);
CDRL1 comprises SEQ ID NO: 9 (RASQSISSYLN});, CDRL2 comprises SEQ 1D NG: 5
{AASSLQS); and CDRL3 comprises SEQ ID NO: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variabie CDR regions is mAb29.

In some embodiments of these aspects and all such aspects described herein, CDRHI1
comprses SEQ ID NO: 79 (FTFSAYAMN), CDRH2 comprises SEQ ID NG: 71
{(SAISNSGTYTYYA) and CDRH3 comprises SEQ [D NO: 75 (ARGLDFIVGYTGNDY).
In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 79 (FTFSAYAMN), CDRHZ comprises SEQ 1D NO: 71
(SAISNSGTYTYYA); CDRHS3 comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY);
CDRLY comprises SEQ ID NO: 9 (RASQSISSYLN); CDRL2 comprises SEGQ ID NG: S
{AASSLQS); and CORL3 comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb30.

in some embodiments of these aspects and ali such aspects described herein, CDRHI
comprises SEQ 1D NO: 80 (FTFRSY AMS), CDRH2 compriscs SEQ ID NO: 71
(SAISNSGTYTYYA) and CDRH3 comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY ).
In some embodiments of these aspects and all such aspects described herein, CORHI
comprises SEQ ID NO: 80 (FTFRSY AMS);, CDRHZ compnises SEQ [D NG: 71
{(SAISNSGTYTYYA); CDRH3 comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY);
CDRLI comprises SEQ ID NO: 9 (RASQSISSY LN}, CDRL?2 comprises SEQ ID NG: 5
{AASSLQS); and CDRL3 comprises SEQ 13 NO: 10 (QOSYSTPLT). A representative

antibody having such heavy and light chain variable CDR regions 1s mAb3 1,
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In some embodiments of these aspects and all such aspects described herein, CDRH1
comprises SEQ ID NO: 81 (FTFGRYAMS), CDRH2 comprises SEQ ID NO: 71
(SAISNSGTYTYYA) and CDRH3 comprises SEQ [D NO: 75 (ARGLDFIVGY TGNDY).
In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 81 (FTFGRYAMS), CDRH2 comprises SEQ 1D NO: 71
(SAISNSGTYTYYA)Y, CDRH3 comprises SEGQ 1D NGO: 75 (ARGLDFIVGYTGNDY);
CDRLI comprises SEQ ID NO: 9 (RASQSISSYLN); CDRLZ comprises SEQ 1D NG: 5
{AASSLQS); and CDRL3 comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb32.

in some erabodiments of these aspects and all such aspecets described herein, CDRHI
comprises SEQ ID NO: 82 (FTFNSYAMS), CDRH2 comprises SEQ 1D NO: 71
(SAISNSGTYTYYA) and CDRH3 comprises SEQ ID NO: 75 (ARGLPFIVGYTGNDY).
In some embodiments of these aspects and all such aspects described herein, CORHI
comprises SEQ 1D NO: 82 (FTFNSYAMS); CDRH2 comprises SEQ ID NG: 71
(SAISNSGTYTYYA); CDRH3 comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY);
CDRL1 comprises SEQ ID NO: 9 (RASQSISSYLN), CDRL2 comprises SEQ ID NG: §
{AASSLQS); and CDRL3 comprises SEQ 1D NG: 10 (QQSYSTPLT). A representative
anttbody having such heavy and light chain variable CDR regions is mAb33,

In some embodiments of these aspects and alf such aspects described herein, CDRH1
comprises SEQ ID NO: 83 (FTFSNYAMS), CDRHZ comprises SEQ 1D NG: 71
(SAISNSGTYTYYA) and CDRH3 compriscs SEQ ID NG: 74 (ARGLDFIVGATGNDY).
In some embodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NO: 83 (FTFSNYAMS); CDRH2 comprises SEQ ID NO: 71
{(SAISNSGTYTYYA); CDRH3 comprises SEQ ID NO: 74 (ARGLDFIVGATGNDY),
CDRL1 comprises SEQ ID NO: 9 (RASQSISSYLN); CDRL?2 comprises SEQ 1D NG: 5
(AASSLQSY; and CDRL3 comprises SEQ ID NG: 10 (QQSYSTPLT). A representative
antibody having such heavy and light chain variable CDR regions is mAb34.

In some embodiments of these aspects and all such aspects described herein, CDRHI1
comprises SEQ ID NO: 84 (FTFSGY AMS). CDRH2 comprises SEQ ID NG: 71
{(SAISNSGTYTYYA) and CDRH3 comprises SEQ ID NO: 85 (ARGLDFIVGRTGNDY). In
some embodiments of these aspects and all such aspects described herein, CDRH1 comprises
SEQ D NO: 84 (FTFSGYAMS); CDRH2Z comprises SEQ ID NO: 71 (SAISNSGTYTYYA);
CDRHS3 comprises SEQ 1D NO: 85 (ARGLDFIVGRTGNDY); CDRLI comprises SEQ ID
NG: 9 (RASQSISSYLN): CDRLZ comprises SEQ ID NGO 5 {(AASSLQS); and CDRL3
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comprises SEQ ID NO: 10 (QQSYSTPLT). A representative antibody having such heavy
and light chain variable CDR regions is mAb335.

in some cmbodiments of these aspects and all such aspects described herein, CDRHI
comprises SEQ ID NG: 86 (FTFSSYAMN), CDRH2 comprises SEQ IDNO: 71
(SAISNSGTYTY YA} and CORH3 comprises SEQ 1D NO: 85 (ARGLDFIVGRTGNDY). In
some embodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ D NO: 86 (FTFSSYAMN); CDRH2 conprises SEQ 1D NO: 71 (SAISNSGTYTYYA);
CDRH3 comprises SEQ 1D NG: 85 (ARGLDFIVGRTGNDY); CDRLT comprises SEQ ID
NG: 9 (RASQSISSYLN); CDRL2 comprises SEQ ID NO: 5 (AASSLQS); and CDRL3
comprises SEQ ID NO: 10 (QQSYSTPLT). A representative antibody having such heavy
and light chain variable CDR regions is mAb36.

In some embodiments of these aspects and alf such aspects described herein, CDRH1
comprises SEQ ID NO: 80 (FTFRSY AMS), CDRH?2 comprises SEQ 1B NO: 71
(SAISNSGTYTYYA) and CDRH3 comprises SEQ ID NG 85 (ARGLDFIVGRTGNDY). In
some embodiments of these aspects and all such aspects described herein, CDRHI comprises
SEQ ID NO: 80 (FTFRSYAMS): CDRH2 comprises SEQ ID NO: 71 (SAISNSGTYTYYA);
CDRH3 comprises SEQ 1D NO: 85 (ARGLDFIVGRTGNDY ), CDRLT comprises SEQ ID
NG: 9 (RASQSISSYLN); CDRL2 comprises SEQ 1D NO: 5 (AASSLOS); and CDRL3
comprises SEQ ID NO: 10 (QQSYSTPLT). A representative antibody having such heavy
and light chain variable CDR regions is mAb37.

in each case, where specific sequences are recited, embodiments comprising a
sequence having at least 85%, (e.g., at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, or at least 99%
identical) wlentity to the recited sequence {e.g., SEQ ID NG: 5, 9, 10, or 71-86) are also
provided.

The disclosure also provides, in some aspects, an antibody or antigen-binding portion
thereof that specifically binds PD-1, wherein the anttbody or antigen-binding portion thereof
comyprises a heavy chain variable region comprising an amino acid sequence that is at feast
85%, {e.g., at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 989%, or at least 99% identical) to any one of
SEQ 1D NO: 87-99, and a light chain variable region comprising an amino acid sequence that
is at least 85%, {e.g., at kcast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 999% identical} to
SEG 1D NO: 59. In some embodiments, the heavy chain variable region comprises an amino

66



WO 2020/102387 PCT/US2019/061226

acid sequence that is at least 85%, (e.g., at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% dentical) to SEQ ID NO: 90, and a light chain variable region comprising an amino acid
sequence that 1s at least 85%, {e.g., at least 83%, at least 90%, at least 91%, at least 92%, at
5 least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least Y8%, or at least 99%
identical) to SEQ 1D NO: 59. Table 7 provides the sequences for heavy chain variable
sequences SEQ 1D Nos: 87-99, and Table 4 provides light chain variable sequence SEQ ID
NO: 39, respectively. In some embodiments, the heavy chain variable region comprises an
aming acid sequence that differs by 15 amino acids or less, 14 amine acids or less, 13 amino
10 acids or less, 12 amino acids or less, 11 amino acids or less, 10 amino acids or less, 9 amino
actds or less, 8 anuno acids or less, 7 amino acids or less, 6 aming acids or less, 5 amino acids
or less, 4 amino acids or fess, 3 amino acids or less, 2 amino acids or less, or 1 amino acid
from any one of SEQ ID NOs: 87-99. In some embodiments, the light chain variable region
comprises an amino acid sequence that differs by 15 amino acids or less, 14 amino acids or
15 less, 13 amuno acids or less, 12 amino acids or less, 11 amino acids or less, 10 amuno acids or
less, 9 amine acids or less, & amino acids or less, 7 amino acids or less, 6 aminge acids or less,
5 amino acids or less, 4 amino acids or less, 3 amino acids or less, 2 amino acids or less, or 1
amino acid from SEQ ID NG: 59,
Antibodies mAb26-mAb37 are affinity matared antibodies derived from parent
20 antibody mAbZ3, as described in the Examples. An affinity matured antibody or antigen-
binding portion thercof is an anttbody or antigen-binding fragment with one or more
alterations {e.g., in one or more CDRs or FRs) that result mn an improvement i the affinity of
an antibody for its antigen, compared to a parent antibody lacking the alteration(s). In some
embodiments, an affinity matured anttbody has nanomolar or picomolar atfinity for PD-1. In
25 some embodiments, the PD-1 antibody or antigen-binding portion thereof has a Ko of at least
15107 M, atleast 1 x 103 M, aitleast 1 x 10 M, at least 1 x 10719 M, at least 1 < 101 M, at
feast 1 x 1012 M, or at least | x 1079 M.
Tables 5 and 6 provide cell binding data for mAb2S, mAb26, mAb27, mAb2R,
mAb29, mAb30, mAb3 1, mAb32, mAb33, mAb34, mAb3S5, mAb36, and mAb3T7 (Fe.,
30 affinity matared variants of mAb25) to human PB-1 ("huPD-17), cvno PD-1 ("cyPD-17), or
muring PD-1 (CmoPD-17). Human, cyno, or muring PD-1 was expressed on CHO
cells. Binding is expressed as an ECso value, which can be estimated from titrating different
concentrations of mAb on cells that exogenously express the antigen of interest. Fluorescent
tagged secondarics can be used to detect and quantify the mAb binding. The data shown in
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Table 5 was fit to a 1:1 binding model using built-in functions in GRAPHPAD, which

viglded the ECso value.

Table 5: Binding affinities of mAb2S — mAb37 to human PD-1

“mAb25

240
mAb26 10 24
mAb27 2.3 104
mAb28 5.6 43
mAb29 8.6 28
mADb30 3.1 77
mAb31 55 44
mAb32 2.1 114
mAb33 7 34
mAb34 7.2 33
mAb335 9 27
mAb36 7.7 31
mAb37 i4 17

Table 6: Cell binding of mAb2ZS —~ mAb37ic human, cyne, and murine PB-1 expressed

on cells

mAb26 374 062 1.34 5.6 179
mAb27 1.73 0.5 133 56 6.14
mAb28 3.94 0.2 148 58 0.814
mAb29 1.27 0.7 173 50 2.14
mADb30 2.77 03 2.05 4.2 4.05
mAb31 1.71 03 1.9 4.5 1.87
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mAb32 1.51 0.6
mAD33 1.04 0.9
mAb34 3.87 0.2 6.5 205
mAb35 1.64 0.6 26 32 PF
mAb36 1.01 0.9 1.1¢e 72 PF
mAb37 0.75 12 1.09 7.9 0.942

-
[
\O

6.7 2.8
6.5 104

fu—
L
(5]

f—
L2
(9

(@)

*NB = o binding; PF =poor fit; human, cyno, murme PD-~1 expressed on CHO cells

Table 7. Heavy chain anti-PD-1 variable sequences

89 EVQLL: TYYA
DESVRG S / GYTGNDYWGQGTLVIVSS

o0

91

92
DEVRKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGL JGYTGNDYWGQGTLVIVSS

93 EVOLLESGGGLVOPGGSLRLSCAASGETFRSYAMSWVROAPGKGLEWVSALISNSGTYTY YA
DSVKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGLDE IVGY TGNDYWGQGTLVIVSES

94 EVCLLESGGGLVQPGGSLRLSCAASGEF TFGRYAMSWVROAPGKGLEWVSALISNSGTYTYYA
DSVRGRETISRDNSKNTLYLOMNSLRAEDTAVYYCARGLDE IVGYTGNDYWGQGTLVIVES

95 EVQLLESGGGLVQOPGGSLRLSCAASGETFNSYAMSWVROAPGKGLEWVSAISNSGTYTYYA
DSVRKGREFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGLDE IVGYTGNDYWGQGTLVIVSS

96 EVQLLESGGGLVQPGGS SCAASGETES AMSWVRO
DSVKGRETISRDNSEKNTLYLOMNSLRAE IYYCA

97 EVQLLESGGGLVQOPGGSLRLSCAASGETFSGYAMSWVROAPGKGLEWVSAISNSGTYTYYA
DESVRKGREFTISRDNSKNTLYLOMNS LRAEDTAVYYCARGLDE IVGRTGNDYWGQGTLVIVES

98 EVOLLESGGGLVOPGGSLRLECAASGF T SSYAMNWVRQAPGKGLEWVSAISNSGT [
DSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGLDEIVGRTGNDYWGQGTLVIVSS

95 EVG CAASGFTFREYAMSWVRQO LEWVSAISNSGTYTYYA
DSVRKGRETISRDNSENTLYLOMNSLRAEDTAVYYCARGLDF IVGRTGNDYWGQGTLVIVSES

The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L 1, wherein the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain vanable regions of
SEQ ID NOs: 87, 88,89, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99, and Hght chain CDRs of the
light chain variable region of SEQ 1D NG: 59.
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The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ D NQOs: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99, and hght chain CDRs of the

5 light chain vanable region of SEQ 1D NG: 39, wherein the heavy and hight chain CDR

residues arc numbered according to Kabat.

The disclosure also provides, in some cmbodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of

10 SEQIDNOs: 87, 88,89, 90,91, 92, 93,94, 93, 95, 97, 98, or 99, and light chain CDRs of the
light chain vanable region of SEQ 1D NO: 59, wherein the heavy and hight chain CDR
residues are numbered according to Chothia.

The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L1, wheremn the antibody or antigen-binding

15 portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ D NOs: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99, and light chain CDRs of the
light chain variable region of SEQ ID NG: 59, wherein the heavy and light chain CDR
residucs are numbered according to MacCallum.

The disclosure also provides, in some embodiments, an antibody or antigen-binding

20 portion thereof that specifically binds PD-L 1, wherein the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ ID NOs: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99, and lght chain CDRs of the
hight chain variable region of SEQ ID NG: 59, wherein the heavy and light chain CDR
residues are mumbered according to AbM.

25 The disclosure also provides, in some embodiments, an antibody or antigen-binding
portion thereof that specifically binds PD-L1, wherein the antibody or antigen-binding
portion thereof comprises heavy chain CDRs of any of the heavy chain variable regions of
SEQ H NOs: 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99, and hight chain CDRs of the
fight chain variable region of SEQ ID NO: 59, wherein the heavy and light chain CDR

30 residoes are numbered according to IMGT.

. Multispecific Antigen-Binding Constructs
The present disclosure provides, in some aspects, compositions and methods for
enhancing an immune response to tumor cells by inhibiting the interaction between PD-L1
and PD-1, for example, the interaction between PD-L1 expressed on a tumor cell and PD-1
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expressed on a'T cell. Antibodies or antigen-binding portions thereof that specifically or
selectively bind PD-L1 or PD-1 are provided. As used herein, the terms “specifically binds
to,” “specific for,” “sclectively binds™ and “selective for” PD-L1 or PD3-1, or an epitope on
PD-L1 or PD-1, mean binding that is measurably different from a non-specific or non-

5 selective inferaction. In some embodiments, the antibody or antigen-binding portion thereof
specifically binds to human PD-L1 or PD-1 and/or mouse PD-L1 or PD-1. Specific binding
can be measured, for example, by determining binding of a molecule compared to binding of
a control molecule. Specific binding can also be determined by competition with a control
molecule that is similar to the target, such as an excess of non-labeled target. In that case,

10 specitic binding s indicated if the binding of the labeled target to a probe is competitively

mhibited by the excess non-labeled target.

In some embodiments, any of the muldtispecific antigen-binding constructs disclosed
herein binds to at least two different receptors or epitopes {e.g.. PD-1 and PD-L1), wherein
the two different receptors or epitopes bound by the multispecific antigen-binding construct

15 are expressed on the surface of the same cell. For example, in some embodiments, the
multispecific antigen-binding construct simultancously binds to PD-1 and PD-L1, whercin
the PD-1 and PD-L1 are expressed on the surface of the same cell. In some embodiments,
any of the multispecific antigen-binding constructs disclosed herein binds to at feast two
different receptors or epttopes {e.g., PD-1 and PD-L1}, wherein the two different receptors or

20 epitopes bound by the muftispecific antigen-binding construct arc expressed on the surface of
two different cells. For example, in some embodiments, the multispecific antigen-binding
construct simultaneously binds to PD-1 expressed on the surface of a first cell and to PD-L1
expressed on the surface of a second cell.

in some embodiments, the multispecific antigen-binding construct is capable of

25 binding human PD-1. In some embodiments, the multispecific antigen-binding construct is
capable of binding murine PD-1. In some embodiments, the multispecific antigen-binding
construct is capable of binding cynomolgus monkey PD-1. In some embodiments, the
multispecific antigen-binding construct is capable of binding buman, murine, and
cvnomolgus monkey PD-1 with sinular affinity.

30 In some aspects and embodiments, the disclosure provides for a multispecific antigen-
binding construct comprising at least two units of antigen-binding, wherein a first unit of
antigen-binding binds PD-1, and a sccond unit of antigen-binding binds a PD-1 ligand. In
some embodiments, the first unit of antigen-binding binds PD-1 expressed by an immune
cell. In some embodiments, the second unit of antigen-binding binds PD-1 expressed by a
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second cell. In some embodiments, the mudtispecific antigen-binding construct blocks the
mteraction of PD-1 and a PD-1 ligand, such as PD-L1 or PD-L2 In some embodiments, the
multispecific antigen-binding construct blocks the interaction of PD-1 and a PD-1 ligand,
such as PD-L1 or PD-L2. In some emboduments, the multispecific antigen-binding construct

5 comprises at least two units of antigen-binding that bind PD-1. In some embodiments, the

multispecific antigen-binding construct comprises two units of antigen-binding that bind PD-
1. In some embodiments, the multispecific antigen-binding construct comprises at least two
units of antigen-binding that bind a PD-1 ligand, such as PD-L1 or PD-L2. In some
embodiments, the nudtispecific antigen-binding constract comprises two unils of antigen-

10 binding that bind a PD-1 ligand, such as PD-L1 or PDB-L2. In some embodiments, the
multispecific antigen-binding construct comprises at least four units of antigen-binding,
wherein two units of antigen-binding bind PD-1 and two units of antigen-binding bind a PD-1
ligand, such as PD-L1 or PB-L2. In some cmbodiments, the multispecific antigen-binding
construct comprises four units of antigen-binding, wheremn two units of antigen-binding bind

15 PD-i and two units of antigen-binding bind a PD-1 ligand, such as PD-L1 or PD-L2. In some
embodiments, cach unit of antigen-binding is capable of binding independently to its cognate
antigen, i.e., PD-1 or a PD-1 ligand, such as PD-L1 or PD-L2. In some embodiments, the
multispecific antigen-binding construct promotes loss of PD-1 expression from a cell. In
some embodiments, the loss of PD-1 expression is dae to PD-1 shedding. In some

20 embodiments, the multispecific antigen-binding construct blocks interaction of PD~1 and the
PD-1 hgand, such as PD-L1 or PD-L2. In some embodiments, the multispecific antigen-
binding construct comprises a common light chain. For example, at least two units of antigen-
binding comprise a common light chain.

in some embodiments, the first unit of antigen-binding binds PD-1 and comprises:

25 {a) a heavy chain variable region comprising (1) a CDRHI comprising SEQ 1D NO:
70 (FTFXiXaYAXXy, wherein Xo=8, R, G, or N; 20=D, S, N, A, R, or G; X5=Mor
L; Xa=§, L, or N} (it) a CORH2 compnising SEQ ID NO: 71 (SAISNSGTYTYYA),
and (11} a CORH3 comprising SEQ 1D NO: 72 (ARGLDFIVGXSTGNDY, wherein
Xs5=A,Y,orR); and

30 (b} a light chain variable region comprising: (1) a CDRL1 compnising SEQ ID NQ: ¢
{(RASGSISSYLN); (it} a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (1i1) a
CDRL3 comprising SEQ ID NO: 10 (QQSYSTPLT).
In some such embodiments, the first unit of antigen-binding binds PD-1 and

COMpIises:
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{a} a CDRHI comprising SEQ ID NG: 73 (FTFSDYAMS), a CDRH2 comprising
SEQID NQO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
74 (ARGLDFIVGATGNDY),

(b} a CDRHI compnising SEQ ID NG: 73 (FTFSDY AMS), a CDRH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY )

(¢} a CDRHI comprising SEQ ID NO: 76 (FTFSSY AMS), a CDRH?2 comprising
SEQID NG: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NG:
75 {ARGLDFIVGYTGNDY ),

(d} a CDRH1 comprising SEQ [D NO: 77 (FTFSSY AML), a CORH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY ),

(¢} a CDRHI comprising SEQ [D NGO: 78 (FTFSNYALS), a CDRHZ comprising
SEQ ID NG: 71 (SAISNSGTYTY YA}, and a CDRH3 comprising SEQ 1D NOG:
75 {ARGLDFIVGYTGNDY ),

(f} a CDRHI comprising SEQ ID NO: 79 (FTFSAYAMN]), a CBRH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NO:
75 (ARGLDFIVGYTGNDY),

(g} a CDRHI comprising SEQ [D NO: 80 (FTFRSYAMS), a CDRH2 comprising
SEQ ID NG: 71 (SAISNSGTYTYYA), and a CORH3 comprising SE(} 1D NO:
75 (ARGLDFIVGYTGNDY ),

(hy a CORHI comprising SEQ D NO: 81 (FTFGRYAMS), a CDRH2 comprising
SEQ ID NQO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NOG:
75 {(ARGLDFIVGYTGNDY),

(i) a CORHI comprising SEQ ID NO: 82 (FTFNSYAMS). a CDRH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ 1D NO:
75 (ARGLDFIVGYTGNDY ),

(i) a CDRHI comprising SEQ D NO: 83 (FIFSNYAMS), a CDRH2 comprising
SEQID NG: 71 (SAISNSGTYTYYA), and a CDRH3 comprising SEQ ID NG:
74 {ARGLDFIVGATGNDY ),

{k} a CORHI comprising SEQ ID NO: 84 (FTFSGYAMS). a CDRH2 comprising
SEQ ID NO: 71 (SAISNSGTYTYY A), and a CBRH3 comprising SEQ ID NO:
83 (ARGLDFIVGRTGNDY);
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(I} a CDRHI comprising SEQ ID NG: 86 (FTFSSYAMN), a CDRH2 comprising
SEQID NQ: 71 (SAISNSGTYTYYA) and a CDRH3 comprising SEQ 1D NO: #3
{ARGLDFIVGRTGNDY), or
{m} a CDRHI comprising SEQ ID NO: 80 (FTFRSYAMS), a comprising SEQ ID
5 NG: 71 (SAISNSGTYTYYA), and a CBRH3 comprising SEQ ID NG: 85
(ARGLDFIVGRTGNDY).
in some embodiments, the first unit of antigen-binding binds PD-1 and comprises:
{a) aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 87;
10 (b} a heavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ 1D NO: 88,
(¢} aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ 1D NO: 89;
(d) a heavy chain variable region comprising an amino acid sequence that is at least
15 90% 1dentical to SEQ 1D NG: 90,
(¢} aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 91,
() aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ 1D NO: 92;
20 (g) a heavy chain variable rogion comprising an amino acid sequence that is at least
90% dentical to SEQ 1D NO: 93;
(h} a heavy cham variable region comprising an amino acid sequence that 1s at least
90% identical to SEQ ID NO: 64,
(1) aheavy chain variable region comprising an amino acid sequence that is at least
25 90% identical to SEQ 1D NO: 95,
(1) aheavy chain variable region comprising an amino acid sequence that is af least
90% identical to SEQ 1D NO: 96,
(k) a heavy chain variable region comprising an amino acid sequence that is at least
909% 1dentical to SEQ 1D NG: 97,
30 (I3 aheavy chain variable region comprising an amino acid sequence that is at least
90% identical to SEQ ID NO: 98; or
{m} a heavv chain variable region comprising amino acid sequence that is at least

90% identical to SEQ TR NO: 99.
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In some embodiments, the first unit of antigen-binding binds PD-1 and comprises 8
light chain variable region comprising an amino acid sequence that is at least 90% identical to
SEQ D NO: 59

In some embodiments, the second unit of antigen-binding binds PD-L2. In some
embodiments, the second anit of antigen-binding binds PD-L1. In some embodiments, the
second unit of antigen-binding binds PD-L1 and comprises:

a. aheavy chain variable region comprising (1) a CORHI comprising SEQ ID NO:

F{GTFSSYAIN); (1) a CDRH2 comprising SEQ 1D NO: 2 (GGIPXXLGXEATY A,

wherein X1is Vorl, Xeis F, L, or V; and X318 T or A); and (i1} a CDRH3

comprising SEQ 1D NO: 3 (ARLKX(ELKDAFDI, wherein X5 15 G, F, or Nj; and

b.  alight chain vanable region comprising: (1) a CDRLI comprising SEQ 1D NG:

4 (RASGGISSYLN, wherein X118 8, W, or (3); {11} a CDRL2 comprnising SEQ ID

NQG: 5 (AASSLQS); and (111} a CDRL3 comprising SEQ ID NG 6 (X1QSYSTPLT,

wherein X1 1s Q or F).

In some such embodiments, the second unit of antigen-binding binds PD-L1 and

comprises:

(ay a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CBRH2 comprising SEQ
ID NO: 7(GGHIPILGAATYA), and a CDRH3 comprising SEQ ID NO: 8
(ARLKGELKDAFDI);

(b} a CDRHI compnising SEQ ID NO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NGO 7T(GGHPILGAATYA). a CORH3 comprising SEQ IDNO: 8
{ARLKGELKDAFDI); a CDRLI comprising SEQ 1D NO: 9 (RASQGSISSYLN); a
CDRL2 comprising SEG 1D NO: 5 (AASSLQS); and a CDRLS comprising SEQ
[DNO: 10 (QQSYSTPLT),

{c} a CDRHI comprising SEQ ID NO: 1 {(GTFSSYAIN), a CDRHZ compnising SEQ
IDNG: 11 (GGHPVFGTATYA), a CDRH3 compnising SEQ IB NO: §
(ARLKGELKDAFD): a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN): a
CDRLZ comprising SEQ 1D NO: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLT),

(d} a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CBRH2 comprising SEQ
IDNO: 11 (GGHPVFGTATYA) and a CDRH3 comprising SEQ ID NGO 8
(ARLKGELKDAFDI);

(¢} a CDRHI comprising SEQ ID NO: 1 {(GTFSSYAIN), a CDRHZ compnising SEQ
D NO: 11 {GGHPYVFGTATYA), a CORH3 comprising SEQ 1D NO: 8
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{(ARLKGELKDAFDI), a CDRL1 comprising SEQ ID NO: 12
(RASQWISSYLN): a CDRL2 comprising SEQ ID NO: 5 (AASSL(QS), and a
CDRL3 comprising SEQ 1D NG: 10 (QQSYSTPLT);

() a CDRHI comprising SEQ 1D NO: 1 {GTFSSYAIN), a CDORHZ comprising SEQ
IDNG: 11 (GGHPVFGTATYA), a CDRH3 compnising SEQ ID NO: §
(ARLKGELKDAFD): a CDRLI comprising SEQ 1D NO: 13 (RASQQISSYLN):
a CDRLZ comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising
SEQID NG: 10 (QQSYSTPLT);

(g} a CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
IDNG: 11 (GGHPVFGTATYA), a CDRH3 comprising SEQ 1D NO: 8
(ARLKGELKDAFDI): a CDRL1 comprising SEQ ID NG: 9 (RASQSISSYLN) a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 {QQSYSTPLT):

(h) a CDRHI comprising SEQ 1D NGO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NG 15 (GGHPIFGIANYA), and a CDRH3 comprnising SEQ ID NO: 8
{ARLKGELKDAFDI},

{1} a CORHI comprising SEQ 1D NG 1 (GTFSSYAIN), a CDRHZ comprising SEQ
D NO: 15 (GGUHPIFGIANYA), a CDRH3 comprising SEQ 1D NO: 8
{ARLKGELKDAFD), a CDRL1 comprising SEQ ID NG: ¢ (RASQSISSYLN): a
CDRLZ comprising SEQ 1D NO: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLT),

(i) a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CDRH?2 comprising SEQ
ID NG 16 (GGHPNFGTATYA), and a CDRH3 comprising SEQ 1D NG 17
{ARLKGELKGAGDI),

{k} a CORHI comprising SEQ 1D NO: 1 {GTFSSYAIN), a CDRHZ comprising SEQ
ID NG: 16 (GGHPNFGTATYA), a CDRH3 comprising SEQ 1D NO: 17
(ARLKGELKGAGD): a CDRLI comprising SEQ ID NQO: 9 (RASQSISSYLN),
a CDRLZ comprising SEQ 1D NO: 5 (AASSLOS); and a CDRL3 comprising
SEQID NG: 10 (QQSYSTPLT);

(I} a CDRHI comprising SEQ ID NG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
IDNO: 11 (GGHPVFGTATYA), and a CDRH3 comprising SEQ 1D NG: 18
(ARLKFELKDAFDI),

{(m} a CDRHI compnising SEQ ID NG: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
B NO: 11 (GGHPVFGTATYA), a CORH3 comprising SEQ 1D NO: 18
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{ARLKFELKDIAFDI), a CDRL] comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEGQ 1D NO: 5 (AASSLQS); and a CORL3 comprising SEQ
ID NGO 10 (QQSYSTPLT),

(n) a CDRHI comprising SEQ 1D NO: 1 {GTFSSYAIN), a CDORHZ comprising SEQ

IDNG: 11 (GGHPVFGTATYA), and a CPBRH3 comprising SEQ ID NG: 19
(ARLKGELKDAFDE),

(o} a CDRHI comprising SEQ 1D NO: 1| (GTFSSYAIN), a CDRH?2 conprsing SEQ

ID NG 1 (GGHPVFGTATY A), a CDRH3 comprising SEQ 1D NG: 19
{ARLKGELKDAFDE), a CDRL1 comprising SEQ ID NG: 9 (RASQSISSYLN);
a CDRL2 comprising SEQ ID NO: 5 (AASSLQS); and a CDRL3 comprising
SEQ D NO: 10 (QQSYSTPLT);

(p) a CDRHI comprising SEQ [D NO: 1 {GTFSSYAIN), a CBRH2 comprising SEQ

D NO: 11 (GGHPVFGTATYA), and a CBRH3 comprising SEQ ID NOG: 20
(ARLKNELKDAFDY;

(q) a CORHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ

()

()

D NO: 11 (GGHPVFGTATYA), a CDRH3 comprising SEQ D NO: 20
{ARLKNELKDAFDI), a CORLI1 comprising SEQ 1D NO: 9 (RASQSISSYLN), a
CDRL?2 comprising SEQ 1D NG: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNO: 10 (QQSYSTPLT);

a CDRH1 comprising SEQ 1D NGO 1 (GTFSSYAIN), a CDRH2 comprising SEQ
D NO: 21 (GGVIPFLGTANYA), and a CDRH3 comprising SEQ [D NOQ: 22
{(ARLKGILKDALDI);

a CDRHI comprising SEQ ID NQG: 1 (GTFSSYAIN}, a CDRH2 comprising SEQ
1D NO: 21 (GGVIPFLGTANYA}, a CDRH3 comprising SEQ D NO: 22
(ARLKGILKDALDI), a CDRL1 comprising SEQ 1D NO: 9 (RASQSISSYLN): a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NG: 10 (QQSYSTPLT),

a CDRHI comprising SEQ 1D NO: 1 (GTFSSYAIN), a CDORH2 comprising EQ
D NG 29 (GRITPIFGTADY A), and a CDRH3 comprising SEQ ID NO: §
{ARLKGELKDAFDI);

{u} a CORHI comprising SEQ 1D NO: 1 (GTFSSYAIN), a CDRHZ comprising SEQ

D NO: 29 (GRIPIFGTADYA), a CDRH3 comprising SEQ ID NOG: 8
(ARLKGELKDAFDI). a CDRL1 comprising SEQ ID NG: 9 (RASQSISSYLN): a
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CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NGO 10 (QQSYSTPLT)

(v} a CORHI comprising SEQ 1D NO: 1 (GTFSSYAIN), a CDRHZ comprising SEQ
IDNG: 31 (GGHPILGTATYA), and a CDRH3 comprising SEQ ID NG: 32
(ARRKGELKDAFDI),

(wia CDRHI comprising SEQ ID NGO 1 (GTFSSYAIN), a CORH2 comprising SEQ
D NO: 31 (GGHPILGTATYA), a CDRH3 comprsing SEQ 1D NO: 32
{ARRKGELKDAFDI), a CDRLI comprsing SEQ ID NO: 9 {(RASQSISSYLN): a
CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NO: 10 (QQSYSTPLT):

{x} a CDRH! comprising SEQ 1D NG | (GTFSSYAIN), a CDRHZ comprising SEQ
D NO: 33 (GGHPIVATANYA), and a CDRH3 comprising SEQ 1D NG: 32
(ARRKGELKDAFDI);

(v} a CDRHI comprising SEQ 1D NGO: 1 (GTFSSYAIN), a CDRH2 comprising SEQ
[0 NO: 33 (GGHPIVATANYA), a CDRH3 compnising SEQ 1D NG: 32
{ARRKGELKDAFDI), a CBRL1 comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEG 1D NG: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NO: 10 (QQSYSTPLT):

(2} a CDRHI comprising SEQ 1D NG 1 (GTFSSYAIN), a CORH2 compnising SEQ
1D NO: 34 (GGHPIFGKATY A), and a CDRH3 comprising SEQ 1D NG: 32
{ARRKGELKDAFDI);

(aay a CDRHI comprsing SEQ ID NO: 1 (GTFSSYAIN), a CDRHZ comprising
SEQ ID NQO: 34 (GGUIPIFGKATYA), a CORH3 comprising SEQ 1D NG: 32
{ARRKGELKDAFDI), a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
ID NO: 10 (QQSYSTPLT),

(bby a CDRHI compnsing SEQ ID NO: 1 (GTFSSYAIN), a CDRHZ comprising
SEQ ID NG: 11 (GGUPVFGTATYA), a CDRH3 comprising SEQ 1D NG: 8
{ARLKGELKDAFDI); a CDRL1 comprising SEQ 1D NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
D NO: 38 (FQSYSTPLT),

{cc) a CDRHI comprising SEQ ID NO: 1 (GTFSSYAIN), a CORH2 comprising
SEQID NO: 11 (GGIIPVFGTATYA), a CDRH3 comprising SEQ TD NO: 8
{(ARLKGELKDAFD); a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYLN): a
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CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNO: 39 (QQSYSTILTY:

(dd} a CDRHI comprising SEQ ID NO: 14 (GTFSSYAFS), a CDRH2 comprising
SEQIDNO: 11 (GGIIPVFGTATYA) and a CDRH3 comprising SEQ ID NG: §
{ARLKGELKDAFDI): a CDRL1 comprising SEQ ID NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ 1D NOG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLTY,

{ce a CDRHI comprising SEQ ID NG: 23 (GTFSSYAIS), a CDRHE2 comprising
SEQ ID NQO: 24 (GGUPIVGIANYA}Y, and a CDRHS comprising SEGQ 1D NO: 8
(ARLKGELKDAFDI);

{fH a CDRHI comprising SEQ D NG: 23 (GTFSSYAIS), a CDRHZ comprising
SEQ D NO: 24 (GGIIPIVGIANYA), and a CDRH3 comprising SEQ ID NG: 8
{ARLKGELKDAFD); a CDRLI comprising SEQ ID NO: 9 (RASQSISSYLN): a
CDRL2Z comprising SEQ 1D NO: 5 (AASSLOS): and a CDRL3 comprising SEQ
IO NO: 10 (QOSYSTPLT),

(gg} a CDRHI comprising SEQ ID NO: 23 (GTFSSYAIS), a CDRHZ comprising
SEQ ID NO: 11 (GGIIPVFGTATYA), and a CDRH3 comprising SEQG 1D NO: 25
(ARLKGEFKDAFDI);

(hhy a CDRHI compnsing SEQ ID NG: 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NO: 11 (GGUPVFGTATYA), and a CORH3 comprising SEQ 1D NO: 25
{ARLKGEFKDAFDI); a CDRL1 comprising SEQ ID NG: 9 (RASQSISSYLN) a
CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
1D NO: 10 (QOSYSTPLT),

(1t) a CDRHI comprising SEQ 1D NO: 23 (GTFSSYAILS), a CDRH2 comprising
SEQ ID NO: 26 (GRIPLFGTAHYA), and a CDRH3 comprising SEQ 1D NO: &
(ARLKGELKDAFD1);

(i) a CDRH1 comprising SEQ ID NO: 23 (GTFSSYAIS), a CORH2 comprising
SEQ ID NG: 26 (GRUPLFGTAHYA), and a CDRH3 comprising SEQ 1D NO: 8
{ARLKGELKDAFDI); a CDRL1 comprising SEQ 1D NO: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NO: 5 (AASSLQS); and a CDRL3 comprising SEQ
IDNG: 10 (QQSYSTPLT),

(kk}y a CDRHI comprising SEQ 1D NO: 23 (GTESSYAIS), a CDRH2 comprising
SEQ ID NO: 27 (GRINPILGTANYA}, and a CDRH3 comprising SEQ IID NG: 28
(ARLKGELKDAFSI),
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(y  a CDRHI! comprising SEQ ID NG 23 (GTFSSYAIS), a CDRH2 comprising
SEQID NO: 27 (GRINPILGTANY A}, and a CDRH3 comprising SEQ 1D NO: 28
(ARLKGELKDAFST); a CDRL1 comprising SEQ 1D NG: 9 (RASQSISSYLN); a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS): and a CDRL3 comprising SEQ
IDNO: 10 (RQSYSTPLT),

(mm) a CDRHI comprnsing SEQ ID NO: 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NG: 11 {GGUPVFGTATYA), and a CDRH3 comprising SEQ D NO: 30
{ARLKGELECAFDI);

(an}  a CDRHI comprising SEQ ID NG 23 (GTFSSYAIS), a CDRH2 comprising
SEQ ID NO: 11 (GGIIPVFGTATYA), and a comprising SEQ 1D NG: 30
{(ARLKGELKCAFDI); a CDRLI comprising SEQ ID NG: 9 (RASQSISSYLN): a
CDRL2 comprising SEQ ID NG: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 {QQSYSTPLT):

(o0) a CDRHI comprsing SEQ ID NO: 36 (GPFRSHAVS), a CDRH2 comprising
SEQID NG: 11 {GGUPVFGTATYA), and a CDRH3 comprising SEQ [D NO: 37
{ARLKSELKDAFDI); or

(pp} a CDRHI comprising SEQ ID NO: 36 (GPFRSHAVS), a CBRH2 comprising
SEQID NO: 11 (GGIIPVFGTATYA), and a CDRH3 comprising SEQ 1D NGO: 37
{ARLKSELKDAFDI), a CDRL1 comprising SEQ ID NG: ¢ (RASQSISSYLN) a
CDRLZ comprising SEQ 1D NO: 5 (AASSLQS): and a CDRL3 comprising SEQ
D NO: 10 (QOSYSTPLT).

In some such embodiments, the second unit of antigen-binding binds PD-L1 and
comprises a heavy chain variable region comprising an amino acid sequence that is at feast
90% tdentical to any one of SEQ 1D NOs: 35, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,50, 51,
52, 53, 54, 55, 56, 57, or 58, and a light chain variable region comprising an amino acid
sequence that s at least 90% identical to any one of SEQ ID NQs: 59, 60, 61, 62, or 63.

In some embodiments, the second unit of antigen-binding binds PD-L1 and comprises
a heavy chain variable region comprising:

{a) an amuno acid sequence that 1s at least 90% identical to SEQ ID NO: 335;

(b} an amino acid sequence that 1s at least 90% identical to SEQ ID NO: 40;

{c} an amino acid sequence that is at least 90% identical to SEQ 1D NG: 41,

{d) an amino acid sequence that is at least 90% identical to SEQ 1D NG: 42;

(¢} an amno acid sequence that is at least 90% identical to SEQ TD NO: 43;

() an amino acid sequence that is at least 90% identical to SEQ ID NG: 44;
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(g} an amino acid sequence that 1s at least 90% identical to SEQ ID NOG: 43;
{h} an amino acid sequence that is at least 90% identical to SEQ 1D NO: 46;
(i) an amino acid sequence that is at least 90% identical to SEQ ID NG: 47;
(1) an amino acid sequence that is at least 90% 1dentical to SEQ ID NG: 438,
5 (k} an amino acid sequence that is at least 90% identical to SEQ ID NO: 49;
() an amino acid sequence that is at least 90% identical to SEQ D NG: 50;
(m) an amino acid sequence that is at least 90% identical to SEQ ID NO: 51;
2,

3.

B

L

{n} an amino acid sequence that 1s at least 90% identical to SEQ 1D NG:

W

{0} an amino acid sequence that is at least 90% identical to SEQ 1D NO:
10 {p} an amino acid sequence that s at least 90% identical to SEQ 1D NO: 54;

{g) an amino acid sequence that is at least 90% 1dentical to SEQ ID NG: 55;

(r} an amino acid sequence that is at least 90% identical to SEQ ID NQO: 56;

(s} an amino acid sequence that is at least 90% identical to SEQ ID NG: 57; or

(t) an ammno acid sequence that is at least 90% identical to SEQ ID NO: 58;

15 In some embodiments, the second unit of antigen-binding binds PD-L1 and comprises
a light chain vartable region comprising:

{a} an amino acid sequence that is at least 90% identical to SEQ ID NO: 59;

(b} an amino acid scquence that is at feast 90% identical to SEQ 1D NO: 60;

(¢} an amino acid sequence that is at least 90% identical to SEQ ID NG: 61;

20 (d) an amino acid sequence that is at least 90% identical to SEQ 1D NO: 62; or

{c) an amino acid sequence that is at least 90% identical to SEQ 1D NO: 63,

In some emboduments, the disclosure provides for a multispecific antigen-binding
constract comprising any of the PD-1 antagonists disclosed herein and any of the antagonists
of a PD-1 ligand, such as PD-L1, disclosed herein. For example, Bispecific 3isa

25 multispecific, tetravalent antigen-binding construct that specifically binds human PD-1 and
human PD-L1. The construct comprises an anti-PD-1 IgG1 antibody {(mAb28) in which the
heavy chain of the antibody is a fusion protein further comprising at its C-terminus the heavy
chain variable region of an anti-PD-L1 antibody (mAb1), which is connected to the Fc region
of the anti-BCMA antibody by way of a poly-GGGS (SEQ 1D NG: 120) hinker. The hight

30 chains for the anti-PD-1 portion and the anti-PD-L1 portions of the construct are identical
{(SEQ 1D NG: 101). Bispecific 3, the structure for which is represented by the illustration in
FIG. 13A, comprises the heavy chain sequence recited in SEQ 1D NO: 100 and the light
chain sequence recited 1n SEQ ID NGO 101
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In some embodiments, the disclosure provides for a multispecific antibody or antigen-
binding portion thereof that specifically binds PD-1 and PD-L1, wherein the antibody or
antigen-binding portion thercof comprises a heavy chain region comprising an amino acid
sequence that 1s at least 85%, {e.g., at least 83%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical) to SEQ ID NO: 100 or 102 and a light chain region comprising an amino acid
sequence that 1s at least 85%, (e.g., at feast 83%, at least 90%, at least 91%, at least 92%, a
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical} to SEQ ID NG: 101 or 103.

{n some embodiments, the disclosure provides for a multispecific antibody or antigen-
bindmng portion thereof that specifically binds PD-1 and PD-L 1, wherem the antibody or
antigen-binding portion thercof comprises a heavy chain region comprising an amino acid
sequence that is at least 85%, {e.g., at least 83%, at least 90%, at least 91%, at least 92%, at
fcast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at lcast 98%, or at least 99%
identical) to SEQ ID NO: 100, and a hight chain region comprising an amino acid sequence
that is at least 85%, {e.g., at lcast 859%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at keast 96%, at least 97%, at least 989, or at least 99% identical)
to SEQ 1D NO: 101, In some embodiments, the heavy chain region comprises an amino acid
sequence that differs by 15 amino acids or fess, 14 amimg acids or less, 13 amino acids or

ess, 12 amino acids or less, 11 amino acids or less, 10 amino acids or less, 9 amino acids or
ess, § anuno acids or less, 7 amuno acids or less, 6 amino acids or less, 5 amino acids or less,
4 amino acids or less, 3 amino acids or less, 2 amino acids or less, or 1 amino acid from SEQ
ID NO: 100, In some embodiments, the light chain region comprises an amino acid sequence
that differs by 15 amino acids or less, 14 amino acids or less, 13 amino acids or less, 12
amino acids or less, 11 amino acids or less, 10 amino acids or less, 9 amino acuds or less, &
amino acids or less, 7 amino acids or fess, 6 aming acids or less, § amino acids or less, 4
amino acids or less, 3 amino acids or less, 2 amine acids or less, or 1 amino acid from SEQ
D NG: 101

In some embodiments, the disclosure provides for a multispecific antibody or antigen
binding portion thereof that specifically binds PB-1 and PD-L1, wherein the antibody or
antigen-binding portion thereof comprises a heavy chain region comprising an amino acid
sequence that is at least 85%, {(e.g., at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
dentical) to SEG 1D NG: 102, and a light chain region comprising an amino acid sequence
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that 13 at least 85%, (e.g., at least 85%, at least 90%, at least 91%, at least 92%, at least 939%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
to SEQ ID NG 103, In some embodiments, the heavy chain region comprises an amino actd
sequence that differs by 15 amino acids or less, 14 amino acids or less, 13 anmino acids or

5 less, 12 amine acids or less, 11 amino acids or less, 10 amino acids or fess, ¢ amino acids or

less, 8 amino acids or less, 7 amino acids or less, 6 amino acids or less, 5 amino acids or less,
4 amino acids or less, 3 amino acids or less, 2 anuno acids or less, or 1 amino acid from SEQ
ID NG: 102, Tn some embodiments, the light chain region comprises an amino acid sequence
that differs by 15 amino acids or less, 14 amino acids or less, 13 amino acids or less, 12

10 amino acids orless, 11 amino acids or less, 10 amino acids or less, 9 amino acids or less, 8
amno acids or less, 7 aming acids or less, 6 amino acids or less, § amino acids or less, 4
amino acids or fess, 3 amino acids or less, 2 aming acids or less, or 1 aming actd from SEQ
1D NG: 103,

Also provided herein, in some aspects and embodiments, is a multispecific antigen-

15 binding construct comprising four units of antigen-binding, wherein two units of antigen-
binding bind PD-1 and two units of antigen-binding bind PB-L1, and wherein the constract
comprises a heavy chain amino acid sequence that is at least 85%. identical to the amino acid
sequence of SEQ 1D NO: 100 or 102, and a light chain amino acid sequence that is at least
85%, identical to the amino acid sequence of SEQ ID NO: 101 or 103.

20 Also provided herein, in some aspects and embodiments, is a multispecific antigen-
binding construct comprising four units of antigen-binding, whercin two units of antigen-
binding bind PD-1 and two units of antigen-binding bind PD-L1, and wherein the construct
comprises a heavy chain amino acid sequence that 1s at least 83%, identical to the amino acid
sequence of SEQ 1D NG: 100 and a light chain amino acid sequence that is at least 85%,

25 dentical to the anuno acid sequence of SEQ 1D NG: 101,

Also provided herein, in some aspects and embodiments, is a moltispecific antigen-
binding construct comprising four units of antigen-binding, whercin two units of antigen-
binding bind PD-1 and two units of antigen-binding bind PD-L1. and wherein the construct

comprises a heavy chamn amino acid sequence that is at least 835%, 1dentical to the amino acid

L3

sequence of SEQ 1D NG: 102 and a light chain amino acid sequence that 1s at least 85%,

ideantical to the amino acid sequence of SEQ D NG: 103,

Table 8. Multispecific Heavy Chain Sequences
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Table 9. Multispecific Light Chain Sequences
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The term "multispecific antigen-binding construect”, as used herein refers to bispecific,

tri- specific, or multispecific antigen-binding constructs, and antigen-binding portions or

fragraents thereof. A multispecific antigen-binding construct can be a single multifunctional

polypeptide, or it can be a multimeric complex of two or more molecules {(e.g., polypeptides

and/or aptamers) that are covalently or non-covalently associated with one another. The term

"multispecific antigen-binding constructs” includes antibodies {or antigen-binding fragments
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thercof) that may be linked {o or co-expressed with another fimctional molecule, e.g., another
peptide, protein, and/or aptamer. For example, an antibody or fragment thereof can be
functionally linked {e.g.. by chemical coupling, genetic fusion, non-covalent association or
otherwise) to one or more other molecular entities, such as a protein or fragment thereof to

5 prodace a bispecific or a multispecific antigen-binding molecule with a second binding

specificity. As used herein, the term "multispecific antigen-binding constructs” also includes
bispecific, trispecific or multispecific antibodics or antigen-binding fragments thereof. In
certain embodiments, an antibody is functionally linked to another antibody or antigen-
binding fragment thereof to produce a bispecific antibody with a second binding specificity.

10 Bispecific and multispecific antibodics of the present invention are described elsewhere
herein.

As used herein, an antigen-binding “arm” refers to a unit, domain, region, or the like,
of the multispecific antigen-binding construct that forms an area of the construct that binds to
an antigen. Thus, a “first arm™ formos a separate binding area of the multispecific antigen-

15 binding construct from a “second arm” of the construct, cach arm forming a unit of antigen
bindmg. Generally, one “arm” (first arm) is distinct from the other “arm” {second arm} i its
antigen binding or antigen specificity. Thus, in the example of a bispecific, bivalent
antibody, one arm of the antibody binds to antigen A, while the other arm of the antibody
binds to antigen B. In some embodiments, in the example of a bispecific, bivalent antibody,

20 onc arm of the antibody binds to antigen A, while the other amm of the antibody binds to
antigen B or C {cross-reacts with two antigens such as PD-L1 and PD-L2 duc 10, e.2.,
simiarity n structure). See, e g, US Patent 9,845,356, Similarly, in the example of a
tetravalent bispecific antibody (formed, e.g., by joining two different antibodies), one “arm”
refers to the arca of the antibody that binds to antigen A (even if two binding sites — of a

25 bivalent antibody — bind to antigen A} and the “other arm” refers to the area of the antibody
that binds to antigen B {even if two binding sites — of a bivalent antibody — bind to antigen
B). In some embodiments, in the example of a tetravalent bispecific antibody (formed, e.g.,
by joining two different antibodics), one “arm” refers to the area of the antibody that binds to
antigen A {(even if two binding sites — of a bivalent antibody — bind 1o antigen A) and the

30 “other arm” refers to the area of the antibody that binds to antigen B or C {even if two
binding sites — of a bivalent antibody — can bind to antigen B or £}, See, e.g., US Patent
0845356, As would be apparent to those of skilf in the art, “first” or “sccond” can be used

mierchangeably.
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The term “valency,” when used to describe an antigen-binding construct or protein or
antigen-binding arm, refers to the number of recognition (binding) sttes in the antigen-
binding construct or protein, regardless of whether those different recognition or binding sites
bind to the same epitope. Each recognition site specifically recognizes, and is therefore

5 capable of binding, one epitope (binding site} on an antigen. When an antigen-binding
protein comprises more than one recognition site {e.g., when an antigen-binding protein is an
IeG, which has two recognition sites in its variable regions), cach recognition site can
specifically recognize the same epitope on the same antigen, or different epttopes, whether on
the same or different antigens. Multivalency can increase the avidity, /.e., the strength of

10 binding between an antigen-binding arm or construct and the pertinent antigen or target

receptor. Avidity is refated to both the affinity between an epitope or antigenic deternunant
and its binding site on the antigen-binding unit, and the actual number of pertinent binding
sites present on the antigen-binding unit.

In some embodiments, any of the multispecific antigen-binding constructs disclosed

15 herein comprises a multivalent {e.g., bivalent) antibody or antigen-binding fragment, wherein

at feast two of the valencies specifically bind PD-1. In some embodiments, any of the
multispecific antigen-binding constructs disclosed herein comprises a multivalent {e.g.,
bivalent) antibodv or antigen-binding fragment, whercin at least two of the valencies
specifically bind a PD-1 ligand {e.g., PD-L1 or PD-L2}. In some embodiments, any of the

20 multispecific antigen-binding constructs disclosed herein comprises a multivalent {e.g.,

bivalent) antibody or antigen-binding fragment, wherein at least two of the valencies
specifically bind PD-L1. In some embodiments, any of the multispecific antigen-bmding
constructs disclosed herein comprises a first multivalent {e.g., bivalent) antibody or antigen-
binding fragment and a second multivalent (e.g., bivalent} antibody or antigen-binding

25 fragment, wherein at least two of the valencies of the first multivalent antibody or antigen-

binding fragment specifically bind PD-1, and wherein at least two of the valencies of the
second multivalent antibody or antigen-binding fragment specifically bind PD-L1. In some
embodiments, any of the multispecific antigen-binding constructs disclosed hercin is a

tetravalent construct, wherein the tetravalent construct comprises a first bivalent antibody or

3
P

antigen-binding fragment and a second bivalent antibody or antigen-binding fragment,
wherein both valencies of the first bivalent antibody or antigen-binding fragment are specific
for the same epitope on PD-1, and whercin both valencies of the second bivalent antibody or
antigen-binding fragment are specific for the same epitope on PD-L1. In some embodiments
of such tetravalent constructs, the first and second bivalent antibody or antigen-binding
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fragment or portion thereof use a light chain having the same amino acid sequence. In other
words, the tetravalent construct comprises a common light chaim. For example, a light chain
baving the sequence of SEQ 1D NQ: 101 or SEQ ID NO: 103,

In some embodiments, the first arm 1s an antagonist of PD-1. In some embodiments,
the second amn is an antagonist of a PD-1 ligand — e.g, PD-L1 and/or PD-L2. In some
embodiments, the first arm is an antagonist of PD-1, and the second arm is an antagonist of
cognate PD-1 ligand — e.g., PD-L1 and/or PD-L2.

The terms “antagonist, "antagonize,” and “inhibit” when used to refer to the biological

activity of the antigen-binding arm indicate that the antigen-binding arm binds its target {e.g.,
PD-1) on the respective cell and partially or fully blocks, inbibits, and/or reduces the
biological response through PD-1. In some embodiments, inhibition in the presence of the
antagonist 1s observed in a dose-dependent manner. In some embodiments, the measured
signal {e.g., biological activity) is at least about 5%, at least about 10%, at least about 15%, at
least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about 55%, 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 959, or at least about 100% lower than the signal measured
with a negative control under comparable conditions. Also disclosed herein, are methods of
dentifying antagonists suitable for use m the methods of the disclosare. For example, these
methods include, but are not limited to, binding assays such as enzyme-linked immuno-
absorbent assay (ELISA), FORTE BIO© systems, and radicinvnunoassay (RIA). These
assays determine the ability of an antagonist to bind the polypeptide of interest {e.g., PD-1 or
its ligand) and therefore indicate the ability of the antagonist to inhibit, neutralize or block the
activity of the polypeptide of interest. Efficacy of an antagonist can also be determined using
functional assavs, such as the ability of an antagonist to ihibit the function of the
polypeptide. For example, a functional assay may comprise contacting a polypeptide with a
candidate antagonist molecule and measuring a detectable change 1n one or more biological
activities normally associated with the polypeptide. The potency of an antagonist is usually
defined by its 1Cso value (concentration required to inhibit 50% of the agonist response). The
lower the ICso value the greater the potency of the antagonist and the lower the concentration
that s required to inhibit the maximum biological response.

in some embodiments, at least one antigen-binding arm has a Kp of at least 1 x 107

M, at least 1 x 10°° M, atleast | x 1079 M, atleast 1 x 107" M, atleast | x 1071 M, at least 1 x
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102 M, or at least T x 10°P M. In some embodiments, both antigen-binding arms have the
same or similar Ko, The term “Ko” (M), as used herein, refers to the dissociation equilibrium
constant of a particular antigen-binding arnvantigen interaction. Kp = kaka. The term “ka”
{sec™), as used herein, refers to the dissociation rate constant of a particular antigen-binding

5 arm/antigen interaction. This value is also referred fo as the kogr value. The term “ka”

{(Mxsec™), as used herein, refers to the association rate constant of a particular antigen-
binding armv/antigen mteraction. This value is also referred to as the kea value.

In some embodiments, the binding of one arm {e. 2., the first arm} of the multispecific
antigen-binding construct to its target does not block the binding of the other arm (e.g., the

10 second arm) to its target. In some embodunents, the binding of one arm does not sterically
hinder the second arm from binding its target. For example, upon the binding of a first arm to
PD-1, the second arm is free to bind a ligand of PD-1 {e.g., PD-L1 and/or PD-L2). Thas, in
some embodiments, the first arm and second arm bind to their respective targets and both
arms remain bound concurrently.

15 In some embodiments, binding of the first arm and the second arm to their respective
targets bridges the immune cell and the second cell together, bringing the two cells in
closeproximity. Asused herein, “bridge” refers to the joining of two cell types {e.g., one
immune cell that expresses PD-1, and a sccond cell that expresses its ligand — PD-L1), or
bringing of the two cells together in close proxinuty; the two cells need not be in physical

20 contact. Thus, the multispecific antigen-binding construct acts as a connecter (€. £., a bridge}
to the two cells, cach one expressing PD-1 or either of its ligands.

Methods for determining whether two cells are bridged or connected together by a
constract of the present invention are known in the art. For example, in some embodiments,
the bridging of the tmmune cell and the second cell is determined by, e.g., flow cytometry,

25 FRET, immunoprecipitation, mucroscopy, or fluorescence plate reader.

In some embodiments, binding of the first arm and the second arm of a multispecific
construct to their respective targets results in down-regulation and/or shedding of the
ectodomain and/or degradation of a target, e g, PD-1. As used herein, “down-regulation”

refers to the process by which a cell decreases the quantity of a cellular component, such as

L3

RNA or protein. In the case of cell-surface protein receptors, down-regulation can occur

through intemalization of the receptor as a consequence of binding to a ligand or any of the

constructs described herein. Shedding or ectodomain shedding refers to a process by which

cell surface proteins are proteolytically cleaved resulting in the release of their ectodomains

1o the extracelinlar milien. Non-limiting examples of sheddases that regulate ectodomain
88
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shedding inchide members of the disintigrin and metalioproteinase (ADAM) fanily, such as
ADAMS, ADAMS, ADAM 10, ADAMI2, ADAMIS, ADAM 17 and ADAM 28, and
matrix metalloproteinases (MMPs), such as MMPZ, MMP3, MMP7, MMP9, and MMP14. It
1s believed that the distance from the plasma membrane and structure of the cleavage site

5 region are more important than the specific sequence in ectodomain shedding. Protein

degradation or proteolysis refers to a set of processes that result in the hydrolysis of one or

more of the peptide bonds in a protein, cither through catalvsis by proteolvtic enzymes called
proteases, or nonenzymatically, for example at very low or very high pH. Tn eukarvotic cells,
two major pathways—the ubiguitin-proteasome pathway and lysosomal protectysis—mediate

10 protein degradation. Methods for determining whether a target receptor s down-regulated
and/or shedded and/or degraded by a multispecific construct disclosed herein are known 1n
the art, and are described in the Examples, see, for example, Figares 12A-12C; e g, flow
cytometry, Western blotting, tmmunoprecipitation, microscopy, or flusrescence plate reader.

As described hercin, the constructs of the present invention can bridge an immune cell

15 that expresses PD-1, and a second cell that expresses its higand, such as a second mmmune
cell, and/or a cancer or tumor cell. As those of skill in the art would recognize, the type of
immune cell depends on the context of the discase to be treated; the particular type of
immune cell can be readily determined depending on the disorder under consideration. In
some embodiments, the immune cell is a T cell, ez, regulatory T cells {ak .a. suppressor T

20 cells), including CD8+ T cells and CD4+ T celis, and subtypes, such as CD47 FOXP3™ Treg
cells, CD4'FOXP3 Treg cells, Tri cells, Th3 cells, and Treel7 cells. In some embodiments,
the vmmune cell is a natural killer (NK) cell. In some embodiments, the immune cell isa B
cell. In some embodiments, the immune cell is a macrophage.

Similarly, the type of second cell depends on the disorder under consideration. In

25 some embodiments, the second cell (the cell that expresses a PD-1 ligand) is a second
wmmane cell, e g, a regolatory immane cell. In some embodiments, the regulatory immivne
cell is any one or mare of a regulatory T cell, a B cell, a macrophage, a myeloid-derived
suppressor ¢ell, a dendritic cell, or a mesenchymal stromal cell.  In some embodiments, the
regulatory immune cell is a regulatory T cell, e.g., CD&+ T eell or CD4+ T cell.

30 In some embodiments, the second cell 18 a tumor cell. As used herein, “tumor cell” is
sometimes used interchangeably with “cancer cell”, but also encompasses non-malignant
{non-cancerous) cclls exhibiting increased proliferation as compared to a normial cell. In
some embodiments, the tumor cell is a cancer that can be treated by blocking the mnteraction
between PD-1 expressed by an immune cell and its ligand {e. g, PD-L1 or PD-L2) expressed
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on a second cell, while bridging the mmmune cell and the tumor cell. In some embodiments,
the tamor cell is selected from the group consisting of a hematological cancer, a lvmphoma, a
myeloma, a leukemia, a neurclogical cancer, melanoma, breast cancer, a prostate cancer, &
colorectal cancer, lung cancer, head and neck cancer, a gastrointestinal cancer, liver cancer,

5 pancreatic cancer, a genitourinary cancet, a bone cancer, renal cancer, and a vascular cancer.
In some embodiments, the tumor cell is selected from the group consisting of Kaposi's
sarcoma, leukenia, acute lymphocytic lenkemia, acute myelocytic loukemia, mycloblasts
promyvelocyie myelomonocytic monocytic erythroleukenua, chronic leukemia, chronic
myeloeytic {granulocytic) leukenua, chronic lvmphocytic leakemia, mantle cell lvmphoma,

10 primary contral nervous system lvmphoma, Burkitt’s lvophoma and marginal zone B cell
tymphoma, Polveythemia vera Lyvmphoma, Hodgkin's disease, non-Hodgkin' s disease,
multiple myeloma, Waldenstrom's macroglobulinemia, heavy chain disease, solid tumors,
sarcomas, and carcinomas, fibrosarcoma, myxosarcoma, Hposarcoma, chrondrosarcoma,
ostcogenic sarcoma, osteosarcoma, chordoma, angiosarcoma, endotheliosarcoma,

15 Iymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's
tmor, lelomyosarcoma, thabdomyosarcoma, colon sarcoma, colorectal carcinoma,
pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma,
basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma,
papillary carcinoma, papillary adenccarcinomas, cystadenocarcinoma, medullary carcinoma,

20 bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilm's tumor, cervical cancer, uterine
cancer, testicular tumor, lung carcimoma, small cell lung carcmoma, non-small cell lung
carcinoma, bladder carcinoma, epithelial carcinoma, ghoma, astrocytoma, medulloblastoma,
craniopharyngioma, ependymoma, pincaloma, hemangioblastoma, acoustic neuroma,

25  oligodendroglioma, menangioma, melanoma, neurcblastoma, retinoblastoma, nasopharyngeal
carcinoma, esophageal carcinoma, basal cell carcinoma, biliary tract cancer, bladder cancer,
bone cancer, brain and central nervous system (NS} cancer, cervical cancer,
choriocarcinoma, colorectal cancers, connective tissue cancer, cancer of the digestive system,

endometnal cancer, esophageal cancer, eyve cancer, head and neck cancer, gastric cancer,

L3

mntraepithelial neoplasm, kidney cancer, larynx cancer, liver cancer, lung cancer (small cell,
large celf), melanoma, neurcblastoma; oral cavity cancer {for example lip, tongue, mouth and
pharynx}, ovarian cancer, pancreatic cancer, retinoblastoma, rhabdomyosarcoma, rectal
cancer; cancer of the respiratory system, sarcoma, skin cancer, stomach cancer, testicular
cancer, thyroid cancer, uterine cancer, and cancer of the urinary system.

90



WO 2020/102387 PCT/US2019/061226

As described herein, multispecific antigen-binding constructs of the present invention
mechade bispecific, trispectfic, tetraspecific, or multispecific antibodies (immunoglobuling) or
antigen-binding portions or fragments thercof.

The term “immunoglobulin® refers 1o a class of structurally related proteins generally

5 comprising two pairs of polypeptide chains: one pair of light (L} chains and one pair of heavy

{H) chains. In an “intact immunoglobubin,” all four of these chains are interconnected by
disulfide bonds. The structure of tmnunoglobuling has been well characterized. See, e.g.,
Paul, Fundamental Immmology Tth ed., Ch. 5 (2013) Lippimcott Williams & Wilkins,
Philadelphia, PA. Briefly, cach heavy chaimn typically comprises a heavy chain variable

10 region (Vu) and a heavy chain constant region {Ca). The heavv chain constant region
typically comprises three domains, Cai, Caz, and Caa. Each light chain typically comprises a
light chain vanable region (Vi) and a light chain constant region. The light chain constant
region typically comprises one domain, abbreviated Co. The term “monmoglobudin® (g} 18
somotimes used interchangeably with the term “antibody” herein.

15 The term “antibody” describes a type of immunoglobulin molecule and 1s used herein
in its broadest sense. An antibody specifically includes intact antibodies (e.g., intact
immunoglobuling), and antibody fragments such as antigen-binding fragments of an antibody,
as described herein. Thus, “antibody” can refer to an mtact antibody as well as an antigen-
binding fragment thereof. Antibodies comprisc at least one antigen-binding domain. One

20 example of an antigen-binding domain is an antigen binding domain formed by a Vu-Vi
dimer. Antibodies can be described by the antigen to which they specifically bind. For
example, a PD-1 antibody, alternatively referred to as an anti-PD-1 antibody, 1s an antibody
that specifically binds to the inhibitory receptor PD-1.

The Vuw and Vo regions can be further subdivided into regions of hypervarability

25 {(“hypervariable regions (HVRs),” also called “complementarity determining regions”
(CPRs)) interspersed with regions that are more conserved. The more conserved regions are
called framework regions (FRs}). Each Vu and Vi generally comprises three CDRs and four
FRs. arranged n the following order (from N-terminus to Cterminus): FRI - CDR1 - FR2 -
CDR2 - FR3 - CDR3 -~ FR4. The CDRs are mnvolved in antigen binding, and coufer antigen

30 specificity and binding atfinity to the antibody. See Kabat et al., Sequences of Proteins of
Immunological Interest 5th ed. (1991) Public Health Service, National Institutes of Health,

Bethesda, MD, incorporated by reference in ifs entirety.

kappa and lambda, based on the sequence of the constant domain.
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The heavy chain from vertebrate species can be assigned to one of five different
classes {or isotypes): IgA, IgD, IgE. 1pG, and IgM. These classes are also designated o, 6, ¢,
v, and g, respectively. The IeG and IgA classes are further divided mto subelasses on the
basis of differences in sequence and function. Humans express the following subclasses:

5 10l IgG2, 1g(3, 1G4, IgAl, and IgA2.

Methods of generating and screening for an antibody against a desired target is well-
known in the art. Methods of further modifying antibodies for enhanced properties {e.g.,
enhanced affinity, chimerization, humanization} as well as generating antigen-binding
fragments, as described herein, are also well-known in the art.

10 The term “chimeric antibody” refers to an antibody in which a component of the
heavy and/or light chain is derived from a particular source or species, while the remainder of
the heavy and/or hght chain is derived from a different source or species.

“Humanized” forms of non-human antibodies are chimeric antibodies that contain
minimal sequence derived from the non-human antibody. A humanized antibody is generally

15 ahuman immunoglobulin (vecipient antibody) in which residues from one or more CDRs are
replaced by residues from one or more CDRs of a non-human antibody (donor antibody}.

The donor antibody can be any suitable non-human antibody, such as a mouse, rat, rabbit,
chicken, or non-human primate antibody having a desired specificity, affinity, or biological
effect. In some instances, selected framework region residues of the recipient antibody are

26 replaced by the corresponding framework region residues from the donor antibody.
Humanized antibodics can also comprise residues that are not found in either the recipient
antibody or the donor antibody. Such modifications can be made to further refine antibody
function. For further details, see Jones et al., (19863 Naiure, 321:522-325; Riechmansn et al |
{1988) Nature, 332:323-329; and Presta, (1992) Curr. Op. Struct. Biol., 2:593-596, cach of

25 which is incorporated by reference in its entirety.

A “human antibody™ 1s one which possesses an amino acid sequence corresponding o
that of an antibody produced by a luman or a human cell, or denived from a non-human
source that utilizes a human antibody repertoire or human antibody-cnceding sequences {e.g.,
obtained from human sources or designed de nove). Human antibodies specifically exclude

humamzed antibodies.

3
P

In some embodiments, an antibody molecule comprises a diabody, and a single-chain
molecule, as well as an antigen-binding fragment of an antibody (e.g.. Fab, F(ab')z, and Fv}.
For example, an antibody molecule can include a heavy (H) chain variable domain sequence
{abbreviated herein as VH), and a light (L} chain variable domain sequence (abbreviated
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herein as VL}. In some embodiments, an antibody molecule comprises or consists of a heavy
chain and a light chain {referred to as a half antibody). In another example, an antibody
molecule includes two heavy (H) chain variable domain sequences and two light (L) chain
variable domain sequence, thereby forming two antigen binding sites, such as Fab, Fab',
Flaby, Fe, Fd, Fd', Fv, single chain antibodies (scFv, for example), single variable domain
antibodies, diabodies {(Dab) (bivalent and bispecific), and chimeric (e.g., humanized)
antibodics, which may be produced by the modification of whole antibodies or those
synthesized de novo using recombinant DNA technologies. These functional antibody
fragments retain the ability to selectively bind with their respective antigen. Antibodies and
anttbody fragments can be from any class of antibodies including, but not linuted to, IgG,
IgA, TgM, IgD, and IgE, and from any subclass (e.g., IgAl, TgA2 IgG1, IgG2, 1963, and
1g(G4) of antibodies. The preparation of antibody molecules can be monoclonal or polyclonal.
An antibody molecule can also be a human, humanized, COR-grafted, or in vifro generated
antibody. The antibody can have a heavy chain constant region chosen from, e.g., IeG1l,
1gG2, 1gG3, or IgG4. The antibody can also have a light chain chosen from, 2.2, kappa or
lambda. In some embodiments, the antibody comprises an IgG1 heavy cham constant region
having an amino acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
07%., 98%, 99%, or 100% identical to SEQ D NO: 64
{(ASTKGPSVFPLAPSSKSTSGOGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPENTKVDKKVEPKSCDKTHTCPPCPAP
ELLGGPSVFLFPPRKPKDTLMISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWILNGRKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTIPPVLDSD
GSFFLY SKLTVDKSRWQQGNVFSCSYVMHEALHNHY TQKSLSLSPGK). In some
cmbodiments, the antibody comprises an IgG4 heavy chain constant region having an amino
acid sequence that is at least 85%, 90%, 91%, 929%, 93%, 94%, 93%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 68
(ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLOGTKTYTONVDHEPSNTKVDKRVESKYGPPCPSCPAPEFL
GOPSVELFPPKPKDTLMISRTPEVTUVVVDVSQEDPEVOFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQV
YTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFF
LYSRLTVDESRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK). In some
embodiments, the antibody comprises an 1gG4 heavy chain constant region having an amino
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acid sequence that is at least 85%, 90%, 91%, 92%, 93%, 949%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to SEQ ID NO: 69
{(ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSEWNSGALTSGVHTFPAVL
QSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEFL
GGPSVFLFPPRPKDTLMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEVHNAKTKYP
REEQFNSTYRVVSVLTVLHQDWELNGKEYKCKVSNKGLPSSIEKTISKAKGOQPREPGY
YTLPPSQEEMTRNQVSLTCLVEKGFYPSDIAVEWESNGOQPENNY K TTPPVLDSDGSFF
LYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQRSLSLSLG)

Antigen-binding portions or fragments of an antibody molecule are well known in the
art, and include, for example: (i) a Fab fragment, a monovalent fragment consisting of the
VL, VH, CL and CHI domains; (i1) a F{ab")2 fragment, a bivalent fragment comprising two
Fab fragments linked by a disulfide bridge at the hinge region; (1it) a Fd fragment consisting
of the VH and CH! domains; {iv} a Fv fragment consisting of the VL and VH domains of a
single arm of an anttbody, (v} a diabody (dAb} fragment, which consists of a VH domain; (vi)
a camehid or camelized vanable domain; (vit) a single chain Fv (scFv), see ez, Bird et al.
{1988) Science 242:423-426, and Huston et al. {1988} Proc. Nafl. Acad Sci. USA 85:5879-
5883} (viii} a single domain antibody. These antibody fragments are obtained using
conventional techniques known to those skilled in the art, and the fragraents are screened for
utility in the same manner as are intact antibodies.

Antibody molecules can also be single domain antibodies. Single domain antibodies
can include antibodies whose complementary determining regions are part of a single domamn
polypeptide. Examples mclude, but are not limited to, heavy chain antibodies, antibodies
natarally devotd of hight chains, single domain antibodies derived from conventional 4-chain
antibodies, engincered antibodies and single domain scaffolds other than those derived from
antthodies. Single domain antibodies may be any of the art, or any future single domain
antibodies. Single domain antibodies may be derived from any species including, but not
limited to mouse, human, camel, Hama, fish, shark, goat, rabbit, and bovine. According to
another aspect of the ivention, a single domain antibody is a naturally-occurring single-
domain antibody known as heavy chain antibody devoid of light chains. Such single domain
antibodies are disclosed in WO 8404678, for example. For clarity reasons, this vanable
domain derived from a heavy chain antibody paturally devoid of light chain is known herein
as a VHH or nanobody to distinguish it from the conventional VH of four chain
mmunoglobuling. Such a VHH molecule can be derived from antibodies raised m Camelidae
species, for example in camel, llama, dromedary, alpaca and guanaco. Other species besides
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Camelidae may produce heavy chain antibodies natorally devoid of light chain; such VHHs
are within the scope of the invention.

in some emabodiments, the nwltispecific antigen-binding construct comprises a
bispecific antibody. A bispecific antibody has specificity for no more than two antigens, but
can have more than two binding sites, as described herein. A bispecific antibody molecule is
characterized by a first immumnoglobulin variable domain sequence which has binding
specificity for a first antigen {e.g., PD-1) and a sccond immunoglobulin variable domain
sequence that has binding specificity for a second antigen {e.g., a PD-1 ligand such as PD-L1
higand). In some embodiments a bispecific antibody molecule comprises a scFv, or fragment
thercof, have binding specificity for a first antigen and a scFv, or fragment thereof, have
binding specificity for a second antigen. See, e.g., Kontermann & Brinkmann, (2015), Drug
Dhscovery Today, 20(7):838-47, incorporated by reference in its entirety.

Various formats and methods are known in the art that can be used to generate the
multivalent and/or multispecific constructs described herein, such as multivalent and/or
mulfispecific antibody formats of both asvmmetric and symunetric architectures, Non-limiting
examples of such formats include (i) Fe-less bispecific antibody formats, such as tandem
single-chain variable fragments (scFv2, taFv) and triplebodies, including bi-specific T cell
engager (BiTE) and bispecific killer cell engagers (BiKE) molecules; bispecific single-
domain antibody fusion proteins comprising single-domain antibodies, such as VH or VL
domains, VHH, VNAR and Nanobodies; diabodies and diabody derivatives, including
tandem diabody and dual-affinity retargeting (DART) proteins; Fab fusion proteins: and other
Fe-less fusion proteins, through the use of heterodimerizing peptides or mimantibodies from
various protems, e.g., leucine zippers with a coiled coil structure; (it) bispecific IgGs with
asymmetric architectire, such as asymmetric 1g(Gs with heavy and light chains from two
different antibodies; bispecific IgGs with an asymumetric Fe region using knobs-into-holes
approaches, electrostatic mteractions (sicering) to avoid homodimerization of CH3 domains,
preferential heavy chain heterodimerization by mtroducing charge pairs into the hinge region
of 1sG 1 and 1gGZ, strand-cxchange enginecred domain {SEED) heterodimers, and bispecific
engagement by antibodics based on the T cell receptor (BEAT) technologies; asymmetrnic Fe
and CH3 fusion profeins; {111} bispecific antibodies with a symmetric architecture, such as
appended IgGs by fusion of scFvs, fusion of domain antibodies and scaffold proteins, fusion
of Fab arms, and fusion of additional variable heavy and light chain domains; modificd IgG
molecules; symmetric Fe- and CH3-based bispecific antibodies; and bispecific antibodies
using immunoglobulin-derived homodimerization domains. See, for example, “The making
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of bispecific antibodies,” Brinkmann and Kontermann, MABS 2017, Vol. 9:2, pp. 182-212,
the contents of which are herein incorporated by reference in its entirety. See also, the“knob
i a hole” approach described 1n, e g, U.S. Pat. No. 5,731,168, the electrostatic steering Fo
pairing as described m, e.g., WO 09/089004, WO 06/106905 and WO 2010/129304; Strand
5 Exchange Enginecred Domains (SEED) heterodimer formation as deseribed in, e.g., WO
07/110205; Fab arm exchange as described in, e.g., WO 08/119353, WO 2011/131746, and
WO 2013/060867; double antibody conjugate, e. g, by antibody cross-linking to generate a
bi-specific structure using a heterobifunctional reagent having an amine-reactive group and a
sulfhvdryl reactive group as described in, e g, U.S. Pat. No. 4,433,059, bispecific antibody
10 determinants generated by recombining half antibodics (heavv-light chain pairs or Fabs) from
different antibodies through cycle of reduction and oxidation of disulfide bonds between the
two heavy chains, as described in, e.g., U.8. Pat. No. 4,444 878 trifunctional antibodics, e.g.,

three Fab® fragments cross-linked through sutfhdryl reactive groups, as described in, e.g..

U.S. Pat. No. 5,273,743, biosynthetic binding proteins, e.g., pair of scFvs cross-linked

15 throogh C-ternunal tails preferably through disulfide or amine-reactive chemical cross-
linking, as described in, e.g., U.S. Pat. No. 5,534,254, bifunctional antibodies, e.g., Fab
fragments with different binding specificities dimerized through leucine zippers (e.g., c-fos
and c-jun) that have replaced the constant domain, as described 1n, e.g., U5, Pat. No.
5,582,996 bispecific and oligospecific mono- and oligovalent receptors, e.g., VH-CHI

20 regions of two antibodies {two Fab fragments) hinked through a polypeptide spacer between
the CHI region of one antibody and the VH region of the other antibody typically with
assoctated hight chains, as described in, e.g., U5, Pat. No. §5,591,828; bispecific DNA-
antibody conjugates, e.g., crosslinking of antibodies or Fab fragments through a double
stranded piece of DNA, as described i, e.g., U.S. Pat. No. 5,635,602 bispecific fusion

25 proteins, e.g., an expression construct containing two scFvs with a hydrophulic helical peptide
linker between them and a full constant region, as described in, e g, U.S. Pat. No. 5,637,481,
multivalent and multispecific binding proteins, e.g., dimer of polypeptides having first

omain with binding region of Ig heavy chain variable region, and sccond domain with

binding region of Ig light chain vanable region, generally termed diabodies (higher order

30 structures are also encompassed creating for bispecifc, trispecifie, or tetraspecific molecules,
as described in, e.g., U8 Pat. No. 5,837.242; minibody constructs with hinked VL and VH
chains further connected with peptide spacers to an antibody hin

ge region and CH3 region,

which can be dimerized to form bispecific/multivalent molecules, as described m, ez, US.
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Pat. No. 5,837,821; VH and VL domains linked with a short peptide linker {e.g., 5 or 10
amino acids) or no linker at all in either orientation, which can form dimers to form bispecific
diabodics; trimers and tetramers, as described in, e.g, U.S. Pat. No. 5,844,094 String of VH
domains (or VL domains in family members) connected by peptide linkages with
crosslinkable groups at the C-terminus forther associated with VL domaing to form a series of
FVs (or scFvs), as described in, e.g., U.S. Pat. No. 5,864.019; and single chain binding
polypeptides with both a VH and a VL domain linked through a peptide linker are combined
into multivalent structures through non-covalent or chemical crosslinking to form, e.g.,
homobivalent, heterobivalent, trivalent, and tetravalent structures using both seFV or diabody
type format, as described i, e g, U.S. Pat. No. 5,869,620, Additional excraplary
multispecific and bispecific molecules and methods of making the same are found, for
example, in U.S. Pat. No. 5,910,573, U.S. Pat. No. 5,932,448, U.S. Pat. No. 5,959,083, U.S.
Pat. No. 5,986,830, U.S. Pat. No. 6,005,079, US. Pat. No. 6,239,259, U.S. Pat. No.
6,294,353, U.S. Pat. No. 6,333,396, U.S. Pat. No. 6,476,198 U.S. Pat. No. 6,511,663, US.
Pat. No. 6,670,433, U.S. Pat. No. 6,743,896, U.S. Pat. No. 6,809,183, U.S. Pat. No.
6,633,441, U.S. Pat. No. 7,129,330, U.S. Pat. No. 7,183,076, U.S. Pat. No. 7,521,056, U.S.
Pat. No. 7,527,787, U.S. Pat. No. 7,534,866, U.S. Pat. No. 7,612,181, US2002004587A1,
US2002076406A 1, US2002103345A1, US2003207346A1, US200321 1078A1,
US2004219643A1, US2004220388A1, US2004242847A1, US2005003403A1,
US2005004352A1, US2005069552A1, USZ005079170A1, US2005100543A1,
US2005136049A1, US2005136051A1%, US2005163782A1, US2005266425A1,
US2006083747A1, US2006120960A1, US2006204493A1, US2006263367A1,
US2007004909A1, US2007087381A1, US2007128150A1, US2007141049A1,
USZ007154901A1, US2007274985A1, US2008050370A1, USZ2008069820A1,
USZ008132645A1, US2008171855A1, US2008241884A1, US2008254512A1,
US2008260738A1, US2009130106A1, US2009148905A1, US2009155275A1,
US2009162359A1, US2009162360A1, US2009175831A1, US2009175867A1.
US2009232811A1, US2009234105A1, USZ009263392A1, US2009274649A1,
EP346087A2, WOO006605A2, WO02072635A2, WO0408105TAT, WO06020258A2,
WO2007044887A2, WO2007095338A2, WO2007137760A2, WO2008119353A1,
WO2009021754A2, WO2009068630A1, WO9103493A1, W(O9323537A1, WO9409131A1,
WOO0412625A2, WOYS09917A1, WO9637621A2, WO9964460A 1, The contents of the

above-referenced applications are incorporated herein by reference in their entiretics.



WO 2020/102387 PCT/US2019/061226

In some embodiments, the multispecific antigen-binding construct of the present
mvention is a bispecific antibody. Bispecific antibodies according to the present disclosure
can be generated against PD-1 and PD-L1, or against PIX-1 and PD-L2. The antibody arms of
the bispecific antibody can be generated by standard technigues, as disclosed herein. Tn some

5 embodiments, any known antibodies against PI-1 and s ligand can be used to generate a
bispecific antibody according to the present disclosure. For example, such bispecific
constructs have been exemplificd heren {see, for example, Pembrolizumab (PD-1 antibody)
joined with Atezolizumab (PD-L1 antibody} in Figure 3; Nivolumab (PD-1 antibody) jomned
with Atezolizamab (PD-L1 antibody) in Figure 4}, As exemplified herein, multispecific

10 antigen-binding constructs {e.g., bispecific antibodies) described herein can be generated

using known and/or available antibodies in the art.

In some embodiments, the bispecific antibody is bivalent — e.g., one arm is
monovalent for PD-1 while the other arm is monovalent for either PD-L1 or PD-L2, or both ~
e.z., cross-reacts with both ligands). In some embodiments, the bispecific antibody is

15 tetravalent, such as the novel Bispecific 3 and Bispecific 4 antibodies described herein. For

example, as iltustrated in Figure 3, the Pembrolizumab binding arm is bivalent for PD-1, cach
binding the same epitope on PD-1, while the Atezohizumab binding arm is bivalent for PD-
L1, cach binding the same epitope on PD-L1. This can also be scen in, tfor exanple, the
bispecific format in Figure 8 (the exemplary common light chain bispecific illustrated in the

20 loft panel of step 2 of the workflow presented in Figure 8). The exemplary common light

chain bispecific format in Figure 8 (the format illustrated in the night panel of step 2 of the
workflow) represents another example of a tetravalent bispecific format. In contrast to the
tetravalent bispecific format in which the first antigen binding arms are joined to the second
antigen binding arms on opposite ends of the Fe region, here each Fab of the first antigen

25  binding armos is joined to cach Fab of the second antigen binding arm. For example, one a

Fab of the first antigen binding arm is linked to a Fab of the second antigen binding anm
using a linker, where cach antigen binding arm shares a common light chain. See, Figure 8,
the format illustrated m the right panel of step 2 of the worktlow.

In some embodiments, the bispecific antibody is tetravalent, wherein one arm is

3¢ bivalent for PD-1, cach binding two different epitopes on PD-1. In some embodiments, the

bispecific antibody is ietravalent, wherein one arm is bivalent for a ligand of PD-1 (PD-L1

and/or PD-L2), cach binding two different epitopes on a ligand of PD-1. In some

embodiments, the bispecific antibody is tetravalent, wherein one arm 1s bivalent for PD-1,

gach binding two different but overlapping epitopes on PD-1. In some embodiments, the
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bispecific antibody is tetravalent, wherein one arm is bivalent for PD-1 hgand (PD-L1 and/or
PD-L2), each binding two different but overlapping epitopes on the PD-1 ligand (PD-L1
and/or PI3-L2). In somc embodiments, the bispecific antibody is tetravalent, wherein one
arm is bivalent for PD-1 and cach binds the same epitope on PD-1. In some embodiments,
the bispecific antibody is tetravalent, wherein one arm is bivalent for a PD-1 higand (PD-L1
and/or PD-L2), and each binds the same epitope on the PD-1 ligand (PD-L1 and/or PD-L2).
In some cmbodiments, the bispecific antibody is tetravalent, where one arm is bivalent fora
same epitope on PD-1; and the other arm 15 bivalent for a same epitope on a PD-1 ligand
{PD-L1 and/or PD-L2).

in some emabodiments, the bispecific antibody is an antagonist of both PD-1 and PD-
L1, In some embodiments, the bispecific antibody is an antagonist of both PD-1 and PD-L2.
In some embodiments, the bispecific antibody is an antagomst of PD-1 and both ligands
PD/LT and PD-L2 {e.g., cross reacts with both hgands).

In certain embodiments, the first antigen-binding arm and the second antigen-binding
arm are linked by at least one amuno linker amino acid sequence. Optionally, the inker amino
acid sequence compriscs GGGGS(SEQ ID NO: 121}, wherein x is an integer between and
mchiding 1 to 6.

In some embodiments, the nmltispecific antigen-binding construct does not comprise
an immunoglobulin Fe domain.

in some embodiments, the construct comprises an immunoglobulin Fe domain. In
some cmbodiments, the first arm or second arm, or both, of the construct, comprises a heavy
chain comprising one or more immunoglobulin Fe modifications. In some embodiments, the
immunoglobulin Fo domain of the heavy chain comprises one or more amino acid nusations
that, e g.. promote heterodimerization of the first and second arms, promote seram half-life,
and/or modify effector function.  Tn some embodiments, the mutation is present in a CH3
domain of the heavy chain. See, e.g., Xu et al, mAbs 7(1}: 231-42, 2015,

While traditional Fc fusion proteins and antibodies are examples of unguided
interaction paurs, a variety of engineered Fe domains have been designed as asymmetric
interaction pairs (Spiess et al., (2015) Molecular Imnumology 67(2A): 95-106) to promote
heterodimerization, e.g., of a first antigen-binding arm and a second antigen-bind arm.
Vartous methods are known in the art that increase desired pairing of Fe-containing
polypeptide chains in a single cell line to produce a preferred asymmetric fusion protein at
acceptable vields [see, for example, Klemn et al. (2012) mAbs 4:653-663; and Spiess et al.
(2015} Molecular Immunoclogy 67(2PartA}; 95-106. Methods to obtain desired patring of Fe-
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containing polypeptides include, but are not imited to, charge-based pairing {electrostatic
steering), "knobs-into-holes" steric pairmg, SEEDbody pairing, and leucine zipper-based
pairing. See, for example, Ridgway et al. (1996) Protein Eng 9:617-621; Merchant et al.
{1998) Nat Biotech 16:677-681; Davis et al. (20190} Protein Eng Des Sel 23:195-202;
Gunasckaran et al. (2010); 285:19637-19646; Wranik et al. (2012} T Biol Chem 287:43331-
43339; US5932448; WO 1993/011162; WO 2009/089004, and WO 2011/034603.

For example, onc means by which interaction between specific polypeptides may be
promoted is by engineering protuberance-into-cavity (knob-into-holes) complementary
regions such as described in Arathoon et al,, U.S.7,183,076; Carter et al., U.5.5,731,168; and
Kumar et al., WO 2016/164089, incorporated herein by reference in their entiretics.
“Protuberances” are constructed by replacing small amino acid side chains from the mterface
of the first polypeptide (e.g., a first inferaction pair) with larger side chains {e.g., tyrosine or
tryptophan). Complementary “cavities” of identical or similar size to the protuberances are
optionally created on the interface of the second polypeptide {e.g., a second interaction pair)
by replacing large anuno acid side chains with smaller ones {e.g., alanine or threonine).
Where a suitably positioned and dimensioned protuberance or cavity exists at the mterface of
either the first or second polypeptide, it is only necessary to engingcr a corresponding cavity
or protuberance, respectively, at the adjacent interface.

At neutral pH (7.0), aspartic acid and ghetamic acid are negatively charged and lysine,
arginine, and histidine are positively charged. These charged residues can be used to promote
heterodimer formation and at the same time hinder homodimer formation. Attractive
mteractions take place between opposite charges and repulsive interactions occur between
like charges. In part, protein complexes disclosed herein make use of the attractive
mteractions for promoting heteromultimer formation {e.g., heterodimer formation), and
optionally repulsive interactions for hindering homodimer formation {e.g., homodimer
formation) by carrving out sife directed mutagenesis of charged interface residues.

For example, the IgG1 CH3 domain interface comprises four unique charge residue
pairs involved in domain-domain interactions: Asp336-Lys439°, Glu357-Lys370°, Lys392-
Asp399°, and Asp399-Lvs409 [residue numbering in the second chain s indicated by (). Tt
should be noted that the numbering scheme used here to designate residues in the IgGl CH3
domain conforms to the EU numbering scheme of Kabat. Due to the 2-fold symmetry
present in the CH3-CH3 domain interactions, cach unique mitcraction will be represented
twice in the structure {e.g2., Asp-399-Lys409” and Lys409-Asp3997). In the wild-type
sequence, K409-DD399° favors both heterodimer and homodimer formation. A single
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mutation switching the charge polarity (e.g., K409E; positive to negative charge) in the first
chain leads to unfavorable interactions for the formation of the first chain homodimer. The
unfavorable nteractions arise due to the repulsive interactions occurring between the same
charges (negative-negative, K4A09E-D399" and D399-K409E"). A sumilar mutation switching
5 the charge polarity (B399K’; negative to positive) in the second chain leads to unfavorable
interactions (K409°-D399K” and D399K-K409") for the second chain homodimer formation.
But, at the same time, these two mutations (K409E and D399K) lead to favorable
interactions {K409E-D399K” and D399-K409°) for the heterodimer formation. The
electrostatic steering effect on heterodimer formation and homodimer discouragement can be
10 further enhanced by mutation of additional charge residues which may or may not be paired
with an oppositely charged residue n the second chain mcluding, for example, Arg355 and
Lys360. See, e.g., WO 2016/164089.
Thus, in some embodiments, the multispecific antigen-binding constructs {e.g.,
bispecitic constructs) described herein can comprise a constant domain of an
15 immunoglobulin, including, for example, the Fe portion of an immunoglobulin. For example,
a first arm may comprise an amino acid sequence that is derived from an Fo domain of an
1eG (IgGl, 1gG2, 123, or g4}, IgA (IgAl or IgA2}, 1K or IgM immunoglobulin.
Optionally, a sccond arm may comprise an amino acid sequence that is derived from an Fe
domain of an 1gG (IgGl, 1gG2, 1gG3, or Ig(G4), IgA (JgAl or IgA2), IgE, or IgM. Sach
20 immunoglobulin domains may comprise one or more amino acid modifications {e.g.,
deletions, additions, and/or substitutions) that promote heterodumer formation. In some
embodiments, a multispecific antigen-binding construct is of the IgG1 1sotype. In some
embodiments, a multispecific antigen-binding construct is of the IgG1 sotype and comprises
a substitution. In some embodiments, 3 multispecific antigen-binding constructis of the IgG2
25 isotype. In some embodiments, a multispecific antigen-binding construet is of the IgG3
isotype. In some embodiments, a muoltispecific antigen-binding construct 18 of the IgG4
isotype. In some embodiments, a multispecific antigen-binding coanstruct is of the IgG4
isotype and comprises a substittion. In some embodiments, the substitution is at Ser228
when numbered according to EU numberning. In some embodiments, the substitution at
30 Ser2281s §228P. In some embodiments, a first arm and a second arm comprise Fo domains
derived from the same immunoglobulin class and subtype. In some embodiments, a first arm
and a second arm comprise Fc domains derived from different tmnwnoglobulin classes or
subtypes. Similarly, a first arm and/or a second amm {e.2., an asymmetric pair or an unguided
nteraction pair) comprise a modified constant domain of an immunoglobulin, mchuding, for
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example, one or more amino acid modifications {e.g., deletions, additions, and/or
substitutions} that promwote heterodiner formation. Methods of generating Fo modifications
baving the desired heterodimer formation are known inthe art.

In some ermbodiments, the Fo domain can be modified to enhance serum half-life of

5 the multispecific antigen-binding construct disclosed herein. Fe domains comprising one or

more mutations which enhance or diminish antibody binding to the Fc receptor, e.g ., at acidic
pH as compared to neutral pH, are known in the art. For cxample, the constructs disclosed
herein may comprise a mutation in the Cu2 or a Cu3 region of the Fe domain, wherein the
mutation{s} increases the affinity of the Fe domain to FcRn in an acidic environment {e.g., in

10 an endosome where pH ranges from about 5.5 to about 6.0). Such mutations may result in an
merease m serum half-life of the construct when administered to an amimal. Methods of
modifying the Fe domain for desired characteristics, such as enhanced serum half-life are
known in the art.

In some embodiments, the constructs described herein comprise an altered heavy

15 chain constant region that has reduced {or no) effector function relative to its corresponding
unaltered constant region. Effector functions involving the constant region of the constructs
described herein may be modulated by altering properties of the constant or Fe region.
Altered effector functions include, for cxample, a modulation in one or more of the following
activities: antibody-dependent celular cvtotoxicity (ADCC), complement-dependent

20 evtotoxicity (CDC), apoptosis, binding to one or more Fe-receptors, and pro-inflammatory
responses. Modulation refers 1o an increase, decrease, or elimination of an effector function
activity exhibited by a subject antibody containing an altered constant region as compared to
the activity of the unaltered form of the constant region. In particular embodiments,
modulation includes situations in which an activity is abolished or completely absent.

25 An altered constant region with altered FeR binding affinity and/or ADCC activity
and/or altered CBC activity is a polypeptide which has either an enhanced or diminished FeR
binding activity and/or ADCC activity and/or CDC activity compared to the unaltered form
of the constant region. An altercd constant region which displays increased binding to an

FcR binds at least one FeR with greater affinity than the unaltered polypeptide. An altered

3
P

constant region which displays decreased binding to an FcR binds at least one FcR with

lower affinity than the unaltered form of the constant region. Such variants which display

decreased binding to an FcR may possess little or no appreciable binding toan FeR, e g, 0to

50% (e.g., loss than 50, 49, 48, 47, 46, 45, 44, 43, 42,41, 40, 39, 38, 37, 36, 35, 34, 33,32,

31,30, 29, 28,27, 26,25 24,23,22, 21,20, 19,18, 17, 16, 15, 14, 13,12, 11, 10,9, 8. 7, 6,
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5,4, 3, 2, or 1%} of the binding to the FcR as compared to the level of binding of a native
sequence mmmunoglobulin constant or Fe region to the FeR. Similardy, an altered constant
region that displays modulated ADCC and/or CDC activity may exhibit cither increased or
reduced ADCC and/or CDC activity compared to the unaltered constant region. For
example, in some embodiments, any one or more of the antibodies described herein
comprising an altered constant region can exhibit approximately 0 to 50% {e.g., less than 50,
49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33,32, 31, 30, 29, 28, 27, 26, 253,
24,23,22,21,20,19, 18,17, 16, 15, 14, 13,12, 11,10, 9,8,7,6,5,4, 3, 2, or 1%} ofthe
ADCC and/or CDC activity of the unaltered form of the constant region. A multispecific
antigen-~-binding construct described herein comprising an altered constant region displaying
reduced ADCC and/or CDC can exhibit reduced or no ADCC and/or CDC activity.

In some embodiments, the multispecific antigen-binding constructs described herein
exhibit reduced or no effector function. In some embodiments, the multispecific antigen-
binding constructs comprise a hybrid constant region, or a portion thereof, such as a G2/G4
hybrid constant region (see e.g., Burton et al. (1992) Adv Immun S1:1-18; Canfield et al.
{1991} J Exp Med 173:1483-1491; and Mueller ot al. {1997 Mol Immunol 34(6}.441-452).

in some embodiments, the multispecific antigen-binding constructs described herein
can contain an altcred constant region exhibiting enhanced or reduced complement dependent
cytotoxicity (CDC}. Modulated CDC activity can be achieved by introducing one or more
amino acid substitutions, insertions, or deletions in an Fe region of the antibody. See, e.g.,
U.S. patent no. 6,194,551

The constructs and antigen-bindmg arms described herein can comprise, in part,
scaffold domains, proteins, or portions, e.g., molecules which do not provide target receptor-
bindmg activity, but which can provide a portion or domain of the construct which provides
spatial organization, structural support, a means of inking of nwltiple receptor-binding units,
or other desired characteristics, e.g., improved half-life. Various scaffold technologies and
compositions are known in the art and can be readily linked or conjugated to the antigen-
binding units described herein. The scaffold domain, protein, or portion can be derived from
an antibody or not derived from an antibody. Such scaffold proteins, and domains thereof,
are, generally, obtained through combinatorial chemistry-based adaptation of preexisting
antigen-binding proteins.

Non-antibody protein scaffolds can be considered to fall into two structural
categories, domain-sized constructs {in the range of 6 to 20 kDa), and constrained peptides
(in the 2-4 kDa range). Domain-sized non-antibody scaffolds include, but are not limited to,
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affibodies, affiling, anticalins, atrimers, DARPing, FN3 scaffolds (such as adnecting and
centyrins), fynomers, Kunitz domains, pronectins and OBodies. Peptide-sized non-antibody
scaffolds include, for example, avimers, bicyclic peptides and cysteine knots. These non-
antibody scaffolds and the underlying proteins or peptides on which they are based or from
which they have been derived are reviewed by, e.g., Simeon and Chen, Protein Cell 9(1): 3-
14 (2018); Vazquez-Lombardi ef of., Drug Discovery Today 20: 1271-1283 (2015), and by
Binz ef ., Nature Biotechnol. 23: 1257-1268 (2005), the contents of cach of which are
herein incorporated by reference in their entireties. Advantages of using non-antibody
scaffolds inchude increased affinity, target neutralization, and stability. Various non-antibody
scaffolds also can overcome some of the limitations of antibody scaffolds, e.g., in terms of
tissue penetration, smaller size, and thermostability. Some non-antibody scaffolds can also
permit easier construction, not being hindered, for example, by the light chain association
issue when bispecific constructs are desired. Methods of constructing constructs on a non-
antibody scaffold arc known to those of ordinary skill in the art. While not formally on an
antibody scaffold, such constructs often include antibody binding domains, whether m the
form of single-domain antibodies, scFvs or other antibody binding-domain variants that
provide specific target-binding capabilities.

Accordingly, in some embodiments of any of the aspects described herein, a construct
can comprise a non-antibody scaffold protein. In some embodiments of any of the aspects
described herein, at least one of the receptor-binding units can comprise a non-anttbody
scaffold protemn. One of skill in the art would appreciate that the scaffold portion of a non-
antibody scaffold protein can include, in some embodiments, e.g., an adnectin scaffold ora
portion derived from human tenth fibronectin type HI domain (10Fn3}); an anticalin scaffold
derived from human lipocalin {e.g., such as those described in, e.g., W02015/104406); an
avimer scaffold or a protemn fragment derived from the A-domain of low density-related
protein {LRP) and/or very low density lipoprotein receptor (VLDLR); a fynomer scaffold or
portion of the SH3 domain of FYN tyrosine kinase; a kunitz domain scaffold or portion of
Kunitz-type protease wnhibitors, such as a human trypsm inhibitor, aprotinin (bovine
pancreatic frypsin intubitor}, Alzheimer’s amyloid precursor protein, and tissue factor
pathway inhibitor; a knottin scaffold {cysteine knot miniproteins), such as one based on a
trypsin inhibitor from F. elaterium; an atfibody scaffold or all or part of the Z domain of S.
aureus protein A; a B-Hairpin mimetic scaffold; a Designed ankyrin repeat protein (DARPin)
scaffold or artificial protein scaffolds based on ankyrin repeat {AR) proteins; or any scaffold
derived or based on human transferrin, human CTLA-4, human crystallin, and human
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ubigaitin. For example, the binding site of human transferrin for haman transferrin receptor
can be diversified to create a diverse library of transferrin variants, some of which have
acquired atfinity for different antigens. See, e.g.. Ali eral (1999} .J. Biol. Chem. 274:24066-
24073, The portion of human transferrin not involved with binding the receptor remains

5 unchanged and serves as a scaffold, like framework regions of antibodies, to present the
variant binding sites. The hibrarics are then screened, as an antibody library is, and in
accordance with the methods described herein, against a target antigen of interest to identify
those variants having optimal selectivity and affinity for the target antigen. See, e.g., Hey ef
al. (20053 TRENDS Biotechnol 23(10):514-322.

10 . Methods for Producing the Multispecific Antigen-Binding Constructs

The disclosure also features methods for producing any of the multispecific antigen-
bmnding constructs described herein. In some embodiments, methods for producing the
construct of the present invention includes methods for preparing an antibody, and/or
fragments thereof as described hercin. Such methods are well-known in the art, and can

15 include, e.g., immunizing a subject {e.g., a non-human mammal) with an appropnate
immunogen. For example, to generate an antibody that binds to PD-1, a skilled artisan can
immunize a suitable subject {e.g., a non-human mammal such as a rat, a mouse, a gerbil, a
hamster, a dog, a cat, a pig, a goat, a horse, or a non-human primate) with a full-length PD-1
polypeptide such as a full-length human PD-1 polypeptide comprising the amino acid

20 sequence depicted in SEQ D NG .: 114 {GenBank accession number NP 005009 .2; UniProt
Q15116), an antigenic fragment thercof, and/or variant thercof. Similarly, to generate an
antibody that binds to a higand of PD-1 {e.g., PD-L1), a skilled artisan can immunize a
suitable subject with a full-length PD-L1 polypeptide such as a full-length human PD-L1
polypeptide comprising the amino acid sequence depicted in SEQ ID NQ.: 115 {GenBank

25  accession number NP 054862 .1, UniProt Q9NZQ7), an antigenic fragment thereof, and/or
variant thereof. Similarly, to generate an antibody that binds to PD-L2, a skilled artisan can
immunize a suitable subject with a full-length PD-L2 polvpeptide such as a full-length human
PD-L2 polypeptide comprising the amino acid sequence depicted in SEQ ID NO.: 116
{GenBank accession number NP_(079515.2, UniProt Q9B(Q51), an antigenic fragment

30 thercof, and/or variant thereof.

As those of skill in the art would recognize, a full-length polypeptide (PD-1, PD-L1,
or PD-L.2) can be used as an antigen and antibodies can be screcned for desired binding
properties {e.g., blocks PD-1/ligand mteraction; capacity to bridge cells on which PD-1 and
its ligand are expressed). As those of skill in the art would also recognize, antigenic
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fragments of a polypeptide (PD-1, PD-LI, or PD-L2) can be selected based on known
structural features of the polypeptide. For example, the PD-1/PD-L1 and PD-1/PD-L2
interactions have been structurally well-characicrized (see, e.g., Zak, K, et al. (Z015)
Structure 23(12):2341-48; Ghiotto, M, et al. {2010} Int’l Immuno. 22(8):651-60; Freeman,

5 (. (2008} PNAS 105(30):10275-76; Lazar-Molnar, E. et al. (20083 PNAS 105:10483-88,
incorporated by reference in their entireties). Thus, regions within, e.g.. PD-1, PD-L1, and/or
PD-L2, based on receptor/ligand interface information available in the art, can be used to
design a suitable antigenic fragment having desired binding properties. For example, the PD-
1 ectodomain contains a single IgV domain typical of the CD28 family, wherein PD-L1 and

10 PD-L2 are composed of gV and IgC domains typical of the B7 family. The structures of
PD-1, PD-L1 and/or PD-L2 show a 1:1 stoichiometry, with mteraction primanly between the
faces of the IgV domains. An {gV domain comprises about 120 amino aicds organized into
nine paratle] beta strands (ABCC C7DEFG) with loops connecting the strands. It has been
shown that PD-1 uscs the front beta-face (GFCC strands and CC°, CC”, and FG loops) to

15 bind to the beta-face of PD-L1 {GFCC’) or PD-L2 (AGFC strands and FG loop). Further, six
aming acids of the C, F, and G strands of PD-1 form a concave, hydrophobic core that
imteracts with the F and G strands as well as the FG loop of PD-L2. Eight if 14 residues
mvolved in binding to PD-1 arc indentical or highly conserved between PD-L1 and PD-L.2.
Using such information, those of skill in the art can determine suitable antigenic regions to

20 generate antibodics having desirable properties. For example, those of skill in the art can
generate an antibody that cross reacts with both ligands PD-L1 and PD-12 (see, e.g., US
Patent 9845356).

A suitable subject (e.g., a non-human mammal} can be immunized with the
appropriate antigen along with subsequent booster immunizations a number of times

25 sufficient to clicit the production of an antibody by the mammal. The mmmunogen can be
administered to a subject {e.g., a non-human mammal} with an adjuvant. Adjuvants ssefid in
producing an antibody in a subject include, but are not limited to, protein adjuvants; bacterial
adjuvants, e.g., whole bacteria (BCG, Corynebacterium parvum or Salmonella minnesota)
and bacterial components including cell wall skeleton, trehalose dimycolate, monophosphoryl

30 hpid A, methanol extractable residue (MER) of tubercle bacilius, complete or incomplete
Freund’s adjuvant; viral adjuvants; chemical adjuvants, e.g., aluminom hydroxide, and
wodoacetate and cholesteryi hemisuccemate. Other adjuvants that can be used in the methods
for mducing an immune response include, e g, cholera toxin and parapoxvirus proteins. See
also Bieg et al. (1999) Autommmunity 31(1):15-24. See also, e.g., Lodmell et al. (2000}
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Vaccine 18:10359-1066; Johnson et al. {1999} J Med Chem 42:4640-4640; Baldridge et al.
{1999) Methods 19:103-107; and Gupta ot al. {1995) Vaccine 13(14): 1263-1276.

in some embodiments, the methods include preparing a hybridoma cell line that
secretes a monoclonal antibody that binds to the immunogen. For example, a suitable

5 mammal such as a laboratory mouse is immuonized with a polvpeptide {e.g., PD-1, PD-L1,

PD-L2) or antigenic fragment as described above. Antibody-producing cells {e.g.. B cells of
the spleen) of the immunized mammal can be isolated two to four days aficr at least one
booster immunization of the immunogen and then grown briefly m culture before fusion with
cells of a suitable myeloma cell line. The cells can be fused in the presence of a fusion

10 promoter such as, e.g., vaccinia virus or polyethyviene glveol. The hybrid cells obtained i the
fusion are cloned, and cell clones secreting the desired antibodies are selected. For example,
spleen cells of Balb/c mice immunized with a suitable immunogen can be fused with cells of
the myeloma cell line PAT or the myeloma cell line Sp2/0-Ag 14, After the fusion, the cells
are expanded in suitable culture medium, which is supplemented with a selection medium,

15 for example HAT medium, at regular intervals in order to prevent normal myeloma cells
from overgrowing the desired hvbridoma cells. The obtained hybridoma cells are then
screened for secretion of the desired antibodies, ¢.g., an antibody that binds to PD-1.

in some embodiments, a skilled artisan can identify an anti-PD-1 antibody from a
non-immune biased lbrary as described in, e g, U.S. patent no. 6,300,064 (to Knappik et al ;

20 Muorphosys AG) and Schoonbroodt et al. (2005) Nucleic Acids Res 33{9}:¢81.

In some embodiments, the methods described herein can involve, or be used in
conjunction with, e.g., phage display technologies, bacterial display, yeast surface display,
cukaryotic viral display, mammalian cell display, and cell-free {e.g., ribosomal display)
anttbody screening techniques (see, e.g., Etz et al. (2001) J Bacreriol 183:6924-6935;

25 Comelis (2000) Curr Opin Biotechnol 11:450-454; Klemim et al. (2000) Microbiology
146:3025-3032; Kicke et al. (1997} Prorein Eng 10:1303-1310; Yeung et al. (2002)
Biotechnol Prog 18:212-220; Boder et al. {2000) Methods Enzymology 328:430-444;
Grabherr ¢t al. (2001) Comb Chem High Throughpur Screen 4:185-192; Michacl et al. (1995)
Gene Ther 2:660-668; Pereboev et al. (20013 J Vire/ 75:7107-7113; Schaffitzel et al. (1999} 7

30 Immunol Methods 231:119-135; and Hanes et al. {2000} Nat Biotechnol 18:1287-12923.

Methods for identifying antibodies using various phage display methods are known 1
the art. In phage display methods, functional antibody domains are displayed on the surface
of phage particles which carry the polynucleotide sequences encoding them. Such phage can
be utilized to display antigen-binding domains of antibodics, such as Fab, Fv, or disulfide-
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bond stabilized Fv antibody fragments, expressed from a repertotre or combinatorial antibody
library (e.g., human or murine). Phage used in these methods are typically filamentous phage
such as fd and M13. The antigen binding domains are expressed as a recombinantly-fused
protein to any of the phage coat proteins plll, pVIIL or pIX. See, e g, Shietal. (2010} JAMB
5 397:385-396. Examples of phage display methods that can be used to make the
immunoglobulins, or fragments thereof, described herein include those disclosed in Brinkman
et al. (1995) J Immunol Methods 182:41-50; Ames et al. (1995) J Immuno! Methods 184:177-
186; Kettleborough et al. (1994} Fur J Immunol 24:952-958; Persic et al. (1997) Gene 1879~
18; Burton ¢t al. (1994} ddvances in Immunology 57:191-280; and PCT publication nos. WO
10 90/02809, WO 91/10737, WO 92/01047, WO 92/18619, WO 93/11236, WO 95/15982, and
WO 95/20401. Suitable methods are also descnibed mn, e.g., U.S. patent nos. 5,698,426,
5,223,409, 5,403 484; 5 580,717, 5,427 908, 5,750,753, 5,821,047, 5,571,698, 5,427,908,
5,516,637, 5,780,225, 5,658,727, 5,733,743 and 5,969,108,
In some cmbodiments, the phage display antibody libraries can be generated using
15 mRNA collected from B cells from the immunized mammals. For example, a splenic cell
sample comprising B cells can be isolated from mice immunized with a PD-1 polypeptide as
described above. mRNA can be isolated from the cells and converted to cDBNA using
standard molecular biclogy techniques. See, e.g., Sambrook et al. (1989} “Molecular
Cloning: A Laboratory Manual, 2% Edition,” Cold Spring Harbor Laboratory Press, Cold
20 Spring Harbor, N.Y.; Harlow and Lane (1988}, supra; Benny K. C. Lo (2004}, supra; and
Borreback (1995), supra. The cDNA coding for the variable regions of the heavy chain and
fight chan polvpeptides of immunoglobulins are used to construct the phage display library.
Methods for generating such a library are described in, e.g., Merz et al. (1995) J Neurosci
Methods 62{1-2).213-9; Di Niro et al. (2003} Biochem J 388(Pt 3):885-894; and Engberg et
25 al. (1995} Methods Mol Biol 51:355-376.
In some embodiments, a combination of selection and screening can be emploved to
identify an antibody of mterest from, e.g., a population of hvbridoma-derived antibodies or a
phage display antibody library. Suitable methods are known in the art and are described in,
e.z., Hoogenboom (1997} Trends in Biotechnology 15:62-70; Brinkman et al. (1995}, supra;
30 Ames etal. (1995}, supra; Kettlchorough et al. (1994}, supra; Persic et al. (1997}, supra; and
Burton et al. (1994), supra. For example, a plurality of phagemid vectors, cach encoding a
fusion protein of a bacteriophage coat protein (e g., plH, pVIHL or pIX of M13 phage)and a
different antigen-combiming region are produced using standard molecular biology
techniques and then introduced into a population of bacteria {e.g., £. coli}. Expression of the
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bacteriophage in bacieria can, in some embodiments, require use of a helper phage. In some
embodiments, no helper phage is required (see, e.g.. Chasteen et al | (2006) Nucieic Acids Res
34¢21).2145). Phage produced from the bacteria are recovered and then contacted to, e.g., a
target antigen bound to a solid support (mmobilized). Phage may also be contacted to
antigen in solution, and the complex is subsequently bound to a8 solid sapport.

A subpopulation of antibodies screened using the above methods can be characterized
for their specificity and binding affinity for a particular antigen {e.g., human PD-1) using any
immunological or biochemical based method known 1 the art. For example, specific binding
of an antibody to PD-1, may be determined for example using immunological or biochemical
based methods such as, but not limited to, an ELISA assay, SPR assays, tnmunoprecipitation
assay, affinity chromatography, and equilibrium dialysis as described above. Immunoassays
which can be used to analyvze immunospecific binding and cross-reactivity of the antibodies
inclade, but are not limited to, competitive and non-competitive assay systems using

cchntgques such as Westem blots, RIA, ELISA (enzyme linked immunosorbent assay),
“sandwich” immunoassays, immunoprecipitation assavs, immunodiffusion assays,
agglutination assays, complement-fixation assays, immunoradiometric assays, flucrescent
immunoassays, and protein A immunocassays. Such assays are routine and well known in the
art.

It 1s understood that the above methods can also be used to deternune if, e g, an anti-
PD-1 antibody does not bind to full-length, human PD-1 and/or PD-1 proteins.

In embodiments where the selected CDR amino acid sequences are short sequences
{e.g., fewer than 10-15 amuno acids in length), nucleie acids encoding the CDRs can be
chemically synthesized as described in, e.g., Shiraishi et al. (2007) Nucleic Acids Symposium
Series 31{13:129-130 and U.S. Patent No. 6,995,259 For a given nucleic acid sequence
encoding an acceptor antibody, the region of the nucleic acid sequence encoding the CDRs
can be replaced with the chemically synthesized nucleic acids using standard molecular
biology technigues. The 57 and 3” eads of the chemically synthesized nucleic acids can be
synthesized to comprise sticky end restriction enzyme sites for use in cloning the nucleic
acids into the nucleic acid encoding the variable region of the donor antibody. Alternatively,
fragments of chemically synthesized nucleic acids, together capable of encoding an antibody,
can be joined together using DNA assembly techniques known in the art {e.g. Gibson
Assembly},

Any antibody of choice can be further modified to generate an antigen-binding
fragment, as described herein, and/or manipulated using known techniques in the art to

169



20

L3

WO 2020/102387 PCT/US2019/061226

generaie the multispecific antigen-binding constructs as described herein. For example,

M

cross-linking maethods can be used to geonerate a bispecific structure using &

beteratifunctional reagent having an avune-reactive group and a sulthydryl reactive group as

descertbed do, e g, TS Pat. No. 4,433,059, bispecific antibody determunants can be geverated

3 from different antibodies

by recombining half antibodies ¢(heavy-light chain pairs or Fabs

through cycle of reduction and oxidation of diseliide bonds between the two heavy chains, as

described i, e g, US. Fat. No. 4,444,878 tnfunctional antibodies, e. g, three Fab' fag
can be cross-linked through sulthdev reactive groups, as described i, e.g., US. Pat. No.

5,273,743, Other methods of generating biapecific consiructs, e 2., methods of generating

bispectfic constructs having common light chains, are described herein. Noon-limiting

examples of anuno acid sequences of common light chains used in the constructs described
herein include SEQ 1D NOs: 59-63.

E. Expression and Purification of Multispecific Antigen-Binding Constructs

The multispecific antigen-binding constructs thercof described herein can be
produced using a variety of technigues known 1n the art of molecular biology and protein
chemistry. For example, a nucleic acid encoding the multispecific antigen-binding constract
{as a single multifunctional polypeptide, or as separate molecules of a multimeric complex —
e.g., one antigen-binding arm separately from the other antigen-binding arm) can be nserted
nto an expression vector that contains transcriptional and transtational regulatory sequences,
which include, ¢.g., promoter sequences, ribosomal binding sttes, transcriptional start and
stop sequences, translational start and stop sequences, transcription terminator signals,
polyadenylation signals, and enhancer or activator sequences. The regulatory sequences
mchude a prometer and transcriptional start and stop sequences. In addition, the expression
veetor can inchude more than one replication systom such that it can be maintained in two
different orgamsmes, for example in mammalian or insect cells for expression and in a
prokarvotic host for cloning and amplification.

Several possible vector systems are available for the expression of cloned heavy chain
and light chain polypeptides from nucleic acids in mammalian cells. One class of vectors
relies upon the integration of the desired gene sequences nto the host cell genome. Cells
which have stably integrated DNA can be selected by simultaneously mtroducing drug
resistance genes such as £ coli gpt (Mulligan and Berg (1981} Proc Natl Acad Sci USA
78:2072) or Th3 neo (Southern and Berg (1982) Mol Appl Gener 1:327). The selectable
marker gene can be either hnked to the DNA gene sequences to be expressed, or introduced
1o the same cell by co-transfection (Wigler et al. (1979) Cell 16:77). A second class of
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vectors atilizes DNA elements which confer autonomously rephicating capabilities t¢ an

extrachromosomal plasmid. These vectors can be dertved from animal viruses, such as

bovine papillomavirus (Sarver et al. (1982) Proc Natl Acad Sci US4, 79:7147),

cvtomegalovirus, polyoma virus (Deans et al. {1984} Proc Natl Acad Sci US4 81:1292), or
5 8V40 virus (Lusky and Botchan (1981} Noture 293:79).

The expression vectors can be introduced into cells in a manner suitable for
subseqguent expression of the nucleic acid. The method of introduction is largely dictated by
the targeted cell type, discussed below. Exemplary methods include CaPO4 precipitation,
liposome fusion, catiome liposomes, electroporation, viral mfection, dextran-mediated

10 transfection, polybrenc~-mediated transfection, protoplast fusion, and direct microinjection.

Appropriate host cells for the expression of antibodies or antigen-binding fragments
thereof include veast, bacteria, insect, plant, and mammalian cells. Of particular interest are
bacteria such as £. cofi, fungi such as Saccharomyces cerevisive and Pichia pastoris, insect
cells such as SF9, mammalian cell lines (e.g., human cell lines), as well as primary cell lines.

15 In some embodiments, an antibody or fragment thereof can be expressed in, and
purificd from, transgenic animals (e.g., transgenic mammals). For example, an antibody can
be produced in transgenic non-human mammals (e g., rodents) and isolated from milk as
described in, e.g., Houdebine (2002} Curr Opin Biotechnol 13{5):625-629; van Kuik-~
Romeijn et al. (2000} Transgenic Res 9(2):155-159; and Pollock et al. {1999} J Immunol

20 Methods 231(1-2:147-157.

The antibodies and fragnents thereof can be produced from the cells by culturing a
host cell transformed with the expression vector containing nucleic acid encoding the
antibodies or fragments, under conditions, and for an amount of time, sufficient to allow
expression of the proteins. Such conditions for protein expression will vary with the choice

25 of'the expression vector and the host cell, and will be casily ascertained by one skilled in the
art through routine experimentation. For example, antibodies expressed in . coli can be
refolded from inclusion bodics (see, e.g.. Hou et al. (1998} Cyrokine 10:319-30). Bacterial
expression systems and methods for their use are well known m the art (see Current Protocols
in Molecular Biology, Wilev & Sons, and Molecular Cloning--A Laboratory Manual —3rd

36 Ed., Cold Spring Harbor Laboratory Press, New York (2001)). The choice of codons,
suitable expression vectors and suitable host cells will vary depending on a number of
factors, and may be casily optinuized as needed. An antibody {or fragment thereof) described
herein can be expressed in mammalian cells or 1n other expression systems including but not
limited to yeast, baculovirus, and im vifro expression systems (see, ¢.g., Kaszubska et al.
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(2000} Protein Expression and Purification 18:213-220).

Following expression, the antibodies and fragments thereof can be isolated. An
antibody or fragment thereof can be isolated or purified in a vanety of ways known to those
skilled in the art depending on what other components are present in the sample. Standard
purification methods inclade electrophoretic, molecular, immuanological, and
chromatographic technigues, including ion exchange, hyvdrophobic, affinity, and reverse-
phase HPLC chromatography. For cxample, an antibody can be purified using a standard
anti-antibody column {e.g., a protein-A or protein-G column). Ultrafiltration and diafiltration
techniques, in conjanction with protein concentration, are also useful. See, e.g., Scopes
{1994) “Protein Purification, 3™ edition,” Springer-Verlag, New York City, New York. The
degree of purification necessary will vary depending on the desired use. In some instances,
no purification of the expressed antibody or fragments thereof will be necessary.

Methods for determining the vield or purity of a purified antibody or fragment thereof
are known n the art and include, e.g., Bradford assay, UV spectroscopy, Biuret protein assay,
Lowrv protein assay, amido black protein assay, high pressure hiquid chromatography
(HPLC), mass spectrometry (MS), and gel electrophoretic methods {e.g., using a protein stain
such as Coomassie Blue or colloidal silver stain}.

F. Modification of the Multispecific Antigen-Binding Constructs

The multispecific antigen-binding constructs can be modified following their
expression and purification as a single multifunctional polypeptide, or as separate molecules
of a multimeric complex — e.g.. one antigen-binding arm scparately from the other antigen-
binding arm. The modifications can be covalent or non-covalent modifications. Such
maodifications can be introduced into the antibodies or antigen-binding fragments by, e.g.,
reacting targeted amino acid residues of the polypeptide with an organic derivatizing agent
that is capable of reacting with selected side chains or terminal residues. Swstable sites for
modification can be chosen using any of a variety of criteria including, e.g., structural
analysis or amino acid sequence analysis of the antibodies or fragments.

The amino acid scquences provided herein are set forth in single-letter amino acid
code which can be used interchangeably with three-letter anuno acid code. An amino acid
refers to any monomer unit that can be incorporated into a peptide, polyvpeptide, or protein.
The twenty natural or genctically encoded alpha-amino acids are as follows: alanine (Alaor
A), arginine {Arg or R}, asparagine (Asn or N}, aspartic acid (Asp or D}, cysteine (Cys or €},
ghatamine {(Gln or @), glutanuc acid (Glu or B}, glveme (Gly or G), hustidine (His or H),
1soleucine {Ile or 1), leucine (Leu or L), lvsine {(Lvs or K}, methionine {Met or M),
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phenvialanine (Phe or F), proline (Pro or P}, serine (Ser or §), threonine (Thror T),
trvptophan (Trp or W), tyrosine (Tyr or Y}, and valine (Val or V). The structures of these
and Company (2002). The term amuno acid also includes unnatural amino acids, modified
5 amino acids {e.g., having modified side chains and/or backbones), and amino acid analogs.
The terms identical or percent identity, in the context of two or more nucleic acids or
polypeptide sequences, refer to two or more sequences or subsequences that are the same or
have a specified percentage of nucleotides or amino acid residues that are the same {e.g.,
90%, or 95% or greater identity over a specified region), when compared and aligned for
10 maximum correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms or by manual alignment and
visual inspection.
Identity or similarity with respect to a sequence is defined as the percentage of amino
acid residues in the candidate scquence that are identical (i.e., same residue) with the starting
15 amino acid residues, after aligning the sequences and introducing gaps, if necessary, 1o
achieve the maximum percent sequence wdentity. Methods of alignment of sequences for
comparison are well known in the art. Optimal alignment of sequences for comparison can
be conducted, for example, by the local homology algorithm of Smith and Waterman (Adv.
Appl. Math. 2:482, 1970}, by the homology alignment algorithm of Needleman and Wonsch
20 (J Mol Biol 48:443, 1970), by the search for similarity method of Pearson and Lipman
{(Proc. Natl. Acad. Sci. USA 85:2444, 1988}, by computerized implementations of these
algorithms {e.g., GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Pr., Madison, Wis.), or by manaal
alignment and visual nspection (see, e.g., Ausubel er af., Current Protocols in Molecular
25 Biology (1995 supplement)).
As with all peptides, polyvpeptides, and proteins, inchiding fragments thereof, it is
understood that additional modifications in the amino acid sequence of the constructs,
antibodics or antigen-binding portions thereot described herein, for example, in the heavy

chain variable region and/or light chain vanable region, can occur that do not alter the nature

3
P

or function of the antibodies or antigen-binding fragments thereof. Sach modifications
mechude conservative amino acids substitutions, such that each recited sequence optionally
contains one of more conscrvative amino acid substitutions. The following groups each
contain anuno acids that are conservative substitutions for one another. These groups are
exemplary as other conservative substitutions are known to those of skill in the ast.
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1) Alanine (A}, Glycine {(G);

2 Aspartic acid (1), Glutamic acid (E);
3) Asparagine (N}, Glutamine (Q);

43 Arginine (R}, Lysine (K};

5) Isoleucine (1}, Leucine (L), Methionine (M), Valine (V);
6} Phenylalanine (F), Tvrosine {Y), Tryptophan (W},

7} Serine (S}, Threonme (T); and

g} Cysieine (C}), Methionine (M)

By way of example, when an aspartic acid at a specific residue is mentioned, also
contemplated is a conservative substitution at the residue, for example, glutamic acid.
Nonconservative substititions, for example, substituting a proline with glveine, are also
contemplated.

In some embodiments, the constructs, antibodies or antigen-binding portions thereof
can be conjugated to a heterologous moiety. The heterologous moiety can be, e.g., a
heterologous polypeptide, a therapeutic agent (e.g., a toxin or a drug), or a detectable label
such as, but not limited 1o, a radioactive label, an enzymatic label, a fluorescent label, a heavy
metal label, a lominescent label, or an affinity tag such as biotin or streptavidin, Suitable
heterclogous polypeptides mclude, e.g., an antigenic tag {e.g.. FLAG (DYKDBDDDK) (SEQ
ID NG: 117), polvhistidine (6-His; HHHHHH (SEQ 1D NO: 118)), hemagglutimin (HA;
YPYDVPDYA (SEQ ID NO: 119)), glutathione-S-transferase (GST), or maltose-binding
protein (MBP}) for use in punifying the antibodies or fragments. Heterologous polypeptides
also include polypeptides (e.g., enzymes) that are useful as diagnostic or detectable markers,
for example, luciferase, a fluorescent protein (e g.. green fluorescent protein (GFP)), or
chloramphenicol acetyl transferase (CAT). Suitable radioactive labels include, e.g., P, ¥P,
M, 1231, 131358 and *H. Suitable fluorescent labels include, without limitation, fluorescein,
fluorescein isothiocyanate (FTTC), green fluorcscent protein (GFP), DYLIGHT™ 488,
phycoervthrn (PE), propidium iodide {(PI}, Per(CP, PE-ALEXA FLUOR® 700, Cv5,
allophyeocvanin, and Cy7. Luminescent labels include, e.g., any of a variety of huminescent
lanthanide {e.g., europiam or terbium} chelates. For example, suitable europium chelates
mclude the europium chelate of dicthylene trianmine pentaacctic acid (DTPA) or
tetraazacyclododecane-1,4.7, 10-tetraacetic acid (DOTA). Enzymatic labels include, e. g,
alkaline phosphatase, CAT, luciferase, and horseradish peroxidase.
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Two proteins {e.g., an antibody and a heterologous moiety) can be cross-linked using
any of a number of known chemical cross linkers. Examples of such cross linkers are those
which link two amino acid residues via a linkage that includes a “hindered” disulfide bond.

o these Iinkages, a disulfide bond within the cross-linking unit is protected (by hindering
groups on either side of the disulfide bond) from reduction by the action, for example, of
reduced ghitathione or the enzyme disulfide reductase. One suitable reagent, 4-
succinimidyloxycarbonyl-a-methyl-o(2-pyridyldithic} toluene (SMPT), forms such a linkage
between two proteins utilizing a terminal lysine on one of the proteins and a ternunal cysteine
on the other. Heterobifunctional reagents that cross-link by a different coupling moiety on
cach protein can also be used. Other useful cross-linkers include, without limtation, reagents
which hink two amino groups {e.g., N-3-azido-2~-mitrobenzovioxysuccinimide}, two suithvdryl
groups {e.g., 1. 4-bis-maleimidobutane}, an amino group and a sulthydryvl group (e.g., m-
maleimidobenzoyl-N-hydroxysuccinimide ester), an amino group and a carboxyl group {(e.g.,
4-~{p-azidosalicylamido}butylanunc), and an amino group and a guanidinium group that is
present in the side chain of arginine (e. g, p-azidophenyl glyoxal monohydrate).

In some embodiments, a radioactive label can be directly conjugated to the amino acid
backbone of the antibody. Alternatively, the radicactive label can be included as part of a
targer molecule (e.g., 1 in meta-[ P Hiodophenyl-N-hvdroxysuccinimide {{!*ImIPNHS)
which binds to free amino groups to form meta-iodophenyl (mIP) derivatives of relevant
proteins (see, e.g.. Rogers et al. (1997) J Nucl Med 38:1221-1229) or chelate {e.g., to DOTA
or DTPA) which is in tum bound to the protein backbone. Methods of conjugating the
radipactive labels or larger molecules/chelates containing them to the antibodies or antigen-
binding fragments described herein are known in the art. Such methods involve incubating
the proteins with the radioactive label under conditions (e.g., pH, salt concentration, and/or
temperature} that facilitate binding of the radicactive label or chelate to the protein (see. e.g.,
U.S. Patent No. 6,001,329).

Methods for conjugating a fluorescent label (sometimes referred to as a
“fluorophore™) to a protein (e.g., an antibody) are known in the art of protein chemistry. For
example, fluorophores can be conjugated to free anuno groups {e.g., of lvsines) or sulfhydryl
groups {e.g., cysteines} of proteins using succinimidy]l (NHS) ester or tetrafluorophenyl (TFP)
ester moieties attached to the fluorophores. In some embodiments, the fluorophores can be
conjugated 1o a heterobifunctional cross-linker moiety such as sulfo-SMCC, Suitable
comjugation methods mvolve incubating an antibody protein, or fragment thereof, with the
fluorophore under conditions that facilitate binding of the fluorophore to the protein. See,
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e.g., Welch and Redvanly (2003} “Handbook of Radiopharmaceuticals: Radiochemistry and
Applications,” John Wilev and Sons (ISBN 0471495603).

in some emabodiments, the antibodies or fragments can be modified, e.g., with a
moiety that improves the stabilization and/or retention of the antibodies in circulation, e.g., in
blood, serom, or other tissues. For example, the antibody or fragment can be PEGylated as
described in, e.g., Lee et al. (1999) Bioconjug Chem 10{6): 973-8; Kinstler et al. (2002}
Advanced Drug Deliveries Reviews 54:477-485; and Roberts et al. (2002) Advanced Drug
Delivery Reviews 54:459-476 or HESvlated (Fresenius Kabi, Germany; see, e.g., Pavisi et
al. (2010) Int J Phorm 387(1-2):110-119). The stabilization moiety can improve the stability,
or retention of, the antibody {(or fragment) by at least 1.5 (e.z., atleast 2, 5, 10, 15, 20, 23, 30,
44, or 50 or more) fold.

In some embodiments, the antibodies or antigen-binding fragments thereof described
herein can be glycosylated. In some embodiments, an antibody or antigen-binding fragment
thereof described herein can be subjected to enzymatic or chemical treatment, or produced
from a cell, such that the antibody or fragment has reduced or absent glycosvlation. Methods
for producing antibodies with reduced glycosylation are known in the art and described in,
e.g., U5 patent no. 6,933,368, Wright et al. (1991) FMBO J 10(10):2717-2723; and Co et al.
(1993) Mol Immumol 30:1361. In some embodiments, the antibodics or antigen-binding
fragments thereof are aglycosylated.

. Pharmaceutical Compesitions and Formulations

The present disclosure also provides for a pharmaceutical composition comprising the
multispecific antigen-binding constructs of the present disclosure with a pharmaceutically
acceptable diluent, carrier, solubilizer, emulsifier, preservative and/or adjuvant to be used
with the methods disclosed herein. Such pharmaceutical compositions can be used in a
subject having e.g., cancer, as disclosed herein.

In cerfain embodiments, acceptable formulation matenials preferably are nontoxic to
recipients at the dosages and concentrations emploved. In certain embodiments, the
formulation material(s) are for s.c. and/or LV, administration. In certain embodiments, the
pharmmaceutical composition can contain formulation materials for modifyving, maintaining or
preserving, for example, the pH, csmolality, viscosity, clarity, color, isotonicity, odor,
sterility, stability, rate of dissolution or release, adsorption or penctration of the compaosition.
In certain embodiments, suitable formulation materials include, but are not linited to, anuno
acids {such as glveme, glutamine, asparagine, arginine or lysine}; antimicrobials; antioxidants
{such as ascorbic acid, sodium sulfite or sodiom hydrogen- sulfite); buffers (such as borate,
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bicarbonate, Tris-HC, citrates, phosphates or other organic acids}; bulking agents (such as
mannitol or glyecine); chelating agents (such as ethvlenediamine tetraacetic acid (EDTA));
complexing agents (such as caffeine. polyvinylpyrrolidone, beta-cyclodextrin or
hydroxypropyl-beta-~ cyclodexiring; fillers; monosaccharides; disaccharides; and other

5 carbohvdrates {such as glucose, mannose or dexiring); proteins (such as serom albumin,

gelatin or immunoglobuling); coloring, flavering and diluting agents; emulsifying agents;

hydrophilic polymers (such as polyvinyipyrrolidone); low molecular weight polypeptides;
salt-forming counterions {such as sodium); preservatives (such as benzalkonum chlonde,
benzoic acid, salicvlic acid, thimerosal, phenethyl aleohol, methylparaben, propviparaben,

10 chlothexidine, sorbic acid or hydrogen peroxide); solvents (such as glveerin, propylenc
glveol or polyethvlene glycol); sugar aleohols {such as mannitol or sorbitol): suspending
agents; surfactants or wetting agents {such as pluronics, PEG, sorbitan esters, polysorbates
such as polysorbate 20, polysorbate 80, triton, tromethamine, lecithin, cholesterol, tyloxapal),
stability enhancing agents {such as sucrosc or sorbitol); tonicity enhancing agents {such as

15 alkali metal halides, preferably sodium or potassium chloride, mannitol sorbitol); delivery
vehicles; diluents; excipients and/or pharmaceutical adjuvants. (Remington's Pharmaceutical
Sciences, 18th Edition, A. R. Gennaro, ed., Mack Publishing Company {1995}, In certain
embodiments, the formulation comprises PBS; 20 mM NaOAC, pH 5.2, 50 mM NaCl; and/or
10 mM NAGAC, pH 5.2, 9% Sucrose. In certain embodiments, the optimal pharmaceutical

20 composition will be determined by one skilled in the art depending upon, for example, the
intended route of administration, delivery format and desired dosage. See, for exanmple,
Remington's Pharmaceutical Sciences, supra. In certain embodiments, such compositions
may influence the physical state, stability, rate of in vivo release and/or rate of in vive
clearance of the multispecific antigen-binding construct.

25 in certain embodiments, the primary vehicle or carrier in a phbarmaceutical
composition can be either aguecus or non-agueous in napure. For example, in certain
embodiments, a suitable vehicle or carrier can be water for injection, physiological saline
solution or artificial cercbrospinal fluid, possibly supplemented with other materials common

in compositions for parenteral admimistration. In certain embodiments, the saline comprises

L3

isotonic phosphate-buffered saline. In certain embodiments, neutral buffered saline or saline

mixed with seram albumin are further exemplary vehicles. In certain embodiments,

pharmaceutical compositions comprise Tris buffer of about pH 7.0-8.5, or acetate buffer of

about pH 4.0-3.5, which can further include sorbitol or a suitable substitute therefore. In

certain embodiments, a composition comprising the multispecific antigen-binding constructs
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disclosed herein can be prepared for storage by mixing the selected composition having the
desired degree of purity with optional formulation agents (Remington's Pharmaceutical
Sciences, supra) in the form of a Ivophilized cake or an agueous solution. Further, in certain
embodiments, a composition comprising the multispecific antigen-binding construct
disclosed herein can be formulated as a lyophilizate using appropriate excipients such as
SUCIOSE.

In certain embodiments, the pharmaceutical composition can be selected for
parenteral delivery. In certain embodiments, the compositions can be selected for inhalation
or for delivery through the digestive tract, such as orally. The preparation of such
pharmaceutically acceptable compositions is within the ability of one skilled in the art.

in certain embodiments, the formulation components are present in concentrations
that are acceptable to the site of admimstration. In certain embodiments, buffers are used to
maintain the composition at physiological pH or at a slightly lower pH, tvpically within a pH
range of from about 5 to about 8.

In certain embodiments, when parenteral administration is contemplated, a therapeutic
composition can be in the form of a pyrogen-free, parenterally acceptable agueous solution
comprising a multispecific antigen-binding construct, in a pharmaceutically acceptable
vehicle. In certain embodiments, a vehicle for parcuteral injection is sterile distilled water in
which a multispecific antigen-binding construct is fornmlated as a sterile, isotonic solation,
and property preserved. In certain embodiments, the preparation can involve the formulation
of the desired molecule with an agent, such as imjectable microspheres, bio-erodible particles,
polymeric compounds (such as polylactic acid or polyglycolic acid), beads or iposomes, that
can provide for the controlled or sustained release of the product which can then be delivered
via a depot injection. In certain embodiments, hyaluronic acid can also be used, and can have
the effect of promoting sustained duration in the circulation. In certain embodiments,
unplantable drug delivery devices can be used to introduce the desired molecule.

In certain embodiments, a pharmaceutical compaosition can be formulated for
mhalation. In certain emboduments, a multispecific antigen-binding construct can be
formulated as a dry powder for inhalation. In certain embodiments, an mhalation solution
comprising a muldtispecific antigen-binding constroct can be formulated with a propellant for
agrosol delivery. In certain embodiments, solutions can be nebulized. Pulmonary
adminustration is further described m PCT application No. PCT/US94/001875, which

describes pulmonary delivery of chemically modified proteins.
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In certain embodiments, it 1s contemplated that formulations can be administered
orally. In certain embodiments, a multispecific antigen-binding construct that is administered
in this fashion can be formulated with or without those carricrs customarnly used in the
compounding of solid dosage forms such as tablets and capsules. In certain embodiments, a

5 capsule can be designed to release the active portion of the formulation at the point in the
gastrointestinal tract when bicavatlability s maximized and pre-svstemic degradation is
minimized. In certain cmbodiments, at least one additional agent can be included to facilitate
absorption of a multispecific antigen-binding construct. In certain embodiments, diluents,
flavorings, low melting point waxes, vegetable oils, lubricants, suspending agents, tablet

10 disintegrating agents, and binders can also be employed.

in certain embodiments, a pharmaceutical composition can involve an effective
quantity of a multispecific antigen-binding construct in a mixture with non-toxic excipients
which are suitable for the manufacture of tablets. In certain embodiments, by dissolving the
tablets in sterile water, or another appropriate vehicle, solutions can be prepared in unit-dose

15 form. In certain embodiments, suitable excipients include, but are not imuited to, mert

diluents, such as calcium carbonate, sodium carbonate or bicarbonate, lactose, or calcium
phosphate; or binding agents, such as starch, gelatin, or acacia; or lubricating agents such as
magnesium stearate, stearic acid, or tale.

Additional pharmaceutical compositions will be evident to those skilled in the art,

20 including formulations mvolving a multispecific antigen-binding construct in sustained- or

controlled-delivery formulations. In certain embodiments, techniques for formulating a
varicty of other sustained- or controlled-deliverv means, such as liposome carriers, bio-
erodible microparticles or porous beads and depot injections, are also known to those skilled
in the art. See for example, PCT Application No. PCT/US93/60829 which describes the

25 controlled release of porous polymeric microparticles for the delivery of pharmaceutical

compositions. In certain embodiments, sustammed-release preparations can include
semipermeable polymer matrices in the form of shaped articles, e.g. filmas, or microcapsules.
Sustained release matrices can mchude polyesters, hydrogels, polyiactides (U.S. Pat. No.

3,773,919 and EP 058,481), copolymers of L-glutamic acid and gamma ethyl-L-ghitamate

3
P

{Sidman et al., Biopolymers, 22:547-556 (1983)), poly (2-hvdroxyethyl-methacrylate)
{Langer et al. J. Biomed. Mater. Res., 15: 167-277 (1981) and Langer, Chem. Tech., 12:98-
105 (1982}, cthvlene vinyl acetate (Langer et al., supra) or polv-D{-}-3-hydroxybutyric acid
(EP 133,988). In certain embodiments, sustained release composttions can also include
liposomes, which can be prepared by any of several methods known in the art. See, e.g.,
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Eppstein et al, Proc. Natl. Acad. Sci. USA, 82:3688-3692 (1985); EP 036,676: EP 088,046
and EP 143,949

The pharmacentical compaosition 1o be used for /7 vivo administration typically is
sterile. In certain embodiments, this can be accomplished by filiration through sterile
filtration membranes. In certain embodiments, where the composition is vophilized,
sterilization using this method can be conducted either prior to or following lyophilization
and reconstitution. In certain embodiments, the composition for parenteral administration can
be stored in lyophilized form or in a solution. In certan embodiments, parenteral
compositions generally are placed into a container having a stenle access port, for example,
an intravenous solution bag or vial having a stopper pierceable by a hypodemmic injection
needle.

In certain embodiments, once the pharmaceutical composition has been formulated, it
can be stored in sterile vials as a solution, suspension, gel, emulsion, solid, or as a dehvdrated
or lvophilized powder. In certain cmbodiments, such formulations can be stored eitherin a
ready-to-use form or n a form {e.g., Ivophilized) that is reconstituted prior 1o admunisiration.

In certain embodiments, Kits are provided for producing a single-dose administration
unit. In certain embodiments, the kit can contain both a first container having a dried protein
and a sccond container having an aqueous formulation. In cortain embodiments, kits
containing single and multi-chambered pre-filled syringes {e.g., liquad svringes and
Iyosyringes) are included.

In certain embodiments, the effective amount of a pharmaceutical composition
comprising a multispecific antigen-binding construct to be emploved therapeutically will
depend, for example, upon the therapeutic context and objectives. One skilled 1n the art will
appreciate that the appropriate dosage levels for treatment, according to certain embodiments,
will thus vary depending. in part, upon the molecule delivered, the indication for which a
multispecific antigen-binding construct is being used, the route of admimstration, and the size
{(body weight, body surface or organ size) and/or condition (the age and general health) of the
patient. In certain embodiments, the clinician can titer the dosage and modify the route of
administration to obtain the optimal therapeutic effect.

In certain embodiments, the frequency of dosing will take into account the
pharmacokinetic parameters of a multispecific antigen-binding constract in the formulation
used. In certam embodiments, a clinician will adouuister the composition unti! a dosage is
reached that achieves the desived effect. In certain embodiments, the composition can
therefore be administered as a single dose or as two or more doses {which may or may not
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contain the same amount of the desired molecule} over time, or as a continuous infusion via
an implantation device or catheter. Further refinement of the appropriate dosage is routinely
made by those of ordinary skill in the art and is within the ambit of tasks routinely performed
by them. In certain embodiments, appropriate dosages can be ascertained through use of

5 appropriate dose-response data.

In certain embodiments, the route of administration of the pharmaceutical
comyposition is in accord with known methods, e.g. orally, through injection by intravenous,
intraperitoneal, intracerebral (intra-parenchymal), intracerebroventricular, intramuscular,
subcutanecusly, infra-ocular, intraarterial, mtraportal, or intralesional routes; by sustained

10 release systems or by implantation devices. In certain embodiments, the compositions can be
administered by bolus injection or continuously by infusion, or by implantation device. In
certain embodiments, mdividual elements of the combination therapy may be administered by
different routes.

In certain embodiments, the composition can be administered locally via implantation

15 of a membrane, sponge or another appropriate material onto which the desired molecule has
been absorbed or encapsulated. In certain embodiments, where an implantation device is
used, the device can be implanted into any suitable tissue or organ, and delivery of the
desired molecule can be via diffusion, timed-release bolus, or continuous administration. In
certamn embodiments, it can be desirable to use a pharmaceutical composition comprising a

20 multispecific antigen-binding construct in an ex vive manner. In such instances, cells, tissues
and/or organs that have been removed from the patient are exposed to a pharmaceutical
composition comprising a multispecific antigen-binding construct after which the cells,
tissues and/or organs are sabsequently implanted back mnto the patient.

in certain embodiments, a multispecific antigen-binding construct can be delivered by

25  implanting certain cells that bave been genetically enginecred, using methods such as those
described herein, to express and secrete the polvpeptides. In certain embodiments, sach cells
can be animal or human cells, and can be autologous, heterologous, or xenogencic. In certain
embodiments, the cells can be immortalized. In certain embodiments, in order to decrease the

chance of an immunological response, the cells can be encapsulated to avoid infiltration of

3
P

surrounding tissues. In certain embodiments, the encapsulation materials are typically
biocompatible, semi-permeable polymeric enclosures or membranes that allow the release of
the protein product{s} but prevent the destruction of the cells by the patient's immune system
or by other detrimental factors from the surrounding tissues.
H. Methods of Use
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As described herein, the present disclosure provides a method of treating a
proliferative disorder in a subject in need thereof, comprising administering to the subjecta
therapeutically cffective amount of a multispecific antigen-binding construct of the present
disclosure. In some embodiments, the present disclosure provides a method of enhancing an

5 wmmuane response {e.g., enhanced T cell function, such as rescue from T cell functional

exhaustion; enhanced T cell-mediated response; increased inflammitary cytokine secretion
and/or production, e.g., IFNy secretion and/or production from T cells; enhanced NK cell
function; enhanced macrophage function) in a subject in need thereof, comprising

administering to the subject a therapeutically effective amount of a multispecific antigen-

16 binding construct of the present disclosure. As exemplified herein, the enhancement of the
immune response is greater upon administration of the multispecific antigen-binding
construct disclosed herein as compared 1o an agent {e.g., antibody) that binds either PD-1 or
its figand {e.g., PD-L1 or PD-L2}, or a cocktail comprising an agent {e.g., antibody} that
binds PD-1 and an agent {e.g., antibody} that binds its ligand. In some embodiments, the

15 enhancement of the immune response {e.z., enhanced T cell function, such as rescue from T
cell functional exhaustion; enhanced T cell-mediated response; increased inflammtary
cytokine, IFNvsecretion and/or production from T cells; enhanced NK cell function;
enhanced macrophage function) is greater by at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100%, or

20 more, as compared to an agent (e.g., antibody) that binds etther PD-1 or its ligand, ora
cockiail comprising an agent {e.g., antibody} that binds PD-1 and an agent {e.g., antibody)
that binds its igand. Also provided herein are methods for treating or delaying progression
of a cancer or reducing or inhibiting tumor growth in a subject by administering to the subject

an effective amount of a multispecific antigen-binding construct, an antibody or antigen-

o
(91

binding fragment thereof, a pharmaceuntical composition, or a protein conjugate as described
herein.

The compositions described herein are useful in, fnrer alia, methods for treating or
preventing a variety of cancers in a subjeet.

The compositions can be administered to a subject, e. g, a human subject, using a
36 variety of methods that depend, m part, on the route of administration. The route can be, e.g.,
travenous injection or infusion {IV}), subcutancous injection (SC), intraperitoneal (IP)
mjection, intramuscular injection (IM), or intrathecal injection {(IT). The injection can be in a

bolus or a continuous nfusion.

122



WO 2020/102387 PCT/US2019/061226

As used herein, the term “sobject” means a mammalian subject. Exemplary subjects
mehade, but are not limited to humans, monkeys, dogs, cats, mice. rats, cows, horses, camels,
goats and sheep. In some embodiments, the subject 1s a buman. In some embodiments, the
subject has or 1s suspected to have a discase or condition that can be treated with a

5 multispecific antigen-binding construet provided herein. In some embodiments, the disease

or condition is a cancer. In some embodiments, the subject is a human with a cancer that can
be treated with a multispecific antigen-binding construct provided herein. In some
embodiments, the subject is a human that is suspected fo have cancer that can be treated with
a multispecific antigen-binding construct provided herein.

10 “Treating” or “treatment” of any discasc or disorder refers, in some embodiments, to
ameliorating a disease or disorder that exists i a subject. In another embodiment, “treating”
or “treatment” includes ameliorating at least one physical parameter, which can be
indiscernible by the subject. In yet another embodiment, “treating” or “treatment” includes
modulating the discase or disorder, cither physically {e.g., stabilization of a disccmible

15 symptom) or physiologically {(e.g., stabilization of a physical parameter) or both. In yet
another embodiment, “treating” or “treatment” includes delaying or preventing the onset of
the disease or disorder.

As used herein, the term “therapeutically effective amount” or “effective amount”
refers to an amount of a multispecific antigen-binding constret that, when administered to a

20 subject, is effective to treat a disease or disorder.

As used herein, “administer” or “administration” refers to the act of injecting or
otherwise physically delivering a substance as it exists outside the body (e.g., a multispecific
antigen-binding construct provided herein) into a patient, such as by mucosal, intradermal,
mitravenous, intramuscular delivery and/or any other method of physical delivery described

25 herein or known in the art. When a discase, or a symptom thereof, is being treated,
administration of the substance typically occurs after the onset of the disease or symptoms
thereof. When a disease, or symptoms thercof, are being prevented, administration of the
substance typically occurs before the onset ot the discase or symptoms thereof.

Admunistration can be achieved by, e.g., local infusion, injection, or by means of an

oS00
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implant. The implant can be of a porous, non-porous, or gelatinous matenial, ncluding

membranes, such as stalastic membranes, or fibers. The implant can be configured for

sustained or periodic release of the composition to the subject. See, e.g., U.S. Patent

Apptlication Publication No. 20080241223; U.S. Patent Nos. 3,501,836, 4,863,457, and

3,710,795, EP488401; and EP 430539, the disclosures of each of which are incorporated
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herein by reference in their entirety. The composition can be delivered to the subject by way
of an implantable device based on, e.g., diffusive, eradible, or convective systems, e.g.,
osmotic pumps, biodegradable implants, electrodiffusion systems, electroosmosis systems,
vapor pressure pumps, electrolytic pumps, effervescent pumps, piezoelectric pumps, crosion-

5 based systems, or ¢lectromechanical systems.

In some embodiments, a multispecific antigen-binding construct of the present
disclosure is therapeutically delivered to a subject by way of local administration.

As used heremn, the term “enhanced T cell function” or “activation of T cells™ refers to
a cellolar process in which matare T cells, which express antigen-specific T cell receptors on

10 their surfaces, recognize their cognate antigens and respond by entering the cell eycle,
secreting cvtokines or Iytic enzymes, and inttiating or becoming competent to perform celi-
based cffector functions. T cell activation requires at least two signals to become fully
activated. The first occurs after engagement of the T cell antigen-specific receptor {TCR) by
the antigen~major histocompatibility complex (MHC), and the second by subsequent

15 engagement of co-stimulatory molecules (e.g., CD28). These signals are transmitted to the
nucleus and result in clonal expansion of T cells, upregulation of activation markers on the
cell surface, differentiation into effector cells, induction of eytotoxicity or cytokine secretion,
mduction of apoptosis, or a combination thereof. In some embodiments, “enhanced T cell
function” also encompasses enhanced survival and/or enhanced prohiferation of the T cell.

20 Methods for measurning such activitics are routine and known in the art. In some
embodiments, “enbanced T cell function” also enconipasses rescuc of a T cell from an
exhausted phenotype, so that restoration of or an increase i one or more T cell functions is
achieved. As known in the art, the state of T cell exhaustion is characterized by sequential
loss of T cell effector functions, such as flammtory cytokine production, proliferative

25 abilitics, metabolic fitness, in addition to sustaied upregulation of a wide array of co-
mhibitory receptors, and unique transcriptional and epigenetic signatures. T cell exhaustion
and alterations thereof can be measured using techuigues known in the art, and described
herein, for example, the in virro nonspecific T cell + K562-PD-L 1 tumor target ccll assay.

As used herein, the term T cell-mediated response refers to any response mediated by

30 Teells, including, but not limited to, effector T cells (e.g., CD8* cells, effector v& T cells) and
helper T cells {e.g., CD47 cells, including sabbsets thereof, sach as Tul, T2, Tu3, Tul7,
Tr9, and Teu celis). T cell-mediated responses include, for example, T cell eytotoxicity, T

cell cytokine secretion, and proliferation. A suitable dose of an antibody or fragment
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thercof described herein, which dose is capable of treating or preventing cancer in a subject,
can depend on a variety of factors including, e.g., the age, sex, and weight of a subject to be
treated and the particular inhibitor compound used. For example, a different dose of a whole
multispecific antigen-binding construct may be required to treat a subject with cancer as
compared to the dose of a fragment of the multispecific antigen-binding construct {e.g., Fab’
antibody fragment) required to treat the same subject. Other factors affecting the dose
administcred to the subject include, e.g., the type or severity of the cancer. For example, a
subject having metastatic melanoma may require administration of a different dosage of
multispecific antigen-binding construct than a subject with glioblastoma. Other factors can
include, e 2., other medical disorders concurrentlv or previousty affecting the subject, the
general health of the subject, the genetic disposition of the subject, diet, ime of
administration, rate of excretion, drug combination, and any other additional therapeutics that
are administered to the subject. It should also be understood that a specific dosage and
treatment regimen for any particular subject will also depend upon the judgment of the
treating medical practitioner (e.g., doctor or nurse}. Suitable dosages are described herein. In
some embodiments, the multispecific antigen-binding construct described herein are effective
at both high and low doses.

A pharmaccutical composition can include a therapeutically effective amount
multispecific antigen-binding construct described herein. Such effective amounts can be
readily determined by one of ordinary skill n the art based, in part, on the effect of the
admuinistered antibody, or the combinatorial effoct of the antibody and one or more additional
active agents, if more than one agent 1s used. A therapeutically effective amount of an
antibody or fragment thereof described herein can also vary according to factors such as the
discase state, age, sex, and weight of the individual, and the ability of the antibody {and one
or more additional active agents) to elicit a desired response in the individual, e. g, reduction
m tumor growth. For example, a therapeutically effective amount of muldtispecific antigen-
binding construct can inhibit (lessen the severity of or eliminate the occurrence of) and/or
prevent a particular disorder, and/or any one of the symptoms of the particular disorder
known o the art or described herein. A therapeutically effective amount 1s also one in which
any toxic or detrimental effects of the composition are cutweighed by the therapeutically
beneficial effects.

Suitable human doses of any of the nwultispecitic antigen-binding construct described
herein can further be evaluated in, .z, Phase [ dose escalation studies. See, e.g., van Gurp et
al. (2008} Amr J Transplaniation 8(8):1711-1718; Hanouska et al. (2007} Clin Cancer Res
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132, part 1):523-531; and Hetherington et al. (2006) Antimicrobial Agents and
Chemotherapy 50(10); 3499-3500.
Toxicity and therapeutic efficacv of such compositions can be determined by known
pharmaceutical procedures in cell cultures or experimental animals {e.g., ammal models of
5 any of the cancers described herein}. These procedures can be used, e.g., for determining the
LDso (the dose fethal to 50% of the population} and the EDso (the dose therapeutically
effective in 50% of the population). The dose ratio between toxic and therapeutic cffects is
the therapeutic index and it can be expressed as the ratio LDso/EDse. An antibody or antigen-
binding fragment thereof that exhibits a high therapeutic index is preferred. While
10 compositions that exhibit toxic side effects may be used, care should be taken to design a
delivery system that targets such compounds to the site of affected tissue and to minimize
potential damage to normal cells and, thereby, reduce side effects.
The data obtained from the cell culture assavs and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such antibodies or antigen-
15 binding fragments thereof lies generally within a range of circulating concentrations of the
antibodies or fragments that include the EDso with little or no toxicity. The dosage may vary
within this range depending upon the dosage form emploved and the route of administration
utilized. For multispecific antigen-binding construct described herein, the therapeutically
effective dose can be estimated initially from cell culture assavs. A dose can be formulated
20 in animal models to achieve a circulating plasma concentration range that includes the ECso
{i.e., the concentration of the construct — e.g., antibody — which achieves a half-maximal
ihibition of symptoms) as deternuned in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma may be measured, for
example, by high performance liquid chromatography. In some embodiments, e.g., where
25 local adounistration {e.g., to the eye or a joint) is desired, cell culture or antmal modeling can
be used to determine a dose required to achieve a therapeutically effective concentration
within the local site.
In some embodiments, the methods can be performed in conjunction with other

therapies for cancer. For example, the composition can be admumstered to a subject at the

L3

same tme, prior 1o, or after, radiation, surgery, targeted or cytotoxic chemotherapy,
chemoradiotherapy, hormone therapy, immunotherapy, gene therapy, cell transplant therapy,
precision medicine, genome editing therapy, or other pharmacotherapy.
As described above, the multispecific antigen-binding construct described herein be
used to treat a variety of cancers selected from the group consisting of a hematological
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cancer, a lymphoma, a myeloma, a leukemia, a neurological cancer, skin cancer, breast
cancer, a prostate cancer, a colorectal cancer, lung cancer, head and neck cancer, a
gastrointestinal cancer, liver cancer, pancreatic cancer, a genitourinary cancer, a bone cancer,
renal cancer, and a vascular cancer. Optionally, the cancer is selected from the group
consisting of Kaposi’s sarcoma, leakemia, acute lymphocytic leukemia (etv6, amll,
cyclophilin b), acute myelocytic leukenia, myeloblasts promyelocyte myelomonocytic
monocytic crythroleukenua, chronic leukemia, chronic myelocytic {(granulocytic) leukemia,
chronic tymphocytic leukemia {cyclophitin b}, mantle cell lvmphoma, primary central
nervoas system lvmphoma, Burkiit’s lvmphoma, marginal zone B cell lymphoma (Ig-
wdiotype), Polycyvthemia vera Lymphoma, Hodgkin’s discase (Imp-~1, EBNA-1), non-
Hodgkins disease, mycloma (MUC family, p2 Iras), multiple myeloma, Waldenstront’s
macroglobulinemia, heavy chain disease, solid tumors, sarcoma, carcinoma, fibrosarcoma,
myxosarcoma, liposarcoma, chrondrosarcoma, osteogenic sarcoma, osteosarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lvimphangioendotheliosarcoma,
synovioma, mesothelioma, Ewmg’s tamor, leiomyosarcoma, rhabdomyosarcoma, colon
sarcoma, colon carcinoma (p2 1ras, HER?/ney, c-¢rbB-2, MUC family), pancreatic cancer,
breast cancer (MUC family, HER2/neu, c-erbB-2), ovarian cancer, prostate cancer {Prostate
Specific Antigen (PSA) and its antigenic epttopes PSA-1, PSA-2, and PSA-3, PSMA,
HER2/meu, c-erbB-2, ga733 glveoprotein}, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma (HER2/new, c-erbB-2), hepatoma, hepatocellular cancer (o~
fetoprotein), bile duct carcinoma, chorigcarcinoma, seminoma, embryonal carcinoma,
Wilm's tumor, cervical cancer, uterine cancer, testicudar tumor (NY-ESG-1), fung carcinoma,
small cell lung carcinoma, non-small cell lung carcinoma (HER 2/ney, c-erbB-2), bladder
carcinoma, epithelial carcinoma, glioma (E-cadherin, g-catenin, B-catenin, y-catenin,
pi20ctn}, astrocytoma, medulloblastoma, cramopharyngioma, ependymoma, pincaloma,
hemangioblastoma, acoustic neuroma, oligodendroghioma, menangioma, melanoma (p5
protein, gp75, oncofetal antigen, GM2 and GD2 gangliosides, Melan-A/MART-1, cde27,
MAGE-3, p2lras, gpl00}, neuroblastoma, retincblastoma, nasopharyngeal carcinoma (Imp-1,
EBNA-1), esophageal carcinoma. basal cell carcinoma, bifiary tract cancer (p2 1ras}, bladder
cancer (p2 lras), bone cancer, brain and central nervous systern (CNS) cancer, cervical
carcinoma (p53, p2 lras), choniocarcinoma (CEA), colorectal cancers {colorectal associated
antigen {CRC)-CO17-1A/GAT33, APC), connective tissue cancer, cancer of the digestive
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system, endometrial cancer, esophageal cancer, eve cancer, head and neck cancer, gastric
cancer (HER2/new, c-erbB-2, ga733 glycoprotein). epithelial cell cancer {cyclophilin b),
mtracpithelial neoplasm, kidney cancer, larynx cancer, fiver cancer, lung cancer {small cell,
large cell) {CEA, MAGE-3, NY-ESO-1), oral cavity cancer (for example lip, tongue, mouth,
and pharynx cancers), ovarian cancer (MUC fanuly, HER?/neu, ¢-erbB-2), pancreatic cancer,
rectal cancer, cancer of the respiratory system, skin cancer, thyroid cancer, and cancer of the
urinary systent.

In some embodiments, a multispecific antigen-binding construct described herein can
be administered to a subject as a monotherapy. Alternatively, as described above, the
anttbody or fragment thereof can be adounistered to a subject as a combination therapy with
another treatment, e.g., another treatment for a cancer. For example, the combination therapy
can include administering to the subject {e.g., a human patient} one or more additional agents
that provide a therapeutic benefit to a subject who has, or is at risk of developing, cancer.
Chemotherapeutic agents suttable for co~adnunistration with compositions of the present
mvention include, for example: taxol, cytochalasin B, gramicidin D, ethidium bromide,
emeting, mitomycin, etoposide, tenoposide, vincristine, vinblasting, colchicin, doxorubicin,
daunorubicin, dihyvdroxyanthrancindione, mitoxantrone, mithramycin, actinomycin D, 1-
dehydrotestosterone, glucocorticoids, procaine, tetracaine, hidocaine, propranolol, and
puromyein and analogs or homologs thereof. Further agents include, for example,
antimetabolites {e.g., methotrexate, 6~-mercaptopuring, 6-thioguanine, cvtarabine, 5-
fluorcuracil decarbazine), alkvlating agents (e.g. mechlorethamine, thio TEPA, chlorambucil,
melphalan, carmustine (BSNU), lomustine (CCNU), cyclophosphamide, busuifan,
dibromomannitol, streptozotocin, mitomycin C, cis-dichlordianmine platmam (IHDDPY,
procarbazine, altretamine, cisplatin, carboplatin, oxaliplatin, nedaplatin, satraplatin, or
triplatin tetranitrate), anthracycline {e.g. daunorubicin {formerly davnomycin) and
doxorubicin), antibiotics {e.g. dactinomein {formerly actinomycin), bleomyein, mithramycin,
and anthramycin (AMC)), and anti-mitotic agents {e.g. vincristine and vinblastine} and
temozolonude. In some embodiments, the nwltispecific antigen-binding construct and the one
or more additional active agents are administered at the same time. In other embodiments,
the multispecific antigen-binding construct 1s admmistered first in time and the one or more
additional active agents are administered second in time. In some embodiments, the one or
maore additional active agents arc administered first in time and the multispecific antigen-

bindmg construct is administered second in time.
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A multispecific antigen-binding construct described herein can replace or augment a
previously or currently administered therapy. For example, upon treating with a multispecific
antigen-binding construct, administration of the one or more additional active agents can
cease or dimmish, e.g., be administered at lower levels or dosages. Tn some embodiments,

5 administration of the previous therapy can be maintained. In some embodiments, a previous
therapy will be maintained until the level of the multispecific antigen-binding construct
reaches a level sutficient to provide a therapeutic effect. The two therapies can be
admuinistered i combimnation.

Monitoring a subject {e.g., a homan patient) for an improvement in a cancer, as
10 defined herein, means evaluating the subject for a change in a discase parameter, e.g., a
reduction m tumor growth. In some embodiments, the evaluation is performed at least one
(Iyhour, e g, atleast 2, 4,6, 8, 12, 24, or 48 hours, or at least 1 day, 2 days, 4 days, 10 days,
13 days, 20 days or more, or at least 1 week, 2 weeks, 4 weeks, 10 weeks, 13 weeks, 20
wecks or more, after an administration. The subject can be evaluated in one or more of the

15 following periods: prior to beginning of treatment; during the treatment; or afier one or more

elements of the treatment have been administered. Evaluation can include evaluating the
need for further treatment, e.g., evaluating whether a dosage, frequency of administeation, or
duration of treatment should be altered. It can also include evaluating the need to add or drop
a selected therapeatic modality, e g, adding or dropping any of the treatments for a cancer

20 described herein.

In some embodiments, a multispecific antigen-binding construct described hercin is
adounistered to modulate a T-cell response in a patient, for example, by mncreasing T-cell
activation and/or proliferation. Blocking the interaction between PD-1 expressed by an
mmnmne cell and its ligand strongly enhances T cell proliferation, IFNy production and

25 seccretion, and the cytolytic activity of T cells. Bridging an immune cell that expresses PD-1

with a second cell {e.g., another immune cells, or 8 tumor cell) that expresses a PD-1 ligand
{e.g.. PD-L1 or PD-L2) can strongly enhance T cell proliferation, IFNy produaction and
secretion, and the cytolytic activity of T cells. Accordingly, in some embodiments, the

multispecific antigen-binding construct of the present disclosure is admunistered to a patient
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i need thereof to mnduce or increase T-cell activation, enhance T cell proliferation, induce the

production and/or secretion of IFNy, and/or induce a cytolyvtic T cell response.

>

EXAMPLES
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While the present disclosure has been deseribed with reference to the specific
embodiments thereot, it should be understood by those skifled in the art that various changes
may be made and equivalents may be substituted without departing from the trae spirit and
scope of the disclosure. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective,
spirit and scope of the present disclosure. All such modifications are intended to be within

the scope of the disclosure.

Example 1: Induction of Interferon-gamma (IFNy} in T cells

To assess the effect of PDU/PDL1 bispecific antibody on T-cell activation, TFNy
production was analvzed in a mixed lvmphocyte reaction (MLR). Aglvcosylated hispecitic
antibodies combining binding domains of NivolumabxAtezolizamab, 949x Atezolizumab,
I3xAtezolizamab, PidilizumabxAtezolizumab, AtezolizumabxNivolumab, or
DurvalumabxNivolumab were tested. The antibody 949 refers to a PD-1 antibody as
disclosed in US Patent 9102728, Antibody J43 refers to an anti-murine PD-1 antibody.
KEYTRUDA, a humanized antibody that blocks PD-1 (Merck) and 1s known to induce IFNy
production, was used as a comparator. A schematic and amino acid sequence for
NivolumabxAtezolizumab, 949 xAtezclizumab, and AtezolizumabxNivolumab are shown in
Figures 4-6, respectively. Fach of the bispecific formats exemplified and tested herein were
generated using known methods in the art. For example, as shown, in Figure 4, the heavy
chain portion of the Atezolizumab Fab was crosstinked to the heavy chain Fc portion of
Nivolumab using methods known in the art. Suitable methods for crosslinking two proteins,
such as the heavy chain of a Fab and the heavy chain of IgG molecule, with or without Iinker
sequences, are described herein. This study demonstrated that various concentrations of
bispecific antibodics described above can induce an FFNy respounse in T cells.

Peripheral blood mononuclear cells (PBMCs) were isolated from levkopaks
{HemaCare, Van Nuys, CA) denved from three independent human donors (D985, D7603,
and D5004). Total T cells were enriched from PBMC by negative sclection using
immunomagnetic cell separation (EASYSEP™; Stemcell Technologics, Vancouver BC).
Monocytes were isolated from PBMCs using immunomagnetic cell separation (EASYSEP™,
Stemcell Technologies, Vancouver BC). T cells were resuspended in complete RPMI at
1x10° cells/ml concentration and monocytes were adjusted to 5x10° celis/m] respectively. In

a 96-well plate, 100! of media containing T cells were plated at [x10° cells/well density
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followed by adding 1001 of monocyte cell suspension (E:T ratio 2:1}. Next, 50 ul of media
containing various dilutions of antibodies was added to reach a final concentration of 0 nM,

0.5 nM, 5 nM, or 50 nM. Plates were incubated at 37°C 10 a CO2 incubator for five days. At
the end of incubation period, culture supernatants were collected and IFNy levels were

analyzed by MSD assay (Mesoscale Diagnostics, Rockville, M.

Example 2: Induction of Interferon-gamma (IFNy} in T cells treated with a
Pembrolizumab/Atezolizumab bispecific antibody

To assess the effect of PB1/PDLI bispecific antibody on T-cell activation, IFNy
production was analyzed in a mixed lymphocyte reaction (MLR). A
PembrolizumabxAtezolizumab bispecific, Pembrolizumab mAb, Atezolizumab Fab, a nix of

KEYTRUDA and Atezolizumab Fab, and KEYTRUDA, a humanized antibody that blocks
PD-1 (Merck) and is known to induce IFN-y production, were used as comparators. A

schematic and amino acid sequence for the PembrolizamabxAtezolizumab bispecific
antibody is shown in Figure 3. Ag similarly described for the other bispecific formats
exemplified and tested herein, the bispecific format shown in Figure 3 was generated using
known methods in the art. As shown in Figure 3, the heavy chain portion of the
Atczolizumab Fab was crosslinked to the c-terminus of the heavy chain Fe portion of
Pembrolizumab using methods known in the art. Suitable methods for crosslinking two
proteins, such as the heavy chain of a Fab and the heavy chain of 1gG molecule, with or
without linker sequences, are described herein. These results indicate that
PembrolizumabxAtezolizumab, a bispecific antibody targeting PD-1 and PD-L1, induces an

IFNy response in T cells comparable to Pembrolizumab, Atezolizumab Fab, or KEYTRUDA

treatments alone.

T cells were prepared as described above. A volume of 30 pl of media containing
various dilutions of antibodies was added to reach a final concentration of 8 nM, 0.5 1M, 5
oM, or 50 oM. Plates were incubated at 37°C in a CO» incubator for five days. At the end of

mcubation period, culture supematants were collected and IFN-y levels were analyzed by

MSD assay (Mesoscale Diagnostics, Rockville, MD).
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Example 3: Comparisen of Interferon-gamma (IFNy) induction in T cells treated with a
bispecific antibody targeting PD-1 and PD-L1 or cocktail of monoclonal antibedies
targeting PD-1/PD-1L1

To assess the effect of PD~IxPD-L1 or PD-LIxPD-L1 bispecific antibodies on T-cell
activation, IFN~y production was analyzed in 2 mixed lymphocyte reaction (MLE). A
PembrolizumabxAtezolizumab bispecific antibody, NivolomabxAtezolizamab bispecific
antibody, a cocktaill of KEYTRUDA and Atezolizumab, a cocktail of Nivolumab and
Atezolizumab were tested and KEYTRUDA alone, a humanized antibody that blocks PD-1

(Merck} and is known to induce IFN-y production, was used as a comparator.

T cells were prepared as described above. A volume of 50 pd of media containing
various dilutions of antibodies was added to reach a final concentration of 0 nM, 0.01 nM,

0.001 oM, or 0.0001 nM. Plates were incubated at 37°C in a COz incubator for five days. At
the end of incubation period, culture supernatants were collected and IFNy levels were

analyvzed by MSD assay (Mesoscale Diagnostics, Rockville, MD).

Figure 1 shows the concentration of IFN-y as pg/mL at the final concentrations of
antibodies tested, as indicated. These results indicate that bispecific PD-1xPD-L1 antibodies,
such as PembrolizamabxAtezolizamab or the PDL1I/PDLI bispecific antibody
Nivolumab/Atezolizomab, induce a higher IFNvy response in T cells than a cocktail of PD1

and PDL1 specific antibodies, or a PD-1 antibody (KEYTRUDA} alone.

Example 4: Comparison of Interferon-gamma (IFNy) induction in T cells treated with a
bispecific antibody targeting PD-1/PDL-1 or monoclonal antibodies targeting PD-1 or
PD-L1

To assess the effect of a PD-1xPD-L1 or PB-LIxPD-L1 bispecific antibody on T-cell
activation, IFNy production was analyzed in a mixed lymphocyte reaction (MLR).
PembrolizumabxNivolumab bispecific antibody, AtezolizumabxAtezolizumab tetravalent,
monospecific antibody were tested and Nivohunab alone, Atezolizumab alone, and

KEYTRUDA (Pembrolizumab), a humanized antibody that blocks PD-1 (Merck) and is
konown to induce IFN-y production, were used as coniparators.

T cells were prepared as described above. A volume of 50 pd of media containing
various dilutions of antibodies was added to reach a final concentration of O nM, 0.01 nM,

0.001 oM, or 0.0001 oM. Plates were incubated at 37°C in a €Oz incubator for five days. At
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the end of incubation period, culture supernatants were collected and IFN-y levels were

analyzed by MSD assay (Mesoscale Diagnostics, Rockville, MD).
Figure 2 shows the concentration of IFN-y as pg/mL at the final concentrations of
antibodies tested, in PBS, as indicated. These results indicate that bispecific PR IXPDL1

5 {PembrolizamabxNivolumab) or PD-L1xPD-L1 antibodies {AtezolizumabxAtezolizumab})

induce a similar IFN~y response in T cells as PD-1 (Atezolizumab or KEYTRUDA) or PD-L1
(Nivolumab) specific antibodies alone.

Figure 7 shows the concentration of IFN-y as pg/mL at the final concentrations of
antibodies tested, in PBS, as indicated. These resulis indicate that bispecific antibodies PD-

10 IxPD-L1 (PembrolizomabxAtczolizumab) or (NivolumabxAtezolizomab) in a multispecific
format induce a greater IFN-y response at femtomolar concentrations in a mixed lymphocyte
reaction {MLR)} as compared to a cocktail of Pembrolizumab and Atezolizumab or
Nivolumab and Atezohzumab. Thsee results suggest a synergistic effect that results from a
multispecific format.

15 Figure 8 shows an exemplary workflow for identifying multispecific (e.g., bispecific)
antibodies that demonstrate synergy. The process includes an unbiased screen of checkpoint
blocker combinations in mixed lymphocyte reaction (MLR). which measures IFNy release, in
pg/ml, at various concentrations, as described elsewhere herein (see, for example, the section
below entitled Nonspecific T cell + K562-PD-L1 tumor target cell assav). In the second step

20 ofthe illustrated workflow, common light chain bispecifics were generated to further test
their efficacy and various exemplary common light cham bispecific formats are depicted.

The identiticd common light chain bispecific formats outperform known PD-1 blockersina

T-cell activation assay.

25  Example 5: Generation and Characterization of Anti-PD-1 and Anti-PD-L1 Antibody
Constructs and Multispecific Antigen-Binding Molecules
Affinity Maturation of anti-PD-L1 Antibodies
Affinity matored anti-PD-L1 antibodies derived from PD-L1 antibody mAb24 were
generated via construction of a mutant bibrary, mammalian display sorting, and screening of
3¢ monoclonal IgG. The library contained mutations in the heavy chain, where svnthetic
diversity in CDRH1, CDRH2, and CDRH3 was introduced, while the light chain sequence
was held constant, except in some cases, to maintain compatibility with single hight chain

constructs. The hibrary went through 3 rounds of mammalian display sorting aimed at
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imcreasing affinity for human PD-L1 and maintaining mouse cross-reactivity. In each round,
an off-rate competition step was employed after initial binding to biotinylated antigens (ie., 1
hour incubation with excess unlabeled antigen or parental Ig(G). Afier the final round of
sorting, clones were picked, their sequences analyzed, and unigue clones were assayed via

5 ‘asatch SPR binding kinetics and cell-binding equilibrium assays to identify lead
candidates.

The resulting anti-PD-L1 antibodies from different selection rounds were plotted on
ka/ka double log plots. Apparent association and dissociation kinetic rate constants (kaand ka
values) were determined on an SPRi reader (MX96, Carterra, Salt Lake City, UT)m a

10 running buffer of PBS-Tween 0.01%.  Anti-human PD-L1 antibodics were covalently
comjugated on a Carboxymethyldextran hydrogel 50L chip (XanTec bioanalytics GmbH,
Dusscldorf, Germany) on a CFM (Carterra). Freshly mixed activating reagents (150 sl of 0.4
M EDC and 150 ul of 0.1 M sulfo-NHS in § mi of H20) were used to activate the surface of
the SPR substrate for 7 minutes. Antibodics at 10 mg/mi, i acctic acid buffer pH 4.5, were

15 used for printing for 15 minutes. The printed chip was then quenched on an SPRi reader
(MX96, Carterra) with I M cthanolamine for 15 minutes. For kinetics analysis, purified
recombinant His tagged human PB-L1 {0, 2.05, 5,12, 12.8, 32, 80, 200, 500 oM} was injected
sequentially. For cach concentration, there was 5 munutes of association followed by 10
minutes of dissociation. Data were processed and analyzed in SPR Inspection Tool and

20 Scrubber softwares (Biosensor Tools LLC, Salt Lake City, UT). The kinetic data were
referenced with the interstitial reference spots and double-referenced to a bufter cvcle, and
then fit globally to a 1:1 binding model to determine their parent association and dissociation
kinetic rate constants (ks and ke values). The ratio ke/ks was used to derive the Kp value of
cach antigen/mAb interaction, 7.e. Ko=ka/ka.

25 Affinity Matration of anti-PD-1 Antibodies

Affinity matored anti-PD-1 antibodies derived from PD-1 antibody mAb25 were
generated via construction of a mutant library, phage display panning, and screening of
monoclonal antibodies. The library contained mutations in the heavy chain, where synthetic
diversity it CDRH1, CDRHZ, and CDRH3 was introduced, while the light chain sequence

30 was held constant to maintain compatibility with simgle light chain constructs. The library
went through 4 rounds of phage display panning rounds aimed af increasing affinity for
buman PD-1 and gaining mouse cross-reactivity. In ecach round, an off-rate competition step
was emploved after mitial binding to biotinylated antigens (i.e., | hour incubation with excess
unlabeled antigen or parental 1gG}. After the final round of panning, clones were picked,
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their sequences analvzed, and unigue Fab clones were assaved via Octet SPR binding kinetics
and cell-binding equilibrium assays to identify lead candidates. Lead candidates were
converted from Fab to human IgG and further characterized.
The resubting anti-PD-~1 antibodies from different selection rounds were plotted on
5 ko/ka double log plots. Apparent association and dissociation kinetic rate constants (ks and ka
values) were determined on an SPRi reader (MX96, Carterra, Salt Lake City, UT) m a
running buffer of PBS-Tween 0.01%. Anti-human PD-1 antibodies were covalently
conjugated on a Carboxymethyldextran hydrogel S0L chip (XanTec bioanalytics GmbH,
Busseldorf, Germany) on a CFM (Carterra}. Freshly mixed activating reagents (150 ul of 0.4
10 MEDC and 150 ul of 0.1 M sulfo-NHS in 5 ml of H20) were used to activate the surface of
the SPR substrate for 7 minutes. Antibodies at 10 mg/ml, in acetic acid buffer pH 4.5, were
used for printing for 15 minutes. The printed chip was then quenched on an SPRi reader
{(MX96, Carterra) with | M ethanolamine for 15 minutes. For kinetics analvsis, punified
recombinant His tagged human PD-1 (0, 2.05, 5,12, 12.8, 32, 80, 200, 500 oM) was injected
15 sequentially. For each concentration, there was 5 minutes of association followed by 10
minutes of dissociation. Data were processed and analyzed in SPR Inspection Tool and
Scrubber softwares (Biosensor Tools LLC, Salt Lake City, UT). The kinetic data were
referenced with the interstitial reference spots and double-referenced to a buffer cvele, and
then fit globally to a 1:1 binding model to determine their apparent association and
20 dissociation kinetic rate constants (ks and kg values). The ratio ka/k. was used to derive the
Ko value of cach antigen/mAb interaction, 7.e. Ko=ka/ka.
Nownspecific T cell + K562-PD-1.1 tumor target cell assay
T cells were 1solated from previously frozen PBMCs (pernipheral blood mononuclear
cells) using a negative selection kit and activated using IMMUNOCULT™ anti-CD3/CD28
25 T eell activator n X-VIVQG 13 media supplemented with 10 % FBS ("X-107). After 3 days,
the cells were switched to X-10 media containing 5 ng/mi IL-2 and 2.5 ng/ml IL-7 ("*hX-107).
Every 2-3 days the celis were fed fresh hX-10. After 10 days of activation, the
IMMUNOCULT™-expanded T celfs were CELLTRACE™ Violet-fabeled and co-cultured
with K562 cells that were stably transduced to express human CD32B and PD-L1 ("K32P7)
36 in 96 well round-bottom plates with 50,000 T cells and 25,000 K32P cells per well.
Antibodies (Bispecific 3, KEYTRUDA, and an isotype countrol} were added at final
concentrations between 10 and 0.001 nM done in 10-fold dilutions along with 0.25 pg/ml
anti-CD3 (clone OKT3). After 3 davs, supematants were collected for measuring IFNy
cytokine production via MSD plates, and cells were stained for flow cytometry, and then run
135
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on a BD LSRFORTESSA™ cyiometer to look at T cell activation and target cell killing.
Target cell killing is measured by counting the number of hive K32P targets in the
experimental wells compared to the number of K32P targets in a set of no CD3 control wells.
All data was then analyzed m GraphPad Prism. As shown mn Figures 9A-9B, Bispecific 3
mduced higher amounts of IFNy and killing of K32P target cells as compared to both the
isotype control antibody and KEYTRUDA

CMY antigen recall assay

Day 12 expanded CMV antigen specific CDE+ T cells, from an HLA A02:01 donor,
were thawed and rested overnight in hX-10 media containing 2 ug/ml DNase I. The
following day, the cells were collected, and dead cells were removed using Ficoll-separation.

The remaining cells were then co-cultured with K562 cells expressing HLA-A02:01, CMV

protein pp6S-IRES-GFP, and PD-L1 ("KACP", GFP+} and K562 cells expressing HLA-
A02:01 ("KA", GFP-) in 96 well round-bottom plates with 25,000 CMV T cells, 50,000

KACP cells, and 50,000 KA cells per well. Antibodies (Bispecific 3, KEYTRUDA, a
combination of mAbl and mAb28, and an isotvpe control) were added at final concentrations
between 10 and 0.0001 nM. This dosing included 10-fold dilutions between 10 and 6.1 nM
and then 2-fold dilutions until 0.0001 oM. After 2 days of co-culture, specific killing of
KACP tumor targets via flow cytometry were analyzed. Specific kiiling is defined
ratiometrically as the ratio of live GFP+ KACP cells to GFP- KA cells, normalized to the
ratio of these cells when no T cells are present. As shown in Figure 10A, Bispecific 3
mereased the specific killing of tumor antigen target cells. The imcrease mediated by
Bispecific 3 was always higher than what was scen for KEYTRUDA, while at high doses the
combination of mAbl and mAb28 killed an equal number of KACP cells. Critically, at the
low doses of antibody (0.001 through 0.01 nM) Bispecific 3 showed an increase in killing of
KACP cells as compared to both KEYTRUDA and the combination of mAbl and mAb2E,
mdicating that Bispecific 3 can be used to mediate antigen-specific killing of target cells at
fower doses.

In a separate experument, the effect of Bispecitic 3 on Raji cell-specific killing was
examined in a maoner similar to that outlined above for K562 cell-specific killing assay.
Briefly, CMV antigen specific CD8+ T cells were co-cultured with Raji cells expressing
HLA-AD2:01, CMYV protein pp6S-IRES-GFP, and PD-L1 ("RACP”, GFP+} and Rajt cells
expressing HLA-A02:01 ("RA”, GFP-} in 96 well round-bottom plates with 25,000 CMV T
cells, 50,000 RACP cells, and 50,000 RA cells per well. Antibodies (Bispecific 3,
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KEYTRUDA, a combination of mAb1 and mAb28, and an isotype control} were added at
final concentrations between 10 and 0.0001 nM. This dosing included 10-fold diletions
between 10 and 0.1 nM and then 2-fold dilutions until 0.0001 M. After 2 days of co-culture,
specific killing of RACP tumor targets via flow cytometry were analyzed. Specific killing is
5 defined ratiometrically as the ratio of live GFP+ RACP cells to GFP- RA cells, normalized to
the ratio of these cells when no T cells are present. As shown in Figure 108, Bispacific 3
mcreased the specific killing of tumor antigen target cells. The mcrease mediated by
Bispecific 3 was noticeably higher at 0.001 nM than what was seen for either KEYTRUDA
or the combination of mAbl and mAb28, while at high doses Bispecific 3 and the
10 combination of mAb! and mAb28 caused comparable killing of target cells. These data
mdicate that Bispecific 3 can be used to mediate antigen-specific killing of target cells at
fower doses.

Staphylococcus aureus Enferotoxin A ('SEA ) assay

Previously frozen PBMCs were thawed and incubated with 0.1 mg/ml DNase I n
15 PBS for 15 minutes, passed through a 40 pm nylon mesh filter, and then plated in X-10
media at 100,000 cells per well of a 96 well round-bottom plate. Antibodies {Bispecific 3,
KEYTRUDA, a combination of mAbl and mAb28, and an isotype control) were added at
final concentrations between 10 and 0.0001 nM, along with 10 ng/ml SEA. Afier 3 days of
co-culture, 1L-2 cytokine production was analyzed. As shown in Figure 11, Bispecific 3
20 mduced more §L-2 than KEYTRUDA at all tested doses. Importantly, Bispecific 3 induced
increased [L-2 production starting at lower concentrations of antibody as compared to both
KEYTRUDA and the combination of mAbl and mADb28.
PD-1 Expression Determination Assays
Previously frozen PBMCs were thawed and incubated with 0.1 mg/ml DNasc I in
25 PBS for 15 minutes, passed through a filter, and then plated at 1x10° cells/ml in hX-10 with
0.25 pg/ml anti-CD3 {clone OKT3) and 0.25 pg/ml anti-CD28 (clone £D28.2) for 3 days.
After 3 days, the cells were adjusted to 2 x 10° cells/ml in hX-10 by spinning down the cells
and removing excess media. The cells were then resuspended and plated at 1x10° cells/well
(0.5 ml) in a 48 well plate. Antibodies (Bispecific 3, KEYTRUDA, a combination of mAb]
30 and mAb28, Atezolizumab, or isotype control} were then added to cach well to get a final
volume of | ml/well hX-10, with final concentrations of .01 nM or | nM antibody. After an
overnight culture, the cells were collected into 1.5 mi Eppendorf tubes and tysed in 100 uf of

Lysis buffer containing a protease mhibitor cocktail. After spinning to clear the supernatants
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of particulates, cleared supematant was stored at -80°C antil use for western blots. For

Western blots, samples were adjusted to include 1X LDS sample buffer and 1X reducing
agent, heated at 70°C for 10 minutes, then 20 ul per well was loaded onto 4-12% Bis-Tris
gels. After the gel ran, 1t was transferred to nitrocellulose membrane, blocked with TBS-

5 0.1% Tween-20 (TBST) contaming 5% dry mik for 1 hour at room temperature, washed in
TBST, and then incubated overnight at 4°C with anti-PD-1 (clone D4W2I, Cell Signaling
Technologies) or anti-B-Actin {Clone 13E5, Cell Signaling Technologies) antibodies 1 TBST
contamning 5% bovine serum albumin. The following day, the membranes were washed in
TBST, incubated with a HRP-conjugated anti-Rabbit IgG antibody, washed in TBST, then

10 developed with SUPERSIGNAL™ Pico substrate. Chemiluminescent and white light images
were collected on the Amersham Imager 600 and superimposed to generate the images
shown. As shown in Figure 124, Bispecific 3 is unique in its ability to cause the loss of
cellufar PD-1 expression by internalization and/or subsequent degradation of PD-1 and/or
shedding.

15 In a subsequent assay, previously frozen PBMCs were thawed and mcubated with 0.1
mg/ml DNase T in PBS for 15 minutes, passed through a filter, and then plated at 1x10°
celis/mi i hX-10 with 0.25 pg/ml anti-CD3 (clone OKT3) and 0.25 pug/ml anti-CD28 (clone
CD28.2) for 3 days. After 3 days, the cells were adjusted to 2x10° cells/mi in hX-10 by
spinning down the cells and removing excess media. The cells were then resuspended and

20 plated at 1x10° cells/well (0.5 ml) in a 48 well plate. Antibodies (Bispecific 3, KEYTRUDA,
a combination of mAb 1 and mAb 28, Atezolizumab, Atezolizamab and KEYTRUDA,
Bispecific 3 with 50 nM mAb 1, or isotype control) were then added to each well 1o geta
final volume of T ml/well hX-10 with final concentration of 6.1 nM, 1 oM, or 10 aM
anttbody. After an overnight culture, the cells were collected into 1.5 mi Eppendorf tubes and

25 lvsed in 100 ul of Lysis buffer contaming a protease inhibitor cocktall. After spinning to
clear the supernatants of particulates, cleared supernatant was stored at -80°C vmiil use for
western blots. For western blots, samples were adjusted to include 1X LDS sample buffer
and 1X reducing agent, heated at 70°C for 10 minutes, then 10 ul per well was loaded onto 4~
12% Bis-Tris gels. After the gel ran, it was transferred to nitrocellulose membrane, blocked

3¢ with TBS-0.1% Tween-20 (TBST) containing 5% dry milk for 1 hour at room temperatore,
washed in TBST, and then incubated overnight at 4C with anti-PD-1 (clone D4W2I, Cell
Signaling Technologics) or anti-B-Actin (Clone 13ES, Cell Signaling Technologies)
antibodies TBST contaimng 3% bovine serum albumin. The following day, the membranes
were washed in TBST, incubated with a HRP-conjugated anti-Rabbit IgG antibody, washed
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in TBST, then developed with SUPERSIGNAL™ Pico substrate. Chemiluminescent and
white light images were collected on the Amersham Imager 600 and superimposed to
generate the images shown. As shown in Figures 12B-12C, Bispecific 3 is unique in its
ability to cause the loss of cell-surface PD-1 expression through internalization and/or
subsequent degradation of PD-1 and/or shedding of PD-1. Additionally, when the anti-PD-
L1 antibody, mAb1, was added at 30 nM to wells containing Bispecific 3, the ability of
Bispecitic 3 to drive loss of cell-surface PD-1 expression by PD-1 intemalization and/or
subseguent degradation of PD-1 and/or shedding was lost. This suggests that both arms of
Bispecific 3 should be engaged to drive loss of cell-surface PD-1 expression by
mtemalization and/or degradation of PD-1 and/or shedding.

Figure 12 shows that treatment with Bispecific 3 increases the amount of PD-1 in
the sapernatant when both binding arms of the bispecific are engaged concurrently. This
effect is lost when the PD-L 1 targeting arm is blocked by mAbl, the parent PD-L1 arm
antibody. This suggests that Bispecific 3 increases shedding of PD-1 into the supernatant.

The effect of valency versus the sequence of the binding arms was next investigated.
A new bispecific was generated {Bispecific 5) having a first N-terminal Fab that binds PD-L1
derived from the VH and VL sequences of mAbl, and a second N-terminal Fab that binds
PD-1 derived from the VH and VL sequences of mAb28. In other words, while they share the
same VH and VL sequences for binding to PD-1 and PD-L1, Bispecific S has one
monovalent arm binding PD-L1 and one movalent arm binding PD-1, as compared to
Bispecific 3, which has bivalent arms binding PD-L1 and bivalent arms binding PD-1.

40 x 10° PBMCs were treated with 0.25 pg/ml anti-CD3 and 0.25 ug/ml anti-CD28
for 3 days in a T75 flask in hX-10 media contaming {L-2 and IL-7. Cells were incubated for 3
days in the flask with no manipulation. On Day 3, the cells were collected without washing
away any of the old media. Cells were plated in wells of a 48-well plate, at a final volume of
1 ml, with 1 x 10° celis/well and antibodies at 0.01 oM. 0.1 oM, 1 oM, and 10 oM. After an
ovemight incubation, cells were collected into 1.5 ml tubes, with a wash to collect all cells
from the well, then lvsed and used for western blotting. Western blots were run for PD-1 and
Actin. Figure 12E demonstrates that the valency of the binding arms influences the degres of
the loss of PD-1 expression. As shown, loss of PD-1 expression starts to occur at higher doses
of Bispecific 5 (monovalent binding arms, total valency= 2 or bivalent) versus Bispecific 3
{(bivalent binding arms, total valency=4 or tetravalent), suggesting that the increased valency

of Bispecific 3 is responsible for this difference.
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Next, the effect(s) of ADAM/MMP inhibition was examined using Batimastat, a
broad-spectrum inhibitor of multiple MMPs and ADAMSs, which are sheddases or proteases
responsible for cleaving proteins off the plasma membrane of cells. Briefly, 40 x 10° PBMCs
were treated with 0.25 pg/ml anti-CD3 and 0.25 ug/ml anti-CD28 for 3 days ina T75 flask in

5 hX-10 media containing IL-2 and L.-7. Cells were incubated for 3 days in the flask with no
manipulation. On Day 3, the cells were collected without washing away any of the old media.
Cells were plated in wells of a 48-well plate. at a final volame of | mi, with 1 x 10°

cells/well. At least 2 hour before antibody addition, Batimastat or DMSO vehbicle were added

af increasing concentrations of 0 pM, 1.25 uM, 2.5 uM, 5 pM, and 10 pM and pre-incubated
16 at 37C to look at the consequence of ADAM/MMP nhibition. Isotype control and Bispecific
3 were then added at | aM. After an overnight incubation, cells were collected into 1.5 ml
tubes, with a wash to collect all cells from the well, then lysed and used for western blotting.
Western blots were run for PD-1 and Actin. Figure 12F demonstrates that pretreatment with
Batimastat, a broad-spectrum inhibitor of multiple MMPs and ADAMs, greatly reduces the
15 amount of cell-associated PD-1 loss, suggesting that PD-1 loss or shedding is due to cleavage
by an MMP or ADAM protease. Figure 12G suggests that Bispecific 3 drives loss of cell-
surface PD-1 expression primartly when it binds to PD-1 and PD-L1 that are 1n the trans
configuration, 7.e., are being expressed by different cells. Given that PD-1 and PD-L1 can be
expressed on the same cell, it was investigated whether Bispecific 3 binding to PD-1 and PD-
20 L1 cis results in loss of PD-1 expression or PD-1 shedding, or whether the binding by
Bispecific 3 needs to be in frans, with Bispecific 3 bridging a first cell, such as a tumor cell
expressing PD-L1, and a second cell, such as aT effector cell expressing PD-1. Jurkat cells
expressing only PD-1, only PD-L1, or both PD-1 and PD-L1 were used in oxperiments.

Briefly, a total of 0.5 x 10 Jurkat cells expressing PD-1, Jurkat cells expressing PB-1 and

o
(91

PD-L1, ora 1.1 mix of PD-1-only or PD-L1 only-expressing Furkat cells were treated with
isotype control or Bispecific 3 at 0.01, 0.1 and 1 nM. After an overnight mcubation, cells
were collected into 1.5 ml tubes, with a wash 1o collect all cells from the well, then lysed and
used for western blotting. Western blots were run to determine PD-1 and Actin levels.

In vive funciion of Bispecific 3
30 Day 13 expanded CMV antigen specific CD8+ T cells from an HLA A02:01 donor
were collected and then mixed with K362 cells expressing HLA-A02:01, CMV protein pp63-
IRES-GFP, and PD-L1 ("KACP”) at a ratio of 2:1 KACP:CMV T cell and Matrigel such that
100 ! included 1X Matrigel, 5x10% KACP cells, and 2 3x10° CMV T cells. NSG mice were
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implanted subecutancously on their flank with 100 ul of prepared Matrigel-KACP-CMV T cell
mixture per mouse. Antibody dosing with was started on the day of implantation and given
at equimolar amounts {200 pg for cach monoclonal, 333 ug for Bispecific 3) and mice were
re~-dosed with antibody every 3 days. Treatment groups included a control group that was
given KACP tumor cells in Matrigel alone ("No T cell transfer”), and groups given isotype,
KEYTRUDA, mAbl and mAb2Z8 (mAbl+mAb2R), or Bispecific 3. There were 5 mice per
group, and mice were monitored datv, with tumors measured twice a week. The protocol is
schematically depicted in Figure 13A. As shown in Figuve 13B, the No T cell transfer group
had tumors that grew more aggressively than any group containing T cells. In this model,
KEYTRUDA gave no benefit in delaving KACP tumor growth as compared to the isotype
control. Both Bispecific 3 and the combination mAb1 and mAb28 groups had significant
delays in tamor growth as compared (o both the isotvpe and KEYTRUDA groups. At day 24,
there was a significant divergence between the Bispecific 3 group and the group treated with
a combination of mAbl and mAb28, with Bispecific 3 causing a delay in tumor growth as
compared to the combination.

Example 6: i vivo studies for pharmacological investication of Bispecific 3

Co-inoculation model of K562-A2-CMV-PD-11 tarset cells and CMV T-cells in NSG

mice

In two separate studies with the protocol schematically depicted in Figure 13A, NSG
female mice were co-injected subcutancously (s.¢.) with 100 pl. Matrigel containing 5 x 10°
K562-A2-CMV-PD-L1 (“KACP”) celis and cither 2.5 x 10° (Figures 13B and [4A; effector:
target ratio = 0.3:1) or 5 x 10° (Figure 14B; effector: target ratio = 1:1) CMV-specific T cells
expanded in vitro from the same donor. Mice were blind-grouped the day of moculation in 3
groups of 3 mice per group, or 10 mice per group respectively. To determine the anti-tumor
activity of the human T cells, in both studics the first group of mice were injected only with
tamor cells. The second group received human IgG1 isotype control antibodies (0.2 mg
Q3Dx5). The third group received KEYTRUDA (0.2 mg Q3Dx5), the fourth group was
treated with Bispecific 3 (0.333 mg Q3Dx5), and the fifth group recetved a combination of
the anti-PD-~1 (mAb28) and anti-PD-L1 (mAbl) antibodies (0.2 mg each Q3Dx5). All
antibodies were injected 1.p. and dosing started on implantation day. Anti-tumor activity was
determined by tumor growth monitored by tumor volume measurements, body weight loss,
and overall survival. Tumor size and body weight were measured 2-3 times per week, with
mice euthanized when tumors were approaching 2000 nun® or mice lost 20% of body weight.
Data was analyzed and graphed using Graph Pad Prism software. As illustrated in Figures
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14A and 14B, Bispecific 3 displayed increased anti-tumor efficacy as compared to the
different monoclonal antibodies tested.

Transplantable syngeneic mouse models

Breast cancer EMT-6 cells (3 x 10%mouse} were implanted in the mammary fat pad
5 of BALB/c female mice. When tumors were established (tumor vol approximately 50 mm?),
mice were grouped (n=8) and treated with human IgG1 isotype control (0.2 mg Q3Dx3) or
Bispecific 3 {0.333 mg Q3Dx3). Antibodies were delivered by 1.p. mjoctions.
Using a similar study design, bladder cancer MB-49 celis {5 x 10°/mouse) were
imjected s.c. in female C57BL/6 nuice. When tamors were established (tumor volume
10 approximately 75 mm®) mice were grouped (0=8) and treated with human lgG1 isotype
control (0.2 mg Q3Dx3) or Bispecific 3 (0.333 mg Q3Dx3). Antibodics were delivered by
Lp. injections.
For both studies, tumor size and body weight were measured 2-3 times per week, with
mice euthanized when tumors were approaching 2000 mm® or mice lost 20% of body weight.
15 Results were plotted, graphed, and analvzed by Graph Pad Prsm software. Bispecific 3
showed greater anti-tumor efficacy in the EMT-6 breast cancer cell model (Figure 154A) and
int the MB-49 cell model (Figure 15B) as compared to the isotype control-treatment.

Engineered rransplaniable svngeneic models in transgenic mice

Mouse colon cancer MC-38 cells engineered to express human PD-L1 {(MC-38-hPD-
26 L1} were injected s.c. in C57BL/6 female mice in which the extracellular domains of PD-1
and PD-L1 were replaced with buman PD-1 and PD-L1, while the transmembrane and
signaling domains of the receptor-ligand pair were not modified. The genetic knock-in of
human PB-1 and PD-L1 allowed for testing our bispecific PD-1xPD-L1 antibodies head to
head with KEYTRUDA, which does not interact with mouse PD-1, and thus, cannot be
25 evaluated in syngeneic mouse models. Mice with cstablished MC-38-hPD-L 1 tumors were
grouped (=8} and treated 1.p. with 1sotype control (0.2 mg Q3Dx3), KEYTRUDA (0.2 mg
Q3Dx3), or Bispecific 3 {0.333 mg Q3Dx3). Treatment with Bispecific 3 controlled M(-38-
hPD-L1 twmor growth significantly better than isotype control- or KEY TRUDA treatments
(Figure 16A). In addition, Bispecific 3 treatment resulted in an increase n survival in the
30 MC-38-hPD-L1 tumor mice as compared to the isotype control- or KEYTRUDA-treated
mice {Figure 168}
in a separate study. C57BL/6 human PD-1/PD-L1 transgenic fomale mice were
mjected s.c. with | x 10° B16F10-hPD-L1 cells, an extremely aggressive mouse melanoma
cell line. Mice were grouped {(0=8} as soon as the melanoma was visible (day 4 after tumor
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cell inoculation} in 5 groups which received the following treatment. Group 1 received
isotype control human 1gG1 (0.2 mg Q3Dx3), group 2 Avelumab (0.2 mg Q3Dx3), group 3
KEYTRUDA (0.2 mg Q3Dx3), group 4 Bispecific 3 (0.333 Q3Dx3), and group 5
combination of KEYTRUDA and Avelumab (0.2 mg each Q3Dx3). For both studies tumor
size and body weight were measured 2-3 times per week, and mice euthanized when tumors
were approaching 2000 mm® or mice lost 20% of body weight. Survival was recorded and
analyzed. Data were plotted, graphed, and analyzed by Graph Pad Prism software. As
ithustrated in Figures 17A and 178, Bispecific 3 was significantly more effective in delaying
tumor growth in the BI6F10-hPD-L1 mice as compared to the other treatment groups tested.
o addition, B16F10-hPD-L1 mice treated with Bispecific 3 survived longer on average than

mice receiving the other tested treatments (Figuve 17C and Figure 17E).

Example 7: Bispecific 3 has monoclonal-like DLP s and parental-like binding

Figures 18A-18D demonstrate that Bispecific 3 has drug-like propertics (DLP’s)
similar to a well-behaved monoclonal antibody and maintains parental PD-1 and PD-L1
bindmg. Figure 18A shows that Bispecific 3 shows similar binding to CHO cells expressing
human PB-1 as parental clone mAb28 (top), and to CHO cells expressing human PD-L1 as
parental clone mAb1 (bottom). Figure 188 shows that Bispecific 3 shows similar binding to
CHO cells expressing cynomolgus PD-1 as parental clone mAb28 (top), and to CHO cells
expressing cynomolgus PD-L1 as parental clone mAb1 (bottom). Figure 18C shows that
Bispecific 3 shows similar binding to CHO cells expressing mouse PII-1 as parental clone
mAb28 (top), and to CHO cells expressing mouse PD-L1 as parental clone mADb1 (bottom).
Figare 18D shows a size-exclusion chromatography trace of Bispecific 3 after Protein A
chromatography {(top) demonstrating a single peak with greater than 98% punty and a
differential scanning fluorimetry (DSF) trace of Bispecific 3 (bottom} demonstrating that the

molecule has high thermal stability.

SEQUENCES

SEQ ID NO: 114 (GenBank accession number NP_003009 .2, UniProt Q15116 — full-length

humean PD-1 precursor)

mgipgapwpv vwavliglgwr pgwifldspdr pwnpptfspa llvvtegdna tftcsfsnts
esfvinwyrm spsngtdkla afpedrsqgpg g rtgl pngrdfhmsv vrarrndsgt
v psp rpaggfgtlv vgvvggllgs

vicgaislap kagikeslra elrvterrae
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SEQ 1D NO: 115 (GenBank accession number NP_054862.

LD

mrifavfifm
dkniiqgfvhg
adykritvkv
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sparry

N
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prsagplrpe

vtvpkdlyvv eygsnmtiec
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[

SEQ ID NO: 116 (GenBank accession number NP_(79515

mifllimlsi elglhgiaal
eratlleeql
lkvpetdeve
mf scviwnthvre
ilalrkglcgk lysskdttkr

<

ftvtvpkely iiehgsnvtl
plgkasfhip gvgvrdegqgy
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<
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WE CLAIM:

L. A nwltispecific antigen-binding counstruct comprising at least two antigen-binding
arms, wherein a first arm binds PD-1 expressed by an immune cell, and a second arm binds a
5 PD-1 hgand which is expressed by a second cell, wherein the multispecific antigen-binding

construct blocks the interaction of PD-1 and PD-1 ligand.

2. The multispecific antigen-binding construct of claim 1, wherein the PD-1 ligand is
PD-L2.
10

3. The multispecific antigen-binding construct of claim 1, wherein the PD-1 higand 1s

PD-LL

4, The multispecific antigen-binding construct of any one of claims 1-3, wherein the

15 smmune cellisa T cell.

3. The multispecific antigen-binding construct of claim 4, wherein the T cell is a CD8+
T cell.
26 6. The nmuldtispecific antigen-binding construct of any one of claims 1-3, wherein the

immune cell is a natural killer (NK) cell.
7. The multispecific antigen-binding construct of any one of claims 1-3, wherein the

mmune cell s a macrophage.

3. The multispecific antigen-binding construct of any one of claims 1-6, wherein the

second cell is a second immune cell.

9. The multispecific antigen-binding construct of claim 8, wheremn the second immune
36 cell is any one or more of a T cell, a B cell, a macrophage, a myeloid-derived suppressor cell,

adendritic cell, or a mesenchymal stromal cell.

10, The multuspecific antigen-binding construct of claim 9, wherein the second immune
cell is a regulatory T cell.
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11 The multispecific antigen-binding construct of any one of claims 1-7, wherein the

second cell is a tumor cell.

5 1z ¢ multispecific antigen-binding construct of claim 11, wherein the tumor cell is
selected from the group consisting of a hematological cancer, a lymphoma, a myeloma, a
leukenia, a neurological cancer, melanoma, breast cancer, a prostate cancer, a colorectal
cancer, lung cancer, head and neck cancer, a gastrointestinal cancer, liver cancer, pancreatic

cancer, a genitourinary cancer, a bone cancer, renal cancer, and a vascular cancer.

10
13, The muluspecific antigen-binding construct of any one of claims [-12, wherem both
arms have a Ko ofatleast 1 x 107 M atfeast 1 x 103 M, atleast 1 x 10° M, orat least 1 x
10710 M.

15 14, The multispecific antigen-binding construct of any one of claims 1-13, wherein the

binding of one arm to its target does not block the binding of the other arm to its target.

15, The multispecific antigen-binding construct of any one of claims [-14, wherem the
first arm and second arm bind to their respective targets and both arms remain bound

20 concurrently.
16. The multispecific antigen-binding construct of any one of claims 1-15, wherein
binding of the first arm and the second arm to their respective targets can bridge the immune

celi and the second cell together.

17. ¢ muldtispecific antigen-binding construct of claim 16, wherein the bridging of the

immune cell and the second cell is determined by flow cviometry.

18, The multispecific antigen-binding construct of any one of claims 1-17, wherein the

3
P

first arm 18 an antagonist of PD-1.

19. The multispecific antigen-binding construct of claim 18, wherein the first arm

comprises:
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{a} a heavy chain variable region comprising (i) a CDRHI comprising SEQ ID NO:
70 (FTFX0XoYAXGX,, wherein X0=8, R, G, or N, Xo=D, 8§, N A, R, or G; Xs=Mor
L Xe= 8, L, or N); (ii) a CDRHZ comprising SEQ ID NO: 71 (SAISNSGTYTYYA),
and (111} a CDRH3 comprising SEQ ID NO: 72 (ARGLDFIVGXSTONDY, wherein
Xs=A,Y, or R}, and

(b} a light chain variable region comprising: {i} a CDRL1 comprising SEQ IDNO: 9
(RASQSISSYLN); (i) a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS): and (ni) a
CDRL3 comprising SEQ ID NG: 10 (QQSYSTPLT).

20 The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 73 (FTFSDYAMS), CDRHZ of the first arm comprises SEQ ID
NG: 71 {SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ ID NG: 74
(ARGLDFIVGATGNDY).

21 The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ ID NO: 73 (FTFSDYAMS), CDRH2 of the first arm comprises SEQ ID
NG: 71 (SAISNSGTYTYYA), and CDRHS3 of the first arm comprises SEQ ID NG: 75
{ARGLDFIVGYTGNDY).

22. The muldtispecific antigen-binding constract of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 76 (FTFSSYAMS), CDRH2 of the first arm comprises SEQ 1D
NO:THSAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ IDNO: 75
{(ARGLDFIVGYTGNDY).

23, The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 77 (FTFSSYAML), CDRH?2 of the first arm comprises SEQ 1D
NG: 71 {SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ 1D NO: 75
(ARGLDFIVGYTGNDY).

24 The multispecific antigen-binding construct of claim 19, wheremn CDRHI of the first
arm comprises SEQ ID NO: 78 (FTFSNYALS), CDRH2 of the first arm comprises SEQ 1D
NG 71 (SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ 1D NG: 75
(ARGLDFIVGYTGNDY).
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25. The multiapecific antigen-binding construct of claim 19, wherein CDRHI of the first
arm comprises SEQ ID NG: 79 (FTFSAYAMN), CDRH2 of the first arm comprises SEQ ID

NG: 71 (SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ 1D NG: 75
(ARGLDFIVGYTGNDY).

26. The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 80 (FTFRSYAMS), CDRHZ of the first arm comprises SEQ 1D
NG 71 SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ 1D NO: 75
{ARGLDFIVGYTGNDY).

27, The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 81 (FTFGRYAMS), CDRH?2 of the first arm comprises SEQ ID
NG 71 {SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ 1D NG 75
(ARGLDFIVGYTGNDY).

28. The multispecific antigen-binding construct of claim 19, wherein CDRHI of the first
arm comprises SEQ ID NO: 82 (FTFNSYAMS), CDRH?2 of the first arm comprises SEQ ID
NG: 71 (SAISNSGTYTYYA), and CDRHS3 of the first arm comprises SEQ ID NG: 75
{(ARGLDFIVGYTGNDY).

29. The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ ID NG: 83 (FTFSNYAMS), CDRH2 of the first arm comprises SEQ ID
NG 71 (SAISNSGTYTYYA), and CDRH3 of the first arm comprises SEQ 1D NO: 74
{ARGLDFIVGATGNDY).

30. e muldtispecific antigen-binding construct of claim 19, wherein CDRHI of the first
arm comprises SEQ 1D NO: 84 (FTFSGYAMS), CDRH2 of the first arm comprises SEQ 1D
NO: THSAISNSGTYTYYA), and CDRH3 ot the first arm comprises SEQ D NO: 85
(ARGLDFIVGRTGNDY).

31, The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 86 (FTFSSY AMN), CDRHZ of the first arm comprises SEQ 1D
NG: 7H{EAISNSGTYTYYA) and CDRH3 of the first arm comprises SEQ ID NO: 85
{(ARGLDFIVGRTGNDY).

148



WO 2020/102387 PCT/US2019/061226

32 The multispecific antigen-binding construct of claim 19, wherein CDRH1 of the first
arm comprises SEQ 1D NO: 80 (FTFRSYAMS), CDRH2 of the first arm comprises SEQ ID
NG: 7H{EAISNSGTYTYYA), and CDRHS3 of the first arm comprises SEQ 1D NO: 85

5  (ARGLDFIVGRTGNDY).

33, The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an anuno acid sequence that is at least 90%

identical to SEQ ID NO: 87.

10
34, The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that is at least 90%
identical to SE(Q ID NO: 88,

15 35, The multispecific antigen-binding construct of claim 19, wherein the heavy chain

variable region of the first arm compriscs an amino acid sequence that is at least 90%

identical to SEQ 1B NO: 89.

36.  The multispecific antigen-binding construct of claim 19, wherein the heavy chain
20 varieble region of the first arm comprises an amino acid sequence that is at least 90%

identical to SEQ 1D NO: 90.

37. The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that is at least 90%

25 dentical to SEQ D NO: 91

38. The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an anuno acid sequence that is at least 90%

identical to SEQ ID NO: 92.
39, The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first amm comprises an amino acid sequence that is at least 90%

wdentical to SEQ 1D NO: 93,
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40. The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that is at least 90%

identical to SEQ 1D NQ: 94

41. ¢ muldtispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that is at least 90%

identical to SEQ 1D NO: 95.

42. The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that is at least 90%

dentical to SEQ 1D NO: 96,

43. The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that is at least 90%

identical to SEQ ID NO: 97

44, The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first amm comprises an amino acid sequence that is at least 90%

dentical to SEQ 1D NO: 98,

45, The multispecific antigen-binding construct of claim 19, wherein the heavy chain
variable region of the first arm comprises an amino acid sequence that 1s at least 90%

identical to SEQ ID NO: 99,
46. The multispecific antigen-binding construct of any one of claims 19-45, wherein the
light chain vanable region of the first arm comprises an amine acid sequence that is at least

90% identical to SEQ 1D NG: 39,

47. The multispecific antigen-binding construct of any one of claims 1-46, wherein the

second arm 1s an antagonist of the PD-1 ligand.

48. The multispecific antigen-binding construct of any one of claims 1-47, wherein the

second arm is an antagonist of PD-L2.

150



10

15

20

WO 2020/102387 PCT/US2019/061226

49, The multispecific antigen-binding construct of any one of claims 1-47, wherein the

second arm is an antagonist of PD-L1.

50. The multispecific antigen-binding construct of claim 49, wherein the second arm
comprises:
a.  aheavy chain variable region comprising (i) a CDRHI comprising SEQ ID NO:
F{GTFSSYAIN); (i) a CDRH2 comprising SEQ 1D NO: 2 (GGHPXXLGXGATY A,
wherein XiisVorl; Xois F L, or V; and Xz 18 T or A}, and (in1) a CDRH3
comprising SEQ 1D NO: 3 (ARLKX\ELKDAFDL wherein X1 18 G, F, or Nj; and
b.  alight chain variable region comprising: (1) a CDRLI comprising SEQ 1D NO:
4 (RASQXISSYLN, wherein X is 8, W, or Q); (i1} a CDRLZ compnising SEQ D
NG: 5 (AASSLOS): and (111} a CDRL3 comprising SEQ ID NG: 6 (X1 QSYSTPLT,
wherein X is  or F).
51 The multispecific antigen-binding construct of claim 50, wherein CDRHI of the
second arm comprises SEQ 1D NO: 1 (GTFSSYAIN}, CDRH?2 of the second arm comprises
SEQ ID NO: 7 (GGHPILGAATYA), and CDRH3 of the second arm comprises SEQ 1D NG
8 (ARLKGELKDAFDI}.

52. The nmudtispecific antigen-binding construct of claim 51, wherein CDRH1 of the
second arm comprises SEQ ID NO: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ D NO: 7 (GGHPILGAATY A), CDRHS3 of the second arm comprises SEQ ID NG: 8
{ARLKGELKDAFDE), CDRLI of the second arm comprises SEQ IDNGO: 9
{RASQSISSYLN): CDRLZ of the second arm comprises SEQ D NO: 5 {(AASSLAQS); and

CDRL3 of the second arm comprises SEQ ID NG: 10 {QGQSYSTPLT).
53, The mudtispecific antigen-binding construct of claim 50, wherein CDRH1 of the

second arm comprises SEQ D NO: | (GTFSSYAIN), CDRH2 of the second arm compriscs
SEQ ID NG: 11 {GGUPVFGTATY A}, CDRH3 of the second arm comprises SEQ ID NG: 8
{ARLKGELKDAFDE);, CDRLI of the second arm comprises SEQ IDNO: 9
{RASQSISSYLN): CDRL2 of the second arm comprises SEQ D NO: 5 {(AASSLQS); and
CDRL3 of the sccond arm comprises SEQ 1D NO: 10 (QQSYSTPLT).
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34, The multispecific antigen-binding construct of claim 50, wherein CDRHI of the
second arm comprises SEQ D NO: 1 (GTFSSYAIN), CDRHZ of the second arm comprises
SEQ IDNO: 11 (GGHPVFGTATYA) and CDRH3 of the second arm comprises SEQ ID
NG: 8 (ARLEGELKDAFDI).

55. The multispecific antigen-binding construct of claim 54, wherein CDRH1 of the
second arm comprises SEQ 1D NO: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ ID NG: 11 {GGUPVFGTATY A}, CDRH3 of the second arm comprises SEQ ID NG: 8
{ARLKGELKDAFDE);, CDRLI of the second arm comprises SEQ ID NGO 12
(RASQWISSYLN); CDRL2 of the second arm comprises SEQ D NG: 5 (AASSLGOS); and
CDRL3 of the second arm comprises SEQ ID NG: 10 (QQSYSTPLT).

56. The multispecific antigen-binding construct of claim 54, wherein CDRH1 of the
second arm compriscs SEQ ID NO: | (GTFSSYAIN), CDRH?2 of the sccond amm comprises
SEQ ID NO: 11 {GGUPVFGTATY A}, CDRH3 of the second arm comprises SEQ ID NG: 8
{ARLKGELKDAFD,;, CDRLI of the second arm comprises SEQ ID NO: 13
{(RASQGISSYLN): CDRL2 of the second arm comprises SEQ ID NO: 5 (AASSLQS); and
CDRL3 of the second arm comprises SEQ 1D NG: 10 (QQSYSTPLT).

57. The nmudtispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ ID NO: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ ID NO: 11 {GGUPVFGTATYA), CDRH3 of the sccond arm comprises SEQ ID NG: 8
{ARLKGELKDAFDE), CDRLI of the second arm comprises SEQ IDNGO: 9
{RASQSISSYLN): CDRLZ of the second arm comprises SEQ D NO: 5 {(AASSLAQS); and
CDRL3 of the second arm comprises SEQ 1D NG: 10 (QQSYSTPLT).

58, The nudtispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ D NO: | (GTFSSYAIN), CDRH2 of the second arm compriscs
SEQ ID NO: 15 ({GGUPIFGIANY A), and CDRH3 of the second arm comprises SEQ 1D NO:
8 (ARLKGELKDAFDI).

59, The multispecific antigen-binding construct of claim 38, wherein CDRHI ofthe

second arm comprises SEQ ID NG: | (GTFSSYAIN), CDRH2 of the second arm comprises

SEG 1D NO: 15 (GGUHPIFGIANY A), CDRH3 of the second arm comprises SEQ 1D NG: 8
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{ARLKGELKDAFDE);, CDRLI of the second arm comprises SEQ IDNGO: 9
{RASQSISSYLN): CDRL2 of the second arm comprises SEQ ID NO: 5 {AASSLQS); and
CDRL3 of the seccond arm comprises SEQ 1D NO: 10 (QQSYSTPLT).

60. ¢ multispecific antigen-binding construct of claim 50, wherein CBRHI1 of the
second arm comprises SEQ ID NO: | (GTESSYAIN), CDRH2 of the second arm comprises
SEQ 1D NO: 16 (GGUPNFGTATY A}, and CDRH3 of the second arm comprises SEQ 1D
NGO 17 (ARLKGELKGAGDD.

61 The multispecific antigen-binding construct of claim 60, wherein CDRH1 of the
second arm comprises SEQ ID NG: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ ID NO: 16 (GGIHPNFGTATYA), CBRH3 of the second arm comprises SEQ ID NG: 17
{ARLKGELKGAGDI): CDRLI of the second arm comprises SEQ D NG 9
(RASQSISSYLN); CDRL2 of the sccond arm comprises SEQ ID NO: 5 (AASSLOS); and
CDRL3 of the second arm comprises SEQ 1D NG 10 (QOSYSTPLT).

62. The multispecific antigen-binding construct of claim 50, wherein CDRH1 of the
sccond arm comprises SEQ ID NG: 1 (GTFSSYAIN), CDRH?2 of the second arm comprises
SEQ IDNO: 11 (GGHPVFGTATYA), and CDRH3 of the second arm comprises SEQ ID
NQO: IS {ARLKFELKDAFDE).

63.  The multispecific antigen-binding construct of claim 62, wherein CDRHI of the
second arm comprises SEQ 1D NO: 1 (GTFSSYAIN}, CDRH?2 of the second arm comprises
SEQ B NO: 11 (GGHPYVFGTATYA), CORH3 of the second arm comprises SEQ ID NG: 18
(ARLKFELKDAFDI), CDRL1 of the second arm comprises SEQ ID NG: 9
(RASQSISSYLN); CDRL2 of the second armm comprises SEQ D NO: 5 (AASSLQS); and
CDRL3 of the second arm comprises SEQ ID NG 10 (QQSYSTPLT).

64. The multispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ 1D NO: 1 {GTFSSYAIN), CDRH? of the second arm comprises
SEQ ID NO: 11 {GGHPVFGTATYA), and CDRH3 of the second arm comprises SEQ 1D
NO: 19 (ARLKGELKDAFDE).
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65. The multispecific antigen-binding construct of claim 64, wherein CDRH1 of the
second arm comprises SEQ D NO: 1 (GTFSSYAIN), CDRHZ of the second arm comprises
SEQ 1D NO: 11 {GGHPVFGTATY A), CORH3 of the second arm comprises SEQ 1D NG 19
{(ARLKGELKDAFDE), CDRLI of the second arm comprises SEQ IDNG: 9
(RASQSISSYLN); CDRL2 of the second arm comprises SEQ D NO: 5 (AASSLQS); and
CDRL3 of the second arm comprises SEQ ID NG 10 (QQSYSTPLT).

66. The multispecific antigen-bindmng construct of claim 50, wherein CDRHI of the
second arm comprises SEQ 1D NO: 1 {GTFSSYAIN), CDRH?2 of the second arm comprises
SEQ ID NO: 11 (GGIHPVFGTATYA), and CDRH3 of the second arm comprises SEQ 1D
NO: 20 (ARLENELKDAFDI).

67. The multispecific antigen-binding construct of claim 66, wherein CDRH1 of the
second arm compriscs SEQ ID NO: | (GTFSSYAIN), CDRH?2 of the sccond amm comprises
SEQ ID NO: 11 {GGUPVRFGTATYA), CDRH3 of the second arm comprises SEQ ID NG: 20
{ARLEKNELKDAFDE, CDRLI of the second arm comprises SEQ ID NG 9
{RASQSISSYLN): CDRLZ of the second arm comprises SEQ 1D NO: 5 {AASSLQS); and
CDRL3 of the second arm comprises SEQ 1D NG: 10 (QQSYSTPLT).

68. The nmudtispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ ID NO: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ D NO: 21 {GGVIPFLGTANYA), and CDRH3 of the second arm comprises SEQ ID
NO: 22 (ARLKGILKDALDI).

69, The multispecific antigen-binding construct of claim 68, wherein CDRH1 of the
second arm comprises SEQ ID NG: 1 (GTESSYAIN}, CDRH2 of the second arm comprises
SEQ ID NO: 21 (GGVIPFLGTANYA), CDRH3 of the second arm comprises SEQ 1D NO:
22 (ARLKGILKDALDD, CDRLT of the second arm comprises SEQ D NO: ¢
{RASQSISSYLN): CDRL2 of the second arm comprises SEQ ID NO: 5 {AASSLQS); and
CDRL3 of the second arm comprises SEQ ID NG: 10 (QOSYSTPLT).

70. The multispecific antigen-binding construct of claim 50, wherein CDRHI ofthe
second arm comprises SEQ ID NG: | (GTFSSYAIN), CDRH2 of the second arm comprises
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SEQ ID NQO: 29 (GRIPIFGTADYA), and CDRH3 of the second arm comprises SEQ 1D
NO: 8 (ARLKGELKDAFDI).

71 The multispecific antigen-binding construct of claim 70, wherein CDRHI of the
second arm comprises SEQ ID NG: 1 (GTESSY AN}, CDRH? of the second arm comprises
SEQ 1D NO: 29 (GRUPIFGTADYA), CDRH3 of the second arm comprises SEGQ IDNGO: 8
{ARLKGELKDAFDE, CDRLI of the second arm comprises SEQ D NG 9
{RASQSISSYLN): CDRL2 of the second arm comprises SEQ ID NO: 5 {AASSLQS); and
CDRL3 of the second arm comprises SEQ IDNG: 10 (QOSYSTPLT).

72, The multispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ ID NO: 1 {GTFSSYAIN}, CDRH?2 of the second arm comprises
SEG ID NQO: 31 (GGHPILGTATYA), and CDRHS3 of the second arm comprises SEQ 1D
NG: 32 (ARRKGELKDAFDD),.

73. The multispecific antigen-binding construct of claim 72, wherein CDRH1 of the
second arm comprises SEQ 1D NO: 1 (GTFSSYAIN), CDRHZ of the second arm comprises
SEQ ID NO: 31 (GGHPILGTATYA), CDRHS3 of the second arm comprises SEQ 1D NO: 32
{ARRKGELKDAFDI), CDRL1 of the second arm comprises SEQ ID NQO: 9
(RASQSISSYLN);, CDRL2 of the second arm comprises SEQ 1D NO: 5 (AASSLOS): and
CDRL3 of the second arm comprises SEQ 1D NG, 10 (QOSYSTPLT).

74. The multispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ 1D NO: 1 (GTFSSYAIN}, CDRHZ of the second arm comprises
SEQ D NO: 33 (GGHPIVATANYA), and CDRHS3 of the second arm comprises SEQ 1D
NG: 32 (ARRKGELKDAFDI}.

75. The multispecific antigen-binding construct of claim 74, wherein CDRH1 of the
second arm comprises SEQ ID NO: | (GTFSSYAIN}, CDRH2 of the second arm comprises
SEQ ID NG: 33 {GGHPIVATANYA), UDRH3 of the second arm comprises SEQ D NO: 32
{ARRKGELKDAFD), CDRL1 of the second arm comprises SEQ ID NG: ¢
{(RASQSISSYLN); CDRL2 of the second arm comprises SEQ D NO: 5 (AASSLAQS); and
CDRL3 of the second arm comprises SEQ ID NG: 10 {QGQSYSTPLT).

155



10

15

20

WO 2020/102387 PCT/US2019/061226

76. The multispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ D NO: 1 (GTFSSYAIN), CDRHZ of the second arm comprises
SEQ I3 NO: 34 (GGHPIFGKATY A}, and CDRH3 of the second arm conmprises SEQ 1D
NG: 32 {ARRKGELKDAFDI).

77. The multispecific antigen-binding construct of claim 76, wherein CDRH1 of the
second arm comprises SEQ 1D NO: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ ID NO: 34 (GGUPIFGKATY A), CDRH3 of'the second arm comprises SEQ ID NG: 32
{ARRKGELKDAFD), CDRL1 of the second arm comprises SEQ ID NG: 9
(RASQSISSYLN); CDRL2 of the second arm coraprises SEQ D NGO: 5 (AASSLQS); and
CDRL3 of the second arm comprises SEQ ID NG: 10 (QQSYSTPLT).

78, The nultispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm compriscs SEQ ID NO: | (GTFSSYAIN), CDRH?2 of the sccond amm comprises
SEQ ID NO: 11 {GGUPVFGTATY A}, CDRH3 of the second arm comprises SEQ ID NG: 8
{ARLKGELKDAFDI);, CDRLI of the second arm comprises SEQ IDNO: 9
{RASQSISSYLN): CDRLZ of the second arm comprises SEQ 1D NO: 5 {AASSLQS); and
CDRL3 of the second arm comprises SEQ 1D NG: 38 (FQSYSTPLT).

79. The nmudtispecific antigen-binding construct of claim 50, wherein CDRH1 of the
second arm comprises SEQ ID NO: | (GTFSSYAIN), CDRH2 of the second arm comprises
SEQ ID NO: 11 (GGUPVFGTATYA), CDRH3 of the sccond arm comprises SEQ ID NG: 8
{ARLKGELKDAFDI), CDRLI of the second arm comprises SEQ IDNGO: 9
{RASQSISSYLN): CDRLZ of the second arm comprises SEQ D NO: 5 {(AASSLAQS); and
CDRL3 of the second arm comprises SEQ 1D NG: 39 (QQSYSTILT).

80, The multispecific antigen-binding construct of claim 50, wherein the second arm
COMPIISCS:
a.  aheavy cham variable region comprising (i} a CDRHI comprnising SEQ ID NG:

14 (GTFSSYAFS), (11} a CDRH2 comprising SEQ ID NO: 11 (GGHPVFGTATYA)
and (it} a CORH3 comprising SEQ ID NO: 8 (ARLKGELKDAFDI); and
b.  alight chain varable region comprising: (1) a CDRLI comprising SEQ 1D NOG:
9 {RASQSISSYLN): (1) a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (i)
a CDRL3 comprising SEQ 1D NG 10 (QOSYSTPLT).
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81 The multispecific antigen-binding construct of claim 30, wherein the second arm
comprises a heavy chain variable region comprising (i} a CDRHI comprising SEQ ID NO:

23 {GTFSSYAIS), (11} a CDRH2 comprising SEQ 1D NO: 24 (GGHPIVGIANYA), and (i) a
CDRH3 comprising SEQ ID NQO: 8 (ARLKGELKDAFDI).

82.  The multispecific antigen-binding construct of clamm 81, wherein the second arm
comprises a light chain variable region comprising: (i) a CDRL1 comprising SEQ IDNO: 9
(RASQSISSYLN): (1) a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (i) a CDRL3
comprising SEQ 1D NO: 10 (QOSYSTPLT).

33. The multispecific antigen-binding construct of claim 50, wherein the second arm
comprises a heavy chain variable region comprising (i} a CDRHI comprising SEQ ID NO:
23 (GTFSSYAIS), (u) a CDRH2 comprising SEQ 1D NO: 11 (GGHPVFGTATY A), and (111)
a CDRH3 comprising SEQ 1D NO: 25 (ARLKGEFKDAFDI).

84.  The multispecific antigen-binding construct of claim 83, wherein the second arm
comprises a light chain variable region comprising: (1} a CDRL1 comprising SEGQ IDNO: 9
(RASQSISSYLN); (1) a CDRL2 comprising SEQ ID NO: S (AASSLRS): and {niy a CDRL3
comprising SEQ ID NG 10 (QQSYSTPLT).

85.  The multispecific antigen-binding construct of claim 30, wherein the second arm
comprises a heavy chain variable region comprising (i) a CDRH1 comprising SEQ ID NO:
23 (GTFSSYAIS), (i1} a CDRHZ comprising SEQ 1D NO: 26 (GRIPLFGTAHY A), and (111}
a CDRH3 comprising SEQ 1D NO: 8 (ARLKGELKDAFDI).

86.  The multispecific antigen-binding construct of claim 85, wherein the second arm
comyprises a light chain vanable region comprising: (i} a CDRL1 comprising SEQ IDNQO: 9
{(RASQSISSYLN): (1) a CDRL2 comprising SEQ TD NO: 5 (AASSLGS); and (i11) a CDRL3
comprising SEQ 1D NO: 10 (QQSYSTPLT).

87. The multispecific antigen-binding construct of claim 50, wherein the sccond am

comprises a heavy chain varnable region compnising (i) a CDRHI comprnising SEQ ID NO:
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23 (GTFSSYAIS), (i1} a CDRHZ comprising SEQ ID NG: 27 (GRINPILGTANYA}, and (111}
a CDRH3 comprising SEQ 1D NO: 28 (ARLKGELKDAFST).

88. The multispecific antigen-binding construct of claim 87, wherein the second arm
comprises a light chain variable region comprising: (1} a CBDRLI comprising SEQ ID NO: ¢
(RASQSISSYLN); (1) a CDRL2 comprising SEQ ID NO: 5 (AASSLQS): and (i1 a CDRL3
comprising SEQ ID NO: 10 (QQSYSTPLT.

86, The multispecific antigen-binding construct of claim 50, wherein the second arm
comprises a heavy chain variable region comprising (1) a CDRH1 comprising SEQ ID NO:
23 (GTFSSYAIS), (11} a CDRH2 comprising SEQ 1D NO: 1 (GGHPVFGTATYA), and (111)
a CDRH3 comprising SEQ ID NO: 3¢ (ARLKGELKCAFDI}.

90.  The multispecific antigen-binding construct of claim 89, wherein the second arm
comprises a light chain vanable region comprising: (i} a CDRL1 comprising SEQ IDNO: 9
{(RASQSISSYLN): (i) a CDRL2 comprising SEQ ID NO: 5 (AASSLQS); and (1) a CDRL3
compnsing SEQ 1D NO: 10 (QOUSYSTPLT).

91, The multispecific antigen-binding construct of claim 50, wherein the second arm
comprises a heavy chain variable region comprising (i) a CORHI comprsing SEQ 1D NO:
36 (GPFRSHAVS), (it) a CDRH2 comprising SEQ ID NO: 11 {GGHPVFGTATY A), and
(i) a CDRH3 comprising SEQ 1D NO: 37 (ARLKSELKDAFDE.

92. The multispecific antigen-binding construct of claim 91, wherein the second arm
comprises a light chain variable region comprising: {1} a CDRL 1 comprising SEQ IDNO: 9
(RASQSISSYLN}; (1) a CDRL2 comprising SEQ ID NQO: S (AASSLQS): and (n13 a CDRL3
comprising SEQ D NG: 10 (QQSYSTPLT).

93. The multispecific antigen-binding construct of clamm 50, wherem the second arm
comprises a heavy chain variable region comprising an amino acid sequence that is at least
90% identical to any one of SEQ 1D NOs: 35, 40, 41, 42, 43, 44, 45,46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, or 58, and a light chain variable region comprising an amino acid

sequence that is at least 90% wdentical to any one of SEQ ID NOs: 59, 60, 61, 62, or 63.
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94. The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ D NQ: 35

(QVOLVQSGAEVKKPGSSVKVSCKASGOGTFSSY AINWVRQAPGOQGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWG)
GTMVTVSS).

95. The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
wdentical to SEQ 1D NO: 40

(QVOLVQSGAEVKKPGSSVKVSCKASGOTFSSY AFSWVRQAPGQGLEWMGGHPVF
GTATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWG
QGTLVTVSS).

96.  The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 41

(QVOLVQSGAEVKKPGSSVEKVSCKASGGTESSY AINWVRQAPGOGLEWMGGHPIFGE
ANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWG(RG
TLVTVSS).

97, The multispecific antigen-binding construct of clamm 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that 1s at least 90%
identical to SEQ 1D NO: 42

(QVOLVQSGAEVEKPGSSVKVSCKASGGTESSY AINWVRQAPGOGLEWMGGHPNFG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKGAGDIWGQ
GTLVTVSS).

98. The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that s at least 90%
identical to SEQ 1D NO: 43
(QVOLVQSGAEVKKPGSSYKYVSCKASGGTFSSY AINWVRQAPGOGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKFELKDAFDIWGQG
TLYTVSS).
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99, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
wdentical to SEQ ID NGO 44

(QVQLVOSGAEVKKPGSSVKVSCKASGGTESSY AINWVROAPGQGLEWMGGHPVEG
TATYAQKFOQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDEWG(Q
GTLVTVSS).

100.  The muoltispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an anuno acid sequence that is at least 90%
dentical to SEQ 1D NO: 45

(QVQLVOSGAEVKKPGSSVKVSCKASGGTESSY AINWVROAPGQGLEWMGGHPVEG
TATYAQKFOQGRVTITADESTSTAYMELSSLRSEDTAVY YCARLKGELKDAFDIWGQ
GTLVTAST).

101, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
wdentical to SEQ 1D NO: 46

{(QVOLVOSGAEVKKPGSSVKVSTKASGGTEFSSY AINWVRQAPGQGLEWMGGIIPVEG
TATYAQKFQGRVTITADESTSTAYMELSSERSEDTAVY YCARLKNELKDAFDIWGQ
GTLVTVSS).

102, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NQ: 47

(QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY AINWVROQAPGQGLEWMGGVIPFL
GTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGILKDALDIWG
QGTLVTVSS).

103, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
dentical to SEQ 1D NQ: 48

(QVOLVQSGAEVKKPGSSVKVSCKASGGTESSY AISWVRQAPGODLEWMGGIHPIVGI
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ANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELK DAFDIWGOG
TLVTVES).

104, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ ID NG: 49

(OVQLVOSGAEVKKPGSSVRVSCKASGGTFSSY AISWVROAPGQGLEWMGGHPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGEFKDAFDIWGQ
GTLVTVSS).

105, The multuspecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amine acid scquence that is at least 90%
identical to SEQ 1D NO: 50

(QVQLVOSGAEVKKPGSSVRVSCKASGGTFSSY AISWVROAPGQGLEWMGRUPLFG
TAHYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWGQ
GTLVTVSS).

106.  The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 51

(QVQLVQSGAEVKKPGSSVRKVSCKASGGTFSSY AISWVROAPGQGLEWMGRINPILG
TANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFSIWGQ
GTLVTVSS).

107 The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that 1s at least 90%
identical to SEQ 1D NO: 52

(OVQLVOSGAEVKKPGSSVRKVSCKASGGTFSSY AINWVROAPGQGLEWMGRIPIFG
TADYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWGQ
GTLVTVSS).

108, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 53
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(QVOQLVQSGAEVEKKPGSSVEVSCKASGGKFSSYAISWVRQAPGQGLEWMGGHIPVEG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVY YCARLKGELKCAFDIWG(
GTLVTVSS).

5 109 ¢ muldtispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 54
{(QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSY AINWVRQAPGQGLEWMGGHPILG
TATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARRKGELKDAFDIWGQ

160 GTLVTVSS).

110, The multispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 55

15 (QVQLVOSGAEVKKPGSSVKVSCEKASGGTFSSY AINWVROQAPGQGLEWMGGHPILG
AATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKGELKDAFDIWG(
GTLVTVSS).

111, The muoltispecific antigen-binding construct of claim 93, wherein the heavy chain

20 variable region of the second arm comprises an amine acid scquence that is at least 90%
wdentical to SEQ 1D NO: 56
(QVQLVQSGAEVKKPGSSYKVSCKASGGTFSSY AINWVROAPGQGLEWMGGHPIVA
TANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARRKGELKDAFDIWGQ)
GTLVTVSS).

o
(1

112, The multispecific antigen-binding construct of claim 93, wherein the heavy chain

variable region of the second arm compriscs an amino acid scquence that is at feast 90%

wdentical to SEQ 1D NO: 57

(QVQLVOSGAEVKKPGSSVKVSCKASGGTFSSY AINWVRQAPGQGLEWMGGHPIFG
30 KATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARRKGELKDAFDIWGO

GTLVTVSS).
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113, The muoltispecific antigen-binding construct of claim 93, wherein the heavy chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NQO: 58
(QVOLVQSGAEVKKPGSSVKVSCKASGGPFRSHAVSWVRGAPGQGLEWMGGHIPVE
GTATYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARLKSELKDAFDIWG(
GTLVTVSS).

114, The multispecific antigen-binding construct of claim 93, wheren the hight cham
variable region of the second arm comprises an amino acid sequence that is at least 90%
wdentical to SEQ 1D NO: 539

(DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWY QQKPGKAPKLLIYAASSLQSGV
PSRFSGSGSGTDFTLTISSLGPEDFATYYCQQSY STPLTFGGGTKVEIK).

115, The multispecific antigen-binding constract of claim 93, wherein the light chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ ID NQO: 60

{(DIQMTQSPSSLSASVGDRVTITCRASQWISSY LNWYQQKPGKAPKLLIYAASSLQSG
VPSRFSGSGSGTDFTLTISSLOPEDFATYYCQQSYSTPLTFGGGTKVEIK).

116, The multispecific antigen-binding construct of claim 93, wherein the light chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ ID NO: 61
(DIQMTQSPSSLSASVGDRVTITCRASQQISSYLNWYQOKPGKAPKLLIYAASSLQSG
VPSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTPLTFGGGTKVEIK).

117. ¢ multispecific antigen-binding construct of claim 93, wherein the light chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 62

(DIOMTQSPSSLSASVGDRVTITCRASGSISSYLNWY QQKPGRKAPKLLIYAASSLQSGY
PSRFSGSGSGTDFTLTISSLOQPEDFATYYCFQSYSTPLTFGGGTKVEIK).

118, The multispecific antigen-binding construct of claim 93, wherein the light chain
variable region of the second arm comprises an amino acid sequence that is at least 90%
identical to SEQ 1D NO: 63
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(DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWY QOKPGKAPKLLIYVAASSLOSGY
PSRFSGSGSGTDFTLTISSLOPEDFATYYCQOSYSTILTFGGGTKVEIK).

119, The multispecific antigen-binding construct of any one of claims 1-118, wherein the

construct 15 a bispecific antibody.

s}

120, The multispecific antigen-binding construct of claim 119, wherein the bispecific

antibody is an antagonist of both PD-1 and PD-1 hgand.

121, The multispecific antigen-binding construct of any one of claims 1-120, wherem the

construct comprises a common hght chain,

122, The multispecific antigen-binding construct of any one of claims 1-118, wherein one

or both of the arms is an aptamer.

123, The multispecific antigen-binding construct of any one of claims 1-118, wherein one

or both of the arms is a protein other than an antibody.

124, The multispecific antigen-binding construct of any one of claims 1-121, wherein the

construct comprises at least two bispecific antibodies.

125, The multspecific antigen-binding construct of claim 124, wherein one of the at least

two bispecific antibodies is monovalent for PD-1.

126, The multispecific antigen-binding construct of claim 124, wherein one of the at least

two bispecific antibodies is monovalent for PD-1 ligand.

127, The multispecific antigen-binding construct of any one of claims 1-118, wherein at

feast one of the arms 1s a bivalent antibody specific for PD-1.

128, The multispecific antigen-binding construct of any one of claims [-11¥, wherein at

least one of the arms 15 a bivalent antibody specific for PD-L1
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129, The muoltispecific antigen-binding construct of any one of claims 1-118, wherein at
least one of the arms is a bivalent antibody specific for PD-1, and wherein at least one of the

arms is a bivalent antibody specific for PD-L1.

5 130 ¢ multispecific antigen-binding construct of claim 125, wherein the bispecific

antibody binds two different epitopes on PD-1.

131, The multispecific antigen-binding construct of claim 126, wherein the bispecific
antibody binds two different epitopes on the PD-1 higand.

10
132, The multuspecific antigen-binding construct of any one of claims [-131, wheremn the

construct does not comprise an Fe domain.

133, The multispecific antigen-binding construct of any one of claims 1-131, wherein the
15 first arm or second arm, or both, comprises a heavy chain comprising one or more

immunoglobulin Fo modifications.

134, The multispecific antigen-binding construct of claim 133, whercin the
mmunoglobulin Fe domain of the heavy chain comprises one or more amino acid mutations

20 that promote heterodimertization of the first and second arms.

135, The multspecific antigen-binding construct of claim 134, wherein the mutation s

present in a CH3 domain of the heavy chain.

25 136, The multispecific antigen-binding construct of any one of claims 1-135, wherein the

multispecific antigen-binding construct is produced in a quadroma cell.

137, The multispecific antigen-binding construct of any one of claims 1-136, wheremn the

construct comprises one or more immunoglobulin constant region modifications.

3
P

138, The multispecific antigen-binding construct of any one of claims [-137, wherein the
immunoglobulin constant region comprises one or more amino acid mutations that promote

heterodimerization of antibodies.
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139, The muoltispecific antigen-binding construct of claim 138, wherein one or more
mutations is present in the light chain constant region of one arm and one or more mutations

is present i the heavy chain constant region of another arm.

5 140, ¢ muldtispecific antigen-binding construct of any one of claims 119 or 124-139,
wherein the bispecific antibody is of a format selected from the group consisting of a
bispecific 1gG, bispecific antibody fragment, bispecific fusion protein, appended Ig(G, and

bispecific antibody conjugate.

10 141 The multispecific antigen-binding construct of any one of claims 133-140, wherein

the Fe region has reduced effector fumetion.

142, The multispecific antigen-binding construct of any one of claims 133-141, wherein
the Fc region enhances half-life of the construct.

15
143, The multispecific antigen-binding construct of any one of claims 1-142, wherem at

least one of the arms is bivalent for PD-1.

144, The multispecific antigen-binding construct of any one of claims 1-142, wherein at

20 lcast one of the arms is bivalent for PD-L1.

145, The multspecific antigen-binding construct of any one of claims 1-142, wherem at

least one of the arms is bivalent for PD-1, and at least one of the arms s bivalent for PD-L1.

25 146, The multispecific antigen-binding construct of any one of claims §~18, wherein the
construct comprises a heavy chain amino acid sequence that is at least 85% identical to the

amino acid sequence of SEQ ID NO: 100 or 102

147. The multispecific antigen-binding construct of any one of claims 1-18, wherein the
30 construct comprises a light chain amino acid sequence that is at least 85% identical to the

amineo acid sequence of SEQ 1D NO: 101 or 103,

148,  The multispecific antigen-binding construct of any one of claims [-18, wherem the
construct comprises a heavy chain amino acid sequence that is at least 85%, identical to the
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aming acid sequence of SEQ ID NO: 100, and wherein the construct comprises a light chain
amino acid sequence that is at least 85% identical to the amino acid sequence of SEQ ID NO:

161,

5 149, ¢ multispecific antigen-binding construct of any one of claims 1-18, wherein the
construct comprises a heavy chain amino acid sequence that is at least §5% identical to the
amino acid sequence of SEQ ID NO: 102, and wherein the construct comprises a light chain
amino acid sequence that is at least 85% 1dentical o the amino acid sequence of SEQ IDNO:
103.

10

150, The multuspecific antigen-binding construct of any one of claims [-149, wheremn

binding of the multispecific antigen-binding construct causes a reduction of PD-1 expression

by the mmmune cell.

15 151, The multispecific antigen-binding construct of any one of claims 1-150, wherem
binding of the multispecific antigen-binding construct reduces PD-1 cell expression by

nducing shedding of PD-1 from the immune cell.

152, A multispecific antigen-binding construct comprising at least two unit of antigen-
26 binding, wherein a first unit of antigen-binding binds PD-1 and 2 second unit of antigen-

binding binds a PD-1 ligand.

153, The multispecific antigen-binding construct of claim 152, wherein the first unit of

antigen-binding binds PD-1 expressed by an immune cell.

154 ¢ muldtispecific antigen-binding construct of claims 152 or 153, wherein the sccond

unit of antigen-binding binds a PD-1 ligand expressed by a second cell.

155, The multispecific antigen-binding construct of any one of claims 152-154, wherein
3¢ the multispecific antigen-binding construct blocks the interaction of PD-1 and the PD-1

ligand.
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156.  The muoltispecific antigen-binding construct of any one of claims 152-155, wherein the
multispecific antigen-binding construct comprises at least two units of antigen-binding that bind

FD-1.

¥4

157, The multispecific antigen-binding construct of any one of claims 152-136, wherein the
multispecific antigen-binding construct comprises at least two units of antigen-binding that bind a

PD-1 ligand.

158.  The multuspecific antigen-binding construct of any one of claims 152-157, wherein the
16 multispecific antigen-binding construct comprises two units of antigen-binding that bind PD-

1.

159, The multispecific antigen-binding construct of any one of claims 152-158, wherein
the multispecific antigen-binding construct comprises two units of antigen-binding that bind a

PD-1 ligand.

[y
(v

160.  The multispecific antigen-binding construct of any one of claims 152-159, wherein
the multispecific antigen-binding construct comprises at least four units of antigen-binding,
wherein two units of antigen-binding bind PD-1 and two units of antigen-binding bind a PD-1

26 hgand.

161, The multispecific antigen-binding construct of any one of claims 152-160, wherein
the multispecific antigen-binding construct comprises four units of antigen-binding, wherem

two units of antigen-binding bind PD-1 and two units of antigen-binding bind a PD-1 Ligand.

i62.  The multispecific antigen-binding construct of of any one of claims 152-161, wherein
binding of the multispecific antigen-binding construct causes a reduction of PD-1 expression

by an immune cell.
30 163, The multispecific antigen-binding construct of any one of ¢claims 152-162, wherein

binding of the multispecific antigen-binding construct reduces PD-1 cell expression by

inducing shedding of PD-1 from an immune cell.
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164.  The moltispecific antigen-binding construct of any one of claims 152-163, wherein

the PD-1 ligand is PD-L2.

165, The multispecific antigen-binding construct of any one of claims [52-163, wherein

the PD-1 ligand i3 PD-L1.

166, The multispecific antigen-binding construct of claim 153, wherein the imumune cell 1s

aT cell,

167. ¢ multispecific antigen-binding construct of claim 166, wherein the T cellisa
CDR+ T cell.

168.  The multispecific antigen-binding construct of claim 153, wherein the tmmune cell is

anatural killer (NK) cell.

169, The multispecific antigen-binding construct of claim 153, wherein the immune cell 1s

a macrophage.

170.  The multispecific antigen-binding constract of claim 154, wherein the second cell is a

second unnwune cell.

171, The multispecific antigen-binding construct of claim 170, wherein the second mmmune
cell is any one or more of a T cell, a B cell, a macrophage, a myeloid-derived suppressor cell,

a dendritic cell, or a mesenchymal stromal cell.

172, The multispecific antigen-binding construct of claim 170, wherein the second immune

cell is a regulatory T cell.

173, The multispecific antigen-binding construct of claim 154, wherein the second celiis a

tumor cell.

174, The multispecific antigen-binding construct of claim 173, wherein the tumor cell is
selected from the group consisting of a hematological cancer, a lyvmphoma, a myeloma, a
leukemia, a neurological cancer, melanoma, breast cancer, a prostate cancer, a colorectal
cancer, lung cancer, head and neck cancer, a gastromntestinal cancer, liver cancer, pancreatic

cancer, a genitourinary cancer, a bone cancer, renal cancer, and a vascular cancer.
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175, The multispecific antigen-binding construct of any one of claims 152-174, wherein
both units of antigen-binding have a Kp of at least 1 < 107 M, at least 1 x 10°* M, at least 1 x

107 M, orat feast 1 x 10719 M.

176.  The multispecific antigen-binding construct of any one of claims 152-175, wherein
the binding of one unit of antigen-binding to 1ts target does not block the binding of the other

unit of antigen-binding to its target.

177, The muoltispecific antigen-binding construct of any one of claims 152-176, wherein
the first unit of antigen-binding and second unit of antigen-binding bind to their respective

targets and both unit of antigen-binding remain bound concurrently.

178, The multispecific antigen-binding construct of anv one of claims 152-177, wheremn
binding of the first onit of antigen-binding and the second unit of antigen-binding to their

respective targets can bridge an immune cell and a second cell together.

179, The multispecific antigen-binding construct of claim 178, wherein the bridging of the

immune cell and the second cell is determined by flow cyiometry.

180.  The multispecific antigen-binding construct of any one of claims 152-179, wherein

the first unit of antigen-binding is an antagonist of PD-1.

181,  The multispecific antigen-binding construct of claim 180, wherein the first unit of
antigen-binding comprises:
{a} a heavy chain variable region comprising (1) a CDRHI comprising SEQ ID NOG:
TOFTFXG XY AX:X,, wherein Xo=8, R, G, or N; 3=, S, N, A R, or G Xs= M or
L; Xa= 8§, L, or Nj; (i) a CORH2 comprising SEQ ID NO: 71 (SAISNSGTYTYYA);
and (111} a CDRH3 comprising SEQ 1D NG: 72 (ARGLDFIVGXSTGNDY, wherein
Xs5=A, Y, or R); and
{b} a light chain variable region comprising: (i} a CDRL1 comprising SEQ ID NQG: 9
(RASGSISSYLN); (i) a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (ii1) a
CDRL3 comprising SEQ 1D NO: 10 (QQSYSTPLT).

182, The multispecific antigen-binding construct of claim 181, wherein:

170



10

15

20

WO 2020/102387

(a) CDRHI of the first unit of antigen-binding comprises SEQ ID NG: 73
(FTFSDYAMS), CDRH2 of the first unit of antigen-binding comprises SEQ 1D
NO: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ ID NG: 74 (ARGLDFIVGATGNDY ),

(by CDRHI of the first onit of antigen-binding comprises SEQ ID NG: 73
(FTFSDYAMS), CDRHZ of the first unit of antigen-binding comprises SEQ ID
NO: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY);

(cy CDRHI of the first unit of antigen-binding comprises SEQ ID NG: 76
(FTFSSY AMS), CDRH2 of the first unit of antigen-binding comprises SEQ 1D
NO: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ ID NO: 75 {ARGLDFIVGYTGNDY);

(d) CDRH1 of the first unit of antigen-binding comprises SE{} 1D NG: 77
(FTFSSY AML), CDRH2 of the first unit of antigen-binding comprises SEQ ID
NO: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY):

(¢} CDRHI of the first unit of antigen-binding comprises SEQ ID NG: 78
(FTYFSNYALS), CDRH2 of the first unit of antigen-binding comprises SEQ ID
NG: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ ID NO: 75 (ARGLDFIVGYTGNDY);

(fy CDRHI of the first unit of antigen-binding comprises SEQ 1D NG: 79
(FTFSAY AMN), CDRH2 of the first unit of antigen-binding comprises SEQ 1D
NG: 71 (SAISNSGTYTYYA), and CDRHS of the first unit of antigen-binding
comprises SEGQ 1D NO: 75 (ARGLDFIVGYTGNDY);

(g} CDRHI of the first unit of antigen-binding comprises SEQ I3 NO: 80
(FTFRSYAMS), CDRH2 of the first unit of antigen-binding comprises SEQ ID
NG 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY);

(hy CDRHI of the first unit of antigen-binding comprises SEQ ID NG: 81
(FTFGRYAMS), CDRH? of the first unit of antigen-binding comprises SEQ 1D
NO: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ 1D NO: 75 (ARGLDFIVGYTGNDY);

(1) CDRHI of the first unit of antigen-binding comprises SEQ 1D NO: §2
(FTENSYAMS), CDRH?Z of the first unit of antigen-binding comprises SEQ ID
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NO: 71 (SAISNSGTYTYYA), and CDRHS3 of the first unit of antigen-binding
comprises SEG 1D NG: 75 (ARGLDFIVGYTGNDY ),
() CDRHI of the first unit of antigen-binding comprises SEQ D NO: 83
(FTFSNY AMS}, CDRH2 of the first unut of antigen-binding comprises SEQ ID
5 NG: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ 1D NG: 74 (ARGLDFIVGATGNDY);
(ky CDRH1 of the first wut of antigen-binding comprises SEQ 1D NOG: 84
{FTFSGY AMS), CDRH2 of the first unit of antigen-binding comprises SEQ ID
NO: 71 (SAISNSGTYTYYA), and CDRHS3 of the first unit of antigen-binding
10 comprises SEQ 1D NO: 85 (ARGLDFIVGRTGNDY),
{1y CDRHI of the first unit of antigen-binding comprises SEQ 1D NO: 86
(FTFSSY AMN)}, CDRH?2 of the first unit of antigen-binding comprises SEQ ID
NG: 71 (SAISNSGTYTYYA) and CDRHS3 of the first unit of antigen-binding
comprises SEQ 1D NO: 85 (ARGLDFIVGRTGNDY); or
15 (m) CDRH] of the first unit of antigen-binding comprises SEQ 1D NO: 80
{FTFRSYAMS), CDRH2 of the first uait of antigen-binding comprises SEQ ID
NO: 71 (SAISNSGTYTYYA), and CDRH3 of the first unit of antigen-binding
comprises SEQ 1D NO: 85 (ARGLDFIVGRTGNDY).

20 183,  The multispecific antigen-binding construct of claim 181, wherein:
{2} the heavy chain variable region of the first unit of antigen-binding comprises an
amino acid scquence that is at least 90% identical to SEQ D NO: 87
(b} the heavy chain variable region of the first unit of antigen-binding comprises an

amino acid sequence that is at feast 90% 1dentical to SEGQ 1D NO: 88;

b
¥4

(¢} the heavy chain variable region of the first unit of antigen-binding comprises an
amino acid sequence that s at feast 90% identical 1o SEQ 1D NG: 89;

(d) the heavy chain variable region of the first unit of antigen-binding comprises an
aming acid sequence that is at feast 90% identical to SEQ ID NG: 90;

(¢} the heavy chain variable region of the first unit of antigen-binding comprises an

30 amino acid sequence that is at least 90% dentical to SEQ ID NO: 91;

(f} the heavy chain variable region of the first unit of antigen-binding comprises an
amino acid sequence that is at least 90% identical to SEQ 1D NO: 92;

(g} the beavy chamn variable region of the first unit of antigen-binding comprises an
amino acid sequence that is at least 90% identical to SEQ ID NQO: 93;
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(h} the heavy chain variable region of the first unit of antigen-binding comprises an
amino acid sequence that is at feast 90% identical to SEG 1D NG: 94;
(i} the beavy chain variable region of the first unit of antigen-binding comprises an
amino acid sequence that is at feast 90% identical to SEQ 1D NG: 95;
5 () the heavy chain variable region of the first umit of antigen-binding comprises an
aming acid sequence that is at least 90% tdentical to SEQ 1D NG: 96;
(k) the heavy chain variable region of the first unit of antigen-binding comprises an
amino acid sequence that is at feast 0% identical to SEQ 1D NO: 97;
(I3 the heavy chain variable region of the first unit of antigen-binding comprises an
10 amino acid sequence that is at least 90% identical to SEGQ ID NO: 98; or
{m) heavy chain variable region of the first unit of antigen-binding comprises an

amino acid sequence that is at least 30% identical to SEQ ID NG: 99.

184,  The multispecific antigen-binding construct of any one of claims 181-183, wherein
15 the hight chain variable region of the first unit of antigen-binding comprises an amino acid

sequence that is at least 90% wdentical to SEQ D NO: 59

185, The muoltispecific antigen-binding construct of any one of claims 152-184, wherein

the second unit of antigen-binding is an antagomst of the PD-1 ligand.

20
186.  The multispecific antigen-binding construct of any one of claims 152-1835, wherein
the second unit of antigen-binding is an antagonist of PD-L2.
187, The multispecific antigen-binding construct of any one of claims 152-183, wherein
25 the second unit of antigen-binding is an antagonist of PD-L1.

188. ¢ multispecific antigen-binding construct of claim 187, wherein the second unit of
antigen-binding comprises:
a. aheavy chain variable region comprising (1) a CORHI comprising SEQ ID NO:
30 FH{GTFSSYAIN); (1) a CDRH2 comprising SEQ 1D NO: 2 (GGIIPX XGGXGATYA,
wherein X1is Vorl, Xzis F, L, or V; and X3 i3 T or A); and (i1} a CDRH3
comprising SEQ 1D NO: 3 (ARLKX(ELKDAFDI, wherein X5 15 G, F, or Nj; and
b.  alight chain vanable region comprising: (1) a CDRL1T comprising SEQ 1D NG:
4 (RASGQGISSYLN, wherein X118 8, W, or (3); {11} a CDRL2 compnising SEQ ID
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NO: 5 (AASSLQS); and (iii) a CDRL3 comprising SEQ ID NO: 6 (X;QSYSTPLT,

wherein X115 Q or Fy.

The multispecific antigen-binding construct of claim 188, wherein:

(a) CDRHI of the second unit of antigen-binding comprises SEQ ID NG: 1
(GTFSSYAIN), CDRH2Z of the second unit of antigen-binding comprises SEQ 1D
NO: 7 (GGHPILGAATY A}, and CORH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 8 (ARLKGELKDAFDI);

(b} CDRH]I of the second vnit of antigen-binding comprises SEQ ID NG 1
(GTFSSY AIN), CDRH?2 of the second unit of antigen-binding comprises SEQ ID
NO: 7 (GGHPILGAATYA), CDRHS3 of the second unit of antigen-binding
comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1 of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ 1D NO: 5 (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ ID NO: 10
{(QQSYSTPLT);

{cy CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: 1
(GTFSSY AIN), CDRH?2 of the second unit of antigen-binding comprises SEQ ID
NG: 11 (GGIHPVFGTATY A), CDRH3 of the second unit of antigen-binding
comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1 of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN);, CDRLZ of the
second unit of antigen-binding comprises SEQ ID NO: 5 (AASSLQS): and
CDRL3 of the second unit of antigen-binding comprises SEQ ID NO: 10
{(QQSYSTPLT);

{dy CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: |
{GTFSSYAIN), CDRH? of the second unit of antigen-binding comprises SEQ ID
NG 11 (GGHPVFGTATY A) and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 8 (ARLKGELKDAFDI);

(¢} CDRHI of the second umt of antigen-binding comprises SEQ [D NO: |
{GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ [D
NO: 11 (GGHPVFGTATY A), CORH3 of the second unit of antigen-binding
comprises SEQ 1D NOG: 8 (ARLKGELKDAFDI); CDRL1 of the second unit of
antigen-binding comprises SEQ 1D NO: 12 (RASQWISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ 1D NG: 5 (AASSLQS),; and
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CDRL3 of the second onit of antigen-binding comprises SEQ ID NG: 10
{(QQSYSTPLT),
(fy CORHI of the second unit of antigen-binding coraprises SEQ 1D NO: |
{GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ ID
5 NG: 11 (GGIHPVFGTATY A), CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NOG: 8 (ARLKGELKDAFDI); CDRL1I of the second unit of
antigen-binding comprises SEQ 1D NO: 13 (RASQQISSYLN): CDRL2 ofthe
second unit of antigen-binding comprises SEQ ID NG: S {AASSLQS): and
CDRL3 of the second onit of antigen-binding comprises SEQ ID NG: 10
10 {(QQSYSTPLT)
(g} CDRHI of the second unit of antigen-binding comprises SEQ ID NO: |
(GTFSSYAIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
NO: 11 (GGIPVFGTATY A, CDRH3 of the second unit of antigen-binding
comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1 of the second unit of
15 antigen-bindmg cormprises SEQ ID NG: 9 (RASQSISSYLN); CDRLZ of the
scoond vnit of antigen-binding comprises SEQ ID NO: § (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QQSYSTPLT)
(hy CDRH! of the second unit of antigen-binding comprises SEQ ID NO: 1
20 (GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ ID
NO: 15 (GGIPIFGIANY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 8 (ARLKGELKDAFDI);
(i) CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: 1
{(GTFSSYAIN), CDRH? of the second unit of antigen-binding comprises SEQ ID
25 NO: 15 {GGHPIFGIANYA), CDRHS3 of the second unit of antigen-binding
comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1I of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ ID NO: 5 (AASSLOS); and
CDRIL3 of the second unit of antigen-binding comprises SEQ ID NG: 10
30 {(QQSYSTPLT);
(i3 CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: 1
(GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ ID
NGO: 16 {GGHPNFGTATY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NOG: 17 (ARLKGELKGAGDI);
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(k) CDRH! of the sccond unit of antigen-binding comprises SEQ ID NO: 1

(GTFSSYAIN), CDRH?2 of the second unit of antigen-binding comprises SEQ D
NO: 16 (GGHPNFGTATY A), CORH3 of the second unit of antigen-binding
comprises SEQ ID NOG: 17 (ARLKGELKGAGDT); CDRLI of the second unit of
antigen-binding comprises SEQQ ID NO: 9 (RASQSISSYLN);, CDRL2 of the
second wnit of antigen-binding comprises SEQ 1D NO: 5 (AASSLQS),; and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QOSYSTPLT);

CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 1
(GTFSSY AIN), CDRH?2 of the second unit of antigen-binding comprises SEQ ID
NO: 11 {GGHPVFGTATY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ ID NO: I8 (ARLKFELKDAFDI);

(m} CDRH] of the second unit of antigen-binding comprises SEQ ID NG 1

(GTFSSY AIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
NO: 11 (GGHPVFEGTATY A), CDRH3 of the second unit of antigen-binding
comprises SEQ ID NO: 18 (ARLKFELKDAFDI), CDRL1 of the sccond unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN), CBRL? of the
second unit of antigen-binding comprises SEQ 1D NO: 5 (AASSL(S); and
{DRL3 of the second unit of antigen-binding comprises SEQ 1D NG: 10
(QUSYSTPLT);

(n} CDRHI of the sccond unit of antigen-binding comprises SEQ ID NO: |

(GTFSSY AIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
NO: 11 ({GGIIPYVFGTATYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 19 (ARLKGELKDBAFDE);

{0} CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: |

{GTFSSYAIN), CDRH? of the second unit of antigen-binding comprises SEQ ID
NO: 11 (GGIPVFGTATY A, CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 19 (ARLKGELKDAFDE), CDRL1 of the second unit of
antigen-binding comprises SEQ ID NG: 9 (RASQSISSYLN); CDRLZ of the
second vnit of antigen-binding comprises SEQ ID NO: § (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QOQSYSTPLTY,

{(p) CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 1

(GTFSSYAIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
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NG: 11 (GGHPVFGTATY A), and CDRI3 of the second unit of antigen-binding
comprises SEQ 1D NO: 20 (ARLKNELKDAFDI;
(g} CDRHI of the second unit of antigen-binding coraprises SEQ 1D NO: |
{GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ ID
5 NG: 11 (GGHPVFGTATY A), CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NOG: 20 (ARLKNELKDAFDI), CDRLI of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN);, CDRLZ of the
second unit of antigen-binding comprises SEQ ID NG: S {AASSLQS): and
CDRL3 of the second onit of antigen-binding comprises SEQ ID NG: 10
10 {(QQSYSTPLT)
(ry CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 1
(GTFSSYAIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
NG 21 (GGVIPFLGTANYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 22 (ARLKGILKDALDD);
15 (s} CDRH! of the second unit of antigen-binding comprises SEQ [D NO: |
{GTFSSYAIN), CDRH? of the second unit of antigen-binding comprises SEQ ID
NO: 21 ({GGVIPFLGTANYA), CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 22 (ARLKGILKDALDD, CDRLI of the second unit of
antigen-binding comprises SEQ D NO: 9 (RASQSISSYLN), CDRL2 of the

20 second unit of antigen-binding comprises SEQ 1D NO: 5 (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
{(QOSYSTPLT);

(ty CDRH!I of the second unit of antigen-binding comprises SEQ ID NO: |
{(GTFSSYAIN), CDRH? of the second unit of antigen-binding comprises SEQ ID
25 NO: 29 {GRIIPIFGTADYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ ID NO: 8 {ARLKGELKDAFDI);
(u} CDRH! of the second unit of antigen-binding comprises SEQ ID NO: 1
(GTFSSYAIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
NG: 29 (GRUPIFGTADYA), CBRH3 of the sccond unit of antigen-binding
30 comprises SEQ ID NO: § (ARLKGELKDAFDI), CBRLI of the second anit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN), CBRL2 of the
second unit of antigen-binding comprises SEQ ID NG: 5 (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QUSYSTPLTY);
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(v} CDRH! of the sccond unit of antigen-binding comprises SEQ ID NO: 1

(GTFSSYAIN), CDRH?2 of the second unit of antigen-binding comprises SEQ D
NO: 31 (GGHPILGTATYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ ID NG: 32 (ARRKGELKDAFDI);

5 (w)CDRH! of the second unit of antigen-binding comprises SEQ ID NO: 1
(GTFSSYAIN), CDRH2Z of the second unit of antigen-binding comprises SEQ 1D
NO: 31 (GGIPILGTATYA), CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 32 (ARRKGELKDAFDI}, CDRL1 of the second unit of
antigen-binding comprises SEQ ID NG: 9 (RASQSISSYLN); CDRLZ of the

10 sceond unit of antigen-binding comprises SEQ 1D NO: 5 (AASSL(S); and
CDRL3 of the second unit of antigen-binding comprises SEQ ID NO: 10
{(QOQSYSTPLT)

(x} CDRH!1 of the second unit of antigen-binding comprises SEQ 1D NO: 1
(GTFSSY AIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
15 NO: 33 (GGHIPIVATANYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 32 (ARRKGELKDAFDI);
{v} CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: 1
(GTFSSY AIN), CDRH?2 of the second unit of antigen-binding comprises SEQ ID
NO: 33 (GGIPIVATANYA), CDRH3 of the second umit of antigen-binding
20 comprises SEQ ID NO: 32 (ARRKGELKDAFDD), CDRL1 of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN);, CDRLZ of the
second unit of antigen-binding comprises SEQ ID NO: 5 (AASSLQS): and
CDRL3 of the second unit of antigen-binding comprises SEQ ID NO: 10
{(QQSYSTPLT);
25 {z} CDRHI of the second unit of antigen-binding comprises SEQ 1D NO: |
{GTFSSYAIN), CDRH? of the second unit of antigen-binding comprises SEQ ID
NO: 34 (GGIPIFGKATYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NOG: 32 (ARRKGELKDAFDI);
(asa) CDRHI of the second unit of antigen-binding comprises SEQ IDNO: |
30 {GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ [D
NO: 34 (GGHPIFGKATY A), CBRH3 of the second unit of antigen-binding
comprises SEQ 1D NG: 32 (ARRKGELKDAFDI), CDRI1 of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN);, CDRL2 of the
second unit of antigen-binding comprises SEQ 1D NG: 5 (AASSLQS),; and
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CDRL3 of the second onit of antigen-binding comprises SEQ ID NG: 10
(QQSYSTPLT),

(bb} CDRHI of the sccond unit of antigen-binding comprises SEQ IDNO: 1

{GTFSSYAIN), CDRH2 of the second unit of antigen-binding comprises SEQ ID
NG: 11 (GGIHPVFGTATY A), CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NOG: 8 (ARLKGELKDAFDI); CDRL1I of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN);, CDRLZ of the
second unit of antigen-binding comprises SEQ ID NG: S {AASSLQS): and
CDRL3 of the second onit of antigen-binding comprises SEQ 1D NO: 38
(FQSYSTPLT);

{cc)y CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 1

(GTFSSYAIN), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
NG 11 (GGIPVFGTATY A), CDRHS3 of the second unit of antigen-binding
comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1 of the second unit of
antigen-bindmg cormprises SEQ ID NG: 9 (RASQSISSYLN); CDRLZ of the
scoond vnit of antigen-binding comprises SEQ ID NO: § (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 39
(QOQSYSTILT):

(dd) CDRHI of the second unit of antigen-binding comprises SEQ ID NG: 14

(GTFSSYAFS), CORH2 of the second unit of antigen-binding coraprises SEQ ID
NO: 11 (GGIPVFGTATY A) and CDRHS3 of the second unit of antigen-binding
comprises SEQ 1D NO: 8 (ARLKGELKDAFDI); CDRLI of the second unit of
antigen-binding comprises SEQ ID NG: ¢ (RASQSISSYLN);, CDRLZ of the
second unit of antigen-binding comprises SEQ ID NO: 5 {AASSL3S); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
{QOSYSTPLT);

ecy  CDRH!I of the second unit of antigen-binding comprises SEQ 1D NO: 23

(GTFSSYAIS), CDRH? of the sccond unit of antigen-binding comprises SEQ 1D
NG: 24 (GGHPIVGIANY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ ID NO: 8§ (ARLKGELKDAFDI);

{fH CDRH1 of the second unit of antigen-binding comprises SEQ 1D NQO: 23

(GTFSSYAIS), CDRH2 of the second unit of antigen-binding comprises SEQ ID

NO: 24 {(GGHPIVGIANY A), and CDRH3 of the second unit of antigen-binding

comprises SEQ ID NO: 8 (ARLKGELKDAFDI); CDRL1 of the second unit of
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antigen-binding comprises SEQ ID NG: 9 (RASQSISSYLN); CDRLZ of the
second unit of antigen-binding comprises SEQ ID NOG: 5 {(AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QOQSYSTPLT)Y

(gg} CDRHI of the sccond umnit of antigen-binding comprises SEQ ID NG: 23
(GTFSSYAIS), CDRH2 of the second unit of antigen-binding comprises SEQ 1D
NO: 11 (GGHPVFGTATY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 25 (ARLKGEFKDAFDI);

(hhy} CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 23
(GTFSSYAIS), CDRH?2 of the sccond unit of antigen-binding comprises SEQ ID
NO: 11 {GGHPVFGTATY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ ID NOG: 25 (ARLKGEFKDAFDI); CDRLI of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ 1D NO: 5 (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ ID NO: 10
{(QQSYSTPLT);

(it} CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 23
(GTFSSYAIS), CDRH?2 of the sccond unit of antigen-binding comprses SEQ ID
NG: 26 (GRIIPLFGTAHYA), and CDRH3 of the second umit of antigen-binding
comprises SEQ ID NO: 8 (ARLKGELKDAFDI);

) CDRHI of the second unit of antigen-binding comprises SEQ I NO: 23
(GTFSSYAIS), CODRH? of the second unit of antigen-binding comprises SEQ 1D
NO: 26 (GRIIPLFGTAHY A}, and CDRHS3 of the second unit of antigen-binding
comprises SEQ 1D NO: 8 (ARLKGELKDAFDI); CDRL1 of the second vnit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ ID NO: 5 (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QOSYSTPLY);

(kk} CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 23
{GTFSSYAIS), CORH?2 of the second unit of antigen-binding comprises SEQ ID
NO: 27 (GRINPILGTANY A}, and CDRHS3 of the second unit of antigen-binding
comprises SEQ 1D NO: 28 (ARLKGELKDAFSI);

(i CDRHI of the second umt of antigen-binding comprises SEQ ID NO: 23
(GTFSSYAIS), CDRHZ of the second unit of antigen-binding comprises SEQ 1D
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NG: 27 (GRINPILGTANYA}, and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NG: 28 (ARLKGELKDAFSI), CDRLI of the second unit of
antigen-binding comprises SEQ D NO: 9 (RASQSISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ 1D NG: 5 (AASSLQS); and
5 {DRL3 of the second unit of antigen-binding comprises SEQ 1D NG: 10
{(QUSYSTPLTY),
(mm) CDRHI of the second unit of antigen-binding cormprises SEQ ID NO: 23
{GTFSSYAIS), CDRH?2 of the second unit of antigen-binding comprises SEQ ID
NG: 11 (GGHPVFGTATY A), and CDRI3 of the second unit of antigen-binding
10 comprises SEQ 1D NO: 30 (ARLKGELKCAFD;
(nn)  CDRHI of the second unit of antigen-binding comprises SEQ ID NO: 23
(GTFSSYAIS), CDRH2 of the second unit of antigen-binding comprises SEQ ID
NO: 11 (GGIPVFGTATY A}, and CDRHS3 of the second unit of antigen-binding
comprises SEQ 1D NO: 30 (ARLKGELKCAFDI); CDRLI of the second unit of
15 antigen-bindmmg cormprises SEQ ID NG: 9 (RASQSISSYLN); CDRLZ of the
scoond vnit of antigen-binding comprises SEQ ID NO: § (AASSLQS); and
CDRL3 of the second unit of antigen-binding comprises SEQ 1D NO: 10
(QQSYSTPLT)
(0o} CDRHI of the second unit of antigen-binding comprises SEQ ID NG: 36
20 (GPFRSHAVS), CDRH2 of the second unit of antigen-binding comprises SEQ ID
NO: 11 (GGHPVFGTATY A), and CDRH3 of the second unit of antigen-binding
comprises SEQ 1D NO: 37 (ARLKSELKDAFDI); or
(pp} CDRHI of the second unit of antigen-binding comprises SEQ 1D NQG: 36
{(GPFRSHAVS), CDRH2 of the second unit of antigen-binding comprises SEQ 1D
25 NO: HH{GGHPVFGTATYA), and CDRH3 of the second unit of antigen-binding
comprises SEQ ID NG: 37 (ARLKSELKDAFDI); CDRLI of the second unit of
antigen-binding comprises SEQ 1D NO: 9 (RASQSISSYLN); CDRL2 of the
second unit of antigen-binding comprises SEQ ID NO: 5 (AASSLOS); and
CDRIL3 of the second unit of antigen-binding comprises SEQ ID NG: 10
30 {(QQSYSTPLT).

190, The multispecific antigen-binding construct of claim 188, whercin the second unit of

antigen-binding comprises a heavy chain variable region comprising an amino acid sequence

that is at least 90% identical to any one of SEQ ID NOs: 35, 40, 41, 42, 43, 44, 45, 46_47, 48,
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49 50,51, 52, 53, 54, 55, 56, 57, or 38, and a light chain vanable region comprising an
amino acid sequence that is at least 90% identical to any one of SEQ ID NOs: 59, 60, 61, 62,

or 63.

5 196 ¢ multispecific antigen-binding construct of claim 188, wherein:
(a) the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at least 90% identical to SEQ 1D NO: 35;
{b} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at feast 90% wdentical to SEQ 1D NO: 40;
10 {c} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at feast 90% identical to SEQ ID NG: 41,
(d) the heavy chain variable region of the second unit of antigen-binding compriscs an
amino acid sequence that is at keast 90% identical to SEQ 1D NG: 42;
(¢} the beavy chain variable region of the second unit of antigen-binding comprises
15 an amino acid sequence that is at least 90% identical to SEQ 1D NOG: 43;
(f} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at feast 90% identical to SEG 1D NG: 44;
(g} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at least 90% wdentical to SEQ ID NQ: 45;
20 (h) the heavy chain variable region of the sccond unit of antigen-binding comprises an
amino acid sequence that is at feast 90% identical to SEQ 1D NO: 46;
(1) the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that s at feast 90% identical to SEQ 1D NG: 47;
{3 the beavy cham variable region of the second unit of antigen-binding comprises an
25 amino acid sequence that is at least 90% identical to SEQ 1D NO: 48;
(k} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at least 90% tdentical to SEQ 1D NO: 49;
(1) the heavy chain variable region of the second unit of antigen-binding comprises an
amuno acid sequence that is at teast 0% dentical to SEQ 1D NO: 50;
30 {m} the heavy chain variable region of the second unit of antigen-binding comprises
an amino acid sequence that is at least 90% identical to SEQ ID NG: 51;
(n} the heavy chain variable region of the second unit of antigen-binding comprises an

amino acid sequence that is at least 90% identical to SEQ ID NG: 52;
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{0} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at feast 90% identical to SEG 1D NG: 53;
{p} the heavy chain variable region of the sccond unit of antigen-binding comprises
an amino acid sequence that is at least 90% identical to SEQ ID NG: 54;
5 {q} the heavy chain variable region of the second unit of antigen-binding comprises an
aming acid sequence that is at least 90% tdentical to SEQ 1D NG: 55,
(r} the heavy chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at feast 0% identical to SEQ 1D NO: 56;
(s} the heavy cham variable region of the second unit of antigen-binding comprises an
10 amino acid sequence that is at least 90% identical to SEQ ID NG: 57; or
{t) the heavy cham vanable region of the second unit of antigen-binding comprises an

amino acid sequence that is at least 30% identical to SEQ ID NG: 58,

192, The multispecific antigen-binding construct of claim 188, wherein
15 {a) the light chain vanable region of the second unit of antigen-binding comprises an
aminoe acid sequence that is at feast 90% identical to SEGQ 1D NOG: 59;
(b} the light chain variable region of the second unit of antigen-binding comprises an
amino acid sequence that is at least 90% identical to SEQ 1D NO: 60;
(c} the light chain variable region of the second unit of antigen-binding comprises an
20 amino acid sequence that is at least 90% identical to SEQ D NO: 61
(d) the light chain varnable region of the second unit of antigen-binding comprises an
amino acid sequence that 1s at least 90% dentical to SEQ 1D NO: 62; or
(¢} the light chaim variable region of the second unit of antigen-binding comprises an

amino acid sequence that s at feast 90% identical to SEQ 1D NO: 63,

193. e muldtispecific antigen-binding construct of any one of claims 152-192, wherein

the construct is a bispecific antibody.

194, The multispecific antigen-binding construct of claim 193, wherein the bispecific

3¢ antibody is an antagonist of both PD-1 and PD-1 higand.

195, The multispecific antigen-binding construct of any one of claims 152-194, wherein

the construct comprises a common light chain.
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196, The muoltispecific antigen-binding construct of any one of claims 152-195, wherein

the construct comprises at least two bivalent antibodies or antgen-binding portions thercof.

197, The multispecific antigen-binding construct of any one of claims 152-196, wherein

5 the construct comprises a bivalent antibody specific for PD-1.

198, The multispecific antigen-binding construct of any one of claims 152-196, wherein is

the construct comprises a bivalent antibody specific for PD-L 1

16 199, The multispecific antigen-binding construct of any one of claims 132-196, wherein
the construct comprises a bivalent antibody specific for PD-1, and a bivalent antibody

specific for PD-L1.

200.  The multispecific antigen-binding construct of claim 193, wherein the bispecific

15  antibody binds two different epitopes on PD-1

201, The multispecific antigen-binding construct of claim 103, wherein the bispecific

antibody binds two different epitopes on the PD-1 ligand.

20 202, The multispecific antigen-binding construct of any one of ¢laims 152-201, wherein
the first unit of antigen-binding or second unit of antigen-binding, or both, comprises a heavy

chain comprising one or more unmunoglobulin Fe modifications.

203, The multispecific antigen-binding construct of ¢laim 202, wherein the

o
o

immunoglobulin Fo domain of the heavy chain comprises one or more amino acid nusations

that promote heterodimerization of the first and second units of antigen-binding.

204.  The multispecific antigen-binding construct of claim 203, wherein the mutation is

present in a CH3 domain of the heavy chain.

205. e muldtispecific antigen-binding construct of any one of claims 152-204, wherein

the multispecific antigen-binding construct is produced in a quadroma cell.

206.  The multispecific antigen-binding construct of any one of ¢laims 152-205, wherein

the construct comprises one or more immunoglobulin constant region modifications.

(9%}
U
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207.  The multispecific antigen-binding construct of claim 206, wherein the
immunoglobulin constant region comprises one or more amino acid mutations or

substitutions that promote heterodimerization of antibodies.

5 208, The multispecific antigen-binding construct of claim 207, wherein the one or more
mutations is present in the light chain constant region of one unit of antigen-binding and the
ong or more mutations is present in the heavy chain constant region of another unit of

antigen-binding.

16 209, The multispecific antigen-binding construct of any onc of claims 193-208, wherein
the bispecific antibody is of a format selected from the group consisting of a bispecific 1gG,
bispecific antibody fragment, bispecific fusion protein, appended IgG, and bispecific

antibody conjugate.

15 210, The multispecific antigen-binding construct of any ongc of claims 1532-209, wherein

the construct comprises an Fe region having reduced effector function.

211, The multispecific antigen-binding construct of any one of claims 152-210, wherein

the construct comprises an Fe region that enhances half-life of the construct.

20
212, The multispecific antigen-binding construct of any one of ¢laims 152-211, wherein
the construct comprises a heavy chain anuno acid sequence that is at least 85% wdentical to
the amino acid sequence of SEQ 1D NO: 100 or 102.

25 213, The multispecific antigen-binding construct of any one of claims 152-212, wherein

the construct comprises a light chain amino acid sequence that is at least 85% identical to the

aming acid sequence of SEQ 1D NO: 101 or 103,

214, The multispecific antigen-binding construct of any one of claims 152-213, wherein
30 the construct comprises a heavy chain amino acid sequence that is at [east 85%, identical to

the amino acid sequence of SEQ ID NO: 100, and wherein the construct comprises a light

chain amino acid seqoence that s at least 85% 1dentical to the amino acid sequence of SEQ

D NO: 101

L2
=

215, The multispecific antigen-binding construct of any one of claims 132-213, wherein

the construct comprises a heavy chain amino acid sequence that is at least 85% identical to
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the amino acid sequence of SEQ ID NO: 102, and wherein the constract comprises a hight
chain amino acid sequence that is at least 85% identical to the amino acid sequence of SEQ

D NO: 103

216, The multispecific antigen-binding construct of any one of claims 152-201, wherein

the construct does not comprise an Fe domain,

217, A multispecific antigen-binding constract comprising four units of antigen-binding,
wherein a first and second unit of antigen-binding bind PD-1, and a third and fourth unit of
antigen-binding bind PD-L1, wherein the multispecitic antigen-binding construct blocks the
teraction of PD- and PD-L1, and wherein the construct comprises a heavy chain amino
acid sequence that is at least 85% identical to the amino acid sequence of SEQ ID NG: 100,
and a light chain amino acid sequence that is at least 85% wdentical to the amino acid

sequence of SEQ ID NO: 101,

218, A nucleic acid encoding the multispecific antigen-binding construct according to any

one of claims 1-217.
219.  An expression vector comprising the nocleic acid of claim 218.

220.  The expression vector of claim 219, further comprising one or more expression

control sequences.

221, A cell comprising the expression vector of claim 219 or 220

222, The cell of claim 221, wherein the cell is a mammalian cell.

223, The cell of claim 222, wherein the mammalian cell is a rodent cell.
224.  The cell of claim 223, wherein the rodent cell is a CHO cell.

225 A method for producing a multispecific antigen-binding construct, the method
comprising culturing the cell of any one of claimas 221-224 under conditions suitable for
expression of the multispecific antigen-binding construct from the expression vector by the

cell.

226.  The method of claim 225, further comprising isolating the construct from the cell or

media in which the cell is cultured.
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227. A pharmaceutical composition comprising the multispecific antigen-binding construct

of any one of claims 1-217 and a pharmaceutically acceptable carrier.

228 A proteinconjugate molecale comprising:
P Hug p £
() the multispecific antigen-binding construct of any one of claims 1-217 and
(b} a heterologous moiety, wherein the heterologous moiety is conjugated to the

nmltispecific antigen-binding constroct of (a).

229. ¢ protein-conjugate molecule of claim 228, wherein the heterclogous moicty is a

therapeutic agent, a toxin, a drug, or a radicactive moiety.

230. A method for treating a prohiferative disorder in a subject in need thereof, comprising
administering to the subject a therapeutically effective amount of the multispecific antigen-
bindmg construct according to any one of claims 1-217, or the pharmaceutical composition of
claim 227 or the protem-conjugate molecule of claims 228 or 229, thereby treating the

proliferative disorder in the subject.

231, A method for treating or delaying progression of a cancer or reducing or inhibiting
tumor growth in a subject in need thereof, the method comprising administering to the subject
a therapeutically effective amount of the multispecific antigen-binding construct of any one
of claims 1-217, or the pharmaceutical composition of claim 227 or the protein-conjugate
molecule of claims 228 or 229, thereby treating or delaying progression of a cancer or

reducing or mhibiting tumor growth in the subject.
232, The method of claim 230, wherein the proliferative disorder is cancer.

233, The method of claims 231 or 232, wherein the cancer is selected from the group
consisting of a hematological cancer, a neurological cancer, melanoma, breast cancer, lung
cancer, head and neck cancer, a gastrointestinal cancer, liver cancer, pancreatic cancer, a

genitourinary cancer, a bone cancer, and a vascular cancer.

234.  The method of any one of claims 231-233, wherein the subject has a cancer that
expresses PD-L.1,
235. A method of enhancing an immune response in a subject in need thereof, comprising

admuustering to the subject a therapeutically effective amount of a multispecific antigen-
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binding construct according to any one of claims 1-217, or the pharmaceutical composition of
claim 227 or the protein-conjugate molecule of claims 228 or 229, thereby enhancing the

immune response in the subject.

5 236, ¢ method of claim 235, wherein the enhanced immune response comprises any one

or more of enhanced T cell function, enhanced NK cell function, or enhanced macrophage

function.
237.  The method of claim 236, wherein the enhancement of T cell function is greater upon

10 administration of the multispecific antigen-binding construct as compared to an agent that
binds either PD-1 or a PB-1 ligand, or a cocktail comprising an agent that binds PD-1 and an

agent that binds a PD-1 ligand.

238, The method of claim 237, wherein the T cell function is any one or more of increased
15 IFN-y production from T cells, enhanced T cell survival, increased T cell proliferation, or

rescue from an exhausted T cell phenotype.

239.  The method of claim 238, wherein the enhanced T cell function is greater upon
administration of the multispecific antigen-binding construct as compared to an agent that
26 binds either PD-1 or a PD-1 ligand, or a cocktail comprising an agent that binds PD-1 and an

agent that binds a PD-1 ligand.

240. A method for enhancing an immune response against a cancer cell in a subject, the
method comprising administering to the subject an effective amount of the multispecific

25 antigen-binding constructs of any one of claims [-217, or the pharmaceutical composition of
claim 227 or the protein-conjugate molecule of claims 228 or 229, thereby enhancing an

Immune response against a cancer ccll in the subject.

241, The method of claim 240, wherein the enhanced immune response comprises any one
or more of enhanced T cell function, enhanced NK cell function, or enhanced macrophage

30 function.

242, The method of claims 240 or 241, wherein the cancer cell 1s a hematological cancer
cell, a lymphoma cell, a myeloma cell, a leukemia cell, a nevrological cancer cell, a breast
cancer cell, a prostate cancer cell, a skin cancer cell, a lung cancer cell, a bladder cancer cell,
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a kidney cancer cell, a head and neck cancer cell, a gastrointestinal cancer cell, a colorectal
cancer cell, a liver cancer cell, a pancreatic cancer cell, a genitourmary cancer cell, a bone

cancer cell, and a vascular cancer cell.

243, The method of any one of claims 240-242, wherein the cancer cell expresses PD-L1.

v

244, The method of any one of claims 240-243, wherein the multispecific antigen-binding
construct or pharmaceutical composition or protein-conjugate molecule ts admunistered
subcutancously, mtravenously, mtradermally, intrapenitoneally, orally, intramuscularly or

mtracranially.

10 245, The method of any one of claims 230-244, further comprising administering an anti-

cancer therapy 1o the subject.

246, The method of claim 245, wherein the anti-cancer therapy is chemotherapy,
immunotherapy, hormone therapy, cell therapy, cytokine therapy, radiotherapy, cryotherapy,

or surgical therapy.

15 247,  The method of claims 245 or 246, wherein the anti-cancer therapy ts administered
prior to, concurrently with, or after treatment with the multispecific antigen-binding construct

or pharmaceutical composition.

248.  The method of any one of claims 245-247, wherein the anti-cancer therapy is an
immunotherapy and wherein the cancer in the subject is refractory to the immunotherapy in
20 the absence of treatment with the multispecific antigen-binding constract or pharmaceutical

composition, or the protein conjugate.

249, The multispecific antigen-binding construct, the pharmaceutical composition, or the
protein-conjugate molecule of any one of claims 1-217 and 227-229, for use in treating a

proliferative disorder in a subject.

25 250, The multispecific antigen-binding construct, the pharmaceutical composition, or the
protein-conjugate molecule of any one of claims 1-217 and 227-229, for use in treating

cancer in a subject.
251, The multispecific antigen-binding construct, the pharmaceutical composition, or the
protein-conjugate molecule of any one of claims 1-217 and 227-229, for use in treating or
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delayving progression of a cancer or reducing or inhibiting tumor growth in a subject in need

thereof.

252, The multispecific antigen-binding construct, the pharmaceutical composition, or the
protein-conjugate molecule of any one of claims 1-217 and 227-229, for use in enhancing an

immune response in a subject.

253 The multispecific antigen-binding construct, the pharmaceutical composition, or the
protein-conjugate molecule of any one of claims 1-217 and 227-229, for use in enhancing an

wumane response against a cancer cell m a subject.

254, The use of claim 249, wherein the proliferative disorder s cancer.

255 Theuse of any one of claims 250, 251, 253, and 254 whercin the cancer is selected
from the group consisting of a hematological cancer, a neurological cancer, melanoma, breast
cancer, lung cancer, head and neck cancer, a gastrointestinal cancer, liver cancer, pancreatic

cancer, a genitourinary cancer, a bone cancer, and a vascular cancer.

256.  The use of any one of claims 249-235, wherein the subject has a cancer that expresses

PD-LL

257.  The use of claims 252 or 253, wherein the enhanced immune response comprises any
one or more of enhanced T cell function, enhanced NK cell function, or enhanced

macrophage function.

258, The use of claim 257, wherein the enhancement of T cell function is greater upon
administration of the multispecific antigen-binding construct as compared to an agent that
binds either PD-1 or a PD-1 higand, or a cocktail comprising an agent that binds PD-1 and an

agent that binds a PD-1 ligand.
259, The use of claim 257, wherein the enhanced T cell function 1s any one or more of

increased IFN-y production from T cells, enhanced T cell survival, increased T cell

proliferation, or rescue from an exhausted T cell phenotype.
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260.  The use of any one of claims 249-259, wherein the multispecific antigen-binding
constract or pharmaceutical composition or protein-conjugate molecule is administered
subcutancously, intravenously, intradermally, mtrapenitoneally, orally, intramuscularly or

miracranially.

261, The use of any one of claims 249-260, wherein the use further comprises an anti-

cancer therapy to the subject.

262, The use of claim 261, wherein the anti-cancer therapy is chemotherapy,
wmunotherapy, hormone therapy, ecll therapy, cvtokine therapy, radiotherapy, crvotherapy,

or surgical therapy.

263.  The use of claims 261 or 262, wherem the anti-cancer therapy 1s admnistered prior to,
concurrently with, or after treatment with the multispecific antigen-binding construct or

pharmaceutical composition or protein-conjugate molecule.

264, The use of any one of claims 261-263, wherein the anti-cancer therapy is an
immunotherapy and wherein the cancer in the subject is refractory to the imownotherapy in
the absence of treatment with the multispecific antigen-binding construct or pharmaceutical

composition or the proteim-conjugate molecule.

265. An anti-PD-1 antibody or antigen-binding fragment thereof, wherein the anti-PD-1
antibody or antigen-binding fragment comprises:
{2} a heavy chain variable region comprising (1) a CDRHI comprising SEQ ID NO:
TO(FTFX1 X0 Y AX Xy, wherein Xi=8 R, G, or N, Xo=D, §, N A, R, or G; X5=Mor
L X4= 8, L, or N); (i1) a CDRHZ comprising SEQ ID NO: 71 (SAISNSGTYTYYA),
and (1t} a CDRH3 comprising SEQ ID NO: 72 (ARGLDFIVGXSsTOGNDY, wheremn
Xs=A,Y, or R}, and
(b} a light chain varable region comprising: (i) a CORL1 comprising SEQ ID NGO 9
(RASQSISSYLN); (1) a CDRL2 comprising SEQ 1D NO: 5 (AASSLQS); and (111} a
CDRL3 comprising SEQ 1D NG: 10 (QGQSYSTPLT).

266, The anti-PD-1 antibody or antigen-binding fragment thereof of claim 2635, wherein the

anti-PD-1 antibody or antigen-binding fragment comprises:
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{2} a heavy chain variable region comprising (1) a CDRHI comprising the amino acid
sequence of any one of SEQ 1D NOs: 73, 76, 77, 78, 79, 80, 81, 82, 83, 84, or 86; (i1}
a CDRH2 comprising the amino acid sequence of SEQ 1D NO: 71; and (ii1) a CDRH3
comprising the amino acid sequence of any one of SEQ ID NUs: 74, 75, or 85; and
(b} a light chain vanable region comprising: (i} a CDRL1 comprising SEQ ID NG §
(RASQSISSYLN); (i1) a CDRL2 comprising SEQ 1D NO: 5 (AASSLGS); and {ni} a
CDRL3 comprising SEQ 1D NG: 10 (QOSYSTPLT).

267.  The anti-PD-1 antibody or antigen-binding fragment thereof of claim 265 or 266,
wherein the beavy chain variable region comprises an amino acid sequence that is at least 85%
wdentical to the anuno acid sequence of any one of SEQ ID NGs: 87, 88, 89, 90, 91, 92, 93, 94,
95, 66, 97, 98, or 99,

268.  The anti-PD-1 antibody or antigen-binding fragment thereof of any one of claims 265-
267, wherein the light chain variable region comprises an amino acid sequence that is at least

85% wdentical to the amino acid sequence of SEQ 1D NO: 59

269,  An anti-PD-L1 antibody or antigen-binding fragment thereof, wherein the anti-PD-L1
antibody or antigen-binding fragment comprises:
a. aheavy chain variable region comprising (1) a CDRHI comprising SEQ 1D
NG: 1 (GTFSSYAIN); (1) a CDRHZ comprismg SEQ IDNG: 2
{GGIPX 30GXGATYA, wherein XaisVor XoisF L or Viand X518 T oor
A}, and (i11) a CDRH3 comprising SEQ ID NG: 3 {ARLKXGELKDAFDE,
wherein X; is G, F, or NJj; and
b. alight chain variable region comprising: (i} a CDRLI comprising SEQ ID
NG: 4 (RASQXISSYLN, wherein X118 8, W, or 3); {1y a CDRL2
comprising SEQ ID NO: 5 (AASSLQS); and (1i1) a CDRL3 comprising SEQ
D NO: 6 (XLQSYSTPLT, wherein X115 Q or F),

270.  The anti-PD-L1 antibody or antigen-binding fragment thereof of claim 269, wherein
the anti-PD-L 1 antibody or antigen-binding tragment comprises:
(a) a heavy chain variable region comprising (1) a CDRHI comprising the amino acid
sequence of any one of SEQ 1D NOs: 1, 14, 23 or 36; (i1} a CBRH2 comprising the
amine acid sequence of any one of SEQ ID NOs: 11, 15, 16, 21, 24, 26, 27, 29, 31,
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33, or 34; and (11} a CDRH3 comprising the aming acid sequence of any one of SEQ
D NOs: &, 17, 18,19, 20,22 25 28,30, 32, or 37, and (b} a light chain variable
region comprising: (1) a CDRLI comprising the amino acid sequence of any one of
SEQ ID NGs: 9, 12, or 13; (1) a CDRLZ comprising the amino acid sequence of SEQ
NG 5; and (1) a CBRL3 comprising the amino acid sequence of any ong of SEQ
1D NQOs: 10,38 or 39,

271, The anti-PD-L1 antibody or antigen-binding fragment thereof of claim 269 or 270,
wherein the heavy chain vaniable region comprises an amino acid sequence that is at least
85% identical to the anuno acid sequence of anv one of SEQ 1D NOs: 40, 41, 42, 43, 44, 45,
46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, or 35.

272, The anti-PD-L1 antibody or antigen-binding fragment thereof of any one of claims
269-271, wherein the light chain variable region comprises an amino acid sequence that is at
least 85% identical to the amino acid sequence of any one of SEQ ID NOs: 59, 60, 61, 62, or
63.

273, The method of any one of claims 230-248, wherein the multispecific antigen-binding

construct binds to PD-1 and to PB-L1 expressed on the surface of the same cell in the subject.

274, The method of any one of claims 230-248, wherein the multispecific antigen-binding
construct binds to PD-§ expressed on the surface of a first cell in the subject, and wherein the
multispecific antigen-binding construct binds to PD-L1 expressed on the surface of a second

cell in the subject.
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